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gasoline. Furthermore, this invention teaches the proper 
manner of carrying out a specific hydrotreating operation 
to optimize the yield and quality of the ultimately pro 
duced gasoline using the J-factor analysis. An analytical 
technique has been developed which permits the charac 
terization of various types of aromatics in a hydrocarbon 
mixture called a J-factor analysis. It is in essence a mass 
spectrometer analysis employing a low ionizing voltage 
technique. The ionizing chamber is maintained at a 
potential of about 7 volts and the vaporized hydrocarbon 
mixture is introduced therein. Compounds more Saturated 
than aromatics such as paraffins have an ionization po 
tential above 10 volts and these saturated compounds will 
not be observed on the mass spectrum since they are 
not ionized. The mass spectrum reveals molecular ion 
peaks which correspond to the molecular weight of the 
aromatic compound which permits characterization of 
these aromatics by means of the general formula CnH2n 
where J is the J factor. The following table shows the 
relationship between the J factor and the type of aromatic. 
J-factor number: Type of aromatic hydrocarbon 

6------------------ Alkyl benzenes and benzene 
8 --------------------------- Indanes, tetralins 
10 ---------------------------------- Indenes 
12 ------------ Alkyl naphthlenes and naphthlene 
14--------- Acenaphthenes, tetrahydroanthracene 
16 --------- Acenaphthalenes, dihydroanthracenes 
18 ---------------- Anthracenes, phenanthrenes 

Using this J-factor analysis in characterizing the hydro 
treating step of this invention allows for the optimum 
treatment of said refractory oil to produce a high quality 
gasoline by catalytically cracking the hydrotreated oil. 
Furthermore, this invention allows for substantially com 
plete conversion of this refractory oil into high quality 
gasoline. It is believed that as much as 100% of this 
refractory oil can be converted by the process of this 
invention and the gasoline produced therefrom will be 
of higher quality (higher octane number and lower ole 
fin content) than normal catalytically cracked gasoline. 

It is an object of this invention to render the refractory 
oil from a catalytic cracking zone readily susceptable 
to further cracking. 

It is another object of this invention to treat and 
crack said refractory oil to produce a high quality gaso 
line. 

It is another object of this invention to treat and crack 
said refractory oil to produce high yields of high quality 
gasoline at conversions of 40 to 80% per pass. 

It is a further object of this invention to disclose a 
process for substantially completely converting the re 
fractory oil from a catalytic cracker into lighter products 
including a high quality gasoline. 

It is still further object of this invention to optimize 
the yield and octane number of the gasoline produced 
from a heavy hydrocarbonaceous charge stock by the 
process of this invention. 

It is a more specific object of this invention to mini 
mize hydrogen consumption in the hydrotreating step of 
this invention. 

It is another specific object of this invention to hydro 
treat refractory oils having J-12 as the major single 
aromatic type to produce oils having J-8 as the major 
single aromatic type. 

These and other objects will become more apparent 
in the light of the following detailed description. 
FIGURE 1 shows a schematic flow scheme for one 

preferable embodiment of the present invention employ 
ing separate catalytic cracking Zones and separators. 
FIGURE 2 shows a schematic flow scheme for a 

second preferable embodiment of the present invention 
employing a common catalytic cracking zone and separa 
tor. 
As shown in FIGURE 1, as gas oil feed is introduced 

