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The invention relates to an improved process 
for the pyrolytic conversion of relatively high 
boiling hydrocarbon oil such as heavy crude pe 
troleum, topped crude and the like, to produce 
therefrom high yields of light distillate such as 
good antiknock gasoline and minor yields of pe 
troleum coke. Normally gaseous products con 
taining a high percentage of readily polymeriza 
ble olef?ns, such as propene and butenes, are also 
produced within the system and, in the preferred 
embodiment of the invention, intermediate liquid 
productS Such as good quality furnace oil, naph 

10 

tha, and the like are recovered as separate prod- . 
lucts of the process. 
A number of novel features are provided by the 

invention which represent advantageous depar 
tures from prior practice, particularly in view of 
their interdependent and cooperative relation 
ship. The invention also resides in various com 
binations of these features involving less than the 
entire combination disclosed and it is therefore 
not intended to limit the invention to this entire 
Combination. 
In accordance with one specific embodiment of 

the invention, the hydrocarbon oil charging 
Stock to be cracked is preheated, as will be later 
described, and thence supplied to and through a 
heating coil wherein it is brought to the desired 
Cracking temperature at substantial superatmos 
pheric pressure and wherein a portion of the 
cracking reaction occurs. The resulting heated 
products are passed downwardly through an 
elongated Vertically disposed reaction chamber 
also maintained at a cracking temperature and 
Substantial Superatmospheric pressure wherein. : 
the desired cracking reaction is substantially 
Completed. , Waporous and liquid conversion 
products are separated in the lower portion of 
the reaction chamber and separately removed 
therefrom. The charging oil is passed in indi 
rect heat transfer relation with said vaporous 
products and then in indirect heat transfer re 
lation. With Said liquid products to preheat the 
Sane prior to itS introduction into the heating 
coil and the resulting partially cooled products 
are Supplied to a vaporizing and fractionating 
Column, maintained at a super-atmospheric 
pressure lower than that employed in the reac 
tion chamber, from which fractionating column 
the Overhead vaporous stream consisting essen 
tially of gasoline and normally gaseous fractions 
is Supplied to condensing and recovery equip 
inent. Unvaporized components of the conver 
Sion products and condensate formed in the frac 
tionating column are supplied to another vapor 
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izing and fractionating column operated at sub 
stantially reduced pressure from which latter 
column a light overhead distillate, Such as naph 
tha, and a select intermediate fraction, such as 
furnace oil, are separately recovered, while the 
bottoms comprising higher boiling components of 
the materials supplied to this zone are directed 
to a third fractionating column from which an 
other overhead distillate product and a select 
side-stream comprising good quality light fuel 
oil are separately recovered. The bottoms from 
the third fractionating column are supplied to 
another heating coil wherein they are quickly 
heated under non-coking conditions to a tem 
perature adequate to induce their subsequent re 
duction to coke in alternately operated enlarged 
coking chambers to which the heated products 
from this coil are supplied. Vapors evolved in 
the coking chamber are supplied to a separating 
chamber wherein high coke-forming components 
unsuitable for treatment in the last named heat 
ing coil are separated from the lighter vapors, 
these heavy components being returned directly 
to the coking chambers while vapors from the 
separating chamber are supplied to the last 
named fractionating column. 

Referring to Figs. 1 and 2 of the drawings, 
which diagrammatically illustrate means for car 
rying out the invention, the preheated charging 
stock is supplied, as will be later described, to 
heating coil disposed in furnace 2 and in pass 
ing therethrough is heated to the desired crack 
ing temperature at substantial Superatmospheric 
pressure. The resulting heated products are di 
rected from coil through line 3 and valve 4 into 
reaction chamber 5 which is also maintained at 
substantial superatmospheric pressure and which 
is preferably insulated to conserve heat, although 
insulation is not shown in the dra WingS, SO that 
Cracking of the heated products from coil. 2 is 
continued in the reaction chamber. 
The rough separation of vaporous and liquid 

conversion products is effected in the lower por 
tion of chamber 5 and the liquid products are di 
rected from the bottom of the chamber through 
line 6, Valve , heat eXchanger 8, line 9 and valve 
O into the vaporizing and separating section 

of column 2, of which the upper-portion 3 is a 
fractionator. The vaporous conversion products 
are separately removed from chamber 5 above the 
point of removal of the liquid products in this 
Zone and are directed through line í 4, heat ex 
changer 5, line 6 and valve 7 also into zone 

