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application claims the priority benefit under 35 USC 19(e) to U.S. Provisional Patent Application No.

61/023,298, {§ethdanmuans24, 2008. SFIELD OF THE INVENTION The prei,ie[r)ﬁégg{@qm%gelates to a
nozzle for introducing one or more catalyst components into a gas-phase polymerlzatlon reactor to
achieve a particular particle size distribution. Embodiments also relate to methods for producing
polymers with a specific particle size distribution. Embodiments also relate to compositions containing
polymers 10 produced by the methods disclosed. BACKGROUND Catalysts in liquid form have been
used to produce polymers toABFtGIp RPBrEsSSHEM SE padiicfé /g R RIudnition and flowability.
Examples of liquid catalysts include, but are not limited to, metallocene catalysts and Ziegler-Natta
catalysts. Other liquid catalysts 15include catalysts incorporating transition metals - Group IV, V, and
VI metals - that have at least one p-bonded ligand. Catalysts are injected as a liquid feed into a

polymerizgtion reaction to btaln etter ¢ er th re e th namlcs of
the reactﬁ et %o%?rgf &5 par il g%ﬁ(z?%télsrf? u o P%ﬁécﬂ% ﬁ%ﬁﬁ? g arf?é’ ? r|E)Eglymer
propertie§’8tastt 20plicdking Stadteris A ofike Jrolvarg2da’itf@s, the carbon black loading of the
polymers, the ability to purge the polymer particles, the degree of segregation in packaging of the

polymer, the amount of scrap generatgggandikersieail/eanmistgncy of the polymer. Further, tails of
the production, the fines and oversize particles, represent wasted material in the production of the

polymers.rhe present invention relates to a nozzle for infroducing one or more catalyst
components into a gas-phase polymerization reactor to achieve a particular particle size
distribution. Embodiments also relate to methods for producing polymers with a specific
particle size distribution. Embodiments aiso relate to compositions containing polymers

10 produced by the methods disciosed.

BACKGROUND

Catalysts in liguid form have been used {o produce polymers to controt properties such
as particle size distribution and flowability. Examples of liquid catalysts include, but are
ot limited fo, metaliocene catalysts and Ziegler-Natta catalysts. Other liquid catalysts

15  include catalysts incorporating transition metals - Group IV, V, and V! metals — that have
at least one w-bonded ligand.

Catalysts are injected as a liquid feed into a polymerization reaction to obtain better
control over the reaction, o optimize the thermodynamics of the reaction, and to control
the particle size distribution (PSD) of the polymers. PSD affects polvmer properties such

20  as flow characteristics of the polymer particles, the carbon black loading of the polymers,
the ability to purge the polymer particles, 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.

25  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.



25Particle 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. U.S. Patent No. 5,317,036 (Brady, lll, at al.) describes gas-phase polymerization of olefins by
using liquid catalysts. U.S. Patent No. 5,693,727 (Goode, et al.) discloses controlling polymer PSD by
spraying liquid catalysts into a zone that is polymer particle lean. The previously described processes
control particle size by allowing a brief period of time for the droplets of liquid catalyst to disperse into
the gas phase before contacting the polymer fluidization bed by using a purge gas to deflect polymer

particles fram the inlet catalyst stream. SU n.a fi . [ deleck: alyst
injection H&zl@?@gﬁﬁgﬁsﬁ%ﬁ&%@%u%? ?@é%ﬂ%ép@n%ﬁ%%%zgﬁgﬁg @Wﬁiﬁgg?tconnected

to the outgsfinbeppamgiduAarfisscdifechaten e ndAa8 s inter 4o th& dutstdasE An internal
mixing zone t(%&ﬁ%fégw& theroHfics;iaianaaldaidneaaiietdhg, AronpenduReosigitmgadibian the outer
i

tube further comptiSing an open end connected to the internal mixi %(?Hngf the igﬁg{ t%ggdsegregating
a liquid ceetay e arEHoHs A ASETRRSNY SRESERTICATYIPRIREE HIZETHh RN Ha mi>}?|ng zone, the
mixing zope having:h @ididensthybrirahigwdistange hetiveeththgesperesadebthetmertnibe and the
orifice, that Is set to prevent formation of .a uniform two-pha Q) i ?:%%%‘%”f% atpomizing
phase anith#heChiRT LAEAgEPTRRE Merst)Pehdbling g%#?%léo%ﬁer\' \évrfégﬁtomiz‘ing gas to liquid catalyst
feed ratigraad-drapssige:aistribution of the liquid catalyst feed. In a second aspect, there is provided a

method for producing a polymer in a gas phase polymerization reactor with at least one catalyst
injection nozzle as defined above, comprising! figegipgyat least one monomer into the gas phase
polymerization reactor, injecting at least one liquid catalyst with an atomizing gas through the at least

one catalyg ta'ﬁ!?t"é'%é&%é‘r% !Q@'&b%&?y ResizatinRIeACIzle, comprising: :
An outer tube with an opan end;
A nozzie tip with a diameter connected o the outer tube opsan end;
An orifice connacted to the nozzie tip internal to the outer tube;
An interna! mixing zone connected fo the orifice internal to the auter tube;
An inner tube residing within the outer tube further comprising an opsn and conneciad ¢
the internal mixing zone, the inner tube segregating a liquid catalyst feed from .an
atomizing gas until mixing takes place in the internal mixing zone, the mixing zone
having a fotal length, being the distance between the open-end of the inner tube and the
orifice, that is sef 1o prevent formation of a uniform two-phase fiow. regime between the
atomizing phase and the fiquid catalyst feed, thereby enabling conirol over the atomizing

gas fo liquid cataiyst feed ratio and drop size distribution of the liguid catalyst feed.

in a second aspect, there is provided a method for producing a polymer in & gas

phase polymerization reactor with at jeast one catalyst injection nozzle as defined

above, comprising:

feeding at lzast one monomer info the gas phase polymerization reactor, '

injecting at least one fiquid catalyst with an atomizing gas through the at isast one

catalyst injection nozzie into the polymerization reactor,



where 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 slurry-based catalyst, and a combination
thereof. In a third aspect, there is provided a substantially friable polymer composition produced by the
method as defined above where the polymer composition has an absence of a catalyst support and
comprises an unfiltered mass averaged particle size distribution ranging from 1.5 to 3.5. Disclosed is a.
catalyst injection nozzle that comprises an outer tube with an open end, a nozzle tip with a diameter
connectewtterthinisatiog thee2brasicrit HavstificlbshAbers thatke PRIYIR FaliAtFRAFIPHFe outer tube,
an internglmixing e sonRestad dedheiarificcainteraalie tenottier title, an inner tube residing within
the outer tube further comprising an open,epd.conpeeled I, (ne nietnel mdnagone yhere a
steady-st&’fé?rﬁnﬁ?grﬁf -tgﬁ%es i r%é"i?ﬁe Between an a omlzir'?g gas and a [8ast ohe liquid catalyst
feed doesatetyieirm shuthidastatsalabbing ¢ erroabipiRbMigiag gas to liquid catalyst feed flow ratio of
about 0.05 to about 10. Disclosed is a method for producing a polymer in a gas phase polymerization
reactor with at least one catalyst injection nozzle, comprising feeding at least one monomer into the

gas phas#'golyierraibihrsadiaroniigdmachstpatadasiaiie iefftecaetyrasiien an atomizing gas
through thecatleastyome sriabsbiniRetien aerdadniecthe polymerizationsieactak yhere injecting the at
least one liguid catalyst at gas phase polymerization conditions initiates a pplymerization reaction with
tho at lonl R A R O S P S Bt the grou
comprisintjzg Reéfii¢inaRpagindskary Ibaked tatalyst, and a combination thereof. Disclosed is a
substantially friable polymer composition produced by the method where the polymer composition has

an absen : C i j it [ istribution
ranging T L B S PTION
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owever, that the inyention is not limited to the precise arrangements instrumentalities shown.
The comiBiRERES h HfeCHiaIHGs 3%‘%‘?&?@% s@ 'r%‘?o%@%%i%%ﬁ%’%Fgri%@fe%w&ﬂagplaced
upon cleagly dhsstratiohgdivespriddiplis ofithe@resentinveatisns Mo edvedyisttie, dreifimg $ytike
reference el ' e ing-nar everal vi i ilustrates a
Smplod e B e R e
elements P Shibdokniiseret mgi@gtaw mj‘@@tgg@mtzing gas 1o figuid catalyst feed flow ratio

of about 0.05 o about 10.

Disclosed is a method for producing a polymer in a gas phase polymerization reacior
with at least one catalyst injection nozzie, comprising feeding at least one monomer into
the gas phase polymerization reactor, and injecting at ieast one liquid catalyst with an
atomizing gas through the at least one catalyst injection nozzie info the polymerization
reacior, where injecting the at least one liquid catalyst at gas phase polymarization
conditions initiates a polymerization reaction with the at least one monomer, and where
the at lsast one liquid catalyst is selected from the group comprising a lquid catalyst, a
shurry-based catalyst, and a combination thereof.