into a first catalytic cracking zone 2 through conduit 1. 
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4. 
Although this zone is shown as a box, it will be apparent 
to those skilled in the art of catalytic cracking that com 
monly used processing schemes are readily employed 
therein. For example, one common type of catalytic 
cracker is the so-called fluid catalytic cracker where 
hot regenerated catalyst is mixed with fresh feed and 
the mixture is transported to a reaction vessel con 
taining a bed of dense fluid catalyst. The fresh feed reacts 
under the catalytic influence of the catalyst to produce a 
wide variety of products including light hydrocarbons, 
gasoline, refractory oil, heavy cycle oil, slurry oil and 
coke. The coke generally is formed on the fluid catalyst 
particles. The catalyst is separated from the reactants by 
means such as settling, centrifical separation, etc., where 
upon the reaction products are withdrawn from the reac 
tion vessel. The catalyst containing coke is withdrawn 
from the reaction vessel through a stripper wherein 
it contacts steam to strip off a portion of the entrained 
oil. The steam and entrained oil are returned to the re 
action vessel and the stripped catalyst is introduced into 
a regenerator. An oxygen containing gas stream is in 
troduced into the regenerator and since the temperatures 
are sufficiently high, a portion of the coke is burned off 
the catalyst thereby regenerating the catalyst. The regen 
erated catalyst is withdrawn from the regenerator where 
it contacts additional hydrocarbon feed to repeat the 
process just described. It is, of course, to be understood 
that there are numerous variations in the basic catalytic 
cracking process and it is intended that all these varia 
tions are included in the process of my invention. There 
are a large number of catalysts suitable for use in the 
catalytic cracking step Such as silica-alumina, silica mag 
nesia, silica zirconia, acid activated clay, crystallin cata 
lysts including faujasite dispersed in a silica-containing 
inorganic matrix, mordenite containing catalysts etc. The 
amorphous silica-alumina catalysts having concentrations 
of from about 10 to about 40 weight of alumina and 
90 to about 60 weights of silica are preferred catalysts. 

Typical catalytic cracking operating conditions com 
prise reactor temperatures of from about 800 F. up to 
about 1050 F., regenerator temperatures of from about 
1000 F. up to about 1300 F., pressures of from at 
mospheric up to about 50 p.s.i.g., oil to catalyst weight 
ratios of from about 1.0 to about 10.0 and combined 
feed ratios (ratios of fresh feed -- heavy cycle oil/ 
fresh feed) of from about 1.1 to about 2.0. These var 
iables, some of which are independent and some of which 
are dependent are adjusted to maintain conversions per 
pass to gasolines of from about 30% up to about 70%, 
and in some instances, up to about 80.0%. 
The reaction products from catalytic cracking Zone 

2 are withdrawn through conduit 3 and introduced into 
Separator 4. Commonly the separator is a fractionator 
wherein the products are separated on the basis of boiling 
points. Typically, a light hydrocarbon stream is with 
drawn overhead (shown in conduit 8) and sent to a gas 
concentration unit not shown, a gasoline fraction is 
recovered (shown in conduit 7), a refractory oil side cut 
is recovered (shown in conduit 9), and a heavy cycle 
oil side cut or bottom is recovered (shown in conduit 5). 
In Some cases a heavy bottoms called slurry oil is with 
drawn from the unit (shown in conduit 6) where it may 
be clarified to move catalyst particles and either recycled 
to zone 2 or used as fuel oil. 
The refractory oil in conduit 9 is comingled with a 

material flowing in conduit 10 from a source described 
hereinafter and passed into hydrotreater 12 through con 
duit 11. Hydrogen is introduced into hydrotreater 12 
through conduit 13 to supply the required hydrogen. This 
hydrotreating step may be carried out by any method 
known to those skilled in the art of hydrotreating. Pref 
erably hydrotreating catalyst is loaded in to a fixed 
bed within a reaction zone. The material in conduit 11 is 
mixed with fresh hydrogen (from conduit 13) and re 
cycle gas from a source described hereinafter, heated 
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and passed once through the fixed bed of catalyst. An 
effluent is withdrawn from the reaction Zone, which is 
cooled and introduced into a separator. The effluent is 
separated into a normally liquid hydrotreated product 
and a normally gaseous stream. The normally gaseous 
stream is withdrawn from the separator by means of a 
recycle compressor and returned to the inlet of the reac 
tion zone. If desired, a portion of the gaseous stream 
may be vented to maintain hydrogen purity although 
this is not generally necessary. The normally liquid prod 
uct stream may be flashed or stripped to remove dissolved 
gases such as hydrogen and hydrogen sulfide, although 
if desired, this step may be omitted. 
The hydrotreating catalyst is preferably sulfur resist 

