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AN ANGULAR FLOW DI STRI BUTI ON BOTTOM HEAD TECHNI CAL

FI ELD [ 0001] The present invention relates to an
wa@egahsgs12f | ow di stribution bottom head for usePCTUS2005/010402

fluidized bed polynerization reactors. Mre

particularly, it relates to jnprovenents in fluidized

bed pol ynerization reactors; lan angl ed annul ar

defl ector and the distribution of fluid introduced

i nt o saAl ANG&IiIoAB. FIFAWKDESURIB UE1ONEB ONEONT WRATH002]

Fl ui di zed bed processes for the production of polyners

has been wel|l known iﬁéﬁm@&L{;%%ﬁgveral years. |t

is believed to have firs €én useéd in an industria
scale as early as 1968. [0003] In this process, a
pol y e} abTle presentinyentisradel atesaotanrangtlae flowatistabutidn bottom head

the borto There is .generally an ini.tial area wher.e
for use g ﬂb‘_&ﬂ“fﬁﬁ@‘ﬁdﬂ%{‘_%efﬂaﬂ&a reagtogm; Mors 3Ry Ry ThF gprovements
in fuERL&S bOpdiDRefibdiofi BEHoRE G HRACH IaARUIZO BENMRRT Mdl the distribution of
actual polynerization reaction takes place. The

fluid ingraduasd igterserdakdoforias an outlet for renoval of the
pol ymer and separation of unreacted pol ynerizable

fluid for recyg%&?igcwlﬂgﬂtbfﬁﬁ fﬁmﬂdﬁooq In

order to maint uidrzed bed, a Circulating gas
streamis fed into the reactor from bel ow. The
ci r cyoa02i] ng Riwidized rredprodesseh footiwi ploduamentt pajymyrsdias been well

unreact ed nononers apd | nert erials is renoved .
knowagafis 4 10F FO ST gea. Tiie PFUBES B TvedCFaRsar U5 g adustial scale as
earlyra?f@é%?d’ gas stream cool ed and put back into the

reactor. The resultant polyner is renoved fromthe

reacti on zone continuously or sem -continuously and

t r eat{e@03 ur imérs pfcBeB5R Potmesizablsfludeeneralx entery the reactor at the

fluidi zed bed .react or d [ - .
s e 5 pOR "B 60, B0 ph O e SOTRRESIN  f t mive
prior {o &f8ringdthd ¥Ridizéd bedl, Ra@dioh4dne WhoIhe Géthalpodyiiderialipn reaction takes

5,401, 890; 5,627,243; 5,723,401 and 6, 44%, 1Q8. 6#00‘536]3 : ¢
placeThdBe reastorogrnefplly ehssath sydetafer yemayel plet hefgém apg, geparation o
umea%&ﬂ%%Wmerﬁggl% ruid for recycling through the reactor.

[0004] In order to maintain a fluidized bed, a circulating gas stream is fed into the
reactor from below. The circulating gas stream which consists essentially of unreacted
monomers and inert materials is removed again at the top of the reactor, residual particles
removed, gas stream cooled and put back into the reactor. The resultant polymer is removed

from the reaction zone continuously or semi-continuously and treated further.

[0005] Various patents covering fluidized bed reactors and their components are
known in the art. See, for example, U.S. Patent Nos. 2,611,685; 4,518,750; 4,933,149;
5,059,664; 5,213,768; 5,401,890; 5,627,243; 5,723,401 and 6,441,108.

[0006] These various patents have adjusted the shape of the reactor, added
components to separate chambers of the reactor or have added components to affect the flow
distribution of the fluidized gas stream. Even with these changes, problems exist with the flow
of the gas into the reaction vessel, as well as making sure that the side of the reaction vessel

keeps clean of the formed polymer and that the particles carried in the polymerizable fluid do
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conponents to separate chanbers of the reactor or have
added conponents to affect the flow distribution of
wo besfilsiedi zed gas stream Even with these chaPQgEE$2005/010402

probl ens exist with the flow of the gas into the

reacti on vessel, as well as king sure that the side

of the reaction vessel keeps~tlean of the forned

ynmer and that the particles carried in_the

not faﬁd:ayherrtp Zamhpes ftreamaangdoprientfally IplugadiR regetes flowe Jdis present invention
prov1ci5etsr %a ﬁggecp 8{3391‘%&{ 'f&l Ln¥ ali 148 atnnﬁlaf %@ﬁ&g& alnoﬁﬂll Tali]eﬂow distribution

prese Inven n prOV| S an 1 nprove deS|g
bottora rh@hcemmaubawsdﬂftb dadilitate the ﬂangmﬂ ga irtb ohe ﬂkaabr bd&i) thneo:removal of

contagnag e ORI E 4Bt et 6L e ALl B bspreggntion oF particie fall back

mtoﬂg:eo%fszgﬁémnts and pol yner fromthe sides of the wal |,
an prevention of particle fall back into the gas

stream BRI EF SUMVARY OF THE | NVENTI O\Iﬁ‘@} 0007] One
enbodi ment of BRHEF SUMMARY (e THE NV "U&E% an angl ed

annul ar deflector for angular flow distribution in a

flui fd(ﬁﬁ b&shPAhY eﬁfagf r%?e(htt ﬁVen? g(lk%dan angled annular
PiteCioh R pregint dhvepdihy RIS 2ng

annul ef I'ect or
deflecidtafoe aﬁglﬂalaﬂowrdiﬁflbﬁt&)ﬂ inya ﬂhmlmda)ed@ulymérlmnbs reaﬁ:fnrd The angled
cavity oBen at bot h_ends; wherein the l.ed annul a
annulgredfietion Pt a0 QUSPPEECE ikt BRiEH ShaReARdAMGBRE. K alpne a central

axis, pa‘?& E%Q@Eﬁ LOPbtR knds; ekt ﬁfédangfég AR IHPEL B R i O4Mapted to associate

