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present invention relates to an apparatus for the production of 10

pol ycondensati on products, such as |linear polyesters and co-pol yesters.
More particularly, the present invention relates to inproved tray designs
for use in vertical oriented polynerization reactors. 2. Background Art
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| particularly, the present invention relates to improved tray designs for use in vertical

oriented polymerization reactors.

2. Background Art
15
Processes for producing polymeric materials such as polyesters and
co-polyesters via polycondensation reactions involve the liberation 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
20  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.
25
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

30  weight polymeric materials) is a series of stirred tank reactors. In these reactor
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operating pkWE%%N?S is limted by the cost of achieving | ow operating 20
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entrai nnent of polyner into the vacuum source. Moreover, the depth of the
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reaction by-products. Higher volatility of the by-products decreases by-product
concentration in the reaction mixture, thereby furthering the polymerization
15  reaction. However, the temperature sensitivity of the polymeric material to
degradation reactions limits the use of increasingly higher temperature as a means of
furthering the degree of polymerization. Similarly, the volatility of the by-products
may be further increased by the use of low operating pressures. However, use of
extremely low operating pressures is limited by the cost of achieving low operating
20  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.
25  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.



the pool are subjected to greater hydrostatic pressure. Hi gher |ocal
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PCT/ US2006/ 015770 For the reasons set forth above, increasing the degree
of polynerization requires replacenent of sinple stirred tank reactors with
specialized reaction equipnent. Such specialized equi prment nust overcone
one or nore of the 5 operating |limtations noted above to achieve the
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pol yner i zat i lifratacifi thel bpspredueas) Vil thdé@ydanbie approach, afals are needed around
the rotating shaft or shafts that pass through the reactor walls. These seals must be
maintained in order to prevent air from leaking into the reactor. Also with the
15  dynamic approach, as the size of the vessel and the viscosity of the product increase,
the size of the mechanical components must increase in order to handle the increase
in load. The second approach can be referred to as the static approach in that no
moving devices are used for the liquid-vapor surface renewal. This later approach
uses gravity in combiﬁation with vertical drop to create thin polymeric films.
20  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.

25 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,



by-products. 25 Prior art patents which disclose the use of gravity in
conbination wth vertical drop include: U S. Patent Nos. 5,464,590 (the
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excessi vel y s (hS GRS as HeQfotyhbiaelt flow. To address th1s concern, the diameter of the
circular trays was made somewhat less than the reactor vessel's diameter. The
resulting annular space was used to allow vapor traffic to escape each tray and travel
15  to the reactor vessel's vapor discharge nozzle along a path external to the path of the
polymer flow. A shortcoming of the simple circular tray designs is the existence of
dead zones (very slow moving or stagnant regions on the trays). The polymer in
these stagnant regions tends to overcook, become excessively viscous, cross-link
and/or degrade, and as a result slowly solidify. The net result is a loss of effective

20 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

25  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.



and/ or degrade, and as a result slowy solidify. The net result is a |oss
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pol ymeri zat hRportion to the degree of polymerization.. This is due to reduction of the chemical

equilibrium driving force for polymerization as the concentration of polymer end
groups are reduced through the growth of the polymer chains. Hence, to get
15  acceptable results, the mechanisms for liberating polycondensation by-products from
the polymer melt must be further enhanced. At higher degrees of polymerization
this is necessary so that sufficiently low levels of by-products remain in the melt |
enabling the polymerization to proceed efficiently. However, another important
factor is that the viscosity increases substantially as polymerization proceeds to

-20 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

25  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



this is necessary so that sufficiently low | evels of by-products remain in
the nelt enabling the polynerization to proceed efficiently. However,
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configuration cuts the horizontal length of the tray that each half of the polymer
flow must traverse before dropping to the next tray. Since each half of the polymer
flow traverses half the horizontal distance, the residence time for each is

15  approximately the same as a simple sloped tray while using less total vertical height.

As the production rates are increased, the roof-and-trough design
concept can be extended by splitting the polymer streams into more equal streams,
generally in binary fashion - two, four, eight... Thus, good utilization of the reactor

20  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

25  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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filmgeneration and film support structures of the present invention
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SUMMARY OF THE INVENTION

15
The present invention overcomes one or more problems of the prior art by
providing in one embodiment a bundle assembly of static internal components for a
vertical, gravity flow driven polymerization reactor for combinations of high
viscosity, high throughput, and thin polymer melt films. The present invention is an
20  enhancement of earlier designs that also used the approach of gravity and vertical
drop to achieve the 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
25  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



SUMMARY CF THE | NVENTI ON 15 The present invention overcones one or nore
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t hroughput, and thin polymer nelt filns. The present invention is an 20
enhancenent of earlier designs that also used the approach of gravity and
vertical drop to achieve the desired degree of polynerization. Such
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fil msuppor ures, erein arrays are separated by filmgenerators.

Typically, egembar MatiDh fehdton seu@eprthe Flolyuadricr aelti &seerdeantgmm the verdicar nore
rows characterized by all of the film support structures within a row
bei ng at0 t héengtnef B aossel BISTIOT.. . hei ght). According to the vertical
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vessel, the poly e ver i ca
into two or more independently flowing streams with a resultant increase in the

number of free surfaces. By dividing the polymer melt, it can be more uniformly
applied to the film support structures located below it. Furthermore, the film

15  generators create large amounts of free surface area for the flowing polymer
streams, which are retained and\or extended by the film support structures.

The array of film support structures provides solid surfaces upon which the
polymer streams from the film generator flow. Each of the film support structures
has a first side and a second side. A portion of each subdivided polymer sfream

20  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

25  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



10 length of the vessel interior. The filmgenerator is any device that
subdi vides a flow ng polynmer stream into two or nore independently flow ng
streans wWohoe/neasl tant increase in the nunber of freecTust@cmss77@y
dividing the polymer nmelt, it can be nore uniformy applied to the film
support structures |located belowit. Furthernore, the film 15 generators
create | arge anobunts of free surface area for the flow ng polyner streans,
whi ch are retai ned and\or extended by the filmsupport structures. The
array of fil i [ 3 > iy he

ol yrer st r SNEURRE b s R bheR Sabia piitoR RO Lt o

structures gthasures hrd abt sdqgdre@nd te slewendFsi dramplepan tarcry of fibmctupport
subdi vi ded pol yner stream 20 flows over the first side, apd a second
portion of sthectarehean belergated fiomp seresed PONgangE CHNdErs Heellpsesnia aofher | n

this manner, the filmsupport structure.is: i f %&'H r.
The film sugiﬂﬁnfms P A ‘%Fr 8real§e§atf%’| gpl{l)ailinéﬁﬁégﬂﬁﬁ%ﬁpgggt gt geag(rag%g? and
preferaly y agheut 198. degrees, fromthe horizontal plane. A row of film
support structures can be created in a nunber of wa For exanple, a row

