5  been spent on developing technologies that can add value to this business.
; e3e- | D$W, 6, T-# 24 February, 2004 . JOVETAL COVPQUND CATALYST Thi s
invention is rel at e&)wftthﬁeﬁ?%ﬂﬂ%&“dm%%ﬁo%ﬁﬁﬁ% 9%t 's. The
productio | ti - Dl b ] ' {hbe busi ness
@fe{?%u&%é’ E%EJS%% ?]lage lg%:ln k‘nloWn sllﬂcg%gﬁll 1937 bH&tle'%r,smen b

produces lons o pol'ymers each year.- MIlions of dollars have
been spenpraductieinedidpionallsw civm kol emnmbrializad. addut/ B e ittwastdiscoviredi ness.

One of these technologies is called netall oce catal yst tec | ogy.

Vot al | ocoRE: EoRATy S SRR HEONIIk SBRASE FHEE A BOPIHELE ORRIRE. hei r 1 ow
produgd i viyf i dh 20 AR Bkt MQMICEI) [t was

di scogéére I‘%‘?ﬁ'g{)ﬁéngh ac %ﬁ#@%@m&tas?tcﬂ&/at r wth one prart trimethylal um num

to form mebimpburld) feimed esaliedenzndtalysethachad gresten geteutyh Haewdwer, ibvassovoxane
with a netal ] ocene conpound) forned a net)alél ocene catal yst, that, had greater

activity. re¥ized that large geunds ghicxnensive meth W%Pweawaﬁlﬁd?&f%e%%ﬁ%i ve

met hyl al ym.no r ] | ngga@ﬂ- catalyst. This
has been ég?é‘i'rkg‘ﬁlgﬁﬁcan C%P{r%@gg?g}eptﬁgﬁa% g%ﬂha(aaﬂ%@%%#{m I zzﬁn?gtﬁmgf net al | ocene
cat al yst s cohnizréibliation @f gestallockas edtelystenpounds have been used
i n-pl ace. of . | arge anpunts of net h};'lcfé’al um noxane. Howeyer th‘ilﬁ I S not

ot

sati sflctory, since Hupmaswvapoutrompandshgvehesaused gl &#fs and

deconposi t | Vah I ; : not ed t hat
naving a AEEAsIRmARR Aahliopie M EETAR Y RoyrishRR St HRre

het er ogeneefipotidsadry v&:5 sehsitive ppdisshsfand deashposititiyand oaealso bt very

pol ynmeri zation processes. Furthernore, heterogeneous catalysts can lead to
t he for nmatexpensyfe. substantially uni form pol ynmer particles that have a high
bul k density. These es.0 ubs | ' ' ar itr abl e
because theg; irrproveltt ﬁ%ﬁ%ﬁ%g?’gﬁgﬁﬁﬁﬁtﬁgﬁﬁeﬂ%&g%@%h&%ﬁﬁ‘ @ﬁpg&ﬂt'

t r anspor t athioR-bebiifse hiGrdpveoattlysidiae required doicmohtahedag eommisciab

nmetal | ocene catal ysts; however) these catalysts have not 'gggn tg‘gti relié
sati sf act ojymeriration prasasses nFurksrmerg, hsteresaeensfatlits camiead j th fomaation

catal yst c itian that can b ed. t ¢ t tTIIE typelefTer to
pr oduce aﬁgﬁeﬂ*ﬂqaﬂﬁlgﬂ?ﬁv@ﬂr%%pa sco%ptirgffl)t\lcli-lﬁ!l égﬁﬂge%lgtdgflﬁgté conpaosi tion.

The i nventsup&tahullyiey fothParitiies @ Besirdisbaaigethey imgprove timodfficignay of east one
30 nononer and the catal yst conposition under gol yneri zatign onditions to

produce t I@lya¢npreductipnand wmagspdrtatione Effortg haw adrcle prRdugehetqraganggys

conpri,ges the. polyner 24 February. ] . st
corrpogi§t i ofﬁgé’r‘g“teﬂ¥§atﬁh®§n’f‘?‘8ﬁ‘.’°‘1 tﬁc ccc?(g)a(r? anigge"’%\?m‘ltl"ftE ﬁg%ﬁ;]\%&tg%gflgn%%@ of this

i nvention, a processThepiekélyefentios ptdVideta rocgss shdt ipesduices pratalyded. The
process conprises (or optionally, "consists essentially of," or "consists
oF' ) cont sremipegition thatran beawsed tocpaiyoemze atdepshPRERGAPTET FmWPéB?Pp%Bﬁ T%nd a
treated solid oxide oungd t rodL 3¥ﬁL osition) wherein

t he organonet al conpgﬁ% YA °?§%8P§ﬁ%%§ﬂhggﬁg é?% fgﬁﬁﬁFa: (X~)~2) ~] XX ) M~
wherein M is sel ect ®He {dveftiém furic piovides 3ipbdesg comptising rbntaytizg atdezst aR¢ 10
and haf nium wherein (X ) is independently selected fromthe %ro th

consi 0 ngmenomerangihe catalystsanepositinaindes polymeHzalian condiignstp > the
cycloperrtébxen |'s, substituted indenyls, and substituted fluorenyls;
wherein substitlents on the substituted cycl opent adi enyl s, substituted 15

i ndenyls, and subst i The afvehtiopyefuttiergsrovides in antielesthheameptises tim pdlBngr oup
consisting of aliphatic groups, cyclic groups, conbinations of aliphatic
and cyclic groups, silyl groups) al kyl halide groups, halides)
organonetal | i ¢ groups, phosphorus groups, nitrogen groups, silicon,
phosphorus, boron, germani um and hydrogen; wherein at |east one
substituent on (Xl), can be a bridging group which 20 connects (X ) and




5  organoaluminum compound, and a treated solid oxide compound to produce the catalyst
consi sti ngﬁof oglgil I des, aliphatic groups, substituted aliphatic groups,
cyclic gro ng 3Bstitut ed cyclic groups) conbinations of aliphatic groups
and cyclic groups, C\QH&E&%E%B%an@fneﬁdllb&hbb&ﬁcﬁﬁhs&hé pdlaiviag genstplsfoanalacycl i ¢
groups) conbi nations of aliphatic 25 groups,and substituted cyclic groups)
combi nati ons of substituted al i pHX NE WXMEIMnd substituted cyclic groups,

am do groups, substityted .. do., qr oups hosphi do_.qgr. : [ :
phosphi do groups, al X)X @g‘l%?%%ﬁﬁjgg%}gg? ﬁop @8@?&%@@?@%@%&%@1%’ :
aryl oxigde GodBsumsubstituted aryl oxi de groups, organonetallic groups) and

substituted organonetal lic groups; 30 wherein (X~) is selected fromthe
group consisting of wheleupGh avindependentlyastasiedsirom) the geavpl consisinged t ut ed

o) phati c G PRRASERHEAIES Tweroun Posgarpe o adi R E el 3 o

February, 208y, sHPsitstinied nayfehilz; 9roups, conbinations of aliphatic groups
and cyclic groups, conbinations of substituted aliphatic groups and cyclic

groups, conbi nati onswbérea sybistitventsgmabp substithted iyl opemtashienyss Fabstigiiter ps |
conbi nati ong of substituted_aliphati rou ngd.substituted cyclice-groups,
o o 5 oubemis B8] setsioued aRamy ot 6 6 Baedrh 6ot Bl s hSCristipk Bt o
phosphi do Y ' QéRbinatishs bt hliHatc ahl Wyerd g, @llfiSgroups,
aryl oxi de glﬁ)gups,gmgh%&??tg%é@%ryl oxril de groulg%, grgangnet%iglulﬂic gjrﬂ%psp, and
subst i t ut eakyirghide geupk) hatidgs, angsiometedlie groupsiphosphaans grovps, (M2 gEoups,

sel ected fromthe group consisting. of aliphatic groups, cyclic groups,
conbi nat i oHEcQms Pﬁq’ﬁpﬂ}ﬁ&tsi EorQPo&"ﬁElagH’E éh‘ga""@%ups, silyl 10 groups, alkyl
hal | de groups, Nal ! dgMkcit SORATEhE LiGRnPUREX RAFBRANSLI B IH | 0Gen
groups, silicon, phosphorus oron, germani u and hydr ogen; “wherein at

| east 2ne sobsdts (NBIndqK?;X2) can be a bridgi ng group which connects (X))
and (Xz); wherein the organoal um num conpoun as the follgw n eneral 15
formul a: Al (XS) "(x~~wh°w&'é£¥%@n9k§)”) 3re WB@&PB@P@M’E@’%‘@H‘?L 20
carbon at ogf . LIV £X a0l ' | he; X1 el gin"n" is
a number f%‘rﬂs{mgg?gmllér%1 %“.G‘Q?@?ﬁg’?&b%{%f&%ﬂ he reate sl%%boxi de
conpound cabetifuseiscyelic lgeagis, asmbihationg e aliphdtiwrgroups anddcyalis gréupsoxi de

conmpound; wherein the hal ogen is at |east oue selected framthe gr .
consi sti ng%ﬂb@ﬁ‘l‘?ﬂsiQfé}lbﬁrtﬁﬁ?ﬁﬁ@PhQWPPMdr@Fﬁ&ﬁWFnCQ‘H@n %‘r"lsd’qé‘gkl’l‘g"‘é‘c

conpo [ - LSt Rap-¥ d
ol urm rispnolighEt 4 Ebcli Rt B AR, RARhAIIR B alodiRUANpRic oy e
m xt ures t heistnfted dyrlia geaupdpaariodrolpsandistianedanad gronps, ophashhidoigreudit i on,
: ; pan : | ‘
eSS o sheed et TS ok orbigh, SineiEAEd aflSfortBd Sebs, AioriBE

groups, substituted aryloxide groups, organometallic groups, and substituted

organometallic groups;

30 wherein (X?) is selected from the group consisting of cyclopentadienyls,
indenyls, fluorenyls, substituted csrclopcntadieqyls, substituted indenyls, substituted
fluorenyls, halides, aliphatic groups, substituted aliphatic groups, cyclic groups,




2 substituted phosphido groups, alkyloxide groups, substituted alkyloxide groups, aryloxide
pol ymeri zat,j CQR&kE,] r e v I ceordance with
anot her enbo rsfentba %P{@@Bgﬁgggﬂﬁgh?égﬁoﬁg E’I%gllppé’ %?%W?’atéta%ﬁme article
conpri ses biganpmietaliéy gripnpgjucod i n accordance with this invention. By use of
the term"consists essentially of it is intended that the process 24
February. 2004 4 doedVhsERin substitpentson (3R] arrselested from iy groun soasistingraft ed

st eps whi chyy; ] e verse affect on t.he desired agbject of th
hvent | on. il AR B Boip Rt Pt BhUS R A et v
pol ymero molriph adlkyitiahbé g@lmpé, Maligds, Bi;gaﬁoﬁlMﬁﬂ:ﬁo grohp€ pRE§TIBhisZaSupe hilfdigen
fraction per increnment of log M[dWd(lo s plotted as a function of
t he nol ecuBEUP§Sikigon, phasphomg, kpremegepaaninnl, and bydrogsn; plotted on a

|l ogarithmc (log) scal,e. -Figure 2 is a. graph gb the signal of a .
perneation chromat ogr%"(’ﬂh%fznle 8139% 85 Isﬁ}wg’gﬁg )[‘Iaﬁgj.e al@“%‘%?@“%%ﬁg‘:}h

| 0g-10g pl ebnmekbtst(Xe) smop¥?;ude of the conplex viscosity in pascal second
(Pas) as a function of angular oscillation frequency in radians per second
(rad/s). Figure 4 is véerepthegreprasiuminurheorspamddas drecfollowinggansraln pascal
second 5Pa§%“@a_a function of the angular frequency in radian per second
(rad/s}. I ganonet al conpounds used in this invention have the

foll ow ng general fornula: (X')(Xz)(q@%{(j{})% In this formula) M is

sel ected fromthe group (;onsi5 sting of titanium zirconium and hafnium
Currently, it is nostwheraf €Kr)asahydrocitbyl baving fromi +20 ca®ohnmtdrhd;s f or mul a,

X') is independently  sel.e d fromthe. gro onsj sting of (hereafter
'('GrZ)ulp OIVC I P) cycl oé@?f%ﬂ?%ﬁﬁ §}%ﬁ@ﬁ9\qg‘f’%ﬁaﬁ@ 'Lls, gsubs'gi t ut ed
cycl opent adi enyl's, suiiphdih U4 al AR idm £ 46 iflsitQangxarnpl e,

t et rahéglroi ndenyls, and substituted fluorenyls, such as, for exanple,
oct ahy€l of | uor enyl s. vé¢banitheureatesl sohidtdxeédsedmpoundtoedhprised atjeast anié balggen,

substi t ut e? inde% S, ? d 25 substituted fluorenyls of (X ) can be selected
i ndependenf'3M4P dtaI'Fé’_laro&fB”@mug ing of aliphatic groups) cyclic groups,

combi nat i ons of al i PRtk echatfen'i€ aOfeaitioe sslobih 6BLPHRFrod bsishA bele

groups, halides, organonetallic groups, phosphorus groups I trogen groups,
silicon, pHdepher bwmibgrand lugeinemni um and hydrogen, as |ong as these

groups do not substant.i al.l and adyersely, affect e polynerization
activity of the cat aIW‘”Bﬁngi?é’ t‘I"b‘%{F W‘é&ﬂt’%ﬁfﬁﬁctégﬂﬂ § BERUPAAIBHULE gf
gr oups2sr eahinflh®ehidihophospHstE, ASmiddilia A IRinfinobtak! £ilfEa-abhiL bRl hiStures
Sui tabl e exanpl es of cyclic groups are cycloparaffins, cycl ool efins,
cycl oacet ytheresd, and arenes. Substituted silyl groups include) but ere not
In accordance with another embodiment of this invention, a process is
provided comprising contacting at least one monomer and the catalyst composition under
polymerization conditions to produce a polymer.
30 In accordance with another embodiment of this invention, an article is

provided. The article comprises the polymer produced in accordance with this invention.

