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3,033,779 
CONVERSION OF HYORCCAERSONS WITH FLUD 
IZED SOLID PARTICLES IN THE PRESENCE 
OF COMBUSTION GASES CONTAINING HY 
DROGEN a 

Morris Fidelman, Glen Oaks, N.Y., assignor to Hydro 
carbon Research, ac, New York, N.Y., a corporation 
of New Jersey 

Filed July 1, 1953, Ser. No. 365,449 
6 Claims. (C. 208-127) 

This invention relates to the high-temperature treat 
ment of hydrocarbons and is more particularly concerned 
with the efficient production of high octane gasoline froin 
heavy oils, especially those which have a high content of 
sulfur, nitrogen or metal compounds. 

Various processes have been proposed for converting 
heavy hydrocarbons to lighter hydrocarbons boiling in 
the gasoline range and a large proportion of these proc 
esses involve the conversion of the hydrocarbons in the 
presence of particulate contact material on which a car 
bonaceous deposit is formed by the hydrocarbons under 
going conversion and which is subjected to regeneration 
to remove the carbonaceous deposit. Generally, the 
heavier the feed hydrocarbons are, the greater is the 
amount of carbonaceous deposit formed on the contact 
material and, consequently, the greater is the problem of 
regenerating the contact material. Since the cost of re 
generating the contact material is an important factor in 
the operating cost of the hydrocarbon conversion process 
as a whole, it is readily seen that several processes and/or 
hydrocarbon stocks cannot be used commercially because 
of the unfavorable economics of the regeneration step. 
A principal object of the invention is to regenerate the 

contact material by converting the carbonaceous deposit 
thereon to valuable gaseous products. 

Another important object is to utilize a portion of the 
gaseous products of regeneration in the conversion of the 
hydrocarbons to improve the yield and quality of the 
hydrocarbon conversion products. 
A further important object is to transport the contact 

material back to the hydrocarbon conversion zone while 
simultaneously effecting the removal of a portion of the 
carbonaceous deposit thereon. 

Additional objects and advantages of the invention will 
be apparent from the description which follows. 

In accordance with the invention, hydrocarbon oil is 
subjected to treatment at elevated temperatures in the 
presence of a particulate contact material or carrier and 
a hydrogen-containing atmosphere produced by the re 
action of a controlled quantity of carbon with oxygen 
and steam at temperatures above about 1600 F. The 
carbon deposited on the carrier in the hydrocarbon treat 
ment zone is gasified in two regeneration zones, one of 
which provides the previously mentioned hydrogen-con 
taining atmosphere. The hydrocarbon conversion zone 
and the two regeneration zones are arranged in com 
munication with each other so that the solid carrier par 
ticles circulate from the conversion zone to the first re 
generation zone, thence to the second regeneration zone, 
and thence back to the conversion zone, while the hydro 
gen-containing regeneration product gases flow from the 
first regeneration zone through the conversion zone and a 
gaseous product effluent is separately withdrawn from 
the second regeneration zone. 
With the particulate carrier in a fluidized state, the 

hydrocarbon treatment or conversion zone and the two 
regeneration zones are preferably arranged in a single 
vessel with the hydrocarbon treatment zone superposed 
over the first regeneration Zone and with a second re 
generation zone parallel to and substantially coextensive 
with both the conversion and first regeneration zones. A 
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flow-restricting baffle structure is placed between the con 
version and first regeneration zones to permit the main 
tenance of substantially different temperatures in these 
Zones while allowing the regeneration product gases to 
ascend from the first regeneration Zone into the conver 
sion Zone and fouled carrier particles to descend from 
the conversion zone into the first regeneration zone. The 
lower end of the second regeneration zone communicates 
with the first regeneration Zone and its upper end with 
the conversion zone; carrier particles flowing from the 
first regeneration Zone to the second regeneration zone 
are conveyed therethrough, while a portion of the carbo 
naceous deposit on these particles is gasified, to the con 
version Zone to contact again the hydrocarbons under 
going treatment. 

It is generally advisable to interpose a secondary crack 
ing Zone between the cracking and first regeneration 
Zones. Preferably, the secondary cracking zone is of the 
type disclosed in the application of Finneran et al., Serial 
No. 299,114, filed July 16, 1952, now U.S. Patent No. 
2,861,943 wherein fluidization of the particulate carrier 
is restained in the sense that the vertical movements of 
the fluidized particles are restricted to the extent that a 
temperature gradient is established along the vertical di 
mension of the secondary cracking Zone, ranging from 
the temperature of the upper cracking zone which is con 
tiguous with the upper end of the secondary cracking zone 
to the higher temperature of the first regeneration zone 
which is contiguous with the lower end of the secondary 
Zone. Such restrained fluidization is obtained by filling 
the secondary cracking Zone with coarse packing bodies 
like Raschig rings and Berl saddles. 

