PROCATALYST COMPOSITION INCLUDING SILYL ESTER INTERNAL DONOR AND METHOD
CROSS REFERENCE TO RELA | ED APPLICATION The present application claims priority to
U.S. patent application serial 61/117.820, filed on November 25, 2008, the entire content of which is
incorporated by reference herein. BACKGROUND 100011The present disclosure relates to silyl esters
and the incorporation of the same in catalyst compositions and the process of making olefin-based
polymers using said catalyst compositions. 100021Worldwide demand for olefin-based polymers

continues to grow as appligafionsdek s RPINEIIReRIMEUIIGiYErsE BREHROTe Sophisticated.
Known are Ziegler-Natta catalyst compasgions igntieproductianrefstefin-based polymers.

Ziegler-Natta catalyst compositions typically include a procatalyst containing a transition metal halide
(Le., titanium, chromium, vanadium), a cocatalyst such as an organoaluminurn compound, and

optionally an external electropgorerr Zigtenihaitacazglyzad plafmbasedipslymers typically exhibit a
narrow range of molecular weight distribution. Given the perennial emergence of new applications for

olefin-based polymets, theaft spergnizesitienesd-Hor eldfis-based paiimermwitiangirovedand varied
properties. Desirabl Wo%!g be Zijegler-Nana, catalyst c ositions for the production olefin-based
polymers witﬁlﬁcgé’é‘o%{ﬂ‘éef ﬁfaiszwlg%ﬁ’tt&%fﬁgﬁ%i% n.¥§ltJ m&‘iﬁﬁf}?ﬁﬁ%gg’ 5%%51{63%%%?&% is
directed to silyl ester compounds and the app@gg@%gd me in catalyst compositions. The silyl
ester-containing catalyst compositions of the present disclosure exhibit high activity and produce

olefin-based pahumers with.hraad melasyia weightsisivbulion andimprovesdiextsakmagulus while

maintaining high isotacticity. a combination of a magnesium moiety selected from the group
consisting ofcAAATRE GAMREHESRTANAPRTUPFPEBY 96 R RYaR R BRINACS RORIBS S UsEHE St 8B Slining
magnesium ehigpgigeaimpound, a magnesium halide and combinations therefore, a titanium moiety
which is a titanium halide, and an internal electron donor, the internal electron donor comprising a silyl
ester having {g0sjructursy/B]dyidld| 22608 GoiCI il -BasXd| HRAnR 2 Réntinusd Ter g wreisaapliciéger from 1

to 5 d.enotin agﬂ drocarbyl with the same number of carbon [ integerfron -]ngas
denoting a h?}(c’fr cé%{}f’?ﬁﬂ%’%g}%%"ﬁ‘ﬁm Ser g}fvggsr %%a O%SS?OP%&FQQ{E-&J%C?'are the samelg if erentand

each is selectetd! frssmcingagitens donsisting dididrodenciznsbassdtptdriioysrodiadip-grats 1ing 1 to 20
carbort aloms,, ARAARRSHIERDYAAGALDY BIURRAY A-1-iNAD GathpBAlaMA.aherabinations

thereof, and X'is'an e doriating group.”10004]In an embodiment, a silyl ester is provided. The

silyl ester has it duraign, (FERBIRIRS RS GRS Ch X | TR RB U0 SRR #Hdnd n
are each an iftegenfron ldQernat NaSBR o MandA:.erRe AR Olar A hydregarnylasih theysaree

number of carbon atoms. R1-R7 are the same or different a%gﬁe ch s selected from hydrogen, a
substituted h{rGERYLS¥ERELE RATRY iaftg%d’%é?ﬁ Yt L%ﬁﬂ%’éfﬁ?ﬁte Va?cg%ﬁrﬁ?fa%%p having
1 to 20 carboshiierit: asttheambinajianssthieregtnt isaadeletirosrgabatingretogicontaimeag oS, N,
and/or P atomi%sg. [0006]In an embadiment, R7. is %benzsne-rin .-é:omjslirs‘]inagz)lgr%%%1 ng gl%n e?_ne-ring-
containing gr8 ‘b§ Al T ol S NSRGIES With OHE orinsre of the Tonowing: S PS6% vl group,
a C1_20 alkaxytgrostalatChr@ibsilons Gar llenytghouppaotedlogesed prinrasd sty oatbineitionsrthereof
[00071In an emb%ggpsg%ugo%ilyl diol ester is provided. The silyl diol ester has the following structure
(I): OR3 R1'K5 ‘ \

SUMMARY
[0003] The present disclosure is directed to silyl ester compounds and the application
of the same in catalyst compositions. The sily] ester-containing catalyst compositions of the
present disclosure exhibit high activity and produce olefin-based polymers with broad
molecular weight distribution and improved flexural modulus while maintaining high

isotacticity.



lr1n-c rR7-C --"""C"™-""-Re [0008]wherein R1-R8 are the same or different and each is selected
from hydrogen, a substituted hydrocarbyl group having | to 20 carbon atoms, an unsubstituted
hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof [00091In an embodiment,
one or both of R7 and Rg is a benzene-containing group. 100101In an embodiment, the silyl diol ester
has the structure (111) as follows: (1ll) [0011]wherein R3-R6 are hydrogen, R1 and R2 are the same or
different and each is selected from hydrogen, and a C1-C6 alkyl group. In a further embodiment, RI
and R2 are each selected from hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, and
combinatio&iiileof 100aradpeelin thenbsdirasisedheosisatelipitesep priahewnritting (1) wherein each
of R1- R6 is selected from hydrogen, and a C1-Co alkyl group. In a further embodiment, each of R1

and R2 is selected fraabaye s Mekidiuathibi fPioYled BERYho LRIy kdrdisimatodutyhirad

combinations thereof, and R3-R6 are methyl. In another embodiment, each of R1 and R2 is selected
from hydrodBtERTeHAY AR FeRr A PRGBS T HaL TR 6 U LS TCaRE R BiEO  hereof, R3
and R5 are ¢nietiyd cangRbdandReasthydiogemd Q04Ralnianofiet @specttihine isdieoyvided a
catalyst composition comprising: the procatalyst composition as defined 8Hove; and an
el O SO AR OB E B B G LD SGPAdts 1 BTN ISEr RASEbs for producing
an olefin-basechpelymesisoryeidiagng theomntaating, under polymerization conditions, at least one olefin
with the catalyst composition comprising the procatalyst as defined above; and forming an
olefin-based polymer. [0013]The present discloaﬁure ?rovides a method for producing a silyl diol ester.
3

In an embodiment, a method for producing arsityl-die elénmludes reacting a carboxylate salt with a

dialkyl silane of the_ structure (1V) below: A2 -Si- A4 A3 [ OiA]wherein Aj and A2 are the same or
different and each,is a halghydrogarby! GEgHP BaviRdohite 2@ FaRAmAHUNE RaRd R8s he same

or different and each is selected from hydrogen and a hydrocarbyl group having 1 to 20 carbon atoms.

[0015]The rERIBRRIRP if dRIBESIS IR iyl cariusidryihosArarh Bath siem nBbSTethod includes
forming a silylliglestar of the structure (I11) below. ?'11 -112 17 [0016]The substi ents R1-R6 can be
any substituent as disclosed for structure (Ill) above.

R;-Ry are the same or different and each is selected from the group consisting of
hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted

hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof, and

X is an electron donating group.

[0004] In an embodiment, a silyl ester is provided. The silyl ester has the structure (I):

la



WO 2010/065361PC14152009/065471 [0017]In an embodiment, a process for producing a procatalyst
composition is provided. The process includes reacting a silyl ester, a procatalyst precursor, and a
halogenating agent. The reaction occurs in a reaction mixture. The process further includes forming a
procatalyst CHRHEYIBACThe procatalyst composition includes a combinakiol oA MEGhEsium moiety,
a titanium moiety, and an internal electron donor. The internal electron donor includes the silyl ester.
[0018]In an embodiment, another process for producing a procatalyst composition is provided. The
process includes reacting 2,2-dimethy1-1,3-propylene glycol dibenzoate, a bgpzoate-containing
magnesium precursor, and a halogepating agert: Tie reaction occurs in a reaction mixture. The
process includes forming a procRat;alf_L(_: m oiiéig_airlza_t,jncludes a combination of a magnesium
moiety, a titanium moiety and an internal eleftroh dghor. The internal electron donor includes ethyl
benzoate and 2,2-dimethy1-1,3-propylene ghycokdibenzoate. [0019]In an embodiment, a procatalyst
composition is provided. The procatalyst composition includes a combination of a magnesium moiety,
a titanium mgigiy}, and andaisrnalalecten denon Hhesintawal rlectromdoneriorludesdsiyhester.
The silyl ester may have the structure (1), (I1), ar (lll). [0020]In an emhodiment, a catalyst. composition
is provided. SFREIEABIFE EBPhSSTARCIIRTRILR L f1 sehgn ﬁ‘?&‘ﬁ'a%ér 1 &6 o%ﬁ.‘?Sﬁra%{é%eﬂ'ﬁBfudes a
cocatalyst. The eatalySktemepasitiohyagepuionatitincibedanakiérosueleatiap dondlanedion an
activity limiting agent. [0021]In an.embodiment, a Qrocess, for producing, an olefin-hased eris
provided. Tﬁ%gﬁ‘fg(?gs ﬁ?gﬁ}gg%eadcqgﬁ%g ,ﬁéyﬁﬁrggp%grgn j}iz?gt%}ncggjﬁ%t@%?’at %a?gtl%%ﬁg&é)e in with a
catalyst comipasitfons Thencatalyst domposigionricchideing Silyl.estendon& pieséss also includes
forming an olefin-based polymer. [0022]An advantage of the present disclosure is the provision of an
improved pri®8@lyst cdmposibaiioensRAniaakrge BRnOPIIBER HiBosths REArESTE&Ion of an
improved calglysheMPasitionio R 203PNBEREIRET AVSi2 0R0/A6RAT dPaRATAMAd@niage,of the

present disclosure is the provision of a silyl ester sujtable for use as an internal electron donor.
[0025]An adtkKk£3e1Bf & 1peedbArYiSEBRu s PO ABANST S SidRiEET ARk 8P lse as an
internal eleciramBaness BAeJAN advantage of the present disclosure is the provision of a procatalyst
composition having a silyl ester and/or a silyl diol ester that produces olefin-based polymers with
improved prigdétjes. [0D2 W enaavantageaciityledpresset disvivaded.isThe pllibidrestn kastéiyst
composition;havin ' and/or a silyl diol ester that produces an olefin-based polymer with
broad molecft(?%)rwvbge%k%ué{llsﬁtﬁtgg%ion, and/or improved flexural modulus, and/or high isotacticity.
DETAILED DESCRIPTION [0028]In an embodiment, the present disclosure is direct&% to a silyl ester
compound with the structure (1) beloy. (1) 0 222 R1Rg Il I XR2-C -C2 Si

T

T T
Rs Ry Rg
[0008] wherein R-Rg are the same or different and each is selected from hydrogen, a

substituted lhydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl

group having 1 to 20 carbon atoms, and combinations thereof.

[0009] In an embodiment, one or both of R7 and Ry is a benzene-containing group.,
[0010] In an embodiment, the silyl diol ester has the structure (IHI) as follows:
(IIn)
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| [0029]The letters "m" and "n" are each an integer from 1 to 5, m and n being the same or different,
m and n each denoting the number of carbon atoms in the respective carbon chain. It is understood
that each additional carbon in the Cm carbon chain and/or the C. carbon chain can include one or
more R' substituent(s). The R' substituent(s) can be hydrogen or a substituted/unsubstituted
hydrocarbyl group having | to 20 carbon atoms. [0030]The substituents RI, R2, R3, R4, R5, Re and R7
can be the same or different. R1- R7 are selected from hydrogen, a substituted hydrocarbyl group
having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, and
combinatiori8tthgreof. Adarstéd ReligrtheytenyetihydracdrRyldanitid kyaro carkitiar afendoestibsfituents
containing Q drogen and carbon atoms, inclyding br che#jn%r unbranched, satur e(%or_
unsaturated ,Qg:%};(lé]?:é:,%gly%%n? Srrl’a%:?/{;(i:Iiaceslpé?:iari(;%?H aﬁlaqu 'rigjmaa |onse]fheé}r1§8?$1ﬁ%nr%1isir§’itﬁlg a°
2010/06536ERCEIi8200010 6547k exanmpiet oftydrazaryyl groups,inchudd, atkytyl ciblaalkghd alkenyl-,
alkadienyl-, c%%&gm{heg% oalkadienyl-, aryl-, aralkyl, alkylaryl, and alkynyl- groups. [0031]As used
herein, the terms "substituted hydrocarbyl" and "substituted hydrocarbon" refer to a hydrocarbyl group

that is substijpied with eng aeEgReRYEIcAY] sUBSHLUGnt JHaURS. ARPRIMIING SxARle of a

nonhydrocarbyl substituent group is a heteroatom. As used herein, a "heteroatom" refers to an atom

other than dsrBoiflsFR{ oGy drpehetifchtont e Hetowon e buibsiomesimerogpd v R, VI, and
Vi of the Periodic if able«Nomimitingrexamplasaf aﬁﬁ@,r%?%ﬁ!Q%Pﬂ%lfmu%tﬁﬁjﬂuglﬁ*b@ty%’ and Si.
that

As used herein, the term "halohydrocarbyl” refers to a ré}érrocarby is substituted with one or more

halogen atdts StB082H s Riash a5 Be s tametyeranehe srbndinen daramidedddirhe term
"electron dapatingigiouphrafersiern asionahgronpihafisi sappleLbaonatinganemitmosgdelectron
pairs to metal atom(s). Nonlimiting examples of suitahle electron donaging groups include -C(=0)0R,
-0(0--)CR, -‘(‘8%@%%@5%%@%@5 i m“’&ﬂﬂ@ﬂgﬁoﬁﬁ XEPRSISR, -OP(OR')(0R),
-S(=0)R, - SL70)2R, -0S(=0)2(0R), and combinations thereof R and R' of electron donating group X
cai b & sUBARERRA o A B B A b TRy Bt o SO (0039 The

structure for eachtgfctig}gcfg)[g i ggteon donating groups i provided in Table 1 below. Table 1
Abbreviation Structure -C(=0)OR -C1 -OR -0(0-)CR ID Il -20-C-R -(0=)041-111. 0 H -0(0--)CNRW |l

OR/ -C-N\. R -NH(0=)CR hli

an aluminum-containing cocatalyst.
[0012b} In another aspect, there is provided a process for producing an olefin-based
polymer comprising:

contacting, under polymerization conditions, at least one olefin with the catalyst

composition comprising the procatalyst as defined above; and

forming an olefin-based polymer.



OINCR WO 2010/065361PCT/US2009/065471 Abbreviation Structure -NR'(0=)CR -Na R -C 0 11
-R-C(=0)R 101 -C-R-OR -0-R-NHR 11-R-NR'R 11/ \R -OP(OR')(OR) OR / -0-P\ OR -S(=0)R 0 |

[0013] The present disclosure provides a method for producing a silyl diol ester. Inan
embodiment, a method for producing a silyl diol ester includes reacting a carboxylate salt

with a dialkyl silane of the structure (IV) below:

(Iv)
/1\1
Az———sl,i—m-m;a\4
Az
[0014] wherein A;and A, are the same or different and each is a halohydrocarbyl group

having 1 to 20 carbon atoms. R; and R4 are the same or different and each is selected from

hydrogen and a hydrocarbyl group having 1 to 20 carbon atoms.

10015] The method further includes forming a silyl diol ester. In an embodiment, the
method includes forming a silyl diol ester of the structure (III) below.

(1T
o Rs Ry Rg o]
/NI T e
[6016] The substituents R;-Rg can be any substituent as disclosed for structure (III)

above.

3a



R R 11-05(=0)2(0R) Il Il [0034]In an embodiment, the silyl ester includes R7 that is a
benzene-ring-containing group. As used herein, a "benzene-ring-containing group" is a component
that includes one or more benzene rings. Nonlimiting examples of suitable benzene-ring-containing
groups includ¥&#idtdtéfizene groups such as phenyl groups, and multipBEfFeRMSE benzene
groups such as naplithyl groups. The benzene-ring-containing group may optionally be substituted with
one or more of the following: C1.20 alkyl group(s), C1_20 alkoxy group(s), CI. 20 alkoxycarbonyl

group(s), ha@]giﬂatomﬁ),%ngnqa@ydggggpirha;ggcggﬁr@&f - ré%’cﬁﬂ(}% an ﬁ%?&gfgédf&% a B llyh ester

includes R7 that i5 a phenyl group. RI'and R2 are the same or different, Rl a e each selected

from hydrogerevadest .6 Bheypspetss, Bethéemisitriiieng tHiérk 6o nlirprasatelxsimpReisecC Brd6aalky|

groups inclugg spethihcetbitls, NPERRYLSAPEREWS P4 Odadirblt bl B -HSREYL ARHR-Rexubgroups.
WO 2010/065361PCT/US2009/065471 100361In an embodiment, the silyl ester includes R7 that is a

phenyl groufPR3IRE BEHERb GeMPastaR:, Ahemorsal i suameaiiuinedse asabiratiendiacted

from hydroggngactish allkyhgroupnand seebinatibas thereofJeo3ddlacaenbedimant, drewresent
disclosure pg%vides q\g ¥I ioLle teg. The silyl dial ester has the structure (I1): OR3 RiR50 11111 11 R7
-C - 0 -C -SiC™Y HIT'RAR'RE"Y" “\Wherein R1-R8 are the same or different. Each of Ri-Rs is selected

from hydrog 1%AS”bS“EHt§§) %{g’cg%‘%@égé/ | &%‘%H&;&%’é@& Jf%trﬁP%gdﬁg{r? Qggg%%@?lﬁo%#&%é%tgﬁfnem-’ =7

hydrocarbyl group having arbon’atoms, and combinations ther ane
and Rs can bevigedanidopaithsreic]Bdehretqinzadd Rigngilsdté cravopiena Bbiszbddemgatoritaining

group. The %ﬂf@ﬁ@.-ayﬁ%@f&gmg}gm @@&Mp&iﬁ@%'hsﬁ%éﬁaﬁg%@ﬁ.wifﬁe%&%mmﬁﬁhe
following: C1_20 alkyl group s){l 1 20a _oxydgﬁroup(s), C1.20 alkoxycarbonyl group(s), halogen .
atom(s), and &FRF e EEen therBBCR 3 ikdsh BrHBefRIRE AR Eh AR iRt Ve Gr

different. EaghnefiitkiandfR2nis sactedlbom hydiagen, mdidiCmalkyligiaxm, apdeambipations thereof.
[0040]In an embodiment, R7 and R8 are eac henyl group. RI-R6 ar same or different and
cach 5 sole R Ror b oS CEEas b r SRR A BB e 1RO P
embodimentjith=ilyt diol ester has the structure (111) below: wherein R1-R6 arc the same or

different and each is selected from hydrogen, a CI-Cs alkyl group, and combinations thereof. WO
2010/06536 19T [US20097068n7ad[oBaR] I sreeaiabistinsamosiioniigl diovalsdr of sirprecselg)

includes R, apg R&GWHRMALG SomeUdilierent,ancheaah ismsalscte oM BYRRaen .08 3C1-C6
alkyl group. Each of R3-R6 is hydrogen. [0043]In an embodiment, the sily| diol ester of structure (llI)
includes Ri AW@RY gieptron donor. The internal electron donor includes a silyl ester. The silyl ester

may have the structure (1), (II), or (I1I).

