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This invention relates to a process for the pro-
. duction of hydrocarbons containing mainly solid
paraffin. )

In the catalytic conversion of gases containing
oxides of carbon and hydrogen, with or without
pressure and at temperatures below those at
which carbon dioxide and methane form. the
chief products, hydrocarbons of the Ciuo series
and downwards, are mainly obtained when oper-
ating under conditions designed to lengthen the
working life of the contact mass. In many cases,
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fin increases. If, for example, the contact mass
be extracted only when exhausted, that is, after
it has absorbed from 100 to 300% of parafiin,
the total recoverable amount of paraffin with
reference to the total hydrocarbons liquefiable at
normal pressure and temperature is only from 5

"to 10%. If the paraffin content in the contact
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however, a higher yield of hard paraffin is de- '

sired, since this product is a valuable starting
material for the synthesis of fatty 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). Suitable catalyzers for
this benzine synthesis are the known iron, cobalt
and nickel catalyzers the manufacture of which
has been deseribed, for example by Franz Fischer
in the. journal “Brennstoffchemie,” vol. 12, No.
12 (15.6.31) pp. 225-244. In the process herein-
after described, use is made, for example, of a
catalyzer containing 33% of cobalt, 6% of thori-
um oxide, and 619% of kieselguhr. : The manufac-
ture of this catalyzer from a nitrate solution of
the metals by means of sodium. carbonate is de-

. seribed in- “Brennstoffchemie,”™ "vol. 19, No. 4
(15.2.32), pp. 61-80. Any other convenient cata-
lyzer, may, however be used.

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 or periogically irrigated or sprinkled
with liquid paraffin dissolving hydrocarbons such
as the fractions of the higher-boiling products of
the synthesis, e. g. gasolines (benzine) and oils.

It is already known, it is true, to free ex-
hausted contact masses from paraffin by ex-
traction, but this does not furnish the same
recults as in the present invention. These results
are produced -only when a substantial enrich-
ment of the contact mass with paraffin solid at
normal temperature is permanently rendered im-
possible, since it has been ascertained that the
tendency to form paraffin diminishes enormously.
as the saturation of the contact mass with paraf-
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mass be kept at from 50 to 80%, the amount of
paraffin recovered is from 15 to 20%, with refer-
ence to the liquid products. If, however, the
paraffin concentration of the contact mass be
kept below 20%, the yield of paraffin amounts
to from. 30 to 50% and more of the total quan-
tity of liquid products, particularly if a higher
pressure for the catalytic conversion is applied.

The constant diminishing of the loading of the
contact material with parafiin below the limit
indicated, in accordance with the invention, may
be achieved in the most diverse ways. The means
which may be employed for this purpose are
described individually below in greater detail,
such as the continuous withdrawal of the paraf-
fin formed from the contact material by physical
means, adsorptive and adhesive means, for ex-
ample by the use of porous masses or with the
aid of organic solvents which are constantly or
periodically passed over the contact material,
such as benzines, oils or solvents containing oxy-
gen or nitrogen, such as acetone, alcohols, ani-
line, and the like, or finally by varying the irri-
gation and the path of the gas within the con-
tact furnace as well as by passing the gas up-
wardly through the catalyst instead of down-
wardly. In addition, the periodical application
of a vacuum, and/or the elevation of the tem-
perature of the catalytic conversion either alone
or in conjunction with the aforesaid means and
preferably with the simultaneous introduction of
hydrogen, is advantageous.

The various means for the reduction of the
paraffin load of the contact material may be
combined with. further measures for increasing
the yield of paraffin, which could not be applied
with advantage without the invention. Among
such measures are to be mentioned:

(1) The employment of thicker contact layers,
for example of more than 10 mm. (“thickness”
of the contact layers here means the distance be-
tween two cooling elements of the contact fur-
nace).

