SUPPORTED CATALYST COVPOSI TIONS s FIELD OF | NVENTI ON This i nventilon

generally to supported catalysts, and nore particularly to supported

met al | oceg& ﬁ@zg}ﬁsts and nethods for their production and pSey$BAFIKGROUND
Met al | 32 al yst systens and their use for olefin polynerization are

wel | known. Metall ocene catalysts are single-sited and differently

activated conpared to conventional Ziegler-Natta catalysts. A typical

net al | ocene catal yst systemincludes a netall ocene catal yst, a support, and

an activator. U  tachi ~ SRl Age L support,

t he catal yst ispﬂ@%\ﬁf IﬁFeSijﬁ(’%er? ggglﬁ;ﬁ,hg.s?? ! dﬁ or lr[:gny

pol ymeri zati on processes, supported catalysts are required, and various

met hods for attaching netall ocene catalysts to a support are known in the

art. Supports suitable for use with netal |l ocene catal yst are generally

por ous nat eri«‘@ﬁ%?ﬂglﬁ%ﬂﬁﬁwde organic materials, inorganic materials and

20 i ndrganic - — many supports contain reactive

functionalities. TiissS@ventiohStraness gehtrele teatppored ucataliystnalanti esorerny

deactivate or reduce the activit)i of the catal gst Li xeg tt?l t he gu gort.

When this ocBaiieulaynio spgpRed meglogenecatalysts paf methpds Ir hgir are u§§ ?em may

be necessary, dousﬁnsure suf ficient polymer production during 25 olefin

pol yneri zation. I'ncreasing the catalyst concentration in the catal yst

systemto conpensate for activity reduction caused by reactive

functional i tb%m g ally undesirable for many reasons. For instance,

generlgll ly th& LHEROUND: 1pre catal yst may al so require the addition of

nore activator. AgefaH6bbnel AfalRASYRSME HRdCAGE QAL Fat bRfin sdlyRefibatioatat yst and

activator to overcone the effeects of catal yst 30 deactivation by reactive

functional i t weld knewst alMetaliqopne retabetearg smgkositedopnd| differengy| acisatES at i on
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met al | oeeae cajal.ysts. roxyl. groups are present on supparts, such as

i nor dani c ox?rdetgx.l &naéﬁk%&sbt%f‘heawfipr%& S‘Enfzgaléf% 'aegﬁn§f§‘iy| 5%2 _eaetlo.as& such,
when using sijpp6RedBltaly@. SEGRPRRAY PolfRtetzhGSE PR cERES ipbdrikd chialydgsdré abl e to
5 renove, reduce or render inactive a sufficient nunber of the hydroxyl
groups. Met hteguiséd, epdrvariawy methedsdoe pwashingametrilpcege catdystnt 4 eMpPPOReT$ral

and/ or chem n . I : r j as
Genydr oyl at v AT wotS Sull IPKE uef it HERConOLBURR: 1 el

mat eri al s i npérode materldli tapdl BhainehideabdrgaflicomariaBf inbrgadicOaR@:3iak and

EP- A-081164 EPOL 1 7. Thermally treating or heating the support material
generdl | y avBrEENEHAEH nati on” of the support by undesi rabl e chenicals.
However, in the CH§GeRl WY BOPPIE TUMBRY tréactibelClundBosdliies2 48! soh€at i ng
the support may fail to achieve 15 sufficient dehydroxylation Chenmically
treating theinsiapgssrtheserreantive funsaanaities ppyriieacievatmer redyce g artvityof the

contam nati o the . su rt. T e epai_ns: i ing the
ctivity of S i BB irgne R byl R BlBand et el BE0SHE 1D
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| NVERTI ON 2helegp @elymerizatinsn tinergasips thegatal 5t gppfasnifation in thegatalyst system

to compensate for activity reduction caused by reactive functionalities is generally
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undesirable for many reasons. For instance, generally the addition of more catalyst
may also require the addition of more activator. As such, increasing the
concentrations of both catalyst and activator 10 overcome the effects of catalyst

30 deactivation by reactive functionalities substantially increases the cost of olefin
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.l east one 25 metal’l ocene catalyst 4s bound to a fluorided support,hi?h?
activity of this netall ocene supported catal yst conposition is hig # FEB 2003
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whi ch &9g$n%EWhiiéhege&t@ﬁg&r@T§?§alr{Uce& badlpde BlyBRIxy! Brph lakpicsentwas added. 30

l e; one odi nmen ocene supported catal yst conposition includes
a net adupporsauciaaninpsganimakidess WgperamptoahusinorganicTiade isplige & onposi ti on

I o B S S B, Mool G ST WaaAUAP©L 1) AVEIED

.. _ i remove, reduce_or_render inactiviDsUifficiéht humber bf the? BydrbxEBral@e3 and F is a
fl uoei ne atom bound to the support The support conpo Ix}trxlm?n @X: be a

f | uor i Misthosis pph rremewvivgo of ttedycing hydnaxyl rgroups Bﬂqht“l‘#ig‘? djpdiar. .
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suppor dehydrpardationon represented by the fornula. Sup L Fn "Sup" may further
be defined gs suppqrt sel ected from t.he g ich i cI.Hq&?etalc, cl ay,
silica, alu# | de,

1021 NC OWnge éﬁarwm&i s{,sm,kérp,rE&A@meumhowhme, 298! EP-A- _
pol yvinyl chlT or i dée and substrtuted polystyrene and m xtures thereof. "L" is
a firs@lefdfffer sel ected fromthe group which includes (i) bonding,
sufficient bound.,the F to Sup, (11 asn, S, P,
Ti}) M, Re, m??l{}]'b(g{fﬁ%'% &t Héﬂ‘éép%néaé%a r% he tg?a!a:égnﬁgﬁ)g%l%sgund to the
Sup angbhatilidtibe of thosuppoarty nmiekiesbls ehemicald fHawevicheinghewpsecofisi sting of
B, Ta, Nb, Ge, Ga, Sn, Si,, P,..Ti Re, or Zr which.s bound to the F;
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met al | ocene supported catal yst conposition may al so include boron and nmay
al so i exnensize and mayirosultgn containation of ’igisupPpRfbxane or MAO or hal oaryl boron
or alum nu | pce | yst beer ted by the
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SUMMARY OF THE INVENTION
The present invention provides a highly active o

catalyst composition. Generally, the inventor has discovered that when at least one

25 metallocene catalyst is bound to a fluorided support, the activity of this
metallocene supported catalyst compasition is higher compared to the activity of
the same metallocene catalyst bound to & non-fluorided support. These non-
fluorided supports included supports to which no fluorine was added or a halide
other than fluorine was sdded.

30 In one embodiment, the metallocene supported catalyst composition
includes a metallocene catalyst and a support composition  The suppon

composition may be represented by the formula: Sup F, wherein Sup is a support,
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Oh-and’iel- 3, n=0-3, q=0-3, and tABTsuaEST 2éA+q | SURSTITUTEL A¢ BaDI-6%
state of the transition netal. z5 The present invention also provides a

met hod of maki ng the netall ocene sudﬁorted cat al yst conposition TheZﬂéEWQMM
step includes contacting the netall ocene catal yst with a support

conposi t amhF islaSlyoraleatein f i Lk _conposition, under suitable
conditiogs anpd for a suffi?(%%od@?nsé‘?%\%gﬁ'&sﬂgﬁ%%mqn papbesdtion i s
repr esenﬁgﬂ"‘g“;?] SUREOR §PMpOStiGup L F'. The support 3o conposition, and
particularly the fluorided support conposition, nmay be nmade by contacting a
hydr oxyl group containing support material wth at | east one inorganic 21
F E B Z003 WO 00l 12565 4 ~ PCT/ US99/ 14577 fluoride under suitable
conditions and for a sufficient tine wherein the fluoride becones bound to
t he support. The present invention also provides an olefin polynerization
met hod The steps of the olefin polynerization nethod include contacting a
polyneri zable 5 olefin with the netall ocene supported catal yst conposition
under suitable conditions and for a sufficient tine. Desirably, the

pol yneri zabl e material is propylene. The polynerizable olefin may be forned
into nunerous articles, such as, for exanple, filns, fibers, fabrics, and
nol ded structures to DETAIL DESCRI PTI ON OF THE | NVENTI ON Thrs invention is
directed to netall ocene catal yst conpositions conprising the reaction
product of at |east three conponents: (1) one or nore netall ocenes; (2) one
or nore activators; and (3) one or nore fluorided support conpositions. As
used herein, the phrase "fluorided support conposition” nmeans a 15 support,
desirably particul ate and porous, which has been treated with at | east one
i norgani c fluorine contai ning conpound. For exanple, the fluorided support
conposition can be a silicon dioxide support wherein a portion of the
silica hydroxyl groups has been replaced with fluorine or fluorine
cont ai ni ng conpounds 20 As used herein, the term "support conposition”
means a support, desirably particul ate and porous, which has been treated
with at | east one fluorine containing conpound. Suitable fluorine
cont ai ni ng conpounds include, but are not limted to, inorganic fluorine
cont ai ni ng conpounds and/ or organic fluorine containing conpounds. 2s In
the specification, including the exanples certain abbreviations may be used
to facilitate the description. These may include: Me = nethyl, Et = ethyl,
Bu = butyl, Ph = phenyl, Cp = cycl opentadi enyl, Cp* = pentanethyl
cycl opentadienyl, Ind = indenyl, Ti =titanium H = hafnium Zr
zirconium O = oxygen, Si = silicon B = boron, Ta = tantalum Nb
Ge germanium My = 30 magnesium Al = alumnum Fe = iron, Th = thorium
Ga gallium P = phosphonis, M = nol ybdenum Re = rhenium and Sn = tin.
21 F E B 2003 WD 00/12565 5 PCT/1JS991 14577 Supports Supports suitable for
use in this invention are generally porous materials and can include
organic materials, inorganic materials and inorgani c oxi des Desirably,
supports suitable for use in this invention include talc, clay, silica. 5
al um na, magnesia, zirconia, iron oxides, boric, calciumoxide, zinc oxide,
bari um oxi de, thoria, alum num phosphate gel, polyvinylchloride and
substituted pol ystyrene and m xtures thereof. Particulate silicon dioxide
materials are well known and are commercially available froma nunber of
comercial suppliers. Desirably the silicon dioxide 1o used herein is
porous and has a surface area in the range of from about 10 to about 700
n2/g, a total pore volune in the range of fromabout 0.1 to about 4.0 cc/g
and an average particle dianeter in the range of from about 10 to about 500
pm More
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desirably, the surface area is in the range of from about 50 to about 500
n2/g, the pore volume is in the range of from about 0.5 to about B15EBdNG
and the averaﬂ%e 15 particle dianeter is in the range of fromabout 15 to
about 150 PR desirably the surface area is in the ran8ETAB¥ 46T about
100 to about 400 nR/g, the pore volune is in the range of fromabout 0.8 to
about 3.0 cc/g and the average particle dianeter is in the range of from
about 20 to about 100 pm The average pore dianeter of typical porous

silicon dioxide _SUH'EQBSth@Pteﬁ'bbailn%nit,sthE%Et@l%c%ﬁ@gﬁpﬁgneﬁr&'ﬂﬂl?s@ RARPULiLdA to
about 1000A. Desirably, the support material has an average pore dianeter

of from about inSdes a abppnrrt 6@OLgsiteTdrepmsentetely thedbymileobupalbdut "¥8p't ®mambout 3

50A. Fluorine unds 25 The fluorine ¢ nds suit.abl e, for proyidi ng
luorine for  THGE 0B HERREes SUBRRIR A OTRANT 6P JgAh et ety
conmpounds. Sughcd AR falghsld i ZRomaNréH B, GOHROsHESm BRYdeb gindd)ideompound
containing a fluorine atomas long as it does not contain a carbon atom

Particll arly bassim siide, shasiad, abimgaumcphospiats gel, pekyviyihingide swp subsutued

selected fro I iSth f N~i 4BF~, (NH~)ZSi Fb, 30 NI ~aPF6~
NHaF~ (~) zTaF lpﬁﬂ% g%%ﬁﬂ&ﬁ?%@,thégoea)zSnFs~ ~) ZTi Fs~ ~~4) 2Zr F6, MoFc, eF6,

~aF3~ SOzClF, F2, 9LFi, a fst,mdiibes seleded fidnf-the grbily wilked, inclu@és (B HonBin2003 WO
00/ 12565 6 PCT/ US99/ 14577 HF, BF3, HFZ . and ~' O_ t hese, ni um
hexaf | uor osi | syl F'@“hﬁ_’i’o‘_’%ﬁﬁ?ﬁ Er??t‘l&y‘t?_ﬁ %19313‘6%’2)/}“5% éeaﬁé: g’brsé» %meR&
Ammoni um hexag| zpwﬂldl eyqaa @_ugrmd VRN WY (& IR bbYR @PRE _@lapgaa YOS &

conpounds are typlca solid particul'ates as are the si on di oxi
supporids A 5 skesnd afsndenstibadd om the gtaupgonhssingugfiddTa, Wbt Ge.tGae Sh) SioPj ne

conmpound is tQ.qr 1 X _the. t 0 nents by sinply bl"endi ng at a
concentrati on?b%%r@‘?ﬂoﬁkﬁw‘f%ﬂig.og&)‘ﬁloﬁ"?érol e F/g of support, desirably in
the range of from @rO0f & fPudin@ akdrh]dndol € F/ g of support, and nost desirably

in the range of from0.1to 3.0 mllinole F/g of support. The fluorine
conpound can be dryn'nisxaammbtef Fomk7support either before 10 or after

charging to the Veﬁ‘%@kué@n &ﬁ‘é})’ﬁft%idﬂéﬁra‘i&f gy BLQiﬂﬂgrifj}iHE‘ssug AP drhposition.,

Accordingly, the fluori concentration present on t port is 1n the
range 16f fr oniTbe Gnetadlddednsupootd satplystr compasivivhenayralsd odthele Horeadnidngay he

support with the.fl.uorine conpound is to dissolve the fluorine.in a

2ol Vent, "such 38 EEF 2R HAvRe o Tb A Aepie RS 5o MAR AR G i ne
cont ai ni ng sohuhiifim cWhpour@t er is used and silica is the support, it is
desirable to use a quantity of water which is less than the total_pore
vol une of the suppdhe meteligceneeatalyst graydgirenrpsentpddry theforauls camMRaXot

react on bet v fncS i} o clirkialiafy P WG TRR R HERL BolpkRGe
t enper2at ur e ofhefecdrwidbo utay beGGbstautetAvtis AG@OAP 4, S, or 6 transition metal, R is a
hydrocarbyl group or hydrocarboxy group having from one to 20 carbon atoms, X
may be a halide, a hydride, an alkyl group, an alkenyl group or an arylalkyl group,
and m=1-3, n=0-3, g=0-3, and the sum of m+n+q is equal to the oxidation state of
the transition metal.

25 The present invention also provides a method of making the metallocene
supported catalyst composition The method step includes contacting the
metallocene catalyst with a support composition, desirably a fluorided support
composition, under suitable conditions and for a sufficient time, wherein the
support composition is represented by the formula Sup L F,. The support

30 composition, and particularly the fluorided support composition, may be made by

contacting a hydroxyl group containing support materia) with at least one inorganic



and nore desirably from about 200C to about 600C for about two to eight
hours. In one enbodi ment, the resulting support conposition may bd1 B 2003
generically“kﬁﬁhg§§nted by the fornmula' Sup F 25 "Sup" is a %HPR@E&NS;F" is
a fluorine atombound to the support. The4fluorine atom nay be bound,
directly or indirectly, chemcally or physically to the support. An exanple
of chem cal or physical bondi ng woul d be coval ent and ioni c bondi ng,
respectively. The support conposition desirably may b~. a fluorided support
conposi t xan. 3fudrideanuiehsyitabéarbordiimenstand tthe arsefidientrigme svhspn the Hupode t i on,
such as a fluarided support, conposition, may be generically represented by
the formul a: %EF;‘%OE‘?S E?]‘B% tohe sup Q’%'s 2003 WD 001 12565 ~ PCT/ US99/ 14577 " Sup"
is a support sel ectpge fregdit i@nEP4IEo Pldldes b olefiesolymbaizatiohayethsd | Tha,
alum na, magnesia, zirconia, iron oxides, boric, calciumoxide, zinc oxide,
bari um oxi de, %¢nrsr pfatheaplefinnpelyprozasieataethed ingude conlaring ar plsmgragable
substituted po Y. €D s, a fi sel f t he; up
which i fcl udes&f’(’?‘& %ﬁﬁd?hﬁg,mééadw?“c"i shbfoled TEARREL h‘g"“ﬁ’%%ggf‘hé’ﬂgédp?&(ﬁl? B,
Ta, Nb, Ge, Gaon8itionSiandHor B suffibientReémeor DEsirabbynttle tpol ¢rhaizsble matkriad it he F;
and (iii) O bound to the Sup and ?oung to chong,nenber sel ected fromthe
group consi st i HgPYene, Thepolyperizgble eigtin @ﬂy% orped {Rto nyRerqys arjicless sughi ¢
is bound to t : B e i t tites | S @ nunber from 1-7.
An exanpl e ofn%ﬂgﬁe%%ﬂ%?#gh§0??%%ﬁgﬁ?gﬁgﬂﬁgﬂggﬁgﬁgm%e%o the Sup woul d be
chem cal or physical bonding, such as, for exanple, covalent and ionic

compositi on. - ERRILSERCRIEHFONGRSHEIVIRLIONS | et &l ocenes

conposi Pion. 12 i erm et al | ocene” neans
one or nore Cconpounglss iRRhASE R AfkckY 16 hRtdIRcend catdIPsNBmpwsiibaY €omphdingS a
cycl opent adi enyl ring which may be substituted, or_ derivative thereof which
may be subst i t¥e &epctign produchef ayleaspthice epmpanentst (@A hene pomose mgtallocenes;
exanpl e titani i i fni i els) :

chrom um nol y%gg%‘%ér{'gﬁ atE g}r’lagté?e%d%@ ?as/?adg ;ggggg?%%dﬁglr’%tﬁ%ggg&ﬂ%ﬁ ocar boxy
group havi ng from ofe used 2ereiay en patasers'fluridedy sbppart tahipdsition” hyekmisde, an

al kyl group, an al kepyl .gqroup. or an aryl al kyl . group, and 1-3, ,n=0-3,
q=03, Tand 1 he BRI AT gaticalats n ROt ehishihes Hesm Tetied Bibrat depsy e
transition metiabrgaMRt NESHNd EsntiBIgNENARANEST FEr READ|0GBO TRi0AHEd \SBpYorie! |
known in the art. For exanple, nefallocenes are detailed in United States

Patent Nos. 4,®8Wositipn eansihe a) siticon; dpgedegsuppon, BH8Iess B; partigr 10f7ths: silica

4,933, 403; 4, : 7 oD, 5, 475; 867.. 5:132, 3

81 5 15 S, 188@%&% 8?&6’%} g?s)zéfg’exi 1&%9&2@8“? Badridd Sor Fbtie8Untatids
compounds

20 As vsed herein, the term "support composition" means a support, desirably
particulate and porous, which has been treated with at least one fluorine containing
compound. Suitable fluonine containing compounds include, but are not limited to,
inorganic fluorine containing compounds and/or organic fluorine containing
compounds.

