WD 02/ 48286 PCT/EP01/ 14736 - 1 M XING DEVI CE COWPRI SI NG A SWRL CHAMBER
FOR MXING LIQU D The present invention relates to a m xing device f
m xi ng fwOdz48286 a mul ti ple bed downflow reactor, to a neCT/EPIEI4DEEd
downf | ow reactor conprising such a devicej and to the use of such a reactor
in hydrocarbon 5 processing. A multiple-bed downflow reactor is a reactor
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Such reactors are used in the chemical and petroleum
refining industries for effecting various processes such
as catalytic dewaxing, hydrotreating and hydrocracking.
In these processes a liquid phase is typically mixed with
a gas phase and the mixed fluids are passed over a
particulate catalyst maintained in the reaction beds.
As the fluids pass concurrently through a reaction bed,
the distribution of liquid and gas across the reaction
bed will tend to become uneven with adverse consequences
with regard to the extent of reaction and also
temperature distribution. In order to achieve a uniform
distribution of liquid and gas and of temperature in the
fluids entering the next lower reaction bed, a fluid
mixing device, of which there are many different types,
is usually placed between the reaction beds. These
devices provide for liquid-liquid, gas-gas, and gas-
liquid mixing and for homogenous distribution of the
mixed fluids over the next lower reaction bed.

Such fluid mixing devices are known in the art. Known
fluid mixing devices, for example from EP 716 881,
WO 97/46303, and WO 99/28024, have the advantage that
they have a relatively low vertical length, thereby
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WD 97/ 46303, and WD 99/ 28024, have the advantage that 30 they have a
relatively low vertical |ength, thereby WO 02/48286 PCT/EPO1l/14736 - 2

m ni m si o vhies28ace and vol une requirenents for the devPCPEPII47I®AS,
however, been found that these known smalls Length m xing devices have the
di sadvantage that fluid 5 mxing is not optiml when gas and/or liquid
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Thus, there is a need in the art for fluid mixing
devices that provide for a good fluid mixing performance
over a wide range of gas and liquid loads, i.e. at high

15 turn-down ratios. An object of the present invention is
to find an optimum between the length of the mixing
device and the fluid mixing performance at high turn-down
ratios.

It has now been found that an excellent mixing

20 performance over a wide range of gas and liquid loads,
typically from as low as 33% to as high as 200% of the
normal loads, can be achieved by using a mixing device
wherein the liquid-liquid mixing i1s performed in a swirl
chamber having a certain ratio of length and diameter.

25 Accordingly, the present invention relates to a
mixing device for mixing fluids in a multiple bed

downflow reactor comprising:

(i) a substantially horizontal collection tray;
(ii) a swirl chamber for mixing liquid arranged below
30 the collection tray, having an upper end part that is in

direct fluid communication with the upper surface of the
collection tray and an outlet opening at its lower end,
wherein the swirl chamber has a length that is at least

0.35 times its inner diameter; and



(it) a swrl chanber for mxing liquid arranged below 30 the collection
tray, having an upper end part that is in direct fluid comunication with
t he uppewaur/dszee of the <collection tray and an outl et OpPETERG/AU36 t S

| ower end, wherein the swirl chanber hasza-dength that is at least 0.35
times its inner dianeter; and WO 02/ 48286 PCT/EP01/14736 3 (iii) a
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central longitydiinal axis of the m.xing device. The substantial horizontal
col | ection tr&? of 9eperally not be larger than 1.5 times its inner
diameter.
Reference herein to the length of the swirl chamber
is to the vertical distance between the lower point of

15 its inlet or inlets and its outlet opening. In the case
of a polygonal swirl chamber, reference herein to its
inner diameter is to the largest cross-sectional distance
between opposite side walls through the central axis of
the chamber.

20 The mixing device according to the invention may
comprise more than one swirl chamber. Preferably it has
one swirl chamber located along the central longitudinal
axis of the mixing device.

The substantial horizontal collection tray of the

25 mixing device of the present invention may be curved or
conical, provided that the upper end part of the swirl
chamber is in direct fluid communication with the upper
surface of the lowest point of the collection tray.
Reference herein to a substantial horizontal tray is to a

30 tray having its symmetry axis perpendicular to the
horizontal plane. Preferably, the collection tray is
flat.