(2) The employment of elevated pressures,
such as from two atmospheres to 300 atmos-
pheres and over (preferably from 10 to 50 at-
mospheres). '

(3) A longer period during which the gases
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remain in the contact mass, for example more
than one minute—for example from 3 to 10
minutes approximately in proportion with the
elevation of pressure. ,

(4) The employment of highly concentrated
contact masses, such as those containing more
than 33%, say 40% by weight of hydrogenating
metals or highly concentrated by volume of the
contact mass, 1. e. more than 100 grms. cobalt or
other activated metals per litre of a granulated
rigidly arranged catalyzer.
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(8) The employment of gas mixtures with an -

excess of carbon monoxide over hydrogen, above
the ratio 1:2. ) :

(6) The employment of gas mixtures contain-
ing more than 90% of carbon monoxide plus hy-
drogen.

() Passing the gas upwardly through the
catalyst in the contact furnace,

The paraffin content can also be kept low by
other methods than extraction by irrigation.
Thus, capillary means may be employed for re-
moving the paraffin in a liquid condition at the
temperature of the catalytic conversion. For
example, porous rods or the like (composed, for
example, of ceramic material or fritted metal)
may be inserted in the interior of thecontact
mass where they become impregnated with
paraffin and conduct the latter -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 at
the top, the dripping of the paraffin being there-
by 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 parafiin from
their surface, this measure also intensifies the
capillary flow of liquid paraffin.

Instead of, or also in combination with, the
aforesaid porous rods for removing the parafiin
from the contact material, use may be made,
according to the invention, of organic solvents,
which are passed or sprayed over the contact
mass during the passage of the synthesis gas
through the contact furnace, while, if desired,
the solvents may be passed transversely to the
direction of flow of the gas or in counterflow
thereto by passing the gas upwardly through the
catalyst. The atomization of the solvents can
be effected by pressure or by means of a gaseous
medium, if desired by the vapours of the solvent
itself, or the contact masses may be irrigated
with the solvent, which is done particularly sim-
ply when, as described hereinafter, the synthesis
gases are passed upwardly through the contact
furnace. .

The principle object of the solvents employed
in accordance with -the invention is to afford
continuous removal of substances which damage
the catalyzer, for example high boiling hydro-
carbons, such as paraffin or the like, or contact
poisons, particularly the resins. Substances which
possess great powers of dissolving the resinous
substances to be removed, such as alcohols, ke-
tones, acetone, stable esters and other similar
solvents, have been found to be particularly ef-
fective. However, liquid products of the hydro-
carbon synthesis itself may also be used. If, for
example the synthesis is carried out at atmos-
pheric pressure, Diesel oil fractions which boil
between 200 and 300° C. may, for example, be
used in the process of the invention.

On the other hand, the synthesis reaction may
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be influenced simultaneously with the treatment
of the catalyzer with solvents, for example in such
8 way that undesirable side reactions are sup-
pressed. For this purpose, for example, nitrogen
containing solvents, such as liquid ammonia, ani-
lines, amines, triethanolamin, nitrobenzol, te-
trammonium bases or the like, may be used.
These have the advantage that the acids pro-
duced are also neutralised.

The method of operation in accordance with
the invention has further particular advantages
when it is carried out in conjunction with the
performance of the synthesis under superatmos-
pheric pressure, for example a pressure of several
atmospheres. In the known processes for the
catalytic conversion of carbon monoxide and hy-
drogen-containing gases into hydrocarbon com-
pounds, which are used in the usual proportion
1:2, the application of positive pressure was not
practicable, because the action of the catalyzer
fell an inadmissible extent even in a few hours..
This drawback is overcome by the process of the
invention owing to the fact that the causes of
the rapid decline in the activity of the catalyzer
are constantly removed during the actual syn-
thesis. )

The solvents are usually so chosen, in accord-
ance with the invention, that, under the condi-
tions of pressure and temperature prevailing in
the synthesis or the individual stages thereof,
they evaporate only to a more or less consider-
able extent. The boiling points thus lie, pref-
erably, higher than the reaction temperatures,
under the pressure employed for the synthesis,
If the pressure varies in the individual stages of
the synthesis, when the latter is carried out in
more than one stage, different solvents with dif-
ferent boiling points may also advantageously be
employed in the various stages. :

The process of the invention can also be varied
in the sense that only a part of the contact mass,
and not the whole of same, is treated with solvent,
While another part does not come into direct
contact with the solvent. For example, according
to the invention, only those parts of the contact
mass the activity of which is shown by experience
to fall off most quickly, are treated with solvents.
These are usually the parts of the contact mass
lying in the vicinity of the gas inlets in the con-
tact mass receptacle.