S.
can be 25 for medOpsiomalynniutijple filmrgeneratars andesraaysor ﬁﬁnmupparti Sfrpcigfes are

hori zontal | y spaced planar _fil upport structures..Far such an array, the
linear or n¥eHEAllYs Eréé’ilﬁ?a tBeﬁ“F@etH]e ﬁwgglerﬂs?fﬁ%@yo 8dﬁe£1tl:célﬂ¥ aFH“ﬁF@JBBBr
structur esmtlg“ %ﬁﬁ‘ﬁoﬁ‘{ @@&éﬁu&?ﬁﬁiﬁé@a@&ja% a%hi MeSEPodi@¥fied rOW & PAcktvSdstionddr OW

can be for y-farrangl ng m support Structures about a

subst ant i al kow vaidt optihnally o ofFplord itmediatedy posifenedtiowsaniguber, eapacowg
bet ween adj acent -8 WO 21)1)6/121615 PCT/ U8211116/,1115771¥1i film support
struct ulles insludespue abmipre SHESHRAPOMSIRGTRres oAt \Es Ppgitipnegruch ithat, whemn e

structures ane nat fefulred Lo e RbARRTsrERke O BBl EerRNmAR Al i bl m

SuppOl’t . rae Ooma seril es concentri C. cyI I naers or
el l'i pses. | fo@RifaCdirectioh dideOthe ficeadbf ghavign The arLagatehyofsiherm@ivisng t he

filmsupport structure about a
such that each row (except the lowest row) transfers the polymeric melt to a lower
vertically adjacent film generator or row of film support structures. The presence of
15  a film generator between rows of film support structures facilitates changing the
number, orientation, or shape of the surfaces of the film support structures from one

row. to the subsequent lower row.

BRIEF DESCRIPTION OF THE DRAWINGS

20
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
25  Figure 1;

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

generator on both sides of a film support structure;



5 vertical line. Optionally, multiple filmgenerators and arrays of film
support structures are vertically arranged to formthe bundl e assenbly.
The vertiweal2bgs/atsianged rows of film support structuregcryse@aloisr7have a
hi ghest positioned row, a | owest positioned row, and optionally one or
nore internediately positioned rows. In turn, each row 10 includes one or
nore film support structures that are positioned such that when the
polymeric nmelt contacts a filmsupport structure the polynmeric nelt noves

in a downward dipgeggiﬁwﬁd rerbiteseb@bit® Rlw Wraitet Yop AR Bf rApaasEMmof the

rows is such tha row (except the |owest row) transfers the polyneric
melt to a |@y|!\%rort sarckire ahd yheafifnageneratbi hinovgeih ehateothe dilnr ganendtorf utilizes appor t
structures. e presence of 15 a filmgenerator between r

N ws, of fil
support st r dekf pirsstor dixide itheamel fhomarigedig tenlims andyiben dgeetd Faf’clfnéﬁ’,m‘bmeshape
of the surfaces of the filmms t tures fromone rowto the
subsequent IPBREPIIHE .Spéﬁdé?“bﬁ%%%tﬁﬁ‘ﬁ% THE DRAWNGS 20 FIGURE 1 is a
cross-sectional view of the bundle assenbly of one enbodinent of the
present 3 nventi oFIGHRE g isa tuosyenctional giew ahthepep adgedf F planar Blagppport

s % 3%}?%63% fsE'E&JEE e Ut ienpialor 200 i i il @Fheralos el Inge,
s o . gt
me 11 ms ag%rtcg gbvgélélg?f 61%%1'9 gf(Q’%, Ure thOkilns hake $hedfl difedt ithérMPRRES the

structure; - Us2006/ 015770 FIGURE 3A is a

cross-sect i apglopriately acddniint ayppertgeuctire; pl anar film support structure and
the filmgenerator above it where the filmgenerator utilizes a

FIGURE 4A is a perspective view of a framed solid plate used as a film

10  support structure in a variation of the invention;

FIGURE 4B is a perspective view of a framed meshed screening used as a

film support structure in a variation of the invention;

' FIGURE 4C is a perspective view of a framed set of vertical and parallel

wires or rods that are used as a film support structure in a variation of the invention;

15 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

20  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 -



hal f pipe to divide the nelt flow, create the filns and then direct the
films onto the appropriately spaced film support structures. 5 FI GURE 3B
is a croswoealizosial view of the top edge of a planar fiPCmsaEeoI1L770
structure and the fil mgenerator above it where the filmgenerator utilizes
equal leg angles to divide the nelt flow, create the filns and then direct
the filnms onto the appropriately spaced filmsupport structures; FlIGURE 4A
is a perspective view of a framed solid plate used as a film 10 support

structure in a vaFiATRR®IPEs b HRrdpBUBRLView; ofd BREehBraG FosResreRaskl \the Vi ew
of a framed neshed screening used as a filmsupport structure in a

vari ati on offilnhsippostestrictores of FEUREGLC i s a perspective view of a franed set
of vertical and parallel wres or rods that are used as a fil m support
structure in a variation of the invention; 15 FIGURE 5A is a perspective
view of a row of film support structures wutilizing planar surfaces with
equal angul ar spacing; FIGJRE 5B is a perspective view of a_filmgenerator
positi oned over tHEURE|M éupperspediveudevirafsa éi?WF‘?fg@%@edSR?raﬁF@ﬁE?BWq s a
perspective yiew of a row of film ort structures 20 utilizing
concentrfc c{}ﬁﬂ WQP?;SUEFW%glqugﬁﬁggaézg(wecti ve view of a film generator
positioned over the filmsupport structures of Figure 6A;, FIGURE 6Cis a
perspective vi ew HGURE7Bnis supspective viewt off @ row | dfimeshgd scregpior gerforated

arrangenent; -10 V\DéOOG/ 21615 PCT/ US20Q6/ 015770 FIGURE 6D is a
per spect i ve Weialshset 197 ha flphupeett SERCHERS 1R ASAMPIEE &2% he  fi 1 m support

structures of Figure 6C
FIGURE 7C is a perspective view of a row of framed set of wires, rods or

tubes for the film support structures in a mounting rack;

10 FIGURE 8A is a perspective view illustrating the stacking of film generators
and racks (rows) of film support structures to form a bundle assembly, with each

rack holding the same type of film support structures;

FIGURE 8B is a perspective view illustrating the stacking of film generators
and racks (rows) of film support structures to form a bundle assembly, with each

15  rack 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)
20
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

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

~11 -



FIGURE 7A is a perspective view of a row of franed parallel solid plate 5
filmsupport structures in a nounting rack; FIGURE 7B is a perspective view
of a rowwD amsinedsscreen or perforated netal sheet forctrhmsdoclons7support
structures in a nmounting rack ; FIGURE 7C is a perspective view of a row of
framed set of wires, rods or tubes for the film support structures in a
nmounting rack; 10 FIGURE 8A is a perspective view illustrating the stacking
of filmgenerators and racks (rows) of filmsupport structures to forma
bundl e asse&g%ﬁg ggbnaaf,hcroﬁsage&i&&h dihdniie oo E¥B&difdent lof Thé WRRANk!
structures; I'S ‘a perspective view illustrating the stacking of
fi1m gener augemblyastitheasissent ivesfiornfvithi dmh wifbauriolypnenic meltesire prédded. a

cuppor t f&‘é%ééeﬂs%ﬁugfi&méﬁ@és?éﬁp@% S%Q&W;%lw‘féi " Budile wBrof 116 aoact or
vent ton. | BEtEs aried BT SR ERET i BURREeE SRRERY, Yl o oA

