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METHOD FOR GAS PHASE POLYMERI ZATI ON CROSS- REFERENCE TO

RELATED APPLI CATI ONS Thi s application clains the
WORPPHPI% benefit under 35 USC 119(e) to U. SPCT/US2009/031778

Provi sional Patent Application No. 61/023,298, filed

January 24, 2008. FIELD OF THE | NVENTI ON The present

invention relates to a nozzle for introducing one or

nore catal yst conponents into a gas-phase

pol yner i ZaflEDPHOR QR IGASD PRAS E VO MERIZATIGN
particle size distribution. Enbodinents also relate to

par 1 i & 8psE BRAETRNER KO Har BB ARPERA LS, o1

to conpositions containing polynmers produced by the

This a;%td&ﬂgﬁ hinfy WSFlO%@@H@@QN@d@ﬁ%' YsCs§i fng(enm d). §0Pmvisional

have been used to produce ynmers to control
Patent yppieatioreblos 6928298 ﬁl{ﬁ@'@tﬁfﬁa‘f*d?@@&l bution and
flowability. Exanples of liquid catalysts include, but

are not limted to E@t@#gpﬁ_ﬁmgﬂ&%msts and

Ziegier-Natta cataly qui d catal ysts
i nclude catal ysts incorporating transition nmetals -
The p(afmamp inVenlibn aetht®t tetaal rozzld Hat ihtroducingl engt oormore catalyst

compob b o BT A B ek by Reblfl e e

dlstnbLﬁi‘éﬂt b8y Rferits %lls"oer%%itbqa métPoaR féMpreauting polgrmers with a specific
her rodynam cs of the reaction, and to contr

partlclqoalzeuobeptebsﬁrczre Bithadimentsoalsp pekle &1 comeopiopapstaimgy polymers

produc%ﬁgrygtbééﬁgggﬁﬁgg %r [ét :oglsyfnl;?hpgft |f chO\(/evs, the carbon

bl ack | oading of the polyners, the ability to purge
t he pol ymer particl es,BAGEKGRQUAD of segregation in
packagi ng of the polymer, the anount of scrap

ot BB o e 5P EPOBIE SOATL 1 e ¥0Bbris e
as paﬂ%l@rsﬁezé’sﬁﬁﬁibﬁ@ﬁ fIGRRHIREL BlxaWiié £ 8f n@h@fda@élyét@ ih®8de, but are

production of the polyners. Particle size has been
not limiteddot inetediocgne watalpsts anchfiegierHaaita gatatystpodathen &lﬁmdscatalysts

oo BB O Rl SRRl BV, 570, 8ol St v

at least &€ hoborlded ligamident No. 5,317,036 (Brady, III et al .)
descri bes gas-phase pol yneri zati on of

Catalysts are injected as a liquid feed into a polymerization reaction to obtain better
control over the reaction, to optimize the thermodynamics of the reaction, and to control
the particle size distribution (PSD) of the polymers. PSD affects polymer properties such
as flow characteristics of the polymer particles, the carbon black loading of the polymers,
the ability to purge the polymer particies, the degree of segregation in packaging of the
polymer, the amount of scrap generated, and the overall consistency of the polymer.
Further, tails of the production, the fines and oversize particles, represent wasted

material in the production of the polymers.

Particle size has been traditionally controlled by mechanical methods such as sieving.
These methods are generally carried out after the polymers have been removed from

the polymerization reactor.
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olefins by using liquid catalysts. U S Patent No.

5,693, 727 (Goode, gt al.) discloses controlling
WORgPYMeIOSPSD by spraying liquid catalysts int &CA/Z3HEN31778

that is polymer particle | ean. The previously

descri bed processes control particle size by all ow ng

a brief period of tine for the droplets of |iquid

catal yst to disperse into the gas phase before

U.S. PatevitaNbi B3 1he3eqByasy, Ml lﬂtdalz)adémmbedgampbad;mgaodymerizatron of

olefins i 35 T ey SRy FaeR Boed 9% 22E 0oyl ot &) discloses

control'hﬁ%ﬁ:% é)nﬁ’& B8EBZ Z)?rs;bféi??n&ﬁ’(ﬁmﬂ'c%%ﬁ y&8 @t‘é@&oﬁébﬁat"?s%blﬂﬁer particle

a no p wth a di anmeter connected 't
lean. Ttrieepreutoelslyt de;m:nbpd rpre@essesrcantiol pediate ﬁﬁechyealllqvwng haebrlef perlod

o imaB5 it B SRy B B85 i e Mo e comtactng
the po%e&fﬂm&.@@horﬁﬁed ensibyRepuRR gas b detlBttpdip@ep paeticles from the
tube further conprising an open end connected to the

intet catalyst $iE@ai xi ng zone, where a steady-state, uniform

t wophase fl ow regi me between an atom zi ng gas and at

| east one |iquid catal ysgfeegrdoes not formin the

internal m xing zone at an atom zing gas to liquid

catal yst feed flowratio of about 0.05 to about 10.
Disclodadsisl a)smalydssirﬁxeatmmuxﬁzzle)thqmlcommisag aal mﬁeytv@e with angapen end, a

vozae B B BLA RS ot DBl S apice.srocis

the no£A8 tiFOARIBAl tbthe duler 1Wies, ﬁhaﬁt@rrmlm:mgl z:'caiel &dnricded € the orifice
and injecting at least one liquid catalyst with an

internahta ez Puigr ee, 1oy Bagh tulperesiding Mthin e %l&ﬁaﬁtgkﬁ further comprising
an op%gﬁ& £hag %&?cﬁ ﬁé ‘?héﬁ rﬁtg ?‘n&ﬂl Wér §t%ﬁf:]¥ %'iate uniform two-

re1nj east one ata

phase @aw regirse beohyem ralnzabmmng @adletncbatslelaei 0malltqsldacatalyst feed does
ymeri zation reaction wth the at

not forfy i ARG HHANING €8 SbAB A9TIRS 838 1 Jo¥S IaUPEEdfow rati

conprising a liquid catalyst, a
of aboug(ﬁ??wggg{ég@at al yst, and a conbi nation thereof.

Di scl osed is a substantially friable polyner
Dlscloaﬁni‘r‘;soalmemndpfoocﬂlﬂ@@lmlw a pelymer o @hemhasaaqiyngrization reactor

it SR LB AR TRSRS B 88l 3H1BREY g boomer

the ga¥dipHask o marizarg rgctérornabnectidg at tieagthame liguid. cﬁ&lﬁﬁ with an
J Déﬁa Bwlz]\l OF THE DRAW NGS Tﬁg ?%regm ng surr(r%‘ar

atomizipg gaSaﬁﬂrpnah flioe [adeary anst catplygt MieRianoRe&ie ththg@olymenzaﬂon
reacto&’%rt:&re injecting the at least one liquid catalyst at gas phase polymerization
conditions initiates a polymerization reaction with the at least one monomer, and where
the at least one liquid catalyst is selected from the group comprising a liquid catalyst, a
shurry-based catalyst, and a combination thereof.

Disclosed is a substantially friable polymer composition produced by the method where
the polymer composition has an absence of a catalyst support and comprises an
unfiltered mass averaged particle size distribution ranging from about 1.5 to about 3.5.
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under st ood when read in conjunction with the appended
drawi ngs. It shoul d be understood, however, that the

WO 200%09490n is not limted to the precise arraf§dfERP/031778
and instrunmentalities shown. The conponents in the
drawi ngs are not necessarily to scale, wth enphasis
i nstead being placed upon clearly illustrating the
principles of the present invention. Mreover, in the
drawi ngs, | BRIEFAIESCRIPTHONEDRTHEIDSHANINGS
correspondi ng parts throughout the several views.

The fo’FéagblﬁQ éumﬂn|auﬁtafsaWéﬂ as sthapldiibwity petaiker desdriptionwinilh be better
iquid catal yst injection sﬁem Figure 2 illustrates

understaqdl wiharbead! iBnERRINBHom WENHBE! ARPINIST GReIgRal ystshould be
t

unders'tcgt{oe ‘Hdv%?/e? oﬁ%ﬁ ﬂ?)% Eﬂ\%{'ﬂigp Is 'n'olk ﬁﬁ\ten%tﬁl t%ﬁthﬁﬁir?%ggf‘éﬁeﬁ{dﬁnents and

|nstrumemdillitélsr1$]1wvao‘ﬂlerreompnneisels: thEl dramings atd oot netessadly to scale,

owc har ment duci ng,one, or
with e gISyo0 BEmg ars Bop. cleag Ao tatrBLbe Sapie gt (e present
mventa&"ﬂ oS Fedver NPZHeCd iRty ke PePSrBRse %ﬂ?érhlsoﬂéslﬁﬂatb%rrespondmg
D-ratio of the resultant polymer. Fi gure 6 is a graph
parts throLgboutahe sgverad vissect of the change in nozzle type
and process conditions on the average particle size

. o | !
Figure 1 it painpE AR UneRdrqiy o gl Sardysfinfhofitygtem.
and process conditions on the D50 of the resultant
Figure @liljustrated-ittgaivaridus sslamgnéplof idrl esitrcatimaegt bhehefdasalyst injection
of the change in nozzle type and process conditions on
nozzles he aggl onerate (Aggl om) formation in the resultant
pol ymer . DETAI LED DESCRI PTI ON The fol | owi ng di scussion
Figurel 8 iﬂm@ﬁ@t@%egprta PRABHR JbRAAEPNbY driced tatdlRe ﬁhﬁéct'bﬂ nozzles,
make and use the discl osed conpositions and net hods.
includinhempedinant puazies. pl es descri bed may be applied to
enbodi nents and applications other than those detail ed
. | e t C
Figure & WERiSaue R 3lchichrt 5o oifio3@imicrl ALHORCHR e one or more
polymegonposi ti ons and net hods are not intended to be
limted to the enbodi nents shown, but is to be
or ded t e w des s e consi s

anureg *ﬁr?cgiﬂp& UsiEatng, nge in nozz eV%rEJ“ p}o%%ss conditions on the

D-ratio of the resuitant polymer.

