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This invention has to do with a method for 
conducting gaseous reactions in the presence of 
a particle form contact material moving through 
the reaction zone as a substantially compact col 
umn. The method of this invention is particul 
larly adapted for conducting gaseous reactions 
which require reaction temperatures above those 
temperatures at which solid material can be prac 
tically conveyed in conventional conveyor equip 
ment. Exemplary of such processes is the high 
temperature catalytic cracking conversion of hy 
drocarbons at temperatures of the order of 1000 
F, to 1200° F. to high yields of aviation gasoline 
and C fractions. Another process is the con 
version of propane to acetylene at temperatures 
of the order of 2300°F. in the presence of an inert 
solid material. Another process is the dehydro 
genation of butene to di-olefins at temperatures 
of the order of 1000 F, to 1300°F. in the presence 
of a dehydrogenation catalyst such as chromic 
oxide on alumina. Still another reaction is the 
pyrolysis of pentene-2 to butadiene at tempera 
tures of the order of 1200-300' F. Another re 
action is the preparation of thiophene and buta 
diene by reaction between n-butane and sulfur 
vapors at temperatures of the order of 900-1200 
F. Another process is the manufacture of ethyl 
ene by the cracking of heavier hydrocarbons such 
as gas oils or by the cracking of propane or 
ethane at temperatures of the order of 1400 F 
1800° E. In the case of all of these reactions the 
operation is carried out at relatively low pres 
sures of the order of atmospheric to about 100 
pounds per square inch gauge. 
An important practical difficulty arises in at 

tempting to conduct such processes as enumer 
ated above in the so-called "moving bed type' of 
processes. Such moving bed type processes for 
proper operation require the use of a granular 
or particle form contact material as distinguished 
from powdered contact material and it is of the 
utmost importance in moving bed processes to 
limit the amount of catalyst attrition to fines 
to an absolute minimum. In order to attain 
this objective it has been found necessary in 
such systems wherein cyclic flow of the contact 
material is involved to utilize mechanical con 
veyors to complete the cyclic event. One of the 
most satisfactory types of mechanical conveyors 
for this purpose is the continuous bucket eleva 
tor which is adapted to transfer solid particles 
from one level to another with a minimum of 
breakage and attrition of said solid particles. 
However, in processes of the type described here 
inabove, the required contact material tempera 
tures are so high that attempts to mechanically 

Convey the contact materials at such temperan 
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tures would result in failure and very rapid wear 
of the metal parts of the mechanical conveyor. 
It has been found unpractical to attempt to me 
chanically convey contact materials at the ten 
peratures involved in most of the above described 
reactions. On the other hand to cool the contact 
material down before conveying and then to re 
heat the contact material again after conveying 
to render it suitable for use in the convertor re 
Sults in a loss from the cyclic system of an un 
economically high amount of heat which renders 
the whole process unfeasible. The use of gas 
conveyors or gas lifts to transfer the contact man 
terial in such processes is also unfeasible because 
of the excessive amount of contact material at 
trition that inherently occurs in that type of con 
veying equipment. 
A major object of this invention is the pro 

vision of a method for conducting such processes 
as described hereinabove which method over 
comes the above described difculties, 
Another object of this invention is the pro 

vision of a practical method for conducting re 
actions involving gaseous reactants in the press 
ence of a mass of moving Solid material par 
ticles at reaction temperatures above those at 
which it has been heretofore found practical to , 
convey solid particles. 
Another object is the provision of a practical 

continuous process for conducting high tempera 
ture gaseous reactions in the presence of a sub 
stantially compact column of moving solid paro 
ticles. 
A specific object of this invention is the pro 

vision of an improved cyclic process for the high 
temperature conversion of saturated fluid hydro 
carbons to ethylene containing products. 
Another specific object is the provision of an 

improved cyclic process for catalytic cracking 
conversion of petroleum fractions to gaseous 
products containing substantial amounts of hy 
drocarbons containing four carbon atoms in the 
presence of a moving mass of particle form cat 
alyst. 
These and other objects of this invention will 

become apparent from the following discussion 
thereof. 
The invention may be most readily understood 

by reference to the attached drawings of which 
Figure 1 is an elevational view, partially in 

section, of a system for conducting the method 
of this invention; and, 

Figure 2 is a similar view of a modified and 
preferred form of this invention. Both of these 
drawings are highly diagrammatic in form. 



S 
Turning now to Figure there is shown an 

elongated vertical vessel O, which may be sup 
plied with contact material at its upper end 
through an elongated feed conduit extending 
downwardly from a supply hopper f2. A contact 
material discharge conduit f3 bearing a throttling 
valve 4 is connected into the downwardly ta 
pered bottom of vessel O. Above the discharge 
conduit 3 there are provided across the vessel to 
two vertically spaced apart horizontal partitions 
f5 and f G. The partition 5 has a plurality of 
uniformly spaced orifices 7 therein. The parti 
tion f6 has a smaller plurality of orifices 8 
therein, positioned in horizontally staggered re 
lationship with the orifices f. The arrangement 
is such that the contact material flowing from 
the column thereof above partition 6 is split into 
a plurality of streams uniformly distributed over 
the vessel cross-section, which streams are then 
proportionately merged in steps until only a sin- : 
gle outlet stream in conduit 3 is provided. By 
this arrangement it is possible to withdraw con 
tact material uniformly from all portions of the 
vessel horizontal cross-sectional area to the single 
outlet 3. This invention is not to be construed 
as limited to this arrangement and it is contem 
plated that any other arrangement adapted to ac 
complish the same purpose may be substituted 
therefor. The vessel IO is divided into four su 
perposed chambers by means of vertically spaced 
horizontal partitions 9, 20 and 2 positioned at 
intervals within the vessel. The chambers so 
formed are, reading downwardly, contact mate 
rial surge chamber 22, heating chamber 23, con 
version chamber 24, and cooling chamber 25. 
Uniformly distributed tubes 26, 27 and 28 depend 
from partitions f$, 20 and 2 respectively for flow 
of contact material from each chamber to the 
chamber next below. The tubes 26, 27 and 28 
also serve to provide gas collecting spaces 29, 30 
and 3 in the upper ends of chambers 23, 24 and 
25 respectively. Gas outlet conduits 32, 33 and 
34 connect into the vessel shell at the levels of col 
lecting spaces 29, 30 and 3 respectively. Within 
the lower sections of chambers 23, 24 and 25 there 
are provided rows of spaced, horizontallv extend 
ing inverted gas distributing troughs 35, 36 and 
37 respectively. Only one trough in each row 
is visible in Figure 1. In a preferred form these 
troughs may have gable shaped roofs and they are 
open along their bottoms and closed by plates 
such as 8 on their ends. Gas may be supplied 
under troughs 35. 36 and 37 by through pipes 38. 
39 and 40 respectively which in turn connect out 
side the vessel to manifolds 4, 42 and 43 respec 
tively. Reactant charge may be supplied to 
manifold 42 through conduit 4 and gas may be 
supplied to manifolds 4 and 43 through conduits 
45 and 46 respectively. Positioned alongside of the 
vessel fo is a separate vertical reconditioning ves 
set 48. In the form shown the reconditioner is 
provided with a solid inlet chute 49 at its upper 
end and a solid outlet conduit 50 on its lower end. 
A flow throttling valve 5 is provided on conduit 
50. A gas inlet conduit 52 connects into the lower 
end of vessel 8 and may communicate within the 
vessel with suitable gas distributing devices (not 
shown). A gas outlet conduit 53 is provided near 
the upper end of vessel 8. Heat transfer tubes 
(not shown) supplied with fluid through conduit 
5 may be positioned within vessel 48. The heat 
exchange fluid may be withdrawn from the tubes 
through conduit 55. The type of reconditioner 
shown is one of several possible types which may 
be employed for operations in which the reaction 
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process involves deposition of carbonaceous con 
taminant on a solid catalyst, which contaminant 
must be burned in order to regenerate the cata 
lyst. The reconditioner may take other forms 
depending upon the particular reaction involved. 
In Some reactions involving hydrocarbon conver 
son in the presence of inert refractory type par 
ticles, the contaminant burning step may not re 
quire close temperature control, in which case the 
heat transfer tubes may be omitted. In other 
processes, substantially no contaminant may be 
deposited on the contact mat al., in which case 
the reconditioner may simply take the form of 
apparatus adapted to permit an adjustment in 
the contact material temperature to render it 
suitable for reuse in the conversion zone. This 
temperature adjustment may be upward or down 
ward depending upon whether the particular con 
version reaction involved is endothermic or exo 
thermic. It should be understood that the term 
"reconditioning zone' as employed herein in de 
Scribing and in claiming this invention is intended 
to mean any Zone properly adapted to suitably 
recondition the contact material, be it inert or 
catalytic, after its use in the conversion zone for 
reuse in the conversion zone. This recondition 
ing may involve the removal of a contaminant de 
posit, the heating or cooling of the contact mate 
rial or both burning off of the contaminant and 
heating or cooling of the contact material to a 
level suitable for its subsequent introduction to 
the conversion zone or at least suitable for intro 
duction into the conversion zone after it has 
passed through a heating zone of the type of zone 
23 in Figure 1. A conveyor 58 is provided to 
transfer reconditioned contact material from ves 
Sel 48 to supply hopper 2 and another conveyor 
59 is provided to transfer contact material from 
cooling chamber 25 to reconditioner 48. These 
conveyors 58 and 59 are mechanical conveyors be 
ing driven by motors 60 and 6f respectively. 
Preferably they may be continuous bucket ele 
vators. 
As a typical example of the operation accord 

