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DOMCOVERS The invention is related to a gas-liquid contact tray
conpri siWg 0/648Bbl e area and a plurali tg of downconers |PEIVER)1/A18d0WNCONEYr
openi ng, whi ch downconer openings are spaced in the bubble area, such
that, when in use, a 5 liquid enters the downconer opening, as seen in a
hori zontal plane, fromop 805' te sides of the downconmer opening. Such trays
can be used i nCHASLERHGPAICEBRAGEL TREY HAVIWEsMURTIBEcRPWNEEMBRSt hese trays
is as distillation colum internals. 10 Background of the invention Such a
gas-liquid contacting tray is known from GB-A-1422131. This publication
descri bes a gaddis g@ventdemt dct ﬁerlaaﬁe@ortmlamg@q—élbzuubldl e:oa]t@&tanﬂ:@
plurality of I r The e s _are so 15
spaced in ?ﬁéﬂplrorﬁ%fol?{eéggr gglb?%\g%%lr% g\ﬁln%o rwéggﬁlﬁ%?éq SUrFurided with
bubbl e ar edaatingwe crovmmaameg! dpenifrgur whsiate slowTiltiomenresyletrs rigs téhat , when
the tray i (Welll] rese |nthes ce above t.he bubbl e areavmll
enter the %g%%%giner gglleén:%#%bﬁfeo%roe&iom Y6 2_1% %s 3 the 28 “Fowdcomer . Wen
such trays lacmidgseditiorsa tgwaésdqmqmodlercmpieanMgng aGolserh tiwo aconsecuti ve
trays are that t Iower end of mer of t he upper tray
is orient Zlg abo?)lg%g t%lareﬂ%éref]; ] S Seray Sﬁgleﬁwo U% S9REEF so
descri bes apgasnig. ql$|u@thcdmtaaztst icag b25 uskeay ihaviarg 1aq|allwr @|dntt)é&fln
rect angul ar,_downconer l.a int bubbl e area, such that |qU| d wil |
enter the 8omc§r?e?%o%é’% g fruﬁr%t\ﬁjg Sbi56sittEYSi désasAﬂtlStl&H‘ﬁ 19 f | es
conpri si ngcalvent |1¢1aler;mlaatse are centrally nounted in the downconer opening
a%q;\l lel t JLhe Ion%i t%dl 30 downconer sidewalls. According to this
ublicatio round o e invention

Such a gas-liquid contacting tray is known from
GB-A-1422131. This publication describes a gas-liquid
contact tray comprising a bubble area and a plurality of
rectangular downcomers. The downcomer openings are so

15 spaced in the bubble area that one downcomer opening is
surrounded with bubble area at two or more of its four
sides. This results in that, when the tray 1is used,
liquid present in the space above the bubble area will
enter the downcomer opening from opposite sides of the

20 downcomer. When such trays are used in a gas-liquid
contacting column two consecutive trays are so arranged
that the lower end of a downcomer of the upper tray is
oriented above bubble area of the tray below.

US-A-5382390 also describes a gas-liquid contacting

25 tray having a plurality of rectangular downcomers placed
in the bubble area, such that liquid will enter the
downcomer opening from two opposite sides. Anti-jump
baffles comprising a vertical plate are centrally mounted
in the downcomer opening parallel to the longitudinal

30 downcomer sidewalls. According to this publication the

anti-jump baffle is present to avoid the sometimes very



anti-junp baffle is present to avoid the sonetinmes very WO 01/ 60488 2

PCT/ EPO1/ 01814 - powerful horizontal novenent of suspended liquid

dr opl et sWHHPE88t he tray. By pl acing _suih a baffle |iqui dPQUEEBEBI1ES14

hori zontal |y over the downconer inlet iS intercepted and directed into the
downconer. 5 US-A-5547617 al so describes a gas-liquid contacting tray

havi ng a plRRVTEYL otoF eyl Be veltsme onersugpernded 1iguie dubbletar ea,
such that |Jwuk id | er C j fromt opposi te sides.
As in US A%%%B%Hoé %lﬁé.%htlia%jqﬁlrr% a fie |sé)g§%fsen #lnqlflh%ofﬁ‘lg coner
openi ng. W33l 1o oVRY edve dovenddnps diabel ors gast 1 owmst edfaridne
gas-|iquid gontactd ng, <ol Sa@dsh dsser i bed above a  maxi mumload will be
observed. H gher loads will result in that the colum fails to function as

a | Pqui d-gas 13Tontact 07l braksepatet@rihe 4 ayas phenoine neorkrow @

f1 oodi ng. ﬁ{]%pli ¢i i@ggj excessive accumulation of ljquid inside
the col um. The we Ilsrkfgasvm?fhf oodi ng cgg('er1<=,I(sﬁ'|(?atnéins s AT & YEHESHET qﬁ@‘gp j et
f1 oodi ng and tdwwindrelre chodd ngsuckhedes telchani & nel Jar eerdeserded in 20
Distillati i y Z.-Kister, McGawH |l Inc, 1992, pages

267- 291. Aé’:{g)orgl rrl%r}ioit ﬁllsngéu a wldonOppd)oﬁeorFelrd%cléSUplq s due to a

bui | d-up ofUS-Aqui3B 23], dean tarer idowngo e £ ausi N Adwedd g dHo back-up on
fthf?t ray I&%@icrgjgnetro I ieqlulind accurrul ation on that tray. The liquid 25 hei ght
in

he dowiconer 1s détermhed by the tray pressure drop, liquid height on
the tray and fmihetn analind ossesidmeashe thRWNCOTEIG andl AQWRGRTEN $JOt  ar ea.

