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My invention relates to the pyrolytic treatment 
or conversion of hydrocarbons and the recovery 
of valuable products therefrom. V 

In the pyrolytic decomposition or cracking of 
hydrocarbons, and more particularly petroleum 
oils, the primary products are lower boiling liq 
luids such as gasoline or other normally liquid 
materials of relatively high volatility, normally 
gaseous hydrocarbons including fixed gases, and 
relatively high boiling hydrocarbons varying from 
gas oil to heavy tars approaching coke in char 
acter. The value of these gases and liquids is 
relatively low as compared with motor fuels 
Such as gasoline and the intermediate products, 
but these materials represent potential sources 
of valuable materials such as normally liquid 
hydrocarbons either aromatic in character, or re 
Sembling aromatics in having desirable anti 
knock properties when used as motor fuel. 
My invention therefore has for objects the 

production of hydrocarbon liquids from normally 
gaseous hydrocarbons and from relatively high 
boiling hydrocarbon materials and, in one as 
pect at least, reduction of the amounts of gases 
and tarry material produced in plants for crack 
ing petroleum oils. 
My invention has for further objects such addi 

tional specific operating advantages and results 
as may hereinafter be found to obtain. 
My invention contemplates the contacting of 

low-boiling or normally gaseous hydrocarbons 
with relatively high-boiling hydrocarbons, such as 
heavy, substantially non-volatilizable or tarry 
material derived from pyrolytic decomposition of 
hydrocarbon materials such as petroleum oils and 
coal, under such conditions that unsaturated hy 
drocarbon constituents, such for example as ole 
fins, are polymerized or otherwise converted to . 
heavier or lighter products by inter-reaction be 
tween the low-boiling or gaseous hydrocarbons. 
and the tarry material. 
This inter-reaction is carried out under such 

conditions that it results in the formation of 
valuable products of normally liquid character, 
more or less intermediate between the gaseous 
material and the heavier material and capable 

50 

of separation in a form suitable for use as 
motor fuel or for admixture with motor fuel or 
capable of conversion by pyrolytic decomposition, 
that is to say, either by cracking or straight dis 
tillation, to produce motor fuel or material ad 
vantageously employed for admixture with gaso 
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line or other motor fuel to increase the anti 
knock character of the latter. 

In general, the normally gaseous hydrocarbon 

materials which II prefer to employ are those con 
taining substantial proportions of unsaturates, 
that is to say, not less than 10%, and preferably 
25% or more, of unsaturates such as olefins. 
I may, however, employ, as a source of such 

gases, gases containing hydrocarbons of the 
parafin series, preferably ethane, propane and 
butane. Methane, being more stable, is less de 
sirable, although it may be employed under suit 
able conditions and is, as a matter of fact, pres 
ent in many gases which it may be desirable to 
employ in my process. 
Thus I may initially employ natural gas, es 

pecially that which contains substantial amounts 
of ethane, prop ne and butane, or gaseous prod 
ucts resulting from the decomposition of hydro 
carbon materials such as hydrocarbon oil and coal 
More specifically, I may employ substantially 
'dry' gases resulting from the more or less drastic 
cracking of petroleum oil, or mixtures of lique 
fiable materials, such for example as "stabilizer 
reflux' containing considerable amounts of bu 
tane and pentane. - 
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such gaseous hydrocarbons are preferably first 
subjected to pyrolytic conversion or cracking to 
promote the formation of unsaturates such as 
olefins, capable of polymerization or conversion to 
hydrocarbons of a normally liquid character, 
However, such conversion or cracking may be 
dispensed with when gases containing Substan 
tial proportions of olefins and other unsaturates 
are employed, for example, those gases produced 
in relatively high temperature oil-Cracking op 
erations such as vapor phase operations con 
ducted at temperatures of the Order of .1000 F, 
or higher. - W4 

