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This invention particularly refers to an im 
proved process for the pyrolytic conversion of 
hydrocarbon oils to produce high yields of motor 
fuel of good antiknock value together with a co 
operative interdependent process for polymeriza 
tion of the olefinic components of the gaseous 
productS resulting from said conversion to pro 
duce additiQnal yields of liquid products within 
the boiling fange of motor fuel and of exception 
ally high antiknock value. 

Polymerization of olefinic gases produced by 
the pyrolytic conversion of hydrocarbon oils, for 
the purpose of obtaining increased yields of high 
antiknock motor fuel, is becoming essential to 
the most economic operation of modern oil re 
fineries. The present practice in such operations 
is to stabilize the motor fuel conversion product 
to the required vapor pressure (normally 8 to 12 
pounds per Square inch by the Reid method, de 
pending upon climatic and seasonal conditions) 
and to subject the gaseous products liberated 
from the distillate by said stabilization, which 
include a large portion of... the three and four 
carbon atom components of the cracked gases, to 
polymerization for the production and recovery 
of liquid polymers, comprising essentially mate 
rials boiling within substantially the range of 
motor fuel and of exceptionally high antiknock 
value, which may be stabilized to the desired va 
por pressure and utilized as blending fluid in 
cracked or straight-run motor fuel or blends of 
the two, to increase their antiknock value. 
This invention departs from the conventional 

process above outlined in several novel and ad 
vantageous respects and in one embodiment Com 
prises the steps of subjecting a hydrocarbon Oil 
to pyrolytic conversion, subjecting the gaseous 
products resulting from said conversion to pri 
mary and secondary absorption, recovering, by 
condensation of the vaporous conversion prod 
ucts of the desired end-boiling point and absorp 
tion of the high-boiling gases therein, a light dis 
tillate product of substantially motor fuel boiling 
range containing dissolved gases comprising Sub 
stantially all of the polymerizable olefins result 
ing from said conversion, stabilizing said distil 
late to a relatively low vapor-pressure in order 
to obtain a distillate within the boiling range of 
motor fuel substantially free of gases of less than 
5 carbon atoms and a gaseous product contain 
ing substantially all of the readily polymerizable 
olefinic components of the cracked gases (par 
ticularly propylene and butylenes), returning 
regulated quantities of the stabilized distillate to 
the first absorption step, from which the unsta 

(Cl. 196-10) 
bilized distillate containing substantially all of 
the readily polymerizable olefinic components of 
the cracked gases is obtained, subjecting the 
olefin-containing gases from said stabilization 
step to polymerization to produce liquid polymers 
of high antiknock value within the boiling range 
of motor fuel, stabilizing said liquid polymers to 
a relatively high vapor-pressure, and blending the 
high vapor-pressure polymers with the low vapor 
pressure distillate from the first mentioned sta 
bilization step to give a final motor fuel product 
of the desired vapor-pressure and of high anti 
knock value. 
By utilizing the stabilized distillate product of 

the cracking operation as absorber oil in the first 
absorption stage of the system, substantially all 
of the 3 and 4 carbon atom gases are concentrated 
in the distillate recovered from Said first absorp 
tion step and by subjecting this distillate to sta 
bilization at relatively high presure, for recovery 
therefrom of the gases to be subjected to poly 
merization, the present process avoids the use 
of a pump or compressor for supplying said gases 
to the polymerization stage of the process, which 
is operated at a substantial Superatmospheric 
pressure. In the conventional combination 
cracking and polymerization system when high 
pressures are utilized in the condensing and gas 
separating steps and in the succeeding stabilizer 
so that the gases from the stabilizer may be Sup 
plied to the polymerization stage without sub 
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jecting the same to condensation and without 
the use of a pump or compressor, the gases will 

, contain excessive quantities of low-boiling ma 
terials (below the 3 and 4 carbon atom Series) 
which remain dissolved in the unstabilized dis 
tillate but are liberated in the stabilizer and 
which would not be polymerized to produce the 
desired products thereby necessitating polymeri 
zation equipment of increased size without bene 
ficial results. This is avoided by the process of 
the present, invention, due to the fact that sub 
stantially all of said undesirable light | gases es 
cape absorption in the first absorption stage of 
the system, due to the selective affinity of the 
stabilized distillate for the higher boiling gases, 
and particularly the unsaturated high-boiling 
gases, so that regardless of the high pressure em 
ployed in the subsequent stabilization step the 
gaseous products therefrom will not contain an 
objectionable quantity of the undesirable low 
boiling gases. 
By stabilization of the motor fuel product of 

