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This invention reiates to & process for the pro-
duction of hydrocarbons coniaining meinly solid
Jaraffin,

in the catalytic conversion of gases containing
carbon monoxide and hydrogen, with or without
pressure and at temperatures helow those at
which carbon dioxide and methgne -form the
chief products, hydrocarbons of the Cic series
and downwards, are mainly obtained when oper-
ating under conditions designed to lengthen the
working life of the contact meass. In many cases,
however, 2 higher yield of hard parafin is de-
cired, since this product is a valuable starting
material for the synthesis of f{atty acids.

The catalytic conversion of gases containing
carbon monoxide and hydrogen was disclosed
through the researches of Franz Fischer and his
collaborators (“Ges. Abhandlungen zur Kenntnis
der Kohle,” published by Girardet, Essen (Ruhr),
Germany, 1925-1936). Suilfable catalytic agents
for this benzine synthesis are the known cobalt
catalysts, the production of which has been de-
scribed, for example by Franz Fischer in the
journal “Brennstofichemlie,” vol. 12, No. 12
(15.6.31) pp. 225-2¢44. In the processes herein-
after described, use is made, for example, of a
catalyst containing 33% of cobalt, 6% of thorium
oxide, and 61% of kieselguhr. The production of
this catalyst from a nitrate solution of the
metals by means of sodium carbonate is de-
scribed In “Brennstofichemie,” vol. 19, No. 4
(15.2.32), pp. 61-80. Any other convenient cai-
alytic agent, may, however, be used, which is

_ suitable for forming methane from such gases

at an elevated temperature.

. It has been ascertained that most of the meth-
ods leading to an increased yield of paraffin
shorten the working life of the contact mass,
since the mass gradually becomes clogged with
products of high boiling point. It has also been
established that larger yields of paraffin can be
obtained, while not substantially impairing the
life of the contact mass, by keeping the latter
continuously impregnated with liquid hydrocar-
This can be effected by periodically or
continuously impregnating the contact mass with
hydrocarbons, such as the higher-boiling prod-
ucts of the synthesis, e. g. 2 gascline distilling
above 100° C. at atmospheric pressure.

It is already known it is true, to free exhausted
catalytic agents from paraffin by extraction, but
this does not furnish the same effects as in the
present invention. These results are produced
only when a substantial enrichment of the con-
tact mass with paraffin is permanently rendered

(Cl. 260-—4£49)

impossible, since the tendency to form paraffiin
diminishes enormously as the saturation .cf the
contact mass with parafiin increases. 1If, for
example, the contact mass bz extracted only
when exhausted, that Is, after.it has adsorbed
from 160 to 300% of parafiin or more, the total
recoverable amount of parafiin referred to the
total liquefiable hydrocarbons, is only from 5
to 10% at atmospheric pressure. If the parafiin
content in the catalytic egeni be kept at from
50 to 80%, the amount of parafiin recovered is
irom 15 to 20%, with reference to the liguid
products.
tion of the catalytic agent be kept below 20%,

‘the yield of parafiin amounts te from 30 to 40%

of the total quantity of liguid products.

The process of the present invention allows
numerous measures ior Increasing the yield
of parafiin to be employed, which otherwise could
not be spplied with advantage. Among such
measures may be mentioned:

(1) The use of thicker contact layers, for
example of more than 16 mm. (“thickness” of
the contact layers here means the distance be-
tween two coolmg elements of the contact fur-
nace).

(2) The use of elevated pressures, such as from
2 to 300 atmospheres and over (preferably from
10 to 50 atmospheres).

(3) A longer perfod during which the reac~ ©

tion gases remain in the contact mass, for ex-

ample more than one minute—for example from |

3 to 10 minutes approximately in proportion with
the elevation of the pressure.
(4) The use of highly concentrated contaci

- masses, such as those containing more than 40%

by weight of hydrogenating metals.

(5) The use of gas mixtures with an excess of
carbon monoxide over hydrogen above the ratic
1:2.

(6) The use of gas mixtures containing more
than 90% of carbon monoxide plus hydrogen.

