WO 2005/ 118127 PCT/ US2005/ 010402 AN ANGULAR FLOW DI STRI BUTI ON BOTTOM HEAD
TECHNI CAL FI ELD [ 00011 The present invention relates to an angul ar flow

di stribution bottomhead for use in fluidized bed polynerization reactors.
More partic st relates to inprovenments 5 in fluigi

pol ymer i zatﬁg%wrsye]életzgr s, an angl ed annul ar defl ector anﬂ’ﬁ‘gﬂg‘%‘éﬁ“f’%uti on of
fluid introduced into said reactors. BACKGROUND OF THE | NVENTI ON [ 00021

Fl ui di zed bed processes for the productiien of polynmers has been well known
in the art for several years. It is believed to have first been used in an
i ndustrial scal e asANIANGAALAR FOAWARSTRIGUINONBOTTOMHESDS, a

pol yneri zable fluid generally enters the reactor at the bottom There is
generally an initial area where tizahle fluid is uniformy m xed
prior to entering the fluidized E@?W& “YBne where the act ual

pol ynmeri zation reaction takes place. The reactor generally has an outl et
for renoval of tf[@ﬂﬂglbl yHerpresent igepdioatélaes ofan ahfulanfles cistdbytioh porem hadd e

fluid for thereact mai nt a

f1 ui di zedfogg%’ym&i cclg%eél u 68 egﬁlggtloéltrl‘;%cg i EP%B”P%@%&E Htere“}eéé%flﬂpm?’%‘fﬂtsoel ow.
The ci¥ cuihafliidigedybesl ﬁcﬁlylﬁaﬂﬂamhh GéucRny) inngled nMilhl ddfleytod fandl M digiriddtionBNONEr S
and inert rrEterl aI i S rgm)ved again at the top of the reactor, residual
particl esl] ¢fd infQsaid7aCBes 00l ed and put back into the reactor. The
resul tant pol yner i s renmoved 20 fromthe reaction zone continuously or

sem -conti nuously and treaL2dKIGROUND OFAGO0 INVENTION pat ents covering
fluidized bed reactors and their conponents are known inthe art. See, for

exanple, U S. Pat Nos, .2, 611, 685; 4,518, 750; 933,.149; 5,059, 664,

5,213, 768: 5, 401,@8’3,1 5?&%‘%‘?%*}1%‘?‘16 B","?%‘%?SA%E '“%?n%F"%“c&l&‘i 0{6’8%"&“6%8%“] béghougll
various pafosvitis thearefonstivesil ochrd. NEisRBGRJ S hivRdirst®R6d @ed iRatdRdustdal seRdponent s
to separate chanbers of the reactor or have added conponents to affect the
f1 ow Qi st lyRed?h of the fluidized gas stream Even with these changes,
probl ens exist with the flow of the gas into the reaction vessel, as well

as making sure tﬂ@ﬁOS?]hehﬁ!hﬁepr@éesﬁ REpAIRAGH 2B TURS E@lerallCRRss et at e
formed pol ynmer and that the particles carried in the polynerizable fluid do

VO 2005/ 1hdtemy  Peers issgerery f@49121a1 area where the polymerizable fluid is uniformly mixed
prior to entering the fluidized bed reaction zone where the actual polymerization reaction takes

place. The reactor generally has an outlet for removal of the polymer and separation of

15 unreacted polymerizable fluid 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

20  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

25  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



-2 not fall back into the gas stream and potentially plug the reactor flow.
The present invention provides an inproved design for an angl ed annul ar
defl ector, an angular flow distribution bottom head and reactor vessel to
facilitate f gas into the reactor bed, the re

cont am nant ytgznogg/gﬁgll?rrer fromthe sides of the wall, an??ﬁgs%bpsé‘%}gﬁ?i on of
particle fall back 5 into the gas stream BRI EF SUMVARY OF THE | NVENTI ON
[ 0007] One enbodi nent of the present iméention includes an angl ed annul ar
deflector for angular flow distribution in a fluidized bed pol ynerization
react or. Thlcfall hatieinto Bamas areatetndepatentian plugrthoreactor Sowf dhe présehit iavention cal

shape and  q I Ly | sal d cavi t both
nde: aneP oy iief AR impRel ielh it SRRk Bhndis Mlclior 8! SR Ay B Rhe
cone- shapéditdwheadmng acacionvesse! ta fidilithditheflow ofl ggdhipnthe reaatol bed, tieaemoval \vessel

and when | ' S Lation the conical sha outer surface, of e angl ed
annul ar dg?rfq%%ﬁéﬁs Iﬁg@ﬁ@y %ﬁr Pr3WdF% S@%ﬁfﬂgﬁ%ns%%gthﬁﬁfeé’fm% ?I?Rf‘énq?"sfahmack

subst aft i &itb thepas @atebdl to an inner wall of the cone-shaped bottom portion.
15 [0008] In another enmbodinment there is a bottom head which is generally
the bottom portion of a ' ' ' ai d bottom head being
an i nverted cone-shaped Bﬁk#?gy@@ﬂiﬁgﬁtﬁﬁémoﬁeans for continuously
i ntroduci ng a stream of polynerizable fluids into said reactor. It further

i ncl udes an angl efd0efnul @ne dmbbdintnr oththe iphgemninoetiton includacs anplddnarmureni cal
shape and | nner cavity al.ong a central. axjs aid,cavity open_at both
ends, 20 Eﬁr O% %ﬁlﬁﬂ&]@?" ‘i‘ﬁﬁlg‘été".é‘ 132 ‘élfi‘&e‘io(\hbq E‘gy‘&ﬁmha? ré@f"l"egthﬁta“g%di n
associ at i @iniMrideflenst Has an SRS bafich Mithya @alcal dhape kil ANinh&Qit)alohg Rkedthe
cone-shaped bottom portion. [0009] In a preferred enbodi ment the angl ed

annul 3P da@fiseeidgrvinsonsaab beth epgds; wiiesginge angled anpplap Aeflnstoy dbrdapied teasseaigte
flow ng thy \ ; T8t | ' st
o 101 d oo et e BOUh phALR (a0 iaRESeR i hraa Phion (oD ekl B VT 26
bet ween t fresad gesocigiiorf theecopicak shaped pitemsurfhe pé theasngladoaramlan (deflectefis @t aor and
thée inner f ot - o . ' 3 pat h
o di roct 2 et IR GRARLEANRubobl:af) BRUI A aRBeE bell ¥ GRESbAH D0
t he cent r dbttax pertiot.he di vi si on of said stream being such that the velocity
of fluid flowing upwardly along the inner wall of the reaction vessel is
suffigent to entqfy) Sok! oRRF brBbfheR Hete! 94 Sbeih LAt SndR%s TBIRAR' de t e
bottom portion of a cylindrical reaction vessel, said bottom head being an inverted cone-shaped

portion attached to an inlet means for continuously introducing a stream of polymerizable
fluids into said reactor. It further 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,
20  wherein the outer surface of said angled 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