the conversion stage of the process to a rela 
tively low vapor pressure (for example 2 to 4 
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pounds, or thereabouts, per square inch) the 
process of the present invention recovers, in the 
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stabilizer gases supplied to the polymerization 
step, substantially all of the readily polymerizable 
olefinic gases produced by the cracking opera 
tion. In accordance with the conventional meth 
od of operation (whereby the motor fuel con 
version product is stabilized to a vapor pressure 
of approximately 8 to 12 pounds per square inch, 
in order to give a motor fuel which will ignite 
readily in internal combustion engines) a large 
portion of the butylene as well as substantially 
all of the 5 and 6 carbon atom gases must be left 
in the distillate, thus robbing the polymerization 
process of olefinic gases which would give addi 
tional yields of the desired liquid polymers. 
The present invention provides two methods 

for compensating for the reduced vapor pressure 
of the stabilized motor fuel conversion product 
of the process, which may be utilized in combina 
tion or either of which may be employed without 
the other. In accordance with one of these 
methods the liquid polymer product may be sta 
bilized to a Sufficiently high vapor pressure to 
give a final product of the desired vapor pressure 
when blended with the low vapor-pressure con 
version product of the process. This ordinarily 
necessitates leaving at least a portion of the pro 
pane dissolved in the liquid polymer product. In 
accordance with the other method of operation 
the polymer product may be stabilized to a lower 
vapor-pressure, to Substantially free the same of 
propane and lower boiling gases, in which case 
it will Ordinarily be necessary to blend some 
paraffinic gases from an external source with the 
final motor fuel product of the process to give a 
product of 8 to 12 pounds vapor-pressure. Butane 
is preferably employed as a blending material 
for this purpose since the motor fuel will absorb 
a greater amount of the same for a given in 
crease in vapor-pressure and give a correspond 
ingly increased quantity of motor fuel. 

It will be apparent from the foregoing that 
the various cooperative steps of the process of 
the invention provide a method whereby substan 
tially all of the readily polymerizable olefinic gases 
resulting from pyrolytic conversion of hydrocar 
bon oils are concentrated in the gases supplied 
to the polymerization step of the system, to the 
substantial exclusion of lower boiling gases un 
desirable for charging to the polymerization step, 
and whereby paraffinic gases are substituted in 
the final motor fuel product of the process for 
the polymerizable olefins normally contained 
therein, the net result being the production of 
materially increased yields of motor fuel of high 
antiknock value. 
Two types of processes are employed at present 

for the polymerization of gaseous olefins to pro 
duce high antiknock motor fuel. One type is 
essentially pyrolytic and involves the use of rela 
tively high temperature and high superatmos 
pheric pressures while the other employs a poly 
merization catalyst which permits the use of 
lower temperature and pressure conditions. Al 
though the catalytic type of polymerization proc 
ess is Ordinarily preferred as the most satisfac 
tory and economical of the two, either type may 
be employed within the scope of the present in 
vention, since the novel features of the present 
invention will be found advantageous as applied 
to either type of polymerization process. 
The accompanying diagrammatic drawing illus 

trates one specific form of apparatus embodying 
the features of the invention above outlined as 
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well as other features and advantages not pre 
viously described, the operation of which are 
more fully explained in conjunction with the fol 
lowing description of the drawing. Referring to 
the drawing, charging stock for the process, com 
prising a hydrocarbon oil of any desired type, is 
supplied through line f and valve 2 to pump 3 
by means of which it is fed through line 4 and 
may be directed therefrom, all or in part, through 
line 6, valve and line 2 to conversion in heating 
coil 4 or the charging stock may be introduced, 
all or in part, into fractionator 8 by passing the 
same through valve 5 in line 4. Any charging 
stock supplied to fractionator 8 commingles in 
this zone with the vaporous conversion products 
undergoing fractionation, thereby serving to assist 
cooling and fractionation of the vapors and at 
the same time effecting preheating of the charg 
ing stock. The resulting liquids, including heavy 
components condensed from the vapors in frac 
tionator 8 and the total charging stock supplied 
to this Zone or components thereof remaining 
unvaporized in the fractionator, depending upon 
the nature of the charging stock, are directed 
from the lower portion of the fractionator 
through line 9 and valve ?o to pump by means 
of which they are supplied through line 2 and 
valve 3 to conversion in heating coil 14. 
A furnace 5 of suitable form supplies the re 

quired heat to the oil passing through heating 
coil to subject the same to the desired conver 
sion temperature preferably at a substantial 
Superatmospheric pressure. The resulting heated 
products are directed from the heating coil 
through line 6 and valve 7 into reaction cham 
ber 8. 
Chamber 8 is preferably operated at a sub 

