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1 CATALYSTS FOR OLEFI N POLYMERI ZATI ON TECHNI CAL FI ELD
OF THE INVENTION [0001] This invention relates to
the field of olefin polynerization catal yst
5conposi tions, nmethods for the polynerization and
copol ynmeri zation of olefins using a catalyst
conposi tion, and pol yol efi ns. BACKGROUND OF THE
- | NVENTI ON [ 0002] There existsj;a constant search to
devel op new ol efin polynerization 10 catalysts,
cat al yst @ATABRYISAS POBCREEERY PALYIMERIZAIEION naki ng
and using catalysts that will provide enhanced
catalytic activities and produce polyneric materials

TERELICEAL F9EERROE e BRYpHEARN 09931 ane type of

rem conprises so-called single site

[0ROYRTRIE iBlenGONPRUNES to Pkt Fisld afl ylefiRt pblyaweizgtion catalyst
compounds and transition netal 15 conpounds.

covppeditiotse mesthodsy Eorbide rpakienerizgtisinornst copplymieaigatiqns of olefins
known @%ﬁ%t the.Pon rii?ﬁiﬁn behavi or of transition
UHRE g1°2 GRMRELSIUPE: ¢ RPY'8YRY that transition netal
compounds, those conpounds that do not have a
cycl opent adi enyl , indenyl, fluorenyl, substituted

BAK GRENIEDI @RYITHE SNNVENTIONd i ndenyl, or substituted

fluorenyl group bound to the tal atom a are thus .
(09921 Egerﬁe@gﬁtpo étﬁggt,anhggarggftgrg?\ﬁéo&,&eg\htq? in polymerization

c I j i e r i 85, el e ja8q;
PR S4B RSB TREEN P BRGNS, AP in
cdtalgnsi thitowiliptatide erhanved - datdetic aativitiys iand gyredwespdlpmieric

can be activated with a variety of activating agents
mgferiabiteilotedip sperafie Bed UsSs- of rel atively expensive

(BFEDREERRE A raReT ST SRINE 5D coltEh alfele S piipliera
cofiidar e paMidalarBr enfeefliRenar @onPouad alau8t transition metal
conpositi ons and net hods of making the catal yst

caopposist Metello¢enes apvobeerhivgh egployerb tiug dss gh known about the

ctivities, and wlJd _ all.ow pol r_properties tqg.be
pefiiefatciiieRiviot ! uuifeh dRe¥DEorlioREt s TR, pRlicted dhat
tr?t?l\&‘i‘f'vt:ich\rlf} :jgilrrfe@ﬂ USEnpRRlds CatHioR8: compotMPRYhAF ddHEnot have a
cyclopentadienyl, indenyl, fluorenyl, substituted cyclopentadienyl, substituted

indenyl, or substituted fluorenyl group bound to the metal atom and are thus not
metallocenes, may offer the potential to produce polymers with improved
properties, as well as lower cost. Also of interest is the development of transition
metal compound-based catalytic systems that can be activated with a variety of
activating agents without requiring the use of relatively expensive aluminoxane
or borate co-catalysts, yet still provide relatively high polymerization activities.

[0004] Therefore, what are needed are new catalyst compositions and methods of
making the catalyst compositions that afford high polymerization activities, and
will allow polymer properties to be designed within the specification ranges for

the desired end-use application.
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[ 0005] This invention conprises catal yst conpositions,

nmet hods for preparing catal yst conpositions, and

nmet hods for polynerizing olefins and using the 5

cat al yst conpositions disclosed herein. The present

i nventi on enconpasses new catal yst conpositions

conprising transition netal conpounds of the follow ng
. general formula: (X1)(X2)(X3)fX4)MLI)m2)", wherein

10M can be selected fromtitanium zirconium or

haf ni um (xi), (c), (X) and (X4)

are independently selected fromal kyl, aryl, alkaryl,
SWR%IQFdEHE MENHQNO, phosphi ni m de,

DS g BT AR BEEL s, A ) 05,
cdtaf$st a@ﬂFééiﬁbms’;lr gndetethdds Bempplymdrizigg @bfins and using the
trimethylsilylnmethyl; 15(L' ’l) (L2), are neutral donor

cetalystrepmpasitiong dischoseddigeding The paesent Ifvgobe) enpgpraprsses new
ct, the.catal yst .conposition of this inv | O .
e Rt wuo R e TS oo RL o BrGubdh §E b Ryigpine
gepRMAtaimelhf ferent activators may be used to activate
the transition netal conpounds of this invention
i ncl udi ng, but (EYOEDHCFMEY Yol Harvladreimi noxane, an
or ganoboron conpound, a clay material, an ionizing
i oni c compound, an ion-exchangeabl e | ayered conpound

exchange | PAVTE Wale [ F-RNY ' -

oot ool |} (PR R BRI LREERA MAnR0: Afnidin
cheni cal | @",r @) edXYodridd (XRi ate iadepeadent]yc selbited drovnt dikyl,
an organoal um num conmpound, .or a m xture of any or aA,I

argk  afesd, aé@ylvaa@#dqgoﬁ@mnﬂ@mozs[pbewhmwdano%ﬁ@aml inyl,

. ¢ o a0, At ' \
o BEEF, Sk YLD, ol e i, SRR G0 o),
(39| (X0 axd 3¢') bfeadted] Minzhl amdlafiatir@thylwiylhdtsn ng

anion. In yet another aspect of this invention, the

act i vat or(L’ B.(EOprg reskrah demasrigeas,yn ené araseicad §.d or 2.

oxi de in conbination wth an organoal um num conpound.

[0006] In one aspect, the catalyst composition of this invention comprises a
transition metal complex and an activator. Several different activators may be
used to activate the transition metal compounds of this invention including, but
not limited to, an aluminoxane, an organoboron compound, a clay material, an
ionizing ionic compound, an ion-exchangeable layered compound exchanged
with an electron-withdrawing anion, a chemically-treated solid oxide compound,
a chemically-treated solid oxide compound combined with an organoaluminum
compound, or a mixture of any or all of these activator components.

[0007] In another aspect of this invention, the activator comprises a chemically-
treated solid oxide, which comprises a solid oxide treated with an electron-

withdrawing anion. In yet another aspect of this invention, the activator
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[0008] In still another aspect, the catal yst
conposition of this invention conprises: 5a)a
transition netal conpound; b) a
chem cally-treated solid oxide conprising a solid
oxide treated with an el ectron-w thdraw ng ani on,
wherein the solid oxide can be silica,
-alum na, silica-alum na, alumnum phosphate,
het er opol ytungstates, titania, zirconia, nagnesia,
ctrmpiises za nchemicdly-tidunddk edoloki deslet hizr eodmbipation x twitles an
t hereof, and the el ectron-w t hdrawi ng ani on can
organplyBlinye coppoyhtide, broni de, phosphate, triflate,
. ¢ . o anf -
OB o1t SR sl B0 PR CPampOGIEg of L Bhveifon
chhpbys? (X6) 3."; 15 wherein (X5) can be a hydrocar byl
having from 1 to about 20 carbon atons; (X6) can be an
al kogl de 8ftragsijipemeld, cempowb of whi ch having from|

to about 20,carboen .at hal i de, ide;: QQQ

can B 2 RSRELIC btﬁfal?%%s%l,l P_)r%{é%ucsol er?s)ﬁ?%agsgl\ldl 2 dd'treated
watholnhgéctasPRahd@ivihd hsiohNwB&kiron, for exanple, the
transition netal conpound can be prepared and can be_

enpl theedsolilonygidei tdant i sisat yalumigs, naiicaadumiveat aligpénum

and. a chem cally-treated solid oxide comprisin . .
DT BB L DT e G TSOB - STARE, DB, zine oxide
Rl EARBIT BanixfiEd fiRfooft AR chem call v~ reat ed

sol1d oxide optionally contal ns another netal or netal

i on, thenelacdiongvithidrawatg |aniort edhnt de flundde, Ashlosigld, bromide,

herein the c erriéfl ly-treated solid oxide_.is also

h .
phesphalg. Bilate biswiaio sulfgispgrombigationsitherepf 38¢i ded

i ca al L e :
are Sanplo PP St torROpT B QT FREOIMIEE |
bel i eved that the aci diAd(C&)XRt,or - support is not

mer el é(san i nert support conponent of the catalyst p
wheipibEX Vicen be gltydrecarhl dlaviag fremdf toadprng) ¢arbop Bosrsy 64 )

tal yti 1 strv., 4 1001 hi,s i '
e alal T b nds ARG G v b RO O PR 20
cdrbal aeRPhhlsE:, 60 Ry dGdd; A8 d Al cahaRSd n@hiBert ff @A i tbi30 Moledi&d.

conmpound and an activator, including but not linited
[0009] En anethean @spasti ofuthit dmysotind, dorrskamplewithé tegnsition metal
chem cally-treated solid, oxide. These nethads.a .
CBRHHCE P GURPAER ARG e RN T B Cgge i minum
cdat éfsimd fahehé}ﬁﬁgny-%af@dn%ﬁ& Qﬁ@(ﬁ@lc}ﬁ{pﬂsﬁ‘@d fluBAded silica-
chem cally-treated solid oxide, and optionally
alpména, satfated abonimapor cilbridéd thuesea.c bnytbers theschamibalgnrtreated
ol efin conpound, prior to initiating a polygerization
sqliae¥ids roptionpip epptaie apptheie Metdinte GNPy inagding but not
i RER 6, S5, gL Iﬁ?&:ﬂ{lérg{n t@l?lc%%ﬁ%aﬁgﬁgea?&%de{dlﬂsoﬁge is also teamed
conpri’sing ‘contacting at Ieas ne ol ef i n nonomer an
arf“gotitvatoy Stip @i e$ iHicn flusdésd giticy-akmhinal dubfateeio add chlonigled
to produce the polyner. [0012] Another aspect of this
alimirsateseamplash N@ovighingftprbs bpawd tiybeonyetds heligypd bt the

acél’ i s '#.nventi on al so encog;passes an _article tha

t
EUOT PR YB ISy I M PR Gt BT PR OL MRy & the catalyst
cHRPRRP, bAPisAhva NS irl E&RMnaQRe observed catalytic chemistry.
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15[ 0014] These and ot her features, aspects,
enbodi nents, and advant ages of the present invention
wi |l beconme apparent after a review of the follow ng
detail ed description of the disclosed features. 20
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0015] The
present invention provides new catal yst conpositions,
. met hods for preparing catal ysi conpositions, and
nmet hods for using the catal yst conpositions to
[09a D} rbrsi zmvehtedn nalsol nermoogpasses c emethbls t hif's makiegt icatalyst
the catal yst conposition conprises at | east one
CRPRANHIPTL HaEPRIPTISS HOBIATHNS AA 16avt L8¢i tansEion mstaffempound
VAt fothie i . can o .
o b ikl B MRl S e MILAHAR o ibund

c@hbinedavie aadhemicatetieated bylid berlee dTlsak iethsddelso @omprise
chenical | y-treated solid oxide conmbined with an ]
cyHeatigal thei Hansiderponetd, compenpd c saglysht iteh ergenedfmimim

Q In cordanc i th this invention, en,.t he .
o aPa 25 R iled Mol R eA orlipill Petreating
sdhe Bt Gall dfythbseeadBporidtd ditxdrdsleBRACcadbRIdapast WididMing a

conmpound, the solid oxide has been treated with an

paymetizamenseatiidorawi ng ani on from an ionic or nol ecul ar

B RS preens RS e Aot Ay fF Bl plefins

C&Cgl%%éoi gtcbﬁﬁém%é R i BHe I mABhRE %8l a c?tglaff% ]cor_rlgﬁgsition

sftion-The Transition netal Conpound
urplee pehytmérivagon comdifionyiod@sdmevihe pohtnyat conposi ti ons
conprising 10 transition, netal corrpo%nds, and _ new.
[0fE2Ivdaethebrspset Qfrats ipyengion: iefherolyplaliph desesiped hereim;
(00 4°This BB, 855, ELApRt: S8 TRAS HALRaRRIRLS Helorymer

produgneiih thd ¢utdlps c@sRReitiontdfehisiansgitionon met al
npound of this invention conprises a conpound havin

(0D ot Wi nefhe FRATIeS. AT FMbBYABH0R-GG) 44uniALey tof the
rbeh Sventioh oY iRihspridity gD 5T of AR Bhip M, dBRied
R3

deseliped e the Amciskd leatdey! . al karyl, Si R3,

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention provides new catalyst compositions, methods for
preparing catalyst compositions, and methods for using the catalyst compositions
to polymerize olefins. In accordance with this invention, the catalyst
composition comprises at least one transition metal compound and an activator.
The activator of this invention can be an aluminoxane, an organoboron
compound, an ionizing ionic compound, a clay material, a chemically-treated
solid oxide, a chemically-treated solid oxide combined with an organoaluminum

compound, or any combination thereof.
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NR2, NR, N(CR2), NPR3, C(NR)(NR2), N(PR2) 2, OR, QAr,

SR, SAr or halide, with the proviso that (XI), (X2),

(X3) and (X4) are not all benzyl or not al

20tri nmet hyl silyl nethyl; wherein each substituent R can

be an al kyl, cycl oal kyl, aryl, aral kyl, substituted

al kyl, substituted aryl, or substituted al karyl, any

-one of which having from1l tosabout 20 carbon atons, a

conbi nation of aliphatic and cyclic groups, 25 an

[(mmq; én geoouqanca swithf uhisgrioumtioa, nWherog‘é]n @cowgior acan be a

phosphorus group, an arsenjc gr car hon gr.qup,

C@mgif@élﬁngr%uﬁm’%ur@er n?uﬁl‘@rflkf@x v t%Pafqdn ifS’éiup(,)Xlgel &ad an

r an

i T L b

wigidi-waing Vv enibhefreaf ,anaivhions @iol&‘thﬂ@h spé‘méhavmmgrcfnﬁ oan sburce
to about 20 carbon atoms, wherein Ar can be an

cempawid ef gny liypeoand wipsionalli &gaiaf ovigh proi§eomstal [in@dgdition to
EX | es .gf . aliphatic groups, in each instance,
a?ﬁ%lcnﬁ8%:W1 3‘51’1%8[%? limted to, an al kyl group, a
cycl oal kyl group, an al kenyl group, a cycloal kenyl 5

group, an al kynyl group, an al kadi enyl group, a cyclic
Cgtadugs,Coampebsttive—-Thee ] rcamdioinmzd?z‘aﬂé'emabumé ubsti t ut ed,

tituted,. branched, i near, anal o .Qr ..
071 TRE | et Haraprn providennehesaed rappaxteny GomResing
iR ot Lo U Ao ewy BodsHob ORI EANE YRTins. In one

amcafth1snmvammbralpk@n§1é§ catkyst empsptlaonsalcbmpmmg gme) k;bpSnore
used herein include neth¥ ethyl, 10 propy
trﬂn%@wmet@leppmﬁev 34 andegn [RGHyator .cgamwym éﬁwne aspect, the

C I
tr(bjlg gf;i;{y Imc%‘ o3 poug}\(l {)ﬁnﬁ?ﬁ}ﬂv’epagpen{ngr@% ¥ cb{[@%ﬂ%{%i hgxglg the
fdllb@whg gener[ap@,ﬁahlaExarrpl es of ar OITB.tI c groups, in each
i nstance, include, but are not, ted to, phenyl,
napht hyl . ant hr acen{X)CandK t)@é)M de )i hewhereiy
substit ut derl va% v th r.eof n each in nce
baving ' Seaf s Sl TN R, AoGatd, pERI RS

derivativeg )OIx?a}r etf’qtaha (Wﬁ@&%i&tédnﬁbl%d&kylb 'el?yl aﬁlﬁa@q)tSIR3,

limted to, ‘tolyl, xylyl, nesityl,
NRpcNRd IN@lhmyNHBB,eCG‘dRMbN(PM) zad Qiér(DAat SR(,e SAr or halide,

SR 02 e TR, 5 IR 4P WERS or ot
trﬁg{&h g&;mﬁe‘tﬁ ns, cyclool efins, cycl oacetyl enes, arenes
as phe n%/ bi cyclic

wherein each substituent R can be an alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted alkaryl, any one of which having
from 1 to about 20 carbon atoms, a combination of aliphatic and cyclic groups,
an oxygen group, a sulfur group, a nitrogen group, a phosphorus group, an
arsenic group, a carbon group, a silicon group, a germanium group, a tin group, a
lead group, a boron group, an aluminum group, an inorganic group, an

organometallic group, or a substituted derivative thereof, any one of which
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20groups and the like, including substituted
derivatives thereof; in each instance having from
about 3 to about 20 carbon atons. [0021] Exanpl es of
hal i des, in each instance, include fluoride, chloride,
brom de, and iodide. [0022] In each instance, oxygen
groups are oxygen-containi ng groups, exanples 25 of
oWhich include, but are not ligited to, alkoxy or

aryl oxy groups (-OR), - OC(0)R -0C(0)11, -0Si R3,
ha@RBZrom QAR RBoutel(icdrben hidaes, wheedin dimandelst dromidd group or
derjvatives thereof, wherein Rin each instance can be
SEhFLAIRY RrOTR3Lq HQFRY | , aryl, aral kyI substi t ut ed

[@1%%@%&%%?@%1: bf l‘c’ﬁlgﬁat%y 1§1u$ c‘h' n gr:lge arr?clhlx(&/e lﬂﬁvéljggnot

7 abo on a aﬁp es of a

ligitedr ] @YK/ @udsp, (a @%loakﬂuga@up n@ﬂ Hitenylbatoup £ cyabalkenyl
limted to, met hoxy, et hoxy, propoxy, butoxy, phenoxy,
gmmstantalkwl [EHeUTo ey, alharaemﬁegrbuk,ea cydo2gjoupnaeddhe like, and

S PSRttt e DR G, Brishod nd s el e acives
the%%f in @B Rnstafbe0RBRng -fREh oneSt Boo@nsh thfbdnl 48ms. Thus,

i ncl udi ng substi t ut ed derlvatlves t hereof , wherein
aliphati@cdroups iravhode, bah abe nanlialitedl to, hydﬂooaﬂbkdsl suchrad parafﬁns

a@a&%&?ﬁ% A L,%r@?n%?ﬁsé&is%%h%%aﬁﬁw@egéwm ethyl,
pRIp9I - 9P %8t 1 g&“bﬁtg 965\;1}"‘%‘5(1 ﬁfn%qgﬁig?}q &Bgugycg?réexyl

rogen<cont al group
hﬂﬁyl lottyil treshyt, @.ecyll\lﬂﬂdecyMﬂ?ethyHRRyl pbkRnyk bidtengldnd ke like.
|ike, including substituted derivatives thereof,

(098} Expmples nofe A60matits 1aekns, dAneash mstaap%ymclude ‘but are not

oal kyl . _ar bst it f.e I k
hl%Y (sittl%t ﬁ‘eaylarrgaﬁ’hth r S%&{ceﬁ ﬁ]t‘ d Elk$ av@ﬁ% f° Pg?ﬁﬂited
déxﬂza@b@yttha&oﬁanb%cﬁt PREanct 0QRMg Iﬂfbrﬁas htd RBHANCS, carbons.
phosphorus groups are phosphorus cont ai ni ng groups, 15
S\»bﬁtlémted srivaéveshef aramatisocothponndednelode,- Rpare-iRjmited to,

ol Ry et Bk ar g e FreRan: St f periyadive

tHefeogach i nstance can be an al kyl, cycloal kyl, aryl,
aral kyl, substituted al kyl, substituted aryl, or
[0820lsEx4mples odrcabllicy kerdugpsj ngedahoimstante) intlode, 80 acanbblimited

ton FRURPEEEGHY B HIPAG LG LA sSSP S TheY hrbdeyclic
AT it e Y

hadz@ﬂig fratn atemit 8he abeilt, 20/dueben AtokRis, n each i nstance can be
ected from al kyl, cycloal kyl, ar ar al k
IOQ%IHsEmmPIé@J ofhalydes, w gashiinsiandg, mojude ﬂ#orgi@bgglpfld@ yyomide,
r%% é% having from 1l to about 20 carbon atons.
8 71 In each instance, carbon groups are

[0022)PReaeANhsthibe) 9x 9 SUPHUpYALE Bxygen-containing groups, examples
of which include, but are not limited to, alkoxy or aryloxy groups (-OR), -
OC(O)R, -OC(O)H, -OSiRj, -OPR,, -OAIR,, and the like, including substituted
derivatives thereof, wherein R in each instance can be an alkyl, cycloalkyl, aryl,

aralkyl, substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to
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include, but are not limted to, alkyl halide groups
that conprise halide- substituted al kyl groups with 1
to about 20 carbon atons, aral kyl groups with 1 to
about 20 carbon atons, -C(0O)H, -C(0)R -C(0)OR, cyano,
-C(NRH, -C(NRR 8 -C(NROR, and the |ike, including
substituted derivatives thereof, wherein Rin each
.instance can be an al kyl, cycyoal kyl, aryl, aralkyl,
substituted al kyl, substituted aryl, or substituted
alaou | W0y tarhaw iabgm$.r diraintles abalkox@Corcayhoxy groops (-QRP2Bjups

N h t . I
l@quec &Lﬂ '@g%trg? ﬁi%@@ Féﬁ%gt %555)1:1 gfboggqe REQRANY, bHIRXYghBenoxy,
Slﬁ)g{l dté%lfl&%xg andst'h@ﬁk groups such al kylsilyl groups,

ary aIkyIS|IyI groups, siloxy

[wlz@pnﬁeaomdsﬂah@ Isiukfer gitdtps fard mlﬁﬁcdbntdiﬁihgfg%&m‘éﬁaﬁlpWof
to about 20 carbon atons. For exaﬁg | icon
W@tcbwpglwncbuid@retnqt fenitgd &, 1-HR, arfS@ mQSQzQRmSG,N -SO,R,

0 h,i,nst ance r r.ou
auf{ e, et ThoR S UERUANES meia RARiAT, IR BEh Risfapce
caﬁ‘x%e bh ”hlk?ﬂ dyRloaliéN rwﬂyl gdranh% @%@ﬂu@édkmkgle rsﬁyétltﬁt%alb?ﬂ or
aryl gernmyl ‘groups,” arylallcylgernyl groups, gernyloxy
m@mbwmslmamdlhwengmma1lwnammmZOG%MM1mnsmance have from
ﬁ h about. 20 carhon atoms. [0030] In each I nstance,
[0p2 instance, Hregsit STRPs, gar?; n-GRR %ann%f PERRs Which
1n9ﬂdeaf)ﬁt Qfg bi Tdied {oo’-l\{ﬂ IIQRPS . NESNN,, and the like,
kyl stanny gr oups, annyl’ grotips,
inthiding altsyitis¢ddenivatines umcoStvahmemyR(mreacmamdeooaﬁ be an
roups, and the like, which in _each instance have f

allfyl; sYelpaliyl 2oyl aralkn. subsviuted sdionly substiaged amspraﬁ'é@tltuted
m%ﬁsphg&g ]%nfﬁgn%ggﬂg@qg&ﬁtp%pgmgroups whi ch i ncl ude,

are t ead groups, aryllead

[0g23]ulRSeachr Wbk@ahky,| ﬁ}ﬁﬁgh@h@ tg@@upsaal@ lbﬁtﬁghd)ﬂ&&coﬂfahﬁﬁg igfoups,
each i nstance, have from 1 to about 20 carbon atons.

whigh[ipotedg, bwt erchoti hiitad de, Hdr,oﬁfgi,od’é’s’, aP€@)Ry, -P(OR),, -

PEBIORLa 2P THE RS, LR sty BRGiHiSco Mo Sgiin R in

caBR RIS GndbeUin Sélﬁﬂ{;l @c%ﬁk}qe’ rg\'%ddrbﬂ@l @&ﬂs@imt@l& alkyl,
al kyl thiolate, and t I"i ke, erein Rin each

substgtitedcaryc an st!d:tstlanedahmyltyl haynigcfmmyll to aboyt 20 earbbi gtoms.

titu ed alk |, substituted aryl, or substltuted
[OQ#@SIR‘yPa Al BSFRICt FOYBY e Z'%XGE‘GF -COMBIBENE, EEoHPS, Which

B2 kAT Tty SONOTROR, S0 -
Ad(ON{ORY, tued theAlds? includiX@ subshitiR¥d dehieativas tiereaf) videerain R in
each instance can be selected from alkyl, cycloalkyl, aryl, aralkyl, substituted
alkyl, substituted aryl, or substituted aralkyl having from 1 to about 20 carbon
atoms.

