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1. 
This invention relates to an improved inlethod 

and means for effecting the conversion of heavy 
hydrocarbonaceous materials and particularly the 
coking of relatively heavy hydrocarbon oil 
streams in the presence of subdivided coke, to 
produce more desirable lighter hydrocarbon frac 
tions and net usable: coke. More specifically, the 
present invention is directed to the cracking and 
coking of heavy residual petroleum oils and tal's 
in a moving or fluidized bed type of operation, 
with heat being supplied to the coking Zone by a 
continuous recycle: stream of heated Coke par 
ticles, and it provides an improved method and 
means for effecting the separation of the result 
ing coke particles so that only the finer coked 
particles are returned to the coking Zone: to Sup 
ply heat thereto. and to provide nuclei for the 
formation of additional coke. 
Many of the recently disclosed continuous types 

of coking operations of the moving or fluidized 
bed type, have been designed in a manner which 
provides for transfer of both hot combustion: gases 
and coke particles to the coking zone to aid in the 
distillation and coking of the charge Stream. 
The hot combustion gases. Within the coking Zone 
give rise to the contamination of the desired con 
densable conversion productS. by undesired oxy 
genated inpurities, as well as considerable. quan 
tities of uncondensable-gases. Also, many of the 
processes; make use of mechanical crushing or 
other mechanical sizing and separating means to 
provide for the return of finely. divided particles 
to the coking zone, with the disadvantages ac 
companying the continuous operation of the 
mechanical apparatus; as well as high installa 
tion costs. 

It is a principal object of the present invention 
to provide a simple and efficient method and 
means for effecting the separation of the coke' 
produced and the return of only the finer of the 
particles to the coking zone as: nuclei and as a 
heat supplying medium; 

It is also an object of the present invention to 
provide for the continuous separation of the coke 
particles passing to a combustion and devolatiliz 
ing zone from the coking Zone, simultaneously. 
with a heating of these particles by the burning 
of a portion thereof in animproved manner which 
assures a continuously replenished accumulation 
of heated finer coke particles in a collecting Zone 
or reservoir wherefrom a stream of the hot fine 
coke particles may be returned to the coking Zone 
at a rate controllable independently of the rate 
of introduction of reactant fluids to this Zone: 
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2 
to provide a method and means for effecting the 
transfer of the fine coke particles and combustion 
gases, resulting from the coke separation and 
heating in the combustion and burning zone, 
from this zone to a fine coke collecting zone in 
a manner permitting maximum preservation and 
utilization of the heat contained in these com 
bustion gases and fine particles simultaneously 
With the feeding of the separated hot fine par 
ticles Substantially by gravity flow to an ele 
Wated portion of the coking Zone. 

It is still another object of this invention to 
provide an improved method and means for si 
multaneously minimizing the coke combustion 
and controlling the separation in the combustion 
Zone by Supplying to the latter an oxygen-con 
taining gas stream containing regulated amounts 
of a hot relatively inert gas produced and Sepa 
rated Within the System. 

Principally, the improved method for effecting. 
the conversion of a heavy hydrocarbonaceous 
charge stream into more valuable lower boiling 
products and coke according to this invention 
comprises, introducing a stream of heated fine 
coke particles into a confined coking Zone and 
therein contacting them. With the heavy hydro 
carbonaceous charge Stream at a temperature" at 
which this charge stream is converted into lower 
boiling vaporous products and coke with the 
transformation of at least Some of fine coke par 
ticles into coarser particles, continuously with 
drawing resulting, vaporous conversion products 
from-the-coking zone and passing them to a frac 
tionating Zone, discharging a Stream of mixed 
fine and coarser coke. particles: from the coking 
zone into a fluidized bed of coke particles main 
tained in the lower portion of a separate confined 
combustion Zone, introducing a gas stream con 
taining free oxygen into the lower portion of 
the fluidized bed and therein burning a portion 
of the coke and heating the residual portion of 
the coke: particles: while simultaneously passing: 
the oxidizing gas stream and resulting combus 
tion gases upwardly through the fluidized bed at 
a rate at which fine coke: particles...are elutriated 
from the coarser particles and are entrained in 
the gas mixture disengaging from the fluidized 
bed into the upper portion of the combustion 
Zone, passing the resulting hot fine coke suspen 
Sion into a Separate confined collecting: zone' of 
higher elevation than the coking zone, separating 
the suspension in the collecting zone at a tem.' 
perature substantially above: the average tem 
perature maintained in the coking: zone into: 

It is a further object' of the present invention 55 combustion gases: which are continuously with 
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drawn from the upper portion of the collecting 
ZOne and into fine coke particles which are col 
lected in the lower portion thereof, passing a 
stream of the separated fine coke particles from 
the lower portion of the collecting zone substan 
tially by gravitational flow as the aforesaid heat 
ed fine coke particles into the coking zone, and 
withdrawing a stream of relatively coarse par 
ticles from the lower portion of the fluidized bed 
and the combustion zone as net coke production 
of the process. 