ing to the method of this invention the high 
temperature catalytic cracking of petroleum gas 
oil fractions to products containing large amounts 
of aviation gasoline and of hydrocarbons contain 
ing four carbon atoms may be considered. In 
this operation the gas oil charge boiling within 
the range about 450 F-800° F. for example, may 
be introduced through conduit 65 to furnace 66 
wherein it is vaporized and heated to a suitable 
temperature which is below that at which sub 
stantial pyrolytic cracking will take place at 
low pressures. For example, the gas oil may be 
heated to about 900 F. and passed through con 
duit 44 to manifold 42 and thence through pipes 
39 to distributors 36 by which it is distributed 
into the lower section of a substantially com 
pact column of gravitating catalyst particles 
maintained within conversion chamber 24. The 
catalyst may consist of particles of 4 to 16 mesh 
size, by Tyler standard screen analysis, for ex 
ample. These particles may partake of the na 
ture of a synthetic silica-alumina gel, for 
example. The catalyst may be introduced into 
the upper end of chamber 24 via tubes 2 at 
a temperature sufficiently high to supply the 
endothermic heat of hydrocarbon conversion 
without itself being cooled to a temperature be 
low the desired conversion temperature range. 
For this type of reaction the desired reaction 
temperature range may be of the order of about 
1000 F. to i200 F. and the drop in catalyst tem 
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perature in the conversion zone may vary from 
about 50 to 200°F. depending upon the particular 
operating conditions and severity of the reaction. 
For example, the catalyst may enter chamber 24 
at about 1200° F. and leave chamber 24 through 
tubes 28 at about 1100 F. The hydrocarbons are 
converted to gaseous products containing sub 
stantial amounts of aviation gasoline and C4 
hydrocarbons, which are withdrawn from the 
conversion zone through conduit 33. It should 
be understood that the Word "gaseous' as used 
herein in describing and in claiming this inven 
tion is used in the broad sense as meaning mate 
rial existing in the gaseous phase under the par 
ticular conditions of temperature and pressure 
involved regardless of the normal phase of that 
material under. Ordinary atmospheric conditions. 
The used catalyst bearing a carbonaceous' con 
taminant deposited during the hydrocarbon 
conversion is then purged substantially free of 
gaseous reactants by means of a suitable inert 
purging gas such as steam or flue gas introduced 
through conduit 85, manifold 86 and pipes 87 
to distributor 88 within the lower section of 
chamber 24. The purged catalyst then passes 
as a substantially compact column downwardly 
through cooling chamber 25 wherein it is cooled 
by a Suitable inert heat exchange gas which is 
introduced under distributors 3 from conduit, 
6 at a temperature substantially below the tem 
perature in Zone 24. The heat exchange gas 
should be substantially inert under the condi 
tion of its use to reaction with the hydrocarbon 
reactants. Steam, flue gas, CO2 or Na are ex 
amples. The heat exchange gas flows upwardly 
through the column in the Zone. 25 counter 
Currently to the catalyst flow and the rate of 
gas flow is controlled so that the catalyst upon 
reaching the lower end of chamber 25 has been 
cooled to a temperature at which it may be prac 
tically mechanically conveyed. It will be under 
stood that the expression,"a temperature at which 
it may be practically mechanically conveyed' as 
used in the above sentence and as similarly used 
in claiming this invention, is intended to mean 
a temperature at which the contact material 
may be mechanically conveyed in mechanical 
conveyors adapted for transfer of the solids with 
out excessive attrition thereof without frequent 
mechanical failure of the working elements of 
the conveyor because of the high temperatures 
involved. It has been found that mechanical 
conveyors, for example continuous bucket eleva 
tors, cannot be expected to practically handle 
contact materia at temperatures above about 
1100 F. without frequent failure, and that pref 
erably the contact material temperature should 
be below about 1000 F. In the present example 
the catalyst may enter cooling zone 25 at about 
100 F. and be cooled therein to about 950 F. 
at which temperature the catalyst is withdrawn 
from vessel fo through conduit fs at a suitable 
rate controlled by valve 4. The catalyst is then 
mechanically conveyed to reconditioner 48 which 
in this instance is a regenerator wherein it moves 
downwardly as a compact column while being 
Subjected to contact with air or oxygen to burn 
off the contaminants. A suitable heat exchange 
fluid is passed through heat transfer tubes within 
vessel 48 so as to limit the temperature of the 
catalyst below a heat damaging level and so as 
to provide a regenerated catalyst at conduit 50 
which may be practically mechanically con 
veyed. The heat damaging temperature is the 
level above which the catalyst will suffer perma 
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nent substantial impairment in its catalytic 
effectiveness for the particular reaction involved. 
The heat damaging temperature will vary de 
pending upon the nature of the contact material 
involved being above about 1150 to 1250° E, for 
many clay catalysts and above about 1350° E, to 
about 1500 F. for synthetic silica-alumina gel 
catalysts. In the present example the catalyst 
Containing only about 0.1% to .8% by weight of 
residual carbon is mechanically conveyed by 
conveyor 58 to hopper 2 at a temperature of the 
order of 950 F. The regenerated catalyst then 
passes downwardly through leg f to surge zone 
22 and then through heating chamber 23 wherein 
it moves as a substantially compact column. The 
heat exchange gas from cooling chamber 25 
passes via Conduits 34, 75 and 6 to a conven 
tional line burner T, supplied with fuel at 2 
and air at 3 and then via conduits T4 and 45 
to distributor 35 in chamber 23. The gas then 
passes upwardly through the column in chamber 
23 transferring to the catalyst substantially all 
the heat picked up by the gas from the catalyst 
in cooling chamber 25. The heat exchange gas 
then passes from chamber 23 ateabout 950° F. 
through conduit 32 to blower 80 by which it is 
forced through conduit 46 back into the cooling 
chamber 25. Since the catalyst temperature de 
creased Somewhat in the conversion chamber 24 
due to the heat required for the reaction, that 
amount of heat is still missing in the catalyst 
in chamber 23 even after transfer thereto of all 
the heat picked up in zone 25 by the heat ex 
change gas. To make up for this heat of hydro 
carbon conversion, the heat exchange gas is heat 
ed a Controlled amount in line burner so that 
the contact material in zone 23 may be heated 
again to tie desired reactor inlet temperature 
of 1200°F. (in this example) by the time it reaches 
the bottom of heating chamber 23. In those 
cases wherein the reaction in chamber 2 is 
exothermic instead of endothermic, for example 
polymerization reactions, it is then desirable to 
cool the heat exchange gas an amount approxi 
mately equal to the heat released in the con 
vertor. In such cases the heat exchange gas 
may be conveniently steam which instead of 
being heated in line heater f, is passed via 
conduit 9 to spray cooler wherein it is cooled 
by a water spray introduced at 78. The excess 
steam produced in cooler T or the excess fue 
gas and nitrogen produced by line burner 
may be bled from the closed cyclic heat exchange 
gas system through vent 52. It will be apparent 
that by proper control of the rate of heat ex 
change gas cyclic flow (using bypass 54) and 
by proper adjustment of its temperature at line 
cooler 77 or line heater 7, the desired amount 
of heat may be transferred from catalyst in 
cooling zone 25 to catalyst in heating zone 23, 
while maintaining the gas inlet temperature to 
the catalyst cooling zone 25 at 46 substantially 
constant. It is desirable to control the gaseous 
pressures in chambers 23 and 25 sightly higher 
than that in chamber 24. This may be accom 
plished by conventional methods, for example, 
when the Operating pressure in conversion zone 
24 is about 10 pounds per square inch gauge. 
the pressure in chambers 23 and 25 may be 
maintained by means of differential pressure 
control instruments operating valves-50 and 
fail on conduits 34 and 32 respectively or val"e 
53 on vent 52 at a pressure of about 10A 

pounds per square inch gauge. In this manner 
the chambers 23 and 25 serve not only as cata 



