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UNITED STATES PATENT OFFICE 

This invention relates to method for producing 
high octane rating gasoline and is more particu 
larly concerned with method for converting hy 
drocarbon oils under high pressure into motor 
fuels and simultaneously polymerizing hydrocar 
bon gases, produced in the conversion, to motor 
fuel. 
One of the objects of my invention is to pro 

vide a method for simultaneously distilling crude 
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oil, cracking heavy oil, reforming naphtha, and 
polymerizing hydrocarbon gases in a single fur 
nace structure. 
Another object of my invention is the provision 

of a method for cracking oils and reforming 
naphtha under high pressures and for polymer 
izing the gases resulting from the cracking and 
reforning Operations under high pressures with 
out the necessity of compressing the gases. 
A further object of my invention is the provi 

Sion of a method whereby distillation and crack 
ing of oil and polymerization of gases may be 
Carried out as a unitary process or the distilla 
tion and/or cracking may be carried out inde 
pendently of the polymerization step. 

Still another object of my invention is to pro 
vide method for increasing the yield of gasoline 
obtainable from crude, oil or other charging stock. 
A still further object of my invention is to 

produce a larger amount of gasoline of high 
octane rating than has heretofore been produced 
from crude oil. 
Other objects of my invention will be apparent 

from the following detailed description considered 
in connection with the accompanying drawings of 
which g 

The Single figure is a diagrammatical, vertical 
view illustrating one form of the invention. 

Referring to the drawings, the numeral f indi 
cates a storage tank from which crude oil may 
be withdrawn by means of pump 3 through line 5 
and charged to a heating coil located in the 
convection Zone 9 of a suitable furnace indicated 
generally by the numeral . The convection 
zone of the furnace may be heated by a suitable 
burner 3 located in the combustion section of 5. 
During its passage through the heating coil 7 the 
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oil may be heated to a temperature of approxi 
mately 700° to 800°F. After passing through the 
heating coil the oil is discharged therefrom 
through the line 7 into an intermediate point of 
the vaporizer and fractionator 9. The volatile 
portions including the gas oil pass overhead 
through the line 2 and the heavy residuum is 
withdrawn from the bottom of the vaporizer 
through the line 23 and valve 25. " The vapors are 

discharged from the line 2 into an intermediate 
point of the fractionating tower 27 from which a 
light naphtha fraction may be taken overhead 
through the line 29. A heavy naphtha fraction 
may be taken off as a side stream through the line 
3 and the gas oil may be discharged from the bot 
tom of the tower through the line 33. The light 
naphtha, taken overhead as vapor may be passed 
through the cooling coil 35 where it is condensed 
and then collected in separator 3. Any gas 
formed during the distillation may be withdrawn 
from the top of the separator 37 through line 
39 and valve 4. The heavy naphtha, withdrawn 
as a side stream through the line 3 may be 
passed through the cooling coil 43 and collected 
in a tank 45. From the separator 37 the light 
naphtha is withdrawn through the line 47 and 
valve 49 and sent to a collecting tank 5 through 
the line 52. A portion of the light naphtha from 
the separator 37 may be returned as reflux to the 
top of the tower 27 through line 53 by means 
of pump 54. A line 55 having a valve 56 is pro 
vided for withdrawing heavy naphtha, from the 
System. 
The gas oil, withdrawn through the line 33, 

may be pumped by means of pump 5 and charged 
through line 59 and valve 6 to the line 63 where 
it acts as a cooling medium to shock chill the 
reaction products discharged from the cracking 
coil 65. If necessary, suitable heat interchangers 
may be placed in the line 59 to cool the gas oil. 
A line 67 having valve 69 therein is provided for 
withdrawing gas oil from the line 33 when it is 
desired to shut down the cracking still 65 for cleaning or repairing. 
The cracking coil 65 is located in a separate 

