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UNITED STATES PATENT OFFICE 
2,393,636 

CONVERSION OF HYDROCARBONS wITH 
SUSPENDED CATALYSTS 

Everett A. Johnson, Lark Ridge, Ill., assignor to 
Standard Oil Company, Chicago, Ill., a corpo 
ration of Indiana 

Application August 27, 1941, Serial No. 408,560 
(C. 196-52) - 5 Claims. 

This invention relates to the conversion of 
hydrocarbons and more particularly to the con 
version of hydrocarbon oils in the presence of 
catalysts wherein heavy hydrocarbon oils are 
cracked to produce high knock rating gasoline. 
The invention relates especially to methods and 
apparatus for handling dirty stocks and incom 
pletely volatile oils such as petroleum residues 
in a catalytic conversion process. 
One object of the invention is to effect the 

Conversion of dirty stocks without difficulties from 
excessive catalyst contamination. Another ob 
ject is to effect the vaporization of dirty stocks 
without difficulties from carbon deposition in 
heating coils, etc. Another object of the inven 
tion is to obtain a maximum yield of gasoline 
of high knock rating from petroleum residues 
and petroleum cycle stocks. Still another object 
of the invention is to utilize to a large extent 
heat available in the catalytic conversion proc 
ess resulting from the combustion of carbona 
ceous matter deposited on the catalyst, thereby 
reducing the fuel requirements of the process 
and increasing the overall operating economy. 
Other and more detailed objects, uses and ad 
vantages of my invention will become apparent 
as the description thereof proceeds. 
The invention is illustrated by the accompany 

ing drawings in which: 
Figure 1 shows an apparatus in which the 

charging stock is vaporized in a preheater and 
the vapors are converted under the action of 
the catalyst in a separate reactor; 

Figure 2 shows a similar apparatus in which 
the reactor and the preheater are combined in 
a single tower; and 

Figure 3 shows in diagrammatic form an ap 
paratus in which the heat required for the pre 
heater is developed in a combustion zone sepa 
rate from the regenerator employed for regen 
erating the catalyst. 

Referring to Figure 1 of the drawings, the 
charging oil is introduced by line O into pre 
heater f. The oil may be a typical gas oil 
charging stock having a wide boiling range, for 
example, between 500 and 760 F., or it may be. 
an incompletely volatile residual oil remaining 
from the topping of crude petroleum, Tar from 
thermal cracking operations and other unvapor 
izable hydrocarbon oils difficult to process in or 
dinary cracking processes may likewise be em 
ployed. The charging stock may be partially 
heated in furnace 2 or in suitable heat ex 
changers not shown. In the case of gas oil, the 
charging stock may be completely vaporized in 
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furnace f2 before introducing it into the pre 
heater. The oil may also be sprayed into the 
preheater if in liquid form and completely va 
porized therein. 

Preheater is supplied with a granular, re 
fractory, solid heat carrier which may be intro 
duced by line 3. This material may be rela 
tively coarse, for example, A or 4 inch down 
to 50 or 100 mesh. In the preheater it is main 
tained in a turbulent, dispersed condition by the 
action of the upflowing oil vapors passing through 
the preheater. The oil charged, which may have 
been preheated in heater 2, for instance, to a 
temperature of 500 to 800 F., is then further 
heated in the preheater where the tempera 
ture is still further increased by contact with the 
hot, solid, granular material which is supplied 
to the preheater at an elevated temperature, e.g., 
1000 to 1500° F. Contact with the granular heat 
carrier in results in the complete vaporization 
of the vaporizable ingredients of the oil when 
introduced in the liquid form. Non-vaporizable 
ingredients in the feed stock are deposited on 
the heat carrier material and then Substantially 
converted to coke or carbenes. 
The heat carrier material employed in pre 