. In the case here illustrated, the streams of 
vapors and liquid products separately removed 
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from chamber 5 are commingled after they have 
passed through heat exchangers 5 and 8, re 
spectively, and before they are introduced into 
ZOne , although it is entirely within the scope 
of the invention to separately supply the vapor 
OuS and liquid products to the latter zone when 
desired. 
The function of heat exchangers 8 and 5 is to 

Separately Cool the Vaporous and liquid streams 
supplied, respectively, to these zones to a tem 
perature at which no substantial further crack 
ing of these materials will occur, this being ac 
complished, in the case here illustrated, by pass 
ing the separate streams in indirect heat trans 
fer relation with the charging oil which is there 
by preheated. I have found that the feature of 
Separating the vaporous and liquid conversion 
products in the reaction chamber and separately 
cooling the same in transit to the subsequent va 
porizing and separating step is particularly ad 
vantageous as compared with removing them in 
COmmingled State from the reaction chamber 
and effecting their cooling in commingled state. 
Due to this separation and separate cooling, the 
formation and deposition of coke during the 
transfer of the conversion products from the re 
action chamber to the subsequent vaporizing and 
Separating step is practically eliminated, thus 
greatly prolonging the duration of the operating 
Cycle of the process. 
A substantial superatmospheric pressure is also 

employed in column 2 but is preferably some 
what lower than the pressure utilized in the re 
action chamber. The vapors supplied to and 
evolved in Zone if pass therefrom through vapor 
riser into fractionating section 3 of column 
2 wherein they are fractionated to form light 
and heavy condensates and fractionated vapors 
of the desired end boiling point. The heavy con 
densate formed by fractionation of the vapors 
and collected above the tray or deck 8, which 
forms a partition between zones i f and 3, is di 
rected through line 9 and valve 20 to pump 2 
Wherefrom it is supplied through line 22 and 
valve 23 to heat exchanger 24, cooled in the lat 
ter Zone, as will be later described, and thence 
directed through line 25 wherefrom it is supplied, 
in part, through Valve 26 into fractionator 3 
wherein it serves as a cooling and refluxing me 
dium and, in part, through line 27, valve 28 and a 
suitable spray device indicated at 29 into the 
lower section f of the column wherein it con 
tacts and acts as a cooling medium for the va 
pors supplied to and evolved in this zone and, in 
part, commingles with the liquid products re 
moved from the lower portion of zone f. Rela 
tively heavy liquid conversion products which re 
main unvaporized in Zone are directed there 
from through line 30 and valve 3 to fractionator 
34. 
The vapors remaining uncondensed in the 

lower portion of fractionator 3 are further frac 
tionated in the upper portion of this zone to form 
a lighter condensate which is removed therefrom 
through line 32 and may be directed, all or in 
part, through valve 33 in this line to fractionator 
34 or returned, all or in part, via line 35, valve 
36, pump 37, line 38 and valve 39 to heating coil 

for further cracking in this zone in com 
mingled state with the charging oil. 

Fractionated vapors of the desired end-boiling 
point, which preferably consist predominantly of 
ga.Soline and normally gaseous products, are di 
rected from the upper portion of fractionator f3 
through line. 40 and valve 4 to cooling and con 
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2,361,891 
densation in condenser 42 wherefrom the result 
ing distiiliate and UnCOnden Sed gaSes and WapO’S 
are directed through line 43 and valve 44 to ac 
cumulator 45. Condensate collected in accumu 
lator 45 is returned in regulated quantities 
through line 45, valve 47, pump 48, line 49 and 
waive 50 to the upper portion of fractionator 3 
to serve as a cooling and refluxing medium in this 
Zone. Vapors and gases Which remain un con 
densed in accumulator 45 are directed therefron 
through line 5 and valve 52 to sub-cooler 53, 
wherein condensation of substantially all of the 
normally liquid components of the vapors is corn 
pleted. The resulting distillate and uncon 
densed gases are directed from sub-cooler 53 
through line 54 to receiver or separating drum 
55 wherefrom the gases are released through line 
56 and valve 57 to storage or suitable absorption 
equipment, not illustrated, or elsewhere as de 
sired, while the distillate which will normally con 
tain substantial quantities of dissolved gases is 
supplied through line 58 and valve 59 to suit 
able stabilizing equipment, not illustrated, or to 
any other required further treatment or Storage. 
Due to the relatively high pressure employed 

