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SPLI T FLOW REOEPR2ITRAYS FOR VERT| CAL STAGED P%%&TI N
REACTORS FIELD OF THE | NVENTION 5 Thi s

i nvention relates to a vertically disposed pol ymeri zati on reactor
having a series of essentially circular tray assenblies; each tray
assenbly having a central open vapor chimey and two split-flow paths
each split-flow path containing one r ver Se fl ow path wherein 10 '
the liquid polymer flow is reversed by nmeans of a substantial ly

sem -circul ar turnaround region; h i qui d pol ymer
tray inlet and a |iquid VERTI LO%,R% MQQ 90{1 gy flow of
the liquid pol ymer by means o ydraullc gra& ent; "eac ray 15
assenbly being open at the top for esca e of vapor fr.om the liquid

pol ymer flow to the central open v THRi FNUBNTZQN said trays
arranged in vertical d'@ﬁ&§'iﬁﬁ§htlon réﬂ&tééote &hﬁeﬁtﬂeally aQsposed
BACKGROUND OF THE I ENT % 9e5| for vertical QL g

pol yneri zation %E}%ﬁglﬁgdﬁ??ﬁt%ﬁpP V0P o Fﬁréﬁﬁ ofr epEEntAR Eyto

achi eve the desiredirbuﬁmn ttapoﬁssembzhespneachhtnaytaesembly havphgxat i es

of mechani cal agitaly &4 VadbpYch Pmned C3hd"Ewol BE1REL¥TBY Balhk! each
Eﬁ% dﬁp %ﬁ Vertl a? ?eng?h g% Ai-on

cascades down the TNS ert rthe rea .
vessel . Baffles cwspllt—fl¢ﬁyﬂabhecﬂﬂ§h¥§§n9n°$ﬁer98§§59 fdopr pathevwherein

retention ofsg thde1 High ¥ oI‘?ﬁnéf fibﬁrfbyreoéfeaal BY inxaausdofeal dence
time within the reactor and i exposug g he reactloa condi,t.i ons.
The 1iquid residerPstantia }¥q5?£ }Bcu ar turpgyeup fFEﬁéﬁP't?ﬁédfor
the polynerizati ontkayetha€eing a liquk@ecpolpmert brapeinnbbtnand hypiqddat
| i beration rates hi eved eglnc Le_Lh hqui d-Vv r .ace
area and the enhaH%%H@W%Ed#§§§s°$§%%€aF§9 &8838c£93§ g.kigﬂ gf the li&h&a
_polymer by means of a hydraulic gradient; each tray
15  assembly being open at the top for escape of vapdr from
the liquid polymer flow to the central open vapor
chimney; and said trays arranged in vertical disposition
-one above the other.

20 . BACKGROUND OF THE INVENTION
Tray designs for vertical oriented polymerization
reactors usually employ gravity and vertical drop to
- achieve the desired degree of polymerization without the
complexities of mechanical agitation. 1In such tray
25 - designs, the polymeric melt cascades down the inside of
the vertical length of the reaction vessel. Baffles or
trays are mounted in the vessel to provide retention of
- the polymer melts, thereby increasing liquid :esidencé
- time within the reactor and its exposure to the reaction
30 - conditions. The liquid residence time is required to
" allow sufficient time for the polymerization kinetics to
keep up with the enhanced byproduct liberation rates |
achieved by the increése_in the liquid-vapor surface
area and the enhancement:of its renewal.



-

WD 95/ 297 PCT/ US95/ 04892 -

- 2- %”’”mu. S. Pat No_s. 4,196,168, 3,841,836, 3, 509 PSEASIS/4892
3,359,074 and 3,787,479, and Geat Britain Pat. No. 1320769 di scl ose
reactors wherein the reacting nedia flows by hydraulic gradient.

U S Pat No. 4,196,168 5 di scl oses a vertical polynerization reactor

havi ng a series of downwardly sloping rectangular trays for
conducting a flow of liquid polyner in a descending ~ path. U S. Pat
No. 3,841, 836.di scl oses a vertical pol ycondensati on reactor having a
series of downwardly-10 sl opi ng adj ustabl e rectangul ar trays and a neans
 for ~conti nuousll;/ Ss.er!!atngldme 41860368, &, 841 888,y 135/509,203,

D sadvant ages a%s% At 3t %w&ggof Jn@f%ﬁ}&%ﬂ %(ﬁjht Bd y?oare t hat

pol ymer di st ri bdt'i“on ‘uni orm rec ul ar trays
is diffi | cult to 320765 dﬁ.@‘-‘-l"ﬁet ixqagtggq wherein thmtrmmg tmesiiaeact or

vessel" F1ows W&iy@i@ul&@@ra@iéi{ﬁmam% “ibaﬂ: Hd.CyY 3.{96 rl%b s

| ost . In o] t_raat ir? Ie cros- aCII’C% into the
vessel wil® res®4®9 1%9 r&%c thr?érjﬂgr i®hery of
the tray outsi dserliesdlaﬁedomardlyt mpmgetécmgﬁhn Hralys Edrhe outl et.

Li qui d POlogRfuclrif 393Uy RO IR IV i W im0 L

obtain a high VISCOSIty, crosslink an
3,509, 203 di scl Pa&h.a WeS-i #At NeacSo841, 835 Iﬁ@ﬁﬁ@a@%@rl\wtdicaiorl zont al