[0020] In an embodiment, a catalyst composition is provided. The catalyst composition
includes a silyl ester. The catalyst composition also includes a cocatalyst. The catalyst
composition may optionally include an external electron donor and/or an activity lmiting

agent.

[0621] In an embodiment, a process for producing an olefin-based polymer is provided.
The process includes contacting, under polymerization conditions, at least one olefin with a
catalyst compostiion. The catalyst composttion includes a silyl ester. The process also

includes forming an olefin-based polymer.

[6022] An advantage of the present disclosure is the provision of an improved

procatalyst composition.

[6623] An advantage of the present disclosure is the provision of an improved catalyst

composition.



are the same or different. Each of Rl and R2 is selected from hydrogen, methyl, ethyl, npropyl,
i-propyl, n-butyl, i-butyl, t-butyl, and combinations thereof Each of R3-R6 is hydrogen. [0044]In an
embodiment, the silyl diol ester of structure (lll) includes Rl and R2 that are the same or different.
Each of 121‘@9&%%@%@Iected from hydrogen, methyl, ethyl, n- propyl, i-pfSpyt-HbRA-butyl, t-butyl,
and combinations thereof. Each of R3-R6 is methyl. [0045]In an embodiment, the silyl diol ester of
structure (lll) includes 12.1 and R2 that are the same or different. Each of R, and R2 is selected from
hydrogen, mggay} ethylanniaRyteiPeanKb privehtl diiilrd-Rubd podsembinationssherantbizach of R3
and R5 is methyl. Each of R4 and R6 is hydrogen. [0046]Nonlimiting examples of the silyl diol ester
are set forthff TS551e 2 B 5892 9N%Re- Structure Bis(benzoyloxy)drmethylsilane \SI/ . rl .
Bis(benzoyl gjethylsilane /--si---, r -A,Bis(benzoyloxy)ethylmethyl i)j ri . .
Bis(benzoylgé% obutylﬁ?eﬁ%ifff’slﬁ%%ée Qﬁbi-gfss%i %%c 5%{%% rr§ %%%m%ﬁt%gl llér?eﬁtiﬁ%de%)erz’
producing assildbdédbesterisapriotided clEbeamdthod includes reacting a carboxylate salt with the dialkyl
silane of a structure (V) as described below. 100481wherein Ai and A2 are the same or different and

each is a hal®#&rocarbyh réurreesing the Prenbhaivdashe. BathnPrisRe e SariaBiliferent and

each is selegted romhydiagensandadyshaearbyligrain saingi jo & ek Ainetsp (ARSI The
reaction between the carboxylate salt and the dialkyl silane of the structure (V) forms a silyl diol ester.

The carboxyfdtt SN e BEBEESium carboxylate or a potassium carboxylate. In an embodiment, the
carboxylate salt is potassium benzoate, [00501In.an,embadiment, t g%qt' ludes forming a silyl
diol ester of@i%e£ ructu&ﬁﬁ\’ggﬁ%ﬁ:&e ff\?v%e{i‘rlgfrl}o%?ﬂ afe vy ch;%n, legnd R'ZFI aré the same
or different andirgehsilylsedected /fromsiyiddogentenbetprodingt wnsleBytbrsnbpyly s it paty|, t-butyl,

and combingions el LN MRING ARMRES AL AUk aSIRIGUTIEH i MsssItethod are

found in Table advantage of the foregoing silyl ester and silyl diol ester compounds is that
they may be incorporated into procatalyst compasiti 8 alyst compositions in order to
produce olefin-based polymers with impn%@gé\ %T))e%%s. %gé%%e silyl ester may comprise two or
more embodigogsis disdoaadidedimdi) B4 | preserendisoltisnenis dipdedds fosiplowtsingrepprodatalyst
composition is

with the structure (I) below.

oy
o] Ry Ry Rg
I |
Ry e Qe g — i Cy =X
1
Ry Ry Re
[0629] The letters “m” and “n” are each an integer from 1 to 5, m and n being the same

or different, m and n each denoting the number of carbon atoms in the respective carbon
chain. It is understood that each additional carbon in the Cp, carbon chain and/or the C,
carbon chain can include one or more R’ substituent(s). The R’ substituent(s) can be

hydrogen or a substituted/unsubstituted hydrocarbyl group having 1 to 20 carbon atoms.

{6030} The substituents Ry, R, Ra, Rs, Rs, Rg and Ry can be the same or different. R;-
R are selected from hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms,
" an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof.
As used herein, the term "hydrocarbyl" and “hydrocarbon” refer to substituents containing
only hydrogen and carbon atoms, including branched or unbranched, saturated or

unsaturated, cyclic, polycyclic or acyclic species, and combinations thereof. Nonlimiting



provided. The process includes reacting a silyl ester, a procatalyst precursor and a halogenating
agent. The reaction may occur in a reaction mixture. The process includes forming a procatalyst
composition, &ﬁlﬁﬁ?%glyﬁ composition includes a magnesium WO PCT/US2009/065471
2010/065361] § 9/065471 moiety, a titanium moiety, and an internal electron donor. The
internal electron donor includes the silyl ester. 100551 The procatalyst precursor can include (i)
magnesium; (ii) a transition metal compound of an element from Periodic Table groups IV to VIII; (iii) a
halide, an exghalise, ahdhgtanaatvoxigewfs()iacidier @and ¢iwledkbinaalleybf (iyafieant (ii).
Nonlimiing examples of skliable prosalalyet gy sars isldanalidss. eedpalides, and alkoxides of

magnesiurr‘f,y nganese; titaniim, variadium, chromium, molybdenum, Zirconium, hafnium, and

combinatiofig,yigrect. [R0SGIYarigus etieds shmakioapiaeataysiaueoursomare italnid the art
These methods are de§cribed, inter alia, in US-A-6,825,146,,5,034,3612{'3),08 ,907; 5b151 3%9;
5,200,342; By4UEB0E 5, 151058 & GeEroeLE 0 #0974 45 SYRTIEAD 898 £47°078 0 460,701,
4816,433; 43483 ik 20068 itict 90 9 ASHOBEN BB 0BG/ df 5 1B B8R 7 3iuenP47,032,
and elsewhere. In an embodiment, the, preparatjon of the procatalyst rSQr lagenation
of mixed m&&?&@§%ﬁ4‘5ﬁ&°ﬁ%iuﬁféﬁ??&§‘ R AR P A ol R 0

§Edh M4y ivolve the Use of one or more compounds,
referred to agdidipRinglrgenissaihataidinfomicgspetifio, fom fistepuldh Welghtrbmpeditiéns of the

desired morpholagy: NENIIInG Samples ol iRkl direingAaents iecludalrielylhorslesd
especially t igﬁﬂybora‘f’e,'p enolic compouhds, especially cresol, and silanes. 100571In an
embodimers.tha prsediatysnptecursor kekohydrragiiin misrech BRI SR) SRt
magnesium,titanium comoeund dMagti, or a benzoate-containing magnesium chloride compound
(BenMag). In an embodiment, the procatalyst precursor is a magnesium moiety ("MagMo") precursor.
The MagMqgarenursor gaptajasmagresiuihasitecSoleprastalkcomperent dbhaitagio. prBgursor”
includes a magnesium moiety. Nonlimiting examples of suitable ' ieties

anhydrous fEEBn&SEHILARSAHHREATE i’i%g%{FcE)%% Ehfo e ,&Jr%rga é%%grg% %%d%fg?%%@%x%g& mixed
magnesiumadkexyebatig paandiomeabatepiated Wraginssiumeshalklsxidé sriahjfosiersian dameting
embodiment, the MagMo prect is gnesium i Ikoxigheydiva furthegarokodiment, the
MagMo pre€litebr lllécgf'\él Fxé “Ltas @lié’sﬁr(rg?o 58 Inngﬁ ér%%%%jﬁihe)ridté%ge rpcé&gﬁfst recursor is a
mixed magNRi(@tRiurttomBoan@RMadTR. FHIRWagTPBrect?BEPRUSOHe fonhia™ —
MgdTi(012.g)1xg whergig LW ol aliphadianhAlomaticdydreaen cidieal:ba\dagdie déuparbon
atoms or COR' wherein R' is an aliphatic or aromatic hydrocar on.radéctgl aving 1 to 14 carbon atoms;

each OR' gréuprideHicsaribier QrBBReiuied RaSRsAtEh S ERIBANRE BiSrinE or bdine: preferably
chlorine; d is 0.5 t0 56, or 2to 4; fis,2 to 116 or 5 to 15; and g.is 0. 116 : ursors
are preparelBontrolldlf SPEHHAtR ne?ﬁ]lr]ocﬂfgﬁgleré}{r)rr]%%(gfl%f%%%go%&%#ggmgiﬁgﬁifcyt%?]&rif?é(etlgre used
in their prepasationbiiban embodiment, a reaction medium comprises a mixture of an aromatic liquid,
especially a chlorinated aromatic compound, most especially chlorobenzene, with an alkanol,
especially ethanol. Suitable halogenating agents imeRidid titanium tetrabromide, titanium tetrachloride
or titanium trichloride, especially titanium tetrachloride. Removal of the alkanol from the solution used
in the halog@eatamikesults in precipitation ot #wewsetid precursor, having especially desirgble
morphology-aG@xikface area. Moreover, the resuiting precursors are particularly uniformjin particle
size [0059]In an embodiment, the procatalyst ok is a benzoate-containing magnesjum chloride
material ("Bemi#agr).As used herein, a "benzoate-contgining magnesium chloride” ("BenMag") may be
a procatalyst (i.e., a halogenated procatalyst precyrsor gg_rgaining a benzoate internal electron donor.
The BenMag-matetgt-may-alsoincludea titanium gnoiety, such as a titanium halide. The benzoate
internal eleictron donor is labile and can be re placeui by,other electron donors during procatalyst
synthesis. Nonlimiting examples of suitable p‘rﬂﬁgm—gﬂm& include-ethyl-benzeatemethyl benzoate,
ethyl pmethd¥f5anBite, methyl p-ethoxybenzoatg, etiyﬁl p-ethoxybenzoate, ethyl p-chlorobenzoate.
In one embodiment, the benzoate group is ethy-be te. Not wishing to be bound by any particular
theory, surprisingly and unexpectedly it has been found‘that the BenMag procatalyst precursor inhibits
or otherwiseprRyef the silyl'ester of the present procatalyst composition(s) from decomposing
during preparation of the solid procatalyst composi 'on.ﬂxlonlimiting examples of suitable éenMag
procatalyst precursors include catalysts of the Tradd ames- SHACTm103-antd-SHASTM-310 available
from The Dow Chemical Company, Midland, Michigan. [0060]The present procatalyst composition also
includes an internal electron donor. As used herein, an "internal electron donor" is a compound added
during formation of the procatalyst composition that donates a pair of electrons to one or more metals
present in the resultant procatalyst composition. Npt bounded by any particular theory, it is believed
that




the internal electron donor assists in regulating the formation of active sites thereby enhancing catalyst
stereoselectivity. The internal electron donor is one or more of any of the silyl esters and/or the silyl
Qiol esters o&%t%c&%%%égl)-(lll) as Qisclosed above. [0061]In an embodinm"gﬁdg}el%g%ium to
internal electron donor Molar ratio is from about 100:1 to about 1:1, or from about 30:1 to about 2:1, or
from about 15:1 to about 3:1. [0062]In an embodiment, the procatalyst precursor is converted to a solid
procatalyst by way of halogenation. Halogenation includes contacting the procatalyst precursor with a
halogenatingtagembm the presence of the int&ratelectron donor. These components form a reaction
mixture. HalRj€ratiBn converts the magnesium moiety; present in the procatalyst precursor into a
magnesium halide support upon which the titg_r“]_i_gm.m_ iety (such as a titanium halide) is deposited. Not
wishing toybgdygnd by any particutar theory, Tt i believed that dufing halogenation the internal
electron dpnor (1) regulates the position of 1itaniLl||m on the magnesium-based support, (2) facilitates
conversiop of the magnesium and-titanium-maieties i ' tes the
crystallite aig%ff the-magnesitm-hatide-support-dgring conversion. Thus; provision of the internal
electron dpnar yields.a procatalyst compositisHwh I Stéteoselectivity[00634in-an-embediment, the
halogenat n'B“%éent is a titanium halide havipg theﬁ%rmula Ti(012e)fXh wherein Re and X are defined
as above, f is an integer from 0 to 3; h is anlirteger from 1 to 4; and f+ h is 4. In an embadiment, the
halogenation agent is TiCl4. In a further empodiment, the halogenation is conducted in g reaction
mixture thatdpectudes-a chiormated ora nonschiariggaied@romatic Tiquid, such as dichlorobenzene,
o-chloroto[ugp@rchitspbenzene, benzene, tpluene, or ¥Hene. In yet another embodiment, the
halogenation is conducted by use of a mixture of halggenating agent and chlorinated aromatic liquid
comprising from 40 to 60 volume percent halogenating.agent, such as TiC14. [0064]In an
embodiment i action-mixture-is-heateehduring hatogenation—Fhe-procatatyst-precursor and
halogenatm“é(é%)é{nt are contacted initially atia ten1|perature from OC to 60C, or from 20C to 30C, and
heating is commenced at a rate of 0.1 to 10.0-C#niftite, or.at a rate of 1.0.t0.5.0C/minute. The internal
electron dorfér®ndy be added later, after an initiaf contact period between the halogenatihg agent and
procatalyst precursor. Temperatures for the |hategenation are from 60C to 150C (or any value or
subrange therebetween), or from 90C to 120C. Oalogenation may be continued in the sybstantial
absence of thgaptgmghetectrondonor for a period ffom 5 to 60 minutes, or from 10 to 50 minutes.
100651The manner in which the procatalyst;pregursorghalogenating agent and internal electron donor
are contacted may be varied. In an embodiment, thé procatalyst precursor is first contacted with a
mixture containing the halogenating agent and a chlorinated aromatic compound. The resulting
mixture is stirred and may be heated if desired. Next, the inte ect ris. A e same
reaction miiﬂ?fgl/vithou Sa&gﬁ}% %ﬂeenébvgrfﬁd’ %ﬁ%t%réngu?sg?.Eg:ﬁg%tloirgeéoé}r%%pgrgogg%igﬂg%ﬁ&g
conducted igraupingle reatteraiith Atchtior oithendriois sy déhescesmeaiediy MHAUAAERRE process
control. 100661Coniact tim(aﬁ't,nl%g_thgI &{ﬁﬁg?gggwgw Withtbe,interakslecirendianaras at least

. Or more 11e
10 minutes,r at least 15 minutes, or at 20 minutes, or at least 1 hour at a temperature from at
least 25C, dnelufastsBOwrendcerBFOEIp 30 BRI pEiibTef 1BBIEPS MY 18%€ PEGR%o 115¢,

or up to 1106, [00Q71Thgs h@g&ﬁyﬁg%ﬁrocm Gef@Nchentenaatad nerduyo nbyesptirmairdtimes as

desired. In an embodiment, the resultkiég solid material is r?ésg)veredgro the reaction mj tu&e and
s £ ot

contacted ofibEHtwistaviheaciATHORHETRe olMPRd pre R L& PHE S & SFURISIENY iFternal
electron donpgigamreneals wWitirasmbduerofitie(flalodengtngbgetivintheahlorinated aromatic
compound for at least about 10 minutes, or at least about 15 minutes, or at least about 20 minutes,
and up to alyeess} hour,Iomupidetioshy Shniniylesioriogudeabouh80vhinbeas! stcareRpardthiee from at
oast about 250431l Ayl 50GanatIeAS AN, B0 £ STRAIANIS U0 ABOUISOC, of p

to about 12(518, or up to about Atfter the foregoing halogenation procedure, the resulting
solid procatalysbirergrsshionit bephiretins fesmaies relaetibr %@Hi@Fﬁ"é’Fﬂﬁﬁ%‘&l et biscess, by
filtering for example,iaRraduee:a Mashilieraake-Jdeymast iliex gakeumay then be rinsed or washed
with a liquid diluent to remove unreacted TiCla and may be dried to remove residual liquid, if desired.
Typically the resultant solid procatalyst composition is washed one or more times with a "wash liquid,"
which is a liquid hydrocarbon such as an aliphatic hydrocarbon such as isopentane, isooctane,
isohexane, hexane, pentane, or octane. The solid procatalyst composition then can be separated and
dried or slurried in a hydrocarbon, especially a relatively heavy hydrocarbon such as mineral oil for
further storage or use. [00691In an embodiment, the resulting solid procatalyst composition has a
titanium content of from about 0.1 percent by weight to about 6.0 percent by weight, based on the total
solids weight, or from about 1.0 percent by weight;to about 4.5 percent by weight, or from about 1.5
percent by weight to about 3.5 percent by weight. In an embodiment, the internal electron donor may
be present in the procatalyst composition in a molar ratio of internal electron donor to magnesium of
from about 0.005:1 to about 1:1, or from about 0.01:1 to about 0.4:1. Weight percent is based on the

total weight of the procatalyst composition. 100701In an embodiment, the procatalyst composition may
hea fiirther treated hyy one or more of the followina nrocediiree nrinar to or after ieonlation nof the enlid




10078]In an embodiment, the procatalyst composition includes from about 0.1 wt % to about 20 wt %
silyl ester. The weight percent is based on the total weight to the procatalyst composition. [0079]In an
embodiment, the internal electron donor of the procatalyst composition i i that has the
structure (I)WW&ﬁéﬁill Ry-R-0-Rm-- -Cn- X R412R16 [0080]Wherei§r)18rrfl?%gn£§%;§%e the same or
different, m and n are each an integer from 1 to 5 denoting a hydrocarbyl with the same number of
carbon atoms. R1-127 are the same or different and each is selected from hydrogen, a substituted
hydrocarbyjasgjp havingud émefirashonkatetys eser undubstiftitebiehyel rodzehy gyeonptalingel to 20
carbon atoms, and combjnations thergof. X is an. ti i isclosed for
structure (I .yflﬁoeg‘Fﬁté'lrnrga éFéﬁ%}naﬁo{nﬁgr%%%/oéorln%ﬁés%e{%%cggo%?}r%%eeg é?néét?o%?rlr?ents 0 sht/rsgﬁ?% () as
previously digglaseah,[@@Bdhbiaatienssbelienbnt, R7 is selected from a benzene-ring-containing group.
The benzene-ring-containing group may be optionally substituted with gn gr ore oﬁge f?l owing:
C1-20 alkyll8#31ip(s), Ga aoeamkedingiduispressd @Wﬁmﬁﬁeﬁrﬁﬁﬂé,’ﬁgg&&éh erﬁ@ﬁl, and any
combinatio;theteof, [08R2an-emyodiment, the catalyst composition includes an internal electron
donor with the structure (II) below: (Il) 0OR3R1R60 1111-0-C11 -128122C-0-C-Si-C | |

(iD)

wherein R;-Rg are the same or different. Each of R;-Rg 1s selected from hydrogen, a
substituted hydrocarby! group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl

group having 1 to 20 carbon atoms, and combinations thereof.

