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Field of the invention The present invention relates
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an underlying catalyst bed, a reactor for

hydr opr ocessi ng conprising 5 such distribution device,
the use of such reactor for hydroprocessing and a
process for hydrocracking or hydretreating in such
react or. Background of the invention In a trickle flow
reactor, liquid trickles through 10 one reaction bed

or through a nunber of neEagkregTbedSpr@fdmnged one
bel ow the other and gas flows co-currently or

counter-currently with the liquid through the reaction

bed(skme§gcgfr@ggtfﬁ;@ﬁyf%nused in the chem ca
ustty anmdTn the petrol eumrefining industry for

hydrocarbEhelﬁrp$@megswwgtlespeelaiéy'Mydwmpmmcebstn@n

such a catal Li n treating and
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reaction bed, typically a bed of catalyst particles,

restlrﬂyQﬂ9§ﬁe§tl§@pb%r%u%ﬁwn§aCEPGU|d ef fl uent, forned

in th%arcq(%%hggs £OLRUT{ G cliBLt he catal yst bed, flows
t hr ghrTﬁe*suppvrf*?ﬁ—gTTd-TtrThe subsequent catalyst

bed or redeot er toucket. leﬂJahapEQCEolsqm3QNﬁnﬂdK}eS through
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bed(s). Such reactors are used in the chemical industry
and in the petroleum refining industry for hydrocarbon
processing, especially hydroprocessing such as catalytic
dewaxing, hydrotreating and hydrocracking. Reference
herein to hydrotreating is to hydroprocessing under
relatively mild process conditions, for example
hydrodesulphurisation, hydrodenitrogenation,
hydrogenation or hydrofinishing.

Such a reactor comprises at least one reaction bed,

typically a bed of catalyst particles, resting upon a
support grid. Liquid effluent, formed in the reactions

occurring in the catalyst bed, flows through the support

grid to the subsequent catalyst bed or reactor outlet.

Such reactors typically contain a distribution device

to distribute the liquid entering the reactor via the

reactor inlet homogeneously over the upper reaction bed

the liquid through the reaction



or to distribute the liquid effluent of a reaction bed

honogeneousl y over the next |ower reaction bed.
wR@s014508 or trays wherein gas and |iquid passSPCT/EP2004/051608

co-currently through the sane downconer(s) are known

in 5 the art. Reference is nmade to US 6,180, 068, US

4,836,989, EP 715 544, US 4,140,625 and US 6, 093, 373.

In US 6,093,373 for exanple, anh apparatus for m xing

vapour and liquid reactants within a colum is

di scl osetlo dhetridppar ahesliQupd i sl wrfti pdl a reaction bed

distrgbutor tra consis%hng 10 gi a Iuralhtﬁ of

chi me§S°edelty {0 %r &8P e SR aroY Ye tWBEM1PHePEAs and
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t he gasequ n I gul ant -
countg§c§f§8§t$§£MAq%%?éggg%f ?% %ééﬁ%%ﬁﬁ%eﬁ?rlﬁlfﬁfg vapour
5, 7992847 iqutld steddiidmrs wiapihsa diclolnosdd dhatlo28d. The
conprises a plurality of gas and |iquid spr ..
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10 has ggpar gl edauasy AW dHigHkedsCoasbisd doh @@ehe shear

di stributor, the gas and liquids conduits are

co- axPEEYeRNeth RGN Hé WaftePPa#R}T t udi nal axi s,

with the b&gaaoa&pgqga 23 rayLr QRO N0 s l8ast 1RALE pass

of the gas conduit to define an annular space for

downwdhgobighuite f $ave dhecgasrekdt shat sthegordei nodssaitable

gas Cg%eo g&gggngﬁgePXﬁQQM@E%R@”Qgeiéfﬂ“é%%féqu d8Sor a very

expands a contacts the surroundi ng 11 qul to spray

15 it on ldwe geat pkystubedigl ewroAssphastryt stnel tda80they are
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| i qui bpephayonakhessin ithecatakyat bed bejowl reactants flow

countercurrently with respect tc each other.
In US 5,799,877, a distributor tray is disclosed that