~structures in Cgp rn%@nsaﬁb?ﬁﬂ%@i% WavG ot AN isRirl & Ufjw
t he qU|

Sglnslmz:; A ot hassaﬁes ! eag Erax_ for hori zo%laa:yéf Ia%w Qaf £ o ‘
hori zontal str udowta.ﬂwusd.wsmsd.nt;r thel viscosittfy Ufeﬁueqwdiymdnmer
D soavartages spiatahitales alforialA ViR thel B S nddatinaet
material s, treyscage mhakePbﬂwwepaﬂﬁsarah§¢unmeﬂnd&camaguanbrhssm
regions, the roghe Rkl %ﬂ%&%ahgama t+a9e 339 @S cult tYIRHESR 1Y
to the corrpl ext tv)it%f Cag'rt_lqsét rtllj:'%tylsognd tgath3o% of the reactor vessel’'s
cross—sectional area, as compared to a circular tray, is
lost. In contrast, simple cross—flow on a circular tray
fit into the vessel will result in large stagnant flow
regions -on the periphery of the tray outside the direct
20 streamlines from the inlet to the outlet. Liquid
polymer in stagnant flow regions tends to overcook,
obtain a highlviscosiﬁy, crosslink andsor degrade.
U.S. Pat No. 3,509,203 discloses a vertical reactor
having a-se:ies of horizontal structures in cascade
25 arrangement which contain a plurality of annular |
' passages in each tray for horizontal flow of the liquid
polymer therethrough and a connecting tube from the
center of each horizontal structure for downward travel
of the liquid polymer. Disadvantages associated with
30 the reactor disclosed in U.S. Pat No. 3,509,203 are that
the flow path is too long for high viscosity materials,
corners in the flow path are sources of stagnant flow
regions,-thé roof inhibits vapor transmission and adds
unnecessarily to the 6omp1exity of construction, and the
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- 3- WO 88/2995% or fI ow bet vveen the trays prevent the f r cRCT/US05/04892  Of
& fil mwhich woul d enhance the |iberation of:vapor. , U S. Pat No.-
3,359, 074 discloses a vertical pol ycondensation .reactor having a
series of circular 5 trays contai ning substantiatly equally spaced,
chordw se . extending slots. Thé slots are operative to generate

t he necessary surface renewal® within the retal3ivel y nore vi scous
fluid medi um passi ng therethrough D sadvant ages associated with the
reactor disclosed in 10 U.S. Pat No. 3,359,074 are that there is no

posi tive hoFYPgS \f@F'uﬁé"UanﬁUeﬁnaH‘e traye grevent the free flow

controlled by flubg Wl s(icml wma:ndwt:hqu etifanctdHd 14 iberat idicE Rgorke

si zed accurately for ap C r rate and |i sica
properties or t%e tray C% E%Sﬁ * tal'gé%’ 40&‘?1‘5«31 %rfto‘tfjtﬂy
addition, the vappplycondehBaWQonnreabtmzchavxng|a;saﬁ1esnoﬁ(nxﬁanipr@

U S. Pat No. g3, 781:&?% doRthIng R gas%%tt'ag@fiﬁfﬁyté@atl ar everd;{? chordwite

of circular trays W transvers
appr oxi nat el y r ece¥%gnRingoglotsqscglhe slotmazre ﬂﬂ,ﬁl-tartéy@ &shaenexrate

el ongated stHe- hacalséarsrl guriace f.:@héwaqgvhﬁhart 2 Helldiively more
reaction nmedi um from one %h of the tray t.o Di sadvantages
associ ated with -t K&SFEYE: SLudfs pedium Pﬁ351ng %§eg§£quy 3,787,479 are

that corners in tbhéshdvantagles?associatesbuitis tife Yergrton &ﬂsnadsgﬂqhs
and the Lubgs [oru.s.  pakl BY.0S, 4REH o7h° e hall Bhfie 1P AP WBU L'

free-flowing filmto en Rance "t Beration
Britain Pat. No. ho2d7ep wpdumgsen Fhecidays, the mmdﬁ;mwttstmm%tl |y

hori zontal spiral ctahe%qhéansySﬂaQa v1%lé§:l&i%|y°%d 8 WP -2 Qiry ttfe Si de
wal | s of the spiral channel are constructed. as closed flow

duct s. 'E]saﬁ@&ﬁ?a&@§ta?§oéﬂéﬁgdaﬁqHFQHﬁéﬁwﬁﬂﬁ(ﬂ'Hﬁ?ﬁﬂQEiﬁf ilhiquid
G eat Britain Patrabe. ahd2Qiquidr phijedcalheriperdfies or th¥ ita@i Yo r al

f1ow channels W t B9iba’ S¥CapiReert HRAIAIR P7 HPUIB R Fafthr®”
flow control mechanism is subject to plugging.
. U.S. Pat No. 3,787,479 discloses a vertical reactor
-having a series of circular trays with transverse
baffles creating several approximately rectangulaf
20 segments. Thus, the trays contain an elongated
side-to—-side flow path for plug-like flow of the
reaction medium from one side of the tray to the other.
Disadvantages associated with the reactor disclosed in
‘U.S. Pat No. 3,787,479 are that corners in the flow path
25 ~are sources of stagnant flow regions, and the tubes for
flow between the trays prevent the formation of a
free—flowing film to enhance the liberation of vapor.
~ Great Britain Pat. No. 1320769 discloses a reactor
having substantially horizontal'spifal flow channels,
30 open along the top wherein the side walls of the spiral
- £low channel are constructed as closed flow ducts.
Disadvantages associated with the reactor disclosed in
Great Britain Pat. No. 1320769 are that the use of
horizontal spiral flow channels without reverse
35 turnarounds prevents the equalizing of flow paths and
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In addition, the use of only one tray greatly limts the avail abl e
free surface area, and prevents the fornmation of a free-falling film
bet ween trays whi ch enhances the 5 |'i beration of vapor . _

Thus, .the above-nenti oned references are deficient I n that they

i ncl ude either (a) stagnant flow regions — 4 — caused by material being
bypassed by rraterial fl ow ng within a shorter-path streamine, or (b)

poor 10 utiIiz I on, of CII‘ ul ar ace W t.hin hori
cross-section of &??k‘%?h'r n:'c%os Xt ek Fhan e '7r°‘6"é§§‘§?" track.
In contrast, theImesdditiaod, tﬂ:me passs cof om]/ysrbmentray greatly zeimitsi tigel ar

tray having two é@éﬁa@ww@é *Euéfacem &8, Cdd BEdbduiry %:5&2? Stion.

