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This invention relates to the conversion of 
higher boiling hydrocarbons into lower boiling 
hydrocarbons and has particular reference to 
certain improvements in combination cracking 

5 processes. 
It is an object of the invention to provide a, 

complete unitary process for processing crude 
petroleum so as to obtain a maximum yield of 
gasoline or motor fuel of Superior anti-knock 

O quality. The invention contemplates a process 
in which crude petroleum is distilled to separate 
it into a crude residuum and a condensate stock 
adapted for conversion into gasoline, in which 
the crude residuum is subjected to a primary 

is cracking operation to effect viscosity-breaking, 
the resultant Cracked products separated into 
vapors and residue and the vapors fractionated 
to separate out a relatively light condensate 
adapted for high cracking per pass cracking and 

20 a heavy viscous condensate which is subjected 
to a Secondary viscosity-breaking operation and 
the resultant viscosity-broken products frac 
tionated together with the products from the 
primary viscosity-breaking operation. By carry 

25 ing on the viscosity-breaking operation in two 
stages, that is, by subjecting the crude residue 
to a primary viscosity-breaking operation and 
by subjecting the heavy viscous condensate Sep 
arated out to a further viscosity-breaking oper 

30 ation, the yield of intermediate constituents 
adapted for high Cracking per pass conditions 
for conversion into gasoline is greatly increased 
and these intermediate constituents and inter 
mediate constituents from the crude stripping 

35 operation are subjected to high cracking per 
pass conditions for conversion into anti-knock 
gasoline. 
The invention further contemplates the flash 

ing of the residue from the viscosity-breaking 
40 operations in a vacuum flash Zone wherein the 

residue is distilled under sub-atmospheric pres 
sure and the distillate thus obtained directed to 
the primary viscosity-breaking zone for cracking 
together with the crude residue. In this way 

45 constituents are obtained from viscosity-broken 
residue which are of such high boiling point that 
they can not be separated by distillation at at 
mospheric pressure without decomposition and 
by subjecting these heavy constituents to further 

50 cracking in the primary viscosity-breaking zone 
a further yield of intermediate constituents 
adapted for high Cracking per pass cracking is 
obtained. 
In order to more fully disclose the invention, 

gs reference will now be had to the accompanying 

(C. 196-49) 
drawing which is a flow diagram illustrative of 
the invention. 

In accordance with the invention, crude charg 
ing stock after being heated as by heat exchange 
with hot products in the process, is charged by 
pump ?o into a crude stripping and fractionating 
tower in which vapors separate from residue 
and the vapors are fractionated to form a con 
densate at 2 adapted for high temperature 
cracking and an over-head vapor fraction which 
is condensed in a condenser coil 3 and collected 
in receiver 4. The residue is withdrawn from 
the tower through line 5 by pump 6 and 
charged through line 7 to a primary cracking 
coil 8 positioned in furnace 9. The crude residue 
is subjected to a primary viscosity-breaking op 
eration in the coil 8 and the resultant products 
discharged through transfer line 20, having a 
pressure reducing valve 2l, thence into a vis 
cosity-breaker evaporator and fractionating 
tower 22. In the tower 22 vapors separate from 
residue and the vapors are fractionated to form 
a heavy reflux condensate at 23 and a lighter 
vapor fraction which is condensed in condenser 
coil 24 and collected as a distillate in receiver 25. 
The heavy reflux condensate is withdrawn from 
trap-out tray 23 through line 26 by pump 27 
and passed to a secondary cracking coil 28 posi 
tioned in furnace 29 in which the heavy reflux 
condensate is subjected to a further cracking to 
effect additional viscosity-breaking and the re 
Sultant products are passed through transfer line 
30 having pressure reducing valve 3 f thence into 
the evaporator 22. 

