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15 Muitiple downcomer trays are noted for their high capacity. They were therefore
included in an article entitled “High-Capacity Distillation” published at page 53 of the
August 1998 edition of Hydrocarbon Processing and in an article starting at page 23 of the
January 1999 edition of Chemical Engineering Process. These articles show the transverse
arrangement of the downcomers on vertically adjacent trays and describe the flow of vapor
20  andliquid through fractionation columns employing these trays.

‘ Liquid which falls from the bottom of a downcomer of a multiple downcomer tray
falls onto the active vapor-liquid contacting area of the next lower tray. It has been
recognized in the art that the liquid falling on the decking could penetrate the decking, thus
bypassing the intended vapor-liquid contacting. US-A-5,209,875 introduced the use of

25  antipenetration pans suspended between the decking and the downcomer to reconcile this
problem. The antipenetration pans are located under the liquid outlets of the upper tray's -
downcomer and oriented perpendicular to the downcomers of the lower tray. Liquid
exiting the downcomers falls upon the pans and then flows onto the decking of the lower

tray.
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20  collecting liquid, which is passing downward from said openings in the lower portion of the
downcomer of the first tray, in a liquid collection and distribution pan suspended between
the first tray and a lower, second tray; and discharging liquid from the liquid collection pan

onto the decking area of the second tray in a pattern aligned parallel to a downcomer of the

second tray.

25 : A second broad embodiment of the invention is an apparatus for performing
fractional distillation in a fractionation column, which apparatus comprises an upper first
tray and a lower second tray, with both the first and second trays comprising a trough-
shaped downcomer and vapor-liquid decking panels adjacent the downcomer, and with the
downcomer of the first tray being oriented transverse to the downcomer of the second tray

30  and having at least two groups of liquid outlets in the bottom of the downcomer; and a
liquid distribution device mounted at an intermediate level between the downcomers of the
first tray and the decking of the second tray, the liquid distribution device being of
sufficient length to receive liquid falling from the liquid outlets of at least two downcomers

2
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Fractionation trays are“used, for nple, 7N t'h_e separation of nmany
different hydipgal ROftcRHEL 2 32riRRLR i 1 g HRIEDn M RaSllelSea 0y B 3

15 placement of a winged bridge piece 18 over the mouth of the distribution pan 7.

Figure 7 illustrates the view seen looking downward into the main element of the
distribution pan of Figure 6.

Figure 8 is an end view of the distribution pan of Figure 6.

Figure 9 is the view seen looking horizontally through a section of a fractionation
20  column containing upper tray 1 and lower tray 2.

Figure 10 presents a perspective view of a single fractionation tray having a liquid
distribution pan suspended over the decking by three stanchions 17 fastened to the tray
decking 6.

are employed to Figure 11 is an overhead view of a tray showing the location of two
25  distributors 7 below the tray.

DETAILED DESCRIPTION AND PREFERRED EMBODIMENTS

Fractionation trays perform an almost endless variety of separations in the
30  petroleum and petrochemical industries. Fractionation trays are used, for example, in the

separation of many different hydrocarbons such as paraffins, aromatics and olefins. Trays
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evenly spac surface of fractionation tray. The
structure oﬁcsbéndmgmm@cmﬂacammwb@m@oner tray is al so unique

Another distinguishing feature of a multiple downcomer type fractionation tray is

the provision of a relatively large number of parallel downcomers at equal distances across

20  the tray. Each tray can employ from one to fifteen or more such downcomers, which are of

similar design. These downcomers are spaced relatively close together compared to those

of the more common crossflow fractionation trays as the downcomers are spread across the

! surface of the tray rather than being mainly at the periphery of the tray. The distance

between adjacent downcomers (measured between their side walls) of the same multiple

25  downcomer tray will be between 0.2 and 1.0 meters and preferably less than about 0.5

meter. This results in a tray having a unique design, when viewed from above, consisting

of the alternating decking areas and downcomer means evenly spaced across the upper
surface of the fractionation tray.

The structure of the downcomers of a multiple downcomer tray is also unique

30  compared to the downcomers employed upon crossflow fractionation trays. The

downcomers of a multiple downcomer tray do not extend all the way down to the next

lower fractionation tray. Rather, they stop at 2 much higher intermediate level located in

the cylindrical void volume between the two trays. The downcomer descending from the

4
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. Thj | qui |.abl I i s | b th kK of th
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port 10n oihtot A Elestoii® BRd rdldtstd Sagolr The deunlited BUid covedRhe bpaiindsthatgh t he
openings in the bottom of the downconer. Sone |iquid mai; I f 15 desired,
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ability to function effectively over a significant range of operating
rates. Olawer trgpduough theaspeping tn Kevientier of the dewrcomegh siomef quwidemay,df t han

| tipl t Lt o, tul ated that .thi.g i d by_t liquid
AR T T S N Y
next | owegroigiedokdinct SHBNARK cix6ipin AABEEPa R AL L Yodting ol dods! R/ riapt

| engths and 1iquid retention tinmes on the tray. This results in part from

t he pref é.}im@ﬂowncamr/efmenaxtrlawgmmfnt of downconers on vertically adjacent
S R S ASnal 0OR TR et $a R hld Skl S bl fg Om the
function effectively over a significant range of operating rates. Other types of trays,

