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This invention relates to the conversion of 
high-boiling hydrocarbons into lower-boiling hy 
drocarbons suitable for motor fuel and pertains 
more particularly to the processing of relatively 
heavy oils not amenable to the high-temperature 
drastic cracking treatment essential to produce 
maximum yields of high anti-knock gasoline, 
due to their tendency to form coke. 
One factor limiting the cracking treatment of 

the heavy oils, such as Crude, reduced crude, 
heavy gas oil, and other oil stocks containing Con 
stituents difficult to vaporize is the rapid forma 
tion of coke, which fouls the heating tubes and 
other parts of the cracking equipment. For 
each particular heavy oil cracked under Con 
wentional methods there is a more or less fixed 
relationship between the amount of coke formed 
and gasoline produced at various degrees of 
cracking. In view of this relationship, the crack 
ing temperature and the length of time at which 
the oil is subjected to cracking treatment is 
limited to avoid the formation of troubleSOme 
coke deposition at the sacrifice of gasoline yield 
in this initial cracking stage in order to extend 
the length of operating runs. 
In accordance with present practice these 

heavy oil stocks are subjected to a relatively mild 
cracking treatment, commonly known as Viscosity 
breaking, regulated to produce an optimum yield 
of intermediate clean condensate. The cracked 
products are then separated into vapors and 
residue and the vapors fractionated to condense 
and separate the higher-boiling constituents 
as intermediate cycle Stock from the gaSoline 
produced from the process. The residue result 
ing from this viscosity-breaking treatment, with 
or without further treatment to free it of any 
lower-boiling constituents contained therein, is 
ordinarily rejected from the process as fuel oil 
or converted into solid coke by further treat 
ment. 
The intermediate cycle stock, formed by the 

initiai mild cracking of the heavy oil, is then 
subjected to high-temperature drastic cracking 
treatment in a second stage to produce an Opti 
imum yield of gasoline of high anti-knock char 
acteristics. The character of the intermediate 
cycle stock permits the production of a much 
larger yield of high anti-knock gasoline with a 
lesser amount of carbon deposition than do the 
original crude stocks or other stocks containing 
constituents difficult to Vaporize. 
Another factor, in addition to the formation of 

coke, limiting the extent of cracking in the second 
stage is the formation of gaseous constituents 

(C. 196-49) 
boiling below the range of gasoline. While these 
gases do not interfere with the operation of the 
process, they do limit the yield of gasoline pro 
duced, and in many cases the extent of cracking 
of the intermediate gas oil in the second stage 
is limited to avoid excessive gas losses rather 
than to avoid coke difficulties. 
An object of this invention is to improve the 

proceSS of the general nature above outlined so 
as to produce a better yield of high anti-knock 
gasoline With a lesser amount of processing and 
equipment. 
In accordance with the present invention a 

clean hydrocarbon oil Suitable for high-tempera 
ture Cracking treatment, such as a refractory 
recycle Stock produced Within the process, is Sub 
jected to elevated conditions of temperature and 
pressure to effect substantial conversion thereof. 
For example, it may be heated under elevated 
conditions of temperature and pressure during 
passage as a stream through an elongated heat 
ing ZOne of restricted cross Section to effect 
cracking and conversion thereof to lighter prod 
ucts. A relatively heavy hydrocarbon oil which 
may be, for example, a reduced crude which con 
stitutes the fresh feed to the System is then 
merged with the products of the above-mentioned 
cracking treatment, and the merged products 
are then subjected to a further cracking treat 
ment. For example, the heavy oil may be in 
troduced as a stream into the above-mentioned 
elongated heating Zone intermediate the ends 
thereof and at a point or points removed a sub 
Stantial distance from the inlet of the Zone 
whereby before introduction of the heavy oil 
the light oil has passed through a substantial 
portion of the heating Zone and has been raised 
to the desired maximum cracking temperature to 
effect Substantial cracking thereof. The re 
Sulting mixture of light oil undergoing cracking 
and the heavier hydrocarbon oil, for example, 
reduced crude, cooled somewhat from the above 

