MULTIPHASE CONTACT AND DISTRIBUTION APPARATUS FOR HYDROPROCESSING FIELD OF
THE INVENTION [0001] This invention relates to systems and apparatus for multiphase fluid contact
and distribution. BACKGROUND OF THE INVENTION [0002] Many catalytic processes are performed
in reactors containing a series of separate catalytic beds. Reactors used in the chemical, petroleum
refining, and other industries for passing liquids or mixed-phase liquid/gas mixtures over packed beds
of particulate solids are employed for a variety of different processes. Examples of such processes
include: catalytic dewaxing, hydrotreating, hydrodesulphurization, hydrofinishing, and hydrocracking. In
these processes a liquid phase is typically mixed with a gas or vapor phase and the mixture passed
over a particulate ceglystirtas fackeNIed WitaNDalHSTRIBL TaN A PABRH TR AARIow reactors, it is

necessary that the gas and liquid are pro yﬁ@jﬁ&ﬁﬁﬁsﬁ inily distributed across the horizontal
cross section of the reactor prior to contacting each catalyst bed. Such uniform distribution of the gas

and liquid provides major advantages, including: efficient utilization of catalyst, reduced catalyst top

layer attrition, improved yields, improvedgpreeyigiradplitynanshingigased run lengths. Generally in a
downflow catalytic reactor, a plurality of catalyst beds are arranged within

[0001] This invention relates to systems and apparatus for multiphase fluid contact and

distribution.
BACKGROUND OF THE INVENTION

[0062] Many catalytic processes are performed ir reactors containing a series of separate
catalytic beds. Reactors used in the chemical, petroleum refining, and other industries for
passing liquids or mixed-phase liquid/gas mixtures over packed beds of particulate solids
are employed for a variety of different processes. Examples of such processes include:
catalytic dewaxing, hydrotreating, hydrodesulphurization, hydrofinishing, and
hydrocracking. In these processes a liquid phase is typically mixed with a gas or vapor
phase and the mixture passed over a particulate catalyst in a packed bed within a

downflow reactor.

[0063] Tn downflow reactors, it is necessary that the gas and liquid are properly mixed
and vniformly distributed across the horizontal cross section of the reactor prior to
contacting each catalyst bed. Such uniform distribution of the gas and liquid provides
major advantages, including: efficient utilization of catalyst, reduced catalyst top layer
attrition, improved yields, improved product quality, and increased run lengths.
Generally in a downflow catalytic reactor, a plurality of catalyst beds are arranged within
the reactor, and a distributor system for the efficient mixing of gas and liquids is disposed
above each catalyst bed. The region between catalyst beds is normally provided with a
gas injection line to provide additional gas fo compensate for gas consumed in the
previous catalyst bed. The injected gas can also act as a quench gas for cooling the feed

exiting a catalyst bed prior to the feed entering the next catalyst bed. Generally, the



the reactor, and a distributor system for the efficient mixing of gas and liquids is disposed above each
catalyst bed. The region between catalyst beds is normally provided with a gas injection line to provide
additional gas to compensate for gas consumed in the previous catalyst bed. The injected gas can
also act as a quench gas for cooling the feed exiting a catalyst bed prior to the feed entering the next
catalyst bed. Generally, the injected gas is hydrogen or comprises hydrogen. The liquid feed falling
from the above-lying catalyst bed is allowed to accumulate on a collection tray. The quench gas and
liquid then pass into a mixing chamber where a swirling movement of the liquid is provided. This

enables good ARRHEL SRS RTTRESM O PREPEHY-D RRRSS v ERCB AL Fatf e iBh SitmrE st iquid.
Gas-liquid mixigthalea-dakescplacs insid eothe wrixing chardie{0pa4) Thedwiehtpaadhadnixing

chamber flows,downyard onto 2 deflector or ig%Pi ement plate, whereby t 1<:=,;bfl?w i%rgedirected onto a
distributor tray FEUhEE B HOMBLYBE SUURIOW Bheaings 10F IR SReELg e st HaVH SFor
cross-sectionaptiguittdlovhdistriblasaoothmidmgnilove bpediags théconveoatidnatappangiustoan comprise
one or more coneljig, or,eTRGYS: T AhimNGX.fs.A Ry RKealsUyelue il anopen op and one or
more openingsc?n tée up%er pc}r(ﬁ%n' ) |tsﬁ19é%htét<ﬁr§u5?¥v%%c aagas p%ase can e te'r.g#he' gas phase
travels downward through the length of the chimney. The lower portion of the chimney can have one or

more lateral opgRiRgS Y digu it diavatupuab whigh-AAGMdPRARE 0 ENGEME Gmney and contact

the gas phase. As liquid continues to accumulate on the distributor tray, the liquid will rise to a level

that covers the/BREEHBHE mid <y s s iinesdediet tdopasdighibrigntds eermadisnd so that
the liquid can entabiheaughiine JatpralaRapiNBi:IRIR e ehinaney: Gasesanshinudsigress via an

opening in the hottom.of the chimney, through the distributoy tray, and onto an underlying catalyst bed.
A isadvantagd ST ESHOB SRR L B Py T R o e ORI B 6tind feui
streams, only lumitdtsnaxi nigidedywe eMhtheh twvoep s eglinviltiogicsiructure with an open top and one

or more openings in the upper portion of its height through which a gas phase can enter.

The gas phase travels downward through the length of the chimney. The lower portion of

the chimmey can have one or more lateral openings for liquid flow through which a liquid

phase can enter the chimney and contact the gas phase. As liquid continues to

accumulate on the distributor tray, the liquid will rise to a level that covers the lateral

opening(s) in the chimney so that the passage of gas ts preciuded and so that the liquid

can enter through the lateral opening(s) into the chimney. Gases and liquids egress via an

opening in the bottom of the chimney, through the distributor tray, and onto an

underlying catalyst bed. A disadvantage of conventional conduits or chimneys is that,

due to the low turbulence around liguid streams, only limited mixing between the two

phases will occur.

[0085] A good flow distribution device for a catalytic reactor should meet the following
four basic requirements: provide even distribution of feed to a catalyst bed over a range
of gas and liquid feed rates; be tolerant to certain out-of-levelness of the distribution tray;
pravide good gas-tiguid mixing and heat exchange, and require minimum catalyst bed
height to fully wet the underlying catalyst bed. Because conventional chimneys rely on
the static liquid height on the tray as the driving force for liquid flow into the chimney,
they are deficient in meeting these criteria due to poor tolerance for deviations from

levelness of the distributor tray, as well as exhibiting suboptimal spray discharge of fluids



[00051 A good flow distribution device for a catalytic reactor should meet the following four basic
requirements: provide even distribution of feed to a catalyst bed over a range of gas and liquid feed
rates; be tolerant to certain out-of-levelness of the distribution tray; provide good gas-liquid mixing and
heat exchange, and require minimum catalyst bed height to fully wet the underlying catalyst bed.
Because conventional chimneys rely on the static liquid height on the tray as the driving force for liquid
flow into the chimney, they are deficient in meeting these criteria due to poor tolerance for deviations

from levelness of the distriqutor tray, as well as exhihiting suboptimal spray discharge of fluids onto
the underlying %%Pai@%% eq,yé%c f%/lé’ﬁtzbe“ﬁftﬁé‘r?z és?r[%#nﬁ:g?%]ﬁ@ of the key considerations in flow
distributor design is the discharge pattern of liquid and gas from the device. A conventional chimney

distributor pro"fg@%ﬁ(é@%%‘%h’%%&??én%{d%?iﬂ%%%ﬁ CRIVAESATSNG 'i&%ﬁd%ﬁ%gvéﬁgchgg‘i%%lXﬁ{ ged- As a

i
result, a larger distance from the chimney to the bed Is required to y et the catalyst'surface. 100071
U.S. Patent Ndiquidz8d1g8 fooRethroliyietal giutiosional abimnsdévied s coerpipgatimiadiuid

distribution congit, 0003 kb 8FR iR A optRUIRGIaeRd tﬁ&mﬁrgaa@}%e%mgﬁa%%@,m%&:s providing
u

improved hydrogen/oil mixing at the mixing tray, more unifoini and consistent liquid distribution on the
catalyst bed, aBéereaSes MRSy fetbhbeditrovdreb e w shitsrHalsitiBication material, as well

as easier maintenance, assembly and disassembly. There is also a need for systems and apparatus
that provide impro talerance for distriqutor out-of-levelness conditions. There is still a further
e for i cRAEL o BRI s it i BrbGHBLAGE AEFR SEROaR GH  EPR Batalyst
bed under liquigithrdylaahditichstiG MMARY OF THE INVENTION

[0008] There is a continuing need for hydroprocessing reactor apparatus providing
improved hydrogen/oil mixing at the mixing tray, more uniform and consistent liquid
distribution on the catalyst bed, a decreased mixing tray height, and decreased amounts of
fabrication material, as well as casier maintenance, assembly and disassembly. There is
also a need for systems and apparatus that provide improved tolerance for distributor tray
out-of-levelness conditions. There 1s still a further need for fluid distribution apparatus
that can provide more uniform distribution of liquid on a catalyst bed under liquid-only
conditions.

SUMMARY OF THE INVENTION

[6009] According to one aspect of the present invention there is provided a reactor
system compriging a reactor shell, a primary feed distribution unit disposed within the
reactor shell, and at least one secondary feed distribution unit disposed beneath the
primary feed distribution unit within the reactor shell. The primary feed distribution unit
comprises a primary deflector plate and a first nozzle tray disposed beneath the deflector
plate. The at least one secondary feed distribution unit comprises a collection tray and a
second nozzle tray disposed beneath the collection tray. Fach of the first nozzle tray and
the second nozzle tray comprises a plurality of nozzles, the nozzles each comprise a
nozzle body including & distal body portion having at least one liquid inlet configured for

the passage of liquid therethrough. The distal body portion defines a substantially



