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_present invention PCHPi des forwmnvmmuw GROKRIEATIINS t I | but Sigg
5T

“a reactor containing the irrg&oved as- tri butor assenblﬁ/, and a
nmet hod f or_ IRYHHROMY AR HWM&&P-WTEE%WCOOPERAHO TREATY (PCT)

2. Descr ij ghin@ématévhl Paterd? Clagiication s : (1) International Publication Number: //WO 97/34968
C10G 49/00, B01J 802 Al

{43) International Publication Date: 25 September 1997 (25.09.97)

* | (21) International Application Number:  ~"PCI/US97/00231 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, Fl, GB, GE,
(22) International Filing Date: .~ 6 January 1997 (06.01.97) HU, IL, TS, JP, KB, KG, KP, KR, KZ, LC, LK, LR, LS
- LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL.

™,

PT, RO, RU, SD, SE, SG, SI, SK, TJ, TR, TT, UA,
(30) Priority Data: UG, UZ, VN, ARIPO patent (KE, LS, MW, SD, SZ, UG),
- 08/617,464 / 18 March 1996 (18.03.96) / uUs Eurasian patent (AM, AZ, BY, KG, KZ, MD, RY, TJ, T™M),
: Buropean patent (AT, BE, CH, DE, DK, ES, FI, FR, GB,
GR, [E, IT, LU, MC, NL, PT, SE), OAPI patent (BF, B},
(71) Applicant: CHEVRON U.S.A. INC. [US/US]; P.O. Box 7141, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG).

San Francisco, CA 94120-7141 (US).

(72) Inventors: REYNOLDS, Bruce, E; 1739 Jeannie Circle, { Published
Martinez, CA 94553 (US). STANGELAND, Bruce, E.; 691 With international search report.
Cragmont Avenuc, Berkeley, CA 94708 (US). PARIMI,
Krishnish; 4460 Shellflower Court, Concord, CA 94518
(US). BACHTEL, Robert, W.; 5480 Barrett Avenue, El
Cenito, CA 94530 (US). / .

(74) Agents: KLAASSEN, Alan, W, ct al.; Chevron Corporation
Law Dept., P.O. Box 7141, San Francisco, CA 94120-7141
ws).

(54) Title: A GAS-POCKET DISTRIBUTOR AND METHOD FOR HYDROPROCESSING A HYDROCARBON FEED STREAM
(57) Abstract

A distributor assembly for hydsoprocessing a hydrocarbon mixture
of hydrogen-containing gas and liquid hydrocarbon is presented. The
distributor assembly has a circular plate with a plorality of hollow
risers bound thereto for distributing hydrogen-containing gas and liquid
hydrocarbon through openings in the circular plate member. Each of the
hollow risers has a tubular opening in its associated side. The distributor
assembly is connected to an internal wall of a reactor. A method is
also preseated for hydroprocessing a hydrocarbon feed stream comprising
flowing a mixture of hydrogen-containing gas and liquid hydrocarbon into
a reactor zone to produce evolved h i > and flowi
the mixture of hydrogen-containing mmmhymmw thxoughm8
a plurality of tubular zones while admixing simultancously therewith the
evolved hydrogen-containing gas.
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Hydr oprocessing or hydrotreatnent to renove undesirabl e conponents from
hydr ocarbon feed streans is a well known nethod of catalytically treating
such heavy hydrocarbons to increase their commercial value. "Heavy"
hydrocarbon liquid streans, and particularly reduced crude oils, petrol eum
residua, tar sand bitunen, shale oil or liquified coal or reclained oil,
general |y cont a¥@975348&Buct cont am nants, such as sul fur, and/ oPCTVUSI7BEEN,
nmetal s and organo-netal lic conpounds which tend to deactivate catal yst
particles during contact b

% & -- SECS AP d o) nder
hydr opr ocessi ng condi il E(Pg Rt ' % are normally in
O ac)s at

the range of 212 [err
pressures of from 20 to 300 at m)spheres. General |l y such hydroprocessi ng i s

in the presence of catalyst cont a'%@gﬂd@ﬂgﬁﬂvﬁ{mw Il metals such as

pl ati num nol ybdenum tungsten, nicke coba etc I n conbination with
various oth®r netallic el ement partlcﬁdéowehlvmma silica, magnesia and
so forth having a hi it cifi.cal |

catal yst utilized for rddem‘a‘%ﬂqﬁﬁg% | o%"g ﬁ&g cfemsg['ﬁa?e@’z’fﬁ)ﬂm"{m a
hydrogeni trifi mwnfltqu;ihydmmhomgndlqdmggn-cﬁntaimm&)l owpin:cbﬁﬂ} ithee are

general |y nade such as .alumna, silica,

u car.r. on bas
si|ica-al uni naP“g?“?B‘x%'E‘P'bP vids ?WY@S”B?%F‘%'%N'WQT‘@Y’ afpackr one or
nore pronot er(%bmﬂﬁmgmbahptwea@hd- claawstﬂauﬁ? m(cmmeth&mngul &?G&&OB lus -
i ze e c

trace materials. Typical catal ytlcal ly active metals uti
mol ybdenumtOni élb!é‘?m‘émf"tfﬁﬁg@!“gh however, other netals or conpounds coul d

be sel ect ed 2. Description of the Prior Art

Hydroprocessing or hydrotreatment to remove undesirable components from
hydrocarbon feed streams is a well known method of catalytically treating such heavy
hydrocarbons to increase their commercial value. "Heavy" hydrocarbon liquid streams, and

15  particularly reduced crude oils, petroleum residua, tar sand bitumen, 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 normally in the range of 212 °F to 1200 °F (100°to 650°C.)

20  atpressures of from 20 to 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. More
specifically, catalyst utilized for hydrodemetallation, hydrodesulfisrization,

25  hydrogenitrification, hydrocracking, etc., of heavy oils and the like are generally made upofa
carrier or base material; such as alumina, silica, silica-alumina, or possibly, crystalline
aluminosilicate, with one or more promoter(s) or catalytically active metal(s) (or
compound(s)) plus trace materials. Typical catalytically active metals utilized are cobalt,
molybdenum, nickel and tungsten; however, other metals or compounds could be selected

30  dependent on the application.

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
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dependent on the application. Because these reactions nust be
carried out by contact of a hydrogen-containing gas with the hydrocarbon

feed stream at el evated terrperatures and pressures, the major costs of
This is the replacenent sheet

Dat e: 1 6 SEP 1999 such processing are essentially investnent
in vessel s anwoxasessat ed furnaces, heat exchangers, dist nb IRCIVUSIT/8f23l
assenbl i es, punps, piping and val ves capabl e of such service

such processing are essentially investment in vessels and associated furnaces, heat
exchangers, distributor plate assemblies, pumps, piping and valves capable of such service
and the replacement cost of catalyst contaminated in such service, and the cost of assembling
the equipment. Commercial hydroprocessing of relatively low cost feed stocks such as
5 reduced 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 10,000 standard cubic feet per barrel of the liquid feed (1780 m® H / m’ oil).
Vessels capable of containing such a reaction process are accordingly cost-intensive both due
to the need to contain and withstand corrosion and metal embrittlement by the hydrogen and

10  sulfur compounds, while carrying out the desired reactions, such as demetallation,
denitrification, desulfurization, and cracking at elevated pressure and temperatures. Pumps,
piping and valves for handling fiuid streams containing hydrogen at such pressures and
temperatures are also costly, because at such pressures seals must remain hydrogen
impervious over extended service periods of many months. It is also cost-intensive to insure

15 that all of the equipment including distributor plate assemblies are assembled and/or
manufactured correctly. It is important in such prior art distributor plate assemblies that they
are essentially perfectly level to immunize flow distribution of the hydrocarbon feed streams
from their sensitivity to the levelness of the distributor plate assembly.

As particularly distinguished from prior known methods of hydroprocessing, the

20  method and apparatus in U.S. Patent No. 5,076,908 to Stangeland et al more specifically
provides a system wherein downward plug-flow of the catalyst bed is maintained over a wide
range of counterflow rates of a hydrocarbon feed stream and hydrogen gas throughout the
volume of the substantially packed catalyst bed. Such packed bed flow maintains
substantially maximum volume and density of catalyst within a give vessel's design volume by

25  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.

Bischoffet al, U.S. Patent No. 4,571,326, is directed to an apparatus for
withdrawing catalyst through the center of a catalyst bed counterflowing to a liquid
hydrocarbon and gas feed stream. The system is particularly directed to arrangements for

30 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 ebullating
under the disclosed conditions of flow. Accordingly, considerable reactor space is used to
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and the repl acenent cost of catal yst contam nated in such service, and the
cost .of assenbling the equi pment. Conmercial hydroprocessing of relativey

| ow cost feed stocks such as reduced crude oils containg poll utant
conpounds, requires a flowrate on the order of a few thousand up to one
hundred thousand barrels per day, with concurrent flow of hydrogen at up to
10, 000 st andarvwomabisssf eet per barrel ofthe liquid feed. VesROTWUSIHHIM e of
contai ning such a reaction process are accordingly cost-intensive both due
to the need to contain and wi thstand corrgsiqn and netal enbritt enent by

the hydrogen arigitiallymiy the gasand hydracarban figuid fesdsin the lowsy end;of the yessel
reactions, suChggRande'GilePbdtiohd fod ﬂ%ﬁi'ﬂe?&ﬁi&@ﬁmﬂmhhﬁﬁ& and

cracking at el evated pressure an ;peratures unps, piping and val ves

for handling f| sichidistributormaeapsin thei "Sylzar Blates" ofta "boneycombi e fl'slmndmes
by ogon | e v PR SRR Yol 5° uasmAb. RS AR o Tne Shdobithe °TC "
al so cost -i 8 enintlude ﬁa@pﬁfﬁﬂp&eﬁbﬁﬂlebdohhﬂfﬂérﬁidemummtdumrplm

di stributor plate senbl i es a,re nbled an factured correct]y.
I't is inportantend ﬁ%ﬁ@ﬁ' g‘ﬁfe&&g%g'z%m#%%d’ﬂm?hﬂ“ﬁﬁy
are essential | ysipgicitabigh ubmh jee Woi

hydr ocar bon feed streans fromt eir sensitivity to the | evel ness of the
di stributor pl apestiensstthpvessel. The arrangement forvithdrawakofispenticatalystrgqu émllmonm

2L 0, Ko T e g A BN, o i BB i)
system wheres n shiximgwilhyiirggen gnd fecibefbre intraduciag the fuitls intaciniebuliated bedaaswell a3uer  a
wi de ebullating 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.
Bischoff et al, U.S. Patent No. 4,639,354, more fully describes a method of
15 hydroprocessing, similar to U.S. Patent No. 4,571,326, wherein similar apparatus obtains
uniform ebullation through the vertical height of a catalyst bed, including a quench gas step.
One of the basic principles and teachings of Stangeland et al in U.S. Patent No.
5,076,908, is that by specifically selecting the size, shape, and density of the catalyst pellets,
combined with appropriate control of process liquid and gas velocities, random motion and
20  backmixing of the catalyst can be minimized, and plugflow characteristics of the catalyst
downward and the liquid and gas flow upward, maximized. Stangeland et al economically
utilizes space within a hydroprocessing vessel over a wide range of processing rates without
substantial random motion or ebullation of a packed bed of catalyst during high counterflow
rates of the hydrocarbon feed and a hydrogen containing gas through the packed bed, while
25  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 Stangeland et al
by selecting the size, shape and density of the catalyst particles to prevent ebullation 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 utilizing data
30 gained while studying catalyst bed expansion, such as in a large pilot plant run, with liquid
hydrocarbon, hydrogen and catalyst at the design pressures and flow velocities within the
available reaction volume of the vessel. Catalyst is removed from the bed by Stangeland et al
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range of counterflow rates of a hydrocarbon feed stream and hydrogen gas

t hroughout ‘'t he volune of the substantially packed catal yst bed. Such
packed bed flow nmaintains substantially maxi mum vol une and density of
catalyst within a give vessel's design volune by controlling the size
shape and density of the catalyst so that the bed is not substantially
expanded at twows4968n rate of fluid fl ow therethrough. PCT/USYTD23Dr | Or
art does not disclose or suggest the above enunerated and perti nent
features of either the total systemor significant portions of such.a
systemin U. S. through laminer flay of e @iyst partisies ngdnudalueyssatemmwhuhﬂcmwéﬂwoy t he

fol I'owi ng pat e 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.