By use of the term “consists essentially of”, it is iﬁtende,d that the process




2 (MWL) 1he normalizea weight fraction per increment of log M [dW/d(log M)] is

contains. 1 one oy MEbTOrRmAk Rt i PR L n BRI Profid e

aryl al kyl sloggtithgno(ipg) scale. t abl e al kyl hal i de groups have al kyl groups with
1 to about 12 carbon_atons, Suitable organonetallic groups include, but are
not limted to, subsEEus &ds apmeph oftheisignal o3 gelpemmention duomptegmpb e

substi t ut eghiGGEIRRE oups, and substituted boron groups. Suitable

exanpl es ggogﬁch_ su‘%ﬁ@%’uent s are nethyl) ethyl) propyl) butyl, tert-butyl,
i sobuth@l , anyl, i soaFigure béxylog-i6y gl la€d magafidelof tardomhpleX PRYdsitydeCY! |
dodecyl, 2-et t]yl hexyl , pentenyl, butenyl, phenyi, chloro) brono, iodo,

tri met hyl sPasgA! second (Sashgs aiungtian pfangulay ospilletior frequensl an radias pansecondl) ar e
[ ndependewssel ected fromthe group consisting of (hereafter "G oup
OMC-1P ) hali _c?'es) aliphatic groups, substituted aliphatic groups, cyclic
groups, substituted Bigatd ¢iswmgns%pmabuf¢adt¢ﬁg§sma_r #ddnhatih pagtbPidesndnd
cyclic gro conbi natigns of substituted al i phatic groups and cyclic

groups, c isé}léﬁ?gﬁit?ﬁ@!‘ of thermgulas frgaeaney imradian prrtseeanddtadés)c| i ¢ gr oups,
nbi nat i f 1S it L tic.and bsti tut VCl i ,
o de ot oups, _subst | PrRaet £ BolRRUskT uf s BYeRon A tud biionind epeta

phosphi do fgraups, al kyl oxi de groups, substituted al kyl oxi de groups,

aryl oxi dc groups, substituted aron&idg groups, organonetal |l i c groups, and
substituted organometal lic groups, Ca}XHXHESMhese groups do not

Catal oot compositt oad B GiuaoM: S5 elrt Bom e e hfe o utatigs, |
hydr ocar bydigonfume And hafifig. @iﬁ%ﬂh?,’it g%@&f.ﬁéﬁne@%ehg&i A%ircaiubab! €

exanpl es of cyclic groups are cyc oparaffins, cycloolefins,
cycl 0@®et yl enes, andlnethisriosmulguX '3 i ingdependently gatedfted frooh thi groupXensisting ¢ )

f | ect h " I St hal i d d byls, wh
Such’ hyar dieepbAl G OB SR rziadl. Harhdn DB SOROER |1 1o st
preferred oyoRpeniadienil, substitudtd iﬁﬂﬁ]yﬁeklﬁ%ﬁ?f&rd;(mnbt@ @By drofRidal R  ddag Of

fluoro, chloro, and methyl. In thi$ formula, (X~) can be selected from
ei t her G dubstitvted flugrergls; suchGrsfar|examplel, ectshydmBuenehglsi t uent on (X~) or

(X2) can be a bridgi up.that connects (X~) an X2)), as long, as, the

bri dgi ng goup does nggosgﬁbeg'fsa(?ﬂ'it“ﬁlsf‘?ﬁtm&ﬁa°§‘§°éﬂ\%‘ﬂ?§?fl§r,52‘3?t’ft%‘€8' deaylsettdi ty
of t hgscatsabstatited TRBSHAS ST LU gl I e et not
limted to  aliphatic &i‘%‘é‘?‘ %Hé{ %C%?Sp’g?%ﬁg‘?tﬁgﬁ?n@aﬁﬂl@ﬁc’gﬁ'gtt“?gcgf
groups ancliphat¢ groypagpelic gloupp kombirmtignoopaljphatit mnd epcligr grapss) silyl groups,

or ganonet g}yl LOUPS February. . 2004 silicon, phosphorus) boron, and
ger nani umaangﬂi%?g%? E‘%@}?ﬁtrp&ﬁggs 8fg_aﬁf’1")ﬁ/ﬁg_fq %‘°§P%l§’ﬂi‘§5‘§?°égsn§r8ﬁ% é‘?tb‘%ﬂeg)g%‘ipéh as,
for exanplsilicopapidsphfs BitoR)] inBiumodhd APAB g6 AW ESathe@iEbints 48 AJPS are

cycl opara~ns, cycl ool efins, cycl oacetyl enes, "and arenes. Suitable .
or ganonet #ubstantiallyupad aduerselie affecttthepelymerizition saivitymf theitmalysticoetposition

derivahi ves, substityt. tin groups,. substituted rmani ym gr.ou and
subst i%Put ed boron gr%ﬂ%’g’.‘c WF'%B%‘E)%'BB@%%E?'IB? EQJ%WFM&E@ fﬁz&e '

or ganoret adxample) phradiins SColefity, ﬁﬁﬁﬁi&'c&m@lé-of@g&ﬁ'@ ufs Qg@l%ﬁém@ﬁl?sloi 352;
5, 436, 305; 401, 817; 5,631,335, 5,571,880; 5,191, 132; " 5, 480, 848;

5
5, 399, 636;°3'Sj, kfinseyclogectyienes end Brepes), Sutstited: sikyl pBavpsioclsde dat Aot
5,563, 284; 5,554,795; 5,420,320; 5,451, 649; 5, $41,272; 5,705, 478;
5,631, 203; 5, 654,454; 5,705,579; and 5, 668, 230. Specific exanples of such
or ganonet al - conpounds are as follows: bis(cycl opentadi enyl)hafnium
dichloride; ~ ~~Cl ~ ~Hf ~"C




2 groups, and substituted boron groups.

15 bi | t adi | ' Lchl ori.de: <~ ~~~Cl = C

LS ST, AT R o o o

1, 2- et hanewditybuoyls {sop @yl -atrydl dsyamyd, m?:hy:brilbh@:qm,i heptyl, octyl, nonyl, decyl, dodecyl,
y

3, 3-pent anedi yl bis(rls-4,5,6, 7-tetrahydro-1-indenyl ) haf ni um di chl ori de;
24 ngr uar%,—pg%(glpxyl(, pentenyl, butenyl, phenyl, chloro, bromo, 10%0,) trimethylsilyl, and

nmet hyl phe &M&éb% ~5-d, 5, 6, 7-tetrahydro- 1-i ndeayl ) zi rconi um di chl ori de;
bi s(n-but yi cycl opentadi enyl ) bi s(di -t-butyl am do) haf ni um

bi s(n-1ut yl cycl opent agiéorhaial CoNiaHa(RF)adé aidegendentty selBéted Bomthk group 24
February. 2004 di nethyl sil yl bis(1-i nd('anyl )zirconiumdichloride;, )
oct yl pheny¥8sisiipg p§ {bereafige rgropp IMCal )diadides aligbatic groups, substituted aliphatic

0, 7oL 8B4, B4 AN, OB
di chl or i decychid grelips] comhbinations of substituted aliphatic groups and cyclic groups,
combinations of aliphatic groups and substituted cyclic groups, combinations of

15  substituted aliphatic and 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 organometallic groups, as long as these groups do not substantially, and
adversely, affect the polymerization activity of the catalyst composition.

20 Suitable examples of aliphatic groups are hydrocarbyls, such as, for
example, paraffins and olefins. Suitable examples of cyclic groups are cycloparaffins,
cycloolefins, cycloacetylenes, and arenes. Currently, it is preferred when () and (XY
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

25 (X’) and (X“) are selected from the group consisting of fluoro, chloro, and methyl.

In this formula, (X?) can be selected from either Group OMC-I or Group |
OMC-II.

At least one substituent on (X') or (X*) can be a bridging group that
connects (X') and (X?), as long as the bridging group does not substantially, and

30  adversely, affect the activity of the catalyst composition. Suitable bridging groups

include, but are not limited to, aliphatic groups, cyclic groups, combinations of aliphatic
groups and cyclic groups, phosphorous groups, nitrogen groups, organometallic groups,