Disciosed is a substantially friabie polymer composition produced by the method where
the polymer composition has an absence of a catalyst support and comprises an
unfilterad mass averaged particle size distribution ranging from about 1.5 1o about 3.5.
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nozzle. Figure 3 illustrates spray patterns obtained by various catalyst injection nozzles, including
embodiment nozzles.  Figure 4 illustrates a flowchart of an embodiment method for producing one
or more 15polymers. Figure 5 is a graph illustrating the change in nozzle type and process conditions
on the D-ratievof flvewesuitant polymer. Figure 6 is a graph illustrating thecafieotefdheghange in nozzle
type and process conditions on the average particle size (APS) of the resultant polymer. 20Figure 7 is
a graph illustrating the effect of the change in nozzle type and process conditions on the D50 of the
resultant polymer. Figure 8 is a graph illustrating the effect of the change in nozzle type and process

conditions on the agglomerate %% Iﬁmgfo W ht z&%#ner. WO
2009/094505PCT/US2009/03% g EIE:}% R ‘ﬁ[ﬁy g&\t{ owing discussion is presented

lo enable gerspRaoRin NG AR a9 Yapihedlselaned camppbionyi igiids. The

general princCip es e applied to embodimeénts and a ions other than

detailed Witiirateepartiag serdnitneospinetion sibpésr arprensassatmediapositioABoxd Rfethods. The

disclosed gpfpResitiorswbkmathpdsaredaiontaneadiske istrddedir embegiments shewn, but is

to be accorded the widest scope consistent with the principles and features discl
5 ?nstrumenta itcljes ShOW%. 'Iche components pn tﬁe dcrz?wemgs are nm{fJ necessar(ﬂ

ﬁg'scale,
with emphasis instead being placed upon clearly illustrating the principles of the present
invention. Moreover, in the drawings, like reference numerais designate corresponding

parts throughout the several views.
Figure 1 illustrates a simplified polymerization with liquid catalyst injection system.

10 Figure 2 illustrates the various elements of an embodiment of the catalyst injection

nozzle.

Figure 3 illustrates spray patterns obtained by various catalyst injection nozzles,
including embodiment nozzles.

Figure 4 #llustrates a flowchart of an embodiment method for producing one or more
15 polymers.

Figure 5 is a graph illustrating the change in nozzle type and process 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,

20 Figure 7 is a graph illustrating the effect of the change in nozzle type and process

conditions on the D50 of the resultant 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.



Embodiment nozzles are designed for producing a polymer with a substantially narrow 10 patrticle size
distribution in a gas phase polymerization reactor under normal gas phase processing conditions.
Embodiment methods using the embodiment nozzles for producing a polymer with a substantially
narrow partickosiz@dsstrbution in a gas phase polymerization reactor. EBxaibostingntipalymer
compositions are made using the embodiment nozzles in a gas phase polymerization reactor at gas
phase polymerization 15conditions. The term "particle size distribution” (PSD) refers to the overall
range of particle sizes (from coarse to fine). The term "nozzle" refers to a mechanical device designed

to control the flow characteristics of a ﬁﬁﬁ %%t r g/f racteristics of a fluid" refers to the
MG

properties of a fluid impacted by the fl xample of a flow regime is 20 dispersed flow,

which refego (g A IRNGSR (it Iovs epioie sharanie 35Sl i 3 AR PHARG A Aiskeusgd through

a liquid phase. The't rrri "polymer” refers to elastomeric macromolecules comprising long chains of
chemicallysBdhadtisalosad. coAwasiinRs sideneiphailm S e DHsIP R HetREIReS TG PRr silicon.

The term apiafdl’ iefensoimontisenay distRawishedbyhmdangiatdeassaneddaihiabdaganitiyn its
structure.,An "a- 25 olefin" or "1-ole ig?"gs ecifica‘lzliy refers alkeneds Withtrgqgén rI%agt e qjouble bond

betwé&en fﬁ%"fi a?ﬂrge%%&%oéjr%o ‘SS%[P e Smiseand. T haen em eo | i

$"as described improve
the operatabilitysiioe s idlityethedg sar o has enpoigdate tiz Sto imied tiorifvy entbediogstasdioneans

described, } (e (B110¢ AL-ciae AURAIREYpIOVIRRBAZAIRIN AL SfiegIIMarRBkRLo! lauid
catalyst and WO 2009/094505PCT/US2009/031778 atomizing gas flows and stabilizes the catalyst
nozzle prgs%?tf}?ée@rop. The position of the support tube exit relative to the injection nozzle tip is critical
in providing control and stabiiity to the catalyst injection nozzle - a fact not recognized in the prior art.
This stabifitptpetimistgrezt@scartiddifradfizippdecing aidelms/svived sabistaniabbpagpstentially

resufiing ms%f%%ea;eﬁ@aw&m'ﬁcpe%% RRRDBRTRANEERIR IS BPYHAGF RSP AIgasIeRadess waste

by limiting fines and oversized par creation after the catalyst emerges ,froraghe garticle lean zone.

Some enOEREEAE FROANENS me BRGNS Faieas Iy HSEIS B8 ER $rifuct
polymer Rrdiibmg capabieseiviagingsuaduaedprninewpariie $06igluatlitusincdegaa plmpdified

polymerization with liquid catalyst ipjectign system,100. System, 10 b d for magufacturing
one or mc?l%llyﬁg)%?rzr‘?eur%]eifﬁg?%ya cgm%%%rﬂg{ﬁr 6’3%3 -%\r/isglgr'i1 n%?é‘?%n?g?nz"éﬁo%%%’_ n@,é system
100 inclugehadivign evzakerincagtsrriese Pekrmprsaipsciacioo 2 aapadase aalymesdeiogas source
10644 liguichgaiglyst storage tank 108, a pitot meter 110, and a liquid flow meter 112. Elements 15

within system 100 are connected using feed lines. Examples of feed lines are well known in the art and
Comer TR AU SRR, R PR E LA PRt
(from coarse 1o fing). The term “nozzle” refers to a mechanical device designed to
control the flow characteristics of a fluid. The term “flow characteristics of a fluid” refers
to the properties of a fluid impacted by the flow regime. An example of a flow regime is
20 dispersed fiow, which refers to a muitiphase fluid-flow regime characterized by a gas
phase being distribuled through a liquid phase. The term “polymer refers fo elastomeric
macromalecules comprising long chains of chemically-bonded atoms. The atoms in the
long chain may be carbon, hydrogen, oxygen or silicon. The term “ciefin® refers 1o an
alkene, distinguished by having at least one double bond within its structure. An “a-
25  olefin” or “1-olefin” specifically refers to alkenes with the at ieast 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



Examples of polymerization reactors 102 include, but are not limited to, a continuous 20 stirred-tank
reactor (CSTR), a plug flow reactor (PER), and a tubular reactor. In some embodiments,
polymerization reactor 102 is a gas phase polymerization reactor. In such embodiments,
polymerizationgeastor:i62 may be a gas phase fluid bed reactor. Polynrerizegmmasactor 102 may also
include at least one feed mixer, distributor, or nozzle attachment where a feed component needs to be
dispersed evenly into the 25mixture within the polymerization reactor 102. The process of
manufacturing the polymers using system 100 includes adding at least one monomer into the

| ization reactor 102 and extracti | duct f th | izatio! tor 102. |
Some e BRI 5 AMG R:SARLCHREn L e RGeiB PIRRS Wi PR merm BERIR P 102 0

affect the qgipmetizatieniprotzsss. BOtMoimamtes avod zel diti oaatrdaipongmgding addedi ugidg one or

more ISR e \9@%@99%;?9%%0?«5’29@9%2%%9%#@@9%%@%@@90&;5@%@&%- Polymer

product is extra m polymerization reactor 102 by one or more outlets present on polymerization
reactor 103aifyRETEHR e A §eTIEdd o syiamiBnthSRroidd Rt ufattlialPp SRR in system
100. he liguidiealalstiea is hiestieddtortimisohsneaiization reacteibd tsigubt peBraksst injection
nozzle 10?. some emtiodimen S, ol¥m rri]zaﬂﬁn re%%torvjégzl may g%vc%m?rettshana%? {%%zzle similar
to catalys E#E%c‘ff ¥672185F0% 15 ?nj t'one or 8|$e{ﬁqui8 caFa?ys R CCaFﬁng injection’nozzle 104
may be coasilyritetheigesffmuchssprriniariaterizisss b Snbastaheieissosteisicon MEINELTK

(Specialty Mafal CRERmbNddALoNhNIna i RME eIBRRRIsPS fRibadpiedidengzele 104 is

configured to 10 handle a liquid catalyst feed injected with assistance from an atomizing gas. A
mixture oPBEHFRGRNNRE RIEY 8Rd atomizing gas may be referred to as "gas-assisted liquid catalyst
feed". In such embodiments, the catalyst injection nozzle 104 may possess a tube-in-tube type design.
In sdMe efidodimdinstyates leraitipifiedhdhstatjaation widy deukd saiadyshimjectionsgdethd @ameter of

polymerizgfign feagta 10201 809 i i PR S IR R pEmeN S g e WhAfiae catalyst
injection nozzle 104 may have a predefined ratio with the diameter of its exit orifice. =
or batch-wise manner. in some embodiments, systern 100 includes a polymerization
reactor 102, a catalyst injection nozzle 104, an atomization gas source 106, a liquid
catalyst storage tank 108, a pitot meter 110, and a liguid fiow meter 112. Elemenis
15  within system 100 are connected using feed lines. Examples of feed lines are weli
known in the art and include, but are not limited {o, pipes, tubes, and pressure resistant
piping. Feed lines may further comprise one or more valves, gas traps, vents, and other

pipeling fixiures known in the art.

