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BAFFLE ASSEMBLY MODULE FOR VERTI CAL STAGED
PCLYMERI ZATI ON REACTORS BACKGROUND OF THE | NVENTI ON 1.

woe@ed2wiic t he 1 nvention The present invention PE/ASBES6/015771

to an apparatus for the production of polycondensation
products, such as |inear polyesters and co-pol yesters.
More particularly, the present invention relates to
i mproved reactor internal conponents designs for use
in vert i BAFFBE APSEMBEY VIQDULERQR VEREIGH]s STAGED
Background Art Pr ®HSSMERTOATIONREAGCTORS yneri c
materi als such as pol yesters and co-pol yesters via
pol ycondensati on reactions involve the |liberation of
by- products as the polyneric functional groups of the
i her to produce | onger
ﬁ%*@géhgﬁjgﬁgéﬁiﬁ%ﬁi@ﬁ%§g36$§picaIIy, the extraction
of these |iberated byproduct nol ecules fromthe
reaction mxture is necessary in order to drive the
ol ec @ield diilid bhvemtioaf t he pol yner. |f the by-product
conpounds were not renoved, chem cal equilibriumwl|
inhibit the length of the fornmed polyneric chain. In

Y 21 R BEESEATRE OB i o

ol ywoadisitionS pr@lu¢POfucE €ad hinelty polyestefst a8t codpolyérters. More

reaction mxture. Various reactor designs and

rpartiqulastye ghe presentomventionaelntdsaipeintpeerveddeestigh dtferaalicomponents

gj%e.ratgod to.faci.litate the. vaporj.zation of by-products
SEPH DT ASE S VEHEY Pkl AOhE BRIGLISE S densat i on

mat eri al s. The nost econom cal design for such

pol ycondensati on reactions (at |east for the

&Y. odu@ackgroufid Astv t 0 noder at e nol ecul ar wei ght

polynmeric materials) is a series of stirred tank

reactors. In these reactorsystens |large quantities of

material s p : j

agi tation, ?ﬁ%@%sfogﬂjgﬁ(ﬁ%é@gﬁ@rﬁéﬁc ﬁ%&gﬁé g?énhpfisépdyesms and

iolvlgeseegd Viatgobytohdersmivaneectives inviol vt éibeiidn of by-products as

the polymeric functional groups of the molecules react with one another to produce

longer molecular chain molecules. Typically, the extraction of these liberated by-
product molecules from the reaction mixture is necessary in order to drive the
molecular build-up of the polymer. If the by-product compounds were not removed,
chemical equilibrium will inhibit the length of the formed polymeric chain. In many
of these polycondensation reaction systems the preferred method for extracting the

liberated by-product is to vaporize the by-product out of the reaction mixture.

Various reactor designs and multi-step reaction systems have been
designed and operated to facilitate the vaporization of by-products and the associated
production of polycondensation materials. The most economical design for such
polycondensation reactions (at least for the production of low to moderate molecular

weight polymeric materials) is a series of stirred tank reactors. In these reactor
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l'i qui d-vapor surface area renewal. Unfortunately, the
viscosity of the polyneric nelts increase dramatically

w@goobheledegr ee of pol ynmerization (" DP") increrSEES2006/015771

Accordingly, because of the practical |imtations of

agi tator designs, the high viscosity of these

materials greatly decreases the capability of renew ng

the |iquidvapor surfaces and hence decreases the mass |
tSysies darge fqphwitien ©f epterighecan b progueasintbat wsgcreshanicpl agitation,

glgeg%nf,g{sﬁ)ﬁartl 83‘(%,0' gd %ﬁé}éﬁg?n@(g%}lﬁﬂ%:aggﬁq%vﬁ%h ggc%rheat transfer and
ARAXC PR "SRt EOArdd RGRSAL. TRIor@NAER/, he NGBSty of the polymeric
tenperatures may be desirable to I Nncrease redaction

knelst incscaae diremhbtadalllyi sy thef degaet ofopolypepizatthnc {('$DP”) increases.
Hi gher volatility of the hy-products decreases

ByeCprdingly: besatsert Hhe BFACHFAL Hitaldons, pb AeHnter (degigns, the high

th i | ' ' ' . .
RRTD of i P, PRoly LXHBREr e PapRESE Rieying e tipid
napér hiafacks able gesdaddceas¢se@e trhaB Srdnk et eSfididiRy WFah®fstirred tank
i ncreasi ngly higher tenperature as a neans o%]

freact®rer i ng the degree of polynerization. Sinmilarly,

the volatility of the by-products may be further

i ncreased by the use of | ow operating pressures.

However , USR J@fitidHn 6 eiefeitut QVePRBIPANONE, BhESSpHrasng Sarameters
limted by the cost of achieving | ow operating

pnaysiel limsted ma thehplyovodentsatidn preaess or Fongompdedoghardendpetatures
to event _entrai nment of Rpolyner into the vacuum

é%fl}f é%?le P@&Qé}“}“’i‘%‘?é G%WMW gad yelaliiiy, pfrepcinn Rygproducts.
iveehi, b f [ f ti o) 2 Y
R Solf” SOTEE HERltEEe ofePBst P 3y OB S Bulfon in e

a¥aevai mixtdept thereby t fuethedae tthe molyindrivaton eikivae Howsver, the
di ffusi on and convection paths that volatile

Hemperadine sensiydy afrthe eplyserisraatedeldei degradation FaeHenselimits the
as_the. depth of .t 0l ri.c_pool increases, .th

3Bt TG B ighs REnRbE P8 X g BE BB G owree of
odrasiatibs, SuBREY,She VHISHRY of W6aby-BFRIBEH MOS DM fubth8r increased
the liquid inhibit the fornmati on of by-proddct _
hybibE ess¢ ofilow lophiatitg meesstwes. i boveven msefof telremely low operating
%ésglrn%(sj lilsC {iﬁqit%crl] %y qﬁen goest top gchieving low operating pressures and the amount
of reactor vapor space needed to prevent entrainment of polymer into the vacuum
source. Moreover, the depth of the polymeric pool can inhibit the effective use of
the reaction volume in' low pressure polycondensation reactors. Specifically,
excessive depth of the reaction mixture increases the diffusion and convection paths
that volatile by-products must travel before escaping. Furthermore, as the depth of
the polymeric pool increases, the deeper portions of the pool are subjected to greater

hydrostatic pressure. Higher local pressures within the liquid inhibit the formation

of by-product bubbles, which hinders the liberation of the by-products and hence the

- effective use of the reaction volume for furthering polymerization.
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effective use of the reaction volune for furthering
pol yneri zati on. For the reasons set forth above,

w0 p@saailcg t he degree of pol ynmerization requi PEEUS2006/015771

repl acenent of sinple stirred tank reactors with

speci al i zed reaction equi pnment. Such specialized

equi pnent nust overcone one or nore of the operating
limtations above to achieve the desired degree of

pol yner i zatiosn thecysepems| et tieethe abpre.t viBcieanpmntist degree  of

REERA58 5, L B ARGl YRRl AL R8BS Vi
bR tish afifmeRP T 9@k spediizel! dqiipnRP ERREBydFt&thé oR€or more of the
termed the dynam c approach in that it involves the

wperating nipwitatgonsesbrwei bl actisve ctbs desivedhdegree of polymerization.
(el 36T v B SR Ehoor e ol AL ol VERSF Surece
R T e P

or shafts that pass through the reactor walls. These
seals nust _be maintained in order to prevent air from

| eaki ng i nildetlist prmgeach might bs tosoagd theedyenpmagapproach in that it
' f.1h i i
S0 o b PR aBinr KRR O MG, HagpapY e

of "t
GOHERANE Al Sndted taboe, etf@cdd 1ighiierapbP safaeH @edd@l facilitates the
increase in |load. The second approach can be referred

tliberasion 108 tha By-produpisr ddigh thendyinamic appraach, rigalslevd pessled around
re ed for th i quj d- vapor rface renewal Thi s
e i bl o el ) Bt T ohal Mol Rciat SRt Thgse Sedis must be

Velifithned il Rberd B gfe%@ﬁteai} M din RQAAER A6 the |1B%ctor.  Also with the
Typi cally, such polyneric filns flow between trays

dynamig aphmavier dsi thakizelodhe vEbsel hind thepadcpaigy ofthe ipkadict increase,
combi ned with _shearing and surface turnover effects

dheasizent ty mpechanical compopents nust STedss Meokdgito handle the increase

| o . o . N -
B oA el hRGAG P e, FRORRE s e st 3okt bt mo
efoviiigllétioesi dte @ogbforahé Giquidi-tapor Sirfice akndlW AP THIS lateteapproach
U. S. Patent Nos. 5,464,590 (the '590 patent),

Pseporavity it hembinagorp ayidhivprtical fowp 1egereathethim gglymeric films.
p{%ztpﬁ:rslh}; m?ch%lojlyr%ggc (flllrrr]lse ﬂo%Bget%%Ezr? r%}a%/s during the vertical drop. The

thin polymeric films combined with shearing and surface turnover effects created by |

vertical falling films drive the polymerization reaction by enhancing the liberation of

by-products.

