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3 Claims.

The present invention relates to the conversion
of combustible carbonaceous materials and is par-
ticularly concerned with the production of liquid
and/or solid hydrocarbons by the conversion of
liquid and/or solid carbonaceous materials com-
prising aliphatic compounds at elevated tempera-
tures and with the conversion of carbon monoxide
with hydrogen into hydrocarbons containing more
than one carbon atom in the molecule and/or
solid or liquid oxygen-containing derivatives of
hydrocarbons, such as methanol or higher alco-
hols, as for example propanol or isobutylalcohol,
or aldehydes, ketones, acids and the like.

In the said conversions, such as cracking, de-
hydrogenation or destructive hydrogenation of the
said carbonaceous materials or in the hydrogena-
tion-of these materials without pressure or in the
interaction of carbon monoxide with hydrogen
there is often the inconvenience that a consider-
able amount of undesirable low molecular, in par-
ticular gaseous hydrocarbons are formed espe-
cially when working in the gas or vapor phase and
when using very active catalysts and thereby the
vield of the desired products is reduced.

. We have now found that this inconvenience
may be overcome by carrying out the said con-
versions of carbonaceous materials essentially
comprising aliphatic compounds in the presence
of a substantial amount of added cyeclic hydrocar-
bons. These cyclic hydrocarbons have proved to
substantially suppress or diminish the said tend-
ency of gas formation.

Thus the said operation in the presence of
added cyclic hydrocarbons is very useful in the
production of non-knocking motor fuels, in par-
ticular safety fuel, by heating hydrocarbon oils to
cracking temperatures, especially when starting
from hydrocarbon oils which consist wholly or
substantially of unsaturated aliphatic hydrocar-

bons and boil, at least for their greater part, above

the boiling point range of benzine, but in the
absence of substantial amounts of added hydro-
gen or of gases supplying hydrogen. As addi-
tional cyclic hydrocarbons come into considera-
tion in particular mono-nuclear, aromatic hydro-
carbons, such as benzene, toluene and xylene.
Oil fractions rich in unsaturated hydrocarbons
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and boiling mainly above 200° C. may be ob. -

tained, for example, by cracking mineral oils, tars
or fractions thereof, for example mineral oil or
brown coal tar fractions containing paraffin wax,
or destructive hydrogenation products of coals,
tars, mineral oils and the like.
ucts of hydrocarbon oils which result from the
reduction of carbon monoxide, are also suitable.

Cracking prod--
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The said initial materials are m1xed hefore or
during the heating to cracking temperatures, with
cyclic, particularly meono-nuclear, aromatic hy-
drocarbons, such as benzene, toluene, xylene and
the like, or also with the hydrogenation products
thereof or with hydrogenated naphthalenes.
The mixture is passed in gaseous form through a
chamber heated to from 400° to 700°, preferably
to from 450 to 600° C. -

The said cracking reactlon is preferably carried
out in the presence of catalysts, more specifically
the metals of the 2nd to the 8th groups of the
periodic system or their compounds. Asexamples
of the latter may be mentioned the sulphides,
oxides, phosphates, halides or sulphates of iron,
cobalt or nickel, and also of chromium, vana-
dium, aluminum, zine, tin, manganese, titanium,
magnesium, tungsten, molybdenum and the like,

It is of special advantage to apply the metal
compounds to carriers, for example substances
having ‘large surface areas, such as bleaching
earths, active charcoal, brown coal, small coke
and the like, which may, if desired, be subjected
to a pretreatment with acid substances, as for
example hydrogen fluoride. In some cases it is of
advantage to carry out the reaction in the pres-
ence of halogen or of gaseous or vaporous halogen
or sulphur compounds.

The said reaction may also be carried out under
increased pressure as for example at 20 to 200
atmospheres or more.