The paraffin content can slsc be kept low by
other methods than extraction. ¥For example, &
high vacuum may be periodically established in
the contact furnace without or with passing hy-
drogen through the furnace or it may be
steamed-out at regular infervals. This treat-
ment tekes place at temperatures of the syn-
thesis, e. g. 180° C. or even higher, e. g. 200-250°.

Capillary means also may be employed for
removing the paraffin. For exampile, porous rods
or the like (composed, for example, of ceramic
material or fritted metal) may be inserted in the
interior of the contact mass where they become

0

If, however, the parafiln concentra-
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impregnated with paraffin and conduct the lat-
ter downwards so that, for example, it will drip
from the rods or the like. It is advantageous to
keep the rods, tubes or the like, warmer at the
bottom than the top, the dripping of the par-
affin being thereby facilitated and a capillary
drop established, between top and bottom, which
facilitates the diffusion of the paraffin out of
the contact mass. The porous bodies may also
be heated below to such an extent as to vaporise
the paraffin from their surface, this measure
also -intensifies the capillary flow of liquid par-
affin.

The most simple method of carrying out the
hereindescribed process is to pass the reaction
gases from below upwards through the contact
furnace or reaction chamber which is filled with
the catalytic agent and (if desired) partially to
cool the ‘gases prior to or on their discharge at
the top of the furnace. ¥For example, if the
exhaust gases be cooled from a reaction tem-
perature of 200° C. down to 100 to 150° C., the
higher hydrocarbons alone will be condensed and
flow back on to the contact mass, whilst steam

and benzine vapours will be led away. 'The re-.

flux oils, on their part, effect the continuous ex-
traction of the paraffin formed in the contact
mass, and this paraffin will flow off, in liquid
form, at the bottom, that is, countercurrent to
the gases. By this means the paraffin. concen-
tration in the mass is lowered, and the tendency
to form paraffin increased in consequence. On
the other hand, the oils flowing back into the
contact mass effect an additional formation of
paraffin. .

In previous normal operation of the catalytic
conversion without a pressure considerably ex-
ceeding the atmospheric pressure and without
additional impregnation or irrigation of the con-
tact mass, the mass very soon becomes laden
with paraffin to the extent of 100-3009% and even
more of its own weight, the paraffin having a
melting point exceeding 50° C. In carrying out
the invention, the maximum yield of paraffin is
obtained when care has been taken to prevent
the contact mass from becoming burdened with
more than 809% (preferably not more than 50%)
of paraffin, and advisably less than 20% of the
latter.

When the reaction gases are passed upwardly

through the contact furnace filled with grains .

of a suitable catalytic agent, the same reactions
occur, at first, in the zone of entry of the gases,
as in the case of the known method of operating
wherein the gases are passed downwardly
through the catalyst. i

The products of these reactions, however, flow
downwards without having any opportunity of
injuring further portions of the contact mass.
Substantially, no reaction products, other than
such as are vaporous at the reaction tempera-
ture, can ascend. At the end of a short working
period the contact mass will be in such a condi-
tion that the uppermost layers, necessary for
good catalysis, are still in a highly active con-
dition, whilst the injury to the contact mass
progresses upwardly only gradually.

Consequently, the gases are utilised to greater
advantage and a higher yleld of high boiling
products per cubic metre of synthesis gas is
obtained. This effect is increased by the cir-
cumstance that the highly concentrated admis-
sion gas encounters the contact mass that has
suffered the greatest damage, whilst the gas
which has already been extensively treated and
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is permeated with reaction products, encounters

highly active contact material in the upper part.

of the furnace. The reaction is thus rendered
more uniform, and overheating phenomena,
which are always accompanied by the formation
of by-products 'and damage to the contact mate-
rial, are reduced to a minimum.

