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The present invention relates to a process for
the thermal treatment of carbonaceous material.

We have found that highly efficient catalysts
for the thermal treatment of carbonageous ma-
terials, more particularly for the splitting of
these materlals, are obtained by mixing moist
mineral gels with a metal salt selution and heat-
ing the mixture, 1f desired after the addition of
a precipltant.

The gels are prepared from the soluilon of
these salts of the elements of the 3rd and 4th
groups of the periodic system whieh are capable
of forming gels, especially of silicon, titanium,
zirconiumn, thortum, certum or aluminium, by the
addition of suitable precipitants, as for example
acids or salts,

The catalyst may be prepared by mixing the
gel, preferably a silica gel, precipitated from a
sllicate solution or a mixture of several gels
with & solution of one or several metal salts, es-
peclally salts of the metals of the 2nd to the
8th groups of the periodic system, and more par-
ticularly of magnesiyin or the earth metals, of
titanium, th, zinc, and the metals of the 5th, 6th
or the iron group and then heating the mixture
in order to eliminate the whole or the bulk of the
moisture, For thig purpose the mixture may for
example be evaporated to dryness, whereupon
heahing is preferably continued up to tempera-
tures of 250° C, or even higher, say of the range
of from 300 to 460° C, In order that the metal
salts deposited:-on the gel are converted info other
compeinds,

The mixture of gel and metal salt solution may
also be evaporated at sbout 100° C, filtered,
prior to dryness washed, if desired, for removing
the precipitant empleyed far the preparation of
the gel, then dried and, if desired, heated up to
a higher temperature.

The gel may alsa, before the additicn of the
metal salt solution, he freed from the precipi-
tanfi and then further used in the manner de-
scribed.

Cutalysts of a high efficiency can also be ob-
talned by adding a precipitant, for eZample am-
monia, ammonium carbonate, ammonium sul-
phide or caustic alleall lyes, either while or after
mixing the gel with the metal salt solution, The
precipitant may also be added to the gel before
the addition of the metal sall solution. It is
not necessary to separate the gel from the aque-
ous liqutd prior to adding the metal salt solution
or the precipitant.

The catalysts mey also be prepared by mixing
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lutions of one or more metal salls without prac-
tically any precipitasion taking place and subse-
quenily adding one or more. precipitants to the
mixture. 'The fermation of a precipitate is
aveided in knewn mapaner for example by the
addition of acids, such &s dilube hydrochloric
acid, The preoipitand should be capable of pre-
cipitating hotd» the gel and the metal salt. For
this reason it. is sometimes nocessary to Use more
than one precipliani. The precipitant may also
be added: in such manner that for example the
agent promoting formation of the gel is first
added and then the agent serving to precipitate
the metal salf.

The preparation of the catalyst may slso be
earrled out in the nresence of bigaching earths
or bauxite or similar suhstances.

The gel iz filtered off from the solution along
with the metal compound precipitated, washed
for removing particularly the alkaline precipi-
tant and drted, It may be advantageous to ex-
pose the eadalyst to high temperatures if desired
in the presenee of reducing gases before its use,
for example by slowly heating it from 450° to

- 800> C.

Phe gel and the metal salt solution are mixed
in sueh & proportior that the catalyst contains
from about 1& to B8 per cemt, for imstance from
G0 to 90 per eent of the gel. FPor the cracking
ehd destruetive or refining hydrogenstion proc-
esses such catulysts are very suitable as eoniain
from about 1 to T3 per cent, preferably from 30
to T3 per cent of gel. When using for the prep-
aration of such a catalyst silica as gel and
glumina §s gel or as the metalltc component,
If desired together wilth other gel-forming or
metalifc substances, the ratio of 810z to ALO:
may be less than abotit 75 to 25.

The following table shows for example the con-
stituents of catalysts sultable for the thermal
treatment of carbonaceous material, prepared
in the sald manner, hut the invention is not re-
strieted to the use of these catalysts.

My Si—Mg—Al
B Al Al—Mg
24 S,
BieeMg_ .. Together with one or more of
Si—Al ... the following metals: Zn, Sn,
Sl—Mg—Al_ Ti, V."Cr, Mo, W, Fe, Ni and
) S — Cq.
Al-Mg_._._..

The catalyst may also be mixed with earhana-

ot solutions of gel-forming substanees with so- 80 ceous substamces, as for example graphite o
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lignite small coke, shaped and then heated to
from about 500° to 600° C.

The catalyst thus obtained contains the metal
compound In a state of fine distribution within
the gel. If the gel is mixed with & metal com-
pound previously precipitated, a catalyst is ob-
talned having only a poor efficlency, even when
the mixing 1s donhe while intensely stirring.