[0038] In an embodiment, Ry and Rg can be the same or different. Each of Ry and Rg is
selected from a benzene-ring-containing group. The benzene-ring-containing group may
optionally be substituted with one or more of the following: C 1.0 alkyl group(s), C.ze alkoxy

group(s), Ci.z0 alkoxycarbonyl group(s), halogen atom(s), and any combination thereof.

[0039] In an embodiment, R; and R; can be the same or different. Each of Ry and Ry is

selected from hydrogen, a C,-Cg alkyl group, and combinations thereof.

[0040] In an embodiment, R; and Rg are each a phenyl group. Rj-R¢ are the same or

different and cach is selected from hydrogen, a C;-Cg alkyl group, and combinations thereof.

[0041] In an embodiment, the silyi diol ester has the structure (III) below:
(1IT)
Ra Ry R
Qil L wii_@
e Qi G e e (G e
LoLs

wherein R;-R; are the same or different and each is selected from hydrogen, a C-Cs

alkyl group, and combinations thereof.



R4 R2R6 [0083]wherein R1-R8 are the same or different. Each of R1-R8 is selected from the
substituents set forth for structure (Il) above. In an embodiment, R7 and R8 are the same or different.
Each of R7 and Rg is_selected from a benzene-ring-containing group whj }ﬁﬁ W
2010/06536 1PCTIIES6b9/065471 optionally substituted with one or morkggﬂ%} oﬂg‘wﬁg: aCl.20
alkyl group, a C1-20 alkoxy group, a C1-20 alkoxycarbonyl group, a halogen atom, and any
combination thereof The internal electron donor may comprise one or more embodiments of structure
(I1) as previmsaty disclasesl. 0RB4Mimarhe silyddinient;thisprotata (Bl cotwdosRiominBiudkistan internal
electron donor with the structur Ilg as follows:. R, %ﬁﬁﬂgy O Gt 00-Gidhi RARR I RsadP9BSIwherein
ted ) = 1'gronp. ' ba
R1-R6 are ?ﬁ%tggrsﬁén or ﬁ#?éﬁ?é%x}%agﬁ eeaé;(lgﬁslgeseeﬁé:cteg ro SL%DSfItJentSi Set flégrltrl?forgstructure (1)
above. TheRatRsnahedeeteon donor may comprise one or more embodiments of structure (l11) as

previously disclosed. [0086]In an embodiment, each of R3-R6 is hydro%zen, R] and R%h%re the same or

different antP@&4ldh is sétetteabaringtrdeferid BrcstEgf Hroth H BT A thtdtin a
further embgdimenifasch BfRLandiiis saleatadr amsanatsyl fedayhydrprepymétyapythyi:hutyl,
i-butyl, t-butyl, and combinations thereof 100871In an embodiment, the silyl diol ester.of structure (II1)
includes R PR RIRIRY hrd L aﬂﬁ%‘l&f&j i#%‘?g]%'t.a@gcﬁog}gﬁlf@aoﬁl rlesoé'elgé?g% ﬁ(?)rlrg h%drlgcgen,
methyl, ethykdipgenyl, i-propyl, n-butyl, i-butyl, t-butyl, and combinations thereof. Each of R3-R6 is
methyl. [00881In an embodiment, the silyl diol ester of structure (IIl) includes Rl and R2 that are the

same or difféfdAt. EachirofiRrabriiRmis, dbtettubidiad wrisy aloyae e thy), BaldchBraBi, Raoishy!,
n-butyl, i-butyl, f-bulyl. andieambinations thetpebErchsaldiaRanshRS:imreihy mkagh @hR4:and R6 is
hydrogen. [00891Ir] an embodiment, the procatalyst composition mclque n mr%%r%al,electtlrop donor
that is seled@¥torRmBRs(barsylokb &L AL corBEHBY K5 "eﬁ?fi%%i A R e 15 methyl.

bis(benzoyloxy)ethylmethylsilape, bis(benzoyloxy)isobutylmethylsilane, an inatiops thereof. WO
2010/06536?%1% sz%’o@?c%%gf’f’i“[’ﬁébé%‘?ﬁé%%@?ﬁ;‘?rst"cé%‘bgé‘é‘iﬁ f %lﬁ‘é%%r%is%“tw& g?h‘?nore
embodimenis: disclasedonelidiere[d0H3bh afi RmbeddRnénte kaeadafysndarpasitiontdpseiidddi-As used
herein, a "catalyst compagsition, is a camppsiti tforns anlefin:based palymet whep.contacted
with an olefin 4 ?delrpﬁ;0 ﬁrﬁélr%lgﬁgni é%ir?’ it%%%?‘fllr%gacatalyst composifion includes agprocatélyst
compositiomatiyla Eedatdlifsarfiks psdoataliast composition includes a silyl ester. The silyl ester can be

any silyl ester or silyl diol ester as disclosed herein. The catalyst compgosition. may, contain any
procatalyst @WtfositioNaalimdtnsseamaleef W‘&&Q%?\%’Pﬁﬁ%@?ﬁ?ﬁ%} %Bl?%gﬁ%)%clude an

external electron donor and/or an activity limiting A Eié"z [0092]The catalyst composition includes a
cocatalyst. As used herein, a "cocatalyst" is a substance capable of converting the procatalyst
composition to an active polymerization catalyst. The cacatalyst.may include hydrides, alkyls, or aryls
of aluminum, IithiLLﬂ,‘EﬁEncrﬁn,_cadmi-qu, beryllivm;n ég“@%‘?n; and-eombingtions thereof In an
embodiment, the ¢GEEITE S RYEGEA By aluminumaﬁéq represented by the formula R3A1

2 “at

wherein each R is an alkyl, cycloalkyl, aryl, or hydride e R is a hydrocarbyl radical;

two or three R radmmb%ﬂgmeul&wdmgau@n%igﬂ\a—h&emeyem structure; each R can be
the same or differeREEHEPEIEARIWIRLE is a hydroca@\;gdléal, 1 to 20 carbon atoms, and

preferably 1 to 10icarbon atoms. In a further embodiment,oeacﬁ IkyT radical can be straight or

branched chain andisuehdydipeaibylisadieal can be e tcal _i.e., the radical can contain alkyl,
aryl, and/or cycloalkyl groups. Nonlimiting examples pt.set d\l%@ are: methyl, ethyl, n-propyl,
i-propyl, n-butyl, i-butyl, t-butyl, n-pentyl, negpentyl, nhexylg 2-methylpentyl, n-heptyl, n-octyl, isooctyl,
2-ethylhexyl, 5,5-diRethateRydisabHsRATsERBEY|, isodety, Nk -dodecyl, phenyl, phenethyl,
methoxyphenyl, benzyl, tolyl, xylyl, naphthyl, methylna@yﬁr@y , cyclaheptyl, and cyclooctyl.
[0093]N0nllm|t|ng examples. o itable_hvdrocarbvl.alumintim ) b as follows:

triisobutylaluminum, trihexylaluminum, diisobutylaluminum hydride, dihexylaluminum hydride,
isobutylaluminum dihydride, hexylaluminum dihydride, diisobutylhexylaluminum, isobutyl
dihexylalumjn trimethylaluminym, triethylaluminum, tripropylalymi tjﬁi{sgp %M@Hjmﬁgm,
tri-n-butylaldﬂiﬁﬁ]m, tri &%ﬁ%ﬁ Fﬁ?m’ a Xlﬁ?’[lhod ?or pi‘OdlE)CH’lg a s'figrq Q{é)'i”eé{ L8 ;g .

method includes reacting a carboxylate salt with the dialkyl silane of a structure (IV) as

described below.



tridecylaluminum,tridodecy lalumimun,tribenzylaluminum,triphenylaluminum, trinaphthylaluminum, and
tritolylaluminum. In an embodiment, the cocatalyst is selected from triethylaluminum,
triisobutylaluminum, trihexylaluminum, di-isobutylaluminum hydride, and dihe inym hydride.
[0094]In an gr%ﬁ%}(?{ﬁ?g’?ﬁl the cocatalyst is a hydrocarbyl aluminum compggfjjjr[?g érqeg#rgggg#gd by the
formula RnAIX3, whereinn =1 or 2, R is an alkyl, and X is a halide or alkoxide. Nonlimiting examples
of suitable compounds are as follows: methylaluminoxane,
isobutylaluminoxane,diethylaluminumethoxide,diisobuty laluminumchloride, (IV}
tetraethyldialuminoxane,tetraisobutyldialuminoxafre,diethy laltuninumchloride, ethylaltuninum
dichloride, methylalurninum dichloride, and dimethylaluminum chloride. 100951In an embodiment, the
cocatalyst is triethylaluminum. The molar ratio of aluminum to titanium is from about 5:1 to about
500:1, or from about 10:1 to about 200:1, or fromaabout 15:1 to about 150:1, or from about 20:1 to
about 100:1. In another embodiment, the molar ratio of aluminum to titanium is about 45:1. [0096]In an

embodimenplyg catalyst GoRMROSHIPA JRAULSSAR SXIRMALAIREY O E W WheRS E6ELRSIGIRWAN

"external electron donor" is a compound added independent of p ocataé}%%t fo in.atiop ar:éifcontains at
least one fukEHEHAIgrlpReR R¥EHakte BELOhEYSHAT B HErBhE b AR AaF 5571, BSlnded by
no particulasytheety. dhisaglievedonatthe extaipalieletuabaonanenhances catalyst stereoselectivity,
(i.e., reduces xylene soluble material in the formant polymer). [0097]In an embodiment, the external
electron doffirjay be Heleetetdndrione dhanerbosfitte sollowinge abplikbsyaiapbhgriaaiig, an ether,
& carboxylaiRy Breloncs o ANIde, 3 FRLAMAE A RIPSANIS SENASHBIR ANGsHiERiskIfonate,

a sulfone, and/or a sulfoxi ]In‘an embddiment, the external electron donor is an alkoxysilane.
The alkoxysitdbrxiats tHe gerahsidiorent) heSHRpTORY 42k OFRERPR BN ndently each occurrence
is hydrogen or a hydrocarbyl or an amino group optionally substituted with one,or more substituents
containing A8} morel G AduprapdiBeds, 3he 71K %‘?o‘&ﬁ?ﬁ%f’ %W%o%t%}ﬁrn%’?jpet%eﬂd) g?c;ﬁr%s not
counting hygiragier: ang balggen; R' is a C1-20 alkyl group; and mis 0, 1, 2 or 3. In an embodiment, R
is C5.12 alkylaryl or aralkyl, C3.12 cycloalkyl, C1-12 alkyl, C3-12 branched alkyl, or C3_12 cyclic or
acyclic amino group, R'is CIA alkyl, and m is 1 or2.Nonlimiting examplesof (11T

suitablesilanecompositionsinclude.djcyclopentyidi eﬁ(éxys'ane di-tert-butyldimethoxysil ane,
Eycltes etz e, o
l OpyH ul

methylcyclohexyldimethoxysilage h o.tﬁax_ eX shylcyclohexyldimethoxysilane,
diphenyldimethoxysilane, diisoprap) dimethoxyﬂ%ilaipe sdin-pr thoxysilane,
diisobutyldimethoxysilane, diisobutyldiethoxysilane, isobutylisopropyldimethoxysilane,
di-n-butyldimethoxysilane, cyclopentyltrimethoxysilane, isopropyltrimethoxysilane .
n-propyltrim@#idly silan¥hsrpRopyseto ByLee: &h@ﬁi%iﬁ&f@é&ﬁﬂeﬁ%%%ﬁ%ﬁfyaﬁ hgach is
tetraethoxysiare:ddigthylamireiicthoxysilaadyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, and
cyclopentylpyrrolidinodimethoxysilane, bi rroliding)dimet il I d by th t
s(perhydroi§8 |Iﬁl81fﬂ%ﬁ%@%@xysﬂ%ﬁ?ﬁggf é?gnnaﬁ%/lo|rrslle¥f2z)%§!§a%}a%\daglr%ogﬁeemgodi%gﬁts,etnhe silane
compositionisthicymio femty [difrrfkdxysilane (DCPDMS), methylcyclohexyldimethoxysilane

(MChDMS), or n-propyltrimethoxysilane (NPTMS), and any combination of thereof 100991In one
embodimeni0#&lexterr s eberEECRbeiLHRE HE SERRIFHEASY SIS SOOREF MBI nent, the

external elegieondonenis dpdarvtipgihensians poleoliuae avhadimentihetemaldetectron

donor can be a mixture of at least two alkoxysilanes. In a further embodiment, the mixture can be

dicyclopentyfiRieatsafsiarassA e YHEgr mbPd BPIRE ISR Thethylcyclohexyldiethoxysilane, di-n-
butyldimeth llane,diisobuyty Idiethoxy silane,n-propyltrieth L iat ilane,
tetrametho 9%&1, tet%%%ﬁ#%%? 8%%’,&&%8’%81}%?&%‘%%63@ t %?glc)éf% ?%%ﬁﬁ%ﬁ%ﬂqg?é?mem, the

external elegiipg donory sglesifddiammene prnawe f hiilawing: ghetsaleosustiint, o

and/or a diol ester. In an embodiment, the external donor js 2,2,6,6-tetram thylpiperidine@@ another

embodimengrenideskiterthr cREetRsh deiBiss acarditter THYLES N 4n RIRMBHIT e Nt tHECatlfy st
compositionyinglidesanastivity ignfingiageniiAbA) Asausackibareainarr."aClivixdueitingchgent”
("ALA") is a material that reduces cata&l%zs.t acti %}/ at eIe%/%[’egl tem erglt%reniltl-:-laetserg}pearatgsr&greater
than about 83 NA R A RCHHI< 678 étﬁ?\}}Sevg SRR RO ST ZATOn feactor upset afd ensures
continuity of the polymerization process. Typically, the activity of Ziegler-Natta catalysts increases as
the WO 2010/065361PCT/U52009/065471 reactor temperature rises. Ziegler-Natta catalysts also
typically maintain high activity near the softening point temperature of the polymer produced. The heat
generated by the exothermic polymerization reaction may cause polymer particles to form
agglomerates and may ultimately lead to disruption of continuity for the polymer production process.
The ALA reduces catalyst activity at elevated temperature, thereby preventing reactor upset, reducing
(or preventing) particle agglomeration, and ensuring continuity of the polymerization process.
[00103]The activity limiting agent may be a carboxylic acid ester, a diether, a diol ester, a poly(alkene
glycol), and combinations thereof The carboxylic acid ester can be an aliphatic or aromatic, mono-or

poly-carboxylic acid ester. Nonlimiting examples of suitable monocarboxylic acid esters include ethyl
and methvl ben7oate aothvl n-methovvhenznate methvl n-ethovvhenzoate oathvl n-ethovyvhenzoate




