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valves is used, contact between equipment and sol- ids degrades the solids
particles by breaking them Field of the Invention
into smaller particles and causes equipment wear. It is difficult to
maintain effective sealing to prevent This invention relates to the arts of
solids flow    5   escape of gas from the contacting zone and equip- and
process control. More particularly, it relates to  ment maintenance costs
are high. These problems control of gas flow through zones containing solid
are magnified when solids or gas or both are at ele- particulate matter and
control of internal pressure  vated temperatures. Pressure lock systems
having of these zones while the solid matter is transferred  on-off valves
through which the solids pass have between zones. A specific use involves a
catalyst  10   been the preferred method of feeding solids into a treatment
system for use in moving bed hydrocar-      pressurized zone, but the
valves are a high- main- ban conversion processes, including catalytic re-
tenance item. A system using valves is briefly de- forming.
scribed below. U.S. Patent No. 2,851,401, cited above, discuss- BACKGROUND
OF THE INVENTION                     15   es the problems involved in
solids transfer and teaches transfer of solids without using mechanical It
is believed that U.S. Patent No. 2,851,401      equipment subject to wear
or which degrades solids. (Payne) is the most relevant reference. This
patent  However, this patent does not deal with the various deals with the
transfer of solid particulate matter  aspects of gas flow, such as
mentioned above. Al- from one location to another, but contains no infor-
20   so, it is often desirable to maintain a continuous gas mation
regarding maintaining a flow of gas through   flow, even when the solids
flow is batchwise. Use of said locations or maintaining pressures in said
loca-  continuous gas flow permits better control of con- tions and does
not teach the use of the gas conduits  tact time period and usually
promotes the chemical of the present invention. U.S. Patent No. 2,851,402
or physical process taking place by constantly pre- (Haddad) provides
information on solids transfer   25   senting fresh gas to the solids. In
some cases, it is utilizing teachings of the Payne patent ('401).
highly important to immediately contact incoming sol An important
application of the present invention  ids with fresh gas, that is, gas
which has not yet had involves catalyst which is used in hydrocarbon con-
significant contact with solids. version processes. U.S. Patent No.
2,423,411           The present invention is useful in the practice of
(Simpson); 2,531,365 (Simpson et al); 2,854,156   30   a variety of
processes and, in particular, in hydro- (Payne);  2,854,161  (Payne);  and
2,985,324        carbon conversion processes, such as catalytic re-
(Balentine) are exemplary of references where hy-    forming, which is the
subject of the detailed example drocarbon process catalysts are transported
and      presented below. Another process in which the in-   r treated.
vention may be utilized is the conversion of light For additional
information on catalytic reforming   35   paraffins to light olefins. This
catalytic dehydro- and regeneration of catalyst, which is the subject of
genation process will convert, for example, propane a detailed example
herein, U.S. Patents 3,647,680    to propylene. In another catalytic
hydrocarbon con- (Greenwood et al.) and 3,692,496 (Greenwood et
version process, light paraffins and/or olefins are al.) may be consulted.
processed to yield aromatics and hydrogen. The There are many chemical
processes where it is  40   present invention is useful in regenerating the
cata necessary to bring into contact a gas and solid par-  lyst used in
these processes. An example of a pro- ticulate matter, or solids, or
particles. Frequently,  cess other than hydrocarbon conversion in which
chemical reactions as well as physical phenomena     the present invention
may be applied is the treat- take place during such contact. In most cases,
gas   ment of a gas stream to remove a component by and solids must be in
contact for a minimum time per-   45   means of contact with particulate
solids, such as re- ad and the desired chemical or physical reaction or
moval of sulfur dioxide from a flue gas stream upon change will not take
place or will be incomplete if the  passing the flue gas through a bed
comprising a sul- contact is for a shorter period. In some cases there  fur
oxide acceptor such as copper-bearing alumina is a maximum contact time
period, beyond which less  spheres.. However, the preferred use of the
inven- than optimum or undesirable results will be obtained.   50  tion is
in hydrocarbon conversion processes and It is highly desirable to conduct
gas/solid contacting  specifically in moving bed catalytic reforming.
processes in a continuous or semi-continuous man- ner rather than as a
batch operation.                Brief Summary of the Invention A contacting
zone is usually maintained at some positive pressure (above atmospheric) of
the con-   55  The present invention comprises method and ap- tacting gas.
Particles must be introduced and with-  paratus for maintaining a
substantially continuous drawn from the pressurized zone without losing
con-  flow of a gas upward through a lower zone and then tacting gas to the
atmosphere. It is often necessary  through an upper zone within a
previously estab- to maintain the internal pressure of the contacting
lished flow rate range while simultaneously transfer- zone at a particular
value or within a certain range.   60  ring particles downward from the
upper zone to the Contacting zone pressure may be higher than that
lower zone. of the zone from which solids are provided to the      The
lower zone has a higher internal pressure contacting zone. Feeding solids
into a zone against  than the upper zone and the internal pressures are a
high pressure poses numerous problems. When        independently variable.
The particles are passed equipment, such  as screw  conveyors or star   65
through the upper and lower zones during practice 2  
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treatment of the particles or the  lower zone to a lock hopper zone through
a lower gas. Either or both zones may be used primarily for  particle
transfer conduit which communicates be- a gas/particle contact operation or
one zone may be  tween the lower zone and the lock hopper zone at a
primarily used for storage and feeding purposes.   rate which prevents
downward flow of particles It is one aim of the invention to avoid the use
of   5   through the lower particle transfer conduit and si- moving
mechanical equipment in contact with parti-  multaneously passing gas from
the lock hopper des.                                               zone to
the upper zone by means of an upper gas It is also an aim of the invention
to avoid the use  conduit which communicates and substantially equal- of
costly and complex control instrumentation to   izes pressure between these
zones, thus permitting maintain gas flow.                            10
particles to flow from the upper zone downward to It is a further aim to
provide method and appara-  the lock hopper zone through an upper particle
tus for accomplishing particle transfer without sub-  transfer conduit
which communicates between the stantially affecting the internal pressures
of the up-  upper zone and the lock hopper zone; (c) when the per or lower
zones.                                level of particles in the lock hopper
zone rises to a In a broad embodiment, the invention is a method   15
previously determined high level point, increasing comprising (a) passing
the gas into the lower zone,  the internal pressure of the lock hopper zone
by whereupon gas passes upward from the lower zone    stopping gas flow
through the upper gas conduit, to a lock hopper zone through a lower
particle trans-  causing gas to flow from the lock hopper zone to the for
conduit which communicates between the lower   upper zone by means of the
upper particle transfer zone and the lock hopper zone at a rate which pre-
20  conduit at a gas rate which prevents downward flow vents downward flow
of particles through the lower  of particles through the upper particle
transfer con- i   particle transfer conduit, where an upper particle  duit;
(d) passing gas from the lower zone to the lock transfer conduit
communicates between the lock     hopper zone by means of a lower gas
conduit which hopper zone and the upper zone, where a lower por-
communicates and substantially equalizes pressure tion of the upper zone,
the upper particle transfer  25   between these zones, causing particles to
flow conduit, a lower portion of the lock hopper zone,  downward through
the lower particle transfer con- and the lower particle transfer conduit
are filling  duit into the lower zone; (e) stopping gas flow with particles
without discontinuity, and where flow  through the lower gas conduit when
the level of par- of particles downstream through the upper particle  tides
in the lock hopper zone falls to a previously transfer conduit into the
lock hopper is prevented   30   determined low level point and
simultaneously estab- when the level of particles in the lock hopper zone
lishing flow of gas through the upper gas conduit, is at the lower end
region of the upper particle   thus re-establishing the gas flow
configuration of transfer conduit; (b) simultaneously with step (a),  step
(b), causing particle flow out of the lower parti- passing gas from the
lock hopper zone to the upper  cle transfer conduit to the lower zone to
cease and zone by means of an upper gas conduit which corm-   35   causing
particles to flow out of the upper particle municates and substantially
equalizes pressure be-  transfer conduit and into the lock hopper zone.