essel and when in said association the
with a:omnecsiiapexhqut&dn poition ofur fleidized bed mglymgllze@brawaetbawessel and when

i sf LSR5 AR Sy Sy 58 P B eRSSor i a

angle%ﬁ&? b ane duketshaiePia rshb@ﬁhtlailg%?a]llel d ﬁﬂﬁﬁlbﬁ‘ﬁvall of the cone-shaped
nbodi ment there is a bottom head which is generally

bOttOltﬂh:@ﬂthtom portion of a cylindrical reaction vessel,
sai d bottom head being an inverted cone-shaped portion

att ai@;ﬂg]t 0 Iﬁ%nbﬁe?'énfﬁ?@ﬂ?ﬁint Mer& ?@%'%ﬂ?h’lshé’ad which is generally the

intr ng a strea pol yner i zabl lurds into said
bottomemetiar of d ¢ylindritdl eeactin vesiels sad battgh ddadibeing an inverted cone-shaped

.defl ector havi an o surfa oni ca
portiohndfiaieq find BRGRSFaITEn GO TBRY APoghele” S AERD ) pyymerizable
fluidsPRE sa2d rddObP BT EherAQ0&dshnt S@1cAUNAG1a8 HEfl st Iﬁﬁ/m‘gadncbuter surface
angl ed annul ar deflector is in association with and

with wbsmlnsham lagd parlmqreslavmo algng ianeeatralaais, sgid €ayéty open at both ends,

whereln t?le ou?é% ccne::to saD c? i f%ﬁ annular deflector is in association with and is

substantially parallel to an inner wall of the cone-shaped bottom portion.

[0009] In a preferred embodiment the angled annular deflector is adapted to
divide a stream of polymerizable fluid flowing through the reactor into two or more streams
flowing in at least two fluid flow paths of which at least one flow path is directed upwardly
between the outer surface of the conical shaped angled annular deflector and the inner wall of
the cone-shaped bottom portion and at least one flow path is directed generally through the
angled annular deflector upwardly along the central axis, the division of said stream being such
that the velocity of fluid flowing upwardly along the inner wall of the reaction vessel is
sufficient to entrain solid particles and liquid droplets and maintain the same in the fluid
entrained state and to inhibit the build-up of solid particulate polymer product on the inner wall

of the reaction vessel, and the velocity of fluid flowing upwardly through the angled annular
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[0009] In a preferred enbodi nent the angl ed annul ar
deflector is adapted to divide a stream of
weoloynezzabl e fluid flow ng through the reacterT/Ust005/010402

two or nore streans flowing in at least two fluid flow
pat hs of which at |east one flow path is directed
upwardly between the outer surface of the conica
shaped angl ed annul ar_defl ector and the inner wall of

deﬂeomreal@mm@xsmaqdeadﬂsa@t qudheipwr toj eveah golid phdigslateoprlymepproduct from

falhn% s%u a%'g[e%cel gag%gﬁ%cﬁéxl %rhcfe &%gcﬁ?x{balﬁéa:?(\?egﬁgl t@glgé’i?}p Lilllci"frhrectlon of

upwar
said ﬂilild/ ﬂSWﬁfg mfallSﬂkb\d paths demghaiin thas wefficichnmiting is/plosiieti Yo ensure the

of fluid fl upwar dl'y al on i nner. wal
generglagiformHy gud distpution, r@?ﬁzagl& @ﬁ@% S‘Ptﬁﬂ%Pqu!’ 8ted b region of
the re?cﬁ&“ cles and liquid droplets and maintain the sane in
fluid entrained state and to inhibit the build-up
of solid particulate polynmer product on the inner wal
of t [@1Pkactlihoruseeafsibk , impraved tisvicel afcthe yresent inylegtion provides an

war dl y thr |.ed an def t
impro S B ol BB B BB lctiver of
streanEJ@f?él%bﬁia@l@ﬂbl&lﬁ@%alﬂ&@ﬂt&t fromfalling into said
angl ed annul ar deflector and the conbi ned overal

veIOC|t and _direction of sajd fluid f
f1 owld 5]13 bEfen fPregring thas ou H‘Fﬁdlréﬁ&!‘%{"r%ﬁg ﬂ'& feétures and technical
adva g%¥ lof E%t ﬂr@se‘ﬁf‘ 1&{151 &%Qlefhﬁl th'é NefAeMdbYerAn of the invention that

strl I on o ynerlzab e fluids entering a
follovfzsi maylbe belttdmnidcm@nodn Aafdlttdmal feeBuieesand a(do@nages ﬁﬁ@hmmsemfon will be

descréﬁg hﬁﬁ ed d VI Ce ée%ﬁ)gs 651@%&&%&&1 ‘geﬁl 1on Rt should be

appreﬁﬁégtthzﬁﬁﬁe &Sﬁcé‘;f)tfﬁ?f eﬁldeipfeélﬁb ehbodigidny 8is¥loSdd Bayp bé eardilplitilized as a
ynerizable fluid to said reactor. [0011] The

basis ffo.nr e@dlfwgg asdesignirignethierr am@rre%qua@rrylrtgh@utf thg isame pusprses of the
prese%ttﬁ@ygqtﬁ)@l Jggl\goqlé %Qges reaﬁ%&lﬁ gﬁa[tesilgl?&%ﬁloﬂgﬁt éoﬂ&rﬁ&wﬂ% 98 "ot depart

Cri nvention t
from iRl ihesdionay sbefobttih elie amﬁﬁdesltamdxs Attdirfovelnfzhtufesavhicke are believed
and advantages of the invention will be .describe

to benghagactramtie oT\ile dAVEIGPR PRIB asutsy Kt orgpnizaten ang; g‘B‘fl of operation,
togetﬁJPewftl[?\f&I%éro& edtd and) %Hl/zgxt%s %Wﬁ@'b@ttt&duﬂdéﬁitow fom the following

conceptron and specific enmpodi nent di sclosed may be
descriptiad ivhgn ¢bndidered] irneonacdiami \sltH the mnpmyng fagurele &f i 1g i heyexpressly

ot her structures I out .
undeSioBa P LB, (iHetEy Bt e e Pt A SC oh iy BB Sed! Fltgation and
descriptioh oﬁgfudnﬁ% £6ttineAasd dsUcdéfiditfonthT thOlimfepatht present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] For a more complete understanding of the present invention, reference is
now made to the following descriptions taken in conjunction with the accompanying drawings,

in which:

[0013] Figure 1 shows a cut away view of the bottom head with an angular flow

distribution angled annular deflector of the present invention.