Jet fl oodior}g O %%tsr_ i.nm?lncé Cf I Q:Od!tn% I's Oﬁg}:ljnsed by a too heiéjgh gas velocity
| eadi ng to the entrai nmeht of° T q\h ¢ %i% 50 By Fopiides! gibdueoth, to
the tray abew@muihédadqwiid IWHd observed. Higher loads will result
in that the column fails to function as a liquid-gas
15 contactor or separator due to a phenomena known as
flooding. Flooding is described as excessive accumulation
of liquid inside the column. The well known flooding
mechanisms are downcomer back-up, jet flooding and
downcomer choking. These mechanisms are described in
20 Distillation Design, Henry Z. Kister, McGraw-Hill Inc,
1992, pages 267-291. According to this publication
downcomer back-up is due to a build-up of liguid inside
the downcomer causing the liquid to back-up on the tray
leading to liquid accumulation on that tray. The liquid
25 height in the downcomer is determined by the tray
pressure drop, liquid height on the tray and frictional
losses in the downcomer and downcomer slot area. Jet
flooding or entrainment flooding is caused by a too high
gas velocity leading to the entrainment of liquid, either
30 by droplets or froth, to the tray above. The liquid will
accumulate and leads to flooding. Downcomer choking is
caused by a too high aerated liquid velocity in the
downcomer. At a certain velocity the friction losses in
the downcomer and downcomer entrance become excessive,

35 and the frothy gas-liquid mixture cannot be transported



accunul ate and |l eads to floodi ng. Downconer choking is caused by a too

hi gh aerated liquid velocity in the downconer. At a certain velocity the
friction"P8¥e¥88in the downcomer and downconer entrance PEEEPAHOBXE eSS Ve,
35 and the frothy gas-liquid mxture cannot be transported WO 01/ 60488
PCT/EP01/ 01814 3 to the tray below, causing liquid accunmulation on the
tray. Wth thetferhf?y obpled, t 6abeinadet g bdde apymghstidn gon dtiné xt ur e

present on thg,traytRothdependi AgoPR 2BYiofLe ' Ger men_pat ent
publ i cation 76%103 descri bes the ?Jse o? F1at V\%Iﬁlcgg%%?c\)/%% Fh |%a(j%rrent pl at es

in the downtbieid Bpehithg PBHS$EAT tOR hehérordy hedghdepend heg domnesoper, whi ch
in turn preyents downconer back-up. The publication is directed to
so-cal l ed cross-over trays configurations for 10 use in so-called foan ng
gas-l i qui d syst@smnan roairit apulet best byer’7 ¢ohi3 gleatt Ored hehd | ove of £

gas-liquid r i i s.only. fromone side. No
i ndi cati on ]ffs)é(\gl %Z% %‘Eg\{g(gucﬁl gﬁ%?g%ggvx}gg?%gspr%%eﬁe %%%%Iﬁ%? choking. 15
Sunmmary of ekenimyehei bimThetlpe eSenthimveghtt am ails dovpeavé de \ah;g?ls-l i quid
contacting i.bed which over cqires t%' robl ens o
downcomer ¢ %E%/%%?oéj?%gérrﬁﬁpfsda rﬁ%/(glﬁeelf A T hd Ore IR Fohs before
downconer chioke aiged st @bser el e @ 0c ddeseo pe 0 bt eigs %@ﬁ@@f‘aﬁﬁ@x@ﬁlﬁéﬁd with
nonf oam n systens. Thus. a tray is ained at having an inprove capacity.
ThE arm e YL B e T T Ty LT T o COrTaSt A ray
conpri si ng ardutbbles aream fighr 25i en pihe at1dy ©f SOWCONRIS hawi Ags a
downcormer %pneni&% whi ch downconer ope ings are spaced in the bubbl e area,
e ncomer opening 1s only from one side. No
indication is given that such a plate would prevent

downcomer choking.

15 Summary of the invention

The present invention aims to provide a gas-liquid
contacting tray as described above which overcomes the
problems of downcomer choking or permits a higher gas
and/or liquid loads before downcomer choking is observed.

20 These problems are often associated with non-foaming
systems. Thus a tray is aimed at having an improved
capacity.

This aim is achieved by the following tray.

Gas-liquid contact tray comprising a bubble area and

25 a plurality of downcomers having a downcomer opening,
which downcomer openings are spaced in the bubble area,
such that, when in use, a liquid enters the downcomer
opening from opposite sides of the downcomer opening,
wherein the downcomer opening and downcomer is provided

30 with at least two flow directing plates, wherein each
flow directing plate has an upper end which extends above
the tray and is inclined towards the direction of the
liquid flowing towards the downcomer opening.

