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10 The present invention relates generally to a reactor for processing a
reaction medium having a viscosity that increases as the medium flows
through the reactor. In another aspect, the present invention concerns a
polymerization reactor having a plurality of vertically-spaced internal
trays over which a polymerization reaction medium flows while the

15 dégrcé bf'plolymefizﬁat'idn' of the reaction medium is increased.

Backoround of the Invention

In certain chemical processing schemes, it is desirable for chemical

reactions fo take place in a reaction medium flowing in one or more
20 relatively thin sheets. In such a processing scheme, the reaction
progresses over an extended period of time while the sheets of reaction
medium are exposed to the requisite reaction conditions. This type of
process 1s particularly advantageous where the chemical reaction
produces a gaseous reaction by-product, and it is desirable to rapidly and
25 completely disengage such by-product from the reaction medium. For
example, if the chemical reaction producing the gaseous by-product is
reversible, failure to adequately disengage the by-product could
counteract the desired reaction. When the reaction medium flows in one
or more relatively thin sheets, the gaseous reaction by-product can rapidly
30 escape the reaction medium. Further, when the reaction medium flows in

one or more relatively thin sheets, the low hydrostatic pressure on the



25 conpl etely di sengage such by-product fromthe reaction nedium For
exanple, if the chem cal reaction producing the gaseous by-product is
reversible, failure to adequately di sengage the by-product could
counteract the desired reaction. Wien the reaction mediumflows in
one or nore relatively thin sheets, the gaseous reaction by-product
can rapidly 30escape the reaction nedium_ Further, when the reaction
mediumflows in one or nore relatively tHin sheets, the | ow
hydrostatic presshstenppoitiog of- the readvioh trsdliy® mhinDRized béiligg sepetisn
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Al t hough carryi ng..o4in¢hemigal reactions in relatively thin sheets 5
of a reaction nedium has a nunber of advantages, this type of process
al so presents a nunbeAlbbugheairyengew. chBmicakereastjphe in bedatanshethimsheets
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medi umis in the firfal pioghétmydy b¢ mgeh gfeatpobyeudiylesnibat Ereepitobisy af the
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acet al dehyde, and water as reaction by-products. Typically, the
degree of pdynertheBew stie efd/ohdeptheeidhé wactivn dhadinm parr wslesirable o t he

fi ni shi ng I eact or/ zong,| s, 20:60 | 16, 1he dgaree: i, RalyeiLzatign of
desirable to carry out a chernical reaction in one or more relatively thin
sheets of reaction medium is in the “finishing” stage of polyethylene
terephthalate (PET) production. During the PET finishing stage,
20 polycondensation causes the degree of polymerization of the reaction
medium to increase significantly and also produces ethylene glycol,
acetaldehyde, and water as reaction by-products. Typically, the degree of
polymerization of the reaction medium introduced into the finishing
reactor/zone is 20-60 while the degree of polymerization of the reaction
25 medium/product exiting the finishing reaction is 80-200. This increase in
the degree of polymerization of the reaction medium during finishing
causes the viscosity of the reaction medium to increase significantly. In

addition, since the polycondensation reaction associated with PET

finishing is reversible, it is desirable to disengage the cthylene glycol



25 medi um product exiting the finishing reaction is 80-200. This
increase in the degree of polynerization of the reaction medium
during finishing causes the viscosity of the reaction nmediumto
increase significantly. In addition, since the pol ycondensation
reaction associated with PET finishing is reversible, it is desirable
to di sengage the ethylene glycol - 3 - feaction by-product fromthe
reaction medi um aseRhbfki-Yroanst QAL Nn FTIROS 8 @&i@!d and cox:ﬁg}é&i
there exists a need for a nore efficient and econom ca?( react or t%at
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t he present i nventhiapnfacitifates ethies ppliyoonideresdtian ro€ alatger quantinies sifn geadtion
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accordance with another enbodi nent of the present invention, there is
provi ded a r é&ct ofegrerofpobtessighiion. a reacti on medi um The reactor 20
conprises a plurality of vertically-spaced sloped trays. At |east
sonme of the trays include an upwardl y-extendi ng weir over which at

| east a portion oRumb@ry dakd IngBntigadi um flows in order to pass to the

next tray |ocated 1 medi ately therebel ow. | ] )
In accordance with one embodiment of the present invention, there

is provided a reactor comprising a plurality of vertically-spaced uni-
15 directional sloped frays and a plurality of vertically-spaced bi-directional
sloped trays, where the slope of the uni-directional trays increases
downwardly.
In accordance with another embodiment of the present invention,
there is provided a reactor for processing a reaction medium. The reactor
20 comprises a plurality of vertically-spaced sloped trays. At least some of
the trays include an upwardly-extending weir over which at least a portion
of the reaction medinm flows in order to pass to the next tray located
immediately therebelow.
In accordance with still another embodiment of the present
25 invention, there is provided a polymerization process comprising: (a)
introducing a reaction medium into a polymerization reactor comprising a
plurality of wvertically-spaced sloped trays; (b) causing the reaction
medium to flow downwardly in the polymerization reactor over the
vertically-spaced trays, wherein the average thickness of the reaction

30 medium flowing on the vertically-spaced trays is maintamed at about 2.5



I n accordance with still another enbodi mrent of the present 25
invention, there is provided a polynerization process conprising: (a)
introducing a reaction nediuminto a polynerization reactor
conprising a plurality of vertically-spaced sloped trays; (b) causing
the reaction nmediumto flow downwardly in the pol ynerization reactor
over the vertically-spaced trays, wherei-#-the average thickness of
the reaction 30megdiuyd &l QW) %r@N(ch NBiRAKihE ahd YestREE GHedifidY RoiS the

mai ntai ned at about 2.5 - 4 - inches or nbre; and (c) w thdraw ng
the reaction nedipalyherimtiotheegstiry mdreiemtthe degreaof grolyminization dfhthe
degree of polynerization of the reaction.nmediumwthdrawn f.romthe
polymer L zati on r eseisp el ViEHA ai maSohimRehior i EPe ¢ AHleRTt ne
degree of pol yneribaat 2Dperétint bfagter Sas tHeQRgldodpotfinkitdtiod WE etk defitont he
pol ymeri zati on reactor., In accordance with yet another

embodi nent of5 t hengfiegdrtodupradata the polymenztipy r48etyi ded a process
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reaction nmedi um fyrom; ik QWAL &%ﬁé& 28yOfind Q%ﬂﬁrﬁﬁt‘_}t&f bi-&FdcBbnal sloped
Description of the Drawmng Figures °15FIG "1 is"a sectional front

vi ew of a relct ortrdyer(bpravewgshaupactiongnedivmite fewidawnviauily irgthd aeastoar dl y
t heret hrough, particuylarly. illustrati. t.he .reactor L.ncl udi ng two
tray boxes which oevgrcﬁ‘e%}ﬁégecémﬂ‘iﬁlfpgIbll'pge%]ron?}et["atyf’caﬁdl @S g"b@@@&’”ﬁ& @5ed
internal trays oueictishin@hidnBomedekeORcimdtifghe dehatys as it passes
downwardly through the reactor.

Brief Description of the Drawing Eigures

15 FIG. 1 is a sectional front view of a reactor for processing a
reaction medium flowing downwardly therethrough, particularly
illustrating the reactor as including two tray boxes which each house a
plurality of vertically-spaced sloped internal trays over which the reaction
medium flows as it passes downwardly through the reactor.

20 FIG. 2a is a sectional top view of the reactor taken along line 2a-2a
in FIG. 1, particularly illustrating the length-wise direction of flow of the
reaclion medium on the top uni-directional tray.

FIG. 2b is a sectional fop view of the reactor taken along line Zb-
2b in FIG. 1, particularly illustrating the length-wise direction of flow of

25 the reaction medium on the uni-directional tray located just below the tray
shown in FIG. 2a.

FIG. 3a is a sectional top view of the reactor taken along line 3a-3a
in FIG. 1, particularly illustrating the width-wise direction of flow of the
reaction medium on a uni-directional tray located below the length-wise

30 trays illustrated in FIGS. 2a and 2b.



20FIG 2a is a sectional top view of the reactor taken along Iine
2a-2a in FIG 1, particularly illustrating the | ength-w se direction
of flow of the reaction nediumon the top uni-directional tray.

FIG 2b is a sectional top view of the reactor taken along |ine 2b-2b
in FIG 1, particularly illustrating the |ength-w se direction of

fl ow of 25the reaction mediumon the uni=%irectional tray |ocated
just below the tray shil@n3biis frkéstioRd top view dfltka redétot Siken 8REE li@@3b- t op
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uni -directional tra
FIG. 4b is a sectional top view of the reactor of taken along line

10 4b-4b in FIG. 1, particularly illustrating the direction of flow of the
reaction medium on a downwardly-converging bi-directional trough tray
located just below the roof tray shown in FIG. 4a.

