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(57) Abstract

This invention relates to a vertically
disposed polymerization reactor (2) having
a series of essentially circular tray assem-
blies (10); each tray assembly (10) having
2 central open vapor chimney (18) and a
single flow path (26) composed of at least
two loops (30, 32) wherein the liquid poly-
mer flow is reversed by means of a substan-
tially semi-circular turnaround wall (24);
said trays having a liquid polymer tray inlet
(14) and a liquid polymer tray outlet (16)
for conducting a flow of the liquid polymer
by means of a hydraulic gradient; each tray
assembly (10) being open at the top for es-
cape of vapor from the liquid polymer flow
to the central open vapor chimney (18); and
said trays (10) arranged in vertical disposi-
tion one above the other.




" the polymer nelts, thereby increasing liquid residence time within
the reactor and its exposure to the reaction 30 conditions. The liquid

. resi dencWQ958753s required to al I ow sufficient tinmePCOUSPSI®I83

pol ymeri zation kinetics to - keep up with the enhanced byproduct

| i beration rates . achieved by the increase in the |iquid-vapor surface
area and the enhancenent of its renewal. WD 95/ 29753

PCT/ US95/ 04893 : - 2- u. S
‘Pat Nos. 4,196, 168, 3,841,836, 3,509,203+ 1 - 3,359,074 and 3, 787, 479,
and Great Britain Pat. No. _ 1320769 di scl ose reactors wherein the
reacting nedi a flows by hydraulic gradient. U S. Pat No. 4,196,168 5
di scl oses a vertical pol yREACDPOR | DRAYSEPRrA hEERE STAGEReri es of
downwar dl y sl opi ng rect angul ar POLFFONDENSATION ©Rng a flow of liquid
pol ymer in a descendi ng path. U. S. Pat No. 3,841, 836 discloses a

verti cal pol ycondensat i on FI@LD OF MRE MWVENTIONSS of downwardly 10

sl opi ng adj ustabl e rectanqul ar_.trays.and a_ neans_for. cont i nuously
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large st%gpant géf?%er flow is reversed by means of a substantially
semi—circular turnaround wall; said trays having a
liquid polymer tray inlet and a liquid polymer tray
outlet for conducting a flow of the liquid polymer by
means of a hydraulic gradient; each tray assembly being

15 open at the top for escape of vapor 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. In 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 residence
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 increase in the liquid-vapor surface
area and the enhancement of its renewal.



regions on the periphery of the tray outside the direct 20 streani i nes

fromthe inlet to the outlet. Liquid pol ymer in stagnant fl ow

regi ons W@ AH2I78 over cook, obtain a high viscosityPQTEEIsP488%k and/ or
degr ade. U.S. Pat No. 3,509, 203 discloses a vertical reactor
having a series of horizontal structures in cascade 25 arrangenent which
contain a plurality of annul ar passages in each tray for horizontal
flowof the liquid pol ymer therethrough .and a connecting tube from

t he center of each horizontal struckhure for downward travel of
the Iiquid polyner. D sadvantages associated with 30 the reactor
disclosed in U S. Pat No. 3,509,203 are that the flow path is too

long for high viscosisy Pt eNosl s4,196,1680rNB841 866 hes f5@y pe3 h are
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10 sloping adjustable rectangular trays and a means for
continuously sensing the viscosity of the polymer.
Disadvantages associated with the use of rectangular
trays are that polymer distribution uniformity across
the width of rectangular trays is difficult to achieve
15 with large trays and that 30% 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 high viscosity, crosslink and/or degrade.
U.S. Pat No. 3,509,203 discloses a vertical reactor
having a series 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, the roof inhibits vapor transmission and adds
unnecessarily to the complexity of construction, and the



10 U S Pat No. 3,359,074 are that there is no positive hol d- up
volunme on the trays, the residence tine is controlled by fluid

vi scosi WP 95R¥SE| ow rate, and the sl ots nust be sizBOT/HEWMBBely for a
particular liquid rate and |iquid physical properties or the tray
could 15 flood or conpletely drain out. 1In addition, the vapor

flow control nechanismis subject to plugging. U. S. Pat No.
3,787,479 discloses a vertical reactor having a series of circular
trays with transverse baffl es creat8ng several approxi mately
rectangul ar 20 segnents. Thus, the trays contain an el ongated
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WO 95/ 29753 Disadvantages assoc1ated with the rdacHdISHH/<HIRERd in
-4- 10 U.s. Pat No. 3,359,074 are that there is no positive

hold-up volume on the trays, the residence time is

controlled by fluid viscosity and flow rate, and the

slots must be sized accurately for a particular liquid

rate and liquid physical properties or the tray could

15 flood or completely drain out. 1In addition, the vapor
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 réctangular

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 spiral flow channels,

30 open along the top wherein the side walls of the spiral
flow 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 contrast, the reactor of the'present invention
utilizes a circular tray which efficiently utilizes the
cross—sectional area of a cylindrical reactor while
providing uniform liquid polymer melt flow path lengths
which minimize stagnant flow or dead zone regions. In
addition, the reactor of the present invention is able
to process high viscosity 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
vapor outlet along 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
condensation polymers.