5  not limited to, substituted silyl derivatives, substituted tin F;roups, substituted germanium
~~~Cl 1, 2-et hanedi yl bi s(9-fluorenyl)zirconiumdichloride; SC 'C indenyl

di et hoxy t igF@iisuRRd subgtifuénd; bpson grouprs-4/ rr r OCHzCH3 CI ~ ~ OCHZCH3
(PR A0 o U b SL QB A e, AL ek AL oot

bi s( pent andbihesagipte, aPSNP dhe ayd3PZA17¢ 10,852 £ h36)B0sIeSs,401,99; 5831:335¢!
bi s(i ndenylys) zi rconium di chl ori de; ~3/CI Z,i SCI nethyloctylsilyl bis
(9- f | uor enyhY7 1880 84PLH331 24BOBAREES,399,638; Sa0d.592; 5,347,026; 5,594,078, 5,498,581,

bi s-[ 144N, i1 -SQp l.am t 1¢] idozi.r i ) )

ri 1 udPorer i 07 s okeBRa OSSO0 81 845 8543090, st gzt
N(I - Pr)z Prsgdsassat §,7065g905ap5 86808, conpound i s sel ectod fromthe group
24 February. 2004 consisring of 12 bis(n-butyl cycl opentadi enyl)zirconium
di chl ori de; Specific examples of such organometal-compounds are as follows:

bis(cyclopentadienyDhafniumn dichloride;

Hf

%\m

15 bis(cyclopentadienyl)zirconium dichloride;

ﬂ\» \\Q,Cl

Zr.

%\a




Hf
~~, ~~~C “d 5 and bis(indenyl)zi m avehkesi de;

di met hyl si |yl bi s(1-i ndenyl) zir cgnt \chl ori de; 24 February. 2004 13
met hyl octyl silyl 6i s(9-fluorenyl)xjrco di chl ori de Organoal um num
conpounds have the follow ng genengl foXmula: 5 Al (XS~, (X~3 In this
formula, (XS) is a hydrocarbyl havi om 1l to about 20 carbon atons.
Currently, it SS preferred n (xX9.1s .al .having from1l to about 10
car bon at ons. Homevelfl:%'?tﬁaqeg{]yﬁb@é“ I r'@pé?ﬁgqi“\ﬁhéhfwm % sel ected fromthe
group consisting of methyl, ethyl) prop butyl) and isobutyl. 10 In this
formula, (X6) is a halide, hydride, org% nde. Currently, it is preferred
when (X~ is independently selected fi group consisting of fluoro and
chl oro. However, it is nost preferrs ~is chloro. In this formla,
"nis a nunber from1 to 3 inclusiive. HuRYegCHsl is preferred when "n" is
3. 15 Exanpl es of such conpounds awe as fofdows: trimethylal um num
triethylalum num (TEA); tripropyl al ugqua dietHyyl al um num et hoxi de; 20
tributylal um num diisobutylal um Rgm¥@Ride; triisobutylal uni num hydride;
triisobutylalum num and diethylalym nusghl oride. 25 Currently, TEA is
preferred. The treated solid oxide d conprises at | east one hal ogen)
24 February. 2004 14 titanium and a w8 oxi de conpound. The hal ogen is
at |least one selected fromthe groyp consistin of,chlqrigp, b.qﬁin ,. and
fluorime. Generally, 3hrenigiedylgsingeh »6npstiabydre-lisdepy hatmpg ¢ Bng‘hup
consisting of alumna, silica, alununophosph al um nosil i cates)

al um noborates) silica-zirconia, silica-ti and m xtures thereof. .

Preferably) the solid oxide conmqound is si -allum na or alum na. The
sol id oxi de conpound can be prggugﬁﬁxéy
g

thod known in the art, such
as, for exanple, by gelling, co- Lngy | ggﬂon of one conmpound onto

anot her, and fl anme hydrol ysis. Mg;;/s' jca-tTtgalc i s used, the content of
titanic can be about | to about o by ight/t i T®0i um based on the total
wei ght of the silica-titanic, prefera t 10 2.5 to about 12% by

wei ght, and nost preferably, 4 to 10% Ry we , With the remai nder being
primarily silica. The silica-titanic c be ptoduced by any nethod known in
the art. Such processes are disclosed in Patents 3,887,494;"' 3;119, 569;

4, 405, 501 ; 4,436, 882; 4,436, 883; 4,392,990; 4,081,407, 4,1.52,5083;
4,981, 831; 2,825,72t; 3,225,023; 3,226, 205; 3,622,521; and 3, 625,864. The
silica-titanic can be nade by cogell ation of




15 aqueous materials, or by cogellatigin in grﬂgam ¢ or anhydrous
solution, or by coating the surf 11 '
as, for exanple, by reaction
foll owed by eal cining. Al um

anol s with titani umisopropoxide
phafe c made by any nethod known in
the art, such as, for exanple, Isclosed in U S. Patents
4,364,842, 4,444,965; 4, 364,85S; 20 4, 4,364, 854; 4,444,964,
4,444,962; 4,444,966; and 4,397,765. Silica-aluatina can be nade by any
nmet hod known i n t hebjgtrt-but¥lecia die Hin-BatylaniiPmafiihhca- al um na can
range from about 2 tg(abggt?Sog?gy m§?3ﬁ$ basgg on ?ﬁ% total weight of the
silica-alumna, preferably, fromabgut 5 to about 30% by wei ght, and nost
preferably) 8 to 20% by wei ght. Co rcial grade silica-alumna is

avail abl e 25 as M513-110 fromW R ce and commerci al grade alum na as
Ketjen Grade B from Akzo Nobel. 'dﬁH t he specific surface area of the
solid oxide conpound is from abo 0 Gfoltes 1000 m-/ g, preferably) from

about 200 to about 800 ne/g, and _nostHireferably, $om 250 to 600 m-/g after
cal cining at 500C. 30 The specifi re ?Qf t he solid oxide conmpound
Is.typically greater than about Q. /g, preterably, greater than about -
0.8 cm~/g, and nost preferably. grealer than 1.0 cnslg. 24 Februarv, 2004
15 In a first enbodinment of th{s invention, the treated solid oxide
conpoénd i's produced when the sol'id oxide conpound is contacted with at
| east one titaniumg; L0 .4qenhe hal ogen- cont ai ni ng
conpound. The ordersg?ﬁgggk g??ﬂggﬁﬁgﬂgﬁﬁggﬁ%kéﬁgﬁ%g%bound with the
titani um contai ning conpound and the 5¢/hal ogen-contai ni ng conpound can
vary. To produce the treated solid oxife conpound, at |east one titanium
contai ning conpound i s contacted with{the,solid oxide conpound by any means
known in the art to produce a titani tai ning solid oxide conpound.
Ti tani um can be added to the solid cg®pound before) during, or after
calcining. Generally) the anmount of 10 tEfani um present in the
titani umcontaining solid oxide co i ™t n a range of about 0.01 to
about 10 wei ght percent titanium wh wei ght percent is based on the
wei ght of the titaniumcontaining s§li xi de conmpound. Preferably, the
amount of titanium present in the t{taniumcontaining solid oxide conpound
Is in a range of about 0.1 to about *5 wei ght percent titanium based on the
wei ght of the titaniumcontaining solid 15 oxi de conpound. Most preferably,
the amount of titaniumpresent in the titaniumcontaining solid oxide
conmpound is in a range of 0.5 to 2 weight percent titanium based on the
wei ght of the titaniumcontaining solid oxide conpound. In one nethod of
producing a titaniumcontaining solid oxide conpound, the solid oxide
conmpound can be contacted with an agueous or organic solution of the 20
titani um contai ni ng conpound before cal cining. For exanple, the titanium
can be added to the solid oxide conpound by formng a slurry of the solid
oxi de conpound in a solution of the titani um containing conpound and a
sui tabl e sol vent such as ‘al cohol or water. Particularly suitable are one to
t hree carbon atom al cohol s because of their volatility and | ow surface
tension. Titanium al koxi des, Ti (OR)a, wherc3Ri s an al kyl or 25 aryl group
having 1 to about 12 carbons, is particularly suitable as a titanium
source. A suitable amount of the solution is utilized to provide the
desired concentration of titaniumafter drying. Drying can be effected by
~any nmethod known in the art. For exanple, said drying can be conpleted by
suction filtration foll owed by evaporation, vacuumdrying, spray drying, or
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24 February. 2004 16 Patents 3,887,494; 3,11
4,436,882. |If the titaniumis added before
or organic soluble titaniumcontaining co
i npregnate the solid oxide conpound with ti In a coprecipitation
met hod) a titanium conpound such as titanium es) titaniumnitrates,

titanium sul fates, tj ' at.e .;,anates, for exanple, is

i ncorporated with anbgtgﬁgg@laﬁﬁlf@g%@)h%Hﬁéjﬁﬁlé@% Gte (Ti CSCa) dissol ved
in sulfiuic acid is a particularlwsuitable conpound, If the titaniumis
deposited onto the surface of an ali ?1) ?xide conmpound,
titanium halides, TiX4 where X is chlor ‘ r al kyl titanates,
Ti(OR)4 where Ris an alkyl or aryl group Y 1 to about 12
carbons are preferred. If the titaniumis ad Gd@i ci ni ng, one
convenient method is to vaporize a volatil ani Umgont ai ni ng conpound,-
such as titaniumtetrachloride or tit i JMclor an al kyl
titanate (Ti (OR)4 where R is an al ky containing 1 to about
12 carbons, into a gas stream used bd oxide 1 S conmpound.
If the titaniumis added after calcining, a p d nethod is to

| npregnate the solid oxide conpound with a hydr n solution of the
titani um contai ni ng conpound, preferably a titaniumhalide or titanium

al koxyRal i de, such a@lmntbﬂan,lylhwﬁd,%§,71ﬁe(r@ra}dxeizlpd@md)zm@mpnk@9hlmé¢:e Ris
an al kyl or aryl group having 1 to about 12 garbons. 20 Calcining is :
conducted at various steps in the productj the treated solid oxide
conmpound. Generally, calcining is conduct about 1 mnute to about 100
hours, preferably fromabout 1 Hel to SO/hours, and nost preferably,
from3 to 20 hours. Generally, the ¢; [ 5 qanducted at a tenperature
I n a range of about 200.C to aboHtJKT BDl'y from about 300C to about
700C, and nost preferably) fronléé 3S0 0C™ghe cal cining can be
conducted in any suitabl e atnosphere. |1y, the calcining can be
conpleted in an inert atnosphere. At y, the calcining can be
conpleted in an oxidi zi ng at nospher e, , oxygen or air, or a reducing
at nosphere) such as, hydrogen or carbon i de. To produce the treated
solid oxi de compound, the solid oxide conmpound is 30 al so contacted with at
| east one hal ogen-cont ai ni ng conpound. The hal ogen~ont ai ni ng conmpound is at
| east one selected fromthe group consisting of chlorine-containing
conpounds) broni ne-contai ni ng conpounds, and fl uorine-containi ng conpounds.
The 24 February. 2004 17 hal ogen-containi ng conpound can be in a liquid
phase, or preferably, a vapor phase. Optionally, the solid oxide conpound
can be cal cined at about 100C to about 900C before being contacted with the
hal ogen- cont ai ni ng conmpound. Any net hod of fluoriding the solid oxide
conpound known in the art can be used in this invention. A comon nethod is
to inpregnate the solid oxide conpound with an aqueous solution of a
fluoride-containing salt before cal cining, such as amoni um fl uori de

[ NH, F], anmoni um bi fl uoride [ NHAHF2], hydrofluoric acid [HF], amoni um
silicofluoride [(NH )ZSi F6J, amroni um fl uoroborate [ NLI4BF4], amoni um

fl uor ophosphate [N1~PF6], and m xtures thereof.. 10 1n a second nethod) the
fl uori ne-contai ni ng conpound can be di ssol ved into an organi c conpound)
such as an al cohol, and added to the solid oxide conpound before cal cining
to mnimze shrinkage of pores during drying. Drying can be acconplished by
an nethod known in the art, such as, for exanple, vacuum drying, spray
drying, flashing drying, and the like. 1 SIn a third nmethod, the

Vi
: 4?195,501) and

tion, any water sol uble
uitabl e that can
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Hzofpound can be added during

H Y
20 In a fourth nethod, the fluorine-cont
calcining. In this technique, the flugi tai ni ng conpound i s vapori zed
into the gas streamused to fluidize tYe solNse® oxi de conpound so that it is
fluorided fromthe gas phase. In additi to\sone of the
fl uori ne-contai ni ng conpounds descri bed pMeviously, volatile organic
fluorides can be useq A 1] 93&& @hﬁﬁ desaqposi tion points, 25
or at tenperatures hﬁéﬁggﬁgu BF@V@E@@@ eag |on.hl or exanpl e;
per fl uor ohexane, perfluorobenzene, triftroRkgacetic acid, trifluoroacetic
anhydri de, hexafl uoroacetyl acetonate, €gd m xtures thereof can be vaporized
and contacted with the solid oxide co:ﬂﬁﬁfu at about 300C to about 600C in
air or nitrogen. Inorganic fluorinesconyra gﬁE?npounds can al so be used,
such as hydrogen fluoride or even ¢ efgpleetlz 39~ | uorine. The anount of
fluorine present on the treated solfid o iﬁy Sympound is about 2 to about 50
wei ght percent fluorine based on the.welgit ©f the treated solid oxide 24
Fabruary 2004 18 conpound before cal ci Bi%ag>pr the anpunt added to a
precal ci ned solid oxide compound. Pre , It is about 3 to about 25
wei ght percent, and nost preferably, i® A1 to 20 wei ght percent fluorine
based on the weight of the treated solid oxi de conpound before cal cining or
t he ampsint added to a precal cined solid oxide conpound. Any met hod of
contacting U e solid oxide conmpound with the chlorine containing conpound
or the brom ne- cont aiindany! disthesyAdanina(ly)ichlorids: art can be used in this

I nvention. Cenerally, the contacting is ted during or after
cal cining, preferably during cal cj tabl e chl ori ne~ontaining
conpound or brom necontai ning conp hat can deposit chlorine or brom ne

or both on the solid oxide 10 conpou d can be used. Suitable

chl ori ne-cont ai ni ng conpounds agﬁ/brb'“ﬂ@{xnﬁcHgning conpound i ncl ude
volatile or liquid organic chl ol de or ,dR, conpounds and i norganic
chloride or brom de conpounds.  Organic chloride ar brom de conpounds-can be
sel ected fromthe gr disopoapysinsidbdignetiiylsibyllopelopentadicnylstaniien dishasidss or m

di chl or oet hane, hexachlorobenzenﬁ, trichlor tic acid, bronoform

di br ononet hane, per br onopr opane) “1%,pho m xt ures thereof.

| norgani c chloride or brom de conpouggi§ can sel ected fromthe group
consi sting of gaseous hydrogen cip |dé\ ;LLJ omm}etrachloride) tin
tetrachloride, titaniumtetrachl oride, aldm nu Fﬁchloride, bor on
trichloride, thionyl chloride, sulfuryl/chloridefthydrogen broni de, boron
tribromde, silicon tetrabrom de, and’ﬁ(xtures t hereof. Additionally,
chlorine and brom ne gas can be used. Optionally, a 20 fluorine-containing
conpound can al so be included when contacting the zirconiuncontaining solid
oxi de conpound wi.th the chlorine-containing conpound or brom necontai ni ng
conpound to achi eve higher activity in sone cases. If an inorganic

chl ori ne-cont ai ni ng conmpound or brom ne-contai ni ng conpound i s used) such
as titaniumtetrachloride, alumnumtrichloride, or boron 25 Irichloride,

it can al so be possible to achieve the chloriding or bromding after.

cal cining, either by vapor phase deposition or even by using an anhydrous
solvent. The amount of chlorine or brom ne used can be from about 0.01 to
about 10 tines the weight of the treated solid oxide conpound before