in column 2, the stream renoved therefrom 
through line 32 will contain substantial quanti 
ties of gasoline or heavy gasoline fractions and 
will also contain heavy fractions undesirable as 
components of the light furnace oil product of 
the operation. Also, the heavier liquid fractions 
removed from the lower portion of Zone if will 
normally include some gasoline or heavy gaSO 
line fractions and a substantial quantity of low 
boiling fractions desirable for inclusion in the 
light furnace oil. By substantially reducing the 
pressure in chamber 34 and supplying both of 
these streams from column to this Zone, they 
are subjected to revaporization and fractiona 
tion in this zone to effect a better Segregation of 
the desired products and, in addition to the Wa 
porization effected in this zone by the pressure 
reduction, heat in the vapors evolved from the 
hot heavy fractions from Zone ff serves to ef 
fect vaporization of the lighter condensate from 
fractionator 3 by intimate countercurrent con 
tact therewith in fractionator 34, while the light 
er condensate serves to partially cool and assist 
fractionation of said vapors evolved from the 
heavier oil. The bottoms which remain unwa 
porized in fractionator 34, together with the 
heavy condensate collected in the lower portion 
of this zone, are removed therefrom through line 
60 and directed through valve 6 in this line into 
column 2, the function of which will be later 
explained. 
A side-stream comprising the desired light fur 

nace oil and some undesired lower boiling com 
ponents is renoved from a Suitable intermedi 
ate point in fractionator 34 through line 65 and 
is directed, in part, through valve 66 in this line 
to heat exchanger 6. Wherein it is cooled and 
wherefrom it is thence returned through line 68 
and valve 69 to fractionator 34 to serve as a 
cooling and refluxing medium in this zone. The 
remaining portion of the Side-stream from line 
65 is directed through lines 70 and valve 7 to 
stripping column 72 wherein it is reboiled in any 
suitable well known manner for the purpose of 
Substantially freeing the same of undesired light 
fractions. Reboiling and stripping is accom 
plished, in the particular case here illustrated, 
by Supplying Open steam to column 2 through 
line 73 and valve 4, although reboiling may be 
accomplished, when desired, by the use of an 
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indirect heat exchange medium such as steam or 
hot oil. The vapors evolved in column 72 are 
returned therefrom through line 75 to fraction 
ator 34 and the desired light furnace oil product 
is directed from the lower portion of this Zone 
through line 6 and valve 7 to cooling and stor 
age or elsewhere, as desired. 

Fractionated vapors of the desired end-boil 
ing point, which, in addition to any normally 
gaseous fractions, may constitute a special naph 
tha, product or additional yields of gasoline or 
heavy gasoline fractions, are directed from the 
upper portion of fractionator 34 through line 78 
and valve 79 to cooling and condensation in con 
denser 80 wherefrom the resulting distillate and 
uncondensed gases are directed through line 8 
and valve 82 to collection and separation in re 
ceiver 83. The uncondensed gases are released 
from the receiver through line 84 and valve 85 to 
storage or elsewhere, as desired, and , regulated 
quantities of the distillate collected in the re 
ceiver are preferably returned by means of line 
86, valve 87, pump 88, line 89 and valve 90 to 
the upper portion of fractionator 34 to serve as 
a cooling and refluxing medium in this Zone. 
The net, make of the distillate collected in re 
ceiver 83 is directed therefrom through line 9 
and valve 92 to pump 93 and when this material 
is desired as a separate product of the process 
it may be directed through line 94, line 95 and 
valve 96 to storage or to any desired further 
treatment or, when this material comprises gas 
oline or gasoline fractions suitable for inclusion 
with the gasoline in the overhead. Vaporous 
stream from fractionator f3, it may be supplied 
from pump 93 through line 94, line 98 and valve 
97 to sub-cooler 53 wherein it commingles with 
the uncondensed stream from accumulator - 45 
and wherein the distillate from receiver 83 will 
normally serve as an absorbent for some of the 
heavy gases in Said uncondensed Stream, the re 
sulting commingled distillate being collected in 
receiver 55 and therein separated from the un 
condensed and undissolved gases. 
Charging stock for the process, which may, 