20 comprises a plurality of gas and liquid spray

distributors. Each gas and liquid spray distributor has

separated gas and liquid conduits. In each distributor,

the gas and liquids conduits are co-axial, i.e. having

the same longitudinal axis, with the liquid conduit

25 surrounding at least part of the gas conduit to define an
annular space for downward liquid flow. The gas exits its
conduit as a gas core surrounded by downflowing liquid.
The gas expands and contacts the surrounding liquid to
spray it on the catalyst bed below. A splash plate is

30 located below the gas and liquid exit of each distributor
to assist in distributing the downflowing liquid spray

across the catalyst bed below.
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gas is needed to create a liquid spray. The tray is

not suitable for countercurrent operation. 5 In WO
99/00182 a distributor tray for a countercurrently
oper at ed hydroprocessing reactor3is disclosed. Liquid

is distributed over the underlying reaction bed by

means of Bhelitstay Kasréasedain HEitg 99, 8@l utal & tdigfributor
short e 0 I.qui S P vents in,10 the

ray SFPou passsi ot RET BNE A5l B oh et gas

di saddaentfbevwiofg tdze desheebed i omn dretedastigsed $prad) The
99/03%82 'S thq; th& %hgu%d will not bhe spread over

the whdPE $UrtAcEYAr85-6f TP heCUHYSHITATRG EaPRFSR 1 Hed.
There is anneedd/motbe ar&iforimvuidistorhuEbpn, devi ce

15 that can achieve uniformspreading of the liquid
over FRABDLERRTISHtY PRIERTRR BEECHOCRSEANEor e Thtis

and i BjsE0YEEET GUIARRAL 9P 8+ OMit cHRREY tBE 1l r1ving
Invention It has now been found that |iquid can be

ef f ectpeefyon dgediibst peposedf ow edtisirilwdéphytngy having a

cat al 1.0, CO- r ty . ur kent .
opera%?gﬁ?fg§ygﬂ%?£P?FbSPP%% £$$é§§ﬂ§§f%ggéggéia§%§ vents in
passafjes foaygakslangakisgyedef whies eipvartcheolrigyi treat gas. A
passages_conpri se liqui,d passing hqle and a. spl ash

pl at e%\%ﬁs?ﬁvgr?ﬁ‘%ee Ofafalt;h%d%tqgﬁﬁ%ut&?o%&qaé(a gsgb%sgqn%

bet wean bheopassiing thaktetnsdlifei spHiashnpkabe. spread over
Accordingl%, the present invention relates to a

di str{*Bfit "Bt Yt CE ForraR st i bt i Hy'9Ggire 69krlemt Ped.
underlyi ngn£at al st nRed €AMPRL SiNg @ her bzt &bution device
collection tray provided with at |east one gas chi mey

30 foihapward IFhigFmnHaidopassagradinges 4hd Wiapid over the

l'qu'gnderlying reaction bed, both in co-current and in
countercurrent operation.

Summary of the Invention

It has now been found that liquid can be effectively
distributed over an underlying catalyst bed, both in co-
current and countercurrent operation, by a distribution
tray having separate passages for gas and liquid, wherein
the liquid passages comprise a liquid passing heole and a
splash plate with a free fall distance of at least 100 mm
between the passing hole and the splash plate.

Accordingly, the present invention relates to a
distribution device for distributing liquid over an
underlying catalyst bed comprising a horizontal
collection tray provided with at least one gas chimney
for upward or downward passage of gas and with liguid
dosing nozzles for downward passage of liguid, wherein
the gas chimney(s) and liquid doing nozzles are separate

from each other and do not have the same longitudinal



dosi ng nozzl es for downward passage of |iquid, wherein
the gas chimey(s) and |iquid doing nozzles are

waepanatses from each ot her and do not have t hePGHREPB2004/051608

10

15

20

25

30

| ongi t udi nal WD 2005/ 016508 PCT/ EP2004/ 051608 - 4
axi s, and wherein each |iquid dosing nozzle conprises
a concentrically arranged |liquid passing hole and
splash plate, wherein the spl-agh-plate is |ocated

bel ow the |iquid passing hole and bel ow t he
col | egki®on dnaywhsueinSetbatliderke dosiagf neezial tomprises a
di stance for liquid of at |l east , 100 nm be nt

