" 1 PROCESS FOR PRODUCI NG PROPYLENE COPOLYMERS FI ELD [ 0001] Thi's

- invention r8P3PBLRYF 3 process for produci ng copol ynePSTHS28HWRP ene
with other al pha-olefins, and in particular, . with ethyl ene using
organonetal lic catal yst systens activated with fiuoroaryl borate
activators. BACKGROUND [ 0002] Copol yners of propyl ene with other
al pha-ol efins, such as ethyl-ene, are well-known and have a w de
variety of commercial applications, either alone or when blended with
ot her polyners. Typically such propyl ene copol yners are produced by a

single or nulti-sta P%? ' ' using a catal yst

i ncl udi ng an acti va?g Pgﬁﬂcﬁéb@gp\%ﬁﬁ%mfg@P@%m%nct i on
with a catalyst precursor in the formation of a transition netal
conpl ex. This ies to conventional Ziegler Natta type catal yst
systens, such as those enploying titaniumchloride based transition

met al cat al ysi90ljas welThimswenionhelated e ar@eeas o ;ﬁ‘e&iﬁh@p@?olﬂnegl&
Site based c t h t hose enpl.oyi ng .co exes with
cycl opent adi Z’%ﬁ/’k’y}gx&e %é e?’gglét%é%%&%en adi ﬁ?‘f}dﬂ a%“#"é’r 3"’&1 g&ﬁ’d"%ﬁt"énﬁ.
An activator erEgmomietallicdatadyst systems autiveted wath flwetoghihorde gutivaton|
branchi ng, comononer content and other properties of the resultant

copol yner. Typical activators include, for exanple, alunpbxanes,
al um num al kyPACESRYIBD or weakly coordinating ionizing anions.

/T0003] One knowogy! ass @opb9iea B A6 IMRL %ﬂluﬁﬁgr!eﬁp]}a%q R odygt ign of
:pRopyl ene cop nmers is FI uor ophenyl™or ates and, i par?l cul-ar,
r f1 uor opherfH B B Well-KRoWTs andohavgrsy Witle variedhefosomundrsialrapglications, al .

in Chem Rev.ei@@06lond @9 whaagfenlié kith other polymers. Typically such propylene
ates have_been shown to actlvapte

Tetral ci s(per_Jol u rongpﬁht h lc)«?ﬁ{r 1 1 Lo i
net al | ocene caPaﬁ?gfs Rrogiest Ay £ Srelnanmuelti-yagepalymerization Piasess priasy |
count er parts datdlysy irelndingomodcyingeSodotdatalsg At opBRtQCH BhjuiGicahbigipder
shnil ar condi L] |.0g.the same netall ocene, the sane reactjon
t enper at ur e, a{nac??gf%%édsr go(rilnaln Q‘oe ri@%‘?%% a2 hﬁ%@”’é‘r”?m} complex. This applies to
tetral ci s( perdonvestiond phietlypDtiat wse aualystasgeins] Guike @od hayeyiki gher
raw nateri al tﬁ&ﬁﬁrﬁ cmﬁﬁe B&gd thﬁ&t}xo'ﬂonrﬁ%ﬂhc%pailylsts? é)sn;BaP Qsdt%ﬂlel }nol\'IB\DrléI(LEgﬂy
developed single site based catalyst systems, such as those employing complexes
with cyclopentadienyl or hetero-atom contaming ancillary ligand systems. An
activator may also affect the molecular weight, degree of branching, comonomer

content and other properties of the resultant copolymer, Typical activators

N include, for example, alumoxanes, aluminum alkyls and non- or weakly
"\.‘ ) coordinating ionizing anions.
[0003] One known class of ionizing activator used in the production of

propylene  copolymers is  fluorophenylborates and, in particular,
perflucrophenylborates, the use of which is reviewed by Eugene at al. in Chem.
Rey. 2000, 100, page 1391. Tetrakis(perfluoronaphthyl)borates have been shown
to activate metallocene catalysts in a similar manner to their perfluorophenyl
counterparts but yield copolymers with higher molecular weight under similar
conditions using the same metallocene, the same reaction temperature, and the
same conversion. However, tetrakis(perfluoronaphthyl)borates are harder to make

and have higher raw material costs than the perfluorophenyl compounds. It would




"2 therefore‘ig desirable to find an activator that has equival ent or

-better activ 5&0‘%0&2% ecul ar wei ght capabilities thanPCT/US2007/002169
tetral ci s(perfl uoronapht hyDoorate but is sinpler and | ess expensive

~to produce. [0004] According to the invention, it has now been found
that certain mxed fluorophenyl|fluoronaphthyl borates are effective
activators for use with organonetal lic catal yst precursors in the
pol ynmeri zation of olefins, particularly of propylene with ethylene
and hi gher al pha-ol efins and can produce copol yners wi th nol ecul ar

wei ght s appr oaghi hgse abtajned wi.th .

tetral ci s(perf ﬁﬁe?%ﬁéﬁﬁfwglle B%Jﬁﬂﬂe W BEYHFADE DS eudGhB] edettmactvity and
6, 486, 088 descmiclreslaatightyapabilities maﬁ&&&dé@érﬂa&%mh{yif&h&%u Ldged
haf nocene cat awdslgssggig&girvg IS (?nd use of the. resultant catalysts in
ol efin polymerizatiomn, partictisrly the production of ethylene

copol yners. Thi0Bdit i vat dresomdingpini the ivesfich) HEhHAARE BetH B AR Lefain
conpati bl e nong r &1 | nion,.such as a hal ogenated tetraphenyl
or tetranapht hyP@goﬁé’ﬁﬂ’ﬁc‘%ﬂg’gﬁﬁaﬁpgﬁ?fﬁaﬁeé e efipive rastivaters o uset with

i ncl ude tropi | frEgemetallic catalyst precursors in the polymerization of olefins, particularly of

tetrald fl | d f | 4- bi pheny0r at e,
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tri phenyl met hyl |
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“tetral ds. (perf onapt hyl) o
t€tral ci s(per f[wf%& o- 4- bT-%her?ﬂePboﬁéﬁ"éQQ&i dbsrivdsnetdutydt Unactivators  for

asymmetrically bridged hafaocene catalyst precursors and use of the. resultant
catalysts in olefin polymerization, particularly the production of ethylene

copolymers. The activators comprise a stable carbenium jon and a compatible
non-coordinating anion, such as a halogenated tetraphenyl or tetranaphthyl boron
compound. Suitzble activators are said to include tropillium
tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl)borate,
triphenylmethylium tetrakis(perfluoronapthyl)  or tetrakis(perfluoro-4-
biphenylborate, benzene(diazonium)teh'akis(perﬂuoronapﬂlyl) or
tetrakis(perﬂuoro-4-biphenyl)borgte, tropillium  tetrakis(perfluoronapthyl) or
tetrakis(perflucro-4-biphenyl)borate, triphenylmethylium
D tetrakis(perfluoronapthyl) or tefrakis(perfluoro-4-biphenyDborate,
: ) benzene(diazon.ium)tetrakis(perﬂuoronapthyl) . or tetrakis(perfluoro-4-
biphenyl)orate, tropillinm tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-
biphenyl)borate, . triphenylmethylium, tetrakis(perfluoronapthyl) or
tetrakis(perfluoro-4-biphenyl)borate, and benzene(diazonium)
tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl)borate. Anions with
mixed ligands, such as tris(perﬂuorophenyl)(perﬂuomnapthyl)borate, are also said
to be suitable, but no directions are provided as to how to synthesize such
materials,
[0006] U.S. Patent 6,559,253 describes a _polymerization process for
producing ethylene copolymers having a density of about 0.87 to about 0.930




“tetral ds(pe thyl)ortetral ds(perfl uoro-4-bi phenyl)borate,
- benzene(di a%él%bﬁﬁﬁ?%?ral ds(perfluoronapt hyl | ortetraki sFoEFFPIEp2864-

bi phenyl )orate, tropilliumtetral cis(perfluoronapthyl) or

t et raki s(perftuoro-4-

bi phenyl | borat e, tri phenylrnethyliurntetral ci s(perfl uoronapthyl)or
tetral ds(perfluoro-44bi phe. nyl) borate, and benzene(di azoni um

tetral ci s(perfluoronapthyl) or tetralci $(perfluoro-4-bi phenyCborate.
Anions with m xed |igands, such as
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[0007] U.S. Patent 6,635,597 describes a catalyst activator adapted for use
in the activation of metal complexes of metals of Group 3-10 for polymerization
of ethylenically unsaturated polymerizable monomers, especially ethylene and
propylene, comprising a neutral (Lewis acid) or charge separated (cation/anion:

Ppair) compound of the formula:

R)-B(AT)y,

wherein B is boron; R} independently each occurrence is a monovalent, anfonic
ligand group, with the proviso that for cationic compounds, one R! additionally
comprises a dissociated cation moiety; Arf independently each occurrence is a
3 monovalent, fluorinated organic group containing from 10 to 100 non-hydrogen
) atoms,ris 0, 1,2 or3,andmis 1, 2 or 3; with the proviso that the sum of r and m
is 3 or 4, and if r+m=3, then B is nentral and if r+m=4, then B is negatively
charged, said charge being balanced by a cation component of one R!, Preferred
and claimed examples of charge separated catalyst activators are said to include L*
B(CeFs)3(CioF7), L™ B(CFs)2(CioFa)e, L* BY(CsFsh(CioF7)s, and L* B(CyoF3)s,
wherein L* is a cation of a Bronsted acid, ferrocenium, a carbonium cation, a
silylinm cation, Ag*, or the cationic derivative of a Group 3-10 metal complex
' catalyst. However, the reference fails to provide any information as to how to

synthesize the mixed perﬂuoropheny]lperﬂuoronaphﬂ:yl compounds, with the only



- activator

%8P use in the activation of netal cBFRVSEEE024
metals of G oup 3-10 for polynerization of ethy]enically unsaturated
pol yrneri zabl e nononmers, especially ethylene and propyl ene,
conprising a neutral (Lewis acid) or charge separated (cation/anion
pair) conpound of the fornmula: (R-1)r8(Areln wherein B is boron; R
I ndependent|y each occurrence is a nonowval ent, anionic |igand group,
with the proviso that for cationic conpounds, one R additionally

conprises a di t sON t |nd endently each
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occurrence is a nonoval quor
10 to 100 non- Pﬁ}ﬂ?%@'@ﬁh@h’mh}’lhor&s&ﬂ 1, 2 or 3, and mis 1, 2 or 3;
with the proviso that the sumof r and mis 3 or 4, and if r-Fme3,

then Bis neutgﬁl and if r+m=4, then B is negatively charged, said
char ge being Yby a cation conmponent of one RI. Preferred and
cl ai med exanplfeeospf chafggnsaRas I activators are said to
i ncl ude L+ W C6P5 3&0 DF7) gs?i é’a%gg%@g{l%l join § process for producing a

) l'igand ani 08‘; 0007] U. S. Patent 6,635,597 describes a catal yst
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[0008] I n one aspect, the inventi ot [Be(ﬁﬁﬂkﬁ}i in a process for
lp;g g;JC IO zgaolo;??l#ee@p i& Q%ﬁgﬂggpaﬁg @re;:%cn a}.kyc tgzl-ogg m? %¥ lbser;ﬁn: I’;d at

carbon-metal bond of, the organometallic compound; Ar is a fluorophenyl group;
R is a fluoronaphthyl group and each of x and n is 1, 2, or 3, with the proviso that
the sum of x+n=4, :
[0009] Conveniently, Aris a perfluorophenyl and R is a perfluoronaphthyl.
[0010] Conveniently, Ct* is selected from silylium, trityl carbenium,
Group-12 metal, anitinium, ammonium, phosphonium, and arsonium cations, and
anilinium, ammonium, phosphonium, and arsonium cationic derivatives wherein
the cationic derivatives contain Ci to Cg hydroca.rbyl hydrocarbylsﬂyl or

hydrocarbyl-amine substituents for one or more cation hydrogen atoms,

\\:‘ ) [0011] Preferably, said at least one olefin monomer is ethylene and said
propylene copolymer contains units derived from propylene in an amount greater
than or equal to 65 weight percent, and units derived from ethylene in an amount .
of from 5 to 35 weight percent.
[0012] Conveniently, said catalyst precursor is selected from a metallocene
catalyst precursor, a blsanude catalyst precursor, an amine bisamide catalyst
precursor, or a pyridine blsam:de catalyst precursor.
[0013] Preferably, said catalyst system is capable of producing
stereoregular polypropylene, and more preferably, either isotactic polypropylene or
syndiotactic polypropylene.