Residue from the evaporator 22 is passed 
through line 32 having pressure-reducing valve 
33 to a vacuum flash still 34 wherein the residue 
is subjected to distillation under sub-atmospheric 
preSSure. Wapors from the vacuum still are con 
densed in condenser coil 35 and the distillate 
is collected in receiver 36. A sub-atmospheric 
preSSure is maintained on the vacuum flash still 
by any suitable means, such as by means of a 
gas line 37 from the distillate receiver 36 and 
vacuum pump 38. Distillate from the receiver 
36 is withdrawn through line 39 and pump 40 
and directed through line 4 to the cracking coil 
8. Thus the vacuum flashed distillate is sub 

jected to cracking together with the crude residue 
introduced to the cracking coil 8 to effect addi 
tional conversion into lighter constituents 
adapted for cracking into gasoline. 
The condensate from trap-out tray f2 of the 

crude stripper is directed by pump 42 through 
charging line 43a to high temperature cracking 
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2 
coil. 44 positioned in furnace 45 wherein the 
condensate is Subjected to conditions of high 
cracking per pass to effect conversion into gaso 
line constituents of high anti-knock value. The 
products from the cracking coil 44 are passed 
through transfer line 46, in which may be a 
pressure-reducing valve 47, thence to a separating 
and fractionating tower 48 wherein separation 
of vapors from residue takes place and wherein 
the separated vapors are fractionated to form a 
reflux condensate at 49 and an overhead vapor 
fraction which is condensed in condenser coil 50 
and collected as a distillate in receiving drum or 
gas separator 5. Condensate from trap-out tray 
49 is withdrawn through line 52 and directed by 
pump 53 through line 54 to the cracking coil 44. 
Distillate from the receiver 25 of the viscosity 
breaker evaporator is directed by pump 55 and 
line 56 to the cracking coil 44. If desired, a por 
tion or all of the distillate from the Crude Stripper 
being charged by the pump 42, may be directed 
through branch line 57 to the fractionating Sec 
tion of the tower 48 and similarly a portion or 
all of the distillate from the viscosity-breaker 
being introduced by pump 55 may be directed 
through a branch line 58 to the fractionating 
section of the tower 48 and the condensate thus 
introduced to the tower 48 which remains un 
vaporized is thus combined with the other reflux 
condensate therein to be withdrawn from the 
trap-out tray 49 and cycled to the cracking coil 
44. Thus the straight-run condensate from the 
crude stripper and the condensate from the vis 
cosity-breaker is subjected to conditions of high 
cracking per pass in the coil 44 for conversion 
into high anti-knock gasoline constituents. 
Cracked residue is withdrawn from tower 48 
through line 59 and may be directed to a flash 
still wherein the residue is distilled at lower 
pressures than obtains in the tower 48 to thus 
recover distillate products from the residue. The 
distillate from the flash still may advantageously 
be used as reflux in the fractionating Section of 
the viscosity-breaker evaporator 22 or the vapors 
from the flash still may be conducted to the tower 
22 being preferably introduced below the trap 
out tray 23, so that the constituents vaporized 
in the flash still may thus be combined with Con 
stituents from the viscosity-broken products and 
subjected to further cracking. 
In practicing the invention crude petroleum is 

fractionated in the tower and straight-run dis 
tillate such as gasoline may be collected in the 
receiver 4 while gas oil condensate adapted for 
high temperature or vapor phase cracking and 
having for example an end-point of about 650 F. 
to 700° F., is withdrawn from the tray 2 and 
directed to the high temperature cracking coil 44. 
The reduced crude, preferably containing heavy 
gas oil constituents, is passed through the pri 
mary cracking or viscosity-breaking coil 8 
wherein the residue, together with the Vacuum 
flashed distillate introduced through line 4, is 
subjected to cracking temperatures of, for ex 
ample, 850°F. to 880° F., under a superatmospheric 
pressure of 150 to 300 lbs. with a time of reaction 
adequate to effect about 8% to 12% cracking per 
pass (based on conversion into gasoline of 400 F. 
end-point). Under these conditions the viscosity 
of the residue is reduced and there is an extensive 
conversion into intermediate constituents of the 
nature of kerosene and gas oil, adapted for crack 
ing under high cracking per pass conditions, and 
also a conversion into gasoline constituents. The 
cracked products are discharged into the evapora 
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tor 22 wherein the pressure is reduced to a pres 
sure approaching atmospheric, such for example, 
as about 10 lbs. Fractionation is so conducted in 
the tower 22 as to obtain an over-head distillate 
collected in receiver 25 having an end-point of 
about 600° F. to 700° F. The heavy reflux con 
densate collecting on tray 23 consists essentially 
of higher boiling constituents and this heavy con 
densate is directed to the recycling heavy gas oil 
cracking coil 28 wherein the oil is subjected to a 
cracking temperature of, for example, 900 F 
975 F. under pressures of 200-600 lbs. With a 
Cracking per pass of about 10% to 15% and the 
Cracked products are discharged into the evapo 
rator 22. By maintaining low pressure condi 
tions in this evaporator, such as about 10 lbs. 
preSSure, there will be only a minimum of con 
stituents boiling under 700° F. in the residue 
which is withdrawn and directed to the vacuum 
flash still 34. The distillation in the still 34 is 
carried on under conditions of high vacuum, 
Such for example as 70 mm. to 90 mm. of mercury 
absolute pressure. In this way constituents are 
Vaporized and collected as a distillate in receiver 
36 which cannot be vaporized at atmospheric 

