-1- REACTOR W' T ' H OPTI M ZED | NTERNAL TRAY DESI GN Cross- Reference to Rel ated
Applications 5 This application clainms priority-to U S. Provi sional
Application Serial No. 60/731,390, filed on 10/28/2005, the disclosure of
which is incorporated herein by reference inits entirety. Field of the

| nvention 10 The present invention relateg.generally to a reactor for
processing a reaction nmediumhaving a viscosity that increases as the
medium fl ows through the reactor. In another aspect, the present invention
concerns a pol yneri MA@DRMDMM&AMWN DESIGHaI | y- spaced
internal trays over which a polynerization reaction nediumflows while the
15 degree of polynerization of the reaction nmediumis increased. Background
of the Inventi on (rdsscRéfepdnide ¢oRelated| Appliostdasi ng schenmes, it is desirable for

chem cal reactions to take place in a reaction medium fl owi,ng[, in one or
more 20 relatively thhi applieation cjaims geprily talbe cBrovionat APRECAYMe react i on

progresses over . % P& A { j . reaction
medi um are expos ?%rlgf(;ﬁ&he elq%ds ?@eedo Jrnegjé@%wyégﬁed\i lpﬁgﬁgggﬁ'ﬁﬂhghtl%/pe of
process is parti gadodidritcd e By eferensbign® entietghem cal reaction produces a
gaseous reaction by-product, and it is desirable to rapidly and 25

conpl etely di sengage such by-product fromthe reaction medium For exanple,
if the chem cal rggﬁt}anlgrogucing t he gaseous by-product is reversible,
failure to adequ e_ the by-product could counteract the desired
reaction. Wgn the regg ?&Qeﬂfﬁﬁééﬁﬁbﬁ FEs péhePdI to A resiRbElok gk&iebéiﬂéx thin
sheets, the gaseous reaction by-product can rapidly 30 escape the reaction

medi um Furt her, redeéon niseliure detvingna wisdosity thhioinsrdapes sntheanedioneflowkat i vel y

thin sheets, the | ow h}/d tatigf prelslsure on .t he ) X
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 degree of polymerization of the reaction medium is increased.

Backeround of the Invention

In certain chemical processing schemes, it is desirable for chemical

reactions to 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 is 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 répid]y

30 escape the reaction medium. Further, when the reaction medium flows in

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



-2- bottom portion of the reaction nmedium m nimzes boiling suppression
that can be exhi bited when reactions are executed using relatively deep
reaction nediunms. Although carrying out chemcal reactions in relatively
thin sheets 5 of a reaction nedium has a nunber of advantages, this type of
process also presents a nunber of challenges. For exanple, because thin
sheets of reaction nediumrequire |arge-anounts of surface area on which to

flow, very larg nd/ or_.nunerous reactors nay.be .requi.r.ed to praduce
commer ci al * quant POREE RFUORET BE IR SRAPETH TMiBreRePOliE YRR HPBCesses 10
enpl oyi ng thin sheets, Ob xAffifed APhdBLEabtBnsthe eXeRERBLdiNg Qélat_tiﬁy Ragtion
medi um changes as the reaction progresses. Thus, the viscosity of the final

product may be nusktigr eat®msor nmuch | ess than the viscosity of the initial

reaction nmedium This, changing viscosity of the reaction nedi.um presents a
number of design cham\ﬁhw% DA BUSSheRtieal ceactions i EIFHYRY fin FBetthe 11 ow

rate andior lept B Qireddin FEERLCE A B aBGnBHE SHBPE of PeSE AT © of

f
a conmon conTrer cl a? I'process ere IS desir to c a chem cal
reaction in one also prsents @ nahibeebfchallengess Feetxangile r@aaiseahinmshdetsori s in the
"finishing" stage of pol yethylene terephthal ate (PET) production. During
the PET fini shi nifastiemymedmm mjuyre diige aurunis of surfaeesaremon deyeleto Bpw,
pol ymeri zation of the reactjon_nmediumtao, increase Si ni%f'c(iantl and al so
t

produces et hyl ené®g| yL&Y ,andé%remé‘?’rvqé‘?ac?ﬁﬁ RBY er° d§THEGCt? oA BYPr oduct s.
Typi cal Iy, ¢ he degre: i g BMOERINHAh ol FaARL AiniRheeupd r oduced

into the finishing reactor/zone is 20-60 while the degree "of polynerization
of the reactd on 2@ploydiguthirp slosttsc df esectiom metitven,fthaividvosigy of dot feaotiors 80- 200.
This increase in the degree of_ polynerization of_ the reaction nedi um during
finishing cause®edg ¢haggsias fheredchan PEREESSEH HBESURE ('ESTORiEY @4 dke

significantly. Igy, product may be much greater or much less than the viscosity of the

initial reaction medium. This changing viscosity of the reaction medium
presents a number of design challenges because significant variations in
15 the flow rate and/or depth of the reaction medium can be undesirable.

One example of a common commercial process where it is
desirable to carry out a chemical 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 ethylene glycol



addi tion, since the polycondensation reaction associated wth PET finishing
is reversible, it is desirable to disengage the ethylene glycol -3- reaction
by- product fromthe reaction nediumas quickly and conpletely as possible.
Thus, there exists a need for a nore efficient and econom cal reactor that
facilitates the processing of |arge quantities of a reaction 5 mediumin
relatively thin sheets for extended periods of tinme. Fyrther, there exists a
need for a nore éﬁ@qtv@néwrpraﬁ'&tér%&q xpactmmmeqigineas; %@claéaefl&rﬁm

facilitates the é%&ﬁﬂgensatlon of large quantities of reaction nedium
flowwng in relatively uniform thin sheets through the finishing reactor,
whi | e providing adequahegs,r@siedexien i inded tfor achbey effidiént  f@Uesdrotnicdl0 degr ee
of pol yneri zati on. Sunnary of the Invention In accordance with one

enbodi ment of t heegiersbat Taoilitatesi e, proeessiag afslageoquanditics qfe&dﬁ@tlooorrprl si ng

a plurality f verti.cal.ly direc nal tr and a
plurality of vertrf1 ‘IHP)}“srB@g@glySPmd‘f’hreg%thBﬁﬁﬁemicfdg?)%‘&’dﬁr f&ncw@%@l bhe sl ope
of the uni-directj,geakisis aa%ed B RRFESIicRAVMBL HcYve PET%E%1H§E‘&%th th

anot her enbodi nent of the present invention, there is provided a reactor

for processing athaﬁa&cnlnatemﬂbupmlya’dsmienaaionoof 12@e cqueprtitise sofa rpdatioal i ty of
vertical l y-spaced s] oped trays. At | east sorrgl of  the trays#)lﬁgtcl ude an

upwar di y- ext endi raediwn flaiag maplehvely unifgen, thin sheeisHiroggh 1pighiRg; on

Ther obel ow | n st huie proyife 1tFadfs erdel LRER Al PRRIANRL

invention, there degreplofpblgfridatidl. yneri zati on process conprising: (a)
introducing a reaction nediuminto a polynerization reactor conprising a

Summary of the Invention

In accordance with one embodiment of the present invention, there
is provided a reactor comprising a plurality of vertically-spaced uni-
15 directional sloped trays 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 medium 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 vertically-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 maintained at about 2.5



plurality of vertically-spaced sloped trays; (b) causing the reaction
mediumto flow dowmwardly in the pol ynerization reactor over the
vertical |l y-spaced trays, wherein the average thickness of the reaction 30
medi um fl ow ng on the vertically-spaced trays is maintained at about 2.5 -4-
inches or nore; and (c) w thdrawi ng the rgaction nediumfromthe

pol yneri zation reactor, wherein tge degree of polynerization of the
reaction medi um Wiches PRROIET GRf t (¢ ‘b‘é‘l“?fﬁ%}ﬂgzﬂlci FRcian apeiums frgm theast  about

25 percent great e e . Iizati f . the re ion 5

medi umintr odgceg&?ﬁgg%ﬁg ﬁeg?%?feﬁhggeﬁghw%%%ow %I%rlﬁg%rﬁ:%?ﬁgn@gtt% th yet
anot her enbodi Nefactidn fegivpd SGthdkawd fo@ theopolyilfifRionSraat @Y iislQd lensPr ocess
conprising: (a) introducing a reaction nediuminto an upper section of a
reactor conpri si #puh2ppeicant groatenthay the dhgrescafli pohaneridatipn @i thenesctiond a
plurality of, bi-directional sl.o 10 trays; (b) causing the reaction nedium
to flow dpwr?war g dium pﬁ-ggycgaé?tgﬁge Bglg?leflﬁ%ﬁ%rﬁegc(ﬁ?rr ectional and

bi -directional trays;pmagdofdahci WA ¥ REothBe eriRGhHERN o@‘eﬁieu?résreﬂm a | ower
section of the reactor. Brief Description of the Dramng Figures 15 FIG 1
is a sectional fimmeedtion, gheref isaprosadetioa grocespravugssingg @) ingadiding aredi um

fl owi ng downwardly therg&_hro_u%)h, particul ar Iiy illustrating the reactor as

i ncludi ng two t riggctaasdivg 8k anBpPeR SEODLT gieactar peppising emiwmahty v- spaced

sl oped internal S 1 ' t [ leum f. S.1l asses
downwardly thr ou%%a:%flh%&%gg%%]&&gogg¥%§@% ﬁ@rgﬂfggﬁ{‘ O(Ir#aﬁ%@%% S\}Ib ef/(vioof t he
reactor taken alesng, (H)neuddg &r rehdtionlfredidm Palow eolawhddly kd dtreadténg t he

| engt h-wi se direction of flow of the reaction nmediumon the top

uni -di recti onal eveayhe midgiregtional and da-chirieetinnal trays; vnécowithdewisgtteor t aken

al ong 1ine 2b. 2, L0.FL Sk ndRLI0Y hldh bHhgaLEati ng the Tength- wise

Brief Description of the Drawing Figures

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 intemal 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
reaction medium on the top uni-directional tray.