heater may suitably be crushed firebrick, sand, 
subdivided metal, for example, iron shot, alumi 
num pellets or other granular or preformed, 
e.g., pilled, refractory material, preferably a re 
fractory metal oxide. Coke deposited on heat 
carrier material is removed by Oxidation as here 
inafter described. An important characteristic 
of the heat carrier material is that it has a set 
tling rate higher than that of the catalyst being 
employed. The rate of settling is determined by 
the size, shape and density of particles, and I 
select a heat carrier whose particles, through 
greater size, more compact shape and/or greater 
density, fall more rapidly through the gaseous 
medium than do the particles of catalyst. Con 
sequently, when dispersed in an upflowing vapor 
stream having the proper Velocity intermediate 
the settling rate of the catalyst and the heat car 
rier, the former is buoyed up and separated rap 
idly from the latter which falls through the vapor 
stream. 
At the top of tower if the hydrocarbon vapors 

are withdrawn by line 4 leading to reactor 5 
provided with a cone bottom for catalyst set 
tling therein. It is preferred that the catalyst 
be maintained in the reactor in the dense phase, 
i. e., about 15 to 25 pounds of catalyst per cubic 
foot. The dense phase of the catalyst is main 
tained to a large extent by returning it to the 



2 
reactor 5 through catalyst legs 6 leading from 
catalyst separator 7. Vapors substantially freed 
of catalyst pass from the reactor by line 8 lead 
ing to a fractionating column not shown. 
The catalyst is withdrawn from the reactor 
5 by line f 9 leading to regenerator 20. In re 

generator 20 the temperature is maintained suf 
ficiently high to insure rapid oxidation of car 
bonaceous material on the catalyst. Air or other 
oxygen-containing gas for this purpose is ad 
mitted by line 2 and the spent regeneration gases 
pass by line 22 into cyclone separator 23. Spent 
regeneration gases from separator 23 are dis 
charged from the system by line 24 while the re 
generated catalyst is recovered in separator 23 
and conducted by line 25 back to reactor 5, sub 
stantially without cooling. 
From the base of preheater if the granular 

heat carrier is conducted by line 26 to the upper 
part of regenerator 20 whence the material de 
scends through the regenerator in contact with 
a slow stream of air introduced by line 2. A mix 
ture of granular heat carrier material and cat 
alyst, in which the heat carrier predominates, 
is withdrawn from regenerator 20 by line 3 and 
conducted back to the preheater . The tem 
perature of the heat carrier material recycled 
through the preheater in this way is ordinarily 
about 1000 F., preferably about 1200" F. The 
amount is sufficient to provide a substantial part 
of the heat for the charging Stock in preheater 

and to insure vaporization of this stock, there 
by eliminating from the reactor those hydrocar 
bons having a tendency to deposit large amounts 
of Carbon on the Catalyst. 

Referring now to Figure 2, the oil is heated 
and/or vaporized in furnace 30 and passed by 
line 3 into the combined preheater 32 and re 
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actor 34. The vapors or oil are first heated or 
vaporized by solid, granular material in said pre 
heater. After the vapors pass upwardly they 
come in contact with finely divided catalyst in 
troduced by line 33 at an intermediate point in 
said preheater-reactor. The catalyst remains 
suspended in the hydrocarbon vapors in the re 
action Zone 34 in the upper part of said reactor 
preheater and the products, including catalyst, 
are transferred from 34 by line 35 to cyclone sep 
arator 36 wherein the catalyst is separated from 
the vaporous products which are withdrawn by 
line 3. 
From the base of cyclone separator 36 the cat 

alyst is withdrawn by line 38 leading to re 
generator 39. Simultaneously, the heat carrier 
material is withdrawn from the base of preheater 
32 and conducted by line 40 to the upper part 
of regenerator 39. Air or other oxygen-contain 
ing gas is introduced into regenerator 39 by line 
4, thereby supplying oxygen for the combustion 
of carbonaceous matter deposited on the catalyst. 
The fine catalyst material is carried upwardly 

