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Sept enber 22, 2003 which clainms the benefit of USSN 60/412 541, filed

Sept enb 20, % 0 filed Decenb
SeoLeher 20 pEE LI BRI R I SUPEACKBRAL GRpriGie |} o Cocerter
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Si nce thg m dini%t%% ﬁr?ﬁ] g%&f?ﬁa@c'&%% yé%é’a% %ggég)ﬁﬁt}]isegﬁﬂq n hi gh-pressure
reactors--mainly for produci ng ethyl ene-backbone pol yners includi ng ethyl ene
-1 WO 2006/ 025542 PCT/ USZEOS/ 024240 copol yners with nononers of one or nore
of propyl ene r ne, along with other specialty nononers such
as 4-nethyl -1, 5- hexadi ene. For exarrpl e US 5 756,608 to Langhausen et al.
reports a process for polymerizing to | -al kenes using bridged

met al | ocene cat al %ﬁ@PpllnétF%ﬁ;ﬁWﬂléP@e@MSHﬁ@N|58’ﬁ8§ 40550l8d Y Hr essur e

condi ti gns hagyshowever, been seen as inpractical and unworkable at
t enperatures rmch above the propylene critical point. A process to produce

comperci al |y USERIOREKY ¢hbAdMy| ene in a high pressure system woul d provide

This application claims the benefit of USSN 60/586,465, filed July 8,
2004. This application is a continuation in part of US 10/667,585, filed
15 September 22, 2003 which claims the benefit of USSN 60/412,541, filed
September 20, 2002 and claims the benefit of USSN 60/431,077, filed December
5,2002. This application is also a continuation in part of US 10/667,586, filed
September 22, 2003 which claims the benefit of USSN 60/412,541, filed
September 20, 2002 anc_i claims the benefit of USSN 60/431,077, filed December
20 5, 2002.

FIELD OF THE INVENTION

This invention relates to polymerization of olefin monomers having three

25 or more carbon atoms under supercritical conditions using certain metallocene
catalyst compounds.
BACKGROUND

30 Since the mid-1980s metaliocene catalysts have been used in high-pressure

reactors--mainly for producing ethylene-backbone polymers including ethylene



advant ages, such as increased reactivity, or increased catal yst
productivity, or higher throughput, or shorter residence tines, etc.

Li kew se n®® pwloygs#opyl ene 10 pol yners are al so i n cetievsmsopeed for the
preparation of new and i nproved products. Thus there is a need in the art
to devel op new processes capable of greater efficiency and manufacture of
new pol ypropyl ene polyners. In addition there is also a need for

pol ymeri zati on processes that are flexible enough to be used with other
nmonomers. ForofaiR WittAmbrotHRrsR 6i%Sdd hidre of Propylesehfterle CandBb@nf) 0l ybut ene or

pol yhexene is also desirable. US 6,084,041, granted to Andtsjb et al.,

di scl oses supPrgrith P@a]wfﬂwétwoamersWWP@&%WX&%@ Fopl atively nild
conditions (90s 9 1 upported

Zi egl er-Natt %Qa Qungﬁ’gwgdggﬁga’?gﬁg‘?“%?‘g@%ﬁﬁwﬁgﬁgw’%@éﬁg&? relate to
propyl ene copoCyisikcacstusing badged mriplocanamilystor Pelyreepyleneprod@tionioh hi gher t han
descri bed abqve. |t alse.does not specifica di.s¢l bul propyl ene

ol ymer Soat | S pehrdRRRRERs Ak BO66h eR B oo A Bl " P

5, 969, 062 gr asmipethnire dlich @b@e tilpropyldeseiticd) @sine procesis ptaducepr epari ng et hyl ene

copolynmers wth a-polefins in which paolynerization is carrjed out at a
pressure bet \ﬁ%‘BWerfBBY%B‘?RﬁL@r%&“%P é“ggéﬁﬁ?,‘?%fyﬁ'ﬂ? YRRARO. 280 C. The 25
catal yst is hawaegRNsush hshdren®i Bt eiiC baRekaIctaRRM prédubiityin conpl ex. US

5,408, 017 descri bes an olefin polynerization catalyst for use at
pol yneri zat i digherdhroughitnty presborsy residerce timerpetcokikgvisapesyt POLDEIPKIEYS  t enper at ur es

exceedi 3 tNofiRbib RGN HbRTBRIBH SaRfoRBRIRARRoIRe pol yrrer

deconposition fenperature are said to Vi productivity. 30 WO
93/.11171 di seradues EnupBieteos ehided inghoattodevstopmes pexsessestrapablefpr i ses

7200 2000/ 0 2EaTb Ry BaBR S B0 Boltr BB RAGRBE "0 % 1S on) P hmousl y

pol yneri zed to prmaddigomathene isaisera npal fgnpolymerixdtion procélsadtiak am condi ti ons keep

this mxture at. ressure belqw the syst s cl ?fﬂ“ oi nt pressure. These
condi ti ons cr@é‘?éeg"“ﬁ&w@‘f‘f‘ Ot}[éeﬁﬂmﬁo o) 6’5@’?"5’1"% @H_Hgsé“r nd maintain the
M Xt ur ejss t eRRER tdihskepoBY¥Rerdede polpexeRlis fso desifBlel | Ng poi nt .

US 6,084,041, granted to Andtsjé et al., discloses supercritical propylene

polymerization under relatively mild conditions (90-100 °C and less than 6.89
MPa pressure) using supported Ziegler-Natta and metallocene catalysts. This
patent does not relate to propylene copolymerization at temperatures or pressures
20 much higher than described above. 1t also does not specifically disclose bulk
propylene polymerization using soluble, unsupported metallocene catalysts.

US 5,969,062 granted to Mole et al., describes a process for preparing
ethylene copolymers with o-olefins in which polymerization is carried out at a
pressure between 100-350 MPa and at a temperature from 200-280 °C. The

25 catalyst is based on a tetramethylcyclopentadienyl titanium complex.

US 5,408,017 describes an olefin polymerization catalyst for use at
polymerization temperatures of 140°C-160°C, or greater. Mainly, temperatures
exceeding the melting point temperature and approaching the polymer
decomposition temperature are said to yield high productivity.

30 WO 93/11171 discloses a polyolefin production process that comprises

continuously feeding olefin monomer and a metallocene catalyst system into a
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US 6, 355, 741 di scl oses a process for produci ng pol yol efins having.a binodal
nol ecul ar wei ght distribution. The process conprises producing a first

pol yol ef i n Wwoaméimaoein a first | oop reactor. The proaesaswosyperms this first
| oop reactor to a second | oop reactor that prepares a second pol yol efin
fraction. At 10 | east one of the |oops uses supercritical conditions. WO
92/ 14766 descri bes a process conprising the steps of (a) continuously
feedi ng ol efinic nononer and a catal yst system with a netall ocene conponent

and a cocat al ¥gdio:C THPRBRIMer iscBninibusly§RFfized (PproRiady inbitiea! y pol ymeri zi ng
that nononmer in a polynerization zone reactor under elevated pressure; (c)

15 cont i nuousPglymes mixiiieg Resstiomesindiiens/keenribimmixtyre Rt anressure below He reactor; (d)
conti nuously ﬁgl%rsﬁM‘ﬁ“ﬁf#&‘gsgﬁ%ofﬂem"%3‘1?Qgﬁ‘géégﬁéﬁfﬁ%ﬁﬁ gducing pressure

to forma nononer-ric ymer-ric Separati ng nonomner
from the reambmmerdth phastmd@Bmtabethe mixnas's eingerdate apoteytist fofinerie pr oduct i on.
This invention's 2Q first reactor stage is a |loop reactor in which

pol yreri 2at i oMGBERAY- i n an inert, |ow boiling hydrocarbon. After the | oop

reactor, the reactiy9g35%ai didtibded B plotds foPpradidingpaBolefi@IRvingact or where
gas- phase et h%/,l ene polynerizatjon occurs. The polynmer C produced appears to
have a bi nodaPimegsl golgchlar weighy distrigption, Theprpesss conyrises produemesa firgly uj val ent to DE

4, 130, 299) desaydileraRticis b §iR100p RafRY WHBHbERS ddPlefthis i foopnd 1510 bar using
(CH3) 2C(f I uorenyl ) (cycl opent adi enyl ) zi rconi um di chl ori de conpl ex,

met hyl al unoxarrecteiriela secppesipentearitartiahpranareSasepoyd polypdafingiagtion; &tr eported to be
8380 gRP/g Ig! i 1. ”» 2,000. CA 2,118,711 also

descri belg pr%ﬁaﬁt/Préen‘;em%olpﬂfrsrlé%s%@?&éﬁ%@ﬁmgﬁhyI ene at 190C and 1508 bar using
30 (LCH3) 2C(f | uor eryD)9 4y ¢6cissonibesch peovyds camprisorgi thenstaps of(kprontimiousinpl ex,
metiyl al unoxape,.an r.i met hyl al um pum tal.yst tivity is reported to be
"3 WO 2006/ 02 K6 %@%‘7“(@%‘&6‘}&} Mﬂ&@gﬂﬂ%@x&%&@ﬁ‘?%% MREPCItThe M i s
reported to bendlobitdlyst WdRdAcht, A2 the Pehoteri; 1 koriasouslypoRmesangd thatpol ymeri ze

ol efins conprising .contactjng, in a POl ynerizati on system ol efins having
three or nor e™eBHMHH apghypenzation zone reacior urider elevated pressure; (c)

15 continuously removing the polymer/monomer mixture from the reactor; (d)
continuously separating monomer from molten polymer; (€} reducing pressure to
form a monomer-rich and a polymer-rich phase; and (f) separating monomer from
the reactor.

US 5,326,835 describes bimodal polyethylene production. This invention's

20 first reactor stage is a loop reactor in which polymerization occurs in an inert, low-
boiling hydrocarbon. After the loop reactor, the reaction medium transits into a
gas-phase reactor where gas-phase ethylene polymerization occurs. The polymer

C produced appears to have a bimodal molecular weight distribution.
CA 2,118,711 (equivalent to DE 4,130,299) describes propylene

25 polymerization at 149°C and 1510 bar using
(CH;),C(fluorenyl)(cyclopentadienyl)zirconium dichloride complex,
methylalumoxane and trimethylaluminum. Catalyst activity is reported to be 8380
gPP/g Ic' h. The M,, is reported to be 2,000. CA 2,118,711 also describes
propylene polymerization with ethylene at 190°C and 1508 bar using

30 (CH3);C(fluorenyl)(cyclopentadienyl)zirconium dichloride complex,

methylalumoxane and trimethylaluminum. Catalyst activity is reported to be

3.



with a catal yst conpound (such as a netall ocene), activator, optionally 5
conononer, and optionally diluent or solvent, at a tenperature above the

cl oud poi mo wespsaat ure of the pol ynerizati on syst eRCaKisk08s/R42¢6SUr € nNo

| ower than | OVPa bel ow t he cl oud point pressure of the polynerization
system where the polynerization system conprises any conononmer present,
any diluent or solvent present, the polyner product, where the ol efins
having three or nore carbon atons 10 are present at 40 wei ght % or nore.
Furthernore, 2435805mR/gIces SEiE MDA rgaked 1% Sk 50,6000 st for the

honopol yneri zati on or copol yneri zati on of unsaturated nonaoners, particularly
the pol ynerizati OWWOﬂP&?ﬁ@?C]WaWtaﬁﬂ'WEf&'Fi°8ﬁ§§C°Plp“§‘§g desirable for a
pol yol efin t i i r i il.e having a 15
ol Ativel y narraedy dpaymd il o U AR B A o e ey

met al | ocene witit adatadysscompound lgeien as rsreedaltooeng), agiaveter, hptiphdlly crystalline isotatic
Chem. Rev. - 20000 s, S o By R BEBSR fape s ol oDl s have al o

Chem Rev. ocene catal'ysts have al so
been prepar ecpontd ietipeiitued of thegloBerietiatip0éyy@empy h presurnd leeplaymer s (Resconi, L.

in Metall ocen ased 20 Pol yo] efi ns, s. J. Schiers, W Kam nsky; Wl ey;
NY, 2000; 467@%@}“%%#@01%?855%PE@F PRSI % at e bet ween
these ext rerrq';bgmeh%ﬁah BB teRUodpH @B ¥y fiondkher Presdnxaﬁﬁdiiuanlo; ¥bivefSS than highly
crystalline and nore than anor phous enerally these chiral catalysts give

| ow ol ecul arPrientahe polynsFipeaductiese theolgfins haying tree g more SEBINAUPS pr epar ed
from prapyl enge gadnOk bk eigRIPFBESe. USi Ng such systems. 25 US 6, 051, 522
describes bridged chiral metallocenes as catalysts useful for olefin
pol.ymeri zati on. WPUSIN@e, ¥a60us pOcsss 2ndetdBERnst for 92002/ 083753A1, and US
6, 525, 157 di S . J - ene/ et hyl ene
copol yner co?%?%ﬁ@ﬁ%&%gﬁﬁog??p&%ﬁcb%ﬁﬁ% ﬁ%%@%ﬂﬁﬁgﬁim%éaﬁéﬁ@% using the
chiral net al | tbeprignaragtiohle? defirk- Fodeaylaplidhibeg itdndesmablé fona zi ng 30 acti vator.
US 6, 057, 408 di scl.oses a process for th eparati.an. of hi gh nol ecul ar

vei ght _pr opy| EREIER IRk st pERp Auresspaisrsial BRERUUEBAIEH {y (1 ¢ he

propyl epe -4 MRHZROGNOW 2RARUIRGT 4P a10bIELAS ZARa] bisiadniGRgalldedndg chi r al

bi s-i ndenyl netal |l ocenes. The catal yst that yjel ded. the
catalysts have been used to prepare highly crystallin isotatic polypropylene and

copolymers of propylene and other monomers (Resconi, L. Chem. Rev, 2000, 100,
1253). Non-chiral metallocene catalysts have also been prepared which yield
atactic polypropylene and copolymers (Resconi, L. in Metallocene Based

20 Polyolefins, Eds. J. Schiers, W. Kaminsky; Wiley; NY, 2000; 467). While, there
are chiral catalysts which operate between these extremes, yielding polypropylene
with crystallinity less than highly crystalline and more than amorphous, generally
these chiral catalysts give low molecular weight polymer. This is also true for
copolymers prepared from propylene and other monomers, using such systems,

25 US 6,051,522 describes bridged chiral metallocenes as catalysts useful for
olefin polymerization. WOQ2002/01745, US 2002/0004575A1,
WQ02002/083753A1, and US 6,525,157 disclose processes for the preparation of a
propylene/ethylene copolymer containing tacticity within the propylene sequences
using the chiral metallocene rac-Me;Si(1-indenyl);HfMe; and an ionizing

30 activator. US 6,057,408 discloses a process for the preparation of high molecular

weight propylene/ethylene copolymers with high crystallinity in the propylene
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hi ghest nol ecul ar wei ght copl ynmer was rac- Me2Si (2- Me-4-(1 -napthyl)-|I
indenyl)2 ZrCl2. S. Collins and coworkers reported (Organonetal lics 1992,

11, 2115) awé:mtedysoof the ef fect of substituents in RdrasteGepmsi ti ons on a
series of chiral ethylene bridged netall ocenes,

rac- (CH2CH2) (5, 6- X2- 1-i ndenyl ) 2Zr C12i on solution ethylene and propyl ene
pol ynmeri zations. In conparing X= Hand X = Me, simlar nolecular weights
were found for the preparation of polyethylene (X = H N = 145 Kg/nol; X =

Me, Mh = 127 KghdiBdshsiah chiRObiY- RV metaocerts =Tid catvlystthal Picidedl@le Kg/ N0l ; X = M,
M = 16 Kg/nol). Likewse, In US 5,455,365, chiral bis-_indenyl met al | ocenes

cont ai ni ng nebigast IQ?’WESWF‘ﬁhttCH@YTBeTa’WG reg- MB@I@MU%H*Y]%I al | ocenes
containing a {mg@jlz}g[oup inthe 5 or 6 position are discl osed.

Pol ynmeri zati on Tinli qgui d propyl ene gave noderately crystalline

pol ypropyl ene, as S‘e@pliiamaﬁdt)Wkgmtepmad(@mqmegtllmilMSllbétl\&%en 132 and 147 C.

15 Th | | 100 d 200
ot o D copor et isted of bbiniis o ER S 6Bk fons B 3 digor it Rdhea® 21

rac /I\/bZSl (|2 ShifidgbdrethHockiitd @8y QHLCEL)ES, msbl-lweﬁﬁ);mhaoﬂso&m % et hyl ene, 97.2
wt % propyl ene, co

ol th a. significantl| 0, we ht as
evi denced by éthﬂf"'gﬁngpf"l’ﬂ?’}\g:pﬁw&“mb IB@WW%@%‘?’K&@ = 1|4g3 Kg/ nmol )

to 98 mlg (MvmBREuldrSehEiarkle foddd fmwpﬁmiowﬁrdlﬁwe@m@é goMgave a decrease
in nelting point from 132 to 123 [ n 115, a chiral bis- i ndenyl

net al | ocene cotties/mphd ?Meé‘ﬂ‘hullﬁlléﬁmol)éﬂ%ﬂ]ﬁﬂw‘eﬁﬁ@a‘HyMPGHéQyI ring

attachedoat tkg/,da0d m%ﬂslxg}ﬁo%smwgé B9695,439863, cili il ocene, rac
-NEZS|(5678tetrahy ro-2 ent amet

bengf f Ji ndenyhnﬂmlmitmm%mmawlmysmlﬂzﬁ Sra@pém%t@bnsendoe in the +2

oxidati on P reported in

al kane sol uti OE&%EMSCSIR@)&EQ%CF@# CFE oggﬁgﬁ{a?\éﬁeggﬁl\é@ure of hydrogen at
70C. Mol ecul aPolyweerghtions abm"é:nmhqiudmwlmga\&@nddgx/awcr)ataﬂmpol ynmer melting

Bl ogous. con PR 5 EYIPRCR By BRI Gna G bt | Gyand 18 oC 10 L1E

- Me2Si (3s Me- | Thevleteular Kielghts Mo @ﬂtwyhhuhﬂdmeaa)zeenl\m mdm)ofi@dﬁg/ mol . Simlar
results were obs?rved i n ethyl ene/‘i;ctene pal ymeri zatl ons with these two

catal ysts. gizatio rerP@ﬂenﬁml FeYienaptRgrec e ebMerd. -5
indenyl)ZrCl,/MAOQ, yielded a 2.8 wt % ethylene, 97.2 wt % propylene copolymer

with a significantly lower molecular weight as evidenced by a drop in intrinsic
viscosity from 155 mL/g (Mw = 143 Kg/mol) to 98 ml/g (Mw not recorded).
20 This copolymerization also gave a decrease in melting point from 132 to 123 °C.
In US 6,084,115, a chiral bis-indenyl metallocene containing an annulated
tetramethylated cyclohexyl ring attached at the 5 and 6 positions is disclosed. This
metallocene, rac -Me;,Si(5,6,7,8-tetrahydro-2,5,5,8,8-pentamethyl-
benz([fjindenyl);Zr(1,4-diphenylbutadiene), is reported to be in the +2 oxidation

4

25 state. Propylene polymerization behavior was reported in alkane solution (24 wt
% propylene) under a partial pressure of hydrogen at 70°C. Molecular weights
obtained were ca. 60 Kg/mol and polymer melting points were 144.8-147 °C,
These molecular weights were lower than the analogous complex with Hin the 5
and 6 positions, rac -Me;S1{2-Me-1-indenyl)Zr(1,4-diphenylbutadiene), Mw = 79

30 Kg/mol. Similar results were observed in ethylene/octene polymerizations with

these two catalysts. No H,-free solution polymenzations were reported.

-5-



WO 2006/ 025949 PCTI US2005/ 024240 Supported catal ysts were al so examned in
US 6, 084, 115, however broad nol ecul ar weight distributions (> 3.5) make
conpari sonsvdmbaesmy cat al ysts difficult. These resulrtsusnaicase that a

nol ecul ar wei ght advantage is not expected for catalysts with |arge groups
in the 5 and 6 positions. Thus, no nmeaningful 5 increase in polyner

nol ecul ar wei ght can be ascribed to these previous substitutions. WO

2004/ 050724 di scl oses pol yneri zati on of butene with nethyl al unoxane and

di net hyl si | y|Su?b&{cacﬂﬁWer5al@(&%ﬂi@mﬁw¢ 684,115, however broad

cyclotrimethyl en)inden dg zi rconi um di chloride and al so described certain

i ndenyl to typdealspye tifptions & o) 1BaKE GOTaPariseRs ppREEF2RIYESs; however, WD
2004/ 050724 4 husnﬁﬁﬁse‘}t’s&ﬁé debelugtﬂ% n%écﬁﬁ}’lvé‘i t%aﬂ&% Sis Rbt elhIRB

t enper at ur es. ere is a nee he ar to provide cat al yst systens
t hat can pr ovﬁonkatalyplahw&h@&rggrwiimghﬁgﬂﬁrmblawl Ahusyad meaning®l wel | as good

crystalllnlty refe repared, at _higher .tenperatures and productivities
t han ot, Ker wi 538%3863'§|p86m¥r T@ecl'j%l g?‘%f“hgﬁggliebgg?ootg%g p'feﬁlémspr epar ati on of
unbri dged spesbstisutibiss( 2- (3, 5- di -
t - but yl phenyl ) -5, - robenz(f)l ndenyl ) hafnium
di chl ori de, bis(2? C§2®4&>‘35{2?B§ ebﬂ‘gwy?ﬁza@@?g  anet hyl -5, 6, 7, 8-
L et E gh{ gr ?bgn?éﬂl‘;ﬁldgm@({axé and alnﬁaagmlw&s@z -Bth IS, Qﬁtramethyl-
is utyl pheny
ety amet hyl - QoY e il e dighionde syl dsonlasrbs ez iment de, and

bi s(2- (fy t 2 e compounds with annulate snx membered rings; however, WO 2004/050724
but yl phenyl) 5,8, 8-tetranet hyl -5, 6, 7, 8-t etrahydrobenz(f)1 ndenyl) zirconium

di chl ori de V\/rﬂoehncap}éalubmﬂemlqgum@tmbm}lﬁémmmr s. Ot her references of

i nt\ar est i ncl ude: , 2) US

6,268, 444, (parti gﬁ% ‘H’iﬁ;’/é’é‘%ge% "Pg’%?} °D‘%§J‘§?§%kﬂ§4€é“i“§§‘ﬁm ’i@e | AV EP 1 138
687, (parti cmo@nﬂeyslmmagmlghmoﬁcmwe@uasaww a@gmfdlcrysﬁmnyyrm'cfezahlyl on Using 25
e N R

2000, B3, 754-759s 6@9,12&&&1&95&&M@aﬁ@ioﬂBﬁZﬁnd@é@s&&eﬁlﬁE{i—’B s@R 1 195 391, US

6, 355, 741, and Et hyl ene Bi s(1 ndenyl)_ Zi rconocenes. Schaverien, C J. et
al ., O ganondriinbend-S. nste r@BF‘Bﬂﬁ’t}% 7. Efftrahydinbenziyndenyl) bafuma g ust 2001, pg

3436 dichloride, bis(2-(3,5-di-t-butylphenyl)-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydrobenz{f)indenyl) zirconium dichloride, bis(2-(4-t-butylphenyl)-5,5,8,8-
tetramethyl-5,6,7,8-tetrahydrobenz(f)indenyl) hafnium dichloride, and bis(2-(4-t-

20 butylphenyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydrobenz(f)indenyl) zirconium

dichloride which are used to produce propylene polymers.
Other references of interest include: 1) US 6,034,022, (particularly
o example 17); 2) US 6,268,444, (particularly example 2); 3) US 6,469,188; and 4)
EP 1 138 687, (particularly examples 8 and 9), and Olefin Polymerization Using
25 Highly Congested ansa-Metallocenes under High Pressure: Formation of

Superhigh Molecular Weight Polyolefins, Suzuki, et al., Macromolecules, 2000,
33, 754-759, EP 1 123 226, WO 00 12572, WO 00 37514, EP 1 195 391, US

6,355,741, and Ethylene Bis(Indenyl) Zirconocenes..., Schaverien, C.J. et al.,

Organometallics, ACS, Columbus Ohio, vol 20, no. 16, August 2001, pg 3436-
30 3452, WO 96/34023, WO 97/11098, US 5,084,534, US 2,852,501, WO 93/

05082, EP 125 368 B1, WO 97/45434, JP 96-208535 199660807, US 5,096,867,

6



30 3452, WO 96/ 34023, WD 97/11098, US 5,084,534, US 2,852,501, WD.93/

05082, EP 129 368 B1l, WD 97/45434, JP 96-208535 199660807, US 5, 096,867, -6
WO 2006/ 02584 900R63F$40)S2005/ 024240 WD 96/ 12744, US 5, 4886825044505, 084, 534,
US 6, 225,432, WO 02/090399, EP 1 195 391, WO 02/50145, US 2002 013440, WO
01/ 46273, EP 1 008 607, JP- 1998-110003A, US 6,562,914, and
JP-1998-341202B2. Another itemof interest is an abstract obtained fromthe
Borealis website 5 that states: Barbo Loefgren, E. Kokko, L. Huhtanen,
M.ahel i n, Pet wio eztmus USWs S B IS 3)gr4,$30B0S6 b0 e WPOD090de; P under
supercritical conditions. " uesky Conference on Catalytic Aefin

| st Bl
Pol ymeri zat i oh19513P1. 3 82/50143 US 3¢0284344P e MQ)01/46223,EP 1 898 69008~ " nPP produced
in bulk condi {dg@n$ @QOU%@G?EQQH %ﬁb-l@%@ﬁ?.@hﬁy at el evated tenperature and
under supercriti ca? condi ti ons, shows rheol ogical behaviour indicative for
smal | anounts  of LA@Bthenitenhef igserksp isean absHiactoblamedifrére thedRorealihwiebsitan be util i zed
to produg:e nfﬁP ﬁ'th enhanced nelt strength under industrially nmeaningful [5
conditions." RY This invention relates to a process to polynerize
ol efins conprising 20 contacting, in a polynerization system olefin
mononer s havi ng t [Baele Ivefgran) B Kokkd, DOMuhadnew Be DdHelin, RestEllebink)cene cat al yst
conmpound, an act i \zdoQkehlifg tMOBRIcre-PRSYORIYONRIder Supéhciifbal &ondiibas. i | uent  or
sol vent, at a tenpsfBLdbeCAHRPMRe bi€atelRAOiefiPPiherkaiBRCI 2206200 t he
pol yneriigati on syoni) %8, PI B3 UNEPH oduPVEHR bl dbhdirictMHB0%e! ow t he cloud
poi nt pressure of gheingl &pRIdIG 8t QR etb& T Whd U@ sifeARiticat> 1000 MPa,
where the pol yner igails el /Ropis00MPbdnatsur itkicai )0 Glatandiitts CONONONET
present, any dil uGhf gk, H0bYiGHY. PhiSBG banrt DG: B9 \bY URkzelQblfibe and C where

t he ol efi n nmononer [ ' present at 40
weiﬁt % or nor e,jﬁ;ﬁ?g&m %Jcnﬁe'tﬁglf'ﬁ%g n%ﬁ%g?g'b%%@g%%g nlg is represented by

the formula |l: 3

SUMMARY

This invention relates to a process to polymerize olefins comprising
20 contacting, in a polymerization system, olefin monomers having three or more
carbon atoms with a2 metallocene catalyst compound, an activator, optionally
comonomer, and optionally diluent or solvent, at a temperature above the cloud
point temperature of the polymerization system and a pressure no lower than
10MPa below the cloud point pressure of the polymerization system and less than
25 1000 MPa, where the polymerization system comprises the monomers, any
comonomer present, any diluent or solvent present, the polymer product, and
C where the olefin monomers having three or more carbon atoms are present at 40
weight % or more, where the metallocene catalyst compound is represented by the
formula 1:

30



-7 WD 2006/ 025949 PCT/ US2005/ 024240 R2\ /RZ R7 s (RB)aR's (R4d)a s R R Rz2/
R2 ~C~R9)2)c 1/M(R10 )d R RL C ~C-R11)2)e R$ R2 R7 R12-R2 (R13 R15 R2~
(R14)9 R2woQowhewe® Mis a transition nmetal sel ect edcfusmosgeauwp 4 of the
periodic table; 5 each R is independently selected fromthe group

consi sting of hydrogen, hydrocarbyl, substituted hydrocarby] and functional
group, and any two R nmay be linked; each R2 is independently selected from
the group consisting of hydrogen, hydrocarbyl, substituted hydrocarbyl or
functional group, and_two or nore R2 10_groups may be |linked together to
forman aliph c or Rfomatic ri ng; _g.R\V\D 2006/ 025949 PCTI US2005/ 024240 R3

is carbon or sitI'hcon/ R4 is hydrogen, hydrocarbyl, substituted hydrocar byl
or a functional grRﬁp;
R°):
(R%)p 8
4 R
. (R™)a
\Rs
2/ 9
R g2 CR )
' 10
(R™)g
RN
C where

M is a transition metal selected from group 4 of the periodic table;

5 each R' is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and functional group, and any two R' may be
linked;
each R? is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl or functional group, and two or more R’

