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A FAM LY OF STATI ONARY FI LM GENERATORS AND FI LM
SUPPCRT STRUCTURES FOR VERTI CAL STAGED POLYMERI ZATI ON

WOBAGCTORES BACKGROUND OF THE | NVENTI ON 1. Fi el drof/ustve6/015770

I nvention The present invention relates 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 mr ' r ' hoal i gt
ol AL 0¥ STRHBRGAR Y RECRAELTORY ARE) BTG SUPPORT
f OSTRUZHMSRBY FOR YERTIC ATES EA GEDSPOLYMERIZOTICHS (REACTORS
and co-pol yesters via pol ycondensati on reactions

involve the liberation of by-products as the polyneric

functional groups of the nolecules react with one

anot her to produce | onger nol ecul ar chai n nol ecul es.

ﬁgﬁb@@ﬁﬂg, SFHE IRYEATION t hese |iberated byproduct

nol ecules fromthe reaction mixture is necessary in

order to drive the nol ecul ar build-up of the polyner.

I f. t hepibM- dFrtRsids bntgsimpounds were not renoved, chem ca

equilibriumw |l inhibit the length of the forned

pol ymeric chain. In many of these pol ycondensation

reaction systens the preferr net hod for, extractin .

the |iberat€¥ BSPE A °P§eﬁgasvt8p%lr nggrqtﬁ%)%gry ﬁber B’E?gigftlon of
i ULE i ' re ers. More

G T el oh copolyaners,

qeetiatlady,tthe pasdnt inventon reatespdnipresteddrayodesigns gonusecinsyertical

and the associ ated production of pol ycondensati on

reteafqdpalymenization 8actibnoni cal design for such

pol ycondensati on reactions (at |east for the

production of |ow to noderate nol ecul ar wei ght

gplynem&ﬁgﬂmh@mhals) is a series of stirred tank

reactors. In these reactorsystens |large quantities of

mat eri al s can be produced through the use of

epre bandrgesge B imshARHERSRREC REARHF Shey 3P teffpsirs ana

Lc%oglzr:ﬂgg\?s‘tt’ép g%;a @Wg@%&s%&ﬁe&&ﬁﬁ‘é@hvol%@ Nibefidiod! of byt i@ducts as
the polymeric functional groups of the molecules react with one another to produce
longer molecular chain molecules. Typically, the extraction of these liberated
byproduct 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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pol yneric nmelts increase dramatically as the degree of
pol yneri zation ("DP") increases. Accordingly, because

w@boobheieps actical limtations of agitator desipPOEUS100€015770

hi gh viscosity of these materials greatly decreases
the capability of renewi ng the |iquid-vapor surfaces
and hence decreases the nmass transfer efficiency of
the stirred tank reactor. In addition to the short

gsgzngeﬂ’g Slar%gfguglﬁft P 0??& Oe?ials aﬂecfe p[gngﬁﬁ@e'd rtﬁ'@ﬁgee&smechamcal

PESTTIC con ens

RIpREEGS - thEiiosBheiRleBoildns, dhRort SiFfpds @hbllﬁleaagﬁfaﬁmb@o enhance heat
desirable to increase reaction kinetics and volatility
dfansea cni digquisl;vanos dutface, anep gheawaloUafertynalelnf thepdscosity of the

B e SE0 BUH O A oy
RRLALGRE | ZﬁEéo?@ingﬁg‘BEéa‘ﬁﬁh of ¥ Sdtical fﬁ%ltﬁt%ﬂ%fadgh h@r designs, the

sensitivity of polymeric material to degradation

rlﬂgh: tviisoasityl ofrttese imerisde greatly niacams&sn@bwapalgjﬁe)r of renewmg the
nperature as a neans of furthering the de of

dtﬂ%ﬁ@noz aurtenes asf hencer dapreapeseth shagk tapsir 6 IgeY of the stirred

b[nJP gtldgts may be further increased by the use of |ow

oper I'ng pressures. However, use of extrenely |ow

operating pressures is I|mted by the cost of

achi eving | ow operating pressures and the amunt of

react or vagdaradsiiane th sz slprt @ogu@gﬁeﬁﬁt oty abetiee mthest operating

BB F o BB s Catrar in oV EREon BsEe 5P Shample,
tﬂiﬁl&%&ﬁbé&ﬁféﬁ%ﬂﬁ%e'tﬁsﬁ% RS BRA4UEE raRtive %k%@é‘? ahd @latility of
reactors. Specifically, excessive depth of the

rreautionoby-producis € Higbare neletlityhef dhd foygiroducin diecreases by-product
convecti.on paths that volatil eéﬁevgr odtgl S rrus vel

[FORERIErAERR ol ﬁ%e TeACHoRe AHRILS, ARETERE E%?Iﬂn%f hé’o ymerization
F}Q&%{ﬁﬁr ' Goh LRET ﬁﬁ)@faturkh%lﬁﬁgr@tgs oP Offib! gﬂié/nféfrlct haterial to

pool are su ect ed 0 greater tatic ssure.

I'degfhﬂﬁtld)mfbabu@fs ginsity thS uvd bﬁhmarehiiﬁglbflhilghd térapérbiure hd1@ means of
formati on of by-product bubbles, which hinders the

\fursbering & degree iod p@;ynpﬁr@amn s Sm@arb@ ke velgtlityr ofathe ibygproducts

Bﬁz&,ﬁ%ﬁr ef IG%%&%S‘?%F ﬁg fﬂ’ ér herPrrr]lg%%%/ e, However, use of
| REEBRB 1Y 6%@%%1@@11%3 is 11m1ted by the cost of achieving 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 byproducts 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.



pol yneri zation requires replacenent of sinple stirred
tank reactors with specialized reaction equi pnent.
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of the operating limtations noted above to achieve

the desired degree of polynerization. Currently, there

are two fundanental approaches for enhanced I|i quid-

vapor surface renewal that are best described as the

dynam c approach and the static approach. The first

approach m ght be terned the dynam c approach in that

it invol ves Hohe thes ereafonso\seingiontbe mni/@almdeas';ingstheo degree of

enh nce. |l i.qui d- vapor _surface_ ren As not ed abqve
&%&avgrqmqalr wlacgmta%fesmeﬁemedfta@f rc?apgltr%év@h@ecmhzed

LBE%%@% i ipfipl "Sock S REARAT Snipliend pEoXOAEL B of ore of the

Oropsfagihiy SintitagibnPased tabbed gh athever thaclesited\dbdree of peBLnerization.
seal s nust be maintained in order to prevent air from

| @W%‘Yi e %méwpe@@d@nentall approfches foR @n@gmadnhquldwapor surface
oPCHRRT b e oSG the DR SpprBeh bnd ot pbroacn.

conmponent s nust |ncrease in order to handle the
increase in |load. The second approach can be referred
to as the stlheifostagpproahhmight bbdernmul to\dyngmiteapmresch in that it

are sed for the |iquid-vapor_ surface repewal is
é’hj eép?i‘? JRE PL EOE gy %Fﬁ;“qah deBiees HQSBMICGR {1%111Q -vapor surface

V%ﬂe‘w% Agrﬁlﬁect] %b&fee a&lﬁlahaa'fd ﬁﬁsihyﬁg&f %ulffhée”?enewagl facilitates the

Typi cal'ly, suc Ymeri c w between t

duiberagion bé thechyt- pnﬂhctdr With thealynhiic gryadhy iseal§ atevBeeded around
conbined with shearing and surface turnover effects
cﬂ&eaItOéaimwh%fépr skafts that pasp ghrpnghhtheqieacfer walds. These seals must be

Db 8 ke Gl I R RS B BB i e
Oﬁgﬁﬁrﬁ\élawrohéh GORRY §138 bPthe WedsBl MRY the GlcodlfyOfF the 9&6&4& increase,
Patent Nos. 5,464,590 (the '590 patent),

5 tthGﬂZemﬂlh(: ikeehamdad coBpengnis mdst]]@@rea%m(drﬂa tollggdle the increase
pat nt 3,841,836 6 , 250, 747 (t
B PRI TBR FoOd RPDBOBASABOF TRES bl Pis Bhdg aPmaRgly in that no

\V/ C t
(Wr‘%i. EE A SR e R ﬁl?ﬁ REFPLIANAL, 1R fer approach
s eggsegtaeily Ghr cumtangtidoh atithuvérticaledroposd codaté hbin polymeric films.

cross-sectional area_ of the vessel.
Typically, such polymeric films flow between trays 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,
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These circular tray reactors use a |large portion of
the avail abl e pressure vessel's horizontal

weewsd2extion for liquid hold-up. In some desPgn¥Es2086/015770

circular tray was followed by a hollow circle tray

thus forming a di sc-and-doughnut arrangenent. Thus

pol yner flowed over a circular edge as it passed from
tray to tray. The |iberated gas by-product thus flowed
throd gxlsﬁeﬁﬂ @%ﬂ'kxﬁﬁr aRg SNREE FosPBE en&%ss ée@tlgﬁaﬁ &hrea of the vessel.
desi t ))s were segnented to provi

SI"He@é @ituiaf gy fresictbiReuseal ]&ﬁ@er pberiohl eivhevernilbiet grressure vessel's
dropping to t%e next tray. The segnmented tray desi

dicsgoptabeiagesectipe rfoarhealdbbqldz@@n {hgomge rdéﬁlgm, %&géu]g{/ dray was

b5 E TSPhEe SAS BAE S 15 ol DB B

Qv @dciboli AT Qbecass itf d%é@dt Bent tayst v Th
orcelg(ﬁ%’m&hﬁg?ﬁve‘t@hr‘ﬂgughmt he séa&némkj’l spgcﬁe as the W er ©

r‘iﬁietatéd @as byoradicit aébiss flhived clonovgh reirculae a@daamméar Qﬁemngs In
the circular trays was rmdeeﬁ?]orrev\hg]F | ess
t

rthert ¢ns18pes D8 trays FiCARSEERCICA D RIONIfCH ﬂbalgﬁn%nggrfjgg fhgcRolymer
dﬂé{? eéjve% %ef‘blr«% (a%}%{gﬁﬂa% o WS hldiCirhP et fd i@ Ydesign also

ave tor vessel ''s vapor I schar ge

f}ﬁéiﬂd@d Fsm gred ek Eenethe estraiht tdgd beerpahich gfolyher ﬂowed and the
pol y | ow. A shortcom nrgwof t he si n(gl e ci rcul ar
t\reagﬁl d‘é@lﬂ gth@lghswﬁltrél e saedyePradugy Faes (Yol bofhy,gesigns

g%cﬁ {1] tbly e%r%g\gcqss €r§ﬂ1 {hiéetr s&WacS) for{é&etgpﬂé)\% hfough the

nas to over coo

es’éﬁt%%%bé@ﬁs)/th& 'p%E%é? mélf 86%- | ToKddresy tbis dpgérmdehe aiathegs of the
aresult slowmy 'solidify. The net result is a | oss of

aﬁfcatarl tvaysr wac niage aamneyrhat lass ethae xthe gerntoraypesal' didiameter. The

deS| rs hanged t he of the trays fromcircul
s Bt WA o eRPTaFEHE Hgeab ey ey 4 travel

%Qﬁé rea\éﬁf)h %bs?lrsev%% dRhir g@ gﬂzz‘?é ilas h‘{ﬁthaé(téﬁﬁpﬁo' 8 path of the

ol une tion o ead zones "al so i nproved

pddgtdert flowall shyrisoming éfhibe dimgule zoowar aay deﬂgnsomsthe leatstence of
produce high | evels of degradation by- pr oduct s aﬂl
pised zoBesfverl SloWomONEIZOVeTRBBRY FEIE eﬁ%‘ﬂsgﬁ?re e polymer in

Liﬁfgsr%ret&cfggnat éé/gé?qsg%flﬁ% e '?)%{cii&,aﬁecﬁﬁép&&e&ﬁx?df \ﬁjécgup, Otross-link

usé o
and/or degrade, and as a result slowly solidify. The net result is a loss of effective

reaction volume.