[0027] In each instance, carbon groups are carbon-containing groups, which
include, but are not limited to, alkyl halide groups that comprise halide-

substituted alkyl groups with | to about 20 carbon atoms, aralkyl groups with 1 to
about 20 carbon atoms, -C(O)H, -C(O)R, -C(O)OR, cyano, -C(NR)H, -C(NR)R,
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nonoani oni ¢ group such as halide, hydride, alkoxide,

al kyl thiolate, and the like, 9 and wherein R in each

i nstance can be an al kyl, cycloal kyl, aryl, aral kyl,
substituted al kyl, substituted aryl, or substituted

aral kyl having from1 to about 20 carbon atons. [0034]
Exanpl es of inorganic groups that may be used as
-Substituents, in each 5 instgnce, include, but are

not limted to, -S02X, -0A1X2, -0Si X3, -0OPX2, -SX -
-COMR)OR s AsiXthe lilks @ﬁ)glb(diﬁg substﬁptedrr&bri\daeivbs ttereofhwheiem R in

eagh %Stw%ﬂeﬂg%? 'Oag}:% 1 ﬁ?%lp @r?gkyl k%l%S%tHEFd alkyl,

o
A RS e 1 4 g

[@028] ky |eagh Ouptance, ssihsdsn tgm@uqis are mﬁsﬁ-dongmldg fr@apd,r wiich
1 to about 20 10 carbon atons. 35] ExanPI es of .
inglyiendvbtaie | 1Qt imsad <ot 1sdy! ﬁﬁf%’ées%eéllkabm groups, arylsilyl

g 0%%'§térg}ét%8;1§’l N gggo%gso gllb)%; é E’S ar{dnt% Liﬁ(% w}?ﬁj&h ﬁre%cﬂ%stance

ron or ganoal’ um num g
hevedadaoal do svoudr o @&boﬁfaﬂéﬂil@s' ForCethrgploUBidicon groups mclude
or ganoger mani um groups, organotin groups, organol ead
trgnctbml§llybarghpl@ny tyls&ﬁgromm rret aI gr oups and the

(imb haV| 21{% from1 to.about ¢ B@LI

f [y e aﬁ?;m?f’éﬁ‘tﬂi%roa% 8Fe ﬁFﬂ’é?fHu’F’ﬁ%‘{n Ypis grgpps.

W‘E?éhefdcﬁlde}’ bUD bR AGT Bmitkd o ! rM@;Sé Qthadlfylgermyl groups,
pol ymeri zation activity of The catalyst conp03|t| ons

aylgdrimys drovesytarglalkylgpimgal grpups, hgerdorioxy Igrogrsd dndctme like,

e_an ether, furan, nitrile or conbi nation
wgw@rlé&ﬂchﬁét%sﬁw freshﬂﬁo RhJL Y carRopAtpgs.-

[ﬁgﬁgﬂy Efcthrﬁﬁg n&0 the %Iroﬁgé’ %feolfnlﬂ rc@ﬁ‘taﬂfm%%gsl%?m éheinclude but

nt ageous y di et er or tetr

ar[eQQﬁ G]mirkdres, atenngt geagsesich allpistpanyd groaps Idrylmnﬁﬁlt @loups,
ounds that can be enployed in this invention have

arwéeé Iptapayh STQUPE sHanEREiPE | stﬂlﬁé‘/l@y v HEQuRS, ghd dhe Hie.avjich

indaB 1 a4 B & 10 B A o™ o 11 P
[00BOf Th eéahel@ibtaﬂl%aea@ém@g@ré@&&cdﬁtﬁﬁﬁ@ gﬂeu@s ac\:Nhlgﬁ include,

Latesky, S. L., Rothwell, 1. Huf f man, J.
bodre| iy, lirkited nmoalgyllezademoum%"yllaaﬁ SHBHY- a@?@kyllead groups,

ar@qbggljgﬁgﬁzvhyh’ m\?g%l% nstq;ace ﬁ"@(ﬁ ;Pfﬂj?;l to &%ou@pe?ﬁrg?r} 9toms
[0082] B Sadt? %98t3§é€67b31%?10 groT hareAbor(ﬁ B@fainthg groups, which

Mehrotra, R'C., I'ndian nal of Chem stry, Section
indluden dng aare cnotBllnmtaab tgarBR,;, -BKZ,PhBRD@ alwvheikie oXet:em: de a

ngat e S St 120 S G5 8 B e

283-
a'@g%rﬁ(#%%ﬁlga i gﬁ;e,gdigg%‘,ﬁgll, éls%fs %3%,% s‘f%%?%@’ W@varalkyl’
subsgaralelkal, |substituidCiryl, 24 (shbstitdedSardk§0 hatdapeiehl 0to about

F., Carta, G, Cavinato, 5 G, Crociani, L.,
2(peasbore etomsg, | Rossetto G., \Veronese, F., Zanella P.

BT b, 20T P, 8 R s Bining rgrours.

WﬁiCEQh@l%Hé e&t‘%ﬂ‘re %t fihiRH80] NEIR, POA B, A [TEX SivReRRYn X can be a
reference in their entirety. [0037] Exanpl es of

meuoedniomiagsoup suchrastlalideomypivided slkokate, alke] tlselhtﬁl and thehleke,
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10present invention include, but are not limted to,

the foll ow ng conpounds:

[ bis(2,6-ditertbutyl)phenolato]titani umdichloride,

15 A; [tetrakis(2,6-diisopropyl)phenol atol zi rconi um

B; Zirconium

di chl or obi s( 2, 6-di net hyl phenol at 0) bi s(tetrahydr of uran)
o, O0CI..".,--THF Zr CTHF O

and wherein R in each instance can be an alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted aralkyl having from 1 to about
20 carbon atoms.

[0034] Examples of inorganic groups that may be used as substituents, in each
instance, include, but are not limited to, -SO,X, -OAlX,, -OSiX;, -OPX,, -SX, -
0S0,X, -AsX,, -As(0)X ,, -PX,, and the like, wherein X can be a monoanionic
group such as halide, hydride, amide, alkoxide, alkyl thiolate, and the like, and
wherein any alkyl, cycloalkyl, aryl, aralkyl, substituted alkyl, substituted aryl, or
substituted aralkyl group or substituent on these ligands has from 1 to about 20
carbon atoms.

[0035] Examples of organometallic groups that may be used as substituents, in
each instance, include, but are not limited to, organoboron groups,
organoaluminum groups, organogallium groups, organosilicon groups,
organogermanium groups, organotin groups, organolead groups, organo-
transition metal groups, and the like, having from 1 to about 20 carbon atoms.

(L' (L), can be any neutral donor ligand that does not materially interfere
with the activation and polymerization activity of the catalyst compositions of
this invention. Typically, the donor ligand L. can be an ether, furan, amine, nitrile
or combination thereof. The neutral donor ligand L can be diethylether,
tetrahydrofuran or acetonitrile, advantageously diethylether or tetrahydrofuran,.
[0036] Numerous processes to prepare transition metal compounds that can be
employed in this invention have been reported. For example, the synthesis of
exemplary transition metal compounds can be found in: Latesky, S. L., Keddington,
J., McMullen, A.K., Rothwell, I. P. Inorg. Chem. 1985, 24, 995-1001; Durfee, L.D.,
Latesky, S. L., Rothwell, I. P. , Huffman, J.C., Folting, K., Inorg. Chem. 1985, 24,
4659-4573; Kanehisa, N., Kai, Y., Kasai, N., Yasuda, H., Nakayama, Y., Yakei, K.,
Nakamura, A., Chemistry Letters 1990, 2167-2170, Shah, A., Singh, A., Mehrotra,

R.C., Indian Journal of Chemistry, Section A: Inorganic, Bio-inorganic,
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15

5C, [(2,6-ditertbutyl-4-nmethyl)phenol at o] zirconi um
tribenzyl, \CH2Ph PhH2CCH2Ph 12 D

Tetraki s(di met hyl am do) zi reonium E; phosphi ni m des,
F; Bi s-phosphi ni m des

° 10

Physical, Theoretical & Analytical Chemistry 1993, 32A(7), 632; Gibson, V. C.,
Spitzmesser, S. K., Chemical Reviews, 2003, 103(1), 283-315; Horton, A.D.,
deWith, J., Chemical Communications, 1996, 11, 1375-1376; Stephan, D. W.
Organometallics, 2005, 24(11) 2548-2560; Benetollo, F., Carta, G., Cavinato,
G., Crociani, L., Paolucci, G., Rossetto, G., Veronese, F., Zanella, P.,
Organometallics, 2003, 22(20), 3985-3970., US 6,147,172 , US 6,239,238 and
references therein; the disclosures of which are incorporated herein by reference in

their entirety.

[0037] Examples of such transition metal compounds that are useful in the

present invention include, but are not limited to, the following compounds:

[bis(2,6-ditertbutyl)phenolato]titanium dichloride,

\

Ti

o
\
/

Cl

=z

[tetrakis(2,6-diisopropyl)phenolato]zirconium,



13 G

Tri s- phosphi ni m des, R3P, PR3 Nivi ".ON R3P-%fr
X H;

I m no- phosphi ni m des, R3P%\OX Mt ,NN X R C Am do-
phosphi ni m des, R3P,

/O

@\
5

Zirconium, dichlorobis(2,6-dimethylphenolato)bis(tetrahydrofuran),



J; Imdo diamnes, Hy H NA-N-11 X
K; n2- Fol mam di nyls, 15 L; 5Bi s(di phosphazanes),
10 M Al koxo/ Aryl oxo phosphi ni m des,

o 12
D;

Tetrakis(dimethylamido)zirconium,

Me Me
/ WN—Me

~N \ 7 »u\\\\\\\\
T

Me —I\{ / \

Me Me/

Me

N~ e
5
E;
phosphinimides,
R,5P
N\
N\ ‘\\\\\\X
M
X X
10
F;

Bis-phosphinimides
15



R3P R CRR 16 N, and the |ike. S Catalyst
Conposition-The Activator [0038] In addition to the
transition netal conpounds disclosed herein, the

catal yst conposition of this invention further
conprises an activator. In one 10 aspect of this

i nvention, the activator can be an al um noxane, an

»0r ganoboron conpound, an ioniging ionic conpound, a
clay material, a chemcally-treated solid oxide, a
chem cal | y-treated solid gy de conbined with an

or ganoal um num conpound, or%ggy conbi nation thereof In
anot her aspect of the inventiNn, teclay material can
be selected fromclays and otheM "natural and synthetic
| ayered 15 oxi des, an exfol“aféd ay, an exfoliated
clay gelled into anothquprde mat r¥%, a layered
silicate mneral, a non-layered silicate nmneral, a

| ayered al um nosilicate mneral, a non-|ayered

alum nosilicate mneral, cogelled clay matrices
containing silica or other oxides, pillared clays,
zeolites, clay mnerals, other |ayered mnerals, or
conmbinat i ons .t hereof, including, but not limted to,
ion-ﬁg@1%98 RGRSEYe | ayered ninerals (natural or
synthetic) or conposites nmade from such conpounds,
regardl ess of whether the layered structure renains

intact or not. The activator may f her conprise a
conbi nation or nixtquﬁof any of activators. 25

The Chenically-Treated Solid Oxi
N\ \\\\\\\N
/NY
N \
R;P X
H;
Imino-phosphinimides,
RsP
N\
N\ \\\\\\\X
/M\
R—C X
\
R
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[0039] In one aspect, the present invention
enconpasses catal yst conpositions conprising a

chem cally-treated solid oxide which serves as an
acidic activator- support, and which can be used in
conbi nation wth an organoal um num 17 conpound. In
one aspect, the chemcally treated solid oxide
conprises a solid oxide treatjgd with an

el ectron-w t hdrawi ng ani on; wherein the solid oxide
can be silica, alumna, silica-alumna, alum num
phosphat e, heteropol ytungstates, titania, zirconia,
magnesi a, boria, zinc oxide, mxed oxides thereof, or
m xt 5t.her eof wherein the el ectron-w thdraw ng
anIO§nE§.- (%Pﬁﬁ%Pﬁg chl oride, brom de, phosphate,
triflate, bisulfate, sulfate, or any conbination
thereof [0040] The chemically-treated solid oxide

i ncl udes the contact RyPQduct of at |east one solid

oxi de conpound and at | t one el ectron-w thdraw ng
ani on source. In one asp , th@)solld oxi de conpound
conpri ses an i norganic oxi gf“it is not 10 required
that the solid oxide co n&i%’caIC|ned prior to
contacting the el ecipronr'wi t hdr a g ani on source. The
contact product may be ¢&al ci ned g?ther during or after
the solid oxide conmpound™is contacted with the

el ectron-w t hdrawi ng anion source. In this aspect, the
solid oxi de conpound nay bq;caIC|ned or uncalcined. In
anot her aspect, the chemically-treated solid oxi de may
15 conprise the contact product of at |east one
cal ci ned soljd oxide conpound and at |east one

el eckigh dppiRgs-awi ng ani on source. [0041] The
chem cal ly-treated solid oxide exhibits enhanced
acidity as conpared to the correspondi ng untreated
solid oxide compound. The chem cally-treated solid

oxi de also functions as a caalyst activator as
conpared to the 20 correspon ing untreated solid

oxi de. Wil e not intending t be bound by theory, it

is believed that thep chen1c7 | y-treaRed solid oxide
may function as an |j Z|ng\£olld e conpound by
conpletely or parti ‘;>yf ctlng a ani onic |igand
",
X x

K;

n2-Formamidinyls,
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fromthe transition netal conpound. However, the
chemcally-treated solid oxide is an activator

regardl ess of whether it ionizes the transition netal
25 compound, abstracts an anionic ligand to form an
ion pair, weakens the netal- ligand bond in the
transition netal conpound, sinply coordinates to an
anionic ligand when it contagis the chemcally-treated
solid oxide, or any other nmechani sns by which
activation may occur. Wiile the chemcally-treated
solid 18 oxide activates the transjtion netal
conmpound in the absence of cocatal ysts, it is not
necessary to elimnaie cocatal ysts fjrom the catalyst
conposition. The act|VQa\on fuq £on of* the

chem cally-treated sol OXLd@\ISkeVIdent in the
enhanced activity of c s¢—conNNesiR | on as a whol e,
as conpared to a c Iy\\qu05|t|on containing the
correspondingRunU aﬁsa solid OXi de. However, it is
bel i eved that tgfe ch nial | y-treated solid OXIde
functions as an actl tor, even in the absence of

or ganoal um num conpound, aluninoxanes, or ganobor on
conmpounds, or ionizing ionic conpounds. 100421 In one
aspect, the chemcally treated solid oxide of this
invention 10 conprises a sdl.jd inorganic oxide
material, a m xed oxide material, or a conbination of
i norgani c oxide materials, that is chemcally-treated
W th t hdrawi ng conponent, and optionally
trea? gdﬁkﬁ }mgﬁl@g Thus, the solid oxide of this

i nventi on enconpasses oxide materials such as al um na,
"m xed oxi de" conpounds thereof suchRas
silica-alumna, and conbinations and|15 ni xtures

t hereof The m xed oxi conpounds su€h—&s
silica-alum na are singl chen&&ﬁﬂ phases with nore

than one netal conbined mnz E%J; forma solid
oxi de conpound, and Oﬁqﬁsse \by* this invention.
10043] In one g@spect is i ntiBn, the
chemcally-treated soli OXIde fdrther conprises a

metal or netal iB®n s@R@écted from zinc, nickel
vanadi um silver, 20 copBer, gallium tin, tungsten
nol ybdenum or any conbination t hereof Exanples of
chemcally-treated solid oxidﬁi that further conprise
a netal or netal ion include, "Dut are not limted to,
zi nc-inpregnated chl orided al um na, zinc-inpregnated
fluorided alum na, zinc-inpregnated chlorided

si | i Afkaxiolyhexo pliosphinmprdegnat ed f 1 uori ded
silica-alum na, zinc-inpregnated sulfated al um na, or
25 any conbi nati on thereof.

R;P
N\
N\ \\\\\\X
/ \
Rr-C

~

R
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100441 In anot her aspect, the chemcally-treated solid
oxide of this invention conprises a solid oxide of
relatively high porosity, which exhibits Lewis acidic
or Bronsted acidic behavior. The solid oxide can be
chemcally-treated wwth an 19 el ectron-w t hdraw ng
conponent, typically an el ectron-w thdrawi ng anion, to
.forma chemically-treated soljigd oxide. Wile not
intending to be bound by the follow ng statenent, it
Is believed that treatnment of the inorganic oxide wth
an el ectron-w t hdraw ng coqﬁonent augnents or enhances
the acidity of the oxide. > Thus, the chemcally

t solid oxide exhibits Lewis or Bronsted acidity
a&%ﬂ%ﬂﬁ%@ typically greater than the Lewis or Bronsted
acidity of the untreated solid oxide. One nethod to
quantify the acidity of the chem cally-treated and
untreated solid oxide materials is by comparing the
pol yneri zation activities of the treated and untreated
oxi des under acid catal yzed reactions. 10[0045] In one
CaRRRS ol R it heDTRAU LAy dibeat ed solid oxide conprises a
sol1d i norgani c oxi de conprising oxygen and at | east
[01138] & eaddeitiors e etthbetjarﬁsnm @Gnetap cAmBunds cﬁ$clﬁsed7he®m the

11, 12, 13 3. £ the periodic table,
C%téh‘é? Pglinﬁ@ﬂaszwif ihiiivitip duthernGoaPaHsnen $EN et Pled IR one
[ d

eyielf'of s (ANIRR, SR et B ForTRbiionphR o, oregghoron

cMhb@tyndLEm&mﬁMﬁg 1681@5¢onkjpdundn a Ela. hatétibkinsiemictlly-treated
Mirillo; C A ;. _and Bochmann; M Advanced | norganic
s@fbﬁmgp,r %, chq;pwa@-treaﬁpm sofid |o¥ide eembined witpery o§ganoalummum

axi ge e
R 5 R RS R g0 3y,
01@51 ,m@érlalF@,n lﬁaselé@ted H%m Ma s bhd ofr rlturabnd Sinthditt layered
VvV, W Y, Zn or Zr. 0 0046] Suitabl e exanpl es

owﬂés i @cf@b@t@l@ cleat enicafadiatad @lamg@ adiéntoreaptheaoxisle meeis, a
Iy RprRPERE PHORALE DO gied Sty Pk g SR SR mOslicate
nﬁ?&%’ a%%g lagirggﬁlungﬁ%&gggé%flg@l RS ellé&'sg:}'% 'ﬁ%@es containing

SIBn@zqr’ smer OB, ﬁﬁu’@@d 298, leBq:s Yalag, mitnGalsZodRr Epdred
the |ike, incl.uding xed oXi t her eof

RIS N AR ofRNRIRRHDY ¢ %@gﬁpue figmi QUG B Qgglt%ako ion-
%(%ﬂn bt Betdd m‘?erglge(‘?fhﬁ?%}l & & nSl?étgc? o?oédn%o‘%ﬁééj &k from

resent 1 nvention
such compounds, regardless of whether the layered structure remains intact or
not. The activator may further comprise a combination or mixture of any of

these activators.

The Chemically-Treated Solid Oxide
[0039] In one aspect, the present invention encompasses catalyst compositions
comprising a chemically-treated solid oxide which serves as an acidic activator-

support, and which can be used in combination with an organoaluminum



10

15

20

25

limted to, silica-alumna, silica-titania,
silica-zirconia, zeolites, clays, alumna- 20

titania, alumna-zirconia, alum num phosphat e,

het er opol ytungstates, and the like. [0047] In one

aspect of this invention, the solid oxide material can
be chem cally-treated by contacting it with at |east
-one el ectron-w thdrawing 5 ggnponent, typically an

el ectron-w t hdrawi ng ani on source. Further, the solid
compdendraiheonalaspeam, the ahpmicailyl frgated solid aplxidp ¢cangrised a solid

io then calcined to forma
Oﬁ@@ére%in\tfﬁ AR SiFcFonpgitadraying %ﬂ%»t\@geréﬁ’e%eéﬁ lﬂydee can be

at [ aﬂﬁn t el I
Slthc? aqglfjﬁ%hdgig% rﬁlona[nqltq%dcﬁ{ Ogﬁxgﬁéjolr}llgtseo r ceungsetates’
tic@i, aticefiapnthgaedis, bath, Himubtidecmissddyoxideethierddioor hiixtures
whi ch 10 the oxi de can be contacted with an

thereadt poh-Wherdiathvelrpliosnpthdiawing gpiosasanybe fkigrideoghlgride,

| d
bfghidsrindt e G Bl At e A tont s RerBt,
[@EPF T8e CREMRANG-tRALRQ s’tlﬂ'i@ltdi&dle iRAfdlel g tdrdtfot pFYRIcE AF hiyleast

owi ng any contacting nmethod, the contacted m xture
omf sohd dsideormpapmuid @ideet least- auiet Hdetavi- -mithdraveing aameh source.

tional | the. pet.al ion can be 15cal ci ned 004 The
Iro P FREBE Jt FRIDURIAG CeBmEURLADESE Hoireinit ORep ] farot
ég?lﬁegethgp 3 Qg{}&e tc'%ﬁ{ O'uHS ft?@%g&lﬁéae LigWits &fntacting the

onsted acidity o the I'd oxide upo treatnment. In

eledteomsyithdtawihpenédre sdurcd - Whe edn@aet pgpdaoctman drat cad:(aned)e1ther
an el ectron-w t hdrawi ng ani on der.i ved freé{n a salt,

dyring) oropftes Hag sebApevide sQrarounl ds confasted jWigh dhg a@iP%tron-
SERIRSRE L Rty S Bt HE R B S R dhey ve

cdlfigkd deundiidinéd. eIrﬂﬁﬁothebrrHsp&ﬁl the chemal dadl ?I&red@tt(ﬁsdlfdadﬁde may
fluoride, chloride, bromde, iodide, uorosul fate

cqmpraseobsrcantact praskishat at lepstumieoptosgrhaeled oxide compound and
t.rifl uor{% ﬁetatﬁ‘[ triflate, fluorozi rconate
SHSp-vitidr

atle%%PB?l 1 %%%%qugi;e triflate, and the
[olouiquhé Bl@érﬂi@hﬂﬁtﬂ&ﬁéﬁ%ﬁa ik eﬁﬁblesomaﬁ@éd 808ity het&@bpared