with the regeneration gases through regenerator 
39 and thence by line 4 a to separator 42 whence 
the gases escape by line 43 and the regenerated 
catalyst is conducted by line 33 back to reaction 
Zone 34. The granular heat carrier is conducted 
by line 44 to an intermediate point in the pre 
heater-reactor, the hot, heat carrier substance 
Serving to evaporate the heavy hydrocarbons as 
herein previously described. In order to avoid 
passage of hydrocarbon vapors from the preheat 
er, with the heat carrier through line 40 leading 
to regenerator 39, I may pass the catalyst first 
through a short stripping section 45 at the base 
of the preheater. A small amount of steam ad 
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2,898,636 
mitted by line 46 will serve to prevent the pas 
sage of hydrocarbon gases with the catalyst into 
the regenerator 39. 
Another embodiment of the invention is illus 

trated by Figure 3 as follows: Oil is charged to 
furnace 50 where it is heated and conducted by 
line 5 to preheater 52 containing a suitable heat 
carrier material as previously described. The 
stock is evaporated by contacting with the hot 
heat carrier introduced through feeder 53 from 
stripping section 54 supplied with stripping steam 
from line 55. In passing through preheater 52 
the heat carrier becomes substantially cooled and 
also coated with carbonaceous deposit. The spent 
heat carrier is withdrawn by line 56 leading to 
the upper part of combustion zone 57. where the 
carbonaceous material is burned from the carrier 
by air or oxygen introduced by line 58. 

Preheated products from 52 are passed upward 
into reactor section 60 where they are brought 
into contact with a suitable suspended catalyst 
hereinafter described in greater detail. Due to 
its greater buoyancy, the catalyst is carried up 
ward through the reactor while the heat carrier 
settles through the preheater 52 and is recycled 
to combustion. ZOne 57. The catalyst and reac 
tion products pass from the reactor by line 6 
to Separator 62 from which the catalyst is with 
drawn by line 63 leading to regenerator 64. A 
controlled stream of air or other oxygen-con 
taining gas supplied by line 65 effects regenera 
tion of the catalyst held in suspension in cham 
ber 64. The catalyst and regeneration gases are 
transferred by line 66 to cyclone separator 67 
from which the spent regeneration gases are dis 
charged by line 68 and the regenerated catalyst 
is withdrawn by line 69 leading back to reactor 60. 

Products from separator 62 flow by vapor line 
70 to fractionator 7 where they are fractionated 
into a light gasoline overhead fraction and heavy 
Cycle stock. The overhead fraction flows by line 
72 to condenser 73 and receiver 74 from which 
gases are vented by line 75 and the gasoline prod 
uct is withdrawn by line T6. The heavier than 
gasoline products are withdrawn from the base 
of fractionator 7, by line 77 and pump 8 and 
are thence returned by line T9 to preheater 52 
for vaporization and further conversion. Part or 
all of the heavier than gasoline product fractions 
may be discharged from the system by valved 
line 80. - 

In operating my process I prefer to employ 
catalysts of the siliceous type, such as acid treat 
ed clays, bentonite, etc. I may also employ active 
silica, silica gel, etc., generally associated with 
alumina or magnesia in amounts of 15 to 30% 
of the latter. Silica gel or precipitated silica in 
timately associated with about 2 to 5% of alumina 
and zirconia is a satisfactory catalyst. I prefer 
to employ the catalyst in the form of fine gran 
ules, for example, particles of the order of 100 
to 400 mesh screen size or finer. Multiple cyclone 
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Separators of Small diameter and high efficiency 
may be used for recovering the catalyst from the 
product vapors and/or regeneration gases. I may 
also employ electrical precipitators for this pur 
pose or suitable scrubbing devices. For example, 
I may Scrub the spent regeneration gases or the 
product vapors with feed stock which is subse 
quently charged to the process directly to the 
preheater and any catalyst which has collected 
in the oil may thus be returned to the system. 