stantial superatmospheric pressure which may be 
substantially the same or somewhat lower than 
that employed at the outlet from heating coil 
f4. The reaction chamber is also preferably in 
Sulated, although insulation is not shown in the 
drawing, to conserve heat so that the heated 
products supplied to this zone, and more par 
ticularly their vaporous components, are sub 
jected therein to appreciable continued conver 
sion. In the particular case here illustrated both 
vaporous and liquid conversion products are with 
drawn in commingled state from the lower por 
tion of chamber 8 and directed through line 9 
and valve 20 into chamber 2. 
Chamber 2 may be operated as a vaporizing 

and separating zone maintained at a substantially 
reduced pressure relative to that employed in the 
reaction chamber by means of which further 
vaporization of the liquid conversion products 
supplied to this zone is accomplished and wherein 
final separation of vaporous and residual liquid 
conversion products is effected. In such cases 
the non-vaporous liquid residue may be removed 
from the lower portion of chamber 2 through 
line 22 and valve 23 to cooling and storage or to 
any desired further treatment. Such further 
treatment may comprise, whien desired, subse 
quent reduction of the residual liquid to coke in 
a separate system or in a separate zone of the 
same system, by any well known means, not illus 
trated. On the other hand, chamber 2 may, 
when desired, be operated as a coking zone where 
in the liquid conversion products supplied to this 
zone from the reaction chamber are reduced to 
substantially dry coke. In such cases chamber 2 
is preferably operated at a pressure ranging, for 
example, from 150 pounds, or thereabouts, per 
square inch, Superatmospheric pressure, down to 

0. 

5 

20 

25 

30 

40 

45 

50" 

.55 

85 

s 



O 

5 

20 

25 

30 

35 

49 

2,165,681 
substantially atmospheric pressure or a Super 
atmospheric pressure substantially the same as 
that employed in chamber 8 may be utilized in 
the coking zone, when desired. In case coke is 
produced in chamber 2 it may be allowed to ac 
cumulate within this zone to be removed there 
from in any well known manner, not illustrated, 
after the operation of the chamber is completed 
and, when desired, a plurality of coking zones 
may be employed, although not illustrated, which, 
in order to render the coking stage of the process 
continuous, preferably are alternately operated, 
cleaned and prepared for further operation al 
though two or more coking chambers may be 
operated simultaneously, when desired. 
Waporous products are withdrawn from the 

upper portion of chamber 2 and directed through 
line 24 and valve 25 to fractionation in frac 
tionator 8 wherein their components boiling 
above the range of the desired final motor fuel 
product of this stage of the system are condensed 
as reflux condensate which is returned, as previ 
ously described, to conversion in heating coil 4. 

Fractionated vapors of the desired end boiling 
point, comprising material within the boiling 
range of motor fuel and the gaseous products 
of the cracking operation, are withdrawn from 
the upper portion of fractionator 8 and directed 
through line 26 and valve 2 to condensation and 
cooling in condenser 28. The resulting distillate 
and gas passes through line 29 and valve 30 into 
column 3 which, in the particular case here 
illustrated, serves both as a receiver for collection 
of the motor fuel conversion product and an ab 
sorber for recovery of the high-boiling Com 
ponents of the gaseous conversion products, in 
cluding substantially all of the propylene and 
butylene. When desired, regulated quantities of 
the distillate collected in the lower portion of 
column 3 may be recirculated by means of line 
32, valve 33, pump 34, line 35 and valve 36 to the 
upper portion of fractionator 8 to serve as a cool 
ing and refluxing medium in this zone for assist 
ing fractionation of the vapors and to maintain 
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the desired vapor outlet temperature from the 
fractionator. 
The absorber oil employed in column 3, com 

prises, in the preferred embodiment of the inven 
tion, stabilized motor fuel recovered from within 
the system and supplied to column 3, as Will be 
later more fully described. I have found that 
this particular material not only has a selective 
affinity for the high-boiling components of the 
gaseous conversion products, including the 3 and 
4 carbon atom gases, but that it also has a tend 
ency to absorb a higher portion of the unsatu 
rated than the saturated gases. The gases leav 
ing the upper portion of absorber 3 therefore 
comprise, principally, propane and lower boiling 
gases while at least a major portion of the 
propylene, butylene and higher boiling gases are 
concentrated in the distillate collected in the 
lower portion of absorber 3. This distillate is 
directed by means of line 32, valve 33, pump 34, 
line-35, line 37, valve 38, heat exchanger 39, line 
40, valve 4, heat exchanger 42, line 43 and valve 
44 to stabilization in stabilizing column 5, as 
will be later more fully described. The relatively 
low-boiling gaseous products pass from the upper 
portion of absorber 3 through line 46 and valve 
4 to further absorption in column 8 wherein 
propane, principally, and any remaining higher 
boiling components of the gases are absorbed. 
In the particular case here illustrated, the ma 

