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Various processes have already been described which 
relate to the production of low molecular unsaturated 
hydrocarbons, wherein gaseous or liquid hydrocarbons 
are reacted with a carrier gas at high temperatures. As 
carrier gas it has been proposed to use, for example, 
steam. In these known processes, the gas used as a 
carrier has been heated in various ways to a high tem 
perature. Thus, for example, a tower filled with ceramic 
material is first heated by combustion gases of carbon 
containing compounds and, when the combustion is 
terminated, the tower is cleansed by means of inert 
gases, e.g. steam, so as to remove the combustion gases 
and the steam is then heated up on the heated ceramic 
material. This process, however, involves the disad 
vantage that the steam temperature varies during the 
cracking process and diminishes in each period until the 
heating tower must again be heated up; therefore, a 
non-uniform reaction product is always obtained. This 
process, furthermore, requires thorough and constant 
control and involves great losses in energy. 

According to another known process, the hot com 
bustion gases from an oxyhydrogen flame are used as a 
carrier; these gases are mixed in a nozzle with a hydro 
carbon that is gaseous at room temperature and under 
normal pressure, and the mixture of gases is chilled 
after a short time of reaction. However, this process 
involves the disadvantage that the hot combustion gases 
of the oxyhydrogen flame contain a considerable propor 
tion of oxygen-containing radicals, oxygen atoms and 
oxygen molecules which react with part of the hydro 
carbon to form carbon monoxide and carbon dioxide. 
Our present invention provides a process for the manu 

facture of low molecular unsaturated aliphatic hydro 
carbons, especially acetylene and/or ethylene, in which 
a hydrocarbon containing at least two carbon atoms is 
pyrolized by contacting it for a short time with a 
carrier gas consisting of hot combustion gas containing 
hydrogen, wherein the oxygen- and oxygen-containing 
radicals, oxygen atoms and oxygen molecules which are 
formed by dissociation and are contained in the hot com 
bustion gas are first recombined by the introduction of 
at least one secondary gas having a lower temperature 
than the combustion gas and which is advantageously 
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of the same chemical nature as the combustion gas, 
and the hydrocarbon to be pyrolized is then contacted 
with this carrier gas which has thus been substantially 
freed from oxygen. The unsaturated hydrocarbon prod 
ucts which chiefly contain 2 to 4 carbon atoms are 
obtained in a good yield. 
The aforesaid disadvantages inherent to the known 

processes are substantially overcome by the process of 
the invention and at the same time the formation of 
carbon monoxide and carbon dioxide has been sub 
stantially reduced. The recombination heat set free upon 
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introduction of the less heated gas is used for heating 
up the secondary-gas and the dissociation energy con 
tained in the carrier gas used is converted to kinetic 
energy. It has been found that the oxygen-containing 
radicals, the oxygen atoms and the oxygen molecules 
'contained in the carrier gas favour the formation of 
carbon monoxide and carbon dioxide in the subsequent 
cracking process. If, however, according to this inven 
tion, the carrier gas is freed from such radicals, then 
a considerably smaller quantity of these by-products 
is formed. 
The process of this invention can be conducted with 

advantage by so selecting the amount of the hydrocarbon 
introduced that the temperature of the gas mixture still 
amounts to at least 700 C. after the gas has been mixed 
and reacted with the hydrocarbon or hydrocarbons with 
in the conventional time of reaction which, preferably, 
amounts to 10 to 104 seconds, and prior to the 
chilling of the reaction mixture. 
When it is desired to produce ethylene as the main 

