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

This application is g continuation-in-part to
our application Ser. No. 321,219, filed February
28, 1940,

It is known that in certain catalytic reactions
with carbonaceous materials at an elevated tem-
perature, for example above 200° C and more,
particularly above 300° C, in particular in the
cracking of hydrocarbon oils or in the destructive
hydrogenation of coals, tars and mineral oils
porous catalysts or carriers, for catalytic sub-
stances, consisting of porous materials may be
used. Solid gels of silicic acid or silicates, in par-
ticular, have already been employed for this pur-
pose either alone or in combination with one or
more metal compounds, preferably alumina.
Such gels are generally distinguished by having
pores of ultramicroscopic fineness, The pores of
a glven gel, however, are but rarely uniform in
diameter; most gels rather possess pores of most
diverse diameter varying for example between
0 and 50 uxx and above; part of the pores often
exceeds even ultramicroscopic dimensions, de-
pending on the c¢onditions under which the gels
were made. For catalytic purposes large-pored
gels are usually preferred, i. e. gels the active pore
volume of which 15 predominantly made up of
pores, for example to the extent of 80 to 90 per
cent, the diameter of which spreads over a range
of between 2 and 43 upux because such gels are
especlally well suited for absorbing solutions of
substances having a catalytic actionn The gel-
like catalysts and carrier masses hitherto used in
catalytic reactions with carbonaceous substances,
however, left much to be desired in efficiency, as
no considerations were known which might be a
gulde in choosing the porous masses,

The sald application Ser. No. 321,210 is con-
cerned with a process of carrying out catalytic re-
actions involving hydrocarbons in which porous
catalysts are employed of which the active pore
volume spreads, to at least 30 per cent of the
pores, over diameters of between 0 and 2 pu.

We have found that excellent ylelds are oh-
tained In this conversion, if such porous cata-
lysts or carrier masses be used in which at least
30 per cent, preferably at least 50 per cent and
most advantageously from 60 to 85 per cent, of
the active pore volume consist of pores of a di-
ameter of between 0 and 2 up; particularly good
results are obtalned If at least 15 per cent, pref-
erably at least 26 per cent and most advanta-
geously from 30 to 60 per cent, of the avtive pore
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volume consist of pores of a diameter of between
0and 1 uu.

It means already a great advantage if only the
carrler mass of the catalyst, i. e. the skeleton
left after dissolving out therefrom any additional
catalytic materlals satlsfies the above conditions,
but even better results are usually obtained if
the finished catalyst, 1. e, tlie carrier inclusive of
the catalytic substance, satisfies the conditions.
For brevity’s sake the term “catalyst” is hence-
forth meant to cover boith 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
Lo ascertain the adsorption power of the porous
mass towards benzene vapor from a hydrogen
current at 18° or 20° C which at these tempera-
tures possesses a relative saturation with benzene
vapor of 1 per cent, 10 per ceni and 90 per cent,
respectively, which degrees of saturation, accord-
ing to Kubelka’s formula

_B.oeos ¢

b= ~log S

(loc. cit., page 136 (5)) are known to correspond
to pore diameters up to 1 uu, 2 e and 43 uu, re-
spectively. In this formula D means the pore
diameter in pp, S means the relative degree of
saturation of the henzene vapor, B means a con-
stant (1.87), and cos ¢ is equal to 1 for benzene
according to Kubelka, (loc. cit., page 1237, tabie
XIT1),

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

The pere voluine caleulated fromn the adsorp-
tlon power at & relative saiuration of 90 per cent
has been denoted herein as the “active pore vol-
ume,” the “inactive pore volume” which exists
in addition thereto and which only becomes obvi-
ous In the adsorption at a relative saturation of
more than 80 per cent being ignored.

From among the numerous kinds of silica gels
the fine-pored ones only come into considera-
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tion; they are advantageously made according to
the processes of the German Patents Nos. 574,721
and 626,272. In making the sald 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
4.5, to form a jelly by allowing the s0l to solidify
and then, when washing the said jelly for a far-
golng removal of the salts formed during the sol-
formation, to set up thereln, a pH-value of be-
tween 2 and 6, more preferably between 3 and
5. On drying the pleces of jelly then shrink into
solld granules of porous gel, the pore volume of
which spreads over the said range of diameters
in the ratlo indicated.

Another procedure consists in setting up in the
sllica jelly or silica-alumina jelly, precipitated In
the presence of an acld, g pH-value inferior to
2, preferably between 1 and 2, the drying by

which the shrinking or formation of pores is to o

be accomplished, being carrled 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 mess by a second washing until
a pH-value of between 2 and 6, preferably he-
tween 3 and 5, has been set up, and then drying
agaln. This method 1s the more preferred the
more the pH-value is inferlor to 2; for, if the
water contained in the pure jelly or the jelly
contalning salts be completely replaced by con-
centrated sulphuric acld and the pole-formation
be accomplished by complete shrinkage, fine-
pored gels, which are sultable for use in the pres-
ent process, would not result. The pH-value
most suitable within the range of hetween 3 and
5 may be set up by removing acid from a jelly
of stronger acldity or adding acid or acid media
to a more weakly acid or neutral or only weakly
alkaline jelly, preferably while this is being
washed. The jelly consisting of silica gel or sil-
ica gel and some alumihum hydroxide or the
waste jelly available in the form of small pleces
may be shaped into cylinders or Raschig rings,
preferably by means of an extrusion press, as de-
sceribed for instance In the German Patent No.
544,868, Example 1.

