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The present invention relates to processes or 
systems in which solid particles or granules of 
contact material circulate through a downflow 
path wherein they pass through a process Zone 
and are contacted with fluid and are thereafter 
elevated through an upflow path for return 
through the downflow path. The present inven 
tion is more particularly concerned with the up 
flow path wherein the particles are elevated, con 
veyed or transported through a vertically elon 
gated laterally confined lifting zone or conduit 
by a lifting fluid or gas. 
Such processes or systems, which are particu 

larly adapted to the requirements of the chemi 
cal and oil refining industries, have a wide range 
of usefulness. Thus the granular contact ma 
terial may be a porous or fused solid and may 
comprise or consist of a catalyst or catalytically 
inert material, the latter being used for heat ex 
change, or for the adsorption or fractionation 3 
of gases. The granular contact material can be 
advantageously in the form of relatively large 
particles or granules such as molded pellets, 
formed spheres and the like ranging in size from 
0.05 to 0.5 inch in diameter, which, wholly or in . 
part, gravitate through process zones as compact 
downwardly moving non-turbulent beds in a 
manner known to the art. 

It has been found advantageous to transport 
the granular contact material for recirculation 
through the process zones of such systems by a 
pneumatic or gas lift which provides an upflow 
path. The system may comprise a single down 
flow path in which there are several process zones 
at different heights, through which Zones the con 
tact material flows consecutively so that the solid 
particles need be transported by the gas lift only 
once in a complete cycle of operation, or the Sys 
tem may comprise: a plurality of gas lifts and/or 
downflow paths, each downflow path containing 
a single process zone. An exemplary system of 
the former type has been described in an article 
entitled “Houdriflow: new design in catalytic 
cracking,” appearing in the "Oil and Gas Jour 
nal,' page 78, January 13, 1949. 
In such systems, the use of a gas lift for the 

elevation of the granular contact material, in 
stead of the mechanical elevators formerly en 
ployed, produces many aivantages both as to con 
trol of the processing variables (operating condi 
tions) and as to efficiency of operation (includ 
ing cost and maintenance) but, at the same tirie, 
creates new problems. One of the chief problems 
in the operation of gas lifts of the type referred 
to hereira is that of achieving simultaneously a 
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high rate of circulation of solid particles and easy 
and rapid return of solid particles from the up 
flow path to the downflow path, while maintain 
ing a low rate of attrition or breakage of the solid 
particles during such return. 
The methods and apparatus disclosed in the 

prior art for effecting the necessary reversal of 
flow of the particles from the upflow path to the 
downflow path produce high attrition of the par 
ticles and/or necessitate the use of bulky and ex 
pensive equipment. Thus, when the gas lift is 
operated at a desirably low pressure drop between 
the ends of the lift, and consequently at high 
gas velocity, the particles passing therethrough 
are traveling at such high velocities as they 
emerge from the lift that a considerable distance 
is required for the particles to change their up 
ward movement to downward movement due to the decelerating effect of gravity. Consequently, 
the vessel or Zone surrounding the top of the lift 
must be tall (such a vessel is commonly referred 
to as the disengaging vessel, hopper or zone, since 
it can be and frequently is used for disengaging 
lifting gas from solid particles). Because the 
disengaging vessel is necessarily at the top of the 
gas lift, which may be from 100 to 200 or more 
feet high, the problems and expense of supporting 
and bracing it at such a height are multiplied. 
as the height of the vessel increases. Conse 
quently, the reduced height of disengaging ves 
sels made possible by the present invention, as 
described below, results in considerable savings 
in the cost of construction of the supporting 
structure. . . . . . . . . . . . . . . 

