
EP 0 441 912 B1 Description Field of the Invention 5     The present
invention relates to on-stream catalyst replacement during hydroprocessing
of a hydrocar- bon feed stream. More particularly, it relates to a method
of, and apparatus for, economically utilizing space within a
hydroprocessing vessel over a wide range of processing rates without
substantial fluidization or ebulation of a packed bed of catalyst during
high counterflow rates of the hydrocarbon feed and a hydrogen containing 10
gas through the packed bed, while maintaining continuous or intermittent
replacement of catalyst for plug- like flow of the bed through the vessel.
Such plug flow with high processing rates is obtained by selecting the
size, shape and density of the catalyst particles to prevent ebulation and
bed expansion at the design flow rate so as to maximize the amount of
catalyst in the vessel during normal operation and during catalyst
transfer. Catalysts are selected by measuring bed expansion in a large
pilot plant run with hydrocarbon, 15  hydrogen and catalysts at the design
pressures and flow velocities within the available reaction volume of the
vessel. Catalyst is removed from the bed by laminar flow of the catalyst
particles in a liquid slurry system in which the liquid flow line is
uniform in diameter, and substantially larger than the catalyst particles,
throughout the flow path between the reactor vessel and a pressurizable
vessel, including passageways through the flow control valves. 20
BACKGROUND OF THE INVENTION Hydroprocessing or hydrotreatment to remove
undesirable components from hydrocarbon feed streams is a well known method
of catalytically treating such hydrocarbons to increase their commercial
value. 25  "Heavy" hydrocarbon liquid streams, and particularly crude oils,
petroleum residua, tar sandbitumen, shale oil or liquified coal or
reclaimed oil, generally contain product contaminants, such as sulfur,
and/or nitrogen, metals and organo-metallic compounds which tend to
deactivate catalyst particles during contact by the feed stream and
hydrogen under hydroprocessing conditions. Such hydroprocessing conditions
are nor- mally in the range of [err]at pressures of from 2030 to 30400
[err] (20 to 30  300 atmospheres). Generally such hydroprocessing is in the
presence of catalyst containing group VI or VIII metals such as platinum,
molybdenum, tungsten, nickel, cobalt, etc., in combination with various
other metallic element particles of alumina, silica, magnesia and so forth
having a high surface to volume ratio. Because these reactions must be
carried out by contact of a hydrogen-containing gas with the hydrocarbon
feed stream at elevated temperatures and pressures, the major costs of such
processing are 35  essentially investment in vessels and associated
furnaces, heat exchangers, pumps and tubing capable of such service and the
replacement cost of catalyst contaminated in such service. Commercial
hydroproces- sing of relatively low cost feed stocks such as crude oils
containing pollutant compounds, requires a flow rate on the order of a few
thousand up to one hundred thousand barrels per day, with concurrent flow
of hydrogen at up to 1780 standard cubic metres per cubic metre (10,000
standard cubic feet per barrel) of 40   the liquid feed. Vessels capable of
containing such a reaction process are accordingly cost-intensive both due
to the need to contain and withstand metal embrittlement by the hydrogen,
while carrying out the desired reactions, such as demetalation,
denitrification, desulfurization, and cracking at elevated pressure and
temperatures. For example, because of metallurgy and safety requirements,
such vessels may cost on the order of $700.00 per 0.028[err](cubic foot) of
catalyst capacity. Thus a vessel capable of handling 3970 46  m3 (25,000
barrels) per day of a hydrocarbon feed stream may run on the order of
$4,000,000 to $5,000,000. Pumps, piping and valves for handling fluid
streams containing hydrogen at such pressures and temperatures are also
costly, because such pressure seals must remain hydrogen impervious over
extended service periods of many months. Further, hydroprocessing catalyst
for such a reactor, which typically contains metals such as titanium, 50
cobalt, nickel, tungsten, molybdenum, etc., may involve a catalyst
inventory of 226,800 kg (500,000 pounds) and a cost $2 to $4 per 0.454 kg
(pound). Accordingly, for economic feasibility in commercial operations,
the process must handle high flow rates and the vessel should be filled
with as much catalyst as possible to maximize catalyst activity and run
length. Additionally, the down-time for replacement or renewal of catalyst
must be as short as possible. Further, the economics of the process will
generally depend upon the 55   versatility of the system to handle feed
strears of varying amounts of contaminants such as sulfur, nitrogen, metals
and/or organic-metallic compounds, such as those found in a wide variety of
the more plentiful (and hence cheaper) crude oils, residua, or liquified
coal, tar sand bitumen or shale oils, as well as used oils, and 



the like. 2    EP 0 441 912 B1 In prior systems for hydroprocessing, it is
known to flow a liquid hydrocarbon feed and a hydrogen stream concurrently
with the catalyst in a downward flow path. While this assures high packing
density for the catalyst, without ebulation or expansion of the bed, such
processes have a tendency to form local deposits of feed metals that plug
the bed, particularly at the top catalyst bed in the vessel. Accordingly,
in 5  general, it is preferred to counterflow the catalyst and process
fluid streams relative to each other. However, as noted above, when the
process feed rates are high, the volume of catalyst that can be contained
by the vessel may be as little as 10% of the original settled volume. At
lower fluid velocities, catalyst volume may be up to about 80% to 90%, but
useful reaction space for the process is still wasted and turbulence causes
axial mixing of the catalyst which interferes with the desired plug flow
movement. Therefore, it is a particular 10  object of this invention to run
a counterflow processing system where the catalyst and fluid velocity
combinations limit bed expansion to less than 10%. It is also known to use
a series of individual vessels stacked one above the other, with fluid flow
either concurrent or counterflow to catalyst. In such a process, catalyst
moves by gravity from the upper vessel to a lower vessel by periodically
shutting off, or closing, valves between the individual vessels. In a 15
counterflow system, this permits removal of catalyst from the lowermost or
first stage vessel, where the most contaminated, or raw, feed stock,
originally contacts the catalyst. In this way, most of the major
contaminating components in the hydrocarbon stream are removed before the
hydrocarbon material reaches major conversion steps of the process
performed in higher vessels of the stacked series. Thus, most of the
deactivating components of the feed stream are removed before it reaches
the least 20 contaminated catalyst added to the topmost vessel. However,
such systems require valves suitable for closing off catalyst flow against
catalyst trapped in the line. Hence, valve life is relatively short and
down- time for replacement or repair of the valves is relatively costly.
Alternatively, continuous operation of the hydroprocessing system has
included counterflow of catalyst downwardly through a single vessel or a
series of vessels in which a hydrocarbon feed stream and 25 hydrogen gas
flow upwardly through the catalyst at rates sufficient to ebulate the bed.
Such ebulation has been considered desirable or essential to permit
withdrawal of catalyst from the lower part of the vessel for slow, but
continuous or periodic, removal of catalyst from the vessel. As noted
above, such ebulation tends to increase the fluid volume in the vessel
relative to catalyst volume necessary to hydroprocess the feed stream and
hydrogen with the catalyst, with adequate contact time to react the fluids.
Further, such 30   ebulated beds tend to result in separation or
segregation of "fines" from the larger (and heavier) particles as they pass
downwardly through the upflow streams. As frequently happens, and
especially where the catalyst is locally agitated, as by eddy currents, the
particles tend to abrade by such higher flow rates of the feed streams
through the ebulating bed. Depending on the size of the fines, they either
travel upward where they contaminate the product or plug the outlet screen
or they tend to accumulate in the reactor 35 because they cannot work their
way down to the bottom of the bed. Such counterflow systems have also been
used because of the relative ease of withdrawing limited amounts of the
ebulated catalyst in a portion of the reacting hydrocarbon and hydrogen
fluids, particularly where such turbulent flow of the catalyst is needed to
assist gravity drainage through a funnel-shaped opening into a central pipe
at the bottom of a vessel. 40    While it has been proposed heretofore to
use plug-flow or packed-bed flow of catalyst to reduce such agitation and
thus assure uniform disbursement of hydrogen throughout the liquid volume
flowing upwardly through the catalyst bed, in general such flow has been
controlled by limiting the maximum flow rate that can be tolerated without
ebulating or levitating the bed more than about 10%. Further in prior
systems where expansion of the bed is limited, hydrogen flow rates are made
sufficiently high at the bottom of the 45 bed to assure relative turbulence
of the catalyst at the withdrawal point in the vessel. While this does
assure such turbulence, it also wastes space, damages the catalyst and
permits direct entrainment of hydrogen with catalyst entering the
withdrawal tube. Such turbulent flow of catalyst is apparently necessary to
assist gravity removal of catalyst from the vessel. According to the
present invention, there is provided a counterflow reactor vessel
comprising: 



50     a reservoir formed in the lower end of said reactor vessel wherein a
fluid mixture of a hydrocarbon liquid and a reactive gas are mixed for
simultaneous flow upwardly through a bed of particles extending upwardly
through said reactor vessel; means for adding said particles at least
periodically at the upper end of said vessel; means for removing said
particles from the lower end of said bed after counterflow downwardly
through 55 said upwardly flowing stream of said fluid mixture; and a
pervious conical support means for supporting said bed of particles and
through which said fluid mixture enters the lower end of said bed from said
reservoir at the lower end of said reactor vessel; characterised in that
said particle bed support means comprises a truncated conical screen member
3    EP 0 441 912 B1 that extends across substantially the full diameter of
said reactor vessel and that has a conical portion that is uniformly
pervious for fluid flow therethrough and that has a truncated central apex
portion, in that the lower pervious conical surface of said screen member
abuts a plurality of concentric annular baffle members supported by the
lower end of said reactor vessel, said baffle members forming a plurality 5
of substantially concentric continuous circumferential annular passageways
around and extending radially outwardly from said impervious truncated
central portion of said bed support means, said concentric annular
passageways providing a direct flow path across the diameter of said
reactor vessel for a fluid mixture flowing from said reservoir formed
between the lower end of said reactor vessel and the bottom of said bed
support means except through said impervious central portion of said bed
support means; 10    in that said reservoir further comprises a generally
horizontal wall means extending across said reactor vessel at a level
between the lower end wall of said reactor vessel and said catalyst bed
support means to divide the volume of said reservoir into a lower surge
chamber for receiving said gas and liquid mixture entering said reactor
vessel and a separate upper plenum chamber, said wall means including a
plurality of tubes substantially equally spaced from each other and
extending radially around said wall means beneath 15 said screen member of
said bed support means, said tubes extending downwardly from said wall
means into said surge chamber at a depth to assure that flow of only a
mixed feed stream, including the gas components thereof, enter said plenum
chamber through said wall means; in that said baffle members are radially
spaced apart from each other at a distance to prevent excessive separation
of gas from liquid components of said fluid mixture prior to forming a
plurality of 20 separate concentric annular fluid feed means under said
conical portion of said screen member, each of said annular fluid feed
means being formed by adjacent pairs of said baffle members extending
axially downward into said plenum chamber from said pervious conical screen
member to a depth sufficient to form said separate annular gas and liquid
channels adjacent the abutment of the upper ends of said baffle members and
the lower surface of said pervious conical portion of said screen member;
25     and in that the lower edge of each of said baffle members has an
axial length intermediate the axial length of each adjacent concentric
baffle member so that said mixed fluid is simultaneous fed in alternate
concentric bands of gas and liquid between each pair of adjacent baffle
members into the full diameter and circumference of said particle bed
support means except through said truncated impervious portion thereof. The
present invention also provides an on-stream catalyst replacement method
for periodically or 30 continuously delivering fresh catalyst to a reactor
vessel having an upwardly flowing feed stream including a gas component and
a liquid component rising through a descending substantially packed bed of
said catalyst extending axially through said reactor vessel, the method
comprising: selecting the size, shape and density of said catalyst
particles forming the packed catalyst bed in accordance with rate of flow
and viscosity of said feed stream during contact with said catalyst to
avoid 35 substantially ebullition and/or levitation over a substantial
portion of the axial length of said packed bed at a selected flow rate of
said feed stream; uniformly distributing the gas component of said feed
stream into the base of said catalyst bed and across the transverse
cross-sectional area thereof so as to avoid localized ebullition of said
bed along its axial length, including recirculation of catalyst particles
therein, as said catalyst moves downwardly in plug 40   flow through said
vessel, said feed stream being introduced into said base of said bed
through a plurality of concentric annular zones under a pervious conical or
pyramidal surface extending radially outwardly from a 



