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This invention relates to a method of converting a hy 
drocarbon mixture, and preferably a normally liquid hy 
drocarbon mixture, into a fuel gas absolutely interchange 
able with natural gas. 
With the increasing demand for gas as a premium 

fuel for domestic house heating, seasonal variation in 
gas sendout has been growing from year to year. To 
meet the resulting peak demands, it is desirable to pro 
duce and feed a substitute gas into the mains or pipe 
lines. For this purpose, a method for making a Substi 
tute gas that is absolutely interchangeable with the nor 
mal sendout gas has long been desired but has hereto 
fore not been available. 

It is therefore an important object of the present in 
vention to provide a method of preparing a fuel gas 
absolutely interchangeable with natural gas as prepared 
or, at the most, after admixture with the fuel gas of a 
small amount of an inert or diluent gas such as air, nitro 
gen, carbon dioxide, combustion gas or the like. 
Another object of this invention is to provide a method 

of the nature indicated which can be operated continu 
ously in simple relatively inexpensive apparatus. 

Other and further objects and features of this inven 
tion will become apparent from the following descrip 
tion and appended claims as illustrated by the accom 
panying drawing showing, diagrammatically and by Way 
of example, apparatus for carrying out the method of 
this invention and the flow of material therethrough. 
The starting materials of the method of this inven 

tion are the gaseous and liquid parafiinic light petroleum 
fractions having a final boiling point up to about 500 F. 
These materials may also be characterized as having 
an average molecular carbon content ranging up to and 
including nine carbon atoms per molecule. Examples 
of such materials are propane, butane, hexane, heptane, 
octane, mixtures of aliphatic hydrocarbons up to and 
including pentadecane, natural gasoline, Straight run 
gasoline and straight run naphtha. From the standpoint 
of economical storage, the preferred starting materials 
are those requiring no pressure or only a slight pressure, 
say, from five to ten pounds per square inch, on storage 
in liquid condition, for instance, natural gasoline. 

Referring now to the flow sheet of the drawing, a 
light hydrocarbon material is fed, as by means of a pump 
i0, into a tube maintained at an elevated temperature 
within a cracking furnace 12. The tube may be empty 
or may be filled with suitable refractory packing ma 
terial. Steam may be added to control cracking condi 
tions. in this tube the hydrocarbon material is vaporized 
and cracked thermally to form a gaseous fraction and 
a vapor fraction made up predominantly of aromatic 
products which are separated from the gaseous products 
of the cracking step, for instance, in the manner illus 
trated in the flow sheet and described as follows: 
The total products of the cracking step may be passed 

into the bottom portion of a first scrubber-condenser 14 
made up of a vertical tube traversed longitudinally by 
a coil through which a cooling medium is circulated. The 
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2 
first scrubber-condenser is otherwise empty. Interme 
diate aromatic material in liquid form separated in a 
second scrubber-condenser 16 and cooled in a cooler 18 
is sprayed into the top of the first scrubber-condenser 
4, as by means of a pump 20. In this first scrubber 

condenser 14, an aromatic fraction (made up of heavy 
and intermediate aromatics such as tars, naphthalene and 
its derivatives, higher alkyl benzenes and the like) is 
separated in liquid form from the other products of the 
cracking step. This heavy aromatic fraction may be 
passed through a cooler 22 and thereafter recovered. 

After separation of the heavy aromatic fraction (as 
escribed), the remaining products of the cracking step. 
(which remain in gaseous or vapor form) are passed into 
the bottom portion of the second scrubber-condenser 16 
filled with suitable packing material. A light aromatic 
fraction separated in liquid form in a condenser 24 is 
sprayed into the top of the second scrubber-condenser 
46, as by means of a pump 26. An intermediate aro 
matic fraction is separated in liquid form in the second 
condenser-scrubber 16 which, as disclosed, is sprayed 
into the first scrubber-condenser 14. The cracking prod 
ucts left after the separation of the intermediate aro 
matic fraction pass into the condenser 24 and are there 
separated into a gas fraction and a liquid light aromatic 
fraction including benzene, toluene, xylenes and the like, 
which is recovered separately. 
The separated gaseous fraction may be passed through 

a preheating furnace 28 and a vessel 30 filled with a hy drogenation catalyst. 
After cooling in a spray tower 32, the product gas is recovered. 
in the event the gaseous cracking products contain 

objectionable concentrations of sulfur compounds, the 
latter are preferably removed ahead of the catalyst cham 
ber 30, as by passing the gases through an iron oxide 
purifier 34. But ordinarily the starting materials can be 
secured in a form sufficiently free from sulfur compounds 
to be used as obtained. - 
Thus broadly speaking, our method can be sub-divided 

into three steps, viz., initial thermal cracking (without 
catalyst), removal of non-gaseous cracking products, 
and passing the gaseous cracking products over a hy 
drogenation catalyst. The gaseous cracking products con 
tain both hydrogen and unsaturated hydrocarbons. In 
the catalyst chamber, the gaseous cracking products are 
autohydrogenated with formation of a product gas hav 
ing reduced contents of hydrogen and unsaturated hydro 
carbons and an increased paraffin content. 
Merely subjecting a starting material such as those. 

indicated to thermal cracking followed by removal of 
non-gaseous cracking products and autohydrogenation of 
gaseous cracking products does not necessarily yield a 
gas absolutely interchangeable with natural gas, as ex 
plained hereinbelow. 