[00105]The aliphatic carboxylic acid ester may be a C4-C30 aliphatic acid ester, may be a mono- or a
poly- (two or more) ester, may be straight chain or branched, may be saturated or unsaturated, and
any combin%;ié)rzl{ Eg%@?yhe C4-C30 aliphatic acid ester may also be supstitytgghyyita ope or more
Group 14, 15 or i eferoatom containing substituents. Nonlimiting examples of suitable C4-C30
aliphatic acid esters include C1.20 alkyl esters of aliphatic C4.30 monocarboxylic acids, C1_20 alkyl
esters of aliphatic C8.20 monocarboxylic acids, C1.4 allyl mono- and diesters of aliphatic C4.20
monocarboxglieracidsianiirdicashoxyhadeidspEhal alkyirestdpadt alifitatitaasi20sinibaRHxylic
acids and dicigt;gx%[c(: a}cidst and C4.20 mono- or polycarboxylate derivatives of C2-100 (poly)glycols
y

or C2-100 (f)lcc) gfycoISIthg?sérln a further embodiment, the C4-C30 aliphatic acid ester may be a

myristate, g pfgcate, ﬁﬁ@'%m?aepgBéﬁ@ﬂ);maom@ruaéa@gt@t@@ae(ﬁ@iw(aikyieﬂalg'kiml)nm_eirm- or
dimyristates, (poly)(alkylene glycol) mono- or dl-%rrates, (q&&(@ﬁzl QS glggl%)emag%%- Barﬁcgé oleates,
glycery! tri(aeeRaEyd g aa glPreast FemutcalipHs R BRmoxyhc acids ahd mixtires ereof. Ina
flu (;(t)qe.ﬁ Tbg@meﬁi%m&&é-sg?@ aﬁa{ra)atl(ﬁ)@_sm is/jsapibppiionsristate 61) dTit-rni héi;&yﬁgbbéajé@g

n an embodiment, the activity limiting agent include [ T (GaRLe R
dialkyletheﬁ?@ﬁ?@lﬁérﬂgé%Vh eﬁ%ﬁﬁﬁ%ﬁ é%”r%%gt‘ﬁ?zs(\%??(\%? %aﬁ%%%gﬂ%d[ao%lg 1wherein Rl to R4 are
indt_aperllldenﬁyggfeﬁnm,amﬁgemem aiiayﬂ;m 'uariyyarl]uadﬁamwgmnWﬁ?}ﬁ@géztg‘wo?é%%whafﬂ}mhich msyl/
optionally contain a grou , or eteroatom, an an may be a hydrogen atom.
and R2 ma;e}né%s(:g%é}é%ﬁ?kogajée%?ﬁﬁ a cyclic structure, such as cyclopentadiene or fluorene. The

d‘a'ky'ethert{iﬂiﬁ\é;be linaagQnbrANRDES o AR IMAYRBSe O Re-aL A arefidnadolinwiagrgrabps: alkyl,

cycloaliphatic, aryl, alkylaryl or arylalkyl radicals with 1- b , arj 0 1621In
an embodiﬂﬁ%@ﬂéfeﬂé%tﬂﬁ%ﬁf}#ﬁ%rf&fé@éﬁ%‘ﬁnH}u@éeE%féﬁ%%ﬁ%ée%@%%?ﬁ?ﬁ gé% ?fme&% owing
structure (VE)»89B42.CO1 IRORQ19/ner@insR ROCKR3May,15e g same A7 difibdits R andrbhRbincluding
one or more of the following.groups; linear o h al l;eycl /kALYk asyladigyl or
alkylaryl gro‘h‘?ﬁ?%ﬁ%bn% 6(’:%%@%%% ’E%%gré’a omefs{)-].?()%%%dr%%’regﬁﬁg’g%c%grggiﬁﬁ be forme{j via one
or both 2- apd & pesitmpedihrataise 406t 1 Oirearshedbuimie the trersstiiogy Ahitharagéitihcludes a
diol ester as represented by the followi LY, OR3 BARSEh (R 0tRel RAR2R6
WO 2010/0BgéﬁsﬁrcWﬁgf%(}@ggg%%&?oﬁgﬁ%gv%h%%h% is an integer from 1 to 5. Rl an F}§2, may
be the saménspiiffénertsant exchmimagrbsJaRasRes FERTFRAIIB BN, THRRIA, BRYE n BRSRR, Soropyl,
n-butyl, i-bupyl, [- Butyl.alhd, nBenyhQEhalePhemHigresRpBlidhsd, dR5116 dRTrednchRghoiey be the

same or different, and each may be selected from hydrogen, halogen, substituted, or unsuhstituted
hydrocarby ¥l Pgo W%n@tdﬁ‘i@%-ﬁgp@?%pgéﬁfl dB‘fi?bgﬁe hiieies” ey

%Ilyt/ncorﬁam oné or more
heteroatoms, {8RlaGiS S PIRADL HYERGERADR! Blridlie hetelomatommselected from nitrogen, oxygen,
sulfur, silicon, phosphorus and a halogen. Any of RI-R6 groups may be linked to thin' a cyclic structure.
R7 and Rs, [0e§7he the samembaliiferentthmayobsahoideet wroii ednsencatgmBeigie 22mgound 5. angd
6-position of {he, pRSMY! TJ.JORLLANG.AN eRRdimEnty e xiRtatplesiondanaicasd @stivily imiting
agent can bg added info the reactor separately. In anot%er embodiment, the external electron donor

and the activighiesitingchlysidecmpeui}Est I AR AN e Rl ST S P &tor as a
mixture. in t%&%ﬁg@,ﬁgg@ émlaﬁ(m&“%%@&ﬁﬁyoﬁ'emm@ﬂ@@wcmwﬁcﬁmﬂmmﬁmml'Emtﬁng agent
can be used. In an embodiment, the mixture is dicyclo,penti I irnethoxggli{lane aﬂ;?' is%glqgﬁ{ilﬁwristate,
dicyclopentyiairiaeiaapsmesicnind o EEyIRRECGRRYI) 1UREE HiRispentyidiméthoxysilane and
isopropyl mysistaie-a0d RobKRtmdsReiglicabisipteatandeathiyidyois exgidimetivblyrsia aeddndisopropyl
myristate, n-propyltrimethoxysilane and isopropyl myristate..di I | n
methylcycloﬁgﬁa@iﬁ@ﬁﬁ%x R R |s%}r(31rg§p€3% %%‘lr%s 1a'f:é, |c%/ﬁg%{§%%%%?{m%§%?§gﬁé ganrslélor
n-propyltrietbakysianealanaisojpropiikhyridtate aanokiley dlopeneyiandnsolyandfesiifprecursor
tetraethoxysilane and ég%)groglyl 8}&5@%@?} and epmbipations thereptnt0dkl 314aNap erebasdiment, the
catalyst composflrcljr‘cf”lncllu es ahy of the Toregoing external electron donors in combination with any of
the foregoingdiakiwiryhgneigagents. [00114]The present catalyst composition may comprise two or
more embodiments disclosed herein. [00115]In an embodiment, a process .for ro% j )
olefin-based!Béi¥her is %Wi&%@eﬁﬂﬁeﬁo&%fﬁﬂ%ﬁg% G |1hé5Fz)ftl Irené)éefdor?eap%?g %g%/{)vﬁﬁﬁgu&}ltalyst
composition dadespelyNREZatOT e nNitighspEhe wataiys tivofmostibieil H08EE % silyremté. Fhe silyl
ester can be any silyl ester as disclosed herein. The process further includes forming an olefin-based
polymer. WO 2010/065361PCT/US2009/065471 [00116]In an embodiment, the catalyst composition
includes a procatalyst composition and a cocatalyst. The procatalyst composition may be any
procatalyst composition as disclosed herein. Similarly, the cocatalyst may be any cocatalyst as
disclosed herein. The catalyst composition may inglude an external electron donor and/or an activity
limiting agent as previously disclosed. [00117]Iin an embodiment, the olefin-based polymer can be a
propylene-based olefin, an



ethylene-based olefin, and combinations thereof In an embodiment, the olefin-based polymer is a
propylene-based polymer. [00118]One or more olefin monomers can be introduced a polymerization
reactor to react with the catalyst and to form a polymer (or a fluidized beq, @g%@%r pﬁr{ticles).
Nonlimiting g)%ﬁ%?/eﬂg‘%f]suitable olefin monomers include ethylene, propy?e;ne, C4-2% a-olefins, such
as 1-butene, 1-pentene, 1-hexene, 4-methyl-1 -pentene, 1-heptene, 1-octene, 1- decene, | -dodecene
and the like; C4.20 diolefins, such as 1,3-butadiene, 1,3-pentadiene, norbomadiene, '
5-ethylidengn2aiigbmenedENB hahd dityc opdinthdisines C8 40 virytratmatio €8RS INCluding
Syrene, 0 B e AV INDSRAS e U YINRNCTY) YINVIRBRIMARS AR OR
halogen-suggthsu?'élda%&%ﬁ: éﬁ)% %I?l(%%r%ca %%%?%goungslsuch a%ré_(?hlorostyrene and fluorostyrene.
[00119]As gseuphisréin stpalyméiffetion Soidindvnsngeatte eilerng & eminp s ias arsfeiys within a

polymerizatipn reactor syidablefor Bromoting PRIVTEHZateN Helveen the catalysicomposttien and an
olefin to form the desired polymer. The polymerization process may be S pha?}e gslurr%, or a bulk

polymerizatiteepreseesae spwanh G erE BdREE RHEHPB TR PSR HBRYALSh 3R 40 .0} h an

embodimeny, palymerizationQceLisRpwaalgasiphasmpolimearnization:ids msduihersiprigas phase
polymerization" is the passage of an ascending fluidizing medium, the fluidizing medi aining
one or moré FMBHYHErED; ﬁrﬂ’?@ﬁ?éé‘%’ﬁ%eeﬂjfeﬁl%%’faqéi%?ﬁ%ﬁ%awaraoﬁlﬁféﬁz%)glggﬁngg %18%3%3’} %:jar1 icles
maintained inia-fuigized, state by Hilefiofidisirg imiydiiarti| uidizsdidn Halfiatiptig, agerBuioedig” is a
gas-solid contacting process,in which a bed of finely divi articles s ified and;agitated by
a rising stretéW{%ég’.ﬁémgﬁg otr11 %nég{?rs?%ag fgﬂ%fdg};gﬁ:%ll%%%wvﬁhg an’up\%/afrd flow oflfluid through

the intersticesrafithedredReparioiéshattdinnal frossheedititented Ahthfritloruge results in

2010/06536] PG FLS2009/06547 1 LeSiSancs InCament s asdinghariculaie e ightaJusa a
fluidized b |§)a plurality of polymer particles suss;ended ina ﬂwdagf?state by a stream of a
|

fluidizing madkmaY 2. e B HH S ERFRO TS BN BABHTHIBRY SRIRTY AR S1tiS%Ely a carrier gas (such as
H2 or N2) and optionally a liquid (such_as a hydrocarbg hich ascends thro € -phase
reactor. [001¥HA typical gHs-BhaBISSKRRYiZ R0k rfggﬁngggo‘?ra%%sﬁ) ase greg%%%%gg\%fgg%ﬁ g%essel
(i.e., the reagtgneshenfluitized: bediaisisttiBatibfagiate, itetuaet bettin.pipingeazedmpraEsBRa cycle
gas cooler or heat exchanger,.and.a prodiict di r The vesgeljpaludaes.AJeaatian zone
and a velocW%gaﬁc |or?%z[l10r§é’é, egf:i?uero@d.v%/%i ht?gs?gggtegp éﬁg%%/ge{gsﬁe%is’tributior?%late, m beg is located
in the reactipreaone) Iratisinbadisrenetehiatimia Ahgtrae dlortinclig ephns B s 23 east one
other gas sygh as an:olefin, andiar acartet sRsavamARIbY diRosmAlRitiagen (G2 dosar is

embodiment, the contacting occurs by way of feeding the catalyst com%%iltlon mtog\p&gg%menzaﬂon

reactor and ithitscnd santie TsRiasethby BRehslsrTan A0Rer [EES P RE RSB Ot 5

e process
includes contagtipgdhg alefinwithasasaialvst TRaucocatslystrantbe mited bhittzdhe, provatalyst
composition (pre-mix) prior to the jntroduction of the pracatalyst compasition into Lization
reactor. In aRSIARHEHBEE BN KR SRR AR %ﬁﬁeepo%ﬁ%ﬂzz%?ﬁ%rf%e% t(%fi ?r)? e%%gr?c%lﬁéntly of the
procatalyst corpositibsdifbetj nhiependett gntrpdisctibyl bk theatn cilelysishing thepo#nehzaaon reactor
can occur simultaneously, or substantially si , With the Rrocatalysheempositionteed.
[00123]In ar %‘%%%a irr%g% t,yt’nesup élcszglsgsbin%:?éc%% m )%%g%ll ewéxternal electron donor (and opt%%r?ally the
activity limitipgagsnsy withutiser prbiitalgisp BempesieRetn e sibrhaite) sditbh RISHEE EXFHE ¥mplexed

with the cocgialystand Gyiseh wilbheRIRE Akt SRmPARIICR (Resmi) rard onsagbhetusen the

catalyst composition and the olefin. In another embodiment, the external electron dinor and/or the

activity limitiNgaijeiineapraemiernell siele irida P RE LTSI /BR&S:. HA Bnibodiment,

the external gjgctram sogpniedcyel apantydiatetisxy silgndierfropr dhyl ove tosysitdrigmpany,
[00124]Inanotherembadiment,thecatalystcompositionincludes dicyclopentyldimethoxysilane or

n-propyltrim%ﬁ?@il%%h%‘an activity limiting agent such as isopropyl myristate. WO
2010106536 1367/US2009/005471 J0042RAIn A SRR TGSt RRUREOBMSDS RRTROAT i
e

produced ina Tirst reactor. The content o irst reactor is subsequently transferred to a second
reactor into whickeéthyieineds Tinfomateltcrams deruiisir sroapReshadfe HBpY Rt AR BB polymer
in the secong reacior, 00126} naneMbadimeplicopelybioRy BN bemapalyeelipfeseeth e
introduction of propylene and any of the present procatalyst composig’:]on , cocatalygtf,ég)g%ggl
electron dorisesliaRPaREARY HreRTRBPaERts NPHRS FRded SXcrsy, BHTES %38%”\/yl’elﬁéshc?rﬁoﬁolymer is
introduced into the second reactor along with ethylene (and optionally propylene) and optionally an
external electron donor and/or optionally an activity limiting agent. The external electron donor and the
activity limiting agent may be the same as or different from the respective components used in the first
reactor. This produces a propylene-ethylene copglymer (such as an impact copolymer) in the second
reactor. [00127]In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a melt flow rate (MFR) from about 0.01 g/10 mm to about 800 g/10
naM, or from about 0.1 g/10 mm to about 200 g/10 mm, or from about 0.5 g/10 min to about 150 g/10

mm. In a further embodiment, the propylene-based polymer is a polypropylene homopolymer.
T0ONO122ATINn an emhondiment the nlefin iec nronviene The nrocece inchiidece formina a nronviene-bhacead



WO 2010/065361PCT/US2009/065471 "or", unless stated otherwise, refers to the listed members
individually as well as in any combination. [00136]Any numerical range recited herein, includes all
values from_ the lower value to the upper value, in increments of one unit ey Qgg)mgg_}pere isa
separation of 828846 > thits between any lower value and any higher value. As an example, if it is
stated that the amount of a component, or a value of a compositional or a physical property, such as,
for example, amount of a blend component, softening temperature, melt index, etc., is between 1 and
100, it is intgadpgkthat alkindividuabyalibss suchegsiatin®, Sieetorpaidnalbfubrargesesubbrely 1 to 20,
55 to 70, 197.to 100, etc., are expressly.enumerated in thi ification..For ' e less
than one, oﬁg%cﬁnl %acg%lglsgé%reer dt%%‘é%gfglogﬁ 0. Eglglég%%&ﬁ %ﬁ%ﬁés&a%%%?o&rg{t&e?‘%ﬁﬁ%}ﬁnly
examples ofilyhettissspesifitallyiintdivdesiewrad stusbasitie-cBmBirdifdpedrhtitferical values between
the lowest value and the highest value enumerated, are to be considered to be expressly stated in this
application. [M@kher warde srpastimaiche rMAGRETBERSY RS PRITARSUN %ﬂ?@ BHUBYSRYe within
the stated rangg.1MMErigRFANHRS hove:Beam (erieshbas discostent hvseir Steferemae fnklt index, melt
flow rate, and other properties. 1001371The terms "blend" or "polymer blend," as used herein, is a
blend of twqgasZiore polymessbSdiaie, blenpronapipsimeayurstie Auswibisl (vot prizdersegakited at
molecular '%Ve\';?f Puf 58‘ Lolend may;of may, hot ‘818&%5&%%@&% prHERALlend may Qrdnay not
contain one’dr fore démain configuratrons, as determined fronT transmission electron spectroscopy,

light scatterialpgenatingcartetinghamkethe of Eih delsTRACHEFIHPEOBIE: [BOTSBTTREIRIAT 8 PBosition,"

as used he@g%ti%c'%&ﬁré %g%&%m%ﬂ%wmmﬁ%w@@ tha&prpresiiion B prellasyteaction

products and decomposition products formed from the materials of the c,omposi,tionﬁégcohl%g]'&l"he term
Same or

"polymer" iPEEPHEOIOSI L UTEEREHHEL GALGSrapRRet Y PoleRniZiity Hionshard'ar
different typg.RelMEH: IRe WGBS RAMIPOIENeES 16O Glyme sy espeiytneks, tintenpdlysieisadd so on.

The term "interpolymer" means a polymer prepared by the polymerization of.at least: s of
monomers GrESMUHPHOIZENTIRR e@?%ﬁi elﬁ%‘ﬁlxrln%)en rt(g,ﬂcf)g 8%%%%6(%%? &llljglfjéf%/x?é e%s% to
polymers prgpaieg ftentiviasdiffenepsiynes ﬁidﬁmanmembnnnfnﬁ:memgt@b@ty@@@@ihﬁ%ﬁ usually
refers to polimets Preared WO 2010/ QRRIBIRTIISARAABRLL ey theorgiferentiegs o
monomers SICoMmonomers), etrapolymers (which usually refers to polymers prepared from four
different typeppémbnomerseriomdiomersyision eftikatefosdeqree denarmtkpoRAMEASE used

herein, refers to palymers;prepared.ty,fae polymerization of at least two different types of monomers.
The generic"t“e‘r% interpolymer thus includes copolymers, usually employed to refer to polymers

prepared frqgaéap differgninmonsrasisnandeabinempiepared fom hamithdnlido bifferenbtypes of
monomers. [00141]The term "olefin-based pgolymer" is a polymer containing, i ized form, a
majority WeLﬁFﬁé?@@%f)gﬁ SIEf S r‘r%pftéeei[ﬁépe%ea(s)rx %?g%%%g?%gggéptﬁlgt ?%é’l gv{eéi)ght of
the polymerahNgpiaitingrexamiplas ofdiefid-bhsedopaiyhimeindlade ezpyssne 485861 pEmEY3 and
propylene-based polymers, [Q0442TNG termyy SLVASRE:RASRA POLIERRY' dHsediesitluselers to a

polymer that comprises a majbrl%y weight percent polymerized eth)ggne monomer (based on the total
weight of potismenizablerronombelejnaind aptililjavdy wshpiSichloreReresHe sofiErobgne:

comonomer, 001431 Thedarm,  ehivieRela-pigfir inflerpelumels: assiasherei, ratemiaarns
interpolymer that comprises a majority Welght§ercent polymerized et Ien%gﬂonomer. bﬁ%gl%ton the
- e

total amouneeidysithdiizabfe thon SHIETE, ShaHp SRS S At S HIBIE N I8 %4 THE e rm,
"propylene-basegli Ralymsh 1asuweeheie iertefg inlogarpalymetihaticoasificds. a majority weight
percent polymerized propylene monomer (based on the total amount of polymerizable monomers),
and optionaljyoy comprise anleisnent felymetizedivmmonisrhestddCuasTT haleernwtianky| Mes used

herein, refers to ﬁ)r nched or unar exg&]?l%y%r fed.or g&ﬁ%w@tﬁqﬂﬁggxqipyygﬁgg@m@ﬁﬁ@gical.

ch
Nonlimiting B&%ﬁ%% &8 SreiitabIe s k%??fglcas inClude, for example, methyl, ethyl, n-propyl, i-propyl,
2-propenyl (@?ca|ty|)§@ﬂﬁy|pnfmyr;&9§fut9|,3ﬂﬁfamr(@rhzaﬁ1aﬁ§/|ﬁ?@ﬁ%}ﬂ?@%ﬁﬁe’f%&ﬁ@15 v f%ﬁd 20
carbon atomg: [Q0146]The term."selisiitechatkulinas. used hatein wiersiodandallyd;asdusiddescribed

in which one or more hydrogen atom bound to any carban of the alkyl is r%placeg[jf) tanotherlgroup
such as a haksgjenllarsh BiBRRORAT TS IR TS BRARAEG R BHTIANC PRGata-YSt Precursor
2010/06536 R G JS2R0P 6 Tlibetesasycipalkydns ahstituted Heraeyetoalialyhalogemahgdoalkyl,
hydroxy, amino, phosphido, alkoxy, amino, thio, nitro, and combinations thereof. Suitable substituted
alkyls include, for example, benzyl, trifluoromethyl and the like. [00147]The term "aryl," as used herein,
refers to an aromatic substituent which may be a single aromatic ring or multiple aromatic rings which
are fused together, linked covalently, or linked to a common group such as a methylene or ethylene
moiety. The aromatic ring(s) may include phenyl, paphthyl, anthracenyl, and biphenyl, among others.
The aryls have 6 to 20 carbon atoms. [001481TEST METHODS [00149]Flexural modulus is
determined in accordance with ASTM D790-00. [00150]Melt flow rate is measured in accordance with
ASTM D 1238-01 test method at 230 with a 2.16 kg weight for propylene-based polymers.
[001511Xylene Solubles (XS) is measured using a 1H NMR method as described in U.S. Pat.