Accordingly, it is another object of the invention
to provide a tray design for a vertical, gravity
flow—driven polymerization reactor which increases
utilization for liquid retention of the space contained
within a substantially cylindrical pressure vessel.

i zation for
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-5- Accordingly, it is a further object of the I nvention
. to proviwR9M2%7Pxy design that m nim zes st agnant f IREF/USIG04898 and

i ncreases liquid velocities. Accordingly, it is also an object
of the invention 5 to provide a tray design that uniformy distributes.
t he fl ow on each tray. Accordingly, it is also a further
obj ect of the i nvention to provide a tray design which contains
channel s that reverse the flow of a quﬁTd‘by 10 approximately 180[err]
in order to obtain simlar flow path | engt hs al ong the flow

stream i nes wi thout the _ptesence, n oW rggions or eddies.
Accordingly, it is éﬁcgﬁg}P?S%allefgc? g?‘?ﬁ% gﬁ&eé{iﬁ%eﬁﬁ?on to provide
a tray design mhvehtponvtdeprbmtge aStrayadeamgs thatapinimigesd surface
area and Creatgéagﬂhﬂt flow ré ? h&”EREPéaQEEbh?qﬂﬁaobéib&?iﬁééo”

These and ot her | ects are ac erern neri zation
reactor having a vePFF€§¢P993Y5p$ eds also aBuPEBegﬁePf theliﬂﬁﬁﬁtbepyner

reactor iglet geaprbiedboR t28y desighhthatanhfforang aiktgubdtes! ¥Rer
reactor outl et it ﬁhf bottom of the reactor, conprising a series of
essentially ci F&8MaPT; PAFRFER¥tnwar d sl oping tray assenbl i es which
are fully encl osed Actbhrdingly,réticisralso a further; obiéct ofathetray

assenbl y haV'”gp@eﬁ@@kﬁatoogfaviagoﬁOﬁgég“ﬁ¥51gn whléﬂdcanghgﬂge

essentially unitormcross-section encl ose y nmeans of a
wal | havi ng suFhpBREAs kbaghreyerse the "flow of a 1iguid by

10 approximately 180° in order to obtain similar flow path
lengths along the flow streamlines without the presence
of stagnant flow regions or eddies.

Accordingly, it is an additional object of the
invention to provide a tray design which provides large

15 amounts of vapor—liquid surface area and creates thin
ligquid films for bubble devolatilization.

These and other objects are accomplished herein by
a polymerization reactor having a vertically disposed
outer shell, a liquid polymer reactor inlet near the top

20 of the reactor, and a liquid polymer reactor outlet at
the bottom of the reactor, comprising a series of
essentially circular flat or downward sloping tray
assemblies which are fully enclosed within said reactor
vessel;

25 each tray assembly having a central open vapor chimney
and a single essentially uniform cross—section flow path
enclosed by means of a wall having sufficient height to
prevent spillage of the liquid polymer;
said flow path is composed of at least two loops; the

30 ligquid polymer flows from one loop to another loop by
means of substantially semi-circular turnaround walls
wherein the flow of the ligquid polymer is reversed;
said trays having a liquid polymer tray inlet and a
liquid polymer tray outlet for conducting a flow of the

35 liguid polymer; flow of the liguid polymer is



prevent spillage of the liquid polyner; said flow path is conposed

of at least two | oops; the 30 liquid polynmer flows fromone |oop to
_anot her WOH§/28753 means of substantially seni-circul BETUSIS BN

wal | s wherein the flow of the liquid polyner is reversed,

said trays having a liquid polynmer tray inlet and a l'i quid pol yner

tray outlet for conducting a flow of the 35 liquid polyner; flow of the

| iquid polyner is WO 95/ 29753
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accompl i shed by neans of a hydraulic gradi ent wherein “the height of

fluid surface at the liquid polyner tray inlet is greater than the
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foll owi ng detail el ) ., _Invention and the acconpanyi ng
drawi ngs i whigid tray assemhljigs pxtending,dmsaid gpteefhalbodnbt a
verti cal veaadicdl didguesitdlon e alboe RS iotherl5 FIG 2 is a
schematic representation of a circular : tray. Polyner flow begins on
the outside and is

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood and

10 further advantages will become apparent when reference
is made to the following detailed description of the
invention and the accompanying drawings in which:

FIG. 1 is a schematic representation of a vertical
section of the polymerization reactor.

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

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

20 indicated by arrows. It is paired with the tray of
FIG. 2.

FIG. 4 is a schematic representation of a circular
tray. Polymer flow begins on the outside and is
indicated by arrows.

25 FIG. 5 is a schematic representation of the
orientation of successive circular trays of the type
shown in FIG. 4. -

' FIG. 6 is a schematic representation of a
cross—sectional view of adjacent circular trays. Vapor

30 traffic is indicated by arrows.



I ndi cated by arrows. FIG 3 is a schematic representation of a

circul ar tray. Polynmer flow begins on the inside and is 20

i ndi cat SMOBY2¥FIows. It is paired with the tray of PCA/CRI5D4893

FIG 4 is a schematic representation of a circular tray. Polyner flow
begins on the outside and is I ndi cated by arrows. 25 FIG 5
IS a schematic representation of the orientation of successive
circular trays of the type - shown in FIG 4. FIG 6 is a
schematic representation of a crods=sectional view of adjacent
circular trays. Vapor 30 traffic is indicated by arrows. WO

95/ 29753 PCT/ US95/ 04893
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avi.ng a ser|l ssenila [ S n rererence
to 5 FI -G 181?38558|935¥??5}?%%1¥2 ?%éégrﬁégé%p€'$ gpﬁ*gé % di sposed
shell 4, a |ieasenpbadbyrcivaelar tnaytassemblies. Increferencehtoshell 4

for entrance a ki r r outlet 9,
and a |I§UId Pict i thQ 98i cto%zatl?%Pfga%€g¥h%a§%€t%§¥e?ty 91 eII 4 10

for exit of tﬂésPPﬁﬁ?dsbﬁi§nér ar biguid PRLYRer peactor lnletTﬁenear
i nprovenent | ghéheopob¥thezshedD 4€f6iOénfrance of a liguid polymer

into the reactor 2, a vapor outlet 9, and a liquid
polymer reactor outlet 8 at the bottom of the shell 4

10 for exit of the liquid pdlymer from the reactor 2.