; e e
hol e GARCEHe K lash 3praracd | 12 9% AR 38dvant g@ eo?m%]hsé’laSh

di stribatd OnyeAdiGe thacepl it d N 1B¥8aLH0Be1hAlthe
no downward gas nonmentum is needed to achieve uniform
| i qui didpsd readtrinenhhole FRdrelave thehsodilseEiput feay such

devi Cenganciaiid Al ¥, Beloet) WM QUILEr 18UME8Ns at Least

process conditions or under co- current proc
condi EDOnsmvipe fwarn dihevepye| avd ddse gplesdupéateop

across the tray. In_a furthe spegt . L Lnyentio
el ates (5t ot S5 ENeRer ps Shy BRb e SR RBE ORI ng
verti gakbydspgces tapantreneact i tmibeds damdward gas momentum

di stribution device as hereinbefore defjned, aboye at
| east i§nBepeed ﬁ?u?cqﬁ$y§nPPbﬁo¥%r%*ﬁﬁlqwﬁl§$§§gPBl?%e

use ofrhsdeboreactiy Jiithyde 0ph eSS ddNGan 2QikkBal | Me used
the invention relates to a process for, hydrocracking

or hydREEFeaPRRECIHBHE M aPFPEEFY CHHICATHORatBBES °O-
feeds%%%%eb§h€98éé§§E%%ﬂ@i%@oﬁscﬁiﬁﬁYEﬁ od Felri® 10w gas

presence o0 drogen at el evated tenperature and
presspressnra deeoptarrass hoeetndef ore defined. 25

B 11, DooclBUEQRcgL, Le Bk 405, Ty eniod ot of «

exanpleawitbh et ehpdeeptcreschegatonprising vertically spaced
apart reaction beds and a distribution device as
hereinbefore defined above at least one bed. The
invention further relates to the use of such reactor for
hydroprocessing.

Finally, the invention relates to a process for
hydrocracking or hydrotreating wherein a liquid
hydrocarbonaceous feedstock is contacted with a catalyst
in the presence of hydrogen at elevated temperature and

pressure in a reactor as hereinbefore defined.

Brief Description of the Drawings

Two embodiments of the invention are described in
detail and by way of example with reference to schematic

Figures 1 and 2.
Figure 1 shows a longitudinal section of part of a

first embodiment of the distribution device of the

invention.



Figures 1 and 2. Figure 1 shows a |ongitudinal section
of part of a 30 first enbodi nent of the distribution
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PCT/ EP2004/ 051608 - 5 Figure 2 shows a | ongitudi nal
section of a second enbodinent of the |iquid dosing
nozzle of the distribution device of the invention.
Det ai | ed description of the |Invention 5 Under nornal
operation of the distribution device according to the
inventionFi¢mxpn21anowbeatédngﬁtudmmalc@bbe¢bhoﬂftaegﬁcond
passes_downwar dl thro e.li sin zzl es
Each Pﬁgaﬁamﬁ%% ;?gu& n%??éhg;sz%RFqﬁgdggaSS|ng
hol e amétals@tiﬁﬂ1dﬁwﬂua ofhehé i tuw«htli®npassi ng hol e

and the splash glate ar e arranoed concentrically wth

r espePetfsled che AL I ORRPERtRE aHfave t hey have the
same Ionguha@r n@ém@m %pemeyoﬁr@f Bld angedibot 588 haaedce
that the passing liquid can fall  freely between the
passi RgchsRénanke tHe dpivashipnat kiquil jcodleched| phutle
jet d lse t t t
I R A T
passi mgshingundzghens Fwechi &dqumdn@@$lng nqﬂmie comprlses a

