WD 2006/ 009949 PCT/ US2005/ 021652 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
t hat i ncor porsioeepsniwessuse of hydrof | uorocarbon di |l uent ecmwaws/NRLstittle to
no chl ori ne containing hydrocarbons. Background of the Invention
Pol yrmeri zation generally involves polyneriizati on of one or nore nononers to
make a pol ynmeric product. The polynerization 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 ymeri zati on r dd@¥W EQULINGANRHIGIL ACTIVIIY POLYRIIIZATIONIRQCESS ¢ ease
the efficiency of the polynerization reaction and recovery of pol yner
product. An éxans[e of .a pol%nerization process that incorporates the use of
a 15 hydrocar bos? I own in U S Patent No. 3,470,143 (Schrage et
at). Specifically, the Schrage patent discloses a |aboratory scale
pol ymerizati on react Taninveionteiaeytnaoy buling,kigh &ivey Pelymenzgion ¢ f 1 uori nated
carbon_compound goed: Nofd ki Akally, S ifveiof reIREHS « 16 oY, BighderRtyy T T Zat i o
uci'ng I rcla

processes, for exanple 207red 1g reactor fouling at co scal e,
enhanci ng t he5 conslemenizationprackss thell incorpasdtesiby ysmof hydraflororabonr dibented from a

gi ven process, i Qﬁﬁﬁéégﬂie?@ﬁﬂ%ﬁﬁg%ﬁgﬂﬁﬁiﬂmﬁgﬁi ty without significant

i nvest nent where es rocess 1 nprovene necessitate nore efficient
recovery systensg}hal, ﬂgdoo\fitﬁﬁ_llnv o'hronment al benefits as well as cost
reductions. In p C ; a need for 25 increasing polynerization
catal yst activity, ' ' el : . fouling, and
f produci ng a mﬁd2hg%§ﬁgﬁg$h%%ﬁ%%g@?ﬁ#ﬂﬁ%ﬁﬁﬁéﬁﬁgggaﬁé?§£$8%unnary of the
| nventi on The i nmemmieshtopnakeiagelymaripprodust sTHegpolymekizatign eagtisimeambe pr oduct at

ur i ng. e W 20BR B kA St bRl ebtos Gha wlRFECT Toul N0

monomer feeds. Often, liquids, diluents 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. '
There are needs for ixﬁproved 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- reactd on 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

t hat conpri sewonensiomgist oget her a catal yst system at | er€TAUSHOOEN28ENOoMEr and
a hydrofl uorocarbon to produce a polyner. The m xture in which the polyner
i s produced should contain no single chlomine 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 ppma
10 In one aspect of the invention, the polynerization process conprises

m Xi ng toget her seactitmgirgesss. @gmmhoaﬂncloma@tes theasandabydreilupneratbon
hydrofluorocarbon f not greater
t han 40 ppma of ?{9}3 ?\’afl&){hg‘cﬁﬁ ﬁg@@%ﬂn Hﬁ&n&%@ﬁ%?%@ ﬁmgc?rrpound
Preferably, the bmb:yﬁmroniam:ﬂgdxymmhrboncohipmmﬂsesence of not greater than 30

pprma, nore preferably not reater t ha and. .npst preferably not
greater than 20 pprma 9§ Eﬁﬂg?FW3%“€@ﬁFQFWPW8 dr ocar bon
conpound. |n &noLagin m@aﬁ&ﬁbrmwfcoﬁlpﬂsehaﬂﬁigtb%mmmﬁa&m ktAédsi ON process
I ncl udes renovi ng chl ori ne cqntai_ni ng drocarbons froma m xtyre contai ni ng
hydr of | uor ocar boﬁﬂQIBOWH%R@éhddwmrﬁf%tﬁéﬁﬁ%ﬁpﬂV@Eh@eE’é’ﬁ%“&l“hl ng no

single 20 chlori pg;.feptRiyiHE madeea@ﬁémn&am&m chldrife GURRMHRg t hat woul d
significantly adversely inhi lI)J | ymer catal yst activity. The hydrocarbon

product is m xedhyqua:’poapommtiat@ﬁ@t%@ﬁﬁpp%are&r@atm%ﬁh@%pmmo produce
a polymer. In ang Bﬁgﬁefaqmg.te%ﬁ&mmﬂ hftMB0Y hrBiRrablly RoafRP %ﬁﬁ%‘ on

pr ﬁcess i ncl udes novi ng chl ori ne cont al ni ng hydr ocar bons m xt ure
containing 26 hydroflnemm@tbﬁhemueqwmlﬁnwmepm@smm product. The

hydr ocar bon prod Q‘ES%Q %%HE ?‘ﬁgﬂ yst system
to forma pol ym#%?étgg@%ggaém?é\ln dfa astglg %h , preferably at
| east 500 g/ g/ hrandfnmnmtpcmlmabnﬂle@resmgfno@matgft&hmOppmapfanyr@gb

preferably at le . r glg/hr. 30
I'n yet another ﬁ@éfﬂ’zgg"“g‘(‘ﬂéﬁ dmcrqlg)ggscé% %ﬁgrlﬁ%& BJ @lgl#ﬂ&qgfogrg%?%
cont ai ni ng hydrothapmmsedfmohgreatmwoeypmmmmefagihmtgrhﬁtetdhm%r 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 chlorine containing hydrocarbons from a mixture containing
hydroftuorocarbon to produce a hydrofluorocarbon product containing 1o single

20 chlorne containing hydrocarbon compound in a amount that would significantly

adversely inhibit polymer catalyst activity. The hydrocarbon product is mixed

SN

with at least 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 2 catalyst system to form a
polymer at a productivity of at least 400 g/g/hr, preferably at least 500 g/p/hr,
more preferably at least 600 g/g/hr, still more preferably at least 700 g/g/br, and
most preferably at Jeast 800 g/g/hr.
30 In yet another embodiment, the process comprises removing chlorine

containing hydrocarbons from a mixiure containing hydrofluorocarbon to produce



WO 2006/ 009949 PCT/ US2005/ 021652 3 a hydrof | uorocarbon product; and m xrng
t he hydrocarbon product with at | east one nononer and a catal yst systemto
forma polymer at a polymer fouling of not greater than 5 w% Preferably,
the polyner is formed at a polyner fouling of not greater than 4 wt% nore
preferably notW@8e#@M9t han 3 W % still nore preferabl yPCHURWSOYFBat er t han
2 W% and nost preferably not greater than 1 wt% | n one enbodi nent, the
hydr of | uorocarbon used in the process is Iepresented by the fornula: CXHyF,
wherein x is an integer from1 to 40, y is greater than or equal to 0, and

z is an integer and at |east one.. In general t he chlorine cont ai ni ng

hydr ocar bon conpoynds t hat re 10 ref |n this ventiQn are
represented by tﬁgﬂgﬁﬁhﬁf QﬁPr “qﬁ m@qu PﬁP@&Eﬂme from1lto
14, b is an int e%énfbfnofneloﬁd%catalyétéystanmsomﬂmwa@wa&%mmgomt6 and d
is an integer of fromO to 13. Particularly problematic | orine_ containing

hydr ocar bon corrpmﬂaﬂnéﬂ% PéﬁfefﬁﬂVéhmMﬁ(fgﬂ@élam‘%ﬂnﬁrf@%ﬂgnéﬂﬂtgr oup

gﬁlnglr 2: Ie??a?r uor (%r opene c dgﬁfé o?opﬁéenewgwﬁrﬁﬁlw céa%gll fluoroeth

ene, and pentaf mobgreatertbin 2wl rodmost prefmablyet geitedthaehwi’t he at | east one
nmonononer i ncl udes one. or re of, .ethyl.ene [ O e but ene-1, pentene-1,
4- et hyl - pent ene- 1, bg&%]ﬁ’e- ° g&teﬁgﬁﬁ%ﬁagggﬁg@ggﬁﬁﬁrﬁws 15ent ene-1,

nor bonene, nor bomqﬁéseﬂed bipthe farminlat OFI,Rywhelei?Oislae kneper frém ¢ ttdngd, yis nonene,

vi nyl norbomene, angd | i dene oner s | n anpt her enbodi nent, one or
nore of the chl oﬂeﬁﬁﬁﬁﬂ¥ Fﬁ %Bﬁflso“r“d%tgﬁebmag%ﬁﬂ}%ds are renoved from a
m Xt ure cont ai ning thm mmmeumbﬁsmhmn@mymca&mnmmﬂmummame pol ymer .

Ge eraIIy, t-ure nt.ai ns t ot al t 0 h nt.ai ni ng O
hydrocar bons gf 5% abﬁ}swm%’ al‘%‘fgreseﬂvgﬁ%g’?ﬁ”ﬁ“%f tﬁé&'&{b&’w He03ne or nore
chlorine cont ai nis%:ﬁt@gé%ﬂﬂﬂﬁa 1&6134 leé@Mﬂldgd?Mfﬁcﬁﬁl%lﬂE@mﬁﬁ@F@%ﬁﬂ&msa ected
fromthe group consisti ' | 1 ation active distil]|ation

contacting with #Glan Bg’fﬁfa’éﬂ;&f’ arg 80 %ﬁ:tPaﬁﬁ arly preblematicehlonngxi de,

adsorption, reackini@nid hdrbéaRion @bmptiak £96teds ioRto }Nfbﬂmdggﬁe&éd frofPthe
deconposi ng agents. V\D 2006/ 009949 PCT/ US2005/ 02165
group consisting of: trichlorofluoromethane, hexafluorochloropropane,

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

In one embodiment, 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-1-

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

In another embodiment, one or more of the chlorine containing
( hydrocarbon compounds are removed from a mixture containing the

hydroftucrocarbon prior to producing the polymer. Generally, the mixture
contains a total amount of chlorine containing hydrocarbons of 50,000 ppm or

25  1less, 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 ai'l 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 ocar lmmon20peoseduce t he pol yner. The reaction i ecrasggseiesnt such
that little to no chlorine containing hydrocarbons are present. The

i nventors have found that polynerization prgocesses that include hydro
fluorocarbon as a diluent material in a polynerization reaction mxture are
10 negatively inpacted i'n cases where the reaction is carried out in the
presence of even snall anounts of chlorine containing hydrocarbons.

Typi cal |y, the pr dstsited Deséription gUnveaties s of such chlorine containing
conpounds negatively inpact- product|V|ty At commercial scal e production,

| ow | evel s of producti {mttodudtions can be quite substantial, resulting in many
cases as a substantial loss in reactor 15 production capacity. |Il1. HFC

Di | uent Material The dThisémestiansedirécted tolaipolymerizativh proceas Satiecrafi¢doiuhat i n

produci ng highly sef ol . .prod e. dilu n al so
provi de pol yner pP%@E§§%@Eh?é?i H@ﬁﬁ%@é“?%ﬁﬁPﬁ%Y |%ﬁ%§g‘§§%§%§ 5

ef ficiencies agd/ Qiclﬁd&dﬁﬂ:&ﬂgiﬁgememmmﬁt@Isteﬁoatemmeﬂmoméﬂaﬁd di |l uents of the
i nvention are preferahly c 0si t ded t he. reacti.on ess that
reduce the concenPV@'PBB%°‘@$br%ﬁ‘épr8¢ ﬁ@?@gléf{?f”r b&eﬁé?t@r“ﬁ%‘?a@eidﬁ“ {‘)‘ﬁ]é&ffr ocess to
achi eve the desi rﬁﬁle&ﬂﬂobﬂﬂ&fdd@ﬁtﬁhm@ﬁﬁrﬂ@darboﬁ’s"ﬂéﬁhﬁhiy, the diluent is a

hydrocarbon having little to no solve Nor e preferapl the dil uent
|s a_ hal ogen cont ai ni HBEIHgRars hay #"B’\‘g‘ﬁif‘tﬁm WB?W“H%P’@&’ST‘F?M 1}/‘5% conmpound,

and 25 preferablyy uﬂﬁwn&afﬁohla@a iR Onateplalit A lpopREELativh iebcﬁoﬁ_%ﬁﬁﬁfeai‘eo t he
pol ymer product . he fl uorinated hydrocarbons Jray be used individually or

as mxtures, afd Begetipely ippacied seases Wbere thegeagtion ifrariod Ayhrthe preverea ol d
hydrocar bon di | UeQ\Feish{alldﬁﬁhﬁt@Si‘ch}ﬁﬁﬁéHoﬂiaﬂﬂzgth?dﬁoEHrﬁonhn Al19he freseRéd Nat ed

hydr ocarbons are interchangeably referred to as hydrofl uorocarbons or

hydr of | uor ocar bonompmwlﬁ?fWOWWﬁ%@W wegafivalieinpect east one
carbon atom and af, lig@ity CREconlntbRtidl SGIRra Tt Mo ARALE BRARCHFfY Iddai05/ 021652

be quite substantial, resulting in many cases as a substantial loss in reactor

r-CD

15  production capacity.
I HFC Diluent Material

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

20 emissions. The diluents of the invention are preferably compositions added to the
Q- reaction process that reduce the concentration of one or more active materials in
the process to achieve the desired and beneficial effect. Preferably, the diluentisa
hydrocarbon having little to no solvent power. More preferably, the diluent is 2
halogen containing, most preferably fluorinated hydrocarbon, compound, and
25  preferably having little to no solvent power with respect to the polymer product.
The fluorinated hycirocarbons may be used individually 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 theé
fluori nated hydrocarbon can optionally include one or nore hydrogen aton{(s).
A perfluorinated hydrocarbon is a fluorocarbon in which the hydrogen
directly attached the carbon aton(s) is conpletely fluorine.
See Haw ey's wo &?ﬁ’ﬂ@ﬁ?ed Chem cal Dictionary, Thi rteentﬁgﬁﬁﬁ%&y

Nostrand Renhol d, 1997. Exanples of preferred perfl uorocarbons i ncI ude

| i near branched or cyclic, C, to C40 perfl uoroal kanes. |In one enbodi nent,
the fluorinated hydrocarbons are represented by the fornmula: 10 CXHYFZ
wherein x is an integer from1l to 40, alternatively from1l to 30,
alternatively fre | t I natively froml
to 6, alternati vﬂ%hﬁc?mgm gﬂrﬁﬁg’gﬂg@%r ?e%\%akdfh?%&éboég}% alternatively
from3 to 6, nnﬂmrp:at;ﬂéw@maybmlcmntionﬂﬁucluﬂhemeorrmoye h)@rcgpeabm@ téhan or

equal to 0 and z_| t : Leferably, y and z
are integers andP% uqrg;at]e?h &5&91%lsabar}ﬂ]ﬁ?ogﬁgggﬁgﬁv@%eﬂoﬁﬁa@wﬁ% 2 .or nore.
| n one enbodi Menittackedto Mewarboitorh{s)is compleely riplaedbpilirnine Ssedlaudad i n t he

Ryar ocar bon aha CAGPHGPRRPE L Hyara Brmt Kty PoRE e iRad o i xture o

a fluorinated 20199ydE9@ﬁ;51wprelf@re&9é:ﬂam&mhs Reke¢ive Yranchdiorbhdie) | nat ed

hydr ocarbon is balanced nbal anced in the nunber of fluorine atons in
the fluorinated ﬁ ffpound. Non-limting exanples of fluorinated
hydrocar bons i ncl ude maﬁwﬂ&aﬁkﬂ@ﬂﬁ,ﬂu&hﬁaw QraBArbLRS Sre réprdsbhtatOgyai®t hane;

fluoroethane; 1,1 25 difluoroethane; 1,2-difluoroethane;

1,1, 1-trifluorocbmad®; 1,1 2-trifluoroethane; 1,1,1,2- tetrafl uoroethane;

1, g 2,2-tetrgfluoroethane; 1,1,1,2,2- peggg?luoroethane | - f1 uor opr opane;
I

uoropropane 1,1- dlfluoropropane 1,72 |f|uoropropane 1, 3-
d|f| uor opr opane: 2. 2 vdiereinjois sbinigsenfeom 1 10140, aliemativelpfemildedhe: 1,1, 2

trifluoropropan fil t 1,2,3 30
tifluoropr opaneeahf&‘iﬂ‘ieﬁ" 1fr&éltlrtg %%&%%aﬁﬁ%n ?tlozrf %@dﬁgﬁg‘?ﬁgyopr opane;

1,1, 2, 2- tetr af laltemeifwebifzoe2 t0120131t2m@1\tebtfr‘am3@mlr(bplmpianéyﬁnm3to6
1,1

' 3’ 3-tetraf| %Js?ﬁ%ﬁ%ﬂreﬁ'om 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 embodiment, z is 2 or more.

In one embodiment, a mixture of flucrinated hydrocarbons are used in the
process of the invention, preferably a mixture of a perflucrinated 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; diflnoromethane; trifluoromethane; fluoroethane; 1,1-

25 diﬂuoro_ethane; 1,2-difluoroethane; 1,1,1-trifluoroethane; 1,1,2-trifluoroethane;
1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane;
1-flucropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-difluoropropane; 1,3~
difluoropropane; 2,2-difluoropropane; 1,1,1-trifluoropropane; 1,1,2-
trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-

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

tetrafluoropropane; 1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane;



2006/-009949 PCT/ US2005/ 021652 6 1,2,2,3-tetraf |l uor opropane;
, 1,2, 2-pent af | uoropropane; 1,1,1,2,3- pentafl uoropropane;
1,3
2,

S

, 3- pent af | uor opropane; 1, 1, 2, 2, 3 pent af | uor opr opane;
, 1, 2,3, 3-pent af | uoropropane; 1,1, 1, 2, 2, 3- hexafluoropropane; 1,1,1, 2,3, 3-
exaf | uor opr opsineposdosp49l | 3, 3, 3- hexafl uor opropane; 1, 1, 1, 2p@/G52005821652
hept af | uor opropane; 1, 1, 1, 2, 3, 3, 3- hept af | uor opr opane; 1-f | uor obut ane; 2-
fl uorobut ane; 1, 1-di fl uorobut ane; 1, 2-di f | uosobut ane; | , 3-di f | uor obut ane; 1, 4-
di fl uor obut ane; 2, 2-difl uorobutane; 2, 3-difl uorobutane;
1,1, 1-trifl uorobutane; 1 1 2-trifluorobutarre; 1,1,3-trifluorobutane;
-ti fl uorobut ane; - trifluorobutane; 1,2,3-trifl uorobutane;
i | uor obut Ae2s 3'@@‘3@1?@9%%@6% Zrientaflyeropropang; 1oL.1.281 af | uor obut ane:

o Pt 5 BB st

t et r af | uod i3, 3pegtafiubroprapars; i,éllﬂaﬂ-hmaibbm&e 1.1,1,2,3,3-

oo S 1 D AR A2

tetraf§ uohé;haﬂlmﬂ:@ropaﬂg, 21 ,’i 24}3 Shepiflvoopropait;alafuorobutane; 2-
tetrafl uor.obui ane obut
3- pent af | QB?rB%‘ﬁfninél “ka ?%gﬂ‘ﬁ"g#’ gg%&??@m?ﬁ“&e’i% 3

-t
3-
2-
4-
4-
3-
3-
3-
2,
I2 uor obut anegiffhorbbdtark; ﬂzmmﬁoﬁfbhu@é quﬁmmmbuﬁmeu,l,wmﬂn@em&@fei uor obut ane;
|
3,
uo
1,
uo
4
4-
3
3
|

SRR R
X e

—_—

3- pent af | uorob ent af | but ane; , 2,3, 3-
uor obut anels! EPITH ’%“Amﬁelnj(i B@’t‘ea H’tﬂﬁ r@‘@nﬂ» afI uor obut ane;

3- pent af | Hﬁfu@ﬂ%ﬂt&ﬁbel 2;B,taﬂ£oramﬂanae1r:3,aﬁdﬂu@mhwea®s,a-tﬁﬂaorébu&na 320

—_— -

obut ane hexaf | uor obut ane; hexaf | uor obut ane,

JalpN

3,4 %exbfii %‘F‘Sﬁh‘?@ﬁ%‘aﬂﬂilili&‘z %ﬁ“&mh'g%mlréa“dsf{ﬁ@ﬁ@ utque; 1 3 3, 4-

®
TNRPNRXPXNIPSPNNNRRRPROR

— -

a obut ane; 1 i-,zk,-t&ré?]uéﬁoﬂnt@@( @fl Zl@feﬁﬂtbﬁﬂﬁane 1,1,2,4-tetraflucrobutane;

4- hexaf I’uor obut ane 2 hexaf | uor obut ane;

:
2,
r
4, 1,1,
hexaf | uor bibds éﬁ@ﬂugmhutznezu 3‘ﬁrteﬁ%fklalr°b‘ﬂa4°obbf‘éﬁéﬂaﬂu°r0buwne
3,
3,

4- hexaq EQ@Q@&Hfﬁ&%butlnell 3;2%»14&2&11:&%5&5&“9;@ 8BULRRoroBmane;
4- hexaf I’Uor obut ane; 1, hepthuoro butane; 1,1.1,2,2, 4 4-

uor obut anel.2:3; i!etlaﬂE'm?b‘Smﬁ, %8#&#?%@’6%{1131 1,2, 24peptafiuggolmiape;

hept af | uor obujane 2,4,4,4-
hept af | uorobutsgne“%’st ﬁfn%ﬂgbrﬁbuﬁmﬁ’gﬂ% g? org@k&%%ggm’j“]i 3‘1?’2 2,3,3,4-

oct af | uor obut ane; pentailucrolutames!, h1Aﬁd@n@ﬂ?@@hﬁﬂbﬂtldsﬂe4a4-nemaﬁu023b3taﬁe,4 4 30
oct af | uor obut ane; 11’15’2’33 p%n@ﬂﬁ%uﬁn&%ﬁibﬂ%’éﬁ%%ﬁmﬂe, }’132,32,3_3 4,4, 4-
pentafluorobutane; 1,1,2,4,4-pentafluorobutane; 1,1,3,3,4-pentafluorobutane;
1,2,2,3,3-pentafluorcbutane; 1,2,2,3,4-pentafluorobutane; 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-hexaflnorobutane; 1,1,1,4,4,4-hexafluorobutane;
1,1,2,2,3,3-hexaflnorobutane; 1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4,4-
hexafluorobutane; 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-heptaflucrobutane; 1,1,1,2,2.4.4-
heptaflnorobutane; 1,1,1,2,2,3,4-heptafinorobutane; 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-
octaflnorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane; 1,1,1,2,2,3,4,4,4—
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octafl uorobutane; 1,1,1, 2,2, 3, 3,4, 4-nonafl uorobutane; 1,1,1,2,2,3
2006/ 009949 PCT/ US2005/ 021652 7 nonafl uor obut ane; 1-fl uoro-2-net
1, 1-di fl uor o- 2net hyl propane; 1, 3- di f |l uor o- 2- net hyl pr opane;

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

- di f | uor oW 106RM3 et hyl ) propane; 1, 1, 1, 3-t et r af | uorRW-TAS2PaPNHE2pr opane;
3,3-tetrafl uoro-2-nethyl propane; 1,1,3-trifluoro-2 5
oronet hyl ) propane; 1,1, 1, 3, 3pent af | udt o- 2- net hyl propane; 1, 1, 3, 3-

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

4,4, 4- WO
hyl pr opane;

3-tetrafl uoro-2-(fluoronet hyI ) propane; fluorocycl obut ane;

T2 e 11 ot ocerbimES 1o PRy HopE bi-oibemiamedbpas L5 O A
trifluorocycl obyifiRe-2meth repah@tl rﬁﬁﬂ@&@%&@bﬁb@ﬁ@ 1, 113 inﬂ%m%-le

tetrafl uorocycl obutane; 1, 1,72, 3: pent.af | uor oc tane; 1,1,2,3;3-

pent af | uor ocycl ammémp@e“ll,%dlﬂugoé (ﬂwﬂmﬁbylmW%ds%@t@ﬂmz-z 3, 4-

hexaf | uorocycl o @El,tg_ﬂ 1,2,2;3,3,4

heptafluorocyclgﬁﬁggﬁqkm%éfffcu %§§ P@&ﬂéﬁﬁéla%%?ﬁgtek hydrocarbons

ilnclz | lide ]g: f Euor(ﬂmlhathﬁ)m?pand Ilﬂdciﬁﬁpﬁn&ma;o-ﬁm&thylpfobmr hb,ﬁ,arlane ) I
,1,1-trifluoro uo t ha tetr uor oet hane. | nn

20di £ on ot holtRes A ure e RERa i S rRtr 3 Eir R PR, o

fl uori nat Ied hyd&]ilemjmastmtad«gslclrmﬂmﬂodydobmhnnmdm%fob{cldbmanqll ,3- CEH g/gr kEti ng

Report, Fluorocatbpons es e C ) C Econoni cs ndbook- SR
| nternational, & Wofocﬁﬂw%nﬁﬂ]lc%g&@@éq t@%@%@%&?’@%i}l’g}‘@% 1’?3 ref er ence,

are in%uded Z%ﬂﬂbﬁéﬁﬁﬂbhﬁneﬂmmmﬂioréd}eloﬁﬁmfLm,al:;ed h%drogar bogs are used

conbi nati on wi one ert. gases ch a rbon di oxi de,

n -rogen, arfonletra E‘Efﬂ"y"]r?g‘l‘%]( ?’%2;} “DZE‘HG iﬁ% Fike. In the

preferred enbodp&ﬂmuordcbaouume 41,1,528, SJthdﬂubfoeﬁﬁibutahé} ampner preferred

enbodi ment, the_fluori na gcar bon he 25 process of the

i nvention are SB?’@E'P@BCW WP’E%&'I ‘é‘l‘%"cyFlﬁb‘“ﬁF L2233t onet hane,
trifl uor onet hangepdiubrdddldbatie StaaRRrly %re?arx%d&lhbﬂﬂak&ﬁ'h?&bm iRRde

1,1,1, 2-tetrafl uoroet hane and m xtures _thereof. In one particularly
preferred enmbodfifiearomettars, Euivaomethans »1-diflerostrge, 141 8% “ﬁ%@@%ydrocar bons

useful in the PHEGEREheHe, 4ddq, 1, IRt octAR. U Bddititn ¥ s fluorinated
hydrocarbons described herein, those fluorinated hydrocarbons described in
Raymond Will, et. al., CEH Marketing Report, Fluorocarbons, Pages 1- 133, by
the Chemical Economics Handbook-SR1 International, April 2001, which is fully

incorporated herein by reference, are included.

1
1,
(f
te
1
1
1

20 In another embodiment the fluorinated hydrocarbons are used in
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 '
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-diflucroethane, 1,1,1-trifluoroethane, and
1,1,1,2-tetraflnoroethane 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 nane 1,1,1, 2-tetrafl uoroethane, HFC 245fa having the chem cal
nane WO 2006/ 009949 PCT/ US2005/ 021652 8 1,1, 1, 3, 3-pent af | uor opr opane,
HFC- 365nf ¢ havi ng the chem cal nane 1,1,1,1, 3- pentafluorobutane, R-318
havi ng t he che‘ﬁpg‘él)ﬁ 3% oct af | uor ocycl obut ane, and HFCPEEUR0¢R¥Shavi ng
the chem cal name 2, 3-di hydrodecafl uoropentane, all of these are
comercially avail abl e fluorinated hydroca#bons. 5 In another enbodi nent,
the fluorocarbon is not a perfluorinated C4 to CIO al kane. 1n another
enbodi nent, the fluorocarbon is not a perfluori nat ed hydrocarbon. In

anot her enbodi nent '

per fl uor ohept aneri Ipl:’ﬁf %Jntaﬂﬁge@%ﬁéa%gper‘??%g&rf%ﬁae cygﬂtﬁg{gﬁg’,l’l’l’}
perfl uorooct ane, pepafiibrobutane] R34 8havirigityd ahymioalhﬁmanetaﬂmc&d:lobmma,mndne

enbodi nent . he. HAISABIAPEU R Hedpreberce e AL A P B RG AL 6 bons.

anot her enbodi ”Efiﬁeséa&Jo&mt@&@ﬂ@rabﬂmblb&mm&emydra&arﬁmge than | weight %
based upon the weight of the fluorocarbon and any hydrocarbon sol vent

present in thé react ofn aysther gnbgds Wenﬁﬁ'?ﬂ‘@wcﬂfh‘éﬂwlsﬁﬁﬁéwmﬁw &8pl y

greater than 15 %gﬁtano/ﬂ:en%lﬁ)tﬁﬁﬁmﬁeﬁﬁﬁﬁéaﬁfonﬁshﬂﬁaéerﬂﬁérﬂﬁfed% preferably
greater than 10 weli ght % preferablti;mgreater than 15 weight % preferably

greater than 20 Uilxgeerbog. Iﬂﬁﬂ‘é“@ﬁﬁb‘? eitdhe Syorqepthan Emo @sdlp,r ef erably
ter than 30 f er abl
greater than %&o}zgﬂm&é o6} éﬁeg{eﬂ%ﬁ‘oﬁa %@ﬁg clamx4fe, SiHiug erably

greater than 40 efera eat er 50 werght %pre?erabl y
greater than 55 3:0-3/@-&1_1@6%1@@@1&@91@Pgﬂm@mehﬂwf@@%%ght % preferab

greater than p Jan preferably
grg‘ater t han Iéo &gl gﬂ%oqﬁene ixFJJ%Ig Ei ygl%ﬁ%ﬁgl %rmé?\t tﬁﬁq}f‘%,mo?%%rg?/ on is prese
at nore than 1 momswmbdbedh)'@rp@mmmonm ght of the fluorocarbons,
nononers and any hydr Elﬂ %Eﬁ er abl y
greater than 3 wei ght /ﬂ{pre era §| {grea et Th Jr}’ BaE&%ttﬁ{n }%%Jr‘ef erably
greater than 7 vv%g’hsed%porpmem@tﬂfyheg}wmabondndmnﬁﬂydnma@hnsol%m preferabl y
greater than 15 wei 2 RLef erably
greater than 25 Rkeis%nﬁ‘mé%w%‘rgtg{’ gg’}"}iyg‘% g{tgéniﬁ%ﬁm @ RRer gﬁ%g@m ref erably
greater than 135 Wercigit Y/prefaraiiegreddrithayoedight %, peferdhly gveatghhan%) we:ght
%, preferably greater than 15 weight %, preferably greater than 20 weight %,

O o

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 %,
i preferably greater than 80 weight %, preferably greater than 90 weight %. In
(; , another émbodiment the fluorocarbon is present at more than 1 weight %, based
upon the weight of the fluorocarbons, 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
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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
the WO 2006/ 0092408 2005/ 021652 9 event that the not
nanmed for the melght&%gkﬁuorocarbon, it shall be presune zg%%g%g d upon
the total weight of the fluorocarbons, nmongnmers and hydrocarbon sol vents
present in the reactor. In another enbodi 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, prefer ap,{,) t HaERE %13&'1535151%113@1&{53 fo@thﬁ&%hgﬁ/@m}oi/oc%ﬁﬁtlﬁhaﬂ fan 5

vol une % preferably greater than 7vol une % rably greater than 10
volune % prefer amlsgmgifeéwbaseﬂlmﬂmotabwéﬁof/éheﬂneb@ﬂmm,ync@masemdthan 20

volunme % C 10 pr |l ume % preferably greater than
30 vol une % preﬁ%‘ﬁg%% greg@eﬁsﬁ% ﬁf?é?vo une % preferably greater than
40 vol une % preferabln)angnhaambbdlmhntnh&ﬂuomdatbmp%ferﬂﬂﬁﬁaerabl y greater than
50 vol unme eat er than b55v % pr.eferabl reater than 60
vol ume % pre er&f#‘gﬁ)‘ﬁ% lf?fﬁﬁ’?mba%q%ﬁ@%%m’%%%WWﬂé}eq odi nent the
fl u?rocglr bonhl Sha\é&hﬁedfméﬂﬁéfddaﬁiohuﬂdmy&memb@fbdlvﬁﬁ@adsmmafe'bﬁﬂr a(r)}d based
preferably the hydr orocar nore t vol ume % base
upon the total voP% gPﬂ%"%@Bﬁ“ﬁ‘H&o} 6‘185‘? Fepatehthan, H‘?IB‘PFébr ocar bon
present in the repetpibly ‘édtér%ﬁxh%lﬁﬁé%%&f&ﬂﬂ?ﬁeﬁ&%qp vBhidelvg,

per fl uor ocar bon) prefera |y unme % preferably greater than

reat er. than
5 20 vol une % 9‘“‘3’%@59%P"OIPWQF@PW;?%@%W&%?@W&BW'éreater t han
10 (ol une % ﬁr%ﬁpalb Qéa@e%&lﬁhzt.ib&ﬂmé%}ﬁﬁﬁféim Heal BLSIARIund cat er t han 20

vol unme % preferably &eater t han Oq preferably greater than 30

vol une % pr ef ereisfeiably; sxeates thap 33 Kolume iy, prafesably gresterrtianAQ voluniedat er t han 40
volunme pref erablége ﬁéatéthﬁﬂ4§5ol¥ﬁ|a%re%rb@i REARIs Yo%, { han S0

vol une % 25 pref er greater than 55vol une preferably greater than 60
vol une % prefermbfe!;ﬂb r%@teetha@ﬁéwlte@%ovreﬁeb%grqawrmﬁﬁn@me%.enbodu ment ,

t he fluori nated %Qfeﬂﬁﬂrﬁ&&?ﬂﬁﬂﬁg pﬁuﬁg%ent i on
15 In another embodiment the fluorocarbon is a blend of hydroﬂuorocarbon

and perfluorocarbon and preferably the hydroflucrocarbon is present at more than
1 volume %, based upon the total volume of the perfluorocarbon 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 %.

Inyet 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.n, 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 a.m.u,



have a mol ecul ar weight (MN 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 gre¥E300eAMH2130 a. m u, WO 2006/ 009949 PCT/ USXSAAE®Y@E2 10 and
nost preferably greater than 140 a.mu. In still another enbodi nent, the
fluori nated hydrocarbons of the invention have a MV greater than 125 a. mu,
preferably greater than 130 a. mu, even nore preferably greater than 135
a.nmu, and nost preferably greater than 150 amu. In another enbodi nent, the
5 fluorinated hydrocarbons_of _the invention have..a r er than 140
a.mu, preferabl WDSF%‘E‘EB’iefefz{li&'rg‘%&&?ﬂ#dﬂmﬁoﬁ’e&%ﬂ%%gﬁg&%ﬁ?“éé?‘ér t han 180
a.mu, even nore i ghitedBjdto@iBa dihciiRfticaldvé MWgreAdtdhain2s a Rizgf er abl y
greater than 225 a.mn., In an enbodi nent, the fluorinated hydrocarbons of

the invention hav@referabhygrepter han 1 3aya.nppveR mers posferably gigatergh agitbu,
preferably in the ra Hgfgféi%%&%@m}%&;m Hh do8thaQb8ain ,thgore preferably
amu’to 3 er abl

in the range of from1l a.mu, and nost pre y in the
range of from &boudlotiogedhydreratbonsalf thetinvestivn havera MW grepterdhand Ao a-mar,

enbodi nent, the flugl] ! | ' \/ r mal
boiling point in Pﬁ%ﬂragﬁtg%él}#% g%ﬂi;‘ gir}ﬁorgéﬁ@%y %%ﬁ%}tktlﬁeagrligo %@r‘gﬁ%ﬁu zation

t enper at ure, pr ef aicabpyefazbiprprenthan200 am.it, emjreeshprafesablyf gredfay titan 285 C,
preferably the normal bojli o] ?lf thF LI ori% h.¥lr carbons is-in
the range of froff™Ho oen?}g’gu emgﬁ‘& “?%‘r?%@?%@aﬁ%% 56 nﬁ%’b, ¥“2130C to
about 60C, and ndsW ipnled rengelaif o 190 mnain U000 BMGL, prefeaddiyit: tHeSimhge bfiframn

enbodi ment, the flyorinat hydrocar bons. of .t he invent i haye,hor mal

boi I'i ng poi nt 1Br e&b@?‘%‘b%@gﬁﬁ%@aﬂe3?%%”&%%”6’5%3 iolmk@;arp.p&gg} o less
than -10C | na fuahheyandessqstefnbly in héengd ofdfonwbbetd 00y dr.wwabbn st of t he

i nvention have normal boiling ~- point greater than -5C, preferably greater
than -5C to | ess Bff4r -20C. I'n one enbodi nent, the fluorinated hydrocarbons

of the invention have Boyef@lotHepéhbodfinent) tefluognatedthgdrotdibons 30Ge inpextiogr abl y -
greater than 30C to abou

t. 6Q0C. 25 .1n anoth enbodi t, the fluorinated
hydr ocar bons of t B&vene7aRbeLRE pYYn rﬂgﬁﬁﬁe%‘mﬂlg?b?é‘f P ®(g/ cc) greater
than 1 g/cc, psefgsRpRkizA68 RipPerafubPreferab; a polymerization 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 -130°C to about

60°C, and most preferably from about -30°C to about 55°C. In an embodimient,

the finorinated hyd;ocarbons of the invention have normal boiling point greater
20 than -30°C, preferably greater than -30°C to less than -10°C. In a further
B 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 bons WP 20448094}, ent i on have a |iquid WO 2006/ 00984 VG253 051021652
11 density @20C (glee) greater than 1.30 glee, preferably greater than
1.40, and nost preferably greater than 11.150g/cc. I n one enbodi nent, the
fluorinated hydrocarbons of the invention have a AH Vaporization as
measured by standard calorinetry techniques in the range 5 between 100 kJ/ kg
to I ess than 3004k.J/ ' APikh kgdlskg to | ess

t han 300 kJ/ kg, g?lﬂé'ufr@s%cp%?%%%%%%yﬂ]%n '?ﬁ%&?g%gerea%k‘éérom 1(21610ka{ kg to |ess
than 300 kJ/ kg. inostprefeiably gpetef thar bi0ghaebodi nent, the fluorinated

hydr ocarbons of the . nvention rd s ' hor. of .t or nore of

t he af orenmenti oned °1’§8“1%°§%%€‘12%o‘?ﬁ”ﬁﬁ%%mﬁ?@éﬂgﬁwgg’ﬁ“‘?& | Y)enaj and
liquid density valueposfution angesured by stanfird balorimelrystadbaidnesinthe rhdge | uori nat ed
hydr ocarbons useful 1 n [ QCess the ipventiqgn have reater than
90 a.mu, pre?erbiy Pégffgftoﬁﬁaﬁmagﬁplg%Qﬁﬂraﬁﬁdnﬁlerwapﬁgﬂ\i@ty gr eat er
than 1.00 o/ ec, gyigli81abirn ACING) miliiet heldlbificthe kinge ftond I 118 1 ef ef 1 ed

enbodi ment, the fluorinated hydrocarbons useful in the 15 process of the
i nvention have olesstam3P0kdkaity (at 20C) greater than 1.10 glee, preferably
greater than 1.20 gl af ancting preféel BRbodiRkdt, tRNRAhRE] Bdeskb®bnd dTaE - S0C,
preferably greater than -30C up to the polynerization tenperature of the
process, ~ whi ch ingension peTpisgsany gerebinglion PEMRI jroreafshe Hersmenioned MW mor e ,
preferably | ess Tt | e {

w tﬁﬁe %ﬂgfboﬁégpoﬁﬂqkw?hhy ripi6h, Shdfnid dsRy $aMRE aftDianges NN

enbodi nent , | uor I'hat ed rocar bons useful in the process of the

i nvention have aprifirpreft @uhodiment, therflugunatedhydrocashons apeiw|iy thg prasessiof thhan 100

a.mu, and a AH.: | i ' ' b‘PgF‘b-l | | ess t han
300 kj/kg, and o]%/?@gﬁ%%ﬁ; awégﬁ%%gg?tg?’ 9;3{%%t er %%a%“l@&%?’cc,

preferably greatand afiquid density grepteethan h0Q g/ec, arefrdhby greateriban 13thg/cc. e

fluorinated hydr | e 1ﬁiquc | | 25 have a
liquid density d&gg{oggp?rﬁ%ﬁfg%%%ddg?éggﬁeﬁ@@?b y g?@%l%sgl\ré t lg(rg&l. 20 g/ cc,
and a nornal5 bgirbdessopffiiintentjordmyes liqhid densifo@ 205Ckgreaterithan Igtleglecer 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 optionally 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
anormal boiling point greater than -50°C, preferably greater than -30°C up to the
polymerization termperature of the process, which is as high as 100°C, preferably
less than 85°C, and more preferably Jess 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 250kjke.



pol ynerization tenperature of the process, which is as high as 100C,
preferably |less than 85C, and nore preferably less than 75C, and nost
preferably I ess than 60C, and optionally a AH Vaporization in the range of
from 120 kj)kg to Il ess than 30 250 kj/kg. WD 2006/ 009949 PCT/ US2005/ 021652
12 In yet ano%ﬁ'é?““é"ﬁ’ﬂ?d%li nment, the diluent includes one JQCTRABIESUEERr i nat ed
hydr ocarbon(s) alone or in conbination with one or nore inert condensabl e
agent (s) or condensing agent(s). Exanpl esl®df 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 exagpnl ' S5t : MV of 58.12
a.mu, aliquid densme?%o%f@g cc{,?ﬁ%@u%nglrlﬁn%ﬁ%%% ﬁ&pﬂg&%gt%s above
descri bed of - 11hﬁﬁ§nqarhnn(q)ehn@méqcdnﬂndrpﬁoﬂuﬂbox@d\dﬂbmfreﬁi&t&:ﬁd@sahleu aliquid

- hoxane. | sopexETEE A HERERE R dPiPIch oLty 5F, e Bl 8hr bons. 1 m' one
eﬂbogi rrentnb fjhe Gﬂnhhlﬂﬁblez?gd‘nldiﬂdlud@Qﬁhﬁlbﬁlqﬁd;zdrbﬁﬂﬁ)hh s,%i&xar.@le;] Jsem@dal kane. In
anot her enbodi ment, the diluent : | caontains the

hydr of | uor ocat boWdﬁgcaﬁlﬁé’f"F%mﬂ‘ﬂe%ﬁ FD@B’F"(S‘H’ 3 oS epEhrmatams. Frefgd s

sel ected based ypg Iéstlﬁclﬁﬁgxkﬂﬂhﬂe' 4-Yutdiic, Isailtare (WL 6S 58112 adn BAHqufau! ar pol ymer
bei ng produced. 15 Preferre uents 1lave |ittle to no solubility in the

pol yner. Sol ubi | demgity of 9-hoe/cqardyepal peilipg aeini a8 gbayp desstibadef-1d &), pol ymer into
a filmof thick ,fgbﬂfwﬁt@naﬂdwaﬁ@ 30m Efl dengxwo%@?f:glr?gga miaf di | uent

(enough to cover the for 4 hours at re evant t enperat ure

in a seal ed contlmlhmp%ﬂto\fé%gél neonantﬂnv,mrhwm,lsﬂ@me@dmhmaw&m uent ,

exposed for SrokAb&¥ 2 RYn Shd &t f{"ﬁgm, Elestbhace of the

fil'm and wel gh:@@ e mass u%t aE ef| ed gg‘t n%%géﬁ‘?alge |é\%rease in

the filmweight Gftodsatksa&i ng. The d| | uent is preferabl y selected so that

t he pol yner has a ma e &ifli2 E'?H" | ess than 3

wt % nore prefer ably gﬁ@ﬁ‘?ﬁﬁﬁ év\]/itpt’y eveﬁ“ﬁ%%?/qw}ﬂ era I\'(ess than 1 w%

and nost preferdbidyoﬂwwarbbmwmmsmewh@@ﬂmﬂ&omﬂee@b\em mﬁﬂmdrmnt, t he

di l uent, preferabhl . . ). hereof, are
& é’dt #ﬁé&ﬁé% %A}%ﬂ;@ﬁi}e 1{3@;‘ tﬁ%lé&’ﬂﬂ%%%&ﬂ&%lyﬁferﬁ@ﬁgp‘}&&%e&.

sel ected such t h&t
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 afier 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 tlian 0.5 wi%.