10 groups may be linked together to form an aliphatic or aromatic ring;

8-



ais0,1,0or2; R5 is hydrogen, hydrocarbyl, substituted hydrocarbyl or a
functional group, R4 and 5 R5 may be bound together to forma ring, and R5
and R3 may wieobonasyae t ogether to forma ring; b is Opcismesn2424R6 i s carbon
or silicon; and R4 and R6 may be bound together to forma ring; each R7 is
i ndependently selected fromthe group consisting of hydrogen, 10

hydr ocar byl , substituted hydrocarbyl and a functional group; each R8 is

i ndependently sel ected fromthe group consisting of hydrogen, hydrocarbyl,
substituted hytigegeinaykilicong a functional group, and R7 and e maybe |inked
together to forman aliphatic or aromatic ri ng, each RO is independently

sel ected frongtlﬁéydé?gﬁﬁﬂ‘Y@Bﬁ’ékfyétsP‘ﬁ@m@ﬂ hb‘fifﬁﬁa@g@ﬁ funstional@elPar byl , substi t ut ed

hydrocar byl apgdgay bpgctional group, and two R9 groups nmy be | i nked
together to forma ring, RO and R8 may be |inked together to forma ring,
RO and R16 maly ishydrogeduidrocagnt, sehstituted iydronagbyt aradunciisnabgrduiRR1 anday be | i nked

AN R S B e el dhy e ol g bRl B UEP NS

|s il ed, anﬁnﬁiﬁng,s hydr ogen, hydrocarbyl, substituted hydrocarbyl or a
functi onal grg % two R16 groups may be linked together to forma ring;
dis 0, 1, }2 ach RI1 is independently selected fromthe group

consi sting ofRwd&mmc&yﬁmﬁaﬁ@wma,smmcttugmtmlmp@aﬁgayl and a

functi onal grouE and two RI'1 groups may be |1 nked together to forma ring,
and Rl 1 and %" Rais "Uépq“ﬁfﬁlkllééFlﬁchﬁ&"H’éFeETB“PGF’B‘F%‘r‘PéO?}WHE?Ee‘hnd R11 and R16 may

be 1inkegl t ogs)tdtb%gxbynosufaafmymo@ab 18nd Puflutiofal gRiip2; 30 where the sum of c,
d and e is 1,2 or i's carbon or silicon; -9 WO 2006/ 025949
PCT USs2005/ ozepgh;@ is mdependcntly selected from the group con51stmg of hydrogen,

hydrocarbyl, substituted hydrocarbyl and a functional group, and R’ and R®may be

linked together to form an aliphatic or aromatic ring,;

each R’ is independently selected from the group consisting of hydrogen,

15 hydrocarbyl, substituted hydrocarbyl and a functional group, and two R® groups _
may be linked together to form a ring, R® and R® may be linked together to form a
ring, R® and R'® may be linked together to form aring, R’ and R'' may be linked
together to form a ring; .

cis 0,1 or2;

20 RYis -MZ(R"’}}.- where M? is B, AL, N, P, Si or Ge, h is an integer from 1 to 2,
such that the valence of M? is filled, and R'® is hydrogen, hydrocarbyl, substituted
hydrocarbyl or a functional group, and two R'® groups may be linked together to

C, form a ring;
disQ,1,0r2;

25 each R"' is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, and two R groups
may be linked together to form a ring, and R'' and R® may be linked together to
form aring, and R'" and R'® may be linked together to form a ring;

eis0, 1,0r2;
30 where the sum of ¢, d,andeis 1, 2 or 3;

R'? is carbon or silicon;



R13 is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group,
and R13 and R14 nmay be bound together to forma ring, and R13 and R 5 naybe
bound t og#dnmass/ei4f orma ring, when g is 0; fisO,1, scPUS20&/0RR4 i s hydr ogen,
hydr ocar byl , substituted hydrocarbyl or a functional group, and Rl14 and R 2
may be bound together to forma ring, when f is 0; gis O, 1, or 2; and R15
is carbon or silicon; provided that if the two R groups are |inked, then
they do not forma butadiene 10 group when Mis Zr. BRI EF DESCRI PTI ON OF
THE FI GURES Rt'§ishedrbgeahipdmcirbyg, snbstibesdihydrocedyboma famtiosd progp, unes for t he
different 15 ¢hainsdefects.. Fiqure shows t hq;appgarance of, the vari ous
defects in a 1@% a’élbeé’@{’ﬁ’we%ﬁ&fg@%n% a“ﬁ I'é‘a@?e W% chemical shift
of fsets for ng PRITG a MESWRINAEG Wi th a variety of chain end groups. 20
DEFI NI TIONS For purposes of this invention and the clains thereto: 1. A
catal yst syst E¥li 508&fi ned to be the conbination of a catalyst 25 conpound
and an tivager.. I J: i : ich, at a given
t enper afsﬁr e, q%h&%%f’%/%ﬁ idfﬁsgt&%g’nsgﬁsyf}glﬁeg b %%%%n@é@%tﬁrﬁ%gggé@ri bed in J.
Viadi nir O iRéandR" Gay Beboundiogetier . forth a Rigntvben flindl.  Eng, Chem Res. 29,
2000, 4627. F £ o PQ{BQ%SS of this invention and the clains thereto, the
cloud point is nedsured by 30 shining a heliumlaser through the sel ected
pol yneri zat i dti® geabemrisitican;cl oud point cell onto a photocell and recording

t he pressure at . onset of,light scatieri for -10 2006/ 025949
PCT/ US2005/ 02’4{%"4‘%2%&? {@}‘? e 1€P‘gﬂsﬁf‘f§% &d, fen By d ot Form'a butadlent
10 group when M is Zr.

b BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the numbering scheme and structures for the different
15 chain defects. .
Figure 2 shows the appearance of the various defects in a >C NMR
spectrum.
Figure 3 shows a table of the chemical shift offsets for resonances
associated with a variety of chain end groups.
20
DEFINITIONS

For purposes of this invention and the claims thereto:

1. A catalyst system is defined to be the combination of a catalyst
25 compound and an activator.
2. The cloud point is the pressure below which, at a given
temperature, the polymerization system becomes turbid as described in J. Vladimir
Oliveira, C. Dariva and J. C. Pinto, Ind. Eng, Chem. Res. 29, 2000, 4627. For
purposes of this invention and the claims thereto, the cloud point is measured by
30 shining a helium laser through the selected polymerization system in a cloud point

cell onto a photocell and recording the pressure at the onset of light scattering for a

-10-



3. A higher a-olefin is defined to be an olefin having 4 or nore .carbon
atons. 4. Use of the term "pol ynerization" enconpasses any polynerization 5
reacti on swanoasozkvasropol yrmeri zati on and copol yneri zatecomws200s/024240

copol yneri zati on enconpasses any polynerization reaction of two or nore
nmononers. 6. The new nunbering schene for the Periodic Table G oups is used
as published in CHEM CAL AND ENG NEERI NG NEW5, 63(5), 27 (1985). 10 7. Wen
a polymer is referred to as conprising an olefin, the olefin present in the
pol ymer is thgvdgqéry[;yamrg,ed formof the olefin. "w 8. An oligonmer is defined
to be conpositions having 2-75 nmer units. 9. A polyner is defined to be
conposi tions havi Ag 76Abehersydefipds defigpg to e an glefimhavipg & of BRTEowi ng

abbrevi ati ons a6 456d: Me is nethyl, Ph is phenyl, Et is ethyl, Pr is
propyl, iPr is isopropyl, n-Pr is normal propyl, Bu is butyl, iBuis

i sobutyl, tBu is tdertidsepofthetterin "pelymBizatian” preompissasamapolyniemgation TVS i s
trimethylsilyl, .. TIBA is trisobutylalumn MAO i s net hyl al unoxane, pMe is
par s- nethyl , ”refwltfonfus?ﬁﬁW&OQ%W?H%%OW35'38%?8}%58?{13% enyl. 20 As used herein,
the term"slurry polynRicopolineniBatiofemdmpaisdd @hypotymeriaition feach@fess t hat

i nvol ves at | east two phases, e.g., in which particulate, solid polyner
(e.g., granul B©)°r morey in a liquid, supercritical, or vapor

pol ynerization mgdi UNTheHew nimBerinkg Getefie Yo RRPRSI Y 1 GRbpsQSuse®di um  As used
herein, the term"bul k polynerization” means a polynerization 25 process in
whi ch the pol $huplishet ip E%d?ﬁ%ﬁ?@"ﬂﬁ%@'@%%*ﬁ%ﬁ%%%r and contains |ess

than 60,y 9% of sol veniyney a flikéeNres tU%@Qnﬂb‘?iEiﬁ%Eeh)&%,hﬁ'bféhﬁon“ nuous neans

a systemthat operates (or Is" intended to opera w t hout interruption or
cemi on. Fopresertanpiegolymenin the polymerized faowof the plsfipr oduce a pol yner woul d be

on ere the reagtant : L | ?191 %‘ A or nore
reactors and pol y(r\%'er p‘?‘%gﬂﬁp %lp{sa d%%%?lkon%zf 965%‘315? girhg\?\znlrﬂl%l‘ﬁﬂg
9. A polymer is defined to be compositions having 76 or more mer
units.
15 10.  The following abbreviations are used: Me is methyl, Ph is phenyl,

Et is ethyl, Pr is propyl, iPr is isopropyl, n-Pr is normal propyl, Bu is butyl, iBu is
isobutyl, tBu is tertiary butyl, p-tBu is para-tertiary butyl, TMS is trimethylsilyl,
TIBA is trisobutylaluminum, MAO is methylalumoxane, pMe is para-methyl, flu
is fluorenyl, ¢p is cyclopentadienyl.

20 As used herein, the term “slurry polymerization” means a polymerization
process that involves at least two phases, e.g., in which particulate, solid polymer
(e.g., granular) is formed in a liquid, supercritical, or vapor polymerization

C | medium, or m a liquid/vapor polymerization medium.
As used herein, the term “bulk polymerization” means a polymerization

25 process in which the polymerization medium is predominantly monomer and
contains less than 60 wt % of solvent or diluent.

As used herein the term continuous means 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

30 introduced into one or more reactors and polymer product is continually

withdrawn.

11-



WO 2006/ 025949 PCT/ US2005/ 024240 Detail ed Description This invention
relates to a process to polynerize olefins conprising 5 contacting, in a
pol yrer i zawioome®yst9em ol efin nononers havi ng t hree eeT/vRMS/02428r bon at ons
(preferably propylene) with a netall ocene catal yst conpound, an activator,
optionally conononmer (preferably ethylene, butene, hexene or octene), and
optionally diluent or solvent, at a tenperature above the cloud point
tenperature of the polynerization system (preferably 100C or nore,
preferably 10 105C or nore, preferably 110C or nore and a pressure no | ower

than 10 MPa _bel.ow.the cloud point pressure of the polynerization system and
| ess than 10G&talgpgesc ferably 27.5 MPa or nore, preferably 40.0 MPa or
nore) where the polynerization system conprises the nononers, any conononer

present, any diluent or solvent present, the polymer product, and where the
ol efi n monomers 1Fhiginwention selates t¢ ;propess e pplymerzeplefinoepmpyisingm at 40 wei ght %

Formul 5~ 12 90 38a 08By B BT SErt D TR o S R bRk R
R4, 3 R2/ R2 caboir@p@y (prefaratily gripyl@pwittRimétdiomdnt cithlyst cRpduin® anR7 R12- R2
activator, optionally comonomer (preferably ethylene, butene, hexene or octene),
and optionally diluent or solvent, at a temperature above the cloud point
temperature of the polymerization system (preferably 100°C or more, preferably
10 105°C or more, preferably 110°C or more and a pressure no lower than 10 MPa
below the cloud point pressure of the polymerization system and less than 1000
- MPa, (preferably 27.5 MPa or more, preferably 40.0 MPa or more) where the
polymerization system comprises the monomers, any comonomer present, any
diluent or solvent present, the polymer product, and where the olefin monomers
15 are present in the polymerization system at 40 weight % or more, wherein the

metallocene catalyst compound is represented by the formula:

.12-



~(R13 R15 R2/(R14)9 R2 C where Mis a transition netal selected from
group 4 of the periodic table; 5 each R is independently selected fromthe
group consmgliomgzohe hydr ogen, hydrocarbyl, substitupetuiuehioonar byl and
functional group, and any two R1 groups nay be linked, provided that if the
two R groups are linked, then they do not form a butadiene group when Mis
Zr; -13 WD 2006/ 025949 PCT/ US2005/ 024240 each R2 is independently sel ected
fromthe group consisting of hydrogen, hydrocarbyl, substituted hydrocar byl
or a functional group nd two or nore groups nmay be linked together to
form an al i phaiec o Eionatlc ring; R3 carbon or silicon; 5 R is
hydrogen, hydrot byV substituted hydyocarbyl or a functlonal group; ais
0, 1, or 2; RSis , substituted hydrocarbyl or a

functi onal gr?ggv T 9 s~ bQynd together to forma ring, and R5
and R3 may be Pd t og ' ‘ 80 bisO,1,0r2; R6 is carbon or
silicon; and EQ)forn1a ring; b..- each R7
is |ndependent
hydr ocar byl , subst g e {nd a functional group; each Rs is
independently se $&Rfron1 he gfoup &Qnsisting of hydrogen, 15
oget

hydr ocar byl , s zﬁ i onal group, and R7 and Rs
CE‘ Gromatic ring; each RO is

may be i nke to for
i ndependently selected fromth¢g group con |§bing of hydrogen, hydrocarbyl,
substituted hydrocarbyl and g4 uncti onal QR pd and two R9 groups

R ~
C C(R"))e
RB
?2
2
\(R13)f
Ri 14
RZ\ Ry
R2

where
M is a transition metal selected from group 4 of the periodic table;

5 cach R' is independently selected from the group consisting of hydrogen,
hydrocarby}, substituted hydrocarbyl and functional group, and any two R' groups
may be linked, provided that if the two R' groups are linked, then they do not form
a butadtene group when M is Zr;



may be |inked together to forma ring, RO and Rs may be |inked together to
forma 20 ring, RO and R16 may be |linked together to forma ring, R9 and Rl11
may be | i nh&R0O60RWer her to forma ring; cis 0,1 or 2PCRUDME242MP( R16) h-
where M is B, Al, N, P, Si or Ge, his an integer from1l to 2, such that
the valence of M is filled, and R16 is hydrogen, hydrocarbyl, substituted
25 hydrocarbyl or a functional group, and two R16 groups may be |inked
together to forma ring; dis 0, 1, or 2; each R11 is independently

sel ect ed fr omath®® igindegendeansickttcd fom fhepyaipegeising sfhsidrogear byl , substi t ut ed

hydrocar byl gnd a functi.onal gro and two R' groups 30 npy be |inked

t ogether to %ﬁ%ﬂgﬁisﬂb‘pmﬁ?f}'&ﬂﬁH&gor Pangl g’ﬁkfga“‘r%ﬁé)f W&Bq?o forma ring.
R11 and R16 rgyupbhay betisked fopgied Reformt th Alphatic@r irbi@lic rimkd VWO 20061025949

PCTI US2005/ 024240 = eis0O, 1, or2; where the sumof ¢, d, and e is 1, 2 or 3;

R12 i s carborR df cahomioggliconr 3'i s hydrogen, hydrocarbyl, substitut ed
hydr ocardyl 4 I : . be bound toget her
Py O j@nyfaHiped, E?gﬁégrbgfigh!&am dr&m?}l?br%%cﬁé@l ?@bbf

to forma ring, and R maybe boun t oget orma ring, when g
is 0; f is 0,2i80,1gpr2; R14 is hydrogen, hydrocarbyl, substituted hydrocar byl

or a functiong. grou and 4. ar 2. may be bound together .to forma
ring, when frilfﬁsls %fd%fgn’ély‘?gca@%i‘fbg‘(')r}gwg;%ydé%cé% Pglqugai sn%{(;%]ra {%%“%og Eglldl icon. In an
al ternat e enti'dhaybebouniitogather tb fmmsirinigoand Re tiad R*apdyde bedhdfiagetegs oup 4 of the
periodic tablg, preferably Zr or 15 Hf, nost preferably H; each R is

i ndependent | ﬁ%?%ﬁ’ed fromthe group consisting of hydrogen, hydrocarbyl,
substitw ed hy@doogarfyl and a functional group, preferably, Rl is

- R® is carbon or silicon; and R* and R® may be bound together to form a ring;
S each R’ is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group;
each R? is independently selected from the group consisting of hydrogen,
15 hydrocarbyl, substituted hydrocarbyl and a functional group, and R’ and R® may be
linked together to form an aliphatic or aromatic ring;
cach R is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, and two R® groups
may be linked together to form a ring, R® and R¥ may be linked together to form a
20 ring, R and R'® may be linked together to form a ring, R® and R'’ may be linked
together to form a ring;
cis0,1 or2;
. R'%is -M2 (R "®)y- where M? is B, Al N, P, Si or Ge, h is an integer from 110 2,
such that the valence of M? is filled, and R'® is hydrogen, hydrocarbyl, substituted
25 hydrocarbyl or a functional group, and two R'® groups may be linked together to
form aring;
dis0,1,0r2;
each R is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, and two R'! groups
30 may be linked together to form a ring. R'" and R* may be linked together to form a
ring. R'! and R'® may be linked together to form a ring;

-14-



hydr ogen, a hydrocarbon or a halide, preferably R is a hydride, even nore
preferably RL is selected fromthe group consisting of nethyl, ethyl, 20
trimethyl siyowhoamishyy! . trinmethylsilyl, phenyl, napht hVéwusﬁbdsMhmand benzyl
even nore preferably, Rl is nethyl, and R may be |inked, and the Rl groups
may be the sanme or different; C each R2 is independently selected fromthe
group consisting of nethyl, ethyl, propyl, butyl, pentyl, hexyl and the

i soners thereof, provided that when R3 and R6 25 and or R12 and R15 form a
5 carbon rlng“sbhegﬁﬁach R2 is independently selected fromthe group

consi sting of ethyl, propyl, butyl, pentyl, hexyl and the isoners thereof,
preferably FaﬂﬁﬁﬂWéWﬂwfcdewﬁfhsbﬁfﬁﬁopyl more preferably, R2 is nethyl,

and the R2 ¢ he sane or dlfferent R3 is carbon or silicon; -15
WO 2006/02595%“%%'5E§58gg%024240 Ris hydrogen hydr ocar byl , substituted
hydr ocar byl &' nahfrdmgen ihpdratartopt, euhstxtutepmgdrmaﬂiylgtammcaorﬁl-ﬂpufamﬂ R4 and R5 may
be bound togefher, Lo a.rin d or. na 1$Ta und together to
forma ring; qé\ Rarf"?yﬁle?@'g’idt?%g@tf’g A - ‘1“8%0 a’@%‘ ’ny’ %3"“%5 i s hydrogen,
hydr ocar byl , tsdéthedth fotinedinByehie@gad ®yl or a functional group, preferably RS

is CH2, and R5 and R3 may be bound together to forma ring; b is an integer
that is equal {6894, or 2; R6 is carbon or silicon; each R 7 hydrogen: 10

each Rsis lndepgwﬁsgemy&s&a@m %dbsﬁﬁmp&}ecawyp&ama&asgb aff hydrogen,

met hyl, ethy rQ pent yl exyl and the isoners thereof,
pr ef er abl y Ré‘l@d ﬁ?@‘rhﬁ@eﬁldtﬁ@mﬁfmofommg,whenpfﬂ%%yl more preferably R$ is
hydr ogep or rrﬁs the Rs groups nay be the sanme or different; each RO
i s independently’ el ect ed fromthe group consisting of hydrogen, 15

hy car byl , Rilissarbenureidicdmydr ocar byl and a functional group, preferably RO
i ydrogen met hyl, ethyl, propyl or phenyl, nore preferably RO is

hydr ogen, and the R9 groups nay be the sane or different, and any two RO
groups nmay be | i nieed altemate embodiment,

M is a transition metal selected form group 4 of the periodic table, preferably Zr or

15 Hf, most preferably Hf;
eachR'is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably, R' is
hydrogen, a hydrocarbon or a halide, preferably R’ is a hydride, even more
preferably R' is selected from the group consisting of methyl, ethyl,

20 tnmethylsilylmethyl, trimethylsilyl, phenyl, naphthyl, allyl, and benzyl; even more
preferably, R' is methyl, and R' may be linked, and the R' groups may be the same
or different;

C each R? is independently selected from the group consisting of methyl, ethyl,
propyl, buty), pentyl, hexyl and the isomers thereof, provided that when R? and R®

25 and or R'? and R" form a 5 carbon ring, then each R? is independently selected
from the group consisting of ethyl, propyl, butyl, pentyl, hexyl and the isomers
thereof, preferably R? is methyl, ethyl or propyl, more preferably, R? is methyl,
and the R? groups may be the same or different;

R’ is carbon or silicon;



together to forma ring, and RO and Rs may be |inked together to forma
ring, and RO and R16 may be |linked together to forma ring, and RO and RI' 1
may be | i nkeal2002@sdswget her to forma ring; RL0 is - MdcRLG)bso2where M2 is B,
Al, N P, Si or G, his an integer from1l to 2, such that the val ence of
M is filled, and R16 is hydrogen, hydrocarbyl, substituted hydrocarbyl or
a functional group, preferably an arene, and each R16 group may be the sane
or different, and any R16 y groups may be |inked together to forma 25

rSI (ng, Er ef le; gh‘f :‘é_hycﬁ@@n,:lﬁclir)sgdkﬁg/z,subﬁii(u@w?)dr&gf@i (glmO ) tié’nél_l %gﬂ?& g' I(DEinhenylh) =

i (bi pheny , Si(0-1,0 : re_prefera is Si or. Si ; eac '
is i ndependenP@?’é@lf{;&é@' Wﬁ@%gp@?ﬂ?ﬁgﬁ‘%gg%Fﬁdmﬁfa%%M@én,

hydrocarbyl, RURRREAL BEhdNE IRGRG RY forRBfn@ functional group, preferably R |
is hydrogen, nethyl, ethyl, propyl or phényl, nore preferably Ri1is

hydr ogen, anda 8@nintegeRhatfis egraipS nery?; be the same or different, and the R 1

gr oups y begpi - y%%g : P 05/024240 together to form
ari ng,.ngnd RR ffﬂgcﬁggeﬁé%(?r%y ég}q?%g‘geg%?%%cé‘ﬁ{eé@%g" © %’%ﬁgﬁﬁlpr’i ng, and R' and

R 6 may be | prefestlytRdgetiieand RS ahdRhmay beibogyd togetler mforma dper = 0, 1, or 2; d
is an integer,= 0, 1 r,.2; is.an integer = 0, 1, or 2; The sumof c,

d, and e is 1‘,"angpe%ftgﬁﬂ%%?li(bﬁ)}’?rﬁe sumof c, d, and e is for 2, nore
preferably, tR®&ssabardrsiticord, and e is 1; Rl2 is carbon or silicon; RI3 is

hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, 10
preferably CHZChBnbydmeestand R14 may be bound together to forma ring, and

R13  andy R15 gRY RBGinAGRMntPIREBE ot helRuPtnsistifgof N8 RenImbdiyl0; R14 is
hydr ogen, hydrocarbyl, substituted hydrocarbyl or a fungtional group,
preferably CHethylamepyRbutyh pertykiexyhagd theisproers thereplprefeeablnB if or m a ri ng when f
'25 éﬂ R1S i Shﬁiﬂfg@rﬁ rPne:ﬁ‘fyl, §f-h£rli of Bﬁi:ayl,]émje pie?era%ﬂ( R”]& Wgeﬁ Qlal{letilﬁ, adl ual to 0,1, or
the R® groups may be the same or different;

each R’ is independently selected from the group consisting of hydrogen,
15 hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R® is

hydrogen, methyl, ethyl, propyl or phenyl, more preferably R’ is hydrogen, and the

R’ groups may be the same or different, and any two R® groups may bé linked

together to form a ring, and R’ and R may be linked together to form a ring, and

R® and R'® may be linked together to form a ring, and R® and R'! may be linked
20 together to form a ring;

R'%is -M*(R'®),- where M? is B, Al, N, P, Si or Ge, h is an integer from 1 to 2,

such that the valence of M? is filled, and R'® is hydrogen, hydrocarbyl, substituted

hydrocarbyl or a functional group, preferably an arene, and each R'® group may be

the same or different, and any two R'® groups may be linked together to form a
25 ring, preferably, R'° is SiMe;, Si(CHz) ,, Si(CHa) 1, SiPhy, Si(biphenyl),,

Si(biphenyl),, Si(o-tolyl),, more preferably R'? is SiMe; or SiPhy;

each R'' is independently selected from the group consisting of hydrogen,

hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R" is

hydrogen, methyl, ethy!, propyl or phenyl, more preferably R'! is hydrogen, and
30 the R'' groups may be the same or different, and the R'' groups may be linked
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gis an integer that is equal to O, 1, or 2, provided that if the two R
groups are |linked, then they do not forma butadiene group when Mis Zr. In
a preferredvemodsaent, R3 and R6 do not form a 5 carbomsivingsz4d n an  20.

al ternate enbodi nent, and or R12 and R15 do not forma 5 carbon ring. In an
alternate enbodi rent R3 and R6 and R12 and R15 do not forma 5 carbon ring.
In a preferred enbodinent, R3 and R6 do not forma 5 carbon ring when M ¢
is Zr. In an alternate enbodi ment, and or R12 and Rn5 do not forma 5 carbon
ring when M foSetiek to fhith #fngd kit Alder*akEh 96l iR A togEBerad fbrita riggldndR12 and Ru do
not form 25 a,5 cagbon ring when Mis Zr. In a preferred enbodi nent when M
is H, R3 andRRendRY mryubolinksd eemhar fafgrm afieg;at | east one R2 group attached to
the 5 carbon [i.ng:. It thyl , preferably at |least two R2 groups are not
met hyl , pref eé%%??&%%%r}g%2m groups are not nethyl, preferably all four
R2 groups attéshedtdgert®hd, & 2carbon ring are not nmethyl. 30 In an alternate
enbodi mept, when M s_l—g 1 2 and R15 forma 5 carbon ring and at |east one
R2 group’ att atKEY B The 's%@arbon ring is not methyl, -17 WO 2006/ 025949
PCT/ US2005/ 02%m40m of¢,&f aidatis y, 2air 3] mefsdabll Wl sidd ofk, d1dhd ed Rr Dahoreret hyl

preferably at three roups are, not nmethyl, preferably all four R2 groups
attached to t¥ eg‘b]ééﬁ%%’%’?ﬁcn%aﬁq%lsﬂbt met hyl . In another preferred

embodi ment, M?$s dafbon alide@t h RL groups are nmethyl. 5 For purposes of this
invention and the clains thereto polynerization systemis defined to be

nonomer (s) pl Bs idyAsemmiydsocaibys subgitytediydepcarbd of 2 fntional ggtupner . 1 n a
f nmbQdg ar. i F } th 20wt %
preferred enmbgds ; gtr%{;, 418 R%Hﬁrh@%?&?ﬁi%g%ﬁx% ESHIR np &d RESS than

aromatic hydrocar1 . Prefera _ 20 Wt %to uene. to Preferably,
theGi enper at umg Rot mayHe bowidtogethier wtformre rneswhemgis0.3C or nore above the cl oud

roi@ e ok bl S RORITERL M BRI BIELY 55, %0, ™1
al ternatel y 2prefenbly@hhmnd &'t @d R¥tedy\be BOEdasgetier te forfmaaingmbeef 9 0ef er abl y
R'? is carbon or silicon;
15 fis an integer that is equal to 0, 1, or 2;
g is an integer that is equal to 0, 1, or 2,
provided that if the two R' groups are linked, then they do not form a butadiene
group when M is Zr.
In a preferred embodiment, R® and R® do not form a 5 carbon ring. In an
20, alternate embodiment, and or R'? and R'* do not form a 5 carbon ring. In an
alternate embodiment R? and R® and R'? and R'* do not form a 5 carbon ring.
In a preferred embodiment, R’ and R® do not form a 5 carbon ring when M
C is Zr. In an alternate embodiment, and or R'* and R'’ do not form a 5 carbon ring
when M is Zr. In an alternate embodiment R® and R® and R'? and R"* do not form
25 a 5 carbon ring when M is Zr.
In a preferred embodiment when M is Hf, R? and R® form a 5 carbon ring
and at least one R? group attached to the 5 carbon ring is not methyl, preferably at
least two R’ groups are not methyl, preferably at three R? groups are not methyl,
preferably all four R? groups attached to the 5 carbon ring are not methyl.
30 In an altemate embodiment, when M is Hf, R'? and R"® form a 5 carbon

ring and at least one R® group attached to the 5 carbon ring is not methyl,
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the tenperature is between 100C and 250C, preferably 105 and 225C, 15
preferably 110 and 220C, preferably 110 and 190C, preferably 115 and 170C,
pr ef er abl wdlitk@snds 150C, preferably 120 to 140C. | n petthefoogiqei nents, the
tenperature is preferably from 100 to 200 C, preferably 105 to 180 C,
preferably 110 to 170C. Preferably the pressure of the pol ynerization
systemis no lower than 10 20 MPa bel ow the cl oud point pressure of the

pol ymeri zati on system preferably no |ower than 5 MPa bel ow the cl oud poi nt

pressure, pratRieh .y eAPAMR RRpSirond n{éﬂﬂyﬂbrefepdbﬁﬁa? @ RIRFRbesabl y 5 MPa or
nore above the cl oud gm nt pressure, erablé 25MPa or nore, preferably