Prior art patents which disclose the use of gravity in combination
with vertical drop include: U.S. Patent Nos. 5,464,590 (the ‘590 patent), 5,466,419
(the ‘419 patent), 4,196,168 (the ‘168 patent), 3,841,836 (the ‘836 patent),
3,250,747 (the “747 patent), and 2,645,607 (the ‘607 patent). Early tray designs
used vertically spaced circular trays (full circle in combination with hollow circle,

and segmented circular) that utilized most of the cross-sectional area of the vessel.
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3,250,747 (the '747 patent), and 2,645,607 (the ' 607
patent). Early tray designs used vertically spaced

weeroocubwmic trays (full circle in conbinati on w p¢T/ostoems771

circle, and segnented circular) that utilized nost of

the cross-sectional area of the vessel.These circul ar

tray reactors use a large portion of the avail able
pressure vessel's horizontal cross- sectlon for liquid
hdhese Gpculan U saiers| west lagge ppﬂmna@ tmagyame fRspsseRgeessel's

docRoBiRl Rt SR Saf PG AR, 36k desisms. 4 Fisgular tray was
QYREWE] B £ HbRow e ady | thud ?&%ﬁﬂg far @R hﬁ@ﬁoﬁghnhf adangement.

The |i berated gas by- product t hus™ fl owed t hrough
cIsuipalynsndlewadubenr Dpanilagsdgd as dt pessed donyhsy tohigay. The

tra se nted t rovjde a straight ed for
e e oy aRodco sy B RE rlioueh bR Jn SRR Bpings. Tn

t

R qclias SRUTERL Hbrd SRS BB PREKHENCRRNe polymer

ftbofiwd oxvegl befoee \desigghg Walihe hbxtowgh Wleckeghleatedasay deS1gn also

by- product coul d pass. Wth both designs however,

REPBIEEd eehgrearhsiviesnsthe rsgighh edge v Which the) pelé/aler cﬂowed and

7 Satee L ST b ORREy R B, BiptNBe L PO Ten” i Rl desins

tHoReSeMaBe FRsRiIZE® Iﬂx?sw@ductseﬁ&ntth@mraw XefE L toVB&S Bhrofigh the
di ameter. The resulti ng annul ar space was used to

adamewpacepasr the npaiymax melt ewapko eddrhsst thaycoan@nt thevdinmetsr of the
t he ctor vess S va di schar zl e al.on

(Rl 3{3&@ NS B @A oFSS: e JOF YRR PuFl diaeter. The
%fégiﬂﬁ r%@aéehﬁassds@@ kS alfdw Q%i%cﬁ“tréfﬁ@i’o feieansh 'tégtahﬁ travel
eX|st ce of very slow nmoving stagnant regi ons
tibehd reayter vaswsel'pedppndischargt hezzte slbagapath exegnairts tlneep’aih of the

to_overcook, becone, excessively viscous, cross-Ij
améwr@ffr ey r Achortsemingofahe sisinle cirwon tFaxs designstiy ther%stence of

ey SR byl o S lea Pl B Y Tl 2 AL Y RnesE Wngoant

genera ners changed the shrape of
tl’feg\ﬁbﬁs ftéﬂd%ocmre@woﬁr be€ortd BftesgeEBLisdots, SdREtnk AEYr degrade,
el Tmnated dead zones which are not entirely effective
awdrag aceswnslowlyebidifirh Ehengt e swdit is @ dossfol gélgetiveoigacsioal vodume.
i nproved product quality since the dead zones are
regi ons whi ch produce high | evel s of

The next generation of designers changed the shape of the trays from

¢—t~

circular to other geometric shapes. They eliminated dead zones which are not
entirely effective as reaction volume. The elimination of dead zones also improved
product quality since the dead zones are regions which produce high levels of
degradation products due to the overcooking of the polymer. Unfortunately, these
non-circular- shaped trays did not increase the effective use of the cylindrical

pressure vessel's cross-sectional area.

The basis for more recent inventions of the ‘590 patent and the ‘419

patent is a hollow circular tray which more efficiently utilizes the cross-sectional
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degradation products due to the overcooking of the
pol ynmer. Unfortunately, these non-circul ar- shaped

wo e@gd2@ile not i ncrease the effective use of tPEI/US2006/015771

cylindrical pressure vessel's cross-sectional area.

The basis for nore recent inventions of the '590

patent and the '419 patent is a hollow circular tray

which nore efficiently utilizes the _
eressef sedindsisal pressureovessel oytiiierpviding poteseumelt flogspdths which
whi | e. provi.di pol ymer mel t. fl ow, pat hs..whi

iitniei S Bt e 2 oot ag i PRty i et result was n
_Cagg{aﬁﬁhat@ Q07 iRrd8E id 88 hiea MRS ARAIERN FRERIAOcompared to
i NCrease in tray area available tor liquid retention

dse nampiacdsr ¢hapechraysonThd centtah opating édtherteays .prdvided a chimney
central opening in the trays provided a chi nmey

oy el Whigh the VRPRE BYp387Us/ 215 T6MA¥E are renoved.

However, as set forth above, the depth of the

pol yneric pools can also inhibit the effective use of

the reacti owdletin® &t foAW HPEE,atht M 665 ter gslymétic dools can
gi ven operating pressure (vapuun1|eve|&; the negative
iatpoaiohibtfthe pEedtivepee op tieyragtionaiplume aiclowaenesating pressures. At a
proportion to the degree. of .pQlynerization. This 1S

B et g TPt SEHES R el B FISRFLA B g polymer
fRp@e idcPLas@O i REpAADA G0 B ddpPec QP GRINMA2288n OfThis js due to
pol ymer end groups are reduced through the growth of .
trbducpioh yofe thec lchémisal lelgmitibrivmodgeing aforeptfablpelymesridation as the
t he mechani sns for ||berating pol ycondensati on

(S9RgsmEAateR of potset ForpHate teyed siiopeh 816 opif pE the polymer

ki HHSHEB T GPPHEP the poly
S cHlon, B OREC RPHARS, PG, T, B Ehiiind M6t 'iberaing

potyeoadinsition’ Bptoducts fiohe theepdly@sahleltngudtive further enhanced. At
pol ymeri zation to proceed efficiently. However

Avitien degican o palymerigetisr thissisesessyy sobat suffipientinloss levels of

ubstantial |l y._as pol rizatign proceeds. to hi gher. .. .
bl Ferntn bt melf et B BOFRRRTioh Yy TyPfh officiendy.
VHSBASE ! Ynothe@YmPeshENfacdl & thb | ViseRiteSHetabedl kibstantially as
hori zontal trays cannot achieve the desired
qoistmeriation pofcedsistth bighgh degybssmdipolshneyirgtiput  and
shal | ow pol yner depths. The designs of Lewis et al. in
the ' 168

At a sufficiently high viscosity, tray designs which utilize essentially

horizontal trays cannot achieve the desired combination of both high polymer
throughput and shallow polymer depths. The designs of Lewis et al. in the ‘168
patent achieve a degree of control over the polymer depth by having the polymer
flow down sloping trays. The slopes of the successive trays are increased to account
for the expected increasing viscosity of the polymer as it polymerizes along its
course. The inventions claimed in the '168 patent are extensions of those sloped tray
designs for polymer systems with higher throughputs, even higher viscosities,

and/or shallower operating depths.
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patent achi eve a degree of control over the pol ynmer
depth by having the polyner flow down sl oping trays.

wab@edbwpes of the successive trays are increaBerUSm06/015771

account for the expected increasing viscosity of the
polymer as it polynerizes along its course. The
inventions clained in the '168 patent are extensions
of those sl oped tray desagns for polyner systens with

hi gher t hr oUyhgasiesn, Ofethen 1A8 gratant (Tooend-trough traie) @po achieved

shal | ower operating depths. Th esign.of .the '168 .
3 A B SR, BT LR Je B9l b dgttetiow o two
ARHA1Rreins GRRth 0Bk fRNEPatR DeiiFed mit@BH d2¥ otRhd bikP Bo%fth) that
pol ymer flow into two equal "streans (W th one flow

peavhrsb diamy the top rto dre batmgeoithe tréeetaytaver slbpalnragst Ahet bl patent
traverse fromthe top to the bottom of the reactor

S5eien RRYYRHOR 0YFE SIMMe SIopse FAYE eHAS dsdughoR Afothatreasior vessel
i | . cii . e
Q/\éﬁfnt‘lé hORAe8 1§ eﬂ@%?euﬁfgat%@g‘é@@ 4 SLleh Qﬁtuﬁém(te?gy%/ sph‘ttmg the

react or vessel 0O encl ose

?@iol}hhéir Bow abe! yeptiealvdinanen t(verByalsdrbp) héedad titnea pRlyytoRichieve a
| ow the vertical dinmension (vertical drop) needed for

alesired,slppe archbenge aadagized pelynusy diepthawias 1edwneed. g agef-angd-trough

pol yner ..dept reduced. The, r.oof - and-trgough ;