Figure 6 is a graph illustrating the effect of the change in nozzle type and process
conditions on the average particle size (APS) of the resultant polymer.

Figure 7 is a graph illustrating the effect of the change in nozzle type and process
conditions on the D50 of the resuitant polymer.

Figure 8 is a graph illustrating the effect of the change in nozzle type and process
conditions on the agglomerate (Agglom) formation in the resultant polymer.
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di scl osed. Enbodi nent nozzl es are designed for

produci ng a polyner with a substantially narrow
WORAPY49%4508 si ze distribution in a gas phase PCT/US2009/031778

pol yneri zation reactor under normal gas phase

processi ng condi tions. Enbodi nent nethods using the

enbodi nent nozzles for producing a polyner with a

substantially narrow particle size distribution in a

gas phase pol yner i ETAAED &EESORIPHMNOI nent pol yner

conpositions are made using the enbodi nent nozzies in

The foRoWing dARBIPOL)FFeEEARU BNeritAe boserabn GhillediagRe art to make and
pol ymeri zation conditions. The_term "particle size

use thej riaclqssdtqowosqnms@) andmethods {he w&raémmcml@%d@w"bed may be
appined)?%tz 'an‘?ﬁqedmc‘\ gsf‘ gﬁ{! &gﬂhﬁgﬁ‘%@f} o'(i: ff fgg@l) tgxg-'s_g:ds%tﬁﬂéﬂ without departing
from ttm)Bpirmlarﬁhscdﬂa)wf ¢herdistie@sdads tompositioas fand metﬁm t'étnendasclosed

| ow characteristics, of a,f refe
compogiigRe ALEediods fie et Misiack P By TREST Fo e elibpsiments shown,
but is ‘ié%@'a%c@fde@ {HFP\O(H &gl des c%@@@rﬁe&ﬁltﬁ iRV, priMEifIBs and features
refers to a multiphase uid-flow regi me characterized
discloskd. a gas phase bei ng di strl buted through a liquid
phase. The term"” poI yrrer refers to elastoneric

Emboc(rrﬁéﬂf gg%ﬁég Slg% g%g fT‘f;gP %@%%@aﬁn{%ﬁ with a subﬁtantlally narrow

particldTBige ifisteiBUtiom in b)ghso@ﬁse peilyg@mnzatiomlréacﬂomndé]endsrmahgas phase
‘olefin" refers_to an al kene, qcislstln ui shed by havij a{‘%
procesging| 6q8ditigRe dduBPeIBME Matheds jysindthgc embodipgnt fiozzles for

r
producmgf% p'E)I!?rn?ér w‘tli gs%&{)érg%ht éﬁlg‘?fd devF ﬁéh&le{ \%Ifé'{g ncﬁ?t lﬁuﬁt%rtﬁg’{‘ﬁ%as phase
polymeaizdtise c iradttarar bEmtaIdimenbfpaEymecomrp‘opmitioﬁmeare made using the
enbodi nents. as des r| bed, i eratabl | it
embodRSi 1P O 59556 BRaSESPYALETZARFBR o SABANGE Rrbpnerization
conditio®$ hods and neans described in the prior art. Sone
enbodi ments provide a nozzle that reduces the

variability of liquid catalyst andatom zi ng gas fl ows
The tegndpattioln ﬁnzgegrstrlwtl@at 4PSEY raters te the cavenrlb rangsh of pRdicle sizes

(from &)Oa%é 8 irfdh, Ii‘ﬁe S’ttiprﬂ ézﬁlﬁbqe@% ttorfln%éﬁ’ﬁnéé? JJWtie designed to

ctron critrca providing c

controlahd fbhabtndmat:serisﬁcs bé acfalnal Tisd tarn; Eftciw ohamgrristics oaa fluid” refers
fact not ni zed |qr;pt he 2‘9‘ or art. This stabi

to the propfrites fg;frfe vk impasted, by dre keI @asexamnﬁoaa il regime is
dlspers‘é@t %Mshhf&aepefé%t tPe hﬂﬁgﬁage nﬁﬁ@nbwa#é é%ré&t@gzé@ by a gas

rrower product narr product
phase belhgrtbstn?&édpthmhgfeas hdqueuasphmet e heytelrrinr’r‘polyngerf refes targlastomeric
macromotecufes co pnsmg liongcéﬁé%}ws% c%emacai yrk?onded atoms. The atoms in the
long chain may be carbon, hydrogen, oxygen or silicon. The term “olefin” refers to an
alkene, distinguished by having at least one doubie bond within its structure. An “a
olefin” or “1-olefin” specifically refers to alkenes with the at least one double bond

between the first and second carbon atoms of the compound.

The embodiments as described improve the operatability and stability of a gas phase
polymerization reaction over methods and means described in the prior art. Some
embodiments provide a nozzie that reduces the variability of fiquid catalyst and
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catal yst energes fromthe particle | ean zone. Sone
enbodi nents provide a nethod for producing pol yner
WORBHWETS with a narrower product pol yner PSDPCHH$2009/031778
capabl e of being produced by the prior art. Figure 1
illustrates a sinplified polynerization with liquid
catal yst injection system 100. System 100 may be used
for manufacturing one or nore polyners either in a
atomize@niagiious and stediideswhe catspstarozzlenpeesereediopdi Trenpssition of the
system 100 includes a.pol yneri %a&ii on reactor 102, a |
supporg delg it Telgtivet ioothenthieqtion aezzle tipls orHtiea] iy Rre4ding control and
. r 1 i |y , . .
stabiltF A 1FE cHiBlys o AtinGaNE ) ¥ (e S I DA od WG prior art. This
stabilityv petimitss gezaden Loodtrat of catonvzingdgasiiagds eatalyst nfesed ratio, thereby

Exanmpl of feed |lines are,well n i [ n
potenSlEPBYTing I HFarnSr BB i dBER. A hFaReh st ponmer
PSD 6@y Rssewhsteany Iﬁhiﬂhpgﬁnéée@ﬁmémgiz@ﬁ)/pérﬂbltehefeation after the

conprise one or nore valves, gas traps, vents, and

catalyshemarges fem He pariclerieanigapin 3ome wenkgdimepigpisvide amethod for

: . ¢ . _
proucifh e B4 A £ 31008 bRELHIBoy i 126 1 capgot o being
producedyutiefgriovarteact or (PFR), and a tubular reactor. In

sone enbodi nents, polynerization reactor 102 is a gas

rigure b B BT P25l Mo e TR T fpmsystom 100
Systen? ¢80 neRAFbOUse PV BRLARNIRY 6R26F Alord BlyAMts @ith@r in a continuous
include at | east one feed m xer, distributor, or

or batefowisiee MaNN@chite somMghembodimenia, cyaieondf0 inckglestd nsdymerization

oo FECAFHAFHEIHE 6O SRR s 10, o
catalystasioraget {ahkntng,he Mok ynetes 1S, rids isiquil ¥y imsterdag. Elements

__adding at |east one nononer into the polynerization
within pgsiefibrl 080areaRaneSAPd NG fae%durseﬁreﬁxﬁmﬂa%tofffﬁsﬁw ings are well
[ e : ;
ronn TSR LRGeS 8 A0Fms S5 TR BSTB S piFpressure rosstan
piping. Reednievdszaty durtheracdropriskO@né or addrectaltdse gas traps, vents, and other

.. polynerjzation process. Mnoners and additional
p'pel‘”gg'ﬁ%%%k?gw%\ﬂ%“%d@’id using one or nore inlets present
onpol yneri zation reactor 102. Pol yner product is

ExampRd bRpbRFndriZalbRbYA®Is 28D inBluEBaBLOard Mdt nirdetddra continuous
nore outlets present on polynerization reactor 102. A

stirred-tanjurencten &y ER), faetug Bowgeactes (BER). and enbwlarcegstor. In some
ermooc BB AGLEI 09 (BRLHTIP 4 B oW L AT i S bthon. i sucn
embodireestsOrpohietigitidn reactor 102 may be a gas phase fluid bed reactor.
Polymerization reactor 102 may also include at least one feed mixer, distributor, or
nozzle attachment where a feed component needs to be dispersed evenly into the
mixture within the polymerization reactor 102.

The process of manufacturing the polymers using system 100 includes adding at least
one monomer into the polymerization reactor 102 and extracting a polymer product from
the polymerization reactor 102. In some embodiments, additional components may be
injected into the polymerization reactor 102 to affect the polymerization process.