tween these zones; (c) increasing the internal pres- .  Apparatus for
practice of a broad embodiment of sure of the lock hopper zone to a value
substantial-  the invention comprises: (a) an upper zone contain- ly equal
to the pressure of the lower zone when the  ing particles, which zone is
maintained at an inde- lock hopper zone is to be emptied by stopping gas
40   pendently variable first pressure; (b) a lower zone flow through the
upper gas conduit and passing gas  containing particles, which zone is
maintained at an from the lower zone to the lock hopper zone by
independently variable second pressure higher means of a lower gas conduit
which communciates    than said first pressure; (c) a lock hopper zone lo-
and substantially equalizes pressure between these  cated below the upper
zone and above the lower zones, causing particles to flow downward through
45  zone; (d) means for continuously supplying the gas the lower particle
transfer conduit into the lower  to the lower zone; (e) an upper particle
transfer zone, and causing gas to flow from the lock hopper  conduit having
a restriction at its lower end which zone to the upper zone by means of the
upper parti-  communicates between the upper zone and the lock cle transfer
conduit, at a gas rate which prevents  hopper zone; (f) a lower particle
transfer conduit downward flow of particles through the upper part-  50
having a restriction at its lower end which communi- cle transfer conduit;
and, (d) stopping gas flow   cates between the lock hopper zone and the
lower through the lower gas conduit when the level of par-  zone; (g) an
upper gas conduit and a upper block tides in the lock hopper zone falls to
a previously  valve located in said conduit, which conduit commu-
determined low level point and simultaneously estab-  nicates between the
upper zone and the lock hopper lishing a flow of gas through the upper gas
conduit,  55   zone; (h) a lower gas conduit and a lower block causing
particle flow out of the lower particle trans-  valve located in said
conduit, which conduit commu- fer conduit to the lower zone to cease and
causing  nicates between the lock hopper zone and the lower particles to
flow out of the upper particle transfer  zone; (i) means for generating a
signal which initi- conduit and into the lock hopper zone, said particle
ates a transfer of particles out of the upper zone flow continuing until
the level of particles in the lock   60  and transmitting said initiation
signal; (j) means for hopper zone rises to the lower end region of the up-
sensing level of particles in the lock hopper zone per particle transfer
conduit.                     and transmitting a signal when said level is
at a pre- In another embodiment, the method of the inven-  viously
determined low location; and (k) means for tion comprises: (a) continuously
passing the gas in-  controlling the position of said block valves in such
to the lower zone; (b) passing gas upward from the   65   a manner that one
of the valves is open when the 
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valves is closed so that a flow path for  (Greenwood et al.) and 3,692,496
(Greenwood et said gas supplied to the lower zone comprises either  al.)
may be consulted for background information on the lower particle transfer
conduit and the upper   reforming and catalyst regeneration. gas conduit or
the upper particle transfer conduit    In many modern catalytic reforming
processes, and the lower gas conduit, which position controlling   5
catalyst is moved continuously or semi-continuous- means is responsive to
said level signal and said ini-  ly through a regeneration vessel, or
through a se- tiation signal such that (i) upon receipt of said initia-
ries of regeneration vessels, in which the various tion signal the lower
gas conduit block valve opens,  steps involved in a regeneration cycle are
per- permitting particle flow from the lock hopper zone  formed. Due to the
well-known difficulties involved through the lower particle transfer
conduit to the   10  in transferring solids from location to location, men-
lower zone, and the upper gas conduit block valve   tioned above, true
continuous processing is diffi- doses, causing gas to flow upward through
the up-   cult to achieve. The catalytic regeneration process per particle
transfer conduit at a rate which pre-  of the above-mentioned Greenwood
patents uses a vents downward flow of particles through the upper
semi-continuous movement of catalysts at certain particle transfer conduit,
and (ii) upon receipt of  15   points and continuous movement at other
points of said level signal the lower gas conduit block valve  the
regeneration vessel, or vessels. By semi-con- closes, causing gas to flow
upward through the low-  tinuous movement is meant the repeated transfer of
er particle transfer conduit at a rate which pre-   a relatively small
amount of catalyst at closely vents downward flow of particles through the
lower  spaced points in time. For example, one batch of cat- particle
transfer conduit, and the upper gas conduit  20   alyst may be transferred
out of a vessel each two block valve opens, permitting particle flow from
the  minutes. If the inventory in that vessel is sufficient- upper zone
through the upper particle transfer con-  ly large, the movement
approximates continuous duit to the lock hopper zone.
transfer of catalyst. This principle is used in the The invention will now
be further described, by   present invention. It is not necessary to
provide way of example with reference to the accompanying   25  further
information on regeneration processes, as drawings, in which
such is easily available in numerous sources, such as the above-mentioned
Greenwood patents, and is Figure 1 is a schematic representation of an em-
not required for an understanding of the invention. bodiment of the
invention depicting an upper zone, a  Following is a description of the
embodiment of lock hopper zone, and a lower zone, where each   30  the
invention depicted in Figure 1, using language zone is contained in a
separate vessel, and         specific to the above-discussed reforming pro-
Figures 2A, 2B and 2C are schematic represen-     cess. Catalyst particles
are accumulated in the bot- tations depicting the zones of Figure 1 in a
common  tom portion of vessel 10, or upper zone 10, entering vessel and
depicting three steps in a five-step cy-  from above, as shown by the
arrow. In this zone, cle comprising an embodiment of the invention.  35
the portion of the catalyst regeneration cycle known as reduction takes
place. Gas, comprising For the purposes of promoting an understanding
hydrogen, at a high temperature, is contacted with of the principles of the
invention, reference will now  the catalyst particles in upper zone 10 in
order to ac- be made to the embodiments illustrated in the draw-  complish
reduction. ings and specific language relating to a particular  40    It is
very important that an uninterrupted flow of exemplary process will be used
to describe the      gas through the reducing zone be maintained. same. The
use of these embodiments and this exam-   Should the flow be interrupted
for any interval of pie is not intended to limit the scope of the invention
time, reduction of the catalyst will not be properly in any way. The
drawings depict only those compo-   accomplished, with the result that its
ability to cata- nents which are necessary in describing the inven-   45
iyze reforming reactions is severely impaired. Also, tion, the use of
additional required hardware being  if the flow of reducing gas is
sufficiently high so well within the purview of one skilled in the art.
that the catalyst is fluidized or partially fluidized, The reforming of
hydrocarbon feedstocks, such     the catalyst will be subject to physical
damage. as a naphtha fraction derived from petroleum, utiliz-  After
catalyst is reduced in upper zone 10, it is ing a platinum group
metal-alumina catalyst, is a   so  transferred to lower zone 12, which
serves as a re- process well known in the art. Briefly, a naphtha   tention
volume for catalyst flowing through the re- feedstock is admixed with
hydrogen and contacted    generation apparatus, and also serves an
isolation with the catalyst in a reaction zone, at reforming  function,
while feeding catalyst to pneumatic con- conditions of temperature and
pressure to cause at  veying means for transporting the catalyst to a re-
least a portion of the naphtha feedstock to be up-  55  forming reactor.
Lower zone 12 is at a higher pres- graded to products of improved octane
value. Af-    sure than upper zone 10. For example, the upper ter a period
of time in use, the catalyst used in the  zone could be maintained at a
nominal pressure of process must be regenerated, that is, it must be
5psig (34.5 kPag) and permitted to vary within a treated to restore it to a
satisfactory level of activi-  range of 2 to 8psig (13.8 to 55.2 kPag)
while the low- ty and stability for catalyzing the reforming reac-  60   er
zone nominal pressure could be 35psig (241.3 tions. Regeneration consists
of several different   kPag), with a normal range of 30 to 40 psig (206.9
to processing steps. One of the steps involves con-    275.8 kPag). Thus,
the differential pressure be- tacting the catalyst with a reducing gas
comprising  tween the upper and lower zone might range be- 



hydrogen in order to accomplish a reduction reac-  tween 22 and 38 psi
(151.7 to 262 kPa). However, tion. The above-cited  U.S. Patents, 3,647,680
65  this invention may be used when the pressure dif- 4    7
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or much     nected, by means of a conduit, to another vessel less. It may
be in a range between 0.1 psi and 100 psi  used in the catalytic reforming
process, so that the to 200 psi (0.7 and 689.5 to 1379 kPa) or more.