[%23

A particular advantage of the present process -

is obtained when the reaction gases are em-
ployed under elevated pressure, say above 2 atm.,
preferably above 10 atm. Whereas, when the
gas is passed from above downwards, under
pressure, the injury to the contact mass pro-
gresses so rapidly that economical employment
of a pressure considerably above the atmospheric.
pressure was hitherto considered hardly pos-
sible, the ‘present process enables pressure, with
all its advantages, such as increased velocity of
reaction, smaller apparatus, and so forth, to be
employed in a particularly favourable manner.
Another way to keep the enrichment of the
catalyst with paraffin below 100% of the weight
of the catalyst free from parafin consists in
keeping the partial pressure of the hydrocar-
bons which are liquefiable at the temperature of
reaction (which means that the critical temper-

10

20

25

ature is above the reaction temperature) so low -

within the contact furnace and the gas respec-
tively that the partial liquefaction of these prod-
ucts at the temperature of the contact furnace is
substantially diminished.

The enrichment of the catalytic agents with
paraffin is influenced by the pressure, the tem-
perature and the contraction of the volume of
the converted gas. As a change of the working
pressure also changes the solubility of the gases
in the liquids on the contact mass, the diminu-
tion of the partial pressure of such hydrocarbons
which are liquefiable at the-reaction temperature
will not be constant for all conditions of work-
ing. The diminution of the partial pressure is
not a linear function of the pressure applied,
because the chemical reaction is also influenced
by the partial pressure. In order to keep the
enrichment of the contact mass with parafiin
below 100% of the weight of the contact mass
free from paraffin it is now necessary to keep the
partial pressure of the hydrocarbons liquefiable
at the reaction temperature below 0.2Vp in the
hot gases, preferably below 0.08Vp, if » means
the positive working pressure in atmospheres..

It is also possible to change the composition

of the hydrocarbons in the direction from higher

boiling hydrocarbons to lower boiling gasoline-
like hydrocarbons by diminishing the partial
pressure of the hydrocarbons liquefiable at the
reaction temperature e. g. below 0.7 atmospheres,
especially below 0.3 atmospheres, if the pressure
applied is about 10 atmospheres above the atmos-
pheric pressure.
these conditions has valuable antiknock proper-
ties. If very small partial pressures are applied
it is possible to produce benzine and gasol-hydro-
carbon (propane, propylene etc. substantially
exclusively). '
The means to reduce the partial pressure of
the hydrocarbons liquefiable at the reaction tem-
perature are e. g.: increasing the amount of gas
passed through the catalyst by recirculating the
end gas into the fresh reaction gas and/or sepa-
rating a part or all the reaction products, e. g.
including the reaction water and the C3 and Cu

The gasoline produced under f
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hydrocarbons (so called gasols) and/or dividing -

the synthesis in a plurality of stages, whereby
each contact stage delivers only a quantity of
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liquefiable reaction products on the contact mass
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in the meximum defined according to the inven-

tion. :

On the other hand it is also possible to perform

the synthesis under such conditions that the for-

mation of parafiin instead of oll and gasoline-

like products is considerably increased, if

(1) The reaction temperature is kept below 170°
C., suitably bslow 185° C. - ’

(2) The working pressure is higher than 5 atmos-
pheres suitably 10 to 100 atmospheres and

(3) The amount of gas passed through the
catalyst at a pressure p is kept smsller
than 0.2 p, suitably below ¢.1 p normal
litres per hour and per one grem of metal
in the contact mass, whereby the normal
litre of gas based on 760 mm. Hg and 0°
C. is calculated omly on the content of
carbon monoxide and hydrogen in the re-
action gas, other constituents of the gas
being deducied in the calculation of the
total volume, :

Ezample

1 kg. of a contact mass consisting of 40% me-
tallic cobalt, 6% thorium oxide, and 54% kiesel-
guhr as supporting mass is treated in a contact
furnace in which cooling clements are arranged
in known manner 2f 2 temperature of 152° C. and
at a pressure of 40 atmospheres with 400 normal
litres carbon/ monoxide and hydrogen in the
ratio 1:2 contained in a gas mixture. 60 grams
parafiin are formed per hour which drips out of
the contact and which has a chilling point. of
57° C. Beside small quantities of oil and benzine
(gasoline) are formed and the formation of gasol
is nearly completely siopped. After a longer
period of working the activity of the contact
abates and the contact is then extracted by &
solvent suitably under pressure. By this extrac-
tion further 3-4 kg. paraffin with a chilling point
above 100° C. is produced. The extraction of the
paraffin can be done continuously according to
the invention by 2 solvent, e. g. synthetic gasocline.

