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{%gﬁa ar E’or example, third generation Ziegler-Natta catalysts typically contain a
benzoate as an internal donor and use a benzoic acid ester (such as ethyl p-ethoxybenzoate) as an
SCA component. This provides a self-extinguishing property to the catalyst. Benzoic acid
esters, however, impart an undesivable odor to the formed polymer. This odor is detrimental as i
fimits the use of the formed polymer. In addition, the catalyst activity and stereoselectivity for
third generation Ziegler-Natta catalysts is low. Furthermore, when benzoic acid-based SCAs are
used with fourth generation catalysts that contain a phthalate as internal donor, the
stereoselectivity of the polymer generated is too low for practical applications.

{00051 It would be desirable to develop a Ziegler-Natta catalyst composttion with
improved catalyst aclivity and improved productivity without sacrificing operability.  Also
desired is a catalyst composition that does not convey undesirable properties upon the resultant

polymer.
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{00091 In an embodiment, the polymer formed from the catalyst composition does not
have an odor. Suitable compositions for use in the SCA that yield an odor-free polymer include
Csp aliphatic acid esters, Cg-Cip aliphatic acid esters, Co-Cyo aliphatic allyl esters of Cp-Cyp
aliphatic acids, (poly)alkylene glveol) mono- or di-esters of Cy-Cjyo aliphatic acids, and
polyether compounds that contains 2 or more ether linkages.

(000107 In an embodiment, the C;-Cag aliphatic ester may be isopropyl myristate, di-n-
butyl sebacate, a (polyXalkylene glycol) mono- or di-myristate, and combinations thereof. In g
further  embodiment, the silane  composition is  dicyclopentyldimethoxysilane,
methyleyelohexyidimethoxysilane, or n-propylirimethoxysilane.

{00011} In an embodiment, the silane composition is a mixture of one or more
alkoxysilanes. The silane composition may be a blend of dimethyldimethoxysilane with
dicyclopentyldimethoxysilane, methyleyclohexyldimethoxysilane, and/or -

propylirimethoxysilane. In another embodiment, the silane composition may be a blend of
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[00016] In an embodiment, the SCA may also include an activily limiting agent.

600171 The present disclosure provides another catalyst composition. The catalyst
composition may be used for the polymerization of propylene and includes one or more Ziegler-
Natta procatalyst compositions. The Fiegler-Natta procatalyst composition contains one or more
transition metal compounds and one or more esters of aromatic dicarboxylic acid intemal
electron donors. One or more aluminum containing cocatalysts and a selectivity control agent
{SCA) are included in the catalyst composition. The SCA includes a alkoxysilane composition
that is a first alkoxysilane and a second alkoxysilane and an ALA.

[00018] In an embodiment, the first alkoxysilane is dimethyldimethoxysilane,
diisopropyldimethoxysilane, dicyclopentyldimethoxysilane, or
bis{perhydroisoquinclino)dimethoxysilane. The second alkoxysilane 18

methyleyclohexyldimethoxysilane, tetracthoxysilane, and/or n-propyltriethoxysilane, . Any one
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reactor an SCA that is a mixture of aCy-Cyp aliphatic acid ester and a silane composition.

[00024] In an embodiment, the polymerization process includes introducing into the
reactor an SCA that is a mixture of a non-ester composition and a silane composition.

000251 In an embodiment, the polymerization process includes introducing into the
reactor an SCA that is a mixture of a first alkoxysilane, a second alkoxysilane, and an activity
Limifing agent.

[00026] In an embodiment, the polymerization process includes maintaining an
aluminum to iitanium ratio of about 45:1. The process may entail extinguishing, with the
catalyst composition, the polymerization process when the polymerization reactor has a
temperature greater than 1007°C,

{00271 In an embodiment, the propylene containing polymer has a xylene solubles
content from about 0.5% to about 6.0% by weight.

000287  The present disclosure provides another polymerization process. In an

embodiment, the polymerization process includes reacting a gas comprising propylene and a
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containing polymer may also contain less than 3ppm, or less than 1 ppm, residual titanium,
[00032] The present disclosure provides another polymerization process. The
polymerization process includes introducing a propylene gas, an ethylene gas, and a cafalyst
composiiion in a polymerization reactor. The catalyst composition is composed of a Ziegler-
Naita procatalyst composition, an aromatic dicarboxylic acid ester internal electron donor, an
aluminum containing cocatalyst, and a selectivity control agent (SCA}. The SCA is a mixiure of
an activity limiting agent and a silane composition. The process includes maintaining an
aluminum 1o total 8CA ratio from 0.5:1 to 4:1and forming a propylene and ethylene copolymer.
The propylene and ethylene random copolymer may have an ethylene content greater than about
% by weight.
{00033] In an embodiment, the activily limiting agent is an alkyl ester of Cy-Cag

aliphatic acid, a diether, a poly{alkene glycol} ester of C4-Cyy aliphatic acid, and the process
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BRIEF DESCRIPTION OF THE DRAWINGS

[00041)  Figure 1 is a relative activity v. temperature graph for a catalyst composition
of the present disclosure.

[000421  Figure 2 is a relative activity v, temperature graph for a catalyst composition
of the present disclosure.

[00043]  Figure 3 is a relative activity v. temperature graph for a catalyst composition
of the present disclosure.

000441 Figure 4 is a relative activity v, temperature graph for a catalyst composition
of the present disclosure.

(000451 Figure 5 is a relative activity v. lemperature graph for a catalyst composition
of the present disclosure,

[00046] Figure 6 is a relative activity v, temperature graph for a catalyst composition
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of the piserratiakipsere. and a sel ectivity control agent (SCA). The
SCA is a mxture of an activity limting agent and a

sil ane conposition,. : Lacl.udes mai ntai ni ng
an al um numto toﬁgyagﬁiﬁigﬁﬁﬁﬁy$g§$g 5:1to 4 | and
rmng a propyl ene and ethglene copol ymer
lﬁ%bgh e Y FHE Sy B T B DR Bo Tyl rﬂiﬁfﬁgﬁeﬁ é\?@ g lower value

and the F’O‘% {‘@1 GORELREL ?%E@ (xmtt Ilﬁqw 1@9@ Wy A i¥ dvl\@#g Bion of at {east two

h an enbodi ment e activity ng agent
units belt\seeamaw k(yilcre@ﬁm amaf 3@441@@1 ahluphai‘xs cz«.naemadxplfa iflittetshgated that a
ne este C30, al i ic a
composGBel HRiE D8 clioh T UHEE THaR A el AD oM R QYT el index,
cte., is hto%t @i')() SCRo6@L 19 b On alt 15 0viE0a1 L :HRQ034d ai GAN0, 102, ete., and

nmbodi ment, the process includes formng spherica
sub mng@a,r niichlags! 08ftot I, é)iiapﬁyliaheiﬁartd @@hyﬂ«-emec papoishnermeTiied in this
urther Iud nat i,ng or_ avoi di

specificdlionC SR copal e d } 88 ae, Of 1tam%w fractional
pectfc " BT Fon G BTk o BE Ry L e F By Abpol yhgre
numberd@tiib€Ihas ovk {211 POPLAE N or@runif ik eGWi@ked to be o 0001 0.001, 0.01 or
0.1, as appropriate. For ranges containing single digit numbers less than ten (e.g., 1 to 5}, one
unit is typically considered to be 0.1, These are only examples of what is specifically intended,
and all possible combinations of numerical values between the lowest value and the highest
value enumerated, are to be considered to be expressly stated in this application. Numerical
ranges have been recited, as discussed herein, in reference to density, weight percent of
component, tan delta, molecular weights and other properties.

(000521  The term "composition,” as used herein, includes a mixtore of materials which
comprise the composition, as well as reaction prodacts and decomposition products formed from
the materials of the composition,

[00053]  The term "polymer,” as used herein, refers to a polymeric compound prepared
by polymerizing monomers, whether of the same or a different type. The generic term polymer
thus embraces the term homopolymer, usually employed to refer to polymers prepared from only

one type of monomer, and the term interpelymer as defined hereinafter.



nor phol ogy. [00035] An advantage of the present
di scl osure is the provision of an inproved catal yst
w@owo034487 on, [ 00036] An advant age of the preseer/US2008/073882
66W}gﬁkdisclosure is the provision of a self-extinguishing
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generic oglar mt&l’peB'irmi‘ Qbiyd immdeombpm F;lfn!&@s @@ﬁ&ﬂﬁﬁsﬁmpib@@ﬂ%kciﬂ’] to polymers
advant age. of the present di sclosure is the pravi si on
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dﬁ&n&@@%e@&%ﬁ q§?§gty of the fluidized bed w thout risk of
act or ? [ 00040] An advantage of the present

@D@nﬂosﬁheunmsébboﬁywaﬁmbanmﬁﬂcmmbme&suhm@hxnwpm@mewpomﬁOﬂ@
tion. rate

two o ng%ggﬁggﬁsmg e PRy SR Por S I R g8y or may not

be phasd &%@Jaﬁé%u(ﬁ%@'b& 1@fmd NG AL AIUShia6OMRAR It dr@ BemBR Ehfigurations, as
CRI PTI ON OF THE BRAMVNGS [00041] Figure 1 is a

determised| Tt onwRisH @iydim wedperaglure graph for a catal yst
@8??6% a0 e‘? QPILS agii‘%ggség}np%%i'gﬂoég rmems [ OOp %ﬁl]ef @a%g Smx,ataivst

wmpm@{ahahy&kaﬁiw ogld homi@fiviihe:preb afdnt dq»&chpw&e of whlch shali be
0043]_Figure 3 is a relative act|V|ty v. tenperatur
disc us;eérigpqipicpb pelgve at'aly SOnEERpasl Licgivrotaitt HEopRES ipay be used in the

present a:ltg‘i%iou%ﬂfp%sumn as is commonly known in the art, In an embediment, the Ziegler-
MNatia procatalyst composition contains a transition metal compound and a Group 2 metal
compound. The transition meial compound may be a solid complex dertved from a transition
metal  compound, for example, tianium-, wirconium-, chromiwm- or vanadium-
hydrocarbyloxides, hydrocarbyls, halides, or mixtures thereof.

000371  The transition metal compound has the general formula TrX, where Tr is the
transition metal, X is a halogen or a Cy.yp hydrocarboxyl or hydrocarbyl group, and x is the
number of such X groups in the compound in combination with a Group 2 metal compound. Tr
may be a Group 4, 5 or 6 metal. In an embodiment, Tr is a Group 4 metal, such a5 fitanium, X
may be chioride, bromide, Cy; alkoxide or phenoxide, or a mixture thereof. In an embodiment,
X is chlonde.

[00058] Nonlimiting examples of suitable transition metal compounds that may be
used to form the Ziegler-Natta procatalyst composition are TiCl, ZrCly, TiBr, Tillh,
TI(OC HJ/ﬁCE ZT(OL Hs)zi_l Tl(OC»HJ B, Tl(OC}Hﬂ:Cig,Tl(OCﬁi15)2(:}2, fi(@CgHg)zCiz
and TI{OCHCH, Mixtures of such fransition metal compounds may be used as well. No
restriction on the number of transition metal compounds is made as long as at least one transition
metal compound is present. In an embodiment, the transition metal compound is a titanium
compound.

[00059]  Nonlimiting examples of suitable Group 2 metal compounds include

magnesium halides, dialkoxymagnesiuras, alkoxymagnesium halides, magnesiumm oxyhalides,



[00044] Figure 4 is arelative activity v tenperature
graph for a catal yst conposition of the present
waele@elozmsr e. [ 00045] Figure 5 is a relative acPCwis3008/073882
66108, tenperature graph for a catalyst conposition of the
Xpresent di scl osure [00046] Figure 6 is a relatlve
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pre ent di scl osure. [ |gure IS a re ative
adducts g otdguesiyn vdialkexndey at uzfrgiogrchph of @ﬁrbaxﬂatpél mggnmmm dialkoxides or

dlyEOXR%En%?%{jEﬁl%%HEQ%ﬁgg%]nQ%%;S% e qsﬁsgz % #;&ﬁi&%’gr}ﬁél&lfl} gg 1.4 yalkoxide, such
gh(hﬁh@@mﬁkﬂgmw@C|Udes all values fromthe | ower val ue and
t he upper value, in increnments of one unit, grOV|ded o
©RGE1TE hofoetiinging SEPEPHE O ofilafe | EagTy BOighey snciude  titanitm

a.‘ik@mdm? 1%%@1 QXQ’%IO)JEC?C\QEéndYC? at#& 31{& ?Kﬁé@ Lc% Sl ‘aL M 10 é‘ﬁ p@z@ thT Ziegler-

a co OSI I onal

Natia ﬂﬁ‘fi at@l’vb{ﬁbuﬁj&&ﬁlefd ihchsldCdneas:, ey mexannle dz{mk\eﬁmhaicb, m,‘,gﬂesmm
is from100 to 1, 000,

d t
dihalidep, n%ié%f@éi&ni ﬁii\f’gig}dfé%g’?gﬁﬂaﬂﬁ?b %}xﬁégﬁng STERT é‘%“fidﬁamﬁﬁltemic’ 4
aikomdé’sogmni%ﬁ:mtm @ﬂqc:@ Lﬁ@ﬁﬁ@;ﬁ@ S al iﬁ%aalﬂﬁ% 100k RuddAftered0d tO

are expressl’y enumerated in
@mﬁsjspécthEanwmnmoﬁﬁnnmaﬂdesm@bhrwnnﬁn@KMékg@sﬁmﬁﬁ@hwmﬁyﬁ

com SosthoR Less thanlé; ) v ! d%on }%I nrl D‘i%wgir aet Ioglnal m’\lxr%)*errs’* ared by the
POSPRAE & “THER" (781 &t HE PICESOTGORPOSIGRR i ¥° I8P :
chiorina@ORN Sk @ﬁa"ﬁﬁ‘eﬁ%&?&n@d@%@é&es&npth@m@nj@,]ﬂt%lum compounds, or mixtures
thereof, and may involve the use of one or more compounds, referred 1o as "clipping agents”, that
aid in forming or solubilizing specific compositions via a solid/solid metathesis. Noulimiting
examples of suitable clipping agents include irialkylborates, especially triethylborate, phenolic
compounds, especially cresol, and silanes,

[00063]  In an embodiment, the precursor composition is a mixed magnesium/titanium
compound of the formula Mg Ti{OR X, wherein R, is an aliphatic or aromatic hydrocarbon
radical having 1 {o 14 carbon atoms or COR' wherein R' is an aliphatic or aromatic hydrocarbon
radical having 1 to 14 carbon atoms; each OR; group is the same or different; X is independently
chiorine, bromine or jodine; d i1s 0.5 10 536, or 2-4; or 3; fis 2-116, or 5-15; and g is 0.5-116, or 1~
3, or 2. The precursor may be prepared by conirolled precipitation through removal of an
alcohol from the reaction mixiure used in is preparation. In an embodiment, the reaction
medium comprises a mixture of an aromatic liquid, especially a chiorinated aromatic compound,
such as chiorobenzene, with an alkanol, especially ethancl, and an inorganic chlorinating agent.
Suitable inorganic chlorinating agents include chlorine derivatives of silicon, aluminum and
titanium, such as tisnium tefrachloride or thanium irichioride, and titanium tetrachioride n

particular, The chlorinating agents lead to partial chlorination which results in a precursor



0.1, as appropriate. For ranges containing single
digit nunbers less than ten (e.g., 1 to 5). one unit
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66198 exanpl es of what is specifically intended, and all
' ossi bl e conbi nati ons of nunerical val ues between the

| onest. val ue and the hi ghest val ue enunerated, are
containigg Ehveindial vwipd é&@*;eg,gp 90@:@&@@&{@%\@”% the ﬂkanol from the

solunonggp(li lCal gfﬁgrinm{ﬁe Rl 11 }@5‘(9?%11'59\6?(}{%6\%&1 Sp?&:hh%p ha®Pg a desirable

sScussed herein. In reference to densi
morpholpey et tsuwdicecoap dientredasyr dedstsaparaod é@ui e mmi@htmefhm dvioreover,

the resu glggsggfi,g};hgx ?Frga:rig%}eg egmg)zg.\h }I@P fﬁlgégg g?lg’% %toﬁlﬁﬁgll]paerumbhﬂﬁ as

well as g&%&'ﬁ%}@ ot BR £ QIRAS hid-901,3S 1Nk Iem@§d1frﬁ§9 thOPrePEG UGk Srosition is
deconmposition products formed fromthe materials
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h&iogeniﬁ&'fne iThisr@berdard map(b’leyﬁj&ra&dm‘ﬁpﬂn‘mic byndsheptionally in the presence of

rization of at |east t dlfferen s of. . .
addm‘mﬁlo?%ig‘g Y8 O PREMgERetikthE Z[Fih”ﬁ r‘\l{&ewﬁg%} ?‘%‘lg‘ggﬁ Hefliphato solvent.
Any me%%%iymiﬁ éé%g';‘@r glﬁmt&ﬁﬁdti{erﬁg BcatPy P YIRS for use in the

pr epared on1 WO ferent” types of nonomers, and
present glediysves.s prepared fromnore than two dlfferent types

e, BB el Harer Srs BB B8 0e el GFE B bobppeacing the

precursdlRl 8 POV HFRLSpeDHeH vﬂt}bi QBQ\/JT@M {0 Y R@, oBBonally in the presence
m sci bl e. Such a bl end or may not be phase

of a bydepartaned:. heebfmaubbehdiﬂﬁﬁv ohenpiyfonst COATAPH bisivgr balide is

i 0 r.at . from.. . rod in the
mamumn?,{r% h?ﬁ%ls i Fhig rﬂuﬁm?ﬂ %dg&%g‘(%\ Flg(zic%t%}’gfrd%gg%& e{o%;@éﬁ emploved in the
pmdmtlpﬁ aﬁ_‘ekﬁkﬁﬁ q{(ﬁl’ry@izaﬁsﬁm&teﬁalm wofthAl nsoaiafisegh e -Natdrbon atoms

rocatauy
inclusive, or up to 9 carbon atoms inclusive. Exemplary hydrocarbons include pentane, octang,
benzene, toluene, xylene, alkylbenzenes, and decahydronaphthalene. Exemplary aliphatic
halohydrocarbons include methviene chioride, methylene bromide, chioroform, carbon
tetrachloride, 1, 2-dibromosethane, 1,1,2-trichlorocthane, trichlorocyclohexane,
dichlorofluoromethane and tetrachlorooctane. Exemplary aromatic halohydrocarbons include
chiorobenzene, bromobenzene, dichlorobenzenes and chlorotoluenes. The aliphatic
halohydrocarbon may be a compound containing at least two chloride substituents such as
carbon tetrachloride or 1,1,2-trichlorcethane.  The aromatic halohydrocarbon wmay be
chlorobenzene or o~-chlorotoluene.

