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The present appllcation is a continuation-in-
part of our copending application Ser, No, 224,-
488, filed August 12, 1938, which relates to the
conversion of combustible carbonacecus mate-
rials and 1s particularly concerned with the pro-
duction of lquid and/or solld hydrocarbons by
the conversion of liguid and/or solid carbona-
ceous materials comprising aliphatlc compounds
at elevated temperatures and with the conversion
of carbon monoxide with hydrogen into hydro-
carbons containing more than one carhon atom
in the molecule and/or solid or liquid oxygen-
containing derivatives of hydrocarbons, such as
methanal or hlgher alcohols, as for example
propanol or Isobutylaleohol, or aldehydes, ketones,
aclds and the like. The said application general-
1y covers the conversion of combustible carbona-~
ceous materlals comprising essentlally alphatic
compounds at elevated temperatures by heating
suchh materials in the presence of substantial
amounts of added cyclic hydrocarbons, and
specifically claims the production of heavy fuels
stable to knocking by cracking in the vapor phase
at a temperature hetween 400° and 700° C hy-
drocarbon olls comprising essentdally unsaturated
aliphatic hydrocarbon olls boiing at least for
their greater part above the bolling point range
of benzine while adding a substantial amount of
cyelic hydrocarbons which under the reaction
conditions are vaporous, but In the absence of

substantial amounts of added hydrogen or of-

gases supplying hydrogen.

The present appllcation is more particularly-

concerned with the production of valuable prod-
ucts by subjecting Lo a non-splifting dehydro-
genation lquid or solid hydrocarbons or-liquid
or solid oxygen-containing derivatives of hy-
drocarbons In ithe gaseous or vaporous phase, in

the presence of hydrogen and with an addition -

of cyclic hydrocarbons which are forthelr greater
part or wholly In the vaporous state under the
conditions employed.

In conversions of the said carbonaceous ma-
terials at elevated temperatures, such as-crack-
ing, dehydrogenatlon cr destrfuctive hydrogena-
tlon or in the hydrogenation of these materials
without pressute or in the interaction of carhon
monoxide with hydrogen there is often the in-
convenience that a considerable amount of un-
desirable low-molecular, In particular gaseous,
hydroearbons are formied especlally when work-
ing in the gas or veEpor phidse afid when uslng

very' active-catalysts and thereby the yleld of”

thedeglredproducts is reduced.

W hawe now-fouhd- thdt this inconvellencs "5 “exaimple hydrogen fluoride.

may-be-overcome by-carrying out the said conver-
slons of carbonaceous materials essentially com-
prising aliphatic compounds in the presence of
a subgtantial amount of added c¥clic hydrocar-

5 bons. These cyclic hydrocarbons have proved to
substantially suppress or diminish the said tend-
ency of gas formation.

Thus the sald operation in the presence of
addéd cyclic hydrocarbons is very useful in the

10 - production of non-knocking motor fuels, in par-
tleular safety fuel, by heating hydrocarbon olls
to cracking temperatures, especlally when start-
ing from hydrocarbon olls which congist wholly
or substantially of ungaturated aliphatle hydro-

15~ carbons ‘and boll, at least for thélr greater part,
above-the 'bolling ' polnt rahge of bénzné. As
additional cycllc hydrocarbons come into cori-
sideration in- pa,rticula,r mono-huclear, aromeatic
hydrocarbons,- such -as - benzene, toluenie- and

20" xylene:

Oil fractions rich in unsaturated hydrocarbons
and holing-mainly above 200> C may be obtained,
for- example; -by-cracking mineral olls, tars or

 fracttons ‘thereof; for example minetrdl ofl or
25~brown coal-tar fractions contalning-parafiin wax,
or destructfve hydrogenation products of coals,
tars, - mineral oils and the like. Cracking prod-
ucts of hydrocarbon olls which result from the
reduction of carbon-monoxide, are also suitabie.

30" The sdid inttlal- materials are mixed, before or
during theé heating--to cracking- temperatures,
with cyelic, particularly: mong-niiclear, aromatic:
hydrocarbons, such as behzene, toluene, xylene
and the like, or alse with the hydrogenation prod-

35" ucts thereof or with hydrogenated naphthalenes.
The mixture i passed i1 gaseous form through
a chamber heated to fromi 400° to 700°, prefer-
ably to from’'450 to 600° C

The said cracking reaction s preferably car-

40V rled out in the presente of catalysts, more specifi-
cally the metals of the 2nd to the 8th groups
of the perlodie system or their compounds. As
examples of the latter may be mentioned the sul-
phides, oxides, phosphates, halides or sulphates

45° of iron, cobalt or nickel,-and also of chromtum,
vanadium, aluminiim, zine, tin, manganese, ti-
tanlum, magnesium, tungsten, molybdenum and
the like,