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 scanning 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 OImis determned by first measuring the nelting tenperature of
a polynmer by ntial scanning calorinetry (DSC), onpari ng
this to a S|H§RE&MQ%§%§urenent on a sanple of the sane ﬁgﬁ@%@hgﬁﬁﬁ has been
soaked with the WO 2006/ 009949 PCTIU820058g21652 13 condensable fluid. In
general, the nelting tenperature of the sbtaked polymer will be | ower than
that of the dry polymer. The difference in these neasurenents is taken as

the melting point depression ATm is well known to those in the art that
hi gher Concen”akbxmaﬁsaefefmhcsqe Mﬁﬁlm@tﬁé}wtemf;e@aﬂrbem@ém oPaheEill ar ger 5
depressions in the p mer nperature (i.e. hi gher val ues of ATm).

A suitable DSC belxmw tmb@f%firbpmmen&h@ﬁ!@feweqetmﬂvgswaﬁmeeﬁ&ess. on is
descri bed by, ggﬁ e Systens",
Ph. D Thesi s, a\%ﬁ%ggﬁg%n%gﬁéﬁdﬁ 0 g&%%k%ﬁﬁd%ﬁgﬂ}:&égffﬂ*ﬁpch 2000,
which is incor pﬂraamghbrhmoentmhbgs afdfsmlmﬂmmm—(alﬁwﬂaeﬁﬁyme:d:amﬂargér condi tions
for conducting C_ 10 the tests are sumari z n . Page [

reference.) The PEISHGRS inthepolymer mg &F&‘L‘r‘&"”“‘?@ fhﬂgg"t “#é’égﬁ; vﬁth dry

pol ymer, and theg;g, ﬁemecﬁmqﬁlefo&haemﬁﬂggmem 586 ﬁeeszéﬂzgaesén"ﬁédhe _
condensable fluid to be eval uat ed escri be he reference above, it

is inmportant to Bn&Y- @WBWTB@EE%h%‘PPWﬁM@%Sé@FM” EbRXEhetisd in t he
presence of the i Gikfn Unty %f$cnen@e§ﬁaﬂ'e€ﬂl fdg?tmooéow&bﬁfs the 15 liquid
In

is not flashed during the tes whi ch coul d Toduce experimental error. In
one_ enbodi nent, inkerpeTied hgrelnebygefem i4 prefaied pet pEgomgitipnssior eanderting OC,

prieferably ss (_;nmﬁmr@fqgge(i, l¥ HiEs pref erabl’y
Ie(ss t han 4Cl16} Itrlllggl%{cg)t er 0 |rren ﬁ?r?\g ma&%&?ﬁdﬁﬂﬁess han 5C,
preferably |ess mmmmSﬁrﬁbmeﬂspmémthdb{BDlm,sandﬂmr@@tﬂbmthmre pref erably
| ess than 2C, an . odi nent ,

. Qe@{nq{qglgz& Xoﬂdgﬁﬁblh bR é&?eucée\rﬁl{llgtggy] 9%21%%

the fluorinated yrocar on Is sent Int han 5 wt
% based on the indheakfermigitovefit it mcdéntmmureﬂraemesm@/pantdfﬂwftbsmrl nat ed

hydr ocarbon is pre ] L . . e %g referably
greater than 10 WPE%%%{% g] e&?g%?ﬂlﬁ ?gﬁgfg%@‘{[’ﬁ&g@ggﬁ Jseﬁl?ﬁ@onz Ué) ﬁ’g};mgas ed 25 on
t he total weightliquid it het fthshedainting thetestnwhible couddintoiuneextperimbmgalicronrinnat ed

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 fluorinated hydrocarbon is present in the
(\ diluent at greater than 5 wt %, based on the total weight of the diluent. Preferably L

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 fluorinated
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 wt %,
still more preferably not greater than 60 wt %, and most preferably not greater

30  than 50 wit %, 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 abMo ee6/00918at er 30 than 50 wt % based on t reTst00d/02W81 ght of
the diluent. In yet another WO 2006/ 009949 PCTI US2005/ 021652 14 enbodi nent,
the fluorinated hydrocarbon in the diluent4is 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 hydrocarpbon cqnpounds that . woyld substantially inhibit
or reduce poIyneﬁmgﬁﬂmﬁﬁnHwéwﬁgFWQPW?P“@W@“HP%@Eﬁ@éSm%ﬁp erneled G | evel s of
various chlorine gentaifabng conpounds can cause a substantial reduction in
pol ynmer productivity. Therefore, the HFC diluent material used should be of

appropriate or prfdet e fp -g@@oﬂ.gﬁﬂlémgi&@%(,ﬂssed in the 10 polynerization

process or at | edSt beé reduced or adsorpbed during the process to a |evel

that has no Substanti%eﬁféﬁﬁ&mﬁﬂaﬁ%m@ﬂém&hxﬁmm@r&aﬁgs chlorine
fe [

cont ai ni ng hydrocarbons have different 'effects on variious catalysts. For
exanpl e, one 6hl dmvienigonceyntainis Hitlatp toyaiavive edptriningshydtegsrboncompounsls thabf f ect on

one catal yst tha ; - car di ng,. 1 red 15
embodi ment ¢ hi 5 OR P anibiEpE of bl ke RER AR, IbbRtd O 0
conpound shoul d wnbevebemsllewelsbf vagousshlorirstontaininglcbmpoundsicon cpsk g ner
productivity and/.or I S %L | t lng. In one
enmbodi nent of théublsﬁlagaeaﬁtrigdggt}&?lﬂédl o%é%d?%vgﬁs%ﬁ; eg‘%g’ctfe?é}sﬁlegl l‘éegl?ri ed out at a
Io@/ | evel of chl emnteniel wedihmitidibagf dppubpodeotpomicmmoinat puitpwhalsed mittey of at 20
| east 400 g/ qLhr, where.q/q/hr 1S, gr f | yer  prod d_per ., qram of
catal yst us é iRc’lP’ﬂ] Zﬁ‘Po gr & ‘lérrat%%sgrggroe ucﬁg%ya\éﬁ%ordl;ezda %&?Pr SSBr%f er abl Y,
t he pol yneri zat i tevelgha besi® substantislreifedt on polyatr prodoctbdiyct i vity of at | east 500
g/g/hr, nore preferaply at,.least 600 g/g/hr, still..nore preferably at |east
700 g/ g/ hr, and nostaeﬂ{"é‘f @%fﬂ’leﬁoﬁ?mflﬁg%‘?o‘ ’”%Fﬁ?ﬁ'ﬁgpe%eq%ﬁm%gﬂ?
enbodi ment of t heatdlpste rRor exemple)encphloyin®donitinghydpeabasmay fave 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 low level of chlorine containing hydrocarbon and at a productivity of at

20 Tleast 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 another 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 fonlant 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 wt% 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 sWOOUKEPYER by the total weight of pol yner PATAUBS05MAE2 or
(normal polynmer plus the foulant material). Preferably, the polynerization
process is carried out at a reactor WO 2086/ 009949 PCT/ U52005/ 021652 15
fouling of not greater than 4 w% nore preferably not greater than 3 wt %o,
still nore preferably not greater than 2 wt% and nost preferably not
greater than 1 % The anpu f chl orine. contai ni ng.hydrogarhon is
preferably deter %Op@t %’&?tﬂglt’f’&%&‘%“pwwégf&é y@ﬂtr%??ﬁeﬂqgt@{gaﬁ@’f?@ss sel ective
det ect or ( GC/ MSOhoreqrétentblyiot dréder BRI, arlkdiigos(Fetfablyabdyfidrthaian be. carri ed
out using a HP689Q GC/ MsSD or equival ent* device. According to one enbodi nent
of the invention¥tthe anount of chlorine containi ng hydrocarbon present is
determined on’the basjg anﬁfxnt%%ﬂlorﬁ@ﬁoﬂﬂjﬁih%Hfﬂr@da%nﬁs??él@rﬁblyﬁ&&nﬂéﬁa i's the
area val ue of any given peak 10 relative To the totdl area for that

anal ysi s. For5 exusinglappropriatg gasichrgmatogrepiiy/mass gelectispdatestor e/MBNpound neasur es

a peak area of Q %, 0 S??SB rea: k&dal ar

anal ysi s, then t%%%’n%%ﬁf??gélggﬁé%w a ﬂ@%ﬁp%u‘%&%é?@ﬁgggﬁ%gﬁgpm In
one enbodi nent, GOMSD neequivalestidavicry Avgehdingae busrrmbadimentanftheduovefitiomn a 15

m xt ure contai ni h r ce_a hydrocar.bo r.oduct

cont ai ni ng no sitﬁ'g?nég‘g{t]?%értlhlo(r?]lélgg‘%‘?}%ﬁyﬁ:ﬁ%@géjg%a?b%ﬁa5'(': ﬁ!bglﬁ’ﬁgl Egba%%%e t he
ges_i rﬁj or pregeﬁ‘@amperedimohr&da{ppma).ﬁ]l’lmmbma_ isetirt arela viahut qfangag‘irentpealeb cont ai ni ng
ydr of | uor oc 0 n ne 0 rine,_cont ai ni.ng. rocarbons is m xée
wi?h a cat al yst %@Yeg&%ﬁat%%%rﬁhﬁﬁ%mﬁoﬁ:?ﬁﬁ’fa?prifnﬁa?’ﬁ‘g%@ﬁér?‘ori ne cont ai ni ng
20 conpound or Geprpeentitonecenpuitdmbaares aperk arsatof 0.01 % the 2014liGE/MSD nmpact

pol ymer productivity. . For exanple,.chrop um oxide t e cat al stsl can be
used as chlori né’edﬁﬂﬁi)@ﬁﬁaa’ﬁﬂ@”éf”b%ﬁfs’ & F?“"ﬁé’_ 8?9%8? °8‘3P°dﬂ“§§’?‘.’dl n one
enbodi nent t he, pehboppm& contai ni ng hydrocarbon conpounds that are referred

toin this inventi Onmaén%ek%géiﬁin ¢ og'inggon 0S ngl;c{gtzlar%ons are removed from a

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
hydrofluorocarbon 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 substamtially impact polymer
B 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 Cl.F,C.Hjy
wherein a is an integer of from 1 to 14, b is an integer of from 1 to 13, ¢ is
an integer of from 1 to 6, and d is an integer of from Oto 13. In a more particular
embodiment, a is an integer of from 1 to &, 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,bis aninteger of from Oto 6, cis 2 or 3, and d is an integer of from 1 to 7.



25 CI.FbCCHd wherein a is an integer of from1l1l to 14, b is an integer of
fromlto 13, cis aninteger of froml to 6, and d is an integer of fromO
to 13. In a nore particular enbodinment, ais an integer of fromlto 8, b is
an integer of fromO to 7, cis 2 or 3, and d is an integer of fromO to 7.
More parti cul Wo2p96/09948 an integer of fromi to 30 5, b rcanmvoosvheger of
fromO to 6, cis 2 or 3, and d is an integer of from1l to 7. WO 2006/ 009949
PCTI1 US2005/ 021652 16 Exenplary chlori ne té&ntai ni ng hydrocarbon conpounds

i nclude chl oronet hane; dichl oronet hane; chl orof orm carbon tetrachl oride;
chl or of | uor onet hane; chl orodi fl uronet hane; fl uorodi chl or onet hane;

chlorotrifl uoromet hane; quorotdchIoronEthane chl or oet hane
1, 1- di chl or oet hane: 5EXemnly elerine senipnmg b ydIQ‘E?Fh"BF‘HnP"“FﬁiS&B‘"H‘B%’t hane;

1- chl or 0- 2 11 UOr (43R ade: ichooplelfall, IR ittt O 0t hane:

1-chloro-1,1-dif uoroethane luorod-1, 1- dich oroethane

1-chl oro-1, 2-di f¢hmﬂé@mmnfémelclﬂ¢rg@ﬂ@ometha@c Searestichloremgthene;)

chloro-1,1-diflu
1,1,1,2-tet rachl ¢ roeﬁﬁﬂﬁf\mnea]fIl é lﬂg& t%h]g‘m ﬂi &Pk g@ﬁgﬁgﬁ 1,1-dichlorocthane;
2- chI oro-1,1,4a- drﬂ-fdﬁuhmroehdna,riethcﬁe-mmmoethanei1—th16}o-2_|:ﬂuotr¢athah¢ dilglet hane:
1,1- dlchloro 2, 2- f roe 1 dic [ Q- 4 aet han

fric ?1’82tpzﬁnghﬂcﬁ .11 %iﬂ ?«#}r%/%t%ﬁ%ﬂ-ﬁuom-i’l-

hexachl or oet hane, oropént a ulg e MR oy
I,1-dichIoroethwhaﬂammﬂﬁnﬂj&mMM»nmhdMQemhyhenﬂmipm;QﬁaﬂmamhamﬁloroethyIene;

1-chl -1, 2, 2- f I h 2. 2-
T 5 i chl of o- I, AeprORBE HPE Adicre- LA PR o b s
1, 3-di chl or opr opgne,z-t&trérﬂocdeﬂﬁﬁ@mthhﬂnel 1,2-tibopsetiané; @foro-1,1,1-

%@Ei or Spin?‘f;équ' L haRaRes £ BB ey %ﬁ%«i}ﬁﬂw%ﬁsﬁuﬂgﬁ%”?;

1 3 - chivrapestaffropGetiae; diidoro ;

2, (2: d?:rgt hylnﬁgﬁ oglgﬁmaaﬁﬁna’qr op I E&Hor?gg?fﬁﬁf:ii: o sopr%t][:l));}?nechl oride
and the Iike. %F%%E #"%ﬂe £§8¥ t?"" P9F W@nfgg % hydrocarbon
conpounds i ncl Udﬂﬂuorothylene 1 1-dmhloro—?.,Z-dlﬂuoroethy]ene, 1,2-dichloro-1,2- :

chl or ocycl opr opane, hex hl or ocycl o nta I.ene, pent a roc clopropane
chl orocycl obut arﬂéﬂ“‘t‘fﬂ‘fﬂgﬁ%y Erprape ?’81”813%?84 bﬁ&?ﬁl °Pmle=

di chl or ocycl ghutangsbulant; Zjblﬁ&bﬁft:ﬁﬁyﬁizmeﬂtﬁaﬂylpﬂapahedl-élmn@-QOCyC| ohexane;

cis-1,2- dichloroc clobutane cis-| dlchloroc%plo pent ane;
cis-1,2-dichlor Bxﬁggp&nb-chlompentane 2-ch10r0pentane ~chioropentane; 1chloro-2-

methyl-butane; i-chloro-3-methyl-butane; 2-chloro-2-methyl-butane; 1-chloro-

2,2-dimethylpropane; perfluoropropyl chloride; perfluorcisopropyl chloride and

the like. .
20 Exemplary alicyclic chlorine containing hydrocarbon compounds include

chlorocyclopropane, hexachlorocyclopentadiene, pentach]orocyc]op;'opane;

. chlorocyclobutane; chlorocyclopentane; chlorocyclohexane; 1,1~
dicklorocyclobutane; 1,1-dichlorocyclopentane; 1,1-dichlorocyclohexane; 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 cdntaim'ng hydrocarbon compounds include
chlorobenzene; 1,2-dichlorobenzene; 1,3-dichlorobenzene; 1,4-dichlorobenzene;

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

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



25 trans-1, 2-di chl orocycl obut ane; trans-1, 2-di chl orocycl opent ane, 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 ob¥A 200994, 4- di chl or obenzene; 30 1-chl or o- Befiispossmarszene;
1-chl oro- 3-fl uor obenzene; 1-chl oro-4-fluorobenzene; 1, 2, 3-tichl orobenzene;
1,2, 4-tichl orobenzene; 1,2, 3, 4-tetrachl onnpbenzene; WO 2006/ 009949

PCT/ US2005/ 021652 17 1, 2, 3,5-tetrachl or obenzene; pent achl or obenzene;
hexachl or obenzene; benzyl chl ori de; alpha al pha-di chl or ot ol uene;
benzotrichl oride; 2-chl orotol uene; 3- chl orotol uene; .4-chl orot ol uene;

2-chl or obenzyl chis %3#&@’30]210&]??8?%5?%1‘ propazenghexachlopgberzeasdis®l chi ori de;
4- chor obenzy | ¢ It erigdalpifalphh Qi AIBRAAEne; %@.{d&dﬁi@m&z@mﬁ%ﬁﬁ&ﬁ@zy' f1 uori de;

and the |iKke. Partlcu1ar 'y "probl ematic chlorine contalnin ydrocarbon
conpounds are chragplupss é-c g- @@rr@@whchﬂmﬂmmrgbwm sting of.

trichiorofluoro . r or opr opene,
chlorotiifluorog?%%gﬁﬁ?ﬁgﬁﬁgﬁhﬁ?3¥%H%&%8§mﬁ$ﬁ%§%p ene é%%h aflﬁorg 2 10
chl or opr opend. Idﬂqnﬁemamﬂumﬁmnamﬂﬂwﬂha.polynerlzatlon process is carried out
to forma polyner tur aQnprises atal yst s at | east
one nononer and hyd?ﬁ%ﬁgéi ﬁﬁ% gﬁﬂﬂgFﬂéPuﬁ§W§Pﬁ%? é ‘ﬁgkcontaining
hydr ocar bon corﬁﬁ@Moﬁeaoapomds@mm&bmuﬁd@o@fco@isﬁﬁgejr: than 40 ppma.
Preferably, no sin Ie 15 ch orlne cont |n|n groca on conpound is at a
concentrati on oftigygigron Eﬁgﬁ OIGPERE -t han 25
ppma, and nost Qﬁﬁf&ﬁﬁiﬂrdprq{eﬁ@tlﬂtd:&khﬁaz,ﬂQﬂMenJ i pepdiueio-4-he teen ' !no
gngle chl ori ne containing conmpound” nmeans that no single one of any
I orine corifai ShIREPPFPERCcar bon shoul d be present in the diluent used

according to this 'nlfﬁﬁf%'eﬂxBodlﬂaﬁttmEisﬂlﬁﬁérMaﬁHﬁ)br&Ed%gd&n%%u@foibﬁﬁ’acm orine 20
cont ai ni ng hydrocar bons referenced in:the fornula Cl, FoCCHd or specifically

descri bed her ei ROLYMAT B3 i tuEs that COMERseRb etALFL FStemp#t dessicaue yonpmer andh o
pol yner i zati on m&&ﬁmocaﬂiontéaemm%%@&mohﬁe Coitaininfa H Bk dbB 9N when the

m xture in which”the polyner
compound is at a concentahon 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  contamning hydrocarbons referenced 'in the formula CLF,C.H; or specifically '

described herein.

P

In an alternative embodiment, productivity of the polymerization process
of this invention is sufficiently high when the mixture in which the polymer is
produced contains no single chlorine containing hydrocarbon compound ata

25  volume concentration greater than 40 ppmv. Preferably, the mixture in which the
polymer is produced contains no single chlorine containing hydrocarbon
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.



produced contains no single chlorine containing hydrocarbon conpound at a 25
.vol unme concentration greater than 40 ppnmv. Preferably, the m xture in which
the polynmer is produced contains no single chlorine containing hydrocarbon
conmpound at a vol une concentration greater than 20 ppnv, nore preferably no
greater than vQ2eiwsstil| nore preferably no greater poOBDs20spPp@3s, and nost
preferably no greater than 2 ppnv. 30 In another enbodi nent of the

i nvention, the diluent contains a total ®nount of chlorine containing

hydr ocar bons of not greater than 200 ppma. WO 2006/ 009949 PCT/ US2005/ 021652
18 Preferably, the diluent contains a total ampunt of chlorine containing
hydr ocar bons of not greater. than 150 ppna, nore preferably not greater than
100 ppma, and eﬁg@ =@%P?tﬁ%al’§ﬁég?@m%%ﬂfm anng  Renmoval of

Chl ori ne ‘Cont ai npg, d%h?&ﬁfogﬁéﬁer%aﬁhﬁoEﬁﬂa@ﬁof?pr&&%l?h@ﬂg?&te?ﬁﬂﬁocar bon
conpounds are typically foun HFC conpositions a5 a result of ETC

manuf act uri ng pr aﬂ&mtmﬁf@ablﬂrﬂﬁwmmhﬂpﬁgpmécess are general |y
carried out by Ir{ﬁl acing chlorine atom; of a chlorine containing

hydr ocar bon wit Remayalof Chlorng Containing Hy HROMS pr ocesses can be carried
out, for exanple, using HF or alkali netal fluoride reaction 10 processes.
The result isSthat crﬁlmchh@nmma@mhu@mwqu@m@wsaramsmellyi@mdmn the HFC
mat eri al . Accord#]ﬁ@ tml%f or
substantially alT, o%ﬁpésﬂbﬁs%{l\g%%g%%tﬁﬁﬁ?% J’%c(%%gsdtsﬂ e rem)ved fromthe
HFC conposi t i onsmahdicturmg process bre gerseally serriad mtﬂnueepﬂacma chlotinermtomisafai on ‘
reaction processg: ' h

cont ai ni ng conpoundmAgxmmﬂggﬁ%m;{% '?Vﬁﬁ%%.gg'itmrréeﬁﬂ%}%gtr% W%I%O%E IeveI can
be used. The HFC&auberpnsﬂdmmrfsreumaple,cmmgbﬁdrakaﬁmdtab{ﬂlmdddreagmno this

nyar ocar bon Romybtees Fie Si el ERfHin Rl b B AL Do ) cat oo

conpri ses a tot diF@materigl. of 20 chl ori ne cont ai ni ng hydrocar bons of 50, 000

ppm or |ess, by nmass | HFC CONMROSI 4t 0.be 1t are
pretreated as by di st‘b’cF?rgngéoﬁR‘a#Jelg {stpér%grfedtha?g?t bs%?hc?@%g@%ﬂg to | ower
t he amount of chhodhlorinecantiining bomgaobiydirbe ecandved fromInCHFC compositions that

are to be nsed 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

t/_-\'.

further processing to lower the amount of chlorine containing hydrocarbons. Such
HEC compositions preferably contain a total amount of chlorine 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
HFC composition to be treated is distilled, and the distilled portion is further
treated. In a preferred embodiment, the HFC composition is distilied and the
distilled fraction comprises a total 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.



HFC conpositions preferably contain a total anount of chlorine containing.
hydr ocarbons 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 nass. a
Generally the HFC conposition to be treated is distilled, and the distilled
portion is f QA HBG009%9 eat ed. In a preferred enbodi nent PGIMEZMEI@I-WDOSIUOH
Is distilled and the distilled fraction conprises a total anount of

chlorine containing hydrocarbons of fro 1 to 50,000 ppm by nmass, or from5
to 25,000 ppm by nmass, or from10 to 30 10,000 ppm by mass. WD 2006/ 009949
PCT/ US2005/ 021652 19 In one enbodi nent, the chlorine containi ng hydr ocar bon

conmpound or conpoungds are, separ usi ng_extra azeoj ropi c
distillation. In thlnlg B?fﬁ‘ﬁ% e‘g‘ﬁ’ M?Wﬁwgﬁ?}bﬁ?ﬂm Wi4e cont ai ni ng
the chlorine Cown@oﬂhwarekap&rae& www%ﬂ®1c@isﬁﬂdﬁohe%ﬂﬁl ng a

volatility |ncrea5|ng ext ract ant 5 exa but ane, can he used as such
an extractant. Soeasdimentethebyfofiuatocsrbo W@e%mtf@“}ﬂ%%?q%&| n US.

Patent No. 3,81g dﬁ o3l EBEPRBLSAINE ol iLGRERGE. | 1 anO her

enbodi nent, the chlorine containing ocar bon co conpounds are
separ at ed uss ngexasple, bytanenan bewrad & such afexirepting Jueh ad embpgditret isumarecar bon

Xt ur e contal nigiblls SRl CONLANY S5 HAT IR DA GRIRGAA | o

contacted with ¢ permanganate 1n a ueous
non- aqueous solmemwfesencan be used in the process. The pernmanganate |s

preferably anal kal i rret al.ine anate. .and the

per manganat e sol ut| ath Bglh?éﬁé tg“hﬁ %;cor H%ngfiacﬁ 83%8?%??8‘}1 Sodi um
and 15 pot assi m@emmwepﬂasdﬁngmﬁmm@natmfembmm ably, potassium

p rmanganat agueou u e ate treatnment is
preferably foar ftfy«'éfﬁ’%g'ﬂ’f“%\r%mbmi g‘ﬁ‘b %Fg‘}ggﬁ%‘fm% m&g{"%@?‘%@ oi ling point of
the mxture, fc@mpeﬁﬁﬁﬁbﬁltidteﬂmlthﬁﬁldtﬂp&ﬁﬁlgaﬁﬂemd mldxhed:mammﬂs with f
aqueous pernanganate can Tr ea nt tines In the range o
from5 20 m nut%§°?8q‘?ﬁusrﬁ°xv %gm},ﬁ ﬁ’@lp EPEEEAR. Sar e nor e
conpletely de é&ﬁﬁﬂahmﬂiulﬁempﬁﬁ&@ﬁnm%ﬁﬂﬁmﬁ%anamwmbs i ncor por at ed

herei n by reference val of the chlorjne_contajning_h drodarbon
conpound’ or Corpﬁgmgnate olution can be in acid, neutral or alkaline solution.”So

15 potassium permanganates are preferred. More preferably, potassium
permanganate is used in the aqueous phase. Aqueous permanganate treatment is
preferably carried out at 2 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 agueous
permanganate 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.



can also be carried out using chrom um oxi de or basic chrom umfluoride. The
hydr of | uorocarbon m xture containing the chlorine containing hydrocarbon 25
conmpound is preferably passed into a reactor containing the chrom um oxi de
or chromumfluoride. The reactor is generally operated at a tenperature of
from 100C t AVQ7NE084%f er ably from 125C to 250C. Cont a@CTABI2EFE
generally in the.range of from2 to 20 seconds, preferably from3 to 15
seconds. Atnospheric or superat m)spherlcopressures can be used. Such

net hods are greater detailed, for 30 exanple, in US. Patent No. 4,158, 675,
the descriptions of which are incorporated herein by reference. V\D

2006/ 009949 PCT/ US20 s, the

chl ori ne cont ai ni ng %ﬁca?&ger?égeég%&{ El{térge S%@%{OEEQ#%%E%?% one or
nore adsor bent s.cablba réduced drngnexangibpame oomosuitodishts. Hdmﬂmﬁimgtesmmrhsl ude
activated carbon ul ar ev ferred ecul ar,_si eves include
zeolites, netal quiﬂﬁaﬁhl%%ds%@ﬁnéﬁ clﬁéiﬁ?ﬁ%ﬁfﬁﬁﬁé‘?‘g?o]e aé's’fvﬁbﬁné%ﬂ'feér si eves
useful in the i nygehilasidvesiaclade zaviaesgetalisit Snifidtesem® hlunirophodptates, Bhe t 0 15
angstronms. I n one enbodinent, IBJthe adsor,bent is activated carbon hgvi ng a
particle size mpoardBatRvespsey! iafhe pyrafion heve smeveraes Poreizanf EE“FchbE“t i ze of the
activated carbongyii§ apfsiefs6 to 100 mesh, nore preferably from 10 to 30 nesh.

10 I n one enbodi nent, the adsorbent is a nplecul ar sieve haV|n§ an aver age
pore opening of fromiABBEEMbPdinegs thesdeorhegt 1§ activalad carbamedaving p prtigle Fige| v, t he

average pore Op%nsl%duaamﬁnse@mﬂ@ﬁ%ﬁm&ﬁﬁm%ﬁw%&mﬂeﬂo@@gstroms or
from greater than 7 angstrons to ?stroms | n anot her enbodi ment, the
adsorbent is a rsmeéie O@Wfﬁmﬂf greplnfiom 30 939mgsk pore size of 3 angstroms
tf(rG angstrops. In pay bﬁacemalmehhﬁmaémehﬁesnﬁﬁeulm%vah% aﬂﬂv%%

er exanpl es

ecul ar sieve, particularly zedlite type nol.ecul ar sieves
of zeolites thamomes@geééma@uaam@mmsu@es zéltarpativelpahey, and

zeol i te-Y. Any %elfagee%xcﬁ%ég&ggmgggoﬁ eaterfaﬂﬁ% 55 ug:gsﬁ this

invention can be 10 es of such 1ons inct ydrogen, 20
pot assi um sodi dromagrdateriban (mestiims tadgogsbems. i s preferably in particul ate

form and nore parti %PL&MGY eﬂ11§bdnnent, 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  pas stream, such as with dry air or nitrogen. Typical terperatures 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 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 dry 25 gas stream such as with dry air or nitrogen.

Typi cal tenp or the pre- treatnment are from 100C to 400C.

Adsor ption osﬁﬁhg&ﬁﬁﬁérine cont ai ni ng hydrocarbons can BETUSPYRYPSHut in

any type of system capabl e of producing é@e desired hydrof | uorocarbon
product. For exanple, the absorption prdcess can be carried out in one or
nore stationary 30 packed beds, counter current noving beds, fluidized beds
or any conbination thereof. W 2006/ 009949 PCTI US2005/021652 21 Adsorption

can be carried out imndsh@tibd Abelcahidsdt Bithd NRidgAGseR 85 Gas pisé Ipr ef erred
enbodi ment, the hydrofl uorocarbon containing the chlorine containing

hydrocarbon is prefemybenkodimen thedygmrpneocahon epniaining e chiarios casleiningct | ve
distillation a8k SR kol bxadiplel i AHARIOALR bxtrapivd dililiich,

t enper at ures .sui adsorption t chni ques range from about ~ -20C to
300C. Suitabl e pnétsncesaciedwi the glsehebut 10 kPa to 3,000 kPa. Fol | owi ng

s gener al iy of or r o8 aefspRieC kAR 1 SHBRALE LR BlsErBl BB R e, 00"
conpounds are dexChed0d°CoBuitdbiz pacisweshrange froebaut 10 kPatod, 000k Paconpounds hel d

10 by the adsorbent he hi eved b i nt ai pi t he adsorbent .in pl ace,
or rgrmvi ng the adsofc:g@%"fm%%c’lag%ﬁ‘ﬁiaﬁs&%eﬂtésP,IB{‘]H?S r{%ensrtag apdreyped- | ogation.
In a preferr Ie’:d Sﬁ&b@d&égﬁﬁtgexédrﬂ@rﬁﬁﬁﬂfﬂéﬁéﬁprﬂtiﬁn,gﬁf:éthbﬁd@fml Exomﬁﬁl.lﬁlﬁef a]lgl y a

urge materia IS us tQ sorb the adsor mat er : anpl.es. o urge
ﬁat gri al s incl ugemp Fﬁlﬁélﬁs"gﬁgﬁainr .eaf?rﬁ‘??t'gﬁ?ﬁf’lﬁg?“ %éfgﬁfﬁwg&bﬁﬁe chloorigne
cﬁht ai ni ng hydr ggg{emag@b@tmnﬁguﬁa@dbpmaﬁwﬁe uﬁb:ﬂaﬁ_ﬁﬁﬁﬁ_&é,ﬁﬁ distillation.
I h general, reactive distillatiopn.inyplves h drofluorln?tlon Qr hal-ogen
(e.g., chlorineVcHaQyBgine s @FPt\ﬂPFPTl"é"Tér“ﬁﬁqet"aﬁﬁ ds 3t a remate;loqationy Ippy

hydr of | uor ocar bgf fiifea@bbdinfBaatt basbrbehtss leht i PRARaHI 2 pargb alafdl Wi th or
wi-t hout a catal yst, although the use if a catalyst is preferred. Exanpl es of

20 suitabl e cat #yped o deprrh ig@dsopsd metegal, Sxamples Gf pyree suatemials indpde) 4 5
bi fluoride catahygben 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., chlorine) substitution while simultanecusly
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, BF;, SnCls, a bifluoride catalyst,
chromium oxide, and the like. Examples of a bifluoride catalyst include sodium
(  fluoride, cesium fluoride, and ammonium fluoride. Alternatively, the catalyst can
be made in situ by reacting a Lewis base with HF, for example, the reaction of
arnines 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 chiorine containing hydrocarbons are
reduced or removed using one or more decomposing agents. An example of a
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



chroni'um oxi de, and the like. Exanples of a bifluoride catalyst include

sodi um fluoride, cesiumfluoride, and ammonium fluoride. Alternatively, the
catalyst can be made in situ by reacting a Lewis base with HF, for exanple,
the reaction of amnes with HF. Geater details of reaction distillation
processes ar eWgi2eW8U¥Y i n 25 WO 96/ 40406, the descri pt iraTgISefosgéseh ar e
incorporated herein by reference. |In yet another enbodi ment, the chlorine
cont ai ni ng hydrocarbons are reduced or r&hoved using one or nore
deconposi ng agents. An exanple of a deconposing agent is iron oxide.
Preferably the deconposi ng agent conprises iron oxide and an al kaline earth

metal. In a preferred enbodi mept ..the.is..a ferric 30 poxide. mre preferably
a gama-iron hyd&ﬁﬁﬂﬂ’ %Qf‘%’é‘ggﬁ?j‘?%% 3‘1‘3%%‘%“ 3?#?”3%58%11 . reéaftgrred as an
al kal i ne earth nigal of Siagiesiine A lcin) Srontinpoubdivgel ect ed from WO 2006/ 009949

PCT/ US2005/ 021652 22_t he 0 consj sting, of oxides, _hydroxi and
carbonates of an al kaﬁ‘ﬁ’@e’gé‘?#'ﬁem’ A§F°$R°%W§§¥@§?%WS@QM%M4%§&%nti um or
barium In one eRbadifiRion oxiland HeAAIOSIoNEYAESMss SR aRaiife chfilpaktal’o t 0 40% by
mass of an iron oxide and from 60%to 95% by mass of an al kaline earth netal

5 conpound, Hasecwmmeupfdatedop e s magyofiirdmpwiy decopperinengps Ty agent. The
deconposi ng agefﬁeceﬁlgsﬁﬁ%km phe?erhﬂ?yﬁriﬁ&'dﬁtﬁir i, Byd x?élgpf%ﬁﬂ)péo‘ﬁ:f gsRb! Y
conprises iron Oxide powder has an average particle size of 100 nicrons or

| ess and al kal i rieon e ppvidet hes anpeyiareee pAEsIE fiee ofrd OBmigrenger Jessranil elkalineof 100

m crons or |ess. aﬂ?:llg Pﬁﬁn n@&a g rticle size
“of 0.5 to 10 mﬂ%%‘ﬁé@%%@ﬂ%’%ﬁ”ﬁ?ﬂf ef ersgg y carrie ésg'ult@l0 y contacting
t he- hydr of | uor oqaeforably, & graaiin baspntaveragsniaticlesizeobfb 4 Himm. hydr ocar bons wi th
t he deconposj.ng 598 - @l E%%Qt i.td onal details
o? decorrposisltoi on age ?%L%nﬁap}e%?gg%sseg%gg set%t@:grﬂ%%&ﬁ}r?ﬂ%gﬁéog%%?, whi ch
detail s are i nceoprirangilie thierineoigining bydsecarioss withthy deGmpasingsigeBypts em A
Cat al yst Conpound IQIS-EC " t gm. ' [ [ process
will typically I:‘I(?:]%o?r'i)rl se&ggézgt%%?@g(? %@nﬁ%ﬁﬁ?@ghg&gﬁﬂg%@éa o%ag&(;rrpound; and
may al so i ncl udgrocessep anetsetferthcin (Ve 82/856ch58,rwehicir details ave inporpatatddhsiein by The

conponent s of trrléafm%%eql yst

15 V.  Catalyit 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 slmry 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
utilized 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 conpounds. 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).