[(0066]  The halogenation may be repeated one or more times, optionally accompanied
by washing with an fnert Hquid such as an aliphatic or aromatic hydrocarbon or halehydrocarbon
between halogenations and following halogenation. Further optionally one or more extractions

involving contacting with an inert Higuid diluent, especially an aliphatic or aromatic hydrocarbon,
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conposition, a cocatalyst, and a selectivity contro
agent (SCA), each of which shall be discussed in
waledoaioko4Bel ow. Any conventional Ziegl er-Natta PCT/US2008/073882
661(}glprocat_al_yst may be used in the present catal yst
: Acorrp03|t|on as is cotmmonly known in the art. In an
enbodi ment, the Ziegler- Natta procatal yst conposition
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WORSMI dén o cphediowntéhe Brelar-ext areaihat eerpositipraiicludes a solid
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MgyT umyf‘hQaUS@dmb@i lfu@t'mtihbitzzax‘iegbiaaﬁd\hjzdiacaﬁbmat E&ﬁg&@ﬁromr’oon that is
onposition are , TiBr4, T1Cl 3,

Hguid dtmm@ﬁmpzqag@%, é:p_}sc)g‘@@cimg-%%@% j\BE'h a fitanium hc—ih%v and further (i1}
comabuﬂr—gﬁ Eh%g%@}%&%b&%ﬂ@ﬁ%\%gﬂ %mez%ﬁt%ezﬂaﬁm%glﬁldba% contacting the

. Mxtures of such transition mnetal
precursa onouddsenelyarbeounstd dasthasylic adNbatrsesterfodtti domingnba feaiment with
he tit qungﬁr of t{an3|t|on metal conpounds is made as |ong
he titangin Ggtidedn &) one transiti on metal compound is present.

ono@n em@@&&g&@maﬁarlﬁb$ HANS Lbinphs BT Akl eeNROREndiSIRtron donor,

tl tani um CO[TpOUﬂ
The internal ¢lectron donor pmwdc% tacticity control and catalyst crystallite sizing. Nonlimiling
examples of suitable internal electron donors include aromatic dicarboxylic acid esters, halides
or anhydrides or (poly)alkyl ether derivatives thereof, especially Cy4 dialkyl esters of phthalic or
terephthalic acid, phthaloyl dichioride, phihalic anhydride, and Cy4 (poly)alkyl ether derivatives
thereof. In an embodiment, the internal electron donor is diisobutyl phthalate or di-n-butyl
phthalate.

[00070]  The Ziegler-Natta procatalyst composition may also include an inert support
material. The support may be an inert solid which does not adversely alter the catalytic
performance of the transition metal compound. Examples include metal oxides, such as alumina,
and metalloid oxides, such as silics.

{00071 The cocatalyst for use with the foregoing Ziegler-Natta procatalyst
composition 1s an aluminum containing composition.  Noulimiting examples of suitable
aluminum  containing compositions include organcaluminum  compounds, such  as
irialkylaluminum-, dialkyvialuminom hydride-, alkylaluminum  dibydride-, dialkylaluminum
halide-, alkylaluminumdihalide-, dialkylaluminum alkoxide-, and alkylaluminom disltkoxide-

compounds containing from 1-10, or 1-6 carbon atoms in each alkyl- or alkoxide- group. In an
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[ 00059] Nonlimting exanples of suitable Goup 2 netal
conpounds i ncl ude magnesi um hal i des,
walc@bkzagt nagnesi uns, al koxynmagnesi um hal i des, PCT/US2008/073882
56108, magnesi um oxyhal i des, I n an enbodi nent, the Goup 2
Asrretal compound i s nagne3|un1d|chlor|de [00060] In a

further enbadi nent, the % | er-Natta prqca
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|nen ursor
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(000731 In an embodiment the ALA is a non-ester composition.  As used herein, a
“non-cster composition” is an atom, molecule, or compound that 18 free of an ester functional
group. In other words, the “non-ester composition” does not contain the following functional

group.

[00074] In an embodiment, the non-esier composition may be a dialkyl diether

compound or an amine compound. The dialky! diether compound is represenied by the
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radical having 1 to 14 carbon atons or COR wherein R
is an aliphatic or aromatic hydrocarbon radi cal having
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G6Rpanentsrgin RRand atre dndephrdealik av oinefanoer ehelkyl, aryl or aralkyl
arovp HERELOD HPERLTbS, BB RTDRPLLARl SSHIF pibun 14,15, 16 o 1
hetercatd@s biabled arphelogmanst swrdfrags asea N Rieeursdss of suitable
) was separated fromthe reaction nedi a. Mreover, the
dialky! ¢lbgaortavynpT Belids skmelyiodran it el ey mtbsar ppyeethyl ether,
| ! 1 It ¢ bt i:ng. aAS3 5 _Aleihol.
ety B S e e T VP S om0, 2-diti
1,3-dimehbogiaent, the prediurisoyi-Compasihbkpnopss, 2,2~-diisobutyl-1,3-
t vh3Ti (OEt) 80 .2, .[ 00064] . The precursor is, next ‘ .
dimetho GyBtFed ?‘8@'3“%61“’1‘3‘83’3;31%‘é}gif‘%ﬁ%%ﬁ“’%@i‘f%r thgPrRhérippenty!-1.3-
dimetholD@bggenat i on} HWihbian; knRLA&N Lo RALT de CotRaUngL-2-isobutyi-1,3-
preferably a titanium halidc conpound, and
dimethokpwoppor at £ Snligiclapnivhi Srdiadettelkgptopare, doAorpropfl-heyciohexyl-1,3-

sty T SO G ARG o S SRR e it
ether coR@b@IEI 20URIAGuEL-1 3 LigfeuR3be@eRal i on This procedure

rn%%vbe repeated one or nore tinmes, optionally in the
(fredncé ol gadodinomal theddpriovies ommmeiligvaiit §0 @p@et panpound.

Noniimigi%glp %kaiﬁﬁlleg (gf?ﬁi?&%&c&m?@@sclag%o%ésqn@ﬁdgIZi@Q&Eéﬁtﬁteﬁﬁliﬂ&ﬂﬁme‘ such as
? net hod "of maki ng, recovering and storing the so i

2 6-dim@hdentalinstands? 3¥ig-abh@cholhips@inenaddh®, 5-substituted piperidines. In a
further embodiment, the piperidine compound is 2,2,6,6-tetramethylpiperidine,

[000771  For ALA that contains more than one carboxylate groups, all the carboxylate
groups are considered cffective components. For example, a scbacate molecule contains two
carboxylate functional groups is considered to have two effective functional molecules.

[00078] The 8CA includes a silane composition. The silane composition may include
one or more alkoxysilanes having the general formula: SiRL{OR Y. (1) where R independently
each ocourrence is hydrogen or a hydrocarbyl or an amino group optionally substituted with one
or more substituents containing one or more Group 14, 15, 16, or 17 heterpatoms R contains up

to 20 atoms not counting hydrogen and halogen R'is a Cigo alkvl group, andm is 0, 1, 2 or 3. In
g nyarcg g yi group
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present disclosure. [00065] One suitable nethod for
hal ogenati on of the precursor is by reacting the
wEe@o0eEeT at an el evated tenperature with a PCT/US2008/073882
66193, tetraval ent titaniumhalide, optionally in the
Apresence of a hydrocarbon or hal ohydrocarbon diluent
The preferred tetravalent titaniumhalide is titani

an embe@pea A} Brbde THea bt plotialkyhyarocatpoiy o2 branched Al or Crz
cyclic 3@?}5#) IQX}%%, ﬁa'{?@ §i§’\¢livﬁ{&it nSEP gyed +b iy Q%ﬁéé ONa@bble sitane
ol'ef 'n po

rTEfI Zatl on pr oeat a yst preter cont al ns
compositpnt 0 12mda<ﬁ¢bon éia@ﬂsp&rm;dﬁimsat}%&\ siansup t di Qfmeﬁaﬁjdonmcmo@ rsilane,

ive s ingclud

mgthvicb@ﬁg%ﬁéﬂ éhsélanﬁéﬁg[gl \r/b iy xgiéﬁfggr bo ke di-n-bufyldimethoxysilane,
ethyiwaﬁ&li%‘z(lxQﬁﬁéﬁ%@@ﬁﬂa@ﬁdd %ﬁ%ﬁ)’ﬂiﬁ%@%%?ﬂg?aggl dﬁ%ro;ﬁ’?&ﬁﬁh@&%ﬂam di-n-

al i phati ¢ hal ohydrocarbons i nc | ene chl oride
propyldivetiylveniencbr oniddegbughidiordfcorsianear boﬁu Stt‘étiwé(hﬁh@r}ﬁd@e di-n-
ri,chl oroet hane

oty RO eyl GREBHEI AT AP bPbFfuor on UG gieosysilne,

prop‘s'itxhﬁéth@@m}@iﬁd)Ocﬁﬁﬂﬁyltﬁ&ﬁ@hﬁﬁlk ar @rehighdakehydr agamhonsysilane,
i ncl ude chl or obenzene bronnbenzene di ¢hl or obenzenes

ietraetbeydiiansl or@t@é}mgéwaéffmﬁ@ogllm%!m pidaRal gHy@FeREEROAIRIORysitane,
bia(pezht}g%a?so%gueni{@qzvﬁ&ﬁé@amﬂ%g aﬁlﬁ ug?‘iﬁ éihl}qg 1843&5%411‘@ e Iri an embodiment,

such ds catbon te ride or
the silane2otopbeiibo rogtthaieclobhevRimembigiibad, ohyidi oehrhboy dimyhoxysilane,
be_chl gr obepnzene or o-ch| orot ol e. [O 066 The
or 1~ pr%iiggsé;ﬂgtxv ﬂﬁ,agm% &% &P HEE0H 8 tgqre i er gmbodiment, the

silane c&ﬁ;@hﬂﬂﬁhkl‘h%c}% ﬁgé‘tlﬁg@%?%r}@%h' ng W t h an ' nert 1iquid

as an ali omati ¢ hydrocarbon or
aﬂ)BﬂydB@@aicbmidaehmerghm dl &o@emam( % Dand: bokttomicdgsing a blend

hal t Furth t
of 2 sl PRGN TRE! U RGoSORIAETERG St R Al PP IRyALA it

the SC Aﬁwiﬁﬁfﬁtibrﬁsﬂﬁﬁ’l @lnb:¥1 R0 18k ANREA G405, 2E0Bicemposition that leads o
drocarbon, or aliphatic or aromatic hal ohydrocarbon,

broad \/é‘éé‘éeﬂ?aﬁel gready aprluelney i dandosaper aratier Grémgeyent fragbtained. Such
(.omposxl%xgg?? 196 Q5 ‘?ngta,g of ¥ ap ?Jlst]él?ﬁbwaéaggz ‘%F%ngyﬁgq éfogh{: ?iﬁ%%\ebﬂany yield

e Specl es, espec
polymereniodi rﬂeilﬁtﬂ,m\t he: 7 E@k&ﬁ’id&&i&:t}a ciprocid atoisd m@nmsmtm@hunder the
i ncludes a solid catal yst conponent obt ai ,gy (1)
same poé‘lﬁ%‘ﬁéﬁ‘?ﬂ?% go%ha@%ﬁ%ggy X’ég%é%’l“‘iﬁinjiﬁl“ﬁ IR et 13?1 csier Or a non-ester

composition as described previously. The carboxylic acid ester ALA may be an ester of an
aromatic carboxylic acid or a derivative thereof, an aliphatic ester, or a non-ester composition.
Nonlimiting examples of suitable aromatic carboxylic acids include Ciyp alkyl or cycloalkyl
esters of aromatic monocarboxylic acids, Suitable substituted derivatives thereof include
compounds substituted both on the aromatic ring(s) or the ester group with one or wmore
substituents containing one or more Group 14, 15 or 16 heieroatoms, especially oxygen.
Examples of such substituents include (poly)alkyiether, cycloalkylether, arylether, aralkylether,
alkylthioether, arylthioether, dialkylamine, diarylamine, diaralkylamine, and trialkylsilane
groups. The aromatic carboxylic acid ester may be a Cypg hydrocarbyl ester of benzoic acid
wherein the hydrocarbyl group is unsubstituted or substituted with one or more Group 14, 15 or
16 heteroatom containing substituents and Cy.p0 (polyihydrocarbyl ether derivatives thereod, or

Ci.s alkyl benzoates and Cp4 ring alkylated derivatives therecof, or methyl benzoate, ethyl
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hydr ocar bon or hal ohydroearbon that is liquid at
normal tenperatures, (ii) contacting the dial koxy
wognesi4em with a titani um halide and further PCT/0$2008/073882
66108 contacting the resulting conposition a second tine
AN th the titanium halide, and contacting the dial koxy
magnesiumwi th a diester of an aromatic di carboxylic
benzoatgepbrat bsomsiponpfyderppgortieneeadat mewy! wi-ethoxhenzoate, cthyl p-
tol t 00068] in an enbodi nent, the
methox) w}%?dgd‘igkyg%cg%g}x?&°¥£conposition i ncludes a solid
[©at&lly stin canpenbatineht, aiedabalit ) nouspehdiviig acid is ethyl p-
precursor materjal of the fornula MdTi (ORe)f Xg %
vﬂwx&baﬂé@ék. Be#n pravitaasmypditeraibasotatsiae aﬁy%%&ai%oﬁ ppliphatic ester

may be ?ad opydniogarbonithal 4s bi Qthxl(atiﬁrhoﬁﬁfl &%@%ﬁ@ﬁ)}‘%&&* may be

cont'acting the precursor wt ani um hal
siraight amin fouttdrehed, intdy) becantraiet ion gmshaattésmid e mmsmtthcmof The

e econd.tine with.th ani u |ide, and c ntac n s

CeCro RGr et S0P Wiy e dr eub SR SRt PEra pere BRRTIATS or 16

heteroat@hCaSROXNLT GivaGihidyat ‘s&ﬂﬁmﬁ‘%% Nda ShFeds NG M’@bi“ €ACNPREphatic acid
with the titaniumhalide in (ii) [00069

esters queigl erxoNabtiaesprochehpiysic Gmrp"ogwa@mj 1ncwé|fes€‘ an alkyl esters of

ernal el ectr Qnor ~The_j nt e
ahpha‘m rﬂ‘ f20 g onpesl Omg%ygc%&ﬁt (_6[1 a}nyg ?mm .ﬁ}d g?egs?al‘%n%[ phatic Caao

monmaﬁﬂoi‘},ﬁﬁgam&b&ﬂd dledrbsigrliexanpg) €s, ﬁif(yimteﬁ”:ﬁ@ﬂ gighpteCnal monocarboxylic
el ectron donors include aromati c di carboxylic acid

acids apdt Gpaybpgilicdeddr athHyas | BEEO 00T ( BEYATBPRIAL edsigriives of Cog
(peiy)gig(ﬁﬂ ]ab néﬁpi% gfgreﬁﬁg ﬁih@?@peﬁﬂ Rl ! teﬁfi’)lo ?e'rikyfh esler %h&fuﬁlt acid

alle acid, p di ehl 6ride
ester mht’tbtahs@i@nhynimlﬁem, aha-iEty 4 séhﬂmhty) abcbdy}(aié§,he¢ giycoi) mono- or