upper zone pressure depends upon and varies with A vessel denoted lock
hopper 11 is used in effect-  the pressure in that vessel. ing the transfer
of catalyst from zone 10 to zone 12.   5  Low level switch 17 is provided
at lock hopper 11 Catalyst passes from zone 10 to lock hopper 11      to
sense when catalyst level in the lock hopper zone through upper particle
transfer conduit 15, which   is at a previously determined low level and
transmit sealably extends through a nozzle on the top of lock  a signal to
controller 22. Controller 22 adjusts the hopper 11 to project into lock
hopper zone 11. Cata-  positions of valves 18 and 19, which are on-off lyst
passes from lock hopper 11 to lower zone 12 via  10   valves in this
embodiment of the invention. Control- lower particle transfer conduit 16,
which sealably ex-  ler 22 also includes a timer, which generates or tends
into lower zone 12. As will be shown below, the  causes to be generated a
cycle initiation signal at a extension of conduit 16 into lower zone 12 is
not re-  frequency determined by adjusting the timer. The quired; while a
minimum length of conduit is required,  cycle initiation signal causes
valves 18 and 19 to it may be outside the vessels. The extension of con-
15   move to the start of a particle transfer cycle, as will duit 15 into
lock hopper 11 is not necessary when   be explained below. means for
monitoring particle level at a high location  The following description is
presented with refer- in lock hopper zone 11 is provided, but is required
ence to both Figures 1 and 2. The above description when no high level
instrumentation is provided.     relating to Figure 1 also applies to
Figure 2. It can be Such high level instrumentation is not shown in Fig-
20  seen that the same reference numbers used in Fig- ure 1, since it is
not necessary to the embodiment de-  ure 1 also appear on Figure 2 where
appropriate. picted therein, but will be described below.        Certain
items have been omitted from Figure 2 for v'-'    A common prior art
procedure is to locate valves  drawing convenience, such as controller 22
and in conduit 15 and 16, between the three vessels, so  valve 21, but it
is to be understood that these items that lock hopper 11 can be alternately
filled with cata-   25   are required for the operation of the embodiment
of lyst from upper zone 10 with the valve in conduit 16  Figure 2. In
Figure 2, which depicts a preferred ar- closed, and then discharged to
lower zone 12 while  rangement, the three zones of Figure 1 are located the
valve in conduit 15 is in a closed position. How-  in a single vessel
rather than separate vessels. In ever, as mentioned above, it is highly
desirable to  Figure 1, lower gas conduit 14 communicates be- avoid the use
of moving equipment, including   30  tween lower zone 12 and lock hopper 11
and upper valves, in the transfer paths of catalyst particles.  gas conduit
13 communicates between lock hopper 11 Reducing gas enters lower zone 12
through con-    and upper zone 10. In Figure 2, the gas conduits are duit
20. Valve 21 regulates the quantity of gas flow-  shown with a common
portion 26. Thus, in Figure 2, ing into lower zone 12; this flow rate may
be varied  lower conduit 14 includes a portion labeled refer- independently
of the invention by means for control-  35   ence number 26 and upper
conduit 13 includes a por- ling the pressure of lower zone 12 (not shown).
For  tion labeled reference number 26. example, the pressure of lower zone
12 might be var-  Transfer of catalyst particles from  reducing ied, within
a previously established range, in re-  zone 10 to lower zone 12 without
using valves, while sponse to signals from the above-mentioned pneu-
maintaining a flow of gas through the zones, may be matic conveying means.
40   accomplished with a five-step cycle. Three of the Gas may flow from
lower zone 12 to upper zone 10  five steps are shown in Figure 2. A single
cycle re- via one of two alternate paths, where the lock hop-  suits in the
transfer of one batch of particles from per zone is a part of each path.
One gas flow path  the upper zone to the lower zone. Figure 2A depicts
comprises conduit 16, lock hopper 11, and upper gas  step 1 of the cycle,
where the apparatus is in a hold conduit 13. The other flow path comprises
lower gas   45   or ready mode. Lock hopper 11 is filled to its maximum
conduit 14, lock hopper 11, and conduit 15. Since in  capacity with
catalyst. There is an inventory of cat- the first mentioned path, catalyst
occupies the low-  alyst in reducing zone 10, which catalyst remains in er
portion of vessel 10 and the gas enters above    the zone for a time
sufficient to attain proper reduc- the catalyst level, it is necessary in
upper zone 10  tion. Conduits 15 and 16 are filled with catalyst so to
provide means for conveying gas downward and   50  that there is no
discontinuity in a mass of catalyst distributing it, so that contact
between gas and cata-  occupying a lower portion of reducing zone 10, up-
lyst takes place. This is accomplished by cylindrical  per transfer conduit
15, a lower portion of lock hop- baffle 30, which is smaller in diameter
than upper  per zone 11, and lower transfer conduit 16. The in- vessel 10
and disposed in a concentric manner in-   ventory in upper zone 10 is
replenished with cata- side it to form an annular space 31. The top of the
55  lyst from that portion of the regeneration apparatus annular space is
closed to gas flow by means of an  located above the upper zone (not
shown). Catalyst annular horizontal plate. The open center area of
accumulation in lower zone 12 is depicted. the annular plate permits flow
of catalyst and gas.   Gas passes from lower zone 12 to lock hopper 11 Gas
entering the annular space from conduit 13      through lower transfer
conduit 16 during step 1. The must therefore flow downward to the bottom of
cylin-  60   differential pressure between the lower and lock drical baffle
30 and make a [err] turn to flow upward  hopper zones may be in a range
between 0.1 and 100 



through the catalyst.                               psi (0.7 to 689.5 kPa)
or more, with the lower value The internal pressure of upper zone 10 is
inde-   usually above 5 psi (34.5 kPa). Downward flow of pendently
controlled by means not shown on the      particles from lock hopper zone
11 to lower zone 12 drawing. For example, upper zone 10 might be con-   65
is prevented at this time by upward flow of gas 5    9                   EP
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high up-  turbance due to valve operation. ward flow rate of gas and a
relatively low depth of    When the level in lock hopper zone 11 falls to a
catalyst above upper transfer conduit 16, the parti-  previously determined
low point, step 4, depressuri- cles in conduit 16 may be pushed upward into
zone    zation, is initiated. Low level switch 17 detects the 11, causing a
large increase in gas flow and partial   5   absence of particles at said
low point as soon as fluidization of catalyst in zone 11. In the. design of
particle level falls to that location and immediately the apparatus, a
minimum length of conduit 16 plus a  transmits a signal to controller 22.
Controller 22 minimum depth of the particle bed immediately above  causes
valve 19 to close and valve 18 to open, thus it must be specified, based on
the maximum gas flow  depressurizing lock hopper zone 11 and changing rate
expected/required through conduit 16. In estab-   10  the gas flow path to
the same configuration as in lishing this length plus depth above the
minimum, it is  step 1. Step 4 ends when the pressure in the lock necessary
to consider the minimum required flow of   hopper zone becomes
substantially equal to the gas and the pressure differential between zones.
pressure of the upper zone. In step 5, catalyst en- For a particular
pressure differential, the longer  ters the lock hopper zone via conduit
15. Step 5 dif- the conduit, the lower the gas flow. Conduit diame-   15
fers from step 1 in that lock hopper 11 is full during ter may be increased
in order to increase gas flow   step 1 and there is no flow of catalyst at
all in step 1. at a given conduit length and pressure differential.  During
step 5, catalyst flows from upper zone 10 to Flow of catalyst from upper
zone 10 to lock hop-  lock hopper zone 11 until the level rises to the end
per zone 11 does not occur at this time (step 1) by vir-  region ofupper
transfer pipe 15, thus completing the tue of the fact that the level of
particles in lock hop-   20   cycle and returning to a hold mode,
represented by per zone 11 is at the end region of upper transfer   step 1.
Arrow 32 indicates the gas flow path in step conduit 15; reference number
27 denotes the end re-  5. gion. It can be seen that for catalyst to flow
out of  This cycle of five steps is normally repeated con- conduit 15
(Figure 2A), catalyst at the end region of  tinuously. For example, it may
take approximately 50 the conduit and outside of the conduit must be dis-
25   seconds to transfer one batch of catalyst from up- placed. A
sufficient amount of force to accomplish   per zone 10 to lower zone 12.