' pressure without decomposition and, since the 
more volatile products of the residue have been 
removed in the low pressure tower 22, the vacuum 
flashed distillate Collected in receiver 36 consists 
essentially of constituents boiling above 700 F. 
This distillate will ordinarily contain not more 
than 10% to 15% of constituents boiling under 
700 F. By subjecting the reduced crude, to 
gether With the vacuum flashed distillate to 
cracking in coil 8 and the heavy gas oil to 
recycling cracking in the coil 28 and distilling 
the combined cracked products in the evaporator 
22, a large production of intermediate constitu 
ents of the nature of light gas oil and kerosene 
is accumulated in the tank 25 for passage to the 
high cracking per pass cracking zone 44. The 
distiliate in tank 25 will also contain gasoline 
constituents produced in the cracking coils 18 
and 28 and the entire distillate may be passed 
to the cracking coil 44 So as to effect not only 
conversion of higher boiling constituents into 
gasoline constituents but also effect reforming of 
the gasoline constituents into higher anti-knock 
products. If desired, instead of passing the dis 
tillate from receiver 25 directly to the cracking 
coil 44, this distillate or a portion thereof may, 
as has been stated, be by-passed through line 58 
and refluxed on the tower 48 in which case gaso 
line constituents will be separated from the 
heavier constituents which are combined with 
the cycle stock being cycled to the cracking coil 
44. The condensate thus subjected to cracking in 
the cracking coil 44 consists of straight-run dis 
tillate and the viscosity-breaker distillate as well 
as the recycle condensate and this condensate is 
subjected to cracking under high temperature or 
vapor phase conditions attemperatures of, for ex 
ample, 950 F-1020 F. under pressure of 400 
800 lbs. With a time of reaction to effect a conver 
sion of about 18% to 25% cracking perpass. The 
cracked products are fractionated in the tower 48 
under Super-atmospheric preSSures of for example 
200 to 400 lbs. and a light distillate Such as gaSO 
line of the desired end-point is taken off overhead 
and collected in the receiver 5. 

In a modification of the invention, the straight 
run distillate, as withdrawn from tray 2 of the 
crude stripper, and the viscosity-breaker distillate 
as withdrawn from receiver 25, are passed through 
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2,182,187 
the tower 48 while only the cycle condensate 
as withdrawn from tray 49 is directed to the 
recycling cracking coil 44. In this operation 
temperature-pressure conditions similar to those 
given for the cracking coil 44 may be maintained 
in both the single-pass and the recycling cracking 
coils but with preferably higher rates of cracking 
per pass in the single-pass coil. Thus the single 
pass coil may be operated with a time of reaction 
to effect a cracking per pass of 30%-40%, while 
the recycling coil is operated with a time of reac 
tion to sustain a Cracking per pass of about 
18%?25%? 
While I have described a particular embodi 

ment of my invention for purposes of illustration, 
it should be understood that various modifications 
and adaptations thereof which will be obvious to 
one skilled in the art, may be made within the 
Spirit of the invention as set forth in the ap 
pended claims. 