" mononer sel ected from et hyl ene and al pha ol ef rs havi n% 4 to 20 carbon
- atons with FOAAVAMNIR system conprising (a) a catal ystPGhUS2I97/e3}69
conprising an organonetallic conpound and (b) an activator
conprising a fluoroaryl borate anion represented by the fornmula: C+

[ 13- (ArxRi ar where O+ is a cation capable of extracting an al kyl
group from or breaking a carbon-netal bond of, the organonetallic
conpound; Ar is a fluorophenyl group; Ris a fluoronaphthyl group and
each of x and nis 1, 2, or 3, with the proviso that the sum of

x- En=4. [0009] Conveniently, Ax is a perfluorophenyl and Ris a

per fl uoronapht hyl. [00101Conveniently, C+ is selected fromsilylium
trityl carbenBBiF RESURPTIONGORTHE HRAWINGS) ammoni um phosphoni um

A soni um cati BamPac:; Hhet 1 B0 den R o kr BRASHAC MR o me
contain Cl tom@gbduymirodpanloyionadiiol (Crel) bigdnss by len agitvatvy diiios atiyg tham ne
00L1] Pr of er ol o o A 4 CIoE A o, e HEIREB R R Bobmeriation e
sai d propyl enBXaRples ¢nter 7 cisingak reyeaatalist comprisie] pfdimathpsigipiscndeny an
anmount great ehagmium dimethyl (Catalyst A) and the activator Ct'(CsFs)s.n(C10F7)a where Ct" is
the dimethylanilinium cation.
'“) ) [0015] Figure 2 is a graph comparing the activity of the polymerization
) catalyst A, averaged over x number of rums, with the number, n, of
perfluoronaphthyl (C1oF) ligands on the activator Ct'(CeFs)ern(CioF7)s for the
ethylene/propylene polymerization runs of Bxamples 4 to 7.
[0016] Figure 3 is a graph of copolymer molecular wéight versus the
" number, n, of perflucronaphthyl (CyoF7) ligands on an activator anion having the
formula (CgFs)sn{C10F7), for the ethylene/propylene polymerization runs of
Examples 810 17.

DETAILED DESCRIPTION

[ooin For the purposes of this invention and the claims thereto, when a
_ polymer is referred to as comprising 2 monomer, the monomer present in the
{_,«\) polymer is the polymerized form of the monomer. Likewise when catalyst
e ) ' components are described as comprising nentral stable forms of the components, it
is well understood by one of ordinary skill in the art, that the active form of the
corponent is the form that reacts with the monomers to produce polymers; In
addition, a reactor is any containe(s) in which a chemical reaction occurs.

{001.8] For the purposes of this invention and the claims thereto, the new
numbering scheme for the Periodic Table Groups is used as described in
CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[6019] As used herein, the term “copolymer” is intended to include any
polymer having two or more monomers, whereas the term “polymer’” is meant to

encompass homopolymers and copolymers.



“than or equal to 65 weight percent, and units derived from ethyl ene

-in an amuntWeLNFAWMSS t o 35 wei ght percent. f0012] ConVERDEWRENP216%3ai d
catal yst precursor is selected froma netall ocene catal yst precursor,
a bi sam de catal yst precursor, an am ne bi sam de catal yst precursor,
or a pyridine bisam de catalyst precursor. [00131Preferably, said
catal yst systemis capabl e of producing stereoregul ar pol ypropyl ene,
and nore preferably, either isotactic potypropylene or syndiotactic
pol ypropyl ene. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] Figure 1 is

a graph of cop r nmol gcul ar weight versys.the._number, n, of
per f | uor onapht mﬂ\éHfMOF? 4 ita'ﬁ‘ndgat%ﬁstawsﬁg‘t i ?Fa[éﬁﬁn%‘?nit%nmﬁaé’vianﬁa'f‘]lﬁ’ét
fornul a ( C6F5) érenfreitfadlivator gafit When Ghtalkicsysteqar ipydedne dpetiya®ich zaiaion
runs of Exanples.4 ta 7.using a precatalyst conprisi .
br di et hyl of |y BOBIeSER WSy 1505 P CORAR WL L (Rt osefhes Yo e
activator Ce( Coéthdtonaidd @plignallphreceadivaior. SWhireitds medidhty ldaseribé Rickim pair
cation. . [ 00.15] 'a:.hg'%'égva%io}x,sit %e%sa'lgg agl%a & rciitglgsttags tl?ecgéﬁ\\{fétgy oroc}cthérrégarge-
pol yreri zat i Onbalan ing moety
cing moiety.
[0021] The term ‘“catalyst precursor” is also often referred to as
precatalyst, catalyst, catalyst precursor, catalyst compound, transition metal

.

{ are used interchangeably. Activator and cocatalyst are also used interchangeably.

/> compound, metallocene complex, and/or transition metal complex. These words
)

A scavenger is a compound that is typically added to facilitate oligomerization or
polymerization by scavenging impurities that might inhibit polymerization, such
as polar impurities present in the monomer feed or produced in the course of
polymerization. Some scavengers may also act as activators and may be referred
to as co-activators. A co-activafor, that is not a scavenger, may also be used in
conjunction with an activator in order to form an active catalyst. In some
embodiments a co-activator can be pre-mixed with the transition metal compound
to form an alkylated transition metal compound. The transition metal compound

may be neutral as in a precatalyst, or a charged species with a counterion as in an

activated catalyst system.
,'\) [0022] For purposes of this disclosure, the term “fluorophenyl group”
) means a phenyl group in which at least one hydrogen atom has been replaced by

fluorine and is intended to include phenyl compounds in which other hydrogen
atoms on the aromatic ring have been replaced by other substituents, such as a
hydrocarbyl substituent. The term “perfluorophenyl group” means that each
phenyl hydrogen atom has been replaced by a fluorine atom éxcept, of course, for
the hydrogen atom that has been replaced by the B atom,

[0023) Similarly, the term “fluoronaphthyl group™ means a naphthyl group
in which at least one hydrogen atom has been replaced by fluorine and is intended
to include naphthyl compounds in which other hydrogen atoms on the aromatic

ring have been replaced by other substituents, such as a hydrocarbyl substituent.




“catal yst A, % %90623 over X numnber of runs, with the nunber, n,
- per f 1 uor onap {9 °&82) 1igands on the activator @(%P@?’HSZHW@%@?) n-

for the ethyl ene/ propyl ene pol ynerization runs of Exanples 4 to 7.
[0016] Figure 3 is a graph of copol yner nol ecul ar wei ght versus the
nunber, n, of perfluoronapht.hyl (C10F7) |igands on an activator anion
having the formul a (C6F5)4..n(ClOF7); for the ethyl ene/ propyl ene

pol yneri zation runs of Exanples 8 to 17.7 DETAI LED DESCRI PTI ON

[ 0017] For the purposes of this invention and the ¢lains thereto, when

a polyner is rqilglge;.ﬁ t he nononer present
in the polymer is the po A:p H@d ?’ %"OEP% AERRd] hydragspiatom hasen
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of the conmponeBidrejiicel By ?ﬁ'ﬂ &?derstood by one of ordinary skill in
the art, that the actlve orm of the conponent is the formthat

reacts with t h@0%®#nomer Shedemprsoiyducpin wadica", "hydrecetiyi X, "Hdlo8AGy OF
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t he purposes ngfo ﬁl gélrur?éggr?f Jlao]%dg%%%ﬁ%m? a Qp&gpglgygxogpxh%mﬂ@wm 30
nunmberi ng scheffé W°W%@dP%#Y®dWém@e®oouch amdmdcasmde&ﬁz{ﬂcbed
i n CHEM CAL AW%Q&QMIM@%@& ﬁcaﬁbk?ﬁﬁ%al b0 g%wﬁg

Eereln t he te%eg] C?}&ﬁﬁ%ﬁ LS 'nt ended” € any
aving two or MOTE Slerringie v Bdrqase substirent; dhy e “hydropah tand 0
“¢ nconpass hono'thytipper adientiare a8l iNeRhamgeably,
[0025] Substituted hydrocarbyl radicals are radicals in which at least one
hydrogen atom has been substituted with at least one functional group such as
NR*;, OR*, SeR*, TeR*, PR*;, AsR*,, SbR* » SR*, BR*;, SiR*;, GeR*3, ShR*,,
PbR*; and the like or where at least one non-hydrocarbon atom or group has been
inserted within the hydmcarbyl radical, such as -O-, -S-, -Se-, -Te-, ~N(R*)-, =N-,
PR¥)-, =P-, -As(R*)-, =As-, -Sb(R*)- =Sb-, -BR*)-, =B-, -Si(R*),-, -Ge(R*)z-, -
Sn(R*)-, -Pb(R*)2- and the like, where R* is independently a hydrocarbyl or
halocarbyl radical, and two or more R* may join together to form a substituted or
unsubstituted saturated, partially unsaturated or aromatic cyclic ring structure.
[0026] Examples of suitable hydracarbyl radicals include those having
from 1 to 30 carbon atoms, such as methyl, ethyl, ethenyl and isomers of propyl,
__,_) butyl, pentyl, hexyl, heptyl, octyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
» ) octenyl propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, butadienyl,
pentadienyl, hexadienyl, heptadienyl and octadienyl. '
[0027] Also included are isomers of saturated, partially unsaturated and
aromatic cyclic and polycyclic structures wherein the hydrocarbyl radical may
additionally be subjected to the types of substitutions described above. Examples
include pbenyl, methylphenyl, dimethylphenyl, ethylphenyl, benzyl, methylbenzyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, methyleyclobexyl,
cycloheptyl, cycloheptenyl, norbornyl, norbornenyl, adamantyl and the like.
[0028] For this disclosure, when a radical is lsted, i indicates that radical
type and all other radicals formed when that radical type is subjected to the




6 [0020] The term "catal yst systemt is defined to nean a catal yst
-precur sor/ acAAVEPS2FRi r . When "catal yst systent is us e ThR2@88R L 0e
such a pair before activation, it neans the unactivated catal yst
(precatal yst) together with an activator and, optionally, a
co-activator. Wien it is used to describe such a pair after
activation, it neans the activated catal yst and the activator or

ot her charge-bal ancing noiety. [0021] Thegterm "catal yst precursor” is
al so often referred to as precatal yst, catal yst, catal yst precursor,
cat al yst corrpoglr;tgt. I anSi tion nmetal conpound, netall ocene conpl ex,
and/ or transition HECH ‘dERprlove. Aot eliwyidad allenysetkals listed include 2l
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Skt BRSPS

used i n conj ungfd i tivatqr I n orde
catalyst. In sorr%eng,grrg”(;:’rc’]‘lna #@t%ﬁléte 3’ deretpdtigropsus, bbmﬂgl-mpmdnm th
the transiti orf™#BYlal-prepenybunahdt ozi:ﬁdsﬂmimpraibe}ﬁ%i ateggh t r[%&gwtén%ﬁaneaggl

fcqnpound. The dytBpobidy) #6Lial .62 nd. may be neutral as’i
:phecat al yst, ﬂ%harngygda‘? I%Cﬁoé? W Vﬁ‘géﬁ‘{fﬁf"élf’?%'ﬁclaée jlhisemer forms,

of a
‘ tivated cat zf{”ﬁ‘flmgl?s{fﬁwl QUL Xpeld indbide pEEE Sefiylph 'ﬁ,,ﬁ@tﬁﬁ:'e&?fgkgpﬂ he
Lerm fl uorophamplaragﬁagﬁpheng@@gﬁ% Iﬁkggly‘lw ‘gaoﬁgﬂde& whi ch at ast’ one
ydr ogen atomdgg%la’a@%ga];epl ace udr I Aec & 3 -Aivestiadnheny, 2,4
i ncl ude phenyl™¢C 2rflimpingd whaﬁ—mmmmym,qrmmgmﬂgmyl and
h as a

aromati c ring3ifadimethgiphedyepl aced by ot her substituents, suc
hydr ocar byl The term "perfl uorophenyl group” neans that

S | t uent
‘each phenyl hgl}giri %jgen at DI s "ydogar Wpilvatis asdshhezeid tolwafer P& Rched
except, of CoBF Jubracbed,tamurdiyrl b gRRANALI L IAL opgﬁcﬁgﬁ%%%g %C%gjgb
% a

the B at : | ryi t he t “f
naphthyl or oup e ki cls 30 it ot o e ancomm e enpcs Gk ed

by fluorine aff8l2ped s slidmdtono i ncl ude napht hyl conpounds in which

ot her hydr ogemo#jons OR: rematic ring have been replaced by other
substituents, sugh as ahl%;}gr oc%?%ﬁ‘f"%&fﬂ’é’ﬂet J&ritsed herein to refer to any

branched or unbranched, saturated or unsaturated acyclic or acyclic hydrocarbon
rad'ical has one or more hydrogen atoms replaced by an amino group or substituted
\:\) amino group.