I'n addition, other ionic or non-ionic conpounds that
tosthevenrespemling ewtrkatedt doideosdfie compound.t Hidhreavhengicalty-tneated

sb 4B ¢ RECBPEL Port v Hi ity Conforeriipared (o the
Bﬁ(ﬁﬁ% ufitre@bd sOfid %9#&3' aghilo HoWnEéHéﬁtgé‘ e BRI Yy jéﬂé%ry,
couhterion or cation of that salt may be any cation

it ihbelieviet ot théehaaldally draaesdesdlidooxide omyposetidraekat donizing
the acid duri n cal ci ni n% Factors that dictate_ the
il

sodig @)siémqompoeslfl tthve cpaplsielyi| A PAHRNY (e iragling agsanionig ligand
g te® réﬁ%u&{‘ %g&lfxﬁ%{rﬁgusol E@Bﬁv}é@&g tgl@ %%nh&ﬁpﬂgsatgg Whiid

oxlesiis eth selivast regditleb@aif @hethdy af sgomieds thy ittansitiont hetal
cation, ion-pairing effects between the cation and

caampaind, AYgrastcaproiopiopgand wsfarmpan der peis, weakensl the b@etal-

t h t d
ST e s ben g P b PR GHED St fealgiito g drignic
h,cTeJnQCW}ﬁH W CBALa Mgk %Heﬁﬁcalgl rOALY A1 dD Wi, eoxnoinpi other
i mted amoni um trial kyl anmoni um tetraal
mac:hmmmm’my Mcrmaadtw;ahop hasypbamiruhile the d:ll(ﬁbé’l)}?—]lrpatad colid
the |ike.
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[ 0050] Further, conbinations of one or nore different
el ectron-w t hdrawi ng ani ons, in varying proportions,
can be used to tailor the specific acidity of the
activator-support to the desired I evel. Conbinations
of el ectron-w thdrawi ng 15 conponents nmay be contacted
wth the oxide material sinultaneously or
oindividually, and any order tjgat affords the desired
activator-support acidity. [0051] Once the solid oxide
okids abtieate¢ thearaditamdmedral edmpbtnd antheeabsemecfUanttalysts, it is
cal ci ned. Cal gi ning of the treated solid oxide is

Yo AEFERFATY 0 RHINRAE FasatplysintiTant tht FalyRlecamposition.  The

i.cal i ' 3 Q, a . .
KRG, el ot ke MR EROSIEE, ofDEs exidnt gp the
erthanté® agtivipbelitatdlysi cuthpositoraboutwidle, MotuBparkd to a catalyst

anot her aspect, calcining can be conducted at a

cqrap@rétien gerfainingiheoesuresponding eingsaige sgbdoxided Hawever, it is

odied i PSR B AG0BERs G SRR GR e Pator even n
th@Nofl&iceassre Qirgarﬁ)%’lﬁhﬁfuﬁg 66RpHEh & O A TNBHahdsO MbaRAYboron
1 hour to about 50 hours, and in another aspect 25

canpaimisng ionizitgiononchnop@udsf r om about 3 hours to
uf 20 hours. In still another aspect, . whe he. .
[@Eg]a{nedmgoﬁp&%xﬁh&ec g ¥r freiad s?q?ﬁ%chbégﬂﬁi? né,ls nvention
cdifipiiddd! B9sJIRY iﬁ%g&lﬁybﬁ e Otfatdfa@MaRRuld b ahabtiall dr a
rs at a tenperature from about 350C to about 550C.
ca2abin@f&R Jof Fubtdaaic oaide mapeiadd, thai tislchemérablyetirdated with an

at nrosphere can be used during cal cining. _r%a?er al | yF
elegiren-Hiithgravgng saenpeney. And gRtienally Feates Rt plstale Thus, the

sotid® Bx gf this %(Ig{t[b%t iexgér}{pasg% iogﬁfet nfytémﬁsﬁ Qﬁ&?’as Sé}iﬁgﬁna,
as nitrogen or afgon, of a reduci ng atnosphere such as

“rAik@d Qaede” Wongiuinds tHEReeXdh ATaylidaealuseth, abil @@mdfindtivns and
anot her aspect of the invention, the solid oxide

midnuise ikereoiys Bl moxgst exlde sompeundesickiaasl sjlica-aluminn aisl siggle

oxi.de has a re vol une greater than about 0. /g. .
ot i Bt SR e SombuaRHEbvstnig By sotid
018 BoMBOUHTE aflfl 87 &lcohljRscigithilinvesiédy, and in yet

anot her aspect, greater than about 1.0 cc/g. In stil
[0843]t Ineoneazspectt of thiseinyehtich, dh¢ decrnisapprirsatednzdidaoxide further

surface area from albout ]IOO@ 10 about. 0100 n../g. Ln
COMIKEr2 TGP Ml 9osIeRied JFAB 7RG HSKela vapsdinge silver,
bout / i; il
oBRES, EEREEOR, (GHEGE SRAVBAAU, B Sy RBhHifetie Ithereof.
EfXD0543 ofhhesnitdlly-wedted sphid esxidds thay foehdrr eahpdsenetinetal or

source_ of halide ion or sulfate ion, or a_c nbingtion,
mefal aon drdudea it Gt NOhAIIEG: Foe ARGINAPIERNZCHehiIridegplumina,

.15. i o Vi t i - i .
S R e e T
zif@lhfrepnhide romaed eilical SuBiBRe ikl thprediaitd e dfa@dd alumina, or

sul fated solid oxide conponent, a halided or a
anylohzhinatianethateo€ont ai ni ng sol i d oxi de component, or a

i nation thereof In one aspect  of ..this.invention, .

oAt B &b b hePiEBERFS Sulifobfiot B e Fvention
RS ST, of [ARIATY gt BEHCRIIRE FhildRlyewis acidic
ordBremisted acatic behaibor THe dolid vrideaganreochateidaldy-trented, with an

sul fated al um na, fluorided silica-alumna, chlorided

alum na or silica-alumna or silica-zirconia, brom ded

silica-alumna, or mxtures thereof, each optionally

havi ng been treated with a netal ion. In yet another

aspect, the treated netal oxide can be chlorided

alum na, sulfated alum na, 25fluorided silica-alum na,

or m xtures thereof, each optionally having been

treated
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with a netal ion. 23 100551 In one aspect of this
invention, the treated oxi de activator-support

conprises a fluorided solid oxide in the formof a
particul ate solid, thus a source of fluoride ionis
added to the oxide by treatnent with a fluoriding

agent. In still another aspect, fluoride ion may be
.added to the oxide by formngga slurry of the 5 oxide
in a suitable solvent such as al cohol or water
elencbnrvitiglravwing eoeporent,| typicadly aw, eledwnowshdrawing @pion, to
carbon al cohol s because aof their volatil.it nd lo
5T # ABEm S B CEN P 8C orWHITE ST dHiFRAIaE Sn D8 howd by the

. i.n-t-hisSsi ' ' . .

RRAHE s0ed D O ERILTMERS] ARl Uithe BFe@APpREE, it an
eledRbIRwithalrawinic dntp ohkhtodugheeniNoi efitnce saithenavidity of the oxide.
tetrafl uoroborate (NH4ABF4), 10 anmpni_um silicofl uoride

Thusxte| chanvisally dreeted sqlHOxS; pe)ibits hfiyyis o Bronsted acidity

fl h 1 - 1APF 0 . f
B L B SR FRRRL o R O R Pl e
sQld 84idE2 OBY nkehats &8 qasntifhaht lauRlitydbNthea@RMicalBgedted and
its ease of use and ready availability. [0056] In

uminest b solik peide rodtetible ip by somparimgethe ipolymerigation|activities of
oxi de can be treate 15 with a fluqridi.ng agent
R g SRt APy S Tt ety R PG T o
; h . b . )
A A S e R i
inedghni¢ oxide eotipeisingfdxygen dnd gt kgenine ele@nentisbledted from Group
previ ously, volatile qrganic uoriding .agents may be .
205, bl e Ook I 01 1 O i BemepOfiants speipBsing
ul_ g n.thi e i.AV ' [ ‘o
ol apd e 263,838 “hmEly SORGGAEBN M. IEhHGe Bhcinide
eleichisu qsehenzans,s CoilpnesChamesal Diétfdnamy,dafad plohnaWiley
conbi nati ons thereof. Gaseous hydrogen fluoride or

&t Poresy i1A857 Codon, Idn Wikensea, GseMugilion G. He; s8¢ Bochwpae M.

i,s fluyagrided. during, calgini Re. [
ARargE g S5 O B Sy VAT P uacel oAy the
inde&iic bRidk QoMARRES éﬁyg%nfdriéioéfﬂ 18450 @na @dtherit RERcRISESM Al, B,

streamused to fluidize the solid oxide during
BeaBi iGatGopfir, CR5F¢,008 1}a, Hind Max Ny, Sbh,rSiabot $iteﬂ%a§ belt W, P,

og this invention, the chemcally treated solid oxide
YeM¥ides a chlorided solid oxide in the formof a
OB SR R 0T LR BIP PGP D SANBENER e be used
inathe vhemidadly atdacrd sbédidi maderaftheerastae thvieatioh enadwdeg bubgre not
ing a slurry of the oxide

form I ¢ n 4 sui I
g s AR ey HrOaBHEb: CoP- (s Or £ GRY iaaPen G20,
[ e ¢ t et cdP it N t
L%:Fula)r%i %g‘lbtkﬂé%a %il\?ﬁ@gfgg)ts’eg.gg%ﬁ%lcﬁl %?(?ﬁi ng ’a%enzl’ Ti62°020s,
WP avl®@,, afn@eZ¢Ongand the Sike; Gaclabinghhtikédlexadw thereof, and
thoroughly contacting the oxide during the calcining
campleipatiens Bereafed Exastplesx ofpmixedy exiges [thalocgarfiec ussl in the

chl.or i di n gent.s may be used. anpl es_of Lati|e
KD ERE S n g R e S SEqit vepie gliler bt B ot
lidYENS] QNcd-ARiHAL, siReY-tiBS, Pical Jifoned AeBlite§ SETRR, lumina-
freons, perchlorobenzene, chloronethane,
di chl or oret hane, chl orof orm carbon tetrachl oride, and
conbi nati ons thereof Gaseous hydrogen chloride or
chlorine itself can also be used with the solid oxide
during cal cining. One convenient 10 nethod of
contacting the oxide with the chloriding agent is to
vaporize a chloriding agent into a gas streamused to
fluidize the solid oxide during calcination. 100581 In
one aspect, the anount of fluoride or chloride ion
present before calcining the solid oxide can be
generally fromabout 2 to about 50% by wei ght,
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15 where the wei ght percents are based on the weight

of the solid oxide, for exanple silica-alumna, before
cal cining. In another aspect, the amount of fluoride

or chloride ion present before calcining the solid

oxi de can be from about 3 to about 25% by wei ght, and

i n anot her aspect, fromabout 4 to about 20% by
-weight. If the fluoride or chljoride ion are added

during cal cining, such 20 as when calcined in the
tipinézs exlomind-zicksida, tlvediguins phogphatl [heteropdllytumgbtdtesprand the
chloride ion in the solid oxide before calcining. Once
1k?rpregnated with halide, the halided oxide may be
a th n t art: i nel.udi Hut

(7P Lo BESPIOT ForBpnr Rentot] 1GU4G' Hfpertdtcan be
cl@éfﬁi@@ﬂi—&ﬂe@ﬂéd gy ybdfadti@e it WA N leapr @he déhébﬂﬂ@i-wﬁﬁﬂrawmg
the Ii although it i's also possible to initiate the
C@ap@mamt,n@pmaam e@ﬁclnntwl -atididgawing lepien deyricag furder, the solid

XI 0059],. The sili al u
xS (T EGTBf Spir & ORGOTH BacbE A c HSUF e L ai RG g othen
cA8med 48! & grlﬁ@faﬁfzoﬁtgﬁi %?%etgl 5m§&'/ bHatedl rbl"@:ﬁﬁcally treated
aspect, the pore volune be greater than about "0.8

said gxidandAlternatiodlinea sahqbexxide tiaeripbraed \eol eleetrormyvithdrawing

25 greater than ahout 1 Furth he .
a@pn.seatcsma?ncwataﬁtsg ql?&\ﬁéican%ﬁwfr&é@na% Abgtasthog y which

th%?oggél e%ﬂﬁ% ct%@ @Eﬁar?ré%@ﬁb Bﬁirrlédg% mﬁ&r{%ﬂ 't?plcally a

sdlhér s ﬁél@cdf ar elacmywbﬁad@fvﬁﬁg%mldrh aﬂﬂcla@&ubuﬁﬁond’tﬂlrgued to,
Generally, the silica-alum na of this invention has an
g@lhagn errgelbinge HIPHCLBHI®! abone cIMuoUAR Ao 98other.mnghihe like.

e.alumn ten f
TERRED U P B el Y PR b o price
dm%omﬂ, fdl @M oabRHhdBWIAD aBRAItand0d @{Br&él‘l'ynﬂlebﬁlewl @At can be
[ 0060] The sulfated solid oxi de conpri ses sulfate and
cacigped.i d oxi de conponent such as al umina or

(OBt Ef BleyTorgviseulibr cetaeprier BeBElnbER P bah be any
ccirﬁ <R 1kt tntibr@as@Etﬂ?é LRy §IUBFbrst€31t actl@i?y 68kt 81 oxide upon

fated oxide conprises a netal. In one aspect, the
treatinieat. edlrs ojrnedaspectjetheoa]pcurele@vlﬁlsdrai\amg aogipehenti cen benan

ne aspect aof thjs j|nvention, e sulfated alunmna is
elF‘é}F%&’lfg‘ gragvigg éEk—’)’é"sAe\H’(éii &am Pﬁéna%?‘ﬁlﬁaaor gher comppapnd such

o PR IR Qi A o v

arﬁdlﬁil Ex@ﬁhplds dfedle@ron-whh@dwiig hnians élctede, Gt wiet ﬂitdrlﬁmteftgto
nponent such as halide or sulfate ion, the so
sqlm il e flugeides chlﬁrlée,uhxo@m, dedidayTeposdfae. Q/uqs@borate
ncl.udi n

PG, SRR ST, L) A3

ﬂucﬁ%ﬁﬁhh&n trlﬂlﬂ8ﬁﬁc@t@f&)(}ﬁﬂ€§e g foiee QH@GQnéIQdﬁ’lr mixtures and
i mpregnafed onto the solid oxide in sol uti on forn1 and

cauiisatiumsthengot ohvatditeeh, 20hdr newic o @osuppigraostborsdathat serve
upon ca |ng Accordjn the solid rgani ¢ oxi.de
eSS oh dhesg Gl e h grhe SBioss dagy pROmS FEfoyed in The
Ingkﬁkﬁhwnﬁéﬂad'u”] silver, copper, gallium tin,
tungsten, nol ybdenum or a conbination thereof For
exanpl e, zinc may be used to inpregnate the solid
oxi de because it provides good catal yst activity and
| ow cost. The solid oxide nmay be treated with netal
salts or netal - 25contai ni ng conpounds before, after,

or at the sane tine that the solid oxide is treated
with the el ectron-w t hdraw ng ani on
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[0062] Further, any nmethod of inpregnating the solid
oxide material with a netal nay be used. The nethod by
which the oxide is contacted with a netal source, 26
typically a salt or netal -containing conpound,
includes, but is not limted to, gelling, co-gelling,
i npregnati on of one conpound onto another, and the
.l ike. Follow ng any contacting nmethod, the contacted
m xture of oxi de conpound, electron-w thdraw ng ani on,
[60dd] Wiennehal elecron-withypivdiag | yompd)meinnecbmﬁrises a salt of an
Alternatively, a solid oxide material,
elspgervahdiawingr PRy thent BRI ek cafipry Otf H@atrréﬁlhlm%’api’ any
t [ 0 n
oo R IR R T ETRH"S: BErfiPRCBAR0 1M caciq,dyring

calamedg | PACtBRCOEDARSAS the PLIGMEIST OthD rpaekhkﬁﬁarasacrtatoaéetsé as a
COITpOSI tion corrprl ses contacti ng a transition netal

salired 1o tl@oﬁipcfé&n-a&ndldaa\mgsmlmtn@de@ urtitrare trt diroded ¢o, the

sPEIER OF PRI e fRRRD 3ol o PR sl DB e dRATE0r e
ceﬁﬁ*;nallé&ﬁf)alﬁﬁgwi%cﬁs' BiiweeTpid SRRorCaHY Afibh nﬂyérb%ict bRperties

metal conpl €x, a chlorided alumna, or a fiuorid
ingpdrieddo dhe snal‘nhy ttenchtian, amcgﬁwdd{eu A tlrmmahﬁabnﬂndy of the anion.

sel ected. fromtrii.sobutyl umor trieth alumnum
E%%nakeéo%fcéulfaigée f4oFigps chﬁ’FaF%LjEtOI} @%@J&W%m& 19t56) anion

mIH{%igg;bgfrP a%%t hQP 1 lgid“ ‘;ai gﬁ?ﬁﬁﬁ@g L%ﬁg{g?{ Ogﬁgg)g?drf{,att&faalkyl
arﬁmbﬁﬁnﬁ,&@traaﬁkﬂq&oaﬁﬂomﬁm;am BE®ES), Boénd®é 1ike, 376, 415;
6,391, 816: and 6, 395, 666: 6,524, 987; 6, 531, 550;
[0858LyBurher; combamations: ofs 0By 6o grore pdifgrens 7electgorywithdppving
rgs %? &ﬁé%‘roﬁ&‘ﬁ?ng f am epséds %lg AP g;g %tiﬁcd ag %ﬁ? JF the

S en gan Um num

adﬁ@aﬁﬁlgngp&@Q6 Ghe | desRBE 1mecconﬂmohb efadlbitvei-fithafawing
t he present | nvention conprl ses a treated i norganic

campanentst mazy bige castagtedn m&nﬁhma@mdm wmatehiahrsimultaneously or

2 Thu t
AR B R SRR s DS BOE B i
099 hed B SOt 86ilE M3 tHaen (Feansl £ricP&r1€EFt1@|ca§ %T%Ql%&‘éhuently
a treated inorganic oxide with at I'east one

ca(hcngahoaﬂ?almnmgnocf athpaueeded Gnbd aspéctis generally ¢0mien1tedom an
i nvol ves tﬂe use .of sone qrganoal um num.conmpound t

AP igRlo AARSPIE e TORIFRHY 17 £t AL CURPUIERT Salpt iiPprgture
fr&rﬂta%ggyf(’)d]’% ttoh 0 gb?&)%stand% tti*ﬂ?e gpéﬁqul?rllrﬁﬁlh'teo& about 100

feactor, and t nce e or ganoal um num

h&@ﬁpﬁmm@ abﬁedt rktmﬁﬂ@&ﬁndjerc%ﬂh&ed Bt 9 tdrhSerature from about
pol yneri zati on reactor. is not required that the

3W@aﬂmoqum&®0ﬁ€3mrdpmuanmbthaeaispent tcakcimpgicanabe conducted at a
precontact step with the ot

temperature from about 400°C to about 700°C In yet another aspect, calcining

can be conducted from about 1 hour to about 50 hours, and in another aspect

calcining can be conducted, from about 3 hours to about 20 hours. In still

another aspect, when the treated solid oxide is fluorided silica-alumina, calcining

may be carried out from about 1 to about 10 hours at a temperature from about

350°C to about 550°C.
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5 catal yst conponents be the sane as the

or ganoal um num conpound i ntroduced directly into the

pol ynmeri zation reactor. [0067] O ganoal um num

compounds that can be used along with the treated

solid oxide to formthe activator for a transition

nmetal conpound include, but are not limted to
.conpounds having the follow ng general fornula: 10
wherein (X5) can be a hydrocarbyl having from1l to

[e05ay EuRBec aerriyotypat of'rsuitz(@l’ﬁ)andﬁantbammphd:m oodndbe arsed during
aryl oxi de, of whi ch havi ng froml to about 20
calgiies QFB?’F@I yn%alwaglg 1§ CORgeRted i Ay Aidizing almespRREy such as

alt” Om%rnat?ve?ht/ EF&' HSA’[%I%S%}LGQ ijc}] aﬁ n?t'r]g e"ill?&‘e%%gﬁ Fof ;me%lucmg

I nven

&5@&9@@1& sbdh @@h?@ﬂa)gaﬁ OfBarbbi n@d}@khﬁméﬁs beased. ( X5) i's
ethY propyl, n-butyl, sec- butyl, isobutyl, hexyl,
tlmémmhlee aspmeﬁ]t IBnmaﬁmﬂcmerth9§pbét0X1®(G§>m@Qﬂefﬁeu~°&d to

de,or .aryl oxi.d whi ch. havin
PR et SRS sl GRS o BterOUR ey R Boou
oanQyHern aRR& aspéetSinelsdlitl Qﬁ?&@é&%ﬁde}it hasu0 &eOJolume greater
chl or o. 20[0070f I'n the formula Al (X5)n(X6)3,, nis a
thanrdbent 6.6 @l gL ahd irByetraplotisiraspedt,rgroater trapaboutof.0tchigs In still
ai n}\gentlon value of n is_not g{trlcted t

SnaspRle g8 50 solichiidF GpumoRia s ot T s abot 100 to
oGOl e s TG RIS AR 3eERE %agoéa nf iy RisGitace erea
fioR 1oy 0P i S5hcienasd Tl aBpET sihGy foghha 258 o
d%ﬁggﬁgFﬁﬁgnﬁhrggggarkgrrhglEghégﬁnggnpgﬁgdibnbinations
088 15 R SICamaL SR, oL SEgaTa LU TR,
suttat¢ wore oniat ¢orhbieatdogafienens| armboptoumaly dreteainwah ef metabion,
then calcined to provide the activator-support in the form of a particulate solid.
Thus, the treated solid oxide component is generally a halided or sulfated solid
oxide component, a halided or a sulfated metal-containing solid oxide
component, or a combination thereof. In one aspect of this invention, the treated
solid oxide activator-support can be a treated alumina, treated silica-alumina, or
mixtures thereof. In another aspect, the treated alumina can be chlorided
alumina, bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided
alumina or silica-alumina or silica-zirconia, bromided silica-alumina, or mixtures
thereof, each optionally having been treated with a metal ion. In yet another
aspect, the treated metal oxide can be chlorided alumina, sulfated alumina,

fluorided silica-alumina, or mixtures thereof, each optionally having been treated

with a metal ion.
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28 acetyl ene nononer include, but are not limted to,
trimethylal um num (TMA); triethylal um num (TEA);
tripropyl al um num di et hyl al um num et hoxi de;
tributylalum num diisobutylal um num hydri de;
triisobutylal um num (TIBAL); and diethyl al um num
chloride. 5100721 One aspect of this invention
.involves the optional use of ,gome or all of the
or ganoal um num conpound to precontact the other
[0055h ity sénec asgrenestt shipr invention,i ther ocbaeidn gxidee actatatdrysipport
into the pol_%meri.zat i.on_reactor. The bhal ance_of

h
C@ﬁgﬁﬁ@ﬁﬂ ﬂrwl Wi iy feemiderrsiedae ek act#lituﬁ source
to. ' ' . f .
ob Pl R AR RS2 GG DT R B ey s
ahdtBet &patt, ANBHAE icH may BanRdabdIrd MerxEyTP totthitis adhirfy afithe

optional precontact step, and any additional o
opidgan eahiiahlnspivennpishrad akedbel of waterdineludingabutsaremot Jipited

one aspect, triethylalumnum (T and -
g s SBB48 s A A C T ALY B eiplgtity ing low surfuce
tenB6RN XS xlés%fTﬂﬂ%rﬂiHé‘hé@%@ﬂﬁt At by 84 ink0Q 18entidf include,
present 1 nvention provides catal yst conpositions
butoae insi iignitade t@r hydrofuoraresid i(HEF) mematontampiuonids (NHLUEF),
an acgtivatQr conpqnen In one aspect, the activ
aymanR{g ibdg'é‘i’fﬂ eon&:éﬂ%?ﬁs e{MFONIUY g et Oé?WWomBF‘*)’
i or . 1y L. Agxa . f S .
oA or SUEP A SIS G PUBSEP SO0, o
hé&:Rghiorephebphae (NELEF ) C agloginthefsy, hal canbmatiens thetdof. For
t he al um noxane in a saturated hydrocarbon cgonpound
expEnRien ammanderg hbifHgride INALF wlayhbg yseslps thentlnaridipg agent,
inert to the reactant .4 hter medi at es, and products of
d'llehg) I;Sc?alssg? P%eharécfreesﬁ%éy]al aé)ﬂgtg'ed. Thus, in oge aspect,

[00B6] BRhAMMST aspeBPESihki RBsen®fintdntioR) B &0lidi oXI@NtArOBe treated
conprise the conposition that results fromreaction of

with 4 Suetidingengest duming Hhexealeinmgcsienl Yoy fiaridiag aperiseapable
IR, e
ngéme,kiﬂoa}mition to those fluoriding agents described previously, volatile
organic fluoriding agents may be used. Examples of volatile organic fluoriding
agents useful in this aspect of the invention include, but are not limited to, freons,
perfluorohexane, perfluorobenzene, fluoromethane, trifluoroethanol, and
combinations thereof. Gaseous hydrogen fluoride or fluorine itself can also be
used with the solid oxide is fluorided during calcining. One convenient method
of contacting the solid oxide with the fluoriding agent is to vaporize a fluoriding
agent into a gas stream used to fluidize the solid oxide during calcination.