comprise any desired type of oil but preferably 
consists of relatively heavy petroleum fractions, 
such as topped or reduced crude, is supplied. 
through line 00 and valve 0 to pump fo2 
wherefrom it is supplied to heating coil aftar 
first passing, in the particular case here illustrat 
ed, through each of the heat exchangers 67, 24, 5 
and 8, in series, and serves in each of these zones 
as a cooling medium for the relatively hot ma-. 
terials supplied thereto, as previously described, 
by passing in indirect heat exchange relation 
therewith. From pump 02, the charging oil is 
directed, in the particular case here illustrated, . 
through line fo3 to heat exchanger, 67, thence 
through line O4 to heat, exchanger 24, thence 
through line 05 to heat exchanger 5, thence 
through line O6 to heat exchanger 8 and finally 
through line OT and valve if 08 into coil . . 

It will, of course, be understood, that any other 
desired method and means of preheating the 
charging oil may be employed within the scope 
of the invention or that it may, when desired, be 
supplied to coil without preheating or that any 
of the heat exchangers 8, f 5, 24 and 67 may be 
employed for preheating the charging stock 
without necessarily using all of them for this 
purpose. For any of the heat exchangers not 
utilized to preheat the charging oil a suitable 
cooler of any conventional form may be substi 
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therein without departing from the scope of the 
invention. 
The bottoms supplied from fractionator 34 to 

the fractionating section O of column 2 com 
mingle in this Zone with vaporous products of the 
coking operation which are supplied to fraction 
ator O, as will be later described, and the mix 
ture is separated into relatively light, relatively 
heavy and intermediate : fractions. The rela 
tively light fractions which comprise the over 
head vaporous stream from fractionator 0, 
consisting essentially of gasoline and normally 
gaseous fractions, are derived predominantly 
from the vaporous products of the coking Opera 
tion, while the heavy and intermediate liquid 
fractions are derived from both the vaporous 
products of the coking operation and the bot 
toms from fractionator 34. 
The intermediate fractions, which preferably 

comprise a good quality fuel or furnace oil, are 
removed from an intermediate point in fraction 
ator to through line 3 and are directed, all or 
in part, through line f4 and valve 5 to strip 
ping column? 6 wherein they are substantially 
freed of undesired light fractions, this being ac 
complished, in the case here illustrated, by re 
boiling with open steam which is supplied to the 
lower portion of the column through line if T and 
valve 8. The stripped product is removed from 

, the lower portion of the column through line 9 
and valve 20 to cooling and storage or elsewhere, 
as desired, and the evolved vapors and gases may 
be returned directly from column f6 to frac 
tionator O by well known means, not illus 
trated, or, preferably, in order that a reduced 
pressure relative to that employed in fractionator 
?o may be utilized in column 6 to assist va 

porization in this zone, the vapors evolved from 
the upper portion of this Zone may be directed 
through line 2 to condenser 22 wherefrom the 
resulting distillate is directed through line 23 
to accumulator i 24. Any uncondensed and un 
dissolved gases are released from accumulator . 
24 through line 25 and valve 26 and the dis. 

tillate from this Zone is returned by means of line 
27, valve 28, pump 29, line 30, valve 3 and 

line 32 to a suitable intermediate point in frac 
tionator ff0 above the point of removal of said 
intermediate fraction therefrom, to serve as 
a cooling and fluxing medium in this zone. To 
augment the distillate supplied from accumu 
lator. 24 to fractionator if 0 and provide addi 
tional cooling and refluxing in the latter zone, 
when desired, provision is made for directing a 
regulated portion of the unstripped side-stream 
from fractionator ff0 through valve 33 in line 
f3 to pump 34 by means of which it is returned 
via line 35, valve 36, cooler 37, line 32 and 
valve 38 to fractionator G. A portion or all 
of the Side Stream removed from column O 
may, When desired, be recovered without first 
stripping the same in column i 16, this being ac 
complished by directing the same, after cooling 
in cooler. 37, to storage or elsewhere as desired, 

70 

š5 through line 190 and valve il 9 í , communicating 
With line. 32. 
The high-boiling components of the materials 

supplied to fractionator to constitute a heavy 
but relatively clean oil suitable for further crack 
ing and reduction to coke to produce additional 
yields of gaSoline and intermediate and heavy 
liquid fractions. This material accumulates in 
the lower portion offractionator | 10 above par 
tition 40, which separates the fractionating sec 

tuted or another cooling medium may be utilized 75 tion of the column if 2 from its lower portion f ( ), 



4. 
and is directed therefrom through line 42 and 
valve 33 to pump 44 by means of which it is 
supplied through line 45 and valve 46 to heat 
ing coil 47. 

