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GAS- LI QUI D CONTACTI NG TRAY Field of the Invention The
invention relates to a gas- liquid contacting tray

wa@iosabloeo f or hori zontal nounting in a nornal | PCT/EP2004/053633

vertical colum for counter - currently contacting gas
and |iquid. Background of the Invention In particular,
the invention relates to such a tray conprising a tray
plate with substa&%baL&bU Eh@ﬁcgiﬁguqﬁi&ence havi ng
top and bottom surtaces t "ate T's provided
wi th passages for gas betmeen t he botton1and the top

S 1e&lcc? dchv@g{ﬁlenntonoen or nore downconers are
—F&ﬁgeaoiﬂrq—&%—g-u-l—d‘-{—ﬁgir—r-qwd fromthe top surface of

t he t e plratenttiorbetavettdre ta ay ,geadh gloviced®tacting tray

Si(g&e. dlgL froman jnl %iﬁ gfon%b a%iarg ed 'J,?ql[atef}y Y/e.%/tlcal

The ltumay mw@mﬁ&dmnwrﬁdmmm idds and liquid.

particul ar advant age be used in relatively small

diBaeE Y B sERG ANVRP Q% anet er of about 1 m and

| ar geryp 'gﬂaﬂgﬁrédl(‘dﬂ arthle 2 i@ie and-dagey | t@%oh a tray

smal | er than about 2 min particular 1.8 m and

sr?éqffllié?lSJWEérae Ry tekahgast ths ﬁj—bkéﬁiqfrﬂm]elﬂe@ewlpl&@n
R A1 shalds al t

the term ]{éqrﬁ(%égsrlls lurgéeﬂJ ﬁ crgﬁ kgdlagst?n} eéfller to MEF&? tray

Re:ﬂaft’qa/eu%/ mzld@iaswlﬂh i b agaa dory rg;as:@eutrwmerofthe

spe\é@:fl C crﬁ{;dcl enges for ﬁ eoc?ggt? %? an ogﬁ‘ |o(§:llC ent

gabwnchnﬁnjs cord actiangad afor Igulaintrrgaoﬂmtqmwmﬁmgtm top
a Si nt C r ed .0 ac ay
Iﬁgggéﬁ r%@%@%ﬁ%ﬁtaa téf%éi&ﬁqgl EE B & éﬂ

ownconer 1S a oner

vvlamvmdbntdm ejﬂmm:hirm; fi rdnetaropigmiety op,era:rrtgamglexcbm@m in the
evvaII othat rt of the circunference .of. the
d %ﬂ%ﬁ % qwqﬁfq%ﬁugéﬁ%é%Jogfnlng below the tray.

The tray according to the invention can with particular
advantage be used in relatively small diameter columns,
having a diameter of about 1 m and larger, in particular
1.2 meter and larger, and smaller than about 2 m, in
particular 1.8 m and smaller.

Where the term gas is used in the description or in
the claims it shall alsc refer to vapour. Where the term
liquid is used it can also refer to froth.

Relatively small gas-liquid contacting columns of
between 1 and 2 m diameter present a number of specific
challenges for the design of an efficient gas-liquid
contacting tray.

In a traditional design, a single segmental downcomer
is arranged on each tray in a column. A segmental
downcomer is a downcomer wherein the downcomer inlet
opening is arranged near the wall so that part of the

circumference of the downcomer inlet opening runs along
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the circunference of the tray (colum wall) . In a
vertical gas/liquid contacting colum, a plurality of

wgeowk/o6rays are stacked wherein consecutive trRYBFER2064/053633

rotated by 180 degrees about-the-colum axis, so that
each tray receives liquid fromthe dowconer outlet of
t € el =T g o - AV To - W V0 TV T e el vin ea
drgmﬁt%%ga y 6%pd§i?g %@etﬁgggo&%ggﬁgp V%}gi‘ B%n?ng
Thver esd hrodasl howed econli satinagt agesmn One plurality of

di v | st he flow path I ength,of ]iquid
o¢%$9?ﬁ££ ayéf% r e %%? eY%gF%g ,C?ﬂs?%%pbY8e{r%¥Stﬁ§e
di eoted teed dby t @0 tdeyreeausbolie whet 8o Dhmb hexdoynsenenat
Al though this mght be,thought of as an advantage in
A Toray) e e (G aete it oR 1S oraceoer,Onaigs of
grieigk endxt rhiglert: dohey obh devehops pacéheihgayrddring
ng%Pal oper on, between the liquid receiving area .

a imﬁe‘?ﬁwﬁbﬁe@_ FETPRTEEC openf g, dqWRSORRF di 1 ST bAPPBANT -
of THi Suidkidpands hoRyveF it ensamelgegapacity in that
gas preferaply passes through gas passages in the area

of | oWn§ i IRFEARRTE nearthale Hoawntbemerpahetength of
obeni | g by Laht U
c§§ﬂ€£§% f%%gdaﬂéf%€55a€%pgég%%%gg%gigﬁhgin??sk?gaggder of
capmidiangtdpureherthprobremines shaghedskgainthé

do [ ' f e i QUi d_oyer

2 PaRSEAS: | 1 Bugh 5 ke FiRmt O s °4F
cadremwedd , ihatiaali bet webnce hel T etervs nguer eaatind

LAy LSt oRIILAR, TheJo0d £onas: S3ULioka on

t alten treprderiie nogpnaleopdeatiow padtwesdn ¥héulibeid
di sadvantage is that | not possible to $rovide

| O OGS (b U NP GRol T hHUS TSI &1 rhis

t eyl i 4 eincyon | f Cb@sidf itbgirs igthy efficiency and
capacity in that gas preferably passes through gas
passages in the area of low liquid height, near the
downcomer inlet opening. Also, at the largest liquid
heights, liquid can weep through the gas passages which
limits tray capacity.

A further problem with single segmental downcomers is
that in the flow pattern of liquid over a tray so-called
dead zones are formed near the column wall, halfway
between the receiving area and the downcomer inlet
opening. The dead zones result in a lower tray
efficiency, unless special measures are taken in order to
improve the flow pattern.

A further disadvantage is that it is not possible to
provide large downcomer inlet openings without
compromising tray efficiency, in cases of high liquid

load of the column. Liquid load can be expressed in terms
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| oad of the colum. Liquid |load can. be expressed in
ternms- 3 - of the flow paraneter F = - - | wherein the

wo2@naewg VPg g are |iquid and gas vol unes i n POPEP®eH053633

per unit of tinme, and p and p @are the densities of
l'iquid and gas, respectively. At high Iiquid | oads the
flow paraneter is equal to or_la r than about O. 1.

| nyorder £0,provideefel apge ddwndmer i nlet opeai RY,
e.g. 20% J{507% of the .total o Pyps ’s‘é’%tgl!r%%gl KEglr%ea gnd Vg
the tray or nore, a very wide’s gﬁ%ntal downconer has

t ;e Ls@etid Hovévpds welbimés downgioaefesd i pér hagie of time,
relatively | ow downconer inlet length. The term

dovirE aeranichifet axenditie idenigiddds athelidasict ignd arand
inthe clains to refer to the length of the

ciTRIRA ST B of At Het HowhtBied P8R8 Wittt eyuparampter is
besdacei ¥ethf romddie dhay.agdis dength is often
provided with a weir in order to provide for a m ninmum

| i qui AT TIRT OiP tRIOHHE .2 THATES clavndrmnefowhteropening,
oy, LAY 4 oRIRD Aot FEIIL AL O oa elied €08 Phe
even if no weir is arranged. A relatively shor

ddwresomer nortet 4 ergh Wide opdimentiah dewicemer has to be

. . ) desi rab
ot e oo NG ol HERH T g ey
f drow | dpwrntbdmaand | imige it alpaog tly. ThHe stewsuldwndomer inlet

rel atively |ar liquid heights on the , tray,, which,is
L A el o S AR At b e o

j etefdt ooditlyy angtthesefttie dimumfdrayceaphctiy . déncomer
alternative tray design.in smaller colums, in order, .
b A b e 1T G T ShchFOM | e Hor e This
caldreftH Wos passert b vided hsces gt ¢ W tyResr ofo provide
trays are used that are aJternatingly stacked in_a

cHUm? TSR SHqyise R ayRD He thiR Begharafore the

downcomer inlet length is often also referred to as weir
length even if no weir is arranged.