) [0031] The present invention provides a process for producing copolymers
of propylene with ethylene and/or one or more alpha olefins having 4 1o 20 rcarbon
atoms using a catalyst system comprising an organometallic catalyst precursor and
a fluoroarylborate activator. The process is effective in producing copolymers of
bigh molecular weight, typically in excess of 50,000 daltons or even 100,000
dalions. The resultant copolymers can be blended with other polyrr:eré
particularly polypropylene homopolymers, and the c0p013;mers and copolyme;

blends can be used to produce injection molded artticles, fibers, films and non-
woven articles,




7 The term "perfiuoronapht hyl group” nmeans that each napht hyl
- hydi ogen at W%mgzé’én replaced by a fluorine atom ex%g[ﬁqs,zx"&‘fmmg
course, for the hydrogen atomthat has been replaced by the B atom

[ 0024] The terns "hydrocarbyl radical"”, "hydrocarbyl” and "hydrocar byl
group” are defined to include any radical that contains hydrogen and
up to 30 carbon atons and may be |inear, branched, or cyclic, and
when cyclic, aromatic or non-aromatic, &hd include a substituted
hydrocarbyl radical, as this termis defined below Wen referring to
a hydrogen su hydr ogen” and "hydrogen radical "
are used |nte?§%gﬁﬁgghlm& Eé%ﬁﬁggubstltuted hydrocar byl radicals are
radicals in Wnﬁﬂ@%zlat I e&@tad@h@ﬂ thpupdeges et @polyasr heduced (Hysthé presend

th at | t SeR*, . TeR*
PReD. Caske o diogest Ul ks, GRS Bndend Wofhr, of op i o Sips
li ke or where b¥ingedsto dfecarenn Bipmeosusthen labuseneor!-ipxenep dndsl-oetens.

|_ _rll_ Z far t _eﬁ ( g; hi F}efe%l)htg(érc ﬁ]ﬁéﬁlcoflﬁ:ﬂb ﬁlﬁ{s deﬁ%@oﬂ?pm 1 a?n& efhggge
“B(R*)-,-Si ( R*[P%SI - Ge( r%cy%dmg tosapm)@odmwmb OB the- Preﬁtrdt tikmentiork ethe
where R* is | nadppignee iichieA MM RGRF mﬂit & 5")@‘%& %%Bpi"% Jraﬂiffﬁir welht

two or nmore R %ﬂv_omtopther to forma substitut
unsubst i tuted g@? e Pt PR SRl o5t 7036 oF %‘%ﬁ’aﬁﬁ?ﬁ by oreight

“7)ing structur ethyﬂ@ﬁﬂﬁr]l&da[mtb.esrheie GhHoIRRnGs mbdwpﬁeiaué pf@?l{sﬁ@he}wed
as ne

.incl ude those ugm( £EO 30 .C rbon at
ep hyl , et henyl églgesnf(t) rre?;s? W?fﬂ? fhe et °Bb"‘hf or hﬂ’é%iflﬁs" et |
octyl, pr opembb’ weight doyh upperiimein pf 95%&)!-694% or mtoelgy%, bmalgﬁtyl These 5
pr opynyl but % Y4 t eny
pent adi enyl hexadtl eny? ﬁé f“ljgﬁlé%é%fl thaeﬁgg%c?éﬁog%fflp%%’%&ﬂ% aﬂ%
i ncl uded are 8BYRENEitgfi.cq b@&?ﬂanév supanf ieight peresnt@bpylateatiriosichnits and
weight percent ethylene-derived units being 100%. Within these ranges, these

copolymers are mildly crystalline as measured by differential scanning calorimetry
(DSC), and are exceptionally soft, while still retaining substantial tensile strength
and elasticity. At ethylene compositions lower than the above limits for the
copolymer, such polymers are generally crystalline, similar to crystalline isotactic _
polypropylene, and while having excellent tensile strength, they do not have the
favorable sofiness and elasticity, At ethylene compositions higher than the above
D Limits for the copolymer component, the copolymer is substantially amorphous.
D While such a material of higher ethylene composition may be soft, these
compositions are weak in tensile strength and poor in elasticity. In summary, such
copolymers of embodiments of the invention exhibit the softness, tensile strength

and elasticity characteristic of vulcanized rubbers, without vulcanization.

Fluoroarylborate Activator

[0034] An important feature of the present process is the activator
employed in the olefin polymerization catalyst systern In particular, the activator
includes a fluoroarylborate having the formula It

Ct* [B-(ATRT Lt




~aromatic cy%kh%?ﬁ@g&polycycllc structures wherein the 8§¥$¥ %%ns

- radi cal may 'a ohal ly be subjected to the types of &
descri bed above. Exanpl es include phenyl, nethyl phenyl,
di met hyl phenyl , et hyl phenyl, benzyl, nethylbenzyl, cycl opentyl,
cycl opent enyl, cycl ohexyl, cycl ohexenyl, nethylcycl ohexyl,
cycl oheptyl, cycl oheptenyl, norbonyl, norbonenyl, achunantyl and the
| i ke. [0028] For this disclosure, when a%adical is listed, it
i ndi cates that radical type and all other radicals fornmed mhen t hat
radi cal type i bstlt ons f|n ove.
Al kyl , acetyl“%q%werqgg q“&g ﬁ?féfr% éﬁgaﬁcﬁﬂ%gﬂﬁPl F ng a
i ncl udi ng, V\h@ﬁlbolap}slﬂbmndactfean @gabmetailis omapamdj:m 1se>¢hﬂmphenybgtbyﬂ, x

i ncl udes n-bu : ter. an
cycl obut yl (arrl%i ézné ﬁiﬁd@&@g@%@ﬁ sg%%géli/?ﬁm‘”é ﬁ%} SR Udes
n-pentyl, cycRkdfeAtEdach Rigrae h}ﬁ!lbmﬂylbllywarmftdhyﬂmnoydm at&nmeﬂlhyﬂh:wyl
1- ethylpropyl
and cycIopropy?fﬂg]ﬂﬁ?§§9%¥%ﬁ%ﬁﬂ%g n§H§>§§$§%h%ﬁ5§$M§%ﬁgﬁ§ ,
2-butenyl, 3-B@#f®Myl, 1-nethyl-I-propenyl, 1-nethyl-2-propenyl, 2-
met hyl - | -propenyl and 2- thyI 2- prop nyI (and cycl obut enyl s and
cycl opropenyl s). Cyclic ¢ npoun- havi ng fubstitutions include al
|soner forms, for exanpl Aoul d i ncl yde
ho nethylphenyl nmet a

2)nethylphenyl mould i ncl

5-di net hyl phenyl , 2, 6- ;
3, 5-di net hyl phenyl . [0029]The tfrn1"hydrbcarb - yl" is used herein
to refer to any branched or unbranched, saturd@ted %r unsaturated
acyclic or acyclic hydrocarbon radical which has 1 to 30 carbon atons
and whi ch has one or nore hydrogen atons replaced by a silicon atom

99

 4- di net hyl phenyl ,
phenyl , and

E F
- X/
F g
o F
F F
3
[0035] However, R groups connected at the } or 3 position are possible

and may be present at small concentrations. The presence of these isomers do not

detract from the polymerization activity of the activator since these isomers of

most likely reactive themselves.




" [0030] The term "hydrocarbyl -am ne" is used herein to refer to any

- branched or ‘Y%%“ﬂ?’%/?ﬁ%"ﬁed saturated or unsaturated acycPEHUBPOTABIIE i C
hydr ocar bon radi cal has one or nore hydrogen atons replaced by an

am no group or substituted am no group. [0031] The present invention
provi des a process for producing copolynmers of propylene with

et hyl ene and/or one or nore al pha olefins having 4 to 20 carbon atons
using a catal yst system conprising an otiganonetal | i c catal yst
precursor and a fluoroaryl borate activator. The process is effective

i n produci ng ymers_of hi Lecu wej ght, typically in excess

of 50, 000 dal ﬁ@%@ or evERY fﬁ‘ﬁﬂg@)g’o‘da’l’;tﬁ%tedTﬁg‘“r%lé’l}Waﬁ?ty’cﬁﬁbF@%rs

ﬁ an beI bl endeGrodpt-12 oistak ramﬂmiu;m'ﬁﬁxmogﬂﬁd &:h@dph@rmglaaagysamwdga% azad t
onmopol yners, o c rs.and co nmer ends can be used to
produce IﬂjECF@@ mofggﬁgﬁmgwﬁP%%”mF?bggg TRYPSLEORE FrENaHKFS vheren
articles. \Aott@ocatmmsﬂmmésusﬂmﬁﬂ/@pzd@o ShydBABAR hdiobarbi€lyl, or
Copol yner hydrocarbyl-amine substituents for one or more cation hydrogen atoms. For

i

example, suitable cations Ct* include N,N-dimethylanilinium, N,N-
diethylanilinium, and [4-t-butyl-N,N-dimethylanilinium] cations.

’) Method of Synthesizing the Fluoroarylborate Activator

) [0037] When x=1 and n=3 in formula I above, the finoroarylborate of the
invention may be prepared by reacting a compound of the formula BR3, such as
tris(f-perfluoronaphthylborane, with a compound of the formula Ar-MX, where
M is a metal, preferably an alkaline earth metal, and X is a reactive anion,
preferably a  halide. ISpicaHy the compound AI:-I\D( is
pérﬂuorophenylmagnesium bromide. . The resulting (gt
[B(perfluorophenyl)(perfluoronaphthyl)s]” can be converted to the required
activator by standard salt metathesis techniques. ‘

[0038] When x=3 and n=1 in formula I above, the flucroarylborate of the
invention may be prepared by reacting a compound of the formula BArs, such as
tris(B-perfluorophenyl)borane, with a compound of the formula Ar-MX, where M
is a metal, preferably an alkaline earth metal, and X is a reactive anion, preferably

w,

) a halide. Typically the compound Ar-MX is perfluoronaphthylmagnesium
bromide
j6039] When x=2 and p=2 in formula I above, the fluoroarylborate of the

invention may be prepared by reacting a compound of the formula BrR such as 2-
bxjomoperﬂuoronaphthylene with a Grignard Salt, R*M where the M is a metal,
preferably Li or Mg, and R* is an alkyl. Typically the compound R*M is nBuLi.
To the resulting mixture a compound of the formula XBAr2 is added, where X is .
typically a halide and B is Boron. The product is generally isolated by filtration.




"~ [003211 n adgi.t propyl ene, the copol yner produce sent
- process con glzlrllogﬂﬂ';%l%ts derived from et hyl ene and/ or onéﬁx}ssoﬁﬁ?ogkgl pha

ol efins having 4 to 20 carbon atons, such as 1-butene, 1-hexene, and
1-octene. Preferably, the copolynmer contains units derived from
propyl ene and ethylene. [00331 According to one enbodi ment of the
present invention, the copolyner includes froma lower Iimt of 5% or
6% or 8% or 10@6by wei ght et hyl ene-deri®ed units to an upper limt of
20% or 25% or 35% by wei ght ethyl ene-derived units. These enbodinents

also will inc REQRN ©REyHplbygd units present in the copolyner in
t he range of fr%@noa | ower |mPte of 65% or 80% by wei ght to an upper

limit of 95% 048U 9% or @%metgm/@mums ghmpouFide suitghdy fermsageish the
wei ght are ba%&o%ﬁoﬂ@e E&Ew%&or%'tgptpr&gs BEaR 2P tl{aﬂeinﬂﬁﬂa the known

et hyl ene-derived units; i.e,, based on the sum of wei ght percent
propyl ene- der PlegePmsialie, tangitinimetel erammenrds wsefy lie fradiionilvidslorNati

bei ng 100% V\E&Jiﬂzﬁaﬁoﬁ%%e@ﬁm &mlym&t)ﬁm%ﬁe offids Eh¥ Bsbce:)

crystalline as asured differentia scanni ng cal orinetry

and are excepl$HH4R cpoiirtion jplymerization. | W@FEXVHIW@MWIW%W Bedfsi | e
strength and &h:&&ioln%ét&l coﬁboﬁd@ﬂh@z@ﬁx a@ﬂﬁﬁ%& brie@ Bgdn@\WRK bd rhﬁﬂa&éﬁ%y
above limts bor th %g &ﬁ mers_are_general ly
_crystalline, SFfPP% ys[t T%“I“i“ Y itase Heqads insBiding hypyifes hadrogphyl
ile B?VI ngf mthﬂdi'@ﬁfbylslﬁﬁs IailtEldtNef mgitia?sg&hed/ (Cloormk) tibtih\('ﬂntebﬂlereof
vorabl e so | e i tions
"t:aan t he abovggﬁp%saﬂg“% he %or\nlo % r@@ﬁ%ﬁf”mﬁcﬁ ’c8t5'ol g’r?g‘i’d%l S
subst ant i al | ycapslple sicheing Wslrb@e$anﬂ1traulmenmatal cafipdundh esmpising thaa
oD o BALuRE 2Rl bnerdiBESE BARAN b, 8P Sxlyf YR8 ealele KBNS Idetaon

strength and poor in elastic
enmbodi ment s ofud Feratioea) Ratent B‘;@iﬁciﬂm T’EChéN @c?ﬁ!qu?é%% Aﬂ@hsmallm wharetigt h

and el asti Ci t e HoaAfhk ChbBld haBheny YN b2 aﬁmﬁ %%Sh aﬂast Hlex

vul cani zation,, Fl uoroaryl borate Activator |0 pgmt ?mepat ure
of the pr esent"“ﬁf”@l‘:’%‘g@?ﬂé’ t FESoBE, \ﬂbf-%’nﬂd@nwbé‘%dbl rmi rfélom dpy eady

pol yneri zat i osbsGaitiah With taY sétRaking &cﬂﬂ&.&é 6tHha invehtils, P Oo b&&hudes
a fluoroaryl bo{ate %ﬁw he formula |: Ct [13-(Arx 11)](I)
where O+ is ARt Q%ﬁ &1yt kagwpy alkylapien a‘ﬁ*‘c&PR%/IW‘H’r dl‘j@”mf’%‘ﬁ% Cor

breal dng a cacdagoundst sich e rithiah, cofuamganRiEital bi SkGRTRRMARmoARe:,S a

(57, %5, “of oS8 ey ir ndR i {3 tﬁére%%p%‘i?&; ”
subst anti al | yoregwalsmimun t@nipeendsowih dibalorsulistituted hetallocené | confpotidsi On
}aﬂg Zgl represmgmogmmﬁgﬁ&o&gp Ng, &0 the invention include

ons:
D [o041] Further description of metallocene compounds which comprise, or

can be alkylated to comprise, at least one ligand capable of abstraction to form a
catalytically active transition metal cation appear in the patent literature, e.g., EP-
A-0 129 368, U.S. Patent Nos. 4,871,705, 4,937,299, 5,324,800, 5,470,993,
5:491,246, 5,512,693, EP-A-0 418 044, EP-A-0 591 756 and International Patent
Publication Nos. WO 92/00333, WO 94/01471 and WO 97/22635. Generally,

such metallocene compounds comprise mono- or'biscyclopentadienyl substituted

Group 3, 4, 5, or 6 transition. metal compounds wherein the ancillary ligands may
be themselves substituted with one or more groups and may be bridged to each

other, or may be bridged through a heteroatom to the transition metal, Preferably