Coil. 46 is disposed in furnace f48 which, al 
though illustrated in a conventional manner in 
the drawings, preferably consists of one of the 
several well known forms of heaters designed to 
transfer heat to the oil at high rates So that 
the heavy oil may be quickly heated in coil 147 tO 
a high temperature which will induce cracking 
and effect subsequent reduction of the heavy con 
version products to coke without allowing the oil 
to remain in the heating coil for a sufficient 
length of time to cause coking difficulties therein. 
A substantial superatmospheric pressure is pref 
erably employed at the outlet of coil f4 and the 
highly heated oil from this Zone is directed 
through line 49 and valve 50 into a plurality of 
alternately operated coking chambers. 
Two substantially identical coking chambers 

53 and 53' are illustrated in the drawings, but 
it will, of course, be understood that any desired 
number of such zones may be utilized. Heated 
oil from line 49 is supplied to chamber 53 
through line 5 and valve, 52 and to chamber 
?53' through line 15 ?' and valve 152'. The cok 
ing chambers are preferably unheated and in 
sulated, although insulation is not indicated in 
the drawings, and the coke which forms in these 
zones as the result of distillation and cracking 
of the heated oil therein is allowed to accumu 
late in the coking chamber in operation until it 
is substantially filled or until its operation is 
completed for any other reason, following which 
the heated oil stream is diverted to the other 
chamber and the accumulated coke is removed 
from the first mentioned chamber in any Well 
known manner, not illustrated, preferably after 
it has been isolated from the rest of the system. 
Coking chambers 53 and 53' are provided with 
drain lines 54 and 54', respectively, controlled 
by the respective valves 55 and 55' and these 
lines may also serve as a means of introducing 
steam, water or other suitable cooling material 
into each of the chambers after its operation 
has been completed in order to hasten cooling and 
facilitate removal of the coke. 
Vapors evolved in chambers f 53 and 53' are 

removed therefrom through the respective lines 
56 and 56', controlled by the respective valves 
57 and 57, and are thence directed through 

line 58 to separating zone of column 2 
wherein heavy pitch or tar-like materials car 
ried over With the Vapors from the coking zone 
are removed therefrom prior to their fractiona 
tion for the formation of the heavy condensate 
Supplied to coil f47. The vapors substantially 
freed of entrained, undesirable heavy materials 
pass from Zone through vapor riser f4? into 
fractionator 0. The heavy tar or pitch-like 
materials removed from the vapors are, due to 
their high coke-forming characteristics, unsuit 
able for treatment in coil 47 and are, therefore, 
returned directly to the coking chambers for 
further treatment without passing through coil 
47, this being accomplished by removing the 
same from the lower portion of zone through 
line 59 and valve 60 to pump f sf wherefrom 
they are returned through line 62 and valve 
í 63 to line í 49 and thence to the coking chamber 
in Operation. 
The fractionated vaporous stream removed 

from the upper portion of fractionator O is 
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2,361891 
directed through line 65 and Valve 66 to cool 
ing and partial condensation in condenser 67 
Wherefrom the resulting distillate and uncon 
densed Vapors and gases are directed through 
line 68 to accumulator 69, Wherefrom the con 
densate is returned in regulated quantities by 
means of lines 70, 7, pump f12, line 73 and 
Valve 74 to the upper portion of fractionator 

