WD 2006/ 009949 PCT/ US20051021652 1 LOW FOULI NG AND HI GH ACTIVITY .
PCOLYMERI ZATI ON PROCESS Field of the Invention This invention relates to a
| ow fouling, high activity polynerization process. Mre specifically, this
invention relates to a low fouling, high activity 5 polynerization process
that i ncor pokas RvedobAs use of hydrof | uorocarbon dil uent cit@hevsigedi ttle to
no chlorine containing hydrocarbons. Background of the Invention

Pol ynmeri zation generally involves polynerization of one or nbore nononers to
make a polyneric product. The pol ynerization reaction can be 10 carried out
using a wide variety of reactors, catalysts, and a wide variety of nononer
feeds. Oten, liquids, diluents or solvents are used in these

pol yneri zati on r &OWiROUDING AXDRIGH i CAVIDY POISMBPREZATION PROCESENCr ease
the efficiency of the polynerization reaction and recovery of polyner

- product. An exanple of a polynerization process that incorporates the use of
a 15 hydrocar boFieldidf i inverdionhown in U. S. Patent No. 3,470, 143 (Schrage et
al.). Specifically, the Schrage patent discloses a | aboratory scale

pol yneri zation r eactIlhisrimteInﬁdmmHthbwﬂ‘mﬂing,hﬂghasﬁwiMpo@medzajjami c fluorinated
car bon conpound as her e re eds for ed.pol ynmeri zati on
processes, for g@megﬁﬁgl}yn sr‘ﬁ‘é?@ # F Hgw deu ‘@E%é%?ﬁw scal e,
enhancing the cqmsaieemion@md@ﬂ(atmab@azate@ﬂmﬂsvafmommbmbﬁdiwmuced froma

gi ven process, increasi ol y roduction capacity w thout significant
i nvest ment mheré°?tﬁ’€é”§hb’?eotg F‘?%PB%FP@ AdroriRSsi t at e nmore effici ent

recovery systens that royl d envi ronnent al benefits as well as cost
reductions. In M@MM a need for 25 increasing polynerization
cat al yst acti vi ty, e nai.ntain eqr. eact or fouling, and
for producing a w d%%&%%?ﬂ%ﬁ%@?&‘w F’S’i'%@?%ﬁ L0 nrary of t he
I nvention The Immaﬁ]mmomm/apmnem maassmépmyma&amﬁraacﬂsdme product at

relatively. hlgh cat tic product,ivi and wth very | ow reactor fouling
during the 8 2688 3598 p %@zems%ﬁfe@fatﬁ an § wido Variety of

monomer feeds. Often, liquids, difuents or solvents are used in these

polymerization reaction processes for various reasons such as to increase the
efficiency of the polymerization reaction and recovery of polymer product.
- An example of a polymerization process that incorporates the use of a

15 hydrocarbon diluent is shown in U.S. Patent No. 3,470,143 (Schrage et al.).
Specifically, the Schrage patent discloses a laboratory scale polymerization
reaction that incorporates the use of an organic fluorinated carbon compound as
the diluent. l |

There are needs for iﬁlproved polymerization processes, for example

20 reducing reactor fouling at commercial scale, enhancing the commercial grade (
slate of polymer products produced from a given process, increasing polymer
production capacity without significant investment where these process
improvements necessitate more efficient recovery systems that provide
environmental benefits as well as cost reductions, In particular, there is a need for

25  increasing polymerization catalyst activity, while maintaining a low degree of

reactor fouling, and for producing a wide grade of commercial polymer products.

Summary of the Invention

The invention provides a process for making a polymer product at

relatively high catalytic productivity and with very low reactor fouling during the



2 reaction process. The invention incorporates the use of a

hydr of | uor ocarbon conpound, and the conpound as well as the reaction system
‘has little to no chlorine containing hydrocarbon conpounds. According to
one aspect of the invention, there is provided a 5 polynerization process
that conpri s@$ idembddg t oget her a catal yst system at | eapbis2opiRi68DN0ONMEr and
a hydrof | uorocarbon to produce a polyner. The m xture in which the polyner
i s produced should contain no single chlgrine containing hydrocarbon
conpound at greater than 40 ppma, preferably greater than 30 ppma, nore
preferably greater than 25 ppma, and nost preferably greater than 20 ppna.
10 In one aspect of the invention, the polynerization process conprises

hm é i n]gl t oget helr3 r@cﬁﬁilﬁgqefsd. myﬁivemﬁonaﬁcohﬁﬁsds thamee og!afhguh‘eﬂuomdrba?

ydr of | uor ocar bon an ormn mer in the rese ce of not greater
t han 40 ppma of %W‘%‘ﬂf?@ﬂ@ecﬁgﬁngﬁ%&@k%ﬂ%ﬁr T’Yﬁ’ﬂ‘g ‘6 onpound.
Preferably, thecﬂ%ﬂg@hmgf@megbdﬂm{pbﬁﬁpresence of not greater than 30
ppme, nore preferably not greater than 25 15 ppma, and nost preferably not
greater than 20 ppnaA@?Of@P%ﬁD@Fﬁﬁp@tefﬂJ@mVﬂ@m@@Fﬁtlépﬁ'??lﬁ hydr ocar bon

conpound. tngan e(mr i on process
I ncl udes rem)V| %g%h orl ngﬂng%%gt%tﬁﬁnqh&ﬁggér{oca bongé rom )%tfté?{e cont ai ni ng
hydr of I uor ocar bonemmqmeoembeh)fdrdﬂydmﬂfhmD@dutlbemlpmadﬂb?mxm;m ni ng no

single 20 chlori ech%)e twﬁ% Jh)ﬂgerd% %Q%M&%%#dcgig |‘§°|°?y. t hat woul d

significantly dfrers ol yner e hydrocar bon
product is m xeﬂydrmatﬁmnabmpcmaéatgma&rﬂmné&ppmapntfwabbemﬂteyﬁtm@ppmm to produce

a polyner. |In another gg H] I at i on
process incl udBETGR rér%raﬁﬁ e @%‘l‘%gepco #&%ﬂ&%&ﬁﬂgyﬁ%@% Ma mxture
ﬁodt ai ni Bg 185 gydrcﬁnlonmaspMDfmmﬁquonnH&Wthnpfobwc@mmsb@n plroduct The
ydrocarbon product is .mxed w.th, at t _one NDNOWE tal yst system
to forma pol yﬁ’é’fm% %“’5?8@%‘8%‘?3(? aolgasg nelnéoggxperf% é}"g?ﬂ'}““ﬁ%g?eram y. at
Iea;st 58|0 g/ ?/ Pand?m;g%thppd&mmabmeéﬁseﬂce?ﬂﬁotgﬁﬁlmgltl)@ldompmlabﬂdysimgee alh 20
preferably at |egs n nos e e g/ g/ hr.

In yet anot her ﬂgmgim%b‘ﬁ&(%é’g’?p%ﬂp% ES@@&@B@M fﬂ"ﬂ?qo |

cont ai ni ng hydrﬁﬁ@feb@ﬂé:off:rwﬁeﬂemmtwppnﬁm&rapﬁfmlmdgxeiténmar bon to

pr oduce

15  ppma, and most preferably not greater than 20 ppma of any single chlorine
containing hydrocarbon compound.
~ In another embodiment of the invention, the polymerization process
includes removing chloﬁne.contajning hydrocarbons from a mixture containing
hydrofluorocarbon to produce a hydrofluorocarbon product containing no single
20 chlorine containing hydrocarbon compound in a amount that would significantly
adversely inhibit polymer catalyst activity. The hydrocarbon product is mixed
with at Jeast one monomer and a catalyst system to produce a polymer.
In another embodiment of the invention, the polymerization process
includes removing chlorine containing hydrocarbons from a mixture containing
25  hydrofluorocarbon to produce a hydrofluorocarbon product. The hydrocarbon
product is mixed with at least one monomer and a catalyst system to form a
polymer at a productivity of at least 400 g/g/hr, preferably at least 500 g/g/hr,
more preferably at least 600 g/g/hr, still more preferably at least 700 g/g/hr, and
most preferably at least 800 g/g/hr.
30 In yet another embodiment, the process comprises removing chlorine

containing hydrocarbons from a mixture containing hydrofinorocarbon to produce



WD 2006/ 009949 PCT/ US2005/ 021652 3 a hydrof | uorocar bon product; and mxing .
t he hydrocarbon product with at | east one nonomer and a catal yst systemto
forma polynmer at a polynmer fouling of not greater than 5 wt% Preferably, ¢
the polyner is fornmed at a polyner fouling of not greater than 4 wt% nore
preferably mnod2méember than 3 w% still. nore preferandyus:@somes2gr eat er
than 2 wt% and nost preferably not greater than 1 wt% In one enbodi nent,
t he hydrofl uorocarbon used in the process is represented by the fornula:
CXHYFZ wherein x is an integer from1l to 40, y is greater than or equal to
0, and z is an integer and at |east one.. In general, the chlorine

cont ai ni ng hydrocarbon conpounds t hat are 10 referred toin this invention
are represent edaligylrdﬂwrchmmeducChudﬁblmgtthrewbtapmdgctawﬂiatﬂﬂeger of from1l

to 14, b is an integer of .fr t 1to 6, and
dis an int eger‘m&m @ﬁg@@g%&sﬁiﬁc arROQ%b p%ﬁ%ier?&@ﬁégmoﬁ
cont ai ni ng hy drgpeuteriln Sty Ruéfeiablnthe polyenedis fomted aropubymerdsuling bt ed from t he

group consisting of trichloroflug ane ex fI chl oro ane, !
chl or ot et r af | uSFHHT ﬁé”"L/‘bW&Pc‘i‘?f{“f‘*i’qEH‘g hﬁmorel)reféra I

1,1-dichl Org-2ﬁt%b&t&@%ﬂewmo@pﬁfwﬂwﬁ&%&FMWopropene I'n one

enbodrnent t he | east one nononpner_ i ncludes one or nore of ethylene,

propyl ene, but ene- 11n ¢nepmbadiment, the hydroflperogabendised ip thejueessis 1, oct ene- 1,
decene-1, 3- rretrépréseﬂe@smef&mum hx;ﬁ%emslae QLRGN 1% 40,914 11 methyl -1 20
hexene, 5- et hyl -'1- nonene, vrn borrene, and ethylidene fronomers. In
anot her enbodi mterﬂ@nermualﬁ@ @ ixmdnteger andishleast @R ai ni ng  hydr ocar bon

conpounds are rem)vagerj1 Geﬁeregf & aﬁﬁgﬁl?drﬂéa%ntcbﬁgo&ﬁﬁgfhgf&é’orocar bon prior

to producing the .po m xture nt al ns total anmount® of

chl ori ne cdfit arefemes ThWWGMMWW@@W@prW@@LF&Hq wheyeinass. '
Preferably, the Qe 8 1980 £ b 00 8F el ) o RTB Mol B e ™0V 00 by

one or nore processe selected Fromt group consrsting o illation,
extractive di stité 6,znd dis andotgen of frong Ove 13 Paticularlpproblemgtigellaine cont act i ng

one or | nor 6 ekafne FEGRh SRR U shbBlrsnBt iR ARA ARE” MO M 1T

group consisting of: trichlorofluoromethane, hexaflnorochloropropane,

15  chiorotetrafluoropropene, chlorotrifluoropropene, 1,1-dichloro-2,2-difluoroethene,
and pentafluoro-2-chloropropene.

In one embodiment, the at least one monomomer includes one or more of
cthylene, propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1,
decene-1, 3-methyl-pentene-1, norbornene, norbemadiene, 3,5,5-trimethyl-1-

20 hexene, 5-ethyl-1-nonene, vinyl norbomene, and ethylidene monomers.

In another embodiment, one or more of the chlorine containing
hydrocarbon compounds are removed from a mixture containing the
hydrofluorocarbon prior to producing the polymer. Generally, the mixture
contains a total amount of chlorine containing hydrocarbons of 50,000 ppm or

25  less, by mass. Preferably, the one or more chlorine containing compounds are
removed by one or more processes selected from the group consisting of
distillation, extractive distillation, contacting with metal permanganate, contacting
with chromium oxide, adsorption, reactive distillation, and contacting with one or

more decomposing agents.



4 Det.ajl ed Description of the Invention |I. Introduction This invention is
directed to a polynerization process that is carried out at relatively high
productivity levels and with relatively |ow fouling. The process 5 includes
m xi ng together a catal yst system at |east one nonomer and a

hydr of | uor oca¥dfds/ée9espr oduce the pol yner. The reacti on picgnsabdidafdz out such
that little to no chlorine containing hydrocarbons are present. The

inventors have found that polynerization,processes that include

hydr of | uorocarbon as a diluent material in a polynerization reaction mxture
are 10 negatively inpacted in cases where the reaction is carried out in
the presence of even small anmounts of chlorine containing hydrocarbons.
Typically, the pegsiRd@escriitionvethe lpmntienel s of such chlorine containing
conpounds negatively inpact- productivity. At comrercial scale production,

| ow | evel s of productitkdiigiohoss can be quite substantial, resulting in many
cases as a substantial loss in reactor 15 production capacity. |Il. HFC

Di luent Material TheTdislnveitiod idtheeted 1o atpblymerintiemprocess thitds bededlonrdtal i n

produci ng highly_ useful. polyner products. e o{?t .diluents can al so
provi de pol yrrerreé’i‘tﬁ'ég’s@@‘s}%" Y Vlé&'&‘ﬁ@’é‘"feg‘ﬁmlﬁ ,"”ﬂ‘ﬁ’d]ﬁe&ﬂ%?}'@?eé’fl

ef fi ci enci essangichides SEGAgdVA ERiVEA kR, 2 TalBhe mbfter adde di | uents of the
invention are preferably conpositions added to the, reaction process that

reduce the conchyfirpHugresarhon 1Qpreduss thepolymere (The iachep isgegied optfuch g nr ocess to

achi eve the desyfrqs apebigRebitsihias hafdd@mbbns &8 fbRp@bl y, the diluent is a
hydrocarbon having little to no solvent power. Mre preferably, the dil uent

is a hal ogen cont ai Fegigvenipschavefounddhatipp PR pra¢essss iatinelade bon, conpound,

arld 25 pref er abjys, dr&g:bbhw@u&;ﬁda&ﬁm%xgayma%&nfe&cﬁhnm&ﬁs%_ to the
pol ymer product.” The fluorinated hydrocarbons may be used Individually or
as m xt ur es 10 anuegativelpanpapted ingerseiwhare tie peagtiapriscapgiedioutigthefresonaenéit ed

hvd bon' dil . : : ! e ! i nat ed
yarocarbon di %ﬂ%&ﬂlh%&ﬁﬁoﬁ%&%@%&@ca} .ng%%%déo“ nat €

hydrocarbons are I nterchangeably r ed"to as fluo ons or
hydr of | uor ocar beffeven lapolayrlisofsuch|chlgrne @ptaipingrempomgoragetivelyimpacit | east one

carbon at om andy 3k, ieAst AR RlchiPLdaRRGrda B, WP 16ARH A% IGH 452005/ 021652

be quite substantial, resulting in many cases as a substantial loss in reactor
15 production capacity.
1L HFC Diluent Material

The diluents used in this invention are beneficial in producing highly
useful polymer products. Use of the diluents can also provide polymer processes
having reduced fouling, higher overall efficiencies anﬂ/or reduced environmental

20 emissions. The diluents of the invention are preferably compositions added to the
reaction process that reduce the concentration of one or more active materials in
the process to achieve the desired and beneficial effect. Preferably, the diluent is a
hydrocarbon having little to no solvent power. More preferably, the diluent is a
halogen containing, most preferably fluorinated hydrocarbon, compound, and

25  preferably having little to no solvent power with respect to the polymer product.
The flnorinated hydrocarbons may be used individuaily or as mixtures, and can be
included in a mixture with non-fluorinated hydrocarbon diluents if desired.

According to this invention, fluorinated hydrocarbons are interchangeably

referred to as hydrofluorocarbons or hydrofluorocarbon compounds or HFCs.

30 These compounds have at least one carbon atom and at least one fluorine atom.



5 The fluorinated hydrocarbon can be a perfluorinated hydrocarbon or the .
fluorinated hydrocarbon can optionally include one or nore hydrogen aton(s).
A perfluorinated hydrocarbon is a fluorocarbon in which the hydrogen
directly attached to the carbon aton(s) is conpletely replaced by fluorine.
See Hawl ey' sW® 0¥sed Chemi cal Dictionary, ThirteenPRTESGBHS2 Van
Nostrand Renhol d, 1997. Exanples of preferred perfluorocarbons include

| i near branched or cyclic, Cr to Cao persfluoroal kanes. |In one enbodi nent,
the fluorinated hydrocarbons are represented by the formula: 10 CXHYF z
wherein x is an integer froml to 40, alternatively froml to 30,
alternatively fr ml t.o al ternati fro to 1 ernatively from1l
to 6, alternati 5%3’%‘1?‘("?11’26 cgﬂ WOVEEIV!]]I YATORAT ‘I?Sﬂ’fo alternatively

from3 to 6, ”Qﬁbnﬂh‘téﬁfl?ﬂﬁbdﬂioﬁcfaﬁ) Bptionlfy iRcludddRé 64 thor hjdogdh @@fngy). Ahan or

~equal to 0 and z is an i.nteger, and at |east ,one, nore preferably, y and z
are integers an@edipox tydra%tonuﬁaﬂ@reﬁa@pemm%%wm@mﬂm s 2 or nore.

In one embodi ”EQ&acthi@tﬁédﬁfb%n%mi%?k%h%{eﬁﬂeﬂ%iﬂﬁ?ﬁﬁ%@ss@é&wéﬁﬂd' n the

process of the invention, prefera a mXxXture of a perfluorin

hydr ocar bon éndCoadeh-mf(ﬁfiemwé@cmm@blﬂmﬂlﬂhmWmﬂoﬁﬁm&ﬂéﬁlﬂy a mxture of
a fluorinated 2 I'{ Hsi ﬁpﬂ%" ori nat ed
hydr ocarbon is 89 ance ﬁep&qﬂe nce ﬂﬁ%e nu%r uor&nﬁeé atons in

the fluorinat edCh;ooEwpaﬂMmlkﬁ@ﬂqgound . Non I imting exanpl es of

fluorinated hydrocar f
trifl uoromet hane; ]%g)rﬂge ahlg&fiﬁ 1@&8%%; uoroe ang%r EA(;I‘Iisptﬁuoroet hane;

1,1, 1- trlfluoroﬁtmﬂhe 1,1,2-trifluoroethane; 1,1,1,2- tetrafluoroethane
2,2-tetrafl uor oet hane; 1,1,1,2,2-p§5%% | uor oet hane; 1- quoropropane
oropr06 ne; 1, 1-difl uoropropane; Hlfluoropropane 1, 3-

or opr opane; 2, kmdﬂmﬁmnﬁlﬂageaﬂmIlqMaIténanNe]yﬂ&bmdrtoﬁOopane 1,1,2

u
u
I 1,.1.3-t fl. 1,2,3 30
| or opr opanBlemptiten] B {0 AERSRRR o1 o 7, Wiermagbi BBRARGRT 7 e

, 2, 2- tetr af Alteatiyalyfram @;to 20 ditephaBvedhefrora Blia 00, abamqmalg;ﬁ-omswﬁ
3

,3-tetrafl uorog
most pref

I
I
f
f

1,1,
2-f
dif
tri
tri
1,1
1,1

:H)?)p gém 1 to 3, wherein y is greater than or equal to 0 and z is an
15 integer and at least one, more preferably, y and z are integers and at least one. In
a preferred enibodiment, zis 2 or more. _
In one embodiment, a mixture of fluorinated hydrocarbons are used in the
process of the inventioﬁ, preferably a mixture of a perfluorinated hydrocarbon and
a fluorinated hydrocarbon, and more preferably a mixture of a fluorinated

20 hydrocarbon. In yet another embodiment, the fluorinated hydrocarbon is balanced
or unbalanced in the number of fluorine atoms in the fluorinated hydrocarbon
compound. |

Non-limiting examples of fluorinated hydrocarbons include
fluoromethane; diflnorometharie; trifluoromethane; fluorcoethane; 1,1«

25  difluoroethane; 1,2-diflnoroethane; 1,1,1-trifluorocthane; 1,1,2-trifluoroethane;
1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane;
1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-diflucropropane; 1,3-
difluoropropane; 2,2-difluoropropane; 1,1,1-triflucropropane; 1,1,2-
trifluoropropane; 1,1,3-tn'ﬂuoropropane; 1,2,2-trifluoropropane; 1,2,3-

30 trifluoropropane; 1,1,1,2-tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-
tetrafluoropropane; 1,1,2,3-tetrafluoropropane; 1,1,3,3—tetraﬂuoropropane;




2

5

1,2,2,3-tetraf |l uor opropane;
, 2, 3- pent af | uor opr opane;
2, 3- pent af | uor opr opane;
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, 2- pent af | uoropropane; 1,1,1
, 3- pent af | uor opropane; 1,1, 2, 2,
, 3- pent af | uor opropane; 1, 1, 1, 2, 2, 3- hexaf | uoropropane; 1,1, 1, 2, 3, 3-
or opr eRdues/dogske 1, 3, 3, 3- hexafl uor opropane; 1,1, 1, acimggo&m';ilssz
uoropropane; 1,1,1, 2,3, 3, 3- heptafluoropropane 1 fl uor obut ane; 2-
utane; 1,1-difluorobut ane; 1, 2-di f§ uorobut ane; 1, 3-di fl uorobut ane;
fl uorobut ane; 2, 2-difl uorobutane; 2,3-difluorobutane; 1,1, 1
orobutane; 1,1,2-trifluorobutane; 1,1,3-trifluorobutane;
r|quorobutane 1,2,2- trifluorobutane; 1,2,3-trifluorobutane;
r|fIuorobbiaﬁdﬁnmuﬁnﬁwpmwfthﬁéhmmdhmnmm@mm,LLlﬂZLtetrafluorobutane

tetrafl uorphutane; 1 etLafl uor .

Lot raf | dOPORARDoE 115047 Bt B pentatoropropun

ot rafl yor ”b”fwld}‘d“ﬁg;?ﬁ’?‘f’m%ﬁg S
6‘819{"3 i 13,153,343 : 3,3-

tetrafl U RAYh

tetrafl Uﬁﬁﬁﬂbﬁré}ﬂ@aane | 121,153 ﬂail:ﬂﬁtﬁﬂf&d?%%m-ﬂﬁ@'obutane 2-

tetrafl uor obut ane; nt af [ uor obut ane
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3- pentafluorobutane entafluorobutane , 3, 3-
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or obut ane; 3574 hexafluorobutane 1,1,1,273, 3-hexaf|uorobutane,

3, 4-18ex df%@rﬁ%ﬂ%@@t% 151, },3-$etmafluorobutang; (11 dsblstaetliombutaneg 1 3 3 4-
or obut ang;y 5lg Jetr&ﬂliér&mfbnm 185 3 %&5@&%@1@& 1,1,2,4-tetrafluorobutane;

. 4- hexat I’uorobut ane; 2, -hexaf 1 Uor obut.ane; 1,1:

exaf | udilehirtetmfiuorobutane 1;1,344—M@%&ﬂﬂa%ﬂd&ﬁrtaﬁ@uombutane

D -
=
l—‘l—‘l—‘Hl—‘l—‘l\)l\)(Dl—“"‘H"“N&Jh“l\)Q) wamwmmr—\wb—"

@ - -
;<)_l\)3 s I—‘NNNI—‘I—‘_HHCDI—‘*AC'DXHI—‘I—‘

o -
Q -

PRPPRPRPRPNRNRX P

hexaf li@feﬁm{{o?d%ﬁtané ’Izh ﬂ%ﬁﬁi&m@ﬁ%ﬁé hyg BQQHL%J&FUIJM%E’&

, hexa lior obut ane: 1, - hept’af i"uor obut ane:

X
4-
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, 4, 4- hé@sﬂatemﬂinowgm 8;2;;”,,3&8!&@0@13% héi23-pentaflypiobuteme;
3, 15,41 t but

21 Hﬁ#é&%?lg bitie; 1%11243pe§ta§m‘}mb‘ﬁfaﬂ§9 ﬁi'ﬁ&oro utane;
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pentafluorobutape; 1,1,2,4,4-pentafluorobutane; 1,1,3,3,4-pentafluorobutane;
1,2,2,3,3-pentafluorobutane; 1,2,2,3,4-pentafinorobutane; 1,1,1,2,2,3- .

20  hexafluorobutane; 1,1,1,2,2,4-hexafluorobutane; 1,1,1,2,3,3-hexafluorobutane,
1,1,1,2,3,4-hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-hexafluorobutane;
1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4.4-
hexafluorcbutane; 1,1,2,3,3,4-hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane;

25  1,2,2,3,3.4-hexafluorobutane; 1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2 4,4~
heptafluorobutane; 1,1,1,2,2,3,4-heptafluorobutane; 1,1,1,2,3,3,4-
heptafluorobutane; 1,1,1,2,3,4,4-heptafluorobutane; 1,1,1,2,4,4,4-
heptafluorobutane; 1,1,1,3,3,4,4-heptaflucrobutane; 1,1,1,2,2,3,3,4-
octafluorobutane; 1,1,1,2,2,3,4,4-octafluorobutane; 1,1,1,2,3,3,4,4-

30 octafluorobutane; 1,1,1,2,2,4,4,4-octafluorobutane; 1,1,1,2,3,4,4,4-
octafluorobutane; 1,1,1,2,2,3.3,4,4-nonafluorobutane; 1,1,1,2,2,3,4,5,4—




octafl uorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane;1,1,1,2,2,3,4,4,4.1\0
2006/ 009949 PCT1US20051021652 7 nonafl uorobut ane; 1-fl uor o- 2- net hyl pr opane;
|, 1-di fl uor o- 2- et hyl propane; 1, 3- difl uoro-2- et hyl pr opane;

1,1, 1-trifluoro-2-nethyl propane;1,1,3-trifluoro-2- nethyl propane;

-di f | uor ay@2doébasegeonet hyl ) propane; 1, 1, 1, 3-t et r af | uop@rngs2008@i1bsel pr opane;
3,3-tetrafl uoro-2-nethyl propane; 1,1,3-trifluoro-2 5

oromet hyl ) propane; 1, 1, 1, 3, 3- pent af | upr o- 2- net hyl propane; 1, 1, 3, 3-

af | uor o- 2- (fl uor onet hyl ) pr opane;
1
d

,3-tetrafl uoro-2-(fluoronethyl)propane; fluorocycl obutane;
, | fl uorocycl obutane; 1, 2-difluontycl obutane; 1,3- difluorocycl obutane;
, 1, 2-tri fl uor apvefhetekvtane; lmm&mm&bmamyn4dﬁhmmmmymr@me; 1,3-

trifluorocycl obytane; 1, te oro ut ane; .3 A0
tetrafl uor)c/)cycl ‘Eﬂrﬁgéne]ﬂiﬁf.’f" tléalp °J1°T Vc??@ﬁlft’é%é‘ﬂ%fmizl 2,3, 3-
pent af | uor OCyC|1ﬁéthi1ﬁaﬂﬁane,11 1dmu&o&,(ﬂnﬁemaﬁay19pﬁ;ﬁﬁyquom;te&mmmlzi 2,2,3,4-

hexaf | uor ocycl obut ane; hexaf | uorocyc obutane; 1,1,2,2,3,3,4

hept af | uor ocycl%l!ﬁtﬁﬁ%aﬂeﬂamﬁ'é"@lﬂg‘l’qr? predipreRage;rl Hubrifngiody’ hydr ocar bons
include di fsl uQhREBIBRPSprofabd; 1! 1q0§aﬁaﬁm91%.z-ﬂaeéyﬁfobhdé01 pgghane, 1,1, 1-

trifluoroethane, 15f|uororrethane 1, -tetrafTuoroethane In

addition to t hd@@ﬂmmcﬂ-(ﬂuawaﬂwwmedslbbwﬁa@m -2tiBRpreraetiilpropancy s e
fl uorinat ed hy%ngagaméqslc&np&&gu%mgﬁ{p%wac;mz fane;al3-, CEH Marketing

Report, Fluorocar Pages 1- em ca Econdni cs Handbook- SR
| nt er nati onal , diﬂuordc}'@manwhlJrhlﬂugroﬁmlqb}ﬁan%ﬁd@?rmapeﬁl@ém h2By reference,

are included. ted hydrocarbons are used
o??]d}gl%lﬁﬁfe, £ ,Q‘i‘éu%ﬂém(ékﬁbﬁéﬁéoi h gL ‘

in conbination W r'e 1nert dases such™as carbon di oxi de, ;
ni t rogen, dfgonstrafineroeyclobutine; il 212 3ypentafinorgeyelohutang 8,121363-1 i ke. In the

Cbodi ot -t neRERsr PR 2 933 lctarlbl At 1, ORI DC° T he
i nvention are betafioomdyclobotane; ha, 26 Ahexafursoeyclobutanst 1,1,2i23,341 orret hane,
S Dt o Bkt BLAARRy phreh AU ASIRIE il | |
preferred enbodifmerimethaixg triflmoreewthasd, 1,\}-diferdettiahe; 1,1{1+- tmﬂuomthmh, hydr ocar bons
useful in tl? ¢ Buoomethan Of aI;[thel i f&%aﬁﬁo%‘etﬁa{{ec | Smli' ncto%g’ose fluorinated

hydrocarbons described herein, those fluorinated hydrocarbons described in

Raymond Will, et. al., CEH Marketing Report, Fizorocarbons, Pages 1- 133, by

the Chemical Economics Handbook-SRI International, April 2001, which is fully

incorporated herein by reference, are included.

20 In another embodiment the fluorinated hydrocarbons are used in

1
1,
(f
te
1
1
1

combination with one or more inert gases such as carbon dioxide, nitrogen, argon,
neon, helium, krypton, zenon, and the like. In the preferred embodiment, the inert

T~

gas is nitrogen.
In another preferred embodiment, the fluorinated hydrocarbon used in the
25  process of the invention are selected from the group consisting of
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-trifluoroethane, and
1,1,1,2-tetrafluoroethane and mixtures thereof. |
In one particularly preferred embodiment, the commercially available
fluorinated hydrocarbons useful in the process of the invention include HFC-236fa
30  having the chemical name 1,1,1,3,3,3-hexafluoropropane, HFC-134a having the
chemical name 1,1,1,2-tetrafluoroethane, HFC-245fa having the chemical name



30 having the chem cal nane 1,1, 1, 3,3, 3- hexaf| uoropropane, HFC 134a havi ng
the chem cal nanme 1,1,1,2-tetrafl uoroethane, HFC 245fa having the chemi cal
nane WO 2006/ 009949 PCT/ US2005/ 021652 8 1,1, 1, 3, 3-pent af | uor opr opane,

HFC- 365n1f ¢ having the chem cal nane 1,1,1,1, 3- pentafl uorobutane, R-318
havi ng t he cRenioesdosmwane oct af | uorocycl obut ane, and HAECHMB2®8mme:2havi ng the
chem cal nane 2, 3-di hydndecaf | uoropentane, all of these are comrercially
avai l abl e fluorinated hydrocarbons. 5 In gnother enbodi nent, the
fluorocarbon is not a perfluorinated C4 to C10 al kane. In another

enbodi ment, the fluorocarbon is not a perfluorinated hydrocarbon. In

anot her enbodl ment, the fluorocarbon is not perfl uomjecall

per f | uor ohept an;l,hdptacpaiementenses, HECr36ruéhawa te chepmiral Ebl 1,3-
peri uorooct ane, Baﬁ%ﬁdtb%'ﬁﬁe,]ﬂ §I8q'la9§ﬁ%mél chottiba? Hﬁﬁ@&?ﬁﬂu%ﬁﬁkdﬁwwne

fl uor obenzene, per fl uor ot ol ue n a particularl y preferred

embodi ment , theI—E‘[H@i’r b@med@mgﬁlen@me%ﬂmm@eceﬂmwwmlﬂiﬁfocar bons. In

anot her enbodi re than I weight %
based upon_the %?%o%gﬁfaﬁf uor oca'ﬁlbon a any lﬁ;;dr ocar bon sol vent
present in the reactbranothﬂedmiméubieyagw@abmwhohamqtawﬂmatwCptcefﬂkﬂ ably

reater than 15 weli rea er.th wel % preferabl
greater t han 10 eg &Sﬁé%&?@%é’%@ ?m[shng T@"\RB‘PBS% %(; Breferablz
greater than 20hynﬁbcgalfiion9/dnmﬂﬁmmmmmgm&mcﬂwsﬂﬁpmnqbﬂecﬂﬁn,pr ef erably
greater than 3 % {] abl creatertht ha 1135 wei ght % preferably
greater than 4 P%ﬁ epﬁ“ F%F@P@ %}l PHfiRpRpthyl WWF%H?W referably
gr(eazer Eﬂan 5 &jﬂu@‘btl %}/ﬁxm%ﬂxyh?cﬂdlﬁﬁawgerfgbtﬁmbmetﬂnmgﬁﬁewmghg/ % p][ ef elroiably
grleat er a re eat er. an wel 9 preferably
gr eat er thaﬁ“gol’%? ﬂf"] oe‘llﬁapﬂﬁ&‘ﬁﬂgpr&%m#e?thgeﬂPWB%& bon i s present
at nore than 1 m&;'ﬁfstes%ndmg&e@dmmmcﬁhﬁmvei ght of the fl uorocar bons,
O A St e e b R BRE B ST 20LY
o eat er ¢ han 15”“’8"“‘9‘:&"9“3}‘“‘“‘?*‘3”‘“%@“‘*&“aﬁ‘%‘ﬂ“‘*’%‘*"@?‘s’”ﬁ? P et orab]
greater an wei g h prefe er n 0 referably
greater than 25PWRHT tﬂl%%?acg?'eiﬂfé#?gb@%‘% a8 B Werghh “egpye bghﬁ” thaBreferably
greater thaps 355 weightt, HefeRbB ppitPihin Pheizht%, fréefbl @rskt Bhh 104veight

%, preferably greater than 15 weight %, preferably greater than 20 weight %,

preferably greater than 25 weight %, preferably greater than 30 weight %,
preferably greater than 35 weight %, preferably greater than 40 weight %,
preferably greater than 50 weight %, preferably greater than 55 weight %,

20 preferably greater than 60 weight %, preferably greater than 70 weight %,
preferably greater than 80 weight %, preferably greater than 90 weight %. In
another embodiment the fluorocarbon is present at more than 1 weight %, based

| upon the weight of the flnorocarbons, monomers and any hydrocarbon solvent |
present in the reactor, preferably greater than 3 weight %, preferably greater than

25 5 weight %, preferably greater than 7 weight %, preferably greater than 10 weight
%, preferably greater than 15 weight %, preferably greater than 20 weight %,
preferably greater than 25 weight %, preferably greater than 30 weight %,
preferably greater than 35 weight %, preferably greater than 40 weight %,
preferably greater than 50 weight %, preferably greater than 55 weight %,

30  preferably greater than 60 weight %, preferably greater than 70 weight %,
preferably greater than 80 weight %, preferably greater than 90 weight %. In the



preferably greater than 50 weight % preferably greater than 55 weight .% 30,
preferably greater than 60 weight % preferably greater than 70 wei ght %
preferably greater than 80 weight % preferably greater than 90 weight % In-’
t he WO 2006/ 009949 PCT/ US2005/ 021652 9 event that the wei %ht basis is not
naned for t h¥O8PYN*¥; f| uorocarbon, it shall be presdEEAS2E65Based upon
the total weight of the fluorocarbons, nononers and hydrocarbon sol vents
present in the reactor. In another enbod®nent the fluorocarbon, preferably
the 5 hydrofluorocarbon, is present at nore than 1 volunme % based upon the
total volunme of the fluorocarbon and any hydrocarbon sol vent present in the
reactor, preferab eat.er,.t han vol %, abl r.than 5

vol ume ‘%  pref E‘Fe&i)%?%? ggggpa?ﬂﬁﬁgtﬂﬁfﬂ#gﬂ}%we%ﬁ)@%gﬁ%b% §§ ®®t han 10
volume %  pref geaihed 6 bebdsed upoh i tdthl wedghy oRth@fefrerdbhsy m@hanéredndt han 20

volunme % 10 preferably %reater than 25 volunme preferably greater than 30
volume %  pr ef Bydzegagbog sgixents prespligp WE TR0 e oy preferably greater than 40

volume % preferably ;géRéaleMbodina atmiRcutey, Mefdibs/ e abl y greater than 50
volunme % preferably greater than 55volune % preferably greater than 60

volune %  p¥ ef keydnefluprogaben, iy preser gt woretaan | kehope %.Dased vpeptbatatal enbodi nent t he
fl uorocarbon is on and
%@1&@% §f’tﬂe SlorebiioR H&Jﬁg‘rﬂg&%&%n 5Bkt gﬁée&& %%%v o‘%}’

preferably the uorocarbon I s sent at nor a ume % based

upon the total preferalrly péater thangaplumgdh.eeedvraidy seater thins voJume s uor ocar bon
present in the [ %Mlliaﬁ I E%g;%ﬂﬂ ol he
per fl uorocar bonerg%%é&ﬁ%% y g?gdgltﬁgg%fﬁ%%%g ‘ urre%&?og@g#%r/}ébl y greater than-
5 20 vol une o/ prefepblbf geeaten than 35 veltme %, preferablyogreate tan 2P vefumedl y greater than
10 vol une %, prefer A 9 |y, greater than 20
vol ume % %)or ef%’F%o“?gj%‘?ag"E%%H‘gﬂﬁgg’ %r%%a{%pgbgp%@%cﬁ’eater t han 30
vol ume %  pr ef mefalably gyeateathen 33 ivm8 %, profanbly @atgtlehdd xblpedé.eat er t han 40
volune % preferab [ 4 9 | eater than 50
vol unme % 25 pr%?%?gﬁ’lggéage?glg?gép%?lé%é%%%%&%@ésé?a 3‘7%@ eater than 60
vol ume %  pr efprefalably gopateathen 53violumedd, prefenably ghéatet thary 60 valwme Her  enbodi nent ,
the fluorinated hfgr%]ocar ORS gg tlhe y,nvention

pre; y greater than 65 volume %.

15 In another embodiment the fluorocarbon is a blend of hydrofluorocarbon

and perfluorocarbon and preferably the hydrofiucrocarbon is present at more than
1 volume %, based upon the total volume of the perflnorocarbon and the
hydrofluorocarbon present in the reactor, (with the balance being made up by the
perfluorocarbon) preferably greater than 3 volume %, preferably greater than 5

20 volume %, preferably greater than 7volume %, preferably greater than 10 volume
%, preferably greater than 15 volume %, preferably greater than 20 volume %,
preférably greater than 25 volume %, preferably greater than 30 volume %,
preferably greater than 35 volume %, preferably greater than 40 volume %,
preferably greater than 45 volume %, preferably greater than 50 volume %,

25  preferably greater than 55volume %, preferably greater than 60 volume %,
preferably greater than 65 volume %.

In yet another embodiment, the fluorinated hydrocarbons of the invention

have a molecular weight (MW) greater than 90 a.m.u., preferably greater than 95
a.m.u, and more preferably greater than 100 am.u. In another embodiment, the

30 fluorinated hydrocarbons of the invention have a MW greater than 120 am.u,

preferably greater than 125 a.m.u, even more preferably greater than 130 am.u,



have a. nol ecul ar weight (MAN greater than 90 a.mu., preferably greater than
95 a.mu, and nore preferably greater than 100 a. mu. In another

enbodi ment, the 30 fluorinated hydrocarbons of the invention have a MV
greater than 120 a. mu, preferably greater than 125 a.mu, even nore
preferably greetmsodshan 130 a. mu, WO 2006/ 009949 PCTI UsaaB2edabié&r2 10 and
nost preferably greater than 140 a.mu. In still another enbodi nent, the

fl uorinated hydrocarbons of the inventionghave a MNVgreater than 125 a.mu,
preferably greater than 130 a. mu, even nore preferably greater than 135
a.mu, and nost preferably greater than 150 a.mu. In another enbodi nent,
the 5 fluorinated hydrocarbons of the invention have a MV greater than 140

a.mu, pref er abind mess grefrablihgreater fom d4ta.m.n. Apstdl apetberemhedireriyribat er t han 180
a.mu, even nor . ﬁwﬁga aﬁﬂ% referably
greater than 22&“@“%%@‘?@%%@%%?‘%@@@%@ Ol’tl na elgga%'rgocar bons of

the inventi on harefezably\piédter thand30 amgeewsh nforapref@@bly greatet thard BOG.mam U,
a.mu, .nore preferably

P the range of PRSHLBEIR S d9B IS, o e gubails 8oLy 7l o ¢ he

range of from abmisrinded hedrceatbohsnf dirdumen@dmthavea MW greater! thanyi€0 aangt her

enbodi nent, the fluorjnated _h ocarbons of the inventi have nor nal

boi | i ng point i W'Ffﬁ’@giyaﬁﬁﬁ?éﬁg?ﬂgsg%w’i“é‘b’amﬂP!%@q%geitg%%‘i‘é%%mp‘ble%ri zation

tenperature, prehsephdfdtalily pRhtvitRin 200 binfi) ahEMps brefubly @batéiliar 225 85C,

Phe rangy of f romi. 0Bt wEbodiull LGSt BYUPEREP S B FTGHPRBTEE - 130C ¢ o
e range o . , _ - o

about 60C, and I\Wﬁlt@éﬁﬁggﬁlﬁbﬂ]%ra%lhﬁnbm@anﬁﬂﬁref@abhhﬁlﬂierﬁgofﬁ&nan

emf)odi ment, the fluorinated hydrocarbons of the jnvention haye nornal

boi | i ng poi 0 gri@9eds-u 340y, ,reﬁF@BéF‘alﬁlr?gﬁP@g?‘%ﬂé%‘aﬁ‘tQQ% to | ess

than -10C |na fau4hheid meRiResibnm the tHage b foai dvoal 00 iy diodbastosms of the

i nvention have normal boilihg point greater than -5C, preferably greater

than -5C to | es&™HAan -20C. In one enbodinment, the fluorinated hydrocarbons

of the invention have, {i9aiBiler BAbJdiAGt, IRFuBEndddaH1REarbdid Bf BE favedtiog €r abl y
greater than 30C to about 60C.. 25 In another enbodi nment, the fluorinated

hydr ocar bons of hevrnarmyidqiling poigtin e rapge phliom abh S0t u@ eC (g/ cc) greater
than I g/cc,spr $Bﬁﬁﬁﬁ£ﬁﬁoﬁiﬁﬁa%ﬁﬁmt, PRRrabiyldbolymerization temperature of about

85°C, preferably the normal boiling point of the fluorinated hydrocarbons is in the

range of from -40°C to about 70°C, more preferably from about -1306°C to about
60°C, and most preferably from about -30°C to about 55°C. In an embodimient,
the fluorinated hydrocarbons of the invention have normal boiling point greater

20 than-30°C, preferably greater than -30°C to less than -10°C. In a forther
embodiment, the flnorinated hydrocarbons of the invention have normal boiling
point greater than -5°C, preferably greater than -5°C to less than -20°C. In one
embodiment, the fluorinated hydrocarbons of the invention have normal boiling
point greater than 30°C, preferably greater than 30°C to about 60°C.

25 In another embodiment, the fluorinated hydrocarbons of the invention have
a liquid density @ 20°C (g/cc) greater than 1 g/cc, preferably greater than 1.10,
and most preferably greater than 1.20g/cc. In one embodiment, the fluorinated
hydrocarbons of the invention have a liquid density @ 20°C (g/cc) greater than
1.20 g/cc, preferably greater than 1.25, and most preferably greater than 1.30g/cc.

30 In one embodiment, the fluorinated hydrocarbons of the invention have a liquid




and nost preferably greater than 1.20g/cc. In one enbodi nent, the
fluorinated hydrocarbons of the invention have a |liquid density @ 20C
(g/cc) greater than 1.20 g/cc, preferably greater than 1.25, and nost
preferably greater than 1.30g/cc. 30 In one enbodi nent, the fluorinated

hydr ocar bon3v@fooe/60894p nvent i on have a |iquid WO 2006/ 009IAB20889216532005/ 021652
11 density @20C (g/cc) greater than 1.30 g/cc, preferably greater than
1.40, and nost preferably greater thanll.50g/cc. |In one enbodi nent, the
fluorinated hydrocarbons of the invention have a LH Vaporization as
measured by standard calorinetry techniques in the range 5 between 100 k | kg

to less than 300 kJ/ 0 ferabl y i he ra of from1l kd/ kg to | ess ‘
t han 300 kJ/kg,d%ﬁ‘mfé%gtcp@ﬁ&%?aeﬁﬁvn?ﬁbﬁ‘ﬁ&pf‘gﬁggy&eatﬁ@ﬁ]}Ig%a%j/ kg to |ess z
t han 300 ki/ kg .mdsPprefpdbiegreqiratiagiisegeembodi ment, the fluorinated ,
hydr ocarbons of the_ invention c ri ses_ any cqnbinati,on Qf two or nore of }
the af orementi oned Mne%oﬁypﬂaﬁgﬁm@ﬁgﬁﬁ?qﬁ?nﬁ%mnp%w%, and liquid
density val ues mdaﬁm-aslﬂaasam%ﬁmda?&m&mquesﬂﬁhéﬁ%I nat ed |

hydr ocar bons useful” in the process of the invention have a greater than

90 a.mu, pdef detmisty 1¢ftiddizde lessthan 300 &)/ke. proferablymdherapgepfifgmddsi ty great er
than 1.00 0/ CC Rk ff RLAYORARL Shd il breferstf) il iRGange Bf 1451126 r preferred
uori nat ed hydrfocar bohs us he 1

enbodi ment, the ful 1n process of the
i nvention have less than 8P@kddkensi ty (at 20C) greater than 1.10 g/cc, preferably

orater than 120 o fimodl il by MoPBSPBotaET S0C |

preferably greater ) C ynmeri zatton tenpera
process, Wwhi clinvesticascotpyses any coobDatiq aftwo extshare pfibe afoteareni®Ei MWA nor e

Erbodi ment 10; nEosts Bt 8 VIRR i il el iy Setbhl Bl W °0F

i nvention have peefddéd gmbediment, thédeorid@edbydrecarbprafsefubipltie myocesd afithet han 100

S22 SRR ol s 0l PRl o5 ther

preferably greatdsliduirhdendity’feater then 1100 gice tpreferobly greatectim tildpdot., Int he

11 qui d densi ty B ASaPa PRt g B 1R BRET BufeeatreBe BT RIR 120 o) o

and a normal prbdsk afthpmverdtionhemtadiquididensity i 2)°C) peehier thiw V.1Qg/qt er t han - 30C

up to the preferably greater than 1.20 g/cc, and a normal boiling point greater than -50°C,
preferably greater than -30°C up to the polymerization temperature of the process,
which is as high as 100°C, preferably less than 85°C, and more preferably less
than 75°C, and most preferably less than 60°C. In one embodiment, the

20  fluorinated hydrocarbdns useful in the process of the invention have a MW greater
than 90 a.m.u, preferably greater than 100 a.m.u, and a AH Vaporization in the
range of from 100 kj/kg to less than 300 kj/kg, and optionaily a liquid density
greater than 1.00 g/cc, preferably greater than 1.20 g/cc. In yet another
embodiment, the fluorinated hydrocarbons useful in the process of the invention

25 have a liquid density greater than 1.10 g/cc, preferably greater than 1.20 g/cc, and
a normal boiling point greater than -50°C, preferably greater than -30°C up to the
polymerization temperature of the process, which is as high as 100°C, preferably
less than 85°C, and more preferably less than 75°C, and most preferably less than
60°C, and optionally a AH Vaporization in the range of from 120 kj/kg to less than

30 250k/ke.



pol yneri zation tenperature of the process, which is as high as 100C,
preferably less than 85C, and nore preferably |ess than 75C, and nost
preferably I ess than 60C, and optionally a iH Vaporization in the range of
from120 kj/kg to less than 30 250 kj/kg. WD 2006/ 009949 PCTI US2005/ 021652
12 I n yet anedpes/o@diodi ment, the diluent includes oner@iusmmseibi2zuori nat ed
hydr ocarbon(s) alone or in conbination with one or nore inert condensabl e
agent (s) or condensing agent(s). Exanpl d8 of suitable, preferably inert,
condensabl e agents include volatile |liquid hydrocarbons, for exanple,
saturated 5 hydrocarbons containing from1l to 10, preferably 3 to 8, carbon

atons. Preferred e a | es.inc n- but ane, ut.ane (MN of 58.12
a.mu, aliquid de L pngther gm M@?‘E’c‘gg‘gﬁ’ﬁmﬁ’ﬂf}'}?ﬁ?mﬁﬂprﬁ “BB’i’aﬁ‘i% as above
described of %}dx%’éhboﬁ(s) a‘l&@bﬁﬂ%ombﬁﬁbﬂ%ﬁ%ﬁe614%1@&&291135115%131 u, aliquid
density of 0.627g/cc, and nornal i ng point of 27.85), neopentane,

n- hexane, i sohegems) oamd@slneagegt&%)uﬁmseisq'eblmr@rawa%car bons. In one
embodi ment , th%oﬁdeh%‘éag%ﬁfn@ﬁ&e%%ﬁﬁq%ﬁﬁh kR foPBimpleloabufindds al kane. 1n

anot her errbodl nment, the uent naterial |ch cont al ns

hydr of | uor o&ar bydroagbmmntezsmgﬁemdttné?,p@qfcmldméﬁo &@wbmm d’r¢fﬁ1m¢dd, i s

sel ected based I ¢Pﬁr ' 4 cul ar pol ynmer
bei ng produced. éﬁ;ﬁﬁ%ﬂr %lz“rierslse} é:']btu olg\&;tg]lﬁﬁ tlog '%iir%%égﬁi“gl lity in the
pol ynmer . Sol ubidensity of 8.56 lgisc, apd)hgtmlrbmlmgmemwabdvmscﬁbc&nfngl IMer-pol yner into
a filmof thicknes P;}% k i n diluent
(enough to covBF%ﬁéRﬁ’iaﬁg or ﬁ%gﬁf}'g& Tlﬁﬁlﬁggnrseﬁggd;?\fgﬁem reh’gaflerrperature
| )r(l( a seal ed cobbiding ppinbef 2785} etopertive, ri-httma,sohuemamtbﬂiersnmatbdacm | uent,
exposed for,.90. s por at t e surface of the
film and \kgl gﬁ"e %mﬁss up]} sKe ﬁhg’le%é@%ﬁ 'ﬁ{gﬁ% cear%?aagémfncrease I n
the filmwei ghC;afCealkmakl ng. The diluent is pref erabl y selected so that
the polyner has a t ake .. re bly less than 3
W% nore prefer ablngl %Qr ii’ %‘l‘é“'\?gﬂ‘“‘ﬁﬂ %“’8{?’5’5% less than | w %
and nost pref ehﬁhbﬂudre&ﬁ:ohlaamlﬂas&hamﬁ&oﬁﬁoxﬁrnoadqns:&:leemﬁchah selgttedli rent, the

di | uent, prefe b %684“% ?ngﬁi%}(gra%c c%on}gﬁ}mglbe&é}ogr%é thereof are

sel ected such
15 Preferred diluents have little to no solubility in the polymer. Solubility in the

polymer is measured by forming the polymer into a film of thickness between 50
and 100 microns, then soaking it in diluent (enough to cover the film) for 4 hours
at the relevant desired temperature in a sealed container or vessel. The film is
removed from the diluent, exposed for 90 seconds to evaporate excess fluid from

20 the surface of the film, and weighed. The mass uptake is defined as the
percentage increase in the film weight after soaking. The diluent is preferably
selected so that the polymer has a mass uptake of less than 4 wt%, preferably less
than 3 wt%, more preferably less than 2 wt%, even more preferably less than 1
wt%, and most preferably less thian 0.5 wt%.