[0009] According to one aspect of the present invention there is provided a reactor system comprising
a reactor shell, a primary feed distribution unit disposed within the reactor shell, and at least one
secondary feed distribution unit disposed beneath the primary feed distribution unit within the reactor
shell. The primary feed distribution unit comprises a primary deflector plate and a first nozzle tray
disposed beneath the deflector plate. The at least one secondary feed distribution unit comprises a
collection tray and a second nozzle tray disposed beneath the collection tray. Each of the first nozzle
tray and the second nozzle tray comprises a plurality of nozzles, the nozzles each comprise a nozzle
body including & thsfiiah 8P hRtbnHaYiHE it 1RSI SHE R denser CoRiLrR TSF tHE5a 884 of liquid
therethrough. Theatisiay bedipportion defines a substantially cylindrical distal void. Each liquid inlet is
disposed tangentially to an inner surface of the distal body portion. [0010] In an embodiment, the
present invention also provides a reactor system comprising a reactor shell having an inner wall, a
primary feed digiitstjtionmuetsisposedihthisthereantion skelhrandatdeastongseoondary feed
distribution unit_dj db t imary f istribution unit Wwithi reactor.s ach
secondary feet% %%?ﬁﬁﬁ%g rggg ﬁ?%%)hr% g %%‘é%%%&ﬁgg{%ﬁf{?géﬁlgn%%’zkz%éwtgywéﬁ] Is%g?élla%cgs %agt CFthe

collection tray, withemdteonecsuppoit pirhaafisedto sheondantérashbitiineionaiit diteqsl beakajhof trusses.
Each truss spaps fhe,ak/east A9eiSURRCHL NG aRAaRh lisshas antpReLiangr aad;a lower flange, the

upper flange supports the collection tray and the lower flange supports the nozzle tray. 100111 In
another embodiERE AP HETHreEERSHM BRI Y s IeRA 3%@asaﬂsmsﬁﬂéﬁhaﬁﬂ%?ngrbatmytic
reactor, the feaghglistibution-uniieempiisingadsipctesqabaiganthao-npanatay sligansestbeneath the
deflector plate. The nozzle tray includes a ‘Iuralitg of nozzles, Each nozzle comprises a nozzle body
including st 568l SORIBHEERIAY AT RAEFONE RIORT Bt GFRdu e e BASSHBREDS iquid
therethrough. Ehe disted:ifoay pontiapeeffregasspistariatly leylindtieal distakbvoictrBaspeliquid inlet is
disposed tangentia(l)l t&ggoigqer[rgurface of the distal body portion. [00121 In an embodiment, the

present invention further proﬁges % nozzle for the even distribution of a multi-phase fluid mixture, the
nozzle comprising a nozzle body having a proximal body portion, an intermediate body portion, and a

distal body porigy, T ReRERMAkRHAPRIERISTnes A auRsiANall: Cyliadkical Rrgximal void, and the

proximal body portion has at least one gas inlet configured for the passage of gas therethrough into
the proximal b BRI dtetirbiaterposy isoRie T gETEO B Wb ERTEIREC e

intermediate vjekinafHyig comauRicaljeRagtRtherideTRL Qg lh eTdistalbrdy:pertiRaRas a body
wall and at least one qu%lid inlet canfigured for the passage of Ii%uid therethroduSg[h intq the distal body
1

portion. The di 5}‘361&39 wﬁ%ﬁd ﬁﬁiégogzle comprises a nozzle body mcluding a distal body portion
having at least one liquid inlet configured for the passage of liquid therethrough. The

distal body portion defines a substantially cylindrical distal void. Each liquid inlet is

disposed tangentially to an inner surface of the distal body portion.

[0012] In an embodiment, the present invention further provides a nozzle for the even
distribution of a multi-phase fluid mixture, the nozzle comprising a nozzle body having a
proximal body portion, an intermediate body portion, and a distal body portion. The
proximal body portion defines a substantially cylindrical proximal void, and the proximal
body postion has at least one gas inlet configured for the passage of gas therethrough into
the proximal body portion. The intermediate body portion defines a substantially
cylindrical intermediate void in fluid communication with the proximal void. The distal
body portion has a body wall and at least one liquid inlet configured for the passage of

liquid therethrough into the distal body portion. The distal body portion defines a



substantially cylindrical distal void, and the at least one liquid inlet is disposed tangentially to an inner
surface of the distal body portion. [0013] In another embodiment of the present invention, there is
provided a fluid distribution apparatus for a reactor, the apparatus comprising a nozzle tray; a plurality
of chimneys affixed to, and extending through, the nozzle tray; and a fluid distribution nozzle disposed
within each chimney. Each chimney has a chimney wall defining a substantially cylindrical void
extending substantially vertically from a lower surface of the nozzle tray to a location above an upper
surface of the nozzle tray. The chimney has an open proximal end and an open distal end, and the
chimney wall h# sty sxEndiisrh A5 nirig et &hs 2risashens EshipRsELEMS591e body comprising
a proximal bodyperiianyan iatermediste bty perigncanegatistal body portion having a distal body
wall. The proximal body portion defines a substantially cylindrical proximal void, and the open proximal
end is configured for the passage of gas therethrough. The inteimediate body portion defines a
substantially cyjliidisical imtehaedihtel vaidtiof ftbkdbocommuntegibontheithithequidxdnadlniadid. The distal

body portion h Jiquid, inl figured f f liquid therethrough into,t istal body
portion. The di?gﬁﬁgﬁé%p#ﬁ%ﬁ%eﬁﬁésr%ﬁﬁéégtﬁaeﬁ%}ﬁ%%%li%no r l%é?lg%%a?(\)/zoz%.%é%li%]&?gl i Ié)tﬁ comprises
a curved chanrséiwithinaiie wiseakbddyiondinadonsh dhpved-dhanrietrbs Andrieritetinnus disposed
tangentially to g inparsuaceabitgdisiakhody BomionRAl4lln apeierembpdiment, the present

invention still further provides a fluid distribution device comprising a substantially cylindrical hollow
nozzle body haWirta il siiraristlisrid srécarips suerarbaireraifan g una Wt We2siPbody: a cap
affixed to a proyignalprrtien efifeaReziehedy, dhe-carhayBiaRMaxia PEOXimal epannciberein; a
base affixed to a distal portion of the nozzle body, the base haying an axial distal opening therein; and
= substantially & FRER LA B8ARC FLIAL0E Ay 0o i S BHHAl 8RB e nozzle body.

The inner condiditis! dispose chyvitiain The prexivappeti ngaflecipeanstitiedanpesdordbiidextends
proximally from the cap to define a proximal end of the.inner conduit. The inner.c c%ui has,a plurality
o1 nner sots 2B B T AR L g A e A SRR chal e of
the inner condUiherterististdiipadian debtionapnaitendlaity & disthl endrotiomd voflthedshtarsiots.

BRIEF DESCRIBHON Qf iT i ARRYN G2 J00151 Bguren i3 4-8l06k Hagiamschamatiglly
representing areactor system, accordlng to an emzbodlment of the present invention;
portion defines a substantiaily cylindrical intermediate void in fluid communication with

the proximal void. The distal body portion has a liquid inlet configured for the passage
of liquid therethrough into the distal body portion. The distal body portion defines a

substantially cylindrical distal void. The liquid inlet comprises a curved channel within
the distal body wall, and the curved channel has an inner terminus disposed tangentially

to an inner surface of the distal body portion.

[6014] In another embodiment, the present invention still further provides a fluid
distribution device comprising a substantially cylindrical hollow nozzle body having a
plurality of outer slots disposed circumferentially around the nozzle body; a cap affixed
to a proximal portion of the nozzle body, the cap having an axial proximal opening
therein; a base affixed to a distal portion of the nozzie body, the base having an axial
distal opening therein; and a substantially cylindrical inner conduit disposed axially
within a proximal portion of the nozzle body. The inner conduit is disposed within the
proximal opening of the cap, and the inner conduit extends proximally from the cap to
define a proximal end of the inner conduit. The inner conduit hag a plurality of inner

slots disposed circumferentially around the proximal end of the inner conduit. A distal



[0016] Figure 2 is a block diagram schematically representing a catalytic unit for a reactor system,
according to an embodiment of the present invention; [0017] Figure 3 is a block diagram schematically
representing a reactor system, according to another embodiment of the present invention; [0018]
Figure 4A is a block diagram schematically representing a primary feed distribution unit, according to
an embodiment of the present invention; [0019] Figure 4B is a block diagram schematically
representing a secondary feed distribution unit, according to an embodiment of the present invention;

[0020] Figure 5A s.a sche aI|c cut- |ew of a ortlon of ar act . s ell w iated
reactor mternaFIéchfg RO AEES atilﬁaxggné% %"%ﬁ/ Balifrie Er?tC tf?ﬁé)rﬁrxenggn Ve ‘id’g%i %lf%fjre 5B is a

plan view of a feeddistsibistion unit as seen along the lines 5B-5B of Figure 5A and showing a plurality
of collection tray segments; [0022] Figure 5C is a plan view of a portion of the feed distribution unit of

Figure 5B with the collection tray segments removed and showing a plurality of nozzle tray segments;
BRIEF DESCRIPTION OF THE DRAWINGS

{0015] Figure 1 is a block diagram schematically representing a reactor syster,

according t0 an embodiment of the present invention,

[0016] Figure 2 is a biock diagram schematically representing a catalytic unit for a

reactor system, according to an embodiment of the present invention;

[0017] Figure 3 is a block diagram schematically representing a reactor system,

according to another embodiment of the present invention;

[0018] Figure 4A is a block diagram schematically representing a primary feed

distribution unit, according to an embodiment of the present invention;

[6019] Figure 4B is a block diagram schematically representing a secondary feed

distribution unit, according to an embodiment of the present invention;

[0020] Figure 5A shows a schematic cut-away view of a portion of a reactor shell with
associated reactor internal apparatus, according to an embodiment of the present

invention;

[0021] Figure 5B is a plan view of a feed distribution unit as scen along the lines 5B-5B

of Figure 5A and showing a plurality of collection tray segments;

[0022] Figure 5C is a plan view of a portion of the feed distribution unit of Figure 5B
with the collection tray segments removed and showing a plurality of nozzle tray

segments,



[00231 Figure 5D is a sectional view of a portion of the feed distribution unit of Figure 5B as seen
along the lines 5D-5D of Figure 5B; 100241 Figure 5E is a side view of a truss bearing a plurality of
nozzle tray segments, as seen along the lines 5E-5E of Figure 5C; [0025] Figure 6A is a perspective
view of a primary feed distribution unit showing a primary deflector plate in relation to a nozzle tray,
according to an embodiment of the present invention; [0026] Figure 6B is a perspective view of a
mixing box in relation to a secondary deflector plate of a secondary feed distribution unit, according to
an embodiment of the present invention; [0027] Figure 6C is a schematic side view of a secondary

feed distributio¥hH HEGiAG & & VgaTiekidpine chtheinh g g IER emBEHRAEHLET the present
invention; [0028} kigiss Gldrs asthematisisecionat sige view of a secondary deflector plate in relation
to a riser on a collection tray, according to an embodiment of the present invention;

[0024] Figure SE is a side view of a truss bearing a plurality of nozzle tray segments, as

seen along the lines 5E-5E of Figure 5C;

[0625] Figure 6A is a perspective view of a primary feed distribution unit showing a
primary deflector plate in relation to a nozzle tray, according to an embodiment of the

present invention;

[0626] Figure 6B is a perspective view of a mixing box in relation to a secondary
deflector plate of a secondary feed distribution unit, according to an embodiment of the

present invention,

[0027] Figure 6C is a schematic side view of a secondary feed distribution unit including

a secondary deflector plate, according to an embodiment of the present invention,

{6028] Figure 6D is a schematic sectional side view of a secondary deflector plate in
relation to a riser on a collection tray, according to an embodiment of the present

invention;

[6629] Figure 7A 1s a schematic plan view of a mixing box, and Figure 7B 1s a schematic
plan view of the separated halves of the mixing box of Figure 7A, according to another

embodiment of the present invention;

[6030] Figure 7C is a perspective view of one half of a mixing box disposed on &
collection tray segment of a secondary feed distribution unit, according to another

embodiment of the present invention;

[0031] Figure 8 15 a schematic plan view of a portion of a nozzie tray showing an array of

fluid distribution nozzles, according to an embodiment of the present invention;