[0014] Figure 2 shows a top view of the angled annular deflector looking along
the path B-B.
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fromthe invention as set forth in the appended
claims. The novel features which are believed to be
wahmsactieri stic of the invention, both as to iRrGI/US2005/010402

organi zati on and net hod of operation, together wth

further objects and advantages will be better

understood fromthe follow 'n‘b description when

considered in connection with the acconpanyi ng

fi gut@®ds] | t Figyre 3 shewesphattos! yiewholethstangted mmmbweieﬂector looking

each of the figures is provided for the purpose

along%lre aIﬂllaé ration and description only and is ngt bose

intended as a definition of the limts of the present

i nvent i on.DIBRA BEE DHBICSCRTPTIONFO N HHIDRIVIENTI(N012]
For a nore conpl ete understanding of the present

idg\slg (iﬂb?{] o né el{ gq%gﬂg %ﬁb%s:rsgﬁot\évr%n%:j e\%‘ 1{1“1?? an tilat Van%us embodiments

and nfSRARIRERYdaR Be Fh AW tBYfo inkEntidd cﬁiblos{e@%ﬁﬁs Kbﬂl%a@ioﬁ withoWBdeparting
a cut away view of the bottom head with an angul ar

from thie soopgiant spipiy of the imvegkiedt annul ar defl ector of the
present invention. [0014] Figure 2 shows a top view of

the W?E] r%léh % gneftﬂlee&geoorf tiletog%fd’]‘ga”acjr %IES‘TI Q?etdhn &onjunctlon

B- B. §ho | ew o

with tBé EblﬂﬂnaTcoﬁipﬁblﬁg’t ﬁf thb ekahnmgldadmhg s;tdaeﬂqaamh mAy AleaDE'cb'ﬂé T Bl it is also
DESCRI PTI ON OF THE | NVENTI ON, 016 i s, readi on v s
consigiess JiBhine IRpapg K PRE RIGUPHE: t %?PE orten Lnd e g ncte than one.” Stil

furthe? "REALHRNE | g%donﬂgiufdir%at "&ﬂ@an‘ﬁﬁ?c Bfd F‘@&ﬁpﬁs@né h§re interchangeable

I’hvention sed inthis ation w thout
and onepfukill igthé aans ¢denizmabthet tan:d: tsmsrare opén ¢rded texment i on.
[0017] As used herein, the use of the word "a" or "an"

when in conj nctlo e ter | n

tho 8" T & BbtpRusClul e ot Fpflon FEERE. SislRtr ehdimple tha
showRUh WS, Patedt 3. LOIB, Mo rbtneV!kilh:dt ﬁletmﬁz&ﬂ ire@gnizes ok thére must be

nore," "at | east one," and "one or nore than on

adequate flow f:gmmgeﬁromtth@bqt@mrgl oqq%qorfgmhtatq the |pgbfn}pglzatelon reaction. It has
also be%g %@&{Pﬁ? he:?é1 glts% GRIPHE S AiGribAfiéh b hgf\]lc Bﬁ@ﬁ%@@ e ITgmer and/or

e art 1Is cog ni zant that these
partloil?e"s&n@p@mk @dﬂdﬁd;ldee ofithe wall of the reactlon vessel.

[0019] The present invention provides an improvement in splitting the gas flow in
order to facilitate the reaction in the reaction bed and to maintain the sides of the reaction
vessel clean. The main improvement over the prior art is the use of an angled annular deflector
having a conical shape. This angled annular deflector has a cavity in the central axis such that
fluid can flow through the angled annular deflector. The outer walls of the angled annular
deflector are conical. The angle of the conical shape depends on the shape of the reaction
vessel to be used. In the preferred embodiment, the angle of the outer conical sides is set such
that the outer conical sides shall be substantially parallel to the inside wall of the reactor. Ina
preferred embodiment, the reactor has an inverted cone shape bottom portion in which the
angled annular deflector fits into. The angled annular deflector can be attached to the internal

reaction vessel by any method commonly used in the art.

[0020] Now referring to Figure 1, where a cutaway of a bottom head (3) of a

fluidized bed polymerization reactor is shown. The bottom head comprises the entire assembly
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[0018] In a continuous fluid bed polynerization

reactor, see for exanple that shown in U S. Patent No.
woh2®3318149, one skilled in the art recogni zes REEUS2005/010402

there nust be adequate flow comng fromthe bottomin

order to facilitate the polymerization reaction. It

has al so been found that tiete also nust be a

distribution of flow, otherw se the polyner and/or _
of thepgadtion| containey véhitke is badowHhe distrbmitasplatadlinallhe bpttemdead (3) is an
. reactign vessel,. . [0019]. T Se ' ' [ .
inver iRk TIHE oo bt 19 B ERGRErcp KGR (5 BHeR S the inte
meand @ ifbri thatflewt fegdse atid PReitdd ¢dmR-shapudlt bovtonbpattian@S) i a change from