25 In a preferred embodiment, the diluent, preferably the fluorinated
hydrocarbon(s) or mixtures thereof, are selected such that the polymer melting
temperature Tm is reduced (or depressed) by not more than 15°C by the presence
of the condensable fluid. The depression of the polymer melting temperature
ATm is determined by first measuring the melting temperature of a polymer by

30  differential scanming calorimetry (DSC), and then comparing this to a similar

measurement on a sample of the same polymer that has been soaked with the




tenperature Tmis reduced (or depressed) by not nore than 15C by the
presence of the condensable fluid. The depression of the polynmer nelting

tenperature ATmis determned by first measuring the nelting tenperature of- "’

a polymer by 30 differential scanning calorinetry (DSC), and then conparing
this to a si M2 sur enent on a sanpl e of the sanePESUSHEYOUAt has been
soaked with the WO 2006/ 009949 PCTI US2005/ 021652 13 condensable fluid. In
general, the nelting tenperature of the Koaked polyner will be [ower than
that of the dry polymer. The difference in these neasurenents is taken as
the melting point depression ATm It is well known to those in the art that

hi gher concentrati.on 1 $S0l v i | ] I | arger 5
depressions in ?%ﬁ‘}fg?l%l%{ra M@F@g%@ﬁ%ﬁ%ﬁg%‘%@&ﬁ% P]Ws of elnm.
A suitabl e DShé pwbnthapibatiofthedey wnlymen The differenve knf thesg npasundmenitsfis essi on i s

described by, P.V. mm _ngsen, "Phase ui_libria in Pgolyethyl ene Systens",
Ph. D Thesi s, mkm!&wﬂﬁﬁ?%@"ﬁﬂwﬁwﬂémekéw VB HOROBIEE Har ch 2000,

which is incorpgy coMREfaRomR ¥f dibREERERrialk ) th olydier 84hss Bkgepf coONdi tions
for conducting 10 the tests are summari zed on Page 112 of this reference.)

The pol yner el dépragsionsdnihepalymermeltng temperatnredie, higher Nplups of ATipoldyner,  and
then repeated w t 2 ket sed, | - QUi- . le fluid to
be eval uat ed). %&&%ggpit%gﬁﬂ?ﬁﬁrf e re %%ﬁglleuh %@g&r%’oﬁg@tﬁ%@r ant to
ensure that t hebyBAdbimuengsen ' PlabeEduilitiria in Bayathyisne Systems"h2h.pThesisice of t he

during the ¢ estestaleR OByERY otRRaRoa oo Bhn MiFamoan s 1° On T e
enbodi ment, t heinéokporated harais by refiment@ QA prefefred ssbéficobditioms fdranndubtiig pr ef er abl y
4G I anoltherBE BB AR BRE A 0% pitsd 7 Bt rrPiotoe] o PR BBmY, of oy ably
less than 4C, iwmpeatpredd frsarheayurbdwith drypolyiier, anithen wpoatedwithfthy abl y | ess than
{1 or | nat ed. hy dPLBiE BEHERE S he FRednile fhd B EvatecGl okt ecefliedn 5w o
based on the t dh e réfedefdtiabole, it idmgortasewtensurt hitakedatond phdpof the test; i nat ed

hydrocarbon is present in the diJuent.at greater .than 7 w 9% .nore
preferably gredfBfue H%ﬁ’iﬁmﬁn"%tjﬂfﬁ u}ﬁg?tdgﬂ?‘gﬁé?%ﬁcﬁn@néﬁ?&&ﬁ?an 15 wt %

based 25 omst hgigufdighot Wathed turik tildiest, GiHichasdtid itfodadiekpeimeaadd et . t he
fluorinated one embodiment, the ATm is less than 12°C, preferably less than 10°C, preferably

less than 8°C, more preferably less than 6°C, and most preferably less than 4°C.

In another embodiment, the measured ATm is less than 5°C, preferably less than

4°C, more preferably less than 3°C, even more preferably less than 2°C, and most

20  preferably less than 1°C.
In another embodiment, the flnorinated hydrocarbon is present in the
diluent at greater than 5 wt %, based on the total weight ofthe diluent. Preferably

o
- .

the fluorinated hydrocarbon is present in the diluent at greater than 7 wt.%, more
preferably greater than 10 wt %, and most preferably greater than 15 Wt %, based

25  on the total weight of the diluent. In another embodiment, the flucrinated
hydrocarbon is present in the diluent at not greater than 90 wt %, based on the
total weight of the diluent. Preferably the fluorinated hydrocarbon is present in
the diluent at not greater than 80 wt %, more preferably not greater than 70 wit %,
still more preferably not greater than 60 wt %, and most preferably not greater

30 than 50 wi %, based on the total weight of the diluent. In yet another



hydrocarbon is present in the diluent at not greater than 90 wt % based on
‘the total weight of the diluent. Preferably the fluorinated hydrocarbon is
present in the diluent at not greater than 80 wt % nore preferably not
greater than 70 wt % still nore preferably not greater than 60 wt % and
nost pref er alWy2000boogweat er 30 than 50 wt % based on tegevssosdgsei ght of
the diluent. In yet another WO 2006/ 009949 PCT/ MD05/ 021652 14 enbodi nent,
the fluorinated hydrocarbon in the diluegj is not a perfluorinated C4 to

Cl O al kane. [11. Chlorine Containing Hydrocarbons The HFC dil uent materi al
used in the polynerization process of this 5 invention contains little to no
chl orine containing hydrocarbon conpounds that would substantially inhibit
or reduce pol ynesmbrdinet therflvgtrstdd\hydpcarindn fhe didnentienotgfpedipesinataddlel | evel s of
various chlori neto‘f?nélﬁaif:ﬁi ng conpounds can cause a substantial reduction in
pol yner producti Vit erefore, the HFC diluent naterial used should be of

appropriate or de. ) 0 Hé! i%i%gg sed in the 10 polynerization
process or at I%t %ﬁ%g 24 during the process to a |evel

t hat has no subst ant i}ﬁéﬂﬁaﬁ& *’?E‘g‘?%h%’°q§4¥’§@@§fﬂ%ﬁfﬂﬂtﬁf°°e¥%rfca{js chl ori ne

cont ai ni ng hydrocarb ave di S on vart ous al ysts. For
exanpl e, one ichlinventien coatEimilitlengndwhibrine esrtaining yirdearben conlpeamiz that ef f ect on

one catal yst than ot her. . Of catal yst..According.to referred 15
embodi ment this W‘i’r‘%ﬂ‘i’gﬁff’i"’w ﬁ%"ﬁg{/‘éﬁl“%?&%‘ﬂ?}“& %‘&’?4“8‘9‘8% Jﬁ? ﬁf&“&%ent ai ni ng
conpound shoul d ofietent3mall teviis af vafisustchlositdhafuingabinpoundsicimea@e hy ner
productivity and/or .to substantially increase reacto ling. In one
enpodi nent of tﬁgésimr‘?g@ﬁ?qsufi ‘fm’f'ﬂ‘gyrﬂfﬂpé?#@&%ﬁ]beﬁe HF&%%@EE%@“?eried out at a
| ow | evel of chingitériabused stoaid bfappyogtiate ar fratetenniledpurity whendised indiet y of at 20
| east 400 g/.g/ hr,, where, g/ g/ hr i rans of pol r, prodyced per gram of
catalyst ud&d Pﬁly{nﬁ’éz%f”gﬁ’g’gfés ?fé?le?r'ﬁgfreg °°f)8’iiﬁ%‘€ § %ﬁ’eﬂ"ﬁ%? t<133(r3ef erably,
t he pol yneri zat i¢vel thitdeesssubSantialiefiect®n polymatpredupiagiict i vity of at | east 500
g/ g/ hr, nmore prefergbl t | east 600 /Qr, stil) _nore.preferably at |east
700 g /e Cand most Vasie PP g b eaos G AT RLSToR LB
embodi ment of t BRaly#y SFor eRitapld, At dARERtaZddd HArRarBELHBy have a lesser

effect on one catalyst than another type of catalyst. According to a preferred

15 embodiment this invention, the level of any specific chlorine containing
compound should not be so high as to substantially reduce polymer productivity
and/or to substantially increase reactor fouling.

In one embodiment of the invention, the polymerization process is carried
out at a Jow level of chlorine containing hydrocarbon and at a productivity of at

20  least 400 g/g/hr, where g/g/hr is grams of polymer produced per gram of catalyst

(\ used in the process per hour of polymerization time. Preferably, the
polymerization process is carried out at a productivity of at least 500 g/g/hr, more
preferably at least 600 g/g/hr, still more preferably at least 700 g/g/hr, and most
preferably at least 800 g/g/hr.

25 In ancther embodiment of the invention, the polymerization process is
carried out with low or no reactor fouling. In one embodiment, the
polymerization process is carried out at a reactor fouling of not greater than 5
wi%. The weight percent fouling is determined by scraping or otherwise
removing all polymer foulant from the walls of the reactor, and dividing this

30  weight by the total weight of polymer in the reactor {normal polymer plus the

foulant material). Preferably, the polymerization process is carried out at a reactor




carried out wwth low or no reactor fouling. In one enbodinent, the

pol yneri zation process is carried out at a reactor fouling of not greater
than 5 Wo. The weight percent fouling is determ ned by scraping or
otherwise renoving all polynmer foulant fromthe walls of the reactor, and
di vi di ng t hi sva30oswessght by the total wei ght of pol yner pcwvushesmasct or

(normal polynmer plus the foulant material). Preferably, the polynerization
process is carried out at a reactor WO 2306/ 009949 PCTI US20051021652 15
fouling of not greater than 4 w% nore preferably not greater than 3 wiV o,
still nore preferably not greater than 2 wt% and nost preferably not
greater than | w% The anmount of chlorine containing hydrocarbon is
preferably det efoviipgef not gigalpribandyyde proreardenhly netgresas a¥nttillass sel ective
detector (G | e | an be carried
out using a HEE%{?Iﬁ%‘éﬁ?ﬁ@%ﬁ%%ﬁ&ﬁﬁ@%ﬁ@&E%%é{'h?gne enbodi ment
of the inventi owt%. the anount of chlorine containing hydrocarbon present is

determ ned on the bagj . L] . The.pgma i's the
area val ue of any g?@ﬂgﬁmgﬁ%@%&npﬁ?%@%&%gd}?%feb%ﬁésgpgﬁﬂgl%lggu or 1 hat

anal yii S. Fosfammppo i :c}pﬁ?tﬁgas&mt gxhbgqamhnvs asse@eoﬁsedﬁiéotc}g;(@ﬁ@d&ﬁrrppunfl measur es
a peak area o : 0 e peak area.far a ul ar

angl ysis, then ﬁ&@bﬂgeWW’ﬁ%eﬁéqﬁgnﬁﬁgyﬁgﬁﬂ'&?ﬁﬂ%ﬂﬁﬁmﬁgﬁ%@%ppn& . In
one enbodi ment ,GcMshm bﬂa#ufx@mmeﬁbe;md@?mmgmgmoﬁhﬁgwfmuﬁdnﬁm mda t15

m xture containjn r upr ocar hon t.o produce g rQcar bgn pr.oduc

cont ai ni ng no -sti‘?\g?“é'}l”gﬂ?ﬂ}]‘?rﬁ‘é°@W%§%ﬁ%%%?’&?&?‘ﬁg?\%w&ﬂﬁﬁb§ﬁ%ve t he
desired or predsgtpas pemngillidniaréa(ppnia)) FHe@pha ks eRes MU anypgiténgeslf € cont ai ni ng
hydr of | uor ocar bon .and one Prﬁg&r}ﬁa chl.otine cont iai i ng hydr ocar bons is _m'g(ed
with a cat all streiatieg g thetntl gerdordpat apalysis, oy rrapplesi g sgle Peak or i ne cont ai ni ng
20 conpound or gRERAtGeRbApcHEMERERS & Peakardd@F 0.00% 2E1S Al IGGIMSD | npact

pol ymer productiyvit For .exanpl e, t(;nhrom um oxi de type catalysts can be

. | e
used as chl ori msak ¥EH{95 A RAFIGHRE Gnabysis, then thg concentratipn, phihal corapauad Yvevld | n one

enbodi ment t he,,eqph ppthile cont ai ni ng hydrocar bon conpounds that are referred

toin this invention are represented by the formula:
In one embodiment, chlorine containing hydrocarbons are removed froma

15 mixture containing hydrofluorocarbon to produce a hydrocarbon product
containing no single chlorine containing hydrocarbon compound above the
desired or predetermined limit. In another embodiment, a mixture containing
hydroflucrocarbon and one or more chlorine containing hydrocarbons is mixed
with a catalyst system and one or more polymers and the chlorine containing

20 compound or compounds are adsorbed so as not to substantially impact polymer
productivity. For example, chromium oxide type catalysts can be used as chlorine
compound adsorbent as well as polymer catalyst.

In one embodiment the, chlorine containing hydrocarbon compounds that
are referred to in this invention are represented by the formula:

25 ' CleFoCcHa

wherein a is an integer of from 1 to 14, b is an integer of from 1t0 13, ¢ is
an integer of from 1 to 6, and d is an integer of from 0 te 13. In amore particular
embodiment, a is an integer of from 1 to 8, b is an integer of from Oto 7,cis 2 or
3, and d is an integer of from 0 to 7. More particularly, a is an integer of from 1 to

30 5,bisaninteger of from Oto 6,.cis 2 or 3, and d is an integer of from 1 to 7.




25 CLFbCHa wherein a is an integer of from1l to 14, b is an integer of from
1to 13, cis an integer of froml to 6, and d is an integer of fromO to
13. In a nore particular enbodinment, a is an integer of froml to 8, bis
an integer of fromO to 7, cis 2 or 3, and d is an integer of fromO to 7.

More parti culveg bageroddedss an integer of froml to 30 5, bpdgy o ger of
fromOto 6,. cis 2or 3, and d is an integer of from1l toscib})‘:’}&&)5

20061009949 PCT/ US20051021652 16 Exenpl ggy chl orine containi ng hydrocarbon
conmpounds include cllloronethane; dichloronethane; chloroform carbon
tetrachloride; chlorofluoronethane; chlorodifl uronethane;

fl uorodi chl oronet hane; chlorotrifluoronethane; fluorotrichl oronmethane;

cl oroet hane; 1, 1-di cExemplaiylcblmene déntﬁipﬁlgdiiydrhbembou@des include

1-chl oro-1-fl uor etha or-oeth trichlofoethane;
1,1, 2-ti chl or oefH§ %@%ﬁl‘ g‘?’&“’i Hﬂ o Ry Edcﬂj%dc?l’o I
di chl or oet hane: c}ﬂoﬂiﬂuﬁfmﬂmﬁ’e’ dﬂa‘):‘oﬂiﬂmmtemalmﬂudredlbh]mbmetﬁane di chI or oet hane; 2-

chloro-1, 1-di fl uoroethane; 2-fluoro-1, 1-di.chl oroet hane;
1,1, 1, 2-t et r achFiPe @nethai‘e “2’03“%1@{‘:\“%?3}?% %]8 Ahg; 1.1-dichloroethane;

2-chloro-1,151- i,afdlmas:@ahéaﬁpﬁcm&mﬂt@fdaﬂﬁml 1%hibfb-2-Hucbdtemest, hrne;
1, 1-dichloro-2, 2-di fl uor oet hane; di chl or o- lp.élgdlf oroet hane;

hexachl or oet hantichioreethaggid sl 0@61’06@?1}%#&1’10%1 b l-flucro-1,1-

|, 1- di chl or oet hyi-RRfsethats; 1-cRlokd-1,8-al bR AN, ?Jﬂﬁomillx,ﬂ-d:aﬂ&'oétﬁiﬂe@h' or oet hyl ene;
1 chloro-1, 2, 2- tr|fluoroth | eneé: 1, 1-di chl oro-2 di f | uor oet h | ene;

1, 2-di chl or o- | , ¢hiorgr, l-éﬁlue@ﬁihwe%ﬂuorqlérﬁ!@ﬂ@wwanbl 1,2-1ctmachdorg ane;

1 3-di chl orOprOP@Qez-teiraehﬁnsémaﬁé Qmﬁoedﬂﬁu%nﬁmr@éﬂ%etzaﬂmo—nl-
1-(chl or o- 2- net hyI ropane; 2-chl oro-2- ‘met hyl p:*g?ane I-chI or opent ane;
o2

2- chi or openi@netrichloraethsns i driliggo-22 cqﬁﬂ‘@?‘éﬁﬂ?nes $2;#ifluoroethane;
1-chl or o- 3- et hﬂéxaaﬂa&eeﬁme%ﬂd%ﬂaﬁ@ﬂ&r&@&akwIchmﬁe%e,lx 1ebt6:Bethylene;

2, 2-di met hyl propane; perfl uoropropyl chlor'ide; peérfl uoroi sopropyl chloride

and the |ike. hb.2gxekigrogthylens; w@rtﬁtacblnmthyme,dmmom-h?ag hydr ocar bon
compounds i nc! Ugkfmo /ity RhBAYCliRREBRANGARESATILR! PSMIhRRRNbAM! ene,

pent achl orocycl opr opane; = ¢hl or ocy&l obut ane: or ocycl opent ane;
chl or ocycl ohexadifiuoroethylent; l:-hhlgnon@yaﬂeo%dﬂemeromm@, Hp-dichlorapropeney pent ane;

éi ; - C1]II (Z:h LIlOI: ﬁf)c/)(r%ohg&;%c ope n%-gﬁr%grc’ﬂlgi%g Plﬂgmg ﬂ?mflhﬂgkﬁea%exgﬁ-ez'

methylpropane; I-Gh]oropentane 2-chloropentane; 3-chloropentane; 1chloro-2-
methyl-butane; 1-chloro-3-methyi-butane; 2-chloro-2-methyl-butane; 1-chloro-
2,2-dimethylpropane; perfluoropropyl chloride; perfluoroisopropyl chloride and
the like. .

20 Exemplary alicyclic chlorine containing hydrocarbon compounds include
chlorocyclopropane, hexachloracyclopentadiene, pentachlorocyclopropane;
chlorocyclobutane; chlorocyclopentane; chlorocyclohexane; 1,1-
dichlorocyclobutane; 1,1-dichlorocyclopentane; 1,1-dichiorocyclohexane; cis-1,2-
dichlorocyclobutane; cis-1,2-dichlorocyclopentane; cis-1,2-dichlorocyclohexane;

25  trans-1,2-dichlorocyclobutane; trans-1,2-dichlorocyclopentane, trans-1,2-
dichlorocyclohexane; alpha-1,2,3,4,5,6-hexachlorocyclohexane;
tetrachlorocyclopropene and the like.

Exemplary aromatic chlorine céntaim'ng hydrocarbon compounds include

chlorobenzene; 1,2-dichlorobenzene; 1,3-dichlorobenzene; 1,4-dichlorobenzene;

30 1-chloro-2-flnorobenzene; 1-chloro-3-fluorobenzene; 1-chloro-4-fluorobenzene;

1,2,3-trichlorobenzene; 1,2,4-trichlorobenzene; 1,2,3,4-tetrachlorobenzens;




25 trans-1, 2-dichl orocycl obut ane; trans-1, 2-dichlorocycl opentane, trans-1, 2-
di chl orocycl ohexane; al pha-1, 2, 3, 4,5, 6- hexachl orocycl ohexane;

tetrachl orocycl opropene and the |ike. Exenplary aromatic chlorine containing
hydr ocar bon conpounds i nclude chlorobenzene; 1, 2-dichl orobenzene;

1, 3-di chl or oben@menes49l, 4- di chl or obenzene; 30 1-chl or op@riide@ioefsenzene;

1-chl or o- 3-f | uor obenzene; 1-chl oro-4-fluorobenzene; 1,2,3-trichlorobenzene;
1,2,4-trichl orobenzene; 1,2, 3,4-tetrachljprobenzene; WO 2006/ 009949

PCT/ US20051021652 17 1, 2, 3,5-tetrachl or obenzene; pent achl or obenzene;
hexachl or obenzene; benzyl chl ori de; al pha, al pha-di chl or ot ol uene;

benzotrichl oride; 2-chlorotoluene; 3- chlorotol uene; 4-chlorotoluene;

2- chl or obenzyl IchB.bretrrshlombensens; pintashlgnobanpensyegashlorcbenasnes berdhzy| chl ori de;
4- chl or obenzyl E) i oL bOLARAIAK oo BRI, 2 dmBroflth@ieohenzy] 11 uori de:
and the |ike. Particularly problematiC chlorine contal ning hydrocarbon
conpounds are chlveotoluenepé-ehlowinhsae dschibedbenzybahldnder 2-¢hirgobpngyl fluoridesi st i ng of .

Chi orotr 111 uor cpigsanget HitndrtRRba3f SRR A orbedl dhedefl L0 o1 00T

10 chl or opr gpenrflordbanzyd fluaridecaii thertike. t he pol ymeri zation process is carried

out to forma Il pglyner.in m xture that, co | ses a catalyst system at
| east one nononer aﬁﬁ‘%g@fﬂy&wﬁ?ﬂ%ﬁ cog Bgﬁ‘i[ CHRPPRGPER AP or i ne
cont ai ni ng hydragarhee compsipdieiicted framh tit ggapeaitistiag 6d/n of greater than 40

ppra. Preferably, no_single 5 chl orine contajning hydrocarbon conpound is
at a concent r atPEHprefuo %F’%F’Fﬁglﬁmﬁﬂﬂﬂwmﬁﬁh@’%%@ﬂémm@# eater than 25

ppma, and nost cRlRkefdiipyopdhe A Kichldietd,2-d2fhofiefkene, di#petfiforef2-t he term ™~ no
single chlorine containing conpound" neans that no single one of any
chl orine cdft aiPlPHErBFMHr ocar bon shoul d be present in the diluent used
according to this iﬁ\tﬁehmwmaﬁ,rm%fdwﬁhwoﬁ%c&kMaﬁie%ﬁtﬁffoﬁﬂw chlorine 20
cont ai ni ng hydrocarbons referenced.in the fornmula Cl, FboCcHd or specifically
descri bed her ePplympyn ggnigturedhat sempriseehistalishiysiem. 3 jegstone mppewerapd t he

pol ymeri zat i onpRir@MmRPstarbon, such that no single chlorine containing hydrocarbon

compound is at a concentration of greater than 40 ppma. Preferably, no single

15  chlorine containing hydrocarbon compound is at a concentration of greater than
30 ppma, more preferably greater than 25 ppma, and most preferably greater than
20 ppma. The used of the term “no single chlorine containing compound” means
that no single one of any chlorine containing hydrocarbon should be present in the
diluent used according to this invention, particularly any single one of the chlorine

20  containing hydrocarbons referenced in the formula CL.F,C.Hjy or specifically ‘
described herein.

In an alternative embodiment, productivity of the polymexizaﬁon process
of this invention is sufficiently high when the mixture in which the polymeris -
produced contains no single chlorine containing hydrocarbon compound at a

25  volume concentration greater than 40 ppmv. Preferably, the mixture in which the
polymer is produced contains no single chlorine containing hydrdcarbon
compound at a volume concentration greater than 20 ppmv, more preferably no
greater than 10 ppmv, still more preferably no greater than 5 ppmv, and most
preferably no greater than 2 ppmv.

30 In another embodiment of the invention, the diluent contains a total

amount of chlorine containing hydrocarbons of not greater than 200 ppma.




of this invention is sufficiently high when the m xture in which the pol yner
is produced contains no single chlorine containing hydrocarbon conpound at
a 25 volune concentration greater than 40 ppnv. Preferably, the mxture in
whi ch the polyner is produced contains no single chlorine containing

hydr ocar bon wespevsskeat a vol une concentrati on great erpdip@Boodr1NV, nore
preferably no greater than 10 ppnv, still nore preferably no greater than 5
ppmv, and nost preferably no greater thag 2 ppnv. 30 In anot her enbodi nent
of the invention, the diluent contains a total amount of chlorine
cont ai ni ng hydrocarbons of not greater than 200 ppma. WO 2006/ 009949

PCT/ US2005/ 021652 18 Preferably, the diluent contains a total anmount of

chl orine contalhﬁﬁ@ﬂﬂﬁw@ﬁdé&Wbﬁwﬁmﬁﬂ“ﬁ@ﬁﬂ@w@ eilonng spntABi0E ppna, nor e

preferably not greater than
50 ppma. V. Regﬁva Ofo{;@'ﬂ %}94%1- %@%@F‘%{?{lﬁ%‘%?ﬁt#ﬁ? chl orine

cont ai ni ng hydr ot¥ripoa, mdnmlmd'srablvaotthMGm&ianﬁopmmd in HFC conpositions as
a result of HFC manufacturi ng processes. The HPC manufacturing process are
general ly carri d¥.outRen @b Chloiimgy imng Jiwdrogarbons of a chl ori ne contai ni ng
hydr ocarbon with one or rmre fI uor| ne atoms Such processes ( can be carried
out, for exarfpl e, usiThgckiFringrconthinig bydretagionfopmpmindisare ypicallydountlin pr ocesses.

The result is t i, i N4 -0 O in-the HFC

material . Accordi n%%‘[sﬁ?ss#%%ﬁ#%%&%ﬁélm ercgsg% ?ﬁ *{ﬁal |, or

~substantially almanuﬂcturmgprocdsdi acgmraﬁmnmﬁemmgymphpngldﬂmﬂeatmmﬁwed fromthe
HFC conposi ti ons h%icon%r.eoé@dpo% rlne%rd' Ieuﬁ% O|§4]nﬁl’l e<',15§e|$on

reaction process capa renDV|ng he"chl of i ne
coﬁt ai ni ng corrpcr.uml:lecnrnertnupdoxmdanﬂlqﬂxhgeﬁ%edkaladetdrﬂupn@ieﬁcﬂmn ned | evel can

be used. The, HFC composhtion can be 1 cor this
invention cal &8RS |‘°’§th r%slugﬁlﬂf‘ ]%{ ec’mﬁ'r'f"gg% qua f”ﬁg’ @‘%HP ®ni ng

hydr ocar bon conHRQwisteridln - one enbodi nent, the HFC conposition to be treated
conprises a total ang unt ..of chl n t ai h 0 f 50, 000
ppm or |ess, by nass’ ﬁfﬁ%‘fgi@fﬁ}“’m dFEBWS"SfSPﬂ’l gﬁ% 38{’%%1%?1? 3211?8’3 are
pretreated as byhebhidink baitdinitg conghosnds b tenitled Hom the HFC compositions that

are to be used as a diluent in polymerization reaction processes. .Any process

-|

15  capable of removing the chlorine containing compound or compounds to the
desired or predetermined level can be used.

The HFC compositions that can be treated according to this invention can
comprise a significant amount of chlorine containing hydrocarbon compounds. In
one embodiment, the HFC composition to be treated compriées a total amount of

20 chlorine containing hydrocarbons of 50,000 ppm or less, by mass. Preferably,

{ HFC compositions to be treated are pretreated as by distillation and submitted to

further processing to lower the amount of chlorine containing hydrocarbons. Such
HFC compositions preferably contain a total amount of chiorine containing
hydrocarbons of not greater than 5,000 ppm, more preferably not greater than

25 1,000 ppm, and most preferably not greater than 500 ppm, by mass. Generally the
HEC composition to be treated is distilled, and the distilled portion is further
treated. In a preferred embodiment, the HFC composition is distilled and the
distilled fraction comprises a tota] amount of chlorine containing hydrocarbons of

from 1 to 50,000 ppm by mass, or from 5 to 25,000 ppm by mass, or from 10 to
30 10,000 ppm by mass.




further processing to |ower the amount of chlorine containing hydrocarbons.
Such HFC conpositions preferably contain a total anmount of chlorine

cont ai ning hydrocarbons of not greater than 5,000 ppm nore preferably not -
greater than 25 1,000 ppm and nost preferably not greater than 500 ppm by
mass. Gener avd goo6/m@949HFC conposition to be treated is eiwtihdsothsszand t he
distilled portion is further treated. In a preferred enbodi nent, the HFC
conposition is distilled and the distil%ed fraction conprises a total

anount of chlorine containing hydrocarbons of froml to 50,000 ppm by nass,
or from5 to 25,000 ppm by mass, or from10 to 30 10,000 ppm by mass. WO
2006/ 009949 PCT/ US2005/ 021652 19 I.n one enbodj nent, the chlorine containing
hydr ocar bon corrpoun&"?ﬁe5“@8%6@%%“%%%‘5@83%@?@@%“%%@% ve or

azeot 1opi C i St diindd e sbbrateliusing SHARHE EPBeordplidinlical Invisocarbon mixt ur e
contai ning the chlorine containing _hydrocarbon conpound is distilled using
a vol atility i mwbedinienlythehydrofinomsarborrpixtige eonteiningthe ¢hlorinesodfaininge used as

such an extrac C ' | DAL L ribed in US.
Pat ent No. 3, 8%%9&%%&@&"@2})@%%?%%%& ﬁgr%(%%gﬂb%@g eggﬁge. I n anot her
enbodi nent , 5t hexanyle butase canibe ased aswypchymextreciaiboBuch enpobetiment is marapounds are

separ at ed usi ng ta er e. e y_1he. 10 hydrof.]l ugrocar bon

m Xt ure cont ai 1"%3?1%&3%%%%4&?%??8‘5?%%?’%& fﬁ"%‘%ﬁ}sﬂ%"ﬁrﬁé’%%ﬂﬂj i s
contacted w t hbprefi@tme. per ranganate in a |iquid medium Aqueous or

non- aqueous sol vents ¢ be.,used ,in the.process.. The pernmanganate is
preferably an al kal1?1aﬁé‘?ﬁ“@%’ﬂ?ﬁﬁ“@%ﬁ‘ﬁmﬁ@%ngﬁcéﬂﬁ‘?ﬁﬁ&'aﬂ% o and t he
per nanganat e Sginfionads destphated tsipQhelal paeishgmbteOPrefdrdblyt thee sol ution. Sodi um
and 15 pot assi rmanganates are.preferred. Mre. preferably, potassium
permanganaé iﬁﬁﬁ'@ﬁﬁ@%ﬁ@‘%&@@&ﬁﬁt&g@mﬂﬁ%t@?ﬂgbﬁ% te treatment is
preferably cargingbuidis calitadted vithRanail pesna@ianhtetina B meditdae AlGédus Ng poi nt  of
the mxture, for exa Ielfrom 0C ta 40C. The#}ima of treatnent with
aqueous per mefTQRZARCORS FpIYprls Ganhe useddn the proogss, Thepepmangapalels; b { he range of

from5 20 m nuseerabl M AetBer diafinddatth efetad fermBiRbatelRhd ks are nore

conpl et el described in_ U S. Patent_ No. 4,129.603, which_.s incorporated
h e;rgi n byyr of dfERaganate solution can be in actid, neutral or a%kalme solution. godmm and P

15  potassium permanganates are preferred. More preferably, potassium
permanganate is used in the aqueous phase. Aqueous permanganate treatment is
preferably carried out at a temperature of from 10°C to the boiling point of the
mixture, for example from 10°C to 40°C. The time of treatment with aqueous
pernmanganate can vary as desired. Treatment times in the range of from 5

20 minutes to 90 minutes are preferred. Such methods are more completely
described in U.S. Patent No. 4,129,603, which is incorporated herein by reference.

Removal of the chlorine containing hydrocarbon compound or compounds
can also be carried out using chromium oxide or basic chromium fluoride. The
hydrofluorocarbon mixture containing the chlorine containing hydrocarbon

25  compound is preferably passed into a reactor containing the chromium oxide or
chromium fluoride. The reactor is generally operated at a temperature of from
100°C to 275°C, preferably from 125°C to 250°C. Contact times are generally in
the range of from 2 to 20 seconds, preferably from 3 to 15 seconds. Atmospheric
or superatmospheric pressures can be used. Such methods are greater detailed, for

30 example, in U.S. Patent No. 4,158,675, the descriptions of which are incorporated

herein by reference.




Renoval of the chlorine containing hydrocarbon conpound or conpounds can
.also be carried out using chrom um oxide or basic chrom um fluoride. The
hydr of | uor ocar bon ni xture contai ning the chlorine containing hydrocarbon 25
conmpound is preferably passed into a reactor containing the chrom um oxi de
or chrom unwol20ew/q08? The reactor is generally oper at eCTaAtS2@5/0368per at ur e of
from 100C to 275C, preferably from 125C to 250C. Contact tines are
generally in the.range of from2 to 20 8&conds,- preferably from3 to 15
seconds. Atnospheric or superatnospheric pressures can be used. Such

met hods are greater detail ed, for 30 exarrpl e, in US Patent No. 4, 158, 675,
t he descriptions of ich are rein ence.

2006/ 009949 PCT/ Uszo\ég Fopgagerdty ’ous WFS?”Q%‘H“ %’6 nts “the

chl orine cont ai Bwlggﬂ&ﬂﬁdedﬁﬁfeh@%usﬁgﬂnmmwdmﬁﬁem N@@Mﬁﬁigmplgs one or
nor e adsor bents. imtin npl es . of_ suitabl e adsorbents include
activat ed carboff S"éﬁbll r?g?f g%@Fé@%’?“W@%ﬂ‘ié@]ec %ﬁ‘iﬁgé} ’%T’ es include

zeol ites, netal L palculE Hetes mchadzaalits] meakaeRitlemmd dhingndhoRhasd Pm& si eves
useful in the invention have an averg%w gore size of from about to 15
B

angstrons. | & omelesilaneiryssHiefl inthe vy WFapé"ea%&eiPW&tSBG"E%ﬁ”EébP“h%w ng a
particle size f{f Podths. 4 to 325 nmesh. Preferably the particle size of the
activated carbon i's from6 to 100 nesh, nore preferably from 10 to 30 nesh.
10 In one enbodi ment In angemberimemsche adserbent issictiveind gerben bavingeartisly sige aver age

pore openi ng Of sl UMb AS2T a0 Bhdrttiy b2 phlcBBBS LI R BorivAlld GRBAN] Vol Y, the

average pore openi ng ranges from greater angstrom; to 9 angstroms or
from greater th&mm? teri§l megumorepreferably fomoldo 3¢ meshnot her enbodi nent, the

adéor bent |§ a nol ecyl Ak & E“F%ﬁc‘?ﬁ%‘*%ﬁ &b%mmge‘%{a@ﬂé%%&% 3 angstroms

to 6 angstroms In particula ent can
mol ecul ar si eveporpap'tmmfafmnyﬂbgvﬂlWmlmaﬂm&theCl her exanpl es

of zeolites that I and
zeolite-Y. Any %‘?e?%ﬁg‘&ze ,ﬂ?%%n%gg@&% ge?nﬂla sor e fzfljcdc%1 ﬁ%q’ro this

i nveriti on can bfomeneatst 8haa figegstromEx torfnggrosss. such ions include hydrogen, 20
potassium sodi um ar’!lg aﬁ&h&'eﬂl’%dﬁnmt, the adsorbent is a molecular sieve having an

15  average pore size of 3 angstroms to 6 angstroms. In particular, the adsorbent can

be a 3A, 4A or 5A molecular sieve, particularly zeolite type molecular sieves.

. Other examples of zeolites that can be used as adsorbents include zeolite-
beta and zeolite-Y. Any of the zeolites used as an adsorbent according to this
invention can be ion exchanged. Examples of such ions include hydrogen,

20 potassium, sodium and calcium.
The adsorbent is preferably in particulate form, and more particularly in
- the form of pellets. Preferably, the adsorbent has a surface area of from 300 to
900 m?/g.
The adsorbent is also preferably pre-treated prior to use by heating in a dry
25  gas stream, such as with dry air or nitrogen. Typical temperatures for the pre-
treatment are from 100°C to 400°C.
Adsorption of the chlorine containing hydrocarbons can be carried out in
any type of system capable of producing the desired hydrofluorocarbon product.
For example, the absorption process can be carried out in one or more stationary
30 packed beds, counter current moving beds, fluidized beds or any combination

thereof.



The adsorbent is preferably in particulate form and nore particularly-in
the formof pellets. Preferably, the adsorbent has a surface area of from
300 to 900 nR/g. The adsorbent is also preferably pre-treated prior to use '
by heating in _a dr 25 gas stream such as with dry air_or nitrogen.

Typi cal tenﬁgP§Wﬁpé?“*or the pre- treatnent are from 186EUSPIHEGARS:

Adsor ption of the chlorine containing hydrocarbons can be carried out in

any type of system capabl e of producingj%he desi red hydrof | uorocarbon
product. For exanple, the absorption process can be carried out in one or
nore stationary 30 packed beds, counter current noving beds, fluidized beds

or any combi nat i on A fiep ! can¥0c2AA0R0AAAAMPCTLNSRANY.03486 2 421 AdsOr pti o

can be carried out in the liquid phase or the gas phase. a_ preferred
enbodi ment, t heprifpred b sdiydrodneratation gonttining leshiorine eatainingi ng

hydr ocar bon is \pr.e- ted, ) LS4 L L at : active :
distillation, @H%cﬁ?gﬁssg’g%?éaa%{dé?w@% Et??ga{sat’géﬁo‘sr"béé eftbdcfile Sblkbd, ;
gggrc):ergt _U{ es sLdnﬂaﬁlﬂn&oﬁiactethdﬁbthfpadsorbmgec[lnilguE; rangg ngm gbout o I.- 20C to :
. SuitabJ e pressut an r u kPa 0 a. ol | owi ng
adsor ption, bgt he adsgﬁﬂgﬂ?{wg@%ﬁ_ g'lr‘neg 3“?35581%‘8 grfléﬂql%?ﬁﬁanggﬁg@d‘!’o%mh process
I's gene(rjally rgﬁmtedoet’f:. tﬁaﬂabﬂt hqqhemes%mga;fmm@mtao?pam?mth pund or i< hel g
conpounds are desorhed fro adsor.bent ;. orption o conpounds he
10 by the adsorbent 8ﬂ?lw’i5‘§géf8wg%§{faﬂﬁ?%?ﬁ?‘ﬁ?’&?%%’g”@%“&%‘?&&ﬁ?ﬁ& in place,
PR B < oo iy v eyt e S
purge naterial SOgo arngéoalgggqnﬁqﬁﬁgggg%-rﬁgamﬁg@ %&ng""mmﬁﬁp‘?e of purge
materials ificl ugQhe dlistrbad i waehiaved by khintiniag W hebrbentingiasgl . the chlorine
cont ai ni ng hydr ocarbons Sr redyced ,or renoved using rﬁactive distillation.
In general, redERPYRSHFs Wﬁe%&ap .espm|%§>mppw6tfa|rﬁrgﬁe efapeh I82 hal ogen
f} e.g., chloringlefsddsdnitotioieat) theaidofbes iR EPNARU Preferalily & blgeimteriaf T
ydr of | uor ocar bon groduct. Reactive distillation can be perforned wth or
wi thout a cat ali§used togeserd thsdiorhed aterink Examplesofipyreeimaterialsiptlydey. Exanpl es of

nitrogen and air.

15 In another embodiment, the chlorine containing hydrocarbons are reduced
or removed using reactive distillation. In general, reactive distillation involves
hydrofluorination or halogen (e.g., chiorine) substitution while simultaneously
distilling off hydrofluorocarbon product. Reactive distillation can be performed
with or without a catalyst, although the use if a catalyst is preferred. Examples of

20  suitable catalysts include, but are not limited to, BFi, SnCly, a biflucride catalyst,
chromium oxide, and the like. Examples of a bifluoride catalyst include sodium
flucride, cesium fluoride, and ammonium flucride. Altematively, the catalyst can
be made in situ by reacting a Lewis base with HF, for example, the reaction of
amines with HF. Greater details of reaction distillation processes are disclosed in

25 WO 96/40406, the descriptions of which are incorporated herein by reference.
In yet another embodiment, the chlorine containing hydrocarbons are
reduced or removed using one or more decomposing agents. An example of 2
decomposing agent is iron oxide. Preferably the decomposing agent comprises
iron oxide and an alkaline earth metal. In a preferred embodiment, the is a ferric
30 oxide, more preferably a gamma-iron hydroxide oxide and/or a gamma-ferric

oxide. Preferred as an alkaline earth metal is at least one compound selected from




.20 sui.tabl e catal ysts include, but are not limted to, BF3, SnCl4, a
.hifluoride catal yst, chrom um oxide, and the |ike. Exanples of a bifluoride
catal yst include sodium fluoride, cesiumfluoride, and ammoni um fl uori de.
Alternatively, the catalyst can be nmade in situ by reacting a Lewi s base

w th HF, forwexasguogssst he reaction of amnes with 1W poragbméeetai | s of
reaction distillation processes are disclosed in 25 WO 96/ 40406, the
descriptions of which are incorporated hgzein by reference. |In'yet another
enbodi ment, the chlorine containing hydrocarbons are reduced or renoved
usi ng one or nore deconposi ng agents. An exanple of a deconposing agent is
I ron oxide. Preferably the deconposing agent conprises _iron oxide and an

al kal i ne earth thetggpup qopsising e By dranlerAndsabonaten of apallglinesarth ¢ 30 oxi de,
more preferabl ymgfagg.mg%d'egi% cgmﬁfnogt'fdggmg&gﬁuﬁpd/ or a gamua-ferric oxide.
al kal th metal i

Preferred as an Ine earth I's at l'east one conpound selected from
WD 2006/ 009949 PCT/ Usp@p 8mbadingsn thealecomposme egapt erotains fromide ©id0tpdiydes,

hydr oxi des and C%Pﬁmgﬁgoﬂae gﬁ“@%{ {a%tsﬁ'eegy ess%@fkaﬁ{ o §t§li um cal cium

strontium or bar n-one e conmposli ng eagen contains from
5% to 40% bys nEasponhddased oo theentired magsvd tHenmpu@y Gecomp&hihagentnilks of an

al kaline earth tal 5 compound,. .based on the eratire rrges%'of the inpurity
deconposi ng agéi%o.m?ﬂséng SFREBbnS gramtlar forin, Andmere preferably SOmBRSS o1 f or m
and nore pr ef erigdll oxidopywndestas an ivenpe patiidesipoofd 00 mivads arles\aad algginpar t i cl e
size of 100 mcrops or. |less,and al kaline . ear et al wd havi ng an

aver age partic|6@§ﬂm°?¥(ﬂawiﬁfé?‘6‘?%m&rﬂf‘%%¢° P;é{boﬁ?l‘éfpgﬁfggﬁﬁkpﬁe granul e has
agj aver age par tgréfefabbi, #@ gaiul hix dhavekipepattickQiZDofQFpONIidunon i s preferably
carried out_ by contact.ing th dr of l.uor.ocarbaon _.cqntaining.the chlorine
cont ai ni ng I’rderQRS’BPBB‘ﬂEm&;F?ngaﬁgvca’é’fgﬁﬂtd’é’icﬁﬁtaﬁﬁ‘éme?ﬁ%m uorg rature of 250C
to 380C. Addi t ican@inistethattisrine comldtioghaiodaitons wigieht decomgosiny Reaces are set
forth in WO 02/ 055457, LGh. det ail e jncor ated herein by reference.
15 V. Catal yst t@g}m‘%ﬁe&m&%@Q@-%ﬁ%@‘@ﬁgp{e&%ﬁ@ﬂnmﬁ used in the
pol yneri zat i on paide6ses bre bt Ifdrittid W 02/035457, oFHikhl deRiloare Blcaipiidied GOEROGYNd, and an

activator conpound, and may al so i ncl ude
reference.

15 V.  Catalyst System
A. Catalyst Compounds

The catalyst system used in the polymerization process will typically
comprise a catalyst compound, and an activator compound, and may also include
support materials and one or more co-catalysts. The components of the catalysf

20 system are chosen to be capable of being utilized in the polymerization process
-selected. For example, polymerization may be conducted in a slurry and/orin a
solution where the slurry and solution are used separately or combined and
introduced into a polymerization reactor. The catalyst compounds which may be
ntilized in the catalyst systems of the invention for such polymerizations include;

25  bulky ligand metallocene compounds; transition metal catalysts (e.g., Ziegler
Natta, Phillips); Group 15 containing metal compounds; phenoxide catalyst
compounds; and additionally discovered catalyst compounds. The catalysts, co-
catalysts and activator compounds can include the support materials. As used
herein, the new notation numbering scheme for the Periodic Table Groups are

30 used as set out in Chemical And Engineering News, 63(5), 27 (1985).



support materials and one or nore co-catal ysts. The conponents of the . ..
catal yst 20 system are chosen to be capable of being utilized in the
pol ymeri zati on process selected. For exanple, polynerization nay be
conducted in a slurry and/or in a solution where the slurry and sol ution
are used sep¥Patoere’ydr conbi ned and introduced into aPGBVSAEHORIEE | on
reactor. The catal yst conpounds which maybe utilized in the catal yst
systens of the invention for such polyn@3izations include: 25 bulky |igand
nmet al | ocene conpounds; "transition netal catalysts (e.g., Ziegler Natta,
Phillips); Goup 15 containing netal conpounds; phenoxi de catal yst
conpounds; and additi onal l i scoyered catal yst.comounds. The catal ysts,
co- catal ysts and a%ﬁoyﬁt °‘g@ﬁ%&¥lﬂ‘a’§"e&éﬂsPfﬁgef"ﬁ‘a@a{{ﬁ%ca?g&bf}ﬁ[émﬁﬁ'? erials. As
uGrsed her ei gb tc&ﬁ;érﬁwmaaﬁm@tehﬁumdﬁu :ﬂﬁllﬁﬁ:igiﬁﬁoﬁlpﬁ)aﬁdﬂ@fml\lé adi ng?gl) e .
oups are useqd as set out in em, cal. An gi neeri ng . News, :
(1985). V\DZOOBJ/“GE@EHQET—‘]@CE SIP@??BW’P%“EHY?B%&%E%&WWMS, however ,

it is preferredqtaliglocitien ARkiRlatSds whedlRdBatiBst is SRR Bieachiohiddi UM
tetrachloride, particularly not the conbination of Ti Cl4 and al umi num al kyl

(such as trPet pytienierhy the aymbingion pLTiChyand alumanm gyl sech a8 2 per f | uor ocar bon.