25  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

30 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



30 entrained state and to inhibit the build-up of solid particul ate pol yner
product on the inner wall of the reaction vessel, and the velocity of fluid
fl ow ng upwardly through the angl ed annul ar WD 2005/ 118127 PCT/ US2005/ 010402
-3 defl ect 0\5!0%6%#1931?7 central axis is sufficient to prevent solid particulate
pol yner product from falling into said angled annul ar défTEEYS01UPRA t he
conbi ned overall velocity and direction of said fluid flowng in all flow
pat hs being such that sufficient mxing3ts provided to ensure the general
uniformty and distribution of polynerizable fluids entering a fluidized bed
regi on ofdeflsctbhaelongacentral axB0ikGhffithat s prevdnt tsbiéd pasicate holieiérgRodict B
present ipnyent.ion provides an .inproved nethqd f.or s- phase polynerization
reacti onsf‘%]gvg RSP aé’lg"elgcqn@ﬁlf" H%tﬁ)’(?ér"ﬁ} e %?mc%g?etde%y V‘g‘?ﬂ“}'rﬁ‘l‘li preR ¢f yi d
to said racfed flojiylid]al ey bethe Bahg SuchaFat QuticieACMiriAg RSroBQPMA| ehsirh ¢he
features and Equﬁncal ]do a{flv,ant ages of the present 1nvention in order that
=5 st

R L L :
the det ai§8¢F BY gt UHen of pelymerzablenfiids entenng i fikjzed ded sygiqny of
under st oogde reA6kdi t 1 onal features and advantages of the invention will be
descri bed hereinafter which formthe subject of the clains of the invention.
It should be appreciat (i_il that the, concepti on and specifjic enbodi nent
di scl osed may be [#H8; | 3‘ gtuse iof dbe iapravedideyice qf ghe prrgeatyinvention rseddagranng
other St riugidle@Sndild ERTda¥ pheke PHiyrth&HEalH FReabitnR 13C5 nfdh i i
inventi onlgﬁ#t “shoul d al s% e reg%blthllzedat hat asughqé'qui va ?%légndg{lr u ?’Efgns do
not depardtreamodpelymerizatlecdhiid trsaidsteatsor. forth in the appended cl ai ns. The
novel features which are believed to be characteristic of the invention,
both as to its orgaRj zatjRng ‘gﬁﬁeﬂo&hﬂﬂf d QRBEALS fher f.ur t her
obj ects and advar[It ag]es w ogéeéggl'tter unger stop%i °?§"8m‘h%ﬁg§y§§e|a8%%%’“‘ﬁ
descr it i aslivanikgen of degirehenigvemiopdmoedst thohtheidetailed desstiptoorpeinthe iy ehtiqpuihats. | t
is to be d [ ﬂ&ﬂ e.filgures..i,s
provi ded ﬁg&f‘?ﬁ@’ é%rg%}t)eg gﬂ %{r&%?fﬁ?@ﬁ%ﬁﬁéﬁeatgﬁg t}'ﬂgéigcrl &? % 8#1&8 ﬁ'fvfgtlé‘:%ndwfnsbenot
i nt ended descrived dferematfteowhadh fome the mubjsctaff théelapmes€nlte invemtivn. oft. shoWRl teF

DESCRI PTI ON_CF, T, W N 0012] E : | et d i f th
oresent 1 RVISHEHGe Py opReatiah aad s saediBisnt SR g SHs PR A
t aken i n weR] fof fol Byingiok fediftin g @RI PRNNIEY fercamy g out thbsdnie Witbedes of @e13]

Figure 1 shows a cut away view of the bottom head with an angul ar flow
15  present invention. It sHould also be realized that such equivalent constructions do not depart

from the invention as set forth in the appended claims. The novel features which are believed
to be characteristic of the invention, both as to its organization and method of operation,
together with further objects and advantages will be better understood from the following
description when considered in connection with the accompanying figures. It is to be expressly
20  understood, however, that each of the figures is provided for the purpose of illustration and

description only and is not intended as a definition of the limits of the 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,
25  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.



di stribution angled annul ar deflector of the present invention. [0014]
Figure 2 shows a top view of the angl ed annul ar defl ector |ooking along the
path B-B. WD 2005/118127 PCT/ US2005/ 010402 -4 [0015] Figure 3 shows a

bott om vi ewvod 260881829l ed annul ar defl ector | ooki ng aloﬁﬁThﬁﬁmB@f A A.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0016] It is readily apparent to one
skilled in the art that various enbodinments 5 and nodifications can be nade
to the invention disclosed in this Appli¢ation without departing fromthe
scope and spirit of the invention. [0017] As used herein, the use of the
word "a" or "an" UR&R usBgurerd stonjsumbettasn view effthe haglteérarmu'lmodqﬂectsr igkingn t he
cl ai ns anq{{dﬁ tﬂé&ﬁﬂfﬂe@flcatlon may mean 'one, " but It |s al so consistent
with the one or nore," "at Ieast one, and ' one or nore than
one." Sti I | 10 further, the ternms "having", "including”, "containing" and
"conprising" are int erWEESMPEI@Nd)FEHE INVENTWONart i s cogni zant
that these terns are open ended terns. [0018] In a continuous fluid bed

pol yneri zation re r,

4,933, 149, one skﬁﬁﬁgh Jﬁﬁﬁﬁ%ﬁfrﬁﬁégg%ﬁﬁ%gg%ﬂhﬁh?ﬁﬁihpﬂéhgh?ﬁ%%ﬁ%ggmgﬁgte
f1ow cém r&gd modificatiansisan b@madmtodhdawemtmnfch@idsed mtthlsw@hpatio;ummnadepamng
reaction. that there al so nust be a distribution
of fl ow, o{ e&?\n%%’gaﬁée?pqn{jo?ﬁgcrmg O particles may stick to the sides of
the wall of the reaction vessel. [0019] The present invention provides an
i mprovenent in splO07li ngsubesl @a@n,fm@weid theoweldr‘at or faal ivhieh aibel ihh:enwmhi on
in the re d Qe nt t des .aof the reacti.pn , cl ean.
The main %n%rtggtee%n%&no&m q@he Cflao‘?‘sa O e stpﬁ%@ fongpayy rﬂeaélng?fl%d ﬁﬁla};ff)