mai ntain the sides of the reaction vessel clean. Th
the uspglihemisphetical berem sigeien forndgp thsse Bpes P_éreﬁﬁ@rsu e ggst s_ﬁthe shape of
the re Q! i€ I%%H%W cﬂﬁ{d}ri@&lta(ﬁﬁi RA¢htidh1 & ﬁ%x‘i@ing?ﬂ 8R&rt. Thi s

angl ed annul ar deflector has a cavity in tThe central

axis such that fluid can flow through the angl ed _ o
annul{21fef Ireaddition, The angled anmaar deflsttor i) ehthieeutesent invention is

annul ar defl ector. gr.e caonical . ,The angl e of. the .
showry iy gresarsec ol ormafagurg - Asea0 b Seerh % dhe o e defiector (9) is a
conicH1 ARG beify WRied Sethe o addBarfivid @ fHRCbotidho dTiedigled diular deflector

angl'e of the outer conical sides is set such that. the

(9) hagat avity 6hd)calicls isdengngh hpth gnds {1bandh®)i dniEjgyarlavhish is g top view
1 insi I h .

a5 o o Rl BLACAELS) s e

angle®@hihglnd Peftectoan(9) hasviiptdnat kplimhigheshaperan itlar topedridebstom.  Figure 3

fits into. Th | ed | def |l ect .
AT R CN I T R S T Y -
(24)0&?181%%%d USikdsHaPed B&tcﬁ‘ﬁmgortibggz)’.o] Now referring to

, Where a cutaway of & bottom head (3) of a
fluidized bed pol ynerization reactor is shown. The

bot t (#A22¢ adTeoangiédannularaledaetpr €)ds Suthsr pégpteh divide a stream of

react, og . [ . ichis.. h ,SE L
pts 6o 0 e S o) L s o0, 55
flowif® 1€ 2% haRe twd i Adve paperéfi ahichSdt ledsttdie fiowt wh {BRdis directed
(3) is attached to_the inlet nean (% for the.fl(%\lfv o‘g
upwaggly, betprees theipser wall d%ﬁeo%wla\srf@awg]oishas pefam pArties) (5) @nd, the outer
h ; . : \ >
surfa(;:eo?r?g %if r{:fl? %lé%lgg aHsua! d?ﬁé}'ﬁoﬁ@? ha 3 108t LRSS F%g (30) is directed

e types o eactors. The rest of .
generahypleroagh tshid arpet ennila deflestoar(®) apivardty lalangr the adentraldaxis.  The

..Js identical to that existing in e.apt. . [0 I n
AivisigR A SHGrUeRROED D AFGLY PEABf TpijregP] g didly along the
inner RIEB@AY of MEERAdHRA VeSse ROWfiEiBNIGH QeEainaGlidl PARicldsnt liguid droplets
Figure” 1. As can be seen, the angled annul ar defl ector
and nig@tainsthg solid particles and liquid droplets in the fluid in an entrained state and to
inhibit the buildup of solid particular polymer product on the inner wall (24) of the reaction
vessel. And the velocity of the fluid flowing upwardly through the central axis (33)is sufficient
to prevent solid particular polymer product from falling into said angled annular deflector (9)
or inlet (6) and the combined overall velocity and direction of said fluid flowing in all flow

paths being such that sufficient mixing is provided to ensure the general uniformity and

distribution of the polymerizable fluids entering a fluidized bed region of the reactor.
EXAMPLES

[0023] The following examples are included to demonstrate preferred

embodiments of the invention. It should be appreciated by those of skill in the art that the
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coni cal shape being wider at the top and narrower at
the bottom The angl ed annul ar deflector (9) has a
w@20051y818712) which is open at both ends (15 anelct832003/0u0402

Figure 2 which is a top viewand in Figure 3 which is

a bottom view of the angled annular deflector (9) it

is seen that the angled annu?ar deflector (9) has a

planar cylindrical shape at the top and bottom Figure

techn@uey dishloseds o ke exrmples phiahs follow) represert wokpaues diseovered by the

et BaBROE A0 S EEA L ST ORGPl A Liiera
constdig lpederddthmbads fdefts prictce. (pweverS thodehs sk Abimahe drttsBould, in light of
di vide a stream of polynerizable fluid (30) flow ng ,
the prepgng disrlosuiedannsesiate that magy hangss cam be made diy the spegific gmbodiments
. i [ .t flui g fl : ai t .
wtic] LRSSy ARt AP BB ol s
scopetdfehd muentional | (24) of the conical shaped bottom
portion (5) and the outer surface (27) of the angl ed

annul ar deflector (9) a t one flow path (30)
is directed generally t%&#‘?@ﬁd angl ed annul ar

def | ect or ANGLEDANNUYLARIDEFLEC TERISIMUBATIONhe

di vi sion of said stream being such that the velocity

of fluid flowﬁn% 30) upwardiy along the.inner wal] ™ =
(24) [0824) heUsipg ELUBANT) empytational furq dyneprics s9Tiwaes, dpyr simulations

were ShightRE" (TELE DAY dih liChILOR! 81 iANM: MBRMLAIAK! BRI varied the
solrd particles and Tiquid droplets inthe fluid in an
dimessidrsaamk ns t imelaginnl wsed i thbi dmigtedt hnudari Heflgstaf desidn o@f the present

. articul ar pol yner, produ n.the inner 11.(24) of C

verfRh gL BB R LR RIS s ki g o) wicn i

simildr! 8WhAl préseuBinttondémied witile Idperati6M bf alfluddik& kedBpdlPmerization reactor.
sufficient to prevent solid particul ar pol yner product

The fateafithal 00 micrpm partiskes ¢i-anyhesberaheieseapadethravgh dhe digtribytor plate or

ol S RSO 08, emive e o

shear3@k £kt & polht alvap tisdivhll appokintitely 0@ ft.abpvothe digiet. t 0
ensure the general uniformty and distribution of the

o T M0 act b Mrbxambts pdkaontadl FURsARG PR B Paton resctor
vesseRMith NC Ihgﬁli%gﬁéﬁclag YRR hade WA fiffhlL ndied! MERESUN. Patent No.

t he 1 nvent t shoul d be appreci ated by those of
4,93%149)! Dimensiansanf this battom headeddsignqueshoimsiolIedkedl.i n t he

exanpl es which follow represent techni ques di scovered

by the

Table 1
Parameter Simulation 1
Inlet diameter 29 in.
Diameter of angled annular deflector at 14.5 ft.

widest region
Vertical distance from inlet to distributor 12.1 ft.

plate
Inner annular disk diameter 24 in.
Outer annular disk diameter 54 in.