FIG. 5a is an enlarged front view of the pair of length-wise uni-
directional trays circurnscribed with phantom lines and labeled “5” in

15 -FIG. 1.

FIG. 5b is a side view of the length-wise uni-directional trays
shown in FIG. 5a.

FIG. 6a 1s an enlarged front view of the pair of width-wise uni-
directional trays circumscribed with phantom lines and labeled “6” in

20 FIG. 1.

FIG. 6b is a side view of the width-wise uni-directional trays
shown in FIG. 6a.
FIG. 7a is an enlarged front view of the pair of bi-directional trays
circumscribed with phantom lines and labeled “7” in FIG. 1.
25 FIG. 7b is a side view of the bi-directional frays shown in FIG. 7a.
FIG. 8a is an enlarged front view of the transition assembly
circumscribed with phantom lines and labeled “8” in FIG. 1.
FIG. 8b is a top view of the transition assembly shown in FIG. 8a.
FIG. 9 is a sectional front view of a reactor constructed in

30 accordance with a first alternative embodiment of the present invention,



FIG 4b is a sectional top view of the reactor of taken along line
10 4b-4b in FIG 1, particularly illustrating the direction of flow
of the reaction nmediumon a downwardl y-convergi ng bi-directional
trough tray located just below the roof tray shown in FIG 4a.

FIG 5a is an enlarged front view of the pair of length-w se

uni directional frays circunscribed with phantom|ines and | abel ed "5"
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in FIG 7a. FIG B&. i8S @haeRbomdedoht 9w \of eVréikto Nednbi@R&d & on
assenbly circunscribed with phantom|ines and |abeled "8" in FIG 1.
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disposed therein.

10 FIG. 12 is a sectional top view of the alternative reactor taken
along line 12-12 in FIG 1, particularly illustrating the manner in which
the three tray boxes are positioned in the reactor.

FIG. 13 1s a sectional top view of a reactor constructed in
accordance with a third alternative embodiment of the present invention,

15 particularly illustrating that the reactor has six fray boxes positioned side-
by-side in the reactor.

FIG. 14 is a side view of a series of uni-directional trays
constructed in accordance with an alternative embodiment of the present
mvention, particularly illustrating that a gap can be formed at the back of

20 the unij-directional trays to allow a portion of the reaction medium to

overflow the back of one tray and fall to the next lower tray.



30accordance with a first alternative enbodi mrent of the present

I nvention, - 6 - particularly illustrating that the reactor has only
a single tray box disposed therein. FIG 10 is a sectional
top view of the alternative reactor taken along line 10-10 in FIG 9,
particularly illustrating the manner in which 5the single tray box is
positioned in the reactor. FIG 117’ a sectional front view of
a reactor constructed in accordance with a second alternative

enbodi nent of thegyt _-- ll_inent n particularly illustrating that

t he reactor has tHFee ESE8 therein. 10FIG 12 is a

sectional top view of mehmag tlﬁmaaylwem@aqtcar réaten2@! Rndldsirived 13- 12
in FIG 1, particularly. illustrati ng%the manner in which the three
tray boxes are pdSriFSHEd Y§iselshell @h dptributor 24,pnd, twedrdysbaxes 86a.b.onal

P o 2 bl S USSR BBCOL A0 Bl o
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by-side in the repe}ettcralialy at least about 1:1, more preferably in the range of from about
2:1 to about 30:1, and most preferably in the range of from 3:1 to 10:1.
During normal operation of reactor 20, vessel shell 22 is maintained in a
10 substantially vertical position.

Vessel shell 22 defines an upper inlet 28 and a lower outlet 30.
Distributor 24 and tray boxes 26a,b are vertically positioned between inlet
28 and outlet 30 so that reaction medium entering reactor 20 via inlet 28
can flow downwardly through distributor 24 and tray boxes 26a,b before

15 being discharged from reactor 20 via outlet 30.

When reactor 20 includes a plurality of tray boxes 26a,b,
distributor 24 is used to divide and distribute the flow of the incoming
reaction medium so that each tray box 26a,b receives and processes
substantially the same amount of the reaction medium. If reactor 20 were

20 to employ only one tray box, then the distributor would not divide the
flow of the reaction medium, but would still act to properly distribute the
reaction medium into the inlet of the tray box.

In the embodiment illustrated in FIGS. 1-8, reactor 20 includes two
substantially identical tray boxes 26a,b. The following section will

25 describe the configuration of only one tray box 26a with the
understanding that all the tray boxes 26a,b have substantially the same
configuration.

Referring to FIGS. 1 and 2a, tray box 26a includes a plurality of
upright sidewalls 27a,b,c,d which define a generally rectangular internal

30 space. Tray box 26a also includes a plurality of vertically-spaced sloped



FIG 14 is a side view of a series of uni-directional trays
constructed in accordance with an alternative enbodi nent of the
present invention, particularly illustrating that a gap can be forned
at the back of 20the uni-directional trays to allow a portion of the
reaction nediumto overflow the back of g?e tray and fall to the next
| ower tray. - 7 - Detailed Description of the Invention

Referring initial trgyst teofive i the intemel epac@ Ond srigiilyusdupdtdet aigewalls
conprising a vess | L., 22, a . distributqr 24 ng,.two tray boxes
Son b, Bovessel  hh o S Fusrle Gpi ity EfunlEtuab Sguh aheaat e
cylindrical configuraatibofem Bbehdteidichctiod ntHdAR LAY edtr () t6P4f Bayox
vessel shell 22 is preferably at |east about 1:1, nore preferably in
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vessel shell 22 is maintained in a1l stanti a cal "position.
Vessel shell 22 defst mbgutald trpye mare ipetfer@dy andbast dhanve 20 atdyk.ednd3fost

Distributor 24 and ir boxes 26a.,h arge vertically positioned, between

inlet 28 and outIperf’%;e‘?%}lyslé1 ﬁ&’{ng%’g%ﬂ‘bﬁ) Wé&bd’iﬁ'%néér"?ﬁ@eﬁr & eefiredo

via inlet 28 can tbiaomﬂswwm@lsxnttmmua&@bﬁtsﬁxh?wtﬁé néfhbenef {riﬁﬁyin?’o
or :

boxes 26a,b before 15being di scharged fromreac 20 via outlet

When reactor 20 i9H6IHaIdex dims dheanymnber of trey barepoxids remsort?0. ditststdpbut or
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were downwardly over the trays.
Referring again to FIG. 1, it is preferred for tray box 26a to include
trays with different configurations and/or orientations to optimize flow of
15 the reaction medium therethrough, Preferably, tray box 26a includes a
plurality of uni-directional trays 32 and a plurality of bi-directional trays
34, As used herein, the term “uni-directional tray” means a tray that
slopes in only one direction so that fluid flowing in the tray box at the
elevation of that tray flows only in one direction. As used herein, the
20 term “bi-directional tray” means a tray that slopes in two directions so
that fluid flowing in the tray box at the elevation of that tray flows in two
directions. In a preferred embodiment of the present invention, at least a
portion of the uni-directional trays 32 are located above at least a portion
of the bi-directional trays 34. Most preferably, all of the uni-directional
25 trays 32 are located above all of the bi-directional trays 34. Preferably,
tray box 26a includes at least about 5 uni-directional trays, more
preferably at least about 10 uni-directional trays, and most preferably in
the range of from 15 to 50 uni-directional trays. Preferably, tray box 26a
includes at least about 5 bi-directional trays, more preferably at least

30 about 10 bi-directional trays, and most preferably in the range of from 15



20 to enploy only one tray box, then the distributor would not divide
the flow of the reaction nmedium but would still act to properly
distribute the reaction nediuminto the inlet of the tray box.