def | ect or caﬁ)smmtmm the memm@bf ‘&:lnapEmoi’aﬂ ‘@t baglond,” and tiber ordedrt @eh@he N@GI1A
cavity i e central .axi.s suych that, .fluid gan flow thro I he a

enul 30" e BF s Rarel e, ot B eRerang S ieorskabe

coni cal . Eh@o@d@sﬁllﬂhtﬁd‘&tﬁ@B%rrﬁ?dntﬂﬁﬁm@sedﬁﬁ@@%SoﬁéﬂeﬁMt&%pe of the reaction

vessel to be used. In the preterred enbodi nent, the angle of the outer

conical sides is suc t hat the_quter ni cal , sides shall be

substantial ly par E\%ﬁgl t9 2 ﬁ%“ttnﬂg‘ilsd%maétefl PB}%Tfteﬁéat}Oéaf&?‘ﬁ?T s¢6, fog example that
shown in U.S. Patent No. 4,933,149, one skilled in the art recognizes that there must be

adequate flow coming from the bottom in order to facilitate the polymerization reaction. It has
15 also been found that there also must be a distribution of flow, otherwise the polymer and/or

particles may stick to the sides of the wall of the reaction 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 imﬁrovement over the prior art is the use of an angled annular deflector

20  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

25  preferred embodiment, the reactor has an inverted cone shape bottom pot-tion 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



25 preferred enbodi ment, the reactor has an inverted cone shape bottom
portion in which the angled annular deflector fits into. The angl ed annul ar
defl ector can be attached to the internal reaction vessel by any nethod
comonly u art. [0020] Now referring to Figur cut anway
of a botto?n@ﬁ(ézgdd)jﬂz1 g7 of a fluidized bed pol yneri zatlonep(;eré‘%%(’?’m?os‘&shom.
The bottom head conprises the entire assenbly WO 2005/ 118127

PCT/ US2005/ 010402 -5 of the reaction ebntai ner which is below the
distributor plate (1). The bottom head (3) is an inverted cone-shape. The
bot t om posfithorea¢tion aintaidee wioth mrhclwame(di’@tntbu.sorqﬂata((h)edrlh@bdttbm hédde(ta) is@ans

(6) for th l,ow of |nve 0 s a
change fr1(131§nerI fjhcé’n?}glbai: H%%%%ﬂ@r?o %3,[0?31?.5 6‘2@%@& a%éﬁﬁ [‘T‘de h%ﬁ 5 of
reactors. ma'dme (6)efbt thefflowhef gabarrmsqﬁveréd obige-shapal tsvﬁonSpc&u&s( b ahdn\ge from
cyllndrlc% QISIdeFFh:Hcal to.th x ting in the art ?0021

addi ti on, ¢ HE¥aLhrgHsRPen Pﬁ?mééﬁf‘$ inthgse typeg pEreasterse The restef ’rﬂﬁP‘F of
shown 3 n hé RBsERGhbRMERL SY1iidiifnl BhAMT&nlical ASthaadkididg 5PHA8 artt he angl ed
annul ar deflector (9) is a conical shape being w der at the top and

narrower at the bottom _The angled annul ar def] ector 9) has a cavity (12)
which is open at ‘Hgtlﬂ eHyddition, g}?oanﬂﬁ’;] anpplat-defleetor ﬁg)\/\ﬁ(t@ﬁ Preseny ipysmtion ésy 10

and in Figuha 11301’6'5!;' sz-tanérﬁl ﬁ)rBQﬁ'F &, emeinﬁemee@ﬂgl ﬁx@leﬁ%ﬂhﬂlﬂdeﬁ@&bﬁ@% (9)
it is seen that the ang annul ar deflector (9) has a planar c rical

shape at tmical @Bp%lbﬁingomqebﬁﬁ the-togand ngrrowerrat HerboshamsT hetnagled ppmlarsiemcﬂyr whi ch

Cone: Shapl Bor Fany podtarm Sopef o SRS bl B Bnkhks 2 ARl 108 yo

furt hdl  aahdgn ddgwrs 3 dihi¢hdis aabcstome'almwoif thel Snghasll anmulai deﬂﬂcmrf(fnm ds Qe@ﬁ)thaft Itluw ng

wo 11 o el pep Gesplof ot Rescl plBA G AT P B i o gt A, ey 3 °°°°

upwar dl y ifuﬁhwemnwt k:l& suppats (2a) bvh{cﬁéb)lppmfrt thbangleh mmﬂarsi&ﬂa&dr foaht inzidecwdli on
(5) and t rfac%glgeéﬁo of the gl ed annul ar deflector (9) and at

| east onée ° %’é‘feﬁte S HeaPtigeter al |y through said angl ed annul ar
deflector (9) upwardly along the central axis. The 20 division of said
stream bei ng suchos2zpt Tﬁt&ﬁgﬁdd%hﬁlﬁr @é‘ﬂef:ﬂohl'(ﬂj i Fiothen @daptd)to Wiy ﬁlhtfeam eng the

inner wall (24) of th atlpn SS js sufficient to entralns | i

parti b} esPoANBETiZRbG; 8 8® Spwine,thep |ﬁﬁ{da¥eﬁ°t9hé“t%&WPo°rp5‘Pf‘? Scams S?ﬂqui d
dropl ets figwihfan fat Uadt hno IhiE AowApAR of WhicB RMeast Qne | YW Bath (309 I@Hh'é(ﬁup of
solid particular polyner product on the inner wall (24) of the reaction

upwardly between the inner wall (24) of the conical shaped bottom portmn (5) and the outer
surface (27) of the angled annular deflector (9) and at least one flow path (30} is directed
generally through said angled annular deflector (9) upwardly along the central axis. The
20  division of said stream being such that the velocity of fluid flowing (30) upwardly along the
inner wall (24) of the reaction vessel is sufficient to entrain solid particles and liquid droplets
and maintain the 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
25  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