section 7 of the furnace and is heated chiefly 
by means of radiant heat supplied by the burner 
73. The oil undergoing cracking is preferably 
charged to the coil 65 at a pressure of from 500 
to 1500 pounds per square inch and heated therein 
to a temperature of from 800 to 1000 F. The 
reaction products which have been cracked in 
the heating and conversion coil 65 are discharged 
through the line 63 and are shock chilled to a 
temperature below conversion temperature by the 
gas oil supplied through the line 59. If desired 
a suitable reaction chamber may be connected 
to the outlet of the coil 65 to provide additional 
time for the cracking reaction to take place. 
The chilled products may then pass through a 
suitable heat exchanger 75 and cooling coil 7 
where they are cooled sufficiently to lower their 
temperature to approximately 450° to 600 F. and 
then passed into the upper section of the frac 
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tionating tower 9. The fractionating tower 79 
is preferably maintained under the high pres 
sure of the cracking system and is operated under 
such conditions that Substantially nothing heav 
iller than butane passes over as vapors. For this 
purpose the top temperature of the tower may 
be maintained at from 200 to 300 F. The gases 
are taken off the top of the tower through the 
line 8 and partially condensed by passing 
through cooling coll 83. The resulting liquid and 
gases are passed to the separator 85 from which 
uncondensed gases consisting chiefly of methane, 
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ethane, and hydrogen and some ethylene are bled 
off through the line 87 and yalve 89. 
The liquids collected in the bottom of the frac 

tionating tower 9 may be passed through heat 
interchanger 75 and then through a heating coil 
9 located in the convection section 9 where the 
oil is heated to a temperature of approximately 
700° to 800° F. and discharged into the line 93, 
then through pressure release valve 95 into a 
vaporizer 97. The heavy tar may be withdrawn 
from the vaporizer 97 through line 99 and valve 
of and the vapors including the gas oil are taken 

off overhead through the line 03 and discharged 
into an intermediate point of the fractionating 
tower OS. The fractionating tower 05 is main 
tained under pressure approaching atmospheric 
and under Such temperatures that only the frac 
tions within the gasoline boiling range are taken 
overhead as vapors. The vapors are taken from 
the top of the fractionating tower 05 through 
the line foll and are condensed by passing through 
condenser 09. The condensate passes into the 
separator if from which gases, if any, are bled 
from the system through the line 3 and valve 

5. The condensate is in part withdrawn from 
the bottom of the separator if f by means of 
the pump 19 and charged through line f2 and 
valve 28 into the top of fractionating tower f05 
to act as reflux liquid. The remainder of the con 
densate from separator may be withdrawn 
from the bottom thereof through line 25 from 
which all or a portion thereof may be withdrawn 
by pump 2 through line 29 and valve f3; or 
the remainder may in whole or in part be with 
drawn from the system through line 33 con 
trolled by valve 35, or may be sent through line 
3 controlled by valve 39 into the collecting 
tank 5 through valve 40 and line 52. 
The liquid fraction collecting in the bottom of 

fractionating tower 05 is withdrawn therefrom 
by means of pump 4 through line f43 and 
charged to the inlet of cracking coil 65 under 
Eure between 500 and 1500 pounds per square 

c 
An absorption liquid, which may be an inter 

mediate cut withdrawn from the fractionating 
tower 05 through the line 53, valve 54, cooling 
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coil 55, vessel fs, and pump 59, or the heavy 
naphtha collected in the vessel 45, may be charged 
by pumps 59 and through the lines 63 and 

4 and valve 65 respectively into the top of 
the absorption tower 66 wherein it flows down 
Ward in counter-current relation with the rising 
stream of gases. The absorption tower is pref 
erably operated under pressures of approximate 
ly 160 to 210 pounds per square inch and approxi 
mately atmospheric temperature. Gases con 
taining olefinic hydrocarbons are fed into the 
botton of the absorber through line f6 7. The 
fixed dry gases which may be chiefly methane, 
ethane, ethylene, and hydrogen, are bled from 
the top of the absorber through the line f8 and 
Valve 69 to any suitable point, for use as fuel 

or for other purposes. The absorber oil charged 
with dissolved gases may be withdrawn from the 
bottom of the absorber 66 by means of the pump 

through line T3 and valve T and charged 
into the separator 85 where it commingles with 
the liquefied gases coming from the fractionating 
tower 9. The combined products may be with 
drawn from the lower portion of the separator 85 
by means of pump 5 through the lines 76 and 