Monomers and additional components are added using one or more inlets present on
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a catalyst injection nozzle 104. In sone enbodi nents,
pol yneri zati on reactor 102 nay have nore than one
WOrR899/094505i mi | ar to catal yst injection nozzle PEF/4F009/031778
inject one or nore liquid catal yst feeds. Catalyst
i njection nozzle 104 may be constructed out of
processinert materials, such as 316 stainless steel or
MONEL(tm (Specialty Metals Corp.; New Hartford, NY).
polymelrnaﬂ@mmeaa:tbodDQenPslymehepmdtJaﬂ issextragted tiron podpmedzatdn reactor
is conf| retf?to handl e a %{ulaf?{ catal st fzeed
102 byjofjeciBar ylets Si558 SES BRI e H& gas. A
m xture of liquid catalyst feed and at om zi ng gas may

A Inqw@ecaft&f@@f Teﬁéi'j 'isP u8sd" &2 Fans f M Protsd ehremanlituiRe @olymers in

I'n suCh enbodi nents, the catal yst injection nozzle 104
systernnti0.pbke ég@rdacatt@iw%tfeﬁdt@ wuaeqt%@t@ é@e galymeafizagae reactor 102 using

o couaGREMALTB e b R e, B BREe Ry 02 may

have mictachan oh8hozlcadimitar 1o éata!ly’st?prqa’etlmt hezzle igddivripjecs pone or more
the length of the catal yst injection nozzle 104

liquid qaa%states%d&atﬁ@at niRGton a7 {84 dnardessonstiucted ads of process-
inert m%fér]{dléJ esd,uc'hn%§ 458 SSPRAESNRBESoMIRIIGERM @SB@&lé&\ﬁﬂﬂ&@% E8rp.: New

e atomzing gas Is provided to catalyst
HartfordnN&91 ilorsonmoez zh*eboﬂ@ﬂentso theanalatystrurzectg)rgaezzi@) udds roefigured to

v LRSI B L S B3 o A o
of imuuﬂ%athly@’( [ REN] ﬁtdnhtﬁi‘ﬁ@f §as Qﬁé&ff’deefﬁerréﬁotba% “‘haslssisted liquid

cry ogenl c containers. In some enbodi nent S, Pl t ot
catalyStrée@‘” linosuch embadimeentsotheneatalyst iniectioncaezae ﬁ@4t 8y Possess a

tube-mﬂ&ﬁg@é«?%&%@@cgrﬁ %ﬁ}r?et 8Fﬂb%'d?ﬁaﬁt?s ﬂfﬁ ‘é(ﬁ’é%?%g@}rst Jnjection nozzle

104 map Hake eofrati&m ah@mzmamrgﬁSpdlganeamﬂlgmteam@nedOEozri about 1:4. In
nozzle 104. In iments, the i id catal

some 9tBgy e@%@?ﬂ@edh@ defﬂ‘HB Qfa‘ﬂ"ﬁl %f@'yﬁhjﬂ‘é%@tf NAEES | 418"@v have a
predeflﬁé@%l]"f’o MtH‘f%?di%ﬁ?@ngBF tSbRik 8Afcd.ank 108, which is a
capa

vesse |sc arging a liquid under pressure.
In some enbodi ments, the |iquid catalyst storage tank
In suchl&@bodimparits ediege pamnaiom izing @as isinatudesd, Jhe atemiging gas is provided

o catefALRTRGID hBrhricL A BF AYRIA% bl TR NAAF RS storage
facility f}8né REdBthg §a$. BAnplet df ialrhithd gas BH@RBUITS include, but are not
reactors, fI ur di zati on tanks, storage tanks,

limited cigl, | Gdiagers, peaysiers pivage daakhogpdr §TYageNko peNtainers. In some

o AR IV gt e TG 104 I Pt BB iz oo

from atodiighysjasi syuecs 1106 toaatdigstlifctonl nloszles‘fim toomemasie te flow rate
rate of flow of fluid feed les of liquid flow

to the qfdhe atommizinggas gecatalypt |g;9é‘.t|ﬁ%@022 e 104,
In some embodiments, the liquid catalyst feed is provided to the catalyst injection nozzle
104 from a liquid catalyst storage tank 108, which is a vessel capable of discharging a
liquid under pressure. In some embodiments, the liquid catalyst storage tank 108
comprises a pump with one or more pulsation dampeners to minimize the variability in
instantaneous feed-rate. Examples of liquid catalyst storage tank 108 include, but are
not limited to, pressure reactors, fluidization tanks, storage tanks, cylinders, pressure
pots, and hoppers. In some embodiments, a liquid flow meter 112 is attached to the
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limted to, venturi tubes, pitot tubes, orifice
pl ates, vortex flowneters, nmagnetic flow neters, and
WOHPYHFS f| ow neters. The process of manuf actPGATgo09/031778

pol ynmers using system 100 includes adding at |east one
nonomer conponent into the pol ynerization reactor 102.
Mononers are added using one or nore inlets present on

pol ymeri zation reactor 102. Exanples of the nonomers

feed lihdehtiag thotliqaiecaatyst fead &ﬁczhtalysijecndﬁZno&!@H@ﬂlami is used to

measu%g%egg @%&fgﬁ&&{%&qd@g\@n%g hgqélaglq%p@g@rciﬁ%mc?ud% but are not
hmltedeltohWenﬂ?rT‘ ﬁﬁf&aﬂbéé‘eon #gzn@s 0P YicaheRes, MBBnetic flow

rocess o acturing pol yners using system 100
meters lanb'wdaelis ﬂq)wcmehegs at | east one l'iquid catal yst feed
into the polynerization reactor 102. Exanples of the

The o, S IgAE BERAs LRSFe CLO RTA o879 oot o

mononferdé@NpbAéntsiAtd ﬂnecpélﬁhmtaﬁw rédcton30RPMbeomers are added using
constrai ned geonetry cat al I n sone enbodi nent s

one orgnerd Hietg rga&emtsomaébmeﬂ gﬂ&)@a@ﬁa 182pi Pxaraplesof the monomers
mc!udel b‘ﬂx‘f'a‘i’e ¢t ﬂWtEH tBeé I‘q '@(Biﬁﬁné)fchheaé‘Bfri‘fg\eﬁe”é’n@@foepylene and

ncl ude ed to, nit
Ce to g@@Sd@ueh a;ucargscm czwd)pteeﬂtadmme pretpylidene, rmmbbrnene ethylidene

a&ercrltl cal Cé)(?p some enbodi ments, at | east one
norborggdiepevelYiRe &n “@ﬁﬁﬁed to the pol ynerization
reactor 102. In such enbodi nents, the additive may be

The préfessAeidhaRBfaatirdly Folgmerst D@inb%‘&rﬁlen@g obongnassd ﬁﬂecﬁir@sat least one
as used refers to any additive that inhibits poly

tiquid q@éaivsfcieeﬁ lﬂtmthesmlmem@au@g &eander 18%afpiasples of me hqwd cata!yst

Qmer.at,i r t
e QR ETEED Be, F5elB et ol S e ot
catalysb' @@kar&ddﬁ@bil@&atﬁ%ganﬁ rapnuRdupporie dpsnstiained. @eometry catalyst. In
rans) to about 35 pounds (15.9 Ki

I
some embsgﬁnmtac @tq;anznnma@ éel UssAt 9 wwndo BSPUS e liquid catalyst
feed. ggmg ne” Z ﬁéqﬁgggﬁgaf.ﬂg%ﬁ@t bn@aﬁegg&g@ @ggﬂrdgén noble

gases socH asl argdauantaheltmmt ptdpylaneg and supetchalnal (COacet one,
and n- heptane. Upon injecting the liquid catal yst feed

thro .th ca | yst _inj ion hozzle 1 it e N
in soms P ORBRISETP ot [RaseoBP AGINVE MAbSERPde AdghT 1R ghe gpymerization
reacto{0Z3A sDBﬁ%ﬁIt&QhM@ﬁfé 7 hOditive Aty hoan “aggiéﬁiétrﬂi‘drﬁ@?d“ The term

with the Iiquid cat al yst and pol yneri zes, producing a
“agglomemfionagitds” as used refers to any additive that inhibits polymer particles from
sticking together. Examples of the aggiomeration aids include, but are not limited to,
silica, taic, and carbon black. The amount of carbon black added may range from about
5 pounds (2.3 kilograms) to about 35 pounds (15.9 kilograms) of carbon black per

hundred parts polymer.

fn some embodiments, at least one solvent may also be added to the polymerization
reactor 102. Examples of solvents include, but are not limited to, methanol, acetone,

and n-heptane.
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polymer. In sone enbodi nents, the polyner may be
conpri sed of honopol yners such as an et hyl ene- based
WOR8PY4P47050r a propyl ene- based pol yner. | n ot h&CT/US2009/031778
enbodi nents, the polyner nay be conprised of an
i nterpolyner of one or nore different nononers such as
ol efins and dienes. In sone such enbodi nents, the
pol ymer may be an EPDM rubber. In other enbodi nents,
Upon ihfeetipg livertiquidiegatelyapfdesiethadigh the bataisgiMjegtimrcentzle 104 into the
et hyi 1 dene nor bor nene ?nd about 69 MEi%Et ergent .
polymesizRYiPREagisiTy 14, s el 1RSSO ANGRAMET Wi g% PBRSE HRolymerization

conditi%@% iér:g?ntﬁlgglbcﬁw FEORAjiARAtSystt ARy YoRAASIZeS, Ploddtng a resultant

e about Mooney uni pg I n anot her
polymeantio giorrenembblin @utsy ther palpmeo shayi be compaised ref dvopuwipalgmers such

conprised qgf about 20 to about 95 wejaght per.cent .
as an QRHEeRESH AGRY 2 PRyl Pesa b i (IERF mbodiments, the
polymd?eha¢be HrepRsdPHPAR IntBASAYMEPBNohE ®r bRl difBigitim@iomers such
the polynmer. Figure 2 illustrates an enbodi nent of

a
as oleting @ngsdienapedn isoma srgheernbadiveenisi thes polvarerLowy he an EPDM

rubberf S aloé%%’érﬁh&&i“e?ﬂs,n%ébglgﬁgqaﬁﬁ%mfc%%ﬁs%egbgg%’ﬁ%o%ﬁgﬁt percent

e I nner us 'space

ethylidgmé eessrhens Ed algsut28® weighti paéreeniabthylenengolgimentbased upon the
208, a m xing zone 2 éo, an orifi Cﬁ 2.11, and a nolzzl e

total weight of he polxEresedB USB RPN ! eéfﬁ%?&&rtw@gf@? gplyger may be

about %3t ?Jl%ﬁfeg' E]Jpﬁ&t' B ARAREE ehibdimEnPetHes $8 éfn‘?eﬂ BbRfplosition is an
I"i"'qui d cat .