5 However, the method and apparatus disclosed by Stangeland et al in U.S. Patent No.
5,076,908, as well as the methods and apparatus(es) taught by the above-identified prior art
patents relating to U.S. Patent No. 5,076,908 to Stangeland, et al, all teach and/or suggest a
distributor plate assembly that should be essentially level in a reactor vessel containing the
distributor plate assembly. Flow distribution of a hydrocarbon feed stream passing through a

10  distributor plate assembly is sensitive to the levelness of the distributor plate assembly within
the reactor vessel. Even for a perfectly level plate, gas flow would pulse because of sloshing
and varying liquid level. If the distributor plate assembly is not level, distribution of the
hydrocarbon feed stream throughout an associated catalyst bed within the reactor vessel is
affected. Also, these prior art hydroprocessing methods and apparatuses are saddled at times

15  with hydrogen-containing gas bubbles that are too large, which also could affect the
distribution of the hydrocarbon feed stream throughout a catalyst bed within the reactor
vessel. Therefore, what is needed and what has been invented is 2 method and an apparatus
or distributor assembly that is capable of producing an excellent, steady and smooth flow of a
mixture of a gas, (e.g. a hydrogen-containing gas) and a liquid (e.g. a liquid hydrocarbon)

20 into a chamber (e.g. a plenum chamber) without the indicated deficiencies associated with the
prior art methods and apparatuses.

Summiary of the Invention
The present invention accomplishes its desired objects by providing a distributor
assembly for hydroprocessing a hydrocarbon mixture of hydrogen-containing gas and liquid

25  hydrocarbon flowing through a hydroconversion reaction zone containing a bed of catalyst.
The distributor assembly includes a plate member having a structure defining at least one
opening; and at least one tube member having a tubular bore and bound to the plate member
such that the tubular bore communicates with the at least one opening. The at least one tube
member has a pair of open ends and at least one tubular opening in a side thereof. The tube

30  member has a tubular axis and the tubular opening which has an opening axis that is generally
normal to the tubular axis. The apparatus, as well as the mefhod, of the present invention

III
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Jacquin et al U S. Pat No. 4,312,741, is directed toward a catal yst

repl acenment nethod in a hydroprocessing systemby controlling the feed of
hydrogen gas at one or nore |levels. Catalyst, as an ebul |l ated bed
counterflows through the reactor but is slowed at each of several |evels by
horizontally constricted areas which increase the hydrogen and hydrocarbon
flowrates to swodvadantly |locally slow downward fl ow of cat aP@EUSITMR3] €

|l ocal recycling thus occurs at each such stage, rapid through-flow of fresh
catal yst, with resul tant xing with deacti vit ed or contam nat ed cat aI yst,

i s suppressed. TAROGATH W&Sﬁé"!ﬂy such.a5 perptioR PORds
catal yst from t RRct¥RSHE I nprovenent of the disclosed system over rrul tiple
vessels with val ves etvveen stages is suggested to avoid the risk of rapid

wear and deteriorati 'Bnpmsemmventloaémhsrd@yomnhﬂukysdwwm&mhy broadly providi@aler a
?Eaegl E)f UI |Sq u th zrieﬁ%‘g Iﬂﬁ’p&% ‘?‘&ﬁi ‘gmbﬁ'l %ﬁ%sﬂmﬁl ?‘oﬁ&ﬁg lﬁ”@%?’%ﬁﬁdo%?p%&r; gFSst
bed. By | ow $i nnmnsv&hmdtdtjie interral csilmﬂﬂoﬂfv}an‘ofthle&sdbmﬂpp&rtﬂg 8 cdyt bed IThE Dy
S T e R
s fezfgzta;?;s?fW?ggﬂg&%&ﬂ@%&%ﬂ&@r«ﬁ%ﬁsﬁwﬁw
method for hydroprocessing a hydrocarbo stream that is flowing through a
hydroconversion reaction zone having a bed of catalyst, which method comprises the steps
10 of forming at least one tubular zone in a reactor zone containing a hydrocarbon reaction
zone having a bed of catalyst; flowing a mixture of hydrogen-containing gas and liquid
hydrocarbon into the reactor zone to produce evolved hydrogen-containing gas; and flowing
the mixture of hydrogen-containing gas and liquid hydrocarbon through the at least one
tubular zone while admixing therewith, preferably simultaneously admixing therewith, the
15 evolved hydrogen-containing gas.

Whenever the term "evolved hydrogen-containing gas"” is stated in the specification
and/or the claims, it is not to unduly limit the spirit and scope of the present invention and is
intended to mean not only hydrogen gas that has evolved from the liquid hydrocarbon that is-
being introduced into a reactor simultaneously therewith, but also hydrogen gas that did not

20  evolve from the liquid hydrocarbon and is at least part of the hydrogen-containing gas itself
that is being introduced into the reactor along with the liquid hydrocarbon. Thus, “"evolved
hydrogen-containing gas" comprises the hydrogen-containing gas that is being introduced
into a reactor along with the liquid hydrocarbon, any hydrogen gas that has evolved from the
liquid hydrocarbon itself, and hydrogen-containing gas that solutionized and/or dissolved into

25  and/or with the liquid hydrocarbon and which has subsequently evolved from the liquid
hydrocarbon, especially after introduction into the reactor.

It is therefore an object of the present invention to provide a distributor assembly for
hydroprocessing a hydrocarbon mixture of hydrogen-containing gas and liquid hydrocarbon.

It is another object of the present invention to provide a reactor containing the

30  distributor assembly for hydroprocessing a hydrocarbon mixture of hydrogen-containing gas
and liquid hydrocarbon.
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| evel in the vessel is from0.9 to 1.1 of the all owabl e bed vol une (10%
due to fluid flow through the bed. A particular limtation of the systemis
that flow of the fluids undergoing catalytic reaction is restricted to a
rate that will not exceed such |imts, but nust be adequate to ebullate the
bed adj acent the catalyst withdrawal tube. Alternatively, injection of
auxiliary fl uwdofrseée a slidable pipe section is required. TRETMS0RMES
particularly specify that the diameter of the | ower end of the vessel is
smaller to increase turbul ence and ebullation of catal yst adjacent the
inlet to the catal 9«5;alwﬁxnhmmbjeqtpmgpﬁemiuvemntemﬂ%ememogl&r i s

accordi ngly ingj &'ﬁ gg : | eﬁ?f ¢ {1155?1

di scl osed gasr‘g{i‘% ra }éga%r%é we +‘¥' el ow é%?rﬁgp%?‘% Fgl\t/\‘yrat g@“g’an H!lgre i's
no suggest i on hylrotenviasionteaction zone havingsbedaf catalystl i n t he tests or the size,
density or shape of_the c

al yst,. ., o Bl Schof f al, .U S Patent No.
4,571,326, is diredfg®te %%MWM%WF& that Wl DEComE, 5 ugh t he
center of g c to thest amRuiisRilléd iR Ve'alt ab the Followiligideschptivh PFotedds, Aredi@ined s
feed stream The systemis particularly directed to arrangenents for
assuring uni f diyithediresentiinvgntion, preferrpdpmahodiment-as shgwnvith refereneetp thef eed acr oss
t he cross-sect '| %@m@; Eﬁi‘&n PHIB; di stribution appears to be
creat ed because e eéﬁ?‘s%%%a?%fng I’ll e ’Mée'@hi scl osed conditions of
flow. Accordingly, considerabl e BriefiDeseriptionofthe Drawing
-3-

Fig. 1 is a partial perspective sectional view of the reactor of the present invention
10  having a distributor plate assembly with a plurality of depending hollow risers, with each riser
having an opening wherethrough evolved hydrogen-containing gas flows to be admixed with
a mixture of liquid hydrocarbon and hydrogen-conﬁaining gas; .

Fig. 2 illustrates a mixture of hydrogen-containing gas and liquid hydrocarbon

flowing into a hollow riser having an opening, with the mixture not having passed the

15  opening in the hollow riser, and further illustrating evolved hydrogen-containing gas passing
from a suitable gas head and into a space in the hollow riser above a level of the mixture of
hydrogen-containing gas and liquid hydrocarbon contained therein;

Fig. 3 illustrates the mixture of liquid hydrocarbon and hydrogen-containing gas
flowing upwardly through a hollow riser and past the opening in the hollow riser, with

20 evolved hydrogen-containing gas passing and/or flowing from a suitable gas head, through
the opening in the hollow riser and into the mixture of liquid hydrocarbon and hydrogen-
containing gas for admixing with the same;

Fig. 4 is a partial cross-sectional view of the reactor in Fig. 8 of copending patent
application Serial No. 08/497,638 filed June 30, 1995 illustrating a catalytic bed with a

25  plurality of superimposed layers with respect to each other before commencement of a plug-
flow,

Fig. § is a partial cross-sectional view of the reactor in Fig. 9 of copending patent
application Serial No. 08/497,638 filed June 30, 1995, in which catalyst is moving
downwardly in a plug-flow fashion,

30 Fig. 6 is an enlarged sectional-view illustrating the mixture of liquid hydrocarbon and
hydrogen-containing gas flowing turbulently upwardly through a hollow riser and past the
opening in the hollow riser, with hydrogen gas flowing from a suitable gas head, through the
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initially m x the gas and hydrocarbon liquid feeds in the | ower end ofthe
vessel before flowng to other bottomfeed distributors. The feeds are
further mxed at a higher |evel by such distributor nmeans in the form of
"Sul zer Plates"” or a "honeyconb” of hexagonal tubes beneath a tnncated,
coni cal, or pyram dal -shaped funnel screen. The arrangenent may include an
open ranp areca WaPHEP4% to t he underside of the screen bet weeRCTAEIN002E or
plate ends. Further, to muintain gas distributions along the length of the

o annal af’eﬂeaﬁéepgmw““ iR oy ek o0 Sy i B ing b b bspoarbonand -
arrangenent for hydrofedicanaihing thwmm'ﬂbﬁﬁg%ubk%uon of at

| east the | ower portion of the bed. As noted above ded vessel space for
uni form m xi ng of hyHigolsan enlareednatial plevationalisentipapliyiew ofthe faaver part ofishe neactoran

ebul | ated bed, Qfustifing th fioR'df hydrogen gas and the liquid hydrocarbon.

5 Detailed Description of the Invention Including
Preferred and/or Best Mode Embodiments of the Invention

| Referring in detail now to the drawings wherein similar parts of the invention are
identified by like reference numerals, there is seen a reactor vessel, generally illustrated as 10.
10  Reactor vessel 10 includes an internal generally cylindrical wall 11 and a bottom domed
closure 12 with an internal surface 13. The bottom domed closure 12 is secured to the
internal generally cylindrical wall 11. The reactor vessel 10 is designed to react a hydrogen-
containing gas 36 mixed with a liquid hydrocarbon stream 38 at a pressure of up to about
300 atmospheres (about 4500 Ibs. per square inch) and up to about 650°C {about 1200°F).
15  For such reaction, hydrogen-containing gas 36 and liquid hydrocarbon stream 38 are
preferably premixed and introduced as a single stream (i.¢. a single two-phase flow) through
the bottom domed closure 12 by a conduit 14 secured coaxially thereto such as to have a
concentric disposition with respect to the reactor vessel 10.
The reactor vessel 10 contains a catalyst bed support means, generally illustrated as
20 16, for supporting a catalyst bed 18 and containing appropriate openings (not shown) well
known to the artisans in the art. The catalyst bed support means 16 contained in the reactor
vessel 10 may be of any suitable geometric shape, such as concentric rings, conical,
pyramidal, truncated polygonal or conical, frusto-conical, etc. The catalyst bed support
means 16 further may be of any type that preferably insures even and equal distribution of
25  hydrogen-containing gas 36 and liquid hydrocarbon stream 38 across a full cross-sectional
area of the catalyst bed 18. Thus, the particular geometric shape or type of the catalyst bed
support means 16 is not to unduly limit the spirit and scope'of the present invention.
To assure maximum catalytic benefit during the hydroprocessing of the hydrogen-
containing gas 36 and the liquid hydrocarbon stream 38, it is preferred that the reactor vessel
30 10 contain as much catalyst as possible within the design volume of the reactor vessel 10,
Accordingly, it is preferred that the catalyst bed support means 16 for the catalyst bed 18 be
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ebul l ati ng bed, increases the required size of the hydroprocessing vessel,
I ncreases catalyst attrition, increases catalyst bed m xi ng and
substantially increases initial, and continuing operating costs of the
system Bi schoff et al, U S. Patent No. 4,639,354, nore fully
describes a nethod of hydroprocessing, simlar to U S. Patent No.