’ r roups connected at the 1 or 3 position are possible
: gggg)%yoﬁvg @%@H?“sz”?psrral | concentrations. The presenler/uszoemiene

i somers do not detract fromthe polymerization activity of the
activator since these isoners of nost likely reactive thenselves. 11
[003 6] Conveniently, Ce is selected fromsilylium trityl carbenium
G oup-12 netal, anilinium amonium phosphonium and arsonium
cations, and anilinium anmonium phosph®ni um and arsoni um cationic
derivatives vvherei n the cat i oni c derivati ves contain C1 to C30

hydr ocar byl , %}( y t]égr ocC It-am ne substituents for
one or nore cat | o ]%{/’ rogen QP inclgding é d cxslppergpdienybbaspd fusedt +
i ncl ude N, N- di Tes $yytermsi duplnaamdnnyNﬂbhtb@,ﬂ,iﬁthlaﬂyﬂ ortubButé halogs of them),

Wy f S nt he5| zing’'the
4-t-butyl - N, Iy ni thod. o
I[:I uor oar y!l bor g?gé Actciléég?tgré‘%oﬁ%f V\ﬁ@ erfr lﬂ’b?‘wﬁdﬁ v fufa ip tebdve,
t he fl uor oar y| Bfsitian &vigh ot wighout a similar 4-position substituent in the fused ring systems)

and may additionally comprise alkyl, cycloalkyl, aryl, alkylaryl and or arylalkyl
substituents, the latter as linear, branched or cyclic structures including multi-ring
structures, for example, those of U.S. Patent Nos. 5 278,264 and 5,304, 614 Such
substituents should each have essentially hydrocarbyl characteristics and will

j typically contain up to 30 carbon atoms but may be heteroatom containing with 1-
_) 5 non-hydrogen/carbon atoms, e.g., N, S, O, P, Ge, B and Si.
[0042] Representative metallocene compounds can have the formule:
LAL® LS MDE

where, M is a Group 3 to 6 metal; L* is a substituted or unsubstituted

cyclopentadienyl or heterocyclopentadienyl ancillary ligand 7-bonded to M; LB is

a member of the class of ancillary ligands defined for L4, or is J, a heteroatom

ancillary ligand o-bonded to M; the L* and L? ligands may be covalently bridged

together through one or more Group 13 to 16 element-containing linking groups;

LS is an optional neutral, nop-oxidizing ligand having a dative bond to M @

equals 0 to 3); and, D and E are independently labile ligands, each having a metal-

carbon bond to M, optionally bridged to each other or L* or LP, which bond can be

) broken for abstraction purposes by a suitable activator and into which a
) _) polymerizable monomer or macromonomer can insert for coordination
polymerization. Also, the nse of hetero-atom containing rings or fused rings,

where a non-carbon Group 13, 14, 15 or 16 atom replaces one of the ring carbons

is considered for this specification to be within the terms "cyclopentadienyl”,

mdenyl" and "fluorenyl”. See, for example, the International Patent Publication

Nos. WO 98/37106 and WO 98/41530. Substituted cyclopentadienyl structures

means that one or more hydrogen atoms is replaced with hydrocarbyl,

hydrocarbylsilyl, or heteroatom-containing like structures. The hydrocarbyl

structures specifically include C; to Cy linear, branched, cyclic alkyl and




“invention b repared by reacting a conmpound of the fornula BR3,
- such as tr%%ﬁﬁ'ﬁﬁwguoronapht hyCborane, with a conpoufd/ERgpe169

formula AT-MX, where Mis a netal, preferably an al kaline earth
netal, and X is a reactive anion, preferably a halide. Typically the
- conpound Ar-MX is perfluorophenyl magnesi unbr om de.

[ B(perfl uorophenyl) (perfl uoronaphthyl)3]. can be converted to the
activator by standard salt netathesis techni ques. [0038] When x=3 and
n=1 in forrmula | above, the fluoroaryl borate of the invention may be

prepared by r ng_a compound of the fornula BAr3, such as
tris(fl-perfl % ‘?’%‘1’6 %’g‘ﬁ%ﬁ %B%%He",ﬂn Hings- JYRSIinga s alsp be seshtuted with VX,

where Mis a mnddr stnpmeéer ably an al kaline earth netal, and X is a

reactive anio eferalyl v..a. halide. Typically the conmpound Ar-MX is
per f | uor onaph?goy‘ﬁ9 gnegﬁﬂ A cfgprf"iﬁﬂég‘f%ﬁt%%n@m?ﬁqun ingfudaul a

| above, the mMraeevsiopyititieryl ecmpounkie sudhVRHenRheBikydSpdlaRaNeen i
reacting a coggpy 9f the formul a BrR such as 2- L

br onoper f | uoronggﬁ%?%’ene wi t B y&’l’@‘? sylierhner e t Htaims a
netal , pref er 4BrsiilsilyBetrapethytnydopentidengirtedbltylamidoy ptitatny tdt@ioride,

conpound R*M-'Sntﬁl-ﬁvkﬂ&al}l Redddf sulting m xture a conpound of the
formul a XBAr Zbi s ad ,efc?l,c-g\%?]ereerfl s typicall yxht%m‘r"fgl i de and .B Fsi@silon.
The product i §"¥N&TkItstpmedyicaeleppatadichylter-butylamido 1Zrdoniyen o diieliyl,i C
Caralyst Preconsa §GRARRRISRYABRuAkIhft REESHERA S FAIRRNRsyall 20! ©
A §r use e . ’

j u w &unethylsxIyltetrameﬂlylcyclopentadienyl-dodecylanﬁdo hathium dimethyi,

unbridged  biscyclopentadienyl compounds such  as bis(1-methyl-3-
butylcyclopentadienyl)zirconium dimethyl, pentamethylcyclopentadienyl-
cyclopentadienyl  zirconium dimethy], (tetramethylcyclopentadienfl)(n—
propylcyclopentadienyl)zirconjium dimethyl; bridged bis-cyclopentadienyl
compounds such as dimethylsilylbis(tetrahydroindenyl)zirconium dichloride and
silacyclobutyl(ten‘amethylcyt:Iopentadienyl)(n-propyl—cyclopentadienyl)zirconium
dimethyl; bridged bisindenyl compounds such as dimethylsilylbisindenyl
zirconfum  dichloride,  dimethylsilylbisindenyl  hafnium  dimethyl,
dimethylsilylbis(2-methylindenyl)  hafaium dimethyl, dimethylsilylbis(2-
methylindenyl) zirconium dimethyl, dimethylsi1ylbis(2-methyl—4—pheny]i:ndeny1)
3 hafhium  dimethyl, dimethylsilylbis(2-mcthyl-4—pheny1indenyl) zirconium
J dimethyl, dimethylsilylbis(2-methy1benzindeny1)zirconium dichloride,
dimethylsilylbis(2—methy1benzindenyl)zirconium dimethyl; and fluorenyl ligand-
containing compounds, eg.,
diphenylmethyl(fluorenyl)(eyclopentadienyl)zirconium dimethyl and di{para-
triethylsilylphenyl)meﬂlylene(z,7—ditert—butylﬂuoreny1) (cyclt)pe'ntadienyl)ha.ﬁﬁum
dimethyl; and the additional mono- and biscyclopentadienyl compounds such as
those listed and described in U.S. Patent Nos. 5,017,714 and 5,324,800,

International Patent Publication No. WO 92/00333 and EP-A-0 591 75 6.
[0044] Representative  traditional = Ziegler-Natta trapsiion  metal

compounds include tetrabenzy] zirconium, tetra




" fluoroaryl b Mob/ B %vat or in the process of the inveﬂééeﬁzgqq@z%e

- the known organonetallic, transition netal conpounds

traditional Ziegler-Natta coordination polynerization, particularly
t he netal |l ocene conmpounds known to be useful in coordination

pol ynmeri zation. These will typically include Goup 3-10 transition
met al conmpounds wherein at -l east one netal |igand can be abstracted
by the cocatal yst activator, particul arfy those |igands including
hydri de, hydrocarbyl, and hydrocarbylsilyl, and | ower

al kyl - Substlttﬁxﬁ%ﬂ@m@kﬁlﬁdﬁ%&ﬂﬂﬁ'vest ?&m@sﬁgﬁ g,g}glude
g

hydri de, thyI enzyl y but adi ene, apa e’ of
bei ng abst r act&dPbERAt Pﬁcﬂ‘é"'{“b i ‘G‘Ha I ﬂ@@momm[éexﬂm%m@mhgd@)ﬂemthyl
i ncl ude those titagial | ocenes dgs@fhih xample U S g}gggée

5,198, 401 and ‘#Fé%rgn ti Pnal Patent b atl on No WO 92/ 00

Addi tional |y, Yﬁfﬁ?taxl)tmtﬁ'é!ﬁd@chlﬁmaudé”hharrmgémt fntinge ofirsuch
al koxy labile dohﬁ:&ﬁdﬁn (fslocr ANaRBh b t

di chl ori de) wh 2‘? fgg Y glol forﬁo @a@?b%??%c@%ﬁ%hblﬁbf%%&m
activating coc fnt‘l i °f‘ﬁ%?ﬂ‘¥?ﬂ? (olefiaip) gxoHp Isan b insertade dThest o .

sui tabl e |i garfesures andbioVigand! doytratib® !&oﬁﬁﬂnﬁ taffl8orVindefhl %ﬁhﬁ&ﬁﬁ%@' thd C
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U S. Patent N(E)Hsﬁ ﬁ%ﬁ?@%ﬁ@%ﬁgﬁ&%ﬁﬁg%%ﬁﬁ g‘?lk&lt | ona?ct%§a§ ¥ eque

Publ i cat i on EYWE%{?S ArgrECha.dnts 8d, SEA28-44704290Re pr esent ative
traditional Zjoggéjer - Nathh gedefalNa e B nBRikAon catalyst system used in the present

- process, the catalyst precursor and the activator are combined in weight ratios of
about 10:1 to about 1:10; such as about 5:1 to about 1:5; for example about 2:1 to
O about 1:2. Most preferred is a catalyst precursor to activator mole ratio of 1:1.

) Multiple activators may be used, including mixtures of alumoxanes with the
fluoroarylborate activator of the invention. Alumoxanes are generally oligomeric
compounds containing -AKR')-O- sub-units, where R' is an alkyl group.
Examples of alumoxanes include methylaluomoxane (MAQ), modified
methylalumoxane (MMA.QO), ethylalumoxane and isobutylalumoxane.

[0050] The total catalyst system will generally additionally. comprise one
or more organometallic compound scavenging agents. Such compounds are
effective for removing polar impurities from the reaction environment and for
increasing catalyst activity. Fmpurities can be inadvertently introduced with any of

the polymerization reaction components, particularly with a solvent, monomer and
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descri bes bridged.and unbri gged bi sam do transition netal catalyst

conpounds of TFOUD ¥ FASHSH s FRL prasrRle o7 metllopsne ofpmmian, At iORR(OF GROTe
a-ol ef i ns. Brdctigatals @/ b yémuitedodn, Cottdfted! with, vaporized with, bondsd to, or

D incorporated within, adsorbed or absorbed in, or on, one or more supports or

. ‘) carriers.

[DD53] The support material may any of the conventional support materials
used in polymerization catalyst systems. Preferably the -support material is a
porous suppotrt material, for example, tale, a zeolite, an inorganic oxide and/or an
inorganic chloride. Other support materials include resinous support materials
such as polystyrene, fimctionalized or crosslinked organic supports, such as
polystyrene divinyl benzene polyolefins or polymeric compounds, clays, or any
other organic or inorganic support material and the like, or mixtures thereof.

[0054] The preferred support materials are inorganic oxides that include
Group 2, 3, 4, 5, 13 or 14 metal oxides. The preferred supports include silica,



- 16 conmpound in polynerization are descri bed McConvill e et
~al in Ogang‘rm@&(]ﬁ%zggs 1995, 14, 5478-5480. Furt her wor THAREPEHY i n
Macr onol ecul es 1996, 29, 5241- 5243 descri bes bridged bis(aryl am do)

G oup 4 conpounds that are active catalysts for polynerization of

1- hexene. Additional transition nmetal conpounds suitable in
accordance with the invention include those described in

| nt ernational Patent Publication No. W¥96/40805. Cationic Goup 3 or
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are di scl osedypiin! AL LEN A glb PR :
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el ght ratiosp uf; 1 u u apo 1 tqQ_about
‘2’5 for exarrp élcgtg%u# %&t %%gg’t Pf"?}gﬁ/oaét&ﬁ?%eér’r“eﬂ}sf gaéenﬁé\f"al yst
precursor to &84t d prdymeericalieads of deberihed Nbi [THiteypbtoral Phtest! Rublicatioy be
used, includiRg, wodooes; of al unoxanes with the fluoroaryl borate
activator of the inveniion. Al unoxanes are generally oligoneric
conpounds contO85Fi ng - Al dsl piefereed thab -tumistpportwietesialRl mbst  prafeadblyy lan
group. Exanpl 8srgefic SkidBDXANESucBE hidd & UK Gl € s i ed
met hyl al unoxane g(Q[F\J/K/AO) et hyl al urmxane{ﬁg%gryéle?obut ?ﬂﬁtjr}o%g)ﬁbo 0
100501The totla?/gcmralvylsmesyﬁeenmgﬂ of] ﬁuyealmmbllytoaﬁdttw ®odg biyd aveegpr i se
one or nore ofga I vengin ent Suc ounds
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from about 10 to about 200 um. Most preferably the surface area of the support

_ material is in the range from about 100 to about 400 m2/g, pore volume from
‘)_ about 0.8 to about 3.0 co/g and average particle size is from about 5 to abont 100
) pm. The average pore size of the carrier useful in the invention typically has pore
size in the range of from about 10 to about 10004, preferably about 50 to about
5004, and most preferably about 75 to about 350A.
[0856]) As is well known in the art, the catalyst components, that is the
metallocene complex and the activator, may also be supported together on one
inert support, or the components may be independently placed on two inert
supports and subsequently mixed. Ofthe two methods, the former is preferred.
[0057] In another embodiment the support may comprise one or more
types of support material which may be treated differently. For example one could

use two different silicas that had different pore volumes or had been calcined at




"~ catalyst fe versely affect catalyst activity and stability.

