WD 01/ 23433 PCT/ US00/ 26349 1 ORGANOVETAL CATALYST COWPCSI TIONS FI ELD OF
THE I NVENTION This invention is related to the field of organonetal :
catal yst coMP8E?¥3Hns. BACKGROUND OF THE | NVENTI-ON .5 . RGI/USS®R638%t i ng
essentially of herein it is intended to an that the process st eps,
substance or m xture of substances recited after this phrase does not

iI'ncl ude any further respective steps or conponents which would materially
af fect the functioni ng oPORGANOMETACATALYSE GOMPOSITIONSof the substance
or conbi nati on of substances pr PiARESS or recited after this -
phrase. 10 The production of pog%ﬁﬁfgl:&%ma% “20i | 1i on dol | ar busi ness.
This business pr'Bhiﬂunrsnttnnlxtrdnﬁalm&hqﬁnﬂd&)rgﬁxomﬂayemlmmsymﬁs MI1ions

of dollars have been spent opn.gdevel on aggﬂs that can add val ue
to this business. One of the¥e met al | ocene cat al yst

t echnol ogy . NEt al | ocez;eceﬁiaings&senﬁmyemﬁem Km&n@ddﬂ@ﬁle&bﬂxﬁimeﬁﬁﬁess
However , the| r g 15 producti VI ty did not- allowthemto be_ conmercialized.

About 1975, FiEPS,SROSgRce o u¥ture of subistances ecited atiey thimphrasedoespat dncl we@ny one. part
trinmet hyl al uirferfedpectivelstBpEBE dbipoRédisvhiel #081d mﬁéi‘ﬁlﬁ €kt ﬂﬁ%x%% »hilg 0B UCH

met hyl al um noxane with a netal l'ocene conpound, forned a netalloCene
~catal yst thathe lﬁmeijméﬁteé\mp&meﬁ of the substanes encombinatigmofsubstancesgirodused byat

| arge anou | um noxane were needed to form an
”fh% Rlceds %%ﬁwﬁfgtﬁ{x

active netal ene cat a hi's" has been a significant inpedinment to
the comi@ci al i zat i on Tk prsiugtidnof@nlymersis ampiti-billioBaloliardusioegsdThisls have been

used in plac ﬁ%fﬁ al um nox Ho s I S not
satlsfactoryﬁusgilc ncﬁ&gﬁe e}ég](’;)rgrp‘g g%tjz}\éw ri/r?%%eﬁgﬁ?ﬁ{?é's f@fﬁ’&h&&% “Bnd
deconposi ti ospenmmﬂeueiupmgteohMogmsrtyatenpamwaMto%Hutmsdsoul d al so be noted
t hat having a heterog eo cat | yst.is i rtapnt. This because
het er ogeneous cat al yst ﬁ%io&lqse)src ‘%@8&%% E‘i“%ﬂ?
pﬁ| y][rerl zat|mtanbmesaags:smmbmmmﬂdaeawwmoemec&tmbﬂw can lead to
the for I O

rTPg productmty did not allow them to be commercialized. About 1975, it was discovered that

contacting one part water with one part trimethylaluminum to form methyl alummoxane,
and then contacting such methyl aluminoxane with a metallocene compound, formed a

* metallocene catalyst that had greater activity. However, it was soon realized that large
amounts of expensive methyl aluminoxane were needed to form an active metallocene

20  catalyst. This has been a significant impediment to the commercialization of metaliocene |
catalysts.

Borate compounds have been used in place of large amounts of methyl
aluminoxane. However, this is not satisfactory, since borate compounds are very sensitive
to poisons and decomposition, and can also be very expensive. _

25 It should also be noted that having a heterogeneous catalyst is important.
This is because heterogeneous catalysts are requu'ed for most modern commercial
polymerization processes. Furthennore heterogeneous catalysts can lead to the- formatlon o
of substantially uniform polymer particles that have a high bulk density. These types of
substantially uniform paﬁicles are desirable because they improve the efficiency of

30 polymer production and transportation. Efforts have been made to produce heterogeneous
m_etallocene catalysts; however, these catalysts ha‘)e not been entirely satisfactory.



of substantially uniformpolynmer particles that have a high bul k density.
These types of substantially uniformparticles are desirabl e because they
i mprove t hewef®i2za43a2ncy of 30 pol yner production and transRoTusee/zsa49 Ef forts
have been nmade to produce heterogeneous r’Jéret al | ocene catal ysts; however,

t hese catal ysts have not been entirely satisfactory. WO 01/23433

PCT/ US00/ 26349 2 Therefore, the inventors provide this invention to help
sol ve these probl ens. TivofhvieRYe Giventidfs prédvdd\hisGhveintion o kbl saledtheset 0 pr ovi de
a process that B roduces a catal yst conposition 5 that can be used to

pol yneri ze aP"PEEEt one nononer to produce a polyner. It is also desirable
to provide the catal yst conpoSUMMARYQOF THE INVENTION ' abl e to provide a
process conprising conjacting.at | east one nononmer and the catal yst
conposi ti on under pol yf%’r‘;ef’é% I%W%‘FZ%QPTBF@SFWEPMQWW%E‘P n10
Once agai B i fhat SariRSusedd o lynteri2E @Mese o Inéidmet Fprbliitle aRNRRdrses the pol ymer
produced with the catal yst conposition of this invention.” In accordance

wi th one enbodi nent of Itasalsp desiyahle todmovide the eatelyst compesiianuice a cat al yst

conposition is providegg.dk ' ] S I sts
esggnti ally of' p or " cgﬁ?ﬁ?&sa%?g?égo t%%?ﬁ%%%%’?ﬁ%ﬁ%@m%#@%%gﬁgd, an
15 or ganoal umhemmencomenznd the catatyst confriosition dedér polyinenzation vomtitiéns tppwduaee t he
catal yst co gj%h%e%n wher ei n sai d organonetal conpound has the follow ng
general formila: )(X2) (X3) (X4)ML wherein M is selected fromthe group
consi sting of titani unDned againit ismdesiraBIe taprbvidefan aticle thiteomipfisdsXhe polymer

i ndependent |y _selected.fromthe graup consisting of cycl opentadi enyls,

i ndeﬁyl s, fl mﬂgﬁgﬁ%&@ﬁﬁgﬁm@p © %ﬁﬁﬁf@&?ﬁyl s, substituted indenyls,.
and substituted fl uoreRydcSérdance with one embodiment of this invention, a process to produce

a catalyst composition is provided. The process comprises (or optionally, "consists

essentially of", or "consists of"") contacting an organometal compound, an
15  organoaluminum compound, and a fluorided silica-alumina to produce the catalyst
composition,
wherein said organometal compound has the following general formula:
ahxHeS)xhml
wherein M1 is selected from the group consisting of titanium, zirconium,
20  and hafnium;
wherein (Xl) is independently selected from the group consisting of
cyclopentadienyls, indenyls, fluorenyls, substituted cyclopentadienyls, substituted
indenyls, and substituted fluorenyls; '
wherein substituents on the substituted cyclopentadienyls, substituted
25  indenyls, and substituted fluorenyls of (X]) are selected from the group consisting of
aliphatic groups, cyclic groups, combinations of aliphatic and cyclic groups, silyl groups,
alkyl halide groups, halides, organometallic groups, phosphorus groups, nitrogen groups,
silicon, phosphorus, boron, germanium, and hydrogen;
wherein at least one substituent on (X 1) can be a bridging group which

30 connects (X1) and (X2);



wherein substituents on the substituted cycl opentadi enyls, substituted 25
i ndenyls, and substituted fluorenyls of (X1) are selected fromthe group
consi sti MOBK234Y i phati c groups, cyclic groups, conbi ndCTEIFEN26849;| i phat i c
and cyclic groups, silyl groups, alkyl halide groups, halides, .
organonetal | i c groups, phosphorus groups, nitrogen groups, silicon,
phosphorus, boron, germani um and hydrogen; wherein at | east one
substituent on (Xl )wnaanqu3 bt(xﬁ)gumﬁdqxeﬁMﬂyr/@eledledﬂ&thS (X1) and
(X2); WO 01/ 23433 21/ USQQ/ 26349 wher X3) a X4) are i ndependent!y
sel ected rousistipef aliges,alt H%S'Q’t‘l?snﬂ‘bﬁ‘ft“ﬁgﬁﬁ@ég é‘é’f‘?‘bﬁ EYPoups,

substi tut %&bsa{d:da*&&ﬁ&graﬁ@%bmﬁsﬁs aaﬂmuagmpw{asdybmgre@bspycl I c groups,

conbi nati ons of al | atlcwgrou ps and cycli c, groups, t ons of

subst i t ut eombinptinnsof subgtityted gliphatic gxPups %‘dgb’@’&@“l’é(ﬁ?ﬂ#bﬁgf‘? phati phatic 5
groupsg a“%;&g?%&d &Hét&&ig&x,&hF Fr&gé)%ﬁbm&ﬁﬂ?bf‘ﬁiabﬁ%ﬂéd Qlﬁplﬁﬁ@?%hﬁdﬁnﬁd al i phatic

groups~an titu r oups roups, subsfituted am do
groups, pleaissititelcygicgrpaps, arsidb groups, sehstited aptideigroupsoplnsphide REPEPNi de gr oups,

aroups, | orta AP SRR, oSS PR b RaRRIET e
wher ei n ( ¥Zoups, %umhﬁeﬁaﬂoiﬁegroubeommqmtdﬁngﬂoups,a@wbsutylcdopent adi enyl s,

i ndenyls, fl uorenﬁ substituted cycl opentadi enyls, substituted indenyls,
subst i t ut QBAPREBSEIAULS: Lol i des, aliphatic groups, substituted aliphatic

groupsy, cyclic groupgerein{uRyis Eélwt&fj&&ﬂ ﬁ{e' ﬁonﬂ%&ﬂﬂ?hng%?ﬂ%kﬂﬁhﬂa 18f

ali phat I ¢ groups and cycl'1 ¢ groups, nbl nati ons oOf substit ut ed "al i phatic

groups andndeygl, ﬂnogmalap&;lbstltmmbmmmelms subistittediindenyls,gubstitated;
substi t ut clic Ssa Ak ati c gr oups and
subst i t ut 38‘ E"éX‘F’I }t“hg ﬁg’i‘ama%g@sn%?’%ups g‘?g& B@yﬁﬁﬂm@*&’é‘agr oups,
phosphi do sqlsshunad cyclic grotyss| cdmhlmjlopskmfsqhhha:lm mapmd cyslik gioups, de gr oups,
substltuted | oxi.d roup OXId ou xi de.
groups, H‘ﬁg’ﬁé‘?tﬁlolfﬁ‘?’ o ;?Ei’haiﬁér *EL qlg'ﬁlf ups gxgbtl #tdhfﬁagﬁ’girt%u ps; 20
wher ei 1r5 S L&&Ip\stahteﬁibsmmedem gfouPs, 26mbinhtishs bf mbsﬁﬂu&dghphapc ganps aid ng of
substituted cyclic groups, amido groups, substituted amido groups, phosphido groups,
substituted phosphido groups, alkyloxide groups, substituted alkyloxide groups, aryloxide

groups, substituted aryloxide groups, organometallic groups, and substituted

K

[(e

organometallic groups;

20 wherein substituents on (X°) are selected from the group consisting of
aliphatic groups, cyclic groups, combinations of aliphatic groups and cyclic groups, silyl
groups, alkyl halide groups, halides, organometallic groups, phosphorus groups, nitrogen
groups, silicon, phosphorus, boron, gemianium, and hydrogen;

wherein at least one substituent on (X2) can be a bridging group which
25 connects (Xl) and (Xz);
wherein the organoaluminun compound has the following general formula:
Al(xs)n(x6)3-n
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms;
wherein (X6) is a halide, hydride, or alkoxide; and