i mpi n of the splash plate t.he 1i qui a
broadgﬂﬂpﬁp Pasﬁ+%%ﬂ5ﬁ's gy2 Fﬂb?%@é%%1%3 & 1¥Guf
over | isnegf hbI® £id IPrayp126nf poa aeighkaursinggd

i quid dosing nozzles provides a high qufid ,

di st riGRGEHRTHAREBY ity TPRESSHI BSnSHFatd sy BlaPeleans
under dhig Lhay anek atnd aaste 10Qgmudehow 4:he . thayi dre
passi ng hole. The |liquid passing hole will typ |call¥

be | ocatradidied &P apele"adhdhedl tBet Papsindy,ipgd can tall
al t ho utlg ¥w9§nlgﬂgé%gFQ%loﬂbﬁgeaﬁéQMuagﬁﬂash plate,

distri eV|ce acc ng to the 1 nvention
i.e. the liquid jet does not touch a nozzle wall or other

structure before impinging on the splash plate. Thus, the
passing liquid gains maximum momentum. Upon impingement
of the splash plate, the liquid forms a broad film or
droplet spray. Impingement of overlapping films or sprays
from neighbouring liguid dosing nozzles provides a high
liquid distribution uniformity. The splash plate is
located under the tray and at least 100 mm below the
liguid passing hole. The liquid passing hole will
typically be located in or above the collection tray,
although it may be located below the tray.

The distribution device according to the invention
comprises at least one gas chimney for upward or downward
passage of gas. The gas chimney(s) and the liquid dosing
nozzles are separate from each other and do not have the
same longitudinal axis. In order to minimise disturbance
of the liguid film or spray by the gas flow, the distance

between the longitudinal axes of gas chimneys and liquid



conprises at | east one gas chimey for upward or
downward passage of gas. The gas chimey(s) and the
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and do not have the 30 sane longitudinal axis. In
order to mnimse disturbance of the liquid filmor
spray by the gas flow, the distance between the

| ongi t udi nal axes of gas chimeys and |iquid WO

2005/ 016508 PCT/ EP2004/ 051608 - 6 dosing nozzl es that
are adpacteotntnzbschhettharei sdjpreftertableacat okrast 1400
mm The free fall distan for liquid, i.e. the

di st aREETehaP et 1Y 3§Pdm$assing hol e and the

spl ash plahe, ris Hmial diedshcd 08 »mijrief, enabl ythd dh$rance
range of from 100 to 500 nm nore preterably of from _

200 t B3B8 At hReb ¥ B @asRéPS| RO1d Ttk thiesERAeeh plate, is
bet ween thesli o dupasiidtg-iehe iandhd | aghrpLAt

is to the d?stance be?atg%rtheﬁlémer gﬁﬁﬁgf%?hgghglgoo to

and t ROOuppermene wfefdrabdyl ashipdmta00 1@ POSf mabRyference

the f %%?ceﬁ'ﬁ" to dh?%gc{]ilcsftqa{??:r& bhayLd, \ﬁrﬁ'ﬂ‘éi’ﬁ%paés%ﬁole

t he diameter of passi ng
pr ef emahl yhat speasi diktte festol nherdiestdmed beicivethethe lower

hei ght of the distributor tray, the free fall distance
for g i8%i Ehﬁr%?fe? £ The HBEEE 514 [ Hod TehSPAP ok b te -

of 1@&&&%9%%1&@%@@ fhohegi sPamidetort QiRKOMI 88 at least
for a broad, unbrella-shaped film or droplet spray,

the rat itd™Bét heendideetdiranét EPcol 1ahd RAASISN pPaee more
and tf@%e%%as&g[]a@flém higayk fepassh G-l &0 Mdmit, the

preferably in e range of from2 to 8. A snaller
spl astheglohteofmyhe edigtiribwtoirquidy bypes sitng tiad Lsghatance

From She gerEanes PEARROL RE pdP 10 Yt e Blneer of

form rreaniquirretdaishapde.fil mor spray. Mre

pref et abl ¥, bhgaE Al o betueen, the, S ATt e .00, L08 pen £51a
or droplet spray, the ratio between the diameter of the
splash plate and the diameter of the liquid passing hole
is preferably in the range of from 2 to 8. A smaller
splash plate may result in liquid bypassing the splash
plate. On a larger splash plate, the liquid may drip from
the periphery of the splash plate without forming an
umbrella~shaped film or spray. More preferably, the ratio
between the diameter of the splash plate and the diameter
of the liquid passing hole is in the range of from 3 to
6.