An additional difficulty is encountered in com 
mercial applications of gas lifts which involve 
the transfer of very large amounts of contact ma 
terial, such as from 100 to 400 tons an hour. This 
difficulty has been solved by employing a multiple 
lift in which a plurality of parallel gas lift paths 
or conduits are grouped or arranged equidistantly 
around a common vertical axis. Such a multiple 
lift avoids difficulties which would be encountered 
in a single lift of equal capacity but in turn leads 
to new problems. One of these problems involves 
the desirability of having the lift paths or pipes 
grouped relatively close together, such as from 
between about 0.5 foot to 4 feet apart, so that the 
lift pipes can be supported with a minimum 
amount of structure. When a common disengag ing Zone is employed for relatively closely grouped 
lift paths, collision in the disengaging zone or 
hopper of particles emerging or fountaining from 
adjacent lift pipes can cause considerable attri 
tion. Even if individual disengaging vessels are 
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employed, it is desirable to space such vessels as 
closely as possible in order to simplify and reduce 
the cost of Supporting the various Wessels. An 
other effect that occurs under Some conditions 
with gas lift pipes of relatively large diameter is 
a 'mushroom' effect in which the emergent para 
ticles, instead of fountaining or Spraying outward 
ly and settling in the disengaging Zone, form a rel 
atively dense cloud or mass of particles suspended 
above the lift. Obviously, collision of the parti 
cles emerging from the lift with those in the cloud 
leads to undesirable attrition. 

In accordance with the present invention, the 
undesirable effects noted above are minimized 
and/or overcome in Systems of the type here in 
volved, by passing a stream of lifting gas and of 
particles at substantial velocity upwardly along 
the lower part of the vertical extent of each of 
such a plurality of vertically elongated laterally 
confined lifting paths or conduits, said lift paths 
or conduits being arranged equidistantly from or 
around a common vertical axis, individually flow 
ing each of Said streams in the upper parts of 
said lift paths along median flow lines which 
diverge from said common axis while individ 
ually confining the flow of the portion of each 
of said streams nearest said common axis to a 
flow path parallel to said axis. Such fow can 
be achieved by using pipes or conduits which 
taper eccentrically outward from their common 
vertical axis. 
In one embodiment of the invention, the 

streams of particles and gas, including the por 
tions flowing divergently outward from the com 
mon axis, are discharged from the upper end of 
the lift path or conduit into a common gas-solid 
disengaging Zone or hopper having a consider 
ably greater horizontal cross sectional area, than 
that of the circle circumscribing the tops of said 
lift paths or conduits. In the disengaging zone 
or hopper, the various streams of particles and 
gas flow, fountain or spray divergently outward 
from the common axis with the result that tihere 
is little or no collision between particles from 
adjacent lift paths and subsequent disengage 
ment and free settling of the particles is simpler. 
Under these conditions, attrition caused by in 
ter-particle collision or friction is maininized. 
The invention is especially applicable to sys 

tems involving the catalytic conversion of pe 
troleum, and for the purpose of illustrating the 
invention, it will be described hereinafter in 
connection with a catalytic cracking system for 
the conversion of high boiling hydrocarbons to 
motor gasoline. Such a system is set forth in 
detail below in connection with the description 
of the drawings in which: 

Figure 1 is a Schematic generalized elevation 
of a typical system in which the present inven 
tion may be used; 

Figures 2 and 3 are enlarged views, partly in 
section, of the upper portions of the gas lift 
pipes and disengaging hopper shown in Figure 
1, Figure 2 being an elevation partially in sec 
tion along the lines 2-2 in Figure 3, and Figure 
3 being a top view of a section along the lines 
3-3 in Figure 2; 

Figures 4 and 5 are enlarged views of an em 
bodiment of the present invention to be used as 
upper parts of the gas lifts shown in Figures 1, 
2 and 3, Figure 4 being an elevation and Figure 
5 being a top view; 
Figures 6 and 7 are top views of modifications 

of the embodiment of the invention shown in Fig 
ures 4 and 5. - - - - - - - 
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In Figure i is shown a typical embodiment of 
the type of system with which the present in 
vention is concerned. Since the invention is 
directed prinarily to the upflow portion of the 
System and Since the Operation and construc 
tion of the reactor and regenerator or kiln of 
the typical System shown in Figure are ade 
quately described in the aforementioned article 
appearing in the “Oil and Gas Journal,' detailed 
illustration and description of the latter have 
been Ornitted for the sake of brevity. It is to be 
understood that various arrangements of kiln 
and reactor may be employed in connection with 
the present invention, as for example arrange 
ments shown in the "Houdry Pioneer,' vol. 5, No. 
1, February 1950. The system shown in Figure 1. 
differs from those shown in the cited publications 
in that a multiple lift is used in the former, while 
the latter employ single lifts. 
AS indicated in part by the labelled portions 

of Figure 1, relatively large particles of solid 
cracking catalyst, such as particles of between 
about 1 to 15 and preferably about 2 to 8 milli 
meters in diameter, flow downwardly through a 
reactor or Cracking Zone as a downwardly mov 
ing compact non-turbulent bed and contact hy 
diocarbon S With the resultant formation of 
cracked products (synthetic crude) and are 
transferred through a conduit, or seal leg to a 
regenerator, kiln or regenerating zone in which 
the coke deposited on the particles of catalyst in 
the cracking Zone is removed. Compositions ef 
fective as hydrocarbon cracking catalysts (typi 
cally natural or Synthetic aluminosilicates) and 
the conditions in the reactor and kiln are well 
known to the art and need not be repeated here. 