Ref erenge Wiilh agpoauiiBEfesi nTgsicaly, didragy prragent lsya poef of vedical film
conpositions or enbodi nents and nmethods of the invention, which constitute

t he best nosgmonf strpetatesi positipned eati av swhstantiay eepat | slevaiionn(ico, theaght).

i nvent ors. M}pan enbodi ment gfl therg esent Jnv tioq .a bugdl e eaﬁlseﬁgl y
adapted to BETCPEIpilg AR i d Jilt geRe18foT f25¢ TefEr 1SS BFPHG EY Q1 t i s
provi ded. W‘l%tha‘fo% RhuEfE Coperatibh. ¥t 2008/ K6 Sapfolet! slRdBRE? hOstl herfin

Figures 1 an cross-sectional schematics of ‘one enbodi nent of the bundle
assenbl y of niches pii @Bjeot havinve Btfirstnandi $eoomd dunfadehaver wintly egrolymereinel ane

provided. Bundle assenbly 10 includes, support structure 1%. . Bunldl e -
assenbl ¥ 10flaws Bundle assembly 10 will also optionally mclude one or more a ditional arrays

O

(e.g. Tows) 26, 28, 30 of film support structures and one or more additional rows of
stationary film generators 32, 34, 36. When additional arrays 26, 28, 30 are
present, array 24 is the highest array and array 30 is the lowest array. Each of
arrays 24-30 includes one or more film support structures. In one variation, each of
15  arrays 24-30 includes a plurality of film support structures 38, 40, 42, 44. In each
of arrays 24-30, the plurality of film support structures 38, 40, 42, 44 are oriented
to have successive horizontally-spaced substantially vertical surfaces with consistent
clearance. “Consistent clearance” as used in this context means that the film
support structures are separated by a sufficient distance to prevent adjacent polymer
20  free surfaces from merging and to avoid the resuiting 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

25  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 -



i ncludes a stationary filmgenerator 14 foll owed by stationary array 24 of
vertical 5 filmsupport structures. Typically, stationary array 24 is a row
of verti cwb 2bed/rmeisupport structures positioned at a sulpstrarstecslobsrzequal

el evation (i.e., height). Moreover, the array and fil mgenerator are
referred to as stationary because they do not nove during operation. The
term"filmsupport structures" as used herein neans an object having a
first and second surface over which a polynmer nelt can 10 fl ow. Bundl e
assenbly 10 qui | S ' . ' dg; A

(g rons) o 0,84 B PRl DGR R AL PR ey

addi tional rabyg 90f degidedbewwian yadh film gepperiadtocir8and 8horidéntaMpienc. adidiet onal
arrays 26, 28, 30 are present, array 24 is the highest array and array 30

i s the | owegnother vayiation o therinveptipnyeich filmepuppit sgeduenf the phsaldy fof fim

support structures. ln o rj,ati,on, . . S,.24- 30 ] S a
plurality OFHERW%ETIST it ? g,slﬁfu‘iﬁ lﬁlr4e1§ s ‘%%Q‘dﬂ X%élcgi;l{;v?tﬁnan %&2‘?’:& glfdug%ays '
24-30, the pbpeal bbiweeh dhbh MISUARPoEt Shickit UndSa IBrizdRal plne4Eadie fnl ent ed
to have successive horizontally-spaced substantially vertical surfaces with

consi stent suppear sinckire vCthegilsrbtyt ofdfilmasuppe stragures 8§-44narelpiositiooed such neans
that the film support structures are arated by a syfficjent di.stance to
prevent adj éléf’él’i‘_f e polymsTicpel #ééo%tﬁﬁt’f 3? SPPB‘?ﬁg ﬁ%&‘ﬁ?’i’?gol%é{ﬁpi%giW&f Hhe
resul ting | Qs Nsthiifirbd ?@-ﬁufw&gﬁﬁrigrrﬁé}t ?6 md¥eb YHB! ddWilvwhard Girebfor 'ﬂﬁ?er

vari ation, these hor 1 26n ally=spaced surfaces are also substantially

paral | el . Ty fordd of gredigh Morédvier) whyppaiditionhl arcaysr26s 288 30 40 preent4dachr e
substantially vertical with an angle equal to or greater than about 60
degr eeslbet dEan ob yemically arapmsd aigsye 2 3¢ r2fcanséerplymene meliath 0 2 Ve, 1n

a variation of. i.nv Lon, each film support structure of the plurality
of film supﬁgﬁ't{cgl@??%%?eﬁ?éﬂggg& 40, 42, 44 is substantially vertical with
an angle equal to or greater than about 80 degrees between each film
support st ruct ur &hararallechariangmueat ofl thesurfpeesapfotheetiloy spppart siuethirest ine

| nvention, - gach fi L SuppOLL (SLEUSH e of e Al Al bt Qlnlhd T SURR" !

Alternatively, the surfaces can be arranged about a vertical line such that they have

15  a uniform angular spacing such that when viewed from above the film support
structures appear much like the spokes of a wheel. Furthermore, the surfaces of the
film support structures 38, 40, 42, 44 do not have to be planar. They can be any
shape and orientation in which there is a consistent clearance between surfaces of
adjacent film support structures. Thus, film support structures composed of flat

20  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

25  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 -



-12 WD 2006/ 121615 PCT/ US2006/ 015770 38, 40, 42, 44 is substantially
vertical with an angle fromabout 80 to preferably about 90 degrees

bet ween ewohode/izmeisupport structure and a horizontal pl @oeuskevewei77o anot her
variation of the invention, each film support structure of the plurality of
film support structures 38, 40, 42, 44 is substantially vertical with an
angl e of about 90 5 degrees between each fil msupport structure and a

hori zontal plane. Each film support structure of the plurality of film
support structyr = re positi oned. s ; i t 46
contact s a ok dodfiep Brobeedfif ARkt ARFRersutk hRPE2URPDE PR HEL SEppii
structures @8rcAfte Pyt ofeilin Hpom eesctures 38d dutyvaedme]t déciovendosder

the force of gravity. Mreover, when additional arrays 26, 28 30 are
present, eawtdet theaforesyofogravisr unidllepshing therbpsionnet hpplowelity of filrg supperEf or

polymeric nelt 46 ower rticall | aC h r
arrangerrentStB*CuFﬁ%ggu?%Oi@é\%r 18?1¥t%'ﬁetlhfnil Ipﬁél%g‘gép%rﬁ&ilg%% F e?’-s5 ?’H& F‘lﬂgilﬁir%%a 1 has
a uni fosm | i0ed@dw Ghto"REWBLreRRAGEN HaDEINER) s HHsdeds pfodeBd A @Vimilar
Alternatively, The surfaces can be arranged about a vertical |ine such that
t hey have Ilfnagnenrfof dienplargity af fimasippgrisunicturesatOnA2n44isdeanyf additiesdbve t he
filmsupport structures appear nuch |li ke the spoke f wheel