In the enbodiment illustrated in FIGS. 1-8, reactor 20 includes two
substantially identical tray boxes 26a, b.9The foll owi ng section wll
25 describe the configuration of only onetray box 26a with the

under st andi ng t hato a9 pi-dinestiona yralye x Esefagldy bat Heasealsu 30 gretdeat biyalt b
same configuratio : ferri 10 FIGS. 1 and 2a, .t ox 26a
i ncl udes a pl ural P}eytragls L g§‘t2%§?ia£%57 '§° tﬁcﬁg, e, ‘B"%ﬂfﬁ‘ﬁ”&f@?ﬁt )
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plurality of vertical '%’f? acgﬂ sl oged - 8 - trays received in the

i nternal space antféf gi'd ‘??nb pPEEeRtol0s BeEPIg 39 quiy-diregtionph dirays.
internal space dePfd@%l?,Yat a8k ﬁ)]?c?&npaf(é’ll%% Baftf fraf ook 96, LaR;.and

bottom so that the reaction nmediumcan enter the top of tray box 26a,

f1 ow downwar dl y t Birestighalt tieysi mase rerefespblic et deast abtie 20 qedtnt ey di- 5
and exit the bott f box 26a. Preferably, tray box 26a
i ncl udes at | eastgfg&bcga?gl%%ysfrays, nore preferably at | east about 20

trays, and nost pref erdadillystiafedt il FIGANGRyHox 268 Bred&abl9 iddidds aa Y Pperh
course, the preferred total nunber of trays in the reactor 20 is

simply the nunber S&P0 by oves sehds af gl dirrslional fraxs 3% Upnestset 3601 wni-ay
boxes in theyfeacy;pl; S al.

i ncreases downwar dl?é;? tlig%l rtr -eggag% %:p %g%a]%%q%(g%dggnﬁ%%r%@t%fggﬁﬂélée\slsll?%ad
viscosity of the wgactli doowedeudd ab unitdifebitmm] ttaprdlapdioratdy enclides a

trays. Referring again.to FIG 1, it _ ig preferred for tray_ box
26a to include tr%‘}_@ _ ‘ﬁﬁ“ﬁ%hr‘?@? gﬁPG%WFﬁauf%éFi;%g%ﬁﬂlaﬁows in F1GS
orientations to OpkhdBZieis hremired forléach BRi-diRBEIHaP RaBY ity WL clongated ~

t heret hrough. Preferably, fray box 26a includes a plurality of

~uni-directional tWalying -‘?iﬁél slapgs] waysl 40t(F1G12) lbbiilﬂisb@ed inothe|direetionsof34.
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herein, the and 3, the directions of slope of length-wise sloped trays 40 and width-
wise sloped frays 42 are substantially perpendicular to one another.
As illustrated in FIGS. 1, 2, and 5, vertically adjacent length-wise
20 sloped trays 40a,b are sloped in generally opposite directions so that the
reaction medium is forced to flow back and forth over length-wise sloped
trays 40 as it progresses downwardly in reactor 20. As illustrated in
FIGS. 2 and 5, each length-wise sloped tray 40 includes a substantially
flat, substantially rectangular main member 44 and a weir 46. In the
25 embodiment illustrated in FIGS. 1-6, three sides of main member 44 are
preferably coupled to and sealed along three of the four sidewalls 27 of
the tray box 26a, while a gap 47 (FIG. 2a,b and 5b) is formed between the
fourth side of main member 44 and the remaining sidewall 27 of tray box

26a. Gap 47 provides a passageway thongh which the reaction medium

30 can fall downwardly onto the next lower length-wise sloped tray 40.



20 term"bi-directional tray" neans a fray that slopes in two
directions so that fluid flowwng in the tray box at the el evation of
that tray flows in two directions, In a preferred enbodi nent of the
present invention, at |east a portion of the uni-directional trays 32
are | ocated above at |east a portion of tge bi -directional trays 34.
Most preferably, all of the uni-di rection 25 trays 32 are |ocated
above all of the biainimreeder éhl sl¢pedybw34/ard13ystfémaﬂnby¢actibayndd®xn Eﬁa

i ncludes at | east qut 5..un ectr al,tra e pr.ef erabl

| east about 10 unrﬂa rye%rfmg" {a?lwaf ayeérgéo]t Eh ‘%n%?rgigkpﬁﬁ’lf?ﬁ“hmte o

range of from 15 #¢ iSPreferiblylin e ranealf floaaytout B5ebabakl 10, ddgfay foax

26a i ncl udes at Igast aagout 5 bj-directional trays, m)rer(gr ef erably

at |east 30about DEFANIA Pag PEwEbLL imafhe Tanggy ofnbom Brilef rdgaiops fRm he
range of from 15 parifdnmat 0 50 bi-directional trays. Preferably, at

| east about 10 percent of all of the trays in tray box 26a are

uni -di rectional trays,Refgrieg meaihdp dGs. @taﬂcbé,smambmambaﬂ%qxremm aar e

per cent o 80 per EARCAT At PO R GeRBRarRet petice 5 BPEP PB4t
| east about 10 pepﬁﬁdﬂéblﬁ)hasadubsthﬁtfaﬁ?mx%cmﬂgi ﬂh@béubébxth@tﬁéll R8d flowing
bidirectional trays, nore preferab | east about 20 percent are

bi di rectional tra§®iray40 mu;a@apq (P‘{Si’?/ﬂlf@}t@dﬂfrlh"rﬁ:ln@dq to {eayg tray 40.2Bkeir
preferably ipgelud 3 f
&& &% a?a%' (?‘na@go ;Jepvg%ffa g 1%&1% meﬁlbler Hays

uni -directi onal trays p per” se uni iTecti

32 preferably i ncpmdemtatmlluwedt icteyatixin df&ngﬁ hnamt&e4sl Ppefrablyay&irde.
Lower set 38 of uni-dir ctronaL fray ferablg i ncl.udes a
plurality of wi dit H.siped T8 <SP B3R AU fye % mdhe fegRmabsiee o€ met wErbem

FIGS. 2 and 3, itad Smﬁ\é%:fr@féfaﬁg/ fe8 1BRGBoMM 1RLELGhE QRRL Hf@ﬁébl?ziéso be
elongated - with I ength-w se $loped trays 40 (FIG 2) b I'ng sfoped in

the direction of fh152tlmélys ePsfegatty, oveir %cﬂt@dwaﬂtﬂh‘»wsselosg edidfir &y s
42 (FIG 3) es cu to the ect i. f
el ongat i on. i | en r Py eﬂgﬁ’eﬁdﬁ Cg frpny, figeusz af' ? toaﬁ“?eé”cﬁ?]i %'}r‘fsa%frms‘ql%pe

of |ength-wise S|Wmﬁiﬁ&)ﬁ$a4@os@dﬂxﬂaﬂy dhiforrs@es! dTpesttibh ay&lidd oarttay
substantial ly peré)endr cular to one another. As illustrated in FIGS.

1, 2, and 5, vert¥#&aPreferahly.aveinfo hangbpiehi ofat loagt dhayped mehsps Mo, b
| oped i
are sloped 1n gengrgf’eﬁ O%Qgé;fggglgﬁoﬂéﬁﬁ hsoﬂ%éfagggtﬁﬁfoﬂ?sﬁséiﬁtlh

mediumis forced orth over W se sl ope trays
40 as it progressasiltinmetodirdFiG.i5a, @ pactlivy oPlatidelyisidalisveinbpahings 481 GS.

2 and 5, each | engLhuwes, Shonsd i ar 0, Lislides s subetaniatly
44. Weir openings 48 permit a relatively small quantity of reaction
medium to flow therethrough during normal operation of reactor 20.
During shutdown of reactor 20, weir openings 48 allow substantially all
of the reaction medium to be drained off of trays 40, so that a pool of the
25 reaction medium does not remain trapped behind weir 46 when reactor 20
is shut down.
As illustrated in FIGS. 1, 3, and 6, vertically adjacent width-wise
sloped trays 42ab are sloped in generally opposite directions so that a
reaction medium is forced to flow back and forth over width-wise sloped

30 trays 42 as it progresses downwardly in reactor 20. As illustrated In



25 enbodinent illustrated in FIGS. 1-6, three sides of nmain nenber 44
are preferably coupled to and seal ed al ong three of the four
sidewal | s 27 of the tray box 26a, while a gap 47 (FIG 2a,b and 5b)
is formed between the fourth side of main nenber 44 and the renaining
sidewal | 27 of tray box 26a. Gap 47 provi y\gs a passageway though

whi ch the reaction nmedium 30can fall dowiwardly onto the next | ower

| engt h-wi se sl opedl®%.a3 aad 6, each 1idth-wivhisloped b M24dclidess! epstintially

downwardly so tha j ium.can flow b ravij vyt owards

welr 26, The. doveuiah SbsfeiRah BRaIR R N Bt Y B iR e

range of from abouf maibmembabéditarel Coupbgr teesdf dealal hilunigztrdcadf, theTsir
es from S5horizontal .

preferably in the ran f from1l to 4 _degre I
Ref erring again tf)l_‘iﬁ’f’%%zg?férﬁﬂg%’f Zéf’ai”ﬁﬂﬁ%gﬁbﬁ #FAGpadamdSapisdamendal | y
flat, upwardly-f agitigerl bR Gouh EfQGE mah‘ﬁinemﬁlalﬁh%mﬁl&m 9§rﬁ£ﬁ_{r%béia/evﬂﬁs

