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14 Claims. (Cl. 260-683) 
The present invention relates to a two-stage pyrolysis 

of hydrocarbons. 
It is known that hydrocarbons containing two or more 

carbon atoms (hereinafter defined as paraffinic hydro 
carbons) can be cracked by introducing these hydrocar 
bons, if desired after they have been separately preheated, 
in liquid or vapor form, into a current of hot combustion 
gases and chilling them after a short period of reaction. 
The cracked products so obtained consist substantially 
of acetylene, ethylene and higher olefins. The combus 
tion gases are produced by burning hydrogen and/or 
any desired carbonaceous compound with oxygen in a 
combustion chamber and cooling the hot gases to the op 
timum temperature by addition of a secondary gas, for 
example steam and/or hydrogen. 

It is also known that methane can be cracked in a 
manner similar to that described above, but in this case 
the pyrolysis must be carried out at a temperature higher 
than that used for cracking paraffinic hydrocarbons, 
which is quite plausible considering the different free 
energy values. The temperature down to which a reac 
tion occurs (reaction end temperature) varies in the 
case of paraffinic hydrocarbons between 700 C. and 
1250 C.; this temperature must be the higher the greater 
the desired yield of acetylene. In the pyrolysis of meth 
ane such temperature must amount to at least 1400-1600 
C., if a considerable portion of methane'shall be cracked. 
The amount of heat dissipated by the chilling which is 
lost for the chemical reaction when cracking methane, 
is accordingly much greater than it is in the pyrolysis of 
paraffinic hydrocarbons. Since such amount of dissi 
pated heat can only be used for producing steam, if at 
all, it is evident that such high temperatures interfere 
with the economy of the methane pyrolysis. 
The present invention provides a process for pyrolyz 

ing hydrocarbons, wherein methane is introduced into a 
hot combustion gas free from molecular oxygen in ex 
cess to produce a hot gas mixture, and wherein at least 
one paraffinic hydrocarbon containing at least two car 
bon atoms is introduced separately, in finely divided form, 
into said hot gas mixture, and the reaction mixture is 
chilled. 
The term "paraffinic hydrocarbon" as used herein is 

intended to mean non-aromatic hydrocarbons or mixtures 
of hydrocarbons containing more than 2 carbon atoms, 
which consist substantially of saturated, straight chain, 
branched or cyclic hydrocarbons or mixtures thereof. 
The term "parainic hydrocarbons' is also intended to 
mean saturated hydrocarbons containing small amounts 
of aromatic. or olefinic hydrocarbons. Still further, it 
is intended to comprise saturated hydrocarbons contami 
nated by small amounts of sulfurous and/or nitrogenous 
compounds as they are obtained in chemical processes or, 
more especially, as they appear in natural hydrocar 
bons. 

Suitable paraffinic hydrocarbons are gaseous, liquid 
and solid, non-aromatic hydrocarbons; solid hydrocarbons 
may be first melted or dissolved in liquid hydrocarbons 
and then used in the liquid state. More especially, it is 
advantageous to use gaseous or liquid hydrocarbons as 
obtained in processing petroleum or in the hydrogena 
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tion of carbon monoxide (Fischer-Tropsch-process). It 
is especially advantageous to employ saturated hydrocar 
bons carrying up to 30 or more carbon atoms, such as 
ethane, propane, butane, pentane, heptane, octane, decane, 
or dodecane. There may also be used branched hydro 
carbors, for example isobutane, isohexane, isoheptane or 
isooctane. Still further there may be used saturated cyclic 
hydrocarbons, such as cyclopentane, cyclohexane, cyclo 
heptane, cyclooctane, cyclodecane or bicyclododecane. 
These hydrocarbons are advantageously used in the 
form of commercial mixtures, such as petroleum distil 
lates or hydrocarbon oils, for example topped Kuweit 
oil, or in the form of industrial or natural gases. There 
may also be employed paraffinic hydrocarbons contain 
ing small amounts of olefins, such as ethylene, propylene, 
normal or isobutylene. The hydrocarbons are used in 
either the gaseous or liquid state; in the latter case they 
are introduced into the combustion chamber in fine distri 
bution, for example by atomization. The term "fine dis 
tribution" as used for the purposes of this invention is 
not only intended to include fine atomization of liquid 
hydrocarbons, but it is also intended to include the use 
of hydrocarbons in gas and vapor form. 
The combined pyrolysis offers the advantage of being 

5 more economic in view of the fact that the energy is 
utilized to a degree which could only be reached so far 
by using paraffinic hydrocarbons; notwithstanding that it 
is possible to partially replace these hydrocarbons by 
the cheaper methane which may be used, for example . 
in the form of earth gas. In other words, the very same 
amount of heat hitherto necessary to crack a certain 
amount of methane, enables at the same time an addi 
tional quantity of paraffinic hydrocarbons to be pyrolyzed. 

