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Application for Patent Title: Polynerization Process
I nventors Peijun Jiang Charles Stanley Speed Field of

W b@olovgeant i on This invention relates to proceBCEES1005/021716

preparing copolyners of propylene and at | east one of
et hyl ene and an unsaturated conononer in the presence
of a perfluorocarbon or hydrofluorocarbon. Background
of the Invention Pol ypropyl ene in its many and vari ed
for Ek establi shed staple of the polyner

?Qgp \di ng upon its form it exhibits a
nunber/of deS|rabIe properties including toughness (as
neasured by any of a nunber of inpact tests, e.g.,
ndtlePadyharodtion Brdcesdr op, etc.), stiffness (as neasured
by any of a nunber of nodulus tests e.g., Young's),
clarity, chem cal resistance and heat resistance.
g%@ﬁﬁxg partlcuhﬂﬁ ﬂménation of properties is

t hat reqU|res a bal anci ng of various

properties agai rarlenStaateytSpeed (e. g., stiffness
agai nst toughness). Crystalline pol ypropyl ene,
typically a honmopol ynmer, is used extensively in
VAL Q¥ ML diigs because it exhibits desirable
neéﬁanrégglgg“g., rigidity) and chem cal resistance
properties. For applications that reqU|re i mpact
resi stance (e.g.,_ autonobile arts .appliance f C|a

packadmﬁ@m"é‘i‘@n)relaéesé% PECGHES %PTW%F #3 of propylene
S L R3S R ly P o S AAB Brto ek i i piSlce O
A ftuezocarbdnadr ko fhiotoogthed. | npact resi stance, e.g.,
thylene propyl ene (EP) and/or
et hyl ene- propyl ene-di ene (EPDM rubber. For
a@folkln%ﬁ}l&%ﬁletﬁ?e&ltmﬁqu' re toughness and/or heat
reststarnce (€. rlms), preferably’/the pol ypropyl ene
has a relatlvely low nelt flowratio (NFR) or

expressedal ternatively, a relatlvely hi g I ght
aver agéolymspedencin IWQngman@nge fomms 353 ltogg ﬁStathhed staple of

g&g?b%ﬁ%}ﬁ{y 9 ﬁ Qper@ @Sﬁ Ts foHht flteé'xﬂﬁjl'éé adiaber.of desirable

y narr
properties including toughness (as measured by any of a number of impact tests,

e.g., notched Izod, dart drop, etc.), stiffness (as measured by any of a number of
modulus tests e.g., Young's), clarity, chemical resistance and heat resistance.
Often a particular combination of properties is desired that requires a balancing of
various properties against one another (e.g., stiffness against toughness).

Crystalline polypropylene, typically a homopolymer, is used extensively in
various moldings because it exhibits desirable mechanical (e.g., rigidity) and
chemical resistance properties. For applications that require impact resistance
(e.g., automobile parts, appliance facia, packaging, etc.), a coponmer of propylene
and ethylene and/or one or more alpha-olefins is used, or a blend of crystalline
polypropylene with one or more polymers that exhibit good impact resistance, e.g.,
ethylene-propylene (EP) and/or ethylene-propylene-diene (EPDM) rubber. For
applications that require toughness and/or heat resistance (e.g., films), preferably
the polypropylene has a relatively low melt flow ratio (MFR) or expressed
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pol ydi spersity or Mwmvh ("nol ecul ar wei ght
distribution" or "MAD"), e.g., less than 3.5.

w@eystedolzé ne pol ypropyl ene has an isotactic stPOTLUS2085/021716

and it is readily produced using a Ziegler-Natta (Z-N)
or a netallocene catalyst. Wile netall ocene catal ysts
are effective for producing propyl ene honbo- and

copolymers with a high crystallinity and a rel atively

rrow 0 e high Mv, e.qg.,_ over 300, Q0Q, .
aliemot aHSWBVGIXngg‘o SeSrersce BistisHaE m%htgwa- For certain
t I oA Wl bt
B S @‘?ﬁlﬁﬁﬁ%ﬁshﬁf%ﬁ"‘l Rt e & rbpfively namow
|pb@ld3§pegsltymr NMvaiMis("mobemntar migighy distriteitiest on "MWEW), e.g., less
pol ypropyl ene pol yners, particularly those for use in
ﬁlilaé'r{;o nmpact and fiber applications. Propyl ene
copol r
ol ut [T EE BaRpluBOIERE QR ERRo b St BBRIERERIPY

pedduzed uélﬁg megﬂ&-wat&s(ZLN)a@t d mettanec@e lewtalyst. Whie hi gher
the concentration of the poly in the solvent, the

rmqjﬁ&ce%@ataﬂvﬁs: @a@.etf%?cf@fe fpﬁ@mﬂwywqpﬁm bampeand sapalymers
ﬁ} éflfl%h Q?s’?a‘i’lpﬁﬁ@nﬁqa r%gfr% 6¥re élhlg%llmg ltpi"‘od&Ee ﬁ%ﬂ me e.g.,

\Uvslcmn ,000, bio fpyléﬁe hohygn®r dopalyinis Ecdacintally with z&ﬁbﬂaﬂb@lﬂe
proceSS|sotenaI|mt|n ste f or process

sptlyst srelptivein dﬁﬁctyh@ﬁpqgkaaamms@lﬁtwwmﬁe% Mysoys) than

rng(?u% r&?na%ga%lrs ﬁltl llftlr‘lﬁrg ﬂl;c]e?%% 51?] %&ph %%?9%8%01 g{)sus

Samkﬁmﬂydhés‘elfaﬂths‘ellﬁmghrin@ml At Thepsmlicationgr operty
rift (heterogeneity), and process control problens.

Thi s iBsopdeneciogplyynets a;e oftem PIRGadeinisHED REACqsFes @& selagon

aisiecsn Py BRI Pt ERE B BnbRe Pl Mol e

HoBRetl. THRE s Rt ddﬁﬂ@ﬁfaﬁbﬂ be e lyhedrin 8doBest, tHedEgher the
probl ens by reducing the VISCOSItéﬂOf t he

ososmsr ofzhe polymesgition resntine ek turs il seoialledipelymaeirafion ragdia

the roduc tends to dec th r.eac
R e A RE S st R neerb ARG Higholi RS ne
e iRy PRERT i Sohtitd HBcdRE %Ctﬁ‘ﬁeﬁ%slnhﬁln@sw?tfﬁﬂpﬁyess
the viscosity of the polynerization nmedium This

et by asd ipotysnes peadugiiorh High viscosity can lead to difficulties in

efficient mixing in the reactor, difficulties in maintaining a homogeneous system,

difficulties in avoiding product property drift (heterogeneity), and process control
problems. This is especially true for polymerization processes where the polymers
produced are to have a molecular weight higher than the entanglement molecular
weight. Higher operating temperature may help address these problems by
reducing the viscosity of the polymerization medium, however the molecular
weight of the polymer product tends to decrease with reaction temperature. Thus
production of higher molecular weight polymers in solution processes is limited
by the viscosity of the polymerization medium. This problem exists even with the
advent of new catalyst systems. Metallocene catalysts (e.g. group 4-7 transition
metal compounds having at least one cyclopentadienyl group attached to the

metal) allow polymerizations to be performed at a high temperatures, such that a
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netal) allow polynerizations to be perfornmed at a high
tenperatures, such that ahi gher polyner concentration
of hi gher nol ecul ar wei ght copolyners (e.g., 16-18 w %
for ethyl ene-propyl ene-di ene nmononmer copol yners) can

S coppeiRtb errrire o sl bpes (g do18
%’%‘)ﬁ%t%lglr@ﬁéé?ﬁo%b&éh&ﬁﬁnQ GRMBRRr §&pollymerd) chd bstathiaved in the

ene- propyl enedi ene nononer
feapiot yifiees) witlRurisigaifiopnt dpegtion difficiltins asenvepased iods

PG RO BGE G LR e ah et o8 S sy e ene-
GRAS FYhbAEL 2 eo?éx‘héer). RS, hifereAbitdh teRAPBniABnd fat

I'n-an equiva urry process. Further, it is also
dhprioive tetpolymgizadun eathamghsofeine ragbresry wed ghintigroptpaesss (
> 100 Mooney) in a solutio rocess due.to the nat.ure
bewavesHihe P8 P9n06¥1tf%tl%lo‘*|“@ﬁ€‘fd%r¥%\??r3 H@}“’E I‘R%?HE?I {hat in'afi
Y SGaRi 0 i HISdi ipPoccBBRM rhéleddla
R %“I??L%%Og&tsb Fuffhritis éﬁ%@%@?tpio an d/ﬁ%$l o
WeedIR S EciiE> PO Weheydnesolitiah porvessivg te dieutatuyp of high

pol ymeri zation process, anong other.things. Likew se,.
virsositys@arodymegthaying 3 l\flﬁg}eyglgqcmlmﬁf I ogﬁg%e.atqﬁuﬂhere 1s a
[ It f ' ik .

R e R Rt A e

lcBn ARt G Bit £sbutidntpolEngrizatidbpwcess, iaewg ether things.
amount of pol yner solute present,  howeyer the

vi scodilkgwiss, thauiscosty af 3 Blymekeritiqn igafsoiag jmporignt factor in

de. (i.e. .t ' S [ Ethe
RRrriing broferspafinttie stP R URuE Ay pRmpL AR ERA
fig] In sotheiSystdhss, RiOp@sHlgmhaat s higher dmoirted pblymer solute
solution viscosity and there is a need,'(whhe aﬂﬂ for h
rpeeaest, howesd flacevisesisity PHatsodutingy makeRph 4159 it agdle {pe- the
or _even ingcreasi.n e I : r it
thorg ey R SERUER (B nl i BRRSERIA AP ant OISty s
RO FAITR T TiRdsUHhé Prodedsndiallsd clireasEby sduti@piistogitpsnd there is a
pol yner concentration increases and therefaqre, polg/mer
amed anithe atti fonmeans tp sediics soluiiemvipeosity dhals Spantginine OTEyen

(.or nore S CO red wwth | ess than 20% in sol ution
ﬂPﬂ@@%@%&gﬁﬁfpv%%ﬁggggses al so facilitate

Tn contrast in slurry phase processes, the viscosity of the polymer slurry
does not increases as rapidly as the polymer concentration increases and therefore
polymer concentration (or loading) can be increased up to 60% (or more) as
compared with less than 20% in solution process. Slurry processes also facilitate
the production of high molecular weight polymers due to the lower viscosity as
compared to that in solution reactors. Moreover, there is less solvent to remove
and the quantity of recycled solvent is reduced considerably in a slurry process.
However, it is difficult to produce low crystallinity polymers in a slurry process
due to polymer swell and partial dissolving of polymer produced in the

hydrocarbon solvent/diluent.
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and the quantity of recycled solvent is reduced
considerably in a slurry process. However, it is
difficult to produce low crystallinity polyners in a
slurry process due to polyner swell and partia

di [ f I d d i
o vearaie fenes oS e earon MEsREH SARI AR are
EGARH! Ppolsithitini sbihbiElatbRaNeyapecibRitees! forkdroseparate

significant "pol ynerization, they precipitate to forma
shpar dhe insteas mveiliien prosidena pionessihdt ovitharreperdelection of a
process that with proper, sel ection qf fluorinafed
Ryaronat by baso o Ao e iy Gesattont ARt
ﬂ?ﬂ%@a&%rpw%ﬁg‘ ghg‘éﬁgﬁﬁ'?gﬁrc@s@ Ras$ BlodaEY Rss $vidtled lpdlyikrs and
process can prdduce I'ess swelled pol yners and reduce
palugerpolysior sdtubilityyinithe sdreens oPresmce oPtlustengbow(s) in the
flugrocarbon(s) in the reacti on nmedi.um al so_al .0 t he
svaahoy mRBELYSS Bl ShEmaroery SR T sSSP RT o
\l;)'ol &P it sgg}tﬁh%‘f%s, ubSEr MlorddalRInaeaides the BEHssRP andier
I'scosi'ty and/or "I ncreases the pol yner concentration
iiferédaes the polyinmn comatntrabionnin dlsanradiion edumgppresynady due to
nol ecul ar coil dinensjon. EP 1 323 746 shows | oadi ng
seduspd mplacBlse RAIABIRENIONC at al yst onto a silica support
i n pep i Bkt BperdtiBenyl catalyst onto a silica
pr epol@ng%éz)gﬁ %ﬁ’%’os?} Q%itu%&e n%fyat b? oomelgyer%peryat ure. US
Jupift if pkritiicscdraramd dhereafrer thatprepolpheristatiph efiethylene at
u5|n%TiCI4/(Et)3AI in a mxture of heptane and
peomn [leapBaBidy| cycl ohexane, presumably at room
t enperat yy JhGiARYEEE dtRehdudnd HCEH(EL;Al in a
errbOdiI?fge%’to,%’gﬁng{E?fﬁ.é%sﬁ{oilon rzleaﬁat es ?%ea cop%llyfr?e(r )éf
RA&RKE 6NBsptaichinl peelwnshethyityodoleihye, prasemeblymbraom
unsat urated conononers, e.g., C4-C20 al pha-ol efins,
Gamperatug-enes, vinyl aromatic conpounds (e.g.,
styrene), etc. These copolyners are characterized as
conprising at | east about 60 wei ght percent

Summary of the Invention

Tn a first embodiment, this invention relates to a copolymer of propylene,
ethylene and, optionally, one or more unsaturated comonomers, e.g., C4-C20
alpha-olefins, C4-C20 dienes, vinyl aromatic compounds (e.g., styrene), etc.
These copolymers are characterized as comprising at least about 60 weight percent
(wt %) of units derived from propylene, about 0.1-35 wt % of units derived from
ethylene, and 0 to about 35 wt % of units derived from one or more unsaturated
comonomers, provided that the combined weight percent of units derived from
ethylene and the unsaturated comonomer does not exceed about 40. These
copolymers are also characterized as having at least 10 ppm of residual fluorine
present, preferably between 10 and 10,000 ppm of fluorine present, preferably
between 10 and 1000 ppm.
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co

(w % of units derived from propyl ene, about 0.1-35
w % of units derived fromethylene, and 0 to about 35

woroswef7ani ts deri ved from one or npre unsat uPEt/Es2005/021716

conononers, provided that the conbi ned wei ght percent
of units derived from ethylene and the unsaturated
conononer does not exceed about 40. These copol yners
are al so characterized as having at |east 10 ppm of

0. 008 BFFRBR FPaGRIoR T i Bienth f Sk SieadeR g
3hnd 0118]9& RRAARePeotfiRRtre THRG: B8YHlymérb ard dhveRidriasd ins

a copol yner of propylene and one or nore unsaturated
having anieast abJEHevic26 pd thenmits dariecdcfiem ptepsidneesnd hetween

havi bou; ] % ' '
g Ly LGels B2, R0, ok \ RS LS SECLNEY e
%Qigﬁg ygl%fa&éfﬁgo ER MR d YD RANHS Al1855t $0 BPRRTREsiduk @86rine

ners are also characterized as having at | east
beesppinpreferatdg betwakn 10 aod i 6,60@ ppsedfluopneprssen) preferably
bet ween 10 _and 10, 000 ppm of fluorine present,

@PB’fG@PéQIaydB@W\B{@H- 10 and 1000 ppm In a third
embodigengig &H&?ﬁn@}éﬁﬂ; Eﬂelqﬁvérﬁioﬁ id4 61eAd 6f t & rﬁére'HéF@lymers

copol ynmers 1 n east one copolyner is at [east
QR evhidh dt hesporeppbelymee ishy lesteorend the propylene/ethylene and

propyl ene/ unsat ur at ed cononpner ¢opa L bed
oDl PoRSBE CHSGARTTE AFCTPFO e O AERAR “rad
VTS i " " £ mOF
B o L AREEES Ly Tt o RS o
Eéafem lﬁbrﬁpc_)heﬁ?imttfhé bllﬁﬁdh gzlammgg bd <;qm’eniem€, Thaddehdonay ¢mtain any
otal weig of the end,, it t
oy s dgseiondhe .ot e HlgkePOpHEFembpieRp gad
| est .
SF B A SRAL R, O p e ok SRR bt
dirscanbidhdausbodiment of diis peestia) caplbaithertthe eorftimpugor

enbodi ment, the invention is a blend of (a) at |east
chiscoptimaps éie, Henessd) PRase, and (b) at | east one ot her

e i <o SRR el L aitrene
propylene homopolymer, and (b) at least one other polymer, e.g. an EP or EPDM
rubber.

The at least one other polymer of (b) of this fourth embodiment is any
polymer other than a P/E* copolymer. Typically and preferably, this other
polymer(s) is (are) a polyolefin such as one or more of a polyethylene,
ethylene/alpha-olefin, butylene/alpha-olefin, ethylene/styrene and the like. The
blend may contain any weight percent, based on the total weight of the blend, of
either component, and the blend may be either homo- or heterophasic. If the later,
the propylene homopolymer can be either the continuous or dispersed phase.

In a fifth embodiment, the invention is a process for making a
P/E*copolymer, the process comprising contacting propylene and at least one of
ethylene and/or one or more unsaturated comonomers under polymerization
conditions in the presence of a perfluorocarbon and or a hydrofluorocarbon with

an activated, nonmetallocene, metal-centered, heteroaryl ligand catalyst. The
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pol ymer other than a P/E* copolynmer. Typically and
preferably, this other polyner(s) is (are) a

w@elogob®ié n such as one or nore of a pol yet hyl rPeIBPS2005/021716

et hyl ene/ al pha-ol efin, butyd ene/al pha-ol efin,

et hyl ene/ styrene and the |ike. The blend may contain
any wei ght percent, based on the total weight of the
bl end, of either conmponent, and the bl end nay be

ei ther hono- or heterophasic, If the later, th .
PPess FEhe® FRIBSH Phie SRoRElETY s PR dsecaiLpLons
' d j enbodi nent, the invention
&éﬁg%%gggggﬁ?g?néﬂ%ﬁ%ﬁgbgﬁeg; E*copol yner, the process
conprinsd sigtheabodirhémgheinvpytienie asotitian phesegroessefasf
et hyl ene and/ or one 3@%%”? unsat urtﬁt ed conononer s
WAKAE 25bgh MYy, DAHOW t SRR, R BIIGFESERPELEE a
erf Lot DGR Yirhdhnited
‘go tglcit}ggggo’ %%%%%@gﬁeg% gﬁ%{w%%?gl@%gnt erdggﬂ,ibrhet er oaf yl
LirBaeheatadey pblymEhegionceaditioan itihe poasdunetof@ perfluonecarbon
solution, slurry or %?s phase .usin nvent i rial 4
st sy dreflyaspcag ghactiyated eng, ﬁ“ega SeREFFds
odi_nen nvention is a solution phase process
g%gmﬁgg}ﬁﬁ%ndaéa‘??% f My, narrow MAD P/ E* copol yner, the
pr ocexsa SR caibvdirsan the irnvegtign Bmydedeereactar procéss ot

one of ethylene and one or npre uynsaturated co Ter s

aiine msilymerisnd, fs Plesh R () adiE - retlaRgolghs,
erfl.uoro 0 ' \NTh
Sentiralt LR oI r i e R A RS

kiR RehcEatpRbaess of thiz embdinedit haetvaool mertreacidre. One variation

invention is a series reactor process for nmaking a
pbthysprocesis epaprisdse bl end conprising (A) a P/ Ef

copol ynmer qf this_j i
honopol yrre:i' and/oF" tagﬁlgg@oéggl‘sgg%o 05@? %@L@%@?i@@%’leﬂe’ and
(&3CdaPilyR 1AER o lyMerizbiicn endtibnspuptiohalty, imtheresencesof 2
reactors. One variation of this process conpri ses: 1.
orftuacedarhpniandr p hydroflpergetigen tepaky %)Bfﬁ ey the

epeE oL ot o R PIE Rl By TEHASH hAS witin

esenc

RS filstRigear bon and or a hydrof | uorocarbon to neke a
P/'E copol ymer, the

2. Transferring the reaction mass of the first reactor to a
second reactor;

3. Feeding additional propylene and/or ethylene to the second
reactor;

4. Contacting within the second reactor under polymerization

conditions, optionally, in the presence of a perfluorocarbon and or a
hydrofluorocarbon, the additional propylene and/or propylene fed to the second
reactor with the reaction mass from the first reactor to make the polypropylene
homopolymer or the second copolymer; and

5. Recovering the blend from the second reactor,
provided that at least one of the polymerizations in the first or the second reactor
occurs in the presence of a perfluorocarbon and or a hydrofluorocarbon. In one

embodiment, the first polymerization takes place in the presence of a
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propyl ene, ethylene, catalyst, and P/E copol ymer
formng a reaction mass within the first reactor; 2.

a second reactor; 3. Feediny additional propylene
and/or ethylene to the second reactor; 4. Contacting
within the second reactor under polynerization
conditions, optionally, in the presence of a

SHlE R Iy
?gl 1 ﬂzﬁtfo%%l&{(s Wk i iR rERAG dfApeimiEstoédrbon drddorfd I St

or to ma thge pol'ypropyl ene honopol ymer or the,
ﬁ@meﬂndiomoarbbxy niera third énfhodiRembbetl pejymberdzasions thkes plase e
second reactor, provjded that at |east ,one of the
sl ypaspe ok a REvHUPIRCTRRN and Qri Wﬁf%fhlé’r%céﬁb&ﬁd react or

oceur §, bit, I iBhEHRNE Boflof PPl dopohARRRP ARl 2

hydr of'T uor ocar I'n one enbodi nent, the first

RepoIvREL ig ath/Bh comitarep| ace in the presence of
aperfl uorocarbon and or a hydrofl yorocarbon. |

aln ot hék argthadieratin on fis gpkadigeHol ﬁﬁ?qeisa‘qusgﬁk es
pl ace j n t : -
T s

hydr of I'uor ocar a di ment

raediwmrf e, haﬂhétrgnscma,hﬁaameameed, hetetraryl digsedhcaalyst vader

perfl uorocarbon and or a_ hydyofl uorocarbo In one

pabimerization enndlitisnseRRNEly H1iGe BRRETICR fbp FRIOLATPRQt &
eco opel rq *

Ao RRBNTEEY Uit BLE I RBOTEOL AR

Rubstantiafg bilng thaeteyléng St comariedto £ PE*pompyhenthe propylene,

et hyl ene, and (|||% an actiyvated, nonnetal | ocene

redhdenecenialusteand INEY epplyeT forgued: Eattionyagss yHthyy the first

poal1 orp.eri zation conditions, optionally in the presence

df perfl uorocarbon or a hydrofl uorocarbon, such that

at |egst abpuhsfBingthdteadtiontirassbbthel festereantor to a second
substantially all of the ethylene are converted to a
Re#taopol yner, the propyl ene,

C. Optionally, feeding additional propylene to the second reactor;

D. Contacting within the second reactor under polymerization
conditions, optionally in the presence of a perfluorocarbon or a hydrofluorocarbon,
the propylene fed to the second reactor with the reaction mass from the first
reactor to make the propylene homopolymer or the second copolymer; and

E. Recovering the blend from the second reactor;
provided that at least one of the polymerizations in the first or the second reactor
occurs in the presence of a perfluorocarbon and or a hydrofluorocarbon. In one
embodiment, the first polymerization takes place in the presence of a
perfluorocarbon and or a hydrofluorocarbon. In another embodiment, the second
polymerization takes place in the presence of a perfluorocarbon and or a
hydrofluorocarbon. In a third embodiment, both polymerizations takes place in
the presence of a perfluorocarbon and or a hydrofluorocarbon.

If (i) the only comonomers fed to the first reactor are propylene and

ethylene, (ii) substantially all of the ethylene is consumed (i.e., converted to

I BREAUS200%/021716
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ethyl ene, catalyst, and P/E* copolynmer forning a
reaction mass within the first reactor; B.

a second reactor; C. Optiomally, feeding additional
propyl ene to the second reactor; D. Contacting within
the second reactor under polynerization conditions,
optionally in the presence of a perfluorocarbon or a

hydr of |
POkEeDr 24 e emepiopi s Bl Eeprhi mhB o R o,
%&ngekg ﬁIOH‘FthQ :ﬁ%a’%ﬂﬁ QTP ROINITE 'brdifylér@)}? 15BN propylene

E Recovering the bl'énd fromthe second
peBaied E:Ont@mm\gl mliadr, tifiaty, amouresef etbylenais masle in the second
pol ymerizations in the first or the second reactor
&€ s in the presence of a perfluorocarbon and or a

By dr Ofdnlé%t%fe%ﬁg)fé &ﬁaﬁr@qﬂé &Hetalldeend in'éﬁﬂ-centered

merization ace in the presence of
mefefdauyl nigand batalyss dssdrm sheprdetizklofi Grio arehicom is |thfaa’mhibré®
enbodi ment, the second_pol yneri zation ng;g I ace. |
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ltHzirﬁzﬂﬁhﬁ%%I SNt peeférably gtrdswerfthafrsatbou’e%ﬂ%or an d/ or as
added propyl ene), then onIy propyl ene,

cont ai er@nmqugnce qffthig igh eéli’ﬁé?ﬁ?t“é’n&?m@g %gﬁén p ?%8'
58?%?}61’58 258 rglhougiig %ervlca}g%}ﬂéﬁe%tﬁ}ﬁ{?ﬁer& Bgﬁ{e&‘ &n B prepared

et a

hR gk RAEME whidiadsiaésahy iajorits ofith riityhene fn ﬁretprc@smf
this invention is the ability to convert a very 1%
11

MW&@@MMS%HWW@%& ey Feslups xlslmcgmgmrqt
ﬁg F?ﬂwa fog élg(eaﬁgﬁlg& og%?lﬁ?gthqxélﬁﬂg p&ﬁpﬁlo}:')%ﬁé ﬁ@'ﬂlb}%lymer

or interpolymers. Preferably, the peak crystallization temperature in a DSC
cooling curve of the propylene copolymer comprising propylene and ethylene
made in one reactor using a catalyst comprising a nonmetallocene, metal-centered,
heteroaryl ligand catalyst is at least 10°C lower than the peak crystallization
temperature in a DSC cooling curve of the propylene interpolymer comprising
propylene and ethylene made in a subsequent reactor. Preferably, the peak
crystallization temperature is at least 15, more preferably 20, most preferably 40°C
lower. Preferably, at least 2 reactors are used in series, and the process is a
solution, slurry, or gas-phase process, or a combination of two or more of these
processes. For economic reasons, a continuous process is preferred, but batch or
semi-batch processes can also be employed.

By continuous is meant a system that operates (or is intended to operate)
without interruption or cessation. For example a continuous process to produce a

polymer would be one where the reactants are continually introduced into one or

I BREAUS200%/021716
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a propyl ene conversion of about 50% or nore, the
et hyl ene conversi on may be about 90% or hi gher.
the ethyl ene conversion may be hiBOBUSI00&0MR1716
about 95% nore preferably Qreater than about 97%
even nore preferably greater than about 98% or nost
preferably greater than about 99% One consequence of
this high ethylene conversion is that, in a

mul ti pl er eact rrl t hi.ah
§FF act o r O C ess ?%ng L%Ely%h%f‘ae\%%vr ]é] Oa Ii)rﬁfegﬁ(el
£ ﬁ%‘éﬁﬁ‘ien%f& tﬁggﬁ%@ﬁze&i& B 1diBdd din gidy Liianbs

process equent reactors will experience a
grclezaﬁd%/ redﬁced et hyl ene concentrati on vvh| ch can
al | ow_f or e productjon
pr opy & ﬁ@tﬁ@ﬁ@%ﬁlw hbirefﬁ%?ﬂdgﬁﬂg%l‘ﬁ% ﬂﬂﬁé’ﬂﬁkﬁ; of the
t 3l yRISE
SHELRS oA B tif Akl BRS eé%ﬁ"*??g?‘ng ok 0% etkne

aﬁﬁolyinbiydzc&fn:ﬁnmg dealyi mmorl empatc bHethylenn gs dessaibed Yelow, can be

C rising a nonngtal t al f. d
m@ sy a2 ey 67 ol TROPER L 15 BEEYIHRAN han

gl%%}f( ftﬁx i lelﬂb Sl AP of ﬁf@ﬁ(f@lﬁiﬂ)ﬁ% &R s&Ral ké¥Btor

ropy ene | nterpol ymer conprising
r(fd)sphﬂcﬁ Refed bathairbyylareandedeylére, andei®agills one peaotor |

Pr ef bly, th Kk
IR A AR e e
é)%\’\?e readt fo% eJuﬁ bls¥ ma?téog g@?@ﬁagssogtﬁ%dgﬁﬁnglﬁ?%§ dlgﬁe@pectlve

Qiﬁhepdilﬂ&ﬁoﬁth@fb@&ﬁrs for this embbdinant ofithe finvwentomrt should bof

t hese processes. For econom c .reasons, nt i nuous
mppt@yageq tbatpwép@me@aoce%lts AFLPHPIGYS PLQSSSS. 183‘?]8]1,1% recovery of

he 1}@3@%{?33 Pﬁo%?q«’s‘kﬁ&w?? s81¥r@ﬁ’t @ Kj?é}gf IR m&dﬁéy tand

bpera IS Inte to operate

%&ﬁwéftha bEvEH P lay) 2l u@ﬁ@eaﬂ inrnonfees todhargattersasmall
conti nuous process to produce a pal yner uld be
vamequats ofainceriertad ethylene mayheipressny i thererysde slEgm}- n‘fo

WEttea R RO Spoy B A BE e bRy B (1 b

R AR BStdnRR(sPIio e€ded t6 @by fdabied ilheick iarpravess, that small
cont I nuous process. I n another variation_on thj

ebatitnefrthylénetdiothen mompmsrs menke pegt 1%@6?%016 stream.
The reactors are operated such that the polymer made in one reactor is

different from the polymer made in at least one other reactor. These operational
differences include using (i) different weight or mole ratios of propylene, ethylene
and/or unsaturated comonomer, (ii) catalysts (each reactor containing a different
activated, nonmetallocene, metal-centered, heteroaryl ligand catalyst, or one or
more reactors containing an activated nonmetallocene, metal-centered, heteroaryl
ligand catalyst and one or more other reactors containing another type of catalyst,
e.g., a metallocene catalyst, a Ziegler-Natta (Z-N) catalyst, a constrained geometry
catalyst, etc., and/or (iii) operating parameters. One or more reactors can contain

more than one catalyst, e.g., one reactor can contain both a metallocene and a Z-N

catalyst.



10

15

20

25

30

wormweno@nount s of et hyl ene,

reactors is reversed. In this arrangenent, propylene
honmopol ynmer, or a propyl ene copol yner containing only

made in the first reactor (0o which the only nononer
fed is propylene) and a copol ymer of the first

enbodi nent of this invention is made in the second
reactor (to which is fed both propyl ene and et hyl ene,
and optionally, one or nore ynsaturat conmononers).
Thi s B e e e A A P e SR TP o
H]IQE]' r L YShd idthlaTondPR¥i P/t dp&lyafet, Wnd @) O
S u?lgy?pg’?}g%éerssl. dl’?f#espectlve %1?6{?);?2 or de?'gfﬁﬁt he _%1)
ppglens Bombpslymbi mdérasdeondopolynteneOnavamatioprpfithis process
shoul d be appreciated that, when the process is a
e@PP¥Bous process invol ving recovery of the polyner
produgt, regeuelyo fifa flreR Qb @lder ?61 AYaticAEnditions

unr eact ed m)nomsrgs, and recycle o he solvent (if
Bropyleaa dnd)peiaed Brlomnoranee of tiytene andaw tusagiratsdraponomer
anounts of unconverted ethylene may be present in the
tampks e dEstaalimdTor t he purposes of this invention,
when it is R5PRY L Sy kRFiz 2 oRfi¥ions

ot herbparticiohﬁgﬁg%@%ﬁgWS%f |5s agdgdyfl% gny react or
bfop§1eab and,WptieRds), ohd@tmervaiflettyimeand an fmsitiryied nemonomer
ot her nmononers may be present in the recycle stream
Thwakedetserandodégier at ed such that the pol ymer made

in ong rea e yml?; tHE iRP AR AR shdbnd
at | east ogiéagé‘féﬁ%rg%é‘e%%{}g@. ggsﬂél opelr at i onal °

dbfyhr GReeteistenddeacts] agl (i) different weight or nole
rati os of propyl ene, ethylene and/or unsat

/ rat ed )
conondiver , Blgnding the dirsiepd seeond RobyasEs Oy oHp eal?oﬁ}“ﬁ@r blend;

di f.ferent activ o @166b]
st FaC R bl RE R LR B RO pEr oSRipRse WLE CBpymmer
GRealitd £ oBRetaltddend@ ingslalnenreddahbtemand ligand catalyst; and

net al - cent ered, heteroaryl I%?gland cat al yst and one or

1I08% Bt the |ﬁr¥c VP thesecond reactor

povadest thet atdesstons of theprlEmeast
catal yst, e.qQ. netal | oc t al bon. In
SPLB 1 e A PIAIRO SRS Ropeston. s
gﬁ%ﬁﬁ% InetRid%f opaRdh@suchichibbdpes thefirsppolsmetization tlee

r nore reactors can contain nore than one catal )igt,
lage in Greepressace of a paflueroparbpmhansben s ARt P R He T ARoter
Z-N catalyst.In an eighth.e [ t. ' jonis
S B seibpd PofrR LSRR TR n thd et UK
perfluorocarbon and or a hydrofluorocarbon. In a third embodiment, both
polymerizations takes place in the presence of a perfluorocarbon and or a
hydrofluorocarbon.

The first and second reactors are operated such that the first and second
polymers are different from one another. These operational differences include
using different weight or mole ratios of propylene, ethylene and/or unsaturated
comonomet, catalysts (each reactor containing a different nonmetallocene, metal-
centered, heteroaryl ligand catalyst, or one or more reactors containing a
nonmetallocene, metal-centered, heteroaryl ligand catalyst and one or more other
reactors containing a catalyst other than a nonmetallocene, metal-centered,

heteroaryl ligand catalyst), and/or operating parameters.

as descri bed bel owCTasR20085021716
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maki ng a pol ynmer blend, the blend conprising (a) a

P/ E* copol ynmer, and (b) a propyl ene honopol yner and/ or
One variation of this proP€FFS2005/021716
conprises: A Contacting inla first reactor under

pol yneri zation conditions propyl ene and, optionally,
one or nore of ethylene and an unsaturated conononer
to make the first polynmer; B. Contacting in a second

r eact under pol yneri zation .conditi opyl :
opt | okl pnaslbeste st cgniosn n eebd R dl A el e
?%E@%Odﬁﬁismeﬁ%ﬁ alchRed RGRRhiRlox R orfe. orRe6 wetivangts,

e first polymer fromthe first reactor and the )
5.g5 andlupmixyne r Infoectaintcnebogauans thesmetabis;ong ey nre of hafnium
Bl ending the first and second polyners to formthe
psl FERONIW-end; such that at | east one of the first and
secon | imenfQITThy ERAlySTRAL uké bfw @
nonneggﬁgg%%ﬁgénﬁgggﬁﬁggﬁ?gﬁggfnheteroary? iigand
@y Sietal énsteforod iaslecmpdred toet zite@am vietal §or hekrgoaryl ligand

B s e g IS R R e e
g%lga}r%l%eci n%ag%}?&négé{fg&hr{aﬁée arRr afa8ysfsaf cBRiih @fhvekindRes 461 ng

e first polynerization takes place
icBmpbetifisesaneeingfthaligarifand araad présursoarrdoeptpnally, may

et Beaa: itEaos REbLOR HE AP AL LA a T Bk dee.
perfl yor %g&f;@%;ﬁﬁ&[‘pgﬁ t%g&cﬁé’é%ﬁfds Y RGBH Bafitiomillydndiide d

enbodi'nmen rizations takes place in the
REEBLREOPisAgpatillydigandhbiium ndmplexes, ancillary ligand-
hydrof | uorocarbon, The first andvégégndlreac ors.are . 4
speprit@dospigkes AR optinatly pciivalony SRS RHE\%T‘E“@P(%H an
different fr i &5 fat QRAlefins, diolefins
&PP?I&L“&H aélsoni(%gacﬁgggsé %%%ﬁ%ﬁ‘d/i@?‘?g%?ﬁw ght or © #rnos f e10

rRbotiRs u@Jatlﬂﬁt@@)édlnﬁp@tdeI zyﬁ@ﬁmmmmegmmimmlexes,
conononer, catalysts eac reactor cqntailning._.a
diofripesitions wmnmoénqisdeséwethe disclosedeligady are withi the scope of the

catalysts useful in the practice of this invention. The metal-ligand complexes may

be in a neutral or charged state. The ligand to metal ratio may also vary, the exact
ratio being dependent on the nature of the ligand and metal-ligand complex. The
metal-ligand complex or complexes may take different forms, for example, they
may be monomeric, dimeric or of an even higher order.

