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1. 
Aectylene may be produced from suitable 

charging stock, hereinafter called a first gas, by 
subjecting the first gas to temperatures above 
1500 F. at subatmospheric pressures. The acety 
lene as produced may be carried in a mixed gas 
containing other hydrocarbon gases and hydro 
gen, such a mixed gas in the process disclosed 
herein being called a fourth gas. A suitable 
charging stock, or first gas, is preferably one that 
contains a saturated hydrocarbon or hydrocar 
bons, such as ethane, propane, or butane. I have 
discovered that the conversion of such saturated 
hydrocarbons to acetylene takes place in two 
stages, certain components of the first gas being 
first converted into unsaturated hydrocarbons 
containing more hydrogen than acetylene. These 
hydrocarbons, hereinafter called hydrocarbons 
which readily form acetylene, can then be con 
verted to acetylene. If the first gas is heated to 
a temperature at or below 1500 F. at subatmos 
pheric pressure, for example, at an absolute pres 
Sure of 250 mm. of mercury or leSS, a Second gaS 
is formed which contains substantial amounts of 
intermediate hydrocarbons which readily form 
acetylene. By "Substantial amounts' of any com 
ponent of any gas, I mean that the component 
has a volume equal to at least two per cent of 
the total volume of the gas. 

If this second gas is then heated above 1500' 
F. at Subatmospheric pressure, the intermediate 
hydrocarbons which readily form acetylene are 
converted to acetylene. 
accomplished if the second gas is diluted by an 
inert diluent gas to form a third gas, and the 
third gas is heated to a temperature above 2000 
F. at or near atmospheric pressure, the dilution 
causing the intermediate hydrocarbons readily 
forming acetylene to be under a subatmospheric 
partial pressure due to the presence of the di 
uent. By “inert diluent' I mean a gas which 
does not readily react with the hydrocarbons to 
form undesirable products. Steam may be con 
sidered to be such a gas, but hydrogen or methane 
may be used. 
It is an object of my invention to provide a 

process by which a first gas containing unsatu 
rated hydrocarbons is converted into a fourth 
gas containing substantial amounts of acetylene 
which has been formed from said intermediate 
hydrocarbons, and to provide an apparatus in 
which Said process may be conducted. 

It is a further object of my invention to pro 
Wide a process in which said first gas is first 
heated to a temperature below 1500 F. at sub 
atmospheric pressure to produce a second gas 
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2 
containing substantial amounts of intermediate 
hydrocarbons which readily form acetylene, this 
Second gas is diluted with an inert diluent to 
form a third gas, and this third gas is heated at 
or near atmospheric pressure to produce a fourth 
gas containing substantial amounts of acetylene, 
and to provide an apparatus in which such a 
process may be practiced. 

It is a further object of my invention to pro 
vide a process in which I remove from the sec 
ond gas Some hydrocarbons which do not readily 
form acetylene, before diluting said second gas to 
form the third gas, and to provide an apparatus 
in which such removal can be conducted. 

It is a further object of my invention to pro 
vide a process in which the hydrocarbons which 
do not readily form acetylene, which are re 
moved from the Second gas, are returned to the 
first gas so that they can be reheated to form 
hydrocarbons which readily form acetylene. 
A suitable charging stock, or first gas, may 

be ethane, propane, butane, or any of the lighter 
Saturated hydrocarbons except methane, or any 
mixture of hydrocarbons containing said lighter 
hydrocarbons, such, for example, as the vapors or 
gas produced by heating natural gasoline. 