40 

Accordingly, a considerably reduced amount of heat is 
5 required for producing the same amount of a desired 
pyrolyzed product, more especially olefins and acetylene. 
The process of this invention will therefore be used when 
it is desired to better utilize the energy expended in the 
methane pyrolysis by subsequently cracking paraffinic hy 
drocarbons, or when it is intended to reduce the costs of. 
the starting material in pyrolyzing paraffinic hydrocar 
bons by combination with a methane pyrolysis (at the 
same degree of energy utilization). 

In the latter case the expenditure for the secondary gas 
and the additional hydrogen may be saved, since methane 
may be substituted for both gases, either wholly or 

, partially. The invention offers the further advantage that 
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the reaction product obtained contains much more un 
saturated compounds than that obtained in the pyrolysis 
of methane, r 
With a view to the experiences so far gained in the art, 

it could not be expected that such combined cracking 
process would be possible; the combined cracking process 
can only be carried out successfully if the reaction time 
for the second cracking, which takes place at a tempera 
ture lower than that in the first cracking, is still short 
enough to prevent a noticeable decomposition of the 
acetylene produced in the first stage of cracking. For 
this reason the temperature must not have fallen to too 
low a degree following the first stage, since periods of 
stay would otherwise be necessary during which a note 
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worthy portion of the acetylene formed in the first crack 
ing stage would decompose. On the other hand, it is 
necessary to add the second hydrocarbon only when the 
reaction of the methane is substantially complete, since 
otherwise a considerable portion of the methane would 
not undergo reaction due to the greater reaction velocity 
of the paraffinic hydrocarbons. 

In carrying out the combined cracking process, any 
desired combustible is burned with oxygen or a gas rich 
in oxygen (for example air or air enriched with oxygen) 
in a combustion chamber as usually used in order to pro 
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duce the hot combustion gas; a possible addition of steam 
or hydrogen should not exceed 10% calculated upon the 
amount of the combustion gas. The combustible and the 
gases containing oxygen used may have been preheated to 
a temperature of between about 200 C. and about 800 
C, preferably between about 400° C. and about 600 C. 
The combustion gas so produced is free from molecular 
oxygen in excess and enables temperatures of more than 
2000 C, and more especially of up to 2400 C. to about 
2600 C, to be reached. 
As combustible there may advantageously be used gase 

ous or liquid or fusible solid hydrocarbons in liquefied 
form, in the latter case in a finely divided state. There . 
may also be used hydrogen, carbon monoxide or water 
gas containing an excess of hydrogen and/or carbon mon 
oxide and, more especially, gases which consist substan 
tially of methane, such as natural gases. It is especially 
advantageous to use pure hydrogen or a mixture of pure 
hydrogen with one of the aforesaid combustibles. From 
an economical point of view it is especially useful to use 
as combustible the residual gas obtained from the crack 
gas after separation of unsaturated compounds and car 
bon dioxide; this residual gas consists substantially of hy 
drogen, carbon monoxide and methane. 
The methane which, advantageously, has been pre 

heated to a temperature of about 400 C. to about 800 
C., is introduced into the combustion chamber at a place 
near the outlet of said chamber. The combustion cham 
ber is connected with a reactor which is so dimensioned 
that the time of stay of the gas mixture in said reactor is 
within the range of about 108 to about 10 seconds, 
and in which the methane is cracked to substantially pro 
duce acetylene and carbon monoxide. The amount of 
methane introduced is so regulated that the reaction end 
temperature is above 1200 C. and, advantageously, be 
tween 1400° C. and 1600 C. The paraffinic and advan 
tageously also preheated hydrocarbons which participate - 
in the second stage of the cracking reaction are added in 
a second reactor by means of one or more nozzles. 
These hydrocarbons may have been preheated, for ex 
annple to 50 C. up to almost 500 C, preferably to 200 
C. to 400 C. In the second reactor which is designed 
similar to that used in the first reaction stage, the hydro 
carbons are cracked within a time in the range of 10 to 
10 seconds and furnish substantially ethylene. The hot 
gases are fairly rapidly chilled at an end temperature 
which is between 700 C. and 1100 C. depending on the 
amount of paraffinic hydrocarbons used, washed, and the 
gases obtained are separated from one another in the 
usual manner. 
The process described above may also be influenced by 