As a matter of course, the above directions not
only apply to gels obtained by way of a sol, but
also to precipitates and inhomogeneous jellies,
In the manufacture of which an alkaline or ex-
tremely acld reaction are preferably avolded and
a weakly acld reactlon Is maintained, provided
these substances are brought to shrink at the
sald pH-value, preferably a pH-value of be-
tween 3 and 5. For the reason, however, that
hard and coarse lumps are usually not obtained
thereby, these precipitates or products obtained
by drying the same must llkewlse be shaped in
an extrusion or tabletting press, preferably ac-
cording to the methods disclosed in the U. S, Pat-
ents Nos. 1,751,955 and 1,832,163 or, after homo-
genization by a severe mechanical treatment, as
disclosed in German Patents Nos. 557,337 and
542,321.

The pure gels, as also those which contain
metal oxides, may be laden, for example with
metal compounds, such as for example alumi-
num salts or colloidal solutions of alumina by
subsequently treating them in known meanner, for
example by impregnation or, as described in the
U. 8. Patent No. 1,832,153, by shaping; suitable
sUbstances may aiso be Incorporated in the mass
already during the manufacture thereof, for ex-
ample according to U. 8. Patent No. 1,797,804 and
German Patent No. 617,593, Among catalytic
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additions to the silica sol or silica gel which, if
desired, may contain alumina, we may mentlon
above all the catalytic substances already known
for the purposes in question, for example sub-
stances comprising metals from group 8 of the
periodic system, in particular cobalt and iron,
if desired, together with activating additions,
such as thorlum oxide, alkalli metal salts, mag-
nesia, additional alumina and the like.

The catalysts may be further improved by
subjecting them to an after-treatment by thor-
ough washing or acid treatment. An acid treat-
ment, which according to its Intensity results in
& partial or complete removal of metal oxides, or
other soluble substances contained in the mass
or in a partlal lading of the pores with small
proportions of acld (sulphuric, hydrochloric, ni-
tric or phosphoric acid), 1s followed equally by
& thorough washing with distilled water and =
drying, so that the final product is neutra] or
but extremely weakly acid.

For use as catalysts we may mention also
synthetic bleaching earths or gels of the compo-
sitlon of synthetic bleaching earths or the thor-
oughly washed waste materials, so-called “Si-ma-
terials” containing hydrated silica and aluming
and which result in the decomposition of min-
erals, earths, slags, or clays by means of acids,
as for example sulphuric acid, hydrochloric acid,
nitric acid or sulphurous acid, or the gels pre-
pared therefrom, provided the pores of these ma-
terlals have thelr diameters spread over the
range of dilameters above referred to.

The conversion of carbon monoxide with hydro-
gen to form hydrocarbons contalning more than
one carbon atom in the molecule, such as ben-
zines, Diesel oils, lubricating oil and paraffin wax,
in the presence of the sald fine-pored catalysts 1s
effected under the conditions of temperature and
pressure customary for thls conversion. Cener-
ally temperatures between about 150° and 450° C
are employed according to the nature of the cata-
lytically active metal. With catalysts compris-
ing cobalt the temperatures are usually lower
than with catalysts comprising iron. Ordinary or
superatmospheric pressures, for example pres-
sures of 2, 5, 10, 20, 50, 100, 200 or 500 or more at-
mospheres may be maintained. The gases may
comprise equal parts of carbon monoxide and hy-
drogen or also an excess of carbon monoxide or of
hydrogen. Also the other conditlons are as
usual,

The following Example serves to illustrate how
Lhe present Invention may be carried out in prac-
tice, but the invention is not restricted to the said
Example. The percentages and parts are by
weight.

Ezxample

100 grams of a fine-pored sillca gel obtained
by allowing a homogeneous s0l (pH 3 to 4.5) to
solidify, washing the jelly so obtalned until a pH
of hetween 3 and 5 has been reached and drying
the jelly at from 200° to 300° C, the actlve pare
volume of which gel consists of 35 per cent of
pores with a dlameter of between 0 and 1 ux of 35
per cent of pores with a diameter of between 1
and 2 pu and of 30 per cent of pores with a diam-
eter of between 2 and 43 ug, 1, e. of 70 per cent of
pores with & diameter of between 0 and 2 s, is
saturated with water vapor, gradually soaked
with a solution of 8 grams of aluminum nitrate
(AI(NO2)3.9Ha0) in 50 cuble centimeters of water
and dried at from 120° to 180° C.

100 parts by welght of the dried gel so obtained
are heated for a short time to g temperature be-
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tween 700 and 1100° C and, after cooling, Intro-
duced into a solution of 200 parts by welght of
cobalt nitrate (Co(NO3)2.6H20) In 2000 parts by
weight of water. Thereupon the cobalt is pre-
cipitated on the silica gel by the addition of a
solution of 175 parts by welght of potassium car-
bonate (K2C03) 1n 2000 parts by weight of water,
The sclid mass 1s then separated from the solu-
tion, washed out and subsequently dried at 110° C.

When passing over the mass so obtalned at a
temperature of 194° C a gas mixture conslsting of
1 part by volume of carbon monoxide and 2 parts
by volume of hydrogen with & velocity of flow of

i)

1.3 liters per each gram of cebalt and per liour
liquid and solid hydrocarbons sre obtained In a
yield of 100 g per each chm of initial gas.

If, however, a cobalt catalyst 1s employed which
has been prepared from a silica gel having wide
pores, only 70 g of liquid and solid hydrocarbons
are obtained from each cbm of initial gas under
otherwise the same conditions.

HEDWIG ELISABETH STOEWENER.
Administratrixz of Fritz Sioewener, Deceased.

EMIL, XEUNECKE.

FRIEDRICH BECKE.