4,571, 326, wheveeewsesasni | ar appar at us obtains uni form ebul | apcTosSriooa3ugh
the vertical height of a catalyst bed, including a quench gas step.

Meaux U.S. Pat. No. 3,336,217, is partlcula rly directed to a catal yst

wi t hdr anal e piseed a8 oyvasnessibis in theireastpr wessel 1@ whilessuringfull ed asipeuaterdispersion | yst

accumul ati ng p%t" DRt '@ﬂg oy ?3,{ | at bubbl e-tray
may be V\nthdrg)\i/rmk'?ﬁiro gh an |%8aesrt§‘§%- ube l#gw ng a particular ratio of
tpet\r/]ol gn;s gf t he §'hemt ppdle\ig;lmhe@yithedﬂﬁsttobéw{nubﬂndgmhmagbmﬂt?m, dit almatter
o] e ube is sui n 0 S ro catal ys
ebul | ated by ﬁﬁ?af‘ﬂ%ﬁbﬁi “ﬂ@"ﬁ?/ﬁt?‘h ﬁ%ﬁ’q’gg '?Kfﬂ"z@éé“‘ﬂ]‘“““‘%‘%? CUBEIGNs” Nos .
4,444, 653 gnd ghmifiedd flow) Pdté'ok RydropeR-Bo mﬂﬁ",?bs 5@% trﬁa}ﬁf nms for
catal yst repl acerrentéailﬁﬁ gn ebul I'ati'ng bed nh t hese pa?’gn tijfd

char ge i ncl udifileyingppwerdbyithrowghdbe catalyst bed 18 ars avaidad fontheisiectdd bgtalysarchuuins

arrangenents St . or
directly ont o%e conl cf'ﬁﬂupper surf’g@i %ﬁbqgézﬁ'supf?%#% gﬁs’or

screens. Al t erlggs, thesizy,, Mdamﬂdamwdmmmﬂdmﬂhmamﬁ aré fo'RenN

f ' h h. ' ' f
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10 offeed streams or a mixture 34 of the hydrogen-containing gas 36 and the liquid
hydrocarbon stream 38 to prevent ebullation, expansion, or fluidization of the catalyst bed 18
while the latter progressively moves down through the reactor vessel 10 in layers by plug
flow.

A "plug flow" of the mﬁlyst bed 18 is illustrated in Figs. 4 and 5 herein and may be

15  best described as when a lowermost volumetric layer A is removed, the next volumetric layer
B flows downwardly to replace the lowermost volumetric layer A and assumes a new
position as a lowermost volumetric layer B. The removed lowermost volumetric layer A is
replaced with an upper volumetric layer J. The procedure is again repeated (as best shown
by the dotted line representations in Fig. 5) by removing the lowermost volumetric layer B

20  and causing the next volumetric Jayer C to flow downwardly in a plug-like fashion to replace
the lowermost volumetric layer B and assume a new position as a lowermost volumetric
layer C. The removed lowermost volumetric layer B is replaced with an upper volumetric
layer K. The procedure may be continually repeated to define a downwardly plug-flowing
catalyst bed 18 which is moving in direction of arrow W in Fig. 5.

25 The reactor vessel 10 also contains a generally (grid-like structure) circular plate
member 22 (i.e. a distributor tray), that is secured to the internal generally cylindrical wall 11
such that a plenum (or inlet) chamber 24 is produced between the catalyst bed support means
16 and the generally circular plate member 22. A bottom header, generally illustrated as 40,
is defined by the distance between the inner surface 13 of the bottom domed closure 12 and

30 the plate member 22. The mixture 34 of the hydrogen-containing gas 36 and the liquid
hydrocarbon stream 38 is supported by the bottom domed closure 12, more specificaily by

8- This Sheet Has Been R laced
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paths or a multiplicity of separated tubes to mx the gas and |liquid feed
over .the conical screen. Such arrangenents use a consi derable volune of the
pressure vessel to assure such m xing.
-4-
This is the replacenent sheet
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the surface 13 of the bottom domed closure 12, such as to occupy a volumetric portion in the
bottom header 40. The distance between the level of the mixture 34 and the plate member
22 defines a static head S wherein a suitable gas head 50 comprises evolved hydrogen-
containing gas 36A that has originated from the mixture 34 of the hydrogen-containing gas

5 36 and the liquid hydrocarbon stream 38.

As was previously mentioned and indicated, the term "evolved hydrogen-containing
gas" comprises the hydrogen-containing gas 36 that is being introduced into the reactor
vessel 10 along with the liquid hydrocarbon stream 38, any hydrogen gas that has evolved
from the liquid hydrocarbon stream 38 itself, and hydrogen-containing gas 36 that

10 solutionized and/or dissolved into and/or with the liquid hydrocarbon stream 38 and which
has subsequently evolved from the liquid hydrocarbon stream 38, especially after
introduction into the reactor vessel 10.

The plate (grid-like structure) member 22 has a plurality of openings 26 that
respectively communicate with a plurality of tubes or hollow risers 28 that are bound to the

15  plate member 22. Stated alternatively, the plate member 22 includes a plurality or
multiplicity of tubes or hollow risers 28 forming openings 26 through the plate member 22.
At least one of the tubes or hollow risers 28 (preferably all of them) contains a tubular bore
29 and at least one aperture or opening 30 and a pair of open ends, both generally illustrated
as 27.

20 The length of the tubes or hollow risers 28 may be selected such that the suitable gas
head 50 is formed underneath the plate member 22 and/over the level of the mixture 34 to
suppress surges in the feed stream(s) entering the bottom header 40 from the conduit 14.
Tubes or hollow risers 28 receive the mixture 34 of hydrogen-containing gas 36 and liquid
hydrocarbon stream 38 and péss the same through the openings 26 to enter the plenum (or

25 inlet) chamber 24.

As the mixture 34 of the hydrogen-containing gas 36 and the liquid hydrocarbon
stream 38 flows through the respective hollow risers 28, the evolved hydrogen-containing
gas 36A within the static head S (or the suitable gas head 50) enters or passes through the
apertures 30, as best shown in Figs. 2 and 3. More specifically and as further best shown in

30 Figs. 2 and 3, as the mixture 34 flows through conduit 14 and into the bottom header 40,

evolved hydrogen-containing gas 36A commences to evolve from the mixture 34 and the
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U S Pat. Nos. 3,730,880 and 3, 880,569, both to Van der Toom et al,

di scl ose a series of catalytic reactors wherein catal yst noves downwardly
by gravity fromvessel to vessel through check val ves. As noted above, such
val ves 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 procewo3#aesls i s either co-current or counter-curr earuseyen2sh t he
cat al yst bed. Van Zijll Langhaut et al, U S. Pat. No. 4,259,294, is
directed to a systemfor continuous or periodic replacenent of catalyst by

entrai nment  of suitable 888 head 38 beging te farm, (ipsinal flowof the mirtyre 3 intreothe beftam « hdr aw
catalyst from ghqd o iAbwVer pofiibh of GiFbAd hdlBw ridert ARl A vollfieHE bortbiE Bfthd "

feed is suggeste e el ther co-current or countercurrent yst
f1 ow t hr ough ttottomdweadend suvinasite progiagecthd smitable gak benid 150, allias bestshverh inFig.iln t he

line, or after backsfla r slu oil, are required tg seal off the

catal yst containin W&%@%%%@%FMFMg‘%%Pm € from t he
recei vi ng rseachirture/3sach thatQith coftindhlentiddaction bAthY fituire SEintt th&bdtdfheldeP Per
fromthe wthdrawal section of the vessel,. Carson, U S. Pat. No.

3, 470, 900, - anciOsthe sbgure 34 compenoes tiflowp awithropgh each aftheballowaisers 28 andant at e
epl aced of t nes RARCAAA2 Shfind e Ml DD CRALEIE Wik fibbic i Bl 3
co- current| yis fontiéchand/on begiris ity fonfipdvelvgtiliydiogen-againigasdb Aanientestofisv t 0 t he
Feactor O O BRRth ofthe i Rl st b BELIR) a6 R T2 e 2338, 2P
10 that is, evolved hydrogen-containing gas 36A commences to flow towards a lower pressure
zone.
Fig. 2 illustrates the mixture 34 flowing into each of the hollow riser(s) 28 but not to
the point of passing by the opening(s) 30, and evolved hydrogen-containing gas 36A passing
in direction of the arrows M from the suitable gas head 50, through opening(s) 30 in each of
15 the hollow risers 28, and into the space in each of the hollow risers 28 above the mixture 34
contained therein. Obviously as further shown in Fig. 2, as the mixture 34 commences to
flow through the respective tubular bores 29 and up each of the hollow risers 28, some of the
hydrogen-containing gas 36 evolves out of and/or from the mixture 34 such as to commingle
with and/or admix with the evolved hydrogen-containing gas 36A entering through
20  opening(s) 30 in the hollow riser(s) 28. Fig. 3 illustrates the mixture 34 flowing in the
direction of the arrows P and in a manner of turbulent arrows R and passing each of the
opening(s) 30 in the hollow riser(s) 28 with evolved hydrogen-containing gas 36A passing
and/or flowing in direction of arrows M from the suitable gas head 50, through opening(s)
30 in each of the hollow risers 28, and into the mixture 34 for admixing with the same.
25 It has been discovered that by providing each of the hollow risers 28 with an aperture
30 wherethrough the evolved hydrogm—contaiﬁng gas 36A passes to be admixed with the
mixture 34 offers the following advantages: (i) provides a good steady and smooth flow of
hydrogen-containing gas 36 and liquid hydrocarbon stream 38 into the plenum (or inlet)
chamber 24; (ii) the flow distribution of the mixture 34 through the openings 26 of the plate
30 member 22 is insensitive to the levelness of the circular plate member 22 or to the varying
liquid level in the bottom header 40, (jii) there is intimate re-mixing of hydrogen-containing
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i nternal bed support or the shape of the vessel bottomto assist gravity

di scharge 'of catal yst. One of the basic principles and teachings of
Stangetand et al in U S Patent No. 5,076,908, is that by specifically

sel ecting the size, shape, and density of the catalyst pellets, conbined

wi th appropriate control of process liquid and gas velocities, random

noti on and bachWo ¥dgs8of t he catal yst can be mnim zed, and ppPCEU$93/00231
characteristics ofthe catal yst dowmward and the liquid and gas fl ow upward,
maxi m zed. Stangeéggd et al econon1cal|y utilizes space within a

hydr opr ocessi g8} 8% @& svalyest hydrageaeontaining.sas 64 anhdropprroptaining 23 3 i fach
substanti al r anstoie Hliéw AkkreYs; %Pdiufiﬁdr@ﬁaﬂfghgvﬂ%&gﬂlehﬁﬂa&fmﬁ%ﬂw g A | N

hi gh counterflow rates of the hydrocarbon f rogen cont I ng
gas through theanyppeext sectipn (ummwmsennmnfmghcltnwmmaasom@uom@omn t ent

f ef’l acenent of &p@nﬁﬁs&%tof Ihg E)Ia{% rHegﬁblenl i‘ﬁ tc]; ;lJr%}’nvotO reaﬁ' bles of hydrogen-containing
S5  gas 36 and/or evolved hydrogen-containing gas 36A.
The size of the opening(s) 30 is carefully chosen to control the liquid level safely
above the bottom of the riser 28 and also safely below the opening(s) 30. Ifthe opening(s) _
30 is too large, liquid will cover the opening(s) 30 from a decrease in the size of the gas head
50. If the opening(s) 30 is too small, the liquid level will descend from an increase in the size

10  ofthe gas head 50, even to the point where the liquid level will uncover the lower open end
27 of at least one of the risers 28. This uncovered riser would then allow a large burst of gas
to pass up that riser and disturb the even flow of gas and liquid in the plenum. Those
possessing the ordinary skill in the art can readily adjust the size of the gas head 50, the flow
of liquids/gas through the riser(s) 28, and the size of the opening(s) 30 in the riser(s) 28 such

15  that the liquid level is maintained between the opening(s) 30 and the lower open end 27 of
the riser(s) 28 from the Bernoulli principles found in any fluid flow or hydraulics engineering
book, such as by way of example and fully incorporated herein by reference thereto:
Momentum, Heat, and Mass Transfer, 2nd Edition by Bennett & Myers ¢ 1962, 1974 by
McGraw-Hill Inc.