N B E20 200 the entire content of which i incornarated harain hy refereance 1001521 Pnlidienarcity



Cone is raised to 2.5mm and sample loaded unto the top of the bottom plate. Start timing for 2
minutes. WO 2010/065361PCTRUS2009/065471 The upper cone is immediately lowered to slightly

rest on top of ér)z%l%%r(g (I;? by observing the normal force. After two minutgs the-saimplgs squeezed

down to 165 Micron gap by lower the upper cone. The normal force is observed. When the normal
force is down to <0.05 Newton the excess sample is removed from the edge of the cone and plate
sample holder by a spatula. The upper cone is lowered again to the truncation gap which is 149
micron. Antostitiaiesn)Fredten@)Sivee 2086 isHrdogsmmigehunale beheasdsievehiinohs: et ayed at

180C for 5 minutes, Frequencies; 628 3(/s,19 911s,datesmpausiien risudspeindsiacare, o Strain:
10% Wher?r[iﬁ%l%gs(itji:stﬁgg%% e%eai?%e élrossove? mcs)%ulus (Gce) iis detected by the Rheology Advantage
Data Analysisypiesgram furnished by TA Instruments. PDI = 100,000 Gc (in Pa units). [00153]By way

of example and not by limitation, examples of the present disclosure will now be rov'defi.r |

1001541 SyAf83is of Sils BRNESHER MBS 4RI BRI S BEEHY Tgﬁ%%%%}gﬁo?ﬁ%ﬁﬁﬁdd}% Kyisilane:
[00156]A 50Rdmbnthreerneckedilask filiebavithiadeliuxcentderisasatiamoopplng fupnabis sharged
with 50 mmol of bis(chlpromethyOmethylchlarosijlang (bis(chlora ic i jethyl
derivative) 2t %ﬁaﬁji‘fcgm@d?oﬁg% er 58 %%o%l%ﬂ emagm%ra%%g%//ﬂ%r%g{ﬁ%@(ﬁ%{%%ggnesium
chloride/bresigeinetrisadieg tusthecfiaskmithastimiay . beheselufioasisedirPirtohs oiintites, and is
brought to reflux with heating, J2eqctign BIRAreSR iR MeRtAEcMibLE Goliann somglesiar abeeaction,

the mixtureSis cooled down to room temperature, and then the flask is placed in an i,ce-w%téeﬁ?bath and

the reactiompiscgeronctide ottenasproviesr Bap Arteriurieddg ets firer i ShAtdd ARh dtiSer three
times. The Q%ngrg&q@ﬁ@gmﬁmﬁﬂmm prinesopeeua@nd dried over sodium sulfate. After

filtration, the filtrate IS concentrated, and the residue is distilled in vacuo to yield a colorless oil. The
yields for theggd)reparaignsesmusunii: pbautBodtprEhesbwilll R 30ervHd Bhikedpspeurat data are

shown in Table 3 below. WO 2010/065361PCMIS2009/0654,¢1 T. 3 Pr ta.for
Bis(chIororﬂ%zlﬁtylﬁé)iMgﬁﬁanoésa&]éer%%o%%ch ficture * feﬁﬁéasrgle%b%gaﬁ Iﬁ%t%%g%gl[ﬁ%?%%a% Hz, 8
(ppm) Bis(cllaperasifyfesimeltndisRane, an aBistshiBitmathgl) learbthy 16 #REQ 2 SMIPEERIE 04 (s, 4H),

(1q03 Igt)%HZ)E)Q&B&B% ‘f{jl-{z) E@@]'S{%@E}W@"Gy0131%%@55104@.)1 0.99 (t, 3H), 0.76 ethylmethylsilane s i

[6067] The halogenation procedure may be repeated one, two, three, or more times as

| -y

desired. In an embodiment, the resulting solid m recovered from the reaction
mixture and contacted one or more times in the absence (or in the presence) of the same (or
different) internal electron donor components with a mixture of the halogenating agent in the
chlorinated aromatic compound for at least about 10 minutes, or at least about 15 minutes, or
at least about 20 minutes, and up to about 1 hour, or up fo about 45 minutes, or up t0 about
30 minutes, at a temperature from at least about 25°C,; or at least about 50°C, or at least about

60°C, to a temperature up to about 150°C, or up to about 120°C, or up to about 115°C.

[G0o68] After the foregoing halogenation procedure, the resulting solid procatalyst
composition is separated from the reaction medium employed in the final process, by
filtering for example, to produce a moist filter cake. The moist filter cake may then be rinsed
or washed with a liquid diluent to remove unreacted TiCls and may be dried to remove
residual liquid, if desired. Typically the resultant solid procatalyst composition is washed
one or more times with a “wash liquid,” which is a liquid hydrocarbon such as an aliphatic

hydrocarbon such as isopentane, 1sooctane, isohexane, hexane, pentane, or octane. The solid

id



Ci | Bis(chloromethyl)- isobutylmethylsilane 2.96 (s, 4H),1.85 (heptat,1H), 0.98 (d, 6H), 0.80 (d, 2H),
0.23 CTCI (s, 3H) [00157]Bis(chloromethyDdimethylsilane was purchased from Gelest, Inc.,

Morrisville, PA. (%0]10&'6);8 A 500 mL three-necked round bottom flask is chalgggﬂlggg@%%mgnol of

dichlorodimgiﬁy silané, 50 mmol g of bromochloromethane and 150 ml of anhydrous THF. The flask is
cooled down to -78 C with a dry-ice/acetone bath. To this solution is added dropwise 20 ml of a 2.5 M
butyl lithium solution in hexanes over a period of 20 minutes. After completion of the addition, the
mixture is spivedasthis>tepopiciatutedoran Eddiperatd Gudinited, cangurrisd viarmaddipeasbiom

temperature dugg.1, hpgiof e MIHIE B AUSDENeA IR, A AIRNIAEE spluon. Afte

separation,etsﬁ)é3 agueous layeris e with ether (3 X 50 ml), and the combined ether extract

washed Wi;tbm]e once.and drisdiwithsosiunuliate. iftardiliratoncshpditrate iscantenitated. The
residue is distilled in vacuo to yield a colorless ojl., The ield(i)fi??bout 70%. §9ghGe8eral rocedure

00
for Bis(benseyiexyphdmyDdhantyisl ATt Aetb B T &%8??6!%}“&&(%]%’0 Brget

argecflv%/l% 0.04 mol
of bis(chlorgypethyiidialiodsilanardl. 80610108 prebnobpotessium benzchfepanchtdd wiightanhydrous
DMF. The mixture is heated to 100C with vigorous stirring. After 6 10,8 hours, the mixtire is cooled to
room tempef3tl ,°5h&-318?{°68h$é’d‘?’ﬁ%% 16@ %P%ﬁ? ?Ze-%:a gr?.t\q%gv M 1itglu'n;ﬂ}ls%xtracted with ether (3 X
200 ml). Theteambietrethdrmextrany isevrastwet withe \WO:2016108BEBERICT i 2005106874 brine

once (50 M AnS g W0 & sadiuhyiate Atandliralion e Miie s conarpiakiand
distilled with all?uge rohr in vacuo or purified by flash column chromatography to yield a colorless oil.
The NMR spéétiatelatoardshbwniisEabReneThis yianad for dheskitepaiaiions L RISEHM Yose to
80%. Tablec%,}?}ggggﬂnll\‘lMR data for silyl diol esters Compound Structure 11-1.NMRSpectralDatain
CDCI3, .5 (PPM) Bis(benzoyloxy)dimethylsilane (IED 1) \Si/ r ) 0o 8.00(d, 4H), 7.55 (t, 2H), 7.40 (t, 4H),

4.20 (s, 4H)0073) (s, 6l aBistheazamoyidietoyisianeotiEriZpsity de Fin@hbpechiaty DB, 2H),
L G D N R
composition. The solid procatalyst composition may be contacted (halogenated) with a
further quantity of titanium halide compound, if desired; it may be exchanged under
metathesis conditions with an acid chloride, such as phthaloyl dichloride or benzoyl chloride;
and it may be rinsed or washed, heat treated; or aged. The foregoing additional procedures

may be combined in any order or employed separately, or not at all.

(6071} Not wishing to be bound by any particular theory, it is believed that (1} further
halogenation by contacting the previously formed procatalyst composition with a titanium
halide compound, especially a solution thereof in a halohydrocarbon diluent, and/or (2)
further washing the previously formed procatalyst composition with a halohydrocarbon or
hydrocarbon at an elevated temperature (100 — 150°C), results in desirable modification of
the procatalyst composttion, possibly by removal of certain inactive metal compounds that
are soluble in the foregoing diluent. Accordingly, in an embodiment, the procatalyst is
contacted with a halogenating agent, such as a mixture of a titanium halide and a
halohydrocarbon diluent, such as TiCl, and chlorobenzene, one or more times prior to
isolation or recovery. In another embodiment, the procatalyst is washed at a temperature
between 100 to 150 °C with chlorobenzene or o-chlorotoluene one or more times prior to

isolation or recovery.

o,
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Bis(benzoyloxy)- isobutylmethylsilane (IED 4) ..----.. no 0 8.00 (d, 4H), 7.54 (t, 2H), 7.40 (t, 4H), 4.20
(é, 411), 1.92 (heptat, 111), 1.00 (d, 6H), 0.86 (d, 2H), 0.30 (s, 311). [00161]ll.Procatalyst

ompositions 1001621A procatalyst precursor is charged, according to t ' in Table 5,
into a flask g&%iﬁ’ﬁ@%@\?ﬁh mechanical stirring and with bottom filtration. 6 8%?@%@%%\9/ solvent of
TiCl4 and chlor_obenzene (1/1 by volume) is introduced into the flask and then 2.52 mmol of internal
electron don_or is added. The mixture is heated to the desired reaction temperature (indicated in Table
IG) agd rem{imsﬁt the game dempinadtreafprasmitutesdnitihstinitigap2Baain bafaesiitaring off the
iquid. 60 ml of mi edé}olvent is added again an t?e reaction | in same
desired t_en%%ﬁﬁfjér‘e 60" %?ﬁatieng \‘/lvgl S%‘ Frne ?%1 63\1%15%% ﬂéﬁ?%ﬁﬁﬁhg%pgggisgk?ﬁ%%e%ﬁgd once.
70 ml of ischetaste dsnisiachtomugststire chbultrmrsotid! sstansioprdhepbieguadrraleaenabient is

removed byﬁéj@“ﬂ@“%eﬂ}g&éﬁgg s Arisdhy N2.fRue WQ20L /06536 LR IAUS2009/08 547 Table 5
Procatalyst Precursor Weight MagTi-1 3.0g ME 3.0g SHAC310 2.0g 0074-45-1 3.24g [00163]MagTi-1

(a MagTi) igeenixael NRIIPPPIEEUr SOV WRHBOAE TBSIREF SR IVRS SPITOBTEE 194X 2E Y MEGHAS) Lenotes

magnesiumgihaxide, SHACHM 3 Qils 18 eenzoatsreanipiniosnesatalyst (@B enMapiproaatdlyst
precursor made from a MagTi procatalyst precursor and an er

: ; ) | b '
e accoRMEERS EXABI b CHu HORNE GBS 0 EFLAG i BV e Rhorpor

: WHICH 1S iIncorporated
herein by refgsensRiubes oM pentodOeid4bdinstayl EBiirapriunt ofyMgGiberafiee partial removal of
EtOH at -90 C under flowing N2. Ti content for each of the resultant procatalyst compositions is listed

in Table 6. THbIE 6 ProEatatystc@mﬁwsﬂ@ds@es@ﬂp@i@ﬂia(bEDwmigeﬁ) 3% TRIDBPWA Dol Ester
% EB % IEQ 4Mag i@ eCaRe0:AeRA3 NM NM LED 1/Mg(0E02 (1)100C

(0074} In an embodiment, a procatalyst composition is provided which includes a
combination of a magnesium moiety, a titanium moiety, and an internal electron donor. The
internal electron donor includes a silyl ester. The procatalyst composition is produced by
way of the foregoing halogenation procedure that converts the procatalyst precursor and the
internal electron donor into a combination of a magnesium moiety, a titanium moiety into
which the internal electron donor is incorporated. The internal electron donor may be any
silyl ester as disclosed herein. The procatalyst precursor from which the procatalyst
composition is formed can be the magnesium moiety precursor, the mixed

magnesium/titanium precursor, or the benzoate-containing magnesivm chloride precursor.

{6675] In an embodiment, the magnesium moiety is a magnesium halide. In another
embodiment, the magnesium halide is magnesium chloride, or magnesium chloride alcohol

adduct.

[0076] Iz an embodiment, the titanium moiety is a titanium chloride. In another

embodiment the fitanium halide is titanium tetrachloride.

[6677] In an embodiment, the procatalyst composition is a combination of a
magnesium chloride, a titanium chloride and the internal electron donor. In another
embodiment, the procatalyst composition includes a magnesium chloride support upon which

a titanium chioride is deposited and into which the internal electron donor is incorporated.
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[0078] In an embodiment, the procatalyst composition includes from about 0.1 wt % to
about 20 wt % silyl ester. The weight percent is based on the total weight to the procatalyst

composition.

{0079] In an embodiment, the internal electron donor of the procatalyst composition is

a silyl ester that has the structure (I):

(0
o3 Rs Ry Rg
I Pl
Ry v G e oG e St G —— X
1
Col
Ry Ry Rs
[6080] wherein m and n are the same or different, m and n are each an integer from 1 to

5 denoting a hydrocarbyl with the same number of carbon atoms. Ri-Ry are the same or
different and each is selected from hydrogen, a substituted hydrocarbyl group having 1 to 20
carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, and
combinations thereof. X is an electron donating group as previously disclosed for structure
(I). The internal electron donor may comprise one or more embodiments of structure (I) as

previously disclosed.

[6G81] In an embodiment, Ry is selected from a benzene-ring-containing group. The
benzeneQringmcontaining group may be optionally substituted with one or more of the
following: Ci. alkyl group(s), Ci.20 a,lkdxy group(s), Ciao alkoxycarbonyl group(s),

halogen atom(s), and any combination thereof.

[6082] In an embodiment, the catalyst composition includes an internal electron donor

with the structure (II) below:

(ID
o] Ra Ry Hg o
| Ll |
R e G e G G e S G e O —— G ——Rg
| ]!
R4 Ry Rg
10083] wherein R;-Ry are the same or different. Each of R;-Rg is selected from the

substituents set forth for structure (IT) above. In an embodiment, R; and Ry are the same or

different. Each of R; and Rg is selected from a benzene-ring-containing group which may be
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optionally substituted with one or more of the following: a Cy. alkyl group, a C,.20 alkoxy
group, a Cjo alkoxycarbonyl group, a halogen atom, and any combination thereof. The
internal electron donor may comprise one or more embodiments of structure (II) as

previously disclosed.

[06084] In an embodiment, the procatalyst composition includes an internal electron

donor with the structure (III) as follows:

(1T
) Ry Ry Ry 0
OO
LLod
[0085] wherein R;-Rg are the same or different and each is selected from substituents

set forth for structure (III) above. The intemal electron donor may comprise one or more

embodiments of structure (III) as previously disclosed.

10086] In an embodiment, each of R3-R¢ is hydrogen, R, and Ry are the same or
different and each is selected from hydrogen, a C,-Cs alkyl group, and combinations thereof.
Tn a further embodiment, each of Ry and R is selected from methyl, ethyl, n-propyl, i-propyl,
n-butyl, i-butyl, t-butyl, and combinations thereof.

[0087] In an embodiment, the silyl diol ester of structure (III) includes R and R, that
are the same or different. Each of R; and R, is selected from hydrogen, methyl, ethyl, n-
propyl, i-propyl, n-butyl, i-butyl, t-butyl, and combinations thereof. Each of Rs-Rg is methyl.

[0088] In an embodiment, the silyl diol ester of structure (II1) includes Ry and R; that
are the same or different. Fach of R, and R, is selected from hydrogen, methyl, ethyl, n-
propyl, i-propyl, n-butyl, i-butyl, t-butyl, and combinations thereof. Each of R; and Rs is
methyl. Each of Rqand Rg is hydrogen.