Preferably, the collection tray is further provided
with means for passage of gas, preferably in the form of

35 at least one downcomer extending through the collection



25 m xi ng device of the present invention may be curved or conical,

provi ded that the upper end part of the swirl chanber is in direct fluid
conmmuni ca¥®on4szsé h t he upper surface of the | owest poi nt POT/EPbIg14C3sl | ecti on
tray. Reference herein to a substantial -harizontal tray is to a 30 tray
having its symmetry axis perpendicular to the horizontal plane.

Preferably, the col e QR ddferd &) ol A | ) ectian tray
is further prowa§gd V\ntﬂ("zlﬂqneans f(or gass é{of élgegixvplrtte :ar y |net e form
of 35 at | easPesr@addwaredest adovendihey ctdiﬂcﬁn}hdrhé:nay lgat izoryAD 02/ 48286
PCT/ EPO1/ 1473 , er g d wth a gas inlet
openi ng | ocat g)él j'bove teﬁM gglfj]%c@\“ on rz%(}@an% aerlgaogg Qc\h el%we5 eMrg 9%cat ed
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col l ecting tr - in_or 0 achi eve oI|n f effluent between the
reaction beds %O ta HHSS é:&]t?e(?a(fm}&?ﬂ OUl&ts OPSTHEY ditst ri buti ng
a quengh flui dralee Wl miknewsd prided d are described, for exanple,

in EP 427 733, US , 7187, 189 and US 3, 855 . The m xi ng deV| ce has a
di stribution trayBél SiRg st H@ﬁelfuﬁgh(?fr OREPHISE MERAFECT or evenl y

distributing a quench fluid located above the collecting
tray, in order to achieve cooling of effluent between the
reaction beds of a multiple-bed downflow reactor. Means

15 for distributing a quench fluid are well known in the art
and are described, for example, in EP 427 733,

Us 3,787,189 and US 3,855,068.
The mixing device has a distribution tray below the
outlet opening of the swirl chamber for evenly

20 distributing gas and liquid before the fluids enter a
lower reaction bed. Suitable distribution trays are known
in the art, for example from EP 716 881, EP 715 544, and
US 5,989,502. A preferred distribution tray is the one
disclosed in EP 716 881.

25 The mixing device of the present invention may
further comprise a substantially horizontal pre-
distribution tray arranged between the swirl chamber and
the distribution tray. Such pre-distribution trays are
known in the art. The pre-distribution tray may be round,

30 square or rectangular in shape and has preferably a
diameter that is smaller than the diameter of the
distribution tray. Preferably, the pre-distribution tray
is provided with an overflow weir at its perimeter. The
tray is provided with a plurality of openings, preferably

35 located near its perimeter. The advantages of having a



20 distributing gas and liquid before the fluids enter a |ower reaction
bed. Suitable distribution trays are known in the art, for exanple fromEP
716 881, vHP0y488644, and US 5,989,502. A preferred distrPOVEP@IM4TIcay i S
the one disclosed in EP 716 881. 25 The-m xi ng devi ce of the present
invention may further conprise a substantially horizontal pre-

distribution Igay Ardangad Rl veesy (e SMAL ahalibas a0t 3 higy dlstyd bution
tray. Such preFfdi stribution trays ‘are known J:':Q the art.d’-Llfﬁ]Lg&dd&js Bé

pre-di stribut iSREeFhyNESy Heerbynelve 30t lueudist o¥bywiskerangtaarand sthape and
has preferabl y, &, digies tyd € : | Anet e
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an overfl ow weli¥quitd jaguipkihratien. The tray is provided with a plurality

of openi ngs, pref I o e j erieter.  The advantages of
navi ngoa W0 02 as28e B ERUL Tag e bR etk e e T ra 1t
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5 Tﬁe pr egenﬂeﬁavéeenjtool%ogb?%sr’t hperrefeeﬁaal?afe% lfef)C?sa ?Tﬂl?ﬁ%a?]gs%&ha $%w react or
conpri si ng verdridcaldetwpac et ppaarit remetian desdts, prefenabldebieds of