truncated impervious central area supporting said catalyst bed, said
concentric annular zones forming uniformly concentric alternate upward feed
paths of said liquid and said gas components over said pervious transverse
cross-sectional area; 45     additionally maintaining said plug flow of
said catalyst bed downwardly through said reactor vessel; periodically
removing catalyst particles from a central portion of said base of said bed
by flowing a portion of the liquid component of said feed stream from said
reactor vessel, said liquid flow being at a rate not in excess of laminar
flow and being from directly above said impervious truncated portion of
said conical support; and 50     periodically replacing catalyst particles
in said bed by entraining catalyst particles in a liquid stream pressurized
to create laminar flow of said stream into the upper end of said reactor
vessel. As particularly distinguished from prior known methods of on-stream
catalyst replacement in hydroprocessing, the present method and apparatus
provides a system wherein plug flow of the bed is maintained over a wide
range of high counterflow rates of a hydrocarbon feed stream and hydrogen
gas 55 throughout the volume of the packed catalyst bed. Such packed bed
flow maintains substantially maximum volume and density of catalyst within
a given vessel's design volume by controlling the size, shape and density
of the catalyst so that the bed is not substantially expanded at the design
rate of fluid flow therethrough. The proper size, shape and density are
determined by measuring bed expansion in a large 4    EP 0 441 912 B1 pilot
plant run with hydrocarbon, hydrogen and catalyst at the design pressures
and flow velocities as particularly described in Example 2. To further
control such packed bed flow, the bed level of catalyst within the vessel
is continuously measured, as by gamma ray absorption, to assure that little
ebulation of the bed is occurring. Such control is further promoted by
evenly distributing both the hydrogen and liquid feed 5  throughout the
length of the bed by concentrically distributing both the hydrogen gas
component and the hydrocarbon fluid feed component in alternate, concentric
annular paths across the full horizontal cross- sectional area of the
vessel as they both enter the catalyst bed. Additionally, and as desirable,
hydrogen is evenly redistributed and if needed, augmented, through a quench
system at one or more intermediate levels along the length of the catalyst
bed. Equalizing hydrogen and liquid feed across the full horizontal 10
area along the length of the packed particle bed prevents local turbulence
and undesirable vertical segregation of lighter particles from heavier
particles flowing in a plug-like manner downwardly through the vessel.
Further in accordance with the method, a system for replacing catalyst
during continuing operation of the non-ebulating bed is assisted by
carrying out the process at relatively high liquid feed rates, even 15
without ebulation of the bed. In a preferred form, the catalyst transfer
system includes an inverted J-tube as the withdrawal tube, so that the tube
opens downwardly adjacent the center of the lower end of the vessel and
directly above a center portion of the surrounding annular flow paths of
liquid and gas into the catalyst bed. Thus the intake for catalyst is out
of the direct flow of such streams, and particularly the gas flow. In such
a preferred form the annular flow paths are through a conical or pyramidal
screen, or perforated plate, 20  which supports the bed or column of
catalyst across the vessel through a plurality of radially spaced apart and
axially elongated concentric rings, or polygons, supported by radial arms
extending from the center of the vessel to the cylindrical side wall of the
vessel. Each ring is formed by a pair of peripheral members extending
between the radial arms directly under the conical screen so that this
forms a circular gas pocket at the upper level in each ring so that between
each pair of said peripheral members alternate rings of gas 25  and
hydrocarbon liquid enter the bed simultaneously. In accordance with a
further preferred form of the invention, catalyst is both withdrawn from
the bed and added to the vessel under laminar flow conditions as a liquid
slurry to avoid abrasion and size segregation of particles during such
transfer. Both the supply and withdrawal flow lines have a minimum diameter
of at least five times and, preferably more than twenty times, the average
diameter of the catalyst particles. 30  Further, the flow lines are of
uniform diameter throughout their length from either the catalyst supply
chamber to the vessel, or from the vessel to the receiving chamber,
including the through bore of a rotatable ball of the isolating, pressure
control valves. Additionally, in each case a flush line is connected to the
flow line between the isolating valve and the reactor vessel so that liquid
hydrocarbon may be used to 



flush the line of catalyst or catalyst fines if necessary, before the valve
ball is closed. Preferably, but not 35  necessarily, the withdrawal line
may include means for flowing auxiliary hydrogen back into the reactor
through the withdrawal tube to prevent coking due to hydrogen starvation
near or in the withdrawal tube. The prior art does not disclose or suggest
the above enumerated and pertinent features of either the total system or
significant portions of such a system, as disclosed by the following
patents: U.S. Patent 4,312,741, Jacquin. et al., is directed toward a
method of on-stream catalyst replacement in 40  a hydroprocessing system by
controlling the feed of hydrogen gas at one or more levels. Catalyst, as an
ebulated bed counterflows through the reactor but is slowed at each of
several levels by horizontally constricted areas which increase the
hydrogen and hydrocarbon flow rates to sufficiently locally slow downward
flow of catalyst. While local recycling thus occurs at each such stage,
rapid through-flow of fresh catalyst, with resultant mixing with
deactivated or contaminated catalyst, is suppressed. The ebulating bed 45
aids simple gravity withdrawal of catalyst from the vessel. Improvement of
the disclosed system over multiple vessels with valves between stages is
suggested to avoid the risk of rapid wear and deterioration of valve seals
by catalyst abrasion. U.S. Patent 3,716,478, Kodera. et al., discloses low
linear velocity of a mixed feed of liquid and H2gas to avoid expansion (or
contraction) of catalyst bed. By low linear velocity of fluid upflow, gas
bubbles are 50  controlled by flow through the packed bed, but the bed is
fluidized by forming the bottom with a small cross-sectional area adjacent
the withdrawal tube. This assists discharge of catalyst without back-mixing
of contaminated catalyst with fresh catalyst at the top of the single
vessel. The range of the bed level in the vessel is from 0.9 to 1.1 of the
allowable bed volume[err]10%) due to fluid flow through the bed. A
particular limitation of the system is that flow of the fluids undergoing
catalytic reaction is restricted to a rate that will 55    not exceed such
limits, but must be adequate to ebulate the bed adjacent the catalyst
withdrawal tube. Alternatively, injection of auxiliary fluid from a
slidable pipe section is required. The patentees particularly specify that
the diameter of the lower end of the vessel is smaller to increase
turbulence and ebulation of catalyst adjacent the inlet to the catalyst
withdrawal line. Fluidization of catalyst is accordingly indicated to 5
EP 0 441 912 B1 be essential to the process. However the disclosed gas flow
rates are well below commercial flow rates and there is no suggestion of
temperatures or pressures used in the tests or the size, density or shape
of the catalyst. U.S. Patent 4,571,326, Bischoff. et al., is directed to
apparatus for withdrawing catalyst through the 5  center of a catalyst bed
counterflowing to a liquid hydrocarbon and gas feed stream. The system is
particularly directed to arrangements for assuring uniform distribution of
hydrogen gas with the liquid feed across the cross-sectional area of the
bed. Such uniform distribution appears to be created because the bed is
ebulating under the disclosed conditions of flow. Accordingly, considerable
reactor space is used to initially mix the gas and hydrocarbon liquid feeds
in the lower end of the vessel before flowing to other 10 bottom feed
distributors. The feeds are further mixed at a higher level by such
distributor means in the form of "Sulzer Plates" or a "honeycomb" of
hexagonal tubes beneath a truncated, conical, or pyramidal-shaped funnel
screen. The arrangement may include an open ramp area parallel to the
underside of the screen between the tube or plate ends. Further, to
maintain gas distribution along the length of the catalyst bed, quench gas
is supplied through upflowing jets in star-shaped or annular headers
extending across middle 15 portions of the vessel. The arrangement for
withdrawal of spent catalyst requires ebulation of at least the lower
portion of the bed. As noted above, added vessel space for uniform mixing
of hydrogen and feed before introducing the fluids into an ebulated bed, as
well as an ebulating bed, increases the required size of the
hydroprocessing vessel, increases catalyst attrition, increases catalyst
bed mixing and substantially increases initial, and continuing operating
costs of the system. 20     U.S. Patent 4,639,354, Bischoff. et al., more
fully describes a method of hydroprocessing, similar to U.S. Patent
4,571,216, wherein similar apparatus obtains uniform ebulation through the
vertical height of a catalyst bed, including a quench gas step. U.S. Patent
3,336,217, Meaux, is particularly directed to a catalyst withdrawal method
from an ebulating bed reactor. In the system, catalyst accumulating at the
bottom of a vessel and supported on a flat bubble- 25 tray may be withdrawn
through an inverted J-tube having a particular ratio of the volume of the
short leg of 



the J-tube to the longer leg. The diameter of the J-tube is suited only to
flow of catalyst from a body of catalyst ebulated by the upflowing
hydrocarbon feed and gas. U.S. Patents 4,444,653 and 4,392,943, both to
Euzen. et al., disclose removal systems for catalyst replacement in an
ebulating bed. In these patents, the fluid charge including hydrocarbon
containing gas is 30 introduced by various arrangements of downwardly
directed jets acting laterally against or directly onto the conical upper
surface of the bed support screen or screens. Alternatively, the feed is
introduced through a conical screen after passing through a distributor
arrangement of tortuous paths or a multiplicity of separate tubes to mix
the gas and liquid feed over the conical screen. Such arrangements use a
considerable volume of the pressure vessel to assure such mixing. 35
U.S. Patents 3,730,880 and 3,880,569, both to Van der Toorn. et al.,
disclose a series of catalytic reactors wherein catalyst moves downwardly
by gravity from vessel to vessel through check valves. As noted above, such
valves require opening and closing to regulate the rate of flow, or to
start and stop catalyst transfer, with catalyst in the valve flow path.
Feed of process fluids is either co-current or countercurrent through the
catalyst bed. 40      U.S. Patent 4,259,294, Van ZijllLanahaut. et al., is
directed to a system  for on-stream catalyst replacement by entrainment of
the catalyst in oil pumped as a slurry either to withdraw catalyst from or
to supply fresh catalyst to, a reactor vessel. Reacting feed is suggested
to be either co-current or countercur- rent with catalyst flow through the
reactor. Valves capable of closing with catalyst in the line, or after
back- flow of slurry oil, are required to seal off the catalyst containing
vessel at operating temperatures and 45 pressures from the receiving
reactor vessel, or isolate the catalyst receiving lock hopper from the
withdrawal section of the vessel. U.S. Patents 3,470,900, Carson, and
4,167,474, Sikama, respectively illustrate multiple single bed reactors and
multi-bed reactors in which catalyst is replaced either continuously or
periodically. The feed and catalyst flow co-currently and/or radially.
Catalyst is regenerated and returned to the reactor, or 50 disposed of. No
catalyst withdrawal system is disclosed apart from either the configuration
of the internal bed support or the shape of the vessel bottom to assist
gravity discharge of catalyst. SUMMARY OF THE INVENTION 55     In
accordance with one aspect of the present invention there is provided a
method of periodically or semi-continuously transferring catalyst into and
out of a substantially packed bed of catalyst flowing downwardly at a
desired rate through a reactor vessel during hydroprocessing over a wide
range of counterflow rates of a hydrocarbon feed stream and a hydrogen
containing gas flowing upwardly through 6    EP 0 441 912 B1 the vessel.
Such plug-like flow of the packed catalyst bed is achieved by selecting the
average density, size, and shape of the catalyst particles forming the bed
so that the bed expands by less than 10% at the maximum anticipated fluid
flow velocities of the gaseous and liquid components therethrough.
Desirably such movement and bed level of such catalyst is continuously
monitored to prevent overfilling and to assure 5   minimum ebulation and
attendant wastage of reactor space and particle size segregation.
Uniformity of gas flow is maintained across the cross-sectional area of the
vessel and the full volume of the bed so as to avoid ebulation of the bed,
including eddy currents or localized recirculation, of catalyst particles
moving downwardly in plug-like flow through the vessel. Preferably the
gaseous component of the feed stream is uniformly distributed through a
plurality of annular concentric rings, or polygons, formed by axially 10
extending annular and radially spaced apart concentric supports under a
truncated conical or pyramidal- support screen. Such supports are axially
elongated sufficiently to form a plurality of pairs of connected annular
gas pockets and adjacent concentric liquid annular feed rings between each
adjacent pairs of annular supports. Thus, the catalyst bed is provided with
uniformly concentric annular and alternate feed rings of both liquid and
gas across the full cross-sectional area of the downwardly flowing catalyst
bed. 15    In accordance with another aspect of the invention, the system
for introduction of quench gas at an intermediate level in the vessel
maintains the plug-like flow of catalyst downwardly through the vessel.
Quench gas is introduced by a plurality of transversely extending pipe
members covered or shrouded by inverted V-shaped sheds. Each shed overlies
a quench gas supply pipe and acts to deflect catalyst outwardly and
downwardly over the apices. Each of the distributor sheds preferably
includes a plurality of 



20   elongated slots along the lower edges of the transverse sides. These
slots form lateral gas redistribution channels for both upwardly flowing
process gases and quench gas introduced through the transverse pipes.
Additionally the invention relates to methods and apparatus for on-stream
replacement of catalyst without local levitation or ebulation of catalyst
particles around the withdrawal point within the catalyst bed by laminarly
flowing a liquid hydrocarbon stream either into, or out of, the reactor
vessel through a pair of 25    flow paths. Each of the flow paths has a
substantially constant cross-sectional area throughout its length and a
diameter at least five times the average diameter of the catalyst particles
flowing between said vessel and at least one and preferably two,
pressurizable catalyst lock-hoppers or receptacles, serving respectively to
supply fresh catalyst to the top of the bed and to remove spent catalyst
from the bottom. Further, each flow path includes at least one in-line
control valve having a through-bore of substantially the same diameter as
30  the flow path and at least one auxiliary fluid flow path for
introducing fluid flow into the slurry path for flushing catalyst particles
from the path. Preferably the flush fluid is a liquid, and selectively, by
reverse hydrogen flow through the line when catalyst is not being moved,
particles are blocked from entering the flow path and coking is prevented
at the entry to the flow tube. The hopper vessels are selectively
pressurizable as required to induce such laminar flow of liquid-entrained
catalyst to feed replacement 35  catalyst into the upper end of the reactor
vessel and to withdraw spent catalyst from the lower end of the vessel.
Desirably, each of the flow paths is characterized by an inverted J-tube,
which includes an inlet portion for the liquid stream and entrained
catalyst having a reverse upward flow section substantially shorter than
the downward flow path. Preferably, in the reactor vessel the inlet portion
for withdrawing catalyst is disposed above an unperforated central portion
of the conical bed support screen so that such 40  catalyst withdrawal
position is adjacent the bed bottom, but substantially out of the
concentric feed path for upwardly flowing liquid hydrocarbon feed and gas
streams. This avoids gas entrainment with the catalyst slurry, as by
ebulation of the bed around the intake point. As used herein "catalyst"
includes other particles which interact with a feed stream, such as
sorbents, or other fluid contact bodies. 45     From the foregoing summary
it will be apparent that several significant factors contribute directly to
efficient use of a given process vessel to assure non-ebulating, plug-like
flow of a body of catalyst particles while being contacted by a
counter-flowing hydrocarbon fluid stream of gas and liquid therethrough at
maximum space-velocity. Among such significant factors are 1.) the size,
volume and density characteris- tics of such particles at preselectable
flow velocities and pressures of the hydrocarbon fluid stream; 2.) 50
control of bed ebulation and/or levitation during hydrocarbon fluid flow;
3.) laminar flow of the catalyst particles during movement into and out of
the moving bed for replacement or regeneration without bed ebulation or
levitation; 4.) concentric annular feed of alternate rings of the gas and
liquid components of the hydrocarbon feed uniformly into the full moving
catalyst bed which is capable of recovering promptly from upset or pressure
changes in the vessel to restore such alternate rings of gas and liquid
over process runs 55  of extended length (e.g. several thousand hours); and
5.) redistribution of the gas components along the axial length of the
moving bed. Further objects and advantages of the present invention will
become apparent from the following detailed description of the preferred
embodiments of both the method and apparatus aspects of the 7    EP 0 441
912 B1 invention, taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS 5     In the drawings: Figure 1 is a
schematic view of a typical hydroprocessing vessel to which the present
invention is particularly directed for on-stream catalyst replacement
during continuous plug-like flow of catalyst through up-flowing liquid
hydrocarbon feed and gas streams. Figure 2 is a bottom plan view of the
concentric and radial catalyst bed support means for a truncated 10
conical or pyramidal screen, taken in the direction of arrows 2-2 in Figure
1. Figure 3 is an elevational cross-section view of the support means and
screen taken in the direction of arrows 3-3 in Figure 2. Figure 4 is a
partial elevation view of an alternate form of a laminar flow arrangement
for withdrawing 