calcining or the anmobunt added to a precal ci ned solid oxide conpound, -
preferably it is fromabout 0.05 to about 5 30 tines, nost preferably from
0.05 to 1 tinmes the weight of the treated solid oxide conpound before
calcining or the anount added to a precal cined solid oxide conpound.




A
30 introduced into the reactor. Current™r ~one nethod is to first contact

t he organonetal conpound and the treated solid oxide conpound together) for
about 1 mnute to i NGRS m dicRfbrigebr uary, 2004 20 preferably, 1
mnute to 1 hour, SF%§ ?éﬁberatured$ron1about 10C t o about 200C, preferably
ISC to 80C, to forma first mxture; gp«

w th an organoal um num conpound to ftéﬂp
method is to precontact the organo -‘.i
e [C§
Nii

then contact this first mxture
cat al yst conposition. Another
pound, the organoal um num

conpound, and the treated solid oxio pound before injection into a

pol yneri zation reactor for about 1 m ni=8 td%hbout 24 hours; preferably, 1
mnute to 1 hour, at a tenperature from ad 10C to about 200C, preferably
20C to 80C. A weight ratio of the o‘ﬁ;k:alunfﬁun1conpound to the treated
solid oxide compound in the cataly £QBRosi tion ranges fromabout 5:1 to
about 1:1000, preferably, 10 fro *1 to about 1:100, and nost
preferably, from1:1 to 1:S0. A atio of the treated solid oxide
conmpound to the organomnetal conmpounc he catal yst conposition ranges

from agbout 10,000:1 tp .aboyt 1:.1 ref erahl fro . 1000:1 to about
10:1,?and'nnst preF%?'ﬂP??gFV@%FE%@F%“ﬁ&ﬁgﬂ¥§WL§H@§@Q§§%ios are based on

t he amount of the conponents conbined to giY; ke catalyst 1 S conposition.
After contacting) the catalwst conposition €Qnpyl ses a post-contacted

or ganonet al conpound, a post-cqntacted org‘g::I m num conpound, and a post
contacted treated solid oxide co Jnd.  Prepe gy, he post-contacted
treated solid oxide compound is the faj of i4 2Mé$ ht, of the catal yst
conposition. Often tines, 20 specific

oM™y catal yst are not
known, therefore, for this inventi t he conposition is described
as conprising post-contacted conp ds. A

rati o of the

post - cont act ed organoal um num conpound to Ogt-contacted treated solid

oxi de conpound in the catalyst conposition Ragges from about 5:1 to about

1: 1000, preferably, fromabout 3:1 to about 1:100, and nctrstprceferably) 25
from1l:1448 1:SO0. A weight ratio of the post-contacted treated solid oxide

conpound to the post-contacted organonetal conpound in the catalyst

conposi tion ranges Bisdn(ddbdiisopgomianinoiherapbenzene/ydndoZiredmbiny, ~ f r om about
1000: 1 tgdﬁbOUt %011 and nost preferably, from250:1 to 20:1. These ratios
are based"BRPHE lﬂ% 4T the conponents conbined to 30 give the catal yst

conposition. The conposition of this inventLgﬂ%h&%:an activity greater than

a & B
0\ .‘\\\\\H
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Preferably, the organometal compound is selected from the group




conposition that uses the sane organé@{,@&hpound, and the sane
organo-al um num 24 February, 2004 21 coﬁngégd) and the sane solid oxide
conmpound but wi thout contacting the v O e conpound with a hal ogen.
The activity is measured under slurr ri zation conditions, using

| sobutane as the diluent and with a polyrerization tenperature of about 50C
to about 110C, and an ethyl ene pressUre of about 400 to about 800 psig.
When 5 conparing activities, the polynerization runs should occur at the
same pol ymeri zati on gapdiidyPRfcomil® di@A6hA,; shoul d have substantially no

I ndi cation of any wall "scal’é) coating or other fornms of fouling.

Preferably, the activity of the catalys nposition of this invention is
greater than about 300 grans of pol ynej am of treated solid oxide
conpound per 10 hour, nore preferably £ t han about 500, even nore
preferably-greater than 1000, and nost ag y greater than 4000. This
activity is neasured under slung poly- condi tions) using

i sobutane as the diluent, and with a ~gation tenperature of 90C, and
an et hyl ene pressure of 550 psig. The Shoul d have substantially no

I ndi cation of any wall scale, coatl her forns of fouling. 15 One of
the i nportant aspects of this inve hat no al um noxane needs to be
used in order. to formthe catal yst tion.. Al um noxane- is an

' expensi ve conpound that greatly incred pol ymer production costs. This

al so nmeans that no 1S ] . . | um noxanes. This is
beneficial because &gb§$ht%%ﬂ§§ﬂ§ﬁ¥%%g?g+@Fﬁ%£g%ﬁ§§£?%zation pr ocess.
Additionally, it should be noted that no fluoroi or gani ¢ borate conpounds
need to be used in order to formthe catalyst flion: In sunmary, this
means that the catalyst conposition,Hngch S geneous, and whi ch can
be used for pol ynerizing nononers, caﬁ‘%@ﬁea ' ’RNd/ I nexpensi vel y produced
because of the substantial absence of any &l um hewébrpounds_or fluoro
organi c borate conpounds. It shoul d kgctiot pFgano- chr om-um conpounds
and MgC 2 are 25 not needed in order to form at al ydt conposition.

Al t hough al um noxane, fluoro organic borat
conmpounds, or MyCl Z are not needed in the
conpounds can be used in other enbodinents i nvention. In another
enbodi ment of this invention) a process conpri contacting 30 at |east
one nnnone&ufnd the catal yst conposition to produce a polyner is provided.
The term "pol ymer® as used in this disclosure includes honopol yners and
copol ynmers. The catal yst conposition can be used to polynerize at |east one
nmononmer to produce a 24 February. 2004 22 honopol yner or a copol yner.

Usual 'y, honopol yners are conpri sed of nononer residues, having 2 to about
20 carbon atons per nolecule, preferably 2 to about 10 carbon atons per

nol ecule. Currently, it is preferred when at | east one nonomer is selected

# enbodi nents, these

fromthe group consisting of ethylene, propylene, I-butane,
3-net hyl - 1- but ane, 1-pentane) 3nethyl-I-pentane, 4-nethyl-1-pentane,
| - hexane) 3-ethyl-1-hexane) i-heptene, |-octane, |-nonene, 1l-decene, and

m xtures thereof. Wien a honopol yner is desired) it is nost preferred to

pol ynmeri ze ethyl ene or propyl ene.” When a copol yner is desired, the

copol ynmer conprises nononer residues and one or nore conobnoner residues)
each having from about 2 to about 20 10 carbon atons per nol ecul e. Suitable
conononers include, but are not limted to, aliphatic I-olefins having from
3 to 20 carbon atons per nolecule, such as, for exanple, propylene,

1- butane, |-pentane, 4-nethyl-1-pentane, 1=hexane; 1-octene and ot her okfins
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24 February 2004 23 The cat al yst corrpomho-rgAMZ IS process produce
good quality polyner particles w thout su?[ ang i al @ QuUICIng t he reactor.

When the catal yst conpoSition is to be mged in a oo eact or zone under
slurry polynerization conditions, it is preferre the particle size of

the solid oxide conpound is in the range of abowW o about 1000
m croneters, preferably about 25 to about 500 m
preferably, 50 to 0 mcroneters, for, best caontrol during,_polynerization.
In a nore specific@ﬁﬁ%ﬁ%ﬂ‘ﬂmb?"“ﬂ?ﬁ@dﬁ whthe dpllowing gsperakformuly: ovi ded to
produse a catal yst conposition, thg Qf(e)ﬁs conprising (optionally)

"consisting essentially of', or "c?‘oﬁg?"stl g oF'): 10 (1) contacting

si lica-al um na wi t linshis Gruhilgr(Xoistadiydioegrisiriaving fiofi f ké/adud 20 karbproduce a

fluorided, silica-alum na having from4 to 20 weight percent fluorine based
on the weiHt CHFeRiLS TISPretaTrsd HhenaXas 87 alkybaving fign | 5 shost &9 Asshen t he

{1 uor i dodisthd. HArbl 18Tt pRARANGA | Neldlidd Forh BB oAR0irEHeO00"

for 3 to 20 hours to pro a cal cine uori um na;

sfet er s, and nost

cont act i megth¥ieethy| piopgl) bityliemiddsbusyll i ca- al unmina with a sol ution containing

titanpumtetrachl oride to produge a fluorided, titaniumcontaining silica
al um'rfha having 0.1 IF%“E%‘H&‘MX&)H? athalideyihydride s @ligride Lumendntt §f ¢ he
fluoride j ' At al0l hd LGas 1 Na. hi: i uori ded,
i tant et o hDED: BUBAety SR KBRS ehioh SREDITL oI b )
zi r coni uehidre hHoweds, s mobigsrpferred wien\@f) s ehrréange of 15 C to 80C for
about | mnute to 1 hour to produce a mxture; and conbining the mxture
and triethyl al umi ndhrthis formuda, " tsipenusahesifips 1t ApoelpsiveHowereydt isanot her
nor e SpE%}éf.&ﬁ Qi MpE, a process is prdvided to produce 25 a catal yst
conposition, the procesS conprising (optionally) "consisting essentially of

or 15consi sti ng ofExamplds of sachtapiigs atd ascfotlatvieiri na with a sol ution
cont ai ni ng anmoni um_bi fl ugride to produce a fluorided silica-alum na having
from4 to 20 wei ghtBetdalyminuisr i ne based on the weight of the
silica-al um na bef qg I-01.09; .(2) calcining the fluorided
silica-alum na at gﬁt&g ﬁ!al{r}{gghlr%g(’rv%qhi n a range of 350 to 600C for 3 to 20
hours to produce atdglopiladdnibubQri de silica-alum na; (3) contacting the
calcinod fluorided silica-alumna with a solution 24 February. 2004 24
cont ai ni ng dubi et y difthyia iwdhoxides| ution containing titanium
tetraghloride to prnqglﬂg . fluorided, magnesium and titani um contai ni ng
sili gg al um na havi ng EM(SIL Yo by wei ght titanium based on the wei ght of
the fluorided, tit aiisobatglahindintintydsade; caal unmina and 0.1 to 1 mllinole of
magnesi um per gram of fluorided, magnesium and titaniumcontaining silica
al uni na. (4) conbi ARisgbYklyminYm edideragnesi um and titani um cont ai ni ng
silica alum na and tﬁisﬁﬁﬁyﬁm&ﬁnﬁ}ﬁm&’em adienyl) zirconiumdichloride at a
tenperature within a ’

diethytaluminum chloride.

25 Currently, TEA is preferred.

The treated solid oxide compound comprises at least one halogen,




5  the solid oxide compound is silica-alumina or alumina. The solid oxide compound can be

range of 15 Cto 80C for about 1 mnute to |_hour to produce a mxture;
and (5) cWW@Yt%W%@%H‘@PP@tW&‘&FW ﬁﬁ?ﬂl?lﬁ"&%ﬁﬂ%“?ﬁghl{'& al yst

10 conposi | A dr | H Sl | in a

pol yor | 2 areegA BEAEE (SRR RS dthir el Emt ERISEE " B1c of the
features of this invHenGilidagtithiiats ided, thetcanientpOtitahiaican bg abaitildo akowe
conpound is a polynerization catalyst in jts own right, provjdi hi gh
nol ecul ar 135 hyiwghehtdianivmdsedon Biettplal wetzht PB@‘@@&"&FW&@H"@@% &Eﬂ‘éﬂ Iy

o .l . ; . el - _ e

Fesul tithg 4 STz B REF nt A bretymbly I8 | by \Higne ORI ainacr

strength alb‘éin?bﬁmhrilyeﬁﬁmsﬁhé oilicheitdid yarEe produceddnyl ahymoethbdkodwmimtbd f rom

To1 ¢ ncl o8 Pesigngessesons dbeloscdind] S BBk SLuEA Sohig. 90 0SSP Rt o5 20
| t d . «bde L ’ y 9

(9110 in) 4BE SEEI 201 8. 0T 081 hab Oy O; 1o 44) . T dhs A3 FDS 93,

pr ef er abl y?”rgéh .’ﬁ o’%g gﬂ?@z @.’ ’? (L.’ 8e’ns’|' ’8sS ’o esé ‘Tnventi Ve pol ymers

range fron abeabs.3 .0 $21;ahe81628,884. TheRBicapitediacab by nfade by abgeilatién 805 t o
about 0.94 g/cnB, and nost preferably fromO0.91 to 0.93 g_/cnﬂ. The .

nol eculfar agesusimaterialsuof byncoasHation inan erganie oF Mhydspuseso! H56eatag e o

bout 20 ferably fr bout. 3 t tel :
38 25 1o HstacsnEsyiks vihGR BYRSTsTaEeRcH. fok Rualpl, BURCREFbES BfloYerobbs O
vei ght - aveqaf efladiRinGSoHrafoiEd BlovelyByMalciiapges from about 3 to about 100,

preferably fromabout 5 to about 80) and nore preferably from 10 to 60. The
shear stress responsélumiriophosubse/den pegnadety 3y methed kapye i fedrt siB @S 10

to | than ab 50 ferab han, ; bl
to I ess it B8 hlra CRSL pefcF aralniot fURE Batehfi b ha i S foRamsg B0 Y
al so bgy chalsagessi #.964,BY4; 4 £145446 Qs 060k @t 986 sird 4)897,965.and by the

magni t ude of the conplex viscosity [ rl "(ro) and the storage shear nodul us
[G(ru)] of the pol ySilicaratiminaiian beahadedry dnysmethad kaewn ar theargpihe amount

distributi pri sing.. 24 Feb . 2004 25 a | d
bei ow 100, BbESTHE 18 LRatesRIGHRGHLEHES Aot A 240 ARAeRPb bR YeRER $akl e ©
mol ecul ar ygighil ﬁ!c?é?x@\é?&é@ilﬂﬂ%%ﬁm‘“ﬁ&?&aﬁlﬁ}%@ﬁr%ﬂf agealitfut B0% bypwsighhove

1, 000, 000 ranges from about 0.2 to about 4% of the mass of the polyner. The
presence ofnd mestprgferahiy,diol 20% by wekght c Gepunemial gradeisdicelminedyavilablsi ng a

: . q : gt ' trati det b s
exol uston ehMBiar g By ¥; ReCrmeant copmatal erdnapins & Ssubbpf fon
(storage maguhggbeyersus |og w (angular frequency) curve of the inventive

pol ymer increases with angular frequency over sonme part of the range when
the angul ar frequencyGémsrallyctheapedfit surfaceizoes ofthe solid oxide gempownd Bdf¥n Thij s

pol ymer chayacteristjc c al,;so be. descr.i bed in t th t
derivative? ‘F“ta{%pda “t(lggglnh pﬁ%ﬁ'ﬁ‘ﬁ s froIL? 2&80 muggéglnifgc’?}rlganuoesncy)
curve of tRefaURNEoUE2 RPYR mYgansr GldnmBlar 50GLCI S positive over the
angul ar frequency range of about 0.03 to about 100 rad/s. Furthernore, in

the noBd@ pronounced cBeampecificpost vydumeiof thessalidpide gompgund iy Hpicadly grgater

versus | og w (angular firequenc curve for .t he.ionvent i s a
range mheré]‘ﬂ&ﬂ};bgﬁ%ég’%ﬁég@ﬁés% %ﬁ??@gé%%%séﬁ%ﬁ%ﬁ r équency
15 i ncr eas QeatdrarPOWmM . 03 to about 1.0 rad/s. After the polyners are
produced, they can be forned into various articles, such as, for exanple,
househol d containers and utensils, filmproducts, druns, fuel tanks, pipes,
geonenbranes, and liners. Various processes can formthese articl es.

Usual Iy, additives and nodifiers are added to the polynmer in order to
provide desired effects. It is 20 believed that by using the invention




5  halogen-containing compound can vary. '
was used to determ ned_the specific surface area (“swface area") and
speci fic pore vol unp%?'pb%ﬁgeg’cﬁtffﬁ\t%mﬁp OIXHE QBt° d@ﬁ%‘}&%‘ﬁ?fi}g‘ Thi s
i nst r ument contniag @oinpethd isABhiabRd BN chhPBRIERbRPbARd B anyMeaRYnowd - 30

Melt Index Melt index (M. g/10 min) was determined in accordance with ASTM
D1238 at 1thoatp preducea tianymwehtgining solRloxidd compyund? §it4niag dantbeladded k| t

I ndex High,load, nel.t index (HLM, g/l10 m s .determ ned | n accordance
¢ ASTI BRSO STIo% GBpRpd berors: ding, of ptretinibgs CepeplY yhE R RTH

sanpl &9 WetitenishPptieldnt ﬁﬁm\eﬂt&m&nko\%air%gkﬂﬁd Bty h&hﬁgmwgriQ%%e‘&%%ut