20 system are chosen to be capable of being utilized in the polynerization
process selected. For exanple, polynerization may be conducted in a slurry
and/or in a solution where the slurry and solution are used separately or
conbi ned and“finh%oduced into a polynerization reactor. The catal yst
conpounds whi"cHMEI™BE  utilized in the catalyst syst eRETOP2BR% v enti on
for such polynerizations include: 25 bulky Iigand netall ocene conpounds;
transition netal catalysts (e.g., Ziegléﬁ Natta, Phillips); Goup 15
cont ai ni ng nmetal conpounds; phenoxi de catal yst conpounds; and additionally
di scovered catal yst conmpounds. The catal ysts, co- catal ysts and acti vator

conpounds can i ncl U%s&ﬁ@e@%ﬂﬁ%&,@&éﬂ Rk %fgl?%&{&ﬁqmecgﬁf | & tgﬁlﬁﬁt new

notation nunbering schene for t 1 odi c oups are used as set
out in Cheni cal cotpris€tighmmdetrachlofiieyparti@diymot hy cqudig®Eipn of BCRGOBE/ 009949

PCT/ US2005/ 021652 . 23 Ln.s0 i,lrent howaver .. it | referred that the
cat al yst Syst_emﬁwﬁc%lﬂ%iﬁuggasﬁ?%%‘ Mt ?’P?i@\é\ﬁ%rﬁf‘&lée?%eaqu%@ul arly not the
conbi nati on of perflibfomrtdn. &l sitihtivnnwhdrk the citalystis titanitich tetfablbridey M nun) |
particularly_when the FECis_a . perfl]uorocarbon. |n sifuations where the
Pl yst | 5 1 | (Bl  SopRmg R Tl o A Rama A @b B onbi mat on of Ti C14
and al um num al ig¥hylahiimBIhe FC {sPrdfrhiy b By defdordci®or Gniafiotéref er ably a

hydr of | uorocarbon. | n another enbodinent,. the catalyst is not a free

radi cal initi at@bodERo thecatplystis gotia dese radical ipjliatep, spehgis a@ergBidsy | ocenes The
catal yst conpositions ‘used in carrying out the invention may include 10 one
or nore bul ky |jgan t.al | conpounds (also referred to herein as

metal | ocenes). il‘yp!_ wgﬁﬁaﬁlﬁﬁﬁﬁt al | ocene conpounds are generally
roun(%) bondod o AreruaS -Bheset P s SRR R RR MR Gencral |y
represent edidy oneer more ik lizaedmetalogeid compainds (alse deferredy6 Rgrefmrasr i Ng syst en( s)
or a 15 conbinati th f. These bul k i gands referably the ring(s) or
*l g systent s msibernis Spien b et mdlost HotbaPatRE BN & oups 13 to

16 atons of t helesdided avdontaiidy die 6f mbre Ak ligand(y) eiddnalot wotdl€aviigons are

sel ected fromthe grou consi sting of car . Jltrogen, oxygen, silicon,
sul fur, phosphd3® ,)%@’gqeﬁéﬁtz??f@%g’?@&atﬁtﬁdqﬁ%m (IS8 ¥nati on
thereof. Mst pegéeirBbY ond dendrt 68h. ey, or fused ring(s) or ring system(s) ora

15 combination thereof. These bulky ligands, preferably the ring(s) or ring system(s)

i
-

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 E'
| similar functioning ligand structure such as a pentadiene, a cyclooctatetraendiyl or
an imide ligand. The metal atorn 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 fransition 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:
LL°MQ: @



20 ring system(s) are conposed of carbon atons such as but not limted to
t hose cycl opentadienyl |igands or cycl opentadi enyl-type |igand structures
or other simlar functioning ligand structure such as a pentadi ene, a
cyclooctatetraendiyl or an imde ligand. The netal atomis preferably
sel ect ed fronwGroes®om9t hr ough 15 and the | ant hani de orpcagidafisdasseri es of
the Periodic Table of Elenents. Preferably 25 the netal is a transition
metal from Goups 4 through 12, nore pref®rably Goups 4, 5 and 6, and nost
preferably the transition nmetal is from Goup 4. In one enbodi nent, the
catal yst conposition includes one or nore bulky Iigand netall ocene catal yst
conpounds represented by the forpul a: LALBMY (H) WO 2006/ 009949
PCTI US2005/ 021652  24%hEeMds pmeil stomdiony theResadie 61#?9%33'@1?1166@@@1111% e of the
E ements and may, atjéﬂd%p@ﬂ!’?nl@tafd}ﬁ%ﬁtﬁ@fa%hmﬁﬁe&%&ﬂée@&éﬁ ld%%%ﬁ

ra Is a Goup

actinide series of e Periodic El ements, prefe
4, 5 or 6 transiTabdmofifements, prsfesablyivids 2Groop ¥, 3\nr|6§raas1®mugtal4morean3| tion

Tt A o RS Mo bR oS BB M R, ThE Do)k

I |gands LA and ¥ re open sten(s)
and are any anciladfidioy dr ititaamuch. §l‘ynsbnihyhgmdd LfiamigL5, mwphshayk:htedfusaﬂ

substituted, cycl nt adi en nds_or dlen ype |igands,
het er oat om subst‘?‘ig&%é’anﬁ%ﬁ’/s%m(ﬂ ?’85‘1”&%’@%?5515 SX e’%’)”& t adi enyl - type

: ! gan(cjis. NonI i run@mmgnmda:mp&h besituied, dyblblb@ntahllemﬁmgalds axctfytﬂdﬁemaﬁié:gpqpé a(cjii en?/l 10
i gands, cycl openta ant hre i nden i gan nzj ndeny
ligands, f! uor R &)sl’ﬁ%ﬁrﬁﬂgm B%Eﬂ &g@?qﬁmm ‘%%’é‘?ﬁ%@gpeﬂma?
Icycl ogct at et lraenﬁlbeni ahgsgmumu@y@da@pemmm@d Iligdmdmwaec&dlwagmﬁzenyl

gands azu en an t al ene S i.gands
phosphi ni ni n¥ Séj P ﬂ’Sﬁf"WI %@&dﬁiﬁnﬁqﬁfg %P{/‘Fd‘f’qyb]é%‘?ﬂ‘%s
carbazol yl i gamﬂﬁmppﬁ%bwa&ﬂgﬁoﬂg@ag@hgﬂds Eftﬂbdctal%&a higatideg 15

e

hydr ogenat ed versi ons thereqf exanp tetra ydro enyI Ilgands I n one
enbodi ment, LA &HEFOB@%?“E?QG‘E%H?]‘%‘P%F“PY prgs-EpiERe igapds, pepdalens of

7E-bonding to pﬁ,gplﬁ i ,ﬁﬁ;glgﬁh,ﬁgg d 9940029 I endsar wei ght
(MN of LA or LB excee g é@ﬁds %pefetr(gvbly gregte}‘rht z;% 6§ a.mu. In

anot her embodi wmozoumlsaaﬂﬁac@wp 8 Perakenzne lisgndpanddhe ke s idivgs . f or

exanpl e, nit rsogq&dmglﬂateﬁggrswﬁpth%f)ﬁr B TRB Aaro by igR8. RAS PhOT OUS, i N
conbi nati on with carbon atons
embodiment, L™ and L may be any other ligand structure capable of a-bonding to

M. In yet another embodiment, the atomic molecular weight (MW) of LA or L2
exceeds 60 a.m.u., preferably greater than 65 am.u. In another embodiment, LA

and L® may comprise one or more heteroatoms, for example, nitrogen, silicon, )
20  boron, germanium, sulfur and phosphorous, in combination with carbon atoms to
form an open, acyclic, or preferably a fused, ring or ring system, for example, a
(-- hetero-cyclopentadienyl ancillary ligand. Other L* and LB bulky ligands incinde
but are not limited to bulky amides, phosphides, alkoxides, aryloxides, imides,
carbolides, borollides, porphyrins, phthalocyanines, corrins and other
25 polyazomacrocycles. Independently, each LAand LB may be the same or different
type of bulky ligand that is bonded to M. In one embodiment of Formula IIT only
one of either L* or 1.2 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 selecied from hydrogen, or linear,
branched alkyl radicals, or alkenyl radicals, alkynyl radicals, cycloalkyl radicals



forman open, acyclic, or preferably a fused, ring or ring system for - .-
exanpl e, a hetero-cyclopentadienyl ancillary ligand. O her LA and LB bul ky
ligands include but are not limted to bulky am des, phosphides, alkoxides, '
aryl oxi des, | ar bol i des, borollides, porphyrlns hthaloc ani nes,
corrins and ot g'%%%%%ol yazomacrocycl es. | ndependently, Célp ﬁ%d LB may
be the sane or different type of bulky ligand that is bonded to M In one
embodi ment of Formula |11 only one of e?ther LA or LB is present.

| ndependently, each LA and LB nmay be unsubstituted or substituted with a
conbi nati on of substituent groups R Non-limting exanples of substituent 30
groups R includg o QUP, gen, or

i near, br ancheamgllelr E&Falggér?rad c&?)%&él efnéy °§gga%ca %ngﬁllamg{lgr adi cal s,

cycl oal kyl radi ﬂ@]ﬂu&ﬁdﬂ:ﬁﬂ@,ﬁﬁﬂl@%ﬂﬁo RATAKISHRPaBAR 5&licaBS or aryl radi cal S,

acyl radicals, ar radica al I cal.s ryl,o adi cals, alkylthio
radical s, di aI kW ??Bbof‘lgd?‘{'}ﬁ’f'ss g‘f’%ﬁkﬁgmi ﬁﬁiké'gfy’?i’ %?ﬁyl oxycar bonyl
radi cal s, car bOfE&iéhls ra%ﬁlbﬁﬁnlaamalglakﬂémm@fadshaal&wlmﬁ@fabamﬁm gh@adi cal s,

acyl oxy rad| cal s, | am no readl cal.s, aroylam_no radicals, straight, 5

br anched or %ycﬁ"?%c Prgylin, alkylsng radieals, °5?°%‘??BPW5‘F"F%I‘EEBW In a
preferred enmbogi¥githent %H%ﬁ:bﬁt%%ﬁas AmaWs tRSbﬁ&iﬁh)‘dPogteﬂa@leﬁ%}‘e@MW ogen

atons, preferably from1l to rbon, that can also be substitiuted with

hal ogens or hetf&pmditeAR cashon, thacan plrebe wbwmtwhﬁgomm@@amm kyl
substituents R ﬂlPﬁicéJq@oﬂqﬁmﬂX exaﬁ%ﬁ)“sf ﬁ’ﬁ%ﬁ{uentpﬂtlﬁﬁ ude%ﬁﬁryle[hﬂzexyl

cycl opentyl, cycl ohex benz qroups and i ncl udi ng
al ). their i sonﬂ?rgpylsfh}ﬂlylm%h@f%éﬂh?m lﬁm shiexyl; tenpyl opphenyimonps pd | i ke.

e bonr ooyt *FE QUL RES il il K0 CERAL W R BRI, P%é'“"“’“ i

or ganomet al | oi dikea@® hsdwqadilymmﬁﬂs include fugrpmethyl) fluorgethybtdifuorasthyls| |

i i e 1
met hyl - bi s(di f |aganometalgil yaglicelincludingdrimetbylsjyl.diimethilgbrgahny| and the |ike;

d di sub . I d
i subst | tut ed pRyBEE SR ERkE, s i MRk kol example: an
di net hyl pholﬁoh|rmhgalshquhéngtmmmw;onmh}ﬂytlb'hmejhybhmﬁipﬂuormethyh)aﬂylpgen radi cal s
I ncl udi ng et honxgmoﬁetd?ﬁé&leﬂlgfg%ﬁ Yud the like; and disubstitiuted boron radicals

including dimethylboron for example; and disubstituted pnictogen radicals

mncluding dimethylamine, dimethylphosphine, diphenylamine,
methylphenylphosphine, chalcogen radicals including methoxy, ethoxy, propoxy,
20 phenoxy, methylsnlfide and ethylsulfide. Non-hydrogen substituents R include
) the atoms carbon, silicon, boron, aluminum, nitrogen, phosphorous, oxygen, tin,
(- sulfir, 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 least two 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 a sigma-



20 phenoxy, nethylsulfide and ethyl sul fi de. Non-hydrogen substituents R
‘include the atonms carbon, silicon, boron, alum num nitrogen, phosphorous,
oxygen, tin, sulfur, germaniumand the like, including olefins such as but
not limted to olefinically unsaturated substituents including

Vi nyl - t er m n#tcedod/@08@hds, for exanpl e but-3-enyl, propdasmpsodsex- 5-enyl
and the |like. Also, at |least two R 25 groups, preferably two adjacent R
groups, are joined to forma ring structpée having from3 to 30 atons

sel ected from carbon, nitrogen, oxygen, phosphorous, silicon, germanium

al um num boron or a conbination thereof. Al so, a substituent group R group
such as 1-butanyl may form a carbon sigma bond to the nmetal M 30 O her

| i gands may be BeRéigM: Pependinggn the oxidationsipteof thematal fhs valigdonndg0ilng  group Q

I n one embodi me H tPatFoRRALATURSM feprbahis b Gedtd 1a¥d A Slegma VO
2006/ 609049 PCLARSSHL oL RILBIE bt M Dependi ig on the oxi dation
state of the necablystdaempoetdie for nis 0, 1 or 2 such that Formula |l

above represents a NRIL Rk %L%%Xn%}é;qq@%%gﬁé]e%@%%bas&ash@%%@mounds

Non-1imiting exanples oOf ases such as arf nes,
phosphi nes, gt hphssphinas, lbthens) atbesylatel, dimes, hylispdariod aasdioals hovidg freh & th20/i ng from 1
to 20 carbon ato hydri des or, hal oge d the Like a .conbi nation
thereof. In 'anﬁ‘frﬁ‘g'?atg‘%{?ﬁ’d’é' prh W%Pgﬁ'ﬁ%ge?ﬁasm PateR epet B 4 fused ring
or ring system andthdiembodigitit #% opinofd O’k famdpaitofh ALl fidpaf eingsykinl t uents for
R as described above and includjng,cycl obutyl, cyclohexyl, tyl, tolyl,
irif |uronethyl ,Oﬂ%eéﬁaé?ﬁri‘?stﬂfbé’rﬁé‘? ngl‘ﬁéﬁ?mﬁ%weﬁﬁé‘?rgr@t%ﬁgﬁ&gmt hyoxy,
et hyoxy, propoxynd jablRomy Yyclébusid, WycldhRicylylepil, kretiflusbimtriyl) yotrambdviene,
‘et hyl phos&gl de radjcal's and,the Iike. I n another epbodi nent, the catal yst
mposi t i on YrayPepanstipdensymetylidsps methyenyy Y"P‘&d’ﬁ%?"ﬁ%tpgﬂc’&’é’ﬁga'c at al yst

conpounds wher epjethyRiilids)PdifethyRiide] @methilpBospliité AdRals ki tRelke. Ot her by at
Y ) A, .as represeﬂ?edspby Formula 15 H LAALBMY' (11)

| east one bridgi ng group .

The conpounds of Foriﬁ?l“&th?rleﬂg’f?’@mﬁﬁo%caé Y PRRRSHOD B K5Iude eatAmORet al | ocene

catal yst conmpoupiRy lifdhd medtllobdne SANE cotnpbifdsiheftal4 138 4 ° 3PPV RwilalNarR- :
bridged to each other by at least one bridging group, A, as represented by Formula

15 IL

-

LAALPMQ, (@)

The compounds of Formula II 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 least

20 one Group 13 to 16 atom, often referred to as a divalent moiety such as but not
. limited to at least one of a carbon, oxygen, nitrogen, silicon, aluminum, boron,

( germanium and tin atom or a combination thereof. Preferably bridging group A
contains a carbon, silicon or germaninm atom, most preferably A contains at least
one silicon atom or at Jeast 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’»8i
R?,S1, R’,Ge, R°P, where R’ is independently, a radical group which is hydride,
hydrocarbyl, substituted hydrocarbyl, halocarbyl, substituted halocarbyi,
hydrocarbyl-substituted organometalloid, halocarbyl-substituted organometalloid,

30 disubstituted 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,



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 divalent noiety
such as but not Ilimted to at | east one of a carbon, oxygen, nitrogen,
silicon, alumnum boron, germaniumand tin atomor a conbination thereof.
Preferably DOVO 28?4 roup A contains a carbon, silicoRCHUSPHRMSAM at om
nost preferably A contains at |east one silicon atomor at |east one carbon
atom The bridging group A may al so 25 &intain substituent groups R as
defined above including hal ogens and iron. Non. Ilimting exanples of

bridgi ng group A maybe represented by R2C, R2Si, R2SI R 2Si, R 2CG, R P,

where R is ind ndent.| a radical qgro whi ch is drid hydr ocar byl ,
substituted hy O‘f‘g gﬁ&&f& ?%&h%ﬂéﬁ“’g%@g’ fttcﬂ]flg?imﬂsaqf% gﬁ?‘b‘? ﬁhave tho

hydr ocar byl - substrhdre bedbiny gaie RRERIc6PBE, BHal ocar byl - substi t ut ed
organonetal | oi d, 30 disubstifuted boron, disubstjtuted gni ct ogen,

substitut ed chal cogdhanether gabesiiaent.dhe bulkydisand mejpliocene catalystrompauled t o for ma
ring or ring Syﬁ?i%}eWM@R%ﬂﬁﬂﬁfeﬂ@BﬁtheWﬁ Cgﬂgﬁéi“%@ﬁ?ﬁﬁﬁgqf’/ 021652 27
y

the bridged, bu Igand netall ocene catalys ounds of Fornula 11 have
two or noré branddl argsubstituted with (epergear @ferengnymber pf whalihkents anvesckofrent , t he

subst i tuent s ont PUEE RS th Bt apRURALE Rl ToblYC oIBR8 0°
substituted w tHormhles benddl e diffefehiframeachotibler of substituents on each of
Formilas’ | and |1 ol AL Piamd MeRRrBR e bl end SRR el -
net al | ocene catuaéfitbin tednyratiotisaypincludesthask yescribeisn Bifs Patext @fasl 5,064,802¢ i nvention
5140, 510, ' oaul615 % B3804 o0 572068, o a0 sAle S amn i 12700 00,
5,304,614, 5, 633290031, 55804,634,3%87,461, 5.723,598 5,753,684 5 35336355 8565417 5, 858, 903,
03/ 08190, Vo odATReEs MK IshA Ppialy S05BEE EIr R iaRRIYS o 08! 46650,
WD 99/ 02540 an@3)€z N9 2108 1990V ERs/0PRe WS4, 20 b8yaBsIoPWD 0 578 838,
632 510, EP. Bl D838, BO L RvBpODEADan 34 994421 and Kproeetnar o nerei n ful |y
i ncor por at g8 byukiRhess EPLA-0 578 838, EP-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 an'pther 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 European publication EP-A-0
420 436, all of which are herein fully incorporated by reference.
25 In another embodiment, the catalyst composition includes one or more
bulky Jigand metallocene catalyst compounds represented by Formula IIT:
L°AMQ, (I
where M is a Group 3 to 16 metal atom or a metal selected from the Group
of actinides and lanthanides 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



I.n anothher enbodi nent, the catal yst conpositions may include bridged

het eroat om nono-bul ky |igand netal | ocene conpounds. These types of

catal ysts 20 and catal yst systens are described in, for exanple, PCT
publication WO 92/ 00333, WD 94/07928, WD 91/ 04257, WD 94/03506, W96/ 00244,
WO 97/15602 ¥9FOUY8YP 20637 and U. S. Patent Nos. 5, 057,PCTBIS2B5/086¢72867,

5, 055, 438, 5,198,401, 5,227,440 and 5, 264, 405 and Eur opean publication
EP-A-0 420 436, all of which are herein 3&lly incorporated by reference. 25
I n anot her enbodi nent, the catal yst conposition includes one or nore bul ky
| i gand netal | ocene catal yst conmpounds represented by Formula Il11: LcAJMN
(Ir1) where Mis a Goup,3 to, metal —atom or. a tal .sele d fromthe
Group of acti ni@i’@ga“ﬂi‘cf%lteaﬁﬁpﬁ‘a Y fany; L ﬁ%ﬂqﬂgﬁiﬁﬁgﬁjﬂguﬂbp tﬁ‘ﬁ’ enent s,
preferably Mis go,n3@okHeadpM? ] ishoddedits ROAT baBed Bl ahd LANG MMcfoaitinel €r ably M
is a Goup 4, 5 of 6 transition netal, and nost preferably Mis a Goup 4

transition met al ajcillagyjjgapds and dois pbodeig greup QS oWBYalert grenic hndendmt i on
state, especially{i | ' ' ' ® ] ed bul ky

| i gand bonded to%rb\t'é%I&Pgrq{’oqo%ﬂé}'géﬁ?%ﬁh%ﬁ%?gﬁ%ﬁgeﬁagﬁﬁ%&%? Jis a
het er oat om ~ afici ystemy Thiagembodiment, LK of Formuln M dgsdghinpdebpye for LS A& Mini val ent

anionic ligand; a Nevl S5 ' Formula 11l above, Lc, A
and J forma fus@’@d?P%E&%uga@t%%%?@%%ﬁ%m%g Lc of Fornmula Il is as
defi ned above for LA InKornkila Hhitis @heteroRommrmhtaining liganddn swvhich dfis anedbretitove i n
Formula I. In Forula ILI J is het,er gat om co I.ni ljgand in which J is
an el enent vm'thwgyﬁfﬁ%(frglpﬁtﬁuin gﬂ't?ﬁg'é'?ec%m@ﬂl%gg ?rragrﬁij%?g{]gﬁl% or an el enent
with a coordi naidopdinationiemberfof twotrdni Groufs] 6 ofthd PerivBictTableldE Elemants. Tabl e of

éments. 10 Prefera J contains a _nitrogen hosphor us en _or sul fur
E{rom with ni i&og‘%"ﬁ%‘g’g %’6’“??3‘5? nﬂnpg?%ipﬂ 0TS, 0%ye %rfsgﬁ‘f'r@gm@ﬁﬁ% &Rt . when
the catal yst sysShemp mospRrfir®ds heoiEenakmbodipiests ehérctte batalyeyiehn 111, the
fluorocarbon preferaply is a ., hydrofl.yorocarhb. Preferably, n the
Catal yet oyot bm CEHREEPRTBHO e RSP ERn ey Sregpfin deib i,
fl uorocarbon is gp@kofRofRirbbil Arefeablypwhenile dafalyarsysiei @oinp¥ses cfipoi | nvent i on,
the bul ky |igand netall ocene I coympaunds are heterocyclic Iigand
conpl exes where %S%'W@%Pwﬁﬁﬁﬁeﬁ?@roﬁf 1§ jiot a periluorocarbon.

15 In an embodiment of the invention, the bulky ligand metallocene catalyst

compounds are heterocyclic ligand complexes where the bulky 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, ahuminum, silicon, phosphorous and
20 tin. Examples of these bulky ligand metallocene catalyst compounds are
described in WO 96/33202, WO 96/34021, WO 97/17379 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.



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 enent,
preferably nitrogen boron, sulfur, oxygen, alum num silicon, phosphorous
and 20 tin es of these bulky | i gand netal | ocene cat al conpounds
are descrlbewonﬁ’ﬁwa9@6/33202 WO 96/ 34021, \/\097/17379P§F{HS%§E§"WF322486 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, 85@9258 all of which are herein

i ncorporated by reference. 25 In one enbodi ment, the bul ky Iigand

nmet al | ocene catal yst conpounds are those conplexes known as transition

netal catal ysts base I ﬁ@ﬂ? qui nol i ne
noi eti es, such as thglgcem(}gés%%%&gﬁm '!h% hgfgﬂ)ﬁlte%g‘ﬁe%%a rsf %P{b\%ﬂlfw/ 103, 620
filed June 23, l19&8nplwhoicihmétd, freferbly a transitiorpoeta) alulky\ligars, preganabdya | n anot her
enbodi nent, the l.i gan | Loc 0,ca st canpou are those
described in paﬂlﬁf}gﬁeégﬁ“ﬁﬁ%’g%ﬁgb“ﬁ@ﬁ&gagﬁ-&ﬂéW?’%g%"fé@%ﬂ?ﬂﬂ%ﬁi ch are fully

i nc;)[1 por ahgddherm?ﬁn&ysﬁcgﬁzmmmmiaﬁﬂﬁflmﬁﬂm Pﬁ?{?isﬁaﬁlﬁﬁﬂmigd 29 In
anot her enbodi nen al | ocene ca st conpound is a
conpl ex of a fhet%li"mrpr'gfs 3 lﬁYlf gFB&"r‘Fgeef hRpogporat elEfEes-gand,

preferably a substi tiybfsthe embhEMBR]thé skt Bim ﬁﬁ&eﬂelhdeeaﬁ@lorﬁ&d one or nore

het eroal Iyl nopieties, such_as those describe U S, Patent_Nos. 5,527,752
and 5, 747, 406 ariylly Eﬂnmwmwstwmpowdsmﬁﬁea% yEerane V| |y
|ncorporat ed by reference. In anoth bpﬂxrrent the catal yst cggposition

I ncl udes, one or nore bul ky Iigand neta I"dcene cat al yst conpoun S
represent ed by FhesgMais p(aroup3oR6 yetalc prefersbly afFeup 41t i%ﬁﬁs@ém% 16

t al r ef eqepbl ai p ef er abl
Groug 4, goaorixos;{l? %ﬁ@f&%&%@ 56@??%%%% L 1@?%]{5}51%%%% bonded %/o

a
M each Qis i ncopésideni sach Origindependemtiyrhonded ty ¥ md&a%gzhfmmgamand,
preferably a uni " oni c
l Gand al o boraq s st HER el iANS ofticd infvaliat Mok iha 8B 0° 7 1 1
a dival ent ani omoudedngﬁimemwnlemt@mpmcrgmm@e@mszz ori(slmardméammmw L and

M are as defi neckr&tl),%nfnqg l,an jyl# 1. Qis as
15 In Formula IV, L and M are as defined above for Formulal. Qis as
defined above for Formula I, preferably Q is selected from the group consisting of
-O-, -NR-, -CR2- and -8~ Y is either C or S; Z is selected from the group
consisting of -OR, -NR2, -CR3, -8R, -8iR3, -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, -8R, -8iR3, -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 1o 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 gronp whennis 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.



definéed above for Fornula |, preferably Qis selected fromthe group
consisting of -0-, -NR-, -CR2- and -S-; Yis either Cor S; Zis selected
fromthe group consisting of-OR, -NR2, -CR3, -SR, -SiR3, -PR2, -H and
substituted or unsubstituted aryl groups, with the proviso that when Qis
-NR- then Z 903806489t 20 from one of the group consi stACRFSISA2GR; - NR2,
-SR, -SiR3, -PR2 and -H, Ris selected froma group containing carbon,
silicon, nitrogen, oxygen, and/or phosph8dus, preferably where Ris a

hydr ocarbon group containing froml to 20 carbon atons, nost preferably an
al kyl, cycloal kyl, or an aryl group; nis an integer fromlto 4, preferably

| or 2; Xis a unival eqt.,,api oni up. n,n is 25 or Xis a dival ent
ani oni ¢ group when n E‘énf, W%@e&é@ﬁ@ "5%'@65!‘0(%%‘5‘?1%%&{1“3‘?%%%%@3%%, or
ot her heteroal | yhs gg¥ceba i6SRT99/50865 d 6,010,7QY, Xd anditién meRDLhAREGR. 10

anot her enbodi nent, the_ bul ky, ligand netall ocene catal yst cqnpounds are
t hose descri bed s@@w%&mﬁ%&ﬁ@%ﬁw &g yhiggare hergnwerporaied bemsin bhi ch  are

ful 'y incorporat agagLe idllaé?ﬁmefaﬁ&%ﬁ@é&ﬁﬂ‘ysf)s@ﬂclﬁ&@ﬁdﬂé %é%:me@in%ﬁwbéeyeebi gand

net al | ocene catal yst systens are descri [ Pat ent No. 5,942,462,

ed in

which i's i ncof poAds denblreressinks( metallopenn eeal ySIER P50 Gt WotetberrAd US2005/ 021652

catalysts ac doberbede BRI 06 AR bk ey TR AT o et

met aar acyl e st r Batentrbées 688,394, whigh ane ieprporat@eredubyapierengei ch are herein

I ncor porated herein . f Eggﬁ [ A ts include those
described in EP O 958ﬂéséﬂl;5%§gt ) %%@FQS@@&%%g%&%@%%%@ene catal ysts
(ER-0 970 074 Al ingtalletehecatalystsyéaseritied ebavesinglade thetOst@a@raligr)optigstiont hose sul f onyl

catal ysts desgri bed..i S . , ' ' or at ed
her ei n by re?@reﬁ%%gt.l&ﬁ?%ls a s@te%;c}ir'\]fi E%ﬁ?%tleogﬁﬁ%#?#yﬁ%eg%g%%ﬁfp t he

bul ky ligand ne$.&52,t4%emeopaated hetin by dderendehad milwice thefenfs | ude t hei r
structural or optical or 10 enantiomeric isoners (neso and racem c i Soners,
for exanple see 2. S. Tramsiiton Metal Cen@®adsi 43, i ncor por ated herein by
reference) and m xtures thereof. 2. Transisiton Metal Conpounds In another
enmbodi nent, convent i dnahathsy gmbediment; convamtipgal-tipe transitiop metal eadalystygwayused in t he

practice of thi s,d QPR hOPacticPBMAR VRN 'CHRGntiEANRE bRRiHAE bidlal
15  catalysts are those traditional Ziegler-Natta, vanadium and Phillips-type catalysts

well known in the art. Such as, for example Ziegler-Natta catalysts as described
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
( 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, chloride and finoride. Non-
limiting examples of conventional-type transition metal catalysts where M is
30 titanium include TiCl, TiBrs, Ti(OC,H;s)sCl, Ti{OC;Hs)Cla, Ti{(OC4Hg)aCl,
Ti(OC3H7):Cly, Ti(OC,Hs)2Brz, TiClz* /3 AICI; and Ti{OC12Has)Cls.



15 catal ysts are those traditional Ziegler-Natta, vanadiumand Phillips-type .
catalysts well known in the art. Such as, for exanple Ziegler-Natta

catal ysts as described in Ziegler-Natta Catal ysts and Pol ynerizations, John =

Boor, Academic Press, New York, 1979. Exanples of conventional -type
transition nsosdooEewPysts are al so discussed in U S FCREBSIDOSNRISS2
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 fully3incorporated by reference. The
conventional -type transition nmetal catal yst conpounds that may be used in
the present invention include transition netal conmpounds from Goups 3 to
17, preferably 4 to , mre_preferably 4 to.6 of th eri.odi ¢ Tabl e of

El enents. Preferred %H\’P@H? %B@Fﬁﬂ%ﬁﬂ@n%&fﬂ%?%ﬁsb‘??’%ﬁ?@ﬁE?:“&f‘&?ysts maybe
represented 25 hynddinAihim dectrlbRionorbéipfexbd thit afe uIBLAh thd BVentipaes 3 to 17,
preferably G ou nore preferab nost gébeferabl y titanium

to 6 ly G 4,
Ris a hal ogen Bﬁcéb?ff@dfobmg@Pgﬁﬂiﬁ%f- 4éﬁ§bg§<543§4t3ﬁ%5 ivhigiash st ate of
the metal M NoReriTuh ﬁgﬁ?&;&}@{r%&é& Tad Mighiededililsoaiie), RBEARYY 3O O™ de.

chl oride and fluori | exanpl és of convent’i onal -type
transiti on mst apartatladlypreferehere Mis 30 titaniuminclude Tid 4, TiBr4,

Ti CL3 /30 G 3 and Ti PEEae) Mplip it ars RS E TR S e e, “o1
Convent i onal -t ypaeiniamspdratedbymefesince, desatibes varpuspmuentiondddypedranadium

magnesi uni titani | ect ron-donos conpl ex hat e ful..in the invention

are described F#’;ﬁﬁ(ﬁf’mg??g |- &Y! .gg‘a"fngﬁgmf\%g‘.’“ﬁ?%ﬁgé’ 4,302, 566,

whi ch are her etatalfst kcbypéundoinplodetanadyy trihelides afkvxy halidesardlkdRides fwchhy |

acetate)4 derivaty [ r.ti.cul.arl re ritish Patent o

Agpl i cat i oneiﬁ', 1695Vé§§’ gﬁ’gi@%)%e -K%-ﬁagégéfﬁ 3 Vaﬂ%cﬁg'i“ﬁ&?ﬁcor porat ed by

ref erence, deschdlideand enkdits atkony Batidesomell astVGleand W GIgOBD); vamddhiny aid conpounds.

Non-limting exa s qf cqnventi | -t vanadi u al,yst conpounds

i ncl ude vanadyl Vn%’ﬁ51’&6‘@?8‘&‘?"%&ﬁgﬂgﬁ’rﬁfé@ﬁ&ﬁt@%ﬁf&éﬁ a&é@&ﬁé’i a’_‘ﬂc) as VOCL3,

VOCI 2( CBu) . wher gOBB(AdAL) where{A.c MVEXiXtPddbty Beceturat Mhe prefaied onventiondd and

vanadi um al koxy hal i des such as VCl4 an | u). - vanadi d vanadyl

acetyl acet onat ®B® ¥Pa R CB?B’QE@P‘?P“’%} &¢ g’r@aﬁ% S’%ﬁ vﬁd’l?@kw&%

VOC12( AcAc) 15 ehyardcAvbas tadical, prefeastiy ¥ C) RG] Aliphitie or Zlomatic Bjd@édatidnconvent i onal -
radical such as ethyl, phenyl, isopropyl, butyl, propyi, n-butyl, iso-butyl, 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 CrOs,
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
416 815 A2 and EP-A1 0 420 436, which are all herein incorporated by reference.

Other catalysts may include cationic catalysts such as AlCls, and other

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



type vanadi um cat al yst conpounds are VOC13, VCl14 and VOCI 2-OR where Ris a
15 hydrocarbon radical, preferably a G to Cs aliphatic or aromatic
hydrocarbon radical such as ethyl, phenyl, isopropyl, butyI propyl ,

n-butyl, iso-butyl, tertiary- butyI hexyl , cyclohexyl hthI etc., and
vanadi um acet s#l %l?gﬁé? %3t es. ~ Conventi onal -type chrom um cﬁ‘t" VE‘IS’O%‘é??pounds
often referred to as Phillips-type catalnésts suitable for use in the
present invention include CrQ3, 20 chro tene, silyl chromate, chronyl

chloride (Cr2C|2), chrom um 2-ethyl hexanoate, chrom um acetyl acetonate
(Cr(AcAc)3), and the like. Non-limting C exanples are disclosed in U S.

rat ent Tos. 3. [0%xdine U, Phitn 51{)6;& 380333 06,550, 3,189 81 0 4030 97, B 45 904, whi ch

are herein fully 1ncorporat e ref érence er conventl onal -type
transition netal whithareistorpuatpdimes byredere®8. cat al yst systens suitable for
use in the present invention are disclosed in U S. Patent Nos. 4,124,532,
4,302, 565, 4,302, 566, Itds Aspofe@plaied FrOothGSatalystd &6, bE3Fmbing] 7ilgthe 23,

5, 849, 655, 5,852 ani 9 d_EP- 416 815
22 and BB A 10456 eOmptut S ARt clipoRfsh S BBLHE 1of clibrfilsed o

O her catal ysts nEBcPaﬁnﬂNMe49m299m,3350@naa3&;6@9,5&,35!90&5,5@170‘,831 aahd ot her 30

cobalt, iron, di um ca kno in the art. See for
VO 2006/ 009949 p%f{%@o%g@a o ﬁ@aﬁfm’f’ NG .

3,487,' 112, 4,472, 559,4 814 a 437 of ich are incorporated
herein by reference. 115 erg?ngeomﬁ%ﬁqtg%ﬁp IBOIFR the S*Fﬂ\é\%? ts can be
conbined with theescﬁmﬁabm&toremlpmuymnsmmytﬁmsﬁaﬁeéxylﬁﬁaueﬂmmh%néomref t he

i nvention. For exa

Le 9
5,281, 679, 5, 359° ng”“°§a‘4‘9’6‘y§‘1°fm1’&‘ﬂ’&38‘ %"‘g?ﬁ“"&ﬂ “%ﬁ’PEﬁ’“’&?P rel nfully

[ PCOL por at efl iber ﬁnﬁdmﬁﬁ@mmmabfstsymefnamhwcnnsaﬁﬁwlr.mlpabﬁdiotshalssgms, gr rmrg

t t t
o torbranci oo SRR S S 10EHR, SRSl B Y R R B e ol v
syst gggcr :\Iggdl : 25891)@4@3,62&}1&99&11&5 , 760030 %&@&%ﬁhqgggﬁ%v%m%?mfgigdsyst ens
g“1324 418, 5, 077AES’§” é%l%é{?8@‘%‘“5?%%‘??’6‘%@‘?“@%“8‘1@”&%91 264, 5, 723,399

and 5,767,031 and PCT Publication WD 96/ 23010 published August 1, 1996, all
of which are hergin fGiolyy15 Gatdygor at ed by reference.

15 In one embodiment, the catalyst compounds utilized in the invention
inchude 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 a 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 alsc bound to a
Group 15 or 16 atom through another group which may be a C, 10'Cao
hydrocarbon group, a heteroatom containing group, silicon, germariium, 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.