5 

O 

5 

20 

25 

30 

35 

40 

maximum temperature by the admixture of the 
heavy oil, is passed through the remainder of the 
heating zone. The proportion of heavy oil added 
and the heat applied externally to the mixture 
is controlled to effect the desired cracking of 
the heavy hydrocarbon, which preferably may be 
a mild cracking with conversion thereof to lighter 
products including a Substantial proportion of 
constituents boiling above the gasoline-boiling 
range. At the same time the portion of the heat 
ing Zone through which the mixture passes may 
Serve as a soaking Section in the cracking of 
the light oil, and the conditions may be regulated 
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to effect further cracking of the light oil in this 
phase of its passage through the said elongated 
heating Zone. At the same time the presence 
of Constituents resulting from the cracking of 
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the heavy hydrocarbon and constituents result 
iing from the cracking of light oil promotes re 
action therebetween with resulting increase in 
production of hydrocarbons in and above the 
motor-fuel boiling range and consequent reduc 
tion in gas loss and coke deposition. 
The cracked products from the above-men 

tioned heating ZOne consisting of the conversion 
products of the light oil and the heavier hydrocar 
bon oil are passed to a separator to effect separa 
tion of the vapors and liquid residue. The vapors 
are fractionated to produce therefrom a recycle 
Stock and a naphtha distillate. The recycle 
Stock is subjected Separately to elevated condi 
tions of temperature and pressure, for example, 
by passage as a stream through a separate elon 
gated heating zone of restricted cross section 
whereby conversion thereof to lighter products 
including gasoline constituents is effected. At 
least a portion of the residue resulting from the 
Separation of the cracked products from the 
first-rinentioned heating Zone is merged with the 
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Zone whereby cracking of the residue to effect 

products for the last-mentioned cracking treat 
ment and the merged products are then Sub 
jected to a further cracking treatment. For ex 
ample, it may be introduced as a stream into the 
said separate heating zone intermediate the ends 
thereof at a point or points removed a substan 
tial distance from the inlet of the zone whereby 
before introduction of the heavy oil said cycle 
Stock has passed through a substantial portion 

Stantial cracking thereof. The resulting mix 
ture is passed through the remainder of the said 
separate cracking Zone in the manner described 
in connection with the first-mentioned cracking 

conversion thereof to lighter products including 
a substantial proportion of constituents boiling 
above the gasoline boiling range is effected and 

45 whereby, if desired, further cracking of the cycle 
stock is effected. The regulation of the propor 

50 'ditions maintained are not necessarily the same 

55 
tioned Cracking treatment are passed to a sep 
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tions of the stocks introduced into the separate 
heating Zone and the application of heat thereto 
may be regulated in the same manner as in the 
first-mentioned heating zone although the con 

but may be varied depending upon the particu 
lar stocks under treatment and the products de 
sired. 
The conversion products from the last-men 

arate separator to effect separation thereof into 
vapors and liquid residue. The vapors are frac 
tionated to separate therefrom a condensate and 
naphtha distillate. The said condensate con 
tains a large proportion of constituents which has 
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Survived two cracking steps and is therefore 
rather refractory. All or a portion thereof may 
be utilized as the feed stock for the first-men 
tioned relatively drastic cracking treatment. 
Warious modifications may be employed in con 

nection with the above-described process, as will 
be apparent from the following more detailed de 
Scription with reference to the accompanying 
drawing. . . 
The drawing is a diagrammatic view in eleva 

tion of apparatus suitable for carrying out the 
method of the invention. The invention will be 
further described with reference to the drawing, 
but it is to be understood that such description 
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and reference to the drawing are for purposes of 
illustrating an embodiment of the invention 
which is not limited thereby but is capable of 
other embodiments, 