O3hY PGanGE R B8 orPRMEL fnedoft BRFRR D SR ARl qf g potymer
At nRBEHatdbd bétbre HiBpPiRk ¥o e Adx@W¥aflSincé EAKERALOf the polymer
before dropping to the next tray. Since each half of

tfloav pwhwemses  haldwber Averana Wiskance heéhd aiesidemealtime for each is
di stance, the residence tinme for each i.s roxi mately .
Bt S st & SGrmipsabed Koy SRF asihe 15 (RALERhC height.
total vertical height. > As the production rates are

i ncreased, the roof-and-trough design concept can be
extended byAsphd produgtibiheateo|ayerdncredse¢atine rodfeandarongh design

equal streans, generally in binary fashion - two,
fconeept epgy e extended, By spléibiag the Polymier siieasns i@ mose €4l streams,

455880, b UE KB ThE) ), B0t D PSS A A ok v

a)e6de] Woldind € nia@@thinad Gis tthe Ubsel liadtesbes 18 kiR td-8Wofamodate the
utilization of the reactor vessel volune decreases as

tpody miasthraughpiggr ee of

However, even with the roof-and-trough tray design of Lewis,
utilization of the reactor vessel volume decreases as the desired degree of
polymerization is pushed higher and/or the mass transfer versus residence time
operating window is narrowed to achieve better quality. As the targeted degree of
polymerization is pushed higher, the polymer viscosity increases. Thus, to maintain
the same polymer depth requirements steeper tray slopes are required. Similarly, if
mass transfer is to be increased by targeting shallow polymer depths, then steeper
trays are needed. At some point the slopes become essentially vertical (greater than
60° slope from horizontal) and appreciably thinner depths for a given combination

of throughput and viscosity cannot be achieved by further changing the slope. In this
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pol yneri zation is pushed higher and/or the nass
transfer versus residence tinme operating w ndow is

wWo 00602806 t 0 achi eve better quality. As the tarPQgPUSING6/015771

degree of polynerization is pushed higher, the polyner

viscosity increases. Thus, to nmaintain the sane

pol ynmer depth requirenents steeper tray slopes are
required. Simlarly, if nass transfer is to be

irpgion @ ddgtbthroughyuts trygetpdishallovp degtherandelpeh viscosith the baffle
Ssteeper trays are needed. At. so oi.nt the slo

GO modaits ohiths PRrST audntip] ABsr BPd e g reon ghe mumber of

f ' . al ' Y, i h .
o b PR ek, @nieving
téglattibbupipats lyd bettdrheass etaasigi.ng t he sl ope. In

t hi sregi on of high throughputs, targeted shall ow

dept hs, and hi gh viscosity, the baffle assenbly :
nodul es of e [.hvent i ri rei -

i ncrease tﬁggﬁﬁﬁggi’g%m%oﬂ§n%r8§ﬁg§?§ gﬁ? i a§é|¢¥ﬁgns for
HRaChMentaRneleastbRSBatasltd MOA efficRat ulillRGER VT 8pdve ai ian@rtical,
hi gh throughputs and better nmass transfer. '

Aredtydilewy dyiven ipelyandarizatiom eesgtor dor combinetéenstafdyighl #scemity, high

for pol ycondensation reactors that nmake nore efficient
ﬁﬁﬁqug 1‘3’21 @Fﬁ%‘ﬁé’eg'm?adép&érti cal, gravity flow

driven polynerization reactor for conbinations of high

vi scosity, high throughput, and shall ow pol yner

dept hs. SUWARY CFUVHHEARYVERTTIN INAVEENTEXRENt i nvention

overcones one or nore problens of the prior art by

provi ding in one enbodi mrent a baffle assenbly nodul e

of st aki.C.J d . r rt rayi.t:

1 ow ateusS B RiE IPASERLS ohP e B Thbifins oFiRY blik art by

Pj'rGﬂdmigS @@ Sbiiey , etib@imedtr QUAARAY , asseiably hintbdple! YoFestate! internal
il ms. The present invention is an enhancenent of

eanipoaenty efdr gias vertieel, algsadvilys dipw hérivgip rodiheréatign aggacipr  for

and.vertical,drop ta achieve the desi,red degree of ..

SorpEpbSt bigh YRl P ol Bl R ED GZRFREl fips. The

?réen?ﬁ?@rﬂion”@%n eahdRmeRbf(dal®r RAOnPBELMNLD used the approach of
, 466,419 (the '419 patent), 4,196,168 (the ' 168

bty hnd IeBith] 886 (d chie@Sehe desired degree of polymerization. Such
earlier designs are disclosed in U.S. Patent Nos. 5,464,590 (the ‘590 patent),
5,466,419 (the ‘419 patent), 4,196,168 (the ‘168 patent), 3,841,836 (the ‘836

patent), 3,250,747 (the ‘747 patent), and 2,645,607 (the ‘607 patent). The entire

disclosures of these patents are hereby incorporated by reference. The present
invention provides increased surface areas over which the liquid is in contact with
the atmosphere of the reactor, while still attaining sufficient liquid holdup times for
the polymerization to take place, by means of the novel arrangement of the
components cornprising the baffle assembly module. The baffle assembly module of
the invention includes a stationary feed splitter and stationary arrays of baffles or
trays mounted in a support structure. The feed splitter is any device that subdivides

a flowing polymer stream into two or more independently flowing streams with a
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patent), 3,250,747 (the '747 patent), and 2, 645, 607

(the '"607 patent). The entire disclosures of these
wQattents1@r e hereby i ncorporated by reference. PAEs2006/015771

present invention provides increased surface areas

over which the liquid is in contact wth the

at nosphere of the reactor, while still attaining

sufficient liquid holdup tinmes for the polynerization i

resuitateinpieassein thy npwhersobfres perfanss.e | Byadividiag thenpolner melt, it

e SRS TR0, PR LR BRI P
%%f?%ﬂ@?r@fa}fs?‘?ﬁ thd lafr‘é%r e ARAnsd@id BRA Will h@Ysuf@ds in a row at

es or trays nounted in a support structure. The
corylas plavitiar (iies, laightdevi ce t hat subdi vi des a fl ow ng
pol yner streaminto two or nopre |ndependent|

st r earfe\iR oAhaERs PARYIdenRAlidVEarss HRe8 Whirk fllzﬁ%?lggreams
Z‘ﬁ)lrrr; HE ‘cfeedB%)Flﬁﬂlefé gfé)'tvsgg t’f‘l eb@f‘ﬁley '(ngysgg%;% ’ush&lpp aﬁe}&gd PN&ast 10

ornfy a e array ‘o 'es T"ocat e

laet@es fiom theRlogiabhtyl plbie Bafdw e biffle@ys) bé foriivd Wr ma@ynting at
are arranged in rows with the baffles in a row at
@oresuahelewdtionaa ipherality. ef homizanigily) spaved parallgl plates. For such an

ftexuil WGt RerpdoataRy e PR AGP RIS ' o7 Beerabty

Chhays) are usually oriented at |east 10 degrees from
the horizontal plane. A row of baffles can be forned
by noliva ogmate enwseofulzffled @rags) arn vartighlly atiabgedowithin the baffle

T TR T e —
LAy, 58 sl B 08! i R oy,

toptiohdalyf dre @smersinermedidtety pddigonedriowsal Inytusy,ranlyeocw includes
rows of baffles in the baffle assenbly nodule .
topp jog aarg bakles that preypesitionsd sieh Babwhenthe nelyraeiismelt contacts a

osd tioned row, d optionally one.or. .noor .

A tearairs L eR B Rt AR TiREp AP ber e fype of graviey
et ARSreONRe BAfERI @ Bahf tRP &b akraabal RO phANed FRURA. The
that when the polyneric nelt contacts a baffle the
potapgemént ofighiet romsvof dafftes an twiraffle dssdinblycmpdulesiangestich Hat each
forc? of g&aviw. . .
row (except the lowest row) transfers the polymeric melt to a lower vertically
adjacent subsequent row of baffles. According to the vertical arrangement of the
components in the baffle assembly module and by stacking additional baffle
assembly modules if needed within the reactor, the polymeric melt cascades down

the vertical length of the reaction vessel interior.