In situations mﬁ?%f L i j h j 5 particularly
t he conbi nation of llg%% Zﬁghgﬁg ﬁlbéhﬁkfytéﬁq@gﬁdﬂk%ﬁ%aﬁ%%shpﬁpﬁg{ hyl al um num) the
FC i s pr ef er abembedimgut; the caldysh saetrofiee trdical indhidtary sucleasiaueironidet | t he cat al yst

is not a free radical-initiator, such as a peroxide. 1. Bulky Ligand
Met al | ocenes The catal yst conpositions used in carrying out the invention

may include 1& oneBWkY hisped X% gand netal | ocene compounds (al so
referred to herein as netallocenes). 'él'%pi cal bulky ligand netall ocene |
conpounds are gener &4 Sptabgcomppsiinns ysed g carying onhthe puesionmay daahigeky | i gand(s)

and one or jgor gnd &%Ydr@ﬂu]k?ﬁéhﬂ@ﬁﬁﬂaﬂ&@ﬁé%ﬁoﬁn&%l&cﬁ%ﬁhe&m&@i & atom The
bul ky lLigands are_generally _represented by one or nore open, acyclic, or

fused ring(s) BetaHpergesyy SYRGH gapd mstallosens (omPeRHs eIBeBBLY These bul ky
ligands, pref esablipeatad Sortdifad éaeo?ﬁmfemcy%ﬁmmaﬁam@ﬁn&aﬂaﬁagn: y conposed of

atons selected from G oups 13 to 16 atons of the Periodic Tabl e of

El enents; pr ef geapF)boniul tgatpast encanetal plopy ke brlkyigands e gesrallionsi sti ng of
carbon, nitr09&Bres Xl bme 81 thbre 8pkn, aiblic! br fRRAHBRPHAME sySGhEPRUM
15 combination thereof. These bulky ligands, preferably the ring(s) or ring system(s)
are typically composed of atoms selected from Groups 13 to 16 atoms of the
Periodic Table of Elements; preferably the atoms are selected from the group
consisting of carbon, nitrogen, oxygen, silicon, sulfur, phosphorous, germanium,
boron and aluminum or a combination thereof. Most preferably, the ring(s) or
20 ring system(s) are composed of carbon atoms such as but not limited to those
cyclopentadienyl ligands or cyclopentadienyl-type ligand structures or other
similar functioning ligand structure such as a pentadiene, a cyclooctatetraendiyl or
an imide higand. The metal atom is preferably selected from Groups 3 through 15
and the lanthanide or actinide series of the Periodic Table of Elements. Preferably
25  the metal is a transition metal from Groups 4 through 12, more preferably Groups
4,5 and 6, and most preferably the transition metal is from Group 4. |
In one embodiment, the catalyst composition includes one or more bulky -
ligand metallocene catalyst compounds represented by the formula:
L'L°MQ. @



boron and al um num or a conbi nation thereof. Mst preferably, the ring(s) or
.20 ring systen(s) are conposed of carbon atons such as but not limted to
those cycl opentadi enyl |igands or cycl opentadi enyl-type |igand structures
or other simlar functioning ligand structure such as a pentadi ene, a

cycl ooct at et wacnsbiapbosor an inmde |igand. The netal at gipping685ienabl v
selected from Goups 3 through 15 and the |anthanide or actinide series of
the Periodic Table of Elenments. Preferabjgy 25 the netal is a transition
metal from G oups 4 through 12, nore preferably Goups 4, 5 and 6, and nost
preferably the transition nmetal is fromGoup 4. In one enbodiment, the

cat al yst conposition includes one or nore bul k and net al | ocene cat al yst
conpounds repr esent eshdsyMipa mietst gom drom) the Rexioic %F@le 25196110919

PCTI US20051021652 P TabI e of the
El emrents and mate‘)'513 g.?o‘&g‘@g? mly@(?r fgﬁéﬁ{]m%ﬁ&%%étgﬁrﬁetsﬁ%sl gﬁ{ han e or

actini de seri est(bﬂe ofﬁerﬁ’eﬁs,pttfazablﬂMbseGmhpE,ISeorérttassmtprmétel wioley Mis a Goup
4, 5 or 6 transitLo

, referably Mis 0 4.transition
retal - even morelPRhEED Gripr Bl Gt Rt e M R, Tho bui ky
li gands, LA ﬁndaaﬁﬁumairatanmm  Thabylky liganos, LPm:HcP ateiopg, Sgyclic oy fased Syst en( s)
and are any anci,l |nQ subs uted or
substituted, c E’é%é’\ﬁ/ %éﬁm(éﬁ%ﬁﬁﬂgaﬁfl b?%’f}éﬁq%l% V‘i‘“ﬁ ype |igands,
Ihet er gat om suPs.msﬁuhﬁiﬂedaﬂddhaﬁtuh&,to@éleﬁ;ﬁmeﬂﬁnigagid@bﬂgfleng@itml 1655 en3d/l t?/peO
igands. Non-limting exa ands jncl ude, cycl gpent adi enyl 1
| i gands, cycl od@%%ﬁﬁﬂaﬂgﬁﬁg‘ﬁ&wedwéaﬁﬁ?m% WWQ‘Q'&WHémdb%HQl ndenyl
l'i gands, fl uoregpaik %ahﬂﬂd*ﬂlﬁslumﬁﬁg Slangleobt Uﬂﬂdjl@i@&ﬂds hﬂcﬂﬂ@dﬁc}opentadlenyl
cy(cl ooct at et raendl cl o ent acy }gdpdecene | gagds azenyl

| i gands, azifl erigap o ‘??éyl

phosphi ni m ne (ﬂﬁ@re%?f ﬂ@&é’ébetaﬁ%foﬂ%ryﬂyl hg@aﬂdﬁeloecﬁwh@mt lh ands

carbazol yl 1igands, borabenzene ligands and e, |ncFud|ng 15

hydr ogenat ed ve¥elp B‘?Wﬂ%‘?"é‘&?eﬂekﬁfl Wﬁﬂl@%t@ﬁ%ﬂ?%ﬁ‘%@ﬁ%‘@l gands. In one
enbodi ment, LA %gghsL WD BI40184)UpyRrobilighlas, of 7r-bondi ng
to It In yet anot he enbodl rrent atom ¢ npl ecu)u%r vve:% MA of LA or

LB exceeds 60 parrply] hgaaﬂeferbe%alyyhgjm@sawgabmﬁh&@d&mﬁtbe Bk mglvging or
embodi msnt gmgek%d%aémﬁpm%bﬁ&r SRSl tetfy&roRAbSE BnaEI oh®r exanpl e,

ni trogen, A B
embodlment L” and L” may be any other ligand structure capable of n-bonding to
M. In yet another embodiment, the atomic molecular weight (MW) of L* or 1.2
exceeds 60 a.m.u., preferably greater than 65 a.m.u. In another emnbodiment, LA
and L may comprise one or more heteroatoms, fbr example, nitrogen, silicon, _
20 boron, germanium, sulfur and phosphorous, in combination with carbon atorms to
form an open, acyclic, or preferably a fused, ring or ring system, for example, a
hetero-cyclopentadienyl ancillary ligand. Other L* and L® bulky li gands include
but are not limited to bulky amides, phosphides, alkoxides, aryloxides, imides, |
carbolides, borollides, porphyrins, phthalocyanines, corrins and other
25 polyazomacrocycles. Independently, each LA and LB may be the same or different
type of bulky ligand that is bonded to M. In one embodiment of Formula II only
one of either L or 1.7 is present.
Independently, each L* and L® may be unsubstituted or substituted with a
combination of substituent groups R. Non-limiting examples of substituent
30 groups R include one or more from the group selected from hydrogen, or linear,
branched alkyl radicals, or alkenyl radicals, alkynyl radicals, cycloalkyl radicals



20 boron, germani um sul fur and phosphorous, in conbination with carbon . . .
atons to forman open, acyclic, or preferably a fused, ring or ring system
for exanple, a betero-cyclopentadienyl ancillary |ligand. O her LA and LB
bul ky ligands include but are not limted to bul ky am des, phosphi des,

al koxi des, aWVfI2806/08¥¥ i ni des, carbolides, borolli des PCHASIAS/MGESL,

pht hal ocyani nes, corrins and other 25 pol yazomacrocycl es. |ndependently,
each LA and LB may be the sanme or differmnt type of bulky ligand that is
bonded to M In one enbodi ment of Fornmula Ill only one of either LA or LB
IS present. Independently, each LA and LB may be unsubstituted or

substituted with a_ cgnbination _of substituent gr_o;ips [t. Ngn-limting
exanpl es of sub@FrylaalicalsaeryhRaeds eyl wdicasalkgreragicaligpdoyafirallae gr oup

sel ected from hydnaaendicqs, dakyffiino raEAE 2 dpdiccal s, or al kenyl
radi cal s, al kynaﬁéﬂradi cal <. cycloal kyl ra R R L TR

PCT/ US2005102 1 65 loxgsrhonyl sadidalsy carhomelybradigals lalkkyla g &iglkyd: casbasgayl r adi cal s,

al koxy radical s I ' . [ ' : ' yl am no

radi cal s, al kox%gé%gg%}?{x){rgﬁag%%@m@é %ﬁ&?@@g‘%"gﬂ%ﬂ%@g ?@g@é‘!" car bonoyl

radi cal s, alkylbramhedioralyélie] slkyjenebadiais, or coatinatidnsthereaty Ioxprefemed cal s,

acylam no radical.s,..aroyl.amino radi.cals, straight. 5 branche L._cyclic,

al kyl ene radi caeot enﬁ%%ﬁ%ﬁ?%ﬁpﬁlﬁg?vee&?% 5@“@%@5@?%& pﬁe%%&]f nent ,
substituent gr dkps 1B 3eeachonthdt carbdlsobersubstitinsdoeth lalogems or hétedostombbyy from 1 to
30 carbon, that, can sqQ. he substjt d.wi.th hal.oge or teroatoms or the
like. Non-lini ttPﬁ@‘eei%’HﬁnBE%?"“‘&P‘Iﬁ@& ai‘%?l"ﬁ%@?ﬁ@%ﬁ?ﬁ@?ﬁ“% hyl ,. ethyl,
propyl, bgt {lo tpﬁ@}?,}ﬂ}gtyl,lib_entﬂl hecnirylycj"oﬁh@eﬁtyl | t%hycmy;qﬂ,o;b@yybr%phb@)n@dupfdnd{)he{my|

gr oups -an e.like, .inclyding a eir isamers, for exanple tertiary
iyl P oopitb e ks freingind & et Moot (Pl Ry boyhisopap s PR e o

chi o1 obenzy | ang Ryt el oy Shaets LUt ot or GaneeSLLard T 20 ol & i ncl udi

chl orobenzyl and, hydrogcar S uted . organopetall oid radicals including
trimethylsilyl °99Prongh WQE?‘H{S;&?‘ONWGP@%@%F“% the like: and

hal ocar byl - 5Ub%&ézﬁ:&ﬁxaﬂlﬂﬁaﬂﬂﬁﬁbﬁhﬁ@hﬂn&?ﬁm} itxﬁﬂétﬁy]%dihﬁ%rydi ng '
tris(trifluoronethyl).-sil Yl ,. et hyl - hi s(difluoronethyl Slflaﬁl'

br omonet hyl di nﬂ%ﬁ@%@ﬂﬂy g he Ieee’ ?qdll’é],m’%[ﬁﬂ'sﬂli’sé‘mqu@ﬁpé_ Hdr on radi cal s

i ncl udi ng dysmetrid o OFis@RORnRthyByL sty iuedmetiypéiggen radical s

I ncl udi ng di net hyl am ne, di met hy| phosphi ne,  di phenyl am ne; ™
brémomethyldimethylgermyl and the like; and disubstitiuted boron radicals

including dimethylboron for example; and disubstituted pnictogen radicals
including dimethylamine, dimethylphosphine, diphenylamine,
methylphenylphosphine, chalcogen radicals including methoxy, ethoxy, propoxy,

20 lphenoxy, methylsulfide and ethylsulfide. Non-hydrogen substituehts R include
the atoms carbon, silicon, boron, aluminum, nitrogen, phosphorous, oxygen, tin,
sulfirr, germanium and the like, including olefins such as but not limited to
olefinically unsaturated substituents including vinyl-terminated ligands, for
example but-3-enyl, prop-2-enyl, hex-5-enyl and the like. Also, at leasttwo R

25  groups, preferably two adjacent R groups, are joined to form a ring structure
having from 3 to 30 atoms selected from carbon, nitrogen, oxygen, phosphorous,
silicon, germanium, aluminum, boron or a combination thereof. Also, a
substituent group R group such as 1-butanyl may form a carbon sigma bond to the

- metal M. '
30 Other ligands may be bonded to the metal M, such as at least one leaving

group Q. In one embodiment, Q is 2 monoanionic labile ligand having 2 sigma-




met hyl phenyl phosphi ne, chal cogen radi cal s i ncl udi ng net hoxy, ethoxy,
_propoxy, 20 phenoxy, nethylsulfide and ethyl sulfide. Non-hydrogen
substituents R include the atons carbon, silicon, boron, alum num

ni trogen, phosphorous, oxygen, tin, sulfur, germanium and the |ike,

i ncl udi ng ol wioimes/meah as but not limted to ol efini cachrpsinseiet at ed
substituents including vinyl-termnated |igands, for exanple but-3-enyl,
prop-2-enyl, hex-5-enyl and the like. ‘Algp, at |least two R 25 groups,
preferably two adjacent R groups, are joined to forma ring structure
having from3 to 30 atons sel ected from carbon, nitrogen, oxygen,
phosphorous, silicon, germanium alunm num boron or a conbination thereof.

Al so, a substi berthio My Bapenfing potp oxidation state of the metel thewalpe fsnds @ Icar bon si gma
bond to th ' . | M h
SRR ik e

at | east one leaving grou I's a nonoanionic |abile
| i gand havi ng acaalystecold@o@@06/ 009949 PCTI US2005/ 021652 26 bond to M -

Dependi ng on the oxigati.on. st at e, of t he .value.for nis 0, 1 or 2
such that Formul a IIﬂggﬁgggifggﬁg§gﬁ@2%§ﬁﬁ3@%@%%m§ﬂ%%§EW?ﬁﬁﬁHmﬁﬁtaIIocene
cat al yst conpoupichsphines;, kthers,tcibgrybaeandi¢nes hpdrorihyil gieals havieg frehe 1 etk bases
such as am nes, 5 phgsphines, ethers, catb | at es,. di enes, dr ocar byl

radi cal s havi‘ngcwcg}ﬁqiﬁf’éy%ﬁ?fmgwsﬁ’f ’,?%%%PP‘B@&%&?P%W&#"B%M and t he
l'ike or ? CO][rbimﬂe@emb&ﬁmemtwobﬂnoxe@sfo%ﬁa@ﬁbammﬁﬂtﬁngb?mgﬁygt@r3 Qs }‘o(rjm
a part of a fus rin rr ste er, exanpl.es .of . ands incl ude
t hose substi tueﬁg’f‘?’@?ﬂp&s&gb&g@y%@@@%\% sttpeys ?‘E&:‘Iﬁ&?ﬁ‘iﬁb Sbut yI ,

cycl ohexyl, bepindlinclidihy tycldbityl, byclreiyil)heptyl iyl aARitmkafctetrdtetigabanet hyl ene,
net hyl i dene, net hyoxy, .ethyoxy, propoxy, phenoxy, .bi s(N- nethyl anilide),
dunet hyl am i W#ﬁ%@”?ﬁ{%ﬁ%&@&%&b VLY PIOROXY, Rizenoxy, bt her

enbodi ment, t hepehilahikias), deeRGenide imemiphosstididadioneadihdikee bul ky |igand
net al | ocene cat al yst. conpounds, where L and LB of Fornula'| are bridged to

each other by at | ed2fn@HE empodimsntdhs satyst composilon may ipeludnang oo or nul 2 15

I L LAALBMN (1 |puihi8sa6@ fleRlse afalystdompbinds Whare €401 offorhilh faed, bul Ky

| i gand
J bridged to each other by at least one bridging group, A, as represented by Formula

15 1L
LAAILPMQ., (D)

The compounds of Formula IT are known as bridged, bulky ligand
metallocene catalyst compounds. LA LB » M, Q and n are as defined above. Non-
limiting examples of bridging group A include bridging groups containing at Jeast

20 one Group 13 to 16 atom, often referred to as a divalent moiety such as but not

limited to at least one of 2 carbon, oxygen, nitrogen, silicon, aluminum, boron,

germanium and tin atom or a combination thereof. Preferably bridging group A
contains a carbon, silicon or'germanium atom, most preferably A contains at least
one silicon atom or at least one carbon atom. The bridging group A may also

25  contain substituent groups R as defined above including halogens and iron. Non-
limiting examples of bridging group A may be represented by R’,C, R’;8i, R*,Si
R’38i, R’,Ge, R’P, where R’ is independently, a radical group which is hydride,
hydrocarbyl, substituted bydrocarbyl, halocarbyl, substituted halocarbyl,
hydrocarbyl-substituted organometalloid, halocarbyl-substituted organometalloid,

30 disnbstituted boron, disubstituted pnictogen, substituted chalcogen, or halogen or

two or more R” may be joined to form a ring or ring system. In one embodiment,




nmet al | ocene catal yst conpounds. LA, La, M Q and n are as defined above.. .
Non- limting exanples of bridging group A include bridging groups
containing at |east 20 one G oup 13 to 16 atom often referred to as a

di val ent noiety such as but not Ilimted to at |east one of a carbon,
oxygen, nit MLRER6/008948 | con, al umi num boron, ger mani urRCGEES2065/423&8520m or a
conbi nation thereof. Preferably bridging group A contains a carbon, silicon
or-germani um atom nost preferably A coBfains at |east one silicon atom or
at | east one carbon atom The bridging group A nmay al so 25 contain
substituent groups R as defined above including hal ogens and iron. Non-

limting exanples. o i doi.ng .groyp A may be represented by R 2C, R 2Si,
R2S R 2Si, fa ,gc‘gzrbﬁg'%ﬁg‘ﬁél ogege caRl¥heqmne qesﬁfp"d’w%ﬁb%‘lﬂm’oup whi ch
~is hydride, hydppeaurdiging sfoupsh (Erégsorpdy.ocar byl , hal ocarbyl, substituted

hal ocarbyl, hydrocarbyl-substituted organonetalloid, hal ocarbyl-substituted

or ganonet al | oi d, 30InEnetEembodiment, thsbalky ligand metallpeene catplyicempryads
substituted ch RhefRthe ¥k % gA Latped to forma
ring or ring s?}‘lseﬁg%h% Ihf#onéye%n%ﬁ,% 6 oogﬁgmé%&/ 021652 27
the bridgeds behkil ard sybstithtedoviti thesaesr different mmbenfisehstitkentson Bashofil a U have
two or nore btidging: ups P 0 . B ghbodi nent, the
bul ky 1i gand n&egﬁpg%é%éﬁ'c%%%éwggn%’gﬁthég %qgleléa@g%]gﬂe) erog the R

substi tuent s oRonndasiahdkIl atel diffierets fiod cachcothd® of Fornulas. | 5 and |1 are

substituted with the.s r different nupber of substifuents on each of
t he bul ky Ii gands. @W“}@?ﬁ‘ ‘rmdelﬁﬁgj “RENt : yfthc(gmg%‘ln%/aq%icaé‘zﬁgﬂftﬁmﬁnd LB of
Formul as | andudelful ds the ihivérition ey idchadeitwacdesaibed in U.SX Haent Mob. ISy064,802nd )
met al | ocene, cat al n atalys € i.n the invention
may i ncl oad0; nedad Rl SR Ae ?’2"@@ ﬁﬁfr‘éﬁtg’?\@@g%&?@o{éﬂl'lﬁ 5, 145, 819,
5, 149, 819, 5, 2432904, 5,304R9, 827,408, 2,783,39035,753,5280,%3463,5,88854206, 5, 329, 031,
5,304,614, 5,6 401, 123, A 7 5 3,.0, , 547 5,858, 903,
5,859, 158, 5.9 é?%g"]?’ %ﬁ?é‘%ggg‘%sﬂg aﬁ‘ié@c&ﬁﬂ%ﬁ&f?ﬁ%ﬂ?%ﬁﬁg%/ 08221, WO
93/ 08199, WO 968/08224,050\06Y08 BY9] WIKB5/0714D, B0 98/5 BI4, WO 9883/530,520, WO 98/ 46650,
WO 99/ 02540 and n n | icatiqoqns EP-A-O 578 838,
EP-A-0 638 59‘5?8’$3g%6§’%§%§§’0§’@’§?%§§@ 009?2‘2‘,55@51 TePeaRg 834, EP- B1-0
632 819, EPs BlnfbliéatidndRrA0sh2EE88 Bip-A-0/638 595, EP-B-0 513 380, EP-A1-0 816

372, EP-A2-0 839 834, EP-B1-0 632 819, EP-B1-0 748 821 and EP-B1-0 757

996, all of which are herein fully incorporated by reference.

In ani;ther embodiment, the catalyst compositions may include bridged
heteroatom, mono-bulky ligand metallocene compounds. These types of catalysts
20  and catalyst systems are described in, for example, PCT publication WO
92/00333, WO 94/07928, WO 91/ 04257, WO 94/03506, W096/00244, WO
97/15602 and WO 99/20637 and U.S. Patent Nos. 5,057,475, 5,096,867,
5,055,438, 5,198,401, 5,227,440 and 5,264,405 and Buropean publication EP-A-D
420 436, all of which are herein fully incorporated by reference.
25 In another embodiment, the catalyst composition includes one or more
bu]kjr ligand metallocene catalyst compounds represented by Formula IT:
L°AIMQ, ()
where M is a Group 3 to 16 metal atom or a metal selected from the Group
of actinides and Janthanides of the Periodic Table of Elements, preferably M is a
30  Group 4 to 12 transition metal, and more preferably M is a Group 4, 5 or 6

transition metal, and most preferably M is a Group 4 transition metal in any




996, -all of which are herein fully incorporated by reference. In another
enbodi nent, the catalyst conpositions may include bridged heteroatom
mono- bul ky |igand metal | ocene conpounds. These types of catalysts 20 and
catal yst systens are described in, for exanple, PCT publication WO 92/00333,
WO 94/ 07928, WO209dg/008M257, WO 94/ 03506, W96/ 00244, WO ret/usmediiagnd WO
99/ 20637 and U.S. Patent Nos. 5,057,475, 5,096,867, 5,055,438, 5,198, 401,
5,227,440 and 5, 264, 405 and European publdgcati on EP-A-O 420 436, all of
which are herein fully incorporated by reference. 25 In anot her enbodi nent,
t he catal yst conposition includes one or nore bul ky Iigand met al | ocene
catal yst conpounds represented by Forrruka [11: LCAJ II) where Mis a
Goup 3 to 16 neexifiationsieteopspecialiyitaniugy Le iasubstitngor pesibstired Bwey act i ni des

and | ant hani des g a% h%&ﬁ&md gbzf oM AR® ggerattﬁ mﬁr]g?{s%q] Watois @ 30

Goup 4 to 12 tr fertron rreta nore pre Mis a oup4 5 or 6
transition netal ancﬂhwmw,apﬂéflmbmﬂg}ngl‘ﬁmunsQlﬂweﬂtm@mmdmndmt al in any

WO 2006/ 009949 -PCTI US 0216 | @n y titani um
Lc is a SUbStItUlFC@&F gg%?@u%étl F%ralgla% %%Eﬁrégirll%}%m%i% § hi?‘l‘li'vl J is bonded
toM Ais bomdexj(steﬁ:.Jnamdnlmduneilt,iﬁoﬁFdrmuhIIﬂaasﬂeﬁmdabd\deabr;L“L isggahd; and Ais
a bridging group; | S..a lva en i c. | gand; and n is the integer 0,1
or 2. In Fornul a‘mid%"é%o_wlgﬁ?ﬁﬁ&maﬁ %‘ﬁﬁégb"?%P ged ring 5 system In an
enbodi nent, Lc of FOI‘Iﬂﬂbﬁmﬂdmllsah&mdﬂﬁmmﬁdmﬂbgli@nﬂﬁ‘rwhchJﬁanMeman’td Q of
Formula I11 are as, defined. above i Forrrul n Fo mula LIl Jis a
het er oat om cont a‘Vﬁlfﬁﬁoqrﬁﬂ@%‘?ﬂnPHg%F@FFep Q?P]e# G%W’Ff”’a coor di nati on
nurrbfer of three Jobmma%@mnnﬂasofdmommbl ﬂﬁ?ﬁoﬂlmdﬂmaquﬁlﬁlédfﬂl?ﬁxéﬂﬁ nunmber of
rom G ou Periodjc Tabl e of Elenents. .10 Prefera
contains a n‘f cﬁ@ﬁ%’abbﬂﬁﬁtﬁﬁfﬁgj trogsz, BROsPROPUSQFYRSR,or ST AR Witk pifre Eféen bei ng
nost preferred. ﬂefjhgan&tﬁ%ﬁﬁé&dg@blpbadiﬂ%ﬁﬂ)ommwmeh%ﬁt@sy%e%ystemf N
conpri ses conpounds represente e uor oc on_preferably
is a hydrofl uor"@B’&FB"(ﬁr‘f°mF‘?‘E‘F]%‘i“ﬁrﬁ¥ Eg&?ﬁngﬂ“ﬂ?ethctgfg}’?fgfm on Ry R i ses
conpounds I epr aaaRifaerofibdrO PRftrablY, When tHeRathlys @A Edifptisk ScoPburils

perfl uorocarbon. 15 I n_an_enbodi nent. of the invention, the bulky Ilgand
met al | ocene cat dpg;g.vtmted by Formula I1J, the ﬂuorocarbon is not a perfluorocarbon.

15 In an embodiment of the invention, the bulky ligand metallocene catalyst
compounds are heterocyclic ligand complexes where the buiky ligands, the ring(s)
or ring system(s), include one or more heteroatoms or a combination thereof.
Non-limiting examples of heteroatoms include a Group 13 to 16 element,
preferably nitrogen, boron, sulfur, oxygen, aluminum, silicon, phosphorous and

20 tin. Examples of these bulky ligand metallocene catalyst compounds are
described in WO 96/33202, WO 96/34021, WO 67/17379 and WO 98/22486 and
EP-A1-0 874 005 and U.S. Patent No. 5,637,660, 5,539,124, 5,554,775,
5,756,611, 5,233,049, 5,744,417, and 5,856,258 all of which are herein
incorporated by reference.

25 In one embodiment, the bulky ligand metallocene catalyst compounds are
those complexes known as transition metal catalysts based on bidentate ligands
containing pyridine or quinoline moieties, such as those described in U.S.
Application Serial No. 09/103,620 filed June 23, 1998, which is herein
incorporated by reference. In another embodiment, the bulky ligand metallocene

30 catalyst compounds are those described in PCT publications WO 99/01481 and
WO 98/42664, which are fully incorporated herein by reference.



conpounds are heterocyclic Iigand conpl exes where the bul ky Iigands, the . .
ring(s) or ring systen(s), include one or nore heteroatons or a conbination
thereof. Non-limting exanples of heteroatons include a Goup 13 to 16 ‘
el ement, preferably nitrogen, boron, sulfur, oxygen, alum num silicon,
phosphorous &fﬂ)‘zoﬁ‘iﬂ’”{%“?\ Exanpl es of these bul ky |igand RGIVUSR06BM6R Cat al yst
conpounds are described in WO 96/33202, WD 96/ 34021, WO 97/17379 and WD
98/ 22486 and EP-Al-0 874 005 and U.S. P3Pent No. 5,637, 660, 5,539,124,
5,554,775, 5,756,611, 5,233,049, 5,744,417, and 5,856,258 all of which are
herein incorporated by reference. 25 In one enbodi nent, the bul ky |igand

net al | ocene catal yst .cQ t ra ition

netal catal ysts basegirl %Jéﬂ%?%%ﬁof@%egt’ F}egjiﬁ% h%angg% éalﬁ%fl%ga?%gsrt? &1 “qui nol i ne
noi eti es, such azoinplexef dmetal, plefshblyna trhnSition Aptal, abﬁkyﬁg’mﬂi@mfa’ablwa 09/ 103, 620
filed June 23, 1998 |ch ei.n .incorporated I n anot her
embodi ment, t he SHP hiﬁqg?éﬂ"lb%@ﬂé‘g@@ ?Pgl"ﬁ??fé'?‘}/r?:ﬁﬁﬁBﬂﬁ'gs are those
described in PChguies, lsﬁ@tasqrbsem&%wsbﬁdwm\/\ﬁsﬁﬁﬂ%ﬁ@émmmdare fully
i ncor porated _herein b% ref erence. WO 2006/009949 PCI] U820051021652 29 In

anot her enbodi mERBI-0 135 7} alloforhickae heasin fully dncarporated bY feferencerpound is  a
conpl ex .of a netal, RRbREARIYdiheht! BBthyQ 'BorHFJsﬁibn nﬁlu@é&lmoi‘ingﬁnd

preferably a substituted or unsubstituted pi - bonded |1 gand, and one or nore
het er oal | yl rmb@kyBsandWO%epﬂ@x%c@éwmwpwm@dsyme Nos. 5,527, 752
and 5,747,406 and 5 EP-B1-0 735 054Pzhjy2fx,Whi ch are herein fu@%
|ncorporat ed by reference. In another nbodl nent, the catal yst cCofposition

i ncl udes one orWh@rFM15@1@@?3%@&@*@%@@&@@@&@@9@%@%@ i s
represented; gy ﬁegt;wg@r g ekhﬁ/@%é%?kmaﬁé]ﬂanwgﬂgﬁ%maﬁy%%sg §0 16 ¢

metal , preferab transition mef preferably
a Goup 4, 5 orbtﬁldﬂmlMFP%rQ isdndependertlyl bpndedaINt ynd QgfX#) formata ligend, bonded t o

profer ably o unfeRar i R AT Bl o Qe it Ml it e,

| i gand al so bobujléeﬂmd/ll\llhs}amabntmmmmhm@ns%O@Kmﬂﬁl\MMamoms 2 or Xis
a di val ent ani OQB&W%%QIWQQOPZ' s 1 nis 1 or 2.

15 In Formula IV, L and M are as defined above for FormulaI. Qisas
defined above for Formula I, preferably Q is selected from the group consisting of
-O-, -NR-, -CR2- and -S-; Y is either C or 8; Z is selected from the group
consisting of -OR, -NR2, -CR3, -8R, -SiR3, -PR2, -H, and substituted or
unsubstituted aryl groups, with the proviso that when Q is -NR- then Z is selected
20 from one of the group consisting of -OR, -NR2, -SR, -SiR3, -PR2 and -H; R is
selected from a group containing carbon, silicon, nitrogen, oxygen, and/or
phosphorus, preferably where R is a hydrocarbon group containing from 1 to 20
carbon atoms, most preferably an alkyl, cycloalkyl, or an aryl group; n is an
integer from 1 to 4, preferably 1 or 2; X is a univalent anionic greup when n is 2
25 or X is a divalent anionic group when n is 1; preferably X is a carbamate,
carboxylate, or other heteroallyl moiety described by the Q, Y and Z combination.
In another embodiment, the bulky ligand metallocene catalyst compounds
are those described in PCT publications WO 99/01481 and WO 98/42664, which
- are fully incorporated herein by reference.
30 ~ Useful Group 6 bulky ligand metallocene catalyst systems are described in
U.S. Patent No, 5,942,462, which is incorporated herein by reference.



15 In-Formula IV, L and Mare as defined above for Formula I. Qis as
defined above for Formula |, preferably Qis selected fromthe group
consisting of -0-, -NR-, -CR2- and -5-; Yis either Cor S; Zis selected
fromthe group consisting of-OR, -NR2, -CR3, -SR, -SiR3, -PR2, -H, and
substituted owo2memesbstituted aryl groups, with the propcwoshisatisahen Qi s
-NR- then Z is selected 20 fromone of the group consisting of -OR -NR2,
-SR, -SiR3, -PR2 and -H, Ris selected fypom a group contai ni ng carbon,
silicon, nitrogen, oxygen, and/or phosphorus, preferably where Ris a

hydr ocarbon group containing from1 to 20 carbon atons, nost preferably an

al kyl, cycl oal kyl, or_an ary;ﬁﬁgroup; nis an integer fromlto 4, preferably
| or 2; Xis a unival ebill eihsr3safd cajplpuiginglads thesemultiusiear metalogege gatalysiza| ent

ani oni ¢ group wh ivsa e WOsR266650h 6516, 59L afAt ARG fetal nfRlzROyty| ate, or

ot her heteroall y%rhr?og‘fdgt% Eﬂ’d‘g?qr'ifbefgb'%g the Q.Y and{?%trgeonbl nat ?}gn. In

anot her enbodi nesttucturdsalessnibed in EP § 9681 1 GloA 2 Whinherchesedn inpoyparatedmpeinbitis ar e

t hose descri bed rie P(El. %g%ﬁlaafok%%at\é%@%ﬂégé#ﬁaﬁ%%@p@%{,g}u?gﬁﬁéﬂ which are

fully incorporated herern by refreren u y |igand
nmet al | ocene cat aAY,stoubly stoswlinkad metdiacend datatlysis{EP QW9R) 0719 nethéded 5, 942, 462,

whi ch is incorporated herei rneference. 006/ 009949 .P US20051021652
30 Still other Jggtflg‘fce'&eﬁt(% %%3 r‘ﬁiflﬂﬁ@"l‘?ﬁ%‘ﬁ%’ﬁ%ﬁ%ﬁ‘ﬁ%’éﬁ% tsal | ocene

catal ysts as dematent Meds,008,3904) vifidhi2O6mborpardted hérdifl by Bferergad transi ti on net al
nmet aaracyl e structures describ i.h EP 0.969.101. ich are herein

i ncor por at ed herein B 25 PTH, "Td%tﬁb?ner?ﬁ%QWS%té@éh%P&ts i ncl ude those
deseri bed in EP fetSifd2efetcétalystd) desciibeddbove; inehsle Hiehrlsewtumal babptivelene cat al ysts
(ERP 0 970 074 Al), tetheted tall pcenes.(EP 970 963 A2 t hgse sul f onyl
Catalysts dolhr iepaicimgisemers Aiea mpd REFIng 10BarsaBHoTHRe O U PSR por at e
herei n by ref er e9)8%,14B}in¢cBpordt@ihefsivihceferatednd mbdturtsthaead. enbodi ment t he
bul ky ligand netallocene catalysts, described above, include their
structural or o i calTrasisitdh Mea@ompowidsC | soners (nmeso and racem c i soners,

for exanple see U.S. Patent No. 5,852,143, incorporated herein by
ref erence) and m xt uileaothecemsiolimedt, cdnvamingh-typrirdukitied m&alrpialystd snajyn anot her

embodi ment, - conyentlANAl tR% drbilSh sl EELAtcEA PhotthS i N etal
15 | catalysts are those traditional Zjegler-Natta, vanadium and Phillips-type catalysts
well known in the art. Such as, for example Ziegler-Natta catalysts as desciibed
in Ziegler-Natta Catalysts and Polymerizations, John Boor, Academic Press, New
York, 1979. Examples of conventional-type transition metal catalysts are also
discussed in U.S. Patent Nos. 4,115,639, 4,077,904, 4,482,687, 4,564,605,
_ 20 4,721,763, 4,879,359 and 4,960,741, all of which are herein fully incorporated by
L reference. The conventional-type transition metal catalyst compounds that may be
used in the present invention include transition metal compounds from Groups 3
to 17, preferably 4 to 12, more preferably 4 to 6 of the Periodic Table of Elements.
Preferred conventional-type transition metal catalysts may be represented
25 by the formula: MRy, where M is a metal from Groups 3 to 17, preferably Group 4
to 6, more preferably Group 4, most preferably titanium; R is a halogen or a
hydrocarbyloxy group; and x is the oxidation state of the metal M. Non-limiting
examples of R include alkoxy, phenoxy, bromide, chleride and fluoride. Non-
limiting examples of conventional-type transition metal catalysts where M is
30 titamium include TiCl, TiBrs, Ti{OC,H;):Cl, Ti(OC;Hs)Cls, Ti(OC4Hs)sCl,
Ti(OC:H-),Clz, Ti(OC;Hs);Br, TiClz* ' /3A1CI and Ti(OC),H25)Cls.



be used in the practice of this invention. Conventional -type transition ..
netal 15 catalysts are those traditional Ziegler-Natta, vanadi um and
Phillips-type catalysts well known in the art. Such as, for exanple
Ziegler-Natta catalysts as described in ZieglerNatta Catal ysts and

Pol yrer i zat mansos/dobwe Boor, Acadeni ¢ Press, New YorKk, pd8vsooskinsp! es of
conventional -type transition netal catalysts are also discussed in U.S.
Patent Nos. 4,115,639, 4,077,904, 4,482,3687, 4,564,605, 20 4,721,763,
4,879, 359 and 4,960,741, all of which are herein fully incorporated by
reference. The conventional -type transition netal catalyst conpounds that
may be . used in the present invention include transition netal conpounds
fromGoups 3 to 1 onpﬁnéml-mwmtw@nmlcamsrsécompew@ﬁhaﬁeglon to 6 of the

Periodic Table of El ﬂ@]ﬁli I n net al
~catal ysts matybén e%r@s@n e fécgjg’g?&?’ge %ﬁt%ﬁﬁg%%% bﬁshg metal from
G o:cjps gl t ot 1t7 deqnnbécbmaR fok yxﬁpdn,ul H.SflPatemNﬁs 4;1362 éﬁﬁmdgélﬂabdiq,vtmmqne 4, dm)SF .
preferably titaniu is a ogen or car roup:.and x is the
oxi dati on st at g""& %H%Wgﬁae 6% ﬁ?ﬁgﬁ‘&@#ﬁﬁéﬁpgﬁaﬁﬁﬁsude al koxy,
phenox%/, br;grnt gﬁ-nm?bﬂ}bpﬂefbﬁcﬁnd fl tJOI’I ?e Non- limting eégrr}[)l '?S of ' ud
conventional -type transiti tal ca i tani um i ncl ude
TiCl 4, TiBr4, Ti (ocﬁPB‘j’a%F t*‘ﬂ’lt %égf ?ﬂ%}&i’ 5"%51% 3110883 Hr ) 2C12,

Ti ( 0C2Hs) 261 2. pheiolgkionAul6dy efstnd, GRHRA ko dom 40 A cORBRI

PCTI US2005/ 021652 31 Conventional -type trapsitiqgn netal catal yst conpounds
based on mgné@#ﬁ?ﬁ?ﬁ“?%’i’flﬁrﬁ‘@ﬂé‘&w&%% Pl coBYRaFeRakyPe Naradi: " yseful in t he

i nvention are  4a5Gtbk uymcm@évaammhmmetéu&xyEaidemnal\m;xm%s3&3 565 and
4,302,566, which are erein fully incorporate r ef erence The MyTi C16{

(et hyI acetifit e3VaEhi YQC((@Byavhers B bytylgnd, VP Srepadjumpstiar i sh Pat ent
Appl i cation 2, ﬂ-ﬁﬁe%ﬁ%uﬁa&oxf’ﬁﬂﬁeéméipasﬁ:%ﬁ\f@ﬁomjwwmu gfgor por at ed by

r ef er ence, describes various conventi onal -type vanadi um catal yst conpounds.

Non-1imiting evandyleectdraceionsiesand elgpacetylrsetonatesandhras VEArArly aad conpounds

| ud d . VOC13,
VG5 o waVQCHRED Werehl A SechInScmMe, Mk iRARA SheRugLaS L

vanadi um al koxtyphegdnadips OQTGIYF\* %@PV@&% @%YQ@GVO%QMWEW vanady!|
acet yl - acel nof s, Ghlca, SRS « SR\ B ot Gkt oS 0.

radical such as ethyl, phenyl, isopropyl, butyl, propyl, n-buty}, iso-buty], tertiary-

butyl, hexyl, cyclohexyl, naphthyl, etc., and vanadium acetyl acetonates.
Conventional-type chromium catalyst compounds, often referred to as
Phillips-type catalysts, suitable for use in the present invention include CrO;,
20 chromocene, silyl chromate, chromyl chloride (CrO;Cl;}), chromium-2-ethyl-
hexanoate, chromium acetylacetonate (Cr{AcAc)s), and the like. Non-limiting
examples are disclosed in U.S. Patent Nos. 3,709,853, 3,709,954, 3,231,550,
3,242,099 and 4,077,904, which are herein fully incorporated by reference.

Still other conventional-type transition metal catalyst compounds and
25  catalyst systems suitable for use in the present invention are disclosed in U.S.
Patent Nos. 4,124,532, 4,302,565, 4,302,566, 4,376,062, 4,379,758, 5,066,737,
5,763,723, 5,849,655, 5,852,144, 5,854,164 and 5,869,585 and published EP-A2 0
416 815 A2 and EP-A1 0 420 436, which are all herein incorporated by reference.

Other catalysts may include cationic catalysts such as AICl;, and other

30 cobalt, iron, nickel and palladinm catalysts well known in the art. See for



VOC12( AcAc) where (AcAc) is an acetyl acetonate. The preferred conventional -
.type vanadi um cat al yst conpounds are VOC13, VCl14 and VOC12-OR where Ris a
15 hydrocarbon radical, preferably a C1 to C o aliphatic or aromatic
hydrocarbon radi cal such as ethyl, phenyl, isopropyl, butyl, propyl,
n-butyl, iso-WOEeF0etjary. but yI hexyl, cycl ohexyl PCHESM¥91652 et c., and
vanadi um acetyl acetonates. Conventi onal -type chrom um cat al yst corrpounds
often referred to as Phillips-type cataBgsts, suitable for use in the
present invention include Cr03, 20 chronocene, silyl chromate, chronyl
chloride (Cr2C12), chrom um 2-ethyl hexanoate, chrom um acetyl acetonate

bat ont Nos. 3. 70508 U Pl AP 020 s BRI B0 80 Bl ARk o0, i

are herein full ywhidhct posrporetid byreindyesferame. Still ot her conventional -type
transition netal catalyst conpounds. and 25 catalyst systens suitable for
use in the present imaalﬁdmtemphteiiitmbmsxaﬂtaiyﬂtshhﬁaecoﬁbmemﬁthm 4 124, 532,

4,302,565, 4,302,566, 4,3 4,379, 758.. 5, 763,
5. 849, 655, 5. 8528234!2‘00811’8‘3% Péﬁ %‘&Q%B‘S"‘gﬁﬂm}ﬁ?gﬁsﬁ’é %?eo 416 815
A2 and EP-Al 50 426 phabt Nudd©oB7,299 4,983 47385,28 N6 705; 959000 5,268,€10,81Y, ahef er ence.

Ot her catal ysts maé i ncl ude cationic catalysts such as AMC13, and other 30

cobalt, iron, ni%eit 945%0WP?%?W‘E§%IHIIWT@W@W“%W the art. See for
WO 2006/ 009949 PCTI USZ 5/021652 = 32 _exanp éﬂ§ Pat ent Nos.
3, 487, ' 112, 4, 472, 5591tas fihergqutermplate m@%‘@‘eﬂé‘?m foe SptalyglisPRRCEAS, i ncor por at ed

herein by refer%e&ﬁbed dbolSorabERstGPNm iy Beaded il 3bmbihitRh vafkloab ¥ShéreCan be
conbined with the cat a{ yst co% unds in.the catal yst CQer05| ti O? of the

i nlention. For &vmyepinal cafalyst compounds ereatalyst sygtems., Nogriimiting examplesof 474
5,291, 679, 51035%u9eh5cataﬁmémd&1a1yst@aﬁm5m%hascaﬂéaﬁ0s q»ﬁtemN&,Masgesvsber ein fully

|ncorporated herein refere $[rgla ed_t hat _one or nore

of the catalyst 4@3%%1;ﬁ591 4%§é?‘i' 6%583% 6?83@%7& U060y 338l 0nay be used

i n conbination wigohogse, 793 3%@57@7@9ﬂwﬁomhcaqaawd§azmwm or
catal yst systens. Non- i ng exampl es of 10 m xed catal ysts and catal yst

systems are deséypwtd 1|9ﬁ5 @ﬂstbabmhea%ﬁl yingeyporgigd by referegize, 837, 4, 701, 432,
5,124,418, 5,077,255, 5,183,867, 5,391, 660, 5,395,810, 5,691, 264, 5,723, 399
and 5,767,031 agd P(Grobipl 05 'cgﬁtyi;@n WO 96/ 23010 publ i shed
15 In one embodiment, the catalyst compounds utilized in the invention
include one or more Group 15 containing metal catalyst compounds. The Group
15 containing compound generally includes a Group 3 to 14 metal atom,
preferably a Group 3 to 7, more preferably a Group 4 to 6, and even more
preferably a Group 4 metal atom, bound to at least one leaving group and also
( | 20  bound to at least two Group 15 atoms, at least one of which is also bound to a
| Group 15 or 16 atom through another group.
In one embodiment, at least one of the Group 15 atoms is also bound to a
Group 15 or 16 atom through another group which may be a C; to'Cy
hydrocarbon group, a heteroatom containing group, silicon, germanium, tin, lead,
25  or phosphorus, wherein the Group 15 or 16 atom may also be bound to nothing or
a hydrogen, a Group 14 atom containing group, a halogen, or a heteroatom
containing group, and wherein each of the two Group 15 atoms are also bound to a
cyclic group and may optionally be bound to hydrogen, a halogen, a heteroatom or

a hydrocarbyl group, or a heteroatom containing group.



August 1, 1996, all of which are herein fully incorporated by reference.. 3.
G oup 15 Catal ysts 15 In one enbodi nent, the catal yst conpounds utilized in
the invention include one or nore G oup 15 containing netal catalyst ’
conpounds. The Group 15 containing conpound generally includes a Goup 3 to
14 metal at oMO20pFWP¥P ably a Goup 3 to 7, nore prefer RITUSAGNE 4 tO 6,
and even nore preferably a Goup 4 netal atom bound to at | east one

| eavi ng group and al so 20 bound to at |e3st two Goup 15 atons, at |east one
of which is also bound to a Goup 15 or 16 atomthrough anot her group. In
one enbodi nent, at |east one of the Goup 15 atons is also bound to a G oup
15 or 16 atom t hrough anot her aroup i ch e.a C 10 C20 , hydrocarbon
group, a heteroatom M%ﬁrﬁﬂ%gﬂpﬂu%%&upilggﬁmﬂggWgﬁh?mpo dﬂ?%'ldbgad, 25 or
phosphorus, whekgirdeitéEbyhofopmuld: or 16 atom may al so be bound to nothing or
a hydrogen, a G oup 14 atom contai ning group, a hal ogen, or a heteroatom
contai ni ng group, and wherein each of the two G oup 15 atons are al so bound
to a cyclic group and nay optionally be ﬁzpund to hydrogen, a hal ogen, a

het eroat om or a hydrocarbyl group, or a heteroatom containing group. WO
20061009949 PCT/ US2005/ 021652 33 IB;\anot er -&fbodi nent, the Goup 15

contai ning nmetal conpound nmaybe represeny€d by the fornulae: R4 | / R6
R3_ L' Y\ )Mx2 5 R7 5Forrru|a¥o )?2/4 ~Rt- 1 R3- L MiXn+m
R L'K Mnxn_2
Z
5 -
s
Formula V or
T
R6
A=
RS—L M4
\RZ____ /
Z
5
10 . Formula V1
wherein: ‘ 1
M is a Group 3 to 12 transition metal or a Group 13 or 14 main group metal, -
preferably a Group 4, 5, or 6 metal, and more preferably a Groﬁp 4 metal,
15 - and most preferably zirconium, titanium or hafnium;

X is independently a leaving group, preferably, an amionic leaving group, and
more preferably hydrogen, a hydrocarbyl group, a heteroatom or a
halogen, and most preferably an alkyl;
yis 0 or 1 (when yis 0 group L' is absent);
20 nis the oxidation state of M, preferably +3, +4, or +5, and more preferably -+4;
m is the formal charge of the YZL or the YZL' ligand, preferably 0, -1, -2 or -3,

and more preferably —2;



R2- 1z R\ \ R 5 10 Formula VI wherein: Mis a Goup 3 to 12 transition
.metal or a Goup 13 or 14 main group netal, preferably a Goup 4, 5, or 6
netal, and nore preferably a Goup 4 netal, 15 and nost preferably
zirconium titaniumor hafnium X is independently a |eaving group,
preferably, a¥02aée4e | eavi ng group, and nore pref er algTyushopsiongen, a
hydr ocar byl group, a heteroatomor a halogen, and nost preferably an al kyl;
yis Oor | (whenyis O group L' is abséht); 20 n is the oxidation state of
M preferably +3, +4, or +5, and nore preferably +4; mis the formal charge
of the YZL or the YZL' ligand, preferably O, -1, -2 or -3, and nore

1

y
preferably -2; 2006/ 0099 CT1,US2005/ 021652 34 L is a Goup 15 or 16
el ement , prefer\af[gfﬂqﬁfntlprggoéﬁ?e%nerftsprgpe@%aﬁmg?’or 16 el ement or Group 14
cont ai ni ng gr oup; ispd €fcapabloy 16 deken or Gedub i1¢ @bntaining @rvap Préfembly cirbolg G oup 15

el ement, preferably njtrogen or,  phosphorus, and nore preferably 5 nitrogen;
Zis a Goup 15 el engifon g y nitrogen or phosphorus, and nore

preferably nitKoE@NGrolg 158 BEmER, Réferabl) @RPEAFAHEbihérusind RofedletBMbliyocar bon

group, a heteroatom containing group having up to twenty carbon atons,
silicon, gerfanium MGEEn, | ead, or phosphorus, preferably a C2 to C20

al kyl, aryl ‘or afahktbu{ Pine ﬂ%ﬁé}ﬁlﬁﬁﬁ{t@@éﬂo@gb%ﬁﬁﬁsﬁm BRGh&ERYy cyclic C2
to C2o al kyl group, nost preferably a C2'to ydr ocar bon "group; wherein
R~ and R2 may al so b®&Mroges; er connected to each other; R3 is absent or a

hydr ocar bon grogp,,,Byg" %Q?ﬂd@@n&éﬁﬂl}‘;’ge@w 1P COE b Qa0 grop, QORK@bR6RI 9T Oup,
preferably a linear, cyclic or branched al kyl™ group
: containing group having up to twenty carbon atorss, silicon, germanium,
( : 10 tin, lead, or phosphorus, preferably a C; to Czp alkyl, aryl or aralkyl group,
more preferably a linear, branched or cyclic C; to Czo alkyl group, most
| preferably a C, to Cs hydrocarbon group, wherein R' and R? may also be
interconmected to each other;

R® is absent or a hydrocarbon group, hydrogen, a halogen, a hetercatom

15 containing group, preferably a liﬁear, cyclic or branched alkyl group
having 1 to 20 carbon atoms, more preferably R? is absent, hydrogen or an
alkyl group, and most preferably hydrogen; ‘

R* and R® are independently an alkyl group, an aryl group, substituted aryl group,
a cyclic alkyl group, a substituted cyclic alkyl group, a cyclic aralky]

20 group, a substituted cyclic aralkyl group or multiple ring system,
preferably having up to 20 carbon atoms, more preferably between 3 anci
10 carbon atoms, and even more preferably a C; to Cyp hydrocarbon group,
a C; to Cy aryl group or a C; to Cy aralkyl group, or a heteroatom
containing group, for example PR3, where R is an alkyl group;

25 R' and R? may be interconnected to each other, and/or R* and R® may be
interconmected to each other;

R® and R’ are independently absent, hydrogen, an alkyl group, halogen,
hetercatom, or & hydrocarbyl gfoup, preferably a linear, cyclic or branched
alkyl group having 1 to 20 carbon atoms, and more preferably absent; and

30 R’ is absent, or is hydrogen, a Group 14 atom containing group, a halogen, or a

heteroatom containing group.



having 1 to 20 carbon atons, nore preferably R3 is absent, hydrogen or an.
al kyl group, and nost preferably hydrogen; R4 and RS are independently an
al kyl group, an aryl group, substituted aryl group, a cyclic alkyl group, a
substituted cyclic al kyl group, a cyclic aral kyl 20 group, a substituted
cyclic aral KYP28p6834%r nultiple ring system preferabPYTHEPHAGIED to 20
carbon atons, nore preferably between 3 and 10 carbon atons, and even nore
preferably a C1 to C20 hydrocarbon gr.our?,5 a C to Co aryl group or a G to
C20 aral kyl group, or a heteroatom containing group, for exanple PR3, where
Ris an alkyl group; 25 R and R2 may be interconnected to each other,
and/or R4 and ] i‘” LN Lo e SRk re-

i ndependent |y (ﬁ%en ,Qﬁh é(;&g] &B*%Péglgdg‘gpm%h%gg%&e bet eér?}ége?om or a
hydr ocar byl grdigandpbseﬂféhabttglaadtbﬂmmggmmmc or branched al kyl group
having | to 20 carb 190 ok 3
absent, or is hydro?&n% n@ ??}jalf at?‘g%g@g%% ﬁﬁ%ﬁpﬁ?ﬂl&tl{ﬁaﬂgﬁaﬁlg or a
bet er oat om contwma@@mmeammﬁﬂhmﬁlmwsmm&ﬁ& 35 By "f or mal
charge of the YZL or ) he ch he entire

|i gand absemt t#ePFeBY Zi{a?‘ﬂﬁ“?meaylalﬁﬁb?w&“ﬁ’ Eé 1“%‘39“ kZ may al so be
i nt er connect ed’ maﬁbelcﬁremaﬁwmath@&chlﬂtheaaﬂhaﬁaaermmtbeaoﬂlo&eﬁﬂim ghotad to each
ot her or may be bound to each other through other 5 groups. By R4 and RS
may al so be intE¥¥&nnected” it is neant that R4 and RS nay be directly
bound to each ot her sgralijRydep ReyEElincs, Batdledilk? tadidalsOAlRLAy pltamﬁms groups. An

al kyl group may be |inear, branched al kyl radicals alken radi cal s,

al kenyl radi calakynyhrafigals, RXHIWF%&H&@&?J%“Y Fadicals, 2@yl é%ﬂ‘%als : Y ra i cal s, ar oyl
radicals, {0 ghleyyadicall] Ob:@raﬁ&dl& aiyitieARak, %:a]l@‘lalﬁ)ﬁh&ﬂdﬂ:al&ad' cal s, ’

di al kyl am no radi cal s, al carbonyl "radical s, aryl oxglcar bon rad| cal s,

car bonoy! r adi @310§Y035P°R¥}Ifadl s, anjlogygaiponyl sadicabrfghomoxiyeaisals, ﬂ]]%(ﬁy? oXy

radicals, acyl ginRg. daffn6lridical SHAAY AR als r@ﬁhﬁﬂosradw%lsr &loglaininoPr anched or
cyclic, al kyl ene radi cals, or conbination thereof An aral kyl group is

defined to be aadicalssstraight, égpng}eg lor gjtclies plkylene radicals, or combination thereof.
An aralkyl group is defined to be a substituted aryl group.
15 In a preferred embodiment R4 and RS are independently a group

represented by the following formula:

R12
R11 RS
R10 \ R? {
" BondioZorY
20 Formula 1

wherein:
R® to R' are each independently hydrogen, a C; to Cyg alkyl group, a halide, a
heteroatom, a heteroatom containing group containing up to 40 carbon
25 atoms, preferably a C; to Cy linear or branched alkyl group, preferably a
methyl, ethyl, propyl or butyl group, any two R groups may form a cyclic




15 In-a preferred enbodi nent R4 and R5 are independently a group

represented by the following formula: R12 R11 R8 R10O RO Bond to Z or Y 20
Formula 1 wherein: Rs to R12 are each independently hydrogen, a C, to Coo
al kyl group, a halide, a heteroatom a heteroatom containing group

cont ai ni ng upWPae®I¥H bon 25 atons, preferably a C t 8CURSR04S02I632r OF
branched al kyl group, preferably a nethyl, ethyl, propyl or butyl group, any
two R groups may forma cyclic WO 2006/ 038949 PCT/ US2005/ 021652 36 group
and/ or a heterocyclic group, wherein the cyclic groups may be aromatic. In
a preferred enbodi nent of Fornmula 1, R9, RIO and R12 are independently a

preforted enod! nent &, e ABHBshd BEuRCv AT e, tREE S ¥ ed R 1
are hydrogen. In a pamtmm] arly preferred enbodinent R4 and R5 are both a
group represented by the fol 0 0 CH3 CH3 O CH3 10
Formula 2 In this en&ﬂ?ﬁ%aeﬁﬁﬁté%“hlﬁg 8“?4%}29*%bl y zirconium
titanium or haf:ﬂﬂéﬂ:@hdaﬁﬂf’aﬁn\éﬂiﬂ,Hgﬂ%r@ﬁﬁﬁﬂfgab@é_éhﬁa% ishaed) Bf L, Y, and

Z is nitrogen 15 each_of Rl I's hydrogen; and R6
and R7 are abseranotherprafsgedaabogiment R R10apd B e mette! rensABE2M  he G oup

15 containing  R11 are hydrogen. 7
' * In a particularly preferred embodiment R4 and R5 are both a group
‘represented by the following formula:

B ‘ BordfoYorZ
( : /

CH3 CHs

CHa
10
Formula 2
In this embodiment, M is a Group 4 metal, preferably zirconium, titanium
or hafnium, and even more preferably zirconium; each of L, Y, and Z is nitrogen;
15  each of R1 and R2 is -CH2-CH2-; R3 is hydrogen; and R6 and R7 are absent.
In another particularly preferred embodiment, the Group 15 containing -

metal compound is represented by Compound 1 below:



metal conmpound is represented by Conpound 1 bel ow. WD 2006/ 009949 .
PCTI US2005/ 021652 37 N\ r,a%%HPh H C ~CHZPh Conpound | 5 mhere|n Ph
in Conpound 1 equals phenyl. The G oup 15 containing netal conpounds can be '
prepared by any appropriate nethod, including nethods known in the art,
such as thoseodhseldswed in EP O 893 454 Al, U. S. Pat emtT/Gkrooshz8R9, 128 and
the references cited in U S. Patent No. 5,889, 128 which are all herein

i ncorporated by reference. U 'S. 10 Appli3dation Serial Number 09/312, 878,
filed May 17,1999, discloses a gas or slurry phase polynerization process
using a supported bi sam de catal yst, which is also incorporated herein by
reference. A preferred direct synthesis of these conpounds conprises
reacting the neutral ligand, (see.for exanple YZL or YZL' of Fornula V or
VI) wwith MK (M 15 is a Goup 3 X nmetal, n is the oxidation state of M
each Xis an anionic group, sutt #ide, in a non-coordinating or weakly
coordi nati ng sol vent, such as 7 toluene, xylene, benzene, nethylene
chl oride, and/or hexane or other' sokvent having a boiling point above 60 C,

at about 20 to about 150 C ferably 20 to 100 C), preferably for 24
hours or nore, then treatindg the 20 #He wi th an excess (such as four or
nore equi val ents) of an aI ti ' such as nethyl nmagnesi um brom de
in ether. The magnesi ums ar by filtration, and the netal
conpl ex isol ated by standar tec n|q 2006/ 009949 PCTIU82005/021652

15 contalnlng metal compound is prepared by
gutr Al | igand, (see for exanple YZL or YZL'

epresent ed by the formula M'X (where M
pdation state of M each Xis an anifonic

38 I n one enbodi mrent, the G
a net hod conpri si ng reactl ng an
of Formula V or VI) with a CONMPOYNT
is a Goup 3to 14 netal, n i

Compound 1

5 wherein Phin Compound 1 equals phenyl.
The Group; 15 containing metal compounds can be prepared by any
appropriate method, including methods known in the art, such as those disclosed
in EP 0 893 454 Al, U.S. Patent No. 5,889,128 and the references cited in U.S.
Patent No. 5,889,128 which are all herein incorporated by reference. U.S.
10  Application Serial Number 09/312,878, filed May 17, 1999, discloses a gas or
shurry phase polymerization process using a supported bisamide catalyst, which is
also incorporated herein by reference. ()
A preferred direct synthesis of these compounds comprises reacting the '
neutral ligand, (see for example YZL or YZL' of Formula V or VI) with M"X, (M
15  isa Group 3 to 14 metal, n is the oxidation state of M, each X is an anionic group,
such as halide, in a non-coordinating or weakly coordinating solvent, such as
ether, toluene, xylene, benzene, methylene chloride, and/or hexane or other
solvent having a boiling point above 60 °C, at about 20 to about 150 °C
(preferably 20 to 100 °C), preferably for 24 hours or more, then treating the
20  mixture with an excess (such as four or more equivalents) of an alkylating agent,
such as methyl magnesium bromide in ether. The magnesium salts are removed

by filtration, and the metal complex isolated by standard technigues.