Controller 22 is cap- displacement is not available in this situation and
the  able of accepting a desired cycle repetition rate, level never rises
above the end region.              which is usually manually entered, and
sending a sig- In step 2 (not shown) of the cycle, which may be   nal to
initiate a cycle, that is, the movement of denoted the pressurization step,
valve 18 is closed   30   valves 18 and 19 so that step 2 is entered. A
practi- and valve 19 in lower gas conduit 14 is opened. This  cal maximum
cycle repetition rate for a 50-second results in the equalization of
pressure between the  cycle would be about once per 60 seconds. The cat-
lock hopper zone and the lower zone; thus the lock   alyst transfer rate
would then be, if the volume of hopper zone internal pressure increases in
this     the lock hopper zone between normal maximum ca- step, so that it
becomes greater than the internal  35   pacity (level at conduit 15 end
region) and the low pressure of. the upper zone. Upon completion of
level switch were one unit volume, one unit volume pressurization of the
lock hopper zone, step 3 of    per minute. A transfer rate of half of that
maximum the cycle is entered.                                would require
that controller 22 initiate a new cycle Figure 2B depicts the latter
portion of step 3 of  every two minutes. the cycle, in which the catalyst
level in lock hopper   40  Controller 22 functions as means for receiving a
zone 11 is near its normal low point. Step 3 is re-  level signal from low
level switch 17, means for con- ferred to as the "empty" portion of the
cycle, where  trolling the positions of block valves 18 and 19, and the
lock hopper is emptied of catalyst. Flow of sol-  means for an operator to
set a cycle repetition rate. ids from the upper zone into the lock hopper
zone is  There are many different types of apparatus capa- prevented by
flow of gas upward through upper   45   ble of performing the functions of
controller 22, transfer conduit 15, in the same manner as dis-      such as
process control computers and programm- cussed above in regard to conduit
16. The level of   able controllers. Also, these functions can be ac-
particles in the lock hopper zone falls as solids flow  complished by means
of a cycle timer to provide out of conduit 16 to lower zone 12. During this
time,  signals to initiate a cycle and a flip-flop control the gas entering
via line 20 flows through lower gas   50   device responsive to low level
switch 17 for pro- conduit 14 and valve 19 to enter the lock hopper
viding signals to enter step 4. zone. The pressures of the lower zone and
the lock     The length of conduits 15 and 16 are quite impor- hopper zone
are substantially the same at this time  tant to the operation of the
system, as explained (step 3) though, of course, a small pressure differ-
above. The magnitude of the permissible pressure ence exists, since there
is flow through conduit 14.  55   differential between zones is dependent
primarily It can be seen that the gas flow path of steps 2   on the length
of the column of particles between and 3 is different from that of step 1,
but that there  zones, for a given diameter of transfer conduit and is no
interruption in gas flow caused by the transi-  particle type. The length
of the column of particles tion from step 1 to step 2. Arrows 28 indicate
the   between zones is defined as the length of the trans- 



gas flow path in step 1 and arrows 29 depict the flow   60  fer conduit
plus the depth of the bed of particles of gas in step 3. It may be
desirable to program a   above it in the zone, where the lowest point of
the slight delay in closing of valve 18 at the start of step  bed of
particles is at the bottom of the conical sec- 2, on the order of a few
seconds or less. This would  tion of the zone. If the pressure differential
is too ensure that if valve 19 were to open relatively slow-  high, the
catalyst will be blown out of the transfer ly, there would be no
significant transient flow dis-  65   pipe and up into the zone above it.
In experimental 6    11                  EP 0 234 069 B1
12 work, as pressure in a zone was increased, blowout   both of the
alternate flow paths between the outlet was manifested by a loud noise and
could be clearly  of conduit 20 and the top portion of upper zone 10 in-
observed in the zone above the transfer pipe. If     volve substantially
the same pressure drop at all the pressure differential between zones is
too low,  times. The pressure drop of gas flowing through the gas flow rate
will be too low, resulting in poor   5   catalyst in the large diameter
portions of the appa- catalyst regeneration. The column  of catalyst
ratus is small in comparison to the pressure drop of through which the gas
flows upward may be viewed     gas flowing in the transfer conduits. as a
resistance to flow; flow rate through such a re-  The apparatus of the
invention may be used as a sistance, or restriction, varies with pressure
drop  solids flow control device for an entire process, across the
restriction.                         10   since the flow rate of particles
from the upper zone In a typical design situation, the pressure differ-  to
the lower zone can be varied, as discussed ential across a lock hopper is
known, since it is nor-  above. mally independently fixed by factors having
no rela-   It is necessary that the lower end of a particle tionship to the
lock hopper system. Thus the start-  transfer conduit have a smaller
cross-sectional ar- ing point in design is the given pressures of   15   ea
for particle flow than the balance of the conduit; pressure ranges in the
upper zone and lower zone.    this is referred to as a restriction. For
example, in The required maximum and minimum flow rates of gas   the case
of a circular conduit, the inside diameter of upward through the zones and
the required particle   the end may be less than that of the balance of the
transfer rate are also known, being set by the pro-  conduit, such as is
shown in Figure 2A at reference cess. The length of the catalyst column and
the   20   number 27. The purpose of the restriction is to keep diameter of
the particle transfer pipe are then con-  the particle transfer conduit
full of particles when sidered. A balance between length and diameter is
the pressures of the zones between which the y_,required to achieve the
desired gas rate at the       transfer conduit communicates are about the
same. same time as the desired instantaneous flow rate of  When the
pressures are not equal and gas is flow- particles. Shortening the length
with other factors   25  ing upward, the particles will remain in the
conduit constant or increasing the diameter with other fac-  because of
proper selection of length and size of tors constant will result in blowout
if carried too far.  conduits 15 and 16 to set the length of the column of
Another feature of importance during design is the   particles between
zones and thus prevent blowouts length of each of the components which make
up the   as previously explained. Without the restriction, total column
height of particles. Gas flow through   30   particles passing through a
conduit will be in dilute the transfer pipe requires a significantly higher
phase and when a pressure differential between pressure drop per unit
length than the same gas      zones is established, the conduit will be
only partial- flow through the particle bed immediately above the  ly full
of particles, thus defeating the invention. transfer pipe. It should also
be noted that gas flow   In another embodiment of this invention, a high
rate through the particle bed must always be less   35  level sensor may be
used to limit the level of parti- than the rate which will cause
fluidization of the par-  cles in the lock hopper zone to a point below the
end ticles. Those skilled in the art will now appreciate the  region of the
upper particle transfer conduit. When interplay of variables and how to
adjust each to ob-  the high level point is adjustable over a range, the
tain an appropriate design. Principles of solids flow  size of each batch
transferred may be adjusted. are known to those skilled in the art and need
not be   40   When the lock hopper zone reaches a high level discussed
herein. For addition information on solids  point, the high level sensor
provides a signal to con- flow in the context of this invention, U.S.
Patent No.  troller 22 and controller 22 closes the upper gas 2,851,401,
mentioned above, may be consulted,        conduit block valve, leaving the
lower conduit block though it does not deal with gas flow. It should be
valve also in the closed position. The gas path be- noted that common
practice in design of solids flow   45  tween the upper and lower zones
then comprises K-systems is to conduct experiments to determine flow   both
the upper and lower particle transfer conduits, characteristics of the
particular solid involved.    so that particle flow in both conduits is
prevented. It can be seen that design of a system of this in-  Then when it
is desired to start a cycle from this vention requires careful
calculations. Given the in-  hold position comprising two closed block
valves, ternal pressures of the upper and lower zones, the   50  the lower
gas conduit block valve is opened to start minimum and maximum gas flow
rates required by the   the lock hopper empty step. process, the identities
of the gas and the particles,  A reason for using a high le-el instrument
in- and the required range of particle transfer rates,   stead of letting
particle level rise Lo the lower end the system designer must carefully
choose the size   region of the upper particle transfer conduit is that, of
the lock hopper zone, in particular the normal min-  55  in this situation,
gas flowing up the conduit tends to imum and maximum volumes occupied by
the part-       agitate the particles at the lower end region. This ag-
cles, the lock hopper zone bed depth above the       itation may cause
physical damage to the particles. 



transfer conduit, the diameter of the transfer con-  Another method which
has been proposed to solve duits, and the lengths of the transfer conduits.
Of  this problem, should it occur, is to provide a perfo- course, there are
other parameters to be chosen by   60  rated conduit portion at the lower
end of the con- the designer, such as gas conduit size, but these    duit.