The reactor vessel provides a means for controlling both the pressure and
temperature in the space surrounding the baffle assembly modules. The baffle
assembly modules are mounted in the vessel to provide retention of the polymer
melts, thereby increasing liquid residence time within the reactor and its exposure to
the reaction conditions. The liquid residence time is required to allow sufficient time

for the polymerization kinetics to keep up with the enhanced by-product liberation

-8-
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Furthernore, the baffles in each row are arranged in a

paral l el fashion. The arrangenent of the rows of
whadoblizgs1é n t he baffl e assenbly nodul es are surtT/UBBING6/015771

each row (except the |lowest row) transfers the

polyneric nmelt to a |lower vertically adjacent

subsequent row of baffles. According to the vertical

arrangenment of the conponents in the baffle assenbl

Feige pebigyed yythetinaRasagn dariliguidryapomairface agpasamdpihg enhancement

dules if. n ed within. the. re L, €. pol e
TR EhekilaoSOHGN 10 Disr BV ARG st s g for the
' ;@gﬁﬁér Bl 5l Ao Birdwdéseﬁsfeoisarmasmw gfaﬂiél fethaR tHE Bt of the
or controlling both the pressure and tenperature in
tpotynsgyameahs baffles isdiedgeetthe baffl e assenbly nodul es. The
baffl e assenbly nodul es are nounted in the vessel to

ovide retentjon of the pol r mel t her eby... )
R ES0hE of PefsP SPAEF fap 8 AT et mofaley Bliliages changing
. _ Y o
AP0 RSl Ry BT s ety
tlower modulehe pol yneri zation kinetics to keep up with

t he enhanced by-product |iberationrates achi eved by
the increase in the |iquid-vapor surface area and the

enhancenent ofyyi iS design
provi de nore P&%ﬁngé[\?gZéFg?&%m@@esﬁ nel t,

it also provides nore parallel flow paths so that the
depth of the prgrrer on the baffles is reduced. The
presence ofFlg da & erosesectioay) vievh af pneermbedipigniof the baffle

(rz;lgsdel{]xlﬂ) f.ac) :leieéfa %l{%f}gggei%?gli}vn ﬂ%l% gh(ﬁgigg Fféecf r&plg{eirse gltﬁ:‘ tai s%%sequent
%&j&%“cﬂ&fh@}e%aﬁﬁ!@ﬁ m@gbﬁ strBRufr DESCRI PTION OF THE

GURE la is cross-sectional view of one
enbodi ment of the baffle assenbly nodul e of the

present inventioqn showing feed splitters and a ,
subsequent Fiﬁ&%ﬂ% 01% Faf 40P e‘fle‘ﬁa‘?fﬁ}@s}qeﬁ %%étﬁ’bﬁ’BFt atop a baffle

ol ' . view of the feed
2 htgule' SR pr bk Byl

FIGURE 2a is a perspective view of a baffle assembly module of the

present invention;

FIGURE 2b is a perspective view of a baffle assembly module of the
present invention with one wall of the support structure removed to expose the

internal baffle arrangement;

FIGURE 3a is a side view of a baffle section with a polymer melt
flowing thereon;
FIGURE 3b is a schematic illustrating the flow of polymer melt
through the feed splitter and onto the subsequent baffles in the assembly of the

invention;
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assenbly nodul e of the present invention; FIGURE 2a is
a perspective view of a baffle assenbly nodul e of the

w@e@sare16 nventi on; FI GURE 2b is a perspecti vePui/ese00$/015771

a baffle assenbly nodul e of the present invention with
one wall of the support structure renoved to expose
the internal baffle arrangenent; FIGURE 3a is a side
view of a baffle section with a polynmer nmelt flow ng
thereon; FIGURE 3b is a schematic illustrating the

fl ow of pol l. 0)

o o POREERTELL ot Bl BB e e
iR PRR tls &Ninth Sl ehsicintly HIA AT (BE weRshd; he spati al

rel ati onshi p between the baffl es used in the baffle

assenbly nodul e of the |nvent| on; FIGURE 5a is an
illustrati st.ratl anismin whic
pol yrer o HCER oA i AstEation ?qnéonswtt&% I hagismg in which
! Jrrrﬂéliﬁ %ﬁﬁﬁ%ﬁra&aﬁ the use of baffle
eEpP

ensi ons prevent the’polyner flow m ssing a
baffle (as shown in Figure 5a); FIGURE 5c is an
I
I

illustration denonstrating_di sconti nuous pol ynmer nelt
flow on a BAEURE F duren SHustzation demersiialpg ofhe use of baffle

GEBORRY RstEoh O iy alYP i Suf bR GLihehE AL 50

FIGURE 5e is an illustration denonstrating the .
reduction in the width of the polynmer sheet as it
falls bet wdBOURE Bcds ; anFilBoREiGF dérsorstraling Wisconiinuons polymer
tr{lngHStratllzﬂ% t he use of baffle extensions to mnimze

LW OB AN t he pol ymer sheet width (as shown in
Fi gure '

FIGURE 5d is an illustration demonstrating the use of baffle

extensions to prevent discontinuous polymer flow (shown in Figure 5c);

FIGURE 5e is an illustration demonstrating the reduction in the width

of the polymer sheet as it falls between baffles;

FIGURE 5f is an illustration demonstrating the use of baffle
extensions to minimize the reduction in the polymer sheet width (as shown in Figure

5¢e);

FIGURE 6a is a side view of a polymerization reactor composed of a

vessel which encloses a baffle assembly module of the present invention; and
FIGURE 6b is a top view of a polymerization reactor containing a

baffle assembly module of the present invention showing a polymer inlet nozzle and

polymer outlet nozzle as well as a nozzle for gas removal.

-10 -
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5e); FIGURE 6a is a side view of a polynerization
reactor conposed of a vessel which encloses a baffle

wa@swefbieye nodul e of the present invention; andPEl/GeiRES/015771

6b is a top view of a polynerization reactor
containing a baffle assenbly nodul e of the present

i nvention showi ng a polyner inlet nozzle and pol yner
outl et nozzle as well as a nozzle for gas
renoval . DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT(S) Reference will now be made in detail to
the presently preferred conpositions or enbodi nents

and MM ER DERIPTHSRIOP THEVPREFERRED EMBEDIENT(S)

best nodes of practicing the invention presently known
to the |nventors I'n an enbodi ment of the present
i nventi on, assenl) y adapted to b et%:éace in a

r eactor fork ?ﬂey‘?ﬁsﬁ‘fl | 1Y D el 1P $he presrptiyepreferred
ofiRbaY BF %Fh 581115&11]% EIT% nlefhods 2 f #8:in ‘#Jtoﬁbwhtiéheconsutute the

"'e "assenb con3|s s of a statio

fteadnsdﬂsldftpeactﬁﬁrg thé atviean@! yrebaillyl leswimy m}iee@hveﬁtoﬁ
support structure 12. The feed splitter and baffles
are referred to as st at| onary because they do not have

d d
bar {18 nesdngyHdipatHs W e il LOGu R B sy e to be
WIEH ih S feh&oh fcﬂrrﬁ)‘}*méﬁ%ﬁg @qidl a@@hfeltqgl BEoVIAM, aRkth reference

anot her  row of baffles 26 whic |s t he | owest
weligwes 13, Thofat invh2y thobafflEresenefly Irrmdakslémﬂnylstmﬂml sgationary

Tl P ) SFRIRT Patien TROMRS g1 550083 strygturedy, The feed
D)k Gattl P RtCate i AIRRORGY BB 83 oo e moving

4farts hyp o didyymeacdurimvogeasionr om about 8 to about 60
baf fl es. Moreover, each baffle of the plurality of

ai v ect s oL 0e RS B ERE BbSRCe v vaRER 4oty is he
%ﬁés@vé}ﬁcélt}ﬁ S¥itiondd irby £ HrtHek @6w - tﬁ@ﬂestiﬁewmch is the lowest

ynmeric melt noves in a downward direction under the
f\@rwllgjfposmoned row. The baffle assembly module 10 will also optionally

include one or more intermediately positioned rows 28, 30, 32, 34. Each row of the
vertically arranged rows of baffles 24-34 includes a plurality of baffles 36, 38, 40,
42, 44, 46. Typically each row has from about 8 to about 60 baffles. Moreover,
each baffle of the plurality of baffles 36-46 are angled and biased in the same
direction such that when the polymeric melt contacts a baffle of the plurality of
baffles 36-46, the polymeric melt moves in a downward direction under the force of
gravity. In this context, biased in the same direction means that each baffle of the
plurality of baffles for a given row directs the polymer melt flow in the same sense,
i.e., when observing the baffles from the ends, the flow for each baffle in the row is
either from left to right or right to left. Alternatively stated, the baffles in each row
are either substantially parallel, or else no two baffles in a row have a relative angle

between them that is greater than 90 degrees. Moreover, each row of vertically

-11 -
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gravity. In this context, biased in the sane direction
nmeans that each baffle of the plurality of baffles for

wa2@onuersie ow directs the polyner nelt flow in POBUSEIN®015771

sense, i.e., when observing the baffles fromthe ends,

the flow for each baffle in the rowis either from

left toright or right to left. Alternatively stated,

the baffles in each row are either substantially .
anaaiscerowso-#4, sxcend thevoweal PAsEipned rew r ansiery dhepolymeric melt
rel ative angl e.between themthat | reater than, 9

iRf du¥er TEPGUEr EE8, PR B tlrapBre s ol SRR oflgarance
Fbrvdtbn 1BX68Mks IS rdWWestonBRédt IcRRABHCEOW uddiBAShRIBnteREmeans
polynmeric nmelt to a |ower vertically adjacent row.