A further considersble advantage of the present
process resides in the fact that, in effecting the
necessary regeneration of the contact mass from
time to time, by the passage of steam, hydrogen,
nitrogen, oxygen or other gases, or by irrigation
with solvents, the counterfiow principle can now
be easily employed. Hitherto, it was necessary to
perform this regenersative treatment from sbove
downwards, and therefore with a fiow coincident,
in direction, with the then customary course of
the gases, since it wes only in this manner that
the substances—for the most part liquid—to be
expelled from the contact mass can drop. The
effect of such a regenerative treatment must
therefore have been incomplete, unless uneco-
nomically large gquantities of the regenerative
media were employed. Now that, in accordance
with, the invention, the normal progress of the
reaction is from belew upwards, and the injury
to the contact mass also proceeds in the same di-

. rection, it is possible, whilst retaining the custom-

%

ary regenerative treatment from above down-
wards, to operate in counterflow and, at the same
time, not only economise very considerably in re-
generative medis, but also to improve the quality
of the regenerated contact material.

.In the accompanying drawing, apparatus suit-
able for carrying out the process of the present
invention is disgrammatically shown.

Fig. 1 shows, diagrammiatically, apparatus

3

.which ma,y be employed for applicant’s improved

process; and

Fig. 2 is & partially broken away longitudinal
cross sectional view of a catalyst supporting
tube employed in the catalytic conversion vessel.

In such drawing, ! designates the conversion
vessel which is provided with tubes holding &
granular catelyst. These tubes are composed of
two concenirically disposed tubes 18 and 8 with
the catalyst packed in' the annular space there-
between, as shown in Fig. 2. A cooling medium
is supplied to the conversion vessel [ from the
vessel 8 by means of conduits 4, &’, such cooling
medium passing through the interior of the in-
ner tube of the two concentric tubes and around
the outside tube so as to afford effective cooling
of the catalyst during the conversion. Tube 2
serves to supply the conversion vessel with fresh
synthesis gas as well as for a portion of the end
gas through the conversion vessel. Conduit 3
serves to introduce the gases after conversion
Into vessel § wherein parafiin is condensed and
removed through outlet 7. Conduit 8 serves to
lead the remaining gases through the cooling
chamber 9. The oils and water condense in the
separatory vessel 18, the oll being withdrawn &t
{2 and the water at §0. The remaining gases
leave vessel 18 through conduit I3 and are in-
troduced into vessels {4 which are provided with
active carbon which serves to remove benzine
thereirom. The end gases leaving vessels 14 gre
recirculated back to conduit 2 through cohduit
15 with the aid of the blower 18. Outlet §7
serves for the removal of & portion of the end
gases from the cycle.

An example of carrying out applicant’s process
with such apparstus would be as follows: 1,000
normel cubic meters of fresh synthesis gas con-
taining 32% CO, 64% Hsz and 4% N are intro-
duced through tube 2 and are mixed with 2,000
normal cubic meters of recycled end gas con-
teining 28% CO, 56% Ha, 11% N ond 5% CHs,
so that 3,000 normal cuble meters of gas enter
the conversion vessel §. The pressure of the
gases is seven atmospheres and the reaction tem-
perature is maintained at 200° C. The catalyst
employed consists of 33% cobalt, 6% thorium
oxide and 61% kieselguhr.

In the conversion vessel 850 normal ecubic
meters of the gas are converted to produce hy-

" drocarbons and water.

The reaction products are then withdrawn
from the gases, passing out of the conversion
vessel. Of the remaining 2,350 normal cubic
meters of the end gas, 350 are removed from
the cycle through the tube {7, and the remain-
ing 2,000 are again recycled.