In order to ensure a far-reachmg polymeriza-
tion or condensation of any low boiling unsat-
urated compounds formed, it may in some cases
be of advantage to provide for another zone after
the cracking zone, in which the products are kept
The
products may also, following the cracking zone,
be passed over a catalyst which promotes the
polymerization or the condensation. With a
view to accelerating the polymerization, the split-
ting catalyst may also be mixed, preferably in the
last part of the splitting chamber, with catalysts
having a polymerizing action. Catalysts suitable
for this purpose are for example certain metal
halides, such as aluminum chloride, iron chloride
and the like, or phosphoric acid, boric acid, if
desired together with oxalic acid and the like.

The drawing is a semi-diagrammatic view in
sectional elevation of one type of apparatus which
may be used for carrying out the process. Re-
ferring to the drawing, numeral 1 designates a
supply tank of aliphatic oil to be treated. Nu-
meral 2 designates a supply tank of aromaitic oil.
Pump 3 draws aliphatic oil and aromatic oil from
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tanks | and 2 through lines 4 and § respectively
and forces the mixture through line 6 into and

- through a heating coil T wherein the mixture is -

heated- to & temperature somewhat above the
temperature at which the ol is to be treated.
The heated oil passes through line 8 into a reac-
tion chamber 8 which contains a suitable catalytic
material 10. Products of reaction leave reaction
chamber 9 through line 11 and discharge into a
separator 12, Heavier condensed products are
removed from separator 12 through line 3. Un-
condensed products are removed from separator
12 through line 14, are passed through a cooler 15
and then introduced through line 16 into a frac-
tionator IT. Normally gaseous products are re-
moved from fractionator IT through line (8.
The desired gasoline is removed from fraction-
ator 1T through line 19 and collected in tank 20.
Fractions higher boiling than the desired gasoline
are removed from fractionator 17 through line 21.
A portion or all of the heavy condensed products
removed from separator §2 through line 13 may
be recycled to the system by means of lines 22 and
23. Similarly all or a portion of the fractions
higher boiling than gasoline removed from frac-
tionator {1 through line 2f may be recycled to the
system through lines 24 and 23.

Another example of conversions which may be -

carried out with advantage in the above described
manner is the conversion of low molecular weight
paraffin hydrocarbons, such as ethane, propane,
butane or low-boiling liquid parafin hydrocar-
bons, into non-knocking motor fuels; also in this
. conversion the difficulty arises that considerable
amounts of low molecular weight hydrocarbons,
in particular the lowest member of the series,
methane are formed. - On the other hand, when
using methane itself very high temperatures are
necessary. In every case there also takes place
considerable deposition of earbon.

We have found that parafiin hydrocarbons can
be employed in a very advantageous manner for
the preparation of valuable non-knocking fuels
by subjecting them together with eyclic hydro-
carbons to a thermal treatment at temperatures
above 300° C., preferably in the presence of rigidly
arranged catalysts. Cyclic hydrocarbons suitable
for this purpose are especially light boiling aro-
matic and hydroaromatic hydrocarbons which
may also be employed in admixture with each
other. The treatment is preferably carried out
in the vapor phase,

As paraffin hydrocarbons there may be men-
tioned for example benzines or middle oils from
paraffin-basic petroleums or from destructive
hydrogenation products of coals, such as brown
coals, or of tars, in particular brown coal tars, or
of mineral oils, or liquid fractions of the products
obtained by the reduction of carbon monoxide,
and also corresponding fractions of hydrocarbons
rich in hydrogen which have been obtained by the
treatment of oils with selective solvents. Of the
gaseous paraffinic hydrocarbons, pentane, butane
and propane are especially suitable for the {reat-
ment. They may be taken from any source, as
for example from cracking gases or from the gase-
ous portions of the products obtained by the re-
duction of carbon monoxide with hydrogen and
the like. As light boiling aromatic hydrocarbons
there may be employed preferably benzene or its
homologues; hydrogenation products of these
substances or naphthalene or its hydrogenation
products are also suitable. In the mixtures to be
treated, the proportion of the aromatic and/or
hydroaromatic hydrocarbons advantageously
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amounts to between about 10 and 50 per cent; in
many cases it may be even greater. The aromatic
and/or hydroaromatic hydrocarbons should boil
substantially in the boiling range of the benzines.