30 {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



vessel. And the velocity of the fluid flow ng upwardly through the central
axis (33)is sufficient 25 to prevent solid particular polyner product from
falling into said angled annul ar deflector (9) or inlet (6) and the

conmbi ned oughahdsYghPcity and direction of said fluid HP%‘Q‘}&QOO%BN%J flow
pat hs being such that sufficient mxing is provided to ensure the general
uniformty and distribution of the polynerizable fluids entering a

flui di zed bed region of the reactor. EXAWMPLES 30 [0023] The follow ng
exanples are included to denponstrate preferred enbodinents of the

i nvent i ortechniqueh diskisdseinapher eeinglee dviish filloserepfeseiti te¢hniques iéscavered bptthe he WO
2005/ 118127 P 40 -6 t.echpigues disclo in the exanpl whi ch
foll ow relp‘r’eengg:l_{ouﬁégtgoﬁ{ %gsm RS 5a§?e1?ee8gt§l§/ t vg&oﬁlh\%‘?ﬁgl}s ta8 PﬁﬁS‘Eﬁ‘%ﬁe‘ﬁé | in
t he practdonstitofe prdferrédieddsifomnits padict.nHeweed, theseadnkillde tiecart shoukipindight of e
preferred,modes for. its practice. However, those of skill in th rt shoul d,
" | ght B gt A5Flosu, Anaregate b many. Ghapdss o Be RS M sPectis fekodimente
made N tWgcERRidiose®iICHilBRMSa Hkd\b shilaresuttiviitloat@paring fini {he spibit Md) a
like or simlar result w thout departing fromthe spirit and scope of the

i nvent i onSCORSQNRT BVentisiGL ED ANNULAR DEFLECTOR S| MULATI ON 100241 Usi ng FLUENT
conputational fluid dynam cs software, four simulations 10 were conducted.
Three of the sinulations used a pripxamprLennul ar di sk and varied the

di rensi ons and one sinul ation used the | ed annul ar defl ector design of

the present inventi orﬁN%EDﬁWU&ﬁIBHEﬁg TQR SIMIL-ABON; cron particles of

liquid (isopentane) which is simlar to that present in condensed node

operation of a flieg2d zaokiRerL UBNYTRfpaatibl uReGndhics sdiRarkafolr Sinuldignsl 00

m cron particles et her they escaped through the distributor plate

i.e,,. wh | |
or 15l¢ol Wree@na»éw- a Theagc pbthensimujatinas, usrst e rtionedt amulendiskheaad ajased died t o
det er m neg;tREGUA! hnd SRS Umathd ﬁ?é?lt tHd At mﬂiu@ﬂ%éﬂé@toﬁeh&ﬁ%%ﬂ%e | y 2.3

ft. above the inlet. F00251 The first simul ation used a standar | zed
bed pol ynaré¢ntiani dihe simadation medss tratkedi 106 micrhe pagioles of bavidifisopertanakabichiis h an

annul ar dj.sk, Dy 4 . | - t.hi tom
annular dlsl 6968 oo (PR RnotcpRind 3Ph oo AT Rh DOtz lne Rl
The fate of the 100 micron particles (i.e., whether they escaped through the distributor plate or
15  collided with a reactor wall) was determined. FLUENT was also used to determine the wall

shear stress at a point along the wall approximately 2.3 ft. above the inlet.

[0025] The first simulation used a standard fluidized bed polymerization reactor
vessel with a hemispherical bottom head with an annular disk. (See U.S. Patent No.

4,933,149). Dimensions of this bottom head design are shown in Table 1.

20 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 fi.
plate
Inner annular disk diameter 24 in.
Outer annular disk diameter 54 in.
Minimum distance of annular disk to wall 2.97 in.




Parameter Sinulation 1 Inlet dianeter 29 in. D anmeter of angled annul ar
deflector at 14.5 ft. wdest region Vertical distance frominlet to
distributor 12.1 ft. plate Inner annular disk dianeter 24 in. CQuter

annul ar di ' 54 in. M ninmum di stance of annul isk to wall 2.97
in. WO 2002%?%3‘%52@5‘%&/ US2005/ 010402 -7 [0026] The sec?r?&g@ﬂﬁf“é‘ﬁ%n used
the sanme bottom head design as the first sinulation but with a smaller
outer diameter for the annular di sk. D-ffensions of this bottom head design
are shown in Table 2. Table 2 5 Paraneter Sinulation | Inlet dianeter 29
in. Dianeter of [60?§] ed Tharvetean dtefilabat osedathe 24mé bbttom hehdidssig as @ fer ti cal

di stance f.rom.inlet to distributor 12. 1 f¢t. l.at e .1 nqer annul ar . dj sk

di anet er sélzfug{ﬁ?n L%J"’?"Iél}agﬂlﬁ%?rao ged%é@e%riﬂretﬁ%@@'ﬂ?rb‘ﬁ?lﬁm’%%1°%9f thispofioet of
annul ar dhcall désigrivat khadviBid Tlable 2. 0027] The third sinul ati on used the sane
bottom head design as the first sinmulation but with a |arger inner dianeter

for the annul ar di sk. D nensions of tl}iﬂ ?ottom head design are shown in
Tabl e 5’3 10 Table 3 Paraneter Sinul ati On°

" 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.

QOuter annular disk diameter 51.6in.
Minimum distance of annular disk to wall 334 in.

[0027] The third simulation used the same bottom head design as the first
simulation but with a larger inner diameter for the annular disk. Dimensions of this bottom

head design are shown in Table 3.

10 Table 3
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.

late ,

Inner annular disk diameter 26.4 in.
Quter 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 anmular deflector and reactor vessel where the bottom portion of the

15  bottom head is an inverted cone shape. Dimensions of this bottom head design are shown in
Table 4.



Inlet diameter 29 in. D aneter of angled annular deflector at 14.5 ft.

w dest region Vertical distance frominlet to distributor 12.1 ft. plate

| nner annul ar disk dianeter 26.4 in. Quter annular disk dianeter 54 in.