The improvement in the polymerization reactor 2 is

in the series of essentially circular tray assemblies 10
which are fully enclosed within said reactor 2.
Enclosure of the outer perimeter of the tray assemblies

15 10 may be either the shell 4 of the reaction vessel 2 or
a separate enclosure wall 12 which prevents liquid
polymer from splattering out and over the perimeter of
the tray assemblies 10. As set forth in FIG. 2, the
tray assemblies 10 have a liquid polymer tray inlet 14

20 and a liquid polymer tray outlet 16. Each tray assembly
10 has a central open vapor chimney 18 bounded by an
inner wall 20. '

Liquid polymer flows over a tray floor 11 along a

single uniform cross—section flow path 26 enclosed by

25 means of an outer wall 12, an inner wall 20, a middle
wall 22 between the outer wall 12 and the inner wall 20,
and a semi—circular turnaround wall 24. The walls have
sufficient height to prevent spillage of the liquid
'polymer. The tray floor 11 may be flat or have a

30 downward sloping floor andror vertical falls. Such
features of the tray floor may be adjustable to provide
control of the depth of liquid polymer on the tray.
Increasing the angle of the downward sloping floor
and/or increasing the frequency of vertical falls



in the series of essentially circular tray assenblies 10 whi ch are

fully enclosed within said reactor 2. Encl osure of the outer

peri nmet YO OV297¥e tray assenblies 15 10 nmay be either tRCTERIFN4EY3 of t he
reaction vessel 2 or a separate enclosure wall 12 which prevents
l'iquid pol ymer from splattering out and over the perineter of

the tray assenblfies 10. As set forth in FIG 2, the tray assenblies
10 have a liquid polymer tray inlet 14 20 and a i quid polyner tray
outlet 16. Each tray assenbly 10 hds —a central open vapor chi mey 18
bounded by an I nner mall Li quid polyner flows over a
tray floor 11 r S [ ,

encl osed by 25% gggt%sln Sh ?eﬁOf %9 gbﬁgﬁg,ﬁ§§§ﬁmgﬁpiég§’gghgggﬁg

wal | 22 bet weebypredugtsr mall 12 and the inner wall 20, and a
semi - circular turnapggngd 3@ELsgét13H§1“@hb§ Ba¥R 26 is Bbhbbsbanbehgkont (o
pr event splllage of the F he tray fl oor may flat

or have a 30 l&a&khw&Ma %PSBanaPIbBPeEnd}BPPvéPtPEQIaPaPP§er éBEH 32'
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ngroducts. reg4blyS gl PetabhoWePeh¥ e gHeat P31kt bedRydkyvkiBERa!
Preferably, the width 34 of the cross—sectional
10 flow path 26 is decreased by up to 40% by means of a

flow restrictor element 36 near the centerpoint of the
érc of the semi—circular turnaround wall 24. The flow
restrictor element 36 can be an extension of the middle
wall 22, a vertical cylinder, such as a circular

15 cylinder, attached to the end of the middle wall 22, or
other bluff body having a vertical axis. Optionally,
the middle wall 22 can be tapered into the flow
restrictor element. More preferably, the width of the
cross—sectional flow path 34 is 20% to 30% less than the

20 width of the cross—sectional flow path 26 in the inner
loop 30 and outer loop 32. Preferably, the flow
restrictor element 36 causes a gradual'temporary
contraction in the width of the cross—sectional flow
path 26 and subseguent gradual expansion to the original

25 width of the cross—sectional flow path 26. Preferably,
the flow restrictor element lengthens the section of the
middle wall 22 within the region of the Semicircular
turnaround wall 24 to at least 20% of the length of the
outer semicircular turnaround wall 24.

30 After reversing flow direction, the liquid polymer
flows around the inner loop 30 to the tray outlet 16.
Prior to the tray outlet 16, preferably, is an outlet
weir 40. The bolymer flows over and or throuéh the
outlet weir 40 which controls the depth of liquid

35 polymer on the tray assembly 10. The liquid polymer



The cross-sectional f[om1path 26 i s conposed of at | east two | oops,

an inner |loop 30 and an outer |oop 32. 5 The | oops may be concentric.
. The |iquve Ry Bder fl ows fromone | oop to the ot hePCHYSI s of a
substantial ly sem -circular turnaround wall 24 which results in the

flow direction of the liquid polynmer being reversed.
Preferably, the width 34 of the cross-sectional 10 flow path 26 is

decreased by up to 40% by neans of a flow restrictor el enent 36 near
the centerpoint of the arc of th& efi-circular turnaround wall 24.
The fl ow restrictor elenment 36 can be an extension of the mddle
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Pref er abl g, thghéhﬁuu 1nto arenini £im. el enent 36 causes a gradual