product, it is advisable to effect the reaction within 10-1 
to 10 seconds; in this case, the amount of the hydro 
carbon introduced is so selected that the temperature 
of the gas mixture still amounts to at least 700° C. after 
the gas has been mixed and reacted with the hydrocarbon 
and prior to the chilling of the reaction mixture obtained. 
When, however, it is desired to produce acetylene as the 
main product, it is advantageous to perform the reac 
tion within a shorter time, i.e. within 10-2 to 10-4 sec 
onds, and so to select the amount of the hydrocarbon 
introduced that the temperature of the gas mixture still 
amounts to at least 1000 C., after the gas has been 
mixed and reacted with the hydrocarbon or hydrocarbons 
and prior to the chilling of the reaction mixture obtained. 
As starting hydrocarbons there are used aliphatic 

hydrocarbons. As such compounds there may be men 
tioned, more especially, ethane, propane, butane, ethyl 
ene, propylene, the butylenes and commercial mixtures 
of these gases; as hydrocarbons which are liquid at 
room temperature there can advantageously be used any 
hydrocarbons, such as hexanes, heptanes, octanes, 
decanes, the mono-unsaturated aliphatic hydrocarbons, 
commercial mixtures of hydrocarbons, such as petroleum 
distillates, fractions of benzine, topped oils, diesel oils 
etc. There can also be used hydrocarbons which are 
Solid at room temperature and contain up to 30 or 
more carbon atoms; these latter compounds are ad 
vantageously used in the form of a solution in less heavy 
hydrocarbons or in a melted form. The aforesaid hy 
drocarbons are contacted in the vapor or liquid or 
gaseous state with a current of combustion gases which 
are free from oxygen and contain hydrogen. 
The process according to this invention can be con 

ducted with particular advantage without application of 
Superatmospheric pressure. It is, however, also possible 
to perform the pyrolysis both with application of elevated 
pressure or under slightly reduced pressure. It is ad 
visable to introduce the secondary gas under a pressure 
of at least 1 atmosphere. (absolute). However, it is 
advantageous to introduce the secondary gas at least 
under the same pressure as prevails at the inlet where the 
carrier gas is introduced. . 
As carrier gas there may be used with advantage the 

combustion gases of oils, coal dust, gaseous hydrocar. 
bons, hydrogen, etc. to which free. hydrogen is added, 
if not yet contained in these compounds. As carrier 
gas there may also be used mixtures of hydrogen with 
steam and carbon monoxide, if desired in admixture 
with carbon dioxide or small amounts of other sub 
stances which do not affect the reaction and as obtained 
by combustion of the aforesaid substances or by... the 



3 
addition of hydrogen. In the preparation of acetylene 
it is, generally, not advisable to use as carrier gas nitro 
gen or carbon dioxide alone or gas mixtures rich in 
nitrogen or carbon dioxide. These mixtures exhibit a 
detrimental effect, that is, in the presence of carbon di 
oxide it is especially the subsequent separation of the 
gas that is rendered difficult, and in the presence of 
nitrogen the formation of acetylene is retarded. 
As secondary gases there may also be used the gases 

that are formed by the combustion of the substances 
described in the preceding paragraph. For the purpose 
of this invention, it has proved to be particularly advan 
tageous to use steam as carrier gas, and to use steam 
and/or hydrogen as secondary gas. If hydrogen is used 
as secondary gas, the hydrogen can be introduced into 
the carrier gas at any temperature desired; if, however, 
steam is used as a secondary gas, such steam is required 
to have a temperature which at least corresponds to the 
boiling point of the water under the corresponding pres 
sure. When mixtures of steam or mixtures of steam 
and hydrogen are used, it is, however, advantageous to 
introduce these mixtures at a temperature of at least 
150° C. 
The quantity of the secondary gas used may vary 

within wide limits; furthermore, the amount is dependent 
on the temperature of the carrier gas and the secondary 
gas. The amount of the secondary gas used, generally, 
amounts to between 1 and 80 percent by weight, prefer 
ably 30 to 70 percent by weight, and is in each case 
calculated upon the sum of carrier gas and secondary gas. 
The hydrocarbon is introduced according to methods 

known per se; it is preferable to introduce the hydro 
carbons at a temperature not in excess of 400° C., so 
that no cracking occurs prior to the reaction. It is, 
however, also possible to introduce liquid hydrocarbons by injection, 