cross-sectional area dri react ovrarng uniform
| iquid . polgFea M%ﬂaM%tﬁlQrm%M|mYﬁ wivich enbances the
flow or deagl zongi B&eH©IGn d,fl afj on, the reactor of . t he present

invention is able to rocessq Lﬂg'éf’v' scos‘%g?mg UI ds and provide .
control | ed residence the, Ahpve—men t??%g CRH)aA¥Srde #*plent
~occurrence of chiawi et they immdmrsltw e(aprstiadwanteatlon pégides
pr esent r ic.t
each tray and tné(a\e/;je%éé)%}t %ﬂegfeéeflg{fer S vd;‘ #‘gtb% @% 3 Pi g‘ﬁl
external to the wWithimfa tstuom:ymthlmeamlme. or (b) poor SUMVARY
OF THE | NVENTI Oy g dllzatz.on obfctﬁ{é“éﬂ'éﬁ%léf lgaéﬁ'ewﬂgi lb@f' %)iesent

e an t 3 condensat i on‘

i nvention to.provi aratus for cfion o
pol yners. crossmmmgw i¥exts Ylé?r’fﬂi}%%‘? e¥lindrieadntion
to provide a splvdsddpw tray design for a vertical, gravity
flowdriven polymneri th 'é)onntrreaas(% Orthvgnzgehactor of the present invention
utilizes a circular tray having two split—-flow paths
15 which efficiently utilize the cross—sectional area of a
cylindrical reactor while providing uniform liquid
polymer melt flow path. 1engths wh:.ch minimize stagnant
flow or dead zone regl_ons. In add:.tion, the reactor of
the present invention is able to process high viscosity
20 liquids and provide controlled residence time (liquid
volumetric holdup) for the occurrence of chemical
reactions. Moreover, the reactor of the present
invention is designed to allow vapor traffic to escape
each tray and travel to the reactor’s va_pdr outlet along

25 a path external to the path of the polymer flow.

SUMMARY OF THE INVENTION
Accordingly, it is one object of the present
invention to provide an apparatus for the production of
30 condensation polymers. '

| Accordingly, it is another object of the invention
to provide a split—flow tray design for a vertical,
gravity flow-driven polymerization reactor which
.increases utilization for liquid'retention of the space



I ncreases | on for I|qU|d retentlon of the space

boT] o, 049 sshRls: -5 pefsiR |
within a s‘ubst antially cylindrical pressure vessel .

Accordingly, it is a further obj ect of the i nvention to prow de a
split-flow tray design that.;"5 m ni mzes stagnant :fl ow regi ons and

I ncr eases I|qU|d veIOC|t|es o Accordingly, it is also an
obj éct of the invention  to provide a spbit-flow tray design that

uni formy .distributes the flow on each tray. 10 Accordi ngly,
it is also a further obj ect of the ~invention to provide a split-flow
tray desi gn whi ch containeshwiitisin lamudistantiakiaw eybindiic¢abpoessure qui d
by - appr oxi rrq,tﬁgs)é 1180[err] in order to obtain sinmlar flow path

l engths along the flow streanlines w'thout the presepce 15 _of stagnant
flow regions or eddiesAccordingly, Addiihdiyrther iabischdf tthhal object -

of the | NVeinvehtiond e/ lpi‘bﬁd‘dﬂa tepd A TRy Oegtdns that
provides | arge anpunt.s .of v%-ll surface >l e an (r)fat esdthl n
liquid filmsor BUSHMIZRR, StA9na | TRE1ONS and FNCReAFT ot HEM
obj ects are acconmelsiuactﬂes.el n by . a polynerization reactor -having a
vertically disposed elje ! r
the top of the reactor :I'(Ha?]I%Jq |d poI%/irTr%&r darrg% u‘?‘fa%ﬁ) ﬁ*&tfgﬁ

bottom of the readoProviden a srki WT;#@%i% "éb% um%@m?ex of
essentially circul@gstsdigdtdd amd rﬂ)bw on eﬁﬁﬁm s which are fully

encl osed within said reactor lit-fl ow

assermbly hadbhg a cent AACRHNIlyY, 1?/&‘;%@](%? ﬁe@"%ﬂbe’tpv%bl? i pﬁ?mer

fl ow paths each 3@nventdwrpaid provtidienian sphict -+ aw Sterdy adesign whibelei n the

l'iquid polynmer fl i S I al

sermi - cireul ar tur%gf‘&fﬂ%d’ %&%gaﬁketis W Pév&se the f‘f’&&a&{' & ii’quld by
approximately 180° in order to obtain similar flow path
lengths along the flow streamlines without the presence

15 of stagnant flow reglons or eddies.

Accordingly, it is an additional object of the
invention to provide a split—flow tray design which
provides large amounts of ﬁapor—liquid surface area and
creates thin liquid films for bubble devolatilization.

20 These and other objects are accomplished herein by
a pélymerization reactor having a vertically disposed
outer shell, a liquid pblymer'reactbr inlet near the top
of the reactor, a liquid polymer reactor outlet at the
bottom of the reactor, and a vapor outlet, comprising a

25 series of essentially circular split—flow tray
" assemblies which are fully enclosed within said reactor
vessel; '
each split—flow tray'asseﬁbly having a central open
vapbr chimney and two liquid polYmer flow paths each

30 flow path containing one reverse flow path wherein the
liquid polymer flow is reversed by means of a
substantially semi;circular'turnaround region;
said trays having a liquid polymer tray inlet and a
liquid polymer tray outlet for conducting a flow of the

35 liquid polymer; flow of the liquid polymer is



sai d trays havi a liquid polyner tray inlet and a
tray out IWP’FG?’sgonducti ng a flow of the 35 liquid pol yﬁgg’"s?sf Wzof the _

|l iquid polyner is © . WD 95/ 29752

PCT/ US95/ 04892 ' - 6- . :
acconpl i shed by neans of a hydraullc gradi ent wherein t he hei ght of
fluid surface at the'liquid polyner tray inlet is greater than the
hei ght of fluid surface at the I|qU|d polyner tray outlet; and 5
said tray assenblies extending.to said outer shell. : vertlca

di sposition one abov t.h her . Rl | PT. ON

THE DA Nas | scEtnblithell B means of 3 hygranlic dﬁaf cﬁ?d"hnd 10
further advantadde \nemgm'e@cfnﬁlaxiphrsemfameratr gher dricnid polmmmx o the
~follow ng detailjgf HeSE 'gQIéacearoftntalise the heightSys: FLay! édﬁa%%c@@% ng