FIG. 2b is a sectional top view of the reactor taken along line 2b-
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.



25 the reaction nediumon the uni-directional tray |ocated just bel ow 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 w dth-w se
direction of flow of the reaction nmediumon a uni-directional tray |ocated
bel ow the I ength-wise 30 trays illustrated in FIGS. 2a and 2b. -5- FIG 3b

is a sectional top vi theract r taken ong.line 3b 3b.in FIG 1,
particularly illust ra?mgit{ ke W° ?’F‘f’]&ﬁ’%gle&z ?fe@te IS%t%IftaE?Ib\% 8glnle eb reaction
medi um on the unispdhrmet i Oﬁ@&m&mﬁy iihReatigs thewidtR i 8&ion! Yflow Rgwn in
FIG 3a. 5 FIG 4a is a sectional top view of the reactor of taken al ong
line 4a-4a in FItiz reastionanedivm ar thy uni-dwentionsli trey lobaedijustbelowrthe traf | ow of

the reaction nmedjumo ownwar dl y-di vergi ng bi-directional roof tray
| ocat ed bel ow thél‘%‘?’i’i1 “ﬁfﬁ%gﬂl onal trays. FIG 4b is a sectional top view of

the reactor of taken pjpng is'aﬂf‘eeh&x@aﬁ@ Yevh BF 'fﬁeCTeaétor grtélte‘ﬁ”éléﬁé Yine

illustrating the direction of flow of }t)he reaction nedi umon a

downwar dl y- convergidaginbiii I, epariianaty ilhwstigling iy direataiabdfjflst dfehew t he
roof tray shown in FIG 4a. FIG 5a is an enlarged front view of the pair of
| engt h-wi se uni - TeACHER tmefiup PP o slopinwandty iy sg@snprdirgsiignelofeeli Hax and

| abel ed "5" in F side view of the |ength-w se

uni - di rectional Jmcgys bcﬁr\ﬁf) @I'QEF%POI]@FH%EIG 6a is an enlarged front view
of the pair of wi dth- p\l@eatwialase@nbﬁalttb W@éwa%rc@bt‘bﬁ%ﬁﬂ{dnbﬂgn%’\lih@ phant om
lines and | abeled "6" in 20 FIG 1. G 6b is a side view of e

wi dt h-wi se Uhi - didbelbt inohED. iy pgdicularly 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 circumscribed 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. Sa.
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 trays 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,



« shown in FIG 6a. FIG 7a is an enlarged front view of the pair of
bi -directional trays circunscribed with phantomlines and |abeled "7" in
FIG 1. 25 FIG 7b is a side view of the bi-directional trays shown in FIG
7a. FIG 8a is an enlarged front view of the transition assenbly
circunscribed with phantomlines and | abelsed "8" in FIG 1. FIG 8b is a top
view of the transition assenbl sect.i onal
ront view of o meigBrBoRRTrhete s obt Bty asieR iy bl fispéiea
al ternative enbodpgmeppt of the present invention, -6- particularly
illustrating that the reactor has only a single tray box di sposed therein.
FIG 10 is a secti onalFl(ﬁoﬁ_)Ovls ewsastiondigon | wiew neft theealtesmestvor renetketakeal ong | i ne

10-10 in FIG 9, prtl il ra h in which. 5 the single
tray box is posit Qﬂge ﬁé'tlﬁe‘ rﬂégiS%’ mhﬂﬁ@ﬁy %i“n?@ﬂﬁg Qs Paghg meBWP‘ vi ew of
a reactor copstrygt gdeleraydok Qs Wit heres@gond al ternative enbodi ment of
the present inventi o% gl’tl cu arI y illTustrating that the reactor has three
tray boxes disposed ﬂ(éréil nis 4 Geétidaal feont sviewset tai omaafort amstroeed ah t he

alternative reactor taken along line 12-12 in FIG 1, particularly

il lustrating the aseRiA@Icei WithhigFecense amrr@éw@ravbe@m adle tb%splteﬁ‘aﬂed in the
reactor. FIG 13 e o r

accordance with e{h‘?ﬁﬁﬁo@ gﬁlgﬂ%lell |lglgsu\eér XV&R ﬁt r%?&bﬁéa%(r%e}gén |ﬁ§/&ent| on, 15
particularly il wdposdd thereihat the reactor has six tray boxes positi oned
side- by-side in the reactor. FIG 14 is a side view of a series of

uni - di recti ahal traysFlGohatis acsestional tep suew axfcte iltemative aeacton takien e

enmbodi ment of the (P Chie 52 12 in FIG 1, particularly illustrating the manner in which

(=

the three tray boxes are positioned in the reactor.

FIG. 13 is 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 tray 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
invention, particularly illustrating that a gap can be formed at the back of

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

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



invention, particularly illustrating that a gap can be forned at the back of
20 the uni-directional trays to allow a portion of the reaction nediumto
overflow the back of one tray and fall to the next |ower tray. -7- Detailed
Description of the Invention Referring initially to FIG 1, a reactor 20 is
illustrated as conprising a vessel shell722, a distributor 24, and two tray
boxes 26a,b. 5 Vessel shell 22 preferably has an el ongated, generally
cylindrical configuration. The length-to-dianmeter (L:D) ratio of vessel

shell 22 is preDrtaled Desériptimsdf thORiventionl, nore preferably in the range of
fromabout 2:1 to about 30:1, and nost preferably in the range of from3:1
to 10:1. During nor ni¢ferpwr dnitisly ofo FdGetlor a2tpacipss2@| iss hdystrazg jag

i ntai ned i 10 substantj al ti.cal i fion.. Vi hel | .22 defi
o Upper 1l ot - 260BRAHRE heiel stall £ & uSRtnEtH B0 s IR R R A ocee
26a, b are veyti cglekys! posilt '.rzgn?%rf&%mﬁas !dﬁ: %%on;é?bd?ngl:nf@fﬂlﬂyetcyﬁﬁ’dﬁc%lt hat

reaction nediumentering reac 207via inle can fl ow downwardly
t hrough di stri butenfigzdaimnd Thayernpthtsdiasetdn (bdPpraio 66 vhssehghali 82har ged from

reactor 20 via outl.et. 30. Wien reactor 20 inhc|ludes a pluraljt f tray boxes

26a b. di st 1 buPGIErE b IERSaP Toh st ARG PEURRES REEPIGRPst e o

 ncoming  reaction Fefolisee, htPinosAHRIGHY iR B AR IRGRIPT 309 Processes
anount of the

substantially the same reaction medi Um It reactor 20 were 20

to enpl oy only obDerihgayrrbabopetdien dffreactirsaQ; ivbsseDshelo2d i maintalhed feat he flow
of the reaction nmedium but would still act to properly distribute the
reacti on nelfi um substntipldy vertieal pesitioche tray box. In the embodi nent

illustrated in FIGS. {}-8,, neacipr, 20 includes ¢ subst ant i al i.denti cal
Lray boxes 264, b TheVisth Y7 St i WHer inist 28 s uivia Bl A6l Gur at on
of only one trayph@bid64hidtriyBoxes 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 26ab. 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



understanding that all the tray boxes 26a,b have substantially the sane
configuration. Referring to FIGS. | and 2a, tray box 26a includes a
plurality of upright sidewalls 27a,b,c,d which define a generally
rectangul ar internal 30 space. Tray box 26a also includes a plurality of
vertical |l y-spaced sloped -8- trays received in the internal space and

i gi dl | ed ' I he, i ' b
Si dewal 1 & 27, b, SRR, b o BB Spackd Mo DRAL & REARE, 0

medi um can ent er 204®,c{d)PTlef intarAyl sbave definad by kidewddydWgb dldyvis bhewrahet he
i nternal space over the sloped trays, 5 and exit the bottomof tray box 26a.
Preferably, tray ®indbeitonse that shereactigrmedingoean enten thayep ofitsre bpx ef er abl y

at | east about 2 r .1.an t refera i n the range ,of om 30 to 100
trays. O cour se?ﬁ%’h@g\%rdé) é&%@i' tp{)oﬁ'gﬁ tﬁ%ﬁg%%éfo?paf?é’ygr ‘flﬂ%ed:%?:t’ésf or 20 is
simply the nunbeand®xit BRyotiom 0P8y bbRE6DORrefériBly, A bBY 7B indMiddsTpy boxes

in the reactor 20. The slope 10 of the trays generally increases downwardly

in reactor 20 toleaglcamvird@atrays; more meeferblyngt leasicaboiut R0oayshend esast i on

mediumas it flows, down dly over. th r Referring again to FIG 1, it
is preferred for Pfcfi{ﬁglgdﬁ%%éﬁ’% O?r‘?rarﬁggtto ??@9@}% @ﬁ CBPIP%FE’%«S@F"HG“‘?E

confi gurations apghiofudr&FttadysQAShE Pealidh 1201 i3 %_nﬁlblgvmefnurﬂb%r toﬁ?%iap@%t I on

medi um t her et hrough. Preferabl’y, tray box 26a incfudes a plurality of

uni -di rectional bnaysy 3&x éinwks dhphumbér dijtrayfbolaes th theatacoa2(.t Thy slop84. As
used herein, the ﬁerm "uni - di rec}ional tray" nmeans a tray that slopes in
only one di Hocti 8h B tiFxE fenerally | Hereages ndawevaral, Boxieaetor hdl & evati on

of that tray {1 o cnhiest R iRhRPLLONiAT e oSt Fliuhlie i2Roker ™

"bi-directional tray” neans a opes 7 Irections so that
fluid flow ng i ndbhewhrdsyob®xhairagshe el evation of that tray flows in two

directions. In a preferred enbodi nent of the present invention, at |east a

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 fray 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



portion of the uni-directional trays 32 are | ocated above at | east a portion
of the bi-directional trays 34. Mst preferably, all of the uni-directional
25 trays 32 are |ocated above all of the bi-directional trays 34.