[0057] Similarly, in another aspect of this invention, the chemically treated solid
oxide comprises a chlorided solid oxide in the form of a particulate solid, thus a
source of chloride ion is added to the oxide by treatment with a chloriding agent.

The chloride ion may be added to the oxide by forming a slurry of the oxide in a
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to those of skill in the art, including but not
limted to filtration, or the catalyst 29 conposition
may be introduced into the pol ynerization reactor

wi t hout being isolated. [0074] The al um noxane
conpound of this invention may be an oligoneric

al um num conpound, wherein the al um noxane conpound
.can conprise |inear 5structurgs, cyclic, or cage
structures, or any m xture thereof Cyclic alum noxane

seicdde soidtenthaln argtivdreaspestrofl the pheseft) inventionythe sokid Bxick can
a linear or branched al kyl having from1 to 10 carbo
batteasted #ilh & chioriding reerferuring S celsinipe @feplerWechlorldmg

ageﬁ]gmﬁB%%? eo(} ¥V1ﬁg0§8at Q(%ﬁ??é WP '3 1o a(nu’altlﬁg) i‘l%/ ggﬂt%&ng the

e repeating

okideedurird ure egmﬁﬁﬁg sTéXN&an |Hen&§Hd almmd%a SVJléﬁﬂlen@kgamc
the fornul a: . R:; wherein is a linear

cloridimgnagests mlakyie mdl rigramples of volatile ergabonchlondmg agents
ugﬁ’gbn%g@g}gpé ¢ ﬁie fqry\g;gh%x? gﬁclﬁgg uﬁutSQfe gortehglllt%g to, certain
freons, perchlorobenzene, chloromethane, dichloromethane, chloroform, carbon
tetrachloride, and combinations thereof. Gaseous hydrogen chloride or chlorine
itself can also be used with the solid oxide during calcining. One convenient
method of contacting the oxide with the chloriding agent is to vaporize a
chloriding agent into a gas stream used to fluidize the solid oxide during
calcination.

[0058] In one aspect, the amount of fluoride or chloride ion present before
calcining the solid oxide can be generally from about 2 to about 50% by weight,
where the weight percents are based on the weight of the solid oxide, for
example silica-alumina, before calcining. In another aspect, the amount of
fluoride or chloride ion present before calcining the solid oxide can be from
about 3 to about 25% by weight, and in another aspect, from about 4 to about
20% by weight. If the fluoride or chloride ion are added during calcining, such
as when calcined in the presence of CCl,, there is typically no fluoride or
chloride ion in the solid oxide before calcining. Once impregnated with halide,
the halided oxide may be dried by any method known in the art including, but not
limited to, suction filtration followed by evaporation, drying under vacuum,
spray drying, and the like, although it is also possible to initiate the calcining step
immediately without drying the impregnated solid oxide.

[0059] The silica-alumina used to prepare the treated silica-alumina can have a
pore volume greater than about 0.5 cc/g. In one aspect, the pore volume may be

greater than about 0.8 cc/g, and in another aspect, the pore volume may be



10

15

20

25

- geptenithasahons

15[ 0075] Further, al um noxanes may al so have cage
structures of the fornula les",,"Rb,, _, Al4",6 03""

wherein mis 3 or 4 and a is = rtm(3) - 110(2) no(4);
wherein 11A1(3) is the nunber of three coordinate
al um num atonms, nQ(2) is the nunber of two coordinate
oxygen atons, nomis the nunber of 4 coordi nate oxygen
.atoms, Rt represents a termngl alkyl group, and Rb
represents a bridging al kyl group; 20 wherein Ris a
gleiatee aarpabdut A be/d. diueier,hheisiiicatalomida may Have ardunoface area
at ons. [0076]1 | n ,anot her aspect of this invention, the
Oha /g aln ore wpedl he Bnlage Areads @reater han gbout

favent i . [ Lon. . of '
AT B A0 Q00 SPRALOBsf s BRI Ry 35
m /U Gerkal Y, figxdNes aluhdha BBRYNIH ervieaa6n BEs AChiuvdh®Esntefk from
this invention are generally represented generally b

alfat b abosittvoadn pre Aspeoy, the Humim cajtenRay bafiwm hleou){ 5 to
g A0 OBk st AmHEE KoRentipfy e it sfput 8% to
ati 809, REREY] by Veidlgxy! wherein n typically

S5represents an integer from1 to about 50. In one
[086Blothersulfated selidlaxndencorapesesosbfatmeisd afsolidi axide component

sy Ye}%%thlggﬁﬁx: (?{gsl)'tlgg?ge:ﬂug{il%zyﬁéﬁﬁé{g&éﬂé})g&c&?ﬁte solid. Optionally,
thg 3?{/@%3%1%%&; é@'??rt%%rtstg?ag{da %ﬂ#géx g{r?ée’nqzs&@ﬁch that the calcined
sutRcedd wikideaoibrioesanemetaA0- In one aspect, the sulfated solid oxide
comprises sulfate and alumina. In one aspect of this invention, the sulfated
alumina is formed by a process wherein the alumina is treated with a sulfate
source, for example, but not limited to, sulfuric acid or ammonium sulfate.

[0061] In addition to being treated with an electron-withdrawing component such
as halide or sulfate ion, the solid inorganic oxide of this invention may optionally
be treated with a metal source, including metal salts or metal-containing
compounds. In one aspect of the invention, these compounds may be added to or
impregnated onto the solid oxide in solution form, and subsequently converted
into the supported metal upon calcining. Accordingly, the solid inorganic oxide
can further comprise a metal selected from zinc, nickel, vanadium, silver, copper,
gallium, tin, tungsten, molybdenum, or a combination thereof. For example, zinc
may be used to impregnate the solid oxide because it provides good catalyst
activity and low cost. The solid oxide may be treated with metal salts or metal-
containing compounds before, after, or at the same time that the solid oxide is
treated with the electron-withdrawing anion.

[0062] Further, any method of impregnating the solid oxide material with a metal

may be used. The method by which the oxide is contacted with a metal source,
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but yl al um noxane, 1-pentyl al um noxane,

2- pentyl al um noxane, 3-pentyl - 10 al um noxane,

i so- pentyl al um noxane, neopentyl al um noxane, or

conbi nations thereof. [0078] Wil e organoal unm noxanes
with different types of R groups are enconpassed by

the present invention, nethyl alum noxane (MAO), ethyl

-al um noxane, or isobutyl alumgoxane are typical
activators used in the catal yst 15 conpositions of
tpicaly awaltt srometalitesrirhg dongpoands irkheleps bpaisedotl limieed to,
trimethylalum num triethylal umnum_ or .
gellings eongelling imprranatipr Hicne canpoundnentgr anodhste epgndle like.

r Fre 0 yh a ] I.de) I
FL LS SRR LM 0L
ele@EBRSYithRAWing t aidn,al &R WiHehi fetdle i68ORE &fpitdlB calcined.
i nvention to use an al um noxane in conbination with a
Ad@rativeky lagdolidi axide materialagn diestpoydthdrawingSinipaseurce, and
No. 4,794 096, Lch is.incorporated herein_ b .
teoiB§tehcBlt PR PECERTAIRS . Sobondid e quse and caloined
sinfM@RESQDy cont enpl ates many val ues of n in the
al um noxanhe formulas (R-Al-0)n and R(R-Al-0)nAl R2, and

[(0d8 h Onagapers lof thisiiavattioneasbngphses a3probissev @roduce a catalyst
dependi ng upon how t he organoal um noxane. i s prepa{ ed,

CQPBPYUHON OmpfiFey ARG g rasian matay digékxlar9rapiey and a
S%lfggtn‘%? %1};11 |i§%{bg¢x%g§ggﬁ{gafr8{ﬁa?%¥g@n%g@§ gioggﬂgr?ggg ian t he
[0064 h e tian chspenPes this dhisertfont BcaRiiRSeIt a i prve€dki tonproddde a
catalyst composition comprises contacting transition metal complex, a chlorided
alumina, or a fluorided silica-alumina, and an organoaluminum compound
selected from triisobutyl aluminum or triethylaluminum to produce the first
catalyst composition.

[0065] The preparation of the treated solid oxide activators is described in U.S.
Patent numbers 6,107,230; 6,165,929; 6,300,271; 6,316,553; 6,355,594,
6,376,415; 6,391,816; and 6,395,666; 6,524,987, 6,531,550; 6,548,441;
6,548,442; 6,576,583; 6,667,274; 6,750,302 and 6,833,338; each of which is

incorporated herein by reference, in its entirety.

The Organoaluminum Compound

[0066] In one aspect, when the activator of the present invention comprises a
treated inorganic oxide it may be used in combination with an organoaluminum
compound. Thus, the present invention comprises a method to prepare a catalyst
comprising contacting the transition metal compound and a treated inorganic
oxide with at least one organoaluminum compound. One aspect of this invention

involves the use of some organoaluminum compound to precontact the other
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[ 0080] GCenerally, any anmount of the al um noxane

capabl e of activating the transition netal conpound

may be utilized in this invention. In preparing the

catal yst conposition of this invention, the nolar

ratio of the alum numin the alum noxane to the
transition netal conpound in the conposition is

ousually from 5 about 1:1 togbout 100,000:1. In one
aspect, the nolar ratio of the alum numin the

catalyst ROMPoAeite prive for ansidutiog tet edtalystimimo e ipmljnherlzatlon
conp03|t|on is fromabout 5:1 to about 15, 000:

regetirhapd dbp dalancened sl areapaginEigm GRMPAURG; ﬁmhﬁlﬁtrpﬁléced

dggﬁg}o Sln;t((? o to t I%gﬁtl%aﬁ% ' tr'e cpt ret aig iéj nR&ur}g 1{1‘%& h&lat the

r oM aBout t 0 abo
@Ql@rrﬁnurhrb ou%ﬂQISEG fin 38 ©ptiondlRreedtRatdtstef withl the other
a um noxane added to a polynerization zone is from
catblyst c@npc_lnemga be ttlee sdypeitas llumorguyb&lunanmnu qomroenddntroduced
f.rom about 0.1 q% L to about 100 ng/L. In

dg?"rgtf i el REEONGRagion. s i nventi on, the anount of
t
Y [ORRERATESEL EMIp BRI AR undg BRAL vih Bt o
omale ito lferm itioc ectivats fohiacthanaiteonlmetat cbmipnond inaude) dutiate. not
| es of or%gloalunlnoxane preparathns are
hml@élt%@@ppﬂn@ vinggihedellague gensip) forawlang 4, 808, 561,
each of which is |ncor9gggtq§% reln by reference, in
its entirety. One exa 3? >an al um noxane may be

wWhERRR(XY dag hRsa mﬁirb@aml MV frohi € o bbowdizoskbidatomsa(x®)
ic solvent nay be reacted with an al um num

Il nert or
cal h?lano?d%@@dﬁ @r qurlexisle, AMRYINE P twhmbrhﬁvmgefraésllrt@oabout 20

chRARDy P 37 By SR At s Aot Btont TR L ItsbRe.
[(ms} hﬁbh@ a@fécmﬁr tﬁ@nm%ﬁ@csrﬂ X Nicsh lHeearPfalk@/@ttﬁvidgnﬁ@ﬁl 2 to

and cyclic (R "al um noxane speci es, bot h of
alyohit cli9 mrboamwn@aslsemowrtasp@t; fXanisi eiyl, propyl, n-butyl, sec-
Al ternativel or ganaal um noxanes may be prepared by
bl,ltngﬁq la]ﬁe’é'l,l dﬁgf‘n?gi:kyl conpound such as ALR3 with
[@ﬁbyﬂ{ a{&ﬂer%é, @étt (x5 e ha d“é(l%ﬂi‘é%r%%ﬁ@ﬁﬁeséﬂ @Heeof\!vﬁ‘lch
an 1nert orga vent. [0082] The dl um nox
hmng \fedrmorl mm)abbet $0 ppdsdre dtoats, lhmﬁdp,por thgdrida tIheyet another
present .invention. |f supported, generally the support

a%@ﬁ%ﬁXQé%Héﬁpﬂﬁgmgﬁﬁhﬁﬁ%Qf@@Onéuch as, silica, an
[(@zb’m te% IR 2%5 )&@{ ggk Q%h%lc‘ ffc{ﬁ?rl%Sfi’» 15@&15%6‘ In one

a suppor resu

adpettes Geneouxicianals 35t ThONplas lotfl 1013, ncA RektiActed ns bp pariheger,
activator can result in a honogeneous catal yst
theesdprsshisi formularaclpdes sspewibalidg enrapeunsls: enconpasses

het e ogene d ho eneous_cat al
OB AR RIS B SrarOon e AT st mais Ui e in
thiV8RntiBR, inkhifleC Budlay¥s thot Ollf?ﬁﬁédittbo RriSRYRNHRSnA ohRRShds,
one transition netal conpound and an activator. In one
diakkytdemafiumhilglide compounds, alkylaluminum dihalide compounds,
alkylaluminum sesquihalide compounds, and combinations thereof. Specific
examples of organoaluminum compounds that can be used in this invention in

the precontacted mixture with the organometal compound and an olefin or
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i nvention, the activator conprises an organoboron
conpound. In one aspect, 10 the organoboron conpound
conpri ses neutral boron conmpounds, borate salts, or
conbi nati ons thereof For exanple, the organoboron
conmpounds of this invention can conprise a
fl uoroorgano boron conpound, a fluoroorgano borate
. conmpound, or a conbination thgreof Any fluoroorgano
boron or fluoroorgano borate conpound known in the art
acaylehe munokmezr ddcludéebitearennbot liaritealr gamombdrytaluhinum (TMA);
compounds has its usual neaning to refer to neutral )
trcswdalupsuss  (HeAkor HDERY atEnE; mfﬁ?tgéﬂai)‘ﬁ?’é%}ﬁb ethoxide;

i | | ' f :
RIS oAl PLORR L yaleL oA ACEl it
aid dietiy1dlomifuine ahlogide[ BY4], where Y represents a

fl uorinated orgl?nl c group. For convenience,

[0072bPoe rspasb ohBrvivinvanidor Inyeliss thraertidnst useeolomsovradkof the
are 20 typically referred to collectively b .

oG arlimiiEh Bmbuti e P BR qiEF (it Shmpgents prior to

in®RALEME theAA19§- ink® W poE R a8On OealoHOr PRY BARACe of the
bor at e conpounds that can ‘be used as cocatal ysts in

ofghroginmsmmt compenhd omyi be intoelucedidiracty mud the potyakrization

fl ' ..
re&gtﬁ?&ﬁ% g@p%:qtﬁ&ég{mea urgyn%rr]n %gfnpound disclosed herein include

| ' i ional tact
L BB B R RN, SRR predoiroan RUPT L drgsopee
step, tahid Wiy eiddalonat ofgpeodlafminumm opim@oyhd bddatia,a different step. In
N, N-di net hyl ani | i nium tetrakis[3,5-bis(trifluoronethy
ompaweyt. ficthyladpmmun (BRAYwnd ArioRbtylarmeapa il 13A%) may be
-bi;s(trifl.uoromet hy phenyl] b orate, and the |ike,
uﬁeﬁégﬂarg ﬁrbverl#l§$'ur es t hereof Exanpl es of 33 fluoroorgano
boron conmpounds that can be used as cocatal ysts in the
resent invention include, but are not linmted to,
Tha Akgminonck|Aesivaioneny| ) boron, tris[3,5-
Ls(4rifluoronet hyl )phenyl ] boron, and the like, ..

OBF3 b RS RRaPaLon REFA TuBH TSy gising one or
mbft 835Hifieh e PR ABY ardd 8n fallil 4WF B8mMbBR&TLY . Int SRS &spect,
exanpl es of fluoroorgano borate and fl uoroorgano boron
the canpivatod sof sl inedntioe dcayopnies natsleastr end lbuginoxane fohivator.

"weakl y-coordi natj ng" ani ons en conbined with )
ABFERREAES 31 HTIBTEL L Sl QA GRetY AN UM R idRy). In this
199 e AT ; , : .
o5 BB 015 SRR LA el o
a osaganedohodrocaipausempaimd esolitent,i zieslighn atii solvent which is

substantially inert to the reactants, intermediates, and products of the activation
step can be used. Thus, in one aspect, the catalyst compositions of the present
invention comprise the composition that results from reaction of at least one
aluminoxane cocatalyst with at least one transition metal compound. The
catalyst composition formed in this manner may be collected by methods known

to those of skill in the art, including but not limited to filtration, or the catalyst



10

15

20

10 invention. In one aspect, the nolar ratio of the

or ganoboron conpound to the transition netal conpound
in the conposition is fromabout 0.1:1 to about 10:1.
I n anot her aspect, the anount of the fluoroorgano
boron or fluoroorgano borate conpound used as a
cocatal yst or activator for the transition netal
.conpound is in a range of fregm about 0.5 nole to about
10 nol es of boron conpound per 15 nole of transition
compaditiconpmyu bel.introduned iaspést polyherembomtreafior without being
.fluoroorgano boron or fluoroorgano borate conpound
15Q ‘as a cocatalyst or activator for the transition

(GEPnE RIS dobuh B0 Bl HUAMAP A, Be Bl DiBolric

bor on conpound per transi |on

alﬁﬁhmhmcwmmd WS hhéakmhbmml sothpaRineanacdmpadeolinear
t he fluoroorgano boron or fluoroorgano 20 borate
staeetirgat e crancage seugpmst ey mixsiggpeiert dCyelig laminoxane

rese nve l.f. supported, generally the support
u§1 d%@g qﬁﬁg? ?c oxi de, such as, silica, an

alunlnate conpound V%L ombi nati ons t hereof. The use
Al—

of a supported acti esult in a heterogeneous
catal yst conposition ppnsupported activator can
result in a honogeneou catalyst conposition, and the
present invention 25 enconpasses ‘ﬁSWh het er ogeneous

and honogeneous catal ysts. The |oni zing_ | onic Conpound
R3ga {1@@8831 brandied aligdnvving fiem Rite Tthoahon gHoms,Hyad n is an

at a n_cQnprises ast _one tr i
e 0% S b 2 SRrosor by i 8Bkt R (AR
mbl¥¥E RhOWA hetd 81sBCdn¥Bhudds BeMRpéARg @it hieaslinc@P@luminoxane.

I onl zi ng ionic conmpound. Exanpl es of ionizing ionic
Thwspioearcdilammodised lowerg the forn8ilaPat ent Nunber s
55, 576, 259 and 5, 807, 938, eac of which is

i ncor porated herein by refere e, inits entirety.
[00891 An ionizing pund is an ionic conmpound
whi ch can function actl t® or enhance the activity

of the catalyst conpqgltlon ViRi bound by
theory, it is belleved that the’ kgﬁﬂgéng i onic

conmpound may ca r.eac 10 with the
Ri gnl8h9ar OR %1% d@@ﬁﬁ&mwgaﬁarrb ﬁ@gllﬂt FHgoR pEoms, and n is an

ls 5 C QIR t nsition
R R G R
[ODYS]tFlﬁﬂ’fey,, alLtrnme&rﬁisl 1@1‘91? dalkhatave h@lgleOStrlZdtmgs iehile formula

und may function as an ionizing conpound by
WEE Mpaar Wéﬁteillam i et 4 aed Pnip afaant Bobd Fdapahderein

po d ch.a x2 X X
b ottt PEREsS VaRo A iyl o’ el By of
tvdooéboﬂhﬂgtd SHictn GFRQ YA, 1sSh@Rufibet BRU PoofBARE %@%@n 8foms,
her it- 'fonizes the transition metal conpoun

R‘abptasemtsa tgrraigal Ialkgfdugdoum aadfRls meprnstalgs a(brfdgmg aliryl group;
ens the hon nsi tion
SR LR o Deaniped elaDhav RadEs d 60 JA e or
t i .chaac '
O, e SRR o T By LN P L P BE sed as
ani @tiwateoivp abisdinvehtioratreayt ve ryarshtbigdionebhlthe cipaitutane
only. The activation function of the ionizing ionic
cogtnayadnand siresipigs presepted heredhhanced activity of
catal yst conposition as a whole, as conpared to a

catal yst conposition containing catal yst conposition
t hat does not conprise any ionizing ionic conpound.
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25100901 Exanpl es of ionizing ionic conpounds include,
but are not limted to, the follow ng
compounds: tri (n-butyl)ammoni um
tetrakis(p-tolyl)borate, tri(n- butyl)anmoni um
tetrakis(mtolyl)borate, tri(n-butyl)anmoni um
tetrakis(2,4- dinethyl)borate, tri(n-butyl)amoni um
-tetrakis(3,5-dimethylphenyl)bgrate, tri(n- 35
but yl ) ammoni untetrakis [3 ,5-bis(tritl uoronethyl
[00TTE M, domdarioxahed (hat nipapt bé hagdragiavtivators in this invention are

tetraki s(pent af | uor gphenyl ) bor a
genaeldy renresgntedi genarakiy hy‘e{mvkaswsh % (&Alb@}naRéR -Al- O)nAle,

afft DA O ek PP BLCAT A nkie) SoRBRGhedcliey alkyl
SRR ethy! @yl Do, butyl, penyl, o hexyl .Wn%"tr%‘? n ypically

rgpuercatsranl ditegded fBm i to( ahqut Plorlo rfetemmqu@nm, [t pladnoxane
| ani |

cRaPo S i B FUBFo B P drane! liiedienyriaiabeningtene

eth§ll@kirikRnd, 0! ylrﬁ-ﬁx%?la@umiﬂok@ﬂ@nyl G&d- minoxane, n-

tetrakis(mtolyl) ate trlphenylcarge fum

butgtalmhlrmé(ﬁn@; di tvettyldlphaoxbyd)or at &c-butylaluminoxane, iso-
H?henyl carbeniumt e{é{na aki s( 3, 5-di net hyl phenyl ) bor at e,
VBHERING ar DePFIVRBIRARK ]S, 52 megmlﬁﬂ}lmmoxane 3-pentyl-

al{ué’_?f% % E%An%aﬁfﬁmrhﬁﬁ ﬁ%) %%Jpa{%@jﬁ%(}n% ﬁ@' UM combinations

uor ophen F opy
tHefdota K IbS( o | Ki lvli)b |
R P S Sy o 0
Ki h b
i BRI Byt 16 PE 3L Aoy AhEbSL alvminoxane (HA0). ethyl

al@ﬁﬁﬁ’éﬁn&! OP¥bbe aluminoxane are typical activators used in the catalyst

compositions of this invention. These aluminoxanes are prepared from

trimethylaluminum, triethylaluminum, or triisobutylaluminum, respectively, and
are sometimes referred to as poly(methyl aluminum oxide), poly(ethyl aluminum
oxide), and poly(isobutyl aluminum oxide), respectively. It is also within the
scope of the invention to use an aluminoxane in combination with a
trialkylaluminum, such as disclosed in U.S. Patent No. 4,794,096, which is
incorporated herein by reference, in its entirety.