The diameter of the liguid passing hole is preferably
at least 3 mm in order to avoid blockage of the holes by
s0lid particles that may be present in the ligquid stream.
Preferably, the liquid passing hole has a maximum
diameter of 25 mm in order to achieve a sufficiently high

liguid velocity for the formation of a broad film or



25 of the liquid passing hole is in the range of from
3 to 6. The dianeter of the liquid passing hole is
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of the holes by solid particles that may be present
inthe liquid stream 30 Preferably, the Iiquid

passi ng hol e has a maxi nrum di aneter of 25 mmin order

to achieve a sufficiently high™ Tiquid velocity for

the formation of a broad filmor W 2005/ 016508

PCT/ EPR@O%/ 08ABO P refErappyay thavbl baprdfesabhy, hbhe has a

[ 0u 4sgeasp0 Mol Maseg 0 aUELeE U el ange o

from passi ngy be a hol e
in the cOhkeridquid tra@pingl helaatdyely a hbeel kguike

passin ol e a hole,in the upper end of a

t ube EgllEﬁBFﬁﬁntH%\ﬁg% LEREngbivetYi difq ridyuifnpaageng hole
that wWhe bkqui Hopassi &%ehqbgekse@df@f & ivienext HRREAy

end of a tube extendi n%é hrough the collection tray,

t he ditasebelR beetdlIFsItéonstEadt | er than the inner 10
di ameter of Lhge tyhs Uh@ ?EQSE ﬁé%%?%%%ﬁlgoﬁsa fﬁgf%cﬁn the

fall distance for the Iiqui en the hole an
t he @ppagheryda% a s ﬁﬁéﬁndm@etteromh tthe tubgetsion

at le e ¢ apet of t he Thus .
t he u%%tédly e\ré]g ﬁr?%%et}t l?%e HS %ar cﬁmoasg T Thav| bhe inner
end ofdltatmetbubef 1Ehe S:leféenlnTbEdéﬂbﬁ) movexkeeidralo¥eee fall

and/ or Iowt oIIectlontr . The splash_plate is
ot GASEERER TRE TOMdmadid 3FC FHE b rerRa et chie

di st arge ket pegde! hend AWk refdlanétet Ner tttlke taBd thear least
splash plate is not critical. 20 Preferably, the

verti & giBesnthe phtamessrt RE FB%]FOI%ﬂd{'hélfsrt keet upeer end

and the yppet,g0d; of atrh:stBh.@§de|@t1§ 1werAknkif88! tHe Stube
times the dianeter of thé liquid passing
is open. The tube may extend above and/or below the

collection tray.

The splash plate is located below the lower end of
the tube. The vertical distance between the lower end of
the tube and the splash plate is not critical.

Preferably, the vertical distance between the lower
end of the tube and the upper end of the splash plate is
at least 0.5 times the diameter of the liquid passing
hole.

Preferably, the inner diameter of the tube is at most
15 times the diameter of the hole. More preferably, the
inner diameter of the tube is in the range of from 2 to
6 times the diameter of the hole.

The splash plate may be attached to the collection
tray or the tube by any suitable attachment means known
in the art.

The distribution and density of the liquid dosing
nozzles on the collection tray is preferably such that

the liquid films or droplet sprays from neighbouring



hol e. Preferably, the inner dianmeter of the tube is at
nmost 25 15 tines the dianmeter of the hole. Mre
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range of from2 to 6 tines the dianeter of the hole.