Preferably, tray box 26a includes at |east about 5 uni-directional trays,
nore preferably at |east about 10 uni-difectional trays, and nost

T o Yau" i naf ShaRaBfiol HLS Pt 1elid AE0L 003erddi¥Pay gper or abl v,

tray box 26a es at east out | rectional

preferably at | eabd tr3@ ialaytook @oRiard inieditdctiod] nfayﬁ,yﬁoreqjitdfemﬂi aplegferably in
the range of from15 -9- to 50 bi-directignal trays. Preferably, at |east
about 10 percent 28PutaP@ pgFcent pee t”f“a@lﬁecﬁlﬂn% rB8ysh@Rd Tuest ayefanphly dpribet i onal

Lrays, more pref SLal i doheag pe BN Syl bigolhonal trays,

and nost preferab ran %rom per cent erce

uni - di recti opal tpramblﬁaﬂeeitaba@dwpatedteasmﬂmﬂ%y%&emhafﬁblalI the

trays in tray box 26a are bi- directional trays, nore preferably at | east

about 20 percent dieetianal teayp.emare rpneferghly sat IQQStI Fﬁl’%tz(gtmcﬁnﬁ ®eGi-1, tray
box 26a pref erablda/ |nclgges an upper set 36 and a | ower set 38 of

uni - di rectional 5 Xﬁpper set 36 of uni- 10 directional trays 32

preferably includes aapliishickin HIG! Ngibid 362 ﬁﬂeﬁ@ﬂﬂytlﬁaﬁées% ugpRper set 38
of uni-directional trays 32 preferably i'ncludes a plurality of W dth-w se

sl oped trays 42. seS36sdmdvanloler séte8anfrumnalireetiocihlGBays 32. Adplpe, set 36 bburgr ef err ed
for each uni-dir tlon tra 32 .10, be el ngat d - with | ength-w se sl oped
trays 40 (FI& 2frBEHRg Ef%';p Prederahly igplys maﬁﬂﬁlﬁyr& 1?19@5 “g%ﬁlga?q? on, while
wi dt h-w se sl ope S E e
direction of tr agr ag{ gggelft%%’oe% st 38 §¥ uﬁ{sﬁr%{ng in @?j@sﬁ% gérﬁglkahgl?ﬁ%ig
directions of sl phealit olfanghkwm sleped trpgsci 2. r Ay shobeh By thevdretivs iniI&S. s| oped
trays 42 are substantially perpendicular to one another. As illustrated in
FIGS. 1, 2, and 8,anded iy isdreigrradjierceash unidiediiopekiay 32 to be elongated ~

with length-wise sloped trays 40 (FIG. 2) being sloped in the direction of
15 tray elongation, while width-wise sloped trays 42 (FIG. 3) are sloped
perpendicular to the direction of tray elongaﬁon. As illustrated in FIGS. 2
and 3, the directions of slope of length-wise sloped trays 40 and width-
wise sloped trays 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 though which the reaction medium

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



20 sl oped trays 40a,b are sloped in generally opposite directions so that
the reaction nediumis forced to fl ow back and forth over |ength-w se
sloped trays 40 as it progresses downwardly in reactor 20. As illustrated
in FIGS. 2 and 5, each I ength-w se sloped tray 40 includes a substantially
flat, substantially rectangul ar main nenber- 44 and a weir 46. In the 25

enbodi ment il | ustya 0. F 18, i j Eﬂ;_ggr are
pref erably coupl %gﬁgg%ﬁngﬂrsdéﬁgﬁgﬁgﬁg%ﬁ%@ Sgﬁﬁ%thee oﬁrﬁosi emlérpﬁcs 27 of
the tray box 26a,floshby gravitgapwars (Wdif46.2aHe dbRehwab] siope fofmial rxehiveen t he
fourth side of main nenber 44 and the remaining sidewall 27 of tray box

26a. Gap 47 provi‘dds peiyablydgdheyangs addremisbent @.fdo ahenitilodegressi fiem30 can
fall d dl . t _engt h- wi | t 40, ~10- Mai
rorber 44 s st op SHRatln RS e B, 4t W e, bR Tlal d eetks S, by

gravity towards Wetrirotd. The downward sl ope of main nenber 44 is preferably
in the range of fromabout 0.5 to about 10 degrees from horizontal, nost
preferably in the ranBefeging pgam ot FIGE. R gndes maiprmembandf zaseats aRef erri ng

again to FIGS. 2 and 5, in nme r- 44 presents general |y flat,

upwar dl y- f aci ng @ﬁﬁ%ﬁﬁ%uﬂ;{ac .W%Ffaﬁélﬁbélpp‘?ms Pt er 2HTY) Hﬁ“%bg?anti ally
no openi ngs ther %kéfel%Blytﬁh@tsuﬁétﬁnda'ﬂg‘Hodoﬂchﬂ'};gs @Hcreiﬂrkottﬁﬁtyalﬂﬁqtﬁﬁﬁouﬂﬁés
over/through weir 46 1n order to |eave tray 40. Weir 10 46 extends”upwardly

fromthe upper swonftmyetlahusipass oventleoughdweprdéxn oedee td feavé avpdl. éVevati on of

mai n menber 44. Preferably, weir 46 is spaced |ess than about, 6 i nches from
t he terni nal? edgé%ofXtaRdsn Upw from thep ugPer ewidacshry Maws memberapbut 3

i nches, and nostgp({)ﬁlfgg%ac %%0‘%%§§]§V%t£mﬁlg?ﬁﬂaﬂlc&%§ﬁbepﬁff ﬁ%}%&’%&r 4616 ext ends

all the way al on -W se sl oped rom si dewal |
27a to sidewal | 2¢gpacdtiess hén alislt BSnétRs Fodh theaeniBsl clipt iofinhain widnitef M sheet

of reaction nediumon tray

44, more preferably less than about 3 inches, and most preferably less
than 2 inches. Preferably, weir 46 extends all the way along the width of
15 length-wise sloped tray 40, from sidewall 27a to sidewall 27c. Weir 46
helps maintain a substantially uniform sheet of reaction medium on tray
40. Preferably, weir 46 has a height of at least about 2.5 inches. More
preferably, the height of weir 46 is in the range of from 3 to 12 inches.
As illustrated in FIG. 5a, a plurality of relatively small weir openings 48
20 are preferably formed near the bottom of weir 46, adjacent main member
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 42a,b 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



40. Preferably, weir 46 has a height of at |east about 2.5 inches. Mire
preferably, the height of weir 46 is in the range of from3 to 12 inches.
As illustrated in FIG 5a, a plurality of relatively snmall weir openings 48
20 are preferably fornmed near the bottom of weir 46, adjacent main nenber
44. \Wir openings 48 permt a relativel y-131n=all gquantity of reaction nedium

to flow therethraqygk duijing &h rWIlﬂ RN #ly & QEélﬁcfeszQFub%Htfaﬁ shut down

of reactor 20, weir openings 48 al ow su ntra ction
medi um to be dr aiffgdubstintoly reciysguid, mao rmdmheresormdla vodir $heTRteersglzst i on

medi um does not renai.n tr ed behi nd e eact or shut down.
As illustrated i PIEPgig mam % tg‘ﬂarz}EF gouR) fq éa$|89a 8@] nf'im’rﬁ B?Fhe\/\f sl oped
trays 42a,b are gﬂﬁfg | [ react i on
mediumis for ced%%dg%ﬁggvﬁggg andh?(‘i deée?’ £ Cg‘?‘ﬁg v?ng’s%z S oged rays 42
as it progresses bdovmrahdtfgtmmmdearﬁmmn 2embis 50 :lmnlstﬂneaemdiniirrg sﬁi&walfl GS. 3
and 6, each w dt 0 tr I ncl.udes a subst fI at
substantially re tu?I‘YaL’ )Eég?r ré%ﬂ)ég %Vlé?ﬁjwamgrww%%ﬁ of main
{ray box 268 whi éﬁgn;@%ﬁ%“@ G G TER, B AP 100 wi %tt m‘é’%"n' the
fourth side of naldpedrerapei2. SMaandlehﬂber senasmpergs@rm\ﬁw teacoh efediunay box