[0079] The present invention contemplates many values of n in the aluminoxane
formulas (R-Al-O), and R(R-AI-O),AIR,, and advantageously n is at least about
3. However, depending upon how the organoaluminoxane is prepared, stored,
and used, the value of n may be variable within a single sample of aluminoxane,
and such a combination of organoaluminoxanes are comprised in the methods

and compositions of the present invention.
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15 tetraki s(pentafl uorophenyl)borate, |ithium

tetraki s(pent af | uorophenyl )borate, Iithium
tetral ci s(phenyCborate, |ithium
tetral cis(p-tol yOborate, lithium

tetrakis(molyl)borate, lithium

tetral ci s(2, 4-di net hyl phenyGborate, |ithium
otetrakis(3,5- dimethylphenyl)fjorate, |ithium

tetrafl uoroborate, sodium

[0080] dlensfablentaal| amoomhenythy bduairmxagediapable of activating the
t etraki s(phenyl) borate, sodium o . .
tq-a@@lpgkirg@ﬁl p@mppl}m‘b mapyebe philizgslyinythis invention. In preparing the

ML B R BFHE e ey e s i
ahphihakdrie(t3 the At by hidha ivhnpdaha i€ theShpoition is usually from

tetrafl uoroborate, potassium _ _ ‘
abentrlakite @peutt EX0, QW) bphe npe phrachttbe npderasiowhthe aluminum in

tl%e:%lllﬁ%lﬁ}iqs %llgtetg%/{h)ﬁ)b’[%gtg{e%l B%%a?}z)ﬁ}:{%pd in the composition is from

aB&ItrfEit? (agzsﬁt |YH00P 0! 3h Gnofdet agektthd BldiAkkhE6 2 %he aluminum
di met hyl phenyl ) borate, potassi'um

it ehe akimindxaaditorghb ytrgiaion hetal at@npotdads ithencBmposition is
tetrafl uoroborate, tri(n- buti/l ?[ammni

upualyafepmy Fhoubpil oapkant ﬁét@,()r v 17 BUR %E%ﬁmﬁ¢tume amount of

s Lol s L .
R R
1060 had/E] sdBirbanother aspect, from about 0.1 mg/L to about 100 mg/L. In

di met hyl phenyl ) al um nate, tri (n-butyl)anmoni um 36
stilbapatbics eprast of (thisriopendiop fle amionat el aluminoxane used may be

N, N-.di et h nilinj tetrakis(p-tolyl)-
frw uﬁt anid PH# Waki Is( Erlet ol y>[/)al) um nat e,
[0081] Bfbs{oAlAnBoRBIRYdRNBO YrdpatsbPaRious procedures which are

tetrakris(3, 5-di net hyl phenyQGal unm nat e,
wsti keowy| @nithe mirtum Ewamples sof organoaluminoxane preparations are

SBERSE e ELOOPERILI e LS| ICTILSELORATE i
s (sl SR o 0 SORSBARL of o o

aluriipdvesmy Inoayr beprepared is as follows. Water which is dissolved in an inert

t ety aki s(3, 5-di net hyl phenyl ) al um nat e,
oqgapm‘gq(n& g}aéf&ﬁnfﬁq,p ed"with fn )a urrlljlrrrl]upnaaliyl compound such as AlR;

t akj s ' j :
o RSO RRR M SRADNR PR, MR hbtfihending to be
bé&eid BKitkicstatomenalitie belisedtthapitid vathetic method can afford a
tetraki s(2, 4-di met hyl phenyl)al um nate, tropylium .
mixtrea®l Bqth [Bredr ard BY¢lshEnQ). whimosang spssiasi begh of which
tetrakisésp tafl.uorogﬁeny gum'na e, Iitrgl'kum b
A SR eﬁ t A B CBRRL g SRR At BB N ggranes may be
prleBhredySeRAaRYAN AutiThitatBlcyll dobfPofH such as AIR; with a hydrated
tetral Cis(p-tolyl)alum nate, |ithium
sdltgsudkass(ytratb g kpppansitfategin dn inkituomganic solvent.

t et raki s(2, 4-di net hyl phenyl)alum nate, lithium15 .
lﬂpgilr iﬁ%ié‘e@}@xanwﬁyg@ﬁ %\9@% sHRRRrEEd (of t yiisypported in the
al i S i . . .
pieid 3 L0, MR Bre o REN Ay, the sypport somprises an inorganic
oti@é,rsakh 96, ke lah alwhinagd @mpadiduor combinations thereof. The use
tetraki s(p-tolyl)alumnate, sodium
tetraki s(mtol yGal um nate, sodium

tetraki s(2, 4-di net hyl phenyl ) al um nat e, sodi unt etr aki s(3
, 5-
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di met hyl phenyl ) al um nat e, sodi unt et r af | uor oal um nat e, po
tassi um 20 tetraki s(pentafl uorophenyQGal um nat e,

pot assium tetral ci s(phenyQal unm nate, potassium

tetraki s(p-tolyl)alum nate, potassium
tetraki s(mtol yDal um nate, potassium

tetraki s(2, 4-di net hyl phenyQal um nate, potassium
.tetralcis (3,5- dinethyl phenyh)al um nate, potassium
tetrafl uoroal um nate, However, the ionizing ionic
of @RUPPUItEd stivator Inhdy teedlt ﬁrherhete@ogdhebhﬁ ctalgsecdmposition, and
invention. 25 The O efin Mnoner 100911 Unsaturated
an sasunperted ppAvater earussplilin jarharnegesepysreatpl Z/é‘t ¢Rposition, and

cesses Wi th catalyst itions and es of
uf, PEERAC At bbibey RoRii s rRR c BrRBTRsHE SR B R Bneons
cithgssabout 2 to about 30 carbon atons per nolecule and
havi ng at | east one ol efinic double bond. This
i nventi on enconpasses honopol yneri zati on processes

| a single olefin such as ethylene or propylene,
QKE‘F’FO[’%O’%@%‘I’ Heri zation reactions with at |east

u
999, ALEFS0e U Uk i ORI 0, S At
leasthyhee nansidoprmetal @onppond amduat acfivatdhy [Ienene( aspecnof ehis
percent) and a m nor, anount of conononer <50_nole
mﬁéﬁé@htﬂ;‘e agtiystRyIcommrises an prgangbereg sopmoBAd. Imeone aspect,

O B
th%hgg%}“ génegé}géo&r?ﬂ epr?sgegg-fgﬁgglr ‘é@% awl[)]{(;% %1!“60?&&8 salts, or
cdriBinbtiomy eketkef CHat rbxaﬂlﬁ{l@()% oi’%ahﬂboﬁon cedpgotinds of this
polycyclic, termnal (a), interna | i near, branched,
inyemféert cait eempriss abidreengady bpravceoropeurds @dﬂu@margano borate
on f nctlonallzed 0

fi
G o Ry BSrpiErechy e SR EBuR Bl Blsngiearo
b&lélﬂ:t IFouRE l&%lv\bhni%rthé aft htde dtﬁ?ze@ atdetsin® flRbrdddso boron

I nvention include, but are not |limted to, propylene,
cdmportreln dips #s nsuad meeanmgmtmxjdrxo newmmlermmpqusdbof thleenem BY;.

|- 15 pentene, 2-pentene, mit h¥1 enten
The F@{rhﬁpoqoo&gﬁ}pztﬁg’atelc ﬁ%*té r}gualsmﬁ%g(lggl éo refer to
th§ ﬁ{dt?%hmoﬁlc rk% §Ngf - ﬁﬁ(ﬁ%ﬁ%‘%{xozbaﬁﬂf ed'bF'n o’%lnﬁeBE'eﬁl% form

our norna oct enes ur nor mal ‘nonenes,

[cfanmﬂ BY jfal wheeen¥s, repiredents X b ufledrinbtednyorgamic ogronupr e For
t her eof clic and bicyclic ol efins, including but not

CQVATICBEE,t HUORAPEEaN9e MoBRE, andy dlugkesienro hrRiplsochyIPeHRdS are

nor ﬁegﬁgﬂegqg co n&l\;etﬂg bg olfgano%%}((irgggg%)&? n(gg r01reb either name

rize 6scCri ove s ect,
as\/’gﬁ@fjoﬁeﬁmth{é@ar is desired, the nononer ethyl ene nay
be copol ynerized with a conononer. |n another aspect,
[OQ&G@X@@@ @ﬁwélmm@n@rbormﬂ @am,pomds dhet en be niisedd as
I ene, 1-hut en

cocgﬁ{}% Flgeomwtelﬂgen Pnplélﬁ e af?eﬂf’tehg%[ed to, fluorinated
rgr %fatﬂé’sl sdchPEOL R '?\ﬁdlrﬂeth%l%nﬂﬁﬁml fe{raﬁﬁ(ﬁe%fhfﬂuoildﬂlféﬁg{)%rate,

hexene, 3-héxene hyl -1 - hexene, "1- hept ene,
trlphm}dcm*beﬁiuhe pt mtmkls(pmtﬁﬂrmmophmrym)bowe eneé&thigie f tmmakis-
normal nonenes, or the fjve nor l decene%&{%g anot,

(pgaigaueropheay \hgs#isonel. Nrdineihy leniliniwRe  tofr ras(tri doro-
mé‘thpﬁf)ﬁ&ﬁfl]bjorﬁ&t € qﬁphén}qgé}g&ﬁumo ' t%{rXEﬁrfS -bis(trifluoromethyl)-

phenyl]borate, and the like, including mixtures thereof.  Examples of
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38 [0094] In one aspect, the amount of cononomer
introduced into a reactor zone to produce the

copolymer is generally fromabout 0.01 to about 10

wei ght percent conononer based on the total weight of

t he nononmer and conononer. |n another aspect, the

anmount of conononer introduced into a reactor zone is
.from 5 about 0.01 to about 3Z3wei ght percent

conononer, and in still another aspect, fromabout 0.1
ﬂh&o@bgamb Koromi @ipqexis ehat conbaarsed abasedtabysts e theopeesent
ght _of the nononmer and conononer. Alternatively
lrwaum irglpds, dubgre pet gm@dtq@etra%a%af&l‘é%repﬁwé)bomn tris[3,5-

it s T S S S e o
[0085] Riltholife Qlot, intéhdidke tSVB@tbduhdt b}brtﬁBCfdﬁl@wmg theory, these

substituted, or finctionalized olefins are used as
exaemltsmf Suoroprgasotimirateaad flueaeorgansy berohicaEnaEes, @39 related

ede, and/ or sl ow Lhe po process
c "E RS A PBENCelTE POPGisp e gD B 1hon Combined
r@gﬁ%rﬁé’tﬁ?%ﬁ olih@Mak s @adeaom- O3 befiestosibl € 9B9NWhich is
not be expected to hinder 15 the reaction in
iricheponatyd bbwin by ecferemee ai 8$ emtirsgbst i t uents si t uat ed
more proxjmate to the carbon-carbon doufl e ond

i ght . . .

[0086], Fengralgciny amopgiak OrgaRo %raetcampova AR %ha?ie dp this

mQIQ{HL? ) Q)E{ Rbedihir ﬁl@ﬁaﬁr}ﬁLQ ReliBe SFWHBBEN §<9n%$1ﬁ1d to the
pol'yneri zati ons are et onopo rizations or

trefdRdry fRtdl Zatiponsd Wh the 6ordp(ﬁs‘1&dilem framyaﬁoluc() lcy ¢d hlsout 10:1.
termnal, internal, |inear, branched, subst ituted, or

In arathen aspaete theormapint, of the fhupreeranpe Saron peflugrosrgaso borate
& onm tnqsé Oagc]; cgpa&}f%logvfa%{] %tgp f&at}/lg Ql%ngns.l%ﬂurg&al c%m]Pound is

oun i nc
in4 @amiyd of it @Bonit00. 5]{n31'e i@uﬁtﬂﬁjt eMemol 0 B&®n compound per
1, 4- pent adi ene, and 5- hexadi ene. Preparation of the

mokt af fransiGomprasalt qcmnpompo Ogeind gspacte thalameuniw i Aueteiorgano
i nventjon, the st _conpositions e

by 8 boesiith PoTaG FORPRAT PG & § PGy g Qv Eior 1 the

tr& AR b Rllnd & inV@Pzﬁ’x'ge of Hons 8PS @.8 %ase@%&ﬁ 5 moles
preparing the cata yst of this invention may be

oftlauron edmpotind pexannolertﬂitramttmmsrphtrat eorapoundhder

substanti al |y anhydrous 39 cogpltlons Ln one

(ODHE LieuBh oS HaG BER AiOR, AN YIUGEAGGRIG PRIOTAGT T ubTo0rano
bérﬁ{%séﬁlﬁrtag)géa tx:‘%l va? g%ﬁg g}’gﬂt A rgsgl{a ed &P e' s@RIhPshtich® If

reven yst ont acting

smaﬁe&lg’e@efaally the suppdrn c@npﬁﬂdseinymofga\nﬂyﬁlda,(:duuﬂ iaggsilica, an
but not limted to, blending or mxing. Further, each

alumlmat@ cempau%tor@mmgmqr@ﬁ er50k o kBB HER LS asyAPrEeC adivator

h
R RS e AAS KonFst aAAERA PRy
caddetdaltfiur & hﬁﬁnd}g‘éﬂ&é&t 8htalist '@oﬁh‘é@‘slhbﬁn@hd Ghé ryseht invention

conmponents, or all conpounds can be cont act ed t oget her

ertmefrmaeaselséapttghetmtqgedm@ndrhomctgaeeméa@taiysts [0097] In
one aspect of this invention, the catal yst conposition
is prepared by

The lonizing Ionic Compound
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10 contacting the transition nmetal conpound and the
chem cal ly-treated solid oxide conponent to forma
first mxture, and then contacting this first m xture
wi th an organoal um num conmpound to form a second
m xture conprising the catal yst conposition. In the
first mxture, the transition netal conpound and the
. Chem cally-treated solid oxidg conmponent nay be
contacted fromabout 1 mnute 15 to about 24 hours at
[0888 eI atcatdinee fwitimidb dnrentiof, the cvdyst dddiosition esraptises at
aspect, the transition netal conpound and the .
leasiepre HPNSILOR dRetal cemPPUNG and et apYatent Iregnepaspect of this

. acted from.abo -qLnut e_t out .1. hoyr_ .at

i SMEF ol S PRAY AP Jodf i doeindo b fpouna.

ERaRplesofaidREAlg @bnit NdotnpdimBNireOdisclbbR] eRTARY Platent Numbers
conmposition is prepared by 20 contacting the

5,67@a89 andrd, 34,23 8, canh e vdhich he inmogeoreigH Urereinrhy reference, in
..conpound, and the chem cally-treated solid oxide
ltsc?i%ﬁtﬁ’ent before injection into a pol ynerization

[0089CAR ionihgliBhR d i5 B8 iBﬁi@%kﬁ;o‘ﬁHd Wtigh can function to
co ound? o§ganoalu num conpound, and the

activets aradnhyader thataetlvisy bf theoodtalgstaroenmsiticac t Whhilearot Aound by
period fromabout 1 mnute to about (%4 hours. In ?ne .

thearyeHis beltgved dhatithe fonsng iHic semppund Mg bss3aebdle of reacting

L Nyt e : h a ture
VIR Ry e g TS5
cobgpiundtintdt £eut @i snsitiorameieempounid Akam, aboldtno? Betiding

about 80C. 40 [0099] Another aspect_ of this invention
toj ke berRGdDi Mgowtit dndielicved teatathe corizsim dona (ompPURAymay
of .transiti.on netal co nds A through R wi{h .
fufiicrh 3 i AR R BRERE B SaeleF s d ey 1y "pffacting an
arfGN i g dMpaLdiBIS/ hqi%dyd_rrs@cﬁ Ia§ S(!XI?;!] B ex3Pol QXK' Grom the
contacting this first mxture with a =~ .
tragisgivine atdtsl- comapoead. s oHoavever, othied eorazing viamis -conmpend is an
such as chlorided sil]ica-alumna,to forma second
RO BERE DhavIhein A niOBAR ot AT PR TEEY aryapound,
abSRARe QG(RE% afid i 'é']‘?ﬁ]ioﬁ bs kS fQBE hORGH bafir, Al b8 tiPmetal-(X)
remain i ontact fromabout 1 mnute to about 24
bdndunshgtransitidn mesalngnpuunds siogriy cobsdinates tonargy ligand, or any
ol yneri zation pr.ocess. [00100] Anot h%r spect of this
other/BRehasis IS bY oHRigR ACHYALPT FRXSCHDN FVENST, 1§65 BOnpRAgRery

o S5l APRLAL Bt SRR Lot
TN dcib dtidonafurctiohe b nhevivangtig sivalt @smpotiekeigeetident in the

about 30 mnutes to forma_ first mxture, prior to
enbapgedcactivgy tof cataly st ompogitigneasst ok agjompared to a catalyst

activator-support,. such as chlorjded alupna t.o forma.
ool st o TfEe it CpBhofioR bl dhel rlkfRglife pLBnfine
jofielcBinppungonponents 15is forned, it is optionally

allowed to remain in contact fromabout 1 mnute to
[0681] (HExapaplémol mnimingionio caspogndshinsludecondrerngt imeed to,dhe

e TR AT LA
oSO B CRIRSRER, LRy St -

dimptiyh®brads paai-butyhamuedigbin teahkie(303-dirheth#phenyl)borate, tri(n-
or ganoal um num conpound to the treated solid oxide
conmponent in the catal yst conposition may be from
about 3:1 to about 1:100, and in another aspect, from
about 1:1 to about 1:50. These weight ratios are based
on the conbi ned wei ghts of organoal um num treated
oxi de, and transition netal conpound used to prepare
the catal yst conposition, regardl ess of the order of
contacting the
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25cat al yst components. [00102]1n anot her aspect, the

wei ght ratio of the treated solid oxi de conponent to
the transition netal conmpound in the catal yst
conposition may be from about 10,000:1 to about 1:1.

I n anot her aspect, the weight ratio of the 41 treated
sol id oxi de conponent to the transition netal conpound
.in the catalyst conposition Agy be from about 1000:1

to about 10:1, and in yet another aspect, from about
b@yDathnicni@hout 2é&rdkis[Blfebe(tridlugidmdthylsisengteolased onri(n-
t he conbi ned wei ghts of organoal um num _treated oxide,

t
by hammansym ofethaki g periafyygpiend berate.o %&ngmaeth}ﬁlénilimum

t it I r - of
e R
diﬁ@éﬂ@}lﬁ(ﬁﬂin@ﬂp@e&fzﬂ(iisfw,4ldlm‘%ﬂ{}blﬁlﬁéﬂy¥)%bfa@él R, BC888@Rylanilinium
[ 00103] Pol yneri zations using the catalysts of this
teinakis(3, b-climethylihenylborated 10 Nobbdimetiaylgnibimnmer  krigwakis[a,5-
the.art. ol ri zati on processes | de t... .
blﬁ&EﬂHﬁqmqu@%Wﬁg&alﬁﬁ%r yI pol )F/)mer! zat | oh\iﬁ-éxgéétﬁgg@mum
oA Rl Afiok Ry fordl, O AP RC ToA el D Rtraf Mot i borate,
triphesylcanbgnipal y rerakiséini-toly | rangte k ntriphenplchtbenam  tietrakis(2,4-
produce ethyl ene-contajning.polyners can _be utili .
dl%tﬁthﬁnml)@?émée,sfrlll?fregalqa&e%ﬂgﬁ %&@i@@aétqlwwip%§ﬁgoratea
: 0cess, or the o3 Y . [
tr@@?@l&?é}bgﬁll%ﬁq SS tétg%?%?gg‘trng@ﬂﬂg&oﬁ?&ﬁ @gnuegyf]borate,

nuously in a loop re cont'l

triphtfiylestbegiaat otstradkpehMidrophasipoyst, agbpyin ontetrakis(p-
catal yst conposition is used to honopol ynerize

tobilipraine, BePXBITR yﬁe_éraik'z%me@wﬁm@tew t Wopy liwmron serekis(2,4-
iy RAGGRPGEb s Fn B n R T BB BheRFhBG e = ©

tropylium tetrakis[3,5-bis(trifluoromethyl)phenyl]borate, tropylium

tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)borate,
lithium tetrakis(phenyl)borate, lithium tetrakis(p-tolyl)borate, lithium tetrakis(m-
tolyl)borate, lithium tetrakis(2,4-dimethylphenyl)borate, lithium tetrakis(3,5-
dimethylphenyl)borate, lithium tetrafluoroborate, sodium tetrakis(pentafluoro-
phenyl)borate, sodium tetrakis(phenyl) borate, sodium tetrakis(p-tolyl)borate,
sodium tetrakis(m-tolyl)borate, sodium tetrakis(2,4-dimethylphenyl)borate,
sodium tetrakis(3,5-dimethylphenyl)borate, sodium tetrafluoroborate, potassium
tetrakis(pentafluorophenyl)borate, potassium tetrakis(phenyl)borate, potassium
tetrakis(p-tolyl)borate, potassium tetrakis(m-tolyl)borate, potassium tetrakis(2,4-
dimethylphenyl)borate, potassium tetrakis(3,5-dimethylphenyl)borate, potassium
tetrafluoroborate,  tri(n-butyl)ammonium tetrakis(p-tolyl)aluminate, tri(n-
butyl)ammonium tetrakis(m-tolyl)aluminate, tri(n-butyl)ammonium tetrakis(2,4-
dimethyl)aluminate, tri(n-butyl)ammonium tetrakis(3,5-

dimethylphenyl)aluminate, tri(n-butyl)ammonium
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20 known as the particle form process), which is well
known in the art and is disclosed, for exanple in U S
Patent No. 3,248,179, which is incorporated by

reference herein, inits entirety. Qher

pol ymeri zati on nmethods of the present invention for
slurry processes are those enploying a |l oop reactor of
.the type disclosed in U S Pagent No. 6,239,235 which

is also incorporated by reference 25herein, inits
tearakis(@dnyafloROdtny])alvarieates PN -dirpethy miliami aetrakis(p-tolyl)-
tenperature for this invention range from about NN

<, 9 N7

ma
alBOENEtS, abobkNzimethylanlinigman ot HékisgpdetyDaluminat

jzat lon reactl from
CERHTRBER T, ¢ e B AR BT APRR o p
dingaRylalinivtRi cal | y teedys(S,3-dindthy|pRédy I RplurRERRST €, T hayN-
i's, 1n atnosphere substantial free of oxygen and under
digngskylanilingurn y teirdiyed r(pestaoeipheaylalumingge, itmphemglcarbenium

bsence .of water as the reaction begins. . There a.
iR RO Do R pner SRS EAROE. o PR PogL GpRinate
R YeldRo Oy SRR e, uiphenylearbentum
tetrakis{3, brlipethympheayDalonteateny pr ésphenyldahlxnigoes notetrakis-
adversely affect .the polyperizatiqn reaction, and it
(Repiatioar OB R B §%fr9é<1mpgtﬁ§ﬁ)aﬂtﬁawaf% etropylium

L essur in o . [
S L S i R R R
trappydiiim 1RHRkig0S Sedindethy] gl rgiatuneinats pepyliurp abyakdsipgadatiooro-
pressures m rom about 50 psig to about 800 psig.

. / be f . g 80 .
plmwi)ﬁmmhkydﬁﬁg@ﬁ tetgakip@entadyoraphemd) deminne.j lithiung fetrakis-
rocess of .this.i.nvention.to rol. | yrmr. 1ol r
R0 B meleb BRI ST R R, TR Pt -
tolylhadumisedt | ORhAdn beegalis2&Adimethylphenyl)aluminate,  lithium
tetrakis(3,5-dimethylphenyl)aluminate, lithium tetrafluoroaluminate, sodium

tetrakis(pentafluorophenyl)aluminate, sodium tetrakis(phenyl)aluminate, sodium

tetrakis(p-tolyl)aluminate, sodium tetrakis(m-tolyl)aluminate, sodium
tetrakis(2,4-dimethylphenyl)aluminate, sodium tetrakis(3,5-
dimethylphenyl)aluminate, sodium tetrafluoroaluminate, potassium

tetrakis(pentafluorophenyl)aluminate,  potassium tetrakis(phenyl)aluminate,
potassium tetrakis(p-tolyl)aluminate, potassium tetrakis(m-tolyl)aluminate,
potassium tetrakis(2,4-dimethylphenyl)aluminate, potassium tetrakis (3,5-
dimethylphenyl)aluminate, potassium tetrafluoroaluminate, However, the

ionizing ionic compound is not limited thereto in the present invention.