ant, that is it possesses hydrogenation activity in the 
presence of sulfur compounds. A preferably catalyst 
comprises a silica-alumina support having at least one 
metal or metal compound of Group VI of the Periodic 
Table and one metal or metal compound of Group VIII 
of the Periodic Table. Especially preferable are those cat 
alysts having tungsten and/or molybdenum along with 
nickel and/or cobalt on silica-alumina Supports. Other 
supports such as alumina, silica Zirconia, silica magnesia, 
faujasite, mordenite, inorganic oxide matrix containing at 
least one crystalline aluminosilicate, etc. are also Suit 
able. Other metals besides the ones described hereinabove 
are also suitable as for example noble metals such as 
platinum or palladium. These latter catalysts are gen 
erally satisfactory without the presence of a Group VI 
metal. 
The hydrotreating conditions employed in hydrotreat 

er 12 such as temperature, pressure, LHSV, hydrogen-to 
oil ratio, etc. are selected to convert the refractory oils 
to a product having as the major single type of aromatic 
hydrocarbon J-8 as defined hereinbefore. It has been 
found that these refractory oils have J-12 as the major 
single type of aromatic hydrocarbon. Therefore, the above 
hydrotreating process variables are controlled to maximize 
the J-12 to J-8 conversion reaction. It is generally pref 
erable to maintain pressure, LHSV and hydrogen-to-oil 
ratio constant and vary temperature to maximize the 
J-12 to J-8 conversion. The initial choice of all these 
variables depends to a large measure on the charge Stock. 
Suitable pressure ranges are from about 400 p.s.i.g. up 
to about 2000 p.s.i.g. with 600 to 900 p.s.i.g. being pref 
erable. Suitable LHSV is from about 0.5 up to about 20 
with 3 to 10 being preferable. Suitable hydrogen-to-oil 
mole ratios are from about 2 to about 20 with 5 to 15 
being preferable. When these conditions are selected, the 
temperature is adjusted to maximize the J-12 to J-8 con 
version. It is expected that temperatures within the range 
of from about 500 F. up to about 850 F. will be em 
ployed. The most straight forward way to attain the prop 
er operating conditions is to select the independent varia 
bles, conduct a J-factor analysis of the streams flowing 
in conduits 11 and 15 and adjust temperature to attain the 
maximum conversion of J-12 to J-8. If the hydrotreating 
conditions are too severe, the J-12 will either be con 
verted to J-6 or the aromatics will be saturated. This has 
the undesirable effect of increasing hydrogen consump 
tion and reducing the octane number of the gasoline when 
the hydrotreated oil is catalytically cracked. If the hydro 
treating conditions are not severe enough, there will be 
little improvement in the refractory nature of this oil 
which will make it difficult to convert to gasoline. When 
properly hydrotreated, this material is easily catalytically 
cracked yielding high quality gasoline at conversion of 
100%. The hydrotreated normally liquid product is in 
troduced into a second catalytic cracking Zone 14 through 
conduit 15. Cracking zone 14 may be a part of cracking 
zone 2, may be integrated with Zone 2 or may be an en 
tirely separate processing unit. For example a separate 
stream of regenerated cracking catalyst may be mixed 
with the hydrotreated oil and transported into the same 
reaction vessel as that used for cracking Zone 2. Since 
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6 
a major portion of the reaction occurs in the transfer 
line between the reaction vessel and the point wherein 
the regenerated catalyst and hydrotreated oil are mixed, 
this arrangement permits Zone 14 to operate as a part of 
zone 2 with common separation equipment and a com 
mon regenerator. Cracking Zone 14 can be integrated with 
Zone 2 by mixing regenerated catalyst with the hydro 
treated oil and introducing this mixture into a separate 
reaction vessel. In this case Zone 14 and Zone 2 have a 
common regenerator but separate reaction vessels and if 
desired, separate separation equipment. Of course, Zone 
14 can be entirely independent of Zone 2 with its own re 
actor, stripper, regenerator, catalyst, etc. The cracking 
conditions employed in Zone 14 are similar to those em 
ployed in Zone 2 although it may be preferable in some 
instances to vary the conditions due to differences in 
charge stocks between Zone 2 and Zone 14 in order to 
optimize each cracking step. The reaction products from 
Zone 14 are withdrawn through conduit 17 where they 
are introduced into separator 16. Separator 16, usually a 
fractionator, is employed to separate the reaction products 
into a light hydrocarbon portion in conduit 18 (usually 
sent to a gas concentration unit not shown), a Second 
high octane gasoline stream in conduit 19 and a material 
referred to hereinbefore in conduit 10. Several unexpected 
results are obtained as a result of the combined effects of 
zones 12 and 14. The gasoline in conduit 19 is of higher 
quality than the gasoline of conduit 7. It is found that 
this second gasoline in conduit 19 is at least 3 clear oc 
tane numbers higher than the first gasoline (in conduit 8). 
Furthermore, the second gasoline is lower than the first 
gasoline by a substantial margin in olefin content which 
improves its lead susceptability and makes for a cleaner 
burning fuel. Finally, the absolute clear octane number 
is sufficiently high to eliminate the necessity of having to 
add lead to improve the octane number. It is expected 
that F-1 clear octane numbers of from about 95 to about 
100 will be produced in this second gasoline. J-factor an 
alysis of this second gasoline reveals that the major sin 
gle type of aromatic present therein is J-6, a preferable 
motor fuel. Another unexpected result is shown by exami 
nation of the unconverted oil flowing in conduit 10. A 
J-factor analysis indicates that the major single type of 
aromatic present in this unconverted oil is J-12. This 
means that Zone 14 has converted the hydrotreated ma 
terial boiling above gasoline in conduit 15 having J-8 
as the major single aromatic type into a gasoline having 
J-6 as the major single aromatic type and a material 
boiling above gasoline having J-12 as the major single 
aromatic type. For this reason the unconverted material 
in conduit 10 is suitable for recycle to the hydrotreating 
step since it has a similar J-factor analysis as compared 
to the material in conduit 9. Therefore, all this uncon 
verted material may be recycled back to Zone 12 and 
Zone 14 which allows recycle to extinction. This means 
that 100% of the material in conduit 9 will ultimately be 
converted at conversions of from about 40 to about 80% 
per pass which of course will maximize the yield of gaso 
line in conduit 19. If desired, a portion of the uncon 
verted material in conduit 10 may be withdrawn through 
conduit 40 by opening valve 39, a portion of the material 
in conduit 1 may be withdrawn through conduit 36 by 
opening valve 35 or a portion of the material in conduit 
15 may be withdrawn through conduit 38 by opening 
valve 37. One or more of these alternate withdrawals 
can be practiced if it is desired to recover a heavier fuel 
than gasoline. 