The paraffinic hydrocarbons may be mixed with
the aromatic and/or hydroaromatic hydrocarbons
in the liquid or vapor phase. - The mixture is then
subjected in the vapor phase to the thermal-treat-
ment at temperatures of between 300° and 700°,
advantageously between 450° and 650° C. and
preferably in the presence of catalysts.

The liquid mixture or the single components
may also be heated before the catalytic treatment,
to temperatures which are higher than necessary.
for their evaporation. Thus for example the
initial materials may be heated to about 500° C.
and then led at the said temperature over the
catalysts.

Of the light boiling paraffinic hydrocarbons,
liquid and gaseous hydrocarbons may be present
at the same time. In this case it is advantageous
to heat the mixture of the liquid parafins with the
aromatics for example to about 480° C. and to
heat the gaseous hydrocarbons separately there.
from, for example to from 500° to 700° C., the hot
vapors then being united with the heated gases
and the whole treated at from 450° to 700° C
preferably in the presence of catalysts.

The nature of the catalysts to be used depends
on the conditions used, in particular on the tem-
perature, and also on the nature of the paraffinic
hydrocarbons. The paraffinic hydrocarbons are
advantageously treated in the presence of cata-
lysts having a splitting or dehydrogenating action.
Catalysts may also be used, however, which have,
in addition to a splitting action, also a polymeriz-
ing action, or there may be added to splitting
catalysts larger or smaller proportions of cata-
lysts having a polymerizing action. The latter
may also be brought into reaction separately from
the catalysts having a splitting or dehydrogenat-
ing action in a second, closed reaction vessel.

At least one of the said actions is exerted by
most metals of the 2nd to the 8th groups of the
periodic system or their compounds. For ex-
axmple the sulphides, oxides, phosphates, halides
or sulphates of iron, cobalt, nickel, chromium,
vanadium, aluminum, zine, tin, manganese,
titanium, magnesium, tungsten and molybdenum
are suitable as catalysts for the said treatment,.

The said metals or metal compounds are advan-
tageously applied to carriers, as for example to
bodies having large surfaces, such as Fuller’s
earth, bleaching earths, silicates and silica gel, or
active carbons, lignite small coke which may if
desired be pretreated with acid substances, in
particular hydrogen fluoride.

In many cases it is preferable to carry out the
reaction in the presence of halogens or volatile
compounds of halogens or other non-metals, as
for example volatile sulphur or phosphorus com-
pounds, or of hydrogen, preferably with a low
partial pressure of the hydrogen (up to about 30
Per cent of the total pressure). o

The reaction may be carried out at atmospheric
or increased pressure, as for example at from 20
to 200 atmospheres or more.

The gases formed may be led back again to the
reaction. - The ligquid products obtained may be
subjected to a refining, as for example a refining
destructive hydrogenation.

Very good results are obtained when carrying
out the reactions in consideration, while main-
taining the gas or vapor phase, in the presence
of added cyclic hydrocarbons which under the
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teaction conditions are at least partly vaporous.
Both aromatic hydrocarbons and naphthenes
may be used. The most suitable substances are
low boiling cyclic hydrocarbons of the. boiling
range of benzines (benzene, toluene, Xylene and
cyclohexane) and middle oils or products con-
taining the same, such as mineral coal tar middle
oil or middle oil from the liquefaction of mineral
coal; substances of higher boiling point may also
be added when under the reaction conditions
they have such a vapor pressure that they are
present to a considerable extent in the vapor
form; this is the case for example with naphtha-
lene and its homologues and also with lower boil-
ing mineral coal tar fractions.