The relatively higll-boiling hydrocarbons which 
III employ in my process are preferably i those 
which contain substantial amounts of unsatu 
rated hydrocarbon constituents. Thus, I may 
employ certain cycle stocks or gas oils rich in un 
saturates. I prefer, however, to employ so-called 
“pressure tars' produced in the pyrolytic de 
composition of petroleum oil, for example, a 
final tar from the flash tower of a cracking plant, 
which tar has been separated from relatively light 
constitutents, or a lighter tar or residuum, from 
the high-pressure distillation Zone or evaporator 
of a cracking plant, which tar contains consid 
erable amounts of relatively light constituents. 
While I prefer to employ oils produced in the de 
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structive decomposition of petroleum oils, I may 
use oils or tars derived from other sources, for 
example, coal tar and water-gas tar. 
While I prefer to subject the normally gaseous 55 
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2 
or very low boiling hydrocarbons initially to 
pyrolytic conversion or cracking for the purpose 
of producing or increasing the proportion of 
polymerizable unsaturated hydrocarbons and 
then to lead the products, preferably after re 
moval of any normally liquid constituents there 
from, into a separate polymerization and reac 
tion stage, the initial pyrolytic conversion and the 
polymerization or reaction in the presence of the 
heavier material may take place together or may 
to some extent overlap. 
Where, however, the initial pyrolytic conver 

sion stage is performed separately from the sub 
Sequent polymerization and reaction stage, I pre 

- fer to so limit the time element in the pyrolysis 
stage as to make it possible to carry out in the 
reaction stage, in contact with the heavier ma 
terial, as much as possible of the polymerization 
of the unstable materials resulting from the 
initial pyrolytic conversion. 
The polymerization of the unstable or unsatu 

rated products resulting from the initial pyrolytic 
conversion of the normally gaseous or low boil 
ing hydrocarbons or present as such in the gase 
ous material and the reaction between the poly 
merized or unpolymerized products and the 
heavier material or constituents thereof, is car 
ried out under such elevated pressure and tem 
perature as to promote polymerization of unsatu 
rates such as olefins. The products of reaction 
from the polymerization and reaction stage are 
removed and fractionated to effect the separa 
tion therefrom of normally liquid products and 
normally gaseous products. 

All or a portion of the lighter liquid products 
from the polymerization and reaction stage may 
then, if unsuitable for use directly as motor 
fel Or for direct addition to motor fuel, Such as 
gasoline, be subjected to disillation or cracking 
to further refine the same, and to produce mo 
tor fuel or material adapted to be combined 
with motor fuel and having the property of in 
creasing the anti-knock character of or other 
Wise improving said motor fuel. 
Such tar as is separated may either be re 

moved from the system or recycled through the 
polymerizing and reaction stage, while any gas 
oil may be subjected to further cracking. 

It will readily be understood that the tem 
peratures and pressures employed and the pro 
portions of materials caused to react with each 
other may vary considerably with the nature of 
the materials themselves and the results desired. 
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Ordinarily, however, I employ in the polymeriza 
tion and reaction stage temperatures of from 
600 to 1250 F., preferably temperatures below 
those at which active coke formation takes place, 
for example, temperatures of from 700° to 900°F., 
and pressures of from 750 to 3000 pounds per 
Square inch and preferably from 1000 to 2000 
pounds per square inch. In the initial gas 
pyrolysis stage, the pressures employed are pref 
erably much lower, but may be similar to those 
employed in the subsequent polymerization and 
reaction stage, while higher temperatures are 
preferred, for example, temperatures of from 
1100 to 1750 F. The temperatures maintained 
in the gas pyrolysis stage may, however, be re 
duced by the employment of suitable catalysts. 
The pressures employed in the two stages may 

be made equal or substantially equal to avoid the 
difficulty of increasing the pressure upon the 
highly heated materials between the two stages, 
but it is possible according to my invention to 
employ lower pressures in the pyrolytic conver 
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sion stage than are employed in the subsequent 
polymerization and reaction stage without me 
chanical difficulty. For example, the pressure 
maintained in the pyrolytic conversion stage may 
be from substantially atmospheric to about 150 
pounds per square inch, whereas the pressure 
maintained in the polymerization and reaction 
stage may be from 1000 pounds to 3000 pounds 
per square inch, it being understood that the 
polymerization and reaction are favored by high 
pressures which may not be necessary in the 
preliminary conversion stage. 
Where desired, catalysts may be employed in 