It is now apparent that the present invention permits 
the conversions of gas oil feed stocks to gasoline and 
lighter in amounts of 90% or higher. Indeed, conversions 
of up to 100% are possible with the process of this in 
vention provided the slurry oil is also cracked. In this 
sense, this overall process has the same advantages as 
hydrocracking to produce gasoline from gas oils, a feat 
which up till now has been impossible. Furthermore, the 
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light hydrocarbons in conduits 8 and 18 are rich in ole 
fins which permits alkylation with paraffins to produce 
high octane isoparaffins which can be added to the total 
gasoline yield. When this is practiced, the present process 
in combination with alkylation will produce a most de 
sirable high octane motor fuel having as its main com 
ponents alkylbenzene aromatics and isoparaffins. Still an 
other advantage of the present process over hydrocrack 
ing is that the butane produced by the cracking zones 
will be less than that required for alkylation of the C3 
and Colefins and the vapor pressure requirements of the 
gasoline, whereas one of the major problems of hydro 
cracking is excess production of butane which puts the 
producer using the present process in the enviable posi 
tion of buying low cost butane and selling it for high cost 
gasoline. Furthermore, the catalytic cracking steps and 
hydrotreating steps are carried at relatively low pressures, 
thus minimizing capital investment and operating prob 
lems. It is estimated that the conversion of a typical gas 
oil by the process of this invention accompanied by alkyl 
ation of the olefins and buying sufficient butane to satisfy 
alkylation and vapor pressure requirements will result in 
gasoline yields as much as 8 or 9% higher than that pro 
duced by hydrocracking and reforming at a constant oc 
tane number. 
FIGURE 2 shown an alternate preferable embodiment 