I
alyst into the polynerization reactor 102
interpolymeracompsseirod diboah£8, tot dleow 25 awightteatcenigethylene or propylene

an o S GRS Rl bB3E BRSO tty ot o e

polymdrl qui d catal ysts include but are not limted to liquid
catal ysts and slurry-based catal ysts. Exanples of the

) | iquid catalyst may include a netall ocene catal yst and
Figure 2 itudmites angmbiodipeat ebe gpiadyst irgalinn Bazzle 1PAdised in system 100.
g N _ o Li Tinhad
A carfP TG 00 BoLdiodlb Aol UnTebecahmor oo 204
annuluprspage @05, oasdranper centeiinglugsCR06,l an sdemat niixidg mbanther 208, a

. the liquid catalyst feeds into the catalyst injection
mixing 2gp¢|2d 2@@025'%89%%!‘@51 &’WZFR"‘ %%&gom zing gas in a
specific ratio. In sonme enbodi nents, the ratio of the

As desBiBEd BId\Bo &y, drRbbdithdritslei 8 caddipdtigfecti@efozA8 1038may be used to
atomzing gas:liquid catalyst ratio is from about 0.05

inject liquidisetalystOontoatie pelymarizationireagtos 02 dutvagioustembediments, the
gas~aséifsgertﬁ1 %iﬁﬁgleggg?y%ﬁLfggﬂéﬁgap{;gﬁ?m?)ﬂégratt He%%t 20% f riﬁi 8§tawg? and an
atomizing gas. Examples of types of liquid catalysts include but are not limited to liquid
catalysts and slurry-based catalysts. Examples of the liquid catalyst may include a
metallocene catalyst and a Ziegler-Natta type catalyst. Examples of the atomizing gas
may include, but are not limited to, nitrogen, noble gases such as argon and helium,

propylene, and supercritical CO,.

In some embodiments, the liquid catalyst feeds into the catalyst injection nozzle 200 and
is mixed with an atomizing gas in a specific ratio. In some embodiments, the ratio of the
atomizing gas to the liquid catalyst feed, or the atomizing gas:liquid catalyst ratio is from
about 0.05 to about 10, and preferably is from about 0.1 to about 2.
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204 carries the liquid catal yst feed. The atom zi ng
gas and the liquid catalyst feed are mxed in the

WO 200HPAHS mi xi ng chanber 208, further m xed ak§T/US2009/031778
conpressed together in the m xing zone 2 10 before
bei ng aspirated into polynerization reactor 102 via
orifice 2 11, The liquid flow in inner tube 204 may
exhi bit annular flow in some enbodi ments, In sone

In somendabbaeidras, ietdiger LbebPOD catresrthe hem2iidg @asiemmeme inner tube
tube 204 may be made from 316 stainless, ste

..I'n sonp
204 caémaw&rﬁﬁws catpStoipesr TRLE0RIZNG RS A .%Eﬂumj'ﬂéalyéhfeed are
mixed | eqﬁteﬁ ir[ngEhaﬁrhge 9(3@ fﬁﬁh@ﬁdh{?éégf &nd Eﬁ@ap@é&%‘é@t@?ether in the

t he ou be rel a to t di anet e
mlxmgafonteh@m batmeﬂmlueg a6giratedfiotoupolgmedratidru seagierc €020 orifice 211.

The Ifqﬂéwﬁgﬂ%gﬁﬁg {ulgé ! b%gggéﬁ%ﬂg%gﬁgrqrw %ﬁﬁ}enzgr%bodsments In

some &H%Blﬁ%rﬁﬁ’aé%e?% Hefh et 1Ak 202t sandPRIRN204 Ffay @ @fade from
I n sone enbodi nents, the outer tube 202 has

316 stanlelsameér of about 0.1 inches (2.5 mllimeters) to
about 0.5 inches (12.7 mllinmeters). In certain

In somgﬁﬁg&ﬂﬁ‘%ﬁ%, ﬁé% g)éﬁ%rgﬂgé %rogloelfnrcrfe grigyére{ur?(es‘%ﬁtel%% HeSconcentric. In
some @ﬁbodaimmﬂs Sthetdiamietarest the bmut@0tublea@0d nifiyalne relatedf to the diameter

bout 0.Q5 inches mllineters) to about O.
of the lf]ﬁ@lﬁé‘éb? 604 i fprtﬂrﬁ(érbﬁgﬁ*u'ump@@f%@%% npigter Fype 202 and

the inngf FI]TH%[ 564. Ofn 5{ émtb%f‘mg% e a”t@ﬁﬂimﬁ gh%fﬂdﬁﬂﬁ‘iﬁe (é’nn%lus space

I meters) n some enbodi ment s each
205 bettwben rmseratubbl 2hepd thé inbeutube. 208 !hrﬁﬂme eqmqulments the outer
met.er s

toe 20} habroramerarpEaBElEe 2094 1 nanl el bRt pifipehes (127

mnnme@@«@vt I certhih aeBlindemBdihe @haiadd §f e eertutd 202 is about 0.25
nbodi nents of the cat al yst injection nozzle 200 may

mches.(ﬁet tdimatershnén semse erbedinppisy thal inner dube €84t hama Ydiameter of

about B AR LS, TSR L DS REFEGEE HIRALAITIn conar

embodihéengl theodiapietst otinnéheutend0ofis aboeﬁOﬂQEenﬂ% (3.2 millimeters). In
roxmatetothectal n nozzl

t
some EipRReraris: e Hall [iaHalbR s BiekABes obaBou hge aenes (0.7
rml!lm i&).N%h Eaﬁ@beerﬁbg@iﬁl éé: rhfié otfglﬁ”%at I ys?m olteritse 962 to inner

eatom2|ng gas and the [ qui t feed as th
tube 2@4\5 fsapateue 13 vaboud ddentprefendtiinés aboutshre
enbodi nents, the Iength al ong the fl ow channel of the

Embod:men{ % tﬁ‘e ce?t%lysp nje%{lon r?on?e}/ 2‘?)% 'n'?ay} hr(?clude an inner tube 204

supported by at least one centering lug 206. Centering lug 206 may be made from
materials including, but not limited to, copper, iron, silver, or plastic. The end of inner
tube 204 proximate to the catalyst injection nozzle 200 is connected to the internal

mixing chamber 208.

Internal mixing chamber 208 allows for the turbulent mixing of the atomizing gas and the
liquid catalyst feed as the two separate flows suddenly combine. In some embodiments,
the length along the flow channel of the internal mixing chamber 208 may be in the
range of about 0.25 inches (6.4 millimeters) to about 1 inch (25.4 millimeters), and

preferably is about 0.5 inches (12.7 miillimeters).
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range of about 0.25 inches (6.4 mllinmeters) to about
1inch (25.4 mllinmeters), and preferably is about 0.5
WO 20040450512, 7 millineters).fnternal m xi ng chXTErS2909831778
is connected to m xing point 210. Mxing point 2 10 is
where the m xture of the atom zing gas and the liquid
catal yst feed fromthe internal m xing chanber 208
passes through a constricted area, conpresses, and

internacwhin@eéharﬁb@r @08ais- eamicttad! td irikirg patrmlafm; fnemnhg point 210 is
M xi ng point 210 iS proxi mat& E\nth nozzl élf
where i Seixivia ot dheAlpB1IZING gas ABA the AU cg Xﬁérf?e rom the internal

mrxmg?zﬁ?ﬁfﬂem E%ﬂs‘s@? tﬁro@gh‘& @orﬁé‘lﬁct%ﬁ%?@afé cR8b8Bard é’éPnbanes into

s-assisted |I'1qui ata yst feed
a gas-ddsstéd mqartil catalgét faedn iMiing fgarst/ 2 1Qsi ptoxiimate wlmmm 212.
flow regine resul ts in increased variability of the

emoodyh) eyl Flh IR sBlehi OGP ERRARLR dfy gup gnase fow
reglmet ﬁoﬂﬁﬁ)rmlﬁé Whithimh Sthé Ugad—éss’lsteﬁuﬂlcﬁ_hcﬂlg:at@l?éte{éecpcuw $or1miatton of a
hase systens, ecially gas/liquid systens.

umfompga iggidatile twcwphﬂse lgwiragime rpaue mmpr%%g%vamamltv of the ratio

of liqu@dﬁgéﬁé gllﬁﬂ H}ﬁ e‘%c‘ r% tﬁﬁjxflﬁgsn%ﬂ&u%}:}c‘f&nﬁgﬁt ﬂ‘ﬂéjvanabmty in

t1on. I qui
liquid tblgalsdﬁlxm“retlﬁeluwbles pmﬂsm@i’eeffedmcmbrsl i Meplm :p,lms, especially

gas/iada TR e o e pHioio: SFs Ha,bdud Homne jrehaseflqy adheres to
the waﬁ‘%z tﬁé 1Y {rﬁgu% (P g8htgt aﬁé{ cbﬁ@eﬁééﬂ%ﬁ\t S!noé W6 PHakH - syéfem a liquid