For example, suitable ligands useful in the practice of this invention may

be broadly characterized by the following general formula(1):

/N

R}—NH

wherein R! is a ring having from 4-8 atoms in the ring generally selected from the

group consisting of substituted cycloalkyl, substituted heterocycloalkyl,



heteroaryl |igand catal yst, or one or nore reactors
contai ning a nonnetal |l ocene, netal -centered,

whedoenamrey| | i gand catal yst and one or nore ot PEF/US2005/021716
reactors containing a catallyst other than a
nonnet al | ocene, netal -centered, heteroaryl |igand
catal yst), and/or operating paraneters. The
nonnet al | ocene, netal -centered, heteroaryl I|igand
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% , ag n certain enmbodinents, the netal is one
re of hafniumand zirconium Mre specifically,
|n certain enbodi nents of the catalyst, the use of a
haf nium netal is preferred as conpa ed to a zirconi um
nmetal for heteroaryl |igand catal A broad range
of ancillary ligand substituents y aCcommdat e the

enhanced catalﬁéﬁfgﬁgrfor he catalysts in
certain enbodi r s conprising the

i gand and netal precurspr, ly, may
additionally include an conbi nati on of
activators or activator psckage. /The catalysts used in
the practice of this inventi itionally include
catal ysts conprising ancillary Ii - haf ni um

conpl exes, ancillary |igandzirconi conpl exes and
optionally activators, which catal yze polynerization
and copolynerlzatlon reactions, particularly with

65? X 51%& Qaareasﬁgstﬂd&fté %?theqi lo@ﬁeir Qb 2Rl 8! with E being

conpounds | rconfum conpl exes, haf ni um
%@I@Eﬂeﬁ)ﬁ%m the @ra@Sdohsistivi eff catbmnind mitsoges iangd Witheat least one of

g | cSaRCe e s A58t DO TSR,
Eﬁv&’é@%&z{b@ WO R R P o 2 Py Slne <

selddRd Eoae thelgddiipOcdeistige dﬁlmlm@m a]kzyi sbstitwddaileylof
the i gand and netal -1igand conpl ex. ngiyll i gand

axyniokkkyl, substitnigs esetoslipdynotealkyd; ?Lﬂ’é‘iﬁé‘??@ hle%ﬁr for

e Claplia e R STEAL iy T8Il B0, 1B

téﬁsstﬁﬁ@ahb&ﬁ)a@ﬁ atli&b)ﬁyl I d??/l@iayll syl reyylpghdsphiad) amino, thio,
characteri zed | om ng general faormula(l).;
seleno, halide, nitro, and comb1nat1ons thereof. T is a bridging group sélected

group consisting of -CR?R3- and -SiR?R>- with R? and R® being independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio,
seleno, halide, nitro, and combinations thereof. J" is generally selected from the
group consisting of heteroaryl and substituted heteroaryl, with particular
embodiments for particular reactions being described herein.

Also for example, in some embodiments, the ligands of the catalyst used in
the practice of this invention may be combined with a metal precursor compound

that may be characterized by the general formula Hf(L), where L is independently



wherein R1 is a ring having from4-8 atons in the ring
generally selected fromthe group consisting of

W@ awsoné ed cycl oal kyl, substituted PCT/US2005/021716
het erocycl oal kyl , substitutdd aryl and substituted
het eroaryl, such that Rlmay be characterized by the
general formula(2): where QL and @ are substiruents
on the ring other than to atomE, with E being

Ailesih BRmha Ao Rt BB A e CoR - B At puftifies eyt
gg&mzﬁd i @gloarkyi Pffoatiydl s@mmte@hatef@msent s

|t|on possi bl e sUbBstituents on the ring, Wth g
beﬂeftg:ydloalkyl 3ybstitued FetemdycWallyd] aryl, saisttetesteryk beieroasl,

g OSSN R o 4 b G,

t QHiKe/ barboxylates, thio, 1,3-
> ﬁg e@g%lgy P%qﬁﬁhbdgﬁﬁltut dbheterc?éfgé?ﬁil,oaryl
Slidipits] wtaﬂme@ bg«bondta; sit@gesysulpistdsstnd enddndiong ﬂwaw,ﬂ nisl,

al koxyl, aryloxyl, silyl, boryl, phosphino, am no,
2nBch 587 8no, halide, nitro, and conbinations thereof .

Tis an%h g, %&&%&iﬁuﬁﬁ%ﬁﬂg %jmgfeQ WP tHe QRsthisdah B8 usdd in the

bei ng
Ipﬂ&iﬁi@e o ehid in)(lelﬁﬁinedh etk fspeot, thed @mtthgmcpcsmplwgascﬂﬂat can
hydr o k supstituted al kyl, cI oaI
10 shmp trurih@zera@gyﬁeq ooy RYeian B heigsheraly G dcidfieg by the

I t erocycl oal kyl, substltuted
lg‘?’@%fk lfdﬁ aryl, substituted aryl, heteroaryl,

substltuted heteroaryl, al koxyl , aryl oxyl, silyl,
boryl, phosphi no, am no, thio sel eno, halide, nitro,
and conbi nati ons thereof. is generally selected
fromthe group consistingj|of heteroaryl and
substituted heteroaryl, wijth particular enbodi nments
for particular reactions Efing descri ped herein. Al so
for exanple, in sonme e nts, thgelligands of the
catal yst used in the pyactice of tjsS invention may be

conmbi ned with a netal precurs npound that may be
characterized by thg general fgRqmula H (L)n where L is
|ndependentlyselecte fron1 g oup consi sting of
halide (F, d, Br, yy(h subs ted al kyl,

cycl oal kyl substltute oal kyl , teroalkyl,

substltuted het er oal ky éterocycloalkyl substituted
het er ocycl oal kyl , aryl substltuted aryl, heteroaryl,
substituted heteroaryl, alkoxy, aryloxy, hydroxy,
boryl, silyl, . am no,. am ne,

15  where M is zirconium or hafnium;
R! and T are as defined above;

J" being selected from the group of substituted heteroaryls with 2 atoms
bonded to the metal M, at least one of those atoms being a heteroatom, and with
one atom of J™ is bonded to M via a dative bond, the other through a covalent

20 bond; and

L' and L% are independently selected from the group consisting of halide,
alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,

heteroaryl, substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino,



hydri do, allyl, diene, seleno, phosphino, phosphine,
carboxyl ates, thio, 1,3- dionates, oxal ates,

W@ a00boimres, nitrates, sul phates, and conbi nat POIES2005/021716
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thereof, nis 1, 2, 3, 4, 34 or 6. In certain aspects,
certain ligands conplex to the netal can be used in
the practice of this invention. In one aspect, the 3,2
netal -1igand conpl exes that can be used in the

R 0BG Al b P CIBP IRRPRL RS BRI s3boyiates ey L3-
?16_&%2‘%' b‘fﬁlé’(Fsé 'g{afgghéteg ittt &NehighadsCaiRBoddgbihatRmhs b thess

I hg se romthe group of substituted
hedieslearyls with 2 atons bonded to the netal M at

| east one of those atops. being .a heteroatom, and.with

one atl® mrgmthy@boﬂgn%ﬁgéawplgl(ﬁ] i§ithe %e&gﬂre\%ﬂ)@gﬂwleqeh e
r . * .

TSSO O ALE AT sk e

ekt cdarlyadsssil in thebsdnufacturel ofisch shaped cltodésasl fjlms, sheets,

substituted cycloal kyl, heteroal kyl, substituted

Hehess, Segmrs/and helded adiglesoal kyl , substitut ed

het er ¥ ' iMtion hlcB6RABY Minert
cubst {EME DA tiafiopadifiis AL A Rn8i ttion s BBy Mine
berié pol§inkiitatioareationhismesantihet thel dluosichybon ddésemad react

sel eno, phaosphi no, phosphi ne, car boi%l at Fs t%i o, 1, 3-
s Pagadly Wighie SneRomers, GEANE Bstenh Y thgcalelySkaisht es

and conbi nat. | | #bided by an FC"
PRy (PR cRlo bDTAR EAHRRA enbigpRefi ftbided by an FC's
PadeY RHPRYIuERR t ymatizationpedcyions, $n faot, itkey dasd wLome
fabricated articles. These olyners,areﬂgartigﬁlqklfc,
uedeni) such as pifeqtimg artivbiaes o HOBER R Yispsatdp sPcihakihig s
filnms, sheets ' Qla%l d nol ded articles.

| JELPT Dreseh as P#J%f@%g?%%n SRt to the

pol yneri zation reaction. By "inert to the

pol ynmeri zation reaction” is neant that the

f Daleiled Besomiptignes not react chenmically with the,

nononers, catalyst systemor the catal yst system

Molecular Weight Mw, Mn, Mz are determined by the procedure listed in
the examples section.

The weight average molecular weight (Mw) of the polymers of this
invention can vary widely, but typically it is between about 30,000 and 1,000,000
(with the understanding that the only limit on the minimum or the maximum Mw
is that set by practical considerations). Preferably the minimum Mw is about
50,000, more preferably about 75,000 and even more preferably about 100,000.
"High molecular weight", "high weight average molecular weight", "high Mw"
and similar terms mean a weight average molecular weight of at least about
250,000, preferably of at least about 300,000 and more preferably 350,000, and
more preferably at least about 400,000.
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conmponents. (This is not to say that the physical
envi ronnent provided by an FCs does not influence the

w@ologerdreat i on reactions, in fact, it nmay do BOI/US2005/021716

some extent, such as affectltfng activity rates.
However, it is neant to say that the FCs are not
present as part of the catalyst system) Detailed
Descripti on Ml ecul ar Wi ght My, Mh, Mz are determ ned
by the procedure listed in the exanples section. The
Relygipersiber age nol ecul ar wei ght (Ma) of the pol yners
of this invention can vary wdely, but typically it is
bet ween about 30,000 and 1,000,000 (with the

under $h@pélidigpdréiat (aldaealied moldeniat weight distriviutipmvHAgP or
the maxi rum Mv i s that set by prac

dondiatdc mimi@r: pfgwi@msn@oqlﬁm%ﬁa?hy%am%mabm
P oR e PGBl S PP e eake vl e R

MOWE 298 isEiilar 3t saSE@nTDIag6 (W Mad bivelght dverage malecuard
S|mlar terns mean a wei ght avera | ecul ar iuggt

&Leléf (I*gsg\m ggmb@rgavm9 culiy SreA V) of o5 D 2t 3.5,
abau , n

Srareniry T Pat O AR BNkl ARt 2R DL

%?éfé(ﬁb%ﬂ@sfs Shdnyabboat 3.8, @l thed praférablylless thei apout 2.3. Polymers
I stribution, MAD or MM Mh) of the polﬁnﬁrs of this
2}

iforvesatin Giberiand eyiybsion peatHaRRRIGHIGBDYPICOIY Ay CARMIOYE
"Nar row pol ydi spersity", "narrow nol ecul ar wei ght
dﬁoN&disipB]iﬁ{%}"on", "narrow MAD' and simlar terns ?rean a

rat i o giMusMonpabingehdileauepalemdphaghbes a highght (M)

to nunber average nol ecul ar weig | ess t han

ht (\h) of
FlotydisparsBy, depefdingpn fhe m%lgcqlﬂa&ﬁelsﬁdl(fﬁh%ﬁg?r Gpgpnonents of the

referably |ess.than abou ‘
e apseioulss bleaPrBREHEyfide BRI BEE R A Ee
i;r ?esfe@ |iYRRES fnOhe PRRedtAnVdnbi6h nAgtaexs btost emgeadt i ng
pplications typically have a narrow pol ydi spersit
Blotydispersitingy fremrag lowes alvong Atto ehighlay ARY of maLE- Wé@%f%lya the

hi gher
M%V/Mn of such blends is between about 2 and about 50, more preferably between

about 2 and about 20, most preferably between about 2 and about 10.

Polymer Definitions and Descriptions

"Polymer" means a macromolecular compound prepared by polymerizing
monomers of the same or different type. "Polymer" includes homopolymers,
copolymers, terpolymers, interpolymers, and so on. The term "interpolymer”
means a polymer prepared by the polymerization of at least two types of
monomers or comonomers. It includes, but is not limited to, copolymers (which
usually refers to polymers prepared from two different types of monomers or
comonomers, although it is often used interchangeably with "interpolymer" to
refer to polymers made from three or more different types of monomers or
comonomers), terpolymers (which usually refers to polymers prepared from three

different types of monomers or comonomers), tetrapolymers (which usually refers



pol ydi spersity, depending on the nol ecul ar wei ght of
t he ot her conponents of the blend. In particular,

whb@atedps oduced utilizing any of the nultipl eP€PES1005/021716
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processes disclosed in thelpresent invention may have
a broad range of polydispersities, fromas |ow as
about 2 to as high as 100 or nore. Preferably, the
Mv Mh of such bl ends is-between about 2 and about 50,

nore preferably between.about 2 and abo t
B}@l}gpgﬂg pyepagfivgggﬂ If%éleﬁﬂ.erﬁnt S 593 &ﬂnow%g (gg q%{/n rﬁ‘rgﬁ‘uers), and
Refihil HeRS AP thoRsRer Rtbssnorig! ¥Fdised i@ tBangeably, and
macr onol ecul ar conpound prepared by pol yneri zi ng
fyeskr ® iy composaiwitha poiyniaizeble maighy Whichvisyadded to a
i ncl udes honopol yners, copql yners,  terpol rs .
ORISR o PIRIOPIONE aOIBREL. T EPOSE Fisianpes B T A glamer is

I ' icompeikinat
BB P RIn A R BlorgHer 0 ek Aol ofmpfiting
ipPepylsie and bitlehs, thepolyinet, to dodree, compubssmmits degiridciiom the
usual ly refers to polyners prepared from:t different
1yqRemeEs, €@ nbHel(dlaorand aiob isrraeromer tself ey %ﬁﬁﬁd@ﬁbf ten

used iy olyer Iheah® ahPhEymbOthat
poIynegéﬁﬁéggﬂ%%%ﬁk%ﬁﬁgggg? ﬁ%%gﬂg%¥%§fgﬁ%'ty%%s§%# !
ﬁpif?ﬁﬂ@ﬁﬁh@prele@ﬂse (1) mﬁéllocblgf odlyste ' Gorsiiainefl gaemetry gatalyst
refers to polyners prepared fromthree different tyges
shizlyBRORIYETE: "SGR POLERETT SRR FEm Ay Aoy BolYiter
ally.ref I umzei Rt
{53k nfed AL HRoRE P TBE ARk el
te@falfed PERAREY, Z-Ncatalyesdpolyarel” @rstmilaeidrm means any polymer
i nterchangeably, and they refer to any copmpound,with a
ghatjsmaile aphe presense wf ariegier Natieéalyo %e{g@?xﬁ?’zﬁr megns a
order to.produc ; o i
L
BRPEASdie® @roupdoRfd Yok ntaalpr Cehsiginedgeyinetrg catalyst” or
ethyl ene, the polyner, of course, conprises uni.t o 4
JEIGE eas erawed lhes thsmame nacaninggs this tgrp. igdetined g <fe,§ﬁnbed in

t n j f =CH2.

]ﬁ/gt g?tr %E%‘réﬁcgféa?%ga%ﬁgﬁ(%r " or simlar term neans
any po'%ﬂ@ém%ﬁ?&lﬁn@r""fﬁé’@s lafopbigmer #swhick thaf menomer is

net al | ocene catal yst. "Constrained geometrly cat al yst
catddnlyalistyibutgdracross thepolymgt elas-e dMpashAoRpYMSF @F%%%’ ot

tI%I‘OI[Q po ?rgg’rs S WniR lo}llg%cr)lymer is dispersed in the other polymer, typically

one polymer comprising a matrix phase and the other polymer comprising an
elastomer phase. The matrix polymer is typically a crystalline polymer, e.g.,
polypropylene homopolymer or copolymer, and the polymer comprising the
elastomer phase is typically a rubber or elastomer, e.g., an EP or an EPDM rubber.
The polymer that forms the elastomer phase typically comprises between about 5
and about 50, preferably between about 10 and 45 and more preferably between
about 10 and 40, weight percent of the impact polymer.

"Propylene homopolymer" and similar terms mean a polymer consisting
solely or essentially all of units derived from propylene. "Polypropylene
copolymer" and similar terms mean a polymer comprising units derived from

propylene and ethylene and/or one or more unsaturated comonomers. The term



wQ@20M600ee92é yzed pol ymer ™

10

15

20

25

30

that is made in the presence of a constrained geonetry
catal yst. "Zi egler-Nattacatal yzed pol yner"

polymer that is made in thd7presence of a
Ziegler-Natta catalyst. "Metallocene" neans a

nmet al - cont ai ni ng conpound havi ng at | east one
substituted or unsubstituted cycl opent adi enyl group
bound to the metal Constrai. ned qgonetry catal yst" or

yn3ex’ H’é‘@%?&?lﬂﬁgsttﬁga@éﬂﬂerﬁ’e fing as this term
I's de&%@gﬂi@%gteﬂ%aﬁgh&ﬁgrs'u@eﬂnsthe Pakticd WF thig ivveatiés tclude,

and 5 om copol ynmer" neans a copol ynmer in
mchc:m ttlbﬁa-mﬁnsgmlspecmllymm wlphiasiefing lsuddasabgwtgse tlhe
ol ymer chain npact co
péllrl]tylﬁ% PR e ep@n&fg%%%ﬁeﬁe%
er 1 I
Aolten® B B ke, PPICED oA pRACIIY | BRI, 13- Peniadicnc,

ﬁbﬁﬁ)}mnepﬁaﬂ@hdéﬁeez -nedboinend CENEjazmd chcqumen'alklleyxe,aC8 -C40
crystalline poly

o0 BT oDRIL i HEReL b S 5 orer

S i Ay e 5 g

%ﬂbﬂﬁ@iﬁcﬂbﬁﬁa@uﬁdﬁhueﬁ b$ yhlcostyrdnsaad tﬁlaabmmtembdmsorse
about 50, preferabl

mmb@dpn@rﬁsa@%ihtsyn%ttm Bk Sebinagch i g apgfion ST
R actg{a&qdlo ognotn%rde{:g.3 35breRRh Y {EFLES inchad@ Bbﬁ!hec‘i‘sealf&qm qlacner "

erns nean a consi sting solely or
mgﬁgﬂ@l ly all of units derl ved from propyl ene.

" Pol ypr opyl ene I d |
pol yooloms pr@izgf@ﬁ%&én@%ﬂméév%gﬁa%?r 671 Bvlegh T
on
S B P e B AL 1B s SRIARTUS oty

1§ 228 OF HybSarb&i Mondiiers Lmemam;aataebsc 8Ornrode, prafireblyiah
the practice of this invention inclu

dbzpﬂh 85 oadé I’/cn pref@gwer@t lgaptyP0anole s, taP%F?é’bbi%FftSh% 19l 7oas

25 i BERSLS: DRy SRR bR E RS
| 1t Gmelshrd 200 AbR!% i &%ca@bﬁﬁ@h@ﬁeﬁl Hyd@obitbalinenemers are
I, 3= pent adi ene, nor bor nadi ene,

Emebdryérs deade up-of onlymarkenangd by gem dingineher sbedimeniefdhe

4
C:t?lvenh%n up to 25 mol% of the polyolefin is derived from heteroatom containing

monomers. Heteroatom containing monomers are hydrocarbon monomers where
one or more hydrogen atoms have been replaced by a heteroatom. Ina preferred
embodiment, the heteroatom is selected from the group consisting of chlorine,
bromine, oxygen, nitrogen, silicon and sulfur, preferably the heteroatom is
selected from the group consisting of oxygen, nitrogen, silicon and sulfur,
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

fluorine atom. In another embodiment of the invention, the monomers to be

or simlar term neans BOI/US2005/021716
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aromati ¢ conpounds such as 18hl or ostyrene and
fluorostyrene. In sonme enbodi nents of this invention,
ethylene is not included in the definition of
unsat urated conononers. Preferred di enes include both

Ci dt 1,4- h di .
AT e
rg&l(%ﬁ%%gjh'ﬁo %'1%2?% ?1&{ ]ﬁfe&d}gpg{mrﬁplh&d%aléé&t) Bf another

I"eas ynmer i s nmade “of hydrocarbon
lfmﬂfbﬂﬁfé%mt oﬁ}flﬁfiﬁveiiﬁloy, tht nlomasikersgo bapbbynigrized afearohbinyl at
east nol e % preferabl t least 90 | e 9%
;ﬁrr?ﬂ@tz;dmd;ooaquné-agrt angghcgpbodyuest o bp Aok, thomoporges to
e parti.cul . b RN
R o2 Bttty A AE DL A NI RN as deltied
A EO TR dBsUArHTaN GiVElas/1eytseC ondamses IChemachéd Digtionbryp B th edition,

b d hyd . '
fﬁ&dmwo: ioatufiooVaSy el Sarr NeNSL g5 L0 e ARqter s gispent of
om L t i 0l ¢
Ctg?\ {Igfleﬁtﬂ(ﬁ% ﬁ%orggﬁoclg&g e ﬁ%gﬁ%@%éprek&ﬁﬁ :Pi?Eﬁ'Br branched

noners are on nono where one

Oﬂgmleﬁﬁﬁl B e3geplyal DIGEC Ateliresaberchrandhpt atphd-obsfina, preferably C2
heteroatom |In a preferred enbodi ne t he heﬁeroatom

i to (8 lsreer tranphed APhgrobiins dBRISTRYY %'ﬂs’ﬁe’ PRIRFFebutene,

brom n oxyge ni | L4l I

eaearisn gy R wad bl ginet thrAR BRE ddtecene, ot
CIAR& eSS {HRELoB mereIerablyi diiigenpropylehe,dmtaneheserefand octene.
preferably the heteroaton1is.selepted,fron1the,gragﬁ

:: onsi sThT@ODYlemgn%@Mﬁ ofthisrigyakion Ayrie Aty A9Mmpri§
a pr.efer di i
i el T R BER ST o Aol ApE 40P BOMLARP leas) bout

NEN AL SrelReRAbPPANORE MoRd SR N tiid copolyarenEhs typical
Fl uoronononers are defined to be hydrocarbon pononer

V\dtr?omt af uhigsadstrived &rony ethplgemingrenylenséethdens @@Blygteé@@?leaﬂ
a fluorine_.at | t nbhadi 0
b B e AP SRR b Kb s w2
hal OfP ARARASm ahBXnhat @RISR from BE3Mnedréydriadhesbon

monomer where at | east one hydrogen atomis replaced
byopeymadre ipempipally netrinekeess of about 35, preferably not in excess of about

30 and more preferably not in excess of about 20, wt % of the copolymer. The

amount of units derived from the unsaturated comonomer(s), if present, is
typically at least about 0.01, preferably at least about 1 and more preferably at
Jeast about 5, wt %, and the typical maximum amount of units derived from the
unsaturated comonomer(s) typically does not exceed about 35, preferably it does
not exceed about 30 and more preferably it does not exceed about 20, wt % of the
copolymer. The combined total of units derived from ethylene and any
unsaturated comonomer typically does not exceed about 40, preferably it does not
exceed about 30 and more preferably it does not exceed about 20, wt % of the
copolymer.

The copolymers of this invention comprising propylene and one or more

unsaturated comonomers (other than ethylene) also typically comprise units
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enbodi nent of the invention, the nononers to be
pol yneri zed are not vinyl aromatic hydrocarbons. In

be polynerized are preferaliy aliphatic or alicyclic
hydr ocar bons, (as defined under "Hydrocarbon" in

Hawl ey' s Condensed. Chem cal Dictionary, 13th edition,
RJ. Lewis ed., John Wley and Sons, New York, 1997. In

h nbodj - f the i i h
ey ore PrepEeng b FBp A Py orrt AGAT: O DisTRRaR ahfeas Bbout
%p %ﬁ@h&}r@{,f&era@s;ﬁm%aut%, 509540t LR THeame bethore
al pna-ol erns, pre yC2t

er ab o C20 linear or branched
ah@ft@atell ebiBnomers fof tiedopoyittey cempriseat dgayt @howt 0P uptsfasably
pent ene, hexene, heptene, Sctgéf, Qnene, dec N€4 ik
@hiseeheut lpsdanars@reigiabhy atease oty 8N Rrf-a"L and the
8L HAR Y RGNS uRAQRALLmorRbeh Bed 1R @RGcaATout 40,

ene. e propyl ene copolyners of this invention

M@ ipEefbrhhly GOdoRE hoexdaéd sboteBd,wetdsfof the qepobyydeene in an
anount of at | east about 60, preferably at | east about
80 and nore preferably at |east about 85, wt % of the

é@%@%éﬁgﬁgﬁﬁgﬁgézpical amount of units derived from

| ene/ et hyl ene copol yners is at | east
about 0.1, preferably at |east about 1 and nore

f bl t | t about 5 wt %. d.t '
e Sasbias e SR SR T e
SEBPAHIED1 R B Bk R e RIS o

PibSHies. flahd mdet preferabiE at8aso fb@id 012t THe, mastim¥srol FRHgpically
copol ynmer. The anpunt of units_derived from

h
uhmsanotrexcesd 2boroh AR Ag/ayin, nrefepbbei Apes 1ot e%gﬁﬁ?i eﬁ?wogt

I t .0,01,

oF SR ar ARy g o eish At 18D, RS maR MBI SR
NBbEAUBoaNB At Rbstphéfefabieit Hv@dot exueed hisout 36 aMFR ferd
conmononer (s) typically does not exceed about

35,

pradfEppbene and capelyment ofeaxersdencand ethylrme FA¢Y of geor more C4-
bly.it.d t o

P ARttt s TReRuA eatT SRET ARTNE prbsgltodti@in L (216 ke

ejdpybene and any unsaturated conononer typically does
not exceed about 40, preferably it does not exceed
about 30 and nore preferably it does not exceed about

2 %.0f th
lgr’opy ene 238p01§1mgrs

The propylene copolymers of this invention of particular interest include
propylene/ethylene, propylene/1-butene, propylene/1-hexene, propylene/4-methyl-
1-pentene, propylene/1-octene, propylene/ethylene/1-butene,
propylene/ethylene/ENB, propylene/ethylene/1-hexene, propylene/ethylene/1-

octene, propylene/styrene, and propylene/ethylene/styrene.
Catalyst Definitions and Descriptions

The propylene copolymers of this invention are prepared by a process

comprising contacting, under solution, slutry or gas phase polymerization

t he NDNOPET/ES1005/021716
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copol ynmer. The copolyners of this invention conprising
propyl ene and one or nore unsaturated conononers

W@ eaoamo9orhan et hyl ene) al so typically conpri sePCT/US2005/021716

uni t sderived from propyl en€0in an anount of at [ east
about 60, preferably at |east about 70 and nore
preferably at |east about 80, wt % of the copol yner.
The one or nore unsaturated conmononers of the

BN R TR
ﬁﬁdgg{&le Qﬁ& gﬁgést Oﬁé]gf ettf?ﬁeﬁey ;{Hd‘-@ﬂe &%r@ﬁﬁ@aﬂﬁ‘%ﬁl hldﬂf)mers

turated conononer does not exceed about 40, and
Pl etcalnl epallocerhy astatoentered cleeleratuylitig8d, catedysts Biopyleae

| .
bopePYhTcE 5% S|y PERVBHEL i P9RreE AP RS SoRAe R e
86%@8&%@%%; gh&% pO8/niBriZaticH EJnlitftRs ¥ndin 1he psdsedWfta

rablfy - at | east about 0.1 and nost
Rye&lbauaocybah ahdast pafiootocirban, promylerexvittiuamERetallocene,
typically does not exceed abo

prestlesentsrsf, heteroawd lingd e@ialitd Hlﬁ%%ﬁ%gg?fggé'ﬁégﬂé“ that the metal
%{f fSLAN Y r{ot gﬁ’fc%e&]fg a ﬁﬁﬁﬁ%@e%&uﬂs@%’ced W%dsi‘?htaﬂiéhﬁl

erably i oes not exceed 80 and
Ringf Rephsynthtivedpameruiocencs aethl-abatated SistervERy figand catalysts

%&%ﬁﬁ&%ﬁﬁs ousonsl Ragr s Ruap L. TR MRV,
. e
%@%6‘& ﬁ%f %@%@%@é %%gﬁ@nzeggg@“el gpolr;yl( éhé6cggbl yIer s

of t hifgs hdty agdd] tonafetadidcéries metal-cemered detteroany] lighad catalyst”
propyl ene/ et hyl ene, propyl en

pneayy herratalysh detaved, frgsm Stﬁﬂll%‘ﬁg 5‘1&5}%@?@ %nghfulaéﬁ}- Agused in

opylenet 1 - e . e/ 1-butene,
BFJE agﬁeﬁﬂg%%?fﬂng?&ﬁ% é)lg&régpy elﬁeté%é?ﬁgl ene/ 1-hexene,
pr opy| RNgdethbpirg MRS phkases CélemReterized py tlenformulal eme, and
propyl ene/ et hyl ene/ styrene. Catal yst. Definitions a
Dleerpedepteid by sherfosmplad pie na ént@y};gﬁ?%g ligitiag gnd is used in the

! sg}/n%%a{chﬂata'rcgmg{iglgg I %ogﬁlno?ﬂ}p [ RGCF%e term "independently
selected" is used herein to indicate that the R groups, e.g., R, R% R®, R* and R’
can be identical or different (e. g.Rl, R%L R, R* and R’ may all be substituted

alkyls or R! and R? may be a substituted alkyl and R® may be an aryl, etc.). Use of
the singular includes use of the plural and vice versa (e.g., a hexane solvent,
includes hexanes). A named R group will generally have the structure that is
recognized in the art as corresponding to R groups having that name. The terms
"compound" and "complex" are generally used interchangeably in this
specification, but those of skill in the art may recognize certain compounds as
complexes and vice versa. For the purposes of illustration, representative certain
groups are defined herein. These definitions are intended to supplement and
illustrate, not preclude, the definitions known to those of skill in the art.
"Hydrocarbyl" refers to univalent hydrocarbyl radicals containing 1 to
about 30 carbon atoms, preferably 1 to about 24 carbon atoms, most preferably 1

to about 12 carbon atoms, including branched or unbranched, saturated or
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propyl ene and at | east one2df ethylene and one or nore
unsat urated nononers with a nonnetal |l ocene,

netal -centered, heteroaryl |igand catal yst. Propyl ene
honopol ymers are sinilarly prepared by a process

conpri sing conta t|n under ol 0

ﬁﬁ%@@aﬁ& shir s 5 ks R GG AT 8§e d e .

p ro psgi] en eﬂ%gﬁﬁﬁﬁm Rofad % Wdl' ScaPl fsﬁ%‘ﬁhﬁ@@ﬁv‘i’cﬁfﬂm or more

nonnet al 1 ocene, netal -centered,
tsemﬁmsr?t gtoubs,gad dhectatrad meteroatommtaahn@bﬁchecarbaé ped
hat the netal t he cat i.s, not attached to
S hgeomyoeRbal ros eSErReRe ey Aokl anE Ry Eoh hidgtts
Rg@ﬁc%%%tﬂ%}a&@roﬁ tal |l ocene, netal -centered,
eroar I'gand catal ysts are described in U.S.
Provi snmnaﬂm Rﬁkﬁhis Wpd hereat to oefelNw. a Bondwd o7 8abrhithed,

Nov 2000 and 60/ 301, 666 fi |
Ag’ruh%%omwam?aq% %ﬁ?’é{l%ﬂwdét%%@n ﬁ%éljtc ) gl&’é%}q% P@T radicats

het,e

BT ST At T esala oy

byt St st el
) e

[T N N NN N R

be I|n1t|ng and is used in the sane
\?\]/gwdtw?a@g%noﬁéﬁf& ng" is commonly used. The term
'i ndepsngaitiled afigll'eefesio dnslkyd @d jusedescrib¢dini whitl enceor more

that the R , .0., R, RZ, )

ibémgengtor@%&m) ﬂ%angﬁgrbe@ Péﬂpf,lth;Sre gedFﬁ‘P ; FPF?F %?o%%@ch
bst

Snporie ot PR S, Sydbatch, SRRREIBYARE |

t(ﬁh%er&%ﬂll%’l duB@ﬂltU%ﬂfhetéﬁcﬁzyﬁlbalkbE h@]logeralall@ﬂdﬂosl (eg Hhka

g hexane sol vent, includes hexanes) ql
B@Wwﬂmﬂ% phesphidoy alkexy ameo, diipjaifrar @d %a%bllilaélonst ereof.

SOPRY SRt A1 Sn 3, GECLERIERENAD RSB te

afpes. general ly used |nterchangeably inthis
specification, but those of skill in the art

recog nTh@tmr"h@tﬁmaH@’H'ﬂGﬁﬂﬁﬁ@ aanlled @ ﬂ@%@beda%hw& i ‘éfhmh one

Y%ﬁg@&%’g{ﬁé@g 3’[ tgg??lﬁ %ar% on o{‘ 4hlé%ilfyﬂs' r%ﬂl’aced by a heteroatom
selected from the group consisting of N, O, P, B, S, Si, Sb, Al, Sn, As, Se and Ge.
This same list of heteroatoms is useful throughout this specification. The bond
between the carbon atom and the heteroatom may be saturated or unsaturated.
Thus, an alkyl substituted with a heterocycloalkyl, substituted heterocycloalkyl,
heteroaryl, substituted heteroaryl, alkoxy, aryloxy, boryl, phosphino, amino, silyl,
thio, or seleno is within the scope of the term heteroalkyl. Suitable heteroalkyls
include cyano, benzoyl, 2-pyridyl, 2-furyl and the like.

The term "cycloalkyl" is used herein to refer to a saturated or unsaturated
cyclic non-aromatic hydrocarbon radical having a single ring or multiple
condensed rings. Suitable cycloalkyl radicals include, for example, cyclopentyl,

cyclohexyl, cyclooctenyl, bicyclooctyl, etc. In particular embodiments,
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"Hydrocarbyl" refers to uni2?al ent hydrocarbyl radicals
containing 1 to about 30 carbon atons, preferably 1 to
about 24 carbon atons, nost preferably 1 to about 12
car bon at oms, including branched or unbr anched,

saﬁgkgte orunsatu g?gig§0|e QW%%%?&ﬁyﬁ)gﬁﬁﬂpﬁbnw
0§%Q[(§§eleﬁ?ta§g ﬁf%ﬁad[&}@ refers to hydr ocar byl
Stit

sub one or nore substituent groups, and
t he t esubstitited eyciaztlk:yﬂ cafers &0 cychaplityg ds mtadmnbedamludmg mn

ngggfé&ﬂédr{@gq%@{yﬁ%;% Ao o aogeabon St vElonlyboghlafie by
TR el vl s hoMReAIICE Bl Bl uBRRANSDEC

unsat urated acyclic
hayeloalkst, lbatistitweed eymoauam He@dﬁb@chjaﬂgyll substitetad beternclyeldalkyl,

fzgezﬁrg%ghngmbs(lﬁgeeéﬂ?tl?lo?re}’tl Wbﬁn roﬁﬁm\'}’l phgs H%P amino, silyl,
thjé)otaéi% a?md c%nﬂﬁﬁjﬂ%!ng E%P%E)Sulﬁf)fé suﬂ)éﬁt@t@&% (9 1rad1ca1s

ave between 1 and 20
ahelge, fhedxaatile, U- @ﬁﬁtﬁ:}ﬂhnﬁﬁﬁdmbhaxﬂmsfmbmwmmept-&fmm

20 carbon atons. "Substituted alkyl" refers to an
adnkythe Bke.j ust described in which one or nore hydrogen

at om gﬁq nd. 4 940y, %f&gﬁﬁ" %fus&bﬁer@fnktx Irefelstor ﬁ&kﬁﬁﬁ@l Paical

anot h oup SUCh hal ogen, aryl, subst’itutéd
az[sYdescrﬂ:\éﬁ' walik Whaclﬁcuié?dr inicué eﬂalbyarbmaﬁtbmls of the saturated or

het 1 oal kyl

&;@%ﬁw‘z@ o St bl GRS
ido, alk
Qé‘i)? ﬂgygegl)égulgﬁrgl % tg%n%muﬂysstéllgltn&?g rb rign Suitable

'méfdég lodlIgyls Bxae] fr emﬁ;zly,lplpdrazlﬁymmmnhyl and t he
i ke he term" heteroalkl refers tao. an al kyl a ‘ég‘
(+]

dEEahyduwrm¢eﬁ¢lwdwﬂJ@hyloW§elé¢lnYﬂoPET?WB?HQW%}&

aﬁg carbon of the alkyl is replaced by a heteroatom
séfected fromthe group consisting of N, O P, B, S,

Si,  Shygukiitufdd hefSrocy@Boaliéyll' 1ekers ibllictero@alkiys bs jut described

het eroatons is useful throughout this specification
Theludorgdin which one or more hydrogen atom to any atom of the heterocycloalkyl

is replaced by another group such as a halogen, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, boryl,
phosphino, amino, silyl, thio, seleno and combinations thereof. Suitable
substituted heterocycloalkyl radicals include, for example, N-methylpiperazinyl, 3-
dimethylaminomorpholinyl and the like.