The next generation of designers changed the shape of the trays from
circular to other geometric shapes. They eliminated dead zomes, which are not
entirely effective as reaction volume. The elimination of dead zones also improved
product quality since the dead zones are regioms that produce high levels of
degradation by-products and poor color due to the overcooking of the polymer.
Unfortunately, these noncircular shaped trays did not increase the effective use of

the cylindrical pressure vessel's cross-sectional area.
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the cylindrical pressure vessel's cross-sectiona
area. The basis for nore recent inventions of the '590

w@atoentieand the '419 patent is a hol |l ow circul BET/URZY6/015770

which nore efficiently utilizes the cross-sectiona

area of a cylindrical pressure vessel while providing
polymer nelt flow paths which rninimze |liquid dead

zone regions and prevent channeling. The net result

was an appr-pg %Esfafoflgr%ré Q&%ﬁ@ﬁﬁgﬁtfbn& [RYhAF ) it ARl Be <419
for liquid retention as conpared to the non-circul ar
sy ds tar Bollw Theulee iy abhiclp era@fficientlyeutilizeg sthe cross-sectional
provi ded a chi mey through which the vapor by-products .
aarea pEasykeiricrbpreyaire vesselswhile proyilingpolgmer Rieligdo paths which

t he.pol yoer. i ol s can alsq inhibi f [

gzl Eq Aefe Gort, fiBhaf B0 ArBi? harkiSfaf LE ek Sesffivas an
Sapfk s GMafRPRI%A §AdIEasE i BBy afea( HANAKITOENQLid retefigor APEGhpared to
of "pol ynmer depth increaSes in proportion to the dearee

athe moh3cireulaz shidped trays. Tfihs certral wpening rie dgctrisnpiovidep e chimney
chem cal_ .equilibriumdriving force,for polynerization
a@rq%%m&w@a?quwu%ﬁ Po¥ftt groups are reduced

t hrough the growth of the polynmer chains. Hence, to

get acceptable results, the nechanisns for |iberating

pol ycondensdbéwever pyis petofbuibit sbofve othet deptip of ke polysteric pools can
nmust be further enhanced. At higher degrees of

psoy imbihitztheieiactive: useiof tirsteadtion Yolume @h v GDFTRIiRg BRFYFes. At a
| ow | evel s of by c " ¢ _
B 55 R PRS0 B, R CBER e

ep&ieion B dedfde dfasolheritibmaThishie dve 6 eshuttion of the chemical
i'ncreases substantially as polynerization proceeds to

hequiiérive griving ke firypedyinerization . asAhe sogegntsagis f| golymer end
P v Sebicb FEteB B e 47, (901 DIPEL RPglgn s, to get
Z'cp:geﬁzt?ﬂé lr%gfgg’,%éf %c?ﬁﬁ&%@ﬁ)r 1ibBRtAE PoBREndnsA R §-Bloducts from

patent) achi eve a degreé of control” over
tihe odfmeremeldanid Heyfunter sghanhed. pot Zigher tkbgrees ofupolymerization

sl oping trays. The s| opes of the successivye trays, are ‘
i thisr Barpsessay s Bt suificisntly Hew s 08 Py RIefwS irﬁréam in the melt

Vi s Sit of he. r iyt ri 0 . ) )
compas e, PohbAT AL 5 mefRel oREIGHTE, FGveH, oAb importan
factor is that the viscosity increases substantially as polymerization proceeds to

higher degrees of polymerization.

At a sufficiently high viscosity, horizontal trays cannot achieve the
desired combination of both high polymer throughput and shallow polymer depths.
The designs of Lewis et al. (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. In the present invention described

herein, substantially vertical surfaces are desirable for polymer systems with higher
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herein, substantially vertical surfaces are desirable
for polyner systens with higherthroughputs, and even

wh@aaeiers scositi es, because of the reduced fiP@T/US2006/015770

t hi ckness through which the |iberated gas nust pass.
The design of the '168 patent (roof-and-trough trays)
al so achi eved sone degree of control over polyner
depth by splitting the polyner nmelt into two equal

SRR 0 R, AR By ARG By i

btmrénglm\mﬁicﬁhﬁIﬂﬁﬁe@éd)FasQﬁﬁtpsdsoped trays. Lewis' design
i nnovati on over sinple sloped trays was a reduction of
the reactor vessel volune needed to enclose the trays

within av um envi kan . SPlL At t he po roo.
flow t he vZﬁE‘% g]%ﬁlgrﬂ Pﬁ@??snﬁgg Qa\%éépt(P%ogl—ang-E%)bx)gﬁnté%aié{gsoa}chleved
Asduicdledree BF BhitME et BolyhRE depansy @glﬂtdége ﬁféep(ﬂ%filﬁﬁ nfeftdinto two
pol ynmer dept h was reducéd. The roof-and-troug

caquil gfueaatsi (@ithoartesfiavwh pathdreingon ntrot énggehofathe toteer tftoay path) that
that each half of th Roly r flow nust traverse . .
bERNsFE [APBIpF Y toghe beltomal the ERpCOBioNEleslaRachiTAys: Legfs’ design
t I f t I I hor |

(G BROH Wiy e U GF wB] pLaiEilol Hhlcor veseel volume

t ivedsnteemsoss the oy e withinoe daduiay emhitdnénens | Big splétsisg the polymer
total vertical height. As the Joroducti on rates are

i e dbe earticehdimessipn (Nerticrlodign) geadegnios gnsepto @ghierea desired

ext ende plitting th ol r r in r

R 2B Bt P2 AeklePS ol AR % LR " o and-trough
f Qufign@kightonts: thEMbYizofAP tengtn bf ARt ey 1Bt daiB HabR6t Bie polymer
vessel volume is maintained as the vessel is increased

i fhowe imast traverse beforsdditopping do pizd et trayh Sitngglepcht half of the polymer

[ﬁ@mﬁs\s/ggmr?eq\éfggﬂ g{% %‘fqrel?‘igfggﬁ -é%g%-&ita’r 358 2’?}5{‘1\% CFqOJ ,e{gIllg nf.o(r)f each is
CHpEEaRARY e L 103 siffle S0LPRaf iRB U 1L 2btaPDertiBal height

residence tine operating windowis narrowed to achi eve
better quality. As the targeted degree of .
pol yneri zatAbihg ProdysHer rafey e  inergesedothepoiansdciseyghy design

Db 3 e Pged o SpPfh B BB BRP Bl R 8 it sreas,

Seibradly i bidafy fashion - two, four, eight... Thus, good utilization of the reactor

vessel volume is maintained as the vessel is increased in size to accommodate the

polymer throughput.

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
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mass transfer is to be increased by targeting shall ow
pol yner depths, then steepertrays are needed. At sone

w@oeioati2teh® sl opes becone essentially vertical PQrestoe6015770

than 60 slope fromthe horizontal), and appreciably

t hi nner depths for a given conbination of throughput

and viscosity cannot be achieved by further changi ng

the slope. In this region of high throughputs,

t ghgelRdieshal Lﬁ‘??’oﬁn@ Rt th@ B pd Iﬂstéoﬂese@&%tihbl% vefiRall (gréater than
generation and film'support gtructures of the present

| 60 Mdpen fides ¢he Hedizoatai nardnepprasieblyh¢hinuerbdeptbs for a given
pol ymer sheets within a _given reactor ves

: | .
c egyBkinaiian ighEuEEPE AndHEPEE, CARBAl %@PWW@S}A{ further changing the

t hr oug bet.t r.apst C Neb¥hs, and high
DRPLORE 8 S0l St R hAS e piforabits, v
oeRessRy| e A ghhdrfic BRO Filmi sippe woaomesssaft therpresent invention
reactors that nmakes nore efficient utilization of

spescebechhareindnereass|the gumbertof polysngrdiipete yithin a given reactor vessel

pol yneri.zati on reacgtor . for conbi.nati.o f. Nl

v Fo8gssetignal jgragy, ﬂ}eﬁ?cwahwtf{g%%h?ﬂ‘wpﬁfﬁ A1 R ragster.
THE | NVENTI ON The present invention overconmes one or

more problenms of the prior art by providing in one )
enbodi ment  Acturdingly, alese i yeadf fos fmpioved desigmsafor film generation
conpaonents for a vertjcal, gravity flow driven . e s
p@r@ BiEmi SEBROTH 1. PRlXeensiensagpn gs%qfﬁ é’efftorﬂééeafm?ﬁegﬁfﬁ‘“em utilization
vi LY, t i 1PinBriPfionRhcthEkdr combinations
flofg@a_%e.%g plrngésg%’n a?ﬁgzﬁw%rﬁ%gpggﬁle%hancene%t of

eaf highvistesityy Afsht thesughpepandsthth files.appr oach of gravity

and vertical drop to achieve the desired degree of

pol ymeri zation. Such earlier designs are disclosed in

U.S. Patent Nos. . ),

5, 466, 419 (the ' 4%@@&*‘%&?)61& T%ﬁ?@@ﬁ?ﬁé ' 168

patent), 3,841,836 (the '836 patent), 3,250,747 (the

"747 patent), and 2,645,607 (the '607 patent). The

ent i r e THe prdsestuineentmh ¢veemme amermrsmareepioblegsyof the prior art by
i ncorporated by reference. The sept _j.nvention

pPEVIES I ameg%m%‘f@ﬁefea §P%H% a%?&&‘ﬁ’?mfﬁiﬁ“‘i ngfF‘F‘gEﬂ“aP(?“S“ts for a
i fagh it - i eaG! @bmtiatiBns of high
TR ol i RLTBIBRRTZ R ORyECRE Rombiskiys of hig