Por each 1,000 normal cubic meters of fresh
synthesis gas introduced into the cycle, 140 kilo-
grams of liquefiable hydrocarbons are produced
whose critical temperature is above 200° C. ‘The
mean molecuiar weight of these products is 140,
and therefore a normal cubic meter of pure
vapor thereof weighs 6 kilograms, and a cubic
meter at the pressure employed weighs 42 kilo-
grams, and therefore the volume of the products
whose pariial pressure is to be maintained low
in accordance with the invention is 3.3 cubic
meters. The volume of the end gas of the con-
version vessel is 2,350 normal cubic meters or
335 cubic meters at the pressure employed.
About 15 cubic meters must be added to this
amount for the volume of all of the reaction
products ‘of the conversion. The partial pres-
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sure of the liqueflable hydrocarbons in. the gases
leaving the conversion vessel therefore is

3.3X7
350

which would be considerably less than the par-
tial pressure 0.08Vp, recited in the specification,
which would be about 0.21 atmosphere.

I claim:

i.In a process for the catalytic conversion of
carbon monoxide and hydrogen containing gases
with catalytic agents suitable, at atmospheric
pressure-and an elevated temperature below that
at which methane would normally be exclusively
formed with the use of the same gases and the
same catalytic agents, for forming benzine, hy-
drocarbon oil and parafiin from such gases, the
steps comprising in combination, employing &
superatmospheric pressure for said catalytic con-
version and recirculating the end gas of said
catalytic conversion after separating therefrom
at least a part of the water and hydrocarbons
formed by said conversion in sufficient quanti-
ties that the partial pressure of the liquifiable
hydrocarbons formed in the hot gases, leaving
said catalytic agents and which have a higher
critical temperature than the temperature em-
ployed in tge catalytic conversion, is maintained
below 0.2Vp, wherein p designates the positive
pressure in atmospheres applied during said con-
version. '

2. A process in accordance with claim 1, where-
in the catalytic conversion is divided into a plu-
rality of stages; the partial pressure of the liqui-
fiable hydrocarbons formed in the hot gases leav-
ing the catalyst of each stage which have a high-
er critical temperature than the temperature em-
ployed for the conversion, being maintalned be-

) low 0.2V D, wherein @ designates the positive pres-
40 sure in atmosphere applied during the conver-
sion.

3. In a process for the catalytic conversion of
carbon monoxide and hydrogen containing gases
with catalytic agents suitable, at atmospheric

45 pressure and an elevated temperature below that
at which methane would normally be exclusively
formed with the use of the same gases and the
same catalytic agents, for forming benzine, hy-
drocarbon oil and paraffin from such gases, the
reaction temperature of said catalytic conversion
being maintained constant during such conver-
sion by cooling the said catalytic agents indirect-
ly, the steps comprising in combination, employ-
ing a superatmospheric pressure for said cata-

63 lytic conversion, and recirculating the end gas of
said catalytic conversion after separating there-

-from at least a part of the water and hydro-
carbons formed by said conversion in sufficient
quantities that the partial pressure of the liqui-

60 fiable hydrocarbons formed in the hot gases
leaving said catalytic agents and which have a
higher critical temperature than the temperature
employed in the catalytlc conversion, Is main-
tained below 0.2vp, wherein p designates the

65 positive pressure in atmospheres applied during
said conversion.

4. In a process for the catalytic conversion of
carbon monoxide and hydrogen containing gases
with catalytic agents suitable, at atmospheric

70 pressure and an elevated temperature below that
at which methane would normally be exclusively
formed with the use of the same gases and the
same catalytic agents, for forming benzine, hy-
drocarbon oil and paraffin from such gases, said

75 catalysts consisting of a hydrogenating metal of

=0.006 atmospkerc
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the eighth group of the periodic system, difficult-
1y reducible metal compounds and a preponder-
ance of carrier substances, the steps comprising
in combination, employing a superatmospheric
pressure for said catalytic conversion and recir-

‘culating the end gas of said catalytic conversion

after separating therefrom at least a part of the
water and hydrocarbons formed by said con-
version in sufficient quantities that the partial
pressure of the liquifiable hydrocarbons formed
in the hot gases, leaving said catalytic agents and
which have a higher critical temperature than
the temperature employed in the catalytic con-
version, is maintained below 0.2vp, wherein p
designates the positive pressure in atmospheres
applied during said conversion.