Examples of polymerization reactors 102 include, but are not limited to, a continuous
20  stirred-tank reactor (CSTRY), a plug flow reactor (PFR), and a tubular reactor. In some

embodiments, polymerization reactor 102 is a gas phase polymerization reactor. in such

embodiments, polymerization 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 avenly into the
25  mixiure within the polymerization reactor 102.

The process of manufacturing the polymers using system 100 includes adding at least
one monomer inte 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.
30 Monomers and additional components are added using one or more inlets present on



In such embodiments where an atomizing gas is included, the atomizing gas is provided to catalyst
injection nozzle 104 from an atomizing gas source 106, which is a storage facility for the atomizing
gas. Examples of atomizing gas source 106 include, but are not 20 limited to, cylinders, canisters,
storage tanksy@mn@dwrysgenic containers. In some embodiments, pitot netenti@ysattached to the feed
line carrying the atomizing gas from atomizing gas source 106 to catalyst injection nozzle 104 to
measure the flow rate to the of the atomizing gas to catalyst injection nozzle 104. In some
embodiments, the liquid catalyst feed is provided to the catalyst injection nozzle 25 104 from a liquid
catalyst storage tank 108, which | sel ca le of dISCh ng ali d under.press A In some
embodlm%ﬂfér%ﬁﬁ'éal md%%&mpét ?rorggag’ (é) biRprdEe zf%u]?ﬁﬁ Qr?gzorfr%oreapﬁsatlon
dampenetS2dymnEnzentive naﬁablmmnhsmpmu@fma@oﬁ%ples of liquid catalyst storage
tank 108 include, but are not limited to, pressure reactors, fluidization tanks, storage tanks, cylinders,

pressluremie@iﬁ %Mﬁepmadm@ma?em@ma@%@dml' iéid}owfmemrtgﬂ:ﬂgis;atyamedmo the woI
2009/094505PCT/US2009/031778 feed line ca te uid cata t injection nozzle
104 and Y5890 18371 %&%@W t'éa(g‘?iﬁ Eg]dftﬁlﬁlﬁ% 2 ampl %?]quu %\f\? Fgﬁge@l lﬁ%él]rb(ﬁude but
are nbt limitedatpstvieigcidtubezzipiti4ulresomsfiien lp‘.bdte@ nigrtexiowinetiersianeighdfié Ry meters,

and coriofis lawdneifkh ohd b Ria“aRRAf BagHRElFRGRARAS YoinesHREnbAOinglees adding

at least one monomer component into the polymerization reactor 102. Monomers are added using one

or more ififsts sriabst edalyrilabsidHaeitdicres. %fﬁEYegeo?%ifHﬁtﬁgrﬁHFsofn?fﬂ%%ssbut are not

Ilmllted tojfed tadtridR; oslaﬁn%ssg@h a&mtbyﬁemgartd mom&eﬁb e, (SpddihiavBaisieons,; sievh as )
cyclopen ne ene norbornene, ethylidene 10norborn t gne. The
vocess QHHRAEIALID PONRERETaITG e o R eLan dagas 1S Adar e,
feed ihto teeglelprhiguidatidalyshtaed 1@@@@%@@@8&&&@@ digien cexaipsoideg gagy Meniversor
example,§ sl LRARUESLeAtalNE! STt AR JsRREPES iR 1S1a8 gandseldigalalyst and an

unsupporte constralne geometry catal st.'In 15 some embodiments atomlzmg ﬁas is used to

convey afaialpiradth fﬂqiﬂﬁ"bﬁf%%“f‘é%’ﬂs ERErRIBY S HECHRS IR o A AY iRERRESS fht are not
limited toymbogamaeple ﬂézﬁgﬁ skchonscasgdaind:hisliune, Brepyleneatigssipertotioal2©2. In some
embodiments, at | ast one t|v m SQ be, to.t al rHzadi rd102. Jn such
embodlmzﬂ% h}ﬁ% %\f?tl%ere}ﬁ%y (ta% gn%élgg ()errf]g‘cr EﬁQaelgz.%leﬁg {g‘rgr%%az?é?w%%m 122 R

15 some other embodiments, the length of the catalyst injection nozzie 104 may have a

predefined ratio with the diameter of its exit orifice.

in such embodiments where an atomizing gas is included, the atomizing gas is provided
to catalyst injection nozzle 104 from an atornizing gas source 106, which is a storage
facility for the atomizing gas. Examples of atomizing gas source 106 include, but are not
20 limited to, cylinders, canisters, storage tanks, and cryogenic containers. In some
embodiments, pitot meter 110 is aftached to the feed line carrying the atomizing gas
from atomizing gas source 1086 to catalyst injection nozzie 104 to measure the Hlow rate

to the of the atomizing gas to catalyst injection nozzle 104.

In some embodiments, the liquid catalyst feed is provided to the catalyst injection nozzie
25 104 from a liquid catalyst storage tank 108, which is a vessel capable of discharging a
liquid under pressure. In some embodiments, the liquid catfalyst 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
30 pots, and hoppers. In some embodiments, a liquid flow meter 112 is attached to the



20 "agglomeration aids" as used refers to any additive that inhibits polymer particles from sticking
together. Examples of the agglomeration aids include, but are not limited to, silica, talc, and carbon
black. The amount of carbon black added may range from about 5 pounds (2,3 kilograms) to about 35
pounds (15.Sxlglegramisysof carbon black per hundred parts polymer. 25t sostetembudiments, 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. WO 2009/094505PCT/US2009/031778 Upon
injecting the liquid catalyst feed through the catalyst injection nozzle 104 into the polymerization
reactor 102, the at least one monomer t’} ?gs % asef#) lymerization c%]lditj‘% S igdc%ntacge%with the

liquid cat&fyst ifiSsoRR IRl GRBNG A58 (s U ASCYRSBR¢E B 5>

odiments, the polymer
may be ceraptised stk fimpolyinel semdc i Saaspis eftigeiddibasodipolifienciudepropsneebased

polymer. |y et STUBHMELS: N BONITEY MRS ARS8 RAISIREAIRG R more

different monomers such as olefins an es. In some such embodiments. the polymer may be an
EPDM rubisdersnaswhepdshnhdamiBaterahe polymer may comprise about 4.5 weight percent ethylidene
norbornene and about 69 weight percent ethylene polymer based upon the 10 total weight of the
polyrger. Wheyshesbotinzentactheing seoging of dsepelystem MY ibeladreddingcdrieyalivms. In another

emb°dim&@p&'ﬁ%PBQ’?%}E?GIBRNF?R)Siﬂg’bﬁﬁﬁeiﬁ‘iﬁﬂ%wgﬁ&oi”@@fiS%z%rﬁ@%“&@d@d@ﬁ%ﬁ@é weight

percent ethylene or propylene and up to about 10 weight percent diene monamer based upon the total

weight of @ie gowier nsFigreeptinishehdacsizaian semsiont 52a ERRRERRISTIRIRICT4 used in
system 1QQuAvsatalystd HeCTaMaw )€ 209 (S.compriaediarao Wiy le 2ePp apitwre, talg 204,

annulus space 205, one or more centering lugs 206, an internal mixing chamber 2 ixing zone
210, an olfodC2 L atP o i 23 2 K AR R or O] ot BAATHENE of e

a‘catalyst injection
nozzie 10Aombaynbdiersedty @teirgedtdigaiieoatalyst into the polymerization reactor 102. In various
embodiments, the gas-assisted liquid catalyst feed may comprise at least one liquid catalyst and an

atomizingigasplasass Riem hlyRasPigipsichratalists ineiude oo areutetslinjdethtpdidessoatalysts and
lurry-based catalysts. | f the liquid catalyst. may.includ tall nd
Siegier NI ARLIGER AR EO TP A Bl e e Gl I
nitrogen, frshlegasesisdeh s argorpndhaiitnsynopyisheataisapehciisichldSO skt st
embodimgg{gwge:aaligmq YR fepdsdnipdha-caRlyRidriesiondresie 208 Apgyzapnad with an

atomizing gas’in a specific ratio. In some embodiments, the ratio of the atomlzir;é; %?s to the liquid
catahyist fESHI® BIRBCAIBIAN M FIRRITIRA 922181y SSRI0 ROREM 3ARRAE 'S A0 B2 preferably
is from abraeti0.ftenahiesibRine atomizing gas may include, but are not limited to, nitrogen, noble

gases such as argon and helium, propylene, and supercritical CQo.

in some embodiments, at least one additive may also be added to the polymerization
reactor 102. In such embodiments, the additive may be an “aggiomeration aid™. The term
20  “agglomeration aids” as used refers to any additive that inhibits polymer particies from
sticking together. Examples of the agglomeration aids include, but are not fimited to,
silica, talc, 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 polymet.