Another advantage In the catalyst prepared
according to the present invention resides in the
fact that its eficlency can be easily restored to
the full Initial value by a treatment, for example
with oxidizing gases, at an elevated temperature.

This treatment may be carrled out at high
temperatures up to about 800° C whereas when
regenerating siliceous catalysts not obtalned by
precipitation from solutions of gel-forming sub-
stances, for example natural bleaching earths,
temperatures surpassing about 500° C must not
be employed as otherwise the catalyst would be
damaged. The maintenance of such a low tem-
perature {n regenerating the catalyst whereln ex-
othermic reactions take place I1s only possible
with a careful control of the temperature and of
the oxyegen content of the oxidizing gases used
and is therefore very troublesome.

In the cracking and hydrogenation processes
the formation of gaseous substances 1s consider-
ably reduced by the use of the sald catalysts 1f

the metal or metal compounds are completely or o

partinlly dissolved out for instance with the ald
of lhorganic or organic aclds. The resulting
product {s then freed from acid, preferably by
washing, dried and brought into a sultable shape.

The efficlency of the catalyst may be still fur-
ther increased by an addition of boric acid. The
use of the latter type of catalyst results in a spe-
clally high output of a highly anti-knock ben-
zine,

The boric acld may be added to the gel In a
solld or lquid form either before or after the
addition of the metal salt solution or the precipi-
tant, or after the filtratlon, or before or during
the heating,

The amount of borlc acld added may vary with-
in wide limits, the preferred amount being from
5 to 30 per cent calculated with reference to
the dry mixture of gel and metal compound.

The catalysts ¢lalmed or mixtures thercof are
especially adapted for use in splitting carbona-
ceous materials, such as mineral oils, tars, extrac-
tion products of solid carbonaceous materials,
cracked products, destructive hydrogenation
products of coal, tars, mineral olls or wood, or
ollg produced synthetically from carbon monox-
ide and hydrogen, as well as fractions of the
said olls. The splitting 1s preferably carried out
at temperatures of between about 300 and 700°
C or more, at ordinary, reduced or increased pres-
sure, for example at between 10 and 200 atmos—
pheres, If desired {n the presence of gases, such
as hydrogen, steam, nitrogen or ox!des of carbon.

The catalysts are also very sultable for the hy-
drogenation of the sald substances parficularly
when working al pressures above 300 atmos-
pheres, for instance 400 to 800 atmospheres. In
this case preferably a catalyst 13 used contalin-
ing silica and alumina and If desired in additicn
thereto metals as magnesium, iron, cobalt, nickel,
tungsten, molybdenum, chromium, manganese,
vapadium or uranfum or their compounds in
amounts from 0.5 to 25 per cent or more.

When using as inltlal materials for cracking or
hydrogenation processes hydrocarbons very rich
in hydrogen for Instance hydrocarbons obtalned
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by thé reaction of carbon monoxide with hydro-
gen, pure paraffin-basic petroleums or hydrocar-
bons rich in hydrogen obtained by pressure hy-
drogenation and/or with the ald of selective sol-
vents and which contaln at least 15 grams of
hydrogen for each 100 grams of carbon, or frac-
tlons of the said substances, not only 1s a good
yleld of benzene obtained but there is only a rel-
atively small formation of gas if multi-compo-
nent catalysts are used which have been pre-
pared (n the sald manner by mixing gel sub-
stances with & magnesium salt solution. A cata-
lyst contalning mainly magnesia and siliclc acid
and preferably also a small amount of zinc is
especlally sultable,

Other thermal treatments of carbonaceous
substances for which the sald catalysts are suit-
able are the polymerization, alkylation, 1somer-
1zing, desulphurizing and refining of hydrocarbon
olls.

The following Examples will further illustrate
how the sald invention may be carrled out in
practice but the invention is not restricted to
these Examples. The parts are by welght un-
less otherwise stated.

Ezample 1

100 grams of sodium silicate containing 28.1
grams of S!02 are diluted with 900 grams of
water and a solution of 22.5 grams of ammonium
chioride in 150 cubic centimetres of water is
added to the mixture while stirring. The sllica
gel thus precipitated is filfered off, washed, made
up into paste with 28 grams of aluminium nitrate
while still in a molst condition, dried on the
water bath and then heated untll nitrous gases
no longer escape,

If a middie oil derived from & German min-
eral oll be passed over the said catalyst at 460°
C under atmospheric pressure, almost half of
the oil Is obtained as a highly anti-knock ben-
zine, Only a few per cent of the inltia] material
are gasified or converted into condensation prod-
ucts. The efficiency of the catalyst, when dimin-
ished after prolonged use, may be restored by
heating the catalyst with gases contalning oxy-
gen.

