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The present application is a division of our 
Copending application Ser. No. 224,488, filed Aug 
ust 12, 1938, now Patent No. 2,245,157, dated June 
10, 1941, which relates to the conversion of com 
bustible carbonaceous materials and is particu 
larly 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 
mone than one carbon atom in the molecule and/or Solid or liquid oxygen-containing deriva 
tives of hydrocarbons, such as methanol or higher, 
alcohols, as for example propanol or isobutyl 
alcohol, or aldehydes, ketones, acids and the like. 
The said application generally covers the conver 
Sion of combustible carbonaceous materials com 
prising essentially aliphatic compounds at ele 
Wated temperatures by heating such materials in 
the presence of substantial amounts of added 
Cyclic hydrocarbons and specificially claims the 
production of heavy fuels stable to knocking by 
Cracking in the vapor phase at a temperature be 
tween 400 and 700° C. hydrocarbon oils compris 
ing essentially unsaturated aliphatic hydrocar 
bon oils boiling at least for their greater part, 
above the boiling point range of benzine while 
adding a substantial amount of cyclic hydrocar 
bons which under the reaction conditions are 
vaporous, but in the absence of substantial 
amounts of added hydrogen or of gases supply 
ing hydrogen, 
The present application is more particularly 

concerned with the production of valuable non 
knocking motor fuels by subjecting paraffinic 
hydrocarbons together with low boiling cyclichy 
drocarbons to a thermal treatment. 

In the said conversions, such as cracking, de 
hydrogenation or destructive hydrogenation of 
the said carbonaceous materials or in the hydro 
genation of these materials without pressure or 
in the interaction of carbon monoxide with hy 
drogen there is often the inconvenience that a 
considerable amount of undesirable low molecu 
lar, in particular gaseous hydrocarbons are 
formed especially when working in the gas or 
Vapor phase and when using very active cata 
lysts and thereby the yield of the desired prod 
lucts 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 cyclic hydro 
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carbons. These cyclic hydrocarbons have proved 
to substantially suppress or diminish the Said 
tendency of gas formation. 
Thus the said operation in the preseece of 

added cyclic hydrocarbons is very useful in the 
production of non-knocking motor iuels, in par 
ticular safety fuel, by heating hydrocarbon oils 
to cracking temperatures, especially When start 
ing from hydrocarbon oils which consist wholly 
or substantially of unsaturated aliphatic hydro 
carbons and boil, at least for their greater part, 
above the boiling point range of benzine. As ad 
ditional cyclic hydrocarbons come into consider 
ation in particular mono-nuclear, aromatic hy 
drocarbons, such as benzene, toluene and xylene. 

Oil fractions rich in unsaturated ydrocarbons 
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. Cracking 
products of hydrocarbon oils which result from 
the reduction of carbon monoxide, are also Suit 
able. The said initial materials are mixed, be 
fore or during the heating to cracking temper 
atures, with cyclic, particularly mono-nuclear, 
aromatic hydrocarbons, such as benzene, toluene, 
Xylene and the like, or also with the hydrogena 
tion products thereof or with hydrogenated naph 
thalenes. 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 reaction is preferably car 

ried out in the presence of catalysts, more spe 
cifically the metals of the 2nd to the 8th groups 
of the periodic System or their compounds. As 
examples of the latter may be mentioned the 
Sulphides, oxides, phosphates, halides or Sull 
phates of iron, cobalt or nickel, and also of chro 
mium, Vanadium, aluminum, zinc, tin, manga 
nese, 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 
presence of halogen or of gaseous or vaporous 
halogen or sulphur compounds. 
The Said reaction may also be carried out un 



2 : 2,826,799 W 

der 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 boiling unsatu 
rated compounds formed, it may in Some cases be 
of advantage to provide for another zone behind 
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 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 Suit 
able for this purpose are for example certain 
metal halides, such as aluminium chloride, iron 
chloride and the like, or phosphoric acid, boric 
acid, if desired together with oxalic acid and the 
like. 
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 paraffin 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 carbon. 
We have found that paraffin hydrocarbons can 