‘ er of . In an, enhodi ment
d&ﬁwmér éizft\f?)@ﬁﬂ §8%s ) iSOt it Wﬂptﬂ%a@a%ég @r" 40 g &%}Pm“ or di-
laurates p(%(na‘ga{aﬁ%},@em[ ggg&?pr;io;{@eozz&e%liﬁ%fgs Nat @f‘yper&%‘i\@JﬂYQ) ceryl tri-ester of
osi tion hay also include an Fnert suppor
(nacdhgﬁﬁermab@umhamguppoﬁﬁnmaye%ékmﬁﬁld@raFQ@Mndmwmd@hddoég CaCao

Gl BN G o GRVELYAL et formance of e
[ougles, sUsh asbadihnacnandimetal hivbtsoxidesn skchmasures is
dnvilopilﬁlvldlgyihoxymiam or diisopropyldimethoxysilane while the other alkoxysilane is
selected  from  ethyltriethoxysilane,  n-propyliriethoxysilane,  diisobutyldiethoxysilane,
methylevelohexyidicthoxysilane, di-n-butyldimethoxysilane, tetraethoxysilane, and
tetraraethoxysilane.
[00082] In an embodiment, the molar ratic of aluminum to total SCA is from 0.5:1 to
1 {or any value therebetween), or from 1:1 to 3:1, or from 2:1 to 3:1 or less than or equal to
2.5:1. As used herein, the “SCA” or the “total SCA” is combined amount of the ALA (f
present) and the silane composition and the non-gster composition (if present} present in the
catalyst composition. In an embodiment, the molar ratio of aluminum to total SCA s 2.5:1. Ina
further embodiment, the ALA is an alkyl ester of C-Cip aliphatic acid or a non-ester
composition,
[000831  In an embodiment, the molar ratio of aluminum to total SCA is from 0.5:1 to

30:1, or from 0.75:1 t0 30:1, or 111 to 20:1 when {poly¥alkylene glycol} ester of Cy4-Cyy aliphatic
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[00071] The cocatal yst for use with the foregoing
Ziegler-Natta procatal yst conposition is an al um num
weomvarsBng conposition Nonlimting exanpl es 0OPCT/US2008/073882
66198 sui tabl e al um num cont ai ni ng conpositions include
Sor ganoaSum num conpounds, such as trial kyl al um num,
di al kyl al um num hydri de- al kyl al um rnm di hydri de-,
acid 1 14§ 4fKy| ai uni num hal i de-, al kyl al umi nundi hal i de-,
yl srisiBd Rl | gt
B! B KO AR BLI A g e atumin 1o
SCA twoearbbin ratoomswedan @adhoal: kydivanmrgyalsl@ombkdea cgtabupsistem that exhibits
: iehodi nent, .t he eoe: ta a C4 trialkylalum.nu
high prodRBY e SHaHCAORR fowr@ﬁmﬁ?%aﬁﬁngbﬁéﬂ?u kb qpen The ALA
is an ali{:ﬁtek@r of Qﬁbﬂ?ﬁiwmié Qoilil LARIMING ool PR:idR ok & 8}05}@{&1&{&' éi{% glycol)
an enbodi nmen the nolar ratio of alumnumto tit
ester oftla-@h: ailphz{t@w@]mdr e adanaliysto BoAposl o ming hsudé& iato “0 i, the

catalyst Legg{?ﬁ(:sg,yogsls X ﬁ%nt %%gi]tgsét(xggt IL\VHQ} xige]gﬁnﬁ wrg}a%ﬁt Srmd is self-
extinguitiihé) [’Xémﬁé@ﬁlm(ciﬂ )a 9@:@& &&m@ﬁiﬁﬁng’r kéﬁﬁfsﬂ QPQSiatysOMSat defhonstrates
an enbodi nent, the ALAis an a hatl c ester, The

decreasas) 4%}?91@1 pica @mg@rai@m;@r%rék@ ab@@?:@ @k dﬁzﬁihi’é Vé&z"ii@l “@%‘t@éﬁn"w“m“
is the d@%{e ﬁz}tzﬂéﬁp&nﬁvﬁﬂp finS r ancﬁléeactﬁ(otnv{@%g&aﬂ?cr ﬁgm %gg & 1odrey Iged(idltiml

e urate

as a prm&ai ﬂifdﬁ(ﬁ'ﬁ‘ﬂj,, ifaphanyecombh nabier thecedf .a 'ﬂh&‘hz@@ 6‘8{0 gas-phase
phatic acid esEer may al so,. be substituted with %
pohm""b"@“ﬁ%r@m@l%ébn%d PECBT IR S ERS &t G EB AE é‘?ti“f"fﬁﬁw“ and resulting

mliapxs?}bt%Uﬁsﬂe@ftﬁom NooL kg LBh&tx,gP x%%é@”{@ heys":sﬁfa M 'a%%@lﬂ%m%nca nolymer

i phatic acid esters iIn al kyl “esters of
Paﬁl&lcsathkmh*aivst:cc@pcﬁﬂmmm%éﬁéobo(ydoii&xaagtdsian 20 al kyl

25 @ES ’ al?agﬁar% éé}%CgPégggg &%%ﬁigv?lﬁ(% aéﬁ ‘2%)‘“ esim a?d femperalures

for useMRBRGAT BAXYE GoBGiidS abdagiueas bXWohpeAkidsior Cigdekdnt  monomer
esters of aliphatic Cg.20 nonocarboxyllc aci ds and

concentrgiionsr Wokyld dempsragire. andoC exa@phi. kifl iggdophee (slurry or solution)
pdvmyr%% 1311 8’89{? )t%l) atag[ qﬁ&' vatd oYr%gu&{ .{}%01‘1 90 ag&%lny ngll g&ﬂ é? O}(iopvlcm

solubilitt e t@f@ﬁ@ﬁhﬁ!&hﬁ& ia€ e&@hﬁd&&tﬁa@ﬁaﬁ%& isemtl&d@f O[T)hlat is, the catalyst
rist at c, n- butyl scbacat e, (pol ){ aI kyl en

e Y ;
activity g y%@pya 1ﬁ‘i§ihot° erpEest r dbe d(eﬁrdpﬁpﬁ( ] q@ 1%{n%{3T§?VE%|1§) the lower
temperaffRN QspBlanidle AWC! SLALES. 1L BlphER Y LERGLILY Y pkrllBRCT, or Ay, is
empers gspel a]ugait bs. prgiliy (& c{(y Attt dvly Wh }';ei or Ar, 18
defined as the measured actwity or {weight polymer/weight catalyst/hr) at femperature 1,
multiplied by a concentration correction factor, [P(67/[P{T)], where [P(87)] is the propylene
concentration at 67°C and [P(T)] is the propylenc concentration at temperature T. The equation

for normalized activity is provided below.

Normalized Activity (A} = st X Activity(T)

(000861 In the equation, the aclivity at temperature T is multiplied by a ratic of the
propylene concentration at 67 °C to the propylene concentration at temperature T. The resulting
normalized activity (A), adjusted for the decrease in propylene concentration with temperature
increase, may be used for comparison of catalyst activities under varying temperature conditions.

The correction factors are listed below for the conditions used in the liquid phase polymerization.
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gl ycol) nono- or di- ol eates, glyceryl tri(aceiate),
gl yceryl tri~ester of C2.40 aliphatic carboxylic
wa@eood®2948nd m xtures thereof In a further enmboRPCTERL8/073882

66198, the CVC 3 aliphatic ester is isopropyl nyristate or
-n-butyl sebacat e, [00073] In an enbodi nent the ALA

|s a non-ester conposition, As used herein, a
"non-ester conposition "" is an atom nolecule, or

gonpound that is frege.of aniester funggkpnal grqup. In
hher words, the 'nop~ester ,cQMPoOsI ti,qR" does 4
goﬁtaln tﬁ% follomﬁhg functrg%al gro&g"l@a [00074nﬂ%n an
enbodi ment, the non-ester conposition nay be a dial kyl

gf ¥ ﬂer 1 1% %%ﬂ‘ﬂ'gmp%‘*g‘é 6?%?&%8 ttg&g T{E)?xg{g%gf% hrre 8%)& Ja‘k%lcreases linearly
with prdpiadlcanc ch@@t&%ﬁ&m@éﬁﬁfe&i@ﬂdﬁbri &nﬁéwﬁf eriendepensienblay 10f function
one another an al ky], aryl or aralkyl group having up
of the sglyerg@r dapdHash 3ivs equpiéhihﬁayrr%pp OFAPTF yisie6 apayrrg for a common

Cs.10 zi}g}?] g&%hﬁér;/}c%rgb% ]1‘121’9{81?5 éi’lesép%?%}%r 9%01%% i@{nﬁvﬁ\&:%ahggﬁ%&o #“,ompdny),

Under @i ghatd poiglinaﬁk@lioneddném(m@ rrmomnda %dhtﬁhlmde;s dwﬁmtdhy lnot a factor and
et her, diethyl eth r, dibuty her, t hy
activity éf rgépua PHWH{’SM y or éflﬁié?i atug;(.etd# mr&,c i%gﬁe%y pcté\tx%eimd normalized

gmﬁyn}gﬁgﬁggﬁﬁghyl-l 3-di rnet hoxypropan e, 2, 2-diethyl-
dlnethoxypropane 2,2-di ~n- but yl ~
{1)088@ meth dx@apwd}psaha(é},vﬁg r2tali is sloBotdyds AV AZy, where Ay is the activity

at ‘iempergyug? ﬂg%(x%‘fo oﬁg}% lggﬁéﬁ‘%%h# Qﬁ%’;)(g;/ﬁ%tésy %gjtlé? 8?)%}?? ﬁsed fs go indicator of
activity dhifBE ROX YREORANE terdpedadlbd Bt Nk am PR 3mdAeL POX YREQRADSN shows that
2-|sopropyl~2 i sobutyl - i ,3- dimethoxypropane,

the catabysp agiively cit JFERE yi only33y pﬁ@ﬁsﬁo@éyt@ﬁ gatabink activity at 67°C. It has been
HAR gycioh 73, ro 3
found E,%:.t g)n: @Og ( )#é tﬁ i"'rﬂe\‘t(h?/%%/ ¥ P% 35 /eonxgrj Fc Nﬁ @ﬁtﬂﬁfst ?yagcm that is self;

extinguigiihe@ysment , the di al kyl et her conpound i's
2 2td||sobut yl-1.3~ dlnethoxypropan e 00076] an
[BROBUI mBRE ViEHeS dorke eendr sc@ﬁw@mqub% il%%nﬂa% brdieved that the

AVSCACREROMNE 5. Nonl 4 gy t %ﬂgid%%(am LgRial SHuhakke anhe fo support the

conpounds i ncl ude substituted plperldlnes such as
polymerization reaction at normal polymerization temperatures,  However, at elevated

temperature {due t¢ a temperature excursion or a process upset, for cxample}, more aluminum
species react with other catalyst components, This leads to an aluminum deficiency which slows
the polymerization reaction. The aluminwm deficiency causes a corresponding reduction in the
number of electron donors complexed with the aluminum. The free electron pairs of the non-
complexed donors poison the catalyst system, which self-extinguishes the reaction.

100090]  In an embodiment, the SCA is a mixture of an alkyl ester of Cyg-Cyp aliphatic
acid and an alkoxysilane composition. The catalyst composition has a molar ratio of aluminum
to total SCA from 0.5:1 to 4:1. The SCA includes from about 60 mole percent to about 97 mole
percent of the Cy-Cyy aliphatic ester and from abowt 3 mole percent to about 40 mole percent of
the alkoxysilane composition.

[00091]  The molar ratio of aluminum to alkoxysilane may be from 120:1 to 1.25:1 {or

any value therebetween), or 40:1 to 1.67:1, or 20:1 10 2.5:1, or 13:1 10 S:1.
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2, 6~dm et hyi pi peridnme and 2, 2,6, 6~tetrarriethyl pip
eridine and 2, 5~substituted piperidines. in a further
weniwomegrent, the piperidin e conpound is PCT/US2008/073882
2,2,6, 6- tetranethylplperldln e [00077] For ALA that
6639&Xcontalns nore than one carboxylate groups, all the
carboxylate roups are considered effective
@@%&neﬁ‘hs MARgrTaBK a‘ﬁplt@nn@mé@ bacdt elippitecuidkedonnay pso.7:1 to
f.e.funct roups.i.s ~Gon g
051 o e R A B U Tt S B dc BB R B3 . or 53

1o 0.5: 1S©Am,| Ackuas® & STChabaiieonRosht bOkomlMensiiRdneio about 70:1. In an
nposi ti on may include one or nore alkox¥5|lanes

embod;rﬁeg% ﬁ?@z Phé é%ﬁgfﬁrﬁ‘r‘mf BOHAi | giio gp I—"\lﬁg(b? Theg ™ Ml T390 Bplavegn various
mmponhﬁg EP& -:}g@%lk%a&%qh s R 5&%@&%1»@5%@!&%%%1%% pr a

ydroca am no group optionally substituted
with one or nore substit uéhtsst contai ni ng one or nore
G oup 14, 15, 16, or 17 heteroatons R contains up.to
20 at ons kbfc Raimti ng hydrogen and halRger R is a Cl
20 al kyl gpoupri and mis 0,i | , 2 or 3may enbodi nent
Il is C.n aryl, alkyl or aralkyl, Ccycloallyl, G-J
branchedxggggh¥w@ﬁ C3.12 cyclic amno ggqup R isC.4
al l'y] mis or 2. Nonlimting exanples of
sui t abl onpositions include
dlcyclogﬁﬁ%(%Q%ﬂéfhoxy5|lanﬁ, di-tert ﬁh?y iim
ethoxyS|Ianﬁ% nlethylcyclohbxyldlneth9&¥5|lane
met hyl VAP gHE%yTdPet hoxys ane,
di - n- but yl di met hoxysi | ane, )
et hyhcipdladbreripiitiestioxysi Liane, _di phefyi df-fet hoxys
ane, diisopropyl di net hoxysil ane. di ~n~ propyldim
[ebdtoxy sid anchbodinks0 it §J- dkcmbhmxymd ane, is Gimpmpvi myrisiate, di-n-

e| hoxy Si | ane, Qbut Idlnetho§¥5|la

butyl %eW@jeoéloéyﬁ %ﬂqipq&% yh%l)w%qqoaﬁé t-mivristates, and combinaiions thereof, The

alkowsz'ia%@pr 9&%5%)5&5&'1 t hQXyﬁﬂaaﬂﬁdnﬁQ{ﬂ&fm i{r{e' ne&@%Mﬁén‘t&qgn&ﬂmxvsﬂanc
pyl tri et hoxysi | ane, hoxysi | ane,

mcth:yicycédvireamaiuihctkysysﬁiam n-pat;whetnlat}wyy,sﬂaameg)r combinations thereof, In a

further g%l galacg&??tg?/ ?'/f{bg gh %%@ér Qég%iv Lﬂggthoxwiiane with either isopropyi

myristat®bs{iPeERYHEBLSALUI nol i no) di met hoxysi | ane, and
di met hyl di met hoxysi | ane I n an enbodi nent, the silane

ﬁﬂéﬁﬁéé)su i @némﬁy&b@nﬁutby@&@*\o@ﬁwﬂcw}mi I&ky 8iiphfie acid cster and an

I di nct.hox an ‘ i
alkoxy Q!ET?!E ‘X;m)}%%i}mn “?E{(%{o S as ningtﬁxéey gf ltw %r %mre r%&oxg‘%ﬁancb. fF or example, the
atkoxysiloRer e@fmpdvit@nf Urnﬁd’ier ‘o%ﬂbadl ff@{’thret h%t si disnpehidimeasixiiitbne and

is dicyc opentyldlnethox¥5|lane
dieyelopentyldimethoxysilane, methyicyelohexyldimethoxysilane, and/or hs

propyltrimethoxysilane.

[30095]  NMNonlimiting examples of suitable SCAs with mole ratios for the C4-Cig
aliphatic acid ester and the silane composition are provided in Table 2 below. Catalyst
compositions including any of the SCAs set forth in Table 2 are self-extinguishing with a molar
ratio of aluminum to total SCA from 0.5:1 to 4:1. When the ALA is an alkyl ester of C4-Cye
aliphatic acid, a diether, or a poly{alkene glycol) ester of Cy-Cag aliphatic acid, and aluminum to

total SCA ration is 0.5:1 to 5011, the catalyst is self-extinguishing.
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[ 00079] Broader nol ecul ar wei ght distribution (MAD
can be achieved using a blend of 2 silanes that
wezdwhewusti fferent nelt flow rates when used aboOnEs208%/073882
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conmposition include m xt
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[00080]

composition incorporating SHACTM 320 and diso mcorpozatmg a rpspea,uvc SCA of Table 2

The data presented in Figures 1-10 was gathered from experiments carried out in a gas phase

reactor.

100097}

of the catalyst composition o self extinguish increases.

decreases, the xylene soluble content of the polypropylene also decreases.
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The experimental results indicate that as the AVSCA ratio lowers, the ability

Moreover, as the AVSCA ratio




may be a C4-C30 aliphatic acid ester,

or a poly-

(

two or

nore) ester,

may be a nono-

may be straight chain

worodnashed, may be saturated or unsaturat ed, PENUSENG073882

conbi nati on t hereof.