tenpor ary CORREELE ARG LDSCALIt DngleL NEnds O5RasEeLLODE! {) O

path 26 and subsequ panston e orrgina w dth of the
Cross- sectlonaVaprmzpdthYEﬁOdUGt%f%n@brgleases thateporbioneefrtbeor

el ement |e”9thﬁg§rbaﬁcﬁgcﬁt9ﬂp8é {Repubbles ﬁhﬂéﬁewaﬁih Seh¥ki b8 bae

region of the semcircular t urnaround wal | af . east 20% of the

| ength of the too smajl:tp EEﬁ?KlfEﬁ?a?ftEPﬁaYbﬁﬁﬁuﬁainﬁﬁd pagymer.
After reuorSIngrétataﬁuyecthenpolymef|ﬂuodspﬁfumeone tray tbovheatpapd the

prof erabl y, i sPARCHURPCR E2ee Fayifp giin whibR! ehRablgs EBY L O O
through the liberstibstofievapdd.whThe tiherationhefdbyphedacteqwhiich3s
polymer on theatpayendo8dPh¥ +8por Th8 hedekdaPy! YHPEhe
polycondensation process in order to drive the molecular
15 build up of the polymer.

Flow of the liquid 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.

20 The high velocity of the liquid polymer, compared with
recﬁangular single-pass trays, washes the flow channel
which minimizes buildup of polymer on the channel walls
and reduces the potential for stagnant flow regions or
eddies. In addition, the high velocity improves heat

25 transfer effectiveness which decreases resistance to the
transfer of thermal energy and eliminates overcooking of
the polymer in localized hot-spots.

The tray assemblies 10 may contain a means for
heating liguid monomer or polymer. Suitable heating

30 means include electric resistance, steam, and heat
transfer medium chemicals. Preferably, the heating
means is uniform and is located on the bottom side of
the tfay assemblies 10. A preferred heating means is

. the use of a heat transfer liguid in half pipe Jjackets
35 which are secured to the bottom side of the tray assemblies 10.
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-9- flows fromupper tray assenblies 10 to | ower tray

assenbl i WO 982915§ neans of gravity. The outlet weir 40 = PCT/U8SHKM8ISUCh

| ength that as the liquid polynmer flows over or through the outl et
weir 40, the liquid polymer is 5 sheared into a thin film

The thinning process shears snall bubbl es of vapori zed byproducts and
rel eases that portion of the byproducts trapped in bubbl es which
woul d ot herwi se be too snmall to bredR free of the viscous liquid

pol ynmer. 10 Preferably, the polyner flows fromone tray to the tray
bel ow as-a free fal Ling_fil m.which enhances the | i beration of vapor.

The |iberation of b?BPo&&EP&deP&Hmer fr°§ré“rBRB?EdtﬁéyvaﬁéﬁmPQYnecessary
in the peutiendEnsnti AAtpr ancinliet eedébnt 6fdai 1ewkietmaecul ar 15

build f th I : . Fl f th Lqui d I ' _
aggonprpsgedtb§s%§§%g§t Theo?n&eﬁyaﬁggghglaﬁgnghﬁuéﬁgﬁgrﬁgﬁheBﬁ&Fﬁht of
fluid sudepe 38t orhthei gondrpdbppesot ofythel trayiassegbdyt ao.

than the Bei ghin0knl ghgesuma@aetate 1962k pBAVHEE" efiferdOeneBRLRLID

vel ocity of the I qui conpar rect angul ar singl e- pass
trays, washes tROPfP3w ﬁ&HﬁBIthe ligRdAcRoOMyRER: $E3YhdnLelpl4s B8l yner on

t he channel Wabh&wn in Fagd pedgnes1ifaigoponimal Ewa&tiﬁn%ﬁh Ehaw regi ons

or eddi es. ddition, the t t ransfer
effectiveness ®AGh g g §8§8§ PeEFgfgﬁfénggPﬁewegg 2 t?&ngsgr o¥ferher mal
energy and el i dioogt 82.ovFheodliigngdopolymer tiseppeientedi firbmc £lowddg
hot - SpOtﬁquI in two dIQEcEE@KsaiﬁeEHE'?%o%O 2K 58”%%&Qu§e”8§n§ for

heat i ng nonQmer or ﬁ Sulta eatln& means 1 ncl ude
electric re5|sF&HPéngsﬂ§&ﬁF 8AQoKchaving a pagkswadlné§i unThredianig.

Preferably, theolgaernglows along the outer loop 32 until the liquid
polymer flow is reversed into the inner loop 30 by means
of a substantially semi—circular turnaround wall 24.
15 The flow of the liguid polymer in the inner loop 30 is
' continued until the liguid polymer passes over and or
through an outlet weir 40 into the tray outlet 16 for
flow by gravity to a lower tray assembly 10 of the tray
immediately below.
20 In the case where the liquid polymer enters the
inner loop 30 through the tray inlet 50, as shown in
FIG. 3, the liguid polymer flows in the flow path 26
through a redistribution weir 52 in the inner loop 30.
The ligquid polymer is prevented from flowing in two
25 directions in the flow path 26 because of a sloping
inlet floor having a back wall 56. The liquid polymer
flows along the inner loop 30 until the liquid polymer
flow is reversed into the outer loop 32 by means of a
substantially semi-circular turnaround wall 24. The
30  flow of the liquid polymer in the outer loop 32 is
continued until the liquid polymer passes over and. or
through an outlet weir 58 into the tray outlet 60 for
flow by gravity to a lower tray assembly 10 of the tray
immediately below.