3. Goup 15 Catalysts 15 In one enbodi nent, the catal yst conpounds utili.zed
in the invention 1include one or nore G oup 15 containing netal catalyst

conpounds. The Group 15 containing conpound generally includes a Goup 3 to

14 net al aton\v referably a Goup 3to 7, nore preferably a Goup 4 to 6,
and even nore ongg{o‘g?%%l y a Goup 4 netal atom bound tPEAUSEUEHEN6Bne

| eaving group and also ¢ 20 bound to at |east two Goup 15 atons, at | east
one of which is also bound to a Goup 15%r 16 atom through 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 atomthrough anot her group which may be a Cl to' C20

hydr ocar bon group, a : t.al Al r - sild rH%qi' um tin,

| ead, 25 or phosphoru@%%%%@?ﬁﬁ@%g’%gt%gfgcgrﬂ&]gggﬂg%&ﬁgﬁggl §9 Be bound to
not hi ng or a hydhpogenied Wy the orquilde4 at om cont ai ni ng group, a hal ogen, or a
het er oat om contai ni ng group, and wherein each of the two Goup 15 atons are
al so bound to a cyclic group and nmay optionally be bound to hydrogen, a

hal ogen, a heteroatomor. a hydrocarbyl grggp, or a heteroatom containing
group. WD 2006/ 009949 PCT/ 15S2005/ 021652 fB I n anot her enbodi nent, the

Group 15 containing netal conpound ngybe e nted by the fornulae: R4
Rl ', R YYR3L %nXn-2 R7 5\5 Foyqula Vor R4 R-I~-R6 Y R3- L
nXn+m 3 , :
R L\ MMX 0
Z
A R7
C ;
B 5
Formula V or
R4
| e
A=
RE— L M™nam
\RZ_ /
Z
Ny R7
5
10 ) Formula V1
' wherein: ,
(» 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 Grou'p 4 metal,
15 and most preferably zirconium, titanium or hafiium;

X is independently a leaving group, preferably, an anionic leaving group, and
more preferably hydrogen, a hydrocarbyl group, a hetercatom 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 5 RR7 7 10 Formula VI wherein: Mis a Goup 3 to 12 transit.on
nmetal or a G oup 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 |eavin roup,
preferably, aRO3MeOM® | eaving group, and nore prefer aB’FV’Ug%ﬂg?‘B h, a

hydr ocar byl group, a heteroatomor a haleaﬁgen, and nost preferably an al kyl;
yis Oor | (wheny is O group L' is absent); 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
preferably -2; V§) 200641008048 IRCTZILUG2005 1928 53s mdMt By chirge bithe efias ge of the
YZL or YZL' ligand", it is nmeant the charge of the entire I|igand absent the
metal and the | eliganegbsgridbggetyl angthe lqaving gupeX-nmy al so be i nterconnect ed” it
is nmeant that R~ and ﬁ‘Wdeﬁaﬂﬁo%tiﬁﬂmQ%g@gi;gﬁsR g@ﬁﬁgﬁ{ﬁ%dggn{@y be bound

to each other .through 'other 5 grioups. By may al so

i nt er connect ed" hedijestlyraung to eaeh otirer ormaly Fecboundiip each ofhier Beough othstind t o each

ot her or maybg b W38 Igtg I b o s Kyl group
maybe |inear ,fbréﬁ'g’g'eya?‘k%ﬁ ra glasf)??&g; g%/cfkﬂrg I c%ws){ﬁat al %‘w radi cal s,
cycl oal kyl radi aakyhe diregily beadd tozkeh otleer pf meylsi boadste caghjlier flaclighather 10

al koxy radicals, aryloxy radicals, alkylthio radicals, dialkylam no

radi cal s, al koxy%%u onyl radicals, aryloxycarbonyl radicals, carbonoyl

radi cal s, al kyl - or Adialikgtoup may balinest, brasahed sk radicais, atksnyt medicels)| s,

acyl am no radi cals rovl,am no adi cal s trai ght . ..branched.or, cyclic,

al kyl ene radi Ca|a§19'hg ra@iéal Fﬁcg?all%!lra?ﬁ%%e ?asdmﬁ%’ %t?harfl%%ls?arrog ®def i ned to

bé\_, a substi t 10 ecllaky kadipalsygryloxy radicals, alkylthio radicals, dialkylamino radicals, ‘
alkoxycarbonyl radicals, aryloxycarbonyl radicals, carbomoyl radicals, alkyl- or

dialkyl- carbamoyl radicals, acyloxy radicals, acylamino radicals, aroylamino
radicals, straight, branched or cyclic, alkylene 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:

RrR12
R11 R8
( R10 \ R® [
" BondtoZorY
20 Formnula

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 Cyo 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 followwng formula: Rl12 R11 R8 ORIO RO Bond to Z or Y
20 Formula 1 wherein: Rs to Rig are each independently hydrogen, a G to
C4o al kyl gro hal i de, a heteroatom a heteroatom containin ro up

cont ai ni ng up %293600394?b0n 25 atoms, preferably a C, tol’%zqongg

branched al kyl group, preferably a nethyl et hyl, propyl or butyl group, any
two R groups may forma cyclic WO 2006/ 008949 PCT/ US2005/ 021652 36 group
and/ or a heterocyclic group, wherein the cyclic groups may be aromatic. In
a preferred enbodinent of Fornmula 1, RO, RIO and R12 are independently a
nethyl, ethyl, propyl gRupkudm agfe&weyéucn bisifliwi@redtl thel 6YEHE Eokps mlly b® anot her
preferred embodi ment , %8 RIO and RI 2 a?ewrret hyl groups, E!Z)n% ngand R11
are hydrogen. Ina parﬂlioél?ﬂl%rly preferred enbodi nent R4 and R5 are both a
group represented bygf efeﬂédmog&egp&rﬁd}ﬁua{ Fpﬁgl}{q{@m% [/ CH3 CH3 10
Formula 2 In this enbodinent, Mis a G oup preferably zirconi um
titanium or haf ﬁidqmndmmlprﬁﬂwbpmwhebatﬂwm(rmbﬁinsrﬂlisem)dﬁ L, Y, and

Z is nitrogeng [ and R6
and R7 are absenflé tﬁn%&r{%'.eﬁer partr arPy prg%?]rng%ﬁg@gg%gn% Emt he G oup

15 contai ning R11 are hydrogen.
" In a particularly preferred embodiment R4 and R5 are both a group

“represented by the following formula:

- ' Bondto YorZ
e
( e

CH3 CHa

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 . .
PCT/ US2005/ 021652 37 C\ ct Conpound 1 5 wherein Ph in Conpound 1 equals
phenyl. The G oup 15 contai ning netal conpounds can be prepared by any '
appropriate nethod, including nmethods known in the art, such as those
di scl osed inVEPOHYIBHE 454 A, U S. Patent No. 5,889, 12BCHNSRMRIHET er ences
cited in U S - Patent No. 5,889,128 mhicggare all herein incorporated by
reference. U S. 10 Application Serial Numder 09/312,878, filed May 17, 1999,
di scl oses 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 compounds conprises reacting the

YZL' of Formula V or VI) with M X

neutral |igand, (see for exanple ?‘ or

(M 15 is a Goup 3to 14 netal, # he oxidation state of M each Xis an
ani oni c group, such as halide, 1 n -coordinating or weakly coordinating
sol vent, such.as ether, toluene, »A€ne, benzene, nethylene 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
nore, then treating the ZOIﬁQQTLr vM&@Hqghexcess (such as four or nore
equi val ents) of an al kyl at ijpg npge 4" SUTh as met hyl magnesi um brom de in
et her. The magnesium salts ar
i sol ated by standard techniq :
enbodi nent, the G oup 15 contai
conprising reacting a neutral |iga
Fortmula V or VI) with a conpound rgepr&gented by the fornula MX (where M .is
a'Goup 3to 14 netal, n is theof on state of M each X is an anionic 5
| eavi ng group) in a non-coordi natiwg=dqr weakly coordinating sol vent, at
about 20 C or above, preferably at abyut 20 to about 100 C, then treating
the m xture with .

5348 bypfiltration, and the netal conplex
O 20 %70 9949 PCTI US2005/ 021652 38 In one
g netal conpound is prepared by a nethod
(see for exanple YZL or YZL' of

Compound 1

5  wherein Ph in Compound 1 equals phenyl.
The Groub 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
7 slurry phase polymerization process using a supported bisamide catalyst, which is
( ' also incorporated herein by reference. E
A preferred direct synthesis of these compounds comiprises 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 techniques.



an excess of an al kylating agent, then recovering the netal conplex. In a
preferred enbodi nent the solvent has a boiling point above 60 C, such as

t ol uene, xyl ene, benzene, and/or hexane. In another enbodi nent the sol vent
10 conprises ether and/or nethyl ene chloride, either being preferable. For
addi ti onal i nf¥?A#6PHR*%f G oup 15 containing metal conp 005/068ase see
Mtsui Chemcals, Inc. in EP 0 893 454 Al which discloses transition netal
am des combined with activators to polyneﬁﬁze olefins. In one enbodi nent,
the G oup 15 containing netal conpound is allowed 15 to age prior to use as
a polynerization. It has been noted on at | east one occasion that one such
catal yst compound (206l dat et theltbiip™)s Bt ?@Mﬂ%ﬁ fothd &s BRDargd NEW Y
prepared catal yst conpound. 4. PhenOX|des The ca st conposition of the

i nvention may i nchyeimetnd cgsmpriving ecacting aphetrabiigang, (eest me}mplggﬁbmﬁab'

represented by th Eﬁ“@ﬁﬁ
Formula (VI1) or 995 g%%%%@%éﬁ%@%@l %g%%%om%lgm R2 O p-M
p R5 R3 R5 R4 RlisR4Grow?3 &34 nketalmib the pXxitldtion stafs oflvg eadhiX is an anionic
" 5 leaving group) in a non-coordinating or weakly coordinating solvent, at about 20
°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
(_ 10  comprises ether and/or methylene chloride, either being preferable.

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

In one embodiment, the Group 15 containing metal compound is allowed

15 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

20  phenoxide catalyst compounds represented by the following formulae:

R1

R2
O ——MN—Qp4

R3 R5

R4

Formula (VII) or
25



R is hydrogen or a C4 to Cop group, preferably a tertiary al kyl group,. - -
preferably a C4 to C20 al kyl group, preferably a C4 to C20 tertiary al kyl
group, preferably a neutral C4 to C oo group and may or may not al so be
bound to M 18 at | east one of R to R5 is a group containing a heteroatom
the rest of RIVZ¥™re independently hydrogen or a CPCT@S@EW2EDUP,
preferably a C4 to C20 al kyl group (preferably butyl, isobutyl, pentyl
hexyl, heptyl, isohexyl, octyl, isooctyl3® decyl, nonyl, dodecyl) and any of
R2 to R5 also may or may not be bound to M 15 0 is oxygen; Mis a group 3
to group 10 transition nmetal or |anthanide netal, preferably a group 4
nmetal, preferably Ti, Zr or H; and n is the valence state of the netal M
preferably 2, 3, 4, or 5, Qis an1alkyl, haloggﬂ, benzyl, am de,

car boxyl at e,- car banat e, t hi ol at eR hydri de .or 4| koxi de group, or a bond
to an R group containing aR&tergpatom which Z/may be any of Rl to R-5. A

het er oat om cont ai ni ng group RAING + OiereMlat om or a het eroatom bound to
carbon silica or another heterp Preferred heteroatonms include boron,
al um num silicon, nitrogen, ph Qrus, arserpc, M, |ead, antinony, 25
oxygen, selenium telluriump3 eﬁﬁy pref het er oat ons i ncl ude
nitrogen, WD 2006/ 009949 PCTI US20051021652 40 , phosphorus, and

sul fur. Even nore particularly dﬁ%ferred k4cl ude oxygen and
nitrogen. The heteroatomitself may be directl nd to the phenoxide ring
or it may be bound to another atomor atons thgt axe bound to the phenoxide
ring. The heteroatom containing group may c ain ogg or nore of the 5 sane
or-di fferent heteroatons. Preferred heteroaton1grou%s i ncl ude i m nes,

ami nes, oxi des, phosphines, ethers, ketenes, oxoazolines heterocyclics,
oxazol i nes, thioethers, and the |ike. Particul arflopnyga€¥BDred het er oat om
groups include hgAes. Any two adjacent R groups may forma ring structure,
preferably a 5 or menbered ring. Likew se the R groups nay form

mul ti-ring strud ighydrogamonaCainEie stouplprstreblyaiertiampalky] sxwpeprifergblyaps do not

forma 5 nmenbered ri 6910 Cy alkyl group, preferably a C; to Cp tertiary alkyl group,
preferably a neutral C4 to Cigp 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 Cygo group, preferably a C4 to Cyp alkyl
group (preferably butyl, isobutyl, pentyl hexyl, heptyl, isohexyl, ociyi,
isooctyl, decyl, nonyl, dodecyl ) and any of R? to R® also may or may not
be bound to M; : '
( 15 Ois oxygen; (
M 1is 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 hetercatom
bound to carbon silica or another heteroatom. Preferred heteroatoms include
boron, aluminum, silicon, nitrogen, phosphorus, arsenic, tin, lead, antimony,

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



I'n a preferred enbodinment, Qis a bond to any of R2 to R5, and the R group
that Qis bound to is a heteroaton containing group. This invention nay al so
be practiced with the catal ysts disclosed in EP O 874 005 A, which in

i ncorporated by reference herein. 15 5. Additional Conpounds The catal yst
conposi ti ons ‘ﬁéé‘ﬁ?“f”ﬁ”@arry out the invention may i ncl ud@CBNE20052163DT €

conpl exes known as transition netal catalgsts based on bidentate |igands
contai ning pyridine or quinoline noietied4¥ such as those described in U S.
Patent No. 6,103,657, which is herein incorporated by reference. 20 In one
enbodi nent, these catal yst conmpounds are represented by the formula:

((2) XAt (YJ) ) gMp, | 5l Gonp 2 to 13 or

| ant hani de and aé%eﬁ%%bg%@%%ﬁb%{hsg?ﬁt%%gﬁ Icia?ggfeg&fﬁi egntlgn s; Qis
bonded to M andinehuie o@yies and niyngena Thelieter@for itsedf narytbe dipectlybowslitetie ani on; X
and Y are bonded t [ X _and are. | roat referably
both X and Y arghfﬂlg’ %5@?%‘%@?’3 él%’“gé)tr?tagﬁﬁgd’%lnhmfw#ggﬁagra%(;abyglrrﬁste&F’i ng J,
where J conpri sphenbxhilewingt Theditenatontisodtaiviygy pradpanay, contpinehe ophbrg ofthé 0 30
carbon atons, Z is bopded to X  where Z conprises 1 t.0.50. non-hydrogen
atons, pref er abPameo% H@ﬁ“‘&'ﬁﬁ%‘ﬂm&te%we@?eg%@t%ﬁ?“% pelude Jpmessi ¢” 30 group
containing 3 thuéb ﬂlg@,tdimés, pﬂé@ﬁﬁé@&hdﬁ,&e&&sﬁ%oﬁﬁﬁﬁ@ﬂe@b}?ﬁﬂﬁmt is O or f1; Wg?an
t is 1, Ais a bridging, group joQin to at least o of X, Y or J, preferably
X and J; WO 200@@8&%@8&?’%&88’8%@’21%”5%“1%11?’6?”‘?“?3 ?etﬁrf’at?fnﬁrf’“ﬂ"é an i nteger
from1l to 4 depReridsanies. LAE ta bd@dehiT goh@iRaydbmlA rihg strubhife, efeadiyent , where
X is oxygen or sulfur tr%%r% I S ,gpt,i onal.. In another _enbodi nent, where X is
nitrogen or pho%pREPHFLbeEIFdsng: Likevgseibe Rigroupsmay, °_1"E|’FB%PH%T’H“F“’~E51 s
referably 89 afdne@HnbelimcaRing v &rRiraR|gouds SoHRE Firkalkl Pfleribardd riss, O¥ OUP. | N
one enbodi nent, the cata&yst conmpounds .used in this_invention_include

d
conpl exes of Ni 2+ andpggafegedambogiamant; | if bendte py of B2 IR Rppcgithed o) " New

Pd(13)- and N (%Johpﬂﬁﬁ@@ﬂbéﬁaﬂﬁiiyﬁh&aﬁﬂémaﬂhﬁﬂﬁéhﬁ)ﬁﬁ.i on of Ethylene and
a-Aefins", J. Am~ Chem Soc.. 1995, 117, 6414-6415 and_Johnson, et al.,
" Copol yneri zati on of This invention may also be practiced with the catalysts disclosed in EP 0 '

874 005 Al, which in incorporated by reference herein.
15 5. Additiona! Compounds

The catalyst compositions used to carry out the invention may include one
or more complexes known as transition metal catalysts based on bidenta_ate 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 embodiment, these catalyst compounds are represented by the
(’ formula:

(DXALYT)MQ, @)
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 hetercatoms; 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

t is 1, A is a bridging group joined to at least one of X, Y or J, preferably X and I;



C 10 Ethyl ene and Propyl ene wth Functionalized Vinyl Mnoners by .o
Pal | adium(l'l) Catalysts", J. Am Chem Soc., 1996, 118, 267-268, and WO
96/ 23010 published August 1, 1996, WD 99/02472, U.S. Patent Nos. 5,852, 145,
5,866, 663 and 5,880,241, which are all herein fully incorporated by

ref erence. THELHIY exes can be either dialkyl etherPGKBR20859216%

al kyl ated reaction products of the described 15 di halide conpl exes that can
be activated to a cationic state by the &dtivators of this invention
descri bed bel ow. O her catalyst conpounds include nickel conplexes, such as
t hose described in WO 99/50313, which is incorporated herein by reference.
Al'so included argistihe98 nd alinfdger BR8LH1 4 83RMEnLdn § OxiBaRn sRteldd MELA! 20
catal yst conpounds discl osed in PCT publicCations WD 96/ 23010 and WO

97/ 48735 and G I¢seremhediment, whexgcnis ceigam or pyifur gasn Z3pontivadlg) In ampthenf whi ch

are ~._ herein Vil fal: ys onpounds
are those Group cfib g’nﬂféﬂaﬁ{’?éltﬁgﬁ sﬁ’ﬁi’%ﬁe@g& h@%’?‘%gseslﬂ%rﬁi%é%?’%&&-%z&o 816 384
and U.S. Patent enibodisnegb ¥, B4Feferabiy ah argl grddp, inmre prdraded shistisited fyl
reference. | a%%&%ion, net al | ocene catal ysts include bridged bis(aryl am do)

G oup 4 conpdun éscribed by D.H MConville, et at, in Organonetallics
1195, 14, 5478-5480, Imbiecmbodimed;the catalyat osrpauadsadediy this diaitien ieludé n

061 27490 whi o SrmBleRtHENEY ko e BIRC PR Ahot el ROLEHED ot al yst <
2 o 526D et o gpen e 1,
catal ysts WO 206%/?’5 H@QE’&%? 1@%@@%@?@2@?%?%‘%&?‘%?%“8%@r nore Group
R S A
e . I gu

one. embodi rent, Ceh@s@iéré?vs@ee@oﬁ%oi?%i‘iﬂfﬁﬁ%ﬁ%s&ffﬁosﬂ{f?aﬁwpﬁf%ﬁ: al S o
calalyst compoct Db %996’“2’?3“’”,”??3‘”3??5’?‘“@?2“?? ’%ﬁﬁgf"i%ﬂ“?iﬂﬁdeané/ or
Che catalyst ool anl whed 2l bR froopdated By Serence hesTIMISEH w t h
bonded to, or s euEake] ehériiductspelSaitynael reictioh frotitcbfitt defdribed, a-

support or carrier. . I . .
PP 15 diiahde complexes that can be activated to a cationic state by the activators of this

mvention 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(arylamido) Group 4 compounds described by D.H. McConville, et al.,
in Organometallics 1195, 14, 5478-5480, which is herein mcorporated by
reference. In addition, bridged bis(amido) catalyst compounds are described in
WO 96/27439, which is herein incorporated by reference. Other usefiil catalysts
30  are described as bisthydroxy aromatic nitrogen ligands) in U.S. Patent No.
5,852,146, which is incorporated herein by reference. Other useful catalysts



Fhe support material is appropriate material, including any of the 10
conventional support materials. Preferably the supported material is a
porous support material, for exanple, talc, inorganic oxides and inorganic
chlorides. Qher support materials include resinous support materials such
as pol ystyr en‘é’,‘”“qﬁﬁ‘ﬂg‘tﬁl onal i zed or crosslinked organi c PEpSEW$2Ie6uch as

pol ystyrene divinyl benzene pol yol efins or polyneric conpounds, zeolites,
clays, or any other organic 15 or inorgan#Z support material and the |ike,
or m xtures thereof. A group of preferred support materials are inorganic
oxides that include Goup 2, 3, 4, 5, 13 or 14 netal oxides. The preferred

supports include sil.ca, i chma r, ma t .be dehydra . d silica,
al um na (WO 99/ 66%@1}1{11 OE?%‘%}%%? Qr‘i}*ﬁﬂﬁé“’a’ﬁi"" %Fhﬁ?eegs?jﬁ%c{@éﬁs 9&%‘%@’ usef ul
supports i ncl ude wibriehsran incafoiaict hereid byzéfeiemel a, nmagnesi um chl oride (U. S
Pat ent No. 5,965,477), nontnorillonite (European Patent EP-B1 0 511 665),
phyllosilicate, BeoliSgportd, Sbstiers a0d TycdmightsS. Pat ent No. 6,034, 187) and the
| i ke. Also, conbinations of these support materials may be used, for
exanpl e, silica-chroninwom: embddiraentaheintalyst confpotiti@pintlndes aisgppon chatekiel | i ke.

Addi ti onal support materi.al .1nclude those .porous 25 acryli | ymers
described in BP 6 SFF,BY pﬁ;rﬁ%pgﬂgqssa SFPP&HF%%?P%%%%?‘@PH&@G “ﬁ"’éfsgr ence.
Qt her support nat@hpditon compdies, PaeRBRMRORLVAS caSpdas 65d/60eRe daklysCT WO

99/ 47598, aerogel s as gri hed in WO 99/,@8605,, sph&ulit s as described in

€s
U S. Patent No. 5°mponditdenpsited op.¢aptaqied with yeporzed yati-bandedito; oF \Wo 99/ 50311,

whi ch are al |l hepRbipofaiea MHBR Aseeddr AR GPon, WELpHER &f 2949
PCT/ US2005/ 021652 43 It is preferred that the support material, nost

preferably an i norgarTi susporideateriabis appropiiateafernl, @R hidhglab@ of @ge of from
about 10 to out 700, n?/ g, pore .volu in_the range of .fromabout 0.1 to
about 4.0 cci@ a?ﬂ?"ﬁ‘i‘}’@?é@&’l’ﬁgﬂaitﬂa@- %{er;%abl}rﬁe WB"TF@Q el sEP8IS hout 5 to
about 500 pm Moagper tbefidbloy exatdple, i) moeniabidesandinoigatic Shpids! material is
in the range of from about 50 .to about, 500 nR/ vol rom about

, f f
0.5 1o about 3. SOMES FPRTHRAGRASBEIerFHRRE Srpps Hiaishials kRS BRANRY=2ee { 0 Bbout

200 gm Most preﬁﬁemhﬁzeabﬁcrsssnﬁmergaﬁemp@tms,mhsuﬁsmﬁt)&eﬂmﬁﬁﬁjlal isin the
range is fromabout 100 to_about 40Q n®/ ore,.volune from about ,0.8 to

g,
about 3.0 cc/g aW%@P%@@wPPmn%?%OF@%fW%%m ony GHERRFEIIY 00 pm

The 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 debydrated, fumed silica, alumina (WO 99/60033),
silica-alumina and mixtures thereof. Other useful supports include magnesia,
) 20 titania, zirconia, magnesium chioride (U.S. Patent No. 5,965,477),

C montmorillonite (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, acrogels as described m WO 99/486035, 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 average pore size of the carrier of the invention typically has pore size
in the range of from 10 to | o000A, preferably 50 to about 500A, and npst
preferably 75 to about 350A. The support naterials may be treated

chem cally, for exa Ie with a fluoride conpound as described in WO

00/ 12565,  whitH 2P %% n i ncorporated by 15 ref er ence PCOURMpSBISHOr t ed
activators are described in for exanple WO 00/ 13792 that refers to supported
boron containing solid acid conplex. In &preferred enbodi nent, funed. silica
avai | abl e under the trade name CabosilTm TS-610, avail able fr om Cabot
Corporation is utilized as a nucleating agent or as a viscosity builder in

the catal yst conmponegt.. Ilipca is typically
a silicawth partic s #%ngi é@ﬁ@?‘&?‘@?ﬁﬁ?@”ﬁ%&“ﬁ%@&% been treated
wi t h di et hyl si loxide; lek lkewifste aantthe taage cﬁ‘ﬁnn:qabouttlptmiboumowg,@me hydr oxyl
groups are capped. | n_another d ca Utl | zed has a
particle size Ofvougssegn?hegﬁngggﬁﬁ%rp%ﬁouﬁg %bgP 40(?1&5@33"? ﬁ%erP% %1%&rons or
preferabljy Ieslsmhamngeoﬂi‘m fmmts&EabbmsaOpmewrépldfmmaﬁseﬁfacngem n\g/;\ha .
supported cataly osi ti e 0 uidin ich the
activator is%prégé’ﬁfuﬂ i”i‘Pt%“‘?P’éFﬂ)'ggFmg %0“1 "2’@‘3@3"?‘??&#9%8&&3"%5 the pore
vol une of the sypRaklbfFentbb@lo.5 ekt 3. sw?afdad%ﬂgép@ﬁclémftmoﬁﬂ nmes, even
nore preferably less th two tine e red ranges being from1l.1 tines
to 3.5 times ranf @@HB‘%&F pM@*f‘BFg%’f ‘ihﬁs‘gécﬁﬁéa‘f‘gﬂﬂuﬂp%“ﬁ”ﬁtﬁ%“r“énge In an
alternative e”bﬁii'rﬁl%@tis frbih @b P00V abdut 4O0rH2/E, pofe WRHORGH ARRPE8 to
PCT/ US2005/ 021652 which the activator is present is fromone to |ess
t n one times ebt3gce/sAae avreese Barticls sizeis Sewabovtayta abont 104 kmy Fhed i nf orni ng -
e support qg a%&é@%b@fesxﬁr&%@ﬁh%fft&fmﬁﬁ :Elﬂlytﬂa?pt;reﬁlﬁé in rgngé0l UMe of .a
porous support are | e De | S of one of these
procedures is dP%@‘?Bé@H’ 1%0’8‘0?%%@1’13’550103@&3@9 nﬂit"éﬂs"wéfeﬁ?é‘&sﬁltﬁ Catal ytic
Research (Acadegiqu $¥oass, 1968) (specifically see pages 67-96). This
preferred procedure involves the use of a classical BET apparatus for

nitrogen absor pti on. ThefupResimaeriaiiguanhs veatrsehrmiqally, forrxample withajescri bed in
I nns, Total Porﬁv%rfd\é c@:’ﬂﬂmﬁﬁraﬁ H&bxﬂ:e@%"ﬁ?@w/ﬂ%fw&cﬂ is ﬁ%ﬂhﬂééfp%raﬁ)[b&' quid

Titration, Vol. 3, Analytical Chem st reg
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 emsbodiment, 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
hydroxy] groups are capped. In another embodiment the fumed silica utilized has
a particle size of less than 40microns, preferably less 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 the1.2to 3 times range. In an altemative embodiment, the amount of liquid in



10 (March, 1956). C. Actvators and Activation Methods The pol yneri zation
cat al yst conpounds useful in this invention can be activated in various
ways to yield conmpounds having a vacant coordination site that wll
coordinate, insert, and polynerize olefin(s). For the purposes of this 15
i nvention, th&QWPeR9%: i vator” is defined to be any corpsourioosiaitez can
activate any one of the catal yst. conpounds described herein by converting
the neutral catalyst conpound to a catal $#ically active catalyst cation
conpound. Non- limting activators, for exanple, include al unoxanes,

al um num al kyl s, ionizing acti vat ors, which may be neutral or i oni c, and

conventi onal -typ%h?c%‘iﬁ‘éé”‘cln%@ﬁw ﬁsﬁ%‘ﬂﬁgfal?%gl}am %"% Wiffoxanes are

al unoxanes activators are u as a ca
general Iy ol i gonmefihe snppmomumlmlaéchmrfmmgagtﬁé (ub})or@ﬂamhtml ts, where Ris an

al kyl group. Exanpl es of xanes. i ncl ude | unoxane (MAO), nodified
met hyl al unoxane ( MAJ" %‘ﬁfﬁ?lr‘m g“ égl EF""@“B%L??@P%TPW Al unoxanes
may be produced b&llﬂcﬁ@wﬂiﬂiﬁ@h&ﬂbﬁm@ﬁ:ﬂﬂb&)fﬂ{e@éﬁ&ﬁﬂﬁr&ﬁs&i&ctn@éeﬂ)ﬁﬂblﬂﬁbnum

conpound. MVAO mayhe produced t he rolysj tr| met hyl al um num and a
hi gher trial kyl aﬁagﬁpﬁ {2C3 Vet "’t?‘?‘f’g %’gf%ﬁ‘i’%ﬁ g) are general ly

nore sol uble in ahbdhalllyGecRbiseos). PREpraREd Sib @mﬁnﬁaﬁweﬁe%age There

are a variety of methods for preparing 30 alunoxane and nodi fi ed al unoxanes,

non-1imiting exafprtssl BET gpeeains dpranitnecs ehsemmbon oirstherprbabwelblowypds > 45

described in.U. Smeaatleﬁ&amﬁmﬁé5rﬁ%oréku9§2dﬁﬂ-ﬁuze5m99}oﬁﬁ&d 5, 206, 199,
5,204,419, 4,874,734, 4,924,018, 4,908, 463, 4,968, 827, 5, 308, 815, 5,329, 032,

5,248, 801, 5, 23509842*8”@}'1597414173'!;'0“% Yeh%é@ mcz}%emwf@?-wg 5, 693, 838,
5(731 253, 5;3314adn, 1956)44, 656, 5,847,177, 5,854,166, 5,856, 256 and
5,939,346 5 and ur opean publications EP- A—O 561476, EP-B 1-0 279 586,

EP- A-0 594-218 and EEctRior® amBLctietifon M&HoBCT publ i cations WO 94/ 10180 and WO
99/ 15534, all of which are herein fully incorporated by reference. Another

al unoxane is a nodi fiRGoNRiciydiont ep D mriaaas mbonsibn b3 3A
(comrercially avail able from Akzo. Chem cal Inc. under the trade name

Modi fi ed Met hyl a;qyﬁgﬁ%wevap%évays 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 alurnoxanes, aluminum alkyls, ionizing

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

<‘ In one embodiment, alumoxanes activators are utilized as a catalyst

activator, Alumoxanes are generally oligomeric compounds containing -AI{R)-0-
subunits, where R is an atkyl group. Examples of alumoxanes include
methylahmoxane (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. MMAQO?’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



10 3A, covered under patent nunmber US 5,041,584). Al um num Al kyl or

or ganoal um num conpounds which nmay be utilized as activators include
trimethylal um num triethylalumnum triisobutylalumnum tri-

n- hexyl al um num tri-n-octylalum numand the Iike. 2. lonizing Activators 15
It is wthi nWORESEE¥AL of this invention to use an i oniRGTAK29E/021652
stoichionetric activator, neutral or ionic, such as t . (n-butyl) amoni um
tetralds (pentafluorophenyl) boron, a t#}sperfluorophenyl boron netalloid
precursor or a trisperfluoronaphtyl boron netalloid precursor,

pol yhal ogenat ed het eroborane anions (WO 98/43983), boric acid (U S. Patent

No. 5,942,459) qr conpi I.on f. | S sOo W thin the scope of
this invention Bﬁfcﬂgg’ﬂgﬁéﬁé@ﬁ\% %’gﬁf’i& ?afg%%t’%@t %8%1’3%%%&394 n conbi nati on
with alumbxane eponRes,issd,78d, YORKGIRCA,00KAG3YADEH 827, EXRB5 S3320003neut I al

stoi chionetric activators inélude tri-substituted boron, 'tellurium

al um num gal | i 82A&BALiIS73P.08% 815%3 3¢ 31 @503 U193, STHY, LA O3 B8 subst i t uent
hei t k. | ,
groups are eachshafgpe @%ﬂ%lyg/?ﬁéﬁ%a%g?if’ﬁ% @54,13616%%5,%5% 26 2d igg?kogen

substituted al ky1's,” aryl's,” ar al kdéxy al't des. éterably, the
three group$ aaml Eurdpgae pubdicitiops BR-AQ S a1 76y ERvBh@I 259 686, ERo0 584-21811 ti cyclic

b e ur o5 her eofi EE P s, Marcr pliitons WIS AT WERPSERLRI 00 ot ons,
D T e e e
gﬁlrast ituted ar yPQ%ﬁ%B’%@‘ygﬁ‘g?‘gW%ocﬁW%@%@e@V @‘5"2‘6%5/ 821652

46 three groupSfrafhmbmbxﬁicma\mmmdermeuédmnﬁmmammhymmweu?aptI iyl or
a

'xtures thereof. Eve re prefer , three groups are hal ogenated,
prqeferabl y 14 | REEE ?nr%gﬁégb?“ﬂﬁi%aﬁgﬁﬂéi’ggﬁ)eferabl y, the neutral
stoi chionetric acti VglufinukSAlkillor Sipeidaluafimep B@ipondkartidh iy be utilized as
trisperfluoronapthyl horon. 5" ?ubs,t ituted al kyl" refers to an al kyl as
described i n whictiNatprsanchide tripethylalymingg taetyigiyaiinm, tggobytylalyminem, t8p| aced by

anot her group sygbvidudintya! G yldininum sa@deliké.ut ed aryl, cycloal kyl,
substituted cycloal’kyl, and conbi nati ons thereof. Exanples of substituted

al kyl's include,gfor igxangheuvaldenzyl, trifluoronmethyl and
15 It is within the scope of this invention to use an ionizing or stoichiometric
activator, neuiral or ionic, such 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. It is also within the scope of this invention fo 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, arylhalides, alkoxy and halides. Preferably, the three
~ groups are independently selected from halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl 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 atoras and aryl groups
having 3 to 20 carbon atoms (including substituted aryls). More preferably, the



the like. C 10 lonic stoichionetric activator conpounds may contain an
active proton, or sone other cation associated wth, but not coordinated
to, or only loosely coordinated to, the renmaining ion of the ionizing
conmpound. Such compounds and the |ike are described in European

publ i cations EPCANSERH 982, EP-A-0 520 732, EP- A-O 495 PETAIS20§4021630_ 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, 5,241,023 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 enbodi nent,

e ot L L et RSkl By BRI 4 o P ety @ p TRATET . 2
is an neutral Lewha-edfa%pnmbta;seihybiynbeihree@toupﬂafehaioanﬁed;pmtfaabl}ac| d 25 Aa-
Is a non-coordin ng .a haV| he.ch n.i.nteger fromi to
3. The cation co%’(?ﬁ‘g tFEaPﬁ ?/sgpﬁ'geﬁ}l’ eg'gﬂ’ﬁ'ﬁ:éa?gﬂslﬂﬁrf‘ﬁt?c ﬁtoralg pr ot ons
or protonated Lewf ebﬁﬁ)ﬁgghe;iy]b&dﬂ@tﬁk@rﬁi@t@hyﬁy}mfbﬁpabl e of protonating or
abstracting a nnlety,‘§%¥h as %ﬁ”??h P$@ﬁ&ﬁﬁﬂgﬁg@buéé%ghkg$ggursor

met al | ocene or 30 G oup®
resulting in ac b atodnk 8k hikPINs ABladdd by REGQHS QP8 hE0

PCT/ US2005/ 0216552}})’&@% T?lg act i va]%{?lngégat [ (]))?1 - m%rouﬂ\&o% %&onst ed acid,
capabl e of donat isastitiedFrgh E¥FlaaBvk i 5%‘?‘%9!49"(1‘?38‘171 m@m'wpawbmo precur sor
resulting in a t il @foolliHed kPl kibfide R hHAHIAGRATRINd iRy A UTS,
phosphoni uns, si lﬁfllll ms and m xtures théreof, prefefably amm

of met hyl am ne, ¢likee, di net hyl anine, 5 diet hyI am ne, N- et hyl anl I i ne,

di ghenyl am neyg tri met ﬁaﬂl@mleﬁom%b%ﬁa«xmﬂpe&asdﬁy%ﬂaﬂwm&kpﬁwﬂ, &ne.

met hyl di phenyl'am ne, pyridine, p-
“sorne other cation assocmted wnth but not coordinated to, or only loosely

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,
5,38{1,299 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 @C-H)"(A%) ®
wherein:
J(‘ _ L is an neutral 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)s” 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.



d nmethylaniline, p-nitro-N, N-di nethyl aniline, phosphoniuns from -
tri et hyl phosphi ne, tdphenyl phospbi ne, and di phenyl phosphi ne, oxom uns from
et hers such as dinmethyl ether diethyl ether, tetrahydrofuran and di oxane, 10
sul foniuns fromthioethers, such as diethyl thioethers and

t et r ahydr ot hWOFREM%Und ni xt ures thereof. The acti vat iPCE/USAOPBASEL- H) d+ may
al so be an abstracting noiety such as silver, carboniuns, tropylium

carbeni uns, ferroceniunms and nixtures, $feferably carboniuns and
ferroceniuns. Most preferably (LH)d+ is triphenyl carbonium 15 The anion
conponent Ad' includes those having the fornula [MJ']d- wherein k is an
integer from1l to 3;..n | n i fro M.i, S el enent
sel ected from Group @f%ﬁva%ﬁﬁc% %tef gh?%ﬁwl&%md#@)&gﬁtogd ﬁlégf erably
boron or al um ng otcﬁﬂdﬂ@ﬂaﬁsﬁmﬂﬁaﬂmdﬁmépreauémyﬁ&smﬁ@mhruadgﬁéhxﬁﬁalunbrI dged

di al ky] am do, haljde, .alkoxide, aryl oxide, hydrpcarh subst.i t ut ed
hydr ocar byl , 2004?19%8%!11@% AMETHpS, Pﬁ?"@ﬂn%&lloﬁ@gw sﬂ§hum5 and mixtures

andhal Osubst'tUﬁﬁﬂmh Qa5 %oﬁ&ﬂé%éhylﬁﬁhﬂm&é‘aﬂé&@lﬁﬁnéo 20 carbon

atonms with the provi so tha¥ in not nore’than | occurrence is Q a halide.

Preferably, 2actictylamine Nimeihylailineqdiphgayleaine. me@rlawe methylwgmp, to 20 carbon
atons, nore pref{@8§ yiRAe and nost
preferabl y each ?]gﬁe\g:‘_pen.q‘?réu@ Fﬂ&ﬂ%ﬁin@ﬁ%ﬁ%@g eé of suitable Ad' 25
%jsohi ncl u:czleI Fli mmylw@mmggdﬁﬁmzmt%fmmnww?ﬁz?m No. 5@47, 835, o
Lch1s Ul yed hBPhi “j’I e Hel éoﬂﬁ r& y, the Tonic
stoi chionetric S’CE‘S'\P? ?sg' % %S’ S ‘ﬁé hﬁﬁnet In
E et raE per; : uor oahem;dchbmdmxeélybethdrﬂlcﬂiybm];dr,dar&edmﬁlmn and dioxane, t Chod
ra(per ro or 0 c |on met ho _
u5| ng ioni z:lj'ﬁg ?Eﬁ?%m%%ﬁ%%@ﬁﬁgmgﬁg{h aggl f%ogtagrg dtgﬁﬁ]\)@r Eﬁ" f but capabl e
of producing a iﬂdlrﬁyhﬁdsgmr@fvne%ﬁ&tlﬂg)wdﬂapﬁﬂhﬁiaﬁ&bﬂﬁﬂﬂﬁﬁacbﬂ@ met al | ocene

catal yst cation_an ei r..non-coordinati.ng anion are also contenpl ated, and
are described iT° }5\ 3 sius %%’Tnuﬁﬁ’qrﬂ ¥ 7%&’% ﬁ OGS B8t ent  No.

5, 387, 568, whi chixairés, ﬁleferdbﬁf@thbM@ﬂd)ﬁﬁﬁeﬂ@ﬂSyMoeﬁmmmg(le)d"éddl tional

Activators 5 O hef. |bvaI ors include those described in PCT publication WO
98/ 07515 eny! carbonium.
15 The anion 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 Elements, preferably
boron or aluminum, and Q is independently a hydride, bridged or unbridged
dialkylamido, balide, 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 hydrocarbyl 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 jonic stoichiometric activator (L-H)s*(A%) is NN-
dimethylanilinium tetra(perfluorophenyl)borate or triphenylcarbenium
tetra(perfluorophenyl)borate.

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

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



such as"iris (2, 2', 2"- nonafl uorobi phenyl) fluoroalum nate, which
publication is fully incorporated herein by reference. Conbinations of
activators are also contenplated by the invention, for exanple, alunoxanes
and ionizing activators in conbinations, see for exanple, EP-131 0 573 120,
PCT publ i cat i WRSPABOWAT 07928 10 and WO 95/ 14044 and U. S.POTABHENINGS .

5,153, 157 and 5, 453,410 all of which are herein fully incorporated by
reference. Qther suitable activators are4disclosed in WD 98/ 09996,

i ncorporated herein by reference, which describes activating bul ky Iigand
nmet al | ocene catal yst conpounds with perchl orates, periodates and iodates

i ncluding their q%%iates. 5 98/,30602 anddjn 98/3060?51 i ncor por at ed by
reference, descrTHRIGHE qlelystyption ey pon-coordinaling anicn aré also

(2, 2" - bi spheny| cdhtemphmidnandsid desdibed RFPHE- G426a07,BP-AVESTIr40Bend W.ul ky

| i gand netal | ocene c&t al %t corﬂ)&md. WD 99/ 18135, . i ncor porated herein by
reference, descrristNp 288, gt %%ﬂbhab%‘?@ﬁ@ﬁ?rﬁtﬁ C50F%i vat ors. EP-B1-0
781 299 describes using a silyliumsalt in conbination with a

non- coor di nat i ng- 20 BEPCEYEMF on. Al so, nethods of activation such as
using radiation (see EP- B1-0 615 981 herein _incorporated_ by reference),

el ect ro- chenPcal oxi @Her afivaigrdnelydsthase ﬁfé%h%%ﬁ@?f@&?&%ﬁﬁﬁ’é?&&@é

activating net heals, 4:Qfis £he, PULBOIRSoBHhen9T) #8610 NEminkB SwiiE hubRbatot iKY | gand
nmet al | ocene cat al }/s_t conpound or precursof to a bul k | i'gand netal | ocene
cation capabl e Sllyjarqreresheagnby exferense. Combipatioes ohealivtoss @e alis et hods for

activating a bullyediaRAYy MRLNhRFCRE cbRiph, YihoLBERAH WhidhLactiggdshl Ped i n
for, exanple, U S. Patent Klos. 5,849,852, "5 859,653 and 5, 869, 7123 and WO

98/ 32775, WO 99kamhipiquy, see for eampleBP )| 0:A7rd A0, AT publications WO 94/07928
bi s(tris( pegbaf LEDGAD 55104% RRT BREPardf ok, 1‘3%%5’% 4rid®)453 W00 S oA BfGE &1 N

i ncorporated by reference. 30 Another sui table 1on formng, activating
cocat al yst conphersiasfubly ingdrporated hy refaericeni ¢ oxi di zi ng agent and a

noncoor di nat i ng, cong.a}; | . i g}Qg 0.
PCT/ US20051021652 49t %ﬁt?[g?%qggm{%%cﬁ%mgﬁﬁg er%i%hi:gé%gé%%lgs a cationic
oxi di zi ng agent hérainitrygefareneshwhigh destriles activaiing tatkyiligamiyectallocoms chtdyst 3; and A-,
and d are as previ i Eéﬁ@g | oni i.di.zing agents
i ncl ude: ferrocgﬁjﬁ%ﬁh%vggé%éﬁ j%es-’ su S{e?@&?@dg&?&cﬁ@%@ﬁ@#ﬂ@%& or Pb+2.
Preferred enbodiw®asS0GR2 aAd W 88/80663,cncorporated by reference, describe the use of

lithium (2,2’-bisphenyl-ditrimethyisilicatc)s4THF 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 using a silylium salt in combination with a non-coordinating

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

( 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 (dioctadecylmethylammonium-
bis(tris(pentafluorophenyl)borane) benzimidazolide), which are herein
incorporated by reference.