deactivated catalyst particles from the reactor bed. 15    Figure 5 is a
cross-sectional plan view of the catalyst vessel taken in the direction of
arrows 5-5 in Figure 1 showing a preferred form of gas redistribution and
quench system over a central portion of the catalyst bed. Figure 6 is a
perspective view, partially in cross-section, of one of the quench or
redistribution shed units shown in Figure 5. 20    Figure 7 is a
perspective view of a preferred arrangement of two tiers of shed units of
Figures 5 at a given level in the catalyst bed. PREFERRED EMBODIMENTS OF
THE INVENTION 25     Referring now to Figure 1, a hydroprocessing system is
shown embodying the method of the present invention to increase
substantially both the continued catalytic activity of a volume or bed of
catalyst 10 and the efficient use of a single reactor vessel of a given
volume, such as reactor vessel 11. Vessel 11, as indicated by the thickness
of its cylindrical side wall 12 and domed closure heads, or ends, 13 and
14, is designed to react a hydrogen containing gas mixed with a liquid
hydrocarbon stream at a pressure of up to 30  about 30400 [err] (300
atmospheres (about 4500 lbs per square inch)) and up to about [err] (about
[err]. Such reaction gas and a feed stream of hydrocarbon liquids are
preferably premixed and introduced as a single stream through bottom head
13 by line 16. To assure maximum catalytic benefit during the
hydroprocessing of the hydrocarbon feed stream and the hydrogen-containing
gas, it is essential that vessel 11 contain as much catalyst as possible
within the 35  design volume of vessel 11. Accordingly as indicated,
support means 17 for bed 10 is placed as low as possible in vessel 11 while
assuring full and adequate dispersion of the hydrogen phase within the
liquid hydrocarbon stream. At the same time, the upper limit of bed 10 is
near the top of domed head 14, while providing adequate space 21 for
disengaging any entrained catalyst from the resulting products withdrawn
through center pipe 18. To insure that catalyst is not entrained into
product fluids exiting through center 40    pipe 18, a screen 15 may be
installed in space 21 above bed surface 20. Fresh catalyst is then added to
surface 20 through pipe 19 extending through screen 15. Desirably, the
upper level of bed 10, designated as 20, is preferably controlled on a
continuous basis by gamma ray absorption measurement made possible by a
gamma ray source 22 and gamma ray detector 24 positioned at the top 20 of
bed 10. Such a gamma ray source may be in the form of radioactive isotopes,
such as Cesium 137, disposed inside the reactor. 45  Alternatively the
source can be an electrically controllable source,such as a thermal neutron
activated gamma ray generator. Detector 24 may be in the form of an
ionization tube, Geiger-Mueller tube or a scintillation detector. Suitable
sources and detectors are manufactured by Ronan Engineering Co. By
detecting the level of surface 20, it is possible, in accordance with the
invention, to insure that the catalyst inventory is maintained at the
optimum level and that the reactor is never overfilled. Overfilling the
reactor 50   increases the chance that catalyst particles will be crushed
in the isolation valves in the transfer lines when they are closed, at the
end of each transfer. Bed level control is also needed to confirm that
ebulation of the bed is minimized and that undesirable excursions from the
design flow rate for hydrogen and hydrocarbon feed flowing upwardly through
bed 10 are avoided for the selected catalyst. To this end, the size, shape,
and density of catalyst particles supplied to the bed are selected in
accordance with the designed 55  maximum rate of flow of the feed streams
to prevent such ebulation. Such control assures that bed 10 progressively
moves down through vessel 11 as by a plug flow. Catalysts are selected by
measuring bed expansion in a large pilot plant run with hydrocarbon,
hydrogen and catalyst as described below and illustrated in Example 2. 8
EP 0 441 912 B1 To further assure that plug flow continues throughout the
full length of the bed, and particularly at the bottom portion, bed support
means 17 is particularly characterized by the truncated polygonal or
conical configuration of support means 17. As shown in the preferred
embodiment of Figures 2 and 3, and best seen in Figure 2, support 17 5
includes a series of annular polygons, approaching the form of annular
rings, formed by a plurality of segment plates 27 between radial spoke
members 26 extending from imperforate center plate 25 to sidewall 12 of
vessel 11. As shown in Figure 3, spokes 26 are substantially flat plates
which divide the 



circumference of the vessel into many segments (eight in this case) and
similarly support the ends of outer octagonal ring 23 of support means 17
formed by annular or circumferential plates 27. In each case, radial 10
ribs or spokes 26, and annular segment plates 27 form a plurality of
concentric rings, or annular polygons which support conical, or pyramidal,
perforated plate or screen 28. Thus screen 28 is permeable to both gas and
liquid rising from the lower portion of vessel 11. The particular merit of
the concentric annular polygons as illustrated in Figure 3, is that with
each of plates 26 and 27 extending axially parallel to sidewall 12 of
vessel 11, the mixture of the hydrocarbon liquid 15   feed and hydrogen gas
entering the bed separates by gravity into radially alternate gas and
liquid rings, made up of adjacent segments between each pair or radial
spokes 26. Thus, both phases flow upwardly through alternate concentric
annular passages under screen 28. The preferential separation of gas from
liquid in each ring includes an annular cap segment of gas overlying an
adjacent lower annular segment filled with liquid. Hence, both fluids
having equal, and annularly adjacent, access to the bed through screen 20
28. The plurality of alternate annular rings of hydrogen gas and
hydrocarbon liquid assure even and equal feed of both phases across the
full cross-sectional area of screen 28 into bed 10. Among other factors, we
have particularly found that this configuration insures even an equal
distribution across the full cross- sectional area of the catalyst bed.
Such equal distribution across the full diameter of the bed 10, permits a
quiescent flow section to form directly above center plate 25 which
truncates conical bed support means 25  17. This decreases substantially
potential local ebulation or eddy currents from being induced in the
catalyst bed at the point of catalyst withdrawal through inlet 30 of
inverted J-tube 29 to assure localized laminar flow of catalyst and liquid
from within bed 10. Uniform feed of the mixture of the hydrocarbon feed
stream and hydrogen is particularly facilitated to the inlet side of plates
27 of support means 17 through plenum or inlet chamber 33 enclosed between
30   support 17 and circular plate member 31, which extends across the full
cross-sectional area of vessel 11. Plate 31 includes a multiplicity of
similar large diameter tubes 32 forming openings through plate 31. Each
tube is several inches in diameter and extends axially to a similar depth,
say on the order of 102 to 152 mm (4 to 6 inches), below plate 31. Tubes 32
provide equal access to the mixture of hydrogen and hydrocarbon feed stream
into plenum chamber 33. Even distribution of the incoming feed stream into
bottom header 35 35  from feed line 16 may also be assisted by deflector
plate 34 to assure that oversized bubbles of hydrogen that may be contained
in the feed stream will be equally distributed across the full
cross-sectional area of plate 31 and equally distributed to each of tubes
32 for flow into plenum chamber 33. The length of tubes 32 may be selected
to form a suitable gas head under plate 31 to suppress surges in the feed
streams entering header 35. 40      As noted above, the vertical or axial
length of plates 27 which set off each individual annular and radial
segment, provide equal access to both hydrogen and liquid feed into
catalyst bed 10, and that the plates 27 are so stepped under screen 28 so
that they effectively form rings of gas and hydrocarbon feed alternately
across the full diameter at the inlet side of bed 10. In this way, no
single area of the inlet to bed 10 becomes a segregated or preferential,
flow path for either gas or the liquid. Further, if pressure surges 45
result in full wetting of screen 28 by the liquid phase, recovery of gas
flow is assisted by the areal breadth of each segment between plates 27 and
radial plates 26. The arrangement in inlet distributor 31 for uniformly
distributing hydrogen gas and liquid hydrocarbon feed as shown in Figure 3
may be modified by lengthening or shortening tubes 32 forming uniformly
distributed cylindrical passageways into plenum chamber 33, a particular
advantage of using tubes, as 50  compared to merely perforations or holes
of adequate diameter, lies in the formation of a gas pocket under plate 31
in the areas around the individual tubes 32. We have found that this is
desirable because such a gas pocket trapped beneath tray or plate 31
provides pressure surge dampening, which may result from flow changes of
the mixture of hydrogen and liquid being supplied to the reactor vessel.
However, the length of the tubes is maintained as short as reasonably
possible to so function. Again, this is because of 55  the desirability of
utilizing as little as possible of all processing space available in vessel
11 for anything but contacting the feed streams with conversion catalyst. A
particular advantage to using tubes, as compared to a combination of tubes
and perforations, is that the designed flow distribution pattern is
maintained over a wider range of flow rates. With tubes and perforations,
gas normally flows up the perforations and liquid 9    



EP 0 441 912 B1 flows up the tubes. However, gas will find new flow paths
through the tubes if the gas flow increases or the perforations become
plugged, resulting in undesigned and potentially undesirable flow patterns.
To further assist in maintenance of plug-like flow of catalyst bed 10
throughout its axial length, there is additionally provided in the
preferred form of the invention a plurality of axially spaced apart
hydrogen gas 5  redistribution or hydrogen gas-quenching stages 39 within
bed 10. In the arrangement of Figure 1, the location of one of the gas
redistribution stages 39 is illustrated by the single inverted angle member
40 extending transverse to the axis of bed 10. The details of quench system
39 are best seen in Figures 5 to 7 where a plurality of inverted v-shaped
sheds 40 are equally distributed over at least one transverse row extending
generally across the cross-sectional area of vessel 11. As in Figure 7, a
gas injection line 42 10   feeds an elongated tube 41 extending through
each individual shed 40 from a header 44 and branch lines 45 supplying the
individual tubes 41. Desirably, but not necessarily, a second tier of sheds
40 is axially spaced above the first tier, with the sheds in each tier
being positioned at 90 to the other tier, as shown in Figure 5.
Construction of an individual shed 40 is best seen in Figure 6, wherein
distribution pipe 41 includes a plurality of discharge holes 48, desirably
proportioned to give equal distribution of hydrogen gas 15 along the full
length of tube 41. Desirably, holes 48 are on the top side of tube 41 so
that gas leaving the tube is forced to flow downwardly within shed 40 to
join gas rising from bed 10 under the area enclosed by the V-sides 49 of
shed 40. Preferably, the full length of each skirt formed by sides 49
includes equally spaced slots 50 to exhaust both rising gas from bed 10 and
quench gas entering from line 42. A particular value of the present
arrangement is that gas which may have become channeled in a portion of the
bed 20 below the quench system can be redistributed across the full
cross-sectional area of the bed to further avoid generation of local hot
spots, eddy currents, or ebulation, within the upper portion of bed 10. In
accordance with another significant aspect of the present invention, Figure
1 shows a catalyst replacement system, which in general comprises a series
of lock chambers for transferring fresh catalyst into bed 10 through a pair
of pressure lock chambers, including charging hopper 60 and supply hopper
70. 25   A similar series of lock chambers, including discharge hopper 80
and disposal hopper 90, transfer catalyst out of bed 10. If necessary, a
single pair of hoppers could be used to charge and discharge the catalyst,
although the piping and sequencing procedure would be more complex. In both
cases, transfer flow is specifically designed to be as a liquid slurry and
laminar to avoid undue abrasion of catalyst particles going into vessel 11
and to avoid abrupt agitation of the overlying bed of particles, with
consequent ebulation and 30  eddying of catalyst or fines in bed 10, when
catalyst is withdrawn through inlet 30 of J-tube 29 at the bottom of vessel
11. To achieve laminar flow for supply of catalyst from charging supply
hopper 60 to the top of vessel 11 or for catalyst removal from the bottom
of bed 10 to discharge hopper 80, it is essential that the pressure
differential between vessel 11 and hoppers 60 or 80, be accurately
controlled as by detecting the pressure 35   differences between supply
line 61 or discharge line 82 and vessel 11. The pressure difference is best
zero when shut-off valves 64 or 84 are first opened or closed. The pressure
differences between vessel 11 and line 61 is measured by gage 63 and
pressure detectors 62 and 65. Differential pressure gage 83 and detectors
81 and 85 serve a similar function to control transfer of catalyst through
valve 84 from the bottom of vessel 11 to discharge hopper 80. 40    With
reference particularly to supply of catalyst from vessel 60, it will be
understood, of course, that the vessel is capable of being brought to a
slightly higher pressure than the operating pressure of vessel 11, and
closely controlled to assure that catalyst supplied to vessel 60 from
storage hopper vessel 70 is by laminar flow. For this purpose, as
indicated, vessels 70 and 60 are at atmospheric pressure, catalyst is first
45  introduced into a storage hopper 70 by way of funnel 100 through line
101 and valve 102, and nitrogen is preferably flushed through vessel 70
through line 104 and/or line 71 to eliminate air and moisture that may be
present on the catalyst. Either before or after catalyst is introduced,
vessel 70 is charged with a hydrocarbon refined stream, preferably vacuum
gas oil, to provide the necessary slurrying liquid for mixing and
transporting catalyst. This may either be through funnel 100, valve 102,
and line 101, or through line so  104, valve 105 and line 106. Valve 102 is
then closed. However, an important requirement is that before transferring
liquid to the charging vessel, the pressure in supply vessel 70 must be
equalized to that in charging vessel 60, assuming, of course, that
isolation valve 64 between vessel 60 and the reactor vessel 11 is closed,
and also that valves 67, 68 and 78 are closed. With valves 64, 67, 68, 78
and 102 closed and pressure equalized between the vessels 60 and 70, 