Catalyst particles are withdrawn from the re 
generator and flow downwardly in a conduit as a 
compact non-turbulent column to a gas lift inlet 
chamber or particle Supply hopper it surround 
ing the bottom of a plurality of gas lifts, and are 
transported, lifted or elevated vertically upward 
as a plurality of continucus streams of solid 
particles by transporting or lifting gas intro 
duced at a substantial pressure, such as from 
about 1 to 10 pounds per square inch gauge, to 
inlet channber 3 by conduits and/or 2. The 
inlet chainber 5 can ice of any design suitable 
for multiple lifts, such, for example, as that dis 
closed in the copending application of R. N. Shirk 
and C. Bruckner, Serial No. 124,874, filed Novem 
ber 1, 1949. Alternatively, a plurality of sepa 
rate iniet chambers (one for each lift) can be 
employed. The gas used in lifting may be one 
derived from or one used later in the system, such 
as fille gas or hydrocarbon charge stock, either 
in liquid or vapor. phase, respectively; or may 
be one used only for lifting, such as air or steam. 
The particles of contact material pass up 

Wardy through a plurality of vertical cylindrical 
pipes or conduits indicated generally by 3 to a 
closed disengaging vessel, hopper or separator 4 
Surrounding the top of lifts i3, which vessel com 
prises a confined gas-Solids disengaging zone 
Common to all the lift paths. The disengaged 
lifting gas is thereafter removed from vessel 4, 
as from the top thereof by conduit, S. 

. Particles of catalyst disengaged from the lift 
ing gas settle on the Surface of a bed 22 in vessel 
f4, from which bed the particles flow through 
a conduit or Seal leg - 6, as a relatively compact 
non-turbulent column of particles to the reactor. 
It is to be understood that a particular type of 
Separator, such as vessel f4, is not a part of this 
invention and that separators other than the 
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one illustrated which perform the finetion of separating the elevating gas and particles of 
catalyst. by various specific methods; may be 
employed. Indeed; the gas, after-disengagement 
from the particles of catalyst at the top of the: 
lift.path may, if desired, be passed downwardly 
through the bed-of catalyst in the separator (as; 
for example, where hydrocarbons are employed 
as the lifting medium and cracking; in addition 
to that occurring in the-lift; is desired), the lifting gas being finally disengaged from the: 
particles of catalyst at the bottom of the bed in 
vessel 4. At any event vessel 4'iss of consider. 
ably greater horizontal cross-sectional area-than that immediately surrounding the tops of lift 
paths or conduits 3; such as from 5 to 25 times 
the area of the circle circumscribing the stops' of 
gas lifts 3, so that the particles spraying or 
fountaining out of the lift pipes do not impinge 
against the walls. Also, when free-setting of 
the particles emerging. from the gas lifts-is' ema. 
ployed as a means of separating the particles 
and lifting gas, the distance-of-the-top -of vessel 
is above that of lift pipes 3; which terminate 
On a common horizontal plane, should be great 
enough that there is little or no impact of the 
particles against the top of the disengaging hop 
per. Thus, for example, a distance of about 10 
to 35 feet can be employed when the catalyst 
particles emerge with an average-velocity of 30. 
feet per second from lifts of 6 to 20 inches in diameter. 
As can be seen in Figures 1 and 2, lift paths 

or conduits 3 provide a multiplicity or plurality." 
of vertically elongated laterally confined parallel 
lift paths or passageways grouped or arranged 
equidistantly from a common vertical-axis. As 
shown in Figure 3, the centers of the lower parts 
of the lift pipes fall on a circle whose center lies 
on the aforesaid common vertical axis and are: arranged or spaced symmetrically around the 
circle (i. e., equidistantly around the common 
Wertical axis). Moreover, the center of the com 
mon disengaging Zone or hopper, which is pref 
erably circular in horizontal cross section as 
shown in the drawing, also lies on the vertical 
axis and therefore is concentric with respect to the multiplicity of lift paths.' 
In accordance With the embodiment of the 