Polsysyl BhitBroupt 2kl firsstymbymekdiims ofThetpreseny ivention is an
conmponents within what will be terped 'the

bemitsineensents i | eprlier demigns dhat b wsed Jb¢ apPpToRely a5 AVl vertical
fagopc i taE 1|c:\|/e| i Bgstirhedt Heegrgg %?Spl{)rlﬁn&'?ijation. 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
“J47 patent), and 2,645,607 (the ‘607 patent). The entire disclosures of these

patents are hereby incorporated by reference. The present invention provides large
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 components within what will be termed 'the bundle
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tenperature in the space surrounding the bundle
assenbly. The bundl e assenbly of the invention

WO p@baeisss one or nore stationary fil m generat oPCT/UII066/015770

bundl e assenbly further includes one or nore
stationary arrays of filmsupport structures, wherein
arrays are separated by filmgenerators. Typically,
each array of film support structures is arranged in

o%@er%ly%hee TefM6: GG ﬁé\ﬁ&észaeﬂeﬁé 18} l:orﬁfolﬁlggebéthltﬁ'é pressure and

ructures MA n a row belng at tne sane

eieﬁipatalhﬁ’e i thesspacehwir@hding Aeconmdiigssemblyhe verti cal
arrangenent of the conPonents in the bundl e assenbly
wi t hi nThe berde gsserpbbs ef thet imersiomyipeludes apg o &pe a@&?é’@nary film

SRS VB 5Bl ASORRY, AlabRSNBRT Sl bLBES S s o

PRInY S8post SRR és) et aRhyBE RepdigRn %Zdﬂﬁi gehefdt@i\éﬁ ﬂDyplcally,
strea with a resultant |ncrease in the nunber of

f eagk astayfafdids supporistrirctirey is hrrapgedyimemerns| morej nows aharpsterized
nore,_uni f or plied tot film ort.struct
B 0 58 e PG, PEUOT-FCAPHORGI § KAV THELTH HeE 4G el aton (e,

C{Kﬁ%{tﬁ k@&cﬁﬁlﬁgr%u{%s\le@ﬁceﬁ Vﬁﬁnﬁ&ﬁglﬁcﬁ M é‘orﬁﬁéne‘hﬁem the bundle

r streans are retal ned and

ea@sﬁﬁb@dwhhmth@eefctdrnv@smd{d pelymecit unels . caidadesadowy thé vertical
film suE&ort structures provides solid surfaces upon
wiength of WF%M@Pﬂ@trearrs fromthe film generator

fl ow. t

Si do. ahtt BB eshiforig by HRUEE i dGeE HARiAR. fojier stream
PRLY B96 ot ﬂh@ﬁé’rhfdle%éﬁﬁ ﬂoWﬁlﬁg krgihis Slithea regudtant sivgese in the
portion of the su ymer stream fl ows over

tmﬂnlmcxrfrﬁneesﬂn‘&ces nBUI’dlsldmntﬂie rpolstrhes Meltnitap ﬂ:@rmore uniformly
ure_is.coated with flo T. film

%R?Eiss(lt totte et upony sttt lpopd iR e TR, the fim

hg AHietaton aﬁ%gtl e PLefee hAbls 'ﬁteegglrﬁz%grﬁ%§ fof @B #1BRing polymer

ane. Arow of filmsupport structures can

bstreatie at;vtﬁd:hi ate ectainedard\of extended biFdhe fkmsppErt sructwresan
be formed by nmpunting at an equal el evatj.on

pl ur al The 2y 196 FimR SHPRATE FIraguies Proyidesasolid; ﬂi“ﬁ?agﬁﬁpw% which the
gtqgg G gtg%q%tg%mftﬁeg %hﬁ%eﬁ&ra@f fidwe Halch S thPfitdh %ﬁﬁ%tt structures

has a first side and a second side. A portion of each subdivided polymer stream
flows over the first side, and a second portion of the subdivided polymer stream
flows over the second side. In this manner, the film support structure is coated with
flowing polymer. The film support structures are usually oriented at least 60
degrees, and preferably about 90 degrees, from the horizontal plane. A row of film
support structures can be created in a number of ways. For example, a row can be
formed by mounting at an equal elevation a plurality of horizontally spaced planar
film support structures. For such an array, the linear or normal spacing between the
planes of adjacent film support structures is preferably constant for a given row.
Alternatively, a row can be formed by arranging the film support structures about a

substantially vertical line. For this latter case, the angular spacing between adjacent
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pl anes of adjacent film support structures is
preferably constant for a given row Alternatively, a

wo oweaarsiHe formed by arrangi ng the fil m suppoP€T/US2006/015770
structures about a substantially vertical line. For
this latter case, the angul ar spaci ng between
adj acentfil msupport structures is preferably constant
within a given row. The film support structures are
ntfﬂf‘n §@§Uftrsﬁ‘3cﬁ19esqg tpPéf@Hxﬁf - conSanCWRAR £giveh ré%! a¥hefilm support
fi'Tmsupport structures can be created froma series

oftruginGeiter ict eyhirdtt e be lanat.| i Pveskanipie,aaobirey of film support
variation, an array can be created by spiraling.the h
fstiugiusesppsarte cieaterbiramen ssish Of qORFERIICGylingigrs o1 eltipses. In another

CRARREL L B AL PP 99, SERAY S v o

f\rieal fge bundl e assenbly. The vertically arranged rows
of firm support structures typically have a hi ghest
posi t i @ptézhalpwnubipleofilss gensoadnsi apdearays wi filigupport structures are

R S R e L T PSP G2 o
; ol?@-%?ﬁ@s&ﬁ&ﬁﬁgsgﬁ/ icARy hhveOR ;ﬁ%h%b'ccﬂbsltﬂﬁéd W@ Natib@est positioned

acts a fi support structure the
Prokey d ioptioRdlly cmeversmore iatetnediselydpasitioned irows.udul érnt hach row

force of gravity, The arrangenent of the.ro [ uch
tinelidesane PloWoYciibR SUPROFESTUSHESS thabae E‘?S&f%\é@ ﬁga{ ﬁﬂé‘% when the

ol £ | i dj - .
AR o 3 PR 50 i s i
PARARNEE dfecBor th@ero@p eorkosf havivpeMhowsandenfdnt mf the rows is

support structures facilitates changi ng the nunber,
ouck hedteadtn row (exehpipdie dowesh sow) frrageE tBe pplyaeric melt to a lower

B i e SeataRoT o e P RRA R (fjgPrsence of
| P ﬁ?mﬁ%éﬁgfa't&eﬁéﬁv%ﬁlrowé W fifn hippoRusiellcauras $alitades Whanging the
one enbodi nment of the present invention showing firm
gRimehed) eriantativa, paskdpeeadf thd surfasesppiothe fidmrsuppart sigictures from one
FI GURE 2A is shows the polymer nelt flow for the
bigRtiodthe sebsaiept KWeETOWre 1;

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a cross-sectional view of the bundle assembly of one
embodiment of the present invention showing film generators and parallel film

support structures;

FIGURE 2A is shows the polymer melt flow for the bundle assembly of
Figure 1;

FIGURE 2B shows in greater detail the polymer melt films from the film

generator on both sides of a film support structure;



FI GURE 2B shows in greater detail the polyner nelt
films fromthe firmgenerator on both sides of a film

wGexppaete1structure; FI GURE 3A i s a cross-secti opel/ustoesn1s770

10

20

of the top edge of a planar film support structure
and. the fil mgenerator above it where the film
generator utilizes a half pipé to divide the nelt
flow, create the filnms and then direct the filns onto

the arépgcg@m;aé&' ¥ SRAGEAebtidnd) FIRPQF thsttby CddgE €8F a planar film
FI GUR IS a cross-sectional view of the top edge of
asyppartatrutivrerasifbp diln gdneratenabevenidwhdre the Film genenatirorilizes a

b it wh the fil t tili X L.
gﬁéry Bipeto dfé&é*ao@ r_ﬁﬁe g rapfce 1S abeftﬁféflﬁéh‘% e ggﬁs onto the
en dir appropri ate space
f?Rpﬁ]ogr&ﬁg%gIﬁpﬁ%&fﬂl@@%}é@ﬂ%@%ﬁ 22 i g a per)s/pegt ive

view of a franmed solid plate used as a film support
st r uct BKGURE 3B isardresstssptional view ofifhefan esdge of palgar 4m support

IS a perspective view of. a franed ed screenj

SeiobE 38 HiS gbarer abfirol HE's MEGheREtign uffeep sgual g
| BYREL {oCivide! it Bieltt fotS cheaRCHRPEIRIs MRI MR Wit thel filPEnto the
set” of vertical and parallel wires or rods that are
ussoprsately fsphosd Silsappors sruntengs,e in a vari ati on of the
invention; FIGURE 5A is a perspective view of a row of

films r:uGt [ Ltzi f '
cqual - ERBORE, FA IS Hikeliby oL BP aLARA <BHA pRETOM 2 film
Ofuppoftistrift@e Bl 2¥1atipa SF thednechtiougr the fil m support
structures of Figure 5A; FIGURE 6A is a perspective

vView o w.ot films Qrt _stru

concen{:ﬁ' [ékgy‘p? o PS’ESP?LCI%%RYIJ—LG‘% fgtfiasﬁé&écgrsr%egféécdt %C\%‘g}grll%\lflvsed asa
ofiIR sﬁﬁyo% SRRRREPE vRSSioh FTRIino¥iont Ne il m support
structdres of Figure 6A; FIGURE 6C is a perspective

o b et e el R R o, i
9GRRE B Rlashia'akd £08%s 3% §ulﬂﬁort structure in a variation of the invention;

FIGURE 5A is a perspective view of a row of film support structures

utilizing planar surfaces with equal angular spacing;

FIGURE 5B is a perspective view of a film generator positioned over the

film support structures of Figure 5A;

FIGURE 6A is a perspective view of a row of film support structures

utilizing concentric cylinders;

FIGURE 6B is a perspective view of a film generator positioned over the

film support structures of Figure 6A;

FIGURE 6C is a perspective view of a film support structure utilizing a

spiral arrangement;