catal yst parti.cl.es, d, between.adjacent reaction beds, a m xing device
as herei nbef g}egedienﬁ% S 1 %ﬁb%d'a reactor has at |east one inlet for gas

and/ ot0 |iquid, atsdanast wmectot lleis far reaot aneffduentrandad adgast two

consecutive reaction beds, typically beds of catalyst particles, each bed
resting upon JS‘UJplﬁgr 2% r]a?/aglé) fststuctG o QA 1T B pdtd atays is

known in least two consecutive reaction beds, typically beds of
catalyst particles, each bed resting upon a support tray.
The construction of suitable support trays is known in
15 the art. For instance, commonly applied support trays
comprise one or more permeable plates such as sieve
plates supported by support beams, whereby the catalyst
bed rests upon the said permeable plates. Gaseous and
liquid products formed in the reactions occurring in the
20 catalyst bed are passed through the permeable plates to
the subseguent catalyst bed or reactor outlet. Such
reactors are typically used in the hydroprocessing of
hydrocarbon oils.
In a further aspect, the invention relates to the use
25 of a multiple bed downflow reactor as hereinbefore
defined in hydrocarbon processing, preferably in
catalytic dewaxing, hydrotreating, hydrocracking, or
hydrodesulphurisation.
The mixing device and the reactor according to the
30 invention will now be illustrated by way of example by
means of schematic Figures 1 and 2. Similar parts in
different figures are referred to with the same reference
numerals.
Figure 1 is a longitudinal section of part of a

35 reactor according to the invention showing an embodiment



15 the art. For instance, commonly applied support trays conprise one or
nore perneabl e plates such as sieve plates supported by support beans,
wher eby tWeovat2sé yst bed rests upon the said perneabl e ppéar/eBol/@axeous and
liquid products forned in the reactions ocgurring in the 20 catal yst bed
are passed through the perneable plates to the subsequent catal yst bed or

reactor outlet,s Such m{?ur(%%évgég éé@&fﬁiﬁgnveﬁﬁ’é n; th {1 oapr ter§5| ng of

hydrocarbon oils. In a her aspect on re es to se 25
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hydr ocr acki ng, or risa m Xi hg device dnd the reactor
according to td’h@ﬂn@@ndﬂnvé@ri@@vafltlrrl@vmbelmcyldlsv:tcae esjhdmynvny ofgexanp) e by

means @f sche éc%g&@fégsb& ?dtl%:oé ar s }:f% e_gent figures are

referréd to w e safe reterence " AUMET & f1%ngi t udi nal
section of parpememdﬁﬁdl@act@rtlmcplm@gofotltdaedrmﬁmg|@ﬂ Ei'gmtélgl an

enbodi nent WO 02/ 4ﬁ 815[3 PuCrT/ EfOl/ 14736 JIethe mc>1<| Vgalglgvji) ccordl ng
to the invention and the'"¢atatyst %nglsp?%%a? 2o an e"fﬁm ng
device. Fi guradyaedsmrv\fscatébﬁgttb@d@aias&@cﬁlm of éhﬁ;ﬁ@wﬂp@@édfoﬁ gas of
the m xing devjce sho in F| 1, (ﬁ%%? se E)#on belngthroebc?hllne
I1-11 in the pfEhe O]bvm]bl%%d?% 1‘Eobef Dt e o SR ¥t gure 1.
In Figore 1 issshoswnphatrd Bf §lﬁ{@p§t’ﬂ@dvl@§lf|sdp}@@ﬂtt}¥\§hm§dh@&@r§h&ﬁ{)a] vt
beds 2a and 2b of, a Itlgl e-bed reactor. The catal yst beds 2a and 2b are
supported on mixing device 5 according to the invention is positioned
between catalyst beds 2a and 2b. The mixing device 5
comprises a flat, horizontal collection tray 6 and a
swirl chamber 7 arranged below the collection tray 6. The
15 swirl chamber 7 has an open upper end 8 that is in direct
fluid communication with the upper surface 9 of
collection tray 6, an outlet opening 10 at its lower end,
and means 11 for imposing a swirling action on the liguid
passing through it. The mixing device 5 comprises means
20 for passage of gas in the form of three downcomers for
gas 12 (only one downcomer shown) extending through the
collection tray 6. A distribution tray 13 provided with a
plurality of downcomers 14 is located below swirl
chamber 7 and a pre-distribution tray 15 comprising an
25 overflow weir 16 and a plurality of openings 17 is
located between swirl chamber 7 and distribution tray 15.
The mixing device further comprises a quench ring 18.
During normal operation of the mixing device shown in
Figure 1, effluent from catalyst bed 2a is cooled by
30 quench fluid from quench ring 18. The liquid effluent is
collected on collection tray 6 and enters swirl chamber 7
through its open upper end 8. In the swirling chamber 7,
a swirling movement is imposed on the liquid by swirling
means 11. Suitable means for imposing a swirling action