Fur t her mor eatTa§eofs{jlm SuRROTH pLragiwres ¢t ‘Ftnﬁngﬁﬁ’ﬁoﬁ’rleseg‘f r'{’j@ 3%1%30%%‘}1 ofobundle 44 do
not have to : | 13 ALY sV g
there is a %S’g%g]i%fl gfis féi;r%g?'aﬁgé%h%g{‘ﬁg}?ﬁ%% g@g@g?} faggajggcggﬁ%a I%‘O?Firegﬂgﬁpport

struct ur es. sutiBat wWheh PoBuiRahdlt 46 istdwekthropifnsdit oterhblgt 1(Zbthisatee ©f
concentric shapes such as cylinders, and s%i raling surfaces, are all

i ncl udéd wibeHilm supposctpetusts 3§14 armyieast | dl6T CRYRDIeHRS ShoMoleFigure 2B,

Fi gur o1, “Bist BSHHA Srglon/n retPR) Fob o3l AR b SIS OGS GE
Cross- sect i oNahdes Gheritd 66 gladay and lsbdbnll pakEor 1% of heMmet okl ¥6EloweRIver 46 i s
provi ded, including a polymer pool above

second side 80 of film support structure 38 under the force of gravity. Finally,

within a single row of film support structures, adjacent film support structures are
15  separated by a distance such that when polymeric melt 46 flows through bundle
assembly 10, during steady state operation, the first portion 74 and the second
portion 78 of the polymeric melt each independently have a thickness of preferably

at least 10% of the distance between adjacent film support structures.

The film generator is any device that can be used to uniformly subdivide the

20  polymer flow onto the film support structures. Arrays of rods, bafs, 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

25  the design variations that may be used 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

- 14 -



25 the filmgenerator, multiple polyner streans fromthe fil mgenerator,
with the resulting polymer filns on parallel filmsupport structures.

Pol yrmrer mebt2oebbizi@s i ntroduced at the top of bundl e assegwlys2d8/,015770 st
entering the inlet filmgenerator 14 that divides the flowinto flow
streans 52, 54, 56, 58 which flow onto each film support structure of the
plurality of filmsupport structures 38. The flow of polynmer -13 WO

2006/ 121615 PCT/ US2006/ 015770 nelt 46 then proceeds in a simlar manner

al ong si des ' p fo1: I |4} pf film
support st r i bl B AEREHL RIOPPRIS g PEE Bl DPaR HpE 10l Y

gravity untithe sgsehiang fimesippbitoditueiurtne0e|eumges tiyatoboth i didessUIPROI 4 are
structures 38. Polyner nelt 46 then proceeds to filmgenerator 32 which

di vi des 5 t ifeatedl owith molymeromekt4teanis emthggyarigion7showmhiin FgweedB. gileceeds

i i il f he plurali ffil 40, 42,
24 and any ERFAoNA0 Tyl ol ey pkah fon 08 FIRC B Rentt e WG e
present sunt isé;gatrﬂ@d l?»?t&iﬁﬁﬁc@fm R BSHE gaS BRIMDINYe 3bdegudn® FMCHpp&AR GRutbiukdd

support structure of arrays 24-30 I's positioned such that when pol ymer
melt 46 is flR6verd separatad bybhorttiostah diseamot yis bOd awe Ipositidesd ¢f alifn tvwith gapsm

support stryctures 38-44_are used. For e | e as sh in Figure 2B,

first porti dh474 ;oglsny%r& S\lﬁwtf stsuqﬂﬁrggé%gp%? arv?rgeﬁ\éﬁllat@éa%%gem ;8 f
support str e o) : @[ﬂ% o]
pol ymer nel ?5 Sﬁgﬁlf?fows gé\;%fzﬁoréegghd& %ﬁ%’e g%ﬁlglfﬂnﬁﬁl m 8%32% gltofﬁl {J%:%ngﬁg 38
under the fgtraemas Poastistues itk yides WB2 hil3¥ ares edugdde withvpalymet nfelts4qpor t
structures, adjacent filmsupport structures are 15 separated by a di stance

such t W&t wHapioeBY ydetarees defad diewill basomabeuigh 26 e abat 2igskasp distanges ur i ng

t ead t at [ t he fj { ' . d [+ 78 of
The-pol yror ERERENT SR fobr ol Bt Rl 30 dhchelh ind ARIREPREn® B Yifthe 7 ©
| east 10% offrdnh abétit & RNABuPEiNREY PHrAGBRL didthdves dPRRT Hs Sl BE tiR Sbodthe

filmgenerator is any device that can be used to uniformy subdivide the
0.75 to about 3 inches. In other variations, the film support structure alternatively

can pass completely through the gaps 104, 124. The configuration of the film
15  generator can be adapted to feed a single stream to both. sides of the film support
structure, or to feed two separate streams, one flowing to each side of the film

support structure.

With reference to Figures 4A, 4B, and 4C a perspective view of some of the

various types of film support structures 38-44 that can be used in the bundle

20  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

25  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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20 polyner flow onto the filmsupport structures. Arrays of rods, bars,

pi pes, half- pipes and angles can be easily arranged to formfilm

gener at orwofose/pi@sar film support structures that areppanabéosiols7#or nore
conplex film support structure's, a filmgenerator can be forned froma
pl ate by adding arrays of appropriately positioned openings. Wth
reference to Figures 3A and 313, schematics for sone of 25 the design
variations that may be used for filmgenerators 14, 32, 34, 36 are

provided. | rfaﬁgg W khéfscrddnl i, g&q&ra@éd%etap& é@%ﬁdé&%&apéﬁ%@é iy Chear ©

separated b stance di or m gaps he subsequent fiI'fm support
structures b@@m&gﬁm the ffaraatiss filmhappa stratturh wilhrage dmmﬁcﬂﬁatoe’a’ paochies.i oned
to be aligned with the center of gaps 104. Mreover i |.m support .
structures FOBIArAE BROVIGRY 7 BaISPRAIve iR ORS HismIedet OfishbseniRlyeyerhag) peres

PCT/ US2006/ %%%770 b%g%e&)o{l ta%ah%I vfah%mng%f"?lﬁf &{p?}oﬂto&uc 88 %%I&n nqﬂtth f t he

center of t e su sequen structures

ensures § hatvaﬁ@ﬁickh Filespgoke strichtke A60 indl@dds Bfira Vit smﬁoymfuct’ﬂié secdfon BGZ
anot her variation shown in Fi gure 3B, film generator 120 includes equal

| eg angl es faod frame SeclumSg]eﬁAre A66.0rWire Silmhsuppots sEueureesearion 62 i3/ fogmed dvce d4

by hor zont S8 subRAatD SHRPHY an SUr T bAGH PP RS TPen i didmggR™ ™ =

Mor eover, t§(§n1$33§p£9%n§£ﬂdﬁ9btm@%o 186utd. ﬂﬁm&ﬁéstwmﬁb padirpl GO RAkQW the

bottom of fi rators 120. Again, the alignnent of gaps 124 and film
support st rfionh wb@s 01 2Btoeatmout 29 inhiads. balthoughdesesl82 refeBetddo eragloatrgubesi t h
pol ymer nelt 46. 10 Typically, .distances di and d4 will be from about 0.25
to aboutl 2 |Cﬁ%h%§sedoﬁss"t’edh@€§ agculgh Qrogs SeRHOR 1HROUE HFSH¥ut 0.5 to about 10
I nches, and distances ds and de will be fromabout 0 to about 2 inches.

