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The present invention relates to the catalytic 
conversion of hydrocarbons into lighter hydro 
carbons of lower-boiling point or hydrocarbons 
otherwise altered in structure. More particu 
larly, my invention relates to the catalytic con 
version or cracking of high-boiling petroleum 
oils to low-boiling products, and the catalytic 
reforming of petroleum oil fractions such as 
naphtha and gasoline. 
The catalytic conversion of hydrocarbons in 

volves, in general, two stages, a conversion stage 
wherein the hydrocarbons undergoing treatment 
are contacted with the catalyst under conditions 
adapted to effect the desired conversion, and a 
regeneration stage wherein the carbonaceous de 
posit formed on the catalyst during the con 
version stage is eliminated. In its preferred as 
pect, my invention contemplates particularly an 
improved process involving a conversion stage 
wherein the hydrocarbons undergoing treatment 
are passed through the conversion Zone in the 
form of vapor having the catalyst in finely di 
vided condition suspended therein; and a re 
generation step wherein used catalyst, after Sep 
aration from the gaseous conversion products, is 
suspended in oxygen-containing gas and carried 
thereby through the regeneration Zone to regen 
erate it by burning off deposited carbonaceous 
material. 
This method of catalytically converting hydro 

carbons has certain advantages arising particu 
larly out of the relative intimacy of contact 
which it affords between the Suspended catalyst 
and the carrier gas both in the Conversion and 
regeneration Operations. 
various disadvantages the elimination of which 
is one of the primary objects of my invention. 
One of these disadvantages obviated by my in 
vention, resides in the difficulty of satisfactorily 
controlling the regeneration reaction in Such 
manner as to eliminate the carbonaceous deposit 
on the catalyst to the desired extent without 
overheating of the catalyst. A further object of 
my invention is the provision of a procedure for 
heating and vaporizing the hydrocarbon prepara 
tory to its passage to the conversion Zone under 
such conditions as to avoid undesired thermal 
decomposition effects and the accomplishment of. 
this result by the direct utilization of the heat of 
regeneration. 
Another object of the invention is the provi 

sion of a process whereby the removal of de 
posited carbonaceous material may be effectively 
controlled in the regeneration stage in Such man 
ner as to leave a predetermined quantity thereof 

It exhibits, however, 
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On the catalyst. Warious other objects and ad 
Wantages of my invention will be evident to those 
skilled in the art as the description thereof pro 
Ceeds. 
One of the features of my invention whereby 

the above objects are attained, resides in the 
charging of the catalyst and hydrocarbon feed 
to the conversion zone in proportions which are 
markedly different and advantageous compared 
with those indicated by conventional practice. 
In Such practice, this ratio is determined pri 
marily on the basis of the activity of the catalyst 
and the extent to which deactivation thereof 
occurs during the conversion stage, the objective 
being, in general, to limit the quantity of catalyst 
employed to the smallest feasible amount con 
sistent with the production of the desired extent 
of conversion, both because of the cost of the 
catalyst and processing costs incident to its cir 
culation. Limiting factors with respect to the 
proportion of the catalyst thus employed relative 
to the hydrocarbon charged, are the total car 
bonaceous material deposited during the conver 
sion of a given amount of feed to the desired 
extent, and the quantity of carbonaceous deposit 
which the Catalyst is capable of carrying before 
its activity drops to a point where its continued 
use is not feasible or desirable. . 
Within the limits determined by the foregoing, 

conventional practice has been to maintain the 
quantity of catalyst introduced to an amount as 
low as possible. In accordance with my inven 
tion, in contradistinction to Such practice, a rel 
atively high proportion of the catalyst is prefer 
ably maintained relative to the hydrocarbon 
charged. 
An additional feature of the invention involves 

the mixture of the hydrocarbon feed with pre 
heated catalyst, preferably at a temperature 
Sufficient to vaporize the feed, the necessary pre 
heating of the catalyst preferably being effected 
in the regeneration reaction. In one distinctive 
embodiment of my invention the heating and 
vaporization of the feed effected by the admix 
ture of preheated catalyst therewith may be sup 
plemented by the mixture of hot combustion 
gases derived from the regeneration operation 
with the feed. 
Another feature of my invention involves the 

controlled combustion of the used catalyst in 
such manner that a predetermined quantity of 
carbonaceous material is left thereon. 
The various features of my invention are in 

terrelated in such manner that their conjoint 
use is desirable. However, various features there 
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of are susceptible of application independently 
of the others, as will be apparent to those skilled 
in the art. 
The foregoing and various other features of 

the invention will be apparent from the follow 
ing description thereof, given with reference to 
the appended drawings which illustrates dia 
grammatically suitable apparatus for the prac 
tice of the invention. 

