
United States Patent [191 
Reynolds et al. 

[in 3,784,463 
[451 Jan. 8, 1974 

154] CATALYTIC CRACKING OF NAPI-ITI'IA 
AND GAS OIL 

[75] Inventors: David L. Reynolds, Nederland; 
Douglas J. Youngblood, Groves; 
Dorrance P. Bunn, Jr., Houston; 
Roy E. Pratt, Groves, all of Tex. 

[73] Assignee: Texaco Inc., New York, NY. 

[22] Filed: Oct. 2, 1970 

[21] Appl. No.: 77,479 

[52] U.S. Cl. .............. .. 208/74, 208/DIG. 2, 208/77, 
208/120, 208/164 

[51] Int. Cl .... .. Cl0g 11/18, C10g 37/02, B01j 9/20 
[58] Field of Search ............................... .. 208/74, 78 

[56] References Cited 
UNITED STATES PATENTS 

2,409,353 10/1946 Giuliani et a1. .............. .. 208/120 

3,649,522 3/1972 Martin . . . . . . . . . . . . . . . . . .. 208/120 

3,692,667 9/1972 McKinney et a1. .. 208/120 
3,679,576 7/1972 McDonald . . . . . . . . . . . . . . . . .. 208/74 

3,143,491 8/1964 Bergstrom.... ..... .. 208/74 

3,424,672 1/1969 Mitchell . . . . . . . . . . .. 208/164 

3,065,166 11/1962 Hennig . . . . . . . . . . . ..'208/67 

2,890,164 6/1962 Woertz ............................... .. 208/74 

3,433,733 3/1969 Bunn et a1. ....................... .. 208/150 

3,448,037 6/1969 Bunn et a1. . . . . . . . . . .. 208/164 

2,921,014 1/1960 Marshall . . . . . . . . . . . .. 208/74 

2,827,422 3/1958 Rehbein .............................. .. 208/74 

Primary Examiner-Delbert E. Gantz 
Assistant Examiner—-G. E. Schmit'kons 
Attorney-Thomas H. Whaley and Carl G. Reis 

[ 5 7 ] ABSTRACT 

Low octane naphtha and fresh gas oil are catalytically 
cracked with a zeolite catalytic cracking catalyst in 
separate elongated reaction zones yielding a naphtha 
having an increased octane rating. Recovering a naph 
tha fraction, particularly a heavy naphtha fraction, 
from the cracked product, and combining it with the 
fresh naphtha feed, further enhances the octane rating 
of the naphtha product. A cycle gas oil may be recov 
ered from the reactor effluent and combined with the 
fresh naphtha feed or introduced into a separate (a 
third) elongated reaction zone to effect maximum re 
covery of naphtha‘and lighter stocks having improved 
product quality. Optionally, any of the feedstocks may 
be subjected to further cracking in a dense bed of the 
zeolite catalyst. 

29 Claims, 2 Drawing Figures 
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CATALYTIC CRACKING OF NAPIITI'IA AND GAS 
OIL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is related to application Ser. No. 77,480 which 
discloses the fluid catalytic cracking, in risers, of low 
octane naphtha and a recycle stream of full range naph 
tha or heavy naphtha and application Ser, No. 889,714 
which discloses the catalytic cracking of naphtha with 
crystalline aluminosilicate catalyst. 

BACKGROUND OF THE INVENTION 

This invention relates to the catalytic cracking of hy 
drocarbons. In particular this invention relates to the 
?uid catalytic cracking of fresh gas oil and naphtha 
having a low octane rating and boiling in the range of 
I0O°—450°F. 
Gasoline is frequently blended from stocks, including 

naphtha, the octane of which has been increased 
through catalytic reforming. Both virgin and cracked 
stocks may be upgraded by reforming operations. Cata 
lytic reformers are usually operated to provide the de 
sired octane improvement with the least conversion of 
gasoline to saturated butanes and lighter materials. 
The gasoline blending pool is maintained by a variety 

of operations -— isobutanes and butenes, for example, 
are charged to alkylation units and light olefins are po 
lymerized to provide high octane blending components 
while the catalytic cracking of gas oil augments the sup 
ply of naphtha as well as providing additional feed for 
alkylation and polymerization units. Although hydro 
cracking provides additional quantities of gasoline 
blending naphthas, the heavy naphtha from hydro 
cracking often has a relatively low octane number. 
Recently the introduction of zeolite cracking cata 

lysts has effected significant improvements in the cata 
lytic cracking operation. When employed for gas oil 
cracking in existing catalytic cracking units these 
highly active catalysts have produced increased 
throughput and improved product quality. In addition, 
catalytic cracking apparatus, such as disclosed in U.S. 
Pat. Nos. 3,433,733 and 3,448,037, has been devel 
oped speci?cally for use with these improved catalysts. 
This apparatus incorporates the concept of “riser 
cracking” wherein the feedstocks are cracked in elon 
gated reaction zones or risers terminating in a tapered 
reactor containing a dense phase and dilute phase of 
catalyst. A mixture of zeolite catalyst and gas oil passes 
through the riser under cracking conditions which are 
tailored to the particular feedstock and desired prod 
ucts. After passing through the riser further cracking of 
the feed can be achieved, if necessary, in the ?uidized 
dense phase of catalyst in the reactor. 
Although the ‘zeolite catalysts increase the supply of 

high quality naphtha, yields of the lighter hydrocarbons 
are substantially lower than from catalytic cracking 
with amorphous silica-alumina catalysts. In the future, 
therefore, the supply of isobutane, propylene and bu 
tene for alkylate production and of these and other 
light hydrocarbons for polymerization and petrochemi 
cal manufacture will continually decline. A process 
which will upgrade naphtha streams for use in gasoline 
blending and supply additional quantities of C4 and 
lighter hydrocarbons is highly desirable. 
Naphtha is more difficult to crack than gas oil and up 

to the present time limited success has been obtained 
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2 
in cracking naphtha catalytically. Traditional cracking 
catalyst, such as silica~alumina, exhibited relatively 
poor selectivity and activity when employed to crack 
naphtha resulting in the formation of relatively large 
amounts of gas and coke and producing small amounts 
of. desirable olefins and aromatics. U.S. Pat. No. 
3,284,341 discloses a process for the catalytic cracking 
of naphtha with a silica-alumina. catalyst to produce 
substantial quantities of ole?ns and aromatics by main 
taining the space velocity above about 4.5, the pressure 
between 0 and 20 psig and the reaction temperature 
between 1,000” and 1,200°F. 
The new zeolite cracking catalysts are being em 

ployed extensively in gas oil cracking operations but 
their utility for the conversion of naphtha has yet to be 
fully explored. U.S. Pat. No. 3,247,098 discloses that 
hydrogen mordenite, a crystalline aluminosilicate, is an 
extremely active catalyst for the conversion of light 
naphtha to lighter components together with improving 
the octane number of the resultant naphtha. The utility 
of the mordenite alumino-silicate as a cracking catalyst 
for naphtha was found to be surprising in view of the 
ineffectiveness of a magnesium faujasite catalyst to sat~ 
isfactorily crack naphtha. Magnesium faujasite was 
known to be a highly effective gas oil cracking catalyst. 
The development of processes which may usefully be 
employed for the cracking of naphtha and gas oil and 
which will be selective for the production of light hy 
drocarbons as well as naphthas having enhanced oc 
tane ratings is highly desirable. 