5 |l eavi ng group)

the m xture with

enbodi nent the solvent 10 conprises ether and/or nethylene chloride,
bei ng preferable.

I n a non-coordinating or weakly coordinating sol vent, at
about 20 C or above, preferably at about 20 to about 100 C, then treating
an excess of an al kylating agent, then recovering the
metal complex. In a preferred enbodi nent the solvent has a boiling point
above 60 C, suwehe/0@%d| uene, xyl ene, benzene, and/or hegranse0skeéesnot her

For additional infornmatiin of G oup 15 containing

conpounds, please see Mtsui Chemcals, Inc. in EP 0 893 454 Al whi
di scl oses transition netal am des conbi ned mﬁth activators to polynerize

lefins. | mbodi pent . th d
2l Towed 15 1o age pri Brosmhemment Shi FEmhBitheialFotieste BRtet

| east one occasi o

performed better

cat al yst conposi t;%EPqB‘?ﬂacﬁgr%\‘fpéﬁepar qqﬁ‘i’aei"fa‘? Ounﬂr%é@ ("I?QW%

cat al yst conpoundg & & \fgwmﬂe@éﬁm@omhth&vstawomremlmanah oni2 O O'Mh -Q

-1 R3 RS R4 Fornul a

WO 2006/ 009949 BCT/ 1JS2005/ 021652

RLM-2 200 Nhle@y% grqx@ 1Re newuconrdiyating orpweakly coordinating solvent, at about 20

10

15

20

25

°C or above, preferably at about 20 to about 100 °C, then treating the mixture with
an excess of an alkylating agent, then recovering the metal complex. Ina
preferred embodiment the solvent has a boiling point above 60 °C, such as
toluene, xylene, benzene, and/or hexane. In another embodiment the solvent
comprises ether and/or methylene chloride, either being preferable.

For additional information of Group 15 containing metal compounds,
please see Mitsui Chemicals, Inc. in EP 0 893 454 A1 which discloses transition
metal amides combined with activators to polymerize olefins.

In one embodiment, the Group 15 containing metal compound is allowed
to age prior to use as a polymerization. It has been noted on at least one occasion
that one such catalyst compound (aged at least 48 hours) performed better than a
newly prepared catalyst compound.

4, Phenoxides

The catalyst composition of the invention may include one or more

phenoxide catalyst compounds represented by the following formulae:

R1

R2
O —MN— Qp1

R3 R5

R4

Formula (VII) or

ei t her
nmet al
ch

S
ed on at

a&ﬂbﬁod@ﬂﬁpﬁsﬁﬂgheaemga& neaﬁral@gmdp(lswol(aaﬁpteaftzucem 48 hours)

i des The
enoxi de
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Formula (VII1) 5 wherein: R is hydrogen or a C4 to Cloo group, preferably
a tertiary alkyl group, preferably a C4 to C2o0 alkyl group, preferably a C4
to C20 tertiary alkyl group, preferably a neutral C4 to C100 group and may
or may not also be bound to M 10 at least one of R2 to RSis a group
cont ai ni ng aVAWERHom the rest of R2 to RS are i ndegeustesstobysshydr ogen or
a Cl to Cl00 group, preferably a C4 to C20 al kyl group (preferably butyl,

i sobutyl, pentyl hexyl, heptyl, isohexyB% octyl, isooctyl, decyl, nonyl,
dodecyl) and any of R2 to RS also nay or may not be bound to M 15 Ois
oxygen; Mis a group 3 to group 10 transition netal or |anthanide netal,
preferably a group 4 netal, preferably Ti, Zr or HE, and n is the val ence
state of the netal M preferably 2, 3, 4, or 5, Qis an alkyl, halogen,
benzyl, am.de, carboxyl ate, carBhmat e, t hi ol Qg2 hydride or 20 al koxi de
group, or a bond to an R ggoup fontaining et eroatom whi ch maybe any of

R to R5. A heteroatom contaning aroup—tlibe any heteroatom or a heteroatom
bound to carbon silica or anc heteroatbql Preferred heteroatons include
boron, alum num silicon, ni phosphorys, aRSenic, tin, |ead,

anti nony, 25 oxygen, selepj RBum Pariicularly preferred heteroatons
i ncl ude nitrogen, WO 20067/°00994P PCT/ US2005/0 2 40 oxygen, phosphorus,
and sul fur. Even nore particul g4y preferjed oat i ncl ude oxygen and
nitrogen. The heteroatomitself may be ditect un o the phenoxide ring
or it may be bound to another atomor atons t \are bound to the phenoxide
ring. The heteroatoni containing group may cgftain e or nore of the 5 sane
or different heteroatons. Preferred heterodt n1grd§£s i ncl ude i m nes, B

ami nes, oxides, phosphines, ethers, ketenes, oxoazolines heterocyclics, [
oxazol ines, thioethers, and the |ike. Particul ®mulpfaiyrred heteroatom -
groups include_ imnes. Any two adjacent R groups may forma ring structure,
preferably Wwherein:

R! is hydrogen or a C4 to Cm[; group, preferably a tertiary alkyl group, preferably a
Cs to Cy alkyl group, preferably a C; to Cyp tertiary alkyl group,
preferably a neutral C;4 to Cyop group and may or may not also be bound to
M;

10  at least one of R? to R’ is a group containing a heteroatom, the rest of R to R® are
independently hydrogen or a C; to Cigp group, preferably a C; to C_;g alkyl
group (preferably butyl, isobutyl, pentyl hexyl, heptyl, isohexyl, octyl,
isooctyl, decyl, nonyl, dodecy! ) and any of R? to R® also may or may not
be bound to M; '

15 Oisoxygen; { ' |

M is a group 3 to group 10 transition metal or lanthanide metal, preferably a group
4 metal, preferably Ti, Zr or Hf; and

n is the valence state of the metal M, preferably 2, 3, 4, or 5, Q is an alkyl,
halogen, benzyl, amide, carboxylate, carbamate, thiolate, hydride or
20 alkoxide group, or a bond to an R group containing a heteroatom which
may be any of R' to R°.
A heteroatom containing group may be any heteroatom or a heteroatom
bound to carbon silica or another heteroatom. Preferred heteroatoms include
boron, aluminum, silicon, nitrogen, phosphorus, arsenic, tin, lead, antimony,

25  oxygen, sclenivm, tellurium. Particularly preferred heteroatoms include nitrogen,



a 5 or 6 nmenbered ring. Likewise the R groups may formnulti-ring
structures. 10 In one enbodinent any two or nore R groups do not forma 5
menbered ring. In a preferred enbodinent, Qis a bond to any of R2 to R5,
and the R group that Qis bound to is a heteroatom containing group. This
i nventi on mayWeaizens/op®apr acti ced with the catal ysts di sclposmsobsmisi: 0 874
005 A, which.in incorporated by reference herein. 15 5. Additional
Conpounds The catal yst conpositions used4do carry out the invention may

i nclude one or nore conplexes known as transition netal catalysts based on
bi dentate ligands containing pyridine or quinoline noieties, such as those
described in U S Patent 57, which herei n.incorporated by
reference. 20 Iﬁxﬂﬁﬁ‘ﬂﬁﬁﬂﬁpﬁé%SSégﬁ 6%?%@?@9”%% Hgﬂypg E@presented by
the formula; ( GhdhlchYeth)adRtogch rhe MAGHor it sy BB akots Bl the' T O G oUp

3 to 13 or |l anthanide and actinide series he Periodic Tabl e of
El ements; Qis bbﬁ@éuietn@gm%my bahaundyo agothermqra#c@mthatw henrep ghet | or

trival ent anion; ta%q%?

het er oat ons, prg er agﬁgn}% ﬁ%%&g&r%gﬂ]\(&gre &Pg%t@%t;ﬁn% %&slﬁ%gﬁt al ned in a
het erocycl i csri el pr Wemhbtemmal E!G&rrﬁtihmartzat@mgﬁﬁp&mdumen at ons,
preferably 2 to%%negebr %ﬁ%ﬁﬁf %hé@&@t%‘ée&o&z%ﬁ%h%%@é conprises | to 50

non- hydr ogen at carbon a ons, preferably Zis a
cyclic 30 gr oupomnhnesrlhmgﬂl&s,tmdﬁﬁhkt d?mt;cu];arlgi:mfmﬂyeta-oatom@umar bon atons; t

Is 0 or 1; when, is.l i [ 0|nedto t oneofXY

or J, preferabl?i‘(‘ ?%ﬁgﬁ@ﬁlﬁ?@uﬁ 8 ’ﬁ%‘“ﬁfyls | or 2;

n |s an int egeraBrommnieniberedrxdgphhehusghe)ngtdmpsmzyﬁbahmﬂh-sﬁgﬂtmcmfesM In one
mbodi nent , e r sulfuy, then.Z | ptd.on | n _anot her

enbodi ment . Winortent bofepca S B R sphacod s ReMgredslie ) n-an

enbodinent, Z is preﬁmm&fblyedaembamyientgt)dmmbonmmymfnﬁecrnﬂlayldﬂnembst ituted

aryl 5 group. In o odi pent ,. the catal vst compounds used in this
i nvention i ncl u%‘é’up e é’ggrg’f’s Apszoaipm © ?3}5%’34“ “ibed in the articles

Johnson, et al., " NeThifhgértion may also be practiced with the catalysts disclosed in EP 0
874 005 Al, which in incorporated by reference herein.

15 5. Additional Compounds

The catalyst compositions nsed to carry out the invention may include one
ot more complexes known as transition metal catalysts based on bidentate ligands
containing pyridine or quinoline moieties, such as those described in U.S. Patent
No. 6,103,657, which is herein incorporated by reference.

20 In one ernbodiment, these cataiyst compounds are represented by the

( formula: -
(DXALYT)MQn )y

where M is a metal selected from Group 3 to 13 or lanthanide and actinide series
of the Periodic Table of Elements; Q is bonded to M and each Q is a monovalent,

25  bivalent, or trivalent anion; X and Y are bonded to M; one or more of X and Y are
heteroatoms, preferably both X and Y are heteroatoms; Y is contained in a
heterocyclic ring J, where J comprises from 2 to 50 non-hydrogen atoms,
preferably 2 to 30 carbon atoms; Z is bonded to X, where Z comprises 1 to 50
non-hydrogen atoms, preferably 1 to 50 carbon atoms, preferably Z is a cyclic

30 group containing 3 to 50 atoms, preferably 3 to 30 carbon atoms; t is 0 or 1; when

tis 1, A is a bridging group joined 1o at least one of X,Y or J, preferably X and J;



and Ni (Il)- Based Catal ysts for Pol ynerization of Ethylene and a-d efins",.
J. Am Chem Soc.. 1995, 117, 6414-6415 and Johnson, et al.,

"Copol yneri zation of 10 Et hyl ene and Propyl ene with Functionalized Vinyl
Mononers by Palladium(ll) Catalysts", J. Am Chem Soc., 1996, 118,

267- 268, and WAD09892B910 publi shed August 1, 1996, WO BR2#FM2168). S. Pat ent
Nos. b5, 852, 145, 5,866,663 and 5,880,241, which are all herein fully

i ncorporated by reference. These conpl exdd can be either dialkyl ether
adducts, or al kylated reaction products of the described 15 dl hali de

conpl exes that can be activated to a cationic state by the activators of
this invention descr] el pw. talyst ¢c | NC e.ni ckel
conpl exes, such qal‘sgﬁt#ojégqs %e%%ﬁrtgré%' hﬁ? @%p%ﬁ@%%pl@%\%ﬁ@ﬁ s'%a{sa 0|lf?1{g'olrnpor at ed
herei n by ref er efieembdiseni, wherededs exygei lop slfidithem Dids Gaivnd. |Ingaocitier of G oup
8 to 10 netal 20,catal yst. cogpounds disclosed in PCI_publications WO

96/ 23010 and WO STPPAHFFS VIR X iR & RISPHOTSHE {10 o firPres), B3 850
(1998), all of \@Bibﬁhini?dhﬁzﬁ%r&&ﬂbl&ﬁﬁ%jﬂ?r@ﬁﬁ%&apﬁﬁrﬂlﬁﬂ@@esﬁﬁiéﬂ%ylusefU!
catal yst compounds are those G oup 5 and 6 netal imdo conplexes described
in EP-A2-0 8%6 3WPand U. S. Patent No. 5,851,945, which is 25 incorporated
herein by reference. pi sheadflbdimeR, thé®kAH st OGRARAndsakA if HiSinlAEbABnls | dged

bi s(aryl am do) Goup 4 conpounds described by D.H MConville, et al., in
Or ganonet al | i cs complsxesiof Ni's ardPds degrgibedim tharfidesJobnsph of e NpoPdIled by

reference. In aqum(?%mgﬁ@%ﬂw%ﬂ{@mgﬁg?ogggg%?mmgﬁgs Al descri bed

in WD 96/ 27439 IS hereln 1 ncorpor erence. C her usef ul

catal ysts 30 ar &hemsaci 198, 148, 641464y dnd tghnsamoetal.i ‘Copolymeriretion ¢ofgands) in U.S.

Pat ent No. , 8591 | I Syt 18Le¢: ' : . Qher |
useful cat allést ?Wg%%@g?@%ﬁ?@% 0 5;98 1%*1&91%%32%“?@?@ one or nore
G oup 15 atons Catlystsd £ MesChetolooys, i 9% 118 26268 AmbWO106/2300) mblished her ei n
i ncor por at ed herej y. f T G , Lk Qf echni ques In
one enbodi nent, Ai‘ﬁhﬁe}' t Eh{ggﬁﬁ?%gfg%ggjislsgﬁpﬁ %Fus es’lgs’gu p%’@??an-r&at erial 5 or
carrier, and pr 880,241, whichetealldsrein feliypipcorpeeted by iefatnoe. . THess compdaxpsd e, t he
fﬁtea'cgts ;l ygf”poééx}ﬂeoeﬁth&%w Sl ad e, &' AR Ned (SAT hrodlsYr nEHIRQUAH and/ or

15  dihalide complexes that can be activated to a cationic state by the activators of this

invention described below.
Other catalyst compounds include nickel complexes, such as those
described in WO 99/50313, which is incorporated herein by reference.
Also included are those diimine based ligands of Group 8 to 10 metal
20  catalyst compounds disclosed in PCT publications WO 96/23010 and WO
97/48735 and Gibson, et al., Chem. Comm., pp. 849-850 (1998), all of which are
herein incorporated by reference.
Other useful catalyst compounds are those Group 5 and 6 metal imido
complexes described in EP-A2-0 816 384 and U.S. Patent No. 5,851,945, which is
25  incorporated herein by reference. In addition, metallocene catalysts include
bridged bis(arylainido) Group 4 compounds described by D.H. McConville, et al.,
in Organomelallics 1195, 14, 54'78-5480, which is herein incorporated by
reference. In addition, bridged bis(amido) catalyst compounds are described in
WO 96/27439, which is herein incorporated by reference. Other useful catalysts
30  are described as bis(hydroxy aromatic nitrogen ligands) in U.S. Patent No.
5,852,146, which is incorporated herein by reference. Other usefu] catalysts



conmpound, is deposited on, contacted with, vaporized wth, bonded to, or
incorporated within, adsorbed or absorbed in, or on, a support or carrier. |
The support material is appropriate material, including any of the 10
conventional support materials. Preferably the supported material is a

por ous suppomo mase@e¥al , for exanple, talc, inorgani c opgTEs3008ME652N0r gani c
chlorides. Qher support materials include resinous support materials such
as polystyrene, functionalized or crossligpked organi c supports, such as
pol ystyrene di vinyl benzene polyol efins or polyneric conmpounds, zeolites,
cl ays, or any other organic 15 or inorganic support material and the |ike,
or m xtures thereof. A group of é)referred‘sup ort materials _are iporganic
oxi des that i ncl (FeBlaTHRESRRS oDmory Graup @,atowleqlm@&h%@eafnbaimw9 byreferred

supports include Gi:kid &Rerei _be dehydrated, finned silica,
0%%% erein' gﬂbrzﬁmeféin Pt

alum na (WO 99/6 silica-alumna and m xtures thereof. O her useM

supports include gnegj s, Gl { dfdPeghnifukd CONi @, magnesi um chloride (U. S
Pat ent No. 5, 965,]%‘737), ir)rlgjru;tt rmrleltr% oni tgmzcéuropean Patent EP-B 10 511 665),

phyl Tosi1 [ cat e, zeol | i diibbimentth@¥statidlcotupdiib Beiubl a stpftithuadil and the
|l i ke. Al'so, conbinations of these support Tt erials my be used, for
exanpl e, sili da- obceniet and prefiably ineludes awipporisil pétiyator.  Hon example thecafalysti ke.
Addi ti onal support nateri i Holeld 16t POl YIS
described in EP 65?@%§4ﬁ@§?ﬂ%#gﬂé}%b |%£CJ§?%§ at ,ﬁuﬁergﬁtﬁ%gﬂl&f erence.
Ot her support natcempeind, is defositkd onagvotactadwith. tvaporiaed wWidls berided th, om PCT WD

99/ 47598, aerogegﬁcgg%ﬂg%s&m%&o' W4 Oém,sd e@ﬂowitc 'S described in

U. S, Patent No. 0 ‘and pol yneri c beads as Crl e%ﬁl h WD 99/50311,

whi ¢h are all herein i o : 1@&8? 9

PCT/ US2005/ 021652 43%%@%@%?2?‘%aﬁﬁﬁﬁtg’9&g“s’$éort ér?g?’g%éal nost

pref erably anlli neempeniianal ygpatiomateriads. Preferalilythe supperied materind israpogams of fr om
about 10 to about e j.n: . f bout . 0.1 to
about 4.0 cc/g arsl'é&g\ger aé%]’gog%{ﬁlﬁncq%%#g%’réaﬁlﬁ%?ﬁgﬁr%g%ﬁfc rom%ébout 5to
about 500 m Mor ©ther efpprr biaterials inehderebinows sappod niatepilstsieh as pplystyengat erial i s

in the range of %n%&l%ﬁ?e torggssﬁ&%g%ccﬁpgog%%hgg%lﬁ%%ggl ylof from about

0.5 to about 3.5°CC/ g and average p abou
benzene polyolefins or polymeric compounds, zeolites, clays, or any other organic

15 or inorganic support material and the like, or mixtures thereof.

A group of preferred support materials are inorganic oxides that include
Group 2, 3, 4, 5, 13 or 14 metal oxides. The preferred supports include silica,
which may or may not be dehydrated, famed silica, alumina (WO 99/60033),
silica-alumina and mixtures thereof. Other useful supports include magnesia,

20 titania, zirconia, magnesium chloride (U.S. Patent No. 5,965,477),
montmonilionite (European Patent EP-B1 0 511 665), phyllosilicate, zeolites, talc,
clays (U.S. Patent No. 6,034,187) and the like. Also, combinations of these
support materials may be used, for example, silica-chromium, silica-alumina,
silica-titania and the like. Additional support materials may include those porous

25  acrylic polymers described in EP 0 767 184 B1, which is incorporated herein by
reference. Other support materials include nanocomposites as described in PCT
WO 99/47598, aerogels as described in WO 99/48605, spherulites as described in
U.S. Patent No. 5,972,510 and polymeric beads as described in WO 99/50311,

which are all herein incorporated by reference.



10 to about 200 pm Mst preferably the surface area of the support materi al
isin the range is fromabout 100 to about 400 n2/g, pore vol ume from about
0.8 to about 3.0 cc/g and average particle size is fromabout 5 to about
100 m The 10 average pore size of the carrier of the invention typically
has pore sizavomoédvesdsange of from 10 to 1000A, pref er pdisys2bi3ni@s2about

500A, and nost preferably 75 to about 350A. The support materials may be
treated chemcally, for exanple with a #3 uoride conpound as described in WO
00/ 12565, which is herein incorporated by 15 reference. O her supported
activators are described in for exanple WO 00/13792 that refers to supported
boron containing solid acid complex. In a preferred enbodi nent, funed silica

avai | abl e under t he Hisideferedihat tesgppor magrirbmesigpret: éfv?“élVlaﬁB}"égaP]Fom Cabot
corporation is sk haelapRefubHi HRaklddr pa Bt § 10380 760 AOASHY DUl der in

the catal yst conporient slurry di scusse Furre als typically
a silicawth p&mlnmcﬁleﬁemeomm@mmﬂal @rﬂbolltﬁ Ogic/gand h@ragqamclbm treated

wi th dinmethyl sil L I?ﬁ? hydroxyl
groups are cappglycfhgﬁaggélﬁ%éﬂ%g?b%e P%té% er%cf%gall’% ca u 'Yed has
particle sizg oﬁfthem;apbﬂnmateﬁﬁlmmrthﬂmgermfﬁ‘bmrahmityotmsuttﬂﬂammbmcrons or
preferably | ess than ferred hod ﬁ?ﬂ’ ng
supported catal J&¥ WEB%%%P%“E@?‘O %‘é#e?f{éjﬂﬁﬁ%"’?ﬁ@ I°? ﬁqr,ﬁ}] Whl ch the
activator is pr Bcaﬁraboutszoopmamanmﬁtablyttﬁwsﬁnfmamsﬁﬂiehﬁypoﬁmmlm the pore
vol une of the syppo erla nor.e ref erabl n th ee times, even
more preferabl yH’P eis ?'WB 10D . 2hou t@l‘]é‘?‘?&" X’PJHH’QZ%’ Pom 1.1 tines
to 3.5 tines ramatmdcrgmﬁiamga‘ﬁr@mrzew&&ﬂawwsioafboﬁtqoémrrma range. In_an

al ternative_enbodi ment, the_anount I qu 2006/ Q09949 4
PCTI US2005/ 83 1 63580 RO A28 A PGl ?@awrntwgnmféﬁ\o has Roze 98¢0 | ess

than one tines AP0 ® 1000A,PRcferalily 50 5RBO0A, i@ iREtpRferdblyl7s ed in' forn ing
t he supported activatQr. Procedures for nmeasuring the total pore volune of a

porous support ahout 3 | known in the art. Details of one of these

procedures is di scugsegudp anmkeﬁmama bd treARARBELIRIRL Br MehflodRREN Catal ytic

Research (Academ c_Press, 1968) ecrfrcall see pages 67-96). This
preferred proceﬂﬂﬁ"@e VBQOQ[IZS whlchlsharemmcomoratedby

15 reference. Other supported activators are described in for example WO 00/13792
that refers to supported boron containing solid acid complex.
In a preferred embodiment, fumed silica available under the trade name
Cabosil™ TS§-610, available from Cabot Corporation is utilized as a nucleating
agent or as a viscosity builder in the catalyst component slurry discussed below.

20 Fumed silica is typically a silica with particles 7 to 30 nanometers in size that has
been treated with dimethylsilyldichloride such that a majority of the surface
hydroxyl groups are capped. In another embodiment the fumed silica utilized has
a particle size of less than 40microns, preferably iess than 20 microns or
preferably less than 10 microns.

25 In a preferred method of forming a supported catalyst composition -
component, the amount of liquid in which the activator is present is in an amount
that is less than four times the pore volume of the support material, more
preferably less than three times, even more preferably less than two times;
preferred ranges being from 1.1 times to 3.5 times range and most preferably in

30 the 1.2 to 3 times range. In an alternative embodiment, the amount of liquid in



cl assical BET apparatus for nitrogen absorption. Another nethod well known
i.n, the art is described in times, Total Porosity and Particle Density of
Fluid Catalysts By Liquid Titration, Vol. 28, No. 3, Analytical Chem stry
332-334 10 (March, 1956). C. Actvators and Activation Methods The

pol ymeri zat i orwe a9a#089949 conpounds useful in this inventiporosooshsisszact i vat ed
in various ways to yield conpounds. having a vacant coordination site that
wi |l coordinate, insert, and polynerize ol4fin(s). For the purposes of this
15 invention, the term"activator” is defined to be any conpound whi ch can
activate any one of the catal yst conpounds described herein by converting
the neutral catalyst conpound to a, catalytically active_ catalyst cation
conpound. Non- | ivitieh thg agiivetonisprsset isrfom enedpdsssthan; one fimesdhepormBalspe s |

al umi num al kyl's, JrQiy ibptt makral ¥dlzed i foMiihSRe SBY¥orR altBlor.2l Or ionic, and
conventional -type cocatal ysts. - 20 1. Al uhoxanes |n one enbodi nent,

al unoxanes acti vat or s Psecedunesfbn meaguring the tetal prs enfumenfe porguosuppost &¢pxanes ar e

IR 2 Yo ! 9T SI G RAROHIUR. BARIAUBANGrEAL bllaaties WAL VHIELS X 1S A7

al kyl group. Exanpl'es o unoxanes T nc al urroxané , nodified
met hyl al unoxaide (IVER@yimestahMehbdsin Catnbril Besamath {otentiyPmés,l@68hne. Al unbxanes

maybe produced by t drol ysi s, espectiyve.trial kyl al ym num
conmpound. MVAO niil"’g‘?"qrﬁ’&aﬁ%%&s %’y ‘hgﬁgﬁﬂ?%’frgg %}‘s?f‘?“%fm"t"t"le?ﬁﬁsﬁ"gﬁum num and a
hi gher tri al kyl alclassical BET upparates fot mitrogen abdoyptiah.ushothermettbi\@el kisoven igener al | y
more soluble in ali tic.sal.vents, and more stabl.e. during.siorage. There
are a variety of %ﬁgggsc?%%%ﬁngﬁsa;l’?tﬁggagﬁsz%aﬁi{gg(gﬂgbgtﬁgyﬁ)glgfsafii ed al unoxanes,
non-limting examaiamssdy Miid irratien, Wol. 286, 60&2NMRic ChétlsSEP03D-IBA1 652 45

deséri bed in U S ;aheﬁ?% No. 4,665, 208, 4,952,540, 5,091, 352, 5, 206, 199,
5,204,419, 4,874 i $ @24, 018, 4,908, 463, 4,968, 827, 5, 308, 815, -5, 329, 032,

5,248, 801, 5,235 081, ,5 157, 137 .5.103 031 5,391,793, 5,391,529, 5, 693,838,
5,731, 253, 5, 731,451,‘“8‘?’%‘2‘3,“%%%?""3‘,’%“2‘%% | 5,854,166, 5,856, 256 and
2, 939,330 >, and BUr OPRR b R R CoinpouBa Skl B i v Bt G ve® 28C

activated in various ways to yield compounds having a vacant coordination site
that will coordinate, insert, and polymerize olefin(s). For the purposes of this

15 invention, the term “activator” is defined to be any compound which can activate
any one of the catalyst compounds described herein by converting the neutral
catalyst compound to a catalytically active catalyst cation compound. Non-
limiting activators, for example, include alumoxanes, aluminum alkyls, ionizing

activators, which may be neutral or jonic, and conventional-type cocatalysts.
20 1. Alumoxanes

In one embodiment, alumoxanes activators are utilized as a catalyst
activator. Alumoxanes are generally oligomeric compounds containing -AlR)-O-
subumnits, where R is an alkyl group. Examples of alumoxanes include
methylalumoxane (MAO), modified methylalumoxane (MMAO), ethylalumoxane

25  and isobutylalumoxane. Alumoxanes may be produced by the hydrolysis of the
respective trialkylaluminum compound. MMAO may be produced by the
hydrolysis of trimethylaluminum and a higher trialkylaluminum such as
triisobutylaluminum. MMAQ’s are generally more soluble in aliphatic solvents
and more stable during storage. There are a variety of methods for preparing

30  alumoxane and modified alumoxanes, non-limiting examples of which are



and EP-B1-0 586 665, and PCT publications WO 94/10180 and WD 99/ 15534, .al |

of which are herein fully incorporated by reference. Another alunpbxane is a
modi fi ed met hyl al unoxane (MMAO) cocatal yst type 3A (commercially available '
from Akzo Chem cals, Inc. under the trade nane Modified Mt hyl al unbxane type
10 3A, cover¥o:2Msiem4pat ent nunber US 5, 041, 584). Al umpeuimsAiokehssor

or ganoal um num conpounds whi ch nmaybe utilized as activators include
trinmethylaiminum triethylalumnum tri4sobutylalumnum tri-

n- hexyl al um num tri-n-octylalum numand the Iike. 2. lonizing Activators 15
It is within the scope of this invention to use an ionizing or
stoichionetric _activator, neutral or_ionic, such a butyl) ammoni um

tn. -
tetralds (pent é@SPE}EﬁddB%?F‘Ym%r$ﬁ§5v?é]8t4=?%2psépﬂ=%f33%ﬁ&%4 B?)or on netalloid
precursor or a 5,%64,@@?'@8'7#‘,%495‘,9@%1!,‘4,%3"489, 4Tisqnh O s RIS 31405982,
(WD 9874358 bo ac

pol ybal ogenat ed het'er obor ane” "ani ons ; rc 1d (U S. Patent
No. 5,942, 459) 524880 5:33%,081n5,087,13RaY, H35031) 5,391793,| 55391429, 18i6938B% scope of

this invention I i A<QNd td geat e d nbi nati on
Wth ol unoxane Sr3tES: rahish s il by 00 AT BE S AL a8 T
st oi chi onet r§ ¢ agtBurepean publicdionsdEP-Ar0 563 JF6,(EP-Bi1-6 @7DEREOEP-A-0 594208 um

al um num galliu i.ndj or. .M. xt ur.es. t enf .. e e sypstituent
ar oups. ar ¢ eacrirE B TaEh RS, Se e aelicdete P Bt Ba o SPussieslfC
substituted al kyfvehictedry herein @llylidvaipothesl byatfcense. andthbailintteane Saef er abl y, the
three groups are hg{?&g@ dent | m{)ed frlom hal ;&&en, nong or .g}il ticyclic
(i n;:l udi n?h hagg@ {’Héﬁz:" %l‘?l L k}ﬂcgt?ygmeg, W‘:’E’ﬁ}gﬁ] egnd t

m xt ur es t her eofiom Akte Chéniiedls, BicaurdbieherddeGans ModlRE Meghylal on atons,
al kyl groups hav?;g 1 %0 to 20 carb gbgf% al koxy groups haviﬁgél to 20
car bon at omd antf>&PYAe Wﬁ'ﬁtmﬂ%bﬂég% ZP-carbon atons (incl udi ng
substituted aryls). AvbinRui kg bodkihoakuhinut2oRiytds WBRA halfGE klifd@51021652
46 three groups are al k}/l s havi bl_ to 4t{C1 rbon groups, y enyl, napthyl or
m xtures ther eﬂﬁFYatﬁg}?%P@eﬂW@’é‘%‘WWe @“’E’W‘g’em@ﬁ‘% UEHRNTR AB-h genat ed,
preferably fl uphdxpRt@snug t-n-odfyRuRSud/Bsd thonigd er abl y, the neutral
stoichionetric activator is trisperfluorophenyl boron or

trisperfl uoronant hylfedihgAetivators

15 It is within the scope of this invention to use an ionizing or stoichiometric
activator, neutral or ionic, sech as tri (n-butyl) ammonium tetrakis
(pentafluorophenyl) boron, a trisperfluorophenyl boron metalloid precursor or a
trisperfluoronaphtyl boron metalloid precursor, polyhalogenated heteroborane
anions (WO 98/43983), boric acid (U.S. Patent No. 5,942,459) or combination

20  thereof. Itis also within the scope of this invention to use neutral or ionic
activators alone or in combination with alumdxane or modified alumoxane {.;
activators.

Examples of neutral stoichiometric activators include tri-substituted boron,
tellurium, aluminum, gallium and indium or mixtures thereof. The three
25  substituent groups are each independently selected from alkyls, alkenyls, halogen,
substituted alkyls, aryls, arythalides, alkoxy and halides. Preferably, the three
- groups are independently selected from halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkeny! compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1
30 to 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups
having 3 to 20 carbon atoms (including substituted aryls). More preferably, the



5 "Substituted alkyl" refers to an al kyl as described in which. one or nore
-hydrogen atons of the alkyl is replaced by another group such as a hal ogen,
aryl, substituted aryl, cycloal kyl, substituted cycloal kyl, and

conbi nati ons thereof Exanples of substituted al kyls include, for exanple,
benzyl, trifMD06HONY| and the like. 10 |onic stoi chiprewsescaei vat or
conpounds nmay contain an active proton, or sone other cation associated
with, but not coordinated to, or only |loésely coordinated to, the renaining
ion of the ionizing conpound. Such conpounds and the |like are described in
Eur opean publications EP-A-0 570 982, EP-A-0 520 732, EP-A-0 495 375,
EP-BI - O 500 944, EP-A-0 277 003 and EP—A%% 277 004, 15 and U,S. Patent Nos.
5,153, 157, 5, 19BISROEOURS assdkyrsipving 1394 carepp eas, phenybmapthy osmixtirey and

5,502, 124 and UerepEaE_%trn&@pﬂefe%y,m@ﬁé‘égraipshal@haﬂgén&%,,p%&ébl&i led August
3, 1994, all of which are herein filly incorporated by reference. In a
preferred enbodfineiiated; a4l gseups.cMoshpsaferaldy, dka eyl sioichiometrigpetivatas it i on ~ and an

' t | f la: 20
(LR as(any () URRaEmeenS AR B afols B Rl ! "9, D% Myl ogen: (L1 w

is a Bronstell acid ZSupstitutedaliylficsferetoan dikylcasidesgribediiowhichwiewy mdme char ge d- d
550 LTCSSCT R o FRSASED  ARRRANR rof  phlEhyO B 07
capabl e of pr ot sibafituted agi, cyelbalkylmobstingedoyctoalleglyand sombinationatheraddy| or aryl,
catalyst preour CEPIEL QPR aols R SHmpR rERh St BhE ci o VO
2006/ 009949 PCTtht §ige.005/ 021652 47 The activating cation (L-Hd+ may be a
SR W R M RN LT
ammoni unNs, 0XONidaiathdd batRplAEsdCIARE with) Huyhdt voardianel 10] oflotifydSosely

coordinated to, the remaining ion of the ionizing compound. Such compounds

and the like are described in European publications EP-A-0 570 982, EP-A-0 520

732, EP-A-0 495 375, EP-B1-0 500 944, EP-A-0 277 003 and EP-A-0 277 004,
15  and U.S. Patent Nos. 5,153,157, 5,198,401, 5,066,741, 5,206,197, 5,241,025,

5,384,299 and 5,502,124 and U.S. Patent Application Serial No. 08/285,380, filed

August 3, 1994, all of which are herein fully incorporated by reference.

In a preferred embodiment, the stoichiometric activators include a cation

and an anion component, and may be represented by the following formula: .
20 -H)"(A™) ®

wherein:

L is an nentral Lewis base;

H is hydrogen;

(L-H)" is a Bronsted acid
25 A% is a non-coordinating anion having the charge d-

d is an integer from 1 to 3.

The cation component, (L-H);" may include Bronsted acids such as

protons or protonated Lewis bases or reducible Catalysts capable of protonating or

abstracting a moiety, such as an akyl or aryl, from the bulky ligand metallocene or
30  Group 15 containing transition metal catalyst precursor, resulting in a cationic

transition metal species.



thereof, preferably anmoniuns ofinethylam ne, aniline, dinethylamne, 5..

di et hyl ami ne, N-nethylaniline, diphenylanine, trimethylanine, triethylam ne '
N, N- di met hyl ani | i ne, rnet hyl di phenyl am ne, pyridine, p-brono N, N

di met hyl ani | i ne, p-nitro-NNdi net hyl aniline, phosphoniuns from

tri et hyl phos@hoteesdss i phenyl phosphi ne, and di phenyl phagafiiss@snAgenuuns from
et hers such as dinethyl ether diethyl ether, tetrahydrofuran and di oxane, 10
sul foniuns fromthioethers, such as diefpyl thioethers and

t et r ahydr ot bi ophene - and m xtures thereof. The activating cation (L-H)d+
may al so be an abstracting noiety such as silver, carboniuns, tropylium

car beni uns, ferroceniuns and m xtures, preferably carboniuns and

ferroceni uns. Mst "ﬁhﬁca'v@ibgyaﬁ@nmmasbaaBiantamgdid,cmabbrmE'mnaﬁxﬁ The anion
conponent Ad- |ncI u thos havi.n e formula ein k is an

i nteger from 13PB ﬁhltgmﬁ qrﬁ?tglgfgﬁafygfgrﬁfllésOBIBSﬂ{mg1&91\‘&8311:1%1}1%31 el enent
sel ected from atmupndlﬁdmg atinenimag, Ioﬁ&iﬁﬁns]’plkﬂs@oﬁfunisj’ﬁyﬁin@er@ﬂhﬁxmﬁéﬁ ef erably
boron or al um num an(il i s inde ?ﬂdent ly .a hydri r| dged or unbri dged

di al kyl ani do, 9\‘?”6‘%‘“ $ %ﬂ% Ylamifigsst i t ut ed

hydrocar byl 5 2916{3918% Methﬁéﬂlﬁfe'dx alﬂﬁk Qﬁﬁétﬁ&’lhmme triethylamine,
andhal osubsti t ut ed- hy dr ocar byl radlcals sai d aV|ng up to 20 carbon

atoms with t heNg¥ é@ﬁé}a’lw e{ldphenypming pyridine, dueme e is Qa halide.

Preferably, eag]&e@ Iaﬁﬂﬁefpl_ﬁig(g_mmﬂ}yﬂﬂﬂg p%,hmgﬁjgyﬁ)omhaw ng 1 to 20 carbon
atonms, more preferably €ach Qis a fluorinate rou and nost

pref er abl y eacmetlgylpbosahxperﬂlnhenﬂbhoypm@s mdcbplmﬂph@@mpp&mmsmtam e A 25
a so include dibal Gidn GORRAM %@&eﬁbﬁ?ﬁfé?ﬁh&&oﬁrﬁm& Bloxadg0: O, 447, 895,

which is fully 1Tncorporated herein rence. Most pre’ferably, t he' |on|c
st oi chi onet®i cswbmﬂmaﬁom thipethére] schdy dwﬁlYNhNethaammtyMOﬂmphm

tetra(perfluor lamg "HE
tetra(perfluor ophen %bor a?eﬂ%ﬂiﬁ‘; %@Xﬁeﬁfﬁg O%Gnanaa(]:) cmf% on net hod
usi ng i oni zi ngmoietyisechcas sienredboninms, tropyiiu, narhgmans,&wc apon but capable

of producing a_ bL %y?r fe%%&dcm“é?m%%?géag@&&%%uﬁﬁal&%? ﬁé?’;ﬁ% .48 netal | ocene

catal yst catiof a €l r “non-coor I'ng anion At enpl ated, and
are descri bed triphdnjt cirbofliudi?6 637, EP-A- 0 573 403 and U. S.

15 The anjon component A™ includes those having the formula [M*'Q,]*

wherein k is an integer from 1 to 3; n is an integer from 2-6;n-k=d; M is an
element selected from Group 13 of the Periodic Table of the Eiements, preferably
boron or aluminum, and Q is independently a hydride, bridged or unbridged
dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl, substituted hydrocarbyl,

20  halocarbyl, substituted halocarbyl, and halosubstituted-hydrocarbyl radicals, said
Q having up to 20 carbon atoms with the proviso that in not more than 1
occurrence is Q a halide. Preferably, each Q is a fluorinated hyd:rocarByl group
having 1 to 20 carbon atoms, more preferably each Q is a fluorinated aryl group,
and most preferably each Q is a pentafluoryl aryl group. Examples of suitable A%

25  also include diboron compounds as disclosed in U.S. Pat. No. 5,447,895, which is
fully incorporated herein by reference.

Most preferably, the ionic stoichiometric activator (L-H)s *(A%) is N.N-
dimethylanilinium tetra{perflucrophenyl)borate or triphenylcarbenium
tetra(perflnorophenyl)borate.

30 In one embodiment, an activation method using ionizing ionic compounds

not containing an active proton but capable of producing a bulky ligand



Pat ent. No. 5,387,568, which are all herein incorporated by reference. 3.
_Additional Activators 5 Other activators include those described in PCT
publication WD 98/07515 such as tris (2, 2', 2"- nonafl uorobi phenyl)
fl uoroal um nate, which publication is fully incorporated herein by
reference. Gewkiosadobdns of activators are also cont enpefi8fhediiidshe
I nvention, for exanple, alunbxanes and ionizing activators in conbinations,
see for exanple, EP-B10 573 120, PCT pulpications WO 94/07928 10 and WO
95/ 14044 and U.S. Patent Nos. 5,153,157 and 5,453,410 all of which are
herein fully incorporated by reference. Other suitable activators are
di scl osed in WD 98/ 09996, incorporated herein by reference, which describes
activating bul k!yztaﬂlbmdatﬁmtaﬂﬂoum&eicmraw;osﬁnaﬁmmmw th perchl orates,

peri odat es and| i_nel udi ng, t.heky, h 5 and WO

98/ 30603, inco ‘E‘or” Ig%d’ﬁi‘/ el neeéeﬁ%égi??‘?@éﬁ?ﬁ%-%gﬁ?@f s,

(2, 2' - bi sphenyPateiittNd. 5B8N 5685 whick atea)l 4drein in@rppratedblyirsferesve. f or a bul ky i gand
net al | ocene catal yst conpound. WO 99/ 18135, incorporated herein by

ref erence, dess.ri besdditiénaliAetivaforsor gano- bor on-al um num acitivators. EP-B1-0
781 299 describes using a silyliumsalt in conbination with a

non- coor di ngat i ng 200therngetitadss Bickide those dbdcsibed iTPCT@USlicafion WO 98207505 such as
using radiation (see, EP-. B]-0 615 981 herein ncor by ref erence),

el ectro- cheni c&° Bipﬁgf’izo?,“ﬁ’ﬂ uo %@M@e&? WUMB CHHESS as
activating metfufigsndofordiddeRil tHaeRine. comwﬁﬁmagfadnhﬁm@etwﬁl bul ky i gand
net al | ocene cat al yst conpound or recursor to a bul ligand netall ocene

cati on capabl ecopterated iy the fnxentign, dex exampleyajpmoxanes P’Ei?*@gé?“‘@@rsdﬂt hods for

agtivating a Wmdﬁbﬁ%féﬁcﬁ%ﬁl@@ﬂsl0573312051?@%'&%% WCRo4/geegr i bed in
for exanple S.._Patent Nos 849, 852 859 and 869, 723 and WO

98/ 32775, W FwdHQPs 1(‘8‘?%@@&&%@91%@1’%% L3 Algh3,453,410 all of which are
bi s(tris(pent afddi@ QPR ]ﬁf}%ﬁ&ﬂﬂ m dazol i de), which are herein

i ncorporated by refer ence ot her, suitable ion form ng, activating

cocat al yst conpri sd&he %%ﬂbie 36!“’2%9‘"5 e fiselned IHWOABORGS, insemoratady a

noncoor di nat i Ngreif BPRALrdRL, SviadH &&n%@ﬁcﬁ%ﬁ%ﬁﬂkﬁﬂgaﬁ@n%ﬁﬂ@éeﬂ@&qﬂ%t
PCT/ U820051021652 49 the fornul a: é wherein: OX" iS a cationic
oxi di zi ng agerﬂﬂmquﬁ@“@ perchlorates, penndates and jodates including their hydrates.

15 WO 98/30602 and WO 98/30603, incorporated by reference, describe the use of
lithium (2,2’-bisphenyl-ditrimethylsilicate)e4THF as an activator for a bulky

ligand metallocene catalyst compound. WO 99/18135, incorporated herein by
reference, describes the use of organo-boron-aluminum acitivators. EP-B1-0 781
299 describes usmg a silylium salt in combination with a non-coordinating

20 compatible anion. Also, methods of activation such as using radiation (see BP-

{ B1-0 615 981 herein incorporated by reference), electro-chemical oxidation, and
the like are also contemplated as activating methods for the purposes of rendering
the neutral bulky ligand metallocene catalyst compound or precursor to a bulky
ligand metallocene cation capable of polymerizing olefins. Other activators or

25 methods for activating a bulky ligand metallocene catalyst compound are
described in for example, US Patent Nos. 5,849,852, 5,859,653 and 5,869,723
and WO 98/32775, WO 99/42467 (dioctadecylmethylammoniurm-
bis(tris(pentafluorophenyl)borane) benzimidazolide), which are herein
incorporated by reference.