35 on fluids are known in the art, for example a tangential



10 sieve plate 3, supported by support beans (not shown). A m xing device
5 according to the invention is positioned between catalyst beds 2a and
2b. The mvabngg8evice 5 conprises a flat, horizontal col PerEPOM4rIGay 6 and
a swirl chanmber 7 arranged below the collection tray 6. The 15 swirl
chanber 7 has an open upper end 8 that is in direct fluid comunication

with the upperi 9w agRm ff, SOALIGGH QRdde.5 pATIAU Lale 0REN NG, 10,8t Tts
lower end, and neans 11 f'or inposing a swrling action on the Ilquu?

passi ng t hr ouginar, sy aniafy ey issiales wadipaifs dhensaris 12Chaobepaseage of
gas in the forpof)ihhye WRGANE 5 5f s 12 I ownconer, shown)
ext endi ng thr(;Clngeh ltlr]#ey ?g%loectl on at'scrlz%?1r é)fg% I strﬁl?‘gllﬁliag!rﬁf?‘ayl fsperdoﬂnded
with a pluraltibey ldlaudsvegohhe IengbH odatide: beliowisw dhavthenberestiland a
pre-digtributi;on 12541 flow weir. 16 and a urality
of ope%i ngs 1 |§gc%gc:l;e?lécglqbqg{dv\l§enqqs A ?ﬂgﬁ{%%;rov rar?dwd‘ldi?t FeDES S tray
15. The mi xi dg aevi ead washéathmoarghhuges Ia duerch advag thSe B ithg nor nal

operation of i Xi .devi ce shown in Figure 1, .effluent from catalyst
bed 2a is coo%“rel%lbmfrJ %%qluceencc Wid'% rtgmttﬁl?eﬁ@ﬁ’eﬁtﬁé’nlg%afhg S (rﬁ%ig(i‘ee
effluent is od lecad-dn quold ecit-iiony tacay freand retvdirg maﬁrlbe&hazln‘qesr 7
through its open upper,.end 8. 1n the swrling chanber a . swrling,
novenent is i%ﬁ&gg—f&c Jtyhequeéﬁrﬂiteﬁ& sq\% 1% asngfﬁéi'l%hesmlf@ﬁi & 1REs for
i nposiag a swildhiveg atid awill @hdrbdds are ewet oy t1o.for exanple a

tangential WD _02/482 PCT/ EP01/14736 - 7_ inlet opening, swirling vanes
or baffles at tpg@t%dfa?)gyt'héthq rﬁ’i"é’rr%éﬂgf TP He 18 d& AWdde ot itthe VaRISS

chamber or thedt kbowhhe cxomhenatiien nefard thel it @ raeidedn rigmesed on  the
liquid and th%tb%n %2 %kmﬂﬁiﬁ?mdgééﬁiﬁih%ﬁpiaéwf?gdid and thus
increasing turbulence and further improving liquid-ligquid

15 mixing. |

Effluent gas from catalyst bed 2a passes collection
tray 6 via downcomers for gas 12. Part of the effluent
gas may pass collection tray 6 via swirl chamber 7. It
will be appreciated that it will inter alia depend on the

20 gas and liquid loads and on the size, shape and location
of the inlet(s) of the swirl chamber and the gas inlet
opening(s) of the means for passage of gas, what part of
the effluent gas will pass through the means for gas
passage and what part through the swirl chamber.