[6689%] In an embodiment, the procatalyst composition includes an internal electron
donor that is selected from bis(benzoyloxy)dimethylsilane, bis(benzoyloxy)diethylsilane,
bis(benzoyloxy)ethylmethyisilane, bis(benzoyloxy)isobutylmethyisilane, and combinations

thereof.
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1.27 IED 2/SHAC 310@100C 32-44-2 3.19 NM 0. IED 3/SHAC 310thll g 1 oocc 1332-44-3 2.86 NM

EESS IE'Dt4/SI_:A? 3t101r3 glOCZC 1332444 3.06 NM 2.62 s= Comparative DIBP = di-isoburylphthalate
= internal electron donor from Table 4) DE -, - imet Yy - ,i-propy ne ; % .= b

total weight OPFOCAAY 5t NM = Not Measured WO 2010/%653%1%TA|% g@é’%lé%?/ﬂogigglolnn.

Polyr_n_en;atlon [00165]Polymerization is performed in liquid propylene in a 1-gallon autoclave. After

conditioning, the reactors are charged with 1375 g of propylene and a targeted amount of hydrogen

and broughjgg6pC. Exteenabaintysoncignsitieithey DGRDIMS & NRTNISTIbeHEsa s AM |

triethylalun&nye%'solutiop in isooctane, a 5.0 wt% catalyst slurry in mineral oil (as indicated in data
tables belo 3 and premixed at ambient temperature for 20 minutes before being injected into the

reactor to inifiafe the pelymerzafiqn,dhe premied &atabaticempenandsdare Aushed eitheareactor
with |sooct3“ne tﬂing a high pressure catalyst in{ﬁ%ti n pump. After the ex?therrn the temperature is
controlled tocémsmmé‘@?ﬂeﬁ%étﬁﬂmﬁﬁ?gl@l preas i Repar BT o Vet e polymer
properties aggprovidedin daklesdyk@rkabia 7cRettsmanciof Galglystomadsifmrmiaighe and

MagTi Procatalye recursars Erocataly o Reserae  Galel Mer FRRGRRMA CalalysTEA
The silyl ester can be any silyl ester or silyl diol ester as disclosed herein. The catalyst
composition may contain any procatalyst composition as disclosed herein. The catalyst
composition may optionally include an external electron donor and/or an activity limiting

agent.

[0092] The catalyst composition includes a cocatalyst. As used herein, a “cocatalyst”
is a substance capable of converting the procatalyst composition to an active polymerization
catalyst. The cocatalyst may include hydrides, alkyls, or aryls of aluminum, lithium, zinc,
tin, cadmium, beryllium, magnesium, and combinations thereof. In an embodiment, the
cocatalyst is a hydrocarbyl aluminum cocatalyst represented by the formula R;Al wherein
each R is an alkyl, cycloalkyl, aryl, or hydride radical; at least one R is a hydrocarbyl radical;
two or three R radicals can be joined in a cyclic radical forming a heterocyclic structure; each
R can be the same or different; and each R, which is a hydrocarbyl radical, has 1 to 20 carbon
atoms, and preferably 1 to 10 carbon atoms. In a further embodiment, each alkyl radical can
be straight or branched chain and such hydrocarbyl radical can be a mixed radical, L.e., the
radical can contain alkyl, aryl, and/or cycloalkyl groups. Nonlimiting examples of suitable
radicals are: methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, n-pentyl, neopentyl, n-
hexyl, 2-methylpentyl, n-heptyl, n-octyl, isooctyl, 2-ethylhexyl, 5,5-dimethylhexyl, n-nonyl,
n-decyl, isodecyl, n-undecyl, n-dodecyl, phenyl, phenethyl, methoxyphenyl, benzyl, tolyl,
xylyl, naphthyl, methylnapthyl, cyclohexyl, cycloheptyl, and cyclooctyl.

[0093] Nonlimiting examples of suitable hydrocarbyl aluminum compounds are as
follows: triisobutylaluminum,  trihexylaluminum, diisobutylaluminum  hydride,
dihexylaluminum hydride, isobutylaluminum dihydride, hexylaluminum dihydride, di-
isobutylhexylaluminum, isobutyl dihexylaluminum, trimethylaluminum, triethylaluminum,

tripropylaluminum,  trilsopropylaluminum, tri-n-butylaluminum,  trioctylaluminum,
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tridecylaluminum, tridodecylaluminum, tribenzylaluminum, triphenylaluminum,

trinaphthylaluminum, and tritolylaluminum. In an embodiment, the cocatalyst is selected
from triethylaluminum, triisobutylaluminum, trihexylaluminum, di-isobutylaluminum

hydride, and dihexylaluminum hydride.

{0094] In an embodiment, the cocatalyst is a hydrocarbyl aluminum compound
represented by the formula R,AlX3., whereinn =1 or 2, R is an alkyl, and X is a halide or
alkoxide. Nonlimiting examples of suitable compounds are as follows: methylaluminoxane,
isobutylaluminoxane,  diethylaluminum ethoxide,  diisobutylaluminum  chloride,
tetracthyldialuminoxane,  tetraisobutyldialuminoxane, diethylaluminum  chloride,

ethylaluminum dichloride, methylaluminum dichloride, and dimethylaluminum chloride.

[0095] In an embodiment, the cocatalyst is triethylaluminum. The molar ratio of
aluminum to titanium is from about 5:1 to about 500:1, or from about 10:1 to about 200:1, or
from about 15:1 to about 150:1, or from about 20:1 to about 100:1. In another embodiment,

the molar ratio of aluminum to titanium is about 45:1.

[0096] In an embodiment, the catalyst composition includes an external electron donor.
As used herein, an “external electron donor™ is a compound added independent of procatalyst
formation and contains at least one functional group that is capable of donating a pair of
electrons to a metal atom. Bounded by no particular theory, it is belicved that the external
electron donor enhances catalyst stereoselectivity, (i.e., reduces xylene soluble material in the

formant polymer).

[0097) In an embodiment, the external electron donor may be selected from one or
more of the following: an alkoxysilane, an amine, an ether, a carboxylate, a ketone, an
amide, a carbamate, a phosphine, a phosphate, a phosphite, a sulfonate, a sulfone, and/or a

sulfoxide.

[¢098] In an embodiment, the external electron donor is an alkoxysilane. The
alkoxysilane has the general formula: SiRu(OR’)sm (I) where R independently each
occurrence 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 heteroatoms, said R
containing up to 20 atoms not counting hydrogen and halogen; R'is a Cra0 alkyl group; and

mis 0, 1,2 or 3. In an embodiment, R is Ce.1z alkylaryl or aralkyl, Cs.ip cycloalkyl, Ci.i
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alkyl, Cs.12 branched alkyl, or Cs.1 cyclic or acyclic amino group, R' is Cy4 alkyl, and m is 1

or 2. Nonlimiting examples of suitable silane compositions include
dicyclopentyldimethoxysilane, di-tert-butyldimethoxysilane,
methylcyclohexyldimethoxysilane, methylcyclohexyldiethoxysilane,

ethyleyclohexyldimethoxysilane, diphenyldimethoxysilane, diisopropyldimethoxysilane, di-
n-pfopyldimethoxysiiane, diisobutyldimethoxysilane, ditsobutyldiethoxysilane,
isobutylisopropyldimethoxysilane, di-n-butyldimethoxysilane, cyclopentyltrimethoxysilane,
isopropylirimethoxysilane, n-propyltrimethoxysilane, n-propyliriethoxysilane,
ethyltriethoxysilane, tetramethoxysilane, tetracthoxysilane, diethylaminotriethoxysilane,
cyclopentylpyrrolidinodimethoxysilane, bis(pyrrolidino)dimethoxysilane,
bis(perhydroisoquinolino)dimethoxysilane, and  dimethyldimethoxysilane. In an
embodiment, the silane composition is dicyclopentyldimethoxysilane (DCPDMS),
methylcyclohexyldimethoxysilane (MChDMS), or n-propyltrimethoxysilane (NPTMS), and

any combination of thereof.

[0099] In one embodiment, the external electron donor is dicyclopentyldimethoxysilane.

In another embodiment, the external electron donor is n-propyltrimethoxysilane.

[00100] In an embodiment, the external electron donor can be a mixture of at least two
alkoxysilanes. In a further embodiment, the mixture can be dicyclopentyldimethoxysilane
and one or more of the following: methyleyclohexyldiethoxysilane, di-n-
butyldimethoxysilane, diisobutyldiethoxysilane, n-propyliriethoxysilane,

ethyltriethoxysilane, tetramethoxysilane, tetracthoxysilane, and cornbinations thereof.

[00101] In an embodiment, the external electron donor is selected from one or more of the
following: a benzoate, a succinate, or and/or a diol ester. In an embodiment, the external
donor is 2,2,6,6-tetramethylpiperidine. In another embodiment, the external electron donor is

a diether.

[00102] In an embodiment, the catalyst composition includes an activity limiting agent
(ALA). As used herein, an “activity limiting agent” (*ALA”) is a material that reduces
catalyst activity at elevated temperature (i.e., temperature greater than about 85°C). An ALA
inhibits or otherwise prevents polymerization reactor upset and ensures continuity of the

polymerization process. Typically, the activity of Ziegler-Natta catalysts increases as the
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reactor temperature rises. Ziegler-Natta catalysts also typically maintain high activity near
the softening point temperature of the polymer produced. The heat generated by the
exothermic polymerization reaction may cause polymer particles to form agglomerates and
may ultimately lead to disruption of continuity for the polymer production process. The
ALA reduces catalyst activity at elevated temperature, thereby preventing reactor upset,
reducing (or preventing) particle agglomeration, and ensuring continuity of the

polymerization process.

[60103] The activity limiting agent may be a carboxylic acid ester, a diether, a diol ester,
a poly(alkene glycol), and combinations thereof. The carboxylic acid ester can be an
aliphatic or aromatic, mono-or poly-carboxylic acid ester. Nonlimiting examples of suitable
monocarboxylic acid esters include ethyl and methyl benzoate, ethyl p-methoxybenzoate,
methyl p-ethoxybenzoate, ethy! p-ethoxybenzoate, ethyl acrylate, methyl methacrylate, ethyl
acetate, ethyl p-chlorobenzoate, hexyl p-aminobenzoate, isopropyl naphthenate, n-amyl

toluate, ethyl cyclohexandate and propyl pivalate.

[60104) Nonlimiting examples of suitable polycarboxylic acid esters include dimethyl
phthalate, diethyl phthalate, di-n-propy! phthalate, diisopropyl phthalate, di-n-buty] phthalate,
diisobuty! phthalate, di-tert-butyl phthalate, diisoamyl phthalate, di-tert-amyl phthalate,
dineopentyl phthalate, di-2-ethylhexy! phthalate, and di-2-ethyldecyl phthalate.

[60105] The aliphatic carboxylic acid ester may be a Cy4-Csp aliphatic acid ester, may be
a mono- or a poly- (two or more) ester, may be straight chain or branched, may be saturated
or unsaturated, and aﬁy combination thereof. The Cs-Cag aliphatic acid ester may also be
substituted with one or more Group 14, 15 or 16 hetcroatom containing substituents.
Nonlimiting examples of suitable C4-Csq aliphatic acid esters include Cy.z0 alkyl esters of
aliphatic Cs30 monocarboxylic acids, Cjao alkyl esters of aliphatic Cg.z¢ monocarboxylic
acids, Cy allyl mono- and diesters of aliphatic Cs.0 monocarboxylic acids and dicarboxylic
acids, Ci.4 alkyl esters of aliphatic Cg. monocarboxylic acids and dicarboxylic acids, and
Ca20 mono- or polycarboxylate derivatives of Cape (poly)glycols or Cr.100 (poly)glycol
ethers. In a further embodiment, the Cq4-Cag aliphatic acid ester may be a myrnstate, a
sebacate, (poly)(alkylene glycol} mono- or diacetates, (poly)(alkylene glycol) mono- or di-
myristates, (poly)(alkylene glycol) mono- or di-laurates, (poly)(alkylene giycol) mono- or di-
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BD = settled bulk density DE = 2,2-dimethyl- 1,3-propylene glycol dibenzoate BED = external electron
donor ME-melt flow rate (g/1 0 minute) [00166]The data in Table 7 shows that procatalysts made
using srlyl diol ester IED | lead to propylene-based polymers having significantly broader PD1 when
compared téﬁﬁﬁwlgﬁ?fﬁased polymers produced from a procatalyst contaiting B8 4% internal
electron donor. WO 2010/065361PCT/US2009/065471 Table 8 Performance of Cata ysts Made from
BenMag Procatalyst Precursor Procatalyst Description Catalyst Number EED Catalyst (mg) TEAI

(mmol) All BERdH2 {ReerActivityian) Figlas) BRME X3 RRIMadibats (kpsibiyic 145idAGES 310@
100C 2521 192 DCPDMS 16.3 100 4 1870 52.3 0.3513 (2:9 e e .
mixtures thereof. In a Turther embodiment, The Cs-Cso aliphatic ester is isopropyl myristate

or di-n-butyl sebacate.

[00106] In an embodiment, the activity limiting agent includes a diether. The diether

can be a dialkylether represented by the following structure (V):

V)

[00107] wherein R; to R4 are independently of one another an alkyl, aryl or aralkyl
group having up to 20 carbon atoms, which may optionally contain a group 14, 15, 16, or 17
heteroatom, and R; and R, may be a hydrogen atom. R; and Ry may also be linked to form a
cyclic structure, such as cyclopentadiene or fluorene. The dialkylether may be linear or
branched, and may include one or more of the following groups: alkyl, cycloaliphatic, aryl,

alkylaryl or arylalkyl radicals with 1-18 carbon atoms, and hydrogen.

[6g108] In an embodiment, the activity limiting agent includes a succinate composition
having the following structure (VI):
(VD)

RO OR
c o

[60169] wherein R and R' may be the same or different, R and/or R including one or
more of the following groups: linear or branched alkyl, alkenyl, cycloalkyl, aryl, arylalkyl or
alkylaryl group, optionally containing heteroatoms. One or more ring structures can be

formed via one or both 2- and 3-position carbon atom.

[00116] In an embodiment, the activity limiting agent includes a diol ester as represenied

by the following structure (ViI):

(VII)
8] ?3 33 Rs 6]
P A D P
Rl . i Rel
= Ry R: Rs P

23



24 16.32.008374027.90.411.1352 16.32.008748024.10.399.43.18 16.31.004
7480 24.4 0.37 7.0 3.80 '

WO 2010/665361 PCEIUSI009/065471

j00111]) wherein n is an integer from 1 to 5. R, and Ry, may be the same or different,
and each may be selected from hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-
butyl, allyl, phenyl, or halophenyl group. Rs, R4, Rs, Rg Ry, and Ry, may be the same or
different, and each may be selected from hydrogen, halogen, substituted, or unsubstituted
hydrocarbyl having 1 to 20 carbon atoms. R;-Rs groups may optionally contain one or more
heteroatoms replacing carbon, hydrogen or both, the hetero-atom selected from nitrogen,
oxygen, sulfur, silicon, phosphorus and a halogen. Any of R;-Rg groups may be linked to
form a cyclic structure. R; and Rg, may be the same or different, may be bonded to any

carbon atom of the 2-, 3-, 4-, 5-, and 6-position of the phenyl ring.

[00112} In an embodiment, the external electroh donor and activity limiting agent can be
added into the reactor separately. In another embodiment, the external electron doncr and the
activity limiting agent can be mixed together in advance and then added intb the reactor as a
mixture. In the mixture, more than one external electron donor or more than one activity
limiting agent can be used. In an embodiment, the mixture is dicyclopentyldimethoxysilane
and isopropy! myristate, dicyclopentyldimethoxysilane and poly(ethylene glycol) lanrate,
dicyclopentyldimethoxysilane and isopropyl myristate and poly(ethylene glycol) dioleate,
methyleyclohexyldimethoxysilane and isopropyl myristate, n-propyltrimethoxysilane and
isopropyl muyristate, dimethyldimethoxysilane and methylcyclohexyldimethoxysilane and
isopropyl myristate, dicyclopentyldimethoxysilane and n-propyltriethoxysilane and isopropyl
myristate, and dicyclopentyldimethoxysilane and tetraethoxysilane and isopropyl myristate

and combinations thereof.

[00113] In an embodiment, the catalyst composition includes any of the foregoing

external electron donors in combination with any of the foregoing activity limiting agents.

[00114] The present catalyst composition may comprise two or more embodiments

disclosed herein.

[00115] In an embodiment, a process for producing an olefin-based polymer is provided.
The process includes contacting at least one olefin with a catalyst composition under
polymerization conditions. The catalyst composition includes a silyl ester. The silyl ester
can be any silyl ester as disclosed herein, The process further includes forming an olefin-

based polymer.
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[00116] In an embodiment, the catalyst composition includes a procatalyst composition
and a cocatalyst. The procatalyst composition may be any procatalyst composition as
disclosed herein. Similarly, the cocatalyst may be any cocatalyst as disclosed herein. The
catalyst composition may include an external electron donor and/or an activity limiting agent

as previously disclosed.

100117} In an embodiment, the olefin-based polymer can be a propylene-based olefin, an
ethylene-based olefin, and combinations thereof. In an embodiment, the olefin-based

polymer is a propylene-based polymer.

[00118] One or more olefin monomers can be introduced a polymerization reactor to
react with the catalyst and to form a polymer (or a fluidized bed of polymer particles).
Nonlimiting examples of suitable olefin monomers include ethylene, propylene, Cipo o-
olefins, such as 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-
decene, 1-dodecene and the like; Cyog diolefins, such as 1,3-butadiene, 1,3-pentadiene,
norbornadiene, 5-ethylidene-2-norbornene (ENB) and dicyclopentadiene; Cgao vinyl
aromatic compounds including styreme, o-, m-, and p-methylstyrene, divinylbenzene,
vinylbiphenyl, vinylnapthalene; and halogen-substituted Cg.qo vinyl aromatic compounds

such as chlorostyrene and fluorostyrene.

[60119] As used herein, “polymerization conditions” are temperature and pressure
parameters within a polymerization reactor suitable for promoting polymerization between
the catalyst composition and an olefin to form the desired polymer. The polymerization
process may be a gas phase, a slurry, or a bulk polymerization process, operating in one, or

more than one, polymerization reactor.

