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easily refined oils substantially increased. Fre- quently suppliers of high
quality crudes require Filed of Invention
purchase of great volumes of less desirable crudes, such as those
containing metal or organo- This invention relates to a method of upgrading
5   metallic contaminants, or heavier gravity crude oils. a hydrocarbon
process feed including gaseous        Further, treatment of crude oils
manufactured as components and liquid components flowing coun-
"synthetic" crudes from shale, coal, tar sands or tercurrent to a moving
bed of catalytic particles.  other low gravity oils, require
decontamination of More particularly, it relates to upgrading of hy-  the
heavier and/or metal components and inert drocarbons containing
organo-metallic or metal  10   materials to produce a crude that can be
easily components which contaminate catalyst and/or        processed in
conventional hydroprocessing units tend to produce Conradson carbon, such
as tar       available for refining high quality crudes. For exam- sands,
coal, shale, and the like, so that the catalyst  pie, among the synthetic
crudes and tars, a com- must be supplied and removed on a continuous or
mon characteristic is their high end boiling points, intermittent basis to
maintain catalytic conversion   15  high viscosity and high metals nitrogen
and sulfur and contaminant removal from the hydrocarbon        content.
Some heavy petroleum crudes also con- components of the feed.
tain nickel, vanadium and iron in sufficient quan- titles to foul and
contaminate all downstream refin- Object of the Invention
Ing processes. While various arrangements for 20  reacting such low quality
crudes have been pro- It is a particular object of the invention to   posed
including  demetalization, desulfurization, provide a uniform feed
distribution system for se-  hydrocracking, hydrogenating, and
dehydrogenat- lectively upgrading a stream of hydrocarbon fluid  ing, such
processes have been basically conducted containing metallic components,
such as organo-     in fixed bed catalytic reactors. Such reactors re-
metallic compounds, and/or inert materials, which   25  quire frequent
regeneration to maintain the activity deactivate or contaminate catalyst
particles. Such  of the catalyst. An example of such a system for uniform
distribution of the hydrocarbon feed coun-  treating relatively low metal
content crudes is terflows to a descending bed of catalyst particles  shown
in U.S. Patent 3826737 Pegels, et al, issued as a heated stream at
temperatures and pressures    July 30,1974. The demetallation reactor
disclosed so that lighter hydrocarbon components or hydro-  30  is stated
to be suitable for countercurrent or cocur- gen evolve as gas components as
it is introduced   rent flow, of the catalyst and  feed, although the into
the reaction vessel. In accordance. with the   patent. is directed
primarily to cocurrent operation. invention, such evolved gaseous
components are    A system  disclosing countercurrent operation is
reservoir of liquid components. Both components  35  6, 1975. This patent
discloses a unitary multistage are then uniformly and selectively
introduced into  reactor for countercurrently reacting a fluid stream the
downflowing bed of catalyst. Uniform  and       with catalyst particles.
However, the system is pri- selective distribution is obtained by forming.
a com-  marily for reactions involving light naphtha hydro- mon supply
volume of the gaseous and liquid        carbons rather. than crude oils.
components so that the gas components are in-  40     Reaction schemes and
catalysts proposed for dependently accessable to the lower end of the
catalytic upgrading processes by demetallizing, de- moving bed of catalyst
particles through an inclined  sulferizing, hydrocracking, hydrogenating,
or de- distribution surface in the form of a cone. The cone  nitrogenating,
typically involve treating residual oils is supported in the lower portion
of the vessel to  that have contaminant levels relatively much lower form a
catalyst collection bin to remove spent  45  than those of the heavy and
synthetic crudes or catalyst from the bed. Gas distribution to the bot-
tars discussed above. . U.S. Patent 3,826,737, tom of the inclined surface
is through a plurality of  Pegels et al, issued July 30, 1974, discloses a
holes formed at different elevations, but propor-  continuous process and
apparatus for catalytically tioned in accordance with the invention so that
gas  treating residual oils. The process is disclosed as flow into the bed
is substantially uniform, indepen-   50  operating on a feed having a total
metals content of dent of hole elevation or the elevation of liquid feed
less than 65 ppm by weight. The demetallation tubes interconnecting the
common liquid reservoir   reactor disclosed is stated to be suitable
either. for to the catalyst bed through the inclined surface.
countercurrent or cocurrent operation, although the patent is directed
primarily to cocurrent operation. Background of the Invention
55   U.S. Patent 3,882015, Carson, issued May 6, 1975, discloses a unitary
multiple-stage reaction system Over the past few years the supply  of high
.    for countercurrently contacting a fluid reactant quality crude oils
has diminished and the price.. of  stream with catalyst particles,
primarily for reac- 2    3                 EP 0 539 361 B1
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tions involving fight naphtha hydrocarbons.       moving bed reactor in a
dual function system As noted above, most process schemes relat-     which
simultaneously filters out the solids and ing to desulfurizing and
demetallizing heavily con-  hydroprocesses the feed. Catalyst is moved
taminated feedstocks, if they do not relate to fixed  through the reactor
by maintaining a desired pres- bed operation, relate to cocurrent moving
bed op-   5   sure drop in the catalyst bed and a desired solids eration.
In such operation the feed and the catalyst  filtraton rate. Countercurrent
flow of the synthetic, both flow through the reactor in the same direction.
solids-containing feed and the catalyst is disclosed Examples of these
schemes include: U.S. Patent     as a preferred mode of operation. The
patent 3,730,880, Van der Toorn, et al, issued May 1,      teaches that
countercurrent flow prevents escape 1973 - residual oil desulferization in
a cocurrent  10  of filtered particulate matter when the catalyst bed
intermittent moving bed; U.S. Patent 3,880,598,     moves. Van der Toom, et
al, issued April 29, 1975 -           Other reaction schemes for
demetallation pro- residual oil hydrodesulferization in an intermittent
cesses include the use of ebullating or fluidized cocurrent moving bed
operation; U.S. Patent       beds. In an ebullating bed, a liquid or
gaseous 4,312,741 Jacquin, issued January 26, 1982 - con-  15   material
flows upwardly through a vessel containing version of hydrocarbons or
bituminous shale in the  a mass of solid particles. The solid particle mass
is liquid phase in semi-stationary or ebullating beds  maintained in random
motion by the upflowing with intermittent countercurrent catalyst flow.
streams and the physical space occupied by the Fixed bed and cocurrent
moving beds are         catalyst bed is larger ("expanded") as compared
easier to design than countercurrent moving beds.  20  either to the space
occupied by the catalyst bed The ease of operation of cocurrent as opposed
to    when no material flows through it or to a fixed- or a countercurrent
moving beds is discussed in the      moving bed-type reaction zone.
Discussions of literature, which discloses a large number of reac-
ebullating bed reaction zones and their characteris- tion schemes,
apparatus, and processes for adding  tics can be found in RE 25,770 of U.S.
