Patented Apr. 16, 1945 2,398,462

'UNITED STATES PATENT OFFICE

FOR CATALYTIC BENZENE
SYNTHESIS

Otto Roelen and Walter Felsst, Oberhausen-
Holten, Germany; vested in the Alien Property
Custodian

No Drawing. Original application March 23,1937,
Serial Ne. 132,595, Divided and this applica-
tion November 1, 1941, Serial No, 417,495. In
Germany April 1, 1936

~ 10 Claims.  (C1. 260—449.6)

This invention relates to processes for reacting such as kieselguhy prepared according to the
carbon monoxide ang hydrogen, and more par- method of this invention give normal ylelds in
ticularly to benzene synthesis in the presence of the conversion of mixtures of carbon monoxide
catalysts deposited on carrier substances, and hydrogen into liquid hydrocarbons at the low

This invention is g division of T, S. Serlal No, g reaction temperature of 180-185° C, These cata.
132,595, filed March 23, 1937, which matured into . lysts can be regenerated by treatment with hy-
Patent No, 2,261,184, . o ‘ ‘ drogen in the synthesis furnace itself, :

It Is an object of this invention to provide im- The carrier materials can be produced either
proved catalytic madterials, and to utilize such im- - artificially or by g suitable treatment of minerals
- broved catalytic materials in Processes for react~ 10 occurring in nature, Insoluble oxides may . be
ing carbon monoxide and hydrogen. produced for example by the decomposition - by

It is another object of this invention to provide heat treatment of suitable salts such as the
brocesses for regenerating these catalysts after nitrates or the ammonium salts of the heavy-
they have suffereq a material reduction in ge- . metal oxyacids. The oxldes so produced can be
tivity. . - 18 rendered still less soluble by further heat treat-

PROCESSES

Other objects, and the manner in which the
same are attained, will appear from the following
description. ‘ .

In large scale benzene synthesis from carbon
monoxide and hydrogen the catalysts employed
are metals of the iron group (iron, cobalt, nickel)

whose active constituents have been precipitated -

Certain difficulties have been
experienced in the production of such catalysts,
as the kieselguhr used as carrier mass when
brought into contact with acidic and alkaline re-
agents gives off soluble constituents which have
an extremely prejudicia] action on the catalytic
substance.

Thus for example when kieselguhr is added to
the alkaline precipitating solution for the metal
catalysts, a part of the silicic acid of the kiesel-
guhr dissolves in the form of alkali silicate, and
reacts with the héavy-metal salts to form in<
soluble heavy-metal silicates which cannot be re-
duced to metal and thus prejudicially affect the
activity of the catalyst. '

Therefore care should be taken that none of the
disturbing constituents dissolve out from the car-
rier mass. This can be prevented when kiese]-
guhr or powdered asbestos is used by reducing as
far as possible the beriod of contact with the
alkaline precipitating solution, and by adding the
carrier material containing silicate to the glkaline
solution only when the precipitation of the cata.
lytic metals has completely, or glmost completely,
ceased and the solution is no longer. strongly al-
kaline. o :

With special advantage carrier materials are
employed which have been rendered insoluble by
dissolving out the soluble constituents. In some
instances, the dissolving out of the soluble constit-

.uents may be preceded by heating these constit-
uents to incandescence, R
The catalysts precipitated on carrier materials

on to kieselguhr.

 ment; for example,. g sultable -aluminum oxide
insoluble in acid ig produced by the thermaj 'de-
composition of - aluminum nitrate. ' A suitable
chromium oxide may be obtained foi
2o heating ammonium bichromate. In this case itis
advisable to reduce the solubility of the chromic
oxide by furthep heating the chromic oxide first
obtained, e
Insoluble oxides or silicates may be - obtained

means difficultly soluble sllicates such as steatite
or chamotte can be treated to produce g suitable
insoluble carrier material, e
In certain cases it msay be an advantage first to
heat to incandescence .the carrier material to be
mployed in order
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35 terial the constituents which are soluble In acids.

In order to obtain & very fine distribution of.
the carrier materials, they may be mixed with
finely divideg organic -substances such as wood-
bulp, cellulose and the like, and then the organic
40

to the insoluble condition.