The splash plate may be attached to the collection

tray or the tube by any suitable attachnent neans

known 30 in the art. The distti%ution and density of

the liquid dosing nozzles on the collection tray is

pref erabtlesiertaat Thaeeforpi dbe Laguod deopietnozzles are

spr ay ' i 0] 0

e e Besbag oty BRePEHEIR BRE Bney tray o areteranty.
|'i qui theodisig-iazrZbes darece pies ertalllepsevedl yiquid dosing

di stributed over the tra Preferahly, . the

di ot 1 PBEAT o By iSGE AR ESTSE T s et GaRdCERY Mypre

nozzl gse pefaisiqrare 188kEes50f n€nl 1L ibedn shilid¥e W& Df
preferably at |east 50 nozzles per square netre of

col | €I Bty Frpl -vilBW 3V tHe Es €36F e6nSPreetyQrion and
and costs, {fe ﬁﬁg&bﬁeibﬁnd&%é:%a@aar%@ég}s?@' %ff Host

nost 100 1|qU| i ng nozzles per square netre
col | e¢00 ohiquidybosipgenpreles aidly sauampesne¥de 4D dhelection

di striputl o deviceacgordipg, ta. the invention my
conpri'sé’ a singl’e gas chtnmey. Prefeéerably, the device
has a pl urka idistafibgas oahdeneys .acthedinaytwi the invention

typically have nore liquid dosing nozzles than gas .
chi imB5 X PP LIaB §OERE FaT | BTN qira 86ePhy the device
nozzl gsst & @AsralixCRIFMGEYSchimidyd.haheangayohilir offically
to 5. Three liquid, 6 dosing nozzles for each gas

chi m&FVEsar part e SosynIstiPtalte than gasTRBImneYS.

chi meygrarg, Py efafahlay i6ven! viqdi StddAwedooyeesthe gas
collection tray and preferably such that the distance
bet weehimhey$ ohyi trudihgalraagpsobffrpmyas to 5. Three liquid

dosing nozzles for each gas chimney is a particularly
suitable ratio. The chimneys are preferably evenly
distributed over the collection tray and preferably such
that the distance between the longitudinal axis of a gas
chimneys and liquid dosing nozzles that are adjacent to
each other is at least 100 mm. This distance is
preferably at most 200 mm. The total area for gas passage
is such that no undesirably high pressure drop over the
collection tray is built up. In countercurrent operation,
the gas passage area should be sufficient high for the
prevention of flooding. The at least one gas chimney may
be any gas chimney known in the art. Suitable gas
chimneys are for example known from US 3,524,731 and

WO 99/00182. Gas chimneys typically comprise an open-
ended tube extending through the collection tray. The |
tube has a first gas passage opening at its upper end,
located above the collection tray, and a second gas

passage opening at its lower end, located in or below the



20 chimeys and |iquid dosing nozzles that are
adj acent to each other is at least 100 nm This
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for gas passage is such that no undesirably high

pressure drop over the collection tray is built up.

In countercurrent operation, 25 the gas passage area

shoul d be sufficient high for th& ~ prevention of

fl oodi ng. The at | east one gas chimey nay be any gas

chi meglkeaowen ruaye dhe. LHost ald = rgasagehppmeisg are located

for e e .10 3,524, 731 ;.and, WD 99/ 00182..
Gas cé?ﬁg%yg§?ag%ggﬁlgkg%%p?gsép%ugﬁﬁigﬁﬁlgﬁ gﬁa d§§{hﬁ9
ext endbngatl hopapt itome conlli ecotnOmrid ajhusThe at leehagsd@ve the

first, gas,passage opening.at its, upper, end, |ocated
above LT A QorT CEMIBROTPAY . B Al eeas ~paciate
openi pgedbrabby,) awesapend, dkoraterhd plakebekovstiee WRpove
2005/ 016508 PCT/ EP2004/ 051608 - 9 collection tray.

The fFR8t THESE A RGESEEENPRAYNIRT | ge £regr EBoRESTERE liquid
| 'qu'gxbﬁvﬁ£séih§'H%f%@kh?cﬁhf%hiﬂEﬁﬁé“&&snggiﬁﬂéfﬁl The inner
operation conditions and thus at a [l evel above e

| qui dipassengrhdihe ghst Rbimheys didegiefgrabiy| bargdr than
Pref erabl ¥, oy R 00 deblection plat e sl acated. above

the first gas passage openrng 1n ordér to Breven?