Patent and removing catalysts and reactants in these pro-  25  2,987,465,
Johanson, issued June 6, 1961, as well cesses. Some examples of these
disclosures in-      as in U.S. Patent 3,901,792, Wolk, et al, issued
clude: U.S. Patent 2,956,010, Buckner, issued Oc-   August 26, 1975 -
demetallizing and desulferizing tober 11, 1960 - method and apparatus for
the       crude or atmospheric residual oils using an ebul- supply of
reactant and contact material to moving  lating bed, and, in U.S. Patent
4,217,206, Nongbri, masses of granular contact materials; U.S. Patent  30
issued August 12, 1980 - catalytically demetallizing 3,336,217, Meaux,
issued August 15, 1967- meth-   Venezuelian crude oils using fixed and
preferably od and apparatus for intermittently withdrawing par-  ebullating
beds. ticulate catalysts from the bed of a high pressure     The non-patent
literature also discusses up- and temperature reactor; U.S. Patent
3,547,809,     grading heavy, contaminated oils. For example, LC- Ehrlich,
et al, issued December 15, 1970 - pro-  35   Fining, as described in
"Hydrocaron Processing", cess for the addition and withdrawal of solids
from  pg. 107, May 1979, involves the use of an ebul- a high pressure
reaction vessel by using a pressur-  lating bed reactor. The ebullating or
expanded bed ized liquid transfer medium; U.S. Patent 3,785,963,  design is
disclosed as allowing very heavy feed- Boyd, et al, issued January 15, 1974
- withdrawing  stocks to be processed without shutting down the uniform
amounts of solids from a movable bed of  40  unit for catalyst replacement.
The H-OIL Process solids by a system comprising a plurality of con-   as
described in "Hydrocarbon Processing", pg. duits equally spaced across the
solids cross-sec-  112, September 1980, uses an ebullating bed with tional
area; U.S Patent 3,849,295, Addison, issued  onstream catalyst addition and
withdrawal to up- November 19, 1974 - removal of catalysts from      grade
high metals and high sulfur content feeds. moving bed reactor systems
having poor catalyst  45  The Shell-Bunker Flow Process as described in the
flow due to liquid reactants or catalyst agglomer-  Oil and Gas Journal,
pg. 120, December 1, 1980, ation problems; U.S. Patent 3,856,662,
Greenwood,   involves an intermittent cocurrent flow as described issued
December 24, 1974 - solids withdrawal and   in the Pegels and Van der Toorn
patents discussed transport vessels and methods for use in superat-
above. mospheric  pressure  systems;  U.S.  Patent  so        Although
countercurrent moving  beds are 4,188,283, Czajkowski, et al, issued
February 12,   known to be useful for demetallation and desul- 1980 - start
up method for moving bed reactors     furization reactions, the problems of
countercurrent used in hydrogenating olefin-containing hydrocar-   flow of
catalyst to the liquid and gas, particularly bons.
hydrogen, as opposed to cocurrent or even fixed U.S. Patent 3,910,834,
Anderson, issued Octo-  55  bed operation have not been solved so that
prac- ber 7, 1975, discloses a process in which a solids-  tical operation
was possible. By employing the containing feed, derived from oil shale or
tar sands,  process of the present invention, such a counter- is passed
countercurrently or cocurrently through a  current slowly moving bed of
catalyst may be 3    5                  EP 0 539 361 B1
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utilized with improved contact of gas and liquid and  and gases through a
relatively fixed bed of catalyst. at the same time progressive improvement
in the      It does not disclose a method of removing catalyst contact
quality of both the fresh or regenerated     from the vessel or use of the
distributor as a catalyst with the lighter components is achieved.
support bin for a moving catalyst bed and to aid Further, a greater portion
of contaminants are re-   5   removal of catalyst particles from the bed.
moved with the spent catalyst. In downflow reactors, if the liquid feed
contains  Summary of the Invention solids, the solids tend to pack and form
obstruc- tions. The problem is further aggravated if the feed   The present
invention provides an improved stream is comprised of gases as well as
solids and   10   method of contacting a gas-liquid or gas-liquid- liquids.
Accordingly, upflow reactors are commonly  solid hydrocarbon feed with a
downwardly flowing employed in coal liquefaction systems such as the   bed
of fresh of regenerated catalyst particles in a liquefaction process
disclosed in U.S. Patent No.   reaction vessel; Such improved contact is
achieved 4,083,769, Hildebrand, et al, issued April 8, 1978.  by forming a
gas pocket below the catalyst bed As there taught, hydrogen, ground coal
and solvent . 15  and above the liquid supply in the reactor so that are
preheated and passed to a dissolver wherein     the gaseous components of
the feed separately the coal is substantially dissolved at a temperature
flow upwardly into the bed. The gas pocket is in the range [err] ([err])
and at a         formed in a lower portion of the vessel by a sub- pressure
in the range 3100-5000 psi (217 kg/[err]-     stantially inclined feed
distribution surface in the 350 kg/cm2). The dissolver is an empty upflow
20  form of a cone. The conical distributor Includes a reactor vessel which
provides sufficient residence   plurality of gas flow holes through the
distribution time for the dissolution of the ground coal particled  surface
and located at different elevations. At least to occur. Solvent, dissolved
coal, coal residue and  one but preferably a plurality of liquid or liquid-
hydrogen from the dissolver are then passed to an    solid feed tubes
extend in open communication upflow catalytic hydrogenation reactor
operating at  25  between a liquid volume in the reactor vessel be- a lower
temperature, say [err] (13.9 -           low the gas pocket and the
catalyst bed reactor [err]) lower than the dissolver.
vessel volume above the inclined surface. The Since the hydrogen is mixed
with the coal        cross-sectional area of each of the gas flow holes
slurry prior to the preheating step to avoid coking  at such elevations and
of the tube for liquid flow in the heater, little or no control is exerted
over the   30  through the catalyst and reactants is proportioned degree of
liquid and gas mixing which occurs in     to establish and maintain.uniform
feed conditions the dissolver or catalytic reactor. With multiphase  into
and across the full area of the reactor. bed. flow, gas channeling and/or
slugging in these units  Further, such pressure control forms the desired
may occur. The presence of either condition is      gas, pocket below the
inclined surface. The height undesirable since both result In inadequate
contact-  35  of such gas pocket is desirably maintained less ing of the
reactants and the slugging may also     than, or equal to, the length of
the liquid-solid flow create damaging equipment vibrations.If channel-
tubes so that substantially all of the gaseous com- ling results from
inadequate mixing of the gas,    ponents evolving from the feed pass
through the especially hydrogen, coking of either catalyst or    holes at
substantially uniform rates irrespective of reactant, or both, and
equipment fouling can result.  40  their elevation and substantially all of
the liquid or Such channeling or slugging may be further am-
liquid-solid components pass upwardly through the plified by downward
movement of the catalyst bed,    tubes to contact the downwardly flowing
catalyst. induced by funneling and removal of catalyst from
Desirably, the conical surface is disposed so the bed.