varying the pressure conditions. In this case, the combus 
tion is brought about in the combustion chamber (com 
bustion zone) under a raised pressure of about 2 to 
about 21 atmospheres absolute, preferably 3 to about 9 55 
atmospheres absolute. The second reaction chamber 3 
(second zone of reaction) is advantageously kept under a 
certain diminished pressure of about 0.1 to 0.9 atmos 
phere absolute, preferably 0.5 to 0.9 atmosphere absolute. 
As a consequence of this measure, a pressure is produced 60 
in the first reaction chamber which is situated between 
the combustion chamber 1 and the second reaction cham 
ber 3; the design of the first reaction chamber, for example 
the constricted opening arranged between 1 and 2 and/or 
2 and 3 enables this pressure to be adjusted to about 0.9 65 
atmosphere absolute to about 2 atmospheres absolute, 
preferably about 1 atmosphere absolute to about 1.4 at 
mospheres absolute. Such regulation of the pressure con 
ditions as described above leads to an increased yield of 
unsaturated hydrocarbons. 

Apparatuses suitable for use in carrying out the proc 
ess of this invention are illustrated diagrammatically in 
Figures 1 and 2 of the accompanying drawing. 
To effect the combustion at the desired high tempera 

ture, there may be used, for example, a metal burner is 
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used in the partial methane combustion process. 

4. 
into the head of which the combustion gases and oxygen 
or the gases rich in oxygen are introduced tangentially or 
radially. Towards the end of the combustion zone, a 
small amount of steam, hydrogen or a mixture of these. . 
two gases, may be admixed as a secondary gas. In the 
neck of the burner, methane is introduced through one or 
advantageously several preferably radial nozzles, the 
number of nozzles used being so selected that the methane 
is rapidly mixed with the combustion gases so as to avoid 
that the uncooled combustion gases come into contact 
with the wall of the reactor. 

Reactors 2 and 3 consist, for example, of cylindrically 
or conically shaped metal tubes, betweeen which a con 
stricted zone may be arranged similar to that forming 
the transition zone between the combustion chamber and 
reactor 2. The dimensions of this constricted zone 
enable the pressure conditions which prevail in the reac 
tors to be regulated. In view of the high temperature, 
the reactors may be provided at the inside with a ceramic 
lining, or may be cooled from the outside as shown in 
Figures 1 and 2 of the accompanying drawing. In spe 
cial cases both reactors may form a uniform tube with 
appropriately arranged nozzles for the supply of aliphatic 
hydrocarbons. The supply pipes may be provided with 
a separate cooling jacket to avoid superheating, or the 
cooling jacket of the reactor may undertake the cooling 
as shown in Figure 2. The combustion chamber may 
likewise be lined at the inside with ceramic material or 
may be cooled from the outside, for example with water, 
in order to protect the combination chamber against the 
influence of the high temperatures used. 
The combined pyrolysis described above can “???’????? 

In this 
case, the reactants are preheated to a temperature in the 
range of between about 400 C. and about 800 C. and 
methane is burned with a deficiency of oxygen in a 
burner of known design. The combustion and methane 
cracking take place in one stage; paraffinic hydrocarbons 
are then added separately in the manner described above, 
cracked and chilled, 
The following examples serve to illustrate the inven 

tion, but they are not intended to limit it thereto: 
Example 

28.2 Nm/h, (normal cubic meters; N.T.P.) of hy 
drogen were burned with 12.9 Nm/h, of oxygen under 
a pressure of 2.5 atmospheres absolute in a water-cooled 
burner . In the neck (A) of the burner, the hot com 
bustion gases (about 2400 C.) were admixed with 8.6 
Nm/h. of methane which had been preheated to 400 
C.; the methane was introduced through 2 radial nozzles; 
the mixture so obtained was then pyrolyzed within a 
time of stay of 0.5.10 seconds in a cylindrically shaped 
reactor 2 lined with ceramici materia. In the con 
stricted zone (B) 5.0 kg/h. of light benzin? (“slop 
benzine"; boiling range: 30-105 C.) were added through 
two water-cooled nozzles; the benzine had previously 
been evaporated and heated to 250 C. The benzine 
was cracked in a reactor 3 within 3.10-9 seconds and 
chilled with water. 30.4 Nm./h. of gas was obtained 
(composition A). When following the methane pyrol 
ysis, the cracked gases were chilled without addition of 
benzine, 246 Nm/h. of gas was obtained (composi 
tion B). m 

