-1- MULTI PHASE M XI NG DEVI CE W TH | MPROVED QUENCH | NJECTI ON FOR | NDUCI NG
ROTATI ONAL FLOW FI ELD OF THE | NVENTI ON [ 0001) The present invention rel ates
generally to systens for mixing process gases and |iquids and nore
specifically to interbed quench and m xing systens involving cocurrent and
countercurrent downfl ow reactors using fixed hardware. BACKGROUND OF THE

| NVENTI ON [ 0002] Downward flow reactors;are used by the chem cal and
refining industries in a variety of processes, such as hydrotreating,

hydr of i ni shing and hydrocracking. A typical downward flow reactor has a
cylindrical outer I 1 i.tJ.0 wi.thin the reactor.
The catal yst bed %&F&%@ﬁﬁ@ﬁﬂﬁiﬁd%ﬁ%ﬁ@ positioned
horizontal |y wi tQH INSEE R BsERHTINGIRETAITONAL L@t er of the
reactor. The catal yst support grid, together with the outer wall, cooperate
to retain the catalyst or other particulate material in place. A

di stributi afet HAYFSHRINVER Norizontally within the reactor at a

| ocati on aAWVE—‘la'gre—Tagaﬂys‘r—ggg—f or evenly distributing process fluids onto
the catal yst. The catal yst support grid, outer reactor wall and the

di stributi ray J ] i pl e bed
reactors aﬁgbdclg mﬂﬁbﬁg%%nﬁﬁﬁg&gﬁéﬁg%@n@%ﬁ%%%?%Sl?lgﬁﬂrgln?g&%% rr%néosrge such
cat al yst begsssRadRhid MBnioRE shQAALAIMI el Juehich AREnifRG! Q&tentNe 1 egi on
bet ween sucCcessive catal yst beds defines an interbed m xing zone. Wen a
react or hawivedvingroectiirant ankc@attadcysenbdewhfousedctoreadhgfixedfHavd warear e
introduced into the reactor above the uppernost catal yst bed. The reactant
fluids, which typically consist of both |iquid and vapor phases, flow
through t hB AQKGROBND DRMEE INVENTEON

[0002] Downward flow reactors are used by the chemical and refining
industries in a variety of processes, such as hydrotreating, hydrofinishing and
hydrocracking. A typical downward flow reactor has a cylindrical outer wall
with a catalyst bed positioned within the reactor. The catalyst bed generally
rests on a catalyst support grid positioned horizontally within the reactor and
spanning the complete diameter of the reactor. The catalyst support grid,
together with the outer wall, cooperate to retain the catalyst or other particulate
material in place. A distribution tray is positioned horizontally within the
reactor at a location above the catalyst bed for evenly distributing process fluids
onto the catalyst. The catalyst support grid, outer reactor wall and the

distribution tray define the volume of the catalyst bed.

[0003] Multiple bed reactors are commonly used. They are formed by
providing two or more such catalyst beds spaced along the longitudinal axis of
the reactor. The region between successive catalyst beds defines an interbed
mixing zone. When a reactor having more than one catalyst bed is used, reactant
fluids are introduced into the reactor above the uppermost catalyst bed. The
reactant fluids, which typically consist of both liquid and vapor phases, flow

through the uppermost catalyst bed.



[0004] From t he uppernost catal yst bed, unreacted reactant fluids and the
related fluid products derived frominteraction with the catalyst enter the
i nterbed m xing zone. The interbed m xing zone typically includes a m xing
chanber. This interbed m xing zone including a m xing chanber serves several
purposes. First, the interbed m xi ng zone serves as a conveni ent pl ace
‘through which additional reactants and/or tenperature quenching materials
can be introduced into the fluid produéts. In the reactor units described
above, heat is released as a result of the reactions between gas and liquid
conponents occurring on the catalyst(s), causing tenperature to increase

wi th di st anggo4ioWnFrdmh ehdeperhibsBaYIYEAEES, urkOted YEHCRAR ThiidE MndaR |S
i ntroduced between the beds to quench the tenperature rise and replenish

t he hydr ogeelathBuideerotycts kierived fctm otsracGeaovith she ¢hslystnémebes m xi ng zone
provides a region for mxing the fluid products. Mxing the fluid products
prior to réuferheshmixinggpae. dheantpshedmipsng gosaitysicaldy énalwidsor mising ef fici ent

reactions. |n additjon, ere.catal yti.c  reactiqns are exotherm c an

L omper o ur SBBRER o hRAiPtBed FiE e ARSI B RGN ME A B SISV aRKi ng of
the fluid pr Sewi i hin. er.c us el m nat e
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i ntroduct i QhieRAdAIHNA e j &ﬁgﬁ o lLhgwed nust be
carried ouﬁﬂlnnﬂt ﬁgi ii)&!rxllt g?%ghﬁspg&ggoméggéﬁggt e ?%Fl?ﬁ%g%ggkﬂ iameter, but
is often sharbéicedhatn tedludgeedudiadinithe rSuPpe hith dasiibeadl dbove, Read 9t her
obstructions al so occupy the interbed region so that unique hardware is
required trelepsad ay arashitiadithereaconp beakecan gasreagdi Iquatl @brrgromeantss to |imited

vol une. [0006] . Poor quench zone performance manifests itself in tw ways.
First, the OCHUWEHENOH Bitecatalypiés); sausing EeNperauae 1@ sigseasetwith dintagesrdavers at
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reactions. Secondly, the interbed mixing zone provides a region for mixing the

fluid products. Mixing the fluid products prior to reaction in lower catalyst beds

ensures more uniform and efficient reactions. In addition, where catalytic

reactions are exothermic and temperature control is a critical processing and

safety element, mixing of the fluid products within the mixing chamber can be

used to eliminate regions of locally high temperature within the fluid products.

[0005] The introduction and mixing of quench into the process gas and liquid
must be carried out in the interbed space which spans the full vessel diameter,
but is often shorter than one vessel radius. Support beams, piping and other
obstructions also occupy the interbed region so that unique hardware is required

to perform efficient two-phase mixing in what amounts to limited volume.

{0006] Poor quench zone performance manifests itself in two ways. First, the
quench zone fails to erase lateral temperature differences at the outlet of the
preceding bed or, in the worst cases, amplifies them. An effective quench zone
should be able to accept process fluids with 50 to 75°F lateral temperature

differences or higher and homogenize them sufficiently that differences do not



-3- exceed 5F at the followi ng bed inlet. The second sign of poor
performance is that inlet tenperature differences followi ng the quench zone
increase as the rate of quench gas is raised. This indicates inadequate

m xi ng of cooler gas with the hot process fluids. [0007] Poor quench zone
performance limts reactor operation in various ways. Wien interbed m xing
is unable to erase tenperature differencgs, t hese persist or grow as the
process fluids nove down the reactor. Hot "spots in any bed lead to rapid
deactivation of the catalyst in that region which shortens the total
reactor cycle | engt h. Product selectivities are typically poorer at higher

t enper at ur esxcehdts Fagilunfollamingehesantes] dihe sevosd sigintof poud petfoemaguals ties to
be off-specification. Also, if the tenperature at any point exceeds a
certain val thet mistgeameraturpdifierences foBawangthesgomcha@sinyrepse ahie rate

exotherm c rgactions may .becone. sel f-accel erating.leading to a runaway which
can danageOfte‘ﬂu‘ém’@ tg§P9§¥§15?€ﬁe¥§’(§§§@1C?te§rln g ?‘An&ﬂfn t8asopighilifant of

t hese hazargds, fi operating with poor internal hardware nust
sacrifice yﬁ‘itlpd-oégsstfﬂﬁgg'ghput to avoid these tenperature limtations. Wth

present day refinery economcs dictating that hydroprocessing units operate
at feed rates far exceeding design, optinum quench zone designis a
val uabl e | olf083k Pogeneanchanse Retforoogs limate réasghy oparationdpsatiousfwayse Vohasr al |

m xing efficiency of. a.quench zone is the L lity of the systemto m x
quench fl ui H’éer\gi"ilﬁmﬁp%b%q%'éabf‘?'iﬁ’ied%ﬁe tqTReratp fitterenced Ahese st On eTBY agiiiench
m xi ng efficiencysi.s. the hodol o tfhough, .whi c ench fl.ui.d is ..
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i ntroduci ng quench into the"system [0009] For exanplé&, U S. Patent No.
5,152, 967 dicledtstis ate Bypidatlfn fobae aphightr temperadites hottegion¥icsh Bguse@slorN Whi ch

rotational flow of the process fluids is <created by slotted entrances.