It has been found that when the tray according to the

35 invention is used in a gas-liquid contacting column an



such that, when in use, a liquid enters the downconer opening from
opposite sides of the downconer opening, wherein the downconer openi ng and
downconeWOoi0d/6pd88vi ded 30 with at |east two flow directi n@CIEROE8I814her ei n
each flow directing plate has an uppér4end which extends above the tray
and is inclined towards the direction of the liquid flowng towards the
downconer operfaged| cahasibgensf obadrvhdt hhénrthertadyaacsgeding to the

35 inventi oy i di - L.k qui tacti ol um. an_ WD 01/ 60488
ool tross 1at SEE At PeBeaRa- bhakLE San Be L e R e PRt et BT B0e |
that the diheciiggnplatesecdnwheomddedatoiexngtangattayg abaviagngul tiple

downconers riyin .frayn.according .to the invention. This makes it
possi bl e togén%g%vgngé%gbégft§gﬁ %i%%?ihé 8?§?f??%t€%nl%%F%ﬁ%s. The
gas-diquid coptactytolyeacsoidgngitoil hetibnveatu@nswi |1 typically conprise

a circul ar bubhl.e_ area . and. luraljty of downcoper openings spaced in
this bubble a?t%? The ﬁ%ﬂﬁ%gng?né%%%i%ﬁaﬁnﬁc%%r h@gfﬁgn?h?or 10 exanpl e,
rect angul arinseuai enowitlr eybacal For cbhpr ps€SentirtAVENth @it iscgssenti al
that sonme or %JI o% thg.tdom?cgner §¥enin s have bubbl e area al ong opposite
sides, in Dtdet Xo'have 4 Piqoryte %Fiﬁge?h%gﬂoﬁﬁ%%%%rl%p%%+%g from
opposi te siasbDd 4hea doTne 0aBHnOPREE NGpeh In§asLy Obe 150§ e£6AAGUESF shaped

downcomer o eniqgs bubb| e ar ea al ong either_lon?itudinal side will be
present . Sd%&? r EFr et ar L3 haptdiapen? hgsl BF el PF ef EPAbIRE spageeR n t he

bubbl e ar eainv@std & NGt | Ns t BateLaCh dONREOTBH: OPLNL N oM . recei ve |iquid
fromat | east opposite sides. 20 Fromthis bubble area and fromthe space

there above O HMIGUrePOF L1 4A3 BRAES | PeRpie eheafabeny eRpeshovesidoards the
downcomer openiiger The hawe 05 M4Ei Ubstarti@l{ye downcomer opening

from opposite sides of the downcomer opening. In case of

15 rectangular shaped downcomer openings bubble area along
either longitudinal side will be present. Square or
circular shaped openings are preferably spaced in the
bubble area, resulting in that each downcomer opening
will receive liquid from at least opposite sides.

20 From this bubble area and from the space there above
a mixture of gas and liquid, the froth, will move towards
the downcomer opening. The two or more substantially
opposite streams entering the downcomer opening will meet
each other somewhere above the downcomer opening.

25 Applicants believe that because of the directing plates
present at this meeting point of opposite flows the
capacity increase 1s achieved.

Detailed description of the invention

The invention shall be described in greater detail
30 below.

Preferably a weir is present on the tray. A weir is a
device positioned on or about on the boundary of the
bubble area and the downcomer opening which ensures that
a certain pre-selected amount of liquid is present on the

35 upper surface of the bubble area. The height of the weir



opposite streans entering the downconer opening will neet each other
sonewher e above the downconer opening. 25 Applicants believe that because
of the dveoersodng) pl ates present at this neeting point ofPcomposimses f | ows
the capacity increase is achieved. Deta&i led description of the invention
The invention shall be described in greater detail 30 below. Preferably a
weir is present ben sthiectray f rAmveion vies: td ondev ivee upes ikhicafed corner about on

t he boundary,of .the. b bIe rea,and the downconer op nln mhlch ensures
5ol 8 84 anglin s G

that a cer tarA pre-Sel&st 8§ t "6 TG ¢4 /&35 upper

surface of tb@abdhbh@eaﬁeaecfhenhemghheoﬂ1hﬂ&dMEubwm@g0Lb@Q4%% the

PCT/ EPO1/ 01814 5 % selﬁgxeg nlconventlonal values known to one
skilled in CRECEPICTTRE SRS " nay EF IBETPRCE H8G tOW&ds t he

di regti on ohabbe ihigquiagatliew ng B:(h\éaltd_%yt heec dQWREQRRI wepeniiRg. To further
i ncrease the Ilg ui 5 handl.ing capacity of the tray the overflow weir is
preferably PREF LYon@rdd ne etﬁwﬁﬁﬁé &P&a PubtdR ?ﬁ&?faﬁucpnﬁ@@ﬁa@@ li ne,

drawn from thagtiapref 1tihe, OﬂQékh0WrW%|&hethbh%fbﬁﬁ% %EeEQQOQV%%fEOM/MB'r
forms an angle a with the horizontal pl ane of the tray which is smaller

than 10 80 ﬁdtﬁﬁr@aﬁﬁepérébpyoWﬁﬁéépwtW&ﬁrBOfOTWé everhgdw mmmlmhheught
s e c or ALY b0 1LBRCLANGTLEOM2R Ly W cfl AL SAISh At (ol De tr ey
e nu I r ap g 8

spacing. Th cting plates is“nore than one, Pably from
2 10 10 andsAbranpredes abtyféram ¢ lorfer dBaThis” numa@rouefflafmr exanpl e

depend on the, si e.o% tge downcaner op enlng the gas-liquid systemto be
cont act ed 8?1§eé§F8 tdlaRd BRSEREaGAY/ Frqhta Fé&&eoﬁrpﬁezﬁrﬁyltPhe upper

part of theidiregtitng pkatatwolkl the kreki Bedcing.
The number of directing plates is more than one,
preferably from 2 to 10 and more preferably from 4 to 6.