20  however, can have higher efficiencies than multiple downcomer trays. It is postulated that
this is caused by the liquid falling from the downspouts of the downcoruers landing on the
decking of the next lower tray in a manner which leads to a variety of liquid flow path
lengths and liquid retention times on the tray. This results in part from the preferred -
transverse armrangement of downcomers on vertically adjacent trays. This transverse -
25  amrangement results in the liquid falling from the downcomer downspouts at a number of
relatively small spaced apart zones under the overlying downcomers. The spacing between
these zones is equal to the spacing between the overlying downcomers. The liquid must
then flow from these impact zones to the downcomer of the lower tray. Some points on the
downcomer are furfher from the impact zones than others. It takes the liquid a longer time
30 to flow the greater distance to those parts of the outlet downcomer of the lower tray which
are between the zones at which the liquid falls upon the decking. The non-uniform liquid
residence time results in a reduced tray efficiency. For instance, the continued contacting

of stagnant liquid fails to promote additional mass transfer.
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use. The sulj ect. apparatus fupctions, differen . FLls | ' y

col l ects angl"r‘@f]&ilggeﬁf?ra?ﬂ“ﬁ' Wﬁlfﬁﬁouf%%mﬁ Wsﬁqulgdnt;)@raggé%[ ?‘ﬁglb‘}'?r. @%lén\gfolrrequi res
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Second, the devices of the subject invention distrihute the i%g%onto t he

next |ower eqiyplyicaliests aadyetainy iqud radhgr tham ustipierceptng 4ty + 1P THaHEEs his
al i gnedypar gligd 1o hivel R AABRARARRuIL ReStioR olhie SRV, tHeld@Yices Ui the subject

invention distribute the liquid onto the next lower tray in a very controlled, narrow

clongated pattern which is aligned parallel to the downcomer inlet of the lower tray. The
liquid is not allowed to simply roll off the subject device in a number of directions as
occurs with a flat surfaced antipenetration pan. Therefore, the added element of the subject

25  invention may be referred to as a liquid flow enhancement device.

By depositing the liquid in a long narrow strip equidistant between adjacent
downcomers and along the entire length of the downcomers, the residence time of the
liquid on the tray is equal for all of the liquid. The flow paths are parallel and there are no
relatively stagnant areas. Both point and overall tray efficiencies are improved. .

30 The apparatus of the invention may be characterized as an apparatus for performing
fractional distillation in a fractionation column, which apparatus comprises an upper first
tray and a lower second tray, with both the first and second trays comprising at least two
trough-shaped downcomers and at least one vapor-liquid decking panel located between the
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for all ofowdvemkisqof the sEoend krayy with ke downpaiet lofleactn day haviag ait deaBo two
relativel g@a&a nant areas, Both point and overall tray efficiencies are

i npr oved. spappshapart Hqwe queletsi ig\tan brgem aiythe downenmeass;cand s deast twip

t : ; ' f ti | distillati ' f ti ' I ,
b o appiddd ¢RERUAET Hbdces B im e et e ol e dohsiPRs bbb Fay ™ it h
both she iddréb ta?cﬁf&ﬁsmgoﬁnm.g de6KiRs I pahéldofihe! R86iHd &w,lth& ueheRarsH

downcomers and at | east one vapor-Iliquid decking panel”|ocated between the 6

02 NOV 20¢evicgnbeing o8 EngthParfitiagin 19@5E liqhinfatiingfrem thnliquid bhtléthef stdesst ormer s

of the first, tray bei orjented differently than the downcgners of_the
second t rP d%“FﬁmFﬁegfg rHEAYs W té%li:‘ﬂ‘-“fir%’yc?mi ‘#@Imﬁ% beipg dignedpacgiebups of

spaced a J QLU | t 18 1@n | east
tho 1T aorih e @bt B dhd fecld 19! Balng Bid MUIGETRERTLAh Bhe of
downconer mogfrowheligned parallelywith dirtddwitomes ¢ifthd Sezondpey and Boated alsesikeithg panel

of th sggﬂgn_d tray, the Iiclgi d collection devices being of length
suf f ilBj enfeckiag pktheispeond; tenyi ta deposit ligyid eesmthendecking of theaeandstenyf a ynifprast

two downc ' r | e liquid collection devices being
al i gned H@ggk?gﬁ&ngﬁ?ﬁk#%éﬁﬁ%“ﬂ%%%%%é&%%g%he_second tray and having |iquid
outlets, pref eTtabbyerall pfiRessOéf theBhlsjedtAibentioh icam 86 bea dbdred Wyl dBfetdite to
downconers of the second tray and | ocated above the 10 decking of the second

tray to d@pbsawingi drigerecheb thenRraning iy sioiplifisd pespestivetvieyy oftwa vertichldy m

di stance fy. t d rs,.of the segcond jray. The overal.l, ptocess of the
sub) ot i UG s A BRCTrBch, el CHEG | S R Bors BRI RBT i gur e
1 of 15he fi-@vhdiGnittyd &idWlowet BAIIRAE EHREIINES b @WMalbn P2 Ve HShdatners

adj acent trays of a fractionation colum. Figure 1 shows an upper multiple

downconeron these Bee ivertivally radjacant traysnate orieotedr parpandicules tolomacmether in the
fractionatlon 2. The, downcagners. ,on t hese t vertically Lacent trays
are ori eﬁ%‘é@?‘bé‘?lﬁé}?&%ycﬁﬁnﬁoyfy“& V?élz%ﬁlﬁgPWPﬁoT?fe%ﬁw %@'f‘ﬁmﬂﬁ% 1@@8# oyed
w th mul tregliddRveBREBiank ANt a5 shéad mPMBg of tHeSiquid A vapBfBlortd Bkt 9i ves
many advantages such as mxing of the liquid and vapor fromdifferent
portions of the tray. The downcomers of adjacent trays could be arranged ai other angles
20  such as 60 degrees. When used for the fractional distillation of volatile chemical
compounds liquid, which is actually present as a highly aerated froth, rests upon the upper
surface of the fractionation trays. The frothing or aeration of the liquid is caused by the

upward passage of vapor through a great number of perforations 11 spread in a relatively .

