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MULTIPLE CONDUT SYSTEM FOR ELEWAT 
NG CONTACT MATERA, 

Clarence H. Thayer, Wallingford, Pa., assignor to 
Sun Oil Company, Philadelphia, Pa., a corpo 
ration of New Jersey 

Application October 18, 1950, Serial No. 190,728 
(C. 302-25) 14 Claims. 

This invention relates to a system and appa 
latuS for noving pneumatically granular or pel 
leted contact material or catalyst from a lower 
receptacle, which receives the material in a con 
tinuous stream, upwardly into an upper recep 
tacle. In particular the invention is directed to 
the method of and apparatus for regulating the 
ratio of gas, air or other fluid lifting medium to 
the contact material so that it can be conveyed 
from the lower receptacle to and through one or 
a plurality of conveying conduits. to an upper 
chamber in a nanner to reduce attrition of the 
material particles or pellets to a minimum. 

It is well known in the art of catalytic opera 
tions, such as the cracking of heavier petroleum 
fractions to gasoline and other hydrocarbon 
processing operations, to use a catalytic or con 
tact material in a continuous System. In Such 
continuous systems a conversion zone is operated 
continuously to produce the desired product 
While a second zone operates continuously in 
regeneration. Most connercial moving catalyst 
systems have the conversion zone and regenera 
tion zone in superposed relationship with the 
conversion zone usually above the regeneration 
Zone so that the catalyst or contact material 
noves through the conversion Zone to the regen 
eration zone by gravity and after regeneration 
it is carried upwardly and returned to the con 
version Zone to repeat the cycle of operation. 
To return the catalyst or contact material from 
the lower regenerating Zone to the upper conver. 
Sion zone two well known means applicable to 
the transportation of granular Solids from one 
locus to another have been used, namely: by 
mechanical conveyors and by pneuriatic con 
veyors, in the latter of which air, steam or flue 
gas produced at the refinery is readily available 
as the pneumatic lifting medium. 

It is necessary in Systems employing conver 
Sion, and regeneration zones in Superposed rela 
tionship to convey the catalyst or contact mate 
rial continuously upwardly to a height of several 
hundred feet, in order that it can be delivered 
continuousiy by gravity to these zones and main 
tain the desired volumes of the material therein 
to effect optimum operation. Conveying the 
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material upwardly by a fuid medium requires a 
receptacle postioned at a level below that of the 
lower reaction zone which is designed to effect 
the lifting or upward conveying operation. This 
lowermost receptacle is generally known in the 
art as an engager since the material is engaged 
therein by the lifting fluid to effect the lifting 
operation. A lift conduit has its lower end ex 

50 

55 

2 
tending into or is in connmunication with the 
engager receptacle while its upper end communi 
cates With an upper receptacle positioned at a 
level above the top of the upper reaction Zone or 
chamber. The upper receptacle is designed SO 
that the lifting medium is separated from the 
catalyst, or contact material and is generally 
known as the disengager. 
The maintenance of a constant and predeter 

mined rate of flow of lifting fluid and catalyst 
through the lift is a desideratum which is essen 
tial to satisfactory operation but is difficult of 
achievement. The ideal condition is to so regul 
late the velocity of the lifting fluid that the cata 
lyst will be lifted with just sufficient force to 
effect its emergence from the top of the lift, so 
that it will drop gently down into the disengag 
ing chamber. To the extent that a constant and 
predetermined rate of flow of lifting fluid and 
catalyst, with a force regulated as specified, is 
approached, attrition is greatly reduced. 
But this ideal condition, it is believed, has not 

been reached in practical operation before my 
invention. Thus, there is a tendency for the lift 
ing fluid to channel a rapid path along the axial 
region of the lift with relatively slow flow of 
catalyst, along the lift Wall and even Some fall 
of catalyst from this peripheral region laterally 
and downward against the catalyst being pro 
jected along the axial region. This operation 
not only produces a departure from the ideal 
constant rate of flow of the catalyst from the 
engager to the disengager, but it gives rise to 
excessive.frictional contact between the particles 
of the catalyst with resultant excessive attrition. 
Also, in such operation, the difference in pressure 
between that at the top of the lift and that at 
the botton (which must remain constant if a. 
constant. velocity of flow of lifting fluid and cata 
lyst, is to be maintained), is necessarily reduced, 
thus increasing the velocity of flow of lifting fluid. 
On the other hand conditions may arise caus 

ing more or less clogging of the lift with such 
resistance to upfiOW of the catalyst that the force 
of the lifting fluid is not adequate to carry the 
catalyst to the top of the lift. In this operation 
it is obvious that a back pressure will be created 
against the infioWing lifting fluid with resultant 
decrease in the velocity of flow of the lifting fluid. 