[0029] Figure 7A is a schematic plan view of a mixing box, and Figure 7B is a schematic plan view of
the separated halves of the mixing box of Figure 7A, according to another embodiment of the present
invention; [0030] Figure 7C is a perspective view of one half of a mixing box disposed on a collection
tray segment of a secondary feed distribution unit, according to another embodiment of the present
invention; [0031] Figure 8 is a schematic plan view of a portion of a nozzle tray showing an array of
fluid distribution nozzles, according to an embodiment of the present invention; [00321 Figure 9A
shows a fluid distribution nozzle as seen from the side, according to an embodiment of the present
invention; Figure 9B is a longitudinal sectional view of the nozzle as seen along the lines 9B-9B of
Figure 9A; and{#iguy¢RGrshawsdiguadintetssin theonorzlie adengethdinels: 3@ e airfiggire A; [00331
Figure 10 is a schematic plan view of a portion. of. a nozzle tray showing an.array of fluid distribution
Chmneys, acos oL A oG o Wbt & A O B S i
distribution nozrlezks:see kongtfie Bide SBighre FiBrs 3o aghlicing Y6 shionaliie viatiéonozzle of

Figure 11A as ﬁ%%%g%ﬁ%&d}@ﬁﬁéb@_ﬂégﬁ IFELQHEQ)}L}C is a plan view of the nozzle of Figure 11A
Fi

along the lines | IC-11C; and Figure 11D shows a curved liquid inlet in the nozzle body along the lines
11D-11D of Figure 11A, according to an embodiment of the present invention;

[0033] Figure 10 is a schematic pian view of a portion of a nozzle tray showing an array

of fluid distribution chimneys, according to an embodiment of the present invention,

[0034)] Figure 11A shows a fluid distribution nozzle as seen from the side; Figure 11B is
a longitudinal sectional view of the nozzle of Figure 11A as seen along the lmes 11B-
11B; Figure 11( is a plan view of the nozzle of Figure 11A along the lines 11C-11C; and
Figure 11D shows a curved liquid inlet in the nozzle body along the lines 11D-11D of

Figure 11A, according to an embodiment of the present invention,

[0635] Figure 12A is a front view of a fluid distribution chimney; Figure 12B is a side
view of the chimney of Figure 12A; and Figure 12C is a longitudinal sectional view of
the chimney of Figure 12A showing the nozzle of Figure 11A inserted therein, according

to another embodiment of the present invention;

[0036] Figure 13 is a schematic longitudinal sectional view of a fluid distribution nozzle,

according to another embodiment of the present invention;

[0037] Figure 14A is a schematic cut-away side view of a portion of a reactor shell
showing a catalyst support unit in relation to a feed distribution unit; Figure 14B is a plan
view of the catalyst support unit as seen along the lines 14B3-14B of Figure 14A and
showing a plurality of screen panels; Figure 14C is a plan view of the catalyst support
unit of Figure 14B with the screen panels removed and showing a plurality of grid panels;
Figure 14D is a plan view of a portion of the catalyst support unit of Figure 14B with the
screen pancls and grid panels removed and showing a plurality of catalyst support beams;

Figure 14E is a sectional view showing the catalyst support beams, grid panels and screen



[0035] Figure 12A is a front view of a fluid distribution chimney; Figure 12B is a side view of the
chimney of Figure 12A; and Figure 12C is a longitudinal sectional view of the chimney of Figure 12A
showing the nozzle of Figure 11A inserted therein, according to another embodiment of the present
invention; [0036] Figure 13 is a schematic longitudinal sectional view of a fluid distribution nozzle,
according to another embodiment of the present invention; [0037] Figure 14A is a schematic cut-away
side view of a portion of a reactor shell showing a catalyst support unit in relation to a feed distribution

unit; Figure 14B is a plan view of the catalyst port unit as seen along the lines 14B-14B of Figure
T4 e ShowRB Sen iy, 7 R A I lo0h G HHE 1S B RN OF T EATANGRELH3Bort ot of

Figure 14B witkhtheiiscteecapdyresipporobeanaidshawing thetasalityshbgaddphniledkiguses24D is a
plan view of a %ﬁio&eofiﬁht?i QIXE%?}EE L%H%t ng':}%'f’x{et% 6w:jtegt e screen panels and grid panels
removed and s ovging a pﬁ‘ura ity of catalyst s’upport%ea S; |ggre T2 Sectional view showing the
catalyst support beams, grid panels and screen panels, as seen along the lines 14E-14E of Figure

14B; and Figure 14F is a sectiogpiiWeve:pherdes ipe eyt BPRAFEReaMS in relation to the reactor

shell and shell ledge, as seen along the lines 14F-14F of Figure 14D, according to the present
invention. DETAILED DESCRIPTION OF THE INVENTION [0038] The present invention provides

reactor internaj@psaraty.farthe,emandistsihution Riduidsfan dawnfiewsnultined gatabdipreactors.
Such reactors On;?égire 1us%d in the chemicaé ang{t petroleum refinjng industries for effecting various

reactions such NGBS GE AN MRS e AT h oS 4885HE Bhe present
invention is pathewadymdefetdbreifedingomited-ehdse:feachgnateiwveariardiguic such as a liquid
hydrocarbon feed and a gas, such as hydrogen .More particularly, the invention relates to systems
and apparats T e e N A T B B e be o solid
catalyst, while aivtinésampatingel minirsizin dotretbdightof tHehesictordintesrialsiebhe Inptansiolvention is
particutarly Uselul iar.caiRbIG ARG Ated NN Gh.oar T QUIR b s, TR SaeR Ay aRe Pluralty of
beds of solid catalyst particles in a broad range of processes, particularly for downflow catalytic
reactors used fEF Hyirbtedateintg SHHHORrOE PRERTABS Wil PermTing dprortinsisand distribution of

gas and liquid phases above a bed of solid catalyst, while at the same time minimizing the
height of the reactor internals. The instant mvention is particularly usefisl for catalytic
reactors in which gas-liquid mixtures are passed through a plurality of beds of solid
catalyst particles in a broad range of processes, particularly for downflow catalytic

reactors used for hydrotreating and hydrocracking in oil refining operations.

[6039] Unless otherwise specified, the recitation of a genus of elements, materials, or
other components from which an individual or combination of components or structures
can be sclected is intended to inciude all possible sub-generic combinations of the listed
components and mixtures thereof. Also, “include” and its variants are intended to be
non-limiting, such that recitation of items in a list is not to the exclusion of other like
items that may also be useful in the materials, elements, structures, compositions, and

methods of this invention.

[0040] With reference to the drawings, Figure 1 is a block diagram schematically
representing a reactor system 10, according to an embodiment of the present invention.
Reactor systern 10 may comprise a reactor shell 30 having reactor shell walls which may

be at least substantially vertical. Reactor shell 30 may house at least one catalytic unit



[00391 Unless otherwise specified, the recitation of a genus of elements, materials, or other
components from which an individual or combination of components or structures can be selected is
intended to include all possible sub-generic combinations of the listed components and mixtures
thereof. Also, "include" and its variants are intended to be non-limiting, such that recitation of items in a
list is not to the exclusion of other like items that may also be useful in the materials, elements,
structures, compositions, and methods of this invention. [0040] With reference to the drawings, Figure
1is a block diaggrﬁrg schematicallél)r?ﬁlresent'n .a reactor system 10, according to an embodiment of
the present invERtIBRCRECtHFLy stert 18 ﬁ?é{i? OHpriLed I SHT S0 HEF BB Bhell walls
which may be af leastsubstaniialtyvertical iRBacton shelli3g mEychohge ahleastonel eatalytic unit 100
(see, e.qg., Figure ﬁl.ln an embodiment, reactor system 10 mprise a plurality of catalytic units,
s reprosented SR B i R R B O R PR ARt 068 G e
number of catalypicaliyits T0thewithge feastonshiglictouayighpitally bhenimehebraingesframednen(1) to about
eight (8), e.qg., Qb'&ﬁ%&%?(ﬂj f&‘@iéﬂp from about two (2) to eight (8). [0041] Figure 2 is a block diagram
schematically representing a catalytic unit 100 for a reactor system 10, according to the present
invention. In an embodiment, catalytic unit 100 may comprise a feed distribution unit 200/200', a

catalyst supporbugi 40Q:randsa. atalyst.pre4eR-rthe {ege-distdbution umityawbearimary feed
distribution unit 200’ (see, e.g., Figure 4A) or a secondary feed distribytion unit 200 (see, e.g., Figure

4B). In an embBAMIEAYSHIBd HittRBHEH CAME SBOEH R AP Be BighSERP AR SHAXSEted catalyst
bed 402, and caialysiheth@d2 meryddistppasteshtn @by Catalystysupporumiit4Q0, bndn

embodiment, cat lgg bed,402.may. ¢ ise & layer of solid catalyst..[00421 Figure 3.i lock
o 5 i el i e N RO g i g

present inventiG\@R@&@gtsyét@hmﬂmﬁmymﬁ@d@éiw@imwm@@mbwggrﬂgnmziﬁbi dnd at least
one Seco”darya@?&‘ﬂb%‘éi%@ﬁ’t‘,'?%&‘Hi&t?i@g_ti!;'ﬂ the: saPRMERt QY KU S SACInSYRiGN, 10 may

comprise a first secondary feed distribution unit 200a and an nth feed distribution unit 200n. The

number of secSh@hi feed hisiB sabAYSIIES SBOFIHR SEReG oMY Sl YyiEang belh the range
from one (1) to afpuieig RED4iFhadetahRumbeno! prinannd aaspndansfreddisttibution unit s

200'/200 within reactor shell 30 may correspond to the number of catalytic units 100 within reactor
shell 30. [00431 Figure 4A is a block diagram schematically representing a primary feed distribution
unit 200", accodingi@igore Miadimentitltas: prasenttane nitonsditimar ydaesst distedaution unit 200" may
comprise a prim(%%gefl ctor%late 2b10 and a P zzle tray 260. Primﬁ% eflector pllate 210 may be

disposed aboveROZAE Paayf1 o Bﬁrﬁg}?ﬁgﬁeg}?&p 6?5% G I%%%If} have grp!ﬁsrgﬁf‘y of%agrforations
therein (see, foroexaispieyrEigoy dc6A )i Pribnény defie®drapkhte 1240 snaydsencenfitpered for allowing the
passage of ﬂm(&istribution unit 200. In the embodiment of Figure 3, reactor system 10 may comprise a

first secondary feed distribution unit 200a and an n™ feed distribution unit 200n, The

number of secondary feed distribution unit s 200 within reactor shell 30 may typically be

n the range from one (1) to about eight (8). The total number of primary and secondary

feed distribution unit s 200°/200 within reactor shell 30 may correspond to the number of

catalytic units 100 within reactor shell 30.