9

substantially no O_E)eni ngs therein so that a liquid flow on tray

40 nust pass over #{ Kf HayhoReldp. 48ap H3 pravides taopasesgoway fhopgh ovhisheie 10
46 extends upward om. k: f j.n er. 4 .
p }eﬁctidf ﬁ%&ﬁ% %pﬁil éoan\x%?eﬁ%gornt%e %g{;rcg 110 ervagil’th-\\,x\/éﬁer 46

proxi mate the | owest elevation of main era
i s spaced | ess t hsopeabioyt426 Mathmsmberdid ishbopeé st theedgei ol medinm

menber 44, nore preferably |ess than about i nches,  and nost
preferably |ess t Y PhEHEYY dﬁ?’@?"é‘rdg‘bfoy’,m%e‘?’?‘r g% &he dawaward siqpge

way al ong they wi déh wedth-wise |SE>E&! hrath S8 $lcpRes bbwiwdBly &l GRacsrdeyal |
27a to sidewal |l 27c. Weir 46 helps maintain a substantially uniform
sheet of reacti onPisEblim toh uppapogooneryicthe repihyyisusiopedi Gapad2 dahei ght
" in the range of TSR S86E in AP rEaR0E B 0507 A0 ¥ efire i 2
]Pl ur alji ty of : L el E\)hcf[ritzehtyl, ?mk !pre/fingblyoigghb ﬂgt%e4«&" fref nne 4pg%fred\%a@dam
ormed near e bottom [ , adj acent majn nenper. 44. ir
openi ngs 48 per mlgorgopt@fal%r\é\ggnngy,%pp)emmpq ?/IL@‘F“’H PPOHOPRIITE t o

flow theret hfﬁ“@@%%’lﬁw’ﬁ@ﬁ@leﬁﬁﬁmtr. AironC Ll t2dhouP Bé@ es
shut down of reactor 20, weir openings 48 allow substantially a T of

t he reaction medifiemtheripentely sioseprebrdblpfin theaspogeof from ¢Hatlladgpess of
e N
vertical |y adj acetht widthtWisenslogedstayped id stdysst 42t i dpre Prepedhimthe
71 ow back. and 1 or TG SNGE R P G586 of tie widlwise Sloped reys 42,
20 more preferably at least about 2 degrees greater than the downward slope
of the uppermost one of the width-wise sloped trays 42, and most
preferably in the range of from 4 to 10 degrees greater than the downward
slope of the uppermost one of the width-wise sloped trays 42.
Referring again to FIGS. 3 and 6, main member 50 preferably has
25 substantially no openings therein so that all liquid flowing on tray 42
must pass over/through weir 52 in order to leave tray 42. Main member
50 presents a generally upwardly-facing upper surface. Weir 52 extends
upwardly from the upper surface of main member 50 proximate the
lowest elevation of main member 50. Preferably, weir 52 is spaced from

30 the terminal edge of main member 50 by a distance of less than about 6



30trays 42 as it progresses dowwardly in reactor 20. As illustrated
in - 11 - FIGS. 3 and 6, each width-w se sloped tray 42 includes a
substantially flat, substantially rectangular main nmenber 50 and a
weir 52. Three sides of nmain nenber 44 are coupled to and seal ed
along three of the four sidewalls 27 of tray box 26a, while a gap 53
(FIGs. 3a,b and 6a) is formed 5 between %he fourth side of main

menber 50 and the_ remaining sidewal l 27°6f tray box 26a. Gap 53

provi des a passag88§s FIREURETaRthle lfst then rhoytd inshesrend mesiaunferably less
downwar dly onto t /g, Nexd,. lﬁ%fabw, %HSW&%ﬂ&' a@lf %;'/Vvta%ggm%é sityg\bﬁl %ﬁber

50 is sloped so that the reacti on medi um can y gravi
downwar dl y t owar dandwifewaB27drh# eiiRnvedpsomsintapea sditapfialy dbifforvi sheet

sl oped frays 42 i qiqunvva dl y, i eactor . 20.. Preferab t he
upper nost one of Fﬁ%g%ﬁ)t q\ﬁm“signgrf‘%%ze‘ rchéa%gy’ﬁv “E?gshaﬁag‘&ﬁh%éllr%q??tope
in the range of falwwt al5dnghed. SMoe mberablyl thedriphees whiram b e theamigl |
nost preferably in.the range of from1l to 4 degrees fraom horizontal.
Preferably, the | ‘P'ﬁéstf’qu%atﬁf- M@W@PW’\/&%&% 68) »plelity gijrelativelys o
has a downward sl @pa| «Birb erixg%&:me@r@ﬁrcfe?% RPALS P&.{tﬂ% R oiixgeifj?@rees

from horizontal, nost pre] y in the range o rom4 to dedr ees
from hori zontal . ®hefesr mbinymemher Wowlear epesingpé4 ghrmhihe tebwieelyosialione

of the w dth-w se ed .t s 42 ] t. | gast ..about degree greater
than the downwar dqlz g%e%gf {e? %tzonuébegﬁlﬁgs‘io E‘H‘Z" 5@“%@1@% ‘ﬂgﬁ §'§n§Tﬁoped
trays 42, 20 norepepitidhelf adabior a0. Dedsyd shabiown of rele@i 20 sweir 8ad@igstsaan

t he downward sl ope of the uq erm)ﬁsq% one of the w dth-w se sl oped
trays 42, and nos#Iosf é‘fbéﬁaﬁ%‘!f)?’ glhok e reagtigb msfivey nhudramed eiigeliess

greater than the gowpwas QE%IQHQhé)Ifeaétf&ﬁ RRREE DS n P Pé?nagé gﬁ%ﬁeg behind

w dt h-wi se sl oped trays 4 Referring again to Fl GS
menber 50 pref er abtiy Shaden pBoionBisshutidalvny no openi ngs therein so

%o | et TLo% B9 oRDekb@Hdd JTIR pRESE iRESLA B RUG, SFLE B2 11

order to |leave tray 4 rn-me rese a
upwar dl y- f acisng ufipetiosll thacs2 atdeliiipSed wixli eRas, pvepieyatly emebdiao

upper surface of main nepber. 50 proximate the | owest el evation of
mai n menber 50. FHeherabigectigral irap 32 srespminpgd (Yign 6 el tedrahinadt
edge of main menmbgfs 3@ RYeeftt dF 3f A Eniiireb iRl LA 3880 WayGhox 262 are
equipped with a weir, more preferably at least 33 percent of the uni-
directional trays 32 are equipped with a weir, and most preferably at least

20 66 percent of the uni-directional trays 32 are equipped with a weir.

The weir can help provide more residence time in the inventive
reactor than in conventional designs, while requiring equivalent or less
reactor volume, trays, and/or metal surfaces. Further, the weirs can help
provide a thicker sheet of reaction medium on the trays than conventional

25 PET finisher designs. Also, it should be noted that the embodiments
described herein advantageously provide thinner sheets of reaction
medium falling downwardly from tray to tray and thicker sheets of
reaction medium on the trays.

As illustrated in FIGS. 1, 4, and 7, bi-directional trays 34 are

30 coupled to and extend between sidewalls 27b,d of box tray 26a. Bi-



- 12 - inches, nore preferably | ess than about 3 inches, and nost
preferably less than 1 inch. Preferably, weir 52 extends all the way
bet ween sidewall 27b and sidewall 27d. Weir 52 hel ps maintain a
substantially uniform sheet of reaction mediumon tray 42.
Preferably, weir 52 has a height of at least 5 about 2.5 inches.
More preferably, the height of weir 52 is’in the range of from3 to
12 inches. As ill ﬁlﬁftcﬁlati@drﬁm 3@ igclude altqnqﬁmgrrgpf trgysoBda endatrovgl yragsmal |
wei r openi ngs 54 t o)

adj acent main rre %%%ﬁsb‘!’%& elﬁ{s@&&h E}eSr %gtaggt]%e@aﬁ mr‘t?&éi
quantity of r eactrcxoﬁ trwdﬁttanrtcb:dfek aw mﬁnghieﬂiwmQhexdwrl 120 aﬂdrmlau dio
operation of reac ut down react.or .20, r openi ngs
54 al | ow subst antﬁﬁ%vl'rf“{/arglp'l Eqrﬁgp g?rf 3%6?@&% By 5@‘%@&' PRESHSS
of trays 42, 0 t#figdctiandR6h (B béthen bLaAGIdeOMeMBE 561 HOESmBRbers STRION
trapped behlnd melr 52 when reactor 20 is shut down. In one

embodi ment of t hedi¥r&e ERM NG\ ABAtRIH, they extead dowrwardly srd euiwvardlyl om

di rectional trays p ed I

east 10 of the ua g FERrra oy §3 Wit BRLRA L BRAlk edll
Preferably, at Ietafspoflrﬁerp‘eerdérmd@fdeuhll 2Tahe\ saebadigape6t 1sd‘maxhedtl:reayaan32

in tray box 26a ui d wi.th nor ref at | east 33
percent of the uﬁtﬁalt?rgﬂ?q?oeﬁﬁf of 1y mgrﬁf)eér%) @Hﬁ?‘ﬁ%@ SRERTIong g
nost preferafy y %edx&ﬁ%v&%@rﬂ%}(ﬂ?ﬂﬁo% graﬁ@62164 IIfibrrd@lCtto' rem' tht heys 32
are equi pped with a weir. weir can hel p provide nore