of the present invention having a common cracking Zone 
and a common separator. Fresh gas oil flowing in conduit 
21, heavy cycle oil from a source described hereinafter 
in conduit 27 and hydrotreated oil from a source described 
hereinafter in conduit 32 are introduced into catalytic 
cracking zone 22 maintained at catalytic cracking condi 
tions and containing a cracking catalyst. Cracking Zone 
22 may be any type of cracking process known to those 
skilled in the art of catalytic cracking as described with 
reference to zone 2 hereinbefore. The reaction products 
from Zone 22 are withdrawn through conduit 23 and into 
separator 24. Separator 24, usually a factionator, Sepa 
rates the reaction products into a light hydrocarbon frac 
tion which is sent to a gas concentration process not 
shown by means of conduit 26, a gasoline which is re 
covered from conduit 25, a refractory oil in conduit 29, 
a heavy cycle oil in conduit 27 and in some cases a slurry 
oil in conduit 28. The heavy cycle oil is returned through 
conduit 27 to cracking zone 22 as described hereinbefore. 
The slurry oil is clarified and may be recovered as a fuel 
oil or recycled to cracking zone 22. The refractory oil 
flowing in conduit 29 is introduced into hydrotreater 30 
along with fresh hydrogen flowing in conduit 31. Hy 
drotreater 30 contains a sulfur resistant hydrotreating cat 
alyst in a reaction zone maintained at hydrotreating con 
ditions. Hydrotreater 30 is operated as described in the 
operation of hydrotreater 12 hereinbefore to convert the 
oil in conduit 29 having J-12 as the major type of aro 
matic into a hydrotreated oil in conduit 32, having J-8 as 
the major type of aromatic. The hydrotreated oil is re 
turned in conduit 32 to cracking zone 22. It is preferable 
to heat and vaporize this hydrotreated oil in heater 43 
before contacting said hydrotreated oil with regenerated 
cracking catalyst. It should be noted that the only gaso 
line stream produced in this embodiment is flowing in 
conduit 25 which therefore is a blend of normal cata 
lytic cracker gasoline and the higher quality gasoline de 
rived from the hydrotreated oil. If a refiner has a market 
for this higher quality gasoline, it would then be prefer 
able to employ a separate catalytic cracking Zone and 
separation facilities. Also, if desired, a light fuel oil can 
be withdrawn through conduit 42 by opening valve 41. 

It is difficult to characterize the split points between the 
light refractory oil and the gasoline and heavy cycle oil 
by commonly observed physical characteristics since this 
split point varies depending on charge stock, operating 
characteristics, desired yields, etc. In some cases, the end 
point of the light refractory oil will vary from about 550 
F. or less to as much as 750 F. or more. The most pref 
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8 
erable manner of characterizing the light refractory oil 
and the heavy cycle oil is the place from which each origi 
nate. As used herein heavy cycle oil is that material with 
drawn from the lower side cut well in the catalytic crack 
ing main column fractionator, said well being maintained 
at about 550 F. The gasoline from the catalytic cracker 
may be characterized by boiling point range or end point, 
the end point generally being within the range of from 
350 F. up to about 450 F. and typically about 430 F. 
The light refractory oil is therefore the material boiling 
between the gasoline and the heavy cycle oil. The light re 
fractory oil is derived from an upper side cut well in 
the main column fractionator said well being maintained 
at about 440 F. These side cut well temperatures are for 
fractionator pressures of about 10 to 15 p.s.i.g. and if the 
pressure is outside this range, the well temperatures will 
of course also be shifted. 
The following examples are presented to further illus 