Quench f1 ui discesifyrand othes epiakitiesdodle offaspeniiishaen. r Alsg, 1f the temperature at any
point exceeds a certain value (typically 426.7 °C to 454.4 °C (800°F to 850°F).), the
exothermic reactions may become self-accelerating leading to a runaway which can
damage the catalyst, the vessel, or downstream equipment. Cognizant of these hazards,
refiners operating with poor internal hardware must sacrifice yield or throughput to
avoid these temperature limitations. With present day refinery economics dictating that

hydroprocessing units operate at feed rates far exceeding design, optimum quench zone

design is a valuable low-cost debottleneck.

[0008] One important aspect of the overall mixing efficiency of a quench
zone is the ability of the system to mix quench fluids with process fluids. The
most critical component of quench mixing efficiency is the methodology though
which quench fluid is introduced into the system. There have been various
improvements in connection with both physical means and operational

considerations for introducing quench into the system.

[0009] For example, U.S. Patent No. 5,152,967 discloses a system incorporat-
ing an annular mixing box in which rotational flow of the process fluids is

created by slotted entrances. Quench fluid is introduced through an annular ring



-4- |ocated substantially in the center of the vessel. The ring is fitted
with nozzles to direct quench fluid outward al ong radi al paths. Another
device, disclosed in U S. Patent No. 5,462,719, creates a rotational flow
within a mxing box but wthout significant liquid holdup in the m xing
vol ume. The quench fluid in this design is introduced through a single
vertical inlet at the vessel center positioned such that the entering
quench inpacts a horizontal deflector fokrcing the quench fluid radially
outward. [0010] O her patents which include descriptions of quench

i ntroduction techniques include U. S. Patent No. 5,635,145, In this patent,

a swirl deypged SubstaRthilyinth cBAGr 8P theseMeERI TIHVHAL ichaBa it A6 IssRd to
m x liquid before depositing themon a pre-distribution tray |ocate

bet ween t helireot fentchdinidreaywashalongaadiabphthdi gtmdthertdevide, aysclédzdriah i s

i ntroduced through an annular ring |ocated near the outer wall of the
vessel wit AJ-fuPaiept BondA02:El Yicrenies agoatiendl| ftaw withinal mixingwexrdut Fur t her ,

in US. Patent No.5,690, 896, an jnterbed mxin systemis described in

whi ch an aﬁﬁﬁfoé’}t S}ﬁ@%ﬁﬁ@“ﬁ%ﬁol PUSHE Ty XE Y @I nHNGHYENg '@’éj‘iddndhlst he

col lection ¢ . ] Xl further |.iqui 1 xi ng ar.e cconplished in a
centrally Idgé@éaﬁa@%dgg&oﬁ%ﬂ %ﬁP@% \ﬁ{hqﬂllﬂ%&g} ﬁ%%sf’ﬂ an?egﬁogﬁfonﬁ th
towards a | [ : ty [ j ced
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| ocat ed i nfhiie radiBly @autwind g trough. [0011] While the above nentioned

systens may provide significant inprove- nents in process fluid m xing
efficiency, they do suffer fromless than ideal quench m xing efficiency.

For exanpl §oo1dle ~ Offferipatais wieh ifgude’/d&chiptiBhd of H8SKIN eddaboyge both
restrict the process flow through at |east Oone opening passing through the

col'l ecti on ttctayqudsaneiude diLSh Patean Nug $,68561 411 bRt thid patkhy aiswirltdevigent er of
the vessel ’usgg (tjo gllnsc Ogais 21;[1& 2g\lfje(;gl g&i%g%?lain?elg g?e 35%?10[3 If;}jtggol\i/c?uitir{)eefgreent o
depositing them on a pre-distribution tray located between the collection tray
and the final distnibutor tray. Quench is introduced through an annular ring
located near the outer wall of the vessel with multiple nozzles directing the flow
radially inward. Further, in U.S. Patent No 5,690,896, an interbed mixing
system is described in which an annular mixing trough is used to coilect and mix
liquid on the collection tray. Gas mixing and further liquid mixing are
accomplished in a centrally located mixing box in which the fluids flow in a
spiral path towards a central opening in the collection tray. Quench is

introduced within the liquid phase through two radially outward oriented nozzles

located in the annular mixing trough.

[0011] While the above mentioned systems may provide significant improve-
ments in process fluid mixing efficiency, they do suffer from less than ideal
quench mixing efficiency. For example, the ‘967 patent and the ‘719 patent
described above both restrict the process flow through at least one opening
passing through the collection tray wherein such openings are substantially in
the center of the vessel, and also introduce quench in the space above the center

of the tray. As aresult, in these designs, quench is injected into a region of the



of the tray. As a result, in these designs, quench is injected into a region
of the -5 vessel where very high transverse velocities are anticipated. As
wi |l be discussed below with respect to the present invention, this
configuration results in relatively less efficient quench gas m xi ng.

[0012] The " 145 patent also forces flow through a central opening in the
"col.-l'ection tray, but |ocates the quench injection nmeans substantially near
the wall of the vessel with nultiple nézzles directing quench radially
inmard. In this design, quench may be suitably | ocated in | owvelocity
region as it is with the present invention, however, the quench fluid does
not enter végeleses) virdydilkhoranowige eclotickhge hharipurRds Ay #filpekt y of the
process fluid and, as such, does not pronote m xing between the process and
quench f1 uiibsussed behow vads regpect to the pedsent inyehfiencdis ¢cratfigunatiqueasakis | ocat i on
may be | ocat eq toe:ilé IosEéy, to the wall of the vessel, |eaving inadequate
mi xi ng vol UhElgey S{CRHCICR} @¥eNHrEasau¥ngnd the wall. [0013] The 896
patent again forces flow through the central opening in the collection
tray, but f&ﬁ\g&is forced to follow a roughly spiral path to the opening as
aresult of It | ebhtyl ldodrpten alsrplarees tlowibreeh & cenifad @peaingrintthe | ocat i ons

on the tray,separate 180 degrees. .|t is believed that at st ope of
t he quenc hcg]i]?ﬁ%g’é‘t%z?%%ugy‘?%%s tgg USHCSIF jgectgn meﬁﬂ%smq}@lﬁlad}wt eeﬁ?lgn
benefi ci al 1, X et el . ' (Ml S.tn this
systemdir 8?:?“ ﬂéé:s@gvh i%@ﬁ?%%ztz\;\gs%?&g@rgp@rﬁfg3?@%@6&%@‘ ?Irpatﬁl Verse _
vel ocity OfedibR @ickicBIHay belkaitai hséaté@ﬁmov@ﬂem%ﬁﬂﬁeg AT iRRSwRh$Re Vel oci ty
of the process fluid. [0014] Anofher system disclos in US. Patent No.
6, 180, 068, pedssnt mveniicigshoveneanihe dughaii figidiospenantgade anskep flondsg fl ui ds
w thin the interbed space. This system enploys separate m xing zones for
each of tweouRigt tatedransarse tviekngityfofahe iproceasy flund andi asguchbndvasims whi | e
montm 2l ngppornelcs)tseur;uexigé %gt\ggenmﬁxlelprggesg gg %uench fluids. In this design, it is also
believed that the quench location may be located too closely to the wall of the

vessel, leaving inadequate mixing volume between the injection point and the

wall.