Accordingly, in a preferred embodiment of the inven 
tion, fluidized carrier particles circulate through a system 
which includes the primary cracking zone into which the 
hydrocarbon oil, preferably preheated, is fed. Conver. 
sion of the hydrocarbon oil deposits heavy hydrocarbons 
and carbon on the carrier particles and these particles 
are passed with restained fluidization downwardly through 
the Secondary cracking Zone in countercurrent contact 
with a stream of regeneration product gases containing 
hydrogen and formed by reacting carbon with high-purity 
OXygen and steam at a temperature above about 1600 
F. in the first regeneration zone. From the secondary 
cracking Zone, the particulate carrier passes into the first 
regeneration Zone wherein enough of the carbonaceous 
matter on the carrier is reacted with steam and oxygen to 
yield the hydrogen-containing product gases that are re 
quired in both the primary and the secondary cracking 
Zones. Besides hydrogen, these regeneration product 
gases contain carbon monoxide, carbon dioxide and ex 
cess steam, and, after passing upwardly through the sec 
ondary and primary cracking zones, these gases are with 
drawn together with the hydrocarbon conversion prod 
licts from the top of the primary cracking zone as a 
single gaseous effluent. In converting heavy hydrocar 
bon oils, more carbonaceous matter is deposited on the 
carrier than can profitably be gasified to provide the de 
sired hydrogen in the cracking zones. If all of the hydro 
gen-containing regeneration product gases derived from 
all the carbonaceous matter were passed into the crack 
ing Zones, undue dilution of hydrocarbon conversion 
products in the total gaseous effluent of the primary crack 
ing Zone would result, thus unnecessarily increasing the 
size of the recovery plant required to separate the vari 
ous products in the total gaseous effluent. However, since 
in accordance with this invention only a portion of the 
carbon is gasified in the first regeneration zone, the carrier 
is passed to a second regeneration zone wherein the ex 
cess carbonaceous matter is removed by a gasifying re 
action and from which the carrier is returned to the pri. 
mary cracking Zone. The gases produced in the second 
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regeneration zone are withdrawn as a by-product stream 
which is independent of the production and withdrawal 
of the total gaseous effluent. Gasifying conditions in the 
first regeneration zone are therefore set to provide hydro 
gen-containing gases which are best suited for utilization 
in the hydrocarbon conversion, regardless of the total 
amount of carbonaceous matter which must be removed 
from the carrier particles before the particles are returned 
to the conversion zone. 
From the total effluent, a good yield of high octane 

gasoline is recovered, even when the feed stock is a heavy 
crude or residual oil containing large quantities of sulfur, 
nitrogen and metal compounds. This yield of high octane 
gasoline is obtained with minimum formation of hydro 
carbons boiling above the gasoline range (end point of 
400 F.), and these higher boiling hydrocarbons may be 
recycled to the conversion process to form additional 
gasoline or utilized as feed to a conventional catalytic 
cracker or sold as fuel. 

In most cases, the gasoline produced by the process of 
this invention has a sulfur content within commercially 
desirable limits and is in other respects an acceptable 
product. In those cases where, because of the excessive 
ly poor quality of the oil treated, the gasoline produced, 
although of much reduced sulfur content, still contains 
more sulfur than is desirable or has less than the desired 
stability characteristics, the sulfur content and the sta 
bility characteristics can be brought to acceptable values 
by known refining processes, e.g., catalytic treatment of 
the gasoline with hydrogen at elevated temperatures. 
The particulate carrier which is employed in the proc 

ess of the invention is any solid heat-resistant material, 
such as sand, quartz, alumina, magnesia, Zircon, beryl, 
bauxite or other like material, which will withstand the 
desired regeneration conditions including a temperature 
above 1600 F. without physically disintegrating or fusing. 
The entire reaction system, i.e., the primary cracking 