SUMMARY OF THE INVENTION 

Broadly, our invention is directed to the catalytic 
cracking of gas oils boiling in the range of about 
430°-l,050°lF. and naphthas boiling in the range of 
about l0O°—450°F. to produce substantial quantities of 
naphtha having an octane rating signi?cantly higher 
than that of the low octane naphtha feed and yielding 
substantial quantities of lighter hydrocarbons which 
may serve as feed for alkylate and petrochemical man 
ufacture. A fluid catalytic cracking unit having multiple 
risers and employing zeolite cracking catalysts has been 
found to offer particular utility for the catalytic crack 
ing of such feed streams. The naphtha and the gas oil 
are catalytically cracked in separate cracking zones 
under conditions speci?cally tailored to the particular 
feedstock. In addition, a full range or heavy naphtha 
cut may be removed from the reactor ef?uent for recy~ 
cling to the fresh naphtha cracking zone and a cycle gas 
oil may also be removed from the reactor ef?uent for 
introduction into the fresh naphtha cracking zone or 
into a separate (third) cracking zone to effect maxi 
mum recovery of naphtha and lighter stocks having im 
proved product quality. A cracking zone may be lim 
ited to an elongated reaction zone, also known as a 
riser, or a combination of an elongated reaction zone 
and the dense phase of catalyst in the reactor vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more readily under 
stood by reference to FIG. I which depicts a flow dia 
gram of a preferred embodiment of the process of the 
invention and to FIG. 2 which depicts an apparatus for 
carrying out a preferred embodiment of the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Broadly, we have found that the octane rating of a 
low octane naphtha can be signi?cantly improved by 
catalytically cracking it in a ?uid catalytic cracking unit 
employing a multiplicity of elongated reaction zones, 
hereinafter called risers or riser conduits, wherein the 
low octane naphtha is introduced into one of the risers 
and fresh gas oil is introduced into a second riser. Oper 
ating conditions within the several risers are established 
to obtain optimum product yield and product quality 
from each of the individual streams. Broadly, our pro 
cess contemplates a process for the catalytic cracking 
of naphtha and gas oil with a zeolite cracking catalyst 
in a ?uid catalytic cracking unit comprising a reactor, 
a regenerator and a multiplicity of elongated reaction 
zones wherein said reactor contains a dense phase and 
a dilute phase of said catalyst and said elongated reac 
tion zones terminate at said reactor which comprises: 

a. passing a naphtha stream and a zeolite cracking 
catalyst through a ?rst elongated reaction zone under 
naphtha cracking conditions, 

b. passing a gas oil and a zeolite cracking catalyst 
through a second elongated reaction Zone under gas oil 
cracking conditions, 

, c. discharging the effluents from said ?rst and second 
reaction zones into a catalyst phase in said reactor, said 
effluents comprising vaporous reaction mixture and 
catalyst, and 

d. recovering from the vaporous reaction mixture in 
a dilute phase of catalyst in said reactor a fraction boil 
ing in the range of 100° to 450°F.v having an octane rat 
ing higher than said naphtha stream and a fraction boil 
ingbelow 100°F. 
The catalyst phase into which the effluent from a par 

ticular riser discharges may be either the dense phase 
or the dilute phase of catalyst in the reactor which leads 
to a number of optional embodiments incorporating 
various combinations of riser cracking and dense phase 
cracking, i.e., bed cracking. 

In the simplest embodiment, the cracking of both 
naphtha and gas oil is restricted to the risers by dis 
charging the effluent from both risers into the dilute 
phase of catalyst in the reactor vessel. In this situation 
the reactor vessel is utilized as a disengaging zone with 
little or no cracking taking place therein. 

In another embodiment, the gas oil is subjected to 
further cracking in the dense catalyst phase. This is 
achieved by discharging the ef?uent from the naphtha 
riser into the dilute phase of catalyst and the effluent 
from the gas oil riser into the dense phase of catalyst, 
the vaporous reaction mixture from the gas oil riser 
passes through the dense phase of catalyst under cata 
lytic cracking conditions effecting an additional con 
version of 5 to 30 volume percent and discharges into 
the dilute phase of catalyst. 

In a further embodiment, the gas oil is subjected only 
to riser cracking while the naphtha is cracked in both 
the riser and the dense phase of catalyst. The effluent 
from the gas oil riser is discharged directly into the di 
lute phase of catalyst in the reactor vessel while the ef 
fluent from the naptha riser is discharged into the dense 
phase of catalyst, the vaporous reaction mixture from 
the naphtha riser passes through this dense phase under 
catalytic cracking conditions effecting an additional 
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4 
conversion of 5 to 30 volume percent and discharges 
into the dilute phase of catalyst. 

In another embodiment, the gas oil and the naphtha 
are both subjected to riser cracking and bed cracking 
by discharging the effluent from both risers into the 
dense phase of catalyst. The vaporous reaction mixture 
passes through the dense phase under catalytic crack 
ing conditions to effect an additional conversion of 
each stream of 5 to 30 volume percent and discharges 
into the dilute phase. 

In another series of embodiments a cycle gas oil is 
recovered from the ef?uent from the catalytic cracking 
unit and recycled to the unit wherein it is subjected to 
riser cracking in a third elongated reaction zone and 
bed cracking in the dense phase of catalyst in the reac 
tor. This embodiment envisions the following addi 
tional steps which may be optionally added to any of 
the above four embodiments: 

e. recovering from the vaporous reaction mixture in 
the dilute phase of catalyst in said reactor a hydrocar 
bon fraction boiling above about 500°F., 

f. passing said fraction of step (e) and a zeolite crack 
ing catalyst through a third elongated reaction zone 
under cycle gas oil cracking conditions, and 

g. discharging the effluent from said third elongated 
reaction zone into a dense phase of catalyst in said re 
actor, said effluent comprising vaporous reaction mix 
ture and catalyst, said vaporous reaction mixture from 
said third elongated reaction zone passing through said 
dense phase under catalytic cracking conditions effect 
ing an additional conversion of 5~30 volume percent 
and discharging into a dilute phase of catalyst. 