The term "aryl" is used herein to refer to an aromatic substituent which
may be a single aromatic ring or multiple aromatic rings which are fused together,
linked covalently, or linked to a common group such as a methylene or ethylene
moiety. The aromatic ring(s) may include phenyl, naphthyl, anthracenyl, and
biphenyl, among others. In particular embodiments, aryls have between 1 and 200

carbon atoms, between 1 and 50 carbon atoms or between 1 and 20 carbon atoms.
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saturated or unsaturated. Thus, an al kyl substituted
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heteroaryl, substituted hetéroaryl, alkoxy, aryloxy,
boryl, phosphino, amno, silyl, thio, or seleno is
within the scope of the term heteroalkyl. Suitable
ge;ero?lkygs i ncl ude cyano, benzoyl, 2-pyridyl,
-furyl an the like. The termcycl oal kyl." is used
her el FSubSHERGHYY olsisdant 4t B dreCtRebip T o S ane
on- ar o : i . . ,
g J}ﬁ%nt dﬂ&%‘p Bouby gJe ﬁ{éfadn 2 ?P&ir I?) i5 ARl b BYUE BEmBresfufi@ichal £ddps

_ I'e con ngs. Suitabl e cycl oal kyl
Eah s allg],isabdtivaed afkgi, cexlaalplle suhsﬁmltftﬁxe'n{o;lllgyl,

cycl ohexyl I t [, bi I .

bl i e B S5 AT e
carbo . : - 50

B aPE e, BB HARS b WA RE ol sl A and

?ﬁ%ﬁﬁ%ﬂeh%&{ilidl@fdﬁd\/\h cﬁrﬁo@s euhédtoat Kiyskd ssth astmatissorg($etinked
uding in ich o hyd

cavalensr ke by SCoRIRY B0 U BEB ARG EREIenE P

ch as a ogen ' I
316 o inaR Ryt Sup el Sl S ke Sln Bebphei o oxyeen
he e aigRE1iRdrioy hitrabeh 3t iiphemdarhiater ocycl oal kyl ,

het [, '

B T
comml. nat t i .

SRR Ry BELSRL o o ook 69 ity

AietbirbRbANL) BBHRGNEdASH M gen, boron, selenium, phosphorus, silicon or
4, 5-di bromocycl ohept - 4-enyl, and the | ke. The.ternﬁ.
“shibfie Heteyodrpkiefes to staictisesthaapa be 3 #ingle pEpmatts tipe, multiple

cycl oal kyl radi cal i i i
O e Y
URSAbE AA&S). O GlriGuFed Badial nafleple ke dedrihygs can be fused

het eroat om'such as nitrogen, phosphorous, oxygen
stugdther, liskiedicovrlentle ominkeshio acomaren U Fuighgsgrnethylene or

Suj t.abl e heterocycl oal kyl.s i .
tﬁt Pfgzgﬂrlgy elfpgrfﬁgp% g %]i%r%g #%&aé%%eaaﬁwﬁ as in phenyl
; It H H | . . . .
LAY ket Bt i, o
hestrezois pyirola) faya; etce bebenzo-dusedaaployesiab dhaey ringsate defined

descri be
by the term(.j"heteroary N

"Substituted heteroaryl" refers to heteroaryl as just described including in
which one or more hydrogen atoms bound to any atom of the heteroaryl moiety is
replaced by another group such as a halogen, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, boryl,
phosphino, amino, silyl, thio, seleno and combinations thereof. Suitable
substituted heteroaryl radicals include, for example, 4-N,N-
dimethylaminopyridine.

The term "alkoxy" is used herein to refer to the -OZ! radical, where Z' is
selected from the group consisting of alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heterocylcoalkyl, substituted heterocycloalkyl, silyl groups

and combinations thereof as described herein. Suitable alkoxy radicals include,
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i ncluding in which one or nore hydrogen atomto any
atom of the heterocycl oal kyl is replaced by anot her

aryl, substituted aryl, het¢roaryl, substituted
heteroaryl, al koxy, aryloxy, boryl, phosphino, am no,
silyl, thio, seleno and conbinations thereof. Suitable
substituted heterocycl oal kyl radicals include, for

exanpl e, N-net hyl pi peyrazi nyl, 3- .
&fr?é‘?ﬁ?leaﬁ%eﬂg’ﬁ%’r by PR T fls: ArFrletpd o8 y) -
b 3G wREle% s Ldtech e FEmitRe BOuptaiBRIing of URAsubYRlHed aryl,
ch"may be a single aromatic ring or nultiple )
abtermiyl csubstiigteddeterduryl; end eosliinatinge theseof. [Exakptes of suitable

covalent]y, .or linked to . a co n grouyp such as.a
Falew el incdidn RSB B IR BER RIS PS) ray
i_ncl - napht hyl , ant hracenyl, and bi phenyl,
§ﬁ%ﬁgg%9ﬁgﬁgﬁﬁyk%articular enbodinents,zq{yls have

bet weegs dsed hereR0fie camdisiiyls refams, to et -6 7 "4 radigals @/here each

carbon at ons bet 1 d b ..
of G ana Eh et 7 s iep Py Fras b ireR the giova onsiting of

escribe 0 ict
T S S T
GOB4HRSeS U/ HREerédridy bubstitubst itterbag, alkoxy, arglpsy,catikg, silyl
substituted cycloal kyl, heterocycl oal kyl, substituted
lnad epmbinations ?@9fhalogen, al kyl hal os (e.g., CF3),

hydr ox ank, no. i " agyhe, | i ;
aﬁ d bo%ﬁwusse g‘;h 81%};1 ’21 %gﬁg b(é s',1 atf)élfélr&‘zg\t)@e(t ecggriﬁcgrh{i/ﬁd ?g%:egér %%ﬁso .
Wil 72ris iddepatliehtly tdiectal fomtthe group gomsistingiofikgdrogen, alkyl,
covalentIY or linked to a conpon group such

rssbﬁ;tlutgﬁ@ ket Céfﬁlﬁ&lkélnbetﬁiﬂcﬁlg?@nqﬂhlégﬁr@ » #19h E\%@“ﬁ?‘bﬁ%
TR rRE s RLRuEr Rty ) M, SIREPRARAGNE Pind Ui s

tigéddbt heteroaryl " as used herein refers to aromatic or

unsaturated rings in which one or nore carbqggii ms . of
the arsmsadderdimdlisters, shosphingt sdesyo thergsowy Yere

suc 1 hitrpgen, Ox n, lL.eni rus,
eReba Bid Lomrnrer it ssltoieR Bons e S RonbEnp e
Ao dBRY subStifdtedl o Ghaubatifibed dlieyl] ¢yelhalkyl|Hetepdayclwalkybt i c
ri'ng(s), or one or nore aromatic rings coupled to one
creterocyelingaryl; ewhstifuged drpig hetproarl, skl @lkouy c&YIREY- angno and
nuItLBIe rings, the rings can be fused
combinations thereof.

As used herein, the term "phosphine" refers to the group: -P7'7%7°, where

each of Z' and Z? and Z3 is independently selected from the group consisting of
hydrogen, substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl,
heterocyclic, aryl, substituted aryl, heteroaryl, silyl, alkoxy, aryloxy, amino and
combinations thereof.

The term "amino" is used herein to refer to the group -NZ'Z%, where each
of Z' and Z? is independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocycloalkyl,
substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, alkoxy, aryloxy, silyl and combinations thereof.
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phenyl pyridyl ketone. As @8ed herein, rings such as
t hi ophene, pyridine, isoxazole, pyrazole, pyrrole,
furan, etc. or benzo-fused anal ogues of these rings
are defined by the term "heteroaryl." "Substituted
hetergaryl” refers to heteroaryl .as just deserihed

i ncl udbgdeh aRHne s § hft?rel {_a?¥ff¥ N ?@g%ﬂ“%t'-&‘??zi @SUWH“F 0
%Qéﬁt (ﬁftf Mndf72t Hi 26k ﬁfd@g@%k?t@ée?éded' orh @R Q@ﬁ]? chkisting of
ano a S

er group such as ogen, al kyl, substituted
alydinplen, aiiiil, substirated talklyk dyeloaikyl, hibisttutal gpicloaliaybst i t ut ed

het |, al koxy, I ) |, . ph hi . i no,
e i, 2l B R R 7
P S sl it o prate,

Ref®idtibAs thefedf. to the -OZ1 radical, where Z1 is
sel ected fromthe group consi fti n

f al kyl, .
subst iThetteran Ahugyis used dresA) toyeter ey 'E%él’c%?f?&f Byl

het er | coal ' t C silyl
éﬁ%ﬂﬁg%%Wﬂﬁgéﬁ%%%%?ggﬁ%g%ﬁgreé%ﬁbékgéégéﬁﬁﬁﬁmﬂg%bin.
EloaltyE sabdsoutyd eptbatial shetapodystbalifyhrsubstamtpd beterney¢loadizyl,
ef hoxy, benzyl oxy, t-butoxy, etc. A rel la{d ed tflerm i'fl d
"2ayly $ubsgijtutedhayle hiteropeylsabeitvied hetermprylalkefip glyloxy, silyl an
con Ls%jng ofm&ryl, substituted aryl, heteroaryl,
S aunulis gleﬁet eroaryl, and conbi nati ons thereof. L
Exanp B ©fm Ssdlérblicused yibeitytorrati taths groupl -8ci2', phereokyis

substituted phenoxy,  2-pyridi noxy, 8- qui.nal y and
tsetectadkeom the greepicinsising of hulregsnnalkyl, F'ﬁqsﬂﬂlﬁ%&f aQJ?Q to

the -Si 71 di gal f :
olonibarav g CLafnp e fo Ao subdi @l i IElodiyl

'”%?15 eeRftutad Kyl he®rthsyl] dubbiattedhtcroargly alkory, kytloxy, silyl and
het erocycl oal kyl , heterocyclic, aryl, substituted

avophindtwme theseafl | substituted heteroaryl, al koxy,

oy, ami§ o) het e
o na it i Bl B 1o 8L BE RAIIERR: {b Glgs bSveen
gagﬁﬁ&e of Whshi&1 @Ak sabh dletByldcyébohesyll petegititid dnidythe like.

ected fromthe group consisting of hydrogen, .al ky],
The term "unsaturated" refers to the presence one or mote double and/or

triple bonds between atoms of a radical group such as vinyl, acetylide, oxazolinyl,

cyclohexenyl, acetyl and the like.
Ligands

Suitable ligands useful in the catalysts used in the practice of this invention
can be characterized broadly as monoanionic ligands having an amine and a
heteroaryl or substituted heteroaryl group. The ligands of the catalysts used in the
practice of this invention are referred to, for the purposes of this invention, as
nonmetallocene ligands, and may be characterized by the following general

formula(1):



substituted al kyl, cycl oal kyl, heterocycl oal kyl,
heterocyclic, aryl, substituted aryl, heteroaryl,

W@ aipsone ed het eroaryl, al koxy, aryl oxy, am npCT/BE5109$/021716
and conbi nati ons thereof. A6 used herein, the term
"phosphi no" refers to the group: -PZ1Z2 , where each
of Z1 and Z2 is independently selected fromthe group
consi sting of hydrogen, substituted or unsubstituted
al kyl, cycl oal kyl, heterocycloaikyl, het er ocycl i c,
aryl, substituted aryl, hetero |, silyl, alkoxy,
aryl oxy, am no and conbi nati ops ?hs(igf. As used
herein, the term "phosphi ne"/refers % he group:
-Pz17273, where each of Z1 And Z2 and 3 is
i ndependent |y selgcked fr he group consisting of
hydr ogen, substittted or substi tuted al kyl,
cycl oal kyl, heterocycl oal kyl, heterocyclic, aryl,
substituted aryl, heteroaryl, silyl, alkoxy, aryloxy,
anerein®ids veytgenatilpsaedtdieiranthe ghup censiating of AlYLi s
used, herein to refer to.the group = Z2 wher e ch
mbsiig aliorh cyeloflih b e befal e b TRefRaC,
01%@?? N e l faliéyutaegl, adbktituted aryl,
cyc %%Wy%t%ﬁg%#%t égxcli) S%ﬁdgrgﬁ% ﬁ?’ea?%cycl oal kyaln,/
shagbaryl) betsbtinge & hetenpatyb ahdgdmbinatydng thenéodt n masd ar vyl ,
het ergaryl, substituted heteroaryl | koxy, aryl o
TR RARS ot PRI G eh ot i B e sy Ftered

| i i cyl, shESk#d68 hetehRfyEloalkyl,
gﬁé@ﬂ t%?é@w g%%lﬁggfggﬁ%%@gd %:gjgg(ey }1’ oIs 2%% %gt sel ect ed ey
f subBtitirted agylang sulestisited hetgroadyl, sych thgeR, maj lg icharacterized by
substituted al kyl, cycl oal kyl, substituted cycl oal kyl,

10 e gerseyldpaaplry )" substituted het er ocycl oal kyl , aryl

(i ncluding pyridines), substituted aryl, heteroaryl,

substituted heteroaryl, al koxy, aryloxy, silyl and

conbi nations thereof. The term"thi' is used herein
to refer to the group -SZ1, where is selected from
the group consis iq of hy al kyl, substituted

al kyl, cycl oal k (2:5 ' oal kyl ,

het erocycl oal kyl , substit ycl oal kyl ,

where Q! and Q° are substituents on the ring ortho to atom E, with E being

15  selected from the group consisting of carbon and nitrogen and with at least one of
Q! or Q° being bulky (defined as having at least 2 atoms). Q' and Q’ are
independently selected from the group consisting of alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl and silyl, but provided that
Q' and Q’ are not both methyl. Q"q represents additional possible substituents on
20 thering, with q being 1, 2, 3, 4 or 5 and Q" being selected from the group
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted hetercycloalkyl,
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aryl, substituted aryl, heteroaryl, substituted

heteroaryl, al koxy, aryloxy, silyl and conbi nati ons
is used herein to PEf/ER2008021716
the group -SeZl, where Z1 283 selected fromthe group
consi sting of hydrogen, alkyl, substituted al kyl,

cycl oal kyl, substituted cycl oal kyl, heterocycl oal kyl ,
substituted heterocycl oal kyl, aryl, substituted aryl,

mlbsred bl BHe e e b alii abiat el
e e o
BN Grdug seleated griwg ddnkisting be-GRERM andnSR R aweli'R” and
rgfers to thiﬁgresence one_or nore doubl / or

d
R Deine indneadenty seleriod fomibe roup canrae o S e st

vinyl ' il d
By R apeld Ml peexslohaspaply, wogiutaer
Gfepd 6/, shetied cloalliyh eubstanted hetenfyclphiksl, anplenbstinted aryl,

be characterized broadly_as non anio I.C Iigagds havi n
Antesonrylesubaiatutedhetespash pkodyl anylnayl stiylebrmyk PhpspRp, amino,
oup. The .| S, Of 88 Gehdtalivelected fr
B Pl iR, oot AR R, YER Bebétalelzeed from
Ak BES SoistinBio$ heteraniliand sutasitnahinetrabdyh oatiepdriigdards,

and may be characterized by the fqll ow ng general

feoyhedinaguty foppatticilar repciiens\ising deesthedibelFiel ect ed from

t he group consi st | : . ' .
cycl OJ‘P I?)pll ore §%“§§f§¢ @ﬁ?cg%m%% g%%b%ifb’%h}]eg%ﬂ&%%ﬁl& I ,hs useful in
SHR AV bE fhaEfb% eh@atisized Byathe feltyihg géreyd] fosmbs (4)t ut ed
het ercycl oal kyl, aryl, substituted aryl, heteroaryl,

substituted heteroaryl and conbi nations thereof. In
many enbodi nents, RL is a ring havinggfrom4-8 atons
in the ring generally selected fromiXhe group
consisting of substituted cycloal kyl|, substitgted
het er ocycl oal kyl, substituted aryl substRi ut ed
heteroaryl, such that Rl rzed by the

general formula (2): /

RL— NH

wherein R! and T are as defined above and each of R* R’ RS and R is
independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted hetercycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio,
seleno, halide, nitro, and combinations thereof. Optionally, any combination of
R* R, R® and R” may be joined together in a ring structure.

In certain more specific embodiments, the ligands in this invention may be

characterized by the following general formula (5):
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where QL and (G are substituents on the ring ortho to
atomE, with E being selected fromthe group

wa@omsiosdreg of carbon and nitrogen and w th atPCPES1005/021716

one of QL or (b being bul kg8(defined as having at

| east 2 atons). QL and (B are independently sel ected
fromthe group consisting of alkyl, substituted al kyl,
cycl oal kyl, substituted cycloal kyl, aryl, substituted
aryl and silyl, but provided that Cn and C§4are not

bot h net hyl . Q q represents onal podsi bl e
substltuentf on the ring, being 1, R, 3, 4 Ok 5
and Q' be(Qig selec(% from %% st R
hydr ogen, %l kyl, stltuted a

subst it ut ed)-eyetg hetero

het er oal ky)/ het-‘ocycloalkyl substlt ted

hetqtfycl sub ted ary yl,
subs 3 2 al 6
boryl, ‘ t hi o, seleno, hal n|t

and conblna»-h- . T is a bridging oup

sel ected gyoup consisting of ~-CRR - and -J]§S R R - with

R and R3 (@fi ng i ndéQendent |y selected fromthe group
consi sting of hydrogen, alkyl, substituted al kyl,
cycl oal kyl, substituted cycl oal kyl, heteroalkyl
substltuted hetgroalkyl heterocycloal ), pstlt ted
hzdteeann;@ Q&Il'kyR, lhr%nklR@n@E&dftfmeé@b%‘f%d Qst P r%ﬂdR are

e

aﬂtgkrtc satsb‘ﬁt&tb&tﬁ%alkﬂ hdtéroSIRYS madshmtaﬂtmbaﬁyl
f ntthe rou consi sting of het eroaryl and

gwhaommaﬁcyt tsabmttaad eteropploplkyh ml,@ubﬁrwféﬁﬁwéu hetsroayl,

bt e r RO a2y AT B, S, o,

I bindiidhStHepgNt i on may be characteri zed
éeféiﬁdﬁ ﬁ)vﬁonlﬂg gelnerale formula (4): wherein Rl and T

ar e aﬂhdﬁ&nmmﬁeq@mﬂh:@mhbdﬂamMSdhe andeof thiginyAeriqr7nds
i ndependently sel ected.fr.om rou con sti f
B s S N T Sl

substituted cycl oal kyl, heteroal kyl, substltuted
het er oal kyl , heterocycl oal kyl substituted

hetercycl oal kyl , aryl, s@stitutegéaryl, heteroaryl,

substituted heteroar?l ,Dal koxyl, yl oxyl, silyl,
boryl, phosphi no, i noj thio, selleno, hat%@e, nitro,
and conbi nati ons ther Opti g a onbi nati on

of C
/

RI— NH



R4, R5, R6 and R7 may be joined together in a ring
structure. hi certain nore specific enbodi nents, the
wo @ana®7é n this invention may be charact eri zePCbyS1008021716

foll owi ng general fornmula @%):wherein QL, b, R4, R5,
R6 and R7 are as defined above. @, B, 4, R2, and R3
are independently selected fromthe group consisting
of hydrogen, al kyl, substituted al kyl, cycl oal kyl,
substituted cycl oal kyl, heteroal kyl, substituted
het er oal kyl , heterocycl oal kyl, substituted

| Ralgeyhs g &, | Tn thiglefibea@iydnt the
%%?‘%lﬁﬁtﬁ 1ﬁeit{élrIgélér(ﬂdlR &F%%%/ﬁﬁegglpgv é/oxlyi/ll i,i]i@m ly
tROrsyibstitpdin dphbeen, repimeldovlth i aryl ersfubstgntediatyl groupn with R,

o o R o L ena b e TR JRDE S b g o
%g/d} e ('goregu Pg%ﬁul?t G, ?élgéflkfleg,lﬂgﬁtu%@c%@wakgw

%t@éﬁkﬁ?@lﬁ)@ﬁh@dﬁﬁé@&ﬂ@l ]ianerbb'y@oaékm,cﬂnbﬂtﬁntedﬂh‘@r@cloalkyl
substituent has_been rep| aced \ﬁ” %éx 1 -
suplssybstitusad aiyly hetgrogup, subgtitpeghete yaﬁla/ Fyzsilyl,

I N nde "
SR ARERS AL Hi RS Sfagta??hélﬂﬁma S EROR Bty
el drahdii R, RIBKUP bd RY gryywlsandykiyd joirediie lfcmn &fuised ring

substi t ut ed het er oal k}\l/ het er ocyc| oal g/ gubs i tuted
eslemdyayingaiiwy 3-5Gmap-hydiegsarions. o yaiccteiram jag gioup

E%%@%hﬁtlg]ué SAE ﬁ?{glyéubsﬁ‘tlure‘a’%ﬂcyl 26l sbhithed BRI,

eno tro,

CliHi'&bﬁlﬁ 1, @lﬂ%ﬁﬁi’ﬂ@i’l@@éroalﬁﬂt hﬁ&@bj’QlQalkjﬂDSLﬁlStlﬂMddlem&’dOﬂkyl
R11, and R13 groups may be joined t formafléiﬁd

rarM]g S@ysﬁtlm:d aratly ﬂlﬁtgrcfandmubststeteﬁéﬁteﬁwlo AXHPHHRXY

] Wf pﬁ fi,%lgiplé)'a 0, 8 ]%H@ glgtg éx?tkd %d%g E%ﬁlgflﬁﬁ’selgereoﬁ

cycl oajpkgtill, m&%tsPé@ﬂb B}Ylbodlﬁiébﬁl ihe lllitg&ﬁidshﬁtlﬁs Orelion may be
het er ocycl oal ky substituted hetercycloal kyl, aryl,
sdmsaqtmmébyah%enetﬁéfmbr(ﬂ substituted heteroaryl,
al koxy, aryloxy, silyl, boryl, phosphino, am no, thio,
sel eno, halide, nitro, and conbi nations thereof. In
still nore specific enbodinentsg the liggdds in this

i nvention may be characte&i y the g ral formul a
(7):wherg{h R2-R6, [R10-R1 and Ql-b arejall as I(S
defi ned spove. In(@ertaln e i ments,

pref erabl )\ hydrogen. Also pre

NH



of R4 and R5 is hydrogen and R6 is either hydrogen or
is joined to R7 to forma fused ring system Al so

w@e@beored i s where R3 is selected fromthe grpUpUS2005/021716
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consi sting of benzyl, phenyd, 2-biphenyl, t-butyl,
2-di net hyl am nophenyl (2- (NWe2)-C6H4-) (where Me is
met hyl) , 2-met hoxyphenyl (2-MeO C6H4-), anthracenyl,
nmesityl, 2-pyridyl, 3,5- dinethylphenyl o-tolyl,

SRR DA LS it B 12 4 ot
' sopr ‘iﬂgéﬁﬁ Qﬂl‘ooﬁﬁ'reﬁts R @'ﬁe&rabﬁﬂ%lmgen AlSo ﬁ@ﬁr@l}}z each

nart PrvC’'6 2- bi (f
beMéaﬂd mé@mmgen afd w-lgeleidnhydmg@ ¢rBajoine o forp a

- O Me- CoH3- 2--B"-
;m%eéeumvpmeféﬁo orefigpd s phes Hos FGtal FPE R oy |
t
AELAGHLAERNL Sendf BHFLIRADD L BN BcYiOHGen1 O

'(F@‘Iéz)LCsHﬁ) ﬁwﬁ@EMe’er(ﬁﬁétByl) ,22m ERGxyphibkyl, (2-MEPFL-s06 1 - ,

ot e S oS S Breny. Al
2-
Varf:%rrgéis ‘ghe?orﬁmlsa fed orn}i‘ﬁgé ]§t7 cédr%%lsgﬁg B’Fﬂlgﬁlﬁ? |hﬁ(r=_\

%ﬁﬂgﬂﬂﬁﬁ?ﬂﬁdﬁ O?M@) Gfap?iwf édﬂ?f(CF% -CRB, 2@«1em'pf§rfloa,|§s
0 orma use ri
PED- i hery B M EMO LA P Lere e A ar
a
SRS Yo rBhas MR B R 3%%3#“%%?@??%
gé{sa ﬁ)YéferriéﬂJlb SthicteREn sa{je)iﬂed ﬁh)ﬁfj e @aoupl consistisg of hytdeagen,
eroary rimary an | kyl
ey ey eV 6 ettt 5 DR Gl et oS R Gt
S ar
B R S S TR P PRI G ey
(@ Jr,- eV CRAL, Wecbxe:GH@, Beqwtepcgﬁg-m-aom Bp- Ezy@ﬂéj-‘nor

havi ng fron15 50 non- hydgogen atons.  For exanpl

Reherm R’ R @inedgegdiesr Wlﬁ‘r R to foan Byhsedaing seeny, g WHUP{me
ﬂ?;enﬁf‘x o @Pondis Bl SRRGRITT RO OERG Ribos Ay 6 TR &
e Bsed dind¥ysRarhdvtk o8t SEiiord-Bydivgsn adihy ireatdelitidoite the
ring will have 6 atons in the backbone
pyridine ring, e.g. generating a quinoline group. In these embodiments, R? is
selected from the group consisting of aryl, substituted aryl, heteroaryl, substituted
heteroaryl, primary and secondary alkyl groups, and -PY; where Y is selected
from the group consisting of aryl, substituted aryl, heteroaryl, and substituted
heteroaryl.

Optionally within above formulas (6) and (7), R® and R' may be joined to
form a ring system having from 5-50 non-hydrogen atoms. For example, ifR® and
R!? together form a methylene, the ring will have 5 atoms in the backbone of the
ring, which may or may not be substituted with other atoms. Also for example, if
R and R together form an ethylene, the ring will have 6 atoms in the backbone
of the ring, which may or may not be substituted with other atoms. Substituents

from the ring can be selected from the group consisting of halo, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
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of the ring, which may or may not be substituted with
ot her atonms. Substituents fromthe ring can be

W@ edoeoowds f rom t he group consi sting of hal o, aP&yUS2005/021716
substituted al kyl, cycloal BYl, substituted cycl oal kyl,
het er oal kyl , substituted heteroal kyl, heterocycl oal kyl,
substituted hetercycl oal kyl, aryl, substituted aryl,
heteroaryl substituted heteroaryl alkoxy, aryl oxy,

b RS RLS S LR A P St,
B L OTR p Ghgri, sio

@ieq @ud dsmbinatiorishtherablv e. Cne exanpl e of the nova
l'i gand conpou i ncl ose conm ound eneral
char adp &¢faiR Smgg?dlflk?fﬂ%ﬁ"&ﬁ S 4f 89%3 § thosed

b &d{d@%& Rl ksw
SRS RUPLA%E R beARCToTELAl) i bmpisioeaet bt
E(nyd exafipit (Sﬂibsild)\telll llgﬁhcbcr(yﬂlpouadsj inRBudes tlzosp hgmphmmis generally

characterjzed by the fornmu]a -R71 h 71
oharapterived by, QEBEISh EPGVeY @EtRediS & elsta LR RO S corsisting

SR L AR RIS S

a@ub qumt@d s/l etndtléd(sj a wﬁsghim @mteyllﬁﬁd By ’;hpl fgrnaalllk eRzlg 172, where
0oX am,no an coO inatio t her t

magm o Phandckis indresidsnty SeImISb TR B0 R PR GOt HRDEen.

tﬁ]ilgst e of Sk st eﬁ aﬂ%’ff %JIFEQ%@F i chlryé’lo§1§£/F ﬁtet%ﬂ)c%l%ryl

oup consr's tuted al ky

%Bbtﬁﬂieli)ﬁyl Hb@ér@ir%)tﬂjflpalk&w, ,ar;&dwyl ammmhrsltﬁoathlmauloa&l
yl; and nore specifically phen wher e ”é"gl %ﬁ fi‘
Qser&p% Peﬁ@nlaslw&f@lé@ﬂ ¢mb9éltrﬁatsg>f gh?ée EURRUS g ltyle those
Mbstl u
s gete 2 sy oAty Ry e &by f Bheidol 81
Wﬂflo%ﬁumﬁ%ﬂtﬂg@@ﬁ}%ﬂ@i Hehaﬁod;@loallq]staﬁll afndtshbstituted aryl; and

i nvention may be prepared ysing known procedures See,
foprecspasifically m@vﬂn whare®g 53% i @d&tfﬁ?ﬁ sashyselagied fppm the ggup

I’\l‘?‘)\&yﬁ% 4e 8%%@11&3@%%‘ gd al%l J%eegglr?é{ogr g%i sl n%hﬁ‘%gntav\%

SkRbre R*ORTRILAd Ritakd &RH hvArogelenes 1 and as di scl osed
at page 42 to 44 of WD 03/ 040201. Conposi tions
The ligands of the catalysts of this invention may be prepared using known

procedures. See, for example, Advanced Organic Chemistry, March, Wiley, New
York 1992 (4.sup.th, Ed.). Specifically, the ligands of the invention may be
prepared using the two step procedure outlined in Schemes 1 and as disclosed at

page 42 to 44 of WO 03/040201.
Compositions

Once the desired ligand is formed, it may be combined with a metal atom,
jon, compound or other metal precursor compound. In some applications, the
ligands of this invention will be combined with a metal compound or precursor
and the product of such combination is not determined, if a product forms. For

example, the ligand may be added to a reaction vessel at the same time as the



Once the desired ligand is formed, it nay be conbined
with a nmetal atom ion, conpound or other netal
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of this invention will be édnbined with a netal
conmpound or precursor and the product of such
conbination is not determned, if a product forns. For
exanpl e, the ligand may be added to a reaction vesse

t th h
ErsiAbOL e A P sonatad Flsbeoii BE gl feihafs,
§&3¥%€9&S reg:r ﬁ&dfhoﬁ%ﬁ? I the aBald dhn ehfodifie@pioraaaddigion to or

ior to addition to or after the addition of
ther thehdditipn efthe stal peecyrsor, e tlyough aldenretoppliar waction or
reaction or_sone other nodification. For the above
serpargthgemogdi a’ﬂ‘é} al precursor conpounds may be

char a%‘o?{ﬁ hge gﬁgﬁ{eedl tp?é&'i]fﬁl& orhbdualiBmaf@ee L is

|ndependent y se ected from group consisting of
RBdrbéteritdd, byGhe gddteral Tormmad (L), whbxstl» is um@pemleln;ly selected

S oS i eSS o
Ej% %ﬁ%@/?& ?iﬁh‘lf%ﬁe%%{y} h%féE%fl %g?i!/txt%%[het&@% sar yl,

efeydcyculkyl, sutstituted hamonmloeﬂ}yyir argl su‘t&tlttytt argll, én'@roaryl
sel eno, ﬁhos phi no, phosphin car 1e thio
aibsdnted hetesoaryhAkos Yoy SOk ko, BP‘P’LS K a9, ﬁﬁ%s
ﬁlgaﬂﬁ?j BP Aeh@N31chb ﬁ%h%@%hlﬁo O%hn?e cﬁboﬁyla‘c@s tRio, 6,3- The

Fecursors di neric or hlgher

WFisipiktss, bhdten tarbbhiatess mwaltés kuriplvatest hmtcdmaiflmtmns theeredf. nis 1,
typ |cafly cont ai ns sone anount of

2 Bt ans. The DAL SEWORRIPODG RO e by
Bk Rt as Bl nb R HOA AR ﬁpegﬁ't%em%ﬂﬁh%%oﬁfe

Nt UM pr ecursors I nc ut “are not
| dnhduin@ 6f ﬁﬁplh‘l&@ﬂmrcﬂﬁiuﬁzﬂﬂ)%tMHnﬂ/ﬁHﬂﬂ\m@ # pure hafnium as is

Hf (CH2Si Me3) 4, CH2Ph) 3C1, Hf (CH2
Hfo@r@ﬂﬂga%ggas@ablq-ﬁ ﬁ:y(gl@p Ies o W%MT%MSOI‘S

PR R R e e,

ePfRG‘PLSﬁJI«%? eH@dc;mPﬁ)gcu abf eHasMra)k Ol m(ﬁﬂe&m«s,mﬁ f or
exanpl e ers, am nes, thioethers, pho hi nes
tHﬂCHsz)zﬁlzeHKGHzﬁMee)ng B, Siep:Clo, HE e2)4= H?(Rﬁib)%

and H(N(SiMe3),),Clo. Lewis base adducts of these examples are also suitable as
hafnium precursors, for example, ethers, amines, thioethers, phosphines and the
like are suitable as Lewis bases.

For formulae 5 and 6, the metal precursor compounds may be
characterized by the general formula M(L), where M is hafnium or zirconium and
each L is independently selected from the group consisting of halide (F, CL, Br, I,
alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino,
amine, hydrido, allyl, diene, seleno, phosphino, phosphine, carboxylates, thio, 1,3-
dionates, oxalates, carbonates, nitrates, sulphates, and combinations thereof. nis

4, typically. It is well known that hafnium metal typically contains some amount



For formulae 5 and 6, the netal precursor conpounds
may be characterized by the general fornmula ML)n
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i ndependent |y selected frodsthe group consisting of
halide (F, A, Br, T), alkyl, substituted al kyl,
cycl oal kyl, substituted cycl oal kyl, heteroal kyl,
substituted heteroal kyl, heterocycloal kyl, substituted

EEGTE N TR E R
gﬁ yéomlﬁle,{]o}’dugﬁ@%lgﬂé?ol% aSBe@ﬁlc SuAIARE sﬁ‘l'te{bl'é hafSiu@gnd

el'eno hi ne, carboxylates, thio, 1, 3-
Chu@ﬂﬂlhﬂﬁpremmtraim;depbmkamfnmtésmtadl to HChs Hf@l}ﬂq&hm es,

R N s R TSN Lot PR RGREGMED b e vel
ﬁtgggﬁtéé’ﬁ\%é&?Eg‘f,hlgxi(éﬁHolﬁh)gélrzPﬁRC%MWéh, Hﬁtﬁiz'sﬂ\){@ﬁ}@l?y

mor zirconlum-as Is comerci al

e i o, i i,
%@H@CWOE;@@I;IZ& (Z-]ééﬁg%*))ﬁl #@&g&%ﬁzt ed to
i Sty Ao HR A S MR et

er(@wm“&gjpﬁfﬁf(ﬁzﬁfz(bigmhﬁd Cﬁﬂ;@‘zmésﬂzbzmﬁg I\/E/gé 2)20 2, zrd 4,
r Zr
Zr ( Crpigwes patg addpsis of ey S arer @%éh‘?f %w)nso

SFEREESYT il S TR Ay M ot e

ofuithbRSE 1w lses are al so suitable as hafni um
precursors, for exanple, ethers, anjnes, oetgers

phos phTh%hg@ddo uWéTI IPracisar eoTSERIAGTES DGRBS Eae of
519 g%?g}dto g?lﬁgﬁ)r%alh %?%ﬁfe?e%ﬁbl?ﬂﬂ&%%ﬂ% {ogtag (;t'l?tsl %_ 600 ablout

npg.¢. preferably in the range of about 0.1:1 to about
10: 1. Metal -Ligand Conpl exes This invention, in part,
relates to the use of nonnetal |l ocene netal -1igand

c X nerally, the ligand is mxed with a
W@‘E’I‘ ((Goe;’flelﬁ’fécursor

This invention, in part, relates to the use of nonmetallocene metal-ligand
complexes. Generally, the ligand is mixed with a suitable metal precursor
compound prior to or simultaneously with allowing the mixture to be contacted
with the reactants (e.g., monomers). When the ligand is mixed with the metal
precursor compound, a metal-ligand complex may be formed, which may be a
catalyst or may need to be activated to be a catalyst. The metal-ligand complexes
discussed herein are referred to as 2,1 complexes or 3,2 complexes, with the first
number representing the number of coordinating atoms and second number
representing the charge occupied on the metal. The 2,1-complexes therefore have
two coordinating atoms and a single anionic charge. Other embodiments of this
invention are those complexes that have a general 3,2 coordination scheme to a
metal center, with 3,2 referring to a ligand that occupies three coordination sites

on the metal and two of those sites being anionic and the remaining site being a



conpound prior to or sinultaneously with allow ng the

m xture to be contacted with the reactants (e.g.,
wormemesy . \Wen the ligand is mixed with the PEL/EB2005/021716

precursor conmpound, a netal4ligand conpl ex may be

formed, which may be a catal yst or may need to be

activated to be a catalyst. The netal -1igand conpl exes

di scussed herein are referred to as 2,1 conpl exes or

2 I ith the, fi i h
3, Cﬁﬂgﬁf %%, with the. first nunber representing the

B! FRSGFCTHER M oms and second nunber

repr ei%?d@%& tﬁé‘?,ﬁ IBnREEHNBEEE niftaltiBndRbiblexdd) ghe

2, 1-conplexes therefore have two coordi nating atons

anetalligind gbmplaxieoniay be lkhargeterizadiyrthe fadlotiing: gensral fornnila

i nvention are those conpl exes that have a general 3,2
rdi nation schene to a nmetal center, with 3,2

referring to a ligand that occupies three coordination

sites on the netal and two of those sites being

ani onic and the remaining siy® being aneutral Lew s

base type coordination. Loo Lng first at the

2, 1-nonnet al | ocene tal -1igpand| conpl exes, the

net al -1 i gand conpl eqes may characterized by the
foll owm ng general f . wherein T, J", R1, L
and n are as define prev'ousbx and x is 1 or 2. The
J" heteroaryl may or| nmay/not daN vely bond, but is
drawn as bondi ng.

peci fich t he
nonnet al | ocene-1i gand Q{:;jxes Egilﬁb characteri zed

by the fornmula (9):whereNn RL, # R4, R5, R6, R7, L
and n are as defined previhNous and x is 1 or 2. In

one preferred enbodijrent xaman =3. Additionally,
Lewi s base adducts of these“netal<ligand conpl exes are
al so within the scope of the invention, for exanple,

et hers, am nes, thioethers, phosphines and the |ike
are suitable as Lewi s bases. Mre specich?II¥, Lh?,
nohersirel | J5CRné andireare s defingd pumiousis andf it hog2. The

i hvention may be charac | Z€ : | a
(s5ioutyh Bt e 2t Pk Pt W 0l RORESS, MGe

10 ag%\fﬁicaﬁﬁl’éﬁe néhriketalldRne-BBandQompTkes Ry be4harf@bteriREl taynttie
R7 are independently selected fromthe group

cbmsiukt g of hydrogen, al kyl, substituted al kyl,
cycl oal kyl, substituted cycl oal kyl, heteroal kyl,




substituted heteroal kyl, heterocycl oal kyl, substituted
hetercycl oal kyl, aryl, substituted aryl, heteroaryl,
wawsios ed heteroaryl, al koxyl, aryloxyl, siPgi/ps2005/021716

boryl, phosphi no, am no, tBfo, seleno, nitro, and
conmbi nations thereof, optionally, two or nore R4, RS,
R6 and R7 groups nmay be joined to forma fused ring
system havi ng from 3-50 non-hydrogen atons in addition
to the pyridine ring, e.g. generating a quinoline
group; also, optionally, any conbination of R2, R3,