di spersed in acetone and then vacuum dfi ed before | di ng. The sanples were
t hen conpr@8kicoebotbldaight pe@2id titamium whirathoweight percentnsubased oif the weighl es
were allo tp. nelt at a.rel ative | ow pr.essure. for, one mnute and then
sub; ect eq Tans PGB amite i eariioBH” BHibabbA e TP oh HREET The

mol ded sanfre@nt #heHSikALBnEUERS MAMl bNdechhBSEnd Bif b M brabolt@0Mo |
tenperature. 2 nmx 25.4 nmdi aneter disks re stanped out of the nol ded
sanpl es f cdbophd wieigit paicenttiteniotndrasedion the wSght of-th¢ titanmmo<ontalmngsalids hear
rreasur-lsrrents wer e erfg\&msd (%n ' Rﬂg)rretri cg-.Sci entific mdel RVS 800

r heongrer TG PRRuRd; o pzg Emgléfo gryouny AEL{ABIMm PRESERR the WML heonet er
was bl anketgaehihife Bbi ' I 3 | Jai (7 ! qg%fﬁ ty The
r heonet er vvaslpr%helt(!l{![I g%ﬁ%! gb ?’ﬁgﬁﬁ{sﬁglﬁ%rﬁﬁ%ﬁ@éﬁﬁp %rgmgtu ygﬁ.ﬂa%%jon
sanpl e | oaati thg wenght af ther titawieam-tdrezinig setidiokidercatippandt he di sks were
squeezed between the plate 1.6 mmthickness and the excess was

St
trimed. A total of @@Wﬁa?@g?@%ﬁgeaatsmncqnﬁéwr?eh@ﬁé'daicewm%d«
i nserted : t | : ; : d. 20
St ai n. s SRhOHEE oSO ARbcfafal it i RGNS Yr SHRER UREc oAt
frequelicy titamiem-touttainmgyempmundbefovatdaninge For exatplepthel titanivinsan e tagded
sanples to g@i ntlﬁijg)gg neasur ahl e, t orque. Smaller strajn val ues, were used

for high VPdioH epraroynd by forming Asiwgy af e sphid oxileggmpopad Wdicer and
to keep W doiitidnt '-gﬁﬂ{ | @&H}P‘o Flor | EAGL er
aut omat i cal F‘{/twrne&c;fﬁ}ééeg t énstét%?ﬁ]l t |gdﬂh%'g%§gﬁg$lggoﬁﬂfﬁﬁsggggggc€ to 25
keep from water.| Raaticuiarly bdtdbdy sre ent (athsebuaebon dbinedcdimls bigiagdetofithéiecul ar
wei ght s and lecu‘lég?rwmei ght distributions were gbtained frﬁm a Waters 150

CV or 150 fty an pursredensign. CHtaswam alivoxpies B¥ER)u dvhere Ris ah flsy 0T
benze as ] | QW hat; : TR AR Rdni g aty a
terrpei%t ur?gﬁo%h%ﬁg%ﬁ@%hﬁogtlﬁa cong’el(rgnp ?xé;{c?%aﬁi‘yg#x i%“é%éra ans ‘E?é‘?uf“?fé? was
used as a itablelamremt ofithekelusioh vewtilizeBas previdh the eleginéd edncemtatimotdf Wicarniwmrex

detector a solution viscosjity detector, were utjlized._An injectiqgn
vol ume of %%G%Wﬂg g scf{?gégbmapﬁnyﬂpm}pgyn Boths pgh For iﬁbrsﬁ‘grv

204 27 ¢ t ' . ok -
mlliliters’ o Cgagfb\%gﬁ't“ﬁeétéd %%‘%n“tg‘e‘%@rtgdt“u@g)a Wy BY cRBtiisn, Ribuutn rying, |
two WAt er sspBtyydryig, o-HVashGiFyimigx €Thib embtioel is exempifidd ball.S.t Raveas 4,204,724 al
met hod, of ' 8 | br.atiqn _was sed on a Phillips Marlex a BHB
5003 g’rooadx’%%@%ﬁ %ﬂ%?r@ég@i%‘f%@agﬁﬁ@r aneter values used in the

Mar k- Houwi nk equat i Ofh 4 Sdcbhd mefic mefmam&stw&ge&edﬁ@uiéssgé%xﬁklo' 3)
m./g and a = 0.726. Solid Oxide Corgpounds Silica was obtained fromW R

Grace) gr akhasnd whenitheselidaxide oahpenndds being produced as exemplified by U.S.




5 titanium halides, titanium nitrates, titanium sulfates, titanium oxalates, or alkyl titanates,
about 1.6 ¢m/ d. a surface area of, . about. 300 1z/ Q. ] ol S
Ketjen gr aﬁ’é °é‘9‘5P iS4 vaithharagd gp tehﬂﬁzﬁpmcﬁmﬁaiﬁﬁog’%or e
vol ume of ahQWirid a4 iQH%/aHicfaPﬂaéuﬁwlé é&ﬁ@ﬁ:ﬁﬁ 12 khSabum3R Aefd¥itdd onto the
romw R ace L

Silica-alum na was obtaine as M5 13-1 cont al ni ng
about 13% $yrfaseiofjan abrtadyi foemehsblid ¢ deyconspagintl, Stahivomhalkdes sTilKis oeberd Bns na had

a pore vol .of about /1.2 1 /.9 and rface area o bout. 450 nR2/g. 15
Cal ci ni ne éiigg’é‘g? ‘E’?‘Pf@“’c‘% oééﬁ‘%t‘@%tﬂ% ﬁmﬂﬁ%‘f ﬁdﬁﬁ'ﬁl ¥€°rgqrélrg°%r e pl aced
in a Lo/S bdifdl rﬁozabg‘dp FHJS ';ege[@cds.i ntered quartz disk at the
bottom V\hﬁ}g ?ﬁl(gqsoll nglée ct%cr%rp%tn was supported on the disk, dry air
was bl own up t hr oughlfthe titindikn & adiled duging taleining, ohe Gomvenadnomiettibdds & andar d
cubic feet per, hour, An electric furnace arqund. the 20Q uartélt. be was then

turned on, VaRQHZE R&olattl Hianium-containingcasmreuRd, such 2 Sty tfFSBIoEgE ORour 1o
t he i ndi caged: , T t t r r S$0lid
oxi de corrp(fj{cl)i‘éﬂJ mmg%g?f)}géég rtﬁgg gﬁﬁ?@%ﬁ‘é@?ﬁ?@%ﬁ%% %ﬂtoﬁ%?&@i r.

Af t er war d, cdrhginimgl I @ aboutie2 cabmoy ido waas stedairenseddoannltast the ealiduiordde dry
nitrogen, where it was protected fromthe atnosphere until ready for
testinly |¢°WRAHever allowed to experience any exposure to 25 the

at nosphere. Pol yneri | ©: | | e

liter steel reactor 2%‘?}%8‘@ w§§€ﬁ§&%%%ﬂélgﬁ§f???&?%ﬁwﬁlﬁ{gmgﬁsaogﬁ)rgg%m

r evol ut i onthepelid okidstodn{popidl withiehydesisn svhsichlsf the nidmikrbyoataniime| | acket
contai ning boiling nethanol with a connection to a steel cong_ense . T@E 30
boi | i ng pofefaPYNd; Resferably-atispniwmchalign oF Slangam glkoxyhalideg suphias daeh {S\Qe‘% re
applied to n . | e ' ) ] ' re
control toTHCRIEEHERRRE HREIABE K3} an MRyFLE B5T Belib Ry 3o 3fob YRG!
contropo i nstrunents Cakdninghi dtidyicted @0dariihs ddpe 31 tirt prodidtiva of tied westedd snal |

amount (0.01. to Q.10 grans normally) of the solid oxide conpound at%F’ tg[ﬁ)

i nvent i ve falid@xdde sesnpennsl Genemailypealpiingds conqusted-for abauy 1ymute 19ia%PBHER t o

the dry regglQr }ggii OmbLhilitear | yid s 9@ 0.5
percent by wel’gﬂ{? 0 tl%lﬁé’(nn- u illlhgl;#: oa%gﬁ{%%P(ge%’l§ tlﬁgr#éuf%nﬁgpgﬁ?ori de were

added, fol howedGeyeRll9, the calcindig iscohdictstat!d tahhiperatdiBén a rangd ofiabbutl 2008€ tof a
1.0 nol ar solution_of nethyl alum num (TEA) was added, followed by _anot her

|
0.6 liter dpout88BFpreferablyifiom m;w%w%@& 3P0 fagind snest areferablys fipm

i fied i call inall h
opect 169 SSUREIR0 L, Ekiahinko58 B Al Bt SHDI Sl tinrdy, o

was al | onethetcalditing ch®be dsmpleked inlda UherPAendiphiére. AdteiidiiveBN) thewakidifig can be
consunmed, nore ethylene flowed in to maintain the pressure. The activity
was not ed BYmpletesyinianpxidiging agnowphers; FydhcaseoXYRED OF Bl PEATadYFing JURRIARELS 1

t he set 'prg&t%%eh Cﬁ,\%\#&{%‘t Q% z%llljngltkgﬁ time, the ethylene fl ow was stopped,
and the reactor’ &Y% y depressuri Zzed and opened to recover a granul ar
polymer. In all casesfo prddudete treited@slid bLidd coinpbund) thesblitedxidacarhpamy wal |
scale, coating) or other fornms of fouling. The 15 pol yrrer%s t hen yrenoved

and wep@healso sentagied pithyat 1agst eng halagens SO EeRGOHARINE am

Pghed. g P
Bescri pti onaro SRR Y Mheflne TRl R ot LR R hE AR, 000

subsequent kympdingis, bromine-containing compounds, and fluorine-containing compounds. The




2 beusedn this invention. A common method is to impregnate the solid oxide compound

20 results,; 5}@1%3 | i t re dhsted in Tables 1 and 2.
Exanple 1 (lg{o#tir ﬁ%h{t@-{ %ﬁ%ﬁ'ﬁ%—%ﬁ%g@g%&t}:iﬁr@%@grﬁ, %‘f‘%‘rﬁs na was
cal ci ned iammonjiuai fluctide GNBCFT, amrhdtiag Hiflusiide dlmmnay,elyafoﬂubﬁcabfd HR,
wei ghing 9.3 granms_was heated to 600C under dry nitrogen and 25 hel d at

that tenpdERepEmSHinoflapride (AELYSIFd, anmmeniunpflzorebpratd [NEBF b famaetion
tetrachl org L @Gt i the nitrogen stream bel ow the al um na,
where it &%?%%agaﬁ#%gﬁéhggﬁﬁ%ﬁr% gh the alum na bed to produce a
chlorilded al um na. Ahtaeecsidintdol] ik iioAtd-coitainlify cifndicet baalkavigle had

evaporated, the chlorided alum na was cooled to roomtenperature under
ni t rogen) MR Egaieermppund, such-asiagiaicalioh 95d addasito thmsadlid axddeicdmpouwnd30

pol yreri zgt.j ! . . I { to the reactor. with_.an organonetal
conpound ?ﬁﬁﬁ%@%ﬂﬁt a 'gurrllﬁfr%g %,ofmgw%gﬁw-apmg % found to
yield an actinplishedby 0 Aetiticiifoval in the 4rtFRRA Y3 ¥r extPiific, ARcRRh ipihie POFaydr am
of chlorided al um nayper hour. The pol élrr?er had arR/I ofeo. g?) ﬁLEﬁotﬂ4. 3,

and a HLMErWngfashwgsitying, anddhe bke.i ng t he narrow nol ecul ar wei ght

di strigbuti on which i.s _typical, of .nmetall ocene-produced I r. Control i-B
(Cnl _o??de_d. Ti t ani urth E3NE4 FiSted Ae Donae-@NaiAing omPaMI e fnpROTRS

cal ci ned iifitodhe gélifbrnddd WA prbAiicih E%ﬁ@ew&mﬁlpéaim)bfa@éing RS0 @t 1t of
wei ghing 18.81 grans was inpregnated with a solution nmade up of 4

m | 1ilitertke ssutigns beforergelidion; didteamativaly, thd fludriresrontaphing cymipepadican beo
produce a _tkiani.um cqntai ni ng aluyna. Thi nounts to m.L1inol e qf

P Can; am R0 HORARRE At Sl méhofs Saodie LPMBsPdetPinte

ni trogen whirk Gisb@isafpMRioiss.in 6 disdRsH@, ti t ani um cont ai ni ng al uni na was
cal cined under nitrogen in"a fluidized bed to 600C. Three (3) mlliliters

of cafBon tetrachl orihddounth methyde tectudrmeecontaining compeunds¢andzeradded dnouogice a

chl ori ded,__titani cqQntai ni n umina. The chlorided, titani.umcontainin
al um na W%l[c&'%g'_eﬁ'r{bﬁg Yy _&ﬁg?%”ﬁﬂ?ﬂ‘l‘ma?‘iﬂde‘.s VAPZed INOARR BES o f )
the chl orisgesh ubéd RMuidE MY RHR XA IMPRRI B hdt FES fihordbE BLAALE @hs

pol ynerization activity wwth TEA but in the absence of an organorret al

conpound. Phasee)niagdition taisamewbitieifliorpeequaining c@fpourasslesdribed ipyesdousher gram

26 have o Yol SreRRc Hbrag S beied st bReies AGovs b SRS RIESY T 1 om
the chbor ioaedmpbmw?@ce%@g‘miorau& KRS, U ainBRS PRtk RS - 20

I nventive Exanple 1-C (Chlorided. Titanium Containine Alum na) The
chl ori ded petflucseticnpsnsotrifhiondavgtiaheidi wfluorameeantiydrifiz drqshBudroBeaigds r et est ed

for polynerization.activity, except that. an organonetal  c und .was added
Lo the 1 eagriaRae, R iifes hersRl e boyaia 2t PTG Rithgss Sl e

pol ymer pebmgbana ffabeli 200 °€6d abbli GIU MG RbEG. %H%ﬁﬁ fAfringour . Si nce
the activity of this sanple was 25 over tw ce that of ntrol Exanple 1-A
and si nce cPR@inirg garapounds gan alse bel usest svichoas lykdeogeh| fuoride dr even clemental
titan?blmqﬁlgf_igéni ng alumna is very small, as denonstrated in the control
run of Exanple 1l-B, it is apparent that the presence of the titaniumto

activate the organorEicamGBOHRSHhSpRsdiR b theREREF SITRIGxidE @¥BYSEnd ist 1S

al so apparent that the polynmer fromthis inventive catalyst conhposition
cont ai ns FBPYtFelo abeuiR weight percentdluoring hasedian the sveightiof thectreatet] solidraidee
chlorided, titaniumcontaining alumna. The M (0.12 g/10 mn) and HLM
(2.5 g/ O mn) have both decreased conpared to the use of an organonetal
compound al one as in Control Exanple 1-A, indicating the high nolecular
wei ght 24 February. 2004 30 pol yner conponent fromthe chlorided,
titaniumcontaining alumna This is also-evident . fromthe increased




D Any method of contacting the solid oxide compound with the chlorine-

15 A sanp ﬁﬁﬁﬁ?&ﬁ.ﬂp&lﬁ f 1zat] LVIity. |t ) dto
t he react |S§HV\A't éan orggtﬁgﬁe@t%ﬁm%gén%%@%ﬁo%oﬁﬁa ﬁ%%{%ﬁf%gy%@%%f
.enough hy i tgeimvesticr Geheraligthe Sorikadtitigts pediRdd diringlte afbidalininggui d. 1t
was found taq l)égel an activity of 562 granms of polynmer per gram of

chl ori dedPreff |<ﬂmn6&ﬂlcmms ¥ Fuitabliechierngreentainigcomneoyad o6 bemiRgdr ogen

usual ly | . Ly . ) )sitign he | yner 20 had
2 and PRr e o o8l dbpti el it oGRS bl on eGP oul o
be expect edmpbuidiantbehid. Siitabhtiie doatdimieg OmpbendGnd \brbMirRlcdnbsning

catal yst conposition. Gelﬁgfrneatlon chromat ogr aphy indicated a

wei ght - av&PBgeunsbinelude aplatites qriquidweanic chlorxls aydoomidesompoeunds and
= . ) I ; ; ol ' .
Qzlnt;eir ngrgﬁgﬁwgﬁ%% ’%‘?%%‘%‘%‘W@af %’%%%ﬂ?o%lgﬁiﬁ%%re%gé&g%%l%w ' I\t/{dB'F:%E oo

2- Bl Chl or bdeelectdd frani thingfeuptvnbishif Sf ¢drbat tebayhisAde, ChREGfoBR2diShlorSethaies
calcined in dry air at 400C for three hours. A sanple of the silica

wei ghi ng 9e3ashiprabenzeng, iohlorpacstic gcidgbromafanay dibromamethange perbremepropans

t hat np her  thr urs.. Then,.8.Q ml]iliters. of titanium
t et raicﬁl oﬁh%@% &%@8?’%@5 etgerl‘%ﬁ{' rc\)]%f’ 1R {}‘?%B%enorg{:?@ﬁjrﬁ CHESRRIHEANRS, i na,

where it welscte@Bof the grauptodfisGms 6f @dedtid HydrspsalthidtRiestilitstehachibAd tigduce
a chlorided, titaniumcontaining silica. After substantially all of the

titani um terachiondetitamivmedtrachiqrates aluhinumdrichibade,dedort irichlinds haortyhi ni ng

i | t t d It t.h t d.| [
24 Fonr uasyorabonibRaRH dRGES Phauite, frron wb@HRAs uFepsriMspmite ik *
test. \WewmigheésaBereb AdBLi6RAR! SMloMhé BndBrodlife P Bindle RAPOBRENANRN 2 TEA, it
was found to yield an activity of only 77 grans of polyner per gram of

chl or 2@ ed flupringpprtainingroaipeiund can alse he peludrduvheritontasting ther ziradivmM  and
HLM of 0 _g/.10.m n,. LE 3 nt.,ol 3: Fl uorided Al um n Ketj.en G ade
5 a1 un na camidR Ridieyde campui il the ShlerigroonTHEE FRIPESGOBIRIE of ¢ he
al um na webrthini Sorifoust 3 RcHER HigRdradtildy ROQmddesr dry nitrogen. Then,
0.3 mlililiters of perfluorohexane were i'njected into the nitrogen stream
bel ow t he 10 al umi ndf athmpeganic chderincapmtiinig canpouad i brbmipetchntaighe t he
alum na bed to produce a.fluorided alymna. After substantially all of the
perf uoroﬁ%’)‘?gﬂ‘élpc{féd‘sggébﬂ’r%f‘t%%’}‘%‘@“?&ﬂé‘?‘?ﬂ@ﬁ“‘éwm‘H&ﬁ e’c‘i‘f&%ﬁ“to room
t enpepsit Utichlrilee, Ridah 486 'he polihleb QEIREvd ﬂi‘xe%ﬂlcﬁ‘idrin%él%}ﬁmﬁﬁiﬁ@ %ﬁ&ﬁﬁaﬁéﬁhidﬁ[‘t il

used for a polynerization test. Wen charged to the reactor with an
or ganonet §itherdrykapatiphasel dappsjtiontor e¥emby usingrad anbydrpes sbleentact i vity of 187

| f pol f flyorided. al um hour. Th | had
b o0t o160 A 5L M EBuhof cigFine G P faiRan be Sres avair o PrPEhe .
narr ow nmol1eGimeaartha e Rl ofths tlehiaH bR o4k eBmipduby BER cALinifRld thO &@Bent

produced pol ymer. Control 3-B | Fluorided, Titani um Contalni'ng A unmnal 20
Ketj en G addedBoal predaiinedsolidaixedanaonpoundy preferablxtit i§ Gt amout OH)5cto dbours. A
sanpl g, of ..t h L um n i ghi 8. rans was inpregnated.with a solution
nmade 3% of! E“ngm'%f’? iﬂl‘f% @_mﬁ?‘?-‘;m ﬁﬁ‘ngf %YH@%@%E%W?F&‘&%‘B& of dry
hept ane t GolpoGhi-Seforeldaloiiihg B e infiunk REdEA t81H pieal ciléd scHISIES cdBpdund.
mllinmole of titaniumper gramof alum na. Then, the heptane was evaporated
under nitrogen wit h Graerally, thesalid gxidssampound is@niactedswith theehlorine- |
titani um contai ning alum na was cal cined under nitrogen in a fluidized bed
to 600C. Five mlliliters of perfluorohexane were injected into the