present invention shown in the drawing, the 
major and lower parts 3a of the gas lifts have a 
Constant circular horizontal cross sectional area, 
While the upper and minor parts of the gas lifts 
3b taper eccentrically outward. The eccentric 

taper can take various forms. For example, the 
top of the lift pipe" or conduit shown in Figure 
5 terminates in a circle 6 Whose center is "ec 
centric with respect to the center of the lower" 
part. Alternatively, the top may have the form. 
of two spaced semicircles T joined by flat parallel 
walls 8, as shown in Figure 6 or may have ther 
form of an oval 9, as shown in Figure 7. The 
packing glands 2, which provide means for seal 
ing vessel 4 at the locations where the lift pipes 
enter the vessel, are constructed to fit any pare 
ticular shape of the upper parts of the lift con 
dulitS. 

In all the embodiments shown, that portion of 
the periphery of the-top of each lift that is. 
nearest the common axis is in the same vertical 
line with the corresponding portion of the pe 
riphery of the lower part 3a (i.e., the portion 
of periphery of each lift pipe nearest the coma 
non axis is parallel to and spaced a constant, 
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extent of the lift-pipe). Expressed differently, 
the horizontal cross-seetions of the top and bots tom of the conduits 3 are tangentiatithe point. 
nearest the common vert?eal axis-of-the-plurality. 
of lift conduits when the top cross-sectionis-pro 
jected vertieally downward (note:Figures 5, 6 and, 
7). As a result of this constructioti, only the 
portion of the stream of gas and of particles: (in 
each lift pathi), remotes from the common axis, 
of all pathis flows tradially; outward while the 
stream flows: generally upward in the upper part: 
of each lift pathi: 
The gas lifts showniih, the drawing are: opers. 

ated by, introducings particles and lifting gas to . 
the bottom of eachtlift path from chamber D. 
the amount and velocity-off said gas being suffi. 
cient to accelerate the upward movement of saids 
particles to a substantiali velocity, as discussed: 
more fully below. A streamt of gasi and of par 
ticles' fiows upwardly at substantial. velocity. 
through the lower part? of eachi-lift path, which 
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hasia iconstant circular flow area, until it reaches: 
the upper part of the lift pathi. 3b; Because: 
the portion of the periphery, of each of the lift. 
paths remote from the common vertical-axis of 
all: the lift, paths: tapers: outwardly, each of the 
streams of gas and of particlesindividually flows: 
along a median flow.line whichi diverges from. 
Said. Common axis R(i.e., thie pointiof average disi, 
tributions of the particles; in eachis streams con 
tinuously moves away from the common axis: as 
the stream travels upwardly):... The streams will 
therefore discharge from the tops of the lift pathis: 
So that they diverges from the commoniaxis and 
the centers of vessel. 4. As a result; lift:conditsi 
of sizes useful in comriercial size:systems; such, 
as from about 3:to 25 inches in diameter in thei 
lower part, can be spaced around a circle of rel-, 
atively Small: radius;, such as: preferably from; 
about 1 to 5 feet without encountering interfer. 
ence caused by "collision of the relatively central; 
portions of the various streamss. . . . 

In a Specific aspect; the present invention:can 
be employed to aidini controlling:the velocity, of: 
the gas and hences of the particles in the upper 
part of each gas-lift; which velocity, increases in 
lift paths havingia iconstanticross-sectional area. 
Such increase invelocity is produced by the ex 
pansion of the gas resulting:from the reduction 
in gaseous pressure that occurs as the stream 
of gas moves upwardly; . It will be noted that; 
in the presenti invention, the horizontal cross: 
Sectional area of the conduits, ...the flow area: 
of the stream of gas, and of particles): gradually: 
increases or expands in the upperpart of each lift: 
until it reaches a maximum at the top: The ex 
pansion in flow area is produced by spacing the 
flow pathboundaries most remote from the com 
mon vertical axis at distances which constantly 
and continuously increase in relation to the prox 
inity to the tops of the lift paths; while the flow 
path boundaries nearest said common axis-are: 
Spaced a constant distance therefrom: Dependa ing upon thesize relationship between the ad 
ditional area provided by the expansion' of the 
horizontal cross sectional area of the upper part 
of each lift and the constant-horizontal cross 
sectional area of the lower part of each lift, the 
velocity of the stream of gas and of particles as 
a whole can increase to a slight extent, remain 
constant or substantially decrease throughout the upper part of each lift. 
Thus the particles may be smoothly decelerated 