7 
lyst cooling and heating chambers but also as 
seal Zones, to prevent escape of hydrocarbon 
reactants from either end of the conversion 
zone 2. 
In the case of reactions wherein the endo 

thermic heat required for the reaction in the 
conversion chamber is very great, it is preferable 
to conduct the process of this invention in the 
manner shown in Figure 2. In Figure 2 there 
are shown two superposed vessels 90 and 9, 
through which the contact material flows serial 
ly, and a mechanical conveyor 92 to convey the 
contact material from the outlet conduit 9 of 
the lower vessel 9 to the solids inlet conduit 
9 at the top of the upper vesse 90. If desired 
a catalyst surge chamber (not shown) may be 
incorporated in conduit 94 or positioned above 
the top of vessel 90 as shown at 22 in Figure 1. 
to permit greater flexibility to the operation. 
The vessel 90 is divided into an upper heating 
chamber 95 and a lower reconditioning chamber 
96 by horizontal partition 97 positioned there 
across. Tubes 9 depend from partition 97 for 
flow of contact material from chamber 95 to 
chamber 96 and to provide a gas collecting space 
99 in the upper end of chamber 96. A similar 
gas collecting space foo is provided within the 
upper end of chamber 95 by the downward ex 
tension of solid inlet 94 within the chamber 95 
a short distance below the upper end thereof. 
Gas outlet conduits of and 02 are provided 
on the shell adjacent spaces 99 and 100 respec 
tively. A row of gas distributor troughs 03 
supplied by pipes foll from manifold 5 and 
conduit 06 is provided within the lower section 
of chamber 95 and a similar row of troughs of 
Supplied by pipes 08 from manifold 69 and 
conduit to is positioned within the lower section 
of chamber 96. Contact material passes from 
the lower end of vessel 90 through conduit 50 
bearing throttling valve fff to the upper end of 
vessel 9. Wessel 90 is divided by horizontal par 
titions 2 and 3 into an upper seal chamber 

4, an intermediate conversion chamber 5 
and a lower cooling chamber 6. Tubes 
and 8 depend from partitions ff2 and 3 
respectively for contact material flow. A gas 
outlet 9 connects into the shell of vesse 9 
opposite the gas collecting space 20 in the 
upper end of chamber 5 and a gas outlet con 
duit 2 connects into the shell opposite gas col 
lecting space 22 in the upper end of cooling 
chamber f6. Reactant distributing troughs 23 
are provided across the lower section of chamber 

5 and a row of purge gas distributing troughs 
24 is also provided within chamber 5 below 

the troughs 23. The troughs 23 are supplied 
with reactant fluid through pipes f25 which con 
nect into manifold 26, in turn supplied by con 
duit 2. The troughs 24 are supplied with 
gas from conduit 28 via manifold 29 and pipes 
30. A similar row of troughs 3 supplied from 

conduit 32 via manifold 33 and pipes 3 is 
provided within the lower section of cooling 
chamber 6. A blower 35 is provided to cycli 
cally circulate heat exchange gas through the 
cooling chamber 6 and heating chamber 95. 
As a typical example of the operation accord 

ing to the method of this invention, the process 
of ethylene manufacture by the high temper 
ature cracking of ethane may be considered. In 
this operation a particle form solid refractory 
material, Such as fused alumina, mullite or Zirk 
ite, for examples, which material is substantially 
inert to the reacants may be employed. Gen 
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erally the particle size range should fall with 
in the range 0.006 to 1.0 inch and preferably 
within the range 0.03 to 0.5 inch average di 
aneter. The solid material is introduced into 
the upper end of vessel 9 at a temperature of 
the order of 1750-1800° F., for example. Ethane 
which may be preheated in a conventional ex 
ternal heater to a suitable temperature of the 
order of 500 to 1000 F. for example may be in 
troduced, at a pressure of about 5-20 pounds 
per square inch for example, through conduit 
2. to manifold 126 and thence via pipes 2 

to distributor 23 in the conversion chamber 5. 
The ethane to which steam may be added in 
controlled amounts, if desired, passes upwardly 
through the column of contact material in cham 
ber 5 so as to be converted to gaseous ethyl 
ene containing products which are withdrawn 
at 9. If desired an initial quench may be effect 
ed by Spraying water into the effluent gas either 
in space f20 in conduit i? 9. Perforated pipes 
are provided in space 20 for that purpose and 
are supplied with quench liquid from header 
60. The products are then finally quenched 

to a temperature usually at least below about 
900' F. in a suitable external apparatus (not 
shown). The rate of contact material flow may 
be controlled by valve fo on conduit 93 so as 
to adjust the drop in contact material temper 
ature as it passes through chamber 5 to any 
set amount. In the present example the rate 
of contact material flow may be controlled so 
that the contact material passing through tubes 
f8 to chamber 6 exists at about 1500 F. The 
contact material may be purged by steam or 
fue gas introduced at 28 to distributor 24 be 
fore it is Withdrawn from chamber 5. In 
chamber 6 the contact material is cooled by 
direct contact with gas introduced from conduit 

The contact may be 
cooled in chamber 6 from an inlet temperature 
of about 1500 F, to an outlet temperature of 
about 1100 F., for example, and then be me 
chanically conveyed by mechanical conveyor 92 
to conduit 94 supplying the heating chamber 5. 
In heating chamber 95 the contact material is 
reheated from about 1090 F, to about 1490 F. 
by heat exchange gas leaving chamber 6 at 
about 1500 F. and passing through conduits 2 
and 4 to inlet 06 and thence into the dis 
tributor 03 in chamber 95. The gas after trans 
ferring its heat to the contact material in cham 
ber 95 then passes at about 1100 F, through 
conduits 02 and 42 to blower f35 by which 
it is forced back into chamber 6. The rate 
of gas flow may be controlled by controlling the 
rate of speed of the blower 35 or by other suit 
able means such as by use of bypass 43 so as 
to accomplish the desired transfer of heat from 
cooling chamber 6 to heating chamber 95. It 
will be understood that depending upon the rate 
of gas flow the temperature differentials between 
the gas leaving zones 95 or 6 and the entering 
Solids may be somewhat greater or less than those 
given in the above example. The contact ma 
terial, after being so heated in zone 95, may pass 
to reconditioning chamber 96 at about 1500 F., 
for example. As it passes through chamber 96, 
the contact material may be heated by means 
of a suitable hot gas introduced through Con 
duit 09 to distributor OT to a temperature of 
about 1750-1800 F. and then it may be returned 
via Conduit O to the vessel 9 for reuse. If 
desired the heating in chamber 96 may be ac 
complished by burning of a gaseous fuel intro 



duced from conduit 45 by air introduced at 
0 within the column in chamber 98. On the 

other hand often a certain amount of carbona 
ceous material may be deposited on the contact 
material during the hydrocarbon conversion re 
action in chamber 5, and the contaminant may 
be burned in chamber 96 to supply part or all 
of the required heating to be accomplished 
therein. The cyclic System may be maintained 
at constant temperature levels in the various 
zones by proper adjustment of the operation of 
reconditioner 96. Added flexibility may be pro 
vided by provision of a small heat exchanger to 
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on conduit 4f or in a surge chamber for con 
tact material positioned above Zone 95 or be 
low zone 6. A suitable seal gas such as steam 
or flue gas may be introduced into seal cham 
ber 4 through conduit 46 at a sufficient rate 
to maintain a gaseous pressure in chamber 4 
above that in chambers 96 and 5 thereby pre 
venting interflow of gas therebetween. 
The system shown in Figure 2 may also be 

employed for the same type of reaction described 
in connection with Figure 1. In this case the 
heating chamber 95 may be positioned as shown 
or it may be positioned vertically between cham 
ber 96 and the vessel 9. In the latter case by 
proper control of the inert gaseous pressure in 
chambers 95 and 6, the need for seal cham 
ber may be eliminated, if desired. 

