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6 Claims.
1

This invention relates to the catalytic conver-

sion of hydrocarbon. oils to convert them to gaso-

line hydrocarbons. suitable for motor fuel.

More specifically the invention contemplates a
process wherein. o feed hydrocarbon such as gas
oil is rapidly heated to a cracking temperature in
the range about 200° ¥, and above and then
passed through a mass of active cracking cata-
lyst maintained at the desired cracking tempera~
ture. 'The heating of the feed oil prior to con~
tact with the eatalyst is carried out under con-
ditions such that there is substantial formation
of gasoline hydrocarbons by pyrolytie action.
The entire body cf heated oil containing cracked
gasoline hydrocarbons is then subjected to con-
tact with -an aective cracking catalyst. Advan-
tageously the heated hydrocarbon vapors are
passed through a mass of the cracking catalyst
at relatively high space velocity and under con-
ditions of flow through the mass such that carben
deposition upon the catalyst is materially reduced.
The flow of hydrocarbons. through the contact
mass is continued for a-substantial period of time,
for example, several hours and more, without in-
terruption for catalyst reactivation.. Thereafter,
contact between. feed hydrecarbons.and used cat-
alyst is discontinued so thait the used catalyst may
be reactivated. ;

In our pending application, Serial No. 383,900,
filed March 18, 1941, for Catalytic conversion of
hydrocarbon oils, which has matured as Patent
2,378,292, we have described heating the feed oil
to a catalytic conversion temperature in a heat-

ing zone under conditions such that the soaking:

volume factor for this heating zone does not ex-
ceed about. 1, the purpose being to avoid substan-
tial cracking prior to contact with the catalyst.

One reason for avoiding thermal cracking prior
to contact with the catalyst in Serial No. 383,900,
now Patent 2,378,292, is to minimize the forma-
tion of unsaturated hydrocarbons and also to in-
hibit the formation of bodies which are readily
converted to carbon upon contact with the cata-
lyst. The absence of unsaturated hydrocarbons
from the gasoline product is essential from the
standpoint of producing a gasoline of high lead
susceptibility which is desired in the case of gas-
oline to be used in aviation engines.

The process of the present invention has to
do with the production of gasoline suitable for
use in automobile engines so that a greater de-
gree of unsaturated constituents may be toler-
ated in the cracked product. Accordingly, the
present invention involves carrying out the pre-
liminary heat treatment of the feed hydrocarbon
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2 ,
so that a substantial amount of cracking occurs
prior to contact with the catalyst. The inven-
tion contemrlates effecting the heating in a heat-
ing zone under conditions such that the soaking

‘volume factor for the heating zone is in the range

0.5 to about 19. Under such conditions as' much
as 8 to 10% by volume of the feed hydrocarbons
may be converted into . gasoline -hydrocarbons
through pyrolytic action and without substantial
carbon formation occurring in the heating zone.

An important advantage of this procedure is.
that the naphtha production capacity of a given
contact mass of cracking catalyst is substantially
increased. It appears that with as much as 8
to 109% of pyrolytic. cracking occurring prior to
contact with the catalyst the resulting catalytic -
naphtha is satisfactory: as motor fuel. It will
have a CFRM octane number of about 79 to. 80,
a lead suseeptibility of 0.6 to 0.7 as measured on
the Hebl, Rendal and Garton scale, and an acid
heat value of about 160 to 170. = The Hebl, Rendal
and Garton scale is referred to-in an article en-
titled “Effect of tetraethyl lead on octane num=-
ber” by these authors, pages 187 to 191 ineclusive,
in the February, 1933, issue of Industrial and En-
gineering Chemistry.