[0013] The ‘896 patent again forces flow through the central opening in the
collection tray, but flow is forced to follow a roughly sptral path to the opening
as a result of baffles placed on the tray. Quench is injected in two locations on
the tray separated by 180 degrees. It is believed that at most one of the quench
injectors in this design lies within a low-velocity region beneficial to mixing
efficiency. Further, the quench injectors in this system direct fluid radially
outward, perpendicular to the transverse velocity of the process fluid rather than

opposite the transverse velocity of the process fluid.

[0014]  Another system, disclosed in U.S. Patent No. 6,180,068, also provides
enhanced mixing of quench gas and process {luids within the mnterbed space.

This system employs separate mixing zones for each of two reactants permitting
flexibility in mixing conditions while minimizing pressure drop as well as space
and volume requirements. However, the efficiency of this device is sensitive to

the degree of phase segregation achieved at the interbed inlet and thus may not



and vol une requirenents. However, the efficiency of this device is sensitive
to the degree of phase segregation achieved at the interbed inlet and thus
may not - 6-per-formas desired under all conditions and with respect to
particul ar reactant characteristics. [0015] The above and ot her known

m xi ng systens generally suffer fromthe fact that there is insufficient
‘space within the m xing chanber to prorr%te i ntense two-phase mxing. This
limts the capability of these systens to honobgenize quench fluid with
process fluids and to erase tenperature differences between fluids from
different sections of the reactor. Accordingly, there is a continued need
to provi de petfermagsgslpstredraindemall ppaditoas and anterespectphgsetionlar regetant
preferred system al.so shoul d provide sufficient volunme for the vapor phase
to mx sefHPRCEIPULS-om the |iquid phase. Even while satisfying the above
criteria, it is preferable that the designated m xi ng system m nim zes the
pressure drﬁﬁl vm'tjﬂ'ln the reactor _as wel] .as permtting relatively easy
retrofit wilPWxi sTheaboveard gthes kapwa ME3nS sY4ems Lenprdyeutimsilrandbg i ous

i mpr ovenent.s ve. been.made, . it wll . understood, that the prior art
systems ded @?tﬂﬁﬁt&hﬁﬁdé éns&ﬁ mlﬁ"% ?m&ee‘f’ﬁﬁﬁle EAXEE 81”%??1] to @HHﬁ)ﬁ%me?SCs onme
formfor t ! 10 X I 1.XJ nce is
directly rg gt(_':ﬁeﬂ(?rs%: glﬁ%( Hg r%}?lgtllﬁ%ﬁgﬁmn%ﬁgggﬁﬁ]o%tﬁ%ﬁ &’llyg{g([ﬁge@%eodﬂ S%énﬁlill nthis

chamber. Mygenél fIARE with proessTRiRs hRd tRblass YShpERuReRl S¥reh0BEbétiRen Of
tangentially-directed or helical baffles, surfaces or ranps to introduce one

or both pHhaésfront diffedrentsscribncofiheacaaod Accoslinglys thebais 4 esntimuedf aces or
ranps whi ch change the flow direction froman approxi mately radi al
traj ect or y need thprovade sukmg systangnthae proeatevintamise tvephisg miginghafvber . [ 0017]

Not wi t hst andi this, nost priaor art, sysfens enpl o uench injectors which
create a SPESERREISTEY FAOFAP RO RTHFIGRE VP HTReL (ol d0e EROT PIEE.0 of ¢ her
mux separately from the liquid phase. Even while satisfying the above criteria, it
is preferable that the designated mixing system mimimizes the pressure drop
within the reactor as well as permitting relatively easy retrofit with existing

reactor spatial constraints.

[0016] While various improvements have been made, 1t will be understood
that the prior art systems described above all ultimately depend on a swirl
chamber of some form for the critical mixing steps, and the overall mixing
performance is directly related to the rotational momentum which is created
within this chamber. Most if not all of the prior art systems employ some type
of tangentially-directed or helical baffles, surfaces or ramps to introduce one or
both phases into the swirl chamber and it is these baffles, surfaces or ramps
which change the flow direction from an approximately radial trajectory to the

circular motion desired within the mixing chamber.

[0017] Notwithstanding this, most prior art systems employ quench 1njectors
which create a substantially radial component alone in the quench fluid, either
radially inward or radially outward. Even in systems which include baffles

which are claimed to provide premixing of quench and process gases, a



radially inward or radially outward. Even in systens which include baffles
which are clainmed to provide prem xi ng of quench and process gases, a -7-
~rotational conponent is not introduced until the fluids enter the principal
m xi ng chanber. [0018] The assignee of the present invention has filed a
co- pendi ng patent application, U S. Application Serial No. 10/439, 963,
"filed May 16, 2003, and published as U S. Publication No. 2004-0228779
entitled "MILTI PHASE M XI NG DEVI CE W TH7 1 MPROVED QUENCH | NJECTI ON. " The
guench introduction nmeans according to the invention disclosed therein
provides for a preferred range of locations within the horizontal

Ccr oss- sect ir@atighalacormepstint ivhovinendhcéd undl thejfadts entepthapfihdipd] sotihgct i on
tray relative to the wall and to the process fluid outlets through the

col | ecti onchamper.In addition, the invention teaches a quench injection

met hodol ogy and apparatus calling for a preferred direction of injection so
as to release quench into a lowvelocity region wthin the vessel. Wile

t he di scl 046¢l8)r Dhessignae ofifiiegredeusinveiondentfilal s cepefiding pateni applioaménent i n
the art, the systemdescribed in the co-pending application does not enploy
quench i nj &Bi dppkgation Serial Hoi HH4A . LoimbidedeMiay égdZ(ﬁgesﬂdlpﬂthhhéﬂ%U&e benefit

appl | cant* Sublcalse: q‘i‘-‘r@%éptfa%é?“é%ﬂlesﬁﬁﬁﬂiﬁm&gﬁﬁﬁﬁﬁk&ﬁ:mﬁﬁ%%&dC‘E”gw T
| MPROVED : ' i . ' [

herein for Wgﬁ] ﬁﬁﬁr@é%‘gﬁ? %@%@92@ r?g gu‘“\éﬂsfn“ %}B‘% tne‘ﬁganlégaggﬁr gﬁ%ﬁg:ﬂ% be
surm sed frRHHRR dRRYEed %é&ﬁ?ﬁ&ﬁ&bs tbP8bfefbifed QRER of Bc&t‘&ﬁm%’iﬂtﬁﬁ e art to

further mxing efficiencies a performance with respect to e m xi ng of
quench fl viltrisbitl roesszsion bk dsssehfod querfdhdid &dedtiphson SUDRRGNedton Tty

| NVENTI ON [ 0020] The present invention provides a novel neans to provide
more ef f eatlative ti thie vepllogndgodheprotéssifbied emttetpthooughsthe colleitionittali m a r eact or
vessel . addition, the invention teaches a quench injection methodology and apparatus calling

for a preferred direction of injection so as to release quench into a low-velocity region

within the vessel. While the disclosed process and apparatus represent a significant

improvement in the art, the system described in the co-pending application does not

employ quench injection with a rotational component and does not, therefore benefit

from the results attained therewith. Further, the teachings provided in applicant's co-

pending application entitled "MULTIPHASE MIXING DEVICE WITH IMPROVED

QUENCH INJECTION" may be combined with the teachings contained herein for

further improvements and synergies.

[0019]  As can generally be surmised from the above discussion, there is room
in the current art to further mixing efficiencies and performance with respect to

the mixing of quench fluid with process fluids in downflow reactors.