trate the process of the presentinvention. 
EXAMPLE 

A conventional catalytic cracker employing a regen 
erator, a reaction vessel above the regenerator, a regen 
erated catalyst conduit from the regenerator, a riser into 
which the regenerated catalyst flows and into which the 
hydrocarbonaceous feed passes connected to the reaction 
vessel and a stripper from the reaction vessel to the re 
generator is run on a gas oil charge stock. The reaction 
vessel is maintained at 945 F. resulting in a conversion 
of fresh feed and recycled heavy cycle oil of 55%. This 
results in a yield of coke of about 9 wt. percent, a cata 
lytic cracking gasoline of about 34.5 volume percent and 
a C and Ca olefin content of about 9.7 volume percent. 
The catalytic cracked gasoline has an F-1 clear octane 
number of about 93 and contains about 30 volume per 
cent aromatics and about 30 volume percent olefins. The 
C3 and C. olefins are alkylated with isobutane in a sep 
arate alkylation Zone to produce an alkylate gasoline in 
yields of about 17 volume percent (based on fresh feed 
to the catalytic cracker). Therefore, the total yield of 
gasoline is 51.5 volume percent (34.5-17.0) out of a 
conversion of 55% which means that the efficiency meas 
ured by percent of conversion which yields gasoline is 
93.6 (51.5/55). 

In addition, a light refractory oil is produced from the 
above described example containing about 57.6% aro 
matics. A J-factor analysis is run on this light refractory 
oil revealing the following breakdown: J-6-27.9%; J-8- 

???16--J ;6,3%--?14-J-12--40.8%; J ;3.3%----{}1?-J ;15.2% 
2.6%; and, J-18-3.9%. It is thought that the actual 
J-6 number is lower and the actual J-12 number is 
higher than these numbers due to the interference in the 
analysis with sulfur containing molecules. This refractory 
oil is subjected to a separate catalytic cracking step and 
even though temperatures of 950 F. are employed, the 
conversion is only 38%. The yields show that 7.5 wt. 
percent coke is produced, 20.1 volume percent gasoline 
is produced and a C and Ca olefin yield of about 5.0 
is produced. Alkylation of these olefins with isobutane 
results in an alkylate yield of 8.8 volume percent. The 
total gasoline yield including alkylate is 28.9 volume per 
cent with an efficiency measured by percent of conversion 
of 76.1. The catalytic cracking gasoline shows an olefin 
concentration of about 13 volume percent. 
The same light refractory oil is subjected to controlled 

hydrotreating at a pressure of 800 p.si.g., a LHSV of 2, 
a hydrogen circulation rate of 3000 s.c.f./bbl and a 
temperature of 750 F., with a catalyst containing nickel 
and molybdenum. The hydrotreated oil contains about 
55.8% aromatics and has the following J-factor analysis: 
J—6?14.4%;J-8?70.9%;J—10?5.1%;J-12?4.9%; 
J-4-3.4%; J-16-1.0% and J-18-0.3%. Thus, it can 
be readily seen that by the hydrotreating step has con 
verted an oil having J-12 as its major aromatic com 
ponent into a hydrotreated oil having J-8 as its major 
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aromatic component. The sulfur compounds are also sub 
stantially removed and therefore the J-factor analysis is 
substantially correct. This hydrotreated oil is subjected to 
a separate catalytic cracking step at a temperature of 
925 F. resulting in a conversion of about 55%. The 
yields from this operation show that 3.1 wt. percent coke 
is produced, 40.0 volume percent gasoline is produced 
and a C8 and C. olefin yield of 7.2 volume percent is 
produced. Alkylation of the olefins with isobutane results 
in an alkylate gasoline yield of about 12.7 volume per 
cent. The total gasoline yield including alkylate is 52.7 
volume percent with an efficiency measured by percent 
of conversion of 95.8. The catalytic cracking gasoline con 
tains about 60 volume percent aromatics and only 3 vol 
lume percent olefins and has an F-1 clear octane number 
of 97. A J-factor analysis is run on the catalytic crack 
ing gasoline and shows the following results: J-6— 
78.7%;J—8?13.0%;J—10?1.1%;J-12?7.1%;J—14? 
0.1%; J-16-0.1% and no detectable J-18. Comparison 
of the gasoline produced by the catalytic cracking of the 
hydrotreated light refractory oil with comparison of the 
normal catalytic cracking gasoline is tabulated below. 