Fig. 1 of the drawings is a diagrammatic illus 
tration of suitable form of apparatus for the 
practice of the embodiment of the invention in 
volving the feature of the use of preheated cata 
lyst to vaporize the feed stock. Fig. 2 of the 
drawings shows a modified form of apparatus 
suitable for the practice of the specific embodi 
ment of the invention, involving the feature of 
mixing the feedstock with combustion gases from 
the regeneration ZOne. 

Referring to the drawings, the feed to the Sys 
tem, for example, a reduced petroleum crude, 
enters from any convenient source indicated by 
the numeral and is pumped by pump 2 to a 
heater or furnace 3 wherein it is preheated to a 
suitable temperature and then flash evaporated 
in evaporator 4. The volatile portion of the crude 
is taken overhead from evaporator 4 as a gas oil 
fraction through line 5 and a heavy residual frac 
tion withdrawn from the process at the bottom 
through line 55. From line 5 the gas oil vapors 
pass through a heat exchanger 6, then through 
a condenser coil 7 into accumulator 8. Steam 
introduced through line 9, is condensed together 
with the gas oil and separated therefrom in ac 
cumulator 8 through line 10. The gas Oil Con 
densate is pumped by pump i? through line 3 
to heat exchanger 6 and into line 2. Part of the 
gas oil is returned as reflux to the evaporator 
through line 4. 
The apparatus described above is merely illus 

trative of conventional apparatus for Supplying 
the gas oil or other treated hydrocarbon at a 
suitable temperature for the following Conver 
Sion Operation. 
The preheated fresh feed in transfer line 2 

may be advantageously combined with a hot 
recycle oil introduced through line 4, the con 
bined streams passing to the conversion stage 
through line. 5. The oil passes through line 5 
into pipe 6 constituting an extension of the con 
version reactor . Hot preheated catalyst is 
supplied from in collecting or Surge drum 8 by 
helical feeder 9 and mixed with the oil in pipe 
6. The upper Surface of the body of catalyst in 
drum 8 is indicated by dotted line 60. The 
quantity and temperature of the catalyst are 
sufficient to cause vaporization of the oil there 
by forming a suspension of the catalyst in the 
vapors. Sufficient steam or other Suitable gas 
to initially disperse the catalyst as discharged 
from feeder 9 is preferably introduced through 
line 20. Steam or other suitable gas may be Sup 
plied in greater quantities through line 20 when 
required to supplement the vapors resulting from 
the vaporization of the feed stock to produce the 
required volume of gas to carry the catalyst 
through the conversion reactor f7. The ratio by 
weight of the catalyst to fresh feed Stock is main 
tained and regulated pursuant to my invention 
as set forth in detail hereinafter. The gaseous 
mixture of feed stock, catalyst and steam flows 
upwardly through reactor during which flow 
conversion or cracking of the oil to the desired 
extent occurs. 

O 
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Reaction products pass from the top of re 

actor T to a suitable separator System to Sepa 
rate the catalyst from the vaporous reaction 
products. That shown comprises a settling tank 
2 in which the major proportion of the SuS 
pended catalyst is separated, the separated 
catalyst flowing by gravity from the bottom of 
tank 2 through conduit 22 to the top of a steam 
stripper tower 23 and the vapors containing a 
relatively small fraction of fine catalytic ma 
terial are withdrawn at the top through line 24. 
These vapors pass through line 24 to a suitable 
separator such as a cyclone type of dust collector 
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25 wherein most of the remaining suspended 
catalyst is separated and then passed to tower 
23 by gravity flow from the bottom of the Sepa 
rator through line 26. 
Tower 23 serves to displace hydrocarbon vapors 