30 Another suijtable ion forming, activating cocatalyst comprises a salt of a

cationic oxidizing agent and a noncoordinating, compatible anion represented by



charge of e+; e is an integer from1l to 3; and A-, and d are as previously
defined. Exanples of cationic oxidizing agents include: ferrocenium
hydr ocar byl - substituted ferroceniurn, Ag+, or Pb+2. Preferred enbodi nents
of AA" are those 5 anions previously defined with respect to the Bronsted
acid contai ny Ribdoyat ors, especially tetrakis(pentaHj rophenyl ) bor at e.
It within t%ag%o}gﬁe*ﬁg? this invention that catalyst co g@ﬁ’d’@“@ﬁ"’ be

conmbi ned with one or nore activators or 4¢sed in one or nore activation

nmet hods descri bed above. For exanple, a conbination of activators has been
described in 10 U. S. Patent Nos. 5,153,157 and 5, 453, 410, European
publication EP-B10 573 120, and PCT publications WO 94/07928 and WO

95/ 14044. Thes ethd daromian {OX  RI(A ) vereis Cfbisusationfc caxilizZig apenidaengad an
ionizing activator w.th a. bulky |iga et gl.1 ocene cat al yst ound. 4.
Supported Acti viE .esoff'g’ ?\/Eﬁfl%eéffp%ﬁ? ggﬂ%@{ﬂi ?»a»taaﬁﬁarg,agprgggﬁﬁygéﬁ 'n vari ous
patents and puBkdngésiof esiomd oLiizing abenthancihdeSferrbesnii, hidvocathyl28, 855 directed
to the formng a, su rted, oli gormeri,e al kyl al um poxane fornmed by treating a
trialkyl al umin sﬂf%%t?ﬁ’ﬂ?%ﬁ%f*gﬁa&? ie Beiehrd abatiembiog &' gre oss Pat ent No.
5,831,109 argl 5&&3pﬂe%ﬁuslguaﬁu&mr@p&mwm&tmm%ﬁ' %aiatorRde using a
non- hydrol ytic process; 20 U S. Patent No. 5,731,451 relates to a process

for making a s.gspesiallydetakisentaivarophgnyDbgraienat ion with a trial kyl sil oxy
iety; U S. Patent st s [ ' t ed il
noi ety aten IM&@%BZ%QHEM&%% cé@&%ﬁ%ﬁ%ﬁ&?% ed auxiliary

catal yst (al unmoxane or organoboron conmpound) ted tenperatures and
pressures; U. S.copdkinedwvithione @ nppdactiggord ot used fanegr mpregotiationmetheds treati ng

2 uroxane and o 36hBalche Ol SRR Pac¥in 52 123 GRS 1 0 2dding o

netal | ocene to a supporte Xxane an I'ng nore ne al'unoxane; U’'S.
Pat ent Nos.106, 756, Patéit Nosi 545D T 208 5.463.4 1l Evropeanpublicption ERBIPSI3ti on of a

al unoxane i npr : B?Z@l a’I‘lRH m num al kyl
and rnet hyl al unﬁ%ﬁﬁ%ﬁ’gﬁﬂ%ﬂ%?ﬁ%% | s.,c?%@g@gs'? e use o'!fl%cumnet?al | ocene
wi th a cat al ystallstisopssithe usé ofsin lalupmxareand ewlionizing activatvowithe bulk€ligh® 30 96/ 16092

relates to a hea su reated wi th al unoxane and washing to renove
unfixed al umxé’h‘z?qgff%%%é{%‘é‘%’?l’%‘? 4,912,075, 4,937,301, 5,008,228, WO

2006/ 009949 PC'IA}/_ USZQQ&!OR@E%QWOIQO

15 . Many supported activators are described in various patents and
publications which include: U.S. Patent No. 5,728,855 directed to the forming 4
supported oligomeric alkylaluminoxane formed by treating a triatkylaluminum
with carbon dioxide prior to hydrolysis; U.S. Patent No. 5,831,109 and 5,777,143

discusses a supported methylalumoxane made using a non-hydrolytic process;

20  U.S.Patent No. 5,731,451 relates to a process for making a supported alumoxane

.r"‘ ‘\.

by oxygenation with a iﬁa]kylsiloxy moiety; U.S. Patent No. 5,856,255 discusses
forming a supported auxiliary catalyst (alumoxane or organoboron compound) at
elevated temperatures and pressures; U.S. Patent No. 5,739,368 discusses a
process of heat freating alumoxane and placing it on a support; EP-A-0 545 152
25  relates to adding a metallocene to a supported alumoxane and adding more
methylalumoxane; U.S. Patent Nos. 5,756,416 and 6,028,151 discuss a catalyst
composition of a alumoxane impregnated support and a metallocene and a bulky
aluminum alkyl and methylalumoxane; EP-B1-0 662 979 discusses the use of a
metallocene with a catalyst support of silica reacted with alumoxane; PCT WO
30  96/16092 relates to a heated support treated with alumoxane and washing to
remove unfixed alumoxane; U.S. Patent Nos. 4,912,075, 4,937,301, 5,008,228,




5, 086; 025, 5, 147, 949, 4, 871, 705, 5, 229, 478, 4,935,397, 4,937,217 and
5,057,475, and PCT WO 94/26793 all directed to adding a netall ocene to a
supported activator; U S. Patent No. 5,902,766 relates to a supported
activator having a specified distribution of alunpbxane on the silica

particles; Uwmapabesye No. 5 5,468,702 relates to agi ng’é@%ﬁ%@’%&t‘%gusses

activator and adding a netallocene; U S. Patent No. 5

treating a solid with al unoxane and |ntr96lu0| ng a netallocene; .EP 0 747 430
Al relates to a process using a netallocéne on a supported nethylal unbxane
and trimethylalumnum EP O 969 019 Al discusses the use of a netall ocene
and a supported activator; EP-B2-0170 059 relates to a 10 polynerization

]E)rocezsbusi ng asmﬂﬁ,@M,S,aéT;mQaﬂd?]@?(ﬁr gm’ia,lmis;am H9SDaPDAHAG,057Ws,ch i S S
ormed by reactin ) [ .a vvat cont ai ni ng support; U S
Patent No. 5, 21?‘8@@*%@%@? ﬂﬁl’i‘gg‘iﬁ@é" F?DQJP%\WHH%Qne and a

netal | ocene for a&fv@ﬁﬁmB@Msr@maseﬁlmwmﬁomwa&vaﬁah . 5,026, 797

di scusses a poI yneri zati gn process usi ng a_sol onent a zirconium 15

compound and a vesciied daition of abmox 5&1&?\1’@“@?@ €S- Batemtm narily treated

with al unoxane p%]-lgd f or
preparing a gat g’ﬁ% Foz fe Pﬁt&ﬁ?ﬁ%aé nbi nﬁ$atgﬁgggﬁn% éaflggtaﬁjcg%g?fs mat eri al, an

al unoxane and aPatpﬁiINﬂf éaﬁég 3@11;“%#@89@11@ @Obéyﬁﬂl xang)asi mgodoing Bos .
5, 332, 706, 5. 47 Boenc Tp 0068 4106 1220l USRS H£OESS O

maki ng a suppor act r’vat or ere nmoxane sol ution is
| ess than the pmppowmmldmomemsﬁppdhﬂalmmEPOW%mel scusses

i i t ted d
et al L ocene: v BaruTeagrloodd s Mo ich b0 bio MABIBLTC 8 and o
nmet al | ocenel0 EPpoMmMﬁ@xﬁaqcsmsmlaombaenehmtmggmmmmmpmdc syst em of
a supported ! Uipg oA 3 B BOFEN il Poi2uEl Sl s IE°: 749

di scusses a procCess pol ynydr ocar 05|ng a
por ous organi c UIS. Patem@h;nﬁelz Zﬂildmeusscsahaarsbafambp&edMMneNn&a 5,446, 001

and 5,534,474 relates t roce s f
al kyl al um noxan’é‘gtg‘]iIl t%ﬂ"?g gf‘se P&g‘“e‘t'“"i c ai?eél?lﬁﬂ'g?éﬁg%por t; and
EP- A1-0 819 70discnssest pelymerizatiqul prossusingla splncbq:mmpbm@taf:sﬂicbﬁmi lica treated
wi th al unoxane. 30 Al W articl.es,..al so full orated
hor o1 0 by r B o compamed aesiRabbl PO Shplee S rintip s AR 7 o or ¢
and net hods f oralihedafie; WE.Z0661 106 334 0,463GElatdS B wHEER fobpreparing a catalyst

support by combining a dehydrated support material, an alumoxane and a

polyfunctional organic crosslinker; U.S.Patent Nos. 5,332,706, 5,473,028, -

5,602,067 and 5,420,220 discusses a process for making a supported activator

20 where the volume of alumoxane solution is Jess than the pore volume of the
[ support material; WO 98/02246 discusses silica treated with a solution containing
a source of aluminum and a metallocene; WO 99/03580 relates to the use of a
supported alumoxane and a metallocene; EP-AI-0 953 581 discloses a
heterogeneous catalytic system of a supported alumoxane and a metallocene; U.S.
25  Patent No. 5,015,749 discusses a process for preparing a polyhydrocarbyl-
alumoxane using a porous organic or inorganic imbiber material; U.S. Patent Nos.
5,446,001 and 5,534,474 relates to a process for preparing one or more
~ alkylaluminoxanes immobilized on a solid, particulate inert support; and EP-A1-0
819 706 relates to a process for preparing a solid s:ilica treated with alumoxane.
30  Also, the following articles, also fully incorporated herein by reference for

purposes of disclosing useful supported activators and methods for their




51 preparation, include: W Kam nsky, et al., "Polynerization of Styrene
with Supported Hal f-Sandw ch Conpl exes,"” Journal of Polyner Science, Vol.
37, 2959-2968 (1999) describes a process of adsorbing a nethyl al unoxane to
a support followed by the adsorption of a netallocene; Junting Xu, et al. 5
" Char act er i zeDi2o0%/00d94¢ sot acti c pol ypropyl ene prepared WchRisshiodBhday! sily!

bi s(1- indenyl)zirconiumdichloride supported on nethyl al um noxane
pretreated silica," European Polymer Jgurnal, 35 (1999) 1289-1294,

di scusses the use of silica treated with methyl al unoxane and a netal | ocene;
St ephen 'O Brien, et al., “BXAFS analysis of a chiral al kene polynerization
catal yst incorporated in the 10 nesoporous silicate MCM41," Chem Comrun.,
1905- 1906 ( 199 Prepdiasion,onadudealW. Kamimeity, ttiak.ciolymenzatiemef Siyrene witldi f i ed

mesopor ous siliga; opini ~ et al,,,. "Pr | ene, Pol rization through
Suppor t'ed Met a|51%BE‘EF?F§ﬂ19§E§B“&%‘?“§4‘$%T £RES, ,I?fg{zquf ‘2 V?F’g"%ggllvlﬁéel i ng, "

JOUL nial | of Pol )Zm-zﬁﬁ(emilesl\ﬂiesaﬁﬁ)cﬁBBﬁaﬂ?&ﬂiﬁlgaﬁﬁ&?ﬁlunfﬂx' &s‘ms?s ﬁSi ng ﬁ g
met hyl al unoxane supported.silica with_a netallocene. 15 Any of the nethods
di scussed in tﬁ@?}’é’“rfélﬁﬁ ﬁaé%eaﬁmhfgefﬁmetﬁ%qcﬂﬁ@meﬁaﬁtﬁb support ed
activator Cc@NPeQRRithctbHzationr?&ldsotattid Rhy SrepArdesdibe@PsAi bisfle 1 nventi on

and all are incorporated herein by reférence. In_another enbodi nent, the
support ed act i indenyl)zireopiwm dichletidasyprastgd ommethplpliminoxane pagfeegted silicas” per i od of
time prior tO Ygk REl Poimer Blrnbis(199Y) §26Y £95 Suischided B & JrQribd S- Patent Nos.
5,468,702 and 5, 682,21 : inco’rporﬁ{ ed herell%% bﬁ}t/sc rgfergar?coe.glll n an

enmbodi ment, t heeatedhyith metylahimoyane gnd 3 metplipcaney Steples@FBrienmt aby, solid. I n

anot her enbodi E,E%Zfslmg {8 kil oS cd ; dalkly dry state
or a slurry, pre e?a yin aﬁj}rﬁﬁner aItp %’?‘%ﬂéﬁhgl??%}ay%gﬁyﬁﬁ}gﬁég%% enbodi nment ,
two or nor 80sepwsaporivy sifeatpMCMEdL. 2 Chimy Lommyn.atW3-196@€ 99Drdiwlosesmnat i vel y, “two
or more di 1 er Githoifbdd bHutned adnchl e s BIRROiliod it HSGH, edfl, ANOL Ner
enbodi nent, the support nmaterial, preferably partrally or totally

dﬁhydrgg ed sup&rppyleth@bmﬁzaﬁondﬁeighﬁbgpoze@l@letaﬂoaiomawﬂmszed sili ](c:a, Ibls

t hen cont a L 10 ' a I Preferably
I n an enbodi ne%[n%gm%grlggséﬁﬂlg%%%o ’u%%}r:&é% mgt%"g%g’r\ﬁoéé%{%? %?aﬂgct lvator iIs
f or med (1995) discusses using a methylalumoxane supported silica with a metallocene.

15  Any of the methods discussed in these references are useful for producing the
supported activator component utilized in the catalyst composition of the
invention and all are incorporated herein by reference.

In another embodiment, the supported activator, such as supported
alumoxane, is aged for a period of time prior to use herein. For reference please

20 referto U.S. Patent Nos. 5,468,702 and 5,602,217, incorporated herein by

| reference.

In an embodiment, the supported activator is in a dried state or a solid. In
another embodiment, the supported activator is in a substantially dry state ora
shurry, preferably in 2 mineral oil slurry.

25 In another embodiment, two or more separately supported activators are
used, or alternatively, two or more different activators on a single support are
used.

In another embodiment, the support material, preferably partially or totally
dehydrated support material, preferably 200°C to 600°C dehydrated silica, is then

30 contacted with an organoaluminum or alumoxane compound. Preferably in an

embodiment where an organoaluminum compound is used, the activator is formed



WO 2006/ 009949 PCT1US20051021652 52 in situ on and in the support materi al
.as aresult of the reaction of for exanple, trinethylalumnumand water. In
anot her enbodi nent, Lew s base-containing supports are reacted with a

catal yst activator to forma support bonded catal yst conpound. The Lew s

base 5 hydr oso@ioasas of silica are exenplary of netal 6k, OXi des
where this nethod of bonding to a support occurs. Thi sllée{ﬁi)sgéc?%l%%g S

described in U S. Patent No. 6, 147,173,52/\/nich i's herein incorporated by
reference. O her enbodi nents of supporting an activator are described in
U S. Patent No. 5,427,991, where supported non-coordinating anions derived
from10 trisperfluorophenyl boron are described; U S. Patent No. 5, 643, 847
di scusses the meitabonand nftheGuppupt Matertd hed iesilt of drpectivhiofibof dxafiiplenl oxi des
such as silica and  illustrates the reaction of trisperfluorophenyl boron

I tr
with silanol grBHsYlBEUReRERALE or oups of silicon) resulting in bound

ani ons capabl e of pretaanBdriemBoditb@ISdvis Bile-bRkimhinOpFRMe AR rédctddvifiat al yst
conpounds to formecatalytically active 15 cations counter-bal anced by the

bound ani ons; i ¥t petvaieT ieferme swppahbapdekeatalystrorpgunds The Lewis baset or

car bocat i oni ' [ ' | ) . 5,288,677,
and Janes C W “%@?’“éﬁ’,‘g‘?ﬁ%ﬂ"@%‘éﬁ%’%@’?%%&Wﬁgﬂ@.‘“’%ﬁ%ﬁﬁ% 20, 1603 -
1607 (1991), dewethpdebbonding i9lastprerinstyrseFhiy ehadiment is déscxibadfiin B hy| al unoxane

(MAO) reacted Vﬁattéciﬂgﬁoléfﬁ 1(7§i%éhi§ﬂgeﬁ%c%¥4?&?&rbsﬁ%f%% 20 describes a

coval ent bondi ng the al’urﬁ num atomto the si rough an oxygen atom
in the surface hydr dthér egbodimpentséf supporigng au@stivaton ang dgsceibedrin €8, Patontdi nent , a
supported acti j i L: ' ' d, and tenperature
and pressure Cﬁé.%ﬁb,@g{,\%hg%gpﬂéﬂg% %%ogﬂ&gpﬂﬁﬁ@nkg%geéa %r and a suitable
sol vent, thH#nh adshenijuorépberglibponr dre descabadal).SaPatemt Noed, 643,842 slisdssésitian 0C t o

nours, “then usPRCEE EGRRRSH st iRl SR LD B olf |2 5 ey
to produce a fillestrafes &wir@gﬁqymﬂﬂisperﬂ?imﬂmnp]thorcmsmiﬂlaﬂmhggeps‘(mm 40 to 120C
and P esou e ARl Sl R oM Rl 022 e
addi tion, such iassisbnmei argendfiethllie catalyy compovntetnifarin datalyticallyptivepr | at e
solvent th elr} a%g .'(9 CE)QH?BI%%{&{]CVGgE)? e b5 a?l?ohs; immobilized Group ITIA Catalyst

catalysts suitable for carbocationic polymerizations are described in U.S. Patent

No. 5,288,677; and James C.W. Chien, Jour. Poly. Sci.: Pt A: Poly, Chem, Vol.

29, 1603 - 1607 (1991), describes the olefin polymerization utility of

methylalumoxane (MAO) reacted with silica (Si0O,) and metallocenes and
20  describes a covalent bonding of the aluminum atom to the silica through an

oxygen atom in the surface hydroxyl groups of the silica.

In a preferred embodiment, a supported activator is formed by preparing in

an agitated, and temperature and pressure controlled vessel a solution of the

activator and a suitable solvent, then adding the support material at temperatures
25  from 0°C to 100°C, contacting .the support with the activator solution for up to 24

hours, then using a combination of heat and pressure to remove the solvent to

produce a free flowing powder. Temperatures can range from 40 to 120°C and

pressures from 5 psia to 20 psia (34.5 to 138kPa). An inert gas sweep can also be

used in assist in removiﬁg solvent. Alternate orders of addition, such as slurrying

30 the support material in an appropriate solvent then adding the activator, can be

used.




used. WO 2006/ 009949 PCTI US2005/ 021652 53 In anot her enbodi nent a support
I's conbined with one or nore activators and is spray dried to forma
supported activator. In a preferred enbodinment, funmed silica is conbined
wi th nethyl al unoxane and then spray dried to from supported net hyl

al unoxane. Pwef-edcabdoyy a support is conbined with al unoxepgsoes@igsay dried
and then placed in mneral oil to forma slurry useful in the instant
invention. D. Cocatal ysts Cocatal ysts thgg can be used according to this

i nvention include one or nore cocatalysts represented by the formula: 10
MM XZ. R3~ , wherein MBis a nmetal fromGoup | to 3 and 12 to 13 of the
Periodic Table of Elenments; Ne is a netal of Goup 1 of the Periodic Table
of Elenents; v is alIn rﬁgﬁﬂbgrembpdjment@sppponism&peﬂ(zmﬁgngwynqrgp@g@tﬁrs cis a

nunber om0 g, o596 i b o RRANTAS Dol Y8 RERRBPnbAfhgE! O Ny Or ogen:

b is a nunber from ereln mnu C|sa ast 1. O her
conventional -t yﬁmedrsgmatsrmmbinbdmtbmemybdlxymanm&ﬂmnqmymdtm fremabove

conventional =type transi net al _cat al ysts ve t.he Ia l\/BRSk wher e
VB i o e Croup | RPPe e ARmBEna, PRI Siiirercs Somtpind i Ay
beryl i um barigpifaydﬁzﬂ@ﬂdthaxhplmeﬂummﬂah&ltod&dmshﬁ?yxﬁeﬁilﬂabdmmﬁt k equals 1,

2 or 3 dependi n’% n the val ency of M3 which valency in turn nornmally 20
depends upon th ‘5‘5??1 cular G oup to which M3 bel ongs; and each B? nay be

any nonoval ent hyd rbon radical. Non-limting exanpl es of
conventional -t e orcg"(fﬂ allic cocatalyst conpounds useful with the

conventional -type c nds ,descyfi be&%above jnclude nmethyllithium
butyl lithium di hex3# ‘%@fﬁ@’ ‘%F E‘{“lﬁ? “%PPB?W&B%?H €0 B
benzyl pot assi urlmo@beéalmtjrszsqugeseﬁtédbmbmrmhm umi num diisobutyl ethyl bor on,

di et hyl cadm um di-n-butyl zi nc and ﬁm@ﬂ | boron, and, in particular, the
al um num al Kyl's, such as tri-hexyl - ' triethylal um num

trimethyl al um nyiBrei@MP ik Gimdtl Gapt Ghoap Unth BUAK 1046183 of Hi3FRHbAIE Table by pe
Cocat Al Y St O M ks i etal o oo 1 of the Paodic Tobila of Eleshentsy v is & OP 2
number from 0 to 1; each X? is any halogen; ¢ is a pumber from 0 to 3; each R® is
a monovalent hydrocarbon radical or hydrogen; b is a number from 1 to 4; and
15  wherein b minius c is at Jeast 1. Other conventional-type organometallic cocatalyst
compounds for the above conventional-type transition metal catalysts have the
formula M*R%,, where M® is a Group IA, TIA, TIB or ITIA metal, such as lithium,
sodium, beryllium, barinm, boron, aluminum, zinc, cadmium, and gallium; k
equals 1, 2 or 3 depending upon the valency of M® which valency in turn normally
20  depends upon the particular Group to which M> belongs; and each R? may be any
monovalent hydrocarbon radical.
Non-limiting examples of conventional-type organometallic cocatalyst
compounds useful with the conventional-type catalyst compounds described
above include methyllithium, butyllithium, dihexylmercury, butylmagnesium,
25  diethylcadmium, benzylpotassium, diethylzinc, tri-n-butylaluminum, diisobutyl
ethylboroﬁ, diethylcadmium, di-n-butylzinc and tri-n-amylboron, and, in
particular, the aluminum alkyls, such as tri-hexyl-aluminum, triethylaluminum,
trimethylaluminum, and tri-isobutylaluminum. Other conventional-type
cocatalyst compounds include mono-organohalides and hydrides of Group 2
30  metals, and mono- or di-organohalides and hydrides of Group 3 and 13 metals.

Non-limiting examples of such conventional-type cocatalyst compounds include



30 netal s, and nono- or di-organohalides and hydrides of Goup 3 and 13
nmetals. Non-liniting exanples of such conventional -type cocat al yst
conmpounds i nclude WD 20061009949 PCT/ 1JS2005/ 021652 54 di-isobutylal um num
brom de, isobutyl boron dichloride, methyl magnesium chlori de,

et hyl beryl |'i l,de, ethylcalciumbromde, di-isob ) hydri de,
nmet hyl cadm um@gérl@g%? di et hyl boron hydri de, hexyl berylulll;c?ijﬂl%E %boz?‘:%g]e

di propyl boron hydride, octyhnagnesi um hydgg de, butyl zinc hydride, 5

di chl oroboron hydri de, di-brono-al um numhydride and bronocadm um hydri de.
Conventional -type organonetal | ic cocatal yst conmpounds are known to those in
the art and a nore conpl ete di scussion of these conpounds may be found in
U.S. Patent Nosdi-idobtiBAalfiflitumbebnfidé) Rabutylboromitickibridel methyglmedgnestun | y

i ncorporated by refere . 10 Spray Dri.ed. Catal ysts | n_anot her

enbodi nent, the Elﬁ?%‘feygtgﬁﬁmﬁlﬁ% E@En%eg%l’lf’%‘éﬂ? BP@%O%‘HF%&H’?;!IW{“HDSUPDOH
material (s) and/ gydriaerhetfictihnfun BARdS Rlctiyibdfon Bddride heRBériMum hoddgedi ment, the
cat al yst conpounds and/or _the activators are conmbined with a support

mat eri al such asdipropxibeso fydyide, aeyvimagnesigm Bydride. bytylrinchydrideor ay dried, 15

preferably tosf ofimhgrobbf hidrRW dl8roR M Rhinum B @¥e HdirBifodiBidiEnydiidany NMeans
known in the Please see EPA 0 668 295 B 1, U S. Patent No.” 5, 674, 795 and

U S. Patent No. Gowraticelfyparisaosetallipgecsialysigopippunds wrokngut todhoseis. 09/ 464, 114
filed December 1f 7 99 mifdlc Flel@@fsﬁﬁsgi% %ﬁé’s&?%&%g%?e%’mﬁﬁﬂﬂ@g of

supported catal ysts. I'n general one may sp i t catalysts by
pl aci ng the cat aPayent Noo 3231002 and§,09h.415 phichaze hepsin fllpingerporated by | ut i on

(ad(,I ow ng the Cax{e?e!l’éﬁ§%] conmpound and activator to react, if desired), adding
afiller material such as silica or funed silica, such as Gasilrm or Cabosil

TIVlk t hen forgd nggthe Hried @fystgi gh pressures through a nozzle. The
sol ution mayfd ng'spras?e ontoaa surface or sprayed such that the droplets

dry in mdair. The 2%, BRARPE-EHRARME HecaRiTR! RYBons adsOitdh aRbmbinkd'e Silica in
toluene, stir in the activator solution,” and then stir in the catalyst

cormpound sol ut i owith sppprtmaterigl(g) ang/or activatexi)apd spsrysirisd.clngpefier 5 to 8 W% This
fs?lr ;“rJ: ﬁt ion may aﬂ?ﬂod%ﬂtﬁlchﬁl chiBpordds aniP the Activatdrs Brd Wnftinethofi aM | d
g or manual shaking to"keep It as a suspensi on
support material such as a particulate filler material and then spray dried,
15  preferably to form a free flowing powder.
Spray drying may be by any means known in the art. Please see EP A0
668 295 B1, U.S. Patent No. 5,674,795 and U.S. Patent No. 5,672,669 and U.S.
Patent Application Serial No. 09/464,114 filed December 16, 1999, which
particularly describe spray drying of supported catalysts. In general one may
20  spray dry the catalysts by placing the catalyst compound and the optional activator
\ in solution (allowing the catalyst compound and activator to react, if desired),
adding a filler material such as silica or firmed silica, such as Gasil™ or Cabosil
™ then forcing the solution at high pressures through a nozzle. The solution may
be sprayed onto a surface or sprayed such that the droplets dry in midair. The
25  method generally employed is to disperse the silica in toluene, stir in the activator
solution, and then stir in the catalyst compound solution. Typical shury
concentrations are about 5 to 8 wit%. This formulation may sit as a slurry for as
long as 30 minutes with mild stirring or manual shaking to keep it as a suspension
before spray-drying. In one preferred embodiment, the makeup of the dried
30 material is about 40-50 wi% activator {preferably alumoxane), 50-60 SiQ; and

about~2 wt% catalyst compound.



before spray-drying. In one preferred enbodi nent, the makeup of the dried 30

material is about 40-50 wt % activator (preferably al unmoxane), 50-60 Si02 and
about-2 wt % catal yst conpound. WO 2 0 0 61009 9 49 PCTfUS20051021652 55 In

anot her enbodi ment, funed silica such as such-as Gasilrmor Cabosil T"

maybe added we@ 2¢vs@@bdst | ON cont ai ni ng a catal yst conpoungresbsdzivai when t hat
solution is added to the catal yst conponent slurry or injected into a

pol yneri zation reactor, the funed silicasgacts as a tenplate for-in situ
spray drying. 5 For sinple catal yst conpound m xtures, the two or nore

catal yst conpounds can be added together in the desired ratio in the |ast
step. In another enbodi nent, nore conpl ex procedures are possible, such as
addition of a first InmaOthérweﬂnodimWQﬁlmddsiﬁcatshﬂlasuqh\aaﬁasiIT?‘iokCehosﬂrWture for a

specified reaction_ ti | o dditiaqn qof . th nd cat al yst
conpound sol ut i Bﬁyb‘?r?ﬁgi QW"%BD'&%@ "s’b"@é\a m{asﬂ’gﬂk t"g‘?ef‘gqa?v\hi ch the
m xture i s COSPgaIMAst is Addsd lofthe cARBIsI\@mp oﬂ’dﬂﬁ@lﬁl‘l’y/@mj&ﬁﬁﬁnﬁ% 1- hexene in about
10 vol % can be present in the actlvator/fl ller mxture. prior to the

addi tion of thePelypeization mpciarathe fumed sitigsisisna templateiRbin iR seRpdiBent  bi nder s

are added tosthe mi m:?;%&ec afaft PRpAHdG xRS, tﬁetws%pﬁoﬁfcatamf oving the
particle norphol ogy, e. narrowi ng the gﬁartl cle size 15°distribution,

| ower porosity @ﬁmnon@dsmbq@de@oamhpram@ inggl rptdsy ingherlost sfep.dincpuethesi ty of
al unoxane, whi cfy, %&Q&n@lé}gﬂ%ﬁ%& ﬁé’ﬁ&m s Eﬂ]ag%&lﬁ&oﬁﬁ@' ution of a

bul ky |i gand rreta ocene co op tlona activator can be conbi ned
with a di fferen@at%j'smqﬂm@ﬂﬂ(tpltbgﬂcﬂvawlﬁﬂmaqu@taﬂm‘lﬁmmdlmeh,en i nt roduced

t t toth
ol yror | zat 1 on’ ARy BELRYicACF B BB (oot BuBSPRHEL aucdlly 01 P 1€,
oil are aboi@ lﬂlOﬂm@@clﬁﬁdfgmx,%‘terVﬂnéﬂhemwemﬁowm Jastlylapothér | n sone
erbodi ents. ¢ NEyRRE Mafleh AR BEETD VoA el AT B35y RgsAgOL 10

mcrometers in ‘size up m cr onet er ared to conventi onal
supported cat almemrmthaaﬁliﬁmmﬁtheﬁﬁstmetalMSEMPOW 25 a preferred

enbodi nent the SUpp%LDﬁ%?e’%quﬁn%aﬁﬂ%gﬁggd%%tﬁé % utloﬁé%grrp crons,

preferably 10 to 40 "m cCrons urry an onents
as a means of improving the particle morphology, i.e. narrowing the particle size

15  distribution, lower porosity of the particles and allowing for a reduced quantity of
alumoxane, which acts as the binder.

In another embodiment a solution of a bulky ligand metallocene compound
and optional activator can be combﬁed with a different shuried spray dried
catalyst compound and then introduced mto a reactor, _

20 The spray dried particles are generally fed into the polymerization reactor
as a mineral oil slurry. Solids concentrations in oil are about 10 to 30 Weight %,
preferably 15 to 25 weight %. In some embodiments, the spray dried particles can
be from less than about 10 micrometers in size up to about 100 micrometers,
compared to conventional supported catalysts which are about 50 micrometers. In

25  apreferred embodiment the support has an average particle size of 1 to 50

microns, preferably 10 to 40 microns,
F. Catalyst Slurry and Solution Components

The catalyst of the invention can be added to the reaction system in the
form of a sharry or 2 solution or 2 combination of slurry and solution. In one
30 embodiment, the catalyst in slurry form and includes an activator and a support, or

a supported activator. In another embodiment, the catalyst shury includes fumed



The catal yst of the invention can be added to the reaction systemin the
formof a slurry or a solution or a conmbination of slurry and solution. In
one 30 enbodi nent, the catalyst in slurry formand includes an activator and
a support, or a supported activator. In another enbodi nent, the catalyst
slurry incl udwe 2hasrpegsad | WO 2006/ 009949 PCTI US2005/ 0216 peTnRRSesSdkdssa | n
anot her enbodi nent, the slurry includes a catalyst conpound in addition to
the activator and the support and/or thesgupported activator. In one

enbodi ment, the catal yst conpound in the slurry is supported. In another
enbodi ment, the slurry includes one or nore activator(s) and 5 support(s)
and/ or supported activator(s) and/or one nore catal yst conpound(s). For
exanpl e, the sl wilicg. dmgnotherémtidintent therslumyrirchales a satelyst onfpoumdin adlitions uppor t ed

al unoxane and a ,ndifi.ed al xane d cat al yst. conpound, or the slurry
may incl ude a nggﬁrﬁchﬁaq‘g@P‘?@gfu@PO%ﬁ%%ﬁﬁ&em }F?itﬁx Bchlggtgrgﬁ'éf’glest conpounds.
Preferably, the exbédinyent, drptialyasompang fiotht Saraftsippatted. and two catal yst 10
conpounds. | n anot her, enhodi t the slurry.c ri ses supported activator
and two different cé’i‘_ﬁ‘? _W%HWE@?,S&W%%“ "Efﬁ@f&?&&@&%&m{sﬁ@dy urry
separately or5 i Rupsdid)iad@br sepportbdactifRr{8 andHHUAE hidR Yatalybosdpbiindlg), Cont ai ni ng
a supported al unoxane, is 15 contacted with a catal yst conpound, allowed to

react, and t her &% exFmple, gheslugy mpy nslude Syp ofdposeiahivaters 4w srca susperted v st
conpound. | N anGesx.ReiadinBRaRted bilficthnd) i a SRRbRMpAEIr ted al unpxane

is contacted with two catal yst conpounds at the same tinme, and allowed to
react. |n anot hepaydnelesds arproriedistivgorand more thanyme gatalyst cpmpeuads. act i vator to

metal in 20 the. Gat/ PR [ j Tt tO 0.5:1,
préf erably 300:?%0 1!}’{??51 nor e g%fag?%ﬂgﬁfﬁdggé%dtngtﬁp%&lﬁ anot her

enbodi nent t#e spmpeypddont ai ns a support material which may be any inert

particulate carrier Fpﬁgm%%ﬁﬂéﬁl%?ﬂwc Prises’ tohi@&:ﬂ:ﬂvat@n‘*h‘i:dﬂ% limted

to, silica, fumed silica, alumna, clay,” tal'c or er support materials
such as 25 di scldiffasent aaigiyst comppupdspyvhitlemay be addpdigitheshory sepasatglyoriny cont ains a

supported combination.

In another embodiment the shurry, containing a supported alumoxane, is

15  contacted with a catalyst compound, allowed to react, and thereafter the shury is
contacted with another catalyst compound. In another embodiment the slurry
containing a supported alumoxane is contacted with two catalyst compounds at
the same time, and allowed to react. '

In another embodiment the molar ratio of metal in the activator to metal in

20 the catalyst compound in the shurry is 1000:1 to 0.5:1, preferably 300:1 to 1:1,.

( more preferably 150:1 to 1:1.

In another embodiment the shurry contains a support material which may
be any inert particulate carrier material known in the art, including, but not limited
to, silica, fumed silica, alumina, clay, talc or other support materials such as -

25  disclosed above. In a preferred embodiment, the slurry contains a supported
activator, such as those disclosed above, preferably methyl alumoxane and/or
modified methyl alumoxane on a support of silica.

A catalyst slurry can be prepared by suspending the catalyst components,
preferably the support, the activator and optional catalyst compounds in a liquid

30 diluent. The liguid diluent is typically an alkane having from 3 to 60 carbon

" atoms, preferably having from 5 to 20 carbon atoms, preferably a branched



activator, such as those disclosed above, preferably nethyl alunbxane and/or
nodi fi ed net hyl al unoxane on a support of silica. A catalyst slurry can be

prepared by suspending the catal yst conponents, preferably the support, the

activator and optional catalyst conpounds in a liquid 30 diluent. The
liquid diluerfO28689¥0cal |y an al kane having from 3 to BCI/GS25@I6SL ONB,
preferably having from5 to 20 carbon atons, preferably a branched WO

2006/ 009949 PCT/ US2005/ 021652 57 al |l canes7 or an. organi c conposition such as
m neral oil or silicone oil. The diluent enployed is preferably liquid
under the conditions of polymerization and relatively inert. The

concentration of the conponents in, the s.coptrolle ch that a
desired ratio of dkaeaITALLTEBKHIRISIES ?S'iga%@f"{ fiber st ?Rf/oélr d@ﬁ?‘ﬁ Pt 5
conpound to cat alpsiby éﬁ%@@ﬂﬂﬂly‘liﬁm‘ﬁ%ﬂddﬂﬁe@oﬁd?ﬁmﬁe yerizatioRlafidl | Y, as a

slurry, the catal ést conpound t he support and activator, or_ supported
activator, and t¥§ ﬂE?HW @T’?@é‘?ﬂm@#‘?@%meéwwwséﬂhﬁ%‘éﬂlé&@ﬁfﬂ%er for a

time sufficient Jugﬁthﬁfaééﬁéf b?}%ly&t{bgfugast s¥tétactﬁﬁf5pgg§}g€(iala?ys pe deposited

into or on the support, pre era % pre y ‘at |l east 75%
preferably at5 | e@smcnﬁﬁ@wymmpméiﬁ@btvhwwt@ast 90% preferabl y at

a9 Pl o oDl a3 Sy B B SO R bl o

m Xi ng are up t oorkGpploded stiviteypanddhd gmmpd:lumt@:dndiuwﬂto cm‘izceeacypthcafoty 4 to 6
hours. In one enhodi t. at a |1 be
considered to bé tftﬁeglr%ﬁ%er??i tgtﬁga%téd??f%ff-&[t%ist cen‘% eﬁ&éﬁc& 2%15

cat al yst conpouruithesuppm,brefpmb@qﬁdnastlm% pfefdrd?o@atleastﬂﬁ%;yefemﬂl;mtbanver tinme.

catal yst  cotpodet AP Rtk i eRe e e B A o) . by
i nductively cow%ednphasbrm:mqnediersﬂmmgpreﬁdrﬁ:iﬁb:tootsubymmhdwamMDfeai (U\/)

spectroscopy, aft Ian rdi,zati.on with a at i n cur repared at
the appropriate X%?P&e gﬁ DpXRg Are updo | @ {m F‘Q Thus for

exanmpl e, 70 % ofmdie tpicailydto GGﬁﬁi’ﬁ.OIiﬂﬁhe\M‘.dbbdunbﬂt oﬁﬂﬁ\ﬂhﬁbﬁﬁﬁd& éavalj’rmve deposi t ed

in or on a support if .t conc on of st co in the

liquid (not inclcoRIPHEd; b%‘i?ﬁfi ‘i 0jbg 1 A S, g&‘ez‘f”r"ﬁ‘i'ﬂ flﬁ?t i al

concentrati qs. |lataiteonphnd inbeliquid bms:aéﬂhe/ﬁﬁme fedoced @verding: Adfed to the

slurry as a adding the catalyst compound to the shury. Concentration of the catalyst
compound in the liquid diluent may be measured for example, by inductively
coupled plasma spectroscopy (ICPS), or by ultraviolet (UV) spectroscopy, after
standardization with a calibration curve prepared at the appropriate concentration

20  range, as is known in the art. Thus for example, 70 % of a catalyst compound will
be considered to have deposited in or on a support if the concentration of the
catalyst compound in the liquid (not including the support) is reduced -by 70%
from its initial concentration. '

In one embodiment, the catalyst compounds are added to the shurry as a

25  solution, shury, or powder. The slurry may be prepared prior to its use in the
polymerization process of the invention or it may be prepared in-line.

In one embodiment, the slurry is prepared by combining the catalyst
components, such as for example the catalyst or supported catalyst and the support
and activator or supported activator, all at once. In another embodiment, the

30  shuryis prepared by first adding a support material, then adding the combination

of a catalyst and an activator component.



25 solution, slurry, or powder. The slurry may be prepared prior to its use
in the polynerization process of the invention or it maybe prepared
in-line. In one enbodinent, the slurry is prepared by conbining the catalyst
conponents, such as for exanple the catal yst or supported catalyst and the

support andywgpioby/éss Or supported activator, all at oRefs2ds0AEet her
enbodi nent, the 30 slurry is prepared by first adding a support material,

t hen addi ng the conbination of a cataly and an activator conponent. WO

2006/ 009949 PCTI US2005/ 021652 58 In another enbodi nent the slurry conprises
a supported activator and at |east one catal yst conpound where the catal yst
conpound is conbined with the slurry as a solution. A preferred solvent is
mneral oil. |In a angh heothef slabelimenthe slatry comgmise, a spppoiied adtivytorantialy |  al unoxane

or 5 nodified nmethyl alupoxane, is_conbined with a.su [t .su as cal ci ned
o1 Toa or | £1 nndesstone cetiRt s oppYR Y Het R PR PP stAOmotod i o t od

activator is thehyrylsaReka&H Aﬁeﬁn[ﬂﬁweg,isﬁyﬁmaﬁ degassed mneral oil, and
then one or nore catal yst conpounds are added to the dispersion and m xed

to formthe catal yst Beaaotieambodimast, plamoyare, reeferably Fethybriyyoenecrar
preferably aqdeq?éﬂﬁédflﬁetﬂh%ﬂ&r X4nls &ﬁnrb%eﬁ%thq up#@ﬂ@@&@ﬁalciﬁﬁsﬂfohgp or a
b urry of0 ral orl. I]F r

slurry, preferably a s mneral e than one catal yst.
conpound i s adddumedsilidido firapenpriosed activatorcthe sripperted @otiyatomisdbencan be added

sequentially, or, : g [ I . | yst
conmpound is addgf%%%é#ﬁgigﬁgTsﬁly I r?eédsgsoe??gﬁ%g o%%\%gg{}h?gér‘éﬁrﬁc{}ﬁc% referred
enbodi ment, a Geompoubfs @re nddeid i thedispersidnasd mixe8 taionp thewdtalyst comgemntt 0 t he
slurry in powder, or j r r . i .
(2. 2 6 Ve 3cor oy R bR et A0 bt BE BB BRI o1 522 1
added t o t hagsl powgerashsiop omashurry, prefesabiyr sadheryrof chimardloili Mfenndre tHagomd urry
conprises mneral, oil and has vi.,scosit.y of about 130 to about 2000 cP at
20C, nore pref eP%tBIP@t ‘greur isifgg?dow ﬂ? ls&%ﬁ?’%gpyééfoﬁ?‘)%c% even nore -
pref er abl y aboutdd2@equentialipur athidsaade tinde. 20C as nmeasured with a Brookfield
nodel LVDV-111 Rheoneter, housed i [trogen purged, drybgx (in such a
manner that the at moCFREPE o‘gﬂﬁé}t@%ﬁa%ﬁ %?%PP 15 %@e‘ﬁ&%‘? @P@"ﬁnd oxygen,
i.e. less than sgiderpbwds fommOin &meleired difitodithant, 2 YGre§l Su@ntaining catalyst
15 compound is added to the shury in powder or solid form. In another preferred
" embodiment, [(2,4,6-Me3CeH,)NCH,CH,,NHZ1Bz; and or {(2,4,6- -
MesCeH)NCH,CH;;NHHiBz, is added to the slury as a powder.
In a preferred embodiment the slurry comprises mineral oil and has a

viscosity of about 130 to about 2000 cP at 20°C, more preferably about 180 to
20  about 1500 cP at 20°C and even more preferably about 200 to about 800 cP at

20°C as measured with a Brookfield model LVDV-III Rheometer housed in a

nitrogen purged drybox (in such a manner that the atmosphere is substantially free

of moisture and oxygen, i.e. less than several ppmv of each). The shury can be
made in a nitrogen purged drybox, and rolled in closed glass containers until
25  immediately before the viscosity measurements are made, in order to ensure that it
is fully suspended at the start of the trial.
In one embodiment, the shury comprises a supported activator and one or
more or a combination of the catalyst compound(s) described in Formula I to IX

above,



made in a nitrogen purged drybox, and rolled in closed glass containers ..

until 25 immediately before the viscosity neasurenents are made, in order to"

ensure that it is fully suspended at the start of the trial. In one
enbodi ment, the slurry conprises a supported activator and one or nore or a

conbi nati on JiRedeqt al yst conpound(s) described in F X above.
90 20007 000078 HABeBE 8 L S mE e Th aeother anbod! %g:‘ri:{ﬁ,gﬁ){)%{%?ﬁss%urry

conprises a supported activator and one %,;pr nore or a conbination of the
G oup 15 catal yst conpound(s) represented by Fornula V or VI described
above. I'-n anot her enbodi nent, the slurry conprises a supported activator and
one 5 or nore or conbination of the bulky |igand catal yst conpound(s)
represented by For niil @othert embbin@ss the slae ¢lcahpides a suppoated adtivtitopmidode nent , t he
slurry conprises supported _acIivgélor, a_Grou 15 ca Ilyst-co ound( s)
represent ed by PHWATEagogbmajien gblGe Groyads sHelyat co S} IEPrEsep§f Y 1 i gand

cat al yst conpoupgisila VoPVesapitea abbveFormula Ito 1V. 10 In anot her
enbodi ment, the slurry conprises supported al unoxane and

[ (2, 4, 6- Me3C6H2) NCHIaanptheqmyplimentithe elumy ¢ompaisesasuppontedragtiyator MO Bz i s a
I ndependently a LSt Lpent, the
slurr 3 oot o Bty i ik s Loy HorBBRALYT

slurry conprises a suppor ound and
one of the fol | GwimuigrltblEdescyhedphdvel5 cycl opent adi enyl)-MX2, (p

ent armet hyl cycl opent adi )L 0= e nt adi L a1 ndenyl ) - MX2,
or (tetramethyl cycl g’%éﬁ‘?ﬁ%i“é’ﬁ% I@E"Q(p&hé%ﬁt}é&&%g%/%ggﬁgﬁ%aa%%?};ilwg where M
i's zirconi um ha§ catalyst compoutd{s)irepresextel] byFdansuia M arVinlescribedaboves ander f | uori ne.
I n one enbodi nept he catalvst 1s added to eactiqn.systemas a 20

sol utt on that |1 MepiEedR AR cob o B Gk By FERRI APV S T ES 220
solution afigo i ncl Udesotizen embddirnerit,ahe sluroaeiptises Bugporteddunaiané apglt conpound:”
The sol ution usgd,in, t this.inventian i typically. prepared by
di ssol ving the @%QW?W%]ZMEW%G 1%%%@8?’6?%& ﬁqgthﬁ%sgui d
solvent. The | indepenkdently ¥ baiyligeoupupd Makid pethyl. al kane, such as a C5 to C30

al kane, preferably 3

aC:?oﬂ}e? embodiment, the shurry comprises a supported alumoxane, a
Group 15 catalysts compound and one of the following: bis(n-propyl
15  cyclopentadienyl)-MX,, -(pentameﬂnylcyclopentadienyl)(n-
propylcyclopentadienyl)MX, bis(indenyl)-MX,, or (tetarneﬂly]cyclopentagiienyl)
(n-propyi cyclopentadienyl) MX,, where M is zirconium, hafnium or titanium and
X is chlorine, bromine, or fluorine, - |
In one embodiment, the catalyst is added to the reaction system asa . ‘
20  solution that includes a catalyst compoimd. In another embodiment, the solution
also includes an activator in addition to the catalyst compound. ' ("
The solution used in the process of this invention is typically prepared by
dissolving the catalyst compound and optional activators in a liquid solvent, The
liquid solvent is typically an alkane, such as a Cs to Cjp alkane, prefefab]y aCsto
25 Cypalkane. Cyelic alkanes such as cyclohexane and aromatic compounds such as
A toluene may also be used. In addition, mineral oil may be used as a solvent. The
solution employed should be liquid under the conditions of polymerization and
relatively inert. In one embodiment, the liquid utilized in the solution is different
from the diluent vsed in the slurry. In another embodiment, the liquid utilized in
30  the solution is the same as the diluent used in the shurry.



25 C30 al kane. Cyclic al kanes such as cycl ohexane and aromatic conpounds
“such as toluene may al so be used. In addition, mneral oil may be used as a
solvent. The solution enployed should be liquid under the conditions of

pol ynerization and relatively inert. In one enbodinent, the liquid utilized
in the sol uty@Bookmosdisf ferent fromthe diluent used i npEf@shbitricss | N

anot her enbodi ment, the liquid utilized in 30 the solution is the sane as
the diluent used in the slurry. WD 2006/ §09949 PCT/ US2005/ 021652 60 In a
preferred enbodi nent the ratio of nmetal In the activator to netal in the
catal yst conpound in the solution is 1000:1 to 0.5:1, preferably 300:1 to
1:1, nore preferably 150:1 to 1:1. In a preferred embodi nent, the activator
and cat al yst conpounﬂlamei‘pﬂmdinﬁnﬁthemﬁeoﬁmta]ﬁnthnataivatgptomt&bnh& 90 Wt %

or i orabl Y at upettae Bttt it sidony S0GTRAY Farrslat SoBFRELERR 5"\ o

nore preferabl ypafeﬂmssamn 11 wt% nore preferably between 100 ppm and |
wt % based upon the he sol yent, and .the activatqr or .catal yst
conmpound. 10 In one ﬁﬁ’d’gﬁ? 5’° iments e ATtVRIAT g Gaplyel cempon spzeset ¢ he

cat al yst -conpointssdl@smrat §ed abdm E(DW%' PrefetaBl glaﬁ;acbqu&t 56 Wt %pot her

enbodi nent, the sol uytion conprises Grou cat al corrpound represent ed

by Fornula V orPerf‘&é%@r“PBé‘ﬂm‘éF&g\?é%s FPf%fWﬁé‘Pt‘é?PSBéersm%e sol ution

conprises a bU'fSﬁéfeHbWﬁ@p@@éb@ﬁt\ﬁt%,ﬁ:’ér&ﬁ%ﬂ RQHEQIQE&%@W’A?%M Forrula Ito IV
descri bed above. In preferred enbodi nent the sol ution_conprises

bi s(n- propyl cl}@f%@h‘?%%ﬂ%lywl‘Y‘péh%@ﬂ%ﬁ%%ﬂﬁﬁgﬁﬁa‘%l?@hﬁqd)(n-

propyl cycl opent@ghwo}%talﬁ{&gdpggﬁnyl )-MX2, (tetranethylcycl opentadienyl)
(r(— propyl cycl opent adi enyl ) 2, where Mis aGoup 4 netal, preferably 20

zi rconi um H&f ni um clinm@labﬁdmﬁuhﬂws%un@n@mpmsn@yonsroémemmm fluorine. In

the pol ymeri zat { ok RRSib& in FhEmIAME Tk sifve. any catal yst sol utions may be
conbi ned with any ‘catalyst containing slurry. In addition, nore than one

catal yst conponent rdayndtker gmbodiment, the spbion gomprises f Group btestsish i s inert to
the pol ymeri zat i anohéPfepleSted BY Forkdd® W or VI described above.