The occurrence of substantial pyrolytlc clack-
ing prior to contact with the catalyst is usually
regarded as undesirable from the standpoint of
giving rise to excessive carbon. deposition upon
the catalyst as.already intimated but in accord-
ance with the present invention this difficulty is
overcome Dby -maintaining high rates of flow
through the contact mass as will be described
later in more detail. '

Specifically the invention involves treating a
gas oil type of feed stock which is relatively clean
and of good color, namely, having & carbon res-
idue of less than 0.2% and a color of less than 200
as measured on the Lovibond scale using a %
inch cell. A stream of this feed oil is continu-
ously passed through a tubular heating coil
wherein the oil is vaporized and heated to a tem-
perature in the range 900 to 1050° ¥. employing
3, soagking volume factor in the range 0.5 to as .
high .as 10 as will be described below. The re-
sulting vapors containing gasoline hydrocarbons
formed as a result of pyrolytic action are passed
through a stationary bed of active cracking cata-
lyst at a space velocity in the range about 3 to 10
and higher (space velocity is volume of liquid oil
‘The
rate of flow of hydrocarbons through the contact:
mass is maintained such that it may be expressed
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by reference to a modified Reynolds number in

the range 100 to 1000.
The flow of hydrocarbon vapors through the
.contact mass is confinued without interruption
for at least 3 or 4 hours and may be continued
‘for a substantially .greater period of time as, for
example, 10 hours or more, the weight ratio of
‘gasoline to carbon being produced in the period
‘beyond 3 to 4 hours being substantially greater
-‘than that obtaining during a pemod of 1 hour and
less.

| 'In other words the fow of hydrocarbons
through the contact mass is continued until the
‘carbon depesition upon the. catalyst is in excess

:of 3% and advantageously amounts to-about.5 to .

20% by weight of the catalyst. .

It has been found that with this amount of car-
bonaceous deposit upon the catalyst the catalyst
ican be reactivated in a relatively short period of
time. by passing therethrough reactivating gas
containing 1 to 2% oxygen and effecting removal
of substantially all of the héat of combustion as
sensible heat in the effluent regenerating gas with-
out exposing the contact mass to temperatures
substantially in excess of 1200° F. The combus-
tion under these conditions is confined to a rela-
tively thin section which propagates from inlet to

outlet of the reactor in the dlrectlon of gas ﬂow'

; through the reactor:

"‘'When the foregoing amount of carbon has been

depos1ted upon’ the catalyst-the stream of hydro-
‘carbons is diverted to an adjoining reactor con-
taining fresh or freshly reactivated catalyst. The

offstream- contact mass contaminated .with car-

bonaceous deposit” then undergoes. reactivation.

which can be effected, if desired, in about %% the
length “of time that - the’ contact mass is mam-
tained onstream.
| - The catalytic cracking reactlon may be carried
out under- g pressure ranging from atmospheric
to substantlally above and preferably at a pres-
sure of-about 75 to 150 pounds so as to faVOr the
hydrogen transfer effect, -
| The soaking volume factor may be determmed
by the method described in:the aforesald Ser1a1
 No. 383,900, now Patent 2,378,292, -

The following tabulation indicates the rela,tlon-

ship between soaking volume factor and the yields

of 400° F. end point naphths having g 9.5 pound "

Reid vapor- pressure expressed as volume per cent
of feed oil. " In each case a gas oil of about 30
A. P, 1 gravity, boiling in the range 500 to 750° F

is vaporized and.the vapors at a temperature of
about 950° F., passed through a mass of active
catalyst at a space velocity of 4 for an onstream
period .of about 3 hours without interruption for
catalyst regeneration.. ‘The conditions of flow
through the catalyst corresponded to a modified
‘Reynolds flow number of approximately 260.

Table 1
i ) : Garboﬁ,
Sv?)%ﬁeg Thermal | Catalytic | Total | per cent
tactor naptha | naptha napthg. I}Zev&rto. itl)f
Tz 0 27.2 w2 | o718
0.4 [ 27.2 27.2 0.82
0.5 0.8 27.2 28.0 0.85
0.7 1.8 . 27.2 29.0 0.9
1.0 2.8 7 27.2 30.0 0.95 -
3.0 6.0 27.2 33.2 S LI
6.0 8.0 27,2 35.2 L2
10.0 ° 9.5 27.2 ~36.7 1.3

The naphtha, yields are expressed as Volume per
cent of:the feed oil ‘while the carbon yields are

10

S 4
expressed as per cent by weight of the feed oil, It
will be observed that with a soaking volume fac-
tor of 0.4 there is no naphtha produced as a result
of thermal or pyrolytic action during the heating
step prior to contact with the catalyst but with a
soaking volume. factor of 0.5 a small amount of
naphtha does result due to thermal action; also
as the soaking volume increases there is also an
increase in the carbon production:

The rate of carbon deposition is glso influenced
by the- flow conditions prevailing through the
contact mass. The data reported in Table 1 above
are representative of those obtained with a modi~
fied Reynolds flow- number of approximately 260.
Table 2 below . indicated by how much the fore-
going carbon yields are increased by operating

. with a flow number substantially below 100,
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namely, approximately. 30.