M ni mum di s¥gses1@i;annul ar disk to wall 2.97 in. [00281,Ci[l}a§20f0§611 2

sinmul ation used the inprovenents of the present invention coni cal
angl ed annul ar defl ector and reactor vessel where the bottom portion of the
15 bottom head is an inverted cone shade. D nensions of this bottom head
design are shown in Table 4. WO 2005/118127 PCT/ US2005/ 010402 - -8- Table 4
Parameter Simulation 4 |Inlet dianetdmbB% in. Dianeter of angled annular
defl ector at 14. 5 ft. vm' dest reion Verti cal di stance frominlet to

distributor 12. gtat et mmer—ammut-ar—di-sk eter—26—1+—+#n. Cuter
annul ar di sk di 2 ?nf;fﬁ‘q"té} M-Ai-rar-di-stance—e Sl‘iﬁ"}. B4 disk telwall 1.28 in.
EXAMPLE2 5 ANG- ANNUEAR-DEREECTOR-PERECRMAN 0029}—Robust| operati on of
a bottom head | hO& éﬂﬁl?ﬁgﬂ@ﬁm@eétoéat Si gn} 3 Bant portion of the recycle
streamis conde eﬁt\reglﬁﬂm res—-that gases_trakel thr mmh the ott om head

with sufficient Wﬁ%ﬁ"(‘hﬂﬂcﬁ fromt injet 1o distehigter capi2- b8rt i on of liqyid droplets
into the fluidiBB®¥ hed The fluidized hed, which is at a highér tenperature

t han t he bott om Hwgranngley disk diameter 26.1 in.
Quter annular disk diameter N/A

Minimum distance of annular disk to wall 1.28 in.

EXAMPLE 2
5 ANGLED ANNULAR DEFLECTOR PERFORMANCE
[0029] Robust operation of a bottom head in condensed mode (where a

significant portion of the recycle stream is condensate) requires that gases travel through the
bottom head with sufficient momentum to carry a significant portion of liquid droplets into the
fluidized bed. The fluidized bed, which is at a higher temperature than the bottom head, can
10  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

15 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

20 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.



10 vaporize the liquid. If liquid is not carried out of the bottom head, it
w Il accunulate in a pool around the inlet, causing flow instabilities.

[ 0030] The ability to carry liquid out of the bottomhead is reflected by
the percen caped particles. A larger escape pe | ects
nor e effect?@gﬁﬂlquﬁg transport into the fluidized bed, Eéﬁﬁgﬁﬁgygﬁ% t he
ability to operate at a higher level of 15 condensate in the cycle gas.

[ 0031] Theoretically, an inlet without -@-1ow defl ector (either angular or
an annular disk) will provide for the nost efficient transport of liquid
out of the bott on0d&Edd, Theuesults bf the fomsinglatmns e shoven il Tabla®f Indlablery, i s not
adequate. Wien running in dry node (no condensate in the cycle gas), a

hi gh-velocity gas flow along the bott d wall is needed to 20 keep the
wal | s cl ear of reS|n that could agglonerate and plug di stributor plate
shear

hol es. The 3 ar—stress ] || A=

stress at a gll n‘tﬂa{é out 2 ft atc?f%cgﬁﬁ gf&ﬁ?ﬁpar é}ﬁiﬁ stress
will |ead to H+prevet—watt——se+rt B Tgesand less—+-esi .' 'Y lu ﬁ‘ Lhe bottom
head wal | . W 005010402 -9 (b0t ™ oo is b the
four simulati 5 1ln Tabhle OOGI9§QI e 5 Similat]|on

Per cent age ofl 3Escaped Wall Shedr/?Stress at 2 3 HA99%%les £t ahavel i nl et
(psi.) 1 66 Q400069 2 65 0.00d%d 3 72 0.00041 |9-8M130 0013 5 [00B3] In

practice, one would |ike to maxim ze both wall shear stress and escaped
particbe per cent a{Q&ﬁ]o lapivictivg ogowdulddide &t meximist tHothdwall slgpahstgﬂas arelesbaped |

condensed on and dur r d e nS| ions into
oo ous CopTRaR pefanfRh G AchB Bid Brflol SRE SuGRE i ROGERS cohifiRed hodE
hemni spher bpfﬁhtldhOiﬂdO@(lrh%aﬁy mode opRetitiopiang tfdnaumhseaitcaraﬁe oubef welaniehenw. | and
t he outer _ed t he a nul.ar dj sk, see effe wa r,without 10
men o Eorg Tafls o o Slegt 2D bk LEREASEeS CBhoR ead! (P atiRE O CERRngs  ang
(1) rodi bytwaeh the wall and the outer edge of the annular disk seems to effect the wall shear without
10 much impact on particle escape percentage (compare simulations 1 and 2); and (ii} modifying
the configuration of the inner disk diameter (increased from simulation 1 to simulation 3)

provides a minor increase in liquid escape percentage while greatly reducing wall shear stress.

[0034] One the other hand, it is clear in Table 5 that the conical bottom head of
simulation 4 provides an entirely different solution to these problems. It has both an improved
15  particle escape percentage and a higher wall shear stress. Thus, simulation 4 indicates that the

present invention provides a superior design for maximizing these two phenomena.

EXAMPLE 3
ADVANTAGES

20 : [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

25  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.



the configuration of the inner disk diameter (increased fromsinulation | to
simulation 3) provides a mnor increase in |liquid escape percentage while
greatly reducing wall shear stress. [0034] One the other hand, it is clear

in Table 5 oni cal bottom head of sinulation i n
entirely di‘%bgéué:’h?ﬁ%gl ution to these problens. It has bé}(ﬁ%&ébﬂ%ﬁ%@;@/ed 15

particle escape percentage and a hi gher wall shear stress. Thus, sinulation
4 indicates that the present inventionOprovides a superior design for

maxi m zi ng these two phenonena. EXAMPLE 3 ADVANTAGES 20 (0035] As

catal ysts becone [0036F pradhbizhi aneugh tondenssly daveRgemut ttechhuloghi @hgfising a

productiqgn rates to t..t nost benefit out of a.facjlity of limted size
B ot he it o fBlncel Baotn o, soyoridan fisk Sl Bl io et linud bositnene
greater caaldon@qtliht VlowaeisthliRtlest OThelcoRitAlN@itad hehd 08edn Witedyatallelndefieéiesef AS
condensate levels in the_cool cycle gas |ncrease, fo do& the potential to
create fliBoPiesnt HypRtiqn Wil prevephroqlise eohishis SEndeAFIBE leveliclius FeactPISAn P s ar e
caused; byatgfghglg%adcgbgmtestransfer of liquid out of the bottom head, such
that the liquid forns a pool around the reactor inlet through which gas
travels in discrete bubbles. WO 2005/118127 PCTI US2005/ Q10402 -10_[0036] At
hi gh enough conddé¥8hg Althpuslsthe prgsertipventiomhang Bigidvaniagsnsihay ¢ been described in