Further objects and advantages will be made 
evident hereinafter. 
The drawing is an elevation, partly in sec 

tion, on a vertical plane, of an apparatus suited 
to carry on my process, well known apparatus 
being shown diagrammatically. 
The charging stock is delivered through a pipe 
to a pipe 2, where it may be mixed with recir 

culating stock delivered by a pump 3 to the pipe 
2 to form a first gas. A pressure regulating valve 

is provided in the pipe 2 for the purpose of 
maintaining a subatmospheric pressure beyond 
this valve. If natural gasoline or other hydro 
Carbon, or hydrocarbon mixture, which is a liquid 
at atmospheric temperatures and pressures is 
used as a charging stock, the charging stock is 
first delivered to a heater 5 where it is vaporized, 
the vapors being passed to a coil 6 in a tube 
still 7 as the first gas. The coil 6 of the tube 
still T is preferably made of a chromium alloy, or 
other material having high mechanical strength 
at high temperatures, and is heated externally, 
preferably by combustion products. The charg 
ing stock in the coil 6 is preferably subjected to 
a temperature below 1500 F. and a pressure of 
about 250 mm. of mercury, or below, whereby a 
portion thereof is converted into hydrocarbons 
which readily form acetylene. The mixture of 
gases so formed is hereinafter called the second 
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gas, and it is then delivered from the coil 6 to a 
pipe 8 and contains substantial amounts of hy 
drocarbons which readily form acetylene. 
The pipe 8 delivers the hot gases to a dephleg 

mator or bubble tower 9 of conventional con 
struction, where the gases are cooled and frac 
tionated, the products boiling at temperatures 
below a predetermined value being delivered as a 
gas to a pipe 2, and the products boiling above 
this value being delivered as a liquid to a pipe 

(). In general, it may be said that a hydros 
carhons that boil only at a critical temperature 
or above are rejected as a liquid through the pipe 
0 and may be returned to the pipe 2 by the pump 

3 or drawn off through a pump f. The hydro 
carbons which boil below said critical tempera 
ture are carried by the pipe 2 to the inlet of an 
injector 3. Low boiling point hydrocarbons de 
rived from the process are delivered through a 
pipe 5 and through a pressure reducing valve 6 
to the inlet of the injector f3, which is supplied 
with a motive gas through a pipe f4. 

If the first gas is of such a nature that the 
Second gas is predominantly hydrocarbons which 
readily form acetylene, the dephlegmator 9 may 
be omitted, and all of the second gas may be 
passed directly to the injector 3. Where the 
second gas contains less than ten per cent by 
Volume of acetylene-forming hydrocarbons, it 
will increase the capacity and efficiency of the 
process if some of the hydrocarbons which will 
not readily form acetylene are taken out of the 
Second gas in the dephlegnator 9. The critical 
temperature of the dephlegmator 9 is a tempera 
ture substantially above that at which all of the 
acetylene-forming hydrocarbons boil at the pres 
Sure maintained in the Second gas, which may 
be around 250 mm. of mercury. It is desirable 
that the gas leaving the dephlegmator 9 through 
the pipe 2 contain all the acetylene-forming hy 
drocarbons, and the process is operative if this 
gas contains a considerable proportion of other 
hydrocarbons. 
The injector f3 has a triple function: It pro 

duces and maintains subatmospheric pressures in 
the coil 6 and thus assists in the conversion tak 
ing place therein; it produces a pressure slightly 
above atmospheric pressure in the outlet pipe t; 
and it dilutes with an inert diluent the gases de 
livered to the injector f3, thus reducing the par 
tial pressure of these gases during later steps of 
the process So that they may be processed at 
Subatmospheric partial pressures, although the 
mixture of gases in which they are carried is at 
about atmospheric pressure. Gases from the in- ; 
jector 3 pass from the pipe 7 to a manifold 
8, which feeds two or more regenerative furnaces. 
I may conveniently use natural gas under pres 

Sure to operate the injector 3, delivering this 
gas through the pipe 4, or methane, hydrogen, 
or any gases other than those which, like oxy 
gen, react undesirably with hydrocarbons... Any 
hydrocarbon gas or mixture of such inert gases 
under pressures substantially above atmospheric 
which do not so undesirably react may, in fact, 
be used as a motive gas and diluent in the in 
jector 13. Natural gas, which itself contains hy 
drocarbons which can be converted into acetylene 
or ethylene in subsequent steps of the process, is 
in Some respects better than steam as a moti 
Vating gas delivered to the injector through the 
pipe 4. The process will, however, be described 
as if Steam were used, since such steam is readily 
available, being produced, as will hereinafter be 
deScribed, in the process, 
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4. 
The gas leaving the injector 3 through the 

pipe is referred to herein as the third gas. It 
consists of acetylene-forming hydrocarbons and 
hydrocarbons that do not readily form acetylene, 
diluted with steam or other inert diluent. 