25  In 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.



WO 20091094505PCT/U52009/031778 In some embodiments, the outer tube 202 carries the
atomizing gas and the inner tube 204 carries the liquid catalyst feed. The atomizing gas and-the liquid
catalyst feed are mixed in the internal mixing chamber 208, further mixed and compressed together in
the mixing zome Didubeiare being aspirated into polymerization reactor 0P wsasoaifiae’211. 5 The
liquid flow in inner tube 204 may exhibit annular flow in some embodiments. In some embodiments,
either or both outer tube 202 or inner tube 204 may be made from 316 stainless steel. In some
embodiments, the outer tube 202 and the inner tube 204 may be concentric. In some embodiments,

the diameter of the outer tube 202 may be related to the digmeter 10 of the inner, tube 204 to forum an
annulus <pRe8 %M\X}é@emﬂg Bﬁ@a ﬂf)%e;%rg}‘\%%{]eiﬁﬁa&gr?ﬁ L5600 SGK dnbot ?r%ﬁe%ts, the
atomizingogasritoixstionthesaturui@R spize e (Eabbiovee montenau & 202 ahdiheDpiRBRIiAiA04. In some

embodim &;ﬁ%ﬂéﬁﬁs%t%%w&e%o%m@ﬁqabggma%érg/ab% BdRehead2 R milims e sigaRout 0.5

inches (12.7 millimeters). In certain embodiments, the diametér of the outer tube 202 is about 0.25 15

inches (6RPIMARelR TR YOhesEHRBEIR RRIY IR M3 REI5eDBISRELH ATIRIMMAEI5HEP 0.05
inches (1 mHlunsiers. tasHe0s8IPn7Er ichesoldk mailimete folyinseertaitmentivoishaienrisisitrediameter of
inner tUbg?é%\'M is about 0.125 inch sf(3.2.rQiIIimFtersr). ;n ggrg;rgg}go " r%p&s Eh%nvyngl %fu% ch tube
has a thi é@Bf’%&ﬁ WRvp Ko 85?6}? %rﬁ?n%%grs%. n some embodelmenfg, the Fatio of the
diameter a$ amitdintubed dRtednriar 20w kicDLisHeoimanisutties polabeutdaamg Fef&RBBN is about 2.
Embodimepisof the saialvshiniarigrsoade sl BR% 'H&%&&@stwbﬁﬁ%@%@r@qtby at least

one centering ltig 206. Centering lug 206 may be made from materials including, ut not limited to,

copper, irBRV4AGEE BPRIGREETHIHPE! Ath&eight RRIZe RS SR d PHENCAERREG HBRIdR%hozzle 200
is cqpnectegditossighiniei@polymer. In such embodiments, the viscosity of the polymer may be

about 85 Mooney units. In another embodiment, the polymer composition is an
interpolymer comprised of about 20 to about 95 weight percent ethylene or propylene
and up to about 10 weight percent diene monomer based upon the total weight of the

polymer,

15 Figure 2 illustrates an embodiment of a catalyst injection nozzle 104 used in system 100,
A catalyst injection nozzie 200 is comprised of an outer tube 202, an inner tube 204,
annulus space 205, one or more centering lugs 206, an internal mixing chamber 208, a
mixing zone 210, an orifice 211, and a nozzle tip 212.

. As described previously, embodiments of a catalyst injection nozzle 104 may be used to

20 inject liquid catalyst into the polymerization reactor 102, In various smbodiments, the
gas-assisted fiquid catalyst feed may comprise at least one fiquid catalyst and an
atomizing gas. Examples of types of liquid catalysts include but are not iimited to liquid
catalysts and slurry-based catalysts. Examples of the liquid catalyst may include a
metaliocens catalyst and a Ziegler-Natla type catalyst. Examples of the atomizing gas

25  may include, but are not lirmited to, nitrogen, noble gases such as argon and helium,

propylene, and supercriticat 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
30 about 0.05 to about 10, and preferably is from about 0.1 to about 2.



25mixing 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 (@d mwlimsters) to about 1 inch (25.4 millimeters), and 30prefershipdsatmsut 0.5 inches
(22.7 millimeters). WO 2009/094505PCT/US2009/031778 Internal mixing chamber 208 is connected
to mixing point 210. Mixing point 210 is where the mixture of the atomizing gas and the liquid catalyst
feed from the internal mixing chamber 208 passes through a constricted area, compresses, and

EbocimEnt R RRRERRCH L AULep Er O T DA e o UL AP R i i

ase ﬁOW reglme from
forming withinctheiegahadsisiteddiglyist detalyShieetriiniedoyasatiod tﬁfeanqmﬁbmt@a@/ﬂqeﬂblanﬂute

two-phase flow [eQ el RCirAREd a8 41%%%@99@&%»%9@%%@%@.mﬁgted into the

polymerlza |on reac or ria |I|ty In C|UI %FS mixture is due to a effect occurs in

two-phas@bjeteresscs e brinyel beips Aspiratag dimBolyme pratinly '68EHS W@h"’l'ﬁ‘q ﬁ%l%t e

two-phasegflowRfhass 10 fewalbefibe whe amu-ram@acﬁ@ndrp@nd@weammmwamhase
system, a liquid Iaﬁqr builds on the w IIs of the ?Hb?&% ethe contl nues una ated.
e

Eventuall§® RmaCiETE ?H‘oq}g% eﬁfecpso egas 51 IS puﬁe together

by the affact shigtesstyteds the liquid accumulates, the gas flow 15 becomes hlndered The gas flow
now has to work to move the condensed liquid aside so it may continue to traverse the tube. As the

gas loses|gRaHY @H@B&H\&Hﬁ@scer@@me%mgtaam M%sumdmzea@@wadmm&y is reduced.

As gas ener y and v§ locit decre 1ses, the conde seg k oves b E( %ot |t|8n & pulsing
effect is f thgd;‘ ?%rﬁf ﬁ‘é goaLtrégTrO\L/'v% #11 Uld ?%gv‘?ng% M0 the gas flow
20 pih. /Mﬂdi‘tﬁ)mﬂy tabaiﬁ}eatmfmgasdamehlerggaaﬁ&ﬂﬁebsméaa?rémr%ﬁ@aéét@e AReapttrained
fluds in 16 SAAEHBRLUOANPESUTBEMUIRI IR BToRERPERA NGRS Biablem.

Embodiment catalystlnjectlon nozzles prevent this condition from forming yse%g ating the liquid

catalyst fESH fReEVEGE ASRTIFING GRS @Rd b RBBELLR AR I MG RIS T ePikffect
aspirationgtpeonop ke arifiamaikt mt@b@@mrﬂ@mmmﬁﬁ@@@waﬁpmmmant»ues‘qeﬂs' separated

until a point of necessary ing has S reve nte auter tube
202 that Wgﬁ'@ﬁﬁ{ﬁbr e %&eé&bﬁ dninfa 8@8%% ({é%rryln%@g |qU|g1 %@%eed Since the
atomiingimesen (mboilimetersoziiesoduesmbodiavents, Wtﬂkrﬁ@alhgt&a%ﬂ@ﬁﬁr@ﬂm@i@f 3as it would

as previoysly, fesedbad, a.s E?'FH%H.R!@E@ figchinDEbIoEMRthaiNe 2RISR MY In centain
2009/0945 SPCT U82009/OY3 ¥ e
embodiments, the diameter of inner tube 204 is about 0.125 inches (3.2 millimeters). In
some embodiments, the wall of each tube has a thickness of about 0.028 inches (0.7
millimeters). In some embodiments, the ratio of the diameter of outer tube 202 to inner

20 tube 204 is from about 1.5 to about 3, and preferably is about 2.

Embodiments of the catalyst injéc:tion nozzle 200 may include an inner tube 204
supported by at least one centering lug 206. Centering lug 208 may be made from
materfais 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 o the intemnal

25  mixing chamber 208.