30 wherein “n” is a number from 1 to 3 inclusive;



al i phatic groups, cyclic groups, conbinations of aliphatic groups and
cyclic groups, sil groups, al kyl halide groups, halides, organonetallic
groups, phoSth groups nitrogen groups, silicon, phosifHEYI¥263¢} on,
germani um and hydrogen wherein at |eastyone substituent on (X2) can be a
bridgi ng group which 25 connects (Xl) and (X2); wherein the organoal um nun
compound has the follow ng general fornula: A (X5)n(X6)3-n_wherein (X5)

i s a hydrocarbyl havi nthr%%helﬂ!qsxda%ma@mmmn@s ride, Gjlier.andy (X6) is a
hal i de, hydrifginp’ aryoxide; and 30 wherein "n" is a nunber from1l to 3

i ncl usive; WO 01/23433 PCTI USOQ 26349 4 wherein the fluorided

silica-alum na conpri sh@cmrdmcﬁwhasoﬂlmbOdmntQﬂMIManamM&nce Wi th
anot her enbo i ing
cont act i ng. Vi cBiophihg coBRs ks SRR wldme U eBin SR b

pol ymeri z4&t i @nlynmndationmumdmmspopwdneeapqmm&rrer I n accordance wt h anot her

enbodi nent of this inv o) rt| he article,
conprises the pol ymer )S"r fﬂfg@‘f @Frﬂ%@“gﬁ“?#tgﬁ“évcpﬁ%ﬁ{‘%ﬁle 5These
obj ects, and pejvided. ’ﬂi&@ﬁél&oﬂﬁﬁdesbﬁ eFﬁkﬁu@&hﬁio@&Haﬁdé WwitlOGR iddenhion.
ordinary skill in the art after rea %? S d| sclosure. 10 BRI EF

DESCRI PTI ON OF THE DRAWasesebiests:iand OHIFa e Will becrms gnose prperenf iy theserdth, i g.
| discloses @,rdl%?gau@,{thglgﬁaﬁ@,qreéd{ﬁéﬁsq{lsc]dgﬁecat al yst conposition at

various fluorid oadi ngs and cal cini ng -eratures Fig. 2 discloses a
graph of Phe activity versBRIBRDESCRIKFION EDRAWINGSFTAI LED DESCRI PTI ON

OF THE | NVENTI ON Or gang 'Eﬁé BawiRROHAHS a'ﬁﬁﬁﬂerb{he} Wig. 1 NI 2 BraPRYFmL NE

foll ow ng general fornu
activity of the catalyst composition at various fluoride loadings and calcining

temperatures.
. Fig. 2 discloses a graph of the activity versus percent NH4HF> added.
15 DETAILED DESCRIPTION OF THE INVENTION
Organometal compounds used in this invention have the following general

formula:
xheedxhm!
In this formula, M is selected from the group consisting of titanium, zirconium, and
20  hafnium. Currently, it is most preferred when M! is zirconium.

In this formula, (Xl) is independently selected from the group consisting
of (hereafter "Group OMC-I") cyclopentadienyls, indenyls, fluorenyls, substituted
cyclopentadienyls, substituted indenyls, such as, for example, tetrahydroindenyls, and
substituted fluorenyls, such as, for example, octahydrofluorenyis.

25 Substituents on the substituted cyclopentadienyls, substituted indenyls, and

substituted fluorenyls of (X!) can be selected independently from the group consisting of
aliphatic groups, cyclic groups, combinations of aliphatic and cyclic groups, silyl groups,
alkyl halide groups, halides, organometallic groups, phosphorus groups, nitrogen groups,
silicon, phosphorus, boron, germanium, and hydrogen, as long as these groups do not

30  substantially, and adversely, affect the polymerization activity of the catalyst composition.



(XI)(X2) (X3)(X4)M In this formula, ML is selected fromthe group
consisting of titanium zirconium and 20 hafnium Currently, it is nost
preferredwooams4sd is zirconium In this forrmula, (X)) iBCTOMeRSMIent|y
selected fromthe group consisting of,(hereafter "G oup OMC-1")

cycl opent adi enyl s, indenyls, fluorenyls, substituted cyclopentadienyls,
substituted i ndenyls, such as, for exanple, tetrahydroindenyls, and
substituted fl uorenﬁhkable;emhph:spfﬂiphatipgmﬂserelwdtcuwwdeMm; tanyls. 25

and - substPRBDE PR SRS HE BRI R houg? WS bMR [TV

group con deatoblagns) tyclaucktplends| mdowemeg Spbstiped silyhgroupsinclodeybutresg nasns  of

glrlgggg%f and cy %g{ ougs 'SI lé %Wﬁ WP%%@E‘?“’SH?@S@'W&S‘%% hal i des,

phosphoy usatmhp Whlygg-ﬁﬁﬁ%“édd"ﬁ'ylﬂﬁﬁﬂm @FOUEE Buitdsle akybhalide kd&aﬁm@éﬂws do not
30 substantially, and adversely, affect_ the pol y rization @Ct ivity of the

catal yst cerapssith bie, abmléfﬂksmstsmpc&w@émrws ‘5’%‘3]*9?&‘19 e aE| es of
ali phatic ‘ﬁi’b ﬁf Subif ﬁfea%ﬁifl%&nvééjmsﬁﬁtedftﬂrgro@% afibdtRuted germbdilods and

ol ef i ns. |ta exanp cyclic groups are cycloparafflns
cycl ool efi grsupscgndlsubstmt‘;dhqmgmm arenes. Substituted silyl groups

i ncl ude, but are notS %l&gfs@EMSﬁhWéa&W %mrﬁo q,latygl kyl group

contains from1 to abt bon atons, ar groups,

?r yl al ll;(yl suei-tyzlm}gnmbpel a&yl oy, h&mybydkdlexﬂdl@%myl rmmal, dﬁckyﬂTdegylouBs Wi th
to about t
ot 1§ ¢ etreieb el Byt phAh SRR PREE Ry, e iRl (1 (10, it Are

substi t ut eghegi@béigilylm gr oups, and substituted boron groups. Suitabl e

exanpl es of such substituents are rreg(ail et hyl , propyl, butyl, 10
tert-butyl, |sobuty|lnt1mnnula,s(8§)md( xynndeegnémt eselppted famt $T°Blbtyl

ot RNt OB R0 s ol e 7,
and (X33 ageupsiciepe swem, hsbssmteé@v@tt groupm, qonvéughwf aliphasic groupgyangs
(hereafter g 9{: 2roBps; OMat thaddonk 8t §uG§ﬁute@]aﬁp?lgf% bﬁu&raﬁu%llcmg' tuted aliphatic

combinations of aliphatic groups and substituted cyclic groups, combinations of

substituted aliphatic and substituted cyclic groups, amido groups, substituted amido

groups, phosphido groups, substituted phosphido groups, alkyloxide groups, substituted

20  alkyloxide groups, aryloxide groups, substituted aryloxide groups, organometallic groups,
and substituted organometallic groups, as long as these groups do not substantially, and

adversely, affect the polymerization activity of the catalyst composition.
Suitable examples of aliphatic groups are hydrocarbyls, such as, for
example, paraffins and olefins. Suitable examples of cyclic groups are cyéloparaffins,
25 c&clooleﬁns, cycloacetylenes, and arenes. Currently, it is preferred when (X3) and .6
are selected from the group consisting of halides and hydrocarbyls, where such
hydrocarbyls have from 1 to about 10 carbon atoms. However, it is most preferred when
(X3 Jand (X4) are selected from the group consisting of fluoro, chloro, and methyl.
In this formula, (X2) can be selected from either Group OMC-I or Group
30 OMC-L



15 groups, cyclic groups, substituted cyclic groups, conbinations of

aliphatic nd cyclic groups, conbinations of subst i phatic
groups andq&&#}? %groups combi nations of aliphatic groupéﬁgﬁg’zgd%sti tuted

cyclic groups, conbinations -of substituged aliphatic and substituted
cyclic groups, am do groups, substituted am do groups, phosphido groups,
substituted phosphido groups, alk |OXIde rou substituted 20 aIkyIOX|de
groups, aryl oxi de gr odhbleastnp substi é‘ ? P‘gbcﬁrl@@r%l dginegzomptbatal 1 i c

r oups and subst anonet roup s lo hes roups do
%ot gubstant‘?ﬁi“?“?ééaﬁ dd@‘%&/'g’lsg a’if‘ﬂ“é@?’ EPHB‘F%F‘?EQPP%} é‘l‘fi 8i typof
t he cat al ystad&sa) %'ffebt(iﬁb ao‘ﬁw&aﬁhecamwmb stfona ISuititaé bEdghPgiBapsar e

hydr ocar byl s, suc for . exa paraffins and ol efins. Suitable
exanpl es of iBgleqs, b“‘g‘\'%ﬂfém&@é t%?-ﬁ l@;\ﬁﬁ,ggqupﬁ, gclic ggtglp@)f@p@g}agpqlsrgf aliphatic

cycl oacetsy! s of tﬁycﬁE?f(;lﬁugs, 8&@5&%& %mu¢st ﬁhrsga{ﬁé ST FbaRtalii€3ouplld (X4)

are selecte stin I'Tdes and hydrocarbyls, where
such hydroceﬂllbph@hﬂmnﬁrbﬂm&mégmmo carbon atons. However, it is nost

preferred when (X3) Wc igling of
fluoro, chloro,. and %qﬂ%bﬁ%@ﬁﬁet%&% ﬁgmﬁﬁs can s%gllr}%c lted from
either G oupexﬁﬁﬁlel pavaffifi amlpoleﬁi@ mﬁblelexaxmﬂdﬂc&amowmﬁ)(pﬁﬁﬁ'ﬁﬁ 6 At

| east one subs ent X2 e a bri ro t.hat

connect . ( XiSpelanlstEssycionsksTehers atacres RS oftanisb Rl Brstos B e But are
compos 1 on. ""éf}ﬁ“g‘ér%mm g aroups e ude T e e mot | red to

al i phatic g'r%'ﬁ‘ﬂ% ﬁm&&ﬂﬁbl nations of ali phatic 5 groups and
cyclic groups, phosph%ﬁuﬁsﬂb@g&smmbmg@ﬁaﬂém%gﬁbﬁwpwﬁﬁduhwssé oups,
silicon, phosphorus, boron gﬂr mani um Sui t abl e exan]él es of aliphatic

groups are h@d?’@@ﬂ’ﬂ%ﬁ%l’*‘?ﬂ@t‘i%@ f"ofrlloe'éégnﬁl"f@:"%ﬁép’nis 503d-33Fef i ns.
Sui tabl e exasp) g0k 169,947. 8,48 BB %38}’5’5624%& iN826; sfs\éﬁ'o%l'seig

cycl oacetyl eries, and arenés’ or ganonet g?’? groups’ i ncl ug
are 10 nbt |35.496.784; 5,563,%8.1b§15|5#ﬂ?5s(§ @013920, ﬁﬁll,ﬁﬂéti,\’i@s”?s §H§544f785t5e@1t20ﬁ,

groups, subs{ gl iads 964 SR HAS 668, 9400 e SAff: didtRhded HE Fhlick UeHarell OUPS -

incorporated by reference.