and Valve 9 and charged into the inlet end 
of the polymerizing and reforming coils 80. A 
portion of the products from the bottom of the 
separator 85 may be passed into the top of the 
tower 9 through valve controlled line 8 to act 
as reflux. The coils 80 are located in a separate 
section 82 of the furnace f , and are heated 
chiefly by radiant heat from the burner 83. The 
combined charge of heavy naphtha and liquefied 
gases is heated to a temperature of approximate 
ly 900 to 1100 F. under pressures of approxi 
mately 500 to 1500 pounds per square inch in the 
coils 80. Upon leaving the coils 80 through 
the line 85, the reaction products are shock 
chilled by injecting therein through the line 8 
a portion of the pressure distillate withdrawn 
from the separator f f, through line 29. If 
desired, a reaction chamber may be connected 
to the outlet of the coils f80 to provide additional 
reaction time for the products undergoing Con 
version. Distillate from an extraneous source 
may be fed through line 88 and valve 89 and 
used as chilling fluid in place of or together with 
condensate from separator . The reaction 
products which have been chilled to a tempera 
ture below conversion temperature, preferably 
550° to 700°F., may then be passed through either 
line 90 and valve 9 into a clay treating cham 
ber 93, or may be by-passed around the cham 
ber 93 through line 95 and valve 97 into frac 
tionating tower 99. 
The chamber 93 may be filled with a suitable 

solid adsorptive catalyst such as fuller's earth or 
similar clay, and is preferably maintained under 
the pressure existing in the coil 80. During the 
passage through the clay tower the conversion 
products are decolorized and degunmed. After 
treatment with the adsorptive catalyst all the 
products undergoing treatment may be with 
drawn from the tower 93 through the line 20f 
and valve 202 and charged into an intermediate 
point of the fractionating tower 99. The frac 
tionating tower 99 is preferably operated under 
super-atmospheric pressure of approximately 175 
to 225 pounds per square inch. The liquid col 
lecting in the bottom of the tower 99 may be 
Withdrawn through line 203 and valve 204 and 
charged into vaporizer 97. The uncondensed va 
pors which may include the major portion of the 
gasoline fractions, and the uncondensable gases, 
may be withdrawn from the top of the fraction 
ating tower 99 through the line 205 and Con 
denser 207 and pass into the gas separator 209. 
The condensate may be withdrawn from the sep 
arator 209 by means of the pump 2 through 
the line 23 and a portion thereof returned to the 
top of the fractionating tower 99 through the 
line 25 and valve 27 to act as reflux. The re 
mainder of the condensate may be discharged 
through line 29 and valve 220 into Eine 22, heat 
interchanger 222 into an intermediate point of 
the stabilizer 225. The stabilizer is preferably 
Operated under super-atmospheric pressure of 
175 to 250 pounds per square inch and under tem 
perature conditions suitable to separate the light 
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which is withdrawn from the tower through the 
line 227. For this purpose a temperature of ap 
proximately 120° to 150 F. is maintained at the 
top of the stabilizer. The overhead products are 
then cooled by passing through cooling coil 229 
and discharged into separator 23f. The gases 
from the top of the separator 23 are withdrawn 
through the line 233 and valve 234 and may be 
charged to the bottom of the absorption tower 
66 where the heavy fractions such as propane, 
propylene, butane and butylene, are absorbed. 
Gases which come off the top of the separator 2C9 
areb led into the line 233 by means of the line 
235 and also charged to the absorber. Any liq 
uids collected in the separator 23 may be dis 
charged therefrom by means of pump 23 
through line 239 and valve 24 into the top of 
the stabilizer 225 to act as reflux. The stabilized 
gasoline may be withdrawn from the bottom of 
the stabilizer 225 through the heat interchanger 
222 and cooling coil 243 through line 245, and 
valve 247 into the collecting tank 5. 
A line 250 having a valve 252 therein is pro 

vided for passing liquefied gases from the sepa 
rator 85 directly to the line 22 f and stabilizer 
225 when it is desired to operate the cracking 
portion of the system without operating the re 
forming and polymerizing portion. A line 254 
having valve 256 is connected to the top of gas 
separator 23 for the purpose of withdrawing 
gaSeS from the System. When the reforning and 
polymerization unit is not in operation. 
The furnace d is preferably built in sections 