15 This number will for example depend on the size of the
downcomer opening, the gas-liquid system to be contacted
or separated and on the gas/liquid load on the tray. The
upper part of the directing plate will be inclined,
relative to the vertical, towards the direction of the

20 liquid-gas mixture flowing from a position above the
nearest bubble area towards the side of the downcomer
opening. When substantially the same amount of froth is
expected to flow from both sides of the downcomer it is
preferred to have the same number of directing plates

25 inclined towards each of the flow directions. When more
froth is expected to flow from one side, more directing
plates having an upper end being inclined in that
direction may be present than directing plates pointing
towards the side where less froth is flowing from.

30 When the downcomer opening is rectangular shaped an
anti-jump baffle may be present as known from the earlier
referred to US-A-5382390. The flow directing plates can
then be advantageously positioned at either side of the

anti-jump baffle.



relative to the vertical, towards the direction of the 20 |i quid-gas

m xture flow ng froma position above the nearest bubble area towards the
si de of wadlvedhconer opening. Wien substantially the saow/Eropusi4 of froth
is expected to flow fromboth sides of 6the downconer it is preferred to
have the sane nunmber of directing plates 25 inclined towards each of the

fl ow directi onsThahénreotengfpdibes Ssexpest edndee f4 ove s o 9ne,s5idg, nore

di recting | at es havi,ng an per end being inclined in that direction may
be present f%a%lﬁ??g%?i%%w Fggegh%o?ﬂv?ﬁ@mg¥o%%?%%n?heT%?d%OMﬁér@nﬁess

froth is floswngefrosit36ndheabbne tompcosrel OpeR: NGriis1 §echangylar shaped

ti-] baffl e may. be present as known fromthe earlier referred to
S A 538250017 THE" {1 B i TEGTT G BB Bs EAMIOE hOnES By bk Ggeobe| y

posict i oned @bwetdher. side of the anti-junp baffle. WO 01/60488

PCT/ EPOL/ 01814 - 6 The directing plates suitably have a | ower end which
is directed towdldst PHer o%@xﬁ%o%rt:grb?)eﬁl]}%t% Pbiess ety By be positioned

above tray yevelcaPrefssabt yotde bovenci pars of14he difecting 8%@%?. ext ends
downwards into the 5 downconer. The |ower part of the directing plates may

be verticalty PUsitivHed orthnchiFrert ey arlaes tos eartf oty  The | over
end of the ghseotdag: plated s pref eablye posLiignedatcide,Level, of the

upper end of the weir or 10 below In the absence of a weir, ower end
i s10pref er AP positt i e icrtayf evetebr, bdtow ome ¢mhgth of the | ower

end bel ow tde tdayh 188 s OF 1 4,003 wei rt}%yeievé/& Id dr%)ﬁ%?r;a_lqltkgér FXAPY €, on

the spacing between the individual directing plates. er spacrng w | |
15 gener al ISf ridtfui r@eahaand sl dengish §rry ebsesl Optianatdir level

will depend, for example, on the spacing between the
individual directing plates. Smaller spacing will

15 generally require that this length increases. Optionally
the different directing plates may extend with different
lengths into the downcomer.

The upper part of the directing plates may be for
example flat, hooked or curved. For practical plate

20 manufacturing reasons a hooked design is favoured. The
upper end of the directing plate may extend to a vertical
position above the bubble area. The distance between two
consecutive plates will preferably increase at increasing
height above the tray. This may result in that the

25 directing plates closest to the bubbling area will be
more inclined relative to the vertical when compared to
the directing plates in the centre of the downcomer. A
possible embodiment is when the directing plates are flat
and positioned inclined relative towards each other,

30 wherein the distance between the plates gradually
increases with the height above the tray. Preferably the
upper end of the plate is inclined such that its tangent
line makes an angle of between 0 and 100° with the
vertical, wherein the plates located in the centre will

35 be less inclined towards the bubble area than the plates



the different directing plates may extend wth different lengths into the
downconer. The upper part of the directing plates may be for exanple flat,
hooked oWQre¢88. For practical plate 20 manufacturing rercpprii@i1$iaoked
design is favoured. The wupper end of thé directing plate may extend to a
vertical position above the bubble area. The di stance between two
consecutive pbasesdwhkkrpsef enabbybbner ease. atiokacpeaskngn1 hetght cahove the
tray. This may resultfin t hat tFe 25 directing | at es cl osest to the
bubbl i ng ared"wi'tf b8 RBFE PheFfredSrErati (&St BUPRESv_FBRCcAF when conpar ed
to the direthechgnphateshi thhbeieentragehct hendowngeBesn AngPessikbl e

enbodi nent is_ when tES direggLng |ates are flat _and positioned inclined
rel ative towaf g% 8ach’ofRdr7°30 aherBPATt Reclrsrahre’Bet eth the pl ates
gradual ly inereases.with the height above the tray. Preferably the upper
end of the plate_is inflined such that its tangent |ine nakes an angl e of
between 0 and 1007 W ERIYhE GelPtaPtahefePheRfe pFateR Voiat&dveh the

centre will (3b bealessvéncihnedet Q¥aEASt he Buphbi g) apeq,Lthan.f,he plates WO
01/ 60488 PCT/ EP01/01814 - 7 |ocated nearest the bubble area. Mre

preferably tFePfsoutorendtEcoFi8echiprasesnpbiredt ivhkhpubbine area are

Inclined suchi thatibhsitapgeptehi nepiakes, an ! nd 950,
and nost preférabl% QOlmjth th% 5 vertical. Sﬁ?ga f§£?ﬁgﬁ% r§§%§%%ﬁ
r

di st'¥hce at Yopl9elrOPefel (or tray level in the absence of a weir)
o t . . . 0 Lne apsens )t
stheen two ~consecutiyg:fll S ecthnd pLateenlNG1A ey NG, SA0P,, O] £ELT ON

is between 0.015-0.1 mand preferably betwee ength
of the di reci$RR|Pl at etbovieaphecfrayewiifecting plate, typical gas

and liquid loading on the tray and the kind of gas and
ligquid to be contacted or separated. Suitably the