Specific examples of such organometal compounds are as follows:
bis(cyclopentadienyl)hafhium dichloride;

@ \\\Cl

Hf

S
20

bis(cyclopentadienyl)zirconium dichloride;

é; ‘\\\\Cl

Zr

<>

1,2-cthanediylbis(n’- 1-indenyl)di-n-butoxyhafiinm;



Various processes are known to make these organonetal conpounds. See, for
exanpl e, ents 4,939, 217; 5,210, 352; 5, 436, 305;-

5, 631, 335H0§@2§%& 880; 5,191, 132; 5, 480, 848; 5 399, 636; ﬁgﬁ%@gﬁé&5
5,347,026; 5,594,078; 5,498,581; 15 5, 496, 781; 5, 563, 284; 5, 554, 795;
5,420, 320; 5,451, 649; 5,541,272; 5,705, 478; 5,631, 203; 5,654, 454;

5,705, 579; and 5,668,230; the entire disclosures of which are hereby

i ncorporated by reference. Specifi fa;n-les of such organonetal conpounds.
are as follows: bis(cyclopentadi enl um di chI oride; HH ~d 20

bi s(cycl opent adi enyl ) zi rconi um diefafgxide; 2zZr " C

1, 2- et hanedi yl bi s(95-1-i ndenyl )[di !ﬁ O)paf it um WO 01/ 23433
PCTI US00126349 7 Hf .. 1, 2-et hagediyl §‘115 1- |ndenyl)dlnethyI2|rcon|un1
p\\CH3 Zr |CH3

3, 3- pent anedi yl bi s(, 15-4,5, 6, 7- r o- I-|ndenyl)hafn|un1d|chlor|de; Vv
cC~1d4a 5
met hyl phenyl sil yl bi s(ris-4,5,86, 'hydro-r-indenyl)zirconium

di chl ori de;

3,3-pentanediylbis(n’-4,5,6,7-tetrahydro-1-indenyl)hafnium dichloride;

\ \\\Cl
5 K—x
methylphenylsilylbis(q5-4,5,6,7-tetxahydro—1-indenyl)zirconium
dichloride;



.8 H3C/,'.. SC O

bi s(n-butyl cycl opent adi-enyl ) bi s(di -t-butyl anni do) hafnium___ . . \NHC( CH3) 3

Hf ° NHO( CHIW@OUB#B( n- but vyl cycl opent adi enyl ) zi r coni um di cFTGVYHIN2634%,," -y

di.met hyl si | yl bi s(1-i ndenyl)zirconiumdighloride; H3 H3C S **C WO

01/ 23433 PCT/ US00/ 26349 9 octyl phenyl sil yl bi s(1-i ndenyl ) haf ni um

dichloride; S ,,~\\C H SCl

di met hyl silyl bi s(g5-4,5,6,7-tetrahydro-|I-i

H3C//,, . SIi ,.~~\Ct H3C SCl 5

di met hyl si lyl bi s(2-nmethyl-1-i ndernll)zi rc
3Cu,

s,

bis(n-butylcyclopentadienyl)bis(di-z-butylamido)hafnium;

g SNHC(CHa)3
»
&\NHC(CHQ::

bis(n-butylcyclopentadienyl)zirconium dichloride;

% ~Cl

Zr

R
5

dimethylsilylbis(1-indenyl)zirconium dichloride;

| ) zi rconi um di chl ori de;

di/chl oride; H3C H3C/I.,,




H3C ,~~~~\Cl Si ~CH |3 ~ 1,2-ethanediylbis(9-fluorenyl)zirconium

di chl ori dg; /23433 PCT1US00126349 10 Zr.ad Cl:s4 | et hoxy
titani ung P‘\%‘x\gﬂg ride; Ti- f~"OCH2CH3 O/ OCH2CH3 PO G5l

(1 sopropyl am dodi net hyl si |l yl ) cycl opent g@di enyl titaniumdichloride; 5 _
H3C/A ~, -.S 1 H3C# " /Ti...,.,,"!dl NAOC

bi s(pent anet hyl cycl opent adi.enyl.) zi.rconium di chl or.ide; "C Cl  bis(indenyl)
zi rconi um di chl ori dé‘,% eM?‘%A%@‘M@%@H‘?%@%“&l Zi SC N~ ~

met hyl octylsilyl bis (9-fluorenyl) zirconiumdichloride; A Zr.MIJ Si & SCl

TS

dimethylsilylbis(n5-4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride;

1,2-cthanediylbis(9-fluorenyl)zirconium dichloride;



H3C and bis-[ 1-(N, N-diisopropyl am no)borat abenzene] hydri dozirconium 5
trifluoro onate / N(i-Pr)2 B OSR2CF3 N(i-Pr)2 ly, said
or ganomnet ﬁ@ﬁk@%ﬁ%d is selected fromthe group consisti lﬁgﬁg@“%ﬁg
bi.s(n-butyl cycl opent adi enyl ) zi rconi um di ¢l ori de; WO 01/ 23433

PCTI USQQ 26349 12 ,\Cl zZr "C bis(indenyl)zirconiumdichloride; Zr SCl
5 dinmethyl silyl bis(1l-indenyl) zirconiumdighloride; Si ,\Cl HOC**oo0, Zr
SCI and nethyloctylsilylbis(9-fluoren w coni um di chl ori de WD 01/ 23433
PCT/ US00126349 13 %' *Cl @

I,..\\CI

N\ Cl

indenyl diethoxy titanium(IV) chloride;

S

Ticon
a1 N/OCH,CH;
- YOCH,CHy

(isopropylamidodimethylsilyl)cyclopentadienyltitanium dichloride;

“si”
v '

HC \N/ T'"&"""m |
cl

<

bis(pentamethylcyclopentadienyl)zirconium dichloride;

“\\\CI

bis(indenyl) zirconium dichloride;



'H3C Organoal um num conpounds have the follow ng general formula:

Al (X5)n(X6)3-n In this formula, (X5) is a hydrocarbyl having froml to
about 20 W&WEH3htonms. Currently, 5 it is preferred wheFCYYE2634% an al kyl
having from1 to about 10 carbon atons; However, it is nost preferred when
(X5) is selected fromthe group consisting of rret hyl, ethyl, propyl,

butyl, and isobutyl. Inthis formula, (X6) is a halide, hydride, or

al koxide. Currently, it is preferre en (X6) is independently selected
fromthe group consisting of fluoro chloro. However, it is nost
preferred when (X6) is chloro. Int la, "n" is a nunber from1l to 3
i nclusive. However, it is preferred & is 3. Exanples of such
conpounds are as follows: trinethylal ‘um 15 triethylal um num (TEA);
tripropylalumnum - diethylal um numt 6xi My tributylal umi num

triisobutyl al um num hydride; 20 OByt yl al um num and diethyl al um num

chloride. Currently, TEA is pref¥§ SR> She fluorided silica-alunna
conprises silica, alumna and fl ud

The fluorided silica-alumna is in
the formof a particulate solid. Gere=ssly, to produce the WO 01/23433

PCT/ USO0/ 26349 14 flyorided, sjli al u .a s alumna is treated
with a fluoriding ad’é‘#‘f ‘i"ﬁ Hih‘él(&'ﬂﬂ @z‘?P‘HB‘?‘ldﬂi@l‘?@ ® he silica-al unina.

Generally, the fluoride is added to the si ® alumna by formng a slurry

of the silica-alunna |n_a'\egl\u_t\|-on of thé oriding agent and a suitable
/I,Il Z \\\CI

';."Si ‘
/ A Cl
H,C Qé

and
bis-[1-(N,N-diisopropylamino)boratabenzene]hydridozirconium

5 trifluoromethylsulfonate
N(i-Pr
NPT

‘D
&
Q \osozca

N(I-Pr)z

Preferably, said organometal compound is selected from the group

consisting of
10 bis(n-butylcyclopentadienyl)zirconium dichloride;



sol vent such as al cohol or water. Particularly suitable are one to three
carbon ato cohol s because of their volatility and lo t ensi on.
A suitablemgﬁgﬁkyggf the solution is utilized.to provideﬁ?ﬂghgégﬁ?ed
concentration of fluoride on the silica aunina after drying. Drying can
be effected by any nmet hod known in the art. For exanple, said drying can
be conpleted by suction filtration followed by evaporation, drying under
vacuum or by spray drying. 10 Any organic or inorganic fluoriding agent
whi ch can forma surface fluoride with/a silica-alum na can be used in
this invention. Suitable fluoriding age i nclude, but are not limted
to, hydrofluoric acid (HF), ammoni um |(¥g|(NH4F), anmoni um bi fl uori de
(NH4HF2) , anmmoni um f | uor oborate (NH4B afimoni um  si | i cof | uori de
((NH4) 2Si F6) , ammoni um fl uor ophosphat! ?), and m xtures 15 thereof.
The nost preferred fluoriding agent | thn1biquoride, due to ease of
use and availability. The anount of Xlu de present before calcining is
generally in the range of about 2 tofabout 50% by wei ght, preferably about
3 to about 25% by wei ght, and nost pbheferably, 4 to 20% by wei ght, where

t he wei ght percents are based on the weight of the fluorided

" silica-alumna before calcining. 20 It is inportant that the fluorided
silica alum na be cal cbis@uflenyljmircomiinnidichiayidecan be conducted in any suitable
anbient. Generally, the calcining is condugted in an anbi ent atnosphere,
preferably a dry anbi ent atnosphere, at /3--uerature in the range of

about 200C to about 900C, and for a ti'ia' ]e range of about 1 mnute to
about 100 hours. Preferably, the fluo A lica-alumna is cal cined at
tenperatures from about 25 300C to about |[6RICweNhd a tine in a range of
about 1 hour to about 10 hours, nost pref ZQQ%D, tenperatures from 350C to
550C and a tinme in a range of 1 hours f{ h&lirs. Optionally, the silica
al um na can be treated with a quor'V' agent during calcining. Any
fluoriding agent capable of contacti 8—=1 | i ca-al um na during the 30
calcining step can be used. In additis t hose fluoriding agents

descri bed previously, WO 0]/23433 PCTI US®®026349 15
5 dimethylsilylbis(1-indenyl) zirconium dichloride;

D
.

Hac/l/,,h
‘..Si —==\; .‘\\\\\C|
! and

methyloctylsilylbis(9-fluorenyl)zirconium dichloride



or géni c fluoriding agents of hi gh volatility are especially useful. Oganic
fluoridin agents of high volatility can be selected f h roup

consi sti n%oé’i”g?‘?%ons, per fl uor ohexane, perfl uorobenzen%(?l[}%’#“fyg{r3 t hane,
trifluoroethanol, and m xtures theregh. Gaseous hydrogen fluoride or

fluorine itself can be used. One convenient nethod 5 of contacting the
silica-alumna is to vaporize a fluoriding agent into a gas streamused to

fluidize the silica-alum during cal ci na The silica-al um na shoul d
have a pore volunme greater t about 0.5 v’jq preferably greater than
about 0.8 cc/g, and nost prefe ly, gre ban 1.0 cc/g. The silica

al um na shoul d have a surface area % eat allut 100 n2/g, 10
preferably greater than about 250 nR/‘gi ‘eferably greater than
350 n2/g. The silica-alumna of thi V's- have an al um na cont ent
from about 5 to about 95% prefdls&bly fromalyplit 8 to about 50% and nost
preferably from 10%to 30% al um na by wej The catal yst conpositions of
this invention can be produced by contactiNgg A5 the organonetal conpound,
the fluorided silica-alumna, and the organoal um num conpound, together.