resi dence time i rﬂo’t"ﬁﬁablrmmqﬂ/@@@él’,%/éﬁbt han in conventional designs,
whi | e requiring equi V%e?e?z{:%ﬁovb ‘?c??Iése%taﬂﬁ 7¥,°4a9ﬂ%1 dﬁéc?%éﬁal tﬁbrhd{l(%{?get

netal surfaces. Further s can h provi de a
of reaction nedi uibomctddes tar @ys dsﬂwdmmwmgntlbmngl troh Remtfetsnics/68r

designs. Also, it s Idb d that t odi escrib
“herein advant ageo‘i?élP H &Wg’ﬁfdghg n%?” Igggfl‘f‘(? tr?ﬁég
falling downwar dl%oﬁglpme&ﬁba»s 6@6$ leB¥vedittiohRidekaie hRIRdrSasOthey %&%aon
rredlumonthetraé As ilTustrated in FIGS. 1,4, and 7,

bi - di r ecti onal vaudly raad 3owerdp 3@Imt%d@fﬁéis exeendAbgapnéens Srgedal | s
27b, d of box t r ay, a0 tﬁé lower terminal edges of trough members 66,68. Gap 70 is

sufficiently large to allow the separate sheets of reaction medium flowing
on trough members 66,68 to remain separate as they fall through gap 70
20 to the next lower roof tray 34a. The separate portions of the reaction
medium that flow on trough members 66,68 fall downwardly through gap
70 on opposite sides of the dividing member 56 of the next lower roof

tray 34a.
In a preferred embodiment of the present invention, the slope of
25 the bi-directional trays 34 increase downwardly in reactor 20. Preferably,
the uppermost one of the bi-directional trays 34 has a downward slope in
the range of from about 0.5 to about 10 degrees from horizontal, most
preferably in the range of from 1 to 4 degrees from horizontal.
Preferably, the lowermost one of the bi-directional trays 42 has a

30 downward slope in the range of from about 5 to about 40 degrees from



- 13 - directional trays 34 include alternating roof trays 34a and
trough trays 34b. As perhaps best illustrated in FIGS. 4a and 7a,
each bi-directional roof tray 34a includes an upright divider nenber
56 and a pair of downwardly sl oping roof nmenbers 58,60 extending in
general |y opposite 5 directions fromthe, bottom of divider nenber
56. Roof nenbers 58,60 diverge fromone another as they extend
downwar dl y and outREFRN3). Mmeghpraferabiiein themerge caTom 10itoAS drapess Fidns

formed between theligsiinal£098 8fe d. Hgf;r ' I 7a.
A second gap 64 is?fl_or med 6eét we@h teheog'?lgvrayr?n %f&g%%(}?crﬁ{ggtfe&%e&r%? 60
and sidewal | 27c. bFHeeationdt trays 34 0is nasdleash 4Hooiv® desmawsageHatert fhao ubh
gaps 62,64 in order reach the next |ower .hi-directional trough
tray 34b. Re 8?%}9%3 Sﬁ%v?/ot 0 ﬁﬂpég‘rmﬁgorgrf’é%*at,’“%‘?&%o TaYs ¥ Mio%Bhal
trough tray 34b i pedftrdely adlepgtiabowf4 dégweygrestelythsd QRiddg/miaRLBpd EITRET S

66, 68 coupled to and extendi(g% inwardly fromsidewalls 27a,c of tray
box 26a. 15 TroudRPSERETS Bahe8-dnwiena)&ayoithrand reert pasiereblarin ghe

they extend dOVmV\@dx%Hbf%ﬂﬂn inieg(hoferdes Qb e AENPIHES 0 is
formed between the [fower term nal éegcrig.e%q%a?érgﬁougle dr?é‘@ea?% Sgg;ggyg.ﬂz%ap
70 is sufficient!| yppeamgs one obthe birdir¢rdiosad payule sheets of reaction
medium flowing on tro nenbers .6 t,o r in _separate as the

fall through gap 70 ?r(r)mghneovﬁet%?m wer a?(g(r)é?atpﬁg}gé%.mgﬂ%?rs@pisr ate
portions of the remphbiyahtomedisision taflow bOiNe @enctisOB@HEE FBRN $ndd 518t

fall downwardly through gap 70 on opposite sides of the dividing

menber 56 of the HE&XtN irepdenel fays, 3349 doybie ghesit dloxy pa Piwimseiinaknt
of the present inygnt 5ON, ThAGHS ARERE 7423 dolifielito UdaeEhil S
34 increase domnwa_r% y in reaét or 20. Pr é?eéroa@]eg,to% g%%%}%cﬁgﬁe
of the bi-directi sidewallsi2ghsl d4arafidex 26z clvanvaticd: retmape F4nintlndesraangperof

in'the range of fiBRPLpEe nF dde e ARAIRGPT S8k A DIrRrBRIEe v he
| ower nost ongs of bftgatke 6li leedivd ERAkedctiay iRl aFord B0 d@WaNaHEkt SIngpe
in the range of from about 5 to about 40 degrees from - 14 -
directional tray 32 and split the reaction medium into two substantially
equal portions. The two equal portions of reaction medium are
discharged from the bottom of distribution bin 76 onto separate diverging
sections 80a,b of distribution tray 78. In the same manner, subsequent
20 splits in the flow exiting from downstream bi-directional trays is possible
using similar distribution boxes. In this manner, multiple bi-directional
pathways can be created if required by viscosity, flowrate, and liquid
depth targets.
Distribution bin 76 includes a pair of sloping sidewalls 82a,b
25 which converge downwardly fowards one another. A divider line 84 is
defined at the location where sidewalls 82a,b join one another. A
plurality of first openings 86a are defined in sidewall 82a proximate
divider line 84. A plurality of second openings 86b are defined in
sidewall 82b proximate divider line 84. Preferably, transition member 78

30 includes a total of at least about 10 openings 86a,b. As best illustrated in



hori zontal, nost preferably in the range of from 10 to 25 degrees
fromhorizontal. Preferably, the downward sl ope of the |owernost one
of the bi-directional trays 34 is at | east about 2 degrees greater
than the downward sl ope of the uppernost one of the bi-directional
trays 34, nore 5 preferably at |east abp#kt 4 degrees greater than

t he downward sl ope of the uppernost one of  the bi-directional trays
34, and nost pref &by firsh apt scopagh gpendigst&oain 26 logated od egpesdts sideeaf er
t han t he downward gl; ofot h t .- diLgectiona
trays 34. Referri ncg\h&r?l%\?lv@[%ogﬁfl &&&%GQWBC&EE t?’%n@’?i%‘%ﬂa ﬁ%i!ﬁ%e(e‘ir%ggmlk S
10 enpl oyed to tr apsiipgsdipatihebitanialiyfequdico the aumiativeregtnuared ddimesbngl e
sheet flow on uni -gior cgi onal %ays ﬁé to dgubl e sheet flow on .

bi -directional trayE 34 PHIRRsP ofP (HR¥pERa fr?(glngoﬁle)l@a“P& Jifgium

ext ends between siadewatitaiy2 Towd tlebugdhr @yst boX 28a8nd nga@ii'géisaa,brrerm@f 74
i ncl udes an upper distribution bin 76 and a | ower distribution tray
78. Distribution BPHIRE $&@ arg3ligned awr dirploseptione Placok distribation itigh 78,

medi um from the | Quelk Bstd Hgérﬁﬁ%s_egﬁ %Fba'ali%r[eﬁym%%s%@&ds%édontﬂ% £

reaction mediuminto two substanti y equ portions. e two eaual
portions of react idstritagidi tray 28.e di scharged from t he bottom of

distribution bin 76 onfo separa iyverqging sections 80a,b o
distribution tray 78. ’}\ﬁslfor’f@l gbh&ﬂa%&ér%e E"HBE&EE@%‘FP °§2%stﬁtfc{ f@o?‘h
the flow exitipng klopifedemist ROAB) & dishibeEdn 94278 hreAYSeddSHdnSRielbEs
using simlar distribution boxes. In_this manner, nult

iple )
bi -directional paihayehehgensdsabeane ampd theedhaiviesn Bhe five sehsfangially
flowate, and |iqyj SRihs HLaLaL) ] [ | Ns A NaTe S
pai r of sl oping s?g‘gdl\/\gl ]qs %fgg’rga%hg% n%rqlﬁ%% d%%%%@ggb@ol\%ﬂ%m%{r}%@gﬁoﬁr ds
one anot her. A di ¥iodem dawravag@dly-isbpohefdiveegingsedihes $agdadf disirivhéeretray

sidewal I s 82a,b jqgipn one anqther. A plurality of. first.openi.ngs, 86a

are defined in s, ABIRTAE 63E YBAG THECEPARG PP Tk SR BRURDNEY of
second openi ngs 86 affe oflefistABStidnN gl drdedhtoudR Dadpt 0xdmt Bndliovktdd eKe
line 84. Preferably, transition nenber 78 30includes a total of at
| east about 10 opHPRoREest geayBginpdi-gEestiopt] trayt 34kt e mentionedmbover |t 8h,

first and second gg(ggm%@f;glga?ﬁw %rtlo?xg%&‘qge %lct?&p%hfugje%%egg%ng{?pt

di vider |ine 84. era e cuhulative open area
first openings 86aepamicsastibeyaidw dowywadlyadvet m-diteeti@ahirhyat3dve open area

def i ned by second opery ags 86b, sq5hal capal, aounts of reaction
20 is illustrated. Alternative reactor 100 includes only a single tray box 102.