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

cationic oxidizing agent and a noncoordinating, compatible anion represented by



5 anions previously defined with respect to the Bronsted acid containing. -
activators, especially tetrakis(pentafluorophenyl)borate. It within the
scope of this invention that catal yst conpounds can be conbined with one or
nore activators or used in one or nore activation nmethods described. above.
For exanpl e, avooeukiossatsi on of activators has been descri besiusmwosiidsh S.

Pat ent Nos. 5, 153, 157 and 5, 453, 410, European publication EP-B10 573 120,
and PCT Publications WO 94/07928 and WO 95#914044. These docunents all

di scuss the use of an al unoxane and an ionizing activator with a bul ky

| igand netall ocene catal yst conpound. 4. Supported Activators 15 Many

supported activatprs are. I.bed i.n varl.ds patents.and uhl i cations

whi ch incl ude: U. %fe P "gahgsﬁgj" @%Q@eﬁﬁ% dﬁ BEB nfcoox%‘ﬁzén%%é)eﬁﬁqﬁgnga

SUpplork t Iedi oli gOWE'ﬂiaﬁge&ifE’yﬂ aisbtamdwg' mdﬂwsradd y, @ﬁdgieia:@greaiously desﬁned.
trialkylalumm,, wi.th carbon djoxide prior to rolysis; U S Patent No.
5,831,109 and 5, mamples of GioBg S5 eIy o Fiee RO PUTRSN madle usi ng
non- hydr ol yti ¢’ prQg@fsied Aoblniim, Ret, 8Pbt™OPreRrdSdmbtdinda RUWdSart Bog Pr OCESS
for making a supported al unoxane by oxygenation with a trialkylsiloxy

nmoi ety; U S. Fat emomm.revs’,us;séf;@%wag wepestiodhe BropsiedagidLonteingractertartixi | i ary

cat al yst (al unox tg,ﬁ,g ) at elevated tenperatures and
pressures; U S. %%?Eécﬁétnylc\%. &%%ﬁgggﬂﬁ&@gﬁg%es a process of heat treating
al unoxane and pl aci ng If withimthe scoppefithis inveRtion-that Sataly sSompEnds¢antbes t o addi ng a
nmetal | ocene to a s Ma [EQF -hyl al ne; U.S.
Pat ent Nos. 5, 756‘30%%3ﬂﬂg,ﬁ%ﬁﬁﬁ%ﬁgﬁﬁﬁg&ﬁg& a %g{e%é@‘rrlﬁgg}' PE\% é% of a

al unoxane i npr egnixt@ibed alpyer For axmhpde, reombingipané acitvetom hbabdey desstibrdgiimum al kyl.
and net hyl al uppx s o =P Bl - 7 i S the . Of || ocene
Wi gh o catal yit Z‘Eﬁp%a?%m? 5. 31858728 s s34 Hifookedn Bt e 000 16007
relates to a heati2d, sxdRimbEcatals 40 GHAONOZY amd W@ AS/1404d. Tarshidomuntents r enove
5308 o e el e Bl R
4,935, 397, 4, 937 madlloaent catalykt Eompdund. and PCT WO 94/ 26793 all directed to
adding a netallocene to a supported activator; U S. Patent No. 5,902, 766

relates to a support eSupmtted/ Attvatolsavi ng a

15 Many supported activators are described in various patents and
publications which include: U.S. Patent No. 5,728,855 directed to the fonming a-
supported oligomeric alkylaluminoxane formed by treating a trialkylaluminum
with carbon dioxide prior to hydrolysis; U.S. Patent No. 5,831,109 and 5,777,143
discusses a supported methylalumoxane made using a ﬁon—hydrolytic process;

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

N

by oxygenation with a ﬁ:ialkylsiloxy 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 treating 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 Nes. 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,



specified distribution of alunboxane on the silica particles; U S. Patent No.
5.5,468,702 relates to aging a supported activator and addi ng a netal | ocene;
U S Patent No. 5,968,864 discusses treating a solid with al unoxane and
introducing a netallocene; EP 0 747 430 Al relates to a process using a

nmet al | ocene owoaossaoppwrt ed net hyl al unoxane and tri net hydgalusaokaieszEP 0 969
019 Al discusses the use of a netall ocene and a supported activator,
EP-B2-0 170 059 relates to a 10 polynerizggion process using a netall ocene
and a organo-al um nui m conpound, which is formed by reacting al um num
trialkyl with a water containing support; U S. Patent No. 5,212,232

di scusses the use of a supported al unoxane and a netall ocene for producing

styrene based pofPR®P23.3.I#749ph8 U0 NG229878 46037897, 447 5e17-29d §,057.475,

pol ymeri zati on p?%ﬁqﬁs |+ mg@ ' | 15 conpound
and a water-insolu S%t?gﬂg@%gﬁég%@ oXl th&ful ?nenrélgrrﬁ%;@i)ﬁégat ed with

al unoxane; U.S. &aiveot; INS.Pantlde, sz,%ﬁaﬂchwemampmrﬁsdmmrhmgpr eparing a
catal yst support rr%_‘ deh ed. su an al unoxane
and a pol yfunctfp(?ﬁﬁle&g' ;D %n%ﬁl EhesU':% a%@{l hﬁ\g 6{? 332, 706,
5,473,028, 55 602,463}'702&6131&&04@3@%@&6&%9&& aad pdchnmﬁetﬁ]w@mm& ng a
supported activagor e vol une of ane solution is |ess than
the pore vol umeaé‘fe‘lti@ %@%ﬁf‘r‘{‘] °H§§Fsetfefa%ﬂg“9%yg€ Teduemgp) j 4
treated with a sgbtilidcene; BPIY A7ABOA1 rﬁat&s&ﬂﬁﬁﬁbcés&uﬁﬁyiﬁnm&ﬁ%ﬁ met al | ocene;
WD 99/ 03580 relates tq the yse of a su&g}grted al ﬁgﬁ)égne and a netal | ocene;

EP- A1- 0 953 581 WpRYfedducthylahpexane gl 3 A% @F"“ﬁsegupported

al umoxane and a {§Bh dfaGsRRlocdde 2nd 28y &teﬂla&wékar EP.BILD 1705 odtimespees a
pr ocess forng(;eparl ng, a pol yhydrocar - al unpxane using a porous organic or
i nor gani ¢ i m bepolypagTization qussss‘smatn&tﬂllowag and axprgang-alppaingmeompamd, 474

relates to a IOFOﬁﬁﬁﬁmff&beﬂ'b?%%ﬁﬁﬁl@ﬂﬁﬂ@ﬁmwﬁﬁhQM%}&J“E&HH%p Ehgﬁ i919 706

i mobilized on a solid i culate inert suPport and
relates to a prodSskatems Op? & Hat 32 fipcassesdhe we of 4 suppoTied alimonangian®a al unoxane. 30

Al'so, the foll O%élﬂlééﬁéfé}ﬁ%ducﬂg%ﬁwédélbhs\éd agﬁereq&stmmhﬁaes G671 ef erence

for purposes of disclosing useful activators anc’l met hods for
their WO 2006/ oob@ngemmlusmtr;?w&wsmm salicb@mpaﬁ%ﬂf agigenigge. W

Kam nsky, et 19! . compRaldiR vt 3B gétougiﬁ&%mm blide pERRRALGIS Gedid dmandwi ch
Conpl exes, " our nal of Pol ymer Scien
alumoxane; U.S. Patent No. 5,910,463 relates to a process for preparing 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 sclition is less 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-A1-0 953 581 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 merganic 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_ih'ca 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



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
"Characterization of isotactic polypropyl ene prepared with dinmethylsilyl

bi s(1- indenyl)zirconiumdichloride supported on nethyl al um noxane
pretreated sYP28¥%/0094%,r opean Pol ymer Journal, 35 (199FLTHZYDsRGA

di scusses the use of silica treated with nethyl al unoxane and a netal | ocene;
Stephen O Brien, et al., "EXAFS analysi$ of a chiral al kene polynerization
catal yst incorporated in the 10 nesoporous silicate MCM41," Chem Conmun.
1905- 1906 (1997) discloses an imobilized al unoxane on a nodified

mesoporous silica; and.F.Bonini. et al., ."Propyl.ene.Pol ynerjzation through
Supported Met aIWM@%M%MW’ etlﬂ'nrepf’r © %&P?lgfgmﬁﬁ%w%del ing,"
Journal of Pol )Siﬁﬁorﬁﬁl}ﬁﬂmm\\@hCoﬁﬁ]e)%@,QQoM%{P&MQ@:iedééWE3‘1’9,3 using a

met hyl al unoxane su%)orted silica wth a_netall ocene, 15 Any of the nethods

di scussed in t RE8%2P& @PEN dessribes @ rinsess of adpbing p FrdialgnexRes togupported
activator conpQpentt Miidvdddfdhd d&s&nﬂﬁaﬁgﬁﬁl'e%ﬁ&ceﬁé?ﬁ?c%QMPQaﬁf the invention

and all are incorporated hérein by erence. I'n another enbodi nent, the
supported aéti VEhuecteriaation efdsotastippriyraepylent prepared-with dimethylsilylitds(l-a peri od of
time prior to y : 0] e ' t X Pat ent
Nos. 5,468, 702 "gén%‘éh%‘,‘?%h, °|;’§éc%¥’ %frég?’gg"%%g@emﬁg&n bbeE/I?J Prqétfeé‘{r)egﬁ{éiéél n an
enbodi nent , t h&EusapeoPtlpderalownaladb(1999 1289-129ds dimnissss the eseauf sicgol i d. | n

anot her enbodi nent e s L vator | Sl bstgntially dry state
or a slurry, S%F%‘rv?itﬁw P’%B%O%E%eaﬁg%m& ocﬁ%fsrtgpgeggﬁj%ma%c?@her enbodi nment
?\D or nore seffBKAFSIayalgsigpgfarchizal akkedd pohnerization eatalystdmtorporatal ihéenat i vel y, two
r

nore different activataqr »ShNgl e supp ' ed. .1 n anot her .
eribod ment 10, naesrpp Fitkaly MGHEAE Thar ongi® Ros R (157 seypedy ) :
dehydr at ed suppambbilipddelinadxandunaf madiiddymeatideouk 6ilic4) @hd BB, atA4¢ silica, is
then 30 contagjed w th an organoal ug num 1| unox ound. Preferably
in an enbodi ment oRAHE °§W‘%’P§%¥H@5ﬂ%§qﬁqﬂ"§8%%ﬂﬁen@£§g%ggﬁﬁe activator is
fornmed WO 2006K@E0 Adallpéid addIA6REAL2 Makrt] ofPblynier StieateVioladB12399-2ué0 Suppor t
material as & {55 bellsed g 1o lahe dportes MRk it a metaioene.

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 refer to U.S. Patent Nos. 5,468,702 and 5,602,217, incorporated herein by

reference.

/h\!

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 or a
sharry, preferably in a mineral oil slurry.

25 In another embodiment, two or inore 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



tri methyl al um num and water. In another enbodi ment, Lew s base-contai ning
supports are reacted with a catalyst activator to forma support bonded
catal yst compound. The Lewis base 5 hydroxyl groups of silica are exenplary
of netal/metalloid oxides where this nethod of bonding to a support occurs.
Thi s enbodi neMo 30es/8%eri bed in U.S. Patent No. 6,147, 1#3russwseoniss2s herei n
I ncorporated by reference. Other enbodi nents of supporting an activator are
described in U S. Patent No. 5,427,991, shere supported non-coordi nating
ani ons derived fromC 10 trisperfluorophenyl boron are described; U S.

Pat ent No. 5,643,847 discusses the reaction of Goup 13 catal yst conpounds
with nmetal oxides such as silica and illustrates the reaction of

tri sperf| uor opheiysitussy a4 in e Hpaert materialgs a pasult ok thereaciomeloloy pxagnlei ps of
silicon) resultigg,LpvbRHatnARE QRRr.Ccapabl e of protonating transition netal
organonetal l'ic catalyst conpounds to formcatalytically active 15 cations
count er - bal anced by t heanoterrnbadimenis Lewinredsicontaizing syppents are reactahwish § st

catal ysts suitable {ar cat i opi | ' ' in U S
Patent No. 5, ZBﬁgyg;acgnEfpgoaﬁn%n&sQgp&?ﬂgh%ﬂgﬁ%%@%?&%ﬂ?%%%w%%dk Pol y.
C{\elm_ tVoI : 2t9h ?ﬁﬁaxyl gitcﬁﬁs?of(l\s/‘i&%%r)e ﬁxﬂ?ﬂgybﬁ?ﬁtwm@bi@(ﬁ@s kg thds | Z ?t : Ion
utility of nethylal,u ne. react e i l.ica.(Si and_net al | ocenes
and 20 descri be?eh“’g‘%g‘? ‘%%ﬁ'aﬂ?{g""&f“t ﬁ@sgﬁﬁ%ﬁﬁfsﬁﬁ%’nﬁgﬁ- silica
t hr ou?h ancI Oﬁ%gﬁﬁeﬁmﬂm,lmwﬁ?ﬁfﬂ@ﬁtﬂmd{@w @%fr@ﬁm&eag the silica. (- In
a preferred enbodi neni, a supported activator .is for by, nr ring in an
agitated, and terrpera{)ﬂﬁ%enizfﬁ’ggrﬁf‘téé’gﬂ?@°@ﬂﬁi“f%ﬁ“i"§?f ‘Qbe%mg%gﬁ?’rt% of the
Cafmor atur o 26 Tor Ot e o T & e act | vat
per at ur es rom 0 - , CO i ng-the port wit. e_activator
solution for ¥p Fﬁp?ﬂ“"rﬁﬂiﬂ%‘%"?ﬁéﬁ %ﬁ%ﬁd;ﬁﬁ'éaﬁﬁfﬁgiséﬁiﬁ‘ﬁ ‘%@&Fseﬁﬁlﬂ pressure
to remove the SO}e‘d&iUndf@m@ﬁQ@ktﬁl@st%oﬁl?@ﬁxdi{vﬁu\’iﬂéﬁl@@i’tgafchag_ﬁﬁmtUres can
range from 40 to_120C and pressures_fromb5 [ fo psia (34.5to

sia to.
138kPa). An inerxllugyéesé%@ffheaﬂf%wﬁl%@phwéBorpﬁawg%gl a9l 2rqppE B8Bvi ng sol vent .
Al ternate OrderShﬁngm&ohﬁmsilim&saﬁgwﬁd ﬂﬁbn@@aﬂaﬁl@gﬁéi‘l@&ﬁﬁﬁélgmt erial in
\V e

an appropriate solvent then adding, the_ activator, can .used.” WO
2006/ 009949 PCT/ tapition msial grggnometallic catalyst compounds to form catalytically active

15  cations counter-balanced by the bound anions; immobilized Group IIIA 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 {MAOQ) reacted with silica (8i02) and metallocenes and

20  describes a covalent bonding of the alumninum atom to the silica through an

oxygen atom in the surface hydroxyl groups of the silica.

N

In a preferred embodiment, a supported activator is formed by preparing in
an agitated, and temperature and pressure controlled vessel 2 solution of the
activator and a suitable solvent, then adding the support material at temperatures

25  from 0°Cto 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 fres flowing powder. Temperatures can range from 40 to 120°C and
pressures ffom 5 psia to 20 psia (34.5 to 138kPa). An inert gas sweep can also be
used in assist in removing solvent. Alternate orders of addition, such as slurrying

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

used.



I n anot her enbodi nent a support is conbined with one or nore activators . and
Is spray dried to forma supported activator. In a preferred enbodi nent,
fumed silica is conmbined with nethyl alunoxane and then spray dried to from
supported net hyl al unoxane. Preferably a support is conbined with al unoxane,
5 spray driedWB06M¥A° pl aced in mineral oil to form a SHANUSpooEaxésal in t he
I nstant invention. D. Cocatal ysts Cocatal ysts that can be used according to
this invention include one or ( nore coc&8al ysts represented by the
formula: 10 MBM' XZ~R3y , wherein MB is a netal fromGoup | to 3 and 12 to
13 of the Periodic Table of Elenents; Mi is a netal of Goup | of the
Periodic Table of Elepents: v.is.a  nunber. fram"0.to 1; each X2 is any

hal ogen; ¢ is a nunbe @P@Fﬁ %“b[°§‘m§}‘t%%18?l°‘{ié°?‘§bme£“ﬁﬁ#?863¥‘8%eaﬁ‘i}"&}"ﬁcar bon
rad: cal or1 hgiL Ogﬂﬁ'ssja-aﬁrﬂl_'iétltﬁtﬁffbx@suf)ﬁdiﬁﬂlctivﬁtoﬂl;hll_aﬁféfeiﬁd%l&ﬁcﬁin&tb o nusdc }s
at |east 1. er, conyentional -type organonetal | i c cocatalyst . conpounds for
the above convenfipfdsilica grombingd with W@YW%?X%%%“QI%@“MQGJ@I‘@‘“ fornul a
MBR3k, where M8 kgparéd Sbtyllafymdiéhe. PrdfrBly b bdpPorfR cahbingd it Aimbkanli UM
sodium beryllium “barium" boron, alum num zinc, cadmum and gallium k
equal s 1, 2 of 3smapdindiand thepplacediemingral i jo form aslugpnbssfil fntheinstpnt n t urn
normal |y 20 depepgds#sgon the particular Goup to which M3 belongs; and each
R3 may be any nonoval ent hydrocarbon radical. Non-limting exanpl es of
conventional -typg or &E&é' lic cocatal yst conpounds useful with the
conventional -type catal yst” conpounds descri bed above include nethyllithium

butyllithium di hexyl%ﬁumthp Bk RES s vk bidGr

benzyl pot assi um di et hyl zi'nc, at‘%lh- n%&y‘ﬁ’gﬁdﬁgﬁonu% ﬁ#‘.%ﬁﬁ“tqg}’ et hyl boron,
di €t hyl cadmi um mirersopatalystyeprgsented by fhiefermalay | bor on, and, in particular, the
al um num al kyys, such as tri-hexyl -alygjpags triethyl al um num

trimethyl al un¢ num and }ri -i sobutyl alhgm fuh *&t her conventi onal -type

cocat al yst conpowheteiniMtisaduetatdimm Greppnotecd andel? tarld oyl PaiediccFableradup 2 30

retal s, and monOg gLl Ot ORYANRLF BSSRA0l BYGTLGRS 1 G Mids 13 LAl .

Non-limting exanp suc nventronal -type cocataly conpounds i ncl ude

WD 2006/ 009949 PERbSEG0H/t02 16812 X is any halogen; ¢ is a number 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 minus 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, IIA, IIB or ITIA metal, such as lithium,
sodium, beryllium, barium, boron, alumipum, 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.
7 Non-limiting examples of conventional-type organometallic cocatalyst
compounds useful with the conventional-type catalyst compounds described
above include methyllithium, butyllithivm, dihexylmercury, butylmagnesiom,

25  diethylcadmium, benzylpotassium, diethylzine, tri-n-butylahuminum, diisobutyl
ethylboroﬁ, diethylcadmium, di-n-butylzinc and tri-n-amylboron, and, in
particular, the aluminum alkyls, such as tri-hexyl-atuminum, triethylaluminum,
trimethylaluminum, and tri-isobutylaluminum. Other conventional-type
cocatalyst compounds include mono-organohalides and hydrides of Group 2

30 metals, and mono- or di-organchalides and hydrides of Group 3 and 13 metals.

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



54 di-i sobutyl al um num brom de, isobutyl boron dichloride, methyl magnesium
chloride, ethylberylliumchloride, ethylcal ciumbromde, di-isobutylalum num
hydri de, nethyl cadm um hydride, diethylboron hydride, hexylberyllium

hydri de, dipropyl boron hydride, octyl magnesi um hydride, butyl zi nc hydride,
5 di chl or obor ey tugelidoske, di - br ono- al um num hydri de and bpenBGaaEEN hydri de.
Conventi onal -type organonetal |i c cocatal yst conpounds are known to those in
the art and a nore conpl ete di scussion of $fese conpounds may be found in

U S. Patent Nos. 3,221,002 and 5,093, 415, which are herein fully

I ncorporated by reference. 10 E. Spray Dried Catal ysts In another

enbodi ment, the catal yst conpounds described are conbined w th support
materi al (s) and/ odi-isebutylaligmusbremide, d3pbatylberon dighlonde, mabylretgnesitodi ment, the

catalyst compoundgy, Bhed ety baSuai chibAle iy Rhieuh YRLAS i iy %migmwt

material such as d partic erra en spr ried, 15
preferably to for hydidermehfltadwimmghysinidelaiethySpramhydnide] mgryiveryllinm Hydrideny neans

known in the art. Pl ease_see A 668 295, Bl , S. ,Pat.ent No. 5,674, 795
and U.S. Patent NSI.PI@?@? ,“3‘8@%&?%@#“%?&4@%65%‘%&% *Serial No.
09/ 464, 114 fil #d @eplerdbeson hdride 3B Bronwdl@hinmg aydride dhdbroiochAntium beiridqr ay

drying of supported catalysts. In geperal ,one may 20 spray dry the catalysts
by pl acing the catgrgrago '%%WW°5%HHFWB°“&&SFWP Fﬁ'eg‘&?‘éﬁ‘m %ol ut i on

(al l owi ng the cat glyfland onbRoshpRAWRESsIoH 3f BEselcOmpdiadd may Be fAGRIHKEEF., adding
a filler material_such_as silica or funmed silica, ,such as Gasil~ or Cabosil

71, then forcing PHEtN9E1%72:90480dm, 003,400 cdudhagesheren By incarppsied b¥.  The

solution may be spiawed onto a surface or sprayed such that the droplets
dry in nidair. The 25 method generally enployed is to disperse the silica in

toluene, stirign ghe BVpdyPraACatahy@lsuti on, and then stir in the catalyst
conpound solution. Typical slurry concentrations are about 5 to 8 w% This

fornulation may sit agnandhetembodi@éntabe catdyificonpodids Absatibedaradoitbingdl| d
T O e raa o el Bl P2 000
40-50 wt % act i vat @iboiicaf, dieatadysttopBunds Sid/or He-66vaftord e adtbind@lRMta 2 W %
catalyst compoun déuppon 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 1J.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),

AT

adding a filler material such as silica or fumed silica, such as Gasil™ or Cabosit
™ 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 wt%. 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 SiO; and
about~2 wi% catalyst compound.



WO 2006/ 009949 PCT/ US2005/ 021652 55 I n anot her enbodi nent, funmed silica.
such as such as Gasi 1Tmor Cabosil TM may be added to a sol ution contai ning
a catal yst conpound such that when that solution is added to the catal yst
conponent slurry or injected into a polynerization reactor, the funed
silica acts awoeod@ipate for in situ spray drying. 5 FACTHSINSE2162t al yst
conpound m xtures, the two or nore catal yst conpounds can be added toget her
in the desired ratio in the last step. InS&nother enbodi nent, nore conpl ex
procedures are possible, such as addition of a first catalyst conpound to
the activator/filler mxture fora specified reaction tinme t, followed by
the addition of the second catalyst conpound sol ution, BE r .10 anot her

L.xed f
specified time x, aft étpﬂme{;ﬂﬂ?q@gﬂqﬁ,ﬂf{ﬁdéﬂchS‘{E"Bgﬁuﬁyaﬁgﬂasﬂ93%0%'%"[ her
addi tive, such a%#rﬂe%@mo h‘!@olﬁ%%nt%@inéglﬁ%%lﬁﬁ'ﬂorﬁﬁouﬁﬂ GiRE Mat whed MG

activator/filler Xture prior tot on of the first netal catalyst
conmpound. | n anotsoltionisiaddridrie the cithlyst coropanews shitty evinjeoted o #i x. These can be

added as a neans . ' b Cl e .0Wi ng t he
articl o si zo 15omepiRisRitaa ueuBRl i oy B SRRRE m Pl B’ 00, 07 g
for a reducedsquant i t Foxdimplakataipst asrepoundhinixturess the twsortriwere batdgtetr . | N anot her
enbodi nent a solution qf a buI&( | i gand medt al l.ocene,.c un a%i opti onal
activator can be €% g be eﬁt‘?ﬁe&fﬁelf'éq’?t eﬁeﬂf@loéﬂmggag@epdﬁpéﬂ) Lat al yst
conpound and t hernibbiifmest, mert cofiplex proceideet aie posibie] hth apadifticirafedirspar t i cl es

are generally fed jpto the pol ynmerjzation reactor as mneral oil slurry.
Sol i ds concent r aCPBHE CORPRMd to a%ﬁﬁ?fIJﬁ%SnP’S‘“gé"r\ﬁegP B%OYc?ac“B’i‘BY’%Fabl y 15 to

25 wei ght % | n golgved b G@idgia6Sof thd WRedhl ctilys chifsbupd kdlutidne iedfor be from
Ie(ss t han about 10 yr croneters in, si g{ec yp t.o ahout 100 m croneters, _
coipared to d@nv&nethes segeified Hus, alter @ Hﬂf}é"ﬂ%“’%ﬁ?%‘ﬁl’%}’@'&ﬁﬁ anpiher cr onet er s.

In 25 a preferredd@iROSlicHRE L -héeBe HABRAND vHl®icad Be péShBRThd@NiVAteMesi ze of 1
to 50 mcrons, preferably 10 to 40 mcrons. F. Catalyst Slurry and Sol ution

Conponents The caigmpPriop thqpadditiqy afthe it mell calalygle@®ao¥. ¢ he reaction system

inthe formof a sl UmaoRér dinbdfindht BtBeR arhddQITD ki OTh&E & b ddfend
solution. In one 30 enbodinent, the catalyst in slurry formand includes an
activator and a 8upies of proving the particle mofphology, i.e. narrowing the particle size

15  distribution, lower porosity of the particles and allowing for a reduced quantity of
ahipnoxane, which acts as the binder.

In another embodiment a solution of a bulky ligand metallocene compound
and optional activator can be combiﬂed with a different shurried spray dried
catalyst compound and then introduced into a reactor. _

20 The spray dried particles are generally fed into the polymerization reactor
, as a mineral oil shury. 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 Iess 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 shurry or a solution or a combination of slurry and solution. In one
30 embodiment, the catalyst in shiry form and includes an activator and a support, or

a supported activator, In another embodiment, the catalyst slurry includes fumed



a-supported activator. In another enbodi ment, the catalyst slurry includes
f.umed WO 2006/ 009949 PCTI US2005/ 021652 56 silica. |In another enbodi nent,
the slurry includes a catal yst conpound in addition to the activator and
the support and/or the supported activator. In one enbodinent, the catalyst
conpound in th¥020U40P394% s supported. In another enbodi merCI/UStpes/a2as2 Iy

I ncl udes one or nore activator(s) and 5 support(s) and/or supported
activator(s) and/or one nore catal yst conpéund(s). For exanple, the slurry
may include two or nore activators (such as a supported al unoxane and a
nodi fi ed al unoxane) and a catal yst conpound, or the slurry may include a

supported activatQr apd nmgre than one catalyst. co unds. Preferably, the
slurry conpri ses SHic8y W@Pﬁ%‘bﬁ’rﬁ ﬁlﬁawwew Pk ompguRd;aA . In

anot her enbodi rrerf&uiefb%uﬁdtwaﬁa/mems&mﬁw%gﬁ&@@a@%tw%eﬁe and two
di fferent catalyst conpounds, which may be added to the slurry separately or

in conbi nat | on. embodmhélmcetﬁbﬁ@pmwd@m@eglmwumﬁeﬁ ai ning a supported

al unoxane, 15 con ]a| @Ei Xg,t : react, and
t hereafter the sl urryth?g& %%{)%Ht]%c e F%%L E er catéﬂ %8 %{)?)%rﬁld In
anot her enbod|5rrersUpnolrms)$h¢(oIrsslpP0ﬁmcawaton@ aad/mqnpmoteadtawstnwxpam&n s cont act ed

wth two catalys t dtoreact. In
anot her enbodi rre:'ff) P'Ile ﬂgrsﬁfrg%nagm&fuﬁgg{ ?rmdrfe ?%gatgml(ﬁuﬁ?soars?%o tal in 20
t he catal yst corrrabmndanemﬁhemﬁiﬂsdalynmxanb})ﬂﬂal:ata]ysl(boﬁnpdund,pcrrelﬁﬂlmbl y 300:1 to
ottt oS BB ot BB SRR e S UL

mat eri al known i mréﬂ?:ablgmm sliufEdonfprites,a stpiiortadictivates duf two datalyssi | i ca, funed

Si I ica, al umlra clay, ;talc or other support materials such as 25 di scl osed
above In-a p} ef@ ’F‘B‘%‘Jngﬁ'bodl ment, the slurry contains a supported

activator, such as thnsaelodxbﬁﬁﬁms@ﬂnab@marywanzﬁés&bﬁponemidﬁyatoﬂnuwane and/ or
nodi fi ed rrethyl | uno on a s il]ca, atal yst slurry can be
prepared by suspg}‘ﬁ%"ﬂ’é ¥St8‘?ﬂl “9@( Bﬁ?‘td,egt“dﬁ"e UPLSPYAE T @ynport, the
activator and opthamaktichat al yst corrpounds inaliquid

In another embodiment the shurry, containing a supported alumoxane, is

15 contacted with a catalyst compound, allowed to react, and thereafter the slurry is

contacted with another catalyst compound. In another embodiment the shury
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 slurry -is 1000:1 to 0.5:1, preferably 300:1 to 1:1,

more preferably 150:1 to 1:1.

- In another embodiment the slurry contains a support material which may
be any inert particulate carrier material known in the art, including, but not limited
to, silica, filmed 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 methy] alumoxane on a support of silica.

A catalyst shurry can be prepared by suspending the catalyst components,
preferably the support, the activator and optional catalyst compounds in a liquid

30 diluent. The liquid diluent is typicaily an alkane having from 3 1o 60 carbon

atoms, preferably having from 5 to 20 carbon atoms, preferably a branched



30 diluent. The liquid diluent is typically an al kane having from3 to 60°
carbon atons, preferably having from5 to 20 carbon atons, preferably a
branched WD 2006/ 009949 PCT/ 1JS2005/ 021652 57 al kane, or an organic

conposition s neral oil or silicone oil. The dil uent | oyed is
preferably | iﬁ@gﬁ@ﬂ%?r the conditions of polynerizati O,{Cgﬂ{§200§lg£§?, vel y

i nert. The concentration of the conponents_in the slurry is controlled such
that a desired ratio of catal yst conpoundég) to activator, and/or catalyst 5
conpound to catalyst conpound is fed into the reactor. Typically, as a
slurry, the catal yst conpound and the support and activator, or supported

activator, and t a r for
time sufficient gﬂ(aﬁét&%a‘gh{l%@?oﬁ %Llé:%?ﬁﬁﬂ?%ﬂ%g%%h g ?%‘ghggepom ted
into or on the sm;pﬂmrcdl;spmfeﬁlﬂyh@h&umhrﬂhea@ﬂm‘bﬁ%fppkymbmamgndat | east 75%
preferably at Iea 0% e prefer 90% bly at

| east 95% prefel f)tfv yépa(e"gwgtconcék%%o?ﬂ Oé’?ﬂ%ﬁ'i h’tﬁ Plfpﬁé ﬁ&ja@
prepared prior t@udﬂtﬁatusiesnearﬁubefmﬁtycﬁﬁpoﬁﬁq@to sofiviteryimdldrieasiys | ovved for
m xing are upto 10 ho rswa&]%/sﬁlcall u glhours nore typically 4 to 6
hours. In one’eniS&dP FOEPPPRAR qdd??" CLHEQyst  compound will be
considered to be in OTyRily R a SHRPARE catdiyst EnpeRRCAR tHedbprRfR 288 adtivitor S

catal yst compound in t e I|qU|d ortion of the slurry is reduced over tine

after  adding ther e@pertsiertivas Wasl“ﬂtdﬂ%ﬁﬂé%?u%)"ed&??@@ﬁftqaah%ﬂ@f t he
catal yst conpougginjeRufiaRn foftd iedst Gd caﬁég%ﬁﬁaﬁum%efd BhosePiEllop, bY

I nductively coupled plasm spect rosca&l/ %hul traviolet (WY
spectroscopy, af Pethe spnerderelgabliat lsast {P%prefere iableast 73 PEeierably gt leashr ed at

Lo appr oprl ghe  SOASEBiebRIAy AkakENO refulFaARURY Pro B PfIcon U0 T o1

exanpl e, 70 a cata conpoun be consi dere ave dep05|ted'
in or on a suppoP?'Vw In anrrembedimentnthe shuTy is reepared griotpitansedn thegntplystferdi n t he

l'iquid (not |ncI nitial
concentrati on. one enEso%tld\geryegdr)lM)mJh calgg yst corﬁp{ nl élB(iﬁbeila ded to the
slurry as a 25 mrmlcﬁﬂyﬁﬁﬁhmys hronpmh@nmeﬁfhﬂhslmquommtabet pr epar ed
prior to its use, ‘Pc?w I r it may
be prepared in- Ildr%’ éﬂ%%ﬁéﬁ%&;ﬁ%ﬁ’ﬂ@h@ﬁﬁ?ﬁ: rylflttgee‘f)oklg%g{?{e@ y%conbl ni ng
t he cat al yst 15 coeatadysé camspousdiinhhedijuidportinnanftiesluntyds reditced yetr time afierppor t ed
catalyst and thead%iﬂ%%’eréatalyst compound to the shurry. 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 shury asa

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 shurry 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  shurryis prepared by first adding a support material, then adding the combination

of a catalyst and an activator component.



and activator or supported activator, all at once. In another enbodi nent,
the 30 slurry is prepared by first adding a support material, then adding
the conbination of a catalyst and an activator conponent. W) 2006/ 009949
PCT/ US2005/ 021652 58 I n anot her enbodi ment the slurry conprises a supported
activator andwapersfie®st one catal yst conpound wher e thePEEU&MYHR216DNPound i S
conbined with the slurry as a solution. A preferred solvent is mneral oil.
In a anot her enbodi nent, al unoxane, prefef&@ably nethyl al unoxane or 5

nodi fi ed net hyl al unoxane, is conbined with a support such as cal ci ned
silica or fumed silica to forma supported activator, the supported

activator is then ed in_a liguid, such as degassed m ne aI oil, and
then one or nore cat aﬁﬁ@’f}ﬁ] CLGPRIGHREIS P WTLEHERSSS 3 YRR g“?ﬂs petEiaadatang ni xed
to form the cat ahystone RR9RRBhp oﬁh%éﬂ!the-gﬂﬂyﬁ%& aﬁaxs%ﬁsﬁu@mﬁee

preferably added to the di sper5| on as a solid powder, solution or a
slurry, preferabﬁmﬂ%fiﬁmﬁiﬂnoﬂpﬁfmdéplvmﬂsmmgd@#e than one catal yst

conpound i s added to ﬁe gﬂﬁxpe‘?ﬁb%liﬂféPt El{ﬁﬁm&ﬁ% ?*#eﬁ%al%ﬂgﬁ]%%ﬂﬁ SGfdrPe added

sequentially, or at t sane ti1ne h anot e cat aI yst
conpound is aﬁidechoﬂdiedlrm‘»ﬂsfl aluquanms ®m|bmddmﬂlpmmm sich apgaldinedailica exf er r ed

enbodi mrent, a G up. Sﬁngdwﬁ,L oty @tﬁ%?otr thels %{'gt%gded to the

slurry in pomder n ano pre rre

[ (2,4, 6- Me3C6H2) bicpizsadian 2 Nirldd, Bzcih wﬂegmedm@zranplﬁmm&mWWNHHmz is
added to the slurry as.a_po aln_a pref the slurry
conpri ses mi ner af® %Sn%gﬁagdé‘?@m%‘ﬁ?é‘a@ﬁﬂel&?@ﬁ”&%% 3“58%5?”%000 eP at
20C, nore preferﬂb:lry ﬁﬁnna@yk%n@mda&egmib]ﬁﬁﬁadm%mspzﬂﬁmdsﬁiden mor e

preferably about 20 bout 00 oF a 20@82! peas r dvvlthaBrookfleId
model LVDV- | 10 FRErapRR e s ety as 56 Feouoh o
manner that the gidlpsphisgoand & 2848336 ﬁaﬁ'ﬂispdrélqn,ﬂfeeetalyﬁtfcompomﬂuéaband oxygen,

i.e. less than seyetal ach The slurry can be nade in a nitrogen
purged drybox, affige quF%@gy%"’é?t%?esG‘)"ﬁF’é’ﬁs contai ners until 25 imrediately
before the vi scosntymwwemmemmcma,comﬁmﬂwddéaomm@ﬁhat it is

full suspended at, the sja the_ trj al I n on diment, the slurr
COfT'p?’/I sespa suppBiif P i“aalﬁﬂfe’a eeuﬁ’Pdlmem a%m“p 13 containmg catalyst Y

15  compound is added to the sharry in powder or solid form. In another preferred
" embodiment, [(2,4,6-Me;CsH;)NCH,CH,,NHZBz, and or {(2,4,6-
Me3CsH)NCH,CH,);NHH{Bz; is added to the slurry 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, mors preferably about 180 to

20 about 1500 cP at 20°C and even mére preferably about 200 to about 800 cP at

) 20°C as meastred with a Brookfield model LVDV-1II Rheometer housedina

(\- 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 slurry 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
mare or a combination of the catalyst compound(s) described in Formula I to IX

above.



nore or a conbination of the catal yst conpound(s) described in Fornula lLto

| X above. WD 20061069949 PCTI US20051021652 59 In anot her enbodi nent, the
slurry conprises a supported activator and one or nore or a conbination of
the G oup 15 catal yst conpound(s) represented by Fornmula V or VI described
above. I n anothiwseadsddi nent, the slurry conprises a supgovseenassa vat or and
one 5 or nore or conbination of the bulky |igand catal yst conpound(s)
represented by Fornula Ito IV described 38bove. | n another enbodi nent, the
slurry conprises supported activator, a Goup 15 catalyst conpound(s)
represented by Forrmula V or VI described above, and a the bul ky |igand

cat al yst conpound(s) represen ornmula Ito IV. 10 anot h
enbodi ment, the s ur g 2R é‘%ﬁ‘“@ﬁ ‘FE’CF%PH%)?&W%?&)“C“"‘“O‘“ one