25 In the specification, including the examples certain abbreviations may be
used to facilitate the description. These may include; Me = methyl, Et = ethyl, Bu
= butyl, Ph = phenyl, Cp = cyclopentadienyl, Cp* = pentamethyl cyclopentadienyl,
Ind = indenyl, Ti = titanium, Hf = hafnium, Zr = zirconium, O = oxygen, Si =
silicon B = boron, Ta = tantalum, Nb = niobium, Ge = germanium, Mg =

30 magnesium, Al = aluminum, Fe = iron, Th = thorium, Ga = gallium, P =

phosphorus, Mo = molybdenum, Re = rhenium, and Sn = tin.



30 5,304, 614; 5,324,800; 5,350,723; 5,391,790; 5,436,305 and 5,5l 0,502 each
fully incorporated herein by reference. WO 001 12565 s 21 F EB 200231 FEB 2003

PCT/ US991 147 do/ %ﬁ irably, the netallocenes are one or nDrejol%‘l/?éqﬁﬂ
(%~ )4

consi st ent Wlt e formula: CR- ~ )4 RBRO) mM~J R~ R6 R~

wherein Mis a netal of Goup 4, 5 or 6 of the Periodic Table desirably, 5
zirconium hafniumand titanium nost desirably zirconium Rl and R2 are
identical or different, desirably identical, and are one of a to hydrogen
atom a C ~ - Guppoetskyl group, desirab Iy a C 1-C3 al kyl group, acCl -Cc10

al ko roup, desirably a C | C6-C ~. 0 a
Gea oD P e Sippont siibicstoeaisen ShaiO T BlioR arecnerligar s raterias

aryl oxy group 12 | , 0 | | g{@up, a
Y GS ofy eg SFeMASEARY pRLAE, (S e

Cap
al kyl aryl gr oiJesirelelyj sahpoytsasuﬁ&ble: fmz uae My|thtsy:|nvgmoupnclad€galc;491aar yilgkkenyl
group, deS|rab al kenyl en ato deS|rany
o or | e RS AR Hpehesierrsoat 1ap ani e Hicilu P ohe Jalfs. oafih o
one of a ~5 2%&' O%Haatﬂﬁmuﬂﬂﬁlﬁ}@bg atél géluo;solmnylemb@me Ngndor subk Ofikgtie
atom a C 1-C 10 al kyl group, desirably a C 1-C4 al kyl group, which may be
hal ogenat ed, aomtmm@@rwuxﬂgmbgeowl ch may be hal ogenated, desirably a

Cs-Cg aryl group, e})a%cu%tg:g %5&9%}&%9%@&&%%?%5@% wr?&&?agccﬁ'}l&gﬂﬂgygroum

a C--C40 -arylal kyl" "group eS| r grou
al kyl aryl groupailatéds lﬁb&bh Muﬂlb&et&dkﬂmaick@t Isapyliersgrbas);ab&' thg- ﬂﬂ)rﬂdrpb(aiekeny I

group, desirabl y Cg-C 12 ary I ke roup, ,a NR2 -SR15, -OR 15,
~osi R3f5 or - ﬁq_rsmrlaapwﬁ an ‘#ﬁﬁtg 352, ‘%thﬁﬁ@‘gﬁp%émm shout 10g0 @pRI 5 10
15 20 V\DOO/l 8. PCIL 99/ 14 77 hal agen a a . chharine ;atom
2 C1-C1p al/Bm gRoiot da folrs Moina Y5k br it fiop §§do Yl gbigihalt OT,
group, desi ratahxavaragspﬁgmwmmgemnhe Rmgt of Rah abMJtZIO,toBﬂ\&Jt 500 pym. More
desirably, the surface area is in the range of from about 50 to about 500 m2/g, the
pore volume is in the range of from about 0.5 to about 3.5 cc/g and the average

15 particle diameter is in the range of from about 15 to about 150 pm. Most desirably

the surface area is in the range of from about 100 to about 400 m2/g, the pore
volume is in the range of from about 0.8 to about 3.0 cc/g and the average particle
diameter is in the range of from about 20 to about 100 um. The average pore
diameter of typical porous silicon dioxide support materials is in the range of from

20 about 10 to about 1000A. Desirably, the support material has an average pore
diameter of from about 50 to about 500A, and most desirably from about 75 to
about 350A.

Fluorine Compounds

25 The fluorine compounds suitable for providing fluorine for the support are
desirably inorganic fluorine containing compounds. Such inorganic fluorine
containing compounds may be any compound containing a fluorine atom as long
as it does not contain a carbon atom. Particulariy desirable are inorganic fluorine
containing compounds selected from the group consisting of NH4BF,, (NH4),SiFs,

30 NH4PFs, NH(F, (NFHi),TaF; NHNbFs, (NHi):GeFs, (NH4);SmFs, (NHy),TiF,
(NH ), Z1Fs, MoFq, PeFs, GaFs, SOLCIF, Fy, SiF4, SF¢, CIFs, CIFs, BrFs, IFs, NF3,



R11 OR11 R11 M M R12 R12 R11 M OR12 CR12 R11 M _ R12 - O (CR213~ ,
R11 MZ R12 -g(R11) , -pl~l 1) ~-Ge-~ -Sn-, -O, -S, -SO, -S02-1FERNDBHL
) -~ ~ - W®RP/RS§or -P(O (R 11 )-; wherein: R11l, R12 and RIBCHDS99/14577
|dent|cal or different and are a hydrogen atom a hal ogen atom a C 1-C2p
al kyl group, desirably a C 1-C 1 p al kyl group, a C 1-C20 fl uoroal kyl
group, desirably a C 1-C 1 p fl uoroal kyl group a C6-C3p aryl group,
desirably a CoyE2pgaly ro oarn vl i I A

C5 020 11 uor oablT B bunrfs 8y N B it "hion i e HESIGh it g

al koxy group, am&ﬁapnaétﬁaﬁnydongrawenﬂesdesabbly aC-C1pal kenyl group, a
C~-C~ p arylal hyl group, .desjrably yl al kyl gr

aryl al kenyl group, é@&mwabmyh%a&@wyha?tﬁ@%éﬁmowdsﬁa@@bmw QP‘RrWearyl
group, desi rab d AR13,
Poget her wi t h THaPois aRprRlieNL UL pRtiRURR s B R dioRldeuopof T e on,
ger mani um or t desirableshethod ;ofsnehmrtgmheeupmwnhlthmﬂuomstcodqmwndbs yo divl nnoon

WO 00/ 12565 21 .F ~ B 2003 PCT/ UsS99 5 ndR9ae| tic or
N Do aa o a2V HEPRBSRS BySSTp Ly WIAqipE Hearconrensaion StigomGht 24 4.0,
different and gfiginté @/gé—fﬁfpp@ﬂ di@ﬂtﬂ@bﬂ fheztﬁfl@e 8f frdm 0P80 mPBHd% F%ro 1

or 2, desirably zero or 1, and the radicals R3, R-, and Rl~ are identical
or different anfisuppee, end n@sﬁémahlgsmsvhatr@@gef@frfrm10 1 ra 3. @ pillRngle Figoof
adj acent R1 ~ als, ¢ 98 f S e
desirably a rin E‘%’ ggtstghrﬁ E‘%‘r {:)a% a%ﬁﬁfmh(%g “(?E ae Ju Egn t%gl Eéff’re

refers foo st rabgf'dfteﬁrcl{hﬁ'@ﬁgh@d tmaﬁegkesmstdéhyamanaf omﬁn(dgaltl@gesm@p@;d)
refers to fluorine, chlorine, bronmine or iodine atonsY desirably
fluorine or chASFPHingly4he flupning Fapcepisation presant QASE SERPAFR{SAIN @Srfmm% are

conmpounds of t A B R5 RSROC ~ ~~ (R10)4 /R'1 M\R2
(A RIT R120 ! B3P0 645 kS Sl (B)

Another method of treating the support with the fluorine compound is to
dissolve the fluorine in a solvent, such as water, and then contact the support with
15 the fluorine containing solution. When water is used and silica is the support, it is
desirable to use a quantity of water which is less than the total pore volume of the
support.
Dehydration or calcining of the silica is not necessary prior to reaction with
the fluorine compound Desirably the reaction between the silica and fluorine
20 compound is carried out at a temperature of from about 100°C to about 1000°C,
and more desirably from about 200°C to about 600°C for about two to eight hours.
In one embodiment, the resulting support composition may be generically
represented by the formula:
Sup F
25 “"Sup" is a support, "F" is a fluorine atom bound to the support. The fluorine
atom may be bound, directly or indirectly, chemically or physically to the support.
An example of chemical or physical bonding would be covalent and ionic bonding,
respectively. The support composition desirably may be a fluorided support
composition,
30 In another embodiment, the resulting support composition, such as a
fluorided support composition, may be generically represented by the formula:
Sup L F,.



(R10)4 10 R5 ~~~~ (R10)4 R11 1 /R Si M RI12 / ; ~R2 s .R R10)4 wherein: 15
ML is Zr or Hf, Rl and R2 are nethyl or chlorine, and R5, R6 Rg, R9$.FRBQI0I
R11 and R12 _have t he above-nentioned neanings. |llustrative but

non-1imtiny 4R es of desirable transition netal 20 conpol§d&SoNeSite:

D net hyl si | andi yl bi s (2-net hyl - 4- phenyl - 1-i ndenyl ) Zi r coni um di net hyl

D et hyl si | andi yl bi s(2-nmet hyl -4, 5- benzoi ndenyl ) Zirconi um di net hyl ;

D net hyl si | andi yl bi s(2- et hyl -4, 6-di i sopropyl i ndenyl) Zirconi um di net hyl ;

Di et hyl si | andi yl bi s§&p"et Bglipgbrpfetearydd fromnteaydup which omiludasahlopdliny lsilica, 21 F
E ~ 2003 WD 00/ 12565 11 PCT/ U899/ 14577 D~met hyl si | andi yl bi s

(2-et hyl - 4- napﬁ{qwna,ma@e%m")comar E%P&WFHlt&?ﬂPh% cium oxide, zinc oxide, barium

Ph I t hyl h t hyl ,
bi ot hy1 i | antiey B SPY e g o e S5 o 488! MR
Di net hyl si | andipglyliysdn2- rret hyI 4 (2 napht hyl ) - 1 i ndenyl ) Zirconi um di net hyl,
Di net hyl si | andi yl bi di met.hyl , N
Di ot hyI%61 1 andi Y1 bi o 2ETERRY et abiebied fisgy e Erphp ey ) etien ) danding

g: nﬁgt m D metshificfnt &Nstunt PeSK %o theSBup: (s wd, Nis, ik &ty Ish, 81, IPCaNiINGEN Re,

Phenyl (et hyl ) or Zahdind toith¢ Suprandiyd the, i6-a0ili(80 (P dpynd ro mvd&rmr)dzbcruoém am
dinmethyl, 10 1,2-Eth 4 6- d
i methyl | 1, 2- BeadTs ST O st o B RO B T o ooty St o

di methyl , Di rrenh,yMslR@@dzv{vmca(m?bmhwthép et hyl - 1-i ndenyl ) Zi rcon| um
di rethyl, Di et hyl si | andlfy‘l bi s( 2- met hyI 4-isopropyl -1-indenyl) Zirconium

di met hyl® Di net hyl si'Falsdifinopng emigpdy| - 4-t - but yl - 1- i ndenyl) Zirconium
dl ITE'[ hyl y 15 " n :

Phenyl (et hyl ) si | and’ y 6.“%’{"5’”“1’%’% 4-isopropyl -1-i ndenyl ) Zi r coni um

di ret hyl , Di net hyl siAnaaxdmpldxnfs(zh bomdihg duffietehny to Houmidba ¥l tp the Sapwouithbe

di thI,DitII th Z di thI,
O ot o i 1 amarpemitel S el Sétunt, Sh0% b ot AadtoIS! YRR Bt hprdie
Di met hyl si | andlmelauﬁ{ozrdasmpbmmﬂ@e@ﬁa@namy Be &ﬂu@dﬂ@d/!sﬁ é%hrdéﬁﬂiobhﬁbﬁil met hyl
2U Phenyl (met hyl ) si l'andi yl bi s(2- net hyl - -benzo- enyl) Zirconi um

di net hyl5

Phenyl z/rret hyl) Siibdiileb! s(2- met hyl -4, S- (net hyl benzo) - 1-i ndenyl ) Zi r coni um
di met hyl

Plhenyl {met hyl ) si | andisylidei deReinahéyermt " refal loteretrahearsbems oy -more denpplindéi r con
[ di met hyl, 2 . . : .

Phenyl ( met hyl ) SFresaied i heoommelay CraMBeXaabarein CPrich i sioprustisuiring

di met hyl, 1, 2- Bilign@by bbisssanted, ol defivarivecigRod whihemsl beSubGRREY M is a
di met hyl , 1, 2-But andi yl bi s(2-methyl -4, 5-benzo- 1-i ndenyl ) Zirconi um

di net hy?0 Di neﬁwm i én@m W@-‘(igomﬁﬂ -far sxprapleotimniyge Aeoniyn, hafhivgm
gbrrg[ Pr)élt hyI15|2I andi y % 1 '{l; Pe%llsnliw@oﬁ%&rﬁn ?Jdc?l%#m‘dk”% v

1, 2- Et handi yl blhs(iribcmbylt‘grbumen hytbugalrbox&l gronmhmmgj lfmmt byé to 20 carbon atoms, X

Phenyl (et hyl) SI l ndl P\{&lxlEfesé gyc{m cfthn a111iyi g“r‘%%‘ yz'u? al eny Ogrr]élypnc])rdz{nnfr;lgﬂyl group,

and m=l-3, n=0-3, g=0-3, and the sum of m+n+q is equal to the oxidation state of

25 the transition metal.

Methods for making and using metallocenes are very well known in the art.

For example, metallocenes are detailed in United States Patent Nos. 4,530,914;

4,542,199; 4,769,910, 4,808,561, 4,871,705; 4,933,403; 4,937,299, 5,017,714

5,026,798; 5,057,475; 5,120,867; 5,132,381; 5,155,180, 5,198,401, 5,278,119,

30 5,304,614; 5,324,800, 5,350,723; 5,391,790, 5,436,305 and 5,510,502 each fully

incorporated herein by reference.
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Di phenyl si | andi yl bi s(2- et hyl - 1-i ndenyl ) Zi rconi um di met hyl , 71 FEB 2003
1, 2- But andiwbloosisés net hyl - 1-i ndenyl ) Zi rcosni um di et hyl , PCT/US99/14577

D net hyl si | andi yl bi s{2-et hyl -1-i ndenyl) Zi'rconi um di net hyl ,

D net hyl si | andi yl bi s(2-net hyl - 5-1 sobutyl -1-i ndenyl) Zirconi um di met hyl,
Phenyl (et hyl ) si | andi yl bi s(2- et hyl -5-i sobutyl -1-indenyl) Zirconium

di ret hyl, Di net hyl sil andj yl bi s(2-nethyl-5-t-butyl-1-indenyl). Zi rcopi.um

Gi et hyl | Di ot hyl SPFSIARY I SRR 4 O ers i, SeokisGh i hé

di met hyl , D mgbyhigi | andi yl bi s (2- net hyl - 4- phenyl - 1-i ndenyl ) Zi r coni um

di chl oride Di net hyl sil andi yl bi s(2-net hyl -4, 5-benzoi ndenyl ) Zirconi um

di chl oride, to Dinethyl sil andiyl bi s(ZCngsQ pyl -4, 6-diisopropylindenyl)
Zirconi um di chl ori de, Di nethylsilandrylbi & 2-et hyl - 4- phenyl - 1-i ndenyl )
Zirconium di chl oride, Dinethyl s Rqi yl bi s (2-ethyl -4-napht hyl -1-i ndenyl )
Zi rconi um di chl ori de, @

Phenyl (met hyl ) si | andi yl bi s( 2- mety % phenyl - % enyl) Zirconium

di chl ori de, Dinethylsilandiylbis(2 ﬁ htmyl ) - 1-i ndenyl)

Zi rconi um di chl ori de, 15 RS 5

Di net hyl si | andi yl bi s(2-net hyl - 44 ( 2- hapht'hgl ) - 1-§ ndenyl ) Zi rconi um

di chl oride, Dinethylsilandiyl bfst2-get hyR-i nden Zi rconi um di chl ori de,

Di met hyl si | andi yl bi s(2- net hyl - 4¢5=i | -14i ndenyl ) Zirconi um

di chl ori de, Di nethylsilandiyl bi s(2,F§, glei ndenyl ) Zirconium

di chl ori de, Phenyl (nethyl)silandiyl bi 4 76-/di i sopropyl - 1-i ndenyl )
Zi rconium 20 di chl ori de, v

62

Di net hyl si | andi yl bi s(2- et hyl - 4-i sopropyl - 1-i ndeny Zi rconi um di chl ori de,
25 Di net hyl si laingeinl M 34 3- ARtDYOF Grouut V8, -ok-6 rdtemy! Perddic Tabrmiddiraghyor i de,
Phenyl (et hyl ) si | andi ¥1I bi s(2-nethyl -4-i sopr_%s | -.1-1indenyl) Zirconium

di chi ord de, ~ DiZESCRN hathyam g tidgrpum |{p§t desi %lbh?FQOqu%denyl ) Zirconium

di chl oride, Di nethylsil iyl bi;s(2, 4-di.nethyl:1-i.ndenyl) Zirconi um

i ohl or i de. D1 et nyRLen&Ac Hehtiaf af HETY el ThRRnly phE 3 A8 0t

di chl oride, 3chydré@inhuds] 4 @ACY} ailie Zroml Aydirably- 2CgrEPANKY! groupdeayLQ

Zi rconi um di chl ori de,

Phenyl ( met hyl )akdxangioyp,bdesirablyet Oy HC# alkoke gmup;la iGyd€ iy lady! Zroupodesimably a

di chl ori de, L ~~i=~1~u~ WD 00/12565 13 PCT/ US99/ 14577

Pheny! (et hyl )GéCanaiyl gious( 2 Geefnglarvioxy grasphdesiebly Co=-Ghamiguy) 8r2em, coni um
di chl or | de, .