The carrier materials thus produced are gen-
erally not completely insoluble in alkaline solu-
tions, and the alkaline compounds produced like..
wise react with the metal catalysts to produce
- heavy-meta] compounds which are insoluble and

cannot be reduced to metal, and which may con-

i the activity of the ‘catalyst and
formation of a completely inac-
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§0 even lead to the
tive material, i
It is therefore advisable €ven when using such
carrier materials for the burpose of gvoiding the
damage to the catalyst which wag referred to

565 above, to place the carrier masses into the con-
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version vessel only when the precipitation of the
catalytically active metals has almost come to an
end, so that the precipitating solution has no
longer a strongly alkaline reaction.

In the same way as it is necessary to prevent
any of the constituents of the carrier mass from
dissolving during the precipitation of the catalyti-

cally active substances, care must be taken that

during the regeneration of the catalysts which
have become inactive, no foreign substances enter
the solution which contains the catalytic metals;
for the catalyst may have subsequently absorbed
substances from the vessels or from the contact
furnace, for example through the synthesis gas,
and these substances may also. become dissolved

during the regeneration of the spent catalyst and -
on precipitation may affect the catalyst. Foreign -

substances may enter into solution during re-
generation, as for example from the material of
the vessel employed for carrying out this process
(either by being mechanically removed or chemi-
. cally dissolved), or from the chemicals employed
during regeneration, such as the nitric acid em-
ployed for dissolving the catalysts that have be-
come inactive. Moreover during the regeneration
of the catalysts, constituents which were insoluble
during the first production of the catalyst may
pass into solution from the carrier mass under
the possibly more severe conditions involved in
the dissolving of the spent. catalysts. These
noxious impurities are rendered ineffective by
causing them to be removed from the solution
containing the catalytic substances by a suitable
precipitation. : :

It has been found advantageous to precipitate
these noxious impurities by first adding a small
quantity of the alkaline precipitating agent,
After the removal of the first precipitate, for ex-
ample by filtration, the actual metal catalysts are
then precipitated by the further addition of the
alkaline precipitating solution. In this case also
it is advisable to add to the precipitating mixture
the substances to be employed as carrier masses
after the precipitation of the metal catalysts is
completely or almost completely finished.

We claim: ) ‘

1. A process for the synthesis of normally liquid
hydrocarbons from a mixture of carbon monoxide
and hydrogen, which comprises passing said mix-

ture at a synthesis temperature over & carrier 5
catalyst which has ben obtained by pre-treating-

the carrier material with acids to remove solubie
constituents and combining, while avoiding a
strongly alkaline reaction, the acid-treated car-
rier material with iron group metal compounds
precipitated from salt solutions with alkaline pre-
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3. A process for the synthesis of normally liquid
hydrocarbons from & mixture of carbon monoxide
and hydrogen, which comprises passing said mix-
ture at a synthesis temperature over a catalyst
deposited on natural carrier substances contain-
ing silicon dioxide, said catalyst having been ob-
tained by pre-treating the carrier material with
acids to remove soluble constituents, precipitating
iron group metal compounds from salt solutions
with- alkaline precipitants and introducing the
pre-treated carrier substance into the suspension
of precipitate in the salt solution after the pre-
cipitation is completed so as to avold a strongly
alkaline reaction in the presence of said carrier
substance; and separating normally liquid hydro-
carbons from the reaction products.

4, A process for the synthesis of normally liquid
hydrocarbons from a mixture of carbon monoxide
and hydrogen, which comprises passing said mix-
ture at & synthesis temperature' over a carrier

~ catalyst which has been'obtained by pre-tredting

the carrier material with acids to remove soluble
constituents and combining, while avoiding a

" gtrongly alkaline reaction, the acid-treated car-
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rier material with iron group metal compounds
precipitated from salt solutions with alksline
precipitants; separating normally liquid hydro-
carbons from the reaction products; continuing
the synthesis reaction until the activity of the
catalyst is substantially reduced; treating the
catalyst with acid to dissolve out the catalytically