In still another series of embodiments cycle gas oil 
may be recovered from the effluent from the catalytic 
cracking unit and recycled to the naphtha riser where 
it is subjected, together with the naphtha, to both riser 
and bed cracking. This will permit two more optional 
embodiments wherein the fresh gas oil is subjected to 
riser cracking only or a combination of riser and bed 
cracking. 
Another group of optional embodiments envisions 

the use of a recycle naphtha stream. A naphtha cut 
which may be either a full range naphtha, i.e., about a 
100°-450°F. boiling range, or a heavy naphtha, i.e., 
about a 250°—450°F. boiling range, may be removed 
from the reactor effluent and recycled for introduction 
into the naphtha riser wherein it is combined with the 
fresh naphtha and subjected to both riser and bed 
cracking. Fresh gas oil is introduced into a separate 
riser. In this two-riser concept the fresh naphtha and 
the recycle naphtha are subjected to both riser and bed 
cracking. With the fresh gas oil subjected either to riser 
cracking only or riser and bed cracking, two more addi 
tional embodiments are possible. The following addi 
tional steps relating to the naphtha recycle are added: 

j. recovering from the vaporous reaction mixture in 
the dilute phase of catalyst in said reactor a hydrocar 
bon fraction boiling between 100° and 450°F., and 

k. introducing the fraction from step (j) into the ?rst 
elongated reaction zone effecting conversion of said 
fraction. 
Two more optional embodiments envision two recy 

cle streams, cycle gas oil and recycle naphtha, and the 
use of three risers. Both recycle streams are recovered 
from the reactor ef?uent as explained above in describ 
ing other embodiments. In this three-riser concept the 
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recycle naphtha is combined with fresh naphtha and 
the combined streams are passed through the naphtha 
riser and subjected to both riser and bed cracking. The 
cycle gas oil is introduced to its own riser and is 
cracked in both the riser and the bed of catalyst in the 
reactor. The fresh gas oil passes through a third riser 
and is subjected to riser cracking only in one embodi 
ment or both riser and bed cracking in the other. 

In accordance with this invention the fresh feed 
stocks for this process comprise naphtha and gas oil. 
The naphtha feedstocks comprise hydrocarbons boil~ 
ing in the range of about lOO°-450°F. and include many 
re?nery streams having low economic value which may 
be upgraded through the process of our invention. Use 
ful naphtha feedstocks are usually highly paraf?nic and 
include such light hydrocarbon fractions as low octane 
naphtha, aromatic solvent extraction raffinate, thermal 
cracked naphtha, coker naphtha, low octane naphtha 
from hydrocracking operations and straight run naph 
thas. As used herein, the term “low octane fresh naph 
tha” refers to these useful feedstocks. Because of the 
refractory quality of these naphtha feed streams, they 
must be subjected to more severe conditions than is the 
fresh gas oil feed if signi?cant conversion is to be ob 
tained. 
The gas oil feed in our process comprises petroleum 

stocks boiling from about 430° to 1,050°F. and com~ 
prises heavy atmospheric gas oil, light and heavy vac 
uum gas oils, gas oil from coking operations, vis-broken 
gas oil, deasphalted gas oil, decarbonized gas oil, hy~ 
drotreated gas oil, hydrocracked gas oil and solvent ex 
tracted gas oil. All of these feedstocks are petroleum 
stocks whose processing has not previously included 
fluid catalytic cracking and are commonly referred to, 
therefore, as virgin gas oils. 
Products from the process of our invention include 

naphthas with improved octane ratings and hydrocar 
bons boiling below the initial boiling point of the naph 
tha feed which will ?nd particular utility as feed 
streams for petrochemical and gasoline manufacture. 
The catalyst employed in the instant invention is a 

cracking catalyst of the zeolite type as exempli?ed by 
those catalysts wherein a crystalline aluminosilicate is 
dispersed in a siliceous matrix. Among the preferred 
zeolites which may be usefully employed in the catalyst 
used in the process of our invention are those known 
as zeolite X and zeolite Y, including both the naturally 
occurring and synthetic varieties. Because of their ex 
tremely high activity, these zeolite materials are com 
posited with a material processing a substantially lower 
level of catalytic activity, a siliceous matrix which may 
be of the synthetic, semi-synthetic or natural type. The 
materials may include silica-alumina, silica-gel, silica 
beryllia, silica-magnesia, silica-thoria or silica-zirconia 
which have been successfully employed heretofore. In 
general, the composite crystalline zeolite catalyst com 
prises about 1 to 50 weight percent zeolite, about 5 to 
50 weight percent alumina and the remainder silica. 
The crystalline aluminosilicate portion of the catalyst 
composition is a natural or synthetic, alkali metal, crys 
talline aluminosilicate which has been treated to re 
place all or at least a substantial portion of the original 
alkali metal ions with other ions such as hydrogen and 
/or a metal or combination of metals such as barium, 
calcium, magnesium, manganese or rare earth metals, 
for example, cerium, lanthanum, neodymium, praseo 
dymium, samarium and yttrium. The crystalline zeo 
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6 
lites contemplated above may be represented by the 
formula 

M21710 1 A1203 .' I .' y H2O 

where M represents hydrogen or a metal, n its valence, 
x has a value ranging from 2 to 10 and y ranges from 
0 to Ml, in dehydrated zeolites y will be substantially O. 
In ‘the instant invention the preferred crystalline zeo 
lites are either natural or synthetic zeolite X or zeolite 
Y. In highly preferred embodiments m is selected from 
the group consisting of hydrogen, calcium, magnesium 
and the rare earth metals. 
Those skilled in the art will readily appreciate that 

the catalytic cracking equipment currently employed in 
the petroleum industry which incorporates the concept 
of “riser cracking” may be utilized to practice some 
embodiments of our invention. A particularly preferred 
apparatus is that described in U.S. Pat. No. 3,433,733 
wherein the charge stocks are cracked in two elongated 
reaction zones or “risers” terminating in a tapered re 
actor chamber wherein further dense bed cracking may 
take place. One riser passes through the tapered wall of 
the reactor terminating in a downwardly directed outlet 
while the second riser passes through the bottom of the 
reactor discharging upwardly into the reactor. The 
cracking apparatus incorporates a stripping section be» 
neath the dense ?uid bed wherein entrained and ad 
sorbed hydrocarbons are displaced from the catalyst by 
means of steam as the catalyst passes from the reactor 
to the regeneration vessel. As with conventional fluid 
catalytic cracking equipment, the catalyst is contacted 
with an oxygen-containing gas in the regenerator to ef 
fect combustion of at least a portion of the deposited 
coke. The regenerated catalyst is then reintroduced 
into the bottom of the risers at a point where the feed 
stocks are introduced. By introducing fresh gas oil to 
one riser and cycle gas oil to the other, it is possible to 
operate the individual risers under conditions speci?~ 
cally tailored to obtain the desired cracking of the par 
ticular feedstock passing therethrough. The overall ef 
fect, of course, is to achieve optimum performance of 
both the ?uid catalytic cracking; unit and the zeolitic 
cracking catalyst being employed. 
Those embodiments of this invention requiring two 

risers may be conducted, for‘ example, in the apparatus 
described in US. Pat. No. 3,433,733 by D. P. Bunn, 

Jr. et al. and discussed above. When the embodiment 
necessitates the use of three risers, an apparatus such 
as depicted in FIG. 2 may be employed which is an im 
provement over the apparatus of Bunn et al. Broadly, 
this improved embodiment may be described as fol 
lows: in an apparatus for ?uid catalytic cracking of a 
type comprising: 

a. a reactor chamber having a tapered portion of 
_ greater diameter at the upper portion than at the lower 
portion, 

b. a stripping chamber, 
c. a regenerator chamber, 
(1. a multiplicity of riser conduits entering and passing 

through the walls of said reactor chamber and discharg 
ing into said reactor chamber, 

e. means to introduce steam into the lower portion of 
the reactor chamber, 

f. means to withdraw vapors from the stripping cham~ 
ber, 

g. means to withdraw gaseous products and steam 
from the upper portion of the reactor chamber, 
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h. means to withdraw solids from the lower portion 
of the reactor chamber and to discharge the same into 
the stripping chamber, 

i. means to introduce steam into the lower portion of 
the stripping chamber, 

j. means to withdraw solids from the lower portion of 
the stripping chamber and to discharge the same into 
the regenerator chamber, 

k. means to introduce combustion gas into the lower 
portion of the regenerator chamber, 

' 1. means to withdraw flue gas from the upper portion 
of the regenerator chamber, 
m. means to withdraw regenerated catalyst from the 

regenerator chamber and to discharge the same into 
the inlet of the riser conduits, and 

n. means to introduce oil feed into the inlet of said 
riser conduits, the improvement which comprises: 

1. a first riser conduit entering and passing through 
a wall of the reactor chamber and discharging into 
the reactor chamber, 

2. a second riser conduit entering and passing 
through a wall of the reactor chamber and dis 
charging into the reactor chamber at a point above 
the discharge point of the ?rst riser, and 

3. a third riser conduit entering and passing through 
a wall of the reactor chamber and discharging into 
the reactor chamber at a point intermediate the 
discharge points of the first and second riser con 
'duits. 