draw ngs in which I S a schiematic representation of
vertical - M%Pﬂlm &aay Gio@Neact or. 15 FI G 2 is a
SEhenat i cdrsepr Smuamly efsds&mbhes extiendingvto aa;f@wulgtredﬂem legi ns on
t he outside an i C arr is a
schematic repre%’?ﬁt Ga&d&ﬁpgﬁtt &e ta?’ﬂ"'cﬁ/vtll'\’ea§w’hlgt5r I'ymer flow begins on
the inside and 20 S |nd|cated by arrows. I's paired with the tray of
FIG 2. . FIG 4 igg ifo r&fefﬁﬁébﬁﬂwfﬁcé vertica
-section of a split- fIOM/tray mnth S oplng oors ertical falls.
25 Thepdoventton\witlThe movenfudly understoodriaadyresent

i nvention el at Q&rﬁ:ﬁe& ‘ﬁ@ﬁi’alrﬁ:&bbié will Héb%ﬁ@s eHtE Whed r@Eerided! ‘

naving 3 Ser e 18 mpas so" B! Relikiig] B sl PR o
invention and the accompanying draw1ngs_1n which: _
FIG. 1 is a schematic representation of a vertical
section of the polymerization reactor.

15 FIG. 2 is a'schematic representation of a
split—flow tray. Polymer flow begins on the outside and
is indicated by arrows.

FIG. 3 is a schematic representation of a
split—flow tray. Polymer'flow begins on the inside and

20 is indicated by arrowsg' It is paired with the tray of
FIG. 2. | o

. FIG. 4 is a schematic represehtation of a vertical
section of a split—-flow tray with sloplng floors and
vertical falls. '

25 : .

DESCRIPTION OF THE iNVENTION
The present invention relates to a vertically
disposed polymerization reactor having a series of
essentially circular split-flow tray assemblies. 1In
30 reference to FIG. 1, the polymerization reactor 2 has a
verticaliy disposed shell 4, a liquid polymer reactor
" inlet 6 near the top of the shell 4 for entrance of a
liquid polymer into the reactor 2, a vapor outlet 9, and
a iiquid polymer reactor outlet 8 at the bottom of the



vertlcally dlsggsed shel | 4f a Iiduid polynerfreactor I nl et 6" near

the top of WARHE| 4 for entrance of -a “ liquid pol ymePCT/HES4BE
reactor 2, a vapor outlet 9, and . a liquid polymer reactor outlet 8 at
the bottom of the - WO 95/29752 . _

PCT/ US95/ 04892 - T- shell 4 for
exit of the liquid polyner fronlthe reactor 2. - The

i nprovenent in the polynerization reactor 2i% — " in the series of
essentially circular spILt-fIOM/tray 5 assenblies 10 which are fully
encl osed within said reactor 2. Enclosure of the outer perineter of
the tray asSBRB1L 4sIP8 Axjthefethped igMdds polymeroEnome theact i on
vessel 2 or a sepgeateognal,osure wall 12 which prevents ~ liquid

pol ymer from splatteri o] nd over the, 10 eringter .of the tra )
assenblies 10. As SetegSr##p?ﬁvemeHE'?FGFgf pPﬁngF %ﬁ&%&ﬂHQQS¥°T%2héﬁb a
| i qui d pol yner in theayermestot4essénalbuay1¢imahaﬂtrspaaxp¢uMMe&rH§
Each tgay a S n I 8

bounded by aﬁ | nn?ggm’? %% E? WﬁJ'Eﬁ &kd ﬁﬁ&?&a\éﬁggsg% Wé@ﬁf%' r?&}dcont ai-n
a means for rﬁEﬁFPﬁgzklqEP€1ﬁ§ﬁ5ﬁePfo#hpoP¥#sr peTiimeties héatmmgtray

means- i ncl ude el esaseﬁbuéssmnﬁsy sheéﬂ:tha.&dthaafshen 4 b"fagcﬁ
chem cal s. Preferabl s Is uni.form an Iocate on

t
the bottom side-of® §%é1 Eeﬂﬁ ?rﬁ?gﬁ§§5ﬁbFP8§°§H?e XaﬂﬂeﬂérW@écﬁeﬁFQ%fnﬁﬁhns
i s t he use biqalﬂepblymensfnomlspmathﬁihglbuniﬂnd a&b&tthe whi ch
cy t nb
[l quid pol yior, ¢ BsEhebESbElefle £RGy, hakenp1ios™T0S] A Bek o dn o
an outer wall 12, Féﬁ |%nethﬂatrazOassembIIGSHiOdhevnahlliauhdtpedgmhhe

outer wall 12 andtwy LAREE 10 and'@! 11301ap01 gnee eral EUkIbt! HGA" BAA
region 24. The have su ficl g t to vent spllla e
t he i quid Eﬁ?%n%?seQHéyt}% ??oﬁrciﬁtSP tﬁEeFrH?PQU Chl@@@@nﬁﬁles 10
may be flat or doboundedsbppanginnér wall 20.

© 15 o The tray assemblies 10 may contain a means for

heating liquid monomer or polymer. Suitable heating
means include electric resistance, steam, and heat
transfer medium chemicals. Preferably, the heating
means ‘is uniform and is located on the bottom side of

20 the tray assemblies 10. A preferred heating means is
the use of a heat transfer liquid in half pipe jackets
which are secured to the bottom side of the tray
assemblies 10. . _

Liguid polymer.flows along two paths which are

25 enclosed by means of an outer wall 12, ah inner wall 20,
a middle wall 22 between the outer wall 12 and the inner
-wall 20, and a semi-circular turnaround region 24. The
walls have sufficient height to prevent spillage of the
liquid polymer. The tray floor 11 of the tray

30 "assemblies 10 may be flat or downward sloping and may
contain vertical falls 50. The downward slopes and
vertical falls 50 on the tray floor 11 may be adjustable
to provide control of the depth of liquia polyme: in the
paths. For example, FIG. 4 illustrates a vertical