Pheny! (et hyl )S2 TR P Srovhe eyl 8 Co-Gur aliverylyBioun: 8)CT kA EHlly!

7, com um o oGt IS BRLMPLARREL KA gyt s, dsaly

1, 2- Et handi yl b - 14 o585 0en i .nd kr iU i ricde

1, 2- But andi yl E?Z-(@;E{k?géhlag‘g?‘ﬁgn%%%ﬂ“ﬁdgﬁﬁlga@ r%gg ’u%ﬂfagm %r itggc,:u

Di met hyl si | andirylaiien{ rBE;S,W'a-tﬂkﬁgethbm-dksii'db éringZi rconi um di chl oride, 10
1, 2-Ethandiyl bis(2,4,_ 7-trinmethyl-1-indenyl) Zirconiumdichloride,

Di met hyl si | andi yI bi Rf 2ndeRfyre| idemitah or )different niesirabdy diémicildare one of a
Bl R e TR X e——
D DI Bt andi y EpB SRTRIT =t It HEE ARy R S ateBleb o CoCro ary
i ot byl o1 1 andt o 24igh B e HalddRABRY deifiLh £ R0 S8 B, £Ea-Choalienyl
Phenyl (et hyl ) srolignglsithtly é‘lzr@i RWenyt &ro@P Y b= id;/miiﬁﬂbk‘y) g%iqu@ékiier a

di chl ori de, Dinethylsilandiyl'bi 5(2-nethyl-5-t-butyl-1-1 ndény Zi rconi um
di chl oride, 20CRIQygtdy l?ﬂdyll gnelipy labC 530 Q16rary] goupYdesirablpde0y.0, ,ZikdgR um
e.

dichloride, and the |i
20 group, a Cg-Cyq arylalkenyl group, desirably a Cg-Cy4 arylalkenyl group, a -

NR215, -SR15, —OR‘5, -OSiR315 or -PR315 radical, wherein R15 is one of a



Many of these desirable transition netal conpound conmponents are dgfﬁ§§§ﬁﬁ3
in detail in U S. PatentNos. 5,145,819; 5,243,001; 5, 239,022; 5,32% :

5, 296, 434; 5, 276, 208; 5,672,668, 5,304,614 and 5,374, 752; and EP 549 900
and 25 576WY@®/12365 of which are herein fujly incorporated byCTams8ytice.
Additionally, netallocenes such as those described in U S. Patent No.
5,510,502, U S. Patent No. 4,931,417, U S. Patent No. 5,532,396, U S
Patent No. 5,543,373, WD 98/014585, EP611 773 and WD 98/ 22486 (each fully

i ncor por at ed i ref: i . | Ripsy | tion.
s0 21 o re BERET G, HEuBERE Bl A S5 Ak E R A B} H e e
general |y usegdNg&aptiriat-en oWl BreMBestably 20€-@gtatyiatqip, i n order to
create an active catal yst system The term "activator” is defined herein to
be any conpound or conponent, or conbi nati on of conmpounds 5 or conponents,
capabl e of enhancing the ability of one or nore netall ocenes to polynerize
olefins to poRgdiefins Al kl yal unbxanes such as net hyl al unoxane (MAO) are
commonly used as netal |l ocene activators. Generally al kyl al unobxanes contain
about S to 40 of tiR Tepeating ®Wilts. R1fo R ( Al @1x AIRZ for |inear
species and R 15 Ry Al O )x forf cycli¢ species where Ris a C 1-Cg al kyl

i ncluding m xed al Kyls. Particullarly dgsirable are|the conmpounds in which R
is methyl. Al umxang2solutions  particyjacly methyhs umXahR,$ i gns, may
be obtained fromcoymercial venagors as ;20 solution havingﬂv%rious
concentrations. Theﬁe are a varilety of |methods for |preparing al unoxane,
non-limting exanpl of which TR desgnibed in U 12Patent No. 4, 66S, 208,
4,952,540, 5,091,352, S, 206,199, 5,204,419, 4,874,734 4,924,018,

4,908, 463, 4,968, 827, 5,308,815, S, 329,032, S, 248,801, S, 23 S, 081,
5,103,031 and EP-A-0 Sgl1476, EP-B1-0 271886, EP-A-0 SEIH218 and WO
94110180, each fully 2% incorporated herein by reference. (as used herein
unl ess otherwi se stated "solution" referfs to any nixtura i ncl udi ng

suspensi ons. ) lonigingg@tivapars nay algo be used po agipvate

met al | ocenes. These actjivators are neutral or ionic, or are conmpounds such
as tti(n-butyl)ammoni um tetrakis(pentafl urophenyl)borate} which ionize the
neutral metallocene copg@und. 3o Such iogiizing conpoundsgnmy contain an
activeSproton, or some other cation associated with, but not coordi nated or

only | oosely cgydina 10, A he g enpl nicnd ciPn.cef.. t.Rer 1 BNI_&Ma. ound.
4 d 6?8%C?T’v§f(gr]s? G2 ShEMBL N ggbo s 2,’| O ERIER,

Conbi nati ons iray al'sd be used,” for “éxanpl al uhoxane ‘and
i oni zi ng acti vat jnyconbi nati ons, see for exanple, WD 94/07928. 2 ~ ~
5 AR

E a Zoo3 WO O > PCT1US99/ 14577 Descriptions of ionic catalysts for

coordi nati on pdleysi®eri zati on conpri sed of netall ocene cations activated by
non- coor di nati ng ani Qns appear j'n the early work in EP-A-0 277 003, EP-A-O
277 004 and US pat &, R1tomdaRI> aweddemmcabor diB3et @nd @y pdwdragdn [Hé9mi & by

reforepoe) . THERGed SAF ACURSL ARl SIR NRULR1, 5 ATEPRLAL] huhesl B

met al | ocenes and rotona % anro ecur’sef%such

that an al kyl /dp,y,g{ahﬁﬁfc 5ﬁﬁjmekﬁab?)b§t¢ﬁ@§)8¢]ﬁc§r8ﬂkﬂ rba g'g R Rlerdip, make

it both cationic an arge- bal anced’ by "t he non-coordi nati ig ani on.

Pavi NG 11 UONOGH By CORSErT U o B eas Dhemy B Dhery B NeaLRN
fluoroary! group, a C-C9q alkoxy group, desirably,a C1-Cyg alkoxy group, a Cp- .
C»op alkenyl group, desirably a C2-C1q alkeny! group, a C7-C4¢ arylalkyl group,
15 desirably a C7-Co( arylalkyl group, a Cg-Cy4( arylalkenyl group, desirably a Cg-
C»y arylalkenyl group, a C7-C4q alkylaryl group, desirably a C7-Cpq alkylaryl
group or R11 and R12, or R11 and R13, together with the atoms binding them, can
form ring systems;
M2 is silicon, germanium or tin, desirably silicon or germanium, most

20 desirably silicon;



to The term "noncoordi nati ng ani on” (NCA) neans an ani on which either ,.
does not coordinate to said cation or which is only weakly coordi nachFEcha
sai d cati orwolkenrsey remai ni ng sufficientl Y, | abil e to be di sppetedodruss
neutral Lew s base. "Conpatible” noncoordi'nating ani ons are those which are
not degraded to neutrality when the initially formed conpl ex deconposes.
Further, the anion will 15 not transfer an anionic substituent or fragnent
to the cation so as to cause it to forma neutral four coordinate

met al | ocene conpouri amrble arecidentior! andifferentaod havotherheaningsstated for R11;

Noncoor di nating ani ons ,useful in.accerdance with this,invention are those
whi ch are conpati bl 2gNAL [degiicel ﬂre&:lﬁ%rlﬁgxl A caé%éere’a{]?ro% c{éﬂrﬁ% zgrépnogg, B¥

bal ancing its pieNh GeinB2E@E1 bN2 Aetitabdf Br@or Yedndretain sufficient lability to
permt 20 displacenent by an ethylenically or acetylenically unsaturated
nononer during pol yirerradiails &3, Rhe andeR&} arondentica] bowlifferennpndiidse riné
containing an active proton but Réspablag of producing aoth the active

met al | oBene cameamngsrdated fasrR'doRd? aad RAd. divicosdiaeentiRAS ridiosln casbe joined
exanmple, EP-A-0 426 637 and. EP-A- 0,573 403 .25 (incorporated herein b
reference) An tﬁaﬁﬁ?ri t8§fgﬁm ﬁéf’ﬁc?éfﬁﬂ" ﬂ%fkr%%lé G f’%ﬁ‘?"& ngttaﬁlll%??nhg%%“ i*Shi zi ng
ani on precur sogshodHdteisare initially neutral Lewis acids but formthe

cation and ani on upon ionizing reaction with the netall ocene conpounds, for
exanpl e the use of Akyk(ijséass alol GBRIEPHORy Panphgdy rdainsewbstpugnty SoHalpgen
(i ncorporated [ el f n ol apicca fan. addifjon .
pol yneri zati on&glggb%é%lH;eger%éoep?jg%)rg}eégmggmg’xp%zﬁ ?%ﬁ”o@ﬁ{n%eﬁhe Salrae%‘{aarl?{yer s of
transi ioon metforinepohlodse by ani on precursors contaiming netallic
oxi di zing groups al on i th the anion. groups, see EP-A-0 49S 375
(i ncorporated her eiIFP"g?“VV?r QF%??E%)‘.“‘“S“ N mptal compeRpds| e mmpayegs of the
PCT/ US99/ 14577 \iagr& (endBs! |1 gands include hal ogen noieties (for
exanpl e, biscycl opentadi enyl” zirconi um di chl ori de) which are not capabl e of
i oni zi ng abstracti gh_under standard conditions, fbey can be converted via
known al kyl ati on reac Mt h organonetallic co such as |ithium or
al um num hydrides or 5 al kyl al unoxanes, Gig ents, etc. See
EP- A-0 500 944 an P ‘ 08a10{ ncor por at ed her ef erence) for in
situ processes d (i n¢ 1r§§ct}4on of ?’:ﬁyl al ufri ny o(uﬁﬁg)%with
di hal o- substi tuted n'%t al ?oc conmpounds p 'Q%Sto or with Rie addition of

o]

activating anionic cgnpognds. Desirable neth S'for S:j@ rting ionic

€ de i bed i(B)U. S.
8 , filed
MRPfil|l ed Novenber

hen using the

cat al ysts conpri si ng |net al haggne 1o (@3t OF@ an

Pat ent No. 5, Gégqgigc U & Patent .. Appl Ri&r7on
Novenber 2, 19 U. S: Patent Application No.
2, 1998 (all fully indorpQrated herein by reference

support conposition, a rti cularly the fluorided rt conposi tion, of
this invention, these upport met hods general |y cQsgli se 15 using
are sufficiently strong '

neutral anion precursorg &' acids to react
ULV D%al ities present on

with the hydroxyl reactt :14%@ surface
such that the Lewi s aci d“etones coval ently bound. In "rent of

this invention, the activator is one or nore NCAs and the supportation
met hod described abwbereing used. This reaction can be 20 generically

[EnL PR ]+ s ¢ neviiat & 9t Hodt | 3peFA 5 el e bionmenodts ood RrRamd O A O
is the activat anj ou t.o the su rt conposition, particularly the
f1 uori ded supp]gglt a %ﬁg% ?\feiqg%?b%ﬁﬂﬁgﬁs’g%&a%%ci fically, Ln is one or nore

25 ligands (n equal BlugfativeWdat endiQirhiting hexdthplBES6f QdesHalk Ofrafidifb® fletaM )
covalently bound to M, L'"'mis a neutral, non-oxidizing |igand having a

dative bond tocampqungpincludey m equals 0 to 3), M is a Group 4, 5, 6, 9, or

10 transition b Sy i i to M..into, which a

pol yneri zabl e Brrglr\]%hn%lﬁ i%&d ]}rﬁ%lg#%hn%ﬁ‘gﬂé%ﬂgﬁgli'ﬁgg?ﬁ%g%n%%PHP%&Y ‘ on

pol ynmerdzat i onDirhéhylsilandiyibis@-methgl-4, hbenindeayl) Zp@bhiainodiniedliyli ng t he

anionic acti v%or ﬁnd_ Ois ,oxygetp‘. . . ) . .
imethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) Zirconium dimethyl;

Dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) Zirconium dimethyl;



Z 1l ~~d 2~~3 WD 00/12565 1~ PCT/US99/ 14577 The activator ani on neutral
precursors that serve as the Lewis acid (LA) include any of the 21 FEB 2003
noncoor di nati ng ani on precursors of sufficient acidity to accept the

avai | abl e ®ie@1286% pai r of the hydroxyl g{oup oxygen atom amdThmvp/iistat e
the protonation of the transition netal conpound or a secondary proton
acceptor (see 5 below) by the silanol group proton The desirabl e activator
ani on neutral precursors that serve as the Lewis acid (LA) are strong Lew s
acids with no d I

el ectron-with %‘ {hﬁLSYI%IZ Elﬁls ﬁﬁ'ggena@é%glgﬁi?&?eglgﬁ Z%%\annggg‘!bawlact an

ani oni ¢ f r agmehenyl(meethgisitesdiylbised-medryddephenylbl -tiead @émbaidiedietailr coni um
dinmethyl) a g tris-perfluorophenyl borane, 10 trisperfl uorgonaphthyl
borane, tri spEimethyisdBngikibiid- ”EBW&ﬂél'“PH}é@e‘ér)ﬂ 'é‘éﬁ’?ﬂbf’é“f’ﬂ‘é‘i“é*”&le Yshoul d not
posSsess any I eagki Vﬁhlbhcﬂgﬂggzr-{n‘émg?h(%ﬁpﬁﬁ Wl%ﬁ@@lfﬂxr@é’nxé‘x‘ﬁmﬁa@ j,ni ng

hydr oxyl groups on-t nposi t particul a the fluorided
suppor ts conpo@meeMylsxlEmdxykbis(ﬁrp‘ieéw,yl -avden@d) dingorti8medimetinyd, based Lewi s aci ds

havi ng only alk 0 X | ar am do.l.i gan which .are readily ~5
hydr ol yzed in éﬁ@éfﬁ‘ %Hﬁ&ﬁﬂﬁy‘yﬂg% %é”g[ﬁptyg'b?’é B?‘ggﬂu’bﬂ@‘% and of LA
nust be suffi blﬁqlaih'yysuﬁh&ﬂfbrs@m\M&lﬂ@ﬂ@wmﬁdé@ Ja.&moﬁi(@n Hiigethpieded acidity,

for exanple, tris-perfluoro enyI bor ane, er typical reaction

condi tions. Typead(meteylsila YlélSK%mﬂb’Mtéeﬂ1§°P@PYLA—IMMY‘)ZM§DW@ bor on,

al um num anti rmr%y arseni c, phosphorous and gallium Mst desirably LAis
a neutral co conprising a 20 Goup 13 netalloid center with a

conpl eent of 1|3-BhadsiylbagBhieeyl-skdiisopripl/l- y—mdmgvt)rmnomwmamwmg such t hat
the Lewi s aci dltﬁpls greater than or eq uahto th t_of YAl C13. Exanpl es

include tri s- &-Bpiagdiy %weyaﬂﬁrﬁggusopropy -mdeny)ercomum dimethyl,
tris(3,5di(trig J]#o 151y )-BORAAE -indeny1) Zi di

tris(di-tbutyl r#:p'téﬁ{yﬁsl f‘yy pgi;fl groph@y ltr)lo‘rﬂ}';lyn)e lrgor?(ljurg r‘fé‘?‘ }ghl y

fl uori nated tDlsmﬁlywilyhdmhb'aﬁbmmybéumisop%ddmtimud)aﬂrwmum@mtethel acti vat or

for the netall t sition is a esirably the
NCA is first g) y{sbla {b g%w&?&y?“‘% &@%@@ﬁ“‘f‘%ﬁ’%ﬂﬁ"‘b@‘“&eﬁ‘ﬁadd| tion of

the metsal | oceMe@ﬁ(@étuﬁysuamemls(hme&@uuwaéﬂbpylsl-Maalylym%dnahhMuﬁéiﬁyll\/AO and
nmet al | ocene cat.al %/st are dissol ved toget her 1n_solution, 3¢9 The support is

then cont act ediethylsiigadixires(Frethyl-#-grathy- c‘é‘f’ﬁ‘wspr%"ﬂﬁ%eh@iher net hods
and order of 451141 Eﬂg&mai{\ﬂlbﬂbs-mﬁﬂﬂéthﬁni ﬂcﬂn#’llyg%oﬁmnldlﬁl@t yi the art. 2 ~F
yi Liltl3 WO 00/ 65 [US99/ 14577 Pol yreri zati on The netal | ocene
supported cat é)ly@thydsdeHbIS(bmetwl-és@lﬂxJH-1memdﬂmcmmmMpdnlyyrrer| zation of

Coor di nat | on RORYHRRY BAY Gif BV EoHEr R BaR e AT S5l ¢ ol

known and lncIp%é@y1@ﬂétyylwanda9ﬂbss(aeﬁieaan14@3berﬁburrnnexgq} Zﬁ@éﬁlﬁﬂtdu‘ﬂ&hlyﬁnd | ow
pressure gas phase polymerization. The netal | ocene supported catalysts

conposi ti ons dﬂhemﬁémghﬂ%selﬁﬂdlyw&wme&wlé;%(mhslbm1lcxaﬂmlzzrmewm in the
known operati Eﬁngﬁg es enploying fixed-bed, moving-bed, fluid-bed, or slurry
processes conducted’in single, series or paraIIeI reactors. to The

net al | ocene sBheoyl{methglxilahdigibistmedsil Bewdméthylbenzoy-drindeny ! Fionium
particularly suitable for propylene polynerizations Any process nay be
used, but propﬁ\}?‘@ &hpol ymeri zati ons are nost commonly conducted using a

sl urry,pqgr ocesmnylm%ymaﬁmhe@i )HE‘EH)Jléaécb%hﬁﬁ@ulhﬂ@n‘}?&x@@mﬁhﬁcﬂﬁ@th@’d liquid
nononer, |ike propylene, or drocar bon sol vent or | uent

advant ageousl| yi, éﬁ@h@vih&(@m@yﬂﬂrﬁ ugi1zgticindenyl pZiogamen chmothut ane, hexane,

hept ane) cycl a t. 1S di | such as | uene. The

pol yreri zat i onhféﬂgagfjg?ms(r‘(%s“eﬁﬁam be Z8ée‘“é’8’#é‘?j§‘ e'Hu'Po‘%/\fn %h 8 , less than 50
C, desirably Q)xﬁlethﬁﬁlaﬁ‘dlylbﬁs(l%tm&S’Jbéhzbllgiﬂ)ﬂén)ﬂﬁﬂﬁa)mﬁMCd?méﬁlyUp to about
150 C, desi rablé&;rom 50 t o about or at any_ ranges between the
end points indi @adlyw%%édrte@e&wﬂrlwaﬁww}%moamﬂlmebyko about 700 20

psia (4, 69-4. & SC U S. Patents
5,274,056 and 4 I}{E@yl %ggfb&% 8&&*3 @g%\/ﬁﬂc‘lﬁ%é%ﬁggcthplful |y incorporated
by reference. H-@dmhdtyﬂnd(@mqﬂqﬂs&mndmﬁkﬁ&rdnm:dmdmﬁhy&,th t he netal | ocene
supported catg|yst conp i.0 conv nt| pol yperi zation techni ques
The microstru th.?f‘%l(‘BFthVﬁ%fa @M@b’lté?“?ﬁg}l‘y Vh“P enyd H’%{’(S‘I“ﬁf“bgigg@% a meso run

| ength as 25 neasured by '3C NVR of 70% or greater relative to the total

pol ymer produced. Copolymers with ethylene may be formed by introduction of
ethylene to the propylene slurry or gas phase pol ynerizati on of gaseous
propyl ene and et hyl ene conononers. Copolyners with ethylene desirably

contain 0.1 to 10 wt conononer. Stereoregular honopol yners and copol yners
of ~ocC- oI eflns may be 30 forrred W th thls system by |ntroduct|on of t he

o, o o o o o v o o o o



‘Z1 ~E 8 ~~d~ WO 00/12565 ~ 9 PCT/ US99/ 14577 Pre-polynerizatio nayn aljpo
be used for further control of polymer particle norphology int \

slurry or waopbsese reacti on processes in accordance with cmmamgp/@mJy

t eachi ngs For exanpl e such can be accorrpl* shed by pre polynerizing a Cz-C6
al pha-olefin for alimted time, for exanple, ethylene is 5 contacted with
the supported netall ocene catal yst conposition at a terrperature of -15to