Preferably, distanresefdznant Wsguted 5Abendf SBMualegathpleCof7in tlteralidnd to3thienches.
In other variations, the filmsupport structure alternatively can ass
conpl etel y whrablehprrangemgaipef the4filnn supportherusties guFEIoA ipprevided.in

embodiment, the film support structures are arranged in a non-parallel
configuration. Figure 5A provides a perspective view demonstrating the use of
15  planar film support structures 180 arranged about a vertical line using equal angular
spacing between adjacent film support structures. Figure 5B provides a perspective
view of film generator 182 placed over the angularly displaced film support
structures of Figure 5A. Film generator 182 includes an array of openings 184
positioned to introduce polymer melt onto the surfaces of the planar film support

20 structures.

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

25  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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15 generator can be adapted to feed a single streamto both. sides of the
filmsupport structure, or to feed two separate streans, one flowng to
each si dewofwddme1disl m support structure. Wth referencecraskigoreso 4A, 4B,
and 4C a perspective view of sonme of the various types of film support
structures 38-44 that can be used in the bundle 20 assenbly 10 is

provi ded. Figure 4A provides a perspective view of a franmed solid flat
plate used in one variation for the filmsupport structures 38-44. In this

variation, fjl @, i Stppeet MGnhdOdoncluges S igdndthlk 2@egichrRs 142 and
frame sect it%éngb].ftdiﬁgoqh& ISIPr(l)ame sections 144, 146 aggsi st in the pl Sétcement
of the franggrayfdflopesiugp204 peditiaret uo éstroduce palysugypoelt ontacthe sndfacedf the
mechani cal strength to maintain 25 the shape g&ﬂgpg ition of the fi|lm

|

support strgpiraling fEmguEPB Presirge208: plr $ Oy ib&w2BPresafesy ditthous

filmsupport,.structure th oY i-$es a{{ﬁ% . /. in a
variation ofdlsfclo{ltﬁﬂuét Bp%rr ga;sst ug@ u%%g %’@Pﬁlﬁ ‘%tutrﬁgfgf' lf\}%?l{e%{@%?) %féljﬁ'l%%
suppor t st r yehidhlalddtisitefdgUitsin MRS{tope 6f ieindddioand frane sections 154,
156. Any nesh style nmay be used for nmesh section 152 (i.e., wire cloth or

-15 WD 21)1)6/121615 PCT/US211116/ 11157711 abric..me d screenin
perforated netal Wﬂ%ﬂﬁd%‘ﬂn%’teﬁ{s Q%eté?) .““f’éﬁpiaéi%ﬂ%y, cfsihhgbe C}B\%%%Wasgﬁen t he
f or am nous ade r@m’el r iF S eBlt O With YeR@8nce ol gure
4C provi desggg%rgé%g%yi ve \%?el\%lv of a itofaﬁrrg s} t of gubsﬁ ant |1 ally vecret i cal
wires that Rigyreb@AUIB] ahd 7&npérkesctivavieatsi aha sipHort rack Rifdraldisg rsouteuvtes

38-44. In this 5 variation, filmsupport structure 160 includes wire film
support st r (e yeHouseplananfilng SUpRst S&P‘&H"E‘*Ss ?’iﬂ?Flré’smléw,'PT‘S@?t VAV PTI0n; gy

support,struc e s i 1 ' I SRS | V. | anar
and s ub]s antpféﬁ?eyd‘ pgfg&ijlr ‘?fo @\nﬁ?%azeglgéwga% ?&?})gl%oé%g t yp%d(;;la l*d;a/hgtr Il)aﬁ?:Pom
about 0. 010 fiie suppott stuckdes i196.NEuM T ilhpatieng sipporeeiki210 hildiag fraimedm

about 0.25 to about 2.0 inches. Although wires are referred to, rods or
t ubes mesh film support structures 150. Finally, Figure 7C illustrates a support rack 210
holding framed wire film support structures 162. It should be appreciated that the
support tack 210 can hold any desired combination of framed solid plate film
15 support structures 140, framed mesh film support structures 150, and framed wire
film support structures 162. In the typical application, rack 210 will hold only one

type of film support structure.

It should also be appreciated that a plurality of film generators and arrays of

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

20  melt. With refefence 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

25  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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10 can be used as well, and a circular cross-section is not a necessity.
Wth reference to Figures 5A and 5B, an exanple of an alternative to the
par al | el worassgenast of the filmsupport structures of PCGWsSeook/ o170
provided. In this enbodinent, the filmsupport structures are arranged in
a non-parallel configuration. Figure 5A provides a perspective view
denonstrating the use of 15 planar filmsupport structures 180 arranged
about a vertical line using equal angular spacing between adjacent film
support st rg%t %J{ege%t hﬁ'ﬂree}t)%?’idéﬁ oV ibifde AsRAFPRith \tBree Viagls,0ft dhohi@ be
generator 1 aced over e angularly displaced fil msupport structures
of Fi gure SApprEiihted giei an akbitrafBRuimben ofdeppart racksaypapbe apdinehgMagaver,

positioned to introduce pol ymer nelt 0{1to t he surfacefggf h%%e I naBifi | m
support 20akhqugh thip examnhe bilizes facsed AE BIM SURROGLSECTBR ~EBW ,argﬁﬁ S8t

exanpl es of ternatives to ] pport
structures. B]I%IECFP esaflea'iyge’p?%{l/hli?lagtliﬁg atgi %ﬁ?@g?fpﬁg?ﬁé@g%‘éﬁ%@? gﬂpr)‘heécﬂu;%\g/e vi ew
denonst Kat | gge.,t Btiaus@siof orfiikeh GenRaiskd. Fidure BBries perspedtbvefviewnilifistatingent ri c
cylinders 190,” 192 194. Figure 6B lp_)urlow es a 25 perspective view of film
gener at or 18Gupdlaceith enck radkh@owhnt &hn shpposl strurares uehzing-p gliferepitypriofm
generator 196 includes an arr of . openj.ngs St . Lntroduce
pol yner nel il ﬁE‘PPOE%%“’@W‘?'nEﬂ %%Yarf%(%ll‘)ﬂ] @8%38&%8@9 r‘ﬁc&l%er%ggg t Eﬁ%gie gérrﬁ‘g/bg

Fi gure 6C P5p | 468 ggﬂgeggﬁ(@}iz‘i@ i!??ﬂti@ﬁe@a&ﬁkfﬁﬂt 090 fiidt MoSPRO Bfrag loFuCt ur e

200, while Fi'gure es a perspective view of filmgenerator 202
posi tioned @ugrsuppotBstion2&OB371 2 FibsuppartIB20M6¢sAE 7410 franhesl sobidr Bdtiplggef i | m
support structure 200. Again, filmgenerator 202 includes ap array. of
openi nd§ 20filpsppars isertires.i MackFl0els Rosiiiqasd ARTYE BiTGeTRE E’&? fgggeg%/l{glr t he
spiraling fj SUPPQr [ 0 (o] al : [ hat

di sconti nui ?#g}éhagﬁgcg%dﬁgﬁenﬁﬁhgeﬁ F]lzanqqsé S%)ttp%ﬂﬂ %ﬂt()?&ct%%é@%% %gflgﬁrggg&g%rD are
al so 238 is positioned above rack 240 which holds a second array of film support

structures 242. Film support structures 242 are framed mesh film support
structures. Again, rack 240 is positioned above intermediate film generator 248 that

15  is in turn positioned above rack 244. Rack 244 hold a third array of film support
structures 246 which are framed wirg film support structures.