nitrogen stream and thus contacted with the titaniumcontaining alumna to
produce a fluorided, titanium




adadad 10 e Iredtcd S0d 0X14€ coinpound 1o ennance iné acuvily ol e organometal

coNt ai Ni NG cethpdlinga Fof ek RANRY £h addMorlal HRELAGHN ab AR iHRCaPoRI, BhiHlody, UM Na
- was stored undo nitrogen at roomtenperature. 30 A'smal | sample of the
fl uori ded, gallipmntimickehttungstery 2ad mikuzeswbsreof ezn beadded Hymonpotiyptheitieatedon

activity with TEA but in . the absence of .an organo al . conpound. .

exhi bi t o SN p P TR MAA EOR Ao BRO L v HUF iSSPOgH RissHalif g
February. g8{doxide éddﬂ%fdnﬁqgto bé ERDH4GH WiAleg 2 WBnNRed Qhedd Riktals ZRE

pol ymer was found to have a M and HLM of zero, which is expected from
pol ynet0 pr adfiedan a pmphet ¢fl aboni @GO to abhaua A0 emilooslespern grgmsifareated sakidiexide hese
conditions, lnventiv ampl e 3-C (.Flugri.ded. Titani um Containi m na)
S The. 11 o PBRRITEY bRtThrehly abtd hintpout Srmifloleo o, Feamtelenby i
retorted for 98l yikhHbEdb gl'a}r}’ Eenidotiliat diaaonet al  conpound
was added to the reac%gyﬁﬁﬁ iié deda% rruc%oihrhrprb?%%egéc}) activity of 1091 grans
of pol ymer per gram Bfefédably; mgdesinmh ésnadded ¢o titearaatetgsodidanideacopgpound tor .
Since the activi of. this sanpl.e was over five tines that. of Control
Exanpl e 3- RO R Bty Rethd HAMKm SOmBEPAHOF tif CHAIER SORBOFHiGRPY faniacting
fluori ged, tHeltkeaftd Bl 8RIdRI Biipduil I WPmbghedRin.cSiBiring SmHRRBNThe 8kRbnd N
Control Exanple 3-B, it 1s apparent that the presence of the titaniumto
acti vat e t hEmegrraiomesed| caodefoam dbowt 00 Intejaboueihaniltiendes per iIgomeotreated i s

- al so appar~t..that the polymer fromthis invention catalyst conpositian
Gont ai he. pEMlENCES BRI Predr RS o ARoW g RcAetb MiTHIGnRCr BRI s
fluorided, 4id L HoceR g ) T . 1y d 15 HM

(0.71 g/ 10p{r;%fér¥)§mkave ggttﬁlg‘g{:‘gg@g&é?‘:@ ma&g%%%d%ﬁﬁégé%%@r@gi ggnomet al

conpound abmgeesium Goadded) it Exabphdded-béfore orlaftetdaldninge Oriegirefentdmetiad ofiei ght

pol ymer co nent fromthe fluorided, titaniumcontainjng alunmna. This is
al so eff deg&ﬁ?g BIREDSHR G 1P 990FACE AR OFE3ROHAZNEEHYN COHBPILE mﬁg'w&fw&mened

pol ymer no s e ' ' | td ' ] GHde but ed
Ch h ol St T IRk Sid Sle Slupdii, RIS LR bomb i it
total pol ybetare ExAlRItEd tb, Gatityl @haghediuil-hlikol mdgeksiuhi halide) magnesiamralkwyide
Silica-Alum na) 470.83 grans of Davison M5 13-110 silica-alum na were

cal ci ned i A &Yox ese@@égﬂ)‘ke-twel ve hours. Afterward, the silica-alumna was
i npregnat ed j ust bey LAk~ Qf canck i Wk éch:;?ccﬁﬂ Hhbon
cont ai ni ng 169. grans%gfca{aﬁfgg?rgﬁéﬁ%%ﬁfé@g?r?lwcg%n\r%ﬁP??llsotders f herft a%e.
The m 2§ ur hevmgarohadtdrotipound ghe yrgagoomimen vompound, ard testscatédsabdadxided i n
a vacuumoven at 140C with a slight nitrogen purge oyernight t(F)rgoproducle a
titani um cSHPEPHId tpaether.c Abisicopiagtng qanercunIndYaHSHAL WYy Pugl asafor grample,
ammoni um bipfduRki \ 11, ol b E%‘P&E ; Aflely] t ure
was again dri e%%u?\ﬁgb \Q/’aegcyﬁi&r%¥g%&€4 ou\?\g?tﬁ%ﬁg@%oagéjggﬁg%?gcﬁfl ug?: ded,
titani um coeataismonpisitions af teatrtarapounide cin bocomactyd tageter bafocobeing hirthgr

silica-stam na contained about, 6% by weight titaniumand 10% i ght

amoni um bF’?‘?%F‘?H\e’%C Feacipysor Hbthr fan e cantact W%&ﬁb@fgﬁ"’%’g 24
Febr uagy. %Q%ugcﬁ haPke ,&g& tested for polynmerization activity with TEA,
but no organonetal conpound, it produced 53 granms of polyner per gram of

fluoridal, titani um cmteatlp] org method i tal firsti contgoe therrganofiétal qooipouwsd ahdid a
M of zero_,and a HL of ., zero. lInventive. EX l.e 4- Fl.uor | ded.
Ti tani um o&fﬁ%ﬁ#ewéﬁ"f -MH“H&?E OFr rliﬂgﬂ’?"{qMFggrge% ai ni ng

silica-alum na produced in Exanple 4 A was retested for polynerization
activity, except that an organonetal conpound was added to the reactor too.
It yielded a nuch inproved activity of 4680 grams of polyner per gram of
fluorided, titaniumcontaining silica-alum na per hour. Thus, the pol yner
obt ai ned was a conbination of a very small anount (about 1 % by wei ght) of




5  organoaluminum compound, and the treated solid oxide compound before injection into a
wei ght pol ymer fromthe orgaponetal conpound.. The ti ttani um.itself thus
e

cont ri but yReHrftPnsAden oarbow gninufsotoyabept ebhpmdtricriiall msutaiEdt 1 % of
5111 ca- A AT FEPRNEron? ofR (D0, gl G SR nly PCCMBGRE ' ™ 7

wer e_i npregnat ed wi tAhwéit fitiol dfithd @gsncafupihuatesapsundab tiid @dtaisolidioxideg t
1.32 granms of anmonium bifluoride to produce a fluorided silica-alum na

After bei FERYNEGN|the eatalyglsompoviian sangen fight about S0k, abput 1;480; areferblys i n
air ajg 4586 ok ?.fﬁﬁ aﬁgﬂrﬁl(l]dga%%zrxr%g{ ﬁ@ﬁ—?@?}sﬁmﬁflﬁ{e gﬁ spuor i ded

silica-alumna was slurried 0 ane to whi ch was added
0.7 20 mlliliters ofwaighepitionsd thoirédiedvliduXide omgouhds ithe dRiomdtalt | t ani um-
tetrachloride per. mlliliter of solution to produce a fluorided,

titani um CYAPHN 1Adhe catalysi comperitign rangss fiop ehant B0l teabattlsl, 10 ni nutes,

t hen wash €l | . i l]id.iter I . hhmg of f

t he excesggﬁééglghga#n%gg%@aég Aﬂﬁlun!’aqFy&fﬂglp&%%%ﬂgﬁg%%%t ai ni ng
si |'i ca- al Uhtseaatigssarebhd S1MBE afticLhifRRe Yéthpéndaty AnbiaédROgiveheratabat ed for
25 pol ymeri zation activity with TEA, but no organonetal conpound, the

f | uor 1dedcompesati®um cont ai ni ng silica-al um na produced 540 granms of pol ymer

per gramof fluorid titanium.containing si.l.ica-alumna r The
pol yner had a M of %&Ee'rgogtﬁamég, thavratalyst §8 °?é?59°'ﬁ"?9§?‘f’tﬁ R/oggf—_‘?(%ga%

5- BB_( Fl uefgafi@tletal Ldrapbutit $pBiontdRd Srkiroatubhivtin @nptindend'd pisei ded,
titani umcontaining silica-alumna produced in Control Exanple 5-A was
retested tonagied treated selid oxidecompoungd) Regfembly, thaposireontagied dieetedisoidrpound

dded t.q_th tor. It yielded h- | d_act.ivi . 8094
or <arns. oue EOBPREREIs e maonty. o SHefh Bt S cn R i pffinl, s tin
titanpm gaiffl dimishrizhts oA catdlyst B MR knb\QH thertiste PRY YHIE InveAGor theddtalysidex

of 0.03 ¢g/10 min and a HLM of" 3.15 g110 mi n, which was somewhat |ower than
expect ed tompesifiorvisgieaeihedas comppsing poblecoatasted ¢ranpindser obt ai ned was a

conbi nation of a very small a t bout 6% of extr.enely high cul ar
wei ght pol yner pr od&&?@\‘ B"}Hotnc?fgﬂ? P‘%iﬁ?ﬁﬁfﬁ&?&@?a@w&méf”@ﬂgﬁ/%&h@l over
mol ecul ar pygicghtacRalthedRid dolidBxideoRipdan® TEMR|cat®rP etrifositOie rdngtaftbmm | t sel f
thus contributed a high nol ecul ar wei ght pol ymer” conponent equal to about
6% of t heabwutatl teodbput i1 08X AvElerably, f®nCaut 3t 1 ©-JeoChil18P; ahddmost preferably,
Magnesi um.Cont ai ni.ng Al um na) 23.76 grans of Ketjen grade B alum na were

i rrpregéla&ra"\/\j‘?ﬁo %m ITiliters of an aqueous solution containing 6.10
grans of magnesi um M Wedlhe ritR*HHEpSst R oh Bl WLt B1iTRITRIoPoad taihei ng

alumina. This amounts to 1 mlli rmFe of magnesi um per gram of al um na.
Aft er bei Rosteontadtedrorgancensiaimompennd rethaicgtatysticorbposii@Crangpefrom about

Thane®t ho 169803 P B L bR o0 Abawaga alamss W2hiane ot FEEaPBLID,
t et rachl ofodE25%1 € 201 RSk falbO afeasél &1f ARAMSInt 8RR Wafffonk e combined to

magnesi um cont ai ni ng al um na bed) where it was vaporized and carried up
t hroud® t Bwesbeicatalypiresmpssitionchl or i ded, magnesi um cont ai ni ng al umi na After

substantially all ofgt carbon tet.rachloride had 20 ev ed, the

chl ori ded, magnesiu é{)}%f'ﬂ?"ﬁﬁ'r?& °£I%Hﬁfnr¢5n§é%gﬁsoﬁ ?&‘?tgqg‘g%tﬁ%?‘r%erat ure
under ni t eO@Positibm that akeathe sdme afafdrhethl Ethpdilnds ond/ B SAMmeWigdno-alamihimr a
pol ynmeri zation test. Wen tested for polynerization activity with TEA and
an organonetal conpound, the chlorided, magnesi um contai ning al un na

yielded an activity of 166 25 grans of polymer per gram of chlorided,
magnesi um cont ai ni ng al um na per hour. Thus,




5 companng activities, the polymerization runs should occur at the same polymerization
t he presencepof gt he rragnesPur%mseems to decrease the abili tpyycr)l% t he.

chl or i dedceiditiénsa The rectinshbeldthase sulsstantiably ab inbegtioned any vl acaetwatdont r ol
Exanpl e 1- A%th Cpnt r(F)hL_ 6-B (Chl ori ded Ma~esi um and Tit ani um Cont ai ni ne

Al um nal % Sthesiogms pf OuliBEe of the chlorided, magnesi um containi ng nateri al
from 30 Control Exa :Aﬂ.}gaa%- ' ' haddididd ; @ane to
whi ch was added O. Ggpénﬂe?ﬁl’l tergﬁg*%ﬁh?gﬁ%gté%mééﬁdoéf?gg l?%enlgr%gtéﬂce a

chl or i dedgreateg timasiaboutz30d granaof polymenpen gramgpfateatedsalid beideicompoend\peg heat ed
to BOISQ azﬁ stirrod for 30 m nutes. The 24 Februqag\%. 2004 35 chl ari ded)
magnet unPAHamOre Bisferphly Sraler thaipbart, st SV Smons PrstReebly greater fhap OGP, andne

Li quid wa e@feﬁ%iﬁ h ' st bl RiRA st 'y‘-‘lﬁbﬁ&‘i' I ni ng
al um na Wg‘lg she %\hcﬁ?eg%d%:@o%wﬁ#ﬁﬁqe@&g%ﬁ%&ons o?lhﬂ-se'%tegne at 19810 in
a sim | ar comglithers, tsing ssobwrane asthediloedt, and with ampol ymersdatipn tényeerathiecsfi ded,
magnesi unh@ﬁfi titani um contai ning alum was dried, over 'ni'jt rogen while
bei ng war Aed: AMAER ctipdenepress I PRdEIE b hegsacter shopld haye st RIYEP no

or ganonet fai GABRALRLY whil Sl kit oHBIRRRL UkAMe! 1 L ani UM cont ai ning
al um na produce grams of polymer per gram of chlorided, nagnesi um and
titanlum cont ai ni ng Crelwfitheingsirtanoaspectelo¥ trasilventiéhis thatewarhoeinokamagnesi um

greatly enhances the activity of the titanium 10 (conpare tq Control. 1-B).
The pol ynBfedsie ba usnd igrordesite Tormthy cajalyst eampesition. | APEHPPYANCHS A FIRENEVE

(Chloride g@gﬂﬁm L Ti [ ﬁlgé? bk rpa) |4t il Skt
magnesi umg%trﬁlL |tan|%mi @glrr\lpg%%gr?é a u%ﬁ%‘{yﬁ}?g uctg'gTﬁi% a&%ﬂﬁ%{g Exgrrpl eer6-B
was r et esisatteded toty i sikh ialiinia6kdnés.t Thisdx bepficidi decaise oagacanet al |5
conpound was added to the reactor. It yielded an inproved acti vi tﬁPOf 1226

grans of pYNSHaes blra pplynedIation nsesege cAdditignally. itshauld be noted that ROHENPhI ng

al um p . | . | ' EL] Vil ar ge
rmourtD ( apdioyge  sPrBRuldiieed h B 5 s 30ack 15 AFR! BB chlsPloripodtion Yn °

titani um birfiflafy, this theansitabthelcatabist Lonpositian, ediitinis hoesrgfinepad, undwhichom t he
organonet al conpound. Because of the large 2Q contribution of fhe titanium

in this e%anhbs esedfRepRlymeszinganonomans canbs sasilyng ingrgrensixely PIORICEd LM near
his @ soew A T d" |
A nay. Wiged of B Sbantief BERhEL LEEY o1 SO B cAORS b MGRRAME 1O oo

m | 1ilitebsratd cotfpifideOltshseld He ofedcBa digiicichrémdmgoapeunds aagdvigElame
chl ori de hexahydrate and 3.04 grans of zinc chloride to produce_a zinc and
magne3? unheloredes inerdar torform thowatalystisempgsiiene dlthqugh shisinexass MY her ni ght

at 140C ' Si L0 j ' Wy dhy. ai r
2t s00C 1 SFeapfy R @RGmPBURES s AR AL b a8 Dl aIAdR A it 2
2.4 nilliptdferrad ehbsdinfeats, thebé asthpaunds eambe escddniothes embaddiménss ofdisi t r ogen

stream under the zinc and magnesi um containing alum na bed, where it was
vapori zed f8UeRr r i ed up through the bed to produce a chlorided zinc and

etrachl orido had  D4TpE: oRbbAmsEORhEb Aok, ploctts ik contean® 1

magnes umatleastaindinighon éi ind 2he\aalpa ebiposidon eoprddacee patynies isprogidedi Thegen)
then stored in an air-tight glass vessel yntil used for pol ynmeri zat i on
test. \WheteTHbROLE0SL;as sthsciasreiopiugrt Wm@%ﬁ@&%ﬁ@%t al 5
conpound, cgtlg§3 L Evesh &d ?&%'-thqggg{' hholed ¥ PR dUESA ded an
activity of g%hg%ns o@%%r er grant of ?ﬁg% ori deg‘%zi nc and

magnesi um cont ai ni ng al um na. Thus, the presence of the zinc seens to
i ncrease the ability of the chlorided, magnesi umcontaining alumna to

activate the organonetal conpound (conpare to Control Exanple 6-A). The
polymer had a M of 0.2, a HLM of 3.6, and a HLML/M 10 ratio of 17 which




5 . mcth I-1- t ,4.' thyt-1- t 1- -ethyl-1- s 1-h ’.l s
15 15 m 1 I)rt e Sng © t |Tgnrlu}npfléfrrwéchl?egfﬁig %oyprogﬁ%ng ac ﬁegfr:l &%c ene

titani umt-moneoe, bdetenagndshixmreotheofii ng al um na. The mi xture was heated to -

80C and stirred for._2 hours. The chlorided, titaniu ?gi nc, and
magnesi um cont ai ni nYy DN @hemePalymes 1y drtrad.bisdaptpeeistied to BALYIDFRZR d was

poured of (o] gY" ' | d %Dﬁg&q ' WalWgle
al um na v(c/ghsyl%%ﬁﬁg%ﬁt T SWﬂrrﬁ %c%lfﬁq%ﬁ?}dﬁ%?&)rt Ions 01?>§ ﬁé&%ﬁg&ﬁ{ﬂ %{l
simlar 2€sideasaad one of a1ey eotiomdisarbsiduds] ¢avhihavingHiremlabyut 2 foabohl 20 i ded,

titanium zinc) and magnesi um contai ning al utnipa was dri f:d ,R(%Her ni trogen
whi | d%bej ragiperpelscules Suitatile corpengmersilpaide dubameingt bnitgd i TEA  but

no organ 12N R vi

magnesi u%}ﬁggﬁicaflzﬁl ng gﬁﬁ#@%ggﬁgg g@%‘ib@‘?@n@ %%lhé&gf,ys%g?asﬁg?r %xraénr%l%f

chl or i degropylém)il thiteriz] DpenRné€ MEMEB 1 penens] bhetong, P-ocrhe,nmd athpe okfosr .
Qovi ously, the presence of the zinc_did not detract fromthe activity of
the tit arfndePpidsaisd oe nerconjiseted| didefingiuch@s B)3-bytadicns, isopIena, RIPERYIRRS: of zer o

and a HL [ )R Ty Qr | vt h ' ' and

i Prt es e aafLys RS 4 aBRidhe. L potexlfehd 4G o LAH 4l B

magnasi umxantaihetded FWhen I\copblydts ¢Ldesired Go it preferfed a0 pbBmériBe eirylanetand t ed

for polynerization activity, except that an o_rganomet al conpound was added
1

to the raéhiaashonegomangarer welscted Somdhe grpupransisting gt { duteneplrperisngdry. 2004

37 tc ' 0. 05 mol : QY hi's
Ji ol doa Anet R pRL tlhtd, R B GhC S Noniinohlif Alrdlel WGHfhgrar™ = 707
titani umzosk BCprodlce ABGHSFine S @Bk HEmAdbIt 09116 bboQUI0. wdipkt gestdnvi ty of

t hese catal yst conpositions is usually decreased sonmewhat by the presence
of hydr ofenonpmes based angheiqtali weight af shemoaemsr and eemeranagr; pieferahlyr 3094t i ons

'nai a8 <9 GRSy egBoT R Prob it POor oaRetnatiVFVERh Bl el Eive
pol yner hhaelabovd dedérited dndéifirafiond; My vfighi SV the ebpolymérpiidacéd i Yerustdie

foll owi ng preparations, Davison M 13-_%}{1‘0 silica-alumna was inpregnated to
i nci pi ent wet ness wProeessas thatican polyntrias asdeasbanamenaen RTefugs APUEGht of