It is desirable to use a plurality of regenerative 
furnaces, as these operate on an intermittent 
Cycle, and it is desirable that the apparatus pre 
viously described operate continuously. Accord 
ingly, it is desirable to have at least one of the re 
generative furnaces receiving gas from the mani 
fold 8 continuously, which can be accomplished 
by having two or more furnaces, one being heated, 
or regenerated, while another is treating gas 
from the manifold 8. 

It is, of course, understood that the process 
Operates automatically and periodically through 
a fixed cycle which is governed by a continuously 
Operated timer. 
The regenerative furnaces 25 are each of the 

form shown diagrammatically in the drawing, 
and they each operate on a recurring cycle con 
sisting of a heating period of perhaps 1A min 
utes, a purging period of 42 minute or less, and 
a flow period of perhaps 1 minute. The regen 
erative mass of the furnaces may be similar in 
construction and method of operation to that 
shown in my Copending application Serial No. 
592,102, Patent No. 2,473,427, filed May 5, 1945. 
As shown in the drawing, the regenerative fur 

nace 25 comprises a regenerative mass which 
may be formed of Carborundum brick so laid as 
to form vertical primary passages 26. During 
the heating period, the regenerative mass is 
heated by gases of combustion passed down 
Wardly through the passages 26 and delivered 
through a valve 27 to a stack 28. During the 
purging period, the passages 26 are cleared of 
combustion products by steam or other purging 
agent, which is blown therethrough. At the end 
of the purging period, the top of the regenerative 
maSS may be at a temperature of 3000°F. or be 
low, the temperature maintained depending up 
on the characteristics of the charging stock, the 
product desired, and the maximum temperature 
at which the regenerative mass may be safely op 
erated. 
Operating on a suitable charging stock, such 

as natural gas or gasoline, the gas leaving the 
passages 26 during the flow period will contain 
Substantial amounts of acetylene, and it will be 
hereinafter called the fourth gas. In general, 
the higher the temperature of the mass, the 
greater the proportion of acetylene that will be 
found in the fourth gas. The temperature of 
the mixed gas leaving the passages 26 may be as 
high as 2800° E, 
At high temperatures acetylene is unstable, and 

if it is maintained for a period of several seconds 
at high temperatures, acetylene decomposes into 
constituents which in the process of the present 
invention it is not desirable to produce. It is 
therefore essential that the gases pass upwardly 
through the passages 26 very quickly and be then 
quickly cooled, for example, to a temperature of 
900' F. or below, being at decomposing tempera 
ture only a fraction of a second. To insure quick 
cooling, I place directly above the regenerative 
maSS a fire tube boiler 29 having secondary pas 
Sages 30. During the firing period, hot fourth 
gas from the primary passages 26 passes directly, 
into the Secondary passages 30 of the boiler, 
Wherein it is cooled by water surrounding the 
passages 30, and then passes to a pipe 3 through 
a valve 32. The valve 32 is open during flow 
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periods and closed during purging and heating 
periods. 
From the pipe 3 the gases which may be cooled 

to 900 F. or below are passed to conventional 
apparatus (not shown) where the desired con 
stituents are separated from the mixture by any 
well known means. Acetylene is thus recovered, 
thereby accomplishing one of the desired objects 
of the invention. Some ethylene and other hy 
drocarbons having a higher boiling point than 
acetylene may also be recovered, and any por 
tion of the mixed gas which is not otherwise used 
may be returned for reprocessing, for example, 
through the pipe 5 into the injector 3. An 
automatically operated valve 33 is provided to 
shut off the flow of gas from the manifold 8 
during the heating and purging periods, this 
valve being open only during the flow period. 