20 Without the opening(s) 30, there would be violent slugging of gas and liquid up the
riser(s) 28 at random locations as the rapidly varying liquid height exposes the bottom open
end(s) 28 of different risers 27. This leads to large gas bubbles getting to the bottom of the
catalyst bed support means 16, rather than the gentle, steady rise of many small gas bubbles.

Thus, by the practice of the present invention, there is provided a distributor

25  assembly for hydroprocessing a hydrocarbon mixture 34 of hydrogen-containing gas 36 and
liquid hydrocarbon 38 that is flowing (preferably upflowing) through a hydroconversion
reaction zone containing a bed 18 of catalyst. As previously indicated, the circular plate
member 22 has a structure defining at least one opening 26. At least one tube member or
hollow riser 28 with a tubular bore 29 (see Figs. 2 and 3) is bound to the plate member 22

30  such that the tubular bore 29 communicates with the at least one opening 26. The at least

one tube member or hollow riser 28 has at least one tubular aperture or opening 30 in a side
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t hrough the vessel. Such plug flow wth high processing rates is obtained
by Stangelrand et al by selecting the size, shape and density of the

catal yst particles to prevent ebullation and bed expansi on at the design
flow rate so as to maxim ze the anpbunt of catalyst in the vessel during
normal operation and during catalyst transfer. Catalysts are sel ected
utilizing datgodahkpeg While studying catal yst bed expansi onpcymushr@ssti n a
| arge pilot plant run, with Iiquid hydrocarbon, hydrogen and catal yst at
t he design pressures and flow velocities within the avail able reaction

vol ume of t hetheresf cAs beshainyin Figs.<2 and 3popsuing 3bhas amexis{aet ideptifind)ithaids aormalet  al
through lamnar flo f the catal.ys rdd Gl es in liquid slurry systemin
which the Ii qﬂfm@@‘%ﬁ?’itﬂ@'?"ésa(ﬂﬁi%ﬁxiﬁa??ftd&ﬁqﬁ’ﬁ%‘?@wi%nd substantial ly |arger
than the catal yst pRysifrfeESy thé pragice BRYé predent ifveationDehbre isyrbvidedinhd resttardact or

vessel and a pressurizabl e vessel including passageways through the flow
control val vebavmgthemtemﬂl-wméﬁl,wa?Hb%ﬁ?ﬁg‘lwmmlﬁis?gfe&% €hy

a0 st o il 0 i e ol i b i
U.S. Patent NassefblyBGecfid t6 the Siternal eylindrital vl 14| Moage $pei withwespset ta thggest a
distributor assembly, the plate member 22 is secured to the cylindrical wall 11 of the reactor
10 and has a structure defining at least one opening 26. More specifically further and as
previously indicated, the at least one tube member or hollow member 28 of this invention,
10 has the tubular bore 29 and is bound to the plate member 22 such that the tubular bore 29
communicates with the at least one opening 26. Each of the tube members or hollow risers
28 has a tubular opening 30 in the side thereof and a pair of open ends.
Thus yet further by the practice of the present invention, there is provided a method
for hydroprocessing a hydrocarbon feed stream that is flowing through a hydrocarbon
15 reaction zone having a bed of catalyst comprising the steps of: (i) forming at least one
tubular zone in a reactor zone containing a hydrocarbon reaction zone having a bed of
catalyst; (ii) flowing a mixture of hydrogen-containing gas and liquid hydrocarbon into the
reactor zone to produce evolved hydrogen-containing gas; and (jii) flowing the mixture of
hydrogen-containing gas and liquid hydrocarbon through the tubular zone while admixing
20 therewith the evolved hydrogen-containing gas.

While the present invention has been described herein with reference to particular
embodiments thereof, a latitude of modification, various changes and substitutions are
intended in the foregoing disclosure, and it will be appreciated that in some instances some
features of the invention will be employed without a corresponding use of other features

25  without departing from the scope of the invention as set forth.
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di stributor plate assenbly that sheuld-be—essent+atty |level in a reactor

vessel containing the distributor plat e assenhl Fl ow di stribution of a
hydr ocarbon feed stream passing t as e o o plate assenbly is
sensitive to the |l evel ness of the d e assenbly within the
reactor vessel. Even for a perfectl gas flow woul d pul se

because of sl od¥@PP48¢8d varying liquid I evel . If the distri buPEFUB7HE1
assenbly is not level, distribution of the hydrocarbon feed stream

t hr oughout an aa‘&?‘ d catal yst bed within the reactor vessel is
affected. Al so &sgﬁ‘grl or art hydroproce55| ng net hods and apparatuses are

saddl ed at tines w t} dRMBLEESSenl bAhyd ﬁbu oh fidlture bfhydRiges-ar €,

whi ch al so could affect the distri butlon of t ydrocar bon feed Stream
throughout a cat al ystonisininggas mdrhqwﬁbydr@qatbpothweﬂg\wngﬂmuhehzdr@onmn i s

needed and what has E'@SQ ?EH

distributor assenbly t B |sﬁg%a‘g’0 e o r gﬂ%‘?‘ﬁg“‘g@s@g‘@gﬁr en%lycg{ng 2 and

snooth flow®f a m xplatememberaawgngsasu@emgzdeﬁuﬁyaﬂlwgeﬂemﬁhgl dtileag opétube and a

liquid (e.g. aliquid dr ocar ban nt o nber, (e. g aplenumchan‘ner)

wi t hout the indicat e'a"%mﬁéﬁa@"h%aeﬂﬁe@ ‘%@"ﬁ’ﬁ saiddnbylag s

and appar at uses. bore communicates with said at least one opening; and said at least one tube membe? -
including at least one tubular opening in a side thereof.

10 2 The distributor assembly of Claim 1 wherein said tube member has a tubular axis and
said at least one tubular opening has an opening axis that is generally normal to said
tubular axis,

3. A method for hydroprocessing a hydrocarbon feed stream that is flowing through a

15 hydroconversion reaction zone having a bed ef catalyst comprising the steps of:
(a) forming at least one tubular zone in a reactor zone containing a hydrocarbon
reaction zone having a bed of catalyst;
(b) flowing a mixture of hydrogen-containing gas and liquid hydrocarbon into the
reactor zone of step (a) to produce evolved hydrogen-containing gas; and

20 (c) flowing the mixture of step (b) through the tubular zone of step (a) while
admixing therewith the evolved hydrogen-containing gas of step (b).

4. A reactor comprising a vessel with an internal cylindrical wall; a catalyst bed support
means secured to said intemal cylindrical wall of said vessel for supporting a catalyst -
25 bed; a plate member secured to the internal cylindrical wall of the vessel and having
a structure defining at least one opening; at least one tube member having a tubular
bore and bound to said plate member such that said tubular bore communicates with
said at least one opening; and said at least one tube member including at least one
tubular opening in a side thereof.
30
5. The reactor of Claim 4 wherein said tube member has a tubular axis and said at least

one tubular opening has an opening axis that is generally normal to said tubular axis.
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Summary of the Invention The present invention acconplishes its
desired objects by providing a distributor assenbly for hydroprocessing a
hydr ocarbon m xture of hydrogen-containi-ng gas and |iquid hydrocarbon

fl ow ng through a hydroconversion reaction zone containing a bed of

catal yst. The distributor assenbly includes a plate nenber having a
structure defi WP87/H968 east one openi ng; aqz7at | east one t ubBRCTES4780231
havi ng a tubul ar bore and bound to the pl ate” nenber such that the tubul ar
bore communicates with the at IeaFigumdoeni ng. The at |east one tube
menber has a pair of open ends and at | east one tubular opening in a side
t hereof The tube nenber has a tubular axis and the tubul ar opening which
has an opening axis that is generally normal to the.tubular axis. The
apparatus, as well as the nethod, of the present invention
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may be enpl o.yed for mxing any gas in any liquid, such as aeration ponds,

adding CJ'err] to reactors, etc. The present invention further
acconplishes its desired objects by broadly providing a reactor conprising
a vessel with an internal cylindrical wall; and a catal yst bed support

means secured to the internal cylindrical wall of the vessel for supporting
a catal yst bedwdaprs4aésst ri but or assenbly is secured to the i nPET/HSH7/00231
cylindrical wall of the vessel. The@/present invention also further
acconplishes its desired objects bny Irovi dié:g a met hod for hydroprocessing
a hydrocarbon feed streamthat is &W rough a hydroconversion
reaction zone having a bed of catalyst, which nmethod conprises the steps
of: formng at |east one tubular zone in a geactor zone containing a

hydr ocar bon reacti on zone, having a bed of talyst; flowng a mxture of
hydr ogen- cont ai ni ng pas ghd_Liquid hydrocaron into the reactor zone to
produce evol ved hy ogep ot 8 ni ng gas; ana rovm' ng the m xture of

hydr ogen- cont ai ni ng\gag and o Gy7a R oc arbR ugh the at |east one
tubul ar zone while agnixi &y the ¥di th, pref eré | mul t aneously adm xi ng
therewith, the evol veq\t9dr dden- / nt@ini ng / Whenever the term

"evol ved hydrogen cont & nQng gad’A4i s stat ed in thggspecification and/or
the claims, it is not tp™un@ul mt the spirit ’, aae of the present
i nvention and is intenfley to 22 ot only hydr o el gas that has evol ved
fromthe |iquid hydroca %onot hatAls  beigg int r@ded into a reactor
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evolve fromthe liquid hydrocarbon and is at |east part of the

hydr ogen-cont ai ning gas itself - that is being introduced into the
reactor along with the liquid hydrocarbon. Thus, "evol ved

hydr ogen- cont ai ni ng gas” conprises the hydrogen-containing gas that is
being introduced into a reactor along with the Iiquid hydrocarbon, any

hydr ogen gas t W@ I3@6&vol ved fromthe |iquid hydrocarbon it s@®CT/USHNE231
hydr ogen-contai ning gas that sol utionizedagnd/ or dissolved into and/or with
the liquid hydrocarbon and whi ch has subsequently evolved fromthe liquid

hydr ocarbon, especially after int rEiQuﬁe:ﬁi nto the reactor. It is
therefore an object of the present invention to provide a distributor
assenbly for hydroprocessing ¢ drocarbon r3@Are of hydrogen-containing
gas and |iquid hydrocarbon. It is anotther object of the present

invention to provide §freacjo~——aqnt ai ni ng t hg
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di stributor assenbly for hydroprocessing a hydrocarbon m xture of

hydr agen- eontai ning gas and |iquid hydrocarbon. It is also
further an object of the present invention to provide a nethod for

hydr opr ocessi ng a hydrocarbon feed streamthat is flow ng, preferably

upfl ow ng, through a hydroconversion reaction zone having a bed of

catal yst. wo 97/38bBEese, together with the various ancil | ar yCsijseweg3land
features that will becone apparent to thosayfartisans skilled in the art as
the foll ow ng description procee\c’f- iﬁ@? tained by the present invention,
a preferred enbodi nrent as shown !g efence to the acconpanying

drawi ngs, by way of exanple only, wherein:

Brief Description of the Draw ngs Fig. 1 is a partial perspective
sectional view of the reactor of thg |pfesent invention having a
distri'butor plate assenbly with a pkurality of depending hollowrisers,
with each riser having an opening effet hrough evol ved hydr ogen-cont ai ni ng
gas flows to be adm xed with a m x{jurg¢ | i gyi d hydrocarbon and

hydr ogen- cont ai ni ng gas; 1 ] (rates a m xture of

hydr ogen- cont ai ni ng gas and_j# e flowng into a hollow riser
havi ng an opening, with t miqt ure not having\assed the opening in the
hol l ow riser, and further VSN W SIS YRIZZYS ) dr ogen- cont ai ni ng gas
passing froma suitable s head and into a sp#te  n the hollowriser
above a | evel ofthe m xtu of hydrogen-cont ai i qui
hydr ocarbon cont ai ned t hefgTTT;
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Fig. 3 illustrates the mxture of liquid hydrocarbon and

hydr ogen- cont ai ni ng gas

- 8- flow ng upwardly through a hollow riser and past the opening
in the hollowriser, with evol ved hydrogen-contai ni ng gas passi ng and/ or
flowng froma suitable gas head, through the opening in the hollow riser
and into the | mwoenmsssof | i qui d hydrocarbon_and hydrogen- conkGCR/usSai§023hs
for adm xing with the sang; CFig. |527a partial cross-sectional
view of the reactor in Fig. 8 of ﬁngum& patent application Serial No.
08/ 497,638 filed June 30, 1995 illustgxating a catalytic bed with a
plurality of superinposed |ayers w spect to each other before
commencenent of a plug-
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flow, Fig. 5is a partial cross-sectional view ofthe reactor in
Fig. 9 of ‘copending patent application Serial No. 08/ 497,638 filed June 30,
1995, in which catalyst is noving downwardly in a plug-flow fashion;

Fig. 6 is an enlarged sectional-viewillustrating the mxture of liquid
hydr ocar bon and hydrogen-contai ning gas flow ng turbulently upwardly

t hrough a hol | ovo $7/3268 and past the opening in the holl ow ri sPCT/USKTION3T
hydrogen gas flowi ng froma suitable gggzhead, through the opening in the
hol l ow riser and into the turbulent flowng m xture of |iquid hydrocarbon
and hydrogen containing gas for adfFjgjupevdth the turbul ent flowi ng

m xture; and Fig. 7 is an enl'arged partial elevationa

sectional -view ofthe | ower part ofthe reactor illustrating the flow of
hydrogen gas and the |iquid hydrocarbon. Det ai | ed
Description of the Invention Including Preferred and/ or
Best Mbde Enbodi ments of the Invent|?g agreferr2hg in detail nowto
the drawi ngs wherein simlar parts o the |nven ion arge identified by |ike
reference nunerals, there is seen ajfeactfor vegsel, nerally illustrated
as 10. React ' | wall 11
and a bottom ith an intern ttom doned
closure 12 is ernal dgeneraf | ' 11. The

reactor vess

28— ﬁ? 28

¥
M 30\ e
I(o I o (361\0/36,\
’Tv

36A—
A%
&-36 (l>-36 o $ ~ Ao o—36 636
o~ 4 ’T‘ (o) o o o (o) %/38

o™ ~ o
38 © / ° ° °©3 o7

. h

27




containing gas 36 mxed with a liquid hydrocarbon stream 38 at a pressure
of up-to dbout 300 atnospheres (about 4500 1lbs. per square inch) and up to
about 650[err] C (about 1200[err]) . For such reaction, hydrogen-contai ning
gas 36 and liquid hydrocarbon stream 38 are preferably prem xed and

I ntroduced as a single stream (i.e. a single two-phase flow through the
bott om donmed cMExs349682 by a conduit 14 secured coaxially thercansz/oazdl as
to have a concentric disposition with rggpect to the reactor vessel 10.
The reactor vessel 10 contains a ¢atal yst ped support neans, generally
illustrated as 16, for supporti nﬁgutea Wyst bed 18 and cont ai ni ng
appropriate openings (not shown) well known to the artisans in the art. The
catal yst bed support neans 16 contained in the reactor
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REPLACEMENT SEER "
vesset~710 may be of any suitable geonet i.mgaﬁpﬁons_ NTP&%EE%Snceﬂ ;e rings,
coni gal ,” frusto-conical, etc. The catal eGP rot;:ne Ef@" d t Her may
be of any type that preferably insures pwafnane. e u,ai ’,@glg T BHEPOnof

hydr ogen-cont ai ni ng gas 36 and |iquid h/ng%a%bgh s.’tjrﬁ_ég';n"?ﬁ@é??g‘*d%sﬁ:a full
cross-sectional area of the catalyst bed 18. tThus, ‘tHe®® pal® irggeds..
geonetric shape or type of the catalyst} hed.su ort_means lggnot qo.:
unduly l-imt the spirit gt SSRiGPDH Fardg *n@@ﬁm&qqﬁq To
assure nmaxi mum cat byt de gw ' 6\

hydr ogen- cont ai ni ng Qt? ele:: 0 [lle'&%l,#u ﬁyur ocar S
preferred that the reactor vessel 10 contain as nmuch catal yst as possible
within the design volune of tHRkéBasdFitheMfe&flonl0. Accordingly, it is
preferred that the catal yst bed sgu port neans 16 for the catal yst bed 18 be
pl aced as | ow as possible in theFieldafthednvestiow] 10 while assuring full and

adequat e dispegtsion of the h ogen- cont,ai nd as_ 36, Wt hi.n.the |iquid
hydr ocar bon S&,rhgg mnveation &ﬁ'%eaﬁfﬁ'ﬁ@?k‘# g\?@ﬁ“@f Wk@&ﬁ'#@uuﬂéa 18 is to
be cont I gk oTHEdd Wdtocdtitllaid htfozchcBEing bas(ed). Motbfhtidliagpugf e

catal yst bed 18 i's ninimzed an rabl & excursions from the

desi gn f presentdaventianprbvidesdgean impruved gisrycketslistibutorassembly, ardagtir ocar bon

Stream 38 { iRl Yol phs hOCH RS SZhRly Sha Pl efubRlclste O 1
a hydrocarbon feed stream.

2. Description of the Prior Art
Hydroprocessing or hydrotreatment to remove undesirable components from

hydrocarbon feed streams is a well known method of catalytically treating such heavy
hydrocarbons to increase their commercial value. “Heavy" hydrocarbon liquid streams, and
particularly reduced crude oils, petroleum residua, tar sand bitumen, 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 normally in the range of 212 °F to 1200 °F (100°to 650°C.)
at pressures of from 20 to 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. More
specifically, catalyst utilized for hydrodemetallation, hydrodesulfurization,
hydrogenitrification, hydrocracking, eté.. of heavy oils and the like are generally made up of a
carrier or base material; such as alumina, silica, silica-alumina, or possibly, crystalline

aluminosilicate, with one or more promoter(s) or catalytically active metal(s) (or
compound(s)) plus trace materials. Typical catalytically active metals utilized are cobalt,

molybdenum, nickel and tungsten; however, other metals or compounds could be selected

dependent on the application.

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
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sel ected catalyst. For this acconplishnent and as discussed in detail in
US Pat. No. 5,472,928, issued Dec. 5,1995 and which is fully incorporated
herein by reference thereto as if repeated verbatiminmediately hereafter,
the size, shape, and density of the catalyst particles within the catal yst
bed 18 are to be essentially uniformand are selected in accordance with
the designed maxinumrate of flow of feed streans or a m xture 34 of the

hydr ogen- cont.ai ni n as 36 apd. the |iquid hydrogen carbon stream 38 to

o event | ebRPLPrOSSng 8% sven Bl insstmens diSssah SSporRE R DS bed 16 whi | o

the latter &Eﬁﬁg&%ﬁdiﬁt%%od}ﬂ.(@&s%%ﬂ&s, b&hﬁéagiphghﬁd V96 capablssTsach sefviden | ayers
p

by plug flow. ug flow" of the catalyst bed 18 is illustrated
in FIGS. 4 aaddhereplaganent costofchtalysteontaminated i such sarvics and thecastof psembling

ot e IR e Rt A BB R R, .

descri bed agdided enmleloftySintitidg polihtdAfomipburlds equires b Howaale\vRdhe drliét of g Xt

volunetric layer B flows dowwardly to replace the | owernost volunetric

| ayer A andfewdhousard up to one hundred thousand barrels per day, with concurrent flow of hydrogen

- 10- at up to 10,000 standard cubic feet per barrel of the liquid feed. |
Vessels capable of containing such a reaction process are accordingly cost-intensive both due
to the need to contain and withstand corrosion and metal embrittlement by the hydrogen and
sulfur compounds, while carrying out the desired reactions, such as demetallation,
denitrification, desulfurization, and cracking at elevated pressure and temperatures, Pumps,
piping and valves for handling fluid streams containing hydrogen at such pressures and
temperatures are also costly, because at such pressures seals must remain hydrogen
impervious over extended service periods of many months. Tt is also cost-intensive to insure
that all of the equipment including distributor plate assemblies are assembled and/or
manufactured correctly. It is important in such prior art distributor plate assemblies that they
are essentially perfectly level to immunize flow distribution of the hydrocarbon feed streams
from their sensitivity to the levelness of the distributor plate assembly. |

As particularly distinguished from prior known methods of hydroprocessing, the
method and apparatus in U.S. Patent No. 5,076,908 to Stangeland et al more specifically
provides a system wherein downward plug-flow of the catalyst bed is maintained over a wide
range of counterflow rates of a hydrocarbon feed stream and hydrogen gas throixghout the
volume of the substantially packed catalyst bed. Such packed bed flow maintains
substantially maximum volume and density of catalyst within a give vessel's design volume by
controlling the size, shape and dénsity of the catalyst so that the bed is not substantially
expanded at the design rate of fluid flow therethrough.
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 in U.S. Pat.
No. 5,076,908 to Stangeland et al, as disclosed by the following patents:

-2-
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new position as a | owernost volunetric |layer B. The renoved | ower nost
vol'unetaric layer Ais replaced with an upper volunetric layer J. The
procedure is again repeated (as best shown by the dotted |ine
representations in FIG 5) by renoving the | owernost volunetric |ayer B and
causi ng the next volunetric layer Cto flow downwardly in a plug- |ike
fashion to replace the | owernost volunetric Iayer B and assune a new

position as a Werm) t Wer o
vol umetric | ay CBU'P rabpoédlc% &Ptﬁg‘%?{ﬂp&p' ?Fg?%f?@faf‘? g%, ﬁa"ﬁ'f@m
pr ocedur e methothdn acdydiopraddsying epstaincsy ¢ontrotiihg me teedcni/rhyafogby gab laaoﬁé @wi ng
cat al yst 8 i | l nQ .4 I T ectlo rrow,Win
The 1 sact dFopdRw Getalet 47 6 Bfutefho b ElnBRoN Biohalind Rttt Flti7 Hpuse
circul ar mtaaaeh rof sbeeraligvéls by. hoazalita(lyroohsn'loﬁed tareaé which dicréasesthe tyddgew t he
i nt er nal r . th | Lnl.ed ).
chanber 2%% pr o%’r@%‘ijh%gtrévég rklo %&@i&zﬁ%@p sLog@ hgﬁg‘g%@%%éﬁéatalyst. Wh"e
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 ebullating
bed aids simple gravity withdrawal of catalyst from the vessel. Improvement of the
disclosed system over mulfiple vessels with valves between stages is suggested fo avoid
the risk of rapid wear and deterioration of valve seals by catalyst abrasion.

Kodera et al, U.S. Pat No. 3 716 478 dlscloses low llnear velocﬂy of a mlxed.
feed of liquid and H,, gas to avoid expansion {(or contraction) of catalyst bed. By low
linear velocity of fluid upflow, gas bubbles are 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 backmixing of
contaminated catalyst with fresh catalyst at the top of the single vessel. The range of bed
level in the vessel is from 0.9 to 1.1 of the allowable bed volume (£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 not exceed such limits, but must be
adequate fo ebullate 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 ebullation of catalyst adjacent the inlet to the catalyst withdrawal line.
Fluidization of catalyst is accordingly indicated to 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.