0 to serve as a cooling and refluxing medium 
The Vapors and gases which re 

main uncondensed in accumulator. 169 are di 
rected therefrom through line 75 to sub-cooler 
f76 wherein condensation of substantially all of 
their normally liquid components is completed 
to form a distillate boiling within the range of 
gasoline and containing substantial quantities of 
dissolved heavy gases. The resulting distillate 
and remaining uncondensed and undissolved 
gases are directed from sub-cooler 76 through 
line TT and valve 78 to collection and separa 
tion in receiver 79 wherefrom the uncondensed 
gases are directed to storage or to suitable ab 
Sorption equipment, not illustrated, through line 
80 and valve 8?, while the distillate from this 
Zone is removed through line 82 and valve 83 
to stabilization and/or to any other desired treat 
ment, not illustrated, or to storage. 
The operating conditions employed in various 

portions of the system will vary considerably de 
pending upon the nature of the charging stock 
employed and the desired characteristics Of the 
products. In general, however, when the charg 
ing stock is a relatively heavy oil, such as topped 
or reduced crude, a cracking temperature of from 
850 to 950 F., or thereabouts, is employed at 
the outlet of coil f, preferably with a Superat 
mospheric pressure at this point in the System 
of 200 pounds, or more, per Square inch. A pres 
Sure of Substantially the same magnitude Or 
Somewhat lower is preferably employed in reac 
tion chamber 5 and the vaporous and liquid con 
version products separately removed from this 
Zone are preferably cooled to a temperature of 
from 800 to 850 F., prior to their introduction 
into column 2. A substantial Superatmospheric 
pressure of from 150 to 200 pounds, or there 
abouts, per Square inch is preferably employed 
in column 2, but to assist vaporization in the 
lower portion of this zone the pressure employer 
therein is preferably somewhat lower than that 
utilized in the reaction chamber. A still lower 
pressure ranging, for example, from 30 to 150 
pounds or thereabouts, per Square inch, superat 
mospheric, is preferably employed in fractiona 
tor 34. A temperature of from 900 to 950° F". 
is preferably employed at the Outlet of heating 
coil 147, preferably with a Superatmospheric pres 
Sure at this point in the system of from 90 to 150 
pounds, or thereabouts, per Square inch. Sub 
stantially the same or somewhat lower Superat 
mospheric pressure may be employed in the suc 
ceeding coking chambers and column 2 is pref 
erably operated at Substantially the same pres 
Sure as that employed in the coking Zone, this 
pressure preferably also being Substantially equal 
ized in the succeeding condensing and collecting 
equipment for the overhead vaporous stream from 
column fo, while Substantially the same or, 
preferably, a somewhat lower pressure may be 
employed in stripping column 6. 
As an example of one specific operation of the 

process herein provided, as it may be Conducted 
in an apparatus of the character illustrated and 

75 above described, the charging stock is a West 
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Texas reduced crude of approximately 22 A. P.I. 
and is supplied to the system at approximately 
18,200 barrels per day. It is preheated in pass 
ing through heat exchangers 6, 24, 5 and 8, in 
series, to a temperature of approximately 300 F. 
and is further heated in coil to an outlet crack 
ing temperature of approximately 920° F. with a 
superatmospheric pressure at the outlet of this 
Coil of approximately 265 pounds per square inch. 
Substantially the same pressure is employed in 
the reaction chamber and the vaporous and liq 
luid conversion products separately withdrawn 
from this ZOne are each Separately cooled by in 
direct heat exchange With the charging stock to 
a temperature of approximately 830 F., at which 
they enter section of column 2. 
A Superatmospheric pressure of approximately 

160 pounds per Square inch is employed in col 
umn 2 and condensate removed from the lower 
portion of fractionator 3 at a temperature of 
approximately 700 F. is cooled to a temperature 
of approximately 500 F. and returned, in part, 
to Section and, in part, to fractionating sec 
tion 3 of column 2 in the manner illustrated. 
Approximately 12,000 barrels per day of ap 

proximately 20 A. P.I. gravity liquid conversion 
products are removed from the lower portion of 
Section of column 2 at a temperature of ap 
proximately 790 F. and supplied to fractionator 
34 at a relatively low point in this Zone. Ap 
proximately 2450 barrels per day of condensate 
having a gravity of approximately 38.5 A. P. I. 
is removed from an intermediate point in frac 
tionator 3 at a temperature of approximately 
625 F. and also Supplied to fractionator 34 at a 
relatively high point in this Zone. V 
The overhead Vaporous stream from fraction 

ator i3 is cooled in condenser 42 to a tempera 
ture of about 180 F. and resulting condensate 
is returned from accumulator 45 to the upper 
portion of fractionator 3. A temperature of ap 
proximately 100 F. is employed in Sub-cooler 53 
and receiver 55 is operated at a Superatmospheric 
preSSure of about 150 pounds per square inch. 