This design has the advantage of not needing to split the feed equally

among multiple tray boxes. Thus, the construction of distributor 104 is

simplified. Also, the total number of trays, distribution of different types

of trays, number or weirs, location of weirs, and slope trays in reactor 100

25 are different than that of reactor 20 (FIGS 1-8). These differences

illustrate that it may be desirable to vary the design of the reactor to meet

the particular requirements of the process within which it is implemented.

However, all designs disclosed herein are within the ambit of the present

invention.



5 automatically flow through first and second openings 86a,b. First
openi ngs 86a are aligned over first section 80a of distribution tray
78, while second openings 86b are aligned over second section 80b of
distribution tray 78. As shown in FIGS. 8a,b, the term nal edges of
first and second 10 sloping sections 80 of distribution tray 78
are spaced fromsidewalls 27a,c so that agps 88a,b are forned

t her ebet ween. The two Befpsinamomato FIGsyudl ar}ﬁolit,mmom:f altgagticomactedi um
di scharged from dig n | v-,sl opin

di ver gi ng sectlons&§%g%qhh$ﬁg$2téﬁ]m%$%%é§§gga Y@%%g?gneeﬁeyg§§ab
The separate port2éhsb,of the reaction nediun1then 15 fall off of

distribution tray 78, rou a to f he upper npst
converging bi-directi oﬁg gaﬁ?g" E’oFﬁgs ﬁe%&‘@né@e%w\‘?ema‘fgf despgn is
subst anti al | ys equillusipp@éd. | deritivé hictof 30D | iR¢1udd ¢! ﬁ‘a?'b%x&shm kemts

separate as they flow downvvar dly over bi-directional trays 34.
Referring now to R¥S¢ES hay thsivanfageof ysing maTetséﬁfF*FaYr'IWé th@a@@@tmn esril,gn

20 is 11 Tustrat edso db Lok Bk Ve GRRAGI 0k foigllydes only a singl e

tray box 102. This design has t vant age not needing to split
the feed equally armnqietﬁqmngm\etaﬂéy l&m:wtemﬁhmum{dnectmmm%@n of
distributor 104 is t ot al nber ySs,

di stribution of df° f‘?g%[gahetd t@ﬁ émb%retcpﬁvg “Wﬁ%@grlﬂlﬁtr%| IPSH -oéatieon
of weirs, anth sl ogmiltf @YBose Allustaed &f FILX) 5 238 695@ afll dnBER@Y 14 PRVidhat
of reactor 20 (FIGS 1- 82 These differences |ilustrate that 1t may be

desirabl e to vary?® gdfekatypendhe baek 404iteseh v Ch@é‘tloqahéabé@(i pedyfhgr
requirements of RGAr apesay Woshhnmshi-gh vek |8 Ahg&'de@%&%?tgg&;gﬁa%er ’

al | designs disclosed herern are wthi e anmbit of
invention. - 16 sidewall 406Rededrmot bg aneail v thel 5. bdklwahldhelﬂaysadr(ﬁbﬁz@nd

alternative reactor desj is .ill at e tive reactor
includes three tr%??o%%%iégqﬁ?h%{dﬁ”#ﬂ& %e tﬁN W%E?@ ﬂ}eﬁaahﬁw fb
13, a third & ternal bivfe 00k 08sséle s MudtSited In Fid:. qstﬂq@stgag 40é|bteﬁal?é2=ﬁt' ve
reactor 300 includes six tray boxes 302. This design haS the

advant age of usi n§e hosle 48b&écach Ay 40P raad the eeeires S\l@é@@l 406 allows a
portion of the processed reaction medium 408 to overflow the back 404 of

the tray 400 and fall downwardly to the next lower tray 400. In order to
provide a sufficiently large opening for passage of the overflowing
20 reaction medium 408, it is preferred for the gap 402 between the back 404
of the trays 400 and the nearest sidewall 406 to have an average width of
at least about 1 inch, more preferably in the range of from about 1.5 to

about 12 inches, and most preferably in the range of from 2 to 8 inches.
In the embodiment illustrated in FIG. 14, it is preferred for the
25 back 404 of each uni-directional tray 400 to include a rounded lower edge
410 that permits the overflowing reaction medium 408 to “cling” to the
upper tray 400 until it is positioned over at least a portion of the next
lowest tray 400. Once positioned over the next lowest tray 400, the
reaction medium 408 falls from the upper tray 400 to the lower tray 400,

30 where it is recombined with the portion of the reaction medium 408 that



so the size of the reaction vessel can be reduced. Referring
now to FIG 14, an alternative uni-directional tray design is
illustrated. The uni-directional trays 400 illustrated in FIG 14 are
10 simlar to those illustrated in FIGS. 5 and 6, but are configured
to provide a gap 402 between the back 404 _of each uni-directional
tray 400 and the nearest sidewall 406 of ¥he tray box. It should be
under st ood that silg@igdldverig tmeridalnwige #32 afwhd uppedr ttalyed0r ayd &ox té t h
the trays 400 are ] vl ather, .sidewal | 406 can be the wall of
anot her tray box é@%ﬁ% %@dv\%ﬂl ds {Ot ?%g)wr g’ﬁc‘f"&ﬁ%%é‘?@ 19 medium to
illustrated in Fl Gingd, the hpsergaly 402intibpostnet beerahe bowt 429140628 s
tray 400 and the nearest sidewarlgil 406 allows a portion of the
processed reactioﬂre%’é'm%tfﬁf%gmf eR e Iedes ¢ Hkolfhe Ruizbrectenal ays 404y
400 and fal | downvenfley hRih{if (8% of! QWRFurd 583 14801 irleh, ﬂB&ﬁ{rﬁe&bly

provide a sufficiently |arge openi ng for passage of the ov ow’ng
20 reaction medi uifi hegangetol fionpeheue .5 delabbaut 12 Hrchgsn pnd 6Rstymtvesbty tnhe

back 404 of the t{@)f?neg;é%?ﬁ%ﬁpz Eok%ingﬁe%r est sidewall 406 to have an
st "abou

average wi dth of at 'nch, nore preferably in the range

of from about 1.5 to dbehouldl@sd behetsd ttanthersptiodieat arabityd imFidie4
range of from2 to 8 inchegi. I.n the enmbodi ment illustrated in FIG
14, it is preferr83PPY} uphiirecsinng Jrays /98 withew cyeirmni Trs otbe tomainal r ay

400 to incluge a sgéydpﬂohﬁw@aysfgmﬁﬂﬁs%gteam@h@%r&é éeﬂnﬁgbg\égtﬁeééeggﬁ ng

reaction nmedium 408 to "cling" to e upper tray 400 unti

posi tioned over athesebstantiallpdattrnaim nfbeidl 4redithe trayed 69, rathenthd®By tHence
positioned over t next l.owest tray 400, the re i i um 408
falls fromthe up‘ElIDg’rerf3 Ry Aot ()}&(Evﬁée('ef’dt\%?oqq?rﬁ?}a%gg{a?%\%% 8V§Itiovs
reconbi ned with té#sigaoillusteedn FI MeRCd0NiEBRI faMudDFith Bdys havibg -
fl owed over the term nal edge 412 of the upper tray 400 and onto the

| ower tray 400. |¥®&tder to allow the overflow ng reaction mediumto

el ng to t helypper tr %eé&gtomh%&é?%%ége% gx%#beiﬁlgpléﬁe:ﬁ?%awag¥ty400,

it is preferred for the roun ower edge irecttonal
trays 400 5 to hef\«kiferent proeassesr dHewsemtors srevpattionkrlgfuseful ingastesdes
i nch, nore prefer

aply.i.n_the range of fromabout 1.5 to about 1
i nches, and nost ‘ﬁﬁ%}v/gr*§B$Wfaﬁeqlﬁ§0fr%ﬁ@ga ‘fﬁa‘f’ti‘jc‘i‘m“?fa{?%p@‘;? Hclyedvely
thin sheets of a reaction medium, Further, these reactors are designed to
accommodate the situation where the viscosity of the reaction medium
20 increases during processing. In a preferred embodiment of the present
mvention, the dynamic viscosity (measured in poise) of the reaction
medium exiting the reactor is at least about 50 percent greater than the
dynamic viscosity of the reaction medium entering the reactor, more
preferably at least about 250 percent greater than the dynamic viscosity of
23 the reaction medium entering the reactor, and most preferably at least
1,000 percent greater than the dynamic viscosity of the reaction medium
entering the reactor. Preferably, the reactor(s) described above are
polymerization reactors employed to process a reaction medium

undergoing polymerization.