Although the majority of the examples show three film generators, the actual
number required depends on a number of factors. Intermediate film generators are \
often useful in changing the number of film support structures in successive rows.

20  In order to achieve efficient space utilization, 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

25  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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5 contenpl ated as being within the scope of the invention. The various
conponents of the bundle assenbly of the invention are advantageously
nodul ar iwonaturesisor sinplicity in assenbly. Wth referemams2ee/0157gur es
7A, 7B, and 7C perspective views of a support rack 210 hol ding sone of the
various planar filmsupport structures described in the present invention
are 10 provided. Figure 7A illustrates a support rack 210 hol di ng franed
solid flat plate filmsupport structures 140. Figure 7B illustrates a

SuPport Fackpiehi g,gg&ii_yﬂﬁr&%&maa@?z@gfih&{fae%ll&ﬁm& ASEliE UGl pldckibnal |y,

Figure 7C il S"a support rack 210 holding framed wire film support
structures ldighostd caligitinent®52a pPolgmert atltinkt 26khés attachgbnearrthe ko286 ofin
hol d any desired conbination of franmed solid plate film 15,su€ rtdm%*

re

structures lvmticallyfenesefearniainmantsiagoaic pAymgre madisoutlsh 2584y a _
ol v oapROr g HHBhPAT of Yner Sheli" o Y A6y il Aflon [ @AkL boviid. Dot

only one t r'ucture. be appreci ated

that a phur ahéfiesOfagol loRBEDEY alhsd 30 Guith sA¥IS 230. Findlly) Shuppolyinesizatied ur es
may be stacked to provide a |longer flow path for the polynmer 20 nelt. Wth

ref erence t aeitqu2ée iBrudasdb@Ble pesembbic lDvibal renstyveartbe @ Tich TG E91F i | m
generators and fil msupport structures in racks are stacked.to for

bundl e asseﬁ?gi’ W?rlquﬁﬁrlgl%ﬁﬂp‘f Lranstirs, %888’?4?51‘:\;?1 9 |t#%%@¥’5‘€¥1ﬁé‘1%98{5?h%1 e
with each s r ' ; fd HoHRD
structures. Lb%%%fogthﬂa%ﬁ.@l g&;&aﬁf)ﬁﬁge&tcﬁrizltsgeaé%ﬁgg g%l%dro@g%f}fr qnhf@ét fi Iq?r%t

gener at or 2lfaingifing ipolyame dmalvduea fmik sl ahdrat vasiuho pusipanoarshawnpffof i | m
support structures 216. Rack 210 is positioned above _internediate fi{er

gener at &0 218deding thepresase pyide the polywadratiogr wagter- 1 Hhe Kacuygy, gump wil

| nt er medi at ' i 0Sk4i 0 : C ojgs a
second arr :tﬁ) f(‘):%ﬁg %ﬁ%%{pl%%r‘%ﬁ {zr[ roﬁg?tu?éis' 2 g&@gﬁﬁ,&?a@&%&g%@%gs%% oned
above i nt erigeeiét srrdyis! ob Flen elippody stARAirtnav2 i 374, e cuaml fibsigenamntads 208y e
rack 224. Although -17 ) i
280 and 282. In another variation of this embodiment, film support structures may
be placed side by side in addition to or in place of the stacked arrangement
15  illustrated in Figure 9 for film support structures 272, 274, 276.  Finally, the

operation of the bundle assembly is the same as that set forth above.

The film support structures 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

20  sufficient time for the polymerization kinetics to keep up with the emhanced 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

25  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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WO 2006/ 121615 PCT/ US2006/ 015770 the present exanpl e provides a bundle
assenbly with three racks, it should be appreciated that an arbitrary
nunber ofweupgonisisacks may be utilized. Mreover, alt rougis2adaioss7exanpl e
utilizes a set of filmsupport structures 216 which are all solid plate of
the sane type, conbinations of different types of film support structures 5
(i.e., solid, nmesh, or wire) can be used. Figure 8B is a perspective view
illustrating a bundle with each rack (row) of film support structures
utilizing a gdifk i r. I i F-atd on,
Phe bundre: S5k R ﬁﬂ%%‘gﬁféﬁ?sgém?lpld&gggﬁﬁgfg?% Hge ““F“"ﬁ‘?ﬁ@‘ﬁhlmmég‘;"ﬁ%ﬂ#%?ﬂor 214
i s positi onegnppieyeconecking i highést ik enenatoarandytherf thefliigtmast pogigotted row
structures 232. Fil msuggort structures 232 are franed so]Jid flat QJ ate 10

fi | m suppor tofdilmuspnet SirugtErer veitlp thepokyneris Bislq NeHy thej optiopaeigiesmediafg m

t 8 that .inc i .
Pt er medi at d1 SReTuHE R Fs bfint ShBoHSRRERLEY &ea8hal Ol WufBR KBIvmerie | o
second agraym@f Fidally SBRAdst pdifibkdoRSofAzh suppbfh serupedstis sbfitaetbd meth 242

are framed nesh filmsupport “structures. Again, rack 240 is positioned
above i nt er rthelipalyeeficlmeltye ddfteat passing @verhte lowestspasiioned moyw o ARPOEHOV e
rack 244. Rack 244 hold. a third ay of .film suppor.t ruct.ures 246 which
are framed WIPEMEES, %ew?qc E’ce}tﬁ;[é{l%%%l. thmb[uﬂgf?gaﬁgﬁtgy masiL llfrmlvnglflc gq’egt
exanp| s ShprblLP Srérh | HeIBORNR! QismphyN GadéititousfURRCTa g Béprdepends on
a nunber of Tactors. Internediate filmgenerators are often usetul in
changi ng t hepolyhidrestiod thard wisnpfier polyherict mekswas istrodwsdi into rtbevshun@le | n
order to achieve efficient space utilizatjon, the horizontal sFaci gg within

a row of0 fiassanzhippdpons; yaggion &f thisenpRodimes & Faction GRAFals SoPRy of

the Liautd (ool 20ROl Bbus 00 ko add MR relridd Bratht€ 9 oty LGRS Moy (P | D

top to the bottomo m ni num hori zontal spacing 1 ncreases
bet ween t he Bpdiesteaty. fil m support structures. Typically as a result, the
nunber of film support structures in a row 25 decreases. Internediate film

generators also f\@lcﬁlel é:rtnﬁ% Hn(éxrllt%%glllﬂrl] in%]n iod Ha%e tb%élll ﬁﬂlst?glted and. described, it is

not intended that these embodiments illustrate and describe all possible forms of the
15  invention. Rather, the words used in the specification are words of description
rather than limitation, and it is understood that various changes may be made

without departing from the spirit and scope of the invention.
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the fil msupport structures, for exanple, having the film support structures
in successive rows rotated 90 degrees about the reactor centerline. In

anot her enbodi nent of the present invention, a polynerization reactor that
utilizes the bundle assenbly set forth above is provided. Wth reference to
18 WD 21)1)6/ 121615 PCT/US211116/ 11157711 Figure 9, polynerization reactor
250 includes bundl e assenbly 10 and vertically disposed contai nnent 252.
Polynmeric nmelt inlet 254 is attached near the top 256 of wvertically

di spoSedATARICAIATVERD 252 and pol yneric nelt outlet 258 is attached near the
bottom 260 of outer shell 252. Moreover, polynerization reactor 250 also 5

i ncl udes vapor outlet 262 attached to outer shell 252. Finally, the

pol yneri zag i on Arb%ﬁsﬂwgse?rm f&%%@ﬁ%é&%ang gfﬂ' Rehﬁafyn{e ghiones the

polymeric nelt from polyneric nelt ers the polyneric nelt
to themgorﬁanUUWMEMQwmmymﬂmndaﬁwimndk@&khmab@vmxmﬁatynerlzatlon reactor