- Either departure from the desired normal 
tends to aggravate the condition, causing such a 
departure with resultant further departure from 
the desired normal of rate of flow of the lifting 
fluid and quantity. of catalyst Supplied to the lift 
conduit. 



2,674,496 
3. 

I have found that the conditions causing these 
irregularities, and especially the tendency of the 
lifting fluid to channel a separate path along the 
lift's axis, is greatly reduced by substitution, for 
the usual single lift conduit of wide diameter, a 
multiplicity of lift conduits of comparatively 
Small diameter, all leading from the engager to 
One connoi disengager. This Substitution is 
especially effective if the catalyst is fed to the 
lower ends of the respective lifts by channels 
separated each from the other. Such an ar 
rangenient, while it anneliorates certain of the 
factors that in actual operation effect a depar 
ture from the desired normal rate of fioW of lift 
ing fluid and catalyst, do not alone solve the 
problem. Indeed there still remains the liability 
of the catalyst, to more or less clog the lift with 
resultant diminution of rate of flow of the lifting 
fluid and catalyst, as above explained. 
In the event of a departure froin the desired 

constancy of iow of lifting fluid and catalyst, 
restoration of that constant flow is effected in the 
process embodying my invention, as hereafter 
described. Jet it be a SSumed that conditions 
arise tending to obstruct the flow of catalyst 
through the lift, and thus creating a back pres 
Sure operation to reduce the flow of lifting fluid. 
When this condition arises means are provided 
to automatically allow a more free flow of lifting 
fiuid, causing it to overcome this back pressure 
and restore to normal. At the Saine time the 
voluine of catalyst at or below the lower or ad 
mission end of the lift, that is, the thickness of 
the zone of catalyst against Winich the lifting 
fiuid is projected, decreases; this operation con 
tinuing until the volune of catalyst in the lift 
is reduced to normal depth and consequent res 
toration of constancy of flow of lifting fluid and 
catalyst through the lift. 
On the other hand, if the flow of lifting fluid 

through the lift becomes too free and rapid, thus 
reducing the norinal difference in pressure be 
tween the upper and lower ends of the catalyst, 
means are provided to automatically throttle the 
inflow of lifting fuid; and at the same time the 
volume of catalyst acted upon by the lifting fluid 
increases, this operation continuing until the 
volume of catalyst in the lift is increased to nor 
mal with constant restoration of constancy of 
flow of lifting fluid and catalyst through the lift 
conduit. It should be understood that while I have de 
scribed the operation of the process on the aS 
Suption of the existence of a departure from 
normal rate or velocity of lifting fluid and cata 
lyst through the lift, in the practiced operation 
of the process such an abnormal condition can 
not to any pronounced degree usually arise, Since 
the process functions as described upon Such 
slight departures from the desired normal that 
the desideratum of maintenance of the desired 
constancy of flow of lifting fluid and catalyst is 
substantially attained. 

It should also be understood that While the 
substitution of a plurality of Small diameter lift 
conduits for a single lift conduit of large diam 
eter is of Substantial importance, the described 
features of governing the volume or rate of feed 
of the lifting fluid and of governing the thickness 
of the zone of catalyst that is in the path of the 
ifting fluid, are operative whether a single lift or 
a plurality or multiplicity of lift conduits are pro 
vided. In the latter application the devices es 
sential to the described operation should be 
applied to each individual lift conduit. 
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4. 
While the practice of the process is not limited 

to the employment of particular control or regul 
lating devices a construction and arrangement 
adapted to automatically perform the aforesaid 
process is hereinafter described, such construc 
tion and arrangement being illustrated in the 
accompanying drawings in which: 

Figure is a diagrammatic view of a System 
utilizing a continuously moving body of contact 
material. Figure 2 is a view generally in vertical section 
showing the details of a lift conduit. 