SUMMARY OF THE INVENTION

[0020] The present invention provides a novel means to provide more
effective mixing of quench fluids and process fluids within a reactor vessel.
According to the teachings of the present invention, one or more quench

injection means are selected to define one or more associated quench injection



According to the teachings of the present invention, one or nore quench

I njection neans are selected to define one or nore associ ated quench
“injection 8 locations in the region above the principal mxing box or
chanber. According to the teachings of the present invention, a preferred
~direction of quench injection is selected to cause a rotational current on
the collection tray in the horizontal pjane. This current, in turn, results
ina fluid m xing nechanismwhich is highly conplenentary to the rotationa
fl ows subsequently induced in the principal mxing chanber of the quench

System i's IORUERREBANMITEHO8 ABRVH IR MTGpa Biics %fo?f‘hanﬁ%ﬁ%cgsmg o' e
col | ect] on ¢ benhaliaf gy RAMRenRBs | LRSH PALBYANSE GoLI gAY 2. and

at least o passageway 3% | ng r'ou e collTe he
mXing chaibeslectlifo tattd'g r&tﬁﬁﬁﬁﬁ%tﬁ‘f&i‘lt blithe €aliéctdd OBy b e lﬂfﬁid?ﬁala

t wo- phase m xi ng volune. The passageway conducts from above the

col | ecti on plamy Thiscuiest inxung rehdtiars fidideniRing mahhaﬁhewhlm Bftdghbl v

i ncludes at | east one outlet opening for the downward passage of fluid. The
i ntroducti mmﬂlemeatamy tortherdiatidnad Slows mbseqmmlt}p widnged mthegprimspalescri bed
in applicant's co- pend| ng application entitled "I MPROVED MULTI PHASE M XI NG
DEVI CE W Trosarg-chan &!Ccfﬂieinéh Z8B%4 al Nunber 10/ 341,123, filed on January
13, 2003, and publi shed as U. S. Publication No. 2004-0136886 may optionally
be inplenmented in accordance with the mxing systemdescribed herein so as
to obtain t[ﬁ@zl]bénedrdm td dlscieadiangs of thhatesgmmnam nexing eystem @221 | n
addi tion, teachi ngs des¢ribed in applicant’s co p | ng appli.cation
entitled ' ECFF Mok IS TSIt GQUpRyly ﬁFFthq\Eﬁ’C?ln@Qﬂg U. S.

oo o sl M LS8 B e
teachi ngs Nefolsh the SoifkctiGitef ifth teWhfiiid AntieNThe HixihpthBRBE etnd%é ocations

collection tray define a two-phase mixing volume. The passageway conducts fluid
from above the collection tray into the mixing chamber. The mixing chamber
preferably includes at least one outlet opening for the downward passage of fluid. The
introduction of one or more baffles within the mixing chamber as described in
applicant’s co-pending application entitled “IMPROVED MULTIPHASE MIXING
DEVICE WITH BAFFLES”, Application Serial Number 10/341,123, filed on January
13, 2003, and published as U.S. Publication No. 2004-0136886 may optionally be
implemented in accordance with the mixing system described herein so as to obtain the

benefits described in that patent application.

[0022] In addition, the teachings described in applicant’s co-pending application
entitled “MULTIPHASE MIXING DEVICE WITH IMPROVED QUENCH
INJECTION” , U.S. Application Serial No. 10/439,963, filed May 16, 2003, and
published as U.S. Publication No. 2004-0228779, may generally be combined with the
teachings herein. As a result of injecting quench at the specific locations and in the
specific directions dictated by the teachings of the co-pending application, significant
improvements in mixing efficiency are obtained. Those teachings may be combined
with the teachings designed to induce rotational flow contained herein. In particular, a

combination of the teachings allows for mixing of



specific directions dictated by the teachings of the co-pending application,
significant inprovenents in mxing efficiency are obtained. Those teachings
may be conbined wth the teachings designed to induce rotational flow
contained herein. In particular, a conbination of the teachings allows for
m xing of -9 quench fluid to be significantly inproved when quench is
‘i'ntroduced into a region above the collection tray and where (i) |ateral
velocities of the process fluids are Iow, (ii) sufficient volune is
avai l abl e for the quench fluid to mx wth the process fluids, and (iii)
quench injection occurs so as to induce a rotational flowin the horizontal
pl ane wi t h eaelyfliuid tabe sighificaatiyimmeved wbenswaaeh is inBRdEFedERCRI PTI ON OF
THE DRAW NGS [ 0023] FI G is a sche ic, .sjde-elevationgl view of a
reactor colTG&RD 2DGNEHRE F‘Pll}‘ict“%'s[r%ye%‘iﬁ&??re[@bkﬁ ragV@OC§1q5§aféh%P5‘i’Fe§$ ew of the
m xi ng sSys t . Ly Lon il trating the structure and

| ocati on o#ﬁphgg'ﬁeulgﬁvcﬁflfﬁjﬁ@&é&? w?@‘(‘:d(’)lgclﬁ %\t’al'[ag)fq {103 th? g&%ﬂ&hgglﬁg’r@%?‘” 0025]
FIG 3 is [ Vi ; T r dnayention
1 Tustrat i R PR P e P e IO BBt e ™t o
the teachi rfgsw e el oriandal[1826ithl Gsigdificinaangliey atlioeity Cogmopknt. he m xi ng
system of the present invention according to a second enbodi nent in which a
secondary swirl chanber is enpl oyed. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0027] Fi gBRIEBF SESGRIFTICN F THEORAWINGS hydr opr ocessi ng reactor col um
in accordance with the present iInvention. The general configuration of the
reactor is conventional, as are details such as the supports for the grids

and distri[p023) pFHbes isvnbdienaatec, sate-slhvawoifab vigpuiop asesctof caluawi,ty. The
react or

shown in cross section;

[0024] FIG. 2 1s a plan view of the mixing system of the present invention
iltustrating the structure and location of the quench injector according to the

teachings herein;

[0025] FIG. 3 is an elevation view of the mixing system of the present
invention illustrating the structure and location of the quench injector according

to the teachings herein; and

[0026] FIG. 4 is an elevation view of the mixing system of the present
invention according to a second embodiment in which a secondary swirl

chamber is employed.

DETAILED DESCRIPTION OF THE INVENTION

[0027]  Figure 1 shows, in simplified form, a hydroprocessing reactor column
in accordance with the present invention. The general configuration of the
reactor is conventional, as are details such as the supports for the grids and
distributor plates which are not shown for purposes of clarity. The reactor
column 15 is formed as a generally cylindrical chamber having an outer wali 16.
A reactor inlet 17 and a reactor outlet 18 are provided for introducing and

discharging fluids from the reactor column 15. The reactor column 15 further



colum 15 is forned as a generally cylindrical chanber having an outer wall
16. A reactor inlet 17 and a reactor outlet 18 are provided for introducing
and discharging fluids fromthe reactor columm 15. The reactor colum 15
further -10- conprises one or nore catal yst beds 20 positioned along the

| ongi tudi nal axis of the reactor colum 15. Each of the catal yst beds 20
‘contains catalyst material 21 which is preferably supported below by a
catal yst support grid 22. The catal yst -1 Upport grid 22, together with the
outer wall 16, provides direct support for the catalyst material 21.
Alternatively, the catalyst support grid 22 may provide indirect support
for the catcamyise bnbyrmeorgicalaigstdeds @0 prsitéoricalydosg tie wngindamnal asismfor ti ng
solid or solids WhICh in turn support the catalyst 21. A distribution tray

23, for fadht ifff%ﬁ‘?frﬁj’ lempan i Bagh efuthesatalystiheds ‘-“(Wléﬂm‘@ petabyst mapenial 2l s
f bl d th t.al 1 1 t al t

P ener &gy S e rBRRh” el R RISR o Eb b3t st 880 e chBSRa By ®

per forat ed sﬁ@@&h%ﬂ'ﬁ gg&p&p&,ﬂmﬁé oatri 4l ?at g%vk]@ers%{éc?s@ﬂ&wféﬂ fds to

pass theret Ion € openi ng ort grids

22 are SUfcfaitdlzﬁﬁhht)énﬁml | ASRrdtiviedy | Rh@\cﬁm ?g@& alstz Bﬂa fﬁr@WdBaSS' ng
t hrough. Furt it wll be appreciated t openings’in the

di stri buti andireayssip@dit fanthe gty anvxbydeemnﬁﬂg whe oh mvay Ibgerasfadagieed with
the openings in the distribution trays 23, should be sized and spaced such
that flui dSugepBEI Séﬂlddm@lndﬁevmpb tllii fWyn-supper the agtabat 2l e Aydiserbutiqn f or ced

b ough i SEY BotPb i ing VT gL PUiAR O SRLSO B UE SHABE AL ve. cat al yst
part, to. prasiues tafeseABeye B fure UGt f"a@?é?aﬁ”t S 1o the catalyst beds
20. Additionally, the interbed mxing zones provide a convenient position
]:;8|r ulrmnt ;gdﬁp?ﬂ%ﬂgﬁﬂﬁﬁgzamgﬁpﬁérﬂg%ﬁs ﬁuﬁ% t%gecﬂgnaikau{igg ?}a?;@ px C'O%I?risreea(:t or

meshed or perforated portions having openings sufficiently large to allow fluids

to pass therethrough. In addition, the openings in the catalyst support grids 22

are sufficiently small so as to prevent the catalyst 21 from passing through.