[iquid fTFioenqiassiibgtdbnedéyycd hrameghiihbetgashe invention is
chi meys.. The inner.. di ameter of. the S . chimeys is,
prefePgﬁFﬁrg%}béﬁﬂﬁﬁﬁﬁ Phd T?ékﬁp%ﬁ QVQBpr g°SS1ing

l'i qui depassinoad ) REnglQ, Thiee distdritiyn @NrdB¥ECLelates to
according to the invention is preferably applied in a

nul ti pPEChel FSropirepesspRging el s IngcSraF hgrly spaced
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The distribution device may be placed above the upper
catalyst bed of the reactor to distribute the liquid feed
supplied by the reactor inlet to the first catalyst bed.
The device may also be placed between subsequent catalyst
beds to distribute ligquid effluent from a catalyst bed
over the underlying catalyst bed.

The distance between the splash plates of the
distribution device and the upper surface of the
underlying reaction bed is typically in the range of from
100 to 500 mm.

The reactor according to the invention is suitable
for use in hydroprocessing, i.e. for the catalytic
reaction of a liquid hydrocarbonaceous feed in the
presence of hydrogen at elevated temperature and
pressure. Suitable catalysts and process conditions for

hydroprocessing are generally known in the art. Examples



bed. The distribution device may be placed above the
upper catalyst bed of the reactor to distribute the
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first catalyst bed. The device nmay al so be pl aced

bet ween subsequent catal yst beds to distribute liquid
effluent froma catalyst bed over the underlying
catal yst bed. The distance betwdén-the splash plates
of the 25 distribution device and the upper surface
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section of a part of the distribution device of the

inven@i@ﬁ? ¢hémn@YS§r$ﬁ%ﬁﬁ@ﬁaéévP§egqsGﬁﬁbﬁW@eéiQUid dosing

;g'sl oG 'zgggglr?éﬁgﬁv%%@wnagdggésggggnsy By R3seage of
underlying catalyst bed (not shown). Each nozzle 4
comprises a liquid passing hole 5 and a splash plate 6.
The liquid passing hole 5 is a hole in collection tray 2.
Under normal operation, liquid collected on collection
tray 2 can fall freely from the lower end 7 of hole 5 to
the upper end 8 of splash plate 6. Splash plate 6 is
attached to collection tray 2 by attachment means 9 in
such way that attachment means 9 do not hinder the liquid
flow.

Gas chimney 3 comprises a tube 10 with a first 11 and
second 12 gas passage opening. A deflection plate 13 is
located above the first gas passage opening.

In Figure 2 is shown a longitudinal section of a
second embodiment of the liquid dosing nozzle of the
distribution device of the invention. Each liquid dosing
nozzle 4 comprises a tube 14 extending through collection
tray 2. The tube 14 has a liquid passing hole 5 in its
upper end 15 and is open at its lower end 16. The innerx

diameter of tube 14 is larger than the diameter of liguid



nozzles 4 for downward passage of liquid to the 15
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6. The liquid passing hole 5 is a hole in collection

tray 2. Under normal operation, liquid collected on

collection tray 2 can fall freely fromthe | ower end

7 of hole 5 to 20 the upper endl8 of splash plate 6.

Splash plate 6 is attached to collection tray 2 by
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4 conprises a tube 14 extending through collection

tray 2. The tube 14 has a liquid passing hole 5inits

upper end 15 and is open at its |lower end 16. The

inner dianmeter of tube 14 is larger than the dianeter

of Iiquid WO 2005/ 016508 PCT/ EP2004/ 051608 - 11

passing hole 5. Thus, |iquid passing through nozzle 4
can fall freely fromthe liquid passing hole 5 to
splash plate 6, i.e. without touching the inner tube

wal | 17. Splash plate 6 is attached to tube 14 by
attachnment neans 5 (not shown). WO 2005/016508