In preferred embodiments, the ?rst riser conduit may 
pass through the bottom wall of the reactor chamber, 
the second riser conduit through the side wall of the re 
actor chamber or the third riser conduit through the 
side wall of the reactor chamber. In other preferred 
embodiments, the ?rst riser conduit may terminate in 
the reactor chamber in an upwardly directed outlet, the 
second riser conduit in a downwardly directed outlet or 
the third riser conduit in a downwardly directed outlet. 

In the naphtha riser, the operating conditions con 
templated herein include a temperature of 
750°-l ,300°F., preferably 900°-l ,000°F., a conversion 
per pass of 25-80 volume percent, preferably 30-60 
volume percent, and a vapor velocity of 15-50 feet/ 
second, preferably feet/second. In the fresh gas 
oil riser, the operating conditions include a tempera 
ture of 840°-l,lO0°F., preferably 890—l,000°F., a con 
version per pass of 30-80 volume percent, preferably 
40-65 volume percent, and a vapor velocity of 15-50 
feet/second, preferably 20-40 feet/second. When cycle 
gas oil is introduced into a third riser the operating con 
ditions in this riser include a temperature of 
800°-l ,l00°F., preferably 850°-l,00O°F., a conversion 
per pass of 20-70 volume percent, preferably 30-50 
volume percent, and a vapor velocity of 15-50 feet/ 
second, preferably 20-40 feet/second. When cracking 
in the dense phase of catalyst, i.e., bed cracking, is em 
ployed the operating conditions in the bed include a 
temperature of 800°-l,l50°F., a conversion of 5-30 
volume percent and a vapor velocity of 0.5-4 feet/ 
second, preferably 1.3-2.2 feet/second. When the 
term conversion is used herein in connection with vir 
gin gas oil or cycle gas oil a 430°F conversion is in 
tended and is defined as 100 minus the volume percent 
of product boiling above 430°F. When conversion is 
used herein in connection with naphtha or recycle 
naphtha a 1 15°F conversion is intended and is de?ned 
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8 
as 100 minus the volume percent of product boiling 
above 115°F. 
The invention may be understood from the following 

detailed description taken with reference to FIG. 1 
which illustrates and exempli?es a means by which the 
process of the present invention may be practiced. By 
describing our invention in this manner it is not in 
tended to restrict the invention thereby since modi?ca 
tions to the following description may be made within 
the scope of the claims without departing from the 
spirit thereof. 

In this description a preferred embodiment incorpo 
rating three risers is employed. A heavy naphtha recy 
cle is combined with fresh naphtha and introduced to 
one riser, fresh gas oil is fed to another riser and cycle 
gas oil to the third riser. The combined naphtha 
streams and the cycle gas oil are subjected to both riser 
and bed cracking while the fresh gas oil only undergoes 
riser cracking. 
Fresh naphtha obtained from a variety of sources, not 

shown, passes through line 10 and is combined with a 
heavy naphtha stream passing through line 12. The 
heavy naphtha is a cracked stream and is recovered 
from an effluent stream as described hereinafter. These 
combined streams are introduced into riser 14 where 
they are brought into contact with hot regenerated zeo 
lite cracking catalyst from standpipe 16. The resulting 
suspension of catalyst-naphtha vapor passes up riser 14 
into reactor 18. The reactor contains a bed of catalyst 
20 referred to as the dense phase of catalyst, and a 
vapor space 22 above the bed of catalyst which func 
tions as a catalyst disengaging space and is referred to 
as the dilute phase of catalyst. The ef?uent from riser 
l4 discharges into the lower portion of reactor 18 and 
passes upward through the dense phase of catalytic 
cracking catalyst 20 effecting further conversion of the 
combined naphtha streams. 
A fresh gas oil stream is introduced through line 24 

to riser 26 where it is contacted with regenerated zeo 
lite cracking catalyst from standpipe 28. The resultant 
catalyst-in-gas oil vapor passes up riser 26 to reactor 18 
discharging into the dilute phase of catalyst 22 wherein 
the catalyst particles disengage from the vaporous reac 
tion mixture and fall into the bed of catalyst 20. 
An intermediate gas oil stream, obtained from the ef 

fluent from the catalytic cracking unit as described 
hereinafter, passes through line 30 into riser 32 where 
it is contacted with hot regenerated zeolite cracking 
catalyst from standpipe 34. The resultant suspension of 
catalyst-in-cycle gas oil vapor passes up riser 32 into 
reactor 18 discharging into the dense phase of catalyst 
20. The vapor mixture passes upwardly through the bed 
of catalyst effecting some further conversion of the 
cycle gas oil. 
Cracked products disengage from the catalyst in the 

dilute phase of catalyst 22 above the catalyst dense 
phase 20. These vapors, together with any entrained 
catalyst, pass through cyclone separators, not shown, 
wherein this catalyst is substantially separated from the 
vapors and returned to the catalyst bed. Ef?uent gases 
containing the cracked products pass through line 36 
to fractionator section 38 wherein the vapor mixture is 
separated into various products. These products in 
clude: (I) a stream of C4 and lighter hydrocarbons 
passing through line 40, (2) a light naphtha side stream 
passing through line 42, (3) a heavy naphtha side 
stream recovered as a product through line 44 or recy 
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cled to the fresh naphtha feed line through line 12, (4) 
a light gas oil side stream passing through line 46, (5) 
an intermediate gas oil recovered through line 30 as a 
cycle gas oil stream and recycled as feed to the cata 
lytic cracking unit, and (6) a heavy gas oil bottoms 
product recovered through line 43. 

Catalyst is withdrawn from the bottom of the reactor 
through slide valves 50 and 52 passing into stripping 
zone 54 containing baffles 56. Steam is introduced into 
the lower portion of stripper 54 to remove adsorbed 
and entrained hydrocarbons from the catalyst as it 
passes through the stripper. Stripped catalyst is with 
drawn from the bottom of the stripping zone through 
spent catalyst standpipe 5S and discharges into regena 
erator 60. The catalyst forms a dense bed within regen 
erator 160 and is regenerated therein by contacting it 
with air to remove the carbon from the catalyst sur 
face. Regenerated catalyst is withdrawn from the bot 
tom of regenerator 60 through standpipes 16, 28 and 
34 to supply the hot regenerated catalyst to risers 14, 
26 and 32, respectively, as hereinbefore described. 
The process described above and illustrated in FIG. 