50|\/Pa or rmr@tmﬁﬂlélﬁﬁfﬁ b‘bb’al@@“ aromsaﬁmhedtoﬂm opBngarenet pressure i s 5MPa
nor e, eLry f’}bly | OMPa or nore, nore 25 preferably 25MPa or nore,

preferably 2 or nore, preferably 28.5 or nore, preferably 30MPa or nore,

nore preferably ﬂmmmh&\ﬁafeﬂmieﬁﬁﬂiﬁam Eveﬁfmlﬁat}xblrgbmsahlmemyhe pressure is

bet ween_ 15 and 2 MPa, pr ab referably 25 and 100
MPa, prieferably 6’%1%? epeof flp “"eﬁidé}a“g}*&“g“i 8?“88?\)@5 L% and 50 MPa. 30
Preferably sgktemingdefing 16 be Albhdaens) pliss chinbsoditts phid sbvent/alentBod zat i on syst em at

O0to 60w % preferably O to 25 w % preferably O to 20, preferably O to
15 -18 WO 200YWP5949 PCT/ US2005/ 024240 preferably O to 10 preferably O to

5, preferably, Op9pdferrBi GhtRGARNY 1R p Bl?méaza%rf‘sgﬁérﬁl@&ﬁ red @ssthanPr ef erably 0 to
1w % In another enbodi nent, the solvent an ?uent I's present at 10

wei ght %or 203‘5‘54a@ﬂ@fl@bﬁmcvb@ésﬁefmwmsﬂmméog’h%t?blef&r eferably less than 5
wei ght % prefer éfal%lf?lﬁet&ﬁ?epaﬁ zﬁfof &foilsgodméha 2 weight % 5
nor e pre

preferaly | ess t era ess than 0.5 weight %
based upon abhee Bheclgmpoarft ttaxipleraw foethe p@fmmzhmmvstm,@hemtely PIC i s expected

thei in some, 005 10 E Yol 0/8aBR YR Rl ddHEB) o8 cRIded 1O the

reactor sone’ so \/en er - w e cal ayst solution feed.
In a preferrmdremmdmlyelﬁj drlnmmhl&ﬁﬂ%lyﬂﬂ%mﬁ&eameupmesmferably the 10

POl YTET S QR SNBSSl d2 et SRS PESL R a0 v ot mere,
65 W % or nEERsably 110 and 220°C, preferably 110 and 190°C, preferably 115 and 170°C,
preferably 120 and 150°C, preferably 120 to 140°C. In other embodiments, the
temperature is preferably from 100 to 200 °C, preferably 105 to 180 °C, preferably
110 to 170°C.
Preferably the pressure of the polymerization system is no lower than 10
20 MPa below the cloud point pressure of the polymerization system, preferably no
lower than 5 MPa below the cloud point pressure, preferably above the cloud point
pressure, preferably 5 MPa or more above the cloud point pressure, preferably
’\« 25MPa or more, preferably 50MPa or more, preferably 100 MPa or more.
Preferably the pressure is SMPa or more, preferably 10MPa or more, more
25 preferably 25MPa or more, preferably 27.5 or more, preferably 28.5 or more,
preferably 30MPa or more, more preferably from SMPa to 350MPa. Even more
preferably the pressure is between 15 and 200 MPa, preferably 20 and 150 MPa,
preferably 25 and 100 MPa, preferably 30 and 75 MPa, most preferably between
25 and 50 MPa.
30 Preferably solvent and or diluent is present in the polymenzation system at

() to 60 wt %, preferably O to 25 wt %, preferably O to 20, preferably 0 to 15
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preferably 70 wt % or nore, preferably at 75 wt % or nore, preferably 80 wt
% or nore, preferably at 85 w %or nore. In a preferred enbodi nent

propyl ene iwoigRead i n the polynmerization 15 syst empaiudmodnzsrdo or nore,
preferably 50 wt % or nore, preferably at 55 wt % or nore, preferably 60 w
% or nore, preferably at 65 wt % or nore, preferably 70 wt % or nore,
preferably at 75 wt % or nore, preferably 80 wt % or nore, preferably at 85
w %or nore. In a preferred enbodi nent propyl ene and up to 30 nol % of one

or more 20 ¢ %ﬁﬂ?ﬁﬁ@]@r@fenﬁﬁl?%%i pkef'erﬁurseomp& PP AbTA0 loONpieRkfbM at 45 wt %
or nore, preferabéfal % or nore, pref erabl at 55 wt % or nore,

preferably 600 W2 prisrablyQde & wt b é‘!‘@@ﬁlﬂ%ﬂ‘b&@m@st WFS‘%@FW@MBY eferably 70 wt
% or nore, ﬁ%ﬁﬁ&b&do%gﬁﬁﬁ& l\%s1 [ﬁ%@fabl ?tv% B}, Y mg/ g Or nore,

preferably at % or “nore par eferred odi nents the
t enper at ur e othat heeig§ Vp@taﬁanmly lessithan3 vee;@t %nprc&rahbmesah@ﬂ weighe%( pr ef er abl y

e veen 00 e dDis 00 ublf o 5 L EnRly LSRR FRRIESR, Yot o L 27, ¢
preferred eﬁbﬁpﬁhMMe%htdfellséleeﬁpeﬁcﬁlheﬂtﬁreﬁbﬁ'lt tihie efyettydrthnt id &inkeon Systemis 105C

or nore (preferahly between nd 170C ressu e of the
pol yneri zat i ofMEOGEFHE YR ! 06?‘1%3?%3%@61‘(’3}%?9@ {OLEARE B F%Qén 28.5 and 250

MPa). In furtJﬁ%m%g,ghtgm,g{thycmfsgﬁﬁ&geedenbod| ments the tenperature of the
pol yneri zation systemis 110C or nore _-19 WD 2006/ 025949 PCT/ US2005/ 024240

(preferably betwedh?areGmedmbpdigent theelelraongmesarprrseser ipthe t he pol yneri zati on
System s 28. o flon SRIGh 415 & 61 Hok, BELABS/S030 A0tk 2drdBply [ 0 fur t her

particularly preferre dinments t erature of ymarlzatlon
sysi.emis bet#gémt Y@@n@mdp@myaﬁm%ermeym@hoﬂﬁﬁ M “puimoner i zat i on system

532 between, 3aido 4090 Wk, pTRGuR 505205, i fbAbNBUbRR ocour in a

supercritical rization pre era ove { oud poi nt of
t he medi um Anenapﬂefmblyamlm%atmreem sts for a substance when the

ST O e SRR B BB bl P M- Ven the
15 system at 45 wt % or more, preferably 50 wt % or more, preferably at 55 wt % or
more, preferably 6.07wt % or more, preferably at 65 wt % or more, preferably 70 wt
% or more, preferably at 75 wt % or more, preferably 80 wt % or more, preferably
at 85 wt % or more.
In a preferred embodiment propylene and up to 30 mol % of one or more
20 comonomers are present in the polymerization system at 45 wt % or more,
preferably 50 wt % or more, preferably at 55 wt % or more, preferably 60 wt % or
more, preferably at 65 wt % or more, preferably 70 wt % or more, preferably at 75
c: wt % or more, preferably 80 wt % or more, preferably at 85 wt % or more.
In particularly preferred embodiments the temperature of the
25 polymerization system is 100 °C or more {preferably between 100 and 170°C) and
the pressure of the polymerization system is 27.5 MPa or more (preferably
between 27.5 and 250 MPa). In further particularly preferred embodiments the
temperature of the polymerization system is 105°C or more (preferably between
105 and 170°C) and the pressure of the polymerization system is 27.5MPa or more
30 (preferably between 28.5 and 250 MPa). In further particularly preferred

embodiments the temperature of the polymerization system is 110°C or more
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10 fluid is in its supercritical state. The critical pressure and critical
tenperature of a fluid my be altered by conbining it with another fluid,
such as a dvdrwesdzsas ant her nononer. Thus, for the perpemesnehthis

i nvention and the clains thereto a supercritical polynerization nmediumis
the state where the polynerization nediumis present at a tenperature above
the critical tenperature and critical 15 pressure of the nedium For

pur poses of this invention and the clains thereto, the critical

tenperat ures (ldira)bkteéchlilERld 1P0°EF M 1RSorésRGS s the pOYRErZatlod he Handbook of
Chem stry and Physics, David R Lide, Editor-in-Chief, 82nd edition

2001- 2002, CRieRieaRsS MPp or moge (proferally borgen 30 prd AR Uindirthee Tc and Pc of
various 20 noleg | : K Pc (Ma)
exane 507.6 3#%@‘%?8%2%89%%@@%2&%%&%oEut 3%}%3%%@5@&}65%? uene 591.8
4.11 thane 3B3%et¥ech BP2ndid0ihand19hrésture of38Opolphenibationsystedti®. 0 4. 98 But ane

425,12 3,796 | o ta 7 4.51 Ethylene 282.34 5.041 1-butene 419.5
4.02 Propyl eng&ﬁ%eﬁsga%{]@@é%a‘entene 464.8 3.56 clo entene 506.5 4.80 entane

469.7 3.370 sO ent[xeprod@bhsdf BisIBventBRdean h HOPer&Ricdl RBmetitaibexane 553.8 4.08
1- hexene 504.0 3.21 tane 540.2 2.74 273 In a _preferred enbodi nent,

) . . 2K = 0C.
the conbi ned TEHYRePreferablyaoYe P slpudiprint of the (redivme i YRAErtCal IS ses at | east 50

W % of neat pgRAORES subRERE Shabhy sBltalc@Rbp&Bure 280 priQuRAROGHIZIRA9
PCT/ US2005/ 024240 vol % neat nononer, nore preferably at |east 70 vol % nore

preferably at chtisalpoingOWhenghegressure e {smpdratpraiskqpedsithq euisal s, 90| % nor e
Condi 1 ahy (a0 aa i ApEeial A A O e R Y et
monmoner ( s) ar eflypd evg be altered by corataming i @ithenagiier fluid, such as a diluent or anther
- monomer. Thus, for the purposes of this invention and the claims thereto a
supercritical polymerization medium is the state where the polymerization
medium is present at a temperature above the critical temperature and critical
15 pressure of the medium.
For purposes of this invention and the claims thereto, the critical
temperatures (Tc) and critical pressures (Pc) are found in the Handbook of

Chemistry and Physics, David R. Lide, Editor-in-Chief, 82nd edition 2001-2002,
CRC Press, LLC. New York, 2001. In particular the Tc and Pc of various

20 molecules are defined to be:

Name Tc (°K) Pc (MPa) [Name Tc (°K) Pc (MPa)
Hexane 507.6 3.025  |[Propane 369.8 4.248
[sobutane 407.8 3.640 [Toluene 591.8 4.11

o Ethane 305.3 4872 Methane 190.56 4.599

- Cyclobutane | _ 460.0 498 [Butane 425.12 3.796
Cyclopentane 511.7 4.51 Ethylene 282.34 5.041
1-butene 419.5 4.02 Propylene 364.9 4.60
1-pentene 464.8 3.56 Cyclopentene 506.5 4.80
Pentane 469.7 3.370  [Isopentane 460.4 3.38
Benzene 562.05 4.895  [Cyclohexane 553.8 4.08
1-hexene 504.0 3.21 Heptane 540.2 2.74
273.2°K=0C.

In a preferred embodiment, the combined volume of monomer(s) and

solvent/diluent comprises at least 50 wt % of neat monomer, preferably at least 60
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5 % where the solvent nmay be present at 0 to 60 weight % and the polner is
present at 0.1 to 60 weight% based upon the wei ght of the polyner, nononer

and sol venid thodazend . By steady state conditions is weambobdnaizad he react or
operates at a constant tenperature and pressure (i.e. plus or mnus 5 C and
plus or mnus 0.5 MPa) for at least t 80% of the polynerization residence
time (preferably at least 85 10 % prefeably at |least 90 % nore preferably
at least 95 % . Total reactor content at steady state is equal to Diluent +

Mononer (s) + MR monbh&! 63 BleYerdbhtat Wit G0 Vo1¥, nforePhefttility ffleagi@oh shoul d be 0
to 40, 60 to 100, and 0.01 to 50, respectively, where the total is equal to

100. In some &HewpisdrAiagablygdqag 8 volk merarieferabiyptlepsi M solde- ot her fluids are
15 t inth i zat ] ' ' . Diluents,
Dromers and o MAISHREBLERDLAR RLLD ALECAAING ARTRARRL . 11| Uo7

conpnoners and ot her S eac critica oint; and
hence, alt er tht hesyinkbseuechnien)pke rebtmamangegys)yaee preserit atrat Yehst b weigitar t i cul ar

mediumig in upercritical state. D luents conononers.and other fluids
each al sd nod?“??’ﬁ?g es?&ﬁ"e‘[‘é‘é‘%‘éﬁf’éﬁfﬁgﬁ@? Gpﬁvé'g&)ﬁ’ﬁg‘ra]efﬁ %K medi um and
hence, alter pdgndt0d3si6@waEhtYEHaEI RpbiIhe weRi dTehe\polyfier) mobéridt amd parti cul ar

mediumis single Eqrj]ased. Consequently,.  a two conponent reaction medi um can
have two phas&dveaydlpent; By steadystiptccopditions jsmeanighat the Feapter operaies ldyr e speaks of

two phases f ogoniafiteniicRR¥t SRPralukdY i.eBISSA URH SPOIHPHIHINRRAR 0xonvening to a
si ngl e phase above the reaction mxture's 25 cloud point, the reality is

that the phas¥Pakieratilesst ti88%ebthe pelynerizetéqniresidencedimadpraferaplymlenst Bhe reaction
medi um iyg nor g, ﬁr@ﬁ?&l# Et%agtfbot"o,%r&gr@itera RQP%is?@se%).T rﬁ&gﬁﬂnteﬁ(ﬁgpl Ication can
e nmedi na

show up anytine"t eaction m contai ns an”addi ti o conponent, such
as di | uent . stddy stateinesual tevdilyphts Mopwhey(set Polaneroprefembly dheiweight %t wo- phase 30

pol rization, medi um Sy,st Vi nd referably, only two
phases. In ce?ﬂ“éti’ﬁo%ﬁ%lgg?@&;%etaost? 4@’ 6@@{ 5@ gﬁg)s(%l‘éggﬁécsp%cg ‘ée?%ﬁ”é‘%‘a as a "first
phase" -21 Whe 20465 aad &AWOPCT/ US2005/ 024240 and a "second phase.” In

certain enbodi nents, the first phase is or ing¢]udes "mpnoner phase,”
Shi ch 1ncl udes orTB SRRl SRSl SRR RS S s e

15 present in the polymenzation medium along with the monomer. Diluents,
comonomers and other fluids each modify the media's critical point; and hence,
alter the pressure-temperature regime within which a particular medium is in a
supercritical state. Diluents, comonomers and other fluids each also modify the
phase behavior of the polymenization medium; and hence, alter the pressure-

20 temperature regime within which a particular medium is single phased.
Consequently, a two component reaction medium can have two phases above its
critical point.

C While this disclosure speaks of two phases for neat propylene with
dissolved polypropylene converting to a single phase above the reaction mixture's

25 cloud point, the reality is that the phase behavior is more complicated, especially
when the reaction medium is more complicated than neat propylene. This added
complication can show up anytime the reaction medium contains an additional
component, such as a diluent.

The terms “two-phase polymerization system” or “two-phase
30 polymerization medium” mean a system having two and, preferably, only two

phases. In certain embodiments, the two phases are referenced as a “first phase”
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sone or all of the product of polynerization. Preferably, however, the
nononmer phase does not include the polyner product. That is, for exanple in
a propyl ensvczommksomer i zati on, the nononmer phase can bermgb@rneed to as the
"propyl ene phase.” In certain enbodinents, the second phase is or includes
a solid phase, which may include products of polynerization, e.g.,
macroners and pol yner product, but not nononers, e.g., propylene. None of
the parts of the catalyst systemare considered to be part of the

pol ymer i zat i ofd 8ysb&@phak! 9 bGhinGaibbdindntR akd firstPhast Bor éRludésest 10 system can
obviously be solid, e.g., supported catalysts. Furthernore, it is
1

cont enpl at ed ‘iMeaemerphass,” Hhich psludes raenpmers ahd mayalsoayelusis splveptand or vapor or

part of the oF i sl i | I GEhdval the Bi5RQHENt s Of the
process. Sorres\églgb{)ﬂildnfg&r%tpgodggﬁzg?%ﬁgaﬁnﬁeﬁ%ﬁk’e&gndfpfessurer so that the
pol ymer  pr odrhesdo¢smot includegthepolyamer product.hEhat safot éxemplewtid propyldnat sol vates it

remain sjngle 15 phase,.i.e. abgve the reactjaon iﬁnés ould point with

t hat pqlgyner.po&'hegF&mel’%co HER pgjasseecfmeg refe 8&{0%% rleegffflgée'pressure so t hat
t he reacti on Ieelaimembodifi2hteIhessa@rat @hdst lsoainclubesta selid phagel @bishumey bel ow t he

pol ynmer's cl ou oint in.the .particular reaction nmediym .This results in a
two phase rea’B‘(E:lF‘%rPr‘?f’EﬁF BfrﬂopyH'e"%UP?fﬁér’ MO A @lmp’é’gb‘é’!l&?h@? | ean phase.
Sorme embodi MeRbdomeRd.g. ArEpyivaE. AN Bf thb BarRQI YHEREtal§st SYsRuthrd@insilersiONet hel ess
operate above the polynmer's crystallization tenperature. Preferred diluents

for use in tHebpp ¢ nohnerizatiohsystae) aldeushirerain rass pethesatalysf - C24 al kanes,
such a1 NaNgusRE AR B ol iaRg s BRBRE REALARR, s PeN! ane.

n- hexane, tol duene, cycl ohexane, e, mxed hexanes and cycl opentane. Sone
25 enbodi nententsmplate that piirts ofethe catalyshaybiy mow &e bond efiviapasiot part dfthesome preferred

eI 01 S BTSSR g D omere o
Preferred dil uent Somk eobddimdntsdeleChettampSidiuwe arsipoasuaé o tha thefpolyiner ably C6 to
RS AT TR NERE R R N
possessiC  t OphiadeDi.cabtowt the ket ini@iualsuaid bint WwitbthatPoRfrkt. I®Rerof each paraffin
chain. More particularly, -22 W 2006/ 025949 PCTI US2005/.024240
embodiments seléct the temperature and pressure so that the reaction medium
remains supercritical, but at a pressure below the polymer's cloud point in the
particular reaction medium. This results in a two phase reaction medium: a
polymer rich phase and a polymer lean phase. Some embodiments that are below
20 the polymer’s cloud point nonetheless operate above the polymer's crystallization
temperature.
Preferred diluents for use in the present invention include one or more of
C,-Cyq alkanes, such as ethane, propane, n-butane, i-butane, n-pentane, i-pentane,
n-hexane, toluene, cyclohexane, xylene, mixed hexanes and cyclopentane. Some
25 embodiments select a diluent from hydrocarbon diiuents. In some preferred
embodiments the diluent comprises one or more of ethane, propane, and
isobutane. In some preferred embodiments the diluent is recyclable.
Preferred diluents also include Cg to C, 59 isoparaffins, preferably Cs to
C 00 1soparaffins, preferably Cs to C,s isoparaffins, more preferably Cs to Cyo

30 isoparaffins. By isoparaffin is meant that the paraffin chains possess C; to Cyo

alkyl branching along at least a portion of each paraffin chain. More particularly,
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the isoparaffins are saturated aliphatic hydrocarbons whose nol ecul es have
at | east one carbon atom bonded to at |east three other carbon atons or at

| east one sy@lswembasn (i.e., a nol ecul e havi ng one owpcmespod@ibe ary or

guat ernary carbon atons), and preferably wherein the total nunber of carbon
atons per nolecule is in the 5 range between 6 to 50, and between 10 and 24
i n anot her enbodi nent, and from 10 to 15 in yet another enbodi nent. Vari ous
i soners of each carbon nunber will typically be present. The isoparaffins

may al so i ncl yd@ogaraHimRay afuf68 aliptalic hfERBGBRAVIDERI6HRE Rfve atleRer al |y as a
m nor conponent of the isoparaffin. Preferabl émt he density (ASTM 4052,

15. 6/ 15. 6C) oPnecAReraton spnsdediorat least thigepdhe qarbonaoms or atdeastoneSids g/ cnB; the
pour point i S , rapl V. = , iwscosity (ASTM
}}aﬂl&geo,oagm&]gcﬁf%ga@fgérgtoﬁgxg}é tcrg%go{[‘) uale‘r;hﬁéf carbbi oib);

445, 25C) is 0 .5 10 2 ; e average "' 'nolecul ar
wei ght's i n t hendrpesfeyeblpWhet G0 the totd @0mbgr wbtarboBaiomaipbandlernlsas mftlie ns ar e

comercially avai, abl e er e trade I AR xQn il Chem cal
Company. > Hous [ pREeT 610 aarngtb%é%%"rﬁﬂaé‘gaﬁ‘,a”g% e‘e“?é{ﬁ% ce{‘ﬂ%g" 1197, 285, 15
3, 818, 105 andi®t043% R8othanghteoimdntC OlafBusdicilelsyof a&h kb inber witls of

isoparaffins. O her suitable.isoparaffins are also comercial available
under the tr%’égﬁé’ﬁﬂgsﬁH TS@“’E@W@%“B%‘W‘@@E a&B‘ﬁ“@ﬁevron Phil li ps)

and SASOL  ( byrameddidelchihd, fhkral ikl bl comporenidfdbusoparefint he Royal
Dutch/ Shel | G oup of Conpanies, for exanple Shellsol TM (boiling point =
215- 260C) . SCErrfeeablyithe denoy (HPHYALI2. b5 6/EHE D ghthewsisoparpflinspegss cal Co. LP, for

exanpl e ;§OL TR Ll i Bbintis 240%C ¥ roduct of Sasol
Li i t ed lé':'Johanne?ﬁgr“’g[f'?p%%fﬁ’e%ﬂﬁggﬂs forg‘g@%mp@rffg‘%%gés&éf%ﬁ?lo, SASOL- 47

(boi.l i ng poi nthexisa@Ry (ASTHMCI45, I5Cin GomdrS te AH oBiah2HE; ang thefaveraged di | uent s

i neude C5 to gﬁélp ffi LAY %&- -paraffins,
preferably 50 §'J% -%é%%??dflﬁes%ﬁggl{oﬁ%ﬁ esé’ ?'ﬁ%ﬁg% i q"%pa?%lferabl y | ess

t han 0. 01% ar commtéragly aBailablalvhder the pradeafnrhe ISOPARGEcamiviebit Cadrigalavai | abl e under
t he tradenanme NORPA X bj | emqi cal . Co n n TX), and are
sol d commer ci gPW’V“&@%ﬁ%?‘é@sﬁ% n, &é?’&%ﬁ"nijs 65‘%”2 ot her enbodi nent
preferras di | agre, Rsiand} 45088 0ad 1B EdnEh&Eia 3 ISP A0 gkiesofhy dr ocar bon
conprising a mxture of nornmal paraffins, isoparaffng and _ cycl oparaffins.

Typi cal |yt helporgraiing. fher syitablgisopazathing apatsocgmmarciahaaiablq nger the
trade names SHELLSOL (by Shell), SOLTROL (by Chevron Phillips) and SASOL
(by Sasol Limited). SHELLSOL is a product of the Royal Dutch/Shell Group of
Companies, for example Shellsol TM (boiling point = 215-260°C). SOLTROL is a

20 product of Chevron Phillips Chemical Co. LP, for example SOLTROL 220
{boiling point = 233-280°C). SASOL is a product of Sasol Limited (Johannesburg,
_ South Africa), for example SASOL LPA-210, SASOL-47 (boiling point = 238-
. 274°C).

In another embodiment, preferred diluents include Cs to Cys n-paraffins,
25 preferably Cs to Cag n-paraffins, preferably Cs to Cys n-paraffins having less than
0.1%, preferably less than 0.01% aromatics. Suitable n-paraffins are
commercially available under the tradename NORPAR (ExxonMobil Chemical
Company, Houston TX), and are sold commercially as NORPAR series of n-
paraffins. In another embodiment preferred diluents include dearomaticized
30 aliphatic hydrocarbon comprising a mixture of normal paraffins, isoparaffins and

cycloparaffins. Typically they are a mixture of C; to Cas normal paraffins,
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-23 WD 2006/ 025949 PCTI US2005/ 024240 isoparaffins and cycl oparaffins,
preferably C5 to Cls, preferably C5 to Cl2. They contain very low |evels of
aromati ¢ hydneeassbons, preferably less than 0.1, prefruatekyabess than 0. 01
wei ght % aromatics. Suitable dearomati zed aliphatic hydrocarbons are
commercially avail abl e under the tradename EXXSOL 5 (ExxonMobil Chem cal
Conpany, Houston TX), and are sold commercially as EXXSOL series of
dearonmati ci zed al i phati ¢ hydrocarbons. |In another enbodi nent the dil uent

conpri ses Upl%?&@fﬁné"@idgwiop%aﬂfns &éﬁ@ﬁ?@gﬁ@i pfeferdb®y €4 Cp) Bhdyns and/ or
oligorners of [inear olefins havin carbon atons, nore preferably 8

to 12 car bon cantgpery iyt levehy ol pomais gb'd&@”é%%#e@b}yé?@bﬁ%“ $hving a Ki nemati c

viscosity of iy 1R S4ir ¥, 1edcdRhtized w@r ef erably having
a viscosity |pn eerx y(F'g%%/lt" n,(oq}gs tgrasng%agds @?T%sérhnﬁ D é%aﬁ%}'?'loo or nore. In

anot her enbodmhembonhce dwmruenallmmtablesue@rdp tnadcnmeEHX@ﬂL % of ol igoners of

C20 to Q1500 f er abl y. C40 Cl raffln referably 15
C50 to.Crso 6 r)%? géh‘*ﬁ'ﬁ%"ﬂé”&%"r"ﬁ%%‘ém? ER a?ofmmema}ynaeanot her

embodi ment tm(mowéso@wmwasemphmcaﬁkmbgh& %of ol i goners of
1- pentene, 1-hexepe, - 0C E{Iecene 1- undecene
and | -dodecene. &fewhﬂc?m S‘QWEFéheﬁ‘lée%Wﬁluélt? ‘5 |/a e as SHF and

Super Syn PAO ofigdrdiesSFiVRDOE], olcfREMIGAbFORER P Nneat §ekik BiMVidg® to 19t her usef ul

ol i goners incl ude t hose sold 20 under the tradenanes Synflui dTM avail abl e
f r om Chevr onPRibPH #tprss, eeemirefapblps to |3 rarbop steme eerTereBEbLYDCaR9h TM avai | abl e

f rom BPoAMOC QA ﬁxﬁgﬂ& RinkRatc VALY oﬁﬂﬂér%% (DRXRARETMASYRID a45he from Fortum

Gl and Gas in Finlanhd, SyntonTM ~avali l able from Cronpton Corporation in

M ddl ebury O\ImmﬁfmﬂwﬁmVl%\?oaiyl"adské"\ﬂi"r)mﬁ@ggnneﬂbmsﬁmﬁti’ﬂ% in Ohio, USA
25V th regaroqléd)m%hgé)yl ene polynerization nedia, preferred nononers and
diluents are those at are soluble in and inert to propylene and any ot her
pol ymeri zati on cohjpmoteertembadimtrtehepilugnresmpriaés upno 2Ewgightds of es and pressures.

e o RO B R Rl bRl D e T

pressurg Csp to Cysp paraffins, preferably Csg to Csop paraffins. In another embodlment the
diluent comprises up to 20 weight % of oligomers of 1-pentene, 1-hexene, 1-
heptene, 1-octene, 1-nonene, 1-decene, 1-undecene and 1-dodecene. Such
oligomers are comumercially available as SHF and SuperSyn PAO's (ExxonMobil
Chemical Company, Houston TX). Other useful oligomers include those sold

20 under the tradenames Synfluid™ available from ChevronPhillips Chemical Co. in
Pasedena Texas, Durasyn™ available from BP Amoco Chemicais in London
England, Nexbase™ available from Fortum Oil and Gas in Finland, Synton™
available from Crompton Corporation in Middlebury CN, USA, EMERY™
available from Cognis Corporation in Ohio, USA.