that the apex extends downwardly relative to said Thus, it is apparent that
a need exists for a   45   feed. Also, desirably the feed is transversely
de- feed distributor which will accept streams compris-  flected as it
enters the reaction vessel to prevent ing liquids, gases and solids and
evenly distribute  direct vertical passage. of gas bubbles evolving out the
phases without plugging or producing undue       of the feed from  entering
the liquid-solid feed erosion during continuous countercurrent move-
tubes. If desired to maintain equilibrium of feed ment of both feed and
catalyst.                50  flow, additional gas may be independently
intro- Mixed phase distributors are known in the art,  duced into the gas
pocket. such as those disclosed in U.S. Patents Nos.            Catalyst is
removed from the vessel through at 3,524,731; 4,111,663; 3,146,189;
3,195,987 and       least one line extending upwardly from a lower
4,187,169, for fixed beds. Copending Application of  portion of the vessel
through the conical plate and US Serial No. 278,789, filed June 29, 1981,
as-  55  terminating adjacent to the conical apex. In. this signed to the
assignee of the present application,   way, the spent catalyst can be
continuously or also discloses an upflow feed stream  having a
periodically withdrawn from the moving catalyst distribution system
arranged to feed liquids, solids,  bed without substantial upset of
equilibrium feed 4    7                 EP 0 539 361 B1
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conditions which establish the gas pocket. In one   drawn at the bottom. As
the term is used herein, a form, the catalyst withdrawal tube terminates at
a  "moving bed" is not the same as a "fluidized bed", level below any of
the gas holes in the inclined    "ebullating bed" or expanded bed". In
fluidized surface.                                            beds, the
flow rate of fluids, relative to the particles Viewed In another aspect,
the invention is di-   5   of the catalyst, is fast enough so that the
catalyst rected to a method of upgrading a hydrocarbon       behaves like a
fluid, with particles circulating stream containing metallic components
and/or inert  throughout the bed or even being carried out of the materials
which are contaminants for reaction or    bed with the products. Ebullating
or expanded beds contact with catalyst particles. It includes passing  are
very similar to fluidized beds, except that the the hydrocarbon stream
upwardly into the lower  10  relative rate of flow of the fluids is not
quite as portion of a reaction vessel at temperature and     great and the
extent of catalyst movement within pressure conditions which permit gaseous
compo-    the reaction zone is not quite as great. The typical nents to
evolve from the stream to thereby form a  ebullating bed reactor will have
a mass of solid common liquid supply and a gaseous supply vol-
particles whose gross volume in the reaction vessel umes below a bed of
descending catalyst particles.  15  is at least 10 percent larger when feed
is flowing The catalyst particles counterflow  downwardly     through it,
as compared to the stationary mass with through an upwardly flowing stream
from both the    no feed flowing through it. Although the particles in
liquid and gaseous volumes of gaseous, liquid      the bed do not
necessarily circulate as if they were and/or solid hydrocarbonaceous
materials contain-   fluids, they are separated from one another and go ing
such metallic components and/or inert materi-   20  through random motion.
als. Such volumes are formed between the lower         In the type of
moving bed to which the present end of the reaction vessel, (or below a bed
of      process is directed, the catalyst particles in the catalyst in a
multibed reactor) and a conical sup-  bed are substantially in contact with
one another. port member for the descending bed of catalyst      The
catalyst bed Is  not significantly expanded particles. A plurality of holes
are formed at different  25   when the fluid or feed passes through it. It
has elevations in the conical support and at least one of  essentially the
character of a fixed bed except for the holes is connected to a tube
extending through  the addition and removal of catalyst. In a larger the
gaseous supply volume in the common volume      reactor, less catalyst will
have to be added during down into said liquid supply. In this way the
liquid  operation, but the capital costs of the reaction or liquid-solid
portion of the feed is in open fluid  30  vessel will be much larger. On
the other hand, in a communication with the bed of catalyst particles
small reactor, more catalyst will have to be re- supported on the inclined
surface. The remaining    placed during operation but the capital cost of
the holes in the conical support provide gaseous flow   reactor will be
much lower. Among the other fac- passages into the catalyst particles. Each
of the  tors which must be balanced are the demetallation other holes is
dimensioned with respect to the   35  capacity of the catalyst used the
metal content of liquid flow area of the one or more tubes and the  the
feed introduced into the reaction zone and the other passageways so that
uniform dispersion of     extent of demetallation desired. both the gaseous
components and the liquid             Intermittent or continuous catalyst
addition and hydrocarbonaceous components is maintained into    withdrawal
may be used Catalyst replacement the descending bed of catalyst particles.
40  rates can range from several percent of the charge In a particularly
important application of the  per day to several percent of the charge per
week, present invention, catalyst is continuously added at  depending on
the reactor size, catalyst metals ca- the top of the reactor to the slowly
moving bed and  pacity, feed rate and feed composition. spent catalyst, Is
continuously withdrawn. The de-     Undesirable metals which are often
present in activated catalyst is removed from the reactor after  45
hydrocarbonaceous feeds notably include nickel, it has been deactivated to
a substantially lower    vanadium, arsenic, and iron. These metals deacti-
level of activity than an acceptable minimum aver-  vate conventional,
fixed bed catalysts such as age level of activity of the overall catalyst
bed. This  hydroprocessing catalysts and also rapidly and ir- allows more
efficient and complete use of the cata-  reversibly deactivate FCC
catalysts when high met- lyst activity, e.g., its metals capacity, for such
feed   so  als level feed are charged directly to conventional upgrading
functions as demetallation.               units. These metals are often
present as organo- By "moving bed", as used herein is meant, a     metallic
compounds. Thus, the use of the terminol- reaction zone configuration in
which a catalyst is   ggy "iron, nickel, arsenic or vanadium compounds"
added at one end of a catalyst bed in an intermit-  means, those metals In
any state in which they tent or substantially continuous manner and is
with-  55   may be present in the feed to the process of the drawn at the
other end In an intermittent or sub-  invention, either as metal particles,
inorganic metal stantially continuous manner. Preferably, catalyst Is
compounds, or as organo-metallic compounds. added at the top of the
reaction zone and with-     Where amounts of metals are referred to herein,
5    9                 EP 0 539 361 B1                   10 



the amounts are given by weight based on the      that the heavy feed will
undergo. metal itself.                                         Further,
according to the invention, the actual For maximum efficiency in such a
countercur-    average level of catalytic upgrading activity for the rent
demetallation process, the feed should have  catalyst bed as a whole is
measured. Measurement levels of the undesirable metals greater than about
5   of the actual average level of upgrading activity is 150 ppm by weight
of the feed, preferably greater  made by determining the extent to which
the feed than about 200 ppm by weight of the feed and      stream  is being
upgraded in the countercurrent more preferably greater than about 400 ppm
by     moving bed system. For example, when upgrading weight.