-10 -



filmsupport structures of Figure 6C, FIGURE 7Ais a
perspective view of a row of framed parallel solid

w@b@ba2feiy m support structures in a nmounting rBCRUS2006/015770
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FIGURE 7B is a perspective view of a row of neshed

screen or perforated netal sheet for the fil msupport
structures in a nmounting rack ; FIGURE 7Cis a

perspective view of a row of framed set of wires, rods

or tube3GURE bDeisfd heRsSatBRO Vievs OF UCkilii @BndrAtod pHBMidhed @ver the
rack; FIGURE 8A is a perspective view illustrating the

s tfdmkdupppro sirfdtines geRignest Gc;s and racks (rows) of film
support structures to forma bundle assenbly, with

each rack hol ding the same type of film support

structures; FIGURE 8B is a perspective view

il ustratiU%%the. stacki ng of filmgenerators and ack?_

(r ows) BBEURE disispopemspestive viayY €6 & ¥W 6f rﬁ%ﬂ%‘uﬂ%ﬁlﬁd solid plate
assenbl ith h .hol ding a different type of
f%ﬁ%@ﬂ%%&%ﬁ%%@ggq%#g%%%a%GURE 9 is a side view of

a polynerization reactor conposed of a vessel which

encl os&GURE BB risih perapsetisl siewfoltaheovh poé swashed spyegit ploperforated
DETAI LED DESCRI PTI ON OF THE PREFERRED.ENMBCDI MENT( S)
Ré?eé?léﬁﬁeé?&ﬁ ﬁ?fﬁ%ﬁuwrﬁ%ﬂ‘é‘mi‘rﬁs et JOUORRE 46K 5 hr esent | y
preferred conpositions or enbodi nents and net hods of

t he i NRGURIN7Cvihaglerspectitel tiew eoftahevb ef tramedest of wires, rods or
practicing the invention presently known to the

i e o e iR SHPPEHHBITHEHIN HMOERENgakent i nventi on,

a bundl e assenbly adapted to be placed in a reactor

for polIFYGEREZ8AGs & pelbydtie iviewrdhistraingthe\stdkthg N film generators

referenceto Figures 1 and 2, cross-sectional )
s @ahé rackis dzows) dnfEine sampartnatictuses théorpyaduadigsasaembly, gyith each

th ent. i ti th i t hout | [ |t
P ety e oL R Db aBe. Lupport

structure 12. Bundle assenbly 10 al so includes a

st at i ofRAGYRE 8Bnige penspeative View dlusorasag ting seackingorfaily generators

array 24 of vertical filmsug{%ort tructur

y : .
Typd daaks(rowy) AT i pYppaFY sEpcEey © Forpby, typdiseaspergbly, with each
f 'rlﬁg holding a different type of film support structure; and :

FIGURE 9 is a side view of a polymerization reactor composed of a vessel

which encloses the bundle assembly of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Reference will now be made in detail to the presently preferred compositions
or embodiments and methods of the invention, which constitute the best modes of

practicing the invention presently known to the inventors.

In an embodiment of the present invention, a bundle assembly adapted to be

placed in a reactor for polymerizing a polymeric melt is provided. With reference

~11 -
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support structures positioned at a substantially equal
el evation (i.e., height). Mreover, the array and film

w@emenateos are referred to as stationary becauBeT/UREY6/015770

do not nove during operation. The term"film support
structures" as used herein neans an object having a

first and second surface over which a polyner nelt can
flow Bundle assenbly 10 will also optionally include
ot;BeIfJ@Pre'gnf an@adi &b QNBkticRAT dRmaficd of foAWSImERlimes, ofSEhe bundle
0 iI'm support structures and one or nore additi onal

r awemielfy ofttaé ippssantyinferdtivngeiile rad ovisha®p poBdgergomeNhere provided.
addi tional arrays 26, 28, 30 are present

array 24 1is
t Bendle qseesably r b jnchies afupROTE sryclirg Io@é%‘ilile AssEgbly” 10 also
Eac f_art. 3 I .
3 3 S0 S b S5 Ry Bkl 548008 e
| fild WeSsore stPhdtirab.l t Yypadallyi |stﬁtﬁ)ﬂmoﬁ1’€ra}8t2muetal E®8 0&”8vert1cal film
40, 42, 44. In each of arrays 24-30, the pluralit
f §uppor ugtpmturesmqatttou:ixbsat 38, Sub@tanwly £quay élﬁ‘dam@ht(ié it geight).

Ve SUCCESSive zont al | ubst nt i
Gcbe. et i Aoteonie) BTty e R bty because they do
e’ d Canicaxt ”maarm% d h
IEgt tﬁé EP{IP% ?g%lggl?t 1;1?0}9 aégtﬁﬁr ggrﬁaE@pggpar at edS by a ed herein
smériscdneotijecti et mgce fitsd apd eseeortd smifaac @ner phiopne polymess melt can

surfaces fromnerging_and to av, fuﬁg resul ti ngg‘h
Howh Sundiesiy da T @50@%@%@9 opE g mop, 24gifional arrays
V@1 bk 175030 o?;?gmjzsﬁ ) Caﬁmg 3fla B¢ bARRRC Aiditibha Fows of

Yy’ para eac
SHERMEEy fﬁhhu et £5cs 3P, M), 36.2, V%naﬁcmlﬁaﬂaﬂaanyk ad,y28, 30 are

verti cal ﬁéan angl e equal to or %r eat er than about
aorewgr @e@ Béusvéhmhga@% arrayninslppay 06 rthe dewest #fiya Each of

Sy 2 oBlype onelf ofest ik i BPr Strghlfesy (i Aftayion, each of
SHPRRMI-5 feflabd sghﬁﬁa ty 03 filflsuppért| s‘éru&ﬁ&?é‘st%“llloa'étby 44. Tn each

vertical wth an | e"equal to or greater t han about
86X ateayss3(h el:he/vphmalﬂsﬁ@ﬁ ﬁﬂml SUppORD SUMEIIESS ri&: 40y 42 afdl age oriented
hori zontal plane, In_anot hﬁ suéa” ation

t

i IIANE iSBFPesTvE hoTizon Y HPHS $tasyf ]ervértﬂ)‘fal tswgaces with consistent
pélgﬁr?llldﬁz Iya‘qonfsmi!eﬂg Ro 1 L Sater&Hu{nleﬁﬁ%% coftfdx ﬁ?eané"‘lhdtsthe film

y Ver Wth an an roma out 80

Pauph6iit abiyuplué s@fdraialbie e suffiiont distare o prdvmnsmbmnt polymer
structure and a horizontal plane. |In yet
free surfaces from merging and to avoid the resulting loss in the free surface area of

polymer melt 46. In one variation, these horizontally-spaced surfaces are also

substantially parallel.

Typically, each of film support structures 38, 40, 42, 44 are substantially
vertical with an angle equal to or greater than about 60 degrees between each film
support structure and a horizontal plane. In a variation of the invention, each film
support structure of the plurality of film support structures 38, 40, 42, 44 is
substantially vertical with an angle equal to or greater than about 80 degrees
between each film support structure and a horizontal plane. In another variation of

the invention, each film support structure of the plurality of film support structures

-12 -
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anot her variation of the invention, each film support
structure of the plurality of film support structures

wW@8300640161312, 44 is substantially vertical w thPemusgé/e15770

of about 90 degrees between each fil m support
structure and a horizontal plane. Each fil m support
structure of the plurality of film support structures
38 44 are positioned such that when polyneric nelt 46
?t LD udl {5 @SRRI vt Gl ﬁn%gfehﬁoﬂ ébroﬁ{ 'SDytoaﬁeferably
msup;ﬂort structurés 38-44, polyneric nelt 46 no
I Bbot Qo%gmesjbdweaceachrﬁlmm:ppom euftorecandod hopizontalyplane. In yet
Mor eover, when additiognal arrays 26, 28, 30 are
pRROSkgs vatiatigihotihe ayregtion, gaeh @H{l YPRort stiisare oF theyrluzality of film

vaieppi ARG 45, 0 YT YA Ts Wl PorBe K an apglc of goout 90

t Bgyr8ddr hed®Bsn @Acht ﬂﬁnfsiubi%ﬁ? pRetate Shd UChorigstdl NplitheUrBach film
1 has a uniformlinear or normal spacing between the

s suppart suucmr@ofrtbwplumhtgrotﬁéiﬂm\sepgoﬂ sthiectares B&ddare pesitiened such
arran bout. a i cal such that  they . have

o o B nelgmetie fasloy driitictnn, Blip AOREE A i S et fpeity of film
S%@é@rtt g@c&késr@ssw gmﬁﬁé H&it%@&o@@spﬁﬁé dmma{d Bﬁeédb% under

es a wheel ernore, the surfaces of
f therfoe i @Fdvityt rMotcovers vaddn ad@itiodd, arrys A6, D&t Bmaneanesrnt each
be planar. They can_be any shape and_orientation
WRFEhOk Yeaeallisirangeh aray ot 200 28 imeteT elReats i f4§68§ lower

O(rerﬁgzllﬁc z{ceﬁftz{r{]ﬁ upport structures. Thus, film _
structures conposed of flat plates, concentric
shapes such as cylinders, and spiralin surfaces are

al | i ntheperllel aiangenteat Qﬁdpfesmfaqem@ el supportrefFuctures in

BB 855 S 5L P SPATNE Sk B B8 row,
B A 1B ively Wbt Ruf e 8RN $E ab@nfd @éﬂ(ﬁl@ a3Rrt#daf 1i8Ssuch that they have
Cross- sec¥| ona‘1 ematics t illustrate the fl ow of

po lupiferm rmllgulaii&pacang) rsovh e, Whem: viesied gframpethomeetheplilmh support
above the fil m generator, mJIt é pg:lmrrer str
e

f$t5mr¢§eamem Ekethisrspolgsiaf & e @Fﬂgorﬁoﬁg?@ﬁaws of the
f] Iy
rr%;}*n?‘§ | s | nb [ g%aéce%ﬁna@mﬁp&é 8%‘}% bgg‘%spelagégée ‘fyycan be any

1éhapé iah@ loriefitaBibh MY wihich theteels 4 icbisigenedi@iraice between surfaces of

adjacent film support structures. Thus, film support structures composed of flat
plates, concentric shapes such as cylinders, and spiraling surfaces are all included
within the scope of this invention. For the purpose of illustration, rectangular flat

parallel support surfaces are shown in Figures 1, 2, 3, 4, 7, 8, and 9.