the silicg-aluatina of, dissolyed a ni,um bi | hhed

previ g)uslase ?ﬂg@é’h@ﬁcéﬁ#s ol g"&&éﬁmﬁ_ef T‘Wipawegrf#%%’-%ﬁ%g%z _lghe

f1 uori dednédiZation; #dublntonRyhEesation] 1 s préfeiredas perfo alarepolimbtizatonl40C.
Afterward, it was calcined in air at 450C 15 for three hours and stored
under25dr yingileeprrantiompene. Suitable diluomis usechin sway pplysrerigation ateivd! KIQyR W

were slurfried in.heptane, and di butyl nesi ym was. added..in. .t FRpnt -
shown in "El"éﬁ\qgng l?cgu‘iﬁ 1y \ﬁﬁﬁ&g%ﬁ‘&ﬂﬁgﬂﬂgﬁ %ﬁ?‘&@#’i’?h‘% a ﬁ_m na. The
m xture visluéitl' b 8&kdf i@ thikGidcloaurd dbes 88t nekBésakifemedn a®indr Mbtefianitis ni ng
titaniumtetrachloride in heptane was added in the anpunt shown in Table 2

to produdwssible thaya diduent can eoritibute FpPImerigetian. Usitabis bydspsrgbonsinsiide. The

N

f 1 uordgde cheoptritand, 4Ry sk x@BE NESHERN6 R itds fioBtpRiféfadd use sobtand as er
ni trogen while being warnmed. As can be seen in Table 2, the three sanples
ver e madedilusntisg slimy polymerizatiomt Exaanies of sirchitechnolpgy-648 bedgwrainthS- Each of

t hese sar?m %8S 41851 E.Slpfl ‘?g%%g{sj%%aaﬁmoa%“i’sg gt h TEA but in the

absence of an ot'gahontta hése™nnd "ar & Exanpl es 8-A, 8-C, and

8-E. As the titanium and nagnesi um concentrations increase, the activity
al so increases fromb56 (g/g)/h, to 1070 (g/g)/h, and then to 3425 (gJg~h.
In all cases, the polyner obtained had a M of zero and a HLM of zero. 30
Then, the three sanples were tested for polynerization in the presence of




24 Febt uafS2bosAQ00micremeisss, grefrrablyrabgu 3749 2bgut S migrometers, 874 Hog

i t ani Um BRde RGNS (0GR GnBRD K el Andbldrii pdifieNStion! he T el ati ve
contributfon of “the titani umincreased going down the series, fromless
than 1% by wei ght f dn alnmrespécific émbaimen8eBhisiovertiont a paPessyis provided teor
| nventive Exanple 8-D, to al nost 50% by wei ght in.lnvent,jve.Exanple.8F. 5
The cont r PERAIPGA CielyBtomRasiion, e Rancast cBarioipg (Qisiopal -ng"'ﬁﬁ@és& ‘fﬁ%‘?“# rom
Exanpl es w8 E M decreased fromO0.23 in the forner to zero in the
latter, ag’g’%)ﬁe&ﬁgﬁlgggf‘c ‘eased from4.2 to zero. EXAMPLE 9 The catal yst

conpo$dti ons descri ) contastiny sliga-sleminawith asehdion coataironpamqonswet or pi | ot

| ant t [ | I for |ar, le testing., . | d
Bccor di ng D eredd PravRt  hordssiGuptnies PROEE FPaHLI TLFReb FERgth when
ol o 111 O1ubish bR hd WeflBHBEY kA bR R EBLBGoene cat alyst s

Seven et hyl ene- hexene copol¥ners, designated exanpl es YA through 9G were
prepared accordi ng t(Q) ichiirfing theviluogided siticakahenind 5t Etemypesaturepwitlyinamangier e
prepared in_a continuous particle formprocess.(also known as,a slurry

D obess) 19 3505is KRG for e 2D PoNrscl pRRsGIcE AGATHAHTRriIB SIS SUREP Bt | onal |y
one ok .nore al pha-olgfi - %EE - HiRE%RRSina With {BMhden and
terrpe??iture are thus(g e %@?@Poé@uc inheg'tfmt3 eéc(l:(g)lplol ymernias produced as solid
parti cl es candidisg fikae tetdchlBrii@ &l prodtca a fndrydedn Gtanhm-chetdinmeesilidr-i ed over

activated alum na was used as 20 the nonaner, I§|Obut ne dﬂab had been
degassed @juminadariaadk | 2%y verigktditgyem basehom the waeiid dhe Buenpdedyi | yeont

The react I UL drf Ul 2 cmdi aneter pipe |oop having a vol une of
23 gal | ongft‘%‘)ﬁ%ﬁ&%ﬂg@gqﬂ{%ﬁ'ﬁ&lﬁ%but ane was used as the diluent, and
occasi onal | y sone hydj e@aibiniag tiedfiedided, titagiunatenthiningwliceahminawidghs(nof
the polyner. -The reactor 25 pressure was about 4 MPa (.about 5%@11‘?9?'t . The
react 80 t dmideyoleneatadinnydzacenigordichlpride pla tomperafiee WitIp 218284 ¥ Havd®a

resi dence giope,. of, 1.25 hours., .I ) cat al yst conposition
wer e adde tﬁf%ﬂﬁ'ﬁoué%dp%ycctﬁbli @E&%@{B@Q{é‘%@h@ﬁ%}aﬁtﬁl ng bal |l -checkf eeder.

At steady-state condidmpififng thé'fiktaruidantthysdninin twprdabeotitc caglystt ers per
hour, the ethylene feed rate was about 30 pounds per hour, and the 1-hexene
feed rate aawpo8Wopari ed betwxn 10 and 15 pounds per hour to control the '
density of the polyngr. Catalyst cC Lihon. conc Is b At JRaet or
ranged from0.001 to S Yitad cg}?)’%r;'/:s&e%éﬁf%bgggg%ngﬁggfé?gﬁﬂ%d t??{e react or
cont eniss. Pediyp@iconpositioADHE prdcesyddniifisimpa@ptionslly, t'tkmsisting esseArlalBedi LRlr v .
2004 39 of about 25 pounds per hour and recovered in a flash chanber. A

Vul can dry@pnsigingefy to dry the pol ymer under nitrogen at about 60. 80C.

Triethylalum num (T was, used..as . O ) ggpé)ﬂm Afunt he
concentrations liste )sﬁﬁﬁéﬂéﬁ{‘@.ﬁﬁ%ggr@ﬁ§ﬁ‘?%@%‘%a I'enyl 0zi rconi um
di chl ori depiasridé id pra@skersilidified sdRaRhRa oo 4 tdQ0praghiperetnit i c

buildup in the reactor, a small amunt (<5 ppm by weight of diluent) of a
commer ci al flegrinehased en ﬁyéh@glstmfdh%ha-ahr@ﬂaga@ac?ﬂl@m% |. Du Pont De
Nenourg, and Conpany pgs al | ) ;@Jbﬁ& fwhitdih @Jarifle €ach
of the@e seven pol yn@scgﬁgl%%?gggﬁ%do%vﬁ&lga ol'ymer 9A was prepared using
a fluori deef 350 tbmaC&m;rﬂmMBmwpmlduwdbﬂgmbd' y flﬁna’dﬁsié@&almmha‘ d no
titani um or magnesi um e organonet,al ., conpound..was, added.to the.reactor to
equal 5.9 ppm by wei %mgdhegﬁ@nv@ﬁgﬂﬂgﬁ]%%&a%%?ﬂ %A al uni num
was added to equal 73 ppm by wei ght based on the weight of the diluent.

Pol ymer 9A had a nmelt index of 4.04 g/10 mn, a. high load nelt index of
70.8 15 g/10 min, an HLM/M ratio of 17.5, and a density of 0.9189 g/enS.
Pol ymer 9B was prepared using the treated solid oxide conpound prepared in




24 Febrsuart;llt?mélgbﬁonzmnm%stljlécr?ta.lunma'et hyl al um num was added to equal 70 ppm
based on the weight ¢f) ¢dmsbidinguke flucriiddy Magnéiiirnanid aitaim-donthning §ili2a 52
g/10 mn, a high load nmelt index of 44.8 g/10 min, an HLML/M rati g .of

17.8, and dumiRsandpbigp-tmtderriopgntadienybafrpaninmdichlosds aba temperafureyyithin a
treated sall | oo U e | .ang@Xxcept that

It represcelllr#gc gﬁi%%fr\oene c%ggﬂ%ﬁqf@?gﬁ%ﬁ%ggigHg&%gmp%gggeagasol I d oxide
conmpound cont ai ned 1(H%dwbinkigdhé niaghegidu mahylalhodnwinltd bradues thefcatalysani um
per gram of treated solid oxide conpound. The organonetal conpound was
added Yo etpEaposHtion. ppm based on the wei ght of the diluent: Triethylal um num

was added to equal 6 m_based._ on .t h | | ﬁ?&t‘r P 9E 10
had a nmelt index of %.yﬁ%éfﬁﬁmmg%?% ﬁbﬁﬁ% %ggnt?é {nrhle%(ggé(.‘go fgpg&%é?f% m n,
an HLM 1M conidol polgined drcecubitGvaighitensi ty of 0.9383 g/cnB. Pol yner 9F was
prepared using a treated solid oxide conpound, prepared according to Exanple

8. The treated sol i dOsgiofithecieatmsmed this inventier ithatihe Hianpenpentarps sidm and

0.04 milli i t.ani reat ' i:de . 5
The. or gancaterofotld 8 ikl 868 Pt AR i A, SrRKAE A RUHRURE >
t he diisueniveight ¢cahpoteat shifo I meBslodddqiodced(biid usilp pyimbratch)polither wei ght

of the diluent. Polynmer 9F had a nelt index of 1.35 g/10 mn, a high |oad
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pol ydi spersities of the control runs 9A and 9G were 2.64 and 3.13
respectively while the polydispersities of inventive runs 9B-9F ranged from

3.55 to 7.46_ The hi gh nol ecul ar wei ght conponent is even nore clearly
shown by MZ/ Mv where control runs 9A and 9G had a ratio of 2.19 and 2.44




5  viscosity detector in addition to a concentration detector in a size exclusion _
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normal behavior may al so be described in that the second derivative of the

log G vs. withgnetallorene catalystsl |y is normal |y negative throughout the range
~of the measurenent frequency. See P , 9E, and 9G in the Storage
Shear Modul us plots shown in 15 Fi gwwle | . Exanples 1-7 Ex
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was used to determined the specific surface arca (“surface area") and specific pore volume

(“pore volume”) of the solid oxide compounds. This instrument was acquired from the

Quantachrome Corporation, Syosset, N.Y.
30 Melt Index
Melt index (M, g/10 min) was determined in accordance with ASTM
D1238 at 190°C with a 2.16 kg weight.
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0.1609 1" ~Biameter disks were stamped out of the molded samples for rheological characterization.
Smali-strain oscillatory shear measurements were performed on a
Rheormetrics-Scientific model RMS 800 rheometer using parallel-plate geometry. The
test chamber of the rheometer was blanketed in nitrogen 1n order to minimize polymer
- 15 degradation. The rheometer was preheated to the initial temperature of the study. . Upon
sample loading and after oven thermal equilibration, the disks were squeezed between the
plates to a 1.6 mm thickness and the excess was trimmed. A total of 8.0 minutes elapsed
between the time the disk was inserted between the plates and the time a frequency sweep
was started.
20 Strains were generally maintained at a constant value throughout a
frequency sweep but larger strain values were used for low viscosity samples to maintain
a measurable torque. Smaller strain values were used for high viscosity samples to avoid
overloading the torque transducer and to keep within the linear viscoelastic limits of the
disk. The rheometer automatically reduced the strain at high frequencies if necessary to
25  keep from overloading the torque transducer.
| Molecular Weight
Molecular weights and molecular weight distributions were obtained from
a Waters 150 CV or 150 CV Plus Gel Permeation Chromatograph (GPC) using trichloro-
benzene as the solvent with a flow rate of 1 milliliter per minute at a temperature of
30 140°C. BHT at a concentration of 0.5 grams per liter was used as a stabilizer in the

solvent. Both a differential refractive index detector and a solution viscosity detector

were utilized. An injection volume of 220 microliters was used with a nominal polymer
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illustration, it is_not intended to be linited thereby but is intended to
cover all changes ahtic#paetheslidnxidegompounds@bept 1 gramsdvere phreed fer eof |

1.75 inch quartz tube fitted with a sintered quartz disk at.the bottom. While the solid
oxide compound was supported on the disk, dry air was blown up through the disk at a
rate of about 1.6 to about 1.8 standard cubic feet per hour. An electric furnace around the
20  quartz tube was then turned on, and the temperature was raised at the rate of 400°C per
hour to the indicated temperature, such as 600°C. At that temperature, the solid oxide
compound was allowed to fluidize for three hours in_ the dry air. Afterward, the solid
oxide compound was collected and stored under dry nitrogen, where it-was protected from

the atmosphere until ready for testing. It was never atlowed to experience any exposure to
25  the atmosphere.

Polymerjzation Runs
Polymerization runs were made in a 2.2 liter steel reactor equipped with a
marnne 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

30 boiling point of the methanol was controlled by varying nitrogen pressure applied to the

condenser and jacket, which permitted precise temperature control to within half a degree
Celsius, with the help of electronic control instruments.

[y



5> followed by 0.6 liter of isobutane liquid. Then, 1.0 milliliter of a 1.0 molar solution of
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conbilrat ITGHF i tek RAGYR e 4 APy s sEROlipd SHEEBHA RADFEA. of A

substi t ut | ' ' : ' | ;
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i nde?fl , resultswod itleesy polymesizagon testsack listed dBatled end2, a substituted
I ndenyl, a substituted fluorenyl, a halide) an aliphatic group, a

substituted aliphatic group, a cycli , a substituted cyclic group, a
conbi nati on of an aliphatic HB And §dd . , a conbination of a
substituted aliphatic group @#g Chibel l nmbi nati on of an

~aliphatic group andKetjauGsideBidlachidOwayedlcifed) irpday, aivat@IDC fai these hafursa
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group, an aryl oxi de"group, ary e group) an organonetallic
group, orweresnibcted intd etk witrggerDstRdan] below Phicoalpmiiid) virirdit @as vapodisddidndent  on

(X~) is an aljphatic_ group) .a cyclic group, a 5 caonbination of an_aliphatic
gr oup an&a?%iﬁgﬂ ﬁi@'{fr”ghﬁ 9ﬁlau§¢ béd tog:rreglgﬁc aghlorided alyminag Afgroypytantially all
of the carbon tetrachloride had evaporated, the chlorided alumina was cooled to room
temperature under nitrogen, then stored in an air-tight glass vessel until used for a

30 polymerization test.
When charged to the reactor with an organometal compound and triethyl-
aluminumn (TEA), the chlorided alumina was found to yield an activity of 1627 grams of




) keyien Grade B aluming was calcined in dry air at 600°C for three hours.
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sol i d oxi daminapasstdred vhder AC®Een aeomttempefature] ai m 1, wherein said treated
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magnesi um cont ai ni ng conpound. A process according to claim1, conprising:
30 (1) ceMpaded. iangmicoatamingphuninn per hpus.ofbe polymes masifounitodanoaMim

L e S M 2
silica-al dmnin-beitaimngabfind Witlier (héke 6tldpfidtisng the fluorided silica-alumna

at a tenperature within a range of 350C to 600C for 3 to 20 hours to
produd® a cal ci nayentivedixample d; ; ey Intaniudontaming tAlngigade cal ci ned

fluorided silica-al yimna W.th sol ution containin itaniuymtetrachl oride
toupr;)duce ;51 :‘I uor i 3?8? 9 dﬁﬂ’l‘ﬂﬁ?&%u@:ﬁigﬂ%ai‘f%‘ﬁ"é&’g%cﬁ‘i?ﬁgﬁ%gﬁ%sﬁdﬁg%st1) 2%
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titani umcontaining silica-al um ha;
the reactor. It yielded a much improved activity of 3927 grams of polymer per. gram of

chlorided, titanium-containing alumina per hour. Since the activity of this sample was

25  over twice that of Control Example 1-A, and since the polymer amount produced from the
chlorided, titanium-containing alumina is very small, as demonstrated in the control run
of Example 1-B, it is apparent that the presence of the titanium to activate the organo-