15 directing plates will extend to between 5 and 85% of tray
spacing above the tray surface, wherein tray spacing is
the distance between two consecutive contacting trays
when placed in a column. Suitably the tray spacing is
between 0.2-1 m. Preferably the directing plates placed

20 towards the downcomer centre increase in height above the
tray surface relative to the plates placed more near to
the bubble area.

The directing plates may be solid, partly perforated,
perforated with a varying open area or with a constant

25 open area. The shape of the perforations might be any
shape. For example materials like expanded metal or other
corrugated sheet material could be used to make the
directing plates. Preferably the directing plate is a
solid metal sheet.

30 It has been found advantageous in some cases to
increase the overflow weir height of an existing tray
when adding flow directing plates to arrive at a tray
according to the invention. In such circumstances a pre-
fabricated insert may be used. Such an insert will

35 consist of the flow directing plates fixed to a weir



depend on the shape of the directing plate, typical gas and liquid |oading
on the tray and the kind of gas and Iliquid to be contacted or separated.
Sui t abl yWORE60BS di recting plates will extend to between PcampoBoBaof tray
spaci ng above the tray surface, wherein8tray spacing is the distance

bet ween two consecutive contacting trays when placed in a colum. Suitably
the tray spaeiwnggi shebetimeensi®nd- bfmcher ebehabhy rt beediihgGt irAg plates

pl aced 20 tg %g% Ege g%wnconeg centéeﬁhn regse i n hei ght above the tray
surface rel ati ve“t 6"thé pr-st 8&°HI 586 P& HE&F PESERETBGbBFe thfea. The

di recting pHatesonmay beeadhigdthpanblyrpeeter attedne perf-oratedcwirthea
varying opegtggﬁﬁ r wth.a c nst%n&h 2§ ogen area. _The shape of the
perforations mrght “Be “dny *8RApE. Eor "ExAMPrECHaLeFRalS PPRe CBRpHRBET et al
or diher coprrugatedhsheet rmaheeiral egouhdsbecused:taemakevthecpdirecting

pl at es. Preggrablg %he directing plate is a solid netal sheet. 30 It has
been found adVahtagedli§ 'fi*Some cases to increase the overflow weir height

of an existing vaayoushposaddiagtbhowidi/baeti Bg phat aswhecAEEi ve at a tray
according to the invention, I n such circunstances a pre- fabricated insert
may be used®PSULRISNPTRSEFE W FR85PEBRiPsETER PhethFowrdlr @E€i Kgophat es

fixed to a wei bn¥0sQ11668488nPERLEROL/ 028245185 B@VEHthGEaQiﬂggsbﬂ@é of the
en

downcomer opening. The weir of the insert is nade such that
posi% i oned FALERem2doRAcBABRNbPERAPAGIYhES BREF par eoBbinhsimei withsert

fixes _itsetﬁetQréB@nEnihd@ngﬁphhgrgo&ﬁgeﬂgée&ﬂhhseﬁﬂﬂfiﬂ§2989?? > part of
the weir insert extends to a higher |level than the existing weir. Various

possi bl e tr@y Payduts36f FRerdbhhedAdr GB-A-1416731, BE-584426,
US-A-4550000, EP-A-882481, WO-9626779, US-A-5382390,

US-A-3410540, US-A-5318732, EP-A-155056, US-A-5223183 and
15 US-A-5098615. Preferably the downcomer has a rectangular
horizontal cross section having a longer length than its
width. The upper end of the directing plates will then
run parallel to the longitudinal sides of the downcomer.
With a rectangular cross-section is also meant downcomer
20 openings wherein its smaller end sides nearest to the
circumferential of the tray run along this
circumferential, resulting that these smaller end sides
are not parallel arranged relative to each other. This
design of the downcomer opening ensures a maximum opening
25 area on the tray. Downcomer openings having this design
will also be referred to as rectangular downcomers
because the overall form of these openings is almost
rectangular.
For the present invention it is not critical which
30 kind of openings are used in the bubble area of the tray.
Examples of possible openings are bubble cap openings,
sieve tray openings, valve tray openings, and fixed valve
openings. Examples of these openings can be found in
general text books such as the aforementioned general

35 textbook of Kister on pages 260-267 and in US-RE-27908,



openi ngs present in the bubble area of the tray are knowmmn to one skilled
in the art. Exanples of such tray lay outs 10 which nmay be advant ageously
be used MO U@A#H8nati on with the present invention are diE/EEed181h