A relatively short downcomer inlet length in
combination with a relatively large downcomer inlet area
is undesirable because the inlet length becomes the
limiting factor for liquid handling capacity. This
results in relatively large liquid heights on the tray,
which is generally unwanted since it contributes to
premature jet-flooding, and therefore limits tray
capacity. .

An alternative tray design in smaller columns, in
order to provide more downcomer inlet length, is the
so-called two-pass tray. In this design two types of
trays are used that are alternatingly stacked in a
column. The first type of trays has two segmental
downcomers that are arranged diametrically opposite to
each other on the tray. The second type has a single

rectangular downcomer along a diameter of the tray, which
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downconers that are arranged dianetrically opposite to
each other on the tray. The second type has a single

w0 e@sasyod ar downconer al ong a di ameter of thePCT/BP2004/053633

which- A - is arranged parallet to the segnental
downconers of the adjacent trays. The liquid flow path

[ ' in,the order of
hay Tiadhd Qs Spa el T PAes G Madgatdh A5 ShatheSRE the
t \mi]mqt r‘ezyayke& Tire al Bpuidist How aolviaint hgesth Finsthis two-
ficantl dffere t of .trays. have . .to be
T G b B ehd e AT at yioLn FH ot Rl Ry SBgCer
I |mﬁ1dumgth@ncﬁiowﬁcd>rseme,a;tdimu npossi ble to provide a
fully qg]anced desi ccgqﬁexa | e, the downconer
i nl et TGt TRASS g*gﬁsr Igerkeg ShoadTANERESS -
t yesst , Thiwdl, spéhmfcam@y% V&lif‘féf@n@' Pgbes dbaMBLLySahave to

dovvncorrer there i s nornmm Y no conmuni cati on
bé&tsean kgt wreds %@p@ﬂ%ém%.@éabftym Wolvhcopapally be

atlcl\fﬁ@ﬂ?g beé@dv e d rr?é/arﬂheﬁﬁg@é&ﬂié &5 e@foﬂ&g' g fuily
| evel s evel op on si des, and there

vmnmm4 d?p:beﬁewphe, ttlaey dcawrdc@rhe:s llmbe’dekength
tﬁﬂy f ﬂf @ tl rﬁf%f Onfgéﬁﬁ f nlcathfhlrd on

channe can rang e ween
alﬂlmmataytmwaﬁwrsnmmmmmemmbbﬂmmcdﬂwev’emere is

th t d t t he t |

ST T 43P delh Cap BN 6L i dhe iRt chrbrirar gern

t reythem i dks aifttyh@qua,af@drheaf objwm@@r&rm b1 @ r*am]geﬂray
a virtua

nthe unf erence of the ra
SIS T ELSIRS TR e LS Haf Sl Yob 198 potn
dlﬁcdez-sedandl ﬁ.ﬂ&mtﬁt’ltrﬁo %p&ﬂ%xﬁﬁﬁu&@tl&u 4941 d# Ot he
<§8 735, arran I of downcomers on
atX/vo an i'éje% f?%‘% te? cieneh tHatPHhRCIRES:
se:cﬂum @cﬂﬂn@ﬁéartai&f QFrEthd 18 Cbém%é)télﬁfarb;’e@ between the
rotati on about 180 degcr ees about the centre of the

t P S ot hiRbt REOWRRAREF CoMERkea t pn dagpolem,
t R SRGE 110 Atadds to complex1ty and cost of the tray.

In another tray design, which is often applied for
larger trays, a plurality of parallel downcomers is
arranged between the circumference of the tray and a
virtual diametrical line. Examples of this tray design
are disclosed in US patents No. 6 460 833, No. 6 494 440,
and No. 6 588 735. The arrangement of downcomers on the
two tray sections is identical, such that one tray
section can be transformed into the other by a rotation
about 180 degrees about the centre of the tray. The total
number of downcomers is even. On each tray section at
least one substantially rectangular downcomer is arranged
along a line perpendicular to the virtual diametrical
line. Also on each tray section one segmental downcomer
can be arranged in a corner between the virtual
diametrical line and the tray circumference. The

downcomers on the two tray sections form a staggered
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| east one substantially rectangul ar downconer is
arranged along a |line perpendicular to the virtua

wae@swsrorcal |ine. Al so on each tray section OPEI/EP2004/053633

segnent al downconer can be arrmnged in a corner
between the virtual dianetrical line and the tray

citcuud . doyn r h t tiLons
fo%m a ‘%@%@‘gf e%— D - arra éérr%t% (g\%}%@%n%]@%r%?gr?ﬁ rages
coturgR e eoplier ovithhaes virvarh didmetmichlthene as
vigtual,.diametrical line as mrror. This layout of
downconers on the tray works well for |arger colums

havi ndr'tal i Bangter @b olewoeoiZe s .od ttleant g gowdeks well for
aglgl ied for.smaller diameter colum howeve

d s

h
T S L I ARG T AR S (TS ofe o2 M. It can

| igidathoraphbtied heof | awa Pedh depgdber Wb Thnh S, | Rot&@er the
o&?er,of hal f the di stance between adjacent downconers
0

S 1F022cEP oI CHRASTLIMBYY Pettfire? ¢ ouREePf . 2 Thigltation

| e ti sl 81 o NeaGasEevdien, s ebatiyvely {86 98rder of half
downconer inlet area needs to be provided on the tray

i rEhs dbrS kg Reeufad et Idenermendl omg tray

capagi{ F RS C I .

di arretleér/n'i n@%?%gﬁﬁfgé provi gge&a%?l@m?%wf%aﬁgﬁértlcular
| et Irasorvwhen rofretatigreld stdrge cddwmpene hi gnlst notea

PORsddY & SXORE . GR0 DR FA LU 150

one rect a%gﬁ% I~ an ee(;neésegman a§ or\?/m(%:%én%? itp%%%?%de

sentfifticient hiel quniohwhdredloing cadd oiv patfot engt hcolusay one

25 P g% el _t ‘£e virtual diametrical, |line can

on OyJHkrI(%e C%ea é|ese%l f;ané 1 rdalyan\\jﬁart%r slar§/ 94t rm%ﬁ)a?r%?‘éﬁje i ¥

t helrtiofuah ©oowqoner Ieneth arfer et wski tiang 1604 of itde

totogL ncI:ross}hj-es sesgti nal arejﬁ?ajr of the tray. It is an

oﬁ e E ﬁ?eggh Rention to provi de a gas-

|'i qui drccordseemipIng, tiraycas the Righcdliapedl traod] ivpth one

Carpeacctla;r}/gtﬁaa[rt ! e aorA éggrr?enr?cla{l ¢ é#n"é“dc’mej?”ge?'*'u?a‘@;n ection
in the known layout, a flow path length of say 250 mm
parallel to the virtual diametrical line can only be
realised on a tray with say 1.5 m diameter, if the total
downcomer inlet area is less than 18% of the total cross-
sectional area of the tray.