The invention may also be put into practice by
only periodically carrying out the treatment of
the catalyzers with solvents. For example, in the
case of a plurality of contact furnaces arranged
serially or in parallel, which form a technical
unit, so to speak, the arrangement may be such
that at any time only one or one group of fur-
naces is operated with the solvent treatment
according to the process of the invention. This
will preferably be the furnaces most stressed at
the time in question, in which the contact mass
has been damaged most. Wheri their activity has
been restored to the desired level, the solvent
treatment is discontinued and applied to another
furnace or another group of furnaces. When
a plurality of furnaces are serially arranged, the
connection thereof may be constantly changed,
for example in such a way which the initial gas
enters the contact furnace thst is just being
treated with solvent, and thereaf ler flows through
the others, which may be so connected that the
furnace with the contact material completely
treated last is the last in the row. The periodical
treatment may also be applied in single or multi-~
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stage synthesis when only a portion of the con-

- tact material is irrigated..
There 1s no objection to provlding mdirect cool-‘

| ing of the contact masses, in known manner, in.
the solvent treatment of the mvention, for exam- :

ple by means of gilled coolers ‘or similar appara-
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with acetone was practically restored to that of '
a fresh.contact mass. “The extraction accordlng

- 10 “the process. of ‘the invention may be fol-

tus, -which are operated -with suitable cooling -

media. ‘'This cooling is promoted, to a certain ex-
tent or becomes even superfluous, by the process
of the. invention, as the partial -evaporation . of
‘the solvent, which usually occurs in the process
of the invention, consumes considerable heat and
has a cooling action, to a great extent within the

* catalyzer itself, if e. g. & recirculation. of the

cooled final gas into the: fresh ve action gas from
below upwards takes place.

-The solvent may be recycled over. or through
‘the catalyzer in the process 6f the invention. A
purification step is then preferably inserted. in
the circuit, by means of which the substances
absorbed by the solvent,. or a portion thereof,
are constantly separated, or the injurious sub-
stances are rendered harmless by chemical con-
version, acids, for example, being so treated by
neutralization. Substances may also be added

to the solvent which promote the catalytic con-

version or conduct same in a desired direction,
for example alkalis, which neutralize the .or-
ganic acids produced as by-products in the cat-
alysis, or mixtures of solvents are employed,
when the mixture can be composed in accordance
with the same principles.  These measures may
naturally also be applied if the recycling of the
solvent is dispensed with..

In this process, the pressure and also to.some..

extent the temperature are so adjusted that the
extraction medium or a large part thereof re-
mains liguid.
work at still higher pressure.. The extracticn
medium may also be recycled, when it may be
convenient to remove all or a part of the ex-
tracted substances before fresh. introduction of
the extraction medium into the contact mass.
The liquid to. be recycled can be cooled to a

lesser or greater extent outside .the . contact -4

mass, or it may be separated from the extract by
evaporation and re-condensing.

" The process according to the invention has the
further advantage that besides the paraffin also
resin-like substances, which represent one of the
chief causes of injuries to the contact material,
are removed in statu nascendi from the latter
or at least in a soluble condition. It was not
possible by the methods, of extraction hitherto
known adequately to free the contact material
from such substances. = An.example for an ex-
traction of a granulated and rigidly arranged
catalyzer laden with more than 100% by weight
of parafiin is given hereafter.

Ea:ample 1

It is possible, however, dlso to
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lowed by treatment ‘with hydrogen at an ele-
vated temperature, for example at the tempera-

“ture-of the synthesis or also at a still higher

temperature,” particularly when" the ‘catalyzers
are seriously damaged, or else ‘the procedure may
be to’ treat'the catalyzer elevated temperature
first with oxygen, for example air blown through,
and then with hydrogen, before the process ac-

" cording to the invention or following thereon.
.The treatment of the catalyzer with hydrogen
: alone may also precede the extraction.