Minimum distance of annular disk to wall 2.97 in.
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15

weeebersied nodes for its practice.

i nventor to function well
i nventi on,

in the practice of the

and thus can be considered to constitute

However, thpcBUS$005/010402

skill in the art should, in light of the present

di scl osure, appreciate t hat many changes can be made

in the specific enbodi nents’ {nich are disclosed and

still obtain a like or simlar result wthout .

depaf@026} f rldw sependspimulatioanesed dbpsara¢ bpem kppdesign. as the first
D ANNUY

simal g R e

P

IR Rl

nam CcS SO

head deiph a3¢ shvvad inOfudleer e conduct ed. Three of the
simul ations used a prior art annular disk and vari ed

t he

annul ar defl ector design

Si

di nrensi ons and one si

lation model tracked 100 _m cro

tion used the angl ed
:)?al?%g present invention.

narticles of

| i quiRprametehent ane) which is sinil
i n cdnbtdmerttarnde operation of a fl
pol ymBfaieadriof Bngdledmimitar dENectbraite of

part
di st

det €
shear

2.3

used

rSimylatientl pr esent

WXinzed bed

14h®£ft100 m cron

i wideg régio. . whet her they escaped through the

V%E@rdlﬁéﬁ% Grotf infQlth UREFHuAL N

LUENT was al so used to

a X egactor wall) we
deterni ne the wal

DLICDD dIUHU lHC V

fmnergannul,glr dl.sls o 00251 The

dppl UXI Ilbll ety

et
d LV 1]

ves ngBMntuﬁl @}S‘HB% of gmBylardisk thwelhm

annul ar di sk.

d 6]:“. smH-atiof
ll oL

| onh raar\'l'
AU LU UT

:b%ﬁlrw th an

( See U S. Patent No.

4,933, 149).

Qf\xl?rgsg)%égf this bottom

The

D| rrerﬁ&ﬂl‘i’r]]s oTh¢ Iulmsd lsmmulalmmamdl dlessagn: hotéons Hwash design as the first

FrrRperih) B Rig,clhis botiom

head&ésﬁéhﬁe%ﬁ@‘bﬁﬁ{TMﬂ di aneter for the annul ar disk.
Di nmensi ons of this bottom head design are shown in

simulgiion BECHIth B et IHEE

Table 2. Table 2 [0027] The third sinulation used the

1..Tabl e 1

ERlarald BRI Rl

sanme bottom head design as Tetle3first sinulation but

with a |l arger

i nner dianeter for th

e annul ar di sk

Di menRaramstenf this bottom Simulation 1
Inlet diameter 29 in.
Diameter of angled annular deflector at 14.5 ft.
widest region
Vertical distance from inlet to distributor 12.1 ft.
plate
Inner annular disk diameter 26.4 in.
Outer annular disk diameter 54 in.
Minimum distance of annular disk to wall 2.97 in.

[0028]

The fourth simulation used the improvements of the present invention,

i.e., a conical angled annular deflector and reactor vessel where the bottom portion of the

bottom head is an inverted cone shape. Dimensions of this bottom head design are shown in

Table 4.
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head design are shown in Table 3. Table 3 [0028] The
fourth sinulation used the inprovenents of the present
w0 mosnision, i.e., a conical angled annul ar defPEDUSI005/010402

and reactor vessel where the bottom portion of the
bottom head is an inverted cone shape. Dinensions of

this bottom head design are&hown in Table 4. Table 4
EXAVMPLE 2 ANGLED ANNULAR DEFLECTOR PERFORMANCE [ 0029]
Robust operation of a bot tlablelead i n condensed node
(where a SI gnificant portion of the recycle streamis

congersa retutres—that—gases—trage] roygh—tthe
bOtt me ?ér AR fh;cllffl C-I—eﬂt mrmant ,,S,?mgtatlonu

DAY r\;

TOUOTTCTTC QT 100 y (o8

si g iI?.lle d;‘ﬁmeWFxrr ion of liguid dropllet’dfintg the
1 ui| Mipmetepetanginkannplar deflestprisbd, WSt s at a hi gher
t enperidesyregiothan t he bottom head. ¢an vaporize the

| i quinekrtiddl distapoé froinsinledto distribueed outl2dfftt he bott om
head,pldt¢ Wi || accunulate in a pool |around the inlet,
causiipgeriahAal disk alidetdri es. [0030] [Dag iabi ity to
Carr)bdté%ﬁla%fsg‘aian{éﬂ@r botTom head N/a Teflected by
t he R R I Sante of ARGUHAT b o Wall ©F.1.78 fnar geT_escape

per certage—+ertectSs—ore—erectve tqurd—transport

into the fluidized bed, and therefore, the ability to

operate at a higher |evel of condensate in the cycle

gas. [0031] Theoretically, an inlet without a flow

defl ector (either angul @IxoMpE annul ar di sk) wi ||

provide for the nost efficient transport of UId out

of the bAN%EBe@NNlH&ARﬂ}EIHJEGWQ%E%&EWM

defl ector) is not adequate. When running in dry m)de

(no ns cle .g a g

1 onlBPaRg ¢ Rbh, PREEHE §F 0 Bdom el ¥RRELY miRE (where 2

signifivaht portibeaf tiof recede Btredmts cmdedsa&gg‘cmnmsaha gaseks pra‘wg through the
di stributor_plate holes. The wal 11_schear stre

bottom died R ulTHETE ARERITAER P GEIEY € i G0 67 B apies inco the
fluidiZROBHd. 2riid NRHRR%E belSwhich is at a higher temperature than the bottom head, can

vaporize the liquid. If liquid is not carried out of the bottom head, it will accumulate in a pool

around the inlet, causing flow instabilities.