Fhattthe bafites tieeseparasedcy si sitficientodigan@nioepiseegmiynéremelt 46
baffles in a row. "Consd',s tent cl earance" as used in

fFAN3 beidging e gapbriweaAdiaonat baifley dRaaP¥. separated by a
sufficient distance to prevent polynmer nelt 46 from

bri dgiTi@ feb® sglatrer Hetans elavizdjtaaerah Headidellas nifoemlyovubdivide the
The feed splitter is any device that can be used to

welinaarrilow entedhe baffles.ha foest splisier cambe Srmedtiem saplptedy. adding

A feed. spli be f d f by. addi .
ABTEDRR byt e BbneRaEs oArdl: bfer il dillbipes and
r8gRs cQ@B§easH!y@?ﬁnﬁé@ﬂoffoﬁhﬁﬁesfe@@gplﬂ%! es can be easily
arfanged to formthe feed splitter. The baffle

ST AR OTL 018 1120 PS50 11 e o
50 gl s 9 So8dy i Sezp 0. 16
fispundlR0] the polyhier Bt inyfingdsbontd héditiormd dioti dinlers 48, 50, 52, 54.

di viders 48, 50, 52 and 54 are needed when the nunber
Ofhese additignadi dipidarn 48 paiht 2 ang Shae negdedngherthe gugbgh pf rows of

0B oL Bl B P B e U i o
SE¥ difidesUsarsopbatagd Ghalkfshowe are tadS fowl 8 s&fi-circular plate (half-
appreci ated however that other shapes such as a bent

wipe I shaild banppretipteddmwwaventht otise shapth sudugspobent plate (i.e.
A L1, 3 LSS s o o
Drhppob %ﬁgﬁffﬂo"@ d Qasfe%tﬁlsgﬁfl ‘ot by Bﬁng'sﬁdéét@;tq 66, Rows of

bet ween irst palr of opposing des™ 60, 62 an
dafftes 24-34 are situated between the first pair of opposing sides 60, 62 and each

baffle of the baffle rows 24-34 is disposed between the second pair of opposing
sides 64, 66. Moreover, the second pair of opposing sides 64, 66 includes the
plurality of openings 22 édapted to allow escape of vapor liberated from the

polymeric melt.

With reference to Figure 3, a schematic illustrating the flow of the
polymer melt in the baffle assembly module of the present invention is provided.
Polymer melt 70 is introduced at the top of the baffle assembly module 10 entering
through port 72. The polymer flows down onto plate 74. Polymer melt 70 then
flows through rows of dividing ports 14, 16, 18, and 20 which are located in plate

-12 -
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baffl e of the baffle rows 24-34 is di sposed between
the second pair of opposing sides 64, 66. Mbreover,

wo b@edewond pair of opposing sides 64, 66 inclPdEES100€015771

plurality of openings 22 adapted to all ow escape of
vapor |iberated fromthe polyneric nelt. Wth
reference to Figure 3, a schematic illustrating the
flow of the polymer nelt in the baffle assenbly nodul e

OH. t Fee Bpwsbiough noenof dividiag peoyildelod, ¥oldPnmsts teedividgghbe flow

IS introdu the to f.the baffl e assenbl dul e
‘5 paffoue? aHE T e e 7B antorirtRist A Aickadn 0. 52, 54
it Rhidh& didide iRk YIRS 118! flow QubhBy 76| o185 sohrgaud, reensss, 90
of dividing ports 14, 16, 18, and 20 which are | ocated
iwhigh bw7ehto Tavh dfl badifldsHtoafthe nppemoit dhivw 24 Myplypoertmselt 70 then
14, 16, 18, 20 acts_ to divide the_ flow of polynper | t
Toocepds inilow Aaw bables Bormnd T hefEe ba’&l{?eﬁ B8 it At Slons streams

, i ch f I Vi f f [
e, Dhg et VESarhost Lo B! s g o
e3¢ ofWaffiafuntie feading® the lo®ettpOr ARRIETESOMS. 2Phe BEIfI¥$NB6-46 in each
nmelt 70 then proceeds to fl ow down baffles 36 and then
oftrowsa34-34 sre3angled hy emgle of asf meggused &ams 2 A@rgontal plane when
flow on to, the nearest .baffle of ffles 38. Thi
s Homdne St Tryprealiet b oy sga 19 Sesiers 1o SomLah dngrees as
t r f af Syi3Br i .
BNl Yool DS | Kyl gRE IS dERed Tror e side, 2
faiven @vhof baffisd adill diractehwiilow off polgdlef mem 0hdovenwtad either from
Typically, a is fromabout 10 degrees to about 80 .
d@‘g tesighber frestigidorleldm Moreer ez aneash favariBe sense in going from

Further nore, . N\l from.th [ [ven f

04 O SOl LI FAE I, e RS e o

%wf thi€bafe (trhy)sigafié tHaf it'h&ibtairRthd pORek Bltho¥e? aspects of

| eft. Moreover, in each row, the sense 1n going from

|th¢ roafeanditrphugh drayrdegign. B thepolymict flows tfeomn daélehiot hasde the two
aspect_of this baf

adj acent rows. Another worth | e

S e SRl Sty i BTG RES hinaieh Sepod to°the vapor-
t p - oot r '
R
FBadids i0bn tthe bpdy noer ths troeh apainst| theiffver dfl they rexke baffle, and vice

alternately exposed to the vaporliquid .
versa, the polymer which had been on the bottom of the stream is on top of the flow

stream and exposed to the vapor on the next baffle. However, each baffle of a given
row 24-34 will direct the flow in the same sense. Therefore, typically each baffle of
a given row of rows 24-34 will be substantially paralle]l. Non-parallel baffles are
also within the scope of the invention so long as the directional sense of all baffles

within one row is the same.

The relationship of the thickness of flow streams 76-90 to the baffle

or tray geometry and fluid physical properties is approximated by equation I:

(3Fu)/ (pgd®) =W N sin(o) I
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interface. The polynmer that was on the top of the
pol ynmer stream on one baffle is on the bottom of the

w@owk/12aé nst the fl oor of the next baffle, anPCTUS®06/015771

versa, the polyner which had been on the bottom of the
streamis on top of the flow stream and exposed to the
vapor on the next baffle. However, each baffle of a
given row 24-34 will direct the flowin the sane
sense. Therefore, typically each baffle of a given row

AT o T T —

i | S@i i eh | is th
BB O SEIERLI R BT TA SRy s s e

ghlyrixe meélk dynesis dfcobitovp &t thegriyi&- ABlttdentitye Waik fthe width of

R TN T NN ——
i E i.s the. .

S PAERe 6 Kook © o s ol ruptepl The BB AV be rom

Gbaitl 10ydegeees 3o bbsut B0IdefRres sitfredpeet QI BoFRonEplanés
shown in Figure 3a, mis the polymer nelt dynamc
viscosity, pis the polyner nelt density, Wis the

idth of tRhe. baffl Nd.s th m 1 '

ow and a Wi arergte e AP b abpe B loft of e
batidses phbiilled. e TRLG! %ﬁ/@n 8, lond ﬁfégﬁe@bexﬁﬁ@%- difiieCi¥tivi¥en each
the angle a will be Trom about 10 degrees to about 80

dafftewshin 4 binglespes tdtiv the dismiceooit kdrizohth effsatittehween vertically
reference to Figure 4, a diagram.illustrating the

|24AGERE WStheb"}gg‘Fsﬁ %ds e Bl aEet posaR GiFER agqacafft rows of
[ e r . r :
S i i e R

Maffiet IDistaneed: Ve tfpicdlyl ffomditaaent inchwe sfoubdf inelses. dn other
3 is the vertical offset orzlgap bet ween adj acent rows .
orrigens, dsis fgom abauithiachrsrtp Abeuta inghesn larstiladheryaripfiqns, diis

376t 2Bl LtRes B Mo 2 BHRR. TORRRE Il Rlitarts SRR dah bafrte
|oF 186 DRIraMr drbdrAeSis ﬁl:chitﬁatf\f/ﬁéﬂ e Py Berid BRASHEWs through the

about "8 inches. In still other variations, di is from

daffle assemblyhmedule, dbtog s@adystates opeTgiping dhé polymbesic melt is of a
dtiﬁ?: aens(s.: e0 gtt \ﬁeeagtn 18% rl)f b‘r%feftlligtance between adjacent baffles in a row.
Typically, d2 is from about 1 inch to about 5 inches, ds is from about O inches to
about 6 inches, d« is from about 4 inches to about 48 inches, and ds is from about 4
inches to about 48 inches. In other variations, dz is from about 2 inches to about 4
inches, ds is from about 1 inch to about 3 inches, ds is from about 6 inches to about
12 inches, and ds is from about 8 inches to about 24 inches. In other variations,
during steady state operation, the polymeric melt is of a thickness of at least 20% of
the distance between adjacent baffles in a row. In still other variations, during

steady state operation, the polymeric melt is of a thickness of at least 40% of the

distance between adjacent baffles in a row.

- 14 -
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of the plurality of baffles is such that when the
polynmeric nelt flows through the baffle assenbly

wore@dlizielelur i ng st eady state operation, the poP@IES1006/015771

nmelt is of a thickness of at | east 10% of the distance

bet ween adj acent baffles in a row Typically, di is
fromabout 1 inch to about 5 inches, d 3 is from about

O inches to about 6 inches, d 4 is from about 4 inches

to about 48nianWi§1§ion@fﬁdhﬂ presan aneEnton, anei qrohexs hagfle extensions

305 itpidied, B B ioEOR Fisrttath S B ralsi o efg el to
ab

R AhOBD Goripdt bkl NGRS R: R ud e

liledvensing ltine efféve of balfle @kiensions o thenplphaadyit batae prov1ded In

operation, the polyneric nelt is of a thickness of

@a@e Spobfflet H@ & Sesianed ietipelr agpaanmelatly & bﬁﬁle 104.