zone, the secondary cracking Zone if present, and the first 
and second regeneration zones, is generally maintained 
at a total pressure in the range of about 150 to 800 
p.s.i.g. (pounds per square inch gage), preferably 250 to 
650 p.s.i.g., while a hydrogen partial pressure of at least 
35 p.s. i. (pounds per square inch), preferably 75 to 150 
p.s. i., is maintained in the primary and secondary crack 
ing zones by the passage therethrough of the regenera 
tion product gases from the first regeneration zone. A 
hydrogen partial pressure in excess of 150 p.s. i. is not 
necessary since maximum benefits from the presence of 
hydrogen are obtained in the indicated range and there is 
little or no economic justification for employing a hydro 
gen partial pressure above 150 p.s. i. The use of total 
pressures in the indicated range also provides a high 
oxygen partial pressure in each regeneration Zone, in 
creasing the rate of regeneration and allows efficient re 
covery of the normally liquid hydrocarbon products from 
the total gaseous effluent. 
The temperature of the primary cracking zone is main 

tained in the range of 850 to 1100 F., preferably 900 to 
1050. F., by control of the temperature and quantity of 
carrier transferred from the second regeneration Zone, 
and by control of the temperature to which the hydro 
carbon oil feed is preheated. The feed rate of hydrocar 
bon oil is desirably maintained at 0.2 to 3.0, preferably 
0.5 to 1.5, volumes of liquid oil per hour volume of the 
primary cracking zone. The oil partial pressure, deter 
mined essentially by the rate of hydrocarbon oil feed 
and the volume of regeneration product gases, may vary 
from about 5 to 100 p.s. i., preferably from 10 to 50 p.s.i. 
It is a feature of the invention that the preferred range 
of conversion temperature is higher and the preferred 
range of oil partial pressure lower than are generally em 
ployed in thermal cracking processes, and as a conse 
quence the gasoline which is produced is considerably 
higher in octane number than that produced in such 
processes, approximating 90 CFRR octane number with 
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out use of tetra-ethyl lead or other anti-knock additives. 

In the first regeneration zone, part of the non-volatile 
carbonaceous deposit on the particulate carrier is reacted 
with a regenerating gas consisting essentially of Steam and 
oxygen, at a temperature in the range of 1600 to 2500 
F., preferably 1700 to 2000 F. The regenerating gas 
contains a preponderance of steam and a minor propor 
tion of high-purity oxygen, the latter more specifically 
containing at least about 90% by volume of oxygen, pref 
erably at least 95% by volume of oxygen, and obtained, 
for example, by air liquefaction and rectification. Steam 
to-oxygen volume ratios in the range of 1.5:1 to 5:1 are 
generally satisfactory for generating the required quantity 
of hydrogen. It is preferable, as a practical matter, to 
employ a steam-to-oxygen volume ratio of the order of 
2:1 to 3:1 and thereby avoid a very high regeneration 
temperature. The regeneration of the carrier results in 
the production of a gaseous mixture comprising essentially 
hydrogen, carbon monoxide, carbon dioxide and excess 
steam. The gaseous mixture from the first regeneration 
Zone passes through the secondary cracking zone, if pres 
ent, and the primary cracking zone, providing therein the 
desired hydrogen and acting as the principal medium for 
carrier fluidization. 

In the second regeneration zone, excess carbonaceous 
matter is removed from the carrier by a gasifying reac 
tion. For instance, any oxygen-containing gas may be 
used to convert the carbon to carbon oxides. Preferably, 
the carbon is gasified to produce valuable gases like hy 
drogen and carbon monoxide, and for this purpose steam 
and high-purity oxygen are supplied to the second regen 
eration zone. While the resulting product gases, rich in 
hydrogen and carbon monoxide, may be advantageously 
utilized in various chemical and metallurgical processes, 
an important use contemplated by this invention is in the 
refining of the cracked gasoline recovered from the total 
gaseous effluent. The refining of cracked gasoline in the 
presence of hydrogen to eliminate sulfur compounds and 
gum-forming constituents is illustrated by the process of 
copending application Serial No. 272,512, filed Febru 
ary 19, 1952, in the names of C. A. Johnson and S. C. 
Schuman, on which U.S. Patent 2,774,718 was granted 
December 18, 1956. Gases rich in hydrogen and car 
bon monoxide, as produced in the second regeneration 
zone, are well suited for direct utilization in such gasoline 
refining processes; in some instances, the hydrogen con 
centration of the product gases may profitably be in 
creased prior to using these gases in the refining of gaso 
line simply by subjecting them to the well known water 
gas shift reaction: 