5. In a process for the catalytic conversion of
carbon monoxide and hydrogen containing gases
with catalytic agents suitable, at atmospheric
pressure and an elevated temperature below that
at which methane would normally be exclusively
formed with the use of the same gases and the
same catalytic agents, for forming benzine,
hydrocarbon oil and paraffin from such gases, the
steps comprising in combination, employing a

~ superatmospheric pressure for said catalytic con-

version, passing fresh synthesis gases containing
carbon  monoxide and hydrogen upwardly
through the catalyst, cooling the gases subse-
quent to their passage through the catalyst to
form a reflux condensate, passing such- con-
densate over the catalyst, recirculating the end
gas of the catalytic conversion after separating
therefrom at least a part of the water and hydro-
carbons formed by the conversion into the fresh
synthesis gas in sufficient quantities that the
partial pressure of the liquifiable hydrocarbons
formed in the hot gases leaving said catalytic
agents and which have a higher critical tem-
perature than the temperature employed in the
catalytic conversion, is maintained below 0.2Vp,
wherein p designates the positive pressure in
atmospheres applied during said conversion.

6. In a process for the catalytic conversion of
carbon monoxide and hydrogen containing gases
with catalytic agents suitable, at atmospheric
pressure and an elevated temperature below that
at which methane would normally be exclusively
formed with the use of the same gases and the
same catalytic agents, for forming benzine,
hydrocarbon oil and paraffin from such gases, the
steps comprising in combination, employing a
superatmospheric pressure for said catalytic con-
version and recirculating the end gas of said

‘catalytic conversion after separating therefrom

at least a part of the water and hydrocarbons
formed by said conversion in sufficient quantities
that the partial pressure of the liquifiable hydro-
carbons formed in the hot gases, leaving said
catalytic agents and which have 2 higher critical
temperature than the temperature employed in
the catalytic conversion, is maintained below
0.08Vp, wherein p desighates the positive pres-
sure in atmospheres applied during said con-
version.

7.In a process for the catalytic conversion of
carbon monoxide and hydrogen containing gases
with catalytic agents suitable, at atmospheric
pressure and an elevated temperature below that
at which methane would normally be exclusively
formed with the use of the same gases and the
same catalytic agents, for forming benzine,
hydrocarbon oil and paraffin from such gases,
the steps comprising in combination, employing
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a superatmospheric pressure for said cabalytic
conversion, and & contact pericd during which
the gases remain in contact with said catalytic
agents for more than one minute, and recir-
culating the end gas of said catalytic conversion
after separating therefrom at least e part of the
water and hydrocarbons formed by said con-
version in sufiicient guantities that the pertial
pressure of the liquifiable hydrocarbons formed
in the hot gases, leaving sazld catalytic agents
and which have & higher criticel temperature
than the temperature employed in the catalytic
conversion, is maintained below 0.2V, wherein »
designates the positive pressure in atmospheres
‘applied during said conversion.

8. In a process for the catalytic conversion of
carbon monoxide and hydrogen containing gases
with catalytic agents suitable, at atmospheric
pressure and an elevated temperature below that
at which methane would normally be exclusively
formed with the use of the same gases and -the
same catalytic agents, for forming benzine,

5

hydrocaibon oil end parafiin from such gases,
said catalysts consisting of & hydrogenating meteal

of the eighth group of the periodic system, difi-

cultly reducible metal compounds and & pre-
ponderance of carrier substances, the steps com-
prising in combination, employing & superatinos-

- pheric pressure for said catalytic conversion, and

a contact period during which the gases remeain
in contact with said catalytic agents for more
than cne minute, and recirculating the end gas
of sa2id catalytic conversion after separsting
therefrom ot least & vart of the water and hydro-
carbons formed by said conversion in sufficlent
guantities that the partial pressure of the
liquifiable hydrocarbons formed in the hot gases
leaving said catalytic agents and which have a
higher critical temperature than the temperature
employed in the catalytic conversion, is maln-
tained below 0.2V, wherein » designates the
positive pressure in atmospheres applied during
said conversion.

- WILHELM BHERBERT.
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