55 transfer valve 75 may be opened to provide the same diameter path for
the catalyst slurry to flow throughout the path from J-tube 71 to vessel
60. The transfer is closely controlled by regulating the nitrogen gas flow
rate and pressure introduced from line 104 through valve 105. The pressure
and flow rate are just sufficient to assure the desired laminar flow of
catalyst into inlet 72 of J-tube 71 and thus upwardly through 10    EP 0
441 912 B1 line 76 and into lock hopper 60, which forms a catalyst charging
vessel. Laminar flow to transfer catalyst through J-tube 71 is entirely in
the liquid phase, with the catalyst as a slurry in the vacuum gas oil.
Transfer of all catalyst is assisted by the funnel shape of bottom 79 of
vessel 70, and the position of intake 72 to J- tube 71 at the apex of
bottom 79. If all the catalyst in vessel 70 is transferred to vessel 60,
flush oil from 5   vessel 70 will naturally clear all the catalyst out of
line 76. However, to assure that all such catalyst is through valve 75, (so
that the valve need not close on hard, abrasive catalyst with potential
danger of scoring the valve or the valve seat) additional flush fluid is
preferably introduced from line 77 through valve 78 to clear line 76,
either back into vessel 70, or forward into vessel 60. With catalyst thus
loaded into vessel 60, a similar procedure is used for transferring
catalyst under 10  laminar flow conditions as a liquid slurry into reactor
vessel 11 through supply pipe 61 for distribution to the top 20 of bed 10.
If desired, of course, a deflector plate 23 may be used to distribute
catalyst evenly across the top of bed 20. However, we have found that such
a distribution aid is not required. In transfer of catalyst from the lock
hopper 60 to vessel 11, it will be understood that the pressure in vessel
60 is brought to the pressure of reactor vessel 11. This is done by
injecting hydrogen through valve 15  67. The oil should be heated to a
temperature as close as possible to the temperature of reactants in vessel
11, without vaporizing the oil. We have found this to be particularly
important to reduce thermal shock of fresh catalyst being added to the
reactor vessel. Once these requirements are met, valve 64 should be opened
for transfer. The actual laminar transfer of the liquid slurry is
controlled by valve 67 throttling the flow and pressure of hydrogen
admitted from line 66. After transfer of the catalyst, valve 68 in flush
line 69 20   is opened briefly to assure that any catalyst left in lines 61
and 19 is cleared before valve 64 is closed, for the reasons noted before.
Excess hydrogen pressure in vessel 60 may be relieved by any suitable bleed
line running back to the common hydrogen source of the hydroprocessing
system. (not shown) Substantially continuous or intermittent transfer of
deactivated catalyst for regeneration or disposal from the bottom of bed
10, vessel 11 is controlled in the same way to discharge hopper or lock
vessel 80. As in 25   all transfer of catalyst throughout the system of the
present invention, the flow path from inlet 30 of J-tube 29, through line
82, including the bore of valve 84, is uniform in cross-sectional area and
diameter. Similarly, transfer from discharge hopper 80 to disposal vessel
90 is through inlet 89 of J-tube 86 to discharge outlet 98 of line 92,
including valve 94, into vessel 90. In general the diameter of these
laminar flow passageways are at least five times, and may be as high 30  as
fifty or more times, the diameter of the individual particles to be passed
therethrough. In this connection to avoid jamming or obstruction, the
inlets 72, 109, 30, 89 and 99 into their respective tubes 71, 108, 29, 86
and 96 are not flared or otherwise restricted, or perforated, so that all
flow is solely and directly through the full and equal bore of such inlets.
In the case of catalyst removal from reactor vessel 11, inlet 30 of tube 29
is positioned at the unperforated center of catalyst support screen means
17, so that it is out of the direct 35  flow of the hydrogen gas stream
rising through the innermost annular passageway formed by walls 27 and
dividers 26. This assures that flow into entry 30 is substantially a liquid
only slurry mixture with catalyst particles. Such a mixture at laminar flow
conditions produces maximum carrying capacity of the fluid. Additionally,
the external dimensions of the circular bend or arc portion of the
J-section of the tube 29 is several times the diameter of inlet 30 and the
connected flow path, including the downwardly directed 40  portion. The
portion of tube 29 above inlet 30 is many times shorter and smaller in
volume than the remainder of J-tube 29, down to, and including, control
valve 84. A particular advantage of keeping this portion of tube 29 small
is to avoid the necessity of forcing substantial amounts of catalyst back
into the bed 11 against the gravity head of catalyst bed 10 when that
portion of the line is cleared at the end of each transfer. 45
Desirably, during periods when the catalyst is not being transferred, a
small amount of hydrogen may be continually bled through valve 88 into bed
10 through J-tube 29 to assure that catalyst particles do not 



clog entry 30. This avoids potential build up of coke at entry 30 of pipe
29. Such an arrangement assures that catalyst can be withdrawn by laminar
flow without artificially fluidizing or levitating bed 11 directly adjacent
to J-tube entry 30. so     Because gravity drainage of catalyst by an
opening through the center of the catalyst support screen means 17 is not
required in the present arrangement, as in the prior art, it is possible to
operate the entire system without use of solids handling valves.
Accordingly, each of the transfer valves in the present arrangement are
preferably conventional ball valves formed with a single through bore in a
rotatable ball. Specifically, we have found that conventional valves used
to feed and control flow of hydrocarbons, catalyst 55  and hydrogen, into
and out of the vessel 11, must seal against high pressure differentials
between the vessel and the transfer hoppers. For this service, a solid
stellite, spherical-ball gate having a through bore of the same diameter as
the inlet and outlet lines to the valve and metal-to-metal seals, provides
superior service when used in the catalyst transfer lines for carrying out
the method of the present invention. Further, 11    EP 0 441 912 B1 their
commercial cost and ready availability for such severity of service makes
them most useful economically, both for initial installation and for
service replacement. Valves manufactured by The Kaymr and Mogas Companies
are particularly useful in the present embodiment. Further, the arrangement
permits transfer of catalyst almost exclusively in a liquid phase which
substantially reduces abrasion or comminution 5  of catalyst particles
during transfer. Additionally, exclusion of entrained gas substantially
improves the efficiency of liquid transfer of catalyst particles and
further reduces potential damage to the catalyst. Figure 4 illustrates a
partial view of the bottom of pyramidal catalyst bed support 17 showing an
alternate system for transferring catalyst in a laminarly flowing liquid.
In this embodiment, an L-valve is formed by vertical tube 54 and horizontal
tube 52 for withdrawing catalyst particles from the volume of bed 10 10. As
shown, intake 56 is preferably directly above the central, non-perforated,
section 25 of the truncated pyramid formed by screen support means 17.
While such an arrangement is less preferred than that shown in the
embodiment of Figure 1, such an arrangement is made suitable by the fact
that the slurry of liquid and catalyst can be made to flow only under
laminar flow conditions. With either the J-tube of Fig. 1, or the L-valve
of Fig. 4, arrangements, the pressure in discharge lock 15  vessel 80 is
brought up to equal that in reactor vessel 11. Valve 84 is opened and
catalyst flow is controlled, as seen in Fig. 1, by regulating flow through
valve 93. Such flow decreases the gas-pressure in discharge lock chamber 80
and line 82 sufficiently to induce a laminar flow of catalyst particles
from vessel 11 when transfer valve 84 is opened. After valve 84 has been
flushed with vacuum gas oil through valve 88 and line 87 and then closed,
the 20 residuum is drained from vessel 80 through drain line 120, below
J-tube 86 and conical screen 121. Flush oil is then sent in through valve
93 to wash residuum off the catalyst and to cool the catalyst. The vessel
can be drained and filled as many times as needed. The pressure in vessel
80 is then reduced to a lower pressure (about 50 psig or less). The
pressure in vessel 90 is made equal to that in vessel 80 and valve 94 is
opened. The flow and pressure are then controlled through valve 110 to
induce laminar flow of catalyst 25  through J-tube 86 and into vessel 90.
Valve 94 is flushed with flush oil through valve 107 and closed. The flush
oil is drained through drain line 122 below conical screen 123. This
catalyst can be washed with water if desired through valve 110. The vessel
should be purged of any hydrogen by sending in nitrogen gas also through
line 110. Finally, vessel 90 is nearly depressurized and the catalyst is
dumped using water as the carrier fluid through J-tube 96 by nitrogen flow
through valve 110 to control the rate of catalyst flow in 30   discharge
pipe 124 Following are examples of process runs conducted in accordance
with method steps of the invention and using apparatus in accordance with
the foregoing embodiment of the present invention. EXAMPLE I 35 In a
semi-commercial scale residuum conversion pilot plant operating at 16 to 32
[err] per day (100-200 BPD), the catalyst transfer procedure, as described
above, was demonstrated more than 50 times. During each transfer, about
0.057[err](2 cubic feet) of catalyst was moved into and out of the reactor
vessel running continuously at typical residual desulfurization (RDS)
conditions. Transfer rates up to 0.45[err](16 



40  cubic feet) per hour of catalyst were accomplished through pipes with
an inside diameter 8 times larger than the catalyst diameter. Plug flow
movement of the catalyst and the absence of bed ebulation were proven using
radioactively tagged catalyst particles incorporated in the test bed. Among
the significant features of the invention specifically demonstrated in such
runs were that: (1) ball valves, such as those made by the Kaymr and Mogas
companies, can be used to isolate the RDS reactor 45   from the catalyst
transfer vessels, and to transfer catalyst particles without using solids
handling valves, (2) the catalyst bed level and thus ebulation can be
adequately monitored using a gamma-ray source and detector, (3) J-tubes
(all with upward flow sections substantially shorter than the downward flow
paths) will satisfactorily transfer catalyst particles, without local
ebulation, by laminar fluid flow (4) use of fluid feed inlet distributor
means with a conical support and concentric annular segment plates prevents
ebulation at the 50  base of the catalyst bed and provides adequate radial
distribution of gas and liquid by forming concentric alternate rings of gas
and liquid (5) substantial differences were shown where bed ebulation
(expansion) occurred with one catalyst as compared to no significant bed
ebulation (expansion) with another catalyst using the same size and shape
but with a lower density, and (6) transfer of catalyst into , and out of, a
bed travelling downwardly by gravity in a reactor vessel while continuously
operating a hydroprocessing system 55   to react a gas containing hydrogen
and a feed stream of hydrocarbon liquids flowing as a single stream from
the bottom of the bed, will permit countercurrent flow without separation
during upward passage through and out of the top of the reactor vessel, and
(7) as the result of intermittent catalyst discharge, the catalyst bed
moves countercurrently down through the reactor in plug-like flow. 12    EP
0 441 912 B1 EXAMPLE II From the foregoing tests in an apparatus under flow
conditions described in Example I, the effective- ness of the foregoing
mechanical and hydraulic factors were validated for performing
hydrotreating 5   processing with hydrocarbon and hydrogen streams
counterflowing through a moving bed of catalyst particles, as follows: In a
pilot plant operating at up to 0.64 [err] per day (4 BPD) hydrocarbon feed
and hydrogen at 15.2 MPa (2200 PSI), catalyst bed expansion measurements
were made at commercial-scale flow velocities with beds of catalysts of
different sizes, shapes, and densities as indicated in Table I. Each type
of catalyst was tested 10  separately. Bed ebulation (expansion) was
reasured using a gamma-ray source and detector means mounted to detect 10%
bed expansion. Table I shows flow velocities required to produce 10% bed
expansion with several catalysts at a standard hydrogen recirculation rate
of 890 standard cubic metres per cubic metre (5000 SCFB). These results
confirmed the bed expansion results from the semi-commercial scale plant of
Example I. 15     Table II is a similar set of runs using beds of three of
the same catalyst particles as those tested under conditions shown in Table
I except that the liquid viscosity, liquid density and pressure of the
hydrocarbon feed stream and gas were lower in Table II than Table I to
match a different set of commercial operating conditions. From Tables I and
11 the effect of catalyst particle size, density and shape are clearly
indicated for different flow conditions for the liquid and gas components
of the feed. The design feed rates for a 20  hydrocarbon treating process
were calculated by standard scaling procedures to indicate the values in
MBPD (thousands of barrels per day) through a reactor vessel containing a
catalyst bed 3.5 m (11.5 feet) in diameter. In general catalyst for
commercial use would be selected on the basis of levitation or ebulation at
a selected rate which is substantially higher than normal design feed rate,
say up to 100% greater. 25  Additionally, these tests indicate that some
commercial catalysts will not lift at reasonable design feed rates. if the
particles have a high degree of uniformity and are sufficiently strong to
maintain their integrity during movement into and out of the reactor
vessel, without attrition or breakage. 30 35 40 45 50 