Further, it will be appreciated that the openings in the distribution trays 23, and

any flow devices which may be associated with the openings in the distribution

trays 23, should be sized and spaced such that fluids deposited onto the distribu-

tion tray 23 are generally forced to spread substantially over the distribution tray

23 before passing through distribution tray 23.

[0029] The spaces between successive catalyst beds define interbed mixing
zones. The interbed mixing zones function, in part, to provide a homogeneous
mixture of reactants to the catalyst beds 20. Additionally, the interbed mixing
zones provide a convenient position for introducing quench fluids and/or
supplemental reactants into reactor column 15. Although the embodiment
shown in Figure 1 contains three catalyst beds 20 and two interbed mixing
zones, it will be appreciated by those skilled in the art that the reactor in
accordance with the present invention may contain more or less than three

catalyst beds and more or less than two interbed mixing zones.



shown in Figure 1 contains three catalyst beds 20 and two interbed m xi ng
zones, it wll be appreciated by those skilled in the art that the reactor
in accordance with the present invention nay contain nore or |ess than
three catalyst beds and nore or less than two interbed m xi ng zones. [0030]
A mxing systemis positioned within at |east one of the interbed m xing
zones. The m xi ng system conpri ses a cpk*gction tray 26 which extends
general ly perpendicular to a |ongitudinal axis of reactor columm 15.
Collection tray 26 spans substantially across the entire dianeter of
reactor colum 15 so as to divide the interbed m xing zone into an upper
and a | oned093Yi onA mixdeg dystemgis posismedsvitlin af leagt ose obthesinterbed ui ds

O R U R ok A o B AN AN éﬁtie}l&iti?gy
. _ _ Miaddich . !

fhe i ner eitally el gBIMAL AR | SRiBRI BRI et OBECafln 45 TiatleElhRno, °
and/or i .ir){dzaoﬂﬁ%%}lsgbhﬁm)egcr%@@g% drftRe agelﬂqﬁg%bp&atcfﬂo%ﬁnmlsfn PR

downwardly 1nto the ower region of the inter m X1 ng zone.

enbodi ment ts dpvide teagliterbedmigirid one indy aR Gppond & &swéveghas sagewdys 29
formed as spillways. Each of the spillways is forned as an opening 30

Wi t hi n t heingllyl eclidcoionttray 2@ 6ollgcts flusds passmguhtoh the chtal pstdbedihehiche
opening 30 for directing fluids through opening 30 and a second conduit 32
is formed BeRegHANhabRYRCAlecton WY &ting fluids that have passed through
opening 30 away fromopening 30. It wll, however, be appreciated by those
of skill in the art that other designs may be utilized. For exanple, the
passageway 400311 copeios anersarseaganys dheye paewidnd in peidesiion Eay L@éei on tray
26. [0032] M xi na}ﬂchanber 35 IS positi oged bel ow col | ect. onm;)ra 26 to
recei ve f IPGPHEC WA FOBURWICHQR, SRS 0Ae BRRSAishloWer TREiong, ment shown

|0 Floure idebdemlikDoneh ARGRROTP TSR Re SIS biidhic YRhdr At t ached
liquid phases collected above the collection tray 26 to flow downwardly into the
lower region of the interbed mixing zone. In the embodiment shown, each
collection tray 26 comprises two passageways 29 formed as spillways. Each of
the spillways is formed as an opening 30 within the collection tray 26. A first
conduit 31 is formed above the opening 30 for directing fluids through opening
30 and a second conduit 32 is formed beneath opening 30 for directing fluids
that have passed through opening 30 away from opening 30. It will, however, be
appreciated by those of skill in the art that other designs may be utilized. For

example, the passageways may comprise open-ended tubes passing through

collection tray 26.

[0032] Mixing chamber 35 is positioned below collection tray 26 to receive
fluids which pass through passageways 29. In the embodiment shown in Figure
1, the mixing chamber comprises a cylindrical wall 36 attached to, and extending
generally perpendicular away from a lower surface of collection tray 26. Mixing
chamber 35 further comprises floor 37, extending generally horizontally from
cylindrical wall 36 upon which fluid can collect. Weir 40 is positioned generally

peripherally at the end of floor 37 as a retaining wall extending perpendicularly



general ly perpendicul ar away froma | ower surface of collection tray 26.

M xi ng chanber 35 further conprises floor 37, extending generally
horizontally from cylindrical wall 36 upon which fluid can collect. Wir 40
is positioned generally peripherally at the end of floor 37 as a retaining
wal | extendi ng perpendicularly -12- and upwardly fromfloor 37 of m xing
chanber 35. Fluids nust therefore flow_-pver weir 40 prior to exiting m Xing
chanber 35. Accordingly, weir 40 functions to retain fluid on the floor 37
of m xing chanber 35 until the level of fluid on floor 37 is about the sane

posi i oned 4 W%ﬁ??{%ﬂiﬁﬁfﬁﬁéﬁ gh@n‘v%??iﬁ%@? W@ﬂaﬁ@gﬁ :F?Q?h' ’
ti oned WA Hhed TR A RHBEHE 3
Vorti cal 1y Uiy o Andorr e Rk R RIS, SRR S <o

optional |y fRerpbhs esrepeniludonthe fRsdraTdb MG dhp ehatrbee 38URNI] ihdlicslel br ough
the floor of flash pan 44. Flash pan 44 may be provided to receive fluids

as they ar efldidsahfloged7fis aboutithe sgme rantehigBbr tmnabe theightefilweidid8t ri but e

the fluids over the surface of distribution tray 23. [0034] In addition, one
or nore quench feed lines 46 extend through the wall 16 of reactor colum
15 into onef0®33for dlastepamndd n§ eptionalybposididigdwithén ihet mudrddd mikkigngpreones.

I njectors 55 enable a fluid to be injected into one or nore of the interbed
m xi ng zonebelogumiingfchamher 3és Elashpan 44 sompmises atfloaguwith aetairapg evall bot t om

head of reactor colu 15 and pass, t hrough catal yst .beds 20 and distribution
trays 23 toCHEpding s@ﬁtlpﬂygg?%ai]gglwqr iar]i’oﬂlﬁg"q PRIEFBEY Oi'iﬂ%? ﬂ@% sh For

Guenen 1 ut Bni) PEARERTL MG Hncn i FHER R Birel e ShaT DR 5™
liquid or ﬁuahgﬁ Wer186r S8AadFar M.U%shgir?gﬁ% iy C})%g%@k}m@d%%eéawe a

uniform initra distribution of the qu further descri bed

herei n. [ 008&]dsAlsttheyate digthargadiffee miRimOEaaberBt vb hiitd Seendy didribute
invention, FIG | further
the fluids over the surface of distribution tray 23.

[0034] In addition, one or more quench feed lines 46 extend through the wall
16 of reactor column 15 into one or more quench injectors 55 within the interbed
mixing zones. Injectors 55 enable a fluid to be injected into one or more of the
interbed mixing zones. Quench feed lines 46 may also enter through the top or
bottom head of reactor column 15 and pass through catalyst beds 20 and
distribution trays 23 to arrive at an injector 55 within the interbed mixing zone.
For example, in a hydroprocessing reactor, hydrogen may be injected as both a
quench fluid and as a reactant. In general the quench fluid may be a gas, a liquid
or a mixture of gas and liquid. Injectors 55 should provide a uniform, initial

distribution of the quench fluid as further described herein.