involves demetallation, demetallation activity is Although nickel,
vanadium, arsenic, and iron  to   measured by a determination of the
residual con- are the most usual metal contaminants, other un-  centration
-of' metals remaining in the effluent desired metals, such as sodium and
calcium, can   stream from the moving bed system. When up- also contribute
to the metals content of the feed for  grading involves desulfurization,
desulfurization ac- purposes of demetallation processing.            tivity
is, analogously, measured by a determination The feed for the present
process is a heavy   15  of the residual concentration of sulfur remaining
in hydrocarbonaceous oil. By "heavy" feed, as used   the effluent from the
reaction system. Overall bed herein, is meant a feed at least 50 volume
percent  upgrading activity for other upgrading reactions is of which boils
above [err]. Preferred feeds are   measured in a similar manner by
determining the residual fractions and synthetic crudes. They can  residual
amount of the contaminant which is to be be derived from crude petroleum,
from coal, from   20  removed by the process. oil shale, from tar sand
bitumen, from heavy tar      Fresh catalyst is introduced into the down-
oils, and from other synthetic sources. The present  stream end of the
catalyst bed, and a correspond- process is advantageously employed to
refine      ing volume of deactivated catalyst is removed from highly
refractory and contaminated feeds. These   the upstream end of the catalyst
bed, at a rate feeds are high boiling range materials. They prefer-  25
which is sufficient to maintain the actual overall ably contain a
substantial fraction boiling above  average level of catalytic upgrading
activity of the [err] and particularly preferably above about     bed as a
whole at or above the selected minimum [err]. The feed may be substantially
free from  average activity level. By "upstream" end of the finely divided
solids such as shale fines, sand or  catalyst bed, as used herein, is meant
the end of the like. The feed may contain a substantial con-  30  the
moving bed into which the heavy hydrocar- centration (e.g., 1 weight
percent or more) of finely  bonaceous feed Is introduced. By "downstream"
divided solids. At such temperatures, proper mixing  end of the catalyst
bed is meant the end of the bed and feed of evolving gas to the
countercurrent flow  from which the process effluent is recovered. In a
stream is particularly assisted by the separate gas  normal gravity flow
system, the catalyst is added and liquid feed through the distributor
system of  36  and effluent removed at the top of the vessel (the the
present invention.                            downstream end). Spent
catalyst is removed and In carrying out the process of the present in-
feed introduced  at the bottom (the upstream end). vention, a minimum
average level of catalytic feed    By use of the present process the
catalyst may upgrading activity for the countercurrently moving  be used
until it is extremely inactive. For example, catalyst bed as a whole is
selected for the particu-  40  in demetallation as much as 90 percent of
the total lar catalytic upgrading reaction. For a moving bed  metals
capacity of the catalyst can be used before in a demetallation reaction
system, for example,  the deactivated catalyst is removed from the bed. the
minimum average upgrading activity level for  Simultaneously, the average
upgrading activity of the catalyst bed is one which removes the neces-  the
bed as a whole is maintained at a desirably sary amount of metals from the
feed when it  45  high level by the presence of relatively fresh cata-
passes through the moving bed at demetallation    lyst in the downstream
portion of the bed. In con- conditions. Similarly, for a desulfurization
reaction  trast to fixed bed processes, catalyst can be uti- system, the
catalyst bed removes the necessary    lized so efficiently that catalyst
removed from the amount of sulfur from the feed when it passes     reactor
may have an average activity substantially through the moving bed at
desulfurization con-  50  below the lowest acceptable overall activity for
the ditions. Thus, as will be apparent to those skilled in  bed as a whole.
In a fixed bed system, on the other the art, the minimum average upgrading
activity  hand, once the actual average level of activity for level for a
particular reaction system will depend on  all the catalyst in thefixed bed
reaches the mini- the desired degree of a contaminant, such as met  mum
acceptable 'average activity, the whole pro- als, sulfur, nitrogen
asphaltenes, etc., which the  55  cess must be shut down and the whole
catalyst refiner desires to remove from the heavy oil feed.  bed replaced.
Thus, much of the metals capacity The degree of, e.g., demetallation,'will
typically be  or other activity of the fixed bed catalyst can go set by
economics and the downstream processing    unutilized. 6    11
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Higher feed hourly space velocities using coun-  Part of the product stream
can be recycled, either tercurrent process are more efficient than
cocurrent   for further catalytic treatment or as a diluent. Treat- moving
bed processing. It will be readily appre-     ment of heavy feeds by
catalytic demetallation ciated that the faster a feed can be passed through
according to the present process followed by fixed the catalyst bed, the
smaller and less expensive   5   bed desulfurization is particularly
effective, but all the reactor can be. The feed hourly space velocity   or
part of a demetallized product from the counter- for the present process is
greater than about 0.5,   current demetallation reaction zone can also be
and preferably greater than about 1.0.               processed in a
countercurrent moving bed desul- A preferred upgrading use of the present
in-     furization reaction zone. vention is for feed demetallation. For
such upgrad-   10  Catalytic upgrading conditions such as catalytic ing,
the temperatures and pressures within the re-   desulfurization conditions,
catalytic hydrogenation action zone can be those typical for conventional
conditions (e.g., designed for asphaltenes satura- demetallation
processing. The pressure is typically  tion), catalytic denitrogenation
conditions and cata- above 300 psig (314.7 psia; 21.8 bar), preferably
lytic hydrocracking conditions employed in em- above about 500 psig (514.7
psia; 35.5 bar). The   15  bodiments of the present process all include a
temperature is typically greater than about [err],   reaction temperature
in the range from  about and preferably above [err]. Generally, the higher
[err] to about [err], a pressure in the range the temperature, the faster
the metals are removed;  from about 30 to about 300 atmospheres, a hy- but
the higher the temperature, the less efficiently  drogen rate of about 1000
to about 25,000 standard the metals capacity of the demetallation catalyst
is  20  cubic feet per barrel of feed, and a. liquid hourly used. While
demetallation reaction can be con-       space velocity in the range from
about 0.20 to ducted in the absence of added hydrogen, hy-         about
10. drogen is generally used and therefore requires full
Desulfurization catalysts, hydrogenation cata- and equal distribution into
the moving bed along    lysts, denitrogenation catalysts and hydrocracking
with any gases evolving from the feed.          25  catalysts employed in
embodiments of the present Catalysts which can be used in the countercur-
process may be conventional catalysts well known rent upgrading reaction
zone for carrying out de-   to those skilled in the art. In general, the
hy- metallation are those which are typically used for   drogenation
catalysts are chosen to have little demetallation reactions. The preferred
materials   cracking activity, while hydrocracking catalysts are usually
have high-average pore diameters. Exam-   30   chosen to have relatively
high cracking activity. ples of demetallation catalysts are disclosed in
U.S.  Hydrogenation activity is typically obtained by use Patent 3,947,347,
Mitchell, issued March 30, 1976;   of Group VI and/or Group VIII metals.