terial utilized as absorber oil in column 8 com 

3 
prises a selected relatively low-bolling fraction 
of the conversion products undergoing fractiona 
tion in fractionator 8. This material is particul 
larly suitable for the purpose since it is substan 
tially devoid of pentane and is of low molecular 
weight and low viscosity although other oil such 
as, for example, charging stock for the process 
may be employed as absorber oil in column 48, 
when desired. The absorber oil, in the case illus 
trated, is withdrawn from a suitable point in the 
upper portion of the fractionator through line 49 
and valve 50 to column 5 wherein it is subjected 
to reboiling for the purpose of substantially free 
ing th? same of entrained gases and low-boiling 
components within the range of the desired over 
head product from the fractionator. The reboil 
ing is accomplished by any well known means 
such as, for example, a closed coil 52 in the lower 
portion of the Column through which any suit 
able heating medium is circulated. The vapors 
liberated in column 5 are returned therefrom 
through line 53 and valve 54 to fractionator 8. 
The reboiled condensate is withdrawn from the 
lower portion of column 5f through line 55 and 
valve 56 to pump 5 by means of which it is 
directed through line 58, valve 59, heat exchanger 
39, line 60, Valve 6, cooler 62, line 63 and valve 
64 into absorber 48. The lean unabsorbed gases 
are released from the upper portion of column 
48 through line 65 and valve 66. The enriched 
absorber oil passes from the lower portion of 
column 48 through line 67 and valve 68 to pump 
69 by means of which it is returned through line 
0 and valve to fractionator 8. 
The reheated distillate supplied, as previously 

described, to stabilizer 45 is preferably heated 
Sufficiently in heat exchangers 39 and 42 to effect 
substantial vaporization thereof in column 45 and 
is preferably stabilized in this Zone down to the 
vapor pressure of the order of, for example, 2 
pounds, or thereabouts, per square inch. In this 
manner substantially all of the propylene, butyl 
ene and lower boiling gases as well as, when de 
sired, some of the higher boiling gases are liber 
ated from the distillate. Reboiling means such 
as a closed coil 72, through which any suitable 
heating medium may be circulated, is provided 
in the lower portion of the stabilizer and suit 
able cooling means such as coil 3, through which 
any suitable cooling medium may be circulated, 
is provided in the upper portion of the stabilizer. 
The stabilizer motor fuel is withdrawn from the 
lower portion of column 45 through line 4 and 
may pass, all or in part, therefrom through line 
75 and valve T6 into line 29 wherein it is blended 
with the liquid motor fuel from the polymeriza 
tion stage of the System and, when desired, With 
paraffinic gases from an external source, as will 
be later more fully, described, to form the final 
motor fuel product of the process. Preferably 
regulated quantities of the stabilized distillate 
from column 45 are directed through Walve in 
line T4 to pump. T8 by means of which this ma 
terial is supplied through line 9, valve 80, heat 
exchanger 42, line 8t, valve 82, cooler 83, line 84 
and valve 85 to column 3, wherein it serves as 
an absorber oil in the manner previously de 
scribed. 
Heat exchangers 39 and 42 serve, as previously 

indicated, as a means of reheating the distillate 
supplied from absorber 3 to stabilizer 45 and 
also serve, respectively, as a means of cooling the 
absorber oils supplied from column 5 to absorber 
48 and from stabilizer 45 to column 3. Addi 
tional cooling of the absorber oil supplied to col 
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umn 8 may be accomplished, when desired, in 
cooler 3 and additional cooling of the absorber 
oil supplied to Column 48 may be accomplished, 
when desired, in cooler 62. It will be understood, 
of course, that any or all of the heat exchangers 
and coolers may be by-passed when desired, al 
though means for accomplishing this are not 
illustrated in the drawing, and that other means 
of cooling the absorber oils and heating the dis 
tillate supplied to the stabilizer may be utilized 
either alone or in conjunction with the means 
illustrated. 
The olefin-containing gases are withdrawn 

from the upper portion of stabilizer 45 and may 
be directed through line 86 and valve 87 to pump 
8 by means of which they are supplied through 

line 89, valve 90 to heating coil 9. Preferably, 
however, stabilizer 45 is operated at a slightly 
higher superatmospheric pressure than that de 
sired in heating coil 9 and the succeeding poly 
merization equipment in order to avoid the use 
of a pump or compressor for the gases supplied 
to the polymerization system. Line 92 contain 
ing valve 93 is therefore provided as a means of 
by-passing pump 88. 