25 With regard to propylene polymerization media, preferred monomers and
diluents are those that are soluble in and inert to propylene and any other
polymerization components at the pblymerization temperatures and pressures,

As mentioned above, the polymerization processes described herein are
run under supercritical conditions. This characteristic provides a lower pressure

30 and temperature limit -- the critical temperature and pressure of the reaction

medium. Temperature and pressure are also constrained on the upper end. The
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30 and tenperature limt -- the critical tenperature and pressure. of the
reaction nedium Tenperature and pressure are al so constrained on the upper
end. The WhoW@22@06/ 025949 PCT/ US2005/ 024240 uppelrCr/espevedys e range i s
t he deconposition or ceiling tenperature of polypropylene. The foll ow ng

tenperatures, in C, are useful lower tenperature limts for all invention
processes: 110, 120, 130, 140, and 150. The following tenperatures, in C,
are useful upper tenperature limts for all invention 5 processes: 160, 170,

180, 190, 200uppériémpefure faRgeid fe Redompbsicaror eslipthastka@ast t he pol yneri zati on
tenperature is from 92 tg 330C prefera_bloé 95 to, 250C, nore preferably 100
to 200C, nor ePolpFRyIEnea dibg follgwing dempsraturesiy e, 5% welh WWERCMPREYTS 160C nor e

pref erably Liéinfdor eiRGnidiGoREST R 48 o012 bt 1560Fhe ofouipor et i cal |y

pressure can go as high as ‘can be commerciall'y contained. re practically,
pressure is |emperduredyn Whereaesiluppkr femppmtute lawitsdér allhavenosul t i ng

pol ypropyl ene. The foll ow ur in MPa, are useful |ower pressure
Pimts for arfrP“.SSﬁ%elﬁ@’i‘Z%“lgﬁé%?@@ﬁ%"ez, 5, 10, 15, 30, 50, 60, 80, 100,
120, 140, 150, 16 anoth8Opref2O& enboimeRGRE poBirizalidh tempbiurei®Bom440, 500, and

600. The follow ng 1s pressures, |n MPa, are ful upper pressure limts
for all invenl 3%&0@@%@5@351‘1)2,5(’@?@,“%U?f%@b‘ﬁé‘g‘&%,%?%& 120, 140, 150,
160, 180, 200preféRBly 1850.156Q0 mor3eferatiP120 t4 QB0°Cithe proRlblyd@9to and 1000 Mra.

In a preferred enbodi nent the P%zrrerlzatlon pressure is from4.6 to 1000
O

MPa, pr ef er abl4P°Ganareprsiseblypa2 E-preferably 15 to 400 MPa, nore

preferaly 20" 15 hoaR0 Mok APe s IR0 Blbe Lonte R eckBiea 0T € pref erabl y
15 to 200 MPa, nore preferably 15 %o 400 MPa, nore preferably 15 to 190 MPa,

mor g pr ef er abMgre pigtically,tpoesa@ois ipéted pithedgsirest eenetiey ofithe resultil0 MPa. | n anot her
el ent gl kg PRl ARl A, Lot
ranges i s 25 fPdl] invatibreprotelss 412, £30.MBa30, 50y 68,80 ooy 120nbiegl 5eehdo, t he | ower
L AR 0B B R S el S, | et
than 151Pa. prsssaes il ¥Pa, arteetulippér piddshrd 16y for dliThientich processes: 10,
15, 30, 50, 60, 80, 100, 120, 140, 150, 160, 180, 200, 250, 260, 300, 330, 350,
400, 440, 500, 600, and 1000 MPa.
In a preferred embodiment the polymerization pressure is from 4.6 to 1000
MPa, preferably 15 to 500 MPa, more preferably 15 to 400 MPa, more preferably
20 15 to 300 MPa, more preferably 15 to 250 MPa, more preferably 15 to 200 MPa,
more preferably 15 to 400 MPa, more preferably 15 to 190 MPa, more preferably
154.6 to 180 MPa, more preferably 15 to 170 MPa. In another embodiment the
o | lower limit in all of the above ranges is 20 MPa, rather than 15 MPa. In another
embodiment the lower limit in all of the above ranges is 25 MPa, rather than 15
25 MPa. In another embodiment the lower limit in all of the above ranges is 30 MPa,
rather than 15 MPa. In another embodiment the lower limit in all of the above
ranges is 40 MPa, rather than 15 MPa. In another embodiment the lower limit in
all of the above ranges is 50 MPa, rather than 15 MPa.
1t is expected that any tempeirature range can be combined with any
30 pressure range, provided that the chosen temperature and pressure are such that the

reaction medium is above its cloud point { or within 10 MPa of the cloud point).
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all of the above ranges is 50 MPa, rather than 15 MPa. It is expected that
any tenperature range can be conbined with any 30 pressure range, provided
t hat the chosewsdemper ature and pressure are such thacTiusmeseerct i on nmedi um
is above its cloud point ( or within 10 MPa of the cloud point). -25 WD
2006/ 025949 PCT/ US2005/ 024240 Tenperatures above 112 C and pressures

bet ween 80-250 MPa are particularly useful. Likew se in another enbodi nent,
t enperatures above 105 C and pressures between 28MPa and 200 MPa are
particul arly usef UlempbratienaswRe m%@bﬁm&%dﬁe@rsmﬁmmemi n can be used to
pol ymeri ze any nononer . having three or npre carbon at Preferred

nmonomer s |ncIHH@mHﬂMﬁ?ﬁénE*@mﬂUPéﬁﬁh“ﬁ@k%ﬁ@ﬂ“d@@@ﬁ@“ m@@pén 10 In a
preferred enbodipRalediifer HAABIRS 260 MbDLE pirdd( SR WRar e used to  pol yreri ze
any unsatur ated nononer or nononers. PrefeFred nmononers include C3 to Cl100
ol ef i ns, preferably C3 to C60 olefins, preferably C3 to C40 ol efins
preferably C3 oleflns preferably C3 to Cl2 olefins. In sone
enbodlnﬁ%ts p#%%%%r d nmononers include |inear, branched or cyclic ,
al pha- ol efi ns, preferably C3 15 to C100 alpha olefins preferably C3 to C6o
alpha-olefins, er abl . i ns preferably C3 to C20
al pha- ol ef i ns, pre 5?5’6?%(1?5%“[’[88}‘?53‘2 CQT%%&PB&W?‘ B RIEEd ol efin
nMoNoNers Ny Bsingire®dr oitdé Carivh aPHRP Pleffied mohdn@Einclddpr@IRne, hexene, hept ene,
oct ene, nonene, decene, dodecene, 4-nethyl-pentene-1, 3-methyl pentene-1,
3,5,5-tri met h?‘l‘tel‘r?eh@éﬁ}?’¥°e"5ﬁ%fi@te§?hyl _l-nonene. 20 In another enbodi ment the
pol ymer ;produced hﬁ%ﬁfﬁ%@eﬁbdﬁ%k%@Bfocéggesgﬁﬁlslﬂfentmra?edsbd‘l%ar or branched C3
to C30 prochiral alpha-olefins or n contai ning ol efins or
conbi nat i ons PHEREEE awyIeiRreteMONNEICH Bt TPYIONEST Pzeganewommwclu@q ereospecific
and,non- st er epspaci f n, refers to
nonomnmer s thate avo?ooemg?’%)e?érn%ﬁ%r%oo %?Qil"% i%%f?@%gsslg&ﬁo %@actl c polynmer when
25 pol yneri zedreicmblygl;s‘h Erebsipe picfarablycGita Cy:al¢fisy. . InPoreé¢ @nyodinamtsnoner s may al so
;t”g Lgdesﬁf fgg};‘ tefered o qnge?sr}%c%hg%aﬁ,tbnon}?eﬁgﬁ SychORLALIAY ey 89 carbon
15 to Cyg9 alpha-olefins, preferably C; to Cgp alpha-olefins, preferably C; to Cao

alpha-olefins preferably C; to Cy alpha-olefins, preferably C; to Cy; alpha-olefins.
Preferred olefin monomers may be one or more of propylene, butene, pentene,
hexene, heptene, octene, nonene, decene, dodecene, 4-methyl-pentene-1, 3-methyl
pentene-1, 3,5,5-trimethyl hexene 1, and 5-ethyl-1-nonene.

20 In another embodiment the polymer produced herein is a copolymer of one
or more linear or branched C; to Cs; prochiral alpha-olefins or Cs to Cp ring
containing olefins or combinations thereof capable of being polymerized by either

P stereospecific and non-stereospecific catalysts. Prochiral, as used herein, refers to
monomers that favor the formation of isotactic or syndiotactic polymer when

25 polymerized using stereospecific catalyst(s).

Preferred monomers may also include aromatic-group-containing
monomers containing up to 30 carbor atoms. Suitable aromatic-group-containing
monomers comprise at least one aromatic structure, preferably from one to three,
more preferably a phenyl, indenyl, fluorenyl, or naphthyl moiety. The aromatic-

30 group-containing monomer further compnises at least one polymerizable double

bond such that after polymerization, the aromatic structure will be pendant from
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nononers conprise at | east one aromatic structure, preferably fromone to
three, nore preferably a phenyl, indenyl, fluorenyl, or naphthyl noiety.
The ar onat iwo Bs/@sasip- cont ai ni ng nmonomer further conprasivaiskeast one

pol yneri zabl e doubl e bond such that after polynerization, the aronmatic
structure will be pendant from -26 WO 2006/ 025949 PCTI US2005/ 024240 the
pol ymer backbone. The aronmatic-group contai ning nononer may further be
substituted with one or nore hydrocarbyl groups including but not limted to

C, to C o aliybolghébackborddhé ir@[ﬂﬁch%‘odp\wntﬁﬂingﬁﬁﬂémémtﬁirﬂﬁiHeOn_S may be
joined to forma _ring structure. Pretferred _aromatic-group-caontaining

nononer s cont $ibfiteed Vidhane opparedydipesriid greunstinclpdingbut ‘&’gb@ﬁ?ﬁéﬂ G¥ a

pol yneri zabl ecol.gl1 Rins "RiEhhalt hiGaeh A& b HirutiB HeB8ndd 1@ ffhiaC NMONONEr S

i ncl ude styr eﬁg,a gﬁ%ﬂg’s net(ﬁ@?ﬁstsj;%tﬁ@? par a%ﬁmgl ﬁﬁ'g ;ﬁenes}, ?@ﬁnrﬁyl t ol uenes,

vi nyl napht hal ergstruetiuiey Prefeenad anmaticagrolipiootieining mopeipers catdiyatdeagtopne, par anet hyl

styrene, . 4-phenyl.-1-butene a allyl benze . Non_ar thc cyclic group
cont ai ni %g no?lrg%r(r‘%nrcssn%#tém 5pr§%£gpe%pe&r{%e za cg%'guc I&‘Uetﬁbg%ﬁ%llrl@ycan contain up to
30 carbon at op@ferr&lirbradicendnomerainolids strerzy dlphacmeatiydstyienecgand-ai ni Nng nononer s

preferably have at |east. one pol ri.zabl e qlefinic grou that is either
pendant on th@EﬂWFrfeé"’é'lyP?}B?'\i é“‘%ﬂg}?héha 1 plly perzens. Wgﬁ)"&gstructure. The
cyclic struct%&iﬂ@gwﬁhﬁgmeﬁyrsmé,@w-hibukMﬁuﬁmaueﬁe.more hydr ocar byl

groups such as, but not |limted to, C, to Cl10 al kyl groups. Preferred
non- aromati ¢ cycl iNonepmgtieeyslicgaLRsontaperemoners arcjalie piréared Tigscy cl ohexane,

Vi nyl cyGh OhexgBfomers/dal Kot BHATBO Carb il dihhd SEIDIHGARIBRE cychY go@ent adi ene,
cycl opent ene, cycl ohexene, cycl obutene, vinyladanmantane, norbonene, and the

li ke, Pref erreutagiieg radriomersprebemablshays etflesst dng pelinerizable elefiliogrolinc| ude any
hy@ocarbon SpLuchl e, &)a'il?{netﬁg c s%% i o g)mgfs‘t}% {:}QB@E LRASpf WO unsat ur at ed
feast” two of th flurate

bonds, 20 whereln at S e unsatura onds are readily
i ncor por at ed ¢yeliostactpe mayaiso by fuethérsatrstitited bg pxeas jpeed Hyidmcarbyl groups

non- st ereospecific,catalyst(s). . It is furth referred.that the diolefin
nononers be s%qcéésfg npflgﬁ@gft%#é,to %%‘Sﬂ.%q“g%?“&f“ﬁ’i?rﬂ?ﬁ%%m@? ‘.’Yé'c di - vi nyl
mononer 93 .  Mogeupdécfatiingthoromes ehelidoviafltyRloneaaE®winglciiléhexdnenear di - vi nyl

nononers, nost, preferableéwt_hose containing from4 to 30 carbon 25 atons.
Exanpl es of pliayaerhamens; sthylidene prpommenesfiyelgppnizdisne, plRPsdieiene, hexadi ene,

cyclohexene, cyclobutene, vinyladamantane, norbomene, and the like.
Preferred diolefin monomers useful in this invention include any
hydrocarbon structure, preferably C, to Csg, having at least two unsaturated bonds,
20 wherein at least two of the unsaturated bonds are readily incorporated into a
polymer by either a stereospecific or a non-stereospecific catalyst(s). It is further
preferred that the diolefin monomers be selected from alpha, oméga—diene
C | monomers (i.e. di-vinyl monomers). More preferably, the diolefin monomers are
linear di-vinyl monomers, most preferably those containing from 4 to 30 carbon
25 atoms. Examples of preferred dienes include butadiene, pentadiene, hexadiene,
heptadiene, octadiene, nonadiene, decadiene, undecadiene, dodecadiene,
tridecadiene, tetradecadiene, pentadecadicne, hexadecadiene, heptadecadiene,
octadecadiene, nonadecadiene, icosadiene, heneicosadiene, docosadiene,
tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene, heptacosadiene,
30 octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes include

1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene, 1,10-undecadiene,
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hept adi ene, oct adi ene, nonadi ene, decadi ene, undecadi ene, dodecadi ene,
tridecadi ene, t etradecadi ene, pent adecadi ene, hexadecadi ene, hept adecadi ene,

oct adecadi enencngmadecadi ene, icosadi ene, henei cosadrenss@deeamadi ene,
tricosadi ene, tetracosadi ene, pentacosadi ene, hexacosadi ene, heptacosadi ene,
30 oct acosadi ene, nonacosadi ene, triacontadi ene, particularly preferred

di enes include 1, 6-heptadiene, 1, 7-octadi ene, |, 8-nonadi ene, |, 9-decadi ene,

1, 10- undecadi ene, -27 WD 2006/ 025949 PCT/ US2005/ 024240 1, 11-dodecadi ene,

1, 12-tri decadi@Rdecddidnd; I, el tiaelaGiamd] £Rienridchdicat! aR®loRCHI@lar Wei ght
polybutadlene Mv | ess than 1000 g/ nol). Preferred cyclic dienes include

cycl opent adi ht palybptadisnes EMwress t%#%rﬁmlb faeferqdipytlicdégnes ingdvdsor nene,

di vinyl benzengoflh Gl ORRARGAEUEAE, BiboftbBR! chiiRbheGBRbAMY, N0 di ol efins wi th
or 5 without substituents at various ring positions n-limting exanpl es
of preferred dpmiy&renunsdtcwleﬂee@dlmmomms ring cdntediingdiolefinsrvoth of - hexene,
N-nethylallylaﬂlq%lmpF %%v <ﬁL8 engﬁlanlne N-al | yl - hexyl am ne; nethyl -
vi nyl két one PHF ﬁ@ one. EBXR8%en- 2- one, 2- acetyl -5- norbonene,
7-syn met hoxymet hmbn-ﬁmﬁmg bﬁmplbs Bflﬁﬂeﬂemlwhmmrateﬂ mbnoingeindjude & 10 pent enal ,
undecyl eni c aldeh 2, 4-di hept adi enal crylic acid,

vinyl acetic &t Kﬂ‘eﬁeh}f‘%ﬂ@il YI&E‘FB’ N'Elhﬂcyd °H@(‘W§ﬂ‘m?t}bgm enoi ¢ aci d,

6- hept enoi ¢ h@@lﬂnmé hﬁm?rﬁnyﬂka&ﬁtaﬁyaea In@:oasls%ex& ?ﬁoﬁéeil&&%ﬂ -enoi ¢ acid,
nona- f | uor o- | - hexene, al co oct ene-

2- et hyl - 3- bFeRAmELS /- smﬂéxmﬁthﬁﬁel@or@aﬂb@m aﬁoﬂeprez > dlmethyl-4- _
5'norboﬁene'%dﬁ&ﬁPQ%ﬂkﬂéhyﬁﬁﬁyﬁ-@@HHQ% Q%T@mﬁ&&ﬁpﬁﬁhhﬁmﬂC'd cis 15

5- nor bor nene-'endo- 2, 3-di car boxy fic acﬁg@ -noraonene 2, di net hanol, ci s-5-
nor.bomene- end@HQWdewdakMEkwmc@mhﬁﬁymmﬁ&é45Rm@mb@wmbﬁéwmﬂ@ﬂdo 3- endo-

di ket hanol , iﬁ.aqgﬁggaﬁgﬁgﬁmm%gz @Fé{m‘ﬁieﬁ&& DAR Yona-RidiQ1 RQAENE- 2- met hanol ,

5- nor borrene or nene-
1-[ 2- ( 5- nor batlylaivehdl- Mbc)aab-hyl-@el 2-methyl 3-buten—1-o] S-norbornene-2-

17131 oct asi 1FBRAHEN. 3 ASGomER A B ae, e} Gfooryic eid cis-
1,1, 2, 215- t et rsafokyénienetday!2 ﬁlmoxymml ShatbethaRi2pdimeaaadladis-sbut adi ene
nDnOX|de 1, 2- epoxy- 7-oct ene, 2- epox 3 9- decene, 1, 2- epoxy- 5- hexene,

2- et hyl - 2- vinAPPBgRC eafes2, 3él|lqasbpx3¢lwehya9 Spprdpmene-Iendoioandest ur an, 2-

;é’?;f’g?gt en- |giRARanbll S 8o Rt Sl dlio-3 8k d-HimetHatdl] S hdiSomeab Dithetiinblys-at €, net hyl

norbomene-2-ol, 5-norbomene-2-yl acetate, 1-{2-(5-norbornene-2-yl)ethyl]-
3,5,7,9,11,13,15-heptacyclopentylpentacyclo[9.5.1.1°.1%15. 1" ¥Joctasiloxane, 2-
20 benzoyl-5- norbomene, allyl 1,1,2,2 -tetrafluoroethyl ether, acrolein dimethy}
acetal, butadiene monoxide, 1,2-epoxy-7-octene, 1,2-epoxy-9-decene, 1,2-epoxy-
5-hexene, 2-methyl-2-vinyloxirane, allyl glycidyl ether, 2,5-dihydrofuran, 2-
e cyclopenten-1-one ethylene ketal, allyl disulfide, ethyl acrylate, methyl acrylate.
Ina pfeferred embodiment the processes described herein may be used to
25 produce homopolymers or copolymers. (For the purposes of this invention and the
claims thereto a copolymer may comprise two, three, four or more different
monomer units.) Preferred polymers produced herein include homopolymers or
copolymers of any of the above monomers. In a preferred embodiment the
polymer is a homopolymer of any C; to C,, alpha-olefin. Preferably the polymer
30 is 2 homopolymer of propylene. In another embodiment the polymer is a
copolymer comprising propylene and ethylene, preferably the copolymer
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In a preferred enbodi ment the processes described herein may be used to 25
produce honopol yners or copol yners. (For the purposes of this invention and
t he cl ai msvo besesmoa copol ynmer may conpri se two, threesiocunaes nore
different nononmer units.) Preferred polynmers produced herein include
honopol ynmers or copol yners of any of the above nononers. In a preferred
enbodi nent the polyner is a honopol ynmer of any C3 to Cl2 al pha-ol efin.
Preferably the polymer 30 is a honopol ynmer of propylene. In another

embodi nent  t heonissNBE thas 4@weiSR DOLNYIRE, RO PefcbibldeB (RS GBightapd et hyl ene,
preferably the copol nmer  -28 WO 2006/ 025949 PCTI1 US2005/ 024240 conpri ses

| ess than 40 thpr%@PIH%eéﬁ@lmﬁSF@lW@f & 819n 90 weight %0 fBYe S0 wei ght %

et hyl ene, pre RsGRRAAL e &imaf mpei ght % et hyl ene,
nore prefer abfngfeﬁ?gégﬁaﬁlﬂ n % wei ght t%(%mg{eiﬁi %r?kej%%r?ﬁlgnortnhe}%gnbodl ment the

polymer is a MMyamopdmrcpmpmglgmmwmoamtmmeotmynﬁhe of any of the 5

nmononer s, | i sted above npt fernre he copol yners
conpri ses one T DY lmega (fvgf R’naplgtgler erred emg‘)fm?n? c?é/glyééle or nore C2 to C40

diolefns. In am;trilsaronameﬁm metdﬁmc\dmﬂbma,tpréfhebljmle)maforemﬂd(m)ed herein is a
copol yner of Iene and one or nore C2 or ¢4 to C20 linear, branched or
cyclic 10 no preferably one or nore C2 or C4 to Cl12 linear, branched

or cyclic al pha- ollﬁ&idﬂ&rpﬂé’feﬁéma;lahﬁhemhﬁe di’ﬁfod&fe@ﬁéf@ﬁ%d’lerf—‘l nis a
copol ymer of propylene and one or nore of y ene but ene, pentene,

hexene, hept efRPOIYBEL FREPYIeRrg Are or oselrerr Ca brfere rnehed Ayyelfent ene- 1,
3- et Y 1o PEN! ffnkes, BAMIaBInSor bt BELITH o LEYRDE b}ancﬂe% ok ByclcPr ef er e

enbodi ment the copol yners "descri bed her'ei n conprise at east 50 nol e% of a
first nnnorreralahﬁcplefplstBfewbhﬁh@%}@fcrmﬁ@ﬁdhﬂyﬂmmrcspdmraﬁot her enbodi ment,

brorer ably sobieEgh iRy of nbor ARIGE N Rk RREAe, Rhetd BAGHE koS 2000 0 e
present at fromef, ieedk)dadeiese, %mmpmwlys ﬁﬁthylpeﬁt@ndfrhlamd 3%.50ore  preferably
20 to 40 nole (V e%yphexene L
15 . In a preferred embodiment the copolymers described herein comprise at
least 50 mole% of a first monomer and up to 50 mole% of other monomers.
In another embodiment, the polymer comprises:
a first monomer present at from 40 to 95 mole %, preferably 50 to 90 mole %,
preferably 60 to 80 mole %, and
20 a comonomer present at from 5 to 40 mole %, preferably 10 to 60 mole %, more
preferably 20 to 40 mole %,and
a termonomer present at from 0 to 10 mole%, more preferably from 0.5to 5
mole%, more preferably 1 to 3 mole %.
In a preferred embodiment the first monomer comprises one or more of
25 any C; to Cs linear branched or cyclic alpha -olefins, including propylene, butene,
(and all isomers thereof), pentene (and all isomers thereof), hexene (and all
isomers thereof), heptene (and all isomers thereof), and octene (and all isomers
thereof). Preferred monomers include propyiene, 1-butene, 1-hexene, 1-octene,
cyclohexene, cyclooctene, hexadiene, cyclohexadiene and the like.
30 In a preferred embodiment the comonomer comprises one or more of any

C; to Cy linear, branched or cyclic alpha-olefins (provided ethylene, if present, is
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a ternononer present at fromO to 10 nole% nore preferably from0.5 to 5
nol e% nore preferably | to 3 nole % In a preferred enbodi nent the first
nononer comm we@Rsane or nore of 25 any C3 to C8 |i peawsiwsanghed or cyclic

al pha -ol efins, including propyl ene, butene, (and all isoners thereof),
pentene (and all isoners thereof), hexene (and all isonmers thereof),
heptene (and all isonmers thereof), and octene (and all isoners thereof).
Preferred nmononers include propylene, | -butene, 1-hexene, 1-octene,

cycl ohexene, gi¥ehiaRs RS, orl@yAdEIedty bk QR REL, Bitencdpéhtdnble | 1ke. 30 In a
preferred enbodi nent the conononer conprises one or nore of any C2 to C40

li near, br ancheereolepieye PICOCNR RAUBP.CiRteRS updreensi doderces hopadesene. i T present, s
-29 WD 2006/ %T%%ﬂe,lﬂgga/dﬂﬁg,Q%d%éééﬂadiﬂfe?&&H&nﬁﬁorﬁdi@n‘ﬂi §fiEne! €5S), i ncl uding
ene, ne, hexene

et hyl ene, propy utene, pent , heptene, and octene, nonene,
decene, undecéndesadidom sprens 3,5 hektiantytbaene- 1 Junetiyipmeene-hedcadi ene, hept adi ene,

pent adi ene, octadi ene, .nonadi ene, decadi.ene dodecadi ene, styrene, 3,5, 5-
trimethy hexe‘fqgtﬁ)(il?e"%-n?fétcﬁ’gf’%gﬁgl%ee5“%,cygohoexﬂ%t hyl pent ene-1, cycl opent adi ene,
and cycl ohexene. [mna prefefred @iibogicheftho@dmmnomen ddMpliRs oV Mdfe cTAPr i Ses one or
nore of any to Coo linear, branched or cycli | pha-.ol efins, (provided
ethyl ene, if g’rztéé:é‘h‘fn,ea‘i lé“‘"“ﬁ?dtr%@m‘cé]ﬁ’p%"lﬁ%se@g:’&de‘f‘agﬂg)n,e"ifﬂ??c&ﬁi‘sng et hyl ene,

propyl ene, bugRe: at PaRINS less)liaXAdIAg etﬁbﬂﬁﬁﬁﬁ@pyleﬁé}@ut@ﬁé,ﬁaﬁene,nonene, _decene,
un- decene, do-decene, hexadecene, 10 butadi ene, hexadi ene, heptadi ene,

pent adi ene, okweRs kenisne. Artesie menenadlesrr.apwecens) derdecser: beradecereyr ene,
3,5, 5-t gy net hb(dtadlfbglﬁ,gl%ﬁﬂs?e, ﬁéﬂ@ﬁelﬂ&lpgﬁﬁﬁiﬁﬁ?dcgadieﬂé, 85%31@(@', ReRieRe- | -

cycl opent adi ene, and cycl ohexene. 'In a preferred enbodi nent f he pol ymers
dezzre i bed abodadedadiend, styrenso ApiSitamethyl hexene- 1 ndmethaipentens-1a#- up to 10 wei ght %
pr rably at 1.to | ght %% referably 0.002 to 0.5 weight %
even nore pre?gtpgg%gmf).&’(% ° eB%F%’%&%ﬂ?ﬁfd&based upon the total weight of

t he conposition. [mapefkeedmibodimranhspd@ferpdesribed aHoesRurthér comprise | s added to

POl YTer <l SL e 82t 490, PR, B 3R oL 8 S, 200, 2P

pol ynmer hzat i Oprefefably D@02 RS WEight 4, @venQiiord préfeABINOM03 B00.Bweight %,
based upon the total weight of the composition. In some embodiments 500 ppm
or less of diene is added to the polymerization, preferably 400 ppm or less,
preferably or 300 ppm or less. In other embodiments at least 50 ppm of diene is
added to the polymerization, or 100 ppm or more, or 150 ppm or more.

20 In another embodiment the procesécs describe herein are used to produce
propylene copolymers with other monomer units, such as ethylene, other c-olefin,
a-olefinic diolefin, or non-conjugated diolefin monomers, for example C4-Cyo
olefins, C4-Cag diolefins, C;-Cyo cyclic ol-eﬁns, Cy-Cyq styrenic olefins. Other
unsaturated monomers besides those specifically described above may be

25 copolymernized using the invention processes, for example, styrene, alkyl-
substituted styrene, ethylidene norbomene, norbornadiene, dicyclopentadiene,
vinylcyelohexane, vinylcyclohexene, acrylates, and other olefinically-unsaturated
monomers, including other cyclic olefins, such as cyclopentene, norbomene, and
alkyl-substituted norbornenes. Copolymerization can also incorporate c-olefinic

30 macromonomers produced in-situ or added from another source. Some invention

embodiments limit the copolymerization of a-olefinic macromonomers to
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20 I'n anot her enbodi nent the processes describe herein are used to produce
propyl ene copolyners with other nononmer units, such as ethyl ene, other
a-olefm  gobefpic di ol efin, or non-conjugated di opefiifrodEpngsers, for
exanpl e C4-C20 olefins, C4-C20 diolefins, C4-C20 cyclic olefins, Cs-C20
styrenic olefins. Qther wunsaturated nononers besides those specifically
descri bed above nmay be 25 copol yneri zed using the invention processes, for
exanpl e, styrene, alkyl- substituted styrene, ethylidene norbonene,

nor bor nadi engyactifohGhQP &k 808P Rss matuiyd Vi@ 868 BRent Woly/3dt)sh ohexene,
acrylates, and other olefinically-unsaturated nononers, including other
cyclic ol ef i riisclogsesarnpauseliyedmnpemerankhat disniasurgnefers toengohonameksds-"subst i t ut ed

nor bonenes. C;g&%é]g%d&;,ati on can al so incorporate a-olefinic 30

macr onononer s produced i'n-situ or added from another source. Sone invention
enbodi ments | i m t Indastheembbdinent) wigh ipmipylede capaljradrs &t desived; k@nononers to -30 WO

2006/ 025949 PCTI US2005/ 024240 cronoponers with 2000 or |ess nmer units.
Uni ted St at ed® "égrﬂ“”}%l.ers6%@@0%@%%%%8@\{“%:@%5%#’51'1'E’B’m)norrer s. That
di scl osur e 1 &fef!%né, A-HHPRRAPER, BSyclopent RRAE ABHEMBRNIES-Conn] Ty-@OT her

olyners are desired, the 5 follow ng nononers

enbodi nent , \/\hen_pgnréppyl ene co
can be copol yirés HCWmeEFBg%P%@FS;&M@HE?%GEC4'¢406WB? hex- | - ene,
4- met hyl pent ‘oléﬁné;eaﬂ@ca,-éb%)’@ql- &%@@9%&&%@3&&9&@- C2000, C4-C200, or

C4-C40 |inear or branched, a,ca-dienes; - o, C4-C200, or C4-C40 cyclic
ol efins; and C4-C2000, C4-C200, or CA4-CA40 linear or branched a-olefins. 10
QG her Prj mary, L QF i nvention processes polymerize but-I-ene
(T,=146.5 C, =3 . pent-1-ene (T,=191.8; Pc=3.56 MPa), hex-I|-ene

(Te=230.8; P~=3.21 MPa), and 3-nethyl-but-l-ene (T,=179.7; P,=3.53 MPa)
using t hese nononers or 15 mi xtures conpri si ng t he mononers at supercritical
condi tions as theSPB&EYHPR PResictPRIgRer2s Pyt (ke o 66ds8es can enpl oy at

| east one of t.- ne rlglfa),q:'éx-%-_eg?gjg%’%b%?f’_=5._2Fﬂﬁ>a S nmononer.

| - ene..peat ¢ ol -
These process sa)tpé’ﬂt'é"gchce?r%hl‘%)I/)“ 3r‘§a ron . me at’ conpr1sé”but -1 -ene,

pent - |- ene, 4 3 3ifl-ikl1zehb T Lr700ep ABSRps) ERIRSSRNGHM @I OY react ion

nmedi a that contain greater tHan 50 Wo of but-
15 mixtures comprising the monomers at supercritical conditions as the reaction

medium or solvent. These processes can employ at least one of but-1-ene, pent-1-
ene, or 3-methyl-but-1-ene as monomer. These processes can also employ
reaction media that comprise but-1-ene, pent-1-ene, or 3-methyl-but-1-ene. These
processes can employ reaction media that contain greater than 50 wt% of but-1-

20 ene, pent-1-ene, or 3-methyl-but-1-ene. Of course, these compounds can be freely
mixed with each other and with propylene as monomer, bulk reaction media, or

both.