Acidic crack- U.S. Patent 4,119,531, Hopkins, et al, issued Octo-  ing
activity is typically supplied by use of an acidic, ber 10, 1978; U.S.
Patent 4,l92,736, Kluksdahl,      refractory  inorganic oxide such as a
zeolitic or issued March 11, 1980; and U.S. Patent 4,227,995,   35
amorphous aluminosilicate. Sze, et al, issued October 14, 1980. These
patents,    Further objects and advantages of the present which are
incorporated by reference herein, and      invention will become apparent
from the following other U.S. Patents which also disclose acceptable
detailed description of the preferred embodiments, demetallation catalysts
can be found in Class 208,  taken in conjunction with the accompanying
draw- Subclass 251.                                   40  ings which form
an integral part of the present The catalysts particularly useful in
carrying out  specification. demetallation have a high metals capacity. The
metals capacity of the catalyst is preferably greater  Brief Description of
the Drawings than about 0.10 grams of metal per cubic centi- meter of
catalyst and is more preferably greater   45   Figure 1 is a schematic
diagram of a hydrocar- than about 0.20 grams metal per cubic centimeter
bon processing system in which the present inven- of catalyst. The
advantages of countercurrent op-   tion finds particular utility. It
particularly illustrates eration over a cocurrent moving bed system are
both the reaction vessel and the catalyst withdrawal greater if the metals
capacity can also contain a   and regeneration system for continuous
withdrawal hydrogenation component. Conventional hydroge-   so  and
replacement of catalyst in conjunction with a nation components are Group
VIB or VIII metal        moving bed catalyst system employing a gas and
compounds, especially compounds of nickel, co-      liquid or liquid-solid
distributor. balt, molybdenum and tungsten.                          Figure
2 is a plan view taken in the direction of The product from the present
process is nor-    line 22 in Figure 1 i shoving a cross-section through
nially subjected to further conventional refinery   55   a portion of the
reactor vessel 12 and particularly processing. All or part of the product
can be        illustrates the distribution of entry pipes and holes passed
to a conventional, fixed bed upgrading op-   through the inclined
distributor plate to achieve eration, such as a hydrodesulfurization
operation.   uniform gas distribution into the moving catalyst 7    13
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bed.                                                liquids and solids of
the feed. As particularly illus- Figure 3 is an elevational cross-section
view of  trated in Figs. 2 and 3, cone 10 includes a plurality the lower
portion of the vessel 12 shown in Figs. 1  of gas distribution holes 32
formed at different and 2 taken in the direction of arrows 3-3 in Fig. 2.
elevations in the cone and in direct communication 5   with a gas reservoir
or pocket 30 developed below Description of the Preferred Embodiment
the undersurface of cone 10 by pressure and flow conditions in vessel 12.
Gas pocket 30 in the Figure 1 shows in schematic form a flow dia-
present embodiment is formed at the lower end 16 gram for a system for
reacting a gas-liquid or gas-  of vessel 12 as a part of a common feed
chamber liquid-solid feed with a slowly moving body of  10  for liquid or
liquid-solid and gas evolving from such catalyst particles. The present
invention is particu-  liquids. Although the gas pressure in pocket 30 will
larly directed to the distribution of gas components  be substantially the
same throughout its volume, in such gas-liquid or gas-liquid-solid feed. To
this  flow characteristics of such gas into the catalyst end distributor 10
in vessel 12 is formed in the    bed is different at the different
elevations of holes shape of an inclined surface or a cone so that it  15
32 due to density effect of the catalyst and liquid forms both a catalyst
flowing downwardly in vessel   head at such different elevations. In Figure
3 the 12.                                                  relative
elevation of the liquid and gas are indicated In the arrangement of Fig. 1
the feed inlet is   as heights [err]  and [err]. The base elevation of
through line 14 at lower end 16 of vessel 12.        the top of liquid
reservoir 33 is indicated as [err] Product or effluent leaves vessel 12 by
line 19 and  . 20   Additionally, such flow is affected by the area of is
carried overhead to a distillation column, gen-  tubes 34 rising from
liquid volume 33 to introduce erally illustrated as 18. Fresh or
regenerated cata-  the liquid or liquid-solid components into the lower
lyst particles are supplied to the vessel through a  portion of catalyst
bed 17. A plurality of such tubes return line 20. Flow of catalyst through
vessel 12 is  34, for example 4, are in open communication under the
control of withdrawal or removal line 22   25   between liquid or
liquid-solid volume and bed 17. which extends inwardly through conical
distributor   Height [err] is maintained by regulating the pressure 10 to
withdrawal nozzle 24, formed in the shape of    and flow conditions of gas
entering reactor 12 and an inverted U-tube. As best seen in Fig. 3, the
the rate of liquid flow into the catalyst bed through preferred location of
inlet tube 24 is adjacent trun-  tubes 34. As also indicated in Fig. 2, the
size of cated apex 11 of the cone formed by distributor 10.  so   holes 32
is determined in accordance with their Withdrawal through tube 24 is either
continuous or   elevation above level [err] and the density of the
controlled to return catalyst after contamination or  liquid. As shown,
holes 32 on circle 36 at level [err] deactivation by interaction with the
feed in reactor  are larger in area than those at h2 on circle. 38. The 12
to regenerator vessel 26 through control valve    level of the. entry tubes
34 is indicated as being on 28 in line 22. As disclosed in that
application, the   35  circle 40 at level [err]. It will, of course, be
under- flow of catalyst from the reactor to the regenerator  stood that
flow of fluids into the bed will be deter- is through liquid pressure
control of process fluid to  mined, not only by the. areas of these holes,
but create flow of catalyst from a reactor to a regenera-  also by their
number and distribution on. surface tor using flow in an external fluid
stream, such as  10. As also shown in Figs. 2 and 3, each of the hydrogen.
Other compatible fluid streams, includ-   40   holes is preferably covered
with a screen 42 to ing hydrocarbon liquids may also be used, if desir-
prevent catalyst particles from passing downwardly able.
.          through the openings. In accordance with the present embodiment
of         By proper proportioning of holes 32 it is. possi- the invention,
the combined feed of gas-liquid or    ble to obtain substantially uniform
gas flow into the gas-liquid-solid is admitted to vessel 12 under   45
dovynflowing catalyst across the full cross-section pressure and
temperature conditions which. result    of vessel 12. At the same time
liquid is distributed in gas evolution from the feed as it contacts the
by tubes 34 from chamber 32. slowly moving bed of catalyst.        .