CO--HO : CO- H. 
and scrubbing out carbon dioxide. 
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It appears that carbon which is subjected. to gasification 
in the presence of steam at temperatures above 1600' F. 
undergoes activation. Accordingly, it is often desirable 
to leave of the order of not more than 2% by weight of 
the activated carbon on the carrier particles returned to 
the primary cracking zone. 
The two regeneration zones provide the process of this 

invention with considerable operational flexibility. For 
instance, the first regeneration zone may be operated with 
a low steam-to-oxygen ratio, say 2, to increase the hy 
drogen partial pressure in the regeneration product gases 
and thus, decrease the volume of the total gaseous efflu 
ent sent to the recovery system; this would tend to raise 
the regeneration temperature which could be counter 
balanced by using a high steam-to-oxygen ratio in the 
second regeneration zone to lower the temperature of the 
carrier. 

For a fuller understanding of the invention, reference 
is made to the accompanying drawings wherein: . . 
FIGURE 1 is a sectional elevation, represented sche 

matically, of a preferred reactor. for use in accordance 
with this invention; 
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FIGURE 2 is a similar view of a modified reactor; and 
FIGURE 3 is a diagrammatic flowsheet of the combina 

tion of a reactor such as shown in FIGURE 1 or 2 with 
a gasoline refining plant which is supplied with hydrogen 
produced in the secoind regeneration zone of the reactor. 

In FIGURE 1, an upright cylindrical vessel 10 is pro 
vided with a flow-restricting baffle structure 11 at an in 
termediate level therein to permit the maintenance of 
different temperatures in the fluidized carrier particles 
on opposite sides of baffle structure it which is shown 
as a perforated plate but, as known, may take the form 
of a grill, a screen or closely spaced baffle slats. Plate 
11, in effect, divides vessel 10 into a first regeneration 
zone 12 and a cracking zone 13. Since it is preferred to 
use also a secondary cracking Zone, the latter is formed 
by a bed of packing bodies 14, such as 2-inch Raschig 
rings, supported by plate 11 and filling the lower por 
tion of zone 13. Thus, the upper unpacked portion of 
zone 13 becomes primary cracking Zone 15 and the bed 
of Raschig rings 14 provides secondary cracking Zone 16. 
A tube 17 extends from the lower end portion to the 
upper end portion of vessel 18, passing through plate 11 
and the bed of rings 14. An adjustable valve 18 at the 
bottom of vessel 10 functions to control the flow of fluid 
ized particles into tube 17 and has a tubular stem i9 and 
openings 20 through which a gaseous stream is injected 
into tube 17 both to gasify carbonaceous material on 
the carrier particles and to transport these particles from 
zone i2 to the top end portion of vessel i0. Tube 17, 
which may increase in diameter upwardly, is nested at 
its upper end inside larger tube 21 and forms therewith 
an annular path 22. To facilitate the separation of gases 
and solids at the top end of tube 17, it is advisable to 
enlarge the upper section of tube 21 as shown at 23. Tube 
section 23 is fastened to the top of vessel it and provides 
a settling chamber for the solids carried up through tube 
17 by the up-flowing gases which leave vessel 10 through 
outlet 24. If desired, a filter or cyclone separator may 
be placed in tube section 23 so that the gases pass there 
through before exiting through outlet 24. At the bot 
tom of first regeneration zone 12 is an inlet 25 for in 
troducing the regenerating gas. In primary cracking Zone 
15, there is a feed distributor 26 for introducing the hy 
drocarbon oil from pipe 27 and an outlet 28 for renov 
ing the total gaseous effluent. 

in operating the reactor of FIGURE 1, the fluidized 
mass in zone 15 has a gas-solid interface 29 and that in 
tube section 23 has interface 30. Carrier particles which 
become fouled in primary cracking Zone 15 move down 
wardly through secondary cracking Zone 16 wherein the 
temperature increases and up-flowing regeneration prod 
uct gases rich in hydrogen act to crack and strip off 
heavy hydrocarbons adsorbed on the fouled carrier parti 
cles. Thence, carrier particles with a substantially dry 
carbonaceous deposit discharge into first regeneration Zone 
12 in which a portion of the carbonaceous deposit is gasi 
fied to produce the hydrogen-rich gases. The regenera 
tion product gases from Zone 12 and the hydrocarbon con 
version products form the total gaseous effluent which 
emerges from interface 29 and leaves the reactor through 
outlet 28. Partially regenerated carrier particles flow 
into the lower end of tube 17 and are conveyed upwardly 
by regenerating gas entering by way of openings 20 in 
valve 18. The thus further regenerated carrier particles 
flow over the top end of tube 17 and down annular path 
22, discharging in primary cracking Zone 15 to contact 
again the oil treated therein. The gases emerging from 
interface 30 are separately withdrawn through outlet 24. 