This contacting can cigfidkhnfingh dipofidé hte HEKstio néiil fobRhlaexanpl e,
bl endi ng. Furthernore, each of these conpounds can be fed into a reactor

separately, or various conbinati m(xsy]{(xﬁj_g%e conpounds can be contact ed

t oget her before being further contacted in the reactor, or all three
conpounds gwaits bﬁmﬁ&?()éﬁ)ﬁﬁﬂhidﬁﬂﬁb?ﬂ{avﬁ?ffﬂ:hﬁl RribBa 20%3rbioR tatonsk Cederitlyf 0 t he
reactor. Currently, one nethod is to first contact an organonetal conpound
and a § | Uoisipieferral WhenaXa) isuh nikyt lmying frem 1 fombouttidicarbon atamst Howevenlibut 24
hours, preferably, 1 m nute to 1 hour, at a tenperature from about 10C to
about 2000s mestmrefered Yhas(&-) is sclgesed fromg theogrpyp.conpisting fimatiylsthylpiorvhen
contact this.fl Jture with an organoal um num 25 conpound to formthe
cat al yst (%%bésl{dﬁ%ogmﬁ('meferably, t he organonetal conpound, the

or ganoal um num conp@!ikk forrmiial (xﬁpisalhumei, Rylide, dralkexide UDirfentlgritispr econt act ed
before injection into the reactor for about 1 mnute to about 24 hours,

pr ef er abl ypreferrad where(X9) islindrpendently selected fvny the group censisting offlecro@® t 0 about” .

200C, i)referabl 20C to 80C, in order ) obtain high activity.
0 chloro. However, it is most preferred when (X°)

/
0

is chloro.
In this formula, “n” is a number from 1 to 3 inclusive. However, it is
preferred when “n” is 3. |
Examples of such compounds are as follows:
trimethylaluminum;
15 triethylaluminum (TEA),
' tripropylaluminum;
diethylaluminum ethoxide;
tributylaluminum;
triisobutylaluminum hydride;
20 triisobutylaluminum; and
diethylaluminum chloride.
Currently, TEA is preferred.
The fluorided silica-alumina comprises silica, alumina and fluoride. The

_fluorided silica-alumina is in the form of a particulate solid. Generally, to produce the



30 A weight ratio of organoal um num conpound to the fluorided silica-
alumna in the catal yst conposition ranges fromabout 5:1 to about 1:1000,
pref er abl y, WA@18¥3332133 pCT/ US00/ 26349 ~ 16 from about 3: FCEFSUAE 1: 100,
and nost preferably, from1l:1 to 1:50. Ajxeight ratio of the fluorided
silica-alum na to the organonetal conpound in the catalyst conposition
ranges from about 10,000:1 to about 1:1, preferably, from about 1000:1 to
about 10:1, Hverided siicpralimina, psilica-pluginadp Beatedwith 3 flugridinpagent, inrprderdoadd i os

are based onﬂ%;fdgm@sncqfﬂmﬁa.tc‘ﬁgam?m@ AGATERI S 5fel b @b Vlicl BamikAl2 | YSt

conposi tion. r contacting, catal yst conposition conprises d

post - cont act famingragivronefithe sibeagleming in asqletion of the: noriding agepi andit suitablem
conmpound, and,a post- d fLuor i I lica- ' houl d be
not ed t hat tﬁ%veﬁgg‘?c- ca(s)%%gﬁc?q(eéd%ﬁeﬁgr%l%ﬁlélgﬁg6a%#’1°%gea@4§ﬁg}rln§%acaﬁsmtsalqoy maj ority,
by wei ght5 oficotivds ehuise s theiraolatliytand low Srfaeetehsion 2, suitale ambingt of dgponent s

compos t on FeletE P EABiox AT der e SBereE e fhEate o s e atopties
cat al yst conpRéridryifg Dfyirgtafi be Bff&idd tyianfafedtdd kawh i thy af/ R eRdmplbadida

catal yst composition that uses the sane organonetal conpound, and the sane
- 15 or ganoal ufAYingRar BrHFerpigted BMP“QF&E?IWBH‘ﬁQWCQ Y praporafien.dryipg yoder i na
~that has not yhagh ol 8% iggdd with fluoride as shown in control exanples
3-7. Furthernore, the gat al'yst conposition of this invention has an
~activityl@reater than Anyerganiqorinexgape Sneriding ageat whiskean fore a surface
or.ganonet al ~ . ) . S a

Fl or i dedsi [oaueyrry s AEe iR WP ucLisa B U SO il 3BT 5 10
Thi s acti vi t inchele it aeawtlimited todisndreflueric geig GHFemmorinmfiuartie (NHyBRs, usi ng
| sobutane as the diluent, and with a polynerization tenperature of about
50 to about awOEuNLbifuendedNEHEa) apymoning Buerpborats NH4BEY, ammepEm 800

psi g. \Wen cal | n | Vid.Les ol. | zation r ul occur at the
ane. pol yirer Fibatisrds el S5k snnfignibcfPhombaie dNHBES HunEREFL [y no
i ndi cati qn of;.AR¥ Rk { S hodi : N
However , nglt |ihs pr'e‘r@rllpg%%?éf % fe aiél?iﬁgla {Pt ?’s gr%‘g@{é@sﬂt éﬁé,%%ﬁ&ﬁé@mar ans
of and availability. The amount of fluoride present before calcining is generally in the range

of about 2 to about 50% by weight, preferably about 3 to about 25% by weight, and most

preferably, 4 to 20% by weight, where the weight percents are based on the weight of the

fluorided silica-alumina before calcining.

20 It is important that the fluorided silica-alumina be calcined. The calcining
can be conducted in any' suitable ambient. Generally, the calcining is .conducted inan
ambient atmosphere, preferably a dry ambient atmosphere, at a temperature in the range
of about 200°C to about 900°C, and for a time in the fangc of about 1 minute to about 100
hours. Preferably, the fluorided silica-alumina is calcined at temperatures from about

25  300°C to about 600°C and a time in a range of about 1 hour to about 10 hours, most
preferably, temperatures from 350°C to 550°C and atimeina range of 1 hours to 10
hours. | o

Optionally, the silica-alumin-a'can be treated with a ﬂuoridiﬂg agent during
calcining. Any fluoriding agent capable of contacting the silica-alumina during the
30 calcining step can be used. In addition to those fluoriding agents described previously,



pol ymer per gramof fluorided silica-alumna per hour, nore preferably
greater t 2000, even nore preferably greater and nost
preferabl‘ega@gﬁer than 8,000. This activity is neasure %@68 slurry
pol yneri zati on conditions, using isobusane as the diluent, and with a
pol ymeri zation tenperature of 90C, and an ethylene pressure of 550 30 psig.

The reactor shoul d, have subst ntlal] no indjication of a scal e,

coating ororgdiGEwo Wﬂﬁeﬁf°§lﬁgﬁ‘f"ﬂﬁu °§PrY %waqﬁ'eng'gg 17 One of
t he inport bt aBREh Volaflity il Be delt¥éRA FoMthd SrobfednsiBngtdfUfdoixane needs to be
used in order to Tormthe catal yst conmpositign. Al um noxane i S an expensive

conpound tMUWI@&MWPMW@M@W%%?WFGHQB?WM@Q mixiMre§ 3l so means
that no wahgkor 'éas 2%:.%& B} SOMBRY AR B ARY0RSconThlidht bitaanel | ci al

because water can mes kill a polynerization process. Additionally,
it shoul d dfeontetting thhahcaenimbwaﬁte vampeﬂn@r@m&mnmmtﬁegaasw weedider to

formthe c t%ﬁ‘ sTolaye] "s 4&9’111 D RHEER Y, this neans that the catalyst
gﬁuca 1)in

conpositio et er ogefous, and whi ch can be used for polynerizing
nononmer s or nononer sThesilicaraunina shonkd haveropareeolame geeateo thas about P.5a4g,

' I d b f_ th f I ' d
or bor at ¢ WECR BRI biHLe M oY P RO (oRbund noods 1o
be added, nor any bﬁ@%&cgsﬁfﬁnatsﬂo&&hmdﬁqﬁa&a}arg?&a&é}%dﬂms&tmew/ | t hough

al um noxane, borate conpounds, organochrom um conpounds, are not

neededid N {rBRrablyedre4téraBan BRSO ML, nd inbQ pecfarablp gtears than B5Hm2 L§ed in ot her

enbodi nents of this invention. |In another enbodi ment of this g’]vent i on,

process conpri sing Jdwsilica-plyminarf this mvention cahhavean alygnacontenhiom ¢ o) yst

conposi ti OfhohOs &gﬁ%"/ﬁbréf@rﬁlﬂ? ﬁeﬂeab&ﬁlswmowt smpm%&egmfimy feam
"pol ymer" as used in thi's di-scl osure includes honopol yners and copol yners.

The cat al yt1% to3ffesiumirpbycsgigie used to pol yneri ze at | east one nonomer to

produce a honopol y DRHITES By a{gacﬁ{p%mrl sed
of  nononer reS|dug‘si!lr %g%&gglg @?égg? g%rﬂaétorrs per mglle
pref er &bl yth2 otgan@xbctaltcomom ﬁumend@tsdm-abwnmwé@e otgangalumisgm v it i S

o1 ot hy! eriouigpl ARk, 1 ABRATn bitur B RRRGRE MR ek bs toP a1 N0

blending. Furthermore, each of these compounds can be fed into a reactor separately, or

" various combinations of these compounds can be_contacted together before being further
contacted in the reactor, or all three compounds can be contacted together before being
20 introduced into the reactor. _
Currently, one method is to first contact an organometal compound and a
fluorided silica-alumina together, for about 1 minute to about 24 hours, preferably, 1
minute to 1 hour, at a temperature from about 10°C to about 200°C, preferably 15°C to
80°C, to form a first mixture, and then contact this first mixture with an organoaluminum
25 compound to form the catalyst composition. _
Preferably, the organometal compound, the organoaluminum compound,
and the fluorided silica-alumina are precontacted before injection into the reactor for
about 1 minute to about 24 hours, preferably, 1 minute to 1 hour, at a temperature from
about 10°C to about 200°C, preferably 20°C to 80°C, in order to obtain high activity.
30 A weight ratio of organoaluminum compound to the fluorided silica-
alumina in the catalyst composition ranges from about 5:1 to about 1:1000, preferably,



pentene, 3-nethyl-1 pentene, 4-nethyl-I-pentene, 1-hexene,

3-ethyl -1-hexene, |-heptene, 1-octene, 1l-nonene, 1-decene, and m xtures

t her eof . VWhWR02¥33ppol yner is desired, it is nost prefer PEFUSEARMOy neri ze
25 ethylene or propylene. \Wen a copolyngg is desired, the copol ymer

conpri ses nononer residues and one or nore cononorier residues, each having
fromabout 2 to about 20 carbon atons per nol ecule. Suitable conononers

i ncl ude, but fremabewst3:] forpbewtd 1108, andgnoespprgferably fiopek:1 ts1:AGy i ng from 3to 20

carbon atons per nol ec gﬁﬁﬁ Shumidy ut ene,
1-pentene, 4-nethyl-I -;L?Leﬁfl ne, gﬁ‘éxgﬁgend%{ig%ﬁg%glne tQQYJ ol efins 30 and
~ conj ugat ed oconmmn(bn}uhgaatddstdbmbmiumangssﬁomb&ut&ﬂkﬁ@ﬂadoahmt lt]soprene,

pi peryl ene, di 1,.4- t adi 7- adi ene, and
ot her such dP% %ﬁ? %’%@9?3@%@%‘?%1’7%&9% %?"H%"ﬁ@éﬁﬁereof.
When a copol y0rer Thésedfivs arthasddionithe m@ﬁxebmelcéxﬁpmhtymbmd eigiyd hee and at
| east one com) oner sel.ected fromthe group consisting of 1-butene, |