It is also to be particularly noted that gas is As noted above, the moving
bed is substan-       prevented from flowing directly upward through tially
in catalyst particle to catalyst particle contact  50  tubes 34 by
deflectors 44 at the end of each tube so that gas distribution into the bed
is a problem of  34. Further, gas evolution from  feed entering assuring
relatively even dispersion of the gas      through line 14 is assisted by
positioning deflector phase throughout the bed of catalyst and the reac-
plate 46 to overlie inlet line 14 to divert flow lat- ting liquids over the
entire cross-section of the    erally. This assists in slowing the fluid to
release vessel. With  the  catalyst continually moving   55   gas from the
stream. It also prevents the gas from through the vessel, such uniform
dispersion of the  rising directly into bed 17 from the line 14. gaseous
components is essential to maintain activ-      Additional gas,such as
hydrogen, may be sup- ity of the catalyst and gas to react with.the heavy
plied to gas pocket 30, as by extemal line 50 in    15                 EP 0
539 361 B1                    16 Fig. 3. Such supplemental gas may be added
to         components under catalytic hydrocarbon up- 



the system so that gas pocket 30 may be initally      grading conditions in
a reactor vessel wherein established to a desired level. For this purpose,
it   an upwardly flowing feed stream reacts with a will be understood that
the number and size of        downwardly moving catalyst bed, said vessel
holes 32 must be such that pressure [err] can he   5     including feed
Inlet means at. the lower end estabished and maintained as the input
pressure to     thereof and product recovery means and cata- each such
hole. As shown, the height of pocket 30      lyst delivery means at the
upper end thereof, is less than or equal to the length of tubes 34, but
which comprises: the entry level [err] of such tubes is sufficiently
introducing said hydrocarbon feed contain- above apex 11 of cone 10 to
provide adequate  10       ing organo-metallic and/or metal components
withdrawal volume for catalyst funneled to with-        as an upwardly
flowing stream into a reaction drawal nozzle 27 of tube 24. Desirably, apex
11 of     vessel having a downwardly moving bed of cone 10 is also below
the lowest holes 32, as at       catalyst particles therein to form a
reservoir of level [err] in conical plate 10. This assures that when
fluid in said vessel below the catalyst bed, said catalyst is withdrawn
from the bed gas flow into the   15  catalyst bed terminating at its lower
end in a catalyst is not upset by such catalyst removal.        closed
conical catalyst zone having its apex While in general a conical form of
distributor 10 is   extending downwardly toward said reservoir preferred,
any suitably inclined surface that will     zone, produce a hopper bottom
may be used. The pri-             controlling the pressure and temperature
mary limit on the angle of inclination of distributor  20  of said
reservoir zone to permit evolution of 10 is one at which it exceeds the
angle of internal    gas components from fluids therein so as to resistance
(also called "angle of recline") for grav-  form a gas supply zone below
said conical ity flow of the catalyst particles.
catalyst zone and above a separate liquid From the foregoing description,
it will be seen    zone, that the present arrangement makes possible feed-
25      passing said gas components upwardly ing a relatively heavy crude
including inert materi-   through  a  multiplicity  of circumferentially
als, such as tar sands, coal, and shale into liquid    spaced apart,
discrete passages for direct contact with catalyst particles moving
substantially   communication of gas components from said continuously
downwardly in vessel 12. At the same      gas supply zone into said conical
catalyst zone time gas, such as hydrogen, may be included in  30    at a
plurality of different elevations above said the feed and the combined
components heated to         apex, and passing the liquid components into
pressures and temperatures required for catalytic      said conical
catalyst zone through a plurality of separation of hydrocarbons from metal
and inert        circumferentially spaced apart, impervious liq-
components, while assuring even or selected dis-       uid passageways,
each of said liquid passage- tribution of the gaseous components evolving
from   35  ways extending through said gas supply zone the liquid or
liquid-solid feed in volume 33 . Al-  into said conical catalyst zone, said
plurality of though, in general equal distribution across the full  liquid
. passageways being  circumferentially cross-section area of vessel 12 is
desired, the        spaced apart and at a plurality of different plurality
of holes 32 formed in distributor plate 10   elevations above said apex,
each of said liquid may be proportioned to create other flow patterns   40
flow passageways having an area proportioned into reaction volume 17 of
vessel 12. Such distribu-   to a plurality of said gas passageways to con-
tion is assured by correct proportioning of these      trol. the diffusion
pattern of said gas compo- holes in accordance with their height on the
vertical  nents and said liquid components into said bed surface of conical
plate 10 relative to the liquid-    of catalyst particles descending
through said catalyst head.                                 45      vessel,
and all of said liquid passageways and Various modifications and changes in
both the       said gas passageways entering said conical apparatus and the
method of operating such ap-         catalyst bed sufficiently above its
apex to form paratus to perform the methods of the present          a
quiescent particle withdrawal zone adjacent invention will occur to those
skilled in the art from  said apex, and the above detailed description of
the preferred em-   so  removing catalyst particles from said coni-
bodiments. All such modifications or changes com-     cal catalyst zone
through at least one flow line ing within the scope of the appended claims
are       extending upwardly from the lower portion of intended to be
included therein.                       said vessel, said flow line having
its intake directed generally downwardly and within said Claims
65                  quiescent particle withdrawal zone to permit periodic
removal of portions of said moving 1. A method of upgrading a hydrocarbon
feed            catalyst bed without interference with flow of stream
containing organo-metallic and/or metal      gas or liquid components into
said conical 9    15                 EP 0 539 361 B1
16 Fig. 3. Such supplemental gas may be added to        .  components under
catalytic hydrocarbon up- 



the system so that gas pocket 30 may be initally    grading conditions in a
reactor vessel wherein established to a desired level. For this purpose, it
an upwardly flowing feed stream reacts with a will be understood that the
number and size of          downwardly moving catalyst bed, said vessel
holes 32 must be such that pressure [err] can he   5       including feed
inlet means at the lower end estabished and maintained as the input
pressure to     thereof and product recovery means and cata- each such
hole. As shown, the height of pocket 30       lyst delivery means at the
upper end thereof, is less than or equal to the length of tubes 34, but
which comprises: the entry level [err] of such tubes is sufficiently
introducing said hydrocarbon feed contain- above apex 11 of cone 10 to
provide adequate  10      ing organo-metallic and/or metal components
withdrawal volume for catalyst funneled to with-        as an upwardly
flowing stream into a reaction drawal nozzle 27 of tube 24. Desirably, apex
11 of      vessel having a downwardly moving bed of cone 10 is also below
the lowest holes 32, as at        catalyst particles therein to form a
reservoir of level h2 in conical plate 10. This assures that when   fluid
in said vessel below the catalyst bed, said catalyst is withdrawn from the
bed gas flow into the   is  catalyst bed terminating at its lower end in a
catalyst is not upset by such catalyst removal.         closed conical
catalyst zone having its apex While in general a conical form of
distributor 10 is    extending downwardly toward said reservoir preferred,
any suitably inclined surface that will     zone, produce a hopper bottom
may be used. The pri-              controlling the pressure and temperature
mary limit on the angle of inclination of distributor   20  of said
reservoir zone to permit evolution of 10 is one at which it exceeds the
angle of internal     gas components from fluids therein so as to
resistance (also called "angle of recline") for grav-   form a gas supply
zone below said conical ity flow of the catalyst particles.