The said cyclic hydrecarbons are generally
speaking added in amounts of between 10 and 60
per cent by weight with reference to the through-
put of carbonaceous substances.
be added in individual cases depends in particular
on the nature of the reaction, on the activity of
the catalyst and on the nature of the additional
substance. The amounts added are greater in
the case of catalysts which tend strongly to form

gas than in the case of catalysts having this’

tendency to a lesser degree.

The cyclic hydrocarbons may be added con-
tinuously or at intervals. In the latter case the
addition is preferably made when the formation
of undesirable low molecular hydrocarbons begins
to exceed the desirable degree, which may be-
come evident by the occurrence of great evolu-
tion of heat. The additions may also be made at
equal intervals of time. When adding the addi-
tional substances continuously, the amount added
may be constant or variable. The cyclic hydro-
carbons may also be added at several places in
the reaction chamber. The catalyst may also be
laden with cyclic hydrocarbons before use.

We have also found that in the reactions in
consideration carried out in the gas or vapor
phase the formation of undersirable hydrocar-
bons of low molecular weight can likewise be con-
siderably reduced by adding at intervals of time
cyclic hydrocarbons which at least in part re-
main liquid under .the reaction conditions.
Aromatic hydrocarbons and also naphthenes may
be mentioned. Cyclic hydrocarbons which boil
above 200° C. are most suitable, such as anthra-
cene oil or other mineral coal tar fractions boiling
above 200° C. It is, however, also possible to add
cyclic hydrocarbons of lower boiling poinf, as for
example xylene, provided the pressure used dur-
ing the reaction is so high or the temperature
used is so low: that the added substance remains
liquid at least in part.

The amount to be added depends generally
speaking on the length of the intervals of time,
and also. on the nature of the reaction, on the
activity of the catalysts and on the nature of the
added substances. The amounts added are
larger in the case of catalysts having a strong
tendency to form gas than in the case of cat-
alysts with which this tendency is less.

The intervals of time between the single addi-
tions may be equal. The procedure may, how-
ever, also be that cyclic hydrocarbons are
added only when the formation of unde-
sirable hydrocarbons of low molecular weight
commences to Trise beyond the permissible
degree, which may become evident by a rise
in temperature. The cyclic hydrocarbons may
also be added at several points in the reaction
chamber. The catalyst may also be laden with
cyclic hydrocarbons before use.
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The said process is of great advantage in de-
structive hydrogenations. in the presence of cat- -
alysts having a strong splitting action. Among
such catalysts there may be mentioned for ex-
ample oxides and sulphides of the metals of the
5th to the 7th groups of the periodic system and
the iron group, as well as mixtures containing the
same, and, for cracking, activated hydrosilicates,
such as bleaching earths, or also alumina, mag-
nesia, active carbon, lignite small coke or oxides
of chromium, . molybdenum, . tungsten,  man-
ganese, iron, nickel, cobalf or titanium or mix-
tures of these substances.

In dehydrogenations, the process has the ad-
vantage that the partial splitting into low
molecular hydrocarbons which is unavoidable in
most cases is considerably reduced. ‘

In the reaction of carbon monoxide with hy-
drogen to form liquid or solid hydrocarbons or
liquid or solid oxygen-~containing derivatives of
hydrocarbons, the addition of cyclic hydrocarbons
hinders to a considerable extent the formation of
gaseous hydrocarbons, in particular methane.
When working in this reaction for the formation
of high boiling hydrocarbons mixtures and/or
paraffin wax, the proportion of high molecular
products formed may be considerably increased
at the expense of the low molecular hydrocarbons,
such as benzine, by the addition of cyclic hydro-
carbons,