In a preferable operation, the heavy hydrocar 
bonaceous feed stream is preheated to a high 
temperature, precluding cracking or coking with 
in the transfer line to the coking Zone, say to the 
order of 82.5° F. for a reduced crude charge and 
generally within the range of from about 750 
to about 850 F., and is commingled with the hot 
finely divided coke particles in the top portion 
of a descending bed of coke particles maintained 
within the cracking and coking Zone. At the de 
sired high temperature conditions, the heavy hy 
drocarbonaceous charge strean is Substantially 
non-viscous and is cracked and coked with a 
minimum of agglomeration of particles. Addi 
tional coke may be formed by the deposition of a 
thin film-like layer over the coke nuclei intro 
duced to the zone, while in addition new nuclei or 
particles may be formed during the ensuing Con 
version and the descent of the dense bed of par 
ticles through the conversion and coking ZOne. 
Where the heavy charge stream is introduced to 
the upper portion of a descending relatively con 
pact moving bed of coke particles extending 
through Substantially the entire height of the 
coking zone, the resulting vaporous fractions are 
preferably withdrawn from an intermediate ol 
lower portion of the descending bed of particles. 
However, when operating with a fluidized dense 
phase bed of coke particles in the conversion Zone, 
the heavy charge stream is introduced preferably 
at an elevated point of such bed below the upper 
level of the latter and the Vaporous conversion 
products are discharged from the fluidized bed 
into the upper portion of the conversion Zone to 
be thereafter directed from the latter to frac 
tionation. 
In accordance with a preferred operation, the 

fine coke particles are introduced to the upper 
portion of the coking zone to maintain the de 
scending bed of particles, and are supplied thereto 
at a high temperature within the range of from 
about 1000 to about 1100° F., while the average 
bed temperature in the conversion Zone is main 
tained at about 925-965 F., and all or at least 
a considerable portion of the necessary heat 
for effecting the cracking and coking of the 
charge stream is introduced in this manner by 
the supply of heated fine coke particles. How 
ever, a desirable operation also utilizes a 
light high temperature gaseous Ol' vaporous 
stream within the lower portion of the coking and 
conversion zone to supplement the Supply of reac 
tion heat and to aid in the deaSphalting and dry 
ing of the resulting coke formation and in the 
substantially complete removal of valuable low 
boiling hydrocarbon fractions absorbed or en 
trained with the descending bed of particles SO 
that a substantially asphalt-free hard coke 
reaches the bottom portion of the coking Zone in 
a freely flowing particulated State. A gasiform 
material which will not combine with the desired 
vaporous product stream in a detrimental man 
nel, and more particularly a gasiform material 
practically devoid of free oxygen, or a vapor 
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4. 
stream which may be readily condensed and sep 
arated from the desired product fractions, is 
preferably used as the high temperature fluid 
stream. Within the lower portion of the conversion 
Zone and may be introduced thereto at a suitable 
temperature of from about 950 to about 1100" F. 
Superheated steam may be used to advantage for 
this purpose, or alternatively, a light refractory 
hydrocarbon fraction, Such as a distillate or light 
reflux condensate recovered from the fractionat 
ing Zone receiving the vapors from the coking and 
cracking step provides a desirable light charge 
material for this purpose. 
Ina Snuch as the continuous coking operation 

of the present type effects coke deposition, at 
least in part, as an additional layer to coke par 
ticles present in the coking zone, and there is 
net coke production in addition to the formation 
of desired lower boiling fractions which are par 
ticularly suitable for the subsequent conversion. 
to gaSoline and fuel oil by catalytic cracking proc 
essing, the substantially ideal operation provides 
for the withdrawal of coarser particles from the 
unit and the return of the finer particles to the 
coking and conversion Zone as the heat carrying 
material and as nuclei for the formation and dep 
osition of the additional coke. An exacting sep 
aration of the fine from coarse particles would, 
in general, require the utilization of automatic 
mechanical sizing or Screening of particles or 
Other equivalent step or steps in a continuous 
cyclic System. The present invention utilizes ad 
vantageously a combined method of burning and 
heating and elutriation of particles within a sep 
arate confined combustion Zone, such that the 
finer of the coke particles that are elutriated from 
the bed in the combustion zone are suspended 
and entrained with the resulting combustion 
gases for elevation to a point above the coking 
Zone, whereby they may be subsequently intro 
duced to the upper portion of the latter zone con 
tinuously and at a rate controllable independently 
of the rate of Supply of the heavy hydrocarbon 
aceous charge to the coking zone, and also inde 
pendently of the supply of gasiform high tem 
perature fluid to the lower portion of the latter, 
to permit therein the aforedescribed preferable 
Operation of the coking and cracking step. 

In order to effect the desired elutriation within 
the combusion Zone, gas must be passed through 
the descending bed of particles thersin in a suf 
ficient quantity and at a sufficient velocity to 
Separate and entrain the desired finer particles 
in a fluidized transfer to the elevated fine coke 
collecting Zone. Thus, in accordance with a 
more Specific embodiment of the present inven. 
tion, hot combustion gas used for carrying fine 
coke particles to the elevated collecting zone is 
Separated from the particles therein and is then 
recycled in controlled amounts and suibstan 
tially without intentional cooling to the lower 
end of the combustion Zone to become admixed 
with the air or other oxygen-containing stream 
Supplied from an extraneous source so as to pro 
vide the desired quantity of a hot gaseous oxidiz 
ing, fluidizing and entraining medium without 
unduly increasing the oxygen content of the burn 
ing an elutriating stream. A stream of regu 
lated low oxygen content is, of course, necessary 
to in turn control and regulate the amount of 
oxidation or burning effected within the fiuidized 
bed of the combustion zone, so that only so much 
of the carbon is burned therein as is necessary to 
heat the remaining particles to a desired tem 
perature for subsequent introduction into the cok 
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ing and cracking zone. Thereby, the hot recycle 
combustion gases also provide for an economical 
utilization of heat produced within-the-unit. 