[0043] Figure 4A is a block diagram schematically representing a primary feed
distribution unit 200°, according to an embodiment of the present invention. Primary
feed distribution unit 200" may comprise a primary defiector plate 210 and a nozzle tray
260. Primary deflector plate 210 may be disposed above nozzle tray 260. Primary
deflector plate 210 may have a plurality of perforations therein (see, for example, Figure

6A). Primary deflector plate 210 may be configured for allowing the passage of fluid
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through primary deflector plate 210 to nozzle tray 260. Nozzle tray 260 may include a plurality of fluid
distribution nozzles 600 (see, for example, Figure 8). In an embodiment, primary deflector plate 210
may be supported on fluid distribution nozzles 600. [0044] Figure 4B is a block diagram schematically
representing a secondary feed distribution unit 200, according to an embodiment of the present
invention. Secondary feed distribution unit 200 may comprise a mixing box 220, a collection tray 240, a
secondary deflector plate 250 and a nozzle tray 260. Mixing box 220 may be disposed on collection
tray 240. Secondary deflector plate 250 may be disposed heneath collectign tray 240 and above
nouate tray 260HEBEBREEAGEREH BT S HBGATaTte o 1 T AR FOIGRCANE & second
peripheral portigarelagtohfivid disaphutattyofjperidlafionsdhexetisou iy (se). fon example, Figure 6B).
Secondary deflector,plate 250 may further | |L%j] a central entire. portion, Lacking. perforations therein
(see, for examSIo s REA R RGEAS 1 B T e e e S A ution
nozzles (see, f6P&xample, Figure 8). In an embodiment, secondary deflector plate 250 may be
supported on fluid distribution nozzles 600. [0045] Figure 5A shows a schematic cut-away view of a
portion of a reactor 20 including a reactor shell 30 having shell walls 32, according to an embodiment

of the present idntiSizuretR 162 ek straiay retisrrt BiinTaRrRseHE SFRSGRER UFRED00" and at least

one secondaryfigethshstiButionunitebh A atalusdandAbSrmayhe.disresedRengatasach of primary
feed distribution unit,. 200" and secondary feed distribution nit(és? 200. EFach catalyést bed 402 may be
disposed on a %W%?@Hﬁ%%ﬁpﬁ@@?s@é?%?%ﬁm%,% QsMPASES B IX 5t Drimary feed
distribution unit00ysedencacy feee Mistihl tiaszukit(sy 260, atiditataly LSuppEte Wb4RA tnay be
supported by the walls 32 of, reactor shell 30, The shell walls 32 at the location of primary feed
ciatiution ot IbG SoLen A T At bR A S0 o Chatyen Sorah SR 00 may be
at least substahﬂalBﬁ&'enﬁ@diOE:am@é Py féecbd@ni@ﬁbn@rﬁi@@@ﬁ %@@mﬁd@uﬁ@éﬁ”&ﬂistribution
unit(s) 200, angfsa rbateyeaeihua s AAd mayibe.disnasedeh kst subeianliole ouhpgeng! fo shell

walls 32. [004 gure 5B Is a plan view of a secondary feed distribution unit"200, as seen along the

lines 5B-5B of thigjuresmh Seofvusniradel Hiswinolion deterdondafisaionplata Pl eredllection tray
segments 242-i&@!@ézﬁi@&t@%ﬁﬁ%@%@é&d@glyyrﬂﬁﬂms:mh@@m@e@%%@,ﬁﬁ@,,fff:gheesample, Figure

6C). Collection tray segments 242 may be reverS|bI¥ affixed to each other to allow for the convenient

assembly and BSEEdErITAT Eoneat drrl RFBAS AR R S Botiteht i &8y MEnts 242 may

be affixed to eaghrothe Fidara plurality Shasnsucheasniedgerpinsr(platssitinnly Gnappiieetion tray
segment 242 is sé)@mén in Figure 5B swbé%i g removed to reveal a nozzle tray segment 262 (see, for
example, Figurcéﬁ 5 It%llsst,”t% BRTUNTEIEIS0d that secondary feed distribution unit 200 is not limited to
the configuration of collection tray segments 242 as shown in Figure 5B, but rather other numbers and

configurations gfcalleqion YRYSEIMENIR 244 arg SR Wit M6, SHARE.LL G RIESE HdmegRTion.
[0047] Figure 5C is a plan view of a portion of the secondary feed distribution unit 200 of Figure 5B

with collection trsgpgerphelh &) 2aving stz iSetbigetiifaety disaminimn anie2be Mtk comprises a
plurality of nozzle drayseRrmantsiroRs Nazgiellayseaments-deasiainthuAefinenezzle 1,460 (see, for

example, Figures 8 and 10). In Figure 5C, onge of the nozzle tray segments 242 is shown as being
displaced. EacA'GrEcMSfend ) SEgHE DR8N fia RS PSS Eegmbnks 8% PR Elipported by a
plurality of trusses 303-{arey fosExampleiomiguire 50 knlirussas 30 2edalistAlutivbensiyproted by a
support ring 34, Suppotrt ri %f ay b ixed to an inner surface 32 v\?ﬁell all 32. In an
cmbotimen, SERRLTOTNG A0y CoaEr R B A B S CRBES 1 SR A e T P o the
attachment of tfusses BORFEaBhcru§snmayysisan deaictorisheli B8R0 tougdutyie¢2 distsseB02 are
shown in Figure,36) oler,AIBRIS oL IseenARD A1k Asa.iIndBe seapaeeresent inventon.
Typically, the num ngr 0 ’t?usses %;(?2 sé%\nn{%g1 reactogrys egﬁlg]% may gé&ln the range fgrom one (1) to
about six (6). shell 30. The shell walls 32 at the location of primary feed distribution unit 2007,

secondary feed distribution unit(s) 200, and catalyst support unit(s) 400 may be at least

substantially vertical. Each of primary feed distribution unit 200°, secondary feed

distribution unit(s) 200, and catalyst support units 400 may be disposed at least

substantially orthogonal to shell walls 32.
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[0048] With further reference to Figure 5C, support ring 34 may be affixed, e.g., welded, to the inner
surface 32a of reactor shell wall 32, and support ring 34 may be disposed circumferentially thereon. In
an embodiment, support ring 34 may comprise a metal skirt (not shown) having an upper shelf and a
lower shelf, the upper and lower shelves configured for supporting collection tray 240 and nozzle tray
260, respectively. In another embodiment, support ring 34 may comprise an upper ring and a lower
ring coaxial with, and vertically spaced from, the upper ring (neither of the upper ring nor the lower ring
are shown); wherein each of the upper ring and the lower ring may be affixed (e.g., welded) to the
inner surface 32a of reactor shell wall 32. [0049] With still further reference to Figure 5C, nozzle tray

Zegmentsb?&f[ﬂwékfﬁ‘irgﬁﬂelﬂbi%&;ﬁbﬁﬁﬂeﬁﬂ %ﬁ@be@ﬂﬂaﬁﬁ@fa&l@méﬁmhﬁ)ﬁaﬂﬂm%%a&ﬁm?lg gnd )
isassembly of nozzle fray 26Q. In an iment, pozzle tray segments 262 may be affixed to eac
oo vin 5 oo 6 o B LR B e SR S O A B A Bt

&t secondary feed
distribution unipR0lity nbtdheitechtothe:gorfiguléliofdfamoanledyaysegmeaens j362addhawn in Figure

5C, but rather gther.r er opf ti f ) ts 262 are.also within the scope
of the present %E{}e%ﬁﬁé{r?% %b%f)q Fggﬂ%%Ijg%{%ﬁggésg%?gﬁgg\ﬁe%v%}gf f%%lfe{ly nséég%orﬁgr?%?é distribution

unit 200 of FigusessghinaSeen wond: vibdines!BR 5D bErunBEs; stsombigapdisastapbised apart
trusses 302. Eagldiliss Wzﬁiﬁ%%ﬂ&ﬁ&?@dﬁﬂekl%@né@%ﬂ%?ﬂe%ﬂ%&g‘@%ﬁ%@%@&@d‘?o plurality of

collection tray segments 242 may be disposed on, and supporte by\,)ouéﬁper flange 304. A plurality of
nozzle tray se oY R e B 8 BRhan o edpdire i sheter fdge BeBiqodBi] Figure 5E
is a side view qbarkiuiss B0R fearng &iplvéaity.obopzziedsayseoaients reZenussiawenfiange 306,
as seen along the tipes 5E-5E of Fi S¢..In an embodiment, truss 302 may be supported at each
o by 2 b EnBt SHATIR - PR LB ol S T ML S MO ) EB G 242
are shown as bxifds temibweddtonhdrussi 303t 0N oRigtive GAyis@persRiveskiew of aiginary
deflector plate 210, in relation.to a ngzzle tray 260 of a primary feed distribution unjt, 200', according to
o embodment o1 T B T e R R A b
least within the scope of the present invention.

[0047] Figure 5C is a plan view of a portion of the secondary feed distribution unit 200
of Figure 5B with collection tray segments 242 removed. Secondary feed distribution
unit 200 further comprises a plurality of nozzle tray segments 262. Nozzle tray segments
262 jointly define nozzle tray 260 (see, for example, Figures 8 and 10). In Figure 5C,
one of the nozzle tray segments 242 is shown as being displaced. Each of collection tray
segments 242 and nozzle tray segments 262 may be supported by a plurality of trusses
302 (see, for example, Figure 5D). Trusses 302 may in turn be supported by a support
ring 34. Support ring 34 may be affixed to an inner surface 32a of shell wall 32. Inan
embodiment, support ring 34 may comprise a plurality of brackets (not shown}
configured for the attachment of trusses 302. Each truss may span reactor shell 30.
Although two (2) trusses 302 are shown in Figare 5C, other numbers of trusses 302 are
also within the scope of the present invention. Typically, the number of trugses 302

spanning reactor shell 32 may be in the range from one (1) to about six (6).
[0048] With further reference to Figure 5C, support ring 34 may be affixed, e.g., welded,

to the inner surface 32a of reactor shell wall 32, and support ring 34 may be disposed

circumferentially thereon. In an embodiment, support ring 34 may comprise a metal gkirt
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substantially circular. Primary deflector plate 210 may typically have an area in the range from about
70% to 100% of the cross-sectional area of reactor shell 30, and often from about 90% to 100% of the
cross-sectional area of reactor shell 30. Typically, nozzle tray 260 may have an area in the range from
about 95% to 100% of the cross-sectional area of reactor shell 30. Nozzles 600 (see, e.g., Figures
9A-C) are omitted from Figure 6A for the sake of clarity of illustration. Both nozzle tray 260 and primary
deflector plate 210 may be disposed at least substantially orthogonal to reactor shell wall 32. [0053]
Figure 6B is a perspective view of a mixing hox 220 in rel%[(ig?ra?to a secongdary deflector plate 250 of a

secondary feed™SistrBUHOIAYME 08PREBHAAGYS B EhTBOHREAPBFARIPREE AP RVEntion. Collection
tray 240 is omitiedifies FigwiproBiferdhie saketefyclatbndhitindt atip2oGacgrdaryigeftector plate 250
may be disposgg %eneatgl Qﬁixing box 2%0. Szelg%ladar ﬂ(;Ierfil%ctgr Iaetre n%S%nrga i%clulge a first peripheral
portion 254a, a s%cSﬁ%%é’nBﬁ%?aFB%?ﬂor‘? i b, And 2 central ertre poﬁlon O Each of first
peripheral portieadsissithnendecoiciiesipheddt portionm2satrmanbigve of pharaityrotnserfortditions 256
therethrough. I, copirast, CeRre LRHS HRUIen S8R NgYAHERsPURsIANtalNJack Rerorations, holes

or voids therein. Secondary deflector plate 250 may be configured for the passage of Liquid through
perforations 2564005k Higaréseny suskredrar’ siaeishrbredééondary feed distribution unit 200,
according to an embodiment of the present invention. Secondary feed distribution unit 200 may include

a collection tray 240 having an upper surface 240a, a mixing box 220 disposed on upper surface 240a,
a secondary d ﬁ%%r\xﬂg’tét%%lglgb’(ﬁgﬂnﬁgﬁ%gfﬁué?)ﬁgcﬁ’(ﬁ’ﬁ?t‘tr)%?aféfﬁ?@ﬁﬂt’hzﬁaﬂf‘é' y 260 disposed

beneath secongatysiefladiorplaten2bbihSecandarydesd chstribitionsaitt2anthdisdushdiinélude a riser

244. Riser 244 may he at | substantially cylindrical and affixed 19 upper surface 240a of collection
oy 240, Reser D Ao R e B R e bt Fioune
6D is a schematizsettiopairside ofipmsofaisecordaeyrdeflectohplate 260 inrelatierstocd tiser 244 on a

collection tray 240, AGCPIARGIA AAIBAFNIEN AlNF RYGSSRIQFALRRLGPEPRYERY dgfiector plate

250 comprises central ‘entire portion 2 aving an _
segments 262 as shown in Figure 5C, but rather other numbers and configurations of

nozzle tray segments 262 are also within the scope of the present invention.