35 section of a split—flow tray having a sloping floor and



contain vertical falls 50. The downward sl opes and vertical-falls 50

on the trOP¥¥3$2 11 nay be adjustable to provi de comGIISI8Nd8Re

depth of liquid polymer in the - paths. For exanple, FIG 4 illustrates ,
a vertical 35 section of a split-flow tray having a sloping floor and

WD 95/ 29752 "~ PCT/ US95/ 04892

- 8- vertical falls 50.- Increasing the slope and/or

i ncreasing the frequency of vertical falls B0-results in shal | ow

pol ynmer depths which rapidly l'i berate _ byproducts. In addition, meirs

52 may be positioned, at I nternedi ate points on_the fl Ml ath or

the verti cal vertigal falls 's0. IQ%E#P%{#?ttW?Oﬁ}%ﬁfha reverse

fl ow path ﬂﬁﬁféasuﬁdwthecﬁtéhmsﬁqymnffvewtiealeﬂelsedsbyreeahtsoin

pat - tur nar qundsSbbi P kies, SHROM Vhisl Mathy Progihtact |7 ot

wal | of the traybmndncts-- Invaddition; deeins \52 opayrbeposibionedcate

than pol ymeg Sliéiiltd Polkis o Qe FEG rﬁs@euaflde ¥he | veftibe 1 ow
path. Wth the f om1pa turnarounds, the streanmiine 15 pat hs of the
liquid polymer a&3bk%-the entire f1ow path can be averaged. The

semi -circul ar turnar ogeh r€sl Dp-LYow pathrﬁdsmvﬁeﬁfé@rflﬁoﬁoﬁ@ﬂ@te
se I t I { |1
25 my be ”%t&?ré’in“%»ee|+méﬁ%ﬁ€%b€fﬁfﬁ+ SHFFERER BY GnggRenee "
el i m nated and pmlsuhstahtmpltycSemmmcxtmnﬁazutngpatnund reghena24surface
I's reduce I

glwa” Withe ?df’iu%O%h?@ ﬁ?fﬁéﬁéﬁ gl {}?ﬁéﬂ ééfféaﬁi{ﬁ ar (

~turnaroun mer tore sfr

flow paths in or"d’é#ch @W‘Fe@! the WQ‘B‘WSTOG'I’%%h%f Hhe dFsayi vewidn of
the pol yner resmawgafé&mmerabwrmﬁ@eﬁfpém té prdvéPse Othan pol er

To e D] asrennHings dich FAArT near #hd nsldg el gF tne® iR,
i nner baffle 30, pairke. uSEitH cthie rﬂbawtpwtlilmrnﬂrounds, the streamline
' 15 paths of the liquid polymer across the entire flow path
can be averaged. The semi—circular turnaround region 24
may have either a complete semi-circular turnaround
wall 25 or the semi—circular turnaround wall 25 may be
partially eliminated whereby metal surfaces are
20 eliminated and polymer drag which may occur along the
metal surface is reduced. |
In addition, a partially eliminated semi—circular
turnaround wall 25 alloVs liquid polymer to redistribute
in the two flow paths in order to correct for any
25 potential maldistribution of the polymer resulting from
warping of the tray floor or an obstruction. In the
case of a semi—circular-turnaround_wall 25 which is
partially eliminated, two baffles, an outer baffle 28
and an inner baffle 30, are used to ¢irect the flow of
30 liquid polymer in the respective flow paths. A
| preferred split—flow tray design overlaps the two
semi-circular turnaround regions in order to improve the
flow distribution of liquid polymer and eliminate zones
of .slow flow.



30 liquid polymer in the respectlve fIOM/paths A preferred

split-fl owWesp29asssi gn overl aps the two - semi -circul ar RGCEURIMSHHRN
regions in order to inprove the flow di'stribution of |iquid polynmner
and elimnate zones of S|OM/f|OM/ - WO 95/ 29752 '
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Preferably, the wi dth of the flom/path 26 is ““decr eased by up to 40%
by means of a flow restrictor el enent.. 3p at the m dpoi nt of the

sem -circular turnaround region 24. The flow restrictor elenent 36 5
pi nches the polyner flowin the sem -circular turnaround -regi on which

forces a good sweep of PréferaBlyd theywkdth of thleofdowhpathi2€ciiscul ar

turnaround wall 2 y h@l Zi.hg. gnan N e
sem -circul ar éec% gﬁggoﬁhduPe ogbghs& $ﬁ§B§ %% %e%?gw ?%%&%15#5%? 36
10 can be an exetemenh 36 a'nethedmdpmnt of, theysemicgircular cyl i nder,

such as a C'rCU|a$uﬁM§r8ﬂﬁ& ré&iaﬁhﬁﬂ tOTthflow rests iet o e 1@édie 362!

22, or other bluf avi ng vertical axis.

ptional Iy, Bhe npaa@eeﬁ/at:hezeotnmeacﬁlﬁm Anc fhepserd—cirgydazy turngrovad

flow restrictor eregteh whichThértes\Wa good E®elep oforhe! qriqmdB@oa.lydaetﬂe
use of overlappin

sem -circul ar tur%ﬁ?ﬁﬂnﬁhﬁefFﬁ§%8#§g%&%¥rgarOgggu%sggPﬁil%éVWES' 5@

gradual tenporaryminimiaitngostagnaht 2Qow zpdes dh the semis-ciswulaxal flow
path 26 and subs ab,exp [ K f the
cross-sectional ?ﬁﬂgﬁ5r0ﬁn36r8é #e?g @Hé QEO&OFEQQFQCkgEnﬂﬁéméﬁéqj%