[0035] Although not required in connection with the present invention, FIG. 1 further
shows a baffle 42 within mixing chamber 35. As described in applicant’s co-pending
patent application entitled “IMPROVED MULTIPHASE MIXING DEVICE WITH
BAFFLES,” Application Serial Number 10/341,123, and published as U.S. Publication
No. 2004-0136886 baffle 42 facilitates the mixing of fluids within mixing chamber 35.
In Figure 1, baffle



shows a baffle 42 within m xing chanber 35. As described in applicant's
co-pending patent application entitled "I MPROVED MJILTI PHASE M Xl NG DEVI CE
W TH BAFFLES, " Application Serial Nunber 10/341, 123, and published as U.S.
Publication No. 2004-0136886 baffle 42 facilitates the m xing of fluids

wi thin m xing chanber 35. In Figure 1, baffle - 13 42 extends

per pendi cul arly and downwardly fromthebottom of collection tray 26.

[ 0036] According to the specific teachings of the present invention, quench
fluid mxing is significantly inproved by a novel neans of quench

i ntroductio ithin reactor colu 15. ho in Figures and 3, quench
i njection i e’\én%%l W%%‘ﬁggaﬁlé’ a[néin@%\yj ‘é’a@’iyE’EOJ‘E‘%?IQ?HQ‘%&%?(H%SHOEHIaVecti on
tray 26. This, in turn, provides fluid mxing which is highly conplenentary
to the rotational flows induced within the mxing chamber 35 bel ow

collection tray 26. [0037] In particular, because various structures such as

baffles, r nd ; i Y nt in
most, 11 novOaT e ICaa B He LA AR ST e BERRET 1
change fl Uiﬂﬂliﬁ'rﬁﬂilfl%w\@igﬂﬁcﬁﬁﬂy ombr@teel by & advel mead SCH@nchtifwradedticiyl ar
nmotion simlar to that desired within mxing chanber 35, it is beneficial
for quench wnhiecieacior tolumen 48 c dspihioshrenh Eiguass 2 tind Bpqhenth iajesitigniif i cant
angul ar vel ocity conponent as taught herein. In the exenplary enbodi nent
shown in Figufigured soagiil ¢ause airotagipaak ceienitarueallacionriraycdh.l €bisi ontwrnay 26

that tends to cause.rotational fluyid flowas fluid sses thr h the
openi ng 30 I?rﬁv’cdgfsﬁ’é‘il Y AIE I%Smlyﬁp@lﬁﬁ@emaﬂ ?llenf naggl%“[sooss] The

t eachi ngs i . . i t i njection of
guench fl uhgalﬁénéha E}Iﬁll’ e@’t%ﬁghﬂ‘?gg?ﬁgP%?%gfogpg‘%’@‘%“r"?‘i‘i%ﬁ E§'ngu| ar velocity
conponent has two benefits. First, premxing of fluids of |ike phase on

col I ection ()3y] 26 1h fadichil! BedsMRE QUAHuIMEudBr&ULER S afiels, Wind nd Ot ati onal

flow
surfaces located on collection tray 26 are present in most, if not all downflow

reactors, and because these structures tend to change fluid flow from an
approximately radial trajectory to a circular motion similar to that desired within
mixing chamber 35, it is beneficial for quench injection to be accomplished so as
to include a significant angular velocity component as taught herein. In the
exemplary embodiment shown in Figure 1, conduit 31 is one such structure on
collection tray 26 that tends to cause rotational fluid flow as fluid passes through

the opening 30 in collection tray 26 and into the mixing chamber 35.

*' [0038] The teachings herein are based upon an understanding that the
injection of quench fluid in a direction that provides a significant angular
velocity component has two benefits. First, premixing of fluids of like phase on
collection tray 26 is greatly improved due to currents set up via rotational flow
of injected quench. Second, rotational momentum which prevails in the mixing
chamber 35 is increased by providing entering fluids with some anguliar velocity
before they encounter the baffles, surfaces or ramps leading into mixing chamber

35. Both benefits lead to better overall mixing performance in the quench zone.



of injected quench. Second, rotational nonentum which prevails in the m xing
chanber 35 is increased by providing entering fluids with sonme angul ar
velocity before they encounter the baffles, surfaces or ranps leading into
m xi ng chanber 35. Both benefits lead to better overall m xing performance
in the quench zone. -14- [0039] Referring now specifically to Figures 2 and
3, the structure of the quench injectigp.neans of the present invention is
described. Quench fluid is provided to reactor 15 via quench fluid inlet
line 46. Quench fluid inlet Iine 46 is connected with quench injector ring

55 so that ch £Lpid fl frominlet-. line 46,directly int uench
i nj ector ri[ﬁg@& %Egéﬁglﬁgin%%e%ﬁeggﬂalﬁfgt%@g%ﬁﬁa?%%ga[her‘?&]'?f%&reéﬁ t t?(Jench
outl ets 95 GuBHOSHIe MU P thedheBF thel brtlche TBYetitl is sAlkd. | GLeRiPhId B9 S5 and
enter reactor 15 above collection tray 26. I'n one enbodrnent of tRe pr esent

i nvention, pyoeided @ wddcaiisl Phiacrepch $hid igevliat 46y QienchThlill iRlepage Ugadi ng
out the top of quench injector ring 55, each pipe having a 90-degree bend

from verti ¢atonmechat wrbrgquanchmjeatos mog Ss 50 Hiaglguehenfuhd {lewsIftorasnlepi pe) to
direct the flowin a swirl. As will be apparent to one of skill in the art,
pi pes may Baegkhdirgdlainge guen Bacalar Png @ 5s densdgniesiaring 8D cap@intes so

nor i -1 n et hisuan i ablek BR e it BT L eRoao Rl 95

ol udes U RRL:ALRESS 18X EALY 1 SRAGETS AROUN MUSREN Y EChPEpd | 19 55, [0040]

O course, e use sone o I'pes and sSone other type of

spaci ng betepeesHiRleReST {He st bh et quefiPHItA 9%%3}1&@1%%&2 ognd
spirit of the present invention. Additionally, various other arrangenents
are possi blsenall pipes tuaddig out tivettbp Of quemenimjdaor ﬁﬁ%lﬁi‘jt tadhgpigodaemgfd uid to
exit quench injector ring 55, For exanple, open holes on the top of quench
i nj ector ri%ydegeabend fispodertiabiehonzeritakand a bleort sueight bmgdathilhad e in a

gimr)gg;t irrggt %ri%D tolé{quch %%ﬁc‘a\%gg ﬁcqua%bazlﬁ\g Qviﬁebeea%%a?gnef\%!o %Isle %? sl%hi[ ief\lrtr}]lgtairt\,/ ©
pipes may be bent in angles which vary to some degree from 90 degrees so long
as rotational flow 1s induced 1n the horizontal plane as taught herein. In one
embodiment of the invention, quench injector ring 55 includes twenty pipes

evenly spaced around quench injector ring 55.

[0040]  Of course, the use of some other number of pipes and some other type
of spacing between pipes is possible while remaining within the scope and spirit
of the present invention. Additionally, various other arrangements are possible

i in connection with the means for permitting quench fluid to exit quench injector
ring 55. For example, open holes on the top of quench injector ring 55 with
hoods above to direct the flow from each hole in a direction promoting rotation,
may also be employed as an alternative embodiment. The exits for quench to
escape quench injector ring 55 may also be located at various points on quench
injector ring 55 such as, for example, on the bottom of the ring or the outside or
inside of the ring, so long as the last section of conduit proceeding from each
injection point directs the quench flows in a swirl. Notwithstanding the various
configurations that are possible for allowing fluid to exit quench injector ring 55,

it is preferable to ensure that flow rates at all exits are as similar as possible.



escape quench injector ring 55 may al so be | ocated at various points on
quench injector ring 55 such as, for exanple, on the bottomof the ring or
the aqutside or inside of the ring, so long as the | ast section of conduit
proceedi ng fromeach injection point directs the quench flows in a swrl.