1 § qisngd 1t goet el I ol %H%@‘lﬁ
%g e&Rd?i?ﬁsgg(ég ég fLr om t E[% 3 ngju%dcﬂgﬁg stjl} ng of
Fh kiyd preﬁdﬂﬂe& Tetribuﬂmdenakky land oyl Add]lhyhall}s I,pb‘@t& hage adflucts of

I : bsti t ut I d t
hes oataéﬁg%@o%pﬁp%%@ Iﬂlysql)'l w? Hgtrhé é%qpp I_O(%' e lgventlon fogl'

In.ds n ﬁ@lﬁb%ﬁwﬂeaﬁi
SAPTRE ity i, BEbAHers B (R, BRNRS ShikiMe & Lowis
$dbsst | tut ed ‘cycl oal kyl heteroalkyl substltuted

het er oal kyl heterocycloalk , substltut

het er dd§reispedifigally, thieyonmstalossne Fetel-1gap COIHB%F%%@%S
subst.i tut e hydr oxy,
3Hion tiap e ChygbaR by e by BB, VAOTY
seleno phosphlno, phosphi ne, carboxyl ates, thio, 1,3-
di onat es, oxal ates, carbonates, nitrates, sul phates
and conbi fatT ons thereof nis 1,2,3,4,b, or 6; and
x=l or 2. |l Qother e he 2,1 petal -1igand
conpl exes|{can be ch by the general fornula
(11):wher¢in the variakRl es aye generallly defined
above. Injstill other nts, the p,1

nmetal -1i gand conpl i nvertion can be
characterilzed byR: Ra (1R)wherein the
vari abl es |are general defingd above.lp a

particulanly preferred ment the npnnetal |l ocene
nmetal -1i gand conpl exes presented py the fornul ae
at page 5Q-51 of WO 03/ 40201.fﬁ}7ﬁ*wg\0 the 3,2

net al -1 i ggnd nonnekal | otene conpl exes Ukﬂﬁlﬂﬁlﬁﬂp
practice af this Rnvert(Con, the netal -| | exes

may be chdracterized Fhingeneral ?8?2 (13):
where Mig zirconi or ha iqu/RI/gﬁg,T are defined
above; J'"| being selected fridmthe group of
substitutgd heteroaryls with 2 atons bopded to the

metal M 4t

wherein the variables are generally defined above. Thus, e.g., Q% Q3 , Q4, R% R?,
R*, R, R®and R’ are independently selected from the group consisting of



| east one of those 2 atons being a heteroatom and
wth one atomof J'" is bonded to Mvia a dative bond,

wo b@eoodseé t hr ough a coval ent bond; and L1 andP@RUS2085/021716
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i ndependently sel ected fromsthe group consisting of
hal i de, al kyl, substituted al kyl, cycl oal kyl,
substituted cycl oal kyl, heteroal kyl, substituted
het er oal kyl , het erocycl oal kyl , substltuted

Bytsoeen éﬁ@ﬁ%{%@f@%‘iﬁ%ﬂ oitualy, By s iottion
Q@rfs}(ﬁ'ute(fhﬁé(ﬂoa ThERrocPdbARY], Bdfitues h@érbﬁvﬂloall@blezﬁ?],,

eno, phosphfno, phosphiné, carboxyl ates, thio; 3-
gisniattedaryhhaterdae, swammtnddtemoaryﬂu aﬂcamésaryleoalvb nléylehoryl

oL aat s heheoks ANLSIRERLN fkptiophbfarl; o or
PR R8T R RE ofdih e &&ﬁéd Ry emstalyteniliving

oni Um hium T,
Riom B-50ated-Hydragee atbeds inedditbo vetheqryd dige ring, g gt gvpgpratmg a

aiibotne &To@Si &Eéi PpingBy B TIbBonat ) Eurgd R may be
h
?r(gii’g(# Pq nor%ﬁgﬁ#oc@ne C ﬁb i ﬁomtthg gﬁ)u%

npl exes used in th
mbﬁﬁﬁhgﬁﬁaﬂqﬂhmbanmméamwhmyﬂaﬂkwemdmaum@iQ&k@ﬁ@dbwﬂxhe

%ﬁﬁs?ﬁft'edé?yiﬁéﬁﬁ%ilt%wﬂﬁ& rep ot s metpySind g 1
%:p%n(? %Iftlkl Red @R RYE: th %;h%l.{p doti§itd s ﬁlaﬁ@@ (h']li'yl Csﬁb étituteﬂ he

gand nonne ocene conp exes of ‘th

la rﬁmyﬁmﬂd%)éblﬁstmh&l aﬁﬂtmiksd,dcbth?aﬂchle supstierted hefcerodkli’la
E@termychralel(yyl\,ﬂ@ilﬁqtétlpég ﬁgt;arlf)rpyc%@k}?lgagyl spps;miti%ary@R%%

Pt A et OBk By, WO, iy AR, amine
selagasb.adlyf, dedhe] $otend| PuRpEiADSpiSipliige, @:ﬁarﬂmygdllamg,etmo fhél— 0,

al’kyl , substltuted al kyl, cycl oal kyl, s stltu £,
olichates nyalateh@@@pn@tmwtrat% Hiphates 40 (OBTERANK efeo nis

- et eroeyeloal k¥l or .

Tn other embodiments, the 2,1 metal-ligand complexes can be

characterized by the general formula (11):
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substituted hetercycloal kyl, aryl, substi
heteroaryl, substituted heteroaryl, al kox
W@ 2ooglog9obeor yl , phosphi no, am no, thio, sel
andconbi nati ons thereof; opfionally, two

R11, R12,

addi ti on,
exanpl e,

conpl exes

of skill i
hydr ogen a
a netall at
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i ncl ude al
conpl exes
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chl ori de,
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bol yet hyl e
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not)
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Xes a
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tuted aryl,
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or nore RI10,

and R13 groups may be joined to forma fused
ring system having from 3-50 non-hydrogen atons.
Lewi s base adducts of the netal -1igand
conpl exes in the above fornulas are alsa_
et hers,
the like afe suitable as Lew s bases.
can be fornmed by te
h the art.
nd the netal -1igand

In
sui table, for
phi nes and
nmetal -l i gand
N to those
R14 is
e formed by
shown in
040201.
i nvention
The | i gands,
N an organic

i hcl ude

51 um

pofysigu;; 1aug;n

pol YR

not .

ysts may be
pse of skill
this

ysts in a

$ of reactors
¥é4r m bl epds of

ysts typilcally
invention withjan MAD

from unsupported catal ysts.
oifglly | ess abgut 6,

| ess nd nore preflerably | ess
4. While not wanting to be bound by any

t heory of operation, the unsupported
ypically produce P/E* polynersiwith a

whi ch suggests that the nonnetal [Xcene,

het eroaryl |igand

Pol yneric
Simlarly, g
support ed

in the art| hi a

i nvention fay be co
single reag
(parall el
pol ymer pr
produce co
| arger t hai
al t hough tf
preferably
t han about
particul ar
catal ysts {
narr ow MAD
net al - cent &

the lig
On si ni

wherein the variables are generally defined above.
In still other embodiments, the 2,1 metal-ligand complexes of this

invention can be characterized by the general formula (12)



catal ysts used in the practice of this invention are
"single-site" catalysts. The netal conplexes used in

w0 bios/0099v€ent i on are rendered catal ytically actP@BUB3005/021716

conmbi nation with an activating cocatal yst or by use of
an activating technique. Suitable activating

cocatal ysts for use herein include neutral Lew s acids
such as al unoxane (nodified and unnodified), Cl-C30

hydr ocar byl substituted G oup 13 conpounds, especially
|(hydrocarbyl)alun1grn} ortri (hydrocarbyl)boron
conpounds and hal ogRnated (includi ng perhal ogenat ed)

deri vatives thereof, haV|ng fromjl to 10 carbons in

ch hydrocarbyy or Rhal ogenat e ydrocarbyl group,
mpre especi a FTRLi na trli (aryl)boron
conpounds, and n '
tris(pentafluoro‘
conpati bl e,
(iincl udi ng t he s
condi tions),Re
phosphoni um, oxon

ngnpol yneri c,
g, i on form ng conpounds
3 conggunds under oxi di zi ng
af ammoni um
, carboniurln-, silylium or
syl foni uig6alts of Lonpatible, ngncoordinating anions,
of ferroe®niumsalfs of conpatiblle, noncoordinating
ani ons; bu el ecfrol ysis (explaijned in nore detai
her ei naf t er Js—a#e\ conbi nati ons off the foregoing

adt i a
beeJ&n
ccnplexesi\
5,/153, 157 &

ol l owi ng refe

S. Pat .
Pat. No. 5, 064§8gifLEP A—2$7 003,
e

ER- A- 468, r. No 07/547 718),
U|S. Pat 7 Pat. No. 5,350, 723.

ThHe al unox ing cocatalyst in this
i fventi on CH3) yA10n, in which

R4 is a linear i d to C6

hydr ocar byl , ' to about| 1, y is fromabout 1
tq O, and n is an inteder fromabput 3 to about 25,

i jicl usive. The preferred al unoxang conponents,
rgferred to as nodified nethyl é M noxanes, are those
wher ei n R4i:5<hﬂi near brancg? pbr cyclic C3 to C9
hyldr ocar byl , X fr to about 0.50, y is
f rlom about

wherein the variables are generally defined above.



0.85 to about 0.5 and n is an integer between 4 and
20, inclusive; still nore preferably, R4 is isobutyl,

W0 200bi089996 but yl or n-octyl, x is from about O0.PCT/0S2005/021716
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about 0.4, y is fromabout 39.8 to about 0.6 and n is
an integer between 4 and 15, inclusive. M xtures of
t he above al unoxanes may al so be enployed in the
practice of the invention. Most preferably, the

| f th |
%4”?2@3 Bpteyerypreters %%?Wﬁé el peblfighd
ﬁ§1}1 fexe argrxﬁé%sr%fe}% Itfe f maélapﬂé G0t @ftJWQIOﬁ 040201

ed a unoxanes are so-cal
modi f Teehiag tonthe amaagtabhg:imirmnmetaﬁodeﬁa @dlplexes used in the

nmet hyl al uppxanes (IMMAO), that are conplefe | ubl
mracﬁwaﬂ@%m%@psthe Walel F@nnléﬁ?sz{rﬁ%‘/ %’%ﬂ}éf%i% 234 By the
lttIe if any,trialkylalumnum A
@g@%ﬁﬂéﬁé %Xr)preparlng such nodi fied al unoxanes is
disclosed in U S. Pat. No. 5,041,584 (which is
i ncor por at ed by reference) Al unoxanes useful as an
activating cocatalyst in s i nvention may al so be
made as disclosed in U S No. 4,542, 199;
4,544,762; 4,960, 878; 5,015, 749 5, 041 583 and
5,041, 585. Various al uno es can be obtained from
commerci al sources, for nple Akpd- Nobe
Cor poration, and include O 12, and
PMAG- | P. Conbi nati ons/of neut aI ew s aC|ds
especially the coanhatlon of trialkyl alunlnum
compound havi ng from to ns in each al kyl
group and a hal ogenat %ﬁ%§xa | ) boron conmpound
having from1 to 10 car o i n each]Hydrocarbyl group
especially tris(pentafl udfbphenyl)b- orane, and

conmbi nations of neutral Lewis acids, especially
tris(pentafluorophenyl)borane, w th nonpolyneric,

e Db Briarconem T Eams Band it Sohngd opoyt £ e erea
gﬁ%@é&gn%lﬁﬁﬂgpmgﬁmﬁq{e%roﬁ?ls%&ﬁﬁ oW tboniél 18RBe metal M, at

least one of those 2 atoms being a heteroatom, and with one atom of J" is bonded

to M via a dative bond, the other through a covalent bond; and L' and L2 are
independently selected from the group consisting of halide, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine,
hydrido, allyl, diene, seleno, phosphino, phosphine, carboxylates, thio, 1,3-
dionates, oxalates, carbonates, nitrates, sulphates, and combinations thereof.
More specifically, the 3,2 metal-ligand nonmetallocene complexes of this

invention may be characterized by the general formula (14):



of the present invention conprise a cation which is a
Bronsted acid capabl e of donating a proton, and a

W@ vpAab49é e, noncoordi nating anion, A . As useRCTTesm05021716
the term "noncoordi nati ng"” 4reans an ani on or substance
whi ch either does not coordinate to the G oup 4 netal
contai ning precursor conplex and the catalytic
derivative derived therefrom or which is only weakly
coordi nated to such conplexes t her eby remai ni ng
sufficiently | abilg Sto be dﬁQﬁlaced by a neutral Lew s
base. A noncoordi naki ng anion specifically refers to
an ani on whi ch when a.char ge bal anci ng
anion in a cationic @k does\not transfer an

noninterfering with desir subseﬁﬂent pol ymeri zati on
or other uses of the onplek\agre erred anions are
those containing a sijpgl e coor |on conplex
conprising a charge-baring I oid core
whi ch anion is capabl e “af bgyéggl g the arge of the
active catal yst species t gatlon) whi ch may
be formed when the two co onents re conbi ned. Al so,
said ani on should besufficiently labile to be

di spl aced by olefinic, diolefinic and acetylenically
unsat ur ated conpounds or ofher neutral Lew s bases
such as ethers or nitrites. {Suitable nmetals include,

but are not limted to, aERR1nun1 gold and plati num
Suitabl e netalloids include, but are not limted to,
bor on, phosphorus, and silicon. Conpounds contai ning

ani ons, whi.ch co e conrgi nat 6C .2

SRS A S reaniEe tRufof .98 Rk SRR [ -ate defined.above;
CRMMTIGs edidricaltida\wp nﬁﬂi@eﬁﬁﬁw is pagdfiag ¢yelld aryls subistituted aryl,
conpounds containing a single boron atomin the anion
petdroam], oaswbstidgd letérearybgnebp-ci al | y. hi one enbodi nent -

" epr 0SBV PEHECA B H PR En ot

disA6 inthe\Wr&hiRE BF this ink&ntfn may be characterized by the general formula
(15):



neutral Lewi s base; [L*-H + is a Bronsted acid; Ad~ is

a noncoordi nating, conpatible anion having a charge of
wal200a/0009d6 i s an integer from1l to 3. Mre prefRCHDB00F021716

corresponds to the forrmul a#1[M k+Qn']d wherein: k is

an integer froml1l to 3; n" is an integer from2 to 6;

n'-k = d;Mis an el enment selected from Goup 13 of the

Periodic Table of the Elenments; and each Qis

i ndependent|y sel ected from hydri de, dialkylanido,

hal i de, hydrocarbyl, [Rdrocarbyl oxy,

hal osubsti t ut ed; hydroc r byl , ansubEiltuted

hydrocarbylox;{5 |tute¢'3|lylhydrocarbyl

radi cal s (incluth enat

hydr ocar byl - per hal{dgenat ed| hydr ocar Ryl oxy- and

per hal ogenat ed sillyl hydroqgarbyl radi¢als), said Q

having up to 20 carbons MAQF t he pro so that_in not

nore than on /9/T of

sui t abl e hydrBbear byl ox(de Q groups

U S Pat. No. 5,296,438. In a nore

enbodi ment, d || .e., the

singl e negativicharge|land is Activating

cocatal ysts co I si ng| boron ich are particularly

useful in the pr on of /catal ysts of this

e fscl
referrygd
unter ion has a

Esed in

i nvention nay
formula: [
def i ned;

i s a hydrocar byl
hydrocar byl -, fl
fluorinated si
nonhydr ogen at

t han one occasion is Q hydrocarbyl.
is each occurrence a fluorinated aryl

ﬁ?r%'l\{i‘ %%rco u%?&t ﬂﬂéﬂn%f

nBYardeefliisa@dbas. an acti vating cocat al yst
preparation of the catalyst

s of this
tri-s uﬁtﬂﬂ PYeR marepRBHFAI S b Amstitlisand
mg 'n%hh&{ 3 B? @P(alr?cgé ﬁ’ the:e general formula (16):

an|I|n|un1 etrap

trleth

AR

Rhydrocar hy

—hydrocar byl oxy-,

nted by the foll owi ng genera
ein: [L*-H is as previously
oxi dation state of 3; and Q
fluorinated

ed hydrocar byl oxy- or

| -group of up to 20

, with RAé proviso that in not nore

Most preferably, Q
group,

es of Boron conpounds whi ch
in the

vent | ar e
nonmetact)lpocene

gphenK!, 19T RUMRS, RM, véY At IRVE 1! and



tri propyl ammoni um t etraki s(pent af | uor ophenyl) borate,
N, N-di met hyl ani |l i ni um n-butyltris(pentafl uorophenyl)

W eroana997¢ ri et hyl ammoni um PCT/US2005/021716
tetrakis(2,3,4,6-tetrafl uo#dphenyl) borate,
N, N- di et hyl ani |i ni um
tetrakis(2,3,4,6-tetrafl uorophenyl) borate, and
N, N-di net hyl -2, 4, 6-tri nmethylam i m um
tetrakis(2,3,4,6-tetraflH&rop- henyl ) borate; dialkyl
ammont um sal ts such as:Rai* (i - propyl)amoni um
tetraki s(pent af | uorophenyl ) borate, and
di cycl ohexyl ammonijym t ety aki s( pentjaf | uor ophenyl)
borate; tri-subsRiiuted phasphoRum salts such as:
tri phenyl phosphoni uny
borate, tri(o-tolyl)
tetraki s(pentafl uoro Jor at e, and
tri(2,6-di nmethyl phgay AONi
tetrakis(pentafﬂyc'
oxoni um salts such as:
t et raki s(pe
t et raki s(pe
di (2, 6-di net hy\phenyl

and

sul foni um sal t/s such &s: di phenyl sul Roni um
tetraki §3P f 1 uor ophyyl) borate,

di (o-to I)suaﬂgniun}Xetrakl nt af | udy ophenyl)
borate, and di (R, 6- di/ret hyl phenyl ) s ORIgUM

t etraki s( pent aff uorophenyl) borate. Pre FTed\Lhi1FH+
cations inclugé N, N-dli met hyl aniliniu

tributyl amo '
activating cocgflal ys
oxi di zi ng age and
ani on represent edydyt h
wherein: Ox + i Ra catio
charge of e+; e is an int

on foymn ng,

conpri ses salt of[& cationic
noncoor djfiati ng, conpati bl e

a: (x. dCA 1 )e
oxi di zi ng agent having a
er froml1l to 3; and Ad and

oxi di zi ng agents incl ude:
hydrocarbylsubstiijﬂed

where M is zirconium or hafnium; and R%LR? ,R4, R, RS, R RY, RZ RE, Ql,
Q% Q°,Q%, Q°, L! and L.* are defined above.

5 In the above formulas, R, R, R, and R are independently selected
from the group consisting of hydrogen, halo, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl,
substituted hetercycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, alkoxy, aryloxy, silyl, boryl, phosphino, amino, thio, seleno, nitro, and



ferrocenium Ag+, or Pb+2. Preferred enbodinents of Ad
are those anions previously defined with respect to

wo b@eBownst ed aci d contai ning acti vati ng cocat BCTESRN5/021716
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especi al 'y tetrakis(pentaf 48or ophenyl)borate. Anot her
suitable ion formng, activating cocatal yst conprises
a conmpound which is a salt of a carbeniumion and a
noncoor di nating, conpatible anion represented by the

fornula: [C]+A wherein: [C]+ is '
PembinghiensAhfrgol ePRANAlY & GF TBIF SN &%ﬁé? ¢ Ggpups may

. t A
BETGIRR! (ol R SR AR a8 AR 30 o hydpogen o
aclt |t val} adtﬁti@rlg (Llat)v&i st addirpy dftbs matat-digpolemnpléxeshin s apove
sa of a silylium.ion and a_noncoordinating, .
Empdas ase alsa Aritihlc: &y aBRice BB, #R@esSPREPES Phosphines and
EP}%%X;A‘)S gﬁéﬂ@%‘%&%&%b&%s C -d O hydrocarbyl, and X,

€ as previously defined. Preferred silylium

sal t agkinyadliliigné ocdplkysdian berfernhed byetetiyligids knpwmto those
tetrakis(pentafl uorophenyl )borat e, )

tOtf Eleﬂhy wlgi T’y |t Tngate spbRRIREER Rat 183%165%5% and e srsteldisend

et her sups t fr: Shd Wl :
88@?56&%%@&%&& % eh e?’ﬂld iélgt?cfr{/&g%tgoc %‘%e&J (l}frlld Og) @S%Bﬁg‘?]nﬁ gggl?ée

CBRAbn SEHBMe onkRR3 543836, 0343408611 as Lanbert, J .
B., et al., Oganonetallics, 1994, 13, 2430-24

Cer t aiSpecifiaskanplss of 3.2c0mmies ohiisapTHica ,m@?éegﬁbﬁhg,se

ngd .oxi | ri s(pentafl uorophenyl ) borane are al so
3FPGQ6PW§SOém4§?9f§t activators and may be used
accor drfdidafds, B@m%leﬁéﬁﬁﬁcaidﬁ%&ﬂhh}abe suppotted o an atgpsicr

are disclosed in S. Pat. No. 5,296, 433. qu )
tinerigaiiq seppott. Hivitebleiseprartsiipelpde silicas) Yuminageclays, zeolites,

| ocheni cal _oxi dat
anader Gy opdy v Sraityis bOSs TELE, pRLR pHsfltcs
SHBRGSS AnAGhSHES (P MESe SPPBHtS fiaf Be drosediakat o muatSimglarly,

i'nert anion. In the technique, solvents, supportin
dhe tipganslsy¢amsplened oe baielysts Inayibe spppatad; o) similgrsupperts Known to

ChaRe Qi o F ARG H kST ARty et <
combined with other catalysts in a single reactor and/or employed in a series of
reactors (parallel or serial) in order to form blends of polymer products.
Supported catalysts typically produce copolymers of this invention with an MWD
larger than those produce from unsupported catalysts., although these MWDs are
typically less about 6, preferably less than about 5 and more preferably less than
about 4. While not wanting to be bound by any particular theory of operation, the
unsupported catalysts typically produce P/E* polymers with a narrow MWD
which suggests that the nonmetallocene, metal-centered, heteroaryl ligand
catalysts used in the practice of this invention are "single-site" catalysts.

The metal complexes used in this invention are rendered catalytically
active by combination with an activating cocatalyst or by use of an activating
technique. Suitable activating cocatalysts for use herein include neutral Lewis
acids such as alumoxane (modified and unmodified), C1-C30 hydrocarbyl
substituted Group 13 compounds, especially tri(hydrocarbyl)aluminum- or
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i nactive are not substantially fornmed during the
reaction. Mre particularly, suitable solvents are
[ i qui ds under the conditiPOEUS$005/021716
the electrolysis (generall y4tenperatures fromO to
1000C), capable of dissolving the supporting

el ectrolyte, and inert. "Inert solvents" are those
that are not reduced or oxidized under the reaction

condi tions _enployed faor t electrolysis. It,is
idirar Dy HoRIGR Py AR Jpedateddimtidie Rsalsseted) o
[ ' I ; i 1
GRS oReol 1005 Fork DY 0L BBA M BUERRIbEM or
palogaratal hydseairtyd grdupemdeesispemall rerfinainatadgri(apyiasen ed
solvents include difl uorober; ncg?}é%l | . Jsoners

ePmRowslsy adaAs ecraeiaily tis{pe nyPRGTaRE .n"gﬁ?]oéymeﬁcv
TR - ' iflg th f such

SR BodB o AT Rl eobond) ARAAIAG the usg of sue

cempouidshmdeeskidieingsohdidons) dspegally the isodbarmdnigount er

el ectrode respectively). Suit ?bl e materials 1?f b

obasphenivm-opX My, arbepinm-o5ilyligis o sulfquiupsalis of gompaible,

and gl . . r H-GH

AP Bt RRu LB GR, PrlBocenl BN 5 HRRRNEY RodeoBioRiRle

GaRRACUIN elcoRb19sik &dxpldidedtin aicre detafl heximdet)y atdembinations

reaction mxture or reaction, copdjtions. Platjinum.o

wéthesforaeing astipplinessoraialystsapd tebpaties, | The fRireasarLY fting
ggé%glly%% Iafl‘&‘ aét%tiﬂ? {eégﬁ]?ﬁ{é&c k ?@ééfﬂﬁeﬁklﬁﬁ BBt With Bespect to

separ a I Nnt'o sepa at e
BBt B SomplbLes\n e folowingat fertiecs GhPaRaténtS, el 57

I d . Th '
e Gctioi mOt HEadbrbri P PR Auflohd 2 (g RE B

l.e t-iqV v i
SR R AR 8h o RS PR} anfYREREE NaTs p30.723.
noder atfidihbearRl Red idnyftisatitg @catalysi inithig itsreation is of the
resul ting conpl ex. The coynter electrode is i_maerseéi
i formuli(RE(EH phlQdhin which Bnds alieas ppesbed ggeyclic Cl to C6
| ectrql yte. .The.desir I j
hgratila s FEOISRIaRD B LR ETL T it £ kA arom

tdpeuCeld abbsi DY iAclugier ERORefi@a hhdexase componentssidfared to
el ectrode inmersed in the cell electrplyte. The

okt thethsldluminoxanss, are Fose et Riischditoar ppched or
ii‘g’?iﬁﬁ? ﬁ?ﬁg&&%&g{%é/@%?% | g}c%brol%g ¥35%0 about @!S%Qy is from about

0.85 to about 0.5 and n is an integer between 4 and 20, inclusive; still more

preferably, R* is isobutyl, tertiary butyl or n-octyl, x is from about 0.2 to about 0.4,
y is from about 0.8 to about 0.6 and n is an integer between 4 and 15, inclusive.
Mixtures of the above alumoxanes may also be employed in the practice of the
invention.

Most preferably, the alumoxane is of the formula (R4X(CH3).yAIO)n,
wherein R* is isobutyl or tertiary butyl, x is about 0.25, y is about 0.75 and n is
from about 6 to about 8.

Particularly preferred alumoxanes are so-called modified alumoxanes,
preferably modified methylalumoxanes (MMAO), that are completely soluble in

alkane solvents, for example heptane, and may include very little, if any,



conpl eted when the current drops fromthe desired
| evel to the background |evel, hi this manner,
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- f offthgpiesegntanventian comgprisashentiqn @dueH aleﬁn?t@ﬁ‘ ?ﬁl

be easily detected. Suitabl dSsupporting el ectrol ytes
are salts conprising a cation and a conpati bl e,
noncoordi nating anion, A . Preferred supporting

el ectrolytes are salts corresponding to the fornula: G

é‘nﬁ‘ﬁﬁéﬁb&wg Z\ifaghrﬁ%' B nispuanipER FR AR O
%Ydsﬁ&@ V. ‘3 ds ol @gﬁ)kﬁlgcﬂfs iR&drhOfAfed Uy refe'refiﬁ:%}J de

rocar SubStItu amoni um or phosphoni um
Qﬁhm@ﬁ&eb ame:fagam atcavdtﬁlglmndrtylystag ¢lns &tvention Pag alsp bednade

cerleben] nprofnutvololod D a8 it
gt]o 1.3 ea%d%f 0{1h§85p Pk 2 fg.lﬂr‘é%gﬁés%ﬁn BY¥ obtalrted from cornmerc1a1

IyS| e cation o e supporting electrolyte
RB6EES folexatiple; MkiabNobel Eotpoation sarsi iAlude YIMAESE3 AoMIMAO-
wor ki ng el ectrode to becone the anion of the resul ting
ob2 e BMAPduct . Either the solvent or the cation of

the s 'r”hgcgggltn%t?%g L?af ﬁ%ﬁ&eﬁ s defas! légl\ngft#}r(l% Ctopd%115“"11%‘%t‘)?51

el ect quantT t t he anmount of

bl Fzﬂdmﬂﬁﬁr@borﬁ@d?@id&iﬁvfmgrﬂmﬂ 1a6 4tchbonpinkéanky alkyl group and a
el ectrode. Preferred supportin eI ectrol ar .
thefogshytad mmrypqhqur%p@gpqlgl ving from )f ?0 car%ons in each

ek Ak grefgfg;:%gﬁa yﬁ%sp%ﬁ aﬁh&%Bﬁa%@g ofeh0Bnll dofhbhfitions

roca uoroaryl group,

esmRairal ILewis @érﬂ@le@pé@iﬂllﬂtﬁi{ﬁﬁﬂaﬂﬂﬁmphenyl)borane with
tetraki s(pentafl uorophenyl) borate. A further

ah@mbkyummmatlb&:wq‘@rémaﬁg WErFEINESATHOUAds 316 215P ng
coc S is the electrolysis of a disilane co d
i 1°° %‘ﬁ%@gﬁg% t!b]?' % source of a noncoordinati ngeroun

conpat Slma%lealﬁh FBemin B bSmbOEIAS ugefel dsooatalgst it bye embodiment

di sclosed and clained in U S. Pat. No. 5, 625, gSZp biI;:hef
ﬁ a 0

cocatal ysts are al so referabl
’ B g%r]dma ng Iarr111o§:1o &s usegrﬁerem,

vilensting & prqteRsdnd dsopypeiible

C%l,eé d'rl}%ﬁgéoggw)aﬁ oAl eaél‘rggr H%r QI?D 'ta?lge {h@R ekthbPddbs not

coordinate to the Group 4 metal contarmng precursor complex and the catalytic

derivative derived therefrom, or which is only weakly coordinated to such
complexes thereby remaining sufficiently labile to be displaced by a neutral Lewis
base. A noncoordinating anion specifically refers to an anion which when
functioning as a charge balancing anion in a cationic metal complex does not
transfer an anionic substituent or fragment thereof to said cation thereby forming
neutral complexes. "Compatible anions" are anions which are not degraded to
neutrality when the initially formed complex decomposes and are noninterfering
with desired subsequent polymerization or other uses of the complex.

Preferred anions are those containing a single coordination complex
comprising a charge-bearing metal or metalloid core which anion is capable of
balancing the charge of the active catalyst species (the metal cation) which may be

formed when the two components are combined. Also, said anion should be



In a preferred enbodi nent, the activator is selected
fromthe group consisting of: trinmethylammoni um
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tripropyl anmoni um t et rapheryl bor at e,
tri(n-butyl)amoniumtetraphenyl borate, tri(t r
- but yl ) ammoni um t et r aphenyl bor at e,

N, N- di net hyl ani | i ni unt et raphenyl bor at e,

R e —
lﬁ{sﬁﬁg%?eg{]%oéﬂ%gﬁflseor &ﬁﬁ%ﬁﬁ?ﬂ 1315B4es Bich as ethers or nitrites.

t
tetraki uor ophenyl ) borate, triethyl amoni um
t @iifabld raétple Niiddd ey brtcph aoylinival @t alpmimingrgobd iadyplotihum)

tetraki s(pent af | uor ophenyl ) bor at e, e
t$u1‘(ahlegg@t9qlglgﬁ%}“dgmut aré not limited t0, boron, phosphorus, and silicon.

:ﬁtn%@&eﬁgl%% g?@%%%@ﬁm%ﬁgﬂ 2&19;51‘?46%00rdinati0n complexes containing
t £tih @l nsdt1 R hakdllotd sphedy) Jfleonse,evell known and many, particularly
N, N-di met hyl ani [ ni um . . . )

t sch gRing Owrls CaRRIBGODHBE b Hee 10 the anion portion, are available
N I\I-di%}sallﬂlanilinium

t%%% é‘ent af | uor ophenyl ) bor at e,

{\5{\" d Lﬁﬁiﬂ&)&r{b(ofalirﬂerﬁ of Eﬁmltvb%tiommﬂeianﬁmﬁng cocatalysts may be

et raki s(pent af | uor ophen or at trj hyl '

t mpreamteé gyth@,fql,lwme %@n@&%ﬁl t)emlélgh ikwsﬁ*aﬁgi ﬂ?‘@ﬁérg&? fhisa
triethyl amoni. t 1 akih S 4, Q- s

B TR ol tnpi didi BT 1o o poncoordinating
tetrakis- . B-

ForpRls el o HEREEH | ARARIER I gRE B 1 t03. More

tetrafl h - _ |

el SR TR X TR
RIS A omagt b i

L Dt g AR TR &0 R Kok B Hy g piected from

t i oo 4 _ Y A
R g e P R

', deléoiécefromtlydride piekylinivio; balisle, hydrocry kydrasartuhexy,

tetrakis fl ht h ' ' )

¢ B RO ST P BPALaop Pl PTG L e
: ?@%@dﬁﬁ{%ﬁl g%?g@ntﬂﬂ&ﬁﬁ bfA8lo@Efated hydrocarbyl-perhalogenated

t aydrokirbylpey-fand petnighndiyd Jibdinslresartiyl i4dicals), said Q having up

ert-butyl)amoni um i i .
to 20 carbons with the proviso that in not more than one occurrence is Q halide.

Examples of suitable hydrocarbyloxide Q groups are disclosed in U.S. Pat. No.
5,296,433.

In a more preferred embodiment, d is one, i.e., the counter ion has a single
negative charge and is A". Activating cocatalysts comprising boron which are
particularly useful in the preparation of catalysts of this invention may be
represented by the following general formula: [L*-H]'[BQ4] wherein: [L*-H]" is

as previously defined; B is boron in an oxidation state of 3; and Q is a
hydrocarbyl-, hydrocarbyloxy-, fluorinated hydrocarbyl-, fluorinated
hydrocarbyloxy- or fluorinated silylhydrocarbyl-group of up to 20 nonhydrogen

atoms, with the proviso that in not more than one occasion is Q hydrocarbyl. Most
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t et raki s(perfl uoronapht hyl) borat e,
N, N- di met hyl ani | i ni um

N, N- di et hyl ani li ni um 47

t et raki s(perfl uoronapht hyl ) borat e,

N, N-di net hyl - (2,4, 6-trinmethylanilinium

t et raki s(perfl uoronapht hyl )borate, trimethylamoni um

pretrahly 0 Bereh GG ORP BT AP BRA G b SR A hont um
é&ﬁ{%ﬁé}%ﬁ?lg%%%ﬁglrnphenyl ) bor at e,

t et r akiwgfrpgvd butarod Bt ekjroples bEboron cgmpeunds which may be

- but yl ' Ki fl I ph | ).b .
ReR i ORI Pr A T PR PRI B SLT G By ) By giign

P b A als sarh e e

Nidhammionstm (cBaghehylboraigt hyl ani | i ni um

t et raki s(perfl uorobi phenyl)borate, trinmethylamoni um
&Nr(hmﬁglo’glpémﬂﬁnﬁtﬁpﬁ?l}yﬂkﬂf%t hyl ) pheny! ) bor at e,

triethyla MRE ' <

W@?PQW%E ﬁ%ﬁ&‘%ﬁéﬁ)%%gg?n tl)el,)or%ltre 1 propyl anmoni um
INEKL BBy BanSiinitra il Bty 1t smentatiiobydhepyip hytajebor at e,
tri(w butyl)amoni umtetraki

bty RmIaAb i PR s bt Grigit) W apheny) PP

- but yl ) a nj P - 1) borat d
L
N N:= @loferty ! g6Lirh ethlamitiatuna ke kid(253,4,6-tetrafluorop- henyl) borate;
bi's(trifluoronethyl)phenyl)borate,

Njalkydi aptrhgriinmi spithiugmaset r aki s( 3, 5-

is(trif th
AR RS FBARRBREBAER iy poc, nd
(e Riteg{13mBroaie tetiakisgenaabiophymbesurhtpor at e,
di -"(zso-pr opyl ) anmoni um
tteitsubititsied phosphbuivmophie sy 3sor at e,

uE RSP AP DOV RpIREpBigphpyD borate

ttﬁ¥c(—9>‘l§1%ﬁ6%ﬁ%ﬁﬁﬁﬂ h@Rikid(Pentafluorophenyl) borate, and
tetraki S(pent af | uor ophenyl ) bor at e,

ttri(l,Q—,dﬁnehhybhbgyﬂkhmpyim@gh]@pﬁpgﬁaﬂuorophenyl) borate;
tetraki s(pentafl uorophenyl)borate, tropillium
tcﬁtsil ﬁﬁ%ﬁ%@l"?ﬁ%‘?lﬁ?lgs?{tf ?"Fg‘ﬁénzn car beni um Pr e
tcﬁ%ﬁ@%ﬁﬁ(ﬂﬁluﬁ%ﬁe@rﬁﬁs@%ﬁﬂaﬂh&@PH&I@DW@Mi um
tetraphen

yl'borate, triethylsilyliumtetraphenyl borate,
bz @i fakioamonictmyis@entafhenopheidosatesa08pi | i um
Lt B e RSk AT i ARSI RBL Ak Suorb il Rl Byk&T beni um

di-substituted sulfonium salts such as:

bk

|
11

o=o

diphenylsulfonium tetrakis(pentafluorophenyl) borate,
di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and
di(2,6-dimethylphenyl)sulfonium tetrakis(pentafluorophenyl) borate.