In another embodiment, the solution comprises a bulky ligand catalyst

15 compound represented by Formula I to IV described above.

In a preferred embodiment the solution comprises bis(n-propyl
cyclopentadienyl}-MX, (pentamethylcyclopentadienyl)(n- '
propylcyclopentadieny)MX,, bis(indenyl)-MX;, (tetramethylcyclopentadienyl)
(n-propylcyclopentadienyl) MX,, where M is a Group 4 metal, preferably

20  zirconjum, hafhium or titanium and X is chlorine, bromine, or fluorine.

In the polymerization process of the invention, any catalyst solutions may
be combined with any catalyst containing shury. In addition, more than one
catalyst component may be utilized.

Ideally, the fluorocarbon is inert to the polymerization reaction. By "inert

25  to the polymerization reaction” is meant that the flucrocarbon does not react
chemically with the, monomers, catalyst system or the catalyst system
components. (This is not to say that the physical environment provided by an
FC's does not influence the polymerization reactions, in fact, it may do so to some
extent, such as affecting activity rates. However, it is meant to say that the FC's

30  arenot present as part of the catalyst system.)




25 to the polynerization reaction” is nmeant that the fluorocarbon does not
react chemically with the, nonomers, catalyst systemor the catal yst system’
conponents. (This is not to say that the physical environnent provided by an
FC s does not influence the polynerization reactions, in fact, it nmay do so
to sone extWaReeHWH as affecting activity rates. HowdPE€EAS208/021652 meant t o
say that the FC s 30 are not present as part of the catal yst system) WO
2006/ 009949 PCTI US2005/ 021652 61 VI. Mnoners Pol ymers produced accordi ng
to .this invention are olefin polynmers or "polyolefins”. By olefin polyners
Is meant that at least 75 nole % of the polynmer is nmade of hydrocarbon
nmononers, preferably at least 80 nole % preferably at 5 | east 85 nole %
preferably at | ¥dst @M@Qﬁ% % preferably at least 95 nole % preferably at
|l east 99 nole % In a particularly preferred enbodi nent, _the polyners are
100 nol e % hydr ocar bBYIYRERBREced GABE A9 Besinyraton A% del ROYBE @ner s made up

of only carbon JIAEEQ 5/ bleflnhoB Rt meart FROA 13RS nfie % d€the bAiyReE i ON Up to

25 mol % of the polyolefin'is dérived from heteroatom contai ni ng 10 nononers.

Het er oat om cont isineAde gf hysirasaber mencaners, prefrezblba teapidA mole %, mbferably abne or nore
hyd t d
ydrogen ato heﬂﬁ&‘is %?e%{ﬁ‘?aleﬁﬁg?telg t %J QS&%@%{%&E@W Atgbagt ﬁrﬁJlf%r €

enbodi nent eteroa I'S'S rom group consistihg of
chl orine, br onpreferabipxat dgast 99 micler%6.gBrg pastidulagly prefamtd swbddiment,ghef er abl y t he

heteroatomis segl - ta %HB nsi st f.. 0% n,_ nitrogen,
silicon and sul?o‘éﬁ&%g‘%d%g‘gﬁa}gﬁ@d&{ e ﬂgﬂ%ﬁ% tg&grf’gargogll%c%ggmﬁeomthe gr oup
consi sting of oxygeneramnate upiof ordyembonpand hpdrageny Iroangtherembodineenpofalieer r ed
enbodi nent, the_heteroa I S,,N f i ne, .l nat her . enbodi.nrent of the
Cvent o, "t he TR SE LS s Bt bbb seted RN R PR >
FI uor onononyy s raswontkes. i Hetstlodion batairtiyghnoomidione hpingabosmoh@nes ®herk east one ™
hydr ogen at om has been

repl aced 20 fluorin tom In anath enbodi nent
of the inventi df*% W@m&gﬁ%ﬁ@r OI?S%B%“B5W{?%§%&5?%°%O{& a}%& oners. (By
hal onononer i s ditadiment, ihedeeanhdsseclertd droat thibeuecontistngad chiof, hydr ogen at om
I's replaced by .a hal ogen.) .l n angther ., enbodi f, the invention, the
nononmers to be bﬁ%‘?"’;”ﬁﬂe‘g‘ﬁe&dm géﬂﬁﬁF%Fl?ﬂﬁ“man&ngﬂ%ﬁyc‘gﬁmﬁf%%ns. | n anot her
ermbodi nent of  tseRctedB6M iheQifoupichisistng of @yger, Gitrogen, silicon and sulfur,
15  preferably the heteroatom is selected from the group consisting of oxygen and

~ nitrogen, preferably oxygen. In a preferred embodiment, the heteroatom is not

flnorine. In another embodiment of the invention, the monomers to be
polymerized are not fluonmonomers. Fluoromonomers are defined to be
hydrocarbon monomers where at least one hydrogen atom has been replaced by a

20 fluorine atom. In another embodiment of the invention, the monomers to be
polymerized are not halomonomers. (By halomonomer is meant a hydfocarbon ;
monomer where at least one hydrogen atom is replaced by a halogen.) In another
embodiment of the invention, the monomers to be polymerized are not vinyl |
aromatic hydrocarbons. In another embodiment of the invention, the monomers to

25  be polymerized are preferably aliphatic or alicyclic hydrocarbons. (as defined
under "Hydrocarbon" in Hawley's Condensed Chemical Dictionary, 13th edition,
R.J. Lewis ed., John Wiley and Sons, New York, 1997. In another embodiment of
the invention, the monomers to be polymerized are preferably linear or branched
alpha-olefins, preferably C2 to C40 linear or branched alpha-olefins, preferably

30 (C2to C20 linear or branched alpha-olefins, preferably ethylene, propylene,

butene, pentene, hexene, heptene, octene, nonene, decene, undecene, dodecene, or



25 be'polynerized are preferably aliphatic or alicyclic hydrocarbons. (as
defined wunder "Hydrocarbon" in Haw ey's Condensed Chemi cal Dictionary, 13th
edition, R J. Lewis ed., John WIley and Sons, New York, 1997. In another
enbodi nent of the invention, the nononers to be polynerized are pref erably

| inear or brechesooenabpha-ol efins, preferably C2 to CAGyd+4 ,ﬁ%a,{] ,branched
al pha-ol efins, preferably 30 C2 to C20 linear or branched a-o efl ns,

preferably ethylene, propylene, butene,gpentene, hexene, heptene oct ene,
nonene, decene, undecene, dodecene, or WO 2006/ 009949 PCTI US2005/ 021652 62
m xtures thereof, nore preferably ethylene, propylene, butene hexene and
octene. The processes described herein naybe used in any type of

pol yneri zat i on npxiorse §r§r®ﬁpﬂ1cmwm§rab]ryeﬂw}enmopylmmélexa@=p'nd:edtenm)norrer S

i ncl ude unsaturated dr ocar t 0. c

preferably 2 to 12 STEQI B%eﬁseﬁﬁ SDSH %Wéeuseéfnear%gglfpeo p?lgmgn ﬁ?‘bon at ons.
Usef ul nDnonerSPrdcessleuﬂbyingrmeaﬁnmdirémaﬁdm dlypmgmidnomeds&idlm | i near branched
or cyclic al pha ol efi I near ed_or C|IC di | | i near
branched or cycP?ﬁ?“’é‘f%d{)"r?éﬁamé‘PﬂFg 9t‘f?on ngfi’%i}'rz%)}gl iC

pol yenes; | i peagarhdrpA6he dndfnof férébl b ff WoafHof biofts. Usd?ar:ﬁdmwie?srl y preferred
nononers i nclude one_or nore of ethy ene propyl ene, 10Q. but ene- pent ene-1,

4- net hyl - pent an8wh eH%‘?@ér‘i’éﬂﬂfhedé’é?ﬁh%ﬂliﬁnsd]@@érrﬂm’fhe@ﬁﬁwphﬂﬁ@ﬁﬂ%ne 1,
nor bonene, nor bgpgdiveRtheddr Bydic HolclRY; Bidar bt XL A yciR: AiHAVdmdga oRRAENE, Vi NYI

nor borrene, and et hylidene mononers. Preferred cy cI I ¢ containing nonomners

i ncl ude aronat i bnftjfsé’cﬁ?ﬂé}’érﬁWWFHQYW%HB%P@“@%%HYHM@PWW@30 carbon at ons

and. non aronat i Parﬁéﬁﬁhlfpr%ﬁé&n&ﬁnﬁﬂ@ﬁ@dd@bﬁ@or'ﬁ%@%l&x@rﬁr%ﬁén@,g up to 30
caﬁ bon atons. Suitabl é "aromati c- group-contai ning nononers conpri se at | east

one aronat i 40 st butenenk pentgneek, mediyipiaeml, ispenetlgogienede deaepe-d, omethdr abl y a
phenyl, i ndenyl ,entdnbqr £idmen! noRiRIAkHRYE, 3?‘3&81‘11 yl-1 RG e, 95%%3?[
yneri zabl e

gr oup- cont ai ni ng nonofrer further conprises at east oneé
doubl e bond sucmmmrn@borwb,mmﬂm@mnomw aromatic structure 20 will

be pendant fromthe n nononer
rraypf urther be substi ?ﬁ#ﬁ ﬁ%ﬁ@%@&éﬁ&ﬁ%ﬁﬁﬁﬂ?%%@ﬁ%@%ﬂ?%ﬁ%@hﬂ%ngl udi ng
but not |i nitedmorpn@rs ¢optaling upl th §9 caghomaems andién dromatic| oychiegroapdj acent
substitutions npy. 06, J QbReie AnbkEg f 10\8beh bidblsU SGitable S84 oup-

aronati c- group-
containing monomers comprise at least one aromatic structure, preferably from

one to three, more preferab_]y a phenyl, indenyl, fluorenyli, or naphthyl moiety.
The aromatic group-containing monomer further comprises at least one
polymerizable double bond such that after polymerization, the aromatic structure

20  will be pendant from the polymer backbone. The aromatic-group containing
monomer may further be substituted with one or more hydrocarbyl groups
including but not limited to C, to Cyq alkyl groups. Additionally two adjacent
substitutions may be joined to form a ring structure. Preferred aromatic-group-
containing monormers contain at least one aromatic structure appendedioa

25 polymerizable olefinic moiety. Particularly preferred aromatic monomers inchide
styrene, alpha-methylstyrene, para-alkylstyrenes, vinyltoluenes, vinylnaphthalene,
allyl benzene, and indene, especially styrene, paramethyl styrene, 4-phenyl-1-
butene and allyl benzene. Suitable non-aromatic cyclic group containing
monomers preferably have at Jeast one polymerizable olefinic group that is either

30 pendant on the cyclic structure or is part of the cyclic structure. The cyclic
structure may also be further substituted by one or more hydrocarbyl groups such



cont ai ni ng nononers contain at |east one aromatic structure appended to a 25

pol ynmeri zabl e ol efinic noiety. Particularly preferred aromati c nononers’

i nclude styrene, al pha-nethyl styrene, para-alkylstyrenes, vinyltol uenes,

vi nyl napht hal ene, al kyl benzene, and i ndene, especially styrene, paranethyl
styrene, 4-pwegbedosoaput ene and al |l yl benzene. Suit abl eegiarz@Eeiigki ¢ cyclic
group containing nononers preferably have at | east one pol ynerizabl e
olefinic group that is either 30 pendantgpn the cyclic structure or is part
of the cyclic structure. The cyclic structure nmay al so be further
substituted by one or nore hydrocarbyl groups such WD 2006/ 009949

PCTI US2005/ 021652 63 as, but not limted to, Cl1 to Clo al kyl groups.

Pref erred non- aps it 1et ligyted focCige Suplkyt ereuns Arefgredoanamematic ¢yeliqgieup

vi nyl cycl ohexan | AEvinvId) Qﬂ@;ﬁg | i dene nor bor nene,
cycl opent adi ene?o%%%%@%%%g&éﬁcyc %%‘g%%\%,ﬂé’cy '%ﬁlﬁeg%\%%/ vi nyl adamant ane
and t he |ike. 5viayhlbdomeok, dihplidefic rorroomnsayelopmtflishe, cycldpentend, nvent i on i ncl ude
any hydrocarbon structure r ef er abl to having at |east two
unsat ur at ed bonﬁ’éc,°heﬁ??3?%°%b‘§@e1wz%a¥’%%§fmﬂ%qﬁﬁsatur ated bonds are

readi |y incogpor at edPiefiired diolefmynteicrssefal intkis investiof trehdpani fic or a
non-stereospecifig catalyst(s). .t is further, referred that, the diolefin
mononers be sel Lﬁﬁ%@%éﬁ'ﬁ%’f)Wé?feréﬁ%é‘ht-"(#‘%E‘@W@BMF%S"W?@.M 1 vi nyl
nononers). Mor ewnézfefueatglbdtywohdﬂm&'ﬂgmﬂamm?emaﬁyae@%ﬁwﬂgda di - vi nyl
nmononers, nost preferably those coptaining from4 to ar bon . atons.
Exanpl es of pr ePUYPEPY, Wé?ftefeﬂmeﬂg%mb@tﬂ%ﬁﬁtﬁmec@ﬁ?%%‘ie!t isfasheni ene,

hept adi ene, oct gdfepRe thafiBe didieBNRondREolE RICted BOMQNAE i cRIREa-dideslecadi ene,
tridecadi ene, tetradecadi gne, pentadecadi ene, hexadecadl ene, hept adecadi ene,

15 oct adecalfl e NRORIRHR U e48vinybmonogem) Maes WWW&%@P@%WBW ene,
tricosadi ene, t ef{RFGSAAYI BIdBorked) hRSIPRFEHIBIN ol XALARATEGR § idMlafep S adi ene,

oct acosadi ene, nonacosadi ene, triacontadlene, particularly preferred dienes
i ncl ude 1, 6- heptteras-champles ofprefgmeddienes mclude, biytatienepentadieny, baxedigheene, 1, 10-

undecadi ene, 1, febrdRAe cRLbiBRCronddid; ddchdiBosiaeRiend dd@uiddeadecadi ene, and

| ow 20 nol ecul arwei ght pol ybl_Jt adi enes (Mv | ess than 1000 g/nmol). Preferred
cyclic dienes tideadiges, ifradespisie.agntadrsadinenaxpdncasione heptadrspdioienadi ene,
et hyl i dene 1_8[&?%&6 ins@ienséwﬁaae@a&ze&,zmdieﬂé,%&féi&pﬁmna%&mafe, higher ring

cont ai ni ng

. tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene, heptacosadiene,
octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes
inciude 1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9~decadiene, 1,10-
undecadiene, 1,11-dodecadiene, 1,12-tridecadiene, 1,13-tetradecadiene, and low

20  molecular weight polybutadienes (Mw less than 1000 g/mol). Preferred cyclic
dienes include cyclopentadiene, vinylnorbormene, norbornadiene, ethylidene
norbornene, divinylbenzene, dicyclopentadiene or higher ring containing diolefins
with or without substituents at various ring positions.

In a preferred embodiment the polymer produced herein is an ethylene

25 homopolymer or copolymer. In a particularly preferred embodiment, the process
of this invention relates to the polymerization of ethylene and one or more C4 to
Cgo linear, branched or cyclic monomers, preferably C, to Ci; linear or branched
alpha-olefins. In a preferred embodiment, the comonomer comprises at least one
comonomer having from 3 to 8 carbon atoms, preferably 4 to 8 carbon atoms.

30  Particularly, the comonomers are propylene, butene-1, 4-methyl-pentene-1,3-



with or without substituents at various ring positions. In a preferred
énbodi nent the pol ymer produced herein is an ethyl ene 25 honopol yner or
copolymer. In a particularly preferred enbodi nent, the process of this

i nvention relates to the polynerization of ethylene and one or nore Ca to
C20 linear, hygngbeehesdr cyclic rmononers, preferably C Gopfdiedd.iear or
branched alpha-olefins. In a preferred enbodi nent, the conononer conprlses
at | east one conononer having from3 to g carbon atons, preferably 4 to 8
carbon atons. 30 Particularly, the conononers are propyl ene, butene- 1,

4- et hyl - pentene-1, 3 WO 2006/ 009949 PCT/ US2005/ 021652 64 net hyl - pent ene- 1,
hexene-1 and octene-1, the nost preferred being hexene-1, butene-1 and or
octene-1. In a pﬁﬂﬁﬂﬂﬁﬁdﬂ@hﬂbﬂhﬁ&ﬂﬁdb&ﬁwﬂp&pmemnmmmdﬂmeﬂghemmbn is a

propyl ene honopol r ymer. In a particularly preferred enbodi nent,
the process 33"1%‘”‘3 a\nﬁ ‘f‘f‘?‘l%&]l relates to the polynerization of propylene

and one or. more C4 tcmﬁ:gﬁfdmemeﬁsodlﬁmﬂféﬁsgn@fpﬁmbdEeréi@ﬁ@rmpylen@referabl y ¢4
to C12 linear or branched al pha-ol efins. ef erred enmbodi nent, the
Ayeer. HARFHISHISF lya@gtm

comononer conpr iROESPAIELRILEP g eqbosiment,ithe pyocess bon at ons,
preferably 45t0&ﬂ&%ﬁ%ﬁo@kﬁi&mtb@ﬁﬁfnﬁ&ﬁ%dﬁcﬁb?b‘{:&l%ﬁl@andlaﬂéé‘ﬂﬁdré pent ene,
hexene-1, heptene-1l, octene-1, nonene-1, 10 decenhe-1, dodecene-
4- et hyl - penten&z&hnwgr?é@flﬁ&qd%@f?ﬁ@ﬁ@ﬂ@ﬁ?,?@f%abﬂycmﬂlymamkaﬁehﬂi and the
like. In some enhadidiek Sm Stk (O Bl o QRIS e ke
anot her enbodldgﬁht polfher Qﬁl &ﬂQﬁEFEIﬁmﬁé &at ﬁ&Bn or
m)re | i near or bmnmhmngﬁor@g@&mbcmmms memlmwwn@omtoms. to C30 ring
cont ai ni ng ol l&mF l1€08 e %gmg | yneri zed
by(elther ster & féec gﬁﬂgghnon @%g%?%%g%%%ﬁgﬂ%ggé %F? b roc ﬁlral as
used herein,10r efdem;le-tiododnmeﬂﬁﬂeiﬂlmenﬂewbﬂ-mﬂhylfpemmﬂ 34,5dfimethyl-acti ¢ or
syndlotactlc pol _ I yst(s). In
anot her enbodi mah%.ﬂ%(3 ]h en%ﬂ%r ¥I£[Fraotq)ﬂpy eﬂ&eﬁlle%g %%%@%@tg{fﬁgﬁajl east 20
two different CdﬂBﬂOﬂErS to forma terpolyner. The preferred conononers are
a conbination of al pha-olefin nononers having 4 to 10 carbon atons, nore
preferably 4 to 8 ca ther ehodimept thepelyher prgdupedzhereinsia ¢ copsipaned ofens nononer .
The

or more linear or branched C; to Cs prochiral alpha-olefins or Cs to Cyo ring
15  containing olefins or combinations thereof capable of being polymerized by either
stereospecific and non-stereospecific catalysts. Prochiral, as used herein, refers to
monomers that favor the formation of isotactic or syndiotactic polymer when
polymerized using stereospecific catalyst(s).
In another embodiment ethylene or propylene is polymerized with at least
20 two different comonomers io form a terpolymer. The preferred cornonomers are a
{ combination of alpha-olefin monomers having 4 to 10 carbon atoms, more
preferably 4 to 8 carbon atoms, optionally with at least one diene monomer. The
preferred terpolymers include the combinations such as ethylene/butene-1/hexene-
1, ethylene/propylene/butene-1, propylene/ethylene/hexene-1, ethylene/propylene/
25 norbomene and the like,
In a preferred embodiment, the monomer is present in the polymer at 50
mole % to 99.9 mole %, more preferably 70 to 98 mole %, and more preferably 80
to 95 mole %. Comonomer(s) are present in the polymer at 0.1 mole % to 50
mole %, based upon the moles of all monomers present, more preferably 2 to 30
30 mole %, more preferably 5 to 20 mole %.

In another embodiment, the polymer produced herein comprises:



preferred terpolyners include the conbinations such as

et hyl ene/ but ene- 1/ hexene- 1, ethyl ene/ propyl ene/ but ene-1,

propyl ene/ et hyl ene/ hexene-1, ethyl ene/ propyl ene/ 25 norbonene and the |ike.
In a preferred enbodi ment, the nononer is present in the polyner at 50 nole
%to 99.9 nowo Mpsemsse preferably 70 to 98 nole % and rawespiseieszabl y 80

to 95 nole % Conononer(s) are present in the polyner at 0.1 nole %to 50
nol e % based upon the noles of all nonomdrs present, nore preferably 2 to
30 30 mole % nore preferably 5 to 20 nole % In another enbodi nent, the

pol ymer produced herein conprises: WO 2006/ 009949 PCTI US2005/ 021652 65 a
first olefin nononer present at from40 to 100 nnle preferably 50 to 100

le %
mol e % nore pref er adl §stade @Werrﬁ?sént%ﬁ%ﬂlo@IQQE’S@&I%‘"F\'&H]Y@B mer (a

conpbnoner) presefyp abie 84 fttbrierBY 608 R0 Hole RIAfierably 0 to 30 nole % nore
preferably 0 to 1136) rmFe % eg)r{d gp?i onaIIyOSGa third ol efin nononer present

at fromO to 10 nol e%seennd elefin aloneragyi(3 confonomerppressnizit fremdbip 6fwrode %r ef er abl y 0
to 3 le % | ] ' | 2T ] ( [
0 s moie v In ﬁe@ﬁ@ﬁt@%&nﬁ 24, 1 B‘%)?B%%@lhde ﬂarlﬁho% AR ogﬁ?%ﬁﬁfr conpri ses

one or nore of ‘an | near or cyclic a’ -ol efins,
i ncl udi ng pr dpyl ene, lathibidiefmanonometipreseht dt fomédrts 10 mele¥pfipre preformblyene (and al |

I soners thereof), 1- hexgne and all, i.soner hereof), 1-heptene (and all

i somers t her eof )ﬁo%ﬂgo%ag{g%gﬁ%m(pé ﬁ“ﬁlgpﬁ"ﬁgf?é}p's thereof). Preferred

mononer s i ncl ude profys pieferred elhbiidéney the lfiest elefn mordones t@msrisendit drimerd i ke. I n a

preferred enbodi nent .the, second ol efin oner. conprises one or . nore of any

C2 to Coo |inear® aﬂﬁh@ﬁéi‘“ﬁ%%%*‘%&’&?{%ﬁ@‘?ﬁ? @Fﬁ?&n?mi'ﬁlﬂgm&"%tlhyl ene, 15

gropyl enei 1- bgtbawﬁe,l(am@ul dtiﬁiﬁ&rdthéie?mﬂﬁwnt&nd'(amtﬂﬁmmihb dm naibueenel -nonene, 1.

ecease, -undecene,. 1-dodecene, - hexadecene, but adi epe, bexadi ene,

hept adi ene, loper{?’ﬁﬁq?‘;éﬁﬁ?ﬁ% ?ﬁ%‘ggfﬁﬁeﬂ%ﬁ%@ﬁ@ﬁ@%@ﬁ?fﬁéﬂ 1-ogtspriantyi ene,

styrene, 3,5, 5- AlficiRistireed) Freferted Iﬁoﬂmieﬁ)iﬁcﬂlﬁ@?ﬁ@ﬂeﬂe, 14utené, 1yeRede] ene- 1,
erred enbodi nent the third

cycl opent adi ene,, and cycl ghexene. 20 In a pre
ol efi n nmonomer éo??ﬁ“?@ééﬁ’dgge'or nore of any C2 to Cow |linear, branched or
cyclic al pha-ol ef i NSt d préfeitéll éibodiment the second olefin monomer comprises one or
more of any C; to Cap linear, branched or cyclic alpha-olefins, including ethylene,
15  propylene, 1-butene, 1-pentene, 1-hexene, I-heptene, and 1-octene, 1-nonene, 1-
decene, 1-undecene, 1-dodecene, 1-hexadecene, butadiene, hexadiene, heptadiene,
pentadiene, octadiene, nonadiene, decadiene, dodecadiene, styrene, 3,5,5-
trimethylhexene-1, 3-metliylpentene-1, 4-methylpentene-1, cyclopentadiene, and
cyclchexene. ‘
20 In a preferred embodiment the third olefin monomer comprises one or
more of any C; to Cyp linear, branched or cyclic alpha-olefins, including
butadiene, hexadiene, heptadiene, pentadiene, octadiene, nonadiené, decadiene,
dodecadiene, styrene, 3,5,5- trimethylhexene-1, 3-methylpentene-1, 4-

methylpentene-1, cyclopentadiene, and cyclohexene.
25 VIL Processes
A General Process Conditions and Reactor Systems

This invention pertains to any prepolymerization and/or polymerization
process, and the process is suitably carried out over a wide range of temperatures
and pressures. Such processes include, for example, solution, gas phase, slurry

30 phase, medium pressure and high pressure processes or any combination thereof.



but adi ene, hexadi ene, heptadi ene, pentadi ene, octadi ene, nonadi ene,
~decadi ene, dodecadiene, styrene, 3,5,5- trinethyl hexene-1,

3- et hyl pentene-1, 4 nmethyl pentene-1, cycl opentadi ene, and cycl ohexene. 25
VII. Processes A Ceneral Process Conditions and Reactor Systens This
I nventi on pemiaiongoshms any prepol ynerization and/ or pol yroaruszekmnes: process,
and the process is suitably carried out over a wi de range of tenperatures
and pressures. Such processes include, fgg exanple, solution, gas phase,
slurry 30 phase, nedium pressure and hi gh pressure processes or any
conmbi nation thereof. WD 20061009949 PCT/ US2005/ 021652 66 Particularly

preferred is gas phase or slurry phase polynerization of one or nore
olefins. In a pd?am%llarlmaferﬁﬂ@rgéw@ép@ﬁ‘{%mmh@ﬁpplmmmfoamwthe ol efins

s ethylene or HioRykelGudiy BeRR Hiitalfdl :PRaR O RihdflatiRr | 2at i on

process can be carrie a batch or continuous process. By
continuous i s nedintdeng ospropdenet hat operates (or is intended to operate)

Wi t hout interuption cessat | Far, e | .2 C i S s to
produce a pol yner \/\/()&F]%iprb"‘%0§ nééﬁlghnonv%ﬁl 3@?’%@%@8?%%%%&% cggﬁég‘%ﬁ)usl y

I ntroduced i 15t 0 ahacher contingout pacdsO rBy contimjpos isnmeantprspdens that eperates (dri nual | y
w thdrawn. In a.preferyed enhodj,nment a of the. poLynerization 10 process
descri bed herei HE ‘3?638%‘“883?%[}8@?“%%’3@?“% ‘r#g'aﬁ‘ ©  POIERNOLE,
according to t hipgodest\ié piodaue apbBmenvwbulEbe @iglin which the resbRfipeseat ure or

tenperature range effectjve. in.carrying out the polynerization process. In
general , effect “gEUg tpdypeiinto oy %"t?‘?rﬁfﬁa%fﬁﬁﬁf’gp‘é%@rﬂ’ﬂazdﬁgﬁ, preferably
from about 0C t @ortifdélly Witideavak @i £prefth¥d énbudirad® iy di8e folymkAfEon 15 | n anot her
enbodi ment, the pol ynerization tenperature is above room tenperature (230,
pref erably é@ov@ﬂf%%?cé‘?z’%rmﬁ WWEPTOGTEf er abl y above 70C.

Pol ymeri zati on pr ocepsioseraatia flbddghes scoring td MikGiMehtivh /¢ @réedlont #dnput at any
pressure or pressure range effective jn . .carrying out the pqlymerization
process. 20 Thetﬁlﬁ%ﬁ%@e‘@?ﬁﬁwwﬁﬁﬁ%@vﬁlﬁ % S e POlYBIFTIZE0AM Hy (133 Pa)

to about 3500 Bjoed3apehBal ettt Bipblrl a8 ok althl - €056 dfBodc, 0 about 500
ar (50 Mra), preferably from about 0°C to 200°C, more preferably from about 50°C to 120°C.
15  In another embodiment, the polymerization temperature is above room
temperature (23°C), preferably above30°C, preferably above 50°C, preferably
above 70°C. _
Polymerization processes according to this invention are carried out at any
pressure or pressure range ‘effective in carrying out the polymerization process.
20  The pressures employed may be in the range from 1 mm Hg (133 Pa) to about
3500 bar (350 MPa), preferably from 0.5 bar (50 kPa) to about 500 bar (50 MPa),
more preferably from about 1 bar (100 kPa) to about 100 bar (10 MPa), and most
preferably from about 5 bar to about 50 bar (5 MPa).
In one embodiment, the process of this invention is directed toward a
25  solution, medium pressure, high pressure, slurry phase or gas phase
polymerization process of one or more olefin monomers having from 2 to 30
carbon atoms, preferably 2 to 12 carbon atoms, and more preferably 2 to 8 carbon
atoms. The invention is particularly well suited to the polymerization of one or
more olefin monomers of ethylene, propylene, 1-butene, 1-pentene, 4-methyl-

30  pentene-1, 1-hexene, }-octene and 1-decene.



nore preferably fromabout | bar (100 kPa) to about 100 bar (10 MPa), and.
nost preferably fromabout 5 bar to about 50 bar (5 MPa). In one ’
enbodi nent, the process of this invention is directed toward a 25 solution,’
medi um pressure, high pressure, slurry phase or gas phase polynerization

process of o( i‘u%r ol efin nononers having from2 t n atons,
preferably 2%02(85 céfbon atons, and nore preferably Zqici‘}{gzo@%ﬁzg%a at ons.
The invention is particularly well sui teéj; to the polynerization of one or
nore ol efin nmononers of ethylene, propyléne, 1-butene, 1-pentene, 4-nethyl

30 pentene-1, 1-hexene, 1-octene and 1-decene. WD 2006/ 009949
PCT/ US2005/ 021652 67 I n another preferred enbodi nent of the invention,

ethyl ene is pol ynerimegoth¥ipkderfed eRBBIIRER 'of the R eRRATMBIRE isPolynitgzedt | east one
al pha-ol efin having from3 to 15 carbon atons, preferably fram4 to 12

carbon atoms, aWihAGERoRmER.Sheampnoner SvInE 3tdeag opa Bk PIENIEME BP®er abl y t he
reaction is car iy safeh oo rBIPRARS 5 12EAGGSTomd 3R x0T ENt Of

the invention, ethylene or propylene is polynerized wth at |east two

di f ferent cononemrido 8eabimstens. \Preferably thempicipr Wesgtriedxut in ageepkaset o form a

t er pol yrrer.ogn %géesgnot her enbodi nent, the nole ratio of conononer to

et hyl ene, 10 C, . where C. is the anount of conononmer and C2 is the anount

of ethylene, is frdmasdbaembodifdnt bfitheinterdiod, atylene prxdmienbisy fr om about 0. 02
to 0.2. In one epbodiment, _t.he .in tion is directed.to a L. ynerization
process, part i%ﬁ‘%ﬁzgg gl%gtsle %hé’géﬁgefmg otﬁorn;‘?mﬁﬁ’a? O%ngléesosf%\‘%‘rmaﬁol yneri zi ng
propyl ene al onebe adienw tolforametepolyner.e ot her . nononers i ncl udi ng et hyl ene,

and/ or other olefins 15 having,from4 to 12 carbon atons. .Polypropylene
pol yners may be pr oﬁﬂaf%d“&ﬁ _ ieﬁBm{;’H%mﬁg? ?’P%ﬁ?@rqfﬁmﬂ?ﬁoﬂ’&t BB‘H#)GR%// ligand .
met al | ocenel at@lgs where €, thaheamdupicbfictmondnier atdCAnthe Mnsunt bf et 34 and

5,278, 264, both. of whi re herein inco rat ed reference. Anot her
preferred proc °§“8‘f°“fﬁ-§°ﬁ9§é‘ﬁf‘?8‘ﬁfﬁ%&\%@@5§‘ %‘roggzégg',’ preferably 20 a
slurry or gas phase Ipomceitsdinentofhe teibnlindifedred B Sptyhctizfion prdeedsky | 1 gand

| | ocen | f the invention _and. in.t.h nce of or
gg tsgnt iogfls Catp%rt}/c%faﬂssfgséatiseprpas% or ghu%r IIJha\s/ee prtotl':eoss, fc%pglylmmzm't ge prgg)ﬁeeneca?ong or.

or with one or more other monomers including ethylene, and/or other olefins
15 having from4to 12 carb.on atoms. Polypropylene polymers may be produced
using the particularly bridged bulky ligand metallocene catalysts as described in
U.S. Patent Nos. 5,296,434 and 5,278,264, both of which are herein incorporated
by reference.
Another preferred process of the invention is where the process, preferably
20  aslury or gas phase process is operated in the presence of a bulky ﬁga_nd
metallocene catalyst system of the invention and in the absence of or essentially (
free of any scavengers, such as triethylaluminum, trimethylaluminum, tri-
isobutylaluminum and tri-n-hexylaluminum and diethyl aluminum chloride,
dibutyl zinc and the like. This preferred process is described in PCT publication
25 WO 96/08520 and U.S. Patent No. 5,712,352 and 5,763,543, which are herein
fully incorporated by reference.
In one embodiment of the invention, olefin(s), preferably C; to Cao
olefin(s) or alpha-clefin(s), preferably éthylene or propylene or combinations
thereof are prepolymerized in the presence of the metallocene catalyst systems of
30 the invention described above prior to the main polymerization. In one

embodiment, the prepolymerization process is carried out in a gas, solution or



free of any scavengers, such as triethylalum num trinmethylalumnum tri-
lsobutylalunllnun1and tri-n-hexylalum num and diethyl alum num chlori de,

di butyl zinc and the like. This preferred process is described in PCT
publication 25 WD 96/08520 and U.S. Patent No. 5,712,352 and 5 763 543,

whi ch are henas tooshasbdesy i ncorporated by reference. In opgp ’ﬁ t of the
invention, olefin(s), preferably C2 to C30 olefin(s) or a pha o efin(s),
preferably ethylene or propylene or conbggations thereof are prepolynerized
in the presence of the netall ocene catal yst systens of 30 the invention
descri bed above prior to the main polynerization. In one enbodinent, the
prepol yneri zation process is carried out in a gas, solution or WO

2006/ 009949 PCT /smszqmssmem&vemomzaﬁopmemmseﬂdwm The

_prepolyrrerlzatlon t tures and pressur rization can
take place withPH ﬁ'ﬁ) E;Ij%‘ln}'ffjr%nr\t ?a%W%ESWB?ﬁ%} '""ep%f/cg’in{]%fdw e resence of
any rrFI ecul artvvmﬂiatpre&amebﬂn@lmm@cmgemggm?mo?mghgﬂm@emh)ﬂwen ;d;ozrr%gsggg
prepol ymeri zation procedures. see at en

2 993, 833 4 92 FXEBEe ‘B*d 3“5‘7%“3??@‘8“96‘85 seed. gﬁ%’*?ﬁ?’ gvg%ﬁzdubl i cation
EP-B-0279 863 aa@s?@?s; Mbwmulggnsmsﬂjm&ﬁasabs mfanﬂ\dam@beaare herein Silly

i ncor por at ed by r ef er ence, e enbod 7@@ nmerization is carried

out where the caublicptien EP- WW aﬂﬁﬁ@Ta'Pl’lifémn \gpeg of which at gl e phase.

In a preferred ﬁmﬂbomoﬂ%wemﬁé zation is carried out as a continuous
pol ymeri zation process in which cataly mononer, and dil uent are present

in a single phase. B{P%WPW%¢@°IWP“O&I%Weér?ﬁme@ﬁéﬁtﬂl’%s (or is
i ntended to opeqihehedMuld iént bt bRBER I Pinglé hasﬁﬁabie&&eaaﬁﬁo&ﬁaﬂpl e a

r(tl nuous process to produce a pol yner. wou be one wherethe reactants are
contl nuous| yOi nP?ld@GE@&O?HFWG%@"@Fa%F@%B@m?@ammces%“myner pr oduct
i's continually E‘At&]PQrﬁMMmJQﬁd&ﬁa%tﬂ préseftdn b Bin %lgﬁhﬁ@'ﬂﬁgdhhﬁﬁ%kﬁn process of

this invention, contain sufficient amounts of the catalyst system
effective to camgkstasystem thaiopemies (qr isintendedde onernic) FolhewinteruBimaX ni ng

feed-stream such.d.fh ﬁo&mﬂea@aﬁhﬂu@e&swmmygne e&a&gjﬂmred

characteristics I's produced.” The f treamin 20 nment contains a
total nononer cwherethe raactranarg cadipequslytigtrpdgesgdtingy one or more reactors and .

15  polymer product is continually withdrawn.

The reactor used in the polymerization process of this invention, will
contain sufficient amounts of the catalyst system effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed stream in

20  one embodiment contains a total monomer concentration greater than 5 wi%

j (based on the total weight of the monomers, diluent, and catalyst system),
preferably greater than 15 wt%, greater than 30 wt’ in another embodiment. In
yet another embodiment, the feed-stream will contain from 5 wt% to 50 wi% -
monomnier concentration based on the total weight of monomer, diluent, and

25  catalyst system.

In one embodiment of the invention, hydrogen is added 1o the reactor for
molecular weight control. As is well kmown to those skilled in the art, increased
concentrations of hydrogen relative to the concentration of monomer(s) in the
reactor cause the production of polymer of lower number average and weight

30 average molecular weights.



(based on the total weight of the nononers, diluent, and catal yst system,.
preferably greater than 15 wt% greater than 30 wt % i n anot her enbodi nent.
In yet another enbodinent, the feed-streamw |l contain from5 w%to 50
wt o/ 0 nononer concentration based on the total weight of nononer, diluent,
and 25 cat al ys@2M9/84%84h | n one enbodi nent of the invent POpSiysdessEen s
added to the reactor for nolecular weight control. As is well known to
those skilled in the art, increased con@&entrations of hydrogen relative to
t he concentration of nononmer(s) in the reactor cause the production of

pol ymer of | ower nunber average and wei ght 30 average nol ecul ar wei ghts. WO

2006/ 009949 PCT/ US2005/ 021652, 69 I n .one_enbqdipent of the ipvepntion, a

liquid process is enﬂFBW Gaﬂrﬂe Wfﬂledmﬁl%neéﬁ%ﬁraﬁs?ﬁg’fm@f"é@ﬁcﬁ&ﬁhnomrs Wi th

pol yneri zation C&h}%}il’étcoﬁtﬁbtﬁgoﬁﬁﬁhﬁﬁé}hersﬁ%;Y(?ﬁe_rﬁﬁﬁbn%ila@éiiBGnB ndlONOMErs to
€ y

react for a sufficient tine to produce the sired pol yners. dr ocar bon
sol vent s sui t abl selventrand Bllowipg e B19nemers tedeackior prudicient Gmgiepmdusailiei c sol vent s.

Al kanes, such as ' of erred. B.
Gas Phase. Embod S P fmeRe A Eanorp AREAL Afible RO mcI BpblET P [C0.
of a gas phase gndlsometi¢ scdventsn Aflanesesish asthepine giehiand, isoperans, ol astene,

pol yneri zati on Rrocess a 10 continuous cycle is enployed where in one part
of the cycle of ACHEECEGr system a cycling gas stream otherw se known as

a recycle strearg or Ha&‘flﬂis@iéﬁ%&ﬂﬁéﬂt&’m is heated in the reactor by the heat
of polynmerizationi. This heat 1s renoved fromthe recycle conposition in

anot her part of the ' / reactor.
Generally, in a gas %gkﬁ?%a%gﬂ%#g%ggéﬁ#wrgé%%é(q:llgén%t{a%oaf maers, a 15
gaseous st ream golynmiipitiog proness.of ypieatly: imagas pliasspalgnerizationprowsia cycl ed
through a fluidi L L e cfive
condi ti ons. ]'Phe m’é@g‘g%&gc% EE r%@%}’%%\%&?%&%&# ?ﬁgéma{cﬁzotffa ?él}lggii‘?é %d. and
recycl ed back i mydinglges stresaoithervisSknonintas aeoydd sireap ok Amdizingmoaiinn, is s

e L o el 535y 9 g e HRRS SpBON s A
4,588, 790, 5, 028ecyal® corbpaBition B3Mmpther, BB 2f thé SycldhykooBRPsystem external to
the reactor. Generally, in a gas fluidized bed process for producing polymers, a
15  pgaseous stream containing one or more monomers is continuously cycled through
a fluidized bed in the presence of a catalyst under reactive conditions, The
gaseous stream is withdrawn from the fluidized bed and recycled back into the
reactor. Simultaneously, polymer product is withdrawn from the reactor and fresh
monomer is added to replace the polymerized monomer. See, for example, U.S.
20  Patent Nos. 4,543,399, 4,588,790, 5,028,670, 5,317,036, 5,352,749, 5,405,922,
5,436,304, 5,453,471, 5,462,999, 5,616,661 and 5,668,228, all of which are fully ()
incorporated herein by reference.
The reactor pressure in a gas phase process may vary from about 100 psig
(690 kPa) to about 600 psig (4138 kPa), preferably in the range of from about 200
25  psig (1379 kPa} to about 400 psig (2759 kPa), more preferably in the range of
from about 250 psig (1724 kPa) to about 350 psig (2414 kPa). ’
The productivity of the catalyst or catalyst system in a gas phase system is
influenced by the partial pressure of the main monomer. The preferred mole
percent of the main monomer, ethylene or propylene, is from about 25 to 90 mole
30 percent and the comonomer partial pressure is in the range of from about 138 kPa
to about 517 kPa, preferably about 517 kPa to about 2069 kPa, which are typical



5,436,304, 5,453,471, 5,462,999, 5,616,661 and 5,668,228, all of which are
~fully incorporated herein by reference. The reactor pressure in a gas phase
process may vary from about 100 psig (690 kPa) to about 600 psig (4138
kPa), preferably in the range of from about 200 25 psig (1379 kPa) to about
400 psi g (2%@2008a9%49m0re preferably in the range of fromuamess1ed850 psig
(1724 kPa) to about 350 psig (2414 kPa). The productivity of the catalyst or
catal yst systemin a gas phase systemisyg i nfluenced by the partial pressure
of the main nononer. The preferred nole percent of the nmain nononer,
et hyl ene or propylene, is fromabout 25 to 90 nole 30 percent and the
conononer partial pressure is in_the-range of from about 138 kPa to about
517 kPa, pr ef eresspifioas s agasnhasqaolymesizaion rocsmsc 4l Prsomgrystausthe ¢ ypi cal WO

2006/ 009949 PCT LE006 dbfider cablinQBEbrbliiivinl N @ gas phase pol ymer i zati on

process. Al so i'n sonme systens t presence Of cononomer can increase
productivity. The rcBetreactor emperiatein e gisphasegaeess ey vapyfomeatwutdCvary from

proferanly in dosheianss RReBm ot & R 18T, MRrPRSEb YR of e ably in
the range Ogs f 1R} ar@b St ond Heut W@ RPHI0°C 26 m%wferlaﬂfmnﬁ@ﬁsgﬁmﬁﬁses

contenpl ated by the process of the invention "include series or nultistage
pol ymeri zat i on abpwicHEE dxsabol I58C.gas phase processes contenpl ated by the

i nvention include t descr.i Ln . t _Nos, 5.62/7. 242,

5, 665, 818 and 5, 677%ﬁ%,gasapﬁl’ég"r?g“r%g%%"a°r?g‘5§‘8f“?%é’§ ?‘oﬂ%"%ﬁ-"%@‘ed“%ﬁf’%oo EP-Bl -0
649 992, 'I[EP;;]AE) i&l&%ﬂ%rml?ﬁsﬁgbﬁl)ﬂ?ﬁﬁaﬁtaﬁbr%ebsg@fm gab%)?sepi'meesfésn fgl |y

i ncorporated by refe e.. l.n a.preferr i , eactor an
prlocesses uti | i%‘&’ﬁpf??e?rc?é the; ipxsR ‘%]Bﬂm%rtﬁc’sﬁgﬁsﬁﬁ%egn@'tsp?%ﬁﬁg"ﬁ'g greater than
500 | ;)s of ol 57,3005, 645,818 (R257677.895 o8 Buipéen politationd B 0UDTSA100 ?2 (90, 900
g/nr) or nig f ater s/.hr

kg/ br), nore ﬁ@rﬁ’&%ﬁé%ﬁ&fgr‘ﬁé’ggﬂﬁ%@ﬁ'é%s“?{ngl?‘?f(‘é%%bmﬁgﬁf’) even nore
preferably gregheyintdtpsraddbPRferdnbs/ hr (11, 300 kg/ hr), still nmore preferably
greater than 35, 000

greater than 50, 00014 %ﬁrfe F e‘% %‘@@%&nﬁ ] ﬁ%“t%ﬁ%‘l %“sﬂgs\ég‘?%gg‘ﬁ ﬁh&l‘@r S]; 2;?3 Y
invention are capable of producing greater than 500 lbs of polymer per hour (227
15  kg/hr) to about 200,000 Ibs/hr (90,900 kg/hr) or higher of polymer, preferably
greater than 1000 Tbs/hr (455 kg/hr), more preferably greater than 10,000 Ibs/hr
(4540 kg/hr), even meore preferably greater than 25,000 Ibs/hr (11,300 kg/hr), still
more preferably greaier than 35,000 Ibs/hr (15,900 kg/hr), still even more
preferably greater than 50,000 Ibs/hr (22,700 kg/hr) and most preferably greater
20  than 65,000 Ibs/hr (29,000 kg/hr) to greater than 100,000 Ibs/hr (45,500 kg/hr).
In another preferred embodiment the catalyst system in is liquid form and

is introduced into the gas phase reactor into a resin particle lean zone, For
information on how to introduce a liquid catalyst system into a fluidized bed
polymerization into a particle lean zone, please see US 5,693,727, which is

25  incorporated by reference herein.
C. Sturry Process Embodiments

One embodiment of the invention incorporates the use of a shury phase
polymerization process, preferably as a continuous polymerization process. The
slurry polymerization process is preferably carried out at pressures in the range of

30 from about 1 to about 100 atmospheres, preferably in the range of from 1 to 50



20 than 65,000 | bs/hr (29,000 kg/hr) to greater than 100, 000 | bs/hr (45,500
kg/hr). In another preferred enbodi mrent the catal yst systemin is liquid
formand is introduced into the gas phase reactor into a resin particle

| ean zone. For information on howto introduce a liquid catalyst system
into a fl ui divw@tobesesepol yneri zation into a particle | epgrg9iaesofgkease see
US 5,693,727, which is 25 incorporated by reference herein. C. Slurry
Process Enbodi ments One enbodi ment of thejinvention incorporates the use of
a slurry phase polynerization process, preferably as a continuous

pol ymeri zati on process. The slurry polynerization process is preferably
carried out at pressures in the range of 30 fromabout 1 to about 100

at nospher es, pr eftmpspbengs.i Opdritiog teamperaturel afergsnardllytio ths Gang@o D080 @GO 49
PCT/U82005/0216]§ ‘él at nospheres. Operating tenperatures are generally in
the range of 0C 8°Gbout  120C. I'n one embodi ment of the slurry process, the

nononers, catal yst(s)moﬁeruhboulﬁieﬁmmrsm ﬂfc@ssrm@ﬁbﬁunﬁers Batﬁl?@ﬁ]ﬂhﬂdlent or
di l uent m xture, .,.constitute a single phase, ol yner

preci pitates frGmﬁﬂﬂ?@@lﬂ’?@@ﬁib]emﬂlﬁ%%@@éﬁ%%ﬁ1#&6?#@‘1‘1@% ent. In one
erbodi Tent & Sqhenkn a6 Sadhd§RRikE: AU i)l b EEASLLABonREACESS. 1 2

particul ar erbodi ment, an al ving from3 to 7 -at ons,
preferably a br dhedibignta (T enreembpdment cresplvek asicerdilent isiafdded dasthe rreftisle i sobut ane

and i sohexane. &eé %gpgﬁ%&geﬂg& 'aﬁh&aﬂ@h%ﬁ‘%h%hﬂ%ﬁ“ Qgto;ngventlon S

referred to as particle rlzatlon I's essentrally a
slurry process Mﬂﬁmblvn@mcheélhkpmrlsedﬂedai’mfwﬂaﬂmGIChldtisebmm ature is
kept bel ow t he te gture at whi ch the polyner goes into solution. Such
techni que is wel' 1 Known in the art, and described in for instance U.S.