All or a portion of the gas would then flow are the most important.
through the perforations, thereby by-passing the It can be readily seen by
reference to Figure 2    catalyst and not causing agitation. The catalyst
lev- and the flow paths indicated by the sequence of ar-  el would not rise
beyond the lower end of the perfo- rows 28, 29, and 32 in Figures 2A, 2B,
and 2C, that   65  rated portion of the conduit. 7    13                 EP
0234 069BEl                   14              itra Claims
zone where the lower zone has a higher internal pressure than the upper
zone and where the parti- 1. A method for maintaining a substantially
contin-  des are passed through the upper and lower zones uous upward flow
of a gas through a high pressure  during practice of a process for
treatment of the lower zone and then through an upper low pressure   5
particles or the gas, said method comprising: zone to which particulates
are continuously being    (a) continuously passing the gas into the lower
added while simultaneously transferring particles    zone; downward from
the upper zone to the lower zone via   (b) passing gas upward from the
lower zone to a a lock hopper zone which is maintained continuously  lock
hopper zone through a lower particle trans- in open communication with the
upper zone by means   10    fer conduit which communicates between the low-
of an upper particle transfer conduit and with the   er zone and the lock
hopper zone at a rate which lower zone by means of a lower particle
transfer     prevents downward flow of particles through the conduit, said
method comprising:                     lower particle transfer conduit and
simultaneous- (a) passing the gas into the lower zone, whereup-  ly passing
gas from the lock hopper zone to the on gas passes upward from the lower
zone to the   15    upper zone by means of an upper gas conduit lock hopper
zone through the lower particle        which communicates and substantially
equalizes transfer conduit at a rate which prevents down-    pressure
between these zones, thus permitting ward flow of particles through the
lower particle  particles to flow from the upper zone downward transfer
conduit, simultaneously passing gas       to the lock hopper zone through
an upper particle from the lock hopper zone to the upper zone by   20
transfer conduit which communicates between means of an upper gas conduit
which communi-       the upper zone and the lock hopper zone; cates and
simultaneously equalizes pressure be-    (c) when the level of particles in
the lock hopper tween these zones, and allowing particles to fill a  zone
rises to a previously determined high level lower portion of the upper
zone, the upper parti-  point, increasing the internal pressure of the lock
dle transfer conduit, a lower portion of the lock   25  hopper zone by
stopping gas flow through the up- hopper zone, and the lower particle
transfer con-  per gas conduit, causing gas to flow from the lock duit
until flow of particles downstream through    hopper zone to the upper zone
by means of the the upper particle transfer conduit into the lock  upper
particle transfer conduit at a gas rate hopper is prevented because the
level of parti-     which prevents downward flow  of particles cles in the
lock hopper zone is at the lower end re-  30    through the upper particle
transfer conduit; gion of the upper particle transfer conduit;       (d)
thereafter passing gas from the lower zone to (b) increasing the internal
pressure of the lock   the lock hopper zone by means of a lower gas hopper
zone to a value substantially equal to the  conduit which communicates and
substantially pressure of the lower zone by stopping gas flow    equalizes
pressure between these zones, caus- through the upper gas conduit and
passing gas   35    ing particles to flow downward through the lower from
the lower zone to the lock hopper zone by     particle transfer conduit
into the lower zone; and means of a lower gas conduit which communicates
(e) stopping gas flow through the lower gas con- and substantially
equalizes pressure between       duit when the level of particles in the
lock hopper these zones, causing particles to flow downward    zone falls
to a previously determined low level through the lower particle transfer
conduit into  40  point and simultaneously establishing flow of gas the
lower zone, and causing gas to flow from the   through the upper gas
conduit, thus re-establish- lock hopper zone to the upper zone by means of
ing the gas flow configuration of step (b), causing the upper particle
transfer conduit, at a gas rate  particle flow out of the lower particle
transfer which prevents downward flow  of particles         conduit to the
lower zone to cease and causing through the upper particle transfer
conduit; and,  45  particles to flow out of the upper particle trans- (c)
stopping gas flow through the lower gas con-   fer conduit and into the
lock hopper zone. duit when the level of particles in the lock hopper  4.
The method of Claim 3 further characterized in zone falls to a previously
determined low level  that a cycle comprising steps (b) through (e) is con-
point and simultaneously establishing a flow of  tinuously repeated at a
rate sufficient to achieve a gas as specified in step (a) thereby causing
parti-  5o   desired transfer rate of particles from the upper cle flow out
of the lower particle transfer conduit  zone to the lower zone. to the
lower zone to cease and causing particles   5. Apparatus for maintaining a
substantially con- to flow out of the upper particle transfer conduit
tinuous flow of a gas upward through a lower zone and into the lock hopper
zone.                   and then through an upper zone within a previously
2. The method of Claim 1 further characterized in  55   established flow
rate range while simultaneously 



that a cycle comprising steps (a) through (c) is con-  transferring
particles downward from  the upper tinuously repeated at a rate sufficient
to achieve a  zone to the lower zone, without contacting the parti- desired
transfer rate of particles from the upper  des with moving equipment and
without substantially zone to the lower zone.
affecting internal pressures of the upper or lower 3. A method for
maintaining a substantially contin-  60  zones, where the particles are
passed through the uous flow of a gas upward through a lower particle-
upper and lower zones during practice of a process containing zone and then
through an upper particle-  for treatment of the particles or the gas, said
appa- containing zone within a previously established flow  ratus
comprising; rate range while simultaneously transferring parti-  (a) an
upper zone containing particles, which cles downward from the upper zone to
the lower  65    zone is maintained at an independently variable    15
EP 0 234 069 B1                   16 first pressure;
fer conduit at a rate which prevents downward (b) a lower zone containing
particles, which zone      flow of particles through the lower particle is
maintained at an independently variable second      transfer conduit, and
the upper gas conduit pressure higher than said first pressure;
block valve opens, permitting particle flow (c) a lock hopper zone located
below the upper   5     from the upper zone through the upper particle zone
and above the lower zone;                         transfer conduit to the
lock hopper zone. (d) means for continuously supplying the gas to the lower
zone;                                    Patentanspruche (e) an upper
particle transfer conduit having a re- striction at its lower end which
communicates be-   10  1. Verfahren zum Aufrechterhalten eines im we- tween
the upper zone and the lock hopper zone;     sentlichen   kontinuierlichen,
aufwdrtsgerichteten (f) a lower particle transfer conduit having a re-
Gasstromes durch eine untere Hochdruckzone und striction at its lower end
which communicates be-  anschlieBend durch eine obere Niederdruckzone,
tween the lock hopper zone and the lower zone;     der Partikel
kontinuierlich zugefOhrt werden, wAh- (g) an upper gas conduit and an upper
block   15  rend gleichzeitig Partikel aus der oberen Zone ab- valve
located in said conduit, which conduit com-  warts in die untere Zone durch
eine Schleusenkam- municates between the upper zone and the lock
merzone Oberfihrt werden, die kontinuierlich in of- hopperzone;
fener Verbindung mit der oberen Zone mittels elner (h) a lower gas conduit
and a lower block valve lo-  oberen PartikelOberfuhrungsleitung und mit der
un- cated in said conduit, which conduit communi-  20  teren Zone mittels
einer unteren PartikelOberfuh- cates between the lock hopper zone and the
low-    rungsleitung gehalten wird, bestehend aus: erzone;
(a) Einleiten des Gases in die untere Zone, wor- v'-'  (i) control means
for initiating filling of the lock  auf das Gas aus der unteren Zone
aufwarts hopper by opening said upper block valve and         durch die
untere PartikelOberfOhrungsleitung in dosing said lower block valve, for
sensing where   25  die Schleusenkammerzone mit einer Geschwindig- the
level of particles in the lock hopper reaches    keit str6mt, welche einen
Abwartsstrom von Par- the desired high value, for initiating discharge of
tikeln durch die untere PartikelOberfuhrungslei- the particles from the
lock hopper zone to the low-  tung verhindert, gleichzeitiges Einleiten des
Ga- er zone by closing the upper block valve and         ses aus der
Schleusenkammerzone in die obere opening the lower block valve, for sensing
when   30  Zone mit Hilfe einer oberen Gasleitung, die mit the level of
particles in the lock hopper falls to a  diesen Zonen in Verbindung steht
und im wesentli- predetermined low level and for reestablishing       chen
einen Druckausgleich zwischen diesen Zo- filling of the lock hopper zone.