Bischoffet al, U.S. Patent No. 4,571,326, is directed to an apparatus for
withdrawing catalyst through the 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 ebullating
under the disclosed conditions of flow. Accordingly, considerable reactor space is used to

-3-

This is the replacement sheet

pate: 1 & SEP 109



16 and-the generally circular plate nmenber 22. A bottom header, generally
Il1lustrated as 40, is defined by the distance between the inner surface 13
of the bottom donmed closure 12 and the plate menber 22. The m xture 34 of
t he hydrogen-containing gas 36 and the |iquid hydrocarbon stream 38 is
supported by the bottom domed closure 12, nore specifically by the surface

13 of the battom denmed cl.osure 12 . Su S Lo.QC 0 BLglC portion
in the bot 1"%?#‘% ?gwnd%x. °m’é?'h¥%‘&’c‘g%‘$m@ﬁ‘?‘ﬁ§%§€gwg8%%‘%ure 34
and the pl gsgingesrbmer bbitofffebd\@istriButfsa The fdddaste furthee hidted aba highdradvekbygas head
50 conprises evol ved hydrogen- cont ai ni ngtegas 36A that has originated from

t he ni xt ur such4listributasendapsiin tlpsform of ! Sulzer Rigtegher athonexgomhcofihexagonalitybes ocar bon

stream 38. As.was. Qrevi ou N | ndi e term
e 30, beneatha o el B R BORRRE FAAR o o
that is beiriefidedh bRaaH atedlperalldl €0 tHRUANGHde UEME Srediberbednthenibdortglhae | | qui d
hydrocarbon stream 38, any hydrogen gas that has evolved fromthe |iquid

hydr ocar boends: Further3® mainfainigasdistnibytinns along therdenstnefithe eptalystbed; fuench gas is

ol utioni zed_an r dissolved. i.nt d/ or w t igui d hydrocatbon
St oam 35 SRPIRHRSpeNRRSNTE et e pad by e blfes g SR GRAE 5, o
stream 38, paRRMAS bfthe Vessdl! The arritigbaélit For withdrdthdl of §Rnt QblysOreqiifts ehillafibh
The pl ate p)g“ d-1i ke structure) nmenber 22 has agé)l urality of openings 26

that  respéatieastthp lowrnportionaf thebied h A npted ebave: 3dded vessel space forivaiforaw ri ser s
an mtjgft Zgr ? .b.o§ E}g ! 50%?%1%@% séfgn;er{gt%&né %l'ie ﬂ?xtlc%tit?tg a%lefnﬁfapeﬁtbie&%g Well tast]a?n plate
ebullating 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. |
Bischoff et al, U.S. Patent No. 4,639,354, more fully describes a method of
hydroprocessing, similar to U.S. Patent No. 4,571,326, wherein similar apparatus obtains
uniform ebullation through the vertical height of a catalyst bed, including a quench gas step.

Meaux U.S. Pat. No. 3,336,217, is particularly directed to a catalyst withdrawal
method from an ebullating bed reactor. In the system, catalyst accumulating at the
bottom of a vessel and supported on a flat bubble-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 ebullated by upflowing the hydrocarbon feed and gas. |

U.S. Pat. Nos. 4,444,653 and 4,392,943, both to Euzen, et al, disclose removal
systems for catalyst replacement in an ebullating bed. In these patents, the fluid charge
including hydrocarbon containing gas is 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 separated 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.
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mul tipliicity of tubes or hollow risers 28 form ng openings 26 through the
pl at e nmenber 22. At | east one of the tubes or hollow risers 28

(preferably all of then) contains a tubular bore 29 and at | east one
aperture or opening 30 and a pair of open ends, both generally illustrated

as 27. The I ength of the tubes or hollow risers 28 may be
sel ected such that the suitable gas head 50 is forned underneath the plate
menber 22 and/over the level ofthe m xture 34 to suppress surges in the

feed strean(s) UshtRati Ngs.t5230:88Q and 8.8808694bothito Manitier Joathu et all disclpge@s or
T aui d nySsS el i Bobiiutortin b el kR BD ooy Mandaeedbic™
ent er t hevesdsehthroygly checkatajveshAsinotedzahove, 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 elther co-current or counter-current through the
cafalyst bed.

Van ZijliLanghaut et al, U.S. Pat. No. 4,259,294, is directed to a system for
continuous or periodic replacement of catalyst 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 countercurrent with
catalyst flow through the reactor. Valves capable of closing with catalyst in the line, or
after back-flow or slurry oil, are required to seal off the catalyst containing vessel at
operating temperatures and pressure from the receiving reactor vessel, or isolate the
catalyst receiving lock hopper from the withdrawal section of the vessel.

Carson, U.S. Pat. No. 3,470,900, and Sikama, U.S. Pat. No. 4,167,474,
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 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.

One of the basic principles and teachings of Stangeland et al in U.S. Patent No.
5,076,908, is that by specifically selecting the size, shape, and density of the catalyst pellets,
combined with appropriate control of process liquid and gas velocities, random motion and
backmixing of the catalyst can be minimized, and plugflow characteristics of the catalyst
downward and the liquid and gas flow upward, maximized. Stangeland et al economically
utilizes space within a hydroprocessing vessel over a wide range of processing rates without
substantial random motion or ebullation of a packed bed of catalyst during high counterflow
rates of the hydrocarbon feed and a hydrogen containing gas through the packed bed, while

maintaining continuous or intermittent replacement of catalyst for plug-like flow of the bed
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As the-m xture 34 of the hydrogen-containing gas 36 and the |iquid

hydr ocarbon stream 38 flows through the respective hollow risers 28, the
evol ved hydrogen-containing gas 36A within the static head S (or the

sui tabl e gas head 50) enters or passes through the apertures 30, as best
shown in Figs. 2 and 3. Mire specifically and as further best- shown in
Figs. 2 and 3, as the mxture 34 flows through conduit 14 and into the
bott om header 40, evol ved hydrogen-contai ni ng gas 36A comrences to evol ve
fromthe mxture 34 and the suitable gas head 50 begins to form_ Contjnual
f1ow of t hethfdugh tearesidl. iSuicl plu otvarithchigh prackssingimutesiiy bsained by Btanggland 6tah of

h oft he hol] ' 28 ol tri 39 d
30 such as WrasPRIbesT supe ARAREDE ey eLB oS pivgls b A ced T
L il AR RiBR AN AL 58 6 il 106 Bt o cdtalistinghewdsael ¢ han 't he
pressure of e mxture t

suc at wth continual introdyctjon of the
m xture 34 duiing riohnal lopération dndalicing cfalyst transfer.x ow up

% |
d through each of the hol | i sers 28 t ' @nd int
he pl enum gobed Whlespdynaruahad Spruson AR s Bies P AERRT BN a0
and/ or begiﬂﬁ,{,&,ﬁ rﬁg%@gﬂlﬁ@&@#mgsag@qﬁ@mmdm%ﬁmm to
ectiron o € a an

flowin dir r'rows . t hrough t he openi ngé]s) 30 in eaﬁh of
the hol | ow aisgileble reaionvohime of thevestel Catalyst isrgmovedSranathebegb griand et

CoTences. e SRR ok BB B Sy sl 4 i 3
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.

However, the method and apparatus disclosed by Stangeland et al in U.S. Patent No.
5,076,908, as well as the methods and apparatus(es) taught by the above-identified prior art
patents relating to U.S. Patent No. 5,076,908 to Stangeland, et al, all teach and/or suggest a
distributor plate assembly that should be essentially level in a reactor vessel containing the
distributor plate assembly. Flow distribution of a hydrocarbon feed stream passing through a
distributor plate assembly is sensitive to the levelness of the distributor plate assembly within
the reactor vessel. Even fora .perfectly level plate, gas flow would pulse because of sloshing
and varying liquid level. If the distributor plate assembly is not level, distribution of the
hydrocarbon feed stream throughout an associated catalyst bed within the reactor vessel is
affected. Also, these prior art hydroprocessing methods and apparatuses are saddled at times
with hydrogen-containing gas bubbles that are too large, which also could affect the
distribution of the hydrocarbon feed stream throughout a catalyst bed within the reactor
vessel. Therefore, what is needed and what has been invented is a method and an apparatus
or distributor assembly. that is capable of producing an excellent, steady and smooth flow of a
mixture of a gas, (e.g. a hydrogen-containing gas) and a liquid (e.g. a liquid hydrocarbon)
into a chamber (e.g. a plenum chamber) without the indicated deficiencies associated with the
prior art methods and apparatuses.
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t he point of passing by the opening(s) 30, and evol ved hydr ogen-cont ai ni ng
gas 36A passing in direction of the arrows Mfromthe suitable gas head
50, "t hrough opening(s) 30 in each of the hollowrisers 28, and into the
space in each of the hollow risers 28 above the m xture 34 contained
therein. Qobviously as further shown in Fig. 2, as the m xture 34 commences
to flow through the respective tubular bores 29 and up each of the hol | ow
risers 28, some of the hydroge§JﬁﬂBﬂHLﬂEﬂ§ﬂ§§9536 evol ves out of and/or

LLSFLLthgh?EEEfF34 ¥ f‘ °%§§B§@ |ng Sé%h“ﬁﬂﬂéédﬁﬁﬁnopenlng(s)
fgel N the RQnibhyfor hidtoprotessifig a hiydrocatbdd hixhiiré amrd@mmg@aﬁﬁdfﬁqﬂw ng in
hydrocarbon flowing through a hydroconversion reaction zone containing a bed of catalyst.
The distributor assembly includes a plate member having a structure defining at least one
. opening; and at least one tube member having a tubular bore and bound to the plate member
such that the tubular bore communicates with the at least one opening. The at least one tube
member has a pair of open ends and at least one tubular opening in a side thereof. The tube
member has a tubular axis and the tubular opening which has an opening axis that is generally
normal to the tubular axis. The apparatus, as well as the method, of the present invention
may be employed for mixing any gas in any liquid, such as aeration ponds, adding CO, to
reactors, etc.

The present invention further accomplishes its desired objects by broadly providing a
reactor comprising a vessel with an interal cylindrical wall; and a catalyst bed support
means secured to the internal cylindrical wall of the vessel for supporting a catalyst bed. The
distributor assembly is secured to the internal cylindrical wall of the vessel.

The present invention also further accomplishes its desired objects by providing a
method for hydroprocessing a hydrocarbon feed stream that is flowing through a
hydroconversion reaction zone having a bed of catalyst, which method comprises the steps
of: forming at least one tubular zone in a reactor zone containing a hydrocarbon reaction
zone having a bed of catﬁlyst; flowing a mixture of hydrogen-containing gas and liquid
hydrocarbon into the reactor zone to produce evolved hydrogen-containing‘gas; and flowing
the mixture of hydrogen-containing gas and liquid hydrocarbon through the at least one
tubular zone while admixing therewith, preferably simultaneously admixing therewith, the
evolved hydrogen-containing gas.