1 may be conducted in the apparatus depicted in FIG. 
2. Referring to FIG. 2, those items identi?ed by num 
bers with prime notations designate corresponding por 
tions of the equipment illustrated in FIG. 1 by the same 
numbers but without the prime notation. Additional 
numbers are employed in FIG. 2 to designate portions 
of the apparatus not illustrated or detailed in FIG. 1. 
The charge stocks, fresh naphtha and recycle naph 

tha, cycle gas oil and fresh gas oil in lines 10', 30' and 
24’, respectively, are introduced into risers 14', 32’ and 
26', respectively, where they are contacted with zeolite 
cracking catalyst from standpipes 16', 34’ and 28', re 
spectively. The mixtures of oil and catalyst pass 
through their respective risers discharging into reactor 
18' where risers 26' and 32’ terminate in downwardly 
directed outlets 19. The serrated edge provides smooth 
flow of the effluent from the risers, particularly when 
the dense bed level 21 ?uctuates near the downwardly 
projecting portion of the riser. The effluents passing 
from risers l4’ and 32' pass upwardly through the 
dense phase bed in reactor 18' effecting further con 
version of the cycle gas oil and naphtha streams. The 
vaporous effluent from riser 26’ discharges into vapor 
space 22' (also known as the dilute phase of catalyst). 
Those skilled in the art will readily appreciate that by 
varying level 21 of the dense phase of catalyst numer 
ous combinations of riser cracking and bed cracking 
may be obtained for the feedstocks passing through ris 
ers 26’ and 32'. Thus, with the dense bed level 21 cov 
ering the outlets of both risers 26’ and 32', the cycle 
gas oil and fresh gas oil will be riser cracked and bed 
cracked. With the catalyst level as indicated in FIG. 2, 
the fresh gas oil will be only riser cracked while the . 
cycle gas oil will be riser cracked and bed cracked. 
Dropping the level below the outlet of riser 32’ results 
in the cycle gas oil and fresh gas oil only being riser 
cracked. In all these situations the naphtha stream 
would be subjected to both riser and bed cracking. 

Particles of catalyst in vapors passing through the di 
lute phase of catalyst 22' disengage from the vapors 
and fall back into the dense bed of catalyst. The vapors 
and entrained catalyst pass through cyclone 35 where 
the entrained catalyst is separated and returned to 
dense bed 20’ through dip leg 37 and valve 39. A single 
cyclone has been shown for clarity but it will be under 
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stood that several cyclones may be assembled in series 
to achieve the desired separation. Effluent gases pass 
from cyclone 35 into plenum chamber 41 from where 
the gases are discharged from the reactor through line 
43 to product recovery, not shown, where the conver 
sion products are recovered and separated into desired 
products and recycle streams, usually by distillation fa 
cilities well known in the art. 
Steam introduced to steam ring 45 in the lower por 

tion of the reactor strips the catalyst as it passes down 
wardly through the bottom portion of the reactor 
through slide valves 50' and 52' into stripping chamber 
54'. Stripping chamber 54' is provided with baffles 56' 
attached to the wall of stripper 54]" and riser 14'. As the 
catalyst cascades down over the baffles steam intro~ 
duced through steam rings 53 and 55 displaces and re 
moves adsorbed and entrained hydrocarbon vapors 
which pass upwardly through the stripper venting 
through stripper vent line 57 and. discharge into vapor 
space 22’ of reactor 18'. 
Stripped catalyst is withdrawn from the bottom of 

stripping chamber 54’ passing through line 58' and dis 
charges into regenerator 60’. Air introduced through 
air ring 62 at the bottom of regenerator 60’ burns the 
carbon from the surface of the catalyst in dense bed 64. 
The resulting flue gas passes upwardly entering cyclone 
70 where entrained catalyst is separated and returned 
to catalyst bed 64 through dip leg 72. Flue gas passes 
from the cyclone into plenum chamber 74 and through 
?ue gas line 76 to vent facilities. Regenerated catalyst 
is withdrawn from the bottom of the regenerator at 
rates controlled by slide valves 80, 82 and 84 to supply 
hot regenerated catalyst to standpipes 28’, 34' and 16', 
respectively, as described above. 
The following exemplifies the practice of our inven 

tion and its advantages over alternative or prior art 
processes. A series of four runs are performed with a 
?uidized catalytic cracking unit having two feed risers. 
The same zeolite-containing cracking catalyst is em 
ployed in all runs. The catalyst consists of a 1:1 weight 
blend of a zeolite cracking catalyst and a high alumina 
amorphous cracking catalyst. The zeolite catalyst com 
prises 18 weight percent of a type X zeolite in a silica 
alumina matrix and has a rare earth content of about 
2.9 weight percent. The amorphous silica-alumina cat 
alyst has a high alumina content, a surface area of 
about 140 m2/g, and a pore volume of about 0.44 cc/g. 
in each of the runs fresh naphtha and fresh gas oil 
serve as the feedstocks. The properties of the naphtha, 
a heavy straight run gasoline, are set forth in Table I 
while those of the gas oil are presented in Table II. 

TABLE I 

Feedstock Analysis 
Heavy Straight 

Description Run Gasoline 

Gravity, °AlPl 54.5 
Sulfur, X-Ray, wt. % 0.01 1 
Bromine No. 1.5 
Aniline Point, “F. 122.5 
Research Octane, clear 50.6 
Research Octane, plus 3 cc TELm 74.8 
ASTM Distillation, °F. 

lBP/S % 240/248 
10/20 250/254 
30/40 257/260 
50/60 267/273 
70/80 280/288 
90/95 300/308 
EP 331 
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TABLE l-Continued 

Feedstock Analysis 
Heavy Straight 

12 
By comparing Run 1 with Run 2 it is seen that segre 

gated cracking, i.e., cracking of naphtha and gas oil in 
separate risers, produces a signi?cant improvement in 
the octane of the product naphtha obtained without a 

Description Run Gasohne 5 loss in total naphtha (DB naphtha plus alkylate) pro 
HA‘RIi‘m‘Zt’ilé? 13 8 duction. Further, recycling heavy naphtha causes a sig 

Paraffins 48:3 ni?cant increase in the octane number of the naphtha. 
Naphlhenes 37‘9 This is seen by comparing Run 1 with Run 3 (92.6 to 

(1) Octane rating with addition of3 cc tetraethyllead 10 an? Run 2 wlth Run 4 to _ 
per gallon Comparing Runs 3 and 4 shows that by employing 

both naphtha recycle and segregated cracking a higher 
TABLE H yield of a given octane duality naphtha can be ob 

tamed. in addition, coke yield and the amount of naph 
Feedswck Analysis 15 tha recycled are signi?cantly lower in Run 4 than in 

Description Gas on Run 3. Runs 2 and 4, illustrating our invention, clearly 
Gravity OAP‘ 3O 9 show the advantage of these improvements. 