With reference to Figures 2A and 2B, cross-sectional schematics that
illustrate the flow of polymer melt 46 is provided, including a polymer pool above
the film generator, multiple polymer streams from the film generator, with the
resulting polymer films on parallel film support structures. Polymer melt 46 is
introduced at the top of bundle assembly 10, first entering the inlet film generator
14 that divides the flow into flow streams 52, 54, 56, 58 which flow onto each film
support structure of the plurality of film support structures 38. The flow of polymer

-13 -
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14 that divides the flowinto flow streans 52, 54, 56,
58 which flow onto each film support structure of the

w@basabiety of film support structures 38. The PCDWSTNG/015770

polymernelt 46 then proceeds in a simlar manner al ong
sides 62, 64 of each filmsupport structure of the
plurality of firm support structures 38. Polyner nelt
46 rovvs down under the force of gravity until
Bkt [ t fgf i
ruc ur esﬂ} g%&%’h?g]ﬁﬁﬂéﬂﬁ?ﬂfg af?d hﬂgnsx%érgoécz;edctzllgaJ f%@?ﬁﬁn support
Q&ﬁ@tﬁﬁé 6f the plundlitg bf dlinv isdgsort ftenciires38. mPolymhammslt dédios's down

66, 68, 70, 72. This Erocess q%roceeds in a. si
mdoreﬂlefforcetqﬁ erpityrutl ggachngs tae oo Rirthe @Nrag]&mfe’@,lm Support

T e
RO oS, 86 S ¥trddnd 86! 68C hed 72Eaqhisf plodessUpioosdds in a similar

structure of arrays 24-30 is positioned such that when
modnpee formktpludlitysof Fibmesippont srgbiutasnil), e4%a s And yny dditional

SR OF G RURBT SUESHF R THRYE P G Bl ey OpyBi o pundie
aése?ﬁblf(ib%ﬁéacﬂgd t ?é& fflcljrﬂ"ﬁpﬁ&? fstrflétﬁfet Shid8ys 848D i bbﬂhoned

structure orce O gravity and

%ﬁ@lﬂﬂﬂt PREA Fﬂ&m@ﬁ neft 460is\flevedrthidugh Guhidle\assembdy 16 dodnsides of
side 80 of tilm support structure 38 under the far

dhe gl \support siru@nley S8ed4 prernsads, e example f SPOVR in Figure 2B,

SHEPBiTa7 7 R 5B RSl 0ROV b RALRRETE PSR srucure
MRl inddP iifel fOYR dffvrarghalildbel pﬁﬁ@ﬁbﬁ&/oﬂigblyﬁuf hiels 46 flows over
steady state operation, the fII‘Stn(i‘)Ol‘tlon 74 and the

secaddsigo Bﬂ.afrﬁms sugfportheryssing i tederethe forgehof gravity. Finally,

OB TR e B hé\é??ﬁ?ﬁﬁf%ié G L St EARtures are
%é{v useg r@za e nél %ﬁérpgoity%e@i@YmQﬁﬂG: Bollahrdi@l bundie

uni y su d|V|d he pol yner flow onto
taggentbly mos lﬁupmgtsteﬁdy usthte r aperatibng dyes foft podion Hhmsd the second

pi pes, hal f pi pes and angl es can be iil a ,r n%ed to
fROELATE 78 ﬁf g@r@lﬁﬂm%m}sreaﬁh indgpendep ess of preferably

t I fil
e S e T e R e SR
froma pI ate by adding arrays of appropriately
pOSI t |']&¢ddnbg®ﬁraﬁtg‘&s any wdevice that cae ge sedrogpi s minselivide the

polymer rrvetc;n‘t:s fo h'rsl’os{lrgpor{ structures. Arrays of rods, bars, pipes, half-

pipes and angles can be easily arranged to form film generators for planar film
support structures that are parallel. For more complex film support structures, a
film generator can be formed from a plate by adding arrays of appropriately
positioned openings. With reference to Figures 3A and 3B, schematics for some of
the design variations that may be uvsed for film generators 14, 32, 34, 36 are
provided. In Figure 3A, film generator 100 uses half pipes 102 which are separated
by distance di to form gaps 104. The subsequent film support structures 106 are
separated by horizontal distance dz2 and are positioned to be aligned with the center

of gaps 104. Moreover, film support structures 106 are a vertical distance ds below
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the design variations that may be used for film
generators 14, 32, 34, 36 are provided. In Figure 3A

wo pdoangener at or 100 uses hal f pi pes 102 whi ch BEBUS2006/015770

separated by distance di to formgaps 104. The

subsequent film support structures 106 are separated

by horizontal distance i and are positioned to be

aligned with the center of gaps 104. Mreover, film

S r Aa) .
o R LSRR fOfF T8 ANRREAN s SoBaR e eaps 104 with
ofhet hthsegphe filmfsupp@t gapstulds4106 emsuirdretiatbotdnuies 1fiR] ml4 are
support structures 106 ensures that both sides 112, i
1¢eried avidonelvameniasit 961 yAeranetier vpsiatipn, shagphiy Figure 3B, film

e BB BB EE s TR At 0 i e
Weipatht@dl By ARRAEAHEE Rymdigpkange Tk subséquel ARRSugpdtt structures

Thé subsequent film support structures 126 are =~ _
séParut expatagechby ihpoinerad] disteneendeantl aredpegikongdsiot aligrewith gaps

D2 MPrevars GHE gt sRRRES G26 pitna SR G KiftaRe drebelow the
bB&&&?fﬁ%%l&}lLéCﬁ%ﬂﬁE? 93 OlaFaird e éﬂgﬂé—gent %)Eeggﬁé i SN ORA FiL support

gaps I'm support” structu 1 sures that

bstiiictisiesl €236 kdfiresl 8t doth sidext E3D, Widharp alogted rwite lpolydher melt 46.
Typically, distances di_and d4 will be from ahout O.

25
t dYpiselit, distangedisand b 3¢iH e dEonz pbeiy @ . fy taghopt B dnghes,dlistances dz

a . [ . i St an 3 .
b QP pf ey b 5 (B R 16 Mebnlh S iSapces B B will e
direinPdioRs 0 GO aBOE Mckds| | PREerhbI9MiRh@dés @ aff@ dsowBbBd! frog about
inches. In other variations, the fil msupport

s©70dp wbeutad inshemt Inyethyr yaniativassthe ditpl suppbit sttvcowe lAlternatively
the gaps 10 124. The_ confi atign the film

g%ar?egﬁs{g ot ﬁelﬁfe%ﬁﬂﬁgt@ﬁ §aps 1104y ]grg'si ?@F econfignratiop of the film
botfarsbdes BE alidpted o f8UPEREE sBEAHGHWdth sibs bP th€ i support
t separate streans, one flowing to each side of the

f sthroheeppond fedd tved yeparat¥Vstieamef ene fiosing td-iegelr agleddf the film
4B, and 4C a perspective view of some of the various

t PRSIt SHUE S support structures 38-44 that can be

used in the bundle assenbly 10 is provided. Figure 4A

provi dpsthereférp a6 Figteesd £)UBS aill 4C arfRespeotfivedvibvadf some of the

plate used in one variation for the film support
syarioas iypes 88-film. sypporthptguctures 38-44 that can be used in the bundle

assembly 10 is provided. Figure 4A provides a perspective view of a framed solid
flat plate used in ope variation for the film support structures 38-44. In this
variation, film support structure 140 includes solid plate section 142 and frame
sections 144, 146. Frame sections 144, 146 assist in the placement of the framed
film support structures into a support rack and add mechanical strength to maintain
the shape and position of the film support structure. Figure 4B provides a
perspective view of a foraminous film support structure that comprises a framed
mesh that may be used in a variation of film support structures 38-44. In this
variation, film support structure 150 includes mesh section 152 and frame sections

154, 156. Any mesh style may be used for mesh section 152 (i.e., wire cloth or
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variation, filmsupport structure 140 includes solid
pl ate section 142 and frane sections 144, 146. Frane

W@ ewbilonss 144, 146 assist in the placenent of PEEUS2006/015770

framed film support structures into a support rack and

add nechanical strength to maintain the shape and

position of the fil msupport structure. Figure 4B

provi des a perspective view of a foram nous film

SURPR! InestietiUetethifie | Ratorz @ RIARY RphddRiBikilRABet). N A pically, the
may beé used in a variation of filmsupport structufes
38pedngslin thdfwanmonafilmupgdrt sorsapeorill mhgaifronr @.2550 3 inches.

i ncl udes nesh section 152 and frane, sections 154, 156. )
ARiguRe 4% DEOVIIGS RATSISELIVE BigWr Qfrd Framed st Saﬁstar%@ﬁ(five@.lqal wires

T e

OPAtdAS filrh sippord Bfuafird 06 idchides SufeMilid suppottGtrut@rerdction 162
range from0.25 to 3 inches. Figure 4C provides a

pand fremeiseetions dfitot66a Witarfiln seppost stsishe saetion 162 is formed by

R SH ety Pl i SR B G P MR et
1; ’%}{p‘i@ﬁﬁ RROEbmSobHCH. BIE ol 8dut OSSRt dpabinly 9dgf6%%éhtthe wires

ucture section 162 and frame sections 164, "1
Wiiom fitidutr0) 25tp aboutst. 0 undhgs.e Adthouplowite8 2ré¢ seféwedréng riogs ar tubes
set of s(Lijsta t;{@gl y. copl anar and substantially
peAtg we \#Wéﬁ’ a Sl PSECUPR ISIPL A OGFTSH ™ ar e from
about 0.010 to about 0.125 inches with spaci ng between
the w Wdf fef@eh@boUFigired S A andlfBta?etmplelofan alternative to the
Al'though wires are referred to, rods or_tubes _can be .
upwdlielsaryimemeniry the dilmcuppert sirasyreseaftighre; § inprovided. In this

necessity, Wth.reference to Figur 5 5 n

e ﬁ%‘?@e%tf’ f afl{nér AERRO: §UECTES p%féal req%%gc}r g%ggmanr? -parallel

Oford¥rdiioh MISHRROTA prbiited Wl frspiictivé Giéwe denidhstrating the use of

pr%vi ded. in %Iﬁi S enp‘godi nentl,g&t%e filmsupport ®

splanart fillve suppoe stnctarayeld0i anranged abg aaiektadal line using equal angular
e 5A provides an]?l tive, view

confjguration. Figu ersp .
GG YR F¢8T, en SHPRGFGEICTRES. Bt Provides a perspective
S r a r i NGim
eg%gbr%gngu ﬁ Q%nggi 1;1%6 cla\at%gg;uﬁvegdtjmgcaeﬂr%% ?JI‘IPJI r%%?a%%%rt support
Sétfuttiires @8 Fifirg 54 SBhprgevedes 82 aichpies tanvaray efvopénings 184
filmgenerator 182 placed over the angularly displaced

f positiangg pe rintreducy m%fr@@ welt mog the sfaces pﬁm%%ﬁ@pa& §jm support

1§3cr2uc'u?r%é.UdeS an array of openings 184

With reference to Figures 6A, 6B, 6C, and 6D, examples of alternatives to
the planar surfaces used for the film support structures of Figure 1 are provided.
Figure 6A provides a perspective view demonstrating the use of film support
structures in the form of concentric cylinders 190, 192, 194. Figure 6B provides a
perspective view of film generator 196 placed over the concentric cylinders of
Figure 6A. Film generator 196 includes an array of openings 198 positioned to
introduce polymer melt onto the cylindrical film support structures. Similarly,
Figure 6C provides a perspective view of a spiraling film support structure 200,

while Figure 6D provides a perspective view of film generator 202 positioned over
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positioned to introduce polynmer nelt onto the surfaces
of the planar filmsupport structures. Wth reference

