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The present application is a divisional applica 
tion of my co-pending application, Serial No. 
343,222, filed June 29, 1940, the latter application 
being a continuation-in-part application of my 
co-pending application, Serial No. 274,670, filed 
May 20, 1939, now U.S. Patent 2,253,486. 
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 particular 
ly, my invention relates to the catalytic conver 
ston 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 
deposit 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 regen 
eration step wherein used catalyst, after separa 
tion 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 regenera 
tion operations. It exhibits, however, various 
disadvantages the elimination of which is one of 
the primary objects of my invention. 
One of the objects of this invention is the pro 

vision of a procedure for heating and vaporizing 
the hydrocarbon preparatory 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 uti 
lization of the heat of regeneration. 
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thereof on the catalyst. Various other objects 
and advantages of my invention will be evident 
to those skilled in the art as the description 
thereof proceeds. 
One of the features described and claimed in 

said co-pending application, Serial No. 274,670 
now U. S. Patent 2,253,486, resides in the charg 
ing of the catalyst and hydrocarbon feed to the 
conversion zone in proportions which are mark 
edly different and advantageous compared With 
those indicated by conventional practice. In 
such practice, this ratio is determined primarily 
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 en 
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Another object of the invention is the pro 
vision of a process whereby the removal of 
deposited carbonaceous material may be effec 
tively controlled in the regeneration stage in such 
manner as to leave a predetermined quantity 55 

ployed to the Smallest feasible amount consistent 
with the production of the desired extent of Con 
version, both because of the cost of the catalyst 
and processing costs incident to its circulation. 
Limiting factors with respect to the proportion 
of the catalyst thus employed relative to the hy 
drocarbon charged, are the total carbonaceous 
material deposited during the conversion 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. 
One feature of this invention involves the mix 

ture of the liquid hydrocarbon feed with pre 
heated catalyst, preferably at a temperature suf 
ficient to vaporize the feed, the necessary pre 
heating of the catalyst preferably being effected 
in the regeneration reaction. 
Another feature of this 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 this invention are in 

terrelated in Such manner that their conjoint 
use is desirable. However, various features 
thereof are susceptible of application independ 
ently 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 following 
description thereof, given with reference to the 
appended drawing which illustrates diagram 
matically suitable apparatus for its practice. 
The drawing is a diagrammatic illustration of 

suitable form of apparatus for the practice of the 
embodiment of the invention involving, the fea 
ture of the use of preheated catalyst to vaporize 
the feed stock. 
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processing conditions, is illustrated by the foll 
lowing 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 deter 
mined that coke or carbonaceous material ap 
pearing 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° E. The “deactiva 
tion temperature' of the particular catalyst em 
ployed was ascertained to be approximately 
1000 F., this temperature being the maximum 
temperature to which the catalyst could be safely 
subjected under the regeneration conditions 
without undue impairment of its catalytic ac 
tivity. 
The ratio of catalyst to oil charged may be 

and is preferably regulated as set forth in my 
original application, Serial No. 274,670 now U. S. 
Patent 2,253,486. Pursuant to the procedure set 
forth in said application, in fixing the ratio by 
weight of the catalyst charged to the fresh gas 
oil charged, for the particular oil and extent of 
conversion required, this ratio is determined in 
a manner adapted to assure the presence of the 
catalyst in Sufficient amount to absorb a definite 
minimum amount of the heat of regeneration, 
this ratio R, being determinable by the applica 
tion of a generalized formula derived by the ap 
plication of the principles of my invention, 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 
material expressed in B. t. u.'s per lb., S, the 
specific heat of the catalyst; T1, the deactivation 
temperature in degrees Fahrenheit of the cata 
lyst; T2, the temperature in degrees Fahrenheit 
of the catalyst on entering the regeneration zone; 
and K, a fractional coefficient having a lower 
limit determined by the extent to which expedi 
ents other than the heat absorption capacity of 
the catalyst may be employed to dissipate the 
heat of regeneration. 
In this particular example, the regeneration 

was effected in accordance with the preferred 
mode of practising my invention wherein the 
carbonaceous material is burnt off to the required 
extent without the provision of any means to 
absorb the heat developed during the regenera 
tion 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 values of C, H, 
S, and T1, for this particular example, were fixed 
by the specific characteristics of the conversion 
and substances concerned, and were respectively, 
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0.035; 16,400; 0.22; and 1000. Since the used 
catalyst may be advantageously transferred di 
rectly from the conversion zone to the regenera 
tion zone without substantial intermediate cool 
ing in accordance with my invention, which pro 
cedure was followed in this instance, the value of 
T corresponded approximately to the Outlet 
temperature of the conversion 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, 

.035X16,400 
.22X (1000-850) 

By the maintenance of the catalyst-to-oil ratio 
at the relatively high value of 14.5, as determined 
above, the absorption of the heat of regeneration 
at a temperature below the deactivation tempera 
ture of the catalyst, was readily and effectively 
accomplished solely through the medium of the 
heat absorption capacity of the catalyst and the 
combustion gases without the use of extraneous 
cooling means. 

It is to be noted that the ratio as above de 
termined, is not sharply critical and may be in 
creased or decreased, these variations in gen 
eral corresponding to permissible variations in 
the numerical limits of the coefficient K. In the 
above Specific example, for instance, the catalyst 
to-oil ratio may be maintained at a larger figure 
than 14.5, thereby assuring the circulation of a 
quantity of catalyst not only sufficient but in ex 
cess of that needed for the desired minimum ab 
Sorption of heat by the catalyst during the re 
generation reaction. The amount of such sur 
plus catalyst will normally be controlled by eco 
nomic considerations dependent upon the cost 
of the Surplus catalyst and the processing ex 
pense incident to its circulation. Since these 
factors will normally outweigh any advantage to 
be gained by the circulation of surplus catalyst, 
it is contemplated that the practice of my inven 

X.83 = 14.5 

tion will usually and preferably be practised with 
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an oil-to-catalyst ratio wherein K has a value 
not very greatly in excess of that employed in 
the above example. 
The oil-to-catalyst 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 ex 
tent of cooling coils or similar extraneous cooling 
means in the regeneration zone. It is contem 
plated, however, that in the practice of my in 
vention in its preferred aspect wherein the heat 
of regeneration is largely absorbed by the cata 
lyst 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 drawing, 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 carbonace 
Ous deposit to the desired extent; also the hot re 
generated catalyst was withdrawn from drum 
8 and thereafter mixed with the feed stock 
Without any substantial intervening Cooling, and 
contained sufficient heat to vaporize the feed 
stock introduced at a temperature of about 550° 
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high-boiling hydrocarbons into low-boiling hy- through a regeneration Zone, while Suspended in 
drocarbons within the gasoline boiling range an oxygen-containing gas, withdrawing the re 
which comprises passing a vapor stream of hydro- generated catalyst from Said regeneration zone 
Carbons having the catalyst suspended therein and admixing it with liquid hydrocarbon feed 
through a conversion zone to effect the required stock while retaining sufficient heat to vaporize 
degree of conversion, whereby reaction products the feed stock, and returning said catalyst in sus 
are produced including converted hydrocarbons pension in the vapors thus produced to said con 
and a carbonaceous deposit on the Catalyst, sep- Version Zone. 
arating the used catalyst from the gaseous reac- ARNOLD BELCHETZ. 
tion products and regenerating it by passage 0 