with heating means for each section so that any 
one section may be shut down and the other sec 
tions be operated independently thereof. As 
shown in the drawing, the furnace has bridge 
Walls separating the furnace into three separate 
heating sections and the products of combustion 
are withdrawn from the bottom of the furnace. 
Any suitably designed furnace may be used in 
stead. 
As a Specific example of one method of carry 

ing out my invention, crude oil may be rapidly 
heated in the coil to a temperature of approxi 
mately 750 F. and discharged into the vaporizer 
and fractionator 9 from which heavy residuum 
may be withdrawn. The vapors coming off the 
top of the vaporizer or fractionator are further 
fractionated in tower 27 into a heavy portion 
Constituting the gas oil fraction, an intermediate 
condensate constituting the heavy naphtha, boil 
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ing between 200 and 600 F., and vapors con 
stituting the light naphtha. The light naphtha, 
may be withdrawn through the line 29 and after 
cooling and separation of gas, collected in the 
tank 5A. The top of the fractionating tower may 
be maintained at a temperature of from 250 to 
300 F. The heavy naphtha, after having been 
cooled to approximately atmospheric tempera 
ture, is charged to the top of the absorption tower 
A 66 where it is contacted with the gases entering 
the botton of the absorption tower through line 
67. The absorption tower may be maintained 

at a pressure of approximately 200 pounds per 
Square inch and at a temperature approximately 
atmospheric. Under these conditions the major 
portion of the propane, propylene, butane and 
butylene is absorbed together with a portion of 
the ethylene, and the dry gases consisting chiefly 
of methane, ethane, ethylene, and hydrogen es 
Cape from the top of the tower through the line 
d 68. These gases are used for fuel or any other 
suitable purpose. 
The gas oil fraction collected in the fractionat 

ing tower 05 may be charged to cracking coil 65 
at a pressure of approximately 1000 pounds per 
Square inch and heated therein to a temperature 
of approximately. 925 F. The products leaving . 
the Cracking coil may be immediately chilled to 
a temperature of 700°F. by injecting therein the 
gas oil from the bottom of the tower 27. The 
chilled products may then be cooled sufficiently 
to lower their temperature to approximately 600 
F. and charged at this temperature into the frac 
tionating tower 79 which may be maintained un 
der a pressure of approximately 600 pounds per 
Square inch. The top of the tower may be main 
tained at a temperature of approximately 250 F. 
Under these conditions of temperature and pres 
Sure, nothing heavier than butane will escape as 
an overhead product. The vapors may then be 
cooled to approximately atmospheric temperature 
under existing pressure and the heavier portions 
of the gas such as the propane, propylene, butane, 
and butylene, will liquefy. The liquid products 
from the fractionator 9 may then be heated to 
a temperature of approximately 750° F. and 
charged into the vaporizer 97 where the pressure 
is reduced to approximately 15 pounds per Square 
inch. Substantially everything except the tar 
will pass overhead as vapors and the vapors are 
fractionated in the tower 05 into gasoline distil 
late, heavy naphtha, and gas oil. The frac 
tionating tower 05 may be maintained under a 
pressure of approximately atmospheric to 15 
pounds per square inch, and the top of the tower 
may be maintained at a temperature of approxi 
mately 350°F. Additional oil for"absorption may 
be withdrawn as a side cut from the fractionating 
tower 5 when necessary. 
The liquefied gases plus the absorbent oil 

charged with dissolved gases may be charged 
from separator 85 to the heating and reaction 
coils 80 at a pressure approximately 1000 pounds 
per quare inch and heated therein to a tempera 
ture of approximately 1000 F. In the coils. 80 
the heavy naphtha is reformed into high octane 
rating naphtha and part of the dissolved gases 
are polymerized to heavier hydrocarbons boiling 
chiefly within the gasoline range. The products 
leaving coils 89 are immediately chilled to a 
temperature of approximately 550 F. and may be 
passed at this temperature through the clay tower 
93 wherein the color-imparting and gum-form 