Table 2

- | Per.cent car- | Per’cent car-

bon, basis bon,_basis
- feed with feed with -

Soaking volume factor meodified modified

: Reynolds Reynolds
flow number | low number

R of 260 of 30
0.75 "1.8
0.82 | 2.0
0.85 2.1
0.9 2.2
0.95 2.4
1.1 2.8
X 1.2 3.0
10.0. 1.3 S 3.4

As previously mentioned it is desirable to oper-
ate the process so that the yield of carbon de-
posited upon the catalyst amounts to about 5 to .
20% by weight of the catalyst. ‘A carbon yield of
1.3%; basis feed, amounts to about 19%, basis cat-~

" alyst, when operating with a space velocity of 4

for an onstream period of about 3 hours. Conse-
quently, in order to maintain the carbon deposited
on the catalyst at not more than 20%, basis the
catalyst, it is important to operate with a high
Reynolds flow number, It also follows that by

. operating with a high ﬁow number longer on-

50

stream periods are possible while still confining -
the carbon deposit on the catalyst to not in ex-
cess of the foregoing limit of-20%, basis the cata~

i lyst.

As disclosed in our pending apphcatlon Serial

. No. 409,488, filed September 4, 1941, for Catalytic

conversion of -hydrocarbon oils, the modified
Reynolds number may be determined by the fol-
lowing equation reference to which appears in an

. article entitled “Pressure drop in packed tubes”

60

by Chilton and Coburn, Industrial and Engineer- .
ing Chemistry, August 1931 volume 23, No. 8,
pages 913 to 919:

DU
. N_,_£
where ‘

- N is the modified Reynolds number;

70,

D is the diameter of the catalyst particles in feet;
is the average velocity in fest per second of
ﬂu1d mixture ‘flowing through the catalyst
chamber, the chamber being regarded as
empty;

P is the average dens1ty in pounds per cubic foot
of fluid mixture flowing through the empty
chamber at the temperature and pressure pre-
- vailing during the conversion period;

. Z is" the viscosity .of. the fluid mixture . ﬂowmg

751

through the empty cnamber in-pounds per foot
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per second under the catalytic operating con:

ditions of temperature and pressure.

The value of Z in the foregoing equation is de-
termined by multiplying the absolute viscosity of
the reaction mixture in cent1p01ses by the factor
0.000672.

The viscosity of hydlobarbons at the tempera-

ture of conversion may be determined by refer-

ence to the nomograph on page 608, Industrial
and Engineering Chemistry, vol. 28, No. 5 (article
entitled “High temperature viscosities -of liquid
petroleum fractions,” by Watson, Wien and Mur-
phy).

Using this method of viscosity determ1nat1on
the viscosity of the reaction mixture in the usual
catalytic cracking operation will range from
about 0.08 to 0.15 where a - gas oil of about 30
API gravity and boiling in the range of 500 to
750° P, is being catalytically cracked at a tem-
perature of about 950° F. to obtain about 30 to
40 per cent by volume of naphtha comprising
gasoline hydrocarbons boiling up to 400° F., end
point, basis gas o0il.

For example, the characteristics of the gas oil
feed and the naphtha produced therefrom are
approximately as follows:

Gas oil l Naptha
API gravity . 80.0- ..ol ... 60.0.
Specific gravity. ... 0874 ... ... 0.739.
Viscosity in centistokes......- 2.3 at 210° F..... 0.65 at 100° F

Upon reference to the nomographic chart it
will be found that a gas oil of the foregoing char-
acter will have a viscosity of about 0.19 centistoke
at 950° P, while the naphtha will have a viscosity
of about 0.09 centistoke at 950° F. )

Viscosity in centistokes is converted to viscosity
in centipoises by multiplying the former by the
specific gravity of the hydrocarbon so that the
high temperature viscosities of the gas oil and
naphtha in terms of centipoises at the conver-
sion temperature of 950° F'. will be:

0.19%0.874==0.166 centipoise (for gas oil)
0.09¢0.739=0.066 centipoise (for naphtha)

On the basis that the reaction mixture com-
prises 25% naphtha and '75% gas oil by weight,
the weighted viscosity for such mixture would be
about 0.141 centipoise. This ignores the presence
of normally gaseous hydrocarbons in the reaction
mixture so that if the reaction mixture be re-
garded as containing about 10% normally gaseous
hydrocarbons by weight of the gas oil and also if
the gaseous constituents be regarded as having
zero viscosity at the reaction temperature, then
the weighted viscosity for a mixture comprising
65% gas oil, 25% naphtha, and 10% gas would be
about 0.124. Increasing the proportion of naph-
tha in the mixture, of course, effects a further re-
duction in the weighted viscosity.

Tt has been found that for practical purposes
the -effect of pressure in the range atmospheric
to about 150 pounds per square inch gauge upon
the viscosity may be ignored.

Variations of the fluid flow through the catalyst
mass while maintaining the same space velocity
may be accomplished by altering the depth and
cross-sectional area of the catalyst ‘chamber.
Also the catalyst size may vary from about one-
sixteenth: to four-sixteenths of an inch in diame-
ter.

The graphlcal relationship between the-modi-
fied-Reynolds number as determined- above and
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the- yield of carbon’ expressed as per cent by
weight of the feed hydrocarbon is shown in Fig.
1 of the drawings. - The curve of Fig. 1 is' plotted
on log log paper and the points on the curve were
determined in a series of runs employing a gas
oil feed of the foregoing character with an active
catalyst under substantially similar conditions of
temperature, pressure, and space velocity but with -
different 11neal velocities of hydrocarbon flow -
through the catalyst bed, the operations being
carried out so that substantially no pyrolytic
cracking occurred during the heating step.

In each of the runs from which the data were
developed for Fig. 1, the gas oil was converted to
309% gasoline by volume or about 26% by weight
of the feed oil, the gasoline being characterized by
having a Reid-vapor pressure of 9% pounds and
an end boiling point of 400° F, The space veloc-
ity was maintained at about 4 and the flow of
hydrocarbons was continued through the catalyst
without interruption for a period of 4 hours, fol-
lowing which the catalyst was reactivated in the
usual manner and again placed onstream, the
operation being repeated for a minimum of 5
eycles under each lineal velocity condition.

As indicated in Fig. 1, the curve is relatively
flat in the range 109 and above while below this
range it rises rather steeply toward the vertical.
In the region below a medified Reynolds number
of 100 the yield of carbon deposited on-the cata-
lyst increases quite rapidly, whereas in the region
above 100 the rate of change in carbon deposifion
is relatively small with variation in the fluid flow
through the bed. It will be observed that with
3 Reynolds number of about 20 the ‘carbon
amounts to approximately 2% by weight of the
gas oil. - 2% carbon, basis feed oil, amounts to
about 38% carbon deposited based on the catalyst
during the 4-hour onstream period. Since the
gasoline obtained during this period amounted to
25% by weight of feed oil, the weight ratio of
gasoline to carbon being produced with a modi-
fied Reynolds number of 20 is about 11 pounds
of .gasoline per pound of carbon.

On the other hand, when operating with a
Reynolds number of 560, the carbon, basis feed, is
0.4% which corresponds to about 7.6% basis cata-

“lyst, the ratio ‘of gasoline to carbon under these

conditions being about 57 pounds of gasoline per
pound of carbon produced.

As previously shown in Table 2, when operat-~
ing with a soaking volume factor of 10 the carbon
yield may amount to about 3.4% by weight of ~
the feed oil with flow conditions corresponding
to a Reynolds flow number of 30 and with an on-
stream period of only 3 hours. This would cause
an - excessively. large amount of carbon deposit
upon the catalyst; however, by operating the
reactor so that a much higher Reynolds flow -
number prevails, the carbon deposit upon the
catalyst may be reduced by nearly 60% and thus
will not exceed 20% by weight of the catalyst.