'. -- - o ,. ' Weclaim: 

10 mllipvdcuum Distillation’ F' 403 l. A process for the catalytic cracking of naphtha and 
Ag 20 gas oil with a zeolite cracking catalyst in a ?uid cata 
50 632 lytic cracking unit comprising a reactor, a regenerator 
2% gig and a multiplicity of elongated reaction zones wherein 

said reactor contains a dense phase and a dilute phase 
‘Atmospheric equivalent temperatures of said catalyst and said elongated reaction zones ter 

minate at said reactor which comprises: 
ht Ruhs 1 and 3 the gas oil and naphtha are combined 25 W a. introducing a low octane fresh naphtha stream and 

in a ratio of 3:1 and introduced into a single riser. Both a ?rst portion of a freshly_regenerated Zeolite 
"1R5" ??[Qhlhgg gtgtisettemperatyrcgf92915531351 cracking catalyst into a first elongated reaction 
and 3 are the same in all respects except that in Run 3, zone to form a ?rst mixture consisting essentially of 
a heavy naphtha fraction is recovered from the reactor said fresh naphtha Stream and Said ?rst portion of 
effluent and recycled to the feed riser. In Runs 2 and 30 catalyst, 
4* demonstrating the process of our invention’ the gas b. passing reactants consisting essentially of said ?rst 
oil and naphtha are segregated and introduced into sep- mixture through said ?rst elongated reaction Zone 
arate risers. Again, both runs are made with riser tem- under naphtha cracking Conditions, 
PFtatPmS 9f 920°?“ The, effluent fmm,the naphtha 3 5 c. introducing a virgin gas oil stream and a second 
riser is subjected to additional bed cracking at 920°F. portion of freshly_regenemted Zeome cracking cat_ 
tggpt-a-i-n increased conversion of the naphtha-1 Run 2 alyst into a second elongated reaction zone to form 
employs no.naphtha recycle’ but m Run 4 a heavy a second mixture consisting essentially of said vir 
naphtha cut 15 taken from the reactor effluent and recy- gin gas on Stream and said second onion of Cata_ 
cled to the naphtha riser. 40 lyst p 
Operating data and results of these runs are pres- d as’sin react m . t. t. n f .d p 

erlt?qgin .rrab‘lgmlgdowz ‘ g *_M“ M ‘u . p 7 g a s COl’lSlS mg essen ia y 0 sm sec’ 

TABLE ill 

Run No. 1 
Total Fresh Feed Composition 75:25 wt. Blend 

Gas Oil 8L Naphtha 
75:25 wt. Blend 
Gas Oil & Naphtha 

2 4 
75:25 wt. Blend 
Gas Oil & Naphtha 

3 
75:25 wt. Blend 
Gas Oil & Naphtha 

Feed to: Riser No. 1 Gas Oil & Naphtha 
Riser No. 2 - 

Naphtha Recycle, Vol. % Total 
Fresh Feed 0.0 

Temperature - All Risers, "F. 920 
430°F. Conversion, Vol. % 

Total Fresh Feed 78.2 
Yields, Wt. % 
Coke 4.8 
Dry Gas (C, and lighter) 1.9 

Yields, Vol. % 
Propane 3.4 
Propylene (l) 5.6 
Isobutane (l) 0.0 
n-Butane 1.8 
Butylenc (1) 0.0 
DB Naphtha (2) 60.1 
Alkylate 11.6 
DB Naphtha + Alkylate 71.7 
Light + Heavy Gas Oil 21.8 

DB Naphtha, RON + 3 cc TEL (3) 92.6 
DB Naphtha + Alkylate, RON + 

3 cc TEL (3) 94.9 

Gas Oil Gas Oil 84 Naphtha Gas Oil 
Naphtha -— Naphtha 

0.0 109 84.5 
920 920 920 

78.2 78.2 ‘ 78.2 

4.9 8.6 7.9 
2.0 2.3 2.6 

3.8 6.9 7.7 
4.9 4.2 3.1 
0.0 0.0 0.0 
2.1 4.5 5.0 
0.0 0.0 0.0 
59.0 43.3 43.0 
12.7 22.4 23.3 
71.7 65.7 66.3 
21.8 21.8 21.8 
93.4 100.2 100.2 

95.6 101.7 101.7 

Notes: 1. Net yield. Does not include material consumed in producing alkylate. 
2. Dehutnnized naphtha. 
3. RON + 3 cc TEL — Research Octane Number withradditionvotzlicc?tetraethyllefd per gallon; 
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0nd mixture through said second elongated reac 
tion zone under gas oil cracking conditions. 

e. discharging the effluents from said ?rst and second 
reaction zones into a catalyst phase in said reactor, 
said effluents comprising vaporous reaction mix 
ture and catalyst, and 

. recovering from the vaporous reaction mixture in 
a dilute phase of catalyst in said reactor a fraction 
boiling in the range of 100° to 450°F. having an oc 
tane rating higher than said fresh naphtha stream 
and a fraction boiling below 100°F. 

2. A process according to claim 1 wherein the naph 
tha cracking conditions of step (a) include a tempera 
ture of 750°-l,300°F., a conversion of 25-80 volume 
percent and a vapor velocity of 15-50 feet/second and 
the gas oil cracking conditions of step (b) include a 
temperature of 840°-l,l00°F., a conversion of 30-80 
volume percent and a vapor velocity of 15-50 feet/ 
second. 

3. A process according to claim 2 wherein the efflu 
ents from the ?rst and second elongated reaction zones 
are discharged into a dilute phase of catalyst. 

4. A process according to claim 2 wherein the efflu 
ent from the ?rst elongated reaction zone is discharged 
into a dilute phase of catalyst and the effluent from the 
second elongated reaction zone is discharged into a 
dense phase of catalyst, said vaporous reaction mixture 
from said second elongated reaction zone passing 
through said dense phase under catalytic cracking con 
ditions effecting an additional conversion of 5-50 vol 
ume percent and discharging into a dilute phase of cat 
alyst. 

5. A process according to claim 2 wherein the efflu 
ent from the second elongated reaction zone is dis 
charged into a dilute phase of catalyst and the effluent 
from the ?rst elongated reaction zone is discharged 
into a dense phase of catalyst, said vaporous reaction 
mixture from said first elongated reaction zone passing 
through said dense phase under catalytic cracking con 
ditions effecting an additional conversion of 5-30 vol~ 
ume percent and discharging into a dilute phase of cat 
alyst. 

6. A process according to claim 2 wherein the efflu 
ents from the ?rst and second elongated reaction zones 
are discharged into a dense phase of catalyst, said va 
porous reaction mixtures from said ?rst and second re 
action zones passing through said dense phase under 
catalytic cracking conditions effecting an additional 
conversion of 5-30 volume percent and discharging 
‘into a dilute phase of catalyst. 

7. A process according to claim 3 including the fol 
lowing additional steps: 

g. recovering from the vaporous reaction mixture in 
the dilute phase of catalyst in said reactor a hydro 
carbon fraction boiling above about 500°F., 

h. introducing the fraction from step (g) and a third 
portion of freshly-regenerated zeolite cracking cat 
alyst into a third elongated reaction zone to form 
a third mixture consisting essentially of said frac 
tion from step (g) and said third portion of catalyst, 

i. passing reactants consisting essentially of third mix 
ture through said third elongated reaction zone 
under cycle gas oil cracking conditions, and 

j. discharging the effluent from said third elongated. 
reaction zone into a dense phase of catalyst in said 
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reactor, said effluent comprising vaporous reaction 
mixture and catalyst, said vaporous reaction mix 
ture from said third elongated reaction zone pass 
ing through said dense phase under catalytic crack 
ing conditions effecting an additional conversion of 
5-30 volume percent and discharging into a dilute 
phase of catalyst. 