WO e0obilgsnes 6A, 6B, 6C, and 6D, exanpl es of PCT/US2006/015770

alternatives to the planar surfaces used for the film
support structures of Figure 1 are provided. Figure 6A
provi des a perspective view denonstrating the use of
filmsupport structures in the formof concentric

c i%ﬁ%r 199, subBént shdeurE1200r e AGBinDrNI 8@®rator 202 includes an
ngres ectuﬁ%/e viséu\;/bilgol% film generat %r 196 placed over the
caeg0f bpenimpg| 20ddmsitionéd F gumoduéApolfinemmpdinentatthe swrdde of the
i ncludes an array of openings 19 ositiqned to .

i priFadiagc AP oSYRROFL RbUE frt 800 he @y?l?%‘bfi @50 be | ppreciated  that
S ort s t S il ar i j A 1
PRy 45 G ol shibor sRHEGIR OEFREESATR are o

2Q6hteniibled aEib@ug qvifhh RleQebpstest the ekstact i ve vi ew of
filmgenerator 202 positioned overthe spiraling film

supporf,. structure 200. Agai filmag rafor .2 . .

I ncl Udige afTQHE LR nhn S‘%e fﬂﬂﬁﬁogﬁﬁwgﬁeé’ fy %‘% invention. are
i | datRO 6 Shgh1RMY TiACRshbIyhe With ref t
sg‘?‘fag&?ﬁ‘glsgf%@ﬁﬁgr‘{m@t rfgrct%&e %O. Its shgul d Ial ;%erence ?
bEigupey BE, 2B cahd R@tpedipectivet viaws tof essuppogapek 20 tiokling some of

fil msupport structures of Figures A-DQ are also . .
c thet warislua tRianan Sl SERPOM SIRIGHIS ﬁéleéfég’ﬁ@ 11 the pesent mvention are

[ I10 N thes: .
U T X 45 P BRSR e oo o e ot
| filif atypolt fteuctuses 0. Eigute 7B Mastearty y suppbttracleed dolding framed
to Fi ?_ures 7A, 7B, and 7C perspective views of a

smeplo fm sapporpstondiesilag Ewally oFigiree’ G dHusbiates i suppert rack 210

fil.msupport structures described.4n r .

i AR w6 SiRr R AoSer ' el 6 freciaced that the
S Fit rAcRCK0246h BlahRg dekidte domBlnation | oFt frihad &sofil| plate film
support structures 140." Figure 7B illustrates a

s syypportt struattkes214D, Hodnidnmeshr filne gupposh stridtwies UdPoaed framed wire
structures 150. Fina ure 7 | ustr

ILy. Fi il
S 3 RRDCFEtRICHEES o i per ¥ RRATRTRAcE, FHRICO LAY hold only one
S glé%tflfﬂrﬁiu]i&%&%{&cnﬁgom d be appreciated that the

supp

ort rac can hol d any desired conbi nati on of

framed solid plate filmsupport structures 140, framed
mesh f ftishowldsirorhe anpreniated that apduraliyoffilghecpejiprs and arrays of

film support structures may be stacked to provide a longer flow path for the polymer

melt. With reference to Figures 8A and 8B, perspective views are given in which
film generators and film support structures in racks are stacked to form a bundie
assembly. Figure 8A is a perspective view illustrating a bundle with each support
rack holding a row of the same type of film support structures. Bundle 212 includes
inlet film generator 214. Inlet film generator 214 is positioned above rack 210 that
holds an array of film support structures 216. Rack 210 is positioned above
intermediate film generator 218 that includes the film generators set forth above.
Intermediate film generator 218 is positioned above rack 220 that holds a second
array of film support structures 216. Again, rack 220 is positioned above

intermediate film generator 222 that is in turn positioned above rack 224. Although
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filmsupport structures 162. In the typical
application, rack 210 will hold only one type of film

waeuppaete1structure. It should al so be appreci aperiustvas/015770

a plurality of filmgenerators and arrays of firm
support structures may be stacked to provide a | onger
flow path for the polynmer nelt. Wth reference to
Fi gures 8A and 8B, perspective views are given in
NBluddid BYsHBBL FithS HirtkE tri€l@$s it Bhould be
rac@es&?{e@k&gﬂfgfg‘&?gﬁ grg(nlﬁ;lIl bundl eggssenbl Fi gﬁr e 8A
i peechédacin wrbivargvniniben sif sapparty rackb wred) ke Wiikizedeadpreover,

support rack holding a ro f the sane t
sﬂlﬁ@p@gh (bt PO EU oA 6 o BT PROR SBS U 4P Yhichyite al solid

SRS B 1 D bR S5t S o OShpaRcsrcure

SEEYUChUA Emedh] Br WRR) kaR B0 ubel. pPBigutd 8Méwla plropeetive view ﬂlustratmg
intermediate film generator 218 that includes the fil

rebiendi¢ wiith egelt rack (raw)anfofilen SUpREETSHRETIEESAIHizZing 2 ditferent ¢ type of

nerator 218 is position 0
st gmaratcyreo RS apgbpe SerdiEedh Bty tigt)ind Benerator
rAGK ?[ﬁ& ﬁ%g&&hﬁtbf)ﬁ?ﬁ AP Borent HovE dAH BT tHatnholds an array of
gener at or IS in"turn positioned above rack
22 sWfpoftasigbiubes 332 sBilth sapporp lstfucptumemé@rcafrbmdlsehd flat plate
assenbly with three rack

ot Sepost TR, RaREL0 dr Posio Shote paefagfad fifh generator
S48 BfE fheplfel R o %%E@t”ﬁ%éifgﬁé%ﬁp (tchhddigtE B geperator

PiFe & 96s1€16&d3§dmdmﬂe,24@0mwhahd)1dm$ eécond f dreaye rof fﬂm support
types of film support structuresézi .,.solid, nes
ostrugiures) 243n tﬁlmssmpom guvneuns 242 arpcfiaped (gt \ﬁhéwsupport

'S%%%girésatsbg ggﬂg llﬁ P?Sitﬁ]%gg Q%I{ef I?Iferrlgen%? \S?e ﬁ)&n %%ﬂe@tf)r 248 that
| ng?qgﬁl ﬁ&sit ‘ﬁEd’ Eﬁové Fack 4s, Vl%idkal44oﬂoldtd"'ﬁm"dtmﬁéy€0f2ﬁﬁn support

et filmgenerator 214. Inlet film
gﬁﬁﬁn&émuﬁzwnmh arepfvsmed mdilamnpportatmcm t hat hol ds

“an array of firmsupport structures 232." Fi |l m support

struct %{{tﬁ(?urgﬁ?t%ur i r{t%g e%%}n:pijes shdly (REcRBnf g ators, the actual

suppor S positioned above

| fifheradipate depbitsgans namber @SAictdrat Intemhedias filmegdnetators are
generators set forth above. Internmediate firm
g@ﬁm wiefr in3Banging Biei wyrebrs PLAHBY @npa&tkst@&t)lr%% FPORERSHE Tows.

%grn% ehic?d e lcuInt ls;%cséulf%ﬁi%ﬁon, the horizontal spacing within a row of
film support structures 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 increases between the adjacent film support
structures. Typically as a result, the number of film support structures in a row
decreases. Intermediate film generators also facilitate changing the orientation of
the film support structures, for example, having the film support structures in

successive rows rotated 90 degrees about the reactor centerline.

In another embodiment of the present invention, a polymerization reactor

. that utilizes the bundle assembly set forth above is provided. With reference to
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structures 242. Firmsupport structures 242 are franed
mesh film support structures. Again, rack 240 is

weoemstizsned above internediate fil mgenerator PABUSIVEE015770
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is in turn positioned above rack 244. Rack 244 hold a

third array of filmsupport structures 246 which are

framed wire fil msupport structures. Although the

majority of the exanples show three fil m generators,

t ety aﬂoli}ﬂéﬁjﬁf'cﬁ S8 o5 FSRANES AR AYEREK 80 and vertically

fac%ors. In errred1| ate filmgenerators are oftén useful

i dlispbsedodongrinrhent 252b dolyofierfd el Sulppi4 issttiaciedureas thentop 256 of

successive rows. In order _to_achieve ef&i Ci enéﬁﬁ)ace
Softtached near

utvertically idismosed fonisgment #53 1and POl IGymel; qytlst

fiqr [ n t ]
| ATKBHAR K B R} 4hE 527 Mo Bkl bror 250 alo
t gelivdes 6RO Yutldd Ae2aaRshdd @molbe shalp252. Fhellpotteopolpherization

the reactor, the inininum horizontal spacing increases
betagtarn23th anchifies demdlef assemblyppdrthatskepeives thes polymeric melt from

Typjcally .a result. .the nunber .of fi support .
Pl il S O A PR met o
1Y ‘§§t%ﬁﬁ%b@4e? PolyRdrlzatiG] foabldRANSH BBo ilGudsiaaHhfty i@t shbwn) for
the tilmsupport "structures, for exanple, having the

f inhaimtsimppopolysier undluies flnidssteteessi wevacowm pwhpt(edt sigown) for
degrees about the reactor centerline. In a

t her )
o FBBIECHE RIFSSiFe ISHE SR PONYRISHEHEM 1o 0lo  yier YESHupohpmp Wil
r a il 0 | e t t
L EAGGA A7t tli Vag, bR P, PORIRARY (BE bubllle! Bssembly 10

P RhiRE | aZ iyl Of fil@agipport nficiunes 20e 274y 206 exnd sfilenigenerdidrs 278,
and vertically disposed contai nnent_ 252. Polyneric
maB0 and282. ds4npthenyariptionPiibis embedinens, filys sggport structures may

vertically. di.sposed. cont.ai hnent d '

o1 RACsHi0F R REC e ANEaP Prer Socah 9Babe el Hetdngement
ShglstrafaZin MRUROYCfor MBI YippottZ ficRires @0t 2742296 2l SPinally, the
i ncl udes vapor outlet 262 ‘attached to outer shell 252.
Fiopedatign of the bpodlly rmeseimbdy iscthe sane aothas0 fputle hbavies

bundl e assenbly 10 that receives the polyneric nelt

fromp i | dsB8 18 PrVIEE tefention of
mel t t?#@pﬁgﬁﬂéﬁr{é&h@%tﬁ@o&*g??%? ez\étsp(?og h above‘?\rl on o
Patheypatyinéinkles) theralsy picredbiflg digaid residentdaimawithint the ré¢avtdr and its
shown) for maintaining polyner nmelt in a fluid state
asEpesuLe touthen IeaAHoN (198! 1t1§m)v{,]?\l}e Heppid residence time is required to allow

sufficient time for the polymerization kinetics to keep up with the enhanced by-

product liberation rates achieved by the increase in the liquid-vapor surface area and
the enhancement of its renewal. Not only does this design provide more free
surface area for vapor to leave the polymer, but it also provides more parallel flow
paths so that the thickness of the films are reduced when compared to the prior art

such as roof-and-trough trays.