claim: 
1. In the cracking of hydrocarbon oils, the 

process that comprises subjecting crude petroleum 
in a primary fractionating zone to fractionation 
to form a residue and a condensate fraction, 
passing Said residue to a primary viscosity-break 
ing Zone wherein the residue is subjected to crack 
ing temperature under conditions to efficet the 
formation of a high yield of intermediate con 
Stituents adapted for conversion into gasoline, 
directing resultant viscosity-broken products into 
a viscosity-breaker separating zone, separate from 
Said primary fractionating zone, wherein separa 
tion of vapors from residue takes place, passing 
the separated vapors into a fractionating zone, 
Separate from said primary fractionating zone, 
and subjecting the vapors therein to fractiona 
tion to form a heavy reflux condensate and a 
lighter fraction comprising said intermediate 
constituents, passing Said heavy reflux condensate 
to a Second cracking Zone wherein the heavy con 
densate is Subjected to cracking temperature 
under conditions to effect the formation of a 
high yield of intermediate constituents adapted 
for conversion into gasoline, directing resultant 
cracked products from the second cracking zone 
into said viscosity-breaker separating Zone so that 
intermediate constituents separating as vapor 
therein enter into, and constitute a part of, the 
aforesaid lighter fraction comprising internedi 
ate constituents, withdrawing liquid residue from 
said viscosity-breaker Separating ZOne and sub 
jecting it to vacuum distillation in a flashing Zone 
maintained under sub-atmospheric pressure to 
form a heavy vacuum flash distillate and direct 
ing it to said primary viscOSity-breaking Zone for 
conversion into intermediate constituents, com 
bining said lighter fraction obtained from the 
viscosity-broken products with said condensate 
fraction obtained from the crude petroleum and 
subjecting the mixture to cracking in a third 
cracking zone under Such conditions of tempera 
ture and time of reaction as to Sustain a high rate 
of cracking per pass and effect conversion into 
gasoline of high anti-knock quality and directing 
resultant cracked products from the third crack 
ing zone to a final separating Zone, Separate from 
the aforesaid separating and fractionating Zones, 
to recover the desired gasoline product. 

2. In the cracking of hydrocarbon oils, the 
process that comprises subjecting crude petro 
leum in a primary fractionating Zone to frac 
tionation to form a residue and a condensate 
fraction, passing said residue to a primary vis 
cosity-breaking Zone wherein the residue is sub 

3 
jected to cracking temperature under conditions 
to effect he formation of a high yield of inter 
mediate constituents adapted for conversion into 
gasoline, directing resultant viscosity-broken 
products into a viscosity-breaker separating zone, 
separate from said primary fractionating zone, 
wherein separation of vapors from residue takes 
place, passing the separated vapors into a frac 
tionating Zone, separate from said primary frac 
tionating Zone, and Subjecting the vapors there 
in to fractionation to form a heavy refluX con 
densate and a lighter fraction comprising said 
intermediate constituents, passing said heavy re 
flux condensate to a second cracking zone where 
in the heavy condensate is subjected to cracking 
temperature under conditions to effect the forma 
tion of a high yield of intermediate constituents 
adapted for conversion into gasoline, directing 
resultant Cracked products from the second 
cracking Zone into said viscosity-breaker sepa 
rating Zone so that intermediate constituents 
Separating as vapor therein enter into, and con 
Stitute a part of, the aforesaid lighter fraction 
comprising intermediate constituents, withdraw 
ing liquid residue from said viscosity-breaker 
Separating Zone and subjecting it to vacuum dis 
tillation in a flashing Zone maintained under sub 
atmospheric pressure to form a heavy vacuum 
flash distillate and directing it to said primary 
viscosity-breaking zone for conversion into inter 
mediate constituents, combining said lighter 
fraction obtained from the viscosity-broken prod 
lucts with said condensate fraction obtained from 
the crude petroleum and subjecting the mixture 
to cracking in a third cracking Zone under such 
conditions of temperature and time of reaction 
as to Sustain a high rate of Cracking per pass and 
effect conversion into gasoline of high anti-knock 
quality and Subjecting the resultant cracked 
products from the third cracking Zone to frac 
tionation, in a fractionating Zone separate from 
the aforesaid separating and fractionating zones, 
to form a reflux condensate and a desired light 
distillate, Subjecting said reflux condensate to 
cracking to efect conversion into gasoline con 
stituents and fractionating the resultant cracked 
products, separately from the crude petroleum 
and Viscosity-breaker separating and fractionat 
ing Zones, to recover desired light distiate. 