It should al so be noted that the enmbodinent illustrated in FIG 14
enpl oys uni-directional frays 400 without weirs. Thus, the term nal
10 edges 412 of the trays 400 illustrated in FIG 14 are defined by
an edge of the substantially flat main nmenber 414 of the trays 400,
rat her than by the upper edge of a weir. However, it is contenplated
t hat the back-overflow design illustrated in FIG 14 is also suitable
for use with trays having weirs. 15The redctors illustrated in FIGS.
1-14 can be enpl oyed it & patidulrly REfeflbd LRICER! R RE8SS RS emPld§EL in a
reactors are particularly useful "i'n processes ere It Is
advant ageous for @ueaesTddr pesbeing lysdhyieaketepdphthalaitan (PETAL i Inekycht bi n
sheets of a reaction nmedium Further, these,reactors are designed to
bt S Whesbll bty pieeis thy TGpioF Fer 5 ey e A ee um

accommpdat e the sifUAtT O

20 increases duri g pplyaeessidtd(DH) in theRhdiccsir s abORT B o0 74, bﬁ(%rﬁ
e

present invention, the dynam c viscosity (neasured in poise) of
reaction medi &im e@refpiablytindhe rapgs of frqng abput Be tisaboah6tans Gnqsepedambly

greater than the 1C Vi j f ot eacti.on _nmedi.um ent.eri ng
the reactor, nor e%ﬁ%&é&gﬁf&%ﬁhqéaﬁt Aé?glg%c{haﬁgﬂ’ pggfgﬁh’ P&iofhan
the dynanic viscostt'{DIT meds hh@bereneiagonicpRdi siMpEREREZAD Rehich is

reactor, and nost gﬁgeferably at least 1,000 percent greater than the
dynani ¢ vi scosi t yd8fnedss the Bemberavaags polvast Bpicagar weighbdividsd by the

Preferably, the r ?&)%Lﬁjlﬁtst})olg&ﬁﬁf wé i@q}\/eerggcrtl%n %elg%l?rrg gl:oﬁétdo%‘lwardly

reactors enployed to process a reaction nedi um un

pol ymeri zati .  thréugh the reactbs) the DR of ¢hdl paétionphiciRm. etbrgdsercass ot he
reactor is enployed in a process for producing polyethylene
terepht hal ate ( PER§LYcousensatipn.o Prfesstlydhe DRof theaepstion medivmexisinedshs ng

the reactor preferably; Iégﬁ izat DR), in the
range of from about 01{1?%%353&?9@? ’f?r%‘r:%? pr etﬁ%rg%@f)iorg tP 5ear°§%e
of from about 35 tedahoedteity thanehctopshorppedferablyl i thardnie of BoGLatt

from40 to 55. As_used herein, "degree of polynerization" or "DP
nmeans nunber - aver a@&o FoMeOG persent greaisTben gie DRhPL Hhej ecagtign medivas
t he nunber - ayer ag g e | 1\

uni t nol ecul ar vve?[gﬁl?ﬁg%s% rte e r’r %ﬁi‘ﬂ’%ﬁﬁ%@&%@%ﬁ%@%ﬁ% %(?;P/Oegqoo
t hrough the react perpert igecalP tidn thh ®P efotht reantiorenbeding atemasths reéattorf O

pol ycondensation. _Preferably, the DP of the reaction nmedium exiting
the reactor is atf Teéfggtﬁ ’&B% Y eRipE GItYE theTeacteriag 2R iptheyrnge e

reaction nmedi um ept&6h R8s b SBk 860, R4 eﬁg,fgﬂrﬂ@%gggfo%pgg{%% of

from about 50 to about 500 percent greate
reacti on medi um 3%tosboelr | 80gandrmost peeftrably irathel range bf froaf HY5abligs5i n t he

rodium ent erfthg the. r 48 BT LPABIEP! of e REEEt BRI BRI ng
brof erably i n i he ranioms B e tig & MR fmrlfr® 2 e ARk of o7
preferably in thefromrageutcd50fio ahmE 035 Wbartigbpressure in the range of from about
0.1 to about 4 torr, more preferably at a temperature in the range of from
about 270 to about 310°C and a pressure in the range of from about 0.2 to
25 about 2 torr, and most preferably at a temperature in the range of from
275 to 295°C and a pressure in the range of from 0.3 to about 1.5 torr.
The mean residence time of the reaction medium in the reactor is

preferably in the range of from about 0.25 to about 5 hours, most

preferably in the range of from 0.5 to 2.5 hours.



20 In a preferred enbodi ment of the present invention, the reaction
conditions in the reactor are maintained at a tenperature in the
range of from about 250 to about 325C and a pressure in the range of
fromabout 0.1 to about 4 torr, nore preferably at a tenperature in
the range of from about 270 to about 310C and a pressure in the range
of fromabout 0.2 to 25 about 2 ton, an ? frost preferably at a
tenperature in the rarife roa‘ictdrrconﬁ@ﬁ&tidmﬂe%ﬂné?d abaleavith etatne tb rFIG&e
range of from 0. 3.t.q .about .nean _resi de cetl of th
reaction mediumin 1(3 H& pFelé}%{f;‘@]XrC’per'?&Srt ’gglfl)?“iaﬁe’iaﬁ% P%th%fqgfr rantb%
about 0.25 to abouiedﬁnhauﬂ&trarwa apleadt@bal|2y5 indhéd)endsepatersiy fis @ 0. 5
to 2.5 hours. - The reactor configuration descri bed above
with reference to’qﬂgﬁﬁfﬁﬁmf@ il I9hes er abl y operable to maintain an
aver age depths of the r t ut
2.5 inches, ?Dst pref ﬁggﬁ&:&b r{%ﬁﬂg%ﬁ&g;{greéigﬁ U#Eﬁér?éﬁtgggkﬁdﬁ%?hhecggﬁ5me
i nventors note thtde npmtraaﬂﬂownm&dsqfahemmgemlmiudtpﬂbﬁdcﬂmfenmanoﬂhe

d | f th dent of th
For e o nohereaplr SnECgETaBeTy o MERRE G il

and/or |ess than &@0ihadhys, Thug, ain&ﬁ%_@&f Aot FDOJ-;Q'QVJBEQEI&I}%%R féfJQQ:@drlﬁ] for
aclaimlimtation of greater t han w t hout™ t he per bound), a

claimlimtation HpBaigned greatesthang@ (witheud sheupprebe rdcb@m‘l@i)lltat@s
e o et T ot hae ek tndf0d ARBGu( Moyl AUl REL AR ol NR" 1 0201480°)

The i nvention has been scr articular nce
to preferred enmbodhgeiwit Hd&e&;gmfandalutvewduhds@e understood t hat
variations and nodification can be effected within the spirit and

scope of the 15i nvent {1§p invention has been described in detail with particular reference
to preferred embodiments thereof, but will be understood that variations
and modification can be effected within the spirit and scope of the

15 invention.



-20- That which is clained is: 1. Areactor conprising: a
plurality of vertically-spaced uni-directional sloped trays and a
plurality of vertically-spaced bi-directional sloped trays, wherein
the sl ope of said uni-directional trays increases downwardly.

2. The reactor of claim1 wherein the Elope of said bi-directional
trays increases downwardly. 3. The reactor of claim1 wherein
at least a portion of said unj-directional trays are |ocated above at
| east a porti ofhat whighds pimed icti onal trays. 4. The reactor
of claim1l wherein all of said uni-directional trays are |ocated
above all of said bi-directional trays.. . 5. The reactor. o

clai m 1 wher ei . adj Aceattormeeprishgsapyralify ofgierticatly-spaged PRIGIECEIe | n
opposite djrections. . . g : i eiHtrSatHd

bi - di r ect isk)rl?gﬁ:&ﬁsaaf/lg 4 pril%rﬁitﬂt&é)@gii%ggl asﬁl?‘g%doélé%f Ctgdrillg' ﬁ%ﬂgﬁ?f’r ays,

wher ei n saide bO&id tiadisciiorel waes iacrpases dofnwiodiiwar dl y- di ver gi ng r oof
menbers, wherein said trough trays include a pair of
downwar dl y- conver gi ng trough nenbers. 7. The reactor of claim
1 wherein saidopl ur ghi teac@f obelhinfli Wasteinhaklops afsaid Walinddmabmayspper
group of uni-directional trays sloping back and forth in a first

di rect i on ingreases doveyardglyoup of uni-directional trays sl oping back and
forth in a second direction, wherein said first and second directions
are substantially perpendicular to one another. 8. The reactor
of claim 1 whesein dhetreast ofdaipet edatcirgt legst a pardon phspd yy-dirgetipnal

[rays i divhsedbel SronPeRy T B gr Ba pRdpLuad geent of AT The

4, The reactor of claim 1 wherein all of said uni-directional trays are located

above all of said bi-directional trays.