Preferred [L*-H]" cations include N,N-dimethylanilinium and
tributylammonium.

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

cationic oxidizing agent and a noncoordinating, compatible anion represented by

PCT/US2005/021716
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w0 ea6ab493¢ pent af | uor ophenyl ) bor at e,

t et raki s( pent af | uor ophenyl ) bor at e,
tri phenyl phosphoni um

triethyl si Pgi/Us20M05/021716
t et raki s( pent af | uor ophenyl ¥dorate, benzene(di azoni um
tetraki s(pentafl uorophenyl )borate, tropillium
tetrakis-(2,3,4,6- tetrafl uorophenyl)borate,

tri phenyl carbeni umtetrakis-(2, 3,4, 6-

tetrafl uorophenyl)borate, tri &henyl phosphoni um )
thetfomkils: ( OB (AY)d evieainuOx S pis@roptivnip pxidizing agent having
triethylsilyliumtetrakis-(2, 3,4, 6-

b et 488 bEOT QRhAMMkIBOREhE, to3e BRI AET idarae asipleviously defined.
tetrakis-(2,3,4,6- tetrafluorophenyl)borate,

t r opi Ekhpiek oF batonsd pedibingapeiapietidy! Jenoratien, hydrocarbyl-
tri phenyl car beni um tetraki s(perfluoronaphthyl)borate,
tuisaheay feplesatanigmor Pb*2. Preferred embodiments of A™ are those
tetraki s(perfluoronaphthyl)borate, triethylsilylium
hibhsysies{opslyfdetinsdwith bdspydt kb tireRrenstedacié nertainingreiivang
tetraki s(perfl uoronapht hyl) borat)g tropillium

p@@%@)@%@ﬁl@@ﬂ“ﬁ(é?‘fﬂ@@fé‘?ﬁﬂ‘?ﬁ&hﬁ? R #Bhenyl car beni um

E )e(lt Lﬁgfﬂﬁgeﬁ %@1:5%2% 1?)3 'rfr‘]&lllrﬁﬁél,l a%ﬁ%tﬁfg%ocatalyst comprises a compound
txRtideik iasa R oF b lcieenihindbe ayd ) hon@bsdindtirigetduppatiblle/driom

t et raki s(perfl uorobi phenyl)borate, benzene(di azoni um
trﬁiré@htea(bgyahé Farenth[ERAnydeina{@]" is r €3-C2G carbenium ion;
tetrakis(3,5- bis(trifluoronethyl)phenyl)borate,

hd ANG0Y &%i%ﬁﬁ%ﬂ%ée%t raki s(3, 5-

bi's uor onet h phenyl ) bor at e,

triph %He?m%?&'nﬂﬁﬂ 1oatit aleltfity3 chtion, i.e., triphenylmethylium.
bi s(tritluoronethyl)phenyl)borate, triethylsilylium
t et r akA Sifrfheb suibibd ipn ffrining, aaEv4iipie)cop@alyst)oBIPESES @ and

SPEPOT PGS My P BRI B AR0 & noRseersiafeite: Fppastl
cat al yst/cocat al yst enpl gyed..prefer.abl.y. S~ om
e DS EESRDOY HONE. BEarCast o & o050 1%
10:1, nost preferably from1:100 tg 1;1. In one
drydoarbyhtand X't chand Anvasp es pisvionely delagd| yst can be used

in conbination with a tri (hydrocarbyl)al unj num..
c onpoutrdfergd isiglivim s#H @tlfVétlflg)CQ?anGW% .y%%‘bﬂlsmhum
%@%?@%ﬁ%@u&gﬁy&ﬁ)&ékw es of activating cocatal ysts

triethylsilylium(tetrakispentafluoro)phenylborate and ether substituted adducts

thereof. Silylium salts have been previously generically disclosed in J. Chem Soc.
Chem. Comm., 1993, 383-384, as well as Lambert, J. B., et al., Organometallics,
1994, 13, 2430-2443.

Certain complexes of alcohols, mercaptans, silanols, and oximes with
tris(pentafluorophenyl)borane are also effective catalyst activators and may be
used according to the present invention. Such cocatalysts are disclosed in U.S. Pat.
No. 5,296,433.

The technique of bulk electrolysis involves the electrochemical oxidation
of the metal complex under electrolysis conditions in the presence of a supporting
electrolyte comprising a noncoordinating, inert anion. In the technique, solvents,

supporting electrolytes and electrolytic potentials for the electrolysis are used such



enpl oyed. It is possible to enploy these al um num
conpounds for their beneficial ability to scavenge

WO pandres such as oxygen, water, and al dehydeGT/U8190%/021716
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the polynerization m xture49Preferred al um num
conpounds include trial kyl alum num conpounds havi ng
froml1l to 6 carbons in each al kyl group, especially
those wherein the al kyl groups are nethyl, ethyl,

R ateirglysis Bypiotisitn st Wouklaeiir AIE etp] BTHHI batalytically
iﬁ%’\«g%tr{%g ?Lgl%é . Ry fRE Hﬁ]?ré | heREREBA.AMofe Bﬁlﬁﬂiﬂaﬂy,

0:'1, hore pre ably from1:1000 to
k0itdble salséntpare eatadly thiat e Hqusd@Ourtder the tonditinnssef the

pref e ed borgne actival| g 601yl SATBFAREA. i e
tri . i
de%@cfrﬁﬁ%él@#&éigeg%ﬂéﬁ) PRER S velts S0 MR se iRe iR t&luced or

wo or nore different catalysts,

| gxedizel wdet the retiontonditiat caatlayedsostheatechelyensplioyed |
addition to a nonnetal | ocene,, netal -centere

resnerelx possitle Haview oAtha destred elREFPIESIHTCATLAY tpghg?se a solvent
g%tf}%{ siélﬁéc?rltl?é glgg%cﬁlgte tﬁﬁyaré:ﬁa?fe% Rt EledificAPRaRLIE Rbd for

or nore olefin’nononers to nake an

| tRE esdpell Isetrolgsish Dresaedd/svtventsriclbée difldrdbenzamb ¢all isemess),
of the invention in conjunction with a nonnetall ocene,

@&gng@émt?w@l\ﬁa _én%aqusrﬂge&‘?ﬂf catal yst. For certain
enbodi.gen i LLeri .
0 g L 5 P B e

| BCAORO B éoded AR rdftiiryd topiseficeweadking slbairdde abé counter
satisfied. Two or npre nonnetal |l ocene,. mfta{lcentere ,
PR

heleatroda rgspedtivghind Seiable (patesialsof icg@stlalic’fl e cell are glass,

et s _ _ _
et iome Ll cal L el PP ABE@ED B Mend Rl e uct

WinahctiRYmA6rials aF wiicl arRjiat taiduniitdmbtesals that are unaffected
nonnet al | ocene, netal -centered, heteroaryl |igand

clt the yeactonlmsxinoserdetnsionicanditiens, flatigig obpalladiym are

Limted. % .
g@gﬁaﬁ%@ : é}@%ﬁﬁ?ﬁ@%ﬁ@?{ﬁe@g@gpg g?lgﬂesa%[earhgrﬁgrane such
(4 LEAEERNALE Sepaihddl 1S b8l intPtParadd donipaptisents) rcalorbing

They include any known and presently unknown catal ysts
f dectoidefcomppitygniemdcetntenelestrods sompartmenty nhereerkng

L&?ér gdggwingl{ﬂ%wl 1anf:ag | %&#&%@diﬁr%ec%m%?fsﬁliﬁhé Sf:eﬁl'i §oﬁlﬁle§ to be

activated, solvent, supporting electrolyte, and any other materials desired for

moderating the electrolysis or stabilizing the resulting complex. The counter
electrode is immersed in a mixture of the solvent and supporting electrolyte. The
desired voltage may be determined by theoretical calculations or experimentally
by sweeping the cell using a reference electrode such as a silver electrode
immersed in the cell electrolyte. The background cell current, the current draw in
the absence of the desired electrolysis, is also determined. The electrolysis is
completed when the current drops from the desired level to the background level.

In this manner, complete conversion of the initial metal complex can be easily

detected.



which is used, along with an activating cocatal yst, to
forma catal yst system The catal yst, as used herein,

WO g00as0@lé y catal ytically inactive in the absePrCEUSI008021716
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cocatal yst or other activatthng techni que. However, not
all suitable catalysts are catalytically inactive

W t hout a cocatal yst One suitable class of catalysts

is the constrained geonetry catal ysts disclosed in

U S. Pat. No. 5,064,802, U S Pat. No..5 132,380 . U S.
Pat. NpHtable RDOTETE HEHESIy(Sh e st comiisitR G RIoBn a6
651, EP 0 514 828,. WO 93/ 19104, and WO 95/ 0052 al |
SPTATEl, BREOPHEGHPE NP R by LET G SRECUTB SRR g e sats
their entirety. Another suitable ¢lass of catalysts is

tdveresmindirigde drecfornulal GsAs vdiesainds ets 4 rtion Yhighyls nopggactive
5,044,438, U S. Pat. No. 5,057,475, U.S. Pat. No.

SoR8Ris 38 startifg ahdl Bsulblag colvplexSaRPA, 8BGO preaidustyfdefinedh
are incorporated by reference herein in their

entir eﬁ%’mﬂlés d2afCE ﬁﬁfuéle QLR @loBA8yIH8B85R At ammonium
yst's “may Il

cat al be consi dered as netal |l ocene catal ysts,

a&ﬂ)hllagéﬂ?mﬂﬁfcaﬁ%? hivIBS up & 86 hchylifogen aloRss. Fréfefr8d cations
si ngl e- I I

site catalysts. Another suitable class of
cat dheystranitatdahsbituni-edditetchethylangoenizin¢atigniret al

O s AR e o B R
SLSHARERADELI AL B R

8@?! A‘éﬁ%%@s t3%he wmﬂngglle@t%e]tg 5'ecc§ﬁ7éjth§%hioni\s¥f-the resulting

and U.S. Provisional Application Serial

#ﬁxm&_@& rbdudd EithBothe 801varibr ifdcatidR @ f ik supPorBiagd eBofolyte is

e disclosures of all of the preceding patent
arpdhéatiat terounteclecitastedo equal andlgr quanidyarideths amougt i,

e e i AP B
Coe §51%’tet%k&lo¥§tbgﬁﬁﬁﬁcﬁﬁﬁn salislo fasfraligpérfiloroaryl) borates

tecﬂ%ﬁﬁ ues wnich may be used in the practice of the
i hanéing from Idioslol cagheds reeashriydwgaibybonpgelludrears] goyp.| espesiplly

At S M b
= SIS . A0kt et
hartabylettasigsipof adisdaneycompound in the presence of a source of a
noncoordinating compatible anion. This technique is more fully disclosed and
claimed in U.S. Pat. No. 5,625,087.

The foregoing activating techniques and ion forming cocatalysts are also
preferably used in combination with a tri(hydrocarbyl)aluminum or
tri(hydrocarbyl)borane compound having from 1 to 4 carbons in each hydrocarbyl
group.

In a preferred embodiment, the activator is selected from the group
consisting of:
trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,

tripropylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate,

tri(tert-butyl)ammonium tetraphenylborate, N,N-dimethylanilinium
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reference; those disclosed in WO 98/41529, published
Sep. 24, 1998, the entire disclosure of which is

WO 97/ 42241, published Nov5113, 1997, the entire

di scl osure of which is hereby incorporated by
reference; those disclosed by Scollard, et al., inJ .
Am Chem Soc 1996, 118, 10008 10009 the entire

femehenter e SbU e NE HrieBo g R S metty-.4.6-
@@BE@Q@H%F&%&%Q%% ggnaﬁwaﬁﬁn&mﬁl osure of

y I'nco by  reference; those

aitekisoseath luordpBedyi)hd 268 ricthylatinsdmdadn Jun. 26, 1997, the
entlre di scl osure of which is herebéalncorporated by
fluorpphenydjbostie JERrPHlMMPIYRg 278 A2,

b Lﬂafnf%nghﬁd osure of
&%rk%%ﬁgﬁ%eréﬁmééﬁg%gﬁgsg%ggu y reference; those
@étﬁdl&é@ﬁcﬁﬂaﬂdﬂ)rcﬁﬂieﬁ)yl%ﬁ)até’,?tﬁ(s& bupylatrinsdréainOct . 13, 1999,
the entire disclosure of _which is hereby incorporated

bgtra&@ef(mmth@ronh%téboa@tw&%ﬂwl HIUBE3 244 A2,
ﬁﬁb' ; fﬁ%%%ph%ﬁmt?o%@ N‘I\Fglegi;ﬁ &ﬂnSC' osure of

ere of porate erence; those

dét&ﬂdlaﬁaﬁaﬂubr@h%nymmmtemﬂ-mmsquz71 6-trhmethylanitipium)
di scl osure of which is hereby incorporate

d
retrakispensatluorepheny)artssteiansiylamgonisgy tetrplg %3%67 208,

o EReial) SiRBH SO LRaPEE @” o, P e

5et9£i‘?uo@815henyll)lﬁ>r@cetmpﬁ;pgila&ﬁhmmneewﬂqst\(ﬂ BH,6- S her eby
i ncorporated by reference; those disc|osed in WD

8ammmqohepmlm»qr@tn@a(mbgtyl)§mm@m tetiakis-@rvd-Pe

18)%%” eenol{)]l%ogg eucnme é)ikgé’;?gl\ﬁy{k u”{ogg,{}]gg EV(F
Aeaaﬂdolfo phBPGborhtB EN N inkithy husitih s Hetrakib- (m;zm i's
her eby |ncorporated by reference; thgse disclosed in

e iz aeny)rbtei NAEdietistanipgumiguakis{h4dnt i r e

AeFen ooy ot oo NSRRI 4 ERhAR LR eiss
@% £ Blibth STk ShAAWorat8)firivet ofigheby i ncor por at ed

reference; those di sclosed in U S. Pat. )
&pﬁalﬁs@eﬁluotdmpﬁhﬂ)bﬁa@; tg@ﬂwéamréomﬂmmu chis her eby

e e
?er g@@ffﬁm?ctnaﬁﬂﬂhﬁ)bdr&e éﬁlbﬁtyﬂ)laﬁmicﬁmﬁﬁt ed by

those disclosed in U S. Pat. No. 5 972, 822,
tﬂeﬂalas@lerfhloronaphthyl)borate tri(tert-butyl)ammonium

tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium

tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluoronaphthyl)borate, trimethylammonium
tetrakis(perfluorobiphenyl)borate, triethylammonium
tetrakis(perfluorobiphenyl)borate, tripropylammonium
tetrakis(perfluorobiphenyl)borate, tri(n-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, tri(terz-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium

t hose di scl PEBTSIN5/021716



di scl osure of which is hereby incorporated by
reference; those disclosed in U S. Pat. No. 6,074,977,

wo b@emoore e di scl osure of which is hereby i ncor@DUSL06#021716
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by reference; those disclosed in U S. Pat. No.
6,013,819, the entire disclosure of which is hereby

i ncorporated by reference; those disclosed in U S
Pat. No. 5,296,433, the entire disclosure of which is

her eby i pcor por at b .ence: ..t hose di sclosed in

Eﬁ@ﬁa%éﬁé%WNBBW@?®&gP§§@&EgﬁédgﬁﬁpﬂgmﬂPscIosure of
Fbh ' NNEH MR yI-€1 8 l6eieiihyl AHIRE

D R e T F e e

détsakisgsetfleorobiphunydjborae, iemethylammoniportetrakds(By -

ref erence; those disclosed.i 5, 621, 127,

. S.. . N
g troreractgyliphegElhatss “’\‘R}]ﬁy@ﬂ"%%mwgr t@'ﬁ’i}(l}?ﬁéér por at ed

e S e L S G R s S S
ivigaifherahetlyhphengl)sorerctei(n-bhiyHemdiannin sekis(3.8 S.

Pat. No. 5,728,855, the entire disclosure of.. wqich is
et e herEdbwe, S g RSB R |
.S, . , NN ' .o f
JifteifRtomdigiheioda, N Gifhj b fLlhet ek o
digaifapesmethylbienyhodrate NS, N-GjcTylariiRdinnt thipaldsBisx e

di scl f ' ' ' e
in g RHRBE aeiss B R EE Coat TRy BBt

t.h il I: i i §; ara t ed
SR o Bl g Ry apoens
Ge®ilds(BéRaflidieplenyi)berad] dicydshexglanfmatiah i s her eby

I ncorporated by reference; tho%e di scl.osed in U S.
RatrakisentaflomgoplenyDbergie; Bie toXphosehiMe of which is

(Rt PRI SORR R de! FER LB iosfldanag |1
W@irﬂfisdpéntﬁﬁﬁ&?}fhén&l}%lﬂ&[ abgitlivay teteplersitoestet hose

di sclosed in Pat. No. 5,427,991, the entiLe
dirigh¢nydearkengm jaitaphenydbaee dpphenyibosphoniwy teftaphenylborate,

ref nce: t di.scl ' i d
R o G R e
hesvnt REakBYeAtafdodBhdtl)BoRERS Giplehisabaiianl osed in
WO 94/ 03506, published Feb. 17, 1994, the entire

dietralkispantefladropkinyhboraten Bindisyylphesphong ed by
ref er.ence; .t hose discl osed. in. 3/ 21242, bl i shed
d‘?&gkli@,emfg@%{c’pﬁwbgﬂlia % gneélilyé,scltg'?g% re of whi gﬁ '

tetrakis(pentafluorophenyl)borate, benzene(diazonium)

tetrakis(pentafluorophenyl)borate, tropillium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylcarbenium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylphosphonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triethylsilylium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, benzene(diazonium) tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tropillium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate, triphenylphosphonium
tetrakis(perfluoronaphthyl)borate, triethylsilylium
tetrakis(perfluoronaphthyl)borate, benzene(diazonium)
tetrakis(perfluoronaphthyl)borate, tropillium tetrakis(perfluorobiphenyl)borate,



I's hereby incorporated by reference; those disclosed
in WO 94/ 00500, published Jan. 6, 1994, the entire

wale@elawos e of which is hereby incorporated byPCT/US2005/021716
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reference; those disclosed3n WO 96/ 00244, published
Jan. 4, 1996, the entire disclosure ofwhich is hereby
i ncorporated by reference; those disclosed in WD

98/ 50392, published Nov. 12, 1998, the entire

LTS I RS Bl
e o sdidiniinl e o <

scl osure of “whic y 1ncorporated by
rtefiskigpernorohiphenyl)twcitededzéne(dianonkion), et al ., Science

iy oA PR SRRl oKglor BRI IEHESE o ool osed by
R B o Rralepn b i A0 o by
1 b anr L n i Seh oo o whi Ch
i@sméﬂ%vhﬁthxléwlﬁawa‘?@atewq@%ﬁg ?ﬁ%lﬂﬁgé' di scl osed
He e ety oty AR Tind Wi crfaonl i (bR e

byis(eflerenetayl)plieagbatiakc| osed by Ittel, et al., Chem
Rev. 2000, 100, 1169-1203, the entjre,di i@crzélﬁsure 0

whi ch The halaeRjioof catabisk scatpbist oplogspreirahly nges from
01 36065 001, TRE GReralB RrarREi5000 4OR01, 08 prdi@Brylifeit,
SCl osure O

e’entire di I ch I's her'eby i ncorporat ed
by-10@{Er:ENteond dintsrlinibsialf tiseitvintioBrthelygcatalyst edn zd ysed in
U S Pat. No. 5,093,415 the entire disclosure ?f
vpenehingtionaite iri(hydes By DAl W R cQupRquad ,Vmgﬁ% to 10

di scl osed : :

CFESROF PaeRRlIhBY e hiupisdf ) RocRaliN ik diso be
bé’mfal%%%[ ®1e gossiﬂl@ &eerfplog iase dlumimBaicompowidsdbr thei/bSeficial
Pat . . 5,874,505, the entire disclosuyr f ich.is
hehibityyto iseryengrompusitics juchas @K&F@e}”a@h&n{iﬁ@gy‘%ﬁs ny theq

in WO 96/.13530 [ y 9 i

PTG ST o S g it cchiliiingd AEB0kdR

I 8f.BHEARE BompPbriMs UEGhY froat € td bosborsihahyisilkyl group, especially
cocat al ysts, and catal yst systens disclosed in ILté S.1

Sthose bercpghoallyl gouPS e atpimaspthylspToRYoFOPIPY, 2
No. . 5. 965, 756 U.S. Pat. Na. 7. |
o5PHYEL Byl F?QP&B%’RB{I%ORWWZEQ%&gBI £y of thetal cBRplex 0

aluminum compound is preferably from 1:10,000 to 100:1, more preferably from

1:1000 to 10:1, most preferably from 1:500 to 1:1. A most preferred borane
activating cocatalyst comprises a strong Lewis acid, especially

tris(pentafluorophenyl)borane.

Tn some embodiments disclosed herein, two or more different catalysts,
including the use of mixed catalysts can be employed. In addition to a
nonmetallocene, metal-centered, heteroaryl ligand catalyst, when a plurality of
catalysts are used, any catalyst which is capable of copolymerizing one or more
olefin monomers to make an interpolymer or homopolymer may be used in
embodiments of the invention in conjunction with a nonmetallocene, metal-

centered, heteroaryl ligand catalyst. For certain embodiments, additional selection
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Process Descriptions In one enbodi nent, the process
reagents, i.e., (i) propylene, (ii) ethylene and/or
_ (ii1) catptYEB2005/021716
and, (iv) optionally, solveéht and/or a nol ecul ar

wei ght regulator (e.g., hydrogen), are fed to a single
reacti on vessel of any suitable design, e.g., stirred

tank, |oop, fluidized-bed, etc.The process reagents

o ek TS e 5 0y e

%Qﬁa‘b%ity,sﬁ%féga@i Al b ObLtREES ST br hrford AbmdtIR O infetdl-
pol ynmer," and t'hen the output of the reactor is
reenievedl heteroaryl pgeatd-catzdysts lmving differsst swpstitnes cathbe used in
out put .fromthe reactqr can be, recovered at. t,i
(e PraRtiqans cedaa offhepraiadynenty 3@%106?‘1\/1!?5?1811 g}"éﬁ’ﬂ?e S?t!jﬂ%&
ﬁm&@ﬂqﬁg%e h?é&}ﬂ%fgﬂnbﬁbr{ Wn bR 1OnRetAl0BERS hetll IcBRBRed,

iC rms only part, typically a mnor part, of
tifeeeroeacligand camlysts dissldsed héreindaslede butare ant limitod to,
process reactor in which an output st I.S. bl ed f
i

ﬁeﬁﬁ?ﬁrﬁl@at@am}%gs AR & 2R A HERR AL AL O THRY iR RR Wy KhéWE and

ion Redct1on nass"” nmeans the contentS within
Bpre®atly ahkndwtidataysty fod oldfingpodymaridatien ul should be understood
pol yneri zation. The reaction nmass i nél udes .reactants,

stoptithe term; "patakygt) as uspddiepein refgrsdo gmsdRleqoatayge compoun
by d The: 7
r%hfgﬁgsr Lgs%h,salo th & gﬁggﬁgggﬁé#&g%ﬁ@ BGIR Eﬁﬁ@gﬁ@steml. The

can ‘recyc e reaction veéssel.
T&h@aliﬁ’@,' aglr{géd E@@inp{g ueadili datadyticaly inskfivhinttheabbseact afra i s
operated are simlar to those for the I rization
ofocptabyjstorariker @stivaying teohaigie. SlOWRIRR Pe?fﬁfs‘l}ég@ﬁﬁé lysfi'bre
Nat t.a.cat al vst . Typi I [ ution polynerization of
p?%?}gﬁ“’eak H?%ﬁ‘f)ee‘r’vﬁ %&rlr[gag‘!og?mgégol yneri zation tenperature
bet weepnahgtible Bfs b cablysts 1200 0ehstpiret @ralkblyy bashwsgen
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Prefer B0 Y@L BY£ 436 Fs. Pat. No. 5,057,475; U.S. Pat. No. 5,096,867; and
U.S. Pat. No. 5,324,800, all of which are incorporated by reference herein in their

entirety. It is noted that constrained geometry catalysts may be considered as
metallocene catalysts, and both are sometimes referred to in the art as single-site
catalysts.

Another suitable class of catalysts is substituted indenyl containing metal
complexes as disclosed in U.S. Pat. No. 5,965,756 and U.S. Pat. No. 6,015,868
which are incorporated by reference herein in their entirety. Other catalysts are
disclosed in copending applications: U.S. application Ser. No. 09/230,185; and
Ser. No. 09/715,380, and U.S. Provisional Application Serial No. 60/215,456; No.
60/170,175, and No. 60/393,862. The disclosures of all of the preceding patent

applications are incorporated by reference herein in their entirety. These catalysts



preferably above 700C. If hydrogen is present, then it
is usually present at a partial pressure (as neasured
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about 0.1 kPa to about 5 MPa, preferably between about

1 kPa to about 3 MPa. Gas phase, suspension and other

pol yneri zation schemes will use conditions

conventional for those schenes. For gas-phase or
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which is hereby incorporated by reference; those disclosed in U.S. Pat. No.
5,767,208, the entire disclosure of which is hereby incorporated by reference;
those disclosed in U.S. Pat. No. 5,907,021, the entire disclosure of which is hereby
incorporated by reference; those disclosed in WO 88/05792, published Aug. 11,
1988, the entire disclosure of which is hereby incorporated by reference; those
disclosed in WO88/05793, published Aug. 11, 1988, the entire disclosure of which
is hereby incorporated by reference; those disclosed in WO 93/25590, published
Dec. 23, 1993, the entire disclosure of which is hereby incorporated by reference;
those disclosed in U.S. Pat. No. 5,599,761, the entire disclosure of which is hereby
incorporated by reference; those disclosed in U.S. Pat. No. 5,21 8,071, the entire

disclosure of which is hereby incorporated by reference; those disclosed in WO



pol ymeri zation reaction has stopped. |n another
enbodi nent the pol yneri zation process is conducted
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added to the polynerizati onéeffluent after the

pol ymeri zation effluent has exited the reactor. In
anot her enbodi nent the pol ynerization process is
conducted in the presence of quorocarbon and
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5,962,714, the entire disclosure of which is hereby incorporated by reference;.
those disclosed in U.S. Pat. No. 5,965,677, the entire disclosure of which is hereby
incorporated by reference; those disclosed in U.S. Pat. No. 5 ,427.,991, the entire
disclosure of which is hereby incorporated by reference; those disclosed in WO
93/21238, published Oct. 28, 1993, the entire disclosure of which is hereby
incorporated by reference; those disclosed in WO 94/03506, published Feb. 17,
1994, the entire disclosure of which is hereby incorporated by reference; those
disclosed in WO 93/21242, published Oct. 28, 1993, the entire disclosure of which
is hereby incorporated by reference; those disclosed in WO 94/00500, published
Jan. 6, 1994, the entire disclosure of which is hereby incorporated by reference;

those disclosed in WO 96/00244, published Jan. 4, 1996, the entire disclosure of



wi t hout causing precipitation of polyner solute from
the pol ynerization nmediumor effluent or introducing a
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effluent in an anount effedéfive to reduce the
viscosity of the polynerization nmediumor effluent by
at least 3 9% thout causing precipitation of polyner
solute fromthe polynerization mediumor effluent, as
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reference. Also useful are those catalysts, cocatalysts, and catalyst systems
disclosed in U.S. Ser. No. 09/230,185, filed Jan. 15, 1999; U.S. Pat. No.
5,965,756; U.S. Pat. No. 6,150,297; U.S. Ser. No. 09/715,380, filed Nov. 17,

2000.

Process Descriptions

In one embodiment, the process reagents, i.e., (i) propylene, (ii) ethylene
and/or one or more unsaturated comonomers, (iii) catalyst, and, (iv) optionally,
solvent and/or a molecular weight regulator (e.g., hydrogen), are fed to a single

reaction vessel of any suitable design, e.g., stirred tank, loop, fluidized-bed, etc.
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a measuring head is arrangé8 above the cell. A notor
at its top generates torque which is transmtted to
the lower cylinder via a shaft. The cylinder contains
per manent magnets that have counterparts inside the
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efidut 1) ardlabBuid] 3020, dRNA6ferefefablSbetRtar zl[BdilEﬁO Iy about 150°C
separation of the poI ymer fromvolatiles in

| asomestrsferbhmtutdinmpouk e amhtif’Condgthe ﬁﬁ]ym@ﬁﬁtﬁ?neprﬁsure

the re on medi um_ The. testing pr

b E R PR REhAF10 I SFH npe sou 02
PRLY IBS L ZAIR) TR GhbiRet $mbodiment, the polymerization temperature is
above room temperature (23°C), preferably above30°C, preferably above 50°C,

preferably above 70°C. If hydrogen is present, then it is usually present at a partial
pressure (as measured in the gas phase portion of the polymerization) of about 0.1
kPa to about 5 MPa, preferably between about 1 kPa to about 3 MPa. Gas phase,
suspension and other polymerization schemes will use conditions conventional for
those schemes. For gas-phase or slurry-phase polymerization processes, it is
desirable to perform the polymerization at a temperature below the melting point
of the polymer.
In a preferred embodiment, the fluorocarbons are present in the

polymerization media at 1 to 99 volume %, based upon the volume of the media,
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medi um sanpl ed. The sanpl e5Ps di scharged into an open
contai ner placed in a hood to evaporate the sol vent
and unreacted nononer. The separated polyner is
further dried in a vacuumoven at 90 C for about 12
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to the polymerization effluent after the polymerization effluent has exited the

reactor. In another embodiment the polymerization process is conducted in the
presence of fluorocarbon and additional fluorocarbon (which may be the same or
different from the first fluorocarbon) is added to the polymerization effluent after
the polymerization reaction has exited the reactor and or the polymerization
reaction has stopped.

One aspect of this invention relates in part to a solution process for
polymerization using fluorinated hydrocarbon(s) or a mixture of fluorinated
hydrocarbons and hydrocarbon solvents to provide a means of increasing polymer
solute concentration and/or reducing viscosity of polymerization medium without

polymer precipitation. Without wishing to be bound by any theory, we believe



the fiuorocarbon does not cause precipitation of nore
than 0.01 wei ght %ol yner out of solution, preferably
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nore than 0.001 wei ght %poléymer out of sol ution.
Amount of polymer (weight % precipitate present in a
pol ymerization media or effluent is determ ned by
rreasurlng t he intensity of a transmtted Iight of the
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preferred processes include introducing a fluorocarbon into the polymerization
medium or effluent in an amount effective to increase the amount of polymer
solute present by at least 1 %, and reduce the viscosity of the polymerization
medium or effluent by at least 3 % without causing precipitation of polymer solute
from the polymerization medium or effluent, as compared to the same
polymerization medium or effluent without the fluorocarbon present.

In a preferred embodiment, one or more fluorocarbons are added to a
polymerization process in a polymerization reactor in an amount effective to
reduce the viscosity of the polymerization media or effluent by at least 5 %,
preferably by at least 10%, more preferably at least 15 %, more preferably at least

20 % as compared to the exact same polymerization media or effluent without the



% preferably 20 to 40 weight % preferably 25 to 35
wei ght % Typically the fiuorocarbon will be present
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to 80 volunme % preferably6B80 to 60 volune % based
upon the vol une of pol yner, unreacted nononmers and any
sol vent or diluent (such as a hydrofl uorocarbon)
present. These processes typically operate at or bel ow
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rtﬁ%glét %g QWC Q945245 }H %ﬁé M\;gldprggs&%%ll (Esdied by a O-

concen I NCr ea

@gtc Rict@bét@Ben BichbldePard ﬂferoad;ldd axitiec alrokxim& therotase
Is invention include perfluorocarbons ("PFC' or

IﬁF&{S@l‘l)lg bendl is prranged abpvthe cail-b Hrigotor it top generates torque

col.J ec ti el v f
VR SR At SUGE ey T R s
FhRRAGR MRSt B haRf donatbrhRtshiesi@omp estor) sTinongh thiei ng
essentially of at |east one carbon atom and at Ieast

ommrmagncm lmcdd@rtrgmlomidnwme@hwuaysﬂw@fi o B max g sheap

per fl uqr a co d

citees iy aaiegntt s FrGer P S EAr Ll R0
?iﬂlslesahi PIERIGB BRGRRE iRk s6lvehtiat a gfvknicondehtration, and the

perfluoroal kanes. A hydrofluorocarbon is a conpound

cpoigist sofugiomsis bombgérlizedoh an autoclave reactor. After homogenizing the

polymer solution, it is fed into an electrically heated viscometer via a short high-

pressure tube. The preset pressure is then adjusted by a metal bellows arranged
inside the autoclave. The viscometer is controlled by a computer. Additional
torque due to viscous flow of the polymer solution is transmitted to the measuring
head and causes drilling of the spring. The angle of drilling is used to determine
the torque from which the dynamic viscosity is calculated.

In another embodiment, this invention relates to a method to increase the
amount of polymer solute present in a polymerization medium or a polymerization
effluent by at least 3% (preferably by at least 5%, more preferably by at least 7 %o,
more preferably by at least 10 %, more preferably by at least 15 %, more
preferably by at least 20 %) by introducing a fluorocarbon into the polymerization

media or effluent in an amount effective to increase the amount of polymer solute



carbon, fluorine and hydrogen. Preferred FCs include
those represented by the fornmula: CxHyF2 wherein x is

waroosoowger from1l1l to 40, alternatively from 1P€DUSDN5/021716
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alternatively from1l to 2062alternatively from1l to

10, alternatively from1l to 6, alternatively from2 to
20 alternatively from3 to 10, alternatively from3 to
6, nost preferably from1l to 3, wherein y is an

i nteger greater than qor equal to . Q and z is_an.integer
OB CRUBHEDERIRI1aURB 08 s RPBPe Lo, Spigpaed fe e exict Same
' DRG0 eﬁﬂ%n%itb__&ﬁ%ﬁe AlltocdBor? PSR Bf SADREE SoHXE.
VAR or nore. For purposes of this i1nventionand the
1%}Jr@@jeﬁiSintahfmja{qGrizatibﬁb ntedivim ohgffluedtl at a goeatdoperatnt is

| uor ocar bon do not _include chlorof| uorocarbons. In

sietermimrddiyieparatiop of the nelymsr rpm ¥ldtey Beraboypiery,ergosation

t he praocess ' [ . i .
e Sl U K RoRhRLARE oG utigitautl
angeriBudes B6185vay: ab kival afioxht (160 afl) of futpnafation orditmoiss .

In yet anot her enbodi nent,. the hydrofl|uorocarpbon is .
[sapirdedor th renafia eenifon inka FiaiRss Ssel YeRtFoPT KRV BHight-

i the HFC used, | ' , o
e U S e e T T
RaedibeHasipled. Aefsemprds aisbledpdtinta art dienfdonaines plabahin a
consi sts essentially of hydrofl uorocarbons.

Neved|tp siariongje thesafycatansrurireagtndgnenasess The esnaratedipelymsr is

' t . nclude fl L dhEl ne:
R ik diara pyafohar foE Ao 2 ngRy T8 vaARE oven
%d@aﬁlp%ﬁ@%@ﬁ@@io Ibtdin Ihd drhéirid OF pelymaniy the polymer solute.

1,1,2-trifluoroethane; 1,1,1 ,2-tetrafl uoroethane;
1THe Reizht Btpodyrhercobie present =1 (the weight of the dry polymer) / (the

, 2, 2-pent af | uor oet hane; 1-f1l uor opropane;

ZWFllgl}_g‘P’%%? RS mi‘,%fl-“gl ¥ |Jf8 r opr opane;

1, 2-di H al:ﬁ’é%?feﬁ RAMDS dinden® thetHlorSLAFKIRE @RAMed in an amount

2, 2-di oropropane; 1,1,1-trifluoropropane; 1,1, 2-

t ¢fifdckive tomerspsmbe pdlyie8 smlutefprmnbipram)éym@nzatlon media or a
%ﬁqﬁi&%&ééa{tf@%& 1?35%‘8% g Irt](g B% ;lrr%z ;%)i'&éragfyl bfyI 3! t%r&%,%(?rg %referably by
15 %o 31? ?8, bl eh”éf%l? Bng%‘ 85 o .lord 1’p?efe:rably by 15 to 30%, more
tetrafl'u ,

or optr opane; 1,2,3-tetrafl uoropropane;
1prkfdaldy be0as B o5 withoyaaesing p@¢ipitation of the polymer solute, as

tetrafl 111 2 2 f] L
1gqgr1€ar§(§?ogtgg égﬁ%g?q?ﬁ%mﬁé‘?&ﬁ ’gﬁ‘g.l’enp b HORSROREN and or in
iariax%ognt%ffémeq L LQIORIORESity of the mediasor effluent by at least 5 %,

pentari uoropropane;” 1,1, 2, 3,
preferably by at least 10%, more preferably at least 15 %, more preferably at least

20 % without causing precipitation of the polymer solute, as compared to the exact
same media or effluent without the fluorocarbon.