Gasoline from 
Gasoline from hydrotreated 

gas oil light oil 

F-1 clear octane number ------------...- 93 97 
Olefin content, percent.------- 30 3 
Aromatics content, percent---- 30 60 
Gasoline yield including alkylate- 5.5 52.7 
Efficiency as percent of conversion 93.6 95.8 
Coke make, wt. percent.---------------- 9.0 3. li 
Temperature requirement at 55 percent 
conversion, F.----------------------- 945 925 

All these comparisons clearly show the substantial im 
provement in product quality, product yield and improved 
process operation. Comparison of the results of the cata 
lytic cracking of the unhydrotreated light refractory oil 
and the hydrotreated oil show that the latter gasoline is 
of better quality (contains 10% less olefins) and results 
in an operation where it is possible to attain high gaso 
line yield and high efficiency. 
The unconverted material from the catalytic cracking 

of the hydrotreated oil which contains about 60 volume 
percent aromatics is subjected to a J-factor analysis yield 
ing the following analysis: J-6-6.4%; J-8—19.9%; 
J?10?2.7%;J—12?58.4%;J?14?6.8%;J—16?2.7%; 
and, J-18-3.7%. It should be noted that this material is 
very similar to the original light refractory oil which 
means that recycle of this material to the hydrotreated fol 
lowed by catalytic cracking will readily convert this ma 
terial into gasoline at about the same conversion level as 
that of fresh light refractory oil. It should also be noted 
that the catalytic cracking of the hydrotreated oil results 
in a gasoline rich in J-6 and an unconverted material rich 
in J-12. In other words, the catalytic cracking step has 
made J-12 compounds as well as J-6 compounds from 
J-8 compounds a most unexpected result. 

EXAMPLE I 

Equipment is arranged substantially as shown in FIG 
URE 2 and the light hydrocarbons are sent to a gas 
concentration unit and finally into an alkylation unit. 
Cracking zone 22 is operated at about a conversion of 
55% and a 5% slurry oil is withdrawn from the proc 
ess. The alkylate gasoline is combined with the catalytic 
cracking gasoline to produce an overall 10 lb. RVP gaso 
line yield of above about 90 volume percent with the F-1 
clear octane number above about 95. The hydrotreater 
is maintained at conditions to maximize the conversion 
of the J-12 in conduit 29 into J-8 in conduit 32. Heater 
43 is used to vaporize the recycled hydrotreated oil be 
fore the oil is returned to zone 22. This process is oper 
ated stably over long periods of time with no loss in 
gasoline yield or quality. 

It is preferable for the production of high quality gaso- 75 line which comprises: 
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10 
line by the process of this invention that the light re 
fractory oil derived from a catalytic cracking zone con 
t?in at least 45 volume percent aromatics with the major 
single type of aromatic being J-12. The hydrotreating 
step is preferably carried out on said light refractory oil 
to produce a product having at least 40 volume percent 
aromatics with the major single type of aromatic being 
J-8. This will result in the production of a gasoline hav. 
ing at least about 45% aromatics and a F-1 clear octane 
number of about 95. 