uniform manner across the entire surface of the decking 6 of the trays. These perforations -
25  are typically small diameter circular openings, but it is known to employ a mixture of
perforation types such as these “sieve” openings plus vapor directing slots or the “valves”
of US-A-5,975,504. The froth or liquid overflows the downcomer inlet weir at the top of
the two downcomers and flows into the top of the downcomer 3. When operating
correctly, the froth will disengage releasing the vapor and forming a “clear liquid” which
30  accumulates in a lower portion of each of the downcomers. The accumulated liquid
effectively seals the grouped liquid outlets 12 located at predetermined locations along the
bottom portion of the downcomer. Each of the four downcomers illustrated in this figure is

coraposed of two sidewalls 4 and two endwalls 5 arranged to form a long, narrow, box-like
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_portions of the tray. The downconers of adjacent trays could be arranged at
ot her angles 20 such as 60 degrees. \Wen used for the fractional 2 NOV 2004
distillation of volatile chem cal conpounds |iquid, which is actually

- present as a highly aerated froth, rests upon the upper surface of the
fracti onatW@W/B973ys. The frothing or aeration of the |i ®GTASPEIBHused by t he
upwar d passage of vapor through a great nunber of perforations 11 spread in
a relativel he O i i i u{n’ﬁ&ﬁ’ strhdt® Lhg 6 of
t he trays. Q‘fﬁ%@%e%%@%ﬁlg@gﬁg?ﬁé p@‘ﬁ?@é“ﬁ?"f&rﬁa I dicg‘{rret ern%?r%gtkj ar
openi ngs, Islown¢amerss Haveexer, dowrsapens yay berfoumed i agfumbgeoffdifferent oress-segtien such as
t hese "sieye" i or. di i slots or the "valves" of
US- A-5, 975,%%?8%§M£§f¥%ﬁ%%@?#%m t he downconer inlet weir at
the top of theThuligaiowndewde Sn aidbdioavplate vf ehel d@vricoped ateh@rafigsnmeder 3.

When operating, correctly, the froth will disengage rel easing the vapor and
form ngla "SPAEHAPATh dosnapoul groupingrosush thatkauid eraanaiing fromg aedowsenmsr Jll 3ot each of

t he downCORY diect fincPfhe it of eChobnGiihers in®hd it ioWel iay? CPHaPis! g ofticdtiped |1 aui d

outlets 12 Tocated at predeterm ned | ocations al ong ottom portion of
t he -downcorné the uppes Hrap firetrioblobased diccothnahone the inlétlof ¢ downeaner of thélawek trgyire i s

conposed of si de l,s .4 .and .t l1s,.5 arranged to forma | ong,
oo, - boX2feeR R G e s G PO S B R Bl B S5k R et e e
paral | el siwggwalildfaltupdhehd dekiag bt Ofoidt betwaérctio dbwadineff Sematlower tay. t hese
downconers. However, downconers pmay be formed in er of djfferent

cross- dlct i B s@iﬁp@e@mwragiwrﬁ%m@ﬁﬁ@rﬂﬁl distg E'Q{J“e vices dnwhish a8t ¢, The
liquid out lsg.{}p?nc%a a&ﬁ%@a&&%&ﬂoﬁmﬁ% ﬁgfwfﬁ%&&gm Ry Endp! gRged into

"5 spaced ap ownspout groupl ngs such I quid enanating from-a
‘downconer \erd themfore lobated indd cdmtltisal iveitl ovolume betwesn thef decking dayersaddites tva n t he

next |lower tray...That .is, .the tl et 2 of the u [ Lr ar t,. | ocat ed
directly atfB¥y t °e%frﬁf"%?’ tgf“dnlgg\ﬁ%toﬁ%sbe{?fw tﬂﬁ:‘eB wonsvvgg‘ﬁf rotéyrﬁg ulpﬁgrt ggyds t hese
outlets 12 daﬁvﬁcdlx%e@.?trlﬁey sugthilsolvatabbveahd depiting of eaeviower trdyetodiodnimenferencd  t he
upper _tray wou fa upon, t he decking at a I.nt hetween the downgconers of
the ned? | oty e 2efye ﬁé“:@{?gj@c eil‘?Y%érﬁayﬁ)HE '@\/lﬁé%ﬂﬁ}‘ GPLFER F%tion and
di stributi QffiRMbe GRvies iy a&cemta‘iﬁb%pﬁlngﬁge Q)E?ghélrkvild@t\f&ﬁ defahRcin@¥At i on

: ey

between the two fractionation trays 1 an are therefore | ocated in
a cyl i ndri carngegients whichranches theedsmicestietosithatithequppas egysor dewaray oqus botlk-ays. To

function, theifg | 0 u 'S
downcorer . ﬁgéj%/su{r?u{sog %Fggg%g?%g% E?E%S‘Se&g [ ngs %ﬁtﬁ? ﬁJeov% gﬁ%r@%ﬁﬁfv&%yl imt
i nt er f er endrdepéndedtthbrizdneal aeidbere ray exttndegrodethe irtemal volulre of tedractonations

decki n%b Trz:%lu!:nln u'sgpp(c:)?tl g tsl!u lrlltio%nd%vices 7. The distributors 7 can also include integral

extensions which reach horizontally to the inner surface of the outer wall of the
fractionation column thus allowing each of the distribution devices 7 to be independently
mounted within the column by attachment to the wall or to existing fractionation tray
hardware. The manner in which the liquid collection and distribution devices 7 are