be employed in a very advantageous manner for 
the preparation of valuable non-knocking fuels 
by subjecting them together with cyclic hydro 
carbons to a thermal treatment at temperatures 
above 300° C., preferably in the presence of rig 
idly arranged catalysts. Cyclic hydrocarbons 
suitable for this purpose are especially low boil 
ing aromatic 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 hy 
drogenation 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 hydrocar 
bons 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 treatment. They may be taken from any 
source, as for example from cracking gases or 
from the gaseous portions of the products ob 
tained by the reduction of carbon monoxide with 
hydrogen and the like. As low boiling aromatic 
hydrocarbons there may be employed preferably 
benzene or its homologues; hydrogenation prod 
ucts of these substances or naphthalene or its hy 
drogenation products are also suitable. In the 
mixtures to be treated, the proportion of the aro 
matic and/or hydroaromatic hydrocarbons ad 
vantageously amounts to between about 10 and 
50 per cent; in many cases it may be even greater. 
The aromatic and/or hydroaromatic hydrocar 
bons should boil substantially in the boiling range 
of the benzines, i.e. below about 220 C. 
The parafiinic hydrocarbons may be mixed 

with the aromatic and/or hydroaromatic hydro 
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carbons in the liquid or vapor phase. The mix 
ture is then subjected to 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 cata 
lysts. 
The liquid mixture or the two 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 
paraffins with the aromatics for example to about 
480° C. and to heat the gaseous hydrocarbons Sep 
arately therefrom, 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 cat 
alysts. 
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 ac 
tion. Catalysts may also be used, however, 
which have, in addition to a splitting action, also 
a polymerizing action, or there may be added to 
splitting catalysts larger or smaller proportions 
of catalysts having a polymerizing action. The 
latter may also be brought into reaction Sepa 
rately from the catalysts having a splitting or 
dehydrogenating action in a second, closed reac 
tion vessel. 
At least one of the said actions is exerted by 

most metals of the 2nd to the 8th groups of the 
periodic sytem or their compounds. For ex 
ample the sulphides, oxides, phosphates, halides 
or sulphates of iron, cobalt, nickel, chromium, 
vanadium, aluminum, zinc, tin, manganese, ti 
tanium, magnesium, tungsten and molybdenum 
are suitable as catalysts for the said treatment. 
The said metals or metal compounds are ad 

vantageously 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 phos 
phorus compounds, or of hydrogen, preferably 
with a low partial pressure of the hydrogen (up 
to about 30 per cent of the total pressure). 
The reaction may be carried 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 liquid 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 
reaction 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 COIn 
taining the same, such as mineral coal tar mid 
dle oil or middle oil from the liquefaction of 
mineral coal; substances of higher boiling point 
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may also be added when under the reaction con 
ditions 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 naph 
thalene and its homologues and also with lower 
boiling mineral coal tar fractions. 
The said cyclic hydrocarbons are generally 

speaking added in amounts of between. 10 and 
60 per cent by weight with reference to the 
throughput of carbonaceous substances. The 
amount to 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 cata 
lysts 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 be 
gins to exceed the desirable degree, Which may 
become evident by the Occurrence of great eVO 
lution 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 variable. The cyclic 
hydrocarbons 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 undesirable hydrocar 
bons of low molecular weight can likewise be 
considerably reduced by adding at intervals of 
time cyclic hydrocarbons which at least in part 
remain 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 
anthracene oil or other mineral coal tar frac 
tions boiling above 200° C. It is, however, also 
possible to add cyclic hydrocarbons of lower 
boiling point, as for example xylene, provided 
the pressure used during 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 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 cyclic hydrocarbons are added 
only when the formation of undesirable hydro 
carbons of low molecular Weight commences to 
rise beyond the permissible degree, which may 
become evident by a rise in temperature. The 
cyclic hydrocarbons may also be added at sev 
eral points in the reaction chamber. The cata 
lyst may also be laden with cyclic hydrocarbons 
before use. 
The said process is of great advantage in 