It 1s of special advantage to apply the mefal

50 ''compounds fo carrlers, 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 ‘& pFetréatment with- acld subst.a.nces as for

In some cases It is
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of advantage to carry out the reaction in the
presehce of halogen or of gascous or vaporous
halogen or sulphur compounds,

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

In order to ensure a far-reaching polymeriza-
tion or condensation of any low bolling unsatu-
rated compounds formed, it may in some cases
be of advantage to provide for another zone be-
hind the cracking zone, in which the products
are kept for some time at elevated temperature.
The products may also, following the cracking
zone, be passed over a catalyst which promotes
tiie polymerization or the condensation. With a
view to accelerating the polymerization, the split-
ting eatalyst may also be mixed, preferably In the
1ast part of the splitting chamber, with catalysts
having e polymerizing actlon. Catalysts suitable
for this purpose are for example certain metal
halides, such as aluminum chioride, iron chloride
and the lke, or phosphoric acid, boric acid, if de-
sired together with oxalic acid and the like.

Another example of converslons which may be
carried out with advantage in the above described
manner is the conversion of the low molecular
weight paraffin hydrocarbons, such as ethane,
propane, butane or low-boiling liquid parafiin
hydrocarbons, 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 tem-
peratures are necessary. In every case there also
takes place considerable deposition of carbon,

We have found that paraffin hydrocarbons can
be employed in a very advantageous manner for
the preparatlon of valuable non-knocking fuels by
subjecting them together with cyclic hydrocar-
bons to a thermal treatment at temperatures
above 3C0° C., preferably in the presence of
rigidly arranged catalysts. Cyclic hydrocarbons
suitable for this purpose are especially low boiling
aromatic and hydroaromatic hydrocarbons which
may also he employed in admixture with each
other. The treatment is preferably carried out
in the vapor phase,

As parafin hydrocarbons there may be men-
tioned for example benzines or middle oils from
paraflin-basic petroleumns or from destructive hy-
drogenation products of coals, such as brown
coals, or of tars, in particular brown coal tars, or
of mineral olls, 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 parafiinic hydrocarbons, pentane, butane
and propane are especially sultable for the treat-
ment. They may be taken from any source, as for
example from cracking gases or from the gaseous
portions of the products obtained by the reduction
of carbon monoxide with hydrogen and the like,
As low boiling aromatic hydrocarbons there may
be employed preferably benzene or its homo-
logues; hydrogenation products of these sub-
stances or naphthalene or its hydrogenation prod-
ucts are also suitable. In the mixtures to be
treated, the proportion of the aromatic and/or
hydroaromatic hydrocarbons advantageously
amounts to between sbout 10 and 50 per cent; in
many cases it may be even greater, The aromatic
and/or hydroaromatic hydrocarbons should boil
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substantlally in the bolling range of the benzines,
1, e. below about 220° C.

The parafiinic hydrocarbons may be mixed with
the aromatic and/or hydroaromatic hydrocarbons
in the liguid or vapor phase. The mixture is
then subjected in the vapor phase to the thermal
treatment 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 two components may
also be heated before the catalytic treatment to
temperatures which are higher than those neces-
sary for thelr evaporation. Thus for example the
initia! materials may be heated to about 500° C,
and then led at the said temperature over the
catalysts.

Of the low bhoiling paraffinic hydrocarbons,
liguid and gaseous hydrocarbons may he present
at the same time. In this case it s advantageous
to heat the mixture of the liquid paraffins 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°
., 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 parafiinic hydrocarbons are
advantageously treated in the presence of cata-
lysts having a splitting or dehydrogenating ac-
tion. Catalysts may also be used, however, which
have, in addition to a splitting action, also a poly-
merizing action, or there may be added to split-
ting catalysts larger or smaller proportions of
catalysts having & polymerizing action. The
Jatter may also be brought into reaction sepa-
rately from the catalysis having a splitting or
dehydrogenating action in a second, closed re-
action 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 thelr compounds. For example
the sulphides, oxides, phosphates, halides or
sulphates of iron, cobalt, nickel, chromium, vana-
dium, aluminum, zine, tin, manganese, titanium,
magnes{um, tungsten and molybdenum are sult-
able as catalysts for the said treatment.

The sald metals or metal compounds are ad-
vantageously applied to carrlers, as for example
to bodles having large surfaces, such as fuller’s
earth, bleaching earths, sflicates and silica gel,
or active carbons, lignite small coke which may
if deslred be pretreated with acid substances, in
particular hydrogen fluoride.

In many cases it i3 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 par-
tial pressure of the hydrogen (up to about 30
per cent of the total pressure).