C]UI accumul at es, he gas | ow becones hi ndered
fayer chtelsgaa theowaltsy diathet cﬁulv@rwhlfa) thev gas hehassndxantisyes unabated.

cverna b R e R e S o e o ana s

pulled tB§etBaP Y 855 WiecHeof qpaasy. angs Rk om!1 W dcurmiateed thésgas flow
gas eneﬁgy and vel ocity decreases, e condensed

becomes dinderady dhengak fiowt v bastp srerk taenps Hhergordansed liquid aside
soit m%y ggbﬁo%uﬁgv ge tﬁ@mkﬁe aﬂ‘@%é‘ é&’ﬂo‘é@@ &%ﬁg)ﬁ bO¥hiAG thd BSndensed

Vi n ack into'the
liquid, Medhdd predislye desrebes taadrvedncngas ré@m eASIgRS emdgy and velocity

pressure drop increases, entrained fluids
decreagns, WcsP SIANSEH JI WL DTS RBGK it OPGt: T AISING efct is from
| t
o5 puLHr R SEES) R0 o RHAORS IR SR Ly Bl gas fow
path. A;ddmegaﬁygaﬁs thg cdreiel iggaildsexnendigytarict pressummdidmre increases, more
as unti

otring s, 578, 8 o aPESERFBHE TR DSBS e

exacerbBfi Qféry,@g[érgatl on reactor 102. By keeping the t wo
feeds separated until a point of necessary mxing, a

Embodiment catalyst injection nozzles prevent this condition from forming by
segregating the liquid catalyst feed from the atomizing gas until it is necessary to
combine the two together to effect aspiration through the orifice 211 into polymerization
reactor 102. By keeping the two feeds separated until a point of necessary mixing, a
liquid phase is prevented from forming on the walls of outer tube 202 that would hinder
the progress of the atomization gas in carrying out liquid catalyst feed. Since the
atomizing gas in embodiment nozzles does not have to work against a condensing liquid

as it would as previously described, a systemic pulse effect is not formed. Since a pulse

10
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l'iquid phase is prevented fromformng on the walls of

outer tube 202 that would hinder the progress of trie
WOR208H%4¥Si on gas in carrying out |iquid catal P&I/42@E/031778

Since the atom zing gas in enbodi ment nozzl es does not

have to work against a condensing liquid as it would

as previously described, a system c pulse effect is

not fornmed. Since a pulseis not forned in enbodi nent

is not fapaban, elabbiinferd treadies! bow af stahayifiowiof gesmiaimg gas and better
better control over the gas to |liquid feed ratij os

control peverehft @i & hqs«@dqudofeénorSymag.bﬁc@‘@ﬂ@i@&%m/’mﬁf@)f@ag since the
atomrzlwg g#( nemogﬂn%ﬁl et ﬁfzf’e 883% nat IhQ@é‘ %tc%nﬁﬂﬂélh{;%%glgggamst a

agalns condensate, [ess gas nmm
liquid dotndeﬁé@tet lddzegas praya be arseal bifedt thei aismraitiahy@‘t thiehliquid catalyst
qui red . under S|mI§r conditions in a i

t
than repiEcindg osyiar IGRCAIRTSHR: £ IRt Z2l cHigady fig pd beter
control! ﬁﬁ‘i’hé e@eﬂélg& dod rb?%@é ifa8 1bRel i g4y do ' IRjUIP raBEUidRited. These

ese properties affect the drop Size distribution of
propertiesaifertdhe alrgp isizeedigtribiutinn rof tiquicheatalyst feadewithingtiedgas-assisted

vt SRS Topbs Heb LIRS L BRI AT g o we

consenaforagicitbiiang gagt h of the internal mxing charrber 208
and the m xing zone 2 10 al ong the fl ow channel, which

t oget her forns an |nternal

The ad@'ﬁt"ﬁn'ﬁﬂa’iﬂ? @fothévaitainabm@v%q) AmbgY 2§% <§ ﬁmf Miing &§nRe?10 along
the ﬂo»@@fwé’ﬁﬁet' Fhiefltbgstnet fdrm% egrgtrﬂ‘éﬂét wﬁﬁﬂ?%ﬁ@tﬂbnkooﬁtfﬁzed to avoid

rizatl on react or sys e C pu se
developmgnhref aspwse)ildworelgenadr@éoreheje@lien afidie lsatalpsircanhgonent into the

i mate en he i.nner tube 4 and the be in
polymeBraoe TsaFRr ks A1 outtoie Rl 1B sRMmE S AT tiause the
distancel Séw.se%a&@l pRdxirh B8R0 eAA hfaiheNinAk P AuBR PO408Ad ARG RJiffihg of the

the formation of a steady-state, uniform two-phase

orifice EII bwt the éeed yelociies afitheiligyic eafeivs! faerd pneatomeing gas does not

t [ h
permit ¢ et o ¥ el A BRI IR Jamd i
regime! Ad Previcushy stateh o rdticddsf the aﬁ@olﬂin@@as Tt licead catlyst feed, or
with this structure of catal i nj ection nozzle

the atoavanas@aseyfsqtéq!nc&qﬂﬁtsr@tlm Swre r%ﬂwto@ﬁfvﬁﬁeatm%t%cig@ffeed ratio
with thfgls?ﬁ‘ue %@B%@a}@a@%@q lgﬁi‘%ébﬁ a%giécsg%&ﬁgf% s aké\n?ormatlon

tore lity
|n flow of the mixture of atom zing gas and the liquid
The digtanecs plsrnuoyg a;tmmtr@ (hawayffrmth@wp@ﬁmte endgdrtee inner tube 204 is
ween .t he

t he st.a
contolEBrradpate g aRlivuBMS8r I LA pE sz Bogrs gpo the tiui
catalyst Bf abﬂrﬁ@ bs taUt*Rﬁv d8fpeniad. 1MsomBbodiments the ldfﬁtaﬂdé)between the
he entry to the orifice 2 1 1), which reflect
start oftimﬂ@rmedm@mmgmhamber 208 (at the proximate end of the inner tube 204) and the
end of mixing point 210 (at the entry to the orifice 211), which reflects the length of
internal mixing zone 220 along the flow channel, is from about 0.5 inches (12.7
millimeters) to about 1.5 inches (38.1 millimeters), and preferably is about 1.0 inch (25.4

millimeters).

Crifice 211 and nozzle tip 212 form an opening at the end of catalyst injection nozzle
200 from which the feed is introduced into the polymerization reactor 102. [n some
embodiments, the size of nozzle tip 212 is about 0.065 inches (1.65 millimeters) in
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internal m xing zone 220 along the flow channel, is
fromabout 0.5 inches (12.7 mllineters) to about 1.5
WO 200H0450538. 1 millineters), and preferably is P&EGHR00P/031778
inch (25.4 mllineters). Orifice 2 11 and nozzle tip 2
12 form an opening at the end of catal yst injection
nozzle 200 fromwhich the feed is introduced into the
pol ymeri zation reactor 102. In sone enbodi nents, the
diametgt.2a spim@enoelimients? ik iehgiib obithd ofiiée et hethé dlaméter of nozzle
i mllineters%@ﬂ ndi apeter. | n sone enbodi nents, the
tip 212|raRgeshrem abutGA0r] about0.4d the di ameter of nozzle
tip 212 ranges from about 500:1 to about 0.1 : 1 . In
In som%cgfﬁ 8<!in fﬁ'f%‘i‘r‘témfﬁé Drifit® @19 drid fHé rozble ﬁﬁ@mf‘@wdltﬂé’@hﬁmﬁlk@non of the

abl es atom zation of the catal%/
catalyst déed.i Tee valnthed vglogity ofidhe |Itqunddcaiaw md m@@er ﬁuben Re# and the

el B, UG P WA AT oo s

dlstr:btﬂioﬁtdflthélhqmﬂ halySefebd 0 Tihe azamadat@h d@eu‘élod' ﬂenfluences the size of
atom zation gas velocity influences the size of th

the pagigle ilea Fa58n Crapied c&tea@:é?de dte wdZzI'a $qrpe AAmbogimanisethe liquid
catalysﬁ géz)e%dg&ﬁﬁgsta fye;ﬁarild ﬁ’%‘é?ﬁ ?tl\é! ExHisRd; ﬁfpleﬁ"’é’@d1 Wwhrough

It di ersed od ment
catal yst injection nozzl es are independent of the kind
Embodiheht catalyst mjedtipstndzates. argrimdepensens of hehkiad of bt y)gtalyst feed.

. nj ect o no ce pul nth
Embodifbs, sih o crRplich BIFC RanEAs ity Ay etioatpig, A the tiquid
catalyst @é\éd HlieME! ahd tndteBy pH6dES bbher Eeaeblifdvenihd Pressube of the feed
[ ymeri zation reactor 102. Enbodi nment catal yst

po
flow, intefhecpolymenigation seatef1@ a substantial ly narrow drop
size distribution of the | |qU| d catal yst feed

Emboduﬂ%ﬁfgpeaq?ly?{: :ﬂéc’ﬁb@f H?#ie qﬁlﬁi;én : §fbs‘.t§nﬂaﬂ @%L@wgﬁop size

distribudioppofsthzdigliics tataiyst ifeed dﬁjecttbd vihapdn, ah d:mhahg/mffebmﬂln the partlcle
ul.ts in a reductio e formatjon o

size SRR okl AP hORridh, TBE AT e disyytion o the liuid
catalyst fedl ith i s%aaéhomﬁ%@ fo?r%t#@%f%g@ﬂim@ra@és HRG tiheaM

pressure to downstream pressure (al s6 known as
‘pressure drop") in a range of fromabout 1.05:1 to
In somealssakodiments, dinel catadist inieshpY nezzle BEG hasg spratiorad upslsgam pressure

o dombsde B4 BT SRS M Vi B gt 1051

to abolf espuaAd preferablyt Pomhabpuies 2t eoi abqal yiser.i ZBe Qerm "upstream
reactor 102. A controlled droEI size djstribution of
pressufgigefarg e theptessys akBiNg ROIPha 19480 {88 teim Hawnsiiegm pressure”

refers to the pressure in polymerization reactor 102.

