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The present invention relates to process for
the production of hydrocarbons from carbona-
ceous substances, in particular for the destruec-
tive hydrogenation of hydrocarbon oils,

This application is'a continuation-in-part of
our application Ser. No. 288,582, flled August 5,
1938,

We have found that in" the production of hy-
drocarbons from carbonaceous substances, in par-
ticular in the  destructive hydrogenation of car-
bonaceous materials, such as voals, tars and min-
eral oils, under etevated pressure, it is advanta-
geous to use a catalyst vontaining siliciv acid, ob-
tained from a sllica sol, and at least one comr-

pound of a polyvalent metal, in the preparation-

of - which the sol from which the hydrogel Is
formed has a hydrogen ion concentration lying
between pH=4 and 7, preferably between pH=4¢
and 6.5, durlng the- formation of the hydrogel.
Especially good catalytic actlons are obtalned
when the sol has a pH value ‘between 4 and 6,
especially between-4.5 and 5.5. In-the prepara-
tion of the ecatalyst, the liquid from which the
gel is formed must have the sald hydrogen lonm
concentration throughout the whole duration of
the gel formation.

The ecatalyst may for example be prepared as
follows:

A waterglass solution 1s converted by the addi-
tion of eleetrolytes into a sol with the necessary
hydrogen ion concentration and then mixed with
a solution of salt or with solutlons of two or more
salts of metals of the 2nd to the 8th groups of
the periodic system. There may be mentioned
for example the salis of the followlng metals:
alkaline earth metals, sluminum, magnesium,
zine, tin, lead, titanium, molybdenum, tungsten,
chromium, vanadium, iron, cobalt or nickel. If
no satisfactory precipitation takes place, there
may be simultaneously or subsequently added to
the scl, advantageously before the completion of
the gel formation, an alkaline or neutral precipi-
tant, as for example caustic alkali solutions or
sodium or ammonium acetate solutions, more
preferably a solution of ammonia, ammonium
carbonate or ammonium sulphide, The added
substances should however be used only in such
amounts that the pH value of the mixture remains
perwecn 4 and 7. The precipitant may also be
#4007 4o the zel b fore the ndditicn nf the metal
salt soiution and the latter mixed for example
with the water-containing gel. The mixture is
then heated in order to remove the moisture
whoily or [or the most part. For example the
mixture may be evaporated to dryness and heated
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for example to temperatures between 300" and
800° C,

‘The mixture of water-containing gel and metal
compound may-also be evaporated at about 100°
C, filitered hefore drying, the residue washed for:
the removal of the salts causing the-preparation
of the gel, then dried and heated to from 300°
to 800° C.

The catalyst may also be prepared by bringing
the water-glass solution together with the metal
salt solution without the formatlon of gel having
first occurred. This Is effected by ensuring that
the mixture contalns sufficlent acld in excess.
For example there may be added to an alkaliiie
or acid silicate solution an acid or neutral solu-
tion of salts, a5 for example of aluminum and/or
iron, as for example the nitrates, sulphates or
chlorides of these metals, the solutlons belng so
adjusted to each other that an excess of acid Is
present after mixing. It 1s advisable to allow
the alkaline or neutral solution to fiow Into the
acid solutlon, After standing for a long tlme the
sol solidifles with the formation of the gel. The
formation of the gel may be accelerated by heat-

.Ing the solutlon. The gel is then washed free-from-

actd to a great extent and heated to high tem-
peratures.

Diiring- washing' it 1s advantageous- to lmpart
to-the washing water at the start the same hydro-
gen fon concentration as that of the liquid from
which the get has been formed.

It 1s not essential to add the metal compound
during the preparation of the silica gel, but it
may alse be incorporated with the finished gel,
for example by impregnating the latter with a
metal salt solution.

The proportion of gel in the catalyst should
preferably amount to from 30 to 75 per cent. If
ithe catalyst contains, apart from other metal
components, Si0: and Alz03, the ratio of
Si09:Al1203 should preferably be less than about
75:25,

The catalyst may also he shaped with carbo-
naceous substances, such as graphite, and then
exposed to high temperatures, as for example
from 500° to 800° C.

A small amount of boric acid, as for example
from 0.2 to 10 per cent, may also be Incorporated
with the catalyst during its preparation, as for
example before, during or after the heating.