25  supported within the column support is not a controlling feature of the subject invention.
The liquid collection and distribution devices 7 intercept the liquid shown leaving
the bottom of the downcomers through the outlet openings 12. In a preferred embodiment
each of the distributors has a number of sidewall wings 9 extending diagonally upward
from the inclined sidewalls 8 to ensure that liquid does not fali past the device. In this
30  manner the liquid from the upper tray is collected within a volume within the device 7. The
liquid then flows horizontally along the length of the distributor 7. This results in a
relatively even level of liquid within the distributor, with the liquid flowing out of the
device 7 through a large number of openings 10 provided along the length of the side wall
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distribution devices 7 nay be retained in place by a wide variety pfNOY 2004
“mechani cal arrangenents which anchor the devices 7 to either the upper tray
or | ower to both. The distributors may al so be t he
,domncorreﬂsd@?@s%e above tray. Alternatively, independenﬁé@?@%ﬁ%gl menber s
may extend across the internal volune of the fractionation 20 colum to
support t bethdidistribdrot deviced® VThedistibutbhiearel al$gned pakallélsio the dowrdonser i3t lthile

integral extensions which reach horizontally to the inner surface of the
out er wal ReRflopge trayr 3cando Alarefers, ¢y liguid: egressingl Bomndeekguid gollegtion and

at t achenfEiuE SERef 70F depul SRRGE Rrats SRRV b Jin uditet T e

manner i npxnd o ietidwitbindrseRdfl cloweprand di stribution devices 7 are 25
supported wi thin the columm support Is not a controlling feature of the

subj e6t i nvent Ifom decldhg panejus doxetedemt tvem sidexbylidetvnecdmdrs,oin isl @referesd that
I ntercept the liquid shown | eavin the bottom of the downconers through the

out| et ophﬂﬁliﬂ;g%demritqq@hmsrpemeém@ nf_elhﬂéfmmiveeréaeﬁowacqm%s-dﬁémesﬁefFls_ has
31 dowart 55 SRR S pRSfeor s b ARai PR MO fon £ SRR b

is 30

nmanner t hehel infitdt Gurdfscenof AR BAIBRR WAIRY ItSis GRéfeREd @tht Vinkhliguid collection #d hin
the device 7. The |liquid then flows horizontally along the | ength of the

di st ri but éistibutighidsvice sablove this deckingIseationdb \plased mearey &0 thef Wallgthanl tovithehi n t he
distributqr, with the,l.iquid fl ow.ng,out of t device 7.through.a | arge
nunbdP o So¥sAed S0 TeisiireR etk GAHGd ke Perbalh JSEHEE.TIL e Fokigugs Roy
2004 WO 0&4RR97 % eh/ §@Eél&?£§§xeﬁeﬁ«9§l StviichinBHtAG tﬁkﬁ\ﬁ; &Sributof BBvice 7is -

distributors are aligned parallel to the downconer 3 of the next |ower tray
2 and, t hesedfonreach tiescdnt spetidn,ehencths nwmbén o hqgtudecolleationdind dlistelpttionrdesicels

distributjo evice 7 is deposited upon the decking 6 of the lower tray 2 in
a strai gh{]“ﬁlgﬁzm F%PP"eP"ﬁ)tg% cg cﬂfrélf“é'n@r%?rs?’ﬁﬁ“laﬁmer tray. 5 If a
decki ng panel { ' ,giﬁwa tda d far t hat
liquidis depoglﬁ‘%ugﬁﬁgﬁﬁt é&%ﬂgﬁ?ﬁ@@%ﬁﬂe al f%%‘%ﬁe%%s%%fogg\{ﬁ%omrs.

At t 8 edliguidfollectionaydtdierisutoner {'low enbacement’ doticeoh Thapadicdts femyopanel s

| yi ng between a downcoper_and the inner surface of the colum 1,1t is
pr ef er r edendavicenpag pgliatgbetiam Qlate SANANINS @i UBgle YOV B{: QFiaE%“sa\@@vem%i s

decki ng_Sitfifbe ks AP AN B cbRedBR willo, AR s b Bibed BRSPS O

m nimze stagnant umn nl'y one distributor

devi ce 7 this disgibupremisakmneag wickeilisesteetie endvpiae 16 rehieln grafétrablyaseals she | but or
device 7 is, used_on each crescent section, then the nunber of |iquid

col | ect i ofPdsed the HSEPBL on devi ces

20 The device shown in Figure 4 has a v-shaped end form or cross-section when

viewed along its major access as shown in Figure 5. The device is formed by two sidewalls

8 with the extending wings 9 projecting outward and upward. The slope of the wings may
' differ from the slope of the sidewall. The ends of each distribution device 7 are preferably R
capped by an end plate having a shape equal to the cross-section of the device. Thus the .

25  device has a liquid retention volume. The liquid collection and distribution device 7 of

figure 4 has two rows of liquid outlet perforations 10.

The width of the mouth or upper opening of the distribution devices 7 is preferably

about equal to the width of the inlet openings of the downcomers. The distribution devices

7 sit in the flow path of the vapor rising through the column and may interfere with the

30  vapor flow. It is therefore prefemred to minimize the overall size of the distribution devices

and their impact on the rising vapor. This preference relates to the preferred use of the

wings 9 which extend outward from the distdbution devices. The length of these wings can

be considerable and is dictated by the length of the group of liquid outlet openings 12 in the

9
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7 wll be equal to one nore than the nunber of downconers on a tray. Figure
‘2 illustrates flat plate (overhead) view of an alternative const rgﬁ/*@gz[ﬁl
the 15 liquid collection and distribution or "flow enhancenent”