30 C. and ethyl ene pre e of up to, abo 250 i :Pa) for 75 mn
to obtain a pBighee V‘Dc‘aréfﬁg]?isﬁg'“l?ﬁhiflh]e @GWH%ZFCW d?’?é%%él ene of
30, 000- 150, oopqr@uﬁﬁ%ﬁ; maﬁg 1RRieRy S ZREO MR dikefycat al yst is then

avail able for use In rization processes referred to above In a
simlar nanneD;meﬂhglsaamdxybiséﬁ-edarﬂdl—lyrden)dﬂmcomumpdmnethydat ed with a

polymor 24t | oRBFEEoeY DR atEr o Tan G A Rl or

elimngte pol F‘H@f}‘lGﬁéth}g%119@&1§m1§21rﬁéthylﬂﬁ_‘i/sobﬁtyl mlxﬁd&lzl)@rdéh@nf @elglyl eans,
solvents or diluents ving or neutralizin e poi sons For exanple

nononer feed @nme@m@ll@m Iy lyis(2-aeathyloht-butyhil indasyl) panpdigethybat ed, or
treated in sifu Y, i uitable
scavengi ng agen'f‘ %fq?%%?ﬂ%’sgghcqqﬁw%[ﬁ}h Qn‘é‘ﬁgﬂfigg‘%&% EIPF@}’I('Storrpound

enpl oyed in pmae&g&slaxsdrgzrblsa(a hBhsB-44hiemg - It-hﬂeﬁlmmﬁﬁmomgmmfret allic
conpounds of 5,15 (g WO A-91 /09882 and A-94/ 03 506, noted above,
and that of v@lw@xlsam Zlblsﬁ%)'"BEBﬂp‘fé e“l’zf?é“qedb’ll @rrrcwyu ﬁlﬂP’é@e »are presented

to illystrat eDﬁrggthfy'quglgﬁ}'mgsﬁ?'ﬁ&Hﬁ ,B4iis rcpﬁ %1r@ﬁ1%rh'dmﬁo @E e exanpl es

percent ages are ess ot ierw oug
may be di rect@dnbmytsdamchylbxsé%ddrlmpﬁesybf mdeeylp)ZﬂsmntJmZ:Bchlmwmtl on, they

are not to be,.vie as,.limztin i C, respect
Preparat i on oPPR ygﬂ}ﬁ?)%?'i[bésé ﬂwJP mqh@ ‘ﬂzéﬁydwé’g?rfﬂ € i ca can be
fluori ded durpPRéh thyihsilaAdighigelm gt 4- Eé}wnahm DFZiReaRs dichldddd, ¢ ~
~0~73 WD 00/ 1256 @fe PbeI'/ US9 /1%577 E?(lla ijI e g)%garrs of Si 02

available fr omree@désﬂmmlea@-nwtéﬂbﬁhnwyériwdnnd) sowym.dighleriden s
Syl c952 f
POk AR N Gl LD iSO, 1 2

ar ea of 312nP | um exa uor65| licate
avail able fr ommleﬂbryisdhnctmmd(zﬁheﬂndﬁpdﬂw,l) Zirdonaunk diehM¥id€he armoni um

nexal 0 o1 | A RuRSERI RS TR s b 1 b ApB fdl 1L

having a medi Dnmfeﬂiylsnabdrglb&(@4c6nrfrﬁaﬁyronﬂmdem>d) Znaarﬁ\uhehmldenserted into a
tube furnace and a flow of N2 (220 cc/m n) was passed up through the frit
to fluidize tﬁbenyl(methyl)sdand1ylbxs(2-methyl -4,6-diisopropyl-1-indenyl) Zirconium

20 dichloride,

1,2-Ethandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) Zirconium dichloride,
1,2-Butandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) Zirconium dichloride,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indeny!) Zirconium dichloride,

Dimethylsilandiylbis(2-methyl-4-isopropyl-1-indenyl) Zirconium dichloride,

25 Dimethylsilandiylbis(2-methyl-4-t-butyl-1-indenyl) Zirconium dichioride,
Phenyl(methyl)silandiylbis(2-methyl-4-isopropyl-1-indenyl) Zirconium dichloride,
Dimethyisilandiylbis(2-ethyl-4-methy!-1-indenyl) Zirconium dichloride,
Dimethylsilandiylbis(2,4-dimethyl-1-indenyl) Zirconium dichloride,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl) Zirconium dichloride,

30 Dimethylsilandiylbis(2-methyl-o.-acenaphth-1-indenyl) Zirconium dichloride,
Phenyl(methyl)silandiylbis(2-methyl-4,5-benzo-1-indenyl) Zirconium dichloride,



‘io silica bed. The furnace was heated according to the foll ow ng/ szch@ﬁy,bﬁ
Rai se the tenperature from25 to 150C over 5 hours Hold the terrperature at
150C for ise the tenperature froml 50 to 500C ov Hol d
t he terrpe?‘g?’(t}}rde aﬁgaSOOC for 4 hours ~ 5 Heat off and all ow ?ET% Qé)yu?fder
When cool the fluorided silica was stored under N2. Neutron Activation
Anal ysi s, Nucl ear Analytical Services, The University of Texas at Austin,
showed | 680. 06 wei ght percent (wt% fluorine. The foll ow ng exanpl es show
t hat the wei ghhenpl{nmdryﬂ)sﬂhmﬁyibdh@mthﬁe‘v P2onghylbenzop-dnndenybchtconiured by t he
anount and type fluoride containing compound, such as an inorganic
fluoride cont h‘iOH& conpound, added to the silica gel prior to the heat

dehydration. fi hf‘e&yii)stwmymks(ﬂ-ilneﬁafp 4l (terarhthy18EnZ0R MRdenty Z1RB7um | | ca

gel was treated as described” in Exanple 1 except different weights and
fluorine corrpdmhbstdWere used. Details are shown in Table 1. Colum three

d h f of I /11
compouta same? s KIS R R PRER Pl b Thes The

wt % of fl uori diehlpridsent in the sanpl e before heatl ng. 30 Colum five
| abel ed "found" describes the wt% of fl uori ne)ngresent in the sanple after

heating. The Wedsthandiypbistdrmretipd- %%b?ﬂzaﬂe‘r“dﬁfh’é igeamipp dicBlorideef | ecting, to

d 03 WD 00/ 12565
> 1" per usobs LSRRy Bl e b BRI Zirconmud dlcnitrld), 0 02 TR0
wt % of i FFI uDithelhyl@i&t@yﬂhis&—a@fhyﬂ)dmbhnzoilumden}é) Zimmxum 'c'ixchlorxde,
530, 085 31 6o DRSS b B (Y Mg A S60m ENgHba1 61 280 d
19" 3.62. 561. 3Bfndth#RiiandlyiBRE:- %ﬁ%ﬂl‘ﬂﬂﬁh&ﬁﬁ%m&am&@&cﬁl@ﬁd%12"3 62. 562. 200. 09
13"""2.260. 0614NHaF2. 51.7281. 68 : determ ned Exanples 1 S-21 show

that the silié&a- %b#ﬂdtﬂhlsb?eﬂmhjtbflrlaé@w&ﬁlr%glmélChbéﬁssdr ation at different
tenperatures. P?en%m{y?)sﬁ;ndlylbls(2-methyl-l-mdenyl) Zirconium dichloride,

Diphenylsilandiylbis(2-methyl-1-indenyl) Zirconium dichloride,

15 1,2-Butandiylbis(2-methyl-1-indenyl) Zirconium dichloride,
Dimethylsilandiylbis(2-ethyl-1-indenyl) Zirconium dichloride,
Dimethylsilandiylbis(2-methyl-5-isobutyl-1-indenyl) Zirconium dichloride,
Phenyl(methyl)silandiylbis(2-methyl-5-isobutyl-1-indenyl) Zirconium dichloride,
Dimethylsilandiylbis(2-methyl-5-t-butyl-1-indenyl) Zirconium dichloride,

20 Dimethylsilandiylbis(2,5,6-trimethyl-1-indenyl) Zirconium dichloride,
and the like.

Many of these desirable transition metal compound components are
described in detail in U.S. Patent Nos. 5,145,819; 5,243.001; 5,239,022; 5,329,033;
5,296,434; 5,276,208, 5,672,668, 5,304,614 and 5,374,752; and EP 549 900 and

25 576 970 all of which are herein fully incorporated by reference.

Additionally, metallocenes such as those described in U. S. Patent No.
5,510,502, U. S. Patent No. 4,931,417, U. S. Patent No. 5,532,396, U.S. Patent No.
5,543,373, WO 98/014585, EP611 773 and WO 98/22486 (each fully incorporated

herein by reference) are suitable for use in this invention.
30



In a simlar manner to Exanple 1, 48.15 granms of the 952 silica bklf‘t\‘iv&@idry
mxed wth 1.85 granms amoni um fl uoride from Aldrich Chem cal Conpany,

M | waukee WP 0033565 ammoni um f 1 uori de addgg corresponds to 1.RSEH$PNAFEI e F
per gramsilica gel. The foll owi ng heat schedul e was used. Raise the
tenperature from25 to 150C over S hours Hold the tenperature at 150C for 4
hours Rai se the tenperature from 150 to 600C over 2 hours Hold the

t enperature tcuﬁo C'; for 4 hours 15 Heat off and allow to cool under N2 Wen
cool the fludtid8P'Ei1ica was stored under N2 Neutron Activation Anal ysi s
showed 2.000. 09 wiMethlistehénare geddrafy FusEd 20030M6In@0bI 268H sbindEI/S8O1145?7
Exanpl e 16. The 952 silica gel was treated as in Exanple 1 except the

fol | owi ng hedeh & pleBuPElense create) an REH e Catplust: BHifdR at Lt e PHmPiyatop iS0C
over 5 hours he t r EOF}QISE! - S Al

tenperature fd?g}rl_nM1 %El? gosbg(r)%%(%wognﬁghrs Hor{eg{’ to?\’ecla?%lrir%grlggt(ﬁ?g t% u%%SOC for
4 hourss Heat onfcbmannentd, lcapati® of eohanamgdehe hiBilighehonoor mdre rhétalbodededtcsi | i ca

was stored under N2 O anples 17 _.thro 1. In a simlar ner the 952
o1 ca gel vaDMIGE At PRYERGHDI A BRioaptes R o AIREREPRER o and
fluorine COmﬂmrg'ﬁarw%bﬁmm}duQataalrﬁeiam@]es&ﬂmorsn Galdrglly2alkPallihé¥ant Tabl e
1, colum three describes tthe wt% of fluorine 15 conpound present in the

total sili cal/cbhtaorabont & tmifboftde sepepiing udtbor e heating Col urm four | abel ed
"added" describes the wt% of fluprine present in the sanple before heating.
Column five | abel ed "found"” describes the w% of fluorine present in the

sarrpl'é)after heating The wt % in ¢olum_five i i gher than colu f our
reflecting, to some d8gree; (e fbss—? )%/ateri‘aﬁ? ?‘H INGEIACHGS 9%F Tabl e 2.

300C Fluorided Silica Exanples w~t' % of Fl uorine (wt %-Eaam rlc .Fluorine
Conpoundl’ 1~~" ~~~~~~ (: R

om-~un~| added. Found17( NH4) ZSi F61(. 640. 930. 0S18" 21. 281. 550. 0519" 42. 563. 22t 0.
0920"8B3. 84n. d. ~21NH4BR41—84( 28+- 8100680 Dx not fateyeliadprees 21 F~~ ~u~3 WD
00J12565 23 PCTNS99114577 Exanples 22 and 23 show silica gels from other

manufacturers can wt}x%re R is a C}-Cg alkyl including mixed alkyls. Particularly desirable are

the compounds in which R is methyl. Alumoxane solutions, particularly
methylalumoxane solutions, may be obtained from commercial vendors as
20 solutions having various concentrations. There are a variety of methods for
preparing alumoxane, non-limiting examples of which are described in U.S. Patent
No. 4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, 4,874,734, 4,924,018,
4,908,463, 4,968,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081, 5,103,031 and
EP-A-0 561 476, EP-B1-0 279 586, EP-A-0 594-218 and WO 94/10180, each fully
25 incorporated herein by reference. (as used herein unless otherwise stated
“solution” refers to any mixture including suspensions.)
lIonizing activators may also be used to activate metallocenes. These
activators are neutral or ionic, or are compounds such as tri(n-butyl)ammonium
tetrakis(pentaflurophenyl)borate, which ionize the neutral metallocene compound.
30 Such ionizing compounds may contain an active proton, or some other cation
associated with, but not coordinated or only loosely coordinated to, the remaining
ion of the ionizing compound. Combinations of activators may also be used, for
example, alumoxane and ionizing activators in combinations, see for example, WO
04/07928.



fluorided during heat dehydration. Exanple 22. 5 48.5 grans of Si 02,
avail abl e from The PQ Corporation, Valley Forge PA as M5 1340 haihtd %403

surface an&odfaséS0 N2/ g and pore volune of 1.3 cc/g, was g ' ith 1
5 grans ammoni um hexafl uorosilicate availtable from Al drich gréir?n%svég?m . The

m xture was transferred to the fluidized dehydrator described in Exanple 1
and a flow of NZ (400 cc/mn) was passed through the unit. The to furnace
was heated according to the follow ng schedul e. Raise the tenperature from
25 to 150C over 5Desaripsioki bfiianhecatapgie fort epoedinatiarspadymenzatidto gempRedse t he
tenperature fro Q0 to 500C over hour s | d..the t enperatuse,at 0C for
4 hours ~ 5 Pég{é} Peng GAUonT JGifaLed: Oporej-ﬁcaosgmﬁzn%\ﬁg}?ngoagpg e ?hleuegfl' ded
silica was stgrieth Bpdeo Ng.oddepbrn Agtiodadndons Aasdny 311980aved WRA0. 045
percent fluorine. Exanple 23. 20 48.5 grans of Si02, avallable from

Crosfiel d Li A#/PaiB3 (Gaearpergted rhemin buiefereace)DoEheyw thesh ngesirable metwdpfea of

280 n/ g ‘and_a : | UE . i i I a:
ammrr?i%um hexgﬁepgrglé'g%i Fcén;f rg%é\l/lélcﬁ gic)ﬁ{é&}pr %@%ﬁ@?@hﬁgé%%%?dlga g?ﬁlgﬁ m xture
was transf er pedursor §uth thituindilizdtlydedeygtoap rabdaaced breeh & nrabyisiopineetdl tand a

flow of NZ (200 cc/min) was passed, through fhe unit. 25 The, furpace was
heat ed accor Bigkgitbath ‘Fi’é‘of’kflapgﬁpﬁée'gélﬁ%ﬁfglgoéﬁ‘L%P%'éo?rﬁg‘apéﬁﬁé’r"é}t cugableom 25

to 150C over ;5; S; g I : r j t he
t enperature %o;i(l)érﬁlr?él*{S%thghgé% ﬁlgvsggagmﬁ%%?ﬁgf éﬁgﬁgﬁlﬁesﬁagtép%? {Jnr%eﬁgdtn%goc for

4 hours 30 Hewl-coistitzants sakch es\plteoyk biphenyided nythyl. 21 F E 8 Z003 WD 00/ 12565
24 PCT/ US99/ 14577 n cqol the.fl.uorided siljca was stored ynder. NZ

Neut rin Acti vati oRBAGETY hncoRBinetits <568 (R AL Rl 2| B MR at i ve
Exanpl es 1- 1@ogdesdirddefdihdte 1dsSiRadatbh @R vq{icmWoﬁl!yuwaa@%oﬁﬁﬁmww giied
silicas for conmparison as supports to the fluorided silicas. Conparative

Exanmpl e 1. 5eat@ngthgraby oemsininy sticigntly dabilgep)be displacedibyf & meuwdali bewsiss ¢cm | D
by SO ¥ «havi ngs: dj um.f 1 , d.
y cm Vycg%sg.gi ﬁ%z:}éag fe hl%}{&(ﬂl)gdl tmﬁ anidHs' drk ttho?iée?l?x?h &€ HB{\B%%E%G“

The tube was Into a tube™furnace an ow 0 cc/ mn)
was passed t hewraliby tvhen the initially férmedicomplexedesbmiposes bdthrthEnehé anwaoellnas

heat ed accordi nﬁ t? t he f.ol.l ovxg'fn schedul e. Rais‘ge t he te%gerature. from25
to 150C over "8 R dHofHOPH S Sé‘ﬁﬁé? gt TrEMERt 1P5HE CREP 20 HSUP LAY RdPse the
tenperat ure fdrfim heltrilofolP Qbor@inale RefaRbdehe [MOhipoLR® ah@ P B&ERFINS-Fbd&H0C f or
4 hours Heat off' and allow to _cool under N2 en cool the dehydrated

silica was sfiomededning. Nencooulimasing apiens weefiglangscardancy yith dispnveptioranner
Lhe 052 1 L 58 86l ARkl A G ABRIIE e 1 OB e
silica was sbaardngindeionid2charge in a +1 state, yet retain sufficient lability to permit
20 displacement by an ethylenically or acetylenically unsaturated monomer during
polymerization.
The use of ionizing ionic compounds not containing an active proton but
capable of producing both the active metallocene cation and a noncoordinating
anion is also known. See, for example, EP-A-0 426 637 and EP-A- 0 573 403
25 (incorporated herein by reference) An additional method of making the ionic
catalysts uses ionizing anion precursors which are initially neutral Lewis acids but
form the cation and anion upon ionizing reaction with the metallocene compounds,
for example the use of tris(pentafluorophenyl) borane. See EP-A-0 520 732
(incorporated herein by reference). Ionic catalysts for addition polymerization can
30 also be prepared by oxidation of the metal centers of transition metal compounds

by anion precursors containing metallic oxidizing groups along with the anion

groups, see EP-A-0 495 375 (incorporated herein by reference).