Catalyst Systems
25

The processes described herein are preferably used with a catalyst system
comprising a metallocene catalyst compounds in combination with an activator. A
catalyst system is defined to be the combination of at least one catalyst compound
and at least one activator.

30
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20 ene, pent-l-ene, or 3-nethyl-but-l-ene. O course, these conpounds can be
freely mxed with each other and wth propyl ene as nononer, bulk reaction
medi a, or vapichen26844Cat al yst Systens 25 The processespcilesniddgd herein are
preferably used with a catal yst system conprising a netall ocene catal yst
conpounds in conbination with an activator. A catalyst systemis defined to
be the conbination of at |east one catal yst conpound and at |east one
activator. 30 -31 WD 2006/ 02S949 PCT/ US2005/ 024240 Cat al yst Conpounds

Cat al yst comeyupeschiigdund®y be used in the processes of this invention

i nclude chiral metallocenes containing specifically substituted indenyl
ligands in 5 conbination with an activator and optionally an additional

cocatal ySt. P el e MEhalBERNTn e LbSARELGE by RiRBhisS o0 ! noen
PCT/ US2 0?5/ 02i24d: cirBMeRNocehies(cBitinMg SpecifiRdlyauttitufed RRlenyRBgdd{ i R9) 2) ¢ R 0)d
R1~-M-R1

5

combination with an activator and optionally an additional cocatalyst. Preferred
metallocenes with specifically substituted indenyl ligands are represented in

Formula 1:

-

-32.



~C(R11)2)e R8 R2 R 112-R2 \(R 13)f R15 R2/ '~,(R14)9 R2 where: Mis a
transition netal selected formgroup 4 of the periodic table, preferably Zr
or 5 Hf, weshospt®ierably Hf; each R is independent pyr/6€h@stgs fromthe
group consi sting of hydrogen, hydrocarbyl, substituted hydrocarbyl and a
functional group, preferably, R is -33 WO 2006/025949 PCT/ US2005/ 024240
hydr ogen, a hydrocarbon or a halide, preferably R is a hydride, even nore
preferably R is selected fromthe group consisting of nethyl, ethyl,
trinmethylsilyhnethyl, trimethylsilyl, phenyl, naphthyl, allyl, and benzyl;
even nore pr Qrably,Ré is nethyl, and Rpifay be |inked, and the R groups
may be the sa \Q{or di fferent; each R2 i $N ndependently selected fromthe
group consisting o% B hydrocarby , Substituted hydrocarbyl and a
functional grouqé met hyl, ethyl or propyl, nore
preferably, i

and any two
aromati.c ring;
substituted hﬁﬁiza
and R5 may be bou
together to form

i s hydrogen, ﬁgﬁ' ca

kggforn1an al i phatic or
iTo§en, hydrocar byl ,
preferably R4 is CH2, and R4
and or R and R6 may be bound
that is equal to 0, 1, or 2; RS

%F 9)()2r)ca functional group,

(R"%)q

-
(C(RM))e
R2
I-\,,12--R2
. \(R13)f
- R
- R2/ \\(RM)Q

where:

M is a transition metal selected form group 4 of the periodic table, preferably Zr or
5 Hf, most preferably Hf;

each R' is independently selected from the group consisting of hydrogen,

hydrocarbyl, substituted hydrocarby! and a functional group, preferably, R is
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preferably R5 is CH2, and R5 and R3 may be bound together to formaring; b
is an integer that is equal to 0, 1, or 2; R6 is carbon or silicon; 20 each
R7 i s i ndemangednizkoge sel ected fromthe group consi sti npgrakbyaingen,

hydr ocar byl , substituted hydrocarbyl and a functional group. The R7 may be
the sanme or different. R7 and R8 maybe |inked together to forman aliphatic
or aromatic ring, preferably R7 is hydrogen, nethyl, ethyl or propyl, nore
preferably R7 is hydrogen, and the R7 groups may be the same or different,

and R7 and R8hyRetBY BEirddafbiss o 4m&4,?&rer4b@ﬁ'qgmy%ﬂd@}kmm@dréf: or aromatic
ring; each R8is mdependentlg selected fromthe group consisting of
()

hydr ogen, hyRiefgebly By is sele¢iedsiront the gepup gansisingrobyiethalaethd. f unct i onal group,

preferably R8. - . Yo s [ erably R8 is
hydr ogen or mbﬁwpy@hgﬂﬁ{lﬂg@@%%%@%@ﬁ%9{1,&%}4 ggﬁ%ﬂbg‘le& %er ent; 30 each
RO i s i ndepensteftably, R'ds methpldantiRO may heliked,apd the RS pstpsmopydik theysamegen,

hydrocar%, sgb@ti uted hydrocarbyl and a functional group, preferably RO
is -34 20Y6} 49 PCT/ US2005/ 024240 hydrogen, nethyl, ethyl, propyl or

phenyl, nore @eeRbk afakpeniitly seldeyed FrogaRe graptohditing Rohygfogetys nay be the sane
or different, and %y two R9 8roups mpy be linked together to forma ring,
and RO and ReMYIEGarBY. subshktes hygrgearhid pnd dfupctieal gropp.peeferatlyRRS and R16 nmay be

|'i nked t oget hgfardegh, iR, &hiliop Neo ardliyRRLis MRhyDend thofted 5 together to
forma ring; goggis -I\/g](’Rl%)Oh-Elio&%erergeﬁ/[ﬁ3 isyllgil l,g\l, KI P, Si or Ge, his an
i nt eger from growns may be thg sana 4y differant andsany R groups may be linkedd, and R16 is

hydr oge hyd{og&}%nyﬂomﬁ@&#{c%églaa&mrgocarbyI or a functional group,

preferably an arene, an roup-may be the sane or different, and
any..two R16 gR’oiapaqu)ysiﬂieoxﬂ;i nked together to forma 10 ring, preferably, R10

i S4g Me2, Si 2 Si 2 S P i (hi phenyl ).1 Si ( bi phenyl) 2,
S (‘?- tolyl )|2,(%%’%‘%‘Rﬁe‘é}hg?gg%%viﬁwhﬁ“gg@i"f?)%‘%p"léf °r§ir}éh°é?““é%‘8l RS :
i ndependent | yprsfetablyRé i CHomdtRfand/R gy ietosidtbgetgr of fofyaringem or hydr ocar byl ,

substituted hydrqcarb nd.a functjional. group, preferably R11 is hydrogen,
met hyl , et hyl?é Fﬁﬁpmaﬂﬁ@%‘émﬁg‘“ }PE“N‘Bg’er ably R' is hydrogen, and

15 a is an integer that is equal to 0, 1, or 2;

R’is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group,
preferably R® is CH;, and R® and R® may be bound together to form a ring;
b is an integer that is equal to 0, 1, or 2;

R® is carbon or silicon;

20 each R’ is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group. The R’ may be the
same or different. R’ and R® may be linked together to form an aliphatic or

e aromatic ring, preferably R is hydrogen, methyl, ethyl or propyl, more preferably
R'is hydrogen, and the R’ groups may be the same or different, and R’ and R®

25 may be linked together to form an aliphatic or aromatic ring;
each R®is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R® is
hydrogen, methyl, ethy! or propyl, more preferably R® is hydrogen or methyl, and
the R® groups may be the same or different;

30 each R’ is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R?is
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15 the R 1 groups nmay be the same or different, and the RI'1 groups may be

| inked together to forma ring, and Rl 1 and Rs may be |inked together to
forma ringoashsoRkl 1 and R16 nmay be |inked toget her ptpufossmeasring; ¢ is an
integer =0, 1, or 2, dis aninteger =0, 1, or 2; 20 ais an integer =
0, 1, or 2; The sumof ¢, d, and e is 1, 2 or 3, preferably the sumof c, d,
and e is for 2, nore preferably, the sumof ¢, d, and e is 1; Rl2 is carbon
or silicon; R13 is hydrogen, hydrocarbyl, substituted hydrocarbyl or a

f uncti onal grlgu;iagenZEetﬁf/lﬁétﬁil ?ﬁdp)_l/l @ﬁﬂeny@ﬂﬁre&&eﬁﬂRﬁkﬁy&f&@én%dhﬁund t oget her
to formarin R15 _may be bound,together to forma ring, when

gis 0; R4 i arfg}'am@wthwa}eaeﬁffﬁw and aRstFPR) EEMPHYRSARESY | or a
functi onal grtQébﬁ-nertol%rﬁ'fﬁﬁl?ggMRﬁﬁ'ﬂrb&nﬂke@%ﬁeﬂlﬁomﬁﬁn ghaynd together to

forma ring wh IS carbon or S|I|con 30 f I's an integer that
is equal to ® a!!dRormaxbell@ed@gaherutmfoegennz,had R’ @Cb&umhybﬂiuﬁed 1, or 2, -35 WD
2006/ 025949 P 05/ 024240 provided that if the two R groups are
Ilnked,.s?hen g%;/éh%q'ﬁ{) 0rm a butadi ene group when Mis Zr. In a
preferred emPlisnBAR' ) Mwhere M? hghnﬁjlﬂ,lmﬂnmﬂcalhls&ﬁhmgbeﬁbrﬁmm gr oup 4 of the

erlodlctable refer .. each S
Pndependent | yPuehy Qé %X W?m Hseéltﬂjtﬁﬂ'gkcd dE"thIhgy‘g aﬁ?’ér"%‘é‘ﬂ‘ g hydrocar byl ,

substi t ut ed h')jfdfo@&@gﬂBt’ifuﬁéiiénﬂgfdﬂﬂ%éf&ﬁ@}mgd&é?iépandﬂicﬂifkéq’gbﬁpﬁnaﬁe i's  hydrogen,
a hydrocarbon or a halide, preferahly R is a hydride, even nore preferably

R is sel ect el 28T tifferenly waﬂwwéﬁ sgrp\mj gy bmw fogetheriig form 2
trimethydsil yrhrgeisrm}ablytﬁlp E@MJ §1K¢HJ) 2 SRhﬁ%)flSlPlﬂaﬂm}n%hy n2al lyl, and benzyl;

even nore prefe |'i nked, and the Rl gr oups
tbe the s a?n@lphmyl)dﬁp(pé@lgm more preferablyR is SlMez or SiPhy;

each R"! is independently selected from the group consisting of hydrogen,
hydroéarbyl, substituted hydrocarbyl and a functional group, preferably R is
hydrogen, methyl, ethyl, propyl or phenyl, more preferably R'' is hydrogen, and
15 the R!! groups may be the same or different, and the R'' groups may be linked
together to form a ring, and R'" and R® may be linked together to form a ring, and
R'' and R'® may be linked together to form a ring;
cisaninteger=20, 1, or 2;
dis aninteger=0,1,0r2; .
20 eisaninteger=0, 1, or 2;
The sum of ¢, d, and € is 1, 2 or 3, preferably the sum of ¢, d, and e is lor 2, more
preferably, the sum of ¢, d, and e is 1;

R'? is carbon or silicon;

("

R is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group,

25 preferably CHy, and R*® and R'* may be bound together to form a ring, and R"?
and R'"® may be bound together to form a ring, when g is 0,
R'* is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group,
preferably CHz, and R'* and R'? may be bound together to form a ring when fis 0;
R'? is carbon or silicon;

30 fis an integer that is equal to 0, 1, or 2;

g is an integer that is equal to 0, 1, or 2,
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each R2 is independently selected fromthe group consisting of nethyl,
ethyl, propyl, butyl, pentyl, hexyl and the isonmers thereof, provided that
when R3 andvd@satds4and or R12 and R15 form a 5 car bomcrisgesobdren each R2 is
i ndependently selected fromthe group consisting of ethyl, propyl, butyl,
pentyl; hexyl and the isoners thereof, preferably RZ is nmethyl, ethyl or
propyl, nore preferably, R2 is nethyl, and the R2 groups nmay be the sane or
different; R3 is carbon or silicon; 20 R4 is hydrogen, hydrocarbyl,

subst i tut ed hpteh i @aRae MltheQivo R gluﬁgystakmxﬁéd HeR MRy do Rt &rRfadklafieldd i S CH2, and R4
and R5 may be bound together to forma ring, and or R4 and R6 may be bound

together to f BP4A herMi§Zrc a is an integer that is equal to 0, 1, or 2; R5

i s hydrogen, hydr Pire ut ed hydrocarbyl or a functional group, 25
preferably R5 is % anofl%llsbtagﬁr#gﬁtm may be bound together to forma ring; b

is an int eger Mtihatransitorenietal sekededfornd growy 4 8f thgeriodic Ghlehmefebly€r bi con; each R7

hydrogen R8i.s _i.n 1dent |y sel ected fromthe group consisting of
y rogen ', propyl, butyl, pentyl, hexyl and the |Isonmers
hyd ﬁ{v friost Pé“é“@’?ﬁg? |, butyl |, hexyl and the i

theLelof pLe}‘@r:}amNnﬁpd:&ntlﬁ&léiﬂlﬁ&ﬁ@ie%&@é&nsﬁﬁﬁéW%édn024240 hydr ogen,
net hyl , ethy

rQ nor e pref rabI i s hydr met hyl, and the
Rs groups nnylli’émfﬁgyls%d/h%“%‘?d hyfirogazh g Hnahérov%?eﬁfg%bv ﬁd@nt ly sel ect ed
fromthe groun@aﬁ)@ashaydrawxbeﬁo law%gferabf}wrlp@mmé evehiopd | t ut ed hydrocar byl
and a functional prefera is'5 rogen, nethyl, ethyl, propyl

or phenyl, mrefer@gléﬁersaalweﬁ@m@ewaﬁw@mng@ﬁaﬁetthmleetﬁm groups may be the
sane or |ff Vi Pm,%(, I er to forma
ring, an[g %eﬁgﬁﬁﬁlﬁgwa@ mfn KIB%I?B&ZPF? 1 éra%&]g&l? néd},algglh R9 and R16
may, be | i nkedprefogbly/Rris mgh‘ﬁommRémy bﬂgl;nkad)dndf\me Rheromss mearpe the simeked  t oget her
toiforma r'n&dl egnﬁlo is -M(R1)h- where M2 is B, Al, N P, Si or Ge, his
an i nteger from o such that the valence of M |s fllled and R16 is
hydr ogen, hydwadchzrlbyidgpeﬂdﬁnﬂy seledted ffom the group consisting of methyl, ethyl,

propyl, butyl, pentyl, hexyl and the isomers thereof, provided that when R? and R®
15 and or R'? and R" form a 5 carbon ring, then each R? is independently selected
from the group consisting of ethyl, propyl, butyl, pentyl; hexyl and the isomers
thereof, preferably R? is methyl, ethyl or propyl, more preferably, R? is methyl,
and the R? groups may be the same or different;
R? is carbon or silicon;
20 R* is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group,
preferably R* is CHa, and R* and R® may be bound together to form a ring, and or
R* and R® may be bound together to form a ring;
C a is an integer that is equal to 0, 1, or 2;
R® is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group,
25 preferably R® is CH,, and R’ and R? may be bound together to form a ring;
b is an integer that is equal to 0, 1, or 2;
R® is carbon or silicon;
each R’ hydrogen;
each R®s independently selected from the group consisting of hydrogen, methyl,
30 ethyl, propyl, butyl, pentyl, hexyl and the isomers thereof, preferably R®is



hydr ocar byl or a functional group, preferably an arene, and each R16 group
may be the sanme or different, and any two R 6 groups may be |inked

t oget her tavd ognzeweori ng, preferably, RLO is Si Me2, Scfkbdpsidazad (CH2) 3,

Si Ph2, Si (bi phenyl)j, 15 Si(biphenyl)2, Si(o-tolyl)2, nore preferably R10 is
Si Me2 or SiPh2; each R 1 is independently selected fromthe group

consi sting of hydrogen, hydrocarbyl, substituted hydrocarbyl and a

functi onal group, preferably R 1 is hydrogen, nethyl, ethyl, propyl or
phenyl, nore : y be the sane
or different, fﬂ E{hélgo 63%};}1)%@8&&@%&5 }yaﬁ)tg gﬂgoer?é\éggpt%%&r?or ma ring,
and R' and RsthnByQMEPSImﬂylbedlEtSUgﬁaerddfemb forma ring, and R 1 and R16 may

Mnteger = 0. bRy isyReb@ihgsdlell el dertlh SRISERIRE ' or %L, 4, and e
is 1, 2 or 3,hyliehbylasbytititbchytotarbfl amd a finctiand goup, préfaubl?R’ isore  pr ef er abl Y,
t he sumofc . and js.1l; RL2 ig carbon o | i,cQn; R13|s hydr ogen,

hydrocarbyl , @g’ﬁ%ﬁﬁ‘f‘?ﬂq’élie‘l‘i‘i}‘dl?r%yi?@’fmyirm%e?rﬁfﬁ?ﬁy&néﬁ Yitogthand the of er abl y CHZ,

and R13 and Rik%ortwpé ?b@ﬂ@@ﬁné&ﬁﬁfsﬁﬂ{ aﬂdoanﬁrﬁﬁ&k%%édpﬂﬁxayﬁélﬁhkﬁiﬂ 30 and R15
maybe bound toget her o formaJ -37 WD 2006/ 025949

in
PcT/ 1JS2005/ 0tPgsthey to fira a ing, agdif g % mpy g linked tagather to forsn 2 fing; aad hydr ocar byl or
a functional V\E’B’H?il?"g%b%flﬁ@g&%&h%f%ﬁr}% :glaé}ldaf{vqngiﬁﬂ gpﬁnﬁgund together to

forma ring s carbon orf” silicon sanlnteger that is
equal to 0, ltOchherB)forrEagngi,s an int eger that is equal to 0, 1, or 2,

provi ded. t hat 4 iof. p r t hen not forma
but adi ege gr%up M@Fﬁwlﬁe 'gﬁhilaﬂpf 8rpéf§eég qg‘%ﬁ %14 and R6 do not

forma 5 car bsmhthartgevdleﬂcme’ab ﬁMdnaﬁd{'%ﬁbgdiogmmydroemhMcmbsR&&dand R15 do not

foma 5 carbon (Lo LBaaNA0,AL! SLOALS Q0L IEN, 68 200, 5, and F12 and

the same or different, and any two R'® groups may be linked together to form a
ring, preferably, R'" is SiMe,, Si{CH3) 3, Si(CH3) 3, SiPhy, Si{biphenyl);,
15 Si(biphenyl)s, Si(o-tolyl),, more preferably R'® is SiMe; or SiPhy;

each R'' is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R' is
hydrogen, methyl, ethyl, propy! or phenyl, more preferably R'! is hydrogen, and
the R" groups may be the same or differgnt, and the R" groups may be linked

20 together to form a ring, and R' and R® may be linked together to form a ning, and
R'' and R'® may be linked together to fon}m aring;
cisaninteger =0, 1, or2;

s dis an integer=0, 1, or 2;

eisaninteger=0, 1, or 2;

25 The sum of ¢, d, and e is 1, 2 or 3, preferably the sum of ¢, d, and e is lor 2, more
preferably, the sam of ¢, d, and e is 1;
R'? is carbon or silicon;
R" is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group,
preferably CH,, and R"® and R'* may be bound together to form a ring, and R"?

30 and R" may be bound together to form a ring, when g is 0;
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In a preferred enbodi nent, R3 and R6 do not forma 5 carbon ring when M is
Zr. In an alternate enbodi nent, and or R12 and R15 do not forma 5 carbon
ring whervdhiogoaddse | N an al ternate enbodi nent R3 angdtR&:@&6R42 and R15 do
not form a 5 carbon ring when Mis Zr. 15 In a preferred enbodi mrent when M
is H, R3 and R6 forma 5 carbon ring and at |east one R2 group attached to
the 5 carbon ring is not nmethyl, preferably at |east two R2 groups are not
nmet hyl, preferably at three R2 groups are not nethyl, preferably all four

R2 groups atta H}ﬁ I n an alternate
enbodi nent , h Cf ﬁﬂk& %fgﬁgﬂgﬂﬂ% oor%gr’ﬁgg%gacar Omﬁ % ring and at | east
one R2 groupplafetaamttéﬂ 4nd Rhad R hﬁxmmomdn@getmmd&nﬂmidihen fisioef erabl y at

|l east two R2 groups are.not nmethyl, preferably at three R2 groups are not
met hyl , prefBré%‘i on 7Sty R2 groups attached to the 5 carbon ring are not

y = methyl. 13 ariRdgbrahat A g id ©€d, @bodi ment, Mis Hf, and both Rl groups are
met hyl . 25 Substituted hydrocar byl radi cal s (al so cal | ed substituted

hydr ocaf byl s§isfndtegestfiatdntaualinOudhPich at | east one hydrocarbyl hydrogen atom
has been sub ltohh@#]tﬁﬁ 1ft}’a‘é&‘3 dgﬁ?@%i"mﬁ i %B&%&fa@.ﬁ dan@at om cont ai ni ng

group. The t rocar y I's so t| nmes used 1 nt erchangeabl y with
"hydr ocar byl groummm@ﬂmm t hi s docunent. For purposes of this disclosure, 30

"hydr ocar byl radlc I SSE sad nt ai sar on hydr ogen and
optionally sili conglgﬁefcrre em Te 36‘1 4@"]‘.’8@8 E Q&{ ydr ogen and -38

WD 2006/ 0259&&@%&8&6@&%4&6 and)ptsldomdfblynsi baermngThme radi cal s can be
| i near, branched clig ingl ¢ yC se.radicals can be

sat ur at'®d, pAfFHa Eﬁwof?f&%tt%raﬁéﬁo“’g# f"‘H‘PR/ gdﬁ&%ﬂi?éf@ oMY when cyclic, may
beg omati c or NGgna e kbodiivéie, R€ ahdnd do ndBHEE 2 3CABAPringVheAMENE 1S a

su ituted or unsu stituted 5 aromati g, hydrocarbon. Arenes nay be

nonocyclic, Pdtyiepeltenategphodiaentand qfanga“dgss@rﬁﬂf"é%aéPaff’%@tﬂ ring systems.
Arenes nay be,ham?;;zﬂ 5§ Sfhihatd BRbGRRhid ¥ 56 RS aniRB LA R1QM nbydfpcar byl s may be

arenes containing functional groups. As such, substituted hydrocarbyls may
be het er ocychdeabonyuigytien drieéycl i cs, heter ocycl icring

15 In a preferred embodiment when M is Hf, R and R® form a 5 carbon ring
and at least one R group attached to the 5 carbon ring is not methyl, preferably at
least two R? groups are not methyl, preferably at three R? groups are not methyl,
preferably all four R? groups attached to the 5 carbon ring are not methyl.

In an alternate embodiment, when M is Hf,‘ R'? and R'’ form a 5 carbon

20 ring and at least one R? group attached to the 5 carbon ring is not methyl,
preferably at least two R? groups are not methyl, preferably at three R? groups are
not methyl, preferably al} four R? groups attached to the 5 carbon ring are not
methyl.

a3

In another preferred embodiment, M is Hf, and both R' groups are methyl.
25 Substituted hydrocarbyl radicals (also called substituted hydrocarbyls) are
radicals in which at least one hydrocarbyl hydrogen atom has been substituted
with at least one heteroatom or heteroatom containing group.
The term "hydrocarbyl radical” is sometimes used interchangeably with
"hydrocarbyl" throughout this document. For purposes of this disclosure,
30 "hydrocarbyl radical" encompasses radicals containing carbon, hydrogen and

optionally silicon atoms, preferably 1 to 100 carbon atoms, hydrogen and
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assenblies or fused heterocyclic ring systens. 10 In sonme enbodi nents, the
hydr ocar byl radical is selected fromnethyl, ethyl, propyl, butyl, pentyl,

hexyl , heptwé 20006dd4b, nonyl, decyl, undecyl, dodecyl ,Pcﬁdsbnﬁ%ﬁz\lho tetradecyl
pent adecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl,

henei cosyl, docosyl, tricosyl, tetracosyl, pentacosyl hexacosyl,
hept acosyl, octacosyl, nonacosyl, triacontyl, ethenyl, propenyl, butenyl,
pentenyl, 15 hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl,

dodecenyl , ”bﬂfnﬁﬁﬁ%hmn tﬁtegea}stﬁ%%Mb R a%ﬁaﬁx.l eyclRExaggReENY! |

heptadecenyl oct adecenyl, nona ecen ei cosenyl , henelcosenyl docosenyl ,
tricosenyl, teﬂﬁadaséh?kﬂﬂpehtadwsanvbdImhekﬁmﬁgmmpﬂorﬁﬁptacosenyl
octacosenyl no tr| cont en ro but ynyl , pentynyl,
hexynyl , heptySaum gé?éﬁ@? 5ﬁ@n9ﬁ§6 Xﬂ%%@ﬁ ﬁxkxﬂaﬁ%ynyl 20 dodecynyl ,
tridecynyl, tetraddaysybyls peybodasey i areneexadaibaingd or uh@pstmdeu:ynyl
octadecynyl nonadecynyl , eicosynyl, henei cosynyl, docos trlcosynyl

tetrac os§/nyl agEARIREREHIIN. ArenetRaLLATnocyshe palyeyelin hydro &E‘B%y nyl ,

nonacosynyl, aQEmiiel @:Cst!EHYi iyst'ex%? nCiéxreﬁes nfa9be bibktiuted SGinQibitReg When a radi cal
is listed it indicates that radical typé and all other radicals formed when

t hat radical Byhsttuied hydiegadhyls any D6 areres containingfintiopaligeps. disfsueled above. Al kyl
approoriate chibiubd SAMERE el 5} Ribroch I WM RR TR AE L N0 vher e
2- ge: h%/I prgpyhgsTmblweoﬂ?tdeph@gryd:ychaMgtsy?m:syl and cycl obutyl (a?dI agal ogous
subst i ed cycl opropyl s): .. Y clu nty -
nethylbﬂ%yl 2- met ?ﬁ%ﬁn§Pﬁg§nm %%@ﬁﬁ HMF %Fﬁ Fdﬁb gnd neopentyl
(an? 30 aEaIogmﬂgnQQM$h@L?h$ﬂlﬁxﬂhﬁbyLyhﬂga?w &xgﬂm@%qﬁyb&%ﬂ Puten¥L I

udes E an 0 - but en e ut enyl , - met hyl -
-pS%benyl 1- Hﬁ?ﬂ@ﬂe “W%@mﬁﬂﬁﬁbg@%%ﬁﬂgﬁy P /19D propenyl ,
2- et hyl - | ‘pr&B&?thn%ﬁdsy?dé@ﬁﬂi‘)ﬂaca@ylﬁfz%@ﬂyEerftﬁ:ﬂ@l@M ak@put enyl s and

cyclopropenyls) Cyclic conpound havi n stitutions include all isoner
forms, for ehepiasesyl optecopi) nemsasyl, wasontyl. sthrayluprepesyk brsenyb penjengheny| |

7L oY1 PN 135030 TR PUEBN) nflf} DB sl O ol uce
2, 6-di phenyl n@!rhépbenYB pehtadmllmck@myll heptadwdn)& oStaddcrmd, Iwhqdh@nxll :

eicosenyl, heneicosenyl, docosenyl, tricosenyl, tetracosenyl, pentacosenyl,

hexacosenyl, heptacosenyl, octacosenyl, nonacosenyl, triacontenyl, propynyl,

butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl, undecynyl,

20 dodecynyl, tndecynyl, tetradecynyl, pentadecynyl, hexadecyny!, heptadecynyi,
octadecynyl, nonadecynyl, eicosynyl, heneicosynyl; docosynyl, tricosynyl,
tetracosynyl, pentacosynyl, hexacosynyl, heptacosynyl, octacosynyl, nonacosynyl,

C or triacontynyl isomers. For this disc;iosure; when a radical is listed it indicates
that radical type and all other radicals formed when that radical type is subjected

25 to the substitutions defined above. Alkyl, alkenyl and alkynyl radicals listed
include all isomers including where appropriate cyclic isomers, for example, butyl
includes n-butyl, 2-methylpropyl, 1-methylpropyl, tert-butyl, and cyclobutyl (and
analogous substituted cyclopropyls); pentyl includes n-pentyl, cyclopentyl, 1-
methylbutyl, 2-methylbutyl, 3-methylbutyl, 1-ethylpropyl, and neopentyl (and

30 analogous substituted cyclobutyls and cyclopropyls); butenyl includes E and Z
forms of 1-butenyl, 2-butenyl, 3-butenyl, 1-methyl-1-propenyl, 1-methyl-2-
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Functional groups are heteroatons of groups 1-17 of the periodic table
either alone or connected to other elenents by coval ent or other

i nteracti omsoameteso@s ionic, van der Waal s forces, orpdimdi@geizdoondi ng.
Exanpl es of functional to groups include fluoride, chloride, brom de,

i odi de, carboxylic acid, acid halide, carboxylic ester, carboxylic salt,
carboxylic anhydri de, al dehyde and their chal cogen (G oup 14) anal ogues,
al cohol and phenol, ether, peroxide and hydroperoxide, carboxylic am de,
hydrazi de_andpiopin o-nefflyfli BropatyfataliRkinykatpr 26 (A8 B)cRBURAyOIdanN des,
nitrile, amne and imne, azo, nitro, other nitrogen 15 conpounds, sulfur
aci ds, sel eni GyFloREPERYIs).t bychs eompound haviag substiptioss ingide alligempes fermss, phosphi nes,

phosphates, o GUTRAHAES ot € es, al anes,
al um nat es. Fﬁﬁg%ﬁnﬂgﬁ'@g%t%g rrély g‘flg% Bﬁe% b‘gﬂl‘gﬁh%] bggﬁﬁhﬂ@%@{l ude organic
ggl Iymer su]E)pomdémamFmi;ﬂémplgayij dimethyiptenyl »\:mtdéndhalle 2§u1|irheta3ﬂptmhxd,rﬂ,4+g, andd sihl i ca.
na preferred. epbo n t ocene yst C ounds use erein

are repr&sent SPBYP 'F‘Fé{i’ ggf%?t@q&mnﬁﬂ%g'w?gl%ﬁ%ggﬁfﬁn%%005/ 024240 R2
R2 R7 Ra R2 &l {5qif¥ngiphé. M- i1 ()d R/ R (C(R-)2)e RE RRR R R R
where: Mis a transitjon netal selected fron19ro%p 4 of the periodic table,
preferably zr, Functional groups are heteroatoms of groups I-17 of the periodic table

either alone or connected to other elements by covalent or other interactions such

as iomc, van der Waals forces, or hydrogen bonding. Examples of functional

10 groups include fluoride, chlonde, bromide, iodide, carboxylic acid, acid halide,

carboxylic ester, carboxylic salt, carboxylic anhydnde, aldehyde and their

s

chalcogen (Group 14) analogues, alcohol and phenol, ether, peroxide and
hydroperoxide, carboxylic amide, hydrazide and imide, amidine and other nitrogen
analogues of amides, nitrile, amine and imine, azo, nitro, other nitrogen

15 compounds, sulfur acids, selenium acids, thiols, sulfides, sulfoxides, sulfones,
phosphines, phosphates, other phosphorus compounds, silanes, boranes, borates,
alanes, aluminates. Functional groups may also be taken broadly to include
organic polymer supports or inorganic support material such as alumina, and
silica.