By the phrase "without causing precipitation of the polymer solute" is
meant that the fluorocarbon does not cause precipitation of polymer out of
solution or if it does cause a minor amount of precipitation, that it is insignificant
enough to not cause fouling in the selected reactor system. In particular the phrase
"without causing precipitation of the polymer solute" means that the fluorocarbon
does not cause precipitation of more than 1 weight % polymer out of solution,

preferably that the fluorocarbon does not cause precipitation of more than 0.5
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pent af | uor opropane; 1,1, 1, 2, 2, 3- hexaf | uor opr opane;
1,1,1, 2,3, 3- hexafl uor opropane;

wQa 2600B¥78, 3- hexaf | uor opropane; 1,1, 1, 2, 2, 3, 3-PCT/US2005/021716

hept af | uor opropane; 1,1, 1, 333, 3, 3- hept af | uor opr opane;
1-f|uprobutane; 2- fluorobutane; 1,1-difl uorobutane;

1., 2-di fl uorobut ane; 1, 3-di fl uorobutane; 1, 4-

di f1 uor obut ane; 2, 2-di fl uor obut ane;

2,3-difluorobutane; 1,1, 1-1rifl uorobutane;

weighp % PolymGHP W salEon, pr ?@L{Yrtﬁ?ﬁ tﬁ% ﬂB%‘i?P%fh@? does not cause
1,1, 4-%.11 i dy 2 j :

presipafiph prHBFEBH B Sveight3e Gohic e K SBICRD referebly hat
X lBorbearboridues ot canse precipitdtiqrlefiraoredfidn @0 bimeighh g polymer
1,1,1 , 3-tetrafl uorobut ane;

ot ssolutionupiegBEE Bt the THojcsitou ot neksB ATERliation of
]i'f’l%l? @agj&t@w;ﬂ R A But df shifich: Uehsdttlo¥B6QRIeE ARG At

af Puor 1, 1,3,4-tetrafl uor obut ane;

]Vo)%préeiﬂftét@ breabhtin b pblynafieatich Redia 8t tiiucaf i doteubined by;
1,2,2,4-tetrafl uorobutane; 1,2, 3, 3-tetrafl yorobyt ane;
meswing the intensitief o piapapided light of the pelyms ¢ B?be%t ane;

1,1,1, 2 2-pentaf | t -1 - :
sobtosiznfal FALFBLARIRRH! PRGenck o hiymer precipitaics causes ight
Intbnsheyieday. PERY @fib uOTightdhiansity tlankmitted through polymerization

, 3, 4-pent af | uorobutane; 1,1,1 ,4,4-rentaf| :
medienawith pisessca pf PIVBBiRrafipitates to the ﬁghtaintegg’[yot?gnts%ri]t%d

é@ﬁ}ﬂlg’? ﬁ}?ﬁ}di%a%rggégg %%?Wﬁ&g%ﬁ%@%ﬁ?e&%ﬂatt% lr? ec_orrelated to
]thélcofiw%nﬁat%m@um ‘Pmlrﬁffafbs in the reaction medium.

1, 2, 2, 3, 3-pent af  uor obut ane; i . .
1, 2, 2,18 anothenembodimenihe nerocarban is presept i an amount effective

,h[g ég&%&ﬁéﬁ o %tﬁgr%g g{lﬁp{}?#énéf%ﬂﬁfp Swﬂtﬂgﬁﬁﬁﬁ%ﬁ%fon}médd&n or

 Aflderft: REXRhlaYR6QRY IR ARorckabodh is used to increase the solids content
, 2,4, 4-hexaf |l uorobutane; 1,1,1, 3, 3, 4-

hefthd polymebzationenedivm, Suctga aystenhaxbgre thsmobmg e formed agd

, 4,4, 4- hexaf ] uor obu 112 - :
T S U L S

fd. UBRRRKE SR8y st bysterds desclbelt Igeialchibe akudtianslurry process
171,2,3 ,4, 4- hexaf | uorobutane; 1,2,2,3,3
, t-phediat thopalpuemmescribed hareim Pypirally one would expect the slurry
, 3- hept af | uor.obyt ane; 1 1, 2.2 4.4- : :
reEpeuttion G sBeh Retymer havips ffai‘f"g?eﬁl-" ﬁ%‘ﬁ PERRETE 4B S A stury
11’i]% é'on§1tr%vn§ frowReatAE LitraRstigi8earbons as all or part of the
1,1,1,2,3,4,4-heptafl uorobutane; 1,1,1,2,4, 4, 4- .
*Ilﬁl;l?l?éﬁm’mhnﬁdmm; minithizes SpBoueliminates HHis Droblsut Bis:in a
pgefpr@éte%h%ggp%ﬁﬁg gggolégr 81?95%%@%& 1%1 aillp ot 8fftive to cause

precipitation of at least 1 weight % of the polymer produced, preferably at least 2
weight %, preferably at least 5 weight %, preferably at least 95 weight %. In such
processes the polymer is preferably present in the slurry at a solids content of 5 to
50 weight %, based upon the weight of the solvent/diluent, unreacted monomers
and polymer product, preferably at 10 to 45 weight %, preferably 15 to 40 weight
%, preferably 20 to 40 weight %, preferably 25 to 35 weight %. Typically the
fluorocarbon will be present in such processes at 10 to 99 volume %, preferably 20

to 80 volume %, preferably 30 to 60 volume %, based upon the volume of



octafl uorobutane; 1,1,1 ,2,2,4,4, 4-oct afl uor obut ane;
1,1,1 ,2,3 ,4,4,4- octafluorobutane; 1,1,1 ,2,2,3,3

w0 dodoeonaf | uorobutane; 1,1,1 ,2,2,3 ,4,4,4- PCT/US2005/021716

10

15.

20

25

30

nonaf | uor obut ane; | -fl uor o62- et hyl pr opane;

|, 1-difluoro-2-nethyl propane; 1, 3-

di fl uor o- 2- net hyl pr opane;

[, 1, I-triquoroerethyIpropane ,3-trifluoro- 2-

0 LGB 0 5

%yér ? ? ?1]%612; %ﬂégéh? ’ﬁl ﬁ)gﬁr%t&ﬁi %r%g}p’) g}r)]eer;ate at or below the
tlnéeilxrngfplauﬁ (’szbﬂ?ile lp@l}@ne?-bﬁm[gWM:mocp aneh aslat1128°Gor below,
uor o- 2- r t .
ke heipeaar T 2RI BHOIER VA T B, preferably
59%8%%6%8 Bha@e; 1, 1-difluor o_cycl obut ane;

uorocyclobut ane; 1,3- difluorocycl obut ane;

1 1, 2Th khdthesndsademertthap@iess is operated at or above the melting
1,1,3-trifluorocycl obutan

tpoisft of ﬁmazo}ﬁn@mﬂwodqcei tzplgalfsé%t r19P1te 3PECy Preferably L 120
]tb %7 %’Cg pgpfg % 95yl GhuL, process the polygler produced isin a

uoroc ¢l obu 1,1, 2,3,

Hﬁ@lte’ﬁfétau@ ﬁl@&iﬂfﬁﬂl @btﬂa@ net belana, s%pa’&af& phase from the catalyst system
3- hexaf | uorocycl obutane; 1,1,2,2,3
aqﬂén@fo[rw oE ﬂwg@aé‘p@l is typically présent at lower amounts (such as

}1){02%(? V%}nalg f ﬁ{aQeC%EJegﬁgé%ﬂgner %Oﬂlt &célt?ﬁftﬂn or lower

obu ane t'ion to those

g\hs&%@%& &t%’i‘gﬂled emolhtd ésichas eo to 99 lsmb I%l)db@:awekﬂepaatlon of
escr

ed in nmond W | al t
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Ec onop book- SR

VWF%?H ’lnsa QE?‘F@ Etgpp‘glrl a%ﬁﬁe%g@g %%?/n @gtgr %%gﬂ‘e Are e
{Héeasking ﬁoéﬁ’&:ﬁ@ﬁﬂ degifdieffee e gaotbas@idolutt bencentration vs.

f uorocarbon(s) used in the process of the invention

amereg@dgrecdpitatioonstehe group consi sting of

diflu trifl t

11, 1 e Bkt M Qoo AR ons
F@" 5t t#rf(?s"?] h&d Spﬁydréﬂm&m:rmﬂﬂs (TR asd "HRC'e) eolletively
odlnent e comercial ly available fluorocarbons

wseﬁefmddto as { fuprpateddydrastrbons rfiflserorashons € Ffeleor ugel ")

Tllﬁzlgoé)%gr ﬁ@%ﬁ%‘é:dﬁﬂleid;ﬁ%ob%ﬁrgnlpc ﬁ#@nc%g%gtn}%essentla%lx of at least one

by bt s soghaeas sz
perfluorocarbon is a compound consisting essentlally of carbon atom and fluorine
atom, and includes for example linear branched or cyclic, C; to Cao
perfluoroalkanes. A hydrofluorocarbon is a compound consisting essentially of
carbon, fluorine and hydrogen. Preferred FC's include those represented by the
formula: C,H,F, wherein x is an integer from 1 to 40, alternatively from 1 to
30, alternatively from 1 to 20, alternatively from 1 to 10, alternatively from 1 to 6,
alternatively from 2 to 20 alternatively from 3 to 10, alternatively from 3 to 6,
most preferably from 1 to 3, wherein y is an integer greater than or equal to 0 and

7 is an 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. For purposes of this invention
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Pent af | uor opr opane, HFC-365nfc havi ng the chem cal
nanmel, 1,1, 3, 3- pentafl uorobutane, R-318 having the

havi ng the chem cal nane 268-di hydr odecaf | uor opent ane.
I n anot her enbodi nent, the fluorocarbon is not a
perfluorinated C4 to C O al kane. hi anot her

enbodi ment, the fluorocarbon is not perfluorodecalin,

perfluoroheptane perfluorohexan
e fhie e B ansto e Feste b Tugecribs ph Qpgggarbon do not

E hﬁ&e %ﬁ&ohucﬁogdrﬂ&shyl cycl ohexane, perfl uorononane,
14610 enzene, per fl uorotol uene. In another
enbodimnend elhbﬁhfnlem? s aganbeof flsorpeaismstaraysedin thetpiragesd of
wei ght % based upon the weight of the fluarocarbon

almnamthmynrre&yahlbéﬁnl@mr%m p%ﬂ@%@?ﬂte oy raTh B Gy
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o prefera great er t n 7 wei ght %

Rh6ther aﬁbwme@taﬂﬁmyﬂmoﬂ&mhgmamceﬁ oefiraddicpd in the
greater than 15 wei ght % preferably gr aéhn{ thﬁm 20
g

walier oﬁ/ﬁucmr@faémwryhg FES: wsed s Huanofier &gy

GRS ARG AR AEL AR 16 o PaekerAD etomed

W atmfet, e ﬁh@fo@&lb)ﬁn gé@sastteésseﬁtamw@hymghmro%rbons
preferably greater than 55 weight % pr ef er abl
gr eat é¥on- mntnm)empéqﬁof%uomc(%@@%we@ dn &g @Ve‘ﬁ%‘&’rﬂn‘?b‘d‘e

SRisfeebing gRGraR i BB Rl S Aupfetiabe 1
edlh@&be@ﬁaﬁe i pediflubRicReas;non 1 itsflsresthnte; af1, Iriftudrbethant;
i ght % based upon the wei ght of the fluorocarbons,

rﬂoh@ﬂenegaﬂmmhmehydszeww@nowmwlp} b3 enpeniglyoggethane;

f bl
o BreBimning celfippRaR s Guhitenp i drodpomonnei 1>
t(hﬁﬂor% i’éﬁhﬁ@@ i fRbRipesrabby1, Ul aafigsropfopanet A, MBI ght %

preferab y greater than 15 wei ght % preferabl

grﬁlabmpmmaﬂ 12D3Mﬂg¢mpmpam d12%2-tiflupreprepans; 1=t2k§an 25

ht 9% f h
g{t:%((f é?%gﬁé‘t‘% %%éreﬁ\g% g %te‘éﬁfﬁeggxtrogﬁ?pane 1,1,2,2-
YHeft @&@@g&e 9, 1\/283 GhtafMordptefans; qbi y 3%@@1@@1’@9@@@ 2,2,3-

wel ght ferably greater t han wei gh
pueaaﬁucablbxppgree aflel,2 tzmntaﬂ@ommyhne %1 bﬂéfmnéﬁt@ropmpane
thap 70 we ref r.abl reat.e n 80
SLEE S opmaurap it o e B RO e S E 327 e

pentafluoropropane; 1,1,1,2,2,3-hexafluoropropane; 1,1,1,2, 3,3-

hexafluoropropane; 1,1,1,3,3,3-hexafluoropropane; 1,1,1,2,2,3,3-
heptafluoropropane; 1,1,1,2,3,3,3-heptafluoropropane; 1-fluorobutane; 2-
fluorobutane; 1,1-difluorobutane; 1,2-difluorobutane; 1,3-diﬂuorobutane; 1,4-
difluorobutane; 2,2-difluorobutane; 2,3-difluorobutane; 1,1,1-trifluorobutane;
1,1,2-trifluorobutane; 1,1,3-triflucrobutane; 1,1,4-trifluorobutane; 1,2,2-
trifluorobutane; 1,2,3-trifluorobutane; 1,3,3-trifluorobutane; 2,2,3-trifluorobutane;
1,1,1,2-tetrafluorobutane; 1,1,1,3-tetrafluorobutane; 1,1,1,4-tetrafluorobutane;
1,1,2,2-tetrafluorobutane; 1,1,2,3-tetrafluorobutane; 1,1 ,2,4-tetrafluorobutane;
1,1,3,3-tetrafluorobutane; 1,1,3,4-tetrafluorobutane; 1,1,4,4-tetrafluorobutane;
1,2,2,3-tetrafluorobutane; 1,2,2,4-tetrafluorobutane; 1,2,3,3-tetrafluorobutane;

and HFC-BEGHUSImH021716
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whawedowpon t he t ot al

event that the weight basis is not named for the
wei ght % fl uorocarbon, it shall be presuned to be
wei ght of the fl uorocar bpOEUS2005/021716
nononers and hydrocarbon sébvents present in the
reactor. Preferably the fluorocarbons are present in
the polynerization nedia at 1 to 99 volune % based
upon the volune of the nedia, preferably the

e ane L 5oty et T e ¥ ucygbutane
| ure O , 0
m&%?gé ‘gﬁlﬂﬁ%l%%)gt%@%q[ﬁf),g}#éﬁéntﬁﬁlo}dbu@ﬁle}/ﬁh}1[3?3 9 nore

VO % For purposes of this
héntamiorebutaies 111163, ¢/pantafudiobuiahe Ipbl yfepdntaftvombutang; a

means the m xture of solvent/dj!l uent, I roduced
éﬂcﬂa%ﬁm@a@ﬂéﬁmh’é%ﬁépbz’zi%P%ﬁ%i"r?éﬁ%“ing’ilﬁerﬁﬁ' |tO he

fl yorocarhbon, (Ar I ro g fRebutse:
prateEohRa: 18750 SRbREuBHEr Bl 5 uor faRibRIobi e
v 2l 198 htaflaeroblitans;dcae Bohpanahanybityes dddshas- sol vent

gr@fa‘sﬂigi‘j%“‘?@; 2?, é;l g@gite’_%r@* : e(:;bet{t%lgl;] )(é %ggé%xéo &oButane,
ﬁﬁ:ﬁsfi’g%%ﬁaglﬁ@%@?{an%;g%}é‘é%—ﬂ%ffébm%%@{ Abhy gueat er

p greater than 15 volume %
RES{ R uYan@! Ba1163,4, 4hrRafidbrvinitames 19,1, b g exadiigrobutane;

greater than 25 volune % preferabl reat er, n 30

SO aE SholerabHans Tgha 2 b eSS b A

ref er ahl r I 9 i drob :
Greaifisrobniat 1o bR 2 st faRtcburane
VOl 3188 Aheiebbakhy; Qe 58, 3teptllfbmobltane 14,1,2,2,4,4-

prefierably greater than 60 vol unme %_ preferably
deptatleorobhiane;651,V.312,dvé-hoptafljorghviepe !, ]2 h’gg’é ’%ia nt the

fluorocarbon is n r r _ and
ﬁ’@?‘faﬂ%ﬁ‘%&tﬁpﬁolnl ’z’%g ’%ﬂ%ﬁ&agg%@yﬁaé&ﬂygg’gf ’ﬁ?) rocar bon
1S RAGSRBhtaAL; 11PN 8,3, hambptauorbute;iaked AhBA- t he
toPa vol une of the per fl uorocarbon and the
hoetifbibtabotaneat,bai?. hd deeogtaflpprobianes dde bt-3 Wt h t he

bal ance _bei n e the
SR BpmTg L2 PR b BE g TIOEBBIRY
LJr?;Zﬂpleur%g | ki1 61,008 8 1301, Alabitafifoesttinet DAL, Z284Mm- %

y greater than 10 vol une .
nonafluorobutane; 1-fluoro-2-methylpropane; 1,1-difluoro-2-methylpropane; 1,3-

difluoro-2-methylpropane; 1,1,1-trifluoro-2-methylpropane; 1,1,3-trifluoro-2-
methylpropane; 1,3-difluoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-
methylpropane; 1,1,3,3-tetrafluoro-2-methylpropane; 1,1,3-trifluoro-2-
(fluoromethyl)propane; 1,1,1,3,3-pentafluoro-2-methylpropane; 1,1,3,3-
tetrafluoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane;
fluorocyclobutane; 1,1-difluorocyclobutane; 1,2-difluorocyclobutane; 1,3-
difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-trifluorocyclobutane; 1,2,3-
trifluorocyclobutane; 1,1,2,2-tetrafluorocyclobutane; 1,1,3,3-
tetrafluorocyclobutane; 1,1 ,2,2,3-pentafluorocyclobutane; 1,1,2,3,3-
pentafluorocyclobutane; 1,1,2,2,3,3-hexafluorocyclobutane; 1,1,2,2,3,4-
hexafluorocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; 1,1,2,2,3,3,4-

heptafluorocyclobutane. In addition to those fluorocarbons described herein, those
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% preferably greater than 15 volune % preferably
greater than 20 volune % preferably greater than 25
vol une %®CT/US2005/021716
preferably greater than 356Vol unme % preferably
greater than 40 volune % preferably greater than 45
volume % preferably greater than 50 volune %
preferably greater than 55volunme % preferably greater

t han 60 I % f bl %

Poperrbanstnerbetinu e Wi Fidrsdrbee B the
vent i,0 v ' j

EER i NG, B, 15, B9 Inc AR08 ERheitids HanodoSRE My

FatBindtioradl 0A peilr X0y whieh abfully inceaiceated hemindfy mfarence, dra
anot her enbodi ment, the fluorocarbons of the invention
fezolededMy greater than 60 a.mu, preferably greater

than 65 gﬁ(&ﬁé@g?f‘%ﬁg@ FHB&EF{/%EF i) fﬁm&fcaglgcﬁﬁ‘%q{se& fede pRocess

a.mu, era greater t 0 a.mu. " hi

F el inpéifioRare @i fign the drbwp Ednsisting af biflusramiethire,
i nvention have aMwv greater than 90 a. mu, preferably

drifworemethane, 11bdiflnorqethane ok L g flaoroplbers 3¢\ lyh-&at er

than, 135 .a. m u, and t eferably greater than 150
é&ﬂ%&o?qe@agﬁgp%gpx@r%%r%ﬁ%t’ the fluorocarbons of the

| nventr @Re PavieuBrlMprdiéred ibodivaent] 46 cammencially afailnblol y
greater than 150 a.mu, nore preferably greater than
Teorecarhons ussfahiniie propess pEtheinyengen é‘%‘%‘t‘detgfﬂga'zgéf? having the
a,mu, . and t, prLef erabl f :
R LR RS T o S T
aiiel 11,1 hetetram@fodhardel HFCIM 5 Paving the bABRical nare 1,1,1,3,3-
preferably in the range of from 100 a.mu to_ 500

Pentafluornprepape HBE F65)ic bavingthe shepicabnanedsl-1.66-a. m u

to 300 , i
aR e G 520 5 P oe s arh b ud B Hack! £13
RO IR M ec Hathalths Septad hams 205-dihyerodesedhibiapentans.e

normal boiling point in the range of from about -1000
up to Inheothet gmbedimant, the fluenesarboms aot ppeflaermaisd ¢hiq 610

TR T g X FE
f SR AERERAES pérfiublohbhife fetfioreeiliyRiftohexane, perfluorooctane,
perfluoro-1,3-dimethylcyclohexane, perfluorononane, fluorobenzene, or
perfluorotoluene. In another embodiment the fluorocarbon is present at more than
1 weight %, based upon the weight of the fluorocarbon and any hydrocarbon
solvent present in the reactor, preferably greater than 3 weight %, preferably
greater than 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 %,
preferably greater than 60 weight %, preferably greater than 70 weight %,
preferably greater than 80 weight %, preferably greater than 90 weight %. In
another embodiment the fluorocarbon is present at more than 1 weight %, based

upon the weight of the fluorocarbons, monomers and any hydrocarbon solvent
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8Q0C to about 9Q0C, nore preferably from about -600C
to about 850C, and nostpreferably from about -500C to

i nventi on have nornmal boiliésig point greater than
-5Q0C, preferably greater than -500C to | ess than
-100C. In a further enbodi nent, the fluorocarbons of
the invention have normal boiling point greater than

-50C, preferabl reater than -50C to | ess than - :
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e GeRE Nt 33 Bt D8 Prctpidi Baer BIPRS00
QiefeRBBOgedTenthan 50 eveight 04, pecferablypradtertthan $hweight %n
have a DH Vapori zation at the nornmal boilj %%%If%s as
meeferabbugteatestham 6 weighh o proferbly af%?éﬁﬁﬁ%}h@g 3

{ 0 )

PUREPRERIRENAR B0 4 BrorfaB et SO L . Tn e
A5RniklatBe wealdtt baxsd is poeiatciioy therwdigie % dlugepcafbohy ibshall be

120 kJ/ kg to less than 400 kJ/g?. hi another preferre
aprbwineddabe besed uppn dredietal Wikt of the Auoraeideps, ShoTORIFEs an

Wﬁ%@%gg%l ﬁgip%seﬁtviﬁﬂ?’re%&@am t he af orenenti oned

ng poin porization, and liquid
densi tyreRdbIE thedibrécart@@s afdi présept @fthe pelgmeribaitinmetia at 1
the fluorocarbons useful in the process of_ the

i tn¥rvolume Habased Mroy theatobime phihe sepdin, preferaplydher apl y

t t han 40 bAY| '
o Grod 3z pefu) §10 Florfk e R0 § TRk O%E
afethdly 20 & R valme b adbepmiferablyat R0 4o 60 valubw s, mosf ul
i'n the process of the invention have a ljquid density

| peferabig0 to $0 ywlome %r Borapuapsys pebis inkention agd gheelaimsn g
0 5 SRR B Sl B St
tﬁ:@&@é&taﬂawc&aﬁm%ﬁﬁﬁsss, (such as up to 1150C),
preferably |l ess than 1000C, and nore preferably
In another embodiment the fluorocarbon, preferably the
hydrofluorocarbon, is present at more than 1 volume %, based upon the total
volume of the fluorocarbon and any hydrocarbon solvent present in the reactor,
preferably greater than 3 volume %, preferably greater than 5 volume %,
preferably greater than 7volume %, preferably greater than 10 volume %,
preferably greater than 15 volume %, preferably greater than 20 volume %,
preferably 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 %,
preferably greater than 55volume %, preferably greater than 60 volume %,
preferably greater than 65 volume %.

Tn another embodiment the fluorocarbon is a blend of hydrofluorocarbon

and perfluorocarbon and preferably the hydrofluorocarbon is present at more than
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fl uorocarbons are used in &®nbination with one or nore
hydr ocar bon sol vents. Preferably, the hydrocarbon
solvent is an aliphatic or aromatic hydrocarbon
fluids. Exanples of suitable, preferably inert,

| t | ud f t ted hyd b
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lif?@ﬂ%ra!bbs §é1¥:1Uthh1h 55vol@ne Mo prefelablyenéatérthan favolumel %4y
| ymer” bei ng produced. Preferred fluorocarbons have

|prcﬁeraélxgxeatt9rth@mé%ivpl|uﬂ3¢ %n the polynmer. Solubility in
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film vveén m crons, then

Spakhttetae tidldchls® W (cesaeirghart 30 <ome prefeeatily Brepter
for 4 hours at the evant deS| red pol ymeri

t i 0
tthapads anuv.endmeprp peaferably areter thanpdGymey niRATR grabodiment,

55 TBbipctent b Bk b TR 08/ e 85 sy

f éreaelomaﬁ B9 R.nf . QVeh Reors prafeaisty gfeatdd €hdni 700 mandnd most
wei ghed. The mass uptake is defined as. the gercenta

[ prefe@xlje gieater then 0 laym.ywe |Ig Biill anather eg@a)mm@lt g Sluorocarbons

b i
BRSSPt ke on,
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% even nore preferably less than 1 w% and nost
ptlheﬂ éf@binyu.| Bsmotiiea nm@o@nm%thmﬂucgogﬁrmr@rqf &le invention have a

vs? grleg‘%;] %han 128 afrr|1 llilolgrg abkfy g1(est)er %6 LY. ﬁ B&eﬂrgﬁf‘ably

greater than 180 a.m.u, even more preferably greater than 200 a.m.u, and most
preferably greater than 225 am.u. In an embodiment, the fluorocarbons of the
invention have a Mw in the range of from 90 a.m.u to 1000 a.m.u, preferably in
the range of from 100 a.m.u to 500 a.m.u, more preferably in the range of from
100 a.m.u to 300 a.m.u, and most preferably in the range of from about 100 a.m.u
to about 250 a.m.u.

In yet another embodiment, the fluorocarbons of the invention have normal
boiling point in the range of from about -100°C up to the polymerization
temperature, preferably up to about 70°C, preferably up to about 85 to 115°C,
preferably the normal boiling point of the fluorocarbons is in the range of from -

80°C to about 90°C, more preferably from about -60°C to about 85°C, and most
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sel ected such that the polyner nelting tenperature Tm
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presence of the fluorocarbdth, preferably by not nore
than 150C, preferably not nore than 100C. The
depression of the polyner nelting tenperature DImis
det ermi ned by first rreasuring t he rrelting terrperature

T L e
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txﬁﬁnaodoymeegpdmﬂ grezn@ thaﬂp@capwfmwy genatdnitigpnel0°C 46 alemit of
. A suitable DSC technique for determ ning the
rﬁ@f’ ing point depression is described by, P.V.
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‘dry polyner, and then repeated

Wi t h tiaenBehibeBimdntEs Ahotarbonsyfithe fnivhetidnl have eddE bon
to be evaluated). As described in the refere above

| Variosizatiqroatttanmors] eiding @oink as mepr e i} Gy e
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f lnAsd$ee 6111 0 &1/AB & 1e8Sthan WHO &IVKE, camlddmsn predetalolg in the range of
experinmental error. In one enbodinment, the DImis |ess

tfiem 120@®)/kgrtelass ﬁbnytoﬂéié/kgt han 10C, preferably |ess

L?:P e rgmnﬁqegg r ef nﬂ?n HE: ?]ﬂlgrroge %&?’f ntgg ﬁ{ve{l 'oen have
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preferably |l ess than 3C, even nore preferably

|AHsvammuatmr;an<hhmnddsmsnryrvgh@saml anpess dn@ppseferred hi a
P b edent, H1E Hiorotarbons uihuf in'tRE SEREB PR in Pbniih Habd &Rt

greater than 30 a.m.u, preferably greater than 40 a.m.u, and a liquid density less
than 2.00 g/cc, preferably less than 1.8 g/cc. In yet another preferred embodiment,
the fluorocarbons useful in the process of the invention have a liquid density less
than 1.9 g/cc, preferably less than 1.8 g/cc, and a normal boiling point greater than
-100°C, preferably greater than -50°C up to the polymerization temperature of the
process, (such as up to 115°C), preferably less than 100°C, and more preferably
less than 90°C, and most preferably less than 60°C, and optionally a AH
Vaporization in the range from 120kj/kg to 400 kj/kg.

In another embodiment the fluorocarbons are used in combination with one
or more hydrocarbon solvents. Preferably, the hydrocarbon solvent is an aliphatic

or aromatic hydrocarbon fluids. Examples of suitable, preferably inert, solvents
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is used. In a preferred enfibdi nent, the
fluorocarbon(s) or m xtures thereof, preferably, the
fluorocarbon or m xtures thereof, are selected such
It_hat_f]lhese are mscible to the hydrocarbon sol vent and
| iqujd nmononmers when mxture is used.. By. mscible j
wchite, fon gKapple, R PoRRFBBRRY ROPIAMBE fiom | Kb [0 i/gably 3
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inBoentt@s sie hexsint Nissheghte, gldsisexane pul gthersauatbd s to Cs

diti , h i '] i 0 .
P RICENTCANE CR SR e
gﬁ@g%elga a0k d1ark GRYUIERES €1 By L8 BRLOHUNATE propane,

cesses tescr ereim, optionally containing
Q%hta:n@,ﬁﬁixeﬂ Ibﬁﬁf]lbﬁl, atethe/poncne) isofdnenapiyghthexatei and oftane.
propylene to ethylene in the fe to e reactors.is
drikdveisapnempy,alse 8sq BRgwes P Q3 @ogg‘ip %fti}!s ( 1??8?@%“5

Dt SO Aok 000 Ob%ﬁé 'Héﬁgé_s@;pgl@g%nero @ abinys, 500: 1

ha-ol efin
copol yifghothESEsSEIRaert the iRoprcabentiluidiseatered basddaipon its

wei ght ratio of I to C4- | pha- ipi
N

; re.prefer . : Ll
TP RS pR BB T b sl ih thepdrbor HorbngPne polymer
b nichQurb € RRMINLNAE pbBmerbas affilaroftitiekires petertr 40 anh100
vessel typically includes the deactivation of hi
caicaingsthen seakingit influeraeasbersienpusy te&é}’efdﬁ§/ ﬁﬁa) £9F {hRus at

pr odyct nd the |ike .The t M, d :
rtéab%e‘fam &eﬂr&a Bglé(mgﬁla tbo;mJ_S u%%%g pr&g}%y eér;rl{(gl acégggfi?ﬁlg?mer
RIrQALGE OThd fiBn i roftbed Ra®lth©fludies&Bbn, ierpased dodneonds to
wth this invention will have the desired MFR, narrow

MABporkfe, exhessdlnerocatbonrfaeithe snakeeq of the §lmcnd weighed. Jhe

MAD of t boyt 2.5 d. . ' .
L e S e e U L s h
CHRY Adr8EdrBdr GSfRfrodafonhRpirt &g leeddotthi®ithe polgmet s a

copolynmer is preferably nmade
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 than
0.5 wt%.

In a preferred embodiment, the fluorocarbon(s) or mixtures thereof,
preferably, the HFC's or mixtures thereof, are selected such that the polymer
melting temperature Tm is reduced (or depressed) by not more than 20°C by the
presence of the fluorocarbon, preferably by not more than 15°C, preferably not
more than 10°C. The depression of the polymer melting temperature ATm is
determined by first measuring the melting temperature of a polymer by 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 fluorocarbon for four
minutes. In general, the melting temperature of the soaked polymer will be lower

than that of the dry polymer. The difference in these measurements is taken as the
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a broad MAD, at least two G2 the catalysts used in a
single reactor where at |east one catal yst produces
pol ymer with high nol ecul ar weight and at | east one
ot her catal yst produces polymer with | ow nol ecul ar
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PRIHIRS o MEEDDOGY, wWhitH i8 idddehorftad hakintly 1efeeanty. A preferred
is at |east 15% by wei ght of the reactor contents.
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CRRhURHSIt&OkH HRID MRS ESnetearif liquid(ehenfiorotEbon to be

concentration in the Teactor at steady state is at
| vahiatedB oA byesnsberhin thé raferencecboverit is smpemany to gasyye that the

pr ef er abl at | eas f the ca . 1US '
et lest Eauctalitn e triERERt Ahg Blfiay RUdpk Ty Aonled
t QR o 40 tRNAUIR ik 06828 duEREltHeSesd, WHICh cowla tistroduce
sol ution process wherein the polynmer concentration in

t?@eﬁmaanemt Iis beaclybodinent, ite Akm iekst thaw 21y, preffighty

of the react .

ke tﬁ%l%%f prafbadrB R Co e st sy 1 BaR e dfimost
an o ' i ;
s%rle{‘fé%% gagsatgl?ﬁﬁ ¢S %I{o&ﬁ)eq Weedai éﬁ,??é RRadufACAPh i@fs@than

: di't uent . ew se, t uor ocar bons may be

| $¥C, QebfGaBly166s Thdnhe O, aaeé pref@sbln less #anr3eCyeten more posferably
nore catal yst system conﬁ)onentsoor a scavenger. hi one
meam@?@,,andm@shm@&f@blg o HIRilSe- propyl ene and at
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B

?Q?g%%%g,gﬁé‘éguoﬁﬂﬁb&ﬁlﬁr fieltiref teveofadre sdl86t) sueh thdie¢hese are
miscible to the hydrocarbon solvent and liquid monomers when a mixture is used.
In a preferred embodiment, the fluorocarbon(s) or mixtures thereof, preferably, the
fluorocarbon or mixtures thereof, are selected such that these are miscible to the
hydrocarbon solvent and liquid monomers when a mixture is used. By miscible is
meant that the FC/hydrocarbon mixture will not have liquid phase separation.
Liquid phase separation is determined by mixing a fluorocarbon and a
hydrocarbon in a vessel with sight glass at polymerization conditions, then
visually observing if phase separation occurs after vigorous mixing for five
minutes.

For the propylene/ethylene copolymer processes described herein,

optionally containing additional unsaturated monomer, the weight ratio of

propylene to ethylene in the feed to the reactors is preferably in the range of
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preferably in the range of 78. 3-50. hi sone

enbodi nents, the nonnetal |l ocene, catalysts used in the
practice of the invention described herein may be
utilized in conbination with at | east one additiona
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RhasRadeRakRidgenndiopusear al | el reactor operation, the
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sol ution polynerization procedures. The catalyst
& peevandyher.swithaat mkﬂ&ﬁ@atléﬁéawwpé%?fﬁ%‘? ng

het er pgeneo cat al i =
BT RS Y T ALRLRY ePerfiaonph B ABIYERAN Hbffubly made
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material. When prepared in heterogeneous or supported
fropre preferably 1), efast prséeratdy ds can be praigdt he support

mat eri al e .hel er ogen t _
syste nﬁﬁ%%% tQ &Eﬁagy%ﬁrosg @Vyf %ﬂe@/gt Otﬁvg gg gl?epcﬁgagy;s&s used in a
POhNEBL AR WHRR at ASasPor¥ AGlysE produtds godyrh@rwitishigh myolecular

pol'ymeri zation takes place in liquid diluents in which
t weighingdnas leaph adather icatalyighisnogvaes Rpyner ey lgy) reolecular

bk e R e RO R o

alBiFRt average molecular weight (MwL) (MwH/MwL) is in the range from about
1.5 to about 10, and the process used is a gas phase, slurry, or solution process.
More preferably, at least two of the catalysts used in a single reactor have
MwH/MwL in the range from about 1.5 to about 10, and the process used is a
continuous solution process, especially a continuous solution process wherein the
polymer concentration in the reactor at steady state is at least 15% by weight of the
reactor contents. Still more preferably, at least two of the catalysts used in a single
reactor have MwH/MwL in the range from about 1.5 to about 10, and the process
used is a continuous solution process wherein the polymer concentration in the
reactor at steady state is at least 18% by weight of the reactor contents. Most

preferably, at least two of the catalysts used in a single reactor have MwH/MwL in
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If desired, saturated hydrocarbons such as et hane,

propane or butane naybe used in whole or part as the
: _ the diluent for slurry PCT/US2005/021716
pol ymeri zation is one or no#e fluorocarbon, or a
m xture of fluorocarbon and hydrocarbon sol vents.
Presence of fluorocarbon in the reaction nmedi um
reduces the polyner swell and enabl es the slurry
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Preferably, the fluorocarbon or a mixture of fluorocarbons is added in the first

reactor, or the second reactor when reactors are connected in series.
Advantageously, fluorocarbon may be added in the second reactor to lower the
viscosity of the reaction medium or induce polymer phase separation. For parallel
reactor operation, the fluorocarbon or a mixture of fluorocarbons is introduced
into either of the reactor or both.

The catalyst system may be prepared as a homogeneous catalyst by
addition of the requisite components to a solvent in which polymerization will be
carried out by solution polymerization procedures. The catalyst system may also
be prepared and employed as a heterogeneous catalyst by adsorbing the requisite

components on a catalyst support material such as silica gel, alumina or other



shoul d be protected from oxygen and noi sture.
Therefore, the catal yst conponents and catal ysts

W@ baloobobe prepared and recovered in an oxygenP@Ents2005/021716
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nmoi sture free atnosphere. Pseferably, therefore, the
reactions are perforned in the presence of a dry,

inert gas such as, for exanple, nitrogen or argon. The
pol ymeri zation may be carried out as a batch or a
conti nuous pol yneri zatj on rocess.ﬂﬁhgontinuous

gulé?@@s@org@nw%mrﬁ g@;teqah BRBYE elFrogasogs or supported
z‘%lﬁ% ?rtg:s })%fergéd tldﬁ.{élg stiich aﬁi/ﬁ@ Eﬁ%’g’ﬁ) mafRAS. CIEIR Pediform

are co nuous ed to the reaction

2PER candysp sy napbeduployed i 4 sluoy o gas phwse pelymerization.
therefrom The pol ynerization conditions, f

desratraetiogh limigation slustyaiobansrizshen E%PIG?‘?@ I?G{rslid diluents in

Sgﬁg%gﬁﬁlgi%ﬁfﬁrhe fpg%*ﬁgfﬁ i %ﬁﬁﬁp%nt@ﬁ% AsB1BRD Pretelably, '@l%s(ﬁ}juegt for

1 on Fizatl on process an

BRAH fofn&Dlatibh ol 26ESS hydbtiboghwith tesafiphScattionratdmss.
not limted thereto. Gas phase and sl

Bbilssired. setrateh hyiroeasbenssush & @pans PRSI PaRe Ry be used
R Sngle pr s RO PR ER O brd ) MY B R ToRithe) Bk Ton is

cess iIs referred to as a

Rk bt bt REGGEEBON oriangiktigest fidoesbasarid/ipidoadathon solvents.
regarded as sol uti on except that fluorocarbons are

(Rrestnesoffiiraroenrbey in the reapizon medinmgrdyaes iismolgaysyel apd

solutign process is on ' l;ubl
s P B Rt Ty SOGN PhEr (P FaPBleY Bplon Mo ©
Q%p&ﬁtlﬁ@ﬁélgfheﬁsmlﬁbévlfﬂsé the@ipHahtefiotgt@ionian of h@ixture of

reaction nedium we refer to such reactions a di.fied
stiffatenbaiplpe-olefis semongmprs @y keised inuvhelg op et as thedilpent.

