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The present invention relates to a process of
carrying out catalytic reactions with carbonace-
ous materials.

This application is a continuation-in-part to
our application Ser. No, 321,210, flled February
28, 1940,

In carrying cut catalytic reactions with car-
bonaceous materials at an elevated temperature,
for example above 200° C. and more, particularly
above 300° €., for example In the cracking of
hydrocarbon olls or In the destructive hydro-
gendtion of coals, tars and mineral oils it is
known to use porous catalysts or porous mate-
rials as carriers for catalytic substances. Solid
gels of silicic aeid or sillcates, in particular, have
already been used for this purpose either alone
or In combination with one or more metal com-
pounds, preferably alumina, Such gels are gen-
erally distinguished by having porss of ultra-
microscople fineness. The pores of a given gel,
however, are but rarely uniform in diameter;
most gels rather possess pores of most diverse
diameter varying for example between 6 and 50
up Bnd above; part of the pores often exceeds
even ultramieroscopic dimensions, depending en
the conditions under which the gels ware made.
For catalytic purposes large-pored gels are 1usu-
ally preferred, 1. e. gels the active pere volume
of whieh s predominantly made up of pores, for
example to the extent of 80 to H0 per cent, the
diameter of which spreeds over a range of be-
tween 2 and 43 upx because such gels are espe-
cially well suited for absorbing solutions of sub-
stances having a catalytic action. The gel-like
catalysts and carrier masses hitherto used in
catalytic reactions with earbonaceous substances,
however, left much to be desired in efficiency, as
no considerations were known which might be a
guide in choosing the porous masses.

We have now found that, in practicing cata-
lytic reactions with carbonaceous materials,
especially in the refining, aromatizing or degtruc-
tive hydrogenation of coals, tars and mineral
oils, in particular also of middle oils obtalned hy
destructive hydrogenstion or from carbon mon-
oxide and hydrogen, excellent yields are obtained,
if such porous catalysts or carrier masses be used
in which at least 30 per eent, preferably at least
50 per cent and rmest advantageously Irom 60
to 85 percent, of the active pore volume consist
of pores of a diameter of between 0 and 2 uy;
particularly good results are obtained if at least
15 per cent, preferably at least 25 per cent and
most advantageously from 30 to 60 per cent, of
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the active pore volume consist of pores of o di-
ameter of betweeh 0 and 1 ug,

It means already a great advantage if only the
carrief mass of the catalyst, i. e, the skeleton
left after dissolving out therefrom any additional
catalytic materials, for example metal oxides,
satisfles the above conditions, bhut even better
results are usually obtained if the finished cata-
1yst, i. e. the earrier inclusive of the catalytic sub-
stance, satisfles the conditions. For hrevity’s
sake the term “catalyst” is henceforth meant to
cover both the finished catalyst and the carrier
for the catalytic substance,

Investigations into the pore diameter of a ma-
terial are preferably carried out by the Kubelka
method (see “Kolloid Zeitschrift”, vol. 55, 1931,
page 129 et seq.) but a complete adsorption iso-
therme need not be made out. It rather suffices
to ascertain the adsorption power of the porous
mass towards henzene vapor from a hydrogen
current at 18° or 20° C. which at these tempera-
tures possesses a relatlve saturation with ben-
zene vapor of 1 per cent, 10 per cent and 90 per
cent, respectively, which degrees of saturation,

gccording to Kubelka’s formula
_Bieos ¢
D= —log 8

(loc. cit., page 136 (5)) are known to correspond
to pore diameters up to 1 ux, 2 gp and 43 pu, re-
speetively. In this formula D means the pore
diameter In pa, 8 means the relative degree of
saturation of the benzene vapor, B means a con-
stant (1.87), and cos ¢ is equal to 1 for benzene
according to Kubetka, (loc. cit., page 137, table
XIT15.

‘The adsorption power for the different degrees
of saturation is ascertained by determining (see
Kubelka, loc. cit., pages 130/131) the increase in
weight of the gel over which hydrogen with a
relative saturetion in benzene vapor of 1 per
cent, 10 per eent and 90 per cent, respectively, is
passed. The increase in welght is equal to the
quantity of benzene adsorbed in the pores which,
when divided by the specific gravity of benzene,
indicates the pore volume corresponding to the
above degrees of saturation.

The pore velume celculated from the adsorp-
tion power at a relative saturation of 90 per cent

| has been denoted herein as the “active pore vol-

ume”, thé “inactive pore volume” which exists in
addition thereto and which only becomes obvious
in the adsorpiiom st & relative saturation of
more than 99 per cent being {ghored,

From among the numereus kinds of silica gels
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the fine-pored ones only come into consideration;
they are advantageously made according to the
processes of the German Pafents Nos, 574,721
and 626,272. In making the said gels it is of
high importance first to prepare a weakly acid
homogeneous sol, preferably one with a pH-value
of between 2 and 5, preferably between 3 and
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4.5, to form a jelly by allowing the sol to solidify |

and then, when washing the sald jelly for a far-
going removal of the salts formed during the sol-
formation, to set up therein a pH-value of be-
tween 2 and 6, more preferably between 3 and 5.
On drying the pleces of jelly then shrink into
solid granules of porous gel, the pore volume of
which spreads over the said range of dlameters
in the ratlo indicated.