. The pol ar H%burl :3%229 or catalyst poisons, include watS /U388 and
nmetal inpurities. Preferably steps are taken to renove |rrpur|t| es
fromthe polynerization feedstocks before their use, but sone m nor

anounts of organonetal | ic scavenger conpound will still normally be
used in the polynerization process itself. [0051] Typically these
scavenger conpounds will be Goup 13 or@anomet allic conpounds, such

as those disclosed in U S. Patent Nos. 5,153,157 and 5, 241, 025 and

I nternational g Bﬁ%&ﬂk@é&k&@%&% cM\&?d%;é D2RS2that ¥R BdD3RRE withO
93/ 14132 and WO 95/07941. | ary conmpounds include triethyl

al um num tri éﬁ?ﬁ?ﬁnﬁﬁbﬁmﬁhﬂfﬂﬁﬁiﬂY%%ﬁﬁtS})lcaﬁ#ahhﬁdm?ﬁ] net hyl al unoxane, and
i sobutyl al um nunoxane. Those conpounds having bulky or C6 to C20

| i near hydr ocarbyl substituents covalently bound to the nmetal or

net al | oi d cenfePMEFiEAtoREIeed to ninini ze adverse interaction with

the active car{oﬂsnpt ExBEdh@sent ﬂﬁl:ééﬁleax{ bd e&dauétad H%@b'l‘ﬁhoxblbhllﬂ@ﬁsﬁor
preferably, S suc

y as tri.iso unm n
triisoprenyl aﬁﬁmmlmenmnm‘fgsseﬁmnﬁwaﬂl fﬂf’ﬁ t%fﬁ%?tbﬁla?é%}mm
al um num corrpgﬂa&és:buﬂh@hhsagolymbnﬁnhembeahum num tr| -noctyl al tuni num
or tri-n-dode um nu 005 catal yst system.of this i.nvention
y al so incl E{nggt supp‘g}?et ’i"‘ﬁ‘i O f Effﬁéfloé 8‘&1&3&’ j sed 1o T
al | ocene coolyinerizagiod pmmessorCatabysEcQ)miommatand sctivaior oy dbe lekveraichsan,
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sor bed or nore su ts or rlers.
[ 0053] The supp@pftor ntateqemlvamW@lm}mmd ahen@gmaéth sqimmn @uﬁwtto the

mierials used @ poky aﬁ%@@%bé}ﬁho%a{saé%sémﬁﬁﬁé &BBvatddl BlElADFY: HBR

- support mater! aI orous  support material, for exanple, talc, a
zeolite, an i ﬁ&@@@ﬁp@ C@xme@oémaa/ mtroéwel multiglereatalyst BHQ gRACtors ey US

support mat er ipgdes NBClslsﬁ‘@?ﬁ?%ﬁd‘mi&nﬁiéﬁﬁoﬁten'ﬂ%ﬁﬁéa%bﬁ N OR0261/30862.
pol ystyrene, functionalized or crosslinked organic supports, such as

pol ystyrene diViiley frehe ferracssor s | BRNAEZ % Wrerﬁaem{%rfb%&?ﬁ?glq“es
clays, or anydeichséd £&@FRHIK DplidaBlRItg dHeE t}@H@@Dfehctﬂiﬁ,t BElnding 2Bstidube:

| i ke, or mxtures, thereof 0054] The ref S ort terials are
| nor gani o oxi BB ek R AP et e e e 4 preefpeit i
oxi des. The poef dir éithes LshEde treackorC bpﬁiﬂio&; |1hCﬂlhlch 1&honomer, comonomers,
catalyst/activator, scavenger, and optional modifiers are added continuously to a
single reactor or in series reactor operation, in which the above components are
\’D added to each of two or more reactors connected in series. The catalyst
'D components can be added to the first reactor in the series. The catalyst component
may also be added to both reactors, with one component being added to first
reaction and another component to other reactors.
[0060} Hydrogen can be added fo the polymerization to stabilize the

process and help control the molecular weight of the product,

Gas phase polymerization
[0061] " Generally, 2 fluidized gas bed process is used for producing
polymers, with a gaseous stream containing one or more monomers being

continuously cycled through the fluidized bed in the presence of a catalyst under




" which may or, be dehydrated, fumed silica, alunjna
- 99/ 60033) , ;Encﬁgﬂ)g#sﬁm na and nixtures thereof. Cther Wépo"@%ﬁorts

I ncl ude rragne5| a, titania, zirconia, nmagnesiumchloride (U S. Patent
No. 5,965,477), nmontnorillonite (European Patent EP-141 0 511 665),
phyllosilicate and the |ike. Al so, conbinations of these support
materials may be used, for exanple, silica-chromum silica-alum na,
silica-titania and the |ike. Additional2%upport materials may include
t hose porous acrylic polynmers described in EP 0 767 184 Bl. O her

support materizgj n escrd be

| nt er nat i onal Pa(%gér}\?&idﬂg) | cgﬁ%ﬁgﬁo%ﬁﬁ%ﬁ% ﬁoéneﬁ"géjéll zeg bed and
described in I"AbEleAdwnrloinie tiRateasior. Plintilterdbisiy Mmdﬂ@r@ﬁbﬂ&ﬁ@ﬁhdrawn
spherulites aspfeshé bRy HhaV 92 radd:Qe Neric
beads as described in | ntre%r?atﬁ?%hngfn%%gtre% g%gl g’cg alﬁl%.p%@@mze‘i
99/50311. [ 005BYMmeF-(Spt Ercppmpletlhfit Paters Naspaded, 3%@@%5390 F1028,670,

preferably an s30[088M%,$520%0! §4o§m€z §4§dl§d4a§ﬁ5§£ﬁaﬁ14az,§§be srcﬁﬁ%& gla
g, pore vol une in rande 0

from about 10 t t 700

about 0.1 to efb%ﬁ%gg 0 ccl/g and average particle size in the range of
fromabout 5 to about 500 pm Mre preferably, the surface area of

t he support Rt er| g}ﬁsls in fhe range of from about 50 to about 500
nQ/g, pore vol O R IRHN 0.5 to about 3.5 cc/ g and average

p r]'E icle sizeloff62ir om ahmmnylﬁbljrm:erﬁllaﬁdﬂ probéis lgaile;mus(;peﬁl@@f&&vg&hyl gcgg
sty face area LL nBteria rom about 1
£ about 400 nbyh 0 sEHBBAGE RENE rles 13 ' BS T BB b € HEHRD s
average parti even gieater gl tbmpemtatasuﬂ t}ﬁz ﬁaﬂgeamrc hOddoddn20¥0e m\éem

ore size of e} al | pre
gl ze in the rgnge g%aru?rom a i'dg{ml(g i’ﬁgﬁgﬁl’f%&f&iﬂy g‘f’@’reé K’g
50 to about 5@omerzAionYinend metibwmtin whish owtiomer 4nd @hmuasm%%ng w1th
[0056] A 1S vieddiykinaiNaddial hamd! Lusp &anciﬁ&ﬁ&xg SfeSP B ety or S

t he netal |l ocene conpl ex and & activator

toget her on ofRPHERYSEY $EpREAt frompr the eacterpberenths Vnighht)e:ompqummdmt ly
pl aced on twosdpafitdd SHRRE %&yﬁt@ﬁaﬁ@%ﬁé‘éﬂe%kbynaﬂ})ﬁﬁgr 2 Wstiitiort W the

nmet hods, the forner_is. preferre
reactor. The liquid dilwent employed in the polymerization medium is typically an

alkane having from 3 to 7 carbon atoms, preferably a branched alkane. The
medium employed should be liquid under the conditions of polymerization and

relatively inert. When a propane medium is used the process must be operated

- D above the reaction diluent critical temperature and pressure. Preferably, a hexane
: J or an isobutane medium is employed.
[0063] In one embodiment, a preferred polymerization technique useful in

the invention is referred to as a particle form polymerization, or a slurry process
where the temperature is kept below the temperature at which the polymer goes
into solution. Such technique is well known in the art, and described in for
instance U.S. Patent No. 3,248,179. The preferred temperature in the patticle
form process is within the range of about 85°C to about 110°C. Two preferred
polymerization methods for the shury process are those employing a loop reactor
and those utilizing a plurality of stirred reactors in series, parallel, or combinations

thereof, Non-limiting examples of slurry processes include continmuous loop or



' [0057] I n angfy di ment the support may conprise
- types of 5Upp0§§7ﬂrﬁra erial which may be treated di ffergﬂrﬁ(@?mg@{ﬁ%g

exanpl e one could use two different silicas that had different pore
vol unes or had been calcined at 19 different tenperatures. Likew se
one could use a silica that had been treated with a scavenger or
other additive and a silica that had not. Pol ynerization Process

[ 0058] The present process can be conduéled as a solution, bulk, gas
or slurry polynerization process or a conbination thereof, but

preferably i sgfiriohtid hrofbsRBaF8sR o binpRASE sﬂg}r}bgéf%éésé@%‘a&cﬂﬁ SS.

[ 0059] One or nore reactors in series or In par may be used I'n
t he pol yneri z5tY- SatepNRe 845643.484t al yst conponent and activator may be

delivered as @oggf Uti ONnObncthdt! eibodinblie! the SRR SloYesk Oist fas'rge&a {0,
activated in-line just prior to the reactor, or” preactivated and
punped as an SRAPYIEWAR SJPRR Fegrionr Thy afalxpt. 3p arshuyr iadeabyiane of g admyr r ed

operation is HWOAGGINYbbRAE, Behjbdal REWAIY bl tREreadti@ 1obF WAidHTE AteliBdliean ON
see US Pat ent

met hods to intropduce nmultiple catalysts into reagtors |

No. 6,399, 722 IR S 0] EPRE RIS PRUSIEF O 2B iR
Wil e these reahedigGng apnoly: SiAdadhdter) FydpEes oplisRilyOfsy bé Bfled as a

t echni ques desg{iQed ar.e eﬂuEIIy applicable to other types of
reactors, incﬁnu(ff'%g%%ﬁ”’ 's stirred tank reactors, slurry | oop
‘rgactors and I0865] i ke. THe|rpavkiriig arintiedat @ prasire @f 3620 kPhtoedI0baPa

;Shngl e reacto ration. i.n.which nono cO L .

"egt al yst/act i %/néfag%tem ceég\}férﬁé%ﬁe E:(o] °gg‘%°|“gﬁé°ic W{?gg‘ﬂﬁgg sé depgndingyonthe
conti nuousl y desirad pilpmermekiagtoharageristics. SBedction heads aemoyed trbhginthei n
whi ch the ab GRINR . L h or, re.reactors
connected i nol\ég Ies. %ﬁ%@%‘?ﬁﬁﬁ%@%ﬁp@ﬁ%ﬁ?@ %%3%@"‘5’3‘8%%‘1? % ﬁl(ef;‘c
first react orshumy islowed foexit thitweaciertabiogslar inteyadmn@vontimypusly ba lpsteddded
to both reactg{Spredint a0 GeGAMTRANS AlyeP S ' ; Wely
and anot her coergsp%rnent to ot her ré.e}gct or ?ﬁ?g%ggﬁ@%g%é%ﬁéégﬁggggded
to the pol yne’q"}' emavalplithe iseaganeidilgent apd all unreacted monomer and comonomers.