Internal mixing chamber 208 aliows 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

30 preferably is about 0.5 inches (12.7 millimeters).
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is not formed in embodiment nozzles, both a steady flow of atomizing gas and better control over the
gas to liquid feed ratios may be maintained. -Additionally, since the atomizing gas in the embodiment
nozzles does not have to continually work against a liquid condensate, less gas may be used to effect
the aspiratiorwaf theligusid catalyst 5 than required under similar conditiegs/isa@reragt nozzle.
Steady flow and better control of the catalyst feed results in a lower gas to liquid ratio required. These
properties affect the drop size distribution of liquid catalyst feed within the gas-assisted liquid catalyst
feed introduced into the polymerization reactor 102 as well as conservation of atomizing gas. 10 The
additive length of the internal mixing chamber 208 and the mixing zone 210 along the flow channel,
which tog¥§Er3b IS SRASARES ABENS AAREERX iLotirNZcRiBtae bl d%f@pr%éﬁtt 6f 3 Bulse flow
regime befaegdnirstianeisher aatabishaonmp gaenindtoHindiqoty merizati dack deter H@2infesymtemic
pulse flow regime is avoi because the distan n.th imate f | fube 204
and the bEgMMANgG o7 eer%ﬁg Afice® Oﬁ?&%%%ﬁ%@%&%?gg ’o%ﬁrg |qul%lg ’cgta )%r{)@ﬁnﬁf& Gatomizing
gas does agepasaistetblifprin aatalyef laede ddiinapeimiAiéhis BlRxprieavfibFde HasBhd liquid)
regime. As previously stated, the ratio of the atomizing gas to the liquid catalyst feed, or the atomizing
gas:liguideatyshentioaisfanniabmit G02zide plaveni A.uRifiede gdatitjoinvithutbitsstpiuiseciofcatalyst
injection nozzle 200 avoids systemic,pulse fl 1or dj f mijxi oint 210 away
from the 6? 'Wrﬁi[?aorenn\éoérpl[ﬁ Fr}lglhé? th ge%%gﬁgsg%%?rﬁmpgj tcz)c%é%ﬁeft %?\?a?n%bi @JI %‘??%WE}O the mixture
of atomizimjigan aastiediglitecaedybady Ruurguna Bewtaihiperapeth wrinkiydbmielits, the
distance %@tu\sr%ﬁ@ {hestaphaf ntaaakmikiRoeb BRAR8 IS thaamxinate vrd Rifhsiigner tube 204)
and the end of mixing point 210 (at the entry to the orifice 211), Whﬁ reflecl%? the length.of 25 internal
mixing ZOW@@%@tﬁ@rﬁdﬁl%}%@,qu%B% 3%%%?9%‘(56 LAY RHERF PRFEHRL 1.5 inches
(38.10milligaeteas)d avydipreserdbly jsilabgubdOrsnedtt 2 ddniittiom eber sho-pBadedBt hdingtarokrle tip 212
form an opening,at.the inject (o] j is.intr into the
polymeriz%\?o\r’fégégtﬁg‘re fél%d@(l%rﬁ‘ Fs%@%%é@r%%%%@n?gﬁé@} e%g'er%f%%{gglgp‘t%%ef%{e%gut ,%%5 inches

b
(1.65 milligysterbyiiswio 20eoyedasobHTT /B 0nYie3 17y sdammbase 1RSBIneentBEdRRhts, the

length of theatifias 2ddotRfptiameienrlineze Bhe?daianseufient aaut SR Miteakaid. 1:1. In
some embodiments, the orifice 21% and the nozzle ti ZJIBZ enables atomi E%t%on %f the c?}j%!g/st feed.
t -

The relatiP¥\Fdlo0BPERMEYidlIf RURSH s Pre¥ @Y nn & JOU'L REHDBSe IS SN te from the

nozzlg tiptakaraes d:ﬁrm_lmﬂdd Tﬁha@ziemq tmxget@rupvs_dzb thistribyatite obﬂm:ﬁspdﬂfiqataly_sk:@ed. The
ApasiivlsneRedbnsizmet te Rartisleusan 200e PIRAIGHAINHAIREF2: In some

atomizati%% gaﬂ]
embodiments, the liquid catalyst teed flowing through'hozzle tip 212 may exhibit dispersed flow.

Embodimbgitidathly SEmpeaen e deaeasas aderiprbhesethetho st NaBiRnessy fecraelPco
Embodimgptsesiseh ahsiairshitiaatipndnesies 20 kesir p quiipatiomsdnpineinig édatrlyaifeed
injected, and thereb P_roy'des better control oyer the %es ure, of the feed EOV\{ into the %o‘!hymerization
reactor 128 pushm\é iquid away from the gas flow and the liquid moving back inid the gas flo
20 path. Additionally, as the carrier gas loses energy and pressure drop increases, more
entrained fluids in the gas drop out and accumulate in the liquid phase, further

exacerbating the problem.

Embodiment catalyst injection nozzles prevent this condition from forming by
segregating the liquid catalyst feed from the alomizing gas until it is necessary io
25  combing 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
30 as it would as previously described, a systemic pulse effect is not formed. Since a pulse

10



Embodiment catalyst injection nozzles provide a substantially narrow drop size distribution of the liquid
catalyst feed injected, which, in turn, is reflected in the particle 15size distribution of the resultant
polymer. The narrow drop size distribution of the liquid catalyst feed results in a reduction in the
formation of agglosmesates and fines. In some embodiments, the catalystamjestiopasozale 200 has a
ratio of upstream pressure to downstream pressure (also known as "pressure drop") in a range of from
about 1.05:1 to about 2:1, and preferably from about 12:1 to about 1.5:1. The term "upstream 20
pressure" refers to the pressure at mixing point 210 and the term "downstream pressure” refers to the
pressure in polymerization reactor 102. A controlled drop size distribution of the Ii%fuig cataltyst feed in

the gas-aSsTstbiPIiRaR i-emberimedtasares Lol s elrtdiy Ry AF O PFHBL PRt aHAHEESin polymer
producedcwfiindn Sremolynaeszatitrke dstor £@ids ThaytarentRinttiodd eférdditichalip Seinfiiteteel mass

of the PSBOTIRLS. Ao e MM s JEL G Ty (Ege T ag Sy weik agaRae fhe spar
2009/094606P CTUES20E0/883 TWES may be used fo effect the aspiration of the liquid catalyst
5 than required under similar conditions in a prior art nozzle. Steady flow and better
control of the catalyst feed results in a lower gas to liquid ratio required. These
properties affect the drop size distribution of liquid catalyst feed within the gas-assisted

liquid catalyst feed introduced into the polymerization reactor 102 as well as

consarvation of atomizing gas.

10 The additive length of the internal mixing chamber 208 and the mixing zone 210 along
the flow channel, which together forms an internal mixing zone 220, is optimized to avoid
development of a pulse flow regime before injection of the catalyst component into the
polymerization reactor 102. A systemic pulse flow regime is avoided because the
distance between the proximate end of the inner tube 204 and the beginning of the

15 orifice 211 at the feed velocities of the liquid catalyst feed and atomizing gas does not
permit the formation of a steady-state, uniform two-phase flow (i.e., gas and liquid)
regime. As previously stated, 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. This feed ratio
with this structure of catalyst injection nozzie 200 avoids systemic pulse flow formation.

20 The distance of mixing point 210 away from the proximate end of the inner tube 204 is
controlled to reduce the variability in flow of the mixture of atomizing gas and the liquid
catalyst by acting as a flow dampener. In some embodiments, the distance between the
start of internal mixing chamber 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

25 internal mixing zone 220 along the flow channel, is from about 0.5 inches (127
millimeters) fo about 1.5 inches (38.1 millimeters), and preferably is about 1.0 inch (25.4
millimeters).

Orifice 211 and nozzle tip 212 form an opening at the end of catalyst injection nozzie
200 from which the feed is introduced into the polymerization reactor 102, In some
30 embodiments, the size of nozzle tip 212 is about 0.065 inches (1.65 millimeters) in

11



where "D50" as used refers to the size of a theoretical sieve hole that allows 50% of the particles
through by weight. Similarly, "D90" refers to the size of a hole in the sieve that allows 90% of the
particles through by weight and "D10" is the size of the sieve that allows 10% of the particles through
by weight. Insgomasgmbadiments, the D-ratio of the 5olefin polymer congpesitengaraduced ranges from
about 1.5 to about 3.5. In some embodiments, the resultant unfiltered particle size distribution of the
resultant polymer may be from about 125 microns to about 12,700 microns. Figure 3 illustrates spray
patterns of gas-assisted liquid catalyst feed obtained by various catalyst injection nozzles, including
embodiment nozzles. Figure 3a is an image 10 of a spray pattern as o&tai ed by a standard nozzle
known in BRI ISR ARG d 1898*@&%@?) 7 ég bigsl %ﬁﬁ?ﬁ%&ﬁ’iﬂ%ﬁ e type
nozzle representatigesofdne abmbicgliment abtalyst irjection nozzles. The tube-in-tube nozzle may be
similar to catalyst injection nozzle 200 as illustrated in Figure 2 and as previously described. Figure 3c

isha_lln image gm%%;%r%h%gg@{@%my@m@-Hgﬁ@@mm@ﬁfétﬂesrwtsmiiéﬁ&asetﬁgnqitio;sk;"

while carrying water at s/hr (13. r. Figure 3d is an image.of a spra rn as pbtained by a
tube-in-tutd ﬁéfﬁﬁgzﬁ%ﬁ@gﬁ’ﬁtéﬁ%g%‘fﬂiél‘:@rﬁ'ﬂa rﬁ%?r??g%Wﬁgyr@ﬁ&tﬂz}%@%@?‘%ﬁﬁ base
cond@ionsligtiedegeiting-gas aoch chsryiog wake 242 30dbsihtrelidbikgibnjewoa Figged Sdptisedlow rate of
the atomizing.gas.is I ; egial 9 : i 20Figure 4
iIIustrateséésﬁé%v?gﬁ%ﬁ%%%%@ﬁ%%g? er?tgI r%&e'tt?gg é@o%rg%gﬁg%%gﬁﬁnﬁﬁgggoﬁ%%g . o