In the modified reactor of FIGURE 2, the central tube 
17 and its associated elements, shown in FIGURE 1, have 
been replaced by partition 3 disposed in Zone 2 to 
form the second regeneration zone. The second reger 
eration zone is connected by duct 32 to a cyclone separa 
tor 33 at the top of the reactor. Thus, regenerating gas 
introduced into the second regenereation zone by way of 
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inlet 34 not only effects the further gasification of the car 
bonaceous deposit on the carrier particles which has been 
partly consumed in the first regeneration Zone 12 but also 
transports the carrier particles up through duct 32 into 
cyclone 33. There, the gaseous products are separated 
and withdrawn through outlet 24 while the regenerated 
carrier particles flow down through standpipe 35 into 
primary cracking Zone i5. 
The flowsheet of FIGURE 3 shows that the total gase 

ous effluent from outlet 28 of a reactor i0 of the type 
shown in FIGURE 1 or 2, flows to a recovery plant 40 
wherein the effluent is treated to separate normally gase 
ous products and heavy oils from the gasoline fraction. 
The gaseous products leave plant 40 through line 41 and 
the heavy oils through line 42 while the gasoline frac 
tion passes through line 43 to inlet 44 of hydrotreating 
reactor 45. Simultaneously, hydrogen-containing prod 
uct gases withdrawn from the second regeneration Zone 
of reactor i0 by way of outlet 24 are passed either 
directly through valved line 46 and line 47 to inlet 44 or 
through valved line 48 and hydrogen-enriching plant 49 
whence a hydrogen-enriched stream flows by way of line 
47 to inlet 44. Plant 49 may involve simply an absorption 
system for removing carbon dioxide from the gases 
leaving reactor i0 at outlet 24, thus yielding a stream 
with a higher concentration of hydrogen. Alternatively, 
a further increase in the concentration of hydrogen may 
be obtained by including in plant 49 a water-gas shift 
converter to convert the carbon monoxide content of the 
stream to hydrogen and carbon dioxide, the latter being 
removed by absorption prior to the introduction of the 
thus treated stream into hydrotreating reactor 45. 
FIGURE 3 thus illustrates an important application of 

the invention wherein not only is a heavy oil converted 
in reactor 10 to a high yield of gasoline but also the 
second regeneration zone of reactor 10 produces a gaseous 
stream containing hydrogen which is well adapted, with 
or without further treatment, for use as the gaseous re 
actant in reactor 45 in treating the gasoline fraction re 
covered from the operation of reactor 6 to decrease the 
sulfur content and/or to improve the storage stability of 
the finished gasoline product. - 

In an illustrative operation of this invention, a Boscan 
(Venezuelan) crude oil having the following character 
sitics: 

Gravity, degrees API------------------------- 10.5 
Sulfur, Weight percent------------------------ 5 
Carbon, Ramsbottom, weight percent.------------ 13 
is treated in a reactor of the type shown in FIGURE 1. 
Vessel 10 has an inside diameter of 16 feet and an over 
all height of 120 feet. Tube 17 has a bottom diameter 
of 3/2 feet and increases to a diameter of 4/2 feet at 
its top, while tube 21 has an internal diameter of 7 feet. 
Bauxite is employed as the comminuted contact material 
being of fluidizable size range with 90% between 40 and 
400 mesh. The total pressure in reactor 10 is maintained 
at 400 p.s.i.g.; the partial pressure of hydrogen in pri 
mary cracking Zone 15 is of the order of 100 p.s. i. and is 
even higher in secondary cracking zone 16. 

Boscan crude oil, preheated to a temperature of 700° 
F., is introduced through pipe 27 at the rate of 25,000 
barrels per day into primary cracking zone 15, and oxygen 
of 95% by volume purity and steam are introduced 
through inlet 25 at the rate of 10.5 MM s.c.f.d. (million 
standard cubic feet per day) and 21 MM s.c.f.d., respec 
tively, to react in first regeneration zone 12 with the 
carbonaceous deposit on the bauxite passing into zone 2 
from secondary cracking Zone 16. The steam-to-oxygen 
ratio is 2:1. 