The Olefin Monomer
[0091] Unsaturated reactants that are useful in the polymerization processes with

catalyst compositions and processes of this invention include olefin compounds
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out in any manner known in the art. Such processes

that can polynerize 15 nononers into polyners

i nclude, but are not limted to slurry

pol ymeri zati ons, gas phase pol ynerizations, solution

pol yneri zations, and nulti-reactor conbinations

t hereof Thus, any polynerization zone known in the art
-to produce ol efin-containingqgolyners can be utilized.
For exanple, a stirred reactor can be utilized for a
hbeihgHrgm abests? torbodte3(r eabon atoneaper@oleanle @ loaving 20least
contipuously in a_logp reactqr or in a continuous

OBE il ¢laricr &bl bondy pilak [yentitle FEPPRAISFEE fiqnpelymerization

pgdcr%ggegsﬁsqn ec{ &l r%l@roqeﬁr?lrs# fd so%{hﬂéien%r ghr%bgleﬁé( as well as

nmeri z react|
?@Bh@atdirﬂ ﬂé@&l(ﬁqsuﬁﬂﬂ al Ragl dﬂerdifmhy ORfinZa¢dpodide In one
known in the art and include hydrocarbons which
ameét |qfq@u @p@bd@@rllﬁél@@t re@ﬁtl@mm;f ethylane, meolty@rem of ethylene
cIo ure d

C%B%%%%Frﬂl?f ST aﬂfn Srilere P! ?ﬂ‘ga FEP?H frgount of

coBBASmEL <30cInsle 9@1%@1@1‘)‘”%0@]%1 tﬁf%mi’sosddt' Qnﬁeq‘uh@heﬁﬁy The
contribute to polynerization process. Exanples of

ccbmdmcmnaisbbattscanlw capatyherizesledlith stigildngeshiosld maleufilen thrge to
are g I|n1ted tg} gg % R?éaga i sobut ane, n-but ane,
63 ﬁ@I(W*B@ﬁ§§h eir; 18gl5e Oneopent ane, 43 and
[dpgfﬁ%@?@}gy c‘fﬁ% n%ol?f& é:?%gtt%g{laf q‘&é 8%§r%eﬁlhqm%al' ugfbtnched
subeGhnald, Qﬁﬁu@h@m{e@ el clishdllz&d, d?ﬂhﬁﬂi—ﬁﬁi@ﬁonéhz@@%l&ﬁs may be

4,501, 885; 4,613, 484; 4,737,280; and 5,597, 892; each
eraploghd dh this inwewrqror é‘pe@xmp}eeﬁmleaic@smrr@tpd compaungs that

entlret 510 se f the jnventi t he
el BONmRES AP ne SBHERS 5 RisasSaligh TGS bk e not
liRaky ng@! 'p%@éyléﬁb I RRGEAE, Q[bd%é}lley @Me%l%tlll‘)ﬁut"eﬁ@cis%utylene 1-
system known i n the art that I's capabl

pqnbér;er,remmntﬁgpepl b{mathyﬂehxpmmeaet at- me&dalrdepdnbﬂmpollytmese 2-
or mer s, of rese i nvention h react

h%ﬁeac§%¥?% dspily 9%@9}&% ofiﬂept@a%» %ﬁset@n?»e deptege, t e four
osxﬂ‘la‘l'toh&ﬂd SRE ¥ RlrShorfial ﬂgﬁ(emlsg I‘IBQ me'm}gln Pg&é@f 9 Oefnd%&tures
phase reactors can conprise fluidiz bed reactors or

oftanguthar orr reat thergof. SCyeliy aridebicy clisolefins, dacindingebut not limited

vertical |oops or horizontal |oops. Solution reactors
tog ﬁMCI@B?fﬁ?Iiles eyslahexens, marrorayleae eurbairadicascaed she like, may

aldS O Po%&ngr%ég&x@%da tors suitable for the
I NVeén can ¢ nprlse at | east one raw

[om]elrnl Ghe hpRek, SitEhecopdlyheass d@sih%df grdmeusieMefilenclday
cat'al yst or catalyst component s, | east one reactor

bes pspelymesized ewigh reonpooyees i{@cmaérey apseteraxempdasy of the
sui tabl e c reof, Suitable r tors

on th e r
Bt ik Rt Pn ABaAOF PEREr o GO 1G5 ARpUGhE, 2dpecnt, 3-
?p-'l NRkdRD Bbburdlenal al- %ﬁéﬁteﬁé Oﬁ%téﬁéSt§%etﬁ}ﬂ 1-pentene, 4-
rusion systeni a coofing system a dil uent
methy},#ﬂpen@neybhemneo@ -lexend) Brindx eay Si- emyl-$bltelxen@acheptsne 2-
can conprise continuous_take- off and 20 di

hepgage P iepieas, Bar atpry@qrmaa PPigast, ! eafﬂﬂlr@@nwemonenes or the five
no?ﬁg HQACI’%S ﬁ”P?l{; e&r ecso%&no(ﬁ"i‘é} Iﬁg}ggé 13?@]‘ IIIE? -%er%ene,

con I'’AUOUS 1N on o a nonofer
1 ﬂegynbup;r@t;tdnetpdacdml ymyﬂezlat ion reactor and t he
continuous renoval fromthis reactor of a suspensi on
conprising polynmer particles and the diluent.
[00111] Pol yneri zation reactor systens of the present
i nvention can 25 conprise one type of reactor per
systemor nultiple reactor systens conprising two or
nore types of reactors operated in parallel or in
series. Multiple reactor systenms can conprise reactors
connected together to perform pol ynerization, or
reactors that are not connected. The pol yner can be
pol yneri zed in one reactor
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44 under one set of conditions, and then the polyner
can be transferred to a second reactor for
pol ynmeri zation under a different set of conditions.
[00112]In one aspect of the invention, the
pol yneri zation reactor system can conprise at | east
one | oop slurry reactor. Such reactors are known in
othe art 5 and can conprise ggrtical or horizontal
| oops. Such | oops can conprise a single loop or a
[0994] Bsond adpect the dvhbintpifeolmapntee ttaiused aro aasgputoseone to
both vertical and horizontal | oops. The slurry .
ProgngerEhe %mqlmercﬁrgﬂﬁé%léfrfr@mmuf R-Untoorhpahil B vegielieprreent
o4 RRLHS! 36 1081 SHAS] IRy BOATRLRS: 1

afBérORpE@Nthe DEHENDF cofdnbiRP itthRicedMito MBeactsOky@Nis, from
10 catal yst and any conononer are continuously fed to

akout dbpl teaboel 5 wieight pelcpneeomanoer, godunsstill another aspect,
trye Y Ol il o w8 beftent bSO L Bt P dnigl areieht
of 1€ e dntbr 28I BmdnBRikt 31 A Rerilivap Ahaho@stReicialt tb i the

I nvention, the polynerization reactor can conprise at
abovasdesoribed asngenastone by t weighSuao hths ysipetmnaraprodngddoyara be

15 continuous recycle stream containing one or nore
Ustfnoners cont i nuousl y cycled through the fluidized bed

[Oigg%]g%iﬁr fiof ?ﬁl‘én?ﬁfggilgkf He2bahyE b aﬁﬁg ;thQBBV N 7 AThBRt that

It1ons. e stream w t'Adrawn from

briahéhdd, wubktitactdpest @mtttiopaltdde dldfansk atentuged 8 reda@hoy .it is
Si mul t aneous] y, . pol yner product can be wi thdrawn from,
balisaed ethat oterienbindssncsr ey e SRPPRSn SREIOr cAWD Ehex polyapRsipation

ta repl t ol I ze n g C S e
PIp g%lsé tor @ﬁ‘gsa ngrggﬁ%eydly ér% .dlbé) %p ?% ces % %?%?n(gﬂ I ({}i %%t é’g&% removed
somBSvIR 3N MR YArB6hZatbioandddbleobeid Would HotBY &dpebledftb Mender
are polynerized in the gaseous phase in at |east two

the mernionde the yas thaidbe spok piefin sebistibienison@igtoghnpee proximate
f eedi t al - i.nj I f '

torfif SertBBr R SUIBROBbALERD i CRC 8! At EAEpgAn for

thé @By sZ bR bhdoSthid InvaMRMRIIRABSRS o The pMGmerizations are
I nvention, the polynerization redactor can conprise a

eithebhbmopolyast zatiofududapolymeeatiatioss sath awitergolagydics chelic,

e 0 e B SRR sPARged LA

adﬁ%tgdﬁﬁgﬁ[hé e%ggﬂ%ts c%ﬂﬂ)dgﬁ}’o%ss%\f"ertﬁg m‘ﬁﬁoﬂ‘h%& fBeS{ked in

polymerization of diolefin compounds, including but are not limited to, 1,3-

butadiene, isoprene, 1,4-pentadiene, and 1,5-hexadiene.

Preparation of the Catalyst Composition

[0096] In accordance with this invention, the catalyst compositions were
prepared by a process comprising contacting a transition metal compound with
an activator. The contact process of preparing the catalyst of this invention may

be carried out in an inert atmosphere and under substantially anhydrous
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initiators, or catalysts are added. Mnoner can be
entrained in an inert gaseous stream and introduced at
one zone of the reactor. Initiators, catalysts, and/or
cat al yst conponents can be entrained in a gaseous
stream and introduced at another zone of the reactor.
The gas streams are interm xed for polymerization. 5
. Heat and pressure can be enphgyed appropriately to
obtain optimal polynerization reaction conditions.
chrdfifidin] | inaond hepecas pec ttmdsphbee i vabdtamiallyt hxeygen-free and
pol ymerl zation reactor can _conprjse a solutio
sxﬂ@ta}w@]{ y fraei ofwater @p dhe raaghom @eg@pugq pgvent deactlvatlon of the

oBVAT T S5 PRI k0 I 5140 i s
n&eﬁﬂﬁted/ioc BlehdRiz 60 /AKing nEuﬁHeﬂ REEH o@&ﬁ@ﬁat@g@t |cuﬁﬂpb31t10n

or excess nononer can be enployed If desire
coropamsts cam bbdedrintogthe rieactonsepaapisly, ma@élouﬁtccrrkbm&t@@s of

5 SOBBREE SN e i LR BrE < bp P RBF Bt
adcﬁh&?&il néa@él?ﬁ }lgér?e'ﬁ%e rRt [ e%oﬁ&?@ulﬁ)dse eatbe Scoh%?ed’\’tdéether
result iIn e formati on of a solution of the polyner

béforesbeingoftraincddime dicurrctdgi t at i on can be enpl oyed
during polynerization to, obtain better tenperature

0087k o Py gepach ofdhist BV FNtint: £ AHBBISY ARMPsitiPRS prepared by
t
B e b
céthp@@ny 0@ fdraps figst. mikherepaid/thehi coatdcting clas fivet rﬁfxftmt\eﬂih an
in a batch manner, oOr in a conti nuous mnmanner..
OligaReABIInER COHONNE doal0sEr 3 secad BEXITE FREBYSIHS ethe catalyst

Separ @éf ; t ]é“h Q\% %ﬁg' 0 %ajr'%g Flgpongl}ea%&?ﬁ@g 1%%%1' O ;?Ju%tﬁh Y& the

clrmesily-abated @ohd%ﬁfdi%lc@ﬁq onBet Ray ) %%bht«'é@tfedQl‘bIﬁ @BEEtOr minute
system can conprise the conbl nation of two or nore

tor abaat 84 Soufy aiduehipenatofe fromyateus 107C tolkboy! W0r€adnamsther
e
COquédIfegt Wﬁ I’l% ICE)HBB% I BJOS’I tal%ohf qn%ﬁhtet @& aﬂ)%luw"ier}ﬁ)ur at a

romt I'rst neri zation reactor into
tehﬁ)@ra‘l@t‘é%raﬁaﬁtt »°C tB%odﬁmmed pol ymeri zation
conditions in one of the reactors can be different
[0098)]rrirt dretlepespdcit ngthm mlenﬁ@nsth@f:ataly@t mmmsﬂmmsm@mred by
terni\tﬁll vel on in | t.i Ie react

caiar i deniion iRFALFOPPRHEE ohe Qe R YRty L and
thEeachEf?ﬁcatl t?éhq‘,sds qb'& bERIE! %?ncﬂd?lrenf: OBt fpR! eguectlon into a
pol ynmer | z t1on. Suc reactors can I nclude any
pcﬂp:mfermatom nreqdtor. udilng thibutispeat, Ithen trmkltﬁm mmfal | pdrepound,
| oop reactors, nultiple gas reactors, gnbj nati on of

orga@ﬁa leminugasompgendagd the Jeeamniatieaisd splig grisieiaag gontacted
fOF 233 QS E}Sb%h{"tllrﬁﬂlu eﬁ)cllbooru‘clf 2‘ﬁ” l‘g&hrg a%n ?ﬁe a; t thls contact

ors e SO I on reactors

st@lb&ﬁirﬁﬂ@rrf arfuit erﬁlnufeot@]al%hﬁi hetr, tahe ap@kéfﬂpérétu@é ﬁom about
produced, they can be forned into various
10°C to about 200°C. In another aspect, this contact step occurs at a temperature

from about 20°C to about 80°C.
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articles, including but not Iimted to, household
containers, utensils, filmproducts, druns, fue
t anks, pipes, geonenbranes, and liners. Various
processes 10 can formthese articles. Usually,
additives and nodifiers are added to the polynmer in
order to provide desired effects. By using the
.invention descri bed herein, qbticles can likely be
produced at a |ower cost, while maintaining nost or
[089Y] ahothee speaueofprivigelinveptionf iy aoymetiag produnsiton trietal
transition netal conpound catal ysts. 15 Definitions
cgropaurg] puchopsianyt @f HaRstien dastrl Cormppweds fethrevghs Rugth an

herei.n, .the foll own d b

oFeSUlmhtT ehfipo i S s IO BR P IRER B P HhlEfs 4g form <

iR YnidRedl PRIYr th ré@ﬂtra@l%%aﬂﬁﬂﬁm mekr® Wittt eh&nieslly- treated solid
conflicts with the inition or 20usage provi ded

otide edativatdreugpdrit nsuchons athlersdege sficevdldminahée efionm a second
Contr

MEpEUES- héﬂ%{hooz[ Eokd s %‘qeé{n ?118 a@%ﬁglg%{scomnglﬁgrlse Ifcg]rme:d it is
;gﬁ:f?ﬁnz il BloSveal toelremé if ﬂ'ﬁ cGdcPR e Moupll eJnirﬁJt@ t& Qg&ﬁoﬁﬁﬁours

s al so used herein to mean honopol ymers and

p@@ﬂ@lwn@rtﬁlsﬁeca&émwm a pAgoedi2aticierocessm | nert
at nosphere is used herein to refer to any ty

lﬂamlem af\RESH @pRect 194 this dn¥erBianaist ‘f%lt4°§1n§r?r etaae}srw metal
ng %Alg:% %safi{%cotfl t?e[ns[t %CHe?aﬂ 'C L}:?O s Aanrorﬁgfle'N z3&11th an

atnDsp ere surrounds or b
orgﬁh'&lluﬁlm&in 6 %‘ohﬁd Sdh 453A 1(¥obS§ ), RBA SVith 4Pl RERE nidhomer
he use of 7 substantially oxygen-free and
suchias tldhexehe éer diioamn Bémmgteg 4 forime Ifwrsti mgitlhmt pmigrt to contacting
l[imted to dry argo nltro en, dr i u
this Rt eshiPR oyt An Al RHYABH-& S meaeftd umina to
folit £5d%R L %&tur@r Cﬂ{c%dtﬁg Eeﬁnd%fﬁ@%tdfoﬂl ﬂ)llé I8 8 miponents
sensitive particul ar gases or noistur

is Adethéd,dnéd bp‘t;onathl@ﬁtllcﬁiaab&pﬁm{afn iiis cahtaot ﬁroms gisbut dr miimute to
to refer to the use of dry air as .a bl anketing
abgiirgd PRETSETI P UBTHE this seeAndonEXtUgdm3dindynetization process.

QAL T 5% oflcRIRENEL il BP (1RGO0 BE B 266 und

onl e- 8ensi n-sensitiv
to'"!@éﬁi@&ed SSIRT bxide eﬁt 1@&1wsadlybte&@mpomm Inghy be from
typi cally excl ude or CO because these gases may be

ahowhctil veo tahwat dl :dAe0. parltll guother raspeati dhe W?lﬁb‘és@tlo opf the
oy 0 g e R, v ctat
coMPRKRIH Ry IRSBSm dboBE BAT toPARREISRM, and in another aspect, from
about 1:1 to about 1:50. These weight ratios are based on the combined weights
of organoaluminum, treated oxide, and transition metal compound used to
prepare the catalyst composition, regardless of the order of contacting the
catalyst components.

[00102] In another aspect, the weight ratio of the treated solid oxide
component to the transition metal compound in the catalyst composition may be

from about 10,000:1 to about 1:1. In another aspect, the weight ratio of the
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[00121] The terns catal yst conposition, catalyst

m xture, and the like are used herein to refer to the

m xture of catal yst conponents discl osed herein,

regardl ess of the actual product of the reaction of

t he components, the nature of 15 the active catalytic
site, or the fate of any one conponent such as
.organonetal conpound and actigator. Therefore, the

ternms catal yst conposition, catalyst mxture, and the
tiehts@ solid!axdde bombpoh&itao ageneasisionanp@b compasndiirdthe catalyst
honbgenous conposi tions. 500122]The t erm hydr ocar byl
cPpmpPOYHEN MrAyshre BPMyakouty §PBddomheut 40ile and Iy eframgphar mgpect,

i ncludes, . but i,s. nah.{ i ted f. | I .
e rRs o U, Theguaify oty off fed g pombined
wRIN¥E orgmahlminum! ke xideaal kysm¥itionafétal BEmpbisel used

and includes al |l substituted, unsubstituted, branched,
td preparg thetcatalst sompobisiont negsddldey pf abe wedert ¢lee@uiacting the

%00123 The terns activator, cocatal yst, and rel ated
cHtalYRECURROY B er i ¢ 25 descriptors used to refer to the

compounds, conpositions, or mxtures that are

contacted wth the transition netal conmpounds to form
Utiliey afthalGsalysiabpasodilions: Bblyarisatior Bradesses

regardl ess of any .parti.cul ar reactign .or nmechani sm by .
Nmﬁéh suc RobEMsFaHaRs uHBEHrssatalysis ,0?61?15 ARYEnLipR £an be chrried
o{ltuiﬁce{néfoxﬂamégtﬂn\{) OhSnk 2f! Lﬁqﬁh.ﬂ%zim@fiﬁatioﬁsprggéssé i[ili'cfu%g, but

0: conpounds suchas an al umi‘noXane, an ‘or ganobor on
afROAGONMGted &0 310y ZdIIgmeApations g@@ whese polyhayizandsy, isalution

a chemcally-treated solid oxide, or any conbination
peliatesizations, aanst beg likspdaeludinge multineacer vambingtiong sthgreof.

o refer . .to conpositiagns ar.n,xtures, e f .
This o Fiedt Bed TR e Rl i I b T o RY Bl oappaining
pSINaELS ahh Yetitapkad B&Y bhndMbdestiied Rh@aNa BE WlMed for a

compounds, and m xtures of clays or other |ayered

batelt pracgks canle mwagheedubs named mup comidsiouplyon 24ovp eeactor or
.termchemcally-treated solid oxide is used
I QI EWRHS PP SRR t erms such as solid acidic
jyvat or p I Y- Toy AV ;U 43 10
e ey Sy GG o Ry Eb il o used o
hahepolgalelige tethgddred or sopolgmerize rgaiére with decamionomer. In one
relatively high porosi ty,wi ch exhi bits enhanced
aspegh & tipical Bolymeizanian ithed i & SIENaRALpmerigiag prgoess (also
reat.en f ol i ' ' :
B SR el USSR H SRR e and s
distlesdd, qbr ekirhplcaid UK. APt 6. 3/248)160] whichwst indomorated by
ani on source conpound. These terns_are not used to 15
refferpnge herein, donipfo priinety. s Qther polymegization mesthedsnef thyepresent
.constrged as_an inert con onent 1of.the cat a(l%cgtr the tvpe
in¥ SIS SHTTY RRIOREFSS Afie UIRErTRBIOY (P2 7 dederegeaelys gf the typ
dif¥bsiRPid .S oPhbmalb08,28b DB 5thKicR Y ARaBGIpBEHRd by reference
conmpounds conprise activators of the tranSition netal
heremp ouitslentawty. conpri se an i nsol ubl e conponent of the
cat al yst Icorrposi tion of this.invention t

[08893)ner s, Imafite atpeghi ymﬁ@_zazb)a)cmf@r%t%?%yﬂlgd@??@é@n may
o 150 AR ROSOT o oRul ol SRRy o, pepgisaion

refbtid @mpREature may range from about 70°C to about 110°C.
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equi val ent to those described herein can be used in

the practice or testing of the invention, the typica

nmet hods, devices and materials are herein described.
[00126] All publications and patents nentioned herein

are incorporated 25 herein by reference for the

pur pose of describing and disclosing, for exanple, the
.constructs and net hodol ogi es jphat are described in the
publ i cations, which m ght be used in connection with
Unh96presemhhypﬁﬁanmmnﬁdninvankmomypﬁhﬁypuhkuaanhomm.inen
di scussed abqve and throughout the text are provid
atgrspheres dhatt Aei 0 AtESBRAF esubstangie] dreq oIt REYESH .aﬁg under

lgo%{ﬁtlg rr08§ %gﬁdlg&% LERL 1 ff (% “?%elﬂ 09¢ &' 4 tjhé rgé)ctlon

const i e as™ an adm ssi on rnventors ar
béhs. e MEHekfofe BOFNiRERlaembssHerdli fof | SGHipte, bd/ryVﬂntﬂog@n @r dry
prior invention. [00127] For any particular conpound
angpscﬂs@smdalbecrep}oyeémxyt@ep@ymlerlzal@t eaeour e pr esent ed

|| f t
(0Bl oo iR PO iR el R L s o i ruesspyegpdoes
n&aa[&\ﬂe%ébﬁéffé&tthé’f Wiawﬁ Negetiohhend ‘?ﬂ%?dall%tcro‘ﬂﬁhét%@ at a
al so enconpasses a enant | oners, di ast er eoners, and

pretsuee hogiter ¢han t}saopmtrsamm tpecssurese nianofoasgpectc p@iymerlzatlon
racemc lims, as well as Xt ures of stereoi ?(%763
psig.