means is uniformand is |ocated on the bottom side of the tray
assenblies 10. A preferred heating neans is the use of a heat
transf erWOO5R78 i n half pipe jackets 35 which are securREIUSISOMI3Hot t om
side of the tray assenblies 10. WD 95/ 29753
PCT/ US95/ 04893 - 10 - : The
liquid polyner froman upper tray assenbly outlet flows into an inlet
region of a |lower tray assenbly. The inlet region is within either
t he outer | oop 32 or the inner |oopt30-of the tray assenbly 10. 5
In the case where the liquid polyner enters the outer. . loop 32 through
the liquid polyner ra¥ inlet 14. as ui d

o)

. o] G
polymer flows in th Ny e errega ﬂbaglvﬁPgogﬁﬁﬁ ?%H#SP?%BUP?Oﬁa ir 42 in
t he outer trayopssémnyelolqaldompbgaérofstpoemenpad anoanheowlagpl10

0 Luo direct] gng blckpeabbll BAANAZE. DRELEEYORsBenbl tosshol N0 TN

fl oor having a ows _al on% the outer
| oop 32 unti | PﬁéePFaéﬂaY 1dentﬁ6?}nerlplBHPlErF€9§F§€deWHP€1FﬁE rnEB® | oop

30 by neags  inneéf 1ao§UEﬁtaﬂasatbytﬁerrbuﬁefcwhm bar anéouadywall 24. 15
The fl ow of the |I§E éngé I p_t he |nﬁgr %ogg conti nued
until the Ilunﬁ 5 XEraB s&88 698Fraﬁa e %HPSEgﬁ°aﬁ 38t et weir 40
into the tray tangentl8of the centralowapgrgchimneyt and towkhetray assenbly
10 of the trayg mlclrbﬁgsg'EﬁfbyaPShB&’WQQI o3Pf, b thb”fﬁ W 8?531&ﬁﬁﬁe t he

i quid pol yner enter R e tra et 50, as
shown in polymer on each tray assembly 10 proceeds from out51de

10 of the tray to the inside of the tray. 1In each tray
assembly 10, the ligquid polymer enters the outer loop 32
through the tray inlet 70 and flows through a
redistribution weir 74 in the flow path 26. A sloped
entry 72 is recommended at the tray inlet 70 to prevent

15 stagnant flow regions in the flow path 26. The
orientation of the tray assemblies 10 could be designed
in a similar manner so that the liquid polymer flows
from the inside of the tray to the outside of the tray,
however, this would result in a greater probability of -

20 the liquid polymer splashing or spilling into the
central vapor chimney 18.

' Lower tray assemblies are rotated relative to the
preceding upper tray assembly. Preferably, a lower tray
assembly 10 is rotated 22° to 62° if the central open

25 vapdr chimney 18 diameter is one third of the reactor
vessel diameter, more preferably 24° to 34° about a
vertical axis at the tray centerpoint relative to an
upper tray assembly 10. The lower tray assembly is
rotated relative to the preceding upper tray assembly in

30 order that liquid polymer flowing over or through the
outlet weir 76 of the upper tray outlet 78, falls
vertically into the tray inlet 70 of the lower tray
assembly, as shown in FIG. 4 and in FIG. 5. The
relative angle of rotation between successive trays

35 should be kept to a minimum so that liquid polymer falls



FIG 3, the liquid polyner flows in the flow path 26 t hrough a

redi stribution weir 52 in the inner |oop 30. The liquid polyner is
prevent eNOMPF@SE| owing in two 25 directions in the fl oWw@gHESHE8Because
of a sl oping inlet floor having a back wall 56. The liquid polyner
flows along the inner |oop 30 until the liquid polyner flowis
reversed into the outer |oop 32 by neans of a substantially

sem -circular turnaround wall 24. The 30 flow of the liquid polymer in
the outer loop 32 is continued untH 112 ke |iquid pol ymer passes over
and/ or through an outlet weir 58 into the tray outlet 60 for

flow by gravity to a |lower tray assenbly 10 of the tray I mredi atel y
bel ow. waniy ahesdinlet of a lower tray and stagnant zones

PCT/US95/04893opp051te the direction of flow on the lbwer tray are In-a
preferred enbodi nent.,, e flow path of each tray assenbly 10 is

conposed of tva3Qﬁﬂﬁfe ' inner | oop and outer loop, and all the tray
assenblies are Asasmmad dlirl yWicdent iaged .in (FIiche Syr efher rtmtleaﬁ)odi mant

e h 4o J[]%O %%M q:rh"a\mi'llje‘B'me]eo"{':rl@‘:he Cent raI Iy,

and t he inner e |nner ngent vapor
chimey and to qqults 111 Ferkhdinnan afrlJtHUrﬁ@]d-rJG\m(Pqun &ravshe fIh@y of