26a. Gap 53 provi des a passageway though which the reaction nmediumcan fall
downwar dl y onto AR lqwxk YE@\X&F deparprdly dewards gyagS2.r dhe downrrdhsleBerber 50 i s

sl oped so that t n y rdlyn t owar ds
weir 52. Thzﬁdomﬁﬁa‘?@ﬁgﬂg&e f%ggd %\Msd?% l\i}ml"rgﬁéeg I %%{é%vérh§' qg\éll\% | ﬁgréébases
downwar dl'y in re®etferabB) the Bpgdreioabiye of e Widiiwies slopae tafys t42ehad dt h-wi se
sl oped trays 42 has a downward slope in the range of fromabout 0.5 to

about 10 degr ees dpwawerhyepe wnthg rangegdtirgm ebewtabd yo peput HE degrrge fmfrom | to
4 degrees from horizontal, most preferably in the range of from 1 to 4 degrees from

horizontal. Preferably, the lowermost one of the width-wise sloped trays
15 42 has a downward slope in the range of from about 2 to about 20 degrees
from horizontal, most preferably in the range of from 4 to 10 degrees
from horizontal. Preferably, the downward slope of the lowermost one of
the width-wise sloped trays 42 is at least about 1 degree greater than the
downward slope of the uppermost one of the width-wise sloped trays 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



horizontal. Preferably, the | owernost one of the wi dth-w se sl oped trays 15
42 has a downward slope in the range of from about 2 to about 20 degrees
fromhorizontal, nost preferably in the range of from4 to 10 degrees from
hori zontal . Preferably, the downward sl ope of the | owernost one of the

wi dt h-wi se sl oped trays 42 is at |east about 1 degree greater than the
downwar d sl ope of the uppernost one of th@-wi dth-wi se sloped trays 42, 20
nore preferably %scﬂeﬁe}ﬁ(sre%@@feﬁab?y ReIhes sballt Sahekest BaPmbRedRMMRNLss! ope  of
t he uppernost one of the w dth-w se sloped trays 42, and npbst preferably in
t he range of frothah ItmclloPﬁgablefswglréateétendhalhﬂtma)dbﬁmwam sidewhlbgébof t he

upper nost one of the.w d tra 42. Re n |nt FIGS. 3
and 61 e n menbapd SHALATAL oo Ipt NP 2 bR b6 B ARt her ef n
so that all |iquipdrdaau ﬂﬂdﬁ&h b6 By 42 pf@ﬂ&hblpa%lrgwaém%%whfmbést52 In
order to leave tray 42. Main nenber 50 presénts a generally upwardl y-facing

upper surfack. Wsbeutz25 mchemdédommmfewb}'y fth@hvlghEOﬁwperSZSllmﬂ doerapge mai n
menber 50 proxina t elevatio Preferably,
weir 52 is spacea%fPHh?% 2!’1‘@?’?&# Lfsnéggéncﬁq&nﬁ'? %Fﬂ%}' °§6°1 ej Y di st ance
of less than abouf,f étzopén 8% ar c?er%@ff&rrﬁézhyea}ﬁ%b&tmo%eﬁt 23 inches,

and nost preferably Iess nlin Preferably, weir 52 extends all the
way between si dewjglaberﬁZhamaneinherdmzvaWen%}ienmgﬂ 54 permnelapslativieht ainall a
substantially uniformsheet of re ctlon ontr 32 Pref er ny, wei r
52 has a he| ght Sramity| ehdradiiony SALYD 5t s Eﬁ ‘éﬁ‘%ﬁbl‘gpm% e hei ght

of weir (? in ?élﬁn ﬁgﬂ%a tgit 26 rBﬁTu"? Elﬂlt&gwﬁ Bf:&%étog?@ Whllrﬁﬁélﬁlﬂ%@gl ' n FIG

6b, apluraltyo atlve peni n ar e y formed
near the bottom aﬂowmubstﬁihanyaed] aﬁ‘.thﬂtremon mahimartoaih drdéried afﬁemmgs 54
permt a relatively small uantity of reaction nmediumto flow therethrough
during nornal 1043p¥rthel podfof therepgionmedipgy dasg nohiarerinirapped belipdr 20,

weir openings 54wen' 52 when reactor 20 is shut down.

In one embodiment of the present invention, at least 5 of the uni-
15 directional trays 32 are equipped with a weir, more preferably at least 10
of the uni-directional trays 32 are equipped with a weir. Preferably, at
least 10 percent of all the uni-directional trays 32 in tray box 26a 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-



all ow substantially all of the reaction nediumto be drained off of trays
42, so that a pool of the reaction nedi um does not renmain trapped behind
weir 52 when reactor 20 is shut down. In one enbodi nent of the present
invention, at least 5 of the uni- 15 directional trays 32 are equi pped with
a weir, nore preferably at |east 10 of e uni-directional trays 32 are

equi pped W th a Wakétional @agd 38l iMecludé altb@aghg #biPRAYeMa d Aough Reays
uni -directional trays 32 in tray box 26a are equipped with a weif, nore

preferably at |eddb. 3% pehapsnesbillustratediin FIQHr éxandrial cachdyiglidetionad equi pped

with a weir, and referaply at |ea .20 66 rce of, the.
uni - di recti onal {ﬁr@;@agzﬁ&r gﬁ’ﬁ%? F?'Be'dpr\‘lﬁ%& I‘fh}él%\?kirﬁlgga‘ﬂe%\eq‘\d BRI provi de
nore residence tlagRnivardlSlobiheaabi MRmbERBLEY citbBading th SORYAN bRAlc desi gns,

while requiring equivalent or less reactor volune, trays, and/or netal
surfaces. Fu¥t hedjrettivmsiim shechottane lop dividesunetaber Gthi Brel mshndets 3,60 eact i on

di the t th i 25 PET.fini desi , it
Choul 0 bo noted ANEIES RAnSRBSHThEnheRurT oMERE A bRuRRtuy Bt
provide thinner gReedSnahbareEt AOfkst FRALIE forthbd BevekARHE EGhindI @Ry t T ay to

tray and thicker sheets of reaction nmediumon the trays. As illuStrated in
FIGS. 1, 4, and @frdof mtmter 5B andsidewall 278 4AaeconBgapcelis| fetmedbatmdemxt end

bet i dewal | § 27b, d of box tray 26a. Bji - 13 directional trays 34
'ncl ude al ¢ or nat Mg\ oPBOwT eiEs f 3a5F mREr O0Rdsidguall 3p, He pEeTbs best
i1 lustratedqn Fhﬁ'ﬁiurﬁ@g?@?g@wgﬁﬂ?%h@l%ép%?é ergl %dEPR)freBEI?‘Mm:’ﬁ@; i ncl udes

an upright divider ne nd a”pair-o ownwar dl'y sl opi ng rooF nmenber s

58, 60 extendi ng lowgdndirattionabppag trey Hbdi rections fromthe bottom of
di vi der nenber 56. Roof nenbers 58, 60 diverge from one another as they

extend downwar dl'y andRefrime ey 9 Fias. h anddé eaehberiregional wpwgh trgup 62 is
formed between thg, tigrhnal, sgigeof downwardly sloping trough members 66,68

coupled to and extending inwardly from sidewalls 27a,c of tray box 26a.
15 Trough members 66,68 converge towards one another as they extend
downwardly and inwardly from sidewalls 27a,c. A gap 70 is formed
between the 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



of roof nenber 58 and sidewall 27a. A second gap 64 is forned between the
term nal edge of roof nenber 60 and sidewall 27c. The reaction 10 nedi um

fl ows downwardly through gaps 62,64 in order to reach the next |ower
bi-directional trough tray 34b. Referring nowto FIGS. 4b and 7a, each

bi -directional trough tray 34b includes-&pair of downwardly sl oping trough

menbers 66, 68 cq&bqlzsgﬁr,%ggg)rrgf&ewiimé Ak Yrohd qgstai)%g&géggﬁ%m of

tray box 26a. 15 Troug 6,68 converge towar er as they
extend downwar dl horemotal. nReaferiablyf thendeiead sicpe Dfahe lowergapt de bf tHeor ned

bet ween the | ower, tgrm.nal edges, of trough nberg 66,68. Gap 70 is
sufficiently |argddigeten v&r?ﬁes‘%eﬁa?ta?‘@g%ﬁgg‘itsgoaegré%sctgi’?ﬂﬁergﬂtﬁ“umq | owi ng
on trough Member Siifinhiid LRt GBI LpERRSALE. BPukfttViilcBlibnd 20U A HaR 70 20 toO

the next |lower roof tray 3 eparate portions eaction nedium
that flow onstroyghferabibatrlsash @b 4 dedgreed graatarthinythe kivougiard alope 60 then

opposite sides of the dividi r}ggwggng,er 56 of the next |ower_roof tray 34a.
L_n 3_ pr eI err efj terf‘l?@ﬂ??r‘%sﬁ_lonﬁf" f ’s ‘é%‘é’ﬁf‘raqll:‘ﬂb’_ér%’ gRd et Pg?féf?@h?fn thE|5 thet )
I -directiona rﬁﬁ% r Y, €
upper nost one of t gﬁ%?fé???@na&?%%s téﬁlﬂﬁgsﬁgcé g‘;\/\%vgv\%(ridﬁéﬁoggﬁ?n t he
range of from abaippefindst bne abihe bi-d@ectopakbesysf3om hori zontal , nost

preferably in the ran&% of froml to 4 degrees fromhaorizontal. Preferably,
the | ower most one of RSETHRE diovedei BT | rangs842 HassiHomomembeind2 diss| ope in

h finf 2 14- I |
or ot crably 15 tnerons BetfBR e AT BERBIL Al RO YhpRiRe ™

Preferably, the dwwwanthisliepgoml tidge 3200edsmd sisee fw ohebi-ditecBbract i onal
trays 34 is at |east about 2 degrees greater than the downward sl ope of the

upper most one of taye 3 - dirpesition gagmber ol igqoupied do and extends between
sidewalls 27b,d of tray box 26a. Transition member 74 includes an upper

distribution bin 76 and a lower distribution tray 78. Distribution bin 76 is
15 operable to receive the reaction medium from the lower most uni-
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 towards 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