The C -C o aliphatic acid ester

may al so be substituted with one or nore Group 14, 15

661980Y 16 het croai om cont ai ni ng substituents.

exanpl es of suitable C4-C30 aliphatic acid esters

nclude G .
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1 |JI UlJyl L3 | L IIU/\yDI B AT, Ul 1T oYuult yl Ul t Iy}\) 21 ,‘allc, ) -
Aet-hyh-eyret-ohexyt-di-et-hoxysit-ane; 1 L1 1
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ar. fromi2:1ito 3.1 or less than. or.equalitte 228 1.1 AS!S
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* Bach DBS has 2 carboxylate functional groups and therefore is counted as 2 ALA molecules.
MCHDMS: methyleyclohexyldimethoxysilane
DBS: di-n-butyl sebacate
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forth in Table 3
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Figure 1 shows a relative activity v. temperature graph for the examples set




present) and the silarse conposition and the non-ester

conposition (if present) present
W@ Q0029487 on.
alum numto total

In an

enbodi nent ,

SCL is 2,5:1.

t he nol

ar

in the catal yst:
r at i PCD1S2008/073882
In a further

66H%A%nbodinent, the LLA is an al kyl ester of C4-C O
al i phatic acid or a non-ester conposition,

an enbodi nent,
SCAis fromO0.5:1 to 50:1,

[ 00083]

the nolar T8¥¢% of al uminumto total
or fromO0.75: 1 lo 30:1,

In

or

ActivitylPechy vati2lerdpaskien: (hpehae)itaMKCHIEYIS/ [§MyEetdnsest er of C -

Cal i phaticacid is the ALA

[ 00084] The Applicants have
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neasure of polynerization activity at el evated
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pol yneri zation conditions are used,
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DCPDMS: di wuprentL
IPM: Isopropy

Ym%i?% I OFIi] act

PV -
cotTTOIT™1

ivity

aetor-as

SUITC S

lllal

increases linearly with

pr opy ene concentration under the condltlons enployed

PR

ectiQ
ey’

n. factor

S
SEOWS éfawﬁw‘e

a functi

AHHY
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PR eSS g e

| vent

forth in Thigt ed above are for a common Cg-io aliphatic
hydrocarbon m xture (lsopar(tm)E, avail able from Exxon
Under gas phase pol ynerization

Chem ¢
condi t

al Conmpany).
i ons,

nmononer solubility is normally not a

factor and activity is generally uncorrected for

tenperature difference.

That

is,

normal i zed activity are the sane.
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W@A\2009/024387 activity at 67C. This val ue can be UBETIUSRI0OS073882
i ndicator of activity change as a function of

661984 an A i CoZA equal

[00088] The "normalized activity ratio”

AJAl1l

enperature,

is

defi ned as

where Ais the activity at tenperature T and

For exanpl e,

to 0.30

shows that the catalyst activity at 100 OCis only 30
percent of the catal yst attii%fty at 670C.

found that at 100 0OC an A iCo Aratio of 35% or

It has been
| ess

ActivityyDelagsvith Tat@lryiste [syrstenvt BaP NS/ S8V axteimgui shi ng
system [00089] Not wi shing to be bound by any

 Example | Paldnt CURBA tzalmmarnw | BitahBAIDETi] Evied/AiRal ehe (Al ¢Sl | A(TyaEs) | XS
ratio of 0i5:4L4)0 4, elmpovi Jlesfm#/‘@gﬁl:fﬁ’“@i entAdriount (% {wi%)
of al uhi nuin f“@"“é%pport the polynerizaltion rieaé®on jat
D3 oL PO yeT T Zat o LETpEL at Ures, FOWeVer, 3L~ 109 94
chevatpa tynperatufe {due to g tenperatyre fextyl stam—,
v A P \w AV g ~ UPQbL 3 LAY A bl\ull’J \4} y mun e AT UTE IIUII] ~
spmwmmw?xﬁénts, This e
| eads. to ab alum nium deficiengy which sli@ws. the’ 52
polvnerization read¢tion. The al um num d&Bi di encd i
causesia correspondi ng reduction in the nunber of
D2 ebagiy ppudonors eonpls :exed w { by dshewal ugs num :The fir eer £76
electrpn parrs of the non~ coppl exed dog@rs pak son it hess
cararyst SYSTemn FChSert=ex T ngui shey, THe TEFCTTion ;¢
{00690t manenmbogrment—theSCA-Is |§}x1uremj|' "
at-kyt-—est-ef—of-—A-—E-0—at-tphat-t-c—acta—ant—af -
ab-koxysil-ahe-conpesiti-on—I=rhei-cat-alyst E8rdositilon-thas
a.nolab.ratio.of alurdnum.to total SCGA from.Q.5.1-to
133 BETRMSTh@MSCA i 2dcl udes 2 i ab ot o089 nn) 65 par canf? t.d 100 161
about D7 nble percent of the C4-C30 aliphatli c lest er 53
'and frpom about 3 nmpl e percentito about 40 nol es.pergent 43
1t of thej ai kbxysilTane conposition. [00091];3The nmpkar | 2
rati o pfal um num {0 al Koxysi{ane may, bg,from,L20 1 T0,,
2571 (or'any vatrye tnereoet ey T or 40Tt 1T67 ! T
D4 B R I T 585«59@ D b goov2] e oA 125
CALTT 1 A G rratrry o =g LAT 1 |uuu.|. | L W A I qu’;l 1 uy -
be-6.74-1-t-p-0-5:-1-{-0r—any- “s.tal\\ste»»t—hneﬁebe-ﬁ%een),j“‘ér 23
8Z:1.t0.0{52:1__0f 5.1 1t0 0.6B2:1__or 411 td.04. 71 '
1..0ri 5,311 120 0.33 3
G1 DCPEMS 2.0 25.00/0/1.00 16090/ 65 18,79 109 K
| 59 18.87 160
100 9.80 52
110 3.58 {9
130 2.63 14

DCPDMS: dicyclopentyldimethoxysilane
TN VL ISOpIopyT Tyt siae

[000101]
forth in Table 6.

Figure 4 shows a relative activity v. temperature graph for the examples se
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WEOA48T t ani um nol ar

to 0.5:1. The nolar ratio of SCA to titanium may be

fromabout 12.5:1 to about 70:1 In an enbodi nent,
ratio i s 30:1. The nol ePCHUSIOS/073882

t

) bet ween vari ous conponents of the present catal yst
66198Asystem are set forth belowin Table 1. [00093] In an

enbodi nment
i sopropyl

, the C

nmyristate,

-C O ali

(poly) (al kyl ene glycol) nono-
Activitydosday mathi Gnspetrdtercdafrcaskifer BURODRSERMbesteonyposition i s

di met hyl di met hoxysi | ane,

| i phatic acid ester
di - nbdtyT sebacat e,
or di-nyristates,

i s

he

and

di cyel opent yl di met hoxysi | an

 Fxample | €8l NYACY alORAXY L dFRBIAAKY S| Haseia | Temp | Caalyst | ATYAGS) | XS
n- propyl trj metoxysi afestme cofmi*natii offs t heﬁé‘oﬁﬁ. | n %} (i)
a further pnB8di%ent, the SCA includes (ig/e)
H GLEYE openEyTaL Terinioxys] L ANE W L&l UNeL. TSOPLOPYI 190 2.32
) Tyt Tstatce Ul ur=1r=-putyil StdlLal €. | UIZ] T C%l G .
ordradi N T IR == U TN T PO W=y TP= = Y= Ci A I IR LR Ll
CITuuUuUl LA MANY Lo | J Froevruuco LAY A\ POIO'JU 1 'Jllﬁ’&‘l‘\.a Ul u_\‘
i conposi-ti-of-tH5tti-s 288t B2
m.xt urie aof. re_alkoxysilan.ed  liforl edaliple... 2
the alkoxysiiane conposition imy. be izt ur e jof 4
1.di met hyl di jret hoxysilane and dicyclopt &
2 entyjsdi mmt hoxysi | ane; symetyh cy ook vl dem 9084 | 100 150
et hoxyisi I'ane, and/ ¢r npropyltyinethoxXysid ane. ;1 H0095] 4
NONTT T T NG~ exanpl €S of Suitabl e SCAS W Fhinolg,rati 0s,,
~fort CAFC30al Tphat Tt acTd ester —and, T he ST I amey
HI SN P Tialal Dl Lt ‘r\...4"8 ) 23
CCOMPOS-TT-orare-progvir-ato—r—TaorezZ e oW TCat aryst -
cammocitfiohe ineluudi o anveofitho  SORc.iEAtif nv:qull\ H A 21
TUTTPY TTUTYS FTrToTToeTTrTyg arry OT CITe J ST TUTruUTT 1
TJable 2. .are.self-e tinguiqhin wi-t-h L2t
E3 ANENE QU 0.t drtal. SCAF AT, KAHPieE4: 165 \Whedihe LALAY 112
is anlalkyl ester of G-C O aliphatig aeld, adidiether, 3’
or a rioly(il kene glycol) estey OFC -C Cabi ghatsiss _aci d, 4
and aljumnumto total SCA ratjon is (.54 tto 50:1, {thes
"""" cat alystls selT-extl ng'UI shing. Tabi C 2 PHEB ethyl by
prethoxybenzoatres 11 hyrigrate o
84 peenis i T S TIRARR S0 ] 40.00/60.60 63 576 1490 550
90 2.83 42
109 2.18 32
110 2.40 35
120 1,09 16

DCPFRMS: dicyciopentyldimethoxysilane
IPM: isopropy! myristate

forth in Table 7.

~y
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66198,

C, net hyi cycl ohexyl di rnet hoxysi | ane N:
| ane DNVDMS: dirnet hyi di t nef hoxysilan e [ 00096]

wo2@unesisl- 10 each show a relative activity v.PCT/US2008/073882
tenperature graph for a catal yst conposition

A

i ncorporating SHAC(tm 320 and al so incorporating a

hoxysi

n- propyl t

respective SCA of Table 2. The data presented in
Fi gures 1-10 was gat her ed?#¥® experinents carried out

in a gas phase reactor.

[ 00097] The experi nent al

Activityridsual tvgih T matterd heatamdot BEPNM SERVrSticansl ower s,
ability of the catal yst conposition to self extinguish

rinci

t he

Example | | 5iGleedsas. | Masiemvel | suas/ALha: AlFiSEALR At TOpd@CRE@MSLS | A{TVALS) | XS
the xyl ene soltubl e} contefibetof| tiwe”pollypopyl eéngital so 4+ (Wt}
decredses. {TaBt'@°8 Activity Decay witH Tenper attife

Fi TQEEasE, TorYOnDVS/ T MB sorsBqn HPOMay o 1 g 271
val U yld.l.C Iurtcul altfaTtTigrcl vr g l?.\!guu |.UU,,P
as—2 - MEHEMS: 2 i o
met-hylicycliohex=l.did I-Hanc-DBSH ¢l nd but'yl £
sebacdt c [100098] Figure 1 _shaws a reliatiVelactffity. v. 32
t enperaturie graph_for the exdnples ss fié¢th i A2Tablie 14

: 3. Tablie 4 Activityi Decay with Tenperature lncrease;ifor
v MebIWB/ipPM Systens| 200029} of 1 lguk&s7dcghows a relsative iw 175
activiity v tenperafure graph ffor thejexanpllesget 43
ForTh i Tabt e 4 Tant e 5 TACHIVITY Cay, WIth o 5
Fenpenaturie—tncrea Wybl{?”‘ [QUOTo0T—
Ciciea.n B O A Sk TP U A L 5 L4
1 r—l'gul' TN SIIUV\ID AT Vv ly Vv . L'Cllr Cl1 a\.L{\ "'
aanhif.aor.it.h av.an rilh i Tapiied 5 TSEY o 3
3! \.A.r.lll T T T TTO 7V CATT T L Li Tr CATITT A3 ) T AT A3
F3 DOPDMS | 1M | 2.1 2982083/180 1 12.50/87.50 &5 13,53 100 174
9 3.20 24
100 235 17
116 | .88 6
: 120 021 2

DCPDMS: dicyclopentyldimethoxysilane
IPM: isopropyl myristate

forth in Table 8.

[000103] Figure 6 shows a relative

activity v, temperature graph for the examples set




66198/

Activity Decay with Tenperature |Increase for
DCPDMVS/ | PM Syst ens DCPDIVS:

wac@yobapent yi di ni et hoxysi Jane TPM
[0001 01] Figure 4 shows a relative activity v.
enperature graph for the exanples set forth in Table

i sopr opyf i PCYEEZNE073882

6. Table 7 Activity Decay with Tenperature |Increase for
DCPDVS/ | PM Syst ens DCPDVS!aldt Bycl opent yl di met hoxysi | an

e TPM

I sopropyl

Activityr @bt iwith ‘Botpariitne MercbenperBt MR Spkefor t he
exanpl es set forth in Table 7. Table 8 Activity Decay

nyristate [000102] Figure 5 shows a

Example | Whitehe Tenpel at/shee + nctivagd.A0r | DGRDNVG/ | Phbystianlst | AIYAGS | XS
DCPDVS!  di ¢ychibent ylaiadtnoxysitedme | PRO ijsopdpyl] 4 {with)
nyristhte [O6BYES] {Figure 6 shows a rel ative &6Eivity

Hi Ve BNPEfAt Ur € graph 1ol 1he,exanples Sei1arth, N+ 4 6.10
| |IdD c L dplhe "9 ACET VITTY "LeCay Er!\IDIS[T:E_{?r [ur}?EQS 73
ot hokysH-ane—-PM—-5opr-opyi st ake £000304 &
Figure.Z-shows.a-reélative.actlvity. vl t&ti‘cparmat‘iﬁ.“}n b
graph.far. ihe exanples.set. faorth. in. Tabl#® Takibe 108
Activily Decay with Tenperatufe lncrease fdr NPTMS/AIPM.....L.

H2 SystsengieMPTVS: 2.0n- pi opsahit.gsiimet haxyssiok ane ss 24,63 100 4.50
| 90 11.08 45
""""" 100 1231 50
{10 831 34
120 1.54 6

i NETMS | 1PM 2.8 6.89/16.96/1.00 | 5.00/95.00 65 23,04 10 420
1 99 9.26 40
190 7 29
""""""""""""""""""""""""""""" 10 5.34 23
120 2.85 12

(4 NPTMS | IPM 2.5 LOOM9.00/L00 | 5.00/95.00 85 £8.17 100 4,36
' 50 0,90 5

1o .68 LR
120 0.45 2

IPM: isopropyl myristate

NFTMS: n-propylirimethoxysilane

[000104] Figure 7
forth in Table 8.
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shows a relative activity v, temperature graph for the examples set




66198

| PM isopr

opyi

rnyristat e [000105] Figure 8 is a

relative activity v tenperature graph for the exanples

Tenperature | ncrease For

wa@edoofersh I n Table 10. Table 11 Activity DecaypPiW/k2008/073882
NPTMS/ | PM Syst ens [ 000106]

AFigure 9is arelative activity v. tenperature graph
for the exanples set forth in Table 11. Table 12 [000
107] Hgure 10 is a rel atifgblegdétivity v tenperature

graph for the exanples set forth in Table 12.

Activityl Reay vetibbdn mentye lanotdadpr BRUMY/EM Ggstpasi tion i s

[ 000108]

v provi ded | he catal yst conposition includes one or nore

Example | ZEGE € alNal KAsPLOC AT Sl AGONPOREIJLQNS T T @REH O | A(TyaGs) | XS
more df car poxaddic acisdiesgtel | nternal] alectr gntsdongrs (%) {wt%)
and onge or{ nBP&Rl Umi num cont @i ni ng docat aljyst&®as
~l : =l I 4. ] 4. S 3 g |

TN 500 1 N T NS0 o AR o A A S DI N
LML V) fe) A OCT CUOUUT Ill.y CUTIUT'JU ugc LAY \U\II—\J orrad ‘IO A n o
m-xt-ure—ofLthe nonlester conppsi-ti-onland the-$liang it

,,,,,,,,,,,,,,,,,, conposi.tia [.000..109].. The nop-ester. icofpogi t il may...72

_be a dialkyl diether conpoundi as disdussediabde,. The 84
silanef conpositioni may be dirnei hyl dijr net hoxysiskane, 3¢
di eyel opent yl di net hoxysi | ane,

2 GREAY T Cygl phexyl di MeIRex); 9k | aliRusos | s 24,48 10 134
N="propy T TT e oy ST Tane, orany comyi gy on &ﬂ@re?f -
The—At-to-totat—SCa-ratto-rs—fromo—5; 1'5 7 ,i 9)
amv-—vak-te-t-herebet-heer—as diclriicca dlamhB8 1 AASd 42-\- 63
Clll_y Vv uce Nner- oL yve Tll Ao ul o USSTU YUV, lUUUJ. L 4 -

B - e D OB - AR ALt - SCA--RE-udes—t-He-Pl-peri-die &t
compound._-the silank conpasitijon,. andjany® ALA. d$5 32
discusised ahove. For exanple.,ithe SCA includes

13 W6, IGetiet ranet hy| piopesdodne, | 20.00/80.00 65 21.35 10 308
met hylicycl phexyl di pet hoxysi | ane, and fans:ALA of: @it her =2

- di -n-butyl}{ sebaeate, or ethyl{ p et hoXybgnzoat e,q;0r 53

CTSopropyl nyristate.  [000T TI]  Th an ienppdii nent;, t e .4

"""" TSCATTSTaT Xt UreT o Ty a bl enp' of " THg NOI="¢ster; -

NFTMS: n-propyhrimethoxysilane
{PM: isopropy! myristate

0001051 Figure 8 is a relative activity v, temperature graph for the examples set forth

in Table 10,
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conposition and the silane conposition and ii) an ALA

The nol ar

conposition is 1:1. The nolar ratio of Al
is 3:1 In a further enbodi nment,

o619t 2, 2,6, 6- tetranethyl pi peridi ne and

nmet hyl eyel ohexyki i met hoxysil ane and ii) PEEB

anot her enbodi nent,

i sopropyl

nmyristate.

t

o total

In

ratio of the blend to the LLAis 5:95 The
wolan294at i 0 of the non-ester conposition to tPeT/siioasar3ss2

SCA

the SCAis i) a blend

the SCAis i) a blend of dicther
conmpound and di cycl opent ytadiznet hoxysi | ane and ii)

[ 0001 12]

In an enbodi nent,

ActivisCBet Aol udesy fhaudiaddot reirethareanmpeynd and the

si |l ane conposition.