in the upper part of each lift so that they dis distance from said axis over the entire vertical is charge from the top thereaf at a velocity sub 
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stantially less than the maximum velocity at 
tained in the lift, such as from about 10 to 40 
percent of said maximum velocity, which is 
realized generally at about the point when the 
particles enter the upper and tapered part or sec 
tion. Deceleration is achieved smoothly and 
without slugging (formation of spaced relatively 
dense bodies or clouds of particles which move 
intermittently up the lift) in accordance with 
the present invention. Such deceleration can be 
achieved by using relatively small angles of taper, 
such as from about 0.2 to 5 degrees (the angle of 
taper being measured as the inclination of the 
outside wall to the vertical axis of the lift con 
duit indicated by angle A in Figure 5) extending 
over relatively long upper sections, such as from 
about 10 to 30 feet. When, alternatively, rela 
tively sharp angles of taper, such as from about 
10 to 30 degrees, are employed, it is preferred 
that the taper extend over a relatively short por 
tion of the lift path such as from about 2 to 5 
feet. (The term "lift path' as used herein is ap 
plied to the path extending from the bottom to 
the top of conduits 3.) Somewhat Smaller 
angles of taper and/or shorter distances over 
which they extend should be employed when it is 
desired to maintain the velocity of the stream of 
gas and of the particles constant or to decrease 
the rate at which they would otherwise accelerate 
so that the velocity increases only slightly. 

Although the drawing shows the tapered walls 
as being straight it is within the scope of the 
present invention to have it curved so that the 
outer periphery of the lift conduit is somewhat 
trumpet shaped. In general, it is preferred to 
construct the lift conduits so that the ratio of 
the horizontal croSS Sectional area of the top Of 
the conduit to that of the bottom is between 
about 1.3 to 5, the upper portion of this range, 
such as from about 1.5 to 3, being preferred when 
it is desired to decelerate the particles in the 
upper part of the lift. 

Deceleration of the particles in the upper part 
of the lift paths is especially advantageous when 
the maximum velocity of the particles attains 
a value of over about 30 feet per Second. Any 
substantial increase in maximum velocity above 
this value results in a considerable increase in 
the height of the disengaging vessel. 

locities can be used without increasing the height 
of the disengaging vessel by decelerating the p3.r- 
ticles in the upper part of the lift path, thereby 
avoiding the expense resulting from tall disen 
gaging vessels, as pointed out above. 
In all of the embodiments shown, a Substain 

tial fraction of the particles have a Small outre 
ward lateral component of velocity as they emerge 
from the tops of the lift paths. This effect tends 
to move particles from immediately above the 
lift path in a manner such that the density of 
particles in this region is considerably diminished 
with a resulting diminution in any tendency of . 
the particles to form a mushroom or cloud. 

It is to be understood that the present inven 
tion is applicable to a wide range of velocity con 
ditions and particle concentration or density in 
the lifting zone. Various velocities and concen 
trations can be obtained by varying the amount 
and pressure of the lifting gas such as by con 
trolling either the total or relative amounts of 
lift gas introduced by conduits or 2. An ef 
fective range or particle concentration for com 
mercial operation involving thesize of particles. 
referred to above is from about 0.5 to 20 percent 