5 preferably at |east about 4 degrees greater than the downward sl ope of the
upper nost one of the bi-directional trays 34, and nost preferably in the
range of from6 to 20 degrees greater than the downward sl ope of the
uppernost one of the bi-directional trays 34. Referring nowto FIGS. 1 and
8, atransition nmenber 72 is 10 enployedife transition the flow of the

reaction nedi um f i L=Ci i LAy to
Goubl e sheet 11 o Shom A FEERFond oPufifegBodlhbrdtobaed bATRpoli el | o
coupl ed to and exdienids linet84eeRrefaiatibywahd suRdlatide wipeh raaga Hefingbhy firgiansi ti on

menber 74 includes an upper istribution bin 76 and a | ower djstribution
tray 78. Distri bu?RGHSBPRR 6 %taritsalkyp?éwaﬂtpéflﬁ errplallys epanaEes é%ﬁ&lﬁd&a( medi um
fromthe |over mskoriopefnbectdional hifkadd aRBuiR! bf fdgidPantdiam Ted!um
into two substantially “equ portions. ﬁe two equal portions of reaction
medi um are di schangeaticatlpnilowethvonglofirsf and sdecodalitopeminiys NBG&Gh.onFiastsepar at e
diverging sections 80a,b of distrjbutign tray 78. In_the same manner,
subsequent 20 spl9REEIMEH SORATE 3 ﬁP"&PY‘Frnéfsf P?ﬁﬂoﬁog/%s?ﬁ@éﬁit&t‘-o&itF?éfc?&onal

trays i s possibl WS i [ digst 1. j i el
mul tiple bi-dir e%?lgflgﬁ&nga%ﬁ{ﬁ ggﬂé\ Afggua{éf gg(é %?%B?%@uitsrgéetgmggagiifcosi ty,
flowate, and |i gdteibutiapirdy T8rgets. Distribution bin 76 includes a pair of

sl oping sidewalls 82a,b 25 which converﬁc};}g downwardly towards one another. A
divider line 84 is dé¥sishewnain FHaS| &byt the fempapleedgey ofalitss agd seepndoi n one
another. A .pluralit. f fi pepin [ efined ipn sidewall 82a
proxi nat e 01{3\” desrloqn?{%gecélﬂpg Eb%ﬁu?gﬁsﬁg’uglsgéggggaxgpsgﬁ?eﬁlg ogﬁg%waéisdefi ned
in sidewall 82b Ma%ontﬁﬁﬁ%dﬂ)b\%d,ﬁrarb if6tened4hereb@bhReRb e tivba0béthntMymenber 78
30 includes a total of at Teast about 10 openings 86a,b. As best |P,I ustrated

in -ls- FIG 8b, fdqusk pertians ef senstiopancdign dischatgedr Gomodiatribytion bapési t e

sides of flow on downwardly-sloping diverging sections 80a,b of distribution tray

78 toward gaps 88a,b. The separate portions of the reaction medium then

15 fall off of distribution tray 78, through gaps 88ab, and onto the

uppermost converging bi-directional tray 34b. As mentioned above, the

two substantially equa! portions of the reaction medium are then kept
separate as they flow downwardly over bi-directional trays 34.

Referring now to FIGS. 9 and 10, a first alternative reactor design

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.



divider line 84. Preferably, the cunul ative open area defined by first
openings 86a is substantially equal to the cunul ati ve open area defined by
second openi ngs 86b, so that equal anounts of reaction nmediumb5
automatically flow through first and second openings 86a,b. First openings
86a are aligned over first section 80a oflaH stribution tray 78, while

second openi ngs 86b a | % e cti ol j bution
tray 78. As shown in Elg%gl.lﬁ%ggg,tBt}ﬁfeGS?efrzl(rjngﬁ%ﬁ%égg%goﬁggﬁgt%@aﬁeéeggcond 10
sl opi ng secti ons d8fign bis ilbfstrdied! r Ahernhve réajor IB)0aineludpadede tmagnbaedewal | s
27a,c so that ga&ij 88a,b are forned therebetween. The two substantially
equal portions o ?8B¢€ti on nedi um di scharged fromdistribution bin 76 flow

on downwar dl y- sl opi ngRgfewagghag RERiGons, Q%FE RentiSt Loy BQSHLHE gy 18

toward gaps 88a,b. The sepatate portions of e reaction mnediu hen 15 fall
of f of distr$ butiilbustratedy ABernbfiveotgbtog B9 BShudes sandapbbred BE2. Upger nost
converging bi-directional tray 34b. As nentioned above, the two

substantial |y eqdstehbas thsrdvantagael vsang mase spasqiwithinthe fopeickgessel, separ at e

as they flow dovvg cdéi% o‘?‘fﬁéréﬁéﬁdﬂ ‘;eggéliﬁg@% récfu%&. 34. Referring nowto FIGS.

9 and 10, a first alternative reactor I'gn is illustrated. Alternative

reactor 100 includes Réfeitirg gl G nayabakerdfidze undirsctidsl gy Baggt he
advant age of not needing to split the feed equal I_ﬁ/ among nul tiﬂfl e tray
boxes. Thus, theicdhstaadt i Bie vri-direstipnautrays 400 iflustratedninl FiG.el? a¢ so, t he

total nunb f i St i buti iff £t f .t .. nunb
wei 15, " ocal® on SPt e HoSE IRttt RIGS s b € T iR ted b BSiad't or ere
than that of reagtg@p 480 befdeR the Biok JMESLesbhi\[HRdRBERal trh) UBD gl qhd hat it

may be desirable to vary the design of the reactor to nmeet the particular
requirements of nearegirodayes! @6 hifnthehiren box. i dt ishpildnlemmederstoedwehaer , al |

designs disclosed Aet 218s Hega Wot B3 WAF FTRL brad lbok itk oS BALs abfhent ! on-

associated; rather, sidewall 406 can be the wall of another tray box or the
15 wall of the reactor vessel. As illustrated in FIG. 14, this gap 402 between
the back 404 of each tray 400 and the nearest sidewall 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 incinde 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 recornbined with the portion of the reaction medium 408 that



-16- Referring nowto FIGS. 11 and 12, a second alternative reactor design
is illustrated. Alternative reactor 200 includes three tray boxes 202a,b,c
Referring nowto FIG 13, a third alternative reactor designis 5
illustrated. Alternative reactor 300 includes six tray boxes 302. This
design has the advantage of using nore space within the reaction vessel, so

the size of the gﬁ)‘%&cd' g&ratﬁg%erm}g%e é%e Jﬁdé’tc d. lthE)t%F a[aél(f{b%ﬁr]}gdlvﬁ IeG 14, an

alternative uni- rection tray srrgn recti onal

trays 400 ill ust nakediriy 460G Inlddar & almvswbb@fﬂow hasgon lnllaa%ﬁ%ed in
FIGS. 5 and 6, but, are configured to provide a gap 402 between the back 404

of each uni -di r edlingriaithe wppgr oY 48 dntih positienadeeer shajloweer [tray0®)0pfit ishe tray

box. It should b de d_that .,side |, 406 need ot be .a wal |l of the
tray box with ch’ %anrarytié?olgg 5°uél%e%%%%%'le§§ 316 2 heapm- 56839\%%“ Z(E)éogan be the
wal | of another t ayvdmiginunk fadh® d¥edulvaiireldTat [QKCE RCh ViRSiShrefefsh

illustrated in FIG 14, this gap 402 between the back 404 of each tray 400

and the nearest dné&hamahge aDBoml ahous 14 to pbewti Bhinghes: hed prostprsfeablyenct i on
medi um 408 to ov%éflow tIhE g%?k 404, of the tray 400 and fall downwardly to
the next |ower t P 48000 ¥oMg QfNERES. by ovide a sufficiently |arge opening

for passage of the ovRrhb@w diéh gé)nlit%@‘fﬁdt% EREbdiMefP flustrhted $n BIG! €47 €d for
the gap 402 between the back 404 of the trays 400 and the nearest sidewall

406 to have an aeephkpges wmidlitechbnal arayseddt vathout wieitsnc Thuspthe Ereiml ably in
g ofCt T & Fuee Ak ok ate trive ARG ististed M 16 AlcdaTReR Yo FEaotia i1 s
preferred for the, &@ifgﬁ&g A04 din ei"ﬁl4gf¥l1l%ctfa1y9ﬁ% ru@ythﬂaﬁmﬁe'ncl ude a

rounded | ower edge t permts the overflow'ng reaction I'um 408 to
“cling” to the wpparedptafa4@fk. Hidwevertit issoptesiplated et theeddachiovefhsd a

portion of the next
design 1llustrated in FIG. 14 is also suitable for use with trays having
Wweirs.

15 The reactors illustrated in FIGS. 1-14 can be employed in a variety
of different processes. These reactors are particularly useful in processes
where 1t 15 advantageous for chemical reactions to take place in relatively
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
invention, 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

25 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.



| owest tray 400. Once positioned over the next |owest tray 400, the

reaction nedium 408 falls fromthe upper tray 400 to the | ower tray 400, 30
where it is reconbined with the portion of the reaction nmedium 408 that -17-
fl onwed over the term nal edge 412 of the upper tray 400 and onto the | ower
tray 400. In order to allow the overflow ng reaction nediumto cling to the
upper tray 400 until positioned over the nger tray 400, it is preferred
for the rounded | ower edge 410 of the uni-directional trays 400 5 to have a
m ni mum radi us of cur\Jataupatioflady prefastd proaesd,thevesctor &f enplolygd inra t he

range of fromabout 1.5 to ahout 12 inches, an st preferaply in the
range of from 2 tRf"%eSFn%’ﬁdér.OB‘F‘im%m Y?‘?o“ﬂ‘é&ﬁggléﬁ E%%T)-t hi SHefbdi nent

illustrated in FI b direct | | L Veirs.
Thus, 1 he ter mi ndi 2ot EFROHT pitBlirt KhEhhe BV b YR I e T v
defined by an edgf @iyhfezatiehDPNn Bel tingd of frohi sboikT0ab #bbdt 95, bR trays

400, rather than by the upper edge of a weir. However, it is contenplated
‘that the back- ovantfembly thethe gangel affeam abad 3i5rfo mb@at G0 and nagss preferiabbbl e f or

use with trays havin weifs. 15 T reactors illystrated in FIGS. ,1-14 can
be enpl oyed ?/n a 195#“%@?? ogﬁo’ﬁi’i é}@ggntp‘sp‘}%gég@é‘é. H?&Tg%g%@g{;}ﬂ&zgtug}e
articularly useful «hyp» S | fimd V. em cal
Peact i ons tg takedllplEge%g&%eﬁgiﬁg\é%fﬁfh?egé%?gt g&gﬁﬁggﬁoiwgﬁﬂngdi um

Further, these reakfihed as decnudnisdrgivetigt polyant ansieclafrewtipht dividedt bypthewher e t he
viscosity of the reaction nmedium 20 increases during processing. In a
preferred enbodi rfeprat Bhit mpdequlas yeqight. iAptbaisaghon mediumy Alemsclownseasdyt y

di [ h t] ' 1t the. t [ t | t
Sbout 50 peront 1iteugh ¢he Tricier ihe R, MRdhe Fbob sPBgET iBRFE AL B med; um
ent ering the I eagioiooniskrior?" Pleférdll eI 6P reRRsh AARURSHEEAY i eat o1

than the dynam c ‘vi'scosity
reactor is at least about 25 percent greater than the DP of the reaction

medium entering the reactor, more preferably in the range of from about
50 to about 500 percent greater than the DP of the reaction medium

15 entering the reactor, and most preferably in the range of from 80 to 400
percent greater than the DP of the reaction medium entering the reactor.
Preferably, the reaction medium exiting the reactor has a DP in the range
of from about 75 to about 200, more preferably in the range of from about
90 to about 180, and most preferably in the range of from 105 to 165.