nen bewirkt, und Befillenlassen eines unteren 6. Apparatus as defined in
Claim 5 wherein said      Abschnittes der oberen Zone, der oberen Parti-
control means comprises:                        35
kelOberfOhrungsleitung, eines unteren Abschnit- (a) means for generating a
signal which initiates a  tes der Schleusenkammerzone und der unteren
transfer of particles out of the upper zone and
PartikelOberf0hrungsleitung mit Partikeln, bis der transmitting said
initiation signal;                 Abwartsstrom der Partikel durch die
obere Parti- (b) means for sensing level of particles in the
kelOberfohrungsleitung in die Schleusenkammer- lock hopper zone and
transmitting a signal when   40  zone verhindert wird, weil der
Partikelstand in said level is at a previously determined low loca-   der
Schleusenkammerzone am  unteren Endbe- tion; and
reich der oberen PartikelOberf0hrungsleitung ist; (c) means for controlling
the position of said     (b) Steigern des Innendruckes der Schleusen- block
valves in such a manner that one of the      kammerzone auf einen im
wesentlichen dem valves is open when the other of the valves is  45  Druck
der unteren Zone gleichen Betrag durch closed so that a flow path for said
gas supplied   Stoppen des Gasstromes durch die obere Gaslei- to the lower
zone comprises either the lower       tung und Einleiten von Gas aus der
unteren Zone particle transfer conduit and the upper gas        in die
Schleusenkammerzone mit Hilfe einer unte- conduit or the upper particle
transfer conduit     ren Gasleitung, die mit diesen Zonen in Verbin- and
the lower gas conduit, which position con-   50  dung steht und im
wesentlichen einen Druckaus- trolling means is responsive to said level
signal  gleich zwischen diesen Zonen bewirkt, Bewirken and said initiation
signal such that               eines Abwartsstromes von Partikeln durch die
(i) upon receipt of said initiation signal the low-  untere
PartikelOberfuhrungsleitung in die untere er gas conduit block valve opens,
permitting       Zone und Bewirken eines Gasstromes aus der 



particle flow  from  the lock hopper zone   55     Schleusenkammerzone zur
oberen Zone mit Hilfe through the lower particle transfer conduit to
der oberen PartikelOberf0hrungsleitung mit einer the lower zone, and the
upper gas conduit          Gasgeschwindigkeit, welche einen Abwartsstrom
block valve closes, causing gas to flow up-        der Partikel durch die
obere Partikeluberfuh- ward through the upper particle transfer con-
rungsleitung verhindert, und duit at a rate which prevents downward flow of
60    (c) Stoppen des Gasstromes durch die untere particles through the
upper particle transfer      Gasleitung, wenn der Partikelstand in der
Schleu- conduit, and                                       senkammerzone
auf einen vorbestimmten niedri- (ii) upon receipt of said level signal the
lower   gen Pegelstand abfallt, und gleichzeitiges Her- gas conduit block
valve closes, causing gas to     stellen eines in Schritt (a) beschriebenen
Gas- flow upward through the lower particle trans-   65  stromes,  wodurch
eine  Beendigung   des 9                   I    A-1              .17
EP 0 234 069 B1                  18 Ausstromens von Partikeln aus der
unteren Par-      senkammerzone auf einen vorbestimmten niedri-
tikelOberfohrungsleitung zur unteren Zone und        gen Pegelstand
abfallt, und gleichzeitigem Her- ein Ausstromen von Partikeln aus der
oberen          stellen eines Gasstromes durch die obere Gaslei-
PartikelOberf0hrungsleitung sowie in die Schleu-    tung, womit die
Gasstromverhaltnisse gemaB senkammerzone bewirkt wird.                   5
Schritt (b) wiederhergestellt werden, wodurch ei- 2. Verfahren nach
Anspruch 1, dadurch gekenn-       ne Beendigung des Ausstromens von
Partikeln zoichnet, daB ein aus den Schritten (a) bis (c) beste-  aus der
unteren PartikelOberf0hrungsleitung zur hender Zyklus in einem AusmaB
kontinuierlich wie-      unteren Zone und ein Ausstromen von Partikeln
derholt wird, des zur Erzielung der orw~nschten        aus der oberen
Partikelberf0hrungsleitung so- loertragungsmenge an Partikeln aus der
oberen in  10  wie in die Schleusenkammerzone bewirkt wird. die untere Zone
ausreicht.                            4. Verfahren nach Anspruch 3, dadurch
gekenn- 3. VerFahren zum Aufrechterhalten eines im we-    zeichnet, dal ein
aus den Schritten (b) bis (e) beste- sentlichen   kontinuierlichen,
aufwartsgerichteten  hender Zyklus in einem AusmaB kontinuierlich wie-
Gasstromes durch eine untere Partikel enthaltende   derholt wird, das zur
Erzielung der erw~nschten Zone und anschlieBend durch eine obere Partikel
15   Obertragungsmenge an Partikeln aus der oberen in enthaltende Zone
innerhalb eines vorbestimmten      die untere Zone ausreicht.
Durchflufmengenbereiches, wahrend  gleichzeitig       5. Vorrichtung zum
Aufrechterhalten eines im we- Partikel aus der oberen Zone abwArts in die
untere  sentlichen  kontinuierlichen,  aufwnrtsgerichteten Zone durch eine
Schleusenkarnmerzone Oberf0hrt      Gasstromes durch eine untere Zone und
anschlie- werden, wobei die untere Zone einen h6heren Innen-   20   Bend
durch elne obere Zone innerhalb eines vorbe- druck hat als die obere Zone
und wobei die Partikel  stimmten   DurchfluBmengenbereiches,  wAhrend
wahrend der Durchf0hrung eines Behandlungsver-      gleichzeitig Partikel
aus der oberen Zone abwirts in fahrens der Partikel odor des Gases durch
die obe-  die untere Zone ohne Beruhrung mit bewegten Vor- re sowie die
untere Zone geleitet werden, beste-    richtungsteilen und ohne wesentliche
Beeinflussung hend aus:                                      25   des
Innendruckes der oberen und der unteren Zone (a) kontinuierlichem Einleiten
des Gases in die un-  OberfOhrt werden, wobei die Partikel wahrend eines
tere Zone;                                         Behandlungsverfahrens
der Partikel oder des Ga- (b) AufwArtsleiten des Gases aus der unteren
ses durch die obere sowie die untere Zone gleitet Zone aufwarts dutch eine
mit der unteren Zone     werden, bestehend aus: sowie mit der
Schleusenkammerzone verbundene   30    (a) einer Partikel enthaltenden
oberen Zone, die untere PartikelOberf0hrungsleitung mit einer Ge-    auf
einem unabhangig Xnderbaren ersten Druck schwindigkeit, welche einen
Abwartsstrom  von       gehalten ist; Partikeln durch die untere
PartikelOberfahrungs-    (b) einer Partikel enthaltenden unteren Zone, die
leitung verhindert, und gleichzeitigem  Einleiten   auf einem unabhangig
anderbaren zweiten Druck des Gases aus der Schleusenkammerzone in die  35
gehalten ist, der h6her als der erste Druck ist; obere Zone mit Hilfe einer
oberen Gasleitung, die   (c) einer unter der oberen Zone und Ober der mit
diesen Zonen in Verbindung steht und im we-     unteren Zone angeordneten
Schleusenkammer- sentlichen eonen Druckausgleich zwischen die-        zone;
son Zonen bewirkt, wodurch ein Partikelstrom         (d) einer Einrichtung
zur kontinuierlichen Zufuhr aus der oberen Zone abwarts in die Schleusen-
40  von Gas zur unteren Zone; kamnerzone durch sine obere Partikeldberf~h-
(e) einer mit der oberen Zone sowie der Schleu- rungsleitung ermoglicht
wird, die mit der oberen     senkammerzone in Verbindung stehenden oberen
Partikelulberf0hrungsleitung  sowie der Schleu-
Partikel0berfihrungsleitung  mit einer Drossel- senkammerzone in Verbindung
steht;                  stelle an ihrem unteren Ende; (c) Steigern des
Innendruckes der Schleusen-   45    (fl einer mit der Schleusenkammerzone
sowie der kammerzone durch Stoppen des Gasstromes              unteren Zone
in Verbindung stehenden unteren durch die obere Gasleitung, wenn der
Partikel-       Partikeluberfohrungsleitung  mit einer Drossel- stand in
der Schleusenkammerzone auf einen           stelle an ihrem unteren Ende;
vorbestimmten hohen Pegelstand ansteigt, Einlei-    (g) einer mit der