The resulting hydrocarbon free powder is then compounded for use in various
applications.
[0066] In one embodiment of the slurry process useful in the invention the
concentration of predominant monomer in the reactor liquid medium is in the
range of from about 1 to about 10 weight percent, preferably from about 2 to about
) 7 weight percent, more preferably from about 2.5 to about 6 weight percent, most
) preferably from about 3 to about 6 weight percent.
[0067} Another process useful in the invention is where the process,
preferably a shurry process is operated in the absence of or essentially free of any
scavengers, such as triethylaluminum, {rimethylaluminum, tri-isobutylaluminum
and tri-n-hexylaluminum and diethyl aluminum chloride, dibutyl zinc and the like.
This process is described in International Patent Publication No. WO 96/08520
and U.S, Patent No. 5,712,352, '



process and hellgY control the nolecul ar weight of the product. Gas
phase pol yn®2E PG [ 0061] General Iy, a fluidized gas PSEFSHBYRYE | s
used for producing polyners, with a gaseous stream containing one or
nore nononers being continuously cycled through the fluidized bed in
the presence of a catalyst under 20 reactive conditions. The gaseous
streamis wthdrawn fromthe fluidized bed and recycl ed back into the
reactor. Simnultaneously, polynmer produd is withdrawn fromthe
reactor and fresh nononer is added to replace t he pol yneri zed
nmononer. ( See r U._S.. Pat ent 4, 543,399, 4,588, 790,

5, 028, 670, 5115{]?31105%%&522{1)@%23’@%10 St pOSBTIR: " 20) 5 453, 471,
5,462,999, 5, B068K61 arﬁb@mﬂﬁﬂgﬁ@@n&ouslsmﬁgn p-beesasﬁm}owwolﬁ&i-ﬂzﬂfbn
[0062]A slurr n_RIQGE ner rates .between 1 to
bout 50 at moLpheri RO R nRIBEC RS IR ermba dREUR Sy petoty
5068 kPa) or @%ﬂenatw%anamémdunpémpearatagﬂa&si tonrddne: v aged @bndGiritidon
about 120C. | Ba@esk Ukl | ' sion o

particul ate pgm eﬁé E ﬂ?%?#régfggéﬁ%g%gmboﬁ élg?n%ﬁ g}to&ﬁe@o’y&@m at
nmedi um to whi B m%ﬁ@r framdl @o?rﬁﬁﬂd}n!e(rlg—BQ,lO@&ymwtmu&aﬁﬁhqsbnan&aaﬂded.
The suspensi og dlﬁﬁﬁt%giﬂ‘ﬁlﬁohﬂgﬂheh&ubﬁhﬁﬁgéoi&‘eﬂi |y or continuously

renoved fromthe reactor he vol atiTe conponents are separated
_from the pol yifand ré@?’@F@HH@Hﬁpbﬁﬁlelf?acéﬁr@%ﬁrbfaﬂ@lmhalahangtiﬂnheato

he reactor. Jﬂ]ﬁ:l}m&lihﬁbrﬂwiw%&toﬁé@hﬁg 89' réa@to% %@k&?@&ﬂ%ﬁﬁ&@& d' um
s typically naI h‘zﬁv from3 carbon at ons fsera
‘bPanched al 1 cBf@oniess of s ‘éfnﬁvteys@gglﬁ%?ﬂ: arasehilsd fgeds. HPROBFAtoR@E

condi tions of liquid ywsdiinz Jtileat, afichohfkabi ¥6lkdht) BfJ rcbmbME@JhsaofpﬂP I&%Q@

e P58 iy SRR S el S B e

i sobut ane nedewperisreedgpendsech the catalyst used, In general, the reactor temperature
preferably can vary between about 30°C and about 200°C, more preferably from
about 40°C to about 180°C, and most preferably from about 60°C to about 160°C.
Polymerization temperature may vary depending on catalyst choice. For example

a diamine Ni catalyst may be used at 40°C, while a metallocene Ti catalyst can be
used at 100°C or more. In series operation, the second reactor temperature is
preferably higher than the first reactor temperature. In parallel reactor operation,
the temperatures of the two reactors are independent, The pressure can vary from
D about 1 xam Hg to 2500 bar (25,000 MPz), preferably from 0.1 bar to 1600 bar (1-
’D | 16,000 MPa), most preferably from 1.0 to 500 bar (10-5000MPa).
[6070] Each of these processes may also be employed in single reactor,
parallel or series reactor configurations, The liquid processes comprise contacting
olefin monomers with the above described catalyst system in a suitable diluent or
solvent and allowing said monomers to react for a sufficient time to produce the
desired polymers. Hydrocarbon solvents are suitable, both aliphatic and aromatic.
Alkanes, such as hexane, pentane, isopentane, isohexane and octane, are preferred.
[0071] The process can be carried out in a continuous stirred tank reactor,
batch reactor or plug flow reactor, or more than one reactor operated in series or

parallel. These reactors may have or may not have internal cooling or heating and




10063] I n on Loent, a preferred polynerization technigu ful
in the invgﬁﬁiﬁ@ﬁg%zé?r eferred to as a particle form pé?ﬂ'@?ﬂ@%@% n,
or a slurry process where the tenperature is kept bel ow the
tenmperature at which the polyner goes into solution. Such technique
is well known in the art, and described in for instance 13.5. Patent
No. 3,248,179. The preferred tenperature in the particle form process
is within the range of about 85C to abott 110C. Two prefen-ed

pol ymeri zati on methods for the slurry process are those enploying a

| oop reactor afé nioAemer #bd hagi RnA M W6 FLaikda0d. Sbd WLHHGAH FSg D
series, parallel, or conbinations thereof. Non-limting exarrp? esof
slurry processSe&ent Ny 36208 for ssppsplrocsessonditiors) Sea dlsq, dnfernativiual Patent
processes. Al Seubligiie No8XROBGBI22f andlWibloy2pERCEsses are described in
U. S. Patent No[ 4,613,484. [0064] 1 n another enbodi ment, the slurry
process is carP9Bd out EBhiRYERERTS Wi 3pva beomere aticwlerly Tdvectibed avigtst |
as a slurry i nefefniiitatR RllowSig hodlimfife ExihWd. nﬁllpﬂééﬁ%&m bitiohd bt €d
regularly to the reactor, |oop, ichis itself fille TR

circul ating sPEFFSReE a’(frbg\ﬁeh%‘t P BIeristindicstes in a dil uent of

i sobut ane cont ai ni ng nononer and conononer. Hydrogen, optionally, may

i ntai ned at unpied o S tnt¥len Reipmiarstadeprbentit ot a ¢ onper at ure
’D‘u t he range d&tipaifivotongb®yhborateout 104C dependi ng on the desired

pylymer el A act gl RESELERR R L Ee LA P

op wall since nuch of
doubl e-j acket &&@} priutiophef SiFsPr 0320 giainslvaid-78C eves tadtibie 1rgaivkielt 6t
regul ar i nteryghsi @/s3GaNiAUAUPLY Aididh REASITLRULRESS S Sirldi 3510
vessel, rot aré_dr er and a nitrogen purge columin seque%&* Br
renoval of t h&WEGhaEt affeC-di Paekaupient0f tigtheptafucehaphthedrphbozand was

comonomers. Théied e The iniibere AME SRRATO M JER -Wﬂ%eo%ﬁ%ﬂeﬂﬁ&gﬂﬁ% ygded

for use in variq(j s applications. 100661l n one e

slurry proces&USEMHNS, aliqveed; 17 reanhi 1pm iprereyresinwlitdven2 diours.  The
predom nant rmeuledmerwisnrdpheed &AGL BéxahdsdUiThe RO wSrel BvdpbS eFi.anqgiSOf
from about 1 %l%cgéa?eu 10 We'Lg I ﬁ)er cent, _agreferabl y from at)out to
about 7 wei ght Barcent, *fEPESHid. Pates graeral §he8h srams). 5The sepplawas
wei ght per centharasizsizedowigh MdR| (COLCBIN The WpecBa tal: MBRYEG. 6 THE iafdtnt of

percent. coordinated EtzQ was quantified by dissolving 0.048 grams of the product and
0.040 grams of toluene in CD,Cl,. This procedure indicated there were 2.5

:) equivalents of Bt;0.
- 9 [0074] Preparation of [(CioFr)B(CeF)][4-tBu-Ph-NMe,(H)]: To a

solution of [(CigF7)s B(CsFIILiELO) 25] in CE,CL was added a sobution of 4-
tBu-Ph-NMez HClL. The mixture was stirred for 1 hour at room temperature. The
LiCl generated was removed by filtration. The solvent was removed under
vacuum. The gummy material was redissolved in a mixture of CH,Cl, and
bexanes. The mixiure was brought to a boil. The solvents were removed under

vacuum to leave a beige solid (1.118 grams). The sample was characterized with
NMR (CD,Cly). '




[ 0067] Anot her process useful in the invention is where the process,

. preferably ¥OHPUAP%r ocess is operated in the absencdCEfUSp7/002169
essentially free of any scavengers, such as triethylal um num
trimethylal um num tri-isobutylal um num and tri-n-hexyl al um num and
di et hyl al um num chl ori de, dibutyl zinc and the like. This process is
described in International Patent Publication No. WO 96/08520 and

U S. Patent No. 5,712,352. 22 Honbgenééus, bul k, or solution phase
pol ymeri zation [0068] General | y honpgeneous sol ution processes involve

pol yneri zatio o Lasous,. r tar .in which the polyner forned
and the startf%négnqpr%g%orr%é 00 C%{{‘%ﬁ’gﬂé@“’#ﬁ?‘é‘%ﬁ" u?’?gffﬁﬁi ed, are
agitated to r &lipseRucgonagibidbocgmcent rati on gradients. Sui tabl e
processes ope abov I

Pt ossures, Fr v 800 Gyt of RGBT RSOk O £ r2 der
acts as dil uemiufmn Pﬁﬂéﬁmmhemaﬂwbgapﬁhalm (BE1dF3) ngEaOswhs/edﬂcd one
200 of et S RIGPRE ERMLS Pkl lSadiER Ghillnel s AN A% RAPR AR NG 1 De

heat of polynerization react or coo reac ] acket
cool i ng coi l ss"cl‘éﬁ"@dé'lC‘ﬁ(ﬁst@ﬁ&/%nq@V@ﬁnthm&tﬁa@s eddedaimcly The mlxture

refrigerati onwaPhBewtl ké ancflel%gﬁi teipBQfurd ath%Flp{t?tP %z% {:Eﬁ'gkfgdnby

(di luent, nongmers or solvent) or conbinations
Adi abatic r ealiBHE Thesqbhyeat Whs Teplserdrveitan sapjoximate IEiemB@Eél ofmmane

f}act or Eenpeﬁﬂ:mmedeu?edl%xleéhrﬁ&iﬁnﬁa&@kvﬁﬁerﬁb%@' a%d Fﬁ@éSan&ﬁiC ]éerkegz t
rsactor tenperature.prefera can y. bet ween abou and abou
'2.30C, nor e pr{é@ e‘P&@’r““@“}-r glﬁﬁeab‘)é@i"t Lfelt‘%?il ahgul® hewe ang psnerdipcted by

preferably frBleatdotet afmbdC21465 ghenst of WIRE poWatry e sableGiast BRBGERHT €

may vary depe Y | yst choice. For exanple a diamne N
catal yst may %gh used&:’?%‘j’g’c while a nmetall ocene Ti cat al yst can be

used at 100C BP76tor e. Pmmnomsfwmm&)ﬂhm&!hmef(ﬁmtsmutions
tenperature i ag)dpy r 0 ey at ure
In parall el rozfa d'[E:ors(% 31{556%%@’(52%2& m@ia%dfei%‘bﬁ}?m@g@t(g

are i ndependeffivalen@ %l@%ﬂh wergogpmbined at room ddsoprratdre MTHAgmixaur 78 bar
(25,000 MPa), g "

nost prefer abln&%f??‘%r%aéi’haﬁ:% (ij %%%%%nfg&g%%g%ﬁp%bﬁ%%Eggg MFQ% hese
processes may™# ¥Blased @i pyriaei nThe pgidact ediified, afignrl| haks end sesi es
reactor confi@ueddd BPalrafibe td bGoiD 338 QLRSS BEWRRIPIRE GRPLAGHE Vs

ol efin nononers with the above described catal yst systemin a
sui tabl e di | SRARERZASTRNMRAGT2GE) owi ng sai d nonomers to react for a

sufficient tinme to produce the desi red polyrrers Hydr ocar bon sol vents
-are suitabl e, bot I atic.and a . Al kane uch as hexane,
'_jent ane, |sopen E.’P#)@ ﬂ@m:ﬂ?a{ ﬁlfﬂé‘o‘i?PEW red. [00711 The
p?cess can tieer&atvmn@uﬂxyl)bomue a continuous stirred tank reactor,
ch react Ofpg pl ug 0 eactor er at ed
in series or pg'? | lel. #ﬁgg{é&?‘gﬁa{@é g*,:@i(ﬁg‘ga Jﬁ@? ﬁi’\a@‘ﬁ(ﬁ’mﬁ"é\? Q’"
i nternal cooliengredr Hesing ngthend procedure  outlined  above  for  making
[(C10F7):B(CsFs)J[Li(Etz0)2.5]-
[0078] Preparation of [(CyoF7)B(CsFs):][PhNMe,(H)): This compound
was prepared using the procedure outlined above for making [(C10F7)sB(CeFs)1[4-
{Bu-Ph-NMe(F1)]. -




" 23 the nononer

feed may or may not be refrigerated. See the
. di scl osure & 2@7§962?§atent No. 5,001,205 for general pri§d&§3007/002169
conditions. See also, International Patent Publication Nos. WO
96/ 33227 and WD 97/ 22639. [0072] The invention will now be nore
particularly described with reference to the follow ng non-limting
Exanples. Al parts, proportions and percentages are by wei ght unless
ot herwi se indicated. Exanple 1 Synthesi?® of
di met hyl ani |'i ni un( perfl uorophenyl) (trip erfluoronaphthypb orate