The reaction may be carrled out at atmos-
pheric 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 liquld products obtalned may
be subjected to a refining, as for example a refln-
ing destructive hydrogenation.

Very gocd results are obtalned when carrying
out the reactions in conslderation, while main-
taining the gas or vapor phase, in the presence
of added cyclic hydrocarbons which under the re-
action conditions are at least partly vaporous.



390,634

Both aromatic hydrocarbons and naphthenes may
be used. The most suitahle substances are low
bolling cyclic hydrocarbons, of the holling range
of benzines (benzene, toluene, xylehe and cyclo-
hexane) and middle olls or products contalning
the same, such as mineral coal tar middle oil
or middle oll from the liquefaction of mineral
coal; substances of higher bolling point may also
be added when under the reaction conditlons they
have such a vapor pressure that they are pres-
ent to a conslderable extént in the vapor form;
thig Is the case for example with naphthalene
and its homologues and also with lower bolling
mineral coal tar fractlions.

The sald cyclic hydrocarbons are geherally
sbeaking added In amounts of between 10 and 60
per cent by weight with reference to the through-
put of carbonaceous substances, The amount to
be added in individual cases depends in particu-
lar 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 ten-
dency to a lesser degree.

The cycli¢ hydrocarbons may be added continu-
ously or at intervals. In the latter case the ad-
dition is preferably made when the formation of
undesirable low molectlar hydrocarbons begins to

exceed the desirable degree, which may become .

evident- by the occurrence of great evolution of
heat. The additions may also be made at equal
intervals of time. When adding the additional
substances continuously, the amount added may
be-constant or variahle, The cyclic hydrocarbons
may also be atdded at several places in the re-
action chamber. The catalyst may also be laden
with cyclie hydrocarbons before use.

We have also found that in the reactions in
consideration carried out In the gas or vapoT phase
the formation of undesirable hydrocarbons of
low molecular weight can likewise be considerably
reduced by adding at intervals of time cyclic hy-
drocarbans which at least in part remain liquid
under the reaction conditions. Aromatic hydro-
carbons and alge naphthenes may be mentioned.
Cyclic hydrocarbons which boll above 200° C are
most sultable, such as anthracene oil or other
mineral coal tar fractions boiling above 200° C.
It is, however, also possible to add cyclic hydro-
carbons of lower holling point, as for example
xvlene, provided the pressure used during the re-
action 1s 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 ¢f 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 te form gas than In the case of cata-
lysts 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 cyclie hydrocarbons are added
only when the formation of undesirable hydrocar-
bons of low molecular weight commences to rise
beyond thepermissible-degree, which may become
evident by-a Hse intemperature. The cyclic hy-
drocarbons may also be added at several points
in the reaction chamber. The catalyst may also
be laden with cyclic hydrocarbons before use.

The sald process is of great advantage in de-
structive hydrogenations in the presence of cata-
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lysts having. a. sirong splitting: action. Among
such catalysts tliere' may be mentiomed.for exam-~
ple oxides and sulphides of-the metals of the 5th
to the Tth groups of the perlodic system. and
the iron group, as. well as mixitures containing
the same, and, for cracking, activated. hydrosilt-
cates, such as bleaching earths, or also aluminsa,
magnesia, active carbon, lignite small coke or
oxides of chromlum, molybdenum, tungsten, man-
ganese, iron, nickel, cobalt or titanium or mix-
tures of these substances.

In dehydrogenations, the process has the ad=
vantage that the partial splitting into low mo-
lecular hydrocarbons which is unavoidable in most
cases ls considerably. reduced. ‘The dehydrogena-
tion is advantageously carried out in the presence
of hydrogen which.1s preferably added In such
amounts that formation of strongly unsaturated
hydrocarhons, as for example dioleflnes or aocet-
vlene, Is prevented. and' that the working life of
the catalysts ig prolonged,; but not in such amounts
that the formation of olefmic compounds Is sub-
stantially reduced. In this particular conversion
mainly the cyelic hydrocarbons which boll with-
in the bolling range of benzines and gas oils come
into consideration because these may wheolly or
for thelr greater part be kept In the vapor phase
during the treatment, The sald cyclic hydroear-
bons may be added also In this particular. con-
version after intervals. When adding them con-
tinuously the amount supplied may be constant
or variable. The cyclic hydracarbons may also
be added at several places into the reaction space.