The di al kyl

t he

di et her conpound may

Examplpé Eijake dﬂilﬁ
conposi ti on
d

DUk Yihnz &

i ATE O O

mayilhe di methykdl netdexys

cyclopeppyldWﬁﬁﬁhcxysiIane,

nethy!

Temgp
| &éne,

N& s d
Activity
{(kg'g)

NRITVASS)
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xS
{wt%)
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U

I
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Led

[
DAPOSs-Li

f.ortdn-d
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CaEPYEEY
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E>N

AL

08t

100

on
By

L)

hase. PE

actorsla

hl.el3. Tahl

e 14 [000% 17

TP KO QO
o+ -

hodi

anot her

‘cat al vst

Q¥ g

U

o

e cata

COonposi

tion incl\

Qnposi.t
des one

Qrio

[ e .53

(S

N 10O 2

eql er -

'a_procat

al yst cong

osi tion

S wbth

onles or

[==]

NPTMS: mpprethircarbekyl i ¢ acid ester interna
(PM: iscpgp M@ or nore al um num cont ai ni ng cocat al ysts as

descri bed above.

el ectron donors

The catal yst conposition further

i HEP L sFaurdl sat il iy agoit Molermgahre ERIOAJOTHER Priginles set forth

inTﬁﬁjL@ne conposition of a first al koxysilane, a second

a
i ncl udes an

al kyl

oxysi | ane,

A

to total
4:1 for any val ue therebetween).
ester of C4-C30 aliphatic acid,

28

a die

and an ALA. The catal yst conposition
SCA nol ar

t her,

ratio of 0.5:1 to
When the ALA is an
or a




pol yCal kene gl ycol) ester of C4-C30 aliphatic acid,

the AL to total SCA ration is 0.5:1 to 50:1 for as ALA
w@soodiosmsssed above [ 0001 14] The sil ane conmpoOBCT/USI008/073882

may be a mixture of any two or nore ai koxysi | anes

di scl osed herein. The rnoiar ratio between the first

al koxysilane to the second al koxysi |l ane nay be from
skl to 1:9 or any value therebetween. In an

enbodi nent, the first al koxysilane may be

di met hyl di net hoxysi | ane, gij.sepropyl di met hoxysi | ane,

di cycl opent yl di et hoxysi | ane, or
AcRiis (ReLNYEE odrsRauN0kIRR)] Lo Nihararyhe.second

al koxysi | ane rmay be net hyl cycl ohexyl di m et hoxysi | ane,

Example mugtraathpxysumamﬁ@cﬁr SCARBORYAHLAFT | GUROXY ST TelPl€ Catdivke | A(TYA{S) | X8
wi || be appreciated thabimniiad: combizinetd ofs Qhetivity | (%) {wi%)
al koxysi | anes a@ﬁ%mﬁtnin t he scope®sf®t hel pr es&He
di.celiociir.po Nan] ‘I +.d aav.aml.ac ~F PeNATEE 2 lL.a L.t

-kl MRS CORTEME | T o BT s S Yah Yo opatep Ties T Y 2208 1 E00% &
alrkoxysilanerseconaal Koxysriane conprnat i gnsT gl yoes;

AT sgpropyrdimetr hoxXy sy T ane/ et hy T ey e onexyilseli etdmoxy sis
l.ane,i di 1 sdpropyl di m et hoxysil aneltetraethoxysiliane, 3%
di.cycl opentiyl diimet hoxysilanc/tetra ethoxysil ane, . s

di-c\vGi-op-ent.yvl-di-n Wan 12 1 4.8% 2%

k2 MQ;D%@@S IMS BN s 2076 - L@ 7R 3P/L00 1 10,00/00.06 {65 12110 T 100% 5.5
; .“ - L IlyI bylbl .\JII l\yl Ut :I C II:J/\]IyO ) Q:IC Q.IIIU 90 i 402 59(3/0
br-s{perhydrior-sagui-not-rno)ydi-met-hoxysi-tanef;; 3 o

“““““““ “a-prapyliriethaxysitane. 000115 Th an enpodi nent;, o%
the first alkoxysilane is_ dinethyld nmethoxysi(ane, The
second.al kagxysiil.ane..i.s dl cycl.opentyldinethoxysi.| ane,

K3 MO M S RBE 2 db et R R (ST 1P HE o b oA BRIV e 338 L 100% 5
II:-.’I':‘II T U.]I\) \..Tl\tl\l morT T':I. I:’:] R e § n’:uf‘l'.\l IIII' Ur’lgl{};': Ili‘.{%g EO?‘/&
et noxystiat e 1ih-a-ruf-trner-—efpoat-fent;—t h§ewd,i ST e

abtkoxysitane-ig-di-methytdi-methoxysitaneands theysegong;

al koxysiTane 1§ nethyli cyclohexyl di net hoxysizé anec] 00013

MCHEB]S: sidtrelcSCAiary-thatyserel ncl ude an ALA. Nonlimting
PMRNE fsuddipfiosisitabl e ALAs include PEEB, a Q C 30
af fprat'c®aci d ester, and a pol y(ethyl enc)gl ycol coco

fatt. Gi d._est.er. co rci.all avai l abl e .a, %7191 fromv
JE¢ /1 Fig s arelatve, activing ¥, tef ATEE, Or ; Yamples set fort!
o 1 & R B I e LR B By O

inTieplellide 5-1 00 or 5-95 nole percent of the silane
Corf&%%éi gxnana&gbo%§ﬁegm,oarnoi%g: éﬁaf?@? &m&)%giﬁ&pgs ;Q“Evided. The catalyst
composition includes one or more Zlegler-Naita procatalyst compositions with one or more
dicarboxylic acid ester internal electron donors and one or more aluminum containing cocatalysts
as deseribed above, The catalyst composition further includes a selectivity control agent (SCA)

that is a mixture of the non-ester composition and the silane composition.

{000109] The non-ester composition may be a dialkyl diether compound as discussed
above. The silane composition may be dimethyldimethoxysilane,
dieyelopentyldimethoxysilane, methyleyclohexyldimethoxysilane, n-propyltrimethoxysilane, or
any combination thereof. The Al fo total SCA ratio iy from 0.5:1 to 4.0:1 or any value
therebelween as discussed above.

(000110} In an embodiment, the SCA meludes the piperidine compound, the silane

composition, and any ALA as discussed above. For cxample, the SCA includes 2,2.6,6~
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the ALA. [0001 17] NonKm ting exanples of suitable
SCAs having first and second al koxysi |l anes are set
wo eoovio29487 Tabl es 15A and 15B bel ow SHAC(tm) 32BCTVES2008/073882
used in each exanple presented in Tables 15A and 15B
QBAPonnerlzatlon reactions were carried out in liquid
phase PPR reactorsTable i S5A Table 15B[ 0001 18] The
te‘frameﬁjzﬁ«Wir@atrﬁttyg}py@gh@dghmp@nxym mishemn%a@ dd.4g of either di-n-butyl
Sgbvwdiﬁ%l %ﬁ@xrlo;g i g%o?&b&%%ng (Vi &t 15&%?@3\%1 ‘invm{agch stiffness, and

ow xyleéne sol ubl es
@QDI ent Xn a&ioémwxﬁﬁkﬁg the dapn hounghihyreany ipariiegu loﬁriht: non-ester
t heory, is believed that the_al um numlo SCA npla
mmpos}né)gll Séldrtég G}i.{irg ?qmg)sgéjtnaq%@ @bﬁé@%l tig nalpgiatio of 1h@ ‘olmd to the
LA is5eB! '}ﬁl%tn%c’mt ﬂﬁo%@lﬂfe rﬁ?ﬁtésﬁgubﬁp?;{@o OQBSEJE%CQM%B Ll is 101,
gener ation catal ysts whi ¢ I ze Dbenzol Cc acl esters
molar rea® @ledd ri@tnl donarS:1. Bemzfﬁxrthcmﬂﬁ:da’eshﬁré},c Kircks ias bétridydf 2,2,6,6-
1.1.OXY Zoat.e ver mpart ,.an

te‘irametﬁ%@é@pfigﬁ' &n dgix:t}{‘véa Q}Eﬁ%}flgﬁc quyyi}péxte &g‘é]cﬁ\) gletEB In another

embodiROhY L GRYA @182 Mbid & uRlng bQUsLI A-NeE AL k&ﬂn&ﬁﬁ@imwzm and
contai ning a phthalate internal donor, the present

i1} isopretl abwyistalg onposi ti ons may or nay not contain a benzoic

}\Mﬁ?ﬂwzf&ne L um%odxm di!i m;i{i mdu XiTQ’agl\\% ocFBR’%" Ltoérg}p\%md and the

€nzolr'c er corres
silane  @Bm@eitiod.r ee pigd yﬁrmyl efi€hed n@hﬁﬁtud\/\@frx@ls 1tef1e‘>,2 diisobutyl-1,3-
present cat al st conp05|t|ons repli cate PEEB-based
dimeth%gﬁrgp%@t sysi[ %}@flﬁ pr SAGEBIER o dBY- frbée d:meﬁwidmlethoxysﬂan
rCi0 0 &
B
any comlmwient idanadf f olirt mogenetiat Gbmhﬁcaitaﬁk}ylst&f;r angpbmd to the silane

wmpm@zgg ;%‘%ls {bg e&jf g(e)g}j_}txe!}_ 3‘*]1 6}{1% :;'m\é}] ‘%n*gg@%qllgﬁq %ilglmrag Sgie ?oe rf&‘ OOE! any valug

therebetRBSY NBY &&%&;k&f‘ aBHRC S SN S RERY] @?{%pig Nerpel Wi 'Vzﬁﬁ | ORon-ester
process includes contacting propyl ene with a catal yst

composigionposiet fath imTablgol yael 14Zbtivon HobaetrgriioT racigatsabyrs carried out

i LS Uggﬁ@%lontlncludes one or nore Ziegier-Natta
B q*‘&?%‘a Y&t “Cbnposi ti ons having one or nore transition

nmet al conpounds and one or nore esters of aromatic

di carboxylic acid internal electron donors, one or
nmor e al um num cont ai ni ng cocatal ysts, and an SCA. The
SCA is
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a mxture of an activity limting agent and a sil ane
conposition as previously described herein. The nethod
WO p@boekes? mai ntai ning the nolar ratio of al um POVUBZN0S/073882

t ot al

the alumnumto total SCA ratio is adjusted throughout
661984e pol yneri zation process to hold or control this

ratio in the range of 0.5:1to 4:1, or froml: 1 to

3:1,

o

SCA from about 0.5:1 toabout 4:1 In other words,

r 2.5:1 . Wien the ALA is an al ky! ester of

C4-C30 aliphatic acid, adbeiiber, or a poly(al kene

gl ycol) ester of C4-C30 aliphatic acid, the Al to
total SCA ratio iscR Vgi‘ihjﬂoh-@“st&qolﬂpo@ﬁmﬁrom 0.75:1 to

30:1, or from1:1 to 20:1 . The polynerization
i pr )CES \izr’ritir%:{{,)ﬂe | nCl UUES \ﬂT‘S@r 1 g a. pr 0 l ene /\v;:vwgs Nar:n_aﬁ:‘ed ) Ave_r:ge
scas «@ontai ni ndi-pol yiemk000T20T I an enba i ment geotiNeoyens | o L oo
ey soneliyerericzat onjprocess. ey aliso. nc e nalntatniing, s L0
adi.uctina ar. r\f horwi ca.contddl Lidn 'i'ih SR i s inadt iR 3t o
bt e A A It :'_1:5' eed | Hal Paap ) O BEPTIIRAS i 72
TMEY modbaks G @ddTUERT T AUT O dii»z:‘sﬂi:)fUUl O L HTUS » TEEE T kb TTTT RTERRETT [1Q 55 SUA o
‘ ratlo. i s controlled by @ad] ustimg @h=waﬁmunt SCA L i
e el nf S.d g nr‘lllr‘nd i nf 0.t I‘V & i i‘ ‘\ -
1J enbodlnent thes At FORHpr acess | s
Ty _nektides int roducing. int:e. the P SCAL Whi.CHUL.S L LLLED
a-fi-%tir-e—of-—a-C4--C30--al--phat i afg-a- =
. GBE T ane ConposSTtEons: |ni&mpro' FENETE TS IS
cont.arni.ng DO| ner..thati s odof-free: | 0001221 lnzan. .7
enbodiinent. he..pol.ymeri.zat.i-onpric 288 FRel ugdds.. LY !

ALTM Y37} cats .
%1““{( tBt rﬁé |nto the reactor an SCA which is a mixture
TMPY: 2,2 6 t& irarg idin

MChIS: 91 m},qg\a

DRE: dip- E{u@

g@ é§$§£X&@§p05|tlon and the silane conposition.
| Irs an enbodi nent, the pol ynerization process

mnm:mwhnahuﬂeﬁmn@trodu0|ng into the reactor an SCA conposed
a first al koxysilane, a second al koxysilane, and an

her

ei n.

[ 000124] The propyl ene contai ni ng pol yner

formed by way of stewpalnyresizatipemips ocess may be a
pol ypr opyl ene honopol yraer or a copol yner of propyl ene

and on &EQJQ"AWDI' e conopnoners. The conononer maymb@ | Aemaiized |
| pha- eﬁ 't ? I|J. ﬁ?wz_;z ? r ofpu Activity Activity | AJAGT
SCA a B;Aa (Z)ma,ma!) Qmo fmo /mog moliae) (s;_, ca b %‘t ons. {keluiBry {kgdutor) {94}
DOPOMS | Noss 3.5 30401 e} &7 580 1 443 | 3.8% 4% 4,70 T
160 247 | 343 1 250 2. 521 111
11§} G614 0.5 1 L1g G.a8 111 45
DCPDMS | DIBDMD | 30 L 1.5028.30 5403 7 377 298 RERT 118 100
10 5317 839 o.M G 6% 21
115 8311 4 016 | 018 0.34 i
DOPDMS | DIBDME | 167 1.5/28.571 o8 7 534 1 456 524 {60
100 826 1 1.8 ST 2
113 03% | 040 .03 20

SHACT™ 320 catalyst was used
DCPDMS: dicvelopentyldimethoxysilane
DIBDMP: 2,2-di-iso-butyi-1,3-dimethoxypropane

(000113} In an embodiment, another catalyst composition is provided. The catalyst

composition inchides one or more Ziegler-Natta procatalyst compositions with one or more
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Nonlimting exanples of suitable conononers include
et hyl ene, 1-butene. 1-hexene, 4-nethyJ pent ene,
wdz20veptE@se, and 1-octene. Consequently, the  PCT/US2008/073882
pol ypr opyl ene conposition nmay be a pol ypropyl ene
6618Ahoraopolymer or a polymer with a propyl ene nononer
‘ and one or nore conononers. I n an enbodinent, the
dicarboyrl spyldegveet g pinal Nedgnponyirend vas camgig) )é;ﬁgmgm Gitsfeaiing cocatalysts
as deqcrlx egfcf‘%f?ﬁ% ];]Ii a9 83%3 (%36(1)?%\1\%1011 f\ﬁi%?ﬁ%%:& 12'%)/0 yle"@w% n%dn Org{ ages nt (SCA)

having & BRaROfMIeAtIfONGRE Q@& $silane.] &Q&Sm&&&bﬁwﬂaﬁ@lﬁ@ an fx A, The
w th the catal yst conposition, the polymerization

catalyst W&B&%‘%rm?léﬁ%t woiliReat &4 @ﬁ%@r BOare 1 it Hed 1 (or any value
there b@t%%éﬁ‘) 3 121§tﬂ1§9r}& qgt{&r n‘gl gﬁﬁ@t&f C bl? ﬂ%@ﬁHt a%gp fg: -diether, or

resent cat ositlon énabl es ste y-state
po v(aikpmdr y:lyen i} :esttan mmiiigrahp}naml ki, tfe Abactosl FOAkdtimg,is 0.5:1 to S0:1 for
| oneration, or a run away reaction.
abALAF%ééi?%j polynerlzatlon process may be a gas