It is an object of the present invention to provide a
gas-liquid contacting tray with high liquid handling
capacity particularly in small columns, and allowing
robust and efficient operation and cost-efficient
manufacturing of the tray..

Summary of the Invention

According to the invention there is provided a gas-
liquid contacting tray suitable for horizontal mounting
in a normally vertical column, which tray comprises
- a tray plate with substantially circular circumference
and having top and bottom surfaces, which tray plate is

provided with passages for gas between the bottom and the
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robust and efficient operation and cost- efficient
manuf acturing of the tray. . Summary of the Invention

wae@snaionyg to the invention there is provi ded BCTEB2004/053633

liquid contacting tray suitable for horizontal
mounting in a normally vertical columm, which tray

qﬂ%ﬁﬁ%ﬁ?facg'téﬁa gﬁawﬁl¥%t@r§gb% ??é @%gyfééégglgéular

erence’ and havi ng om sur
mhtnmyt$@gtp¢a$eare @eﬁymd@dbmnahvpatea@edlémetgaSal line
bet ge bot and het op surface, and on which
%\Efp i fcul ar tray sections are

de#lamewloﬂoeyl aoﬁutlﬁheda downesmecsal forngubiiihgeligay¥yd from the
plate; and - of thrfe downconers for QUIdIn

I|Yﬁﬁ(§*? %??h%£tBBesEF?$c% cihe beigWpFaeetEaypefarh

t f@ov&rﬁ%e@%ﬁ@té’ﬁ&@ﬁ?”ﬁfoxﬁﬁﬁ”ﬂhﬁ&tfé}_@é@lﬁﬂg' BkBhnged in the
openi ng arranged he tra |ate to a downconer

ot Ty RPEHP nkC b2l SAVRAERIEF agfutlwerepﬁn%m beletiethe tray,
doWNCOpEL S B €c @b F 8P 0ES: | ok MEoRkOF €5 Sc oérﬁgﬁ?ﬁ{ir Sdﬁethe

sem -circular tray sections, and wherein t _
dovmieeses ¢%5 <am¢acmée@henselheememl@raiyr@ms*e@hlons, and

S%%é df 3%1113 ’@11199 @o{rﬁgélﬁ'éroi t fréﬁ@%%tgﬁtthé other tray

per pen ar to t e dianetrical Tine e I'nventi
prw‘@ecsn asglpetant tahlly amt aigeousradsugnodf the tray that is

}r%y& c&fg]gggétﬁ}g t&fgme%%gaiv\fj(ﬁgmconers in the

one tray Sections efeafter "corner
domncdﬁeesiﬁvenendnqmeoﬂmﬂmsonespemi@ianadmahyageong design

f ot h ft di
iotg T Dot e et ig  craly ThtB o eRetai GRS n
f uiﬂe | esgridr ©f o f hene adli ushe . tmnsédiaycsnec Coedengteo
the |nvent$on are stacked in a c

ad] ST tFAYRCARRLT ot at T rI Gt ‘?‘?/‘?én?%m%’écﬁw%ﬁ%?tb?zlly

1801 slegreesa@besit of hehs ot tifd Gixé Seafher Proh@chl oBowhcomer”,
downconers of e?hi her tre¥”§nto the next | ower tray
c ot FRR del2OyFh ht WRFIRST e BPt dowrdohRrgxtend along

the full length of the radius).

When trays according to the invention are stacked in
a column, wherein adjacent trays are rotated relative to
each other by 180 degrees about the column axis, the
projection of downcomers of a higher tray onto the next
lower tray coincides with the mirror images of downcomers
on the lower tray with respect to the virtual diametrical
line as mirror axis. The outlets of the two corner
downcomers in one tray section of the upper tray are
symmetrically arranged with respect to the inlet of the
radial downcomer of the lower tray, and the outlet of the
radial downcomer of the upper tray is symmetrically
arranged between the inlets of the corner downcomers of
the lower tray. It is therefore not needed to manufacture
two kinds of trays.

The arrangement of downcomers in both tray sections

is very different, one radial versus two half-segmental
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on the lower tray with respect to the virtua
dianmetrical line as mrror axis. The outlets of the

w0 psoeroner downconers in one tray section of POEERP€053633

tray are symmetrically arrangeg with respect to the
inlet of the radial downconmer of the [ower tray, and

th I f [ d f th t
| DfeSHibel Sl ok BUNERIEL SoL N BREL L inerry,
cotinerdolomocoser snbét t henomer dbwayomét islébeaetar end

{ d, t f act t inds of t . Th
arTARGErEnE o7 GOMRRGHETS HiBot HoRrh Bl Ponechaer inlet

vesyedi £§ etenfenongl radfabryge sus b¥Phhetdy-sections. Prior
segmental - | corner) downconers. As a consequence

of ?h*r%ea@&%%wyl,(m(%ta eBferonhfebayengthected that the
doa@frﬁﬁ@;%ﬁy NE£ls &6 e3e ROfe I 3601 885 WBER: HOMGCOFRY ERpSEity

| eng downconer inlet area is in genefal _
di 3idfeht e F L GRBCY r dyecaese ops. PPEeREied naddpsbséhution

[ | QN c t t
| yerti g0y anevapuL gl e EXPPCLECk el R esUaTRl s
effé¢zl bney, hdesvens etlodt pohent s ahmeadtdi 5 rnbut aoproblem in

li i over . ion | nt.h

LG REL ADE AP LR BEEL B0 3 PPRL ML eBER ghe two

i ncpracseceiommywingl dist rrdstloninfal ilgoge Hesdientt bé
sect..,ons I n esult in a lar [adi e

two, tra Wi | 0 e t .
of 1T dTRE bt D BECAIR b - IR RBAnC CBARIAT 8 At Bnobf £Luid
f 1o tdvdoert itedn ey t syt Secs j omsd landabecavSetbé fhet that
fact that.the paxi mum flow path_length for liguid to
t R R UTR it sTHATCR OB ohbdUT R FReCBPBPaBPSt
lordlcybirﬂi'@c%lﬁelﬁ ig ayotli oot Bondy) NLs €ioynsoder YFddbhlathbhe a
evel of, 6 the tray, pl at éso- called to mﬁdthi L f
r kA Y ot T T GRS hEEST € ?Pa%a/aﬂed fheonef the
i ntedy ?E@t@n(wcﬁhlle@& e8stipashran beraghusé@f the
individually, e.g._ by proper selection of the wdth
arftPSHeIRC B LR HRE chherh dgwﬁé%ﬁe%wn%%%l%%tma?ﬁ on
ofpdte AL ke HOVECHN®ER 15 adjusted individually, e.g. by
proper selection of the width and shape of the corner
downcomers, and/or the width of the radial downcomer, so
that a properly balanced design is obtained.

Suitably the ratio of the downcomer inlet area of the
radial downcomer to the downcomer inlet area of both
half-segmental (corner) downcomers together is between
0.75 and 1.25, preferably between 0.9 and 1.1.

Suitably the ratio of the downcomer inlet length of
the radial downcomer to the downcomer inlet length of
both half-segmental (corner) downcomers together is
between 0.75 and 1.25, preferably between 0.9 and 1.1.