In the process of this invention the carrier gas is pro 
duced, as has already been mentioned above, by com 
bustion of a combustible substance immediately before 
contacting the hydrocarbon. To this end, it is advisable 
to provide for a fairly small distance between the com 
bustion flame and the reaction chamber in order to keep 
the heat losses caused by dissipation as limited as pos 
sible. Preferably a nozzle is arranged between the com 
bustion flame and the reaction chamber, it being of 
advantage to mix the hydrocarbon with the gas used as 
carrier gas immediately behind that nozzle. 
The significance of the process steps according to the 

invention is apparent from the fact that in a hot current 
of steam of 2000° C. about 1.0 percent by volume of 
steam is present in the form of the OH-radical, 1.0 per 
cent by volume in the form of the O-molecule, and 
0.06 percent by volume in the form of the oxygen atom. 
At a temperature of 2850 C. which is the temperature 
of the oxyhydrogen flame without admixture of second 
ary steam, the OH-radicals, O-radicals and O-molecules 
are present in a proportion of 11.5:4.5:5.8 percent by 
volume. It will be understood that the higher the tem 
perature of the combustion gas, the greater is the advan 
tage offered by the process of this invention. 

It has already been proposed to mix a superheated 
carrier gas with heated methane, ethane or propane in 
a nozzle and to react the mixture obtained in a reactor. 
In this known process the propellant has a temperature 
of about 2200 C. and, when it is mixed with said hy 
drocarbons, a temperature of about 1650 C. At 2200 
C. there are still present noteworthy quantities of oxygen 
containing radicals, oxygen atoms and oxygen molecules 
which favour the formation of carbon monoxide from 
the hydrocarbons to be reacted. Besides, according to 
this known process, the gases to be reacted are preheated 
on the filling material to temperatures of about 1000 
C. and more prior to being mixed up, whereby distinct 
cracking occurs. This process is very complicated and 
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4. 
can only be conducted, if at all, with the use of hydro 
carbons which are gaseous at room temperature because 
of the high temperatures required for pre-heating and 
owing to the special mode of pre-heating the aforesaid 
hydrocarbons which are to be reacted; this pre-heating 
operation involves pumping the cooled filling material 
into a second container to be heated up. 
The following examples serve to illustrate the inven 

tion, but they are not intended to limit it thereto: 
EXAMPLE 1. 

(A) To the hot combustion gases obtained by com 
bustion, per hour, of 26 normal cubic metres (cubic 
metreat 0° C. under atmospheric pressure) of hydrogen 
and 12 normal cubic metres of oxygen, ethylene is added 
in an amount Such that the temperature in the reaction 
Zone is about 1100 to 1300° C. The gases are reacted 
within about 0.005 second and then chilled. - 

(B) The same amounts of hydrogen, oxygen and eth 
ylene are reacted as indicated sub. A with the exception, 
however, that, per hour, 9 kilograms of steam are added 
prior to the mixing operation with ethylene. 

(C) The reaction tower is charged with the same 
amounts of oxygen, hydrogen and ethylene as indicated 
Sub A. and B with the exception, however, that, per 
hour, 35 kilograms of steam are added prior to the mix 
ing operation with ethylene. The test results obtained 
are indicated in the following table. The quantities 
determined by analysis are given in percent by volume: 

Table 
H-H-----. 