either or both of the aforesaid stages. Such 
catalysts may comprise those ordinarily used in 
the pyrolysis of hydrocarbons, as, for example, 
metallic halides such as aluminum chloride and 
zinc chloride, and in the polymerization and re 
action stage may alternatively comprise such 
known catalysts as are commonly employed in 
hydrogenation processes, for example, activated 
carbon, fuller's earth, oxides of chromium, nickel 
and cobalt, and oxides and salts of vanadium and 
molybdenum, and copper. 
In the drawing accompanying and forming a 

part of this specification, the single figure is in 
tended to represent more or less diagrammatical 
ly a preferred form and manner in which.my in 
vention may be embodied and practiced. 

Referring to this drawing, a hydrocarbon gas, 
such for example as 'dry' gas obtained in the 
pyrolysis of petroleum oil, is drawn from a Source 
and is delivered through a conduit 2 at high 

pressure by means of a pump 3 to a heating coil 
4 situated in a furnace 5 of Suitable character. 
The hydrocarbons passing through the coil 
are preferably subjected to a temperature of from 
1500° to 1600 F. and a limited pressure of for 
example up to 200 pounds per Square inch, and 
preferably the time of travel of the hydrocarbons 
through the coil 4 is limited to a few seconds or 
even a fraction of a second. 
During their passage through the coil 4, the 

normally gaseous or low-boiling hydrocarbons 
Such as ethane, propane and butane contained in 
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to pyrolysis, with the result that relatively un 
stable unsaturated hydrocarbons such as olefins 
are produced. 
In the preferred instance, the resultant highly 

heated products of conversion then pass through 
a conduit 6 to be commingled with cool heavy or 
tarry hydrocarbon material introduced from a 
suitable source (not shown) through a conduit T 
by means of a pump 8. 
By thus “quenching' the products of conver 

sion from the coil 4, the extent of pyrolytic comº 
version initiated in the coil 4 may be controlled, 
and compression of the commingled materials is 
facilitated. In this instance, the relatively cool 
commingled gases and tar are delivered by means 
of a pump 9 to a polymerizing or reaction coil fo 
located in a suitable furnace structure f f, where 
they are brought to the reaction temperature of 
from 600 to 1250 F., under a pressure of from 
750 to 3000 pounds per square inch. 
During the passage of the commingled hydro 

carbon materials through the reaction coil O, 
the unstable unsaturated products resulting from 
the pyrolytic conversion of the normally gaseous 
or low-boiling hydrocarbons are polymerized or 
otherwise converted to materials of higher boil 
ing points, whereas by reaction of these materials 
with constituents of the tarry hydrocarbon mate 
rial the latter are converted into materials of dif 
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ferent character from the original constituents of 
the tar. The ultimate result of this polymeriza 
ion and inter-reaction is the formation of in 
creased quantities of normally liquid hydrocar 
bons having bolling points intermediate between 
those of the principal constituents of the original 
gaseous or low-boiling hydrocarbons and the tarry 
hydrocarbons, and a consequent reduction in the 
amounts of normally gaseous hydrocarbons and 
heavy or tarry hydrocarbons ultimately yielded. 
The products of reaction pass from the reac 

tion coil to through a conduit 2 having a reduc 
ing valve 3 to a low-pressure flash tower or frac 
tionating tower 4, where they are separated into 
vapors and liquids under the reduced pressure 
and temperature at which the flash tower is main 
tained. The flash tower may be provided with 
an upper fractionating section 4a where, by suit 
ably cooling or refluxing the Vapors, an interme 
diate fraction may be recovered, this fraction be 
ing withdrawn through a conduit 4b. 
The uncondensed vapors pass of from the frac 

tionator a through a vapor conduit 5 to a suit 
able condenser 6 and separator . The normal 
y liquid light hydrocarbon products condensed 
in the separator 7 are withdrawn through an 
outlet 88 while the uncondensed gases pass off 
through a conduit 9 either to be used as fuel 