contained in the voids between the particles of 
catalyst and is suitably provided with baffles 2 
to effectively expose the catalyst passing doWh 
waldly therethrough to the displacing action of 
a countercurrently flowing current of steam in 
troduced at the base of the tower through line 
28. Steam containing the oil vapors displaced 
from the catalyst is withdrawn from the top of 
the tower through line 29 and combined with the 
vapor stream from tank 2. Used catalyst falls 
from the bottom of tower 23 into a surge drum 
30. The gaseous suspension. Withdrawn from 
separator 25 containing the gaseous conversion 
products, steam and a small residual amount of 
used catalyst, is passed through line 3 f to a suit 
able type of fractionator 32 wherein a low-boiling 
fraction such as gasoline and fixed gases may be 
separated from the high-boiling productS Such 
as light and heavy cycle gas oils. In fractionator 
32 the conversion products may, for example, be 
fractionated into a low-boiling fraction including 
gasoline and fixed gases withdrawn as the over 
head product from the fractionator through line 
33, an intermediate product such as light gas oil 
withdrawn as a side cut through line 34, and a 
residual high-boiling fraction Such as heavy re 
cycle gas oil withdrawn through line 35, cooled 
in cooling coil 6, and pumped to storage through 
line 38. 

In the bottom of fractionator 32 suitable means 
may be provided for separating residual catalyst 
present in the vapors introduced through line 3. 
As shown, these means comprise a line 3 through 
which a portion of the high-boiling fraction with 
drawn through line 35 is returned to the frac 
tionator over baffles 36 which deflect the vapors 
from line 3 into intimate contact with the re 
turned fraction which consequently adsorbs or 
Scrubs out residual catalyst present in the vapor. 
After passing over baffles 36 the scrubbing liquid 
collectS in the bottom of fractionator 32 from 
which it is withdrawn through line 39 and 
pumped by pump 40 into line 4 for utilization 
as a recycle oil, as previously described. 
USed Catalyst is fed from drum 39 (in which the 

upper surface of the catalyst mass is indicated 
by dotted line 62) by screw feeder 4 to pipe 42 
and carried therein by a current of oxygen-con 
taining gas such as air injected through line 43 
to regeneration or combustion chamber 44 in 
which combustion of the carbonaceous deposit 
On the Spent catalyst occurs during the passage 
of the catalyst therethrough. Steam may be in 
troduced when desired through line 45. The 
proportion of oxygen-containing gas injected 
relative to the quantity of used catalyst is prefer 
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ably maintained and regulated, 
hereinafter in detail. . 
Combustion gases bearing the regenerated 

catalyst pass from chamber 44 into a suitable 
recovery system for separating the catalyst. As 
shown, this system comprises a settling tank 46 
wherein most of the catalyst is separated and 
flows downwardly therefrom through conduit 4 
to surge drum 8. The separated gases contain 
ing a small residual amount of catalyst fines 
leave separator 46 at the top through line 48 and 
pass to a cyclone type of dust collector 49, where 

, in substantially complete separation of the 
catalyst is effected. The separated catalyst from 
collector 49 then flows downwardly through line 
50 and is combined with the initially separated 
catalyst in drum 8 from which it is fed directly 
to the conversion stage by feeder 9, as previous 
ly described. Drum 8 and feeder 9 may be 
suitably provided with heat insulation material 
to obviate loss of heat by the regenerated catalyst 
in its passage therethrough. 

Suitable apparatus for an alternative type of 
flow is indicated by Fig. 2. In this embodiment 
the total products of regeneration including both 
the hot catalyst and combustion gases are intro 

as described 

duced directly to and mixed with the feed stock 
prior to its passage to the conversion zone. The 
proportion of oxygen-containing gas to used cat 
alyst introduced to the regenerator employed in 
the practice of this embodiment is preferably 
regulated in a specific manner as described here 
inafter. w 

The elements of the system shown in Fig. 2 are 
similar to that of Fig. 1 with the exception of the 
regeneration chamber 44, and are numbered With 
similar reference numerals. The regenerated 
catalyst and regeneration gas in place of being 
separated in a separator 46, are passed down 
wardly through the left arm of chamber 44 and 
are mixed with the oil introduced through 5. 
The range of catalyst-to-oil-feed ratio em 

ployed in accordance with my invention and 
other preferred processing conditions, is illus 
trated by the following examples. 
In one example, a petroleum gas oil having a 

