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The present invention relates to a process for carrying 
out endothermic reactions at high temperatures, wherein 
energy is transferred by a gaseous medium in a manner 
such that by energy supplied the molecules of the gase 
ous medium are split into atoms and the energy set free 
upon recombination of said atoms to molecules is used 
to effect the endothermic reactions. 
There exist, for example, three versions of supplying 

energy in endothermic reactions at high temperatures, 
namely: - 

(a) Transfer of heat from a solid to a gaseous me 
dium, for example, by means of a Cowper stove, a 
pebble heater, or a coke shaft; 

(b) Transfer of heat from a gaseous medium to a 
gaseous medium, for example, by flame reaction; 

(c) Supply of energy by an electric current, for ex 
ample, with the use of the electric arc method. 
Although there are a plurality of processes which have 

become known for each of these three versions, in some 
of the typical high temperature reactions only an un 
satisfactory energetic effect is attained, and this becomes 
evident, for example, in the production of acetylene. 
Some of these processes, for example the production of 
acetylene from carbon and hydrogen, could not at all be 
conducted in an economical manner. Thus, for example, 
reference is made to the process according to Wulff as a 
version of (a) above. This process involves the draw 
back of necessitating large storage facilities for pebble 
heaters, although the hydrocarbons used are only partially 
converted to acetylene. Besides, a rather great amount 
of olefins is obtained and, finally, this process is re 
stricted to the use of hydrocarbons containing 1 to 4 
carbon atoms. 

Processes according to version (b) have also been dis 
closed in the literature which, however, have the follow 
ing disadvantages: - 
The starting material used is only partially reacted; 

a great amount of olefins is always obtained. Further 
more, practically pure oxygen is necessary to produce 
the gaseous heating medium, since when using air only 
insufficiently high temperatures are attained, or a too 
diluted acetylene gas is formed. Still further, the yield 
is reduced by secondary reactions of the combustion 
products which react, among others, with the starting 
material and the resultant acetylene and form carbon 
monoxide and hydrogen. 

Version (c) is used, for example, in electric arc meth 
ods conducted on an industrial scale. If, however, such 
method is applied to hydrocarbons, their conversion is 
only about 50 percent. Besides, the separation of the 
non-reacted hydrocarbon from the hydrogen and the 
repeated expenditure of energy for once more heating 
up said non-reacted hydrocarbon involve further ex 
penses. Furthermore, diacetylene and soot are formed 
and, finally, these processes are restricted to the use of 
hydrocarbons with a small number of carbon atoms. 
Summing up, in the processes mentioned above the re 

actions must be fairly adapted in each particular case 
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to the mode of execution. Furthermore, many of these 
processes could not at all be carried out in an economi 
cal manner, for example the reaction of hydrocarbons 
with nitrogen to obtain hydrogen cyanide, or the forma 
tion of acetylene from carbon and hydrogen. 
The present invention is based on the observation that 

the disadvantages involved in the processes known for 
carrying out endothermic reactions can be prevented by 
using a process wherein, for the transfer of energy, at 
least one gas, such as hydrogen and/or nitrogen, is 
caused to participate in the reaction by heating it so that 
part or all its molecules are thermally split into atoms, 
the gas so formed-containing free atoms-is caused to 
act outside the heating Zone upon the other reactant or 
reactants, and the reacted mixture is chilled. According 
to the process of this invention the energy set free upon 
recombination of the atoms to molecules is used to carry 
out the endothermic reactions. The term "recombina 
tion' as used herein means the re-formation of neutral 
molecules from atoms. 
For the reaction according to this invention, it is not 

necessary that the consumption of the gas split into atoms 
be visible, though this is often the case. In many cases 
it suffices to use a gaseous medium which shifts the 
equilibrium of the endothermic reactions in the direction 
of the reaction course desired, without the participation 
of this medium in the reaction being detectable in the 
composition of the individual reaction products formed. 
Thus, for example, in the manufacture of acetylene from 
hydrocarbons, it is particularly advantageous to use a 
gaseous medium which favorably influences the forma 
tion of acetylene and hinders the formation of soot. 
Due to the presence of the hydrogen required for the 
supply of energy, it is even possible to prevent the forma 
tion of soot practically completely. 
According to this invention endothermic reactions can 