0073] Pr epar abj . (C6F3)]rLi (Et20)2.5]: To a diethyl
Eat her] (EItOZO) E’?@?‘Sﬁ%"é‘%’(‘%&ﬁﬁ‘éﬁﬁazo grans) at -78C was added 1

equi val ent of GBI ( 0.18BlepSi(thdenylFTles 1(36.7MmeAl @E182hmmahg X Hehfter Thi s
sol uti on was [ rr.ed for lnuytes at -78C, .One. equi val ent. qf .
tris(heptafl uge:f%“ﬁféiph‘f ha-sz-cfi‘%bvg}? e Wie PRACIAtd Tt iy (Fmetpdentliginm, o
for 3 hours afperii@@phatyd(tdpérfiudranaphivpidbdrate NE8$.00f thg,aridosh e nihaE) I &
allowed to re t r re.slgw y over .2 hours. The.sol vent
was repl aced %gwlﬁg%rfgg%ﬁébl@auﬁ g g\;}kfnégea\%?)sé’ﬁ%f?e&?hlw ¢ was
procedur e | ef gllawveddmiactivatd whtil e eyolution: of nathahd stafiizd ¢5-408)in.) Ehe granpl e
was character izfd sy EQ,E% e i ncl uded. The
anount of coordi nzﬁ‘\fl e% t é/\l/agslag%%ﬁsge?eaﬂ ggﬁél&%ssgﬁruv?%a%. ﬂ§se&rt8ns
of the productfeshipngesamuysdioneplymetization of prope@lethyléhhi s procedur e

i ndi cat ed t hepoa re 2. e \(t] real .of
10 0 b7 S Cmeer © iy DA 1ERinls @0 Ehf has O GEERT 13k Uit
BU65F5) ][ i kEt 38Hd: sHmed; tankaepetor wWipledhe trmparatira wps equilibrated t-70°C vsing a

t Bu- Ph- NVei | | &bam/&her fixtire Fewib@Ihrobd the thafter d‘aékeli' Ofle tachiPodd Cataelyst

ol vent was. oy adft Phchii Sreledtan a seversesrolites wanasalyed
in a mxture BémiGhRCk2hande (ERAZNES, 0262 Fhxbles Was thinOpighed @ @e
boil. The soly Sraee, Fept gr%d urg)der vacuug_w oFFLe ve a bel ‘ge7 saolid
(1.118 ‘grams)’. The sanple wasc YR PPl af e nbEeRysep €1.357 L/,
19.14 mole/h) was pumped to the reactor as a liquid. Ethylene was delivered as a
gas solubilized in the chilled solvent in a controlled fashion through a mass flow
meter/controller (60.0 g/h, 2.14 mole/h). Continnous flow was established at a
constant temperature and stiring: Onset of polymerization activity was
determined by an observation of a viscous product. Once activity was established,
one hour was provided to establish equilibrium. . The resulting mixture, containing
: ) mostly solvent, polymer (8.63 wt%), and unreacted monomers was collected (10
) , min.} in a can containing some alcohol to end the polymerization activity. A
stabilizer was added to the polymer solution and mixed. The solvent was
evaporated on a steam bath and the product dried under vacuum at 90°C for 16 h.
The resulting solid (35 g) showed 16,67 wt % ethylene by Fourier Transformation
Infrared analysis (FTIR) (within the parameters set by ASTM D-3900), a melt
flow 1ate (MFR) @230 °C of 6.4, a weight average molecular weight of 213,770
Daltons and a molecular weight distribution (MWD, M./My) 2.32. QGel
Permeation Chromatography (GPC) with Malls/3D detector was used for
determining the weight average molecular weight and a diffractive index detector
(DRI} was used to calculate the MWD.



24 Exanpl e = @é'ﬂéz?&es' s of dinmethylaniliniumdiperfl %T%t}o%g%ﬁw(dl p
R

- erfluoronaph orate [0075] Preparati on of
[ (C1OP7) 2/ 3(C6F5)2][Li (Et20)2.5]: To a cold (-78C) solution of
2- br onohept af | uor onapht hal ene (BrC47) in Et20 was added one
equi val ent of nBuLi. The reaction mxture was stirred for 3 hours at
-78C. A solution of CIB(C6N2 (1/2 equivalent) in Et20 was added
slowy. The mxture was allowed to r each roomtenperature. The
precipitate was renoved by filtration. The solvent was replaced with

an approxi mat @osijl N XtTHe@bOFe mn&@a%n@g Erﬂ@fi@aﬁ@ﬁpro-ggég % GnRL Dﬁtﬂ
m xture was retqg‘ved and repl aced with |tersz

product sol i dtheBe &etebit fgbsipg ehvated ‘Wﬁé‘a@ﬁiel ik thgydimpthylani IWWH to

afford 2. 455 gnperBuddb 156 b Wi th
ROl Q255 Gl Ep B TR0 AT BRI A BELASE

Lg07[1?] Pr.e at .on of

[ (CLOF7) 2B( Ca®}®] [ ‘%‘6‘ anglipsin ) (rivedorophey S msryorenepipiryhboraty egips) -
2ELKEt 20) 2. 5] B¢2np108. ghmmpmm Cotdlf3t ARRad\hehiGdted it Qi MBY 18T EdiuhD
CH2C12 were c r%led at @ erature. The m xture was stirred for
1.5 hours. Spﬂﬂp?r&ﬁ 8‘;99’ E‘g‘:g%as removed by filtration. The

sol vent was rEmBa]ced WiThhk pﬁ:mé;cahe waiga MOﬂhHCE:o éﬂsfb}ﬁdns’df tzﬁrthéB
hours and was for 53. te
owder. The s%%%%‘g&jg%é?sg%st%r 4ttﬁ’ %ﬁ%ﬁl@ﬁ?ﬁ“& éﬂﬂ} )

/Synt hesi s of perflearbnaphibil ligandson ﬁhmlﬁktuomﬁgmreyl Ywhich also includes the

A perfitioronaphihl) [ | Rrepa

"{-?Cl 0F7) B @E%g 31 g%tﬁ%?'z ‘Q%égt ol E%’Wé \{’N’a"d““rde SEor FHAYh o

t hepr ocedur e Hﬁ%qt‘iv with denghylamiivmg (?@@i@ﬂ'fbl@@?@ﬁ'ﬁbc}rp@ FEoCPp@es5] .

1 it will be seen that each of the activators of Examples 1 to 3 gave copolymers

with higher molecular weight than that measured for the copolymer obtained with
the (tetrakisperfluorophenyl)borate activator (n=0), with the activator of Example
1 (n=3) giving the highest molecular weight approaching and in one case even
surpassing that obtained with the (tetrakisp erﬂuoronaphthyl)borate of Example 7
(@=4).

[0083] The activity of Catalyst A, averaged over x number of runs, in the
polymerization processes of Examples 4 to 7 is plotted against the number of

perfluoronaphthyl ligands on the activator in Figure 2, which also includes the

,:) ) measured activity of Catalyst A preactivated with dimethylaniliniom
) (tetrakisperfluorophenyl)borate. Figure 2 shows that the asymmetrical activators

have improved activity over the n=4 activator.

Polymerization Examples 8 to 17

[0084] Examples 8 to 17 were part of a high-throughput experiment in
which each reaction was replicated four times. In general, results reported as the
average value of the four runs.

[0085) Ethylene-alpha-olefin co-polymerizations were performed in a
glass-lined 5-milliliter autoclave reactor equipped with a mechanical stirrer, an

external heater for temperature control, a septum inlet and a regnlated supply of




[ 0078] Pr epargd i [ (C1LOP703( C6F5) 33[ PhNMe2(11) J: Thij nd was
" prepared usﬁﬁ%h@ﬂgg%?ocedure outlined above for naking¥8“8£ﬁﬁ%&““
[ (C1OF7)3) 3(C5F5)] [ 4- tBu-Ph-NwMe2(11)i- 25 Polynerization Exanples 4
to 7 [0079] g- Me2Si (I ndenyl) 2Hf Me2 (38.7 ng, 0.0782 mmol e), hereafter
referred to as Catalyst A was preactivated with the
di met hyl ani I'i ni um (perfl uorophenyl) (triperfluoronaphthyl)borate (85.0
ng, 0.0762 mmole) of Exanple 1 in toluefle (450 nL) under an inert
at nrosphere. This mxture was allowed to activate until the evolution

of nethane st appittofGraba ciiyiens inad%%érmﬂos?)ﬁéﬂe?ﬂtrg%gx)e ngt@é;%c?][Tg%?ea%?

delivery vessel. The catal yst solution was then

honogeneous sdofAtTHH P9I Jssarrd Shoreshlyr atpk 5G] eRes dituept, comongro@seady

m xture of hexedvesge,Svete hddad at¥asm RIS Mut BEPatdodptleli | Gyl
or while the terrpe?al?ﬂpre %/\g%ssg{éuﬁ?&l geragttored

filled, stirred tank reac L o

at 70C using & a§&€"“§‘ﬁ?’9\)¥?‘é%° PRPSESt PEST otdrigaient Fith ethyirae waile séring at
jac Ike'; .h) Thed prEeaBFIM.aThel adEtmal yind ca@?ﬂrdﬁ wegd Mﬂefv{la(&ylliiﬁél J,ﬁmmeqeaﬁg,,%

ol e an venger s n o . 0C al um num i n hexane
(0.090 L/h, o.%é"%g% ‘r’°é‘arr‘§‘f’3? ﬁédémg’epﬁ‘ r{éﬁ k?ﬁ‘%e ’%/aalpﬂfﬁes-ﬂ%d’é%ﬁ REHYsDO
m n bef or e noromprsingv-dimetiylstgifisthdeBopuinne ditheth§i’ (ChBiystl )14n,

nol e/ h) was p%gpgglego tlgglgr ea,%steﬁr asea )Iolm id. dlét hﬂ??leée _yst dgl i vdered
as a gas solubilized in"the chilled sofa\%ﬂ# i CHPE ?rolq\g\gh‘n’feﬁ’é'ff?bn
thyough a masbuicyolepratadichiniconiiune dinfed6),0 (Citilyst 2BY, 4eazhl edtilyst being
ot nuous {1 G ! s BEshfls & ORBHARICACIRET R MR BOS oo

stirring: Onset of polynerization activity was

observation offedbpetadapilinigmsgtion andorddo 4cti vity was establ i shed, one
hour was proviabee t o estriYdiphbrBaitn! il d . b ﬂg L, XL UEE
cont ai ni ng nost I% sol vent , g?grl%yrrer n(8. 6§H§w}1%7om&§%§ﬁﬁlﬁtr ea tg%l¥eﬁa§tﬁ%iners
was col | ect ed"{ 1 $°G RE de dagpet ppcessi tmpRiR G B0%N) coh §| psi G4 ohe

pol yneri zat i ofrgre bloskss)presburs (BDbdii BB kRSP F8SThati® alidifoPOF e on
| vent was evaporated on a steam bath and

sol ution and xe The. s
t he product d?%néa&gbﬁ'ﬁllﬁeﬁfﬁ‘gﬂﬂf’ﬁeﬁf cgylens Was Agged(correpponding toebeny 04818 d
(35 Q) sh(()vvedpdlfm&} anturdil ﬁ.tﬂﬂmtiﬁsam fkﬁcﬂﬁﬁtﬁrhel’bof-ﬁb%ﬁﬁl&% riﬁaidi)a&eh.nfﬁlﬁr ed
anal ysis (FTT. n%l in.t raneters set ASTM D-3900), a nelt
low rate. (vrabit Sopesg of BraBilafistn® Sl . Fhuricatt 4D mpEficor
213, 770 Dal t ot#zetiprgcess prsseweivith a\ges mixturd camposbdibf ® mofRygelliNvhopor.. 32.
Gel Perneat i ofnChs100BL aRbVerd it h 11 s/.3D detector was_ used
for determinin ecﬁle We_?g{jt g%{{eé_r ag’se:)v?r%i ec‘ﬂlv%r %a\cpf”@]ﬁg ShifasPofti FRFEet i ve
i ndex det ect oPu Dolymefigatiogpstivitsowentallatedcbt diwididaDhe vl of polymer by
\) ‘ the total weight of the catalyst charge by the time in hours and by the absolute
) monomer pressuare in atmospheres. The specific. polymerization activity was
| calculated by dividing the yield of polymer by the total number of millimoles of
transition metal contained in the catalyst charge by the time in hours and by the

absolute monomer pressure in aimospheres.

{00871 The results are shown in Figure 3, which shows that the
improvement in molecular weight obtained with the n= 1, 2 and 3 activators

versus the n=0 activator are obtained with both Catalysts A and B,




[ 0081] The abpv. i,yation and polyrn. erization process was repeated
- but with thg%(é?%l%ézg% A being activated in Exanple 5 wW¢HUS#e/002169
di met hyl ani i ni um (di perfl uorophenyl) (di perfl uoronapht hyDbor at e of
Exanple 2 and in Exanple 6 with the dinethylaniliniurn
(triperfluorophenyl) (perfluoronapht hypborate of Exanple 3. In Exanple
7, Catalyst A was preactivated with di nethylanilinium
(tetral dsperfl uoronapht hyl )borate. [008%] The npl ecul ar wei ght of the
copol ynmers obtained in the polynerization processes of Exanples 4 to
7 are plotted joss nst t I g | _J.igands.on the
activator in Igi gulre 1, _jvq\hﬁi %@Fﬁ%ﬁeﬁc E‘?ﬂgé&?ﬁ%sé%%&% ergﬁfeg?e
wei ght for a Q68 AsRIding a8y nEEHY feewments rad/giesting prasadirésy atsdslappiateht
di met hyl ani | i Bioshé fbaad ehf 4G4 Fﬁ@{g} i e 1 it
will be seen tEa}tﬁ_eachﬁ ofgj%ﬁe a_cti\?gtg%r%sw%%?%?g%%rngg g"gﬁ%eaf\?“éms
copol yner s wi ChEigraHonkave batailushetegiend dessribady sariows modifisetidng cart bee
copol ymer obt aiade titidnktiBepdten s @k GRls63 & FARNGLLR0 ingly, i
activator (n:(EJﬁ) Wi tﬁ %{?e cg%i vatorsﬁ%?%glr’rﬂpﬁ 1 (n:SLRgfﬂ%gdlgngtlﬁét

hi ghest ol ec il 3% &g a%gﬁ%&?ﬂ?f’ﬁﬁl%ﬁdﬂlﬁmbhe case even surpassing
that obtained wth the (tetral cisperfluoronaphthyl)borate of Exanple
7 (n=4). [0083] The activity of Catalyst A, averaged over x nunber of
runs, in the polymerization processes of Exanples 4 to 7 is plotted
1'a@ai nst the nunber of perfluoronaphthyl |igands on the activator in
/Fixgure 2, which al so includes the nmeasured activity of Catal yst A
‘preactivated with dinethylanilinium (tetralcisperfluorophenyl)borate.
Figure 2 shows that the asymretrical activators have inproved
activity over then = 4 activator. Polynerization Exanples 8 to 17

[ 0084] Exanples 8 to 17 were part of a high-throughput experinment in
whi ch each reaction was replicated four tines. In general, results
reported as the average val ue of the four runs.