gravity of 31.4 A. P.I. was used as the feed stock 
to be catalytically converted or cracked by the 
process to a low-boiling stock having a required 
amount of hydrocarbon Within the gasoline boil 
ing range. This particular gas oil was produced 
by the flash evaporation of a reduced crude and 
constituted the volatile portion thereof amount 
ing to about 90% of the Crude charged to the 
evaporator. In the process of converting this 
particular oil to the desired extent, it was de 
termined that coke or carbonaceous material 
appearing as a deposit on the catalyst would be 
produced to the extent of 3.5% by weight of the 
charged gas oil. A temperature of 865 F. was 
chosen as representing a suitable mean tempera 
ture for the reaction which, since the conversion 
reaction is endothermic, corresponded to an inlet 
temperature to the reactor of about 880 F., and 
an outlet temperature of 850 F. The "deactiva 
tion temperature' of the particular catalyst em 
ployed was ascertained to be approximately 1000 
F., this temperature being the maximum temper 
ature to which the catalyst could be subjected 
under the regeneration conditions without sub 
stantial destruction of its catalytic activity. 

Pursuant to my invention, in fixing the ratio 
by weight of the catalyst charged to the fresh 
gas oil charged, for this particular oil and ex 
tent of conversion required, this ratio Was deter 
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mined in a manner adapted to assure the pres 
ence of the catalyst in suficient amount to ab 
sorb a definite minimum amount of the heat of 
regeneration, this ratio R being determinable by 
the application of a generalized formula derived 
by the application of the principles of my inven 
tion, as follows: 

CH. 
S(T-T) 

In this formula, R represents the catalyst-to-oil 
Weight ratio; the symbol C, the fraction of the 
gas oil or other hydrocarbon charged, converted 
to coke or carbonaceous material and deposited 
on the catalyst during the conversion; H, the heat 
of combustion of the coke or carbonaceous ma 
terial expressed in B. t, u.'s per b.; S, the specific 
heat of the catalyst; T1, the deactivation temper 
ature in degrees Fahrenheit of the catalyst; T, 
the temperature in degrees Fahrenheit of the cat 
alyst on entering the regeneration zone; and K, 
a fractional coefficient having a lower limit de 
termined by the extent to which expedients other 
than the heat absorption capacity of the catalyst 
may be employed to dissipate the heat of regen 
eration. Considering the conditions obtaining in 
the regeneration zone in the practice of my inven 
tion, it is evident that the ratio (r) between the 
catalyst charged to the regeneration zone and the 
oil charged to the conversion zone is equal to R. 
and is definable likewise by the above formula. 
In this particular example, the regeneration 

Was effected in accordance with the preferred 
embodiment of my invention wherein sufficient 
air was Supplied to the regeneration zone to sup 
ply only the theoretical quantity of oxygen re 
quired to burn off the carbonaceous material to 
the required extent and without the provision of 
any means to absorb the heat developed during 
the regeneration other than the heat absorptive 
capacity of the catalyst and combustion gases. 
For these conditions, it was determined that K 
should have a value of approximately .83. The 
Value of C, H, S, and T?, for this particular ex 
ample, were fixed by the specific characteristics 
of the conversion and substances concerned, and 
were respectively, 0.035; 16,400; 0.22; and 1000. 
Since the used catalyst may be advantageously 
transferred directly from the conversion zone to 
the regeneration zone without substantial inter 
mediate cooling in accordance with my inven 
tion, which procedure was followed in this in 
stance, the value of T2 corresponded approxi 
mately to the outlet temperature of the conver 
Sion Zone, namely, 850. Accordingly, substituting 
these values for the corresponding symbols in the 
above formula it is evident that the maintained 
catalyst-to-oil weight ratio, R., is equivalent to 
the ratio, 

: R = K 

.035X16,400 
22x(1000 S50 X.83 - 14.5 

By the maintenance of the catalyst-to-oil ra 
tio at the relatively high value of 14.5, as deter 
mined above, the absorption of the heat of regen 
eration at a temperature below the deactivation 
temperature of the catalyst, was readily and ef 
fectively accomplished solely through the me 
dium of the heat absorption capacity of the cata. 
lyst and the combustion gases without the use 
of extraneous cooling means. 