It will be apparent from the above discussion 
that the method of this invention permits the 
conducting of gaseous reactions in the presence. 
of a moving particle form solid material at very 
high reaction temperatures without the necessity 
of subjecting the solid conveying equipment to 
the high reaction temperatures. Inasmuch as 
it is usually und...rable to convey Solid mate 
rials of this type in mechanical conveyors, 
bucket elevators, for example at temperatures 
in excess of about 1100 F, this feature per 
mits the conducting of a large number of re 
actions in a continuous moving column type op 
eration, which reactions heretofore could not be 
so conducted. Moreover this advantage is ac 
complished without the loss of any heat from 
the cyclically moving Catalyst stream. Inas 
much as such processes on a commercial scale 
involve the circulation of about 50 to 400 tons 
of contact material per hour, the large amount 
of heat saved by the use of the cyclic gaseous ' 
heat exchange system involving substantially 
no gas reject is a highly important factor. For 
many operations the amount of heat recovered 
by burning contaminants in the reconditioning 
zone is sufficient to balance the heat required 
for endothermic hydrocarbon Conversions. Such 
operations when conducted by the method de 
scribed hereinabove become substantially ther 
mally independent and self-sustaining. More 
over, there is very little cooling load involving 
the use of expensive heat transfer tubes. 

It will be understood that the dimensions of 
the apparatus employed, the rates of reactant 
and solid flow, and the type of Solid material 
and heat exchange gas employed are subject to 
wide variation depending upon the particular 
process to which this invention is applied. In 
general, the reaction zone should be of such size 
as will permit the proper time of reactant cOn 
tact with the Suitable solid material therein for 
any given process. The contact material heating 
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and cooling zones need only be of sufficient size 
to permit the desired amount of gas-solid heat 
transfer. Due to the very high co-efficients of 
heat transfer between gases and solid when passed 75 

10 
in direct contact relationship in the manner dea 
scribed hereinabove, the heating and cooling 
Zones may be of relatively small size, and of 
very simple and economical construction. In 
operations wherein very high volumetric gas 
throughput rates are required in the heating and 
cooling zones, these zones may be of somewhat 
larger CrOSS-Sectional area than the reaction zone 
therebetween in Order to insure adequate gas 
throughput capacity without interference with 
the Solid foW. 
The reactant space velocity in the conversion 

ZOne Will of course vary depending upon the 
particular operation involved. Where petroleum 
gas oils are to be converted to products containing 
high amounts of aviation gasoline and four car 
bon atom hydrocarbons in the manner described 
in the example given hereinabove in connection 
with Figure 1, the oil space velocity may vary 
from about 0.5 to 5.0 volumes of oil charge (meas 
ured as a liquid at 60° F.) per hour per volume 
of catalyst in the conversion zone (measured as 
a Substantially compact flowing column). The 
catalyst to oil charge ratio to the convertor in 
Such an operation may fall within the range 
about 1 to 10 parts by weight of catalyst per part 
by weight of oil charged. In the case of the 
example considered hereinabove in connection 
with Figure 2, the solid throughput amounting 
to about 5 to 15 pounds of solid per pound of 
ethane charge is satisfactory. The volume of the 
reaction Zone 24 should be such as to provide 
a reactant residence time of about 1.0 to 1.7 
Seconds. 
The type of solid material used may vary from 

an inert solid such as corhart material, a fused 
alumina, which may be used for ethylene manu 
facture to an adsorbent type catalytic material 
which may be used for catalytic dehydrogenation 
reactions and for catalytic cracking reaction. 
Such catalytic materials may take the form of 
natural or treated clays, bauxites, inert carriers 
containing deposited metallic oxides such as de 
posits of the oxides of molybdenum, chromium or 
tungsten, or certain synthetic associations of 
silica, alumina or silica or alurhina to which 
Small percentages of other materials such as 
metallic oxides may be added for special purposes. 
In general, it has been found that the particle 
size of such contact materials should fall broadly 
within the range about .006 to 1.0 inch average 
diameter and preferably within the range about 
0.03 to 0.5 inch average diameter. It should be 
understood that the expression "suitable particle 
form contact material' as used in describing and 
in claiming this invention is used in a sense suff 
ciently broad to cover either so-called catalytic 
or non-catalytic materials which may be found 
suitable for the particular reaction involved. The 
term is to be considered as limited, however, only 
to those solid materials which have physical and 
chemical characteristics making them suitable 
for the particular process involved. Thus, for ex 
ample solids, which would enter substantially into 
the main reaction or which would be decomposed 
or otherwise damaged under the reaction condi 
tions involved, are not intended to be included 
in the term. 
The expression "Suitable heat exchange gas' 

as used in describing and in claiming this inven 
tion is intended to mean a gas capable of carrying 
heat into the heating zone and giving it up by . 
direct heat transfer therein and similarly re 
moving heat from the cooling zone and which is 
suitable chemically and physically for the par 
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ticular process involved. Thus, a gas used for 
any particular reaction process which would 
undergo an undesirable reaction under the condi 
tions in the reaction zone or which would injure 
the Solid material or reaction vessel is not in 
tended to be included within the meaning of the 
above expression. 

In the claiming of this invention the expres 
sions "suitable conversion temperature" and 
"range of suitable conversion temperatures' are 
intended to mean a temperature or range of 
temperatures which are suitable for conducting 
the particular reaction involved at a practical 
rate and to practical yields of the desired 
products. 
It should be understood that the foregoing 

description of the method of this invention and 
examples of its applications and of the apparatus 
to which it may be applied are merely exemplary 
in character and are not intended to limit the 
scope of this invention except as it is limited in 
the following claims. 

claim: 
1. A method for conducting thermo-chemical 

conversions of fluid reactants at controlled ele 
Wated temperatures in the presence of a suit 
able moving particle-form solid contact material 
which comprises: contacting said fluid reactants 
at a suitable elevated conversion temperature 
with a substantially compact column of down 
Wardly moving Solid particle-form contact ma 
terial in a confined reaction zone to effect said 
conversion of Said reactants, withdrawing fluid 
conversion products from said reaction zone, 
Withdrawing used contact material from said re 
action zone and passing it as a substantially 
compact column through a confined cooling zone, 
introducing a suitable heat exchange gas into 
Said column in Said cooling zone at a tempera 
ture substantially below that of said contact ma 
terial entering said cooling zone and passing said 
gas through said column in said cooling zone to 
cool the contact material substantially below the 
temperature in said reaction zone, passing the 
cooled contact raaterial from said cooling zone 
through a separate reconditioning zone wherein 
it is treated to render it suitable for reuse in said 
reaction zone, passing the reconditioned contact 
material to a heating zone and passing it through 
said heating zone as a substantially compact 
column, withdrawing Said heat exchange gas 
from Said cooling zone and passing it through 
said column in Said heating zone so as to transfer 
heat removed from Said contact material passing 
through said cooling Zone back to said contact 
material passing through said heating zone, 
withdrawing the resulting cooled heat exchange 
gas from Said heating Zone and returning it to 
said cooling zone. 