Excess hot combustion gases may be passed 
from the fine-coke collecting zone through a heat 
exchanger to produce or heat steam; or alterna 
tively excess hot combustion gases may be used to 
advantage for the preheating of a charge strealia. 
The present operation also effects the combus 
tion of a portion of the coke as well as the elus 
triation, in a zone entirely separate from the coks 
ing zone, whereby the mixing of combustion gases 
and other contaminating gases with the desired 
:vaporous hydrocarbon product fractions is pre 
'cluded and the formation: of:oxygenated products 
in the coking zone is substantially avoided. 

In a still more specific and desired embodi 
ment of the present invention, there is provided 
an improved method for cracking and coking a 
:heavy hydrocarbon charge stream, which con 
prises, supplying a stream of heated finely divided 
coke particles to the upper portion of a descending 
bed-oficoke particles maintained within a cracking 
and coking zone, the finely divided coke particles 
being introduced into the coking Zone at a ten 
perature above the average bed temperature 
therein, introducing the heavy hydrocari).On 
charge stream at a temperature below the aver 
age bed-temperature into the upper portion of the 
bed and effecting therein the conversion of the 
-charge:stream into desired lower boiling vaporous 
products and coke With the transformation. Of at 
east a portion of the fine coke particles into 
coarser particles, Withdrawing resulting Vapor 
ous conversion products from the descending 
coke bed at an intermediate point and passing 
...them to a fractionating zone, discharging a 
stream of coke particles from the bottom por 
tion of the descending bed and passing then Sub 
stantially by gravity into a fluidized bed of coke 
particles within the lower portion of a separate 
confined combustion zone maintained directly 
below the coking zone, introducing a gas strealin 
scontaining free oxygen to the lower portion of the 
fluidized bed within the combustion Zone, burn 
ing a portion of the coke therein and heating the 
remaining coke particles while simultaneously 
passing the gaseous stream and resulting con 
bustion gases upwardly through the fluidized bed 
at a rate at which the finer coke particles are 
elutriated from the coarser particles and are en 
trained in the gas mixture disengaging from the 
fluidized bed into the upper portion of the com 
bustion zone passing the resulting hot fine coke 
suspension upwardly from the combustion Zone in 
a substantially vertical confined path in indirect 
heat exchange relationship with the descending 
bed of particles maintained within the coking 
zone, discharging the suspension from the con 
fined path into a collecting Zone superimposed 
directly above the coking zone and therein sepa 
rating the suspension at a temperature above the 
average bed temperature in the coking Zone into 
combustion gases which are continuously dis 
charged from the upper portion of the collecting 
Zone and into fine coke particles which are col 
lected in the lower portion thereof, passing a 
stream of the separated hot fine coke particles 
from the lower portion of the collecting Zone. Sub 
stantially by gravity as the aforesaid stream of 
heated finely divided coke particles to the upper 
portion of the coking zone, and withdrawing a 
stream of relatively coarse particles from the 
lower portion of the fluidized bed and the con 
-bustion zone as the net coke production of the process. 
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6 
Preferably, a substantially vertical straight 

transfer conduit is provided from the upper end 
of the combustion zone directly through the cel 
ter portion of the coking zone to an elevated 
point in the collecting Zone, which in turn is 
superimposed over the coking zone, so that the 
entrained fine coked particles passing upWardly 
With the combustion gases may pass in a Sub 
stantially straight line fow through the coking 
zone and in heat exchange relationship therewith, 
whereby loss of heat from the unit is reduced to 
a minimum. A portion of the heat from the hot 
combustion gases and fine particles may be trans 
mitted through the Wall of the Vertical transfer 
conduit to the surrounding descending bed of 
coke within the coking and cracking Zone; how 
ever, the combustion and elutriation operation is 
effected in the combustion zone in a manner per 
mitting finely divided coke particles to reach the 
upper portion of the coking Zone, after passage 
through the vertical transfer conduit and the col 
lecting zone, at a temperature which is higher 
than the average bed temperature in the coking 
zone and sufficiently high to effect, or at least 
materially aid in, the desired cracking and coking. 
of the heavy hydrocarbon charge Stream. 

Also, in connection. With a preferred embodi 
ment of the coking operation, a light high ten 
perature gasifornin stream, such as Superheated 
steam or heated hydrocarbon distillate, is intro 
duced into the lower portion of the coking Zone to 
pass upwardiy countercurrently through at least 
the lower portion of the descending bed therein 
and provide such portion of the heat requirement 
of the cracking and coking reactions as is not 
furnished by the heated fine coke particles Sup 
plied to the elevated portion of the coking 20ne, 
and moreovel to effect the heating and dry distill 
lation of the coke particles prior to the discharge 
of the latter into the combustion zone, as well as 
to effect the stripping of desired low boiling hy 
drocarbon fractions from the coke material. The 
latter embodiment is particularly desirable in 
order to preclude the agglomeration of particles 
where the heavy hydrocarbon charge has a tend 
ency to form a heavy tarry or asphalt-like dep 
osition on the coke particles in the descending 
bed. 
The operation of the present improved cracking 

and coking process as well as additional advan 
tages, will be more apparent upon reference to the 
accompanying drawing and the following...descrip 
tion thereof. 

Figure 1 of the drawing, is an elevational diar 
grammatic view of the contacting Zones and 
transfer lines permitting the improved elutriation 
operation in combination. With the combustion of 
a portion of the coke particles to heat the recycled 
Coke. 

Figure 2 of the drawing is a diagrammatic 
elevational view of a preferred construction and 
arrangement of the contacting ZOnes, With a 
substantially straight conduit from the upper 
portion of the combustion zone passing internally 
through the coking zone, precluding the loss of 
heat from the system during the transfer of the 
finely divided coke particles to an elevated col 
lecting Zone or hopper, from which the high ten 
perature finely divided material is subsequently 
passed to the coking ZOne. 