It is to be noted that the ratio as above deter 
mined, is not sharply critical and may be in 
Creased or decreased without departing from the 
characteristic features of my invention, these 



4. 
variations in general corresponding to permissible 
variations in the numerical limits of the coef 
ficient K. In the above specific example, for in 
stance, the catalyst-to-oil ratio may be main 
tained at a larger figure than 14.5, thereby assur 
ing the circulation of a quantity of catalyst not 
only sufficient but in excess of that needed for 
the desired minimum absorption of heat by the 
catalyst during the regeneration reaction. The 
amount of such surplus catalyst will normally be 
controlled by economic considerations dependent 
upon the cost of the Surplus catalyst and the 
processing expense incident to its circulation. 
Since these factors will normally outweigh any 
advantage to be gained by the circulation of sur 
plus catalyst, it is contemplated that the prac 
tice of my invention will usually and preferably 
be practiced with a catalyst-to-oil ratio wherein 
K has a value not very greatly in excess of that 
employed in the above example. 
The catalyst-to-oil ratio, as above determined, 

may also be decreased to Some extent, such 
changes corresponding to the lower limiting value 
of the coefficient K. For example, the use of a 
lower ratio and corresponding lower K value 
may be feasible through the use to a limited 
extent of cooling coils or similar extraneous 
cooling means in the regeneration Zone. It is 
contemplated, however, that in the practice of 
my invention in its preferred aspect wherein the 
heat of regeneration is largely absorbed by the 
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catalyst that the value of K, will be greater than . 
0.2 and preferably greater than 0.5. 

In the conversion of the gas oil used in the 
above example, the procedure followed was that 
previously described in connection with the ap 
pended drawings, the catalyst-to-oil ratio being 
maintained at a minimum of 14.5 to 1, as above 
determined, and air being introduced through 
line 43 in quantity Sufficient to Supply only the 
theoretically required amount of oxygen to burn 
off or reduce the concentration of the Carbona 
ceous deposit to the desired extent; also the hot 
regenerated catalyst was withdrawn from drum 
8 and thereafter mixed with the feed stock with 
out any substantial intervening cooling, and con 
tained sufficient heat to vaporize the feed stock 
introduced at a temperature of about 550 to 
600 F. at the pressure maintained in the reactor 
of 25 lb. gauge. In this particular example the 
feed stock consisted of about 85% gas oil feed 
introduced through line 2 at a temperature of 
550° and about 15% of the heavy recycle fraction 
introduced through line f4 at a temperature of 
600? ?? . " 

Also, in this example, air was admitted to the 
regeneration zone in amount sufficient only to 
reduce the concentration of carbonaceous de 
posit to 1.5% by weight of the catalyst, and 
consequently the catalyst was circulated at all 
times with a minimum amount of carbonaceous 
material thereon amounting to 1.5% by weight 
of the catalyst. In passing through the con 
version zone the carbonaceous material concen 
tration on the catalyst under the conditions of 
this particular example increased to 1.74% and 
accordingly in the regeneration stage the carbon 
concentration of the catalyst was reduced from 
1.74% to 1.5%? 
The maintenance of a definite minimum con 

centration of carbonaceous material on the 
catalyst as exemplified by the above example, has 
important and distinctive advantages. It assists 
in the regeneration reaction since the rate of 
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combustion is accelerated and more readily con 5 
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trolled by the presence of an amount of carbona 
ceous material in excess of that which is to be 
removed by combustion. The retention of 
residual carbonaceous material also makes it 
possible to discharge the regeneration Combus 
tion gas with a relatively low percentage or in 
some cases, entirely free of oxygen, and the gas 
is thus oetter adapted for use for various pur 
poses, particularly for use in the modifieu form 
of flow described in connection with bypass 5. 
Also, in certain instances, particularly in 
catalytic cracking in the presence of alumina 
silica type of cracking catalyst such as 'Super 
Filtrol,” the conversion reaction is facilitated by 
the presence of a small amount of residual 
carbon and in most instances the advantages 
obtained in regeneration by the maintenance of 
a residual carbon concentration will Outweigh 
the disadvantages if any, resulting in the con 
version stage. The residual carbon concentra 
tion maintained may depart Somewhat from the 
value of 1.5% regarded as the approximate 
optimum in the foregoing example wherein a 
"Super-Filtrol' type of alumina-silica cracking 
catalyst was employed. Preferably, this per 
missible range is confined to about 0.5% to 2.0%, 
by weight of the catalyst, or the narrower range 
of about 0.8% to 1.5%. 
A number of highly advantageous results are 