Embodimtet prstistd 80 ReRebereaigb@onpdmdiancdmbbuisreit SBRANEBEER ad &y 4@ 100 with at
least one emadigsntHRFEaFYIAsS SRS binaargR B 8igMKséd ftap 402 of the embodiment

method, at least one monomer component is injected into a polymerization reactor. In embodiment

methods, [ t Ing| lene, j thylidene
norborne r%me%%rﬂgg% n%earﬁa §f§m§ﬂ %?eg r(lé élfé %%%g %@(—:&gﬁfﬂq%ﬁﬁ rgeg?%{ﬁ%gg.% %gvs%{fg %m bodiment

metiBds, Bmbatinenier sempon &atalvshyigRi AsFRRseIGhEgHFRoRISBHANS aRBdBHIGes such as

agglomerafip,didsedigenmeic Bkogigenisieianedzmasalaninslodmagiuaitogtbe reatson
conditions such as ter;&gratu,re and rgr%isug%wo 2009/094505PCT/US2009/031778 within a
ri

polymeri R TELER PRYSIRIBRIS HEH lon reaction. In an embodiment, the polymerization
reactor is similar to polymerization reactor 102. At step 404 of the embodiment method shown in

Figure 4, EaedissRictriahifl JalRnjanicrRralem pPIMgat fo LSRN Hed i PREYAsURR atif8ast one
liquid catal)stib e eHethe tiquid catalyst feed injected, which, in turn, is reflected in the particle

15  size distribution of the resuitant polymer. The narrow drop size distribution of the liquid
catalyst feed results in a reduction in the formation of agglomerates and fines.

In some embodiments, the catalyst injection nozzle 200 has a ratio of upstream pressure
o downstream pressure {also known as “pressure drop”) in a range of from about 1.05:1
to about 2:1, and preferably from about 1.2:1 to about 1.6:1. The term “upstream
20 pressure” refers to the pressure at mixing point 210 and the term “downstream pressure”

refers to the pressure in polymerization reactor 102.

A controlled drop size distribution of the liquid catalyst feed in the gas-assisied liguid
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

25  unfiltered mass averaged P3O 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:

{D%0 - D10)
D50

DRatio = {Eq. 1)

12



5 into the polymerization reactor. In an embodiment, the gas-assisted liquid catalyst feed is injected at
a substantially constant and steady flow-rate. The term "substantially constant and steady flow rate" as
used refers to fluid flow lacking significant pulsations. A gas-assisted liquid catalyst feed flow lacking
significant pujs@atiea;éssaehieved by reducing the time allowed for mixingrafitbs:eigemizimg gas and the
liquid catalyst feed, 10 thereby preventing the formation of a developed two-phase flow. To further
minimize the effect, means such as one or more pulsation dampeners and constant-flow pumps may
be used in embodiment methods to achieve a constant liquid catalyst flow rate. At step 406 of the

embodiment method shown in Figure 4, a final polymer is obtained. The final pol is.a substantially
friable oleMRSSBINREr BB MFRSESH hIRAG 3’ﬁ%8§@r2%%°rf§Ctﬁ%é%?y%?@u%’ﬁ&ﬁﬁéjﬁﬁy ‘%ﬁé&‘ ﬂ}ﬁling a
harrow paséicleleizardigititytionighbe Seriatyulistiritiafyrdriattted sheacisathateniosheifsieatiadf the solid
particles gfy e, ois0n RolyINeL GIR9RHoRIS Sasily camblodkenLeducede po skl form wit a
small application of pressure or force, such as maripulation by hand. The step o

. | injecting (step 402)
provides almmﬁﬁafy%mawgyawm%tWi@ﬁ.%@0@G‘gnﬁsﬁaﬁtaﬂﬁ{fﬁaﬂfo\gw;ecatalyst

drop gize &!iﬁiﬁi%ﬁ%ﬂéﬁ%ﬂﬁéd@uﬁ:ﬁlﬁ?&&!&%l%ﬁ@émmw@ned.Q%t@@@ia%distribution of the olefin

polymer. In an embodiment of the present invention, the unfiltered mass average particle size

distributiofy g1 B BRI HIR AL UMELIP I AR HE AL RRONL A eBrRL BLGRIReNts, the

final olefin polymer composition has a weight average 25 molecular weight ranging from about
100,000 toABEt HB0D00UPReIY pef KK SrETaRB trofYQBEP80,000 to about 5,000,000 grams
per mole, and more preferably from about 500,000 to about 4,000,000 grams per mole. It is to be
noted thaFihersasgiiiefipsetickpsizepdittaibsitioh githesetdiadiuiblyaialyid detdrmiiaiddsbfbye any step

ofsieving g 213, IO 200%/09450°RCHINS20RYOTH 18 5 SActe PRIRCHTRIR Higgdinal polymer

is an olefin polymer. hi some embodiments, the polymer may be an interpolymer of 02 to Co a-olefins

and 6 tooCacRimnBatET 3 AFecs iy CUF RORRITNATZAST R M 8B Aidr i 9HEARER chains. In
some emBgadimepl e e MReRMRNsHiamsaayy GO BESe-fipe @he wo2dleveighiseatasnd to about 95

eight 5 percent ethylene or propylene or a mixture_thereof based upon the total weight of the
\;I)Voll)?mer. Re&H %ﬂ%ﬁ%&iﬁ%ﬁ%?gﬁ@eﬁﬁ%%qzég%pegbﬁiJHQ%'é@'ﬁ% Eé) Z&fc{)a o' g%?)bugtv iﬁ'@vaéié%t percent
diene monatagshagetiopon e tatn weidhtstiathd polfigore Exanples Wm@ueégﬁ&ﬁclrﬂwmer may
include. bLAE BOLIN'RALR. BPL/EHRIANEPRUL RXIREE o BN RRGH, Ak MbdEEs g O

10EXAM A comparison is ma een the performance of an embodiment nozzle and a

stan#frd FFSACRIBHANE WD ABF HRGaRT & SOHBMY SR &&/BEn e FEhis admagfthozzle" is a

nozzle asshoyirpkigie & Uitapvlogimeniunezalauisea el nazaie réresdndtie) off the type
prewous%gw%%%lrgggtg rbdn gro \évnré u'f:'gél rﬁo@vf rTaefeSatfrom base conditions of atomizing gas and
carrying water at 30 ibs/hr (13.6 kg/hr). For Figure 3d, the flow rate of the atomizing gas

is reduced to an amount equal to about 60% of the base conditions.

20  Figure 4 illustrates a flowchart of an embodiment method 400 for producing one or more
polymers. Embodiment method 400 may be carried out using an embodiment system
such as system 100 with al least one embodiment nozzle such as catalyst injection
nozzle 200. At step 402 of the embodiment method, at least one monomer component
is injected intc a polymerization reactor. In embodiment methods, the monomer

25  component may include ethylene, propylene, cyclopentadiene, ethylidene norbornene,
ethylidene norbornadiene, styrene, butadiene, and mixdures thereof. In some
embodiment methods, the monomer components may further comprise one or more
solvenis 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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Nozzle Type G/L ratio Shroud 100 CB(avq) 27.5 SB Standard 1.3 A TnT 1.3 100 26,5B

10

15

20

25

WO 2009/694503 PCT/OS2009/031778

within a polymarization reactor to enable a pelymarization reaction. In an embodiment,
the pcolymerization reactor is similar to polymerization reactor 102.

At step 404 of the embodiment method shown in Figure 4, a gas-assisted liquid catalyst
feed comprising at least one atomizing gas and at least one liquid catalyst is injected
into the polymerization reactor. in an embodiment, the gas-assisted liquid catalyst feed
is injected at & substantially constant and steady flow-rate. The term “substantially
constant and steady flow rate” as used refers to fluid flow tacking significant pulsations.
A gas-assisted liquid catalyst feed flow facking significant pulsation is achieved by
reducing the time allowed for mixing of the atomizing gas and the liquid catalyst feed,
thereby preventing the formation of a developed two-phase flow. To further minimize
the effect, means such as one or more pulsation dampeners and constant-flow pumps
may be used in embodiment mathods to achieve a constant liquid catalyst flow rate.