A B C 

Steam intro- Steam intros Without steam duced, 9 kilo- duced, 35 kilo 
grains/hour granShour 

2.3 ... 6 (). 4 
14.2 22.2 22.0 
4.2 9.8 20.8 
4.0 8.2 4.9 
62.3 52.8 48.0 
3.0 5.4 3.9 

-------...-- 
EXAMPLE 2 

To the hot combustion gases obtained by combustion, 
per hour, of 27.5 normal cubic metres of hydrogen and 
13.5 normal cubic metres of oxygen are added first 19.5 
kilograms of steam of 180° C. and immediately there 
after benzine (boiling range: 50–220° C.; superheated 
to 350° C.) in an amount such that the temperature in 
the reaction zone amounts to 1100-1300° C. The 
components are reacted in the reaction zone for 0.002 
Second and the reaction mixture is chilled. 
From the benzine introduced is obtained 95 percent of a gaseous product of the following composition, 

(Quantities in percent by volume): 0.8% of CO. 17.0% 
of acetylene, 0.8% of higher unsaturated hydrocarbons, 
14.9% of ethylene, 9.1% of carbon monoxide, 44.8% 
of hydrogen and 12.6% of saturated hydrocarbons con 
sisting Substantially of methane. 

EXAMPLE 3 

To the hot combustion gases obtained by combustion, 
per hour, of 27.5 normal cubic metres of hydrogen and 
13.5 normal cubic metres of oxygen are added, per hour, 
3 kilograms of steam of 180° C. and immediately there 
after a petroleum fraction (boiling range: 54-360° C.; 
Superheated to 400° C.) in an amount such that the tem 
perature in the reaction zone amounts to 1100-1300° C. 
The components are reacted in the reaction zone within 
0.002 second and the reaction mixture obtained is chilled. 
From the petroleum fraction used is obtained 78.5 

percent of a gaseous product of the following composi 
tion (quantities in percent by volume): 2.1% of CO, 
15.1% of acetylene, 0.8% of higher unsaturated hydro 
carbons, 11.8% of ethylene, 9.9% of carbon monoxide, 
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47.5% of hydrogen, and 12.8% of unsaturated hydro 
carbons. 

EXAMPLE 4 
Under the conditions applied in Example 3 are re 

acted the same amounts of hydrogen, oxygen and hydro 
carbons of the same petroleum fraction (boiling range: 
54-360° C.) with the exception, however, that the com 
bustion gases are mixed, per hour, with 19.5 kilograms 
of steam prior to being mixed up with the hydrocar 
bons. 

From the petroleum fraction used is obtained 76 per 
cent of a gaseous product of the following composition 
(quantities in percent by volume): 1.6% of CO2, 17.5% 
of acetylene, 13.9% of ethylene, 8.8% of carbon mon 
oxide, 45.6% of hydrogen and 12.6% of saturated hydro 
carbons. 
What we claim is: 
1. A process for the manufacture of low molecular 

weight unsaturated aliphatic hydrocarbons which com 
prises (a) forming a stream of hot combustion gas con 
taining oxygen atoms, oxygen molecules and oxygen 
containing radicals formed by dissociation; (b) introduc 
ing a secondary gas into said stream of hot combustion 
gas for recombining the oxygen atoms, oxygen molecules 
and oxygen-containing radicals therein and thereby form 
ing a stream of carrier gas which is substantially free 
from molecular oxygen and contains hydrogen, said sec 
ondary gas having a temperature of at least about 150 
C. but a lower temperature than the combustion gas and 
the amount thereof being about 1 to 80% by weight, 
calculated upon the total amount of carrier gas; (c) 
passing the carrier gas through a restricted opening into 
a reaction zone for accelerating said stream of carrier 
gas; and (d) contacting the accelerated stream of carrier 
gas with a hydrocarbon containing at least two carbon 
atoms in the molecule for 0-1 to 104 seconds for 
pyrolysis of said hydrocarbon, the rate of feed of hydro 
carbon being adjusted to maintain the temperature of 
the reacted gas mixture at at least about 700° C. 