20 . In apreferred embodiment, the metallocene catalyst compounds used

herein are represented by the Formula 2:
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Hf or Ti, preferably Zr or Hf, nost preferably Hf; 5 each R is

i ndependently selected fromthe group consisting of hydrogen, hydrocarbyl,
substi t ut egygwisieear byl , and a functional group, prefeeabdodRss @ C

hydr ogen, a hydrocarbon or a halide, nore preferably R is a hydride,

met hyl, ethyl, trinmethylsilylnmethyl, trinmethylsilyl, phenyl, naphthyl,

allyl, or benzyl, even nore preferably R is nethyl, and the two R groups
may be the sane or different, 10 and the two Rl groups maybe |inked; each
R2 is independently_selected fromthe group consisting of hydrogen,

hydr ocar byl , pst ifut ed hydrocarRyl and a functional group, preferably, R2
is hydrogen, net propyl, nore preferably R2 is nethyl, and the
R2 groups nay 2 f{ferent and any two R2 groups may be |inked
together to -41 WD 2 / US2005/ 024240 form an aliphatic or
aromatic ring [(al ternp t o R2 group is not hydrogen, preferably
all R2 groups are i e ach R7 is independently selected fromthe
group consi sting hydr ocar byl , substituted hydrocarbyl and a
functional grp@-, R7 i%CKﬁQHg rogen, nethyl, ethyl or propyl,
nore preferably R7 *s hydrggen, and thé R7 groups nmay be the sanme or
different, and R7 and Rs maybe Iinz 0y ogether to form an aliphatic or
aromatic ring; each i Lqupend |4 sel ected fromthe group consisting
of hydrogen, hydrocarbyl,| stostit t§¢1h drocarbyl and a functional group,
preferably Rs is 10 hydrog ‘ K, Seleyl or propyl, nmore preferably, R8

i s hydrogen or nethyl, and R8 groups may be the sanme or different; each
RO is independently §€!ectvd fom t he group consisting of hydrogen,
hygﬁocarbyl, substi t ut ed ocar byl and a functional group, preferably RO

I sy hydrogen, nethyl, ethj Propyl or phenyl, nore preferably RO is

hydr ogen, and the 15 R9 ¢ g e thq;&ane or different, and any two RO
groups maybe |inked toge a ring, and RO and R8 may be |inked
together to forma ri : ap¥e | inked together to forma
ring; R1O is -M(RI6) N, P, Si or Ge, his an integer
fromlto 2, ‘

-

where:

M is a transition metal selected from group 4 of the periodic table, preferably Zr,

Hf or Ti, preferably Zr or Hf, most preferably Hf;

5 each R is independently selected from the group consisting of hydrogen,

hydrocarbyl, substituted hydrocarbyl; and a functional group, preferably R' is a
C hydrogen, a hydrocarbon or a halide, more preferably R' is a hydride, methyl,

ethyl, trimethylsilylmethyl, trimethylsilyl, phenyl, naphthyl, allyl, or benzyl, even

more preferably R' is methyl, and the two R' groups may be the same or different,

10 and the two R' groups may be linked;

each R? is independently selected from the group consisting of hydrogen,

hydrocarbyl, substituted hydrocarbyl and a functional group, preferably, Ris

hydrogen, methyl, ethyl or propyl, more preferably R? is methyl, and the R? groups

may be the same or different and any two R? groups may be linked together to
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such that the valence of M is filled, and R16 is hydrogen, hydrocarbyl,
substituted 20 hydrocarbyl or a functional group, preferably an arene, and
each R16 gnoupagmywsbe the same or different, and any pcdsRbGogsapups may be
| i nked together to forma ring, preferably, RLO is Si M2, Si(CH2) 2,
Si(CH2) 3, SiPh2, Si(biphenyl),, c Si(biphenyl)2, Si(o-tolyl)2, nore
preferably R10 is Si Me2 or SiPh2; each RI1 is independently selected from
the group consisting of hydrogen, 25 hydrocarbyl, substituted hydrocar byl

and a functi013%m%]@mic&&%@ﬁ@%ﬁg%@ﬁm&ﬁ% oupTBRdtY! . ethyl, propyl

or phenyl, nore preferably R11 is hydroden, the 'R 1 groups may be the

same or di ffeh)@rﬁg,ﬁ‘naaw&f%bl*beallmzjgr@mmupsolﬁHQIOM);l inked together to forma
ring, and Rl & pgoh B MANeolf LSOt ROBHSIonksfink BFYugkl, NG © s _an i nt eger

=0, 1, or 2 I'S an rnteger = n’integer = 0, 1, or
2; -42 WO 200ky/doRa8%subETittdIRANGABR 420funcHosal gronp,pleferabldR’ &nd e is 1, 2 or
3, preferably the sum.o ,. d, and e is_f , re preferably, the sum of
c, d, and e igydfgerbmy[jgigyltqga{opﬂfm?rﬁgfe{qy\%ll’yrﬁ1@%@,3{1@@%*&, t hen t hey
do not form agbifsRchy BB the sehedHAUARE afd R Sand R may M linkedtopéthér ®d fohen net al
selected fromgroup 4 of the peri odi ¢ table, preferably Zr or Hf, nost

pref erably Hf an gighgiicgarpmaticimgpendent | y sel ected fromthe group consisting
of hydrogen,  hy@*Qe bent1S WSk q functional group,
ed A entlZ ot éﬁ;ﬂg e b'g; & %tﬂ!hflf}!ilg)é

preferably Rl I's a hydrogen, roca n or a hal’i ’rrpre preferably R
i's a hydri de, hydeachrpyl, subgitesedipidrocarbyl aed hiphetiohal lsroup tppéferably Rivist hyl si |l yl,

phenyl , napht I I e, [ h%hﬁ{ IS nmethyl, and
the two lﬂl gr pdsgcxﬁw%/ lé e@kleol?g{;)ﬁil, %l?rgéfe??aebﬁgé)ﬁt Is%&%&%ﬁ %P e I}‘\dods R groups
maybe | i nked; theRE profrs may be itamendlatifférgnt;sel ect ed from the group consi sting of
metfyyl , ethyl 50% HUt I tyl, hexyl and tgﬁ i somers thereof,
provi ded t hat _é%gnls ehgrge Sa%%;ﬁ?ﬁ’ the g’ﬁ‘&fg""aﬂﬁ'“ﬁf Hdﬁqgﬁ‘i"a. 5 carbon ring,
then each R2 hyirdcatippamsiied bydfRhBAlafda fuhQiBndlRRoufRefaraBI9R3isst i ng of et hyl,
propyl, butyl, pentyl, hexyl and the isoners 5.
hydrogen, methyl, ethyl, propyl or phenyl, more preferably R® is hydrogen, and the
15 R’ groups may be the same or different, and any two R® groups may be linked

together to form a ring, and R® and R® may be linked together to form a ring, and

R® and R!' may be linked together to form a ring;

R'? is -M*(R");- where M? is B, AL, N, P, Si or Ge, h is an integer from 1 to 2,

such that the valence of M? is filled, and R'® is hydrogen, hydrocarbyl, substituted
20 hydrocarby! or a functional group, preferably an arene, and each R' group may be

the same or different, and any two R'® groups may be linked together to form a

n'ng, preferably, R is SiMe;, Si(CHa,) 2, Si(CH3) 3, SiPhy, Si(biphenyl),,

Si(biphenyl),, Si(o-tolyl),, more preferably R' is SiMe; or SiPhy;

O

each R'' is independently selected from the group consisting of hydrogen,

25 hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R'! is
hydrogen, methyl, ethyl, propyl or phenyl, more preferably R'is hydrogen, and
the R'! groups may be the same or different, and the R'’ groups may be linked
together to form a ring, and R'' and R® may be linked together to form a ring;
cisaninteger=0, 1,0r2;

30 dis aninteger=0, 1, 0r 2;

eisaninteger=0, 1,0r 2;
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t hereof, preferably R2 is nethyl, ethyl or propyl, nore preferably, R2 is
nmethyl, and the R2 groups nay be the sane or different; each R7 is

hydr ogen; 3@ waohs8 i s i ndependently sel ected from Prheusesm42eonsi sting of
hydrogen, nethyl, ethyl, propyl, butyl, pentyl, hexyl and the isoners

t hereof, preferably R8 is hydrogen, nethyl, ethyl or propyl, nore
preferably, R8 is hydrogen or nethyl, and the R8 groups may be the sane or
different; each RO is independently selected fromthe group consisting of
hydr ogen, 25'hmdmﬁmﬁcMyhmesuhsmisqﬁﬂdmhyméaﬂﬁbbyhgﬁmdmaofmnmﬂéonal group,

preferably RO i ge ethyl, propyl or phenyl, nore preferably
RO is hydrogeff® eréh‘éi %@‘gﬁ‘@d%‘é’lmybe the same or different, and any two

R9 groups nayprbﬁdddltmfﬁdhettveaéyaeﬁs a}aﬂ(&r FHeR F;rwnotm Rtaaiefe RB MAy be
linked together to forma ring, and R9 and R' may be l|inked together to

forma ring;, gorienMisZp(R 6)11- where M is B, Al, N, P, Si or Ge, his an
i nteger from d R16 is

hydr ogeng,c 6%%?%‘ t‘f’%g%lsgteﬁqg‘% Féﬂ‘?g’% 3%$§@3%8%% %*}5{5%58%05/ 024240
hydrocarbyl dHfamﬁmnmhﬂﬂwa group, preferably an arene, and each R16 group
may be the Sane i ff any two R16..gro maybe |inked together
to forma rint rléf'g ?@?ﬁ ﬁleﬁpﬁgmg%?upﬁ)TS&% °‘g’3’3‘§$ 2) 3, SiPh2,

Si (EI phenyl ) ]J;ydro&r())h] qmbstmyéd)}@dro&ﬂ()oﬂtdlcﬂ fihclignal plou prefedtty Rbky R10 is Si I\/]lcez or
Si Ph2; 5 eac Rll = sel-ecte om rou consisting o
hydrogen depact BYY m?&ﬁ%?ﬁ%%#éﬂ“ﬁ?ﬁwg ngélméhﬁgﬁifﬂﬁ ¥i onal group,
preferaly Rlelhyl &rlm&)iﬁﬁ%ﬁ’dmwl rﬁahéiwlmypblli&ﬁyl, naph@AYAllyD lor BéAeyydven NOT €

preferably R11l is hydrogen, and the Rl]l groups y be the sane or
di f f.erent, n’HOYFH@fQ@lﬂgﬂéﬁ’ﬁ%‘ﬂnWﬂl?éWPBnE@HPS‘?@d’éﬂfﬁéﬁmwfq‘%Wﬁtsa ring, and

Rli:and Rs ”H%dlﬁ%dvblﬁkg%uﬁs%%lb@ﬁﬁkeho forma ring; 1o c |s an integer = 0,
e

1, or 2; dis an jnt 2, eis aninteger =0, 1, or 2; The
sum of ¢, d, tanldRelsllslelleﬂd@lmel@ted@mﬁ@a@wonmnsm%ﬁ@mw and e is for 2,

nore  pr ef er ap%ﬁ/yl, bung pgn'f)rrﬂ l?c];cyl%hd ﬁjle 1sgmgrs ﬁlercgf, prowdcd that when R® and R®

15 and or R and R" form a 5 carbon ring, then each R? is independently selected
from the group consisting of ethyl, propyl, butyl, pentyl, hexyl and the isomers
thereof, preferably R? is methyl, ethyl or propyl, more preferably, R? is methyl,
and the R? groups may be the same or diﬂ:prent;
each R’ is hydrogen; !

20 each R® is independently selected from the group consisting of hydrogen, methyl,
ethyl, propyl, butyl, pentyl, hexyl and the isomers thereof, preferably R®is
hydrogen, methyl, ethyl or propyl, more pi'eferably, R¥is hydrogen or methyl, and

- the R® groups may be the same or different;
C' each R is independently selected from the group consisting of hydrogen,

25 hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R® is
hydrogen, methyl, ethyl, propyl or phenyl, more preferably R’ is hydrogen, and the
R’ groups may be the same or different, and any two R’ groups may be linked
together to form a ring, and R® and R® may be linked together to form a ring, and
R? and R' may be linked together to form a ring;

30 R'"is -Mz(Rlﬁ)h- where M? is B, Al, N, P, Si or Ge, h is an integer from 1 to 2,
such that the valence of M is filled, and R'® is hydrogen, hydrocarbyl, substituted
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15 preferably, provided that if the two Rl groups are |inked, then they do
not forma butadiene group when Mis Zr. In an alternate enbodi nent, when M
is H at | esstoomsos2 group attached to a six carboregrisghossnaot net hyl
preferably at |least two R2 groups are not nethyl, preferably at three R2
groups are not nethyl, preferably all four R2 groups attached 20 to a six
carbon ring are not nethyl. In another preferred enbodinment, Mis Hf, and
both R1 groups are nethyl. |In a preferred enbodi nent, the netall ocene

cat al yst corrpﬁgwasmbsﬁedﬁmaafnalgao@r;ﬂefeﬁm@eﬁaeﬁee%dt&cmtiégﬁo;smu}ﬁ 3: 44 WO
2006/ 025949 PCT/ US2005/ 024240 " Me Mg O R~~M Si (R16)2 ~Rt R8 w O

Me Me Ne Me thisnesr djferest, andany e K| mumwbeé@*eéd?gé@eﬁtr? oup 4 of the

periodi c tabl lo nor Hf , nost
preferably Hf ﬁn%%ﬁ‘ﬁr}aﬁ ?{Ssgfdﬁﬁgggﬁg ﬂ.qOHZP% Flfgg{ gjgé?hez&l 't he group consisting

of hydrogen, SmmeoﬁhrSagoFtplyBubmtandcrddy R yds Sidks n8iPland a f uncti onal group,
R A e RS
napht hyl , al | yydrocabylDa@bairhted IgdBarbyTalica fanaiogd ghtuy, prferbldy REtihy| , and the two
A T T N ML R S
a butadi ene gieRd MAPOmYY bethe’fame or different, and the R'! groups may be linked
together to form a ring, and R'! and R® may be linked together to form a ring;
10 cisaninteger=0, 1, 0r2;
. d is an integer=0, 1, or 2;
- ¢1is an integer =0, 1, or 2;
The sum of'c, d, and e is 1, 2 or 3, preferably the sum of ¢, d, and ¢ is lor 2, more
preferably, the sum of c,d, and e is 1;
15 . preferably, provided that if the two R’ groups are linked, then they do not form a
butadiene group when M is Zr.
In an alternate embodiment, when M is Hf at least one R? group attached to
a six carbon ring is not methyl, preferably at least two R? groups are not methyl,
: preferably at three R? groups are not methyl, preferably all four R? groups attached
20 _ to a six carbon ring are not methyl.
In another preferred embodiment, M is Hf, and both R' groups are methyl.
In a preferred embodiment, the metallocene catalyst compounds used

herein are represented by the Formula 3:



Me is nethyl; each Rs is independently selected fromthe group consisting of
hydr ogen, hydrocarbyl, substituted hydrocarbyl and a functional group,

pr ef er abl y weBobsmzibm hydr ogen, nethyl, ethyl or propypcTaenhes el erably R8 is
hydrogen or nethyl, and the R8 groups may be the same or different; and -45
WD 2006/ 025949 PCT/ US2005/ 024240 each R16 may be the sane or different and
the R16 groups may be linked together to forma ring, preferably each R16 is
i ndependently a nethyl, ethyl, phenyl, biphenyl, o-tolyl, or an arene,
preferably R1p is ngehyl, ethyl, phenyl or an arene. |In any a preferred
enbodi nent of Yany @gf the above fornulae R8 is not a 5 phenyl group and or a
substituted pheny ~J.n_another preferred enbodinent, if the two Rl

d&\ not Born1a but adi ene group when Mis Ti. In
anot her preferfed e | Rfwo Rl groups are |inked, then they do
not form a butad ene hen/Mis Hf 10 In a preferred enbodi nent, the

net al | ocene cat alA N sed herein are represented by the foll ow ng
PCT/ US2005/ 024240 Me Me Me Me O Me M2 Me

Me Me Me  Me-! M M NMeE MMM M MMM MM
M Si(R'®),
RS
{; Me
Me
Me
Me
where:

M is a transition metal selected from group 4 of the peniodic table, preferably Zr,
Ti or HE, preferably Zr or Hf, most preferably HF;

5 each R' is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R'isa
hydrogen, a hydrocarbon or a halide, more preferably R' is a hydride, methyl,

C ethyl, trimethylsilylmethyl, trimethylsilyl, phenyl, naphthyl, allyl, or benzyl, even

more preferably R' is methyl, and the two R' groups may be the same or different,

10 and the two R! groups may be linked, provided that if the two R' groups are
linked, then they do not form a butadiene group when M is Zr;
Me is methyl;
each R® is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R%is

15 hydrogen, methyl, ethyl or propyl, more preferably R® is hydrogen or methyl, and

the R? groups may be the same or different; and
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M M M M M M OMMe MMe Me-- HfF SiMe2 Me -~ HI\ SiPh2 Me M Me O Me
M M Me M Me Me where M is nethyl, Hf is hafnium Ph is phenyl, and Si
is silicon.wopmeamssber enbodi nent the H is repl acedcwivsivogizaaoni um I n
anot her enbodinent, the H is s replaced with titanium |n another

enbodi ment, the netall ocene catal ysts conpounds useful in this invention
are present in a formal +4 oxidation state. In another enbodi nent, the

catal ysts conpounds of this invention are not present in a formal +2

oxi dation - 47edOR2QRHHE & 9k SUTFckEnR HATMORE 24khs noly Bt Bnked ispeth@rencl at ure of
formal oxidation states used here,are described in length in the texts:
Hegedus, L. S. tofpEnsiing Efﬁf‘?%]ﬁféP@R nisinslepengently e srdylpeth ¥x Organic

Mol ecul es 2nd R ﬁ?ﬁsg CA. and

Col t man, blggm ylu?%YF’roF %%ﬁ%bﬁgﬁgly%%%gg 1?%?%1 gﬁg%ntnag?nf ansition Metal
5 Chemi st ry Uni v dn eivtaypreferied smbodimens of any 98the atRae SminileoR” i€A0tal n anot her
preferred enbgdi ment .t | yst conpounds described herein
may be uged iR %%n%r%ouﬂahf%rr{%é&s ﬁ%ﬁﬁﬁglyfz%&ﬁ’ynerl zation and or oligomerization
catal ysts. In a preamtheegtcfentingitotinient, feheitws Ragrousatedinked, thes tepounds ar e
used i n conbi gatl g‘g@wth cat al%st cg{rpg,unds described in any of 10 the

fol | owi ng ref abngdipns e yteR M8 drein: Hatky, G G Chem Rev.

2000, 100, 1347; Al thlmﬁtherl'jﬁ%ﬁédenﬁodﬂéMfﬂBWGRQBQﬁbs arelifed, iR ey Resconi, L. ;
i er

Cavallo, L.; Fait nontesi, F. Chem Rev. 2000, 100, 1253
Brynt zi nger, £ $9t for@m byadienemauy whenMhis Hint . Ed. Engl. 1995, 34, 1143
10 In a preferred embodxment, the metallocene catalyst compounds used

herein are represented by the following formulae:



Ittel, S.D.; Johnson, L.K ; Brookhart, M Chem Rev. 2000, 100, 1169;

G bson, 15 V.C.; Spitznesser, S.K Chem Rev. 2003, 103, 283.; Skupi nska, J.
Chem Rev. wad 99402584, 613; Carter, A et. al. Chem G@Gommmos200Q2, 858;
McCGuinness, D.S.; et. al. J. Am Chem Soc. 2003, 125, 5272; MQui ness,

D.S. Chem Comun. 2003, 334. In another enbodi nent, non-netall ocene
cat al yst conpounds, such as 20 bisam de catal yst conpounds, may be used in
conbi nation iwhte h netal |l ocene catalyst compounds. Bi sam de cat al yst
conpounds ar emglef Mmed to be bidentate Mgisagide cat al yst conmpounds, pyridine
bi sam de catal ySf_caompounds, and am ne TRi/sanmi_de catal yst conpounds.

Bi dent at e bi sa ounds af€ thosevyepyesented by the 25

foll owi ng for 4;0 ?025949 'm@ 2ATMR (CH2 rNM X X~
N RMis Ti, are the sane Ord sref al kyl, aryl, substituted
al kyl , or sufae or different alkyl,
aryl, or halid S. ;
aryl -, and halo-subst&%ﬁed en X is a hglidé, the BP%ani de catal yst
conmpound is typicallyifirsy chemcally modified M Aransform X into an
abstractabl e |igand. i s/can be done by al kyl atiop, for exanple. Pyridine
bi sani de cat al yst Megppuids are al so useful yher&i A. Pyridine 10 bisam de
catal yst conmpounds ar® tRose conmpounds that haygxhe following fornula: jR
N

T,

L Me Me

s

where Me is methyl, Hf is hafnium, Ph is phenyl, and Si is silicon. In another
embodiment the Hf is replaced with zirconium. In another embodiment, the Hf is
5 replaced with titanium.
In another embodiment, the metallocene catalysts compounds useful in this
invention are present in a formal +4 oxidation state. In another embodiment, the

catalysts compounds of this invention are not present in a formal +2 oxidation
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CNR Mis Ti, Zr, or HE R are the sane or different alkyl, aryl,
substituted al kyl, or 15 substituted aryl radicals. X are the sane or

di fferent adpbeo2mmuyl, or halide radicals. Substitutedusiohsrzedsand aryl s can
be al kyl -, aryl-, and hal o-substituted. Wen X is a halide, the pyridine

bi sam de catal yst conpound is typically first chemcally nodified to
transform X into an abstractable |igand. This can be done by -49 WD

2006/ 025949 PCTI US2005/ 024240 al kyl ation, for exanple. Am ne bisam de

catal yst conpsadi) dihe abiBeralatiee dfFaidl oxidkien fatesAiRtd 1R re dpd doadribe@inCat al yst

conpounds are those represent egé,l-)ifthe followng formulg: /RR-77 ~~X R

; ) |
5 Mis Ti, zriengdinthe texgs: Hegpdps, apfigondMetals B‘rﬂ‘ﬁ)f“fhé?‘%?ﬂac"&?WI , aryl,

substituted abdgilic MeleciiatDnd B, ULt Shief R Blecth 599, Sauddlo, CACagMe or different
alkyl, aryl, or halide radicals. Substituted alkyl and aryls can be al kyl -,

aryl -, and hafdmanddht et aht ReinciplepnedApplications ¢ffdrgapetransitien Metahe bi sami de
catal yst, co . . ) . ified to transform X into an
o5 P Bl SRR pr A0 Sl

abst ractabl I's-can e (yl ation, for exanple.
Addi ti onal cat al y&t anotheqyoeferetsl etibadimentythdreetalRedhe catalgsy ndanpvahdson Wit h t he

nmet al | ocne caf al yst., sonpounds descrj.bed herein include. bisjmde catalyst
conmpounds rep‘ieé“sné’ﬁ‘{}ée&e"b aulFféls?‘gif‘ﬁﬁ'P F‘Sﬁp“ﬁgom-ermzwm ™~ Xz where Mis
a grOUp 8, 9, ldligomeization dalaBEter Ml preferedicmbiditheht RtiG ant tdfser abl y Pd, Pt or

-5

compounds are used in combination with catalyst compounds described in any of
10 the following references and references therein:
- Hlatky, G.G. Chem. Rev. 2000, 100, 1347, Alt, H.; Koppl, A. Chem. Rev. 2000,
o 100, 1205; Resconi, L.; Cavallo, L.; Fait, A.; Piermontesi, F. Chem. Rev. 2000,
100, 1253, Bryntzinger, H.H.; et.al. Angew. Chem. Int. Ed. Engl. 1995, 34, 1143;
Ittel, S.D.; Johnson, L.K.; Brookhart, M. Chem. Rev. 2000, 100, 1169; Gibson,
15 V.C.; Spitzmesser, S.K. Chem. Rev. 2003, 103, 283.; Skupinska, J. Chem. Rev.
1991, 91, 613; Carter, A. et. al. Chem. Commun. 2002, 858; McGuinness, D.S.; et.
al. J. Am. Chem. Soc. 2003, 125, 5272; McGuiness, D.S. Chem. Commun. 2003,
334.
In another embodiment, non-metallocene catalyst compounds, such as
20 bisamide catalyst compounds, may be used in combination iwhte h metallocene
catalyst compounds. Bisamide catalyst compounds are defined to be bidentate
bisamide catalyst compounds, pyridine bisamide catalyst compounds, and amine
bisamide catalyst compounds.
Bidentate bisamide catalyst compounds are those represented by the