2. In a process for conversion of fluid hydro 
carbons in the presence of a moving particle 
form contact material at elevated temperatures 
which are substantially above those at which 
said contact material may be practically handled 
in mechanical conveying equipment, wherein 
said contact material is passed through a cyclic 
path of travel in which it passes through a con 
version zone wherein it flows as a substantially 
compact column while being contacted with fluid 
hydrocarbons to effect the conversion thereof 
and through a reconditioning zone wherein it 
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travel the hot contact material from said con 
version zone is passed to a mechanical convey 
ing zone to be conveyed through a portion of its 
cyclic path of travel, the improvement which 
comprises: passing said hot contact material at 
a point in its cyclic path of travel intermediate 
said conversion zone and the mechanical con 
veying zone, through a separate cooling zone as a 
Substantially compact column while cooling it 
therein to a temperature suitable for its handling 
by mechanical conveying equipment; passing the 
contact material, after having been mechanically 
conveyed, and before its return to said conversion 
Zone through a heating zone as a substantially 
compact column while heating it therein, said 
heating zone being a separate zone in said cyclic 
path of travel in addition to said cooling, recon 
ditioning and conversion zones; passing a suit 
able heat exchange gas as a cyclically moving 
stream through the column of contact material 
in Said cooling and heating zones to effect the 
cooling of said contact material in said cooling 
Zoe and to effect the transfer of the heat re 
moved from Said contact material in said cooling 
Zone to said contact material moving through 
said heating Zone so as to accomplish said afore 
Said heating therein, and adjusting the heat con 
tent of Said cyclically moving stream of heat ex 
change gas at a polnt in its cycle outside of said 
heating and cooling zones to maintain the gas 
inlet temperature to said cooling zone substan 
tially constant. w 

3. In a continuous cyclic process for hydro 
carbon conversion at elevated temperatures 
wherein a particle-form contact material is 
passed continuously through a cyclic path of 
travel which includes a conversion zone wherein 
it is contacted with fluid hydrocarbons at ele 
Wated temperatures to effect the conversion 
thereof, a mechanical conveying zone in which 
is mechanically conveyed from a low level to a 
higher level and a reconditioning zone in which 
it is treated to render it suitable for reuse in said 
conversion Zone, the improvement which com 
prises: passing Said contact material as a Sub 
stantially Compact gravitating column through 
a separate cooling Zone at a location in its path 
of travel prior to its entrance into said mechani 
cal conveying zone, passing a suitable inert heat 
exchange gas through said column in said cool 
ing Zone to effect a sufficient removal of heat 
from said contact material to lower its tem 
peraturer to a level at which it may be practi 
cally mechanically conveyed, and passing said 
contact material as a substantially compact 
gravitating column through a heating Zone at a 
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flows as a substantially compact column while 
being contacted with a suitable reconditioning 
fluid to at least partially recondition it for reuse 
in said conversion zone and in which path of 75 

location in its cyclic path of travel after it has 
been mechanically conveyed and before it is re 
turned into said conversion zone, said heating 
zone being a separate zone in Said cyclic path 
of travel in addition to said cooling conversion 
and reconditioning Zones, passing the heat ex 
change gas from Said cooling Zone through said 
column in Said heating zone under conditions 
controlled to effect transfer to the contact ma 
terial therein at least a substantial part of the 
heat removed from the contact material in said 
cooling Zone, and returning the heat exchange 
gas to Said cooling zone. 

4. A method for conversion of fluid hydro 
carbons at elevated temperatures above about 
1000 F. in the presence of a moving particle 
form contact material which comprises: contact 
ing said fluid hydrocarbon reactants at a suit 
able elevated conversion temperature which is 
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above about 1000 F. with a substantially con 
pact column of downwardly moving solid para 
ticle-form contact material in a confined reace 
tion zone to effect said conversion of said re 
actants, withdrawing fluid conversion products 
from said reaction zone, withdrawing used con 
tact material from said reaction zone and pass 
ing it as a substantially compact column through 
a confined cooling zone, introducing a suitable 
heat exchange gas into said column in said cool 
ing zone at a temperature substantially below 
that of said contact material entering said cool 
ing zone and passing Said gas through said col 
umn in said cooling zone to cool the contact ma 
terial to a temperature within the range about 
700 F. to 1100 F., mechanically conveying the 
cooled contact material to a regeneration Zone, 
passing said contact material through said re 
generation Zone as a substantially compact Cola 
umn while contacting it with an oxygen con 
taining gas to burn off therefrom Carbonaceous 
contaminant, passing the regenerated contact 
material through a heating zone as a substan 
tially compact column, passing said heat ex 
change gas from said cooling zone through said 
column in said heating zone to transfer to said 
contact material the heat removed by said gas 
from the contact material in Said cooling zone 
returning the gas from said heating Zone to said 
cooling zone, and flowing the heated contact ma 
terial from said heating zone to said conversion 
Zoe 

5. A continuous process for conversion of fluid 
hydrocarbons at elevated temperatures in the 
presence of a suitable moving particle-form Con 
tact material which comprises: passing said con 
tact material cyclically in a closed path of travel 
which includes a conversion zone wherein it 
moves downwardly as a substantially compact 
column and is contacted at a suitable elevated 
conversion temperature with a fluid hydrocarbon 
charge to effect the conversion thereof with re 
sultant deposition of carbonaceous material on 
said contact material, through a burning zone 
wherein the carbonaceous material is burned to 
raise the temperature of said contact material 
so as to supply thereto heat for said hydrocarbon 
conversion, and through at least one mechanical 
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conveying zone wherein it is mechanically con 
veyed from a given level to a higher level; pass 
ing the cyclically moving contact material 
through a cooling zone as a substantially compact 
gravitating column at a point in its cyclic path 
of travel after the conversion zone and before 
at least one conveying Zone, passing a suitable 
inert heat exchange gas through said contact 
material column in said cooling Zone under con 
ditions controlled to cool said contact material 
to a temperature within the range about 700' F. 
to 100 F., passing the contact material as a 
substantially compact gravitating column 
through a confined heating zone at a point in 
its cyclic path of travel after at least one con 
veying zone and before it passes to said con 
version zone, said heating Zone being a separate 
zone in said closed path of travel in addition to 
said conversion, burning, cooling and mechani 
cal conveying zones, passing said heat exchange 
gas from said cooling Zone through the Column 
in said heating zone under conditions controlled 
to effect transfer thereto approximately the 
amount of heat removed thereby from said cool 
ing zone and returning the heat exchange gas 
after passage through said heating Zone to said 
cooling zone. 
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6. A method for conducting thermochemical 

conversions of fluid reactants at controlled ele 
vated temperatures in the presence of a moving 
particle-form contact material which comprises: 
passing a suitable heated contact material as a 
Substantially compact column of gravitating 
particles through a confined reaction zone in 
contact with fluid reactants at a temperature 
suitable for effecting the desired conversion of 
said reactants, withdrawing fluid reaction prod 
ucts from said zone, withdrawing used contact 
material from the lower section of said zone sub 
stantially separately of said fluid products and 
flowing said used contact material by gravity to 
a confined cooling Zone, passing said used con 
tact material downwardly through said cooling 
zone as a substantially compact column, passing 
a suitable heat exchange gas upwardly through 
said column in said cooling zone under such 
conditions as to cool said contact material to a 
level at which it may be practically mechani 
cally conveyed, mechanically conveying the 
cooled contact material to a level suitable for 
introduction thereof into a confined recondition 
ing zone, passing said contact material down 
Wardly through said reconditioning Zone as a 
Substantially compact column while subjecting it 
to a treatment to render it suitable for reuse in 
said conversion zone, maintaining a confined 
heating zone at a level above said conversion 
zone, passing reconditioned contact material to 
said heating Zone, passing the contact material 
as a substantially compact column downwardly 
through said heating Zone, passing said heat ex 
change gas from said cooling Zone upwardly 
through said column in said heating zone to 
transfer to said contact material moving there 
through the heat removed by said gas from said 
cooling zone and maintaining the temperature 
of the contact material entering said heating 
zone sufficiently below that of the contact ma 
terial entering said cooling zone to insure said 
transfer of heat between said zones, returning 
the heat exchange gas to said cooling zone and 
flowing the heated contact material from said 
heating zone into said conversion zone. 

7. A method for conducting thermochemical 
conversions of fluid reactants at controlled ele 
vated temperatures in the presence of a moving 
particle-form contact material which comprises: 
passing a suitable heated contact material as a 
substantially compact column of gravitating par 
ticles through a confined reaction zone in con 
tact with fluid reactants at a temperature suit 
able for effecting the desired conversion of Said 
reactants with a resultant change in the contact 
material temperature due to the heat of the re 
action, withdrawing fluid reaction products from 
said zone, withdrawing used contact material 
from the lower section of said zone substantially 
separately of said fluid products and flowing 
said used contact material by gravity to a con 
fined cooling zone, passing said used contact ma 
terial downwardly through said cooling. Zone as 
a substantially compact column while cooling it 
to a temperature at which it may be practically 
mechanically conveyed, mechanically conveying 
the cooled contact material to a level suitable 
for introduction thereof into a confined record 
ditioning zone, passing said contact material 
downwardly through said reconditioning zone as 
a substantially compact column while subjecting 
it to a treatment to render it suitable for reuse in 
said conversion zone, maintaining a confined 
heating zone at a level above said conversion 
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zone, passing reconditioned contact material to 
said heating zone, passing the contact material 
as a substantially compact column downwardly 
through said heating zone, passing a suitable 
heat exchange gas cyclically through the col 
lumns of contact material in said cooling and 
heating zones to effect the contact material cool 
ing in said cooling zone and to transfer at least 
a substantial portion of the heat removed from 
the contact material moving through said cool 
ing zone to the contact material moving through 
said heating zone and maintaining the tempera 
ture of the contact material entering said heat 
ing zone sufficiently below that of the contact 
material entering said cooling zone to insure said 
transfer of heat from said cooling zone to said 
heating zone, adjusting the temperature of said 
cyclically moving heat exchange gas at a loca 
tion in its cyclic path of travel outside of said 
cooling and heating zones in a direction opposite 
to that of the temperature change of the contact 
material passing through said conversion Zone 
and in an amount sufficient to counteract said 
contact material temperature change and to 
maintain a substantially constant gas inlet tem 
perature to said Cooling Zone, and flowing the 
heated contact material from said heating zone 
to said conversion zone. 