Heating coil 9 is located within a suitable fur 
nace 94 by means of which the oleffin-containing 
gases passing through the heating coil are heated 
to a temperature sufficient to effect their sub 
sequent polymerization for the formation of liq 
uid polymers within the boiling range of motor 
fuel under the pressure conditions and/or cat 
alytic influence employed in this stage of the 
process. The heated gases are discharged from 
heating coil 9 through line 95 and may pass, in 
Series, through the polymerizing chambers 98 and 
98’ by means of line 96, valve 97, line 99, valve 
f00, line foll, valve O2, line 96', valve 97', line 99' 
and valve 00'. Parallel flow of gases through 
the polymerizing chambers may be employed in 
stead of series flow, when desired, by means which 
will be obvious from the drawing. It is, of course, 
also within the scope of the invention to employ 
a single polymerizing chamber or to employ any 
desired number of a plurality of such zones. 
When catalytic polymerization is employed the 
polymerizing catalyst is preferably disposed with 
in the polymerizing chambers in such a manner 
that the olefin-containing gases passing there 
through are intimately contacted with the cat 
alyst. 

Catalysts of the type generally known as "solid 
phosphoric acidº catalysts have been found par 
ticularly suitable for promoting the desired poly 
merization of the olefinic gases, such as propylene 
and butylene as well as, when desired, higher 
boiling olefins, and as a specific example of a 
catalyst Suitable for this purpose I may employ 
a siliceous carrier or absorbent material such as 
kieselguhr impregnated with either ortho or pyro 
phosphoric acids or a mixture of the two, the 
mixture of acid and earth having been calcined 
to form a solid which may be ground to approxi 
mately 4 to 20 mesh or the pasty mixture may 
be extruded and the extruded shapes calcined, 
preferably at a temperature of the order of 500 
to 600°F. to form the final catalyst. It is, how 
ever, also within the Scope of the invention to 
use other catalysts such as, for example, Sul 
phuric or hydrochloric acids in either liquid or 
so-called solid state as well as liquid phosphoric 
acid or, when desired, heavy metal salts such as 
aluminum, zinc and iron chlorides may be em 
ployed. The use of catalysts, generally, permits 
the use of lower temperatures and pressures than 

2,165,681 
when catalysts are not employed and also have 
other advantages. A detailed comparison of cat 
alytic and non-catalytic methods is, however, not 
pertinent to the present invention since the inven 
tion is advantageous as applied to either type of 
process. 
The polymerized gases withdrawn from the pol 

ymerizing chambers pass through line 103 to con 
densation and cooling in condenser 04 wherefrom 
the resulting liquid polymers and unpolymerized 
and uncondensed gasespass throughline 105 and 
valve 06 to collection and separation in receiver 
f07, line 108 and valve 109 to pump O by means 
of which it is supplied through line if and valve 

i 2 to stabilizer í 3. 
Stabilizer 3 is provided with suitable cool 

ing means such as coil 4 in its upper portion 
and suitable reboiling means such as coil 5 in 
its lower portion and functions in the same man 
ner, previously described, as stabilizer 45 except 
that the liquid polymer product removed from 
stabilizer 3 may, when desired, and does nor 
mally contain a proportionately greater amount 
of low-boiling gaseous products as compared 
with the motor fuel removed from stabilizer 45 
so that the polymer product has a considerably 
higher vapor pressure. The gases liberated from 
stabilizer 3 consisting, principally, of propane 
and lower boiling gases are released from the 
upper portion of the stabilizer through line it 6 
and valve and may, when desired, pass to 
gether with the uncondensed gases withdrawn 
from receiver to through line f8 and valve 9 
to storage or elsewhere, as desired. The inven 
tion also contemplates when desired, the recir 
culation of all or a regulated or selected portion 
of these gases (particularly those resulting from 
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stabilization of the liquid polymer product) to 
further polymerization within the system, by well 
known means not illustrated, particularly in case 
the liquid polymer product is stabilized to a 
relatively low vapor pressure whereby residual 
polymerizable gases are liberated therefrom. 
The stabilized polymer product is withdrawn 

from the lower portion of stabilizer 3 through 
line 20 and valve 2 and preferably is com 
mingled in this line with the lower vapor pres 
sure distillate withdrawn, as previously described, 
from stabilizer 45 to form the final motor fuel 
product of the process, the vapor pressure of 
which may be regulated to suit requirements by 
controlling the vapor pressure of the polymer 
product or, when desired, paraffinic gases such as, 
preferably, butane from any suitable external 
Source may be directed through line 22 and valve 
23 into line 20 to commingle with the final 
motor fuel product of the process to inerease its 
vapor pressure to the desired point. 
While the preferred method of operation is or 