GB- A- 1422132, GB-A-1422131, GB—A—14167§2f GB- A- 1416731, BE-584426,

US- A- 4550000, EP- A-882481, WO 9626779, US-A-5382390, US-A-3410540,

US- A- 53187395 -BEPSAZP35056 WOU8-R888931583 Wand -253 3UB4A, 509861591Rveker abl y t he
downconer hag-a- @g@@q@gu%@@ U@Q@lgg@t@% cross section having a |onger

| ength than its wdth. The per ené P the directing plates will then
run parall el toThﬁelP@ﬁQWﬂ@dlﬁhﬁléldeSléﬂuEheademnwmnhrthvebhlaW1ng
rectangul ar pgpgsgzsection is al so meant downcomer 20 openings wherein its
smal l er end sides nearest to the circunferential of the tray run al ong

t hi s C|rcunfer6mguae lrésukbirrg thaensheselsmikblevfepdrsi désa atraynot
paral l el arrapged;rel @glvgnggn%ggg the&acg is_ design of the downconer
openi ng ensures a nmaxi mum openi n Ped“on tHet riy " Bownconer openi ngs
having this denggurﬂnBI1alsodbeanéfefradtteya8cteeﬂaﬁgutaé downconers
because the f t hese 0@ enln s is.a rect ular. For the
pr esent |nveﬁ¥§%ﬁ£% ?éghg%gcri et Fgﬁonéé E?ﬁa 3%68p8%|%gs are used in
t he bubbl e acedanfutlhe ﬁoaycomExahﬁbeagoé pessi phe.openi ngs are bubbl e cap
openj ngs, sieve.tra peni ng tray openings, and fixed val ve
opgg%ngs. Exanp?égua% ?hé%e oé@ﬁ g °fah %Ea?oﬁﬁagFﬂln%eHE?al t ext books
such as theiafeneient shnedngenieeakod5viext beok ef rKisher 4eRnpages .260- 267
and in US-RE-27908, WO 01/60488 PCT/ EPOL/ 01814 9 US-A-5120474,

WO- A- 9828056, A5737741, @ USF A5BD196520Na LSV Ae 8453289 AhECUSEA- 3454989.

The inventipngshal B.be illustrated with the follow ng
Figure 1 is three dimensional view of part of a
15 tray (1), part of a column wall (2) and a downcomer (3)
having a rectangular downcomer opening (4). As shown

bubble area (5) is present along both elongated sides of
the downcomer opening (4). The bubble area (5) is
provided with openings (6) for passage of upwardly moving

20 gas. The downcomer (3) is also provided with a weir (7)
and an anti jump baffle (8). Two flow directing
plates (9) are positioned at either side of the anti jump
baffle (8). Because the flows towards the rectangular
downcomer opening (4) will be predominately from both of

25 the elongated sides of the downcomer (3), the flow
directing plates (9) only point towards these elongated
sides. For this reason the directing plates (9) for
rectangular downcomers can be of a simple design and are
equally simple to fabricate. The flow directing

30 plates (9) as shown are substantially parallel and
vertically arranged at their lower end (10). The upper
end is curved such that they point towards the opposite
liguid flows flowing, when in use, from the spaces above
bubble area (5) into the downcomer opening (4). The

35 elongated upper end runs parallel to the elongated sides



Figures. 5 Figure 1 is three dinensional view of part of a tray according
the invention as placed in a colum. Figure 2 is a detail of a tray

accor di ngotneo4ss nvent i on showi ng a cross-sectional side woayerof/omsi4

rect angul ar downconer having a seal panl010 Figure 3 is a detail of a tray
according the invention showing the top view of a circular downconer.
Figure 4 isod chesstosecimenal(3yi.ewhal epgnldore Afalals (Rilgure i3+ Figure 1 is
t hree di nensi onal, vi ew of gprt,of 15 tray (1), part of a colum wall (2)

and a downc&PEPTES) SARAVICRESE rctRfgdilal dowscoheor Sfering 1iaridas shown
bubbl e areaTh?) lowepr esent raltorg dooik ogle@ngat ed osiides ofi txt he downconer
opening (4). The b%ggle area (5) is provided with openings (6) for passage
of upwar dl y REFENG 120 -gd8. P& Tddwié oRePLEIR i Yardo opeavinged Width a wei r
(7) s5and anaast bridapthaffle (8). Two flow directing plates (9) are
positioned at either side of the anti junp baffle (8). Because the flows
towards the recfafytfar 14oWRESAEFSoPBRILRGT( PRI MepE phederinabel y from

both of 25 theacel engabedtsides of dtihe -dewacemar «63)(14hhe il @y, directing
plates (9) only point towards these elongated sides. For this reason the
di recting pPatBSCOPSF P8i1srdébangitarddémieoibes seas beadf pansiliplle desi gn

and are eqwabliyesbmaheot @nbakrihcate, 1he)flLow directi-ng %Obﬂkﬁﬁgs (9) as
shown are substantially parallel and vertically arrangeg at their |ower
endt{ 10). TR&eappéP) -efidSEdlcarpvedasubh ohat teHey fpoi rkatpwar dhenhe

opposite IEggigegggmsaggo%hgging@gﬁ?2$ag%ﬁgiggggk%hge§%§%%st%gove bubbl e

area (5) into the downconer opening el'ongated "upper end runs
paral | el todeHecemehngeatédsshddstin® 01£604889PCTAEPGLAO28%4ch that,

when in use, a liquid seal is formed due to liquid
back-up between the plates (14) and between the plates

15 and the downcomer walls (15).

Figure 3 shows a top view of a circular
downcomer (19) having circular directing plates (20) and
part of the bubble area (21) positioned around the
downcomer (19).