The design with three downcomers according to the
invention provides an average flow path length of liquid
over the tray (bubble area), that is long enough for good
gas/liquid contact even in small columns of 1 m to 2 m

diameter, and even for relatively large downcomer inlet
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that a properly bal anced design is obtained. Suitably
the ratio of the downconer inlet area of the radia

wolowsoeres to t he downconer inlet area of bot hp¢iEEP2004/053633

segnental (corner) downconers gogether is between 0.75
and 1.25, preferably between 0.9 and 1.1. Suitably the

rati o of C r_inlet th of the radi
do%%%%e?%tr%o t ﬁe" downdOHEY i%(ll’f(;%] Ehgth %}fe b%?%‘%m??ay

s egnesd o e dtcioomeelr )a ewn cTinerde 4 ogret herhowe et weksio Osdbtable
and 1.25, preferabl etween 0.9 and 1.1. The design,

o el G ST A L e S erigrbnto B or
privd fese an. amerager g4 ow path | ength of |iquid over

the tray (bubble area) , that i5 |ong enough for good,

gas/ | it ot%htaéi‘iorév)é?ﬁ i %P YRt | TRGHHMRR of2d dn ¥elatively

di BHRfEpoHbIeVEeN dBindhat | Mel & | BERP KIOWELTBE] to the
i nl etareas of 20-27% and nore, relative to the total

t Paly ek sdlamgdel | G| 1 B aS e Hing gih¢ st Fvesegtions.
al i f i : d t -
dob To kR Jr PRt T M R T RS o
t olg heoti rv ertdlokemasThe ried e i Medyid dryges poing obs ofised to

downcomer inl et. le . paral ]l e Vit ual
di'ans IFF%%IﬂI(ﬁIleA s%g%al{r]larfc‘?ncgi%%%at#faéPsec }Iﬁ%n@%tlet of a
NedermdmeheassintAppiheaintldiaso f otinel ndmtest qlvwhcomer on the

b SSi is not,a problem The termliquid bypassi

DO TRV R | TR LT R Y et TS P HRRR L hetave

:?Hééﬁ gérfbﬁhﬁ?utﬁ$?sﬁimatélﬁhéFﬂmﬁlﬁénifm?ﬁehi@ﬁid
wnconmer on the other tray section of the |pwer. tray.

B3 e DR BReiP TR (IO B o i P e thahioh Baftles
| Ridrenseadedd | druitte bypassi thith ped wetile CHOIAES of the corner
downconers, wherein high baffles were placed on the
I &Mn‘i?’%ﬁ/r attHe QFeLE IHNE driHer? %r@%amﬁjé%cal
opegsr @l tdienyitiaal o Th iees riade |haeF1d4 @8BS not
found that placing these baffles did not significantly .

[ rﬁﬂr%%ﬂeflt‘?a&ytleﬁf A ENEy trpare Rl bch oGy | KoIAR drgdutane/iso-

SeRAAld 0L xRl i e xpahiarai i, tyryrefd | €t &PCYrFSciency is
defined as the fraction of mass transfer achieved in the
vapour phase as compared to the equilibrium mass
transfer. However, it was found that tray capacity was
significantly lower when the baffles were placed.

An advantage of the tray according to the invention
as compared with the single segmental and two-pass trays
is the larger downcomer inlet length which results in
lower liquid heights on the tray and leads to higher tray
capacity.

The tray of the invention can with advantage be used
in an arrangement with a separation tray adjacent to the
contacting tray, which separation tray is provided with
one or more centrifugal separation devices. The
contacting tray can in particular be integrally formed

with the separation tray.
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defined as the fraction of nmass transfer achieved in
t he vapour phase as conpared to the equilibrium nmass

wo ec@sséwro However, it was found that tray capBCI/ER200&653633

significantly | ower when the-baffles were placed. An
advantage of the tray according to the invention as

CupALEh UL Lhe 51 09l g segpmntal and two-pass trays

| th which results in

| ower Theyuimvdret bt sviohl trivew thaydesclr 1leadisin anbirgh@etail
tray .capacity. The tra f the invention can with

ad(/%/\frﬁ a’g‘:éf%]égrb%eedt? ntk%\% %?W%n&%?Wa separati on
tray aoiqeestlt osHdies cstiarit ealTI@Ya W ChiSPPSF at i §8s-
tray is provided with one or nore centrifugal

selpiatd ofPRRF Y TR RFFREFIRY 9 ayheapresent

paird&ii Bn Pesddtegral ly formed with the separation
tray. Brief description of the Figures The invention
will riovgwee desthowed ¢hemmliicalkblnia Rathi¢eiar eereodiment

X ; , . ; . S ot
o AP IR doof iy S0 Me SOOI LOA (FdgBeher
t ovittite peesertiomverayomn andcdlgume 2 shows

sSR! 68 by &, P & o ALy ergli gepL, of contacting

er w
separ @eDardnaysis made otanmigidet al | ethditscang sl omompprises a
the | nvention Reference is nade to Fi e 1..Th
1 T LS S (THE At AT L Bt AN T 5l FT LG Tapce 6.
cimﬁmrﬁ7 c_erﬂmecﬁrcmmm@hb ddea Cél?ppmm_ELﬂN@ A Bypporénged, by
rmn |s_arra eq, nmeans | C t tra can e .
SR RorTEre s VrA Ghn (e doCer et hatoSERLEY in =
. v 1Ry @bRimh hasot ofhang) botheont say fieTese ©4sWhbghand
the top surface 8 is_visjhle in Figure 1. The

t o .
pIBRTE 0TS BHEAGRY VR T HpHER AgR ¥ BAELALE bt et ehale in
batipmand, thes topa W IAEE, i WMpEHv L3I with passages for

gas 10 between the bottom and the top surface, which can
be in the form of sieve holes, moveable valves, fixed
valves, or other gas passages known in the art. The
passages for gas 10 are shown only at some locations on
the tray plate, but extend over essentially the entire
free area of the tray plate not occupied by downcomers.
It is also possible to arrange special or no passages in
the liquid receiving area directly underneath a downcomer
of a higher tray in a column. The area provided with
passages is commonly referred to as bubbling area.

Two semi-circular tray sections 14, 15 are defined by
a virtual diametrical line 18 of the tray plate 5. Three
downcomers 21, 22, 23 for guiding liquid from the top
surface of the tray plate to below the tray are arranged
in the tray. Each downcomer extends from an inlet opening
26, 27, 28 arranged in the tray plate to a downcomer
bottom plate 31, 32, 33 below the tray. In the bottom

plates, outlet openings are arranged that form a suitable
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be in the formof sieve holes, noveable valves, fixed
val ves, or other gas passages known in the art. The

weawsagws3o f or gas 10 are shown only at sone | ORPEI/EP2084/053633

on the tray plate, but extendigver essentially the
entire free area of the tray plate not occupied by

AUBGONPLEIoh b5 A0 BOPPLYL ol PLT EO0SCRRSSHBLA?" as

no passages urd receiving area dir
unﬁ@mmwatheao@bhmtoqpennmga hagbethér Ayrmnod eettangular

ToRLGEETHR! Pt e AL PRSRRISEL o SR GLEL St EB ot som

14p1é5e§rﬁa~d@f$mm@y erytstsatt dbanehan cahel F88pd8toke
the tray plate 5 . Three downconers 21, 22, 23 for
QU T PP RO 1 GRE HRLE opORFFEed BY $hebedagopngpmer

toshedomaihng, 13y, affe a6 RIO8Hetd AHeshb@Y - aF8CRo-called
downcomer _extends from an i ni et openi ng 26, 27, 28

ar3LoRRA doneeneray PHEERLLY BhelodpERReRehSt 25 pPacalled
31tr&ﬁ%a§§db§$&ﬂﬁ$$ﬁkéraNhléH ﬁ@gngoﬁﬁgﬂwghétﬁéttom plate

out | et openi ngs are arran ed t hat orma
suis abreaeged i senend @tamd:eq udloTe obhe ahtiqithdt heceiving area

h
CTIPLTENLEAg, SRR SOE0uhel PRI PGS, IBYE 001 Thne
Fiaghoes the @bmennlmlatwsrham&lsualﬂmm cRossusesatedn
th th t | et d d
oy S PR oY ST ndp e HepETh B0 FRlnaps ge tne
shnmmyagpasnngcmélem Bh@peﬁaﬁommn@ﬁE$pac£mgta@hybéhéeflned
downc e so-. called truncated