[(2,4,6- %3%H2)H%%M1Moﬂﬁ%ﬁuﬂ45&tﬂys@dﬂ% (EYRéRbsent&PBN Bz s a
mdependently a benZé] w@g and Me is nmethyl” In anot her enbodi'nent, the
pperr

slurry conpri sesfamy sibethbesme, a Group 15.catal ysts corrpound and

one of the follow ngi, "
(pentamet hyl cycl opent agﬁ enyrlg}?mén %sw e} ent aé'ﬁ@X %{%ﬂmm‘im’

bi s(i ndenyl ) -3VX2r muwe ¢it combematiantof heybuliy higadaaiatystdojnpoynd(sh represénted by

cycl opent adi enyly) M rconium hafiriumor titaniumand X is
chl orine, brom e(:.’nn?%lﬁ”ﬁﬁ&reScheﬁgbﬁ%ne enbodi ment, the catalyst is added to

the reaction system Maamt}ﬁﬂershﬂdttnmnrﬂaetshmcnmphmlaqapmﬁabﬁ&m,ta@mnpound I n

anot her enbodi he sol ution al I ncl udes, a cti.vat in.addition to

the catal yst co C'?ﬁlgo'%“gk 3{“?{%""’?@&’&%"@@%&6?&‘-‘&%"%@% @iE ention is

t%pl cally pr eparmslbxi]&yhginniseamﬂwagnﬁohﬁﬂ(s)aé;@ésyﬂédhjﬂmmuladt@:[\d opt i onal .
tivators in a liquid s The ui d sol vent caII an al kane,

such as a ﬂ{o C38 ﬁ’@ “{5‘?" E}Tefi"g'yégmf’%seiglp £ﬁ clic al kanes

sucg as Cygljme){WMAﬁmzcﬁzmdglﬂ%Mﬁmml uﬁﬁiﬁdﬁﬂﬁadﬁﬂ%liﬁiso be

use In additiq n used as a solvent. The solution

enpl oyed shoul d ”b@f’ﬂdﬁ?ﬂ hfﬁ@ig“’f‘%%“d?ﬂﬁﬁmﬂﬁ' s of polymerization and

relatively inert. |npmetheréxa@tiat thelsherylcbeptisds o hippbriedthintoxtdeea sol ution is

di fferent

Group 15 catalysts compound and one of the following: bis(n-propyl
15  cyclopentadienyl)}-MX,, -(pentamethylcyclopentadieny])(n-
propylcyclopentadienyl)MXa, bis(indenyl)-MX;, or (tetramethylcyclopentadienyl)
(n-propyl cyclopentadienyl) M2, where M is zirconinm, hafnium or titanium and
X is chlorine, bromine, or fluorine. '
In one embodiment, the catalyst is added 1o the reaction system as a '
20  solution that includes a catalyst compound. 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 Csq alkane, preferably a Cs to

25  Cjpalkane. Cyclic alkanes such as cyclohexane and aromatic compounds such as
| 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 used in the slurry. In another embodiment, the liquid utilized in
30 the solution is the same as the diluent used in the shury.



fromthe diluent used in the slurry. In another enbodinent, the liquid
utilized in 30 the solution is the sane as the diluent used in the slurry.
WO 2006/ 009949 PCTI US2005/ 021652 60 In a preferred enbodi ment the ratio of
metal in the activator to netal in the catalyst conpound in the solution is
1000: 1 to O. Ssvdzeopomdssr ably 300:1 to 1:1, nore preferabCyvdfisotisso 1:1. In
a preferred enbodi ment, the activator and catal yst conmpound is present 5 in
the solution at up to about 90 wt % pref@rably at up to about 50 wt %
preferably at up to about 20 wt % preferably at up to about 10 wto/ o, nore
preferably at up to about 5 % nore preferably at less than 1 w% nore
preferably between 100 ppm and 1 % based upon.the We%’F%ht of .t he sol vent

and the activator or Inanrefemediemby {be raite ofrpetal ip the aetiy b@i%ﬂmﬁ he
sol ution conpri sgg,18R¥oRPGmdin th@niRh & 1086:1 CRFPIHTERL1F 866:1 toblgfci}moPe For mul a

Ito I X above. I n another enbodi ment, the solution conprises a G oup 15
catal yst conpoupreferably 80ektedd- by Fornula V or VI described above. In

th nmbodi t, t i ; j . ' 15
2g(rjrpoﬁﬁlder egr Iegggt ed %}?pﬁ%ﬁ:@?%@%é%@@%ﬁ%ﬁ%égk%g&ﬁﬂ%ﬁgg referred
enbodi ment 't He siolthe sobwtiopatygr o st 8 wi %; pefpbly at wytolabpe A aditeny| ) - MX2,

ent anet hyl cycl opgnt adi.enyl - I l,opent adi enyl ).\MX2
E)Ps(i ndenyl>/) - ?\//Kfrgﬁfai’?yr%u ¥%@ﬁ@?8%%§ﬁfeg%&é¥léluﬁo %ﬁygl?bo'%)‘yg T’WEQI opent adi enyl )
MX2, where M i s meferablypat 4p bedbait,5 witis tnorairtfyrably atlessaioanilungs, befai um or

titaniumand X is chlorine m ne,,.or fluotine., In.the.pol ynerization

process of the- iH@%f#fyoq?g”égHgB‘g%Wéw‘s%b’ﬁ?ﬁEWE%‘Q}e@%gf@%ﬁ%%@ ith any

catal yst cont ai nhegctivaionyr catalyse@ipbundn, nore than one catal yst conponent
ybe utilized. ldeally, the.fluorocarhon is.inert to_he | yneri zation

rgact i on. Eb'i nert ]Eémt' ?inmoﬁﬁmﬁbWﬁ@??%ﬁ%ﬁ@é@bﬂeﬂﬁghﬁ@ ant  that the

f1 uorocarbon doasmpotmds@egiibedih Bodntudd 1ty Diabdvel he, nononers, catal yst system

or the catal yst syst hat t he physi cal

envi ronment provi dedeig]ﬁn‘%]??rrrgogf“e‘@}’%‘b Jﬁr‘]? S'°¥I‘ H&W@G%%I%ﬁwmr i zati on
reactions, in faginpoinid Bf¥scdRd BPFérthukOWer 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  zirconium, hafnium 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 flucrocarbon is inert to the polymerization reaction. By "inert

25  to the polymerization reaction” is meant that the fluorocarbon 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 s meant o say that the FC's

30 arenot present as part of the catalyst system.)



extent, such as affecting activity rates. However, it is neant to say that
the FC s 30 are not present as part of the catal yst system) WO 2006/ 009949
PCT/ US2005/ 021652 61 VI. Mononers Pol yners produced according to this

i nvention arg ol ef] olymers or "polyolefins". By olefin polyners is meant
that at |eas Oﬁgg%"?%‘g% of the polymer is made of hydr%‘%"ﬁ?%&??“ﬁ’é%rrers,
preferably at |east 80 nole % preferably at 5 | east 85 nole % preferably
at least 90 nole % preferably at least 93 mole % preferably at |east 99
nole % In a particularly preferred enbodi nent, the polyners are 100 nole %
hydr ocar bon nononer. Hydrocarbon nononmers are nononers made up of only

carbon and hydr n. ther. enbodi nent of the invention up to 25 nol%
of the polyol ef fir&ér'el sl‘\g@?@@gd from het eroat om cont ai ni ng 10 nononers.

Heeer oat om cont ai ni n n § r rbh amn r one or nore
hydr ogen atons have %8@%‘“%&%@%%5‘?%’5&%8%@? gggng?ng%ggﬁﬁﬁgwgﬁgﬁgred

enbodi ment, t he "pellyelefins 0By blsfispdlandreid didantthdt bileayt Thipole dinali thd pahgnef
chlorine, brom.ne, .0 n, nitrogen, siligon an ulfur, nreferably the
het eroatomi s é%ﬁ’%@?éé‘%‘f’@m“?%’ng??&ﬂ” %@V&ElPﬁgs"ZWla%wﬁ?ﬁﬂY gl oggn,

silicon and sul fidsst sﬂ;ﬁolea’@f)&readm}yatleaagbeﬁ@mf'ﬂ,sr@mabgasmsegsﬁdlef%,omthe group
consi sting of oxygen and nitrogen, preferably oxygen. In a preferred
e

enbodi ment, t he PRatTably gt least 3melpte. Tn p paticHaly Arifemriombedimepb &8 nent of t he

i nvention, the RBRARE S 100 nitffe %RPESERbdARGhoRlE HirochibbiPmERGRGRATE -
Pl uor omononers are defined to be hydrocarbon nononers where at | east one

hydr ogen at om harenpmeis madernefonlyserbgn swl ydragen. Ja apgthrembodimedofite enbodi nent

of the inventi ofhyehkith WpROSBED4 Sl dMHEBEivEE SorR herBRbmiahaiRigo™er s.  (By
al omonomer i s nmeant a hydrocarbon  nobnoner where at | east one hydrogen atom

i's repl aced19y mongmergeHcyroptamaarinag mospme eiedidrogarbonmeonomps e, the
mononer s to be pad iRl ffilogéh SiofR havkivail rep RLATH bikeicii B0 4 Biigrea N ANOL heT

enbodi ment of the inventlion, the nmononers to e pol yneri.zed are
preferably ali peabodiment, the hetsyentone isisglaeted fem thegroupsensifting atchlormpder

"Hydr ocar bon” ig i?ﬁé‘g ' Laal [ ci edition, R J.
Lew s ed., John eflg)é’ﬁgn’gg‘%gfﬁfﬁlg%x%gE%ﬂﬁ?’d)é%ﬁ?k%%%ﬁoggo%%bodi ment of
the invention, sdieteddivmibe grotpedpeisting of oxygenautregen, spicesf andablfy, | | near or

br anched 15  preferably the heteroatom is selected from the group consisting of oxygen and

nitrogen, preferably oxygen. In a preferred embodiment, the heteroatom is not
fluorine. In another embodiment of the invention, the monomers to be
polymerized are not fluormonomers. 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 hydrocarbon ,
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



al pha-ol efins, preferably C2 to C40 |inear or branched al pha-ol efi ns,
preferably 30 C2 to C20 linear or branched al pha-olefins, preferably

et hyl ene, propylene, butene, pentene, hexene, heptene, octene, nonene,
decene, undecene, dodecene, or WD 2006/ 009949 PCT/US200S/ 021652 62 m xtures
t her eof , nor eVPReFOPWH v et hyl ene, propyl ene, but ene hexerrarsasdonsane. The
processes described herein may be used in any type of polynerization

process enpl oying one or nore nononers. Tggpi cal nononers i ncl ude

unsat urated hydrocarbons having from2 to 30 carbon atons, preferably 2 to
12 5 carbon atons, and nore preferably 2 to 8 carbon atons. Useful nononers

I nclude linear, branched o c cIic I.ns ear ched cyclic al pha
olefins; |linear® “%‘Fr @FF@B%W B'Lﬂ?@f?rﬂgy G eé’F a‘fg?f %‘? cyclic

al pha- onega ol efins; Tﬂelﬂi’@ﬁ&ses&%@i&@d%ﬂfnaﬂ@ﬁsb@m%hﬁﬂ@ﬁ olihé&fationdr anched
or cyclic al pha ol efr ns.. Particularly preferred nmononers_i ncl ude one or

more of et hyl enepmfﬁsﬁ)ﬁﬂ)l’]& g oxe of o Fpeieaters, Tyipa] aeaomers inclydehy | - pent ene- 1,
bexene-1, octen %tu{%% Erolarbﬁ]sf{ﬁﬁﬁyﬁom@m&%ﬁ?m :pgo 2§93 bormadi ene,

3,5,5-trimethyl - exene, nonene, vin rnene, and
et hyl i dene rm’hormﬂmnammardrle@repsem’bbr%for&tcanbnmﬁgmﬁoﬁm&émnom@tsude

aromati c- gr oup- C-O ? IE]I!LE CSH%}ESQPJ ghcnggggng.llﬂ) 8‘%1 "%ﬂcﬁrglgc‘hg%jpgg&ﬁ ons and non

aromatic cyclic ge ntar i A ontarn tar bon
atons. Suitable Ialemm’a:tanvzhegronq,phc cholnﬁm;; hwad:rmheirmrcsclimlnhmmgablcﬁmast one

aromatic structute r %ﬁ r referably a phenyl,
I ndenyl, fl uoreﬁiﬂ ea, Bmgéh%dﬁ?ﬂé}l emfs écgé‘fe%aﬁ% %hgr?g @%nt ai ni ng
m%lprrer further Ramr;nlar]sr@mfaredlmsmemn:eludporley:nmnrtszmﬂglaﬂe,lﬂwbmfldne,nd such t hat
after polynerjzation, ano ruc re 2 b g rLomt he

pol ymer backiedo 5}, uteRR s %e geﬁg't r%ﬁlﬁﬁlgltppmc h %Fﬁ“ﬁg’ ocﬁ%‘ﬁc}rrgec rat¥er be
substituted wt h;emeee -bmorimtené yndibomadiéne] S,QEmp&hylrnqhﬂxuth, Bgthyit- not limted
to C, to C10 aIEI?/ ?J%rouia Addi ti o ezllrléll}ﬁ two _adjacent substitutions nay be
joined to form &°P FTERogeRe. PP RPE Gt i c- group- cont ai ni ng
nononers contain at E’M&ted&@ﬂm&bﬁﬁiﬁhgmoﬁﬁmmmeeaﬁmeﬁkdgduﬁ-amﬂmﬂﬁg

pol ymeri zabl e ol efi ni c noi et P i uIa eferre pati c nonomer s

i ncl ude styrené“"”z?f“ﬁﬁa?oﬂ’é‘\nﬂiﬁl@tt@#i {?F%a%m%? q’ér‘f@ I EPHY| t ol uenes,

vi nyl napht hajseneontaialrigshorbgieaensinag dp i Bieason e6MECBtables Mdyatieneuppar anet hyl

styrene, 4-phenyl-| -
y P y containing monomers comprise at least one aromatic structure, preferably from

one to three, more preferably a phenyl, indenyl, fluorenyl, 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 Cyg alkyl groups. Additionally two adjacent
substitutions may be joined to form a ring structure. Preferred aromatic-group-
containing monomers contain at least one aromatic structure appended to a
25  polymerizable olefinic moiety. Particularly preferred aromatic monomers include
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 least 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



but ene and al kyl benzene. Suitable non-aromatic cyclic group containing. -
nononers preferably have at | east one polynerizable olefinic group that is
ei ther 30 pendant on the cyclic structure or is part of the cyclic
structure. The cxclic structure may al so be further substituted by one or
nmor e hydr ocaMRAA0HPDs such WO 2006/ 009949 PCT/ U52005/ BPIEBMS08E52as, but
not limted to, Cl to ClO al kyl groups. Preferred non-aronmatic cyclic group
cont ai ni ng mononers include vinyl cycl ohef&ne, vinyl cycl ohexene,

vi nyl nor bonene, ethylidene norbornene, cyclopentadi ene, cycl opentene,

cycl ohexene, cycl obutene, vinyladamantane and the like. 5 Preferred diolefin

nononmer s useful j L4 Ss s Nnki i [ . re,
preferably C4 t8§=33§%?6‘§1%@%§” glt%{bé%@glgfv%gp%%g uér/&é{og'%?%%ﬁggﬁﬁlg%%& ein at

| east two of theontaisaigmiabraers endsviayleydahagkink winyleolopsend, ed i nto a pol yner
by either a stergo cific gr..a non:stereospecifjc catalyst(s). It is
further prefer ?Eﬁﬁ%ﬁ?fn?ﬁé&é}l%“%mrhmﬂfﬂ%%g’ e"ﬁ‘ﬁi‘?ﬁﬂlc ?}-?Iée\étef‘ om al pha,
onmega- di ene 10 cyglaNiedes cyclobftenefhinylhddlantla@idehelke. Vor e preferably, the

di ol efin nmononers are inear di-vinyl nonomers, nost preferably those
cont ai ni ng ffom 4 t oPméred dglsfin manems useful i thisinveptigyiralude sy di enes i ncl ude

but adi ene, pent ﬂ?&:@éﬁboﬂsﬁ&%ﬁ%ammp@pw&&%%g SOt RS REeanRRBPElngs e

decadi ene, undecadi ene, dodecadi ene, tridecadiene, tetradecadi ene,
pent adecadi ene, whesetncrs easiitee ef thewnsatargted hemds mee readily incorporated into 2

oct adecadi ene, ”?Qi@%ﬁ%iﬁ% AR B H@&%@g@gﬁ%@ﬁgﬁ%ﬁ%ﬁﬂ&

tricosadi ene,te ene, pent'acosadi ene hgptacosadiene,
octacosadi ene, prsfransd shadlthe diplefin mionerers belsetasied foar alphey dmggadiepe ef erred di enes

i ncl ude 1, 65hep ' Py ' , - ' . - Lene, 1,10-
unr(decadi ene,l&l, ﬁg%’g%g lgd?levﬁ@ff&%,%fge?sﬁ'r ."fi"é% rgll%%gg)’ ﬁl%,ﬂlf\lf-kpzrforgg%%ga i ene, and

| ow 20 nol ecul alineaeddigyisyl pwinybers, actistpreferablithése sentaihing fr&0@Go §@ casbodn. Preferred
cyclic dienes j,nclu I he o Y 0 e or nadi ene, .

et hyl i dene nor gg%‘ng?m&&%{ %‘i°§§§%§%§%‘%§m&m§%“§%’ﬁ %?aglr?iele@rg{an ger ring
cont ai ni ng di ol kdptadicnewictakiiens, navatims, decadilesd, nbdeenbene alodecadie®,s ri ng

positions. In a _pref.err nbadi ment .t he. ob r _Rroduc herein is, an
et hyl ene 25 ho 8 33‘/1}?3?’?%?8%0 %quy;?,%faflec]anmge, ég‘ﬁ?cé{i}fa%ﬁ F??apfcé’ &P% ed
enbodi nent , 13 heodtédecaiene, nofiadetudiend, Enomdﬁdne,rheneibcshcﬁmgi dvcodadiems| yreri zat i on of

ethylene and o n&icgsradl'réger, ?atr%osetld?cne, pentacosadiene, hexacosadiene, heptacosadiene,

octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes
include 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, vinylnorbornene, norbornadiene, ethylidene

(«- norbomene, 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 C, to
Cyp linear, branched or cyclic monomers, preferably C, to Cyz 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-



C20 linear, branched or cyclic nononers, preferably C4 to Cl12 |inear or
branched alpha-olefins. In a preferred enbodi nent, the conobnonmer conprises
at | east one conononer having from3 to 8 carbon atons, preferably 4 to 8
carbon atons. 30 Particularly, the conononers are propyl ene, butene-1,

4- et hyl - pentwoeeos/o®@90 2006/ 009949 PCT/ US2005/ 021652 GéTsidszigaent ene- 1,
hexene-1 and octene-1, the nost preferred being hexene-1, butene-1 and or
octene-1. In a preferred enbodi ment the pal ymer produced herein is a

propyl ene honopol ymer or copolyner. In a particularly preferred enbodi nent,
the process 5 of the invention relates to the polynerization of propyl ene
and one or nore to C20 |linear, branched or clic nononers, preferably C4
to C12 linear ormﬁhﬂm%%e-léremaiepéprtw—l ﬁ?n@s eyt smederdgilent , t he
conononer conprqgg qumh%@&%mgqe conononer having from2 to 8 car bon at ons,
preferably 4 to carbon atons, preferably ethylene, butene-1, pentene,
hexene-1, heptene 1, Inemﬁﬁamdemhmﬁmﬂﬁﬂmpomﬁwdmvénedhqduhﬂqnqn&mg

4- et hyl - penten 3. ent ene eene- and the
like. 1n sone e ?}@%Q W‘:ghgn |%ﬁ?)ﬁuea§1¥ﬁf°tf%-{ege§m%+%}mﬂ e??geg I'n

anot her enbodi nmf&hdmeeqnoh;emstq)meﬁumduraﬁmmﬂpmpgleﬂe mdpmb ymére@;to:me or
nore |inear or C C3,to0 rochiral .Ns or to C30 ring
15 cont ai ni ng oI F}ﬂ ME%WH&%FBWE“P‘H%P@@?”@&@&@I %‘E’lbﬁ‘t}“’% ymeri zed
by either st er efsiaafiéfinsCddefoodt ditolRRED dichhondaRtt dnyiises ot BatGhe ral , as
used herein, refers to nnnogers that favor the formation of isotactic or

syndi otacti ¢ pol SPFROPORERRIVING Bpm 2o B sarhon atoms, prefezs %B’eﬁ:‘i@h"&a@&{‘gal yst(s). In

anot her enbodi Mgpéfepbiyeisnae, %teﬁé-@g,wﬁterbehex%n@plh#eﬂem&eﬁm Romehgast 20
ttwo di fferent conononers, to forma terpol preferred conpnoners are

a(' conbi nat i ¥h dlecepepi dodsraeilnd-mshahentenerdd-mgthyl negtenel.3phimetiVins, nore

preferably 4 tOlﬁxﬁﬁfpﬁﬁhtﬁéﬁf@,hﬁﬂﬁd&%hh%nwéﬂﬁ&l&%:é;ﬁé’sﬁﬁta@@ﬁm@%%ﬁe monormer .
The preferred terpol yners include the conbi nat'i ons 'such a

et hyl ene/ but ene-18$hexene- 1, ethyl enef propyl ene/ but ene-1,
propyl ene/ et hyl ene/ hexene- 1, ethylene/propylene/ 25 norbonene and the |iKke.
In a preferred enbodﬂ’%r@??@“?‘ﬁ‘@drﬂﬁ%ﬁémweﬂrﬁ@éﬁ ergin isigcoprlymerofong 50

or more linear or branched C; to Csg prochiral alpha-olefins or Cs to Cyp 1ing
15  containing olefins or combinations thereof capable of being polymerized by either
stereospecific and non-stereospecific catalysts. Prochiral, as used herein, refers to
monorers 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 to form a terpolymer. The preferred comonomers are a
(" combination of alpha-clefin 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:



nole %to 99.9 nole % nore preferably 70 to 98 nole % and nore preferably
80 to 95 nole % Conononer(s) are present in the polyner at 0.1 nole %to
50 nole % based upon the noles of all nonomers present, nore preferably 2
to 30 30 nole % nore preferably 5 to 20 nole % In another enbodi nent, the
pol ymer produ®&u20n@p0e4h conpri ses: WO 2006/ 009949 PCTI USEIDES20B0882 65 a
first olefin nononer present at from40 to 100 nole % preferably 50 to 100
nole % nore preferably 60 to 100 nole % énd a second ol efin nononmer (a
conononer) present at fromO to 60 nole % preferably O to 30 nole % nore
preferably O to 10 nole % and optionally 5 a third ol efin nononmer present
at fromO to 10 nole% nore preferably fromO to e% nore preferably O
to 3 nole % |na prefadfptaodeliamamprntescatigbirom A8 to 199@10?%/5@%@1’}'55 ri ses

one or nore of afh n(ﬁFl %-9%9&13’“@'99‘? B{ﬁa%%i%% gcyclic al pha -ol ef| ns,

i ncl udi ng propyl ene, t'ene al'l 1sohers thereof), 1-pentene (and
all isoners thereof), h—sbménbﬁnmnozmﬂdaahnonomﬂhmsntdhénmﬁt)nﬁomdha%xene (and

monomer <1 nel ude BFERYPAE 0 Sl iy o IBERIS G PRRBRMIN {he || ke. 11

a preferred "‘emgodi Wemammlsmﬁﬁému@f@%seﬂtmmmmﬁn%m 8fera8ly nore of
any C2 to 40 |inear, branched or cyclic al pha-ol efins, including ethylene,

15 propyl ene, 1- beRf%ﬂ@ WE&P@FFEPWF“WQ&%mOF /heptene and 1-octene,
1-nonene, 1 decene, 1- umﬁfﬁ%ﬁﬁeﬂémsm%%e%mbreﬁﬁmme@m ried G o Bidre

hexadi ene, heptadi ene, pentadi ene, octadi ene, nonadi ene, decadi ene,

dodecadi ene, st yrofary CBtOSJs dineary tiranshodar Byolie Alpha -olefinsrinchidingpmopyiese, -
4- et hy! pent ene- %nteg\&giuieﬁ%‘ﬁ%&%ﬁﬂﬁmf?ﬁ%mﬁyﬁmms B8odf) 1%&5@ erred

dinent the thir mer ¢o es one or nore C2 to Coo
I i Rear, brancied (aud ailyiﬁdﬂilﬂwfhﬁpm 1liepfenaend alhsdmmlsihgeom;mddmtww(ahéxadl ene,

nept i ens. P ol AR S AR ey eSO o SRR,
cycl opent adi ene, laduteneyant diedikene. 25 VI | . Processes
In a preferred embodiment the second olefin monomer comprises one or
more of any C; to Cyp linear, branched or cyclic alpha-olefins, including ethylene,
15  propylene, 1-butene, 1-pentene, 1-hexene, 1-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-methylpentene-1, 4-methylpentene-1, cyclopentadiene, and
cyclohexene. _
20 In a preferred embodiment the third olefin monomer comprises one or’ ‘
more of any C; to Cy linear, branched or cyclic alpha-olefins, including
N butadiene, hexadiene, heptadiene, pentadiene, octadiene, nonadiené, decadiene,
dodecadiene, styrene, 3,5,5- trimethylhexene-1, 3-methylpentene-1, 4-

methylpentene-1, cyclopentadiene, and cyclohexene.
25 VI Processes
A General Process Conditions and Reactor Systems

This invention pertains to any prepolymerization and/or polymerization
process, and the process is suitably carried cut over a wide range of temperatures
and pressures. Such processes include, for example, solution, gas phase, shury

30 phase, medium pressure and high pressure processes or any combination thereof.



A. General Process Conditions and Reactor Systens This invention pertains to
any prepol ynerization and/or polynerization process, and the process is
suitably carried out over a wide range of tenperatures and pressures. Such
processes include, for exanple, solution, gas phase, slurry 30 ghase, medi um
pressure and AYQHOHP®E®ure processes or any conbination Pﬁéﬂlé%?f’.mm

2006/ 009949 PCT/ US2005/ 021652 70 conditions in a gas phase polynerization
process. Also in sone systems the presenc® of compnomer can increase
productivity. The reactor tenperature in a gas phase process may vary from
about 30C to about 120C, preferably from about 60C to about 115C, nore

preferably in 5 . J1 msdmpreferably in
t he range of fron‘iloggbgg%]g%o%g F%éﬁ%ﬁgﬁ:& %@“@M&“hﬁr Ajgl;sgg‘ Sﬁﬁ’gg’é proﬂégsses
contenpl at ed by tpiesepcoafzesondme b inasaseproductivityicl ude series or mul ti stage

pol yneri zati on processes. Al sp gas, phase processes cont | gt ed. by the
i nvention incl ude t hoseederStor i 8’3'1“%1@.3 ; @éﬁe&ﬁ?“ﬁd‘?}’vw%%s%ﬁﬂzﬁz,

5, 665, 818 and 5, , RUDbdeas LiRast 15 Ax EP-B 1-0
649 992, EP-A- o % B0k 3go T hebBARAUbc-eRt el 1510, rordpréRALAID fully

i ncor por at ed By rtké mngnciironh aboat 1@ teel108C, apdimelipnaderably intike rapgecdfdromand

processes utilized in the .inv I on are capabl e of producing greater than
500 | bs of pol yr’rE"P°‘bt27r0 ﬁ&%"i‘b"t“é’g% 15 kg/ hr) to about 200,000 |bs/hr .(90, 900

kg/ hr) or higher of p@ihérgas lﬁﬁﬁiﬁkﬁbddbnﬂ:h%ﬁa&ﬂfb the3Roct S Q0 tHelysvehtion 455
kg/ hr), nore preferably_ég}?eali er than 10,000 | bs/hr (4540 kg/hr), even nore

preferably great dreladpsqricspr apwfisiagepalymeripationqyogesses, (Also ga6 Phase PrAsEssespr ef er abl y

greater than 35, QOftelBitdaby teinRBfbrisaéide)host Ukdchibe@ L U. ST P46t NOsEf er abl y
grgater than 50,000 | bs/hr (22,700 kg/ hr) and nost preferably greater 20

than 65,000 |18s/ H627282000551838 pid) 5,673,395 i Exropermpublisations GPrAr) T4 2005, 500

kg/hr). I'n anot ke gpheke oL Eptiadh PBNind HICBCEdaabY S o SVISLHEAR: hétefaS | 1 qui d
formand C is introduced into the gas phase reactor into a resin particle
| ean zone. For i Hilbrinerpeyatedhy 186 E® | ntroduce a |iquid catal yst systeminto

a fluidized bed pol yﬁPﬁﬁﬁ%&’&nﬂoﬂﬁﬁbnEﬂ&%é&t&'aﬁ‘d rBHked Oiifed Bl RESE S€E US
5,693,727, which is 25 i|Jncorporat ed by referenc%a her el n. ©
invention are capable of producing greater than 500 1bs 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 Ibs/hr (455 kg/hr), more preferably greater than 10,000 Ibs/hr
(4540 kg/hr), even more preferably greater than 25,000 Ibs/hr (11,300 kg/hr), still
more preferably grea‘ter than 35,000 Ibs/hr (15,900 kg/ir), 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. Slurry Process Embodiments

One embodiment of the invention incorporates the use of a shurry phase
polymerization process, preferably as a continuous polymerization process. The
shurry 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 t0 50



C. Slurry Process Enbodi nrents One enbodi ment of the invention incorporates
the use of a slurry phase polynerization process, preferably as a
continuous polynerization process. The slurry polynerization process is
preferably carried out at pressures in the range of 30 from about 1 to about
100 at rmsphere?’,mﬂpﬁg?og?“gbl y in the range of from1 to 50 RAUBYHEEE049

PCTI US2005/ 021652 72 enbodi nent, the concggtration of solid particles in
the slurry is equal to or greater than 10 Vol % |n another enbodi nent, the
solid particles are present in the slurry at a concentration equal to or
greater than 25 vol % In yet another enbodinent, the solid particles are
present in the sl yuibpdidient HeQOERMABH bPYBLH Perfcled i theQlu§ titabal t®orpreater vol % 1 n
yet anot her enbodi nent, e_solid particles are present in the slurry at

t
concentrations ran@mn W%MMP@WW@WLﬁeéﬁﬁ@mﬁlﬁﬁevﬁﬁwmtpm to 70
vol % from1S to }ga ¥6Hc%/ﬂtraii61|9%§ug%o B%%rZQeﬂ{ﬁ’An%S VoYM 3er ahlﬁ?thgrcénﬁgai%bntf rom 30 to

70 vol% or from to 70 vo ol ution Process 10 I'n one enbodi nent,
the process of t hithe soli¢ eaticlehar preesat injthaslumt at 4 songentwtion jessdhanwoeguakipi zat i on

process. Genergl | ' eSSt | : . | ' n a

cont i nuous rea?t o%siv%pﬁh?yﬁ%g&s%@t | ngt’ %ﬁgﬁm@g}%}?&%ﬂgﬁ Jf/g terials
suppl i ed and t he pbéoprerirafionsmegingdiom bty 0apBbt ftom § od(oel % dromalido GO
concentration gradignts. ' RLO P &h I Nng poi nt
15of the pol ymer So0p Tm 70 206 BoR ARG 0 R kB B Ry B30l 12, P('300
MPa), in which tRhevabfieomEomd0tes7®Iti | uent or in solution polynerization
using a solvent. Tenperature control in the reactor is obtained by

bal anci ng t he heabD.of Pahfjendirecesst i on and with reactor cooling by reactor j

ac?ets or cooling coils to cool the contents of the reactor, auto
refvigerationl0pre- chi Inland embetiment,thppro¢esnef thin inyentiog @ dairigdiout as@di um

(di luent, nononer : i;f%pj : | ga%;g]ﬂ,n I I abatic
reactors with pre%%ﬁ'ﬁlﬁ}e&h e%%}lggh{%%ggg??o e U@gg‘;}u@ﬁgr&rcggéc 8%Végtenperature
depends on the capeiymstizatigrein.a continyewsnezdtor in Which the stading menpaer(s) end:
preferably can var Em; ﬂ?‘gg nL e bly from
about 10C to abou?ﬁf% ' g@é%@%%ﬁe ré‘%@%”r‘%‘?ﬁ%ﬁm. 48%5@%?étﬁout 120C.
25 | n series oper atdidepncertrationegralichts. Saitahle proeasyee opdrate abave themedtingaoiny hi gher
than the 15 ofthe polymeﬁ 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 contro! 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  liguid 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 mdependent. The pressure can vary fiom about 1 mm Hg (133 Pa) to
2500 bar (250 MPa), preferably from 0.1 bar (10 kPa) to 1600 barl(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



first reactor tenperature. In parallel reactor operation, the tenperatures -
of the two reactors are independent. The pressure can vary from about 1 mm
Hg (133 Pa) to 2500 bar (250 MPa), preferably fromO0.1 bar (10 kPa) to 1600
bar (160 MPa) nost preferably from1.0 (100 kPa) to 500 bar (50 MPa). 30
Exanpl es of sBPHIBIE ocesses are described in U S. PatRH{USRMe02162 271 060,
5,001, 205, 5, 236,998, 5,589,555 and 5,977,251 and PCT WO WD 2006/ 009949

PCT/ U52005/ 021652 73 99/ 32525 and PCT WO 09/ 40130, which are fully

i ncorporated herein by reference. E. Medium and Hi gh Pressure

Pol yrmeri zation The pol yneri zation process of this invention can also be
carried out at bomABshisuy PCTIWGR9R0BOSWEEFare fifly if¥BoPaIMeREHY € Processes,
the tenperature at which the polynerization reaction occurs is at |east 80C
and ranges from 8d&enas. 250C, preferably from 100C to 220C, and should for a
given polynmer in the reactor, be above the nelting point of said polyner so
as to maintain tBe flMedimmyend BighPressusoPehmaerizatiosh phase. The pressure can be
varied from 100 to 1000 bar for_ 10 ethyl ene honopolynmers and from 30 bar (3
MPa) to 1000 bar (100Themejymerigation progess of i inyantiopTan/alg) be esnigeutstr (50 MPa)

for processesgpr ' ! -]?ﬁgﬁr L o ol efins
and opti onal Isy o’?’}gu%irﬁin(r:bgp h?ﬁ%@?@ég@% e F%gﬁgft%%%ﬁﬂp%&e%%%?gkprocesses,
particul arly f orwhick thegolymerizatiat reacticofocaurdiy hidenst 8076 and ngesdrom 80°Cwbi nat i on
with C3to Co - ol ef ] o ' I [ .. zabl e ol efi ns,
t he terrperaturea’%f;bb“le3 efgrré1 S}?r%m?ir'?g\%iﬂ?%' hiéld%lﬁcgﬁs&;%é? ?ggﬁénlﬁmn%re%é%i on occurs
is at | east 120Geaciar, he dioee thb meltmp pvist d48Cpalpter somy torangiaint the Bhdify, but bel ow
t he deconpositio enperature, of the pol yner L ct i |y from 310C
td 325C. Prefer a‘%l'é‘?p H%“ﬁb“?’y‘/’hrr%ﬁre-i iz‘%ﬁgr%ﬁmlgg%vg%%&%@éﬂog@%ﬁ%er ature
wi thin the rangeethflenk30fiopalyBas ahd fFdre 30 fao ((3/MEP4) ta 40000bar (00AMPY)) et ed at a
pressure above 200 b 0 e at a pressure.wthin the
range of 500 baresfwg%aﬁgp@é&a@%’%&@w&%f I.’mc?g?eég)éordifﬁlfl%?ﬂlww

pol yneri zati on icpélghipsebsiainag C3 1€ skfncandioptivnglly ftkerrcapglgmédzable 800 bar (80
MPa) to 2500 barol&gngo MPa) .

In high pressure processes, particularly for the polymerization of ethylene

15  alone or in combination with C; te C)g alpha-olefins, and optionally other
copolymerizable 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

SN,

temperature polymerizations to prepare propylene homopolymers and copolymers

of propylene with Cs to Cjo olefisis and optionally other copolymerizable olefins

have been reported. See US patent applications 60/431,185 filed December 5,

2002; 60/431,077, filed December 5, 2002; and 60/412,541, filed September 20,
30 2002.



25 More recently, polymerization conditions for high pressure and or

t enperature polynerizations to prepare propyl ene honopol yners and copol yners
of propylene with C3 to Co olefins and optionally other copol ynerizable

ol efins have been reported. See US patent applications 60/431,185 filed
Decenber 5, YOQ06/0894%31, 077, filed Decenber 5, 2002; arudinBOdodidAsn4l, fil ed
Sept ember 20, 30 2002. WD 2006/ 009949 PCT/ US2005/ 021652 74 F. Reactors
and Reactor Systens The invention nay be aracticed in any type

of pol yneri zation reactor system such as continuous and batch reaction
systens suitable for carrying out any one or nore of the solution, gas
phase, slurry pq:ase,- medi um pressure or high 5 pressure processes. In one
enbodi nent, the |-nverﬁf1’39HfSia§‘P%‘?a&‘€’E YSESin a fluidized bed reactor, |oop
reactor, plug flow reactor and/or stirred tank reactor, In a particular
enbodi ment, this invebeiyRntios may ke pragiingd many tynsof pRlyIpEiei o Teactory ey

exanpl es of reagy@es, bk hUQBtRoYs a&ﬁ%%]?fea&ﬁ;h%fsrt&ﬂ st B b get consisting
of a continuous™flow reactor, stirred tank reactor, plug flow reactor,

movi ng belt 10 rao¥eneer mefe ghthe ecdutions gas phase,shivy pbise, wedin pressugor bigh ¢ ubul ar
reactor,  autarefyl bat. |l j.ng- : - OFf : : ifﬂﬁdi% n thereof.
I n anot her agpeg'? %Sgﬁég%ﬁ%gens '%0#%®ggﬁ?ﬁg%q%ﬁéu%%@?%ﬁcg§% em "3 use of
heat transfer sibefzesetor, lenpatrctes plug flaw redstirand/erstiediankieaster. Inxz ool ant is on

e ks

y “evapor a rirzing mxture, such as
may be found i n easmplesefoeasiors igeludetapy rdsctpt selegted froin theygrenprepasitting of Anot her
exampl e, is a plug.fl (o] Ll f rizing mxture
| s_evapor at ed as?’g go%g\@(({vtyj%g&&pétlg%@g%gr% tfgggfd’ﬁq@ﬁ’gear&eog??ogﬂg% not her exanpl e
i s where hedl i seactmpirend réantog jebeacfor, hbaale reaptoe.ttabuldr heactog hutesfrigemtedhe at
transfer using cQgl al ot her. si.de of heat 20 transfer surface.

Anot her exanpl e%ﬁbﬁgg’gglg‘gaacgo?gﬁag&g?m\bﬁﬁgrogt%%ﬁzo?;'neri zation takes place on a
novi ng bel t. or dr um hieothet d3pect] hbat et Beremovad fonathateydor systerh by eseicf  sprayed

onto the belt o rumsnd heat s removed by, evaporati.on.of the.diluent as
the reaction prﬁ?g%érags.fglsﬁr%%%isﬁ %%ae@?ﬁ%%Oéwﬁgﬁﬁg%odﬂtﬁogfgﬁs‘%actors by
surface heat tr afitfedube(and the palymetishigmixhee T ltierither side riPaemby also behe | nsi de of
t he

15  removed by evaporating the polymerizing mixture, such as may be foundin an
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  trapsfer 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 parallel may be used in this invention.

Catalyst componeni(s) (and any activator employed) may be delivered as a



25 drum or under the belt and the polyner 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 tine where the nonomer, diluent and
catal yst systemare conbined in the jet or nozzle and the pol ynerization
occurs as t heMAZIU¥*passes through the nozzle at hi gPCTEIBUPRYIS230 One or
nore reactors i.n series or in parallel may be used in this invention.