In the foregoing experiments a  synthetic
silica-alumina-zirconia type of catalyst was em-~

5 ployed; however, it is contemplated that other

active cracking catalysts may be employed.
Various acid treated and metal substituted clays,
such as Super-Filtrols are satisfactory. -Like-
wise, the acid treated and metal substituted
natural or artificial zeolites such as Doucil can
be used. In general g catalyst is employed which
is stable at high temperatures of the order of
1400 to 1609° F. as determined by calcining in'a
muffled furnace at that temperature, and which
is- a measure or indication of the ability of the
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catalyst to maintain its activity under the cus-

- tomary temperatures of reactivation of the order

of 1100 to 1400° F'. as measured by thermo-~
.couples within the catalyst bed during the reacti-
‘vation period. It is preferred to employ a cata-
- 11yst ‘which is substantially free from alkali and
alkaline earth metals.

An advantageous form of the catalyst com-
‘prises rings or small cylinders -as, for example,
‘Raschig rings of about one-quarter inch diam-

‘eter, having a wall thickness of about one-eighth .

inch., With this type of catalyst it is possible
‘to employ catalyst beds of 10 to 30 feet without
iencountering excessive pressure drop.
: ~An active cracking catalyst suitable for the
- .purpose of this invention is one of such activity
‘that, upon passing gas oil of-about 500 to 700° F
boiling range in vapor form through a stat;onary
‘mass of the-catalyst in particle form at a tem-
. iperature  of about 950° ¥, and with a ‘space
.velocity of about 2, for.a period-of about 2 hours
'without interruption,: the y1e1d of debutanized
"400° F. end point gasoline obtained amounts to
" ‘at least 10% by volume of the gas oil, the gasoline
having a clear octane number of at least about 77
‘to 78 CFRM. This is to be contrasted with a
- icomparatively inactive material stich as pumice
-‘which under the same conditions gives a gasoline
yield of only about 4.9%, and which is not more
than is obtained by passing the same gas oil

2,404,505
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' are‘subjected'to fractionation to form a light
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fraction comprising normally gaseous hydrocar-
bons which may be removed through a pipe 71
and cooler 8. A side fraction comprising naphtha
hydrocarbons may be removed through pipe 8§
and cooler 18 while a higher boiling liquid frac-
tion comprising gas oil may be drawn off through
a pipe If for such further disposition as ma,y be -
desired.
_ The flow of hydrocarbons through the vessel 4
is continued for a period of several hours and
may be continued for a period of 4 to 8 hours or
even more until it becomes necessary to regen-
erate the catalyst. :
When regeneration becomes necessary the flow
of hydrocarbon vapors is switched from the ves-
sel 4 to the vessel 4" containing fresh or regener-
ated catalyst. This is accomplished by adjusting
the valves in the pipe manifolds leading into and
away from the vessels 4 and 4’. The vessel 4 is
then offstream during which time the catalyst
contained therein undergoes regeneration. - Re-
generation is advantageously accomplished by
Ppassing through the contact mass a reactivating
gas containing about 1 to 2% oxygen in sufficient -
volume and at such g temperature that substan-
tially all of the heat of combustion is removed
as sensible heat in the effluent gas without ex-

~ posing the contact mass to temperatures sub-

30

vapor through an empty catalyst case under the

same . conditions of tempera.ture and space
velocity.

The foregoing catalyst are also useful in eﬁ‘ect-
ing an isoforming action upon. the thermally
cracked constituents of the feed vapors passmg
“to the catalyst chamber..

By way of illustrating the method of flow which
may be employed with a fixed bed catalytic
cracking process, reference will now be made to
Fig. 2 of the drawings.

As indicated in Fig. 2, a feed oil, such as gas
oil, is obtained from a source not shown and con-
ducted through a pipe | to a heater 2 having a
tubular heating coil through which the feed oil
passes during vaporization and heating to the

conversion temperature. Thus, the. oil is vapor-

ized and raised to a temperature of about 975 to
1000° F'., the heating operation being controlled
so that the soaking volume factor for that portion
of the heater wherein the oil is at 800° ¥. and
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above, is within the range 0.5 to 10.- The heated -

- vapors- are immediately passed from the heater
through a pipe 3 to the upper portion of catalyst
cases & or4’,

The catalyst cases comprise vertical -vessels
containing a mass of solid catalytic material,
such as a synthetic silica-alumina-zirconia cata-
lyst comprising about 80% by weight SiOz, 10%
AlOs3 and 10% ZrO:. Such a catalyst is an active
cracking catalyst having the characteristics pre-
viously described. The catalyst may be in the
form of powder, pellets, particles, rings, etc.