25 Conparative Exanple 3. In a simlar manner the 952 silica geh 1@ 243
dehydrated with the sane schedul e as Conparative Exanple 1 except the

maxi num t EFPAVESER e was 500C. When cool jghe dehydrated sil i RETHEX/ B ed
under N2. 19 ~ ~u ~~~3 WD 00/12565 25 PCTNS99/ 14577 Conpar ati ve Exanpl e
4. In a simlar manner Syl opol 948 silica gel ("948 silica gel") having a
pore volume of 1.7 cc/g and a surface area of 335 nR/g, available from
Grace Davison, a 9uRsd qhémyetdf 1%&&65 AR BRlog&d MbieN@s(foehxahpleedhini th the
same 5 schedul e as Conparative anpl e 3. Wen cool the dehydrated silica
was stored ueséapendieopbariesohing Highipride)s whigh aarsi APl gepabdeinel 1pmaings52

silica gel s, dehydrated with the. (o) e S..: iye. Exanpl e
1 except t hesRERTIRI RS e spiifuS el sk PRy RHB PR Ay ke
silica was sieaétishs witesrghEomdialic Compaurds sueh kX titplm ob alb@saumdbedritéseor
preparation of a non-fluorided, chemcally dehydrated silica for _conparison
as a Suppor t alkyssalkygalumaxages, Ceignartlreagsntia et | %68 EcanpPRO 844 ond BB-Al-0f t he
silica prep i L b d bl ter

Fl ask and 250°w0 R (HEBALEHLY RelcPOp BcftnbBlto] MALTH ghikedeel aDit ey €' 5
mlliliters feextanetofyblitysidlanmne @wgionadd ewith odihAliocsubstiutet enieadlocée

Company, M I waukee W. After .the dropw sg addi.tion was conplete the slurry
was stirred ‘Foé?p%’@dﬁpﬂﬁxi@smt"ﬁg‘rfg?é@‘?‘ﬁﬁ’éBF?‘E}fvaﬂ%aW%t‘@g‘P%n cool the

flask was taken iDEQra‘brbenﬁmr?dQ%r sUpR st fdrid catlysWedontREaiY Adtalloeshet he

slurry washed two tines wth hexane, two tinmes with isopentane and dried

underi0vacuunsaionsranide NCA carpedescnbed 10bU. nBatemts N 5643n%4 7of USh diatendl | y

dehydrated sjlica.. T r-at Sili st o e . The
Conmparative Jég%l%pgn 5@°d§§éggg%§ iﬁ%agﬁﬁ?’ée%g‘r%g%’?@g%soémgﬁ% c%gef"F t‘f‘y)l%)lhﬁaet}?nw th a
fluoridi ng agent9i1843sydited Hopentedr 2y €9980(alldolp aicofratedbhaeinbiyneferencs).
fluorided si]ica of the present invention. 30 .,z ~ F-a éOOS WO 001 12565 26
PCT/ US99/ 145WPeRoviRg dhf WPRRAnFATPOpItions andypamisularly gbe Lugrided gpport
previously h&ﬁﬁzpdéﬁmﬁdro@ttﬁfé im;mohh%éa@atcﬁcmgah%ahwgéﬁrﬁz?ﬁamﬁ&is& was

| oaded into a 250 mililiter flask and the fl ask evacuafed. e vacuum was

repl déed by wingneittahanipn prasdrsoss thapare sefficidntlystring Lawis.acids to heactimjthbox
p y p 10 Wit

under N2 a stir, bar s added. In a.separate flask.,42. 2 ra f dry and
2 pur ged t oirbdnarysd Heashise ilactie i BERAY o LRGFHEL niect ST JB
trifluoride, LewiacillBegomeoaAlehtlybouhdeni cal Co The tol uene sol ution was
slowy added to the silica _then the slurry was heated to SOC for_ 150
minutes fol | oned Byorporabedimsaheatl this myegtiansthe acHvalpr BRietrdnare NoAs

m nut esheat 0 theSkiidokdfloNaReBbP RIREGiLRAHAE 1§ URGHNATAR! rdfANtEH bEhe

resi due was washed three tines wth 20-25 gram portions of toluene. The

fi nal20r esi dugenseisallyarepresenied byl thecchgmidahfdrmudaper at ure of 60C. Dry wei ght of
the treated silica was 15.3 5 grans. Neutron Activation Analysis showed |
.700. 1 percent fluorin@)ThelkrlooMBdd kArOcupkdsl st ored under Nz prior to
use. 15 The Conparative Exanpl es 8-10 show that silica gel can be

hal ogenat ed wi t h Wh@edbnb'em@)%']

Tots the garlyisally et Wesitionaneiah eatioprand
Conparative les 8 through 10. In a nner simlar ,to Exanpl 5,
non-f | uor i deﬁﬁg}oﬁcé‘e(%ﬂ@ hich by tgotﬂgégpm&gsamm%orbtmw% eum
hal i de Cow%r&ﬂdd%dﬁgbﬁrc&mwﬁfo& Saper, t avbResgicitich |l§‘,§ if loderdrngonesed
then the m xture was heated as descri bed previously. en cool th

e
dehydgat ed Sfi%ieng@% s 01 ei‘knﬂkﬁgs] P%éhi?@&ﬁ'&?d&ﬁﬁﬁ SBROBP M'Pcﬁ@?%nglyz :

Col um t hree cribes the wt % of npound present in the

si lica/ hal i deourndnooMhd.'garspd ee@oll unon-bxadizi®d lipakehadng' adidedé bded ¢o Mies t he
W % of halide present in the sanple before heating Colum five |abeled
"found" desctypieally meequelitbo HaM' dea fireuseds 5,iG 9% helQ tapsitommetl, Rdagi ng

ligand having a ¢ bond to M' into which a polymerizable monomer or
macromonomer can insert for coordination polymerization. LA is a Lewis acid that

30 is capable of forming the anionic activator and O is oxygen.



Z 1 F E B Z003 WO 00/12565 27 PCT/ US99/ 14577 Table 3 Treated wt C%Bg@ﬂer
Hal ogens ~Comh: ~r:~~ive-. , . ~/~ of ~ ~ Halide '-elenental ﬂé

(Wt % Ex: ~wob®rged i dc C . vrnpouu~l . Cq oundAdded' Found8ptatkd 135770 190
0049NH~B r9. 38 40. 3 80. 0410NH4113 413.'50.360 03 1. equivalent to 1.05
mllinmoles per gramof silica Catalysts 5 Exanples 24-25 and Conparative
Exanpl es 11-12 show that netal | ocene cat al yst S prepared with

thyl al dehydrated f| ded th t i gh
activi Ly compared [ tAEeGaTE LPHRGL PR RS A B¢ RaR il 8 ng

dehydrated siihiigde afiX6€ihe rﬁﬁc@c&rhﬁfavm @nidh r&drsofs dﬁﬁmaﬁlafcidet a¥apRbe, the
pol yneri zati on procedure of Exanp e 24 was fol lowed. to Exarrppée 24. In the

dry box underthmvalmgegrmamfofrthehddmvhgﬂogpIO&Mﬁ@nybl’ﬂsQ@ iltigte ithedeny| )

zirconiumdi chl ori de in OmII|I|t nd4 rans of
Met hyl al unoxdHg38Hep @%%%%BFUPPdﬂet?‘n Foraved e & rwasg&)agg@dg e I(tslgeng 15
et al | ocene sliadh) ®Y VRS sivdriol I @@up Oproffh M Thd elfesivdbld adtiBasr rmameheumen 15.0
grans of dried and purged tal uene, was_ added fol | owed by apother 5

mi nut es of StATERUISRYS tsd parvet 8 (hesLewis acitnél 89 af%%rqﬂlgdﬁ‘“r"t“ﬁeﬁf'% ‘f"lt]&d‘%‘r epar ed
in EX?‘”p' e 8 lﬁ@ d%lgEﬂ)nesfl%% rd?dattlgas eéégf Whgéh' 1L ,e%{roPWﬁﬁfawnﬂpesugi?Eé h09 ene

sol ution was to t 1uori stli In three alT’quots wt
stirring. The.evas ulcidsigosinuta ybsteast anlamcenlc ﬁtagt[nemt fromadidiethyd rrdco@ems nut es

t hen the vol |Ie wer e.removed under,vaguum Heat. was Iled to the
dryi ng cat al %’tscﬂ ppntagignyl,  pIreQIRy a‘{‘ﬁ‘reé‘ oc V{Bs“ﬁ%‘f‘g PREAYE PHKut es.

The dpg ed Cattﬁkp(&ﬂummmm 96%& Q:ﬁsp%ﬁiuda@dngh&ywua%e freRsé ﬁuuagmsol id
El emrent al anal ysi s showed 18% Al and 0. 142% Z 2l F F A T003 WO

00l 12565 28 phmefgggghq;ﬂ@nm possess any reactive ligands, Wthh can be protonated by any
remaining hydroxyl groups on the support composition, particularly the fluorided
support composition. For example, any Group 13 element based Lewis acids
having only alkyl, halo, alkoxy, and/or amido ligands, which are readily

15 hydrolyzed in aqueous media, may not be suitable. At least one ligand of LA must
be sufficiently electron-withdrawing to achieve the needed acidity, for example,
tris-perfluorophenyl borane, under typical reaction conditions. Typical
metal/metalioid centers for LA will include boron, aluminum, antimony, arsenic,
phosphorous and gallium. Most desirably LA is a neutral compound comprising a

20 Group 13 metalloid center with a complement of ligands together sufficiently
electron-withdrawing such that the Lewis acidity is greater than or equal to that of
AlCls. Examples include tris-perfluorophenylborane, tris(3,5-
di(trifluoromethyl)phenyl)borane, tris(di-t-
butylmethylsilyl)perfluorophenylborane, and other highly fluorinated tris-

25 arylborane compounds.

Additionally, when the activator for the metallocene supported catalyst
composition 1s a NCA, desirably the NCA is first added to the support composition
followed by the addition of the metallocene catalyst. When the activator is MAO,
desirably the MAQO and metallocene catalyst are dissolved together in solution.

30 The support is then contacted with the MAO/metallocene catalyst solution. Other

methods and order of addition will be apparent to those skilled in the art.



- Batch Polynerization A 2 |liter autoclave reactor previously hot T1headWs
wth Nz anﬁ, c&g{z&g to anbient tenperature was charged with triet hi%ll al um num
(L millili & 1M sol ution in hexanels foll owed by 1100 hETUSPYH4af’s of
propyl ene. If needed for the s polynerization about S mllinole hydrogen
was added froma reservoir by pressure difference prior to the propyl ene.
After heating the reactor contents to 70C 100 mlligrans catal yst solid,
slurried in 2Pdélymerizatienr s of hexane was flushed in with 100 mlliliters of
propyl ene to start_the reaction. After qne hour, .the reactor cool ed,
mtﬁPO;Sg‘rn

vented, purged witTheperlpcens sHpprriedscaplyst CABROHHRM dyus ?/‘bﬁ"‘bpyl ene
was transf err a a t f o]

over ni ght . rfg)(}lbr{{ei}t]ﬂnaJl ?ﬁe%%}?%e@ V\J/allgH ?r'tshcebr()qcér{}tile) alr?yn \l’}gg‘ﬁ’g gl? 750 for
one ' hour. T;imdayrdcmza:ulepuidynmordmstxampcgymehzaﬁoh ym@txd&maSydl sondviGuSVRSD

measur ed by the t hod of % Condrltr on A% Densrt S
measured usi rig¢ t“fr‘}zl o aHIne HORgR0! %mgxg)za%? 8"’)& WZ@P8 S‘i“?e was
neasured by tjb& Fféf(s) ’\% pratM ;Qlﬂ{ﬂgrlzaﬁgn'\/ﬂhg'qgetﬁllod\fﬁé eftiphafed \Cdati st MY

and its distribu was neasured by GPC on a V\at ers 150-C at 145C
using 1,2, 4- tqonmmnoobeﬁzlemerea@ttm%e@@n\nefntthusJnaetuallaﬂ)r use@ulam tie kneansol i d

prepared as descr. be 334 pr.opyl ene in 60
m nutes. Pr oﬁ?gﬁt\r/ligtrg}o%se”??oggﬁ%ﬁ 9@&’%1 lﬁe%t f’gl [ npyy WASCHT. 9 Kg
PP/ m || i ol eodductéhitl syrsdls ssﬂmmdmtdme] ;p@&tyﬁer to have t he foI | owi ng

properties. 25.8 MER, 149532 g/nole MV and 1.82 djspersity.. Exanple 25. In
the di box under Weznrytaélr’eewgﬁw"s# raaa&m.mmt@m %d#“ﬁl BiveRuos; are

nmet hyl - 4- phe

milliliter b?ﬁbﬁm%ﬁg&%&% fgr an@yﬂbmgﬁ %Elurmx e 'absce{aéq-gﬁﬁ/eso%gtr on in
t ol uene was addpz_sdeneT;bréymerszﬂnbnngemmcbmwnb' mdmedausmga s&trry pr@desfsesr 30
mnutes with .a &gr h Then. 14. 0 am; f dr nd .tol uene
was added fol'f'oWét b HWWSF‘Z%'O& e 3 FF a@'}ﬂ‘ar’&f’ PR} 5 gr ams
of the fluorigiegylend, ioga r@qfdzmbarsadzehﬂofxm{, Qd¥a oﬁﬂ9&$Eﬁ£trce9aramna 150

mililiter beaker The metal | ocene sol ution was added to the fluori ded
silich gel i rfuechrascprapangusobuang, hhexene, rheptangheyclaheyans; reic. soruan mna@cstr rred

for an addi t| t

00/ 12565 20 KOPEGy B DYLES TRE BohRRAMALER Rl ey e ote foRidell 1
dryi ng cat al yistv, eugt, ldss éhahiS0&IC, ﬂesmqablyal‘tﬁ e3(mPC5¢}Cﬁxayabe ined higherrrafhge, suchut es.
The dried catalyst was 6 48 grans of a finely divided, free flow ng solid.

El ement al  and@Syi 1§ BR8wkY @WMYJM‘ (50 f§3‘% ‘Z’raboﬂ)§0 8Chior 2F aR%FANEES t he

o PPl o oat alorediBEEPRNRIRBLLEE PR cln Th i OB bbhY el 0972
the p#l yner tpid@S-4.8MRa)! Mdatwgalpdasgﬂntqnesmv&? ﬁBlZ:S. Hhawntsed, MN @f6dand. 12

di spersity. t 0Xx der N2 0.0532 grans
of “Fac_dl et TR Rien @Vﬁ‘i@#@ﬁ%*f%ﬂsﬁmﬂﬁrr%érn%r%?%m BN vas pl aced
ina 50 mlliliterplagpksd habpdly@ersah@fbe Frm¥BWIY BleUBABEmSsuppSiPed”d
solution in toluene was addedp %"he resulting netall ocene sol ution was
stirred for S‘GtarerSﬁulC@@PQﬁ“ﬂW ausieg  eANyARtonairhRolymeriztign aterhoiques i edThd Nz
pur ged tol ue I QX\ﬁ:q { |
Separately 5 ?ral@n%qeggf{%}{ c’nX er?‘gﬁla?g a‘ngB g&gg;a %@%i& nﬁ{h
transtserred tmeauﬂeﬂ(byrﬂ"’CINMR ef 7M@reata'mlatméajtrQaetarbpsmmﬂrlpmdums added

to the silic in three aI| uots w |rr|ng The raﬁltlng slurry was

stirred for & Efdlﬁff‘?rrso‘ﬁ‘a‘P ety eHen Ma¥ sbe efl thy yo4petiags ofesthy lensni, 8F under
vacuum Heat r t ture
of SO uas. hel T ort plty o s pfald e AliGh 87 adeDld profylonging' apREte 12
finely divi de¥pmdnogers. | dvépodymess i with Ethylenet desizablyl gentsins Bdwea B0 #2981 and
0.128% Zr. 102.7 rrillrﬁamof th soli.d gave ,111. l2 po ropyl ene in 60
Tt s ProdGRaIMS e earsgyan RepPpol iR ARy cbpoRetiry b poaltEng ey R by
m | 1ifwl e Zr.fohRed ¥sthshis Q&‘fﬁ'ﬁ b&hﬁv&ﬁlaﬁ&i’?fﬁ ihe a@ﬁrﬁgrﬁtg%d&rﬂéf‘% 'ﬂgmgﬁﬁ&ert' es.
23.4 MFR, 143867 g/ nole and 72 dispersit Conpar ative Exanple 12.
In the dry bog at}ﬂldesromlb!)@?@@ngpmsssof

rac-di nmet hyl si | andi yl bi s(2met hyl - 4- phenyl - 1-i ndenyl ) zirconium di chl ori de
was placed in a 50 mlliliter beaker and 4.56 grans of Methyl al unoxane as a
30 % solution in toluene was 30 added The resulting netall ocene sol ution
was stirred for 30 mnutes with a bar magnet. Then 16.5 grans of dried and
NZ purged toluene was added foll owed by another 5 m nutes of stirring.
Separately 5.00 grans of the silica prepared in 21 F E B 2003 WO 00l 12565
3~ PCT/ US99/ 14577



.Conparative Exanple 3 was transferred to a 150 mlliliter beaker.qu‘E%quﬂ;i
net al | ocene sol ution was added to the silica gel in three aliquots wt
stirring Thyo égassdst i ng slurry was stirred for an additional pg@gbé)ifs8$ t hen
the volatiles were renoved under vacuum Heat was applied to the drying
catalyst until a final 5 tenperature of 50C was held for 60 m nutes. The
dried catalyst was 6.48 grans of a finely divided, free flow ng solid.