Fractionator 34 is operated at a superatmos 
pheric pressure of about 40 pounds per square 
inch and bottoms of approximately 16° A. P.I. 
gravity are removed from this zone at a temper 
ature of approximately 710 F. and supplied 
therefrom to fractionator O at the rate of ap 
proximately 9600 barrels per day. The stripped 
Side-stream recovered from column 72 is a fur 
nace oil of about 32 A. P.I. gravity and amounts 
to approximately 5400 barrels per day. The gas 
removed from receiver 83 amounts to approxi 
mately 300 pounds per hour and approximately 
1050 barrels per day of 48' A. P. I. gravity naph 
tha, are recovered from receiver 83. 

Heating coil f4 employs an outlet cracking 
temperature of approximately 945° F. with a su 
peratmospheric pressure at this point in the sys 
tem. Of approximately 150 pounds per square 
inch. Substantially the Same pressure is em 
ployed in the Succeeding, alternately operated 
coking chambers and the Vapors which leave the 
coking Zone at a temperature of approximately 
885 F. are supplied to the lower portion of col 
umn f2 at the rate of approximately 218,000 
pounds per hour. The heavy oil supplied from 
the lower portion of fractionator O to heating 
coil 47 amounts to approximately 16,800 barrels 
per day and has an A. P. I. gravity of approxi 
mately 12. The heavier high coke-forming ma 
terials Supplied directly from the lower portion 
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5 
of column f2 to the coking Zone has an A. P.I. 
gravity of approximately 5' and amounts to ap 
proximately 800 barrels per day. The side 
stream removed from fractionator O has an 
A. P.I. gravity of approximately 29 and is with 
drawn from this Zone at a temperature of ap 
proximately 625 F. A portion of this material is 
cooled to a temperature of approximately 200 
F. and returned to an immediate point in frac 
tionator 0, while the remaining portion which 
amounts to approximately 4000 barrels per day is 
recovered as stock for further cracking in an 
other Cracking unit. The overhead vaporous 
Stream from fractionator 0 is cooled in con 
denser 67 to a temperature of about 180° F., the 
temperature being reduced in sub-cooler f76 to 
approximately 100 F. and a superatmospheric 
pressure of about 130 pounds per square inch 
being employed in receiver 79. Distillate from 
accumulator 69 is returned from the upper por 
tion of fractionator O as a cooling and re 
fluxing medium. Approximately 11,500 pounds 
per hour of uncondensed gases are recovered 
from receiver 79 and the unstabilized gasoline 
recovered from this Zone amounts to approxi 
mately 3,460 barrels per day and has an A. P.I. 
gravity of approximately 69.5. 
The yields of the various products, based on 

reduced crude charged to the system, are approx 
imately as follows: 

Cracking sectiom, 

Yields 

Product 
Per cent || Per cent 
by wt. by vol. 

Gasoline (400 F. E.P.-10 #R. V. P.) 14.2 7. 
Furnace oil (stripped side stream from col. 72) 28.0 29. 
Residuum (to cooking sect.) ----------------- 54.9 52.7 
Gas and loss---------------------------------- 2.9 ?????????-- 

Cokting Section, 

Yields 

Product 
Per cent || Per cent 
by wt. by vol. 

Gasoline (400 F. E. P.-10 #R. V. P.).-- "2.6 15, 7 
Unstripped side stream from Fract. 12 21.4 22.0 
oke--------------------------------- 14.3.1---------- 