- The most simple method of carrying out the
herein described process is to pass the reaction
gases upwardly through the contact furna,ce and -
partially to cool the gases upon or prior to their

. discharge from the furnace. For example, if the
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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 as reflux on to the catalyzer, whilst
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steam and benzine vapours will be led away. The
reflux oils, on their part, effect the continuous
extraction of the paraffin formed in the con-
tact mass, and this paraffin will flow off, in liquid
form, below, that is, countercurrent to the gases.
By this means-the paraffin concentration in the
mass is lowered, and the tendency to form paraf-
fin increased in consequence. On the other hand,
the oils flowing back into the contact mass effect

‘an additional formation of paraffin.  This con-

tinuous extraction is suitably sustained by addi-
tional irrigating of hydrocarbons on the catalyz-

‘ers; whereby according to the quantity of the ir-

rigation liquids applied the temperature of the
contact mass is raised by 10 to 50°.C. above the

‘temperature, which should be applied without
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irrigating the contact mass.

In normal working without additional impreg-

- nation or irrigation of the confact mass with sol-
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265 grms. of a contact mass, exhausted in the

synthesis of liquid hydrocarbons from carbon

monoxide and hydrogen, corresponding to 100
grms. of original contact mass, were exhaustively

extracted with light benzine, whereby 153 grms.
of white paraffin were obtained after evaporation

of the extraction medium,. Following on the

benzine extraction, the contact mass was ex- -

tracted with acetone at the boiling temperature
of acetone.
11 grms. of a brown, resinous mass were obtained.
Whereas the contact mass had increased only
slightly in catalytic efficiency after the benzine
extractlon the efficiency after the extraction
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After evaporation of the acetone, )
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‘further portions of the contact mass.

“vents, the mass very soon becomes laden with

paraffin to the extent of 100-300% of its own
weight, the paraffin having a melting point ex-
ceeding 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 80%

(preferably not more than 50%) of paraffin, an:

advisably less than 20% of the latter. It is ad-
visable to keep the quantity of the sprinkling
liquids applied at least equal to the quantity of
hydrocarbons produced, whereby a three to four
times greater quantity of sprinkling ligu‘ds may
be applied. A limit is given by the porosity of
the granulated contact mass and the flow of gas
therethrough per hour.

When the reaction gases are passed upwardly
through the contact furnace, the same reactions
occur, ab first, in the zone of entry of the gases,
as in the case of the known method of operating
with the gas passing downwardly through the

" catalyst.

“ The products of these reactions; however, flow
off without bhaving any opportunity of injuring
Substan-
tially, no reaction products, other than such as
are vaporous at the reaction temperature, can as-
cend. At the end of a short working period the

. contact mass-will be in such a condition that

the uppermost layers, necessary for gcod cataly-
sis, are still in a highly active condition, whilst
the injury to the contact mass progresses upward-
1y only gradually.
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Conscquently, the gases are utilised to greater
' advantage and a higher yield of liquid products
per cubic metre of synthesis gas (always calcu-
lated on a gas containing 100% of carbon monox-
ide and hydrogen) is obtained. This effect is
increased by the circumstance that the highly

concentrated admission gas encounters the con-

tact. mass that has suffered the greatest dam-
age, whilst the gas which has already been ex-
tensively treated and is permeated with reaction
products, encounters highly active contact ma-
terial in the upper part of the furnace. The re-
action is thus rendered more uniform and over-
heating phenomena, which are always accom-
panied by the formation of by-products and dam-
age to the contact material, are reduced to a
minimum. - ) ) :

A particular advantage of the present process
is obtained when the reaction gases are employed
under elevated pressure. Whereas, when the gas
is passed from above downwards, under pressure,
the injury to the contact mass progresses so rap-
idly that economical employment of pressure was
hitherto considered hardly possible, 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.