Cat al yst conponent (s) (and any acti vator | oyed) may be delivered as a WD
2006/ 009949 PCT/ US2005/ 021652 75 solution or slurry, either separately to
the reactor, activated in-line just prior to the reactor, or preactivated
and punped as an S ; eferred
operation is two ‘Z@f’ﬁ‘%’?‘f)ﬁﬁ;fya% é&?toﬁiﬁk‘fs&&m&%}ﬁ@%%}ﬁg nor@ntﬂéret hods to
i ntroduce nul ti plr@ctoatfmmﬂmmmanﬂpmacdasm actmaedaﬂ@tﬁpiogﬂuﬂﬁﬂzthmd 5 VO
01/30861 Al. Wile I a t he
t echni ques descrﬁf‘gﬁ?? zﬂe(gdﬁng&% gﬁ'g Sgé%ahginﬁ;ngr ctors

i ncl udi ng cont i pooethods iormteﬂudeamkumemﬂsmmmtoséwmrsysebmm,smmﬁ aids and t he
| i ke. Pol ymer[zat,l e calrjed out in either, single reactor eration,
i n whi ch nono w@@%ﬂm%%%é]ﬂ“ﬁ? "tr?‘%ﬂavﬁlﬂlﬂ'fwz%g"ﬁ%ﬁﬁé‘?“ °’éfnt§gopt i onal
nmodi fiers are adckeﬂnlqmueyaﬁmsieyeqﬁaly&pﬂﬁbaslbwé&r $fQ¢acis, iRudigl es reactor

operation, in which, the above _co onents are each of two or nore
reactors connect ERPHPHOUSSHrredank Lyry &gop f%ﬁ?ﬁdﬂ&ﬁ?%y‘f odymaesiZgens yded t o

both reactors, Wammemommeﬂmgmem&@ddﬁ& infvehiéh thérofder, cB@6Adersand ot her
conmponent s added to other reactors. In one enbodi nment, a cont i.nuous fl ow

stifred tank-typeAtHdEFHREoR scayenes: andjeptippal modifiers gFe addedoRtREPHYtad tted wit h

an'ef ficient j49i §1ﬁ§lb9élctﬁ?&ﬁ§sen§é&%§bt&%p§faﬁbﬂ’ BPwHieH ﬂssﬁbovéc nggbahﬂt@&é s), an
external cooling |acket and/or internal cooling tubes coils, or
ot her means of é&ﬂﬁﬁ%‘ij‘c ﬂ@%‘?“éfeaﬁ@ﬁﬁ?ﬁ?qc?ﬂﬂ%“t dhﬁﬁﬁtﬂt’ﬁl n the desired

reaction tenper atdiffonettMa§bistBedided SWoth Rictdrl) Meth oRé RATHbnéR beAPIRIBE S,
di luents and catal ysts (conbi ned or separat el y), t enpérature Sensi ng neans,

and 20 an ef f | uelftd H¥dpactop andnthes cAmRoBERH pgsied (AR TeAFtPHdr aws pol ymer, di I'uent

and unreacted mnon%%n@é@d&ﬁu&hhﬁﬁoﬂtﬁh&ﬂsﬂowts@nédﬁﬂ%Qﬁeagﬁﬂg\lﬁd quench
t ank. Preferablé the reactor is purged of air and nbisture. One skilled in

the art wi |15 r eEkRspeE ingeaprally Gited snthlap effivipnbpgitation maeqos, e asabor s are
preferably desi gngd: &0 mpeller(s), an external cooling jacket and/or intemal cooling tubes

and/or coils, or other means of removing the heat of polymerization to maintain

the desired reaction temperatire, inlet means (such as inlet pipes) for monomers,
diluents and catalysts (combined or separately), teraperature 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 tubes or coils, and enough fluid flow
throughout the reaction volume to avoid excessive polymer accumulation or
separation from the diluent.

In another embodiment of the invention, a reactor capable of performing a
continuous slurry 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 vp-pumping variety or the down-pumping variety.



del i ver good mixing 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 volume to avoid excessive polymner
accunul at i on or aration fromthe diluent. In another enbodi nent of the
i nventi on, %"88“[?&43abl e of performing a continuous BEUPRYsHHEBeSS,
such as disclosed in US 5,417,930, herein 30 incorporated by reference, is
used. A reactor punp inpeller is enployed T the reactor and can be of the
up- punpi ng variety or the down-punping variety. WO 2006/ 009949
PCT/ US2005/ 021652 76 The order of contacting the nononer feed-stream
catalyst, initiator, aﬂeoﬁ&'ﬁ@éﬁacﬁ%’tﬂ@mﬁlﬂe‘?@e@sﬁéﬁ ORA eq}aagmﬁ the
initiator and cat al yst are pre- exed by m xing f og e her e selected
diluent for a pr eé@mbMYhmﬁbleoﬂﬂOnelmbomw;thguﬁtwm @ialptzopd-t o 10
hours, and then i Ln cat al yst
nozzle or injecti @%%egbg%kﬂkfbﬁ%%gﬁ] {zlilﬁ(% Haﬁdﬂg’ E?%&%a&b@%ﬁ%&? and the
initiator are .addggerangiipdfrane®0t morﬁe@wmm mdthemlsm;mteﬂmtoenﬂmiﬂﬁmnt, t he
initiator is blende t he_f.eed noners before npection to the
reactor. Desi r%blva&?%ﬁw?&ﬁgﬁ%@w&gmﬁ}éﬁ% ﬁ(g’catpgﬂaWt]lﬂ %‘5& alyst, or the
calt al yst cogbi nedeﬂﬂbddﬁnbﬁtﬁcaia@stindﬂ&ﬁmﬁﬁbﬁ&dﬂéﬂﬁﬁhd”l@adtdi@eﬁa%ﬂj‘!Olh dlg Vi Ihl
Pol ymer Products A Gene ner. Pro e rs oduce y the
process of the i ndRoHEr &% %Jé‘f‘?e‘g’ég fof %E’“E E"’b‘g’l‘%ﬁi’ﬂ?ﬂ %ﬂfgﬁﬁts and
end- use appl i Cat|ﬂjb‘&noﬂ'ﬁﬁhmhddfﬁmsnﬁb&dué?ﬁdn&}éﬂshﬁtcdﬁta@ié&&&ﬂl(ﬁedaﬁﬁsﬂ nvention
| ncl ude |inear | ow densi ne, . tomers 5 pl ast oners, high

ity polyethyl ‘é‘ﬁE"scaﬂﬁ%FﬁPﬁ%‘% &'t"ﬁ‘ OFF ehterlie Mfensity

rEyet hyl enes %nﬁa I=rE % rp)dal hi gh rml ecul ar wei ght polyethyl enes,
poI ypr opyl ene1 opolyners. B. Density The polymers produced
according to this e‘gt IeTaPP gﬁ%ﬁr oduced at any 20 density suitable for
t he appropriate n rrent there can be produced ethyl ene
based pol yners haV| ng t of from 8 ed i 0.97 g/cc.
For some applications, The %gfé:ﬁ:e}s md“ced% 5& W%g%ﬁ%c T
wide variety of products and end—use apphcatlons The polymers produced by the

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

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/cc. For some applications, a density in the range of from 0.88 g/cc to
0.920 g/ce 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/ce is preferred. For

25  low density polymers, such as for film applications, a density of 0.910 g/ccto
0.940 g/cc is preferred. Density is measured in accordance with ASTM method
1505.



0.920 g/cc is preferred while in other applications, such as pipe, filmand
bl ow nolding, a density in the range of from0.930 g/cc to 0.965 g/cc is
preferred. For 25 | ow density polyners, such as for filmapplications, a
density of 0.910 g/cc to 0.940 g/cc is preferred. Density is measured in
accordance wi WR 2882t hod 1505. WD 2006/ 009949 PCT/ USEIOSIYFYRS? 77 C.
Mol ecul ar Wei ght and Mol ecul ar Wei ght Distribution The pol ynmers produced by
the process of the invention can be produééd in a w de variety of nolecul ar
wei ghts and nol ecul ar wei ght distributions. Ml ecular weights (weight
average nol ecul ar wei ght (Mv) and nunber average 5 nol ecul ar wei ght (h))

are preferably determ $/d  SiZe | usi on Chr omat ogr aph
(SEC) equi pped V\ngffh gh%?%?lgfen%flgﬁnw?&eog‘%@é%%ﬁ]%](%Lg?ﬁ%%et ector (DRI), an

online low angle |igh | ' r (Vis).
The details of the de?%%ﬁ%%%a%}c%%g%’rg?% esééﬁr]?’%ggnga?#bEgg%,&%P. Br ant,
R It Chance, andwide Whe@oieskcdy wdighds amdniodculbezsightdistibetids, 10 Nunber 19,
6812- 6820; (2001 and _are, il ncor.porated herein. erence. |In an

orbodt et of ¢ niaifiOle FEEns (R Mt mati it feig SRS vele . e g
di stribution §M\Bblecwlat wtight{Md)faraprefeably detemiihed using WoWaidss 150812 age nol ecul ar
wei ght to nunber__aver.a nol ecul.a I ght Zpe M e/ . Qf, greater than
1.5, preferably F?“éﬂsl’ I?éhf"ﬂatﬁ%"ﬂm éﬁéﬁ&?"ﬁ%@@%@%ﬁﬁ% Fﬁl‘\%‘i“?,‘n e pol yner
hﬁ; g_ MA L of hatdétaﬂ@tl (DRD,ﬁfj@ﬂiﬁEWaﬂgfeﬂi%mjsﬁﬂémﬁflg@msl )ﬁﬁecédﬁﬁﬁdi in OL Iherf
enbodi nents the pol yner ced has " of at least 5, referably from
about 5 to 50. IESW%ﬁ%ﬁ)‘nﬁﬁé&aﬁﬁ@f‘gﬁﬁwcﬁbﬁ“ﬁﬁs ?Iﬁa??Fﬁ“?eGH?T a narrow
nol.ecul ar wei ght pdireht] RORUIUGHaRceRid WL W( QAR QS bholodkid] Bilihd3ad,i on, and
wE;_e-versa, such as thgs&gfzogﬂ_Z rs descriped in U S., Pat. No. 5,798, 427, 20
i ncor por at ed1fer BPRbeR1% Hléw 2007}, 20d-A5¢ Weqp brssia By referEngenol yol ef i n

produced has at | eastinbHembiidGéam of @b nveRioRAHE filyiie fldinsced Bivefaer abl y, both
species are present at greater than 20 w % ased upon, wei ght average

mol ecul ar wei ghtmolsPulggeight digimbpiom@EP). poich ideimetpsaiatip it enbodi nent  of
this invention. jvemghlokdEir wiigH uRthbebavelape Mblecular weight (MWD =

Muw/M;,), of greater than 1.5, preferably from 1.5 to about 70. In some

15  embodiments, the polymer has a My/M, of at least 2, preferably from about 2 to
60, while in other embodiments the polymer produced has a M,/Mj, of at least 5,

g preferably from about 5 to 50. In an embodiment, the polymer of the invention
has a narrow molecular weight distribution and a broaﬂ 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 i

molecular weights. Preferably, both species are present at greater than 20 wit%, |

based upon weight average molecular weight.
D. Bi- or Multi-Modal Polymers

25 In another embodiment of this invention. the polymer produced is bi- or
multi-modal (on the SEC graph). By bi- or multi-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



mul ti-modal (on the SEC graph). By bi- or nulti-nodal neans that the SEC
graph of the polyner has two or nore positive slopes, two or nbre negative
sl opes, and three or nore inflection points (an inflection point is that
poi nt where the second derivative of the curve is equal to zero) or the
graph has at | ¥QPOEPINO 2006/ 009949 PCT/ US2005/ 021652 PEE/USHERSRt i ve

sl ope, one negative slope, one inflection point and a change in the
positive and or negative slope greater thar® 20% of the slope before the
change. In one enbodi nent, the SEC graph has one positive slope, one
negative sl ope, one inflection point and an MV Wh of 10 or nore, preferably

15 or more, 5 m)r 65‘?&@\%9 ﬂive@iaﬁ@onelp cggﬁgcg}(x}%?ﬁé&aﬁ ecﬁeat ed by

running a series o narro yrene standa ar wei ghts
wer e cal cul at ed ugbsifve wmkn@mmgze grogérfthani 20Ut of tifestope heforedheabkanmgei n

guestion. In a particu ar are produced havi ng

a/l - density of 0.93 0. Omn, an
(peGRERERIE the S i 1 oRSIOUERE ok it

FI (121) of 4-12 glope, hﬂeﬁﬂmﬁhnpm%&wbﬂ)omfmﬁapiﬂﬁablﬁmGMﬁdire,l| Mv of

200, 000 to 400,000, an !#’F g{] 5,,000- 10%9%6€Ed an. Mv/ Mh o{ 20- 50.

B of or abl v, L. pHiors Berab Dor i, She S8 wowtrged B raRogEsgie o , 2ot on

(500 -50,000) havhigowe a9 bﬂexstanaafrds&u%ﬁﬁlém&vgélglﬁsﬁadcacmatedmsmj ecul ar

wei ght fraction (-50, 00 havi ng a den5|ty of 0.910-0. 950
g/ cc. These ponrTM‘Ek P\é F‘t"lfg‘iﬁ“fi ROIYOUE I PESUPR: £ i | m and pi pe,

especially, for PE-100mp calmnib@aﬁﬁeﬁm-mardwpd%@wh@fodmamm a

di stributions (MADs), ﬁ 8 % from s$ze excl u3|on chrorrazé}& rrg ( SEC) ,
can/be deconvol ut SEs{%p Y3089 |2 (f2p o P-05-Sh O Onaj, an, Tl Zi#nt, the
polymer has W@@ghio:ﬁatmk(rﬂlmgdfeo}hsmaﬁmmﬁmmnwmoo(tﬁwodorﬁptIon to the

| ow nol ecul ar wei ght fraction of ran from 20-80 to 80-20, nore 20
preferably from %VWMB%O%IOQQHG“‘E‘%WW %]r@fé)l"gﬁ? yribepArtelaso t o

60-40. A higher yéi9met nBMANG aidlebiMVwWikidh Fractiah 84500 Led0,000) Baviita Sabki can be
further ~.- anal%%%to i ve percent %‘ %,> 1MV WhICd% is the we %e

percent of the tc®&l-I3nly I%‘%%h‘ﬁh%kgémvﬁ%g?w(ﬁé’%er 9%9901 m I li on,
and wt % 100K, Whihg o dendi fW?lcgdﬂQS éce%astepg pkﬂ%:éﬁ&tﬂ}ul i Rsdrildbr | S

greater than 100, 000 |n nmol ecul_ar he wei ght percent ratio is

sinply w% >15 Ml 4dgine: epecialiy, BTRWWEWP@@GO%@E%’E@?‘&?}E}%W oxi mat e
nmeans of di vi di ngyikhiButtont ANIWIBADad dbtned from size exclusion chromatography (SEC),

can be deconvoluted using a bimodal fitting 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 80-20, more
20  preferably from 30-70 to 70-30, and even more preferably from 40-60 to 60-40. A
. higher wt% of HMW than LMW wt% is preferred. The SEC curve can be further
( analyzed to give percent of wt% > IMM, which is the weight percent of the total
MWD that has a molecular weight greater than 1 million, and wi% > 100X, 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 wt% > IMM divided by wi% > 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.



HMWV (hi gh nol ecul ar wei ght) and LMWV (| ow nol ecul ar weight) region. This -
ratio gives a sinple but sensitive indication of the relative anount of the
very high nol ecul ar weight species in the HWVregi on of the MAD. The
prefered 30 enbodi nent of the polynmer has the preferred range of weig
percent rati oVOANEY?#hi gher than 10 but |ess than 30, f’gimﬁﬁmﬁshl gher
than 15 but | ess than 25. WD 2006/ 009949 PCT/ 13S2005/ 021652 79 In anot her
enbodi nent, a bi nodal nol ecul ar wei ght pof¥ner is produced having a density
of 0.93 to 0.97 glec, an M (12) of 0.02 - 0.5 ¢g/10mn, an FI (121) of
10-40 g/ 10mn, an MFR (121/ 12) of 50-300, an Mw of 100, 000 to 500, 000, an
vh of 8, 000-20, 000 an cularly 5
useful for bl ow nol dlfritllg appli ?;{g?}lﬁoné gas]e ?ﬁ%%omcp}g% %@Ir?g{lgp@%&% t high
Bent Strip ESCRhfvémga densitypf0AB ts0.9Bg/sc, enhﬂl(h}m‘@togt—qunn;mdﬂﬂmce whi ch

i m Coaster ana®t JoiGHIPOSS aOuERTREG s0 by aft S0 B¥aRdR O over a

transl ucent fi niaof@f000:20, Ullﬂiﬂxii atiDREMnlST 1840 COhgsepdliha@narpaticilidtyt i on Breadt h
| ndex The poI rrers entiqn ave .a narrow or onposi tion
Stributi on 56 WAL iy aR BT, Thest vioth PO SV REREEE (DBl )
Further detail s sﬁupmr(mmhﬂﬁeﬂth@u&patacxo;femamfc%&mﬂahceatvmhmﬁm to those

skilled in the art. See for exanple, P Patent Ag i cation WO 93/03093, 15
publ i shed Febr uaf%Feeds the'pgefarmange;of ynimodsl HORE. j Alsq, the E‘éﬁ’éﬂl derbbatties tep

reference. In sqgRr a!ll?ﬂﬁv%ahla @Eﬁiﬁﬁ%ﬁﬁh@ﬂﬁﬁﬁe&%ﬁ‘ﬁé&ﬁmﬁe@m of 80%
or nore or nay have a of 50% or less. In one enbodi nent, the pol yners
of ,the inventi onfif aJsH]Er“eﬁ"\erally in the range of greater than 50% to-
10@% preferably. 99% pr ef.er y.in the rang 20 of 55%to 85% and nore
preferably 6% t% 80%"“@9@“0"‘?8‘?@" Y eater than 60% still even

nore preferably greater than 659 In anoth nbodi ment ners produced
using this inventi onaﬁﬁvely‘a . Pné’g%“%ﬁé?ﬁﬁ’gfﬁ’/%n%\”érg’ﬁ?‘e?'@? g‘l“?“l ess than

40% and nost pr&éiawdih s heftred BRCompdétion Diddihitioh Betadth 2eieX YEDBD! yer s
produced by the bl oCeRRudbs defemminiby e (ORI S bopoiyhar are haown to those
skilled in the art. See, for example, PCT Patent Application WO 93/03093,
15  published February 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 CDBT’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



according to a desired or predeternmned nelt index, depending upon desired
end wuse. In one enbodinent, the polyners have a nelt index (M1) or (12),
as neasured by ASTM D 1238-B, in the range from0.01 dg/mn to 1000 dg/ m n,
nore preferably fromabout 0.0] dg/mn to about 100 dg/m n, even nore
preferably WOVYR&EHEY49 PCT/ US2005/ 021652 80 from abo®ETUSHSENIi n t o
about 50 dg/mn, and nost preferably fromabout 0.1 dg/mn to about 10
dg/ min. In another enbodi nent of the inve®ion, the polyners have a melt
index ratio (121/12) (121 is neasured by ASTM D 1238-F) of from 10 to |ess
than 25, 5 nore preferably fromabout 15 to |l ess than 25. The pol yners of

the invention in <] ' e ' ' f from
preferably great eﬁ?m%lg%?g@?ﬂ%%ggéﬁgé %’ E@e%?re{ﬁ%ﬁgﬁogg%g nor e

pr ef erabl.y great alg/rhindo abi@t 1&6dg/Min. even nore prefer ably greater than 50 fr
fhe 0 i hvention has HAaiEe ERHERELeh B AERER R LEITOR APUME broad
gonpo_si)t ijo_n di ;&ﬁﬁdg)@;tlﬂgrﬁzpism%m&dm%%m? -D?zamd esﬁdmmwdeﬁcsu&ahﬁ;ﬁ,hppl yners
escribed in U S at ent : , 1 escription o ichis

i ncor por at ed eré‘?‘HeBV?‘?‘%'?llg?%ﬁ&@“t ?%O%"Pﬁg‘??gﬁ'ty The term"tacticity" refers
to the stereochen cal Taepbly@iers of thORvaitioRinla fReffRbd dfodinfRthdve e n2ftoper ti es of
a pol ynmer having_sjde %20? ns are @ffect ed bésni ts tactjci t¥. For exanpl e,
adj acent nononer REFY o refFrakly eregienban o moscRrciksrebiareater fag 3br opposi te
configuration. |fya hopreerasly giitbahA3usitili ietidh H6r0 bicBiitd brefter theds0 POl yner is

"isotactic." If adé}acent fm)nomer units have an alternat|ng _configuration,
ang<t hi s al t er naERhBOSIRFErghY Srepistbatt: ith srenthes pwhefdimet, teepolymernfthg o) yner
chain, the pqbyMgtvehfion 1 B Aarddvimbledilar welght &iRELEIA nd H bRk S8mREitiBPNONMET
units is random the polyner is "atactic." Wwen two contiguous monomner
units, a "di ad, ‘disEpEoR peViesyrsae Srrnples melpdsthosepelymerieperibedin by | sot acti ¢
or "nmeso” (in). pYRAING. BE7oBRIN MRIdestRblich TNERRAPRESHESed RALI BY tatkRe, the
diad is called "racemc" (r). For three adjacent nononer units, a "triad,"
there are three ppssifpidicityes. |f 25 the three adjacent nononer units have
the sanme configuration, the triad is designated mm An rr triad has the

m ddl e mononer unit havé egn Ractividaefeiso 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 bave either
like or opposite configuration. If all monomer units have like configuration, the
polymer is “isotactic.” If adjacent monomer units have an aliernating
configuration, and this altemating configuration continues along the entire

20  polymer chain, the polymer is “syndiotactic.” If the configuration of monomer

( units is random, the polymer is “atactic.” 'When two contignous 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 monormer units have the same configuration, the triad is
designated mm. An 17 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, MMM, UM, NI, IITN, T, I, I 1T, and

mrm. A completely syndiotactic polymer would have all T pentads, while a



configuration fromeither neighbor. If two adjacent nononer units have the-
sane configuration and it is different fromthe third nononer, the triad is
designated as having nr tacticity. For five contiguous nononer units, a

"pentad,” the , 30 possibilities: mmm nmmr, rny, nolrr, nrmm
rnrr, nunr, n&vﬁzﬂt&f@%ﬁﬂd mm A conpl etely syndi ot act i CIYHEPBul d have
all mr pentads, while a WD 2006/ 009949 PC{QUSZOOS/ 021652 81 conpletely
i sotactic polymer would have all nmm pentiads. The configuration can be
determ ned by ' 3C nucl ear magneti c resonance spectroscopy as described in

Macr onol ecul es 8 687 (1975) and in Macronol ecules 6 925 (1973) and

references citedcdhQeRlyisotdcdt pafme: wodldabB4ll AR, TRfe cohBheflehem Stry,
see 5 G Odian, Principles of Polynerization, 2nd edition, pages 568-580
(1981): Propyl eess hﬁd@g’aﬂlﬁé breCaueless mgenehe FERNERES snestrpsgophes dspaibedss of thi s

I nvention at varj (| ?IIE?SQHPIIE f g@b} ynmers include
atactic pol ypro%;wécﬁjg’?xi%g?gﬁspgﬁggﬁlng#opy ene,g‘ﬁeég(%g-z? ot3ct |hc and

syndi otactic potefgyensps/éi epgin.nFor meresnfothation ob peiymensteeabchemisisy, s t wo or
more different ColaGRUMAS o PolliG BEACHs idh, thhlSea ByFRoRaN. O her
propyl ene pol yners i ncl ude® propyfene ok or |’r3p§ct copolyners. Propyl ene
pol ymers of these tyd&spyene basedipblyles\wm berpradneedarsing tisgeodess ofghianpl e U. S.

Patent Nos. 4,794, 096 248, A5 4.376,.851,. 5 036, 034 and .5,459.117, all
of whi ch ar e her @R ELRRPE RS ity ERERdE S kN BRBIRANER, of t he
i nvention, the psdlyprepyléns, isathotivmpolypilopylene] Heati-isomctidungBimdiotaaicact i c, readily
forms a crystalline structure and,has. excellent. chem cal d heat :

rer{s-i stance. In ﬁMWEWSWW¢CIﬁ@%B??3?W$B)Y?eorr%f’&%d%a?ﬂe process o
the inventionpi Scabilghdiy tieypmatitios efthis imverition.yOtheyropyiek polymeiiictude, t he :
pol ypr opyl ene nmade e. process of the invention is aracterized in that
e Hhs 50 Fow 1 evardesieky S eopg et PGP B ot BESESh e nct i ci 1y

I n ? particul ar weanboen riﬁﬂie,arttibefdieimﬁf U.G}‘PanﬁmNadSlF]mQMM]g,m,
configuration is t 409 er. .pore than 2% a nore
preferably |ess $#ﬁ§é%@4ﬁ{%ﬁ%ﬁﬁeﬂﬁ°%‘é‘?‘g%&%%@’é‘ﬁ%ﬁﬁaﬁa?fﬁ t he percent
of pent ads havi NGefefente.i S | ess than 75% preferably nore than 5% and nore

preferably less than_50% At |ower_J]evels of 25 syndiofacticity and
i sotacticityl? the poﬂﬂ/ﬂ%ere‘?bé’dﬁ?eé‘ﬂ?fﬁ#erfﬁYﬁ‘P?PﬂFPB TES ’@PW%““‘"
highly isotactic, readily forms a crystailine 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 rrrr 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
amorphous, 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



armrp'h'ous, generally has no nelting point, is generally transparent and
fl'exi ble, and has good el astic properties. H Polynmer Bl ends The pol yners
of the invention maybe bl ended and/or coextruded with any 30 other polyner.

Non-limting eég%l es of other polyners include linear |ow densit

pol yet hyl enes¥ Q&8¢ vi a conventional Ziegler-Natta aﬁ&?’é’?mﬂﬁ@k@?ym

2006/ 009949 PCTI US2005/ 021652 82 ligand netal |l ocene catal ysis, elastoners,
pl ast omers, high pressure |ow density pdpyethylene, hi gh density

pol yet hyl enes, pol ypropyl enes and the like. 1. Appearance The filns produced
using the polyners of this invention have good 5 appearance properties. In

one enbodi nent, | ; : d haze and
gloss. In a pr ef%éh?‘ggﬁ%%%%%@ﬂ@i an%t&%rls’%%?&%&%ﬁwg@&%%gﬁ @?‘nla mis
produced t hat hapolyeti¥lenyl Wiglsdenitypolyethylsnes, polypedpatentsiapd thedike.nore, as
measured by ASTM D 2475. In a preferred enbodinent the 1 m!| film (1.0 ml

= 25m) has a hazk of Appestmdeess, preferably 70 or |ess as neasured by ASTM D
10 1003, condition A _J. Articles Polymers produced by the process of the

i nvention and bl ends Thedimeproduced usmézwﬂlmrmfdhi&twmoahwwd ety of

articles. Fors exgupl e hoeRl WiBicmlofinhSe i nmd flvs UER, 0LLAP OPerati ons

as film sheet, extrusi on and co-exfrusi on as as bl ow
mol di ng, i nj ect i aw/arbkdi gegd bazd andiaes.y Inrayirefeme enfbiodinent] ot mild@.0bkibwn  or cast

films formed by xtJyusi.on or l.am pat i,on eful as_shripgk film cling
film stretch fi‘f‘%ﬁmy iI%%m?“lcF%?thgsr?g%t%%fs f’f%ﬁ’}°’%ﬁ§é‘f{£"d%gl?éﬁ‘f’ﬁg, heavy
dmi bags, g{jomemwalsm%mAMﬁtﬁnﬂdhﬁdmmed@mdmﬁmW AEAR iﬂﬂ,ﬁ]ﬂf{dbﬁgﬂ  ood
packagi ng, industrja i pers ranes,..etc. .in food-cqnt non- f 0o
cont act appl i caﬁ#rl’gt.')}i‘—’i‘ BE@"%@‘E&?M’ “ﬁ@ybggrdﬁﬁ?ﬂﬁ‘fs“@gl?’ﬁ?ﬂ%mpi nni ng and
mel t bl own figoeripppaiaditions. for use in woven or non-woven formto make
filters, diaper fabrics, nedical garnents, geotextiles, etc. Extruded
articles includg, nedigzatles ubi ng, wire and cable coatings, pipe,

geonenbr anes, and pond |iners. Ml ded articles include single
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
20  include melt spiﬁning, 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, Jamination, 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 theplane of the film to the same or different extents. Orientation may be to the



and nmulti-layered constructions in the formof bottles, tanks, |arge hollow

articles, 25 rigid food containers and toys, etc. The filnms maybe formed by . .

any of the conventional techniques known in the art including extrusion,
co-extrusion, |am nation, blow ng and casting. The filmmay be obtai ned by
the flat fil wonooe/pdd ar process which may be fol | owed PEAVBIBEHERt i on in a
uni axial direction or in tw nutually perpendicular directions in 30 the

pl ane of the filmto the sane or differe extents. Orientation may be to

t he WO 2006/ 009949 PCTI US2005/ 021652 83 sane extent in both directions or
may be to different extents. Particularly preferred nethods to formthe

polynmers into fi 1.nGl. AN Ty | . own or cast
filmline. In aﬁ%ﬁ%g$t&gﬁ%g{§? ﬁ%ér?t {Jh%toﬁgm g?vﬁﬁé%fgﬁ%ngﬁlwgﬁ{aﬁgn is made into
a filmb5 by met hpoefarrddnoethnds to folre thepolyriesintb ifilms iagipde extsiane, t he pol yners of
the invention have an 121b1\‘/3al uﬁ a%lrgfrom about 2 to about 100 dg/ m n,

preferably from® 108 0f 3 10X R ST, ¢ C}&F’m n, and nore preferably from about

2 to about 30 dg/ mi nln ddthet Gnbodideeat) tephobyneASTTiM ivadntiodis halie 3o a fillm anot her

enbodi nment, the_pol r.of the invention is nade into a 10 nplded article by
met hods known i r‘?gﬂ%’q’gf’ fnowmngp Hn%?@hwpﬁqaawsn‘h? B‘hﬂﬁer%l e mvention
i nj ection-str et ghvedalIdivaBe ofdm aRdut2 b et 100 At prefdrdtly Roth ¥b&A 2 t0f t he

i nvention have a 12, of .from about_20 dg/m n to about 50 dg/m.n and
preferably fromeb®eaP de/min, gd FH°FFRI‘6f3‘§g’é my2hoptf taabput $0,deREt Hads enbodi ment |

the polynmer of tREsdraMSUITM Methodari23gNt o a pi pe 15 by nethods known in the
art. For pipe applications, the polyners of the invyention _have a 121 of

from about 2 to aboul®2Rethergmbimentiths pelvaerefitte inygHeis Jizde M4 % about 8.
dg/mn. In 3pot hRjded ARREIHYRRkhods ebwhi iR Gett, fob SxalnBlechy B10W nfdihSddges | SO

qualifications. In another enbodinent, the present invention 1s used to nake

pol yet hyl ene pi FecHaRFHrichanqiding; Reraupidrd appticaiins, thenabmsryef the inventien  han - 5,

20 preferably ohgleqSs dfitem abdit G0 ARhiNTRY Boir'50ughAPINA prasablytRm a@C (1 SO DI S
13477/ ASTM F1589 I n anot her enbodi nent, the polynmer has an extrusion rate

of greater than3gﬁﬁﬁﬁﬂt°fb°qt5§ﬁﬂm-/i nch of die circunference and preferably
greater than about 2f} another embodiment, the polymer of the invention is made into a pipe

15 by methods known in the art. For pipe applications, the polymers of the invention
have 2 Iz 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 ISQ
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 extrusion rate of greater than |
about 17 Ibs/hour/inch of die circumference and preferably greater than about 20
Ibs/hour/inch of die circumference 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, calcium stearate, zinc stearate, talc, BaSQq, diatomaceous earth, wax,



| bs/ hour/inch of die circunference and nore preferably greater than about 22
25 | bs/ hour/inch of die circunference. The objects produced (such as fil ns,
pi pes, etc) may further contain additives such as slip, antiblock,

antioxi dants, pignments, fillers, antifog, UV stabilizers, antistats,

pol ymer proce¥AM/HHE, neutralizers, lubricants, surfabEHH$NS026Fgnent s,
dyes and nucl eating agents. Preferred additives include silicon dioxide, 30
synthetic silica, titanium dioxide, polydi8fethylsiloxane, cal cium carbonate,
nmetal stearates, calciumstearate, zinc stearate, talc, BaSO4, diatonmaceous
earth, wax, WO 2006/ 009949 PCT/US2005/021652 84 carbon bl ack, flane

ret ardl ng addl ti Dl e gl ass
beads and the i \Iégl%onrkl?ieh\aé’c ?é\;égglhﬁa%%m léﬁ%@%@#ﬁg&ghg(}@dﬁoi;mef fective
anmount s wel | knommmglamﬂbeadstand tha bike. aﬁle@dﬁmesmvghpre%ltm ﬂitﬂypweallght % The
pol ymers of the | | n or X y 5 other
pol yner. Non-|i me I'Ng eg)%{;np'}?%gﬁ%o%% glggnaﬁq;#n%srosdbﬁg‘&f%w‘%?llﬁ% St ﬁ%w density
pol yet hyl enes pr oduced’hapeiymemvﬂhé in@mﬁbninag@é‘&lendﬁdhﬁcﬁormdn‘h@dehﬁﬂkﬂ@y | i gand
met al | ocene ¢ t‘al sis,, ela t] Blﬁﬁgs re {ow density

pol yet hyl ene, >hi § eﬂBﬂWﬂ?%&f r@ B?S%W We 1ike. 1X
Product Recover yd&;&l@@bmﬂeﬁa’s@ﬂidﬁdedkflh&bn%ﬁﬁﬂﬁﬂi&él@r—lﬂﬁﬁ@h@brwll't)i of the
reaction system _co tal entrajned. materi t hat sggoul d be separated from
the pol yner. |nch8 °F‘Fﬁ°§ ajp?ﬁ‘f‘sﬁ‘f‘é‘i"mﬁsoﬁﬁ%‘tm%@ RFEes 9% dep¥8ners and
undesirabl e hydr pggetaglend high@emtyfdifetiiledet) polypRE{eme aill theHR& . Al so i ncl uded
are any diluent and/or solvent nmaterials that are not reactive to form
desirabl e pol ynerx, anfrodne Recgvesi al |y 15 problematic with regard to renoval
and/ or recovery. A substantial portion (i.e., a majority) of the polyner
product is ‘separ at ed Ptﬁlwmanprbchcftbaﬂqmd:s;th&eaqwrmdﬂofthb;eaam(imgnproduct
effluent fromthe e t.qQr aol yner recoyery syste he pol yner
recovery system F era A mﬁat;m%g’r#g}?ﬁdﬁ’ﬁgs é‘m\t/egr{foé'f egéiy'ﬁéﬁ'éﬂfg%%;s

i ncl udi ng tenper ﬂiﬁs@pl}maepmﬂnwaremmtedaﬂoﬂohmmimid ammrahlei}g/ﬂmembﬂys and
purge systems o S e enbo er system

i ncor por at es thep’i?gjéa%?P m%ﬁa‘m%fp{"cﬁggsﬂ*sg’ﬂfh@&%‘“ﬁ?ﬁé‘%%g’%aB (fg irabl e
entrai ned mat er i mlatefinle that ixe npiabactied to form desirable polymer, and are espemally

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 systemn. The polymer recovery system is operated
by controlling a variety of parameters including temperature, pressure, vapor-

20 liquid separation systems, and purge systems or vessels.

(.' 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
hydrofluorocarben 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



product. The inert gas is a conposition that is substantially non-reactive
with the polyner product, and can be used in sufficient quantity as a
driving force to 25 separate the non-pol yner conponents fromthe polyner
product. Exanples of useful inert gases include air and nitrogen. In a
particular e P41 pol yner associated with entrai netFHERUPAFE  such as
unr eact ed nononer, hydrocarbon by-produc% and diluent such as

hydr of | uorocarbon is recovered froma pol§nerization reaction process and
sent to 30 a polyner recovery system Preferably, the polyner recovery
systemincludes a purge systemor vessel, nore preferably a purge bin, and

the pol ymer and MQ2A0AHESASAIBGEH KRN 1R2465 2y:h TesReigs ed ent rai ned

materials are sent to the purge _s%/)stem The inert gas k6 conposition is then
itRpUtbi n]Eo the pl?ﬂg?é‘mg%;gﬁnt“@“b‘ﬂ g'éﬂlﬁ‘fgeéﬁt%“tm‘ﬁr@itqz&éﬂ‘éﬁﬂm FatErinedy erital 51
ereby form ng 196, S in i, SRRHE ol Fg}gege system
Entrai ned, non-po tgllrirgég pro Ec. r%\g?‘éfg?zsil%at IS segar at e‘% a recovered as
a purge stream fsystemt he pol ynmer product is preferably further separated into
conmponent fractions Al | AIE &gﬁ ' stream
st or ed, rec?’gl ed or%’r\?g%flgdd%%dmeﬁgksd%thgm asﬂ%gspr p?f}%@%%o?&f&s)&preferred
t hat dil uent anc punge steah dumtrmipmer podwt paretrably fnther separatedigitot 0 t he
reactor. These Stre'aﬂre%t%&%oﬂsoorgelu?a?iﬂ?‘éﬁ&eeagns%ﬁﬁlez{cﬁ(ﬁ% h%rheod as ispﬁéd\,/i dual
streans or as a CoHDI Ned Stream’ | 9 SRS AR GRS TR QL HTER SIES recovery
system it is prefyeledecivenketfrobithe systemtas gpsomia®o ltieprefoapdithat diident pnef er abl y as

an individual strea and recovered.faor reu n_the ol r_recovery
System and/ or | RS DR e febmpied it spriind o theescls, eRms et o 7 15 | n
orfe enbodi mauet , bekepaedidd ané mécotetarms individual syremns araik b oombinalstream.i Kid | ashed i n
a first flash to vaporize,from about 50%.to apout, 1Q0% of th Lquid medi um
to produce con&%eﬁ?é)aﬁfseuaedplgl r?gcrovgﬁxs?f%ft 1%8}%95%15%({@%183} Ffﬁ&ﬁﬂ {be Fl ashi ng can
be acconpl i shedepayateds phteferatdy rae fdividnalostredry, dnd adcoveged By efiimthey, the vapor
obtained in the first flash is cgndeﬂlrs?gd t.m)re.qyl)_‘raa«g}]ge?ra | y .t he vapor is
condensed wi t hoBPYSH FEMSTLRE PG ANy 1 R G PP Bhsed by heat
exchange. Prefeggdny., the first flash is operated at from about 140 psia to
about 315 pslisa.

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 flash is operated at from about 140 psia to about 315 psia.

( In another embodiment, polymer solids are discharged from 2 first flash to
a second flash through a seal chamber. The seal chamber preferably is of
sufficient dimension such as to maintain 2 volume of polymer solids/slury 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



I n anot her enbodi nent, polyner solids are discharged froma first flash to
a second flash through a seal chanber. The seal chanber preferably is of
sufficient dinmension such as to nmaintain a volune of polynmer solids/slurry
in the 25 seal chanber sufficient to maintain a pressure seal. |n another
enbodi ment, cWAcGeHtRWELd pol yner effluent and vapori zed PaTEpdd 0632
continuously separated. In a preferred aspect, the concentrated pol yner
effluent slurry is flashed in a second fl &h to vaporize liquid. In one
enbodi mrent of the invention, the polynerization effluent fromthe 30

pol ynmeri zation reactor is heated and then sent to a flash operation..

Preferably, the, pal rizati ef tt uent ..i s heat ed.t t enper.ature bel ow

t he fusion WO 206‘%’7&7%33%%&#@&?0%?6%%@?9 Sutpgh%ce{?%e&’ Pzﬁt‘rﬁ)’é pol ymer.