_ active constituents; removing from the acid solu-

45

cipitants; and separating normally liquid hydro- -

carbons from the reaction products. )
2. A process for the synthesis of normally liquid
hydrocarbons from a mixture of carbon monoxide
and hydrogen, which comprises passing said mix-
ture at & synthesis temperature over a catalyst
deposited on natural carrier substances contain-
ing silicon dioxide, said catalyst having been ob-
tained by pretreating the carrier material with
acids to remove soluble constituents, precipifat-
ing iron group metal compounds from salt solu-
- tions with alkaline precipitants and introducing
the pre-treated carrier substance into the suspen-
. sion of precipitate in the salt solution shortly be-
fore the precipitation is completed, so as to avoid
. a strongly alkaline reaction in the presence of said
carrier substance: and separating normally liquid
hydrocarbons from the reaction products.
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tion by a preliminary precipitation with a small
amount of an alkaline precipitant the constitu-
ents dissolved out of the carrier material; pre-
cipitating the catalytically active constituents
with- alkaline precipitants and depositing said
constituents upon the carrier material; washing
and drying the catalyst thus obtained; and re-
turning said catalyst to the synthesis reaction.

5. A process for the synthesis of normally liquid
hydrocarbons from a mixture of carbon monoxide
and hydrogen, which comprises passing said mix-
ture at a synthesis temperature over a carrier
catalyst which has been obtained by pre-treating
the carrier material with acids to remove soluble
constituents, precipitating iron group metal com-
pounds from salt solutions with alkaline precipi-
tants, and introducing the pre-treated carrier
material into the suspension of precipitate in the
salt solution after the precipitation is completed
so as to avoid a strongly alkaline reaction in the
presence of sald carrier substance; separating
normally liquid hydrocarbons from the reaction
products; continuing the synthesis reaction until
the activity of the catalyst is substantially re-
duced; treating the catalyst with acid to dissolve
out the catalytically active constituents; remov-
ing from the acid solution by a preliminary. pre-
cipitation with a small amount of an alkaline
precipitant the constituents dissolved out of the
carrier material; precipitating the catalytically
active constituents with alkaline precipitants and
depositing said constituents upon the carrier ma-
terial; washing and drying the catalyst thus ob-
tained; ‘and returning said catalyst to the syn-
thesis reaction. -

6. A process for the synthesis of normally liquid
hydrocarbons from a mixture of carbon monoxide
and hydrogen, which comprises passing said mix-
ture at a synthesis temperature over a carrier
catalyst which has been obtained by heating the
carrier material to incandescencé to make it less
soluble, treating it thereafter with acids to re-
move soluble constituents and combining, while
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avoiding a strongly alkaline reactionl.A the pre-

treated carrier material with iron group metal .

compounds precipitated from salt solutions with
alkaline precipitants; and separating normally
liquid hydrocarbons from the reaction products.
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" an alkaline precipitant the constituents dissolved

7. A process for the synthesis of normally liquid .

hydrocarbons from a mixture of carbon monoxide
~and hydrogen, which comprises passing said mix-
ture at a synthesis temperature over a carrier

catalyst which has been obtained by pre-treating .

the carrier material with acids to remove soluble
constituents, precipitating iron group metal com-
‘pounds from salt solutions with alkaline precipi-
tants, and introducing the pre-treated carrier

-, materlal into the suspension of precipitate in the

salt solution shortly before the precipitation is
completed so as to avoid-a strongly alkaline regc-
tion in the presence of said carrier substance;
separating normally liquid hydrocarbons from
the reaction products; continuing the synthesis
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out of the carrier material; precipitating the
catalytically active constituents with alkaline
precipitants and depositing said constituents upon
the carrier material; washing and drying the
catalyst thus obtained; and returning said cata-
lyst to the synthesis reaction.

8. A process according to claim 4 wherein said
catalytically active constituents are deposited .
upon the -carrier material while avoiding  a
strongly alkaline reaction. . )

8. A process according to claim 4 wherein said

catalytically ‘active constituents are deposited

upon the carrier material shortly before the pre-
cipitation is completed so as to avoid a strongly
alkaline reaction in the presence of said carrier

- material. ;
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reaction until the activity of the catalyst is sub- -

stantially reduced; treating the catalyst with acid

to dissolve out the catalytically active constit- ,

uents; removing from the acid solution by & pre-
liminary precipitation with a small amount of

a5

10. A process according to claim ¢ wherein said
catelytically "active constituents are deposited
upon the carrier material after the precipitation
is completed so as to avoid a strongly alkaline
reaction in the presence of said carrler material,
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