metal compound is a major enhancement. However, it is also apparent that the polymer

from this inventive catalyst composition contains polymer produced from the organometal
30 compound and from the chlorided, titanjum-containing alumina. The MI (0.12 g/10 min)

and HLMI (2.5 g/10 min) have both decreased compared to the use of an organometal

compound alone as in Control Example 1-A, indicating the high molecular weight
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ranges from about 3:1°T0 a . ; : p‘%ve%gﬂ:vrgi ng to claim 11,

wherein sai d wei ght Mavisondiradadsl siGcowgsoaainedimdry doapdond footised bours.

treated solid o>fi dg conpound .i.n sai d catal yst conposition ranges froml:1
BPEbES 3

to 1:50. |AFampleptthesdics weighing8.26 grams wes heatggh kg 4007 Guagder dRf DiTogED,

sai d treatiid ahhdeRbi gﬁ,rggﬁr(?ﬁwmr | 980 RL &‘[H%% th fefradblde
catal yst conpositi o%anges rom aetgglt?t%ﬂiggtge:rnig't 0 a 1(%3{5010: ) i fe
were injected into the nitrogen stream below the alumina, where it was vaporized and
30  carried up through the silica bed to produce a chlorided, titanium-containing silica. After
substantially all of the titanium tetrachloride had evaporated, the chlorided titanivm-
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500 milliliters of heptane. The mixture was shaken thoroughly to ensure uniform

wetness, then dried in a vacuum oven at 140°C with a slight nitrogen purge overnight to
produce a titanium-containing silica-alumina. Then, a solution of 47 grams of ammonium

bifluoride in 500 milliliters of water was added, and the mixture was again dried under

30  vacuum at 140°C overnight to produce a fluorided, titanium-containing silica-alumina.
The fluorided, titanivm-containing silica-alumina contained about 6% by weight titanium
and 10% by weight ammonium bifluoride. It was then calcined in dry air for 6 hours at
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Sout éisﬁgf%ga’uﬁﬁ%%e}fﬁ%&%?@ forigha iganinm, zinc, and megnesiyg:

10%& () - dontaining alumina was washed with 5 more 30 milliliter portions of heptane in a smular

20  manner to remove unabsorbed titanium. Finally, the chlorided, titanium, zinc, and
magnesium-containing alumina was dried over nitrogen while being warmed. '
When tested for polymerization activity with TEA, but no organometal
compound, the chlorided titanium, zinc, and magnesium-containing alumina produced
919 grams of polymer per gram of chlorided, titanium, zinc, and magnesium-containing
25  alumina per hour. Obviously, the presence of the zinc did not detract from the activity of
the titanium (compare to Control Example 6-B). The polymer had a MI of zero and a
HLMI of zero.
Inventive Example 7-C (Chlornided. Titanium, Zinc

and M ium: ining Alumina

30 The chlorided, titanium, zinc, and magnesium-containing alumina

produced in Control Example 7-B was retested for polymerization activity, except that an
organometal compound was added to the reactor. Hydrogen was also added to the reactor
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' of the silica-alumina of dissolved ammonium bifluoride, as described previously in
Example 4 to produce 2 fluorided silica-alumina. The fluorided silica-alumina was then
dried in a vacuum oven overnight at 140°C. Afterward, it was calcined in air at 450°C
‘15 for three hours and stored under dry nitrogen. Then, three samples of the fluorided silica-
alumina were slurried in heptane, and dibutyl magnesium was added in the amount shown
in Table 2 to produce a fluorided, magnesium-containing alumina. The mixture was
stirred for 10-15 minutes, and then a solution containing titanium tetrachloride in heptane
was added in the amount shown in Table 2 to produce a fluorided, titanium and
20 magnesium-containing alumina. The mixture was stirred for 10 minutes, then washed
three times with more heptane, and the excess heptane was poured off in each case.
Finally, the fluorided, titanium and magnesium-containing alumina was dned over
nitrogen while being warmed.
As can be seen in Table 2, the three samples were made to contain
25  different amounts of titanium and magnesium. Each of these samples was tested for
polymerization activity with TEA but in the absence of an organometal compound. These
runs are Examples 8-A, 8-C, and 8-E. As the titanium and magnesium concentrations
increase, the activity also increases from 56 (g/g)/h, to 1070 (g/g)/h, and then to 3425
(&/g)h. TIn all cases, the polymer obtained had a MI of zero and a HLMI of zero.
30 Then, the three samples were tested for polymerization in the presence of

an organometal compound. This is also shown in Table 2 as Examples 8-B, 8-D, and 8-F.
The total activity of these catalyst compositions remained relatively constant at 9000-
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109%8& () "[‘hréI rc%c?tc{%] Hﬁ‘s S]Zergt%é{ %c? h/gg@c(z) residence time of 1.25 hours. The componcnts of the
catalyst composition were added through a 0.35 cubic centimeter circulating bali- check
feeder. At steady-state conditions, the isobutane feed rate was about 46 liters per hour,
the ethylene feed rate was about 30 pounds per hour, and the 1-hexene feed rate was
30  varied between 10 and 15 pounds per hour to control the density of the polymer. Catalyst

composition concentrations in the reactor ranged from 0.001 to about 1% by weight based

on the weight of the reactor contents. Polymer was removed from the reactor at the rate
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- The organometal compound was added to equal 5.2 ppm based on the weight of the

diluent. Triethylaluminum was added to equal 6% ppm based on the weight of diluent.
20  Polymer 9B had a melt index of 3.43 g/10 min, a high load melt index of 59.4 g/10 min,
an HIMI/MI ratio of 17.3, and a density of 0.9188 g/cm’.

Polymer 9C was prepared using a treated solid oxide compound prepared
according to Example 5B except that it contained 0.5 millimoles titanium per gram of
solid oxide compound. The treated solid oxide compound had no magnesium. The

25  organometal compound was added to equal 0.73 ppm‘ based on the weight of the diluent.
Triethylaluminum was added to equal 72 ppm based on the weight of the diluent.
Polymer 9C had a melt index of 1.61 g/10 min, a high load melt index of 27.5 g/10 min,
an HLMI/MI ratio of 17.1, and a density of 0.9276 g/cm’.

Polymer 9D was prepared using a treated solid oxide compound prepared

30  according to Example 5B except that it contained 0.5 millimoles titanium per gram of

treated solid oxide compound. The treated solid oxide compound had no magnesium.
The organometal compound was added to equal 0.69 ppm based on the weight of the
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olymer 9G was prepared using a treated solid oxide compound prepared
20  according to Example 3A. It had no titanium or magnesium. The organometal compound
was added to equal 1.46 ppm based on the weight of the diluent. Triethylaluminum was
added to equal 11 ppm based on the weight of the diluent. Polymer 9G had a melt index
of 0.94 g/10 min, a high load melt index of 18.5 g/10 min, an HLMI/MI ratio of 19.7, and
a density of 0.9184 g/em’.

25 The inventive polymers are characterized by molecular weight

distributions (MWDs) that consist of large, narrow peaks centered below a molccula_r
weight of 100,000 (e.g. 60,0005 with a peak height of the normalized MWD between 0.8
and 1.1 (e.g. 0.94) and small high molecular weight components that extend to molecular
weights above 10,000,000 where the percentage of the mass above 1,000,000 may be in

30  the range of about 0.2 to about 4.0% (e.g. 3.5%) of the mass of the polymer. See Polymer
9F in the Molecular Weight Distribution Plot shown in Figure 1. Polymers 9B, 9C, 9D
also have indications of a high molecular weight component when using a viscosity
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polydispersities of the control runs 9A and 9G were 2.64 and 3.13 respectively while the
polydispersities of inventive runs 9B-9F ranged from 3.55 t0'7.46. The high molecular
weight componént is even more clearly shown by M,/M., where control runs 9A and 9G
had a ratio of 2.19 and 2.4 respectively, and the inventive runs had a ratio of 9.85 to

15 68.91. | |

Dynamic melt viscosities of these polymers, with molecular weight

distributions as described previously, are often characterized by an uptum in the |
niagnitude of the logarithm of the complex viscosity, log m(*(w)|, as'the logarithm of the
measurement angular frequency, log @, decreases from 1.0 to 0.03 rad/s. That is, the

20  slope of the log In*(w)| vs. log @ curve increases (becomes less negative) as the angular
frequency increases from 0.03 to 1.0 rad/s. See polymer 9B in the dynamic melt viscosity
Versus frcqucnc:} plot shown in Figure 2. This is in contrast to the behavior typically
observed in polymers without the high molecular weight component, where.the viscosity
tends to asymptotically approach a co;lstant value, the zero shear viscosity, as the

25 measurement frequency decreases. That is, the slope of the log In*(@)| vs. log @ -curve
decreases (becomes more negative) as the angular frequency increases from 0.3 to 1.0
rad/s. See Polymers 9A, 9E, and 9G in Figure 2. This upturn may be or may not be
obvious for the inventive polymers. See Polymers 9C, 9D, and 9F in Figure 2.

However, even when the viscosity behavior described previously is not
30 - apparent, a characteristic of the polymers in this invention is shown in the behavior of the

logarithm of the storage shear modulus curve, log G', as a function of the logarithm of the

measurement frequency, log o, is usually apparent. The log G' vs. log o curves of these
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illustration, it is not intended to be limited thereby but is intended to cover all changes and

modifications within the spirit and scope thereof.
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10 80°C for about 1 minute to 1 hour to produce a mixture; and

(5) combining the mixture and triethylaluminum to produce the catalyst

composition.
6. A process according to claim 5, wherein said process consists essentially
of steps (1), (2), (3), (4), and (5).

s 7. A process according to claim 1, comprising:

(1) contacting silica-alumina with a solution containing ammonium
bifluoride to produce a fluorided silica-alumina having from 4 to 20 weight percent
fluorine based on the weight of the silica-alumina before calcining;

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

20 of350°C to 600°C for 3 to 20 hours to produce a calcined fluorided silica-alumina,

(3) contacting said calcined fluorided silica-alumina with a solution
containing dibutyl magnesium and a solution containing titanium tetrachloride to produce
a fluorided, magnesium and titanium-containing silica alumina having 0.1 6 2% by
wéight titanium based on the weight of the fluorided, magnesium and titanium-containing

25  silica-alumina and 0.1 to 1 millimole of magnesium per gram of fluorided, magnesium
and titanium-containing silica alumina;

(4) combining the fluorided, magnesium and titanium-containing silica
alumina and bis(n-butylcyclopentadienyl) zirconium dichloride at a temperature within a
range of 15°C to 80°C for about | minute to 1 hour to produce a mixture; and

30 (5) combining the mixture and triethylaluminum to produce the catalyst

composition.
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15. A process according to claim 1, wherein said treated solid oxide compound
comprises alumina, 0.1 to 2 weight percent titanium per gram of said treated solid oxide

25  compound before calcining, from 4 to 20% weight percent fluorine based on the weight of

said treated solid oxide compound before calcining, and is calcined for 3 to 20 hours at a
temperature from 350°C to 600°C.
16. A catalyst compbsition comprising a post-contacted organometal
compound, a post-contacted organoaluminum compound, and a post-contacted treated

30  solid oxide compound;

wherein said treated solid oxide compound comprises at least one halogen,
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- 27. _ A polymer having a melt index ranging from about 0.01 to about 100 g/10

min, a density ranging from about 0.90 to about 0.97 g/cm®, a M../M, ratio between about
2.5 and about 20, a shear ratio (HLMI/MI) between about 10 and about 250, and wherein
the slope of a log G' (storage modulus) versus log @ (frequency) curve increases over
some part of the range when the frequency is increased from about 0.03 to about 100
rad/s.

28. A polymer according to claim 27, wherein the slope of the log G' (storage
modulus) versus log w (frequency) curve increases when the frequency is increased from
0.1 to 10 rad/s.

29, A polymer having a melt index ranging from about 0.01 to about 100 g/10
minutes, a density ranging from about 0.90 to about 0.97 g/em’, a M,JM, ratio befween
about 2.5 and about 20, a shear ratio (HLMI/MI) between about 10 and about 250, and
wherein the second derivative of a log G' (storage modulus) versus log © (frequency)
curve has a segment that is positive over a frequency range of about 0.03 to.about 100
rad/s.

30. A polymer having a melt index ranging from about 0.01 to about 100 g/ 10
minutes, a density ranging from about 0.90 to about 0.97 g/em’, a My/M, ratio between
about 2.5 and about 20, a shear ratio (HLMI/MI) between about 10 and about 250, and
wherein the slope of a log |n"(©)| (viscosity) versus log @ curve of the polymer has a
range where it increases (becomes less negative) as the angular frequency increases from
about 0.03 to about 1.0 rad/s.

31. A process according to any one of claims 17-23, in which the polymer
thus-produced is made into an article.

32. A polymer according to any one of claims 24-30, which is made into an

article.