i quid PPl G f 26 ATHUHUBAY PIIW QA IIREP S P 10 of
the tray to the i |de of. th ray LN each ass t he
liquid pol ymer ¥ $S2 r@%eté?e %6619'%’2 R’H#bdg‘m Q%QT%%I%"FO and
flows through as maximized. The angle of rotation of successive trays
10 is, preferably, approximately egual to the angle of the
tray outlet and weir to the direction of flow so that
the overflow edge projects parallel to the middle wall
of the tray below. More preferably,'the angle of
rotation and outlet weir angle relative to the direction
15 of flow are 24° to 34°. Preferably, the tray outlet 78
overflow edge is aligned a short distance away from the
wall(s) of the lower tray to prevent liquid polymer from
flowing down the wall(s).
Each tray assembly 10 may be open at the top for
20 escape of vapor from the liquid polymer over the middle
wall 22 and/or inner wall 20 and then radially to the
central vapor chimney 18. In contrast,'each tray
assembly 10 may be closed at the top to force the vapor
to move cocurrently to the flow of liquid polymer
25 through the tray outlet 16. The tray assemblies 10
extend to said outer shell 4 in vertical disposition one
above the other. 1In the case where the trays are open
at the top, the tray assemblies 10 are far enough apart
to allow for vapor to escape and the walls are shallow
30 enough to allow for vapor to escape. The vapor thus
escapes along paths that do not interfere with the
liguid polymer flow paths. Vapor from the tray
assemblies 10 collects in the central open vapor chimney
18 and is channeled along the central open vapor chimney
35 18 to the vapor outlet 9 of the reactor vessel 2. The



redistribution weir 74 in the flow path 26. A sl oped entry 72 is
recormended at the tray inlet 70 to prevent 15 stagnant flow regions in

t he fl ovwpashe7’ds. The orientation of the tray asseh@I/U8e5/04893coul d be
desi gned ina simlar manner so that the liquid polynmer flows
fromthe inside of the tray to the outside of the tray, however, this
woul d result in"a greater probability of 20 the liquid polyner splashing
or spilling into the central vapor chimey 18. Lower tray
assenblies are rotated relative to the — 13 —precedi ng upper tray assenbly.
Preferably, a |lower tray assenbly 10 is rotated 22[err] to 62[err] if

the central open 25 vapor chimey 18 dianeter is one third of the reactor
vessel di anet ecentoed prenevapoy hisney 18 sHcompassesutl &0 25 vertica

axis at the tragg S{S%%er%‘i‘e’ftezfa‘ﬂﬁt '6V‘i‘:o gzagaercent URZERHE dptagsendl y 10.

The lower tray“a | at1ve 'to the precedi ng upper
tray assenbly|q¥°5§TSGQ§@$9@1tH§Pq P&UFﬁcﬁoFﬁ%M*flmﬁﬂ f¥aSkesige ©fr ough

t he out kafe \wRintréd pretm&amerchtlmseyourd &lor/&, sp@dific reactor
vertically into the tray | ower_ tr

y mhly.
Shown in Hi o ¥esRP 7 Headepentiant o' tne Fize i the reprted: dshey
bet ween succes<s \anad réhes va@@r vcdmm'ﬂmeﬂm rakea mOm rhamgeo rieaattari qui d

g(();!ryggrgJ 8'4'83 3 columnil ¥HLLerdral open vapor chimney 3.8 can be used o the

inlet of a | owdio REQVIGR ancess, for; daspection, &d-ﬁ?é!lt’@'t R4 rectl on of
fl ow on the | owydilfidatdiions.

10 Variations of the disclosed reactor will suggest
themselves to those skilled in this art in 1ight of the
above detailed description. All'such obvious
modifications are within the full intended scope of the
appended claims.

15



" minimzed.
76 is enlarged over the previous outlet weir 58 and results
~a thinnewa 932933l | i ng between trays. The tray OutPCEIUSHE048976,

positioned at an angle so that the I ength over which

weir

preferably, is

As noted in FIG 4 and in FIG 5, the outlet 5

l'iquid polynmer flows I's maxi m zed. The angle of rotation of
successive trays 10 I's, preferably, approximately equal to the angl e of
tray outlet and weir to the direction of flow so that

overfl ow edge projects parallel to the m ddi e wal l of the tray
‘bel ow. More preferably, the angle of rotation and outlet weir angle
relative to the direction 15 of flow are 24[err] to 34[err].

t he

Preferably,
di stance away f{omg %lmer

pol ymer from
assenbly 10 nayd¥§PQﬁﬁﬂtQﬂtqqu§QQﬂ}¢(ﬂ lkﬁpld RAIERRE FeashRF INIRE t he
l'iquid pol yner meer tHe tmpidiie the readﬁ'h} %2 m;ﬂm pdnweﬂveﬂéaaébﬁnd t hen

radially t
assenbly 1T

16.

di sposition one

open

The tray ass&siy

at

t heTHATR YIS RLAKMELS. IS overflow edge is aligned a short
#01 Seic ] 4 S SRIIEY O 1 QUi

| oW ng tray

| neoygia AE TS SorlBot T Shakad ) S0'd Wdsof i ige)

cocurrently t o] ¢¢mplfis)mg)fa |Sepiias pJﬁ yessentially tdnmm.g‘ltan Heray ay outl et
it Rl i i da Tddbedy ! ¢!

fe%%ic are S

oveé the other. 7l n the case e trays are
Ye®S@bh, the tray assenblies 10 are far enough apart

to allow for vagsth ttraas@é&n&r@ tHesr g |6 cerfcrdialdpsn vdpor

al I ow for_ yapor
do not int%rfer

tray

18 and i s chan

vapor

outlet 9

15

20

25

30

35

in

t he

to esca e vanar th esca es ann aths that
o, TiE iR 15 T difossa. by s from tne
asstmminessuitfmﬁer&tl‘salqht Heo qureverit cqmrillsgmroit hileney
éﬁ%} égxcentral open vapor chimey 35 18 to the

react or’ vessel 2. _The
sa1d flow path is composed of at least two loops; the

liquid polymer flows from one loop to another loop by
means of a substantially semi—circular turnaround wall
wherein the flow of the liquid polymer is reversed;
said trays having a liquid polymer tray inlet and a
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 liquid polymer tray
inlet is greater than the height of fluid surface at the
liquid polymer tray outlet; and

said tray assemblies extending to said outer shell in
vertical disposition one above the other.