.This particular formof the device has a flat bottom plate containing a
single row 0199%5.)‘ orations 10. The distributor has threecyaists178s |iquid
col l ection ngs 3 Figure 3 is a cross sectional view of this distributor
enbodi nent which illustrates the end te 16.which Sﬁha%\yns athe
ends of the divwicoinpuafdhe nexphights tghy I H%%ﬁw}%sﬁcjﬁ% as a v- aped end
formor cross- f%‘é#té&’” when viewed along its major access as shown in Figure
5. The devicB® ornmed by two sidewalls 8 with the extend| W ngs .9

proj ecting out mrﬂgmqummmew seetion|ciistugir dswse 7 g7 Hagéjﬁn t he

sl ope of the sid The | orl déic®. hef erably
capped by an magﬁﬁ‘iﬁ? ﬁ&gﬁ g%ggggggﬁﬁ{%m{hgp@fg%yﬁctlon of the

devi ce. TWuspfiile HeecdlEy/icew thasama: nquqinoﬂeauen émctians ay Sleumings S EFiEMEUE-4-

collection and di'stribution, device 7 uid
out | et per f olreaddities, thebri dﬂ%@lWFPséPﬁ?W %E‘PWEWGQ?O%UECV%E%%%&%W@G
di stribution P%Sé’s Hifoa 1 e%u&'b&fcffrpex%ﬂ(non@hpmm SR Bpid tloefa]!/\mtrdgh,caﬂthcbdgb i nl et

openi ngs of ownco The "di stribution devices 7, sit I ow pat h
of t he vapor itrif elesirgd tmmmugpt wdeslwbﬂ@rfﬂh%]éﬂ%y}qchﬂlé‘?@@r%e% t st 8“’% vapor
flow. refore err | diresSt] § of higuid

distri but [ ongﬂ&ﬁ E { gnetgpeﬁ&a%:[]b Zﬁﬁ%m%s%ﬁ&]@vaporﬁﬁsa% rqelf erence
relates §@ t Rgobshed ?dlm&hd)'ﬁotfoh:eofthu digsb@iontdievice ésdferﬁft@aw\/afrléﬂwfdﬂam t he
di stribution deV|ces h

e I%gq B’fﬁ(jf these wings can be considerable and is
di ctated by M%@WW‘H?ISP BHF¥up of liquid outlet openings 12 in the 9 0

2 NOV 2004 WO 01/ %%%17&7 RGI*Adbplhie? 1@Mboftheviainrtaiy of tl'tehksmba)td)r holgFigwre 6r ay .

That is, |longer wngs are needed | f the _downgpout a. | ongat Fi gure
6 illustrat esFlglrrttSlsewgcﬂOaﬂl epf yiey (gé'é?cql%b‘m%’?g %}ﬁ%@ a?g-irl ng a
pair of ed cribito| 2GR eRGHN6 6f fdasiblepdlitive eifest he

di stributi ong’ﬂ‘%e% &%Mﬁﬁﬁ ﬂ%é}éﬁ%?gces 18 ‘serve tlﬂe" sIli ame, | i 5&

col l ecti 0§ f Wieielvaricusgectsf this chgmb@tomhertmgtarbegomd@tan% bageh be BAY PEIpr i dge

pi eces act as stiffe d cro by, h&a 88Mh&e'e --Mﬁmsbﬁmdg,e
pi eces have aﬁq%egﬁg e?? f’?’%ergal ons I'n the(rinto allow liquid to fall

through, al t hgyghbodinehtSthé eﬁ:hﬁaldwmgs D mtecattached tathe distaiwptartratherathan briPg 4nqui d
whi ch inpacts them This allows the
extension of the sidewall 8.

Figure 9 is a view through a small section of a fractional distillation column having

20  a cylindrical outer wall 15. The figure again shows an upper fractionation tray 1 and 2
lower fractionation tray 2. Both of these trays are multiple downcomer fractionation trays
comprising three downcomers 3. As in the preceding figure 1, each downcomer is formed

by the large planar imperforate sidewall 4 and a planar downcorner endwall 5. This view

more clearly shows how the liquid from the four distribution devices 7 located above upper

25  tray 1 distributes the liquid descending through the column at points intermediate the

downcomers of the upper tray.
Figure 9 also illustrates the one visible liquid collection and distribution device 7

Jocated intermediate the upper and lower fractionation trays. The right hand portion of this
device is supported by support members 13 extending downward from the downcomer of
30  the tray above. The left hand portion of the device 7 is shown as also supported by two
support rods 14 which extend upward and through the decking of the upper tray 1. The
illustration of these two alternative methods of supporting the liquid coliection and

distribution device 7 is merely to emphasize that many mechanical ways will become
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bridge pieces to act as antipenetration pans which | essen the di rectgeﬁwﬁﬂf
of liquid 10 through openings 10 in the bottom of the distribution e
itsel f. mammn of liquid in the distributor will alsopdrdSowitisss.
-Figure 7 is a "flat plate" view of the main body of the distributor 7 of

Fi 6. Fi | d f e di i b el 6
chow ng t fREE st Sfed Rahe i Fryuitbor gl re ciguie Hhemiiks et e hofld ©
di stri but @pHecASn M &&gmabsn adviRop 8o ﬁé@tétw&ﬂhé $R0 FRcinalifs A 84S

pi eces of this distri the top to bottom di stance "b" can be about 90
mm  di stémg‘dzxwmcmﬂ)appmﬁﬂﬁtehquuﬂ &t thacef thé doxabmmnerzﬂawmm thebbwetr stagi2ce " c”
about 205 mm this enbodi nent the inclined wings 9 are attached to the
di stri but &Sﬂ%msétﬁe EolumnEIR gYsarRys dieving Lhish %ﬁnqrﬁé%yne@maﬂ thg dogngRmersy js a

Vi oW 4 OUl v MRl IELAAN i, B Bb A0t bEbE AR e B 0. 20

a cylindrical ure again s onation

tray 1 antag T'he\l@'fgﬂ‘f bR eHel 1gbid collectioR¥nd disBjuiondetides e wilawasy ai tengddei pl e
downconer fractionation trays conprising three downconers 3. As in the

precedi ng#agsfre 1, each downconer is forned by the Iarge pI anar

i f i [ d d
clar |y shows BRI O SoRua: fe PERRENCSY BN soichBe wA dapblidd $¥ield oo
above upp@RIweay betitenltwil Siithé PAEIRS doliBcdih&y B%ﬁﬁﬁg@m iond tlalir PrEGabIRa thel UM

at points internediate the downconers of the upper tray. Figure al so
i || ustOr at ewchtasghis heving diré downapmieds woﬁlldémﬁmd vethoatdeast rwddistnbntioe dédess7