Moeratiferby Bt porhet s il cbiblis@f G Tne HondolEkin
CABAIAY U SniRrd Rbe podfhdriRd. BRiferablgNomy orshererfinorocarbon,

pol'ymerization system conprising two or more reactors
carmmixhed off fluswmchidon dy mixed atithathe menemery tpdorns a dilueiin

BT OSSO B,

Lo, SR A RIS 0 o i

r eanioments f el rasdtionl Préferyed sbyastsingludowdivug Are ot Hanitet to,
mineral oils and the various hydrocarbons which are liquid at reaction
temperatures and pressures. Illustrative examples of useful solvents include, but
are not limited to, alkanes such as pentane, iso-pentane, hexane, heptane, octane
and nonane, as well as mixtures of alkanes including kerosene and Isopar E™,
available from ExxonMobil Chemical Inc; cycloalkanes such as cyclopentane,
cyclohexane, and methylcyclohexane; and aromatics such as benzene, toluene,
xylenes, ethylbenzene and diethylbenzene. In another embodiment, controlled
amounts of fluorocarbon are introduced into the solution reactor such that the
viscosity of the reaction medium is greatly reduced or the concentration of
polymer solute is greatly increased without significant change of reaction medium

viscosity. In another embodiment, controlled volume of fluorocarbon is

introduced into the solution reactor such that polymer phase separation occurs to



from 100, 000 to over 1,000,000, nore preferably
200, 000 to 500,000) is forned while in the second or
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nol ecul ar wei ght (M~ 2,000760 300,000) is forned. The
final product is am xture of the two reactor effluents
whi ch are conbined prior to devolatilization to result
in a uniformmxing of the two pol yner products. Such

a dual reactqr/dual cat st process allows for the
&%P@W%}P&ﬂssaﬁfiw%ﬁlﬁgﬁ?ﬁ%%d properti es.
Pr et erai1Yim SOME £kl B ABUHeAL Ofs 41118y 186 4t compvhents,

introdlced into either thée first reactor or the second
sBauld be pritectsl flom Actygent andeneistuye. Thesefprauthesetalysbn i s
added into the first reactor en | ow cry.stal linit
Sompassnts AspEaRoRkb LS el R B R e
ec erp, by theWBA@idhs ReIpsPBmédin th
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ongeAsat a diy, ingre genduohl asyor gxatripée, NEEEED O AgOR.
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?@g%e&g?tégc %%%Réa%?é?ﬂég’?pg?ﬁg%%s& gir%ge éd?ust ed such
tdanlystsheolveit ghtihiet (if e@bloyed)y amt cqmermureesi(dr mariogef) ars t
reactor to that produced in the second reactor..
topptieesusly sepRiifd4 dha reagioprons 2a¢, B MEHPGUC SPRTREYY,
the wejaht ~rati NotcIETel=Te ¥ kRS th
rrsgl&’%drt%f}%ﬂf’ %‘atﬂlﬁfé)oéﬂgé%‘gﬁﬁnte é]e secgﬁ{jﬁf&é‘g@%or i§s ef rom
ahepioly@Reré acdoadinh elemBadidentswbtie ipveftienatd gerkrabimtbdsout

30: 70 to about 70:30. Preferably controlled vol unmes of
fusafl brthe Selutien pakyEeriARHTRRSES Yo pmadtiies Soluian procees,
ctqr,.or the.seco r ﬂhﬁgeously,
OF@D%IF SRREERM i(fssll?ogéir g@%ﬁﬁ%rgt%t r%%’??sse?@rdgact or when
| MRéEatioh bidekisks Relaysoedelibtedio Gdusefd]. Eorgurposes of this
f1 uorocarbon is added into the second reactor €
hingéntionlaed theaalaivasi theretopshepraeprorass by igtueddo 83 2 A Pf?ed

I | ut t Lon: | .
re BRarcaRer ) A Rt Sbidsly EBLRGE ol excent tha

t SorBERRH: Ak ARAQE phit OPYIl 6RthecaReby irdiinn Bhdanke a solttien
first reactor, propylene, ethylene, salvent _ and

cabedsy it ommrwhero theawl wolerim sdibls én theireastig asdiacdddhe i ons

S S(Proéar (gnsttgned 2P %l reecrfl?ceasgﬂlbility of the polymer in the reaction

medium, we refer to such reactions a modified solution processes. A modified
solution process may be, but is not necessarily, a slurry process.

Tn some embodiments, the polymerization is conducted in a continuous
solution, modified solution or slurry polymerization system comprising two or
more reactors connected in series or parallel. A catalyst solution comprising a
nonmetallocene, metal-centered, heteroaryl ligand catalyst as described previously
is used to polymerize propylene and optionally additional olefin monomers in at
least one reactor. In one reactor, a relatively high molecular weight product (Mw
from 100,000 to over 1,000,000, more preferably 200,000 to 500,000) is formed
while in the second or subsequent reactor(s) a product of a relatively low

molecular weight (Mw 2,000 to 300,000) is formed. The final product is a



et hyl ene copol ynerize to form propyl ene copol yner. One
of ordinary skill in the art understands that many
WQ 2006209900Ss on this thenme are possible by repl BCT/N§2005/021716
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One representative example of a series polymerization is the preparation of
propylene copolymer in which in the first reactor, propylene, ethylene, solvent and
catalyst are contacted under solution phase conditions such that the propylene and

25  ethylene copolymerize to form propylene copolymer. One of ordinary skill in the
art understands that many variations on this theme are possible by replacing
ethylene with, or using in combination with ethylene, one or more unsaturated
comonomers; using a second but related catalyst in the second reactor; etc. In
multiple reactor processes the fluorocarbon may be introduced into one or all of

30 thereactors. Inparticular, a fluorocarbon can be introduced into the first reactor,

and a second fluorocarbon (which may be the same or different from the first



pol ymeri zation process utilizing simlar
bi s(cycl opent adi enyl ) zirconi um based cat al yst
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obtain a P/E* copolyner: Irn8a stirred-tank reactor
propyl ene nononer is introduced continuously together
with solvent, and ethyl ene nononer. The reactor
contains a liquid phase conposed substantially of

et hyl ene and propyl ene, npnoners taoget her.wi t.h .an
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Fecovapapony AEEERRE o R RO prityRciiEns copolymers
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at reduced pressure, and, if necessary, conggctin
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of the FGs.) P I t '
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polymerization process utilizing similar bis(cyclopentadienyl) zirconium based

catalyst systems.

The following procedure may be carried out to obtain a P/E* copolymer:
In a stirred-tank reactor propylene monomer is introduced continuously together
with solvent, and ethylene monomer. The reactor contains a liquid phase
composed substantially of ethylene and propylene monomers together with any
solvent or additional diluent. If desired, a small amount of a "H"-branch inducing
diene such as norboradiene, 1,7-octadiene or 1,9-decadiene may also be added. A
nonmetallocene, metal-centered, heteroaryl ligand catalyst and suitable cocatalyst
are continuously introduced in the reactor liquid phase. The reactor temperature

and pressure may be controlled by adjusting the solvent/monomer ratio, the



fl uorocarbon and hydrocarbon. For solution process
operation, the anount of fluorocarbon is controlled
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the reaction nmedium On thé&%other hand, the anount of
fl uorocarbon needs to be sufficient to induce phase
separation of polynmer produced in a slurry process or
nodi fied solution process. For a solution
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mnutes to hours, nore preferably fronrlodggnut
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n excess o e Co |ne vapor

%& gHrRay? I%med%ﬂmgheaeva@dmdcadmrte rémamrﬂtsrpaﬁ‘rﬁ"the FC's.)
yl ene ‘content of the polynmer is determ ned by

r}aefembdyj theet $oyvemh cordprises faprocabopy @ggnpdure §f tﬂHefOP%T 8115 or

e g aieamon. ppeulviol TPy Fraadh R B o8e
tﬂho%%%?oo?ﬁb cbrftfolfed sAOPthakiftalk or 86 pblyiee bRscipiatioh beuurshn the

psi (30 to 600 deZ The poI nerization is
gemroalqummn @ucthe dthet hand; thepercante WO‘WBQH esds fp be

ZS%%ccl:ent t(g ?rfd%t:g Bi'rglsefséga%u?o% otf %o y%OeCr) %rocﬁ@éjd Hparc'élurry process or
modified solution process. For a solution polymerization process, especially a
continuous solution polymerization, preferred ranges of propylene concentration at
steady state are from about 0.05 weight percent of the total reactor contents to
about 80 weight percent of the total reactor contents, more preferably from about
0.5 weight percent of the total reactor contents to about 30 weight percent of the
total reactor contents, and most preferably from about 1 weight percent of the total
reactor contents to about 25 weight percent of the total reactor contents. The
preferred range of polymer concentration (otherwise known as % solids) is from
about 3% of the reactor contents by weight to about 45% of the reactor contents or
higher, more preferably from about 10% of the reactor contents to about 40% of

the reactor contents, and most preferably from about 15% of the reactor contents



preferably fromgreater than 95 to 2000C. In anot her
enbodi nent of the invention, a process for producing a
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with at | east one additiond&b ol efinic nononer selected
from et hyl ene or C4-C20 al pha-ol efns conprises the
follow ng steps: 1) providing controlled addition of a
nonnet al | ocene, netal centered, heteroaryl |igand

catal yst to reactor, including a cocatal yst and
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ethylene or C4-C20 alpha-olefins into the reactor; 3) continuously feeding one or

more fluorocarbons optionally with a solvent or diluent, and optionally with a
controlled amount of hydrogen; and 4) recovering the polymer product.
Preferably, the process is a continuous solution process. Preferably a controlled
volume of FC component(s) is mixed with the hydrocarbon solvent and monomers
in the feed preparation section before injection into the reactors. The boiling point
of the FC is preferably higher than ethylene and propylene so that the FC will co-
condense and recycle with the hydrocarbon solvent, if any (typically hexanes),
preferably the boiling point is in the range of from 0 to 70°C. The cocatalysts and
optional scavenger components in the novel process can be independently mixed

with the catalyst component before introduction into the reactor, or they may each



conmponents or a scavenger. As previously noted, the
process descri bed above nay optionally use nore than
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useful in those enbodi ment$1in which an additiona

catal yst, especially a Ziegler-Natta or chrone

catalyst or a nietallocene catal yst, especially a
CCC, is enployed The second reactor typlcaIIy hol ds
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ocar pon ne e I nt roduce nto the reactor
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separ ad Brevigilyaeoheres endisar s ot RaREpre
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carb 0 renove a or part of the
F&ﬁbodlﬂleﬂt@ nﬁ‘ﬁvﬁﬁch aaidditipahil cfdlyst, eepm:yalbm@ueglssbldtta nr chrome

ternms of gram of pol yner produced é
t ¢aa¢1§$t: <i>rmnmn’@tla¢epe gelbeiasepscially A GGoris SBPIRyed. The second

SRR T Bhicer o R B P DOl mer pr oduct |

9 ener aB YréiRE E@@iRa ofibidtetsvondhdhsdneladiag oatalyst selection,
nperature and decreases wth decrea3|ng propyl ene

amiy@ﬁmwléh@ﬂ@mﬁ@mqrm& cgh be Preduses- elkar assoluiion giplyrpgrization

Bk a Bl sl B Aol lrchBranges of
t Qﬂl%ﬁ@ cbit@n@sltintdt idadf stht dreO@EM less than about 0.02 welght percent

of the total reactor contents to about 20 weight percent of the total reactor

contents, and the preferred range of polymer concentration is from about 10% of
the reactor contents by weight to about 45% of the reactor contents or higher.
Advantageously, fluorocarbon is added into the reactor to reduce viscosity.
Fluorocarbon may also be introduced into the reactor effluent. The amount of
fluorocarbon added to the effluent should be sufficient to induce polymer phase
separation.

In any of the embodiments described herein the materials stripped or
flashed off may be passed through activated carbon to remove all or part of the
FC's.

In general, catalyst efficiency (expressed in terms of gram of polymer
produced per gram of transition metal) decreases with increasing temperature and

decreasing ethylene concentration. In addition, the molecular weight of the
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nol ecul ar wei ght catal yst 88 defined relative to a | ow
nol ecul ar wei ght catalyst. A high weight nolecul ar

wei ght catalyst refers to a catalyst which by itself
produces a polynmer with a high wei ght-average
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wei ght
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in the range from about 5 to about 40 a nor e,

phlslﬂ moéwu;arﬁff%sht s#alyst is dsﬁ%i rglgbivie to1plow Fo ngr weight
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eaer i RSt Sl PP 8 S e
tlltb%[f 26dyRs @ polyfidr wiih,a 1Hgh w@fgh&uea’ragd)ﬁaﬂecﬂmt wellght MwH
generally less preferred. A high nol ecul ar, wei g
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ahoesta pyl r| voith Avew dighr axwmg hﬁolecaﬂal weaghumwm from the
a ter another catalyst is also selected. Therefore,

t $aenet @mmwmﬂrs;wdm pestantplliie ghme PaHerIZaiPNRONEHINS
:f:@roge{cvq i‘? e{da,tl\g ?f erllrlléﬁ]lglﬁl C fa? e gto He w ﬁfo?écﬁisatr v&%ﬁ&t 1.e.,

0 not- enconpass

ANFAMRTL VR breateyitah abORNET: t Gérerallip thnhgs, lMﬁJH/N@WIg li¢ incthe
a polynmer. After a pair of catalysts are selected, one

cmg@ froinl aboat L& rte abant (i praferably insthe Fraghifighn #houb & ditg about
S S e UL G g o
th‘ﬁ%"&@ froat Mo¥it3 9ito ol IS TiRotAS StABYditEts) théifatio MwH/MwL
can be greater than 60 (e.g., 70, 80, 90, or even 100), but it is generally less
preferred.

A high molecular weight catalyst and a low molecular weight catalyst are
determined with reference to each other. One does not know whether a catalyst is
a high molecular weight catalyst or a low molecular weight catalyst until after
another catalyst is also selected.

Therefore, the terms "high molecular weight" and "low molecular weight"
used herein when referring to a catalyst are merely relative terms and do not
encompass any absolute value with respect to the molecular weight of a polymer.
After a pair of catalysts are selected, one can easily ascertain which one is the high
molecular catalyst by the following procedure: 1) select at least one monomer
which can be polymerized by the chosen catalysts; 2) make a polymer from the

selected monomer(s) in a single reactor containing one of the selected catalysts
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fromthe same nonomer(s) i®3a single reactor
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produce polyners with tailored struct Léﬁes and
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each cataly t he pol product can be tailored to
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gr e I
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atively low, preferably 4.0 or |less, nore
pmm e de:atklyr BoRcwlar Weight dlsmbuuomﬁwg (PFraeis) aﬁﬁlysté prefegably

s...In_one e f th
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low, preferably 4.0 or less, more preferably 3.0 or less, still more preferably 2.5 or
less.

Tn one embodiment of the invention, a process for producing a propylene
homopolymer or interpolymer of propylene with at least one additional olefinic
monomer selected from ethylene or C4-C20 alpha-olefins comprises the following
steps: 1) providing controlled addition of a nonmetallocene, metal-centered,
pyridyl-amine catalyst to a reactor, including a cocatalyst and optionally a
scavenger component; 2) continuously feeding propylene and optionally one or
more additional olefinic monomers independently selected from ethylene or C4-
C20 alpha-olefins into the reactor; 3) feeding fluorocarbon into the polymerization

reactor, optionally with a solvent or diluent, and optionally with a controlled
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nore additional ol efinic m8honmers independently

sel ected fromethylene or C4- C20 al pha-olefns into
the reactor; 3) feeding fluorocarbon into the
polynerization reactor optionally mﬁth a solvent or

di | uent n |onal W t | edano

RPaBGR e b e steiheaitidy YioeFE TR i pding 2

cgézﬁ{tl Lt-and Bgﬁcgﬁﬂlyg s@avcéﬂ at 3y ﬁtre@d%@rlﬁﬁ tHeQitdtht froduct.

scave ger; recov ring the pol yner product .
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t he reactor usi ng separate streans, resulting
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Zi eag):’ er-Natta or. chrone cataly @ net al I]%cene I
sieepestally acgglenlyatts e%%hrgmg ceffﬁ sty B RIS CRpeRLaly S or a
qgg@rdance wi th enbodi nents of the invention have many
applications. For exanple, fabricated articles
made fromthe polyners maybe prepared using all of the
conventional polyolefin processing techniques. Useful
ahpplisensi ncl ude fil ns (e.g., cast, blown, calendaring
and extrusion coated), incl ud| ng mJI ti-layer filns,
greenhouse filns, shrink films including clarity

shri nkrd poRmér8 Maaatin astofdante with @xibatiinyents ofthe arvefidmpave
extrusion coating, liners, clarity |liners, overwap

fmalm usgful |apmhqau¢@ﬁ Rqrwmmplu%@b@ca(t%d Fticles migde &rom %’ér s)

I di IS

oty EoyE Drmnutt SLAHY SiyeHife BERAIR bR dRe
Otfecﬁrﬂ@uefs' I@J@éfuisaﬁure& agtide MALTBENdastj tews, ciendefitg fidown
fibers (using, e.g Estems as disclosed in U.S. ﬁz}at

Noxgrusidpn48ated)s 31011141,11%@}1 plyyer films, greenhouse films, shrink fi
including clarity shrink film, lamination film, biaxially-oriented film, extrusion

coating, liners, clarity liners, overwrap film, agricultural film; fibers (e.g., staple
fibers) including use of an interpolymer disclosed herein as at least one component
comprising at least a portion of the fiber's surface), spunbond fibers or melt blown
fibers (using, e.g., systems as disclosed in U.S. Pat. Nos. 4,430,563, 4,663,220,
4,668,566 or 4,322,027), and gel spun fibers (e.g., the system disclosed in U.S.
Pat. No. 4,413,110); both woven and nonwoven fabrics (e.g., spunlaced fabrics
disclosed in U.S. Pat. No. 3,485,706) or structures made from such fibers
(including, e.g., blends of these fibers with other fibers such as PET or cotton),
foams, and thermoform and molded articles (e.g., made using an injection molding
process, a blow molding process or a rotomolding process). Monolayer and

multilayer films may be made according to the film structures and fabrication
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4,668, 566 or 4,322,027), and gel spun fibers (e.g.,

the systemdisclosed in U S. Pat. No. 4,413,1 10);
wheioh/oowwven and nonwoven fabrics (e.g., spunl are€dus2005/021716

fabrics disclosed in U S. Bat. No. 3,485,706) or

structures made from such fibers (including, e.g.,

bl ends of these fibers with other fibers such as PET

or cotton), foanms, and thernoform and nol ded articles
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Vit bhtloRsRB it 4 Sodlbalicé bétieapiv kakivahss atdoupinssnt i ve
pol ynmers exhibit excellent optics, g.,. low haze and
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haze and gl oss at equival ent nodul us than nmany
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haze and gloss at equivalent modulus than many traditional polyethylenes, e.g.,

linear low density polyethylene, and certain polyethylene blends, e.g., in-reactor
blends of at least one metallocene catalyzed polyethylene and at least one Ziegler-
Natta catalyzed polyethylene.

The polymers of this invention are also useful for wire and cable coating
operations, wire and cable jacketing, including low, medium and high voltage
cable jacketing, semi-conductive layers used in wire and cable power applications,
wire and cable insulation, especially medium and high voltage cable insulation,
telecommunications cable jackets, optical fiber jackets, as well as in sheet
extrusion for vacuum forming operations. In addition, the novel polymers may be
used in foams, including high strength foam, soft foam, rigid foam, cross-linked

foam, high strength foam for cushioning applications, and sound insulation foam,
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pol ymegsy él?e B85 bf BRPrésentinventivaf the Novelpolyfider? 3, usefitito
m xtures thereof. Other substantially |inear polgqrirlers

apbdocnfoamisiheviak itprRFed nrhbertics.DPer feats Ansothes applictipps

t peequ}rpn?grnqnl? !s,t?g’ntglth the MFR is preferably in the range of 0.1-10, more

preferably 0.3-3, most preferably 0.5-2. The melt strength is preferably greater
than 5 cN, more preferably >9 cN, most preferably >12 Cn. The drawability is
preferably >15 mm/sec, more preferably >25 mm/sec, most preferably >35
mm/sec.

In one aspect of the present invention, the novel polymers disclosed in the
present invention are useful for a wide range of applications where good optical
properties are beneficial. Gloss is measured according to ASTM D-1746. Haze is
measured according to ASTM D-1003, and Clarity is measured according to
ASTM D-2457. In one aspect of the polymers disclosed herein, films having haze
of less than 10% can be produced. In addition films having clarity of >91% are
beneficially obtained.
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requiring nmelt strength, tB2 MFR is preferably in the
range of 0.1-10, nore preferably 0.3-3, nost
preferably 0.5-2. The nelt strength is preferably
greater than 5 cN, nore preferably >9 cN, nost
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Can  The polypropylene polymers of this invention can be blended with other

polymers to form, among other things, useful fibers. Suitable polymers for
blending with the polypropylene polymers of this invention are commercially
available from a variety of suppliers and include, but are not limited to, other
polyolefins such as an ethylene polymer (e.g., low density polyethylene (LDPE),
ULDPE, medium density polyethylene (MDPE), LLDPE, HDPE, homogeneously
branched linear ethylene polymer, substantially linear ethylene polymer, graft-
modified ethylene polymer ethylene-styrene interpolymers, ethylene vinyl acetate
interpolymer, ethylene acrylic acid interpolymer, ethylene ethyl acetate
interpolymer, ethylene methacrylic acid interpolymer, ethylene methacrylic acid
jonomer, and the like), polycarbonate, polystyrene, conventional polypropylene
(e.g., homopolymer polypropylene, polypropylene copolymer, random block
polypropylene interpolymer and the like), thermoplastic polyurethane, polyamide,
polylactic acid interpolymer, thermoplastic block polymer (e.g. styrene butadiene
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i ncl ude functional groups, such as a carbonyl,
sul fide, silane radicals, etc., and can be crosslinked
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pol yest'er/ pol yet her bl ock polyners (e.g., HYTEH%,. .
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conventional polypropylene polymers from ExxonMobil are supplied under the
designations ESCORENE™ and ACHIEVE™.

Suitable graft-modified polymers for use in this invention are well known
in the art, and include the various ethylene polymers bearing a maleic anhydride
and/or another carbonyl-containing, ethylenically unsaturated organic radical.
Representative graft-modified polymers are described in U.S. Pat. No. 5,883,188,
such as a homogeneously branched ethylene polymer graft-modified with maleic
anhydride.

Suitable polylactic acid (PLA) polymers for use in the invention are well
known in the literature (e.g., see D. M. Bigg et al., "Effect of Copolymer Ratio on
the Crystallinity and Properties of Polylactic Acid Copolymers", ANTEC '96, pp.
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one or nore polyolefins w 8% one or nore pol ymers

ot her than a polyolefin. If the polyolefin used in the
practice of this invention is a blend of one or nore
pol yol efins with one or nore polyners other than a
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for use in the invention are
from various suppliers. Suitable ethylene/acrylic acid interpolymers are

commercially available from The Dow Chemical Company under the designation
PRIMACOR. Suitable ethylene/methacrylic acid interpolymers are commercially
available from Du Pont Chemical Company under the designation NUCREL.
Suitable ethylene/acrylic acid interpolymers are commercially available from
ExxonMobil Chemical Company under the designation ESCOR.

Chlorinated polyethylene (CPE), especially chlorinated substantially linear
ethylene polymers, can be prepared by chlorinating polyethylene in accordance
with well known techniques. Preferably, chlorinated polyethylene comprises
equal to or greater than 30 weight percent chlorine. Suitable chlorinated
polyethylenes for use in the invention are commercially supplied by The Dow

Chemical Company under the designation TYRIN.
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nucleating, clarifying, stiffness and/or crystallization rate agents. These agents are
used in a conventional matter and in conventional amounts.

The polymers of this invention can also be functionalized by adding one or
more functional groups, e.g. through the use of a functionalized azide, to the
polymer chain in a post-reaction operation. Optionally, the polymers of this
invention can be subjected to post-reaction treatments, e.g. crosslinking, vis-
breaking, and the like. Vis-breaking is particularly useful in reducing the viscosity

of high molecular weight polymers. These post treatments are also used in their

conventional manner.
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any nethod known in the ar®] including bl own bubble
processes (e.g., sinple bubble as well as biaxial
orientation techni ques such trapped bubble, double
bubbl e and tenter fram ng), cast extrusion, injection
nol di ng processes, thernoform ng processes, extrusion
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extrusi on processes. Sinple blown bubble film
processes are described, for exanple, in The
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Third Edition, John W ? ‘§ons W 1981 i
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aghdfon thRpsHRIrHTbNERE] Btk AdditioR opaﬁylehe athé ethylene was fed
operatlon Cptlonall , the polynmers of this |nyegt|on

camddrearsitbjnesntatn 2 diffgrsatialnsesstiedn cxFesaPhigicembyley vapor

| b
L35 S BRSO Al Sl S s
h&t&ﬁlq‘ﬂgé T u%ﬁ% 8 flasPObw iRt TTIB espupbst cthylast :nﬁnml was

are 0 used i hei r conventional manner. Exanp| es
controlled by setting the excess differential pressure. The polymerization was

terminated based on the total ethylene consumption. Thereafter, the reactor was
cooled down and unreacted propylene and solvent were vented to the atmosphere.
The resulting mixture, containing mostly solvent, polymer and unreacted
monomers, was collected in a collection box and first air-dried in a hood to
evaporate most of the solvent, and then dried in a vacuum oven at a temperature of
about 90 °C for about 12 hours.
Stock solutions of catalyst and activator were first prepared. Then all the
appropriate components were transferred into a catalyst charge tube using
syringes. All of these were carried out in a drybox. The activated catalyst solution
in the charge tube was flushed into the reactor using about 5 ml of toluene.
Examples EP1 to EP3 were produced using catalyst represented by the
formula ("Cat-1"):



The pol ynerization was performed in a 0.5-liter

aut ocl ave reactor equipped with a stirrer, an external
wowrdlens®ream j acket for tenperature control, aPCT/US2005/021716

regul ated supply of dry ni ¥2ogen, ethylene, propylene,

and a septuminlet for introduction of other
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tenperature, followed by the additTon of ethylene. The
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ymeri zation was term nated based on the total ]
1314020k ("ED rstalyst). Ofhe dEtealed pblyarerizatinn qonditions atgdisted in
cool ed down and unreacted propyl ene and sol vent were
viablelilt o the at nosphere. The resulting m xture,
contai ning nostly solvent, polynmer and unreacted
nmononers, was collected in a collection box and first
ai r -[gahle®1i nPalyhetzhtion ceudiionsdrel pobghergfropdraessol vent

and ol dried Tn a vacuum pvergpgt aftemger at ire pp3

abo Cfor—abeut—12—-houfs—Stocksotut+ong—of

catdl yst_and activator_wer el 3 Fepared  Then al

t he |Remtionnémpeatuen®aent s were7@ransgferied i pto &0

cat oYY, PHARAR,T UDE USTNg SEECNAEs L1 akrl Nese 1heia

S iyt compound (o) co vetpeTeyarypt
Solvent Hexane | HFC245fa | HFC245fa
Solvent (ml) 125 125 125
Propylene (ml) 125 125 125
Ethylene (psti) 50 10 50
Reaction time (min) 13 30 19
Yield (g) 47.9 10.5 12.3
Tc (°C) 78.6 83.2
Tm (°C) 103.3 136.5
Tg (°C) -46.6 -57.8 -57.8
Heat of fusion (J/g) 40.4 0 1.1
Ethylene content (%) 16.8 49.1 47.1

HFC245fa is 1,1,1,3,3-Pentafluoropropane obtained from Honeywell under
the tradename Enovate 3000.




in the charge tube was flushed into the reactor using

about 5 m of toluene. Exanples EPlI to EP3 were
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("Cat-1"):Cat-1 was preacti9¥ated with
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20 meters. Ethylene flow rate was metered through a Brooks controller.

The catalyst compound used is represented by the formula ("Cat-2"):

Cat-2 was preactivated with N,N-dimethylanilinium

25  tetrakis(pentafluorophenyl)borate ("Act-1") at a molar ratio of 1:1 to 1:1.1 in 700
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preactivated with N, N-di methyl anilinium

t et raki s(pent af |l uor ophenyl )borate ("Act-1") at a nol ar
ratio of 1:1 to 1:1.1 in 700m of toluene at |east 10
m nutes prior to the polynerization reaction. Cat-2
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hour at a maximum allowed temperature (about 150°C). After cleaning, the
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reactor was heated/cooled to the desired temperature using water/steam mixture
flowing through the reactor jacket and controlled at a set pressure with controlled
solvent/fluorocarbon flow. Monomers and catalyst solutions were then fed into
the reactor. An automatic temperature control system was used to control and
maintain the reactor at a set temperature. Onset of polymerization activity was
determined by observations of a viscous product and lower temperature of water-
steam mixture. Once the activity was established and system reached steady state,
the reactor was lined out by continuing operating the system under the established
condition for a time period of at least five times of mean residence time prior to
sample collection. The resulting mixture, containing mostly solvent/fluorocarbon,
polymer and unreacted monomers, was collected in a collection box. The

collected samples were first air-dried in a hood to evaporate most of the
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Test methods

Molecular weight (Mw, Mn and Mz) and molecular weight distribution
(Mw/Mn) of the polymers, if reported, were determined using gel permeation
chromatography (GPC) on a Water 150C high temperature chromatographic unit
equipped with a DRI detector and four linear mixed bed columns (Polymer
Laboratories PLgel Mixed-B LS, 20-micron particle size). The oven temperature
was at 160 °C with the autosampler hot zone at 160°C and the warm zone at
145°C.
trichlorobenzene containing 200 ppm 2,6-di-t-butyl-4-methylphenol.

About 0.2 wt% of polymer sample was dissolved in 1,2,4-
The flow



10 T minute. The sanple was kept at 200 0C for 5
m nutes before a second cooling-heating cycle was

wa@ppbioex®76 Bot h the first and second cycl e therP&l/US2005/021716

10

15

20

25

30

events were recorded. Areag®6under the nelting curves
were neasured and used to determ ne the heat of fusion
and the degree of crystallinity according to ASTM
3417-99. The percent crystallinity was cal cul at ed

ek B el o5 S Aty
fusi opehPinel ;l% 2 Vaﬁg{gééﬂfﬁgeéi{ cry RENARI G tefHPAANRE (Tc) were

{]
conponent. T r B are to be obtained from
tdeeerRled meingtha fhitlovkng provedune Eabtrdingto ASHM B A84-0by

L L
%ymr{tg B‘Sd%i%ggm LORNIEN Sm§%§ ﬁ%ﬂﬁgfnﬁte@mw mg

tenperature was neasur 56 Using a
TWerk Bedledineihiminmocan2OmsnTbh DS daFhwae tdoptdeddy first

content of ethyl ene I I
Crovinthegamls o 0| ier BrodUANCANEE fidh PO gt 2 rate of

t i gue. A thin.h £ ,
L0 D P RBRECHD & hsahpfl Mot B
Rk TRy SR ayplial Uity seshdseid aypfeahame events

spect f um of e sanple from600 cm1 to 4000 cm
Iwevaseqoedsdr dadasundler the naelting ensescwere armasirad aid vgedde

g tE bR Sl i b S5 ot Bt BHUA e o AT
W OXTAR e fR i dry st nRE chldfiafedRisRigythe fogmb B fhred under

1165 cm 1 and the area of ethylene band at -732 cm 1
i the Cheve {friesfgramneB ¢ ad¢sirim) 64l 00T whetsd i the keat of fusion for

B TRBOPYSTIEG A B8 &00H I TRORGTH oY SRBNE 1 B irp o be
7d0tainBA from the Polyifer PRLYRSADYSRAEENAGS, fidbﬁsﬂ"bﬂ&ﬁil Johe Vel

integration range is nomnally from 1195 to 1126 cm 1
. a8 drs, Newe Yak i189%f Atvabrrodd 89 dfg (B avapwsad astthe haag ot figion
1 tq the ar of the peak at -732 cm 1. Al docunents
a5 dPYHeaysalieg PPIRPIePYIi%r por at ed by reference herein,

| nCl udigoRtirdisliRhl i ipHGHIBND Sv3RleQired BFWSTULE 1356

procedure As 1s apparent from
using a TA Instruments model 2910 machine.