be conducted with particular advantage using hydrogen 
and/or nitrogen as gases which transfer the energy. Such 
reactions are, for example, the preparation of unsatu 
rated organic compounds which, on the one hand, con 
tain at least one triple bond and at most 2 carbon atoms 
and, on the other hand, contain at most two atoms of 
at least one element selected from the group consisting 
of hydrogen and nitrogen, such as acetylene (HC=CH), 
hydrogen cyanide (H-C=N), and dicyane (C=N)2. 
It is also possible to a small extent to produce ethylene. 
For the production of the aforesaid unsaturated organic 
compounds from hydrocarbons or carbon, on the one 
hand, and hydrogen and/or nitrogen, on the other hand, 
generally about 0.05 to about 2 mols of hydrogen and/or 
nitrogen are used per 1 gram atom of carbon contained 
in the starting material. If hydrocarbons are used as 
starting material for the manufacture of products con 
taining hydrogen, it is preferable to use about 0.1 to 
about 1 mol of hydrogen or nitrogen per 1 gram atom of 
carbon contained in the hydrocarbon. If a pulverized 
carbon-containing material, for example coal or coke is 
used as starting material, it is advisable to use greater 
amounts of the gas, i.e. between 0.2 and 2 mols of hydro 
gen and/or 0.2 to 2 mols of nitrogen per 1 gram atom of 
carbon contained in the starting material used. Such 
carbon-content is about equal to the weight of the resi 
due which is obtained after the carbon-containing start 
ing material has been degassed. To this end, it is possible 
to use both degassed or undergassed coal. It is, however, 
advisable to use a coal which has almost been freed from 
humidity by drying it, for example, at a temperature of 
110 to 130 C. 

It is particularly advantageous to use equi-atomic quan 
tities, i.e. to use 1 gram atom of hydrogen and/or 1 
gram atom of nitrogen per 1 gram atom of carbon. 
As starting materials containing carbon there can be 
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used, for instance, saturated or unsaturated hydrocarbons 
containing up to 30 or more carbon atoms or pulverized 
carbon. The term “carbon” as used herein means all 
kinds of carbon or coal such as lignite, coal, coke ob 
tained from coal or lignite, or charcoal. It is particul 
larly advantageous to use Saturated hydrocarbons, such 
as methane, ethane, propane, butane, pentane, heptane, 
octane, decane or dodecane, especially in the form of 
the usual liquid technical or commercial mixtures, for 
example in the form of hydrocarbon oils. If high-boil 
ing oils or hydrocarbons containing, for instance, up to 30 
carbon atoms are used, the hydrogen and/or nitrogen can 
be caused to act upon the liquid oils or liquid hydro 
carbons, especially when these liquid compounds partici 
pate in the reaction in a finely divided form, for example 
as a spray. To this end, it is advisable to admix the 
finely dispersed liquid substances to the current of the 
totally or partially dissociated gas. Generally, it is, how 
ever, more suitable to vaporize the hydrocarbons prior 
to the reaction. 

Instead of aliphatic saturated hydrocarbons containing 
between 1 to about 30 carbon atoms or more, there can 
also be used unsaturated and/or branched hydrocarbons. 
As branched hydrocarbons there come into considera 
tion, for example, isobutane, isooctane, isoheptane etc. 
As unsaturated hydrocarbons there can be used with ad 
vantage, for example, ethylene, propylene, butylene and 
isobutylene. It is, however, also possible to use natural 
mixtures of hydrocarbons of natural origin or those ob 
tained in industry; for example topped Kuwait oil may 
be used. 