I prefer to regulate the amount of catalyst in 
the system to about 1 to 20 parts of catalyst by 
Weight in the reactor per volume of oil charged 
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to the system per hour. Thus a unit with a ca 
pacity of 1000 pounds of oil per hour would re 
tain about 1000 to 20,000 pounds of catalyst in 
Suspension in the reactor. The catalyst life Will 
ordinarily be from 20 minutes to 2 hours, depend 
ing on the character of the stock being treated 
and other factors. In my process of precondi 
tioning the feed stock by contacting with a hot 
heat carrier substance, thereby eliminating from 
the stock certain carbon forming substances, I 
obtain a lower rate of carbon deposition than or 
dinarily obtained in catalytic cracking opera 
tions and consequently I am enabled to increase 
the life of the catalyst in the reactor. It will be 
understood that, although the heat carrier ma 
terial may be essentially non-porous and without 
catalytic activity of itself, it carries a film of cat 
alyst on the surface which promotes decomposi 
tion of those, constituents of the feed stock which 
break up readily to form carbon. Heat carriers 
having a mild catalytic effect may also be used 
if they meet the other requirements of high heat 
capacity and ruggedness. 
The temperature of operation employed in my 

process will usually be about 875 to 1025° F in 
the reaction zone and Somewhat higher than this 
in the preheater, a range of 800 to 1050 F. in 
cluding Substantially all conditions. I prefer 
passing the hydrocarbon vapors immediately 
from the preheating or preconditioning zone to 
the reaction zone, in order to avoid any fall in 
temperature therebetween and this may be best 
accomplished, in an apparatus like that shown in 
Figure 2, where the preheating zone and reaction 
zone occupy the lower and upper parts of the 
same chamber. Heat carrier material being 
coarse and of greater density than the catalyst, 
occupies the lower or preheating section while 
the conversion catalyst being finer and more read 
ily suspended in the vapors occupies the upper 
part of the chamber, thereby avoiding any loss 
of heat between the preheater and the reactor. 
It is desirable, of course, to control the upward 
average velocity of the vapors to permit the heat 
carrier to fall while maintaining the catalyst in 
suspension, 
The pressures employed in my process are gen 

erally low, e. g., atmospheric to 50 pounds per 
square inch gage. Pressures of 5 to 20 pounds 
per square inch may commonly be employed. 
The use of higher pressures, of the order of 100 
pounds per square inch, introduces certain diff 
culties in controlling the handling of the various 
materials in the process. 

In that modification of my process shown in 
Figures 1 and 2 wherein the heat carrier circl. 
lates from the preheater to the catalyst regener 
ator, the heat carrier material is heated in the 
regenerator by the combustion of carbonaceous 
matter from the catalyst. In this way the heat 
carrier serves to control the temperature of re 
generation, an essential of the process. It is de 
sirable that the catalyst regeneration temperature 
be maintained with the range of about 1000 to 
1400 F, although temperatures as high as 1600 
F. may be used with certain more thermally sta 
ble catalysts. Ordinarily, a regeneration tem 
perature of 1100 to 1200° F. is most satisfactory. 
The rate of recycling the heat carrier to the re 
generator may be employed to control the tem 
perature of that operation. Flexibility of opera 
tion of the process is best obtained by regulat 
ing the temperature of the oil and the hydrocar 
bon vapors supplied to the preheater, i. e., suff 
cient heat may be introduced into the feed stock 
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to balance the heat requirement of the process 
when maintaining the desired regeneration tem 
perature by recycling the heat carrier between . 
the regenerator and the preheater. 