I t ed t,er medi th d I t t hand
porti on of EHTED e GrrBCeraS g Mt rwbiaibet A ERs 1 Bt g
" downwar d fsedaahmah@l&wsaﬂgane{m&& tctt@udnr ahe oliEB&or &fd ditABstidiCIevicen of

the device 7 is shown as al so supported by t support rods 14 which extend
upwar d ané suppartaghabioe tetegdneral]y dfvel d@kumcﬁaof the zm;ay by thire verdchlﬁmcatqng r17of

i <t 71 but PP 01 e S5oHiEE RE e SRR P s bofsot el chmERiEbeie

|1
becong 10 c&@o@yoﬁﬁ%%gﬁuﬁ%ugg%r OEQE& PG kicR R cadiRed @iforinOpdifeasaeradsi | | ed

in the art to support the devices re 9 illustrates that the liquid
col | ecti oﬂ'@dmhaigst'lﬁlcmﬁmim déﬂlm@ﬂ:cs'hmtbd formed dylrepationm of Astangkion 17

the. downcaltePed KR <Bf ot s deGtity ToF Rptom'o e K g RE oba EHR: 2l e: Toy s

havi ng t h%@ﬁcﬁﬁﬂﬁﬁb&e@ﬁ&‘@&fﬂfa‘ée of BR &emgqmb&d undue interference with desired
vapor or liquid flows. The liquid collection and distribution device is centered between and

20  parallel to the adjacent downcomers such that the distance "L" between the major axis of
the distributor and the sidewall of the two downcomers is equal. The length of the
downcomers in the tray varies to match thé avatlable chordal length across the interior of

i the column. |
While it is normally preferred to seal the end of the distributor device 7 with an

25  imperforate endplate 16, it is acknowledged that the geometry and tray layout at the edge of
the tray may make it desirable to provide openings in the endplate. This will allow liquid to
flow out the end of the device 7 and onto the edge of the tray. The purpose of this is to
remove or reduce stagnant areas at the edge of the tray where liquid has an undesirably long
residence time,

30 Figure 11 is an overhead view showing a multiple downcomer tray having three
downcomers. Shown by the dashed lines are the locations of two distributors 7 located
below the tray to collect Hquid draining from the downcomer downspouts. The distributors

are perpendicular to the downcomers.
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5 will have different lengths, with shorter downconers being | ocated near
‘the edge of the tray. The length of the liquid collection and dist(ygR0¥i2ede
devices 7 will vary in the sanme manner. Figure 10 shows the placenment of a
liquid collection and distribution device 7 halfway between two of the
paral l el dewpweaess 3 form ng part of a tray. PreferablyPaTwseni73st0 such as
this having three downconers would be fitted with at |east two distribution
devi ces 7 between the .do r . L0 |4l I ices in
t he crescent or %hq‘%lgc%gﬂgér@ﬁo dt#eut“%brugg%gg?%ggf‘ag{e\é%{oﬁgﬁgﬁ%&gﬁgiCia'lﬁ]go%. The
liquid col | egipiops idrched fedctibiadbn culurie as pat ofirewsttayp beingibstalieshie ap hdstpgner al | y
| evel decking 6 of the tray three vertical stanchions 17 attached to the
decki ng by ﬁg'z’iﬁ’@ HSheyIPRNRY agtg%ﬁo H"‘sﬂeﬁB}(?IdPg’nW%f’ﬁi“ﬂ& yfmsgnjtéqzi%?élﬁ{?%nt can 15
enpl oy sone of t RentART SBodtAi® bf B SiHiY nvédionttiak Becdedingly be\claradttizedr m
pattern across the decking. The end plate of the device 7 can_be fornmed by
a portioh ofsafrestionalidisgHation precessadndiropprite gassing adiduidiremgayPe 2 fisqing 2ot t om
of the 11 quig i SULHDULHOMfEU SR art OB Slirhfions WiskiifioAbluibmaBRMAirghe t 0D
surface of the decking avol d undue 1hterference wth desired vapor or

li qui d fl owsplurdivgof veqpitiatly sprctceapiait omilipheidatimsomenfrctionatide tayseand operated & ed

bet ween and 20 parallel, to the adjacent.Bdo oner 1 t ance
"Lt betvveen_f’faﬁ naiion,gondigiogs B’P“’hfﬂg&a‘?@fmlﬁsﬁt O%?ﬁgg%agg}ﬁwggﬁhe t Wo
downconer s igyeahif liquid i@ colietilin fledshitvo ddombsReep@sennion eeh trapywithdiquils to
mat ch the avail abl e chordal |ength across the interior of he col.umm. While

h t
it is nd®malwhichiasbeen ellecied inoapd doyincemers sxitpg the Jormeomers Hirovgh SPEUNE i ¢ h an
25 i ”pe”or%ceawgg]g%@c? tpégio{;iohﬂe%o@ﬁmw; eslmeshd lftd, bhechae QitEHated ok tr ay

| ayout at the e ray may make it desirable to provide openings in
t he endpl at ahe dpenmgsinl the kiveppodipn of wvotdifferent davaenmerhef wnprer iEHBRYIBE ce 7

and onto the edge.of the tray..T r f | Sk {rﬁn%}ﬂea]@ﬁcdreduce
stagnant ar gjz%’%a‘iouﬁ?@né’aﬁém dt e rglf%%ﬁ:?a alnp%ul?ghﬁaéscegdn ndesirably | ong
residence tipuRllel3® &idpwneorkdr ofSthansecondr thayadnd idischargiogy liyidaframl the pliguid
downconer tray having three ownconers. Sho by the.da ' e the
| ocati oR§ ofcolleghoRipag Ppig b deciang ﬁﬁaa?{eé‘e Sbcé’r‘%n\}&ﬂ? ry’i'éatlf'né nﬁ%ﬁ;@gﬁ:&é?@te i qui d
drai ning fr Qe FRWS &R BoiROREPT hesecohidtragli This iphttota bedn enerfempefiedi cul ar