version stage as desired. In the former instance 
these gases may be withdrawn through an outlet 
2 having a valve 22, whereas in the latter in 
stance they may be delivered by means of a con 
duit 23 having a valve 2 to the conduit 2 at a 
point ahead of the pump 3. . 
The tar or other liquid fraction separated in 

the flash tower Séis withdrawn through a conduit 
25 having a valve 26 or all or any portion of it 
Bray be returned to the reaction coil by means 
of a pump 2 through a conduit 28 having a valve 
??? 
When the conditions of pressure and tempera 

tre to which the hydrocarbons are subjected in 
the coil 8 are such that normally liquid materials 
are present in substantial amount in the gases 
leaving the coil 4, I may remove these liquid ma 
terials prior to commingling the products from 
the coil with tarry material., For this purpose I 
provide a valve 32 located in the conduit 6 and 
a branch conduit having a valve 3. 
With the valve 32 closed and the valve 34 opera, . 

the products coming from the coil 4 pass through 
a heat exchanger 35, where they are partially 
cooled, and into a cooler 36, where normally liq 
uid constituents are condensed. The condensate 
collects in a separator 37, from which it is with 
drawn through 8 conduit 38, while the uncon 
densed gases pass through a conduit 39 to a pump 
40, where they are raised to a pressure at least 
equal to that obtaining in the reaction coll O. 
The compressed gases then pass through a con 
duit i 44, the heat exchanger 35, a conduit 42, a 
heating coil 3, and conduits 44 and 6 to the 
coil 0. In this instance the pump 9 may be by 
passed through a line 50 provided for that pur 
pose, by closing a valve 6a in the conduit 6 and 
opening a valve 50a in the conduit 50. When 
this is done, the tarry material may also be pre 
heated prior to commingling it with the products 
of conversion from the coil 4. 

The coil 43 is, when used at all, ordinarily emi 
ployed simply as a preheater, although, if de 
sired, the temperature at this point may be made 
high enough to effect some cracking or conver 
sion of the gases. 

The distillate withdrawn at 8, and also that 
withdrawn at 38, will ordinarily comprise de 
sirable light hydrocarbon oil. having a boiling 
point range which will permit the use of this dis 
tilate as a motor fuel or for blending With other 
motor fuel to increase, the anti-knock value of 

- the latter, although it may be subjected to fur 
ther treatment if desired. 
The fraction recovered at 4b will Ordinarily 

comprise heavier hydrocarbon oil, and may be 
subjected to distillation or pyrolytic decomposi 
tion to recover therefrom a motor fuel or an oil 
suitable for blending with motor fuel, while the 
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still heavier residual oil or tar removed at 25 may 
be withdrawn from the system or recycled as set 
forth hereinabove. M ? 

If the gaseous materials employed in the op 
eration already contain the necessary or desired 
unsaturates, such as olefins, the coil 4 may be 
employed mainly in the capacity of a preheater 
for raising the gases to the desired temperature 
prior to their introduction into the reaction coil 
O. Such gaseous materials may, of course, in 

clude those gases produced during relatively high 
temperature oil cracking or naphtha reforning 
operations, or gases derived from the cracking or 
Conversion of any hydrocarbon materials includi 
ing natural gas, refinery gas, casinghead gas, and 
the like, 

Moreover, the conversion of saturated hydro 
carbons to unsaturated hydrocarbons may be 
caused to take place more or less simultaneously 
with the polymerization and inter-reaction, that 
is to say, in the presence of the tarry material, 
especially where the temperatures maintained in 
the coil are relatively high. In this instance, 
the temperature maintained in the coil may be 
as high as from 1500° to about 1750° F. 
While in the specific instance illustrated in the 

drawing, the polymerizing and reaction stage is 
shown as taking place in a pipe coil; Such a coli 
may be followed or replaced by an enlarged cham 
ber or vessel, which may be insulated where so 
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desired. The choice of apparatus at this point 
will of course depend upon the temperatures to 
be maintained and the temperatures of the prod 
ucts about to be treated, as well as the time fac 
tor. Since the polymerization reaction is ex 
othermic in character, in instances where the 
polymerization reaction takes place. Vigorously, 
the coil ?o may be provided with means for re 
moving excess heat developed in the reaction. 
Thus I may supply the coil to externally with a 
cooling fluid, as for example by spraying water 
over the coils f or by immersing the coil in 
a bath of water, oil or other cooling fluid, or by 
passing cool gas around the coil 0. 