25 Alternatively, the mixing device according to the
invention does not comprise separate means for passage
for gas, in which case all effluent gas will pass the
collection tray via the swirl chamber.

In the mixing device according to the invention, gas-

30 gas mixing is effected upon quenching and upon passage of
gas through the downcomers for gas 12 and/or swirl
chamber 7.

The liquid leaving swirl chamber 7 accumulates on
pre-distribution tray 15, where it passes downwardly to

35 distribution tray 13 beneath through openings 17 or,



5 in excellent liquid-liquid mxing over a wide range of I|iquid and gas
throughput. It is an advantage of the m xing device according to the

i nventi owo hz#s28be degree of liquid-liquid m xing achi evROI/ERO1SMITF6l

chanber 7 is practically independent of-tfe-gas |oad. The m xed liquid 10
| eaves the swirl chanber 7 via outlet opening 10. Preferably, the swirling

chanber 7 is FH&&%EE%E&“t%&VBP§§chiﬂ§ttﬁ%"%Wﬁr of Nged fkf6SQ%% sthe outlet

opening 10 to stop t the swirl ing movenent of the liquid an
i ncreasi ng t urdiif bereednay f tihe here T dpsond gt 1omui tay | Hui and 151<vwsu’ug

Ef fluent gas fg}%n&g@ygﬁtpgg £2a,papses collection tray 6 via downconers
for gas 12. Part of the effluent gas may pass collection tray 6 via swrl

chanber 7. It wilat U@%W%@Im@‘@l@matray W A qumihtbmtaddmnm@n the 20
gas and | i qui Jﬁggé éir( n of the inlet(s)
of the swrl th er %2% % eéggsé%gﬁ?%}fé i N ?%St e % For passage
of gas, what p@rayoﬂ $¢ueve$ftmrpugacsswl IFprastsljzhrntlg@véﬂnByrreans for gas
passage and o the_s ha )éhber nativel y t he

m xi ng devi ce accor dﬂgu{g%of?%%ldi%r\llg {3 on %%rb en%lﬁe 9351l Parate neans
for passage fm@axeamMChedam ahdl, esféctcur&iﬂy,ga'stvwllomséorﬁh@ct

col l ection trz%/e swi | _chanber I n the mp%hq‘g{fgew ce,according to

the invention, a"%ee%g&g%%l% FHAPTS B FREEAS Teh? nJQn LR Spbhn -

passa@é of gas thIrDLEgi'gthh@ dovareo nef sStHordgascdide aN0f OF $ad r12 chanber 7.
The liquid le 7 accunul ates on re-distribution tray

anber,
15, where it S%s%‘g% \c,ﬁo YR BT rd Bt bn TE)}F%q/dci‘@n‘F)%Ti"’l%’%at%2t1F1<?”€'Jugh
openi ngs 17 orz g&%ﬂ@@%&qﬁcﬁpﬂﬁ/ﬂ@%d above collection tray 6, a

radial gas outlet opening 20, located below collection
tray 6, a fluid deflector plate 21 located above gas

15 inlet opening 19, and a curved plate 22 to direct the gas
that passes through the downcomer to radial outlet

opening 20.



8 sonetinmes, by breaching the overflow weir 16. Gas is deflected by the
pre-distribution tray 15 and flows to the distribution tray 13. At the

di stributwon2/4828y 13, equilibrated gas and 5 liquid phaseeT/apa/farssught
together. The distribution tray 13 servesgtwo purposes. Firstly, it evenly
distributes liquid and gas before the fluids enter a |ower reaction bed 2b
and, secondly, it allows contact between liquid and gas to provide
liquid-gas interaction. 10 In Figure 2,7, 00e; qf ¢he downconers for gas 12 of
Figure 1 is shown in greater detail. "The downconer 12 has a gas inlet
opening 19 | ocated above collection tray 6, a radial gas outlet opening