catalyst zone and above a separate liquid From the foregoing description,
it will be seen      zone, that the present arrangement makes possible
feed-   25      passing said gas components upwardly ing a relatively heavy
crude including inert materi-   through  a  multiplicity  of
circumferentially als, such as tar sands, coal, and shale into liquid
spaced apart, discrete passages for direct contact with catalyst particles
moving substantially    communication of gas components from said
continuously downwardly in vessel 12. At the same       gas supply zone
into said conical catalyst zone time gas, such as hydrogen, may be included
in  30      at a plurality of different elevations above said the feed and
the combined components heated to          apex, and passing the liquid
components into pressures and temperatures required for catalytic
said conical catalyst zone through a plurality of separation of
hydrocarbons from metal and inert         circumferentially spaced apart,
impervious liq- components, while assuring even or selected dis-        uid
passageways, each ofsaid liquid passage- tribution of the gaseous
components evolving from   35  ways extending through said gas supply zone
the liquid or liquid-solid feed in volume 33. Al-      into said conical
catalyst zone, said plurality of though, in general equal distribution
across the full   liquid passageways being  circumferentially cross-section
area of vessel 12 is desired, the         spaced apart and at a plurality
of different plurality of holes 32 formed in distributor plate 10
elevations above said apex, each of said liquid may be proportioned to
create other flow patterns   40  flow passageways having an area
proportioned into reaction volume 17 of vessel 12. Such distribu-    to a
plurality of said gas passageways to con- tion is assured by correct
proportioning of these      trol the diffusion pattern of said gas compo-
holes in accordance with their height on the vertical   nents and said
liquid components into said bed surface of conical plate 10 relative to the
liquid-     of catalyst particles descending through said catalyst head.
45       vessel, and all of said liquid passageways and Various
modifications and changes in both the       said gas passageways entering
said conical apparatus and the method of operating such ap-
catalyst bed sufficiently above its apex to form paratus to perform the
methods of the present           a quiescent particle withdrawal zone
adjacent invention will occur to those skilled in the art from   said apex,
and the above detailed description of the preferred em-   50   removing
catalyst particles from said coni- bodiments. All such modifications or
changes com-      cal catalyst zone through at least one flow line ing
within the scope of the appended claims are         extending upwardly from
the lower portion of intended to be included therein.
said vessel, said flow line having its intake directed generally downwardly
and within said Claims                                         55
quiescent particle withdrawal zone to permit periodic removal of portions
of said moving 1. A method of upgrading a hydrocarbon feed
catalyst bed without interference with flow of stream containing
organo-metallic and/or metal      gas or liquid components into said
conical 9    17                 EP 0 539 361 B1                    18
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the pressure equilibrium  conditions between       .     durch eine
Vielzahl von in Umfangsrich- said liquid supply zone and said gas supply
tung mit Abstand voneinander angeord- zone within said vessel relative to
said conical         nete, einzelne Durchg~nge fUr die direkte catalyst
zone.                              5           Verbindung der
Gasbestandteile aus die- ser Gaszuflhrzone in die konische Kata- 2. The
method in accordance with Claim  1                   lysatorzone an einer
Vielzahl von ver- wherein said hydrocarbon feed stream  in-
schiedenen Erh6hungen Uber der Spitze, cludes hydrogen as a gas component
mixed                 und Hindurchleiten der flUssigen. Be- therein.
10            standteile in die konische Katalysatorzo- 4
ne durch eine Vielzahl von in* Umfangs- 3. The method in accordance with
Claim 2 which              richtung mit Abstand voneinander ange- includes
directly adding hydrogen gas to said           .ordnete,  impermeable
FlUssigkeits- gas supply zone to control the pressure and
Durchgangswege, wobei jeder dieser volume of said gas supply zone.
15            FlUssigkeits-Durchgangswege sich durch die Gaszuflhrzone in
die. konische Kata- 4. The method in accordance with Claim  1
lysatorzone erstreckt, wobei die Vlelzahl wherein the area of each of said
liquid pas-             der Fllssigkeits-Durchgangswege In Um- sageways is
proportioned to the total area of a         fangsrichtung mit Abstand
voneinander plurality of adjacent gas passageways at sub-.  20
angeordnet und an einer .Vielzahl von stantially the same elevation above
said apex            verschiedenen  Erh6hungen  Ober der of said conical
catalyst zone.                           Spitze sind, wobei jeder der
FlUssigkeits- FluB-Durchgangswege eine Fl~che di- Patentanspruche
mensioniert zu einer' Vielzahl der Gas- 25           Durchgangswege
aufweist, um den Diffu- 1. VerFahren zum Veredeln eines Kohlenwasser-
sionsverlauf der Gasbestandteile  und stoff-Beschickungsstroms enthaltend
metallor-            Fllssigkeitsbestandteile in. das Bett der ganische
und/oder Metallbestandteile unter ka-           Katalysatorpartikel, das
sich durch. den talytischen  Kohlenwasserstoff-Veredelungsbe-         .