55 13    EP 0 441 912 B1 [err] [err\ 14    EP0441 912B1 [err] [err] In a 4
foot diameter vessel a "cold model" was operated using up to 1270 [err] per
day (8000 BPD) water and 275 SCFM air. The features of the inlet liquid and
gas distributor as well as the hydrogen gas redistribution and quench
stages, described above and shown in the drawings were scaled and tested.
Flow 15    EP 0 441 912 B1 measurements and underwater photography proved
that distribution of the inlet gas and liquid was uniform across the full
cross-sectional area of the catalyst support screen in the vessel.
Redistribution of the rising gas through the inverted V-shaped sheds was
shown to be surprisingly effective even when gas was intentionally
maldistributed below the redistributor stages. 5 SUMMARY Briefly, these
test results show that the present invention makes possible substantially
continuous flow of uniformly distributed hydrogen and hydrocarbon liquid
across a densely packed catalyst bed to fill 10 substantially the entire
volume of a reactor vessel by introducing the fluids as alternate annular
rings of gas and liquid at a rate insufficient to levitate the bed and with
the catalyst selected with a density, shape and size adequate to prevent
lifting of the bed at the desired feed rates. (Catalysts are selected by
measuring bed expansion in a large pilot plant run with hydrocarbon,
hydrogen, and catalyst at the design pressures and flow velocities.) At the
desired flow rate, such catalyst continually flows in a plug-like manner 15
downwardly through the vessel by introducing fresh catalyst at the top of
the bed by laminarly flowing such catalyst in a liquid stream on a periodic
or semicontinous basis. Catalyst is removed by laminarly flowing catalyst
particles in a liquid stream out of the bottom of the bed. Intake for such
flow is out of direct contact with the stream of gas flowing through the
bed and the flow path is substantially constant in cross-sectional area and
greater in diameter by several times than the diameter  of the catalyst
particles. 20     Various modifications and changes in the structural
arrangement and in the steps set forth for on-stream catalyst replacement
to take the greatest economic advantage of the hydroprocessing vessel
capacity will occur to those skilled in the art. All such modifications or
charges coming within the scope of the appended claims are intended to be
included therein. 25 Claims 1. A counterflow reactor vessel (11)
comprising: a reservoir formed in the lower end of said reactor vessel (11)
wherein a fluid mixture of a hydrocarbon liquid and a reactive gas are
mixed for simultaneous flow upwardly through a bed (10) of 30     particles
extending upwardly through said reactor vessel (11); means for adding said
particles at least periodically at the upper end of said vessel (11); means
for removing said particles from the lower end of said bed (10) after
counterflow downwar- dly through said upwardly flowing stream of said fluid
mixture; and a pervious conical support means (17) for supporting said bed
(10) of particles and through which 35     said fluid mixture enters the
lower end of said bed (10) from said reservoir at the lower end of said 



reactor vessel (11); characterised in that said particle bed support means
(17) comprises a truncated conical screen member (28) that extends across
substantially the full diameter of said reactor vessel (11) and that has a
conical portion that is uniformly pervious for fluid flow therethrough and
that has a truncated central 40     apex portion (25); in that the lower
pervious conical surface of said screen member (28) abuts a plurality of
concentric annular baffle members (27) supported by the lower end of said
reactor vessel (11), said baffle members (27) forming a plurality of
substantially concentric continuous circumferential annular pas- sageways
around and extending radially outwardly from said impervious truncated
central portion (25) 45     of said bed support means (17), said concentric
annular passageways providing a direct flow path across the diameter of
said reactor vessel (11) for a fluid mixture flowing from said reservoir
formed between the lower end of said reactor vessel (11) and the bottom of
said bed support means (17) except through said impervious central portion
(25) of said bed support means (17); in that said reservoir further
comprises a generally horizontal wall means (31) extending across said so
reactor vessel (11) at a level between the lower end wall of said reactor
vessel (11) and said catalyst bed support means (17) to divide the volume
of said reservoir into a lower surge chamber (35) for receiving said gas
and liquid mixture entering said reactor vessel (11) and a separate upper
plenum chamber (33), said wall means (31) including a plurality of tubes
(32) substantially equally spaced from each other and extending radially
around said wall means (31) beneath said screen member (28) of 55     said
bed support means (17), said tubes (32) extending downwardly from said wall
means (31) into said surge chamber (35) at a depth to assure that flow of
only a mixed feed stream, including the gas components thereof, enter said
plenum chamber (33) through said wall means (31); in that said baffle
members (27) are radially spaced apart from each other at a distance to
prevent    measurements and underwater photography proved that distribution
of the inlet gas and liquid was uniform across the full cross-sectional
area of the catalyst support screen in the vessel. Redistribution of the
rising gas through the inverted V-shaped sheds was shown to be surprisingly
effective even when gas was intentionally maldistributed below the
redistributor stages. SUMMARY Briefly, these test results show that the
present invention makes possible substantially continuous flow of uniformly
distributed hydrogen and hydrocarbon liquid across a densely packed
catalyst bed to fill 10 substantially the entire volume of a reactor vessel
by introducing the fluids as alternate annular rings of gas and liquid at a
rate insufficient to levitate the bed and with the catalyst selected with a
density, shape and size adequate to prevent lifting of the bed at the
desired feed rates. (Catalysts are selected by measuring bed expansion in a
large pilot plant run with hydrocarbon, hydrogen, and catalyst at the
design pressures and flow velocities.) At the desired flow rate, such
catalyst continually flows in a plug-like manner 15 downwardly through the
vessel by introducing fresh catalyst at the top of the bed by laminarly
flowing such catalyst in a liquid stream on a periodic or semicontinous
basis. Catalyst is removed by laminarly flowing catalyst particles in a
liquid stream out of the bottom of the bed. Intake for such flow is out of
direct contact with the stream of gas flowing through the bed and the flow
path is substantially constant in cross-sectional area and greater in
diameter by several times than the diameter of the catalyst particles. 20
Various modifications and changes in the structural arrangement and in the
steps set forth for on-stream catalyst replacement to take the greatest
economic advantage of the hydroprocessing vessel capacity will occur to
those skilled in the art. All such modifications or charges coming within
the scope of the appended claims are intended to be included therein. 25
Claims 1. A counterflow reactor vessel (11) comprising: a reservoir formed
in the lower end of said reactor vessel (11) wherein a fluid mixture of a
hydrocarbon liquid and a reactive gas are mixed for simultaneous flow
upwardly through a bed (10) of 30     particles extending upwardly through
said reactor vessel (11); means for adding said particles at least
periodically at the upper end of said vessel (11); means for removing said
particles from the lower end of said bed (10) after counterflow downwar-
dly through said upwardly flowing stream of said fluid mixture; and 



a pervious conical support means (17) for supporting said bed (10) of
particles and through which 35     said fluid mixture enters the lower end
of said bed (10) from said reservoir at the lower end of said reactor
vessel (11); characterised in that said particle bed support means (17)
comprises a truncated conical screen member (28) that extends across
substantially the full diameter of said reactor vessel (11) and that has a
conical portion that is uniformly pervious for fluid flow therethrough and
that has a truncated central 40     apex portion (25); in that the lower
pervious conical surface of said screen member (28) abuts a plurality of
concentric annular baffle members (27) supported by the lower end of said
reactor vessel (11), said baffle members (27) forming a plurality of
substantially concentric continuous circumferential annular pas- sageways
around and extending radially outwardly from said impervious truncated
central portion (25) 45     of said bed support means (17), said concentric
annular passageways providing a direct flow path across the diameter of
said reactor vessel (11) for a fluid mixture flowing from said reservoir
formed between the lower end of said reactor vessel (11) and the bottom of
said bed support means (17) except through said impervious central portion
(25) of said bed support means (17); in that said reservoir further
comprises a generally horizontal wall means (31) extending across said 50
reactor vessel (11) at a level between the lower end wall of said reactor
vessel (11) and said catalyst bed support means (17) to divide the volume
of said reservoir into a lower surge chamber (35) for receiving said gas
and liquid mixture entering said reactor vessel (11) and a separate upper
plenum chamber (33), said wall means (31) including a plurality of tubes
(32) substantially equally spaced from each other and extending radially
around said wall means (31) beneath said screen member (28) of 55     said
bed support means (17), said tubes (32) extending downwardly from said wall
means (31) into said surge chamber (35) at a depth to assure that flow of
only a mixed feed stream, including the gas components thereof, enter said
plenum chamber (33) through said wall means (31); in that said baffle
members (27) are radially spaced apart from each other at a distance to
prevent 16    EP 0 441 912 B1 excessive separation of gas from liquid
components of said fluid mixture prior to forming a plurality of separate
concentric annular fluid feed means under said conical portion of said
screen member (28), each of said annular fluid feed means being formed by
adjacent pairs of said baffle members (27) extending axially downward into
said plenum chamber (33) from said pervious conical screen member 5
(28) to a depth sufficient to form said separate annular gas and liquid
channels adjacent the abutment of the upper ends of said baffle members
(27) and the lower surface of said pervious conical portion of said screen
member (28); and in that the lower edge of each of said baffle members (27)
has an axial length intermediate the axial length of each adjacent
concentric baffle member (27) so that said mixed fluid is simultaneous fed
10     in alternate concentric bands of gas and liquid between each pair of
adjacent baffle members (27) into the full diameter and circumference of
said particle bed support means (17) except through said truncated
impervious portion (25) thereof. 2. A reactor vessel (11) in accordance
with claim 1, wherein: 15         said means for adding particles to said
bed (10) at the upper end of said reactor vessel (11) comprises at least
one flow line (19) extending into said reactor vessel (11) at a level above
the upper end (20) of said bed (10); said means for removing particles from
the lower end of said reactor vessel (11) comprises another flow line (29)
having an outlet at a level directly adjacent and over said truncated
impervious central 20     portion (25) of said bed support (17); each of
said flow lines (19, 29) has a substantially uniform diameter extending
throughout its length from said reactor vessel (11) to at least one
external pressure vessel (60, 80), each of said flow lines (19, 29)
including at least one ball valve (64, 84) having a through bore not
smaller than its respective flow line and each of said flow lines (19, 29)
being directly connected respectively to said at least one 25     pressure
vessel (60, 80) for supplying fresh particles to the top of said bed (10)
and for receiving spent particles removed from the bottom of said bed (10);
and 



means are provided for independently controlling the pressures of said
external pressure vessels (60, 80) to regulate the flow rate of fluid
through said flow lines (19, 29) to induce laminar flow of liquid through
said flow lines (19, 29) to transport particles into and out of said
reactor vessel (11) without 30     modification of flow of the components
of said fluid mixture in said reactor vessel (11) over the axial length of
said bed (10). 3. A reactor vessel (11) in accordance with claim 1 or 2,
wherein said bed support means (17) includes a plurality of
circumferentially spaced-apart radial baffle members (26) extending
radially inwardly from 35     the outer perimeter of said screen member
(28) towards said impervious central portion (25) of said screen member
(28) to support said plurality of concentric baffle members (27) against
the lower surface of said conical screen member (28). 4. A reactor vessel
(11) in accordance with claim 1, 2 or 3, wherein said bed support means
(17) is 40      shaped as a truncated polygonal pyramid and each of said
generally cylindrical baffle members (27) comprises a plurality of
segments, each segment being parallel to one of the sides of said polygonal
pyramid and its abutting ends corresponding to the intersecting corners at
adjacent sides of the polygon forming said concentric baffle members (27).
45  5. A reactor vessel (11) in accordance with any of claims 1 to 4,
wherein said flow line (29) includes a J- tube extending through and above
said truncated conical bed support screen means (17) to dispose the inlet
(30) to said J-tube downwardly and directly over said impervious central
portion (25) of said catalyst bed support means(17). 50  6. A reactor
vessel (11) in accordance with any of claims 1 to 5, wherein said inlet
(30) of said J-tube is generally perpendicular to and adjacent to the upper
surface of said impervious central portion (25) of said catalyst bed
support means (17). 7. A reactor vessel (11) in accordance with any of
claims 2 to 6, wherein said pressure control means 55     includes means
for modifying the pressure of said external pressure vessel (60, 80) to
initiate and stop flow of fluid between said reactor vessel (11) and said
external pressure vessel (60, 80) when said bore of said ball valve (64,
84) is open. 17    EP 0 441 912 B1 8.  A reactor vessel (11) in accordance
with any of claims 1 to 7, wherein said flow line (29) includes at least
one additional pipe means (87) connected thereto for introducing an
auxiliary fluid into said flow line (29) between said reactor vessel (11)
and said ball valve (84). 5  9. A reactor vessel (11) in accordance with
claim 8, wherein said additional pipe means (87) includes auxiliary valve
means (88) for independently controlling fluid flow from an external source
to selectively clear catalyst particles from said bore of said ball valve
(84) before closure thereof or to permit maintenance of a back flow of
fluid into said vessel (80) through said inlet of said flow line (29)
between periodic withdrawals of catalyst entrained in fluid withdrawn from
said reactor vessel (11) through said 10    flow line (29). 10. A reactor
vessel (11) in accordance with any of claims 1 to 9, wherein said reactor
vessel (11) includes means (39) for modifying gas flow through said bed
(10) intermediate said particle bed support means (17) and the top of said
bed (10), said means (39) comprising: 15         shed means (40) supported
by said reactor vessel (11) intermediate the axial length thereof and
extending transverse to the axis of the particle bed (10) formed therein,
said shed means (40) having at least one inverted V-shape gas channel means
extending laterally across said bed (10) so as to laterally and outwardly
deflect particles flowing downwardly over the upper surface of said
V-shaped gas channel means and to intercept gas flowing upwardly under the
lower surface of said channel 20     means for lateral dispersion thereof;
and means for selectively introducing additional gas flow from an external
source into said particle bed (10), said means comprising tubing means (42)
extending between said external source and an outlet under said lower
surface of said V-shaped gas channel means, said V-shaped gas channel means
being impervious to gas flow through a major portion of said upper and
lower surfaces. 25 11. A reactor vessel (11) in accordance with claim 10,
wherein said shed means (40) includes a plurality of 