secured by mixing the liquid feed stock with the 
regenerated catalyst while the latter retains the 
heat imparted to it in the regeneration reaction. 
Conventional methods for vaporizing and pre 
heating the oil to the required conversion tem 
perature would frequently result in Substantial 
thermal decomposition or "cracking,' which is 
undesirable because of the low quality of prod 
lucts thus obtained, particularly with respect to 
octane number and ultimate amount of coke 
formed, compared with those produced by Com 
plete catalytic conversion. Due to the intimate 
contact between the hot catalyst and feed stock 
and resultant rapid and efficient vaporization, 
undesired thermal "cracking' is largely obviated. 
Substantial savings are further secured by the 
resulting direct use of the major proportion of 
heat evolved during the regeneration stage. 
Any type of catalyst suitable for effecting the 

desired conversion may be employed in the prac 
tice of my invention. For the conversion or 
cracking of high-boiling fractions such as gas 
oil to low-boiling fractions such as gasoline, I 
regard cracking catalysts of the "alumina-Silica' 
type as especially suitable, this term being in 
clusive of cracking catalysts such as certain types 
of activated clays or synthetically produced mix 
tures or compounds of alumina and silica. The 
circulated catalyst may be composed entirely of 
the active catalytic material and is preferably 
predominantly composed thereof. However, the 
active catalyst material may be associated with 
supports, extenders or solid diluents which for 
the purpose of my invention are to be considered 
as part of the catalyst, since such solid diluents, 
etc., will function in a manner similar to the 
active part of the catalyst relative to the ab 
sorption of heat in the regeneration Zone and the 
transfer of this heat to the hydrocarbons under 
going treatment. When alumina-Silica type of 
cracking catalysts are employed, the practice of 
my invention will usually involve catalyst-to-oil 
weight ratios greater than 2.5 to 1, and prefer 
ably greater than 5.0 to 1. 
In the modified type of flow described above in 

connection with bypass line 5 the total prod 
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ucts of regeneration including the regenerated 

... catalyst and combustion gases are returned 
directly to and admixed with the incoming liquid 
feed stock. This type of flow is particularly 
adapted and advantageous for use in connection 
with a procedure such as described above, in 
volving both the use of air in quantity sufficient 
to supply only the amount of oxygen theoretically 
required to reduce the carbonaceous material to 
the desired extent, and the maintenance of a 
residual carbon concentration, since the absence 
of oxygen in the products of the regeneration is 
thereby assured and objectionable introduction 
of oxygen into the conversion reaction thereby 
avoided. 
In accordance with a further example of the 

practice of my invention, a naphtha having a 
gravity of 50.3 A. P. I. was subjected to a cata 
lytic conversion treatment suitable for reform 
ing the naphtha and increasing its octane num 
ber. In this treatment a dehydrogenating and 
cyclicizing catalyst was employed suitable for 
converting a large proportion of the aliphatic 
hydrocarbons in the charged stock to aromatic 
compounds. It was ascertained that conversion 
to the desired extent involved the formation of 
carbonaceous material to the extent of 0.8% by 
weight of the naphtha charged, and that the 
deactivation temperature of the catalyst was 
about 1050 F. The quantity of air necessary to 
supply the oxygen required to burn the car 
bonaceous material formed was sufficient to ab 
sorb 21.6% of the heat liberated in the combus 
tion of the carbonaceous material as determined 
by computation based on the introduction of the 
air at a temperature of 100 F. and the with 
drawal of the regeneration and combustion gases 
at a temperature of 1050 F. In this reaction 
the temperature of the catalyst leaving the reac 
tion zone was 925 F., and the catalyst was in 
troduced into the regeneration Zone at Substan 
tially this temperature. The values of the Sym 
bols in the above described general formula in 
this example were accordingly as follows: 
C =fraction of carbonaceous material pro 

duced=0.008 
H =heat of combustion of carbonaceous mate 

terial=16400 B. t. u. per lb. 
S =specific heat of catalyst=0.22 
T1=deactivation temperature of the cata.- * 

lyst=1050 F. 
Ta-temperature of catalyst entering the regen 

eration zone=925° F. 
K =fraction of the total heat liberated in the 

regeneration absorbed by the cata 
lyst=0.784 

Substituting these values in the general formula, 
to determine the desired ratio it is evident that 
this is 3.72 by the following equation: 

0.008X16400 
0.22X(1050-925) 