to the downconers. 11 02 Nov 2004 WO 01/93973 PCT/ %J?%‘L/ 17355 . .
line as previously mentioned or several lines due to parallel Lines oI openings in the

distributor. There may be minor breaks in the line(s) caused by structural considerations.
The pattern, however, is elongated, centered between any two bordering downcomers and
20  preferably approximately equal in length to the downcomers of the lower tray. The pattern
can have some width, e.g. 5-15 cm to spread out the impact of the falling liquid thus
avoiding penetration through the decking and retaining deck activity.
Operating conditions for a fractionation coluron are confined by the physical
properties of the compounds being separated in the column. Operating temperature and
25  pressure of a column may be varied within these confines to minimize the operating cost of
the column and accommodate other commercigl objectives. The operating termnperature
rnay range from very low temperatures used in cryogenic separations to temperatures which
challenge the thermal stability of the compounds. Conditions suitable for the column of the
subject process therefore include a temperature in the broad range of from about -50 to
30  ahout 250 degrees C. The column must be operated at a pressure sufficient to maintain at
least a portion of the feed compounds present as a liquid. High pressures require a much
more costly outer vessel and accessory equipment including reboilers and overhead
condensers. It is, therefore, generally desired to operate a column in the lower portion of

i2

F




The liquid collection and distribution devices of the subject |nventL ﬁﬁP
‘be enployed in a new fractionation colum, as part of nem/trays bdi éﬁb

install egy 3 §437§xi sting colum, or they may be added t0ﬂqﬂq%] gommconer
trays already present in a colunn A preferred enbodi nent e subj ect

i nvention can accordingly be characterized 5 as a fractional distillation
process whthe rangengf paseiblepapsating 1arc$si1q:aiLm1&smrmpzdvsiSdg edfetisrthe operdtien of éheond

vol atil e conponent downward through a fractl LSII||atI0n col um

cont ai ni ncf | GFa5RPRANoORMOISSRTES WY 3N SOt ip 3'5%95? 6T RIPSSPE 10 S\ATE S uP
fractionati QB ki#srand operated at fractionation conditions which cause
vapor to rise t%rough decking areas provided on the trays while liquid is
collected in at |east two downconers present on each tray, with liquid 10
whi ch has been collected in said downconers exiting the dowconers through
openings located in a |ower portion of the downconers; collecting |iquid,
whi ch is discharged from the openings in the |lower portion of two different
downconers of an upper first tray, ina liquid collection pan |ocated
between the first tray and a | ower second tray and aligned parallel to a
downconer of the second tray; and discharging liquid fromthe liquid 15
col l ection pan onto the decking area of the second tray in a uniform

el ongated pattern extending parallel to a downconer of the second tray.
This pattern can be in the formof a I|ine as previously nentioned or

several lines due to parallel lines of openings in the distributor. There
may be mnor breaks in the line(s) caused by structural considerations. The
pattern, however, is elongated, centered between any two bordering -
downconers and 20 preferably approxinmately equal in length to the downconers
of the lower tray. The pattern can have sone width, e.g. 5-15 cmto spread
out the inpact of the falling liquid thus avoiding penetration through the
decking and retaining deck activity. Operating conditions for a
fractionation colum are confined by the physical properties of the
conpounds being separated in the colum. Operating tenperature and 25
pressure of a colum may be varied within these confines to mnimze the
operating cost of the colum and accommobdat e ot her commerci al objectives.
The operating tenperature may range fromvery-low tenperatures used in
cryogeni c separations to tenperatures which challenge the thermal stability
of the conpounds. Conditions suitable for the colum of the subject process
therefore include a tenperature in the broad range of from about -50 to 30
about 250 degrees C. The colum nust be operated at a pressure sufficient to
maintain at |east a portion of the feed conpounds present as a |liquid. High
pressures require a nmuch nore costly outer vessel and accessory equi pnent

i ncluding reboil ers and overhead condensers. It is, therefore, generally
desired to operate a columm in the | ower portion of
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12 02 NOV 2004 WO 01/93973 PCT/ US01/ 17355 the range of possible operating

pressures unless it adversely effects the operation of the col umh. ‘

Fractionation pressures nmay range from subat nospheric pressure to a2 Mveg@bre

up te@ame: 35 bar. 13 02 NOV 2004 CLAIMS: 1. A fractional distillation

process which conprises: (a) passing a liquid conprising a first conponent

and a second conponent onto an upper first tray |ocated in a fractional

distillatidn calfmmtioaslndistilhitiog progebuwaichtcpmpfissserti cal |y spaced apart

mul ti pl e downconmer fractionation trays and operated at fractionation

condi tions which cause vapor to rise through decking areas provided on the

trays whil €) i pafstgiasliqod rempasing @ fust coawencrinad @sarrNSIFEOMPOSERHONE FhERPEDf

- each tur ith l.iquid whic s been collected in a.downcaoner. of the first
Cray Ditfraxdbdaftd ibricoher i BhgR SSham soplinae a el X VERay Binck Srort
the d _ _ BT o o . . .