elongated slots (50) extending along and through the lower edges of said
V-shaped gas channel means for distributing gas therefrom into said
particle bed (10). 30  12. An on-stream catalyst replacement method for
periodically or continuously delivering fresh catalyst to a reactor vessel
(11) having an upwardly flowing feed stream including a gas component and a
liquid component rising through a descending substantially packed bed (10)
of said catalyst extending axially through said reactor vessel (11), the
method comprising: selecting the size, shape and density of said catalyst
particles forming the packed catalyst bed 35     (10) in accordance with
rate of flow and viscosity of said feed stream during contact with said
catalyst to avoid substantially ebullition and/or levitation over a
substantial portion of the axial length of said packed bed (10) at a
selected flow rate of said feed stream; uniformly distributing the gas
component of said feed stream into the base of said catalyst bed (10) and
across the transverse cross-sectional area thereof so as to avoid localized
ebullition of said bed 40     (10) along its axial length, including
recirculation of catalyst particles therein, as said catalyst moves
downwardly in plug flow through said vessel (11), said feed stream being
introduced into said base of said bed (10) through a plurality of
concentric annular zones under a pervious conical or pyramidal surface (17)
extending radially outwardly from a truncated impervious central area (25)
supporting said catalyst bed (10), said concentric annular zones forming
uniformly concentric alternate upward feed 45     paths of said liquid and
said gas components over said pervious transverse cross-sectional area;
additionally maintaining said plug flow of said catalyst bed downwardly
through said reactor vessel (11); periodically removing catalyst particles
from a central portion of said base of said bed (10) by flowing a portion
of the liquid component of said feed stream from said reactor vessel (11),
said liquid 50     flow being at a rate not in excess of laminar flow and
being from directly above said impervious truncated portion (25) of said
conical support; and periodically replacing catalyst particles in said bed
(10) by entraining catalyst particles in a liquid stream pressurized to
create laminar flow of said stream into the upper end of said reactor
vessel (11). 55  13. A method according to claim  12, further comprising
injecting quench gas and intercepting gas components flowing upwardly in
said bed (10) across at least one level intermediate the length of said bed
(10) to cool and laterally divert gas flow through a plurality of
transversely extending flow paths, each of said transverse flow paths being
under an inverted V-shaped shed (40) positioned to deflect 18    downwardly
flowing catalyst particles outwardly over the upper transverse surface of
said shed (40), and each of said sheds (40) includes a plurality of
elongated slots (50) forming longitudinally spaced apart flow paths along
the outer edges of said transverse surfaces to distribute gas upwardly
therethrough. 5 14. A method according to claim 12 or 13, wherein said
catalyst particles are removed to a recovery vessel (80), wherein laminar
flow is maintained through a uniform cross-sectional area flow path between
said reactor vessel (11) and said recovery vessel (80), and wherein said
flow path includes at least one in- line full bore ball valve (84) for
transport of entrained catalyst particles in said liquid flow stream. 10
15. A method according to claim 14, further comprising selectively blocking
catalyst particles from entering said flow path by flowing fluid from an
auxiliary source back into said primary flow path to prevent blocking of
said inlet between withdrawals of catalyst from said bed (10). 5  16. A
method according to any of claims 12 to 15, wherein said catalyst partiles
are replaced from a pressurized vessel (60), and wherein said liquid stream
flows through a flow path having a substantially uniform cross-sectional
area throughout its length and a diameter of at least five times the
average diameter of the catalyst particles flowing therein, said laminar
flow path further including at least one in- line full-bore ball valve (64)
of substantially the same diameter as said flow path to maintain said 20
laminar flow passing therethrough, and there being at least one auxiliary
fluid flow path for selectively introducing auxiliary fluid into said flow
path intermediate to said pressurized vessel (60) and the inlet to said
reactor vessel (11) for flushing catalyst particles from said path
including said full bore of said in- 



line control valve (64). 25 PatentansprUche 1. GegenstromreaktorgefaB (11),
umfassend: ein Reservoir, das im unteren Ende des ReaktorgefaBes (11)
gebildet ist, in welchem ein flossiges Gemisch aus einer
Kohlenwasserstoff-FlUssigkeit und einem reaktiven Gas fUr ein
gleichzeitiges 30     Stromen nach oben durch ein Bett (10) aus Partikeln,
welches sich nach oben durch das ReaktorgefIB (11) erstreckt, gemischt
wird; Mittel, um die Partikel zumindest periodisch am oberen Ende des
GefiBes (11) zuzugeben; Mittel, um die Partikel aus dem unteren Ende des
Bettes (10), nach einem Gegenstrom nach unten durch den nach oben
str6menden Strom des flUssigen Gemisches, zu entfernen; und 95     ein
durchlassiges, konisches Tragermittel (17) zum Tragen des Bettes (10) aus
Partikeln, und durch welches das flOssige Gemisch aus dem Reservoir am
unteren Ende des ReaktorgefaBes (11) in das untere Ende des Bettes (10)
eintritt: dadurch gekennzeichnet, daB das Partikelbett-Trlgermittel (17)
elnen kegelstumpfartigen, konischen Siebbauteil (28) umfaBt, der sich im
wesentlichen Ober den gesamten Durchmesser des Reaktorgeffl- 40     Bes
(11) erstreckt, und der einen konischen Abschnitt, der far ein Durchstr8men
einer Fllssigkeit. gleichf6rmig durchlassig ist, und einen
kegelstumpfartigen, zentralen Scheitelabschnitt (25) aufweist; daB die
untere, durchlassige, konische Oberflache des Siebbauteils (28) an eine
Vielzahl von konzentri- schen, ringf6rmigen Ablenkbauteilen (27) grenzt,
welche vom unteren Ende des ReaktorgefaBes (11) getragen werden, welche
Ablenkbauteile (27) eine Vielzahl von im wesentlichen konzentrischen, 45
kontinuierlichen Durchgangen mit ringformigem Umfang rund um den und sich
radial nach auBen von dem undurchlassigen, kegelstumpfartigen zentralen
Abschnitt (25) des Bett-Tr~germittels (17) erstrek- kend, bilden, welche
konzentrische ringformige Durchgange fOr ein flOssiges Gemisch einen
direkten Stromungsweg Uber den Durchmesser des Reaktorgefa~es (11), auBer
durch den undurchlassigen zentralen Abschnitt (25) des Bett-Tragermittels
(17), vorsehen, welches Gemisch aus dem Reservoir- 50     str6mt, welches
zwischen dem unteren Ende des ReaktorgefaBes (11) und dem Boden des Bett-
Tr~germittels (17) gebildet wird; daB das Reservoir ferner ein im
allgemeinen horizontales Wandmittel (31) umfaft, welches sich Ober das
ReaktorgefIB (11) auf einem Niveau zwischen der Wand des unteren Endes des
ReaktorgefaiBes (11) und dem Katalysatorbett-Tragermittel (17) erstreckt,
um das Volumen des Reservoirs in eine 55     untere Wallungskammer (35) zum
Aufnehmen des gasformigen und flUssigen Gemisches, weiches in das
ReaktorgefaB (11) eindringt, und in eine getrennte, vollkommen geftllte
obere Kammer (33) zu teilen, welches Wandmittel (31) eine Vielzahl von
Rohren (32) aufweist, die im wesentlichen voneinan- der gleich beabstandet
sind und sich radial um das Wandmittel (31) unterhalb des Siebbauteils (28)
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lo des Bett-Trdgermittels (17) herum erstrecken, welche Rohre (32) sich vom
Wandmittel (31) nach unten in eine liefe in die Wallungskammer (35)
erstrecken, urn sicherzustellen, daB durch das Wandmittel (31) lediglich
eine Str6mung eines gemischten Beschickungsstroms, einschlieBlich seiner
Gasbestand- teile, in die volikommen gefUllte Kammer (33) eindringt; 5
daB die Ablenkbauteile (27) radial voneinander in einem Abstand beabstandet
sind, um eine Obermif8i- ge Trennung der gasformigen von der flOssigen
Komponente des flOssigen Gemisches zu verhindem, bevor eine Vielzahl von
getrennten, konzentrischen, ringformigen Fllssigkeitsbeschickungsmitteln
unter dem konischen Abschnitt des Siebbauteils (28) gebildet wird, wobei
jedes der ringformigen FlOssig- keitsbeschickungsmittel von einem
benachbarten Paar der Ablenkbauteile (27) gebildet wird, die sich 10
vom durchl~ssigen, konischen Siebbauteil (28) axial nach unten in die
volikommen gefUllte Kammer (33) in eine Tiefe erstrecken, die ausreichend
ist, um die getrennten ringformigen Gas- und Flassig- keitskanale zu
bilden, in Nachbarschaft zur Angrenzung der oberen Enden der Ablenkbauteile
(27) und der unteren Oberflache des durchlissigen, konischen Abschnittes
des Siebbautells (28); und daB der untere Rand jedes der Ablenkbauteile
(27) eine axialb lAnge aufweist, die zwischen der 15     axialen LAnge
jedes benachbarten konzentrischen Ablenkbauteils (27) ist, so daB die
gemischte Fl~ssigkeit in alternierenden konzentrischen Bandern aus Gas und
FlUssigkeit zwischen jedem Paar 



benachbarter Ablenkbauteile (27) In den vollen Durchmesser und Umfang des
Partikelbett-Trigermittels (17), auBer durch seinen kegelstumpfartigen,
undurchilssigen Abschnitt (25), eingespeist wird. 2o  2. ReaktorgeftlB (11)
gemaB Anspruch 1, worin: das Mittel zurn Zugeben von Partikeln zurn Bett
(10) am oberen Ende des Reaktorgeff8es (11) mindestens esne
Stromungsleitung (19) umfaBt, die sich auf ein Niveau oberhalb des oberen
Endes (20) des Bettes (10) in das ReaktorgefaB (11) erstreckt; das Mittel
zum Entfernsn von Partikeln aus dem unteren Ende des ReaktorgefEfies (11)
eine andere 25     Stromungsleitung (29) umfaBt, welche auf einem  Niveau,
direkt benachbart dem und aber dem kegelstumpfartigen, undurchl~ssigen,
zentralen Abschnitt (25) des Bett-Trigermittels (17), einen AuslaB
aufweist; jede der Stromungsleitungen (19, 29) einen im wesentlichen
einheitlichen Durchmesser aufweist, der sich Ober ihre gesamte Lnge vom
ReaktorgefaB (11) zu mindestens einem AuBeren DruckgefEfl (60, 30     80)
erstreckt, wobei jede der Stromungsleitungen (19, 29) mindestens ein
Kugelventil (64, 84) aufweist, welches eine Durchgangsbohrung besitzt, die
nicht kleiner ist als seine jeweilige Str6mungsleitung, und wobei jede der
Str6mungsleitungen (19, 29) direkt mit dam mindestens einen DruckgefA3 (60,
80) zum Zufahren frischer Partikel an das obere Ende des Bettes (10) bzw.
zum Aufnehmen verbrauchter Partikel, die vom Boden des Bettes (10) entfernt
werden, verbunden ist; und 35     Mittel zum unabhangigen Kontrollieren der
Drucke der AuBeren DruckgefaBe (60, 80) vorgesehen sind, um die
Stromungsgeschwindigkelt der FlUssigkeit durch die Str8mungsleitungen (19,
29) zu regulieren, um ein laminates Stromen der Fllssigkeit durch die
Stromungsleitungen (19, 29) zu induzieren, urn Partikel in das und aus dem
ReaktorgefIB (11) ohne Modifizierung einer Str8mung der Komponenten des
flassigen Gemisches im ReaktorgefaB (11) Uber die axiale LAnge des Bettes
(10) zu transportieren. \ 40 3  ReaktorgefAB (11) gemaB Anspruch 1 oder 2,
worin das Bett-Tragermittel (17) eane Vielzahl von im Umfang voneinander
babstandete, radiale Ablenkbauteile (26) aufweist, die sich von der auBeren
Begrenzung des Siebbauteils (28) gegen den undurchlassigen, zentralen
Abschnitt (25) des Siebbau- teils (28) radial nach innen erstrecken, um die
VieIzahl von konzentrischen Ablenkbauteilen (27) an der 45     unteren
Oberflache des konischen Siebbauteils (28) zu tragen. 4. ReaktorgefiB (11)
gemaB Anspruch 1, 2 oder 3, worin das Bett-Trtgermittel (17) als eine
kegelstumpf- artige, polygone Pyramide geformt ist und jeder der im
aligemelnen zylindrischen Ablenkbauteile (27) eine VieIzahl von Segmenten
umfaBt, wobel jedes Segment zu einer der Seiten der polygonen 50
Pyramide parallel ist und seine angrenzenden Enden den Schnitteckpunkten an
benachbarten Seiten des Polygons, watches die konzentrischen Ablenkbauteile
(27) bildet, entsprechen. 5. ReaktorgefaB (11) gemaB irgendeinem der
AnsprUche 1 bis 4, worin die Str6mungsleitung (29) ein J- Rohr aufweist,
weiches sich durch und oberhalb des kegelstumpfartigen, konischen
Bett-Tragersiebmit- 55     tels (17) erstreckt, um den EinlaB (30) des
J-Rohres nach unten und direkt Ober dem undurchilssigen, zentralen
Abschnitt (25) des Katalysatorbett-Trggermittels (17) anzuordnen. 20    *
L   M   S 6. Reaktorgefal (11) gemiB irgendeinem der AnsprUche 1 bis 5,
worn der EinlaB (30) des J-Rohres im allgemeinen senkrecht auf und
benachbart zur oberen Oberflache des undurchilssigen, zentralen Abschnittes
(25) des Katalysatorbett-Tragermittels (17) ist. 5  7. ReaktorgefaB (11)
gemaB irgendeinem der AnsprOche 2 bis 6, worn das Druckkontrollmittel
Mittel zum Modifizieren des Drucks des auBeren DruckgefafBes (60, 80)
aufweist, um ein Strdmen von Fl~ssigkeit zwischen dem Reaktorgefflfl (11)
und dem aufleren DruckgefaB (60, 80) zu initileren und zu stoppen, wenn die
Bohrung des Kugelventils (64, 84) offen ist. 10  &  Reaktorgefa1B (11)
gemaB irgendeinem  der Ansprtche 1 bis 7, worin die Str6mungsleitung (29)
mindestens ein zusitzliches Rohrmittel (87) aufweist, weiches mit ihr
verbunden ist, zum Einbringen einer HilfsflUssigkeit in die
Stromungsleitung (29) zwischen dem ReaktorgefIB (11) und dem Kugelven- til
(84). i5  9. ReaktorgefB (11) gemaB Anspruch 8, worin das zusatzliche
Rohrmittel (87) ein Hilfsventilmittel (88) zum unabhingigen Kontrollieren
elner Flassigkeitsstromung von einer auBeren Quelle aufweist, um 