The minimum catalyst-to-oil ratio of 3.72 as 
determined by the foregoing is substantially lower 
than that employed in accordance with the first 
example, this difference being primarily due to 
the relatively Small amount of Carbonaceous ma 
terial produced in the reforming reaction as com 
pared with the catalytic cracking reaction of 
example one. 
From the foregoing it will be apparent that the 

process therein described accomplishes the ob 
jects of my invention, and that various features 
thereof may be utilized to advantage either con 

R X0.784 = 3.72 
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5 
jointly or separately. It will further be readily 
apparent to those skilled in the art that while 
the invention has been illustrated and described 
with respect to a preferred operation and exam 
ples, and with reference to suitable apparatus for 
its practice, the invention is not limited to such 
exemplifications but may variously be practiced 
and embodied within the scope of the claims 
hereafter made. 
What I claim is: 
1. A process for the catalytic conversion of 

hydrocarbons which comprises passing a vapor 
stream of the hydrocarbons having the catalyst 
suspended therein through a conversion zone to 
effect the required degree of conversion, whereby 
reaction products are produced including con 
verted hydrocarbons and a carbonaceous deposit 
on the catalyst, maintaining a ratio by weight of 
catalyst to hydrocarbon charged to said conver 
sion zone in conformity with the formula 

wherein the symbol C, represents the fraction of 
charged hydrocarbon converted to form car 
bonaceous deposit on the catalyst; H, the heat 
of Combustion of the carbonaceous material ex 
pressed in B. t. u.'s per lb.; S, the specific heat of 
the catalyst; Ti, the deactivation temperature of 
the catalyst in degrees Fahrenheit; Ta, the tem 
perature of the catalyst on entering the regenera 
tion zone in degrees Fahrenheit; and K, a coeffi 
cient having a value of 0.2 or larger, separating 
the used catalyst from the gaseous reaction prod 
lucts and regenerating it by passage through a 
regeneration zone, while suspended in an oxygen 
containing gas, withdrawing the regenerated cat 
alyst from said regeneration zone and admixing 
it with liquid hydrocarbon feed stock while re 
taining Sufficient heat to vaporize the feed stock, 
and returning said catalyst in suspension in the 
Vapors thus produced, to Said conversion Zone. 

2. A process for the catalytic conversion of hy 
drocarbons which comprises passing a vapor 
stream of the hydrocarbons having the catalyst 
suspended therein through a conversion zone to 
effect the required degree of conversion, where 
by reaction products are produced including con 
verted hydrocarbons and a carbonaceous deposit 
on the catalyst, maintaining a ratio by Weight 
of catalyst to hydrocarbon charged to said con 
version Zone in conformity with the formula 

wherein the symbol C, represents the fraction of 
charged hydrocarbon converted to form carbon 
aceous deposit on the catalyst; H, the heat of 
combustion of the carbonaceous material ex 
pressed in B. t. u.'s per lb.; S, the specific heat 
of the catalyst; Ti, the deactivation temperature 
of the catalyst in degrees Fahrenheit; T2, the 
temperature of the catalyst on entering the re 
generation zone in degrees Fahrenheit; and K, 

K 

a coefficient having a value of 0.2 or larger, sep 
arating the used catalyst from the gaseous re 
action products and regenerating it by passage 
through a regeneration zone, while suspended in 
an oxygen-containing gas, withdrawing the re 
generated catalyst and regeneration combustion 
gases from said regeneration zone and mixing 
them with the liquid hydrocarbon feed stock 
while retaining sufficient heat to vaporize the 
feed Stock, and returning said catalyst in sus 



6 
pension in the vapors thus produced to said con 
version 20ne. 

3. In a process for the catalytic conversion of 
high-boiling hydrocarbons into low-boiling hy 
drocarbons within the gasoline boiling range in 
volving passing a stream of the high-boiling hy 
drocarbons having a cracking catalyst compris 
ing alumina and silica suspended therein through 
a conversion Zone for a time and at a tempera 
ture adapted to effect the required degree of con 0. 
version to low-boiling hydrocarbons and also re- . . 
sulting in a carbonaceous deposit on the catalyst, 
separating the used catalyst from the vaporous 
conversion products, suspending the used cata 
lyst in an Oxygen-containing gas and passing 
the Suspension through a regeneration zone to 
burn off carbonaceous material deposited on the 
catalyst, and returning the catalyst for reuse in 
the conversion reaction, the improvement which 
consists in maintaining a ratio by weight of cat 
alyst to hydrocarbcn charged to said conversion 
zone in conformity with the equation 