Phase anslsHidYoor@iosRicRULLP Ol YRR ZAL @Ry PROGRSSore alkoxysilanes
operating in one or nore than one reactor. A suitable

disclosegdisrgphadhe m@W P K] htawfahthp Hogediersiyriting cﬂ@@leﬂq@m\ﬂis%éi\@f»’mdm may

be irmn\%hogg F% %%1% 8’&1%03% V@cﬁ\g% f é}le{ilaif?o gzggn o dq*%rehqgaq}toﬁysﬂme may be

dimuhvh,ﬁinbtmgvtﬁﬁﬁ@o%ﬁ{iﬁp@bﬂdh{&@@ix&ﬂaﬂﬁlt 0 Beclbeaeli@ndibxysilane, or
quid formfor purposes of heat renoval V%en mul tiple
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1ncihvix938ﬁ(t@%ﬁiiﬁ1§ih§ ! Jﬂgﬁe %@H@tvﬁo}?‘vﬁigﬁ érf égﬁ{}ﬁ hfrireg{?xg Hﬁmé’ F$t will be

I'S c rar ged € 'second r
appreciapdid Eat Oﬂﬁhadnmflﬁmﬁtz(ﬁﬁ ofi ﬁ!ﬁ{@kmhnmm:@nwrﬂmddﬁdsmpc of the present

dndosug,gtn ta: TSTUIS 11“5)3}!%%2%%?&% ? Eét éﬁ%g; Eﬁ ggglf af tg%!sgﬁnc/gecond alkoxysilane

combindgPaat al yﬁc?udrzmy b@nﬁgﬁ‘%dxéﬁtﬁ&k 411&9@ nf?:qg/'kv'c%@kvldundhowsziane
quantltles of m’ xt ure anot her SCA"m xt Ure or

ditsopropyidinéiteratsiialek @ixgﬁsind\asuéshan dicorlopereyldrmathere sdotef vl ggghoxysilane,

dieyelops b A A S S R A BB T 0 et ors i A0

bis(perhWRb&B WG] uﬁh@a‘ﬁﬂeﬂ%\vﬁﬁﬁﬁ/naﬁo wiepyhensiaad ethylene, are
contacted to prepare a copol yner. olypropylene 'S
[pPEipal edh mm crthedraanst the daet atkonyidlase sopelyhddingthoxysilane,  The

second ﬁk&ysﬁ% %”QL& &%g‘,ﬁgﬂgxe'{ﬁmsﬂane, methyvleycichexyldimethoxysilane, or n-
propylirimethoxysilane, In a further embodiment, the first alkoxysilane s
dimethyldimethoxysilane and the second alkoxysilane is methyicyclohexyldimethoxysilane.

[000116] The SCA may also include an ALA. Nonlimiting examples of suitable ALAs
include PEEB, a (4-Cyp aliphatic acid ester, and a poly{cthylene)glyeol coco fatty acid ester
commercially available as 8-191 from Chem Service, Inc., West Chester, PA. The SCA may
include 5~100 or 5-95 mole percent of the silane composition and 95-0 or 95-5 mole percent of
the ALA.

(0001171 Nonlimiting examples of suitable SCAs having first and second alkoxysilanes
are set forth in Tables 15A and 15B below, SHAC™ 320 was used in each example presented in

Tables 15A and 1SB. Polymerization reactions were carried cut in liguid phase PPR reactors,
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separate the fluidized polynmer from gas continuously

circul ated through the reactor. The gas incl udes
w@e@pypbase (gas and/or |iquid) alone or in conmbCTEE2008/073882

with a carrier gas such as hydrogen, nitrogen and/ or a

nobl e gas. The gas may further include a second

al pha-ol efin gas, such as ethylene gas, for the
hﬁggkynerlzatlon of a propyl ene and al pha-ol efin

opolyner The propylene gas may al so include

regrreirtated-propyl eRggas nd-carrier—gasatoneor:

in conbﬁggﬁiagﬁMﬁél ngln priopyl ene gas. [000131] The, ...
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Df FgW@’ ““ﬂaﬁﬁ optional nodifying gasses present
‘W1 P ;ﬁg'd deQThe bed is fluidized by continuously

Bm@a@s(b i @ung@é‘d h%@hmough The fluidized bed has
Ethewganema®mappearance of a dense mass of individually

novi ng particles as created by the percolation of the
gagt W(Ii)m@u@hn trhenbethlysTirenpbbitidivzed ybéd 4 mhypaippeed meghosition

wﬁ@%ﬁgl?a%%esaf t ﬁxéhgs %HS va{nst dh% vgig{en%)%m}% ¢ g{tf%w :}%t azshmx to be

e
bouedi by frey pparcticlkar.et p@blyeﬂe? thefripdeleninudhe St étne&ﬂ@fmll@efa‘tui% ina

camgve{](gﬁrg)t é}ﬁ%}x ‘Elh% Sﬁi{cgtgst he s&?!{x%&ﬁﬁi&hhﬁ ;g t}jl%ré{ at @ur@ generatiop catalysis

1 on. he primar on pro uction
winp}ap@h?gfbenq@g pol yriet af slegthva aioa@r@ aensiiyd ehd sEee, ah apahyl p-

c‘thJ\%imﬁyc%g’ fPiQm 6. pe! 1‘)/1{}5@5: aﬁ%nb&ﬁaiﬂ@ R&r t[) QOQA3R oS SBh as

herein, “reactor fouling" is growm h or adhesSi on of
polypesipyires \u%fém“tnaéewféazéitvmimv\m%s%m"%éﬁ@tﬂéﬁ PhGoRE oA PeT the

prc@t@tQHir §%"‘Q’@§%&§?h}g% 9 & rﬁls@W{ 09108 fehediegiOfstet Mehe embodiments of
di zed 9 ‘onerate and form chunks w thin the

cata}\étaﬁ%;?o:mmewp‘(qu i © AA8IC hatte © §‘tfr}:fFT g\@ﬁap%}y produce an odonfrsc

polypropylene. In other words, the present catalyst compositions replicate PEEB-based catalyst
systems vet produce an odor-free polypropylene composition.  In addition, the present catalyst
compositions meet or exceed the activity of conventional fourth generation catalysts, and in
general, exceed the activity of the third generation catalysts.

[000119] In an embodiment, a polymerization process is provided. The polymerization
process includes contacting propviene with a catalyst composition n a pelyroerization reactor,
The catalyst composition includes one or more Ziegler-Natta procatalyst compositions having
one or more transition metal compounds and one or more esters of aromatic dicarboxylie acid
mniernal electron donors, one or more aluminum containing cocatalysts, and an SCA. The 8CA is
a mixiure of an aciivity limiling agent and a silane composition as previously described herein,

The method includes maintaining the molar ratio of aluminum to total SCA from about 0.5:1 to
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di scovered that provision of the present catalyst
conposition in the reactor advantageously permts an
WO p@wo2ee7 i n the fluidized bul k density of theP@BUS2008/073882

wi t hout reactor fouling. In other words, the bulk
0‘-‘Aiggg‘(s’denslty of the bed nmay be increased w thout adversely

i mpacting the fluidized particle distribution of the
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1@0@8859” € ah e&rﬁﬁwdﬁi&&:@ﬂh@ NRiSerAGME 8fhchb & IORKEASRHREg into the
resi dence time of the catalyst conposition in the
reactor qtreabt’\ofomggﬁc@m\/}]nﬁga}ﬁ\héjys@ax@@ayg’pombﬁ}éommnq, gnd egcqetivity limiting
acent g V‘Vg %}hh G{ﬁncrease in residence tine
AEEUL A5 AR ﬁ 1 |%8reases the catal yst activity and

eACHMOr TRE %Uﬁ‘ﬁbﬁ/d tynthiRirgnpeihedimRMd by heacal ahy Sblymerization
conposition residence tine may be i ncreased fron1about

process 1g%b itv‘oa AB B OPYHoT {OBHOPARG W i Fec U BTt WERY engraRd one or more
a.Le Vi e r-e

comono{%)‘ms o \,on%xgi %ch}rl&r EJ{;“?I %{?2{? 51?35‘?&{ % ﬁﬁtn‘?cl* Yigln F8$5 d8RGE atoms.

Nonlimiting examples of suitable comonomers include ethylene, I-butene, i-hexene, 4-methyl

pentene, 1-heptene, and l-octene. Consequently, the polypropylene composition may be a
polypropylene homopolymer or a polymer with a propylene monomer and one 07 more
comonomers. In an embodiment, the propylene containing polymer has a xylene solubles content
from about 0.5% to about 6.0% by weight, or less than about 5% by weight.

[000125] In an embodiment, the polymerization process includes extinguishing, with
the catalyst composition, the polymerization process or reaction when the teruperature in the
polymerization reactor is greater than about 100°C. The present catalyst composition enables
steady-state polymerization without risk of reactor fouling, polymer agglomeration, or a run-
away reaction.

[000126] The polymerization process may be a gas phase, a slurry, or a bulk
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present catal yst conposition (which controls the
alumnumto total SCA ratio between 0.5:1 to 4:1 or
wW@209/024487 50: 1 when the ALA is a or al ky] estepPCDS2008/073882
C4-C30 aliphatic acid, a diet her, or a poly(alkene
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[000129] In an embodiment, another polymerization process i3 provided. The
polymerization process includes reacting a gas comprising propylene and a catalyst composition
in a polymerization reactor. The catalyst composition is composed of a Ziegler-Natta procatalyst
composition, an internal electron donor, an aluminum containing cocatalyst, and a selectivity
control agent (SCA).  The SCA is a mixture of an activity limiting agent and a silane
composition and may be any of the SCAs described herein.  The process further includes
forming a fluidized bed of polymer particles. The fluidized bed has a bulk density. The method
includes reducing a partial pressure of the propylene to increase the bulk density of the fluidized
bed without reactor fouling., In an embodiment, the process includes maintaining, adjusting, or
gtherwise controlling the aluminum to total SCA ratio from 0.5:1 to 4.1, When the ALA is an

alkyi ester of C4-Cyg aliphatic acid, a diether, or a polv{alkene giveol) ester of C4-Cyy aliphatic
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amount of |iquid propyl ene being present in the
reactor. The liquid propylene serves to absorb heat of
wo e@o2@s? (particul arly during production spi KBGT/082008/073882
661Q(Mproduction irregularities or production interrupt) and
“SSprevent reactor fouling. [000138] Use of the present
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0Si productivity and operability
frowmg“a;ﬁhl&nh}agasdcﬂfonnai paﬁivmjfil pheicpresent scall abystit of catalyst particles
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operability. Al these advantages occur without the
rate of fopmRtigr of ExcporcwigglHohgner product. The rale of heat generation is directly
related to the rate of production. Thus, the primary limitation on production rate of the polymer
is the rate at which heat can be removed from the polymerization zone.

0001321 As used herein, “reactor fouling” is the growth or adhesion of polymer upon
the reactor walls, “Reactor fouling” also occurs when the free-flowing particles of the fluidized
bed agglomerate and form chunks within the reactor. The Applicanis have surprisingly
discovered that provision of the present catalyst composition in the reactor advantageously
permits an increase in the fluidized bulk density of the bed without reactor fouling. In other
words, the bulk density of the bed may be increased without adversely impacting the fuidized
particle distribution of the bed.

[000133] The bulk density of the fhuidized bed is increased by reducing the partial
pressure of the propylene in the gas and/or in the reactor, It has been found that controlling the

aluminum to total SCA ratio from 0.5:1 1o 4.0:1. When the ALA is a or alkyl ester of Cs-Usg
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[000140] In addition, provision of the present
catal yst conposition permts continued operation
wo boooioghast ransi ent times, and results in consi BCENE2008/073882

iy reactor sleeve tenperatures during reactor operation
56198435 no static or skin disorders formon the reactor
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therebetakeotit 01 00OCGHQODX42) abmitdi¥emb ociamenltan Hiotdhedt%. For example, a

. polynerization process is provided The process, I

resctor g Pt INHIAPOUBR PG SFTBR0py | CHBY GRS, ARyt e Pragn! catelys

composBRH 1@ CRLRLXShIsAAMPOSIsHL Rnl 1) BrR @ YIRE 1 7354@%0° (10% inerease) to
reactor. The catal yst conposition contains a

about 2@jcegbel { N8t mepregatranyshheohpositvean, an aromatic

[ oxylic.acid ester internal elegt,ron daonor, .an R
QRO e RV o e s v L PR 87 s aPBR, g e risicor
reactor ©ANES BAs AALMEr {8ENage TheaSEAL RRHd a% RrfdDEr ke Qff t&Npropyiene
) activity limting agent and a silane conposition. The
is reducp} Goawsase i eengscinndesthrariatysl Winkigsdion ar Uritperet By giving the

catalyst g[%»tug]( \7\% gfﬁu{ag{e 4&%&%@?@52&%5 r{b/zf%s, éé%é‘rdglg‘% i&&? ?&%P%ﬁg@? éncreases

the catadet detiandiued hedctooprodudliy( a3k enesrgbydiak)t, esd entabfst composition
j -C Qaliphati id), d f ' |
residencgttm,q g}ﬁ@lbg&gg:c%ﬁg ?fl_roi% @@8{%4@]92 F(g%n ag%jts %{%ﬁiﬁ? ?’aﬁ}%gherebetween).
For exa}ﬁé&?@?&ic{o@?ﬁk’ d&?cﬁ&(c@ DG Ay RLORYEN 8 RNE BEMBLENBtiization of the
random copol ymer havi'ng an’ et hyl ene content greater
present tdidmstalooytsidios Qyvhiedi ghtrplsche fuonmab dutotd6EH rabobtiveeed.5:1 t©

i1 o LU B DAL el A0St ULLNGTC SRR IR Mtcer, o

poly(alkBROPYtaNes @t Loy PR koRe) YAERY i QAL Ad ] Randemdence time from
| gropyLepgiephyleqe cogplyney‘ ag}!clggamnth an

about 1. ebpytk éHB6 ritasp to about 2.0 hours (100% increase).

[000135] The ability to reduce the partial pressure of the propylene without risk of
reactor fouling has vet a further advantage. In an embodiment, the partial pressure of the
propyiene is reduced without decreasing or diminishing the production rate of the polymer. In
other words, by increasing the fluidized bulk density of the bed, less propylene stariing material
is required to produce the same amount of polymer product. For example, a reactor utilizing a
conventional Ziegler-Natta catalyst may have a production rate of about 13 ton/hour with a
propylene partial pressure of about 28 kg/cm?‘ . A resctor utilizing the present catalyst
composition may have a production rate of about 15 ton‘hour and require a propylene partial
pressure less than 28 kg/fem? or about 24-26 kg/flem®.

[000136] In an embodiment, the gas has a dew point temperature.  As used herein, the
“dew point temperature” is that temperature at which Hguid propylene condensate begins o form

in the propylene gas. The “bed minus dew temperature” is the difference between the
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greater than 4% produced by conventional Ziegler-Natta
catal yst systens tend to have an inconsistent,
WO peoeged48T or ot herwi se '’ popcorn-|ike" norphoP@DyYs2008/073882

Renedies to this probleminclude a reduction in the
(ﬁlgsﬁpartlal pressure of the propyl ene during

polynerization. Uilization of the present catalyst
'empvrdeysmfrnﬁeboélsudwlmd rbeé ueimde ﬂncheimr opyl eneppaiad abt p‘reeﬁmﬁ'éme gas.
Appl 1ca%1ﬂn me ihggﬁg%'lségtdcag a& C{}W\ijjf“ei ﬁ%“ ié*sot%% I?P %}eu?cgzﬁn gcippcsg‘yﬁg&{s ) }; 10°C or

greater $hB€a PrESEOE 2 Saal JSEre QMRS tBE pwpgak de gSPReF beal te@herature and
nearly spherlcal random propyl ene and ethylene

the bed egpsTa/iwer particles. [000145] By way of exanple and

[5};9? 'HA gﬁlgf;g{/egg%( %FB O%’SE[B%ISMRE% %%etﬂ 88%%% igf HLE value, carries

several cdramaged. aReSI-tW;@(&trm‘g) o 3RP coaimtty&t} M@éeﬂmeﬁa uﬁ&kycﬁaivaivysltjs pically
accordln 093, 41!

exhibit %@m%pa th Vﬁ}ﬁ% @@gmﬁ ]vva§ SITEIFT% 2%‘ }ornd gﬁlg&@/ value results in an

amount (3Y ﬂgé&ﬂ%%@éﬁ%&% %&I&r@xﬁ" s&%cﬁa%ﬁg g’?ig%; Ii&&ﬁisig Eﬁ% i8REL LD absorh

heat of mh@ihml &@tim)uu(dﬁv:;iulrmg erddiclioysrkesMy(TOEG)ctR) itregfiargies tohgroduction
lnwﬂu, % s heat Eﬁat 106 C. for 60 mnutes, It was
Py éP@&“ ?%e‘ &&07% i ng noi st mass was slurried in a

[@Oﬁﬁ& ( be %@'tiwgﬁesiﬁt@h&dk@p&ﬂ%@ﬁh&ﬁﬁd\(@&@é ik trR/ Jei b Q@Fralduling as
(CEt) 2) at 6 C, for 30 mnutes, filtered, and_the

pmkuﬁy gisensed eseureticnie thobed thines doteahesuRY DRGIGBIFE without any
mhﬁmepgé&ﬁop§§:ny%ﬁQ&%ﬁQ§§ﬁdﬁgﬁ %Hﬁeiﬂﬁﬁegﬁmg%uﬁﬁéﬂﬂikg $ Ruces, or

trogen FOCEH alyst contal ne

wholly esiaent, ili¢ pﬂyerwewg? Ritquid }&6@{1}4&] inlthqueaidPhades is advantageous as less
Pol yneri zation in Parallel Polynerization Rea

fiquid PIOPPIRGS PIsyet %)rc’["é@‘o@ﬁ@fp(@gﬁ pete Iﬁfg?i’%—&? Eoys tﬁ [%q:k into the gas
stream. tm%rect%tc@éié@fmg?}éﬂ@ ﬁ%@&%eﬁ&d%cﬁgmkiﬁe?ﬁbﬁg 5&@91&51@%09%%&1@3&0&
a‘stir 0-45 m nutes 000150] AI'l 'S
Thus, redndngbasanvemg of libuidegstopded: 1008e Mabior bisopaes BEtamjount of propylene
availabls Sor Sf’todt%éti]imgth%reby improving production efficiency. Moreover, a reduction, or
elimination, of liguid propylene in the reactor simplifies product retrieval. With the presence of
less (or no) Hquid propylene in the reactor, less (or no) liquid propylene is lost upon isolation of
the propylene containing polymer. Indeed, with no liguid propylene in the reactor, a separation
process is wholly eliminated.