hemi spherigal, iQho@l bk Rihi&stood tat PRI BELNBEAT s HRMOMNE AMd Aicttiofd bdn feBthhdel O
prevent liquid pooling and consequent flow instabilities. The coni cal

bot t om helzikinsdthew departing frparthe invpntiparas defingd byrthe eppengadeddeims. Muyeaven, die wi | |

prevent p i i . L |1Ss, 1 r 5 at
i aner pradier 8 breSd BBAGRIERTR) Brify ) o LubieHe o8 B B A ot
advantgethe paressh eechide suethdusdandrstepd eesribed int ths pedification u deorst witidreadikyt
vari ous chanege§ subt ti tu*ti ons and astl Ler at i ons,can be emader eh r%i n.w t hout
‘departi ngapfpf ?ﬁ%ﬁgmi ?/élﬁf OSH ROt B IBR}est &R %eoﬁcféas’cﬁ’ i1 K)Stiuégo?/rer,
the SCFplateoErob beh@everopScBﬂ:::at p@ﬁirﬁﬁm@bhﬁrﬂiailﬁ tHeQdamie TusoNida tbr tﬁdgb& du'ggfhﬁtﬁdy tlke t he
particul ar enbodi nents of 1Q the process, nachjne, nethods, and, steps
descr i bed M T3 28 fecsorte wﬁ.emkgdm?atsmq%?@hwwwa‘aﬁpw i2Pd; ACRIGREWhe
di scl osur@e JPHARISS TRSms FRC HitdHASA 1oBIMRMESwitkih th&if RSopePiRE YrbdeYse8 Xindhima, Or

| ater to be devel oped that perform substantially.the sane function or

achi el supbedmei¥eMsy the sanme result as the correspondi ng enbodi nents
descri bed herein may be utilized. Accordingly,



t he appended clains are intended to include within their scope such
processes, machines, 15 nethods, or steps. -tt- CLAIMS What is clainmed is:
1. A device for angular flow-distribution in a fluidized bed pol ynerization
reactor conprising: (a) an angled annul ar defl ector having: an outer
surface with a conical shape in the formof a frustum said outer surface
havi ng an apex end and a base end; an inner surface formng an inner cavity
along a central axis, said inner cavity open at both ends, said inner
surface having a first end and a second end, and said fast end of said
inner surface mated to said apex end of said outer surface. and an upper
surface mated to said base end of said outer surface and to said second end
of said inner surface; wherein said outer. surface, said inner surface, and
sai d upper surface fort a substantially closed chanber, (b) wherein said
angl ed annul ar defl ector being adapted to associate with a cone- shaped
bottom portion of a fluidized bed poh&gg&%&ation reactor vessel and when in
sai d associ ation the outer surface of angl ed annul ar deflector is at an
angle to be subsudntiakdids:parall el to an inner wall of said cone-shaped
bottom portion; and (c) wherein said angled annul ar defl ector further being

adapted to,divi de;3;5tLLAMBE adPiyaRlLEAR) & Ezéﬁu'gdfbw;e;gmgg}cpmt@a Hal d
reactor into two or nore streans flomng in at [east urd flow paths
of which afomgERE¥E" one flow path is directed upwardly between the outer

surface of sai dapagingid annik-Aefdeheahgr and the inner wall of said
i ough " sai d angl ed SR PATRACPPL 8 8P St gy e Aot RARRRE PF BT S, 2.7
bott om bead for use i rsuzfacpmeing ki ypesyeod a4 rag eddt ui di zed bed pol yneri zati on
reaction ve..sel, GRIMMe Sirf8e forming an imner cavity along a contral axis, said inner cavity
| open 4l both ends, said inner surface having a first end and a second end,
and said first end of said inncr surface mated to said apex ond of said outer
surface; and
an apper surface mated to said base cnd of said outer surface and to said
second end of said inner surface;
wherein said outer surface, said inner surface, and said upper surface form a
substantially closed charuber;
(b) wherein said angled annuler deflector being adapied to associate with a2 cone-
shaped bottom portion of a flnidized bed polymerization reacior vessel and when in
said association the outer surface of said angled annular defiector is at an angle to be
substantially paratlel to an inner wall of said cone-shaped botton: portion; and
{c} wherein said angled annular deflcctor fucther being adapted to divide a stream of
polymerizable ftuid flowing through said rcactor into two or ote streams flowing in
at least two fluid flow paths of which at lcast one flow path is directed upwardly
hetween the outer surface of said angled annolar deflector and the inner wall of said
cone-shaped botiom portion and at least one flow path is dirceted generally through
said apgled annular deflector upwardly along the central axis.

2. A Bottom head for uye in a generally cylindrical flotdized bed polymerization reaction
vessel, comprising:
(a) an inverted cone-shaped bottom portion attached to an inlet mesns for
continuously introducing a stream of polymerizable fluids into said reactor; and
(b) an angled annular deflector having:



(a) an inverted cone-shaped bottom portion attached to an inlet neans for
continuously introducing a stream of polynerizable fluids into said reactor;
'and (b) an angl ed annul ar deflector having. -12 an outer surface with a
coni cal shape in the formof a frustum said outer surface having an apex
end and a base end; an inner surface formng art inner cavity along a
central axis, said inner cavity open at both ends, said inner surface
having a first end and a second end, and said first end of said inner
surface mated to said apex end of said outer surface; and an upper surface
mated to said base end of said outer surface and to said second and of said
i nner surface. wherein said upper surface conprises two segnents formng a
sl oped roof on said angled annular deflegtor, wherein said outer surface,
said inner surface. and said upper surface forma substantially closed
chanber, and wherein the outer surface of said angled annul ar deflector is
in association with and is substantiall rallel to an inner wall of said
i nverted cone- shaped® B¢t é‘t‘ff"’ﬁ%r"‘t"ihoﬁ"“‘%i?% Sgﬁ’Pd“éhﬂgF% ofnh fugteme &4 edetor

bei ng, adapted to divi d&rf&alhdvrﬁé&a@ﬁi&fdmﬂ@b)i{mfnhzabl e fl ui d fl owi ng through