8. A process according to claim 4 including the fol 
lowing additional steps: ‘ 

g. recovering from the vaporous reaction mixture in 
the dilute phase of catalyst in said reactor a hydro 
carbon fraction boiling above about 500°F., 

h. introducing the fraction from step (g) and a third 
portion of freshly-regenerated zeolite cracking cat 
alyst into a third elongated reaction zone to form 
a third mixture consisting essentially of said frac 
tion from step (g) and said third portion of catalyst, 

i. passing reactants consisting essentially of said third 
mixture through said third elongated reaction zone 
under cycle gas oil cracking conditions, and 

j. discharging the effluent from said third elongated 
reaction zone into a dense phase of catalyst in said 
reactor, said effluent comprising vaporous reaction 
mixture and catalyst, said vaporous reaction mix 
ture from said third elongated reaction zone pass 
ing through said dense phase under catalytic crack 
ing conditions effecting an additional conversion of 
5-30 volume percent and discharging into a dilute 
phase of catalyst. 

9. A process according to claim 5 including the fol 
lowing additional steps: 

g. recovering from the vaporous reaction mixture in 
the dilute phase of catalyst in said reactor a hydro 
carbon fraction boiling above about 500°F., 

h. introducing the fraction from step (g) and a third 
portion of freshly-regenerated zeolite cracking cat 
alyst into a third elongated reaction zone to form 
a third mixture consisting essentially of said frac 
tion from step (g) and said third portion of catalyst, 

i. passing reactants consisting essentially of said third 
mixture through said third elongated reaction zone 
under cycle gas oil cracking conditions, and 

j. discharging the effluent from said third elongated 
reaction zone into a dense phase of catalyst in said‘ 
reactor, said effluent comprising vaporous reaction 
mixture and catalyst, said vaporous reaction mix 
ture from said third elongated reaction zone pass 
ing through said dense phase under catalytic crack 
ing conditions effecting an additional conversion of 
5-30 volume percent and discharging into a dilute 

Phase qfsatelvst ... 

10. A process according to claim 6 including the fol 
lowing additional steps: 

g. recovering from the vaporous reaction mixture in 
the dilute phase of catalyst in said reactor a hydro 
carbon fraction boiling above about 500°F., 

h. introducing the fraction from step (g) and a third 
portion of freshly-regenerated zeolite cracking cat 
alyst into a third elongated reaction zone to form 
a third mixture consisting essentially of said frac 
tion from step (g) and said third portion of catalyst, 

i. passing reactants consisting essentially of said third 
mixture through said third elongated reaction zone 
under cycle gas oil cracking conditions, and 
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j. discharging the effluent from said third elongated 
reaction Zone into a dense phase of catalyst in said 
reactor, said effluent comprising vaporous reaction 
mixture and catalyst, said vaporous reaction mix 
ture from said third elongated reaction zone pass 
ing through said dense phase under catalytic crack 
ing conditions effecting an additional conversion of 
5-30 volume percent and discharging into a dilute 
phase of catalyst. 

1 l. A process according to claim 4 wherein the cata 
lytic cracking conditions in the dense phase include a 
temperature of 800°-1,150°F. and a vapor velocity of 
0.5-4 feet/second. 

12. A process according to claim 5 wherein the cata 
lytic cracking conditions in the dense phase include a 
temperature of 800°-l,l50°F. and a vapor velocity of 
0.5-4 feet/second. 

13. A process according to claim 6 wherein the cata 
lytic cracking conditions in the dense phase include a 
temperature of 800°-1,l50°F. and a vapor velocity of 
0.5-4 feet/second. 

14. A process according to claim 7 wherein the cycle 
gas oil cracking conditions of step (f) include a temper 
ature of 800°-1 ,100°F., a conversion of 20-70 volume 
percent and a vapor velocity of 15-50 feet/second and 
the catalytic cracking conditions in the dense phase in 
clude a temperature of 800°-1,l50°F. and a vapor ve 
locity of 0.5-4 feet/second. 

15. A process according to claim 8 wherein the cycle 
gas oil cracking conditions of step (f) include a temper 
ature of 800°-l,100°F., a conversion of 20-70 volume 
percent and a vapor velocity of 15-50 feet/second and 
the catalytic cracking conditions in the dense phase in 
clude a temperature of 800°-l,l50°F. and a vapor ve 
locity of 0.5-4 feet/second. 

16. A process according to claim 9 wherein the cycle 
gas oil cracking conditions of step (f) include a temper 
ature of 800°-l,100°F., a conversion of 20-70 volume 
percent and a vapor velocity of 15-50 feet/second and 
the catalytic cracking conditions in the dense phase in 
clude a temperature of 800°-1,150°F. and a vapor ve 
locity of 0.5-4 feet/second. 

17. A process according to claim 10 wherein the 
cycle gas oil cracking conditions of step (f) include a 
temperature of 800°—l,l00°F., a conversion of 20-70 
volume percent and a vapor velocity of 15:50’ feet/ 
second and the catalytic cracking conditions in the 
dense phase include a temperature of 800°-l,150°F. 
and a vapor velocity of 0.5-4 feet/second. 

18. A process for the catalytic cracking of naphtha 
and gas oil with a zeolite cracking catalyst in a ?uid cat 
alytic cracking unit comprising a reactor, a regenerator 
and a multiplicity of elongated reaction zones wherein 
said reactor contains a dense phase and a dilute phase 
of said catalyst and said elongated reaction zones ter 
minate at said reactor which comprises: 

a. introducing a low octane fresh naphtha stream, the 
hydrocarbon fraction boiling above aboutt 592?: 
of step (h) herein and a ?rst portion of a freshly 
regenerated zeolite cracking catalyst into a ?rst 
elongated reaction zone to form a fourth mixture 
consisting essentially of said fresh naphtha stream, 
said fraction boiling above abogt 500°F. and said 

I’ ‘?rst portion of catalyst, 
b. passing reactants consisting essentially of said 
fourth mixture through said ?rst elongated reaction 
zone under naphtha cracking conditions, 
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c. discharging the ef?uent from said ?rst elongated 

reaction zone into a dense phase of catalyst in said 
reactor, said ef?uent comprising vaporous reaction 
mixture and catalyst, 

cl. passing said vaporous reaction mixture from step 
(c) through said dense phase under catalyst crack 
ing conditions and discharging into a dilute phase 
of catalyst, 

e. introducing a virgin gas oil stream and a second 
portion of freshly-regenerated zeolite cracking cat 
alyst into a second elongated reaction zone to form 
a ?fth mixture consisting essentially of said virgin 
gas oil stream and said second portion of catalyst, 

f. passing reactants consisting essentially of said ?fth 
mixture through said second elongated reaction 
zone under gas oil cracking conditions, 

g. discharging the ef?uent from said second elon 
gated reaction zone into a catalyst phase in said re 
actor, said effluent comprising vaporous reaction 
mixture and catalyst, 

h. recovering from the vaporous reaction mixture in 
a dilute phase of catalyst in said reactor a hydrocar 
bon fraction boiling above about 500°F., and 

i. recovering as products from the vaporous reaction 
mixture in a dilute phase of catalyst in said reactor 
a fraction boiling in the range of 100° to 450°F. 
having an octane rating higher than said fresh 
“naphtha stream and a fraction boiling below 100°F. 