Figure 3 is an elevational view showing the 
systein for controlling the Supply of lifting me 
dium and also the system for adjusting the Supply 
of contact material to the lift conduit. 

Figure 4 is a sectional view taken on the line 
4-4 of Figure 3. Referring to Figure 1, f indicates the engager 
which receives catalyst or contact naterial 
through line from a reaction Zone Such as a 
regenerator 2 positioned below an upper reac 
tion zone 3 which is in communication with 
Zone 2 through line and which receives con 
tact material continuously through line 4' from 
a disengaging Zone f3. Means for conveying the 
contact material from the engager 0 to the dis 
engager 5 is shown generally at 6. Separating 
means such as a cyclone separator is in Com 
munication with the disengager 5 through line 
8 and fines are removed by the Separator 
through line 9 while the lifting medium is re 
moved from the separator 7 through line 20. 
Figure 1 does not show any details of the present 
invention and is provided only to Show the gen 
eral arrangement of a continuous system wherein 
catalyst or contact material is utilized in a con 
tinuously moving maSS. 

Referring to Figure 2 which shows details of 
the lift conduit arrangement of the present in 
vention associated with the engager and al 
though only one such conduit arrangement is 
shown it will be understood that a plurality are 
contemplated in the Specific adaptation of the 
invention. The lift conduit is indicated gener 
ally at 2 f while 22 indicates an outer conduit or 
sleeve Secured about the lower portion of the 
lift conduit and enclosing the inlet end 23 of the 
lift Conduit. The sleeve 22 Will be maintained 
fixed relative to the engager f0 and may be Se 
cured thereto as by welding. The upper open 
end of the Sleeve 22 is provided with lugs 24 in 
Order to maintain the sleeve rigid With respect 
to the lift conduit 2 and the lower portion of 
the sleeve 22 extends through the lower end of 
the engager 0. A partition plate 25 is Secured 
within the sleeve 22 at a point a short distance 
below the inlet end 23 of the lift conduit and 
provides an upper chamber C for contact mate 
rial and a lower chamber F for lifting fuid ine 
diurn. It will be understood that as the contact 
material is returned to the engager f0 that the 
engager will be maintained substantially full of 
contact material and also that the Space C be 
tween the lift conduit 2 and Sleeve 22 will also 
be maintained constantly filled. Below the plate 
25 is provided a guide ring 2 providing a space 
27 with the plate 23 and a lifting fiuid supply 
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conduit 28 is in communication. With the space 
27 for the supply of lifting medium thereto. The 
guide ring 26 is apertured So that the lifting 
nediurn from the conduit 29 is directed down 
wardly through the apertures and then upwardly 
through the nozzle 29 to the inlet 23 of the air 
lift conduit. 
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terial is admitted at a point adjacent the top of 
the engager, the material acquires an angle of 
repose and it is advantageous to admit the pres 
Sure medium at a common level within the body 
of contact material in order to exert equal down 
Ward pressure. 

I claim: 1. Method of elevating contact material 
through a plurality of confined passageways each 
having an inlet end in communication. With a 
lower vessel and an outlet end in communica 
tion with an upper vessel which comprises the 
steps of maintaining a body of the material with 
in the lower vessel, supplying contact material 
to independent contact material Zones adjacent 
the inlet end of each passageway, simultaneously 
Supplying a stream of lifting fluid to the bottom 
of each of Said zones to direct the material from 
the Zones upwardly into and through the pas 
sageways to the upper vessel and controlling the 
rate of supplying the contact material to said 
Zones in accordance with the pressure conditions 
existing at Selected loci in the passageways. 