In that modification of my process shown in 
Figure 3 wherein the heat carrier material is re 
cycled to a separate combustion zone rather than 
to a catalyst regenerating zone, the heat in the 
combustion Zone may be regulated by either the 
amount of carbon deposited on the heat carrier in 
the preheater or by the amount of air or other 
Oxygen-containing gas introduced into the com 
bustion zone. Thus, when charging highly car 
bonaceous, incompletely volatile tars and crude 
residuums to the vaporizer or preheater, the 
annount of carbon deposited on the heat carrier 
will be sufficient to provide more heat on com 
bustion than is desired in the preheater. In that 
case, I may limit the extent of combustion in the 
combustion Zone by incompletely burning of the 
carbonaceous deposit or I may reduce the propor 
tion of residuum or tar employed in the feedstock 
and substitute for it clean vaporizing feed stock 
Such as virgin gas oil or recycle oil obtained in 
the process. 
Although I have described my invention with 

respect to specific embodiments thereof, I intend 
that it be limited only by the scope of the follow 
ing claims. Thus, where I have described down 

30 flow of heat carrier through the preheating zone, 
I may make the heat carrier flow in suspension 
upward and out through an overflow located in 
a relatively quiescent zone near the top of the 
preheating zone. Other modifications of my in 

35 ver will be obvious to those skilled in the art. 
I claim: 
1. The process of converting heavy hydrocar 

bon oil into gasoline motor fuel which comprises 
introducing a heavy hydrocarbon oil into a heat 

40 ing and vaporizing zone, heating the vapors of 
Said oil in said zone to the desired conversion 
temperature by contacting therein with a hot, 
granular inert, refractory heat carrier material 
maintained in turbulent dispersion in said va 

45 pors, thereby depositing on said heat carrier, car 
bonaceous material resulting from the deposition 
and vaporization of said heavy hydrocarbon oil, 
Separating the vapors of said hydrocarbon oil 
from said heat carrier and transferring them 

0 at conversion temperature to a reaction zone 
wherein they are contacted with a solid, porous, 
conversion catalyst maintained in suspension in 
said vapors, separating the reaction products 
from said catalyst, regenerating said catalyst by 
Suspending it in an oxygen containing gas under 
controlled temperature conditions and restoring 
the temperature of said heat carrier material 
by combustion . of said carbonaceous material 
therefrom under controlled temperature condi 
tions. 

2. The process of converting hydrocarbon oil 
which comprises vaporizing said oil and heating 
the vapors to a high conversion temperature in 
a turbulent heating zone containing a hot, dis 
persed, solid inert heat carrier material main 
tained in turbulent dispersion in said heating 
Zone, said heating being predominantly by the 
action of said material, separating hot vapors 
from said heat carrier material and contacting 
them at said high conversion temperature in a 
reaction zone with a turbulent suspended, Subdi 
vided, solid, conversion catalyst wherein the oil 
vapors are converted substantially to high knock 
rating gasoline and the catalyst is contaminated 
with a carbonaceous deposit, separating the hy 
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4. 
drocarbon vapors from the catalyst, regenerat 
ing the catalyst by controlled combustion in a re 
generating zone in the presence of said granular, 
refractory heat carrier material which is heated 
by the exothermic heat of regeneration in said 
regeneration zone, transferring said hot heat 
carrier material to said heating Zone first men 
tioned, contacting it therein with the hydrocar 
bon oil charged to the process and then recycling 
it to said regeneration Zone. 

3. The process of claim 2 wherein said heating 
zone lies below said reaction zone in substan 
tially unrestricted communication therewith. 

4. The process of claim 2 wherein the heat car 
rier material is heated to a temperature between 
about 1000 and 1600 F. in said regeneration zone 

, before it is transferred to said heating zone. 
5. The process of claim 2 wherein the heat car 

rier material cooled in said heating Zone by 
transfer of heat to said oil vapors is recycled to 
said regeneration zone at a rate sufficient to COn 
trol the temperature of said regeneration Zone 
within a range of about 1000 to 1400 F. 