Another procedure consists in setting up in the
silica jelly or silica-alumina jelly, precipitated
in the presence of an acid, a pH-value inferior
to 2, preferably between 1 and 2, the drying, by
which the shrinking or formation of pores is to
be accompllshed, being carried not too far, but
at the most to a content of water of from 20
to 40 per cent, removing part of the acid from the
partially shrunk mass by & second washing until
a pH-value of between 2 and 6, preferably be-
tween 3 and 5 has been set up, and then drying
again. 'This method is the more preferred the
more the pH-value Is inferlor to 2; for, if the
water contained in the pure jelly or the jelly
containing salts be completely replaced by con-
centrated sulphurle acid and the pore-formation
be accomplished by complete shrinkage, fine-
pored gels, which are suitable for use in the
present process, would not result. The pH-value
most suitable within the range of between 3 and
5 may be set up by removing acid from a jelly
of stronger acidity or adding acid or acid media
to & more weakly acid or neutral or only weakly
alkaline jelly, preferably while this is belng
washed. The jelly consisting of sllica gel or
siliea gel and some aluminum hydroxide or the
waste jelly available in the form of small pieces
mey be shaped into cylinders or Raschig rings,
preferably by means of an extrusion press, as
described for Instance in the German Patent No.
544,868, Example 1.

As a matter of course, the above directions not
chly apply to gels obtained by way of a sol, but
also to precipitates and inhomogeneous jellies, in
the manufacture of which an alkallne or extreme-
Iy acid reaction is preferably avolded and a
weakly acld reaction is maintained, provided
these substances are broluight to shrink at the
sald pH-value, preferably g pH-value of between
3 and 5. TFor the reason, however, that hard and
coarse lumps are usually not obtained thereby,
these precipitates or products obtained by drying
the same must likewise be shaped In an extru-
sion or tabletting press, preferably according to
the methods disclosed in the U. 8. Patents Nos,
1,751,955 and 1,822,153 or, after homogenization
by & severe mechanical treatment, as disclosed
in German Patents Nos. 557,337 and 542,321,

The pure gels, as also those which contain
metal oxldes, may be laden, for example with
metal compounds, such as for example aluminum
salts or colloidal solutions of alumina by subse-
quently treating them In known manner, for ex-
ample by impregnatlon or, 83 described in the
U. S. Patent No. 1,832,153, by shaping; suitable
substances may alse be incorporated In the mass
already during the manufacture thereof, for ex-
ample according to U. S, Patent No. 1,797,804 and
German Patent No. 617,583. Among catalytic
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additions to the silica sol or silica gel which,
if desired, may contain alumina, we may men-
tion above all the catalytic substances already
known for the purposes in question, for example,
for use, in cracking, compounds of aluminum,
boron, magnesium, beryllium or manganese and,
for use in destructive hydrogenation, heavy metal
sulphldes or oxldes, especially those of the metals
of the sixth and eighth group of the periodic
system, for example of molybdenum, tungsten,
chromium and cobalt.

The catalysts may be further improved by sub-
jeeting them to an after-treatment by thorough
washing or acld treatment. An acid treatment,
which according to its Intensity results in a par-
tial or complete removal of metal oxides or other
soluble substances contained in the mass or in a
partial lading of the pores with small proportions
of acid (sulphuric, hydrochloric, nitric or phos-
phoric acid), is followed equally by a thorough
washing with distilled water and a drying, so
that the final product is neutral or but extremely
weakly acid.

For use as catalysts we may mention also syn-
thetic bleaching earths or gels of the compost-
tion of synthetic bleaching earths or the thor-
oughly washed waste materials, so-called “Si-
materials” containing hydrated silica and alu-
mina and which result in the decompasition of
minerals, earths, slags, or clays by means of
acids, as for example sulphuric acld, hydrochlo-
ric acid, nitric aecid or sulphurous acid, or the
gels prepared therefrom, provided the pores of
these materials have their diameters spread over
the range of diameters above referred to.

The flne-pored catalyst according to the pres-
ent invention s intended for use in the destrue-
tive hydrogenation of carbonaceous materials, es-
peclally middle oils, under pressures up-to 1000
atmospheres and more, especially from 250 to
750 atmospheres. The catalysts employed above
250 atmospheres, in particular above 300 atmos-
pheres, advantageously may only contain sillea,
alumina and/or magnesia, but no other hydro-
genating metal compounds, whereas the catalysts
employed with pressures of from 20 to 250 at-
mospheres, more particularly from 50 to 250 at-
mospheres, advantageously may contain &lso
heavy metal. sulphides, especially sulphides of
molybdenum, tungsten, iron, nickel and cobalt.

The following example serves to Vllustrate how
the present Invention may be carrled out In
practice, but the inventlon Is not restricted to
the sald example. The percentages and parts are
by weight.

Example

10¢ grams of a fine-pored silica gel obtalned
by allowing a homogeneous sol (pH 3 to 45) to
solidify, washing the Jelly so obtalned until a
pH of between 3 and 5 has heen reached and
drying the jelly at from 200° to 300° C., the ac-
tlve pore volume of which gel consists of 35
per cent of pores with a diameter of between
0 and 1 xu of 35 per cent of pores with a diam-
eter of between 1 and 2 gz and of 30 per cent
of pores with a diameter of between 2 ang 43
up, 1. e, of 70 per cent of pores with a diameter
of between 0 and 2 up, 13 saturated with water
vapor, gradually soaked with a solution of 8
grams of aluminum nitrate (Al1(No1)3:.8H:0) in
50 cubic centimeters of water and dried at from
120° to 180° C. The dry gel is then impregnated
with an aqueous solution of ammonium thio-
tungstate of 10 per cent strength which contalng
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an excess of ammonium sulphide. The mass is
then dried in the absence of air and put into
a reaction tube and heated up to 400° C. while
passing through hydrogen. The catalyst which
then consists of silica-alumina gel containing 10
per cent of tunesten sulphide is then used in the
destructive hydrogenation of a paraffin base gas
oil bolling between 210° and 350° C. under a hy-
drogen pressure of 200 atmospheres at 400° C.

with & throughput of 2 kilograms per lter of
catalyst and per hour. The product obtained
contains 62 per cent of gasoline with an octane
number of 75.
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