Referring to the drawing, heaters and 2 are 
provided for the separate treatment of separate 
streams of relatively light hydrocarbon oil at 
relatively high temperature and pressure, for ex 
ample, in the vapor phase. The function of 
heaters and 2 may be performed by individual 
coils Suitably located in a single furnace which 
may be also employed for heating other coils 
through which hydrocarbon liquids are passed. 
However, for purposes of simplification, heaters 
and 2 are shown as separate entities, each pro 
vided with a coil. Separator 3 and fractionator 
4 are provided to effect separation of the con 
Version products from heater into vapors and 
liquid residue and fractionation of the vapors, 
respectively, and separator 5 and fractionator 6 
are provided to afford similar treatment of the 
conversion products from heater 2. Condensers 
and 8 are provided to receive naphtha distillate 

from fractionators 4 and 6, respectively, and ef 
fect condensation of the naphtha contained 
therein while distillate receivers 9 and O are 
provided to receive the condensate from condens 
erS and 8, respectively, to effect separation of 
incondensibles therefrom.. " 
The fresh feed to the system, for example, re 

duced crude may be introduced through line 
provided with pump ffa and is introduced into an 
intermediate point or points of the coil of heater 
f, as indicated. The reduced crude or other 
heavy oil introduced as fresh feed to the sys 
tem may be preheated by passage through pre 
heater f2 which is indicated as separately housed 
but which may constitute a separate coil located, 
for example, in a cooler portion of the furnace 
structure which houses the coils of heaters and 
2. All or a portion of the fresh feed may be 
diverted from line if through line f3 for pas 
Sage through preheater 2, and the preheated oil 
is returned to line i? through line 4. 
The fresh feed may be preheated by other 

means, if desired. For example, all or a portion 
of the fresh feed from line may be diverted 
therefrom through line 8 and introduced into 
the upper portion of tar flasher 7, as indicated. 
Tar flasher f1 is provided in its upper portion 
With suitable gas and liquid contact means where 
by the Vapors passing upwardly are contacted 
with the fresh feed which descends to effect heat 
ing of the fresh feed with vaporization of light 
Constituents therein and condensation, and ab 
Sorption by the fresh feed, of liquid constituents 
of the vapors suitable for recovery and treatment 
therewith. A trap-out tray 9 is provided in 
tar flasher f7 to collect the fresh feed and ab 
Sorbed constituents before admixture with the 
heavy residue resulting from the flashing of the 
tar. The thus preheated fresh feed is withdrawn 
from trap-out tray 9 through line 20 provided 
With pump 2 and reintroduced into line for 
paSSage to heater . 
The primary feed stock for heater is intro 

duced therein through line 55 and is ordinarily 
a relatively refractory cycle stock from the sys 
tem. The feed stock introduced to the coil of 
heater from line 55 is heated under relatively 
drastic conditions of temperature and pressure 
to effect substantial conversion thereof to lighter 
products including gasoline constituents. Heavy 
oil fresh feed from line , which may be a re 
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2,172,276 
densate, is introduced into the coil of heater 
at One or more points intermediate the ends 
thereof, as described above. The point or points 
of introduction of the reduced crude and the air 
rangement and heating of the coil of heater f 
are controlled whereby the cycle stock introduced 
from line 55 passes through a substantial por 
tion of the coil of heater prior to the intro 
duction of the said reduced crude through line 
f to effect Substantial cracking of the said cycle 
Stock prior to admixture with the reduced crude. 
The totally or partially cracked cycle stock is 
Cooled by admixture with the reduced crude 
Which may be preheated in the manner described. 
The reduced crude is heated by admixture with 
the cycle stock, and by further application of 
heat to the coil, to a temperature sufficient to 
effect a mild cracking of the reduced crude with 
Conversion to lighter products including constit 
uents boiling above the gasoline boiling range. 
At the same time the conditions of admixture of 
the reduced crude and cycle stock and the fur 
ther application of heat to the mixture may be 
controlled to effect further cracking of the cycle 
Stock in the presence of and concurrently with 
the primary cracking of the reduced crude. The 
temperature maintained in the portion of the 
coil containing the mixture is ordinarily prefer 
ably Substantially lower than the temperature to 
Which the cycle stock is heated prior to admix 
ture with the reduced crude. Conveniently the 
Coil of heater may be arranged within the fur 
nace in which it is housed whereby that por 
tion of the coil through which the mixture of 
Cycle stock and reduced crude is passed is located 
in a cooler portion of the furnace whereby it 
Serves as a soaking Section for the cracking of 
the cycle stock while effecting the desired crack 
ing of the reduced crude. 
The Cracked products from heater are With 