Patent No. 30248, 179Apxbfm¢dpohmfenzduyntenhrdqqm:fﬂiedadreﬂt&nﬁmﬁa'mdwasmeference.
Q her slurry prog&sgq& wo{'rhjrreégowe ei@@ss%%’t:aﬂ af u}rgg cesk SREHOT, and t hose

ut|I|2|ngapIU|p orsin par arter,  or
conbi nati ons theu;gmﬁededmadystwlmrﬁmthgtmmrmhem lnaﬁtbslowrthg/tcmpmmwhichcl ude

cont i nuous Ioop tlrredtan rogesses.. Al so, .ot her. exanpl of slurry
processes are d F’E%ea EPSs 1P . “t%ﬁ‘t gﬁﬁ?@‘?“lﬂ ’éf@"%@%"‘h‘ﬁ?@%@@?ozl, whi ch
are. described in for instance U.S. Patent No. 3,248,179, which is fully incorporated
15  herein by reference. Other shury processes include those employing a loop
reactor and those utilizing a plurality of stirred reactors in series, parallel, or

combinations thereof. Non-limiting examples of slurry processes include
continmuous loop or stirred tank processes. Also, other examples of shury
processes are described in U.S. Patent No. 4,613,484 and 5,986,021, which are
20  herein fully incorporated by reference. g
' In one embodiment, the reactor vsed in the shury process of the invention ;o
is capable of producing greater than 500 Ibs of polymer per hour (227 kg/hr) to
about 200,000 Ibs/hr (90,900 kg/hr) or higher of polymer, preferably greater than
1000 Ibs/hr (455 kg/hr), more preferably greater than 10,000 Ibs/hr (4540 kg/hr),
25  evenmore preferably greater than 25,000 lbs/hr (11,300 kg/hr), still more
preferably greater than 35,000 Ibs/hr (15,900 kg/hr), still even more preferably
greater than 50,000 Ibs/hr (22,700 kg/hr) and most preferably greater than 65,000
Tbs/tr (29,000 kg/hr) to greater than 100,000 Ibs/hr (45,500 kg/hr).
In one embodiment, polymer granules and supported catalyst particles are
30 present as solid particles in the slurry reactor, and the shurry diluent is a

hydrofluorocarbon, one or more hydrocarbons, or mixtures thereof. In one



herein fully incorporated by reference. In one enbodi ment, the reactor used
in the slurry process of the invention is capable of producing greater than
500 I N of pol yner per hour (227 kg/hr) to about 200,000 | bs/hr (90,900

kg/ hr) or higher of polyner, preferably greater than 1000 | bs/hr (455

kg/ hr), nore Woedoei34% greater than 10,000 | bs/ hr (4548Cky$2e5)021625 even
nore preferably greater than 25,000 | bs/hr (11,300 kg/hr), still nore
preferably greater than 35,000 | bs/hr (157000 kg/hr), still even nore
‘preferably greater than 50,000 |bs/hr (22,700 kg/hr) and nost preferably
greater than 65,000 |bs/hr (29,000 kg/hr) to greater t han 100, 000 | bs/ hr

(45,500 kg/hr). In p an AL cat al yst
particles are SHH% Hggnﬁ{m%%ng%ﬁf‘%m g?‘%ﬁ{&e gfeFWLHF%SZ g?cﬁl%ﬁ Ferr and t he
slurry diluent iaf10hylth. dﬁMeﬁﬁﬁBdﬂﬁﬂentQﬁﬁoﬁdpﬁM@afW&s@ﬂ&mhe

m xtures thereof. In one WO %P$6/009949 PCT, u§%o 5/ 021652 7 nbodlnent
the concentrati of 2FPIEBFHPn 6a] o or geeater, g&/y g‘ﬁﬁ%’b ""’BF great er

than 10 vol % Inmaaazdﬁmcﬁamcﬁdmﬂsnﬂ]&E!ﬁnﬁalddéndeaﬁénbﬁie@ﬁhﬁf& gent in the
slurry at a concentration equal to or reater t han 25 vol % In yet anot her

enbodi nent, % he7%wle Dpytt erathes gmbgdim id pgtiglppearesresent in the shurry
concentration | ﬁi%oﬁc@a@aﬁeﬁs&mﬁml%?&vo\ml fom 5 ® HRk15A R 86 togabodunent ,

the solid particles are present”  In the slurry at concentrati ons rangi ng

from1l to 70 volws% frefml quwmm@#or’f@nfp%ftoali’iﬁdo?(}ml%ﬁpm@ﬁﬁ% to 70

vol % from 20 t 0;0001940 % ond A48 89082 70 vol % from 30 to 70 vol% or from
40 to 70 vol % %o‘%(l)‘yutlgn Proces% Afo I n one enbodi nent, the process of this

invention is cargied sgitioProdess SOl Uti on pol ynerization process. Cenerally,
thé sol ution process involves polynerization in a continuous reactor in

whi ch the stgyting m&m&mhm@ﬁwﬁesﬁb@ésxﬁhs%ﬁdﬂé&nwkw and the

polymer fornmed, are agitated to reduce or_ avoid concentration gradients.
Sui t abl e pr ocesseltienRAlEpEIzaliRREoqerte Graerein deeiution propestinyaleespol yner s at

hi gh pressures, SpaEy hadaaﬁniéoq&ldsﬁé)ea&&ﬁmhwstéég%&ﬁaﬁ()Iaﬂd whi ch the

nononer acts as dlluent or in solution polynerization using a solvent.
Tenper at ur e conteptglyst materials spenlied and the peJlyner fammpdigye sgifeled 9 19dRoeRE heat of

fg' ymer | zation gRdtq thdcBntfaRES bRk Odiifable PlocESATHAhte BBHERmAing Rt N9 COi | s
15 ofthe polymers at high pressures, from 1 bar (100 kPa) to 3000 bar (300 MPa), in

which the monomer acts as diluent or in solution polymerization using a solvent.

Temperature control in the reactor is obtained by balancing the heat of
polymerization and with reactor cooling by reactor jackets or cooling coils to cool
- the contents of the reactor, auto refrigeration, pre-chilled feeds, vaporization of
20  liquid medium (diluent, monomers or solvent) or combinations of all three.
Adiabatic reactors with pre-chilled feeds may also be used. The reactor
temperature depends on the catalyst used. In general, the reactor temperature
preferably can vary between about 0°C and about 160°C, more preferably from
about 10°C to about 140°C, and most preferably from about 40°C to about 120°C.
25 In series operation, the second reactor temperature is preferably higher than the
first reactor temperature. In parallel reactor operation, the temperatures of the two
reactors are independent. The pressure can vary from about 1 mum Hg (133 Pa) to
2500 bar (250 MPa), preferably from 0.1 bar (10 kPa) to 1600 bar'(l 60 MPa),
most preferably from 1.0 (100 kPa) to 500 bar (50 MPa).
30 Examples of solution processes are described in U.S. Patent Nos.
4,271,060, 5,001,205, 5,236,998, 5,589,555 and 5,977,251 and PCT WO



the contents of the reactor, auto refrigeration, pre-chilled feeds,

vapori zation of 20 liquid nmedium (diluent, nononers or solvent) or

conbi nations of all three. Adiabatic reactors with pre-chilled feeds nmay

al so be used. The reactor tenperature depends on the catalyst used. In
general, theWwWhkXev¥Wp4Penperature preferably can vary be¢xsmsanenzt 0C and
about 160C, nore preferably from about 10C to about 140C, and nost
preferably from about 40C to about 120C. 725 In series operation, the second
reactor tenperature is preferably higher than the first reactor
tenperature. In parallel reactor operation, the tenperatures of the two

reactors are in nt.. e, .can from mm Hg (133 Pa)
to 2500 bar (2%@3%‘}“dﬁpm9%ﬁ§f#gr8%%’8??{%’3@“"(’?8% 0% 600 Dy (160

MPa), nost prekgeridey from1.0 (100 kPa) to 500 bar (50 MPa). 30 Exanples
of solution processes are described in U S. Patent Nos. 4,271, 060,

5,001, 205, 5, 23@, 998Mecdiundhd 30gh Rresdub POlfherddatiorand PCT WO VO 2006/ 009949
PCTI US2005/ 021652 73 99/ 32525 and PCT WO 99/40130, which are fully

i ncorporated herein im«epd]ﬁﬁ@tzﬁﬁ:@@roc&s oMbt inventivdctatialgb bé sl bubat
Pol yneri zat i on The poI ri zat | or% rogess of this inyention can also be
carri ed out B\P edigyp pressufe oG ses: e tHRRREEWed pr ocesses,

t he te”peratUrewmchM@ﬁn&ﬂﬁmﬂ%a&ﬁ&rdcﬁéis@f‘leis?@@@aﬁ@rﬁg Lﬁ‘o’iﬂ&(ﬁC%t | east 80C
and ranges from80C to referabgz from 100C {o 2 and shoul d for

a given pol yrer 2563C; preferaplyframy 00°Gyto 220 @ldtswlﬁﬁqrtamgnpehmfafthesau d pol yner
so as to mint a+eactbmesﬂ&emetmexm@fpoﬁm@fsmwl%&gola@?oma%mmﬁw essure can

be varied from 100 to 1000 bar 10 et hyl éne honopol ynmers and "from 30 bar
(3 MPa) to 1000°cf#h¢ pelymer-ngbphase. @bweﬁswp@nwamﬁfr%l 100@bmdy bar (50

Mpa) for pr%esmggﬁwbr}aeﬁwﬁ&ﬁgobﬁwmxmrlao@%mdu@s G to &0

ol efins and optio hér ol ynmeri zabl ol efins '%h pressure

processes, part 13'&9991@1}34 59 trp(S M ; Oyhert50 Mita) ton proressespyodugiag ethglensl one or in
copol yer | zabl c- AP AP indelt]t Gl ehtmadplorat bR AU AREAE | e
pol yreri zati on eleBust | on occurs is at least 120C and preferably above 140'C
and In high pressure processes, particularly for the polymerization of ethylene
15  alone or in combination with C; to Cjo alpha-olefins, and optionally other
copolylherizable olefins, the temperature of the medium in which the
polymerization reaction occurs is at least 120°C and preferably above 140°C and
may range to 350°C, but below the decomposition temperature of the polymer
product, typically from 310°C to 325°C. Preferably, the polymerization is
20 completed at a temperature within the range of 130°C to 230°C. The
polymerization is completed at a pressure above 200 bar (20 MPa), and generally ()
at a pressure within the range of 500 bar (50 MPa) to 3500 bar (350 MPa). |
Preferably, the polymerization is completed at a pressure within the range from
800 bar (80 MPa) to 2500 bar (250 MPa).
25 More recently, polymerization conditions for high pressure and or
temperature polymerizations to prepare propylene homopolymers and copolymers
of propylene with C; to Cy olefins and optionally other copolymerizable olefins
have been reported. See US patent applications 60/431,185 filed December S,
2002; 60/431,077, filed December 5, 2002; and 60/412,541, filed September 20,

30 2002



may range to 350C, but bel ow the deconposition tenperature of the pol yner
product, typically from310C to 325C. Preferably, the polynerization is 20
conpleted at a tenperature within the range of 130C to 230C. The

pol ynmeri zation is conpleted at a pressure above 200 bar (20 MPa), and
general ly atwazqsemsre within the range of 500 bar (5@ciYoebesie@s000 bar
(350 MPa). Preferably, the polynerization is conpleted at a pressure within
the range from 800 bar (80 MPa) to 2500,par (250 MPa). 25 More recently,

pol ymeri zation conditions for high pressure and or tenperature

pol ynmeri zations to prepare propyl ene honopol yners and copol yners of
propylene with C3 to CIO olefins and optionally other copol ynerizabl e

ol efins have bEen rBewiorsad Remtor Ogsipast ent appl i cati ons 60/ 431, 185 fil ed
Decenber 5, 2002; 60/431,077, filed Decenber 5, 2002; and 60/412, 541, filed
Sept enber 20, 30 200k inWBHANOE BQPIBACIRCTUIFROTPIPR LGN Rdctor-.  React or s

and Reactor Systeps The invention he practiced..i n vpe of

pol ymeri zati on Peack SF 2 JEPEns %ﬁ%&?a&ﬁ?ﬂﬁyﬁ fjssmt%%%ﬁé%gro@gct i on
systens suit abl sanyf @k of Bibreyof i@ solution, gaphasepshary phiasecmediuth presswd arthighn, gas
phase, slurry phase, nedi um pressufre,.or high 5 pressure . progcesses . In one
ebod] ment . § hePTRESRTPETE < P8 SEpOtienty hEmpeiPR S FEGced e ARHD, | | oop
rﬁgcépr, pl ughfbmeémgqu_adwz;gﬁgﬂéwfega_drmkstbﬁﬁafmreactbﬂ Ha %ta[]ticul ar
enbodi ment, this inyention is practiced in a 'but reactor,” er

exanpl es of real¥f i@kﬁ’?@@é‘“ﬁ‘ﬁ?’vaglé‘l‘{“d?P@@c@%‘Pé‘d%‘Wldﬁ‘FMe PSup consi sting
of a conti NUOUgatdpWof RaG® includd Ay refdtor 8dl¥ctdadrdd BE groldp stthsiktingfk eact or,
novi ng belt 10 reactor, drumreactor, jet reactor, nozzle reactor, tubular

reactor, aut or e$9UHERAUA f1aY Teapiar: shuERg-tARkS PaciERIYeAovreaciorymedRgbeltat i on t her eof .

I n anot her s pefehotod@in ré¥or,J6t réRIPMRELIE Fedidil RiBulhSadionf aufYsiigmawdy use of
heat transfer surfaces, such as in_a tubular_reactor where a coolant is on

one side of tHRPIRERECLFACoNNE anystopbEation thereok xt ure is on the other side.

Heat may al so be 15 1 engumee dspbit, IRMARR béfciidYed Asin DR k4BRF dyfteRbykedsur €, such as
may be found in an autorefrigerated boiling pool type reactor., Another

exanpl e, is a preabrmsBurresctehasine pbular fseqtenvderescopli ipen SAREIdE zi ng i xture
i's evaporated asrhdVabdAndth golymerizing mixture is on the other side. Heat may also be

15 removed by evaporating the polymerizing mixture, such as may be found inan

"

autorefrigerated boiling pool type reactor. Another example, is a plug flow
reactor where a portion of the polymerizing mixture is evaporated as the mixture
proceeds through the reactor. Another example is where heat is removed in a plug
flow reactor through surface heat transfer using coolant on the other side of a heat

20 transfer surface. Another example would be 4 reactor where polymerization takes

‘\ place on a moving belt or drum where the diluent/monomer/catalyst mixture is

sprayed onto the belt or drum and heat is removed by evaporation of the diluent as
the reaction proceeds. In addition heat may be removed in such reactors by
surface heat transfer (such as where the coolant is present on the inside of the

25  drum or under the belt and the polymer is produced on the other side of the belt or
drum). Another type of reactor is a jet or nozzle reactor. These reactors have a
short residence time where the monomer, diluent and catalyst system are
combined in the jet or nozzle and the polymerization occurs as the mixture passes
through the nozzle at high velocity.

30 One or more reactors in series or in paralle] may be used in this invention.

Catalyst component(s) (and any activator employed) may be delivered as a



proceeds through the reactor. Another exanple is where heat is renoved in a
plug flow reactor through surface heat transfer using coolant on the other

side of a beat 20 transfer surface. Another exanple would be a reactor where " °

pol yneri zation takes place on a noving belt or drum where the

di | uent / nonom&y Zooae@d4gst mi xture is sprayed onto the lmdTrusasosdnesn and heat
I s renoved by evaporation of the diluent as- the reaction proceeds. In

addi tion heat may be renoved in such reagsors by surface heat transfer
(such as where the coolant is present on the inside of the 25 drum or under
the belt and the polyner is produced on the other side of the belt or
drum). Anot her type of reactor I S alhet or nozzle rﬁ@ﬁlot These, reactors

have a short r&8liem sy sithayrepasatell o the Frarien actijpted arine stpnasfedhe st system

are conbined i Redcht, dr%%ea&fvat@&’ﬁ?d'p%nﬁ&ﬂaéﬁ%m{eﬁBﬁﬁﬁoﬁ%}élﬁ%;fdlﬁé"S as the
m xture passes t hrough the nozzle at hll%g vel ocit e or nore reactors

in series or inreastonl Adgrefereedioperatinads twe sohwtignsiagiivated illbhpe Fopinfnpation -

2006/ 005945 PCTF DDA BN Bl PXAGMs k-l e USHEO B ol 0. o1y 10
t he react or, SactWOdl84861nA1. iWﬂeilq’ thest rqferense ntay emﬁamzm mgphasc reaotorspﬂleact i vat ed

and punped as an actijyv ted ol ut| r cto A preferred
operation is t wo EBHE Ssr?ls]b%c fa@cf'pPhcaw Xﬂ“ﬁ&p P AFET on net hods

to introduce rrulcbmtpiueusmatrad t;mkt:sacmm @]urryampoemormeﬂhlﬁkﬁ Eﬂﬁn&i&ﬁumd 5 WO
01/30861 Al. Wile t eren asi ase reactors, the-
t echni ques descAHET Pgt"éﬁlﬁﬁ %’Efﬁ COQBIIUBWEF‘QZS]P 0110 OPNGMELS, ¢ o1 s,

i ncluding cont bﬂalgmcﬁxtatotrsedeﬁmkndqamhﬂmmdmfswtdaddédmﬂnmmﬂyws and the
i ke. Polymjél zatipns ,are carrie outg{a}]n ei ther  si ngl e reactor operation,

i n which e FIBKE SFRGIOR AP &eries TeagioR QPETIOR, £ WhFhhe ako¥e CRRREFIS 3Rg opt i onal
nodifiers are adauedt@eva:taoirtweusmyretrehcmsl&nﬁecmghﬁseﬁesaqhebatﬂiystl n series reactor
operation, in which the ab vg qq%gygpts are dded to ea fdt@@/o nor e
reactors connecE¥BPINIIIEAY;alsa be to agtors, B?l"e‘?’i‘fwﬁﬂ? #ldsd added to
both reactors, wgﬁm&wa&mmbmamd&doﬂ,&@aaoﬁl rst reactor and ot her
conponent's added to other reactors. |n one enbodi nent, a continuous flow

stirred tank-type reIQ(f’PB?ml?@nEPé'Edcmt‘PB""Fﬁ@ rEEEd Gpk- Tygeﬁf'@ﬁé?’él“ﬁ’- fitted with
an ef fi ci enys agirhedehitr iRABSILY ﬁtth@hnﬂz%n%fﬁdﬁnbﬁ@taﬁﬂﬁ&ﬁéan@&udh@ﬁ'ﬂhﬁé (s), an

external cooling, jacket and/or internal cooling tubes

mixer or impeller(s), an external cooling jacket an or internal cooling tubes
and/or coils, or other means of removing the heat of polymerization to maintain
the desired reaction temperature, inlet means (such as inlet pipes) for monomers,
diluents and catalysts (combined or separately), temperature sensing means, and

20  an effluent overflow or outflow pipe which withdraws polymer, diluent and '
unreacted monomers among other things, to a holding drum or quench tank.
Preferably, the reactor is purged of air and moisture. One skilled in the art will
recognize proper assembly and operation. The reactors are preferably designed to
deliver good mixing of the catalyst and monomers within the reactor, good

25  turbulence across or within the heat transfer tabes or coils, and enough fluid flow
throughout the reaction volwme to avoid excessive polymer accumulation or
separation from the diluent.

In another embodiment of the invention, a reactor capable of performing a

continuous shury process, such as disclosed in U.S. 5,417,930, herein

30 incorporated by reference, is used. A reactor pump impeller is employed in the

reactor and can be of the up-pumping variety or the down-pumping variety.



and/or coils, or other neans of renoving the heat of polynerization to
maintain the desired reaction tenperature, inlet nmeans (such as inlet

pi pes) for nonomers, diluents and catalysts (conbined or separately),
tenperature sensing neans, and 20 an effluent overflow or outflow pipe which
wi t hdr aws pol yerops/aisha9ent and unreacted nononers anongp@iniieshiikAds, to a
hol di ng drum or quench tank. Preferably, the reactor is purged of air and
noi sture. One skilled in the art will remogni ze proper assenbly and
operation. The reactors are preferably designed to deliver good m xing of
the catal yst and nononers within the reactor, good 25 turbul ence across or
within the heat transfer tubes or .coils, and enough fluid flow throughout

the reaction vol ume t Sh&gFEFIPL é%ﬁ’?ﬂtb@nﬂ‘w&ﬁﬁ@ﬁ -SHEEPneAtelYsh dWtigen adepar at i on
fromthe diluent g ldn ﬁfagab@eina@lerb@&ibﬂx%%o&&eﬁfhﬁefnmaeommta]ﬁt fepe! Of capabl e

of performng a continuous slurry process, such as disc|dsed In US.
5,417,930, herei cplmﬂexwdb’r@mt gy the sedacted diluent for aprespribed mmesst ofr  punp

|rrpeller is enpl vari ety or
t he down- punpi nggéglgl gh ft%ogg%g‘}ng&gﬂgm%éhd @8%@%%‘12@%99%}#&% order of
contacting the mmﬁ@dcaalMamle@ahwcymmpparm|Iawgtra,u0thﬁd di | uent maybe
vari able. In one i.at or are.pre- conpl exed
by i xing toget h@%bnb‘ﬁ caal “é'}f‘ 1R 2 d?%‘f‘ gled? Déffp&?g"f]‘gr}ﬁunt of tine
rangi ng from 0. OQnomemHodlmeﬁtﬂhdfmmamzsanddddhﬁmthesfeedmanﬁmlsbaﬂ:tre) a conti nuous
5 reactor through.a.ca st nozzl.e or ection t anot her
enbodl ment, cat aFgFEHo ﬁ?ﬁil%ﬁﬁct?rh ﬁ”&?%’rth%?’ 05&65'&0?%%%@& Wé@&eﬁﬁg&ar atel y.
anot her enboghi theeedtatydt bembinddtwithitly inftistobbeforel exterdigi the tebetor{ eed mononer s

bef(ore injection to the reactor. Desirably, the nononer is not contacted

wi th the cat @ ysvOl. dolithe Pealueti yst conbined with the initiator
before-entering the reactor. 10 VIII. Polymer Products A General Pol yner

Products The pol xrer GgentPapderPyodutie process of the invention can be used
ina wde variety of products and end-use applications. The pol yners
_produced by the pr odﬁmsaolyfnetslpeoduwdémthecpmcesscofﬁrﬂm\ienmmmanbe)usedenm ty

pol yet iy ene, ol G5k QRRIT o okl 35 SIELSpplllbns? FHEbbmBR YR5GS o0 U
process of the invention include linear low density polyethylene, elastomers,
15 plastomers, high density polyethylenes, medium density polyethylenes, low
density polyethylenes, multimodal or bimodal high molecular weight

polyethylenes, polypropylene and polypropylene copolymers.
B. Density

The polymers produced according to this invention can be produced at any
L 20 density suitable for the appropriate end use. In one embodiment, there can be
produced ethylene based polymers having a density in the range of from 0.86g/cc
to 0.97 g/ce. For some applications, a density in the range of from 0.88 g/cc to
0.920 g/cc is preferred while in other applications, such as pipe, film and blow
molding, a density in the range of from 0,930 g/cc to 0.965 g/cc is preferred. For
25 low density polymers, such as for film applications, a density of 0.910 g/cc to
0.940 g/cc is preferred. Density is measured in accordance with ASTM method

1505.



density pol yethyl enes, nultinodal or binmodal high nol ecul ar wei ght

pol yet hyl enes, pol ypropyl ene and pol ypropyl ene copol yners. B. Density The
pol ymers produced according to this invention can be produced at any 20
density suitable for the appropriate end use. In one enbodi nent, there can
be producedwa legd/@mamobased pol yners having a density'inchNmmmmnge of from
0.86g/cc to 0.97 g/cc. For sone applications, a density in the range of
fromO0.88 glee to 0.920 g/cc is preferregd while in other applications, such
as pipe, filmand blow nolding, a density in the range of from0.930 g/cc
to 0.965 glee is preferred For 25 low density polymers, such as for film

applications, a densit 910 g/cc to 0,940 g/cc is preferred. Density
i s neasured in &ccor %Wﬂ@ Wiolesulsn WelghtHdisiTibylgon> 006/ 009949

PCTI US2005/ 021652 77 C. Mol ecul .ar Wei ght and_ Mb] ecul ar Wi ght Di,stribution
The pol yners producedhdpolymes progeced Y@PPIOH@SPJ‘FWFW@MGW@ deedédficed in a

w de variety of a%%l@%ﬁ Of%q&mlswngﬁ Hﬁln?o@ééhl@fw r| buti ons.

Mol ecul ar wei ght's (wel giit aver age ecul ar wel g nurrber average 5
mol ecul ar wei ghMC(IMhl)a)'W&tgetSrﬁwegléraamgemcelarrwmgM(Mw mlmb&tmgﬂjo Si ze

Excl usi on Chromgt fractive index
det ect or lF n%gg&g @%ﬁgﬁ&ﬂﬁﬁa\#p&sca terk %ﬁﬁgﬁdet ector and a
Vi scomet er (VI SExcThitien dhbmabgra;ﬂi(smeewpe@mad:ﬂerehnﬂuhmvean@xdescrr bed by
34, 10 number - 18°euBH PR TS sk R e S R A R R by
reference. In mc@ﬂé)ﬁm&)nﬁhe)detdﬂbefnhaﬂﬁmomﬂ;brithﬁs fro ssombied bpMoSimced have a
nol ecul ar wei gh | st ) ich is defi i O of wei ght
aver age nol ecul Iﬁ‘r B‘hﬁ‘l{%‘}?ﬂ W- yvglaﬁfjgy#%?cé%ﬁ’lﬁ‘?‘?%a?ﬂwe? MV M ),
of greater uhanNither 191 651846800, pdonpamcﬂarémt:@pﬂbledlheréiﬂbykere:m:e 15
enbodi nents, the pol of . at st 2 referably from about 2
to 60, while in ot r%@éﬂgga@?%w ef’ﬁ'&“ﬁ&l? Y'B%B‘Ba'épﬁdﬁﬁ? M /M of at
least 5, pref emalbilafwaght abeibutitn MOWDY) which iodefitedRdiradfweghe pol ymer of

the invention has a narr.ow | ecul ar wei tribytion and a broad
conposi tion di stYEragamo ularwgghttonumber avera emo]%mﬁarwe? t (MWD =

M,./Mp), of greater than 1.5, preferably from 1.5 to about 70. In some

15  embodiments, the polymer has a M,/M;, of at least 2, preferably from about 2 to
60, while in other embodiments the polymer produced has a M,/M, of at léast 5,

e preferably from about 5 to 50. In an embodiment, the polymer of the invention

has a narrow molecular weight distribution and a broari composition distribution,
and vice-versa, such as those polymers described in U.S. Pat. No. 5,798,427,

20 incorporated herein by reference.

In another embodiment, the polyolefin produced has at least two species of (7

molecular weights. Preferably, both species are present at greater than 20 wt%, o

based upon weight average molecular weight.
D. Bi- or Multi-Modat Polymers

25 In another embodiment of this invention. the polymer produced is bi- or
multi-modal (on the SEC graph). By bi- or muiti-modal means that the SEC
graph of the polymer has two or more positive slopes, two or more negative
slopes, and three or more inflection points (an inflection point is that point where

the second derivative of the curve is equal to zero) or the graph has at least has



and vice-versa, such as those polynmers described in U S Pat. No. 5,798, 427,
20 i ncorporated herein by reference. In another enbodi ment, the polyol efin
produced has at | east two species of nolecular weights. Preferably, bot h
species are present at greater than 20 wt % based upon wei ght average

nol ecul ar weiwgbtoosess® - or Mil ti-Mdal Polynmers 25 | n soptidessoeodi nent of
this invention. the polynmer produced is bi- or multi-nodal (on the SEC
graph). By bi- or multi-nodal neans that #8he SEC graph of the pol yner has
two or nore positive slopes, two or nore negative slopes, and three or nore
inflection points (an inflection point is that point where the second
derivative of the curve is equal to zero) or_the graph has at | east has WO
2006/ 009949 PCTI Qmmawezlmgne negptiyedonceanetintipstion Ropd and s thangsdmieve s| ope,

one inflection ivefl ofne Bﬁﬁg@gpegqear %mgm'omeoﬁmf&émeeﬂ%we sl ope

greater than 20O the slo ore t ange I'h one enbodinent, the SEC
graph has one p05| t i via onb oplodineent thedF&taraph hed anspositivesiopefdnesegative poi nt and

an Mv Wh of 10 or I InATRF £ B f 20 or
nore. The col urrnss}'D oﬁemﬁécggrgé %ﬁa%yénfbdﬁm ng @ Qélen&rémgglrB nasreorr%r/wpol ystyrene
st andar ds ands t horegireferablg 20 vemgriat 'Ehamhmnsaﬂemuﬂbaﬂtatbmammgga%ed«ofmuw nk
coefficients for the ue O.dl ment ,
bi - nodal pol yner¥ L @Pﬁ@%‘&é‘a&ﬁfg\m‘gﬁ‘ ](ﬁgﬂfl“feﬁiﬁw d’s’% g/cc, an M
(12) of 0.03 - Qvﬂﬂgiduvﬁm dfmeﬁaﬂantEfor(‘.hb%ﬂabynﬁfm dstiony)/ 10 10nmi n, an MFR
(121/12) of 80-180, o] | | 0 400 00 overal | Mh of
5, 000- 10, 000 and an Bﬂ%ﬁ'ﬁ @%%ﬁﬂ?ﬁ%@f’ ‘?“P?‘ﬁ@ﬁ 2 pol ymer s
gaég aol gw mo} ecaehﬁgy OFBI93 G 0. 96? b:QNII (;)20.03 - BQOQmﬂmm( \Blmogfdw%ﬂ B %0 8];) )
.935-0. 975 cc_and a ct 5 - -
havi ng a denﬂq @%gaz‘g Egﬂﬁvb m@ggéf‘rdé’%ﬁﬁ?’t@cul arly useful
for 15 film and dVeRd msmmoab g0 aﬁd&h MZDJSDGMMAMﬁ%IWaﬂhG
nol ecul ar wei ght _di strl bu |onsg§3¥é\Ds f%d ned_from size ex¢l usion
chr omat ogr.aphy @Eshyers have g logpmef visieht gt go“”ﬂ%h%ﬂ"mﬁat@% progr am
I'n one enbodi merjso,9850. 979@%&5&@1 mmmuﬁbwergarmwi (501800 -pouLGC Ul ar
weight (BW fractjon to,the o ecul ar weight (LMW, fraction of ranging
from20-80 to 8(3’3“2’(93 a gensity ofO 910 0 950 glcc These polymers are particularly useful for
15 film and pipe, especially, for PE-100 plpe applications. The molecular weight
distributions (MWDs), as obtained from size exclusion chromatography (SEC),
can be deconvoluted using a bimodal fithing program. In one embodiment, the
polymer has weight ratio of the high molecular weight (HMW) fraction to the low
molecular weight (LMW) fraction of ranging from 20-80 to §0-20, more
20 preferably from 30-70 to 70-30, and even more preferably from 40-60 to 60-40. A
higher wi% of HMW than LMW wt% is preferred. The SEC curve can be further
analyzed to give percent of wt% > 1MM, which is the weight percent of the total
MWD that has a molecular weight greater than 1 million, and wi% > 100K, which
is the weight perecent of the total MWD that is greater than 100,000 in molecular
25 weight. The weight percent ratio is simply wi% > 1MM divided by wt% > 100K.

100,000 was used as an approximate means of dividing the total MWD into a
HMW (high molecular weight) and LMW (low molecular weight) region. This
ratio gives a simple but sensitive indication of the relative amount of the very high
molecular weight species in the HMW region of the MWD, The prefered

30  embodiment of the polymer has the preferred range of weight percent ratio
(WPR), higher than 10 but less than 30, preferably higher than 15 but less than 25.



20 preferably from30-70 to 70-30, and even nore preferably from40-60 to .
60-40. A higher wt% of 11MNthan LMNwWN o is preferred. The SEC curve can
be further analyzed to give percent of w% 1MV which is the weight
percent of the total MAD that has a nol ecul ar weight greater than I

mllion, andweame@9aK, which is the weight perecent aofciriseccsotiesz MAD t hat
Is greater than 100,000 in nol ecular 25 weight. The weight percent ratio is
sinply wWWo > 1MM di vided by wt % > LOCOK. 79 100, 000 was used as an approxi mate
means of dividing the total MAD into a HMWVN (high nol ecul ar weight) and LMWV
(I ow nmol ecul ar weight) region. This ratio gives a sinple but sensitive

i ndi cation of the relative anount of the very high _ nolecul ar weight species

in the 11MN regi on of anptengmbodimsat, p bisodalaeplalaeweighi pplymer isprodpeedpol yner has

the preferred r | r.ahi ARRL 0.4 0 but less

t han 30, prefergg‘ﬁggﬁlaeg r_&{bthggﬁgqg?%%’aﬁgggh{ﬁah_ Zgﬁ%%%?g&éw

PCT/ US2005/ 0216%210-#®g/| 1imim et MER (Erbpafl 306300, andvts ofit000 bpf09H00.n  wei ght

pol ymer is prodygce | ' 93, t 97.9/.CC.. (12) of

0.02 - 0.5 g/ 10;‘{(1&”&3&&96@,%?«1%%8%E@%@jgg;& %Hﬁg?‘ﬁ?“%?ngfﬁ/ﬁﬂhf@%/\ﬂlz) of

50- 300, an M ofhsefill GorIiv toldmg GpfilizationanThevbinfodS paiffieR @xKibiOhighBertn My M of

2ppl 1 cat 1 ons. | TREBESTR GUAPEI AEPE B 1B e R SmAeS YBb A CocR

(environnent al stdeedshePetfotnahsifuhinvda) HIPRE. f Alsd ¢ Ghow Mbidedbdtitds trimxceeds t he
E. Al so, the blow.,nmol ded bottles trim easier

per formance of unjnodal .l )

and typically h%@%&%&ﬁ]&)@aﬁaﬂi%?ﬂ“ms@ﬁ”q‘ inprefened Qv e FRsgeRt ans| ucent
finish of uni nogdaikh biREnodkDHBPE.Conposition Distribution Breadth Index The
pol ymers of the invention may have a narrow or broad conposition

di stri but i omo asEreasCungdsitivn Oifibosen BreaitDindéx | buti on Breadth I ndex (CDBI).
Further details of determ ning the CDBlI of a copolyner are known to those
skilled in the art. Thepolyhers ofthe ifvestioniil heed eiurowop bloadEdniposiibh 93/ 03093, 15

eerance. I n  Sofiahasmrm b Emrdurdpmirbibabbeib i ChE o of sow
or nore or nayFiieedetilCoRletephinh{}dhCDBE6S copdlyitaredaibaditsibode, t he pol ymers
of the invention nave, 8! s&, AC0Sr3le ¥CT Patent Application WO 93/03093,
15  published Febrary 18, 1993, which is fully incorporated herein by reference. In
some embodiments the polymer produced may have a CDBI of 80% or more or
may have a CDBI of 50% or less.
In one embodiment, the polymers of the invention have CDBi’s generally
in the range of greater than 50% to 100%, preferably 99%, preferably in the range
20 of 55% to 85%, and more preferably 60% to 80%, even more preferably greater
than 60%, still even more preferably greater than 65%. In another embodiment, {
polymers produced using this invention have a CDBI less than 50%, more

preferably less than 40%, and most preferably less than 30%.
F. Melt Index

25 The polymers produced by the process of the invention can be produced
according to a desired or predetermined melt index, depending upon desired end
use. In one embodiment, the polymers have a melt index (MI) or (1), as measured
by ASTM-D-1238-E, in the range from 0.01 dg/min to 1000 dg/min, more
preferably from about 0.01 dg/min to about 100 dg/min, even more preferably



i.n the .range of greater than 50%to 100% preferably 99% preferably in the
‘range 20 of 55%to 85% and nore preferably 60%to 80% even nore
preferably greater than 60% still even nore preferably greater than 65% In
anot her enbodi ment, polyners produced using this invention have a CDBI |ess
than 50% norveo 2qosedmabl y | ess than 40% and nost pref peabédoders: t han 30%
F. Melt Index 25 The pol yners produced by the process of the invention can
be produced according to a desired or pggdeterm ned nelt index, depending
upon desired end wuse. In one enbodinent, the polynmers have a nelt index
(M) or (12), as neasured by ASTM D 1238-E, in the range fromO0.01 dg/mn

to 1000 dg/mn, nore preferably fromabout 0.01 dghnin to about 100 dg/m n,
even nore pref et gbopt).0bdgmipgo shet Hle/migpugspebareiszblydion ¢hent bout 0. 01

dg/mn to about iﬁ@uiﬂ% B ot I@%g’iﬂnﬁ preferably fromabout 0.1 dg/mn to
about 10 dg/ m n. ~I'n anot her odi ment of the invention, the polynmers have a

melt index ratio (1ZamHer ¢mivdiniest efitbesuveation, phea@iimeR khP@8mEl indéx f rom 10 to
| ess than 25," 5 r ref er abl t ss. than.25.. The pol ynmers
of the inventioﬁ%nﬁﬁﬂﬂﬁkégfm%%mﬁz él\j)te&ad'or%rleﬂtolilﬁ%ﬁg'ﬁzsr’atio of from
preferably gseatere plefunabbbfromaliont (irieleas thah 25.gr eat er than 30, even nore
preferably greater that 40 sti]l. even nore preferabl reater,. than 50 and
nost preferably grea&g?péﬂgﬁs%@mmﬁnﬁ%Wﬁ@FEfg%@ge@?ﬁH{e?ﬂlaﬁ%a%ﬁtyner of the
10 invention ga&xﬁx lﬁ;atrorcmoﬂm@“awlﬁgremeﬂ tEﬁiZSdhﬁfelfﬁr&%M?:grogﬁﬂﬂl?moadl
conposition I stributio r vice-versa,. Exanples.include tho pol ymer s
described in U, Sven mefpaersily eviordist 43 til pye e BiefepbSmeAE GRSEN | s
i ncor por at ed heggd moktyprafabisly gRger.than@s. Taglottet édbobitBert, AR Polynmebif G ty" refers
to~t he stereochem cal confi uraticglp ofi(gEHij.S‘Fpler‘fr a{ud t he properties of
a pol ymer ha¥i nipvspiinm hepa petowpeleciiar e fiyybytion and 3 fropd gopposi exanpl e,
adj acent nDNONMegiskibutién oNdeR@rss,| BRarfplad ifdludedhos d isldBRFibed ih KES.Or Oopposi te
' | | ke contiguratioon, the polynmer is

configuration. Lf all ngnoner units hav
"isotactic." If Pafay%ﬁ%ﬁé%?@wsﬁeww 023’1?’&1‘&?1“%{’!"?‘?5? prerein by sfEIsRr at i on,

and this alternating_canfiguration continues along the entire
&' "ttty 9 ‘ g

The term “tacticity” refers to the stereochemical configuration of a
15  polymer, and the properties of a polymer having side chains are affected by its
tacticity. For example, adjacent monomer units having side chains can have either
like or opposite configuration. If all monomer units have like configuration, the
polymer is “isotactic.” If adjacent monomer units have an aiternating
configuration, and this alternating configuration continues along the entire
20  polymer chain, the polymer is “syndiotactic.” If the configuration of monomer
( mﬁts is random, the polymer is “atactic.” When two contiguous monomer units, a
“diad,” bave the same configuration, the diad is called isotactic or “meso™ (m).
‘When the monomer units have opposite configuration, the diad is called “racemic”
(r). For three adjacent monomer units, a “triad,” there are three possibilities. If
25  the three adjacent monomer units have the same configuration, the triad is
designated mm. An 1 triad has the middle monomer unit having an opposite
configuration from either neighbor. If two adjacent monomer units have the same
configuration and it is different from the third monomer, the triad is designated as
having mr tacticity. For five contiguous monomer units, a “pentad,” there are ten
30 possibilities: mmmm, MMINr, HIMT, NN, MM, 0T, I, IIT 1T, and

mrmm. A completely syndiotactic polymer would have all rar pentads, while a



20 polymer chain, the polyner is "syndiotactic " If the configuration of .
nonomer units is random the polyner is "atactic." Wien two conti guous
nononer units, a "diad," have the sanme configuration, the diad is called

i sotactic or "meso" (in). Wuen the nononer units have opposite
configurati oo 0p&00dMad is called "racemc" (r). For threusesjoasent nononer
units, a "triad," there are three possibilities. If 25 the three adjacent
nonomer units have the sanme configuratiogl the triad is designated mm An
it triad has the m ddl e nmononer unit having an opposite configuration from
ei ther neighbor. If tw adjacent nononer units have the sanme configuration

and it is different fromthet ird oner, the tri s esi gnat ed as
havi ng nr tacti ePEpletefiyisotagticgo é}rﬁg}éﬁé’ ﬁ%WBWE?PWﬂ m%@i%"ﬂ“&ﬂ " there

are ten 30 posshmﬁé&été?ﬁme 10 Ar mad res%éesp%h@bd’ﬁhyméaﬁbw rorr
nt, and mTm A conplete d| ot actlc mer woul d have all nrr pentads,
whil e a WO 2006i0¥9gest0 HS&QYG@?'@Z@@BQ e:vme@#ﬂ&é%ﬁ;ﬂ%bwﬁm i c pol yner

woul d have al maa@aﬁmﬁemzhﬁoma?éh&%moggggorg@@r ggd by 13C

nucl ear magnetic resonance spectroscop I'n crdnnlecules 8
687 (1975) aAd m%wﬁrmﬂaqfé’slyﬁm&r(,M@jhoamitgesrﬁéﬁéﬂéﬂ%t)‘.ci ted therein.

For nore informatio n fLEreoc em stry. .s o G j.an, Principles
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pol ymers can beinyentitnaedarions iegels bﬂaqncmc@mnp]bs«bﬂmdapoﬂymmbmmaﬁcﬁuari ous

| evel s of tactici of , suc nclude ctic

pol ypr opy! ene, P@ﬁ%ﬁ%n%%a%rptgb’ﬁ Bﬂ@‘%’iﬁ ‘fg@t ﬂdl syndi ot acti e

pol ypropyl ene opolmrnpﬂéMrhhﬂmmmemm@medH?)usiughmgoﬁmwmdtﬂ‘efmf e different. 10
catalysts in the practi eof th L. nvent i Ien | ynmer s

i ncl ude EByI ‘éﬁ‘i@ysﬁﬁlﬂ} g@’f"’é’ﬁ‘ﬁﬂ’y progsﬁg}g @ﬁ%"dﬂ ‘g'lc%ars of these
types are wel | prg mbldi’cktdﬁmctco SigMers.OPropyl Broldrsof tHéaé pés a0S .
4,794,096, 3,248,455, . 4,376, 85 3 54 of which are
herein incor por‘é(Pleg“ in theraxf, 86§ %’e"ﬂfﬁa‘l’ﬂ% ﬁ@ g@&&sﬁg@%éﬁﬁ?u nventi on,
the polymer is pate/g810p P60 dnbl 31459517, i1} GHvhich SOhR&Hh incorpbRigdibyy forns a
crystalline strugﬂrure and has excellent chem cal and heat resistance. In

anot her emnbodi n’i? €ncf-he pol ypropyl ene made by the process of the invention
i's highly syqdiotactthene éﬂbdﬂﬁhe@ﬂﬁh&‘ﬂﬁmﬁﬂﬁ}%ﬁ%& istpdBpropylene that is

highly isotactic, readily forms a crystalline structure and has excellent chemical
and heat resistance. In another embodiment, the polypropylene made by the
process of the invention is highly syndiotactic. In yet another embodiment, the
polypropylene made by the process of the invention is characterized in that it has
20  low levels of isotacticity and/or low levels of syndiotacticity. In a particular '
embodiment, the percent of pentads having mmmm configuration is less than _
40%, preferably more than 2%, and more preferably less than 30%. In yet another
particular embodiment, the percent of pentads having mrr is less than 75%,
. preferably more than 5% and more preferably less than 50%. At lower levels of
25  syndiotacticity and isotacticity, the polymer is predominantly or even completely
amo:phous, generally has no melting point, is generally transparent and flexible,
and has good elastic properties.

H. Polymer Blends

The polymers of the invention may be blended and/or coextruded with any
30 other polymer. Non-limiting examples of other polymers include linear low

density polyethylenes produced via conventional Ziegler-Natta and/or bulky



pol ypr opyl ene made by the process of the invention is characterized in that
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PCTI US2003/ 021632 8Aphésmpsl netal | ocene catalysis, elastomers, plastoners,
hi gh pressure | ow densSity polyethylene, high density polyethyl enes,

pol ypropyl enes and t e Kincrodueed ARRE He oK MerkdEhis ivEhtid AdsgRd Usi ng the
pol ymers of this invention have good 5 appearance properties. |In one

embodi ment , €he appaarAScRIoRerties) Brong enbediment, the filgy drvse lovagel cowiert haze and
gloss. 1N 2 Drebfi/brthve EA%ERE glod. tn Tplesdrta Hpfdméit oJ- PO fhm | S
glo or nore, ably

produced that has a 45 gl oss of pr et er 8 or nore, as
measur ed by ASTO2Sum) fibn isiproduced that basacdd® glotsod 7 oemores prefereblyi§ orfmdren (1. 0 mi |

= 25n) has a ha f r £ as by ASTM D
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articles. Fqp e | e,..the polyners are useful in such form ng operations
as film shgét , )fgﬁel)c?ng{fpiextrusi on and co-extrusion as 15 well as bl ow

nol di ng, injection %Lng and rotary nolding. Filns include blown or cast
films formed by“coex on or by lamnation useful as shrink film cling

Polymers produced by the process of the invention and blends thereof are
usefiil in producing any variety of articles. For example, the polymers are useful
in such forming operations as film, sheet, and fiber extrusion and co-extrusion as

15  well as blow molding, injection molding and rotary molding. Films include blown
or cast films formed by coextrusion or by lamination useful as shrink film, cling
film, stretch film, sealing films, oriented films, snack packaging, heavy duty bags,
grocery sacks, baked and frozen food packaging, medical packaging, industrial
liners, membranes, etc. in food-contact and non-food contact applications. Fibers

L 20 include melt sPthﬁng, solution spinning and melt blown fiber operations for use
in woven or non-woven form to make filters, diaper fabrics, medical garments,
geotextiles, etc. Extruded articles include medical tubing, wire and cable
coatings, pipe, geomembranes, and pond liners. Molded articles include single
and multi-layered constructions in the form of bottles, tanks, large hollow articles,
25 rigid food containers and toys, etc.

The films may be formed by any of the conventional techniques known in
the art including extrusion, co-extrusion, lamination, blowing and casting. The
film may be obtained by the flat film or tubular process which may be followed by
orientation in a uniaxial direction or in two mutually perpendicular directions in

30 the plane of the film to the same or different extents. Orientation may be to the



film stretch film sealing filnms, oriented filnms, snack packagi ng, heavy-
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mul ti-layered constructions in the formof bottles, tanks, |arge holl ow
articles, 25 rigid foaod, containers an%ﬁtqﬁs, etc. qu fi maybe forned by
any of the convifieiesical bR PR B RA 1q Eiferer gxtepts. Ragiqultgyng ext r usi on,
co- extrusion, |ﬁ€feﬂ@(§1n9ﬂﬂods%ﬁ9fﬁl'ﬂ%p%_ eARto s indlige extrdioh sYbE obtai ned by
the flat filmor tubular process whi'ch may be followed by orientation in a
uni axi al di r ect $ogxirusionjon atbjgynray cashfilnylinger pendi cul ar directions in 30 the
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Pl ne, 1 216 Rt g b 2Ry 15280 Mg Be PR 2 “mc i i o
a film5 by netdboutSOldgininn, and mdrepmafetablyHioom &boki2 eppdut G tg/mbs , Intihe pol yners of
t he invention _have I rom about 2 to about 100 dg/ m n,
preferably froﬁ%ﬁﬁm\f‘gﬁ%ﬁﬁggsdg/ mn, and nore preferably from about
2 to about 30 dg/ m fn anbiibr érfbodiias thegpdlyimer ASHMnIeatiwHE Madé B2 | n anot her . -
enbodi nment, _ t he | yner ,of the invention is nmade.intg a 1Q.nolded article by
e e e o
| nj ect on- st r etigjBctizRs@ettlgino . dapplidatiéiis) thépol oPifie ivEdtian O e
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art. For pipe appligations, the polyners of_ the inventiqn, have a 121 of
from about 2 to aboth®9geK bﬁH’H"*ﬁ%H“BP&P@F%fBI‘V“Y@B?ﬁ’éH@G?mPQHP"

15  bymethods known in the art. For pipe applications, the polymers of the invention

have a I; of from about 2 to about 10 dg/min and preferably from about 2 to
about 8.dg/min. In another embodiment, the pipe of the invention satisfies ISO
qualifications. In another embodiment, the present invention is used to make
polyethylene pipe having a predicted S-4 T, for 110mm pipe of less than -5°C,

20  preferably of less than -15°C and more preferably less than -40°C (ISO DIS
13477/ASTM F1589).

In another embodiment, the polymer has an exirusion rate of greater than
about 17 Ibs/hour/inch of die circumference and preferably greater than about 20
Ths/hour/inch of die circomference and more preferably greater than about 22-

25  Ibs/hour/inch of die circumference.

The objects produced (such as films, pipes, etc) may further contain
additives such as slip, antiblock, antioxidants, pigments, fillers, antifog, UV
stabilizers, antistats, polymer processing aids, neutralizers, lubricants, surfactants, -
pigments, dyes and nucleating agents. Preferred additives include silicon dioxide,

30 synthetic silica, titanium dioxide, polydimethylsiloxane, calcium carbonate, metal

stearates, calcinm stearate, zinc stearate, talc, BaSQy, diatomaceous earth, wax,



about & dg/mn. In another enbodiment, the pipe of the invention satisfies
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materials that are not reactive to form desirable polymer, and are especially

15  problematic with regard to removal and/or recovery.

A substantial portion (i.e., a majority) of the polymer product is separated
from the non-polymer product by sending product effluent from the polymer
reactor to a polymer recovery system. The polymer recovery system is operated
by conirolling a variety of parameters including temperature, pressure, vapor-

20 liquid separation systems, and purge systems or vessels.

L . In one embodiment, the polymer recovery system incorporates the use of
an inert gas to purge or scrub out undesirable entrained material from the polymer
product. The inert gas is a composition that is substantially non-reactive with the
polymer product, and can be used in sufficient quantity as a driving force to

25  separate the non-polymer components from the polymer product. Examples of
useful inert gases include air and nitrogen.

In a particular embodiment, polymer associated with entrained materials
such as unreacted monomer, hydrocarbon by-product and diluent such as
hydrofluorocarbon is recovered from a polymerization reaction process and sent to

30  apolymer recovery system. Preferably, the polymer recovery system includes a

purge system or vessel, more preferably a purge bin, and the polymer and



A substantial portion (i.e., a mpjority) of the polyner product is separated
fromthe non-pol yner product by sending product effluent fromthe pol yner
reactor to a polynmer recovery system The pol yner recovery systemis
operated by controlling a variety of parameters including tenperature,
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non-reactive with the polynmer product, and can be used in sufficient
quantity as a dr G A p onponents from
t he pol yner pro ljsé%]%&%r?pﬁ]%géﬁtgﬁés %gg%aﬁﬁen@rqgeﬁgg%s%yn e air and
nitrogen. In a mnposiﬁmhésthanhpldinmﬂlepurgmyymnoanc)mchanvedumhddntrm'm& ai ned
materials such _as unreacted nmononer, hydr r.oon b roduct and dil uent
such as hydr of m&i%@atﬁ%cw E’“‘%%R}U%drséfax'? “@’r‘r&a{ f)°8?‘§71¥ﬁg&7 t#?%‘ﬁgef' eaction
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appropri ate. Is preferred that diluent and unreacted nononer be

separ at ed and rre@rmg#éﬂuqeémﬁereﬁ@wsamemmwf@teﬂmewﬁgwlwéaesepar ated and
recovered as i Slb inert gas is
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pol ynmeri zati on ""system
15 In one embodiment, the effluent from the polymerization reactor is flashed

in a first flash to vaporize from about 50% to about 100% of the liquid medium to
produce concentrated polymer effluent and vaporized liquid. Flashing can be

accomplished by reducing pressure or by heating. Preferably, the vapor obtained
in the first flash is condensed, more preferably the vapor is condensed without
20 .compression, and most preferably is condensed by heat exchange. Preferably, the
first flagh is operated at from about 140 psia to about 315 psia.
In another embodiment, polymer solids are discharged from a first flash to
a second flash through a sea] chamber. The seal chamber preferably is of

P

sufficient dimension such as to maintain a volume of polymer solids/shurry in the
25  seal chamber sufficient to maintain a pressure seal.