20 In a preferred embodiment of the present invention, the reaction
conditions in the reactor are maintained at a temperature in the range of
from about 250 to about 325°C and a pressure 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.



25 the reaction nediumentering the reactor, and nost preferably at |east
1,000 percent greater than the dynam c viscosity of the reaction nedi um

entering the reactor. Preferably, the reactor(s) described above are

pol ynmeri zation reactors enployed to process a reaction nedium undergoing
pol ynmeri zation. -18- In a particul arIy pref.erred process, the react or IS

| oyed i d t hth | at In
cuen a2 pr ocest. “the: AbazRlR Enelie Sebi iy SRR R Y has a
degree of pol ynariZat peferdtPbpbiablee maRGsh: 85 abérase aboytorfe teacaBRUL 75,

nore 5 preferably in the range of from about 35 to about 60, and nost
preferably int hmdllangm the tfaye i 40 laast Bout AS inchss, hmstapmfcraule/gmethe of

pol ymeri zati on” er-average degree of pol ynerization,
which is defi nediar%‘?‘l “ﬁﬁ%i@“ﬁb $age pol ymer nol ecul ar wei ght divided by
the repeat mnit nol egyl %ve)‘iﬁir:g H&te st fo?%ll&ﬁﬁﬁéric%ﬂrd}%@k :ﬁ%%ﬁéﬁ’"ﬁcx@ﬁl"m""ar dly
10 through the reactor, the of the reaction nmediu creases dué

pol ycondensat i onthﬂmieeamblower am dfhofangtecandedhdegrndadiofone xnethag t he

reactor is at |east about 25 percent grfi(i)er than the DP of the reaction
medi um ent eri ng £REC¥BRIEG NumgrE! pngf af Abioyl00memns sreaigiethar 1PeBdoBbOUt 50
to about 500 per n I i entering
t he reactor, and?&gtt ?@#era% %{%E?ﬁgﬁ)gﬁg@bg}r&ﬁﬁ&t E@gm??ﬂ;ﬁ%gllgug%rcent

greater than the llﬂﬁtaﬂf)n bl greaf@atianor) (WethouMhenippér Bgindhe ¢18@e tiiitation
Preferably, the reaction nediumexiting the reactor has a DP in the range

of from abol 75 of desaun 10800 itheyt thegpwrebeusd), asnwelhes thm sl &8 td 18k about

90 to about 180, and B?’ eferabcL% in.the ange of from105 to 165. 20 In
a preferred embofMaE itV IBPOMHIPRST Al tefh%ﬁiﬁ ‘on, the reaction conditions in

the reactor are mai nt ¢hdgdeRorthds SRBLIALHB&I 1hrﬂe§ei?19wftﬁ‘§9ﬁicgfar réfeRb@bout 250
to about 325C and a pressure in the range of from abo

to preferred embodiments thereof, but will be understood that variations

and modification can be effected within the spirit and scope of the

15 invention.



0.1 to about 4 ton, 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, and nost preferably at a tenperature in the range of from 275
to 295C and a pressure in the range of fromO0.3 to about 1.5 ton. The nean
residence tine of the reaction nediumin_jhe reactor is preferably in the
range of from abo [ ours, nost preferably in the range of
fromO0.5 to 2.5 riﬁkéf&ﬁiﬁﬁﬁfaﬁif configuration descri bed above with
reference to FIGS. 1-14 is preferably operable to maintain an average depth
of the reaction nediumon the trays of at |east about 2.5 inches, nost

preferably in the range oA feh&bt doPrididg] ﬁ"ﬂﬂﬁ‘ﬁhty%fr%lbémﬁéﬁa%é upt e that

for all nunerical ranges provided herein, the uppe nd I'ower ends of the
ranges can be |ndb$éh@r@hts oped tnaps amd)@mélﬂalltyﬁtfrveamﬂwsppc@ bivdisciional r ange of
10 to 100 ne er_tha ss,than.100. a ran e of 10
to 100 provi grt{rayfbr reé?gﬁ ?qpen?féqlfld‘ﬁu' ire ?%r%f;{g?ayfhlﬁﬁrei‘ HF5(wi t hout

t he upper bound) do@vn&la@dlﬂn limtation 10 of | ess than 100 (w thout the | ower
bound), as well as the full 10 to 100 range (with both upper and | ower
bounds). The invention has been described in detail with particular
reference to preferred enjodi rrents t r.eof rstood that

be und
variations and nodiffcati Lea5'Pe 0 %‘B’c dd “alef‘?ﬂl nthFh%IOE&?fef‘algnHI‘scope of
the 15 inventi Or&lrccl%fﬁal frr!iﬁ é}@g&idbinr ect DIS: 1. Areactor conprisi ng: a

plurality of vertically-spaced uni ‘onal sloped trays and a plurality
of vertical lig-spaced bi-directional 5 sloped trays, wherein the slope of
said uni-directional trays increases
3. The reactor of claim 1 wherein at least a portion of said uni-
directional trays are Jocated above at least a portion of said bi-directional

trays.

15 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 1 wherein adjacent ones of said uni-

directional trays slope in opposite directions.

20
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.
25

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

30 second directions are substantially perpendicular to one another.



downwardly. 2. The reactor of claiml1 wherein the slope of said bi-
directional trays increases dowmwardly. 10 3. The reactor of claim1l wherein
at least a portion of said uni- directional trays are | ocated above at | east
a portion of said bi-directional trays. 15 4. The reactor of claim1l
wherein all of said uni-directional traygjare |ocated above all of said

bi -directional trays. 5. The reactor of claim| wherein adjacent ones of
said uni- directional trays slope in opposite directions. 20 6. The reactor

of claim 1 wherein saigd bi T rf@d%&;r%@eimﬁlnawﬁereimﬁg%?1@};&%{1@6?mu{eoof and

trough trays, wherein said roof trays Include a

downwar dl y- d|vergmn@1nemﬂrﬂﬂmbeﬂspnmhmﬂmmnﬁgaudahdaughMIthmcmﬁnﬁmude a pair
of downwar dl y- coné gin@rtrou h nerrgE 25 7. The reactor of claiml
wherein said pl urtdf rsajdfieactay arg 'ﬂHﬁﬁFm?}E?§ i ncl udes an upper group of
uni-directional trays sloping back and forth in a first direction and a

| omer group of uni-directional trays sloping back and forth in a second
direction, wherein sai9d fiTh¢ ramdor 30 cd&npndwhieretic tthorstopar ef ssahbtuantial |y
perpendlcular to gne another -21- 8. The reactor of claim| wherein at

| east 10 percent Grectipnal irgus varcssby at leastpbouh idseress. svhsieinghe slapegral trays
and at | east 10 R&[ 'leeg‘{l 'ﬂrél(s‘;ﬂ?‘%m}%ﬁmaé% e S‘F%‘{é&%tor are bi-directional

trays. 5 9. The rea rein of said uni-

10 10.  The reactor of claim 1 wherein said uni-directional trays
include a substantially flat main member presenting a upwardly-facing
sloped surface, said main member having substantially no openings

therein.

15 11.  The reactor of claim 10 wherein at least a portion of said
uni-directional trays include a weir coupled to said main member and

extending upwardly from said upwardly-facing sloped surface.

12.  The reactor of claim 11 wherein said weir has a height of at

20 least about 2.5 inches.

13.  The reactor of claim 11 wherein at least 10 percent of all of
said uni-directional trays are equipped with said weirs, wherein said weirs
have a height in the range of from 3 to 12 inches.

25

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

30 dividing line, and a second group of openings located on the other side of



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 10. The
reactor of claim1l wherein said uni-directional trays include a
substantially flat main nenber presenting a upwardly-facing sloped surface,
sai d mai n nenber having substantially no-gpenings therein. 15 11. The

di re

{rays | nol ude & wild 200G SatrhEaR dnf s E P AG: et Bhay wlbieral y
fromsaid upwardl g?oﬁﬁ%!fﬂgerﬁh%f@d;u%tﬁﬁﬁ’él% théZamEns th@@ﬁﬁqﬁfatl% df)leﬁ“a'iréall
el

wherein said weir has a | east about 2.5 inchées. 13. The
reactor of clalmtleﬁnﬂﬂb]f’éﬁlldsacoﬂdﬂgﬁp ofopeaingent of aII of said

uni -directional trays are equipped with said weirs, wherein said weirs have
a height in the range of from3 to 12 inches. 25 14. The reactor of claim1l

wherein saidsreactor ijBcl UGRS rBactdr 6fl§latixhoﬂ4 REHER&h i RAsGHoR Shawbaal d
uni -directional trays and above said bi-directional trays, wherein said

transition rrerrbermdlsﬂesnespaa ofddwmmgly-cmprgng wadls thatocomverfgeopanaidsgs

| ocat ed on one side 8 [g%gg‘ IVl din (g l'ine, and secong gr oup of openi ngs
| ocated on the ot$3&hdwi PC’Z"Z CIEW f‘\rlsftdﬁnﬁgscf’? ETORPE PEPRERIAGS 8ignul at i ve
open area define ARG . ally the sane
as the cumul ati v(ejlog%%(flﬁﬂ g?gélétég‘gl?%gpﬁgﬁisdal d se%gﬁld&%ﬁ){%ﬁ%@g%em ngs. 5 15.