dinarily to Substantially free the polymer prod 
uct supplied to stabilizer 3 of propane, any 
residual propylene and lower boiling gases so 
that butanes may be blended with the final mo 
tor fuel product to increase its vapor pressure to 
the desired degree it is, of course, also within 
the scope of the invention to leave a sufficient 
quantity of low-boiling gases in the liquid poly 
mer to give the desired vapor pressure in the final 
blended product. In many cases when the lat 
ter method of operation is employed stabilization 
of the polymer product may be dispensed with 
entirely. . 

It will, of course, be understood that the in 
vention is also applicable to practically any type 
of cracking system including both the so-called 
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2,165,681 
"vapor-phase' and the "liquid vapor-phase' type 
of process as well as various catalytic processes. 
There are, furthermore, numerous modifications 
of the type of cracking process illustrated in 
cluding reforning, selective cracking, non-re 
siduum or coking operations, residuum operations 
and various combinations thereof, all of which 
are entirely within the scope of the invention. 

In an apparatus of the character illustrated 
and above described, the preferred range of op 
erating conditions suitable for accomplishing the 
objects of the process may be approximately as 
follows: The heating coil of the cracking stage of 
the System may employ a conversion temperature 
measured at the outlet therefrom ranging, for 
example, from 850 to 1000 F., preferably with 
a Superatmospheric pressure at this point in the 
system of from 100 to 800 pounds, or there 
abouts, per square inch. Substantially the same 
or a Somewhat lower superatmospheric pressure 
is preferred in the reaction chamber and the suc 
ceeding vaporizing or coking chamber is prefer 
ably operated at a substantially reduced super 
atmospheric pressure ranging, for example, from 
150 pounds, or thereabouts, per square inch down 
to Substantially atmospheric pressure. The pres 
Sure employed in the vaporizing or coking cham 
ber may be substantially equalized or somewhat 
reduced in the succeeding fractionating and con 
densing portions of the system, although the pres 
Sure employed is preferably sufficient to permit 
the use of a superatmospheric pressure of from 
50 to 150 pounds, or more, in the absorption 
stages of the system without the use of a pump 
Or CompreSSOr for Stupplying the light conver 
sion products thereto. Preferably, the stabilizing 
column to which the motor fuel conversion prod 
luct of the process is supplied is operated at a suf 
ficient superatmospheric pressure to permit pas 
Sage of the gases therefrom through the poly 
merization stage of the system without the use 
of a pump or compressor, the preferred range 
in this zone being from 150 to 300 pounds, or 
thereabouts, per square inch. The temperature to 
which the olefin-containing gases are subjected 
in the heating coil of the polymerization stage 
of the system may range, for example, from 350 
to 550 F., or thereabouts, and except for the drop 
in pressure, due to friction, loss of head, etc., 
through the polymerization stage, the pressure 
employed therein preferably is somewhat in 
creased in the suceeding stabilizer, ranging for 
example, from 150 to 300 pounds, orthereabouts, 
per Square inch superatmospheric. The pres 
sure employed in the stabilizing column to which 
the liquid polymer is supplied, when such a zone 
is utilized may range, for example, from 100 to 
300 pounds per square inch, superatmospheric, 
and preferably a superatmospheric pressure of 
approximately 200 pounds, or more, is preferred 
in this Zone. Due to the slightly exothermic na 
ture of the polymerization reaction the temper 
ature in the catalyst chambers will vary some 
what, particularly in case two or more chambers 
are employed in series. Normally, however, a 
temperature of the order of 300 to 450° F. is ob 
tained in the initial stages of the polymerization 
treatment with a subsequent maximum tempera 
ture of the order of 450 to 550 F. or more. 
As a specific example of the operation of the 

process of the invention as it may be accom 
plished in an apparatus of the character illus 
trated and above described, employing a charg 
ing stock comprising a 25' A. P. I. gravity Mid 
continent topped crude, the temperature en 