said inlet neans |nto] 9 Elﬂry:ﬁ.re St reans V%W enga] eaz‘% t Wo ‘fn{wd
flow paths of which &t PEEFEIHPHI PRFHE Y P cf B iRen t he
outer surface of said ®pet adotnends.aviddeddr eefior baridg ¢ fiest emhand avwdebndofd,sai d
inverted cone-shaped QQ&LQ&'}”RP&Hn‘?@a:&‘ﬂg:exa}urﬂfaé‘é‘ﬁﬁw@i%e,afdl &&fﬁt&shﬁ ol €ct ed

general |y upwardly al ong the central axis sald ang annul ar - defl ect or .
3. In a fluidized bad iﬂ?e?“rjzatl on reactor having a generally cylindrical
vessel with a |ongi &hidpgdlsutxdesmated i Sid biust el il safdeoutBrassfa@O&id dooaRrd i n
sald.generally oyl norLgah LERaThi nBERGEl LheRE REIIbE Al b oS Rih

| ongi t udi nal axis of sali genera rica SET T But or
pl ate means defini ng aSﬁmﬂ&fi@dmwmég?@maﬁémm“@@kﬂbmor pl at e

m%'fmts and  heflix k09 oﬁﬁf‘%{:{)@ﬁ mertsakt@w | ?a;djhﬁﬁc?[' Isdarele® Fod Q—ts@bﬂ%%{?&; f‘”

I ntet neans, o I NLO, a Ottt o or n o1, Sal ener a | Ndrjl ca
vessel for °&‘5E‘f °h‘?fg§ﬁ 99 ESTLBen EJ'P t‘é“?;u‘i‘fd“l""'?l ﬁ?#?nﬁ%“&élf’r’éz‘f‘ W8 into
said mxi ngaaohamuewnhtana z'ga@swiaﬂg|pmpll§ubfan0nmtwa!imfrmdnnmmd cpardhyeies i n
sai d flui diggghhertidn® Ghd sl Bngits RERHE defidibr it didatda GO Mklidd Qf sl 2N

out | et

polymerizshle fluid Rowing through said inlet means inte two or morc streams flowing in at
least two fluid flow paths of which at least one flow path s directed upwardly between the
outer surface of said angled annular deflector and the inner wall of said inverted cone-shaped
bottom portion and at least one flow path is directed generally upwardly along the contral axis
of said angled anmular deflector.

3. In 2 fuidized bed polymerization reactor having a gencraily cylindrical vessel with a
longitudinal axis, a distributor plate means positioned in said generally cylindrical vessel,
generally perpendicular 10 said longitudinal axis of said generally eylindrical vessel, said
distributor plate means defining a fluidized bed region above said distributor plate means and
a mixing chamber region below said distributor plate means; an inlet means opening into a
bottom portion of said generally cylindrical vessel for contituously introdycing a stream of
polymerizable fluids into said mixing chamber ar a gas velocity sufficient to mgintasin
pariicles in said fluidized bed region in suspended and fluidized condition, and an outlet
means for continuonsly removing unreacted polymerizable gases from satd fluidized bed
region, the improvement, comprising: a bottom bead attached to said generally cylindrical
vessel, wherein said bottom head has an inverted cone-shaped bottom portion; and an angled
anaular deflector having:



means for continuously renoving unreacted pol yneri zabl e gases from said
fldidized bed region. the inprovenent, conprising: a bottom head attached
“to said generally cylindrical . vessel, wherein said bottom head has an

i nverted cone-shaped bottom portion; and an angled annul ar defl ector
having: -i3 an outer surface with a conical shape in the formof a frustum
said outer surface having an apex end and a base end; an inner surface
form ng an inner cavity along a central axis, said inner cavity open at

both ends, said inner surface having is first end and a second and, and said
first end of said inner surface mated to said apex end of said outer
surface; and an upper surface mated to said base end of said outer surface
and to said second end of said inner surface, wherein said upper surface
conprises two segnents formng a sl opeél”roof on sai d angl ed annul ar

defl ector, wherein said outer surface, said inner surface, and said upper
surface forma substantially closed chanber, and wherein the outer surface
of said flow defahaetpsuifere| withag covirdtshepe inithdrformnek & Srusuins badhbittat suyfapar al | el
to an inner wall ofsfai:f ahdi\al b&fla 6RBEsEhaped bottom portion of said bottom
head. 4. A nethod for gas-phase polynerization reactions in a fluidized bed
reactor conpri ﬁﬁ&%ﬁ@%ﬁ%&%%éﬂ%@?ﬁ@%%?mﬁxﬁ SHG FORFRAVinSTRER 2k | i d
to said reactor t hsotisgis sk el slirthic RE-eciinQing BB 4 Z@bidodnd] Sa6hiaFirsDEndCl ai M
3. 5. The inprovenegnt.,of claim3. erei n sai.d.angl ed annul ar, defl ector

di vi des a stream r%f“‘%o n;?rrrse“%;a%ea T‘tgx\%sﬁtl §FF %\?\n%ﬁba“?ﬂ&gu"g 32T reactor into
two or nore streanspet holcnmated tagaid Yasgend of erid pyter syrfateond paselisseesid wind @fh  at

| east one flow patdidiindishu@ict SN RLE hfpdd S4HRE Borfighids it eBfetb Fdaing 20f said
angl ed annul ar def ka}g‘sor and,cﬁalgf i nner V\RH of said inverted cone-shaped
bottom portion and Faoh en sz ﬂdé'ﬁfl‘ﬁaa’tdﬁ i rect ed general |y upwardly

t hr ough saivwhereimerid coay kirfacal satiginga girfaen tridadaidinpmy stfes dorwd 8 santaadialiyai d

St 1 eam be g5y ik bR end Wil 6 bhike Aol bE o AU SNVRT AL 005 ©

i nner wal | ] reaction vesse clent to provide a wall -shear
stress of @nréatsPsteniatly el tpanippsr WeY of spithint¢ied\FOPGHIRPSR brttom yargposafowi ng
upwardly tshid®o@bém fedad | nner cavity is sufficient provide a percentage of
escaped particles of greater than about 8l %

Ji

4, A method for gas-ph:isc polymerization reactions in a fluidized bed rezctor
comprising the step of delivering a stream of polymerizable fluid to said reactor through the
fluidized bed polymerization reactor of claim 3.