250 al so i ncl udes. ater n S f or intain in a
fluid state andmhm¢5 dﬂﬁ?%ﬁ%ﬁ hﬁ?ség%ﬁﬁ¥aP85aT8 ﬁ@ g%ﬁg ure

i nsi de t hespRbiRBGdERE bPOfiFERGliHary akR§; vacuum punp wi | | typl cal ly act

t hrough vapor outlet 262. SpeC|f|caIIy, t he bundl e assenbly 10 incl udes

arrays of film sfippeunpogtaakepepitéaned polowatreinler figm garerator andpsaptead faoreseiny g,
280 and 28g. £, %&?otn §fc r%é? Jrdih p%h Su rﬁ]&tﬁre‘éggcl‘?ﬂhﬁ‘%ﬁ% filnd Ell;{ﬁ‘oﬁ‘éﬁf?&ﬁ}es pre, |

structures may de b 0 of 'n plrace o
st acked ar bﬁéﬂ@ﬁhﬁﬁﬂ\favéﬁlcbéshlus hbﬁzcﬁwhlllyrspEaeguwst&nﬁby vériitahssfgpemithst r uct ur es
272, 274, 276, Finally, th operation of the bupdle assenbly js the sane as

that set f&?rtsr%te&ba%ranerh%a ifIlFh SERRASOY NI CWE S Rpv Ngraiarshide 3gmieednd ides ARl vessel
to provide retegid @&t inttdiRdRed %Bﬁért Pekd Sich hBRIHRM 1hﬂ8%&ﬁe§té Gieltidrafipi d

residence tine wwthin the reactor and its exposure to the reaction
condi t i onsarrahes fllincpupplort gsgictieercehith ate orignted tuhave dudeessive towzomakysdaced ent

time for thﬁmgvnmpEnggﬁsmﬂmelnetlcs to keep up with the enhanced by-

wherein components of the bundle assembly are modular in nature, wherein the
film generator and the arrays of film support structures are
stacked to provide a flow path for the polymer melt, and wherein, when a polymer melt
flows through the bundle assembly, 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.

2. The bundie 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

relattve to the horizontal plane with an angle greater than or equal to about 60 degrees.

4. The bundle assembly of claim | wherein each film support structure is positioned
relative to the horizontal plane with an angle greater than about 80 degrees, each 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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product liberation rates achieved by the increase in the |iquid-vapor
surface area and the enhancenent of its renewal. Not only does this design
provide nore free surface area for vapor to |l eave the polyner, but it also
provi des nore parallel flow paths so that the thickness of the filnms are
reduced when conpared to the prior art 25 such as roof-and-trough trays. In
yet anot her enbodi nent of the invention, a nmethod of increasing the degree
of polynerization in a polyneric nmelt using the bundl e assenbly set forth
above is provided. K The nethod aof the invention.conprises introducing the
oyt o el t T BUBTh ARGa A St U AOBRRY e BiHeSt SHSBRGL I o

Pr essup& thelhi@dle-ak&mih Aladidpid ﬁb%l@ﬂvﬁh?@&#i&%&lﬂcﬁﬂéﬂ o f/thd firdeldbhsy of the
bundl e assenbly are set forth above. The nethod of this enbodi nent

conpr i @y tehadarest sgtlianaey #rayhest fil m generator and then the hi ghest
positioned row of filmsupport structures with the polyneric nelt. Next,
the optional internediate filmgenerators and rows of film support
structures are contacted with the polyneric 5 nelt. Finally, the | owest
positioned row of filmsupport structures is contacted with the polyneric
mel t. After® pasdifaguiriepsseiRbly|od | peerein emédﬁmwmrt FTUCHHIS ERIpRYises 2
Structdi@satel he polymeric nelt falls fromthe bundle assenbly. The polyneric
nmelt renobved fromthe bundl e assenbly advant ageously has a hi gher degree of
pol yneri zati on than when the polymeric nelt was introduced into the bundle
10 assenbly. In one variation of this enbodinent, the reaction tenperature
is from about 250 C to about 320 C and the reaction pressure is from about
0.2 torn tg. abqut b3edl¢ MsembMVorlcRiR Thaktidi®Bich Min suport aMRNIre Gonpravéea been
illustrated and. described, it is not intended that these enbodi nents

i |1 ustfpesminais dilgsypparberugiure. possi bl e forns of the 15 invention. Rather, the
words used in the specification are words of description

8. The bundle assembly of claim 7 wherein each foraminous film support structure 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 | wherein each film support structure comprises a set

of substantially vertical and substantially parallel wires, rods, or tubes.

Il1. The bundle assembly of claim | wherein the horizontally-spaced distance between
adjacent film support structures is such that when the polymeric melt flows through the bundle

assembly,
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rather than limtation, and it is understood that various changes nay be
made W thout departing fromthe spirit and scope of the invention. -20 WHAT
IS CLAIMED IS: 1. A bundle assenbly for a vertically disposed, gravity flow
driven polynerization reactor for polynerizing a polyner nelt, the bundle
assenbly conprising: an inlet filmgenerator which subdivides and directs
the polyner nelt onto film support structures of a first stationary array;
a first support rack, positioned below the inlet filmgenerator and adapted
to receive the first stationary array of film support structures such that
the filmsupport structures are oriented to have successive

hori zontal | y-spaced substantially vertical surfaces with consistent

cl earance, each filmsupport structure having a first side and a second
side; and one or nore internedi ate support racks each hol ding an
internedi ate stationary array of filmsupport structures which are oriented

to have .successive horizontal l.y-s ed .subpstantially vertical surfaces;
wher eirEb EEREI CoBPhihetishonthe BRGERe SHEPAAhIMN iV RFE BET BB C e
fil m gaeniekadksosf Amgst 12 af thavistadte bdtlvermaapp fitrh ssiporGtiut@c. are stacked to
provide a flow path for the polyner nelt, and wherein, when a polynmer nelt

fl ows through the bundle assenbly, a first portion of the subdivided pol yner
nmelt flows over the first side of each fil msupport structure under the
force of gravity and a second portion of the polyner nelt flows over the
second si dé2of @&haeburdld mssuplpof tlast i wdewireeachdidm stpmrf ruceirofs sgpagated y. 2.

The buyndl e, assemhly of claiml wherein the substantially vertical suyrfaces
are JTBLE bRy ST PO TN S SRy Bt i 1o DR 1 each
filmsypeort structure is positioned relative to the horizontal plane with

an angle greater than or equal to about 60 degrees. 4. The bundl e assenbly
of claiml wherein each film support structure is positioned

13. The bundle assembly of claim 1 wherein the polymeric melt film generator creates
one or more polymeric streams for each film support structure immediately beneath the film

generator,

14. A polymerization reactor comprising the bundle assembly of claim 1 placed within

a vertically disposed containment.