Referring now to Figure 1 of the drawing, 
there is indicated line -f, having control valve 2, 
connecting with a suitable distributing header 
or ring 3, which in turn is adapted to distribute 
a heavy hydrocarbonaceous charge stream to the 
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upper portion of the contact chamber 4 serving as 
cracking and coking zone. This heavy charge 
stream may be a heavy residual petroleum such 
as reduced crude, topped crude, Bunker 'C' fuel, 
or the like, which does not ordinarily provide a 
good charging stock to a catalytic cracking unit 
or it may be a heavy tar or an asphalt liquefiable 
by moderate heating. A continuously descending 
mass of particles is maintained either as a fluid 
ized bed or as a compact moving bed in the coking 
Zone or contact chamber 4, the particles being 
supplied at a high temperature from an upper 
elevated hopper or collecting chamber 5 by a 
line 6, having a valve or feeding mechanism T, 
suitable to supply a continuous stream of heated 
coke particles to the descending bed in the coking 
Zone. In accordance with the present Cracking 
and coking operation, the particles are supplied 
at a high temperature, of the order of 950 to 
1100° F., suitable to effect the desired cracking 
and coking of the heavy charge stream being 
introduced by way of the distributor 3. The 
particles are heated prior to their introduction 
into the collector or hopper 5, as will hereinafter 
be more fully described, and since the particles in 
the preferred method of operation furnish at least 
a major portion of the heat being Supplied to the 
coking zone, they are at a temperature Substan 
tially above that of the average temperature in the 
bed of descending particles of the coking ZOne. 
Resulting vaporous products from the cracking 
and distillation of the heavy charge stream are 
continuously removed from the coking zone 4 by 
way of an intermediately positioned outlet line 8 
and control valve 9. Suitable baffling 0 permits 
the collecting of the resulting vapors from the 
descending bed for removal through line 8. 
In the present embodiment, the lower portion 

of the coking zone 4 is utilized as a dry distilling 
zone for conversion of asphalt-like components 
on the coke particles into hard coke and volatile 
products, as well as a stripping Zone for the re 
moval of low boiling vaporous hydrocarbon frac 
tions adsorbed in the descending bed of particles. 
The high temperature fluid medium, Suitable for 
stripping and drying the coke is introduced to 
the lower portion of the coking chamber 4 by 
way of line and control valve 2, with a suit 
able header or distributing ring 3 utilized to 
uniformly distribute the gasiform medium 
throughout the descending bed of particles. The 
high temperature medium being introduced by 
way of line has still another desirable func 
tion in that it maintains coke material in the 
lower portion of the descending bed in a freely 
flowing or loose, particulated state, preventing 
the agglomeration of particles while effecting the 
drying and stripping operations. 
As hereinbefore noted, this fluid medium may 

be a light hydrocarbon distillate which will com 
mingle with the vaporous products resulting from 
the cracking and coking step within the upper 
portion of the coking zone 4, or alternatively, the 
fluid medium may be superheated steam which 
may be later condensed and removed from the 
hydrocarbon product fractions without unduly 
elaborate separation steps. The stream is pref 
erably charged to the lower portion of the coking 
zone at a high temperature above the average 
bed temperature in order to be more effective in 
the dry distilling and stripping functions. 
The resulting and newly formed coke material, 

reaching the lower end of the coking chamber 4 
in a substantially asphalt-free state, is passed by 
way of conduit 4 and regulator or feeder 5 to 
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8 
an elutriating chamber 6, which serves also as 
combustion chamber and wherein there is main 
tained a fluidized and elutriated bed of coke par 
ticles, the upper extremity of the fluidized dense 
phase bed being indicated by the dotted line 7. 
An oxidizing and elutriating gas stream is in 
troduced to the lower portion of the chamber 6 
by Way of line 8, pump 9, and line. 20 having 
control valve 2. In accordance with the present 
invention, the gaseous stream introduced into the 
lower portion of the elutriating or combustion 
chamber 6 is in Sufficient quantity and at a suit 
able Velocity to effect the elutriation of the finer 
from coarser particles within the fiuidized bed 
therein, while Simultaneously effecting the burn 
ing of a portion of the coke to effect the heating 
of the residual coke particles within the bed. 
Thus, the finer particles are transported as a sus 
pension in hot combustion gases to the collector 
5, at the aforementioned high temperature, to 
Supply heat to the coking Zone, and the elutria 
tion effected Within the combustion and elutria 
tion chamber 6, is such as to carry a sufficient 
quantity of fine particles by way of conduit 22 
to the elevated hopper and collector 5 to main 
tain the continuously descending bed of particles 
Within the coking chamber 4. The hot fine coke 
particles carried from the fluidized bed 7 in sus 
pension by the resulting combustion gases and 
through the conduit 22 into the collecting cham 
bel 5, are Separated from the gases by means of 
the enlarged area. Zone and the mechanical or 
centrifugal Separator 23. The freed combustion 
gases are discharged from the separator 23 by 
Way of outlet line 24, while recovered entrained 
particles are passed to the lower portion of the 
Collector 5 by gravitational settling and by a re 
turn leg of the centrifugal separator 23. Also 
in accordance with the present invention, hot 
combustion gases from the collecting chamber 5 
are recycled by way of the conduit 24, control 
valve 25, pump 26 and line 27 to the lower por 
tion of the combustion and elutriation chamber 
6. The combustion gases provide a suitable high 
temperature diluent medium for mixing with the 
air stream in line 8, whereby a sufficient volume 
of gaseous medium containing free oxygen is 
made available to effect the desired elutriation of 
the finer from coarse coke particles in that zone 
as well as the desired burning and heating there 
in. The recirculated hot combustion gas and air 
charged to the combustion zone are blended in 
Such regulated proportions that the resultant 
mixture has the desired oxygen content for effect 
ing the burning of coke within the combustion 
ZOne to Supply the desired amount of heat to the 
finer particles being recycled to the conversion 
Zone Excess hot flue gas is withdrawn from 
line 24 by Way of line 28 and valve 29, being uti 
lized to generate or superheat steam, or for other 
heating purposes prior to being discharged to 
the atmosphere by way of a suitable stack. 
A particle withdrawal standpipe 30 and regu 