Katalysatorpartikel von der Bohrung des Kugelventils (84) vor seinem
SchlieBen gezielt wegzuschaffen, oder um elne Aufrechterhaltung einer
RUckstr8mung von Fllssigkeit in das GefaB (80) durch den EinlaBi der
Str8mungsleitung (29) zwischen periodischen Entnahmen von Katalysator, der
in der 20     FlOssigkeit, die vom ReaktorgefaB (11) durch die
Stromungsleitung (29) abgezogen wird, eingeschlos- sen ist, zu gestatten.
10. ReaktorgefIB (11) gemaB irgendeinem der AnsprUche 1 bis 9, worin das
ReaktorgefaB (11) ein Mittel (39) zum Modifizieren einer Gasstrdmung durch
das Bett (10) zwischen dam Partikelbett-Trigermittel 25     (17) und dam
oberen Ende des Bettes (10) aufweist, welches Mittel (39) umfaeit: ein
Ausbreitungsmittal (40), weiches vom ReaktorgefaB (11) zwischen seiner
axialen L~nge liegend und sich quer zur Achse des Partikelbetts (10),
welches darin gebildet ist, erstreckend, getragen wird, waeches
Ausbreitungsmittel (40) mindestens ein Gaskanalmittel mit der Form eines
umgekehrten V. besitzt, welches sich quer Ober das Bett (10) erstreckt, so
daB Partikel, welche Uber die obere 30     Oberflache des V-f6rmigen
Gaskanalmittels nach unten stromen, quer und nach auBen abgelenkt warden,
und um Gas aufzufangen, waiches nach oben unter die untere Oberfliche des
Kanalmittels str6mt, um es quer zu verteilen; und ein Mittel zum gezielten
Einbringen einer zusatzlichen Gasstromung von einer auBeren Quelle in das
Partikelbett (10), welches Mittel Rohrmittel (42) umfaSt, die sich zwischen
der auBeren Quelle und 35     einem AuslaB unter der unteren Oberflache des
V-f6rmigen Gaskanalmittels erstrecken, weiches V- f6rmige Gaskanalmittel
fOr eine Gasstr6mung Ober einen Hauptabschnitt der oberen und unteren
Oberflache undurchlassig ist. 11. ReaktorgeflB (11) gemiB Anspruch 10,
worin das Ausbreitungsmittel (40) eine VieIzahl linglicher 40     Schlitze
(50) zum Verteilen von Gas in das Partikelbett (10) aufweist, welche sich
entlang und durch die unteren Render des V-f6rmigen Gaskanalmittels
erstrecken. 12. Verfahren zum Ersetzen elnes Katalysators und zum
periodischen oder kontinuierlichen Abgeben eines frischen Katalysators an
ein ReaktorgafAB (11), welches in Betrieb ist und einen nach oben
stromenden 45     Beschikkungsstrom aufweist, der eine gasformige
Komponente und eine flUssige Komponente enthalt, die durch ein
abwartsgehendes, im wesentlichen geschUttetes Bett (10) des Katalysators
aufsteigen, das sich axial durch das ReaktorgefiB (11) erstreckt, waeches
Verfahren umfaBt: ein Auswahlen der GroBe, der Form und der Dichte der
Katalysatorpartikel, die das Katalysatorschltt- bett (10) bilden, gemaB der
Str6mungsgeschwindigkeit und der Viskositat des Beschickungsstroms 50
wahrend des Kontaktes mit dam Katalysator, um im wesentlichen ein Sprudeln
und/oder ein Schweben Uber einem wesentlichen Abschnitt der axialen LAnge
des SchOttbetts (10) be! eaner gewAhIten Stromungsgeschwindigkeit des
Beschickungsstroms zu vermeiden; ein gleichformiges Verteilen der
gasformigen Komponente des Beschikkungsstroms in die Basis des
Katalysatorbettes (10) und Uber seine Querschnittsflache, um ein
lokalisiertes Sprudeln des Bettes (10)- 55     entlang seiner axialen
LUnge, einschlieBlich einer Rezirkulierung von Katalysatorpartikeln darin,
zu vermeiden, wenn sich der Katalysator nach unten in idealer Str6mung bzw.
Pfropfenstr6mung durch das GefWB (11) bewegt, welcher Beschickungsstrom in
die Basis des Bettes (10) durch eine Vielzahl konzentrischer ringformiger
Zonen unter einer durchlassigen, konischen oder pyramidenf8rmigen 21    EP
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eingebracht wird, welche sich von einer kegelstumpfartigen,
undurchilssigen, zentralen Flache (25), welche das Katalysatorbett (10)
trigt, radial nach auBen erstreckt, welche konzentrischen ringf6rmigen
Zonen gleichformige, konzentrische, altemierende Beschickungswege der
flOssigen und der gasformigen Komponente nach oben Ober der durchisssigen
.Querschnittsfilche bilden; 5      ein zusatzliches Aufrechterhalten der
Pfropfenstromung des Katalysatorbettes durch das Reaktorgeff8 (11) nach
unten; ein periodisches Entfemen von Katalysatorpartikein aus elnem
zentralen Abschnitt der Basis des Bettes (10), Indem ein Teil der flOssigen
Komponente des Beschickungsstroms aus dem ReaktorgefaB (11) stromen
gelassen wird, wobel die Fl~ssigkeitsstromung bei einer Geschwindigkeit
ist, die eine laminare tO     Str6mung nicht Obersteigt und von direkt
oberhalb des undurchlssigen, kegelstumpfartigen Abschnit- tes (25) des
konischen Trfgers kommt; und 



ein periodisches Ersetzen von Katalysatorpartikein im Bett (10), indem
Katalysatorpartikel in einem FlOssigkeitsstrom mitgerissen werden, der
unter Druck gesetzt ist, um eine laminare Stromung des Stroms in das obere
Ende des ReaktorgefaiBes (11) auszubilden. 15 13. Verfahren nach Anspruch
12, welches femer ein Injizieren elner Quenchgas-und einer Abfanggaskom-
ponente, die in dem Beft (10) nach oben str6men Ober mindestens ein Niveau
zwischen der LAnge des Bettes (10) umfalt, um eine Gasstromung durch eine
Vielzahl von sich quer erstrekkenden Stromungs- wegen zu kUhlen und
umzulenken, wobei jeder der quer liegenden Stromungswege unter elnem 20
Ausbreitungsmittel (40) mit der Form eines umgekehrten V ist, welches
positioniert lst, um nach unten stromende Katalysatorpartikel Ober die
obere QueroberflAche des Ausbreitungsmittels (40) abzulenken, und wobei
jedes der Ablenkungsmittel (40) eine Vielzahl linglicher Schlitze (50)
aufweist, in Langsrich- tung voneinander beabstandete Str6mungswege entlang
der auBeren RFnder der Queroberflchen bilden, um Gas durch diese nach oben
zu verteilen. 25 14. Verfahren nach Anspruch 12 oder 13, wobei die
Katalysatorpartikel in ein ROckgewinnungsgeftB (80) enffemt werden, wobel
eine laminare Stromung durch elnen Stromungsweg mit einheitlicher Quer-
schnittsflache zwischen dem ReaktorgefaB (11) und dem RtckgewinnungsgefB
(80) aufrechterhalten wird, und wobei der Strdmungsweg mindestens ein
Inline-Kugelventil (84) mit Vollbohrung fUr einen 30     Transport von
mitgerissenen Katalysatorpartikeln im Strom mit der flllssigen Str6mung
aufweist. 15. Verfahren nach Anspruch 14, bei welchem ferner
Katalysatorpartikel gezielt daran gehindert werden, in den Stromungsweg
einzudringen, indem FlOssigkeit von einer Hilfsquelle in den primaren
Stromungs- weg zurOckstrdmen gelassen wird, um ein Blockieren des Einlafies
zwischen Entnahmen von Katalysa- 36     tor aus dem Bett (10) zu verhindem.
16. Verfahren nach irgendeinem der AnsprOche 12 bis 15, wobel die
Katalysatorpartikel aus einem unter Druck gesetzten GefAB (60) ersetzt
werden, und wobei der flOssige Strom durch elnen Stromungsweg str8mt, der
Ober seine LAnge eine im wesentlichen einheitliche Querschnittsflache und
einen Durch- \   40     messer von mindestens fOnfmal dem
durchschnittlichen Durchmesser der darin stromenden Katalysa- torpartikel
aufweist, welcher larninare Stromungsweg femer mindestens ein
In-line-Kugelvenfil (64) mit im wesentlichen dem gleichen Durchmesser wie
der Stromungsweg aufweist, um die laminare Stro- mung, die durchgeht,
aufrechtzuerhalten, und wobel mindestens ein Stromungsweg fOr
HilfsflOssigkeit vorgesehen ist, um Hilfsfltissigkeit in den Stromungsweg
zwischen dem unter Druck gesetzten GefaB 45     (60) und dem ElnlaB des
Reaktorgeflses (11) gezielt einzubringen, um Katalysatorpartikel aus dem
Weg, einschlieBlich der Vollbohrung des In-line-Kontrollventils (64), zu
spOlen. Revendlcations 60  1. Cuve de rdacteur a contre-courant (11)
comprenant: un r~servoir forme a l'extr~mlt6 infdrieure de ladite cuve de
r~acteur (11), dans lequel un m6lange fluide d'un liquide d'hydrocarbure et
d'un gaz r~actif sont m~lang6s en vue d'un ecoulement simultan6 vers le
haut a travers un lit (10) de particules s'6tendant vers le haut a travers
ladite cuve de r~acteur (11); 56         des moyens destin6s A ajouter
lesdites particules au moins pdriodiquement & l'extr~mit6 supdrieu- re de
ladite cuve (11); des moyens destinds & soustraire lesdites particules
depuis l'extrdmitd infdrieure dudit lit (10) aprbs Stre pass~es &
contre-courant & travers le courant s'6coulant vers le haut dudit m6lange
fluide; et 22    EP O 441 912 B1               I |     111111 |||||
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destin~s a supporter ledit lit (10) de particules et a travers lesquels
ledit m6lange fluide entre dans 1'extrdmit6 infdrieure dudit lit (10) a
partir dudit reservoir, a l'extr6mit6 inf6rieure de ladite cuve de reacteur
(11); caracteris4 on co quo lesdits moyens a support de lit particulaire
(17) comprennent un 6I6ment a 6      dcran conique tronqu4 (28) qui s'dtend
sensiblement a travers la totalite du diambtre de ladite cuve de reacteur
(11) et on ce qu'ils possbdent une partle conique qui est uniformdment
permeable & 