5. The improvement of claim 3, wherein said angled annular deficctor divides a stream
of polymerizable floid flowing through said reactor into two Or more stréams flowing in at
least two fluid flow pathis of which at least onc flow path iy directed upwardly between said
outer surface of said angled annular deflector and said inner wall of suid fnverted cone-shaped
bottom portion and at least onc flow path i8 directed generally upwardly through said innex
cavity along said ceatral axis, the division of said stream being such that the velocity of fluid
flowing upwardly along said inner wall of said reaction vessel is sufficient to provide a wall
shear stress of greater thayt about 0.0013 psi, and the velocity of fluid flowing upwardly
through said inner cavity is sufficient provide a percentage of escaped particles of greater than
about §1%. ‘

8. The device of claim 1, wherein said upper surface comprises a trianguiar donut rorated
around said central axis whergin a side of said triangular donut is mated 1o said base end of

said outer surface and said second end of said inner surface,



6. The device of claim1l1l. wherein said upper surface conprises a triangular
donut rotated around said central axis wherein a side of said triangul ar

.-donut is mated to said base end of said outer surface and said second end

of said inner surface. U-14 7. An inproved nethod for delivery of a stream
of polynerizable fluid to a gas-phase polynerization reaction, said nethod
conprising the steps of (a) providing a bottom head attached to a generally
cylijndrical vessel, wherein said bottomhead has an inverted cone-shaped
botton1port|on (b) provi di ng an angl ed annul ar defl ector conprising: an
outer surface with a conical shape in the formof a frustum -said outer
surface having an apex end and abase end; and an inner surface form ng an

i nner cavity along a central axis, said H ner 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 said inverted cone-shaped
bottom portion of said bottomhead (c) dividing a stream of polynerizable
fluid flow frg i MdisePrd wgsedfordetivrns af o staegl lupraighlde fgid focacgagphasiher ei n

said Strea%ﬁ&m&&hﬁ&ﬁeh&@hl@:dnhahéhdo&péh%gdﬁdn fb@ at least two streans

flowi ng in at S id f ath t one nqQw path is
di rected upwar dI(as B’&t’m’&ﬁ g‘%ﬁ"&‘% F‘éé‘é g’%’ij %ﬁ@féﬁ‘ﬂnﬁ}fﬁr olid
def | ector and sai dhéttoachecad@bd mdﬁvmﬁmhmfeﬂbdtmpmmhaped bottom portion of

said bottom heakg1 ﬁgaéﬁ’%"‘h &&g@la;%%h\é/ctgﬁa&gg,hgn irected generally through

sai d angled annul-ar |'ector upwar salrd central axis, the
di vi sion of said str@aRUEF Sukese ity Pf&ﬁF@ SRS i Belorm els drenm spReuge| oci ty

of fluid flow ng upwar cuuyfaﬁjmmggaﬁhﬁ;xleﬁm&rda\mkémﬁiaﬁal d reaction vessel is
sufficient to entrain_soli

o d dd t t
in the fluid entrainéd rgl[a %?mﬁ‘% ﬁlfr}‘sr?a tﬁgim%ﬁm'%’f?fs“ 1%&11 &nﬁ%:fg g sam

particul ate pol yner prmatwﬁlqnﬁe i nner wall of the reaction vessel, and

the velocity of f'*ihéimk'&WoﬂQrHﬁ‘ﬂﬁ&de%aﬁhﬂ&UQbﬂécﬂﬁ 239l a8dcaBa Wah m@%"ector

along a central axis 1s sufficient to %vent solid, partjcul ate pol
substantially paraliel to an inner wall of said inverted cone-shaped bottom po on

of said bottom head
(c) dividing a stream of polymerizable fluid flowing into said reactor with said angled

armular deffector, wherein said stream of polymerizable fluid is divided into at
least two streamns fiowing in at least two fluid flow paths of which at least one
flow path is dirccted upwardly between said outer surface of said angled annular
deflector and said inner wall of said inverted cone-shaped bottom portion of said
bottomn head and at Ieast one flow path is directed gencrally through said angied
annular deflector upwardly along said central axis, the division of said stream of
polymerizable fluid being such that the velocity of fluid flowing upwardly along
the inner wall of said reaction vessel is sufficient to entrain solid particles and
Hguid droplets and maintain same in the fluid entrained state and to inhibit the
build-up of solid particulaie polymer product on the inuer wall of the reaction
vessel, and the velocily of fluid flowing upwardly through the angled annular
deflector along a central axis is sufficient to prevent solid particulate polymer
praduct from falling into said angled anoular deflector and the combinsd 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
polymerixable fluids entering a fluidized bed region of the reactor.

2. The improved method of claim 7, whersin the division ol said stream of
polymerizable fluid being such that 2 velocity of fluid flowing upwardly along said inner wall



product fromfalling into said angled annul ar deflector and the conbi ned
overall velocity and direction of said fluid flowing in all flow paths
bei ng such that sufficient ruixing is provided to ensure the general
uniformty and distribution of polynerizable fluids entering a fluidized
bed region of the reactor. 8. The inproved nethod of clahn 7, wherein the
division of said streamof polyneria:able fluid being such that a velocity
of fluid flowing upwardly along said inner wall - i5 of said of said

i nverted cone-shaped bottom portion of said bottomhead is sufficient to
provide a wall shear stress of greater than about 0.0013 psi. and a velocity
of fluid flowng wupwardly through said angled annul ar defl ector along said
central axis is sufficient provide a peggentage of escaped particles of
greater than about 81 % 9. The nethod of claim$S. wherein: said inner
surface has a first end and a second end; said |ust end of said inner

surface is ted to.said apex end of said outer_surface; said angl ed

annul ar def‘%ae‘@{dg?f fad‘?l“hvéf‘ SPSFRaRS bomypEron gf £34 é’"ﬁ’ﬁ?éﬁ"‘} & g‘iﬁﬂ%é%e cod

of said outmwvidsamallcbeastessof saedersbaondudtb18psis andla Feinaty o ivldevizgher ei n

sai d_upper Skae frSRRRLIIIE e kiiR)S QBRI Stob bk Behedly SUORSHcRA! prdRsSR!
ul"ar defl ector; sur

angl ed ann and said outer surface. said Inner ace, and

sai d upper BEerEBeCtBraRrhPRHEeR A sresr tyo eyt ifechanber .

3. The method of claim B, whercin: said inner surface has a first end and a scoond end; said
first end of said inner surface is mated to said apex end of said owvier surface; said angled
annular deflector further comprises an upper sutfacc mated to said base cnd of said ounter
surface and to said second end of said inner surface. wherein said upper surface comprises
two segments forming a sloped roof on said angled annular deflector; and said outer surface.
said inner surface, and said upper surface form a substantially closed charnber.