lating valve 3f provide means for withdrawing 
excess coke, primarily the coarser particles, from 
the combustion and elutriation zone 6, such 
coke being a net product of the conversion op 
eration. Although not indicated in the present 
drawing, excess heat may be recovered from the 
withdrawn stream of coarser particles, for ex 
ample, by contacting this stream with an aque 
OuS medium in a quenching zone to generate 
Steam. Steam from such a quenching zone may 
be Superheated by indirect heat exchange with a 
stream of the excess hot combustion gases and 
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may thereafter be utilized to advantage as the 
light gaseous medium being introduced to the 
lower portion of the coking zone in chamber 4, 
as well as for stripping steam at various points 

As noted in the drawing, 
aerating and stripping steam is preferably in 
troduceilinto each of the principal particle trans 
fer lines or conduits. Line 32 and control valve 
33 supplies steam or other stripping medium to 
the particle conduit 6; line 34 and valve 35 con 
nect with and control the introduction of strip 
ping steam into line 4; and line 36 with valve 
37 provides means to introduce steam into the 
coarse coke withdrawal line 30. 
Figure 2 of the drawing provides a somewhat 

more compact and preferable arrangement of the 
various contacting zones and means for trans 
ferring particles with a minimum loss of heat 
from the system. The preheated heavy charge 
stream is introduced by way of line 40, control 
valve 4- and distributing head 42 into the de 
scending bed of particles maintained within the 
contact or coking zone 43 of a single elongated 
yertically disposed chamber 2. The heavy charge 
stream is supplied at a temperature and rate 
of flow at which line 49, valve 4 and distributing 
head 42 remain clean and free from coke de 
posits. High temperature finely divided coke par 
ticles are continuously introduced to the upper 
portion of the coking zone 43 from a coke hopper 
or collecting zone 45 maintained in the upper 
portion of chamber 44. The collecting Zone is 
separated from the coking ZOne by Suitable pair 
titioning 56 and a U shaped baffling 4, which in 
combination with the lower depending portion 
of the baffle A6 provides a U tube or U trap 
arrangement for the transfer of finely divided 
particles from the upper collecting Zone A5 into 
the coking zone 53 and for precluding access of 
vaporous material from the latter to the foiler. 
The high temperature fine coke particles are con 
tinuously passed by gravity through annular 
zones 48 and 49 of the U trap arrangement, With 
a suitable fluid medium being introduced by Way 
of line 50 and valve 5 to the lower portion of 
the particle transfer Zone to act as a sealing 
fluid and at the same time to regulate the Con 
tinuous flow of particles essentially by gravity 
from the collecting zone 45 through the U trap 
arrangement to the descending fluidized bed of 
particles in the coking Zone 43. 
As described in connection with Figure 1 of the 

drawing, the coke particles are continuously in 
troduced to the upper portion of the descending 
bed in the coking zone at a high temperature 
suitable to effect the conversion and coking Of 
the heavy hydrocarbon charge stream to desired 
lower boiling fractions and into coke depositing 
at least partly on the particles being continuously 
introduced into that zone. The resulting vapor 
ous products or hydrocarbon fractions are With 
drawn from an intermediate portion of the de 
scending bed of particles in the coking zone 43 
by way of an outlet line 52 and control valve 53, 
and may be passed to a Suitable fractionating 
equipment for the separation or recovery of the 
desired products. Also, in accordance -With a de 
sirable operation, the descending bed of coke par 
ticles in the lower portion of the chamber 44 
is subjected to contact with a high temperature 
light fluid medium, such as steam or a lighthy 
drocarbon fraction, so that there may be dry 
distillation, hardening and stripping of the coke 
prior to its withdrawal from the coking Zone. 
The light fluid medium is introduced to the lower 

5 

10 

5 

20 

25 

30 

35 

40 

45 

50 

60 

65 

70 

75 

0. 
portion of the descending bed of coke particles 
of chamber 44 by way of line 5A, valve 55, and 
distributing head 55, and at a high temperature 
at least about equal to and preferably substan 
tially above that of the average bed temperature 
Within the chamber 44. This light fluid medium 
is advantageously 'Stapplied at a temperature and 
rate of flow adequate to furnish the balance of 
the heat required in the coking zone 43 as far 
as not furnished by the heated fine coke parti 
icles entering this zone through the U trap ar 
rangement. The resulting asphalt-free coke par 
ticles reaching the lower portion of the bed in 
chamber 44 are continuously passed by way of 
conduit 57 and valve or regulating mechanism 
'58 to a separate confined chamber 59. 