20, located be] owxqliectd ovidayeSe 2 f4H f £.or t.e I ted
above gas 15 inlet opleni n% 19‘{l and a c_urvlelJ(rJ5 gﬁiaigledsgglrt?oa S‘%l@et%tglt]%e&%gs
t hat passes t oighl ehereviomempolsagdal outl et  opening 20. WD 02/ 48286

PCT/EP01/14736(-Q C:i'5553€95%55%%?'H3953%§%%ﬁ‘%%f‘%'ﬂﬁ3ﬂr§%%9“ids in a
mul tiple bed dbmnflom/reactor conprising: (1) a sﬁ%é%antla ‘hori zont al
collection trafgi)ii)a ssweil |crehdrderfdomimixiqg dduwid cdarareyegeddielvow 5
the coklectio I p nd part _that is.in_direct fluid
cormunlgcati On%v%llg % ??%Jg&lu%%%} ags%%&?’ag{ea‘g]fnq K TR ectioF E%rrJE';tyi_'}éla?\td Hh dut | et
opening at itsdiwoer £hdid edvreneiicdthieorswith chiasrhespdiassar fangtdt tdted i S

at least 0.35 tjnes its jinner_dianeter;. and 10 (iii), a substantially
nor i zont al i GHTBURT (VY 158 Aot Bek Do GHE N 14 CHEREa SR e
di stribution twlgrein the swirl chamber has a length that is at least
0.35 times its inner diameter; and
10 (iii) a substantially horizontal distribution tray
located below the swirl chamber, which distribution tray
is provided with a plurality of openings or downcomers
for downward flow of liquid and gas.
2. A mixing device according to claim 1, wherein the
15 length of the swirl chamber is at least 0.5 times its
inner diameter, preferably at least 0.65 times its inner
diameter.
3. A mixing device according to claim 1 or 2, wherein
the collection tray is further provided with means for
20 passage of gas, preferably in the form of at least one
downcomer extending through the collection tray, the
downcomer (s) being provided with a gas inlet opening
located above the collection tray and a gas outlet
opening located at the level of the lower surface of or
25 below the collection tray.
4. A mixing device according to any one of the preceding
claims, which further comprises means for distributing a
guench fluid, the means being located above the
collection tray.
30 5. A mixing device according to any one of the preceding

claims, which further comprises a substantially



is provided with a plurality of openings or downconers for downward fl ow
of liquid and gas. 2. A m xing device according to claim1, wherein the 15
| engt h ofwoOhz4s8é r1 chanber is at least 0.5 tines its i nP€T/EdZMIRIcET
preferably at least 0.65 tines its inner 1dianeter. 3. A mxing device
according to claim1 or 2, wherein the collection tray is further provided
with nmeans for 20 passage of gas, preferably in the formof at |east one

downconer ext engh ingbritH 0 ughe tdies ol bieetdone td@)a r ddifye JQMIGRIBY (9)e bei ng
provided with a gas inlet openin | ocat ed above the collection tray and a

gas outlet opBHihg TR 39 (e | S ukiRn |19Rst surface of or 25

bel ow the col lgct ipinirEnpld b @@%m&@\@é‘eﬁc@%%&iﬁﬂéﬁgﬁ%ﬂ%ﬂw he
preceding clainms, which further conprises nmeans for distributing a dquench

fluid, the nedRRd Mpadeddraboveedo defaraoy theds B0 mtaalyti ng
devi cesaccor difigtiQ-adY, gy ofpdheedi %Qﬁéq_é'é@ut HHITE o WO o Wy

conpri ses a Slf{)%t_alnti ally WO 02/ 48286 PCI] EPOL/ 14736 - 10 ior‘%‘;}gﬁ at>
pre-di stri but igfined i ragigendainddie theecesliing &ledmser and t he
distribution tyay.yd & nulting ke (Y vertjcally
spaced apart reaction beds, pr eeber agi{/@ngsﬁgf&gggaﬁ%ﬁ@%é%ﬁ%eg,ltdand,
bet ween adj acentaipeds,im hiiddanpolevi qeresessdafd.ned in any one of the
preceding clains. 7. Use of a nmultiple bed downflow reactor as defined in
claim6 in hydrocarbon processing.