In the process of this invention hydrogen and/or nitro 
gen is used for the transfer of energy in a manner such 
that, by the Supply of energy, the molecules of these 
gases are split into atoms and the energy set free upon 
the recombination of the atoms is used, outside the heat 
ing zone, to effect and to feed the endothermic reaction, i.e. for endothermically splitting the hydrocarbons or car 
bon bonds into carbon and for the formation of acetylene 
and/or hydrogen cyanide. In many cases, the aforesaid 
gases participate in the reaction. 
The process according to this invention is particularly 

suitable for use in the production of acetylene. In this 
case the reaction roceeds as follows: hot hydrogen the 
molecules of which are partially or totally dissociated 
into atoms is caused to act upon carbon or, advantage 
ously hydrocarbons, for instance, such as have been men 
tioned above. Contrary thereto, when solid carbon is re 
acted with nitrogen, dicyane can be obtained. If, how 
ever, solid carbon is treated with a mixture of partially 
or totally dissociated hydrogen and nitrogen, or-more 
advantageously-hydrocarbons, for instance those men 
tioned above, are treated with hot nitrogen which has at 
least partially been split into atoms, it is possible to pro 
duce hydrogen cyanide. In the production of hydrogen 
cyanide from nitrogen and aliphatic saturated hydro 
carbons, it is possible to use, as hydrocarbon, for exam 
ple, propane, for example 0.1 to 1 mol, especially 0.7 
to 0.6 mol of propane, per 1 mol of nitrogen. 

Instead of hydrocarbons or carbon there may be used 
as carbon-containing starting materials for the process 
according to the invention aliphatic amines such as methyl 
amine, ethyl amine, propyl amine, butyl amine, lauryl 
amine, oley amine, ethylene-diamine, trimethylamine, di 
methylamine, tetramethylendiamine, hexamethylendia 
min etc. When using these substances as carbon-contain 
ing starting material, the same amounts of hydrogen 
and/or nitrogen as stated above may be used, and hydro 
gen cyanide or mixtures thereof with acetylene may be 
obtained. 
The chilling of the reaction mixture, generally, is per 

formed in a manner such that a liquid which practically 
does not react with the reacting or reacted components 
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is injected into the reacted mixture. Water can, for ex 
ample, be used as such liquid. 

According to the process of this invention the heat nec 
essary to perform endothermic reactions is produced by 
the energy set free upon recombination of the gas atoms 
to molecules. For instance, use is made of the heat of 
reaction of the following reactions: 

H--Hé-2H-100 Kcal. 
o 

N--Né2N-110 Kcal. 
for carrying out endothermic chemical high-temperature 
processes. To attain a high concentration of energy in 
the reaction zone, the molecules are previously dissoci 
ated into atoms and recombined in the reaction chamber. 
An apparatus suitable for use in carrying out the proc 

ess of this invention is illustrated diagrammatically in 
the accompanying drawing. 
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It should be noted that the whole apparatus as well 
as the feed pipes are made of or lined with refractory 
material, for example carbon, chamotte tiles, dynamidon 
tiles, chalk-dinas tiles or magnesium silicate tiles. 

In the drawing the numerals designate the following 
parts: Through pipe 1 the gas to be activated which ad 
vantageously has been preheated to a temperature of about 
1000° C. enters the chamber 2 in which an angular 
momentum is imparted to the gas to be dissociated and 
then passes through a nozzle like aperture 3 into an 
electric arc 4 formed between two carbon or metal elec 
trodes or into another source of energy, for example a 
high frequency discharge, a glow discharge, or a quiet 
electric discharge, where the gas is split into atoms. 
Since the lifetime of these atoms is only within the order 
of about 0.1 to 1 second, which depends on the fact that 
the re-unification of the atoms to the molecule can only 
be performed by a triple collision, the gas passing through 
the surce of energy is required to have a high rate of 
speed. 

It is, therefore, advisable that the minimum velocity 
rate of the gas be above 400 meters per second, prefer 
ably more than 1000 meters per second. The electrodes 
consist, for example, of tungsten or carbon and the elec 
tric arc is for instance charged with about 35 kw. 
After the atomic gas has left the source of energy 4 it 
passes through a further contracted aperture 5 where it 
contacts the substance to be reacted with the atomic gas. 
It is advisable to preheat this substance, preferably to 
a temperature of about 1000 C., it is then passed through 
conduit 6 to point 5. In the reaction chamber 7 which 
is somewhat conically enlarged in downward direction 
the reaction between the two components sets in after 
the most favorable temperature for the optimum con 
version has been adjusted by the temperature of the 
preheated gases and a suitable choice of the correspond 
ing current intensity and tension of the electric arc. At 
the same time, a chilling agent, for example water, is 
sprayed through the nozzle-like distributor 8, so that 
the reacted mixture which escapes at 9 is fairly rapidly 
cooled, for instance, to a temperature of about 100 C. 
If it is desired to react solid substances with the atomic 
gases, these substances are blown in finely divided form, 
for instance as dust, into the reaction chamber through 
conduit 6 by means of a current of preferably non-atomic 
gases of equal kind. 