pent ene, | - ¥R COMPRYGWne  and 1- decene. The anmount of conononer

i ntroduced |nto a I eaCAfir coftadiig! tfie B4t géi%SmﬁoﬁﬁB‘Moﬁiﬁﬁﬁes'aSpdaﬁW{éd% from
about 0.01 to about 10 weg#ght per cent conononer based on the total weight
of the npnoneigargeetdsApR rapw-éwé%ﬂqrgmabl@mnmcmpmdwé@tpos- and nost
pref erably, he
above descrlg c%ntgxgﬁﬁé&aﬁ%% @LM&%@SL I'n t e cﬁhﬁyﬁl‘é#&ﬁioﬁﬁg%% can be
used. Pr messhea-alhm!naaathep@hqanwlmf, of Seatalystcomposition. O@epnmdmce a

pol ymer are L ation,
gas phase 105’;(“ RV %’Ea ﬁ@g tcata%“%%hon%o %%gogtﬂ%ﬁ‘ e‘?(tfo%rls 5?% érred

to perform acmhpusngon mhdswhedlazedmmmgrpoat-éomqotedeampmmﬂs zone. Suitable

di l uents used in slurr zat n the art and

i ncl ude hydr ocar bons Jaﬁ? °°ﬂp8ff %tggﬂn\pggg}%ﬁnagtgﬂa’g?%ﬁéﬁmﬁe term
“diluent” aScatﬂﬁdcbmpédiﬁcﬁltﬁat&eésQMaﬁledﬁmomfal codgRufid fant Yhesame an i nert
material , it is ssi bl e that di | uent can conteruteto onrrerlzatlon
Sui tabl el45 %@%ﬂlﬂ SOMBAG RNt upgsalumina, silica, qr sl %alumsna@y

i sobut ane, uﬂ% %dvﬂﬂ%ﬁﬁeasﬁo%%@éiﬁrolbﬁﬂ%@tﬁﬁeﬁurﬂx%ﬁn?&@ttﬁé‘@am@d?d n
- hexane. Furtherm)re is nost preferred to use isobutane as the dil uent

inaslurry mmmmzaéthl-ﬂﬁvermahﬂ anacHyitisgreaten tharmentalypy cemposifion that uses

the same organometal compound, and the same organoaluminum compound, but uses a

fluorided silica or a fluorided alumina as shown in control examples 9-10. This activity is

20  measured under slurry polymerization conditions, using isobutane as the diluent, and with
a polymerization temperature of about 50 to about 150°C, and an ethylene pressure of
about 400 to about 800 psig. When comparing activities, polymerization runs should
occur at the same polymerization conditions. The reactor should have substantially no
indication of any wall scale, coating or other forms of fouling.

25 However, it is preferred if the activity is greater than about 1000 grams of
polymer per gram of ﬂuorided silica-alumina per hour, more preferably greater than about
2000, even more preferably greater than 5000, and most preferably greater than 8,000.
This activity is measured under slurry polymerjzation conditions, using isobutane as the
diluent, and with a polymerization temperature of 90°C, and an ethylene pressure of 550

30  psig. The reactor should have substantially no indication of any wall scale, coating or

other forms of fouling.



found in U S. Patents 4,424, 341; 4,501, 885; 4,613,484; 4,737,280; and
5,597,892; the entire disclosures of which are hereby incorporated by

ref erenceWOIY233e catal yst conpositions used in this pr?ﬁ'&%’ﬁ) duce good
quality polymer particles wthout suhgtantially fouling the reactor. Wen
the catal yst conposition is to be used in a |oop reactor zone under slurry

pol ynmeri zation conditions, it is preferred., when the particle size of the
solid oxi de conpoun®uesfths impertantaspectsof this inyentian i that s AUMINE¥NS i cr ons,

preferabl y, the 2sediif ogqug)tfoﬁﬂﬁae%ﬁm%mpaﬁ&hmm&wi@m YepeRGyd 0 200 25

m crons, for best control during polynerization. In a nore specific

enbodi ment copfpotid that greaslytinaseasescpopymes produdtion gesis | Hhigjalsomeansdhaplse watet at al yst
conposition, t Eii?. . | ol h LSk essentially
of', or " CISHS?%&?O%C?QC)&??‘:SS coh%%g{'?ﬁggggg‘{‘_e ¥Iglaba umh%gér\?\ng% h wat er

cont ai n§ ngsorerimes kilh a fdlynirizhticor probess. AAdditivdallys itahéuld be notedithei o bogatel um na;

(2) calcining the fluorided,silica-alumn t,a tenperature Wthin a range
WO 01/ 254 ReTBERsEsE) DibsHeed ingrist fo8pt s el PmpSRbo, dhitimity Q‘l'sned k
CONpPOSi t i Ofednd Mabthe4atalystZOmpoiigsy, whithdshdterbgenous, ael whiels eah berusédifor wei ght  of
the fluorided silica alum na before ¢alcinin ;oéSI%o conbi nliaﬁn%ﬂfai cal ci ned
conposi t i oPPIYREHZEIPONBRAS PrIYIOBIGE A °mb‘?ré?ﬂfg FoPnomsT G WAde at a
tfe{mer gt ;Jrﬁexﬁeilamély pioBudedbashusd of tilabkéhcd Biank AlupiiA6HAGE coripoands ortberas and (4)
after between

mnute_ and 1 hour, conbining said rrixgur nd
triet hy® al compounds: dAdditisnally ne aTEanQCToRNYE CoR ﬁ?qsdﬁ.eP%efiﬁa’dlj’éﬁ“Ycan be used
in this inyeeiahsidpé Ymhhﬁ&tm&aﬁ&{.omﬁmunﬁwaﬁe%oml ymer nol ecul ar
wei ght. 10 ter the polynmers are produced, they can be forned into various
articles, compoundssorghugchrominm cempeinds ohMeflasrnatngeded imhg prefesredi | s, film

o=, S Pk 89 Gl PGB o e 007
added to the pol ymern amthereémbodiment of thislinvension  aproedss eqmpyisingicoptacting
15  atleast one monomer and the catalyst conipositioﬁ to produce at least one polymer is
provided. The term "polymer” as used in this disclosure includes homopolymers and
copolymers. The catalyst composition can be used to polymerize at least one monomer to
produce a homopolymer or a copolymer. Usually, homopolymers are comprised of
monomer residues, having 2 to about 20 carbon atoms per molecule, preferably 2 to about
20 10 carbon atoms per molecule. Currently, it is preferred when at least one monomer is
selected from the group consisting of ethylene, propylene, 1-butene, 3-methyl-1-butene, 1-
pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene, 3-ethyl-1-hexene, 1-heptene,
1-octene, 1-nonene, 1-decene, and mixtures thereof.
When a homopolymer is desired, it is most preferred to polymerize
25  ethylene or propylene. When a copolymer is desired, the copolymer comprises monomer
residues and one or more comonomer residues, each having from about 2 to about 20
carbon atoms per molecule. Suitable comonomers include, but are not limited to,
aliphatic 1-olefins having from 3 to 20 carbon atoms per molecule, such as, for example,
propylene, 1-butene, l;pentene, 4-methyl-1-pentene, 1-hexene, 1-octene, and other olefins
30 and conjugated or nonconjugated diolefins such as 1,3-butadiene, isoprene, piperylene,
2,3-dimethyl-1,3-butadiene, 1,4-pentadiene, 1,7-hexadiene, and other such diolefins and



bel i eved that by using the invention described herein, articles can be
produced at a |lower 15 cost, while maintaining nost, if not_all, of the
uni que prop¥OGL@¥33f pol yners produced with netall ocene Jggﬁpw?ﬁﬁs
EXAVPLES TESTI NG METHODS A ?CUantachronquutosorb-G Ni trogen Pore Size
Distribution Instrunent” 20 was used to determ ned surface areas and pore
vol umes. This instrunment was acquired fromthe Quantachronme Corporation

Syosset, N YmiRmEPfRrepf.ONher 2 cppabmmeninfesionds isprrfenefirrlymsomermthytsng and

Silica was obt.al [ : ' I ) of 1.6
cubic centi ﬁ{%??ggﬁéoﬁdﬁ%%%c%ﬁzﬁﬂggﬁP ?géneﬁgg?%gng e%ﬁ%t}t% “ %Sy’gguar e
meters per Réxepednodier2, anid. 1-dépenst T amennt ofixfortoneme ihroducedingo preagter] i n a
1.75 inch quartz tube fitted with a sipatered r.t ' ttom
Wiile the si F?‘é,"a‘°\k’é%d?‘§%?)ﬁ%’r° vgaerwpﬁsﬁ:aﬁg%ﬁwt&%g?-?ba‘ilzi%‘%f { %%e?‘ hr ough
the disk gt {(hRohdniedaseddhthexbtabWweight of tife honolned and combmiothes, phéferablgetbouper
hour. An electric furnace around the ciuartz t ube, was then turped on,. and
the 30 tenpePdlip abomhs Mi%‘@ﬂp’&fe’;bl% Orlp 8- lterpptivelyan Jmopnt f"l;ﬁ%{e‘f"é?rﬁ‘é{f’at ure

of 600C. At i sbovd GEPMeAlCHh@ntrititRs, Yy vicight WA theWobSIvRer proddded ball Beust®@r three
hours in the dry air. Afterward, fosthy T 18 acRop Oy draddcctl vil st | NS

was col | ected and st or Brocessesdhatgan polymeringaf leastiqne miopomaer tg PEPdes 2 pRlymerany
exposure to e |, LI | Q,aggum' na from
Akzo Nobel vvata%qg%%}gﬁ%e %h%uflﬁ\ﬁg%&%ﬁgkg%@réﬂ%*%gﬁﬁ%% 8 cc/g and a
surface dPea polymetication3ad selttign pelymetization.dt is preféreed toperforpy gfured by t he
procedure desgribed previ I . € oS il . MVTap | es
were cal ci nec?og'fneﬂﬁ nq%bg%ﬁ %ar?é&gb%% Swféggﬁgﬁgﬁﬁﬁgﬁﬁgu%afne from
‘W R. G-ace as ahSvdlBkrbixh in et axi amidrimpludedfdmcarbonsavhichoars Aikuid wniderxeaction
silica-al um na ‘ijad a,pore yql urTE, of 1..2 cclg and & surface area of about
200 o/ g. S opRdiicns, TR AT HIYeRE' 45 apdctif IR P epPUi dugs B peggecty Fitatan

inert material; it is possible that a diluent can contribute to polymerization. Suitable

15 - hydrocarbons include, but are not limited to, cyclohexane, isobutane, n-butane, propane, .
| n-pentane, isopentane, neopentane, and n-hexane. ‘Furthermore, it is most preferred to use
isobutane as the diluent in a slurry polymerization. Examples of such technology can be
found in U.S. Patents 4,424,341; 4,501,885; 4,613,484; 4,737,280; and 5,597,892, the
entire disclosures of which are hereby incorporated by reference.

20 The catalyst compositions used in this process produce good quality
polymer particles without substantially fouling the reactor. When the catalyst composition
is to be used in a loop reactor zone under slury polymerization conditions, it is preferred
when the particle size of the solid oxide compound is in the range of about 10 to about
1000 microns, preferably about 25 to about 500 microns, and most preferably, 50 to 200

25  microns, for best control during polymerization.