[0030] The ability to carry liquid out of the bottom head is reflected by the
percentage of escaped particles. A larger escape percentage reflects more effective liquid
transport into the fluidized bed, and therefore, the ability to operate at a higher level of

condensate in the cycle gas.

[0031]  Theoretically, an inlet without a flow deflector (either angular or an
annular disk) will provide for the most efficient transport of liquid out of the bottom head, but
this configuration (no flow deflector) is not adequate. When running in dry mode (no
condensate in the cycle gas), a high-velocity gas flow along the bottom head wall is needed to
keep the walls clear of resin that could agglomerate and plug distributor plate holes. The wall
shear stress as used herein is the calculated gas shear stress at a point about 2 ft above the
annular disk. A high shear stress will lead to improved wall scrubbing and less resin buildup

on the bottom head wall.
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annul ar disk. A high shear stress will lead to
i nproved wal | scrubbing and | ess resin buildup on the
whodosamibead wal | . [ 0032] The results of the foPCT/US2005/010402
simulations are shown in Table 5. In Table 5, Table 5
[0033] In practice, one would like to maxi m ze both
wal | shear stress and escapel particle percentage to
achi eve good operation both during high |levels of
cond&%@ﬁ o8 eesyephthe Seprsivaulaiionsige shoymmigdeablspr b Table S,
and transitions into and out of condensed node. From
Table 5, it is clear that yidhsa hem spherical bottom
head: (|) nDdlfylng t he clearance bet ween t he mall and

R, W nour | B S BLEGR bar | GHLCRGE gt 12
pe,Lcem-age—(—so#paLe—ﬁﬁiﬁ!&ai—l—onSJFand-

difying the confi rﬁ@r ation of the | nn(QFdO(Qﬁgk di anet er

ncreased from siméSation 1 to sinul at%hi@¥858) provi des
a8 m nor increase inMiquid escape perc¢éfitdeé whil e
greatly reduci ng walgl shear stress. [0Q3Y130One the
other hand, It Iis clear 1n Table 5 that the conical
bot t 3@fa pfacﬁwuh@%em 1tkeRb %xfjrﬁﬁe BBehERAIL mhystress and escaped
different sofution to these probl I't has
particlenperosngaeptr a¢hi¢ve gm:hppergmm bn@a@tm@ljlgh lhv@h@rf mﬁd:nsed mode

et 8 T B R AL SO Rsd e
From nI%lSlenS zik pPclehemtt Wl PhanepRiidal FotOMPhEad (QDH&NM@SE clearance

5] As catal ysts beconme nore productive

i's
betwe[am Vientvald end) ther @iter adgpiof Hherangpleg d@k iSePmy Eﬂ @fieqt Gleg‘é'@ll ghear without
much,1 # é&ct cﬁmn}g Iﬁéle % {agg ]iaglgﬁlfétggé gc}?fn:f) [Qtlto é%‘%‘g %% Ségdt (Ii'i) modifying
the cdmﬂgalcﬁﬁmodf thbemgﬁeaxtslerdmmén (lgcrdasb& frcﬁm wimeldtiborl to simulation 3)

runni ng at higher production rates., condens
Proviges PO} HICEGREF BIisUIGREPRE REAEENTAgE w@a’&gre% Togeng yall shear stress
potential to create flowinstabilities at the bottom
headp@l“ft Oﬂ—é‘ﬁﬁeothéisﬂaﬁ@' 1|t ist dl&ﬁ iRMabRa &R tHeYconical bottom head of
inefficient transfer of out of the bottom head,
simulstigrt¥ proaidesias enticgly dllﬂfemnnso atupmtﬂ thegequablempe Itrhag body an improved
partcheu%sgﬁtipeetsgqe{ro% fzvgglfi %:}] %ﬁc% wall uséﬁarcs(t)rﬁs giéllic'urc]sg? fngl\l/aetiog 4 indicates that the
preseftUhvenfibn bﬁ@hd&'a@)ﬁemlmﬁlgﬁ fé¥gn&ximizing these two phenomena.

EXAMPLE 3
ADVANTAGES

[0035] As catalysts become more productive, it is advantageous to run higher
production rates to get the most benefit out of a facility of limited size. With these higher rates
come higher levels of condensing because of the greater cooling duty required for running at
higher production rates. As condensate levels in the cool cycle gas increase, so does the
potential to create flow instabilities at the bottom head inlet. These instabilities are caused by
inefficient transfer of liquid out of the bottom head, such that the liquid forms a pool around the

reactor inlet through which gas travels in discrete bubbles.
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hem spherical or elliptical bottom head and an annul ar
disk will fail to prevent liquid pooling and
waeonseguent flow instabilities. The conical boe¢DUsIoeselo402
design with a parallel deflector of the present
invention will prevent pooling at higher condensing
|l evel s, thus reactors can bd0run at hi gher production
rates. [0037] Although the present invention and its
advali03gks hav bigheempughswonidénsing Fevelst qiurenti techtedegydcdsaprising a