Composition Coalposition '???? B, Percent 
by volume by volume 

ööIIIIIIIII:::::::::::::: 
OSO 9.8 12.0 
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Example 2 

The experiment was carried out in an apparatus 
described in the preceding example with the 
that no constricted zone was provided between the two 
reactors. 27.2. Nm/h. of hydrogen were burned with 
13.6 Nm/h. of oxygen and the combustion gas produced 
was admixed with 15.0 Nm./h. of methane which had 
been preheated to 600 C.; in the second stage there were 
then added 3.8 kg/h, of a petroleum fraction (boiling 
range: 60-180° C.) which had previously been evap 
orated and preheated to 300' C. 41.5 Nm./h. of 
cracked gas (composition A) were obtained as compared 
with 37.8 Nm./h. of cracked gas (composition B) with 
direct chilling following the methane pyrolysis without 
addition of petroleum fraction. 

Compostom || Composition ?? ? 
A Percent B, Percent 
by volume by volume 

62.6 7. 9 
? 1.3 . 
10,? 11.7 
1.3 8.7 
8, 2 7.5 

0. O 
20 18 

Example 3 
20,5 Nm/h. of recycled gas containing 56.2% of Ha 

11.4% of CH, 29.4% of CO, 3% of Na were burned 
with 13.9 Nm.3/h. of oxygen under a pressure of 5.5 at 
mospheres absolute in a water-cooled burner 1 provided 
with a nozzle (A) narrower than that used in Example 1. 
2.0 kg/h. of steam were additionally introduced into the 
burner as secondary gas. In the neck of the burner, the 
hot combustion gases (about 2500 C.) were admixed 
with 11.6 Nm./h. of methane which was introduced 
through four radial nozzles and had been preheated to 
600 C.; the gases were then cracked under a pressure of 
1.2 atmospheres absolute; a temperature of about 1400' 
C. was reached. In the second stage 6.2 kg/h. of light 
benzine ("slop benzine"; boiling range: 30-10S C.) 
which had been evaporated and preheated to 250 C., 
were added and cracking was carried out under 0.7 at 
mosphere absolute; the cracked gases were then chilled 
with water; a temperature of about 1000 C. was 
reached. The reactors used were the same as those de 
scribed in Example 1. 39.9 Nm./h. cracked gas (come 
position A) were obtained as compared with 34.2 
Nm./h. of cracked gas (composition B) with direct chill 
ing following the methane pyrolysis without addition of 
benzine. 

Composition Composition 
A, Percent B, Percent 
by volume by volune 

40, 8 48.2 
O 12.8 

20.8 24.3 
9 8?2 

6.0 &7 
. 0.4 

O, 3 
2.8 2,4 

Example 4 
29.4 Nm./h. of methane and 18.1 Nm./h. of oxygen 

were preheated to 600 C., mixed and burned in a com 
bustion chamber lined with ceramic material. In view of 
the oxygen deficiency a greater amount of acetylene was 
obtained in addition to the combustion gas. 10.2 kg/h. 
of light benzine, which had previously been evaporated 
and heated to 300 C., were then injected into the hot 
combustion gas. When the cracking reaction was com 
plete, the gases were chilled with water. 63.8 Nm/h of 
gas were obtained (composition A) while only 55.3 
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Nm/h. of gas (composition B) were obtained when the 
gases were chilled following the partial methane com 
bustion without addition of benzine. 

Composition Composition 
A, Percent B, Percent 
by volume by volunae 

We claim: 
1. In the process for the manufacture of unsaturated 

Ca hydrocarbons by introducing methane into a combus 
tion gas which is free from an excess of molecular oxy 
gen, the improvement which consists in adding to the hot 
gaseous mixture thus obtained and having a temperature 
in the range from about 1600 C. to about 1200° C., at 
least one paraffinic hydrocarbon containing at least two 
carbon atoms, in an atomized form, and adjusting the 
temperature of the hot gaseous mixture after the pyrolysis 
of the said paraffinic hydrocarbon to a range from about 
1100 C. to about 700 C. by regulating the amount of 
said paraffinic hydrocarbon, and chilling the reacted 
mixture. w 

2. A process as claimed in claim 1 wherein up to 10% 
of a secondary gas is added to the hot combustion gas 
prior to the introduction of the methane, said secondary 
gas being selected from the group consisting of hydro 
gen, steam and mixtures thereof. 