Having regard to the medium lifetime of the atoms 
and the high velocity of the gas, it is evident that sev 
eral meters behind the electric arc recombination of the 
atoms to molecules has not yet taken place. This Zone 
which contains the free atoms and which is outside the 
electric arc is suitable for carrying out endothermic re 
actions. If, for example, hydrocarbons regardless of the 
size of the molecules are introduced into this, Zone the 
following takes place: 
The recombination of the hydrogen atoms to mole 

cules takes place directly at the place the hydrocarbons 
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are introduced. Therefore, the energy is set free in the 
midst of the reaction agglomerate and directly at a part 
of the hydrocarbon molecule. The molecule of the hy 
drocarbon is split into small particles which form acety 
lene due to the presence of hydrogen, without soot or 
higher acetylenes such as diacetylene being formed. A 
further advantage of the process according to this inven 
tion resides in the fact that it is not necessary to put 
up with an incomplete conversion of the hydrocarbon in 
favor of the yield of acetylene. 
As compared with the known processes, the process 

of this invention provides a better utilization of the hy 
drocarbon used as starting material and is not dependent 
on the use of hydrocarbons having a certain size of the 
molecules; furthermore, much lower costs are involved 
in concentrating the acetylene due to the absence of soot 
and diacetylene; no separation of methane from hydrogen 
and less expenditure of electric energy are necessary. 

If the endothermic reactions are performed in an elec 
tric arc, these reactions do not show an optimum result 
since the electric arc consists of zones having different 
temperatures. The zones at the border are colder than 
the middle zones. Contrary thereto, according to this 
invention, the reaction is not achieved in the electric arc 
but only outside the heating zone, that is to say in an 
exactly delimited and specifically adjustable zone of tem 
perature which allows of obtaining optimum conversions. 
The normal electric arc methods practically must be 

considered to be endothermic reactions. This means 
that in the production of acetylene from hydrocarbons 
or in the production of hydrogen cyanide from hydro 
carbons and nitrogen according to the known processes 
the electric energy is converted to heat energy in the 
presence of the hydrocarbon, or hydrocarbon and ni 
trogen, respectively. Prior to this invention it was im 
possible to convert electric energy to thermal energy and 
at the same time perform the endothermic reaction with 
the best possible effect. In the production of hydrogen 
cyanide it must also be observed that the temperatures 
required to sensitize nitrogen and hydrocarbons are far 
different. 

By the process of this invention, all the disadvantages 
inherent to the known processes are avoided as disclosed 
above. For producing hydrogen cyanide from hydro 
carbons, generally only nitrogen is passed through the 
electric arc. In the production of acetylene from the 
elements which hitherto has been impossible on an in 
dustrial scale since coal dust and hydrogen cannot be 
passed continuously through the electric arc, powdered 
carbon is reacted with atomic hydrogen. 
The following examples illustrate the invention. The 

conversion is performed in an apparatus as described 
above in which carbon has been used as highly refractory 
material. For all the examples herein the same appa 
ratus was used and unless otherwise stated the conver 
sions were conducted under the same reaction conditions. 