PIESSUefe YN D X O AR cAMOsBReSEr PEISTHE [t @RV
arid?l‘f&rqsggd? éﬁ?yﬁ%ﬁ%ﬁ?&n n%ﬂek#ﬁé{)ﬁltag B Borh I%goﬁtoé d a}%’é@é '&Qabout 800

onstrue
pslgrposuﬂ@ed inyidt@tenoosn bRovsddhén sko polyhertenion @mcéztseof this
contrary, it is to be clearly understood that resort
inveRtigetorraatnobpokmes roleeuat Waighbbct s, enbodi ment s,

(0BRGN g™ b s PR U LR R SIE P B fleflon EHLEY sarged
outOinl RN EMBAne? " K dVAd VinSthie! Artl NStifte p’}“bées‘%st Bettcan polymerize

departing fromthe spirit of the present invention or
mphemsisoipto pplyniess dppedrd duit aranaslimied 1egjumy phlymerizations,

foll I th i f
By RIS oL OB AL a T ORL e SO Er ef hwgpbl i reactor
cdfl%lﬁhﬁ&lsofﬂeréﬂ'fderﬂﬁﬁ AAGT S0l MRS RIG Sofd %o@@n M 1thO 98D to
['or argon. Solvents were’ purchased from

prodm:nslobafai cETaiNaes pa}yrdnemrcmnt bpiwdizey. dFDed:xawie a stirred

activated alum.n or to use, or, distilled fro
rea@@agé@m wlized 15¢ }Da% RTRESSSLAT 4 TACHBR fieaebe carried out

co%ﬁﬁﬁinﬁs!lf MWE%%WW& PR A AR fHiATH GRANES CT%lcally, the

sour ces:
polymerizations disclosed herein are carried out using a slurry polymerization

In

process in a loop reaction zone. Suitable diluents used in slurry polymerization
are well known in the art and include hydrocarbons which are liquid under
reaction conditions. The term "diluent" as'used in this disclosure does not
necessarily mean an inert material, as this term is meant to include compounds
and compositions that may contribute to polymerization process. Examples of
hydrocarbons that can be used as diluents include, but are not limited to,

cyclohexane, isobutane, n-butane, propane, n-pentane, isopentane, neopentane,
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25 Testing Methods [00130] A "Quant achronme Aut osorb-6
Nitrogen Pore Size Distribution Instrunent,"” acquired
fromthe Quantachrone Corporation, Syosset, N Y., was
used to determ ned surface areas and pore vol unes of
the treated oxide activator- 50 supports of this
invention. The nelt Index (M) of the pol yner product
.was determned using a 2.16 kg |oad and Hi gh Load Melt
Index (FILM) was determined with a 21.6 kg | oad at
ad® h-Geaaeor diTpgichlly ASSddubant238. uded| ﬁsrethedelﬂaéﬁty inas slurry
determned in grans per cubic centineter (g/cc) on
pelymstigationsn Exarples @f hispleehnelegy ee foung dﬁtUﬁsé’%%F Nos.

24 DA el oD, By USRS HORT o

1n@éﬁﬁﬁate@b?@@@%fﬁe@ere{]@Qﬁ%@eﬁm&?U| ar wei ghts and

nol ecul ar ™ wei ght di stributions were obtai ned using a
[0BL09120 SEFohipgtpasesiodrthe un@erdmno rthc dgﬁamqumﬂnzatlon reactor

Laboratories) wt or ob nzen
inb (el 4 SO RERETEARETeacip] glp Brieriplos R SBent ki in
th @b 8 QapdbieCof lefi t d
%nggtedl -tert- t@l 2 ngg m%hzérﬁ% y ealtn amgré%rggrgt rgt |p(1;(r)1 Hee
hahopolpmetsd owa&)pmd;ﬁﬂexasoﬁ tisd givedent envemldnhe SE@B reAntors can
i nj ectlon vol une of 200 vvas used with_ a.nom na

C%Pfy??ers IeiHc EPRGIRIS] oBAsophase 5 TeRptors,  191edy) ufqaﬁ’i?r%f Fh&y

r [
ofBafed la” Ghe el rPoctls GR ot B iy e T BEU KRS or
tublRir @€dctsTBS Sheed ravi@s thii eemblixedertickSlooph birhsrizontal loops.
(7.8x300m) and were calibrated with a broad |i near

Selotige reagiash sam cAMBEBYSLITIdEiank FPAVIOC]ayS raaekeréx (r) BHB
OBRP, i mel s risilet Sopon sy e {Fa et Giyn can
B B P ot o S yem for
caaliystl drematalpsticompRaehtsedt least onp reagtor gysteheahnleasdgse polymer
re%gger%osg)%tem[)gr fany sultab[?e com%matl(% thereolf 'Suitable reactors for the
present invention can further comprise any one, or combination of, a catalyst
storage system, an extrusion system, a cooling system, a diluent recycling
system, or a control system. Such reactors can comprise continuous take-off and
direct recycling of catalyst, diluent, and polymer. Generally, continuous
processes can comprise the continuous introduction of a monomer, a catalyst,
and a diluent into a polymerization reactor and the continuous removal from this
reactor of a suspension comprising polymer particles and the diluent.

[00111] Polymerization reactor systems of the present invention can
comprise one type of reactor per system or multiple reactor systems comprising
two or more types of reactors operated in parallel or in series. Multiple reactor

systems can comprise reactors connected together to perform polymerization, or

reactors that are not connected. The polymer can be polymerized in one reactor
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25 Rothwell, I. P. , Huffman, J.C., Folting, K

I norg. Chem 1985, 24, 4659-4573; Kanehisa, N, Kai,
Y., Kasai, N., Yasuda, H , Nakayama, Y., Yakei, K
Nakanura, A., Chemistry Letters 1990, 2167-2170, Shah
A, Singh, A, Mehrotra, R C, Indian 51 Journal of
Chem stry, Section A Inorganic, Bio-inorganic,
.Physical, Theoretical & Analyyical Chem stry 1993,
32A(7), 632. [001331Conpound was purchased from

ulnli¢reoneGee ot caldifiompany tlondthe gedymer ¢aecld wragkferpedErnnpé@nd
3 Preparation of Sulfated Al um na Activator- Support

rqagtyr danRglrmetizetion wdesnskifforenkset of eerdiiansi ned in air

00- 1400F 1 48.8-7 . | cini h
(@03 vor i She S8 s Rtiom b R G FAlloNealBh ystem
caPordpRsd#/184st ohBedoy £18rrrbdBiAa S@h leARoRIA8kedwndn the art

i nci pi ent wetness using an aqueous solution of 112504

andcan tenpiisgveticalSrisyizeasl byopaeiSgich lodps gannemeprisala single
was then, flash-dri at., 300-350F (148.8-176.6C). The
100 9t Sdies| o ApoRs- viditile 0%@?@8@r§ fiih a@ﬁpasesgot?t}ewwal and
e 45.:nar.t | oat :
hGEGRA ToBpt.©TRHE SR bl ARriharidiR chh Mo BerfMRLPH) B! tpnic
sdlhent thatlcah niégperse the betdlykt andipalgtheby Edamphasrof guitable solvents

.hitrogen at a hold tenperature of 600QC for 3-4 hours,
ingiideryitans, sexanee Fyslaexanepoctane apd Aspbutangr SMaaemes, sgivent,

ARl AERORLE HETRRGRNER, o Tl 1Bl hllr er
pélgesidhtiai edcadsUMPudymeszaioar esh wider a8rpwiitdmpé@atures and

20unti|_ used. EXAMPLE 4 Ceneral Description of the
preasuyefe rReastariilmeni sap be fRshgbioyrmore she wiisl iggine

9FE o Plfbestordiner 2Rt he b GV on; eCPABRRion popeter
cah CbAbrisd 1at rhst! 6igAY pHasd Radtn B ERAGhOIcan employ a

tenperature was regul ated by controlling the )
cangimpevnsatrecyslofsttchm wanteming) driee ostmere jna@ricaters s¢anginuously

N ML L LIRS T
polymerization conditions. The recycle stream can be withdrawn from the
fluidized bed and recycled back into the reactor. Simultaneously, polymer
product can be withdrawn from the reactor and new or fresh monomer can be
added to replace the polymerized monomer. Such gas phase reactors can
comprise a process for multi-step gas-phase polymerization of olefins, in which
olefins are polymerized in the gaseous phase in at least two independent gas-
phase polymerization zones while feeding a catalyst-containing polymer formed
in a first polymerization zone to a second polymerization zone.

[00114] In still another aspect of the invention, the polymerization reactor
can comprise a tubular reactor. Tubular reactors can make polymers by free
radical initiation, or by employing the catalysts typically used for coordination

polymerization. Tubular reactors can have several zones where fresh monomer,
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52 added whil e the autocl ave tenperature was bel ow 40C
under a purge of isobutane. The autoclave was then
sealed and 2 L of isobutane were added and stirring
started at 700 rpm Reactor heating was then initiated
and as the reactor tenperature approached 60C,
ethyl ene addition was initiated. The hexene was 5
oflushed in with the ethyl enegqkroman in-line vessel on
top of the reactor. The set point tenperature and
inptigtesy oe catelyststdrenddepi Monoaier aianda. enfilamedeacinonemmaaseous
hel d under these conditions for 60 m nutes by feeding
steqay lagf dnpdersretiaoneTReNe 8f (hierdastari ofnitigiers: fratalysts, and/or
Cét?lﬁ’?ge $§ &%s Cglqtﬂeng]il'&{lﬁ (}’ %ag ' %?e%y%oﬁt}egl% EIll(?rlI%rO uced at

i S process ene as a we
aﬁcﬁhétdzdne dffiBe F@REIrO fTheV\éds(‘d‘ﬂre‘éﬁ}% a3l:@ @I&Hr@l&b@ dor pol¢niehigation.
solid air dried to yield granular polyethylene.
HexAMPIAE Brepoiry mean z &6 ¢mpleyasy appropriately to obtain optimal
ditert but henol at o) ] ti tani um di chl ori de,
{lxyegl%am@é g ¢ %Zd&ﬁ °Bun, to a 1 gallon Autocl ave

Oﬁlﬂgg]neer Shlsﬁﬂd'tﬁﬁdasg)@&%foﬂhe\@ﬁ%rﬁ%e%el Mrbiz&idMeactor can

solution of triisobutylalumnum (TIBAL) iIn hexanes as
ccanlmmsecaasdmysm poly@narizatibn mm:tdrr dhsmmg smiutmm @blymwmae&n,ﬁthe
and 200 ny éhe S Ifat alum na from Exagp
MROTET IR e &A@ th COFIPOFIEER Y A §tléaa%ar Other
Ll
. 3 Ll SombAthE g A eARPIBR SCAGLE midfBEban be

elﬁplbyé@nff (evietd ] thexesmdrf cais &d) broaghtadidele vhper phase into
reactor was held at set p0| nt for 60 m nutes by
congacdiwith Hensataiidc geacgionanaducthian sl Wﬁ&qﬁcwﬁa@ﬁemasof liquid

9,40 l.atil
mySL b ol Ao 35 FR eI PrbPEnk £ b4 ppgspures
thaOhHiH febult NB theah@atiod & RAovaidhy benBe SRl #ﬁem at k@euon

air dried. The results are summari zed in ble 1.

m3dibite AGAtCat edry be TerBployad tdupiagop®gmenigation to obtaln better

temperature control and to maintain uniform polymerization mixtures throughout

the polymerization zone. Adequate means are utilized for dissipating the
exothermic heat of polymerization. The polymerization can be effected in a
batch manner, or in a continuous manner. The reactor can comprise a series of at
least one separator that employs high pressure and low pressure to separate the
desired polymer.

[00116] In a further aspect of the invention, the polymerization reactor
system can comprise the combination of two or more reactors. Production of
polymers in multiple reactors can include several stages in at least two separate
polymerization reactors interconnected by a transfer device making it possible to
transfer the polymers resulting from the first polymerization reactor into the
second reactor. The desired polymerization conditions in one of the reactors can

be different from the operating conditions of the other reactors. Alternatively,



10

15

20

25

M HLM Density Mv Mhi MV Mh nt (nL) r (ng) r (gm1l
(gm 10 (gnfcc) /21000 /1000

° 46

polymerization in multiple reactors can include the manual transfer of polymer
from one reactor to subsequent reactors for continued polymerization. Such
reactors can include any combination including, but not limited to, multiple loop
reactors, multiple gas reactors, a combination of loop and gas reactors, a
combination of autoclave reactors or solution reactors with gas or loop reactors,
multiple solution reactors, or multiple autoclave reactors.

[00117] After the polymers are produced, they can be formed into various
articles, including but not limited to, household containers, utensils, film
products, drums, fuel tanks, pipes, geomembranes, and liners. Various processes
can form these articles. Usually, additives and modifiers are added to the
polymer in order to provide desired effects. By using the invention described
herein, articles can likely be produced at a lower cost, while maintaining most or
all of the unique properties of polymers produced with transition metal

compound catalysts.

Definitions

[00118] In order to more clearly define the terms used herein, the following
definitions are provided. To the extent that any definition or usage provided by
any document incorporated herein by reference conflicts with the definition or
usage provided herein, the definition or usage provided herein controls.

[00119] The term polymer is used herein to mean homopolymers
comprising ethylene and/or copolymers of ethylene and another olefinic
comonomer. Polymer is also used herein to mean homopolymers and
copolymers of acetylenes.

[00120] The term inert atmosphere is used herein to refer to any type of
ambient atmosphere that is substantially unreactive toward the particular
reaction, process, or material around which the atmosphere surrounds or

blankets. Thus, this term is typically used herein to refer to the use of a
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substantially oxygen-free and moisture-free blanketing gas, including but not
limited to dry argon, dry nitrogen, dry helium, or mixtures thereof, when any
precursor, component, intermediate, or product of a reaction or process is
sensitive to particular gases or moisture. Additionally, inert atmosphere is also
used herein to refer to the use of dry air as a blanketing atmosphere when the
precursors, components, intermediates, or products of the reaction or process are
only moisture-sensitive and not oxygen-sensitive. However, inert atmosphere, as
used herein, would typically exclude CO, or CO because these gases may be
reactive toward the particular reaction, process, or material around which they
would surround or blanket, despite their occasional use as inert blanketing gases
in other processes.

[00121] The terms catalyst composition, catalyst mixture, and the like are
used herein to refer to the mixture of catalyst components disclosed herein,
regardless of the actual product of the reaction of the components, the nature of
the active catalytic site, or the fate of any one component such as organometal
compound and activator. Therefore, the terms catalyst composition, catalyst
mixture, and the like include both heterogeneous compositions and homogenous
compositions.

[00122] The term hydrocarbyl is used to specify a hydrocarbon radical
group that includes, but is not limited to aryl, alkyl, cycloalkyl, alkenyl,
cycloalkenyl, cycloalkadienyl, alkynyl, aralkyl, aralkenyl, aralkynyl, and the like,
and includes all substituted, unsubstituted, branched, linear, heteroatom
substituted derivatives thereof.

[00123] The terms activator, cocatalyst, and related terms are generic
descriptors used to refer to the compounds, compositions, or mixtures that are
contacted with the transition metal compounds to form the catalyst compositions
of this invention, regardless of any particular reaction or mechanism by which

such compounds, compositions, or mixtures function. Activators include, but are
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cdfolfRul ts are summarized in Table 2.

[00124] The term chemically-treated solid oxide is used interchangeably
with terms such as solid acidic activator-support, acidic activator-support, or
simply activator-support, and the like to indicate a chemically-treated, solid,
inorganic oxide of relatively high porosity, which exhibits enhanced Lewis acidic
or Brensted acidic behavior, arising through treatment of the solid oxide with an
electron-withdrawing component, typically an electron-withdrawing anion or an
electron-withdrawing anion source compound. These terms are not used to
imply this component is inert, and it should not be construed as an inert
component of the catalyst composition. Rather, the chemically-treated solid
oxides in combination with the organoaluminum compounds comprise activators
of the transition metal compounds and comprise an insoluble component of the
catalyst composition of this invention to produce polymers, and at which the
active catalytic sites are situated, and are not intended to be limiting.

[00125] Although any methods, devices, and materials similar or
equivalent to those described herein can be used in the practice or testing of the
invention, the typical methods, devices and materials are herein described.
[00126] All publications and patents mentioned herein are incorporated
herein by reference for the purpose of describing and disclosing, for example, the
constructs and methodologies that are described in the publications, which might
be used in connection with the presently described invention. The publications

discussed above and throughout the text are provided solely for their disclosure
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prior to the filing date of the present application. Nothing herein is to be
construed as an admission that the inventors are not entitled to antedate such
disclosure by virtue of prior invention.

[00127] For any particular compound disclosed herein, any general
structure presented also encompasses all conformational isomers, regioisomers,
and stereoisomers that may arise from a particular set of substituents. The
general structure also encompasses all enantiomers, diastereomers, and other
optical isomers whether in enantiomeric or racemic forms, as well as mixtures of
stereoisomers, as the context requires.

[00128] The present invention is further illustrated by the following
examples, which are not-to be construed in any way as imposing limitations upon
the scope thereof. On the contrary, it is to be clearly understood that resort may
be had to various other aspects, embodiments, modifications, and equivalents
thereof which, after reading the description herein, may suggest themselves to
one of ordinary skill in the art without departing from the spirit of the present
invention or the scope of the appended claims.

[00129] In the following examples, unless otherwise specified, the
syntheses and preparations described therein were carried out under an inert
atmosphere such as nitrogen and/or argon. Solvents were purchased from
commercial sources and were typically dried over activated alumina prior to use,
or distilled from potassium metal prior to use. Unless otherwise specified,

reagents were obtained from commercial sources.

EXAMPLE 1

Testing Methods
[00130] A "Quantachrome Autosorb-6 Nitrogen Pore Size Distribution
Instrument," acquired from the Quantachrome Corporation, Syosset, N.Y., was

used to determined surface areas and pore volumes of the treated oxide activator-
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supports of this invention. The melt Index (MI) of the polymer product was
determined using a 2.16 kg load and High Load Melt Index (HLMI) was
determined with a 21.6 kg load at 190 °C according to ASTM D-1238. Polymer
density was determined in grams per cubic centimeter (g/cc) on a compression
molded sample, cooled at about 15°C per hour, and conditioned for about 40
hours at room temperature in accordance with ASTM D1505 and ASTM D1928,
procedure C.

[00131] Molecular weights and molecular weight distributions were
obtained using a PL 220 SEC high temperature chromatography unit (Polymer
Laboratories) with trichlorobenzene (TCB) as the solvent, with a flow rate of 1
mL/minute at a temperature of 145°C. BHT (2,6-di-tert-butyl-4-methylphenol)
at a concentration of 0.5 g/LL was used as a stabilizer in the TCB. An injection
volume of 200 pl. was used with a nominal polymer concentration of 1.5
mg/mL. Dissolution of the sample in stabilized TCB was carried out by heating
at 150°C for 5 hours with occasional, gentle agitation. The columns used were
three Mixed A LS columns (7.8x300mm) and were calibrated with a broad linear
polyethylene standard (ChevronPhillips Marlex® BHB 5003 resin) for which the

molecular weight had been determined.

EXAMPLE 2
[00132] The transition metal compounds were prepared according to
standard methods as disclosed in: Latesky, S. L., Keddington, J., McMullen, A.K.,
Rothwell, I. P. Inorg. Chem. 1985, 24, 995-1001; Durfee, L.D., Latesky, S. L.,
Rothwell, I. P. , Huffman, J.C., Folting, K., Inorg. Chem. 1985, 24, 4659-4573;
Kanehisa, N., Kai, Y., Kasai, N., Yasuda, H., Nakayama, Y., Yakei, K., Nakamura,
A., Chemistry Letters 1990, 2167-2170, Shah, A., Singh, A., Mehrotra, R.C., Indian
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summari zed in Table 3. 1]§Xél;§plleeg 3

Preparation of Sulfated Alumina Activator-Support

[00134] W.R. Grace Alumina A was first calcined in air at 1200-1400°F
(648.8-760°C). After calcining, the pore volume was 1.4-1.8 cc/g and the
surface area was 300-325 m2/g). Then the alumina was impregnated to incipient
wetness using an aqueous solution of H,SO, to a loading of 15-16% SO, by
\;Veight. This material was then flash-dried at 300-350°F (148.8-176.6°C). The
sulfated alumina was then passed through a 50 mesh screen to remove any large
particles. Approximately 10 grams of this dry sulfated alumina material was
then calcined in a bed fluidized by dry air or nitrogen at a hold temperature of
600°C for 3-4 hours. During this calcining step, the temperature was first
ramped up to the hold temperature at a rate of 4°C/ min. The gas flow was 1.6-
1.8 SCFH. After calcining, the sulfated alumina was stored under dry nitrogen

until used.

EXAMPLE 4
General Description of the Polymerization Runs
[00135] Polymerizations were carried out in a 1 gallon Autoclave
Engineers stirrer reactor, fitted with an oil-less packing with a flat stirrer running
at 700 rpm. The reactor temperature was regulated by controlling the
temperature of the water in the steel jacket using steam and water heat

exchangers, with electronic instrumentation to control flows. Catalysts were
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added while the autoclave temperature was below 40°C under a purge of
isobutane. The autoclave was then sealed and 2 L of isobutane were added and
stirring started at 700 rpm. Reactor heating was then initiated and as the reactor
temperature approached 60°C, ethylene addition was initiated. The hexene was
flushed in with the ethylene from an in-line vessel on top of the reactor. The set
point temperature and pressure were then rapidly attained. The reactor was held
under these conditions for 60 minutes by feeding ethylene on demand. The
polymerization was then terminated by venting the volatiles to the flare system.
This process left the polyethylene as a wet solid in the reactor, which was

collected, and the solid air dried to yield granular polyethylene.

EXAMPLE 5
Polymerization using [bis(2,6-ditertbutylphenolato)]titanium dichloride, (A)

[00136] For each run, to a 1 gallon Autoclave Engineers stirred reactor was
added 1 mL of a 1M solution of triisobutylaluminum (TIBAL) in hexanes as a
co-catalyst, 10 mg of the transition metal complex A and 200 mg of the sulfated
alumina from Example 3. The autoclave was sealed and 2 L of isobutane was
added and stirring started at 700 rpm. The reactor heating was then initiated. As
the reactor approached 60°C, ethylene (and 1-hexene, if used) was added. The
reactor was held at set point for 60 minutes by feeding ethylene on demand. The
polymerization was terminated by venting the volatiles to the flare system. This
procedure left the polyethylene as a wet solid in the reactor. The polyethylene

solid was then air dried. The results are summarized in Table 1.

Table 1

Ru | Catalys | TIBAL | Activato | Polyme Ml HLMI | Density Mw Mn Mw/Mn
n 1 (mL) r (mg) r (gm/1 | (gm/10 | (gm/cc) | /1000 /1000
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No. A (gm) 0 min) min)
(mg)
1 10 1 200 85 0 0 0.9416 | 1789 165 10.8

Run No. 1 was at 80°C, 550 psig ethylene

EXAMPLE 6

Polymerization Process Using [tetrakis(2,6-diisopropylphenolato)]zirconium, (B)

[00137] To a 1 gallon Autoclave Engineers stirred reactor was added 15
mg of the transition metal complex B, 200 mg of the sulfated alumina from
Example 3, and 1 mL of a 1M solution of triisobutylaluminum (TIBAL) in
hexanes as a co-catalyst. The autoclave was sealed and 2 L of isobutane were
added and stirring started at 700 rpm. The reactor heating was then initiated. As
the reactor approached 60°C, ethylene addition was begun. The set point of
90°C and 550 psig was then rapidly attained. The reactor was held at set point
for 60 minutes by feeding ethylene on demand. The polymerization was
terminated by venting the volatiles to the flare system. This procedure left the
polyethylene as a wet solid in the reactor. The polyethylene solid was then air

dried. The results are summarized in Table 2.

Table 2
Ru | Catalys | TIBAL | Activato | Polyme MI HLMI | Density Mw Mn Mw/Mn
n t {mL) r (mg) r (gm/1 | (gm/10 | (gm/cc) | /1000 /1000
No. B (gm) 0 min) min)
(mg)
2 15 1 200 25 0 0 0.9456 | 2842 1336 2.1

EXAMPLE 7
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zirconiumtribenzyl, (D) [00139] For each run, to a 1
gal I on Autocl ave Engineers stirred reactor was added 8
ng of the transition netal conplex D and 160 ng of
activator/support 55 from Exanple 3. The autocl ave
. was sealed and 2 L of isobutape was added and stirring
started at 700 rpm The reactor heating was then
Polpinkiidiesh Pocédze Ushac tichlopgbeashain@Rdphaiolitd @ ngirovaium
.added. The reactor was held at a set point of 90C and
bigegrapgdrgtyran), €0) ni nutes by feeding et hyl ene on demand.
The 5 pol ynerization was term nated by venting the
volatiles to the flare system This procedure left the

[00p3gfet hy| egieass rih, W6'h 158]1Iod Atobia®e FRRieefs.stifiRE reactor was
pol yethyl'ene solid was air dried. The results are

addadi@mg efithertrafaition metalfadrhpled (Ramd 3@ m@aifahg sulfated
alumina from Example 3, and 1 mL of a 1M solution of triisobutylaluminum in
hexanes. The autoclave was sealed and 2 L of isobutane was added and stirring
started at 700 rpm. The reactor heating was then initiated. As the reactor
approached 60°C, ethylene (and 1-hexene, if used) was added. The set point of
90°C and 550 psig was then rapidly attained. The reactor was held at set point
for 60 minutes by feeding ethylene on demand. . The polymerization was
terminated by venting the volatiles to the flare system. This procedure left the
polyethylene as a wet solid in the reactor. The polyethylene solid was then air

dried. The results are summarized in Table 3.