6. In the process of converting heavy hydro 
carbon oil to gasoline wherein the vapors there 
of are contacted in a reaction zone with a solid, 
hydrocarbon, conversion catalyst at a conversion 
temperature in the range of about 800 to 1050 
F., the reaction products are separated from the 
catalyst and the catalyst is periodically regen 
erated by controlled combustion in a regenera 
tion zone to remove carbonaceous matter depos 
ited thereon, the improvement comprising ini 
tially contacting the vapors of said hydrocarbon 
oil in a vapor heating zone with a hot granular, 
refractory, solid inert heat carrier material, 
whereby there is adsorbed on said heat carrier 
material carbonaceous matter which would 
otherwise be deposited on said catalyst, separat 
ing heat carrier material from heated hydrocar 
bon vapors and conducting the hot vapors to said 
reaction zone, and recycling said heat carrier 
material between said vapor heating zone and 
a combustion zone where said carbonaceous mat 
ter is removed by controlled combustion and the 
temperature of the heat carrier materia is re 
stored before returning to said heating zone. 

7. The process of claim 6 wherein the reaction 
products are fractionated to remove gasoline 
therefrom and heavier products are recycled to 
said heating zone. 

8. The process of claim 6 wherein at least part 
of the heavy hydrocarbon oil charging stock sup 
plied to said operation is petroleum residuum 
in unvaporized form. 

9. In the process of converting hydrocarbon 
oils into high knock rating gasoline wherein the 
hydrocarbon vapors are contacted at conversion 
temperature with a suspended, finely divided, 
Solid, conversion catalyst in a conversion Zone, 
the vapors are separated from the catalyst and 
the catalyst is regenerated by burning in a re 
generation zone and recycled in the process, the , 
improvement comprising initially conducting the 
hydrocarbons through a preheating section in 
the lower part of said conversion zone, wherein 
Said hydrocarbons are heated to the desired con 
version temperature, by contact with a hot, gran 
ular heat carrier material, maintaining said ma 
terial in suspension in the hydrocarbon vapors 
therein, withdrawing said heat carrier material 
at a lower temperature from said preheating sec 
tion, reheating said heat carrier material by dis 
persing it in said regeneration zone in intimate 
contact with catalyst therein, whereby the tem 
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2,393,686 
perature of said heat carrier material is restored 
by the heat of regeneration of catalyst, separat 
ing hot heat carrier material from catalyst and 
recycling it to said preheating section in the base 
of Said conversion zone, 

10. In the process of converting hydrocarbons 
by contacting hydrocarbon vapors with a SUS 
pended, finely divided, solid catalyst in a reac 
tion Zone, separating the catalyst from reaction 
products, regenerating the catalyst by controlled 
combustion in a regeneration zone, and recycling 
the catalyst in the system, the improvement 
comprising introducing into said regeneration 
zone granular heat carrier material having a 
higher rate of settling than that of Said Catalyst, 
absorbing part of the exothermic heat of regen 
eration in said heat carrier material, conveying 
said catalyst and said heat carrier material in 
admixture to a preheating zone and passing the 
vapors of said hydrocarbons upwardly through 
said preheating zone and thence to said reaction 
zone, the velocity of the vapors in said preheat 
ing zone being sufficiently high to carry away 
the catalyst in suspension to the reaction Zone 
but sufficiently low to allow said heat carrier 
material to settle therethrough and recycling said 
heat carrier material to said regeneration Zone, 