CH. 
S(T-T) 

wherein R, represents the maintained ratio; C, 
represents the fraction of charged hydrocarbon 
converted to form carbonaceous deposit on the 
catalyst; H, the heat of combustion of the car 
bonaceous material eXpressed in B. t.u.'s per b.; 
S, the specific heat of the catalyst; Ti, the deac 
tivation temperature of the catalyst in degrees 
Fahrenheit; T2, the temperature of the catalyst 
on entering the regeneration zone in degrees 
Fahrenheit; and K, a coefficient having a value 
greater than 0.2, and introducing the used cata 
lyst into the regeneration zone with a quantity 
of oxygen-containing gas insufficient to burn off 
all the carbonaceous material thereby leaving a 
predetermined small residual quantity of car 
bonaceous material on the catalyst as discharged 
from said zone and reused in the conversion Zone. 

4. In a process for the catalytic conversion of 
high-boiling hydrocarbons into low-boiling hy 
drocarbons within the gasoline boiling range in 
volving passing a stream of the high-boiling hy 
drocarbons having a solid incombustible crack 
ing catalyst suspended therein through a con 
version zone for a time and at a temperature 
adapted to effect the required degree of conver 
sion to low-boiling hydrocarbons and also re 
sulting in a carbonaceous deposit on the catalyst, 
separating the used catalyst from the vaporous 
conversion products, suspending the used cata 
lyst in an oxygen-containing gas and passing the 
suspension through a regeneration Zone to burn 
off carbonaceous material deposited on the cata 
lyst, and returning the catalyst for reuse in the 
conversion reaction, the improvement Which con 
sists in introducing the used catalyst into the re 

R= K 
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generation zone with a quantity of oxygen-con 
taining gas insufficient to burn off all the car 
bonaceous material thereby leaving a predeter 
mined small residual quantity of carbonaceous 
material on the catalyst as discharged from Said 
ZOne and reused in the conversion Zone. 

5. In a continuous cyclic process for the cat 
alytic conversion of high-boiling hydrocarbons 
into low-boiling hydrocarbons within the gaSO 
line boiling range involving continuously passing 
a stream of the high-boiling hydrocarbons hav 
ing a cracking catalyst suspended therein 
through a conversion Zone for a time and at a 
temperature adapted to effect the required de 
gree of conversion to low-boiling hydrocarbons 
and also resulting in a carbonaceous deposit on 
the catalyst, continuously separating the used 
catalyst from the vaporous conversion products, 
continuously suspending the separated used cata 
lyst in an oxygen-containing gas and passing the 
Suspension through a regeneration zone to burn 
of carbonaceous material deposited on the cat 
alyst, and directly and continuously returning 
the catalyst for reuse in the conversion reaction, 
the improvement which consists in maintaining 
a ratio by weight of catalyst charged to said re 
generation Zone to weight of hydrocarbon 
charged to said conversion zone in conformity 
with equation 

r = ??? AS(T-T) 
wherein r represents the maintained ratio; Crep 
resents the fraction of charged hydrocarbon con 
verted to form carbonaceous deposit on the cat 
alyst; H, the heat of combustion of the carbon 
aceous material eXpressed in B. t. u.'s per lb.; S, 
the Specific heat of the catalyst; Ti, the deacti 
vation temperature of the catalyst in degrees 
Fahrenheit; Ta, the temperature of the catalyst 
On entering the regeneration zone in degrees 
Fahrenheit; and K, a coefficient having a value 
greater than 0.2. 

6. A process as defined in claim 5 wherein said 
symbol K is a number 0.5 or larger. 

7. A process as defined in claim 5 wherein said 
Symbol K, is a number not less than 0.8 and the 
used catalyst is introduced in said regeneration 
zone suspended in air in quantity sufficient only 
to Supply the quantity of oxygen theoretically re 
quired to burn off carbonaceous material leaving 
a predetermined small residual quantity of car 
bonaceous material on the catalyst as discharged 
from said Zone and reused in the generation 
ZOle. 

8. A process as defined in claim 5 wherein said 
symbol K is a number 0.5 or larger and said 
Cracking catalyst consists essentially of alumina 
and silica. 

K 
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