2. A polymerization reactor having a vertically
disposed outer shell, a liquid polymer reactor inlet
near the top of the reactor, a liquid polymer reactor
outlet at the bottom of the reactor, and a vapor outlet,
comprising a series of essentially circular tray
assemblies which are fully enclosed within said reactor
vessel;

each tray assembly having a central open vapor chimney
and a single essentially uniform cross-—section flow path

AR A 1
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- 13 - central open vapor chimey 18 enconpasses 1 to 25

per cent ,WEO8R¥SAbly 6 to 12 percent, of the total CPOEYSE®d8930nal
area of each tray. The exact size of t he central open vapor chi rmey
18 for a specific reactor 5 vessel 2 is dependant on the size of the
reactor vessel - 2 and the vapor volunetric flowrate. On |arge reactor
colums, the central open vapor chimey 18 can be used - to provide
access for inspection, cleaning, and — 1smedi fications. 10

Variations of the disclosed reactor will suggest t hensel ves to those
skilled in this art in light of the above detail ed description. Al
such obvious enclosedi fiycaeiamss ofr @ wailli haviagf shf filgtiemte hedghte tof t he

appended cl ai 5/429 .
PCT/U895/0489m%réUint spili@ge /ot the liquid polymeri4 VAT 1S

CLAI MED | S: said) flew,Fakhedis; fompeseda@forthd sy £weedaapsi Fhe
liquid polymer flows from one loop to another loop by

5 means of a substantially semi—circular turnaround wall
wherein the flow of the liquid polymer is reversed;
at the midpoint of the semi—circular turnaround wall the
flow path width is reduced up to 40% by means of a bluff
body flow restrictor;

10 said trays having a liquid polymer tray inlet and a
liquid polymer tray outlet for conducting a flow of the
liquid polymer; flow of the liguid polymer is
accomplished by means of a hydraulic gradient wherein
the height of fluid surface at the liquid polymer tray

15 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
vapor from the liquid polymer flow to the central open
vapor chimney; and

20 ‘said tray assemblies extending to said outer shell in
vertical disposition 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
25 contain a heating means.

4. The reactor of Claim 3 wherein the heating means is

selected from the group consisting of electric

resistance, steam, and heat transfer medium chemicals.
30

5. The reactor of Claim 4 wherein the heating means is

uniform and is located on the bottom side of the tray

assemblies.

RN ) AR



di sposed outer shell, a liquid polynmer reactor inlet near the top of

the reactor, a liquid polyner reactor 5 outlet at the bottom of the
react or , WOR§2¥5¥apor outl et conprising a series of PEHYSIHO48A3| y
circular tray assenblies which are fully enclosed within said reactor
vessel ; each tray assenbly having a central open vapor chimey 10

and a single flow path encl osed by neans of a wall havi ng sufficient
hei ght to prevent spillage of the | i qui d pol yner; said fl ow
path is conposed of at |east two |oops;-—tRé — liquid polynmer flows from
one | oop to another | oop by 15 means of a substantially seni-circular

t ur nar ound wal | wherein the flqow of the I,iquid pal IS reversed,

said trays havifng &N 6&P&tﬁﬁlﬁﬁeplﬁﬁgyzlWP@Fe&Hdtge tlo PP&GiHlﬁGPyner
tray outlet forisceedueiedngoathbl @y perceat at thle idpodeity e thel ow of the

liquid polyner jis.20. 350 y ns of a hydraulic gradient
wher ei n Fﬁgﬁi?ﬁﬂﬁp ?55P§Q§§p?agg5§ the liquid polyner tray
inlet is greater than the height of fluid surface at the i quid

pol yrmer tr?ay oyt e‘mea?‘l&ctor o¥2icd alind¥% %%‘i-@ih\ %%eeﬁl%%db%ht 9:1%1%&10' outer

shell in vertica sp05|t|on one above t
pol yneri zat i on e ¥edycesa #ioh excedt ptathe mi POLQFSGEEé@ebuter shell, a

| i qui d pol yner geggcicircdulla®t turnarob@d@ wahq .top of the reactor, a I|qU|d
pol ymer reactor 30 outlet at the bottom of the reactor, and a vapor

outl et, conprising a series of essentially circular tray
assenbl i es whi & arthef xidagctonclofs €daim 2i whexiednr dhet Filow pathy axiddh

each ray Sse yri¥iiaiq 2 d%@wa@edoa%nth@%o%hwml%ior adid a single
essentla orn1cross sectlon flo
subsequently 1ncreased to 1ts original wvalue.

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

10. The reactor of Claim 9 wherein the central open
vapor chimney encompasses 6 to 12 percent of the total
cross-sectional area of each tray.
20
' 11. The reactor of Claim 1 wherein the tray assemblies
are essentially identical.

12. The reactor of Claim 11 wherein the inner loop

25 extends to the outer wall of the tray assembly so that
the liquid polymer falls from the upper tray outlet to
the tray inlet of a lower tray.