[ 0085] Et hyl ene- al pha-ol efin co-pol ynerizations were perforned in a
glass-lined 5-mlliliter autoclave reactor equi pped with a nmechani cal
serer, an




external heater for tenperature control, a septuminlet and a

regul ated supply of 27 dry nitrogen and ethylene in an inert

at nosphere (nitrogen) glove box. The reactor was dried and degassed

t horoughly at 115C. The diluent, conon r, and scavenger, were added
at room tenperature and at nospheric pressure. The reactor was then
brought to process pressure and charged with ethylene while stirring
at 800 RRM.AMre activator and catal yst were added via syringe with
the reactor at process conditions (80C/ 75 psi (517 kPa)). Exanples
8-12 used a catal yst conprising u-dinetlaylsilyl(bis-indenyl) hafnium

di net hyl (Cat > I -17.- § i si )
i o oty 1 3 B o P I itech i b/idht B0 Brob o KBU OB aia
each cat al yst poaiessgcoagtisingt ed with different activators of the
formula Cl (C6Fs)441(C OF7); where Ct+ i,s.the dinethylaniliniu .
Lot o and 1= 0 1o ENSGEA HRESETHS DUET B SR E T AL AR it
mai nt ai ni ng t hetar feBNconYREER} (AMdiMERYISE18EinESE] haBe! dR6RSHd (b

t enperature (806))@2%3 6:5 _T)(_Jsi (g?(k a% ofyt_:élcj;geltn %ﬁocess pressure (7(5) o
psi (517 1cPa)duyassr canposag idlugeanilbapie ghioareppessned 8n twdpamdy: until a
fixed uptake of ethylene was notedqf(ggnesponding to about 0.15 g

polymer) or until a Illatr1311111 reaction tinme of 20 m nutes had
passed. The reaction wadhsteoppdd absptipn espabls of pjraciies peabiodgrauwy Bom, or

psi (207 1cPa) ab%?eamg é?c&%%h-nﬁ’ertﬁcﬁcﬁq% BF GRS W &nhtAnR 833 d“'né-t ArCis a
conposed of 5 nol % oxygén in argon. e polyner®was Fecovered )
vacuum cent ri f ugat ifmorophertythgroupaR tid @fluerbxdphtiey] giBup knpedcyi e kiandhiion, 1, 2,

activity was cal cul ated. by di vi.di f_jhe ield of polynmer by the total
wei ght of the catal% tW]éll"lé‘_f’é’éo‘B%P tS%é ‘E?“\%Oﬁe’hmﬁgu?‘% and by the _

absol ute nmonomer pressuketeth hiAOFBPRERSethlBfe SHEIHhéC cORAM RIS aleliO8H
activity was calculated by dividing the yield of polyner by the total

nunber of milli nol d®nbpropylans in dropmawtt reagsiba oreuplntotdieweightapeyemt and
h by the time.| t , e i
charge by the tine I"?Ese rweé Fﬁ&%tﬁﬁeﬁe{}ﬁ aﬁg&%h*ﬁfé’&@%@&‘?@ﬁﬁﬁ%ﬁgt Bnd

at nospheres. [0087 esults are shown 1n
that the inprovenent i nadpbteguihamoleduhtwaplitaifnee prapylentfeehytene Lpp@ymer

and 3 activators versus th = ctivator Bt i e% it h.both

Catalyats A and B Foboungs ) Sfsla e G0 0B Buae furhirking e n of the

i ncorporated by refsgfi@RE€between 0, 1, 2, and 3, as when the lowest molecular weight
propylene copolymer is desired, n=0 and the activator having n=0 is contacted
with the metallocene, and when the highest molecular weight is desired, n=3

and the activator having n=3 is contacted with the metallocene.
2. The process of claim 1 wherein Ar 1s a perfluorophenyl.
3. The process of claim ! wherein R is a perfluoronaphthyl.

4. The process of claim I wherein the activator comprises at least one of the anions:



herein, including any priority docunents and/or testing procedures.
As is apparent fromthe foregoing general description and the

speci fic enbodi nents, while fornms of the invention have been
illustrated and described, various nDd%Bications can be made w t hout
departing fromthe spirit and scope of "the invention. Accordingly, it
is not intended that the invention be limted thereby. 29 CLAIM 1.
A process for adjusting the nol ecul ar wej ght of a propyl ene-ethyl ene
copol yner, said process conprisjng: | contacting in a honbgeneous
sol uti on process propyl emnerand pj t h a catqjyst system
conprising: (a) dinethyl sil yh# af ni di pet hyl ; and (b) an

formula: GC+MAr), (R"I WNETE
extracting an al kyl group\from| or Qreaki ng a garbon-netal bond of,
the organometal lic conpound; ArFis & fludrophe group; Ris a

fl uoronapht hyl group and each of x and n is Of 1, or 3, with the

provi so that the sum of x+n=4, and wherein said
propyl ene- et hyl ene copol yfrer cant ai its derived frompropylene in
an amount greater than o to 65 weight percent and units
derived fromethyl ene i Bm 5 we\ ght percent;

and adj usting the [nol € of [t pyl\ene- et hyl ene

copol ymer from about 140, 000 hou 366000 gl nol e by

changi ng the n of the acki¥g HeRween—~g 3 as when the
| onest nol ecul ar wei ght pYyopyl ene copol yper n=0 and the
activator having n=0 is contacted wrth t he and when the

hi ghest nol ecul ar wei ght is desired, n=3 and\the actixator having n=3
is contacted with the netallocene. 2. The process of ¢élaim 1 wherein
Ar is a perfluorophenyl.

F F
F F
F
F F
5. A process for adjusting the molecular weight of a propylene-ethylene copolymer, said

process comprising:
contacting in a homogeneous solution process propylene and ethylene with a
catalyst system comprising: (a) bis(1-methyl-3-butylcyclopentadienyl)zirconium
dimethyl and (b) an activator comprising a fluoroarylborate anion represented by the
formula:
Ct'[B(AD(R).]
where Ct" is a cation capable of extracting an alkyl group from, or
breaking a carbon-metal bond of, the organometallic compound; Ar is a
fluorophenyl group; R is a fluoronaphthyl group and each of x and nis 0, 1, 2,

or 3, with the proviso that the sum of x+n=4, and



3. The process of claim1 wherein Ris a perfluoronaphthyl. 4.The
process of claim1 wherein the activator conprises at |east one of

the anions: 30 5. A process for adjusting the nol ecul ar weight of a
propyl ene- et hyl ene copol yner, said proggss conprising:

contacting in a honobgeneous sol ution process propyl ene and et hyl ene
with a catal yst system conprising: (a)

bi s(1-met hyl-3-butyl cyclvapRes asdidegﬁc@;ieﬁ&@mwﬂ@ HopBtYF cameink Dni®MNderived
activator conprising a fluoroaryl borate anion represented by the

for mul a: wherfEonopropyleng i ap pequgearahyr orsauehio §hygeight parkept and
roup from or breaki I
Compounds a1 s (LS deriy o3P En Peh S AR ARG qr AoHE S 8 SROTE Ricehf and

each of x and n is 0, 1adpstimgy the, melettlart Weightr afvihs erogiddneteteylsiemopblymer
x+n=4, and from about 140,000 g/mole to about 550,000 g/mole by changing the n of the
activator between 0, 1, 2, and 3, as when the lowest molecular weight
propylene copolymer is desired, n=0 and the activator having n=0 is contacted
with the metallocene, and when the highest molecular weight is desired, n=3

and the activator having n=3 is contacted with the metallocene.
6. The process of claim 5 wherein Ar is a perfluorophenyl.
7. The process of claim 5 wherein R is a perfluoronaphthyl.

8. The process of claim 5 wherein the activator comprises at least one of the anions:




31 wherein said propyl ene-ethyl ene copol yner contains units
derived from propylene in an anmount greater than or equal to 65

wei ght percent and units derived fromethylene in an anount of fromb5
to 35 wei ght percent; and adj ust ikhg the nol ecul ar wei ght of the
propyl ene- et hyl ene copol yner from about 140,000 g/ nole to about

550, 000 g/ nol e by changing the n of the activator between 0, 1, 2,
and 3, as when the | owest nol &cul aF wei ght propyl ene copol yner is
desired, n=0 and the actlvato haviing n= 0 is contacted with the
netallocene and when thg S celil ar ei ght Fi s\ desired, ri=3
and the activator having n ted i ¢ metial | ocene. 6.
The process of claimb5 whe pegf !l ug . 7. The

of claimb5 wherein the activator conprises at\ -.t one of the
anions: 32 9. The process 6f cl&imb5 whe i
silylium trityl carbenium G oup-12 netal s)\Fanilifhi dm ammoni um
phosphoni um and arsoni um cations, and aniliniun1 anmoni um
phosphonigim i : e t elny:the.cafi.onLc
derlvatlves nggagﬁégfcgghég%B %%@a?tygfkﬁgﬁggggéﬁg E#PyF?§%F8€hﬁmn,
hydrocarbylanﬂheupﬂbshﬂﬂﬁemﬁﬁmﬁmramnmnumanﬂmqﬁmammomnﬁydﬁmgamcaﬁ@msand

anilinium, ammonium, phosphonium, and arsonium cationic derivatives wherein the
cationic derivatives contain C; to Csp hydrocarbyl, hydrocarbylsilyl, or hydrocarbyl-

amine substituents for one or more cation hydrogen atoms.

10. A process for adjusting the molecular weight of a propylene-ethylene copolymer, said
process comprising:
contacting in a homogeneous solution process propylene and ethylene with a
catalyst system comprising: (a) dimethylsilylbisindenyl hafhium dimethyl or bis(1-
methyl-3-butyleyclopentadienyl)zirconium dimethyl and (b) an activator comprising
a fluoroarylborate anion represented by the formula:
CHIB(ANLR)]
wherein Ct* is selected from the group consisting of: silylium, trityl
carbenium, Group-12 metals, anilinium, ammonium, phosphonium, and
arsoniwmn cations, and anilinium, ammonium, phosphonium, and arsonium
cationic derivatives wherein the cationic derivatives contain C; to Csp
hydrocarbyl, hydrocarbylsilyl, and hydrocarbyl-amine substituents for one or
more cation hydrogen atoms; Ar is a floorophenyl group; R is a
fluoronaphthyl group and each of x and n is 0, 1, 2, or 3, with the proviso that
the sum of x+n=4, and
wherein said propylene-ethylene copolymer contains units derived
from propylene in an amount greater than or equal to 65 weight percent and

units derived from ethylene in an amount of from 5 to 35 weight percent; and



10. A process for adjusting the nol ecular weight of a
propyl ene- et hyl ene copol yner, said process conprising:

contacting in a honogeneous sol uti on process propyl ene and et hyl ene
with a catalyst system conprising: (a) jdi nethylsilyl bisindenyl

haf ni um di met hyl or bis(1- nethyl-3- butylcyclopentadlenyl)2|rconlum
di rethyl and (b) an activator conprising a fluoroaryl borate anion

represented by the for maﬂﬁlstn@e{hB(rﬂél):cLﬂﬁ) Weight of th‘éﬁiﬁé;@lldﬂle%yﬂ@le copolymer
selected fromthe aroup conS|st|n silylium trit car beni um
a

G oup-12 nmetal s, anfam AN 4&A% mﬂlﬁfopar#’@g UQrgmals Yéﬁhéléﬂﬂigj%eﬂOf the
cations, and aniliniim.apERetd® PhOSHA08I H@wlﬁﬂdth@rlﬁQQétUrﬁbl%@ﬁlé@Wefght

derlvatlves wherein the cationic dérivatives contain Cl t

hydrocar byl , hydr oa:atm)wnslct)wlymmd dhgxrtrloma} dngll thtamtlrvetoshMg mﬂblmtcgnth@cd
one or nore cation hydro tons; f.l.uo R i,s

f 1 uor onapht hyl gr oupﬁla{na ee:}f‘(‘:1 B1e 204N Helhﬂ}eshl%hesﬁmggmﬂ%rrw% tdﬁmielqe
provi so that the sumitfe astinedy ha&i‘h@ n=3 is contdrbdeiich hidintktallocene.
propyl ene- et hyl ene copol yner contains units derived from propylene in
an anmount greater than or equal to 65 wei ght percent and units
derived friom efiuy&hes i1 %Pé%@ih AQrf;s Bb&l@i‘u&o&oﬁer@? wei ght percent;

and 33 adj usting the nol ecul ar wei ght of

propyl ene- et hyl ene copolyner from about 140, 000 g/nDIe t o about

550, 000 g{leD| eT}?ey r e?sngfl ?gmt wher} 1(1)1fR }sgep Litorélnaf:lt l(q)t%l lbet ween 0, 1, 2,

and 3, as Then tHe 1 OWes ecurdr melg pro Ehe copolynmer is
desired, n=0 and the actlvator having n=0 is contacted with the

met al | oce e, d when %p? hest, nol ecul ar wei g is desired, n=3
and the acti vatiSPreresi fglaimsd whereig ea@glggowqmplfs%atrl@shqqe@é Sesmiops:

The process of claim5 wherein Ar is a perfluorophenyl. 12. The
process of claim5 wherein Ris a perfluoronaphthyl. 13. The process
of claimb5 wherein the acfivatgor conprises at |east one of the

ani ons:




34

34