drawn therefrom through line 6 with or Without 
a reduction in pressure by means of valve 62 
and introduced into separator 3 to effect sepa 
ration of Vapors and liquid residue. 
The vapors separated in separator 3 pass over 

head from Separator 3 after having removed 
therefrom substantially all entrained heavier liq 
luid by contact with suitable baffles, etc., located 
in the upper portion of separator 3. The vapors 
thus separated pass overhead through line 28 to 
the lower portion of fractionator 4. Fractionator 
4 is provided with suitable fractionating elements 
Such as bubble...trays for effecting vapor. and liq 
uid contact, and the top temperature thereof is 
regulated by means of cooling coil 29 or by direct 
refux to condense insufficiently cracked constitu 
ents. WapCrs uncondensed in fractionator 4, con 
Sisting of gasoline constituents and lighter prod 
lucts, pass Overhead through line 30 Which con 
nects with condenser 7 wherein the gasoline con 
Stituents condense as the desired distillate. The 
products from condenser 7 pass to distillate re 
ceiver 9 in which separation of liquids and gases 
is effected, the gases being withdrawn through 
line 3 and the liquids through line 32. 
The liquids condensed in fractionator 4 collect 

in the botton thereof which is provided with a 
heating coil 33 or other heating means to regulate 
the temperature therein and are withdrawn 
therefrom through line 34. All or a portion there 
Of may be diverted as cycle stock through line 35 
provided with a pump 36 as fresh feed to heater 
2. If desired, the character of the fresh feed for 
heater 2 may be varied by providing a trap-out 
tray 37 in fractionator 4 whereby a somewhat 

3 
lighter cut is collected than in the bottom of the 
fractionator 4. This lighter cut may be admixed 
With the heavier cycle Stock passing through line 
35 by means of line 38 connecting line 35 and 
trap-out tray 37, or the said lighter cut may con 
stitute all of the fresh feed passing through line 
35 by suitable manipulation of valves 39 and 40 
in lines 38 and 35, respectively. 
The cycle stock introduced to the coil of heater 

2 from line 35 is subjected to elevated conditions 
of temperature and pressure to effect Substantial 
Cracking thereof. All or a portion of the liquid 
residue separated in Separator 3 and withdrawn 
therefrom through line 4f may be diverted 
through line 42 connecting with line 4 and pro 
Wided with a pump 43 and introduced into the 
coil of heater 2 intermediate the ends thereof as 
indicated. The heating of cycle stock in the coil 
of heater 2 is controlled to effect substantial 
Cracking thereof prior to the introduction and 
admixture therewith of the liquid residue from 
line 42 as described above. To this end the con 
nections between line 42 and the coil of heater 2 
are arranged to permit passage of the cycle stock 
Which constitutes the primary fresh feed to the 
heater 2 through a Substantial portion of the 
coil prior to the introduction of the liquid residue 
which constitutes the secondary feed to the 
heater 2. 
The regulation of the cracking conditions, loca 

tion of the coil and relative proportion of heavy 
liquid added through line 42 may be controlled 
along the same principles described in connection 
With the operation of heater although the exact 
conditions Selected do not necessarily follow those 
of heater but are selected to effect the produc 
tion of the desired product from feed stocks which 
differ in character from those introduced into 
heater f. 
The Cracked products from heater 2 are With 

drawn therefrom through line 44 with or without 
reduction in pressure by means of valve 45 and 
introduced into Separator 5 to effect separation 
thereof into Vapors and liquid residue. The liquid 
residue may be Withdrawn therefrom through 
line 5 for further treatment elsewhere, for ex 
ample, by flashing in tar flasher 7, as described 
above. Suitable baffles, etc., may be provided in 
the upper portion of Separator 5 whereby the 
ascending vapors are freed of entrained liquids. 
Thereafter the vapors pass overhead from sepa 
rator 5 through line 48 and are introduced into 
the lower portion of fractionator 6 wherein con 
ditions of temperature and pressure are main 
tained to effect condensation and separation of 
liquids boiling above the gasoline boiling range. 
A cooling coil 4 or other cooling means, such as 
reflux means, may be provided in the top of the 
fractionator 6 to effect condensation from the 
Vapors of undesirably heavy constituents. The 
Vapors consisting of gasoline constituents and 
lighter products pass overhead through line 48 
to condenser 8 wherein constituents within the 
gasoline boiling range condense as a desired 
distillate. The resulting condensate is introduced 
into distillate receiver O wherein separation of 
liquid and gases is effected. The gases are with 
drawn through line 49 and the liquids through 
line 50. 