The quantity-of bffbntdsirpferabil dt teadt bquap @l tiarqudntatdf beat whichletjeddd the beapr ef er abl y
at | east equal to_that uan#}%tmjﬁé h?elat v@iﬁh %glﬁ?%s the heat of

vapori zati on of PHEPPERHORoHbg RRTER whichagto hedhed. The pol ymer solids
can be separated by armbe pbyiepslidets Heiysidal by R BspréFiatehyEitdl metRes '

non-limting exanple is to_ separate_the polyner solids fromthe, diluent
using a cent r?f ufElapBaralimiting pragpls i o separdle the pelymer splids from dhy dlagbon i s

used to renpve t{gng 4 tenbimesippRts) from the pol ymer streans, hydrocarbon
streanms and/or the waste streans. Wien using fluorocarbons in a process
(such as a. pol ymer i zjasatharpnipdimenisjetvated earhonds yspd topgmpedthent t he escape of

the fluorocar bonﬁu&r@c&ﬁlﬁ(&?%ﬂﬁtﬂé}%}%ﬂ strdands Shy@los QostP&ebths bty euele t he

passage of fluorocarbons fo the flare or other conbustion process.
Speci fical |y, i nstsems Bhspusipgfrosocarbens iy 4 pragess 4fuploes 4 pplymasigationy r enpve t he

fl{(uor ocar bongg f r pigkés)ARsR ukfatlth freidht i Ok £R 5 8lens di ment
téé acti vat egocar bons)f/]\oulud bé itaJllgedt as tﬁ%%f%cr abggg?gg?\sﬁg%t g??s'gilm?n a

Pressure Swing ABdussrusefil epoarntthenessegs of lupoparbens te bs flaergsplps at | east two
separate adsor pt L piyciniBstss, @pecifAly T s@REtoffnen@i SackiMReAGHIONSs ed UM,

adsorbing material fromthe flow streamwhile the other operates off-Iine
(at reduced pr estousmyve the fipgsocarheptlsem agason liqwd grocespteant he  adsor pti on

CopEL L) oA P Al Bk e g | 20
conti nuo u s 15 absorbent ma%eri in a Pressure Swing A%;é)rgt?cfns(PgAﬂ\)/rlocees!s. aﬂ PgA eetiveny
process employs at least two separate adsorption columns. One column operates
as the active column, adsorbing material from the flow siream 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 altemﬁting cycles of this process provide an effectively continnous
_ 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, a
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 fiuorocarbon.



flow path through the system and a continuous renoval of certain conponents
C. fromthe flow stream (i.e. those conponents that are strongly adsorbed by
the activated carbon, such as fluorocarbons). In another preferred

enbodi ment, when using the activated carbon for renoval of fluorocarbons
froma proceswo3ioseesny a 25 PSA system of a given size gegshwRigted at a
reduced cycle frequency for inproved reliability and reduced nmechani cal
wear on the switching valve conponents ag conpared to a process-stream of
hydr ocarbons wi thout fluorocarbons. In another preferred enbodi nent, a PSA
system coul d be designed wth smaller sized colums for reduced cost when
using the activated carbon for 30 renoval of fluorocarbons froma process
stream as conpar ed t dnan pitesnative crsbodirpent, thefactivatkdsethr srsed distalsalaty

fl uorocarbon. WQ, 2006/ 949 PCT/1JS2005/ 021652 7 I an alternative

enbodi nent, the gﬁ%&g&gim%ngg%agnofggnﬂggase%aga ng%ls?eé‘f'y e"’ﬁ?ﬁﬁf%‘ﬁﬁ" downst ream
of a primar yflsepgfamﬁﬁm@ysﬁaaﬁ};aplﬁhea@ﬂmm&gafmht&iissEagmaylsly;}a_ @dhevoul d be to
capture any uorpcarbon materjal that ma ass the, i mary . separation
system In this KHREY SEPREUGRPEET, JB Wﬁv%ﬁéépab?gﬁsﬂ?@v&j@gwggéﬁ“@mgar bon
woul d be si ni4 ariRntild shaskild kefatieRyiBedMbble VA PSAl NPheSizé farid@b#l) gFost ) of
the guard bed could be reduced significantly. X Exanples Exanple 1 10 A

first cylinder ofhe gl beigropldbe redugedsignifisatlyy af | uor opr opane) was obt ai ned
and the HFC was treated by passing through a progression of 3A nol ecular

si eve, 13X nol ecul ar sieve, Selexsorb CD and Oxycl ear. Conpound analysis of
the HFC was perfornegydahigy a 1HP6890 GO/ MSD with two- di mensional approach.
The GC colums uUSed a vartan LowOx (pre-separates 15 oxygenates from
florocarbons) st ek RTX-200. Cryogenic conditions were not
necessary. The instrunment paraneters for the analysis were as foll ows:

Col um: Varign LowOx X firsQfinds BBRBPCLEfa (ER1.818, 3HEXaRRR pfcpRAE) was 32nm I D, |
Fun df)) 20 Injector: 250 Split 40:1, He carrier, Total flow at 26.2
nil/mnute, 4.0 qbidined and the HFC was treated by passing through a progression of 3A

molecular sieve, 13X molecular sieve, Setexsorb CD and Oxyclear. Compound

analysis of the HFC was pmfonnéd using 2 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
ID, 1pm df)) _

20 Imjector: 250°C, Split 40:1, He carrier, Total flow at 26.2 ml/minute, 4.0 psi

(
N head pressure at 35°C, 0.5pL sample injection '
MSD: SCAN Mode, Source Temp. 230°C, Quad Temp. 150°C
Oven: Initial temperaturé 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



head pressure at 35C, 0.5l, sanple injection MSD: SCAN Mdde, Source Tenp.
230C, Quad Tenp. 150C Oven: Initial tenperature of 35C held for 5 m nutes;
tenperature increased at 5C/mn from 35C to 130C. Tenperature increased 25
at 200/ mn to 200C and held for 6 m nutes. Tenperature increased at 10C/ mn
to 250C and hel dWPEpIsHIRHNhut es. Conpounds detected in the FRET/UYBDs/EYEE em
were not individually calibrated so the quantities were reported as part per
mllion area (ppma). For exanple, if a singke conpound had a neasured peak
area of 0.01% of the total GC WD 20061009949 PCT/ US20051021652 88 peak area
for the entire conposition tested, it was reported as having a
concentration of 100 ppnma The results are shown in Table |. Table 1 GO MsD

Anal ysi's of HFC- 236kek argawrtemipeomEpositen festeddimasseportphipdyving a

Pent af | uor o- 2- Chl or Q- Rzﬁf’”t af | uor o- 1- Propene 31

Hexaf | uor o-'2- pr opaﬁg?%ﬁgﬁﬁ%%f}@e af | uor o- Chl or o- pr opane 10

Chl or o-t et r af | uor o- Pr op@heresilis atgghowmin BbleGhl oro-tri f | uor o- propene i soner 12
Hexaf | uor opr opane 999910 5 Exanple 2 A second cylinder of HFC- 236fa

(1,1, 1, 3, 3, 3- hexaf | uor opr opane) ' 2 was treated as in
Exanple 1. The results are shom%y@ersll G@Wy@gl%qﬁ‘gﬁﬁeﬁgﬁml MSD Anal ysi s of
HFC- 236fa COVPOUND Prior to Jreatnent After Treafnent

Prior to Treatment

COMPOUND
(ppma)
Pentafiuvora-2-Chloro-Propene 10
Pentafiuoro-1-Propene 31
[ Hexafluoro-2-propanethiol 12
( Hexafluoro-Chioro-propane 10
’ Chloro-tetrafluoro-Propene 10
Unknown 3
Chloro-trifluoro-propene isomer 12
-1,1,1,3,3,3-Hexaflucropropane 999910
5
Example 2
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 resulis are shown in
Table 2.
10 Table 2 GC/MSD Analysis of HFC-236fa
- Prior to Treatment After Treatment
; OMPOUND
C : ¢ N (ppma) (ppma)
Trichiorofluoromethane 80 48
C4 Olefin 5 8
1,1-Dichioro-2,2-Difiucroethene 10 17
2-Methyl-1-Pentane 9 -
3-Methyl-1-Pentane 3 -
Pentafluore-2-Chloro-Propene + Hexane 176 53
Pentafluoro-1-Propene 63 38
Tetrafluoroethane - 34

1,1,1.3,3,3- Hexafluoropropane - 599654 9295802




(ppma) (pprma) Trichlorofluoronmethane 80 48 C4 Aefin 5 8
|,1-Dichloro-2,2-D fluoroethene 10 17 2-Methyl-I-Pentane 9 -
3-Methyl -1 -Pentane 3 - Pentafl uoro-2-Chl oro- Propene + Hexane 176 53
Pent af | uor o- 1- Propene 63 38 Tetrafluoroethane - 34 1,1,1.3,3, 3-
Hexaf | uor opr gpane 999654 999802 WD 2006/ 009949 PCT/ US2005/ 021652 89
Exanpl e 3 Et MNP BHE%HE pol yneri zed using the treated REREVBHPWORIOHMN t he
first cylinder of Exanple 1 as a diluent. Chrom um oxi de was used as the
pol yneri zation catal yst, with dibutyl ma§hesium (DIM being used as a 5
scavenger. No conononer was used. Polynerization was carried out at a
reaction tenperature of 1033C for 49 mnutes. The reactor was purged with
nitrogen and 0.%%15?18933 of DBM were added, followed by 750 cc of the

or te

diluent. The reat nperature was raised to 103.3C, and ethyl ene gas was

t hen added to raise 5 leﬁé’?’ne@ﬁeﬁéﬂﬁgtgﬁe%ﬁ%ﬁﬁﬁﬁﬁ%kﬁﬁﬁg psi g. The

catal yst was then fl Usne erea I'tional
di luent to initicplimdet bfExampletiiaoa dilientreChrahininoxidelwasusedgs that al yst  addi ti on,

the reactor pressure was raised .}o,.4 Si g. W t.hyl ene, During the
reaction, the s?gﬁgﬁ‘?@%ﬁa&ﬁ}r"@&\ﬁé@ RS %bféﬁ%aﬁﬁ nmeans of an
external cooki Nngcavai®r. N6 tnidRbmeneds @Bad. PRl eutiBh FastirfedWabath> mai nt ai ned at
470 psig by nmeans of an ethyl ene make-up system (As the ethylene was

consumed by r eafserien tempertme9h 4931t An48manHes added to the system

automatically to hol ¢hd REtdrems bREedWilPSittb Snahd 4.3 Qs @f DB whige end of the
reaction tine, the reactor was vented to term nate the reaction. The

reactor was theaddegpfoHeted by 780 poef hrofilpesty The tracienterpsratiere iag raissd tanal ysi s.
Thﬁ" resul ts arejgdigyagPditiyiad ghsval 32h @dddd to raise the system pressure to

10  approximately 415 psig. The catalyst was then flushed into the reactor with 250

ml of additional diluent 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 consumed 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 summarized in Table 3.
( Example 4

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 i Table 3.

Table 3

Catalyst Added Run Time Polymer Product Productivity
(mg) (min.) (9) {g/glhr)

1 160 49.3 148 1127
2 156 60.0 60.1 385

Diluent Cylinder




Exanpl e .4 Et hyl ene was pol yneri zed using the treated | WC-236fa fromthe
second cylinder of Exanple 2 as a diluent. The pol ynerization was carried
out as in Exanple 3, except that the reaction tine was for 60 m'nutes The
results are 25 _summarized in Table 3. Table 3 Diluent Cylinder Cataly

Added Run Ti meMOAY0ME*Pr oduct Productivity (ng) (nmin. '(‘{})(US@‘{,?FWIW?) 1 160
49.3 148 1127 2 156 60.0 60.1 385 WO 2006/ 009949 PCT/ U82005/ 021652 90 In
the two reaction experiments of this exanpf@, all variables were held
constant with the exception of the source of the diluent and the total tinme
of the reaction. The slight change in the total reaction tinme would not
result in the 5 significant production rate difference between the two runs,
since the only other variable changed between the two experinments was the
source of the diluent Metﬁd‘xeaca&smemﬂmhofmpmmainphsalldaﬁahlsvaqmcbnt t hat

the chlorine conpound ities.in..the se nd C e primry
cause of the | owef5H4 %t'] CRSSPligEof i sayree 0 aﬁluéyw‘ﬂﬁ ﬁé’“ le 5.A

cyl i nder of HFC- 24phatidnl , The Klight ﬁfeh@tﬂ&%ﬁ@ﬂ@ﬂ@mﬂ@ﬁot@&ﬁl@iﬂl&d and the
HFC was treated as in Exanple 1. The recﬁ%Its are shown in Table4 Tabl e 4

COMPOUND Pri or3t oSIngﬁmmd“WPFéﬁ‘e drfiersy ﬁ‘ﬁ"ee‘{‘ﬁﬁhﬁbm’espﬁmthw y other
Trichloro-trifl UO{;aelaame;eggeaZéw&%%e%% %%me%a@ce%?ﬂ%mmtm

Chl orot etraf | uor o- propene Chl orotrifluoro-propene 2
1, 1, 1, 3, 3, 3- Hexaf tha@ssegiaisg imprities I appermbibe-thesthiozing mﬁwnﬁﬁ iipanides in

the second cylinder were the primary cause of the lower productivity (385 versus

[ 1127 g/g/hn).

(“ - 10 Exampie5

A cylinder of HFC-245f2 (1,1,1,3,3-pentaflucropropane) was obtained and
the HFC was treated as in Example 1. The results are shown in Table 4.
Table 4
Prior to Treatment After Treatment
COMPOUND
{ppma) (ppma)
Trichloro-trifiuoro-ethane ‘ 275 258
Tetrafluoropropene 32 27
Chlorotetrafiuore-propene g 8
Chilorotrifiuoro-propene 2 2
1,1.1,3,3,3-Hexafluoropropane + 36 56
Chloro-tetrafluoro-propene

- ( Unknown 5 3

1,1,1,3,3-penteflucropropane 089641 099646

15 Example 6

Ethylene was polymerized using the treated HFC-245fa of Example S 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.



Unknown 5 3 ~._ 1,1,7,3, 3-pentafl uoropropane 999641 999646 15 Exanple 6

Et hyl ene was pol yneri zed using the treated HFC 245fa of Exanple 5 as a
conponent of the diluent. Chrom um oxi de was used as the pol ynerization
catal yst, with dibutyl nagnesium (DBM being used as a scavenger. No
comononer w¥9 QWa9%4Po| yreri zati on was carried out at BEWERSPHESZ enperat ure
20 of 107.8C for 60 mnutes. The reactor_was purged with nitrogen and 0.1
nmol es of DBM were added, followed by 250 cc of HFC 245fa. 500 cc of

| sobut ane were then added. WO 2006/ 009949 PCT/ US2005/ 021652 91 The reactor
tenperature was raised to 107.8C, and ethylene gas was added to raise the

SyStem pr essur gl & AP EAREA K AID 0N nc THE oAbl 45l Aikefip) Was  then

flushed with 2 I onal 1so ane to 1 reacti on.
| mredi at el y f ordissihegysteinepresatra koyspproavicitedy 443, psigh®he eatadyso(S3pngyesr e was rai sed

to 470 5 psig.w het%. rj the, reactiqn he stem tenperature
was mai nt ai ned'hfif‘hfw.d ngg?@'r%%wésﬁbgﬂeg?@mc%%ﬁ% Dvat er control
system and t hanpedisislyricllowisg theBatilya adiddtbnathe 4dflofFésgurd wabiged taof70an et hyl ene
make-up system ,(As_the ff ethyl ene was consuned by reaction; additional

et hyl ene was aﬂﬂ%ﬂ_lq](? “system 10 automatically to hold the reactor
pressure at 470 pS'Euﬁﬁh&ieﬂﬁoﬁ,ﬂﬁe%%teﬁxh&nﬁe%ﬁ&%dﬁiﬁdaim.sﬁ@ﬁﬁtOr was

vented to term nate the reaction. The reactor was then opened, and the
pol ymer pr oduckedi|of ag extemel spolipgavajes pentrolsyatem cand theoressre Was mar i zed in Tabl e

5. Exanple 7 lp.fxat@lesfd iy rehrdirad m@ﬁ@ﬁ&é@%&&%&@f catalyst was
used. The results are sunmarized in Table 5. Table 5 Exanple Catal yst Added
Run Ti me Pol ynehyl@eowmsconomsd by reagtionaddivgyal cthylans wisgldgdgo dhersysters 53 60 30..9
583 7 146440 Mo‘huﬁicﬁ@]‘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 resu]fg are

summearized in Table 5.

Example 7
i5 Example 6 was repeated, except that 146 mg of catalyst was used. The

results are summarized in Table 5.

Table 5
Catalyst Added Run Time Polymer Product Productivity -
]
Example (mg) (min.) (a) {o/g/hr)
0 6 53 60 30.9 583
. 7 148 60 124.2 861

As shown in Table 5, the productivity increased when the total amount of
20 chromium oxide was increased from 53 mgto 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



As shown in Table 5, the productivity increased when the total anmount of 20
chrom um oxi de was increased from53 ng to 146 ng. 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 anounts of
catal yst woul WOPBWURMWAct ed to produce proportional |y ndiCa/ysN0epBEes2 but at
the sane value of productivity. The fact that the productivity was not
constant in these tests 25 indicates that% he reaction was affected by
chlorine conpound inpurities in the system Since all feeds to the system
(mononers and diluent) were the same in each experinent, and since the only

contai ni hg. compoiAe ongoinfich BEFNE ildn (ORIl M B AORL e

reacti on was af¥@ciffstddpytieergenesefvhivriné catdining ingpudtestimtha HFG. i npurities in

the HFC. The results,al so.indi.cat the effect .of the.chlorine
containing inpuriti esmqfeﬁuﬁﬁgfﬂ’ (ﬁ%aﬁeit%@ie fifgectcpg‘ggtcﬁ?g{i%cog&% ai n amount of
the catal yst in jgafbitieDneN kbl was to dbfttvach belaindiifdufitiof e cadlyitliyedeh t hat was
deactivated can be estimated fromthe results in Table 2. If it js assuned
that the quarﬁtitayipéﬁ’mF#pJ'P??%‘?mW’Bb‘lfﬁﬁfé‘yg&%a'ai#aﬁﬁ@teg@@rﬁs%gwt he same in

each case (as'ex%&ﬁ&ﬁé}esﬁug!ihTabﬂqnm@ﬁlasshﬁe@tha&h@mﬁtyori&ﬁmﬂfy)unt of catalyst
deactivated by the e I

impurities can b cal cul ated as equal to 22.4 ng. If
this anount of cwmmopnds agdeddo the systensvsfithesamedn each casg (Feanected@ithct ual anpunt s
of catalyst usedi il furdamd tfe &l dfoRlRACLLYS) e i diftee been ¢ he
same in both caggéé'ﬂ,%clow a/ /r)fr. These_rcesgié}ts furthe)ﬁ Tn icgt&e that the
chryoni um oxi de calcalajesas gguabto2d. Aame. Ibthisemonnteof setalye wgesrto besubirpgiedc hl or i ne

cgnt ai ni ng i {ppurddd, ARy Eoshd@lTaniae %%sﬁllﬁéé he used to
reduce the h@h con?%n%ﬂa%%?%&%risne cc?nt aftnhl ng 1 %r;?g"?cgc rbon in the
HFC. The addi i ovaild bamedegsthe jame scbnth ¢ases, HO9p/glhtem beyond that required to
scavenge the inpuriti s : Y it al ¥, | ' catal yst.
The scavengi ng of i rrplglré?et I es %&?@%ﬁﬁgﬁ gm_oom _Qoglat al ygtg%aér?%tﬂake pl ace
in the same vessfiective scavghges fon dieickletine contaningimputiescand demonsiratd thetich t hat t he
first vessel woyld | | LOL ' .and the
second 20 vesseltﬂj%lcéaq%53 (t:g#ven éldot%E@aﬁg?%ﬁéi%ﬁ%ﬁ&ﬂggéﬁg?g&%%& anple 8
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, altenatively, 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 AlBt; solution in hexanes,
CFCl; solution in hexane, comonomer (1-butene or 1-hexene) and 850 mL of
isobutane were added. Stirring 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



To denpnstrate the effect of chlorine containing hydrocarbon on polymer 7~

productivity, trichlorofluoronmethane (CFC 11), which was considered a . .
contam nant in Exanple 2, was added to an ethyl ene polynerization systemin -
25 isobutane, using the isobutane as a diluent. Ethylene copolynerization

was carri edoQudsiogda®m 2 L Zi pperclave reactor. The reggh@fseeués: st purged
under a nitrogen flow for 2 hrs at 120-140C. Then, 1.0 MAIEt3 solution in

hexanes, CFC13 solution in hexane, congppomer (1-butene or 1-bexene) and 850
mL of isobutane were added. Stirring was initiated. The reactor was heated
to 85C and 30 hydrogen was added. Finally, the reactor was pressurized with
ethylene to a total pressure of 300-350 psig and catal yst was charged to

t he react or byrendiing 50 ndf oftitobutdde. ZDOHEROAzaRGY IHdS200T tDPERER O3

remai ning 150 m, of 1sobutane. rin ol yneri.zation,. the ctor
tenperature w48 ‘608'??# Aj @P&O“H#éﬂ}g&%aﬁ%ﬁd} °1.‘tﬁ‘§“["]lr-‘%°g‘&‘ #ﬁyiﬁa t he
external | ackedyas fell By Haf@d tovasinfabth©desite@AlprtRuBiTH flyindrastiodesi red total

pressure. The polynerization was termnated after 45 m_n_by_stopping
heati ng and veWFﬁ'é’@'ll’ﬁ%dWﬁmnéﬁ’.“@ﬂ@ggeﬁﬂéﬂdﬂ?ﬂt&géh%%ﬁ Z8Y in Table 6.

Cat al yst A gisedaii abd 8251282484 THBI06.S Was a bul ky ligand netal |l ocene-type
catalyst. More specifically, Catalyst Ais a dinethylsilylbis

(t et rahydr oi ndeny| )Catalyst 4 @padinthesecsrpeiments wasia dajky fipgnd getatlogmeiyngy ai | abl e
from Al bermarl e ' : [1Sik :
(Me2Si (1 ahi d)22r ,E %?%%%ﬁf?&%&fgp‘g%%p%lﬁﬁ%&l%%eﬁﬁdﬂ“%mﬂ a 30 wei ght
Eer cent Lmeft hyl@cmmge# Mlmdh@bwmmwwfc om Al b](ca.malr ljeiESBz;'(t)on
ouge, Loui si ay cMg osfie -
rade silica g[g%é%frhtgotnég %?R%%%Jo avi ngﬁ%%p%olgl 'rra@zg%l%l.a I ght percent
) Eer !.ossl(btn dogmb@dmas@m@iy@iwdthmo_@ﬁghﬂ;?fcngtng&y@ wﬁhwm&ﬂ&ﬁéﬂl gy ont od
et erm ni ng the, weight . i as been heate
and held a tegﬁlél%%t%a%?ﬁi %?%S%Q&géougg%ﬁﬁ {SJng) 1%%[&%@ e Croslield
ES- 70 grade sidatabyat wasugpored/ar Gopehigdd ES{70 |gmds silier dohydéfed ati600%Ns, and i s
avai lable from Crosfield Lingted., Warringto Engl and. tal B used in
these experi g&%?é""ém%‘t%wy‘f‘f‘b‘%ﬁ CRR Hgﬁgﬁg?ﬁ“@ﬁ’ga“ 'm‘@bl made as
foll ows. | nt o ting geekdllymeasirddbyl detethBiing thawéight losasf théatpped niaterisl
15  which has been heated and 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, 2nd is available from Crosfield Limited, Warrington, England.
Catalyst B used in these experiments was a bulky ligand metallocene-type
catalyst made as follows. Into a 2 gallon (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) zirconium dichloride as a 10%
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, Tenmessee) was

dissolved in 100 cc of toluene and was added and stirred for 15 minutes. Drying



20 with 2.0 liters of toluene then, 1060 g of 30 wt % net hyl al unoxane
solution in toluene (available from Al bermarl e, Baton Rouge, Louisiana),
followed by 23.1 g of his (1, 3-nethyl-n-butyl cycl opentadienyl) zirconium
di chl ori de aswﬁ}zén%%’wﬁ?' ution in toluene. The m xture was_stirred for 60
mnutes at roomtenperature after which 850 g of silicd THSYBIH48
dehydrated at 600C avail ablefrom WR. 25 G ace, Davison Chem cal Division,
Bal ti nore, Maryl and) was added to the qu%d with slow agitation. Stirring
speed was increased for approximately 10 mnutes to insure dispersion of
the silica into the liquid and then appropriate anount of toluene was added
to make up a sl st ol | { $hn23 ; e f cc/ g of
silica. Mxing mugésytggélﬁﬁrﬁgggr%?u?ghdmﬁnut esd%gf%ﬁh{__o ?I{)%Fafter@mhwﬁlg% 6 g of 30
Kenami ne AS- 990 thepelymgbtaionpadyst @mppsing thespriensilipm ippearfbioiedisee) was

di ssol ved in 1004GG: Of: g;}%; :Jﬁﬂ% L St r{]ﬁ?? 1% m nutes.
Dryi ng WO 2006/ Oﬁﬁﬂg’ 1&%%‘%@%6 ?@% %&gg&t"ﬁénﬂ i(r%%e(la. y vacuum and
sonme nitrogen puppeoxanati yiskd of T Kgef @y palyewrization capadysy wes ohtsnddalne pat al yst
conprising the carrier, .sili.ca appeared to be free flowing, it was cool ed
down and dis arsﬁg'tf]f’ﬁgueamﬂmqgmen purged vessel. An approximate yield of
drying. Catlyst C userbrn those abariaa s s o hrane r onmetal catal yst
ryi ng. ys used.in these [ 1 a nsi ti on al catalys
prepared from aHWB?f???@“B?W&Ei?&B&%I%EQ?%%?@? yﬁ'@tﬁ% furan (T
BF). The cat al yite coRBystwRRepofiel dibilivh tiat®ad deBydrinedat ¢e0mrd rpddgle@t 600C. A

detail ed description of_the preparation procedure be found in U S.
Pafent No. 10 4 dpiqsiphas of g preparg H@F@“quaﬂgﬁg’ﬁ%‘;%lgg e0t Ne.or ence. The

DA THE 1ol & ey o e, Lopetr boi O o and DEAC.
a mle ratip of 0. er is tri-n-hex um num an

is diethyl al U@W@lelﬂg?mm&maﬁﬁpz7 %’t"a@‘% @e i n Hexane
Type Amount Progpes éf0.40kwHeM TNILAL &/thinhex atur@mim Herwmec 2 aidtA5

aluminum chloride.
Table 6
Comonomer .
Catalyst CFCI; in Hexane Type Amount Pr?;’;?;glty
- (ml)

A 0 1-Hexene 20 1165

A 15 pmol3.0mL  1-Hexene 20 1317

A 83 ymoll0.5mL  1-Hexene 20 524

A 500 pmolf3.0 mL  1-Hexene 20 181
P B ¢ 1-Hexene 60 1309
( ) B 500 pmol/3.0 ML 1-Hexene 60 871

c 0 1-Butene 60 539

C 500 ymol3.0mL  1-Bulens 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 runs were conducted in a simple, lab-
20  scale column 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



A 15pnol 3. OnL 1- Hexene 20 1317 A 83 pnol/0.5 nL 1-Hexene 20 524 A 500
pnol /3.0 nL 1-Hexene 20 181 B 0 1-Hexene 60 1309 8 500pnol!| 3.0 nL 1-Hexene
60 871 C 0 1-Butene 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 that found in
HFC- 236f a of WQAMIOE reduces catal yst activity by 33- 84UIIS200§31652 onal
Exanpl es A series of absorption experinental runs were conducted in a
sinmple, lab- 20 scale colum to determ n@5the absorption capacity of two
different types of activated carbon obtained froma vendor. The absorption
capacities were neasured with both types of activated carbon using three

different types 200 P 05/ 9 | uor ocar bon
(HFC- 134a, HFC- i%’é%"ﬁo @ﬁﬂgﬂﬁﬂ’%ﬁ%ﬁﬁ%g‘r Qﬁé%g@eﬁ %’1‘5 f‘ltﬂﬁggnts are
shown in Tabl es gkp@fiflentd are sHAGMAOTMRT I IL.COl UMM was a' % inch (1.27cnm) OD
stai nl ess steel tubln Wi th valves fitted on either side. The 1/2 inch

(1.27cm stainless stlBgp SP%P%@“%“@*@”W@?M@?WEFS@?@ wbigg) with an
nternal di anet gl A ddilledstd: ndD incil (02760) MAIUAScPES g%wth one of

two types of activated carbon o rom Cal gon rbon oration
first sanpl e5\Na§'1ﬁ&mh¢8li@w(ﬁ§llmbWﬁbmmemalsdlam@mQjB#w\mphﬁ&%umrar bon, Type

érﬂs 6ZXG. Ih?hzejﬁggggﬁge’%gég{]‘ed CArbon vvatg‘%g Of%gﬁ%%@&?&r m (E)a?n%gﬂio;yngfl (c:);l/lcl y
shaped pel | et s, Galgohdattion C@t@rﬁbmsmmmple wasddserited by thbcremdonﬁs flakes. Both
fit inside the SEeBPRAROARA i ToR APReh 2 mRoeB bt footrhel o ™ o e ot
t h(e( parti ﬁl es omddrai&de@arbmn a‘pjmf@YCMdKﬁ”Zﬁleume qnma;ﬁrw:bgg?ﬁhmjn&sog} gE[ Egl :
oo i SR G el B el e DR E S BB B BRS  b he
val ve form of flakes. Both of these carbons were crushed with a mortar and pestle to 2
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-134a was an automotive 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
N 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 arranged in parallel to provide a flow range of 100
25  ml/min of air at atmospheric pressure. (The actual flow range of the rotameter
depends 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 cm) 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 column. The



areas. The HFC 245fa was obtained from Honeywel |, as marketed under their
trdade name Enovate 3000. The HFC-236fa was obtai ned from DuPont, narketed

as SUVA 236fa. The HFC-134a was an autonotive grade material, marketed as
R-134a. These mnaterials were used as received without purification. 20 The
f1 uorocar bon wa¥® {1%BRY to vaporize or boil fromits hol BEHYS2008316583 ner
through a line that led to the bottom of the absorption colum. Between the
col um and the HFC source were two rotanet®s (flow i ndicating devices).
Each rotaneter had a flow range of 50 mM/mn of air at 21.1 C at atnospheric
pressure. The rotaneters were arranged in parallel to provide a flow range

of 100 25 m/mn ,%ltr@" ﬂﬁﬁ ' E'SHEE l,.: mbﬁ]@nge of

t he rotaneter deggen S %Iﬁg?cﬂée' g&%ﬁ%g&g}‘gs. o?toéﬂggusng%?]g%r%m . the
actual flow rate heoi. Peior wirhech medhd weight pfithe empliycalved (Fitloglassatoe] arsli ng et hods
that are well kno ln the. art. ) On.the exit si f the absorptipon col um,
a'' %inch (0.64 %ﬁs Wﬁsewﬂé@edaﬁ%eg?m%{;” etwglgggc I°°18]f“m§fa§iwﬁf s steel
tubi ng that was ceuirdfeethentddiiérofactbatd eirbaf) The colitifmwagthed Béhnedtéd doed coi | of
stainless steel tybing acted.as a,  condenser to |iquef an etect)

f1 uor ocar bon g'éls @‘Slﬁeﬁdﬁ?’ﬂ Fr 0 ﬁ%?ﬁai%ﬁasécﬂaﬂﬁ‘%?ﬁ%ﬁ@‘_ﬁﬁugbgw 009949

PCT/ 52005/ 02165 2ad58pti6k0 ¥k, EPHE R aRfof HiiRodaridd RS St aGRithditiet 26qp8@d to the
at nrosphere within a fume hood. Prior to each run, the weight of the enpty

col umm (with gl as@l/poen spehrotapptere injtially theggvasmedlugregarbancsn thehe tare

vei ght. The col ungyiadiciigiifehe MERIcRLE] Wabeld@damsbaby 8 Lfivaadldatas ed
carbon. The column was_then _connected to he feed and exit |ines, and

51
f1ugrocarbon (as # tepesjumi Flpw §aesh thecolwgm was contipaetunbl some lavidheaen ¥he 1 ow
ratle of fluorggar. fi” 94391 B8 ot (W boh B2 1l il AP u0F daffofl yABnEAC

rotaneter. Initially there was no fluorocarbon condensed in the coil,
i ndi cating that tleeser beipe adsafosdby the solyan.myd tedisrtingpdesypticneapasity bat ed car bon

/ in the col um. 0 | ' l'iquid
began 1o 10 ~api TRty tHp b ARdtERo B AP it B, | LS
f 1 uorocar bon was migute/toersure dowplety satetieb aad By fowavas Blem aappedn dhe Madvesi mi t i ng
adsorption capacify.:hadidcdeaR aﬁﬁﬁﬁﬁgg?luﬂﬂ%eﬁé c?c%@&nd{tﬁéﬁ%@&%ﬂ? Jed as

all owed to continue one nore m nui 0 ensure conplete saturation and t he
fl ow was t henlst omgdaedigh®hcThedheresse inoreight oftbe absprptioméoltnmewadighomps then col um

were closed and t»beﬁ@at%?ﬁu&géam aﬁs%ﬂ}%}ieﬂpon the comipletion 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 Wi. Empty Wit. of Tube
Carbon Type FC Type FC Mw Tube, w/ valves | w/ Carbon
| _(gmole) - {g) , (8)

AP4-60 HFC-245fa 134 394.30 406.42

AP4-60 R-134a 102 ‘ 394.45 , 406.74

AP4-60 HFC-236fa 152 394.41 407.14

OVC Plus HFC-236fa 152 394.46 405.10

OVC Plus R-134a 102 394.44 405.68

OVC Plus HEC-245fa 134 394.45 405.65




15 and wei ghed. The increase in weight of the absorption colum was taken-as

t he
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wei ght of fluorocarbon adsorbed. Upon the conpletion of the run,
wer e reaned and the activated carbon was poured out to prepare for
as rel ease was observed when opening or renoving
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The above tests indicate that the activated carbon materials had
surprisingly high adsorption capacities of between 34 to 60 percent of

fluorocarbons by weight as indicated in Tables I and II. 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 would 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

skilled in the art that the invention can be performed within 2 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 documents and/or testing procedures. Likewise, the
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enbodi nent, the vent streans froma process could be purified (i.e.

" fluorocarbon renoved) wth reduced anmobunts of activated carbon than woul d
normal ly be used in an activated carbgg bed in a hydrocarbon process. 10
Having now fully described this invention, it will be appreciated by those
skilled in the art that the invention can be perforned within a w de range
of paranete&iﬁwhkgin what is clained, wthout departing fromthe spirit and
scope of the=rrvention. Al docunments described herein are incorporated by

reference . herein, including any priority docunments and/or testing
procedures. Likew se, he115 term"conprising” is,considered s%gonynnus W th
the term "includitig" fOPOFRIFBELIPRIESALITREMEMXMBIPEHET 264 BINE 1. A

pol yreri zat | @iteR, RAEABoncCATRI thSoRt: BAdd MW RBRIHSBEN & iRk ¥ Sbiyny,St em at

| east one ol éfin nononer and a hzdrofluoyocarbon to produce a polyner,

wher ei n t he wheeinrthe ixtursiis ihidhethp pelymer isipsoducerdierndaincmsinglashleongi ngl e
chlorine coptaj.ni 4 and at
east 5 vol unstip S RCBEF LR HIAP BAC: B B0 RAR nd M0 BRAR PV ol e
of the dil uepdreen? of thedyofloessarbin edsad on the tavhlerobime bitke dilxdnur e i n which the
pol ynmer is produced contains no single chlorine containing hydrocarbon
conpound at greater than 30 ppnma. C 3. The process of claim2, wherein the

m xture in which jhe pohypREess B clBiPIUTEDeif WY Alxdsre ROwRIAIhEpAPLET | NE
cont ai ni ng hydrocarbon conpound at greater than 25 ppma. 4. e process of

claim 3, whemsgreducérbcomiamsinossingle eiiorole cohteinpng hydeacarbos cpmpalwdet! cont ai ns no
singl e chlorinetc nt§inin hydr ocar bon conpound at greater than 20 ppma. 5.
The process %Faff§Wﬂlffpﬂ%brein the polynerization is carried out at a
oductivity of at |least 400 glg{hr. 6. The process of claim1, wherein the
hydr of | uorocarbon_is represented by the fornula: CXHYF~ i
3. The process of claim 2, wherein the mixture in which the polymer is
produced contains no single chlorine containing hydrocarbon 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 I, wherein the hydrofluorocarbon is
represented by the formula:
CiH,F,
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.




wherein x is an integer from1 to 40, y is greater than or equal to 0, and z

is an integer and at |east one. 7. The process of claim1l, wherein the at

| east one nmonononer includes one or mB9e of ethylene, propylene, butene-1,
pentene-1, 4-methyl- pentene-1, hexene-1, octene-1,

decene- 1, 3-net hyl - pent ene-1, norbornene, norbornadiene,

3,5, 5-trinmethyl -lghexengs pracb bydlailn NWASRE: thy EN¥ind \RhRHIMERRrocBftEn ,

et hyl i dene nononers. 99 % The process of claim1l, wherein the chlorine

cont ai ni ng Hepaeead shidenonroumpre peinpriiads wwheesatediprtbe Esmpbainds r epr esent ed
by the forrmula: ClaFbCcHd wherein %ﬁ:scﬁ; integer of from1l to 14, b is an
integer of froml to 13, c is an integaefl of from1l to 6, and d is an integer

of fromO to 13. Wherdihe ipanaegsr of frahditmid, b wharistegertdidtonchtcold, nés cont ai ni ng
hydr ocar bon caonpound. js sel ected fromthe group consisting of:

trichl orofl u%]rln%g%%f ,mﬂéﬁgf ?W‘S@HI“H?%%P%H&W& todrt or ot et r af | uor opr opene,

chlorotrifluoropropene, 1,1-dichloro-2,2-difluoroethene, pentafluoro-2-

chl oropropene. 10. The L)rocess of claim1l, wherein the chlorine containing
hydr ocar bon conpolnd i €he proe¢ss of olainy br winaseih dlreechlgrine qumgaipingcess of claim 1,

wherein one gr, nor.e of the e¢hlorin cont ai ni ng._hydrocarbon conpounds are

r enoved fronkly r?ﬁaﬁlfoﬁlrcé)mé)(?ﬁ{lcg?sﬁ?%gegffurgm ?/éf%‘\p Icugﬁ%tggr on prior to producing

t he pol ymer . tritRBlorofh@r@hebans hefaflab@dthilodbpropshe lcliofott i@ lutkogréeBe,cONt @i NS a

total anount of chlorine containing hydrocarbons of 50,000 ppmor |ess, by
mass. 13. THdoisfriwrpigpens, éilnﬁ‘li}llf’f%érdéﬂwr??fhe%EeIEFﬂ‘iﬁfP'@'chI orine

cont ai ni ng CQ{H}’(‘BH%}% are removed by one or nore processes selected fromthe

group consisting o %I stillation, extractive distillation, contacting with
et al permanganate, contacting with chrom um oxi de, adsorption, reactive

istillation, angd contacting w.th.one or nore deconposi.ng agents. 14. The
process of any of ¢l ai efmtcgssloé_,cpaflﬂﬁt H’B?m@d‘hﬁfﬂ? Q{IR%PO“%‘“‘ﬁ’émvi ng chl ori ne
cont ai ni ng iyl &t daddenpolfdisaribhl¥iofiubromethane.
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 hydrof | uorocarbon to produce a hydrofl uorocarbon product
containing no single chlorine containing hydrocarbon conpound above 40
ppma, and b) m xi ng the hydrofluorocarbon product with at | east one nonomner
and a catal yst systemto produce a pojggmer. loo 15. The process of claim
14, wherein the one or nore chlorine containing conpounds are renoved by one
or nore processes selected fromthe group consisting of distillation,
extractive disti{q ati cont acti ng
with chroniuniOX|de ?@%%£9%&§ﬁ&a£%é%t%@% |st(|)e %ﬁgﬁ&ﬁ and contacting with
one or nor ecoolaiding osmponraly arttmmoved 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.