[6050] Figure 5D is a sectional view of a portion of secondary feed distribution unit 200
of Figure 5B, as seen along the lines 5I)-5D of Figure 5B, showing a pair of spaced apart
trusses 302. Each truss 302 may comprise an upper flange 304 and a lower flange 306.
A plurality of collection tray segments 242 may be disposed on, and supported by, upper
flange 304. A plurality of nozzle tray segments 262 may be disposed on, and supported
by, lower flange 306.

[0051] Figure 5E 1s a side view of a truss 302 bearing a plurality of nozzle tray segments
262 on truss lower flange 306, as seen along the lines SE-5E of Figure 5C. In an
embodiment, truss 302 may be supported at each end by a bracket (not shown) attached
to support ring 34. In Figure 5E, collection tray segments 242 are shown as being
removed from truss 302.

[0052] Figure 6A is a perspective view of a primary deflector plate 210 in relation to a

nozzle tray 260 of a primary feed distribution unit 20¢°, according to an embodiment of

the present invention. In an embodiment, primary deflector plate 210 may be at least
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enure surface and lacking any perforations, holes, or voids therein. Central entire portion 252 may be
disposed between first and second peripheral portions 254a, 254b of secondary deflector plate 250. In
an embodiment, central entire portion 252 may occupy an area greater than a cross-sectional area of
riser 244. In a sub-embodiment, the area of central entire portion 252 may be delineated by the base
of a frusto-conical volume defined by a straight line extending at an angle, 0 from collection tray 240 at
the location of the inner wall of riser 244 to secondary deflector plate 250. Typically, 0 may be in the
range from about 20 to 70, usually from about 30 to 60, and often from about 40 to 50. The vertical

clearance, CH PafiFaEA edimiE  aemexEringes pits 248 BaNdlAlY A vutR 55 Beéh§pically in the
range from abewgdS%:t0.56%0@kthe thamelahotrisersedbnlil arobraesub-emhadimeansteantral entire

portion 252 may occ re ut.twice (2X) to five times. (5X) th s-sectiopal area of riser
Dan. 100561 P R ek TR DR o Sr LG G456, 0 Pl B Emati
plan view of theseldr ated gl es atmixthg rboge Z20nofteig W v &, dECorditiy tocasremiopadiment of the

present inventign, WiHlng ok A7gmavcARAR A f1s) Al 3208.20d 8. 5Baqd gl a3gh.First and

second mixing box halves 220a, 220b may each inc a-coupli ange for joining or coupling

first and secon@hiivi 28002201 ted el atiemnberhedir ey el ambipseeutidi¢ificies P20a, 220b
may be reversibjy aifixed io.8Reh Qe aL keI CoNRIIRGL IaNASSs R240HdRIPiYialY of pins, such as

wedge pins (not shown). [0057] Figure 7C is a perspective view of one half of a mixing box 220
disposed on a collection tray segment 242, according to another embodiment of the present invention.

A riser 244 mapbespispaseeonR solepliontaksegmenkiddlbbeneat raixidg Roxsdathdaiser 244 may
be disposed aboye secqndary, deflector plate.250,.Riser 244 may. include, at least one baffle (not
chown) disposttl B PRa O MA G OP LR S G B LAY S B T3 Ehown in
Figure 79. In pxﬁﬁtéq&,ea:nﬂﬁmg&ﬁﬁmf.c@ﬁﬁeﬁ@mtmy Se@memt%ﬂmmigdmﬁﬂdoﬂﬁmima@& 240. .
[0058] Figure 81|,s gg)ggﬁ%%g& (é)gr_?rg %ycl(()-:-n aOf %be%%g{grnﬁ?%%lg%%z%g tﬂ%)ézszcQs é?cblgrgln@ an array of fluid

distribution nozzfe: according to an e ime e present invention. Each nozzle 600 may

be configured fertRedmbapepdin duideridispiitsetion oiluidind wadatsipetbedal oo tisptsedabeneath
nozzle tray 26Q, A8 ApRaLNRZASS 508 oR 026 i v Mnhave A anayaneiichwith a nozzle

spacing typically in the range from about 5to 10 inches, and often in the range from about 6 to 8
inches. Figure BTEPRESEAREIRFADP DRIBRGRIRZERN A BOY i pf dotite R @ 4y 605328 include
many more nozzeseH:0Bb8MWYith, rierenseiiofoigiaiessdAndEarftigre:8Aashawys.afuid distribution
nozzle 600 as seen from the side, ac ordin9 toane boﬁ%?ent of thggesen invention. Flifgure 9Bis a
longitudinal seBHSAE R INHSI 8 B0 B HER, gﬁcﬁlﬁrﬁ@t RS BB DB BPEY b S YA R 9C shows
liquid inlets 61inpaszziectBiEs teerphlpnt thohnes@C-9C of Figure 9A, Nozzle 600 may comprise a
nozzle body 602, a nozzle proximal end 600a, a nozzle distal end 600b, a plurality of gas inlets 612,
and at least one liquid inlet 614. Nozzle proximal end 600a may be sealed with a nozzle cap 604. In an
embodiment, cH8B04F miay bE in metiy. sidastiowith nezxdedendfe6D2ist (0601 witRGeference to

Figure 99, nozgle oy, A0 AL SAMANSE AALREIALRSENROSRR AGRR1 21 LeHGRIS pody portion

602Db, and a distal body portion 602c.

200 may include a collection tray 240 having an upper surface 240a, a mixing box 220
disposed on upper surface 240a, a secondary deflector plate 250 disposed beneath
collection tray 240, and a nozzle tray 260 disposed beneath secondary deflector plate 250,
Secondary feed distribution unit 200 may further include a riser 244. Riser 244 may be at
least substantially cylindrical and affixed to upper surface 240a of collection tray 240.

Riser 244 may extend at least substantially orthogonal to collection tray 240.
[0055] Figure 6D is a schematic sectional side view of a secondary deflector plate 250 in

relation to a riser 244 on a collection tray 240, according to an embodiment of the present

imvention. Secondary deflector plate 250 comprises central entire portion 252 having an
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[0061] Proximal body portion 602a defines a substantially cylindrical proximal void. Intelmediate body
portion 602b defines a substantially cylindrical intermediate void in fluid communication with the
proximal void. Distal body portion 602c defines a substantially cylindrical distal void in fluid
communication with the intermediate void. The proximal void may have a first diameter, the
intermediate void may have a second diameter, and the distal void may have a third diameter. The first
diameter may be substantially greater than the third diameter, and the third diameter may be

substantially greater than the second diameter. [0062] Each gas inlet 612 may pe disposed laterally at
proximal body BBHFCH6tS£7E A4 §&<THIBE Tﬁtf‘%%@ %‘{&}eéoﬂ’fiﬁ?}%& Fm-e%%éfa%? gagion
therethrough intg2 prexiseal hedydiettierbiaaNozzied fe-ipiaydusthesedl i X 4b gés nozzle 606. Gas

nozzle 606 may be dis d substantig|ly.orthogoenal ta the walls of.nozzle b 602 between
ororimal bocly F5RH O e T b B R e SR SRR e b TRy S 602bs. In
an embodimerdn ges pezite tBO6ammpbecititagialrwiti nezAéhodye 602-cmbardotiser, 8mbudindent, gas

nozzle 606 may.compyise AmpirbsngdisnosadwithinAnd allxeddon0z2i6090Y 503, [0063] Each
liquid inlet 614 may be disposed laterally at distal body portion 602c. [0064] Each liquid inlet 614 may

be configured fisfiie Padsagieh et rrigndiseotyth s CEBEYsHoror axatf sidhs lergting oC, each

liquid inlet 6144pay be diskosgdiapoentalyciaanjangsssriace 646 of Gisialhedy.paitionie02c. In an
embodiment, each liquid inlet 614 may be Iineairr. [0065] With furtherarq?{)eren e to Figure 9C, each

liquid inlet 6147A1%5 HARBORatti ﬁﬂr|8?vi’eﬁ§iﬂ}n,°gﬁabglﬁqi%fﬁqfé}°m T3 RB5amENt, a ratio
(IL:lw) of liquidsatetTengthidh] ckepsickirdatbsicten lwonaydelsfltherahge ffonmakolikRidntody: 1. The
liquid inlet length, IL shown in Eigure 9C may. represent.a minimum.length of each liquid jnlet 614, e.g.,
due to the tan%%&%%%%%ﬁ%ﬁ’%ﬁiqﬁi?ﬁlﬁfe léog%g% Jré’stge%@%’ooﬁc%%%éagbeé? 85%%0& ]%ach of
liquid inlets 614nwthyrebeomTigdirechfocduimalieniee filontiof [k3Gidhen donigrysurface b b el oF distakbody

portion 602c, a@qiggg&gsf dgikﬁ'(ijh'@k%%s@s’]e%t@ﬂ he configured for promoting the spiral flow of liquid on
inner surface 616 of distal'body portion 602c, wherein the flow of liquid is in a direction distal to liquid

inlets 614.
[0656] Figurc 7A is a schematic plan view of a mixing box 220, and Figure 7B is a

schematic plan view of the separated halves of mixing box 220 of Figure 7A, according
to an embodiment of the present invention. Mixing box 220 may comprise a first half
220a and a second half 220b. First and second mixing box halves 220a, 220b may each
include a coupling flange 222 for joining or coupling first and second halves 220a, 220b
together. In an embodiment, first and second halves 220a, 220b may be reversibly
affixed to each other at their coupling flanges 222 via a plurality of pins, such as wedge

pins (not shown).