. The vessels are manifolded together as indi-
cated to permit maintaining one vessel onstream
while the other is offstream undergoing regenera-
tion. Thus, vessel 4 may be regarded as on-
stream  in which case the heated hydrocarbon
-vapors pass downwardly through the catalyst
mass within the vessel during which passage the
hydrocarbons undergo conversion. ‘The products
of reaction are removed from the bottom of the
vessel 4 and are drawn off through a p1pe 5 lead-
ing to a fractionator 6.
In the fractmnator 6 converted hydrocarbons

.‘in the heater 2.

60

stantially in excess of 1200° P, .

The regenerating gas is introduced from a
source not shown through a pipe 13 and. is dis-
charged from the contact mass through a pipe
14 advantageously leading to a waste heat boiler-
wherein sensible heat is removed from the gas
following which a portion of the cooled gas at a
temperature which may range from.'750. to 950°
F. is recycled.

While not shown in the drawings, it is' con- .
templated that a portion of, or any fraction of
the reaction products being discharged through
the pipe 5 may be recycled through the onstream
reactor, with or without reheating, as g means of
meintaining a high rate of fluid fow through the
reactor. The material so recycled may be a dis-
tillate or a .gaseous fraction separated fiom the
products of. the cracking reaction.

According . to a further modification of the
process naphthene base hydrocarbons may be
charged directly to the reactor, advantageously
in a heated condition, to act as hydrogen donors
for the olefins in the thermal naphtha formed
This naphthene stock may be
naphtha or gas oil derived from Gulf Coastal
crudes.. It may be separately heated under con-
ditions of low soaking volume factor, i. e., in the
range 0.1 to 0.05 and below, and not in excess
of 0.5, so that no thermal cracking-occurs pl'lOI‘
to contact with the catalyst.

Thus referring to Fig. 2, naphthene oil, from
a source-not shown, may be charged through a

. bipe 20 to a heater 21 wherein it is heated under

70

conditions of low soaking volume factor to a
temperature corresponding substantially to that
of the oil passing from the heater 2. - The heated
haphthene oil, in vapor form, is passed through
a pipe 22 which communicates with the pipe 3.
*Obviously many modifications gnd variations of
the invention; as hereinbefore set forth; may be
made w1thout departing from the spirit and scope
thereof, and therefore only such limitations

- should be imposed as are indicated in the ap-

75

pended claims.
“Weclaim; - o
-1, In_the catalytm crackmg of: hydrocarbon oil”
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to produce gasoline involving alternate periods of
conversion and reactivation, the method com-
prising continuously passing through a heating
zone g stream of feed hydrocarbon oil having a
carbon residue of less than 0.2% and a cclor of
less than 200 on the Lovibond %'’ celi, heating
and vaporizing the oil stream during passage
through the heating zone in the absence of a
catalyst so as to convert about 8 to 10 volume
per cent of the oil into thermally cracked gasoline
hydrocarbons, thereafter passing the heated va-
pors at a temperature in the range 980 to 1050°
. and at a space velocity in the range about 3
to 10 through a catalytic cracking zone and in
direct contact with a substantially stationary
mass of granular adsorbent catalyst of such ac-
tivity that upon passing gas o0il vapor through
the mass at a temperature of about 950° F. and
with a space velocity of about 2 for about two
hours without interruption the cracked gasoline
so obtained amounts to at least 10% by volume
of the gas oil and has an octane number of at
least about 77 to 78 CFRM, maintaining a rate
of hydrocarbon flow through said mass such that
the modified Reynolds number is in the range
100 to 1000, continuing without interruption the

hydrocarbon flow through the mass for a con-.
version period of about three to ten hours until

carbonaceous deposit formed on the catalyst
amounts to about 5 to 20% by weight of the cat-
alyst and such that the weight ratio of gasoline
to carbon being produced in the period beyond
three to four hours is substantially greater
than that obtaining during a period of one hour

and less, thereafter discontinuing the flow of hy- .