20 Figure 4 shows a cross-sectional view along line AA’
of such a circular downcomer (19). A cover (22) at the
lower end provided with liquid discharge openings (23) is
shown.

The tray according to the invention is preferably

25 used in a gas-liquid contacting or separation column,
which column is provided with these trays axially spaced
away from each other. Contacting can be an absorption
process wherein a downwardly moving liquid is contacted
with an upwardly moving gas. Separation is typically a

30 distillation process to separate one or more components
from a feed. Suitably the feed of a distillation process
is supplied to an intermediate position in the column,
wherein trays are present above and below said inlet
position. Such a column is further provided with

35 reboiler, condensation and reflux means.



- 10 of the downconer (3). The downconer walls (11) point towards each
other in the flowdirection of the liquid. The |lower end of the downconer

i s proviwledidessh a cover (12). In cover (12) a pluralityceferopenifgs (13)
5 are present. Figure 2 illustrates another enbodi mnent wherein the |ower
end of the flow directing plates (14) and the downconmer walls (15) extend

into the same seak panuhbls pFeddrand yahseqaskews canwaik iq7hand part of
t he bubble 10 area (18). A seal pan can be omtted, for exanple when the

| ength and FRE3FALECRedifalé sSdilddadce syst®Een ofhéhedapncdremingl ItyPand t he

directing pbatessar osmebrkhabackWhen iish JUsSred thicguied tS8&lbph$nf ¢Lped due
to liquid back-up between the plates (14) and between the plates 15 and
t he downconBPCRaFls Lers) . Npngdrem3 nghsws tamsopaveew bfighed céglrar downconer

(19)s havi ng1gineul ak1dichiect i AY chbatiesn2Qk raRE 2 nPLLLeh ot R Rubhl e area
(21) positioned around thé downconmer (19). 20 Figure 4 shows a
cross- sect | BHamPyréwCal dAgGMILNAe SKAtemgf aggc Aranerpbgbabedownsomar (19). A

cover (22) gtibhesthowst gndyp e%&%%chEEQckbqgigngiéﬁﬁﬁ%gﬁb%ngngﬁ (23)

is shown. The tray according to the invention is preferably used in a
gas-liqui d Esanaéerngfonoseparatnon sysltems, arghfich solkdppeirs pnovi ded with
t hese trayshaéiallgb%ﬁgﬁeg awa§ from each other. Contacting can be an
absor ption "BFoCES erErh 52 4B RANEFERY 2 ng TPFqGF™P< Scont acted  wit h
an upwar dl ydsepirbgagaserSepaeaticBani Setrypi eakhptaad@sdirsti | | ati on process
to separate one or mpre conponents. froma feed, Suitably the feed of a
distiIIatioﬁtBPEBé§§lci§r§ 6pBF§Hlﬁéaéﬁopnﬁéﬁnéaﬁaféc58§ition in the

col um, distillation of petroleum fractions boiling above 350 °C.
The invention shall be illustrated with the following
non-limiting examples.
15 Example 1
A test unit is provided with 3 two-pass rectangular
trays, provided with rectangular downcomers. The
downcomers having bubble area at both sides are provided
with an anti-jump baffle extending 80% of the tray
20 spacing and at either side of the anti~jump baffle two
directing plates are positioned as illustrated in
Figure 1 and having an upper end which is so positioned
that the tangent line makes an angle of 60° with the
horizontal plane. The horizontal distance between the
25 plates at weir level is 0.025 m. To this column a liquid

and gas flow is introduced at respective upper and lower
ends. At an air load of 680 m3/h it is observed that the

maximum attainable water load is more than 36.2 m3/h.

Comparative Experiment

30 Example 1 is repeated except that a downcomer is used

having no flow directing plates. At an air load of
680 m3/h it is observed that the maximum attainable water

load is 29 m3/h.



wherein trays are present above and below said inlet position. Such a
colum is further provided with 35 reboiler, condensation and refl ux neans.
WO 01/ 60W&B01FRGASSEPOL/ 01814 - 11 The colum is preferabl pocrysed/oisis
contacting or separation of gas-liqurdl8ystens of the non-foam ng type,
because downconer back-up is a nore frequent problemfor such systens.
Non- f oami ng systrers dhvawe adugher sHearcixd iguiidmel Qgidhy ik t he downconer
t han foam nqﬁstem. . Exanpl es of foam ng systens are am né-absorbers,
sour water Spesr £ @Yy L ot &X0rE & iatiate witssorrbdrray iBxanpl es
of non-f oanmusgds ysicemsiiaie 4RI st rirpreNs and  hydrocar bon- hydr ocar bon
separation, for exanple 10 de-propani sers, de-ethanisers, de-nethanisers,
at nospheric crude distillation and the vacuum distillation of petroleum
fractions boiling above 350 C. The invention shall be illustrated with the
following non-limting exanples. 15 Exanple 1 A test unit is provided with
3 two-pass rectangular trays, provided with rectangul ar downconers. The
downconers havi ng bubble area at both sides are provided wth an anti-junp
baffl e extendi ng 80% of the tray 20 spacing and at either side of the
anti-junp baffle two directing plates are positioned as illustrated in
Figure 1 and having an upper end which is so positioned that the tangent

| ine makes an angle of 60 with the horizontal plane. The hori zontal

di stance between the 25 plates at weir level is 0.025 m To this columm a
liquid and gas flowis introduced at respective upper and | ower ends. At
an air load of 680 nB/h it is observed that the maximum attainable water
load is nmore than 36.2 n8/h. :