. Notwi thstandi ng the various configurations that are possible for allow ng

fluid to exit quench injector ring 55, -1t is preferable to ensure that flow
rates at all exits are as simlar as possible. -15- [0041] It is preferred,
but not essential, that the individual quench flows be directed
horizontally within the reactor as opposed to in a direction which is not

Georces  wioHTCpRaT plare i At e dng R Speb Pl h
olane o PueaediEREATE Wi B RACRT SN Mppdk RORAREI g SRRt il

nmoment um i ?aﬂﬂtel td m@gﬁaﬁé AgqueficiRikjetaf rifesNt Afples fidig (ftbB(deeand above
the collection tray 6, as well as due to risk of unfavorabl e 1 npingenment

of the quergkh fedbsctod sulch plams sl ailosupipmificagt ratatiomd] neementun tabs and/ or
other internal menber(s). The injected quench fluid velocity should be as
hi gh as pr @enemsed.t Anglasiexecediogriisdegreeshwithrespact tusyabrplape 85 858 above the
collection tray, while not gr%;gﬁeedi ng . relevant limts designed.to avoid

i
quench i nj desisablgegrausea signpficag factionpf ql?lﬂé?‘?f'!é'!nhglﬁirmﬁ uIRithpgt i on or
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chanber. Refeérring to Figure 3, the swr ntTances are the spillways
| eadi ng i Rfagaliyfreuppbitodritd| collextiog tehamidor other uentd nzankerdgsiPrs whi ch
include additional "swirl entrances or devices, such as those described in
appl i cant ' Snjeetqbqusncy fmd vaatitpshould MPROVESh R JpTACHEAISE INHXCNDGEDBOSICE W TH
STAGED GAS | NTRODUCTI ON', Application Serial Nunmber 10/358, 760, filed on
February 5,subs@atial current possible above the collection tray, while not exceeding

relevant limits designed to avoid quench injector wear, jet impingement on

internal surfaces, vibration or other detrimental mechanical phenomena.

[0042] According to the teachings of the present invention, the swirl flow induced by
the quench injectors favorably complements the swirl entrance flow to the principal
mixing chamber. Referring to Figure 3, the swirl entrances are the spillways leading
into the principal mixing chamber. In quench zone designs which include additional
swirl entrances or devices, such as those described in applicant's co-pending application
“IMPROVED MULTIPHASE MIXING DEVICE WITH STAGED GAS
INTRODUCTION™, Application Serial Number 10/358,760, filed on February 5, 2003
and published as U.S. Publication No. 2004-0151643 and shown schematically in
Figure 4, the swirl flow induced by the quench injectors also favorably complements
the entrance flow to the secondary swirl chamber or device, provided these additional
swirl devices produce rotation in the same direction as that in the principal mixing
chamber. As such, the invention would give a disproportionate improvement in mixing

efficiency when applied in quench zones having multiple swirl devices.



and published as U S. Publication No. 2004-0151643 and shown schematically
in Figure 4, the swirl flow induced by the quench injectors also favorably
conplements the entrance flowto the secondary swirl chanber or device,
provi ded these additional sw rl devices produce rotation in the sane
‘direction as that in the principal mxing chanber. As such, the invention
woul d gi ve a disproportionate inprovenentgin mxing efficiency when applied
in quench zones having nultiple swirl devices. -16- [0043] The teachi ngs of
the present invention may be conbined with the teachings of applicant's

co- pendi ng Epuom; %Ehé&&hﬁ%ﬁbfhﬁ%ré%fﬂv@ﬁﬁﬁﬁnb@&B&n@ﬁ%ﬂ@ﬁtﬁ"t’h&bmh REVED
QUENCH | NJECTI ON', U.S. plication Serial No. 10/439,963, filed y 16,
2003, and papplicaitesccoapending} applishiicaentaledNOIURTIPHASEMIZIN GOV ITCE\WITH t he
teachings in that application, one or nore quench injection points are

sel ect ed suBYWPRAMED QUENGH BNESHON g St Apelieation Siesie] NpeL)/d39,p6b dided
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fluids trav as the approach the openings in co on tray t he best
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with the teachings herein. In nost existing downflow reactors, the openings
in the col | 80} themquenchyis idredusedwiibra yadegityt which enpréncipdlly appastdto tha.of the such
cases, process fluids exiting downward through the catalyst support grid
must t r avel Pypseslng rangierseorlonttyy By lgﬁbtléﬂlfnga‘ﬁ]aﬁ?% pwasSef&wﬂ%aa%Srthug}e theowar d

the openin in collegti tray .26. Further, 1f the,space aboye the
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the baffles.
downflow reactors, the openings in the collection tray 26 are at or near the center of
reactor 15. In such cases, process fluids exiting downward through the catalyst support
grid must travel generally horizontally along or above collection tray 26 toward the
openings in collection tray 26. Further, if the space above the collection tray 26 is
mostly empty volume free of obstructions, then the flow paths will proceed directly
toward the openings. In cases where baffles are present on the upper surface of

collection tray 26, the flow paths will proceed toward the openings by a more indirect

route defined by the baffles.

[0044] Depending upon where the process fluid flow paths fall, according to
the first and third criteria of the invention described in the aforementioned
co-pending application, quench is injected where the process fluids are traveling
at a low relative velocity and such that the quench is injected in a direction
opposite that of the process fluid flow. In general, this dictates that quench be
injected nearer to the wall 16 of reactor 15 and in an outward direction.

However, it is also preferable according to the second criteria of that invention to



[ 0044) Dependi ng upon where the process fluid flow paths fall, according to
the first and third criteria of the invention described in the

af orenenti oned co-pending application, quench is injected where the process
fluids are traveling at a lowrelative velocity and such that the quench is
injected in a direction opposite that of the process fluid flow 1In
general, this dictates that quench be .injected nearer to the wall 16 of
reactor 15 and in an outward direction. However, it is also preferable
according to the second criteria of that invention to t7 ensure adequate

or der t o meRTe e e ik e RoRe i ATt A PR et m ¥ love
w th respeqg ihQrifSolhssiaite hﬁgﬁ{g%@ﬁﬂeﬂ@:sul t in an injection systemin

whi ch a coherent reactor-wde swrl flow'is <created. This fl ow nust be

conpatible with the swirl induced by the principal mxing devices
(spi |l ways [@g45Wi I Thy aeBingk faﬁgcﬂi@aﬂabd\leoxﬁhheesqeiét fothelRERSH idRntionn or der

to create a prem xing step.” That is, if the spillways, swrl vanes, or other
entrances tesulhe 3 injedtioal sysien g whticivh eoh¢redunacirolniekwislieflowtiat i onal

flow, then the present invention teaches that the guench i njectors be

di rect ed t sréateic®hisdlew aanaiibseomapaittilomath theowirlnndheskpate piesipaland on
the collection tray 26, | the swirl in_the principal mxing chanber is
count er ¢l olRXiRgde lﬁ%(SPHLWWe‘PFC‘W“{ Yanes) B leagantq 1pg é‘g@:‘ﬁ‘g@?ngﬁoc kwi se
current. Th acenen f_lnjection oi.ntsc,n the formdescribed reinis
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walil 16, amger tHegfitSert ieamtivh teidles eHat e lqienél afjeMeFsSiee dirédkdko indivar d)
process flow. In a preferred enbodi nent of the present invention, and

al t hough i ta dlecloviseroiatienpl @b erinbhe sparei ajose tanduanibb colieeticth treg260rf f ul |y
oy o o b By e principal mixing chamber 1 conmterclockwise, thert the quench - ' -
injectors must induce a counterclockwise current. The placement of injection
points in the form described herein 1s consistent with the teachings of the afore-
mentioned co-pending patent application, as quench injection ring 55 1s in a
region of low transverse velocity but still leaves mixing space between itself and
the reactor outer wall 16, and injects somewhat opposed to the transverse (radial
inward) process flow. In a preferred embodiment of the present invention, and
although it 1s otherwise preferable to inject quench in a direction fully (180
degrees) opposed to the transverse process fluid flow, it is preferred to inject at
an angle from approximately 120 to 135 degrees relative to the radial direction,

which is also the prevailing direction of transverse process fluid flow, in order to

obtain the disproportionate benefit of pre-swirling above collection tray 26.