R R i S nefvef, 104 o6& T BRES S T S up g acent

abovgy theatéguid tﬂﬁa@ewlmgnar@mmbmetméayr@yaspacmg is
bﬁOOMImhen the tra are nount ed one above the other
SEWRFRi Raf Botidm! ™ truncated downcomer suitably

ext endpwd %pe&wedb@@%r@@ﬂs 9%9fe of rthiegdd aYn SPRET BErners 41,
bel ow the tray. K Tray spacing can be defjned as the

di 4% anE et et SEBH-ERECH HRF St UceRCHHOB wh? adyBEeht CPFRGTS
Platesqbpidde 1&9'&&5@ dfithé@Pl ¥al hei ke ays SPRGT flei S

bet ween 0.2 m and
circumference 6. The corner downcomers 41,42 are
substantially half-segmental downcomers. The inlet
opening 26,27 of each half-segmental downcomer is defined
by a straight longer side 46,47 perpendicular to the
virtual diametrical line 18, a straight shorter
side 48,49 facing and parallel with the line 18, and a
curved rear side 50,51 adjacent to the circumference 6.
It shall be clear that, in order to save manufacturing
cost, the rear side wall can also be manufactured from a
flat plate or a plurality of flat plates suitably
assembled along a polygonal line which follows the
curved shape of the rear side as shown.

The third downcomer 32 1s arranged on the other tray

section 15, and extends substantially along a radius 44
of the tray that is perpendicular to the diametrical

line 18. The radial downcomer 32 is a so-called
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Two of the downconers are arranged in the corners 41,
42 of the sem - circular tray section 14, which

weorses®7ar e defined by the dianetrical |ine 1BCHEB2004653633

circunference 6. The corner _.dgwnconers 41,42 are
substantially half- segnental downconers. The inl et
26,27 of each half ownconer

openi n - Se nt al is ,
oot Ee & fourdivef ontps TRt he n  ohr orRLEl 2P 1
t(ﬁff&?fdgb%atwdibmm%éicgi?féP@318ﬁ ﬁ%&t{ﬁtghpaﬁﬁngﬁrwith
side,h48, 4 [ an ara wth the |ine 18, and a
TR} STUY (R EARICE (FActRE TROtWe &4 confebEfcahorter
6.sideshat|sbe Si@arss had , pdPaDIEErtdOagdVeaces the

manuf act ur cost, the rear side wall can al so

i ( | b
AR GHERL [+ ot 216 15 Bl BeLeGhed Gierancey oF WEAL be
pl &t &$r sthi @bl Ve asseibt £, @ oRgh @ PO ygonal rLiee WIHED ¢

follows the curved shape of" the rear side as shown.
THEan e dCWoVRE oRer SIBWR sohr 2 bpgesit baiale, ot her teaginimize

S i nds substantially along a radius
At 2 2

at is perpendicular to the
di anetThedlidune dBso Beowadikd povweonerngd2of stie sbettom

cal{ ctangsl ar - downconer , wherein the inlet openin

S T Tty T e aotiEtRLts LOF (A “heRP RLoex
parmdy eln wilid emburat @o@l tide st sanggsldoe t he radi us 44,

and t shorter sides 55,56. Side 55 is parallel to

o AR b ORI Hak bt COlumn,
di stance. will e | rdige DI @dron hetie thea gi Tlei H6tiegj ae€at of the
to the circunfg{en e 6_can pe curved as shown. or al so
StRERHHEELRY. 9 1o YA mi §F 2R haMEF a8ttt i PRehRtLY Theov

FigifLr @ Sths hbvbe ¢ Ner priod esd | avsnof ddihecHRét oM phatesn the
61, 62, 63 of the downconers of the next higher tray

i Mate EUREEREOLINS OF all Prid A6 VaBpRfiglerhkpPasS on

opefatd o4y ofrd hend 1@y dd iy da£0bwdiMes5 | i Bgh I thibepassage

received on the tray 1 in the area of the projections

60T eRiawhd, 193 R PHLRENERFPYIR | Bip the gas passages 10
so that intimate contact of gas and liquid is achieved so
that heat and/or matter can be exchanged.

The liquid is received by the inlet openings 26,27,28
of the downcomers 21,22,23 and passes via the downcomer
outlets 36, 37, 38 onto the next lower tray. The
downcomer inlet length of each corner downcomers 21,22 is
formed by the total length of the respective long and
short side, 46,48; and 47,49 respectively. The downcomer
inlet length of the rectangular downcomer 23 is formed by
the total length of the sides 53,54, and 55.

The shorter sides of the downcomers contribute to a
relatively large percentage to the total downcomer inlet
length in the trays according to the present invention.
It was thought prior to the present invention that this
would strongly affect tray efficiency since liquid could
easily flow from a liguid receiving area on one tray

section to the inlet of the adjacent downcomer on the
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towards the inlet of the adjacent downconers, wherein
the main flow directions of liquid at various

wo owabswns on the tray are indicated by arr owsPGBEP2004/053633

During this passage of |iquiidjogas can bubbl e through

via the gas passages 10 so that intimte contact of

gas and ui d |s achi eved so that he and/or matt er
é%&%é

et tofhe ¢ i9ui TFPR $ER%i Yhd- By HREPRPEL 22,

Opﬁfﬁrﬁlg& 26 27, 28rd £ hem deInESNES S AleR 2R 3efPdct should
passes via the downconmer outlets 36, 37, 38 onto_the

N MTerPERGINCRRE FRANEFerOTHE Bt IPERRMEES - edthferently

COF NG SOMNGIONEF St 1Zely 23 d Sgh OF RGP Ybd AiSrd oméré eﬂgt Ao
of the repggctlve | ong and short side, 46, 48;

47re¢9tare93 ¥ i deWRCOoTRe HovkEdYEFeFhier 14ngsn 1élfIGt’ﬁ‘éo

of fﬁﬂggf%éég%%mgﬁgﬁ %§%£§u§% QPﬂd?%eéﬁgl%gﬁﬁé?hgﬁgthn

davimic nens iy rédeitieon o a relatlvely | ar ge percentage

O conend S e AMNOIRL A Ao | 0O LA LDt h @ Bpene s with

accor he” presén nven
prarod WItmdui;hfghﬂﬁaffm@mtprewémmﬁnghﬂsrmmulﬁlux between

stron affect tray efficiency .since u ul

STe 41 ST QoS 2 R eigen e 2 by,
Sﬁﬁdv{tnﬁcfbm&tm Ivﬂetﬁ @cﬁndhh@t?dij %@Meﬂ@ﬂ\ﬁﬁ@dﬁt deaibme, only a
t e0 er a sSectl| on rom ar ea (0] wnco
IR et D1 LA S BHLETD A CRRGEUR o fLhput the
shout e be, st @rwe@eé@éaweoﬁomf@ EOPEE Qﬂ’?fﬁlth the