At step 406 of the embodiment method shown in Figure 4, a final polymer is obtained.
The final polymer is a substantially friable olefin polymer composition having an absence
of catalyst support and further having a narrow particle size distribution. The term
“substantially friable” means that most, if not all, of the solid particles of the olefin
polymer composition are easily crumbled or reduced to a powder-like form with a small
application of pressure or force, such as manipufation by hand. The step of injecting
(step 402} provides a substantially narrow catalyst drop size distribution. The
substantially narrow catalyst drop size distribution results in a substantially narrow
unfiltered particle size distribution of the olefin polymer. In an embodiment of the present
invention, the unfiltered mass average particle size distribution, or D-ratio, of the final
polymer is from about 1.5 to about 3.5.

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. It is to be noted that the range
of particle size distribution of the resultant polymer is determined before any step of
sigving or filtration.
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in some embodiments, the final polymer is an olefin polymer. In some embodiments, the
polymer may be an interpolymer of C; to Cioa-olefins and Ce 1o Co dienes and, in some
embodiments, may also include one or more crosslinked chains. In some embodiment,
the polymer compositian may comprise from about 20 weight percent to about 95 weight
percent ethylene or propyleng or a mixture thereof based upon the total weight of the
polymer. In some embodiments, the polymer composition may include up 10 about 10
waight percent diene monomaer based upon the total weight of the polymer.

Examples of the resultant polymer may include, but are not limited to, polyethylens,
polypropylene, EPDM rubber, and mixtures thereof,

EXAMPLES

A comparison is made between the performance of an embodiment nozzle and a
standard nozzle known in the prior art at corresponding process conditions.  The
“standard nozzie” is a nozzle as shown in Figure 3. The embodiment nozzle is a “TnT
nozzle” (tube-in-tube) of the type previously described and shown in Figure 2.

Test Nozzie Type G/L. ratio Shroud CB{avg)
SB Standard 1.3 100 27.5
A TnT 1.3 100 26.5
B TnT 1.0 100 26.0
C nT 0.7 100 26.5
D TnT 0.5 100 26.5
E TnT 0.5 150 26.7
SA Standard 1.3 100 27.5

Table 1: Experimental conditions

Table 1 lists the trial conditions for conducting the experiments. T he terms "3B" and
“c A" refer to “Standard Base” and io “Standard Afier”, respectively, representing the
conditions using the prior art nozzle. “A" through “E” refer fo the conditions using the
embodiment nozzie. “G/L ratic” is the atomization gas o liquid catalyst feed ratio.

“CB{avg)" is the average carbon black feed set point.

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

state reaction and fead conditions. At the end of each 12-hour period, a resuliant
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polymer sample is coliected, the bulk properties analyzed, and process conditions
changed to the next test condition. |t is noted that typically for the operating system
used that steady-state reaction and feed conditions may require up to 72 hours of

continuous operation.

5  Figure 5 is a graph ilustrating the effect of nozzle type and process conditions on the D-
ratio of the resultant polymer. The seven trial conditions in Table 1 are plotted versus
the D-ratio values. As can be seen with Figure 5, the D-ratio of the resultant polymer is
reduced when an embodiment nozzle is used. A decrease in D-ratio indicates a

narrower particle drop size distribution.

10 Figure 6 is a graph illustrafing the seffect of nozzle type and process conditions on the
average pariicle size (APS) of the resultant polymer. APS describes the size of particle
size distribution based on the weight of the polymer product. Figure 6 shows that the
APS of the resultant polymer is reduced when the embodiment nozzie is used for all
processing conditions given in Table 1. The APS was calculated based on sieve

15 analysis and assuming a linear distribution on size of polymer particles.

Figure 7 is a graph iliustrating the effect of nozzle type and process conditions on the
D50 of the resultant polymer. D50 is caicufated in millimeters and assuming logarithmic
calculation. As Figure 7 illustrates, D50 is reduced for all conditions using the

embodiment nozzle versus the standard nozzle,

20 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 nozzie significantly affects the agglomerate
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
25 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 D20 varied from a nominai 3.2 mm fo 2.55 mm using the embodiment tube-in-tube
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polymer sample is collected, the bulk properties analyzed, and process conditions changed to the next
. test condition. It is noted that typically for the operating system used that steady-state reaction and
feed conditions may require up to 72 hours of continuous operation. Figure 5 is a graph illustrating the
effect of nozzigytype@agprocess conditions on the D-ratio of the resultantypysoessiFine seven trial
conditions in Table 1 are plotted versus the O-ratio values. As can be seen with Figure 5, the D-ratio of
the resultant polymer is reduced when an embodiment nozzle is used. A decrease in O-ratio indicates
a narrower particle drop size distribution. 10Figure 6 is a graph illustrating the effect of nozzle type and
process conditions on the average particle size (JAPS) of the resultani}g%l mer. APS describes the size

of particld¥gdaraiabuaicrdystien b WagROsk (RLISRAREIGRBIIES SALRA NS the APS of

the resultankpreiysnerds remieeqd wheitnheernhodimentnozzjgissnessid Jor iallgriveassing conditions
given in Table 1. The APS was calculated based on sieve 15analysis and assuming a linear

distributiog,0p,$i46:0f 'Mémi&'%ﬂﬁ% adémm@méﬂ&ﬁtrﬁéinasﬁaep@m } abBe#mardype and

process conditions on the 050 of the resultant polymer. D50 is calculated in millimeters and assuming
logarithm&e i inrsipaaietardesitreate e st e Yot aF6IaH B R DIBb RC i Y hbodiment

nozzlg vefsidsrihenstangdesdorenzieisa@figur mBuisichgraphintuspratitigrtte effedtied.the change in nozzle
type and process conditions on the agglomerate (Agglom) formation in the resultant polymer. The

graph depigisdhaheahnRdiment HbeHRstRe NoRdessianifcaniaifanis haroalamaraiaifegnation

compared to the prior art nozzle, even at reduced gas flow conditions. The results show that even at
reduced GRS RERIPEE BRI vREoNs Ahs JaRAURR RS Wb B RERAEEY 1Bt ARk DR IARIMIRYE narrow
particle sigg fstdbuinsuviersts arstatdanddagarieg e Dinatispolt thedresutianifitblymeentsied from a
nominal 4,2 on a standard nozzle to 3. ' I be-in: le.-.about a 10%
reductionﬁfﬁ%”f_%@ aﬁiésd rgmztgnr%rgni%gll%?g %%@g%%%%én%%é%%&%?ﬁgﬁ tgf)éﬁ*%-tube WO
2009/094688RITHUSTOOHXoER TSRS Horblebuh rathestidinbfiforelaian Pevrrnfdeddticles. The
frequency.ataRSiclena" af 1635t Aekindncturs dardniin isrohin diameiesegsiomergjeseris reduced.
All patents, test procedures, and other documents cited, incI%dinggﬁri_orit% %%%Jme%téyiﬁa fully
incorporalB¥eRYGRrdEhEinG A FaltEs YOI AYONESBR AT ARSHLNAR R te S Wi tion and for
all jurisdictiamsdimuhdcinsuerhios anponatiaticis peraiitted. While embodiments of the invention have
been described with particularity, it will be understood that various other modifications will be apparent

to and canpeseamiymadsy fRassauilerarihe asbuitha deprsiing sagedteoapitiapdscope of the

invention. Accordingly, it is not intended that the scope of the claims appended be limited to the 10
exarples'gHHIABLY ARG IS AG P BIETRIRE that the claims be construed as encompassing all the

features of patentable novelty which reside in the present invention, including all features which would
be treatedrathe qgisciiphes il rusn bgrebsdasencd srrpriaimaid e éasieimmviiaagidte  When

numericaljgyerJipite and-aunsicaksPRELYBYLS WEpksier gl ARBRSHHKORuARKIOWakhih lisadHo any
HPPET “ml\t/;}L%s? gpéedrg clz?éthf}edd, and unless specifically stated otherwise, such values may vary by
1 percent, 2 parcent, 5 percent, or, sometimes, 10 to 20 percent. Whenever a numerical
20 range with a lower limit, RL, and an upper limit, RU, is disclosed, any number falling
within the range is specifically disclosed. In particular, the following numbers (R) within
the range are specifically disclosed: R=RL+i"(RU-RL), wherein K is a variable ranging
from 0.01 to 1.0 with a 0.01 percent increment, i.e., kis 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