oberen Zone sowie der Schleu- ten von Gas aus der Schleusenkammerzone in
50    senkammerzone in Verbindung stehenden oberen die obere Zone mit Hilfe
der oberen PartikelOber-    Gasleitung und einem in dieser Leitung angeord-
ffhrungsleitung   mit  einer  Geschwindigkeit,       neten oberen
Abteilventil; 



welche einen Abwartsstrom von Partikeln durch        (h) einer mit der
Schleusenkammerzone sowie der die  obere  PartikelOberfohrungsleitung
verhin-     unteren Zone in Verbindung stehenden unteren dert;
55     Gasleitung und einem in dieser Leitung angeord- (d) anschlieBendem
Einleiten von Gas aus der un-    neten unteren Abteilventil; teren Zone in
die Schleusenkammerzone mit Hilfe     (i) einer Steuereinrichtung zur
Einleitung des Be- der unteren PartikelOberffhrungsleitung, die mit
fOllens der Schleusenkammer durch Offnen des diesen Zonen in Verbindung
steht und im wesentli-   oberen Abteilventils und SchlieBen des unteren
chen einen Druckausgleich zwischen diesen Zo-   60  Abteilventils, zum
Erfassen, ob der Partikel- nen bewirkt, wodurch ein Partikelstrom durch die
stand in der Schleusenkammer den erwOnschten untere
PartikelOberfohrungsleitung in die untere    hohen Betrag erreicht, zur
Einleitung des Entlee- Zone bewirkt wird; und
rens der Partikel aus der Schleusenkammerzone (e) Stoppen des Gasstromes
durch die untere        in die untere Zone durch SchlieBen des oberen
Gasleitung, wenn der Partikelstand in der Schleu-   65  Abteilventils und
Otffnen des unteren Abteilven- 10    19                  EP 0 234 069 B1
20 tils, zur Erfassung, ob der Partikelstand in der    f6rieur de transfert
de particules, le proced6 corn- Schleusenkammer auf den vorbestimmten
niedri-       prenant: gen Pegelstand fallt und zur Wiederherstellung
(a) la circulation du gaz vers la zone inferieure, der BefOllung der
Schleusenkammerzone.               le gaz remontant de la zone inferieure
vers la zo- 6. Vorrichtung nach Anspruch 5, dadurch ge-   5       ne de la
tr6mie intermediaire par le conduit infe- kennzeichnet, daB die
Steuereinrichtung besteht         rieur de transfert de particules avec une
vitesse aus:                                                    qui empeche
la descente des particules dans le (a) einer Einrichtung zur Erzeugung
eines Signa-      conduit inferieur de transfert de particules, la les, das
eine Oberfthrung der Partikel aus der        circulation simultanee du gaz
de la zone de la tre- oberen Zone einleitet, und zur Obertragung die-   10
mie intermediaire a la zone sup6rieure par un con- ses Einleitungssignales;
duit sup6rieur de gaz qui fait communiquer ces (b) einer Einrichtung zur
Erfassung des Partikel-     zones et egalise pratiquement leurs pressions,
standes in der Schleusenkammerzone und zur            les particules
pouvant remplir une partie inf6rieu- Obertragung eines Signales, wenn sich
der Parti-      re de la zone superieure, le conduit superieur de kelstand
an einer vorbestimmten niedrigen Stelle   15    transfert de particules,
une partie inferieure de befindet; und
la zone de la tr6mie interm6diaire et le conduit in- (c) einer Einrichtung
zur Steuerung der Stellung     ferieur de transfert de particules jusqu'a
ce que der Abteilventile in solcher Weise, daB eines der     l'ecoulement
des particules vers le bas dans le Ventile offen ist, wenn das andere der
Ventile ge-    conduit sup6rieur de transfert de particules vers schlossen
ist, so daB ein Str6mungsweg fOr das   20   la tr6mie interm6diaire soit
empech6 parce que le der unteren Zone zugeleitete Gas entweder aus
niveau des particules dans la zone de la tremie in- der unteren
Partikeliberfljhrungsleitung und der      termediaire se trouve dans la
region de l'extremi- J~..-'   oberen Gasleitung oder aus der oberen
Partikel-   te inf6rieure du conduit superieur de transfert de
Oberf0hrungsleitung und der unteren Gasleitung        particules, besteht,
welche Stellungssteuerungseinrichtung   25   .(b) I'augmentation de la
pression interne de la zo- auf das Partikelstandssignal und das
Einleltungs-     ne de la tremie intermediaire A une valeur prati- signal
derart anspricht, daB                          quement 6gale A la pression
de la zone inferieure (i) bel Empfang des Einleitungssignales das Ab-
par interruption de l'ecoulement du gaz dans le teilventil der unteren
Gasleitung offnet, wo-       conduit sup6rieur de gaz et par circulation du
gaz durch ein Partikelstrom aus der Schleusenkam-   30  de la zone
inf6rieure vers la zone de la tr6mie in- merzone durch die untere
PartikelOberfOh-           termediaire par un conduit inf6rieur de gaz qui
rungsleitung zur unteren Zone erm6glicht ist,      fait communiquer ces
zones et egalise pratique- und das Abteilventil der oberen Gasleitung
ment leurs pressions, avec ecoulement des parti- schlieBt,  wodurch  ein
aufwdrtsgerichteter        cules vers le bas dans le conduit inferieur de
Gasstrom  durch die obere PartikelOberfUh-   35    transfert de particules
vers la zone inf6rieure et rungsleitung mit einer Geschwindigkeit bewirkt
ecoulement du gaz de la zone de la tremie interm6- wird, der einen
AbwArtsstrom  der Partikel          diaire vers la zone superieure par le
conduit su- durch die obere PartikelOberf0hrungsleitung         p6rieur de
transfert de particules, avec une vi- verhindert, und
tesse de gaz empechant la descente des particu- (ii) bei Empfang des
Partikelstandssignales   40    les dans le conduit sup6rieur de transfert
de das  Abteilventil  der  unteren  Gasleitung         particules, et
schlieBt,  wodurch  ein  aufwartsgerichteter        (c) I'arret de la
circulation du gaz dans le conduit Gasstrom  durch die untere
PartikelOberfuh-         inferieur de gaz iorsque le niveau des particules
rungsleitung mit einer Geschwindigkeit bewirkt      dans la zone de la
tr6mie intermediaire tombe a un wird, der einen Abwartsstrom  der Partikel
45     faible niveau pr6d6termin4, avec etablissement durch die untere
PartikelOberfOhrungsleitung       simultane d'un courant de gaz tel que
specifie verhindert, und das Abteilventil der oberen         dans l'6tape
(a) de maniere que le courant de par- Gasleitung  Mfnet, wodurch ein
Partikelstrom        ticules du conduit inf6rieur de transfert de parti-
aus der oberen Zone durch die obere Partikel-       cules vers la zone
inferieure soit interrompu et OberflOhrungsleitung zur Schleusenkammerzo-
50    que la circulation du conduit superieur de trans- 



ne ermoglicht ist.                                 fert de particules vers
la zone de la tremie inter- mediaire soit provoqu6e. Revendications
2. Proc6de selon la revendication 1, caracterise en outre en ce qu'un cycle
comprenant les etapes 1. Proc6de destin6 A entretenir un courant ascen-
55   (a) a (c) est repete de fagon ,ontinue avec une fre- dant pratiquement
continu de gaz dans une zone in-    quence suffisante pour que le debit de
transfert fdrieure a haute pression puis dans une zone supe-    des
particules de la zone superieure a la zone infe- rieure a basse pression
dans laquelle des particu-    rieure ait la valeur voulue. les sont
ajoutees constamment, avec transfert           3. Proc6de d'entretien d'un
courant ascendant simultane des particules vers le bas, de la zone su-   60
pratiquement continu de gaz dans une zone inf6rieu- p6rieure & la zone
inf6rieure, par l'interm6diaire   re contenant des particules puis dans une
zone su- d'une zone de tremie intermediaire qui reste cons-    perieure
contenant des particules, dans une plage tamment en communication libre
avec la zone supe-     pr6d6terminee de debits, avec simultan6ment trans-
rieure par un conduit superieur de transfert de par-  fert des particules
vers le bas de la zone superieu- ticules et avec la zone inferieure par un
conduit in-   65  re a la zone inferieure, la zone inf6rieure ayant une