l'ecoulement fluide passant a travers et en ce qu'ils possbdent une partie
a sommet centrale tronqu~e (25); on ce quo la surface conique permdable
inf~rieure dudit 6lment A 6cran (28) aboute contre une 10     pluralit4
d'6l6ments A chicanes annulaires concentriques (27) supportls par
l'extr~mit4 inf~rieure de ladite cuve de rdacteur (11), lesdits 6lments a
chicanes (27) formant une pluralitd de passages sonsiblement annulaires
circonfdrentiels continus concentriques autour, et s'6tendant radialement
vers l'exterieur, depuis ladite partie centrale tronquee impermeable (25)
desdits moyens a support de lit (17), lesdits passages annulaires
concentriques procurant un trajet d'ecoulement direct a travers le 15
diametre de ladite cuve de rdacteur (11) pour un m6lange fluide s'ecoulant
depuis ledit rdservoir form4 entre I'extremit4 infdrieure de ladite cuve de
reacteur (11) et la partie inffrieure desdits moyens a support de lit (17),
a l'exception du passage a travers ladite partie centrale impermeable (25)
desdits moyens a support de lit (17); on co quo ledit r6servoir comprend en
outre des moyens A paroi g~ndralement horizontaux (31) 20     s'etendant a
travers ladite cuve de reacteur (11) a un niveau compris entre la paroi
d'extrdmit4 infdrieure de ladite cuve de rdacteur (11) et lesdits moyens a
support de lit catalytique (17), afin de divisor le volume dudit reservoir
en une chambre d'equilibre infdrieure (35) destin6e a recevoir ledit
mdlange de gaz et de liquide entrant dans laditb cuve de rdacteur (11) et
une chambre de tranquillisation superieure sdpar~e (33), lesdits moyens a
paroi (31) comprenant une pluralite de tubes 25     (32) sensiblement
6cart6s de fagon 6quidistante les uns des autres et s'etendant radialement
autour - desdits moyens a paroi (31) au-dessous dudit 6I6ment a 6cran (28)
desdits moyens a support de lit (17), lesdits tubes (32) s'4tondant vers le
bas depuis lesdits moyens a paroi (31) dans ladite chambre d'6quilibre (35)
a une profondeur telle qu'est assur6 uniquement un ecoulement
d'alimentation mdlan- gd, comprenant les composants gazeux de co mdlange,
entrant dans ladite chambre de tranquillisation 30     (33) a travers
lesdits moyens & paroi (31); en ce quo lesdits 6idments a chicanes (27)
sont radialement dcartds les uns des autres d'une distance qui emp~che une
separation excessive des composants gazeux et liquides dudit milange fluide
avant de former plusieurs moyens d'alimentation fluide annulaires
concentriques sdpares sous ladite partie conique dudit didment a ecran
(28), chacun desdits moyens d'alimentation fluide annulai- 35     res dtant
form6 par des paires adjacentes desdits didments A chicanes (27) s'6tendant
axialement vers le bas dans ladite chambre de tranquillisation (33) depuis
ledit 6diment a dcran conique permeable (28) a une profondour suffisanto
pour former lesdits canaux annulaires sdpards de gaz et de liquide
adjacents a l'aboutement des extremites supnrieures desdits dldments a
chicanes (27) et a la surface inferieure de ladite partie conique permeable
dudit 6ldment a dcran (28); 40         et en ce quo le bord infdrieur de
chacun desdits dldments a chicanes (27) possbde une longueur axiale
intermddiaire sur la longueur axiale de chaque dldment & chicanes
concentrique adjacent (27), de sorte quo ledit fluide mdlangd est
simultandment alimente en bandes concentriques altemdes de. gaz et de
liquide entre chaque paire d'6lments a chicanes (27), dans la totalitd du
diambtre et de la circonfdrence desdits moyens a support de lit (17), a
l'exception du passage a travers ladite partie 45     impermeable tronqude
(25) desdits moyens & support de lit (17). 2. Cuve de reacteur (11) selon
la revendication 1, dans laquelle: lesdits moyens destines a ajouter des
particules audit lit (10) A V'extrdmit% superieure de ladite cuve de
reacteur (11) comprennent au moins une ligne d'dcoulement (19) s'6tendant
dans ladite cuve 60     de rdacteur (11) & un niveau situe au-dessus de
l'extrdmit6 superioure (20) dudit lit (10); lesdits moyens destinds a
soustraire des particules depuis l'extrdmit6 infdrieure de ladite cuve de
reacteur (11) comprennent une autre ligne d'dcoulement (29) comportant une
sortie a un niveau directement adjacent et audessus de ladite partie
centrale impermdable tronquee (25) dudit support de lit (17); 55
chacune desdites lignes d'ecoulement (19, 29) possbde un diambtre
sensiblement uniforme s'dtendant sur sa longueur depuis ladite cuve de
rdacteur (11) & au moins une cuve sous pression exteme (60, 80) chacune
desdites lignes d'dcoulement (19, 29) comprenant au moins un robinet a
boisseau spherique (64, 84) comportant un orifice continu qui n'est pas
plus petit quo sa ligne 23    
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chacune desdites lignes d'4coulement (19, 29) 6tant directement connectbe
respectivement a ladite au moins une cuve sous pression exteme (60, 80)
afin d'alimenter en particules neuves la partie superieure dudit lit (10)
et afin de recevoir les particules us~es soustraites depuis la partie
inferieure dudit lit (10); et 6         des moyens sont pr~vus pour
contr81er ind~pendamment les pressions desdites cuves sous pression (60,
80) afin de r~guler le ddbit de fluide a travers lesdites lignes
d'ecoulement (19, 29) afin de provoquer un 6coulement laminaire de liquide
A travers lesdites lignes d'4coulement (19, 29) pour induire l'coulement
laminaire du liquido & travers lesdites lignes d'6coulement en vue de
transporter les particules dans et en dehors de ladite cuve de rdacteur
(11) sans modifier I'4coulement des 10     composants dudit melange fluide
dans ladite cuve de r~acteur (11) sur la longueur axiale dudit lit (10). 3.
Cuve de reacteur (11) selon la revendication 1 ou 2, dans laquelle lesdits
moyens a support de lit (17) comprennent une pluralit6 d'6l6ments &
chicanes radiaux 6cart6s circonf~rentiellement (26) s'6tendant radialement
vers l'int6rieur a partir du p~rimbtre externe dudit 6lment a 6cran (28)
vers ladite partie 15     centrale impermeable (25) dudit 6lment a 6cran
(28) afin de supporter ladite pluralit6 d'6lments a chicanes concentriques
(27) contre la surface infdrieure dudit 6l6ment a 6cran conique (28). 4.
Cuve de r6acteur (11) solon la revendication 1, 2 ou 3, dans laquelle
lesdits moyens a support de lit (17) ont une forme de pyramide polygonale
tronquee et dans laquelle chacun desdits elements a 20     chicanes
g6n6ralement cylindriques (27) comprend une pluralite de segments, chaque
segment etant parallble a un des cotds de ladite pyramide polygonale et ses
extremites en aboutement correspondant aux coins d'intersection sur les
c8t6s adjacents du polygons formant lesdits 6l6ments a chicanes
concentriques (27). 25  5. Cuve de r~acteur (11) solon l'une quelconque des
revendications 1 a 4, dans laquelle ladite ligne d'6coulement (29) comprend
un tube en forme de J s'etendant a travers at au-dessus desdits moyens a
6cran de support de lit conique tronqu6 (17) afin de disposer l'entrde (30)
dudit tube en forme de J vers le bas et directement au-dessus de ladite
partie centrale impermeable (25) desdits moyens a support de lit
catalytique (17). 30 6. Cuve de rdacteur (11) solon l'une quelconque des
revendications 1 a 5, dans laquelle ladite entr~e (30) dudit tube en forme
de J est gdndralement perpendiculaire a et adjacent a la surface sup~rieure
de ladite partie centrale impermeable (25) desdits moyens a support de lit
catalytique (17). 35  7. Cuve de rdacteur (11) solon l'une quelconque des
revendications 2 a 6, dans laquelle lesdits moyens de contr81e de pression
comprennent des moyens destinds a modifier la pression de ladite cuve sous
pression externe (60, 80) afin de commencer et d'arrgter l'coulement de
fluide entre ladite cuve de rdacteur (11) et ladite cuve sous pression
externe (60, 80) lorsque ledit orifice dudit robinet a boisseau sph6rique
(64, 84) est ouvert. ,40 &  Cuve de rdacteur (11) solon l'une quelconque
des revendications 1 a 7, dans laquelle ladite ligne d'ecoulement (29)
comprend au moins des moyens a conduito suppldmentaires (87) qui lui sont
connect~s afin d'introduire un fluide auxiliaire dans ladite ligne
d'dcoulement (29) entre ladite cuve de reacteur (11) et ledit robinet a
boisseau spherique (84). 45 9. Cuve de r6acteur (11) solon la revendication
8, dans laquolle lesdits moyens a conduite suppldmentai- res (87)
comprennent des moyens a vanne auxillaire (88) afin de contr8ler
independamment l'Ncoule- ment de fluide depuis une source exteme en vue de
ddgager selectivement les particules catalytiques dudit orifice dudit
robinet a boisseau sph~rique (84) avant sa fermeture, ou afin de permettre
le 50     maintien d'un courant de retour de fluide dans ladite cuve (80) a
travers ladite entrde de ladite ligne d'dcoulement (29) entre des
extractions pdriodiques de catalyseur entratnd dans le fluide extrait de
ladite cuve de rdacteur (11) a travers ladite ligne d'dcoulement (29). 10.
Cuve de rdacteur (11) solon l'une quelconque des revendications 1 a 9, dans
laquelle ladite cuve de 55     r6acteur (11) comprend des moyens (39)
destin~s & modifier l'dcoulement de gaz a travers ledit lit (10)
intermddiaire entre lesdits moyens a support de lit particulaire (17) et la
partie supnrieure dudit lit (10), lesdits moyens (39) comprenant: des
moyens & versant (40) supportes par ladite cuve de reacteur (11) compris
sur sa longueur 24 



axiale et s'6tendant transversalement & l'axe du lit particulaire (10) qui
y est forme, lesdits moyens a versant (40) ayant au moins un moyen a canal
de gaz en forma de V renvers6 s'etendant lateralement & travers ledit lit
(10) de fagon a devier lat~ralement et vers l'extkrieur les particules
s'ecoulant vers le bas au-dessus de la surface superieure desdits moyens a
canal de gaz en forme de V et de fagon & 5      d~vier le gaz s'ecoulant
vers le haut sous la surface inferieure desdits moyens a canal en vue de sa
dispersion laterale; des moyens destinas & introduire selectivement un
ecoulement de gaz suppldmentaire depuis une source externe dans ledit lit
particulaire (10), lesdits moyens comprenant des moyens A tubes (42)
s'etendant entre ladite source externe et une sortie sous ladite surface
inferieure desdits moyens a 10     canal de gaz en forms de V, lesdits
moyens a canal de gaz en forme de V etant imperm6ables a l'6coulement de
gaz a travers une partie majoure desdites surfaces superieure et
infdrieure. 11. Cuve de reacteur (11) selon la revendication 10, dans
laquelle lesdits moyens a versant (40). comprennent une pluralite de fentes
allongoes (50) s'etendant le long et a travers les bords inferieurs 16
desdits moyens a canal de gaz en forms de V afin de distribuer le gaz
depuis ces derniers dans ledit lit particulaire (10). 12. Proced6 de
remplacement de catalyseur en circulation destind a fournir pdriodiquement
ou continO- ment du catalyseur neuf a une cuve de rdacteur (11) ayant un
courant d'alimentation s'ecoulant vers le 20     haut comprenant un
composant gazeux et un composant liquide s'6levant a travers un lit tasse
sensiblement descendant (10) dudit catalyseur s'etendant axialement a
travers ladite cuve de reacteur (11), le procede comprenant: la s6lection
de la taille, de la forme et de la densite des particules dudit catalyseur
formant le lit catalytique tasse (10) en fonction du ddbit d'dcoulement et
de la viscosit6 dudit courant d'alimentation 25     durant le contact avec
ledit catalyseur afin d'eviter sensiblement l'ebullition eVou la ldvitation
au-dessus d'une partie substantielle de la longuour axiale dudit lit tasse
(10) a un ddbit choisi dudit courant d'alimentation; la distribution
uniforme du composant gazeux dudit courant d'alimentation a la base dudit
lit catalytique (10) et & travers l'aire de la section transversale de ce
dernier de fagon a 4viter une 90     dbullition localis4 dudit lit (10) le
long de sa longueur axiale, y compris la recirculation des particules
catalytiques dans ce dernier, lorsque ledit catalyseur se deplace vers le
bas en dcoulement de retour a travers ladite cuve (11), ledit courant
d'alimentation etant introduit dans ladite base dudit lit (10) a travers
une pluralite de zones annulaires concentriques sous une surface conique ou
pyramidale perm~able (17) s'6tendant radialement vers l'ext~rieur depuis
une zone centrale impermeable tronqu6e 96     (25) supportant ledit lit
catalytique (10) lesdites zones annulaires concentriques formant des
trajets d'alimentation vers le haut alternes uniformdment concentriques
desdits composants liquide et gazeux au-dessus de ladite aire de la section
transversale permeable; le maintien additionnel dudit dcoulement de retour
dudit lit catalytique vers le bas & travers ladite cuve de reacteur (11):
40         la soustraction p~riodique des particules catalytiques depuis
une partie centrale de ladite base dudit lit (10) en faisant s'4couler une
partie du composant liquide dudit courant d'alimentation depuis ladite cuve
de rdacteur (11) ledit ecoulement liquide ayant un debit qui no d6passe pas
le seuil de l'dcoulement laminaire et s'effectuant directement depuis le
dessus de ladite partie impermeable tronqu~e (25) dudit support conique ;
et 45         le remplacement periodique des particules catalytiques dudit
lit (10) en entrathant les particules catalytiques dans un courant liquide
sous pression afin de creer un 6coulement laminaire dudit courant dans
l'extr6mit4 supdrieure de ladite cuve de reacteur (11). 13 Proc6d6 selon la
revendication 12, comprenant en outre l'injection de gaz de refroidissement
et 50     I'interception des composants gazeux s'6coulant vers le haut dans
ledit lit (10) a travers au moins un niveau intermddiaire sur la longueur
dudit lit (10) afin de refroidir et de dMtourner lat6ralement l'ecoulement
de gaz a travers une pluralitM de trajets d'ecoulement s'etendant
transversalement, chacun desdits trajets d'6coulement transversaux
s'effectuant sous un versant en forme de V renvers4 (40) positionnd pour
d6vier vers le bas les particules catalytiques s'4coutant vers l'exterieur
au-dessus 66     de la surface transversale dudit versant (40), chacun
desdits versants (40) comprenant une pluralitd de 



fentes allongdes (50) formant des trajets d'6coulement dcart6s
longitudinalement le long des bords. externes desdites surfaces
transversales afin de distribuer le gaz vers le haut A travers ces fentes.
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11 14. Proc~dd  solon la revendication 12 ou 13, dans loquel lesdites
particules catalytiques sont limin6es vers une cuve de rdcupdration (80),
dans loquei l'6coulement laminaire est maintenu sur un trajet d'dcoulement
a aire transversale uniforme entre ladite cuve de rdacteur (11) et ladite
cuve de r6cup~ration (80) et dans loquel ledit trajet d'dcoulement comprend
au moins un robinet a boisseau 5      spherique a orifice total (84) mont6
en ligne et destin6 I transporter les particules catalytiques entraihdes
dans ledit courant d'6coulement liquide. 15. Proced6 selon la revendication
14, comprenant en outre le blocage s~lectif des particules catalytiques A
I'entr6e dudit trajet d'ecoulement en faisant s'lcouler & contre-courant le
fluide depuis une source 10     auxiliaire dans ledit trajet d'4coulement
primaire afin d'empecher le blocage de ladite entrse entre les extractions
de catalyseur dudit lit (10). 16. Proc6d4 selon l'une quelconque des
revendications 12 & 15, dans loquel lesdites particules catalyti- ques sont
remplac6es depuis une cuve sous pression (60), et dans loquel ledit courant
liquide s'6coule 15     a travers un trajet d'ecoulement ayant une aire de
section transversale sensiblement uniforme sur toute sa longueur et un
diambtre au moins 6gal a cinq fois le diambtre moyen des particules
catalytiques s'6coulant a travers, ledit trajet d'6coulement laminaire
comprenant en outre au moins un robinet a boisseau sph6rique a orifice
total (64) mont4 en ligne et de diambtre sensiblement identique & celui
dudit trajet d'ecoulement afin de maintenir le passage dudit 6coulement
laminaire & travers co robinet, 20     et presentant au moins un trajet
d'ecoulement fluide auxiliaire destin4 & introduire s~lectivement un K>
fluide auxiliaire dans ledit trajet d'4coulement a un niveau interm~diaire
vers ladite cuve sous pression (60) et a l'entree de ladite cuve de
r6acteur (11) afin de chasser les particules catalytiques dudit trajet, y
compris l'orifice total dudit robinet a boisseau spherique (64) mont6 en
ligne. 25 30 35 40 45 50 55 26    