ing constituents are polymerized to heavy hy 
drocarbons which may be subsequently removed 
by fractionation. The pressure in the clay tower 
is maintained at approximately the pressure of 
the heating and reaction coils 8. Pressure on 
the products leaving the clay tower may be par 
tially reduced and the products then charged into 
vaporizing and fractionating tower 99 at a pres 
sure of approximately 200 pounds per Square inch 
where separation into gasoline vapors and heavier 
liquids takes place. The temperature at the top 
of the tower may be maintained at approximate 
ly 450 F. The gasoline vapors leaving the top 
of the fractionating tower 99 are condensed and 
the condensate passed to the stabilizer tower 225 
which may be maintained under a pressure of 
approximately 225 pounds per square inch. The 
temperature of the top of the stabilizer is main 
tained at approximately 120 F. and the botton 
of the tower is maintained at approximately 
300°F. Under these conditions the gasoline is 
freed of fractions lighter than butane. The gases 
from the stabilizer together with gases from the 
tower 99 are charged to the bottom of the ab-, 
Sorber. The oil charged with dissolved gases 
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may be commingled with liquefied gas in sepa 
rator 85. 
When it is desired to shut down the cracking 

and polymerizing units for cleaning, repairing Or 
other reason, the running of the crude oil 
through the coils may be continued without in 
terruption by closing valve 6 in line 59 and 
valve 65 in line 64. The gas oil will then be 
withdrawn from the tower 27 through line 33, 
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line 6 and valve 69. The heavy naphtha Will 
be withdrawn from the vessel 45 through line 55 
and valve 56. Burners 73 and fis3 in sections 
and fe2 respectively of furnace will be shut off. 
When it is desired to run the cracking unit 

and shut down only the reforming and polymer 
izing unit, the coil 80, the clay chamber 93, the 
fractionating tower 99 and the absorber 66 
will remain idle. To isolate the coil 80, valve 
79 in line TT will be closed. To isolate the 

chamber 93, the valve 3 in line 29 will be 
closed. To isolate the fractionating tower 99, 
valve 204 in line 203 and valve 220 in line 29 
will be closed. To isolate the absorber 66, valve 
f 54 in line 53, valve 65 in line 64, valve 74 
in line 73, and valve 234 in line 233 will be 
closed. The burner 83 in section 82 of furnace 
ff will be shut off. The heavy naphtha from 
tank 45 may be withdrawn from the System 
through line 55, the gasoline collected in Sep 
arator if f may be sent to collecting tank 5 or 
withdrawn from the system through line 33 for 
chemical treatment, and the liquefied gases in 
separator 85 may be sent directly to the stabilizer 
through lines 250 and 22. The gases from Sep 
arator 23 may be bled from the system through 
line 254 and valve 256. 

It will be observed that by means of my in 
vention I have completely eliminated the neces 
sity for compressing gases and the expense at 
tendant therewith. All the products are pumped 
through the process in the liquid phase thereby 
enabling the system to handle much larger thru 
puts than is possible where the products are proc 
essed in the vaporous or gaseous phase. 
Although I have set forth certain conditions 

of temperature and pressure in various parts of 
the system, it is to be understood the invention 
is not limited to the conditions stated but that 
the invention is intended to broadly cover a sys 
tem of cracking, reforming, and polymerizing in 
which products are handled in the liquid state 
without the necessity of compressing the gases. 
What claim is: 
1. A continuous method for simultaneously 

cracking oil and polymerizing hydrocarbon gases 
which comprises subjecting oil to elevated condi 
tions of temperature and pressure suitable for 
Cracking the oil, fractionating the reaction prod 
lucts without release of pressure under tempera 
ture conditions suitable for separating the nor 
mally gaseous fraction from the normally liquid 
fraction, cooling the gaseous fraction while under 
elevated pressure sufficiently to liquefy the heav 
ier portion thereof without compression of said 
gaseous fraction, absorbing olefinic gases from 
a separate source in lean heavy naphtha, com 
mingling the rich naphtha, with said liquefied 
gases, subjecting the commingled naphtha and 
liquefied gases to elevated conditions of temper 
ature and pressure suitable for reforming the 
naphtha and polymerizing the gases, separating 
the "ormally gaseous hydrocarbons from the 
normally liquid reaction products, and absorbing 
the heavier fractions of the last mentioned gases 

in said lean heavy naphtha, said last mentioned 
gases being those of said separate source. 

2. Method in accordance with claim 1 in which 
the oil is cracked under pressures of 500 to 1000 
pounds per Square inch, and the gases produced 
in the oil cracking step are separated and par 
tially liquefied without materially reducing the 
preSSure. 