[0046]  According to the teachings of the present invention as combined with
the teachings contained in the above-referenced co-pending application, the
process for determining the optimal location for injection points and providing
optimal quench flow patterns may also be applied to interbed systems wherein
substantially vertical baffles on the upper surface of collection tray 26 prevent

process fluid from following a direct radial path to the openings in collection



an angle from approximately 120 to 135 degrees relative to the radial
direction, which is also the prevailing direction of transverse process
fluid flow, in order to obtain the disproportionate benefit of pre-swirling
above collection tray 26. [0046] According to the teachings of the present
invention as conbined with the teachings contained in the above-referenced
co- pendi ng application, the process forl8determ ning the optimal |ocation
for injection points and providing optiml quench flow patterns nay al so be
applied to interbed systens wherein substantially vertical baffles on the
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quench inlets so as to provide injection at the optimal |ocations and in
t he opti malintirvemingepsce Wiwaveeatesta swikl flow innblesaneaarebtionnas thf flewi | | i n
the art that the t eachi_gﬁs of the present invention are not limted thereto
and the priadeerd byikeinica basle sahapengdhe myxugottficiencyref tha quenehzens,
connecting neans is used to connect one or several entrance conduits to a
lurality of ipletg thys |ocated. The teachings of the present invention do

|E\)0t r equ%/r e[(lpﬂﬂ t ?{@e g¢discussion of the present invention describes the optima

placement of quench inlets so as to provide injection at the optimal locations and

in the optimal directions. However, it will be understood by one of skill in the

art that the teachings of the present invention are not limited thereto and the

present invention may be applied to applications in which any connecting means

is used to connect one or several entrance conduits to a plurality of inlets thus

located. The teachings of the present invention do not require that the connect-

ing means be symmetric or disposed in any particular manner, except for the

consideration, which wili be obvious to one of skill in the art, that substantially

equal quench flows from each of the inlets is preferred.

[0048] The foregoing disclosure of the preferred embodiments of the present

invention has been presented for purposes of illustration and description.
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ing means be symetric or disposed in any particul ar manner, except for the
consideration, which will be obvious to one of skill in the art, that
substantially equal quench flows fromeach of the inlets is preferred.

[ 00481 The foregoing disclosure of the preferred enbodi nents of the present
i nvention has been presented for purposes of illustration and description.
-19- CLAIM5 1. A mxing system for disiributing vapor and liquid across a
reactor, conprising: a reactor vessel (15) defined by a reactor wall (16);
a collection tray (26) for receiving vapor and liquid; and at |east one

m xi ng chgpipvis(35) bel ow said collection tray (26); characterized in that
the m xing system further conprising: at |east one quench injector (55)
havi ng a quench injector ring having plurality of quench fluid outlets (95)
for introducin .G ' X o n_above
said collecti oﬁ ﬂ?’? g%ﬁ(s %%%q%@%tgpgﬂélagb l)r;z;rn'a ﬁy‘fg&bsfs gge‘%ﬁ’éh oﬁprgﬁigout |l ets
conprise a pl uehétbyvesdtel Pl PelefitDy a @xétbi Wwall fl@r’rht:dﬂl&ctlﬁrﬁ)tr@i (2pafst quench
injector ring and bein arran ed to direct said quench fluid in an

out war dl yreg§Y8&{VARH 28 @ﬂﬂga | ongi tudi nal axis of said reactor vessel for
i nducing a rot d quench fluid. 2.
The m xi ng sysftﬁttl,émgﬂfH r{l @Qﬁhﬂ%%bﬁ? !rig(%lges}%\ﬂhg% le%gw conponent

associ ated wi td'hasaatedzqhmrthdu thd mixing system fartptranenpsisingt ariedsadieyqueretpendi cul ar
to the |ongi nal. axis of .said r.eactor ves 3. The .m xin st em of
i ai m 2 wiiecier O BRing  sheten Rt BRE Favate FiE0R hatanck it SRR ng oy ot em
of clai m & wWhrkekiAg aﬁérléh%ﬁﬁi%tb datl RGHRY s;ﬁ’s!eﬂﬂat‘é%ﬂ%bn@%ov‘e*%@ld ORERjoFCOMEL i C
shape as the cross-sectional geonetric shape of said reactor vessel in said
pl ane. 5. trAh@6hiwkiersin sgr@pblmlm:oﬁqwdgﬂw catl¢ts oproprise apieraptyeqf@mpen@SOI ai s,
wherein the,. tati onal .di.recti sad(aenc qurq i.s the sane.as the
fotation aexnlal?gr ﬁ(érplt A H&ﬁ%g 8uw mjector ring and béing arranged to direct said quench

fluid in an outwardly direction away from a longitudinal axis of said reactor vessel for

inducing a rotational flow component associated with said quench fluid.

2. The mixing system of claim 1 wherein said rotational flow component
associated with said quench fluid is in a plane substantially perpendicular to the

longitudinal axis of said reactor vessel.
3. The mixing system of claim 2 wherein said quench injector ring is circular.

4. The mixing system of claim 2 wherein said quench injector ring comprises the
same geometric shape as the cross-sectional geometric shape of said reactor vessel in said

plane.

5. The mixing system according to any one of the preceding claims, wherein the
rotational direction of said quench fluid is the same as the rotational direction induced by

the principal mixing devices leading into said mixing chamber (35).

6. The mixing system of claim 1 wherein the quench fluid is injected in a

direction which is opposite that of the transverse process fluid flow.



the principal mxing devices |leading into said m xing chanber (35). 6. The
m xi ng systemof claim11l wherein the quench fluid is injected in a

direction which is opposite that of the transverse process fluid flow -20-
7. The m xing systemof claim1 wherein said pipes (95) contain at |east one
bend and wherein said pipes (95) termnate substantially parallel to said

pl ane. 8. The m xing system accordi ng4pa claim1, wherein said plurality of
pi pes (95) conprises twenty pipes, wherein each pipe containing a quench
fluid outlet and wherein said pipes are evenly spaced around said quench

i njector ring.79Thdinéxing xystegn sfddiam wheramcsardqjlm (9% ohaima léaspénebhewdher ei n
each of sai |pes ternl ate in a re t orpns an angle with said
pl ane of # ‘é’ rﬁ‘&ﬁa@CPIRFéé @é%"m‘ﬂ"ﬂes @“Wil V@L?t%m 8EB%rding to any one of
t he preceding clains, wherein collective quench fluid is injected in a
swirling notion. 11. The m xi ng system according to any one of the preceding
cl ai ns, wherei & Thpumrixihg systeindadesrding toclaid lheheortaal plyraliiyt ¢fipipes49% r eact or

|. 12, Th ding to. f th i ng claims,
wherei n s By Bply SERT ERE e Py afehr Bl Gie pEFSREER bart e
(42) | ocatgdphes awesailg sped hRthd &4 §iedkh (B&lor ring.

9. The mixing system of according to claims 7 or 8 wherein each of said pipes

terminate in a direction which forms an angle with said plane of less than 30 degrees

10. The mixing system according to any one of the preceding claims, wherein

collective quench fluid is injected in a swirling motion.

11. The mixing system according to any one of the preceding claims, wherein

quench fluid is injected horizontally within said reactor vessel.

12. The mixing system according to any one of the preceding claims, wherein
said mixing system further comprises at least one vertical baffle (42) located below said

collection tray (26).