The reactor of claim 14 wherein said transition nenber includes a pair of
downwar dl y- conver gi ng vval | s that converge towards said dividi n? i ne,
¢}

wherein sai d%irst and secgh%lr“‘gﬂc&mg @#lnbéeﬁih%eén&?éeasﬁ a@ertien gf 6xidmat e t he
bottom of said dol\llr\f? rchXlaF&Q)y fil%gé}lg avﬁaa i(%nd and a terminal end, wherein said

back and terminal ends are located on generally opposite ends of said uni-
directional trays, wherein said tray slopes downwardly from said back end
to said terminal end, wherein said reactor defines a back gap located
15 adjacent said back end and a terminal gap located adjacent said terminal

end.

17. A reactor for processing a reaction medium, said reactor

comprising: a plurality of vertically-spaced sloped trays, wherein at least

20 some of said trays include an upwardly-extending weir over which at least
a portion of said reaction medium flows in order to pass to the next tray

located immediately therebelow.

18,  The reactor of claim 17 wherein said weir has a height of at

25 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.



10 16. The reactor of claim1l, wherein at |east a portion of said

uni -directional trays present a back end and a term nal end, wherein said
back and term nal ends are |ocated on generally opposite ends of said uni-
directional trays, wherein said tray slopes dowwardly from said back end
to said term nal end, wherein said reactopidefines a back gap | ocated 15

adj acent said back end,.and term nal ~ gap.l ocated adjacent said term nal
end. 17. A reactor fo&oprogg%?aﬁ rg?,c]&aﬁgflﬁ’o\ﬁﬁqg@iqgﬁqe{sgg(?aerpggcqf(ﬁll of
conprising: a pl uga irhys £ eiBppdCRith ¥aigRRged sl oped trays, wherein at |east
20 sone of said trays 1 nclude an upwardl y-extending weir over which at | east
a portion of said reaction nediumflows in order to pass to the next tray

| ocated i medi ately therebe]low. 18. The reactor, of. claim 17 wherein said
weir has a hei ght of gﬁ 2§L?er§§‘ftorat? u‘?lalzn?Sﬁ FEen sad ey meledeoR of claim
17 wherein sai d wWaifal; i AGe S nal Rayd he range of from3 to 12 inches. -23-
20. The reactor of cldim17 wherein a¥ | east 10 percent of all of said
trays are equipped with said weir. 21. The reactor of claim 17 wherein said

trays include a 5 pluyrality of uni-directional trays. 22. The reactor of
clai m 21 wherein adj adént GheEeagtor ofjcipimg L WBF‘E"%%‘SB?P&F opgs9ksaid gpE i n

opposite directi pdhsecfi&%l f3vs ot efnecga@roﬁga &}ec%%%_m 22 wherein the sl ope of
S

said uni- directiona rays 1 ncrea ownwardl'y. 24. The reactor of claim
21 wherein said trays include a plurality of bi-directional trays. 15

10 23, The reactor of claim 22 wherein the slope of said uni-

directional trays increases downwardly.

24,  The reactor of claim 21 wherein said trays include a
plurality of bi-directional trays.
15
25.  The reactor of claim 24 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.
20
26. The reactor of claim 25 wherein the slope of said bi-

directional trays increases downwardly.

27.  The reactor of claim 24 wherein said bi-directional trays are

25 located below said uni-directional trays.

28.  The reactor of claim 24 wherein said reactor includes at
least 5 of said uni-directional trays and at least 5 of said bi-directional
trays.

30



25. The reactor of claim?24 wherein said bi-directional trays include
alternating roof and trough trays, wherein said roof trays include a pair
of downwardl y-di vergi ng roof menbers, wherein said trough trays include a
pai r of downwardl y-converging trough nenbers. 20 26. The reactor of claim25
wherein the slope of said bi- directional24rays increases dowwardly. 27.

The reactor of claim wherein sai i.-djyectional .trays are 5 l.ocat ed
bel ow sai d uni -di recti% hal ?5&?5.?“?%.0? _ eiﬂ{’e Yor ggle ?éi Rﬂréﬂn\ﬂﬁé?lgi n said
reactor includes gdped @R&tpresédt aSBdclt sl vilck@if tsafNBhyd ERYE AMwakdlyeast 5 of

said bi-directional trays. 30 -24- 29. The reactor of claim17, erein at
| east a portion dfomaeid backpad te saigsver, adwrrin gaidacketendelindserrick ai d trays

sl ope downwardly , fro ai d, ba nd to.said ir, wherein said reactor

e nes a back udptrOrdRi S el tnd SR ekRafie BltFRR of s SeB80 o
portion of said nhfaftmoibws sREsaMbhtiows Mdedovdl &t dRatkogiidarhctpapvar dl y

t hrough said back gap in order to pass to the next tray |ocated 1 mredi ately

t her ebel ow. 30. Anpuodeyriepassie themept beelosated impmiediatady thesgbelaw.r oduci ng a
reaction nediuminto a pol ynerization reactor conprising a plurality of 10
vertical |l y-spaced sloped trays; (b) causing said reaction mediumto flow

downwardly in said pohgnerxzati ; t e ek Merky ¢ ~Spaged
trays, wherein the avgp'age}\t ﬁ?lgﬁir%relgfﬁ%f Bi;o(g?édé rE%‘z‘ %1?1% r%)d:ﬁﬁdﬂnc}%c%\% %g on
said vertical | y- spatied rhediyin in® apolyhsraatibrateaatoo ¢oniprisingnec hlusalay ofor e; and
(c) withdrawi ng sai d reactign rregi umfromsaid pol ynerizatjon reactor, 15
wher ei n t he l@legr d&rtisallyspiced slopse trgus: (Drsauging saidyreastien imadiviade uhew

downwardly in said polymerization reactor over said vertically-spaced
trays, wherein the average thickness of said reaction medium flowing on
said vertically-spaced trays is maintained at about 2.5 inches or more; and
(c) withdrawing said reaction medium from said polymerization reactor,
15 wherein the degree of polymerization (DP) of said reaction medium
withdrawn from said polymerization reactor is at least about 25 percent
greater than the DP of said reaction medium introduced into said

polymerization reactor.

20 31. The polymerization process of claim 30 wherein the
average thickness of said reaction medium flowing on said vertically-

spaced trays is maintained in the range of from 3 to 12 inches.

32.  The polymerization process of claim 30 wherein the DP of
25 said reaction medium introduced into said polymerization reactor is in the

range of from about 20 to about 75.

33, The polymerization process of claim 30 wherein said
reaction medium withdrawn from said polymerization reactor comprises

30 polyethylene terephthalate (PET).



wi thdrawn from said pol ynerization reactor is at |east about 25 percent
greater than the DP of said reaction nmediumintroduced into said

pol ymeri zation reactor. 20 31. The polynerization process of claim 30
wherein the average thickness of said reaction nmediumflow ng on said
vertically- spaced trays is naintained inyg4he range of from3 to 12 inches.
32. The polynerization process of claim30 wherein the DP of 25 said
reaction nmediumintroduced into said polynerization reactor is in the range
of fromabout 20 to aBaut The phlymditautibR! YriédsZ 8t QRnP' HECRferin Ghidi M 30
wherein said reaction nmediumw thdrawn from said polynerization reactor
conprises 30 polpatiionl madiutre iseplaintaihed et @PEMperati@6- in3the fnge pdl fowar i zat i on

process of claim 30 rein sajd.reaction nediuymis nmai.ntained at a
tenperature in t OP%éOG‘SO’F‘% &é’ﬂaﬁtpr%bretlﬁ g8 enhﬁg}ﬂ’ué%ﬂrt@ssure in
the range of sfromyaRodiorOinlsaldpolym&lRbn fedeRp. i N said pol yneri zation
reactor. 35. The polynerization process of claim 30 wherein at | east sone

of said trays include an upwardly-extending weir over which at |east a
portion of said react i o] pasioto the-next tray 10

ion rr,ggl un]flo.ws.i n order 11
| ocat ed i nmedi ately tlzig'r ebEROROIYRSTIZION BECeHeP] SlimoA0 pYRfrei8satoeast| ai m 35
wh i id i I I : . Th
erein sald wel rsonf&é:gsgifih%'ryg%ll%fg a?&ugbﬁ?ﬁ&—eﬁ&ﬁgggﬁv%bvmm %ﬁe&& e

pol ymeri zati on proce aim reln” at percent of all of
said trays are equpgfient ofisdid reation weddium IBwsTherdeal tonmiss 2@theorexptagess of

claim 30 wherein said trays jnclude a plurality of uni-directional trays.
20 10 located immeédiately therebelow.

36.  The polymerization process of claim 35 wherein said weir

has a height of at least about 2.5 inches.

15 37.  The polymerization process of claim 35 wherein at least 10

percent of all of said trays are equipped with said weir.

38.  The polymerization process of claim 30 wherein said trays

include a plurality of uni-directional trays.