Whenever the term "evolved hydrogen-containing gas” is stated in the specification
and/or the claims, it is not to unduly limit the spirit and scope of the present invention and is
intended to mean not only hydrogen gas that has evolved from the liquid hydrocarbon that is
being introduced into a reactor simultaneously therewith, but also hydrogen gas that did not
evolve from the liquid hydrocarbon and is at least part of the hydrogen-containing gas itself
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direction ofthe arrows P and in a manner of turbulent arrows R and passing

each of. the opening(s) 30 in the hollowriser(s) 28 with evol ved

hydrogen- cont ai ni ng gas 36A passing and/or flowing in direction of arrows M
fromthe suitable gas head 50, through opening(s) 30 in each of the hollow

risers 28, and into the mxture 34 for admixing with the sane. It

has been discover ed oV di b f j%éaﬂw rm@é CavdfedV th an
aperture 3%&%#@@5%‘8%%@% n&%ﬁﬁb@%{%ﬁ!{lal ni ngngas 6A passes to
be adm xed pyé geﬁ-&ﬁltdmﬁfé gﬂseo&ﬂpﬁéiﬁéﬁy&b%nfwhwg‘gsmb&@mm@
provides a good steady and snooth flow of hydrogen-co tav@gla%ggge% 36 and

|i qui d hydrintoareastor along avithie: liquidchydresarhpw #nf ydsegen gag e i)
the flow distribution o e b e . 1 -&P;‘;@Lﬂ?&. i@ pl ate
menber 22 |l’§“ﬂdr“§§‘}?§?’pﬁ”§/i&set¢mflﬁl gw&&%%%t%@%u ar p atdzséorrle%lg? 22 or
to the varyindgr Mﬁ%&i*@@&d&bbﬁ&&ﬂﬁmmmﬂpwdﬂ frpmitheliquid s
intimate re-m xi ng of hydrogen-containing gas 36 (i.e. evolved

hydr ogen- ¢ dydedcatban, egpecially Qimy@mg@ﬂ%@d%rni ng gas 36) in each ofthe

hol | ' 28 .and (| h ' hi . .
Rin Fig 3 i n s per et b o] MieniG i prllict HERALARF AtRAF AR TDVE
risers 28 cigdrdpdiessing £hydFocifboR Rk GE hylftogen-dohtainirigasae antlipidrhydtdcarbon.

pronot e break-up of bubbl es of hydrogen-cont ai ni rtlg gas 36 and/or, evol ved
hydr ogen- cont ai nitigangther aigect of the present rivention t@ pravidegdeasins eomanag they |

is
carefully cho to control the liquid,level , : of the
ri ser 28 'an@s@ﬁé}f}r ?ﬁ?‘&%h&w WW%B%QHY%S%&%% tﬁe‘%é%‘g'ﬁ?"%'ﬁ‘gg%o i's
too large, hydliguid Witdcarbeer the opening(s) 30 froma decrease in the size
ofthe gas head It is also further an object of the present invention to provide a method for

hydroprocessing a hydrocarbon feed stream that is flowing, preferably upflowing, through a
hydroconversion reaction zone having a bed of catalyst.

These, together with the various ancillary objects and features that will become
apparent to those artisans skilled in the art as the following description proceeds, are attained
by the present invention, a preferred embodiment as shown with reference to the
accompanying drawings, by way of example only, wherein:

Brief Description of the Drawings

Fig. 1 is a partial perspective sectional view of the reactor of the present invention
having a distributor plate assembly with a plurality of depending hollow risers, with each riser
having an opening wherethrough evolved hydrogen-containing gas flows to be admixed with
a mixture of liquid hydrocarbon and hydrogen-containing gas;

Fig. 2 illustrates a mixture of hydrogen-containing gas and liquid hydrocarbon
flowing into a hollow riser having an opening, with the mixture not having passed the
opening in the hollow riser, and further illustrating evolved hydrogen-containing gas passing
from a suitable gas head and into a space in the hollow riser above a level of the mixture of
hydrogen-containing gas and liquid hydrocarbon contained therein;

Fig. 3 illustrates the mixture of liquid hydrocarbon and hydrogen-containing gas
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50. If the opening(s) 30 is too small, the liquid level will descend from
an increase in the size of the gas head 50, even to the point where the
liquid |l evel will uncover the |ower open end 27 of at |east one of the
risers 28.- This uncovered riser would then allow a |arge burst of gas to
pass up that riser and disturb the even flow of gas and liquid in the

pl enum Those possessing the ordinary skill in the art can readily adjust

the size of fiéWing dpwardBAdirough a hbfovk Hsuvard pdst theo thd Hollo@isedRithi ser (s)
28, and the s‘im?g gf t he opgr‘l.iang(s) 30 inpthe rlﬁgglgg(ig) 28 such that the

li qui d | evetvaleedhyirogen-nensaining gaspassingand/os Aowingfonsgsuitable gashead, throughen end
sl e B e A e
i_ Qg?r por at egoritgihifg gador AEHi%nS With thd'@nfl O:
Date;. 1 6 SEP Fi4 isa partial cross-sectional view of the reactor in Fig. 8 of copending patent
application Serial No. 08/497,638 filed June 30, 1995 illustrating a catalytic bed witha
plurality of superimposed layers with respect to each other before commencement of a plug-
flow; '
Fig. 5 is a partial cross-sectional view of the reactor in Fig. 9 of copending patent
application Serial No. 08/497,638 filed June 30, 1995, in which catalyst is moving
downwardly in a plug-flow fashion;
Fig. 6 is an enlarged sectional-view illustrating the mixture of liquid hydrocarbon and
hydrogen-containing gas flowing turbulently upwardly through a hollow riser and past the

opening in the hollow riser, with hydrogen gas flowing from a suitable gas head, through the
opening in the hollow riser and into the turbulent flowing mixture of liquid hydrocarbon and

hydrogen containing gas for admixing with the turbulent flowing mixture; and

Fig. 7 is an enlarged partial elevational sectional-view of the lower part of the reactor
illustrating the flow of hydrogen gas and the liquid hydrocarbon.

Detailed Description of the Invention Including
Preferred and/or Best Mode Embodiments of the Invention

Referring in detail now to the drawings wherein similar parts of the invention are
identified by like reference numerals, there is seen a reactor vessel, generally illustrated as 10.
Reactor vesse! 10 includes an internal generally cylindrical wall 11 and a bottom domed
closure 12 with an internal surface 13. The bottom domed closure 12 is secured to the
internal generally cylindrical wall 11. The reactor vessel 10 is designed to react a hydrogen-
containing gas 36 mixed with a liquid hydrocarbon stream 38 at a pressure of up to about
300 atmospheres (about 4500 1bs. per square inch) and up to about 650°C (about 1200°F).
For such reaction, hydrogen-containing gas 36 and liquid hydrocarbon stream 38 are
preferably premixed and introduced as a single stream (i.e. a single two-phase flow) through
the bottom domed closure 12 by a conduit 14 secured coaxially thereto such as to have ﬁ
concentric disposition with respect to the reactor vessel 10.
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Monment um Heat, and Mass Transfer, 2nd Edition by Bennett & Myers c 1962,
1974 by McGrawHill Inc. Wt hout the opening(s) 30, there would be
viol ent -slugging of gas and liquid up the riser(s) 28 at random | ocati ons
as the rapidly varying liquid height exposes the bottom open_end(s) 27pf
different risers 28 This |eads to | arge gas bubbl es getting t'? t he bottom
of the catal yst JPﬁdrc%%PP\%sEd {® Sottainkt catalyishiesd support mh@sg&eﬂﬁﬂa@{‘lgit@éﬁvsri se
of many smal | gas By es. Thus, by the practice s%ottﬁSwa@aﬁm
i nvention, jdgbesupporking ¥ icatelgisthedi1 Sand dontabingLPRERPRRY PEY MY opr ocessi ng a
hydr ocar bon m xture 34 of _hydrogen-cont ajnj Fdntatr@d irckhh yectoc ar bon
38 that is h\mtﬂgthfM%%&Wuﬁ?ﬁaﬁﬁgkeé%&ng&egghlydr_oconvegéi on
reaction zope a;;@@éme;gaﬁydmlége&ﬁamwmhaesomewi'pmss.yom i cated, the
f

circular pl i) S a structure def.ining at | east one opening 26.

At | east ONgy{BRBnRRNGET TRE cdfdfst B Supp&t REndit b Rurthet taybeof tytyperbal see
Figs. 2 and 3) is bound to the plate nenber 22 such that th%eta&{ﬁﬂhﬁﬂ bore
29 communi c pteferably irsuteh eveatand equat digrbutingali Ryirogen-eqqLaligs £3550;

hydrocarbon stream 38 across a full cross-sectional area of the catalyst bed 18. Thus, the
alyst bed support means-16 is not to unduly

particular geometric shape or type of the cat
Timit the spirit and scope of the present invention.
To assure maximum catalytic benefit during the hydroprocessing of the hydrogen-
containing gas 36 and the liquid hydrocarbon stream 38, it is preferred that the reactor vessel
10 contain as much catalyst as possible within the design volume of the reactor vessel 10.

Accordingly, it is preferred that the catalyst bed support means 16 for the catalyst bed 18 be
placed as low as possible in the reactor vessel 10 while assuring full and adequate dispersion

_ of the hydrogen-containing gas 36 within the liquid hydrocarbon stream 38.

The upper level of the batalyst bed 18 is to be controlled such that ebullation,
expansion, or fluidization of the catalyst bed 18 is minimized and that undesirable
excursions from the design flow rate for hydrogen-containing gas 36 and liquid
hydrocarbon stream 38 flowing upwardly through the catalyst bed 18 are avoided for the
selected catalyst. For this accomplishment and as discussed in detail in U.S. Pat. No.
5,472,928, issued Dec. 5,1995 and which is fully incorporated herein by reference
thereto as if repeated verbatim immediately hereafter, the size, shape, and density of the
catalyst particles within the catalyst bed 18 are to be essentially uniform and are selected
in accordance with the designed maximum rate of flow of feed streams or a mixture 34 of
the hydrogen-containing gas 36 and the liquid hydrogen carbon stream 38 to prevent
ebullation, expansion, or fluidization of the catalyst bed 18 while the latter progressively
moves down through the reactor vessel 10 in layers by plug flow.

A “plug flow” of the catalyst bed 18 is illustrated in FIGS. 4 and 5 herein (which
are identical to FIGS. 8 and 9 but for reference numeral descriptors in the fully
incorporated copending application Ser. No. 08/497,638 filed Jun. 30, 1995) and may be

best described as when a lowermost volumetric layer A is removed, the next volumetric
layer B flows downwardly to replace the lowermost volumetric layer A and assumes a
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one tube nmenber or hollow riser 28 has at | east one tubular aperture or
opening 30 in a side thereof As best shown in Figs..2 and 3, opening 30 has
an axis (not identified) that is normal or perpendicular to an axis (not
identifi'ed) ofthe hollowriser 28. Thus further by the practice of
the present invention, there is provided the reactor 10 having the internal

MR TR e N A D Y e

i nld: C(ﬂ edivﬁtibeepii;&itd\?vigulhmwﬁ?ﬁmygﬁd la‘gt/er?lgll{\edr%qeduﬂeieis iagdaierrqzda(thais el gal

\pl)\?at e rrénbéf'g‘ﬁé p?)g té%c‘?ﬂt{?é Iﬂ? f?ée%%%qﬁﬂ? i 'Eaﬁa}\a‘ff tb&lpegéoqéwg%%eg@{g O%Q and

A a5, Pr oyl DS o e e ambor ot Moo aber

58 of thi s 1 Fihlon, 8 iiac< s 1ivkimPs, voliidne Ber e TRoUIAG e Risk o7

nmenber 22 Mmtolsa:foluhetrtajbydram. Dl eerﬁ@/eddoranhmtvemmnﬁm laybeBads replasdéd one
26.,,: QW I'| r

openi ng. 30T uer YR TarEe K he oicellal i s, S3uatt p8ala W iihd'a

further by dowawardiy plugdlowingtdatalyst bek1® whichdsimowing in Hieeation of arew WiiaF1@. 5.

met hod for hydroprocessing a hydrocarbon feed streamthat ;is fl ow ng
t hrough a hydr oEke teastor vessEl0 aiso comteins lagenengllydstidikostrushire) grsulaplaer i si ng

E 22_ steps xgéméér)zzf(fé. rgi({]is%ﬁb%%orltr%y ? %ha(t)Q Secured to the internal generally cylindrical wall 11
. such that a plenum (or inlef) chamber 24 is produced between the catalyst bed support means