El erental anal ysis_showed 9.19% A1 and 0.120% Zr. 103.3 m|ligram of the
solid gave 82.9 grBrsspeipmerizasiopimayelsorbeapediosieaher copyal el RAlYRY RAEECIB03 g

PP/ tal yst. vt i 1|igol ' d th
ol yer 1o hatiertiRida i whital, S of ot Bhesclifib sfocthses A HIGTGHED {1
di spersity. Cospaniicn ehciihg refol tegarmsit aslchd cabobe soomplithedt byhere-

dehydrated fluorided silica_ catal ystti has npre fhan double the activity of
t he” dehydr at e@ol¥merignechCat s lPbalshin JAr zrlireitstt HMfedor $ramPlS) EBWIRG Is
exanpl s show 8l W

non- cogr di nat f%ﬁ%%ﬁtﬂéh%ﬁﬁ@?ﬁg@@gwg@? gé@%%%\%ﬁﬁfﬁ%gm&e ratt%rg Osf upport
have hi gher aets tei30y°Cc angathglént presduee sfarpeto@bdal 359t g ( Rdrkdd) frsi7hgnin
dehydrated silica ExanplJe 26. In the dry box under 5.0 r f the
et ded si | FoabIpeRRPEETH B Fhi s apPo o FRLHEFRG 6t 2 000356 00D
mlililiter flaskeGRPLALIMNITIR PRIpoIRMIBED cAthly8t ROhEA lavhilit1€ Fod@Rakar Q. 18
grams N, N -diethylaniline, avallabl'e fromAl drich Chenmi cal Conpany,

M | waukee W palymérizatiandpracessesl 8:f@radi to| above eds aosimitar gvarmed, KE astivafed

hexane,. This solution was added sl.aowy to the silicawth stirring to form
DT R o1'ur e Ts AR EE R L ireliBpt) ol mdr it thidhoPashE pBEmR Lo
heat 25 appli esh Bsutfiized lin theseulymaritlon Hocésbes. end of 30 ninutes the
tenperature was 40C. 0.55 grans of tris-perfluorophenyl borane, avail able
from Boul der Sci enfidfitionabyiandesifgbledto rednageps elupiaateaprlymgazaion Maisass-

heati ng conti i i t

constant at 5%?%21}/8%& gﬁ‘té?r@"g‘?wr‘%g‘%?%eﬁaﬁ% EQIP%?’JI %?%e%‘m W\ﬁn nyl )

zi r coni um di meetsalizingsthadptesbnandFarhexagiples manoimeg feecheteams) oc ahe ireactidn Af t er
120 mputes heatin sto d, and the.sl.urry.wa ermtted.to settle. The
super it ant WALSTE Gt Rirrere: Sbfees rt it i B e B0 i3, | 2505
31 PCT/ US99/ 1451 4 sanabie seaaa%mo bt V‘Q?i@llp' sl 8811 the af adrahnomietslliced
until a final tenperature of, 0C was held for 60 m nutes. The dried .

catal yst was SomBowdgmpleyedin prasesss sch prdigse weing the Groupg! seepepnmstakhient al
anal ysi s shovug?lm 9 - T L@y an i ve
135.7 grans po yg‘?‘%‘gﬁgﬁggsﬁgééa‘mﬁf* e%]ggg%rz ?&Hcmg%gg%idﬁﬂggh Sg% g
catal yst. Act iand thyt oW BA-B/KY3RP/ mllinole Zr Anal ysis showed the pol ynmer
to have the follow ng properties. 105024 g/ nole MV and 1.96 dispersity.
Exanpl® 27. to 101.2 mlligrans of the catal yst prepared in Exanple 26 was
charged to .. ExampRgl ynmeri zation reactor containing hydrogen. 127.6 grams
pol ypropyl ene was prepared in 60 mnutes Productivity was 1261 g PP/ ¢
catal yst Activity WaeTfolovingexanmiesare prespgted toillysirate e SoreroiRE disCHEs I yner
to have the faqlid Qw.n tj as. 9 Al ity. 15
Compar at i ve Branpirs Pt perdRip b TN AMLARS GaBivitd PR
prepar ed excepilthbhgh shd examplés Bappherdtected tExanpine eBbodimensedf thEhpreserited
catal yst was 5. 75.%ag\3 of a fi ngl % di Hi de]g_,g. f I’e% fl ow ng solid. EI.Fment al
anal ysi°s showdYSBUAH Y BFgnet Bo88 JIFWeP as 1BItE{Ne) INYFaRAH M ARY% SBBFHE gave
8.7 grams pol yapewyl ene in 60 mnutes. Productivity was 84 g PP/ ¢
catalyst. Activity was 3.5 Kg PP/ mllinole Zr Analysis showed the pol yner
to have the follow ng properties. 102315 g/nole MV and 2. 04 dispersity. 25

Conparative E>f, Ial0 fthge u2 m'slligram; of the catal yst prepared in
Conparative Eﬁ!—g—ié—mg—;—@ﬁ%ed to the polynerization reactor containing
hydrogen. 13.6 gra ropyl en S prepared i m,nutes. Productivity
was 137 g PP/ ¢ ca?gq}{}gjf)ﬁg%@gi%?'f@e%%gap {falsﬁf’%ﬁ%ﬂ’ﬂﬁ‘?] é”rﬂ‘g.tﬁﬁﬁ 1%si s
showedsgt he polgyInRat déhyBayien bes0 fol | owi ng properties: 91845 g/ nmole MV and
1.90 dispersity. ~ i] r ~~ 1Qu~ WD 00l 12565 32 PCT/ US99/ 14577 Conpari son
of the results detail ed above shows that the dehydrated fluorided silica
catal yst has on average about 1280 percent nore activity than the
dehydrated silica catalyst on a Zr basis. 5 Exanple 28. In the dry box
under N2 5.01 grans of the fluorided silica prepared in Exanple 4 was
transferred to a 250 mlliliter flask containing a bar magnet. In a 50
mlliliter beaker 0.18 grans N, N -diethylaniline, available fromAl drich
Chem cal Conpany, M| waukee W was diluted with 18.0 milliliters of dried

and 1o NZ purged hexane. This solution was added slowy to the silica with
stirring to ..



forma thick slurry. The slurry was diluted with 5.0 mlliliters @t! Hax Atk
and heat W%g& as stirring continued. At the end of 30 m nutes the

t enperatu 20C. 0.55 grams of trisaperfl uorophenyl bor 8F&VS8YHT bl e
from Boul der Scientific Conpany, Mead, CO was added and the stirring -
heating continued. After an 15 additional 60 m nutes the tenperature was
constant at SOC. 0.08 grans of rac

di met hyl si | andi yl bi_s(2-net hyl - 4- phenyl - 1-i ndenyl ) zirconi um di net hyl was
added and t "%’%‘/P'Frli' ng - heating continued. After 120 minutes heating was
stopped and the sl yg 5 ¥raRSoPSION h¥fldbleFroe Grh€e DAGROS UPRbEBIANbf VAR I endved

and the solids were dried under vacuum Heat was applied as the catalyst
dried until Grace rGd.-Qmnt espBylapel@953f (3P silecn Igel"dl Hawing6N2nporat exumehe

dri ed catal yst s 5.84 grans of f bnel ivided, fr flow ng solid.
 bront al e F YR s Ba of T g whs i Kegtyit T grih AR BT o
sol i dsgave 125,3)G6a11Ed ab¥iPIHIE o A liACE CHENBAIE EomBaRd Uttiwabkee Was 1529 ¢

PP/ g catalyst. Activity was 66.4 Kg PP/ mllinole Zr. .A_nal ysi s showed the
pol ymer to hBweanhenifinl Heyaflerroptiesse pdded sormespmids 06 8.0§ mpiirec Ikl ren gram 35

di spersity. anple.29. .102. S m |ligrams of. th tal.yst prepared in
Exanpl e 28 V\%Eécaggeér (}i’ﬁ g PLir?‘uéw%cHag?ﬁ@PFﬁ? Péncrpggsﬁﬁoc%tvgf% Eﬂ@“ﬁb‘h‘? ogen.
237.0 granms Reingd pyberteit pRG 8 chrfefnbadehd Ghe BibRULRSinsdied e tal tubd Y was
2312 g PP/ g catal yst. Actlivi tg@was 100.4 Kg PP/ mllipole Zr. Analysis

showed the pormesernd oflowwe N2H22¢ s¢/minki s nassssam theapghalrfrn 1o fpidizeeheay and
2. 48 .di sper sj:{: V.. 25 S!Nﬁ 5 7 Conparative
Exam%ﬁe 15. %lhgaabeghﬁﬁgfﬁlrg?%i‘%%%a%@&g&ﬁé%éqgéﬁga&@ata s;%é]gé/\%ﬁla% pr epar ed
except the sili caRaife the rgpapeahtuveefrdni25md &5G Cragersleds The dried catal yst was
5.90 grans of a finely divided, free flowng solid. Elenental analysis
showed 0.19% B aridold thestesmperature addS0Cpr # hguism of the solid gave 22.0 grans

pol ypropyl ene in 60 _m nutes Prod IV} 20 PP/ g catalyst. Activity
has 11 kg ppr | iRpd BB 1S SUBT YR 208N 10 To have ¢ he

foll owi ng proper tHEQ:theréRpéFhtere 560 WMbAPHodrs40 di spersity. 1o Conparative
Exanple 16. 105.1 mlligrans of the catal yst prepared in Conparative
Exangbe 15 was chideajoff and allnw tosbglnmnderMt i on react or cont ai ni ng hydr ogen.

| 20. 7 grans pol ypr [ ' ' ;. R t v s 1148
g PP/ g catal yst. @q‘\% ?lyt\p@w;ﬂsk%gg.gggiﬁga }5@7‘ Q%r{q pﬁ%ﬁ?z\l?rﬂ&iﬁgléﬁg‘é&g%md

t he pol ynmer Afal}ss INucteat AmalyeichloSérniges) Thp &ritivasity 0P Iexd3 ag/Awelie, shbwadhd 2. 35
di spersity. Conmparison of the Yrvgguéts, detai |l ed above shows that the
dehydr at ed 18 -%ﬂf"ghmetf%e”éé Yyorings on average about 380 percent nore
activity on a Zr bagl folidiafle! Aeniflyabal #d: hd b Pelleh® tiyoie MGhe

foll ow ng exanpl es show t a? net ocene cat al yst repar eg wth a

non- @oor di nasilicegcaarheconaroldediby thy otdret aoe yper eft Subrideumniatieng sompoasl, as t he
support al so_show high actjvity conpared to th i,m]ar catalysts prepared
tar g, denyar SEBE 29 ibredte Bucride SRR Sobfotn et e BN E 0" or ams
of the fl uorindedatdehydiatid epared in Exanple 2 was transferred to a 250
mlliliter flask containing a bar magnet. In a SOmlliliter beaker 0.18
grams N, N -diethylaniline, available fromAl drich Chem cal Conpany,

M | waukee W L 4 18.0 mlliliters of dried and 30 N2 purged
hexane was a g‘g‘gpﬁ%‘kﬂéﬁ’g‘& u1t4i'on was added slowy to the silica with
stirrsng to forth #n4&imilar slannenthe I$esikcaigel wasaseattidl asidegtrived in Bxdinple

mlliliters of hex and heat applied as stirring contipued. At,the end of
30 minutes tﬁéx?e@h‘gj‘élgéﬁ"b?”g’g%‘%a‘l ine, FEMPRBNEY) Mept ussd3 Detrt AW 577 was

40C. 0.55 9r aBab® 1! CoRmREiHréd! 8&CRPENME RASABEAUGT R LdhRind ! Royl Her

Scientific Conpany, Mead, CO was added and the stirri - heating continued
After an addiotal osibta/Bgprimencerepouride samplpebeforer dieating. c obsiuomt fawr BbEed0. 08

grans of rac;di.rethyl silandiyibi sf2: net hyl -4-phenyl - 1-i ndenyl ) .zi rconi um
i methyl was- Sdtethy” e Wtk BF FGRne frseienh gt iR SR DEAYS AfFaint

m nutsas heat ComneSvelabéled dfcund" dBRribbiiihe YR of FROAhE bRderitGn 98¢ §dreple The

supernat ant was renoved and the solids were dried under vacuum Heat was

appl i ed as t pfserdwaung sThewtidinueplumn fiveiis highes than eqluma for Blectings thel d f or
60 m nutes T i tal.y. S nms of a finely divided, free
i it el R "

flow ng soli anal ysis's . 22% B and 10 0. 18% Zr.



-Exanpl es 31 through 39. In a manner simlar to Exanple 30 catal ysgs] @]3
prepared on ot her 500C fluorided silicas. The details are shown in abI

The poly ' 15 results are shown in Tables 5 and 6.

Cat al ysts P@g&?e on 500C Fl uorided Sil3lcas Catal yst - |Fl ug?}l.§9%i/14577

" Si i Loadi ngEl enental Anal ysi sExanpl eca Exam | egZr % $%

~r 3130. 210. 0260. 180. 18325"" 0. 18017336""n. d. n. d. 347" " 0. 160. 123580. 220. 0280. 3
70. 223680. 130. 0270. 350. 2137110. 21" 0. 190. 1938110. 13" 0. 130. 2239140. 210. 0260. 2
30.24 1. units are nillimjlable bagesfC Fbrorgledrbibéa Exampes 21 F F B 2003 WO
00/ 12565 35 _PCTNSQ9/ 14577 Table 5 Polynerization Resul f s for on

Catalyst
500 C Fluorided Silicas| Cat-@yshinExam Te PA%Muctilvil® “%"'Igli}"é/'@at al yt -
Hr) Activify|l ERGTPH nM Zr combbonal 55524. §9£‘3‘2'!¥713 53dddd33 Found
0. 634492. 13533301 33. 3363258135, 43778033, fngumonk 53972532, 9 Table 6
Pol ynmeri zat { on Resul ts |f or (ﬁﬂﬂsmt orl 500 @ &I uor| decb@l | clasy 74 @ Bt Y
Exanpl e. |' +odueti—1tyy g Gat—t==st=—Ht= —I=tT=1tvy
(K—~_ 1'1".{ndl2Zr3 11 r)31208393 1323353140. 18391938. 8311@‘6515 5B32+0 05
. dd

Cho 1 eact or L6 Exeop-oe 40t b ough-d 7= Lo rbnner—at e i 2e ok Bk g
catal ysts were pr.’epar ed on ot heér 300C |fl uori®led sillicals92 Thel desstd @ af e
shgyvn I n Table 6The qol ynmeri zati on rlesul ts4are S 0"‘”&_55‘ Ta;bqeogioaélgd .
z ~i F E s Zoa3

7 " 6 3.84 3.20£0.10

8 NH.BF, 1.8 1.28 nd'

9 " 3.6 2.56 1.8910.11

10 " ! " 1.95+0.06

11 (NH;),PF¢ 1.8 1.28 1.66+0.06

12 " 3.6 2.56 2.20+0.09

13 " " " 2.2610.06

14 NH4F 2.5 1.28 1.68+0.07

1. Not determined
Examples 15-21 show that the silica gel can be fluorided during heat

dehydration at different temperatures.

Example 15.

In a similar manner to Example 1, 48.15 grams of the 952 silica gel was
dry mixed with 1.85 grams ammonium fluoride from Aldrich Chemical Company,
Milwaukee WI. The ammonium fluoride added corresponds to 1.05 millimole F

10 per gram silica gel. The following heat schedule was used.
Raise the temperature from 25 to 150°C over 5 hours
Hold the temperature at 150°C for 4 hours
Raise the temperature from 150 to 600°C over 2 hours
Hold the temperature at 600°C for 4 hours
15 Heat off and allow to cool under N,
When cool the fluorided silica was stored under N Neutron Activation

Analysis showed 2.00£0.09 wt% fluorine.



- WD 00/ 12565 36 PCT/ US99/ 14577 Table 7. Catal ysts Prepared on SOQ&FI Uﬁﬂ’ai ded

Silicas Catal yst~luoridedLoadi ngEl enental Anal ysi sExanpl eSilica zi-r%

| eBZr o/ p ¥ BH1A%E70. 210. 0260. 200. 224118350 PCT/US99/14577

180. 204216" 0. 0270. 220. 1 943160. 13" 0. 11 0. 1944190. 21 " 0. 2| 0. 204520" " 0. 130. 16462

00.13"0.090.2047210. 210. 0260.3 70.21 1. units are mllinole reagent per

gram of silica Table 8. Polynerization Results for Catalysts on 300 C

Fl uori ded Si Ekzﬁﬁﬁle(l@t alysi ~ Prdac:i~~it~__ . Activity ~:xanmplc~ (~
Pl*/I; Catalyst- k~; PP/PM Zr- . . .~lr)_ - ~lr) 40 310

| 3. 441104145, 242511’212 95236828 944 PeEsd 78 T FEaBplr T scraichio Satiomiog ha 8 18, 6

Tabl e 9. Polélge l,zati on esults for Catalysts on 300 C Fluorided Silicas'

(."aial" éﬂi tivity (g PPIg Catalvst_ ~ Hr)

i~ctivity -~ K 34 brature frobk 29511 4056 ovAPs Bdurd | 5548 843143361, 6431
| 7248, 244260311 | - 2453 060126, 4462603111, 247113749 4 1. hydrogen added

to the reactor Hmld:thEtémﬁﬁ%re\/@ 1607Q 2&6bha@irs PCT/ US99/ 14577 Conpar ati ve
Exanpl es 17 through 23. In a nman e 30 catal ysts were
prepared except dgﬁVGF%téH‘Pﬁﬁaﬂreg@"hggoL@Qd& ezag&" ils are shown in
Table 10 The 5 p o In Tables 11 and 12. Table
10. Catalysts Pr ggé@ e%&ﬁﬁﬁmﬁ%ﬁeg%gfcggﬂgt al yst Dehydr at ed

i I'i Loadi ngt El ementeht mmdalcﬁmnbol budenN,eca S Com . Examle B Zx

When cool the fluorided silica was stored under N,
10 [

Examples 17 through 21.