3. A process according to claim 1, wherein the come 
bustion gas is produced by burning reaction products ob 
tained in the present process after removal of the un 
saturated hydrocarbons and the carbon dioxide. 

4. A process according to claim 1, wherein the produc 
tion of the combustion gas and the pyrolysis of the 
methane are conducted in one step by partially burning 
methane. 

5. A process according to claim 1, wherein the meth 
ane is preheated to a temperature in the range from 
about 400 C. to about 800° C. 

6. A process according to claim 1, wherein the said 
paraffinic hydrocarbon is preheated to a temperature in 
the range from about 200 C. to about 400° C. 

7. A process according to claim 1, wherein the fuel 
and the oxygen used for the burning of the fuel are pre 
heated to a temperature in the range from about 200 C. 
to about 800 C. 

8. A process according to claim 1, wherein in the 
combustion zone a pressure from about 3 to about 9 at 
mospheres (absolute) is maintained. 

9. A process according to claim 1, wherein in the sec 
ond reaction zone (3) a pressure from about 0.5 to about 
0.9 atmospheres (absolute) is maintained. 

10. A process according to claim 1, wherein in the 
first reaction zone (2) a pressure from about 1 atmos 
phere (absolute) to about 1.4 atmospheres (absolute) is 
maintained. 

11. In the process for the manufacture of unsaturated 
Ca hydrocarbons by introducing methane into a combus 
tion gas which is free from an excess of molecular oxy 
gen, the improvement which consists in adding to the 
hot gaseous mixture thus obtained and having, after a 
reaction time of 10-3 to 10-4 seconds, a temperature in 
the range from 1600 C. to 1200 C., at least one paraf 
finic hydrocarbon containing at least two carbon atoms, 
in an atomized form, to be pyrolyzed within 10 to 10 
seconds, and adjusting the temperature of the hot gaseous 
mixture after the pyrolysis of the said paraffinic hydro 
carbon to a range from about 1100 C. to about 700' C, 

  

  

  



7 
by regulating the amount of said paraffinic hydrocarbon, 
and chilling the reacted mixture. 

12. A process for preparing unsaturated Ca hydrocar 
bons which comprises burning a combustible material of 
the group consisting of hydrogen, a carbon monoxide, 
methane and mixtures thereof with oxygen in a com 
bustion zone to form a stream of combustion gas free 
from excess molecular oxygen and having a temperature 
between about 2000 and 2600° C., introducing methane 
into said stream of combustion gas in a first pyrolysis 
zone at a rate sufficient to convert said methane into 
acetylene and carbon monoxide and reduce the tempera 
ture of the stream of combustion gas to between about 
1200 and 1600 C., introducing, in a second pyrolysis 
zone, a paraffinic hydrocarbon containing at least two 
carbon atoms into the resulting stream containing said 
combustion gas and acetylene at a rate sufficient to clack 
said paraffinic hydrocarbon to ethylene and further re 
duce the temperature of the resulting stream of gases to 
between about 700 and 1100 C, and chilling the reacted 
mixture. 

13. A process as defined in claim 12 wherein a pres 
sure of about 2 to about 21 atmospheres (absolute) is 
maintained in the combustion zone, a pressure of about 
0.9 to about 2 atmospheres (absolute) is maintained in 
the first pyrolysis zone, and a pressure of about 0.1 to 0.9 
atmosphere (absolute) is maintained in the second py 
rolysis Zone. 
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14. A process for pyrolyzing hydrocarbons to produce 

unsaturated Ca hydrocarbons, which comprises introduc 
ing methane into a combusiton gas which is free from 
an excess of molecular oxygen and which has a tempera 
ture in the range from about 2600 C. to about 2400 C. 
adjusting the temperature of the hot gaseous mixture 
after the reaction to a range from about 1600 C. to 
about 1200' C. by regulating the amount of said meth 
ane, adding into the said hot gaseous mixture thus ob 
tained at least one paraffinic hydrocarbon, containing at 
least two carbon atoms, in an atomized form, and adjust 
ing the temperature of the hot gaseous mixture after 
the pyrolysis of the said paraffinic hydrocarbon to a range 
from about 1100° C. to about 700° C. by regulating the 
amount of said paraffinic hydrocarbon and chilling the 
reacted mixture. 
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