26 is reduct® 159Fan e@ennexeepsépara§|yhe middieosad 138%, @nvemelcal
sem -circul ar thEﬁIQH&érftheﬁ 44  aZeircular c}h&n&bQM/GhE@EHeaﬁﬂa:ﬁhhﬁ

beflore the |1 qui R8I GhcEoe BISALS WhiL 23y Bh: PEREFoPIUTE bogY, HAVTd o
tray outlet 16, pvetetiesalyaxis.an outl et weir 40. The polyner flows
over and/or through thSptionally, the middle wall 22 in each path can be
15 tapered into the flow restrictor element 36. 'The flow
' | restrictor element 36 and the use of overlapplng
semicircular turnaround reglons 24 where the
seml—clrcular turnaround wall 25 is partlally
.ellmlnated, cause a gradual temporary contraction in the
- 20 width of the cross—sectional flow path 26 and subsequent
' gradual expansion to the original width of the
cross—sectional flow path 26. Preferably; the width of
the flow paﬁh 26 is'reduced 15% to 50%, more preferably
20% to 30%, in the semi—circular turnaround region 24.
25 The flow direction of the liquid polymer is
' reversed 1n the semi-circular turnaround region 24
before the 11qu1d polymer flows to the tray outlet 16.
Prior to the tray outlet 16, preferably, is an outlet
weir 40. The polymer flows over and/or through the
30 outlet weir 40 which controls the depth of liquid
' polymer in the flow path 26. The outlet weir 40 is of
such length that as the liquid polymer flows over or
through the outlet weir 40, the liquid polymer is
sheared into a thin film. The liquid poiymer flows from
35 upperlfrey assembliee 10 to lower tray assemblies 10 by



30 outlet weir 40 which’controls the depth of l|iquid 0l in

the flow WRAWBBE2 The outlet weir 40 is of such | en§ 89&5 t he

| i quid polyner flows over or through the outlet weir 40 the liquid .
polymer is sheared into a thin film The liquid polynmer flows from 35
upper tray assenblies 10 to |lower tray assenblies 10 by WO 95/ 29752

PCT/ US95/ 04892 - - 10 - nmeans of
gravity. Preferably, the liquid polyner T — fromone tray assenbly

10 to a |l ower ;tray assenbly 10 as afreefallingfilm : The

hori zontal |eng Bq; wei ﬁ@:ﬂi {&y the
w dt h. of the fl é%%gﬁ h.@é Jﬂy Thl{aree onga]t)g’d fb]g%l et welr fo

strai ght or cur \fé-‘tpm one tl&x:r@%ﬁ@@ét &P R |etlower Wlpriﬁﬁmflav@ @p ng
of the frdd £ LMYy qfljnh,e l'iquid polyner: streanlines by.

correcting di fferenc t he t of .str |ne f ow 10, aths. I'n
addi tion, - an el ongat gﬁ"%&{ oki;qql thf &iq{p‘ R AL L%t the
film deat 851 PK prefdrablyl Jurgererthan themiidtls of ﬁHOVBlwepaMQOUt | et
wei- r and, r r

pol yner . #%'e %lor{‘rﬁ%é%rog%el% sﬁ%ﬁﬁr’r‘é%*] %bét}?r %l'wvaporl zecfl’15
‘byproducts and r@@aﬁbnme%mﬁm dteitmeﬁtbmmﬂﬂ% averagxnamiécthm
bubbl es whi ch wa i 6pq:1§érq ?&

vi scous |iquid pol yn?m Wh% | 1 ber a%%ir? of pro uct ﬁlﬁ% are

renoved as vaporcqiFecting rﬁ’écfe‘s%‘?ﬂ’FQ% im&hs ];R.‘tﬁ%ﬁ] e §ipw
order to 20 Ipatrs up Jtmeadmlmﬂ,arammgaﬁed rmmtyrwn 40 reduces

gr ad 2&%42?’#%%%%#%&% L LR LRy eng, 10t ekl €
tray inlet 14 i sme;imaasarlt flows lewren Hhehsugiketfweimi4p and.ackhus, t he '
6 e T v bty 9 446 ool e
whi ch mi ni mi zes The Ithan %am%#ﬂ%&:mﬂ les of vapprizadice
the potentisl fosy;&towﬂmi dridweXepsEls that portion of the byproducts -
trapped in bubbles which would_otherWLSe be too small to
break free of the viscous liquid_polymer. The
liberation of byproducts which are removed as vapor is
necessary in the polycondensation process in order to
20 build up the molecular weight of the polymer.
floﬁ'of the liqoid polymer is accomplished by means
of a hydraulic gradient wherein the-height of fluid
surface at the liquid polymer tray inlet 14 is greater
than the height of fluid surface at the outlet weir 40.
25 The higher velocity of the liquid polymer, compared with
rectangular single—pass trays, washes the flow channel
which minimizes bulldup of polymer on the channel walls
and reduces the potential for stagnant flow regions. In
addition, the_higher.velocity improves heat transfer
30 effectiveness which decreases resistance to the transfer
of thermal enerqgy and eliminates overcooking of the
polymer 1n locallzed hot—spots.
The liquid polymer from an upper tray assembly
outlet flows into an inlet region 14 of a lower tray
35 _assembly.' The inlet region 14 is located either at the



addi tion, the hls%éer vel 00|ty |rrproves heat transfer 30 effectiveness

whi ch decr d¥Q8¥2478%i st ance to the“transfer ~::*  of thernal

gl i m nat es overcooki ng of the - polymer in localized hot-spots. _

The liquid polyner froman upper tray assenbly - outlet flows into an
inlet region 14 of a lower tray 35 assenbly. The inlet region 14 is

| ocated either at the V\D 95/ 29752

PCT/ US95/ 04892 - 1+-11 - “ - outside of the trays,
as shown in FIG 2, wherelnthe l'iquid polyner flows inward toward
the center of the . tray, or the inlet region, 14 is |odated at the

i nsi de of t ptsides of dhe, fhavis, ASG ShPWRNR FIE ¢ R |WhEFLn sthe

pol yrmer fIO\C/ivsdou: w?.[?dm;d @B]I)ﬂiﬁrcﬁflfcﬁw’st dinvdia ttFLWard Athe cetnﬁétt)wﬂ ?ii'ry 46
i's recormended a e tr q:e revent, st.agnan oW,
4 < o
regions in the PléﬂyﬁﬁFh§95§ éhn#%i{§)§bé§ t%% et
pat hs 26 through rtdad tiraysyt iasn slmwrs AP FIBe 30 whemmtthé)m;qlmdvel r 42
prevents chagneli re t*@ t ol ygrer
across the %n \%%?ﬁan? (?e th“q@me c%l %ﬁé tu’%dﬂ%'(z)l%/iﬁaei) A"
flows.in the flowSi®ned mm!w t4fe is qeqrmnanded at cﬁh@s ay  reversed by
‘means of a subst aiiidt ¥eydBnm A4 Hd q:rrekfent tsﬁmmdfm@l icrs irlene

basses over and GoW Patng, g The i moimer, tlevs qfl'?d S48 16
passes over and g

for flow by paxths 26 ttm:tdlrgh rﬂeﬁis*tagilmti]dh ofeirs s (They

cscape of vASr 1 FSRiEEr I ¥ peeVedty dbiREINA JEneD O
and/ or inner wal | prdymer medt Mﬁldﬂlﬁ%ﬁibﬁ#iﬂg the pelymen|aczes® themey