19. A process according to claim 18 wherein the 
naphtha cracking conditions of step (b) include a tem 
perature of 750°-l,300°F., a conversion of 25-80 vol 
ume percent and a vapor velocity of l5-50 ft/sec., the 
gas oil cracking conditions of step (f) include a temper 
ature of 840°-1,100°F., a conversion of 30-80 volume 
percent and a vapor velocity of 15-50 ft/sec. and the 
catalytic cracking conditions in the dense phase in— 
clude a temperature of 800°-l ,150°F., a vapor velocity 
of 0.5-4 ft/sec. and an additional conversion of 5-30 

XQlHFPEPiTE‘FHP .7 

20. A process according to claim 19 wherein the ef 
?uent from the second elongated reaction zone is dis 

rhsrged. i199 a dilate Phase 0t Catalyst: 
21. A process according to claim 18 wherein the ef 

fluent from the second elongated reaction zone is dis 
charged into a dense phase of catalyst, said vaporous 
reaction mixture from said second elongated reaction 
zone passing through said dense phase under catalytic 
cracking conditions and discharging into a dilute phase 
9f catalyst‘... , 

22. A process for the catalytic cracking of naphtha 
and gas oil with a zeolite cracking catalyst in a ?uid cat 
alytic cracking unit comprising a reactor, a regenerator 
and a multiplicity of elongated reaction zones wherein 
said reactor contains a dense phase and a dilute phase 
of said catalyst and said elongated reaction zones ter 
minate at said reactor which comprises: 

a. introducing a low octane fresh naphtha stream, the 
hydrocarbon fraction boiling between 100 and 
450°Fsfrom step (h) herein and a first portion of 

pifresiilylregenerated izeoli'teicracking catalyst into a 
?rst elongated reaction zone to form a sixth mix 
ture consisting essentially of said fresh naphtha 
stream, said fraction boiling between 100 and 
450°}I and said ?rstiportion of catalyst, 

1 Nb’,- passing reactants consisting essentially of said sixth 
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mixture through said first elongated reaction zone 
under naphtha cracking conditions, 

c. discharging the effluent from said ?rst elongated 
reaction zone into a dense phase of said catalyst in 
said reactor, said effluent comprising vaporous re 
action mixture and catalyst, 

d. passing said vaporous reaction mixture from step 
(c) through said dense phase under catalytic crack 
ing conditions and discharging into a dilute phase 
of catalyst, 

e. introducing a virgin gas oil and a second portion of 
freshly-regenerated zeolite cracking catalyst into a 
second elongated reaction zone to form a seventh 
mixture consisting essentially of said virgin gas oil 
and said second portion of catalyst, 

f. passing reactants consisting essentially of said sev 
enth mixture through said second elongated reac 
tion zone under gas oil cracking conditions, 

g. discharging the effluent from said second elon 
gated reaction zone into a catalyst phase in said re 
actor, said effluent comprising vaporous reaction 
mixture and catalyst, 

h. recovering from the vaporous reaction mixture in 
the dilute phase of catalyst in said reactor 21 hydro 
carbon fraction boiling between 100° and 450°F, 
and 

i. recovering as products from the vaporous reaction 
mixture in the dilute phase of catalyst in said reac 
tor a fraction boiling in the range of 100° to 450°F. 
having an octane rating higher than said fresh 
naphtha stream and a fraction boiling below 100°F. 

23. A process according to claim 22 wherein the 
naphtha cracking condtions of step (b) include a tem 
perature of 750°-l,300°F., a conversion of 25-80 
voume percent and a vapor velocity of l5—50 ft/sec., 
the gas oil cracking conditions of step (f) include a 
temperature of 840°wl,l00°lF., a conversion of 30-80 
volume percent and a vapor velocity of l5-50 ft/sec. 
and the catalytic cracking conditions in the dense 
phase include a temperature of 800°-l,l50°F., a vapor 
velocity of 0.5-4 ft/sec. and an additional conversion of 
5-30 volume percent. 

24. A process according to claim 23 wherein the ef 
fluent from the second elongated reaction zone is dis 
charged into a dilute phase of catalyst. h 

25. A process according to claim 23 wherein the ef 
?uent from the second elongated reaction zone is dis 
charged into a dense of catalyst, said vaporous reaction 
mixture from said second elongated reaction zone pass 
ing through said dense phase under catalytic cracking 
conditions and discharging into a dilute phase of cata 
lyst. 

26. A process according to claim 24 including___t__he fol-~ 
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lowing additional steps: 

j. recovering from the vaporous reaction mixture in 
the dilute phase of catalyst in :said reactor a hydro 
carbon fraction boiling above 500°F., 

k. introducing said fraction of step (j) and a third 
portion of freshly-regenerated zeolite cracking cat 
alyst into a third elongated reaction zone to form 
an eighth mixture consisting essentially of said frac 
tion from step (j) and said third portion of catalyst, 

l. passing reactants consisting; essentially of said 
eighth mixture through said elongated reaction 
zone under cycle gas oil cracking conditions, and 

m. discharging the effluent from said third elongated 
reaction zone into a dense phase of catalyst in said 
reactor, said effluent comprising vaporous reaction 
mixture and catalyst, said vaporous reaction mix 
ture from said third elongated reaction zone pass 
ing through said dense phase under catalytic crack 
ing conditions and discharging into a dilute phase 
of catalyst. ‘ 

27. A process according to claim 25 including the fol 
lowing additional steps: is 

j. recovering from the vaporous reaction mixture in 
the dilute phase of catalyst in said reactor a hydro 
carbon fraction boiling above 500°F., 

k. introducing said fraction of step (j) and a third 
portion of freshly-regenerated zeolite cracking cat 
alyst into a third elongated reaction zone to form 
an eighth mixture consisting essentially of said frac 
tion from step (j) and said third portion of catalyst, 

l. passing reactants consisting essentially of said 
eighth mixture through said elongated reaction 
zone under cycle gas oil cracking conditions, and 

m. discharging the effluent from said third elongated 
reaction zone into a dense phase of catalyst in said 
reactor, said effluent comprising vaporous reaction 
mixture and catalyst, said vaporous reaction mix 
ture from said third elongate-d reaction zone pass 
ing through said dense phase under catalytic crack 
ing conditions and discharging into a dilute phase 
of catalyst. 

28. A process according to claim 26 wherein the 
cycle gas oil cracking conditions of step (1) include a 
temperature of 800°-l,l0O°F., a conversion of 20-70 
volume percent and a vapor velocity of 15-50 ft/sec. 

29. A process according to claim ‘27 wherein the 
cycle gas oil cracking conditions of step (1) include a 
temperature of 800°—l,l00°F., a conversion of 20—70 
volume percent and a vaponvelocity of 15-50 ft/sec. 