25 following formula:
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WO 2006/ 025949 PCTI US20051024240 N ; n is the oxidation state of Mand may
be 2, 3, or 4; each X is independently a hal ogen or a substituted or
unsubst i tuW&f”W&?’G’car byl group, a substituted or uRSTHSWIYRt24Y

hydr ocar boxy group, or a substituted or 5 unsubstituted heteroatom

contai ning group; vyisOorl; zisOorl, wheren=y+z+2; R is a heteroatom a
substituted C, to C50 hydrocarbyl group or an unsubstituted C, to C50

hydr ocar byl group; 10 R2 is a heteroatom a substituted C, to C50

hydrocar byl group or an unsubstituted g, to C50 hydrocarbyl group; R3 is a
het eroatom a substituted C, to C50 hydrocarbyl group or an unsubstituted
C, to C50 hydrocarbyl group, preferab a phenyl group; R4 is a heteroatom

a substituted C, to C50 hydrocar by up or an unsubstituted 15 C, to C50
hydr ocar byl group, preferably a phenyl ere any adj acent R groups
may formfused ring systens. g | ary cqm%\unds i ncl ude those described in
the patent literature. |Internatiynal en ubl i cations WD 96/ 23010, WD
97/ 48735 and G bson, et al., Che Co , pp 849-850 (1998), which

di scl ose dii m ne-based Iigands for 20N oup- 8- 10 conpounds that undergo
ionic activation and polynerize olefin Pol ymeri zation catal yst systens

from G oup-5-10 netals, in which the aghive center is highly oxidized and
stabilized by | ow coordi nation-nunber, CIBol yanionic, |ligand systens, are
described in U S. Patent 5,502,124 and its divisional U S Patent

5,504, 049. See also the Goup-5 organonetallic catal yst conpounds of 25 U. S.
Pat ent 5, 851, M4STiakg ot Hi R aré the singd e diffegpatalleyd, andl, aubstitugzd aliyhup- 5- 10,

organonetal |i c, cat ts,.o . S. Patent .No. 6 94, 495 G.oup-11 catal yst
precur sor consp'Bﬁ‘H'H%I%g&?ch\? tgﬁ’fee‘hwaf’ﬁq%‘ﬁbrﬂtﬁa‘yﬁ Lesh ??dlcageful f or

ol n and vsubyitited ARYISdndABlsREN bEAKR!, By ASE hdlb sttt ONIH %32, U. S.
Patent 5,318,935 describes bridged and unbridged, bisam do catalyst 30

conpounds of aligtsfhebisapidg F@a]l*éﬁ?i'l‘ﬂ"én%*ﬁ Wal%‘iyeﬁfﬁé:h%F%»‘Wé?thﬁf@ ton. Bridged

transform X into an abstractable ligand. This can be done by alkylation, for
example.
Pyridine bisamide catalyst compounds are also useful herein. Pyridine
10 bisamide catalyst compounds are those compounds that have the following

formuia:

N/R
QN}\ >
_ /\X
¢
\

M is Ti, Zr, or Hf. R are the same or different alkyl, aryl, substituted alkyl, or

15 substituted aryl radicals. X are the same or different alkyl, aryl, or halide radicals.
Substituted alkyls and aryls can be alkyl-, aryl-, and halo-substituted. When X is a
halide, the pyridine bisarmde catalyst compound is typically first chemically

modified to transform X into an abstractable ligand. This can be done by
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bi s(aryl am do) G oup-4 conpounds for ol efin polynerization are described by
D. -51 WD 20061025949 PCT/ US2005t 024240 H. MConville, et al., in

Or ganonet aMO &35 14, 5478-5480. This reference PEFESARM2 Nt het i ¢

met hods and conpound characterizations. Further work appearing in D. H
McConville, et al, Macronol ecul es 1996, 29, 5241-5243, describes bridged
bi s(aryl am do) G oup-4 conpounds that are polynerization 5 catalysts for

1- hexene. Additional invention-suitable transition netal conpounds include
t hose descr i dkylation, WDeHBIMOB05. Cati oni ¢ Group-3- or Lant hani de- net al

ol efin polyneri zatl - ' | endi-ng U.S. Application
Ser. No. 09/408, 8@8& b?s%@g%%@?%é%ﬁo%ﬁs&keﬁ@%&séﬁ% h%rm%%égﬁ{f lg%i c bidentate
ligand and thamiieratalgstoompouhdsgaaitisse sepadseritéddy thefoBmvisgfoahylat conpounds,

whi ch can be used 10 herein. The literature describes many additi onal

sui tabl e catal yst compound that can be fsed in this invention. See, for

instance, V. C. Gbson, et al; "The Seatch for New Generation Oefin
Pol yneri zation Catal ysts: Life Bey Wet al | ocenes”, Angew. Chem Int. Ed.,
38, 428-447 (1999). 15 Mxtures |Ip a prieferred enbodi nent the processes of

this invention may be used wth two or rmr\?< catal yst compounds at the sane
time or in series. In particulR i'fferent catal yst conpounds can be
activated with the same or differeht athg{ors and introduced into the
pol yneri zati on systemat the saneor different tinmes. As nentioned above,

i nvention process can enploy m xtuwes of catal yst conpounds to select the
properties that are desired fromthe | ymer. M xed 25 catal yst systens can
be enpl oyed in invention processes to aihter or select desired physical or
nol ecul ar properties. For exanple, ni xedRcat al yst systens can control the

nmolecul ar weight_distribuytiqn,of isotactic polypropyl en n.used with the
i nventi oh pr . ay Dl St.rl!l}fjgﬂ'“g%e“?ﬂ\?éﬁ?? ‘_Hr‘lhf 8 %ﬂ@ﬁﬂ“ﬁ%&t%f’yst syst ens
can be used Wyrlshibstifi®d bV RBEAIONX RelibeERkE Sradiffé@éht alkyl, aryl, or halide

radicals. Substituted alkyl and aryls can be alkyl-, aryl-, and halo-substituted.

a

When X is a halide, the amine bisamide catalyst compound must first be
chemically modified to transform X into an abstractable ligand. This can be done
10 by alkylation, for example.
Additional catalyst compounds that may be used in combination with the
metallocne catalyst sompounds described herein include bisimide catalyst

compounds represented by the formula:

R! R?

o

N,
</

where M is a group 8,9,10, metal, preferably a group 10 metal, preferably Pd, Pt or

(

RN R*

15 z
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30 processes to tailor the conposition distribution of copolyners with high
catal yst productivity. These systens can also, optionally, be used with

di ene i nconp@road/izems - 52 WO 2006/ 025949 PCT/ US2005/ 02424@s2mwe02vaci | itate | ong
chai n branching using m xed catal yst systens and high |levels of vinyl

term nated polyners. In preferred enbodi nents two or nore of the above

catal ysts conpounds can be used together. 5 In another enbodi nent preferred
catal yst conbinations include any of the above catalysts (preferably

di met hyl si l yINibis (2, 2,5, 5- tetranethyl cyclohexyl i ndenyl ) haf ni um

dimethyl), wth one or nore di meth i bi s(2-net hyl, 5-
phenyl - | ndenﬂ’f‘l’floﬁ%ﬁ'ﬂrﬁﬂﬂ%ﬁf@ﬁ?f@r‘?ﬂ@eg H’e‘%lhyl silyl bis(2-nethyl, 5-phenyl -

i ndenyl) zircqgj xmlﬁaeeersa@atgﬂaha;igéﬁlaxﬁbmhﬁéh onhﬁﬁb%nmahydm ayphenyl - i ndenyl )
to zirconiumdi nethyl, diméthylsil 3/11 hi s - met hyl , enyly i ndenyl)

Zr(N-R) 2 whegreupra $®stmw19ﬂuns®ﬁtnytp )ldmgrbowmwla)subsnwtcéﬁbt her enbodi ment

the catal yst

di net hy?gmat he‘%@%@#g’gpgﬁrﬁ??&g@% mm%%r??di enyl ) zi rconi um di chl ori de

[ Me2C(fl U) (cpy£pGtB] . 15 Acti vators and Activation Methods for Catalyst
Conmpounds The cat aL' % Qung described herein are conbined with
activators fot" er?'i‘ue procsses of this invention, 20 An activator is

defined as ang' le@naeraaamm“sueﬁmﬁﬁe{gwcs%hydredaruyngb@ﬁﬁeﬁuﬁdnasﬁnnat e at which a
met al conpl ex pol ymeri zes unsaturated nononmers, such as olefins. An
activat or mayCHPS§er hyfrosbyl 8198Pinpl ecul ar wei ght, degree of branching, c

cononongy CONRERH hetbatbth EubdRitRAIaT, td éﬁ hdrodallsy] BBhY/SFRA unsuBstinfed Al UMDXane and
Al uni num Al kyl Activators In one enbo i ment, "one or nore al unbxanes are

ut!é'l zed as afi ta&sqhydrogarbyl grouphe processes of the invention. Al unpxanes,

times calpgd, ﬂét&%tb&:ﬁ%‘%ﬂ_ﬁ%ﬂt& %Wéfog&&r \A%agcfrygggugﬁﬁraﬂhhéﬁb&: t ”E” ¢

conpounds contal ni ng subuni I's an a group.
Exanpl es of aCumExehydmciring lguedp, predtribly apheny geowp; ( MAO) ,

R'isa heteroatom, a substituted C, to Csp hydrocarbyl group or an unsubstituted
15 C, to Csp hydrocarbyl group, preferably a phenyl group,
where any adjacent R groups may form fused ring systems.
Exemplary compounds include those described in the patent literature.
International patent publications WO 96/23010, WO 97/48735 and Gibson, et al.,
Chem. Comm., pp. 849-850 (1998), which disclose diimine-based ligands for
20 Group-8-10 'compounds that undergo ionic activation and polymerize olefins.
Polymerization catalyst systelﬁs from Group-5-10 metals, in which the active
center is highly oxidized and stabilized by low-coordination-numbet, polyanionic,
ligand systems, are described in U.S. Patent 5,502,124 and its divisional U.S.
Patent 5,504,049, See also the Group-5 organometallic catalyst compounds of
25 U.S. Patent 5,851,945 and the tridentate-ligand-containing, Group-5-10,
organometallic catalysts of U.S. Patent No. 6, 294, 495. Group-11 catalyst
precursor compounds, activatable with ionizing cocatalysts, useful for olefin and
vinylic polar molecules are described in WO 99/30822.
U.S. Patent 5,318,935 descnibes bridged and unbridged, bisamido catalyst
30 compounds of Group-4 metals capable of a-olefins polymerization. Bridged

bis{arylamido)Group-4 compounds for olefin polymerization are described by D.
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nodi fi ed net hyl al unoxane (MVAO), et hyl al unoxane and i sobutyl al unoxane. -53
WO 2006/ 025949 PCT/ US2005/ 024240 Al kyl al unoxanes and nodi fi ed

al kyl al unoxanmscesm? sui t abl e as catal yst activators, PeaEUBiceul2ede y when t he
abstractable ligand is a halide. Mxtures of different alunoxanes and
nodi fi ed al unoxanes may al so be used. For further descriptions, see U S.
Patents 4, 665, 208, 4, 952,540, 5,041,584, 5,091, 352, 5 5,206,199, 5, 204, 419,
4,874,734, 4,924,018, 4,908, 463, 4,968,827, 5,329,032, 5,248,801,

5, 235, 081, 5, ASMcConville, 2t A1Q & OZdnaaiehit 19955 64| 547865480, THiPre@redd® 586 Bl, EP O
516 476 A, EP 0 594 218 Al and WD 94/10180. Wen tﬁe activator is an

al unoxane ( mORIFSENE SMBIELG AFFBS AREPMPOWY pharacisrzauAn SISt the maxi mum

amount  of aCtip\S@irﬂFirﬂﬁ. B RREOIRL & M RFonRreRSS1994,09 424 Nsmaser the cat al yst
conpound (per netal catalytic site). The m ni num

act i vat or - t o- deseribes/byidgeddrisfonianidoXorounsd eampoynds thet are polymaerizatiani 0. Al unoxanes

may be pyoduc € rQliy:si ne_r. fy ' | um num
corrpoundg. Mm%garlﬁé f‘%)rg%ﬁ%lgugg%ﬁ%@l @%%ﬁlﬁid@oﬁﬁgg%ln\éﬁmeﬁleoﬂlé’tlts ?%/d?al um num and a
hi gher tri al kiptlatiethdsa descshed in WS 3640880 Miatiphia Gunp3uon Lafithardvlldagetsl are general |y
nore soluble in.aliphatic solvents agn re stabl ri . storage. There
are a vari et y°‘8?“I?P@F'rf86¥l°P8?m ‘f"éb%f??ﬁg"sgg mgﬁﬁg‘gijn%%%?% " al unoxanes,
non-1imting Rya9EbEesHfiledbd Stpteriber S CAinkRGanidhidbidntalRaigeitanllo. 4, 665, 208,
4,952,540, 5,091, 352, 5,206,199,. 5,204,419, 4,874,734, 4,924,018,

4,908, 463, 4, Sgnanemmions: lgadsgipbilizathasssatalys compopnds, wiyeh cag bsseedogy | 5 157, 137,
20 5,103 031, pepein91, 793, 5,391, 529, 5,693, 838, 5,731, 253, 5,731, 451,
5,744,656, 5,847,177, 5,854,166, 5,856,256 and 5, 939, 346 and Eur opean

publ.i cati ons EP- A-Thgliggureiqescribprmamy pddjtiombsuigide camtyspeampguad thetg and EP-B 1- 0
586,565, and BTh. uf Bl aheRRs. YR BtARA0V A0 Gl W90 PR 4en] | Of which are

herein fully 1 ncorporate y reference. it maybe preferable to use a
vi sual | y cl eafor New+GenérgtionlQlefmEahenerization CatdlysteLifg Bicyond Metallneenesie can be

filtered to pr,oduce,a c ol,ut,i cl ear al unoxane can be decanted
from'the cl ou’é"fe‘s”b 1}5T‘ojﬁs%gﬁg?’h%zg'ugﬂgéérred al unoxane is a nodified nethyl

al unoxane (MVAO cocatal yst type 3A (commercially available from Akzo

Chem cal s, Inc. under the trade name
Mixtures

In a preferred embodiment the processes of this invention may be used
with two or more catalyst compounds at the same time or in series. In particular
20 two different catalyst compounds can be activated with the same or different
activators and introduced into the polymerization system at the same or different
© times.

As mentioned above, invention process can employ mixtures of catalyst

(;

compounds to select the properties that are desired from the polymer. Mixed
25 catalyst systems can be employed in invention processes to alter or select desired
physical or molecular properties. For example, mixed catalyst systems can control
the molecuiar weight distribution of isotactic polypropylene when used with the
invention processes or for the invention polymers.
Mixed-catalyst systems can be used with the invention polymerization
30 processes to tailor the composition distribution of copolymers with high catalyst

productivity. These systems can also, optionally, be used with diene incorporation
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Modi fied Met hyl al unoxane type 3A, covered under patent nunber US 30
5,041,584). -54 WD 2006/ 025949 PCT/ US20051024240 Al um num al kyl or

or ganoal unveumsozmdounds whi ch may be utilized as acR¢NeRMO2L2Hr scavengers)
i nclude trimethylalum num triethylalumnum triisobutylalum num
tri-n-hexylalumnum tri-n-octylalumnumand the |ike. In another

enbodi nent, the activator is not an al unoxane, preferably the 5 activator

i s not nethylalunpoxane. Alternately the catal yst system used herein

conpri ses | eso fabitintedordg ohvein Ghihctingafsing mivdduatalya Restents.and liph kveleofAct | vat ors 10
It is within th? scope OE this invention to use an ionizing or

st oi chi onet r i &Y SERPYEARYYMEFaut ral or ionic, such as tri (n-butyl) anmmonium
tetrakis (pentaf tipsrarneRBbdimBRE S or ﬁmwdfmeawemmwumr on metal | oi d
precursor or a trisperfluoronaphtyl boron nmetalloid precursor,

pol yhal ogenatcagbeusediogtiesrane ani ons (WO 98/ 43983), boric acid (U.S. Patent
No. 5,942, 459) or Fan e processes of
this i néenu on. P%Emgﬁé@tgb%ge%%r&%ﬁﬁgﬁhxﬁéom?aﬁg %f}s{a\s&r%ven |tf(’)@n to use
neutral or icnbtm: catalystvejrefcrsblﬁﬂnmumybﬂyl bis (Zzhﬁﬁ*ftctamethpl cydlblielvylal unoxane or

nodi fi ed al unpxa cti vat es of..ne I 0|c tric activators
include tri- s‘ﬁ%ﬂr’]ﬁ‘ g 4 fﬂgﬁ Wi %qu(’ﬂP’lO{?rﬁfd‘g}eMSﬁﬂr}ﬂs zg’gf‘tF n and i ndi um or

m xtures t herme:iyl-m“&b@l)tzh&a@n?&lc}ﬂuhﬁx dnmamﬂhlygbl@(u@ﬁetm &-phani | ndependent |y
selected from substituted al k aryl s,

al ke al o

aryl hal i des, $ ii""’&ﬁﬂmﬁ&qf‘%’/”&fair di ? Vlapﬂﬁ(%/me@‘l"ules'?li‘ﬁ“é]emd lSﬁups are
i ndepengent | yisgligs Hﬁiithfyf emeh@lsﬂg% (2%[1{91 Qrphayi-ﬁlu&m lZe@®-), ncl uding C
hal osubstituted) ary %/ ,and al kenyl conpounds and m xtures thereof,
pr ferred ar eréfFCl&ﬁymeﬂg’l Gﬂi‘pﬁ buidwr hexyD- t o 20 carbon atoms, al kyl groups

glto 252 Ban, V|nglto 20 carbon atons
and aryl groups hglw %’ 3 tbg&@g&c %&M‘)&h@ﬂ??sn% udi ng substituted aryls).
Mor e pref er ablimethylinethenyl{fl@wenyh@pgiepentndicral)kiydosiutmalihiogidé t 0 4 car bon groups,
phenyl , napt t hereof . Even nore preferably, the three groups
are haI ogenat &2&‘3?)???@'%% fluorinated, aryl groups. Mst preferably, the
neutral 1sstoi chionetric activator is

Activators and Activation Methods for Catalyst Compounds

The catalyst compounds described herein are combined with activators for
use in the processes of this invention.
20 An activator is defined as any combination of reagents that increases the
rate at which a metal complex polymerizes unsaturated monomers, such as
olefins. An activator may also affect the molecular weight, degree of branching,

C comonomer content, or other properties of the polymer.

25 A. Alumoxane and Aluminum Alkyl Activators

In one embodiment, one or more alumoxanes are utilized as an activator in
the processes of the invention. Alumoxanes, sometimes called aluminoxanes in
the art, are generally oligomeric compounds containing -Al(R)-O- subunits, where

30 R is an alkyl group. Examples of alumoxanes include methylalumoxane (MAO),

modified methylalumoxane (MMAQ), ethylalumoxane and isobutylalumoxane.
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30 trisperfluorophenyl boron or trisperfluoronapthyl boron. -55 WO
20061025949 PCT/ US2005/ 024240 Ilonic stoichionmetric activator conpounds may
contai n an ¥etW¢ESH ot on, or sone other cation assodACIHUEEWOHPAPE but not
coordinated to, or only |loosely ‘coordinated to, the remaining ion of the

I oni zi ng conpound. Such conpounds and the |ike are described in European
publications EP-A-0 570 982, EP-A-0 520 5 732, EP-A-O 495 375, EP-BI -0 500
944, EP-A-0 277 003 and EP-A-0 277 004, and U.S. Patent Nos. 5,153, 157,
5,198, 401, 5, Gﬁc@laanlﬁ$@ﬂ600ﬂﬁibd alkylakithoQdBs are §1it318d ax@Blysind 5, 502, 124 and

U S. Patent li.cati r No. 08/ 285 380 f'.Ie . August 3, 1994, all of

whi ch are herAg‘{%Hat? ik ’CVlﬁriyw 815 R g?@géﬁﬁ@ ’dﬁbﬂg‘f‘ Q‘ﬁ%é’ﬁ activators

i nclude a cat dﬂBreﬁthxﬁﬂm&@Wh&@ﬁﬂdQﬁﬁﬁ:&meﬁﬁﬁyﬂﬁWbeb@ed ¥or fuglwresent ed by the
on component having the

foll owi ng formul a: (W+?pg$](NCA
charge if 15 FREQUPlpes, see drq%’tz?qqu’é%ﬂ?ﬁ H‘élv?sﬂgs HeSeharge h- f is an

i nteger §rom 4,6099, 5&114%1@'1 S’iﬁtﬁﬂﬁ@zi bﬁﬁhboé £5334,968, @R $po@ne constrained by
t he rel ati onshi p: ‘Thé cati on conponent, (W+) may

i ncl ude Bronst.248, %18%3%1(5&*5 ﬁglé% étIBhQ 1 pg EB10 561 é?ﬁ)ﬁhtEé’d) 278886 bases or
reduci bl e LewB§ lﬁﬁiﬂ? 4§§Ra§§, § 584 2 1RTAAL RS P? 18o. abstracting a moiety, such

as an akyl or rom an anal'ogous netallocene or G oup 15 contai ning
transition net aI dﬁhmltlysﬁctlmmnmrﬂiunqxam{hmmﬁgl ormunmodified)oxme  transition

nmet al species erre enbod to ncl ude a cation
and an ani on e'ﬁgo\q%%c?ﬁlgﬁ R ‘?‘%ﬁ?‘??éﬁ& %6% fs‘?ﬁ‘gfﬁ%ﬁ “P8wi ng f or mul a:
(LB-Hf +hg ( NCAMM) dverdiecatdlyst ¢dtpotindipéieetal adtaljrtR:\MtS) t!'asmmmaﬁ H is hydrogen;

NCAh is a non-coordi natll ng ani o hawq r]e charge h- -56
activator-to-cata yst-compoun is typical 9:1 1:1 molar ratio.

';:..« Alumoxanes may be produced by the hydrolysis of the respective
trialkylaluminum compound. MMAO may be produced by the hydrolysis of
trimethylaluminum and a higher trialkylaluminum such as triisobutylaluminum.

15 MMAQ?’s are generally more soluble in aliphatic solvents and more stable during
storage. There are a variety of methods for preparing alumoxane and modified
alumoxanes, non-limiting examples of which are described in U.S. Patent No.
4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, 4,874,734, 4,924,018,
4,908,463, 4,968,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081, 5,157,137,

20 5,103,031, 5,391,793, 5,391,529, 5,693,838, 5,731,253, 5,731,451, 5,744,656,
5,847,177, 5,854,166, 5,856,256 and 5,939,346 and European publications EP-A-
0 561 476, EP-B1-0 279 586, EP-A-0 594-218 and EP-B1-0 586 665, and PCT
publications WO 94/10180 and WO 99/15534, all of which are herein fully
incorporated by reference. It may be preferable to use a visually clear

25 methylalumoxane. A cloudy or gelled alumoxane can be filtered to produce a clear
solution or clear alumoxane can be decanted from the cloudy solution. Another
preferred alumoxane is a modified methyl alumoxane (MMAQ) cocatalyst type
JA (commercially available from Akzo Chemicals, Inc. under the trade name
Modified Methylalumoxane type 3A, covered under patent number US

30 5,041,584).
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WO 2006/ 025949 PCT/ US2005/ 024240 f is an integer froml to 3, his an
integer froml to 3, g and h are constrained by the relationship: (g) x (f)
= (h) x (i YOrmeAzesi vating cation (W+) nay be a Br oRETBRIGEORE4 (LB- Hf +)
capable of .5 donating a proton to the transition nmetal catal yst conpound
resulting in a transition netal cation, including amoniuns, oxoniuns,
phosphoni ums, silyliums and mxtures thereof, preferably amoniunms of

met hyl am ne, aniline, dinmethylamne, diethylanmne, N-nethylaniline,

di phenyl anmi ne, trAhmtmuyiealmlme;rganbalmtnhgnhammndsmmrrm'tﬂqytlkmdIa$ ne,

i Lro- N s dPBeRgam et T e e bV EMA A phosph ne.

t ri phenyl phosmkibaglaluaiitling iopAdessiaeaiseh, the,ocokhmings afdthalikeet her s such as

di ret hyl ether diethy| ether, tefrahydrofuran and di oxan sul foniunms from

thi oethers, such Hengheembed lwmtdﬁ%av&;orawtmwa%me% "g}!ﬂf@ﬁe and m xtures

ther eof 5 15 LB aRF s nithd a1 eRdafd) Aﬁéfnﬁbeume/ca&hymy&ian Aeddbefr acting noi ety

such as silver, carboniuns, tropylium “carbeniuns, ferroceniuns and

m xt ures, pré’ﬂﬁplﬁbﬂilysthéfaﬁbwnlgbﬁ%o aclimoxpgceni uns. Most preferably (W+) is

tri phenyl carboniumor N, N-dinethylanilinium The ani on conponent (NCAh)

i ncl udes those having the fornula 20 [ TT+Qk] h- wherein j is an integer from

1 to 3; k is Bhlonizisgeddivatorom 2 to 6; k - | = h; T is an elenent selected

fromGoup 13 or 15 of the Periodic Table of the C Elenents, preferably

boron or alum num and Qis independently a hydride, bridged or unbridged

ﬂi SI kyl mrt;‘i Flo hhial it@b&htr)lt}ﬂi ﬁsxdgﬁleofﬂas Wmﬁbﬂ& ush%ﬁbﬂﬁlﬁg glwrt]cml:hlmdnﬁb itut eg

ydr ocar by al ocar by sybst i t ut al ocar an al osubstituted 25

hﬁ&ocar byl rP&HtEneutt a&&”ﬂ‘“@“ﬁ@\i‘? ﬁ BHSat ons with the proviso
not aﬂu$rba13nﬁ) w6 b ERPGRudrsphédyRhdiad metlloidpredudiopd &y, each Qis a

fluorinated ydr ocarb group having | to 20 carbon atons, nore preferably

each Qis a mqpa@wrﬁmpgﬂl Boren m@%‘l?eﬂwreoaﬁar, Rej¥halogenated hatrohorarech Q i s a
pentafl uoryl gioyd (vith 9813983y, BhicWRa{0Q0P Nar R3S, 935 W5 432 00mYiRA64 40

15 thereof as an activator in the processes of this invention. 1t is also within the

scope of this invention to use neutral or ionic activators alone or in combination
with alumoxane or modified alumoxane activators.
Examples of neutral stoichiometric activators include tri-substituted boron,
teliurium, aluminum, gallium and in&ium or mixtures thereof. The three
.20 substituent groups are each independently selected from alkyls, alkenyls, halogen,
substituted alkyls, aryls, arylhalides, alkoxy and halides. Preferably, the three
groups are independently selected from halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl compounds and mixtures thereof,
C preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1 to
25 20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups
having 3 to 20 carbon atoms (including substituted aryls). More preferably, the
three groups are alkyls having 1 to 4 carbon groups, phenyl, napthy] or mixtures
thereof. Even more preferably, the three groups are halogenated, preferably
fluorinated, aryl groups. Most preferably, the neutral stoichiometric activator is

30 trisperfluorophenyl boron or trisperfluoronapthyl boron.
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Exanpl es of suitable (NCAh-)j also include diboron conpounds as disclosed in
U S Pat. No. 5,447,895, which is fully incorporated herein by reference.
Addi ti onal WORSABI’#® ani ons are known in the art and RFT/PSBB0343#% abl e for use
with the catal ysts of the invention. See in particular, U S. patent
5,278,119 and 5 the review articles by S. H Strauss, "The Search for Larger
and More Weakly Coordinating Anions", Chem Rev., 93, 927-942 (1993) and C
A. Reed, "Carboranes: A New C ass of Wakly Coordinating Anions for Strong
El ect rophi | es, O(ianb;rstoa’;chmtr@wp@rambcd@opnd&my c@henmn Rbve prot@d, or 133 - 139
(1998). Il lustrat but conmpounds whi ch may
be 10 used as™&f Scﬁl?/ afsfoﬁ‘é{eg(‘)vé‘g]tbélh}ogfo‘i"” e Ofglblé?oogl on of the inproved
cat al yﬁtls of doBidfated tb\/ﬁ:ﬂ':;dn&ﬁmwxent}frthensnibﬁgbctmﬁo&w Bipievimpoursial t s slucgh as:
trinmethy ammnl umtetr enyl.bor at e riet ni etr enyl bor at e,

tri propyl anmoif fiqlikesr iy Birages C%“Pi‘s(lér/{’ gtﬂvpﬁﬁﬁhﬁpgﬁ?

t et raphenyl borsatga-aA-o49k 6¥s, 1EPIB/1LO WQIEPUAJ‘OQW 80338 EPh00 2172004,
NI\l-dllnethylanlllnlumtetrah | bor'at e, dlethlanlllnlum

t et rapheny| bomnd{UeS. PatsptRiogi kS8 AT 5(128 40155066, Tﬂétﬁz%qﬁdﬁV,lﬁ,%W%

tetraphenyl b I henyl ) bor at e,
triethyl ammg{%%?%f%{r&ast(f{og?gﬁe%%ﬁa %&h#@nkﬁoﬁgg&gﬁg%{zﬁ b?tglﬁ;nfl‘:ian’rn)nl um

t et r aki s( pent AugusiGr Bi9Aaathyaf whish alteépreintfuli}(momomjéd)famfmmam

tetraki s(pentafl ugr n Qr.a tri c- but

t et raki s(pent af | ug g%%@ﬁéﬁ‘% 'Bél}citut%%acaé"gn a&i“ﬁ‘@?%‘i’%‘mﬂ Ihaﬁ‘ rﬁ'be

t et r aki s pentfrcunedphbaflipwingfaingla: N, N-di et hyl ani | i ni um

tetraki s(pentafl uorophenyl) borate, N, Ndinethyl-(2,4,6-tiinelbylanilinium
t et raki s(pcnt af |l uorophenyl) borate, trinethyl amoni um

t etwaki s- (2, %ﬁlﬁ%é@hbgfl uor ophenyl borate, triethylamoni um
tetrakis-(2,3 tetrafl uorophenyl) borate, 30 tripropyl ammoni um
tetrakis-(2,3,4,6-tetrafl uorophenyl) borate, tri(n-butyl)ammonium
tetrakis- (2, 3wh §atsionabhpaeR heviei e shaherrat e,

15 NCAP s 2 non-coordinating anion having the charge h-
fis an integer from 1 to 3.
h is an integer from 1 to 3.

g and h are constrained by the relationship: (g) x (f) = (h) x (i).