In a more specific embodiment of this invention, a process is provided to
produce a catalyst composition, the process comprising (optionally, "consisting essentially
of”, or "consisting of""):

(1) contacting a silica-alumina with water containing ammonium

30 bifluoride to produce a fluorided silica-alumina;

(2) calcining the fluorided silica-alumina at a temperature within a range



10 previously for the silica. GENERAL DESCRI PTI ON OF POLYMERI ZATI ONS RUNS
Pol ymeri zation runs were made in a 2.2 liter steel reactor equipped with a
mari ne st WOr®23438inni ng at 400 revol uti ons per m nute (rpayUSODIRE349 cact or was
surrounded by a steel jacket contai nilgg boi li ng nmethanol with a connection
to a steel condenser. The 15 boiling point of the nethanol was controlled
by varying nitrogen pressure applied to the condenser and jacket, which
permtted ¢fi3s0itsE0rEnppmducerasalcined carhpdasisionihaying 4 Go BiDweight percentiiinonide p  of

electronic_control instr ts., Unl.ess ot herwi se, st.ated, first, an oxide
conpound o as#%tﬁfa'&?ﬁé?@% ‘3°“£F‘g?#‘ éaﬁﬁg'ag'ﬁfgfegc@&“%er nitrogen to a dry
reactor. Next, two if3) lcombiningsaidicaleinsdéaniposition a6l vis(ntbaityleyeippentd gr ans of

bi s(n-butyl.cycl gpent adj, 1) zirconiumdjchloride 00 mlliliters of
t ol uene \Ae‘?‘@‘yi)cﬁ!fé?ﬁmw ‘é@‘?‘?ﬂﬁ‘)ﬁét. tPRFratuge @Fmﬁﬁpﬁlﬁéﬁﬁﬁt@% Qpedicen oy ged

to thesrepmixlre; @d the reactor was then heated up to 90C. One mlliliter,
or two milliliters, of TEA or ethyl alum numdichloride (EADC) was added
m dway during the i $ébpafterhstwesndminypand] hoyr) spmbining s ded to the

reactor t ' }s tgat @i ned during the experinent.
Ot mgﬁ@g \ﬁ%}‘gduc\é’gilﬁ Rat¥§st compsRtion

The stirring Was to continte for the specified tine, and the
activity was noted [Hydrogeweanbegsedin tifis inxensiondn i polymerization prasesste@act or to

mai ntain pre otted tine, the ethylene flow was stopped,
and the re?gfr%wo‘fyﬁ%\%\l}oﬁ&ﬂ%r&e SJl:II‘i zed and opened to recover a granul ar

pol ymet0 In all caséesher thepolyamrsare prodireddbeysian he forned imto varivs ediclesn of any

femoved.  aPEBR Krrdamae R nelsSnsS d S ireali, 455 R3EmRE e 1

( CONTROLS) pipés, geomenibpdnes, drdrihness. Vatioss frbcebses canofbgn thesedrtitles Mspallynd added t o

the reactoy W th TEA or EA oes no rovi de . an tivity. .. A .

pol yrer i zaTJdBWe§ﬂ?‘il’g@§8?fﬁa‘§%§§&c§8§?ﬂ° Bt ?&%E@?“%Meﬁf&%}?‘ae 5

- ﬁ OWDOU][ld VigstietsddBat by Bbiy tHRifverfién ddétitidd hirdin, rticlestdn\belprodiieed stedowerAf t er one.
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cost, while maintaining most, if not all, of the unique properties of polymers produced
with metallocene catalysts.
EXAMPLES
TESTING METHODS
A "Quantachrome Autosorb-6 Nitrogen Pore Size Distribution Instrument”

20 was used to determined surface areas and pore volumes. This instrument was acquired
from the Quantachrome Corporation, Syosset, N.Y.-

PREPARATION OF OXIDE COMPOUNDS FOR CONTROL EXAMPLES 3-7

Silica was obtained from W.R.Grace, grade 952, having a pore volume of
1.6 cubic centimeter per gram (cc/g) and a surface area of about 300 square meters per

25  gram (m2/g).

About 10 grams of the silica were placed in a 1.75 inch quartz tube fitted
with a sintered quartz disk at the bottom. While the silica was supported on the disk, dry
air was blown up through the disk at the linear rate of about 1.6 to 1.8 standard cubic feet
per hour. An electric furnace around the quartz tube was then turned on, and the

30 temperature was raised at the rate of 400°C per hour to a temperature of 600°C. At this

temperature, the silica was allowed to fluidize for three hours in the dry air. Afterward,



stirring, the reactor was depressurized and opened, but in each case no
pol ymer was found. These results are shown in Table 1. EXAMPLES 3-7

( CONTROLS) . Wo#13348% per i nent denonstrates the use of diffePER{USBAFoH?
conpounds, an 10 organonetal conpound, agd TEA. Each of the oxide
conpounds described previously was added to the ‘reactor, followed by the
organonmetal conpound and TEA sol utions as used in the rocedure di scussed
previously. thesdicawsn sollsotedne shared ynderdnenitrogen; Thesitigadidinetdavetiost no

pol yner. Al Uk ddRure WitchhSsph&gar ded as nore 15 acidic than the silica,
produced nore pol yner, but stlll the activity was very low. This was true
of all three di fferentAmwmldwKﬁmmaMmmégnwmomehms Qaing¢dimi na
al so exhibited, only very low activit WO 01/ 23433 _PCT/ US00 26349 22
TABLE 1 ( Conb\éng xpers velume ofabopt|ld 8?§)|/8én6fﬁ sirface aree AfakoRt 0 Wf/ganduming v ey

Run Activit CoR d
(mnn ) I(\rif)ysﬁm'%éne 3 bibalchl] %p Eﬁ HE SR ety £ ooog&a@xﬁ&h)go 028 0

0 3 Silica e@mnm%m@szve(rer@gm@asswg,éoofc andQ00fF-na 800 0.6948 1 (TEA)

R A i

*Activity isi3¥% almnmaamdS’@ﬁ»anhsa dte pidicy-alamimy kadhagbreovoluige eftlndoigdnddar ged

per hour. EXAMPLE 8 ((CONTROL AND | NVENTI VE RUNS) .
surface area of about 400 m</g. Silica-alumina samples were prepared as described

10  previously for the silica.
GENERAL DESCRIPTION OF POLYMERIZATIONS RUNS
Polymerization runs were made in a 2.2 liter steel reactor equipped with a
marine stirrer running at 400 revolutions per minute (rpm). The reactor was surrounded by
a steel jacket containing boiling methanol with a connection to a steel condenser. The
15  boiling point of the methanol was controlled by varying nitrogen pressure applied to the
condenser and jackét, which pemﬁ&ed precise temperature control to within +0.5°C, with
the help of electronic control instruments.
Unless otherwise stated, first, an oxide compound or fluorided silica-
alumina was charged under nitrogen to a dry reactor. Next, two milliliters of a solution
20 containing 0.5 grams of bis(n-butylcyclopentadienyl) zirconium dichloride per 100
milliliters of toluene were added by syringe. Then, 1.2 liters of isobutane were charged to
the reactor, and the reactor was then heated up to 90°C. One mililiter, or two milliliters,
of TEA or ethyl aluminum dichloride (EADC) was added midWay during the isobutane
addition. Finally, ethylene was added to the reactor to equal 550 psig, which was
25  maintained during the experiment. The stirring was allowed to continue for the specified
time, and the activity was noted by recording the flow of ethylene into the reactor to
maintain pressure. '
After the allotted time, the ethylene flow was stopped, and the reactor
slowly depressurized and opened to recover a granular polymer. In all cases, the reactor
30  was clean with no indication of any wall scale, coating, or other forms of fouling. The

polymer was then removed, dried, and weighed.



5 The foll ow ng catal yst conpositions were produced to denonstrate this
invention at different |oadings of amoni um bifluoride and at different

cal ci nat i wooieaper at ures. A snmall anount of a silica aPORUSM26M99| d as MS
13-110 by WR G ace Conpany having 32 urface area of 400 n2/g and a pore,
volume of 1.2 cc/g, was 10 inpregnated w th about twice its weight of water
cont ai ni ng anmoni um bi fluoride dissolved in it to produce a fluorided

silica-alumna. For exanpl e, BXAMPLES 2:2{CONTROLS)si | i ca- al umi na was
i npregnated with 100r I I il 5J%%n%t%%‘a@%&% oag{’ﬁr}g&mﬁ%&é&ltgmg 5 grans

JHA
of anmmoni um bi fl uori erc anmoni um
bi fl uori dereact];hwﬂhﬂ'EALdrMG doaanuﬂiroudmthycaoﬂmtyst ency. 15 The fl uori ded

silica-alum na was the laced in a va nanddr ed verni,ght at 1

| OC under hal f an at‘grﬂglaﬁ‘@?@%ﬁ“%‘ﬁﬁ né %?glpresvllo&lay\%gcp?gog:gp%l ne 10

grans 0§ t Bempdun@iasiadiied] EthyRnaivasidded,ibht sby actitikywal seem QA fidr bnelhouk b 1 equi r ed
t enperature for three hours. The f|u0l’ldi%e81|lca al um na was then stored

under ni t r StifERs.Tha feacter wWasdepressypizadiand openg egeiticasene PAYIEERESHr with an
or ganonet ak, £arRew s drdEAwa BAICT. bed WO 01/ 23433 PCTLUS00126349 23
previously 1n this disclosure. These runs are shown in Table 2, and they
are plotted graphically in FiEBXAMPLES 3-7(QONTRQISws t he nost active run

from each |oading, r r@eﬁﬁ; srafed bifel %,@m oidatdned agai nst
amoni um bi f | uori de -ﬁggél ng. éq‘%%?gﬂresg sugéaérﬁghp otted(ﬁ.t graphically in
Figurel. Amganemetidsompeund; aiiTBAe data in Table 3, excellent catalyst
activity was observ ﬂﬂﬁﬁ qPﬁg 1¥8s from about
5 to about 35% by V\%%}d\é/?&g H?ga cal cl nﬁgﬁg}m h#}% ?‘t‘;re 0 rom about 3000C
to about *GG&am,TaBiyEdbyﬁxeeargdmnmemoﬁhmde%ﬂst usednn thene Cal ci ni ng
Actvvity* Loadh ng. ShlSakidy. FAbhmd S shdths 2ralem N2

Silica produced al_most no polymer. Alumina, which is regarded as more

15  acidic than the silica, produced more polymer, but still the activity was very low. This was
true of all three different activation temperatures tested. The silica-alumina also exhibited

only very low activity.



8-1 5 0.0293 140 69.0 . 450 4155 8-2 5 0.0188 117 60.1 600 6213 8- 3
0.0353 60 37.0 750 2756 8-4 5 0.2318 203 40.0 850 1312 8-5 3 0.1266 205
45.7 800 21960123433 10 0. 0800 68 28.0 300 1816 8-7 10 0. 0FEEUPHR6ED 7 350

5825 8-8 10 0.0251 228 44.5 400 12248 $£ 9 10 0.0183 175 48.0 400 11954

5

8-10 10 0.0779 270 20.0 400 10398 8 11 10 0.0109 165 60.0 450 15138 8-12
10 0. 0059 109 60.0 450 18475 8-13 10, O, 0200 22 80 1 500 11181 8-14 10
0.0792 179 16.0 500 8485 8-15 THBLE 50 7028 8-16 10 0.0897

149 18.0 60d
21.0 700 464
2057 8-21 1
8-23 22 0. 23

0. 0214 34 4§.