Example l 
Through the opening 1 of an arc furnace of 35 kW. 4 

m.8 per hour of hydrogen, suitably preheated to 1000 
C., are introduced in a tangential manner into chamber 
2 in which an angular momentum is imparted to the 
hydrogen. From said chamber the hydrogen passes 
through the nozzle 3 and enters the electric arc burning 
between the electrodes 4. The nozzle is suitably meas 
ured so that the hydrogen enters the area of the electric 
arc at a rate of at least 400 m./sec., preferably about 
1000 m/sec. After having left the electric arc, the 
now atomic hydrogen, at 5, strikes propane which is 
introduced at 6 at a rate of 4 m.8 per hour and has suit 
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ably been preheated to about 1000 C. In the reac 
tion chamber 7 a temperature of 1200 to about 1600 
C. prevails, which temperature is the most favorable one 
for the optimum conversion. The reaction products are 

6 
immediately cooled to about 100° C. by means of water 
introduced through nozzle-like distributor 8 at a rate of 
about 100 liters per hour. Of the carbon used in the 
form of propane there are obtained: 85 percent in the 
form of acetylene; 5.3 percent in the form of propylene; 
8 percent in the form of ethylene; 1.7 percent in the form 
of methane. No formation of higher acetylenes or soot 
takes place. 

Example 2 
The process is carried out in the apparatus and under 

the conditions described in Example 1 with the excep 
tion, however, that, instead of propane, there are intro 
duced, per hour, about 5 kilograms of a topped oil of 
Kuwait origin (boiling at a temperature between 160 
and 340 C.) in the form of vapor and having a tem 
perature of about 500 C. 
Of the carbon used there are obtained: 78 percent in 

the form of acetylene; 5.1 percent in the form of pro 
pylene; 13.3 percent in the form of ethylene; 3.2 percent 
in the form of methane. In this case also no soot is 
formed. 

Example 3 
The process is carried out in the apparatus and under 

the same conditions as described in Example 1, with the 
exception, however, that instead of propane there are 
introduced, per hour, 4 kilograms of dodecane in the 
form of vapor and having a temperature of about 500 
C. There are obtained in the form of acetylene about 
80 percent of the carbon contained in the dodecane. 

Example 4 
The process is carried out in the same apparatus and 

under the same conditions as described in Example 1 
with the exception, however, that instead of propane, 
there are introduced, per hour and behind the electric 
arc, 1.5 kilograms of most finely pulverized lignite sus 
pended in hydrogen which is blown in in an amount of 
about 2 cubic meters per hour and which has been pre 
heated to a temperature of about 1000 C. The hydro 
gen freed from the unreacted lignite dust contains up 
to about 18 percent by volume of acetylene. 

Example 5 
The process is carried out under the same conditions 

as described in Example 1 with the exception, however, 
that instead of hydrogen, there are passed through the 
electric arc per hour 5 cubic meters of nitrogen pre 
heated to a temperature of 1000 C. and split in the 
electric arc into atoms. The propane introduced at 5 
is used in a quantity of 3 cubic meters per hour. There 
are obtained in the form of hydrogen cyanide about 60 
percent of the carbon used in the form of propane and 
15 percent of the carbon used are obtained in the form 
of acetylene. The remainder consists almost completely 
of methane. 
We claim: - 

The process of preparing extremely high yields of an 
unsaturated organic compound containing at least one 
triple bond and at most two carbon atoms and consist 
ing of carbon, and at most two atoms of at least one 
element selected from the group consisting of hydrogen 
and nitrogen, said process comprising the steps of ther 
mally dissociating the molecules of a gas selected from 
the group consisting of hydrogen, nitrogen, and mixtures 
thereof into atoms by passage in direct contact with an 
electric arc, admixing thermally dissociated gas with a 
carbon-containing substance selected from the group con 
sisting of finely divided carbon, aliphatic amines and 
hydrocarbons within a time of from about 0.1 to about 
1.0 second from the time of dissociation and in a Zone 
removed from said electric arc, the ratio of thermally 

75' dissociated gas to selected substance being from about 
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0.2 to about 2.0 mols of dissociated gas per gram atom 
of carbon in said selected substance, the flow rate of 
thermally dissociated gas from the electric arc to the 
zone removed from the electric arc being at least about 
400 meters per second, the heat liberated by reassocia 
tion of said thermally dissociated atoms causing an endo 
thermic reaction and forming said unsaturated organic 
compound, and immediately thereafter rapidly cooling 
the resulting reaction mixture. 
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