[00120] In an embodiment, polymerization occurs by way of gas phase polymerization.
As used herein, “gas phase polymerization” is the passage of an ascending fluidizing
medium, the fluidizing medium containing one Or MOTe MONOMETS, in the presence of a
catalyst through a fluidized bed of polymer particles maintained in a fluidized state by the
fluidizing medium. “Fluidization,” “fluidized,” or “fluidizing” is a gas-solid contacting
process in which a bed of finely divided polymer particles is lifted and agitated by a rising
stream of gas. Fluidization occurs in a bed of particulates when an upward flow of fluid

through the interstices of the bed of particles attains a pressure differential and frictional
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resistance increment exceeding particulate weight. Thus, a “fluidized bed” is a plurality of
polymer particles suspended in a fluidized state by a stream of a fluidizing medium. A
“fluidizing medium” is one or more olefin gases, optionally a carrier gas (such as H; or No)

and optionally a liquid (such as a hydrocarbon) which ascends through the gas-phase reactor.

100121} A typical gas-phase polymerization reactor (or gas phase reactor) includes a
vessel (i.e., the reactor), the fluidized bed, a distribution plate, inlet and outlet piping, a
compressor, a cycle gas cooler or heat exchanger, and a product discharge system. The
vessel includes a reaction zone and a velocity reduction zone, each of which is located above
the distribution plate. The bed is located in the reaction zone. In an embodiment, the
fluidizing medium includes propylene gas and at least one other gas such as an olefin and/or

a carrier gas such as hydrogen or nitrogen.

[00122] In an embodiment, the contacting occurs by way of feeding the catalyst
composition into the polymerization reactor and introducing the olefin into the
polymerization reactor. In an embodiment, the process includes contacting the olefin with a
cocatalyst. The cocatalyst can be mixed with the procatalyst composition (pre-mix) prior to
the introduction of the procatalyst composition into the polymerization reactor. In another
embodiment, cocatalyst is added to the polymerization reactor independently of the
procatalyst composition.  The independent introduction of the cocatalyst into the
polymerization reactor can occur simultaneously, or substantially simultaneously, with the

procatalyst composition feed.

[00123] In an embodiment, the process includes mixing the external electron donor (and
optionally the activity limiting agent) with the procatalyst composition. The external
electron donor can be complexed with the cocatalyst and mixed with the procatalyst
composition (pre-mix) prior to contact between the catalyst composition and the olefin. In
another embodiment, the external electron donor and/or the activity limiting agent can be
added independently to the polymerization reactor. In an embodiment, the external electron

donor is dicyclopentyldimethoxysilane or n-propyltrimethoxysilane.

[00124] In  another embodiment, the  catalyst composition  includes
dicyclopentyldimethoxysilane or n-propyltrimethoxysilane and an activity limiting agent

such as isopropyl myristate.
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[00125] In an embodiment, a polypropylene homopolymer is produced in a first reactor.
The content of the first reactor is subsequently transferred to a second reactor into which
ethylene is introduced. This results in production of a propylene-ethylene copolymer in the

second reactor,

[00126] In an embodiment, a polypropylene homopolymer is formed via introduction of
propylene and any of the present procatalyst compositions, cocatalysts, external electron
donors, and activity limiting agents in the first reactor. The polypropylene homopolymer is
introduced into the second reactor along with ethylene (and optionally propylene) and
optionally an external electron donor and/or optionally an activity limiting agent. The
external electron donor and the activity limiting agent may be the same as or different from
the respective components used in the first reactor. This produces a propylene-ethylene

" copolymer {such as an impact copolymer) in the second reactor.

[00127] In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a melt flow rate (MFR) from about 0.01 g/10 min to about
800 g/10 min, or from about 0.1 g/10 min to about 200 g/10 min, or from about 0.5 g/10 min
to about 150 g/10 min. In a further embodiment, the propylene-based polymer is a

polypropylene homopolymer.

[00128] _ In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a xylene solubles content from about 0.5% to about 10%, or
from about 1% to about 8%, or from about 1% to about 4%, In a further embodiment, the

propylene-based polymer is a polypropylene homopolymer.

[00129] In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a polydispersity index (PDI) from about 4 to about 20, or
from about 4 to about 20, or from about 5 to about 10, or from about 6 to about 8. Ina

further embodiment, the propylene-based polymer is a polypropylene homopolymer.

[00138] In an embodiment, the olefin is propylene. The process includes forming a
propylene-based polymer having a flexural modulus from about 200 kpsi to about 400 kpsi,
or from about 220 kpsi to about 390 kpsi, or from about 230 kpsi to about 350 kpsi, or from
about 240 kpsi to about 320 kpsi. In a further embodiment, the propylene-based polymer is a
polypropylene homopolymer.
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[006131] The present process for producing an olefin-based polymer may comprise two

or more embodiments disclosed herein.

[00132] Not wishing to be bound by any particular theory, it is believed that the present
catalyst compositions with silyl ester and/or silyl diol ester internal electron donor yield
olefin-based polymers with a broader molecular weight distribution when compared to
procatalyst compositions with a similar procatalyst precursor and a conventional internal
electron donor. For example, the present catalyst compositions produce propylene-based
polymers with a broader PDI and a greater flexural modulus when compared to propylene-

based polymers made from similar catalysts having a phthalate internal electron donor.
[00133] DEFINITIONS

[60134] Al references to the Periodic Table of the Elements herein shall refer to the
Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 2003. Also,
any references to a Group or Groups shall be to the Groups or Groups reflected in this
Periodic Table of the Elements using the TUPAC system for numbering groups. Unless
stated to the contrary, implicit from the context, or customary in the art, all parts and percents
are based on weight. 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 entirety (or the equivalent US version thereof is so incorporated by
reference), especially with respect to the disclosure of synthetic techniques, definitions (to
the extent not inconsistent with any definitions provided herein) and general knowledge in

the art.

[00135] The term “comprising,” and derivatives thereof, is not intended to exclude the
presence of any additional component, step or procedure, whether or not the same is
disclosed herein. In order to avoid any doubt, all compositions claimed herein through use of
the term “comprising” may include any additional additive, adjuvant, or compound whether
polymeric or otherwise, unless stated to the conirary. In contrast, the term, “consisting
essentially of” excludes from the scope of any succeeding recitation any other component,
step or procedure, excepting those that are not essential to operability. The term “consisting

of” excludes any component, step or procedure not specifically delineated or listed. The term
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“or”, unless stated otherwise, refers to the listed members individually as well as i any

combination,

[00136] Any numerical range recited herein, includes all values from the lower value to
the upper value, in increments of one unit, provided that there is a separation of at least 2
units between any lower value and any higher value. As an example, if it is stated that the
amount of a component, or a value of a compositional or a physical property, such as, for
example, amount of a blend component, softening temperature, melt index, etc., is between 1
and 100, it is intended that all individual values, such as, 1, 2, 3, etc,, and all subranges, such
as, 1 1o 20, 55 to 70, 197 to 100, ete., are expressly enumerated in this specification. For
values which are less than one, oﬁe unit is considered to be 0.0001, 0.001, 0.01 or (.1, as
appropriate. 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 o be considered to be expressly stated in this application. In other words,
any numerical range recited herein includes any value or subrange within the stated range.
Numerical ranges have been recited, as discussed herein, reference melt index, melt flow

rate, and other properties.

[66137] The terms “blend” or “polymer blend,” as used herein, is a blend of two or more
polymers. Such a blend may or may not be miscible (not phase separated at molecular level).
Such a blend may or may not be phase separated. Such a blend may or may not contain one
or more domain configurations, as determined from transmission electron spectroscopy, light

scattering, x-ray scattering, and other methods known in the art.

[6G138] The term "composition,” as used herein, includes a mixture of materials which
comprise the composition, as well as reaction products and decomposition products formed

~ from the materials of the composition.

[60139] The term "polymer” is a macromolecular compound prepared by polymerizing
monomers of the same or different type. "Polymer” includes homopolymers, copolymers,
ierpolymers, interpolymers, and so on. The term "interpolymer" means a polymer prepared
by the polymerization of at least two types of monomers or Comonomers. It includes, but is
not limited to, copolymers (which usually refers to polymers prepared from two different

types of monomers or comonomers, terpolymers (which usually refers to polymers prepared
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data in Table 7 and Table 8 indicate that catalyst activity and ‘
from three different types of monomers or comonomers), tetrapolymers {which usually refers

to polymers prepared from four different types of monomers or comonomers), and the like.

[00140] The term "interpolymer," as used herein, refers fo polymers prepared by the
polymerization of at least two different types of monomers. The generic term interpolymer
thus includes copolymers, usually employed to refer to polymers prepared from two different

monomers, and polymers prepared from more than two different types of monomers.

[00141] The term “olefin-based polymer” is a polymer containing, in polymerized form,
a majority weight percent of an olefin, for example ethylene or propylene, based on the total
weight of the polymer. Nonlimiting examples of olefin-based polymers include ethyiene-

based polymers and propylene-based polymers.

[00142] The term, “cthylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized ethylene monomer (based on the total
weight of polymerizable monomers), and optionally may comprise at least one polymerized

COMONomer.

[06143] The term, “ethylene/o-olefin interpolymer,” as used herein, refers to an
interpolymer that comprises a majority weight percent polymerized ethylene monomer
(based on the total amount of polymerizable monomers), and at least one polymerized o-

“olefin.

[00144] The term, “propylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized propylene monomer (based on the total
amount of polymerizable monomers), and optionally may comprise at least one polymerized

COmonomer.

[00145) The term "alkyl," as used herein, refers to a branched or unbranched, saturated
or unsaturated acyclic hydrocarbon radical. Nonlimiting examples of suitable alkyl radicals
include, for example, methyl, ethyl, n-propyl, i-propyl, 2-propenyl (or allyl), vinyl, n-butyl, t-
butyl, i-butyl (or 2-methylpropyl}, etc. The alkyls have 1 and 20 carbon atoms.

[00146] The term "substituted alkyl," as used herein, refers to an alkyl as just described
in which one or more hydrogen atom bound to any carbon of the alkyl is replaced by another

group such as a halogen, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
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Table 9 Performance of Catalysts with BenCat Precursor and Silyl Diol Ester Internal Donor
Procatalyst Description Catalyst Number FED Catalyst (mg) TEA! (mmol) AU SCA H2 (scc) Activity

iknp.,_ ' q BR@IeR)ddkXS GoiblRel Metnugclkptiyll E DalsgenaChalnoligll 0aceE?.] - 2RABCPDMS
16.31.004 87(1}1%2.3 (12.38 0.93 2.4% . o : .
phosphido, ‘alkoxy, amino, thio, nitro, and combinations thereof. Suitable substituted alkyls

include, for example, benzyl, trifluoromethyl and the like.

[60147] The term "aryl," as used herein, refers to an aromatic substituent which may be
a single aromatic ring or multiple aromatic rings which are fused together, linked covalently,
or linked to a common group such as a methylene or ethylene moiety. The aromatic ring(s)
may include phenyl, naphthyl, anthracenyl, and biphenyl, among others, The aryls have 6 to

20 carbon atoms.
[00148] TEST METHODS
[00149] Flexural modulus is determined in accordance with ASTM D790-00.

[661506] Melt flow rate is measured in accordance with ASTM D 1238-01 test method at
230° with a 2.16 kg weight for propylene-based polymers.

[00151] Xylene Solubles (XS} is measured using a 'H NMR method as described in U.S.

Pat, No.5,539,309, the entire content of which is incorporated herein by reference.

(66152} Polydispersity Index (PDI) is measured by an AR-G2 rheometer which is a
stress control dynamic spectrometer manufactured by TA Instruments using a method
according to Zeichner GR, Patel PD (1981) “A comprehensive Study of Polypropylene Melt
Rheology” Proc. of the 2" World Congress of Chemical Eng., Montreal, Canada. An ETC
oven is used to control the temperature at 180°C = 0.1°C. Nitrogen is used to purge the
inside of the oven to keep the sample from degradation by oxygen and moisture. A pair of
25mm in diameter cone and plate sample holder is used. Samples are compress molded into
50mm x 100mm x 2mm plaque. Samples are then cut into [9mm square and loaded on the
center of the bottom plate. The geometries of upper cone is (1) Cone angle: 5:42:20
(deg:min:sec); (2) Diameter: 25 mm; (3) Truncation gap: 149 micron. The geometry of the
bottom plate is 25mm cylinder.

Testing procedure:

¢ The cone & plate sample holder are heated in the ETC oven at 180°C for 2 hours. Then the gap is
zeroed under blanket of nitrogen gas.

«  Cone is raised to 2.5mm and sample loaded unio the top of the bottom plate.

«  Start timing for 2 minutes,
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«  The upper cone is immediately lowered to slightly rest on top of the sample by chserving the normal
force.

»  After two minutes the sample is squeezed down to 165 micron gap by lower the upper cone.

«  The normal force is observed. When the normal force is down to <0.05 Newton the excess sample is
removed from the edge of the cone and plate sample holder by a spatula.

«  The upper cone is lowered again to the truncation gap which is 149 micron.

«  An Oscillatory Frequency Sweep test is performed under these conditions:

L. Test delayed at 180°C for 5 minutes.
ii. Frequencies: 628.31/s to 0.11/s.

iil. Data acquisition rate: 5 point/decade.
iv. Strain: 10%

+  When the test is completed the crossover modulus (Gc) is detected by the Rheology Advantage Data
Analysis program furnished by TA Instruments.

«  PDI = 106,000 + Gc (in Pa units).

[00153] By way of example and not by limitation, examples of the present disclosure

will now be provided.
156154] I Synthesis of Silyl Diol Ester
[00155] General procedure for bis(chloromethydialkylsilane:

[60156] A 500 mL three-necked flask fitted with a reflux condenser and a dropping
funnel is charged with 50 mmol of bis(chloromethyl)methylchlorosilane
(bis(chloromethyl)dichlorosilane for diethyi derivative) and 200 ml anhydrous ether. 50
mmo) (120 mmol for diethyl derivative) of alkylmagnesium chloride/bromide in ether is
added to the flask with stirring. The solution is stirred for 30 minutes, and is brought to
reflux with heating. Reaction progress is monitored with GC. Upon completion of reaction,
the mixture is cooled down to room temperature, and then the flask is placed in an ice-water
bath and the reaction is quenched with water. After separation, the aqueous layer is extracted
with ether three tirhes. The combined ether extract is washed with brine once, and dried over
sodium sulfate. After filtration, the filtrate is concentrated, and the residue is distilled in
vacuo 1o yield a colorless oil. The yields for these preparations are usually about 85%. The

"H NMR (500 MHz Briiker) spectral data are shown in Table 3 below.
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Table 3
Proton NMR Data for Bis(chloromethy!)dialkylsilanes
Compound Siructure "H NMR Spectral Data in CDCl;,
500-MHz, 5 (ppm)
Bis(chloromethyl)- 5

o’ \

[/

dimethylsilane

2.94 (s, 4H), 1.03 (t, 6H), 0.81 (q,
4H).

Bis{chloromethyl)-
diethylsilane

@

s N

aVan

Q

2.89 (s, 4H}, 0.99 (t, 3H), 0.76
(g, 2H), 0.20 (s, 3H)

Bis(chloromethyl)-
ethyimethylisilane

@

A .

Y4

2.96 (s, 4H), 1.85 (heptat, 1H),
0.98 (d, 6H), 0.80 (d, 2H), 0.23
(s, 3H)

Bis(chloromethyl)-
isobutylmethylsilane

N/
OJ;Z

&

[00157] Bis(chloromethyl)dimethylsilane was purchased from Gelest, Inc., Morrisville,
PA.
{60158] A 500 mL three-necked round bottom flask is charged with 25 mmol of

dichlorodimethylsilane, 50 mmol g of bromochloromethane and 150 ml of anhydrous THF.
The flask is cooled down to -78 °C with a dry-ice/acetone bath. To this solution is added
dropwise 20 ml of a 2.5 M butyl lithium solution in hexanes over a period of 20 minutes.
After completion of the addition, the mixture is stirred at this temperature for an additional
20 minutes, and then warmed up to room temperature during 1 h period. The mixture is
quenched with a saturated NH4Cl solution. After separation, the aqueous layer is extracted
with ether (3 X 50 ml), and the combined ether extract washed with brine once and dried
with sodium sulfate. After filtration, the filirate is concentrated, The residue is distilled in

vacuo to yield a colorless oil. The yield is about 70%.

[00159] General procedure for Bis(benzoyloxymethyl)dialkylsilane:

{00160] A 1000 mL round bottom flask is charged with 0.04 mol of
bis(chloromethyl)dialkylsilane, 12.8 g (0.08 mol} of potassium benzoate, and 400 ml of
anhydrous DMF. The mixture is heated to 100 °C with vigorous stirring. After 6 to 8 hours,
the mixture is cooled to room temperature, and then poured into 400 ml of ice-water. The

mixture is extracted with ether (3 X 200 ml). The combined ether extract is washed with
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brine once (50 ml) and dried with 50 g of sodium sulfate. After filtration, the filtrate is
‘concentrated and distilled with a Kugelrohr in vacuo or puwrified by flash column
chromatography to yield a colorless oil. The 'H NMR spectral data are shown in Table 4.

The yields for these preparations are usually close to 80%.

Table 4
Proton NMR data for silyl diol esters

Compound Structure 'H NMR Spectral Data in
CDCl, 5 (PPM)

8,00 (d, 4H), 7.55 (t, 2H), 7.40 (L,
4H), 4.20 (s, 4H), 0.30 (s, 6H).

Bis(benzoyloxy)dimethylsitane
(IED 1) '

\Si/
I

L
s

8.02 (d, 4H), 7.56 (1, 2H), 7.42 (1,
4HD), 4.27 (s, 4HD), 1.11 (1, 4H), 0.86
(g, 6H).

Bis(benzoyloxy)diethylsilane
(IED 2)

6) . 6)

Bis(benzoyloxy)ethylmethylsilane
(IED 3)

8.00 (d, 4H), 7.54 (1, 2H), 7.40
(t, 4H), 421 (s, 4H), 1.08 (1,
3H), 0.83 (q, 2H), 0.26 (s, 3H).