The said process is of special advantage in the
reaction of carbon monoxide with hydrogen
‘when uding highly active catalysts having a
strong tendency to form gaseous hydrocarbons,
In particular methane. Such catalysts are in
particular substances containing nickel, as for
example those in which the nicke! is present in
admixture with other catalytically active sub-
stances, such as iron, cobalt or the compounds of
rare earths, thorium, titanium, copper, zirconium,
molybdenum, chromium, tungsten, germanium,

v

- Imanganese or of the alkali or alkaline earth

metals, or also with the said metals themselves,
and which may also be applied to carriers, such
as active silicic acid, alumina, magnesig or zinc
oxide. These catalysts containing nickel - are
prepared in known manner, as for example by
reduction from the oxides, the oxalate or car-
bonate in the presence of reducing gases, such as

.hydrogen anhd/or carbon monoxide and at tem-

peratures between 200° and 500° C., or even at
higher temperatures, as for example 700°, 800°
or 1000° C., whereby the substances may be
heated until a partial sintering takes place (for
example from about 2 to 4 hours at 850° C.).

Even in the case of catalysts containing no
nickel, however, the addition of the said cyclic
compounds is of advantage. Among such there
may be mentioned in particular substances con-
taining iron, as for example iron obtained by the
reduction of fused ferrosoferric oxide, which is
advantageously provided with additions of other
substances, such as titanium or silicon or their
compounds, or iron obtained by reduction of non-
fused iron compounds and simultaneous or sub-
sequent sintering, which likewise may contain
additions of other substances.

The same is true for catalysts containing
cobalt.

In the reaction of carbon monoxide with hy-
drogen to form liquid or solid oxygen-containing
derivatives of hydrocarbons, the catalysts known
for this reaction are used, in particular the oxides
of the alkali, alkaline earth and earth metals
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or of zin¢, chromium, boron, titanium, vanadium,
niobium, tantalum or manganese,

The sald reactions are carried out under known
conditions, the destructive hydrogenations at
temperatures between 250° and 600° C. and under
increased pressure, advantageously of more than
20 atmospheres the cracking at temperatures be-
tween 300° and 700°, advantageously between
300° and 550° C. and at atmospheric or preferably
at increased pressure (as for example 20 to 200

atmospheres or more), the dehydrogenation at

temperatures between 400° and 600° C. and the

reaction of carbon monoxide with hydrogen at.

peratures between 150° and 450°, preferably
between 180° and 300° C., at atmospheric or in-
creased pressure, as for example between 5 and
‘200 atmospheres.

The other conditions, such as time of treat-
ment, relative proportions of the reactants and
the like are- also as usual. The cracking may
be carried out in the presence of gases, such as
hydrogen, carbon monoxide, carbon dioxide,
methane, ethane, propane or ethylene, propylene
or butylene, which have preferably been previ-
ously heated to the temperatures used in the
splitting or to still higher temperatures. The
reaction of carbon monoxide and hydrogen may

2,245,157

Example 3

A hydrocarbon mixture boiling between 200°
and 350° C. obtained by reduction of carbon
monoxide, is led together with 10 per cent hy
volume of crude benzene at 460° C. over a cata-

- lyst consisting of aluminium hydrosilicate. ‘The
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be carried out in the presence of accompanying .

gases, such as carbon dioxide or methane, The
proportion of the carbon monoxide content to
the hydrogen content in the initial gas may be
different.

In the reactions in which no building up into
products of higher molecular weight, as in the
reduction of carbon monoxide, takes place, i. e,
in destructive hydrogenation, cracking and de-

30

hydrogenation, vaporizable substances are used .

as initial materials, as for example- petroleums,
tar oils, liquid carbon monoxide reduction prod-
ucts and oils obtained by destructive hydrogena-
tion of coals or by polymerization of olefines.

The following examples will further illustrate
the nature of this invention but the invention is
not restricted to these examples.