2. In the conveyance of solid particles from a 
lower vessel to an upper vessel through a con 
duit in which particles of solid material are con 
tinuously supplied to the lower vessel and in 
which a Zone of such material is maintained ad 
jacent the lower inlet end of the conduit and in 
Which a stream of conveying fluid is directed 
to the lower end of said Zone of material, the 
process of maintaining a Substantially constant 
rate and Velocity of flow of ilaterial into said 
conduit by varying the depth of material within 
said zone in accordance with any variation of 
pressure Within said conduit. 3. In the conveyance of Solid particles froin a 
lower vessel to an upper vessel through a conduit, 
in which particles of solid material are con 
tinuously supplied to the lower vessel aid in 
which a restricted Zone of Such material is main 
tained adjacent the lower inlet end of the con 
duit and in which a stream of lifting fluid under 
pressure is directed upward against said ZOne of 
material, the process of maintaining a Substan 
tially predetermined rate and Velocity of flow of 
material through said conduit Which comprises, 
upon occurrence of any variation of Such rate 
and velocity of flow and consequent rise or fall 
of fluid pressure in said conduit, controlling by 
such pressure the volume of material against 
which Said strean of lifting fiuid is directed to 
thereby change the rate of flow of material into 
said conduit and thus re-establish the predeter 
mined rate and velocity of flow of material 
through said conduit. 4. Method of elevating contact material 
through a confined passageway having an inlet 
end in communication With a lower vessel and 
an outlet end in communication with an upper 
vessel, which comprises the steps of maintaining 
a zone of contact material adjacent the inlet end 
of Said passageway, Supplying a stream of lifting 
fiuid to the bottom of Said ZOne at a predeter 
mined rate of flow to direct the material from the 
zone upwardly into and through the passageway 
to the upper vessel, and varying the depth of the 
Zone of contact material by varying the distance 
between the inlet end of Said passageway and 
the point of discharge of said stream of lifting 
fluid into said Zone in accordance With the pres 
Sure existing at a Selected locus in Said paSSage 
Way. 5. In the conveyance of Solid particles from 
One vessel to another through a conduit, in which 
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particles of solid material are continuously sup 
plied to the first vessel and in which a restricted 
Zone of Such material is maintained adjacent 
the inlet end of the conduit and in which a 
stream of Conveying fluid under pressure is di 
rected through a supply conduit and thence 
through a nozzle against said material and to 
Ward the inlet end of the conduit, the process of 
regulating the rate of conveyance of the material 
from said Zone to the conveying conduit by mov 
ing said nozzle toward and from the inlet to Said 
conveying conduit and varying the position of 
said nozzle in accordance with the pressure exist 
ing at a selected locus in said conveying conduit. 

6. Method of elevating contact material 
through a confined passageway having an inlet 
end in communication with a lower vessel and an 
outlet end in communication with an upper ves 
sel, which comprises the steps of maintaining a 
zone of contact material adjacent the inlet end 
of said passageway, supplying through a fluid 
supply conduit a stream of lifting fluid to the 
bottom of said Zone to direct the material from 
the same upwardly into said passageway, main 
taining a predetermined rate of Supply of lifting 
fluid to said ZOne by measuring the pressure dif 
ferential ahead of and beyond a locus in said 
supply conduit and throttling ahead of Said locus 
the flow of fluid through Said conduit in accord 
ance with said pressure differential. 

7. Method of elevating contact material through 
a confined passageway having an inlet end con 
municating with a lower vessel and an outlet 
end coinrinunicating with an upper vessel, which 
comprises maintaining a Zone of contact material 
in said lower vessel adjacent the inlet end of said passageway, flowing through a Supply con 
duit, a stream of conveying fluid and directing it 
upward into said Zone of contact material to force 
the naterial in said Zone up into and through 
said passageway, increasing or decreasing the 
freedom of flow of the conveying fluid through 
said conduit to said Zone in accordance with the 
rise or fall of the differences in pressure between 
the upper and lower ends of Said passageway, and 
simultaneously varying the volume of catalyst 
against which the conveying fiuid is projected 
to force the catalyst into such passageway, there 
by maintaining a Substantially constant rate of 
flow of conveying fluid and catalyst, through said 
paSSageWay. 8. Method of elevating contact material 
through a confined passageway having an inlet 
end communicating with a lower vessel and an 
outlet end communicating with an upper vessel, 
which comprises maintaining a Zone of contact 
material in said lower vessel adjacent the inlet 
end of said passageway, flowing through a supply 
conduit a stream of conveying fluid and direct 
ing it upward into Said Zone of contact material 
to force the material in said Zone up into and 
through Said paSSageway, So Varying the supply 
of conveying fluid as to maintain a substantially 
Constant pressure of Conveying fluid so directed 
upward into Said Zone notwithstanding any vari 
ation in preSSure in, and rate of flow of contact 
material through, Said passageway, and varying 
the rate at which contact material is forced from 
said ZOne into Said passageway in accordance 
With variation in pressure existing at a selected 
locus in said passageway. 9. Apparatus for elevating contact material 
from a lower chamber containing a body of the 
material to an upper chamber which comprises 
an elevating conduit having its lower inlet end 
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extending through the top of said lower chamber 
to be positioned therewithin and its upper out 
let end extending into the upper chamber, a 
sleeve positioned about the lower portion of said 
elevating conduit, said sleeve having its upper end 
Open and disposed within the body of material 
With its lower end disposed below the lower end 
of the elevating conduit providing with the inlet 
end of Said conduit a space for contact mate 
rial, a lifting fluid nozzle communicating through 
the lower end of the sleeve with said space for 
Conveyance of contact material upwardly fronn 
the Space, said lifting fluid nozzle being movable 
toward and from the inlet end of the elevating 
conduit to increase or decrease the vertical thick 
ness of Said Space, and means for supplying lift 
ing fluid for passage upwardly through said noz 
zle to force contact material from said space into 
and through the elevating conduit to the upper chamber. 