[0057] Figure 7C is a perspective view of one half of a mixing box 220 disposed on a
collection tray segment 242, according to another embodiment of the present invention.
A riser 244 may be disposed on collection tray segment 242 beneath mixing box 220.
Riser 244 may be disposed above secondary deflector plate 250. Riser 244 may include
at least one baffle (not shown) disposed on an inner surface of riser 244. Only one
collection tray segment 242 is shown in Figure 7C. In practice, a plurality of collection

tray segments 242 jointly form collection tray 240.
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[0067] Nozzle 600 may further comprise a converging first frusto-conical portion 608 in fluid
communication with distal body portion 602c. Nozzle 600 may still further comprise a diverging second
frusto-conical portion 610 distal to, and in fluid communication with, first frusto-conical portion 608.
Nozzle 600 may still further comprise a plurality of indentations 620 located at distal end 600b of
nozzle 600. Indentations 620 may be configured to further promote the dispersion of fluid emanating
from nozzle distal end 600b as an evenly dispersed spray, e.g., having a conical spray pattern. [0068]

Figure 10 is a schematic plan view of a nozzle tray 260 including an array of fluid distribution chimneys
700, according M3 BIRB6AiIMENEBFIREHPELHETHO ﬁ@8ﬁ?‘iﬁfgﬁgﬁﬁ%ﬁé§f}?éégﬁﬁ“ﬂ§lﬁ%d, e.g.,
retrofitted, withaacdluid flistriistidntozaie AAE (Seefodiexamplenfiglires:1dAHD pandil 2A-C) for the
efficient mixing, and even distributio fluid to a catalyst bed 402 disposed beneath nozzle tray 260.
The artey of oLy B0 e e LA B doRats B Lo S G 00 e have
a triangular pit(fhlia_i/ima&dalmﬂbWMd@pz@@@@@ﬁam@Wpﬁmﬂ@ﬂin”ﬁh@aﬁw}g@f fr@mltabiﬂ@t@to 10
inches, and Oﬁﬁ&%‘e@%r%@ﬁimv@%%ﬁﬁgﬁﬁ%? ﬁﬂ%ﬂ%ﬁtfd%ﬁl%@ﬁ&@é%?gg@éﬁé‘é}ﬁ perfign of nozzle

tray 260; in practice nozzle tray 260 may include many more chlmn? 9] Figure 11A shows

a fluid distributféprhezae 600 bedss o ritmdsiberaage dramghoran BnidbdiftefiBFtHe present
invention. Figupg,dchBis chIQRGIAIRASREURNRLYRN. of BRerie 6090 Higue HkA Asiseen along the
lines 11B -11B, Figure 11C is a plan view of nozzle 600" of Figure 11A along the lines 11B-11B. Figure
11D shows a Iiaﬁi@’iﬁl@?@i’ﬁzﬁf#@nozzle body along the lines 11D-11D of Figure 11A. Nozzle 600'
may comprise a nozzle body 602, a nozzle proximal end 600'a, a nozzle distal end 600'b, a gas inlet

612', and at le e#} id inlet 614" Nozz| 6(?‘ ay be sized and,co iri red.for insertion in a fluid
distribution chi?nﬁké);;f‘, oﬁfé%%reﬁep?gec Oirlﬁﬁé“f %8 Urgr}i %%ggi?zﬁ%\gsaan exis ﬁr%l é%iﬁ)\r}enr? |cz‘)?r?a uid

distribution traytegsndvidte thchiglelyaefficient tnozzteraimbontzoh yidroprone ssingt ia diggyadcidling to an
embodiment of (e, ISHAM INGOIENSE <58, EiGbS2 A26afoh I RTALLID tferenc Laigure 118,
nozzle body 602 may comprise a proximal body portion 602a, an intermediate body portion 602b, and
a distal body p&itwis BOzaows liquid inlets 614 in nozzle 600 as seen along the lines 9C-9C of Figure

9A. Nozzle 600 may comprise a nozzle body 602, a nozzle proximal end 600a, a nozzle

distal end 600b, a plurality of gas inlets 612, and at least one liguid inlet 614. Nozzle

proximal end 600a may be scaled with a nozzle cap 604. In an embodiment, cap 604

may be integral, e.g., cast, with nozzle body 602.

[0060] With reference to Figure 9B, nozzle body 602 may comprise a proximal body
portion 602a, an intermediate body portion 602b, and a distal body portion 602¢.

[6061] Proximal body portion 602a defines a substantially cylindrical proximal void.
Intermediate body portion 602b defines a substantially cylindrical intermediate void in
fluid communication with the proximal void. Distal body portion 602¢ defines a
substantially cylindrical distal void m fluid communication with the intermediate void.
The proximal void may have a first diameter, the intermediate void may have a second
diameter, and the distal void may have a third diameter. The first diameter may be
substantially greater than the third diameter, and the third diameter may be substantially

greater than the second diameter.
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[0071] Proximal body portion 602a defines a substantially cylindrical proximal void. Intermediate body
portion 602b defines a substantially cylindrical intennediate void in fluid communication with the
proximal void. Distal body portion 602c defines a substantially cylindrical distal void in fluid
communication with the intermediate void. The proximal void may have a first diameter, the
intermediate void may have a second diameter, and the distal void may have a third diameter. The first
diameter may be substantially greater than the third diameter, and the third diameter may be

substantially greater than the second diameter. [00721 In an embodiment, gas inlet 612" comprise
a proximal axia@%ﬁ%’n%ﬁqr%ﬁ&?%%%%&?é&f.g(’ﬁgsﬁﬁi?t yﬁ%@%@%ﬁ?@ﬁ@%ﬁﬁ% ‘agé%e of gas
therethrough intes patexitialrhodycportionued Za: o pzie2g00f mrayHerthes cdnipr secaigas rozzle 606.
Gas nozzle 606 ma disposed stantially orthogonal to the walls of pozzle ba 02 between
oroximal bocy Do e e B e RO 1Mo h R it BAGo it 602D,
Nozzle 600 may ﬂjmdowm@@mﬁmgmwm W@gﬁoﬁzcﬁﬁ@m M’Iiéﬁmneﬂmwmninunipation
with distal_bogy Raglionaae. Nrle:PA04p Ak kitehcaitine fEMRIaNg SRequ isigreonical
ion :

portion 610 distal to, and in fluid communication with, first frusto-conical C%grt [0073] Figure 11C
is a plan view SR ABZRIEBHCES Big iRz 2l A0G ek an BIsHE thatliReg i@ 2sHBwind ¢as nozzle 606

within nozzle bagyaRRedn a4 amRbRAITIALdRSHAZZ RS My hedtaciahwithihgmeazle body. In

another embodime%t %’%s zzle 606 may comprise a metal ring disposed within and affixed to nozzle
body 602. Gas'NGZ 3 ay be disposed concentrically with nozzle body 602. [0074] Figure 11D
shows a liquid inlet 614" in nozzle body 602. Liquid inlet 614" may be disposed laterally at distal body

portion 602c. Ligyid,inlet. 614" .may. onfigured for the passage of liquid therethrough into distal body
portion 602c. | ngég érr#%%hdll' %ﬁll,n?l/a%glé%rwél?g& 1?83?%?)%%6@ eggdgﬁ?\%aggh%orﬁgflé) disposed within
the wall of nozzle body 602. As can be seen, for example in Figure 11D, an inner terminus of curved

channel 615 mejp sianoseddangeptiplivicandngl-race Gl cistal bednanign:p0ge. In an

embodiment, curved channel 615 may subtend an an%lqu:j a in the range from about 6007to 1800,
typically from aBBheros® rsxanaleeRigom sbeatBoasdinl: il dmarsotinprssd enesatdiannel 615

may have a supsianfiadhysieeianaular aresseectivrabsBane. IPAL ehiouid a6 4 mayhe configured

for foiining a film of liquid on inner surface
614 may be imear.

[0065] With further reference to Figure 9C, each liquid inlet 614 may have a liquid mlet
length, I;, and a liguid inlet width, Tw. In an embodiment, a ratio (Ir:lw) of liquid inlet
length, Iy to liquid inlet width, Iw may be in the range from about 2:1 to 5:1. The lLiquid
inlet length, I; shown in Figure 9C may represent a minimum length of each liquid inlet
614, e.g., due to the tangential orientation of liquid inlets 614 with respect to nozzle body
602.

{0066] Each of liquid inlets 614 may be configured for forming a film of liquid on mner
surface 616 of distal body portion 602¢, and each of liquid inlets 614 may be configured
for promoting the spiral flow of liquid on inner surface 616 of distal body portion 602c,

wherein the flow of liquid is in a direction distal to liquid inlets 614.
[0067] Nozzle 600 may further comprise a converging first frusto-conical portion 608 in

fluid communication with distal body portion 602¢. Nozzle 600 may still further

comprise a diverging second frusto-conical portion 610 distal to, and in fluid
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616 of distal body portion 602c, and liquid inlet 614' may be configured for promoting the spiral flow of
liquid on inner surface 616 of distal body portion 602c, wherein the flow of liquid is in a direction distal
to liquid inlet 614'. [0076] Nozzle 600" may still further comprise a plurality of indentations 620 located
at distal end 600b of nozzle 600'. Indentations 620 may be configured to promote the dispersion of
fluid emanating from nozzle distal end 600b as an evenly dispersed spray, e.g., having a conical spray
pattern. [0077] Figure 12A is a front view of a fluid distribution chimney 700, Figure 12B is a side view

of the chimney of Figure 12A, and Figure 12C is a longitudinal sectional view af the chimney of Figure
12A with the nc???}g%?ﬁélﬁpe“i@’ﬁg?ﬁ%%? é%ﬁﬂrél%irﬁoa% %r%ﬁl%g S Hnc agér%%%%ime%?of the present

0 ano
invention. Chinenep7@Camiayabgnopriskeaation ) wedtt0R,dschind 690brokimatiettii700a, and a
chimney distal gnd 700b. Chimne I | tiall él ical yoi rein.
Chimney 700 T e A L e IR o2 ey
include a plurafitgrohieeadiselead0)7 g athamrily, dispersemhbivaintent aviEe eU0tehagyde inserted
within chimneyZQ0. such that nozzle distal end 600'b protrudes distally beyond a lower surface 260b of
nozzle tray 260. Nozzle 600" may be configured for alignment of liquid inlet 614" with at least one
lateral hole 704. When inserted in chimney 700, nozzle 600" may occlude and at least partially seal

lateral holes 7Q40d90F BhFigure 4 Zhdmailongiiucinadseationalvensohshimmel @R hayinginozzle 600
(Figure 11A) inserted therein. Chi y wall.702 may be affixed, e.g., welded, to nozzle tray 260, and
ossle 600" el AL BB YLK R, TN O B B hopsle 600
are described heneingbtientor example, avithrefieren eethe Figdréstlibian idazkléBD05swhien inserted

within chimney wall 702-may serve{o evenly mi distribute fluids, e,q, xtyre.of liguid feed and
hydrogen gas, oA Ic%aiet’a %%%%g%eaﬂ’rgggc?oar (?;jgg?ﬁo %Sfﬁhgcrlgﬁ%élﬁ% ﬁ%l%%r%%egs}gﬁ%%gancﬁ%ns. [0079]
Figure 13 is a sbhématicaiahygiteri 8l skutiopdboivaionertigittdishibulionamez2é @OOnecCHing to

another embodiment of, 6 PRESGRLIEION. NAZZIE,BA0 MBY Lo TYrFe & 2ubs antali.cylindrical

hollow nozzle bodg 802 having a proximal portion 802a and a distal portion 802b, a cap 804 affixed to

proximal portioPi8024tnashéarsyg difnedle s enisorasirselh inte wetbiemaamidimifical inner
conduit 806 dispesad adialiyyuithin REEMBhPAUEAN;802anches. Figure 10 represents only a

portion of nozzle tray 260; in practice nozzle tray 260 may include many more chimneys
700.

[0069] Figure 11A shows a fluid distribution nozzie 600° as seen from the side,
according to an embodiment of the present invention. Figure 11B is a longitudinal
sectional view of nozzle 600" of Figure 11A as scen along the lines 11B -11B, Figure
11C is a plan view of nozzle 600° of Figure 11A along the lines 11B-11B. Figure 11D
shows a liquid inlet 614’ in the nozzle body along the lines 11D-11D of Figure 11A.
Nozzle 600’ may comprise a nozzle body 602, a nozzle proximal end 600’a, a nozzie
distal end 600°b, a gas inlet 6127, and at least one hquid inlet 614°. Nozzle 600" may be
sized and configured for insertion in a fluid distribution chimney, for example chimney
700, during retrofitting an existing, conventional fluid distribution tray to provide a
highly efficient nozzle tray for a hydroprocessing reactor, according to an embodiment of

the instant mvention (see, e.g., Figures 12A-C).