A. fluidized and elutriated bed of coke parti 
clesis maintained within the lower portion of the 
elutriating and -combustion chamber 59, as indi 
cated by the bed 60, with an oxygen-containing 
stream being introduced to the lower end of the 
chamber 59 by way of line 6, pump 62 and line 
63 having control valve 64. Burning of a portion 
of the carbonaceous matter is effected to in turn 
provide a heating of the entire bed of particles 
Such that a recycle stream of the finer particles 
will Supply to the conversion or coking zone A3 
all or at least a majorportion of the heat required 
in this Zone. In accordance with the present 
invention, the burning operation is carried out 
in combination with an elutriation operation, 
whereby only the finer of the coked particles are 
returned to the collecting zone (35 for subsequent 
return to the coking zone. Thus, the oxygen 
containing or air stream is introduced to the 
lower portion of the chamber 59 at a sufficient 
velocity and in sufficient quantity to effect the 
removal of fine coke particles from the bed of 
the combustion zone 60 and carry them in sus 
pension in the resultant hot combustion gas mix 
ture through the internal conduit 85 to the upper 
portion of the collecting ZOne 5. 

It is a particularly desirable feature of the 
present apparatus arrangement to have the 'in 
ternal transfer conduit 65 extend substantially 
vertically and concentrically upwardly through 
the compact or coking zone 43 and collecting 
Zone 45 to an elevated portion within the latter. 
Thus, the fine coke particles are carried in sus 
persion in the resulting hot flue gases to the ele 
waited hopper and collecting zone with little or 
no loss of heat from the System and with a min 
imum of friction and erosive action in the trans 
fer conduit 65. The combustion chamber 59 is 
located directly below the coking chamber 44, and 
conduit:65 is provided with a suitable expansion 
joint 66 positioned between the two chambers to 
accommodate differential expansions, due to the 
high temperature operating conditions and linear 
expansions resulting therefrom. The gaseous 
charge stream to the combustion chamber 59 and 
resulting flue gases effect the transporting of the 
fine-coke particles to the chamber 45, and as here 
inbefore noted, is regulated and controlled to as 
sure the transporting of sufficient fine material 
to maintain the continuously descending bed of 
particles in the coking and conversion Zone 43. 

Flue gas from the upper portion of the col 
lecting zone .45 is passed by way of conduit 67, 
and separators S8 and 69 to a transfer line 9, 
while recovered entrained particles are returned 
to the lower portion of the collecting zone $5 by 
suitable return legs 7 and 2. Also, in accord 
ance with the present invention, at least a por 
tion of the separated hot flue gas is recycled with 
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out intentional cooling by way of the conduit 70 
and control valve 73, pump 74 and line 75 to the 
charge line 6 and the lower portion of the com 
bustion chamber 59. Thus, a hot gaseous me 
dium is provided for blending with the oxygen 
containing gas stream supplied from an external 
source and for aiding in furnishing the desired 
quantity of elutriating gas utilized within the 
fluidized bed 60 of the combustion and elutriation 
chamber 59. Excess hot flue gas from line 70 
may be withdrawn by way of line 76 and valve 
77 and transferred to suitable heat exchanger 
equipment for conversion of heat from the hot 
combustion gases. The coarser coke particles 
which represent net coke production from the 
unit, are continuously withdrawn from the lower 
portion of the combustion zone 59 by way of 
standpipe or outlet conduit 78 and regulating 
means 79. This coke may be passed to cooling 
and processing zones for further treating as may 
be desired. Provision is also made in this em 
bodiment of the unit, for the introduction of 
steam or other stripping fluid into each of the 
coke withdrawal conduits by way of line 80 and 
control valve 8 communicating with standpipe 
78, and by way of conduit 82 and valve 83 com 
municating with the withdrawal conduit 57. 
The elevational arrangement of the contacting 

zones, in accordance with the accompanying 
drawing, is advantageous in that the coke par 
ticles have a descending gravity flow through all 
Zones but the burning Zone and there is required 
but a single fluidized lift of the finer coke par 
ticles to maintain a continuous cyclic flow of coke 
particles through the entire system. Also, the 
elutriation in combination with the burning op 
eration eliminates the need of any additional 
equipment for sizing operations to effect the 
classification of particles. The control of the 
elutriating and oxydizing gas stream by the 
blending of suitable proportions of air and re 
cycled hot combustion gases and the action of 
the blended gas stream in a simple straight 
through type of combustion chamber, Substan 
tially free of internal structures or obstructions, 
materially contribute to the high efficiency and 
economy of the operation of the present inven 
tion. 
The cracking and coking operation, within the 

conversion or coking zone, may be carried out 
under any suitable pressure conditions, including 
atmospheric pressure; however, it is preferably 
effected at a relatively moderate super-atmos 
pheric pressure, within the range of from 8 to 150 
pounds per square inch, with temperatures cor 
related to the particular operating pressure to 
provide the desired lower boiling conversion 
products. The pressure in the elutriating and 
combustion zone and in the elevated fine particle 
collecting zone is substantially balanced with the 
pressure in the conversion Zone so that the Sub 
stantially gravitational flow of coke particles 
from the collecting zone into and downwardly 
through the conversion zone and from the latter 
into the elutriating and combustion Zone is as 
Sured. 