I claim as my invention: 
1. A process for the production of high octane gaso 

line which comprises: 
(a) catalytically cracking a gas oil fresh feed and a 
product material as defined in step (d) hereinbelow 
in a catalytic cracking zone maintained at catalytic 
cracking conditions and containing a cracking cata 
lyst and withdrawing a product from said zone; 

(b) recovering a high octane gasoline from the prod 
luct of step (a); 

(c) recovering an oil having an average boiling point 
above the average boiling point of the gasoline of 
step (b), said oil being rich in aromatics, the major 
single type of aromatic being J-12; 

(d) hydrotreating the oil of step (c) by contacting the 
oil with a hydrotreating catalyst in the presence of 
hydrogen at hydrotreating conditions in a reaction 
Zone to retain a major portion of the aromatics but 
convert the types of aromatics such that the major 
type of aromatic is J-8 and withdrawing a product 
material from the reaction zone; and 

(e) returning at least a portion of said product mate 
rial to step (a). 

2. The process of claim 1 further characterized in that 
the hydrotreating catalyst comprises a silica-alumina sup 
port having at least one Group VI metal or metal com 
pound and at least one Group VIII metal or metal com 
pound deposited on the support. 

3. The process of claim 2, further characterized in 
that the Group VI metal is selected from the group con 
sisting of molybdenum and tungsten and the Group VIII 
metal is nickel. 

4. A process for the production of high octane gaso 
line which comprises: 

(a) catalytically cracking a gas oil fresh feed, a heavy 
cycle oil as defined in step (c) hereinbelow and a 
material as defined in step (e) hereinbelow in a 
catalytic cracking zone maintained at catalytic crack 
ing conditions and containing a cracking catalyst and 
withdrawing a product from said zone; 

(b) recovering a high octane gasoline from the prod 
uct of step (a); 

(c) recovering a heavy cycle oil from the product of 
step (a) and returning said heavy cycle oil to 
step (a); 

(d) recovering an oil having an average boiling point 
above the average boiling point of the gasoline of 
step (b) and below the average boiling point of the 
heavy cycle oil of step (c), said oil being rich in 
aromatics, the major single type of aromatic being 
J-12; 

(e) hydrotreating the oil of step (d) by contacting the 
oil with a hydrotreating catalyst in the presence of 
hydrogen at hydrotreating conditions in a reaction 
Zone to retain a major portion of the aromatics but 
convert the types of aromatics such that the major 
type of armatic is J-8 and withdrawing a product 
material from the reaction zone; and 

(f) returning at least a portion of the product mate 
rial to step (a). 

5. The process of claim 4, further characterized in 
that the entire product material withdrawn from step (e) 
is returned to step (a). 

6. A process for the production of high octane gaso 
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(a) catalytically cracking a gas oil fresh feed, a heavy 
cycle oil and a material as defined in step (g) here 
inbelow in at least one catalytic cracking Zone main 
tained at catalytic cracking conditions and contain 
ing a cracking catalyst; 

(b) recovering at least one light hydrocarbon stream 
product from step (a) and concentrating this prod 
uct to produce a fraction therefrom substantially 
having from about 3 to about 4 carbon atoms per 
molecule; 

(c) alkylating the concentrated fraction along with 
isobutane to produce an alkylate gasoline; 

(d) separating at least one high octane gasoline stream 
from step (a): 

(e) recovering a heavy cycle oil stream from step (a) 
and returning said heavy cycle oil to step (a); 

(f) recovering from step (a) an oil having an average 
boiling point above the average boiling point of the 
gasoline of step (d) and below the average boil 
ing point of the heavy cycle oil of step (e), said 
oil being rich in aromatics, the major single type of 
aromatic being J-12; 
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(g) hydrotreating the oil of step (f) by contacting 

the oil with a hydrotreating catalyst in the presence 
of hydrogen at hydrotreating conditions in a reac 
tion Zone to retain a major portion of the aromatics 
but convert the types of aromatics such that the 
major single type of aromatic is J-8 and withdraw 
ing a product material from the reaction zone; 

(h) returning the material of step (g) to step (a); 
and 

(i) recovering the gasoline streams of steps (c) and 
steps (d). 
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