[8070] With reference to Figure 1B, nozzle body 602 may comprise a proximal body
portion 602a, an intermediate body portion 602b, and a distal body portion 60Zc.
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[0080] Cap 804 may have an axial proximal opening 805 therein, and inner conduit 806 may be
disposed within proximal opening 805. Inner conduit 806 may extend proximally beyond cap 804 to
define a proximal end 806a of inner conduit 806. Nozzle body 802 may have a plurality of outer slots
814 disposed circumferentially around nozzle body 802. A distal end 806b of inner conduit 806 may
terminate distally at a location proximal to a distal end 814b of each of outer slots 814. 10081] Each of
cap 804 and base 808 may be at least substantially dome-shaped, wherein cap 804 tapers distally
from narrow to broad, and base 808 tapers distally from broad to narrow. Each of cap 804 and base
808 may be threaded. Cap 804 may be sealingly engaged with nozzle body 802 via threads on

proximal portio Base 808 may be seali engaged with nozzle body 802 vja threads on distal
portion 8025, SULE B L G AR et e A b B PGE e A bS8b and
distribution of fluicktiveheth tedgpoidio8 2] kbristioen d withBB6tmiby hésbalghieenediged witincap 804 and

disposed SUbSmH%%gl%V%ﬁEﬂ%%@%%%ﬁ %%ﬁ %gtaél\{r%gy%opg&yé&% m!}g er conduit 806

may jointly define a voi in nozzle wherein the void may comprise an annular proximal void
803a and a subskaistiificylihadicenl distall \oliBO3E tararBoeRlige 806 MarHavedastuieilty of inner
slots 812 dispopgd.ciraumfetsntiallyarundaximalend oG he.contiguratian afinagy slots 812

and outer slots 814 may be at least to some extent a matter of design choice for the skilled artisan.
[0083] Each of R Slotade D Ha) BidrimmiBas MR il RRES SNV REY Bonduit 806. Inner
conduit 806 mayRe.eanfigeetfarihehpasspgrat@astderethiaughfian maessiats Bt distal void
803b. Nozzle 800 may be confi ureéi1I for the passage of liquid through outer slots 814 to distal void
803b within no%’ﬁ%t%oéé%sﬁ.‘q%%fﬁ 44" Spening 810 may be frusto-conical and taper distally from
narrow to broad. Nozzle 800 may be affixed to a nozzle tray 260, e.g., at distal portion 802b. [0084] In

an embodimeryfyylisiribytion nzzle. 80.ay Rigvids:anefiient fuidmixind apd distribution
nozzle for a nozzle tray of a reactor, wherein nozzle 800 y be easily and inexpensively assembled
using off-the-shetzpitedatfs. |Fahidpbddimentcempemsatoihsazzieled esghawimedbody 802,
cap 804 and basg S8 MARRE 98%%@9_W&f?@@dﬁﬁﬁﬁﬁﬂ@?%ﬁﬁ@%ﬁé%zw%@g-’ having
National Pipe Thread (NPT) threads _accordln% to ANSI/ASME standard B1.20.1.

Gas nozzle 606 may be disposed substantially orthogonal to the walls of nozzle body 602

between proximal body portion 602a and distal body portion 602¢ to define intermediate

body portion 602b. Nozzle 600" may further comprise a converging first frusto-conical

portion 608 in fluid communication with distal body portion 602¢., Nozzle 600 may

further comprise a diverging second frusto-conical portion 610 distal to, and in fluid

communication with, first frusto-conical portion 608.

[6073] Figure 11C is a plan view of nozzle 600’ of Figure 11A, as seen along the hines
11C-11C, showing gas nozzle 606 within nozzle body 602. In an embodiment, gas
nozzie 606 may be integral with the nozzle body. In another embodiment, gas nozzle 606
may comprisc a metal ring disposed within and affixed to nozzle body 602. Gas nozzle

606 may be disposed concentrically with nozzle body 602.

[6674] Figure 11D shows a liquid inlet 614” in nozzle body 602. Liquid inlet 614 may
be disposed laterally at distal body portion 602¢. Liquid inlet 614’ may be configured for
the passage of liquid therethrough into distal body portion 602¢. In an embodiment,
liquid inlet 614" may comprise a curved channel 615 disposed within the wall of nozzle

body 602, As can be seen, for example i Figure 11D, an inner terminus of curved
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[0085] Figure 14A is a schematic cut-away side view showing a portion of a reactor 20, according to
another embodiment of the present invention. Reactor 20 may house a primary feed distribution unit
200", a secondary feed distribution unit 200, and a catalyst support unit 400. Primary feed distribution
unit 200" and secondary feed distribution unit 200 may each comprise elements, features, and
characteristics as desmibed hereinabove, e.g., with reference to Figures 4A-13. [0086] Reactor 20 may
comprise a reactor shell 30. At least a portion of reactor shell 30 may have substantially vertical shell

walls 32. Each of ¢ ts rt.unit 400, prim feed dlstrlbu ion d,seco dary feed
distribution unit trﬁ%é be glspé%gos a(% Fa%%t““ %gtanztlallﬁ}l I"oSnEon (ﬁy an 1Sf EQ an%cflt{; the walls of
reactor shell 3@0@nIiﬂtwoeoﬂmtwtesuppmftd.niltsmﬁbﬁlﬁ)n@pﬂnbamdfae@helstmhuttbnmzf@@h and one
secondary fee%&ﬂ%%b‘a%ﬂqréd“"fgéd%%r BRI EIGUIS 44, 4 A0, TRoRENE RS- 5adier 30 may

house a plurality of secondary distribution units 200. Each secondary feed distribution unit 200
may have a cotrespestimensaayat hinpelb ihmaobans: sepsomning a eatgustapspaozdispsed
beneath each §§,§gndary feed distribution unit 200 (see, for example, Figure 5A). Each catalyst
support unit 400 may comprise a plurality of catalyst support beams 406, a plurality of screen panels
408, and a plurality of grid panels 410. Catalyst beds 402 are omitted from Figures 14A-F for the sake
of clarity of illugetaprL. {X ﬂ]&lgmemaa&axm@ﬁmd@st dirraaglerrshelf 3duatosasnealongdhe lines

14B-14B of Fi ows componen s of ca ;S rt uni 400 Iud|n Iurallty of
catalyst suppo ql)lt{Be iﬁ] ti?dt? pfhralgfy ottdsc?euéinnpanﬁ i—é)@OEe urefp fc supportgbeams 406
may span reactior shell f&ﬁvﬁﬁt&mndpmnatsmﬁﬁfmaﬁlj6mflgmefbmimmataiys’t0§creéwwmdte may occupy
at least substaﬁg é/fjrﬁgoéf’@f the, ?{%‘?’%r?@% ional. %e(%gfe{%agtor shell 30. With further reference to

Figure 14B, one scree pane |s shown as isplaced to reveal a grid panel 410. [0088]
Figure 14C is a plan view of the catalyst support unit 400 of Figure 14B with all screen panels 408

removed and %@%P@&Eﬂym)%%%ﬁt m@e&%@a@a&% FLO R Rs suppRited by catalyst

support beams 406. Screen panels 408 may in turn be supported by grid panels 410. Peripherally
located grid patiéid 22b08biRG eR=s (¥ie Bidratatiage $AAgBE bairrR &Y SEPBYPEIyst support

beam 406 and &spiicisnierantiabshedl iedger ad-aehenialystsbippaitheamdadperpaymamprise a pair
of lateral support bars.414 ésee or exam le, Figure 14E). Three grid panels are shown in Figure 14C

as being remoVett t5 TEFeAH Yt F%raé{f% §ﬂnledge 404 and support bars 414. [0089] With further
reference to Figures 14B and 14C it is to be understood that catalyst support unit 400 is not limited to

the configurat|(i’?g%qi,lglgapl%lgr con‘? g ‘%g egpapﬁl 1§|§i 408 as s gpwn in ﬁf@tﬁr x%"l%}?‘ld 14C, but

rather other nu uratlons of both grid panels 410 and streen pdnels 708 are also within
the scope of thedpresemﬁﬁwﬁumncm@ﬁ@méaﬁmm Iagvip difents dineatadyin] saphpmnl o400 may be

readily of the chimney of Figure 12A with the nozzle of Figure 11A inserted therein, according
to another embodiment of the present invention. Chimney 700 may comprise a chimney
wall 702, a chimney proximal end 700a, and a chimney distal end 700b. Chimney wall
702 may define a substantially cyhndrical void therein. Chimney 700 may be atfixed to a
nozzle tray 26€ at chimmey distal end 700b. Chimney wall 702 may include a plurality of
lateral holes 704/704° therein. In an embodiment, nozzle 600° may be inserted within
chimney700 such that nozzle distal end 600°b protrudes distally beyond a lower surface
260b of nozzle tray 260. Nozzle 600’ may be configured for alignment of liquid inlet
614” with at least one lateral hole 704. When inserted in chimney 700, nozzle 600" may

occlude and at least partially seal lateral holes 704,

[0078] Figure 12C is a longitudinal sectional view of chimney 700 having nozzle 600°

(Figure 11A) inserted therein. Chimney wall 702 may be affixed, e.g., welded, to nozzle

20



assembled and disassembled. In a sub-embodiment, components of catalyst support unit 400 may be
affixed to each other via a plurality of pins, e.g., wedge pins (not shown). [0090] Figure 14D is a plan
view of a portion of catalyst support unit 400 with both screen panels 408 and grid panels 410
removed to more fully reveal catalyst support beams 406 and shell ledge 404. In an embodiment, shell
ledge 404 may comprise weld build-up material on an inner surface 32a of shell walls 32. Although
Figure 14D shows two catalyst support beams 406, the invention is by no means limited to two such

beams per catalyst suppqrt unit . In an empodiment, e catglyst suppart. unit 400 may typically
comprise from%a%'o%(i&t\ﬁ%g(ﬂj)%ﬁ%@?&l%ﬁgﬁ/% %ﬁ pbeo'ﬁ' ’t%%ﬁré:ﬁ%’zfaél ¥5‘8§&]‘3‘ﬁ%3@ I[Zl%t}lsmas sectional
view showing tiel cltalyst stipporitciéfims A0S ubid parelshe 10, andsapenpinelit408; ws seen along
the lines 14E- f Rigure 14B8: and i AF | qglilo?g! QW shoyyi : t support beam
406 in relationﬁgti%rle%‘%t@r &%ﬁ£§ﬁ@%§ﬁé}%ﬁé ?e‘?ilgeu 41, g}s%emg;%%%% inetg 14F-14F of

Figure 14D. Asriotedrie faihdiseeute ke csippBit beamdiane fedaddly bosiprize. fopair of lateral

support bars 414, SUmRAthbars 4t Maha cenfigiied fouuppiing atleasta portion of each grid
panel 410. The plurality of grid panel 410 may in turn jointly support the plurality of screen panels 408.