Example 2

1 part of sodium silicate containing 0.28 part
of silicle acid 1s diluted with 9 parts of water and
the silicic acld is precipitated by means of a solu-
tion of 0.23 part of ammonium chioride and 1.5
parts of water. There are then added, while stir-
ring, a solution of 0.28 part of aluminium nitrate
(8H=20) and 1.5 parts of water, and concentrated
ammonia water until the reaction hag turned al-
kaline. The whole is then bolled, filtered and
the precipitate washed with hot water and dried
at 200° C.

The dry gel is pea-sized and entered into a
reactlon vessel through which the vapors of a
middle oil derived from a German mineral oil
and having & boillng point range of from 200°
to 350° C are passed at a temperature of 460° C
and under atmospheric pressure. The output is
equal to that of Example 1.

Example 3

500 cubic centimetres of commercial water-
glass solution (2.1 gram molecules of S103} are
diluted with water to 3 litres and 140 cubic centi-
metres of concentrated hydrochloric acid are
added while stirring vigorously (pE value of the
mixture below 4). A solutlon of 687 grams of
Al(NO3)3-9HzO i3 then Infroduced, no precipi-
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tation taking place. By neutralization with am-
monia, a silicic acid gel containing aluminium
is then precipltated, washed well, dried, shaped
and heated in a current of air at from 400° to
450° C,

Over a catalyst prepared in the said manner
there are led for 2 hours vapors of a petroleum
middle oil at a temperature of 460° C, the
throughput being 0.5 litre of oil per litre of cata-
lyst per hour. A product is obtained consisting
to the extent of 40 per cent of liquid fractions
bhoiling up to 200° C which have very good non-
knocking properties.

Ezample 4

100 grams of sodium silicate containing 28.1
grams of SiOz are diluted with 500 grams of
water and mixed with a solution of 22.5 grams
of ammonium chloride and 150 cubic centimetres
of water while stirring,

A solution of 28.4 grams of aluminium nitrate
(9H20) and 150 cubic centimetres of water, and
ammonia are added to this mixture, while stir-
ring, until an alkaline reaction is obtained.

The whole is boiled up, flltered while still hot
and washed with hot water. The filtrate while
still moist is mixed with 2 grams of boric acid,
made up into homogeneous paste while stirring
and then heated at 250° C for about 10 hours.

If a middle oil obtained from a German min-
eral oll be passed over this catalyst at 460° C
and under atmospheric pressure, the output
amounts to about 50 kilograms of benzine for
each 100 kilograms of middle oil, the said benzine
having an octane value of 85.

Ezample 5

50 litres of sodium sllicate solutlon having a
specific gravity of 1.32 are diluted with water to
about 300 litres and 14 litres of concentrated hy-
drochloric acid are slowly added while stirring.
To the gel thus formed there 1s added while stir-
ring a solution of 102 kilograms of crystallized
magnesium chloride (containing six molecules of
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water of crystallization) in 100 litres of water;
precipltation is then effected with concentrated
ammonia water and the whole heated to boiling.
The precipitate formed ig flitered off, washed out
with hot water and dried at 120° C.

The dry gel is comminuted to the size of peas
and there is led thereover at 460° C and at at-
mospheric pressure the vapor of a hydrocarbon
mixture boiling at from about 200° to 330° C ob-
talned by the reactlon of carbon monoxide with
hydrogen. By & single passage over the catalyst
there are obtained about 20 per cent by weight
of benzine (with reference to the hydrocarbon
mixture used) and about 1.5 per cent by weight
of gas mainly containing propane and butane, In
addition to traces of hydrocarbons of lower mo-
lecular weight,

Ezample 6

To 500 cubic centimetres of sodium sllicate so-
lution having a specific gravity of 1.32 diluted
with water to 3 litres are added 160 cubic centi-
metres of concentrated hydrochloric acid and
then a solution of 2750 grams of Al(NQO3)1-9H3O
in § litres of water. To the mixture ammonia
water is added unti] an alkaline reaction is ob-
Lalned. The precipitate formed is separated by
filtration, washed out with water, dried, shaped
and heated to 150° C.

If this catalyst which contains 66 per cent of
Al203 and 34 per cent of §i0a is used for cracking
parafin-basic middle olls at 460° C a product is
obtained containing 30 per cent of benzine. The
higher boiling constituents of the product are
recycled to the reaction chamber. After one
hour the catalyst s regenerated and again used
for the same process.

This application has been divided out of ap-
plication Ser. No, 222,144, filed July 30th, 1938.
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