13. The reactor of Claim 1 wherein the inner wall of
30 the inner loop is tangent to the central vapor chimney

and to the semicircular turn around wall.

14. The reactor of Claim 1 wherein the flow path of
each tray.assembly is composed of two loops, an inner

* c L M S *

35 loop and outer loop.
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- 15 - encl osed by neans of a wall having sufficient height to
prevent v@93/9ase of the |iquid polymer; said fl ow FETUSOF0488Hposed of
at |east two | oops; the liquid polyner flows fromone | oop to anot her
|l oop by 5 means of a substantially sem -circular turnaround wal l

wherein the flow of the liquid polynmer is reversed, at the m dpoi nt
of the sem -circular turnaround wall the flow path width is reduced
up to 40% by means of a bl uff body fTow restrictor; 10 said trays
having a liquid polyner tray inlet and a liquid polynmer tray outl et
for conducting a flow of the l'iquid polyner; flow of the liquid

pol ymer is 15. acThepreéatker Hf kb of @%mmub‘gﬁ%dtm wher ei n

the height of %é&ﬁﬂbf%riécfbéﬁté@Qré1£E&¢bp@&YﬂEruﬁﬁéW tééy aéé&ﬁ%l s
greater than t | | ui d surface at fhe $%gmr tray

e
outl et; whersin Bhe aRglS| 9f PRt ’o?)‘énl%ts‘?m 1ftE)?:)t

vapor fromthepbigmet palyseintd othé cotibermest r kboppeh a 1owerva1pa7y _
chi mey; nd 2? igld tray assenblies extending to said outer shell in
verti cal |spo§ 7 %R he above the other wherein the trays are far
enough apart to allow for vapor to escape. - 3. The reactor of Claim

1 wherein the ygay ffaepbhtEsr SP c1£9mtfsnwﬁebefﬁlesenﬁaﬁér tra 4.
The reactor of Caim3 wherein the heat |ng2nean | sel ected from

the group consPEFPMBLYf 18| Eetated “225%0"62" Felative to tne upper
tray assembly.

10
17. The reactor of Claim 15 wherein the lower tray
assembly is rotated 24° to 34° relative to the upper
tray assembly.

15 18. The reactor of Claim 15 wherein the liquid polymer
of the upper tray flows over or through an outlet weir

which is perpendicular to the flow of polymer.

19. The reactor of Claim 15 wherein the liquid polymer

20 flows over or through an outlet weir which is positioned
at an angle of 20° to 60° relative to the flow of
polymer. |

20. The reactor of Claim 19 wherein the outlet weir
25 - angle relative to the flow of polymer is 24° to 34°.

R



resi stance, steam and heat transfer nediumchemcals. 30 5. The
reactor of Claim4 wherein the heating neans is uniformand is
: located SYP¥¥E7Hottom side of the tray assenbl i es. PCT/US9SAMBIDS5/ 29753
PCT/ US95/ 04893 - 16 - 6. The
reactor of Claim2 wherein the rov“gath wi dt h is reduced 20 to 30
percent at the m dpoint of the sem -circular turnaround wall. 5
7. The reactor of Claim6 wherein the flow path width is reduced 25
percent at the m dpoint of the sem -circular turnaround wall.
8. The reactor of Cdaim2 wherein the flow path width 10 is gradually
decreased at the flowrestrictor and subsequently increased to its
original val ue. 9. The reactor of Claim1l wherein the central open
vapor chi mey enconpasses 1 to 25 percent of the total 15 cross-sectional
area of each tray.

Fig. |



10. The reactor of Caim9 wherein the central open vapor chi mey

enconpasses 6 to 12 percent of the total cross-sectional area of each

tray. 2Quoosnerssll. The reactor of Claim 1l wherein the tr@FTAPIYMIPT es

are essentially identical. 12. The reactor of Claim1l wherein the

I nner | oop 25 extends to the out/{af3 wal | of the tray assenbly so that

the liquid polymer falls fromthe Upper tray outlet to the tray inlet

of a | ower tray. 13. The reactor of Claim1 wherein the inner wall

of 30 the inner loop is tangent to the central vapor chi mey and

to the semcircular turn around wall. 14. The reactor of Caiml

wherein the flow path of each tray assenbly i s conposed of two | oops,

an inner 35 | oop and outer | oop. WO 95/ 29753 '

PCT/ US95/ 04893 - 17 - 15. The

reactor of Claim1l wherein a |lower tray 3@ssenbly is rotated relative
' ¢ angle of rotation is such that

to an upper tray assenbly wherein th
the liquid ,

12
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polymer falls into the outernost loop of a lower tray 5 assenbl y.

16. The reactor of Caiml1l5 wherein the |ower tray assenbly is
rotated MP&RY7580 62[err] relative to the upper t reyT/oSBRdRYsy. 10
17. The reactor of Caim 15 wherein thg | ower tray assenbly is
rotated 24[err] to 34[err] relative to thg upper tray assenbly.

15 18. The reactor of Caim1l5 wherein the |Iiquid polyner of the’
upper tray flows over or through an outlet weir which is
perpendicular to the flow of pol ynBLz=z=gy, ~ 19. The reactor of Caim15

wherein the liquid polynmer 20 2ZA
which is positioned A
the fl ow of pol yrer .

the outlet weir 25 :
34[err].

t hrough an outlet weir
Nt 0 S%éerr] relative to
At Claim 19 wherein
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