. In another embodiment, concentrated polymer effivent and vaporized
liquid are continuously separated. In a preferred aspect, the concentrated polymer
effluent slurry is flashed in a second flash to vaporize liquid.

In one embodiment of the invention, the polymerization effluent from the
30 polymerization reactor is heated and then sent to a flash operation.. Preferably,

the polymerization effluent is heated to a temperature below the fusion



15 In one enbodi ment, the effluent fromthe polynerization reactor is
flashed in a first flash to vaporize from about 50%to about 100% of the
liquid nmediumto produce concentrated pol ynmer effluent and vaporized
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15  absorbent material in a Pressure Swing Adsorption (PSA) process. APSA

process employs at least two separate adsorption colurns. One column operates
as the active column, adsorbing material from the flow stream while the other
operates off-line (at reduced pressure) in the “regeneration” mode. When the
adsorption capacity of the active column is reached, the role of the columns is

20  reversed. The alteméting cycles of this process provide an effectively continuous
flow path through the system, and a continuous removal of certain components
from the flow stream (i.e. those components that are strongly adsorbed by the
activated carbon, such as fluorocarbons). In another preferred embodiment, when
using the activated carbon for removal of fluorocarbons from a process stream, 2

25 PSA system of a given size could operated at a reduced cycle frequency for
improved reliability and reduced mechanical wear on the switching valve
components as compared to a process stream of hydrocarbons without
fluorocarbons. In another preferred embodiment, a PSA system could be designed
with smaller sized columns for reduced cost when using the activated carbon for

30 removal of fluorocarbons from a process stream as compared to a process stream

of hydrocarbons without fluorocarbon.



I n anot her enbodi nent, the activated carbon woul d be used as the 15
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cyl i nder of HFC t?éﬂ% afI uoro pane -opbt ai ned and the
HFC was treat ed 06‘9“‘52@.’&]1 ﬂ?’“&ﬁﬁ?f‘ GB%H a(PF" S"’?rBf ul ar sieve, 13X
nol ecul ar  si evemoﬁ%lﬁ?@@’ébm%ﬂ%ﬁl@é%ﬁd Saéxsomﬁidr@kycﬁﬂabbﬂp‘éuﬂf the HFC
was perfornmed using,a P6890 GC/ MSD with t
analysis of the HFC was performed using a HP6890 GC/MSD with two-
dimensional approach. The GC columns used a Varian LowOx (pre-separates
15  oxygenates from fluorocarbons) and a Restek RTX-200. Cryogenic conditions

were not necessary.
The instrument parameters for the analysis were as follows:
Column: Varian LowOx (10m, 0.53mm ID; Restek RTX-200 (30m, 0.32mm
D, 1pm df)) |
20 Inmjector: 250°C, Split 40:1, Hé carrier, Total flow at 26.2 ml/minute, 4.0 psi (
head pressure at 35°C, 0.5pL. sample injection
MSD: SCAN Mode, Source Temp. 230°C, Quad Temp. 150°C
Oven: Initial temperature of 35°C held for 5 minutes; temperature
increased at 5°C/min from 35°C to 130°C. Temperature increased
25 at 20°C/min to 200°C and held for 6 minutes. Temperature
increased at 10°C/min to 250°C and held for 5 minutes,
Compounds detected in the GC/MSD system were not individually
calibrated so the quantities were reported as part per million area (ppma). For

example, if a single compound had a measured peak area of 0.01% of the total GC



di mensi.onal approach. The GC colums used a Varian LowOx (pre-separates 15
oxygenates from fluorocarbons) and a Restek RTX-200. Cryogenic conditions
were not necessary. The instrunment paraneters for the analysis were as
follows: Columm: Varian LowOx (10m O0.53mm I D; Restek RTX-200 (30m 0.32mm
D, 1mdt)) 200ra66/e09949r: 250C, Split 40:1, He carrier, poiesodsiogmsat 26. 2
m/mnute, 4.0 psi head pressure at 35C, 0.5L sanple injection MSD: SCAN
Mbde, Source Tenp. 230C, Quad Tenp. 150Gg Oven: Initial tenperature of 35C
held for 5 mnutes; tenperature increased at 5Cmn from 35C to 130C.
Tenperature increased 25 at 20C/ nvn to 200C and held for 6 m nutes.
Tenperature increased at 10Cmn to 250C and held for 5 mnutes. Conpounds
det ect ed i n t hep@RaiBiordhetnsing compesityu testeddlit wiashgported agbvirigraat ed so t he
guantities were_r rt.ed per mllion area (ppra). For exanple, if a
single (‘:orrpoundc g%‘ hﬂ%%@?@@%eak area of 0.01%of the total GC WO

2006/ 009949 PCT/ US201l=/resalibara shobth ip&Faide hirea for the entire conposition
tested, it was reported as having a concentration of 100 pprma. The results

are shown in Table 1. Table | | ¥Si.S -236fa COVPOUND Pri or
to Treatnent (ppma) Pent af ﬁBﬁ%ﬁ%ﬂ*ﬁ’%@%’e&%&fa Pent af | uor o- 1- Pr opene
31 Hexafl uoro-2-propanethiol 12 Hexafl uoro-Chloro-propane 10

Chl oro-tetrefl uoro-Propene 10 ﬁg@%&m 3 Chlpgseirotrrdaimerir 0- pr opene i somer 12

1,1, 1, 3, 3, 3- Hexaf | uor opr opane (ppma)
Pentafluoro-2-Chloro-Propene 10
Pentafivero-1-Propene 31
( Hexafiuoro-2-propanethiol 12
* Hexafluoro-Chloro-propane 10
Chioro-tetrafiuoro-Propene 10
Unknown 3
Chloro-trifluoro-propene isomer 12
1,1,1,3,3,3-Hexafluoropropane 999910
5
Example2
A second cylinder of HFC-236fa (1,1,1,3,3,3-hexafluoropropane) was
obtained and the HFC was treated as in Example 1. The results are shown in
Table 2. '
10 Table 2 GC/MSD Analysis of HFC-236fa
; Prior to Treatment After Treatment
i COMFPOUND
: {ppma) {ppma)
Trichlorofluoromethane 80 48
C4 Olefin 5 8
1,1-Dichloro-2,2-Diflucroethene 10 17
2-Methyl-1-Pentane 9 -
3-Methyi-1-Pentane 3 -
Pentafluoro-2-Chloro-Propene + Hexane 176 53
Pentafluoro-1-Propene 63 38
Tetrafluoroethane - 34

1,1,1.3,3,3- Hexafluoropropane 999654 990802




5 Exanple 2 A second cylinder of HFC-236fa (1,1, 1, 3, 3, 3- hexaf | uor opr opane)- .

was obtained and the HFC was treated as in Exanple 1. The results are shown -

in Table 2. 10 Table 2 GO MsD Anal ysis of HFC 236fa COVPOUND Prior to
Treatment AfterTreatnent (pprma) (ppme) Trichl orofl uoronet hane 80 48 4
Aefin 5 8 woinkbowboor o- 2, 2-Di fl uoroethene 10 17 2- Mechudodsidzest ane 9 -
3-Met hyl -1 -Pentane 3 - Pentafl uoro-2-Chl oro-Propene + Hexane 176 53

Pent af | uoro-1-Propene 63 38 Tetrafl uorgethane - 34 1,1,1.3,3, 3-

Hexaf | uor opr opane 999654 999802 WD 2006/ 009949 PCT/ US2005/ 021652 89
Exanpl e 3 Et hyl ene was pol ynerized using the treated HFC-236fa fromthe
first cylinder of Exanple 1 as a diluent. Chrom um oxi de was used as the
pol ymeri zati on E)@Nﬂ@/%t, wi th di butyl nagnesium (DBM being used as a 5
scavenger. No conononer was used. Polynerization was carried out at a
reaction tenper at ur Ethyleneo@s pedymesized using the treated Hia2368frama fhefis® purged with

nitrogen and 0.%- Orlo?ﬁxﬂéﬂ%av&{l&t éﬂq@gﬁ"{”g&l‘%? _QXth7e50 cc of the

di luent. The reac enpéerature was rail C, and et hyl ene gas was

then added to rmilwecrizationsyislystnwith dbutylmagnesiund (DR pbaing used @slay 415 psig. The
caral st s heh R ol DR Sttty il B 1 008,
t he reactor prasstioetenpsratupd cfa03.3°C f6r4P pimugs.W t h et hyl ene. During the
reaction, the systemlenper il GedSin MRodiind 89 Bhod ot DN Mere
added, followed by 750 cc of the diluent. The reactor temperature was raised to
103.3°C, and ethylene gas was then added to raise the system pressure to.
10  approximately 415 psig. The catalyst was then flushed into the reactor with 250
m] of additional dilvent to initiate the reaction. Immediately following catalyst
addition, the reactor pressure was raised to 470 psig with ethylene.
During the reaction, the system temperature was maintained at 103.3°C by
means of an external cooling water control system, and the pressure was
15 maintained at 470 psig by means of an ethylene make-up system. {(Asthe |
ethylene was consurned by reaction, additional ethylene was added to the system
automatically to hold the reactor pressure at 470 psig.} At the end of the reaction
time, the reactor was vented to terminate the reaction. The reactor was then
opened, and the polymer product collected for analysis. The results are

20 swnmarized in Table 3.
Example 4 L
Ethylene was polymerized using the treated HFC-236fa from the second

cylinder of Example 2 as a diluent. The polymerization was carried out as in.
Example 3, except that the reaction time was for 60 minutes. The results are

25  summarized in Table 3.

Table 3

Catalyst Added RunTime Polymer Product Productivity
(mg) {min.) {9) (g/glhr)

1 160 49.3 148 1127
2 156 60.0 60.1 385

Dituent Cylinder




means of an external cooling water control system and the pressure was 15
mai ntai ned at 470 psig by neans of an ethyl ene make-up system (As the

et hyl ene was consuned by reaction, additional ethylene was added to the
system automatically to hold the reactor pressure at 470 psig.) At the end
of the reacti 39 2004/4f8%4%t he reactor was vented to ternm naag/ushwsseaet i on. The
reactor was then opened, and the polynmer product collected for analysis.

The results are 20 sunmarized in Tabl e 3.90 Exanpl e 4 Et hyl ene was

pol yneri zed using the treated HFC 236fa fromthe second cylinder of Exanple
2 as a diluent. The polynerization was carried out as in. Exanple 3, except
that the reaction tinme was for 60 mnutes. The results are 25 summarized in
Table 3. Table 3 Diluent Cylinder Catalyst Added Run Tinme Pol ymer Product
Productivity (ng) (”hftbétw(o%acﬁ@f&g&ftﬂentsjofﬂﬁﬁexﬂpl@ all4@risbled werehelo6 60.0 60. 1
385 WO 2006/ 009949 PCT/ US2005/ 021652 90 In the two reaction experinents of
this exanpl e, al ronstant with the exgaption|ofthg sousesaf thediluggyt ad thefatakiimedhthon of the
source of the dily 1'{7“?‘3 SAEL sl i ght change
in the total reactlali(;ﬁrfl t@::i&g;%() %thyft&e{?ti%né!ﬂﬁmh‘g 5 sc{t%?i%)lycgent producti on
rate differente Henifiea prodectipaustedifierencs befween thetwomuy, sndaéhe onlynthenbl e changed
bet ween the two Hﬁp” Wwﬁ

associ at ed | rrpurl$ Bfe |‘§é@§%’6t§ﬂr¥§ﬁ?9ﬁ$§:‘m@%e C fgdﬁcggp%gﬁg%ﬂn% inpurities
in the second ct}xblasmgatedmmlﬁtitselquiipmlreyttbatﬂwe:hbﬂmmwmdempmmunt| vity

(385. versus 7 g_q_ﬂ
(1,1,1, 3, 3-pent a&‘f}u%!r oé)tr;%%aer{e e\/\ﬁ/g o'%&?a&%&%?gﬁﬁws treated as in
Exanple 1. The r EGlg'ghyr e shown in Table 4. Table 4 COVPOUND Prior to

Treat nent After Treat nent
- 10 Example5

A cylinder of HFC-245fa (1,1,1,3,3-pentafluoropropane) was obtained and
the HFC was treated as in Example 1. The results are shown in Table 4.

Table 4
COMPOUND Prior to Treatment After Treatment
(ppma) (ppma)
Trichloro-trifiuoro-ethane » 275 258
Tetrafiuoropropene 32 27
Chlorotetrafiuoro-propene 8 8
Chlorofrifiuoro-propene 2 2
1,1,1,3,3,3-Hexafluoropropane + 36 56
Chloro-tetrafluoro-propene
{ Unknown b 3
1,1,1,3,3-pentaflucropropane 999641 009646
.
15 Example©

Ethylene was polymerized using the treated HFC-245fa of Example 5 as a
component of the diluent. Chromium oxide was used as the polymerization
catalyst, with dibutyl magnesium (DBM) being used as a scavenger. No
comonomer was used. Polymerization was carried out at a reaction temperature

20 of 107.8°C for 60 minutes.

The reactor was purged with nitrogen and 0.1 mmoles of DBM were

added, followed by 250 cc of HFC-245fa, 500 cc of isobutane were then added.



(ppma) (pprma) Trichloro-trifluoro-ethane 275 258 Tetrafl uoropropene 32 -27
Chl orotetrafl uoro-propene 9 8 Chlorotrifluoro-propene 2 2 '
1,1,1, 3,3, 3-Hexaf | uoropropane + 36 56 Chloro-tetrafl uoro-propene Unknown 5
3 1,1,1,3,3-pentafl uoropropane 999641 999646 15 Exanple 6 Ethyl ene was

pol ymeri zed WE2M§/089M4? t r eat ed HFC- 245fa of Exanpl e 5 agC@&uUswesipuisent of the
di l uent. Chrom um oxi de was used as the polynerization catalyst, with

di butyl nmagnesi um (DBM being used as a $cavenger. No conononer was used.
Pol ynmeri zation was carried out at a reaction tenperature 20 of 107.8C for
60 m nutes. The reactor was purged with nitrogen and 0.1 muol es of DBM wer e
added, followed.,by 250 .cc of HFC-245fa. c f 1 sobut an re then added.
VO 2006/ 0-09949dﬁﬁiﬁ§§dﬁgﬂe6%8§’é‘s mé*i‘; '?’h‘ﬁﬁ%aEﬂcdoeghytleé‘ﬁﬁ%sr"éﬁséﬁge s raised to
107. 8C, andI et hylsetie sgaanmsmefapbrbﬂmategim)epﬁglermxcﬁth@mf(lss ﬁ%}sgise t(r)\ .
approxi mately 415 psi The caf al yst, 3 was,. then flushed with 250

of addi ti onal g@%@i@%@%@sﬁ%ﬂ‘?féﬁﬁ?q(ﬁgm?@%eﬂ%wﬁateﬂ%?ﬁ??&?%&-a y following the
cat al yst addi tigfpedididly FRMrRthdaBif HRitWA Shd r8dchf Preblre Wk raisedd8 it W t h
ethylene. During the reaction, the 'systemtenperature was mai-ntai ned at

107. 8C by rfearpsiggritheth¥dsacer nal cool i ng water control system and the
pressure was mai nt #p5dgal BalsOstdy 38 anafh gpls- up system
(As the ethyl ene was cgnsuen%g _’y rsg%ctfegﬁ, adﬂ' |afsl onauﬁgéﬁ!tﬁg?’]eﬁg &/as added to
the system 10 ausansefdnczicmal caplingwaten deatrel eystany pudthe prosmuee was 470 psig.) At

the end of the reactlon 47hl r %E] / %ﬁg”t , m nate the

reaction. The rﬂéaactor V\B.S7 Pﬂgﬁyﬁgﬁlgﬁgﬁé@%_t eélgg ynef(l%%%uct col l ected

for analysis. Thylenewas cansumed bysgaction, edditonalethildne svaSadded to the system
10  automatically to hold the reactor pressure at 470 psig.) At the end of the reaction

time, the reactor was vented to terminate the reaction. The reactor was then
opened, and the polymer product collected for analysis. The result'g are

summarized in Table 5.

Example 7

15 Example 6 was repeated, except that 146 mg of catalyst was used. The

results are summarized in Table 5.

Table 5
Example Catalyst Added Run Time Polymer Product Productivity -
{mg) (min.) (@) (gla/mp)
6 53 60 30.9 583 ;
7 146 60 124.2 851 :

As shown in Table 5, the productivity increased when the total amount of
20 chromium oxide was increased from 53 mg to 146 mg. This result was |
unexpected since it is well known that the productivity should not depend on the
amount of catalyst used. Normally, the use of higher amounts of catalyst would
be expected to produce proportionally more polymer, but at the same value of
productivity. The fact that the productivity was not constant in these tests
25  indicates that the reaction was affected by chlorine compound impurities in the
system. Since all feeds to the system (monomers and diluent) were the same in

each experiment, and since the only known impurities were the chlorine



Exanpl e 7 15 Exanple 6 was repeated, except that 146 ng of catalyst was
used. The results are sunmarized in Table 5. Table 5 Exanpl e Catal yst Added
Run Time Pol yner Product Productivity (ng) (mn.) (9) (9i9/hr) 6 53 60
30.9 583 7 146 60 124.2 851 As shown in Table 5, the productivity increased
when t he tot avo006@02240f 20 chronm um oxi de was i ncr easedr/fis2009Bidsag to 146
nmg. Thi's result was unexpected since it is well known that the
productivity. should not depend on the @pount of catal yst used. Normally,

t he use of higher anobunts of catalyst would be expected to produce
proportionally nore polymer, but at the sane value of productivity. The
fact that the productivity was, not _constant in these tests 25 indicates that

the reaction wa§oniRPERg aipaynds i b Hife dilisms B Aesulitsipdirate that dhe rgaction system
Since al | feeds g JHige W&E’?Pe&e AR ERbinetdftamide Wa MoV i same in  each
t

experinment, and since € on known i urltles were the chlorine WO
2006/ 009949 PCT/ uszodaﬁmnlsabmmat@m&pnffﬁgoefbﬁfidm;cyomwae HFC di | uent,

the results indicat @g p nce of
chl orine containt %lwtrstpurl tres | nﬁ%&%ﬁgﬁ%@%ﬁﬁ%@g?@ at e that
the effect of thﬁae:milentl’l’te.acmaitampmtngcataimﬂmtwasleactivatmanlbb emmatedvas to
deactivate a certai t .experinment. The
actual amount of® ?’QII%D# lflt'%‘ leihﬁngs:ac'fny‘% atgl (29%??‘“9 élgrt' ted fromthe
results in Tabl ecdporrids addeﬂmthtssgstemdzas thasarhérin eachenate (hy/expéctedwithy i t y
conpounds added, t 0 .t th eac as. expected with
i dentical feed éc{epggaﬁ%eaﬁ “@Pf?ﬁg @ gﬂ@?ﬁ\?éﬁ Wﬁ@&pﬁg

n[auri ties can bgcule@d as,léqaﬂedZZa«Smg.qIfaﬁJs mxﬁ]?oﬂcatmstwéretomesuwmt of

catal yst were tQ be_suhtracte 0. fr ntthe a ts of catalyst used
B Table 2. 18heSpEaE FHH SHP R P Pt Bt 4 seBog i bot h
cases, 1009 g/ givbiild REREbeen B 3athd in bbilirchdes, 1009 glebat e t hat the chrom um oxi de
catal yst acts as an _effectijve sca catgﬁla“{]or t he chl ont a| ni ng

C
i mpurities, and denoMmaEr s e chromium oxi “atglyﬁac
effective scavenger for the chlorine containing impurities, and demonstrate that

0

the catalyst can be used to reduce the high concentration of chlorine containing

15 hydrocarbon in the HFC. The-additional catalyst present in the system, beyond
that required to scavenge the impurities, can act as a conventional polymerization
catalyst. The scavenging of impurities by the chromium oxide catalyst can take
place in the same vessel or ', alternatively, two vessels can be used such that the
first vessel would act primarily as a chlorine reduction vessel and the second

20 vessel as a conventional polymerization reactor.

Example 8

To demonstrate the effect of chlorine containing hydrocarbon on polymer

productivity, trichlorofluoromethane (CFC-11), which was considered a
contaminant in Example 2, was added to an ethylene polymerization system in

25  isobutane, using the isobutane as a diluent. Ethylene copolymerization was
carried out in a 2 L Zipperclave reactor. The reactor was first purged under a
nitrogen flow for 2 hrs at 120-140°C. Then, 1.0 M AIEt; solution in hexanes,
CFCl; solution in hexane, comonomer (1-butene or 1-hexene) and 850 mL of
isobutane were added. Stiring was initiated. The reactor was heated to 85°C and

30 hydrogen was added. Finally, the reactor was pressurized with ethylene to a total
pressure of 300-350 psig and catalyst was charged to the reactor by addition of the



the catal yst can be used to reduce the high concentration of chlorine ‘
contai ning 15 hydrocarbon in the HFC. The additional catalyst present in the -
system beyond that required to scavenge the inpurities, can act as a ’
conventional polynerization catalyst. The scavenging of inpurities by the
chrom um oxi W@ 2Wa0¥P4Pst can take place in the sane veBEBNSHNS021652
alternatively, two vessels can be used such that the first vessel would act
primarily as a chlorine reduction vessel93and the second.20 vessel as a
conventional polynerization reactor. Exanple 8 To denonstrate the effect of
chl ori ne containi ng hydrocarbon on polynmer productivity,

trichl orofl uoronet han C.. ) | ch s considered a6 contam nant in
Exanmpl e 2, was rg@@@ﬂ]@é&%%{%@t@%@mgﬁ@w%@@ tﬁ%%‘f"%‘iﬁeﬁ“ﬂ%ﬁi sobut ane,
-using the i sobuyangnédied vil thekfictouplk e tdr ARDhY &drhdl pick@N Eiglene Carri ed out
in a 2 L Z pperclave reactor. The reactor was first purged under a nitrogen

flow for 2 his wasfeden derged torpadpain theglesjred totel presarss tThs polymen@lighes, CFC13
| ut i in h > oo . - f
solutron In e%ﬁgﬁ%&&%@hﬁby%ﬁﬁfhé&ﬁn H%é:ﬁi‘ﬁ%ﬂﬁ%laﬁﬁ@. 0

| sobut ane were . Stirring was initiated. The reactor was heated to 85C
and 30 hydr dgerreswits atgdepiarized malable 6.t he reactor was pressurized with

ethylene to a total S : - | arged to
the reactor by addi FF@fH&de{“ﬁ%%%%%ﬁﬁgjﬂga@%@%%%%@wgs :
remai ni ng 150 rhtatykt. iMabspecifieallyDUatalpsy Apis b dinethyisilylbis ftetratiydroinstenylo r .
tenperature was controll | 8- r ples.in the reactor and the
ext er nal jacketz.lrcﬁt“ﬁ%/fjlgﬁlggge g?%l@%ﬁ:&%#gﬁﬂf@fg%ﬁﬁ%{:%ﬂ% he desired total
pressure. The EnrpyoneionAutanRougeyduisianar Thet(eled,SiHRd).ZE L) catallpst st oppi ng L
heati ng and_,ventin he vol.ahl.es., The 5.results ar.e sunmari i.n Tabl e 6.
Catal yot A 105 ogorRoipH as e St A0 Syt Berbent Ro R g R GEAE o Cype
catal yst. Mor e tdpeei(dvalzbld iom Abembie BathnRouge, Uouisidayisadded| [The
(t etrahydroi nde zi rconi.um di | Si (,Hnl.nd).2 ) avail abl e
from Al bemar | ecg}élé’%tﬂvc?? Sppeied %g%%k%%ﬂfg%‘%ﬁﬁfﬁ ngm%hé'%&&jlé
(Me2Si ( Hal nﬂ) ﬁZfﬁg?z)ppfbﬁtinﬁtqlﬁl.O iﬁi@ﬂpﬁi&nl ﬂﬂamﬁ[&)ssﬁiﬂhml ﬁ?ﬂa}mm,hn/ﬂillgm we: ght
per cent- et hyl al um noxgne (MAQ) i.n t.ol uene vai e from mar | e, Baton
Rouge.  Lout o aly® Beesfinmatsiret by dRemaiiips e sht pnsd Bedupesk eHER | o o Es. 70
grade siliqg defsedhasiRen Rdatef @ held a temperature of about 1000°C for about 22

hours. The Crosfield ES-70 gra&e silica has an average particle size of 40

microns, and is avai]able from Crosfield Limited, Wamington, England.

Catalyst B used in these experiments was a bulky ligand metallocene-type

catalyst made as follows. Into a 2 gatlon (7.57 liters) reactor was charged first
20  with 2.0 liters of toluene then, 1060 g of 30 wt % methylalumoxane solution in
toluene (available from Albermarle, Baton Rouge, Louisiana), followed by 23.1 g
of bis (1,3-methyl-n-butyl cyclopentadienyl) zirconivm dichloride as a 10% E - 4
solution in toluene. The mixture was stirred for 60 minutes at room temperature
after which 850 g of silica (Davison 948 dehydrated at 600°C available from W.R.
25  Grace, Davison Chemical Division, Baltimore, Maryland) was added to the liquid
with slow agitation. Stirring speed was increased for approximately 10 minutes to
insure dispersion of the silica into the liquid and then appropriate amount of
toluene was added to make up a slurry of liquid to solid having a consistency of 4
cc/g of silica. Mixing was continued for 15 minutes at 120 rpm after which 6 g of
30 Kenamine AS-990 (available Witco Corporation, Memphis, Tennessee) was
dissolved in 100 cc of toluene and was added and stirred for 15 minutes. Drying



having approximately 1.0 wei ght percent water Loss on Ignition (LOL), with
LA being generally neasured by determ ning the weight | oss of the support
mat erial 15 which has been heated and held a tenperature of about 1000C for
about 22 hours. The Crosfield ES-70 grade silica has an average particle
size of 40 WORPMYWIMAnd is available from Crosfield LiPGITUSZIOSAMES? i ngt on,
Engl and. Catal yst B used-i-n-these experinents was a bul ky |igand

met al | ocene-type catalyst made as follds. Into a 2 gallon (7.57 liters)
reactor was charged first 20 with 2.0 liters of toluene then, 1060 g of 30
wt % net hyl al unoxane solution in toluene (available from A bemmarl e, Baton
Rouge, Loui si ana foll.o by 23.1 of, bis (1, 3- o} D |

cycl opent adi enyW%ls g‘l‘mr:l %@%”H?@W&Pﬁl %’Eeﬁtﬁeﬁﬂﬁﬁé%&ﬁ%@‘dﬁl ftﬂ Wﬂene. The

m xture was stifhe@dlyhmriz£ion citalyit esnpiising dRtatienplica kppeded Ritedee Whi ch 850 g of
silica (Davison_948 deh dra{g&zg at ﬁ%%% aval.l able from WR. 25 Grace, Davison
Cheni cal Divisi%‘i’?’,m‘%drtf"gsrﬁ?f" d dgyg 4p arged dnto A Qe puteRl vessehufl  with sl ow
agi tation. StirgpRgihaeRIdeTS KeoF BigPeBeheliBition BRIIRK waPdtRliNed Wle Bl NUL €S (O

i nsure dispersion of the silica into the liquid and then appropriate anount
of tol uene Svassomedasss dof tRdR@Bup a slurry of liquid to solid having a

consi stency of 4 C%ﬂﬁb@Hh%eéﬂﬁ%Ma%ﬁgiﬁ&%dE%y&S m nutes at 120
rpomafter which 6 g of "30 Kenam ne AS-990 (available Wtco”Corporation,
Menphi s, Tenneswendred i 2 gixure p{AMECL.1€H1/3AIClyfand trirehydw figan added and
stirred for 15 4 | Fedd @?&86/0 94 was then
initiated by va@G%%BW%Wﬁ%o%%%%%ﬁé§¥ 1_754|Ej 7 .'f . en the

pel yneri zation desqriptipn pf theprgparation procefurean e foumd inU.5.datentlNpeared to be free
flowi ng, it S ol ' LLL rged vessel. An
appr oxi mat eld;/\?eﬁ”gl%?? q%vﬂgil\%ib aﬁg?ﬁ B@P&%@?’?%ﬁcﬁ 2‘%{% ;@‘?Eﬁﬂiaiwobt ai ned due to
5 sone | oses duermdatibmysgictad cINBA(TIT moledation of 2% endendPRACHERclevas a
transition metal,.c ﬂﬁlﬂﬁ f b WD . Ti Cl 3- 1/ 3A1C13,
and tetrahydr ofrﬁtfoa(?lftoaém?e e (E:sgﬁgl]{/egﬁ was %%Jppor]?}é‘%@?ﬁ&hsjfll ica that was
dehydrated at GO@Gnuichletidd. | ed description of the preparation procedure can
be found in U S. Patent No. 10 4,710,537, which is herein incorporated by
reference. The specific catalyst forrRpatg on used had a TNHAL' T HF nole
ration of 0.27 and a DEAC/ THF nol e

Comonomer

Catalyst CFClyinHexane  Type  Amount Pr?d,,uf:l“"ty
_ (mi) glg/hr)
A 0 1-Hexene 20 1165
A 15 pmol/3.0 mL  1-Hexene 20 1317
A 83 ymoli0.5mL  1-Hexene 20 524
A 500 prol/3.0ml.  1-Hexene 20 181
{ B 0 1-Hexene 60 1300
B 500 ymol/3.0mL  1i-Hexene 60 871
C 0 1-Butene 60 539
C 500 ymoli3.0mL  1-Butene 60 361

15
The data of Table 6 show that adding CFCl; with an amount similar to that

found in HFC-236fa of Example 2 reduces catalyst activity by 33-84%.
Additional Examples
A series of absorption experimental Tuns were conducted in a simple, lab-
20  scale colummn to determine the absorption capacity of two different types of
activated carbon obtained from a vendor. The absorption capacities were

measured with both types of activated carbon using three different types of



ratio of 0.50 where TNHAL is tri-n-hexyl alum num and DEAC is di et hyl

al um num chloride. Table 6 Conononer Catalyst CFCI 3 in Hexane Type Anpunt
Productivity (m) (glg/hr) A - 0 1-Rexene 20 1165 A 15 pnoV3.0 mi,

1- Rexene 20 1317 A 83 pnmoV0.5 nL 1-Hexene 20 524 A 500pnol /3.0 nL 1-Hexene
20 181 B 0 1WPERWME90D 1309 B 500prnol /3. 0m 1- Hexene PEOAUSTNS02G50 1- But ene
60 539 C 500pnol /3.0 nL 1-Butene 60 361 15 The data of Table 6 show that
adding CFC13 with an anount simlar to t9at found in HFC 23 6fa of Exanple
2 reduces catal yst activity by 33-84% Additional Exanples A series of
absorption experinental runs were conducted in a sinple, lab- 20 scale

colum to determ ne the absorption ca I fferent types of
activated car bdRamitugrogarhon (¢gi6- 5’49’&#‘ 36fa1-|a;gl %&3‘?55 &S@%ﬁg@ﬁei es were
~measured w th obbihyiese owaGh TG dndir bon using three different types of

WD 2006/ 009949 PCT/ US2005/ 021652 95 hydr of | uorocar bon WC- 134a, HFC- 236f a,
and HFC- 245f a) . Resmgbwmne@mm@wm&%7caﬂ9mmslswems | and H.

The absorption bing wth
val ves fitted o‘ﬁﬂe er SI ﬁ%ﬂ [ ngﬁil mf@é%ﬂg aleef%@@h‘,{agel t ubi ng
was 59 7/8 i rﬁ:ﬂ&mcmsrig:g(zsl lzmcw)th @i intermmhdiameteraf 4143¢linah €0 mm). 0. 430 i nch
(10.9 mm. The col wm was qlbw th.one of act.i.vat ed carbon
obtai ned from I 81‘ arsggrﬁ:eég} 8’?‘30& oonwﬁhfa%?tggﬁ%q%m@@escrl bed by
the vendor as Cudlgphgrbohdomperdtion Tisrfrstsamply pes ddeditedby thelvendveasond was
described as Q‘?:'a@gﬂ Activated Carbon, Type AP4-60.” The second was described as “Calgon
. Activated Carbon, Type OVC Plus 4X6.” The AP4-60 activated carbon wasin
10 the form of cylindrically shaped pellets, while the OVC Plus material was in the
form of flakes. Both of these carbons were crushed with a mortar and pestle to a

)

smaller size to fit inside the absorption column. The crushing reduced the average
size of the particles or flakes to approximately 25 to 50 percent of their original
size, with some fines. Glass wool packing was inserted on both ends of the

15  column (next to the valves) to prevent any carbon from entering in to the valve
areas. The HFC-245fa was obtained from Honeywell, as marketed under their
trade name Enovate 3000, The HFC-236fa was obtained from DuPont, marketed
as SUVA 236fa. The HFC-134za was an antomotive grade material, marketed as
R-134a. These materials were used as received without purification.

20 The fluorocarbon was allowed to vaporize or boil from its holding
container through a line that led to the bottom of the absorption column. Between

.

the column and the HFC source were two rotameters (flow indicating devices).
Each rotameter had a flow range of 50 ml/min of air at 21.1°C at atmospheric
pressure. The rotameters were amranged in paraliel to provide a flow range of 100
25 ml/min of air at atmospheric pressure. {The actual flow range of the rotameter
dependé on the Mw of the gas. For a gas of known Mw, the actual flow rate can be
obtained from the indicated flow rate using methods that are well known in the
art.) On the exit side of the absorption column, a % inch (0.64 c¢m) line was |
directed down to a coil of stainless steel tubing that was contained within a beaker
30 ofdryice. The chilled coil of stainless steel tubing acted as a condenser to liquefy

(and detect) fluorocarbon gas coming from the absorption columm. The



Activated Carbon, Type OVC Plus 4X6." The AP4-60 activated carbon was in 10
the formof cylindrically shaped pellets, while the O/C Plus material was in
the formof flakes. Both of these carbons were crushed with a nortar and
pestle to a smaller size to fit inside the absorption colum. The crushing
reduced the awer¥gweosss®i ze of the particles or flakes topaposysiasel y 25 to
50 percent of their original size, with sone fines. d ass wool packing was
inserted on both ends of the 15 columm (pgxt to the valves) to prevent any
carbon fromentering in to the valve areas. The HFC 245fa was obtai ned from
Honeywel |, as marketed under their trade nane Enovate 3000. The HFC-236fa
was obt ai ned f rgm DuPont ket as, SUVA 236f The HFC-134a_ was an

aut onot i ve gradé"Y‘f%FFé?’F&Fd" o8 e@ﬁ“‘&%‘ wig venied to the pmespbgreayifhly afMEr ¢ used as

recei ved wi t houlo g Prfok fcPdabiffin, @@wa@ﬂo%{hu%gﬁ%ﬁ%(m 18dsvRWpEhdt O vapori ze
or boil fromits hol ding cont ai ner through a |ine % led to the bottom of

the absorpti on wdveshivas Beghadand reprdedasithatare Jysight. H@em@ns(mﬁ Wélghé’r e two
rot aneters (f I o dﬂ%& aﬂ&h&?&/ﬁ &Ev%ledcarﬁ@x?.hnfe%ﬁ{ﬁﬁ%aﬁé range of 50
eri er ot arre

m/mn of air at at at nos C pressure ers wer e
arranged i n par thelfesd and exit kines.diad ﬂudrb@vbon@gegas)fwaipasmghrﬂm of air at

at nospheric pre r an .a d ends on
the Mv of the g §d$s rpﬁbn é%%%zf%;h%k raeo f\]/é\?ro%ﬁogngvg% Qe?la{aﬁ o‘{v\rf%?%t e cgﬂrz be

obt ai ned from ti-myxmmoh emhadanﬁdtmmﬂ:mmgthmmmﬁmhmdsbdﬂmhdmalmﬂel known in

the art) On the.exit f heasortlon ol,u '0/|nh 0.64 cm line
was directed d%%ﬁmflg’agngtg?tﬁheoémﬁc gs éﬁoﬂ{e%yﬂﬁ Ront ai ned
vvi(':hi n a beakerm&He@ﬂmﬂ:tyﬂbwﬁ:rou'ghﬁlmiuhﬂn@chs@mﬂnuéﬁunﬁlmﬂdlﬁpﬁilﬁgaﬂb t ubi ng
acted as a ndenser .t nd defec ar bqn s com ng from
t he absorpt? n CSB}S{ 9 %%0%? i'g‘ ﬁéﬁa{ﬁggﬁ% D a§8 downst r eam
end of the Condbﬂgabemgadsoﬂﬂdibyﬁabﬁdmh,(mﬂﬂﬁlmmgsaﬂk‘tﬁﬁtﬁn\&hﬁa{ﬁtjﬁhﬁfoTE hood.
Prior to each run, the t (0] W|th | ass wool and

val ves) was wei prBEFa gﬁ?&%@ﬂ?‘ae %?§° Eér"éasa@?%(‘ %Qti’i’ﬁ?ewas wei ghed
again ﬁft]er Ejhemﬁﬁd féltbemafon@mtelsmfaﬁdn,eﬁdmeﬂowmﬂﬁ@kwﬁbdmetrélﬁda connect ed
to 5 the feed an

Xit and fl uorocarbon S . a gas) was passed through
the adsorpti orPnc%\?‘E’rﬁﬁde °f|r‘}§ apERKOR PP pveFq %@%é&%ﬁ mﬁ?’ ‘g
i ndi cat ed 295 t OandQveighied.NTHE iRéteRedmlvdight 8¢ Ssorplitd &dhaﬁﬂwaétm&ﬁsuﬁs no

fl uorocarbon condensed in the
- weight of ﬂuorocarbon adsorbed. Upon the completion of the run, the valves
were removed and the activated carbon was poured out to prepare for the next test.
No gas release was observed when opening or removing the valves, indicating that
the fluorocarbon initially adsorbed during the tests remained adsorbed on the

20 activated carbon.

. Table 1. Activated Carbon Absorption Results With Fluorocarbon (FC)

Activated Wt. Empty Wit. of Tube
Carbon Type FC Type FC Mw Tube, w/ valves | w/ Carbon
[ (g/mole) ® )
AP4-60 HEC-245fa 134 394.30 406.42
AP4-60 R-134a 102 ' 394.45 , 406.74
AP4-60 HFC-236fa 152 39441 407.14
OVC Plus HFC-236fa 152 394.46 405.10
OVC Plus R-134a 102 394.44 405.68
OVC Plug HFC-245fa 134 394.45 405.65




coil,
car bon

|l iquid began to 10 "spit" out of the end of the condenser.

that fl uorocar

the fl ow was then stopped. The val ves

bon was no

\ | onger bei ng adsorbed by the columm, and the
limting add%e pose®apacity had been reached. The f| s@r/vs20ésfegrssocar bon gas
was allowed to continue one nore

m nute to ensure conplete saturation,
& either side of the abSorption

I ndicating that the fluorocarbon was bei ng adsorbed by the activated
in the colum. Flow through the columm was continued until
Thi s indicated

sonme

and

colum were closed and then the columm renoved 15 and wei ghed. The increase
i n weight of the absorption colum was taken as the weight of fluorocarbon
adsor bed. Upon the conpletion of the run,

activated carb

t he val ves
poured out to prepare for the next test.

were renoved and the

No gas

rel ease was ob whenr—opep-Rgor—-erpv-rg—t-he—valves.—indicating-that
the fl uorocarboh iagijidted | ¥ méorbewto‘lﬁi“ﬁ% tﬁﬂ_ 81 S ?% n<§dF@/¢sM§1aleq on
the 20 activat efcadbR Ipe abtron | Aaboned Gaghea ADSIRDPY on Resty ts W th
Fl uorocarbon (FC _Activatied W FhmtERE bf Tube C trype EC Typed FC Mw
Tube, w valves| w_Carhon| ((gole 41 60 KBC 245fa 1341304, 30 408. 42
AP4-60 R-134a 1j02P464. 45 4082.12 P41B35 HEC- 2368% 152 8922 41 400468 C
Pl us HFC-2361a [1AP4-884. 46| 405290 | OW0.PB us| R- 183% 102 884144 4@346B (VC
Pl us HFC- 245f a [18A4-884. 45 432755 MO41886/ 0099486 PCT/ USBE0H/ 021994149/ | Tabl e
Il Activated W[oVEPI& 1ubeo¥d. [of AT1B9/ O FU &3Pl ar| 6a3pDoh Tymagkar don w
Car bon Absor bed GREFNsOY |RaGi 04 & [FCMEbINT|  ( 3.24 APA160.488- L2 9p349> d. 33
0.522 0.0468 AGvEPnEZ- 49 7150 93 441939 3T TpPF0T | 0.602 0.0539
The above tests indicate that the activated carbon materials had
5  surprisingly high adsorption capacities of between 34 to 60 percent of
fluorocarbons by weight as indicated in Tables ] and I, Thus in a preferred
embodiment, the vent streams from a process could be purified (i.e. fluorocarbon
removed) with reduced amounts of activated carbon than wouid normally be used
in an activated carbon bed in a hydrocarbon process.
10 Having now fully described this invention, it will be appreciated by those

15

skilled in the art that the invention can be performed within a wide range of

parameters within what is claimed, without departing from the spirit and scope of

the invention. All documents described herein are incorporated by reference

herein, including any priority docoments and/or testing procedures. Likewise, the

term "comprising” is considered synonymous with the term "including" for

purposes of Ausiralian law.



AP4-60 12.73 413.81 6.67 0.524 0.0414 OVC Plus 10.64 411.39 6.29 0.591
0.0467 OVC Plus 11.24 410.92 5.24 0.466 0.0549 OVC Plus 11.20 412.39 6.74
0. 602 0.0539 The above tests indicate §hat the activated carbon materials
had 5 surprisingly high adsorption capacities of between 34 to 60 percent of

fl uorocarbons by weight as indicated in Tables | and Il. Thus in a preferred
enbodi nment , i@ﬁ lgnt' streans froma process could be purified (i.e.
fluorocarb ved) with reduced anounts of activated carbon than woul d

normal Iy be used in an activated carbon bed in a hydrocarbon process. 10
Havi ng now fully described this invention, it will be appreciated by those
skilled in the art thApolymsrizationprocsss. eamprismgpaixmgtogsthenp e#alista wi de range
of paranet it b i L R, hodd rt e spirit and
scope of tﬁ%épﬁgéﬁ%P%%g Iﬁ%)%%%hentgw éﬁ@?ﬁ%@ﬁ&ﬁg %%ﬁg%%égpﬁ%grporated by
ref er ence . whéreinghexmbitmelindihivd thayolpimeiois iptodudaiCeomeitssnoasicklo chlbgist | ng
procedures. Likewi se, the 15 term "conprising. is considered synonynous with
bhe ter m " | FOMIITR Yoo mpplad sCaoRerh ey BRI 2R PLARESt CYOAPME |, A

pol ynmeri zat p&8nPbOfE HFdroARSBE B Whset ot 1R (diAGRIRRS ofah&@dliRhy St system at

| east one ol efin nmonomer and a hydrofl uorocarbon to produce a pol yner,

wherein the mxture in which the polynmer is produced contains no single

chl orine containing d €0 J 40 and at

| east 5 vol une %er ceﬁe%’g&gggf)ﬂ%‘ r of ugérqré@éar]g%(ﬁﬁ%gg‘g E@n%etq%’ﬁ%?al vol une
of the dil ugpioduled cbhaimoceste dilorihkabmuihingWydfoearbord benpaurtiur e i n which the
polymer is prod ceg contains no single chlorine containing hydrocarbon
conpound atgre@f%‘glﬁ% OPRER- 30 ppma. 3. The process of claim2, wherein the
m xture in which the polynmer is produced contains no single chlorine
cont ai ni ng hydrocarbon conpound at greater than 25 ppma. 4. The process of
cl ai m 3, wher ei 3.t he Hiogrogess ¢frelawni2c ivherpis theohixime in whiclpthe delymer isont ai ns no
single chl Olgljotri]lﬁceg ((?Onl‘{te?l{‘lsn ﬁo“&ng*lé’ cC:HI8r%%rc%8pain%9g%%¥0%grb%}1 compound at greater

than 25 ppma.

4. The process of claim 3, wherein the mixture in which the polymer
is produced contains no single chlorine containing hydrocarbon compound at

greater than 20 ppma.

5. The process of claim 1, wherein the polymerization is carried out at

a productivity of at least 400 g/g/hr.

6. The process of claim 1, wherein the hydrofluorocarbon is
represented by the formula:
CiHyF,
wherein x is an integer from 1 to 40, y is greater than or equal to 0, and z

is an integer and at least one.

7. The process of claim 1, wherein the at least one monomomer
includes one or more of ethylene, propylene, butene-1, pentene-1, 4-methyl-
pentene-1, hexene-1, octene-1, decene-1, 3-methyl-pentene-1, norbornene,
norbornadiene, 3,5,5-trimethyl-l-hexene, 5-ethyl-l-nonene, vinyl norbornene, and

ethylidene monomers.



greater than 20 ppma. 5. The process of claim1, wherein the polynerization

is carried out at a productivity of at |east 400 g/g/hr. 6. The process of

claim1, wherein the hydrofluorocarbongés represented by the fornula:

- CxHyFZ wherein x is an integer from1 to 40, y is greater than or equal to

O, and z is an integer and at |east one. 7. The process of claim1, wherein

e 2t | eastone {IonoTpE ek PGLUAGS, BRE.An B8 coBh i DfrocEREY 7
3- net hyl - pendoaipuid ;ﬂ@hfdb@dsmmore conpendadpesatedbyihbfdrmutet hyl - | - hexene,
-et hyl -1 -nonene, vinyl norbornene, yl i dene nononers. . e
5-et hyl -1 I b ﬁﬁﬁjhld 99 8. Th
process of claim1l, wherein the chlo w-<Elant ai ni ng hydr ocarbon conpound

includes one or nNPREeRATPM DisseF 613&&%@%@@ 1Y% ahefQomabar 1 toGbakhCcHd
wherein a is an integer of froml 14, is an integer of from1 to 13, ¢

is an int egean19&gcmfrfr01nt1c§0é%ar)dnbllsdnnrseg@nomme@etp 18f fromO to 13. 9. The
process of claim1, wherein the, chlorine containing hydrocarbon conpound
is selected fromthe group consisting of: trichlorofl uoronethane,

hexaf | uor ochl or opr.opanthe sot@t of dhinal | witst€ip tiepeISrine containing

chlorotrifl uor opr opene 1, %ngl chl org 2, 2-di fl uoroet heng pent af | uor o- 2-

chl or opr open®draggrbopsempopadisselgeted framthe sroWp sPRIIHKINERE chi or i ne cont ai ni ng

hydr ocar bon ﬁl@ﬂi@%ﬂrdrﬁetﬁédecf?éx%ﬂ%ljo&%ﬁgﬁagygﬁé‘%hlo;&etramgro@Eﬁﬁﬁé5 of claiml,

wherei n one or nore of the chlorine I ning hydrocar conpounds are
renmoved fr omnshdomtrifluprepropenteai Ardighlotee?,2 fdyidironddtheneopentdfbrorgp2t or t o produci ng
t he pol yner. 2 The process of claim1l, wherein the m xture contains a

t ot al am)un? %rf)pEOII?F ei?l ne contai ni ng hydrocarbons of 50,000 ppmor |ess, by
mass. 13. The process of claim1l, wherein the one or nore chlorine

10. The process of claim 1, wherein the chlorine containing

hydrocarbon compound is trichlorofluoromethane.

11. The process of claim 1, wherein one or more of the chlorine
containing hydrocarbon compounds are removed from a mixture containing the

hydrofluorocarbon prior to producing the polymer.

12. The process of claim 11, wherein the mixture contains a total

amount of chlorine containing hydrocarbons of 50,000 ppm or less, by mass.

13.  The process of claim 11, wherein the one or more chlorine
containing compounds are removed by one or more processes selected from the
group consisting of distillation, extractive distillation, contacting with metal
permanganate, contacting with chromium oxide, adsorption, reactive distillation,

and contacting with one or more decomposing agents.

14.  The process of any of claims 1 to 10, further comprising

a) removing chlorine containing hydrocarbons from a mixture
containing hydrofluorocarbon to produce a hydrofluorocarbon product containing
no single chlorine containing hydrocarbon compound above 40 ppma, and

b} mixing the hydrofluorocarbon product with at least one monomer

and a catalyst system to produce a polymer.



cont ai ni ng conpounds are renoved by one or nore processes selected fromthe
group consisting of distillation, extractive distillation, contacting with
nmetal permanganate, contacting with chrom um oxi de, adsorption, reactive
distillation, and contacting with ongqpgr nore deconposing agents. 14. The
process of any of clainms 1 to 10, further conprising a) renoving chlorine
cont ai ni ng hydrocarbons froma m xture containing hydrofluorocarbon to
produce a hydrof | oro bon gp ain no_sin chl orine

cont ai ni ng hydr ock rbon CH‘BB\/%PA@GF%?TQ’% °3hd" By "?ﬁlﬁ?rﬂﬁ t he

hydr of | uor OC@hfxﬁﬁn@E(ﬁﬂpUiﬁldMﬁcherﬁbvddﬂa@&ine@ﬂﬁloiﬂ)@@lﬁﬁes sakdtcd fioai thkyst system
to produce a polyner. 100 15. The process _of claim 14, wherejn the one or

more chl ori rﬁo%?ﬂlﬁisﬁﬂ&gf@Wﬁﬂﬁtré?té’erdéﬁ‘r’ﬂﬁé‘ﬂ% 9“%‘1‘?&‘861’“%?@ processes
se'ectedfrgpprﬁq B IR nfifim Ghiel AdsBItiOR. reSHVE BREIME,
distillatio gﬁ?ﬁctﬁﬁgu& hﬁh Q%nﬁpegna%baga I, égﬁ%%c?ﬁﬁéthfh chrom um
oxi de, adsorqmﬁlcomtactn%mhmmqtmctrekibca)mposingamtb contacting with one or nore
deconposi ng agents. 16. The process of any of clainms 1-15 wherein the

nononers to be polynerized are not fl uronononers.
16. The process of any of claims 1-15 wherein the monomers to be

polymerized are not fluromonomers.