Line 32 and line 50 connect with line 5. Which 
is provided with a valve 52 located between the 
points of connection. By this means the gaso 
line Withdrawn from receivers 9 and 0 through 
lines 32 and 50, respectively, may be separately 
withdrawn through opposite ends of line 5t, or by 
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4. 
means of suitable manipulation of valve 52 any 
desired blending of the products may be effected. 
The liquids separated as condensate in frac 

tionator 6 collect in the bottom thereof which is 
provided with heating means such as heating coil 
53 to effect the desired temperature control at 
that point. The condensate may be Withdrawn 
through line 54, and all or a portion thereof may 
be diverted through line 55 provided with a pump 
56 for passage to heater as the primary fresh 
feed therefor. Instead of using the condensate 
from the bottom of fractionator 6 as the cycle 
stock for heater an intermediate cut may be 
taken by means of trap-out tray 57 whereby a 
cycle stock somewhat lighter than that collected 
in the bottom of fractionator 6 may be pro 
vided. The cycle stock from trap-out tray 57 
may be admixed with that passing through line 
55 by means of line 58 which connects trap-out 
tray 57 and line 55 in any desired proportion, or 
the lighter cut from trap-out tray 5 may con 
stitute all of the cycle stock passed through line 
55 to heater by suitable manipulation of valves 
59 and 60 located in lines 58 and 55, respec 
tively. 
The cycle stock introduced into the coil of 

heater 2 from line 35 ordinarily contains Substan 
tial proportions of gas-oil constituents from the 
vis-breaking of the reduced crude and will there 
fore be less refractory than the cycle Stock in 
troduced to heater from line 55 which con 
sists primarily of the more refractory uncracked 
constituents from the cracking of the cycle stock 
introduced to heater 2 through line 35. The 
cracking conditions applied in heater 2 may 
therefore be less drastic than those applied in 
heater . - 
A portion of the liquid residue separated in 

separator 5 and withdrawn through line 5 may 
be diverted therefrom through line 6 and flashed 
in tar flasher 7 to release therefrom as hot 
vapors the lighter constituents contained therein. 
The heavy residue resulting from the flashing of 
the tar collects in the bottom of tar flasher 7 
and is withdrawn therefrom through line 22 for 

"suitable use elsewhere. Any vapors undesired for 
condensation and incorporation in the fresh feed, 
for example, vapors consisting essentially of gaSo 
line constituents pass overhead from tar flasher 

through line 23 which is provided with a con 

are liquefied, and the condensate is then intro 
duced into receiver 25 wherein Separation of in 
condensibles therefrom is effected, the gases be 
ing withdrawn through line 26 and the gasoline 
through line 27 for any suitable use or for further 
treatment. According to the preferred method of opera 
tion of the invention a gas oil which may be a 
cycle stock having an end point of 650 to 750° 

to the coil of heater f. The cycle stock is pref 
erably passed through a portion of the coil lo 
cated in a relatively hot portion of the furnace 
housing the coil, and is there heated, at a pres 
Sure of 200 to 1000 pounds per square inch, to a 
temperature of 900 to 1100 F. for a time suf 
ficient to effect substantial cracking and conver 
Sion of 20 to 40% to gasoline constituents. Fresh 
feed stock, which may be a reduced crude having 
a gravity of 20 to 26 A. P.I., is introduced to the 
System through line and into the coil of heater 

at one or more intermediate points thereof 
after being preheated if desired. The introduc 
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point or points of the coil of heater is arranged 
to permit the previous Substantial cracking of 
the cycle Stock before such introduction. 
The temperature and quantity of reduced crude 