. under st o .h ari,ous changes., s ti.fythions and . . .
nemisffrEalpr 8ot polf RS <AL AR AT S il SR Y PreBEH diguic pooling
and céi¥8queny A6 iastabisitieef Tieebnial bbtora head dexigrc vithiBparallel deflector of
Moreover, the scope of the present application is not

the presenkinyerfiangvibkepey et paelingoatipghep sondeasing levisksy Hws Agactogs can be run
. , machi ne, nethods and steps descri bed
atmg@%‘%ﬁgmgéggﬁéﬁcation. As one will readily appreciate
fromthe disclosure, processes, nmachi nes, nethods, or

st ep§003f} esdtitdugh ¢he esenyyinyenticat and itsoadyentdgeschayp dden described in

detail,glg %fl@ﬁg Ii)fg S%g%rsﬁ?)a t&ﬁa[qya{a}{)]l (gléﬁgesf g@ﬁp{u 1§§§ :'_;n(h)(g alrations can be made
hereirC R{th&i RIGPstiAgG fRFPOdiiRALISn e 8Tl thehgdende@ylalies. Moreover, the
utilized. Accordingly, the appended clains are )
scopej oftther piwsgentt @ppliefiga és Ittintendadieibe lmibesbtosihe papicylas gmbediments of
machi nes,. e 8 y ai L So .
e SRS RSP EH AR o 9B B30 IEEateibtnf REnk i reaity
appre€iafet froUhé disclodur, btacketes atadhirtbs prkthiods,i aradtésn preseanttyoexisting or
conprising; (a) an angl ed .annyl ar deflector having an .
later g reaievelaprheet REEarTL SRS HALALY LR pme AHEFUAR GrARBIVE Avpaptially the
C o . . S ’ .
same s T RS gl S b e Bl PGS Shap B MURRRE Accordingly.
the aptadéddlaios ass duemied Wi inblude owithin sheip esdoteo suahnpivoesséso machines,
&% a fluidized bed polynerization reactor vessel and
methqfi§e?f §'¥PSsai d associ ation the outer surface of said
angl ed annul ar deflector is at an angle to be
substantially parallel to an inner wall of the
cone-shaped bottom portion; and
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(c) wherein said angl ed annul ar deflector further
bei ng adapted to divide a stream of polynerizable

W0 boosdisitowi ng t hrough said reactor into two OPCTIO$2005/010402

streans flowng in at least two fluid fl ow paths of
which at |least one flow path_ is directed upwardly

bet ween the outer surface ofllthe angl ed annul ar

defl ector and the inner wall of said cone-shaped
bottom portion and at | ea€LAIMS f| ow path is directed
general ly through said angl ed annul ar defl ector

upwa . .he central axis, the division of said
st regﬁ{ ésﬁérl}ééﬂgsgg that the velocity of fluid flow ng
upwardly along the inner wall of said reaction vesse
is suf fAncangted anoulendeftector @l angulaaflowalissbait ihiacfuiidized bed
dropl ets and maintain. same in the fluid entrained
sPBy@eEﬁﬁthnore?%ﬂ’i‘EﬂI‘i‘prfsﬁhg'bui | d-up of solid particul ate
pol ymer product on the inner wall of the reaction

vessel (a)affaddi@l aRluRe déffectdr HalinlgGnfouipisiigadenviai 8lkonical shape and
t hrough the angl ed annul ar defl ector al ong a central

axi s i g0 &R Falralongn ¢antrekas, seificavibaerandl bathends;

pol ymer product fromfalling into said angled annul ar

def | ector : %ﬁ%ai | : .

di rect it(@nwg ls&a%gd [ dﬁ?]lqlg\?\}ﬁ%%&:tér{ b\aéﬁ-lgcgfdla %d ?J@at S(s)CIate witha

bei ng soehshiaped bettdrh iportientof aifluidized edpotymeteritiomreactor vessel and
ensure the.general uniformty and di.st.ribution qf .
ol yrePERH 544 PPEEnethe il S8 45 g a9 el anpudiy dsflector s a
of theah QAL besubftaRBAIlPFArARAE APinnkS&all Bf the@B8REERIPEY bottom
cylindrical fluidized bed polynerization reaction

vessel podimpanding: (a) an inverted cone-shaped bottom
portion attached to an inlet nmeans for continuously

I ntrodygi - ' £l ' i
roactofd) AR CREA gl BB AR TR BB S e

0 IlJt er SttézfnﬁOEp(iﬂiyhlb_riaatﬂ@ﬂ@liga‘lovéhgﬂﬂo@dsaithre'gﬂnﬁhlt@gm' drymore
along a central axis, sal ayv open at t endas, .
wher ei ireaRs Bowive 18 af feaxt _éwesﬁugfaﬁ%w aﬁ@_ﬁ ehvBitRA gest one flow path is
defl eclygbcled uhaﬁﬁﬁz?&ﬁr} A8 oWel Burfded of theSinBRUAMMLIA dfector and

parallel to a of the cone-shaped bottom )
por t i orhe ianer wall of said cone-shaped bottom portion and at least one flow path is

directed generally through said angled annular deflector upwardly along the
central axis, the division of said stream being such that the velocity of fluid
flowing upwardly along the inner wall of said reaction vessel is sufficient to
entrain solid particles and liquid droplets and maintain same in the fluid
entrained state and to inhibit the build-up of solid particulate polymer product
on the inner wall of the reaction vessel, and the velocity of fluid flowing
upwardly through the angled annular deflector along a central axis is sufficient
to prevent solid particulate polymer product from falling into said angled
annular deflector and the combined overall velocity and direction of said fluid
flowing in all flow paths being such that sufficient mixing is provided to ensure
the general uniformity and distribution of polymerizable fluids entering a

fluidized bed region of the reactor.
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sai d angl ed annul ar defl ector being, adapted to divide
said stream of polynerizable fluid flow ng through