Reaktor abw~rts erstreckt,- zu steuern, dingungen In einem ReaktorgefaB,
bel dem ein  3o         und  alle  FlUssigkeits-Durchgangswege nach oben
flieiender Beschickungsstrom mit               und Gas-Durchgangswege
treten in das' elnem sich nach unten bewegenden Katalysa-
konische Katalysatorbett gentgend ober- Atorbett reagiert, wobei das GefaB
Beschik-               halb seiner Spitze ein, um eine ruhende
kungseinlaB-Einrichtungen an dessen unterem
Partikel-Ableitzone benachbart zu der Ende  und
Produktgewinnungs-Einrichtungen   35         Spitze zu bilden, und. und
Katalysatorabgabe-Einrichtungen -an des-          - Entfernen der
Katalysatorpartikel aus der sen oberem Ende enthalt, wobei das Verfahren
konischen Katalysatorzone durch minde- aufweist:
stens eine FlieBleitung, die sich nach - Einbringen  der
Kohlenwasserstoff-Be-              oben aus dem unteren Tell des Reaktors
schickung enthaltend metallorganisache   40         erstreckt, wobei die
Flieifleitung mit Jh- und/oder Metallbestandteile als ein auf-
rem EinlaB im allgemeinen nach unten warts flieBender Strom in ein
Reaktions-            gerichtet ist und sich innerhalb der ru- gefaB mit
einem sich abw~rts bewegen-               henden Partikel-Ableitzone
befindet, um den Bett von KatalysatorpartikeIn darin,            das
periodische Entfernen von Teilen um ein Fluid-Reservoir in diesem GefWU
4         des sich bewegenden Katalysatorbetts, unterhalb des
Katalysatorbetts zu bilden,           ohne Beeinflussung mit dem  FluB der
wobel das Katalysatorbett an seinem un-             Gas- oder
FlUssigkeits-Bestandteile in teren Ende in einer geschlossenen koni-
die konische Katalysatorzone zu erlauben schen Katalysatorzone mit seiner
sich               und  ohne  wesentliche  Storung  der nach unten in
Richtung der Reservoirzo-  5o         Druckgleichgewichtsbedingungen   zwi-
ne erstreckenden Spitze endet,                     schen der
Fllssigkeits-Zufahrzone und - Steuern des Drucks und der Temperatur
der Gas-Zuflhrzone innerhalb des Reak- *   der Reservoirzone, um die
Entwicklung               tors relativ zur konischen Katalysatorzo- von
Gasbestandteilen aus den Fluids                 ne. darin zu erlauben, um
eine GaszufUhrzo-  66 *   ne unterhalb der konischen Katalysator-     2.
Verfahren.nach Anspruch 1, wobel der Kohlen- zone und oberhalb einer
getrennteh .FlUs-      wasserstoff-Beschikkungsstrom Wasserstoff als
sigkeitszone zu bilden,  .                     Gasbestandtell
darin.vermischt enthalt. 10    19                 EP 0 539 361 B1
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direk-       liquide s'etendant a travers ladite zone d'ali- 



te HinzufUgen von Wasserstoffgas zur Gas-           mentation en gaz dans
ladite zone de cataly- ZufUhrzone beinhaltet, um den Druck und das
seur conique, lesdit passages de liquide 6tant Volumen der GaszufUhrzone zu
steuern.               circonf6rentiellement espac6s et a une pluralite de
differentes. hauteurs au-dessus dudit som- 4. Verfahren nach Anspruch 1,
wobei die Fache          met, chacun desdits passages d'ecoulement jedes
der Fl~ssigkelts-Durchgangswege zur           de liquide ayant une aire
proportionn6e a une Gesamtf1`che elner Vielzahl benachbarter Gas-
pluralite desdits passages de gaz pour contr8- Durchgangswege an im
wesentlichen der glel-        ler la configuration de diffusion desdits
compo- chen Erh6hung oberhalb der Spitze der koni-  10     sants gazeux et
desdits composants liquides i  schen Katalysatorzone angepal3t ist.'
dens ledit lit de particules de catalyseur des- cendant a travers ladite
cuve% et la totalite. Revendlicatlons
desdits passages de liquide et desdits passa- ges de gaz entrant dens ledit
lit de catalyseur 1. Proced6 pour valoriser un courant de charge   15
conique suffisamment au-dessus de son som- d'hydrocarbures contenant des
composants or-        met pour former une zone de souffrage de
gano-metalliques etlou m6talliques, dens des        particules en repos
adjacente audit sommet, et conditions de valorisation d'hydrocarbures par
le retrait. des particules de catalyseur de voie catalytique, dans une cuve
de reacteur         ladite zone de catalyseur conique a travers au dens
laquelle un courant de charge s'ecoulant. . 20  molns une ligne
d'ecoulement s'etendant vers vers le haut reagit avec un lit de catalyseur
se   le haut depuis la partie inferieure de ladite d6plagant vers le bas,
ladite cuve comprenant       cuve, ladite ligne d'ecoulement ayant son en-
des moyens d'entree de charge a son extrdmi-       tree orientee
g6neralement vers le bas et dens te inferieure et des moyens de
recuperation de     ladite zone de soutirage de particules et en produits
et des moyens de distribution de ca-  25   repos pour permettre le retrait
periodique de talyseur a son extremit6 sup6rieure, compre-        parties
dudit lit de catalyseur mobile, sans nant:
interf6rence avec l'ecoulement des compo- I'introduction de ladite charge
d'hydrocar-     sants gazeux ou liquides dans ladite zone de bures
contenant des composants. organo-m6-          catalyseur conique et sans
perturbation sensi- talliques eVou m~talliques en tant que courant  30  ble
des conditions d'equilibre des pressions s'ecoulant vers le haut dens une
cuve de r6eac-     entre ladite zone d'alimentation en liquides et fion
renfermant un lit mobile vers le bas .de       ladite zone d'alimentation
en gaz dens ladite i particules de catalyseur pour former un reser-
cuve, par rapport A ladite zone de catalyseur voir de fluides dens ladite
cuve au-dessous du      conique. lit de catalyseur, ledit lit de catalyseur
se ter-  35 minant & son extremite inferieure en une zone   2. Procede
.selon la revendication 1, suivant le- de catalyseur conique fermee dont le
sommet         quel ledit courant de charge d'hydrocarbures s81tend vers le
bas en direction de ladite zone     comporte de. I'hydrogene en tant que
compo- de reservoir,                                       sent gazeux
melang6 au courant. le r4glage de la pression et de la tempera-  40 ture de
ladite zone de reservoir pour permettre  3  Proced6 selon la revendication
2, comportant le degagement des composants gazeux prove-
I'addifton directe d'hydrogene gazeux a ladite nant des fluides de cette
zone, de. fagon A         zone d'allmentation en.gaz pour regler la pres-
former une zone d'alimentation en gaz au-           sion et le volume de
ladite zone d'alimentation dessous de ladite zone de catalyseur conique
45   en. gaz. et au-dessus d'une zone de liquides s~parde, le passage
desdits composants gazeux        4. Procede selon la revendication .1,
suivant le- vers le haut & travers une multiplRcite de pas-     quel I'aire
de chacun desdits passages de sages discrets circonferentiellement espaces
liquide est proportionnee A I'aire totale d'une et destines a la
communication directe des   5Q     pluralite de passages de gaz adjacents,
& sen- composants gazeux de ladite zoned'alimenta-         siblement la
meme hauteur au-dessus dudit tion en gaz a ladite zone de catalyseur coni-
sommet de ladite zone de catalyseur conique. que, A une pluralite de
diff6rentes hauteurs au- dessus dudit sommet; et le passage des corn-
posants liquides dans ladite zone de cataly-  65 seur conique a travers une
pluralit6 de passa- ges de liquide etanches et circonf6rentielle- ment
espaces, chacun desdits passages de    