8.00 (d, 4H), 7.54 {t, 2H), 7.40

O ;
O
u

Bis(benzoyloxy)-

~si
isobutylmethylsilane | : Or :Cl:f/@ (t, 4H), 420 (s, 4H), 192
(IED 4) (heptat, 1H), 1.00 (d, 6H), 0.86
© © (d, 2H), 0.30 (s, 3H).
[00161] 118 Procatalyst Compaositions

[00162] A procatalyst precursor is charged, according to the weight shown in Table 5,
into a flask equipped with mechanical stirring and with bottom filtration. 60 mi of a mixed
solvent of TiCls and chlorobenzene (1/1 by volume) is introduced into the flask and then 2.52
mmol of internal electron donor is added. The mixture is heated to the desired reaction
temperature (indicated in Table 6) and remains at the same temperature for 60 minutes with
stirring at 250 rpm before filtering off the liquid. 60 m! of mixed solvent is added again and
the reaction is allowed to continue at the same desired temperature for 60 minutes with
stirring followed by filtration. This process is repeated once. 70 ml of iso-octane is used to
wash the resultant solid at ambient temperature. After the solvent is removed by filtration, the
- solid is dried by N flow.
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Table 5
Procatalyst Precursor Weight
MagTi-1 3.0g
ME 3.0g
SHAC™ 310 2.0g
0074-45-1 3.24g

[06163] MagTi-1 (a MagTi) is a mixed Mg/Ti precursor with composition of
MgsTi(OFE)sCly. ME (a MagMo) denotes magnesium ethoxide. SHAC™ 310 is a benzoate-
containing procatalyst (a BenMag procatalyst precursor made from a MagTi procatalyst
precursor and an ethyl benzoate internal electron donor) made according to Example 2 in
U.S. Patent No. 6,825,146, the entire content of which is incorporated herein by reference.
The compound 0074-45-1 is an BtOH adduct of MgCl, after partial removal of EtOH at ~50

°C under flowing N,. Ti content for each of the resultant procatalyst compositions is listed in

Table 6.
Table 6
Procatalyst Compositions
Description 1D# Ti% DiBP Diol Ester EB

(IED/Precursor) wt% wt% wi%
1ED 1/MagTi@115°C 2549-8-1 2.33 NM NM
IED 1/Mg(OEt)y, @100°C 1332-46-3 | 5.4 12.05 2.36
IED 1/ MgClLeEtOH @100°C 1332-46-4 | 4.04 14.25 1.03
*DE/MagTi @115°C 1332-45-1 2.79 NM 0.11
*DIiBP/MagTi @ 115°C 2549-8-2 2.84 NM
*iBP/MagTi @ 115°C 1332-45-2 | 3.22 13.56
IED 1/SHAC™ 310 @100°C 2521-19-2 | 3.27 NM 0.20
IED I/SHAC™ 310 @100°C 2549-8-3 2.44 NM NM
IED I/SHAC 310" @100°C 1332-46-1 2.62 15.12 0.39
DE/SHAC 310" @100°C 1332-45-3 | 2.46 NM 0.45
*DIBP/SHAC 310" @100°C 2521-19-3 | 349 17.62 1.00
*DIBP/SHAC 310" @100°C 2549-8-4 3.90 NM NM
*DIBP/SHAC 310" @100°C 1332-44-1 3.40 23.95 1.20
*DIBP/SHAC 310™ @100°C 1332-45-4 | 3.80 | 20.59 1.27
1ED 2/SHAC 310™ @100°C 1332-44-2 | 3.19 NM 0.31
IED 3/SHAC 310" @100°C 1332-44-3 2.86 NM 0,58
IED 4/SHAC 310" @100°C 1332-44-4 | 3.06 NM 2.62
#= Comparative DE = 2,2-dimethyl-1,3-propylene glycel dibenzoate
DIBP = di-isobutyiphthalate Wi% = based on total weight of procatalyst
[ED = internal electron donor (from Table 4) NM = Not Measured
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jod164] 11L Polymerization

[G0165] Polymerization is performed in liquid propylene in a 1-galion autoclave. After
conditioning, the reactors are charged with 1375 g of propylene and & targeted amount of
bydrogen and brought to 62°C. External electron donor {either DCPDMS or NPTMS) is
added to a 027-M iriethylaluminum solution in isooctane, a 5.0 wi% catalyst slurry in
mineral oil (as indicated in data tables below) and premixed at ambient temperature for 20
minutes before being injected into the reactor to initiate the polymerization. The premixed
catalyst components are flushed into the reactor with isooctane using a high pressure catalyst
injection pump. After the exotherm, the temperature is controlled to 67°C. Total
polymerization time is 1 hour. Catalyst performance and resultant polymer properties are

provided in Tables 7-10.

Table 7
Performance of Catalysts Made from MagMo and MagTi Procatalyst Precursors
Procatalyst Catalyst EED Catalyst | TEA Al Hz Activity | BD - X5 PDI Modulus
Description fumber {mg} {mmol) | EED {scc) | {hglg-hr) | {glce) (wt%} {kpsi}
IED 4MagTig116°C 2548-8-4 1 DOPDME 174 180 8 2000 118 331 19 1 503 15638
fED 1/Mg(CEtl AR o 14.6 200 8 5009 8.8 020 | 791 | 788
@I00°C 1332489 | DOPDMS -1 500 1 6 | 4W0 54 019 1 20 | 61 | 644
IED 1/MgClar{ EICH) 174 2,00 8 30ec 2.3 032 | 68 | 588
@100°C 1352454 | DCPDMS 7371 5 | 400_| 76 . 031 | 14 | 79 | 773
*DEMagTi @116°C 1332-45-1 | DCPDMS 15.7 2.0 8 1870 89 023 | 20 | 602 ] 685
*DiBFMagTi @115°C 2549-8-2 | DCPDMS 18 2,00 8 1300 36 040 | 47 | 334 1492
1332-45-2 | DCPDMS 116 | 2460 8 1250 388 037 | 83 | 323 214
#= Comparative BI) = settled bulk density
DCPDMS = dicyclopentyldimethoxysilane DE = 2 2-dimethyl-1,3-propyiene glycol dibenzoate
DIBP = diiscbutylphthalate EED = external electron donor
1B = internal electron donor (from Table 4) MF = melt flow rate (g/10 minute)

X8 =xylene solubles

[00166] The data in Table 7 shows that procatalysis made using silyl diol ester IED 1
lead to propylene-based polymers having significantly broader FDI when compared o
propylenc-based polymers produced from a procatalyst containing DiBP as internal electron

donor.
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Table 8
Performance of Catalysts Made from BenMag Procatalyst Precursor
Procatalyst | Catalyst | pgp | Catayst| TEAL | AV | He Fzﬁ“}’“}' BD | e | XS | pp | Moduis
Description Number {mg) | (mmol) | EED | (scg) i?r)g {gfcc) {wi%) {kpsi)
18.3 1.00 4 1870 223 0.38 0.9 24
18.3 200 8§ 3740 218 0.41 11 3.52
DCPDMS 16.3 2400 8 7480 244 0.39 94 318
16.3 1.00 4 7480 244 0.37 70 3.80
2501.19.2 18.3 1.00 4 3740 240 0.39 05 278
IED 18.3 1.00 4 1400 221 0.39 <0.2 1.88
1/SHACH 18.3 200 & 2800 235 041 04 283
30 @ 100°C NPTMS 16.3 200 8 5600 240 0.40 53 2.75
16.3 1.00 4 2800 225 0.40 1.4 294
18.3 1.00 4 5600 204 0.39 29 248
118 200 B 5000 28.4 0.40 44 341
254983 | DOPMS | 200 B | 7400 | 290 | 041 1 56 | 318 | 7.03
1332-46-1 | DCPDMS 18.1 200 8 5000 318 (.38 3.3 3z 248 -
106 2.00 8 15500 | 283 0.4 43.8 4.08
DE/SHAC™ 1332453 | DCPDMS 10.6 200 § 5000 26.5 0.41 17 KA 253
340 @100°C 128 200 8§ 10000 1 248 0.39 1.8 247
9521.16-3 NPTMS 16.4 1.00 4 1400 9.7 0.39 49 369
BCPDMS 16.4 1.00 4 1870 248 0.38 3.0 3.29
17.4 2.00 8 2000 288 040 28 378 | 526
254984 | DOPOMS —g5—T—5757""3 | 1300 | 330 | 041 | 33 | 318 | 46!
DIRP/SHAC™ | 1332-44-1 | DCPDOMS 113 2.00 8 1200 36.G 0.38 20 373 215
Mo @100°C 113 2.00 8 1870 344 0.38 11.4 4.25
1332-454 | DCPDMS 1.3 2.00 8§ 880 280 0.40 25 ] 350 | 498 231
11.3 200 3] 200 6.3 0.40 23 328 508 232
BD= settled bulk density DCPDMS = dicyclopentyldimethoxysilane
DE = 2,2-dimethyl-1,3-propylene glycol dibenzoate DIBP = di-isobutylphthalate
EED = external electron donor IED = internal electron donor (from Table 4)
MF = meit flow rate {g/10 minute) NPTMS =n-propyltrimethoxysilane

XS = xylene solublas

[00167] Comparison of data in Table 7 and Table 8 indicate that catalyst activity and
steroselectivity are improved by using a benzoate-containing magnesium chloride (BenMag)
precursor while the broad PDI is maintained for both of silyl diol ester (IED 1) or simple diol
ester (DE) internal donors. In addition, there is a significant improvement in both PDI and

flexural modulus for both of IED 1 and DE internal donors compared to DiBP-based catalyst.

37



252 9.92.008500042.40.424.17 3,826.25 262 9.9 2.00 8 5000 32.30.384.73 2.78 6.33
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Table 9
Performance of Catalysts with BenCat Precursor and Silyl Diol Ester Internal Donor

Aciivity

Procatalyst Catalyst Catalyst | TEAI Al Hz 8D X8 Modulus
Descripfion numper | o0 | qmg) | {mmel) | SCA | (seo) {kgr’)g‘ woo) | Mty | TP tkosi)
B3 | 500 | 4 [ 1870 | 323 | 036 | 093 | 24
163 | 200 | & | 3740 | 279 | 041 | 113 | 352
DCPOMS 6.3 | 200 | 8 | 7480 | 244 | 039 | 938 | 3.8
163 1 100 | 4 7480 | 244 | 037 | 696 | 380
1402 63 | 100 | 4 | 3740 | 240 | 039 | 0581 | 278
D 4SHAG 310 T6a 1 100 | 4 | 1400 | 221 | 039 | <027 | 188
G 100°C 163 | 200 | 8 | 2600 | 235 | 041 | 041 | 263
NPTMS | 183 | 200 | 8 5600 | 210 | 04D | 534 | 275
165 | 400 | 4 | 2800 | 225 | 040 | 140 | 204
63 | 400 | 4 | 5600 | 204 | 039 | 289 | 749
18 | 200 | & | 5000 | 284 | 040 | 412 | 311
254983 | DOPMS 150y 5 [ 7460 | 290 | 041 | 660 | 348 | 7.3
7432451 DCPOMS | 161 | 200 | 8 | 5000 | 318 | 039 | 327 | 321 548
' 53 1200 | 8 | 1870 | 3.8 | 041 | 039 | 273 :
g?&.’?gm 30 1 330442 | DoPoMs 963200 |8 | 5000 | 208 | 041 | 234 | 40 | 688 | 960
102 T 200 | & 10000 | 342 | 040 | 1079 | 328 693 | 270
- B0 200 | 8 | 1870 | 402 | DAl | 040 | 182
EDISHAC 310 | 1332443 | DCPOMS | 148 | 20 | 4 | 1670 | 458 | 03¢ | 013 | 213
Go T 200 | 4 | 5750 | 423 | 041 | 1567 | 300 | 686 | 250
90 | 300 | & 1 3000 | 385 | 040 | 120 | 297 | 620 | 245
96 1 200 |8 | 4500 | 344 | 047 | 377 | 313 | 657 | 252
69 77200 | 8 | 5000 | 424 | CA2 | 417 | 382 | 625 | 269
gﬁ’o‘g?gm 30 | 1332444 | DCPOMS | 99 | 200 | & | 5000 | 323 | 038 | 473 | 278 | 633
S0 T 200 | 8 ] 1000 | 405 | 041 | 1631 | 281
78 T 206 |8 | 15000 | 346 | 040 | 5334 | 358
« 78 7500 | 274 | 037 | 17332 | 478
BD= settled buik density DCPDMS = dicyclopentyldimethoxysilane
EED = external electron donor {ED = internal electron donor {from Table 4)
MF = melt flow rate (g/10 minute) NPTMS =n-propyltrimethoxysilane

X8 = xylene solubles

[00168] Data in Table 9 shows that catalyst activity and steroselectivity can be modified
by changing the structure of silyl diol ester, while the catalyst performance and polymer

properties remain differentiated from the DiBP-based catalyst.

[00169] It is specifically intended that the present disclosure not be limited to the
embodiments and illustrations contained herein, but inciude modified forms of those
embodiments including portions of the embodiments and combinations of elements of

different embodiments as come within the scope of the following claims.
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7.9 2.00 8 15000 34.9 0.4053.343.58 . 7.9 17500 27.10.37 173.32 4.78 BD= settled bulk
densityDCPDMS = dicyclopentyld met oxysi ane EED = external electron donorTED = internal electron
donor (from Table 4) MF = melt flow rate (g/I0 minute)NPTMS =n-propyltrimethoxysilane XS = xylene
solubles [001681Data in Table 9 shows that catalyst activity and steroselectivity can be modified by
changing.the structure of silyl diol ester, while the catalyst performance and polymer properties remain
differentiated from the DiBP-based catalyst. [00169]It is specifically intended that the present
disclosure not be limited to the embodiments and illustrations contained herein, but include modified
forms of those embodiments including portions 6fith&$nbodiments and combinations of elements of
different embodiments as come within the scope of the following claims. CLAIMS We Claim: 1.A
procatalys%g&%ition comprising: a combination of a magnesium moiety selected from the group
consisting of a' mixed magnesium titanium compound, magnesium ethoxide, a benzoate-containing
magnesium chloride compound, a magnesium halide and combinations therefore, a titanium moiety
which is a fitaniurft REFFEIEH S ARPATEIA FBRIE B Edonor, the internal electron donor comprising a silyl
ester having the structure R, R,Rs I R4 R3 Re  wherein m is an integer from 1 to 5 denoting a
hydrocarbyl with the same number._of | ' i drocarbyl
with same numbet %%%é%gﬁnaﬁ?%gfag% %@%—Q&%ﬁﬁ%ﬁ?ﬁ?@? gléf erent%ﬁﬁ%%%%ggg&%%d from
the group consisting ditimjdrogempasubsienesi Uiy ¢tberidsy|dreui9 HAWABAB L D8sRBBA%toms, an
unsubstitutgg %%fe&%%%amﬂagﬂxgﬂg&h@i&@a%arpaﬁ}ﬁfﬁmsecﬂgrsmpm@ﬁmwm and X is an

C
electron dona?lng gro )
which is a titanium halide, and an internal electron donor, the internal electron donor

comprising a silyl ester having the structure

a Ry Ry Rs
R-;"""—CE—D-——CEE,"——%[—C;E,,—X
R Ry Rg

wherein m is an integer from 1 to 5 denoting a hydrocarbyl with the same number of
carbon atoms, n is an integer from 1 10 5 denoting a hydrocarbyl with same number of

carbon atoms,

R;-Ry are the same or different and each is selected from the group consisting of
hydrogen, a substituted hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted

hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof, and
X is an electron donating group.

2. The procatalyst composition of claim 1 wherein X is selected from the group
consisting of ~—C(=0)OR, —O(0=)CR, —(0=)CNHR, —(O=)CNRR’, —NH(0=)CR, —
NR’(0=)CR, —C(=O)R, —OR, —NHR, —NR’R, —SR, —OP(OR’) (OR), —
OP(=0)(OR*)(OR), —S(=0)R, —S(=0)R, — OS(=0)(OR), ‘and combinations thereof.

3. The procatalyst composition of claim 1 or 2 comprising a sityl diol ester of the

structure

%1

o
[

Ry

Qo T

o

O-HE-O

wherein R;-Rg are hydrogen, R; and R are the same or different and each is selected

Al — TP
H

2

from the group consisting of hydrogen, and a C;-Cs alkyl group.
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2. The procatalyst composition of claim 1 wherein X is selected from the group consisting
ofC(0)OR,0(0=)CR, -(0=)CNHR, -(0=)CNRR’, -NH(0=)CR, - NR'(0=)CR, -C(=0)R, -OR, -NHR, -NR'R,
-SR,0P(OR") (OR), - OP(=0)(OR")(0R), -S(0)R, -S(=0)2R, - 08(=0)2(0R), and combinations thereof. 3.
The procatalyst composition of claim 1 or 2 comprising a silyl diol ester of the structure 11 Oll R. Rs Rs
wherein R3-R6 are hydrogen, Rl and R.2 are the same or different and each is selected from the
group consisting of hydrogen, and a C1-C6 alkyl group. 4. The procatalyst composition of any of
claims 1-3 wherein R1 and R2 are the same or different and each is selected from the group

consisting &f hydrdGeRTFERT SRRRONLND BTEIHRE RIS hergipi Re Bud Rocive bs#amsaions

thereof. 5. fifferarosatalyst GamBosHiaABOwehsaimsshnh Wherelo 2n1 308 R %44 the.sage and
selected from the group consisting of methyl and ethyl. 6. The procatalyst composition of any of claim

1-5 compridiREP B hehIBETe 72K clbipdt B8hSBGirAesHiBFIERg: the procatalyst composition of claim

1; and an aJuminum-containing cocatalyst. 8. The catalyst compaosition of cJaim 7 comprising a
member selected oMY Cea%ﬁr%%ﬁoén %%tﬂi%ngogfaélﬁ %ifiﬂé‘? éfééf’ﬁbeﬁe&bﬁéﬁ &eitberamngdgent,
and combirsattersi theretfe growvhensistiap ekestial dodettisian alkoxysilane and the activity limiting
agent is selected from the group consisting of a carboxylic acid ester, a diether, a diol ester, a poly
(alkene glycol) and combinations thereof. 9. A process for producing an olefm-based polymer
comprising®  cotabtRigiiricPpoRiiAlis CSstrimrs] serpgteaea BrEHAAth he catalyst

composition comprisinglthe procatalyst of claim 1; and forming an olefin-based polymer.
7. A catalyst composition comprising:

the procatalyst composition of claim 1; and
an aluminum-containing cocatalyst.
8. The catalyst composition of claim 7 comprising a member selected from the group

consisting of an external electron donor, an activity limiting agent, and combinations thereof,

wherein an external donor is an alkoxysilane and the activity limiting agent is
selected from the group consisting of a carboxylic acid ester, a diether, a diol ester, a poly

(alkene glycol) and combinations thereof.
9. A process for producing an olefin-based polymer comprising:

contacting, under polymerization conditions, at least one olefin with the catalyst

composition comprising the procatalyst of claim 1; and

forming an olefin-based polymer.
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