8. A method for conducting an endothermic 
conversion of fluid hydrocarbon reactants at 
controlled elevated temperatures in the presence 
of a moving particle-form contact material 
which comprises: introducing a Suitable particle 
form contact material into the upper section of 
a confined conversion zone at an elevated tem 
perature suitable for supporting said endo 
thermic hydrocarbon conversion, passing said 
contact material as a substantially compact col 
umn downwardly through said conversion zone, 
passing fluid hydrocarbon reactants through 
said column to effect said endothermic conver 
sion thereof thereby reducing the temperature 
of said contact material and causing deposition 
of carbonaceous material thereon, withdrawing 
fluid conversion products from Said Zone, Sepa 
rately withdrawing used contact material from 
the lower section of said conversion zone, flow 
ing said used contact material as a substantially 
compact Column downwardly through a confined 
Cooling ZOne while cooling it therein to a tem 
perature at which it may be practically mechand 
cally conveyed, maintaining a confined burning 
Zone separate from Said conversion zone, me 
chanically conveying the cooled contact material 
to a location suitable for its introduction to said 
burning zone, passing said contact material as 
a substantially Compact column downwardly 
through said burning Zone while contacting it 
with a combustion supporting gas to burn of said 
Contaminant, removing at least a substantial 
portion of the heat liberated by said burning 
from the contact material, passing the recondi 
tioned contact material to a mechanical con 
veying zone at a temperature at which it may be 
practically mechanically conveyed, maintaining 
a confined heating zone above said conversion 
zOne, mechanically conveying said reconditioned 
contact material to a location suitable for its in 
troduction into said heating zone, passing the 
contact material downwardly through said heat 
ing zone as a Substantially compact column, pass 
ing a suitable gaseous heat exchange medium 
cyclically through said columns in said cooling 
and heating zones to cool Said contact material 
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the heat removed from said contact materia in 
said cooling zone to the contact material in said 
heating zone, adding heat to said heat exchange 
medium at a location in its cyclic path of flow 
Outside of said heating and cooling zones and 
prior to its entry into said heating Zone in suf 
ficient amount to substantially compensate for 
the amount of heat removed from said contact 
material in said conversion zone and flowing the 
heated contact material from said heating zone 
to said conversion zone. 

9. A method for conducting an endothermic 
Conversion of fluid hydrocarbon reactants at 
controlled elevated temperatures in the presence 
of a moving particle-form contact material which 
comprises: introducing a suitable particle-form 
contact material into the upper section of a 
confined conversion zone at an elevated tem 
perature Suitable for supporting said endo 
thermic hydrocarbon conversion without said 
contact material being cooled below about 1100' 
F., passing said contact material as a substan 
tially compact column downwardly through said 
Conversion zone, passing fluid hydrocarbon re 
actants through said column to effect said endo 
thermic conversion thereof thereby absorbing 
heat from said contact material and causing 
deposition of carbonaceous material thereon, 
withdrawing fluid conversion products from said 
Zone, separately withdrawing used contact ma 
terial from the lower section of said conversion 
Zone, flowing said used contact material as a 
Substantially compact column downwardly 
through a confined cooling zone while cooling it 
therein to a temperature below about 1100° F, 
maintaining a confined burning zone separate 
from said conversion zone, mechanically convey 
ing the cooled contact material to a location suit 
table for its introduction to said burning zone, 
passing Said contact material as a substantially 
compact column downwardly through said burn 
ing zone while contacting it with a combustion 
Supporting gas to burn off said contaminant, re 
moving at least a substantial portion of the heat 
liberated by Said burning from the contact ma 
terial, passing the reconditioned contact mate 
rial at a temperature below about 1100° F. to a 
mechanical conveyor, maintaining a confined 
heating zone above said conversion zone, me 
chanically conveying reconditioned contact ma 
terial to a location suitable for its introduction 
into said heating zone, passing the contact ma 
terial downwardly through said heating zone as 
a substantially compact column, passing a suit 
able gaseous heat exchange medium cyclically 
through said columns in said cooling and heating 
Zones to cool said contact material in said cooling 
2One as aforesaid and to transfer the heat re 
moved from Said contact material in said cooling 
Zone to the contact material in said heating zone, 
flowing the heated contact material from said 
heating zone to said conversion zone to complete 
a cyclic path of contact material stream travel, 
adding sensible heat to the cyclically moving 
stream of contact material at at least one loca 
tion in its path of travel to compensate for the 
heat absorbed by the reaction in said conversion 
Zone and maintaining the temperature of the 
contact material entering said heating zone suf 
ficiently below that of the contact material en 
tering said cooling Zone to insure said transfer 
of heat from said cooling to said heating zone 
by said heat exchange gas. 

10. A process for catalytic cracking conversion 
in said cooling Zone as aforesaid and to transfer 75 of fluid hydrocarbons in the presence of a mov 
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ing particle-form adsorbent catalytic contact 
materia at temperatures above those at which 
said contact material may be practically ne 
chanically conveyed which process comprises: 
introducing a suitable particle-form contact ma 
terial into the upper section of a confined con 
version zone at an elevated temperature suitable 
for supporting said endothermic hydrocarbon 
conversion, which temperatures are above about 
1000 F., passing said contact material as a sub 
stantially compact column downwardly through 
said conversion zone, passing fluid hydrocarbon 
reactants through said column to effect said en 
dothermic conversion thereof thereby causing 
deposition of carbonaceous material on the con 
tact material, withdrawing fluid conversion prod 
ucts from said zone, separately withdrawing used 
contact material from the lower section of said 
conversion zone, flowing said used contact ma 
terial as a substantially compact column down 
wardly through a confined cooling zone while 
cooling it therein to a temperature at which it 
may be practically mechanically conveyed, main 
taining a confined burning ZOne separate from 
said conversion zone, mechanically conveying the 
cooled contact material to a location suitable 
for its introduction to said burning zone, passing 
said contact material as a substantially compact 
column downwardly through said burning zone 
while contacting it with a combustion supporting 
gas to ourn of said contaminant, removing heat 
from said contact material during said burning 
to control it below a heat damaging tempera 
ture, withdrawing regenerated contact material 
from said burning zone, maintaining a confined 
heating zone at an elevational level above said 
conversion zone, passing said regenerated contact 
material to said heating zone, passing the Con 
tact material downwardly through said heating 
zone as a substantially compact Column, passing 
a suitable gaseous heat exchange medium cy 
clically through said columns in said cooling and 
heating zones in a direction Countercurrent to 
the direction of contact material flow in said 
zones so as to cool said contact material in said 
cooling zone to a practicable mechanical con 
veying temperature which is below about 1000 
F. and to transfer the heat removed from said 
contact material passing through said cooling 
zone to said contact material passing through 
said heating zone, adjusting the temperature of 
said gas at a point in its cyclic path of travel out 
side of said cooling and heating zones in suf 
ficient amount to maintain its temperature range 
Substantially constant in Said cooling and heat 
ing zones and passing the heated contact ma 
terial from said heating ZOne to said conversion 
zone as the Supply thereto, 