5 
ployed at the outlet from the cracking coil is ap 
proximately 960 F, with a superatmospheric 
pressure at this point in the system and in the 
succeeding reaction chamber of approximately 
200 pounds per square inch. The vaporizing 
chamber to which both vaporous and liquid prod 
ucts from the reaction chamber are supplied is 
operated at a superatmospheric pressure of ap 
proximately 75 pounds per square inch. This 
pressure is substantially equalized in the succeed 
ing fractionating and condensing portions of the 
system as well as the two absorption columns. 
The stabilizing step to which the metor fuel con 
version product is supplied is operated at a super 
atmospheric pressure of approximately 225 
pounds per square inch and this pressure is sub 
stantially equalized throughout the polymeriza 
tion stage of the system, a pressure of approxi 
mately 275 pounds per square inch being employed 
in the stabilizing step to which the liquid polymer 
product is supplied. The temperature at the out 
let from the heating coil of the polymerization 
stage is approximately 400 F. The cracked 
motor fuel from the first absorption stage, which 
contains substantially all of the gases boiling 
above propane, is stabilized to a vapor-pressure 
of approximately 2 pounds per square inch and 
the resulting gases from the stabilizer, which are 
supplied to the polymerization step, contain sub 
stantially all of the propylene and butylene pro 
duced by the Cracking operation, the heavier 
gases being left, in this particular case, in the 
stabilized motor fuel from the cracking operation. 
The polymer product is stabilized to a vapor pres 
sure of approximately 25 pounds per square inch, 
Substantially only propane and lighter gases being 
removed therefrom by said stabilization. The 
stabilized polymer gasoline is blended with the 
cracked gasoline and a small amount of butane 
from an external Source is blended thereWith to 
give a final motor fuel having a vapor pressure 
of approximately 10 pounds per square inch. The 
following is an approximate analysis of the gases 
taken at: various points in the system: 
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Percént Percent Percent 
Lighter than propylene. 92.7 14. 2?. ? 
Propylene- vn 2.7 ... 20.2 5.9 
Propane---- - 3.7 . 32.5 64.1 
Butylene- -- 0.5 17,5 0.3 
Butane------------------------- 0.4 5.7 2.0 
leavier than butane----------- 0.0 0.0 0.0 

This operation will yield, per barrel of charg 
ing stock, approximately 58.2 per cent of motor 
fuel having a Reid vapor-pressure of approxi 
mately 10 pounds per square inch and an octane 
number by the motor method of approximately 
70. Of this 58.2 per cent approximately 52.5 per 
cent, based on the charging stock, is cracked gas 
oline, approximately 4.8 per cent is polymer gas 
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oline and the remaining 0.9 per cent, or there 
abouts, is added butane. 
As a means of comparison in an operation simi 

lar to that above outlined except that the motor 
fuel conversion product of the process is sub 
jected to stabilization in the Conventional man 
ner and the stabilizer reflux comprising a high 
proportion of the propylene and butylene com 
ponents of the process gases subjected to poly 
merization, the yield of motor fuel, including the 
polymer product, when producing a 10 pound 
vapor-pressure gasoline, is approximately 54 per 
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cent based on the charging stock and the octane 
number is slightly less than that obtained in the 
above operation. 
I claim as my invention: 
1. In the production of gasoline by the crack 

ing of hydrocarbon oils wherein the final gasoline 
containing condensate is separated from incon 
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densible gases and then stabilized, the method 
which comprises removing from the final con 
densate by said stabilization substantially all 
of its propylene and butylene content, thereby 
forming a condensate of lower vapor pressure 
than notor fuel, scrubbing said gases with at 
least a portion of the stabilized propylene and 
butylene-free condensate to absorb in the latter 
propylene and butylenes contained in the gases, 
supplying the resultant enriched condensate to 
the stabilizing step for the removal therefrom of 
the absorbed propylene and butylenes, subjecting 
the propylene and butylenes evolved by the sta 
bilization, including those absorbed from the gases, 
to polymerization to produce gasoline boiling 
polymers therefrom, stabilizing the resultant 
polymer product to a higher vapor pressure than 
said condensate to retain a substantial proportion 
of 4 carbon atom hydrocarbons therein, and 
blending the thus stabilized polymer product of 
relatively high vapor pressure with said conden 
sate of lower vapor pressure than motor fuel. 

2. The process of producing a high yield of 
high antiknock motor fuel of desired volatility 
which comprises initially separating cracked gas 
oline Condensate from the uncondensed gases 
formed during cracking, distilling from said 
cracked gasoline condensate substantially al con 
stituents and dissolved gases lower boiling than 
the Cs hydrocarbons to produce debutanized gas 
oline condensate, scrubbing the first-mentioned 
gases with at least a portion of said debutanized 
condensate to absorb in the latter hydrocarbons 
of less than 5 Carbon atoms contained in the gases, 
supplying the resultant enriched condensate to 
the distilling step for the removal of the absorbed 
hydrocarbons therefrom, subjecting C4 hydrocar 
bons contained in the distilled constituents and 
dissolved and absorbed gases from said distilling 
step to polymerization, separating unpolymerized . 
hydrocarbons from the polymers thus formed, 
blending debutanized gasoline and polymers and 
adding sufficient C4 hydrocarbons to produce a 
high antiknock motor fuel of desired volatility. 