[000139] The present catalyst composition yields myriad productivity and operability
advantages. Provision of the present catalyst composition in the polymerization process: 1)
permits a reduction in the partial pressure of the propylene gas reducing the amount of starting
material; 2} increases the bulk density of the fluidized bed which; 3) reduces the gas velocity
through the reactor and increases the residence time of the catalyst; and 4) increases the
production rate; 5} increases productivity; while 6) maintain manageable operability, All these
advantages occur without the risk of reactor fouling.

[000140] In addition, provision of the present catalyst composition permiis continued
operalion through transient times, and results in consistent reactor sleeve temperatures during

reactor operation as no static or skin disorders form on the reactor wall,
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whi ch was di ssol ved in toluene before injection into
the PPRs TEAl was prepared in Isopar E7 ' and used as
we@Raob®294897 02 or 0. 1M sol utions [0001 51] Pur gepCPBR008/073882
reactors were heated to 500C, TEi Al and sopar (tm
661984 mKe- up sol vent were added to each reactor, followed
by the addition of Hto a stabilized pressure of 5
ﬁép@mRéaomor@bv@memhém etropy fhesas shhEwyicepperwpalvaier with

Rylene éoﬁ%blﬁlggmgn %&1% %%btﬁ ny# &i\g)a b%d&{egheacrﬁ%)i L\#Qhe increased

Ize reac

rgsidmd&aﬁmadﬁédmﬁ%ﬂénm&t usrariBlite SGA t8e Shoraging oa ﬁg&wlcnefbemammg
| sopar. EIM chaser and i di ately foIIo é t he L
‘—*’mﬁ“éiﬂ)&l Piln s 6at al pEB. (275 Mlt}“"érﬁd’ﬁﬁl 5‘@@‘ eppyar o 8 further

cmbodmﬁ&ﬁtmthg hasals: 5@9}%& 1S . WRo lsg lengh 3%1&%&&3&&1 %éc%@n G‘thn the

m nutes or Wwhen the maxi mum relative conversion of
fluidizedvsd reacheds if 9152} aﬁas ﬂ?h%&e Pol yneri zati on

3], The re ctor is ot scal e nodel min

HDLRE ol BRSPS HaRPRT CORUZIRG. e process

included |1Mk’@duéﬁ% hedrophicRO! MBI QRYi8MnPOMEEERd WhERRIvES composition in a
tluidized by means of a conpressor and recycle gas

polymesggatieanmicaR@act ofhat emersat UG Hr ghuiais as h gk Nojta pmcataivsr

Nng . the re st ream by negn 1N I
aomposwo%t délxcg]onl% ic % 8366%@ ab&f{at afn Vs %ﬁ’terzﬁ%AEkctrc&a donor, D€ tuminum

containi8@leegdtdlvitl Mldl@ﬁld é@bi‘(?@@ﬂhﬂ(&@@ﬁ)(\w AdOn@rscax encludes a mixture of an
contlnuously fed to the reactor. Feeds are controlled
activily it eert iy faglane CREPATEH JpedITPIess RBINSF tckidepgnaptaining an
alummugl li‘@d/’*? ﬁh 09 sTEAL. %o(oii 'fitoﬂpb?nl] ol Sc)ppgwﬁézlr the ALA is an alkyl
r opy ene ['ene (|n t'he ease of ethylene random
ester of €CQPEOL yhp]ﬁfiimr@ﬂh atdr@hér by d pobésikerang yoil} eogest @€, aliphatic acid),

15 contlnuo sl ﬁﬁq ? qglntaln the targeted total
ane 1Tmgpg §§ﬁﬂ§ ﬁﬁ SESHERFCOR SPPOEMSE hydrogen to propyl ene and
@bdwd 3®Ne, LA M&%ﬁﬁ%& farosae iﬁm@eﬁotm%my& @rkw@radqr@ ethylene
copo ymer production). total pressure and par

random pme@mmeh@fmg) o) pghrve“neapetcm geadr iantaheutTeb e \a@z@hve br from about
t L.Q.

w0 oFR IR S RRETLPERE o BRTs ERVRY ohBbbBion RO e A0 feg ormine
spherical BAELME BOHEPMByIene and ethylene copolymer.

[000144] Random propylene-ethylene copolymer particles with an ethylene content
greater than 4% produced by conventional Ziegler-Natta catalyst systems tend to have an
inconsistent, irregular or otherwise “popcorn-like” morphology. Remedies to this problem
include a reduction in the partial pressure of the propylene during polymerization. Utilization of
the present catalyst sysiem does not require the propylene partial pressure to be reduced to
eliminate the “popcorn” morphology of the propylene and ethylene copolymer particles. Use of
the present catalyst composition yields spherical or nearly spherical random propylene and
gthylene copelymer particles.

(0001451 By way of example and not Hmitation, examples of the present disclosure will
now be given.

[0001467 EXAMPLES:

(0001471 A commercial SHAC™ 320 catalyst was used. Procatalyst A was made
according to U8, Pat. No. 5,093,415, Accordingly, Mg(OFEt) ; was slurried in a 50/50 (vol/vol}
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continuously purged with hum dified nitrogen. [000157]
The average residence tine, based on production rate
war@oneest or bed wei ght is approximately 2 houPGT/US2008/073882
66198, Cat al yst productivity is determ ned fromtitanium
? %nal ysis of the polypropyl ene product. In order to
are productivities obtained at different residence
n"D’ﬂfurt«t |0ﬁe“slut Héllesunanschlpertapraral | Z8dlitekbegrape Mgg@E:) with DIBP

duscbt\éﬁ%&%‘%ﬂ%? O<h rﬁ?tailo}\ﬂo%l%xg ?g%i%ghg?&af%? T %%ﬁ%‘é{&%ekﬁ at 1()6 C. for

&0 mimeeN @ WhofiSerad. € He)/kﬁhﬁtadig ¥ioisk ﬁ&lxm‘yxbediuh@dghta BR5K gw Volumﬁ) TiCly

- Ppropylene partial pressure 2 206 kPa recycle g
MUB nyigfse <<f<§/h@f/§%0&¥fim§\ig%%%izé it @‘é‘?rp‘e'rfgt 30 & Bkené Fede i the process

mpeated)(ﬁé%ﬂﬁ? t#ne. 898 %Rﬁm%@@%%&% s & RO Qo%&%zﬁlgdﬁﬁsﬁlgg%med with

hat ‘various ch anges fications
fowing p‘raesasmrbgpnpﬁ bef esrigdy prived] ywemirssicdest f pbedithe ﬁ*eiweigwl I

ent. e skilled t.he. t. Such
PR GE Frs el S be ade Wt HoGe S RF LT h R g (PPES, by
Symyx)t he spirit and scope of the present disclosure and

wi thout dimnishing its intended advantages. It is
i0ARHET ofetalyst ended: shat ofsthehcaravgpsvdmdvirodidhiehby oiiring the

powder pv%h Q\!I?EJ%" tf)p}éf?tfia(?d%%@gnded claims [000160] For

{'dt es patent practice, the

g@ommt SxibﬁLaB)anﬂa’&Emﬁ wopadantd apm d0sald enisepar £, mcpt 5-191
ication referenced, herein ar e)3 ereby i ncorporated ™
which “ﬁs‘r drwiéﬁ%ﬁtf@iweﬂ% Repre iaielivetyo Herldit; T eepaer arpyraniie propar b

and mc({ @@q&g} 060 5t hg;\gga{;ﬁ& ure of structures, synthetic

hni gues and general know edge in the art. It shoul d
{Bé() lﬁid ePsteod Phatacwar ots hettahge§04hd i tiahd datpaos™ make-up

tvent R RS PO S RO AR et s o5
psig. Reactors were heated to the assigned temperature (67, 100 or 115°C). Propylene was added
to 100 psig and allowed to stabilize for 10 min, To each reactor was added SCA or mixiure of
SCA & SLA and a 500 ul of lsopar B™ chaser and immediately followed by the addition of
catalyst (275 ul} and a 500 ul Isopar E™™ chaser. Reactions were quenched with COy after 60
minutes or when the maximum relative conversion of 110 was reached.

[000152] Gas Phase Polymerization:

{0001531 The reactor is a pilot scale model, 35 om in diameter and .4 m in height.
The reactor contains a fluidized bed of polypropylene powder, which is fluidized by means of
a compressor and recyele gas stream. Reactor temperature contro! is achieved by cooling the
recycle gas stream by means of an in-live heat exchanger.

[000154] Catalyst, TEAL and a sclectivity control agent (8CA) or donor
arc continuously fed to the reacior. Feeds are controlled in such a way as o
maintain specific molar ratios of aluminum to SCA and TEAL fo titanium.

[000155] Propylene, ethylene  {in the case ofcthylene random  copolymer
production) hydrogen, and  nitrogen  are continuously  added  to maintain the targeted total
pressure and molar ratios of hydrogen to propylene and ethylene to propylene (in the case

of ethylene random copolymer production). The total pressure and partial pressure of propylene

41



Such changes and nodifications can be nade w t hout
departing fromthe spirit and scope of the present
wale@elozmsr e and wi t hout dimnishing its intendedr/us2008/073882
sotogaadvantages. It is therefore intended that such changes
and nodi fications be covered by the appended

e CLAI M5, What . cat al yst
Eweh“eg&ﬁ%§s¥ oﬁ‘%%hﬁﬁﬁ%?ﬁgﬁ%%h%ﬁBg Wﬁ?ghﬁfﬁﬁler Nat t a

poocad]alys tre 6O FRQRIL 10RS G frShNH: GNELHAK BII@ a receiving drum

transition netal conpounds and one or nore esters of
Cmﬁ““@#%ﬁ@ﬁﬂﬂﬁ%ﬁhéﬁ%bﬁ&?i@@ﬂaéld i nternal el ectron donors;

@%ﬁl oF | \r/f?lr Gv 81 #ﬁ agt“gg u,( %J(sﬁ? off gico%tugtfu% 1% a@cﬂ%g@tor bed weight
is approofimaniyal I&yiursesf,&iﬁiy@ﬂ‘ pROKicHERQN dq&h@ﬁﬂed ﬁl@mdm&ﬁi&mf aBdigkis of the

t nd I t f al
poh’prog}é}?llgql &g%&ﬁ.? Ir{r}‘ggﬁs(%ﬁ %}-OC%)H@WI‘% p%dggm%rﬁ@r%%élgq@gtd?ﬁgg}tni%wdergce times,

the 1051@&@@9%‘0&&8!16@&0 Qalnagi&@a]c’e%exﬁs%c@ dhe oEm’l q{ouiaﬁsi% Q{l experimentally
alumnumto total CA71s 1:1 to 3: e ca
dewmnn@@hﬁ@émﬂd@my@bnﬁmaln11 wher ei n the C4- C30 allphatlc

R SRR SRR DBt Cebaemt o, @ ©

resin beltRlgn) (al kyl ene glycol) nonoor di-nyrislates, and

pﬂmykﬁ@ﬁ&h@ bQns thereof. 4. The catal yst cogpg&;%pgn of
umyde @4qgéﬁmhere|n the silane conposition ig

X
&daor 1 8“&?entyld|nethoxy5|lane 5. The cat
ion of claim1 wherein silane co é?on s a

¥ e of di nel hyl di net hoxysi | ane and a*

sel ected fromthe group consisting of

di cycl opentyl di met hoxysi | ane,

@@{5 ﬁ\@l C%’lc LipRex Al R LLAGX gk @&‘Pousapi Bees aud modiﬁcauom {0 the

I met hoxy sf]ane 6. The catal y§t conposit

pmsemiy‘)fpndhaﬂmmbmﬁlmm‘isrtieSh@cSCh%x@nncmﬁ [ Esaes;);ﬁfbﬁ@% mimise skﬂkd in the art.

Such ch oeg gg rrgoo];i 3‘%?}@01%4 ngg 1{1:}%‘2 wg}tmui depamng g‘om ?%e spirit ang scope of the

present disclosure and without diminishing s intended advantages. It is therefore intended that

reactor m TS

such changes and modifications be covered by the appended claims,

(000160} For purposes of United States patent practice, the contents of any patent,
patent application or publication referenced herein are hereby incorporated by reference in their
eniirety herein, especially with respect to the disclosure of structures, synthetic techniques and
general knowledge in the art. It should be understood that various changes and modifications to
the presently preferred embodiments described herein will be apparent to those skilled in the art,
Such changes and modifications ean be made without departing from the spirtt and scope of the
present disclosure and withowt diminishing its intended advantages. It is therefore intended that

such changes and modifications be covered by the appended claims.
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7. The catal yst conposition of claim1 conprising
i sopropyl nyri state and dicycl opentyl di net hoxysil ane
wW@2009l029487t al yst conposition of claim1 conpriBCTS2008/073882
66198 di - n-butyl sebacate and di cycl opentyl di met hoxysi | ane.
619849 The catal yst conposition of claim1 conprising an
al kyl ester of a Cg-C aliphatic acid,and the pol yner
formed fromthe catal yst Ced#ddsi ti on does not have an
odor. 10. A catalyst conposition conprising: one or
What ismimiecZisegl er- Natt a procatal yst conpositions conprising
one or nore transition netal conpounds and one or nore
gsgeig of aromatic dicarboxylic acid internal electron
SABHS: “GRRSBICTHEFP SIS ni num cont ai ni ng cocat al yst s:
and a selectivity control agent (SCA) conprising a
M @e The gam~r1ﬂ>znta$ﬁb@ﬁaigg IPRSLHOR BRRridingidn@Me more transition
conposition. 11. The catal yst conposition of claim 10
metal cyppRpsihatdenes s LEEcd BBt leThax vE e pad t TRl Pagitcmelonors;
group consisting of a dial kyl diether conmpound,
fel i inj DDAz, '(." M SRR LKy (SCAY
P a kg e ea i B R NaG: A I s Beg SO
compriselgad medireodapeiksi egera! ol & rEphaic abidalkwrendiasioetcotnabsition,
CA fromp 9:1 to 50: 1. 13. e catal yst conposition
anda}ng?i%ﬁ@ﬁﬁ%gmﬁﬂgpé?ﬂﬁﬁﬁgﬂﬁ&ﬁﬁbggjﬁog&nposition is
2, 2~di i sobutyl - 1, 3-di met hoxypropane. 14. The catal yst
2. TIRRests coRpfitisd af i WReERIMLE ARVSCAIS b 4iB8Inum to total SCA is
conprises a activity limting agent. 15. The catal yst
1110 3donposition of claim9 conprising a molar ratio of
alumnumto total SCA fromO0.5:1 to 4:1.

3. The catalysi composition of claim 1 wherein the C4-Cyy aliphatic ester is selected from

the group consisting of isopropy! myristate, di-n-butyl sebacate, {poly)allylene glycol} mono-

or di-myristates, and combinations thereof.

4. The catalyst composition of claim 1 wherein the silane composition is

dicyclopentyldimethoxysilane.

5. The catalyst composition of clatim 1 wherein silane composition is a mixture of
dimethyldimethoxysilane and a member selecied from the group consisting of

dicyclopentyldimethoxysilane, methyleyelohexyidimethoxysilane, and n-propylirimethoxysilane,

. The catalyst composition of claim 1 wherein the SCA comprises 60-97 mole percent of

the C4~Csg aliphatic ester and 3-40 mole percent silane composition.