In the reaction of carbon monoxide with hy-
drogen to form liquid or solid hydrocarbons or
liquid-or solid. oxygen-containing derivatives of
hydrocerbons, the addttion of c¢yelic 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
prafin 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
using highly active catalysts having a strong
tendency to form gaseous hydrocarbons, In partic-
ular methane. Such catalysts are in particular
substances contalning nickel, as for.example those
in which the nickel is present in admixture with
other catalytically active substances, such as iron,
cobalt or the compounds of rare earths, thorium,
titanium, copper, zirconium, molybdenum, chro-
mium, tungsten, germanium, manganese or of
the alkall or alkaline earth metals, or also with
the sald metals themselves, and which may also
be applied to carriers, such as active sillcic acid,
alumina, maghesia or zinc oxide. These catalysts
containing nickel are prepared in known manner,
a5 for example by reduction from the oxides, the
oxalate or carbonate In the presence of reducing
gases, such as hydrogen and/or carbon monoxide
and at temperatures between 200° and 500° C,
or even at higher temperatures, ag 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 contalning no
nickel, however, the additlon of the sald cyclic
compounds is of advantage., Among such there
may be mentioned in particular substances con-
talning iron, as for example iron obtalned by the
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reduction of fused ferrosoferric oxide, which is
advantageously provided with additions of other
substances, such as titanium or silicon or their
compounds, or iron ohtained by reduction of non-
fused iron compoundg and slmultaneous or subse-
quent sintering, which llkewise may contain ad-
ditions of other substances.

The same 1s true for catalysts contalning co-
balt.

In the reaction of carbon monoxide with hy-
drogen to form liquld or solid oxygen-contain-
ing derivatives of hydrocarbons, the catalysis
known for this reaction are used, in particular
the oxides of the alkall, slkaline earth and earth
metals or of zinc, chromium, boron, titanium,
vanadium, niobium, tantalum or manganesc.

The sald reactions are carried out under known
conditions, the destructive hydrogenations ai
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
temperatures 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 condltions, such as time of treat-
ment, relative proportions of the reactants and
the ke are also as usual. The cracking may be

carrled out In the presence of gases, such as ;

hydrogen, carbon monoxide, carbon dioxide,
methane, ethane, propane or ethylene, propylene
or hutylene, which have preferably been previ-
ously heated to the temperatures used in the
splitting or to still higher temperstures. The
reaction of carbon monoxide and hydrogen may
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 dif-
ferent.

In the reactions in which no huilding up into
products of higher molecular weight, as in the
reduction of carbon monoxide, takes place, 1. e.

in destructive hydrogenation, cracking and de- ¢

hydrogenation, vaporizable substances are used
as Initial materials, as for example petroleums,
tar oils, liqutd carbon monoxide reduction prod-
ucts and olils obtalned 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,

Example I

A fraction, bolling between 150° and 300° C, of
a cracking product of brown coal parafin wax
and an equal proportion of benzene are heated to
510° C in & tubular reaction chamber, under a
pressure of 150 atmospheres. The reaction prod-
uct obtalned is then subjected to a fractional dis-
tillation. The fraction bolling between 140° and
200° C is, after it has been refined with sulphuric
acid or bleaching earth, an efficlent anti-knock
safety fuel having a high flash-polnt.

[}
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Ezxample 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
and per hour in an extermally 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 a sulphurized mixture of mo-
lybdic acid, zinc oxide and magnesia as a cata-
lyst. There Is thus formed a product the frac-
tion of which bolling up to 180° C may be used
very advantageously as an addition for improv-
ing the non-knocking properties of motor fuels.
By subjecting the product to hydrogenating re-
fining, a valuable motor fuel having very good
non-knocking properties is obtained.

Example 3

A hydrocarbon mixture boiling hetween 200~
and 350° C, obtained by reduction of carbon
monoxide, 1s led together with 10 per cent by
volume of crude benzene at 460° C over a catalyst
consisting of aluminum hydrosilicate. The addi-
tion of crude henzene effects a reduction in the
gasification to hydrocarbons having 3 and 4 car-
hon atoms by 35 per cent.

Example 4

A gas consisting of carbon mohoxide 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
atmospheres over a multi-substance catalyst con-
talning mainly nickel. 110 grams of liquid hy-
drecarbons are obtained per cuble meter of gas;
without the addition of benzens the greater part
of the reaction products conslsts of gaseous hy-
drocarbons.

Example 5

A hydrocarbon mixture boiling between 200°
and 350° C obtained by reduction of carbon mon-
oxlide is led at 460° C and under a pressure of 30
atmospheres over a catalyst of aluminum hydro-
silicate. There are thus formed from 100 kilo-
grams of initial product, 18 kilograms of benzine
and 15 kilograms of gaseous hydrocarbons., If,
in addition to the abovementioned hydrocarbon
mixture, there be added for 5 minutes at 30 min-
ute intervals a mineral coal tar oil fraction boil-
ing between 225° and 380° C in an amount of 10
per cent by welght 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 a 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 to
10 grams of tetrahydronaphthalene are supplied
to the reaction chamber per cubic meter of gas.
The waste due to the formation of gaseous hydro-
carbong Is considerably reduced.
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