3—6 ever ! lTnd%% ﬁ!eljtaﬁf %gffcﬁtﬂrﬁr\bﬁ?c{uﬁ?@y b?flﬁ ?%nsci&ﬁsagﬁ’ th%teﬁh%f baffle

ation nhess ~of

| ®asthetO %o @boﬁaﬁﬁaldh@ttmﬁﬁem&meu rﬁ@hﬁﬂ@@bv&aﬁfﬂéﬁw N This is

a rowln a variation of the present- i nvention, one or

riwegoshé fiact thattas rtbq: onkymer dlaxtst dasited tadle, Hhe bighidoon thggexposed

30n SEtkens mynfeg Bier Padg BhEatE there GontafiSorFormed by the
rlﬁ {6 e&&%rcgﬁ%lﬂ géJ ?Densn Bandr flove ReRBLd @8 bb{t&ﬂsdfrtﬁé bmetlf‘f%nds to

ect of ons on the polynmer nelt flow
a:mevqobzmkl tdwdrd the baffipufleorSombeliith ¢helfilymer ﬂdsavgmga dJsually, this
transfer polynmer nelt 102 to baffleiLO4 Howe
(loge P%’@ﬂléilha EEMARYqUS E10RME HORATIZRRALR W?m@teﬁc’@/ﬁwr@ gince the

e BeB0CI a1 el GREG8 of £yp GRC Y HBmer can b

duR de@t Idveerfbagie §dmdd disBinédéoww khmength|ofwse Baife o2 sklp the baffle
baffl e, the liquid on the exposed top surface is

rantirely. fladtiguret mrbafﬁ&el%%nr;ﬂmes fone W n@ormb@f%e @mnsmrtsol% that

AEbengectiie A dBlah dne AAE % Hhpfats, ThuhdBrfE ey s Btbising
k@fci‘odfs oc‘ﬁaﬁﬂgérg eexl@é?fdfﬂge flohP @le i)b@&h“&ig@ hott fiR 'Qﬁiﬂ)ém{frayﬁ is an

| eaving. Usually, thi's does not result in a trenmendous
ambamteneht bb thiz gmteatiomoVsrepacingHoiite enods o fingetshdepends on the

baffle bel ow i s sl th t
sqxggcge N&p@ltytéﬁlg fM ﬁ{%p glgrpﬁyqxer he meg%rsl é)xrgen%ndown vertically
from the baffle to which they are attached but stop short of the expected height of

the polymer depth on the next lower baffle. With these fingers the polymer sheet
from a baffle is directed to the subsequent baffle to utilize more of the subsequent

baffle surface area.

With reference to Figure 5c, another non-optimal polymer melt flow
that may occur without baffle extension is illustrated. In this scenario, polymer melt
102 is observed to flow in a discontinuous manner (“snowball”) in proceeding
down baffle 100 and hence from baffle 100 to baffle 104. At the location where the

falling material 102 contacts baffle 104, there is some folding of the material on top
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this next |lower baffle some distance down the | ength

of the baffle or skip the baffle entirely. In Figure
wobjochafsid e 100 i ncl udes one or nore baffl e exPENEsNE015771

106 that help direct the flow onto baffle 104 as

illustrated. Thus, baffle extensions consisting of

rods or fingers extending fromthe bottom edge of the

baffles (trays) is an enhancenment of this invention.
vhiselhadbagxient ohdiy fdding in eembjapionywiribe slone phbaffle 104 can

SRS S 10, B 59807 bR T s
Whé; ?é}nédgfﬂﬁis@itﬁa%d W%ﬁciﬁg theSd: @t IhAh1ad]g ddeBrsexpect ed

hel ght t he pol yner depth on the next |'ower baffle.
Wth these fingers the polynmer sheet froma baffle is
directed to the subsequent baffle to uti]ize_ no

e of :
the subseqUbift THETSICE 18 HlpWEe % AR LN Mlewepépefyga@rtraelt 102
I gy , t.Rer; - ont | r . :
TodHESF ARUND' BNGAR, e ROl el Lhatipate wic
bhiise ﬁxﬂﬁ@aﬁ]inﬂ is fedhyduess tfﬁe|pbly11§k2 hélt 0% &y p@l@ledt owhtdwhe middle

. a discontinuous manner ("snowball") in proceeding down_ .
oabaffle 1000 Andemensratad: vnkFiparesifebaifle axtensions 1186 e, to Apitigate
bﬁe *fog[at' on where the fall bn@ rraiieri al 102 .contact £ rod-

f et 1 0P Phiér B0 SOMETF Sidicg ed’PIOPESOWB’EI%Qr?Bur%ﬁY orTo
gigﬁ%fotfdsﬁﬁlls fext_eﬁ@i%gﬁﬁh@ thoﬁf)mte'agé of S BAgr1d."

ination wth e slope of baffle 104 can result in

the di scontinuous. flow shown. Figure 5d illustrates

how baf fl e_ext ensi on 06 re y this situation b .

reduci ng t A& 38R ﬁtenfsh‘?éim?nél‘g‘ie RIesa JOVEREIOR, a plymerization
- I gure .5 N, Ml I ;

TR AL e (B et Y BT ook Ay oftlof RBY £07H! koove i

?b@&d&ﬁl@ Witth adféreaceect Bigatesnis atih 6, polyiderabtidtheeat@l 126 gncludes
ilmis reduced as the polyner nelt 102 is pulle

pafiter axsemhly moduleel G rug aferfcally ghspoaed @éﬁ@h&ﬁ%ﬂ@g- i Rolymeric
G S, BB B0 08 S50 PR oA R e
FALRY LREuIL Sl 1 b 10 gt e,
@olyoatirizetion ofactdrel}fr elserinclidesevapoooutlet p32 wtteshied 40i wwer shell
122. Finally, the polymerization reactor 120 includes the baffle assembly module 10
which receives the polymeric melt from polymeric melt inlet and transfers the
polymeric melt to the polymeric melt outlet 128, as set forth above. In another
variation of this embodiment, additional baffle assemblies may be present in
polymerization reactor 120. These additional baffle assemblies may be placed side
by side baffle assembly module 10 and/or stacked below baffle assembly 10.
Polymerization reactor 120 also includes a heater (not shown) for maintaining
polymer melt in a fluid state and a vacuum pump (not shown) for reducing the
pressure within the polymerization reactor (not shown). The vacuum pump will

typically act through vapor outlet 132. Specifically, the baffle assembly module 10

includes two or more vertically arranged rows of baffles 24-34. The vertically
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reactor that utilizes the one or nore baffle assenbly
nodul es set forth above is provided. Wth reference to

wok@anes1d and 6, pol ynerization reactor 120 iPCI/US®96/015771

baffl e assenbly nodul e 10 and vertically disposed

contai nment 122. Polynmeric nelt inlet 124 is attached

near the top 126 of outer shell 122 and polyneric nelt
outlet 128 attached is attached near the bottom 130 of
eurergedsiosis hayzng, a hMehesspesitionss] 5ave 24 zalqwast pesidensd repp26, and

SRR AR B B, M B o
bP Gedtbily Sir @F’BM’ 203AUL S d & é/\'ﬁliu?aﬁitﬁ ?@ BhMRSE thddQre angled such

pol ynmeric mel rom polynmeric nelt inlet and transfers

thae windny theer ipolymeelric toeltt bentqmtd ynbaffle oflthe ginhbty 0P ®affles the
as_ set_ forth above. I n anot her vari titgn of tEi S . .
SRbSTivERelt moyes i  Aalnwandrdieecton Under e faggy opgravity. Finally,

Eg%??f]{hei vﬁg%@itﬁgﬁdﬁe{gf @Sﬁﬁbﬁédbllc%p 26Tti1§3§&’apéeed g)ytransfer the

i Ona asse S nmay be plated si

%b?ﬁdﬁﬁfrﬁélﬁtoaesm|v¥rtmﬁﬂjdb®adéﬁt aswdl/ or stacked bel ow
a

e assenbly 10. Polynerization reactor 120 al so
i ncludes a heater (not shown) for maintaining polymner

for  reduci i Yeha it el fed g {EWGBo b 8 It B increasing
Ftl?ea&éggée 6f‘g$1y§1@ﬁﬂﬁon iﬁ@péﬁ%ﬁlﬁ'ﬂmnﬁ&ﬂﬁ’siﬁ@ te BafRk @Mehibly module

act through Vapor outlet” 132. Specifically, the baffle

aetsferth| apovoibyrevided.i fAdle unkelod obtherinvention \wemprises infroducing the

arranged rows of baffl]l es 24-34. e verticall yarranged

P8 qﬁl&vmﬁﬁ 15t%thh Egr{ffep@g?mblan@amsma,suﬁ?qleﬁg@wpe%re and
kit d.0N r-QW; ' I r hi

BERLECr 0 AR AP LE el e 298 B! e g of i

le@ibodimene rcoinpailssy splitting g polynser 2dhelB 4tieaml pides ta contacting the

plurality of baffles that are angl ed such that when ,
thighegiopgsiiencd Tesy of dusilesc wathathgapelymere mele pNgKtal the optional

of baffles the_polyneric I v ' d
SPRRE Soaer T B o e legr YA, Bl MRl cingpy. the
tib\Pest PYSiH0RMGBR oft HagfldsAWRShta e ithahe doFy@WridGuelt. S A fter passing
adapted to transfer the polyneric nelt to a | ower

weet the dbwgst pdjitiomdt romool, baffiesy dhe polymieric nestbBelwsrewt ofghe baffle
ta?s%mlbli]}y (rennotdluf%r.]’ Tge %%{yrﬁ?e?icorfneft r}glglggesd Pr%m the baffle assembly module
advantageously has a higher degree of polymerization than when the polymeric melt
was introduced into the assembly. In one variation of this embodiment, the reaction
temperature is from about 250° C to about 320° C, and the reaction pressure is from

about 0.2 torr to about 30 torr.