WwGe200d/1191k2t nmeans into two or nore streans fl orETIYS1005/010402

at least two fluid flow paths of which at |east one

flow path is directed upvvarglltzy bet ween the outer

surface of the angl ed annul defl ector and the inner

wal I of said cone-shaped bottom portion and at | east

dne f| dwbpriam hpad for pecinaeegenally aylindrieplBvidized hednejymierization
Cc angl ed annul ar deflector, the
d?%c@lg}ér\{% C&I‘lgﬁﬁbgeam bei ng such that the veI ocity

of fluid flowi ng upwardly along the inner wall of said

bot t om(head inseredfcbnesleaped bottan poetion a$tabherd tpan tinlet msans for

and liquid dropl.ets. and mai ntain sane, | e flu

entr ai %88 tously introducing asiregm ofpqlymysizeble lﬁln?dafq{ea"tor and
particul ate pol yner product on the inner wall of the

bot t om(beafl an@lBd@ akihi@ar\Riledbs h’avﬂf% 4 slitét ukfavéd Weth a conical shape and
upwar dly through the angl ed annu] ar defl ector al ong

t he cerffiimner §aY1ty @eng peendialds) saidrmavidy oprit gtdethogndsswherein the

suffici

pr odu CtO%Err Suria ﬂ??éﬁg ! gl?g ag%@%r c%'ﬂ%?tl o Sgﬂ %940}4&?1011 with and is
def | ectsabstamilly @hﬂllehteansnnea mal1taf eheimﬂiblfshe;ﬂ:ddjtﬁbﬁi portion, and
vel ocity, an

irecti aldflw flo naII
flow pé@ﬂsanslggﬁgn@a% @Bsﬂdepf@aso vmeﬁ@l gream of
provid l)IIIQCI‘%ﬁMrfﬁlld h@wﬁ%ﬂﬁfoﬁhh E'z[iﬂ AL Thiahs3Rd two or more streams

di stribut’ion of polynerizable tluids entering a
fl ui di Zvibeth até@sbtwmﬁuldtﬂewlmm dfovhivie stsledst ®ne flawgath is

gener alo gy P RATEG et LB 0uIeF g of R i ampulag pefector and

a di st rthd ik wallalf 8aidRBNS shaPed bbt@dlﬁ Poftidbnab At 168§tk flow path is
general | y perpendicul ar to said |ongitudinal axis of

sai d velitgeted gerarallynpwvaridlyens the serdradaxis of prid angled annular
f1 uidi Zd%geagrd .tﬁeecﬂbﬁﬁ)ﬁao??éﬁﬁ sﬁ@énq bgllngts{lélpllﬁ'épﬁl Q/«lel%gﬁf‘y of fluid
means and & m xi ng chanber regi on bal ow said

di stri Hlewing ppwhmelynaens the dimelr maﬁtofm'armttomefehm@ sufificdent to

the bottom poi't d vess for continuousl

ion of s
i nt r od FAIAY sqlid Parigles and Lﬂ&‘i“ﬁ‘ﬁ‘é‘? St BIGMRIAIR Sa i the fuig
m xi ng nhambe Etaétana t8 ﬁﬁuﬁﬁ?ib@ (B'ufléf-uﬁ lbfffsbﬁd &{chﬁlﬁ’te polymer product

mai ntain particles in sald di zed bed region in
suspendadhainer wall df Iiredbommd"leacﬂ ang thevedorityetf fhiedAswingrupwardly
contin l%l?r%%'le threearrrlgféid%gnular deflector along the central axis of the angled annular
deflector is sufficient to prevent solid particulate polymer product from falling
into said angled annular deflector and inlet means; and the combined overall
velocity and direction of said fluid flowing in all flow paths being such that
sufficient mixing is provided to ensure the general uniformity and distribution of

polymerizable fluids entering a fluidized bed region of the reaction vessel.



10

15

20

unreact ed pol ymerizabl e gases fromsaid fluidized bed
region, a catalyst injection nmeans for introducing

w@odopmesizzat i on catal yst into said fluidized bedr/us2005/010402

regi on, and a product renoval neans for renoving solid
particul ate polymer product fromsaid fluidized bed

region; the inprovenent, conprising, a bottom head
attached to said generally cylindrical vessel, wherein

3.he boln ofinidized mgmh/mqrmtemt teactoovingmpgrngrablytaybindrical vessel

%‘ﬁﬂeagogg}ﬁ%? a\[\hglgfa[ &isf %ﬁtoﬁﬁ&‘i ean%ab%s 1%8!:&1 ge maerssel,t%c]::nerally

an OU sur

a pei@Bhdiedlarsto apid lalligituﬂ[hal Axie bf Q@d/ Vés}telaﬁaﬁm disaibuesitplt deﬁnmg a
axis, said cavity open at both ends, wherein the ou
s tiidieed bsdl ragiony alfqvé\ﬁﬁlé‘é\‘ﬁt’éb*ftef Dl g5 89,8 RS Shagppsy region

a'Bglo ghbot giakeymga{sagrl ﬁ#et?&gﬁﬂ&%t ] h%@ bgftoﬂ/&lf)%mon of

cone- ape m portion o

meditl U_elssébfor gaginubagp npnddymmg nza'eeim nf pelxoterigatde flpida into said

o R R SO R g

r gé;gg(%rg{n s%x%ﬁe?ﬁgcf‘%{chﬁulﬁiz% dbrRsb af ot yi@ink ZatdoBfinuously removing
unreacted polymerizable gases from said fluidized bed region, a catalyst injection
means for introducing polymerization catalyst into said fluidized bed-region, and a
product removal means for removing solid particulate polymer product from said
fluidized bed region; the improvement, comprising, a bottom head attached to said
generally cylindrical vessel, wherein the bottom head has an inverted cone-shaped
bottom portion; and wherein the bottom head includes an angled annular deflector
having an outer surface with a conical shape and an inner cavity along a central axis,
said cavity open at both ends, wherein the outer surface of said flow deflector is in
association with and is substantially parallel to an inner wall of the cone-shaped bottom

portion of the bottom head.

4. A method for gas-phase polymerization reactions in a fluidized bed reactor
comprising the step of delivering a stream of polymerizable fluid to said reactor through

the fluidized bed polymerization reactor of claim 3.