1. A cyclic process of conducting endothermic 
conversions of fluid reactants in the presence of 
a moving maSS of contact material at tempera 
tures above those at which the contact material 
nay be practically mechanically conveyed which 
comprises introducing said fluid reactant into 
contact with a substantially compact column of 
downwardly gravitating suitable contact mate 
rial particles existing at a suitable temperature 
for the endothermic conversion of said fluid e 
actants, maintaining said reactants in contact 
With said contact material for a sufficient time 
to effect said endothermic conversion and then 
withdrawing the fluid conversion products from 
said conversion Zone, continuously replenishing 
said column at its upper end with reconditioned 
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ture for supporting said conversion, passing the 
used contact material from the lower section of 
said conversion zone to a separate cooling zone 
and passing it downwardly therethrough as a 
substantially compact column, passing a suitable 
heat exchange gas through said column in said 
cooling zone under conditions controlled to cool 
said contact material to a temperature at which 
it may be practically mechanically conveyed, 
mechanically conveying said contact material to 
the level of a separate heating Zone, passing said 
contact through said heating Zone as a substana 
tially compact column of gravitating particles, 
passing said heat exchange gas from said cool 
ing zone through said column in said heating 
zone to transfer the heat removed from said cool 
ing zone by said gas to said contact material 
moving through said heating zone and maintain 
ing the temperature of the contact material en 
tering said heating zone sufficiently below that 
of said contact material entering said cooling 
zone to insure said transfer of heat, returning 
the heat exchange gas after passage through said 
heating zone to said cooling zone, passing the 
contact material from said heating zone through 
a separate reconditioning Zone wherein it moves 
as a substantially compact column, passing a 
suitable reconditioning gas through said contact 
material rounn in said reconditioning Zone to 
further heat said contact material to a suitable 
temperature for supply to said conversion zone 
and passing the reconditioned contact material 
to said conversion zone as aforesaid. 

12. The method for conversion of a fluid hy 
drocarbon charge containing a substantial 
amount of saturated hydrocarbons to gaseous 
ethylene containing products which comprises: 
passing a suitable particle-form refractory type. 
contact material serially downwardly through an 
uppermost heating zone, a reconditioning zone, 
a conversion zone and a cooling zone arranged in 
vertical series, said contact material moving 
through each of said zones as a substantially 
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compact column of gravitating particles, and 
mechanically conveying the contact material 
from the cooling zone to the level of said heating 
zone for supply therento; contacting said con 
tact material in said reconditioning zone with 
suitable gaseous material to heat it to a ten 
perature within the range about 1400 to 1800°F. 
which is suitable for its supply to said conver 
sion zone, passing said fluid hydrocarbon charge 
into contact with the heated contact materia 
in said conversion zone to effect the conversion 
of said charge to gaseous ethylene containing 
products, withdrawing said gaseous products 
from said conversion zone substantially sepa 
rately from said contact material, passing a suit 
able inert heat exchange gas through said co 
umn in Said cooling Zone at a rate controlled to 
cool by direct heat transfer the contact material 
to a temperature below about 100 F, withdraw 
ing the heat exchange gas from said cooling zone 
and passing it through said column in said heat 
ing zone to transfer the heat removed from said 
contact material in said cooling zone to the 
contact material in said heating zone and re 
turning the gas after passage through said 
heating ZOne to said cooling Zone. 

13. A process for catalytic conversion of pe 
troleum hydrocarbon fractions to gaseous prod 
ucts containing substantial amounts of C hy 
drocarbons and of aviation gasoline which com 
prises: contacting said petroleum fraction at a 

contact material existing at a suitable tempera is temperature within the range about 1000 - 
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1200' F. with a substantially compact column of 
downwardly moving adsorbent particle-form 
catalyst in a confined conversion zone to effect 
the conversion of said hydrocarbons to gaseous 
products containing C4 hydrocarbons and avia 
tion gasoline, withdrawing said gaseous prod 
lucts from said conversion zone, withdrawing used 
catalyst from said conversion zone and passing 
it as a substantially compact column through 
a confined cooling zone, introducing a suitable 
heat exchange gas into said column in said cool 
ing zone at a temperature substantially below 
that of said catalyst entering said cooling zone, 
passing said heat exchange gas through said 
column in said cooling zone countercurrently to 
the catalyst flow to cool said catalyst to a tem 
perature below about 1000 F., mechanically con 
veying the cooled catalyst to a regeneration zone, 
passing said contact material through said re 
generation zone as a substantially compact col 
umn while contacting it with an oxygen con 
taining gas to burn off therefrom carbonaceous 
contaminants, passing the regenerated catalyst 
through a confined heating zone as a substan 
tially compact column, passing said heat ex 
change gas from said cooling zone through said 
catalyst in said heating zone countercurrently to 
the catalyst flow to transfer by direct heat 
transfer the heat removed by said gas from the 
catalyst passing through said cooling zone to 
the catalyst passing through said heating zone, 
returning the heat exchange gas from said heat 
ing zone to said cooling zone and flowing the 
heated catalyst from said heating zone to said 
conversion zone. 

14. A continuous process for conducting the 
thermochemical conversion of fluid hydrocarbons 
at elevated temperatures in the presence of a 
suitable moving particle-form contact material 
which comprises: passing said contact materia 
cyclically in a closed path of travel which in 
cludes a Conversion Zone wherein it moves down 
wardly as a substantially compact column and is 
contacted at a suitable elevated conversion tem 
perature with a fluid hydrocarbon charge to ef 
fect the conversion thereof with a resultant 
change in the heat level of the contact material 
due to the thermochemical reaction heat, 
through a reconditioning zone wherein it is 
treated to condition it for reuse in said conver 
sion zone, and through at least one mechanical 
conveying zone wherein it is mechanically con 
veyed from a given level to a higher level; pass 
ing the cyclically moving contact material 
through a cooling Zone as a substantially com 
pact gravitating column at a point in its cyclic 
path of travel after the conversion zone and 
before at least one conveying zone, passing a 
suitable inert heat exchange gas upwardly 
through said contact material column in said 
cooling zone under conditions controlled to cool 
said contact material to a temperature within 
the range about 700 F. to 1100 F., passing the 
contact material as a substantially compact 
gravitating column through a confined heating 
zone a point in its cyclic path of travel after at 
least one conveying Zone and before it passes to 
said conversion zone, said heating Zone being a 
separate zone in said closed path of travel in 
addition to said conversion, reconditionining, 
cooling and mechanical conveying zones, passing 
said heat exchange gas from said cooling zone 
upwardly through the column in said heating 
zone while maintaining the temperature of the 
contact material entering said heating zone sub 
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stantially below that of the contact material 
entering said cooling zone whereby heat removed 
by the gas from said cooling zone is transferred 
to the column of contact material in said heat 
ing Zone, returning the heat exchange gas after 
passage through said heating zone to said cooling 
zone to complete its cyclic path of travel, and 
substantially counteracting the change in heat 
level of the contact material in passing through 
said conversion zone by making an appropriate 
adjustment in the heat level of said heat ex 
change gas at at least one point in its cyclic 
path of travel outside of said heating and cooling 
AOneS. 

15. In a process for conducting endothermic 
conversion of fluid hydrocarbon reactants at con 
trolled elevated temperatures in the presence of 
a moving particle-form contact material where 
in said contact material is passed through a 
cyclic path in which it moves as a substantially 
compact column through a conversion zone in 
which it supplies the reaction heat for effect 
ing the endothermic conversion of a fluid hydro 
carbon charge thereby undergoing a drop in 
temperature and through a reconditioning zone 
in which it flows as a substantially compact col 
umn while being subjected to reconditioning fluid 
to effect at least its partial reconditioning for 
reuse in said conversion zone and in which cyclic 
path of travel the contact material is at least 
Once mechanically conveyed from one level to a 
higher level in at least one mechanical convey 
ing zone, the improvement which comprises, 
passing the hot contact material just prior to 
its passage to said mechanical conveying zone 
through a separate cooling zone as a substantially 
compact column while cooling it therein to a 
temperature below about 1100 F. and passing 
the contact material after having been mechani 
cally conveyed and prior to its passage through 
at least one of said zones other than the con 
veying and cooling zones through a confined 
heating zone wherein it flows as a substantially 
compact column, passing a suitable gaseous heat 
exchange medium cyclically through said col 
umns in said cooling and heating zones in a di 
rection countercurrent to the contact material 
flow in each zone so as to cool said contact ma-. 
terial in said cooling zone to a practical con 
veying temperature which is below about 1100 
F. and to transfer at least a substantial part of 
the heat removed from said contact material in 
said cooling zone to the contact material in said 
heating zone, adding sensible heat to the cycli 
cally moving stream of contact material at at 
least one location in its path of travel to com 
pensate for the heat absorbed by the reaction in 
said conversion zone and maintaining the tem 
perature of the contact material entering said 
heating zone substantially below that of the 
contact material entering said cooling zone to 
insure the transfer of heat from said cooling zone 
to said heating zone by the heat exchange gas 
as aforesaid. 