A controlled drop size distribution of the liquid catalyst feed in the gas-assisted liquid
catalyst feed results in a substantially narrow D-ratio of the friable olefin polymer
produced within the polymerization reactor 102. The term “D-ratio” refers to the
unfiltered mass averaged PSD of the olefin polymer composition. The closer D-ratio is to
zero, the narrower the span of the PSD. The D-ratio is defined as:

(D90 - D10)
D30

DRatio = {(Eq. 1)

12



10

15

20

25

catal yst feed results in a substantially narrow
D-ratio of the friable olefin polynmer produced wthin

WO 20@/¢9450%ner i zat i on reactor 102. The term " D P&{I2009/031778
refers to the unfiltered mass averaged PSD of the
ol efin polyner conposition. The closer Dratio is to
zero, the narrower the span of the PSD. The D-ratio is

defined as: D . (D90- D10) . , DRatio (Egq. 1)
where *D80has aséeDoéFeram thweslze ef aﬁbe:bmtut:hhs:e%z Bolmfthat allows 50% of the
t heoretical sieve hole that al 0% of

particlgsaireugheRY Wil PiBYai: ‘G0 e r;s éﬁ’ 5“‘9@5 a 'F%lf“' dp &he gieve that
allows td@f% sdfztﬁeopf !EQ'tﬁ yd@\?é?f w%@teaﬁ@abm* IOV 0W of tﬁé@aeve that

icles rou D10" is the size of
allows ﬂl@é/o sf d\&p&ﬁhiatesahrcnm by weightt mespmetdrobedimentsuba Dyatio of the
olefin

olefin RSk sorBRSBET et b s ateen P aeelt Bl 2belt S5 o

about 3.5. In sone enbodi nents, the resultant

In somiénéimbbeineshtBatid rstiltahe anﬁt'tefréﬁi;mmfﬂ@ rsid dighébutiemubtt et resultant
ymer nmay be from about 125 microns to about 12,700

pol
polymeti raabhg from gbeut 825 Mierons 4¢ aboubt 2y OBAMIEENEs of
gas-assisted liquid catal yst feed obtai ned by various

Figureﬁigtziﬂéét?tei{%ﬁrﬁgi;gzghé’rﬂézéfeﬁas a%%fs?’éﬁéqﬁumﬁﬂdl PMeed obtained by

IS an image o spray pa¥tern as
variousbatalyse thjdgtion stz intluding leentarinent nozies.pFigure Satis an image

o« Rt e B AP B b T AR PAR e o
an ima@Bhad] 5Bl Setfeth BStobtAineatdy0s tNe--Ribe TP nozzle representative of

tube-i n- tube nozzle may be 'simlar to cataly
the emhqdenenbﬁatﬁtyﬁtureegw a6zzlesudbe dubea-in-iulmg @@ﬂélezmaﬁob%@mﬂar to

catatysg i Jte'gﬁﬁ'):r? [a O%%t gbpb%g |ll@£t%{fécg (ﬁ ﬁ:nlb@fegﬁ %%g‘fs’ng uc‘ﬁy Hescribed.
Figure :Jlgd/Q ﬁn |b1?§e601<€%rhy @raﬂermbs logtaimd By raguhat;ﬁ-ltutaé t)iib@ nozzle under
r
“base RIS’ m'smaawﬁjwagﬁr%“th%desfmui%&@% Firre&F s Bh image of
a spraycpa IobEaiRbd LHE £ PBELABMS tYPEChoRIE CRAPPESERARE of the
b Pafipls bl i

ase conditions of atom gas an
embodiraentgi u@devaaefedacecsdfowasatbr frolrsbes&gjdmd)ttonﬁoof aiaizimg gas and

ey 3D AP bl B Y 5% AR, bmzing o

is reduEé@% ﬁn%mdddft%tqhat ®satioutleps BafHe 194scAdorRiiad. ment
hod 400 for producing one or nore polyners.

Enbodl ment nmet hod 400 may be carried out using a
Figure dnilasiratena floyahat of an embodiment method 400 for producmg one or more

polymers. Embodiment method 400 may be carried out using an embodiment system
such as system 100 with at least one embodiment nozzle such as catalyst injection
nozzle 200. At step 402 of the embodiment method, at least one monomer component
is injected into a polymerization reactor. In embodiment methods, the monomer
component may inciude ethylene, propylene, cyclopentadiene, ethylidene norbornene,
ethylidene norbornadiene, styrene, butadiene, and mixtures thereof. In some
embodiment methods, the monomer components may further comprise one or more
solvents and additives such as agglomeration aids. In some embodiments, step 402
may also include adjusting the reaction conditions such as temperature and pressure
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such as system 100 with at | east one enbodi nent nozzle
such as catalyst injection nozzle 200. At step 402 of
WO/ @AHSdi nent net hod, at | east one nononer Q&FIERANN031778
is injected into a polynerization reactor. In
enbodi nent net hods, the nononmer conponent may i ncl ude
et hyl ene, propyl ene, cycl opentadi ene, ethylidene
nor bor nene, ethylidene norbonadi ene, styrene,
within Byichgherestionneagior ttoreemblene pedfmelizatiooneaetibodilmant embodiment,

met hods, the nononer co nents may further. conprise
the polymergation FAciel S MTLa i PalaPFatee eacior Jo2. *°™

aggl oneration aids. In sone enbodi nents, step 402 may

At step?‘h@@ of e E%o@ﬁhéﬁ%@%oﬁ%d&ﬁﬁi F@[lré? Qnﬁ'dds%lswé e’ catalyst
enperature and pressurew thin a polymerization

feed com@ﬁsmg atoleeabibne alopmétingrgaszand e Ie@émeohﬂumi cagalyst is injected

rvo g BRGFAAT Ao 5 BEL B A AL E R i i eyt o

is injegtal ol Heélibsl’(@iﬂm? cdretnti andr speddy ﬂﬂlowarms Biss itetne d'substantially
i quid catal rising at |east one atq

[ d
constaghand steat IRSaeLRs Seel IR fondarkPaSamigant puisations.
A gas—a&%us’?é)& X@F@ %? dlﬁﬂ fe8ACH al:?‘lng ds@ﬂﬁleghp??lgsgtlgbelg achieved by

as- assi d Cata
reducwgﬂtm fintel allldvyect mrsma-mmg ah dihslaﬁadgzlrfg gas raemetheﬂimjid ertalyst feed,
"subst ant i

t ant d st fl d ... .
thereby QTG PeuiorANGN ol & APHRoBEq PRI (s ary ST minimize
the eff@&@s h?é:aﬂssét‘f(g\ hi @edoCaiond !;S‘éﬂsaftléﬁdjém&hérgcdﬁd@onstant-ﬂow pumps

stgnificant pulsation is achieved by reducing the t
may beLsethvirdembodimentigetiods tie aghiene A eansied liqpiy exfalyst ﬂfQWdate
catalyst feed, thereby preventing the formation of a

At sted f’ii{)é Co? Qﬁ%eﬁrfé’ GQP@ £ nldtRY4 sﬁ8w§1”iﬁtlﬂgﬁre”h nk 'ﬂn%? gfﬁ‘ﬁgﬂneérig obtained.

SUC as’ one or nore pulsatl

The finan dowmtmatsubbmmsrawrpmmwebm pod@der uorepbstﬁormflaumg an absence
thods to achjeve a constant |iqui

d t
of catqhgstesupRoro g HOEMAN GuDBHPHORATRG S disslkyion. The term
subste{:rﬂtﬁilﬂggfnﬁbiea J‘nbﬁ@:’; tRS t, ifsn&b%fl‘ BP%? Q&ﬁdfq)é}‘ﬂbfes of the olefin
poly S e ole

F I's a substantia fria
polymearcoqnosediiiam ateaeasity wnatbe@meedxﬂcamtoaa ymw®m1¢|be formamdth a small

appiceiip' §5praB it s BReL pHOh BRI bESiclohe haht' B Sg of niecing

(step BGP ablovidels tahes stdtiangr hiagb@s @talyse @bpf iskepalistiBation. The
np05|t|on are easily crunbled or reduced to a

Substapba\lﬂleﬂaerWe catalyatviltop sizendistritutioni ceaulteninon pulegianlially narrow

unhltergﬁ Jpeagﬁtﬁ% 6 z%u IE’W@B@%M ow 'hﬂ rbg%%at anp%&&lﬁgp%f the present

inventiGA! tey ahfiltbred mage ademsigel ;bamuensuza @stﬂbb&tmn@n Blrayio, of the final
narrow catal yst drop SI ze distribution results in a

polymeyiip feahabeut 1,5 i abew 3.

in some embodiments, the final olefin polymer composition has a weight average
molecular weight ranging from about 100,000 to about 5,000,000 grams per mole,
preferably from about 250,000 to about 5,000,000 grams per mole, and more preferably
from about 500,000 to about 4,000,000 grams per mole. lt is to be noted that the range
of particle size distribution of the resultant polymer is determined before any step of

sieving or filtration.
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unfiltered particle size distribution of the olefin

polynmer. In an enbodi nent of the present invention,
WO 209094505 t er ed mass average particle size PCT/US2009/031778
di stribution, or Dratio, of the final polynmer is from

about 1.5 to about 3.5. In sone enbodinents, the final
ol efin polyner conposition has a wei ght average
nol ecul ar wei ght rangi ng from about 100, 000 to about
in som& .PtbdPenty; ans fipairpoipher ispareblefialpolyrhenrin sbme embodiments, the