18. In contrast, ¢AgtH '#H4 depth B YHY YeHdhrh@y. beryé Opfih f&dﬁéi'ﬁ{ﬁé‘P to
force the vapor 25 to m)ve cocurrentl to t@g flow of .| % ner

through the tray Fows i t the 1‘3“1% 229 §%1‘P‘ﬂ is
outer shell 4 in \t@vtd:@d dsysmams Q:ff anesubstantially semi-circular

15 turnaround regions 24. -The flow of the liquid polymer
is continued until the liquid polymer passes over and or
through outlet weirs 40 into the tray outlet 16 for flow
by gravity to the inlet region 14 of a lower tray
assembly 10.

20 Each tray assembly loﬂmay'be open at the top for

o escape of vapor from the liquid polymer over the middle
wall 22 andsor inner wall 20 and then radially to the
central vapor chimney 18. 1In contrast, each tray
assembly 10 may be closed at the top to force the vapor

25  to move cocurrently to the flow of ligquid polymer
through the tray outlet 16. The tray assemblies 10
extend to said outer shell 4 in vertical dispoéition one
above the other. In the case where the traYé are opén
at the top, the tray assemblies 10 are far enough apart

30 to allow for'vapor to escape and the walls are shallow
enough to allow for vapor to escape. The vapor thus
escapes along paths that do not interfere with the

- liquid polymer flow paths. Vapor from the tray
aésemblies 10 collects in the central open vapor chimney

35 18 and is channeled along the central open vapor chimney



above the | n the case where the trays are open p, the
tray asseﬁgbpgénfg are far enough apart 30 to allow for Jgg%?égﬁﬂg cape

and the walls are shall ow . enough to allow for vapor to escape. The
vapor thus escapes along paths that do not interfere with the

l'iquid polynmer flow paths. Vapor fromthe tray assenblies 10.coll ects
in the central open vapor chimey 35 18 and IS channeled al ong the
central open vapor chi mey MD 95/ 2975212 _

PCT/ US95/ 04892 -12 - " 18 to the

vapor outl et 9 ofothg $5BCY8ho¥°8aELel oTUE tne reRERLETEBRET YoPOime

chi mey 18 enco percent prere percent,
of the total centraisopent vapar ehimney é&chncpapassne dx&ot 28i ze of 5

the central openg éfBthCh?ﬁEf¥ré§1§06 ﬁosﬂﬁcbétéeﬁﬁacbfrthe tot¥gssel 2 is
dependant on the“size of e reactor vessel - t he

vol unetric flow PEPES—EACEAPRAL REEROPL each EBFMnnsThFthEEFtngeoﬁgn
vapor chi mey 18taRancéftiatdopen vaperpenszmﬂeyamsefarf ars a&mbn Q&actor

I : d 10 di scl
Teactor wi Il sugyeefer 2 8 ygREndent pp HhB.8Ler, PFChAP - PAEESS, PoPReL, g
of -t he - abogearndt théevagercvopunetrisl £lowchatevi o0 large reactor

modi fications argoWuphhl the behtrai! BBeRIvaPERocAinhEY 18 caRPBeNdSda

cl ai ns.
PCT/ US95/ 04892 to provide access for 1nspect10n, cleaggng, and

10 modifications. _ | ‘
B " Variations of the disclosed reactor will suggest
themselves to those skilled in this art in light of the
above detailed description. All such obvious
modifications are within the full intended scope of the
15 . appended claims.



WHAT 1S CLA*MF,Q,Z ' 1. A pol yneri zation reactor having
di sposed outer sljiuéfl ;, a liquid polyner reactor inlet gg?xﬁh%bﬂ%
t.he reactor, a liquid polynmer reactor 5 outl et at the bottom of the

reactor, and a vapor outlet, conprising a series of essentially
circular split-flow tray assenmblies which are fully enclosed W|th| n
sai d - reactor vessel; each split-flow tray assenbly having
central open 10 vapor chi mey and two | i quild pol ymer Illﬂmmnmlﬂﬂﬂmn

fl ow pat h containing one reverse flow path wherein the mer
flowis reversed by _neans of a substantial ly sem -¢ir%ul‘ar "t ufnaf ound
region; sai ays CERAIMED IS2qui d pol ymer tray inlet and a 15

liquid polymer tray OIAt b@tlyfnﬂrlwﬁl&i vegctdd Qwﬁfnﬁ hee vert1célmll d

I fl f ' |.. shed
E\Sd)rlgﬁlrl C g(r)\avdloen%j %ﬁn%"&%’y% heiagrﬁl%’fl %ﬁf rrean ?1? qui d

polyner tray - neam @he $opr @£t dhet reactor ha ghitquild quiyinaurfeantmt t he
20 liquid gol ynghttlg Uleh®! bottds il s%ﬁﬁg
to said outer shell i n%Ya‘E h‘\%terh' ti cafII 8fs té:s%l'“t [ oéné ond above t‘ﬁa}&fher

2. A pol ynmeri zati GRUPEASing RaFexies \ﬂ,frtqs@eﬁqt)laﬂé-y izpukan Qﬂl%ﬁ‘%l

a liquid polynmer teagtassembdlies whicheard 1P eéfciidded SAEPIn gaid dui d
pol ymer reactor outlet at the bottomof the reactor, and a vapor

outlet, . conﬁ?lagtﬁ’@' Y®88Frds of essentially circular split-flow
tray assenbl i es weach apd ituifilpwe kriays adsenkdliyn esiihgd@ certard Drope@ssel ;

cach spl It~ 4bon t LakoRSBRTBR RN 6 S ither saa TR NaEY, o
means of a wal | f1ow Eathngoyﬁm‘immmneer@nem rﬁla)ema'@pmmexgumfthme
35 liquid pol ymBiguid pol¥m@® 216%2is reversed by means of a
PCT/ US95/ 04892
substantially semi—circular turnaround region;
said trays having a liquid pdlymer tray inl_ét and a
15 liquid polymer tray outlet for conducting a flow of the
liquid polymer; flow of the liquid polymer is
accomplished by means of a hydraulic gradient wherein
the height of fluid"surface__ at the liqu'id'polymer tray
inlet is greater than the height of fluid surface at the
20 liquid polymer tray outlet; and | o
said tray assemblies extending to said outer shell in
vertical disposition one above the other.