In operation, the tubular coil 6 may be safely 
operated continuously at any pressure below at 
mospheric at temperatures below 1500 F., but 
it is not practicable to operate the regenerative 
furnace at any Substantially Subatmospheric 
pressure during the treating period, since during 
the heating period the furnace must be operated 
at atmospheric pressure or above, and frequent 
large changes in pressure are destructive to the 
regenerative mass. Therefore, the coil 6 should 
be operated under pressures Substantially below 
atmospheric, and the regenerative furnace should 
be operated at a pressure as close as practicable 
to atmospheric, and With as little change as poS 
sible in the pressure prevailing therein. This 
pressure must, however, be sufficient to drive the 
gases rapidly through the regenerative maSS. 
The acetylene-forming gases are reasonably 

stable at 1500 F., which may be the maximum 
temperature to which they are Subjected in the 
coil 6. The length of time the first gas remains 
in the coil is not a critical factor in operation, and 
it may be left therein long enough to obtain a 
good conversion ratio. Acetylene, however, is 
quite unstable at temperatures below 2800 F., 
which is about the maximum temperature to 
which the gas may be heated in the regenerative 
furnace with readily available materials, and the 
length of time the acetylene remains at this tem 
perature should be reduced as much as is prac 
ticable. In practice I have found that the total 
time that the gases should be left at tempera 
tures above 1500 F. should not be more than 
Second. 

I have described the apparatus herein disclosed 
as used to convert Saturated hydrocarbons into 
unSaturated hydrocarbons for convenience in 
description and to illustrate one use to which the 
apparatus may be applied. 

I claim as my invention: 
1. A process for producing acetylene from fluid 

hydrocarbons which have at least two carbon 
atoms, which comprises the following steps, heat 
ing Said hydrocarbons to vaporize any liquid por 
tions thereof, further heating the vapors thus 
produced in an initial conversion zone to a tem. 
perature not exceeding 1500 F. under an abso 
lute pressure at or below 250 mm. to produce a 
gas containing unsaturated hydrocarbons which 
are convertible into acetylene, cooling the gas to 
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a temperature which is sufficiently low to liquefy 
most of the gas which is not convertible into 
acetylene, but is high enough to maintain the 
remainder of the gas in gaseous state, leading of 
the gas in a stream and injecting into the stream 
a diluent gas which is inert to reaction with hy 
drocarbons, in Such manner as to bring the mixed 
gases to substantially atmospheric pressure and 
to maintain the pressure in the initial conversion 
ZOne at or below 250 mm., heating the mixed 
gases rapidly to a temperature above 2800 F. to 
convert a substantial portion thereof into acety 
lene, then cooling the mixture rapidly to a tem 
perature below 900 F., the time of heating and 
Cooling being Such that the gas remains at a 
temperature above 1500 F. for not more than 
second, and then separating from said mixture 
the acetylene thus produced. 

2. A proceSS for producing a gas containing 
Substantial amounts of acetylene, which com 
prises heating fluid hydrocarbons having at least 
two carbon atoms in a heating zone at subatmos 
pheric pressure Sufficiently to vaporize any liquid 
portions of the hydrocarbons and to produce 
therein unsaturated hydrocarbons which are con 
vertible into acetylene, cooling the heated vapors 
to a temperature sufficient only to liquefy most 
of the components thereof not convertible into 
acetylene, leading off the gaseous remainder in 
a stream, and injecting into the stream a diluent 
gas inert to reaction with hydrocarbons, in such 
manner as to maintain Subatmospheric pressure 
in Said heating Zone, and then heating the diluted 
gas further to a temperature sufficient to convert 
a substantial portion thereof into acetylene, 

3. In a two stage process for producing acety 
lene in which the first stage comprises heating 
fluid hydrocarbons at Subatmospheric pressure to 
Vaporize any liquid portions thereof and to pro 
duce unsaturated hydrocarbon compounds con 
vertible into acetylene and the second stage com 
prises heating the resultant gas at atmospheric 
pressure to a higher temperature to convert the 
unSaturated hydrocarbon compounds into acety 
lene, the step intermediate the two stages, which 
consistS in injecting into the gas an inert diluent 
gas Whereby to maintain Subatmospheric pres 
Sure on the gas in the first stage and raise the 
total pressure of the mixture to atmospheric in 
the Second stage. 

RUDOLPH LEONARD HASCHE. 
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