3. In a process for the conversion of hydrocar 
.bon material, the method which comprises, sub 
jecting hydrocarbons to conversion conditions of 
temperature and pressure and separating a final 
gasoline condensate from incondensible gases, 
subjecting said condensate to stabilization, re 
moving from said condensate substantially all 
of its hydrocarbons having less than 5 carbon 
atoms, thereby forming a condensate of lower 
vapor pressure than commercial gasoline, scrub 
bing said gases with at least a portion of said 
condensate of lower vapor pressure than com 
mercial gasoline to absorb in the latter hydro 
carbons of less than 5 carbon atoms contained in 
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the gases, supplying the resultant enriched con 
densate to the stabilizing step for the removal 
therefrom of the absorbed hydrocarbons of less 
than 5 carbon atoms, subjecting hydrocarbons of 
less than 5 carbon atoms evolved by the stabiliza 
tion, including hydrocarbons absorbed from said 
gases, to polymerization to produce gasoline poly 
mers therefrom, stabilizing the resulting polymer 
products to a higher vapor pressure than said 
condensate to retain a substantial proportion of 
4 carbon atom hydrocarbons therein, and blend 
ing the thus stabilized polymer products of rela 
tively high vapor pressure with said condensate 
of lower vapor pressure than commercial gasoline 
to form a product of about the volatility of com 
mercial gasoline. - 
4. A process for producing a high yield of anti 

knock motor fuel from the products of hydrocar 
bOn Oil Conversion, which comprises separating 
from said products a final gasoline condensate 
and an olefinic gas, removing from said final con 
densate, by stabilization thereof, substantially all 
of its hydrocarbons of less than 5 carbon atoms 
to the molecule, thereby forming debutanized gas 
oline condensate, scrubbing said olefinic gas with 
at least a portion of the debutanized condensate 
to absorb in the latter olefinic hydrocarbons of 
less than 5 carbon atoms contained in the gases, 
supplying the resultant enriched condensate to 
the aforesaid stabilization for the removal of the 
absorbed hydrocarbons therefrom, polymerizing 
4 carbon atom olefins evolved by said stabiliza 
tion, including hydrocarbons absorbed from said 
gas, to form gasoline boiling polymers, blending 
such polymers with debutanized gasoline from the 
stabilizing step and adding suficient 4 carbon 
atom hydrocarbons to form a blend having the 
desired volatility of motor fuel. 

5. A process for producing a high yield of 
anti-knock motor fuel from the products of hy 
drocarbon Oil Conversion, which comprises sep 
arating from said products a final gasoline con 
densate to the aforesaid stabilization for the re 
final condensate, by stabilization thereof, substan 
-tially all of its hydrocarbons of less than 5 carbon 
atoms to the molecule, thereby forming debutan 
ized gasoline Condensate, scrubbing said olefinic 
gas with at least a portion of the debutanized 
condensate to absorb in the latter olefinic hydro 
carbons of less than 5 carbon atoms contained in 
the gases, supplying the resultant enriched con 
densate to the aforesaid stabilisation for the re 
moval of the absorbed hydrocarbons therefrom, 
polymerizing 4 carbon atom olefins evolved by 
said stabilization, including hydrocarbons ab 
sorbed from said gas, to form gasoline boiling 
polymers, stabilizing the resultant polymer prod 
ucts to a higher vapor pressure. than said debu 
tanized condensate to retain a substantial pro 
portion of 4 carbon atom hydrocarbons therein, 
and blending such stabilized polymer products of 
relatively high vapor pressure with debutanized 
gasoline from the stabilizing step to form a prod 
uct of about the volatility of commercial gasoline. 

CLARENCE. G. GERHOLD. 
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CERTIFICATE OF CORRECTION 
Patent No. 2, lé5,651. July 11, 1939. 

CIARENCE G, GERHOFD. 
It is hereby certified that error appears in the printed specification 

of the above numbered patent requiring correction as follows: Page 6, sec 
ond column, line 3, claim 5, strike out the words and syllable "to the 
aforesaid stabilization for the re-", and insert instead and an olefinic gas, 
removing from said; and that the said Letters Patent should be read with 
this correction therein that the same may conform to the record of the case 
in the Patent Office. 

signed and sealed this 22nd day of August, A. D. 1939. 

Leslie Frazer 

(Seal) Acting Comissioner of Patents. 