16 and the generally circular plate member 22. A bottom header, generally illustrated as 40,
is defined by the distance between the inner surface 13 of the bottom domed closure 12 and
the plate member 22. The mixture 34 of the hydrogen-gontaihing gas 36 and the liquid
hydrocarbon stream 38 is supported by the bottom domed closure 12, more specifically by
the surface 13 of the bottom domed closure 12, such as to occupy a volumetric portionin the
bottom header 40. The distance between the level of the mixture 34 and the plate member
22 defines a static head S wherein a suitable gas head 50 c_oxﬁprises evolved hydrogen-
containing gas 36A that has originated from the mixture 34 of the hydrogen-containing gas
36 and the liquid hydrocarbon stream 38,

As was previously mentioned and indicated, the term “evolved hydrogen-contairiing
gas" comprises the hydrogen-containing gas 36 that is being introduced into the reactor
vessel 10 along with the liquid hydrocarbon stream 38, any hydrogen gas that has evolved
from the liquid hydrocarbon stream 38 itself, and hydrogén—containing gas 36 that
solutionized and/or dissolved into and/or with the liquid hydrocarbon stream 38 and which
has subsequently evolved from the liquid hydrocarbon stream 38, especially after
introduction into the reactor vessel 10,

The plate (grid-like structure) member 22 has a plurality of openings 26 that
respectively communicate with a plurality of tubes or hollow risers 28 that are bound to the
plate member 22. Stated alternatively, the plate member 22 includes a plurality or
multiplicity of tubes or hollow risers 28 forming openings 26 through the plate member 22.
At least one of the tubes or hollow risers 28 (preferably all of them) contains a tubular bore

29 and at feast one aperture or opening 30 and a pair of open ends, both generally illustrated
as 27, | S |
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tubul-ar zone in a reactor zone containing a hydrocarbon reaction zone
havi ng a bed of catalyst; (ii) flowng a mxture of hydrogen-contai ni ng gas
and liquid hydrocarbon into the reactor zone to produce evol ved

hydr ogen-containing gas; and (iii) flowi ng the m xture of

hydr ogen- contai ning gas and liquid hydrocarbon through t he tubul ar- zone

whi | e adm xi ng I Wi | e
the present Invgﬁ?fﬁ%hgg%%X%&ggﬁ:%&giﬁ |n WI rg?g?it?]lggntta%egas
par ti cul ar hemdt50ds foemedsuridemesth the phaté mednberd2 aﬂd/omdhéle@dbfthanumlemm changeés

and substitutions are intended in the foregoing disclqosure, and it will be
appr eci at eIPPREES surgesan the feed stream(s) entesing the 8@9@2’?‘3#49@“! theeandribrd.wi | | be

enpl oyed WrhGQUr hBIwRSrS AV FEn2l 30 b ardgeRlcdhEing gas 36 and liquid

hydrocarbon stream 38 and pass the same through the openings 26 to enter the plenum (or
inlet) chamber 24. _

As the mixture 34 of the hydrogen-containing gas 36 and the liquid hydrocarbon
stream 38 flows through the respective hollow risers 28, the evolved hydrogen-containing
gas 36A within the static head S (or the suitable gas head 50) enters or passes through the
apertures 30, as best shown in Figs. 2 and 3. More. specifically and as further best shown in
Figs. 2 and 3, as the mixture 34 flows through conduit 14 and into the bottom header 40,

evolved hydrogen-containing gas 36A commences to evolve from the mixture 34 and the
* suitable gas head 50 begins to form. Continual flow of the mixture 34 into the bottom

header 40 fills a lower portion of each of the hollow risers 28 and a volumetric portion of the
bottom header 40 such as to produce the suitable gas head 50, all as best shown in Fig. 1.

The suitable gas hwd 50 has a pressure that is greater than the pressure of the
mixture 34 such that with continual introduction of the mixture 34 into the bottom header
40, the mixture 34 commences to flow up and throuéh each of'the hollow risers 28 and out
of the openings 26 and into the plenum (or inlet) chamber 24. When the suitable gas head 50
is formed and/or begins to form, evolved hydrogen-containing gas 36A commences to flow
in direction of the arrows M and through the opening(s) 30 in each of the hollow risers 28; . :
that is, evolved hydrogen-containing gas 36A commences to flow towards a lower pressure
zone.

Fig. 2 illustrates the mixture 34 flowing into each of the hollow riser(s) 28 but not to
the point of passing by the opening(s) 30, and evolved hydrogen-containing gas 36A passing
in direction of the arrows M from the suitable gas head 50, through opening(s) 30 in each of
the hollow risers 28, and into the space in each of the hollow risers 28 above the mixture 34
contained therein. Obviously as further shown in Fig. 2, as the mixture 34 commences to
flow through the respective tubular bores 29 and up each of the hollow risers 28, some of the
hydrogen-containing gas 36 evolves out of and/or from the mixture 34 such as to commingle
with and/or admix with the evolved hydrogen-containing gas 36A entering through
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wi t hout* departing fromthe scope of the invention as set forth.

opening(s) 30 in the hollow riser(s) 28. Fig. 3 illustrates the mixture 34 flowing in the
direction of the arrows P and in 2 manner of turbulent arrows R and passing each of the
opening(s) 30 in the hollow riser(s) 28 with evolved hydrogen-containing gas 36A passing
and/or flowing in direction of arrows M from the suitable gas head 50, through opening(s)
30 in each of the hollow risers 28, and into the mixture 34 for admixing with the same.
It has been discovered that by providing each of the hollow risers 28 with an aperture
30 wherethrough the evolved hydrogen-contaiiﬁng £as 36A passes to be admixed with the
mixture 34 offers the following advantages: (i) provides a good steady and smooth flow of
hydrogen-containing gas 36 and liquid hydrocarbon stream 38 into the plenum (or inlet)
chamber 24; (ii) the flow distribution of the mixture 34 through the openings 26 of the plate
member 22 is insensitive to the levelness of the circular plate member 22 or to the varying
liquid level in the bottom header 40; (iii) there is intimate re-mixing of hydrogen-containing
gas 36 (i.e. evolved hydrogen-containing gas 36A and hydrogen-containing gas 36) in each
of the hollow risers 28; and (iv) there is a high level of turbulence (see arrows R in Fig. 3) in
an upper exit section (i.e. an upper section of each hollow risers 28 contiguous to or at
openings 26 of the plate member 22) to promote break-up of bubbles of hydrogen-containing
- gas 36 and/or evolved hydrogen-containing gas 36A.

The size of the opening(s) 30 is carefully chosen to control the liquid level safely
above the bottom of the riser 28 and also safely below the opeﬁing(s) 30. Ifthe opening(s)
30 is too large, liquid will cover the opening(s) 30 from a decrease in the size of the gas head
50. If the opening(s) 30 is too small, the liquid level will descend from an increase in the size
of the gas head 50, even to the point where the liquid level will uncover the lower open end
27 of at least one of the risers 28. This uncovered riser would then allow a large burst of gas
to pass up that riser and disturb the even flow of gas and liquid in the plenum. Those
possessing the ordinary skill in the art can readily adjust the size of the gas head 50, the flow
of liquids/gas through the riser(s) 28, and the size of the opening(s) 30 in the riser(s) 28 such
‘that the liquid level is maintained between the opening(s) 30 and the lower open end 27 of
the riser(s) 28 from the Bernoulli principles found in any fluid flow or hydraulics engineering
book, such as by way of example and fully incorporated herein by reference thereto:
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Momentum, Heat, and Mass Transfer, 2nd Edition by Bennétt & Myers ¢ 1962, 1974 by
McGraw-Hill Inc.

Without the opening(s) 30, there would be violent slugging of gas and liquid up the
riser(s) 28 at random locations as the rapidly varying liquid height exposes the bottom open
end(s)27 pf different risecg; 28 This leads to large gas bubbles getting to the bottom of the
catalyst bed support means 16, rather than the gentle, steaciy nse of many small gas bubbles.

Thus, by the practice of the present invention, there is provided a distributor
assembly for hydroprocessing a hydrocarbon mixture 34 of hydrogen-containing gas 36 and
liquid hydrocarbon 38 that is flowing (preferably upflowing) through a hydroconversion
reaction zone containing a bed 18 of catalyst. As previously indicated, the circular plate
member 22 has a structure defining at least one opening 26. At least one tube member or
hollow riser 28 with a tubular bore 29 (see Figs. 2 and 3) is bound to the plate member 22
such that the tubular bore 29 communicates with the at least one opening 26. The at least
one tube member or hollow riser 28 has at least one tubular aperture or opening 30 in a side

thereof. As best shown in Figs..2 and 3, opening 30 has an axis (not identified) that is normal
or perpendicular to an axis (not identified) of the hollow-riser 28.

Thus further by the practice of the present invention, there is provided the reactor 10
having the internal cylindrical wall 11 and the catalyst bed support means 16 secured to the
internal wall 11 for supporting the catalyst bed 18. As previouély indicated, the distributor
assembly is secured to the internal cylindrical wall 11. More specifically with respect to the
distributor assembly, the plate member 22 is secured to the cylindrical wall 11 of the reactor
10 and has a structure defining at least one opening 26. More specifically further and as
previously indicated, the at least one tube member or hollow member 28 of this invention,
has the tubular bore 29 and is bound to the plate member 22 such that the tubular bore 29
communicates with the at least one opening 26. Each of the tube members or hollow risers
28 has a tubular opening 30 in the side thereof and a pair of open ends.

Thus yet further by the practice of the present invention, there is provided a method
for hydroprocessing a hydrocarbon feed stream that is flowing through a hydrocarbon
reaction zone having a bed of catalyst comprising the steps of: (i) forming at least one
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VE CLAI'M 1. A reactor conprising a vessel with an internal cylindrical

wal | and having a bottom doned cl osure; a catal yst bed; a catal yst
bed support neans secured to said internal cylindrical wall of said
vessel for supporting the catalyst bed; a plate menber secured to
the internal cylindrical wall of the vessel at a position bel ow t he

cat al yst bed support neans and having a structure defining at |east one
opening; a mxture of a hydrogen-cont ai ni ng gas and a liquid hydrocarbon

stream orted b the qQt,t o osure_and havi aliquid

| evel bel &HP‘!‘H@B? nhl’fﬁ?\’/ag‘b" 189 é%“eg't?x\“ aﬂ:%ﬂ § gas

bet ween ”'tﬁd’ lanﬂﬁﬁret&& ntaxmnggdi‘lﬂ@lit'imdﬂﬁdrb%mﬁib&hé ube
an ope

menber "havin ottom a tubular bore and bound to
sai d pl at ereumtmnemmbdumbalhydm@ummhmg@a&wd{mﬂawmgthemvcmrenf th said

cast - one DARHRE &Sm%%?x%@ proEsbpR rousiiGs SPat e MR ARGl | <

above the therewith tRQvOREY Rttt ast one tube nmenber and bel ow t he
at | east one tubul ar enl ng It the at | east one tube nember.
While the present mvenuon has been descnbed herein with reference to particular

embodiments thereof, a latitude of modification, various changes and substitutions are
‘intended in the foregoing disclosure, and it will be appreciated that in some instances some
features of the invention will be employed without a corresponding use of other features
without departing from the scope of the invention as set forth.
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2. The reactor of claim1l wherein said tube nmenber has a tubular axis and

sai 'd_ at | east one tubul ar opening has an opening axis that is
generally normal to said t ubul ar axi s.

WE CLAIM:

1. A reactor comprising a vessel with an internal cylindrical wall and having a bottom

domed closure; a catalyst bed; a catalyst bed support means secured to said
internal cylindrical wall of said vessel for supporting the catalyst bed; a plate
member secured to the internal cylindrical wall of the vessel at a position below
the catalyst bed support means and having a structure defining at least one
opening; a mixture of a hydrogen-containing gas and a liquid hydrocarbon stream
supported by the bottom domed closure and having a liquid level below the plate
member; evolved hydrogen-containing gas between the liquid level and the plate
member; at least one tube member having an open bottom end and a tubular
bore and bound to said plate member such that said tubular bore communicates
with said at least one opening; and said at least one tube member including at
least one tubular opening in a side thereof, wherein the liquid level is above the
bottom end of the at least one tube member and below the at least one tubular
opening in the at least one tube member.

2. The reactor of claim 1 wherein said tube member has a tubular axis and said at

least one tubular opening has an opening axis that is generally normal to said
tubular axis.
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