o e T 3t Ep Bt oo e oS RER A v

first wrisgthroughalevkihg atkas ptoaidddam the krapewhile Hgbiddsicallecetlimat least oand

di stribution pan suspended between the first tray and a | ower, second tray;
and ( dpwacRedPEning Partdbieactt wamvikeliquid wihirhchs begt sl kcisd An 8 SeynediaeRidhG ng

f | ). all - | : .of th
Cecondts 44y REREHE biPicond FpRE) hidoh A bRRE I OREeL Rrubf SRR UNpRERE.! 11

substantially all liquid which is collected in the liquid collection and

di stributi gf) pegllepass asd daxmmwgr iehuidronieth i@Fmin@qm»dﬁw:.w\ﬁomAiu opéiags Ante
di stribution pan. 3. The process of claim| further characterized in that
t he | laysrgoitiondif therdomgedmer efithe fiest trhy,dmh evadled retantion yolume ofiadiguidsatiegionpadh i n

a pat tder q)flﬁubstanti aldl¥bas Iﬁg}gfas an aggmnt domcomsr of the second
tray. YAMOHHRN BIHYIARECET DEVAF irstray an FeehoTHE Y #8Li d which is passing
downward fromthe openings in the |ower portion of tw different downconers

of the firgd tﬂi@é’naiéin%thliﬁffﬁc@ﬁjthier]ith&ollli:élwnq)an%ﬂld 1016 HbcRin i 6 thé Eddmll trey
pan | ocated between the'first tray and the second tray. 5. The process of -
cl ai mnda pametrhaignedparaldel ¢o & dewnamer ighthesegondurayer of |i quid col | ecti on and
distribution pans per tray is greater than the nunber of downconers per

]E : Zzi i gn af\' Oﬁp@@{ ﬁf:ﬁl#gs f Oé Elﬁterrrlflofurﬁhgp cltnz{rz?c(féi%z%gailn tﬂﬁtSsEdbLtlat%él@naﬂ ﬂqlﬁd which is
collected in the liquid collection and distribution pan passes downward through openings in the

collection and distribution pan.

3. The process of claim | further characterized in that the liquid is discharged from the
liquid collection and distribution pan in a pattern substantially as long as an adjacent downcomer of the

second tray.

4. The proceés of claims I, 2 or 3 wherein the liquid which is passing downward from the
openings in the lower portion of two different downcomers of the first tray is collected in the liquid

collection and distribution pan located between the first tray and the second tray.

5.  The process of claim 4 further characterized in that the number of liquid collection and

distribution pans per tray is greater than the number of downcomers per tray.

6. An apparatus for pcrforming fractional distillation in a fractionation column, which

apparatus comprises:

-14—



apparatus conprises: -14 02 NOV 2004 (a) an upper first tray and a | ower
second tray, with both the first and second gays conprising a troufR-NOVki80s
downconer and vapor-Iliquid decking panels adjacent the downconer, and wth
t he downcondn) ofantiumef ifrsgt tray ayd beilogerosiend ediydiviflertetit the finkarnt heecond trays
downconer of the second tray and havinq_grouped liquid outlets in the

bot t om°BFPERES dcHihes S Coxrtigors) aad PRI M MEbPE et BcameFERt P Har TR detif ce
nmount ed, .at i i.at g vel .bet OWNGCORET fr ray
and t ne Rl REFRRE BBl B4 bt SIRESS UG s e Bl e bl B
devi ce jhehnanOhrospdd ligli@Bhnd ERTENLERR BERE WBwhidtmdrdadal 11 ng fromliquid
outlets of at least two downconers of the first tray and having at | east
one row of liquid outlets aligned parallel with the downconer of the second
tray, wherelfy) | aduud falieondrhend dissibutiorage iad nonged nt an inbemiedigle ldvet bk tveeet thon

and distribution device is distrihuted across a decking. panel. of the | ower
second deragoraers &1 {4 sk whdanst BrCECPH M HESCCYBMFY s ] & E@ﬁPOft Hldt‘ﬂéﬂLU“‘m

nunber 2srcr pts A RS RTPRRFIaReSts Gt Do A5k fARRERY FIEihd duiohet e

gr eat elf fHaansitthe JMEHASHg af 18R WAE AR BS1IRAE obflaY ali Bed TaRNAPHAT B WSwafonedral e 6
wherein a bridge piece s affixed across an open nouth of the |liquid

col | ectstaond amagl, \Whesthy bauii dromdenifes thel foling hie o deshgodepllastion epd disgbutigedevice

apparatus,. of claim6 further characterized in that the liguid ¢ollection.and
oLt BT REOTES aotsHTeeBTENG! i ar o RIS xpeliithy TR Fongtn S
the deyhgRcSher afjt HRROH &N AldepChment  to at |east two downconers. 10.
The apparatus of clains 6, 7,8 or 9 wherein the upper first tray and the

| ower second tray conprise at |east two trough-shaped downcomers and at
| east one v&por The gopaatdeckélmen pandier booatated rethaedn nundedolrmohliscuagiang
t he downconers of the first tray bei nq oriented transverse to the

t

downc ofEHEPUGPN CRUCSSRES HAY 151986 STeaisd Nt e AR QOARKBTRETETHIETd4eh tray havi ng

at |east two groups of spaced apart liquid outlets in the bottom of the

downcorer; and wWhenghn.ual of 8354 6WIRdih QUIgE Phdced hiPRe@BEodh £ djehUidudm of the
devi ces are nounted between the bottom of the downconers of the first tray

and t hégtidgobéctivhend dpoibulibg dédeedmddi g dpamebmefouties. second tray. -15
9. The apparatus of claim 6 further characterized in that the liquid collecticn and distnbution
device comprises two planar sidewalls extending the length of the device or is supported by attachment

to at least two downcomers.

10. The apparatus of claims 6, 7, 8 or 9 wherein the upper first tray and the lower second truy
comprise at least two trough-shaped downcomers and at Jeast one vapor-liquid decking panel localed
between the downcomers, with the downcomers of the first tray being oriented transverse to the
downcomers of the second tray, and with each downcomer of each tray having at least two groups of

spaced apart liguid outlets in the bottom of the downcomer; and

wherein at least two liquid collection and distribution devices are mounted between the
bottorn of the downcomers of the first tray and the top of the vapor-liquid decking panel of the second

tray.
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