21                  EP0234069 B1                      22 pression interne
superieure A celle de la zone supe-  tact des particules avec un
appareillage mobile et rieure, les particules circulant dans les zones
supe-  sans que les pressions internes des zones supe- rieure et inferieure
pendant la mise en oeuvre d'un   rieure ou inferieure ne soient affectees,
les parti- proc6de de traitement des particules ou du gaz, le-   cules
circulant dans les zones sup6rieure et infe- dit proced6 comprenant:
5   rieure pendant la mise an ceuvre d'un proced6 de (a) la circulation
continue de gaz vers la zone in-  traitement des particules ou du gaz,
I'appareil com- ferieure,
prenant: (b) la circulation ascendante de gaz de la zone in-   (a) une zone
sup6rieure contenant des particu- ferieure A une zone de tremie
intermediaire par       les, cette zone etant maintenue a une premiere un
conduit inferieur de transfert de particules qui   10  pression qui peut
varier independamment, fait communiquer la zone inferieure et la zone de
(b) une zone inferieure contenant des particules, tremie interm6diaire,
avec une vitesse qui empe-      cette zone etant maintenue A une seconde
pres- che la descente des particules dans le conduit in-    sion qui pout
varier ind6pendamment et qui est su- f6rieur de transfert de particules, et
simultane-     perieurea  la premiere pression, ment la circulation de gaz
de la zone de la tremie   15  (c) une zone de tremie intermrdiaire placee
au- interm6diaire A la zone sup6rieure par un conduit     dessous de la
zone superieure et au-dessus de superieur de gaz qui fait communiquer ces
zones      la zone inferieure, et 6galise pratiquement leurs pressions, si
bien     (d) un dispositif destin6 A transmettre de facon quo les
particules peuvent s'ecouler de la zone       continue le gaz a la zone
inferieure, superieure vers la zone de la tremie intermediaire   20  (e) un
conduit superieur de transfert de particu- par un conduit superieur de
transfert de particu-     les ayant un r6tr6cissement A son extr6mite infe-
les qui assure la communication entre la zone su-     rieure et assurant la
communication entre la zone perieure et la zone de la tremie intermediaire,
sup6rieure et la zone de la tr6mie intermediaire, (c) lorsque le niveau des
particules dans la zone    (f) un conduit inf6rieur de transfert de
particules de la tremie intermediaire atteint un niveau e1eve   25  ayant
un r6trecissement A son extr6mite inf6rieu- predetermine, I'augmentation de
la pression inter-    re et faisant communiquer la zone de la tremie in- ne
de la zone de la tr6mie interm6diaire par arret    termediaire avec la zone
inferieure, de la circulation du gaz dans le conduit superieur    (g) un
conduit sup6rieur de gaz et une soupape de gaz, et la circulation du gaz de
la zone de la     superieure d'arret plac6e dans le conduit, le con- tremie
interm6diaire vers la zone sup6rieure par   30  duit faisant communiquer la
zone superieure le conduit superieur de transfert de particules       avec
la zone de la tremie intermediaire, avec une vitesse qui empeche la
descente des          (h) un conduit inf6rieur de gaz et une soupape in-
particules dans le conduit sup6rieur de transfert    f6rieure d'arret
placee dans le conduit, le conduit de particules,
faisant communiquer la zone de la tremie interm6- (d) puis la circulation
du gaz de la zone inferieure   35  diaire et la zone inferieure, A la zone
de la tremie interm6diaire par un conduit   (i) un dispositif de commande
destine A declen- inf6rieur de gaz qui fait communiquer ces zones
cher le remplissage de la tremie interm6diaire par et egalise pratiquement
leurs pressions avec cir-     ouverture de la soupape superieure d'arret et
culation des particules vers le bas dans le con-      fermeture de la
soupape inf6rieure d'arret, A de- duit inf6rieur de transfert de particules
vers la  40  tecter le moment ob Is niveau des particules dans zone
inferieure, et                                   la tremie intermediaire
atteint la valeur elev6e (e) I'arret de la circulation du gaz dans le
conduit  voulue, A declencher l'evacuation des particules inferieur de gaz
lorsque le niveau des particules     de la zone de la tremie superieure
vers la zone in- dans la zone de la tremie intermediaire tombe A un
ferieure par fermeture de la soupape superieure faible niveau pr6determine,
et simultan6ment   45     d'arret et ouverture de la soupape inf6rieure
l'etablissement d'une circulation de gaz dans le      d'arret, a detecter
le moment ou le niveau des conduit sup~rieur de gaz, afin quo la configura-
particules dans la tremie intermediaire tombe a un tion d'6coulement du gaz
de l'etape (b) soit reta-    faible niveau predetermine, et a retablir le
rem- blie, avec interruption de la circulation des parti-  plissage de la
zone de la tremie intermediaire. 



cules du conduit inferieur de transfert de particu-   50  6. Appareil solon
la revendication 5, caracterise les vers la zone inferieure et circulation
des      en ce quo le dispositif de commande comprend: particules du
conduit superieur de transfert de.      (a) un dispositif gen6rateur d'un
signal de declen- particules vers la zone de la tremie interm6diaire.
chement d'un transfert des particules hors -de la 4. Procede selon la
revendication 3, caracteris6      zone sup6rieure et de transmission du
signal de en outre en ce qu'un cycle comprenant les etapes   55
declenchement, (b) a (e) est rep6te de fagon continue avec une fre-    (b)
un dispositif de detection du niveau des parti- quence suffisante pour
qu'un d6bit voulu de trans-      cules dans la zone de la tremie
interm6diaire et de fert des particules soit obtenu de la zone sup6rieu-
transmission d'un signal au moment ou le niveau re vers la zone inferieure.
est A un faible emplacement prd6termrind, et 5. Appareil d'entretien d'un
courant ascendant   60   (c) un dispositif de reglage de la position des
sou- pratiquement continu de gaz dans une zone inferieu-     papes d'arret
de maniere quo l'une des soupapes re puis dans une zone superieure, dans
une gamme        soit ouverte lorsque I'autre est fermee, si bien de debits
pr6alablement d6termin6e, avec simultane-     qu'un trajet de circulation
du gaz transmis a la zo- ment transfert de particules vers le bas de la
zone     ne inferieure comporte soit le conduit inferieur de superieure A
la zone inferieure, sans mise en con-   65    transfert de particules et le
conduit sup6rieur de 1    23                   EP 0 234 069 B1 gaz, soit'le
conduit superieur de transfert de par- ticules et le conduit inferieur de
gaz, le dispositif de r6glage de position etant sensible au signal de
niveau et au signal de declenchement de manibre que
5 (i) apres reception du signal de declenchement, la soupape d'arret du
conduit inferieur de gaz s'ouvre et permette l'coulement des particu- les
de la zone de la tremie intermediaire dans le conduit inferieur de
transfert de particules   10 vers la zone inferieure, et la soupape d'arrdt
du conduit superieur de gaz se ferme, provo- quant la circulation
ascendante du gaz dans le conduit superieur de transfert de particules avec
une vitesse qui empeche la descente des   15 particules dans le conduit
superieur de trans- fert de particules, et (ii) apres reception du signal
de niveau, la sou- pape d'arret du conduit inferieur de gaz se for- me,
provoquant la circulation ascendante du   20 gaz dans le conduit inf6rieur
de transfert de particules avec une vitesse qui empeche la descente des
particules dans le conduit inf6- rieur de transfert de particules, et la
soupape d'arret du conduit superieur de gaz s'ouvre,   25 permettant
l'ecoulement des particules de la zo- ne sup6rieure au conduit superieur de
trans- fert de particules et a la zone de la tremie inter- mediaire. 30 35
40 45 50 55 60 65 13    