In a similar manner the 952 silica gel was fluorided as in Example 16
except that different weights and fluorine Compounds were used Details are
shown in Table 2. Similar to Table 1, column three describes the wt% of fluonine

15 compound present in the total silica/fluorine compound sample before heating
Column four labeled "added" describes the wt% of fluorine present in the sample
before heating. Column five labeled "found" describes the wt% of fluorine present
in the sample after heating The wt% in column five is higher than column four
reflecting, to some degree, the loss of water during heating

20
Table 2. 300°C Fluorided Silica Examples

wi% of Fluorine (wt%)
T Fluorine Fluorine
Example Compound Compound | Added. Found

17 (NH4),SiF¢ 1 0.64 0.93+0.05
18 " 2 1.28 1.55+0.05
19 " 4 2.56 3.2240.09
20 " 6 3.84 nd'
21 NH4BF4 1.8 1.28 1.81+0.06

1. not determined



% B % Zr1710. 120. 014~ 0. 14 ~0.111820.430. 0270.3 21FEB 7003
50.191920. 21" 0. 21 0. 22203" 0. 0260. 190. |1 82130. 130. 0270. 110. 202250. 210. 0260. 21 0

. 222350. 13Q) f1h6s1 10. 21 1. units are nmllinole reagent per Llica
&%? aieg!gflc

to Table 11, ynerization Results for 2€atal ysts on Dehydr :
Cat aI yst Conmp. Exanpl eProductivity (g PP/g Catalyst- H).lc~ti~~it~~ (Kg
1't': niAl | c~_ 11r)1840019.41925811. 3202209. 62116S7. 0221446. 423853.7 ~
~ F ~ s Zoos WD 00/ 12565 38 PCTNS99/ 14577 Tabl e 12. Pol yrmeri zati on Results
for Catal ysts on DErgmples @8 8id 23 abowGdical gebst frgpnetheFranpfac®resdoant bei ty (g

PPl g Ca~faly, Hr) Activit PP/ mM Zr -
13r) 1750441. @H{B"é?fzi‘ *ﬁ&b%aéi’%*ﬁ(’éz('gﬂ?“ 14852. 02176832, 42249522. 12354123.5 1

hydrogen added to the reactor The foll ow ng exanple shows that a

netal | ocene catal yst prepared with a s non-coordinating anion on a

chem cal ly dehydrated silica does not have the high activity of a simlar
cat al yst pre%’&#'@ﬂle@ﬂ a fluorided dehydrated silica Conparative Exanple 24.

In a gmnner sim | ajs . fxanpkth, 30 hb 'f@qu@o%@ﬁgn%fg? Foldd®A

hexanet hyl di si | azane t7 eat ed sif arative used. The
dried catal ystMB&a3406hatfhgs amﬁacafara df’ 456l /gzland pzbedyomnmeoffll ng)g/asdm d.
El emrental anal ysis.showed 0.29% B and g 17% Zr.. 100. 8 k am qf. .t he

5 ity

solid gave enwXegdr Bifg bol FHLhH ANREMER arﬂ“ﬁ[?ﬁb‘?atePFBﬂ delgg. 5 g
PP/ g catal y@ﬁerﬁéﬂt(‘lcy It e iﬂ?a?tul% WasKGarFreditd tHe MR @ z&d dehbaraldteiel @ibk®W N9

exanpl e shows that a netallocene catal yst prepared wth a non-coordi nating
ani on on an E}tamqunalt emq/ afflagrofdbid (400 ico/minlowes pessetiateughethhiugh. athe vity of

aS| 11 ar aedo f ded d rated,silica. 20
at| ve Eﬁ'}fﬁﬁ e‘? ﬁccéi’r ﬁ%i‘h gf’ W‘gigsei’c?xé‘?arrplg 30 catal yst was
pr epar ed except ti&ﬂs@'th@&&xﬁﬁéx@fﬂré\ﬁoﬁiﬂé 14r15b7C bld#GrHighes treated silica of
Conparati ve Exanple 7 was used. F E B 2003
Hold the temperature at 150°C for 4 hours
Raise the temperature from 150 to 500°C over 2 hours
Hold the temperature at 500°C for 4 hours
15 Heat off and allow to cool under N,

When cool the fluorided silica was stored under N;,. Neutron Activation

Analysis showed 1.93+0.045 percent fluorine.

Example 23.

20 48.5 grams of SiO,, available from Crosfield Limited, Warrington
England as MD682CM having a surface area of 280 m?/g and a pore volume of 1.4
cc/g, was dry mixed with 1.5 grams ammonium hexafluorosilicate available from
Aldrich Chemical Co. The mixture was transferred to the fluidized dehydrator
described in Example 1 and a flow of N, (200 cc/min) was passed through the unit.

25 The furnace was heated according to the following schedule.

Raise the temperature from 25 to 150°C over 5 hours
Hold the temperature at 150°C for 4 hours

Raise the temperature from 150 to 500°C over 2 hours
Hold the temperature at 500°C for 4 hours

30 Heat off and allow 10 cool under N,



WO 00/ 12565 39 PCT/ US99I 14577 The dried catal yst was 5.36 gr a”B%ﬁEE@Z@gna y
divided, free flowng solid El enental analysis showed 0.095% B F096%
Zr 98 7 miMOWasSof the solid was addedyto the pol yneri zat PEWVUS®AHSHE t o
test activity. The solid was inactive for propyl ene polynerization. 5 The
foll ow ng exanpl es show that netall ocene catal ysts prepared with a

non- coordi nating anion on a dehydrated silica hal ogenated with the
congeners of fl UO“W‘EeﬁlQodf?l e MRYAALI G 9 ﬁ@rteH\Ung!r Qf Rediroh |A%E1v£tﬁ$na| yst
prepared on a dehydrated fluorided silica. .. Conparative Exanple 26. In
a manner si mAMysim}Emdﬂl%_B(DSquememdiumms pr epared except the ammoni um
chl ori de hal ogenated silica of Conparative Exanple 8 was used. The dried
catal yst was 5.52 grans of a finely divided, free flowi ng solid. Elenental
15 anal ysis showed @orﬁé %@@Qarq il 18 besciBe %%}ek)hﬁﬁ@ﬁno?fnotn%o?ﬁkﬂd was
added to the polynerization reac or to test act he solid was Inactive
for prioopyl enaleppdrgted silcat famom@@nmraasupwrtEXCathplfboﬂaed gbcdsn a manner
simlar to Exanple 30 catal yst was prepared except the anmoni um brom de

hal ogenat ed silica of Conparative Exanple 9 was used. The dried catal yst
was 5. 61 granBoMparative Bample Y] ded, free flow ng solid. Elenental analysis
showed 0.11% B and 0.16% Zr. 99.7 mlllgramof the solid was added to the
pol ymeri zati on react®® 8t@&@§10d8§2 siliea/gelrmas yansferredis 4 hae Dy $oem

propyl ene 25 o I O 4t

advant ages of\%gé%/‘gﬁ & 'I%B%I'h QBH aSI é@g fggpmcﬁ%ﬁphﬁ&s%p%}‘rthgl?eewrilsgtwﬁsost or
dlh m nics hfad V\hﬂﬂ:rﬂed:‘ngera tqwﬁimideaﬂdarfm«f oflldy (226 dcfivin) | ugs q)hsehmgbugnthew ty of
the resulting, catalysts corrpr m,se ena30 cotlnu Us po i zation
process is udsito fuilizg thﬁ@lﬁ@%@@sT HHRCE IR %1 ol lr@@a&me 48,
A fluorided sitig@e Was prepared by G ace Davi son from Syl opol 9522 and
anmoni um hexafl uorosilicate according to the procedure of Exanple I.

El enent al anal ysi sl’\&émcbmﬁaeatﬁtetfm At tc € mivert Dhémgs 1. 490. 06% by wei ght. 5

Mor eover the fluori Ilca thefollovvlng properties: 1.69 cc/g
pore vol une, 256 ﬁ&ﬁ%ﬁm&@ Féb 9 foyst BRULS ons average particle size. In
the d{y box under f S08d \’)@r? sferred to a 4 liter
flask{ 6.4 grans N, 6413 t y an‘%lflrénngllmt? ggfgl ne M‘ﬂﬁ 1542 grans dried and

N2 sparged hexane Holdlthe te@etanad80086 fadtiedird 0 t he silica. The slurry was
mechanical ly stirred apnd heat io applied, After 30 m nutes 21.61 grans
tris-perfl uorophe@?%eﬁéﬁéauﬂg’t‘éaﬁfé&“%ﬁh@r 60 m nutes 3.20 grans of

rac-di met hyl si | andi Wk} 864 tﬁggg}&gmﬁ%@@%%asjsbjg@&w&}q zi rconi um di net hyl

was added. The slurry tenperatu ring thé next 120 minutes
stirring continued and a final tenperature of 51 C was reached. At this
time heating was stopped and the slurry was permtted to is settle. The

cl ear, coI orI§§Ir§8§%gé@%tagﬁ1t\% s renmpbved and found to have |l ess than 4 PPM

Zi rcom um or n an The total anmount of supernatant renoved
before dryi ng was 5Ilf5a 4imyil@mmanndrahs 952 dHicacged wlisi é¢hydragat withcthensantdeat was
applied as the c alyst dried until the free flow ng solid was hel d at a
final tenper aﬁ':b?@ oS Qemparptsye Example ) grespt mrﬁéa’ampguteemesﬂ%twaﬁé@ 153,

grams. 2o H GWﬁQﬁ 8ol M el F e ANED R stodedd ddBr RND 0. 114 % Zr. 102.6

mlligramof t

25 Comparative Example 3.
In a similar manner the 952 silica gel was dehydrated with the same
schedule as Comparative Example 1 except the maximum temperature was 500°C.

When cool the dehydrated silica was stored under N.



solid was charged to the polynerization batch reactor at 70C al ongz\7vi[‘tEti i3
about 5 mllinole Hz. Yield was 199 grans pol ypropylene in 3 5 m nutes.
*Producti vi our was 3326 g PP/ g catalyst. Activity 266
Kg PP/ ni I‘fv?r?gﬁfeﬁgr. Anal ysi s showed thé3pol ymer to have t%?@?%’vﬂg\ﬁ;
properties: 0.42 g/m apparent 25 density, 352052 g/nmole MWV and 2. 34

di spersity. Exanple 48A Continuous Pol ynerization The pol yneri zati on was
conducted in liquid propylene, in a pilot scale 30 polynerization process
enpl oyi ng t wompanative Exampde d.es. The reactors were equi pped with jackets

f ing the heat_of .nol i zat : Ayt e ; t at
74 inthe first rohct sl eeay SRopABost afica BT TR HE L3005 o
00/ 12565 41 RGI VSaReld5VT cEheakPh dbifsde #e£8AREH MygdesdiabhettodPGrgenas fed

at arate of 1-2 g/hr. A1 ww% TEAL in hexane solution was fed at a rate of
4-5 cc/mn. MPayppheacubsidiatied! A Ra GrageeCotCamypwasgdehiygrated woth: the famest

d Lhr t h . . i i
the 1 idst reanrarichConte i 100 Ean! e R LoaelGRaRRbra 10 '

times were al@dérM, 5 hours in the first reactor and about 1.9 hours in the
second reactor The production rate of polymer fromthe reactors was about
40 kg/ hr. Catal yst Productivity was cal culated fromthe total weight of

pol ymer made and the total weight of catal yst used. Productivity for

Catal yst of Rxanpli&ade Péamptds> Ko/ g catal yst and activity was 1639
Kg/mllinmole Zr. TheI lo p.olpg?rer was discharged fromthe reactors as a
granul ar product hawi aginite maincowhan§Shsibivargel s dehg@raddRwithpihar sante

densi of 0.46 cnB.and average particle,size.of 999.3 mcrons, anpl es
36 thiBugh 5oaeg ISR RRer Ay S AGR) B REE EP R, HPPAE W00 S 1| ar
to the conti nyRMScIAPneBRhYdatel Qlice 928 sbRAdinder kxanpl e 48A, except t hat

pol yneri zation was allowed to occur at various levels of hydrogen. The data
are shown in Table 13. Table 13. Continuous Polynerization Results for

Cat al yst Exanple 4 . t I Vi l .
3APSI2(Kgl g cat al yﬁ%@%&rﬁﬁ(g f AR CERRGICE LSRG RE Prepatiabh b b YN BRrided,

) (m cr ons) ( muhshically del v DS BOO2 ofifafisdh adth 9fpon50 ZmafdddbEiAba 825. 80. 47100
1. 0514400505022. 0172. 50. 45925. 5527300880015. 213240. 45848.0 20 1. nol ar
partsiper mllion. The foll ow ng Exanpl es show that the advantages of using
fluorided silica as a catal yst support are reproducible. 21 F E B 2003 WO
00/ 12565 42 RSohpmdivéFxampleenpl e 53. A second fluorided silica was

prepared by Crrace Davi son from Syl opol 9522 and, anmoni um hexaf | uorosilicate
according to the he#t-0&sREHe stlicaprepatadin Compapatviedivagiplas ayasdpadedigied t he
fluorine cont Q- A% e ght .+ T [ gel had
the follow ngl%ggr)gtﬁ)&ea}l? :érefga.l&%%gzg ?c&gy%xg?%\@é'/%{au%? “%4%{1%/&8%’3? al(L:]ganrsea and
39 microns awddeahe.pantliilites dexmethyidisifezant; yatatiablanffem Mdddélb. Ghagnizals of

this gilica was transf.erred a liter flask,7.5 grans
NN - B et hyt e R Weaaten i Soernra aidiith S ERmae dhs SHEY nexane
Al'l the |igMisdtives fadddadinues (i reflide@ For 0Bt WN@ScOBR etEfdskaldsy
stirred and heat to applied. At the 30 mi nute mark the tenperature was
50. 8~ and 25.tgkegriatesthe drsbeyer ThaBipemaent Wabdensntedabenatig sthrry weshegowei nut es
t he tenperat Waish : . .
rac- di net hyl gﬁ?%?ndl y?g)gg?’rz]&r?é%rﬁ% %@%ﬁgnﬁnelandndcféerqy"f“)derzY?célgﬁll ﬁtn?l1 l|"r€%%tt hyl
was added. Duemperatune nObtairied128) 761 grame sofSichemicalfy cdehyydratseld sdivd. a Thenal
tenperature of ,55C . reached., At, this time heating was stopped and the 1s
sl urr§?was pe‘I‘ehY‘?rf"fal%ﬁlfa?@Ptspé‘?d “ﬂﬁlérlg4'ear, col orl ess supernatant was
renoved and found to weigh 404.7 grans. The solids were dried under vacuum
Heat was applied as the catalyst dried until the free flowing solid was
held at a final tenpke@omperabye BEmploi des@ibes thet prepardthen of sibda Omomadedst was

I 0, 0,
486.93 grans 'wi't% SRS inéle na?gleth at rgo%ovéggpgéépe éc))rBchggar%o}]las@azgupzp%rt to

fluorided silica of the present invention.

30



Exanpl es 54 through 58 Using the supported catal yst of Exanple 53,1 mﬂm es
of batch polynerization runs were nmade as descri bed in Exanpl e 48.

results ar®¥OB#S in Table 14. 21 F F g5 2003 WO 00/ 12565 BGT/US99/14577

Ptr' T/ US99/ 14577 Table 14. Batch Pol ynerization Results for Catalyst

Exanpl e 53" Exanpl eTinme (hr)Productivity/H (Kg/g catalyst-hr) ~RAD

(g/ cnB) APS (mi crons) S40. S5305n. d. 20. 34849551. 04917970. 41S70561. 0S

146880. 40678 o%:&@%%%ﬂa [34582. 0346653Q40702 1. Hydrogen added to the
reactor Exanples 59 through 62 5 Using the supported catal yst described in
Exanpl e S3, a seri d$.0ograponof A6 eBicp@el rmrevipusly dear dehydrated vatbcthedwat i n

Exanpl e 48A, de. .The d hown. i | e,.15. | .
Gont | nuous. poTTyIGErDaNR iR HRelis b ¥ Seaihinid s R sl lRaBa e ek
Reactor 1 (nppithated RERCVREuutn WHINEPIREQHYGINY iah) th&Prateade Alepsdidd Sirby/i ty
(Kg/ mM Zr) MFRAD (gl cm~APS

(m cr dns) 59280882004 dogbox prderdd, astp bawpwaseddshobsa capate Jlask $3.247101961

3300380044 83748 97 aRP- A N, Cat P3N - 628 Cortbihed OwltAl %15 grams

dimethylamine sulfur trifluoride, available from Aldrich Chemical Co  The
toluene solution was slowly added to the silica then the slurry was heated to 50°C
for 150 minutes followed by more toluene (15.1 grams) and an additional 30
10 minutes heating. Stirring was stopped and the supemnatant decanted The residue
was washed three times with 20-25 gram portions of tolue:xe. The final residue
was vacuum dried to a final temperature of 60°C. Dry weight of the treated silica
was 15.35 grams. Neutron Activation Analysis showed 1.70+0.1 percent fluorine

The fluorided silica was stored under N prior to use.

15 The Comparative Examples 8-10 show that silica gel can be halogenated

with the congeners of fluorine during heat dehydration.

Comparative Examples 8 through 10.
In a manner similar to Example 15, non-fluorided silica (952 silica gel)
20 was mixed with other ammonium halide compounds in molar amounts equal to the
millimoles fluorine used then the mixture was heated as described previously.
When cool the dehydrated silicas were stored under Na.
Details are shown in Table 3. Column three describes the wt% of halide
compound present in the total silica/halide compound sample Column four
25 labeled "added" describes the wt% of halide present in the sample before heating
Column five iabeled "found" describes the wt% of halide present in the sample

after heating
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methylindenyl) zirconium dichloride was placed in a 50 milliliter beaker and 4.55
grams of Methylalumoxane as a 30 % solution in toluene was added. The resulting
15 metallocene solution was stirred for 30 minutes with a bar magnet Then 15.0
grams of dried and N; purged toluene was added followed by another 5 minutes of
stirring. Separately 5.00 grams of the fluorided silica prepared in Example 8 was
transferred to a 150 milliliter beaker. The metallocene solution was added to the
fluorided silica gel in three aliquots with stirring. The resulting slurry was stirred
20 for an additional 60 minutes then the volatiles were removed under vacuum. Heat
was applied to the drying catalyst until a final temperature of 50°C was held for 60
minutes. The dried catalyst was 6.52 grams of a finely divided, free flowing solid

Elemental analysis showed 9.18% Al and 0.142% Zr.
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334.1 grams polypropylene in 60 minutes. Productivity was 3128 g PP/ g catalyst.
20 Activity was 200.9 Kg PP/ millimole Zr. Analysis showed the polymer to have the
following properties. 25.8 MFR, 149532 g/mole MW and 1.82 dispersity.

Example 25.
In the dry box under N, 0.0705 grams of rac-dimethylsilandiylbis(2-
25 methyl-4-phenyl-1-indenyl) zirconium dichloride was placed in a 50 milliliter
beaker and 4.55 grams of Methylalumoxane as a 30 % solution in toluene was
added. The resuiting metallocene solution was stirred for 30 minutes with a bar
magnet. Then 14.0 grams of dried and N, purged toluene was added followed by
another 5 minutes of stirring. Separately 5.00 grams of the fluorided silica
30 prepared in Example 8 was transferred to a 150 milliliter beaker. The metaliocene
solution was added to the fluorided silica gel in three aliquots with stirring The

resulting slurry was stirred for an additional 60 minutes then the volatiles were
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m%ztes rod(u)ctlwty was 803 O}PM@ catalyst.  Activity was 8}0 Kg PP/

millimole Zr. Analysis showed the polymer to have the following properties:
689094 g/mole MW and 2.17 dispersity.