25  specifically disclosed.
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In the description, all numbers disclosed are approximate values, regardless whether the word "about"
or "approximate" is used. Depending upon the context in which such values are described, and unless
specifically stated otherwise, such values may vary by 1 percent, 2 percent, 5 percent, or, sometimes,
10 to 20 percent. Whenever a numerical 20 range with a lower limit, RL, and an upper limit. RU, is
disclosed, any number falling within the range is specifically disclosed. In particular, the following
numbers (R) within the range are specifically disclosed: R=RL+W(RU-RL), wherein k is a variable
ranging Iro&@A%léo 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, ary-americal range defined by two R numbers as defined above is also 25specifically
disclosed. CLAIMS What is claimed is: 1. A catalyst injection nozzle, comprising: An outer tube with
an open engA: pazledp vith a diameter connected to the outer tube open end; An orifice connected
to the nozz!g tip 'nte%]al to the outer tybe; An internal mixing zone connected to the orifice internal to
the outer tube; An’i (—.yﬂl'fﬂeélc ’8&8.?%5 Wit RRE Siter tube further comprising an open end connected
to the interAdl ehiRIrgbeonih eredpgreendbe segregating a liquid catalyst feed from an atomizing gas until

mixing takes giase kptRenatemabixntheare thedusisagensfaving a total length, being the
distance betweep the open erﬁwd %fthe ir]nﬁ,r tuPe a?g the origcq, that is set to prevent formation of a
uniform tw&Bﬁgé PR TEGTALBERISEATAR LS Og rb%gg efaﬁjgethe liquid catalyst feed, thereby
enabling cdntioleivel theragatigiorpoesies ligibiel wiietystduwst trlie anerdidg;size distribution of the

liquid ca;t?w %ﬂ%ﬁ-t%e?@ﬁdfﬁg_&l%ﬁf @J@?Em%éﬁ wb@vralr{ha% %ﬁdﬁ?ggﬁﬂfam]iew??hm%‘mgaﬁne is in tre
rangeo I b inches.to 1.5 Iinches. 3. 0zzle Of Clalm £, W re tot th of the Interna
el ek (e el el R g S i R e b
zone has aatemigoasurstedtorikingpiasimatecn ihdrepiateaml ofiring iapes tihe ahdngoaeieted to the

diameter ofHignguiesttiig AN thaicP Priticieh ROFEARWITR- sHbstamisthnheedHeed siasngteproximate
to the orifice...5. Tﬂe nozzée of clain};} where tt}e Iggfgth of the pon-constricted Bol[tion OLE;he internal

mixing zongrfgcl?flihgtrgnsge tgf‘aﬁ@”i‘ c’géa?gri?ngh. orm two-phase flow regime between t

atomizing phase and the liquid catalyst feed, thereby enabling control over the atomizing
gas 1o liquid catalyst feed ratio and drop size distribution of the liquid catalyst feed.

2. The nozzle of claim 1, where the total length of the internal mixing zone is in the
range of from 0.5 inches 1o 1.5 inches.

3. The nozzle of claim 2, where the total length of the internal mixing zone is 1.0 inch.
4. The nozzle of anyone of the preceding claims, where the infernal mixing zone has
a non-constricted portion proximate to the open end of the inner tube and connected to
the diameter of the outer fube, and a constricted portion with a substantially reduced
diameter proximate to the orifice.

5.  The nozzle of claim 4, where the length of the non-constricted portion of the
internal mixing zone is in the range of 0.25 inches {o 1 inch.

6. The nozzle of claim 5, where the length of the non-constricted portion of the
internal mixing zone is 0.5 inches.

7.  The nozzle of any one of the preceding claims, where the inner tube is uniform in
diameter.

8.  The nozzle of any one of the preceding claims, where the axial length of the orifice
o the diameter of nozzle tip is from 500:1 to 0.1:1.
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6. The nozzle of claim 5, where the length of the non-constricted portion of the internal mixing zone is
0.5 inches. 7. The nozzle of any one of the preceding claims, where the inner tube is uniform in
diameter. 8. The nozzle of any one of the preceding claims, where the axial length of the orifice to the
diameter of nozzle tip is from 500:1 to 0.1:1. 9. The nozzle of claim 1, where the axial length of the
orifice to the diameter of nozzle tip is from 500:1 to 0.1:1. 10. The nozzle of claim 1, where a pressure
drop ratio is from 1.05:1 to 2:1. 11. 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. 12. The nozzle of claim 1,
where the izin Iect d fro C ing nitrogen, p lene, a nople gas, a
supercritlc§I flui %ga hafie O‘I?IS“E ereoqle %%ali% qﬁrlggof?}or% pqrjo l%):lé]]}ge 3“ %%yy}?ﬁe{)rf a7y gas phase
polymerizéipan ﬂeac&ﬁlowlth arlleast one catalyst injection nozzle of claim 1, comprising: feeding at
least one mERAMeLINE theigas PRARSRONRGIIFALR raastRrHNesHag ableast one liquid catalyst with
an atomizing gas through the at least one catalyst injection nozzle into the polymerization reactor,
where |njegt g the at least one liquid catalyst at gas phase polymerization conditions initiates a
polymerization féectioreiwith theematl |edstre e @idersheneditiv/heiayidesd castones|Rjuik gatalyst is
selected frgpa the, grRMPSOMRYISHIGAliAYE £a@hstiRplurry-based catalyst, and a combination

thereof. 14 The method of claim 13 where the at least one liquid ca§ac¥st |§ selected from the group
. comprising & Zié§feREtE ehERd and" Rt AINE ARG gEE s Selected from the group

comptising nitrogen, propylene, a nobie gas, a supercntncal fluid, and combinations

thereof.
13. A method for producing a polymer in @ gas phase polymerization reactor with at

ieast one catalyst injection nozzle of claim 1, comprising:
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15. The method of claim 13, where the atomizing gas is selected from the group comprising nitrogen,
propylene, a noble gas, a supercritical fluid, and combinations thereof. 16. The method of claim 13,
where the atomizing gas and at least one liquid catalyst are injected at a ratio of 0.05 to 10. 17. The
method of claim 13, where the at least one monomer is selected from the group comprising 02 to 020
a-olefins and C6 to C20 dienes. 18. The method of claim 17, where the dienes are selected from the
group comprising cyclopentadiene, ethyiidene norbornene, ethyiidene norbornadiene, styrene,
butadiene, and combinations thereof. 19. The method of claim 13, where the method further
comprises adding one or more agglomeration aids to the polymerization reactor. 20. The method of

claim 19, VARSIBARE B7% ORSIBRACHSIBYREPARAT RlRSRRAYBEH R 31 The method of claim 20,
where the irgdisiiog carkestbimek touthepalyshevitamgesifromiSgqad pourgds tbarkbbrebkickper hundred

parts pO'V%%%&%né&ﬁh%&gﬁi@'#&ﬁéféﬁ@'%&Wéﬂ%%ﬂ@%{mn produced by the method of claim 13

where the polymer composition has an absence of a catalyst support and comprises an unfiltered
mass aver48e pARsERIdH. BideRsLABR FAHGIRGRYR PR DBESODOMREPENME PRAHSition of claim
22, where igapsl yneheanparitiosbishavitteigb bakersigeaneleatar veetght from 100,000 to 5,000,000
grams perpole: (24-.111e.8plyley camosiionoLSlalim PR eIe L ROREEGAMBGRlin comprises
an interpolymer comprising from GO to 95 weight percent et?wylene r propylene, or combinations
thereof, arfdiRbEt ArSRIMGOARYSataY thaT OSADWE BErésht diene monomer, based upon the total

weight of the, patymersiri dhepelymeneampesitinaafcisinnd? catasre hegpalunaneomposition
comprises at least one of an.ethylene:bhas er.an ylene-based polymer. 26. The
polymer c@r'{%‘gscfﬁg)nrﬁ) OF e a?mﬁﬁg,?év&ae?%a%ﬁigg%?%@era c%?n%%ogé%%‘cc%%ﬁlg?ises an EPDM rubber. 27. The
polymer copositimetgira 22aighete Whe'Bolyen S XBRpe siEs nth &8'aFathfleatetip AtRiR size

distributionHiaprdidg MiFsges, terdgyiéhe, NAICKeNS. gas, a supercritical fluid, and combinations
thereof. '
16. The method of claim 13, where the atomizing gas and at Igast one liquid catalyst
are injecied at a ratio of 0.05 to 10.
17. The method of claim 13, where the at least one monomer is seiected from the
group comprising C, to Cyy o-olefins and Cg to Cy dienes.
18. The method of claim 17, whare the dienes are seiscted from the group
comprising cyclopentadiene, ethylidene norbornene, ethyiidene norbornadieng, styrene,
butadiene, and combinations thareof.
19. The method of claim 13, where the method further comprises adding one or more
agglomeration aids o the polymerization reacior. |
20. The method of claim 19, where the one or more aggiomeration aids is carbon
black.
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21. The method of claim 20, where the ratio of carbon black 1o the polymer ranges
from 5 to 35 pounds carbon black per hundred parts polymer.

22. A substantially friable polymer composition produced by the method of claim 13
where the polymer compaosition has an absence of a catalyst support and comprises an
unfiltered mass averaged particle size distribution ranging from 1.5 to 3.5,

23. The polymer composition of claim 22, where the polymer composition has a weight
avera'ge molecular weight from 100,000 to 5,000,000 grams per mole.

24. The polymer composition of claim 22, where the polymer composition comprises

an interpolymer comprising from 20 to 95 weight percent ethylene or

propylene, or combinations thereof, and from an amount greater than 0 to 10

weight percent diene monomer, based upon the total weight of the polymer.

25. The polymer compaosition of claim 22, where the polymer composition comprises at
jeast one of an ethylene-based polymer and a propylene-based polymer.

26. The polymer composition of claim 22, where the polymer composition comprises
an EPDM rubber.

27. The polymer compesition of claim 22, where the polymer composition has an

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