destructive hydrogenations in the presence of 
catalysts having a strong splitting action. 
Among such catalysts there may be mentioned 
for example oxides and sulphides of the metals 
of the 5th to the 7th groups of the periodic SyS 
tem and the iron group, as well as mixtures con 
taining the same, and, for cracking, activated 
hydrosilicates, such as bleaching earths, or also 
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alumina, magnesia, active carbon, lignite Small 
coke or oxides of chromium, molybdenum, tung 
sten, manganese, iron, nickel, cobalt or titanium 
or mixtures 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 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 forma 
tion 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 
using highly active catalysts having a strong 
tendency to form gaseous hydrocarbons, in par 
ticular methane. Such catalysts are in particu 
lar substances containing nickel, aS for exam 
ple those in which the nickel is present in ad 
mixture with other catalytically active sub 
stances, such as iron, cobalt or the compounds 
of rare earths, thorium, titanium, copper, Zir 
conium, molybdenum, chromium, tungsten, ger 
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manium, manganese or of the alkali or alkaline 
earth metals, or also with the said metals them 
selves, and which may also be applied to car 
riers, such as active silicic acid, alumina, mag 
nesia, or zinc oxide. These catalysts containing 
nickel are prepared in known manner, as for ex 
ample 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, 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 subsequent sintering, which likewise may con 
tain additions of other substances. 
The same is true for catalysts containing co 

balt. 
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 ox 
ides of the alkali, alkaline earth and earthmet 
als or of zinc, chromium, boron, titanium, va 
nadium, niobium, tantalum or manganese. 
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The said reactions are carried out under known 
conditions, the destructive hydrogenations at 
temperatures between 250' and 600 C. and un 
der increased pressure, advantageously of more 
than 20 atmospheres the cracking at tempera 
tures between 300 and 700, advantageously be 



4. 
tween 300 and 550 C. and at atmospheric or 
preferably at increased pressure (as for exam 
ple 20 to 200 atmospheres or more), the dehy 
drogenation 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 atmos 
pheric or increased pressure, as for example be 
tween 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 hy 
drogen, carbon monoxide, carbon dioxide, meth 
ane, ethane, propane or ethylene, propylene or 
butylene, which have preferably been previously , 
heated to the temperatures used in the Splitting . 
or to still higher temperatures. 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 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 
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. 

Eacample 1 

A fraction, boiling between 150 and 300 C., 
of a cracking product of brown coal paraffin 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 efficient 
anti-knock Safety fuel having a high flash-point. 

Eacample 2 

Butane is heated to 530° C. under a pressure 
of 250 atmospheres and at a speed of throughput 
cof 2 kilograms per liter of heated spiral volume 
and per hour 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 a 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 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. 
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Eacample 3 

A hydrocarbon mixture boiling between 200 
and 350° C., obtained by reduction of carbon 
monoxide, is led together with 10 per cent by 
voiume of crude benzene at 460° C. Over a Cata 
lyst consisting of aluminum hydrosilicate. The 
addition of crude benzene effects a reduction in 
the gasification to hydrocarbons having 3 and 4 
carbonatoms by 35 per cent. 

Eacample 4 
A gas consisting of carbon monoxide and hy 

drogen in the ratio of 1:2 is led at 330 C. to 
gether with 5 kilograms of sulphur-free benzene 
vapor pel 100 cubic meters of gas under a pres 
sure of 5 traospheres over a multi-substance 
catalyst ( ?hing mainly nickel. 110 grams of 
liquid hydrous crbons are obtained per cubic meter 
of gas; without the addition of benzene the 
greater part of the reaction products consists of 
gaseous hydrocarbons. - 

Eacample 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 aluminium 
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 abovementioned hydrocar 
bon mixture, there be added for 5 minutes at 30 
minute intervals a mineral coal tar oil fraction 
boiling between 225 and 380° C. in an amount 
of 10 per cent by weight of the hourly through 
put of the hydrocarbon mixture to be treated, 
only 1 kilogram of gaseous hydrocarbons is 
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formed. 
Eacample 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 sup 
plied to the reaction chamber per cubic meter of 
gas. The waste due to the formation of gaseous 
hy3"ocarbons is considerably reduced. 
What we claim is: 
1. A process for the production of valuable 

non-knocking motor fuels which comprises sub 
jecting normally gaseous paraffin hydrocarbons 
together with added cyclic hydrocarbons selected 
from the group consisting of benzene and its low 
boiling homologues and low boiling hydroaro 
matic hydrocarbons in the vapor phase to a ther 
mal treatment. at a temperature between 400° 
and 700° C. using a silicate having a splitting 
action as the sole catalyst. 

2. In the process as claimed in claim 1 operat 
ing in the presence of hydrogen. 

3. In the process as claimed in claim 1 operat 
ing at a temperature between 450 and 600° C. 

MATHIAS PER. 
GERHARD FREE. 

  