11. In the process of converting hydrocarbons 
with solid refractory conversion catalysts where 
in the catalyst, in finely divided form, is sus 
pended in a continuous stream of hydrocarbon 
vapors at conversion temperature and the cata 
lyst is subsequently separated from the hydro 
carbon products, regenerated by combustion with 
an oxygen-containing gas to remove from the 
catalyst carbonaceous deposits which impair its 
activity and the regenerated catalyst is returned 
to the hydrocarbon contacting step, the improve 
ment comprising preheating hydrocarbons before 
contacting with said catalyst by contact with a 
hot, dispersed, granular, refractory heat carrier 
material in a pre-heating zone, transferring par 
tially cooled heat carrier material from said pre 
heating zone to a regeneration Zone, Commin 
gling catalyst and heat carrier material in said 
regeneration zone, supplying oxygen-containing 
gas to said regeneration Zone, thereby restoring 
the activity of the catalyst and restoring the 
temperature of said heat carrier material, sepa 
rating heat carrier material from the catalyst 
and returning it while hot to said preheating 
zone, returning the separated catalyst to a reac 
tion zone wherein it is contacted with preheated 
hydrocarbons from said preheating zone and 
thence conducting spent catalyst back to said re 
generation 20me. 

12. The process of claim 11 wherein separation 
of heat carrier materia and catalyst is effected 
within said regeneration zone by the classifying 
action of the regeneration gases, said gases car 
rying away said catalyst particles in suspension 
to a separation zone wherein catalyst is separated 
from regeneration gases and discharged to said 
reaction ZOne. 

13. An apparatus for converting hydrocarbon 
oil by contacting with catalysts at conversion 
temperature which comprises an elongated, verti 
call tower, a heating chamber in the lower part 
of said tower, a reaction chamber in the upper 
part of said tower of larger cross-sectional area 
than said heating chamber and in direct com 
munication therewith, means for introducing hy 
drocarbon charging stock into said heating 
chamber means for conducting catalyst from said 
reaction chamber to a regenerator, means for 
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Supplying an Oxygen-containing gas' to said re 
generator for burning carbonaceous material 
from said catalyst, means for withdrawing re 
action products from said reaction chamber, 
means for introducing finely subdivided solid 
conversion catalyst intermediate said heating 
and reaction chamber, means for dispersing said 
catalyst in hydrocarbon vapors flowing from said 
heating chamber to said reaction chamber, means 
for recycling a hot, granular, inert, solid refrac 
tory heat carrier material thru said regenerator 
and thru said heating chamber in series to trans 
fer heat from the former to the latter. 

14. In the process of regenerating finely di 
vided, solid catalyst by which contaminating car 
bonaceous material is removed by reaction with 
an oxidizing gas, accompanied by the generation 
of heat, the method of controlling the tempera 
ture of Said regeneration reaction and avoiding 
the development of temperatures damaging to 
said catalyst which comprises introducing into 
said regeneration reaction a relatively cool, inert, 
Solid, granular, heat-absorbing material, having 
a higher settling rate than that of said catalyst, 
intimately dispersing said heat-absorbing mate 
rial in contact with the said catalyst undergoing 
regeneration whereby the temperature of the 
said heat-absorbing material is substantially in 
creased, separating the hot heat-absorbing ma 
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5 
terial from the regenerated catalyst, cooling said 
heat-absorbing material by contact with a hydro 
carbon stock having a tendency to deposit car 
bon. On said inert heat-absorbing material and 
reintroducing said heat-absorbing material into 
said regeneration reaction. 

15. In an exothermic gas phase reaction where 
in a finely divided solid catalyst is contacted 
with reacting gases at an elevated temperature 
and the resulting heat of reaction tends to raise 
the temperature to a point of damaging the 
catalyst, the method of controlling the tempera 
ture of Said exothermic reaction and avoiding 
the development of temperatures damaging to 
said catalyst which comprises introducing into 
said exothermic reaction a relatively cool, inert, 
solid, granular heat-absorbing material, having 
a higher settling rate than that of said catalyst, 
intimately dispersing said heat-absorbing mate 
rial in contact with the said catalyst whereby the 
temperature of the said heat-absorbing material 
is substantially increased, separating the hot 
heat-absorbing material from the catalyst, COOl 
ing said heat-absorbing material by contact with 
a hydrocarbon stockhaving a tendency to deposit 
carbon on said inert heat-absorbing material and 
reintroducing it into said exothermic reaction. 

EVERE. A., JOHNSON. 