I claim as my invention: 
... An improved method for converting a heavy 

hydrocarbonaceous charge stream in the preS 
ence of subdivided coke, which comprises intro 
ducing a stream of heated fine coke particles into 
a confined coking zone and contacting them 
therein with said heavy charge stream at a tem 
perature at which said heavy charge is converted 
into lower boiling vaporous products and coke 
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With the transformation of at least a portion 
of Said fine coke into coarser particles, continu 
ously withdrawing resulting vaporous con 
Version products from said coking zone and pass 
ing them to a fractionating zone, discharging a 
stream of mixed fine and coarser coke particles 
from Said coking zone into a fluidized bed of 
Coke particles maintained in the lower portion 
of a separate confined combustion zone, intro 
ducing a gas stream containing free oxygen into 
the lower portion of said fluidized bed and there 
in burning a portion of the coke and heating the 
residual coke particles while simultaneously 
passing said oxygen-containing gas and result 
ing combustion gases upwardly through said 
fluidized bed at a rate at which fine coke particles 

- are elutriated from the coarser particles and 
are entrained in the gas mixture disengaging 
from Said fluidized bed into the upper portion 
of Said combustion zone, passing the resulting 
hot fine coke suspension from said combustion 
ZOne into a separate confined collecting zone of 
higher elevation than said coking zone, separat 
ing said Suspension in said collecting zone at a 
temperature Substantially above the average 
temperature maintained in the coking zone into 
combustion gases which are continuously dis 
charged from the upper portion of said collect 
ing Zone and into fine coke particles which are 
collected in the lower portion thereof, passing 
a stream of the separated fine coke particles 
from the lower portion of said collecting zone 
Substantially by gravitational flow as said heated 
fine coke particles into said coking zone, and 
Withdrawing a stream of relatively coarse coke 
particles from the lower portion of said fluidized 

40 

bed and Said combustion zone as net coke pro 
duction. 

2. An improved method for converting a heavy 
hydrocarbonaceous charge stream in the pres 
ence of Subdivided coke, which comprises intro 
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ducing a stream of heated fine coke particles 
into an elevated portion of a confined coking 
Zone, passing said particles downwardly through 
Said Zone and contacting them therein with said 
heavy charge stream at a temperature at which 
Said heavy charge is converted into lower boil 
ing vaporous products and coke with the trans 
formation of at least a portion of said fine coke 
into coarser particles, continuously Withdrawing 
resulting vaporous conversion products from 
said coking Zone and passing them into a frac 
tionating Zone, discharging a stream of mixed 
fine and coarser coke particles from the bottom 
portion of said coking zone substantially by grav 
itational flow into a fluidized bed of coke parti 
cles maintained in the lower portion of a Sepa 
rate confined combustion zone of lower eleva 
tion than said coking zone, introducing a gas 
stream containing free oxygen into the lower 
portion of said fluidized bed and therein burn 
ing a portion of the coke and heating the residual 
coke particles while simultaneously passing said 
Oxygen-containing gas and resulting combus 
tion gases upwardly through said fluidized bed 
at a rate at which fine coke particles are 
elutriated from the coarser particles and are en 
trained in the gas mixture disengaging from said 
fluidized bed into the upper portion of said com 
bustion Zone, passing the resulting hot fine coke 
Suspension from said combustion zone into a 
separate confined collecting zone of higher eleva 
tion than said coking zone, Separating said sus 
pension in said collecting zone at a temperature 
Substantially above the average temperature 
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maintained in the coking zone. into combustion 
gases which are continuously discharged from 
the upper portion of said collecting Zone and 
into fine coke particles, which, are collected in 
the lower portion thereof, passing a streaim of 
the separated fine coke particles; from the lower 
portion of said collecting. Zone. Substantially by 
gravitational flow as said heated fine coke: parti 
cles into said coking zone, and withdrawing. a 
stream of relatively coarse coke particles from 
the lower portion of said fluidized bed and said: 
combustion zone as net coke production: 

3. An improved method for cracking and Cok 
ing a heavy hydrocarbon charge stream in the 
presence of heated. Subdivided solid material 
which comprises, supplying a stream of heated 
fine coke, particles to the upper portion of a con 
fined cracking and coking Zone and maintaining 
a descending bed of fine coke particles therein, 
introducing said heavy charge stream at a ten 
perature: lower than the average bed temperature 
to an elevated portion of said bed and effecting 
therein the conversion of said heavy charge 
stream into lower boiling vaporous products and 
coke with the transformation of a portion of the 
fine coke into coarser particles, Withdrawing re 
sulting vaporous conversion products fron: Said 
coke bed and passing them to a fractionating 
zone, discharging a stream of colkeparticles from 
the bottom portion of said descending bed into 
a fluidized bed of coke. particles' naintained in 
the lower portion of a separate confined combus 
tion zone, introducing a gas stream containing 
free oxygen into the lower portion of said fluid 
ized bed and therein burning a portion of the coke 
and heating the residual coke particies while 
simultaneously passing Said oxygen-containing 
gas, and resulting combustion gases upwardly 
through said fluidized bed at a rate at which fine 
coke particles are elutriated from the coarser par 
ticles and are entrained in the ascending gas mix 
ture disengaging from said fluidized bed into the 
upper portion of said combustion Zone, passing 
the resulting hot fine coke suspension Substan 
tially without intentional cooling into a confined 
collecting zone superimposed above Said Cracking 
and coking zone, separating said suspension in 
said collecting zone at a temperature Substan 
tially above the average bed temperature main 
tained in said coking zone into combustion gases 
which are continuously discharged from Said col 
lecting zone and into fine coke particles which 
are collected in the lower portion thereof, passing 
a stream of the separated fine coke particles from 
the lower portion of said collecting Zone Substan 
tially by gravitational flow as said heated fine 
coke particles into said coking Zone, and with 
drawing a stream of relatively coarse coke par 
ticles from the lower portion of said fluidized bed 
and said combustion Zone as net coke production. 

4. The method of claim 3 further character 
ized in that said oxygen-containing gas stream 
being introduced into said combustion and elutri 
ation zone comprises air in admixture with a 
controlled portion of hot combustion gases re 
cycled from said collecting Zone. 