The plurality of screen panels 408 may jointly form a screen configured for spanning substantially the
entire cross-segignpFarea 0f icactoshel RocandineplusalityRiseraanPanelist@8nmaayzhe jointly
configured for gupporting a catalyst bed 402 (see, €.9., Figure 5SA ..Eacq c a%/ bed 402 may
comprise a Iaygﬁ%fiﬁcé)ﬁﬁ%%tf)ed gﬁ&%ﬁ%ﬁ?ﬁéﬁ ¥ fvt\;le%lpl{%%ﬁ/trf%e {9k 86%;% Qsér??af.oogzl Numerous
variations of thexpresent invemtidn ] mayibéripadsitilesindight oddh G2 hehings mndimedpoples herein. It is
therefore undeggtnod iy iﬁ{%?'”ﬁ%‘o% %%ge?a%zé%ﬁogﬁw%g%c'%@& IDSolBVERERY, TR DeRracticed
otherwise than as specifica y%oescrlbe or exempli ied heremn.

affixed to distal portion 802b, and a substantially cylindrical inner conduit 806 disposed

axially within proximal portion 802a.

[0080] Cap 804 may have an axial proximal opening 805 therein, and inner conduit 806
may be disposed within proximal opening 805. Inner conduit 806 may extend proximally
beyond cap 804 to define a proximal end 806a of inner conduit 806, Nozzle body 802
may have a plurality of outer slots 814 disposed circumferentially around nozzie body
802, A distal end 806b of inner conduit 806 may terminate distally at a location proximal

to a distal end 814b of each of outer slots 814,

[0681] Each of cap 804 and base 808 may be at least substantially dome-shaped, wherein
cap 804 tapers distally from narrow to broad, and base 808 tapers distally from broad to
narrow. Each of cap 804 and base 808 may be threaded. Cap 804 may be sealingly
engaged with nozzle body 802 via threads on proximal portion 802a. Base 808 may be
sealingly engaged with nozzle body 802 via threads on distal portion 802b. Base 808
may have an axial distal opening 810 configured for the passage and distribution of fluid

therethrough.
[0082] Inner conduit 806 may be scalingly engaged with cap 804 and disposed

substantially concentrically with nozzle body 802. Nozzie body 802 and inner conduit

806 may jointly define a void within nozzie 800, wherein the void may comprise an
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CLAIMS A fluid distribution nozzle, comprising: (a) a substantially cylindrical nozzle body having a
plurality of outer slots disposed circumferentially around the nozzle body; (b) a cap affixed to a
proximal portion of the nozzle body, the cap having an axial proximal opening therein; (c) a base
affixed to a distal portion of the nozzle body, the base having an axial distal opening therein; and (d) a
substantially cylindrical inner conduit disposed axially within a proximal portion of the nozzle body, the
inner conduit disposed within the proximal opening of the cap, and the inner conduit extending

proximally from (19 Sana Sefins ARl shd ol e et sonfll e lanstcandul haying o
plurality of innét Slots digpoted Eircumirérentiaily arotimg rOX|ma ginner conduit, and a
distal end of th&lihmey tendaiperminali ngmd‘lstauySaZ almoaﬂbmpmmudla distatlgmcekofgach of the

outer slots. Z'T&% %E&dﬁg QHHQ&%Q&H%EES@'HB%’ glyggﬁﬁlguter siots 814 may be at least to

some extent a matter of design choice for the skilled artisan.

[0083] Each of inner slots 812 may be in fluid communication with the void via inner
conduit 806. Inner conduit 806 may be configured for the passage of gas therethrough
from inner slots 8§12 to distal void 803b. Nozzle 800 may be configured for the passage
of liquid through outer slots 814 to distal void 803b within nozzle body 802. Axial distal
opening 810 may be frusto-conical and taper distally from narrow to broad. Nozzle 800

may be affixed to a nozzle tray 260, e.g., at distal portion 802b.

{0084} In an embodiment, fluid distribution nozzle 800 may provide an efficient fluid
mixing and distribution nozzle for a nozzie tray of a reactor, wherein nozzle 800 may be
casily and inexpensively assembied using off-the-shelf pipe parts. In an embodiment,
components of nozzle 800, e.g., nozzle body 802, cap 804 and base 808, may be
constructed from threaded, standard stainless steel pipe, ¢.g., having National Pipe
Thread (NPT) threads according to ANSI/ASME standard B1.20.1.

[6685] Figure 14A is a schematic cut-away side view showing a portion of a reactor 20,
according to another embodiment of the present invention. Reactor 20 may house a
primary feed distribution unit 200°, a secondary feed distribution unit 200, and a catalyst
support unit 400. Primary feed distribution unit 200° and secondary feed distribution unit
200 may each comprise elements, features, and characteristics as described hereinabove,

¢.g., with reference to Figures 4A-13,

[6086] Reactor 20 may comprise a reactor shell 30. At least a portion of reactor shell 30
may have substantially vertical shell walls 32. Each of catalyst support unit 400, primary
feed distribution unit 200°, and secondary feed distribution unit 200 may be disposed at
least substantially horizontally and orthogonal to the walls of reactor shell 30, Only two

catalyst support units 400, one primary feed distribution unit 200°, and one secondary



(a) the axial distal opening is frusto-conical and tapers distally from narrow to broad, (b) each of the
cap and the base is threaded, (c) the cap is sealingly engaged with the nozzle body via threads on the
proximal portion of the nozzle body, and (d) the base is sealingly engaged with the nozzle body via
threads on the distal portion of the nozzle body. 3.The fluid distribution nozzle of claim 1, wherein: (a)
the inner conduit is disposed substantially concentrically with the nozzle body,

feed distribution unit 200 are shown in Figure 14A. In an embodiment, reactor 20 may
house a plurality of secondary feed distribution units 200. Each secondary feed
distribution unit 200 may have a corresponding catalyst support unit 400 for supporting a
catalyst bed 402 disposed beneath each secondary feed distribution unit 200 (see, for
example, Figure SA). Each catalyst support unit 400 may comprise a plurality of catalyst
support beams 406, a plurality of screen panels 408, and a plurality of grid panels 410.
Catalyst beds 402 are omitted from Figures 14A-F for the sake of clarity of illustration.

[0087] Figure 14B is a plan view of reactor sheil 30, as seen along the lines 14B-14B of
Figure 14A, and shows components of catalyst support unit 400 including a plurality of
catalyst support beams 406 and a plurality of screen panels 408. Each of catalyst support
beams 406 may span reactor shell 30. Screen panels 408 may jointly define a catalyst
screen which may occupy at least substantially 100% of the cross-sectional area of
reactor shell 30. With further reference to Figure 14B, one screen panel 408 is shown as

being displaced to reveal a grid panel 410.

[0088] Figure 14C is a plan view of the catalyst support unit 400 of Figure 148 with all
screen panels 408 removed and showing a plurality of grid panels 410. Grid panels 410
may be supported by catalyst support beams 406. Screen panels 408 may in tumn be
supported by grid panels 410. Peripherally located grid panels 410 having an arcuate
outer edge may be jointly supported by catalyst support beam 406 and a circumferential
shell ledge 404, Each catalyst support beam 406 may comprise a pair of lateral support
bars 414 (see, for example, Figure 14E). Three grid panels are shown in Figure 14C as
being removed to reveal portions of shell ledge 404 and support bars 414.

[0089] With further reference to Figures 14B and 14C, it is to be understood that catalyst
support unit 400 is not limited to the configuration of grid panels 410 and screen panels
408 as shown in Figures 14B and 14C, but rather other numbers and configurations of
both grid panels 410 and screen panels 408 are also within the scope of the present

invention. In an embodiment, components of catalyst support unit 400 may be readily
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(b) the inner conduit is sealingly engaged with the cap, (c) the nozzle body, and the inner conduit
jointly define a void within the device, (d) each of the inner slots is in fluid communication with the void
via the inner conduit, (e) the void comprises an annular proximal void and a substantially cylindrical
distal void, (Othe inner conduit is configured for the passage of gas therethrough from the inner slots to
the distal void, and (g)the device is configured for the passage of liquid through the outer slots into the

assembled and disassembled. In a sub-embodiment, components of catalyst support unit

400 may be affixed to cach other via a plurality of pins, e.g., wedge pins (not shown).

[6090] Figure 14D is a plan view of a portion of catalyst support unit 400 with both
screen panels 408 and grid panels 410 removed to more fully reveal catalyst support
beams 406 and shell ledge 404. In an embodiment, shell ledge 404 may comprise weld
build-up material on an inner surface 32a of shell walls 32. Although Figure 14D shows
two catalyst support bearns 406, the invention 18 by no means limited to two such beams
per catalyst support unit 400. In an embodiment, each catalyst support unit 400 may

typically comprise from about two (2) to six (6) catalyst support beams 400.

{6091} Figure 14E is a sectional view showing the catalyst support beams 406, grid
panels 410, and screen panels 408, as seen along the lines 14E-14E of Figure 14B; and
Figure 14F is a sectional view showing a catalyst support beam 406 in relation to the
reactor shell wall 32 and shell ledge 404, as scen along the lines 14F-14F of Figure 14D.
As noted hereinabove, catalyst support beams 406 may each comprise a pair of lateral
support bars 414. Support bars 414 may be configured for supporting at least a portion of
each grid panel 410. The plurality of grid panel 410 may in turn jointly support the
plurality of screen panels 408. The plurality of screen panels 408 may jointly form a
screen configured for spanning substantially the entire cross-sectional area of reactor
shell 30, and the plurality of screen panels 408 may be jointly configured for supporting a
catalyst bed 402 (see, e.g., Figure 5A). Each catalyst bed 402 may comprise a layer of

particulate solid catalyst, as is well known to the skilled artisan.

[6692] Numerous variations of the present invention may be possible in light of the
teachings and examples herein. It is therefore understood that within the scope of the
following claims, the invention may be practiced otherwise than as specifically described

or exemplified herein.
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nozzle body.

CLAIMS
1. A fluid distribution nozzie, comprising:
(a) a substantially cylindrical nozzle body having a plurality of outer slots
disposed circumferentially around the nozzle body;
(b) a cap affixed to a proximal portion of the nozzle body, the cap having an axial
proximal opening therein;
(c) a base affixed to a distal portion of the nozzle body, the base having an axial
distal opening therein; and
() a substantially cylindrical inner conduit disposed axially within a proximal portion
of the nozzle body, the inner conduit disposed within the proximal opening of the
cap, and the inner conduit extending proximally from the cap to define a proximal
end of the inner conduit, the inner conduit having a plurality of inner slots
disposed circumferentially around the proximal end of the inner conduii, and a
distal end of the inner conduit terminating distally at a location proximal to a distal
end of each of the outer slots.
2. The fluid distribution nozzle of claim 1, wherein:
(a) the axial distal opening is frusto-conical and tapers distaily from narrow to broad,
(b) each of the cap and the base is threaded,
{c) the cap is sealingly engaged with the nozzie body via threads on the proximal

portion of the nozzle body, and
the base is sealingly engaged with the nozzle body via threads on the distal

portion of the nozzle body.
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The fluid distribution nozzie of claim 1, wherein;

(e)

{f)

(@

the inner conduit is disposed substantially concentrically with the nozzie body,
the inner conduit is sealingly engaged with the cap,

the nozzie body, and the inner conduit jointly define a void within the device,
each of the inner slots is in fluid communication with the void via the inner
conduit,

the void comprises an annular proximal void and a substantially cyiindrical distal
void,

the inner conduit is configured for the passage of gas therethrough from the
inner slots to the distal void, and

the device is configured for the passage of liquid through the outer slots into the

nazzle body.
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