The ethylene content of ethylene/propylene copolymers was determined
using FTIR according to the following technique. A thin homogeneous film of
polymer, presses at a temperature of about 150 °C, was mounted on a Perkin
Elmer Spectrum 2000 infrared spectrophotometer. A full spectrum of the sample
from 600 cm™ to 4000 cm™ was recorded and the ethylene content in wt.% was
calculated according to the following equation:
ethylene content (wt.%) = 72.698 —86.495X +13.696 X 2
where X=AR/(AR+1). The area under propylene band at ~1165 cm™ and the area
of ethylene band at ~732 cm” in the spectrum were calculated. The baseline
integration range for the methylene rocking band is nominally from 695 cm™ to
the minimum between 745 and 775 cm™. For the polypropylene band the baseline
and integration range is nominally from 1195 to 1126 cm’. AR is the ratio of the



the foregoing general description and the specific
enbodi nents, while forns of the invention have been
WO kdogmo99aé ed and descri bed, various nodifi catiPCEUSENS/021716
be made w thout departing Pfomthe spirit and scope of
the invention. Accordingly, it is not intended that
the invention be limted thereby. Likew se, the term
conprising i s considered synonynous with the term

"inclu r gses, of Au aI|a ains: 1.
A“ﬁ‘rfeﬁ Q%?lf) rHBFﬁ‘El ?IS?P 722, glnt act i ng
ol ef I | ROQIRN dé@&ﬁfed@ﬁfe)fﬂﬁtre 1ﬁcﬁ)trb67iﬁte@.%5}%kteﬁ6§h¢rﬁmt he

presence of a fluorinated hydrocarbon with an
amtludmg enly pricrityebeairhenteas]/ omestilg- precmdgreed Aslhisapnapat fnom

o it og Bl B S5 LSl
m}%é &&9{1 hz§fe b?&ﬁllﬁﬁt?ﬁ@é&l@ées&hlfédﬁv&q% n§ddfihtidnd Han be

e catal yst conprises a |1 gand represented by
trﬂzﬁlef\mt}mmlt de;(ait)ng findwe rties spnﬁﬂandscopqaofshe inventidsy Aé¢nerdingly, it

formul a t uent n the
s Aet 1teR ﬁ‘v thakthe pye%%? m%ﬁ@iﬂ@f fe‘%%‘f’ls&qtg gﬁfm@

" " h es of
R, bSFob T  al EARAT CR ig
5Auéaahm§kﬁﬁlected fron1the group consi sting of
hydr ogen, al kyl, substituted al kyl, cycl oal kyl,
substituted cycl oal kyl, heteroal kyl, substituted
het er oal kyl , heterocycl oal kyl, substituted
hetercycl oal kyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxyl, aryloxyl, silyl,
boryl, phosphino, am no, thio, seleno, halide, nitro,
and conbi nations thereof; T is a bridging group
sel ected group consisting of -CRR - and -SSRR- ; R2
and R3 are each, independently, selected fromthe
group consisting of hydrogen, alkyl, substituted
al kyl, cycl oal kyl, substituted cycl oal kyl,
het er oal kyl ,



substituted heteroal kyl, heterocycl oal kyl, substituted
hetercycl oal kyl, aryl, substituted aryl, heteroaryl,

wawsios ed heteroaryl, al koxyl, aryloxyl, siPgi/ps2005/021716

boryl, phosphino, am no, tB¥8o, seleno, halide, nitro,
and conbi nations thereof; and J" is selected fromthe
group consisting of heteroaryl and substituted
heteroaryl. 4. The process of claim2, in which the
catal yst conprises a ligand represented by the formula
(3): where Mis zirconiumor hafnium Rl, T, R2 and R3
are. as defined in claim3, J'" is selected fromthe

:0f substituted heteroaryls with 2 atonms bonded
to themetal M at |east one of those atons being a
het er oR{aiBesefad naking pB®1HndBnGirisihg contacting drfin tredviovieas
a dative bond, the other through a covalent_ bond; and .
LuhdenpolyRerizasioncaaditinerdintthy prsetnse péd fupBpstedBydgpestpon with

EE e T

substituted heteroal kyl, heterocycl oal kyl, substituted
het erocycl oal kyl , aryl, substituted aryl, heteroaryl,
subst i The pocése LEclotm J Whezgin theymetal sanapopentgidhosapalyst is
boryl, sil.yl,. amno, amne, hydrido, allyl, diene,
:ﬁﬁﬁ&%ﬁ‘”ﬁﬁ%@gﬂpho, phosphi ne, carboxyl ates, thio, 1,3-
di onat es, oxal ates, carbonates, nitrates, sul phates,

and conbi nations of these radicals. 5. The process of
c3.ai m Phewecessofielaimo A e chith doa néricthibe aptabishenmgises a ligand
het er oar {i nd .catalyst is represented by the
f‘i?P‘E?ﬁT’Iﬁe‘%/g)}.h ’é’%laﬁ)' L1 and L2 are as defined in
claim4; R4, R5, and R6 are independently sel ected
fromthe group consisting of hydrogen, alkyl,
substituted al kyl, cycl ogkyl, substituted cycl oal kyl,
het er oal kyl , substitut edheteroal kyl, heterocycl oal kyl ,
substituted hetercycl ol kyl yl, substituted aryl,

heteroaryl, substitutéd heteroatyll, al koxyl, aryloxyl,
silyl, borﬁiﬂ phos

and conbi nd\i ons
R5, and

no, amno, thio, seleno, nitro,
of, optionally, two or ifbre R4,

wherein R' is represented by the formula (2):
Q 1

(Q")q
E___

5
Q @

where

Q' and Q’ are substituents on the ring other than to atom E, where at least one of

Q1 or Q5 has at least 2 atoms;



R6 groups may be joined to forma fused ring system

havi ng from 3-50 nonhydrogen atons in addition to the
w@eoeaoees ri ng, or, optionally, any conbi nati oPCDUSHRES/021716

R3, and R4, may be joined ¥bgether in a ring

structure; RlL, T, R2 and R3 are as defined in claim3;

and E' is either carbon or nitrogen and is part of an

cyclic aryl, substituted aryI het eroaryl, or

substitu d h teroaryl rocess of claim

ﬁkﬁﬁ@ﬁ@ﬁi %Géf%ﬂp;@ﬂls ‘gfmag?é‘ﬁpg&’?tﬁ “he one or

oltsq 2f3 uhg st ol  owi ng for mul ae: 7. The process of any
the pr eceéll ng clains where the activator conprises

aly' ak&%@&em tﬁe gidup consistirpsofdfydegyn, ca‘lkstlmbat:ﬁutﬁé alkyl,
3 ya:pz@yb RSB ARG oA Y B WP s o
Fg"(é’tﬁ ﬁ{yg su %Hm[e& SRRV o AkylTRVE sﬁﬁstftﬁtb@ bR REEFRH UM

ora

Nubbtﬂhﬂé’@ hb&toamyll alkbxyly @ylorylhslyy, Hooylaplesphino, amino, thio,

tripropyl amoni um t et r aki s( ent fI uor ophenyl ) borate,
Nelngli adid pyitps aod combinatinng s( pent afI uor ophenyl )

t 2 23
il Y R sen O S
NNl Ié’tdia bwhl, {ridepetidently, selected from the group consisting of
f\heyfdgtsgié%; ]qxl; s@ s‘rgmtg??dt qrﬁ;}gjyg{pgﬁyf E}){H‘c@lﬁ% g}tfc?o a@l dhetero alkyl,

bR Ry SR e BO SRR

bﬁb&itﬁted@tﬁ)/l@étﬁb@r)yy |sﬁmnedll‘reteroaryl alkoxyl aryloxyl, sﬂyl boryl,
tetraki s(pentaf| uor ophenyl bor at

phogpl@nq,l qm‘nn@,ﬁh@m rs@mq, Belidgk pidrop et %ﬁm%%%ﬁé'%ﬁimf and
t e{l? ta?j?t‘é?c%%&l?l at*‘l %%ngsﬁlﬁﬁw)%%ﬂgﬂe{oaryl and substituted heteroaryl.

tri(2,6-dinethyl phenyl ) phosphoni unt et r aki s(pent af | uoro
pli enyléq bor at e; di phenyl oxoni um
tdt r akThy pronesaolf olaim Bhirwiivh thercatalyst comprises a ligand

represented by the formula (3):

Rl

/\/L

M is zirconium or hafnium;

€)

where

R, T, R? and R3 are as defined in claim 3,
J™ is selected from the group of substituted heteroaryls with 2 atoms bonded to the



di (o-tolyl)oxoniumtetrakis(pentafl uorophenyl) borate,
di (2, 6-di et hyl phenyl ) oxoni um
W ea06ab493¢ pent af | uor ophenyl ) borate; di phenyl sedCT/O820059021716
t et r aki s( pent af | uor ophenyl J00bor at e,
di (o-tolyl)sul foniumtetrakis(pentafl uorophenyl)
borate, di (2, 6-dinethyl phenyl)sul fonium
t et raki s(pent af |l uorophenyl) borate, trinethylsilylium

t et r aki t af | h )b t d . m
ey A SRR AR Pl &P rais b Res it atom 267
géglfoﬁ%{f RERBvih dafVe B3ndC HRl difer lbBgtBa BNt bbRd; and

I'vat or conprises one or nore of trinethylammoni um
T&tanaphenyihdapeadailytselcettd floantine gramp covsistiseihalideradod,
Eséllgﬁsc){m?cg m%q tlf %{9% %ﬂ%&?@%@f hetterrolai]<yl, substituted

~ - i LIBRIKAL Bryl, substituted aryl,
A L
Nefdratirdt Subsanidd hetaroaryk hikapiemylbiy hadrwxy, boryl, silyl, amino,

N, N-di met hyl - (2, 4, 6-trinmethyl aniliniyn .
taEReHHERG; @Hﬂafi’é}l@tsﬁleﬁ%ﬂvﬁ%ﬂ%rﬁ’ﬁ?ﬁ%ﬁ@ carboxylates, thio, 1,3-

LSk , artd doRAHIMARINEOR tHesR
tdg?nrag 4 é{%ﬁ%’ g%rlbglgirtgs? g%%% %igélga:té;s’, a%%?ﬁﬂgpyl amoni um
trediedki s( pent af | uor ophenyl ) bor at e,

tri("-butyl)anmmoni um

t et raki s( pent af | uor ophenyl ) bor at e,

fri( seo- . ! b
t% l ( N,S]ihfe a%}ﬁé%é%}%{f‘g W? %ﬁ%tﬁé‘hbﬁﬁ&%ﬂ&&%,%&ﬂ%&w&& ora

tigtdradeiBl{gaa caklysois ogireseutelibyrag formula (4):
N, N- di et hyl ani | i ni um

t et raki s( pent af | uor ophenyl ) bor at e,

N, N-di met hyl - (2,4, 6-tri mefshyl ani | i ni um

t et raki s( pent aRlsuor opheBI") borate, trimethyl amoni um
tetrakis-(2,3,4\6- tetrafl uorophenyl) borate,

tetrakis-(2
tri(w butyR
tetrafl uorophen
tetrakis-(2, 3,4,
N, N- di net hyl ani | i
tetrafl uorophenyl
tetrakis-(2, 3,4,

te t-butyl)amoni um
nyl ) bor at e,

iumtetrakis/(2, 3,4, 6-
bor at N, di et hyl ani i ni um

M 1
\/\Z\L
N L

R! (4)

where

M, L! and L2 are as defined in claim 4;

R* R’ and R® are independently selected from the group consisting of hydrogen,
alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted



t et of | uor ophenyl ) bor at e,
N, N-di nethyl -(2,4,6-trinmethylanilinium tetrakis-

W@ 2008/0d99@6 t et r af | uor ophenyl ) borate, trinethyl aPODOB2005/021716
tetraki s(perfluoronapht hyl J@orate, triethylamoni um
tetraki s(perfl uoronapht hyl)borate, tripropyl ammoni um
tetraki s(perfl uoronapht hyl ) bor at e,
tri (R-butyl)ammom um

Ki fl hy! [ .
et RS R SLTSAFEY Bt o b BBy g e

' Lia He 841, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino,
y%ﬁ%ﬁqg%%é#@%ofon%i %y?ﬁ%o?rgt e,y Y 4 s
haibk sl etiohyitranand combinations thereof, optionally, two or more R, R”, and

t et raki s(perf| uoronapht hyl ) porate .
R o SR R e Jp o KoLPR 4 UE R TR e Fom 3-50 non-

eLI 3kl £ i QRO | FRIA Y@ EBBBirdTon of
R L N S A e i
et RAkind RIemby bejodixdihgstiidr)ib emaigestrutiuigyr opyl anmoni um
t et rak%s( er fl uor obi phenyl ) hor at e,
&’ TR mc{;ﬁ aewdAchiped n claim 3;
t et.r aki s( perfl uorobi phenyl ) bor at e,
9 (tert-butyl)anmoni um
tretis aithé (cafoh lov ait@gbp iehiglppttafat eyclic aryl, substituted aryl,
N, N- di net hyl ani | i ni um
theteredy’s Op&ubstiyisd distEerr e P¥r at e,
N, N- di et hyl ani |i ni um
tetraki s(perfl uorobi phenyl) bor at e,
. N- di TR prpbesk 8f dlait 1 Wheribitieantalyshisurapresented by the one or
tetraki s(perfl uarobi phenyl)borate, trinethyl anmoni um
thwith akihs (fellevingfaypaudact | uor onet hyl ) phenyl ) bor at e,
triethylamoni umtetrakis(3, 5-
bi s(trifluoronethyl)phenyl)borate, tripropylammoni um
tetrakis(3,5- bis tr uor onet hyl ) phenyl ) bor at e,

tri(n-b I QPR
t elt gaki g%% " onet hyl ) phen'?BQ\b%taI?e,

di - (zso- propyl ) anmoni um
t et raki s( pent af |l uor ophenyl ) borate, and
di cycl ohexyl ammoni um

7. The process of any of the preceding claims where the activator comprises

an alumoxane.

8. The process of any of the above claims where the activator comprises

methylalumoxane.

9. The process of any of the preceding claims where the activator comprises



t et raki s( pent af | uor ophenyl ) bor at e;
tri(o-tolyl)pliosplionium

w0 ea6ab493¢ pent af | uor ophenyl ) bor at e, PCT/US2005/021716
tri(2,6-dinethyl phenyl) pho$izghoni um
tetraki s(pentafl uorophenyl )borate, tropillium

t etraphenyl borate, triphenyl carbeni um
t etraphenyl borate, triphenyl phosphoni um

tetrapheny| borate, triethylsilyliumtetraphenyl borate,
wﬁfémagémeW%%ﬁ%@Fﬁ%‘L%Q: tropillium

t k| : rate, triphenyl carbeni um
t%ﬁ_%%i}ggﬂ%ﬁ | uor%&ﬁgﬂ%%%gr ate, PReny
ttripipghayinpdrisp hetrdkin(pentafluorophenyl) borate,

tetraki s(pentafl uorophenyl )borate, triethylsilylium
t%Nél@%@ﬂ@H%lWLb‘S’ﬂ@?@?‘;%ﬁwP 1eny r‘??&ﬁ%( di a)z/oni um
t [ 1 heb! 1 um
e R B e B R e RS

N NP ety sl emi tebraki <2 8 AkG-wota BnGophéayl) borate, and

tetrafl uorophenyl)borate, triphenylphosphqgni um i
tlg,ﬁ\}-gw@hxlzif@@;p@ethy@p%lgm}rg et 914)(8-&%3 porop- henyl) borate;
Ll

tr.i vl | eLikak

t‘{éf(?'gﬁf’g’@r%‘b‘ o gﬁ@ gebor a@g,ﬁfagéﬁlg’gﬁ%@ |%ozr%tﬁ’| um

t @byoidtiekylatndordurfi tettakis(Ehtafimooyphenyl) hérateat e,
tropilliumtetrakis(perfluoronaphth (Ia)borate,
ttrippersfghosaRasaHn (FH @me&%%éleff&’?lﬂlﬂbg Apht hyl ) bor at e,
t,riph I 100 :

ttgt(ﬁg)'&j%?}goe?ﬁ(ﬁgg@(gﬁ%hst ef/lf a)ﬂtlJlgFo thS’f‘yl? P?rg%ehyl silylium
t (2, 8 1dimeneTphbrypbogidohiuy jehakiatpentafieomeher(ytl taratai um

tetraki s(perfluoronaphthyl)borate, tropillium

t dipherilexopint feligkistie ﬁ@ﬁ%qog%@%)t@mtﬁ i phenyl car beni um

I R SRl HERRRRAERYbIBRE A Phorate,

t &7, 8B bmephbug)orbhipheriiRispeathfuorbphetyt)Positd;y | i um
tetraki s(perfl uorobi phenyl)borate, benzene(diazoni um
t @iphamlsﬁtgem tetrelsibienteRyerpplsydorateopi | 17 um

te [ 5: Dj rifl )b :
RGO sRbEn Tk loep g Eh sy wigey ) borate
birpd b ditbBOTpRERTRMI B bgpaitefluorophenyl) borate,
tri phenyl phosphoni um

t etmethylsilydiusa tsirskisentafloerenkery)byiskead ) bor at e,

b s RSP adPerte: o

benzene(di azoni un) tetrakis(3,5-

10.  The process of any of claims 1 to 8 where the activator comprises one or
more of trimethylammonium tetraphenylborate, triethylammonium
tetraphenylborate, tripropylammonium tetraphenylborate, tri(n-butyl)ammonium
tetraphenylborate, tri(tert-butyl)ammonium tetraphenylborate, N,N-
dimethylanilinium tetraphenylborate, N,N-diethylanilinium tetraphenylborate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetraphenylborate, trimethylammonium
tetrakis(pentafluorophenyl)borate, triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(z-butyl)ammonium
tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammonium



bi s(trifluoronmethyl)phenyl)borate. 11. The process of
any of the preceding clains wherein the process is a
W@ enbes9Ireact or process for making a pol ymer bPEmnus20051621716
bl end conprising (A a coptdyner of propyl ene and
et hyl ene, and (B) a propyl ene honopol yner, the process
conprising: a) contacting in a first reactor (i)
propyl ene, (ii) ethylene, and (iii) the activated,
nonmnet al I ocene nmet al - cent er.ed ete roaryl i gand

éfrakis(pan hﬁ’éﬂ}hﬁ’ﬁﬁi\&ﬂ%‘ Uy RERBRs such t hat at
am@¥%0F%% l)@o%tetl@ﬁ B ?}é&lﬁﬁﬁmﬁnd substantial ly

ehe are converted to the copol yner,

f dfmmphehﬁ)ﬂoei’te,,N Mmaieyls}ﬂ (2,?;@tmmquylgmbmmn)
ormn reacti on nass w the first
thksﬂ(lgqﬂfaﬂd@f%b@nﬂi*m%t?dﬁ“ﬁg%’wo% qséfr ??gélcq or to
%ﬂléa%@lggog) te ﬁQeg; uﬂldt@tralhé’@b 4gg-opy! ene to

con ct| ng W tHin the second

ft&?&lu@fo;ﬂh@ﬂﬁybombmﬁpfdpymmmﬁrmgm #)oe propyl ene
fed to the second reactor with the reaction nass from

tteteaﬂuorqxhemézt@ﬁtw, trify-hetyBammeniig [rkisd2 Retpol yer ;
A e

ftbt’fﬁluo&@ﬁféhﬂ%or&tbaﬁ Niﬂﬁﬂiﬁﬂh}ﬂﬁﬁﬁﬁlﬁfn tetrakln-(héléﬂ;ﬁ reactors.
The process of any of clains 0 V\,herel n the

gc@aihmom@nﬂ)hmata; Nay- dwﬂw&nérmbmé%%%%s 234faki ng a

e Brorsha ek g i SR B RG b M phad fbaids

F{E@Wb%’tﬁaﬂu@i@ﬁ%ﬁﬂ}bo@d‘t& tﬂﬂleﬂiyia&hﬂdsmtmd conmononer ot her
than et hyl ene, and (B) a second pql yner conpri sing

Ltairales(palﬂuoemaphtbﬁ%ﬁraﬂeéﬁ@thywwu@r opyl ene, ethyl ene
nd .an unsat ur t hyl th
%F?%ﬁls(ﬁﬁ'gfugéogﬁﬁl&tﬁg%ﬁ%ﬁn@wongopp ?a Elj en Il]lfrlllr gmeon)é gﬂgt her, ©

tt@&alag(?&mr&@mhymme @i(n-beRl)ashiongurhn a first
react under | ymeri zation conditions the activated,

ntetmlas(gpbﬂfbmmphﬂtﬂk)mraf@eﬁiﬂ(@ﬂédﬂylmpwﬁyI | i gand

-t %ﬁéémﬁg?caﬁfo%%x@ﬁ R PP RRAN R Cons 0" make
%%fﬂlﬁ%dé{]ﬁﬂhyl)wra@oﬂwmdtlﬁgaﬂmmanﬁecond r eact or

ol ynerization conditions at |east one of
tetrakls(perﬂuoronaphthyl)borate N,N-dimethyl-(2,4 6-tr1methylamhmum)

tetrakis(perfluoronaphthyl)borate, trimethylammonium
tetrakis(perfluorobiphenyl)borate, triethylammonium
tetrakis(perfluorobiphenyl)borate, tripropylammonium
tetrakis(perfluorobiphenyl)borate, tri(r-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, tri(ferz-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-diethylanilinium
tetrakis(perfluorobiphenyl)borate, N, N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluorobiphenyl)borate, trimethylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triethylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tripropylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-



propyl ene, ethylene and an unsaturated conononer other

t han et hyl ene to naket he second pol yner; c) recovering
wo b@ede3é pol ynmer fromthe first reactor and PEEUS2005/021716

second polynmer fromthe set®nd reactor; and (d)

bl ending the first and second polyners to formthe

pol ynmer blend; with the proviso that at | east one of

the first and second polynmers conprise either (1) a

i By e e ot SR B AP B TS ¢ ne

f
rﬂé g{%@gﬁﬁgﬁgﬁg@o HaR NN- Hﬁﬁétﬁﬁ&mhﬁnﬁrﬂ%tr&kfs@ts-

reactor or both reactors. 13.
ﬂiﬁ{trﬁhmmﬁahmpm@mrm- N;Ndiemyianimuumecmlnsa 5-
fl uorinated rocarbon is_pres

r@%(&lfb}or‘;m@! Y nxhberatesNey- d%?ﬁﬁ}‘(zgln%%fﬂget%iﬁgﬁn&@)
BRI  HRIRR YR AGR0GAR, upGRLEREMariolll,

ckaaiFpyheeropHchel) bortel :hm’edlmldiyedylanmdmmnnl s
represented by the fornul a: \querelnxm an

|@F@@%ﬁpeﬁt@fb¥ﬁf@he§3’u@ra§? F&Oﬁ‘?M)PhQ?Q MPeat er than or
R e e A A

hi¢ g1 8 ek eMuc ophith ?@B@ra& , pepifllumotdmphegylboyate,ocar bon.
17. The process of claim15 or claim/16, wherej

f1 u;mbﬁlﬂmmlw it hedoraisrEPhawphasphpaiue fSisP @B[ﬁ‘?%ﬁe
DSy BR ERR PGl b el Kty i dhRbotae

dﬂréﬂluﬁhpﬁﬁmaa@emaﬂnbﬁobmfy@bmtm giptenflbatbedemhane;
1, I-di fl uor oet hane; 1, 2-di fl uoroet hane;

1tetrakis(pentafluerpplenybhetate) triphonylphqsphemp®et hane:

rafluor n -t etrafl uoroet hane;
1fe%hlfsée B%ﬂ?%?qyﬁg?%e ﬁanlé);ls’hﬁ1 uor opr opane;
2eefrh M8t @ﬂhﬂ@&ﬁﬁhem%l)&oﬁtd‘ | beoragdapaian) 1, 2-
di f| uor opr opane; 3-di f 1 uor opr opane;

2teﬁakisqp|eutaﬂmplpqwb)bomtel tropillium figkisdRcrhfie:

e e
LickaftuctobiRdnlBbbrd RRfHeRAPRssphorkurh tdirakis-(2,3,4,6-

tetrafluorophenyl)borate, triethylsilylium tetrakis-(2,3,4,6-

tetrafluorophenyl)borate, benzene(diazonium) tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tropillium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate, triphenylphosphonium
tetrakis(perfluoronaphthyl)borate, triethylsilylium
tetrakis(perfluoronaphthyl)borate, benzene(diazonium)
tetrakis(perfluoronaphthyl)borate, tropillium tetrakis(perfluorobiphenyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate, triphenylphosphonium
tetrakis(perfluorobiphenyl)borate, triethylsilylium
tetrakis(perfluorobiphenyl)borate, benzene(diazonium)
tetrakis(perfluorobiphenyl)borate, tropillium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylphosphonium tetrakis(3,5-



tetrafl uoropropane; 1,1, 2,2-tetrafl uoropropane;
1,1, 2, 3-tetrafl uoropropane; 1,1, 3, 3-
wo eaoeabdo0er opr opane; 1, 2, 2, 3-tetrafl uor opr opaneCT/LIS03/021716
, 2, 2-pent af | uor opr opane; 1]05, 1
, 2, 3-pent af | uoropropane; 1,1,1
, 3, 3-pent af | uor opropane; 1,1, 2, 2, 3-
pentafluoropropane 1,1, 2,3, 3-pentafl uor opr opane;

b 1i“%“?g%g%hﬂﬁémﬂMégftggﬁﬁg%yﬁum tetrakis(3,5-
%Fﬂt}lﬂ% c;)?ne%ﬁ}ti &1 &@r&%ﬁfene@dﬂmilmﬁl)?ce@ak%sa 5.

uor opr ane ,1,1,2,3, 3, heptafluoropropane
lnéhﬁhbﬁhmﬁhﬂﬁﬂwﬁﬂﬂﬁhMBrobutane 1, 1-di f I uor obut ane;
1, 2 di fl uor obut ane; 1, 3- dlfluorobutane; 1, 4-
dlfluorobutane 2, 2- difluorobutane

213" d"l{ﬂel‘b c%gé% of lhél';ir%iédéﬁ% él&'l SQMEr&A $he process is a series

11,2 uoro ane; Iuorobutane
Jreéotélrﬁrbcteﬁé fop Ihﬁﬂmi@lpolyﬂazﬂblznd tthe lbllembc@bpmm(A) a copolymer

o ikseand eliSne ShaA) 5 DR HBRBRN AL BORS
il LHRARAANEs 64 fealior f) bRIIRALAT QYA (i the

ane; tetra | uor obut ane:
1ac1w2te& mﬁme&llbcafepmutaanmterbdjheﬁaraarybmmﬂ lcatalysbundene

1,1, 34tetraf|uorobutane btr/a or obut ane;
Ipatymerization congtiions sypi thah at 1%18t Qb%té P % ﬂﬁé’F%‘/ ghgriad
fu%btgh%all{yeatﬁl & 1{1&8{1 he ﬁ%%omler?ed? o il Bb6 et GhOPrb3RRe,

uor ane;

, dhyleRs Bitalfyhtu aidDespolitsr fdrnling a2¢a%t1pe ntaa§ Wwitbindhe fizgh egactor;
1 1,1, 2, ent af | uor obut ane;

pb)rttaaleeum aregqkion mass qf the first wﬁioafcr %‘?%B%feé‘ﬁ@r o) fgedjng

1adf%%?rﬁpﬁr%%l%%ﬁé fqbtu & S &g)nfl gehaéto% & c%&ﬂgﬂig"‘&/ H" R0 $BHE reactor
pﬁﬁtie%u Abican®ndiiobs thebrdpyderttad touthe sénondnexctor with the
3,3, 4 pent af | uor obut ane;

1162¢®Iﬂn&Srfwm tifel firstrrsaeiemioanake the pr0pylene homopolymer; and e)

1, 2,2, 3, Iuo obut
hEseayqrimg Omlt 159° %g ??Cgfmlj\flée){ gf}f Jorob nﬁtteg ngdrocarbon 18
Eﬂssélnt irtthd afﬁstti@&é@cfﬂ therseéutidasatorlor In Both reactors.
hexaf | uor obut ane; 1,1,1

, 2,4, 4- hexaf l uorobutane; 1,1,1, 3, 3, 4-
" AR ARl il §  URa OB Epard 1
%a@ﬁﬁ‘ gfdcb's%rf&blﬂﬁlﬁﬂ? a pblyaet blend, thé-biexiabhipeisimgu adirst
4, 4- hexaf ['uor obut ane;

1pdlymeﬂ¢ﬁnmdm@(mﬁtslmw| fromeat lqas‘glone of propylene, ethylene and an
4, 4-hexaf | uor

ugsaglrgteé COMARIIART cﬁﬁ &ﬁ%ﬁ ¢ffedene agd (B) a second polymer comprising
» fnfts Fridel BRLALLRE 8RI6BRBpyIdnel ethyRne add 4n unsaturated

comonomer other than ethylene, the first and second polymers different from one
another, the process comprising: a) contacting in a first reactor under
polymerization conditions the activated, nonmetallocene, metal-centered,
heteroaryl ligand catalyst and at least one of propylene, ethylene and an
unsaturated comonomer other than ethylene to make the first polymer; b)
contacting in a second reactor under polymerization conditions at least one of

propylene, ethylene and an unsaturated comonomer other than ethylene to make



hept af | uorobut ane; 1,1, 1, 2,2, 3, 4- hept af | uor obut ane;
1,1,1, 2,3, 3,4- heptafl uorobut ane;

wa 2ds00R738, 4, 4- hept af | uor obut ane; 1,1, 1, 2, 4, 4, BET/US2005/021716
hept af | uorobut ane; 1,1,1 , 863, 4, 4- hept af | uor obut ane;
1,1,1,2,2,3,3,4-octaf l uorobutane; 1,1,1
,2,2,3,4,4-octafl uorobutane; 1,1,1, 2,3, 3,4, 4-
oct af l uorobutane; 1,1,1 , 2, 2,4, 4 4 oct afI uor obut ane;
1,1,1 ,2,3,4,4 octafluo but
, theseepnd p@ban%é)arﬁ?qysrlag Eheat%é pojymer %0@ the frsyregetgr and the
n t
| 9&{&@%(? p?lg%?gﬁgﬂﬁg? Ee):/clogérll géag%o‘g' Jﬁ%@)ﬁh@ﬁ&ﬁ@ﬁ% first and second
dpbllyhherstto Zferli’fetﬂe)ﬂohhmml\md With tHe proviso that at least one of the first
-trlfl uor o- 2- net hyl propane; 1,1, 3-trifl uor

meechiacpR B@W@emfogmaw il 61 )zaqrppﬂsmm? ?ya?rdga(%)ea
I pfbp%legg’/?ﬁ{?fregl?% %l%g%a %ELP rr g‘g’ﬁgl%“ copolymer, where the

| fluodndtéd hydusagbon-is pfdserttiin ﬂ&tﬁryﬂ et drssecdndiredctor or in both
, 3, 3- pent af | uor o- 2- net hyl propane; 1,1, 3, 3-
t &42e@f9. uor o- 2- (f 1 uoronet hyl ) propane; 1,1,1
,3-tetrafluoro-2-(fluoronethyl)propane;
fl uorocycl obut ane; 1, 1-difl uorocycl obut ane;
1,2- di frhe ?fd@@%cdffélwﬁlalrl&)r claifd-12di/idreiafoyiahtet hydioearbon is
1,1,2-trifluorocycl obut ane;
1 presentin fhfel firgiisasfel obut ane: 1, 2, 3-
trifluorocycl obutane; 1,1,2,2-tetrafl uorocycl obut ane;
1,1, 3, 3- tetrafluorocyclobutane

1,13, 2, Fh3d pRRBEAS a9 b EMhObLicABewhekeih, fRioBindted hydrocarbon is
pentafluorocyclobutane
1 pesentdn thedebandaradion ocycl obut ane: 1,1, 2, 2, 3, 4-
hexaf | uor ocycl obut ane;
1,1, 2,3, 3, 4-hexafl uorocycl obut ane; and 1,1, 2, 2, 3, 3, 4-

hapt af Tuer prokedsoliEt aie. oflthe HREVPI ASIAKS vitferéth att® ¥orinated
wherein the fluorinated hydrocarbon conprises one or

g&o@z{rbgﬂl fdl r'é}?r"e e férh‘luflzl @{H?FE h&h@ein x is an integer from
di f |1 uor oet hane, - trifluoroethane,

f hue OB i@ @tegan grelteil tlianereEfﬁzﬂaé Dund eds haistegd@nd That least
process of claim 18 wherein the fluorinated

hyde.ocar bon conpri ses one or nore of

1,1,1, 3,3, 3-hexaf |l uor opropane,

1,1,1,2-tetrafl uoroethane, 1,1,1, 3, 3-

paet af Iue FedIe P Haitn 15 Whéeid tﬁ@ﬂﬁ@ﬁﬂa@@ilgblué@rlﬁm comprises a
oct af | uor ocycl obut ane, and 2, 3-

dlphgthaond@f@éi;mr@%b@mt ane. 21. The process of any of

t he preceding clains where the fluorinated

17.  The process of claim 15 or claim 16, wherein the fluorinated hydrocarbon

comprises a hydrofluorocarbon.

18.  The process of claim 15 wherein the fluorinated hydrocarbon comprises
one or more of fluoromethane; difluoromethane; trifluoromethane; fluoroethane;
1,1-difluoroethane; 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-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-

difluoropropane; 1,3-difluoropropane; 2,2-difluoropropane; 1,1,1-



hydrocarbon is present at 5 to 99 vol une % based upon

the volune of the polynerization nedium 22. The
wee@oos®7eof claim?2 1 where the fluorinated hyPeDUS2008021716

is present at 10 to 90 vol Wife % based upon the vol une

of the polynerization nmedium 23. The process of claim

22 where the fluorinated hydrocarbon is present at 20

to 70 volune % based upon the volune of the

[ 24. Th | 23
AR R onEPeto, oG bA b on 13- praLeTapaE) | o2
6 QifhroprBpdheba %?223#&9@15&%}%%%1 uney 13fZ-tEi!i‘@ﬂuoropropanée4 1,1,1,3-

pol ynmeri zati on medi um process of claim
wiesiaduetiepraphoe; rll,h&,ﬂddtrftﬂmbrmapdmnl il 2, Ptetrefinoroptopdie;tlgl,3,3-

 THOBIOP T e, b e e OORIASs hl: i S Cramagme:
mﬁm 1ew ﬂeﬁﬁﬂﬁ@ﬁogﬁfah@at' on_ Py erﬁiﬂlﬁ)r(% Sleat ureéqum-

C’or nore. 27. The proééss of any o e precedi

cpaltat&uomnpm 62,8 Bepeniafiadegrdpade;ol &)1 mm3+hequﬂm@1t>pane-
on t he wei ght of  the

&dg%gér%ﬁﬂ‘éWBP gltleﬂ;fd rlglggsgo% SoflherPrpaRSent L 14-2:2,3,3-
t H@ptﬁﬂiﬁﬁ&ﬁbpm%s Ther PBaCLAS 1 dnet Ne 1DEREGAHEAR;  2-

claims wherein the procéds i's a c Nt nubUS process.
29uof6batam,odelsélﬂubr®u§ane;f It hdiffmosbatineg ©3-difiwrohese; 1,4-

Gy oGRS, g pEecof | dnyiucrsutane;

pqq%ﬁmgr@du@anqs mhqrsetﬁﬂh%rm?ﬂﬁféers 1t 04! ﬂ@&hy@glﬁ]éézedl,z,z-

are selected fromthé group consl sti hg

tr[fhplrcahwa,neb lRehaiflypestutane; IBé&é&rfhl,ord‘Imane 2 33ti“tﬂim&)butane
undecene, and, dodecene.

nonene, cen Th
e G AT 956,90 4 Bt
1,1,2,2-tetrafluorobutane;  1,1,2,3-tetrafluorobutane; 1,1,2,4-tetrafluorobutane;

1,1,3,3-tetrafluorobutane;  1,1,3,4-tetrafluorobutane; 1,1,4,4-tetrafluorobutane;
1,2,2,3-tetrafluorobutane; 1,2,2,4-tetrafluorobutane; 1,2,3,3-tetrafluorobutane;
1,2,3,4-tetrafluorobutane; 2,2,3,3-tetrafluorobutane; 1,1,1,2,2-pentafluorobutane;
1,1,1,2,3-pentafluorobutane; 1,1,1,2,4-pentafluorobutane; 1,1,1,3,3-
pentafluorobutane;  1,1,1,3,4-pentafluorobutane;  1,1,1,4,4-pentafluorobutane;
1,1,2,2,3-pentafluorobutane; 1,1,2,2,4-pentafluorobutane; 1,1,2,3,3-
pentafluorobutane;  1,1,2,4,4-pentafluorobutane;  1,1,3,3,4-pentafluorobutane;
1,2,2,3,3-pentafluorobutane; 1,2,2,3,4-pentafluorobutane; 1,1,1,2,2,3-
hexafluorobutane; 1,1,1,2,2,4-hexafluorobutane; 1,1,1,2,3,3-hexafluorobutane,
1,1,1,2,3 4-hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-hexafluorobutane;
1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4,4-
hexafluorobutane; 1,1,2,3,3,4-hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane;
1,2,2,3,3,4-hexafluorobutane;  1,1,1,2,2,3,3-heptafluorobutane;  1,1,1,2,2,4,4-
heptafluorobutane; 1,1,1,2,2,3,4-heptafluorobutane; 1,1,1,2,3,3,4-
heptafluorobutane; 1,1,1,2,3,4,4-heptafluorobutane; 1,1,1,2,4,4,4-
heptafluorobutane; 1,1,1,3,3,4,4-heptafluorobutane; 1,1,1,2,2,3,3,4-
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octafluorobutane; 1,1,1,2,2,3,4,4-octafluorobutane; 1,1,1,2,3,3,4,4-
octafluorobutane; 1,1,1,2,2,4,4 4-octafluorobutane; 1,1,1,2,3,4,4,4-
octafluorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane; 1,1,1,2,2,3.4,4,4-

nonafluorobutane; 1-fluoro-2-methylpropane; 1,1-difluoro-2-methylpropane; 1,3-
difluoro-2-methylpropane;  1,1,1-trifluoro-2-methylpropane;  1,1,3-trifluoro-2-
methylpropane;  1,3-difluoro-2-(fluoromethyl)propane;  1,1,1,3-tetrafluoro-2-
methylpropane; 1,1,3,3-tetrafluoro-2-methylpropane; 1,1,3-trifluoro-2-
(fluoromethyl)propane; 1,1,1,3,3-pentafluoro-2-methylpropane; 1,1,3,3-
tetrafluoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-(fluoromethyl)propane;
fluorocyclobutane;  1,1-difluorocyclobutane;  1,2-difluorocyclobutane;  1,3-
difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-trifluorocyclobutane; 1,2,3-
trifluorocyclobutane; 1,1,2,2-tetrafluorocyclobutane; 1,1,3,3-
tetrafluorocyclobutane; 1,1,2,2,3-pentafluorocyclobutane; 1,1,2,3,3-
pentafluorocyclobutane; 1,1,2,2,3,3-hexafluorocyclobutane; 1,1,2,2,3,4-
hexafluorocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; and 1,1,2,2,3,3,4-

heptafluorocyclobutane.

19. The process of claim 18 wherein the fluorinated hydrocarbon comprises
one or more of difluoromethane, trifluoromethane, l,l-diﬂuoroethane, 1,1,1-

trifluoroethane, fluoromethane, and 1,1,1,2-tetrafluoroethane.

20.  The process of claim 18 wherein the fluorinated hydrocarbon comprises
one or more of 1,1,1,3,3,3-hexafluoropropane, 1,1,1,2-tetrafluoroethane, 1,1,1,3,3-
pentafluoropropane,1,1,1,3,3-pentafluorobutane, octafluorocyclobutane, and 2,3-

dihydrodecafluoropentane.

21.  The process of any of the preceding claims where the fluorinated
hydrocarbon is present at 5 to 99 volume % based upon the volume of the
polymerization medium.

22.  The process of claim 21 where the fluorinated hydrocarbon is present at 10

to 90 volume % based upon the volume of the polymerization medium.
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23.  The process of claim 22 where the fluorinated hydrocarbon is present at 20

to 70 volume % based upon the volume of the polymerization medium.

24.  The process of claim 23 where the fluorinated hydrocarbon is present at 20

to 60 volume % based upon the volume of the polymerization medium.

25.  The process of claim 24 where the fluorinated hydrocarbon is present at 30

to 50 volume % based upon the volume of the polymerization medium.

26.  The process of any of the preceding claims wherein the polymerization
occurs at a temperature of 70 °C or more.

27.  The process of any of the preceding claims wherein the fluorinated
hydrocarbon is present at more than 5 weight %, based upon the weight of the

fluorocarbon and any hydrocarbon solvent present in the reactor.

28.  The process of any of the preceding claims wherein the process is a
continuous process.
29.  The process of any of the preceding claims where the monomers to be

polymerized are aliphatic or alicyclic hydrocarbons.
30.  The process of any of the preceding claims where the monomers to be
polymerized are selected from the group consisting of ethylene, propylene, butene,

pentene, hexene, heptene, octene, nonene, decene, undecene, and dodecene.

31.  The process of claim 14 wherein z is 2 or more.