PCT/ EP2004/ 051608 - 12 CL Al MS 1. Adistribution
device for distributing |liquid over an wunderlying
catal yst bed conprising a horizontal



collection tray provided with at | east one gas chi mey
for upward or downward passage of gas and with |iquid
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wherein the gas chimey(s) and |iquid doing nozzles

are separate fromeach other and do not have the sane

| ongi tudinal axis, and wherein each |iquid dosing

nozzl e conprises a concentriealky-arranged |iquid

passi ng hole and splash 10 plate, wherein the splash

plate is |ocated below the |I|iquid passing hole and
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100 mm between the hole and the splash plate.

2. A distribution device according to claim 1, wherein
there is at least a distance of 100 mm between the
longitudinal axis of a gas chimney and an adjacent liquid
dosing nozzle.

3. A distribution device according to claim 1 or 2,
wherein the free fall distance for ligquid is in the range
of from 100 to 500 mm, preferably of from 200 to 300 mm.
4. A distribution device according to any one of the
preceding claims, wherein the free fall distance for
liquid is at least 5 times the diameter of the liquid
passing hole, preferably at least 10 times the diameter
of the liquid passing hole and at most 50 times the
diameter of the liquid passing hole.

5. A distribution device according to any one of the
preceding claims, wherein the ratio between the diameter

of the splash plate and the diameter of the liquid



precedi ng clainms, wherein the liquid passing hole has

a 5 dianeter in the range of from3 to 25 mm
wee@soray of from5 to 20 nm 7. A di stri buP€DREP2004/051608

devi ce according to any one of the preceding claims,

wherein the liquid passing hole is a hole in the

collection tray. 10 8. A distribution device according

to any one of <clainms 1 to 6, "whérgin the liquid

dosi ng nozzles are in the formof a vertical tube
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| ocated bel ow the Tower end 15 of the tube and the
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di st r FBei dn-UeAd 88 -according to claim8, wherein the
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upper end of the tube and the inner diameter of the tube

is at least two times the diameter of the liquid passing
hole, preferably is in the range of from 2 to 6 times the
diameter of the liguid passing hole.

20 9. A distribution device according to claim 8, wherein
the vertical distance between the lower end of the tube
and the upper end of the splash plate is at least
0.5 times the diameter of the liquid passing hole.

10. A distribution device according to any one of the

25 preceding claims comprising at least 25 liquid dosing
nozzles per square metre of collection tray, preferably
at least 50, and preferably comprising at most 100 liquid
dosing nozzles per square metre of collection tray, more
preferably at most 75.

30 11. A distribution device according to any one of the
preceding claims, wherein each gas chimney comprises a
tube extending through the collection tray, the tube

having a first gas passage opening located above the



collection tray and a second gas passage openi ng
| ocated in or below the collection tray, wherein the
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the liquid passing hole of the Iiquid dosing nozzles.

5 12. A distribution device according to claim11,

wherein the inner dianeter of the gas chimeys is

| arger than the inner dianeterléf-the |iquid passing

hol es. 13. A reactor for hydroprocessing conprising
vertically spaced apart reaction beds, preferably
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14. Usessdgd hepardact 06 aceoted ng: t0 1elal mB3vé Ofhe liquid
hydr o rocessin%j preferably for hﬁdrocracking or 15
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feedstock is contacted with a catalyst in the
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gas  are SQUITLNCULLentLy SURp! I 8L 9108 [E3S OF catalyst
particles, and a distribution device according to any one
of the preceding claims above at least one bed,
preferably above each bed.
14. Use of the reactor according to claim 13 for
hydroprocessing, preferably for hydrocracking or
hydrotreating.
15. A process for hydrocracking or hydrotreating wherein
a liquid hydrocarbonaceous feedstock is contacted with a
catalyst in the presence of hydrogen at elevated
temperature and pressure in a reactor according to
claim 13.
16. A process according to claim 15, wherein the liquid
hydrocarbonaceous feedstock and a hydrogen-containing gas

are countercurrently supplied to the reactor.