introduced into the coil of heater and the degree 
of heating applied to that portion of the coil 
through which the merged products pass is con 
trolled whereby the merged products are heated 
to a temperature of 800 to 925 F., preferably 
850 to 875 F., at a pressure equal to or lower 
than that under which the cycle stock is prelim 
inarily cracked. The rate of passage of the 
merged products through the furnace is con 
trolled to effect a mild cracking of the reduced 
crude whereby there is effected a 15 to 30% con 
version thereof into constituents boiling below 
the boiling range of the original reduced crude, 
of which conversion products approximately half 
are in the gasoline boiling range. 
The conversion products from heater are 

withdrawn therefrom through line 6 and intro 
duced into Separator 3 preferably with a reduc 
tion in pressure by means of valve 62. Separator 
3 is operated to effect passage overhead as va 
pors of all constituents suitable or desired as 
cycle Stock. For example, all constituents boil 
ing below 650 to 750 F. may be passed overhead 
as vapors. For example, the separator 3 may be 
Operated at a pressure of 25 to 100 pounds per 
Square inch. 
The vapors separated in separator 3 pass over 

head therefrom through line 28 and are intro 
duced into the lower portion of fractionator 4 
With or without a reduction in pressure by means 
of Valve 63 in line 28, if desired. 

Fractionator 4 is maintained under conditions 
of temperature and pressure to effect the pas 
Sage overhead as vapors of all constituents suit 
able for use as gasoline. Or a light naphtha dis 
tillate may be separated overhead, and the heav 
ier portion of the naphtha fraction may be re 
covered as cycle stock. For example, the frac 
tionator 4 may be operated at a pressure of from 
atmospheric to 100 pounds per square inch with 
a top temperature of 400 to 450° F. 
The cycle stock recovered as condensate in 

fractionator 4 may be withdrawn therefrom and 
passed to heater 2 as primary fresh charge there 
for through line 35. The cycle stock withdrawn 
from tower 4 may consist of material collected in 
trap-out tray 37 or in the bottom of tower 4, or 
both, in any desired proportion. In heater 2 the 
cycle Stock is passed through a portion of the coil 
located in a relatively hot portion of the furnace 
for a time sufficient to effect substantial crack 
ing of the cycle stock. For example, it may be 
heated at a pressure of 200 to 600 pounds per 
Square inch to a temperature of 900 to 1050 F. 
to effect a conversion of 20 to 40% thereof to 
gasoline constituents. Liquid residue withdrawn 
from the lower portion of separator 3 through 
lines 4 and 42 may then be introduced into the 
coil of heater 2 at a point or points subsequent 
to the carrying out of the above-mentioned 
Cracking of the cycle stock. The liquid residue 
may be preheated or precooled as desired but its 
temperature, the proportion thereof introduced, 
and the degree of heating of that portion of the 
coil through which the merged products pass are 
controlled to effect cracking of the liquid residue 
to lighter products with or without further crack 
ing of the cycle stock. For example, the merged 
products may be maintained at a temperature of 
825 to 925 F., preferably 900° to 9250 F., at or 
below the pressure obtaining during the prelin 
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2,172,276 
inary Separate cracking of the cycle stock. The 
rate of passage of the merged products through 
the coil is controlled to effect 15 to 30% conver 
Sion of the liquid residue into constituents boil 
ing below the boiling range of the said liquid 
residue of which approximately half may be 
gaSoline constituents. 
The conversion products from heater 2 are 

withdrawn therefrom through line 44 and intro 
duced into separator 5 preferably after a reduc 
tion in pressure by means of valve 45. In sepa 
lator 5 the passage. Overhead as Vapors of Sub 
Stantially all constituents desired or suitable for 
use as a cycle stock is effected. For example, 
Vaporization may be controlled to effect separa 
tion into vapors of constituents boiling at 650° to 
750 F. and below. The uncondensed vapors are 
paSSed overhead from separator 5 through line 
46 and introduced into the lower portion of frac 
tionator 6 with any reduction in pressure being 
effected by raeans of valve 64 in line 45. 