88 22.0 700

10

15

 Fample | SType of U ‘Caléﬂﬁﬂg L Loxitd: < U%éo’- otymer - Rurl- Y Avity™Y
8 8-19 10 0. 236 288 50.0 750{1478 8-20 10 0L 0829191 32.0
0 0.21$5 Omide 5§ 0(°CB50| Gampound p alwminym 11774ek319f Ty | 200 3598
55 320| C8mPoud@P 9068 B-24g)22 (.chfpéundd0 21.0 P@RnFHE96 8- 2p
2 500(2109 8{26 22 of 1715 146 3228 60 1651 | 8-27]|22 0. 162
1474 01/ 23433 PCTI UsOQ 26349
1 None 0.0000 2 (TEA) 0 61.1 0
2 None | 00000 | 2 (EADC) 0 280 0
3 Silica 600 05686 | 2(TEA) 0.65 63.0 1
4 Alumina 200 0.6948 1 (TEA) 2.7 30.7 ]
5 Alumina 600 0.2361 2 (TEA) 6.9 60.9 29
6 Alumina | 400 0.8475 | 1(TEA) | trace | 572 0
7 Silica- 600 03912 | 1(TEA) 8.3 40,0 32
Alumina

*Activity is in units of grams of polymer/gram of oxide compound charged per hour.
EXAMPLE 8 (CONTROL AND INVENTIVE RUNS

The following catalyst compositions were produced to demonstrate this
invention at different loadings of ammonium bifluoride and at different calcination
temperatures.

A small amount of a silica-alumina, sold as MS13-110 by W.R. Grace
Company having a surface area of 400 m?/ g and a pore volume of 1.2 cc/g, was
impregnated with about twice its weight of water containing ammonium bifluoride
dissolved in it to produce a fluorided silica-alumina. For example, fifty grams'of the
silica-alumina was impregnated with 100 milliliters of an aqueous solution containing 5
grams of ammonium bifluoride for a 10 weight percént loading of ammonium bifluoride,
This resulted in a wet sand cohsistency.

The fluorided silica-alumina Was then placed in a vacuum oven and dried
overnight at 110°C under half an atmosphere of vacuum. The final step was to calcine 10
grams of the fluorided silica-alumina in dry fluidizing air at the required temperature for
three hours. The fluorided silica-alumina was then stored under nitrogen until a small

quantity was charged to the reactor with an organometal compound and TEA as described

8

4

00
22



Exanpl e NHABF2 Fl uori ded Pol ymer Run Tinme Cal cining Activity* Loading
Silica- (O (wt o/p) Alum na 8-28 35 0.2944 3 0 6854
8-29 35 0%97'%@@%8 15.0 400 5471 8-30 35 0.0725 160 39§§"§1§'{99§§§0 8-31 35
0.0191 55 71.7 450 3395 8-32 35 0.083% 58 20.0 500 2091 8-33 35 0.1021
127 25.0 600 2989 8-34 35 0.0715 21 26.0 700 689 8-35 70 0.0175 0 92.3

450 0 8-36 70 (Zi 0446 0 40.0 450 0 *Activity is in units of grans of
pol ymer / gr B&Y Y MBS ARCIPSER; § ca- al uni na charged per hour. TABLE 3 5

Exanpl e NH4HF2 Fl uormpw@mmrraikupmﬁah@imﬁl@ttéa:grhpﬂxéammE@&éi ng
Silica- 1( %S(C) % Al umin awg 0.3012 & 3 40.0 600 32" 8-5
3 0.1266 2@5 able hewetf?mta%wzﬂsl@m 1‘139'7@6’(98&' GﬂchfatEfelcméPEll 10 0. 0059.

109 60.0 4 2944 336
10.0 300 6REP- S plofldgpatt shuslygn Hilhonds Lo T e B it s of g ams

of pol yﬁergxgphmlb’fmﬂmz ded silica-alum na charged per hour.
As can be seen from the data in Table 3, excellent catalyst activity was

observed when the ammonium bifluoride loading was from about 5 to about 35% by
weight with a calcining temperature of from about 300°C to about 600°C.
TABLE2

Example [NH4HF, [Fluorided [Polymer |RunTime |Calcining |Activity*
Loading Silica- (2) {(min) (°C)
(wt.%) z“él)umna B '

8-1 5 10.0293 140 69.0 1450 4155
8-2 5 {0.0188 117 60.1 {600 |6213
8-3 5 10.0353 |60 37.0 750 2756
8-4 5 02318  [203 40.0 850 1312
8-5 3 [0.1266  |205 45.7 800 2126
8-6 10 [0.0800 |68 28.0 300 1816
8-7 10 [0.0248 163  |67.7 350 5825
8-8 10 l0.0251 228 |44.5 400 12248
8-9 10 [0.0183 175 48.0 400 11954
8-10 10 [0.0779  [270 20.0 400 10398
8-11 10 {0.0109 ]165 60.0 450 15138
8-12 10 0.0059 109 160.0 450 18475
8-13 10 10.0200  |224 160.1 500 11181
8-14 10 - 10.0792 179 16.0 500 8485
8-15 10 100249 175 160.0 550 7028
8-16 10 l0.0897 149 18.0 600 5537
8-17 10 10.0346 113 60.2 _les0 3255
8-18 10 10.0908 149 21.0 700 4688
8-19 10 [0.2336  [288 50.0 750 1478
8-20 110 [0.0829 o1 32.0 800 2057
8-21 10 {0.2185 183 55.0 1850 916
8-22 22 10.1773 " |319 30.0 200 3598
8-23 22 102355 {320  ]9.0 300 9068
8-24 22 [0.1456  |250 21.0 400 4896
8-25 22 10.0214 |34 45.2 500 2109
8-26 22 10.1715 146  [31.0 1600 1651
8-27 22 l0.1624 |88 22.0 {700 1474




EXAMPLE 9 (CONTROL) 10 The procedure of - exarrpl e 8 was repeat ed,
alum na, a siliica was used instead. WO 01/ 23433
PCT/ US00/ 26 ¥PVBH3 A gr ade 952 silica obtained from WR

instead of a silica-

except that

BTSN

i npregnated with 10% anmoni um bi fl uori degas described previously in this
The silica has a surface area of

di sclosure to produce a quorrded silica.
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0 rm 10-1 10

10-3 25 0.2542

154 5 5.0 450 *ngﬂwty]ig ifumii of gnjainé%f .ﬁglyﬁgr/&mﬁ(wﬂﬁéwde_d silica-alumina charged per

hour. 5
TABLE 3
5 :
Example [NH4HFy |Fluorided |Polymer |Run Time |Calcining |Activity*
Loading |Silica- (@) min)  |¢C)
|wt%) |Alumina
(&
7 [0 03912 |83 40.0 600 32
8-5 13 0.1266 205 145.7 800 2126
8-2 5 ~10.0188 {117 60.1 600 6213
8-11 10 0.0059 |109 160.0 450 18475
823 [22  [02355 [320 9.0 300 9068
8-28 35 0.2944 |336 10.0 300 6854
8-35 70 0.0175 '0 92.3 450 0
*Activity is in units of grams of polymer/gram of fluorided silica-alumina charged per
hour.
"EXAMPLE 9 (CONTROL)
10 The procedure of example 8 was repeated, except that instead of a silica-

alumina, a silica was used instead.



*Activity is in units 6f grans of pol yner/gram of fluorided alum na charged
per hour._20 VWile this invention has been described i Ll for the

pur pose o\voo?'ﬁ"fl’stration, it is not intended to be Iim%%gﬁ@%?%y but is

i ntended to cover all changes and nogisfications within the spirit and .
scope thereof. WD 01/23433 PCT/US00126349 26 1111111111112121222M 1Ll 1111
CLAIMS CL Ms , Aprogess t r Qduc tal yst co sjtio sai d process
conprising corﬁ?@_ﬁ?%s&%aﬁﬁg}?@%@%ﬁ%ﬁ%,mgﬁ NG num conpound,
and a fl ypmbsias bifkdride as adsoiibed prévivuply@slthisdischistreda pridiice a fiiidediiliéon, 5
wherein said organonetal conpound has the foll ow ng general fornula:

( X1) ( X2) Tissilicedab/h surfdee axea of dlibui 3009e4/g endaipdre pohunk of ghogt b6 co/gsTiet i ng of

titanium, ziyrconiu and haf ni ym__wher ei X1) .is.independent|ly selected
fromthe 5?'15{‘?% Sﬁg']Psstth’h@aJ%’Fednaiggﬂcg\é?ro@éeﬁ?'g‘&F Gy ar W‘gg’gﬁgf?, f1uorenyls,
substi tyf,@ﬁnsﬁrﬁﬁ&pmaﬁi Rextibitedolastivityut 8ifl 1 ndenyl s, and substituted
fluorenyls; wherein substi tuegii 88 i%?ﬁ‘ 3 L?E uted cycl opent adi enyl s,
substituted indenyls, and su e—ooternyr s of (X1) are selected from
the group consigieippstediire oféslaRipRis WasrefdiRg, excapt tia€ inglead|PEsilicaqiiithifadtahons of

aliphatic and cyclic groups, silyl groups, 15 alkyl halide groups, halides,
or ganonealgminawagusedinsteadhosphor us groups, nitrogen groups, silicon,

phosphorus, bor | : ; KkR Lﬁﬁﬁ{r
substituent on i&ﬂ ca%etﬂggqggl _dupﬁg’%gggg'&%i ch_ﬁ%%invr‘lle‘cts "(g%) and (X2);
wher ei 10 ¥iB varond Iqadites af@nmmierpé)rtg@n ¢ tp preduse & Syorided #lvnnpa g desqribed 0
consisting of halides, aliphatic grouyps, bsyjtuted aliphatic, groups,
cyclic gPGYigusly. Q’GBBFPP%GW@HW%“@?S‘EP&Q%%PH o e/ eeﬂfiab‘ﬁﬁt i c groups
and cycl i § @pOHRSAuoriasd Rivhiiaispapledvers Withichlcite@tt 40b@ BASG0CFsaHRe and cyclic
groups, conbinations of aliphatic groups and substituted cx_l(x:sl I C groups,

P

conbi nat hewrs ingiry siad tested £ palymerizatipe agiviy g desereped previously in
disclosure. These results are shown in Table 4. The activity of the fluorided alumina

15 samples is considerably below the activity shown in the inventive runs using a fluorided

silica-alumina.

TABLE 4
Example NH4HF5 [Fluorided Polymer !Run Time |[Calcining [Activity*
Loading [Alumina  |(g) (min)  |(°C)
wt%) |@® |
101 |10 0.1086 176 [40.0 500 243
102 |i5 l0.2563 - 2439 60.0 500 952
103 |25 |o.2542 164 55.0 450 704
10-4 |35 |0.1157 37 30.0 500 640

*Activity is in units of grams of polymer/gram of fluorided alumina charged per hour.
20 While this invention has been described in detail for the purpose of
illustration, it is not intended to be limited thereby but is intended to cover all changes and

modifications within the spirit and scope thereof.