5. An improved method for cracking and cok 
ing a heavy hydrocarbon charge stream in the 
presence of subdivided solid material, which com 
prises, supplying a stream of heated fine coke 
particles to the upper portion of a descending bed 
of coke particles maintained within a cracking 
and coking Zone, said coke particles being intro 
duced into said Zone at a temperature above the 
average coke bed temperature therein, introduc 
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4. 
ing said heavy hydrocarbon charge: streaminto ar. 
elevated portion of saidbed at a tenperature: ber 
low said average bed temperature and effecting 
therein the conversion of the charge strean into 
lower boiling vaporous fractions and coke with 
the transformation of at least a portion of the 
fine coke into coarser particles, withdrawing re 
sulting vaporous conversion products from the 
descending coke bed and passing then to a frac 
tionating Zone, discharging a stream of mixed fine 
and coarser coke, particles from the botton porr 
tion of the descending bed and passing thern Sub 
stantially by gravity into a fluidized bed of coke. 
particles maintained. Within the lower portion of 
a separate coniined combustion Zone underneath 
said coking zone; introducing a gas stream con 
taining free oxygen into the lower portion of Said 
fluidized bed and therein burning a portion of the 
coke and heating the rennaining coke particles. 
While simultaneously Fassing Said oxygen-con 
taining gas strealin, and resulting combustion 
gases upwardly through said fluidized bed at a 
rate at which fine coke particies are elutriated 
fronn the coarser particles, and are entrained in 
the gas mixture disengaging from Said fluidized 
bed into the upper portion of Said combustion 
zone, passing the resultilag hot fine Coke St.Spen 
Sion from Said combustion Zone upwardly in a 
confined path through Said coking Zone and in 
indirect heat exchange relationship with said 
descending bed and thereupon discharging it at 
a tenperature substantially above the average 
temperature of said descending bed into a col 
lecting Zone Superimposed on said coking zone, 
Separating said Suspension Substantially without 
intentional cooling in said collecting zone into 
combustion gases which are continuously with 
drawn fron the upper portion of said collect 
ing Zone and into fine coke particles which are 
Collected in the lower portion thereof, passing a 
Stream of the separated fine coke particles from 
Said collecting zone substantially by gravity flow 
as said heated fine coke particles to the upper 
portion of Said descending bed in said coking 
Zone, and withdrawing a stream of relatively 
Coarse particles from the lower portion of said 
fluidized bed and said combustion zone as net 
Coke production of the process. 

6. The method of claim 5 further character 
ized in that said oxygen-containing gas stream 
introduced to the lower portion of the fluidized 
bed maintained within said combustion zone con 
Sists essentially of a mixture of a regulated por 
tion of the hot combustion gases discharged from 
Said collecting Zone and air in a proportion as 
Suring controlled heating of the coke in the com 
bustion Zone and entrainment of hot fine coke in 
the resulting combustion gas mixture at a rate 
Sufficient to maintain said descending bed in said 
Coking zone. 

7. The method of claim 5 further characterized 
in that a light vaporous stream substantially 
devoid of free oxygen at a higher temperature 
than the average bed temperature in the coking 
Zone is introduced into the lower portion thereof 
and passed upwardly through at least a substan 
tial portion of the descending bed of coke parti 
cles therein, whereby to aid in the conversion of 
Said heavy hydrocarbon charge stream to desired 
lower boiling products and a hard dry coke. 

8. The method of claim 7 further characterized 
in that Said light vaporous stream comprises 
Superheated Steam produced by passing an ague 
ous fluid stream in heat exchange relationship 
With hot coarse coke particles withdrawn from 
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said combustion zone and with excess hot Com 
bustion gases discharged from said collecting 
2Ole. 

9. The process of claim 7 further characterized 
in that said light vaporous stream comprises a 
heated relatively light hydrocarbon fraction ob 
tained from the fractionating zone receiving the 
vaporous conversion products from said coking 
2O.e. 

10. Apparatus suitable for effecting the con 
version of heavy hydrocarbonaceous material in 
the presence of subdivided coke, which comprises 
in combination a vertically elongated confined 
contact chamber disposed in between and Werti 
cally aligned with an upper confined collecting 
chamber and a lower confined elutriating cham 
ber, said contact chamber having fluid inlet and 
outlet ports, a particle transfer conduit contain 
ing flow regulating means and connecting the 
bottom portion of said contact chamber with the 
lower portion of said elutriating chamber, particle 
passageway means connecting the bottom portion 
of said collecting chamber with an elevated por 
tion of Said contact chamber, a Substantially ver 
tical particle suspension transfer conduit extend 
ing upwardly from the top portion-of said elutri 
atting chamber substantially along the axis of 
alignment of Said chambers through Said contact 
chamber and centrally through said particle 
passageway meanS into an elevated portion of 
said collecting chamber, a fluid inlet and a parti 
cle outlet at the lower portion of Said elutriating 
chamber, and a fluid outlet at the upper portion 
of said collecting chamber. 

11. The apparatus of claim 10 further chair 
acterized by a fluid recirculation conduit con 
necting the fluid outlet at the upper portion of 
Said collecting chamber with said fluid inlet at 

5 

O 

5 

30 

3 5 

16 
the lower portion of said elutriating chamber 
and containing means for forcing fluid discharged 
from Said collecting chamber into the lower por 
tion of said elutriating chamber. 

12. The apparatus of claim 10 further char 
acterized in that Said particle passageway means 
is arranged to discharge into the top of the con 
tact chamber and comprises a U trap arranged 
annularly around said particle suspension trans 
fer conduit, and fluid inlet and distributing means 
are positioned at the lower end of said U trap 
for the introduction of a fluid stream thereto 
and the regulation of particle flow from said 
collecting chamber to said contact chamber. 

FREDERICK. W. LEFFER, 
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