the fractionator 6 is operated under conditions 
of temperature and pressure to effect the separa 
tion overhead as vapors of constituents desired 
for use as gasoline. Alternatively, if desired, the 
heavier portion of the naphtha fraction may be 
retained as condensate to form part of the cycle 
stock collected in fractionator 6. This cycle Stock 
may consist of material collected in trap-out tray 
5 or condensate collected in the bottom of frac 
tionator 6 or both in any desired proportion. The 
cycle stock thus recovered is passed through line 
55 for processing in heater in the manner de 
Scribed above. 
Vapors uncondensed in fractionators 4 and 6 

are passed overhead through lines 30 and 48, re 
spectively, with any desired reduction in pres 
sure being accomplished by means of valves 65 
and 66 in lines 30 and 48, respectively. The 
vapors then pass through condensers 7 and 8, 
respectively, wherein gasoline constituents are 
liquefied. The resulting mixtures are passed re 
spectively to distillate receivers 9 and 0 wherein 
separation of gases and liquid is effected. The 
liquids constituting the gasoline product of the 
process are withdrawn from receivers 9 and O 
through lines 32 and 50, respectively, and may be 
suitably blended in line 51 or separately collected 
as desired. The gases separated in receivers 9 
and f) are withdrawn therefrom and from the 
system through lines 3 and 49, respectively. 
The fresh feed to the system consisting prefer 

ably of reduced crude or a similar product in 
troduced through line may be preheated in any 
desired manner prior to introduction into in 
termediate point or points of the coil of heater . 
For example, all or a portion thereof may be 
diverted from line through line 3 and passed 
through preheater 2 whereby the reduced crude 
is preheated to the desired degree, for example, 
to 500° E. 
Or if desired all or a portion of the reduced 

crude may be diverted from line through line 
f8 for direct contact with hot vapors flashed 
from the liquid residue collected in the bottom of 
separator 5. This liquid residue is withdrawn 
from separator 5 through line 5. All or a por 
tion thereof may be diverted from line 5 through 
line 6 with a suitable reduction in preSSure being 
effected by means of valve 67 located in line 6. 
The flashed residue is introduced into the bottom 
of tar flasher 7 to effect separation of Vapors 
and residue. The residue collects in the bottom 
of tar flasher T and is withdrawn therefrom 
through line 22. The vapors pass upwardly 

5 
through tar flasher f7 past the trap-out tray 9 
and into intimate contact with the descending re 
duced crude introduced through line 8 whereby 
the reduced crude is preheated with the con 
densation and absorption by the reduced crude : 
of any desired portion of the constituents of the 
vapors desired for further treatment. The un 
condensed vapors pass overhead through line 23 
and into condenser 24 wherein condensation of 
normally liquid constituents is effected. The 
mixture then passes to collector 25 wherein sepa 
ration of liquids into gases is effected, the gases 
being withdrawn therefrom through line 26 and 
the liquids through line 27. 
The preheated reduced crude is withdrawn 

from trap-out tray 9 through line 20 for rein 
troduction to line and passage to heater f. 

Both methods of preheating the fresh charge 
may be employed simultaneously, or one or the 
other may be employed, or any other desired 
method such as heat exchange by indirect con 
tact with hot products from any part of the Sys 
ten may be used. 
The invention thus provides a method for the 

25 efficient production of gasoline of high anti-knock 
value from a charging stock of relatively great 
coke-forming tendency with the minimum pro 
duction of gas and coke and with the minimum 
amount of processing and equipment necessary. 
These and other advantages are evident from 

the foregoing description in which the invention 
is illustrated by reference to certain specific em 
bodiments. It is to be understood, however, that 
the invention is not limited by Such reference but 
is capable of other embodiments. 