Conpar ative Experinent 30 Exanple 1 is repeated except that a downconer is
used having no flow directing plates. At an air |oad of 680 nB8/h it is
obser vedwDat6048Be nmaxi num att ai nable water |oad is 29 n8di/EpdDoidi4 60488
PCT/ EP0O1/ 01814 - 12 The above resultslshow that a |iquid capacity
increase of at |east 25% can be achieved when a tray is wused according to
the invention. WO 01/60488 PCT/EP01/01814 - 13 CL AIl MS 1. Gs-liquid
contact tray conprising a bubble atehd &nd MaSplurality of downconers having
a downconer opening, which downconer openings are spaced in the bubble
area, such that, when in use, a liquid enters the downconer 5 opening from
opposi te sides @#sthéddbdneonercopeningcommhies e 4 heuldloWwnceres apeni ng and
downconer is provided, wkth.at.lLeas flow directing plates, wherein
each flow dilrpecti ng plate has an u%op%%vgleltﬁ% iXAvhlgéé 'eX eé%dgp%‘ﬂb(}g’ the tray
and is inclW¥ieedhtdnendene heopereng s onrof spheed 0ihi gue dofiblowk ngréaywar ds t he
downcorer openi NG, 2. C in oclaiml, wherein the flow directing
pl ate extends downvar ds}g%t%?t‘?léegﬁo%m%%%%& %I?tér?%y&&%c%?‘ﬂ?ﬁﬁm?ﬁ any one of
cl aibs 1- 2,ondreieg nftére oppmbetre ofidks ecf i tige pllatesomesr f epam2ngp 10. 15 4.
Tray accordi o] opne of clains 2-3, wherein the horizontal distance
at top wei S'hpeg{/ée I}a%?et@%"f/n et TRCTTRS aarb‘ge CEDTAE weT rPT Bt ABen two
consecut i verdilr ext i hepspl at@st Wi cii e et imglpneekd n wiersamecdirection is
between 0. 01p-0. 05 m., 20 5. Ttreayh accor di ngeg o_any one of clainms 2-4,

wherein t he ing pla as an up which extends above
the tray and is inclined towards the direction of the
10 liquid flowing towards the downcomer openihg.
2. Tray according to claim 1, wherein the flow directing

plate extends downwards into the downcomer.
3. Tray according to any one of claims 1-2, wherein the
number of directing plates is from 2 to 10.

i5 4. Tray according to any one of claims 2-3, wherein the
horizontal distance at top weir level, or tray level in
the absence of a weir, between two consecutive directing
plates which are inclined in the same direction is
between 0.015-0.05 m.

20 5. Tray according to any one of claims 2-4, wherein the
lower end of the directing plate is positioned at the
level of the upper end of the weir or below or, in the
absence of a weir, the lower end of the directing plate
is positioned at tray level or below.

25 6. Tray according to any one of claims 1-5, wherein the
directing plates extend to between 5 and 85% of tray
spacing above the tray surface, wherein tray spacing is
the distance between two consecutive trays when placed in
a gas-liquid contacting column.

30 7. Tray according to any one of claims 1-6, wherein the

downcomer opening is rectangular having a length longer



| ower end of the directing plate is positioned at the |evel of the upper
end of the weir or below or, in the absence of a weir, the |ower end of
the dire®O0Mgo488ate is positioned at tray |evel or bel owciZErodo18ia ay
according to any one of clains 1-5, whet®&in the directing plates extend to
between 5 and 85% of tray spacing above the tray surface, wherein tray
spacing is _the distance between two consecutive trays when placed in a
gas- i quid ¢BAfadtiSngiddhumnd 3hereity &peaconed 8gct o fampeons refctdngi ns
1- 6, whereipithes dUWNERRRN 1QRERING HieS 11 : ¢ i.ng a ngt h | onger
WO 01/ 60488 . 14" PCTIEROL/ 01814 nicd 16AGHANALLAN RIUDG (2 ch8NDL upper end
of the di refPFRGOMSIFaCES A -paral l el to the |ongitudinal side of the
downcorer openi Rgay8actoaniageebdlnd koo¢! ahim- 21 et azvephlqal anti S
junp baffle is present along the longitudinal centre I'ine "of thé downconer
opem ng andJWRer 8h filke 16| ewedienéceilrgy phat ésngrsugdsiti credrat leinther
side of theganthe) I T a i ng one _of .clains 1-8,
wherein a fo &gfrH?Engggggngpgﬁlpéegﬁgu%33%3lgft gb%?éwarégegﬁ&ngdommconer
openi ng. 10Pl&hss| pg6i @oedhtapeidngtcelithmrpeovided whehaatiphumal ity of
trays accorgdiRg;Lo any one of clainms 1-9 axially spaced fromeach other.
15 11. Use of a colum according to claim10 as a distillation colum or
an absorpti8n cérammacg2rdise accendi nget ofcktakimil]l-ehewkknetheagas-|i quid

systgm to b@eggnﬁgcbggsgﬁtogntQgenggﬁgggg&ngft¥8gble area and
downcomer opening.
10. Gas-liquid contacting column provided with a
plurality of trays according to any one of claims 1-9
axially spaced from each other.

15 11. Use of a column according to claim 10 as a

distillation column or an absorption column.
12. Use according to claim 11, wherein the gas-liquid

system to be contacted is of the non-foaming type.