250, 000 to about 5, 00Q, 00 i | ) ,
polymeg sy ETERIY &1 ot Coop-deRAIA L 10630 istreg, s in some
embodRféEntf0hgy difo irtidde ?ﬁe rb?tn%et(f}%slm%dr@%%.ofn 8&vhkigrhSodiment,

Size distribution of the resultant polyner is

the polymeecoinpesitivafroay camprise donpabeiieR( weight peir¢entde iabaut 85 weight

o TSRS e Rl PP bkt B e o o
polymdrNUATRPh BRbiimERts, e&pRlyandt &drhpssiaasl iy treiuekOup to about 10

di enes and, in sone enbodi nents, may al so include one
weight peraent dieneonenpmes §asediupen the tadahweighbetiheerflymehe

pol ynmer conposition nay conprise from about 20 wei ght

r t [ : e

ExamplE SF e 18ROl polmbE nialL rREIRE DuchR 8N fired jo, polvethyione,
polypropyiegiet, EFfDNMhebpel, wndmixtures tmreefrbodi nent's, the

pol ymer conposition nmay include up to about 10 wei ght

percent di ene nonomner ba Y the total weight of

t he pol yner. Exanples oF ul tant pol yner may

i nclude, but are not |Iimted to, polyethylene,
A compaligdh qpYthaae, bdtelhr tHeberfoangdnde xif uaeserhbedia@int nozzle and a

MPLES A conparison is nmade between the performance

standatst neazlenlsaewielt theo 2108 afhAlaCRIRIRAIIING J¥OFRSK SEMAITIPRS.  The

« [OF ar r dit-: 0C i «
stanadr e s 8 ol SSSEAEILER0D00r RS oAz o T
nozzle Tingheeirbtieirehtheniype Ipeevisusly 'HEstrilvext 2he 'showabie Figuredbe)

of the type previously described and shown in Figure

2 Tahl 1 = arinont Al conditi oanc T"blellists* e
Tastal conMazZientve, | colaifg the SO pnds  FBIZVE)

66 ns_" $B" Siapdarda” [efer %8 " St andard ®dse” dnd t @75

"Mt andafd Af fTeT", respectiv@ly, rlepresd®®ing the 265

a®ndi ti ons udinig the|priort.@art nozzle. 10" thriough 2680

refer to themanditi pns ugp.ng the enbodpoent nozzl €6.5

[gziLl rati o Myt he afom Zgfgon gas to fpgurd datal s

*—'—f@eu rat T o 4T 0.5 150 26.7

SA Standard 1.3 100 27.5

Table 1: Experim

ental conditions

Table 1 lists the trial conditions for conducting the experiments. T he terms “SB” and
“SA” refer to “Standard Base” and to “Standard After”, respectively, representing the
conditions using the prior art nozzle. “A” through “E” refer to the conditions using the
embodiment nozzle. “G/L ratio” is the atomization gas to liquid catalyst feed ratio.

“CB(avg)” is the average carbon black feed set paint.

For each experimental run, a 12-hour period is used in an attempt to establish steady-

state reaction and feed conditions. At the end of each 12-hour period, a resultant
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"CB(avg)" is the average carbon bl ack feed set point.
For each experinental run, a 12-hour period is used in
WO200%4% &M pt t o establ i sh steadystate reacti on PSAXRERH31778

conditions. At the end of each 12-hour period, a

resul tant pol ymer sanple is collected, the bul k

properties anal yzed, and process conditions changed to

the next test condition. It is noted that typically
polymdrosampie @pejolibtied, kst louk usrepettieat astiyady; snat process conditions

reacti on and feed condi §| ons

changeghip dheynexh st anddiashertalfi e rjh@hﬂ@l@?l,y f%é the %ratmg system
f
used thil UNAR4IAR ToLeRh 8hd 18bd"eAHd n?orrsvrwaﬂ@%ugfeoa SB 72 hours of

Dratio o e resu
continugrsaparaiiad. conditions in Tabl e 1 are plotted versus
the D-ratio values. As can be seen with Figure 5, the

Flgureg ik %&ér%g tillﬁ% gstﬁl . ?@tghgp rlAgz:}Z‘% ;yip}séﬁqﬁjﬁgq%%ﬁg&%gdﬁi%ns on the D-

ratio oi fmbl Fe%hﬂénﬁptﬁlgﬁfe@v\ﬂfhdogé\ﬁemt@l dongaitidngen dizbllé i1bavel BIBtted versus
gure 6 is a graph illustrating the effect of nozzle

the D- Wpélaﬁmﬁ phocasdecentn vitbfdawe 2.Hee Lr&atigyet hierfeseitant polymer is
reduce%l' @ﬁeﬁ%@enﬂﬁoﬁﬂ%rﬁeﬁ dztlé‘rlrs lgﬁétd/ ek . qédy gaggsiﬁrb%ﬁotiﬁalcates a

ze of e S| ze Stri I'on based on the

narrowef pahﬁlqodtqprﬁize distributtion. Fi gure 6 shows that the APS of
the resultant polymer is reduced when the enbodi nent

Figure Bt Spabfifialithfe el PLRRAAR 1580 ot BoEe8t E8RalBos on tne

averag@rk?drﬁété%a@?Aﬁ@ﬁHﬂH&re@ultéMﬁ%iyrﬁbﬁt PIFSIHE SEHER thbZ$ze0bf particle
particles g%re7|sagraph illustratin

size dnsﬂm@utwm desedfombiezweighy 9 tha dopieeieBedtichdiFigwa s é%ows that the

APS of My [y Bt PSR &S, ool U e PrtbgfGAL PeAb et for ai

proceskingueenditibhd itaratiresTabii®01.i STII‘\@dM@deﬁQrcad:thated based on sieve
condj ti ons u5|ng t he enbodi nent nogzzl e versus the

analysigaiRISYMHBE 2 e ardisiHlutN QN 82804 PRINMPLRATMEESNg t he

effect of the change in nozzle type and process

Figure f?ﬁiéédé yrafﬁ |I%tr§ahﬁ as&le%%f 8t ﬁoﬁﬁ@ ggﬁmanh%ﬂas%s@ Rohditions on the

t ant po he grap picts tha
D50 ofdhd oelsuttant polybresri rD&i(m Eaecaioufat@ i millirmeteanang asstiging logarithmic

caicuiaﬁggzl ggs j:nerraet Hl%ﬁ%é@?ggg& Sg\r”g@%t 2 tf{a]re ﬁ'a[sflr c%gfﬁ%s using the
embodirfémtl AczzRheyYsLE #te SBart nbedeiced gas flow conditions,
an enbodi nent nozzl e produces a resultant polynmer wth

_ a narrow particle size distribution versus a standard
Figure 8 is a graph illustrating the effect of the change in nozzle type and process

conditions on the agglomerate (Agglom) formation in the resultant polymer. The graph
depicts that embodiment tube-in-tube nozzle significantly affects the aggiomerate
formation compared to the prior art nozzle, even at reduced gas flow conditions.

The results show that even at reduced gas flow conditions, an embodiment nozzle
produces a resultant polymer with a narrow particle size distribution versus a standard
nozzle. The D-ratio of the resultant polymer varied from a nominal 4.2 on a standard
nozzle to 3.8 using the embodiment tube-in-tube type nozzle — about a 10% reduction.
The D90 varied from a nominal 3.2 mm to 2.55 mm using the embodiment tube-in-tube
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nozzle. The D-ratio of the resultant polyner varied
froma nomnal 4.2 on a standard nozzle to 3.8 using

WO 2RE/@AHSdi nent tube-in-tube type nozzle - abd’@fr/lé”ﬁ@%”m
reduction. The D90 varied froma nomnal 3.2 mmto
2.55 mmusing the enbodi nent tube-in-tubetype nozzle -
a reduction of nore than 20%in |l arge particles. The
frequency of particles of at |least 0.25 inches (6.4

type ndﬂzﬁé L Eieelslion bf MosereiaT 20%:a0 34 Qeepaticies- The freediaed of particles
ents, test procedures, and other docunents

of at !eaﬁt %55 inghas @i %@'lbmeéﬁﬁsi {n diaphenT ag9igrmeralps v is reduced.

i ncorporated by reference to the extent such
1.S.C t t | 1
All patphSFIRR rBobduB3; abl et SPnelts, hted: InchBIRF Oy Mbuments,
are fullyeéncompoeated i referente do temesteot suble displesure is nhhingonsistent with

vis i 5580 SER5HY RO kBRI WL el bl e Ferits

apparent to and can be readily nmade by those skilled

While embodinédts of ﬂi@omedﬁ@arﬁav@gbéémmeeb@bapwuht panidukeioneat will be
of the invention. Accordingly. is not intended that

undersfansl @b parieys pﬂ@r@gcﬂrﬂ%atwéq,ﬂj&@ HPAEM teand gan he readily made
by thoﬁgm{agﬁn IR a‘#@%ﬁ?r | dase gtfrcfrﬁrtﬁé‘ Dt e{rﬁ Q@tﬁ)é BRthe invention.