Gas and loss---------------------------------- 6.6 

I claim as my invention: 
1. A process of hydrocarbon oil conversion 

which comprises treating said oil at a cracking 
temperature and substantial superatmospheric 
pressure in a heating coil and communicating 
enlarged reaction chamber, supplying resulting 
vaporous and liquid conversion products to a va 
porizing and fractionating zone operated at re 
duced Superatmospheric pressure and therein 
Separating them into heavy liquid fractions, 
lighter condensate and a fractionated vaporous 
Stream consisting essentially of gasoline and 
gases, Subjecting the vaporous stream to conden 
Sation and the resulting distillate and uncon 
densed gases to separation, separately supplying 
Said heavy liquid fractions and lighter conden 
Sate, each without intentional cooling thereof, to 
another vaporizing and fractionating zone oper 
ated at Substantially lower pressure than that 
employed in the first mentioned vaporizing and 
fractionating zone, therein effecting further wa 
porization of Said residual liquid by virtue of its 
contained heat and the reduced pressure and 
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further vaporizing Said lighter condensate with 
the aSSistance of heat derived from said residual 
liquid, removing as fractionated vapors from the 
last describing vaporizing and fractionating zone 
an overhead stream comprising gasoline fractions 
of higher end-boiling point than those recovered 
from the first mentioned fractionating step, con 
densing and recovering the same, supplying flash 
distilled and reduced residual liquid from the last , 
described vaporizing and fractionating zone to a 
third fractionating step, supplying bottoms from 
the third fractionating Step to a separate heating 
coil, therein heating the same to cracking tem 
perature under non-coking conditions, introduc 
ing heated products from the last named coil into 
a coking Zone and therein reducing their high 
boiling components to coke, separating any unde 
Sirable heavy components from the vaporous 
products of the coking operation, supplying re 
Sulting relatively clean vaporous products of the 
coking Operation to said third fractionating step, 
therein Separating from the materials supplied 
thereto Said bottoms Supplied to the heating coil 
of the coking System, a lighter condensate suit 
able for further cracking and a fractionated va 
porous stream consisting essentially of gasoline 
and gases, Subjecting the latter to condensation 
and recovering the resulting distillate and uncon 
densed gases. 

2. The proceSS of hydrocarbon oil conversion 
which comprises cracking an oil at a cracking 
temperature and Substantial superatmospheric 
preSSure in a heating coil, passing resulting 
heated products downwardly through an en 
larged vertically disposed reaction chamber also 
maintained at Cracking temperature and sub 
Stantial Superatmospheric pressure, separating 
the resulting products into predominantly var 
porous and predominantly liquid fractions in the 
lower portion of the reaction chamber and remov 
ing the same as Separate streams therefrom, sep 
arately cooling each of Said streams to a temper 
ature at which Substantial further cracking 
thereof is prevented, Supplying both of the cooled 
Streams to a vaporizing and fractionating Zone 
operated at lower pressure than that employed in 
the reaction chamber, therein separating the wa 
porous and liquid fractions into residual liquid, 
lighter condensate containing high boiling gaso. 
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line fractions and a fractionated vaporous stream 
consisting essentially of gasoline and gases, Sub 
jecting the latter to condensation and recovering 
the resulting distillate and uncondensed gases, 
supplying Said lighter condensate to a Second 
vaporizing and fractionating Zone, Separately 
supplying said residual liquid, without intentional 
loss of heat, to a lower point in the Second vapor 
izing and fractionating Zone, Substantially reduc 
ing the pressure employed in the latter zone rela 
tive to that employed in the first mentioned 
vaporizing and fractionating Zone, therein effect 
ing further vaporization of the residual liquid and 
supplying heat from the evolved vapors to Said 
lighter condensate to further vaporize the same 
and evolve said heavy gasoline fractions there 
from, recovering from an intermediate point in 
the second fractionating Zone a heavier conden 
sate substantially devoid of fractions boiling 
Within the range of the desired gasoline product 
of the process, removing as fractionated vapors 
from the second vaporizing and fractionating 
zone an overhead stream comprising gasoline of 
higher end-boiling point than that recovered 
from the first mentioned fractionating ZOne, Con 
densing and recovering the Same, removing the 
resulting flash distilled and reduced residual liq 
uid from the lower portion of the second vapor 
izing and fractionating Zone and Supplying the 
same to a third fractionating Zone, Supplying bot 
toms from the third fractionating ZOne to a Sepa 
rate heating coil, therein heating the same to 
cracking temperature under non-coking condi 
tions, discharging the resulting heated products 
into an enlarged coking ZOne and therein reducing 
their high boiling components to coke, Separating 
undesirable heavy components from the vaporous 
products of the coking operation and Supplying 
the remaining relatively clean vaporous products 
to said third fractionating ZOne, Separating from 
the materials supplied to the latter Zone said bot 
toms supplied to the heating coil of the coking 
system, a light condensate Suitable for furthel' 
cracking anda fractionated vaporouS Stream con 
sisting essentially of gasoline and gases, Subject 
ing the latter to condensation and recovering the 
resulting distillate and uncondensed gases. 

KENNETH. M. WATSON. 