16. A cyclic process for conducting thermo 
chemical conversions of fluid reactants in the 
presence of a moving mass of particle-form con 
tact material at temperatures above those at 
which such contact material may be practically 
mechanically conveyed which comprises, passing 
said contact material downwardly through two 
separate, superposed, contacting zones through 
which it flows as a substantially compact mass, 
passing a fluid reactant into contact with said 
contact material in one of said contacting zones 
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to effect the hermochemical conversion thereof 
at a suitable range of elevated conversion ten 
peratures and withdrawing fluid conversion prod 
ucts from said zone, passing a suitable condition 
ing gas through the mass of contact material in 
the other of said contacting zones to condition 
said contact material therein for return to the 
zone of fiuid reactant conversion, passing the 
contact material from the lower of said Con 
tacting zones downwardly through a cooling zone 
wherein it flows as a compact mass while being 
cooled to a temperature substantially below that 
in the contacting zone thereabove and which is 
suitable for practicable mechanical conveying of 
said contact materia, mechanically conveying 
said cooled contact material to a level above 
said contacting zones, passing the contact ma 
terial after being conveyed and prior to its flow 
again through at least one of said contacting 
zones through a heating Zone in which it flows 
as a compact mass of particles while being 
heated, then passing the heated contact ma 
terial from said heating zone to the contacting 
zone immediately therebelow, passing a suitable 
heat exchange gas cyclically through the mass 
of contact material in Said heating and cooling 
zones to absorb heat from the contact material 
in said cooling zone and thereby effect said 
cooling thereof and to transfer at east a sub 
stantial part of the heat absorbed in said cooling 
zone to the contact material in said heating Zone. 

7. In a cyclic process for the endothermic 
conversion of fluid hydrocarbon reactants in the 
presence of a suitable heated particle-form solid 
contact material at temperatures above those at 
which it is practical to mechanically convey said 
contact material wherein the contact material 
passes in series through two superposed contact 
ing zones in each of which it flows as a substan 
tially compact column, one of said Zones being a 
conversion zone and the other being a burning 
zone, and wherein a fluid hydrocarbon charge is 
passed into contact with the column of contact 
material in said conversion zone to effect the 
endothermic conversion of said reactants to 
lower boiling fluid hydrocarbon products, at a 
suitable elevated conversion temperature which 
is substantially above that at which said contact 
material may be practically mechanically con 
veyed, said conversion resulting in the deposi 
tion of carbonaceous material on said contact 
material, and wherein an oxygen containing gas 
is passed through said column in said burning 
zone to burn carbonaceous material from the 
contact material and to effect the increase in 
the sensible heat content of said contact mate 
rial to a level at which it may supply the heat 
of endothermic reaction in Said conversion Zone 
without being cooled below a suitable elevated 
conversion temperature, the improvement which 
comprises, passing the hot contact material from 
the lower of said contacting zones through a 
cooling zone in which it flows as a compact co 
umn while being cooled, then mechanically con 
veying the cooled contact material to a level 
above either of said contacting zones, passing the 
contact material after being conveyed and prior 
to its passage through at least one of said con 
tacting zones through a separate heating zone 
in which it flows downwardly as a substantially 
compact column, then passing the heated contact 
material from said heating zone to the contact 
ing zone immediately therebelow, passing a suit 
able inert heat exchange gas through said col 
umn in said cooling zone to cool said contact na 

terial to a temperature at which it may be prac 
tically mechanically conveyed, which tempera 
ture is below about 1100 F, passing the heat 
exchange gas from said cooling zone through 
the column of contact material in said heating 
Zone to transfer the heat removed from the con 
tact material in said cooling Zone to the contact 
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material moving through said heating zone, re 
turning the heat exchange gas after passage 
through said heating zone to said cooling zone. 

18. In a cyclic process for conversion of fluid 
reactants at elevated temperatures wherein a 
particle-form Solid material is passed continu 
Ously through a cyclic path of travel which in 
cludes two contacting zones and at least One me 
chanical conveying zone wherein it is mechani 
cally conveyed from a low level to a higher level, 
one of said contacting zones being a conversion 
zone wherein the solid material is contacted with 
fluid reactants at elevated temperatures to ef 
fect conversion of said reactants to valuable Con 
version products and the other contacting zone 
being a reconditioning Zone in which the solid 
material is at least partially conditioned for reuse 
in said conversion zone, the improvement which 
comprises, passing said Solid material as a sub 
stantially compact gravitating column through a 
separate cooling zone at a location in its path 
of travel prior to its entrance into said mechani 
cal conveying zone, passing a suitable inert heat 
exchange gas through said column in said cooling 
zone to effect a sufficient removal of heat from 
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said solid material to lower its temperature to a 
level at which it may be practically mechanically 
conveyed, and passing said solid material as 
a substantially compact gravitating column 
through a heating zone at a location in its cyclic 
path of travel after it has been conveyed and 
above at least one of said contacting Zones, said 
heating zone being a separate zone in said closed 
path of travel in addition to said conversion, 
reconditioning, cooling and conveying zones, 
passing a suitable heat exchange gas upwardly 
through said columin in said cooling Zone to ef 
fect sufficient removal of heat from the solid 
material to lower its temperature to a level at 
which it may be practically mechanically con 
veyed, said level being substantially below that 
in the contacting zone immediately above said 
cooling zone, passing the heat exchange gas from 
said cooling zone upwardly through said column 
in said heating zone to transfer to the sold na 
terial therein the heat removed from the solid 
material in said cooling zone and returning the 
heat exchange gas to said cooling zone, and 
maintaining the temperature of the solid man 
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terial entering said heating zone below that of 
the solid material entering said cooling zone by 
an amount which will insure substantially com 
plete transfer of said heat removed from said 
cooling zone to said heating zone by exchanging 
heat with the solid material to compensate for 
...the reaction heat in said conversion zone at at 
east one point in the cyclic path of sold travel 
outside of said heating and cooling zone. 

9. In a cyclic process for conversion of fluid 
reactants at elevated temperatures wherein a 
particle-form solid material is passed continu 
ously through a cyclic path of travel which in 
cludes two contacting zones and at least one 
mechanical conveying zone wherein it is me 
chanically conveyed from a low level to a higher 
level, one of said contacting zones being a Con 
version zone wherein the solid material is cons 
tacted with fluid reactants at elevated tempera 
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tures to effect conversion of said reactants to 
valuable conversion products and the other con 
tacting zone being a reconditioning Zone in 
which the solid materia is at least partially con 
ditioned for reuse in said conversion zone, the 
improvement which comprises, passing said solid 
material as a substantially compact gravitating 
column through a separate cooling zone at a loca 
tion in its path of travel prior to its entrance 
into said mechanical conveying Zone, passing a 
suitable inert heat exchange gas through said 
column in said cooling zone to effect a sufficient 
removal of heat from said solid material to lower 
its temperature to a level at which it may be 
practically mechanically conveyed, and passing 
said solid material as a substantially compact 
gravitating column through a heating Zone at a 
location in its cyclic path of travel after it has 
been conveyed and above at least one of said 
contacting zones, said heating zone being a sep 
arate zone in said closed path of travel in addi 
tion to said conversion, reconditioning, cooling 
and conveying zones, passing a suitable heat ex 
change gas upwardly through said column in said 
cooling zone to effect sufficient removal of heat 
from the solid material to lower its temperature 
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to a level at which it may be practically line 
chanically conveyed, said level being substan 
tially below that in the contacting zone immedi 
ately above said cooling zone, passing the heat 
exchange gas from said cooling zone upwardly 
through said column in said heating zone to 
transfer to the Solid material therein substan 
tially all of the heat removed from the solid ma 
terial in said cooling zone and returning the 
heat exchange gas from said heating zone to said 
cooling Zone, and maintaining the temperature 
of the contact material entering said heating 
Zone sufficiently below that of the contact mate 
rial entering said cooling Zone to insure said heat 
transfer by Said heat exchange gas from said 
Cooling zone to said heating zone. 
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