Table 3
Ru | Catalys | TIBAL | Activato | Polyme MI HLMI | Density Mw Mn Mw/Mn
n t (mL) r (mg) r (gm/1 | (gm/10 | (gm/cc) | /1000 /1000
No. C (gm) 0 min) min)
(mg)
3 10 1 200 141 0 0 0.9462 | 1381 129 10.7
EXAMPLE 8

Polymerization Process Using [(2,6-ditertbutyl-4-methyl)phenolato] zirconium
tribenzyl, (D)

[00139] For each run, to a 1 gallon Autoclave Engineers stirred reactor was

added 8 mg of the transition metal complex D and 160 mg of activator/support
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from Example 3. The autoclave was sealed and 2 L of isobutane was added and
stirring started at 700 rpm. The reactor heating was then initiated. As the reactor
approached 60°C, ethylene was added. The reactor was held at a set point of
90°C and 550 psig for 60 minutes by feeding ethylene on demand. The
polymerization was terminated by venting the volatiles to the flare system. This
procedure left the polyethylene as a wet solid in the reactor. The polyethylene

solid was air dried. The results are summarized in Table 4.

Table 4
Run | Catalyst | Activator | Polymer M1 HLMI | Density
No. D (mg) (gm) (gnm/10 | (gm/10 | (gm/cc)
(mg) min) min)
4 8 160 133 0 0 0.9374
EXAMPLE 9

Polymerization Process Using Tetrakis(dimethylamino)zirconium (E)

100140] To a 1 gallon Autoclave Engineers stirred reactor was added

transition metal complex E, sulfated alumina from Example 3, and 0.5 mL of a
1M solution of triisobutylaluminum in hexanes. The autoclave was sealed and 2
L of isobutane was added and stirring started at 700 rpm. The reactor heating
was then initiated. As the reactor approached 60°C, ethylene addition was
begun. The set point of 90°C and 550 psig was then rapidly attained. The
reactor was held at set point for 60 minutes by feeding ethylene on demand. The
polymerization was terminated by venting the volatiles to the flare system. This
procedure left the polyethylene as a wet solid in the reactor. The polyethylene

solid was air dried. The results are summarized in Table 5.

Table 5
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CLAIMS

1. A catalyst composition comprising:
5 a) a transition metal compound with the following formula:
XN XHML")m(L); wherein
M is titanium, zirconium, or hafnium;
(Xl) is alkyl, aryl, alkaryl, silyl, amido, imido, imino,
phosphinimide, formamidinyl, diphosphazane, aryloxide, or thiol;

10 (X3, (X%, and (X" independently are alkyl, aryl, alkaryl, silyl,
amido, imido, imino, phosphinimide, formamidinyl, diphosphazane,
alkoxide, aryloxide, thiol, or halide, with the proviso that xh, (X3, x>,
and (X*) are not all benzyl and (XhH, (X3, (X°), and (X*) are not all
trimethylsilylmethyl;

15 (LY, and (L?), independently are neutral donor ligands, m and n
are each 0, 1, or 2; and

b) a calcined chemically-treated solid oxide comprising sulfated
alumina.
2. The catalyst composition of claim 1, wherein (L") and (L)

20  independently are ethers, furans, amines, or nitriles.

3. The catalyst composition of claim 1, further comprising an

organoaluminum compound with the following formula:
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wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms;
(X®) is an alkoxide or aryloxide, any one of which having from 1 to about 20
carbon atoms, halide, or hydride; and n is a number from 1 to 3, inclusive.

4. The catalyst composition of claim 1, further comprising an
organoaluminum compound, wherein the organoaluminum compound is
trimethylaluminum (TMA), triethylaluminum (TEA), tripropylaluminum,
diethylaluminum ethoxide, triethylaluminum, diisobutylaluminum hydride,
triisobutylaluminum (TIBAL), diethylaluminum chloride, or any combination
thereof.

5. The catalyst composition of claim 1, further comprising an
aluminoxane, an organoboron compound, an ionizing ionic compound, or any
combination thereof.

6. The catalyst composition of claim 1, wherein the transition metal
compound is:

[bis(2,6-ditertbutylphenolato)]titanium dichloride;

[tetrakis(2,6-diisopropylphenolato)]zirconium;

dichloro[bis(2,6-dimethylphenolato)]zirconium
bis(tetrahydrofuran);

[(2,6-ditertbutyl-4-methyl)phenolato] zirconium tribenzyl; or

tetrakis(dimethylamido)zirconium.
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CLAI M5 1. A catal yst conposition conprising:
5a) a transition netal conpound with the follow ng
formula: (X0)(x2)(x3)(ximLi).o.n; ) wherein Mis
titanium zirconium or hafnium (XI) is alkyl,
aryl, alkaryl, silyl, amdo, imdo, imno,

phosphi ni m de, formam di nyl, di phosphazane, aryl oxide,
or thiol; 10 (X2), (X3), and 5@X4) i ndependently are

al kyl, aryl, alkaryl, silyl, "am do, imdo, im no,

phos phi Riathl ¢8 cofPosmBh @ofiprisirng: phosphazane, al koxi de,
aryl oxide, thiol, or halide, wth the proviso that

(XI), (X2 . I bAV .
(X (ngi)’ afggglt’tlolg%%t%l?%npgyﬁjgd %th %{elfoﬁ&ﬂﬂé foRttila:
trimethylsi]ylmethyl, 15(L1),, and (L2)" independently
are neutréa()g?ér}@( )Yxayﬂéslm(#)ein #C%r e each 0, 1, or
2; and b) a cal cined chemcally-treated solid
oxi de conMf isstitagiusy Iziradeidng low fra fraum; 2. The
catal yst conposition of claim11, wherein (LI) and (L2)

20i ndepengent by kA, LT Sikahil WIR,, NRNESR, ON(CRy), NPR;,
nitriles. 3.” The” ¢at al yst composition of claim

1, furt i.si.n n anoal um num conpound W th
the FONRINIES RErtar DAL SE BN (Xoysr s ™
wher ei n (XS% i s;a hydrqgcarbyl having from1 to about .
20 car bon(XDokX:), @8)(X s iedepsndentiydareoplkyh yaryx jageryla miRs,

one of which having from1l to about 20 carbon atons,

hal i BR,, BIR, YR HENPRI CONRI(NRHUMEER, )b, OB, DA SR, SAr, F,

inclusive. 5 4. The catal yst conposition of claiml,

furt pergeopy isip %@gr&ﬁgﬁg&@'(m T(%@,Q@PP%QQXW& &lof all

t he orgarioal im num conpound i s tTi hyl &l um num

i ot W B b B e s G o A ecny

di i sobutyl al um num hydrjde, trii sobutlyl al 1urri num kvl

(TI BAL) , wiheteiy leathusitbrtituestil Rrip d@, albyl, sigloabirbi #rat.i aalkyl,
substituted alkyl, substituted aryl, or substituted alkaryl, any one of which
having from 1 to about 20 carbon atoms, a combination of aliphatic and
cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, a
germanium group, a tin group, a lead group, a boron group, an aluminum
group, an inorganic group, an organometallic group, or a substituted
derivative thereof, any one of which having from 1 to about 20 carbon
atoms, wherein Ar is an aromatic group or substituted aromatic group;

(LY, and (L%, independently are ethers, furans, amines, or

nitriles, and m and n are each 0, 1, or 2;
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10 t hereof 5. The catal yst conposition of claim
1, further conprising an al um noxane, an organoboron
compound, an ionizing ionic conpound, or any

combi nati on t hereof 6. The cat al yst
conposition of claim1l1, wherein the transition netal
15 conpound is:

[ bi s(2, 6-ditertbutyl phenolatgy]titani umdichloride;
[tetrakis(2,6-diisopropyl phenol ato)] zirconi um

di chl or o[ by §(021,eﬁn@dll’yeﬁ‘éatécpheh@loaide) tamprsing wmfated alumina;
bi s(tetrahydrof uran);

20[( yéj( but y1- 4- et hyl ) phenol at o] zi rconi um
béﬁgo fkﬁh&tetrakls(dlnethylan1do)2|rcon|un1 59 7.

A catalyst conposi tion conprisin [ansition
net al con@ﬁh&pgﬁ?ﬂumﬁ"émﬁ BQR WF%)tHE If‘?i Swing fortmula:
(X1) (X2) (X3) (X4)MLI)",(L2)"; wherein Mis titanium
zi r coni umAl@EO)4XPRium 5(X ) is alkyl, aryl, alkaryl,
SIR3, NR2, NR N(CR2), NPRS C(NR) (NR2), N(PR2)2, OAr,

SR, or SAﬁvhereln (Xs)(M h?r& Ré/ﬁﬁdwhé“f}omnﬁ@@@ﬁdtﬁﬁm ¥arbon
are al kyl, aryl, alkary NR2,” NR, N(CR2), NPR3,

NN o B %‘ifis’xﬁ?ﬁﬁ“fzex% Wﬁ"hﬂ“ from 1

are not all 10benzyl and_ (X1), (X3)., and @
ar e ¥9orboxt 20O tcmhﬁa@tqﬁgmgﬂ ha}qdﬁeq)qqudrl e;and n'is a number om 1 to

3, inclusive.

8. The catalyst composition of claim 7, wherein the organoaluminum
compound is trimethylaluminum (TMA), triethylaluminum (TEA),
tripropylaluminum, diethylaluminum ethoxide, tributylaluminum,
diisobutylaluminum hydride, triisobutylaluminum (TIBAL), diethylaluminum
chloride, or any combination thereof.

9. The catalyst composition of claim 7, wherein the weight ratio of the
organoaluminum compound to the chemically-treated solid oxide is from about
5:1 to about 1:1000.

10. The catalyst composition of claim 7, wherein the weight ratio of the
chemically-treated solid oxide to the transition metal compound is from aboat
10,000:1 to about 1:1.

11. The catalyst composition of claim 7, wherein the transition metal

compound is:
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wherei n each substituent Ris an al kyl, cycloal kyl,
aryl, aral kyl, substituted al kyl, substituted aryl, or
substituted al karyl, any one of which having from1l to
about 20 carbon atoms, a conbination of aliphatic and
cyclic groups, an oxygen group, a sulfur group, a
nitrogen group, a 15 phosphorus group, an arsenic
group, a carbon group, a silkfon group, a gernmani um
group, a tin group, a lead group, a boron group, an

al um num BiYRB. ditdtbuldpBéyl oy titium dictdsganonet al | i c
group, or a substituted derivative thereof, any one of

whi ch havj - . : .at ons, Wwherein
Ar is an @&%ﬁ%&?glé¥%’6ﬂ§? §ﬁ%@¥§ﬁé¥gﬁn§%bnatic group
20(Om and _(L2)1 independently are ethers, furans,

ani nes, o‘ihchliom[Pl%%?'déﬁ’&thﬁlwo[?t%)j@r@%‘ﬁnO, 1, or 2;
60 b) a chem cally-treated solid oxide
conphis@etrahysdfiietndd al umi na; and optionally «c¢) an

or ganoal um num conpound wth the follow ng fornula:

Al (X5) " ( X{@,§~dite'?%%ﬂQi—ﬁm(%)ph%ﬁol@%%?i&&ﬁﬁlﬁrﬂ)&ib&@yﬂ;rts}

from1l to about 20 ‘carbon "atons; i s an al koxi de
or aryl oxjde,. ne of ich.having from1l to about
20 carbohmg?%ﬁéﬁxﬁgpﬁﬂg¥bg$“ﬁ?&??de; and n is a nunber
from1l to 3, inclusive. 8.  The cat al yst

conpbkiA ipoeress ta pradyey 2 Gatady EicomnesitiongearerRiiting sonfaqiing a

conpound is trinmethylalum num (TMA), triethylal um num

trankEAYn métal porapylmd ad suaotivdiee] Wiklinum num et hoxi de,

tributylalum num diisobutylal um num hydri de,

i Sobut L a5k (o HAbinpci W I MITDRRE R de.

or any conbination thereo The cat al yst

conposi ti » Qa7 wherein.the weight ratio of

the 15 or&h@é?&rﬁm{jr}mﬁuﬁﬂ "tHe

chem cal |l y-treated solid oxide is fromabout 5:1 to
about 1: 180 titanium, zitgonitheorhalaiut conposi tion of
claim7, wherein the weight ratio of the

chemi cal | @¢'yrgatpglsatyld i BIRS ERLS AR IN@RHEMNPRS,
compound i s from about 10,000:1 to about 1:1. 2011.

Th S f m 7. wh A
T AR SR, LD g 7. herein i

(X?, (X*) and (X*) independently are alkyl, aryl, alkaryl, SiR,
NR,, NR, N(CR;), NPR;, C(INR)(NR;), N(PR,),, OR, OAr, SR, SAr, F,
Cl, Br, or 1, with the proviso that XH, X3, (X*), and (X" are not all
benzyl and (X}), (X?), (X°), and (X*) are not all trimethylsilylmethyl;

wherein each substituent R is an alkyl, cycloalkyl, aryl, aralkyl,
substituted alkyl, substituted aryl, or substituted alkaryl, any one of which
having from 1 to about 20 carbon atoms, a combination of aliphatic and

cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
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61 [bis(2,6-ditertbutyl phenolato)}titani umdichloride;
[tetrakis(2,6-diisopropyl phenol ato)] zirconi um

di chl or o[ bi s(2, 6-di net hyl phenol ato)] zi r coni um

bi s(tetrahydrof uran);
5[(2,6-ditertbutyl-4-nethyl)phenolato)] zirconium
tribenzyl; or tetrakis(dinmethylam do)zirconi um

12. A process to produce a cghal yst conposition
conprising contacting a transition nmetal conpound and

an aghbsphbAals, glolel &h Arsenic group, a carbon gejupt lesilicon group, a
transition nmetal conpound has the follow ng formil a:

SOOI ow VLY i

al( E;ég/(lzlp %qu?nog%%Zl% rglﬂgw,l\l C%ganctl\rgégﬂxgcé Igc.%gﬁr)or g 'substituted
i ndependently are al kyl, aryl, alkaryl, SiR3, 15 NR2,

NR, 8GR2)ve tNEIRBT, z(ﬂyl\lb'i)e( NﬁmhchN@mgzﬁrom t@aboutsw carbon
SAr, F, d, Br, or I, with the proviso that (X ),

(X2) ato(*xﬁ3)«vhe?€‘1@|A(r>f§fﬁn afstndtRtgrelip ob SibaYikutad Bromdtic group;
(X2), (X3), and (X4) are not all trinmethylsil yI nmet hyl ;

sher el 1 Sfch, U e loshARal Mo e AR Yhineg, o

substituted al karyl, any one of which 20havi ng from 1
to abititesomdomrandm are saeh Oal.WHPRAGt i on of al i phatic
and cyclic groups, an oxygen group, a sulfur group, a
ni trogen gy thepctisatob@omprises sulfated alumina.

13. The process of claim 12, further comprising contacting the catalyst
composition with an organoaluminum compound with the following formula:
ALK (X0
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon

atoms; (X°) is an alkoxide or aryloxide, any one of which having from 1

to about 20 carbon atoms, halide, or hydride; and n is a number from 1 to

3, inclusive.

14. The process of claim 12, wherein the transition metal compound is:
[bis(2,6-ditertbutylphenolato)]titanium dichloride;
[tetrakis(2,6-diisopropylphenolato)]zirconium;
dichloro[bis(2,6-dimethylphenolato)]zirconium

bis(tetrahydrofuran);

[(2,6-ditertbutyl-4-methyl)phenolato] zirconium tribenzyl; or
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phosphorus group, an arsenic group, a carbon group, a
silicon group, a germaniumgroup, a tin group, a |ead
group, a boron group, an alum num group, an inorganic
group, an organonetallic group, or a substituted
derivative thereof, any one of which having from1l to
about 20 carbon 5atons, wherein Ar is an aromatic
group or substituted aronatig group; (L),, and
(L2) 11 i ndependently are ethérs, furans, am nes, or

nitriles, teﬁﬁl@smlﬁeﬂamrﬁ\m@)m@hlm 1, or 2; and b) the
activator conprises sulfated al um na. 13. The

g;? g ii@%{a&e&% r%n ﬁg{yn{eltl{zﬁx{kte Elegﬁg%@ﬁ ﬂ}gﬁ %%ﬁﬁ]ﬁgng chiafyst

compound with the follow ng formula: Al

5 -n; L.
compRaseion Witk )at leash ong Q}eéi@arpgwmﬁ%wl}%mprtéﬁ]cgt(aﬁé 8%{:}9?31t10n

C

20 carbon atons; (X6) is an al koxi de or aryl oxide, any
iek: whi ch havi ng from1 to about 20 carbon atonms,
hal i de, or hydride; and n is a nunber from1 to 153,

I ncl usi ve, alﬁlan -r{tnﬁ) RERE eéﬁpeun&mhmué?oudmﬁg Cormdlhe
tranS|t|o net a conpoun

[bls(2,6é§ é{,"?@@ |tan|umd|chlor|de
[tetrakis S‘%W@ 9% 5‘( 53 ?ZI rconi um
di chl or o[ bi s(2, 6-di net hyl phenol ato)] zirconi um

20bi s( t et Malkyidarapms aisgonium, or hafnium;
[(2,6-ditertbutyl-4-nethyl)phenol ato] zirconium

tribenzyl (x'gris @fyletargki dkatyyeSiRY, aNRdo)NRy A9(€iRsn NPR;,

15. A process for polynerizing ol efins conprising

ol ot AR I A L/ TRESLEME ot omposi tion

Do S SR TSRO 4 By, i,

V\herlsler;’ NR, N(CR,), NPR;, C(NR)(NR;), N(PR;),, OR, OAr, SR, SAr, F,
Cl, Br, or I, with the proviso that xhH, X3, (X%, and (X" are not all
benzyl and xhH, X3, (X%), and (X*) are not all trimethylsilylmethyl;

wherein each substituent R is an alkyl, cycloalkyl, aryl, aralkyl,

substituted alkyl, substituted aryl, or substituted alkaryl, any one of which
having from 1 to about 20 carbon atoms, a combination of aliphatic and
cyclic groups, an oxygen group, a sulfur group, a nitrogen group, a
phosphorus group, an arsenic group, a carbon group, a silicon group, a

germanium group, a tin group, a lead group, a boron group, an aluminum

group, an inorganic group, an organometallic group, or a substituted



Mis titanium zirconium or hafnium (X5 is
al kyl, aryl, alkaryl, SIR3, NR2, NR N(CR2), NPR3,
C(NR) (NR2), N(PR2)2, OAr, SR, or SAr; 10(X2), (X3),
and (X4) independently axe al kyl, aryl, alkaryl, SiR3,
NR2, NR, N(CR2), NPR3, C(NR)(NR2), N(PR2)2, OR OQAr,
SR, SAr, F, d, Br, or I, with the proviso that (Xl),
. (X2), (X3), and (X4) are notgall benzyl and (X5, (X2),
(X3), and (X4) are not all trimethylsilylmethyl;
wher @drfvatiae hhaobs tanty uaret oRwhichahavahg ftom dytd aladuk 20, carbon

aryl, aral kyl, 15 substituted al kyl, substituted
aryl ' ig! o StiRkeditbafLiBaYd
fron?tff&trs’oé’g omk%se%la%]glg% 1atgcg0 , ra co&bienati on lo% i

al i phatic,_gnd cyclj& grqups, oxygen gro a sulfur
group, a '?nr @é’én dgf)oulﬁ,ge en&ﬁ%@%h#ugthﬁ em#argh aiines," or
arseni c group, a carbon group, a silicon group, a

ger neitiilasnagdowpnd a aré padrGupor 3; #rhd group, a boron
group, an alum num 20group, an inorgani c group, an

or ganonet g 4 ¢iensicAiptreed do8d bsidetcohgdisirfpdsutifatddva tuniren.
t hereof, any one of which having from1 to about 20

carb 0 ej [ -ar ' r :
su bsf(:’q’t ﬁ]{‘ee %:re g@rrg? [ déﬁgrﬁga’p?&’h@f&ﬁ tﬂﬁ%ﬁ},’& acg)gﬁ)(oﬁfztsqn further
i ndependently are ethers, fuyrans .nes, or n'it_ri | es,
CQIRFISPS 4R @TEANPARINYFHA GPMACUNG Wit ’fhgﬁghsmn&'a ormula:
chem cally-treated solid oxide conprising sulfated
al umxr(x5),,(X6)3_,J;6. The process of claim15, wherein the
catal yst conposition further conprises an

or ganoal U UNEyvotdibyhRavdiag | fewh Ngtd absatl 20 carb
N(XS)n(g(%&?%l.égi; ERIPRUN Ry y e\khle%ein (X5) is a camon

(o) BBl A S eI ar B hy SheC B Rk Brom 1
having from1 to about 20 carbon atons, halide, or
hy dr focboun A carbios ajomerslide s ordmidridepand njthe nygibge from 1 to

3, inclusive.

17. The process of claim 15, wherein the catalyst composition further
comprises an organoaluminum compound, and wherein the organoaluminum
compound is trimethylaluminum (TMA), triethylaluminum (TEA),
tripropylahiminum, diethylaluminum ethoxide, tributylaluminum,
diisobutylaluminum hydride, triisobutylaluminum (TIBAL), diethylaluminum
chloride, or any combination thereof.

18. The process of claim 15, wherein the transition metal compound is:

[bis(2,6-ditertbutylphenolato)]titanium dichloride;

[tetrakis(2,6-diisopropylphenolato)]zirconium;



17. The process of claim15, wherein the catalyst
conposition further conprises an organoal um num
compound, and wherein the organoal um num 15 conpound
is trimethylal utninum (TMA), triethylalum num (TEA),
tripropyl ahi m num diethyl al um num et hoxi de,
tributylalum num diisobutylal um num hydri de,
.triisobutylalum num (TIBAL), &gi et hyl al um num chl ori de,
or any conbination thereof. 18. The process of
cl ai m 15, dishkrefbis(Rltediniahgphéradatozatordonpound i s:
20[ bi s(2,6-ditertbutyl phenolato)]titaniumdichloride;
[tetpa opr opyl phenol ato)] zi rconi um 65
di ch obk?g%m?%ﬂ%&gfnethylphenolato)]zirconium
bis(tetra ur.a
[(2,6-dit & &t@rib%%%mmﬂmm? Jireon i fikgpy D; or
tribenzyl); or tetrakis(di nmethyl am do)zirconium
519. The pﬁtnak6$<§nmlth)damudﬂ)11500nl\lh1ft‘-1r ein the process for
pol ymerization is conducted in a loop slurry reactor,

a solot TR pr&Red OF clAmdds, Whas tRAptREss R flymerization is
corrbl nation thereof 20. The process of claim15,

con rcFed ahl%ostsldr%aisetacﬁ)@,ea %lﬁtlbﬂ réﬁ%‘?&{“i ab fﬁh§§ehr3é5ceteﬁ or any

combination thereof.

20. The process of claim 15, wherein the at least one olefin monomer is

ethylene.