In order to achieve efficient space utilization, the horizontal spacing within a
row of baffles can be adapted to the melt viscosity of the liquid (i.e., polymer melt.)
Thus, as the viscosity increases from the top to the bottom of the reactor, the
minimum horizontal spacing may increase between the adjacent baffles in a row.

As a result, the number of baffles in a row may be fewer for silbsequent lower
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t he degree of polynerization in a polyneric nelt using
the baffle assenbly nodul e set forth above is

woe@vittisde The nmet hod of the invention conpri SBET/US2006/015771

i ntroducing the polyneric nelt into the baffle

assenbly nodul e at a sufficient tenperature and

pressure. The details of the assenbly are set forth

above. The nethod of this enbodi nent. conprises

dpffler assamblyh engswies neTheefeed s‘mh@anndswg@ ruse IBO%CBCTHP%le must

Bﬁq?ﬁﬁé%‘%%ﬁ% %Ialt&ilég e ro gtn}nslﬁ ofﬁ%fg'ﬁrgl A gcﬁv Also a design

Q&ffltlpﬁ?efehes hﬁélem(‘e‘am ﬁfbﬁﬁfé Mhhﬁtefs h@aRahy Wér@en@ioh of the baffles,
Finally, | owest positioned row of baffles is

dontenipel lwavﬁxtg theafitdsyimsuiassied tmodafes eptafreds¥] degresseabout the
the | owest positioned row of baffles, the polyneric
FeACtorfepiRElitsut of the baffle assenbly rodul e. The

polyneric nelt renoved fromthe baffle assenbly nodul e

advantiageaus hiyo basipprebiagiiahatde gigberodf iudfly aseinbat imodules may
t han when the polyneric nelt was introduced into the
destasised/to pravidae loager zﬂq%patbfon the @OE/m dngtendltheyph the present

| t t b 3
XAl "M HBE IR B ot 3ubiE e el R RNy per of
htile ASsehlies dafl 96! Ql@illzécp aphd %\éﬁlaﬁfxﬁlhﬁjeﬁ Yf $IBAKIe assemblies
utilization, the horizontal spacing within a row of

haailfltedslepatdshm aoapberditfactelse nelt viscosity of the

liquid (i. ., polymer nelt.) Thus, as the viscosity

I NCreases Twhia t&ﬁb&d‘ﬁﬁeﬁtg & %@%@éi‘ﬁnoﬁf nhe bregﬁcitllﬁgtrated and
the mni rrum ori zontal spacing may I ncrease between
tdescritdfl adiend nbafifitteded thas theye. enfisodimens Uillistrdté eand uddseribe all
of baffles in a row may bhe fewer for subseguent

InevEbls foFme o4 dBe nab\{eyu%d uRasher, thie Wosdy ussd) iy ther spgeificyfipn are
ﬁ%ﬁ% 8@(1?5%?1?% ﬁa%gg &b o ggtgnlefa% G 1@%&8&%0%%& @inous changes

in“a row
4851 Bmwid WitBodteRPasiRk iffdnthel s Elrﬁeh@lh sOOsHbfEhE mhmdmt es
changing the orientatron of the baffles, for exanple,
having the baffles in successive modul es rotated 90
degrees about the reactor centerline. It should also
be appreciated that a nunber of baffle assenbly
nmodul es may
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be stacked to provide a |l onger flow path for the
polynmer nelt. Although the present exanple illustrates

wo b@ousw1o©f a single nodul e assenbly, an ar bi t PEr/ys2006/015771

nunber of nodul e assenblies can be utilized. The

actual nunber of nodul e assenblies required depends on

a nunber of factors. Wiile enbodi nents of the

i_nvention have been illustrated and described, it is

NHA Tt eRBAIMETALS t hese embodi ments illustrate and
describe all possible forns of the invention. Rather,

the words used in the specification are words of

descri ption rat hermbiasr ldssBnitay | R, a avetitdl, | gavity flow driven
under stood that various changes nmay be nade wi thout
depandrizatiod reastarHer pplymerizingda polypeer ofelt having high viscosity, the
i nv%g)tli on. WHAT |S CLAIMED IS: 1. A nodul ar assenbly

FSFCIEPY, EPTPRAPS: gravity flow driven pol yreri zati on

reactor for A i | 0
Vi scosi ty, at pggggetk Iy clgdr‘{pH% g:@g’faﬂ? Eﬂggtgr ?&:n‘i}igghadapted ‘
sillowcdstape dfapogliterptedi @l thy polynsiritemelpemidngs adapt ed

to all ow escape of vapor |iberated fromthe polyneric

nel t; and & feedeplifsr fq subdivide Ygpalvmadlaviendol yer

flow, and t I, call r o .

par 1 co podiPi et el el iflsnbed cpRRAR bR plied in the
Qhppart estaefukd,C il Ywardranees vepywlipasraiged fvghaSting a highest
positioned row, a |owest positioned row, and ) ]
qositioned row.ontovmast pesitéonied trewnead apéonallgesietdr gnerg inigpmediately
wherei n, each row of the two nore vertical.l

oS LR PG Rifel i o Bt Y9 o1 ot friediy prgansed rovws
Rhah@s! 4 YrupflitP8f bafges, A8 PohrARG| ¥ BaBlRd HRiiBSSPIddndRased in the
same direction such that when the pol yneric nelt

camke alitestian fechftha vdfentthepplymedt mejt ahtdesst £ baffle ohéhe plurality of

polymeric melt, noves in a downward direction ynder the .

fogffies the PelEsric yelhBOVESRS; dovantasd dFrrm yiler tiggofse of gravity
[e i I r r

B4 1o S0 oy GRS D S, e e

MBtkst tpdsiBioh€iiyw, i€ bdldptel foytransfer the polymeric melt to a lower vertically

adjacent row;

2. The assembly of claim 1 wherein each row of the two or more

vertically positioned rows comprise a plurality of substantially parallel baffles.

3. The assembly of claim 1 wherein the distance between each
baffle of the plurality of baffles in a single row is such that when the polymeric melt
flows through the assembly, during steady state operation, the polymeric melt is of a

thickness of at least 10% of the distance between horizontally adjacent baffles.
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adj acent row, 2. The assenbly of claim 1l wherein each
row of the two or nore vertically positioned rows

w@eoeopn2es a plurality of substantially parall ePCT/US2006/015771

baffl es. 3. The assenbly of claim1 wherein the
di stance between each baffle of the plurality of
baffles in a single rowis such that when the

polymeric nmelt flows thr ough t he, assenbly, dur.li n(_% )
steady stafle opdbatasssmbly wé clémyheberengsheh pafflgrorghe plurality

t hi ckness of .at .l eas 00 of ISt t

oBEFOBR IS PRy it b B o o) AREEAF GG doarces o
hedaee iRneaabribidl gaf the plurality of baffles is
positioned with an angle from about 10 degrees to

about 80 degrees as neasured froma horizontal plane.

5. The assenbl f claim 1 wherei h f.the t

or more vert i CZIITI%ﬁ ag?e?fg{%%\cﬁ’gé\il eaﬁi%ét?\f/g}"gﬁfg"ﬁgwpmog more
\Sﬁréf;égil‘i’}ﬁ Euirgrggekaqfo(% SSmpfise £Bf éb%g?gf‘@é Yok 60lakrps

vertical 'y arranged rows conprise a
plurality of baffles with each baffle of the plurality

of baffles in a row separated, by a m ni num di st ance
from about 61 i ndetagseaplyiof ¢lgim dcwhereinzthe aeicady appged rows

bk PL T o6 5 B SPGBt B PRIRR g in o v
tsBritbd b3 lal thidirhimBdihnce Srdod aBout QVinéle RAGHRIE U0 biicies.

m ni mrum di stance from about 2 inches to about 8
inches. 8. The assenbly of claim1 wherein each row of

the two or re. vertically ranged ro except the

| onest posi’;t?onélﬁ‘eraﬁwm Iy oggfémlggwgge{r}v@hgpﬁ}caﬁy]érranged Tows
ROIPESE b S1iBlily PpARLOWah e48k bhiRl b/ RUIRGEHT of BWASYEDa row
tﬁg%s eac&‘gﬁgﬁyl e trans?@?s pol ynmeric m;i%t tg’t% cl osest
depursad Jy \aaninirmainl distpecsi ft oo abelit Raibthes.to @bouklgeinalssenbl y

of claim8 wherein each baffle that transfers

polymeric nelt to a closest downward vertically

posi ti oned cbaf f lﬁefalégetrﬁb% of IR 1 SFRer@R% a0t rdW o8 iRAWo! 6t more

ext ensi ons.
vertically arranged rows, except the lowest positioned row, is adapted to transfer the

polymeric melt to a lower vertically adjacent row such that each baffle transfers

polymeric melt to a closest downward vertically positioned baffle.