I claim: 
l. A method of treating hydrocarbon oil to 

form low boiling hydrocarbons suitable for mo 
tor fuel which comprises passing a stream of 
relatively light clean hydrocarbon oil formed as 
hereinafter specified through an elongated heat 
ing Zone of restricted cross section and applying 
heat thereto under cracking conditions of ten 
perature and pressure to effect cracking and con 
Version into lighter products, introducing a 
Stream of residual hydrocarbon oil into said heat 
ing Zone intermediate the ends thereof and into 
intimate mixture with said light oil passing there 
through after Said light oil has passed through a 
Substantial portion of said heating Zone and sub 
stantial cracking thereof has been effected where 
by said residual hydrocarbon oil is maintained 
under cracking conditions to effect conversion 
into lighter products in the presence of said light 
oil during the passage of the merged productS 
through the remainder of said heating Zone, paSS 
ing the resultant cracked products into a sep 
arating Zone wherein separation of vapors from 
liquid residue takes place, passing the Separated 
vapors into a fractionating zone wherein the 
vapors are fractionated to form a condensate 
and a desired distiliate, passing said condensate 
in a stream through a separate elongated heat 
ing zone of restricted cross section and apply 
ing heat thereto under cracking conditions of 
temperature and pressure to effect cracking and 
conversion into lighter products, introducing re 
sultant liquid residue into said separate heat 
ing zone intermediate the ends thereof and into 
intimate mixture with said condensate passing 
therethrough after said condensate has passed 
through a substantial portion of said heating 
zone and substantial cracking thereof has been 
effected whereby the liquid residue is maintained 
under cracking conditions to effect conversion 
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6 
thereof, to lighter products in the presence of 
Said condensate during the passage of the merged 
products through the remainder of said sepa 
rate heating zone, passing the resultant cracked 
products into a second separating Zone wherein 
separation of vapors from residue takes place, 
introducing the separated vapors into a Second 
fractionating zone wherein the vapors are frac 
tionated to form a heavy reflux condensate, a 
lighter reflux condensate and a desired distillate 
and directing said lighter reflux condensate to 
the first-mentioned heating zone as Said rela 
tively light clean hydrocarbon oil. 

2. A method of treating hydrocarbon oil to 
form low boiling hydrocarbons Suitable for motor 
fuel which comprises passing a stream of rela 
tively light clean hydrocarbon oil formed as here 
inafter specified through an elongated heating 
ZOne of restricted cross section and applying heat 
thereto under cracking conditions of temperature 
and pressure to effect cracking and conversion 
into lighter products, introducing a stream of 
residual hydrocarbon oil into said heating Zone 
intermediate the ends thereof and into intimate 
mixture with said light oil passing therethrough 
after said light oil has passed through a substan 
tial portion of said heating Zone and Substantial 
cracking thereof has been effected whereby said 
residual hydrocarbon oil is maintained under 
cracking conditions to effect conversion into 
lighter products in the presence of said light oil 
during the passage of the merged products 
through the remainder of said heating zone, 
passing the resultant cracked products into a 
Separating ZOne wherein Separation of vapors 
from liquid residue takes place, passing the sepa 
rated vapors into a fractionating Zone wherein 
the vapors are fractionated to form a conden 
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Sate and a desired distillate, passing said con 
densate in a stream through a separate elongated 
heating Zone of restricted cross Section and ap 
plying heat thereto under cracking conditions 
of temperature and pressure to effect cracking 
and conversion into lighter products, introducing 
resultant liquid residue into said separate heat 
ing ZOne intermediate the ends thereof and into 
intimate mixture with said condensate passing 
therethrough after said condensate has passed 
through a substantial portion of said heating 
zone and substantial cracking thereof has been 
effected whereby the liquid residue is maintained 
under cracking conditions to effect conversion 
thereof to lighter products in the presence of 
said condensate during the passage of the merged 
products through the remainder of said sepa 
rate heating Zone, passing the resultant cracked 
products into a second Separating Zone main 
tained under Superatmospheric pressure wherein 
Separation of vapors from liquid residue takes 
place, introducing the separated vapors into a 
fractionating Zone wherein the vapors are frac 
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tionated to form a heavy reflux condensate, a 
lighter reflux condensate and a desired distill 
late, directing Said lighter reflux condensate into 
the first-mentioned heating Zone as said rela 
tively light clean hydrocarbon oil, directing liquid 
residue from the Second separating ZOne into 
a flashing Zone wherein the pressure is reduced 
and Separation of vapors from residue takes 
place and directing a stream of residual hydro 
carbon oil into contact with said hot vapors to 
preheat the residual oil and introducing the 
resultant preheated residual oil into the first 
mentioned heating Zone as said residual hydro 
Carbon Oil. 
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