In many cases it is also desirable to dlssolve
out again from the catalyst part of the intro-
duced metal compounds, as for example with in-
organic or organic acids. The dissolving out of
the metal compounds may be carrled out already
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while the mass is still moist, 1. e. hefore a strong
heating has taken place. The resulting product
is then washed out well, dried and heated.

It is especlally advantageous to provide a cat-
alyst, for example containing aluminum and/or
magnesium, with one or more heavy metal com-
pounds, in particular sulphides, as for example
molybdenum sulphide, tungsten sulphide, nickel
sulphide and/or lron sulphide.

The catalyst 1s eminently suiltable for the de-
structive hydrogenation of coals, tars and min-
eral olls, extraction products of coals, cracking
products of hydrocarbon olls, oils consisting
mainly of hydrocarbons prepared from carbon
monoxide and hydrogen, or fractions of these,
substances, especlally middle oils.

The destructive hydrogenation of coals, tars
and mineral oils is carrled out at pressures above
20 atmospheres, preferably above 250 atmos-
pheres, as for example at from 300 tg 700 or 1000
atmospheres. The catalysts to be employed
above 250 atmospheres, in particular above 300
atmospheres, advantageously may only contain
silica, alumina and/or magnesilum but no other
strong hydrogenating metal compounds, whereas
metal compounds having a weak hydrogenating
actlon, for example the oxides or sulphides of
zlnc or manganese, may be present., On the
other hand the catalysts to be employed with
pressures of from 20 to 300, more particularly
from 50 to 250, atmospheres, advantageously may
contaln also heavy metal sulphides, especially sul-
phides of molybdenum, tungsten, iron, nickel and
cobalt,

The following examples will further illustrate
how the sald Inventlon may be carried out in
practice bhut the Invention Is not restricted to
these examples.

Example 1

650 grams of a waterglass solution containing
26 per cent of 810z are diluted with water to 3
lters and acidifled with 160 cublc centimeters of
concentrated hydrochioric acid. This solution is
adjusted to a pH value of from 5.5 to 6.0 by the
addition of ammonia, stirred and there is then
added, while continuousiy stirring, a solution of
680 grams of aluminum nitrate (A1(NQ3)3-9H:0)
in 2 lters of water. The acld thus set free is
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continuously neutralized with such an amount
of ammonia that the pH of from 5.5 to 6.0 is
maintained during the precipitation. The pre-
cipitate 1s fltered, washed first with acidified
water (pH=>5.5 to 6.0) and then with pure water,
dried and heated to from 450° to 500° C.

The catalyst is then used in the destructive
hydrogenation of a paraffin base gas oil bolling
between 210° and 350° C. under a hydrogen pres-
sure of 600 atmospheres at 410° C, with a
throughput of 2 kilograms per liter of catalyst
and per hour. The product obtalned contalns 65
per cent of gasoline with an octane number of 75.

Example 2

1.3 liters of waterglass solution containing 26
per cent of Si0O2 are diluted with 10 lters of
water and 430 cubic centimeters of concentrated
hydrochloric acid are added. 3.95 kilograms of
aluminum nitrate (Al{NOs)3-9H20), 60 grams of
iron chloride (FeCla-6HzO) and 18 grams of mag-
nesium nitrate (Mg(NOa}z 6H20O) dissolved in 10
liters of water are added to thls solution. The
clear so] thus prepared and a 20 per cent am-
monia solution are allowed to flow while stirring
vigorously into 3 liters of water which has been
adjusted to the desired pH value of 5.5 by the
addition of ammonia, the manner in which the
sol and the ammonia solution are allowed to flow
in belng such that in the lguid in which the pre-
cipitate is formed the sald pH value, measured
with an antimony electrode, is maintained. The
precipitate 1s filtered off, washed free from chilo-
rine with water adjusted to a pH value of 5.5
and dried. The resultlng catalyst 1s impreg-
nated with ammonium thiotungstate dissolved in
ammonium sulphide solution in such an amount
that the finilshed catalyst contalns 10 per cent
of tungsten disulphide. The catalyst is then
drled, beated at from 400° to 420° C. in a current
of hydrogen and shaped.

If a mixed-basic petroleum middle oil be led
over thls catalyst at 410° C. and with a hydrogen
pressure of 250 atmospheres, a product contain-
ing 60 per cent of benzine and having an octane
number of 77 1s obtalned in s 90 per cent yleld.
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