7. The catalyst composition of claim 1 comprising isopropyl myristate and

dicyclopentyldimethoxysilane,

&. The catalyst composition of claim | comprising di-n-butyl sebacate and

dicyclopentyvldimethoxysilane.

8. The catalyst composition of claim I comprising an alkyl ester of a Cy¢-Cag aliphatic acid,
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16. A catal yst conposition conprising;, one or nore
Ziegler-Natta procatal yst conpositions conprising one
w@eroogoe®Est ransiti on netal conpounds and one or PODIUS2008/073882
» esters of aromatic dicarboxylic acid internal electron
66198/ onors; one or nore alum num contai ni ng cocatal ysts;
and a select|V|ty control agent (SCA) conprising a
and the gplypgr Brged (om Besplebneccampbsidoonnofhage fn péar.
al koxysi | ane and a second al koxysilane and (ii) an
C. 17. The catal yst conposition
10. gfg%'ggﬁ¥%%£%%é$%? Sﬁ% first alkoxysylane FE sel ect ed
fromthe group consisting of dinethyldi nethoxysil ane,
dlici s oprro Byl giériesttaaprysitdlan epmpositions comprising one or more {ransition

di cycl.opent yl di net hoxysi.l ane,
metal C(\kﬁl%{%ﬁgt’r (ﬁ%}lgq%s %rd?fdfj SRR 5 )amnhgxfﬂglé%@xyi hﬁueld nitgmai-ﬁi getron donors;
catal yst conposition of claim16 wherein the second
@ok@ st bananing Sehpsiedhupmst gl group consi sting of
dlnethyldlnethoxy3|lane ethyl tri et hoxysil ane,
opyl tri et hoxysi |l ane, diisobutyldi ethoxysilan e,
qf,{éf W]@ }@y E-:‘I“Bﬁé%ﬁfﬂﬁ%‘?ﬁb)(%ﬂ“&‘f*%a gu\tum of a non-gater wmpmi‘non and a
Nyt yl di met hoxysi | ane, tetraethoxysilane, and
ranethoxy3|lanc 19. The catal yst conposition of
claim 16 wherein the activity limting agent is
{1, TFeletted Cfﬁmpmiﬁdﬂeomaiupi {cohgbtthngomwstet dupdposition is selected from

the gmug\z‘o%%» H%éﬁ) I ?Iigﬁ %%1%‘5()% qpolé?{% éx%ggig\%wgélgt! &ggﬁ%ﬁc 0~ sg’rdi—aikyl
cﬁhlgfggﬁﬁgﬁﬁﬁ%ﬁyﬁﬁie derlvatlves of C. ]00 (roly)g!ycols
(poly)glycol ethers. 20. The catal yst

R conposition of claim16 wherein the activity limt ? .
12. ’H‘é’e"ﬁtal‘ﬁg ceapesieyciolam thengrbing THREF gzttr]onéjggﬁmnum io Total SCA
3 s d Fepyl lauratc. isopropyl nyristate, and isopropyl
hﬁm{h§§2§r§? 21. The catal yst conposition of claim16

wherein the first al koxysilane is
13 'Hiermtah;st dompedidxysi diame? ahdetitbe secosiar alnkmxifiohliahé-disobutyl-
1.3di F ected fromthe group consisting of

MR BBBAL yI di met hoxysi | ane, met hyl cycl ohexyl di m

et hoxysi | ane, and n-propyitrinel hoxysilane. 22. The

14, TRtalyst cCapResid misfo GhabM (A6 SCONMREhLS] Ah APPSR ctivity

~ratio of alumnumto total SCA
limiting agent.

silane cﬂh;t)
t

1S, The catalyst composition of claim 9 comprising a molar ratio of aluminum to total SCA

from 0.5:1 to 4:1.
16, A catalyst composition comprising:

oue or more Fiegler-Natta procatalyst compositions comprising one or more transition

metal compounds and one or more esters of aromatic dicarboxylic acid internal electron donors;
one or more aluminum containing cocatalysts; and

a selectivity control agent {(SCA) comprising a mixture of (i) a silane composition of a

first atkoxysilane and a second alkoxysilane and (31} an activity limiting agent.
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fromO0.5:1 to 4:1 . 23. The catal yst conposition of
claim 16 wherein the activity limting agent is
wa@eleoreEs’ from t he group consi sting of an al KyPCEEEEN8/073882
66Hm,CfC -C Qaliphatic acid, a diether, and a poly(al kene
. Ablycol) ester of C4-C30 aliphatic acid, and a nol ar
ratio of alumnumto SCA of 0,5:1 to 50:1. 24, A )
17. the gart@lﬁt EBWEYEPY PHFaEy h%w,hgqeﬁgi:he dnE adiosiilage is selected from the
WA r-Nat t.a. ysi. & 14:.Qn 1 sing one
B o e L B SRR © e
dicyclogshddsnofogsdamt il idi{pahbdooybiginabrddinntienmalanel ectron
donors; one or nore al um num contai ni ng cocat al ysts;

d a.selectivit ntrol ent . (SCA) .conpri.sing a, . ..

18 RGeS sphopy ey ottt for PR uet SHoh ACBrBLT Rigieit from

the grou@bodbik@xy i diRBeyARdRoAMLS, ARG EQaRASIES, @hraRdi ek ysilane,

.. an activity liniti nlg agent. 25. A catal yst conposition

diisobuigfdicthed iz, wisdndivalohheridiothosydigne donpasiltpaghorivailane,

e S8 8CL € romthe group consisting of diether

mm‘”th%\ce}rsr%%lbsh %J %ﬁamr‘”j?%é}%ﬂg#% e conmpounds, 26. A catal yst
conmposition of claim?24 wherein the non-silane

19, Cenpodidticompbstil@s 8F diibs bbuhyein the 3ewlinydiduiony peopanelected from

the groq%g‘ﬁpgﬁq%at %J %@%&gﬂ%@%:‘:ng;ogtggggmgiigh %ﬁé%ﬁ%mﬁﬁ;}hegjﬁg (}ﬁf mono- or di-

carboxvBE DYERIRBA, A1 BB 28- _Qﬁvc%@(ﬁ?fei FRl O BF @f%‘..‘{”gﬁ Booly)glycols or Czigo
conprising: i ntrodugl g propylene and a catalyst

{poly)glgortpdsition in a polynerization reactor, the catal yst
conposition conprising a Ziegler-Natta procataiyst

£0NMposi tion, an_ar tie dicarboxyiic acid ester. . . ..
20 Pl et PeR onor 16 SR Aube dRbnhTng! i selocted from
the grou@QeadialySdf is@nch 1 150418 GidpvdiW nEeRtHO hin@GeRp(ISEAkate.

conprising a mxture of an activity limting agent and

a silane conpaosition; maintaining_an alumnumto total

2L Bexadril6oppemien o daippl ercliig” fisy mkagydiane is
dimethyp{ﬁﬁgwﬁyﬁhﬁ@thuﬂh@'sQ&nB%!%@s(ﬁane is selected from the group consisting of

dicyclopentyldimethoxysilane, methyleyclohexyldimethoxysilane, and n-propylirimethoxysilase.

22, The catalyst composition of claim 16 comprising a molar ratio of aluminum fo total SCA

from 0.5:1 t0 4:1,

23 The catalyst composition of claim 16 wherein the activity limiting agent is selected from
the group consisting of an alkyl ester of C4-Cyp aliphatic acid, a diether, and a poly{alkene

glyeoly ester of C4-Csyy aliphatic acid, and a molar ratio of aluminum to SCA of 0.5:1 to 50:1.

24, A catalyst composition comprising:

one or more Ziegler-Natta procatalyst compositions comprising one or more transition

metal compounds and one or more esters of aromatic dicarboxylic acid internal electron donors;
one or more aluminum containing cocatalysts; and

a selectivity conirol agent (SCA) comprising a mixture of (i) a selectivity determining
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29. The pol ynerization process of claim 28 conprising
introducing into the reactor an SCA conprising a
worzoovoeEspf a C4 C Qaliphatic ester and a si | aPeT/US2008/073882
56i%Aconposition 30. The pol ynerization process of claim?28
“‘conprising introducing into the reactor an SCA
conprising a non-ester conpositign and a silane | .
composERFB &P elkenyBiene T po-GHELICOBRPPEROpRSCES an aftielvdimipg agent.
conprising introducing into the reactor an SCA
25. RQ:E@J’&E%( Mo Rit B U 6m 93 \4(}&6);1' i@ ¢l ﬁ(}?}tsi}%é‘&ﬁ?@isiiﬁﬂ% aneid from
secorid al Koxysi | ane an (||3 an activity mting
the grovggensist8y of Thehpabypenidsand pipapidoeessipofindl ai m 28
conprising maintaining an alumnumto titaniumratio

f_about 45:1. 33..7The process of claim28 whereipg.the . .

26. %Fé%@ylbgﬁeén%cgﬁiggi oﬁ Ic}nian ggl“)}%?m %?s“%‘"%%&ﬂf‘%h%ms‘“ggm 1§§,4~§}150b11t} i-
1,3-dim&@pt@épahieom about 0.5% to about 6 0% by wei ght. 34.

The process of claim28 conprising extinguishing, with
o the catal yst conposition, the polynerization process
27 AwsarhEheugssine sl s en Yheade 8 Wasang e 2.2,6,6-
tetrametﬁg e?i'éﬁnteh?n 1000C. 35. L polynerization process

C rising:. reacting a gas conprising propylene and a

catal yst conposition in a polynerization reactor, the
28, 4atbinyszattonposist canpgonpri sing a Ziegler-Natta

procat al yst conposition, an interna! electron donor,

1%@3?1%.%{2 }gégﬁgnoo(m ! néag:%}‘sgr%%%%ﬁsld%%% 1}1?] *anogq{rgeriﬁalﬁgﬁgéa\aogy the catalyst

composi@ehic¥inbMsihb B17hd dhg-Rgentroddidya csilhadlfo aARashddciiarboxylic acid
~ fornming a flui di zed ‘bed of polyner particles, the

ester intgrng| deied deaer. RadiuagEn BoRRIndgeEnEIceptysaae ¢ sdediviy cautrol agent
e R L: . ! ko'cr qeoidelol ) i L ’ -he. . bul k
)RRl B ETRL A ER U PR bIE P PBEEaRE A DL

of claim 35 conprising increasing the bulk density by
maintairadgoart 210U to el BCA ratio from (.5:1 1o 4:1; and

forming a propylene-containing polymer.

29, The polymerization process of claim 28 comprising intreducing into the reactor an 3CA
comprising a mixture of a Cs-Cag aliphatic ester and a silane composition.
30, The polymerization process of claim 28 comprising introducing into the reactor an SCA

comprising a now-ester composition and a silane composition.

331 The polymerization process of claim 28 comprising introducing into the reactor an SCA
comprising a mixture of (i) a first alkoxysilane and a second atkoxysilane and (it) an activity

limiting agent,

32. The polymerization process of ¢laim 28 comprising maintaining an aluminum to titamum

ratio of about 45:1.

33. The process of claim 28 wherein the propylene containing polymer has a xylene solubles

content from about 0.5% to about 6.0% by weight.
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100% 37 The process of claim 35 conprising naintaining
an alumnumto total SCA ratio fromO0.5:1 to 4:1. 38
wab@opeasess of claim 35 conprising introduci NBCT/I82008673882
56198, into the reactor with a dew point tenperature from 1C
% 100C l ess than the fluidized bed tenperature and
reduci ng an ampunt of |iquid propyl ene present in the
34 FE*aE%%w o3glarp et SPEEEYES sﬁﬂeg%hﬁ%%@1@8%@%}5&@01119%%“ the
| : ores ) H0eC,
noly mch?olﬁn%sg %)dl%gsn@h&%T%SR%%géﬁétggl %?Jt%!][ %@ r#%% ﬁém%tg%eeer;ﬁﬁe%téxan 100°C
process has a production rate for the pol yner
35, Ppaptivokesttcherprecessroopri si ng mai ntai ni ng t he
production rate during t he reducing 4 1 The met hod of

lLaim 3 .G o) <] g
%d&ln&) Cgmﬁilm ‘1% 5903‘} i‘lg ag% iy »?/ qupo)élt 14 11‘1 apo%/m:,rlzaﬁon

ene COI’] ‘ent

reactor aﬁm&ﬁai&&%tp@uﬁl&%ﬂm&%a@a PREEAN 42 pﬂ'd}@fapyrsﬁﬁﬁﬁgﬁwﬁfm an internal
cIa|n135 conpri sing extinguishing, with the cataly

electronGowpb $neligHug wenﬁaéﬁa}eﬁ ovgtalre Ang Reclertiidi &2@@@%@@1& 3 LA)
COmpri Jirfntpﬁ G\&{nlé g ah %ugaﬁﬁz"ﬂrﬁ m.L I:.l &iQPQ Qtsl %%Q@nﬁu%m;@ € p rocess
erern ene contarni ng pol yner
contalns | ess than 3 ppn1re5|dual titanium 44 A
poynger flddiri dhedvlgedssequmpriss trdgluidingd oaiueivng aabulk density; and
propyl ene gas, an ethyl ene gas and a catal yst
cqonposition, in a palynmeriz n. reactor he catalyst
SONBETH oroH i Gt s PP RAR B prb BodRy St reacros
fouling.conposi tion, an aromatic dicarboxyllc acid ester
internal electron donor, an aluninun1containing
L cocatal yst, and a select|V|ty control age
36, Elnprest ACIAHT X EURBIITRE HNTAEnR Ve §rlk fi%ﬁsm ﬁ@ aﬁg@ﬂ@“’ahwb@m
1009, @ silane conposition; maintaining an alum numto total
SCAratio from0.5:1to 4:1; and

37.  The process of claim 35 comprising maintaining an alominum to total SCA ratio from
0.5 1041
38, The process of claim 35 comprising introducing the gas into the reactor with a dew point

temperature from 1°C to 10°C less than the fhuidized bed temperature and reducing an amount of

ligquid propylene present in the regetor,

39, The process of claim 35 comprising increasing a residence time for the catalyst
composition.
40, The process of claim 35 wherein the process has a production rate for the polymer

particles, the process comprising maintaining the production rate during the reducing.

41, The method of claim 35 comprising forming a polypropylene homopolymer having s

xylene solubles content from about 0.53% to about 6% by weight.

42, The process of claim 35 comprising extinguishing, with the catalyst composition, the

reacting when the fluidized bed temperature is greater than about 100°C,
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form ng a propyl ene and et hyl ene copol yner. 45. The
process of claim44 conprising formng a propyl ene and
wetdvglozgae7 r andom copol ymer havi ng an et hyl ene BPONMUSI008/073882
66198 greater than about 4% by wei ght. 46 The process of
"%l aim44 conprising reducing a partial pressure of the
_Sropyl ene gas in the reactor and form ng spheri cal

43 bl picerss of oing Ré sy Ihe meomftne R TEREDE B el Samerns g5, than 3

v et 1ET PF s of claim46 wherein a partial pressure of
}pmw%ﬁglg{aggﬁﬁene gas is not reduced during the formng.

48. A pol yneri zation process conprising: introducing
44. pnopyhenstiengroacss atabysbgconposition in a
pol yneri zation reactor, the catal yst conposition
conpri.sing a Ziegler-Natta proca al yst conposi.tion, an
PR roBulib oy e Beiede Bt &Rt F st v TBRatbh S
polyme GBI refbr b BRAYR alfodiih RYneasak al7¥eler- 106 Bocatalyst
selectivity control agent (SCA) conprising a mxture
composgiongasitogabc deapesTid aid el iateinat elerandarpriapishigniagent
anmekschad.framthe group consi stdng, of an. alk SO - ity
contmmg g g%ﬁi&%gsé,oggal%rgpslt%g&tu%xxgi{yaééfﬁlg%? % gyél? é&‘i khfg)r t...-g.ngwar%g%a( %}zﬁgr% é? an activity
Hmiting@ky@ain)i aesiber coGsitionO al i phatic; maintaining an
alumnumto total SCA ratio fromO0.5:1 to 50:1 ; and

form. ng a propyl ene-contai g pol yer.
mamtam}gg an giumegum 10 tota %Ca/\ rati% hpem St o4 and
forming a propylene and ethylene copolymer.

45, The process of claim 44 comprising forming a propyiene and ethylene random copolymer

having an cthylene confent greater than about 4% by weight.

46, The process of claim 44 comprising reducing a partial pressure of the propylene gas in

the reactor and forming spherical particles of the propylene and ethylene copolymer.

47,  The process of claim 46 wherein a partial pressure of the propylene gas is not reduced

during the forming.
48, A polymerization process comprising:

introducing propylene and a catalyst composition in a polymerization reactor, the catalysi
composition comprising a Ziegler-Natta procatalyst composition, an aromatic dicarboxylic acid
ester internal electron donor, an aluminum containing cocatalyst, and a selectivity control agent
(SCA) comprising a mixture of a silane composition and an activity limiting agent selected from
the group consisting of an alkyl ester of C4-Csg aliphatic acid, a diether, a poly(alkene glycol)

gater of C4-Csp aliphatic;
maintaining an aluminum to total SCA ratio from §.5:1 10 50:1; and

forming a propylene-containing polymer.
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