substituted cyclic groups, am do groups, substituted am do groups,
phosphi do groups, 25 substituted phosphi do.groups, al kyl oxide groups,
substitute QI"Bﬁ‘?J’Xi de groups, aryloxide groups, substi t@%@s&ﬁﬂ‘ﬁxi de
gr.oups, organonetallic groups, and substituted organppetallic groups;
wherein (X2) is selected fromthe group consisting owa H'IJFIH’E”MS VO
01/23433 111111212 11JEILI L el 26 1111 PCT/ US y feindl M7

i ndenyls, fluorenyls, substituted cyClLonEM®&di enyls, substituted indenyls,
substituted fluorenyls, halides, aliphatic groups,..substituted. aliphatic
groups, cychic groups® ProSEisde PT‘%{‘"&? "‘@&gﬁ %’“5’%8‘?}851“@%%‘?35%%“}?6'3‘“%

al i phati ¢ gEpuREnSMorEitdhdalEoRApand, arcEitioaRbiinm cahpamt sindtafluetided | phat i ¢
groups and cyclic groups, conbjnations of aliphatic 5 groups and

subst i t ut edsilisecalimingte prestucessithsatalyst emPosoRybst i t ut ed al i phatic groups and
substituped cyclic 9roihin A oHnghANRSmBHRRL i Bllodie dencill TRl
phosphi de groups, substitute osphi do groups, al kyl oxi de groups,
substituted al kyl oxi de groups, ar@th@&je(?’)g(‘()hﬁs, substituted aryl oxi de
groups, organonetallic groups, and substituted organonetallic groups; 10
wher ei n substituents wheréXM! wrselested fromdhe groumsansisting of filaniwnszireniyg, of

al i phatic gro .. cyclic groups, conbinations of aliphatic groups and
cyclic grouﬁ%‘ﬁ%’?’f“ﬁ groups, al kyl halide groups, halides, organonetallic

groups, phosphor us gr gHfsm (Xl {s@stEPenderitBiRfected ol 88 grolf eemiMing of bor on,
germani um and hydrogen; wherein at |east one substituent on, (tX2) can be a

bri dgi nd0gr oysiopshiadienyls.Sndenylscluosenyle) substituted xyglopentadicayls; sybstuyited
cpaneal e LSO AR 07 00 910 2 [ U005
wherein (X6) is a hal whergintsybistitubels oprsaidisilestihnied cyglogentpdienyils, substituted 5 nunber
froml to 3 inclusive;. and .
= indenyls, and substituted fluorenyls of xl are selected from the group consisting of
aliphatic groups, cyclic groups, combinations of aliphatic and cyclic groups, silyl groups,
15  alkyl halide groups, halides, organometallic groups, phdsphorus groups, nitrogen groups,
silicon, phosphorus, boron, gérmanium, and hydrogen,
wherein at least one substituent on (X1) can be a bridging group which
connects (X1)-and (X2);
wherein (X3) and (X4) are independently selected from the group
20  consisting of halides, aliphatic groups, substituted aliphatic groups, cyclic groups,
substituted cyclic groups, combinations of aliphatic groups and cyclic groups,
combinations of substituted aliphatic groups and cyclic groups, combinations of aliphatic
groups and substituted cyclic groups, combinations of substituted aliphatic groups and
substituted cyclic groups, amido groups, substituted amido groups, phosphido groups,
25  substituted phosphido groups, alkyloxide groups, substituted alkyloxide groups, aryloxide
groups, substituted aryloxide groups, organometallic groups, and substituted
organometallic groups;

wherein (X2) is selected from the group consisting of cyclopentadienyls,



wherein said fluorided silica-alumna conprises fluoride, silica, and

al um na. cess accor g ' wherein said organonet al
conpound, %g%ﬁiﬁ%S or ganoal mmmmuwmmwand said fl JSH"&E‘W‘%@I i ca

al um na are precontacted for *abeutt msnuke to about 24 hours before being
charged to a polynerization reactor. 3. A process to produce a catal yst '
conposition conprising: (1) contactiigf a silica alumna with water

cont ai ni Ngdedyis) flistenyls) sibstimted dgclopenpaiedils, substibdteDihi e, sibsiitadal um na; 30

(2) calcining sajd.flugrided silicga-alum.na at a tenperature within a rangé
WO 01/ 2348uprenyfs, Lﬁi“ﬁ’ ajiphapp E{°“Rﬁ€'ibf“§‘4%%§!1p1ilﬂ}“°wp¢ gs@eyps6349 28 of 350

to 5500C §1ﬁsﬁ¥ﬁ@ﬂBf&ic%r&@k,%ﬂﬁﬁaﬂ&ﬁb?ﬂiﬂmhﬁ&‘g@?&iaﬁﬂ_c lc@ratipsVei ght per cent
fluoride based on the weight of said fluorided silica-alumna; (3)

conbi ni ngeoszhivations of sybsitetedhalipbatic Seppsaad syckic groyps, gerabiaptions of aliphats | )
zircong u | I cegp,?p“ : hid Y PR 80Cto
pr odutr:lj e gbghﬁn%%l? Sirl%;ﬁmgér?d@((:lzl) a ts %@&%ﬁ%“%ﬁﬁﬁt e aﬁ%tmlg%%r@conbi ni ng

sai d ni xt swbetituted cyalicigequps; |apidagrouns substinted amido groups.iosphijda grownsposi ti on. 4.

ot st ops. TbsHicH pRskphilo B siyiof SR gfhls S LARENSLBL BB, SyERRET |7 Y
t he pr ocegoups substiuted dryldkidegroups drgsbmetailizeyoups,.cmd sgbstindédg to cl ai m 5,
wherein said caeﬁﬁ%%%%wsconposition has an activity greater than about 1000

grans of &MY W¥am of  fluorided silica-alumna per hour under
sl urryo pol yneri zat ivirreioabitituenson () arg ¢l fram ehe gaoupecodbibtitaydf, with a

et g7 AR Dbl Eores SRRt Re SR B LB S cacal yst
conposi t i pRupkpalkiirhaids greiysyhlides) bgandriealliS §RGpy phoEpheris poupsYaitropér gr am of
LIS:Jgr | Qedm;éﬁlﬂgﬁg@?lagor?pﬂgmgggmhyg%;mgnqgg’rma-lh%gm?oI ynerization conditions,
g iso
wherein at least one substituent on (X2) can be a bridging group which
15  connects (X!) and (X2);
wherein said organoaluminum compound has the following general
formula: _
AlX3)(X)3.9
wherein (X5) is a hydrocarbyl having ﬁom 1 to about 20 carbon atoms;
20 wherein (X5) is a halide, hydride, or alkoxide; and
wherein “n” is a number from 1 fo 3 inélusive;.and
wherein said fluorided silica-alumina comprises fluoride, silica, and
alumina. _
2. A process according to claim 1, wherein said organometal compound, said
25  organoaluminum compound, and said fluorided silica-alumina are precontacted for about
1 minute to about 24 hours before being charged to a polymerization reactor.
3. A process to produce a catalyst composition cbrnptising:
(0)) contécting a silica-alumina with water containing ammonium
bifluoride to prodlice a fluorided silica-alumina;

30 (2) calcining said fluorided silica-alumina at a temperature within a range



diluent, with a polynerization _ —and an et hyl ene pressure

of 550 psig. A catalyst co § fnliCdRaRGas0l g Ng to claim6, wherein a
wei ght rati 5”‘3?"’2’3% or ganoal un{mmﬂmmllmsai d fl uoPFHESN0/26349
sitica-alumna in said catal yst cenposiai an srakges from about 3:1 to about
1: 100. 9. A catalyst conposition according to claim38, wherein said weight
ratio of said organoal urni num conpound 280 said fluorided silica-alumna in

saj d cat al ysf38pto330P0 % prodite’aalaied toapasitich Hading 430 20 #Righfp&odnt litsride
conposition according to claim wherein a weight ratio of said fluorided

i m 6, [
si | i ca- al unibatedion thawveieh f sadeRded iRt sai d catal yst conposition
ranges from about 1009s)lodoiaReia died cbinpofifad b LBRRpkiEeny))

according to claim 10, "wherein said weight ratio_of | uori

si | i ca al unizireoniwmsiighiprisieghm temperpture withintheirange &f2li58C ¢aBYG topredsepdsi ti on
ranges fromgﬁigg{tel ahﬁi)/l 20:1. WO 01/23433 111111111111111111121111 |1 1111
PCT/ USOOIS26 L S 29 12. A catalyst conposition according to claim

11, wherein said fl uo(4)dafter betweerc haanuerandal koxyrpombaung sacdhmbuean®0% by

wei ght al um_n from4 to 20% by. ight fluoride based on the wei ght of
thegfl uori déﬂggylﬂuggq cl’I'Efnﬁ’rﬁgucﬁ5¥lg\le%a%%°8{nﬁ?%§?n'and I's calcined at ga

t enper at ure 4f.(rj om 350 mﬁfﬁ&cﬁrdﬁ&tg&ahﬁBawy&éinsm'ﬂwa sidonsietse?l,sbﬂxtﬁllyg a

ost - cont act or a onpound, a post-contacted organoal um num
Eorrpound, a S‘&%@S’@gﬁha&é{ d fluor| ded silica-alumna. 14, A

pol ynerippat ion procesy Rk bsthpudition pretubéd ey thé plobés bf &lain TONoMer and  sai d
conposition of claimb5, under polynerization caonditions to prqduce a

pol yner. 10615, A prodecatalyst eospepshignageosding i olaim 3, pebersinsaid eatalyst

pol ymer i zat i ghp6Qtsh ﬁds%%ctiﬁ%’ﬁ?édt&%‘a%ﬁt)/loﬁ@kﬂéﬂﬁr&éél%n_@ﬁp&%ﬂﬁ bfons. 16. A
process according to claim 15, wherein said contacting i s conducted in a
| oop react i dhoridetksilica-alumina per hour under shurry polymerization conditions, using isobutane

as a diluent, with a polymerization temperature of 90°C, and an ethylene pressure of 550
15 psig.
7. A catalyst composition according to claim 6, wherein said catalyst
composition has an activity greater than 8000 grams of polymer per gram of fluorided
silica-alumina per hour under shury polymerization conditions, using isobutane as a
diluent, with a polymerization temperature of 90°C, and an ethylene pressure of 550 psig.
20 8. A catalyst composition according to claim 6, wherein a weight ratio of said
organoaluminum compound to said fluorided silica-alumina in said catalyst composition
ranges from about 3:1 to about 1:100.
9. A catalyst composition according to claim 8, wherein said weight ratio of
said organoaluminum compound to said fluorided silica-alumina in said catalyst
25 composition ranges from 1:1 to 1:50.
10. A catalyst composition according to claim 6, wherein a weight ratio of said
fluorided silica-alumina to said organometal compound in said catalyst composition
ranges from about 1000:1 to about 10:1.
11. A catalyst composition according to claim 10, wherein said weight ratio of
30 said fluorided silica-alumina to said organometal compound in said catalyst composition
ranges from 250:1 to 20:1.



17. A process according to cl Ld contacting is conducted

in 15 the e of adilu , lses, in major part, isobutane.
18. A procvedsa';'ﬁ’z%%(g)rdi ng to cl amgnaﬂﬂmmﬂﬂ"t | east onBCHEIMOREAI | s
1*NJ ¢ L

et hyl ene. 19. A process accor " wherein at | east one nonomer
conprises ethylene and an aliphatic |-olefin having 3 to 20 carbon atoms °
per nolecule. 20 20. An article that @8nprises said polynmer produced
accordi ng 120 cl ai m Adcatalyst composition according to claim 11, wherein said fluorided

silica-alumina comprises from 10 to 30% by weight alumina, from 4 to 20% by weight
fluoride based on the weight of the fluorided silica-alumina before calcining, and is
calcined at a temperature from 350 to 550°C.

5 13. A catalyst composition comprising a post-contacted organometal
compound, a post-contacted organoainnﬁnum compound, and a post-contacted fluorided
silica-alumina.

14, A polymerization process comprising contacting at least one monomer and
said composition of claim $, under polymeﬁzation conditions to produce a polymer.
10 15. A process according to claim 14, wherein said polymerization conditions

comprise slurry polymerization conditions.

16. A process according to claim 15, wherein said contacting is conducted in a
loop reaction zone.
17. A process according to claim 16, wherein said contacting is conducted in

15  the presence of a diluent that comprises, in major part, isobutane.

18. A process according to claim 14, wherein at least one monomer is
ethylene.
19. A process according to claim 14, wherein at least one monomer comprises

ethylene and an aliphatic 1-olefin having 3 to 20 carbon atoms per molecule.
20 20 An article that comprises said polymer produced according to claim 14.