D'fferently fromall other tray designs known

t Heafefles nolheciatRiiant Boomcewe? 1endrayparrtioh 9, the
SQidifet WO LOMNELe dﬁ,mméelyoa%éémeo@% Qf]toI:Q&etermlned

downconers in this one tray section. In order
i visst gag €9t ht 30 eiftecZO@xper | 2ehtEwni @B 3% it hout

hi gh %{fé@mﬁ@wta NG 4 r§<9éofchi‘ﬂ‘%b@év\?ﬁé‘ FFE8eRL

and downconer 22, and between area ©2 and downconer '
2 linvertel eonshat bdownsbeledbrFhasedbavant bt i ge iy novherein

efééf%réﬁber@y ﬁgfé§ifﬁ§¥c¥@§d09§6f¥§gr@A1hﬁyiltﬂg made.
The tray of the example has a diameter of 1500 mm. The

support ring 7 has a width of 50 mm, leaving an effective
tray diameter of 1400 mm. The top width of the
rectangular downcomer (length of inlet side 55) is 356
mm, and the top width of the corner downcomers (length of
sides 48, 49) is 330 mm. The sides 48,49,55 run parallel
to the line 18 at a distance of 50 mm to allow for the
placement of a supporting beam along the line 18 should
that be required. The flow-path length, which is
calculated as the average distance between a downcomer
and the adjacent liquid receiving area on the same tray
section is then 281 mm, which is sufficiently long for
good efficiency of the tray, while the total downcomer
inlet area in this layout is rather large at 27% of the
cross-section of the tray. It is impossible to obtain a

similar combination of flow path length and total
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baffl es, but a strong decrease of tray capacity wth

the baffles. The relevant flow path length parallel to
wo b@sgemnetrical line is suitably chosen aboveP@r/EP2004/053633

predetermned limt, e.g. 15071mm- 200 mm 250 nm or

300 mm An exanple of a tray according to t he present

ention shal iscussed qu nt
mhe?el%o$%¥e%e%%e og%a??s %n%?%%?e% aﬂ?ixldﬁﬁm?ter
bewnEMeprahEom$hy ofiowhet expnpéei das, awHiheeﬁ&ineﬁlnlng a
% nm_ The, s oft ring 7 gas a wdth of
THGORAF o P B0t | VEne Py Ear Akt eOBY 99089 RnESThe ¢ op
vvn gt hr DEi dhely et goutay depneorRrafdeagicobnkyl efihile

si de, 55) is 356 nm and the top width of the corner
doWRERFRERIRY ehgt HOBTPIFReseREln 103 ¥30 I8P fAf MeRe, it is

Si H8$s 181 49 Pon I Hile PAF %éeécé@r&fﬁg|t89tﬂ§ ?Ee@ent

di'stance of 50 mMmto alTow for the placenen

suppeRLT hen bearP a0 bhect Aer¢lakli® dPvacemerainbet area of
r%ﬂH'éﬁ@veTb§/f$9¥Ep@%Q k&fEtPa%%Q fPomslcﬁ'GH'étﬁdtéﬁy
the average di stance between a wnconer and t

adfl breeitet i qand 2@%edvimgrar ean ope threoshdedt fay column

sg& é#?é§stQ§Pw38& ﬂnktr éﬁgm%s sufficiently long for

i Ci enc Te the total  downcomer
| nI et ’am@amml hilswih egroert izsle‘atlmgtlargn ahe2T%pf is

th 0SS - ti he tra S jnpossible.to
opsarh BRer of P &8 b nE b BYe (+ hondHRB ERE Bk S ang

t ol pdilovntoatrlimé elgarea €an Auttiyr dbe stebcsimted that

meter with previousl kno tray desi

e e A PR AR T ot AH T ERaEOR 4P B gE the
engsigd f @swsedhé€i ENLéyY bigh dnayreaparstyfratHe total
efficiency. Whjle maintaining a fl ow path Ien th of
5@9%%$%meﬁn%%le?tl?%gE%SSF%?er%W%hn@ %St?%§§ evenly

acgPs gt MYut 8q t Hee PrE8ENEwb NNENEL 88ghOn PADVHERNBomers 21,22.
rel ati ve downconer inlet area of or above 15% over the

f UPeSPhRgete ohi1dh eI BereRray Hi aweeBetrinat26beor
”D&§w§§8m@§spéﬁVb§€H ferycobumodi aret e5stReEWBBBsib2e with

n1€Qe tray of the present invention to provide a downcomer
layout that is surprisingly balanced between the tray
sections. A balanced design is preferred as it minimizes
cross—-flow between the tray sections.

It shall be clear that the shape of downcomers can be
different from the example shown in Figure 1. For
example, the shape of the sharp corner of a half-
segmental downcomer inlet, defined by the longer straight
side and the rear side such as sides 46 and 50 of
downcomer 21, can be modified in order to fine-tune the
ratio of downcomer inlet length and downcomer area. The
sharp corner could e.g. be cut off by a further straight
side parallel with the side 48, which would also make the
manufacturing of the corner downcomers simpler and

cheaper. The longer side and the rear side of the corner
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The total downconmer inlet length on the tray is 3458
mm of which 1016 mmruns along the virtua

waolzaswtrorcal |ine 18. It can further be cal cul pr¢PEPI0OH053633

the rectangul ar downconer 23 agcounts for 48% of the
total downconer inlet area and for 47% of the total
downconer inlet length, the r rs being evenly

epai_nde
didMI IR VG RERARY H%ﬂ‘?l-cgaéag]r%htbcﬂ PRRSHRG LY 2
251222 1Baspide dthalpiigesididd erences in geonetry of

t he downconers on both tray sections it is thus

possi B @agittieulae @rligRtind fleddit G5aemE dhe goresent

PHOKIE. forfl QMOOTRYy 15y Wilsdilied Sl HHAAI A Ye to Figure
bal anced between the tray sections. A balanced design
| & .priaf dilvied applicatiimm entadsng fraws reredizheto the

tr, 1.0 I ] 1 Qﬁmﬁ' : .
dc}\xq%fc:e?)frccelrdsn E:l%ne bJese(sldlw?Jfrier ent rfég{rﬁ(%rgihe%(ﬁ]aﬁspiie s%%%ni%rays’
Figguregrall. 1 yFaim extenplay arnk witdpehef advearstteges cdiseussed in
of hal f .- .seg ﬂ@/\mcorrer inlet, defined by the
|6ﬁ§é¥ﬁ§?ﬁéﬁghtq§ﬁg§La the rear side such as sides
?6 an¢ﬁﬂhm5éﬁamnﬁgﬂﬁﬂfﬁﬁmtmnhﬂmyrﬁﬁ#éﬂfﬂhélufylﬁﬁdtibal
ine- tune the ratiq of downconer inlet |ength an
AGRCBTer U ot MHER Rt nat: G40 Do el b7
byt f Urtdsy sddvdiig sidleciparaldealt Wd hhideasigiegds, in a
whi ch woul d al so nake t he manufacturing of the corner
dOVRHECH S| Y5 THA DS ARt PRGN THE e e st smys that
t e deeal1 ’d L8y afsddiay 0ot nes dovacadTelo | ™ Qir OPENI Wdth the

coul d al so be connected by a plurality of straight

siafeBLt iRt ioulr Appti cerfon 6t e 138y oF fhHeilar
PSRN, TTHENd Al 10 NOW Bt Stsmady I ddidgf etense

to Figure 2 . In this application, contacting trays
acoortdiaty appadielnaivelit | DPRg Ehisards onbhhatebpmn,

R g SERRAY dink ey gty
Fidyjuamee 2r istrowsl seh et ik g e veenivalreyl apdeFaal sections
in or parallel with the paper plane. Trays 103a and 103c

have the same orientation in the column, i.e. the
respective downcomers are arranged on top of each other.
The intermediate tray 103b is rotated by 180 degrees. In
the drawing this is expressed in that of the trays 103a,
103c only the radial downcomers 23a,c are visible, and of
tray 103b only the corner downcomers 21b,22b. The
downcomers of a contacting tray, e.g. downcomer 23a of
tray 103a, are arranged to guide liquid from the
contacting tray to an outlet, e.g. 33a, some distance
above the bubbling area of the next lower contacting
tray, e.g. 103b. The bubbling area is indicated by dashed
lines.