drocarbons through the mass and reactivating
the catalyst mass in situ, by contact with a flow-
ing stream of combustion gases containing about
1 t0 2% oxygen, and effecting removal of substan-
tially all heat of combustion as sensible heat in
the efluent gas without exposing the mass to tem-
peratures substantially in excess of 1200° F\

9. The method according to claim 1 in which
naphthene hydrocarbons heated to the reaction
temperature without substantial cracking are
added to the feed hydrocarhon vapors passing
from the heating zone to the catalytic cracking
zone.

3. The method according to claim 1 in which

virgin naphthene oil heated to the reaction tem- .

perature without substantial cracking is added
to the heated feed hydrocarbons prior to contact
with the catalyst.

4. The method according to claim 1 in which

the catalytic cracking reaction is effected in the

presence of naphthene hydrocarbons which have
been separately heated to the reaction tempera-
ture without substantial cracking. :

5. In the catalytic cracking of hydrocarben oil
to produce gasoline, the method comprising pass-
ing through a heating zone a stream of feed hy-
drocarbon oil having a carbon residue of less
than 0.2% and a color of less than 200 on the
Lovibond %’/ cell, heating and vaporizing the oil
stream during passage through the heating zone

<
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in the absence of a catalyst so as to convert about

8 to 10 volume percent of the oil into thermally
cracked gasoline hydrocarbons, thereafter pass-
ing resulting heated vapor mixture to a - catalytic .
reaction zone containing a substantially station-
ary mass of granular adsorbent cracking. catalyst
at a temperature in the range about 900 to 1050°
P., separately heating and vaporizing a stream
of virgin naphthene oil to substantially the afore-
said temperature without substantial cracking,
commingling the resulting naphthene vapors with
the heated feed oil vapors passing to the catalytic
reaction zone, passing commingled hot hydrocar-
bon oil vapor mixture through the catalyst mass
maintained at cracking temperature at a space
velocity in the range about 3 to 10, maintaining
a rate of hydrocarbon flow through the mass such
that the modified Reynolds number is in the range
100 to 1000, continuing without interruption the
hydrocarbon flow through the mass for a con-
version period of about 3 to 10 hours until car-
bonaceous deposit formed on the catalyst
amounts to about 5 to 20% by weight of the cata-
lyst, thereafter discontinuing the flow of hydro-
carbons through the mass and reactivating the
mass in situ by contact with a flowing stream of
combustion gases containing about 1 to 2% oxy-
gen, and effecting removal of substantially all
heat of combustion as sensible heat in the effitent
gas without exposing the mass to temperatures
substantially in excess of about 1200° F.

6. In the catalytic cracking of hydrocarbon oil
to produce gasoline wherein the. oil in vapor phase
is passed through a mass of granular adsorbent
cracking catalyst of such activity that upon pass-
ing gas oil vapor through the mass at a tempera-
ture of about 950° F. and with a space velocity
of about 2 for about two hours without interrupt-
tion, the cracked gasoline .so obtained amounts
to about 10% by volume of the gas oil and has an
octane number of about 77 to.78 CFRM, the
method which comprises passing feed hydrocar-
bon oil having a carbon residue of less than 0.2%
and a color of less than 200 on the Lovibond %'’
cell through a heating zone, heating and vaporiz-
ing the feed oil therein in the absence of a cata~
lyst to a temperature in the range of about 900
to 1050° P, so as to convert about 8 to 10 volume
percent of the cil into thermally cracked gasoline
hydrocarbons, separately heating and vaporizing
virgin naphthene oil to about the aforesaid tem-
perature without substantial -cracking, commin-
gling resulting hot naphthene vapors with said
heated feed oil vapors, passing resulting com-
mingled hot vapor mixture to a catalytic reac-
tion zone containing said cracking catalyst main-
tained at cracking temperature, passing the hy-
drocarbon vapors through the catalyst mass at a
space velocity of about 3 to 10 and maintaining
a rate of hydrocarbon flow through the mass
such that the modified Reynolds number is in
the range 100 to 1000.
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