3. In the cracking of hydrocarbon oils, the 
proceSS that comprises subjecting crude petro 
leum in a primary fractionating Zone to frac 
tionation to form a residue and a condensate 
fraction, passing said residue to a primary vis 
cosity-breaking Zone wherein the residue is Sub 
jected to cracking temperature under superat 
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mospheric pressure under conditions to effect the 
formation of a high yield of intermediate con 
stituents adapted for conversion into gasoline, 
directing resultant viscosity-broken products into 
a viscosity-breaker separating zone, separate 
from Said primary fractionating zone, wherein 
saparation of vapors from residue takes place, 
maintaining a relatively low pressure approxi 
mating atmospheric pressure in the viscosity. 
breaker separating Zone, passing the separated 
Vapors into a fractionating Zone, separate from 
Said primary fractionating Zone, and subjecting 
the vapors therein to fractionation to form a 
heavy reflux condensate and a lighter fraction 
comprising Said intermediate constituents, pass 
ing said heavy reflux condensate to a second 
cracking Zone wherein the heavy condensate is 
Subjected to cracking temperature under condi 
tions to effect the formation of a high yield of 
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intermediate constituents adapted for conver 
sion into gasoline, directing resultant cracked 
products from the second cracking Zone into Said 
viscosity-breaker separating zone so that inter 
mediate constituents separating as vapor therein 
enter into, and constitute a part of, the aforesaid 
lighter fraction comprising intermediate con 
stituents, withdrawing liquid residue from Said 
viscosity-breaker separating Zone and subjecting 
it to vacuum distillation in a flashing Zone main 
tained under sub-atmospheric pressure to form 
a heavy vacuum flash distillate and directing it 
to said primary viscosity-breaking zone for con 
version into intermediate constituents, combin 
ing said lighter fraction obtained from the vis 
cosity-broken products with said condensate 
fraction obtained from the crude petroleum and 
subjecting the mixture to cracking in a third 
cracking zone under such conditions of tempera 
ture and time of reaction as to Sustain a high 
rate of cracking per pass and effect conversion 
into gasoline of high anti-knock quality and 
directing resultant cracked products from the 
third cracking zone to a final separating Zone, 
separate from the aforesaid separating and frac 
tionating zones, to recover the desired gasoline 
product. 

4. In the cracking of hydrocarbon oils, the 
process that comprises subjecting reduced crude 
petroleum in a primary visCOsity-breaking ZOne 
to cracking temperature under superatmospheric 
pressure under conditions to effect the formation 
of a high yield of intermediate constituents 
adapted for conversion into gasoline, directing 
resultant viscosity-broken products into a vis 
cosity-breaker Separating ZOne Wherein Separa 
tion of vapors from residue takes place, main 
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taining a relatively low pressure approximating 
atmospheric pressure in the viscosity-breaker 
separating Zone, passing the separated vapors 
into a fractionating Zone and subjecting the 
vapors therein to fractionation to form a heavy 
reflux condensate and a lighter fraction com 
prising said intermediate constituents, passing 
said heavy reflux condensate to a second crack 
ing zone. wherein the heavy condensate is sub 
jected to cracking temperature under conditions 
to effect the formation of \a high yield of inter 
mediate constituents adapted for conversion into 
gasoline, directing resultant cracked products 
from the Second Cracking ZOne into Said viscos 
ity-breaker Separating Zone so that intermediate 
constituents Separating as vapor therein enter 
into, and constitute a part of, the aforesaid 
lighter fraction comprising intermediate con 
stituents, withdrawing liquid residue from said 
viscosity-breaker separating Zone and subjecting 
it to Vacuum distillation in a flashing Zone main 
tained under Sub-atmospheric pressure to form 
a heavy Vacuum flash distillate and directing it 
to said primary viscosity-breaking zone for con 
version into intermediate constituents, directing 
aforesaid lighter fraction comprising interme 
diate constituents to a third cracking zone where 
in it is subjected to cracking under such condi 
tions of temperature and time of reaction as to 
sustain a high rate of cracking per pass and 
effect conversion into gasoline of high anti-knock 
quality and directing resultant cracked prod 
ucts from the third cracking zone to a final sepa 
rating Zone, Separate from the aforesaid separat 
ing and fractionating Zones, to recover the desired 
gasoline product. 

CLAUDE W. WASON. 
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