10. Apparatus as in claim 9 further character 
ized by the provision of a plurality of the elevat 
ing Conduits Spaced in a pattern within said lower chamber. 

11. Apparatus as in claim 9 further character 
ized by driving means for said nozzle and con 
trol means between the elevating conduit and 
Said driving means for regulating the position of 
the outlet end of said nozzle with respect to the 
inlet end of the elevating conduit in accordance 
with pressure conditions existing in the upper 
portion of the elevating conduit. 

12. Apparatus as in claim 9 further character 
ized by driving means for said nozzle and con 
trol means between the elevating conduit, and 
Said driving means for regulating the position 
of the Outlet end of said nozzle with respect to 
the inlet end of the elevating conduit in accord 
ance with pressure conditions existing in the 
upper portion of the elevating conduit and other 
control means connected with the lifting fluid 
Supply means for varying the Supply of lifting 
fluid to said contact material zone in accord 
ance With the position of the outlet end of said 
nozzle relative to the inlet end of the elevating Conduit. 

13. Apparatus for elevating contact material 
from a lower chamber containing a body of the 
material to an upper chamber which comprises 
a multiplicity of elevating conduits each having 
its lower inlet end extending through the top 
of said lower chamber to be positioned there 
within and its upper outlet end extending into 
the upper chamber, a sleeve positioned about the 
lower portion of each of said conduits, each 
sleeve having its upper end open and disposed 
Within the body of material with its lower end 
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10 
disposed below the lower end of the correspond 
ing elevating conduit providing with the inlet 
end of the conduits a space for contact material, 
a lifting fluid nozzle communicating through the 
lower end of each sleeve with each space for 
Conveyance of contact material upwardly from 
each Space, each of said lifting fluid nozzles 
being movable toward and from the inlet end of 
each elevating conduit in accordance with pres 
Sure conditions existing in each conduit to in 
crease or decrease the vertical thickness of each 
of Said Spaces, and means for supplying lifting 
fluid for paSSage upwardly through each nozzle 
to force contact material from each space into 
and through the elevating conduits to the upper chamber. 

14. Apparatus for elevating contact material 
from a lower chamber containing a body of the 
material to an upper chamber which comprises 
a multiplicity of elevating conduits each having 
its lower inlet end extending through the top of 
Said lower chamber to be positioned therewithin 
and its upper outlet end extending into the upper 
chamber, a sleeve positioned about the lower 
portion of each conduit, each sleeve having its 
upper end open and disposed within the body 
of material with its lower end disposed below 
the lower end of the corresponding elevating con 
duit, a partition across each sleeve dividing it 
into an upper contact material space and a lower 
lifting fluid Space, a lifting fluid nozzle mounted 
in an aperture in each partition and being 
adapted for receiving lifting fluid from said lower 
fluid Spaces for conveyance of contact material 
upwardly from the upper contact material spaces, 
said lifting fluid nozzles being movable toward 
and from the inlet ends of the elevating conduits 
to increase Ol' decrease the vertical thickness of 
Said contact material Spaces, and means for sup 
plying lifting fluid to the lower spaces for pas 
Sage upwardly through said nozzles to force con 
tact material from said upper spaces and through 
the elevating conduits to the upper chamber. 
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