3. Method in accordance with claim 1 in which 
the gases produced in the reforming and poly 
merizing step are separated from the normally 
liquid hydrocarbons under sufficiently high pres 
sure to avoid the necessity of compressing the 
gases for the purpose of absorption in the heavy 
naphtha. 

4. Method in accordance with claim 1 in which 
the heavy naphtha is obtained as an intermediate 
cut from the reaction products of the cracking 
step. 

5. A method for producing high octane rating 
gasoline from crude oil which comprises Separat 
ing the crude into light naphtha, heavy naphtha, 
and a heavier cracking stock subjecting hydro 
carbon oil to elevated conditions of temperature 
and pressure Suitable for Cracking the oil, in 
mediately chilling to below cracking tempera 
ture, the reaction products leaving the cracking 
stage, by direct contact with said cracking stock, 
fractionating the combined products under ele 
vated pressures and at temperatures suitable for 
separating the normally liquid products from 
the normally gaseous products, cooling the gase 
ous products while under elevated pressure suffi 
ciently to liquefy the heavy fractions thereof 
without compression of said gaseous product, 
separating the normally liquid products into a 
fraction boiling within the gasoline range and a 
condensate heavier than gasoline, charging Said 
heavier condensate to the cracking stage, Con 
tacting said heavy naphtha with olefine-contain 
ing hydrocarbon gases under conditions of ten 
perature and pressure suitable for dissolving a 
substantial portion of the olefines contained 
therein, commingling the rich naphtha with Said 
liquefied hydrocarbon gases, subjecting the com 
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mingled naphtha and gases to elevated conditions 
of temperature and pressure suitable for reform 
ing said naphtha and polymerizing Said gases, 
separating the resulting products into normally 
liquid and normally gaseous products, and con 
tacting the last mentioned normally gaseous 
products with said heavy naphtha to dissolve the 
olefinic hydrocarbons contained in Said gases. 

6. Method according to claim 5 in which the 
oil is cracked under a pressure of from 500 to 
1500 pounds per square inch, and the reaction 
products resulting from the cracking stage are 
separated into normally liquid and normally 
gaseous hydrocarbons without material drop in 
pressure. 

7. Method according to claim 5 in which the 
naphtha is reformed and the gases polymerized 
at pressures ranging from 500 to 1500 pounds 
per square inch. 

8. Method according to claim 5 in which the 
naphtha is reformed and the gases polymerized 
at pressures of from 500 to 1500 pounds per 
square inch, and at temperatures of 900 to 
1100° F. 

9. The method of simultaneously converting 
naphtha into high octane gasoline and polymer 
izing hydrocarbon gases which comprises ab 
Sorbing said gases in the naphtha, charging the 
enriched naphtha to a heating and reaction Zone 
Wherein the said naphtha is heated to a tempera 
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ture between 900 and 1100 F. under pressures of 
500 to 1500 pounds per square inch, chilling the 
products leaving said Zone, by means of direct 
contact with cool oil, to a temperature sufficient 
to arrest conversion but above the normal vapor 
izing temperature of gasoline and before releas 
ing the pressure on the reaction products and 
without prior fractionation thereof, contacting 
them with a solid adsorbent catalyst. 

10. Method in accordance with claim 9 in 
which the cooling oil is raw gasoline from a 
cracking operation. 

11. The method of converting heavy oils into 
gasoline which comprises subjecting said oil to 
conditions of temperature and pressure in a 
Cracking Zone suitable for converting a substan 

tial portion of said oil to gasoline boiling hydro 
carbons, separating the conversion products into 
gas, gasoline distillate, and products heavier 
than gasoline distillate, subjecting gases from 
the oil cracking step to polymerization conditions 
of elevated temperature and Superatmospheric 
pressure in a separate Zone, queraching the prod 
ucts issuing from the polymerization Zone by 
means of said gasoline distillate to a temperature 
below polymerization temperature, and contact 
ing the total quenched products with adsorptive 
catalytic clay without release of pressure at a 
temperature sufficient to induce polymerization 
of the gum-forming and color-imparting bodies 
in said products. 

PERCY A. MASCHWTZ. 