2. A process for the manufacture of low molecular 
weight unsaturated aliphatic hydrocarbons rich in un 
saturated Ca hydrocarbons which comprises (a) forming 
a stream of hot combustion gas obtained by combustion 
of an excess of hydrogen with oxygen and containing 
oxygen atoms, oxygen molecules and oxygen-containing 
radicals formed by dissociation; (b) introducing a sec 
ondary gas into said stream of hot combustion gas for 
recombining the oxygen atoms, oxygen molecules and 
oxygen-containing radicals therein and thereby forming 
a stream of carrier gas which is substantially free from 
molecular oxygen and contains hydrogen, said secondary 
gas being selected from the group consisting of hydrogen, 
steam and mixtures thereof and having a temperature 
of at least about 150° C. but a lower temperature than 
the combustion gas and the amount thereof being about 
1 to 80% by weight, calculated upon the total amount 
of carrier gas; (c) passing the carrier gas through a 
restricted opening into a reaction zone for accelerating 
said stream of carrier gas; and (d) contacting the ac 
celerated stream of carrier gas with a hydrocarbon that 
is liquid at room temperature for 101 to 104 seconds 
for pyrolysis of said hydrocarbon, the rate of feed of 
hydrocarbon being adjusted to maintain the temperature 
of the reacted gas mixture at at least about 700° C. 

3. A process for the manufacture of low molecu 
lar weight unsaturated aliphatic hydrocarbons rich in 
acetylene which comprises (a) forming a stream of 
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6 
hot combustion gas obtained by combustion of an ex 
cess of hydrogen with oxygen and containing oxygen 
atoms, oxygen molecules and oxygen-containing radi 
cals formed by dissociation; (b) introducing a sec 
ondary gas into said stream of hot combustion gas for 
recombining the oxygen atoms, oxygen molecules and 
oxygen-containing radicals therein and thereby forming 
a stream of carrier gas which is substantially free from 
molecular oxygen and contains hydrogen, said secondary 
gas being selected from the group consisting of hydro 
gen, steam and mixtures thereof and having a tempera 
ture of at least about 150 C. but a lower temperature 
than the combustion gas and the amount thereof being 
about 1 to 80% by weight, calculated upon the total 
amount of carrier gas; (c) passing the carrier gas through 
a restricted opening into a reaction zone for accelerat 
ing said stream of carrier gas; and (d) contacting the 
accelerated stream of carrier gas with a hydrocarbon that 
is liquid at room temperature for 102 to 10 seconds 
for pyrolysis of said hydrocarbon, the rate of feed of 
hydrocarbon being adjusted to maintain the temperature 
of the reacted gas mixture at at least about 1000 C. 

4. A process as defined in claim 1 wherein steam is 
present in the secondary gas and said secondary gas has 
in addition a temperature at least equal to the boiling 
temperature of water under the conditions of operation. 

5. A process according to claim 1, wherein the hydro 
carbons to be pyrolized are preheated before they are 
contacted with the combustion gas. 

6. A process according to claim 1, wherein ethylene 
is produced as a main product by adjusting the tempera 
ture of the gas mixture after the reaction within 10 
to 103 sec., to at least 700° C. by regulating the amount 
of the hydrocarbon to be pyrolized. 

7. A process according to claim 1, wherein the reac 
tion is carried out substantially at atmospheric pressure. 

8. A process according to claim 1, wherein the sec 
ondary gas is introduced under a pressure of at least 1 
atmosphere. 

9. A process according to claim 1, wherein the sec 
ondary gas is a compound selected from the group con 
sisting of hydrogen, steam and mixtures thereof, 

10. A process according to claim 1, wherein the sec 
ondary gas is used in an amount of 30-70% by weight, 
calculated upon the total amount of combustion gas and 
secondary gas. 

11. A process according to claim 1, wherein a com 
bustion gas is used which consists substantially of steam. 

12. A process according to claim 1, wherein the hydro 
carbon to be pyrolized is liquid at room temperature and 
is contacted with the combustion gas in the geaseous 
State, 

13. A process according to claim 1, wherein steam is 
used as secondary gas. 

14. A process accordingto to claim 1, wherein a com 
bustion gas is used which consists substantially of a 
mixture of steam, hydrogen and carbon monoxide. 
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