Ezample 1
A fraction, boiling between 150° and 300° C., of

& cracking product of brown coal parafin wax.

and an equal proportion of benzene are heated
to 510° C. in a tubular reaction chamber, under
a pressure of 150 atmospheres. The reaction
product obtained is then subjected to a frac-
tional distillation. The fraction boiling between
140° and 200° C. is, after it has been refined
with sulphuric acid or bleaching earth, an effi-

cient anti-knock safety fuel having a high fiash-.

point,
: Example 2

Butane is heated to 530° C. under a pressure of
250 atmospheres and at a speed of throughput
of 2 kilograms per liter- of heated spiral volume
in an externally heated tubular spiral. With each
kilogram of the butane thus heated there are
mixed 0.25 kilogram of benzene and 40 liters of
hydrogen. The mixture is then led at 530° C.
over & sulphurized mixture of molybdic acid, zinc
oxide and magnesia as a catalyst. There is thus
formed a product the fraction of which boiling
up to 180° may be used very advantageously as
an addition for improving the non-knocking
properties of motor fuels. By subjecting the
product t0 hydrogenating refining, a valuable
motor fuel having very good non-knocking prop-
erties is obtained.
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addition of crude benzene effects a reduction in
the gasification to hydrocarbons having 3 and 4
carbon atoms by 35 per cent. :

Ea:amplé 4

A gas consisting of carbon monoxide and hy-
drogen in the ratio of 1:2 isled at 330° C. together
with 5 kilograms of sulphur-free benzene vapor
per\100 cubic meters of gas under a pressure of
50 f\nmospheres over a multi-substance catalyst
containing mainly nickel. 110 grams of liquid
hydrocarbons are obtained per cubic meter of
gas; without the addition of benzene the greater
part of the reaction products consists of gaseous
hydrocarhons.

Example 5

A hydrocarbon mixture boiling between 200°
and 350° C. obtained by reduction of carbon
monoxide is led at 460° C. and under a pressure
of 30 atmospheres over a catalyst of aluminum
hydrosilicate. There are thus formed from 100
kilograms of initial product, 18 kilograms of ben-
zine and 15 kilograms of gaseous hydrocarbons.
If, in addition to the above mentioned hydro-
carbon mixture, there be added for 5 minutes at
30 minute intervals a mineral coal tar oil frac-
tion boiling. between 225° and 380° C. In an
amount of 10 per cent by weight of the hourly
throughput of the hydrocarbon mixture to be
treated, only 1 kilogram of gaseous hydrocarbons
is formed. ‘

Example 6

A gas consisting of carbon monoxide and hy-

drogen in the ratio of 1:2 is led under & pressure
of 50 atmospheres at 230° C. over a multi-sub-
stance catalyst containing mainly nickel.
. At intervals of from 15 to 30 minutes, from
3 {0 10 grams of tetrahydronaphthalene are sup-
plied to the reaction chamber per cubic meter of
gas. The waste due to the formation of gaseous
hydrocarbons is considerably reduced.

What we claim is: -

1. A process for the production of safety fuels
stable to knocking which comprises subjecting to
cracking higher boiling mainly aliphatic hydro-
carbon oils, in particular those having a high
content of paraffinic constituents, such as higher
boiling fractions of carbon monoxide reduction
products, and further cracking in the vapor
phase, at a temperature between 400 and 700°
C. and in & separate reaction zone, the fraction
of the resulting product boiling between about
150 and 300° C. and consisting mainly of un-
saturated aliphatic hydrocarbons in the presence
of more than about 10% of an added cyclic hy-
drocarbon which under the reaction conditions
is vaporous, but in the absence of a substantial
amount of added hydrogen or of a gas supplying
hydrogen. . .

2.- Process according to claim 1 in which the
initial higher boiling mainly aliphatic hydrocar-
bon oil is a paraffin base oil.

3. Process’ according to claim I in which the
initial mainly aliphatic hydrocarbon oil is a hy-
drocarbon oil containing substantial amounts of
paraffin wax.

MATHIAS PIER.
GERHARD FREE,