A further considerable advantage of the pres-
ent process resides in the fact that, in effecting
the necessary regeneration of the contact mass
from time to time, by the passage of steam, hy-
drogen, nitrogen, oxygen or other gases, or by
irrigation with solvents, the counter-flow prin-
ciple can now be easily employed. Hitherto, it
was necessary to perform this regenerative treat-
ment from above downwards, and therefore with
a flow coincident, in direction, with the course
of the gases, since it was 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 large
quantities of the regenerative media were em-
ployed. Now that, in accordance with the in-
vention, the normal progress of the reaction is
from below upwards, and the injury to the con-
tact mass also proceeds in the same direction,
it is possible, whilst retaining the customary
regenerative treatment from above downwards,
to operate in counterflow and, at the same time,
not only economise very considerably in re-
generative media, but also to improve the quality
of the regenerated contact material,

Example 2

1000 kgs. of a contact mass consisting of 33%
of cobalt, 6% of thorium oxide (ThO2) (i.e. 18%
ThO:z of the cobalt in the catalyzer) and 61%
of kieselguhr are filled into a contact furnace 3
metres in height, which contains, in known man-
ner, numerous cooling elements, and a synthesis
gas, which contains 90% of carbon monoxide and
hydrogen in the proportion 1:2, is passed through
the furnace from above downwards at the rate of
300 standard cubic metres per hour, calculated
on a gas containing 100% carbon monoxide and
hydrogen, a temperature of 180° C. and a pressure
of 12 atmospheres being maintained in the fur-
nace. Under these working conditions 130 grms.
of higher hydrocarbons are found per standard
cubic metre, made up of 30 grms. of benzine, 50
grms. of oil and 50 grms. of solid paraffin. If
the same quantity of gas is passed from below
upwards through the same contact furnace of
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the same pressure and at a temperature of
185° C., the quantity of liquild hydrocarbons
formed per standard cubic metre remains un-
changed at 130 grms., but the proportion of solid
paraffin Is raised to 65 grms., the other products
being diminished in proportion. If the outgoing
gas is now cooled to 125° C, at the top end of the
furnace and at the same time the temperature in
the furnace raised to about 195° C., the higher
boiling hydrocarbons will condense, flow back into
the furnace and, in accordance with the inven-
tion, extract the contact mass to an increased
extent until the average loading with parafiin
amounts to about 50% of the weight of the
contact mass. By this extraction the harmful
coating of the active zone of the contact material
is lessened, so that greater formation of solid
paraffin according to the invention occurs. With
the same total yield, about 78 grms. of solid par-
affin per standard cubic metre of gas are now
produced. But if beside the reflux qQuantities by
cooling the end gas on the top of the furnace
additional 100 kg. per hour of & heavy gasoline
(benzine) are irrigated on the contact mass at a
still higher temperature of about 200° C. the yield
of solid paraffin is raised to 88 grms.

Ezample 3

If the same contact furnace with the same
catalyzer and the same quantity of gas as in Ex-
ample 2 is traversed by the gas from above
downwards, and at the same time the catalyzer
is irrigated with a quantity of 50 kgs. per hour
and at a temperature of 195° C. of an oil boiling
between 150 and 250° C., 70 grms. of paraffin and
60 grms. of oil and benzine, which have to be
distilled off from the irrigating oil, are obtained.
per standard cubic metre of gas calculated on a
gas containing 100% monoxide of carbon and
hydrogen. If the irrigation of the catalyzer with
the aforesaid oil is increased to 150 kes. per hour
with the same quantity of gas (300 cubic metres

_per hour) and at a temperature of 202° C. 80

grms. of paraffin and 50 grms. of benzine and oil,
i. e. a total of 130 grms. again, are obtained per
standard cubic metre of gas, calculated on a gas
containing 100% CO-+Ho.

T claim:

1. Ina process for obtaining hydrocarbons con-
taining more than one carbon atom by the
catalytic conversion of gas mixtures containing
carbon monoxide and hydrogen in the presence
of catalysts consisting of hydrogenating metals
selected from the eighth group of the periodic
system, difficultly reducible metal compounds and
& preponderance of carrier substances at an ele-
vated temperature below that at which methane
would noramlly be formed as the chief reaction
product with the use of the same gases and the
same catalysts; the steps comprising, in com-
bination, applying super-atmospheric pressure
during said conversion, indirectly cooling the
catalysts during the conversion, passing g solvent
over the catalysts during the conversion which
is adapted to free said catalysts from the paraffin
formed which is solid at room temperature to
maintain the enrichment of the catalysts with
such paraffin below 100% of the weight of such
catalysts when free from such paraffin, and re-
cycling at least a portion of the end gas of such
synthesis.