It will be obvious to those skilled in the art 
that my invention is susceptible of considerable 
modification in detail, and is therefore i not lim 
ited to the specific example or examples Set forth 
and described hereinabove by way of illustrative 
example, but may variously be embodied within 
the scope of the claims hereinafter made. 

claim: 
i. The process which comprises subjecting nor 

mally gaseous hydrocarbons of the parafin Se 
ries substantially free from normally liquid hy 
drocarbon oil to a temperature of from 1,100 to 
750° E, to effect a pyrolytic conversion of such 

hydrocarbons to olefinic hydrocarbons and liquid 
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products, cooling the gaseous products to remove 
therefrom liquid products formed during said 
pyrolytic conversion, intimately contacting gase 
eous products resulting from said Conversion 75 



4. 
after separation of said liquid products with nor 
mally liquid oil, reacting the commingled gaseous 
products and normally liquid oil prior to the sep 
aration of any heavy oil therefrom and in the 
absence of added catalyst at an elevated tempera 
ture while being maintained under superatmos 
pheric pressure for a sufficient period of time to 
effect the formation of normally liquid low boil 
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ing hydrocarbon oil and fractionating the re 
Sultant products to recover said low boiling hy 
drocarbon oil in liquid form. 

2. The process which comprises subjecting nor 
mally gaseous hydrocarbons of the paraffin series 
substantially free from normally liquid hydrocar 
bon oil to a temperature of from 1,100 to 1750 
F. to effect a pyrolytic conversion of such hydro 
carbons to olefinic hydrocarbons and liquid prod 
lucts, cooling the gaseous products to remove 
therefrom liquid products formed during said py 
rolytic conversion, compressing the remaining 
gaseous products to a pressure of at least 750 
pounds per square inch, intimately contacting the 
gaseous products with normally liquid residual 
oil obtained in the pyrolytic decomposition of 
hydrocarbons, reacting the gaseous products 
while under pressure and at a temperature of 
from 600 to 1,250 F. with said residual oil ob 
tained in the pyrolytic decomposition of hydro 
carbons prior to the separation of any heavy oil 
therefrom and in the absence of added catalyst 
for a sufficient period of time to effect the forma 
tion of normally liquid low-boiling hydrocarbon 
oil, and fractionating the resultant products to 
recover said low-boiling hydrocarbon oil in 
liquid form. 

2,082,686 
3. The process which comprises subjecting nor 

mally gaseous hydrocarbons of the paraffin se 
ries substantially free from normally liquid hy 
drocarbon oil to a temperature of from 1,100' 
to 1,750° F. under a pressure of not more than 
about 50 pounds per square inch to effect a 
pyrolytic conversion of such hydrocarbons to 
olefinic hydrocarbons and liquid products, cool 
ing the gaseous products to a low temperature 
by passing them through a heat eXchange ZOne, 
further cooling the gases to effect a condensa 
tion and separation of liquid products formed 
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during said pyrolytic conversion, compressing . 
the gases to a high superatmospheric preSSure in 
excess of that obtaining in the pyrolytic conver 
sion zone, passing the compressed gases through 
said heat exchange zone to heat the same, inti 
mately contacting the gaseous products with 
normally liquid residual oil obtained in the pyro 
lytic decomposition of hydrocarbons, further 
heating the compressed gases and said oil to a 
temperature of from 600 to 1,250 F. prior to the 
separation of any heavy oil therefrom and in 
the absence of added catalyst, maintaining them 
at this temperature and under such pressure in 
the presence of Said residual oil obtained in the 
pyrolytic decomposition of hydrocarbons for a 
sufficient period of time to effect the formation 
of normally liquid low-boiling hydrocarbon oil, 
and fractionating the resultant products to re 
cover said low-boiling hydrocarbon oil in liquid 
form. 
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