15. A method of increasing the degree of polymerization in a polymeric melt, the
method comprising:
a) introducing the polymeric melt into the bundle assembly of claim 1 ata

sufficient temperature and pressure for polymerization of the polymer melt;
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relative to the horizontal plane with an angle greater than about 80
degrees, each stationary array of filmsupport structures being arranged to
formone or nore rows, each row having horizontally- spaced film support
structures positioned at equal elevation. -21 5. The bundl e assenbly of
claiml further conprising a | owest stationary array such that the bundle
assenbly is adapted to allow the polyner nelt to flow fromthe first
stationary array to the |owest stationary array. 6. The bundl e assenbly of
claiml wherein each fil msupport structure conprises a solid plate. 7. The
bundl e assenbly of claimI| wherein each fil msupport structure conprises a
foram nous filmsupport structure. 8. The bundle assenbly of claim7 wherein
each foram nous filmsupport structure is conposed of wire cloth or fabric,
meshed screening, perforated netal, or expanded netal sheet. 9. The bundle
assenbly of claim@8 wherein the foram nous film support structure has

openi ngs from about 0.25 inches to about 3 inches. 10. The bundl e assenbly
of claiml wherein each film support structure conprises a set of
substantially venti cakpesintg thelbstigng ifat bytf4oey dlthepolwneemelt (OWHS atntysplidibes. 1 |
. The bundl e assenbly of claiml wherein the horizontally-spaced di stance
bet ween adjfaksisectos: B support structures is such that when the pol yneric
melt flows throygh t - I Eﬁﬁ? t.e.operation,
each of the sub igvi dgﬁngﬂgé‘}}ﬁdﬁgendgﬁéé{vpfé?réangﬁﬁgmrar% %Qe strggérrlrg tg?s a

t hi ckngdgmedc mtlt tepased 1109 thé bumlle aisehbly des bbigheategeaoli pbliyherisaippdhan
structuEe. 12.l The bugdle.as%enbL¥ OE EI%HH1I Wgerein each fil m support

st r uct WP the PREmSHEMER Was i FRARCHPio B PUI NS ASSE M¥ent i | m support structure

by a distance fromabout 0.5 inch to about 10 i nches.

16.  The method of claim 15 wherein each of the arrays of film support structures forms
rows at equal elevation, the rows of film support structures being vertically arranged, all additional

rows being vertically positioned under a first row of film support structures.

17. The method of claim 16 further comprising contacting the one or more additional

rows of film support structures with the polymeric melt prior to step c.

18.  The method of claim 15 wherein the temperature is from about 250° C to about

320°C.
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13. The bundl e assenbly of claim| wherein the polyneric nelt film generator
creates one or nore polyneric streans for each film support structure

i mredi ately beneath the film generator. 14. A polynerization reactor
conprising the bundle assenbly of claiml placed within a vertically

di sposed contai nment. 15. A nethod of increasing the degree of
polynerization in a polyneric nelt, the nethod conprising: a) introducing
the polyneric nmelt into the bundle assenbly of claiml at a sufficient
tenperature and pressure for polynerization of the polyner nelt; -23 b)
exposing the resulting free surfaces of the polyner nelt to the atnosphere
of the reactor; and c) renoving the polyneric nelt fromthe bundl e assenbly
wherein the, polyneri t removed fromthe hupdl e assenbly has hi gher
degree of pblyme hez'afftﬁ%ﬁ%w (S opreip e RBisyiet ITEmABOYL Aot WPBH e nt o

t he bundl e assenbly. 16. The nethod of claim 15 wherein each of the arrays
of Film support structures fornms rows at equal elevation, the rows of film
support straygtur i A Aar i : : i ng
vortical 'y osit e mahaRefitil AKBEAATIN: [ LrBORL R s Ao A O
met hodretdtive kaihmha6zdnge pheae wothrapranglie pgeatn taact equp! tchaboonél degrewsr e addi ti onal
rows of film support structures with the polyneric nelt prior to step c. 18.
The nethod of claim 15 wherein the tenperature is from about 250" C to about
3200 C. -24 19. The method of claim 15 wherein the pressure is from about
0.2 torr to2aboufhe3feth®d bf claig0ls WhgeilRbOOMNOfuppbrakichire WgH &tdy &anh of the
filmsupport structures is positioned relative to the horizontal plane with
an angbuppeft siecdyres erimprises aslid plete about 60 degr ees.

22.  The method of claim 15 wherein each film support structure in an array of film

support structures comprises a foraminous film support structure.

23.  The method of claim 22 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.

24.  The method of claim 23 wherein the foraminous film support structure has openings

from about 0.25 inches to about 3 inches,

25.  The method of claim 15 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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21. The nethod of claim 15 wherein each filmsupport structure in an array
of film support structures conprises a solid plate. 22. The nethod of claim
15 wherein each filmsupport structure in an array of film support
structures conprises a foram nous film support structure. 23. The method of
claim 22 wherein each filmsupport structure in an array of film support
structures is conposed of wire cloth or fabric, nmeshed screening, perforated
nmetal or expanded netal sheet. 24. The nethod of claim 23 wherein the
foram nous filmsupport structure has openings from about 0.25 inches to
about 3 inches. 25. The nethod of claim 15 wherein each fil msupport
structure |40 an Hierbtapdisrassembly ofsglaipol tvhetein ibe arraigeatsibef the §1m supportof

subst a i I : bes. -
35 26 MER T AAsClppBTack i Sl lal el BB ST A Saon Bl k"
supportransﬁrnhecnallyreesriwhelth:ea lbwest/ersa;qblpaldjaceﬂmmw pEfibuestppbtiatrutthesf i | m support
structures of the first support rack transfer the polyneric nelt to a | ower
vertically adjacent row of film support structures. 27. The bundl e assenbly
of claim1,mherefiR vuhgle aseRBOLTRMIMAL whBRin thé ArsiRRRAL of RS filhetuppes Of the
first support rack is such that the filmsupport structures of the first
suppor stryciutes ofttheafinst sppersgackdd spek thag thediim suppaat ytepgiaires\ad thd drst Jupperdfaskent
filmgene T erein the bundl e
asserrbﬁ%';/h ?ur%?mﬁ#em rnf?l%g&s]g%&er%ﬁﬁw deé%e?tcﬁlﬁje@ngﬁateow?l | m generators, each
posi ti oned above an internedi ate support rack, each of which inter rredi ate
fil mgenerators s bdi vj des anI recﬁs t he poI

i mer melt ontg the film
support strtfctur E By 255¢ el o ERR I eW%fi.ﬁ‘fJB(Stietb‘%“ﬁ[el@sfférfw?‘iﬂﬁﬁeﬁwr?m@es
i nt er mgell @tfork i (P REREY AhPEenkSitorP ! e8QEhsitioRd above an intermediate support rack,

each of which intermediate film generators subdivides and directs the polymer melt onto the film
support structures of the intermediate support rack below which the intermediate film generator is

placed.
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