A

9. The assembly of claim 8 wherein each baffle that transfers
polymeric melt to a closest downward vertically positioned baffle further comprises

one or more baffle extensions.

10.  The assembly of claim 9 wherein the onme or more baffle
extensions comprise a plurality of rod-like protrusions extending from a bottom
edge of each baffle, the protrusions are adapted to transfer polymerib melt to a

closest downward vertically positioned baffle.
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10. The assenbly of claim9 wherein the one or nore
baffl e extensions conprise a plurality of rod-1ike

wee@bn2i®Ons extending froma bottom edge of eRCHUS2006/015771

baffl e, the protrusions are adapted to transfer
polymeric nelt to a closest downward vertically
positioned baffle.11. The assenbly of claim1 wher ein

t he support structure conprises a first pair
opp05| ng sildes dihe assg@bldn@fp'alam ol VBpsH tBe sﬁuﬂ’égﬂ structure

pore verd Y, &
Priaed %8P nEE o Blfonl ipin o, QpORLPAF of Sl ses with the
63 AGe Rrastadtdn@e®@iow 1 of Bhfled!didpbs & 1 b&%éﬁ @R f1rst pair of
di sposed between the second pair of Opposing sides.
baposTie skleppadt eash rhaéfieioé thé phimlitn of baffasedispashé between the
second pair of .o sing sides includes the plurality
§¢cogp PAI §PB‘&S&%§J§EESF0 al | ow escape of vapor |iberated
fromthe polymeric nelt. 13. The support structure of
claim12 wherein the plurality of openings adapted to
al | ow escape. of Thapappdrt bet@iedof ¢laim 1 hevipodiy ke second pair of
nelt is adjacent to gaps between two adjacent baffles

oppesing pides Hcludgs die blafafhtsegf opepingshadapisdeiRtallpvo £scape Pfnvapor
sin I [t fl
el Eom P EBE I e the pol ymer ¢ melt {1 ovi ng

fromthe feed splitter or fromone or nore polyner

inlets. 15. A polynerization reactor conprising the

assenbl y ofl3cl al'Ehelsqppatte&ﬂmﬁmrhqu claiverlRi wheten the plurahty of
s osed S|n

188 842551 FraRpYasseae ph VPOl bpaRE B e Rifgneiic melt is
niagagrg& Q86 o) ad REHOTHALE th ngwamyrmhﬁlegel t

y at I clent tenperature and
pressure to increase the degree of polynerization of

t he pol yrrer rrel t, the assenbl corrprl si ng:
The assembly of claim 1 further comprising one or more

polymeric melt flow dividers adapted to divide the polymeric melt flowing from the

feed splitter or from one or more polymer inlets.

15. A polymerization reactor comprising the assembly of claim 1

placed within a vertically disposed containment.

16. A method of increasing the degree of polymerization in a
polymeric melt, the method comprising:

a) introducing the polymeric melt into an assembly at a sufficient
temperature and pressure to increase the degree of polymerization of the polymer
melt, the assembly comprising:

a feed splitter and two or more vertically arranged rows of baffles,
the two or more vertically arranged rows having a highest positioned row of baffles,

a lowest positioned row of baffles, and one or more optional intermediately
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a feed splitter and two or nore vertically arranged
rows of baffles, the two or nore vertically arranged

WO ows/1hvé ng a hi ghest positioned row of baff | B&T/US2006/015771

| onest positioned row of baffles, and one or nore
optional internedi atel ypositioned rows of baffles,
wherein each row of the two or nore vertically
arranged rows_includes a pl ural*itfy of baffl es,

a t he
posiFianad: xowstofhais) shersat £ OBePiTHC AW 08 dRoIR yepical B 4ranged

Rt M RRE R gl o Ran; e B G bR B anlod and
DRAsYAR tife dHRlel difdRYi6S siich fhafl AWeN@icdpslyment inet cordets & beffle of
force of gravity and wherein each row of the two or

fior pluvadity o€ hafflps drer prigoeric mak meses dpt dommwagthdirection under the
ositioned row, js adapted to.t f th I '
R R e R P B B el RO B g rovs

Leg‘?eﬁitﬂ@ q%eﬁ?&ﬁ)%fti;oﬁ&? Sow OV Qdaph@f fd GEndte:d lihet PSlymeric melt to a

neric ne c) contacting'the optiona
ilower veeticalyeadjavest ofv;baf fl es with the polyneric nelt;
d) contacting the | owest positioned row of baff |l .
with the p&ynerPataging the, haghest pesiEonsdly rPWeO{)d?agfi“ér with the
omdt.he assenbly where the polyneric nelt
Eg)m)n\]lgerg”g%%mthe assenbly has a hi gher degree of

pol yneri zatdyon tdaafctide thet fiRional i@ tdediatetdwsras baffles with the
introduced into the assenbly. 17. The nethod of claim

rolywresicainpltt he tenperature is fromabout 250 Cto

about 320 18. The.method of clai.m 16 wher e} .
pressure igﬂf rorﬁOHgSWL'g dﬂ%q{)‘g?‘?’t P%Slg]%lggt 3% ?%?)la%ﬁ] 9.Wlth the
@?yrﬂ&i&ﬁ@lt?ﬁndm aim 16 wherein each row of the two or

re vertically positioned rows conprise a plurality

of essential)ly pamavingl thbgfolyresric melt from the assembly where the

polymeric melt removed from the assembly has a higher degree of polymerization

than when the polymeric melt was introduced into the assembly.

17.  The method of claim 16 wherein the temperature is from

about 250° C to about 320° C.

18.  The method of claim 16 wherein the pressure is from about

0.2 torr to about 30 torr.

19. The method of claim 16 wherein each row of the two or more

vertically positioned rows comprise a plurality of essentially parallel baffles.

20. The method of claim 16 wherein the distance between each

baffle of the plurality of baffles is such that when the polymeric melt flows through
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20. The nethod of claim 16 wherein the distance
bet ween each baffle of the plurality of baffles is

waowh/12teaé when the polyneric nmelt flows throuPtit/bng2006/015771

assenbly during steady state operation, the polyneric
melt is of a thickness of at |east 10% of the distance
bet ween horizontally adjacent baffles. 21. The nethod
of claim 16 wherein each row of the two or

nor e
vlesr asserablyydusing stegdyl stetsveperasione e pobEmerinmstt ipest thigkness of at

rLOw, | ed to transfer t | rig.melt to a
|1w}’e}(5%ﬁ?ﬁf@é‘lﬂagceggqt\ggeéﬁ}or}zgﬂﬁﬁx AL ot o
transfers polymeric nelt to a cl osest downward

vertically positioned baffle. 22. The nmethod of claim

2 1 wher ei 2leacHheahéthel ohatint i awdfesris epdl soveof thertwiotor more
to a closest downward vertically positioned

FGFHCABY aBangndi oy, eEPihe hayest Basifineddeye FerRied 13 ransfor the
&%@nﬁ%‘?{ch&‘élt 96 £hRLdF %ti{!ﬁ&r ?djghew?o&? "B indfohon bakhd Gansfers
X uralrty of rod-Tike

ensi ons conprise a p

PoBinfidt i 18IS tEX tRBEh Aewhwam veriielly posigidgeal Biffleach
baffl e, the protrusions transferring the polyneric

melt to a closest downward vertically positioned

baffle. 24.,The . nethod of claim,l6 erein.the.su [
structure 2dmpr i Bsmanof ol et ARG srn B AP ansters
@_@grmé}k RABR 9$ b NoseétdRNnvARd vartR e Pslsm@nea 11O Bk RBmprises
ides with the two or nore vertically arranged rows of

vt foir @sorelbsfilesatenbionsveen the first pair of opposing

sides and each baffle of the plurality of baffles
di sposed between the second pair of opposing sides,

and wher ei i3t he gRCHAG, Babf cpafirgoﬁ’f%lill 8inSidesnd Re! MHRS baffle
a plurality of openings adapted to allow escape of

\e3 pkiohs l@@m?ﬁ@td af plaralith e&f pokyiker protro®ibhs eRfendimpefrom a bottom
nmet hod of claim 24 wherein the plurality of openin

s
#daptodceach bafflevihe sraisesions apderring jhe fobumerio m@%qq%) a closest
pol yneric nelt are.adi,acent to gaps between two

é%] &h v%réy?lﬁyegosgqon[ehiaﬁﬂm al i tgypof baf f | es.

24.  The method of claim 16 wherein the support structure
comprises an enclosure that includes a first pair of opposing sides, and a second pair
of opposing sides with the two or more vertically arranged rows of baffles disposed
between the first pair of opposing sides and each baffle of the plurality of baffles
disposed between the second pair of opposing sides, and wherein the second pair of
opposing sides includes a plurality of openings adapted to allow escape of vapor

liberated from the polymeric melt.
25.  The method of claim 24 wherein the plurality of openings

adapted to allow escape of vapor liberated from the polymeric melt are adjacent to

gaps between two adjacent baffles of the plurality of baffles.
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