For such absolute interchangeability with natural gas, 
the substitute gas may have, but need not necessarily 
have, a chemical composition essentially similar to nat 
ural gas. The burning characteristics of the substitute 
gas must be similar to natural gas. To a limited extent, 
the specific gravity and the heating value may differ from 
those of natural gas, as long as the value obtained by di 
viding the heating value by the square root of the specific 
gravity equals the value obtained in similar fashion from 
the corresponding characteristics of natural gas. For a 
more complete discussion of the interchangeability of 
fuel gases with natural gas, reference is made to our co 
pending application entitled "Method of Preparing Fuel 
Gas Interchangeable with Natural Gas," filed February 
11, 1952, now Patent No. 2,707,675. 
Natural gas may generally be characterized as free from 

hydrogen, from ethylene and from higher unsaturates; as 
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Both gases were found to be absolutely interchangeable 
with natural gas. Practically identical results were ob 
tained by cracking and then catalytically autohydrogenat 
ing butane, propane, and straight run and natural gasoline. 
The above disclosed process is characterized by a num 

ber of advantages. The investment in equipment for 
storage of starting material (when using gasoline and 
naphtha) is quite low. The product gas is absolutely in 
terchangeable with natural gas. The light aromatic frac 
tion obtained as a by-product is readily marketed for sol 
vent and chemical manufacture and as a motor fuel. The 
heavy aromatic fraction obtained as another by-product 
can be burned to heat the cracking furnace and to generate 
Steam. 
Many details of construction may be varied within a 

wide range and it is therefore not our intention to limit 
the patent granted on this invention otherwise than neces 
sitated by the scope of the appended claims. 

This application is a continuation-in-part of applica 
tion Serial No. 185,274, filed September 16, 1950, en 
titled "Method of Making a Calorific Gas Interchangeable 
with Natural Gas.” 
We claim: 
1. A method for preparing a gas interchangeable with 

natural gas which comprises providing in vapor form a 
light paraffinic petroleum fraction having a final boiling 
point not in excess of 500 F., passing said vapor through 
a reactor maintained at a temperature of 1300 to 1550 
F. and under a pressure of more than one atmosphere, the 
residence time in said reactor ranging from two to ten 
seconds, to thermally crack (without catalyst) said petro 
leum with the formation of a gas containing paraffins, 
olefins and hydrogen, separating the resulting product into 
a liquid fraction and a gaseous fraction and passing the 
gaseous fraction over a hydrogenation catalyst to effect 
autohydrogenation of said gas. 

2. A continuous method for preparing a fuel gas inter 
changeable with natural gas characterized by minimum 
carbon deposition which comprises providing in vapor 
form an aliphatic hydrocarbon having a boiling point less 
than 500 F. and having the volatility of natural gaso 
line, passing said vapor through a reactor to thermally 
crack said vapor (without catalyst) while maintaining 
the temperature at from 1300 to 1550° F. and the resi 
dence time and pressure at values correlated with the tem 
perature as tabulated: 

Time, Pressure, Seconds Atmospheres 

2 to 10 
2 to 5 

Temperature 

to 1,450 F------------------------------- 300 2t04 - - - - - - - - - - - - - - - - - - - - - - - F "050 ? 1 0 450 
l, 
l 2 to 3 
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6 
to produce normally liquid products and a gas contain 
ing paraffins, olefins and hydrogen, separating the liquid 
fraction from the gas fraction and passing the gas frac 
tion over a hydrogenation catalyst to effect autohydro 
genation of said gas. 

3. A continuous method of preparing a fuel gas inter 
changeable with natural gas characterized by a minimum 
carbon deposition which comprises providing in vapor 
form an aliphatic hydrocarbon having a final boiling 
point of less than 500 F. and a volatility less than that 
of natural gasoline, passing said vapor through a reactor 
to thermally crack said vapor (without catalyst) while 
maintaining the temperature at from 1300 to 1550 F. 
and the residence time and pressure at values correlated 
with the temperature as tabulated: 

Time, Pressure Temperature Seconds Atmosphères 

1,300 to 1,450 F------------------------------- 2t05 2 to 3 
1,450 to 1,550 F------------------------------- 2 to 4 

to produce normally liquid products and a gas containing 
paraffins, olefins and hydrogen, separating the liquid frac 
tion from the gas fraction, and passing the gas fraction 
over a hydrogenation catalyst to effect autohydrogena 
tion of said gas. 
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