_ 2. A polymerization reactor having a vertically

25 disposed outer shell, a liquid polymer reactor inlet
‘near the top of the reactor, a 1i§uid poiymer reactor
outlet at the bottom of fhe reactor,"and a vapor outlet,
comprising a series of essentlally circular split—flow

- tray assemblles which are fully enclosed within sa1d

30 reactor vessel,
each split—flow tray assembly having a centtal open
vapor chimney and two flow paths having essentially
uniform cross—sections enclosed by means of a wall
having sufficient height to prevent spillage of the

35 liquid polymer;



- 14 - each fIOM/path cont aining one reverse flow path-wherein

the |iqui WORS29MRr flow is reversed by neans of a - s uBCT/HRYS04892y
sem -circular turnaround region; near the m dpoint of the

sem -circul ar turnaround region 5 t he f|OMlpath wi dt h |s reduced up to
40% by nmeans of a bluff body flow restric aid trays havi

‘a liquid polynmer tray inlet and a l'i quid poly+ﬂn|, HHI H"t" F
conducting a flow of the - liquid poLy _flow yner
is 10 acconpl i shed by neans of a hydraullc gradlent wher ei n

hei ght of fluid surface at the Iiquid polymer tray inlet is greater'
than the height ég t{)'ﬂcﬂ: ﬁ‘rﬁ%ﬁaﬂrﬁq\g one fé\ﬁé&i& pﬂamqsaﬁﬁ hdpEirgt ;
each tray assenb elng open at top for esca o or fromthe
l'i quid polyneriﬂhﬁm Rﬂ%ﬂﬂ%ﬁ ﬁﬁﬂ¥1ls Tev sai d

tray asseﬁb|lessﬁﬁSHEhﬁK;IIyfsemi4uﬁnuukinﬂﬁurnaround negionﬁﬂ dlsposition

For vapor (o eshir U aibpolie gf, oid Ryt il diog

assenblies s theo i lown paﬁleamd‘hji rMesareduced up th 40% byeamgans 9f @ ai m 3

wherein the heatjyr fﬂgﬂ%? fromthe group consisting of
electric - reS|stanc stean1 an eat ‘transfer. nedlunlchenlcals

5. The react or S&idOtaays: hawing @ e mAYnNaRmray inlet apd @r m and
s _located on thaduild PBIvmr Ardhoutiut Hor comrBLing a flow W2 Xe9752

PCT/ US95/:04892 liquid polymer, flow of the 11qu1d polymer ;s
10 . accomplished by means of a hydraulic gradient wherein ‘ '
the height of fluid surface at the liguid polymer tray
inlet is greater than the height of fluid surface at the
liquid polymer tray outlet;
each tray assembly being open at the top for escape of
15 vapor from the liquid polymer flow to the central open
vapor chimney; and | ' _
said tray assemblies extending to said outer shell in
vert1ca1 d1sp051tlon one above the other wherein the
trays are far enough apart to allow for vapor to escape.
3. The reactor of Claim 1 wherein the tray assemblies
contain a heating means.

4. The reactor of Claim 3 wherein the heating means is
25 selected from the group consisting of electric
reslstance, steam, and heat transfer medium chemlcals._

5. The reactor of Claim 4 wherein the heating means is
uniform and is located on the bottom si@e of the tray
30 assemblies. ' '



-15- The reactor of Claim2 wherein the fl ow pat ] [ S
~gradual |y d¥83§&§§ﬁ In the sem -circular turnaround rgaﬁgﬂéﬁgﬂﬁ%e of
a flowrestrictor elenent and at | east one baffle, and the flow path
width is subsequently 5 ‘increased to its originhl.vaTue--_~____z‘*ghE

reactor of Claim6 wherein the flow path width [ mﬂ ﬂ
percent in the sem -circular - turnaround region. 10 m }mﬂ‘ ﬁ”’!t
-reactor of Claim7 wherein the flow path w-dt1s — IS réduce
in the sem-circular turnaround r.egi on. 15 . The reactor of *

Claim1l wherein the central open vapor chi mey enconpasses 1to 25
percent of the totél The rm ‘ofcQlaia 2 vhenginedhe tfow path widtlp,

The reactor of C gign eca"é&#ai e¥eTeYq) — AR | SN d
%gcent of the tota n sehi 16 2 or

enconpasses 6 to 12 Cross-sectional area of each

tray. LGN Rt HEQOIBIEAON FREH 1P 9 1eRAnt ARG AF least
falls fromt he upp:ﬂ-re B eyt laid the MW patilwvide is Zubséquantiyay.
5 increased to its original value.

7. The reactor'of Claim 6 wherein the flow path width
is reduced 15 to 50 percent in the semi—clrcular
_ turnaround region. '
10
) 8. The reactor of Claim 7 wherein the flow path width
is reduced 25 percent in the semi-circular turnaround
region.

15 9. The reactor of Claim 1 wherein the central open
vapor chimney encompasses 1 to 25 percent of the total
cross—sectional area of each tray.

10. The reactor of Claim 9 wherein the central open
20 vapor chimney encompasses 6 to 12 percent of the total
cross—sectional area of each tray.

11. The reactor of Claim 1 wherein the liquid polymer
falls from the upper tray outlet to the tray inlet of a
25 _1ower tray.