In addition to the gas-liquid contacting trays also
separation trays 113a,113b are installed. Separation tray
113a is installed below contacting tray 103a and

separation tray 113b is installed below contacting tray
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colum 100 i n which a nunber of contacting trays 103a,
103b, 103c according to the invention are arranged in

wa@2wsneiocal | y st acked arrangenent. Reference nPOEERL084/053633

that were already used mﬁth.rqﬁpnence to Figure 1,
with the addition of a , , or c, refer to the sane

ohgt LRl e %Egﬁigﬁfongﬁp 00, HRE Rt By pumoer o

axmsntilfngabokepmraMMemedavibest13@5 ﬂhECthﬁéQEdltably
% rtV|rtua dianetrical |ine ef| %
e N Kt L St AR
p'@ﬁ@@ Jf aySe 1038y aaBo¢O3CA haygi the ﬁ@:ﬁ@e@r h@%étt«@@n 10
in the columm, i.e. the respective downconers are

araxhged @ﬁpan@tobneéetheﬁeperTm% phtlevbkdingeareay

éggfe;s fﬁa?y%%§$h rg§§dl%g%§h§6dram%$ aPE 1iy

ra@hmdldnmmxoaptsfaﬁatheareon16mbabloanﬂnothéraylmﬁﬁb The
t he_corner_downc rs_21b, 22b he downcoper f

R R oD Fruy SOE P ek it Bsad obv 1 fap [ 3b8a1 258,

ar g2 sis rempedgh omgud':nl ethé qowh 60T & hef contagkkBOhti §B¥r

to an out]| et, sone di stance above the

butd Fagt Jaﬁ“éatjé?igtﬁ’étﬁ%‘it FawRrsenatattPRgdevage 24

10c3&ndpiri1§e§u§béwgl at@Be | $23 NGh Lok efs by dashedr! baﬁault
In addition to the gas- liquid contacting trays al so

sepRif Erg o t 1ad8t 138al ta 1hpwar eendsvheredthespai bt fon
tr&yrdd$do ﬁémg%g&fgg bel owl& 051@@& i pgshrayn 1088 afferior

separation tray 113b iS installed beIOM/contactlng
t raly 103, sweheh tebarbiesn 19ay $9ipkolipedtinghmgans 128,

n%ﬁ?@ia@i C@P&ﬁi&&&a® ﬁp@éﬁééonfgfvé£§ﬁ%igo @Qh% assembly

are sulta distributed over an area orrespondi ng
t cSudle debbhé ngwar balmparheng ragarbodescrosgpi tal

i %ﬁét?gﬁé{‘feﬁa%é’n@”%%?&é f‘&‘?t %ﬁg%‘afﬁsﬁSare

bl T Ag ar ea epar ays
sd%%t%®®4ém7§836n1lar except for their orientation in

the Cq%ﬁ@”@wﬂ@f tube 123 is provided with a return skirt
such as annular U-turn deflector 130, that is arranged
over the upper end of the swirl tube. The other swirl
tubes are similar.

Each separation tray is furthermore provided with
means for removing liquid from the separation tray, in
the form of downcomer or downcomer pipes 135 and 136,
137, which extend downwardly from an inlet opening in the
plate 125a,b. The downcomer 135 of separation tray 113a
for example opens into downcomer 21b, which in its turn
opens onto contacting tray 103c.

It will be understood that more separation and
contacting trays can be installed. In practice the
downcomer pertaining to lowermost separation tray of the

column will open into the lower part of the column.
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separation devices 120 are supported by a plate 125a,
125b t hrough which the downconers of the next higher

w@omsactoTmg tray extend. Each separation devi CEBCI/EP2004/053633

conprises a swirl tube 123 whhgh_is a tubul ar conduit
having an inlet at its |ower end where there is a

correspondi ng openjng in the plate 125a. Jn the
ot er TBEEGS CHORGF TPT e ThaFas | &8 o a1 {ed o the column
| MoEr tingougans 28, islet abh ya prowée tlesh v t §f vanescolafn

ne assenbly such as the swirl-inpartin

|
ﬁé@@t g‘f@%"l\’/rb edPF+OY n?%?%a}&%‘ﬁall’%‘t”e tl%\p%‘FPEJai‘?%gto the
PuRd i@ | o8 %r%}g@‘ﬁﬂz&@@nﬂ@@ BNbF | s}tiékpﬁ_ 123 &8 upper

provided with a urn skirt such as annul ar turn

defarctef s, cehamni sARpYangeay ob@?a t hen uppercehdmaf 100,
E;ba]ssvﬂr{él 114081 o Thee oLhiera SMid | ond UDES RE 85 E%mv\%?acontacting

separation tray is furthernore provide
meney § ok0 3oyt ngt ¢ i epchbigematices epad Aot onedt ayangnafter

t d r I bes ,
T e T o oramd i R S fma 100
t hehyphadle Hi2Sagad oulibhet doveic csterwriB5inf tisepappaéetr opart of
tray, 113 r ex | e ope i nto _downconer, 21b, which .
R 00T S B e o Y S B “tot upp ) i
bethmd]&fvﬁénquarharbf lrmd(sjmmpm(m | Ko @dsl _'C:g@mmti@gremoved
trays can be installed. In p ti.ce the downconer

P I iRy SRR T RN St B ar T i € r BT OOt HENE o pRcomers
vvi;_illa,lqp,ecfl, ime, % he, Izn_y\@,rb,rtarltn@% dhe ﬁ@|wﬂ?-wﬂig%rners are
normal operation gas.isS su ed to the col um )

t Frictighta Pasr+9es ¢h- é?@%&l%@ B4 Hee cor i pRde with
shay)upPet @W 1 6@¥nd 0es. Liquid is supplied to the

col um 100 through a Tiquid inlet (not shown) in an

upper T tPOFLQHBANGSD| RGPV t¥aydabaEninedipg the

CQh 1M 10052 9251 SROrd ELULS AT B15OMH GETSH PRt PEquid flow
hori zontal " contacting trays 103a, b,c, to exchange

mettater; aritkoeimellte mawfide gas flow rate is the gas flow
rate at which entrainment of liquid by the upwards

flowing gas starts. The separation trays 113a,b serve to
improve the performance of the column, by reducing
entrainment.