In yet another embodiment of the invention, a method of increasing the
degree of polymerization in a polymeric melt using the bundle assembly set forth
above is provided. The method of the invention comprises introducing the

polymeric melt into a bundle assembly at a sufficient temperature and pressure. The
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reduci ng the pressure inside the polynerization
reactor. The vacuum punp will typically act through

woapoen2wut | et 262. Specifically, the bundl e asBembb3004/015770

10

15

i ncludes arrays of film support structures 272, 274,

276 and filmgenerators 278, 280 and 282. In another
variation of this enbodinent, filmsupport structures

may be placed side by side in addition to or in place

of AP ik abdval €tihd efiodWranf dufodiment
f df%ﬁgagggﬁﬁﬁglﬁaﬁgct ur esﬁé;%eéf 274, 276. Finally, the
opempiisesrconfactidyethb tnghest ﬁhrsgmﬂrgtor gnd Hengherbighestt poaitioned row
set forth above. The fil msupport stryctures are

mot Gila SupRPT FEICHEES Blith; the pplyicgis et Ne¥brihgoPiipRal intermediate
tp ?ﬁ%ﬁpgﬁ%ﬁg %C'I‘Hl JolR B ﬁg@ﬁ’ﬁrﬁ’&u}és Qi goﬂtgc?étﬂgzﬂﬁ%he polymeric

reactor IS exposure to

r gl | BiRal6QIEE foweBSposiitmed iréiiod fi!hﬁsstuﬂﬁcﬁlt stridtiies iiscontacted with
required to allow sufficient tinme for the

pdifymlym@a@ imgit. kAdier passingoovesdhe dpvest ﬂnnSItlﬁ@ederm’a @€ ddm support

DBl R 8 8L B B, AR ot
Ofrerh('ivcedr ?r'b‘ﬁi"’ethe 1O M s¥erfiNgS adVinbagl@Si@ R 8VhileMe@ree of

free surface area for vapor to | eave the polyner, but
i polhmpizationy itlhas wien ethp apalyhetic fiheltv waxt litraduced atltot the bundle

thi ckness _of the filns 2% rgﬁ) gced en conpared t
t BESepPlor harorle SaHAtiop of qdimegtygthe jeagHon ‘Fﬁlpﬁamfe is from

anpLes50e b, HZS'gP%szf Ct{iﬁ th]@\f@%doﬁ re?sufgeﬁshﬁgmofabout 0.2 torr to
|ncreas|ng ree o ynerlz lon 1n a polymeric
mabdut 39iteng . the bundle assenbly set forth above is

provi ded. The nethod of the invention conprises

i ntrodyci. t.he. pol i C

ar o sonFreneey BF e iphihn biCodn AR bed, i
?10‘@ EenBEN Hla€ 1R8S BBbHnRhR iB®iratoitd\dALAYE all PBSsIBIBERES of the

0 I's enbodi nent conprises contacting the highest

f iidvenigen e rRtloar, dred wioldmn usddemhﬂ:xghmlfm‘smn apn a@rdsoef @escription

filmsupport, structures, with the ymeric [ t. Next
t H@h@pfhaénlémltiﬂﬁ’tner ditaisety eFW@eE@aYHS’Ps’S aﬁ%gngeév\gla%fbe made
&b the
1@0& &@%ﬁ’ﬁ%@ u’{pﬁﬁ ﬁ?ﬁsg&ﬁ‘\%\igg% %g/gglt?oned row of
f| I m support structures is contacted with the
polymeric melt. After passing over the Iovvest
posi tioned row of film support
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structures, the polyneric nelt falls fromthe bundle
assenbly. The polyneric nelt renoved fromthe bundle

wa@smefbieys advant ageously has a hi gher degree OPCT/US2006/015770

pol yneri zati on than when the polyneric nelt was

i ntroduced into the bundle assenbly. In one variation
of this enbodi nent, the reaction tenperature is from
about 250 C to about 320 C and the reaction pressure

[ om; forr to about 30 torr. Wiile
em)é?%m 0 ﬂ?ﬁ% i nventi on have been illustrated and

described, it is not intended that these enbodi nents
illustrate and descri be all ﬁ)ossi ble forns of the

i nvention. Rat heh, bunsle wereably fer 4 wertigally shepopqds agravity flow

are words of description rather. tha i m iQn,

Rt B g R L e e R e
m@grﬁﬂqgin%eparti ng fromthe spirit and scope of the
invention. WHAT IS CLAIMED IS: 1. A bundle assenbly for

a verti cal | yfidit sptiesdy agragwf bye Df owrel filmenpport structures oriented
P VeSSBS PRy PRI . Veatigal BEREACE with consistent
S{:l@!uj areXchaﬁﬁrf"é‘.{pgért%%ﬁt‘ﬁfe R & bk sRIPRA A second side; and
structures ofi en to have suctesslve

hori zont al | yes paGRstesitixsdrant iftinl geneestdbisC pbsiionetlaatms/e the first

w th consistent clearance, each film support structure
hetetiongria afrey of film $upROTH sEuAwEsNWhichFubdiyile edigret fh olymer

st at.i ona filmageperators positioned above the first
S itiog at?lé ﬁilplsgl}&)gpﬁflﬁ%ei‘upport structures, which
sstidi Maidehedntpdlimee ettoWOLhY tH® bind1B tadsebdtb@y hifird portion of

support struc?ures; such t hat %_en a polyner nelt
f thevssbdilvided ghlytiee nrinflows aserethbfirsteside ok eaghdiilm sippert structure

bk o PO ED MELL Lot 04k b b8 A over
gEe%Xh& %idé‘Bﬁeﬁhsﬁﬁﬁgxgpp%?{&hﬁﬂnglhiﬂé}%é’%wﬁf %1;53%%: flows

ver the second si )f eac m support s ure

under the force of gravity. 2. The bundl e assenbly of

claim1 wherein the substantially . . .
The bundle assembly Of claim 1 wherein the substantially

vertical surfaces are substantially parallel.

3. The bundle assembly of claim 1 wherein each film support
structure is positioned relative to the horizontal plane with an angle greater than or

equal to about 60 degrees.

4. The bundle assembly of claim 1 wherein each film support
structure is positioned relative to the horizontal plane wifth an angle greater than
about 80 degrees, the stationary array of film support structures being arranged to
form one or more rows, each row having horizontally-spaced film support structures

positioned at equal elevation.
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vertical surfaces are substantially parallel. 3. The

bundl e assenbly of claim 1l wherein each film support
w@Rooaatsni® i s positioned relative to the hori zBet/ak2006/015770

pl ane with an angle greater than or equal to about 60

degrees. 4. The bundl e assenbly of claim1 wherein

each filmsupport structure is positioned relative to

the horizontal plane with an angle greater than about

80 degrees,5the ’fﬁeabﬁﬁ’d]@g)é%eﬁ{qu@‘yofoﬁaim ll”ﬁﬁfﬁ@P%ﬁﬁl\%ﬁsing one or

structures Dbeing arrange 0 form one or nore rows,

emole doividnalstagbrasy eyt ofl filyr Sppordiriicturess thppmiditional stationary
structures positioned at equal elevation.5. The bundle

adsayisigaph deing) anranged finiot erer of Hiase jadilifignaingergallypprganged rows,

additional .stationary arrays.of fi iy

ctPhotof Bavite HorARly SRAR S hinct BPEKS nopigoned ot equal
bakRgioft! ABGAHeHIQI RS Afay¥Oh@uddid Idvsaktatieaky @ty Yuch that
arranged rows, each row having horizontally-spaced

f the rbusdjepassemblyr s cidapted tpaadioni tieepolpmer quedl toeflewafrponthe first
wherein the adrgi ii onal arrays includes a | owest
stiaqugRaaatorthG I RShsieioarY ¥ undl e assenbly is
adapted to allow the polyner nelt to flow fromthe
first stationary array to the | owest stationary array.
6. The bund.e asHeTbhndlefasensbilynof oiMiar éi wheramhedchl film support
support structure of the array of film support
s§trustire pEthe agiay ot 8= SHPRYK BEUGILLS S0mMPIisesfeSokid te-
assenbly of claim1 wherein each film support
structure of the array of filmsupport structures

conpri ses &y for amienBuisllé iakdBnblp POrdaifit 1UuheteR. efth file support
bundl e assenbly of claim7 wherein each foram nous

f §tiuetue pp thetarstyraf dilor ippért siructares Lpmprises 2 farampess film support
structures is conposed of wire cloth or fabric, neshed
sHUBRPng, perforated netal, or expanded netal sheet.
9. The bundl e assenbly of claim8 wherein the

foram nous filmsupport structure has openings from
about 0. 25 §.nchebhe undbmoasserBblyrufivieam 7 wherein each foraminous film

support structure of the array of film support structures is composed of wire cloth or

fabric, meshed screening, perforated metal, or expanded metal sheet.

9. The bundle assembly of claim 8 wherein the foraminous film

support structure has openings from about 0.25 inches to about 3 inches.