By means 
of the present invention, higher maximum we 
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of the apparent bulk density of the particles 
(i.e., the density of the packed mass of parti 
cles). For present commercial catalyst having 
apparent bulk densities of from about 40 to 55 
pounds per cubic foot, average concentrations of 
about 1 to 7 pounds per cubic foot have proven 
particularly advantageous. Experience has 
shown that an advantageous range of particle 
velocities is about 20 to 60 feet per second (based 
on the average velocity of the particles at com 
plete acceleration), although lower velocities may 
be employed, generally in relatively short lifts, 
Such as those of 50 feet or less. 
Although the invention has been described in 

connection. With a System employing a common 
disengaging Zone, it can also, as pointed out 
above, be usefully applied to systems employing. 
individual disengaging zones or hoppers for each 
lift. By disposing each lift eccentrically in each 
individual disengaging Zone or hopper (i. e., near 
One Side thereof), the group of disengaging zones 
-can be spaced advantageously Within the mini 
nun circunscribing area. Under these condi 
tions, the stream of gas and of particles discharge 
into each disengaging Zone so as to spray or 
fountain divergently outward from the Wall of 
the disengaging Zone nearest the common ver 
tical axis of the group of lifts. Because of the 
close Spacing of the individual disengaging Zones 
permitted by Such an arrangement, all of the dis 
engaging vessels can be supported by a single 
unitary structure at relatively low cost compared 
to the cost of individually supporting these ves 
SelS. 

Obviously many modifications and variations of 
the invention as hereinbefore set forth may be 
made without departing from the spirit and scope 
thereof, and therefore only such limitations 
should be imposed as are indicated in the ap 
pended claims. 

I claim as my invention: l. Apparatus for elevating granular material by 
fluid lifting medium comprising a plurality of 
Vertically elongated conduits grouped about a 
connon vertical axis and terminating in a com 
in Oil horizontal plane, said conduits defining pas 
sageways for streams of granular material and 
fluid iifting medium; and a disengaging chamber 
Surrounding the tops of said conduits and pro 
widing a, confined Space for disengaging said 
giranular material and said lifting medium; the 
lipper portion of each of said conduits tapering 
eccentrically outward from said common axis. 

2. Apparatus for elevating granular material 
by fluid lifting medium comprising a plurality 
of vertically elongated conduits grouped about a 
common vertical axis and terminating in a com 
mon horizontal plane, said conduits defining pas 
SageWays for Streams of granular material and 
fluid ifting medium; and a disengaging cham 
ber surrounding the tops of said conduits and 
providing a confined Space for disengaging said 
granular material and said lifting medium; the 
lipper portion of each of said conduits tapering 
outward along that part of its periphery remote 
from Said common axis while that part of its pe 
riphery nearest Said axis extends vertically up 
Ward in parallel relation to said axis. 

3. Apparatus for elevating granular material by 
fluid lifting mediuin comprising a plurality of 
vertically elongated conduits grouped about a 
connon vertical axis and terminating in a corn 
mon horizontal plane, said conduits defining pas 
SageWays for Streams of granular material and 
fluid lifting medium; and a disengaging cham 
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ber surrounding the tops of said conduits and 
providing a confined space for disengaging said 
granular material and said lifting medium; the 
upper portion of each of said conduits being ar 
ranged to discharge said granular material and 
fluid along a median line of discharge which is 
divergent with respect to said vertical axis. 

4. In apparatus for elevating granular mate 
rial by means of a gaseous lift medium the com 
bination of: a plurality of upright elongated lift 
conduits of uniform circular cross section over 
the substantial major portion of their length and 
having their upper end portions tapered to pro 
vide a gradual increase in flow area, the median 
lines of Said tapered portions being slightly in 
clined to the axes of the portions of uniform cir 
cular croSS Section, and a common disengaging 
vessel containing the upper end portions of said 
lift conduits. 

5. Apparatus as defined in claim 4 wherein 
each of said tapered portions of said lift conduits 
has one side forming a straight longitudinal ex 
tension of a side of its associated portion of uni 
form circular cross section. 

6. Apparatus as defined in claim 5 wherein said 
tapered portions of said lift conduits are frusto 
conical Sections. 

O 
7. Apparatus as defined in claim 4 wherein the 

cross-sectional areas of said tapered portions of 
said lift conduits have major and minor axes of 
different size. 

5 8. Apparatus as defined in claim. 4 wherein 
said plurality of lift conduits are grouped about a 
common vertical axis, which vertical axis lies in 
each Of the Separate planes containing the main 
axis and the tapered-section median line of each 

10 of said lift conduits. 
9. Apparatus as defined in claim 4 wherein said 

lift conduits are parallel and each of said tapered 
portions has One side forming a straight longitu 
dinal extension of a side of its associated portion 

5 of uniform circular cross Section, 
DAVID B. ARDERN. 
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