5. The reactor of claim | wherein adjacent ones of said uni-directional trays

slope in opposite directions.

6. The reactor of claim 1 wherein said bi-directional trays include alternating
roof and trough trays, wherein said roof trays include a pair of downwardly-diverging
roof members, wherein said trough trays include a pair of downwardly-converging trough

members.

7. The reactor of claim 1 wherein said plurality of uni-directional trays
includes an upper group of uni-directional trays sloping back and forth in a first direction
and a lower group of uni-directional trays sloping back and forth in a second direction,

wherein said first and second directions are substantially perpendicular to one another.

8. The reactor of claim 1 wherein at least 10 percent of all the trays in said
reactor are uni-directional trays and at least 10 percent of all the trays in said reactor are

bi-directional trays.



9. The reactor of claim1l wherein the slope of said uni-directional
trays varies by at |east about 2 degrees, wherein the slope of said
bi -direction trays varies by at |east about 4 degrees. 10. The
reactor of claim1l wherein said uni-directional trays include a
substantially flat main nmenber presentding a upwardl y-facing sl oped
surface, said main nmenber having substantially no openings therein.
11. The reactor of claim10 wherein at | east a portion. of. sali d

uni - di r ect i onaP- t r ayhe reaetPreerlampe M RCTE B IpE ée{pq S@'&i"ﬁ‘"ﬁﬁ?%mﬁ%ﬁ{%? and
ext endi ng upwar dl %#@ ' | RG S4i9 BEdiredioh aGes varies by at
12. The ré&ctor 5eacg:ﬁra§?1'mts%&1 7 e’\r,\@;iﬂéig;qegs%v\ﬁea?)r has a hei ght SBsof at g

| east abougasabbul hddpes:s. 13. The reactor of claim 1l wherein at
| east 10 percent of all of said unidirectional trays are equi pped
with said weirs, wherein said weirs have a height in the range of
from3 to 12 inghesThe reactor dfkclaifihkwhettsaid wi-dabetiomn] trayh ércdidg asai d
reactor includes a transitiaon nmenber di sposed.bel ow sai : .
uni - di r ectshlsttiatly Hoilamain ey Ereé‘ﬁ’it‘&gﬁi”P@Frrdg'éﬁC%ﬁngfa ‘?5‘%&“@%&“&?‘%
said tra”%&ﬁ&?gﬁﬁ?&fbsﬁﬁ{iéiﬂﬁﬁa @peﬁf_ngg fhetgh.l ine, a first group of
openi ngs | ocated on one sidée of said dividing line, and a second
group of openings |located on the other side of said dividing |ine,
Wher_el n t_he curpyl at e Qd@&)? AL F@{Nh&%ﬁ RYeaSid ;ﬂmfiénr Sttsalin@itdiredtional
openi ngs i s substanti alr?y Re“Same as the cumul ative open area
defined byragaindirleacvdr @uplep tosaidpein mesber and extendng qreardlyfeany paidf
claim 14 wherejn _said transition nmenber includes a pair of

downwar dl W&@Wé‘f@i‘%'%ﬁlsgrf?%at converge towards said dividing line,
wherein said first and second groups of openings are |ocated

proxi mate the bottom of said _downwardly-conver.gj ng wall s - -

16. The react ori2of dihgireactor O\f\ﬁ]ét”éilhwéiFreI"eS&@tW%{glbﬁ%l?e&bt(?F atslg‘}sﬁgbouw's

uni - di rectiin gl trays present a back end and a termi nal end, wherein

~_said back ahd terminal ends are |ocated on generally opposite ends of

said uni-directional trays, wherein said tray slopes downwardly from

said back end tq sai.d termnal en el.n. Sai cLeL sehings a
back gap | ocat 'adj@@éﬁﬁcgsré}?alabnégk%%Enaahéeagﬁt rérrn@eﬁaf) gap | ocat ed
adj acent s@jcdibRl fFhytadre eQfpped with said weirs, wherein said weirs have a height in the

range of from 3 to 12 inches.

14.  The reactor of claim 1 wherein said reactor includes a transition member
disposed below said uni-directional trays and above said bi-directional trays, wherein said
transition member defines a dividing line, a first group of openings located on one side of
said dividing line, and a second group of openings located on the other side of said
dividing line, wherein the cumulative open area defined by said first group of openings is

substantially the same as the cumulative open area defined by said second group of

openings.

15.  The reactor of claim 14 wherein said transition member includes a pair of
downwardly-converging walls that converge towards said dividing line, wherein said first

and second groups of openings are located proximate the bottom of said downwardly-

converging walls.



17. A reactor for processing a reaction nedium said reactor
conprising: a plurality of vertically-spaced sloped trays, wherein at
| east sonme of said trays include an upwardl y-extendi ng weir over
which at |east a portion of said reaction nediumflows in order to
pass to the next tray |ocated imedi at?dl-y therebel ow, and wherein the
slope of the plurality of vertically-spaced sloped trays increases

downwar dl y. 18. The reactor of claim 17 wherej ncgai.d.vxeti ralhas
a hei ght of at 1$.easTheisagipr of clrifple pbgrein at least a pRytioRRlsalqUIidiechin

claim17 h Rreed Rfmfabénddateo 12
i nches. WQ?J&5&%@@%}6@?3%@%&@&5&% %hglglﬁmﬁgr%a?ngat Inégst 10a

per cent oﬁocateﬂ oofgesailty eppayits ende obspid Wpekreotiamg! taysgwiigsein said tray slopss
The reactgr of A4 RhUbAddthoks Pback
i i 1 ot AoKaredRgh sl B8 Gifto S ohd End, WklHEeeRy BLetbRuctinke

adj acent gaeRcatd Scﬁadznumd bickead bahatermnalsapsbops! ad;;acgw@gh tergninal end.
directions. 23. The reactor of claim21 wherein said trays
include a plurality of bidirectional trays. - 23 - 24. The

reactor of claiyn 23 \WBahi&i Br srdbélsinb a MGt nediam, kdidyacion cormiplesing: a
alternating roof and trough trays, wherein said roof tr gs |ncugde a

pair of doWwmslay df yerticallyrigrerd stapsd tfﬁ?éqrrﬁ’é?@m hireserme sy TR UGAET 8 s
i nclude a B%hllgdl)?‘t, M\%\@\Nﬁbﬁr%ﬂ&%ﬁ; a@Qa ﬁJrQ&ggfm%tﬁ)n medium flow®in

The reactd erein sal -directional trays are |ocated
bel ow sai @drdento ghiss ecthe oealtray deopted 1mmedlate1)2@6f&3¢¢iewr walcvipreipthectlenenf23

wherein said repctor inchudes aloleast, s o8tk dnaldy. ectional trays

and at ray
18.  The reactor of claim 17 wherein said weir has a height of at least about 2.5
inches.
19.  The reactor of claim 17 wherein said weir has a height in the range of

from 3 to 12 inches.

20.  The reactor of claim 17 wherein at least 10 percent of all of said trays are

equipped with said weir.

21.  The reactor of claim 17 wherein said trays include a plurality of uni-

directional trays.

22.  The reactor of claim 21 wherein adjacent ones of said uni-directional trays

slope in opposite directions.

23.  The reactor of claim 21 wherein said trays include a plurality of bi-

directional trays.



27. The reactor of claim1l7, wherein at |east a portion of said

sl oped trays present a back end, wherein said trays slope downwardly
fromsaid back end to said weir, wherein said reactor defines a back
gap located adjacent said back end, wherein at |east a portion of
sai d reaction nediumflows over sai d ek end and downwar dl y t hrough
Sﬁld gafk gap in order to pass to the next tray located i nmediately
t her ebel ow.
24.  The reactor of claim 23 wherein said bi-directional trays include
alternating roof and trough trays, wherein said roof trays include a pair of downwardly-
diverging roof members, wherein said trough trays include a pair of downwardly-

converging trough members.

25. The reactor of claim 23 wherein said bi-directional trays are located below

said uni-directional trays.

26. The reactor of claim 23 wherein said reactor includes at least 5 of said uni-

directional trays and at least 5 of said bi-directional trays.

27.  The reactor of claim 17, wherein at least a portion of said sloped trays
present a back end, wherein said trays slope downwardly from said back end to said weir,
wherein said reactor defines a back gap located adjacent said back end, wherein at least a
portion of said reaction medium flows over said back end and downwardly through said

back gap in order to pass to the next tray located immediately therebelow.