10.  The bundle assembly of claim 1 wherein each film support
structure of the array of film support structures comprises a set of substantially

vertical and substantially parallel wires, rods, or tubes.
11.  The bundle assembly of claim 1 wherein the horizontally-

spaced distance between adjacent film support structures of the array of film support

structures is such that when the polymeric melt flows through the bundle assembly,
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10. The bundl e assenbly of claim 1l wherein each film
support structure of the array of film support

wa@rooaatsnes conprises a set of substantially vRCT/USENG6/015770
and substantially parallel wres, rods, or tubes. 11.
The bundl e assenbly of claim 1l wherein the
hori zont al | yspaced di stance between adjacent film
support structures of the array of film support
S btgteS atea ¥R thd) QuUINDMBE Hing AB¢Penfid®Volymeric
t 1?0 gﬁéﬁeg%tﬁnﬁfegatgdgéem%y, during steady st atﬂé\3 ol
opelt atieamns heachthdknesse of abdbasi §@# ahthe distapes dbetween each film
polymeric nmelt streans has a thickness of at |east 10%
ofuPPA% SHPGEnce bet ween each film support structure.
12. The bundl e assenbly of claim1l wherein each film
support structure of the array of film support
structures i® sepy dhedle fasembly brdidont avherei exdnfilm support
filmsupport structure by a distance fromabout 0.5
i stotetire cfltbeitarrep ofnine SUPPPEt StRFELTES) At Pepasaed Mgy aghorizontally-

g%ltﬁig{cngéfil\g}lp g&He?i Hﬁ&,ﬁrﬁgmg%%g g@i%t%cgﬂo&%du?g%@g% ‘;t]l(g ?l;;(furtn 10 inches.

support structure meking up the array of film support
structures inmedi ately beneath the filmgenerator. 14.

A pol yneri zH.i onThehundle assemblyi of algim He wihered ¢he polymeric melt
assenmbly of claim1l placed within a ve

rtically .
R cBSEErasn FIAIGREARE. o1 SO GO RN e SILER % Egrh il sppport
1 irﬂal{jﬁg t SirdctGiel ifPncARARY tRBeath th
aSt%ﬁnggnen &82@% g%ra?}:’%tﬁ]ﬁltﬁgg rogup consi sti ng ofy 2 ©
sfimblgének/s6r.havi ng the shape of cylinders, structures
havi ng the shape of a spiral, and structures with
substantially vertical but non-parallel surfaces. 16.

A method of 1%?[ Ka]fﬂglg%{%ﬁgg TG &Imﬁrggﬁfg?{e' o gssieﬂlbly of

a polyneric _ COmnprrsi

| Abin® 8 WEcBE whthen POLNERIY Gispoikd comthigmrnbundl e assenbly
at a sufficient tenperature and pressure for

pol yneri zati on of the polynmer nelt, the

15. The bundle assembly of claim 1 wherein the one or more
support structures comprise a component selected from the group consisting of
structures having the shape of cylinders, structures having the shape of a spiral, and

structures with substantially vertical but non-parallel surfaces.

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

a) introducing the polymeric melt into a bundle assembly at a
sufficient temperature and pressure for polymerization of the polymer melt, the
bundle assembly comprising:

a stationary array of film support structures oriented to have successive
horizontally-spaced substantially vertical surfaces with sufficient clearance such that

when a polymer melt flows through the bundle assembly a portion of the polymer
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bundl e assenbly conprising: a stationary array of film
support structures oriented to have successive

wherdeaorstial | y- spaced substantially vertical sup¢BUS®06/015770

with sufficient clearance such that when a pol ynmer

melt flows through the bundl e assenbly a portion of

the polynerfl ows downward under the force of gravity

over each film support structure while coating each

f : E erifh AhpEtucture whil
{03 SUPRRLE SLELBILIGR: 808007 RS Shpfefonre i

SeoRA0Y bachtilCpp@S stridi@repaad or nore stationary film
generators positioned to subdivide and direct the
pol ynegnen] moen sigtionssy fiilmngensrmienst Pastiioned (abaye ) array of film

exposing the resulting free syrf t s

354 e 5L b G SHEAREES, b, B5eRR Bftoned o
t B dRRIAB direct e Pofyﬁiémrﬁelﬁ%ﬂw e fnPGHHoR| syrusagssei n
the polymeric nmelt renoved fromthe bundl e assenbly
has a hi ghd) degrpesing theaksuling frae senfaceh af thehpnlympremelt to the
pol yneric nelt s introduced into the bundle

assemAYosphore of{ie FracYEy cl ai m 16 wherein the
bundl | j
undl € ass y rfaﬁ%(/fﬂgr ﬂﬁoﬁlfy‘gzet‘?ﬁ %ltarﬁ?l'ggﬁﬁe‘%mﬂfet assembly

the array of filmsupport ures to rmrows a
efhatinghepalyineric méierenmwved dfon ithenbusdprpassemblyr hastaubigher degree

bei ng vertically arranged, all additional rows_hei nf%
vafr polymetization Shin gres the Rekmenic melt, was TBFPQIce itpigy the bundle
%E‘g&;g structures, wherein each row of the one or

a{ ditional rows, except a | owest positioned row,
is adapted to transfer the polyneric nelt to a | ower

vertical ly adjacent row under the force of gravity.
18. The netlHod dfhecinethed of claimt Ifevhergimptheshungle assembly further

contacting the one or re additional rows of fil

SOEBERES S AurctaRaSt A aiF £ QoI eRReofe el fsm rows at
Ségﬁgl Eleyal®n, B@%d‘ﬁt BP ¢1A  suppétt Mrhbu¥iepShg veRRally arranged, all
t erature is from

additional rows being vertically positioned ,under the first row of film support
structures, wherein each row of the one or more additional rows, except a lowest
positioned row, is adapted to transfer the polymeric melt to a lower vertically

adjacent row under the force of gravity.

18.  The method of claim 17 further comprising contacting the one
or more additional rows of film support structures with the polymeric melt prior to

step c.

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

about 250° C to about 320° C.
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about 250 C to about 320 C 20. The nethod of claim 16
wherein the pressure is fromabout 0.2 torr to about

w@aokoere1s 21. The nethod of claim16 wherei n er€chUs£006/015770

the filmsupport structures is positioned relative to

the horizontal plane with an angle greater than or

equal to about 60 degrees. 22. The nethod of claim 16
wherein each fil msupport structure in an array of

film supporig st rugt . [ :

The net hod 2001‘ clrg%mfﬁ[i@aghqgﬁ%lﬁﬁ ggc‘ﬁl e?ﬂakrrﬁﬂ % ?é%rgﬁe #from about
s.2ueitrus @boud 3@nomr ray of fil m support structures

conprises a foram nous filmsupport structure. 24. The

nmet hod of claim 23 wherein each film support structure

in an array of film support structures is conposed of

wire cloth pr f [ S r ' :

metal or ex%and&elﬁ{engie}ﬂ%sﬁge ﬁﬁzgﬁe %%lrﬁ&%%%g{f%g%% rshupport
24rioheeLis ;poﬁi'ﬁ@nefdofe?dﬁvﬁ(w&_ldc hdriRostap pRinE vatH M€ haffle ghager than or
openi ngs from about 0.25 inches to about 3 inches. 26.

Teuahiotdhout &ff dagregsm 16 wherein each fil m support

structure in an array of film support structures .
conprises a set of substantially vertical and
substantially parallel wires, rods, or tubes.27. A

bundl e assembl y FRr mah¥@'dti ik Y6 Hieras edeh Gil@VdupYort structure
flow driven polynerization reactor for polynerizing a

pinl apreeray rod|film supporb stnatiteresisempitisep acoligmplate.ng: a first
stationary row of film support structures oriented to

have successive substantially vertical surfaces with

consi stent cl earance; and one or nore stationary film
generat or s pOSi UFNBEhaR Qf 14iMe16 Witkeif @l PMAT AphOW! structure
of filmsupport structures, the one or nore stationary

finl am gerayr abdrifinmpesppdro sadceturess odydprised ea afodaminoes tfiltsh support

polymer nmelt onto the filmsupport structures;
structure.

24.  The method of claim 23 wherein each film support structure
in an array of film support structures is composed of wire cloth or fabric, meshed

screening, perforated metal or expanded metal sheet.

25.  The method of claim 24 wherein the foraminous film support

structure has openings from about 0.25 inches to about 3 inches.

26.  The method of claim 16 wherein each film support structure
in an array of film support structures comprises a set of substantially vertical and

substantially parallel wires, rods, or tubes.
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wherein the first stationary row of film support
structures is positioned relative to the film

w@emenatees s such that when the polyneric nmelt PONUSING015770

any film support structure, the polynmeric nelt noves
in a downward direction under the force of gravity
such that a first portion of the subdivided pol yner
nelt flows over the first side of each film support

structure upder Ahguddy %@seﬁfbl;@ rfoy i yeiallp dgosdld gravity flow
portion of the polynmer nelt flows over the second side

ofiriescpolyménizasiop peactorsor palymerizing depolymer moki cibe ppndle assembly
gravity. 28. The bundl e assenbly of claim27 further
cEPiS®g: one or nore additional stationary rows of

film sy @ﬂﬁrsttatﬁ)'hﬁﬂpfdw oF 'fﬂIﬁas‘&E%&‘t |sf¥h§tﬁ¥b§Q5ﬂen§édrﬂéCﬁd%Gkuccesswe

having a first si and a se e; and one or nore

agltbistahi@d1B) veriitalnsgeaes atitronsivteat cﬂea:amdee asdidi t i onal
filmgenerators are posjtioned above eag(i of th
addi t | 9¥faPT PeVE Setierary HEm ganeraiens drasitioast ARPYF {he first stationary

f }'q&iplglglltng?lllp%:ggto%cgﬁe.{) ?ljley &Fero Me sttécltlofn%ngy\f 1; géﬁerr;;’tgrs positioned

row oanyln erne I onar

rﬂ)V‘ﬁbﬂifvﬂérﬁﬁtheci e Polydne HiclSoab itignElny su ts&ﬂctufdfse
bundl e assenbly of ?I aim 27 wherein eaclﬁ%n‘oer in the

rohersn fhel finst sipiienary sow aft filne suppsTihEsictyreh édpesitioned viglative to
;%L&%gg&éggsteg&chpih%{] %vh\gl ttﬁ‘e pgly%{]e%cemgfteat ctstih%ﬁﬁlm support
struciure, the polymeric melt moves in a downward direction under the force of
gravity such that a first portion of the subdivided polymer melt flows over the first
side of each film support structure under the force of gravity and a second portion
of the polymer melt flows over the second side of each film support structure under

the force of gravity.

28.  The bundle assembly of claim 27 further comprising:

one or more additional stationary rows of film support structures,
each film support structure having a first side and a second side; and

one or more additional film generators, wherein the additional film
generators are positioned above each of the additional rows such that the bundle
assembly is adapted to allow the polymer melt to flow from the first stationary row

to any intermediate stationary rows if present to a lowest stationary row.

29.  The bundle assembly of claim 27 wherein each member in the
row of film support structures is positioned relative to the horizontal plane with an

angle greater than about 60 degrees.
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