€ cons nconpassl ng
Accordﬁmgiy uit &s nof irperidet #iztdhescepe yoivhe aaimssapgended be hmlted 1o the

rese i nvention, I d f ur es |ch | d
oxampfs” BPd dEa s sobi GHb s PUaRr Bipt o SLURR| PEQCPStrued as
encomb8&siAg L all Gh¥hiddiuleae of NYRBAIBE ﬂﬁfvteﬁyn@h;cwh%‘srde in the present
hunerical lower limts and nunerical "upper limts are

mventl@n,slne'dldlngaalg teateresnwhich wanldibd ireatedias anvivalepts theraeefk by those

skiled e kEMRIR B i hdBS IR S, ' 7 ogar al css wner her

the word "about" or "approxi rrate i s used. Dependi ng

When mmﬂericﬁleowenﬁmﬁs ahd numaritas uppenidhite aralistedemogebédm any lower
and unl e eC| fi cal I Y stated ot herwi se, such val ues

'imittoww&ﬁy ed.percent, 5 percent, or,
somet i nes, 10 to 20 percent Whenever a nuneri cal

in the déﬁ&ﬁﬁt:c% t&h! rﬁﬁh@é‘@dléélﬂkéd a%—ap&%ﬁiurﬁé’te%ﬁﬂﬁs krégartiesEWhether the

di scl'osed, any number fa wi t hin range i s
word “ap@m‘ farc anpyoﬂmte o@edsed n [pamndmg afpory th;e contexhiimgvhich such

values (EBESSUNED, alid D1Bs< e 5, FeBAREM RS 3ok vy may vary by

1 percérdnNgipBecdnt 5pBrddht tdt, SoMetimel, 30Go @ ﬂé@é@rﬂntwhenever a numerical
increment, i.e., kis 0.01 or 0.02 or 03 to 0.99 or

range with.a imverolirsit, Rhnyndude UPear liriih gl dist d'ﬁ@'@SB? 8y nrmber falling
within tﬂgr}g 3 lééﬁﬁf Rﬂd;@@l%&d' n %Iaﬁ%u?epremef o‘ﬁ@Mﬁ@ numbers (R) within

dISC sed
the range are specifically disclosed: R=RL+k"(RU-RL), wherein k is a variable ranging
from 0.01 to 1.0 with a 0.01 percent increment, i.e., k is 0.01 or 0.02 or 0.03 to 0.99 or
1.0. Moreover, any numerical range defined by two R numbers as defined above is also

specifically disclosed.
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What is clained is: 1. A catalyst injection nozzle,
conprising: An outer tube with an open end; A nozzle
WO 20008430 a di aneter connected to the outer tK6d/EEYN/031778

end; An orifice connected to the nozzle tip internal
to the outer tube; An internal mxing zone connected
to the orifice internal to the outer tube; An inner
tube residing within the outer tube further conprising
an open end connected to thE€LAS nal m xi ng zone;
where a steady-state, uniformtwo-phase flow regine
@g{vveen an atom zing gas and at |east one liquid

3§/ SRIMRAH does not formin the internal nixing
zone at an atomizing gas to liquid catalyst feed flow

1. A @dthRst mpbtieRddzz, @ammisaput 10. 2. The nozzl e of

t
claiml1, where the axial length of the orifice to the

An g@@m@wﬂé.aﬂ%neeﬁ&.p is fromabout 500:1 to about

nozZl e of claim1, where a pressure

dr ratjo is from ut, 1.05:1 ¢ out 2: .4 . The
AnREd8 Rl e clame BT GRak e e ob B3 e Pt o
catal yst feed conprises at |east one of a liquid
An erfic ainegiRd 19 @Pml%%ﬁﬂe@@fgl outer Wpke nozzl e of
claim1, where the atom zing gas is selected fromthe
An gteropl wofng zena gonnecteddn thepealing ivtrrnakiortbplcitefdsben
supercritical fluid, and conbi nations thereof. 6. A

An imeehtubef @sidimgdithinnipeaoytet turerfuithercgaprigihgae open end
pol yneri zation reactor with at | east one catal yst

conhBLRelthb IRe IMEFaE nfikinglzahg) 1, conpri sing: feedi ng at
| east one nmononer info the gas phase pol ynerization

S5 B SRS Ry e RO AR B i ges o

ot MBS TLERAS, ORI I hal B BEong ot
Ao ERs Rl R To fippraingom abadt 5T aRonbiter

2. 7%2%“32%2.&9&3&?2@%;%5&&?&?@'néﬁ?;ﬁ;.idcd‘%ﬁé glri o0 toi tshesc?ilar?l%tt;rdof
nozzle tip is from about 500:1 to about 0.1:1.

3. The nozzle of claim 1, where a pressure drop ratio is from about 1.05:1 to about
2:1.

4. The nozzle of claim 1, where the at least one liquid catalyst feed comprises at
least one of a liquid catalyst and a slurry-based catalyst.

5. The nozzle of claim 1, where the atomizing gas is selected from the group
comprising nitrogen, propylene, a noble gas, a supercritical fluid, and combinations
thereof.

6. A method for producing a polymer in a gas phase polymerization reactor with at

least one catalyst injection nozzle of claim 1, comprising:

18



10

15

20

catalyst, a slurry-based catal yst, and a conbi nation
thereof. 7 . The nethod of claim®6, where the at | east
WO YSi d catal yst is selected fromthe grod§T/US2009/031778
conprising a Ziegler-Natta catalyst and a netal focene
catalyst. 8. The nethod of claim®6, where the
atom zing gas is selected fromthe group conpri sing
ni trogen, propylene, a noble gas, a supercritical
feeflingi at leastneanbhomer omis thdgas phasé poleeriratinodeadtor,
claim6, where the atom zing gas and at |east one

|nje|chﬁg‘ iadl iRt shy ﬁgui@lrcﬁitai%mhﬁ dnaftomiding gﬁs eHroagphe Bt Rast one
to about 10. 1 The met hod of claim where the at

SRR AT AR S0
RS o I T A s

nor bor nene, eth i i dene nor bor nadi ene,
lmtlatﬁ%pely@eraaaoemﬁtmw%mﬁ P@%‘foneﬁ‘ }'/“?Héefn%'i‘%od of

claim6, where the nethod further conprises adding one
where therat leasglooediqaid catalystis seteated fron) eegiopatqosprising a liquid

reactor. 13. The nmethod of claim 12, where the one or
catapste aaggirptrased catalystdsnd a comtinatidrl thekedf4. The net hod

of claim13, where the ratio of carbon black to the

7. THY WEBiod Y& b AR RPMIetatIedst rROIHuid baRB)en isselasiearom the
bl'ack per hundred parts polynmer. 15. A substantially

grolib cBRlcfishfl ¥ FrlqiGoNR §'c%§éhvrbt%rn%dé‘ﬁféqalﬁ%$eha%a@g§°d of

e po ymsr COﬂ"pOSItI on nas an absence

5. ReaPefBi et ey -%@m’%ﬁé 35 i SslPle b e P

1.5 to about 3.5. 16 The mer conpgasi t of, claim .
compyising BHOIERe PIRYIERS 2R} 9? 1%ﬁ“ﬂ%@”ﬁ%\'él“&ﬂtamﬁ@at'ons
nol ecul ar wei ght from about 100, 000 to about 5, 000, 000
thegpohms per nole. 17. The pol ymer conposition of claim
15, where the pol yner conposition conprises an
9. Tihet reetildyoferiaicoépwheienthef atomizihg ghs 20dtal ledsiwnediuid catalyst
wei ght percent ethyl ene or
are injected at a ratio of about 0.05 to about 10.
10. The method of claim 6, where the at least one monomer is selected from the
group comprising C. to Cyo a-olefins and Cg to Cy dienes.
11. The method of claim 10, where the dienes are selected from the group
comprising cyclopentadiene, ethylidene norbornene, ethylidene norbornadiene,
styrene, butadiene, and combinations thereof.
12. The method of claim 6, where the method further comprises adding one or more
agglomeration aids to the polymerization reactor.
13. The method of claim 12, where the one or more agglomeration aids is carbon

black.
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propyl ene, or conbinations thereof, and from an anount
greater than 0 to about 10 wei ght percent diene
WOrRgHP4T05 based upon the total weight of the FER2P09/031778
18. The pol yner conposition of claim15, where the
pol ymer conposition conprises at |east one of an
et hyl ene- based pol yner and a propyl ene-based pol yner.
19. The pol ymer conposition of claim 15, where the
14. (heymethotoofndsint | 8nwherpthesato ah cafRob bladibter theamhlyrmiberanges
pol ymer conposition of claim15, where the polyner

frorﬁ QAHRRE 5ith @BolRgs PBUHAS chitdireslasidpbi BligdretZfarts polymer.

di stribution fromabout 125 mcrons to about 12,700
15."R §0%Sntially friable polymer compasition produced by the method of claim 6
where the polymer composition has an absence of a catalyst support and comprises
an unfiltered mass averaged particle size distribution ranging from about 1.5 to about
3.5.
16. The polymer composition of claim 15, where the polymer composition has a
weight average molecular weight from about 100,000 to about 5,000,000 grams per
mole.
17. The polymer composition of claim 15, where the polymer composition comprises
an interpolymer comprising from about 20 to about 95 weight percent ethylene or
propylene, or combinations thereof, and from an amount greater than 0 to about 10
weight percent diene monomer, based upon the total weight of the polymer.
18. The polymer composition of claim 15, where the polymer composition comprises
at least one of an ethylene-based polymer and a propylene-based polymer.
19. The polymer composition of claim 15, where the polymer composition comprises
an EPDM rubber.
20. The polymer composition of claim 15, where the polymer composition has an

unfiltered particle size distribution from about 125 microns to about 12,700 microns.
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