20
39.  The polymerization process of claim 38 wherein adjacent
ones of said uni-directional trays slope in opposite directions.
40. The polymerization process of claim 39 wherein the slope
25 of said uni-directional trays increases downwardly.

41.  The polymerization process of claim 38 wherein said trays

include a plurality of bi-directional trays.



39. The polynerization process of claim38 wherein adjacent ones of said
uni -directional trays slope in opposite directions. 40. The pol ynerization
process of claim 39 wherein the slope 25 of said uni-directional trays

i ncreases downwardly. 41. The polynerization process of claim38 wherein
said trays include a plurality of bi-directional trays. -26- 42. The

pol ynmeri zati on process of claim4l wherei-pésaid bi directional trays include

alternating roof and trouglgPE %Y,pﬁnerm?mﬁﬁo&% %f cl(,g%[ rvg%esf?llnnscaldj%e a pair

of downwardl y-diverging ro rein rays include a

pai r of downwar dl d&r@aamertgay@gnélndwghem%m@fdtﬂ‘r@d #ughThgysp GV HeRER isgalt | on
process of claim42 wherein the slog of said bi-directional trays
i ncreases downwari@pytraysgnglade ?Iﬂ’élrﬁldyww%fﬂb‘f?f@%é@ﬁ@ﬂ ¥Favhsram wher ei n

sald bi- directiongl gaysuare haH o he v sl dly:- i BElhpNRldy Vs, 45.

The pol yneri zation pr oc rein sai eact es at

| east 5 of said uﬂemﬂefsectl onal trays and at least 5 of 15 said

bi -directional trays. 46. The polynerization process of claim 30, wherein
said trays include a plurality of uni-directional trays, wherein said

“process further conp 4553511%?;153%%&% 3§§&§8%e&2{1 ﬁﬁ’ﬁz%}%& fndthﬁcfscu on

medi umto 20 sinul tanedusly ovVer Yy Oopposi St at

| east one of  saidf sbid bidife6Gdra@ fays incAMSes dbhnwhid@ypol ymeri zation process of
claim46, wherein said generally opposite ends o?l said uni-directional

trays are located at 25 different elevations. -27-
10 44.  The polymerization process of claim 41 wherein said bi-

directional trays are located below said uni-directional trays.

45. The polymerization process of claim 41 wherein said
reactor includes at least 5 of said uni-directional trays and at least 5 of

15 said bi-directional trays.

46.  The polymerization process of claim 30, wherein said trays
include a plurality of uni-directional trays, wherein said process further
comprises causing at least a portion of said reaction medium to

20 simultaneously flow over two generally opposite ends of at least one of

said uni-directional trays.

47. The polymerization process of claim 46, wherein said
generally opposite ends of said uni-directional trays are located at

25 different elevations.



48. A process conprising: (a) introducing a reaction nediuminto an upper
section of a reactor conprising a plurality of uni-directional sloped trays
and a plurality of bi-directional sloped trays; (b) causing said 5 reaction
mediumto flow downwardly in said reactor over said uni directional and
bi-directional trays; and (c) w thdraw ng2%aid reaction nediumfroma |ower
section of said reactor. 49. The process of claim48 wherein the average

t hi ckness of 10 said reaction nmediumflow ng on said vertically-spaced
trays is at least abagt 2ASpidtesesommibingn@) pitesmgod rédctiom rAgdiwmer ei n t he
dynam c viscosity of said reaction nediumwthdrawn from said reactor is at
| east about 50 1B} CRASE SYftionIod @ TERART GRRPTHNEPIuTality ebuni-girestionalj d

reaction nedium jntr [ j - T, rocess. of claim48
wherein the sl ope&{l@#edggg&ggg%ia[bthc?fﬁﬁgc‘ﬁibéﬁigﬁ%aﬁngg/gl%?%dc{r}%ésgé@ %31\;\?11 SF‘@I y. 20
52. The process ofeadtlonl MeBilimher@ow ddvenwirdpe infsaidatddctor -ovir reed ivanal trays

i ncreases downwardly. 53. The process of claim48 wherein at |east a portion
of said 25 uni-diirestenarand bi-dijectigndl fraysatand @hovithdiewingasaid Fepeioni on of

=said bi- directi onqgéiuﬁlrfgyrg.a ]é\?’/'er gl’hgorfrpsca%?ea&forcl ai m 53 wherein said process
includes splitting sai O\Anwarc?f:y P ot ng redction nmediuminto two
substantially -28- equal portions prior to causing said reaction nediumto
flow over said bi- directional trays. 55. The process of claim48 wherein
adj acent ones of sai d48ni - The grocess phHalgim t48ayhersinotbe gvaragppgbisknessdifr ecti ons,
wherein sai lebI i ds'a{cf3 Péaét?or}la{nedium flowing on said vertically-spaced trays is at least

about 2.5 inches.

50.  The process of claim 48 wherein the dynamic viscosity of
said reaction medium withdrawn from said reactor is at least about 50
I5 percent greater than the dynamic viscosity of said reaction medium

introduced into said reactor.

51. The process of claim 48 wherein the slope of said uni-

directional trays increases downwardly.

20
52.  The process of claim 51 wherein the slope of said bi-
directional trays increases downwardly.
53.  The process of claim 48 wherein at least a portion of said
25 uni-directional trays are located above at least a portion of said bi-

directional trays.

54. The process of claim 53 wherein said process includes

splitting said downwardly flowing reaction medium into two substantially



- trays include alternating roof and trough trays, wherein said roof trays
i nclude a pair of downwardly-diverging roof nmenbers, wherein said trough
trays include a pair of downwardly-converging trough nmenbers. 10 56. The
" process of claim 48 wherein said plurality of uni- directional trays
i ncl udes an upper group of uni-directionahgtrays and a |ower group of
uni - di rectional tralyE I){\,herei.n tsai d .reacéi ont.medie:ﬁm f ItoWs back .gnd forth on
sai d upper group SFUaLRPTIGRS BUQY 1 Fapsipg Sgd reagtign meduym tolpw quep jaid\pia o
sai d reaction nedipibhawayback and forth on said 15 | ower group of
uni-directional trays in a second direction, wherein said first and second
directions are substantially perpendicular to one another. 57. The process
of claim 48 wherein at5 I eaj.%‘ 10 Cpercjgrlt. of alﬂ t.he trats in ai.g
uni - di rectional trays “and APePEYSES Qo-ipir 28 fyhepsin adgegit onep oF sid i 55 ¢
reactor are B -digiegtibRNatayk 'sBpe inTPposiRedibicOiehs Swidrein! RidhASiwighsl N at
| east a portion of said wuni-directional trays include an upwardly-extendi ng
wei r over which atrays walite altpmating mooff ahirdughe fieys, ovhereini smd foefwgaysn or der
=t 0 pass to the-next, .25 tray flﬁcat ed j.medi at el O}.her bel ow, 59. The process

of clai m58 wher e’inﬁlugﬁiadpﬁ}éi? QETE MY GhePRe REPAS er%tbﬁ’ﬂ?rc_ﬂl. 52nches.
-29- 60. The pr Oct@&%hcﬂay_ﬁ liRinABp MO SF Evihvk 81yASNES Y R YniABhb&RL | on (DP)
of said reaction nmedium’introduced into saidreactor ~1s1n the range of
from about 20 to about 75, wherein the DP of said reaction medi umw thdrawn

fromsaid reactor is at | east about 50 g.erc nt .5 %lreat r than the DP of said
reaction medium i nt r odbced Phtsoess Py dammp 8 wheseln gl plysaldy sobhang| i m 60

wherei n said reack i | r i i i
pol yet hyl ene ter e%héteﬂgﬁ%#? Fgﬁ%&&%:ﬁé@p&_{%gh%?‘gggggﬁg%tﬁﬁﬁag?%%ﬁ (arsﬁler ein

sai d reaction mediowsr g®up of uni-directional trays, wherein said reaction medium flows

back and forth on said upper group of uni-directional trays in a first
direction, wherein said reaction medium flows back and forth on said
15 lower group of uni-directional trays in a second direction, wherein said

first and second directions are substantially perpendicular to one another.

57 The process of claim 48 wherein at least 10 percent of all
the trays in said reactor are wni-directional trays and at least 10 percent of

20 all the trays in said reactor are bi-directional trays.

58.  The process of claim 48 wherein at least a portion of said
uni-directional trays include an upwardly-extending weir over which at
least a portion of said reaction medium flows in order to pass to the next

25 tray located immediately therebelow.

59.  The process of claim 58 wherein said weir has a height of at

least about 2.5 inches.

reactor are -



mai ntai ned 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 in said
reactor. 15 63. The process of claim44, further conprising causing at |east
a portion of said reaction nediumto sinultaneously flow over two generally
opposite ends of at |east one of said uni.gdirectional trays. 64. The process

of claim63, wherein sgjd neral | y opposjte 0 ends. of ,sai

uni -directional trays are ﬁglgatpégf%ﬁ g?f F@%ntﬁelggg&e}%ngl.e gegrce of
polymerization (DP) of said reaction medium introduced into said reactor
is in the range of from about 20 to about 75, wherein the DP of said
reaction medium withdrawn from said reactor is at least about 50 percent

5 greater than the DP of said reaction medium introduced into said reactor.

61. The process of claim 60 wherein said reaction ‘medium

withdrawn from said reactor comprises polyethylene terephthalate (PET).

10 62.  The process of claim 48 wherein said reaction medium is
maintained at a temperature in the rahge of from about 250 to about
325°C and a pressure in the range of from about 0.1 to about 4 torr in said

reactor.

15 63.  The process of claim 44, further comprising causing at least
a portion of said reaction medium to simultaneously flow over two

generally opposite ends of at least one of said uni-directional trays.

64. The process of claim 63, wherein said generally opposite

20 ends of said uni-directional trays are located at different elevations.