In the swirl tubes 120 of the separation trays 113a,b
the upwardly flowing gas with entrained liquid is
subjected to a centrifugal motion by the swirl-imparting
means, and the liquid is flung outwardly and flows
predominantly up along or near the inner wall of the
swirl tubes. At the upper end of the swirl tube the
ligquid will break away from the inner surfaces and
intercepted by the U-turn deflectors 130 and guided
towards the respective floor plate of the separation
tray. From there liquid is removed through the downcomers
135,136,137, which open into the downcomers of the next

lower separation tray, so that the liquid is guided onto
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contacting liquid and gas are renoved fromthe col um
100 through the gas outlet (not shown) in the upper

w@agos/oafo7col utm 100, and through the |iquid oupCHEPIN©053633

shown) in the | ower part of _cqhbumn 100. Excess |iquid
is removed fromthe cont acti ng trays 103a, b, ¢ through

rs 2la not. a
of P e e Soshr €8 VFaS oo R G ER 5y On oY pElow the
I |cq¢nwbwiﬂ1gb6r&yﬂtrar ned with the upward fl ow ng gas.
The per nce f a col | ermned b
MBaxXi| mﬁ‘i R ?Ig&réa% f% Q%th%%wﬂgt% %(?%]{II €1 ow
r &;@Etwﬂ ehRi § her mexé rrswriﬁpsnﬁﬂ;@mg ah®t i snt8EcEBted by the
flow rate at which entrai nnent of qui d b%/%the

uphieg deaR | %W%gu@a%r%%ﬁr%%wam %%%a‘?%’%‘ﬁ raykraysabove.
b serve {g,]8pf W&Ei@ape&i%m%@{w%@ﬁ &@ﬁygeutwe
reducing entrainment . In the swirl es 120 of
sepeta¢obng rayayd 183, 600 tme, d@%r@hnyrt%mﬁmgcgagswuﬁh as
e d t n

L R A R

f | enge @t Wwag dtnyaﬁn@lncﬂl ’dm Ipme’dohmmanttsgpaxpa’aiongtnay is

the i ner he s ub At the
e e SGrr R0 Sy T PG TRC e B Ly e i en
tfuh|Jm¢mcéwtf@ep3ramﬂomntemyepmedhbasthbeLbeparatlon “tray
d Iectors 1 0 and guided to ds the spe ve fl.o
;ﬁhﬁ%?%f the %%B%?a?ioﬁr?Y%y oﬂ??h p ﬁé?% aad P130),
I e Obé hib o8I 0bh & i ea o wneames & iﬁSalaﬁlﬂﬁﬂ whi ch open
into the downconers of the next |ower separation tray,
so that the liquid is guided onto- |i the bubbling
area of the second separation tray bel ow the
contacting tray. Fluid (predom nantly gas) flow ng up
near the vertical axis of the swirl tube is not

i ntercepted by the and can fl ow upwardly towards the
contacting tray above.
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A typical vertical distance between consecutive
contacting trays is 600 mm but shorter spacings such

w@20030010mm are al so possible. A typical distank€I/EP2004/053633

between a contacting tray and;ghe next |ower
Separation tray is 200 mm A contacting tray can be
integrally formed with an adjacent separation tray,

such as the separation ' yz?giqw/§|n Figure 2, trays
103a and 113a; 103b and ﬁ—%ﬁ——even before they are
mounted in a colum.CL AI MS 1. Agas- liquid
contacting tray s ahl e for ori zont n

o mai e s S f B Biarhe b ot fonta
t il Bt Wt rediasdlang |\9éﬁﬂ’l(§‘alr Ceth Biimie) renidier ense

and having top and bottom surfaces, which tray plate
| SPHFATRY with passages for gas between the bottom

and 4 he 4o s d agesn and S £ r@yrcahﬁéle B8R rence
circular tray sections are define a virtual

disavbthra cing 49 agrd th@titqnawtptr%%es :ari'thlda teavlpbite is

t

SO R PR Bl O OY T RAEN )% dfjom and the
ddwp:carmfama,eramdwgarf rdm cn ﬁlrﬁsetpmltnga asemhgetrénlar
the tra ate to a do out| e n | o h
tra%i_’l, v\%e&eji V\%reofcg? odmmt;%one‘%ls}%l?%faéfr%ﬁ%gr éf‘éf Fine

t heef (iﬂfmetrmpfpmtﬁe;ofaﬂd]e sem - circular tray

sectl ns, and rein,the third downco I S, arrang

on tthe-Btder® J‘{%%%CC}?%C%E%{:E 1 oY Jef?%n]gl%ujr%dfﬁ%m the
oftdfhesurBycd hed titse perpensicid ato tise1dwe m@metasypaéach
lipe. 2 . The tray, accordin to cIa|n11 wherein t

G s TGS CHeT (At el (P H FaRFag in the

dawspEratd tde tedwilcaien &itlé\tﬁ opeein®ReEiHgSsteé tray,
bot h corner downconers is between 0.75 and 1.25

pr ef erd 5L etk P . ey pvnaomers R ‘?lf’:a"i‘/n%%%&’&h e
t et Lbprorde Mefd sdipt-adircular tray sections, and

wherein the third downcomer is arranged on the other tray
section substantially along a radius of the tray that is
perpendicular to the diametrical line.

2. The tray according to claim 1, wherein the ratio of
the area of the inlet opening of the radial downcomer to
the total area of the inlet openings of both corner
downcomers is between 0.75 and 1.25, preferably

between 0.9 and 1.1.

3. The tray according to claim 1 or 2, wherein total
area of the inlet openings of all three downcomers
account for 20% or more of the total cross-sectional area
of the tray.

4. The tray according to any one of claims 1-3, wherein
the inlet opening of the radial downcomer defines a
radial downcomer inlet length, and wherein the inlet

openings of the corner downcomers define a total corner
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area of the inlet openings of all three downconers
account for 20% or nore of the total cross-sectional

w@e@a/nefo7d he tray. 4. The tray accordi ng to anpCDREBR2004/053633

claims 1- 3, wherein the inlejgopening of the radia
downconer defines a radial downcomer inlet |ength, and
wherein the inlet openings of the corner domnconers

def | I t
el At Sl JBRANSPIEL aly LSnate Ahe
t eadialt @toadno@uxrerrerlrd@mdmﬂgth rdcett Heerigttia i s:dameween

0.75 and 1. 25, er ybt en 0.9 d 1 The
tﬂgyng@wd.lﬁ&%pcﬁwac 40P 075 Sher @i ¢ he
| pirelf aReNiypeafwerac .of e Icar.ner downconers has a
Si de parallel to the virtual di ams\trlfcq [.ine

I

sifdde P& &FdYe AP oh & Widthe i & ]T?émsar?g'nzg 2Vf%f’erein

Syhst a_Jﬂﬂleacl |9 eEBHPIIH RGO dhe K I et ndhe has a
tray. 6. The'tray ‘according to claim5, wherein the

sisdeles maddﬁlamq/ then R th ARt Higalunigiemrd @ side
t%%hrge%ﬁfcl’éﬂsaxat qas! dqaa[ﬂétyrladﬂnql%ét g dide. 7

tray according to claim5b 6, wherein the side
p@xmtcamadrlyt catfemiiaettd ddie |dicunErancsige the
yantlally conformng to the circunference of the
tray are connected by one or nore further sides of the
dadanc aier Umiyetacmmemilnm t® .cIHien t&,awfmﬂﬁﬁrrdihig% toldmy

oD el LT s o ong, eroy
s&pﬁfsatawmetarsay paa:udm\aldﬁd_:; v tdt omiegtor Inioree.
ST LI SERRL L o0 OBy 1 41 AR ANY csco
f@fé’f%férl’ditdhlaﬁe tsepaiatdiamdt@ycal line and the side
substantially conforming to the circumference of the tray
are connected by one or more further sides of the
downcomer inlet opening.
8. The tray according to any one of claims 1-7, in an
arrangement with a separation tray adjacent to the
contacting tray, which separation tray is provided with
one or more centrifugal separation devices.
9. The tray according to claim 8 wherein the contacting

tray is integrally formed with the separation tray.