2. A process according to claim 1 in which gas
mixtures are employed wherein the proportion
of carbon monoxide with respect to the hydro-
gen is greater than 1:2.
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3. A process according to claim 1 in which the
quantity of carbon monoxide and hydrogen
passed over the catalysts calculated on = gas
mixture containing 100% carbon monoxide and
hydrogen is maintained substantially at one nor-
mal cubic metre per hour per kilogram of hydro-
genating metals in said catalysts.

4, In a process for obtaining hydrocarbons
containing more than one carbon atom by the
catalytic conversion of gas mixtures containing
carbon monoxide and hydrogen in the presence
of catalysts consisting of cobalt, thorium oxide,
and a preponderance of kieselguhr at an elevated
temperature below that at which methane would
normally be formed as the chief reaction product
with the use of the same gases and the same
catalysts; the steps comprising, in combination,
applying super-atmospheric pressure during said
conversion, indirectly cooling the catalysts dur-
ing the conversion, passing a solvent over the
catalysts during the conversion which is adapted
to free said catalysts from the paraffin formed
which is solid at room temperature to maintain
the enrichment of the catalysts with such paraf-
fin: below 100% of the weight of such catalyst
when free from such paraffin, and recycling at
least a portion of the end gas of such synthesis.

5. In a process for obtaining hydrocarbons
containing more than one carbon atom by the
catalytic conversion of gas mixtures containing
carbon monoxide and hydrogen in the presence
of catalysts consisting of hydrogenating -metals
selected from the eighth group of the periodic
system, difficultly reducible metal compounds and
a, preponderance of carrier substances at an ele-
vated temperature below that at which methane
would normally be formed as the chief reaction
product with the use of the same gases and the
same catalysts; the steps comprising, in com-
bination, applying super-atmospheric pressure
during said conversion, maintaining a period of
contact between the said gases and the catalysts
of more than one minute, indirectly cooling the
catalysts during the conversion, passing a solvent
over the catalysts during the conversion which is
adapted to free said catalysts from the paraffin
formed which is solid at room temperature to
maintain the enrichment of the catalysts with
such paraffin below 100% of the weight of such
catalysts when free from such paraffin, and re-
cycling at least a portion of the end gas.of such
synthesis. .
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6. In a process for obtaining hydrocarbons
containing more than one carbon atom by the
catalytic conversion of gas mixtures containing
carbon monoxide and hydrogen in the presence
of catalysts consisting of hydrogenating metals
selected from the eighth group of the periodic
system, difficultly reducible metal compounds and
a preponderance of carrier substances at an ele-
vated temperature below that at which methane
would normally be formed as the chief reaction
product with the use of the same gases and the
same catalysts; the steps comprising, in com-
bination, applying super-atmospheric pressure
during said conversion, maintaining a period of
contact between the said gases and the catalysts
which is from three to ten minutes, indirectly
cooling the catalysts during the conversion,
passing a solvent over the catalysts during the
conversion which is adapted to free said catalysts
from the paraffin formed which is solid at room
temperature to maintain the enrichment of the
catalysts with such paraffin below 100% of the
weight of such catalysts when free from such
paraffin, and recycling at least a portion of the
end gas of such synthesis.

7. In g process for obtaining hydrocarbons
containing more than one carbon atom by the
catalytic conversion of gas mixtures containing
carbon monoxide and hydrogen in the presence
of catalysts consisting of hydrogenating metals
selected from the eighth group of the periodic
system, difficultly reducible metal compounds and
a preponderance of carrier substances at an
elevated temperature below that at which
methane would normally be formed as the chief
reaction product with the use of the same gases
and the same catalysts; the steps comprising, in
combination, applying super-atmospheric pres-
sure during said conversion, indirectly cooling
the catalysts during the conversion, passing a
solvent over the catalysts during the conversion
which is adapted to free said catalysts from the
paraffin formed which is solid at room tempera-
ture to maintain the enrichment of the catalysts
with such paraffin below 100% of the weight of
such catalysts when free from such paraffin,
maintaining a temperature during said conver-
sion which is above the temperature which would
be optimum when performing said catalytic con-
version at atmospheric pressure and recycling at
least a portion of the end gas of such synthesis.

WILHELM HERBERT.
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