Comparison of the results detailed above show;r that the dehydrated
fluorided silica catalyst has more than double the activity of the dehydrated silica
catalyst based on Zr contained.

The following examples show that metallocene catalysts prepared with a
non-coordinating anion and using dehydrated fluorided silica as the support have

higher activity compared to the same catalysts prepared using dehydrated silica

Example 26.

In the dry box under Nz 5.00 grams of the fluorided silica prepared in
Example 4 was transferred to a 250 milliliter flask containing a bar magnet. In a
50 milliliter beaker 0.18 grams N,N’-diethylaniline, available from Aldrich
Chemical Company, Milwaukee W1 was diluted with 18.0 milliliters of dried and
N; purged hexane. This solution was added slowly to the silica with stirring to
form a thick slurry. The slurry was diluted with 5.0 milliliters of hexane and heat
applied as stirring continued. At the end of 30 minutes the temperature was 40°C.
0.55 grams of tris-perfluorophenylborane, available from Boulder Scientific
Company, Mead, CO was added and the stirring - heating continued. After an
additional 60 minutes the temperature was constant at 50°C. 0.06 grams of rac-
dimethylsilandiylbis(2-methylindenyl) zirconium dimethyl was added and the
stirring - heating continued. After 120 minutes heating was stopped and the slurry

was permitted to settle. The supematant was removed and the solids were dried
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the polymerization reactor containing hydrogen. 127.6 grams polypropylene was
prepared in 60 minutes Productivity was 1261 g PP/ g catalyst Activity was 54.8
Kg PP/ millimole Zr Analysis showed the polymer to have the following

properties: 107642 g/mole MW and 2.03 dispersity.
15

Comparative Example 13.
In a manner similar to Example 26 a catalyst was prepared except the
silica of Comparative Example 3 was used. The dried catalyst was 5.75 grams of a
finely divided, free flowing solid. Elemental analysis showed 0.19% B and 0.22%
20 Zr. 103.6 milligram of the solid gave 8.7 grams polypropylene in 60 minutes.
Productivity was 84 g PP/ g catalyst. Activity was 3.5 Kg PP/ millimole Zr
Analysis showed the polymer to have the following properties. 102315 g/mole
MW and 2.04 dispersity.

25 Comparative Example 14,

99.2 milligrams of the catalyst prepared in Comparative Example 13 was
charged to the polymerization reactor containing hydrogen. 13.6 grams
polypropylene was prepared in 60 minutes. Productivity was 137 g PP/ g catalyst.
Activity was 5.7 Kg PP/ millimole Zr. Analysis showed the polymer to have the

30 following properties: 91845 g/mole MW and 1.90 dispersity.
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Example 4 was transferred to a 250 milliliter flask containing a bar magnet. In a
50 milliliter beaker 0.18 grams N,N’-diethylaniline, available from Aldnch
Chemical Company, Milwaukee W1 was diluted with 18.0 milliliters of dried and
10 N, purged hexane. This solution was added slowly to the silica with stirring to
form a thick slurry. The slurry was diluted with 5.0 millilitc:m of hexane and heat
applied as stirring continued. At the end of 30 minutes the temperature was 40°C.
0.55 grams of tris-perfluorophenylborane, available from Boulder Scientific
Company, Mead, CO was added and the stirring - heating continued. After an
15 additional 60 minutes the temperature was constant at 50°C. 0.08 grams of rac-
dimethylsilandiylbis(2-methy!-4-phenyl-1-indenyl) zirconium dimethyl was added
and the stirring - heating continued. After 120 minutes heating was stopped and
the slurry was permitted to settle. The supemnatant was removed and the solids
were dried under vacuum. Heat was applied as the catalyst dried until a final
20 temperature of 30°C was held for 60 minutes. The dried catalyst was 5.84 grams
of a finely divided, free flowing solid. Elemental analysis showed 0.22% B and
0.21% Zr. 101.6 milligram of the solid gave 155.3 grams polypropylene in 60
minutes. Productivity was 1529 g PP/ g catalyst. Activity was 66.4 Kg PP/
millimole Zr. Analysis showed the polymer to have the following properties:
25 529068 g/mole MW and 2.35 dispersity.

Example 29.
102.5 milligrams of the catalyst prepared in Example 28 was charged to
the polymerization reactor containing hydrogen. 237.0 grams polypropylene was
30 prepared in 60 minutes. Productivity was 2312 g PP/ g catalyst. Activity was
100.4 Kg PP/ millimole Zr. Analysis showed the polymer to have the following
properties: 474587 g/mole MW and 2.48 dispersity.
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Comparative Example 16.

105.1 milligrams of the catalyst prepared in Com‘parative Example 15
was charged to the polymerization reactor containing hydrogen. 120.7 grams
polypropylene was prepared in 60 minutes. Productivity was 1148 g PP/ g
catalyst. Activity was 58.2 Kg PP/ millimole Zr. Analysis showed the polymer to
have the following properties: 529068 g/mole MW and 2.35 dispersity.

Comparison of the results detailed above shows that the dehydrated
fluorided silica catalyst has on average about 380 percent more activity on a Zr

basis than the dehydrated silica catalyst.

The following examples show that metallocene catalysts prepared with a
non-coordinating anion and using other dehydrated fluorided silicas as the support
also show high activity compared to the similar catalysts prepared using

dehydrated silicas.

Example 30.

In the dry box under N, 5.00 grams of the fluorided silica prepared in
Example 2 was transferred to a 250 milliliter flask containing a bar magnet. In a
50 milliliter beaker 0.18 grams N,N’-diethylaniline, available from Aldrich
Chemical Company, Milwaukee W1 was diluted with 18.0 milliliters of dried and
N purged hexane was added. This solution was added slowly to the silica with
stirring to form a thick slurry. The slurry was diluted with 5.0 milliliters of hexane

and heat applied as stirning continued. At the end of 30 minutes the temperature

F10%
L&10%

& gwpelejg h
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temperature of 30°C was held for 60 minutes The dried catalyst was 5 69 grams

of a finely divided, free flowing solid. Elemental analysis showed 0.22% B and

10 0.18% Zr. .

Examples 31 through 39.

In a manner similar to Example 30 catalysts were prepared on other

500°C fluorided silicas. The details are shown in Table 4. The polymerization

15 results are shown in Tables 5 and 6.

Table 4. Catalysts Prepared on 500°C Fluorided Silicas

Catalys-lm Fl,u('n"ided Loading’ Elemental Analysis
Example Silica B Zr % B % Zr
Example

31 3 0.21 0.026 0.18 0.18
32 5 " ! 0.18 017
33 6 " " nd. n.d.
34 7 " " 0.16 0.12
35 8 0.22 0.028 0.37 0.22
36 8 0.13 0.027 0.35 0.21
37 11 0.21 " 0.19 0.19
38 11 0.13 " 0.13 0.22
39 14 0.21 0.026 0.23 0.24

1. units are millimole reagent per gram of silica
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Example (g PP/g Catalyst- | (Kg PP/mM Zr-
P Hr) Hr)
31 555 24.8
32 3267 136.5
33 723 30.6
34 49 2.1
35 3330 1333
36 3258 135.4
37 780 33.4
38 490 205
39 725 32.9

Table 6. Polymerization Results for Catalyst on 500 °C Fluorided Silicas’

Productivity Artivit
Ef:i','f.’ﬁi (2 PP/g (':ll:ll_\)'sl- (Kz PP/m M Zr-
Hr) Hr)
31 2083 93 1
32 3353 140.1
33 919 38.8
34 365 15.5
35 5180 207.3
36 3496 145.3
37 2004 85.8
38 1820 76.0
39 2435 110.7

1. hydrogen added to the reactor

5 Examples 40 through 47.
In a manner similar to Example 30 catalysts were prepared on other
300°C fluorided silicas. The details are shown in Table 7. The polymerization

results are shown in Table 8 and 9.
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$ The following examples show that metallocene catalysts prepared with a
non-coordinating anion on a dehydrated silica halogenated with the congeners of
fluorine do not have the high activity of a similar catalyst prepared on a dehydrated

fluorided silica.

10

Comparative Example 26.

In a manner similar to Example 30 catalyst was prepared except the
ammonium chloride halogenated silica of Comparative Example 8 was used. The
dried catalyst was 5.52 grams of a finely divided, free flowing solid. Elemental

15 analysis showed 0.12% B and 0 11% Zr. 99.3 milligram of the solid was added to
the polymerization reactor to test activity The solid was inactive for propylene

polymerization.

Comparative Example 27,

20 In a manner similar to Example 30 catalyst was prepared éxcept the
ammonium bromide halogenated silica of Comparative Example 9 was used. The
dried catalyst was 5.61 grams of a finely divided, free flowing solid. Elemental
analysis showed 0.11% B and 0.16% Zr. 99.7 milligram of the solid was added to
the polymerization reactor to test activity. The solid was inactive for propylene

25 polymerization.

The following Examples show that the advantages of using fluorided
silica as a catalyst support are not lost or diminished when larger quantities are
fluorided nor is the high activity of the resulting catalysts compromised when a

30 continuous polymerization process is used.
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A fluorided silica was prepared by Grace Davison from Sylopol®95

}
dD+a/ K|, Kh! L0088 e dindh HeRaichorbdinithe Waedidg) 1dind PrB&edute 167! Biiie (1) - KN! 10%

#& () -
Elemental analysis showed the fluorine content to be 1.49+0.06% by weight.

5 Moreover the fluorided silica gel had the following properties: 1.69 cc/g pore
volume, 256 m?/g surface area and 35 microns average particle size. In the dry box
under N; 401 grams of this silica was transferred to a 4 liter flask. 6.4 grams
N,N'-diethylaniline was combined with 1542 grams dried and N, sparged hexane .
All the liquid was added to the silica. The slurry was mechanically stirred and heat

10 applied. After 30 minutes 21.61 grams tris-perfluorophenylborane was added
After 60 minutes 3.20 grams of rac—dimethylsilandiylbiszz-methyl-4-phenyl-1-
indenyl) zirconium dimethyl was added. The slurry temperature was 50 °C.
During the next 120 minutes stirring continued and a final temperature of 51 °C
was reached. At this time heating was stopped and the slurry was permitted to

15 settle. The clear, coloriess supernatant was removed and found to have less than 4
PPM Zirconium or Boron and 6 PPM N. The total amount of supernatant removed
before drying was 575.4 grams. The solids were dried under vacuum. Heat was
applied as the catalyst dried until the free flowing solid was held at a final
temperature of 30 °C for 120 minutes. The dried catalyst was 423.8 grams.

20 Elemental analysis showed 0.101 % B and 0.114 % Zr. 102.6 milligram of the
solid was charged to the polymerization batch reactor at 70°C along with about 5
millimole H,. Yield was 199 grams polypropylene in 35 minutes. Productivity per
hour was 3326 g PP/ g catalyst. Activity per hour was 266 Kg PP/ millimole Zr.
Analysis showed the polymer to have the following properties: 0.42 g/ml apparent

25 density, 352052 g/mole MW and 2.34 dispersity.

Example 48A

Continuous Polymerization

The polymerization was conducted in liquid propylene, in a pilot scale
30 polymerization process employing two reactors in series. The reactors were
equipped with jackets for removing the heat of polymerization. The reactor

temperature was set at 74°C in the first reactor and 68°C in the second reactor.
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5 second. Residence times were about 2.5 hours in the first reactor and about 1.9
hours in the second reactor The production rate of polymer from the reactors was
about 40 kg/hr. Catalyst Productivity was calculated from the total weight of
polymer made and the total weight of catalyst used. Productivity for Catalyst of
Example 48 was 20.5 Kg/g catalyst and activity was 1639 Kg/millimole Zr. The
10 polymer was discharged from the reactors as a granular product having the
following properties: 2.62 MFR, apparent density of 0.45 g/cm3 and average

particle size of 999.3 microns.

Examples 49 through S2

15 Examples 49 through 52 were generated in a manner similar to the
continuous polymerization described in Example 48A,except that polymerization
was allowed to occur at various levels of hydrogen. The data are shown in Table
13.

Table 13. Continuous Polymerization Results for Catalyst Example 48

H, H:
Reactor | Reactor Productivity AD APS
Example 1 2 (Kg/g catalyst) MFR (g/cm®) | (microns)

(mppm)’ | (mppm)
49 2200 2900 27.0 17.4 0.45 981.2
50 2500 3150 25.8 258 0.47 1001.0
51 4400 5050 22.0 172.5 0.45 925.5
52 7300 8800 15.2 1324 0.45 848.0

20 1. molar parts per million.

The following Examples show that the advantages of using fluorided silica as a

catalyst support are reproducible.
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Example §3.
A second fluorided silica was prepared by Grace Davison from
Sylopol®9522 and ammonium hexafluorosilicate according to the heat schedule of
Example 1. Elemental analysis showed the fluorine content to be 2.35+0.05% by
5 weight. The fluorided silica gel had the following properties. 1.62 cc/g pore
volume, 243 m?/g surface area and 39 microns average particle size. In the dry box
under N, 465.4 grams of this silica was transferred to a 4 liter flask 75 grams
N,N'-diethylaniline was combined with 1800grams dried and N, sparged hexane .
All the liquid was added to the silica. The slurry was mechanically stirred and heat
10 applied. At the 30 minute mark the temperature was 50.8°C and 25.2 grams tris-
perfluorophenylborane was added After 60 minutes the temperature was 53°C
and 3.70 grams of rac-dimethylsilandiylbis(2-methyl-4-phenyl-1-indenyl)
zirconium dimethyl was added. During the next 120 minutes stirring continued and
a final temperature of 55°C was reached. At this time heating was stopped and the
15 slurry was permitted to settle. The clear, colorless supernatant was removed and
found to weigh 404.7 grams. The solids were dried under vacuum Heat was
applied as the catalyst dried until the free flowing solid was held at a final
temperature of 35°C for 120 minutes. The dried catalyst was 486.93 grams.
Elemental analysis showed 0.10% B and 0.11 % Zr

20

Examples 54 through 58

Using the supported catalyst of Example 53, a series of batch
polymerization runs were made as described in Example 48. The results are shown
in Table 14.
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1. Hydrogen added to the reactor

Examples 59 through 62

5 Using the supported catalyst described in Example 53, a series of
continuous polymerization runs, as described in Example 48A, were made. The

data are shown in Table 15.

Table 15. Continuous Polymerization Results for Catalyst Example 53

H, H, Productivity | Activity AD APS
Example | Reactor 1 | Reactor 2 Kg/g (Kg/mM | MFR .
(mppm)' | (mppm) catalyst) Zr) (gem) | (microns)
59 2500 3200 46.3 3880.7 | 114 0.43 1219
60 2600 3600 55.0 46019 | 15.8 0.47 1019
61 3300 3800 44.8 37489 | 278 0.46 1077
62 3700 4300 46.2 3872.1 | 371 0.47 1144
10 1. molar parts per million.
Discussion

Although the above Examples deal primarily with metallocene supported
catalyst composition, it will be recognized that the attributes of the polymers

15 produced by the metallocene supported catalyst composition of the present
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wherein M is titanium, zirconium, or halfnium;

R! and R2 are identical or different, and are one of a hydrogen atom, a
C1-Cy0 alkyl group, a C1-Cjg alkoxy group, a C¢-Cjq aryl group, a Cg-C1g
aryloxy group, a C2-C1 alkenyl group, a C7-Cy4q arylalkyl group, a C7-C4q
alkylaryl group, a Cg-Cy4 arylalkenyl group, or a halogen atom;

RS and RS are identical or different, are one of a halogen atom, a Cy-
Cj 0 alkyl group, which may be balogenated, a Cg-C1q aryl group, which may
be halogenated, a C5-Cj alkenyl group, a C3-C4q -arylalkyl group, a C7-C4q
alkylaryl group, a Cg-C4g arylalkenyl group, a -NR3 15, -SR15, -QR15, -
OSiR315 or -PR3 15 radical, wherein R15 is one of a halogen atom, a C1-C1g
alkyl group, or a Cg-Cy( aryl group;

R7is
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-BR11)-, -AlR!1)-, -Ge-, -Sn-, -O-,=8-, -SO-, -S02-, -N(R1})-, -CO-,

. PR1D)-, or -PO)RLD-; -
wherein R11 R12 and R13 are identical or different and are a hydrogen atom,
a halogen atom, a C;-Cy alkyl proup, a C;-Cy fluoroalkyl group, a2 Cg-C3q
aryl group, a Cg-C3¢ fluoroaryl group, a C1-Cy¢q alkoxy group, a C2-Co
alkenyl group, a C7-C4q arylalkyl group, a Cg-C4p arylalkeny! group, or a
C7-C40 alkylaryl group; and wherein R1! and R12, or R11 and R13, together
with the atoms binding them, can form ning systems;
M2 is silicon, germanium o tin; -
- R8 and RY are identical or different and have the meanings stated for
Rl 1; ;
m and n are identical or different and are zero, 1 or 2, m plus n being
zero, 1 or 2; and -

the radicals R3, R4, and R10 are identical or different and have the
meanings stated for R11, R12 and R13.

4. Supported catalyst according to Clsim 3, wherein R and R; are methyl
Zroups.

- 5. Supported catalyst according to any of Claims 1 to 4, having a fluorine
concentration is in the range of from 0.01 to 10.0 millimoles of fluorine per
gram of support.

6. Supported catalyst according to any of Claims 1 to 5, having a fluorine

concentration is in the range of from 0.6 to 3.5 wt% of the support.

7. Support according to any of Claims 1 to 6, wherein the fluorided
support composition is selected from fluorided talc, clay, silica, alumina,
magnesia, zirconia, iron oxides, boria, calcium oxide, zinc oxide, barium oxide
thoria, aluminum phosphate gel, polyvinylchloride or substituted palystyrene,
and mixtures thereof.
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a. Supported according to Claim 7, wherein the support and a fluoriding

agent are contacted with one another at from 100°C to 1000°C to produce a

fluorided support composition.

9. Supported catalyst according to Claim 7, wherein a support and a
fluoriding agent are contacted with one another at from 200°C to 600°C to

produce a fluorided support composition.

10. Supported catalyst according to any of Claims 8 to 9, wherein the
fluoriding agent is selected from NH.BF., (NH,),SiF¢, NHsPF¢, NH.F,
(NH.);TaF,, NHaNbF4, (NHy)2GeFg, (NHs),SmFs, (NH,), TiFs, (NHs),ZrFe,
MoFe, ReFq, GaFs, SO,CIF, Fy, SiFs4, SFe, CIF3, CIFs, BrFs, IFy, NF;, HF, BF;,
NHF; and NH,HF, and mixtures thereof.