Additional oxygen of 95% by volume purity and steam 
are injected through tubular stem 19 and into tube 17 
at the respective rates of 5.3 and 13.2 MM s.c.f.d. The 
oxygen and steam injected into the bottom of tube 17 
effect further gasification of the carbon on the bauxite 
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while transporting the bauxite upwardly through tube 17 
at the rate of 360 tons per hour. All of the oxygen is 
preheated to 300° F. and the steam to 1000 F. The tem 
perature is 980 F. in primary cracking Zone 15 and 
1800 F. in the first regeneration zone 12, there being a 
temperature gradient through packed secondary cracking 
zone 16 ranging from the temperature of primary crack 
ing zone 15 to that of first regeneration zone 12. 

Product gases are removed through outlet 24 at the 
rate of 29 MM s.c.f.d. and have the following composi 
tion (volume basis): 

Percent 
H ------------- ------------- - - - - - - - - - - - - -- - - 33 

CO ----------------------------------------- 18 
CO2 ----- ------------------------------------ 19 
N2 ------------------------------------------ 
H2O ---------------------------------------- 29 
The effluent removed through outlet 28 contains the 

volatile products of conversion of the Boscan crude oil 
admixed with regeneration product gases and excess steam. 
The following liquid hydrocarbon products are recovered 
from the effluent: - 

- - Barreis 

Gasoline (C4 and higher hydrocarbons up to 
400 F.).--------------------------------- 10,200 

Light gas oil (boiling 400-750 F.)----------- 6,200 
Heavy gas oil (boiling above 750 F.) --------- 4,300 
The non-condensable portion of the effluent, after remov 
ing water vapor, contains on a volume basis on the order 
of 25% hydrogen, 25% gaseous hydrocarbons, principal 
ly methane, 20% carbon monoxide and 20% carbon di 
oxide. - 

In view of the various modifications of the invention 
which will occur to those skilled in the art upon consid 
eration of the foregoing disclosure without departing from 
the spirit or scope thereof, only such limitations should 
be imposed as are indicated by the appended claims. 
What is claimed is: 
1. The process of converting a heavy hydrocarbon oil 

of high Ramsbottom carbon residue which comprises con 
verting said oil at an elevated temperature in a cracking 
zone in the presence of a hydrogen-containing atmosphere 
and particulate contact material maintained in a fluidized 
state, passing said contact material from said cracking 
zone downwardly to a lower regeneration zone, gasifying 
in said lower zone a portion of the carbonaceous deposit 
formed on said contact material during conversion of said 
oil with steam and high-purity oxygen at a temperature 
of at least 1600 F. thereby forming regeneration product 
gases containing hydrogen, flowing said regeneration 
product gases upwardly through said cracking Zone to 
provide therein a hydrogen-containing atmosphere as 
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aforesaid, passing said contact material from the lower 
end portion of said lower zone to a third Zone extending 
upwardly and substantially coextensive with said crack 
ing and lower zones, gasifying a further portion of said 
carbonaceous deposit with an oxygen-containing gas while 
effecting upward fluidized flow of said contact material in 
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said third Zone, withdrawing a gaseous product effluent 
from the top end portion of said third Zone as a separate 
stream, and passing said contact material from the top 
end portion of said third zone by gravity flow to said 
cracking Zone. 

2. The process of claim 1 wherein said contact ma 
terial in said third zone is maintained as an up-flow 
fluidized bed with a gas-solid interface at a level above 
that of the gas-solid interface in said cracking Zone. 

3. The process of claim 1 wherein the gasification in 
said third Zone is carried out with high-purity oxygen and 
steam at an elevated temperature effective for the pro 
duction of hydrogen. 

4. The process of claim 1 wherein a secondary crack 
ing zone is interposed between said cracking and lower 
zones whereby said contact material from said cracking 
zone first passes downwardly through said secondary zone 
while said regeneration product gases from said lower 
zone first flow upwardly through said secondary zone. 

5. The process of claim 4 wherein the temperature in 
the cracking zone is maintained in the range of 850 to 
1100. F., the temperature in the lower zone is maintained 
in the range of 1700 to 2000. F., and a temperature 
gradient is maintained in the secondary cracking zone 
with a temperature at the upper end of said secondary 
Zone close to the temperature in said cracking Zone and 
a temperature at the lower end of said secondary Zone 
close to the temperature in said lower zone. 

6. The process of claim 1 wherein the temperature of 
said contact material is decreased during passage through 
said third Zone. 
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