The cation component, (Wf"‘ ) may inciude Bronsted acids such as protons
20 or protonated Lewis bases or reducible Lewis acids capable of protonating or
abstracting a moiety, such as an akyl or aryl, from an analogous metallocene or
Group 15 containing transition metal catalyst compound, resulting in a cationic

transition metal species.

O

In a preferred embodiment, the activators include a cation and an anion

25 component, and may be reprcécnted by the following formula:

. -
(LB-H™)g (NCA™)
wherein LB is a neutral Lewis base;
30 H is hydrogen;
NCAh' is a non-coordinating anion having the charge h-
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-58 WD 2006/ 025949 PCT/ US2005/ 024240 di et hyl (t-butyl)amoni um
tetrakis-(2,3,4,6-tetrafl uorophenyl) borate, N, Ndinethylanilinium

t et raki s- (V20 Bwel2604p et r af | uor ophenyl ) borate, N, N- direrhigtoasio2hismi um
tetrakis-(2,3,4,6-tetrafl uoro-phenyl) borate, and

N, N-di methyl -(2,4,6-trinethylaniliniumtetrakis-(2,3,4,6-tetrafl uorophenyl)
5 borate; dial kyl ammonium salts such as: di-(i-propyl)amoni um

t etraki s(pent afl uorophenyl) borate, and dicycl ohexyl amoni um

t et r aki s( pentighd inegedvanylo)3, borate; and tri-substituted phosphonium salts
such as: trjphenyl phosphoni um tetraki s(pentafl uorophenyl) borate,
tri(o-tolyl)PHGRENeES: WM 18 bet r aki s(pent af | uor ophenyl ) borate, and

b
tri(2,6-di mgmm@%ggﬂwgﬁﬁ@gwﬁhsﬂ%t yakh s(@sntyaf | uorophenyl) borate. Most

preferably, the ionic stoichionetric activatoris N, N-dinmethylanilinium

tetra(perfluor Oph%@xé&vbcmg%&nqgg%ayweiamﬁh 6&d, RERIATMY. capable of

tetra(perfluorophenyl)borate. 151 n one enbodiment, an activation method
usi ng i-®ni zi AepalingH protowiepleairadsitionoetalcalysticompryndiresiding ip@ prot on but capabl e

of produci ng,_an..anal 0go . I n VSt i nd their
non- coor di nafri%’rﬁgjlg%%ﬁ%ﬂcag?némgﬁ] g%g a@%ﬁ %r'ﬁ%%%?rlé%?s’ gﬁogsﬂgglgmg’escri bed in EP-A- O
426 637, EP- Alylitmbahd riBreathereb, freferdBhtaamioniims obm@8ylarba8, anikine,.ch are al |

herei n i ncorpor at ed. by..referencge. " The t.erm."non-coordi nati ng ani on" ( NCA
means an ani lﬂle&%‘%@weg‘f’?ﬁ@?ﬂ“nﬂ%’g@e‘ﬁg?m%o%@eﬂgmmf’émg%{Fﬁa"ﬁ'&?’i o% or whi c§1 is)
only weakly eRoyEnaR!RN-digethRutilineCRabth@AdiphdiGlaming, pyfigme, pisigmsuf ficiently

| abil e to be_displaced by a.neutral Lew s base. "Conpatible"

non- codf di nalNhhgimeHyRRLnG paitio Rl Sedifpgiypni dncePhosRhoples 8880 to  neutral ity when
the.initiall ﬁeﬁﬂfpfg&?ﬁﬁﬁ'@h@ﬁﬁfﬂsﬁﬂﬁa@%@t@i hNOBhSsPRES bReHulnroip ani ons usef ul

I rikaccordance Wt i S invention are those that are conpatible, stabilize
the metal catthgnsuchagdimethdgther dethy] gihas, tefraydiofusan 258 diox¥l§ar ge, yet retain

sufficient | ghili ] i . i g&l 4;]] or
acet yl eni cal ﬁ@fohﬁﬁé%ﬁ@?%%%%%%éxégﬂ@ %“‘%ﬁﬁ“@%&?‘?@ﬁ“ﬁ% . gse types of
cocat al yst s mbowettheres. use tri-isobutyl alum numor tri-octyl alum numas a

scavenger . o ) ) _
15 The activating cation (W f+y may also be an abstracting moiety such as

silver, carboniums, tropylium, carbeniums, ferroceniums and mixtures, preferably

carboniums and ferroceniums. Most preferably (Wf+) is triphenyl carbonium or

N, N-dimethylanilinium.
The anion component (NCAh') includes those having the formula

20 [Tj+Qk]h' wherein j is an integer from 1 to 3; k is an integer from2to 6;k-j=h;
T is an element selected from Group 13 or 15 of the Periodic Table of the
Elements, preferably boron or aluminum, and Q is independently a hydride,
bridged or unbridged dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, and halosubstituted-

25 hydrocarbyl radicals, said Q having up to 20 carbon atoms with the proviso that in
not more than 1 occurrence is Q a halide. Preferably, each Q is a fluorinated
hydrocarbyl group having 1 to 20 carbon atoms, more preferably each Q is a

fluorinated aryl group, and most preferably each Q is a pentafluoryl aryl group.
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30 Invention process also can enpl oy cocatal yst conpounds or activator
conpounds that are initially neutral Lews acids but forma cationic netal
-59 WO 2008V00R8saB4PCT| US2005/ 024240 conpl ex and a n8ATUHBEA4KH# ng ani on, or
a zwitterionic conplex upon reaction wth the invention conpounds. For
exanpl e, tris(pentafluorophenyl) boron or alum numact to abstract a

hydr ocarbyl or hydride ligand to yield an invention cationic netal conplex
and stabilizing noncoordinating anion, see EP-A-0 427 5 697 and EP-A-0 520

732 for illu i a(@@ bgous : sclGRApPeuUnds. Al so, see
t he met hods Z%\x&%%fgrprpg%ﬁﬁ%é 0 AE&%&%@EH%@?H%@AUB%???}%@W of zwitterionic
conpl exes usili§. Beh oo 5445856 which 14 fidly impomocied hereip by Wf&GencRat ent s 5, 624, 878;

5, 486, 632; and 5, ..929. .Addi t.i onal, neutral lew s-aci e known in the
art and are sui tag‘i_%émf’?)“? S“i@’ & QTS Aeppgp ’Fdﬁm a"\éml’?'?lbﬁei sc':‘ﬂ;tile Shif€. see in
particul ar theitf |y éaysarof theli®emion ESeeYn paticulde @8, paket 278,110Bddks, " Cocatal ysts
for Metal -Catal yzed efin_ Polynerization; Activators, Activation

Processé’s, arnthe Briewattisles by tH- irpuss, REbesYeprsh & iLprger andiivlorg Wealdy, . | 100,
1391- 1434 (20@&}%@(}9%%{09? @&;@h%s,t%’@gmgw dofQfPcNRiReePNt @i N at | east one

hydride or 15 hydrocarbyl 1igand but oes contain at least one functional
group |i gand, "Cathetaness A Wéw Glassid Weakly Soordinatirigldongns ffargémuis, and the functi onal
ar oup. || GandSpgl SotlRl oSaRR MRkt Ul G ORLZ 3003808 (K 07, W L1 Lhe
i oni zi ng, anion p?e-dursor conmpounds’,” These Tunct’i onal "group |igands can be
converted via knoWltusadtivy,|bat kod hmiting axzriptes s burérhcompgame wbichinlay be conpounds such

as lithiumor_ alum num hydrides 20 or al kyl al kyl al unpxan Gignard
reagent & et c‘fse‘gaésém -vg' %ﬁfgﬁ’@hlﬂ, e@@ﬂag%lo%n@@eiﬁg?)ﬁgpiﬁq% 612 768 for
anal ogous pr ogesfi@sarel @B ibtiitelrnitihivheans swenawf  al kyl al um num conpounds

wi tb anal ogous, di hal i de, substituted netal |l ocene ¢ conpounds prior to or with
the addition gPehyampgpirmdetphyby@enati ng ani on precursor conpounds. 25
When the catigagyahmbnie dalcpbdtg ani on precursors are Bronsted acids
such as protons or protonated Lew s bases (excluding water), or reducible
Lewi s aci ds &prepylammemwnp isgmaphiepidbasite.si | ver cations, or alkali or alkaline

earth gt al CtﬁEﬂ-lg.ll?ﬁ)arnmonium tetraphenylborate,

tri(t-butyl)ammonium tetraphenylborate,
N,N-dimethyianilinium tetraphenylborate,
N,N-diethylanilinium tetraphenylborate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetraphenyiborate,

20 tnmethylammonium tetrakis(pentafluorophenyl)borate,
triethylammonium tetrakis(pentafluorophenyl)borate,
tripropylammonium tetrakis(pentafluorophenyl)borate,

£ tri(n-butyl)ammonium tetrakis(pentaflucrophenyl)borate,
tri(sec-butyl)ammonium tetrakis(pentafluorophenyl) borate,

25 N,N-dimethylanilinium tetrakis(pentafluoropheny!) borate,
N,N-diethylanilinium tetrakis{pentafluorophenyl) borate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis(pentafiuorophenyl) borate,
trimethylammonium tetrakis-(2,3,4,6-tetrafluorophenylborate,
triethylammontum tetrakis-(2,3,4,6-tetrafluorophenyl) borate,

30 tripropylammonium tetrakis-(2,3,4,6-tetrafluorophenyl) borate,
tri{n-butyl)Jammonium tetrakis-(2,3,4,6-tetrafluoro-phenyl) borate,
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such as those of sodium magnesiumor lithium the catalyst-conpound-to-
activator nolar ratio nmay be any ratio. Conbinations of the described
activat or B02088H84¢nds nay al so be used for activat i BET/URMORHNMI e,
tris(perfluorophenyl) boron can be used with nethylal unoxane. -60 WO
2006/ 025949 PCTI US2005/ 024240 C. Non-ionizing Activators Activators are
typically strong Lew s-acids which nmay play either the role 5 of ionizing
or non-ionizing activator. Activators previously described as ionizing
activat or s mdimeghyiobiel)arsmuivastetndas-(2 i cztewdluaropliionsl) brrge, Abstraction of

f I t I b d th L d t hat di spl
a19 1[ imralli tge? oi?\{‘lﬁé’lr?g}?y?@f!"f%h Eaé(fasg 133\:;6%8@%7’}95}?3%%?/\%%' ail ds :re | tS spia%:/a?lny

unsat urated ®N aym,ﬁmﬁnémmt(edz;6Extadmble.§gh@fyl)moﬁate; @di zi ng activators 10
i nclude R1(p 1 t 3i where R10 is , a gro ment and 1 is a hydrogen, a
hydr ocar byl ~ 1346 @H“W&ﬁ"ﬁ@&‘ﬂﬁ?‘rmw 3&? q"‘iﬁﬁ%ﬂuf’@ﬁléqny roup. Typically,

R11 is an arbglgg: or a perfluorinated arene. Non-ionizing activators al so
i ncl ude ‘weakly c¢oordinated transition netal conmpounds such as | ow val ent
ol ef i n conpl aedey] amjoepibm mltsﬁmga%ﬂah*prfmsl)mmml oni zi ng activators include

Bwe3, BEt 3, b3 3, Al (iBu)3, Al Ph3,
B( C6F5) 3t al u&%%é‘%eﬁ%ﬁf’ﬁfm’f%%ﬁgﬁ erl%ﬂ)e‘\lil"Et Addi tl(ijngl) neut r al

Lew s-aci ds aamkik@anﬁluomphdmgl) borhtezand trw;dblsntined pimis;ihahihm salterucl'edsst racting

for mal neutral. d artjcu e rev e by E. Y.-X
Chen and T, ) TRgposmen i e sPaypropfi) Bt G S DRtomoRBY | yver | 7at i on:
20 Actipat or Sen'aA@prMﬁlﬂofbj)thW)B@ﬁt& efad rH26- dﬁmh&%ﬁ)@p}ﬁ&phwﬁw Rel ati onshi ps”,
Chem Rev., 100, 1391-1434 82000) Preferred non-1onizing activators
i ncl ude RLO( rARKS(peripliowPheny)) baale’ group 13 el ement and RI1 is a hydrogen, a
hydrocar byl , moswbﬁsiabty%@gniamcﬁfaﬁlem laetivRfori@N N-3dlefhyRsiihamal group.
Typical ly, Rl i's an arene or d.B | uori nated arene. 25 More preferred
non- i oni zi ng tele{retfiomwphenyPhoralerndl Wphynglcalpgndyie R12 is a an arene or a
perfl uorinat gg, e preferred non-ionizing activators include
B(C6HS)3 and @gﬁgﬁ?pﬁ%ﬁgka?%cul arly preferred non-ionizing activator is
In one embodiment, an activation method using ionizing ionic compounds

not containing an active proton but capable of producing an analogous
metallocene catalyst cation and their non-coordinating anion are also
contemplated, and are described in EP-A- 0 426 637, EP-A- 0 573 403 and U.S.
Patent No. 5,387,568, which are all herein incorporated by reference.

20 The term "non-coordinating anion" (NCA) means an anion which either
does not coordinate to said cation or which is only weakly coordinated to said
cation thereby remaining sufficiently labile to be displaced by a neutral Lewis

. base. "Compatible” non-coordinating anions are those which are not degraded to

C’ neutrality when the initially formed complex decomposes. Non-coordinating

25 anions useful in accordance with this invention are those that are compatible,
stabilize the metal cation in the sense of balancing its ionic charge, yet retain
sufficient lability to permit displacement by an ethylenically or acetylenically
unsaturated monomer during polymerization. These types of cocatalysts
sometimes use tri-isobutyl aluminum or tri-octyl aluminum as a scavenger.

30 Invention process also can employ cocatalyst compounds or activator

compounds that are initially neutral Lewis acids but form a cationic metal
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B(C6F5)3 More preferred activators are ionizing and non-ionizing activators
based on perfluoroaryl borane and perfluoroaryl borates such as PhNwve2H* 30
B(C6F5) 4 , WsRhbndfs B(C6F5)4 , and B(C6F5)3 - 61 WOp2@RGANIRIASD

PCT/ US2005/ 024240 Additional preferred activators that may be used with the
catal ysts conpounds di scl osed herein include those described in WO

03/ 064433A1, which 1is incorporated by reference herein. In general the
catal yst compound(s) and the activator are conbined in 5 ratios of about
1000: 1 10 aboymyflninda ndrdodtuiRiith i - £ARALtARUmbleeufAbakliah  compounds and
t he activator arpe con%lne In aratiro o 1 to about 1:1,

pref erably abwiil the 5@¢rtion corafiyonds. forlexarhpib, tbiip@tu@BQIOIﬂEn)él@son al uni nat es, etc.
the ratio re1 u bout kyI al um num
conmpounds (sucﬁ uma%t? %lﬁg?(:? h lg%ﬁ%&%agg%'grﬂﬁ'aga"%%%omt er) the ratio
I s preferabl ycatibsitietal dfbnﬂalex 116):1 sttacbﬂ&inguioncbezdilnatmgrnnﬁ:nmeeEmN @dzenbodi nent t he

ratio of the first_cat St he second d|t|on catalyst is 5:95 to
95: 5, pr%feraﬁq—’y"“’%g g?%/? %fozsl “SEW@HS?#(}P@%?P%%@F |“§f’ta &%?“%o to 60:40. In
general’ the cepohtd ARbALYHE meMERAHD SsngdlaksREP-ACS Aosal7s!r F@r € 15 conbined in
rati os of about 1:10,000 to about 1:1, in other enbodi nents the conbined

catal yst conpioumelion afapitterioniscomplaxes psing analogeusiGreng 4icampennds gecof 1:1 to
100: 1. Wen a % 8%4@8”%%%53'52?5’}55 vators are used, the conbi ned

cat al yst conpolind-to-actrvat or rati’ois from 1:5000 to 10:1,
al ternatively fr dvniditiofid) @euttabLebis-dcidsatetknpwm ini theedriand dre50abiedoR : 1 or 1:300 to

1:1. W I onj Z] ti.vat prs ar se conmbi I

conpounS&to at Slﬂ\’/ca'f'%gmﬁf‘lg?m %angs e pragjﬁ]ulfgﬁimflewfg )fg by?? o 1:5;, 2:11to
22, or 1.2:1Chen atd T.J. Nyhtks, I'Qdoatabysis fwmmsam@yedmainmﬂneﬂzmmhudl ng using
mytures of al urmxan S. or um num al kyl s .oni zi.ng activators. ~r 25

Supports I n aftBlaGE ?H&’&B‘?"?Fléﬁ%%%é"@f%%%w%ﬁ%w »%¥™ his i nvention

i nclude a supmQube,TBdier43al2000). carrier. For exanple, the one or nore

catal yst components
When the catalyst compound does not contain at least one hydnde or

15 hydrocarbyl ligand but does contain at least one functional group ligand, such as
chloride, amido or alkoxy ligands, and the functional group ligands are not
capable of discrete ionizing abstraction with the ionizing, anion pre-cursor
compounds, these functional group ligands can be converted via known alkylation
reactions with organometallic compounds such as lithium or aluminum hydrides

20 or alkyls, alkylalumoxanes, Grignard reagents, etc. See EP-A-0 500 944, EP-A1-0
570 982 and EP-A1-0 612 768 for analogous processes describing the reaction of
alkyl aluminum compounds with analogous dihalide substituted metallocene

C compounds prior to or with the addition of activating noncoordinating anion
precursor compounds.

25 When the cations of noncoordinating anion precursors are Bronsted acids
such as protons or protonated Lewis bases (excluding water), or reducible Lewis
acids such as ferrocenium or silver cations, or alkali or alkaline earth metal cations
such as those of sodium, magnesium or lithium, the catalyst-compound-to-
activator molar ratio may be any ratio. Combinations of the described activator

30 compounds may also be used for activation. For example, tris(perfluorophenyl)

boron can be used with methylalumoxane.
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and/ or one or nore activators may be deposited on, contacted with, vaporized
30 with, bonded to, or incorporated within, adsorbed or absorbed in, or on,
one or nNDRE) BWPRSE S or carriers. -62 WO 2006/ 02594 9chudobimd b/ 024240 The
support material is any of the conventional support materials. Preferably
the supported material is a porous support material, for exanple, talc,

i norgani ¢ oxides and inorganic chlorides. O her support materials include
resi nous support materials such as polystyrene, functionalized or
crosslinked 5 organi c supports, such as polystyrene divinyl benzene

pol yol efins or polyneric conmpounds, zeolites, clays, or any other organic

or inorgani c SulemionizimgtAstivatbrsand the |i ke, or m xtures thereof. The

preferred support nmaterials are inorganic oxides that include those G oup

2, 3, 4, 5, 13 or 14 netal oxides. The preferred supports include silica,

10 which may or nmazctingdrs hre ypehoktrahgDewid-aoidsdvhidhinay dlay @itherthe aol¢ WO 99/ 60033) ,

silica-alumna,.and m xtures.thereof. O her useful su rts include magnesi a,
~ titanfa, zPhioRUFD&Or rﬁﬁg‘ﬁ‘&é‘lg&ﬁ‘u‘"é‘F?F-o%F‘HémtSLBF“é!"“g&f‘@ eﬂkﬁs_ 10812885 477) ,

mont mor i | | oni §@viéY AP RedbRéPR ok BnBingActhhbs665) , phyllosilicate, zeolites,
talc, clays (U S. Patent No. 6,034,18%) and the like. Al so, conbinations of

these 15 support rsactien of formpl nsutraldigapds may beaghigyadavithdiewis@gidg hr oni um
silica-alumn i Stalbl j i g Lhe §id rhddt §4:0 S4ipport materials
may incl ude t St_sdésﬁﬁ ?lggfgwa%%ﬁ@gpagymb%%&d%éscr?%ée_d_?F?IASEE 0 767 184 BI,

whi ch i s i ncotypiesliytueshtiraeddirrweblly cooedisatadnExamples hEnonsorpping activaderer i al s i ncl ude
nanoco sites escki bed Ln . PCT 9/ 47 1. | s .as described in WO
99/ 4860 ‘9 sph‘élr“ﬁ ‘iltgle@ Q\%Qgeer%iér i'bed zege“lﬁﬁ??‘g at‘gﬁg’y‘ﬁ%"ﬁ'& 972,510 and

pol yner i ct bgaﬂbﬁr@a;bﬂgsmbﬁtbﬁeﬁt ﬂyﬁro\i!ﬂayﬂ,?irﬁ@ﬁlé:ﬁ?nﬁl ?hjtpg’my;ﬂa:aﬁy,al’lislam; ein I t

i ngQr porate reference. is preferred.tha e.suppqrt material, nos
preferably an®FHdF éﬁﬂ'ﬁﬁ"r{?ﬁﬁ gene. Hg‘?iﬁ’é;f‘zﬂ’gé’mv?@ﬁsem&ﬂ@é“dleﬁpegﬂ% range of from
about 10 to a&@uﬁnaieataraﬁﬁ&lo@,mmmnpwhd&mmamod%%t&eﬁﬂ@&gﬁxwf from about 0 to
about 4.0 cc/g and_average particle size in_ the range 5 of from about 0.02

to about 50 m NoMNenpmEtngexpmples efpan-iogizg eetivaiopdncdydeBides, BEL,

15 B(iBu)s, BPh;, B(C¢Fs);, AiMe;, AlEt;, Al(iBu);, AlPhs, B(C¢Fs)s,alumoxane,
CuCl, Ni(1,5-cyclooctadiene),.

Additional neutral Lewis-acids are known in the art and will be suitable for
abstracting formal neutral ligands. See in particular the review article by E. Y.-X.
Chen and T.J. Marks, "Cocatalysts for I\':/Ietal-CataIyzed Olefin Polymerization:

20 Activators, Activation Processes, and Structure-Activity Relationships”, Chem.
Rev., 100, 1391-1434 (2000).

Preferred non-ionizing activators include R'°(R'");, where R'% is a group
13 element and R is a hydrogen, a hydrocarbyl, a substituted hydrocarbyl, or a
functional group. Typically, R"' is an arene or a perfluorinated arene.

25 More preferred non-ionizing activators include B(R'%);, where R'? is a an
arene or a perfluorinated arene. Even more preferred non-ionizing activators
include B(CgHs); and B(CgFs);. A particularly preferred non-ionizing activétor is
B{C¢Fs);. More preferred activators are ionizing and non-ionizing activators
based on perfluoroaryl borane and perfluoroaryl borates such as PhNMe;H"

30 B(CsFs)a, (CsHs)3C" B(CeFs)4", and B(CgFs)a.
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support material is in the range of fromabout 50 to about 500 n/g, pore
volume of from about O to about 3.5 cc/g and average particle size of from
about 0. 02whagsabout 20 gm Most preferably the surfaeguaigale t he support
material is in the range is fromabout 100 to about 400 n2/g, pore vol une
fromabout 0 to about 3.0 30 cc/g and average particle size is from about
0.02 to about 10 m -63 WD 2006/0 25 94 9 PCT/ US2005/ 024240 Non- por ous
supports may al so be used as supports in the processes described herein. For

exanple, in a preI\@diﬁﬁql,ﬁm&iamtoréthanaggeg&auﬁmtﬁetemf%f}stssi lica supports

descri bed in US 6590055 can be used int ractice of 'this invention. 5

Addi ti onal usefippundscdisolageddreeirf ineludeshosk destiibesd iy WELSKS443A 1t wilieh | nvent i on

i ncl ude cl ays,: n.treated with acids ( such as H2SO4) and t hen
conbi ned WtESI%ﬁ%qrggqlﬁfggﬁ??&gﬁ%és triethylal umnun) as described in US

6, 531, 552 and EP I gtfifdal Aekatblyst cadpauind(spand tieatipatod redomlinedsher ence herei n.
Preferred activators i de t hat al so be s orts include ion 10
exchangé Iayéﬁ@ﬂ°§FPW§§&%EH&@WH§5QE%53Pﬁ§§?$@“%¥3§?t §¥ﬂy%.2 pKa, the
anbunt of  t Rempdinds SR dovafA e CahBIAdd ih @ ralib of 88T 300:1Q8a80P]:4,9 of

2, 6-di net hyl pyridine consunmed for neutralization. Preferred exanples

i ncl ude chenipeserably shoak58d to shepck:.tfer bgrapespbasats, alumingtes, gici @e fatieat ed snectite
group silicat iahdu? P! [r 58 BLES %gmh' igychange | ayered
silicate use?{}?{eﬁeﬁgﬁﬁ%&?ﬁ\}%ﬁ{olﬁ%@ 1i aﬁ‘clfodgfe‘@w ‘ alf/‘gg% S|Jllsiqghac§es having a 1:1
type st ruct urdeethytalgnigum chlgpds combined withewater) the satip iigrweferiably abo@t 8§:1M ner al s

( Nendo 5ObUt3§1£ﬁE§9f witten by Haruo Shiram zu (published by Asakura
Shoten I'n 19 3. anpl es of an ion-exchange |ayered silicate conprising the
1: 1 layer as thelhmgirefercarentbbdinentriige rhtiv/afithe fiveticatalyst katht seeograyup sil i cat es

TR, and sempBiehhEat 58t {58 pielirliarRed ey e e o0 O 1
antigorite or4olsbeo 60:402. Additional preferred exanples of the ion-exchange

| ayered silicate useful in this invention include ion-exchange |ayered
silicates conpri shfgneraldherombmgd eatalygtcompaunds and theardivaei s ng I ayer i ncl ude

Smect it 07 Qb inGtof 8 b BPOTRULBRIILL, hi¥hhek EmbdiEhef thé L €, nontroni te,
saponite, ectorite,
combined catalyst compounds and the activator are combined in ratios of 1:1 to

100:1. When alumoxane or aluminum alkyl activators are used, the combined
catalyst compound-to-activator molar ratio is from 1:5000 to 10:1, alternatively
from 1:1000 to 10:1; altematively, 1:500 to 2:1; or 1:300 to 1:1. When ionizing

20 activators are used, the combined catalyst compound-to-activator molar ratio is
from 10:1 to 1:10; 5:1 to 1:5; 2:1 to 1:2; or 1.2:1 to 1:1. Multiple activators may
be used, including using mixtures of alumoxanes or aluminum alkyls with

C ionizing activators.

25 Supports

In another embodiment the catalyst compositions of this invention include
a support material or carrier. For example, the one or more catalyst components
and/or one or more activators may be deposited on, contacted with, vaporized
30 with, bonded to, or incorporated within, adsorbed or absorbed in, or on, one or

more SUppOrts Or carriers.



25 stephensite or the like, vermculite group silicates such as vermculite

or the like, mca group silicates such as mca, illite, sericite,

gl auconi t eway2obdiesokd ke, and attapulgite, sepiolite, ppaluyaeaeicut e,
bentonite, pyrophyllite, talc, chlorites and the 1like. The clays are
contacted with an acid, a salt, an alkali, an oxidizing agent, a reducing

agent or a treating agent containing a conpound intercal atabl e between 30
| ayers of an ion-exchange | ayered silicate. The intercalation neans to

introduce other mataippét mbiehiaaeny baNedonvationl hipyst Matei@d. eri al , and the
material to be -64 WO 20061025949 PCT/ US2005/ 024240 |ntroduced is called as
a guest conpolRErablXsryrrodedmaterial iaperous suppYt materiabderREAPledfic.sal t treat ment

i's particul arfyy %@Mae@%ﬁno gm éhro%g%;e@mférg}aﬁ{m&a{eﬁmna@decont acted with an

activator corrpound such t he al yst conpound to pol yneri ze
olefins. 5 I nreamh@poemtydﬂmh aim&a{stpwhgsrfmchmhzedmr eryshdmlcorrprl ses | ess

than 5 ,)‘AB ! ghtréz?{% s%hpaf)l;té secﬁ&lsﬁ?ly ﬁ‘[“%fde Jn%'lﬂ)g en%%%‘yoleﬁns or p&#g‘nht % nore

preferably | e nor e pre €ss cZWE|ght % nore
preferably | esspbluals, zbolltmlgl‘s,tor%ymergﬁdilef)ﬁhﬁbim'c dupst thirerial 200 ppm nore
preferably |ess {‘han 750 ”} nore preferably |l ess than 500 ppm nore
preferably | B8l %8?1‘“‘2‘%'6‘38[9%%" more 10 preferably | ess than 100 ppm nore

preferably | ess tha8pRimdiippdDhedtstirdin wcoﬂl&s&amaﬂdel@osepm Pol ar
speci es include oxygen contalnlng co s (except for alunoxanes) such as

al cohol s, oxyg§eHP 2idfonédor Iélf’éféﬂ%g?ﬁé@n%h“cﬁ’rﬂ%m‘b%‘?m“EH’&“‘B?‘*\ers I n" anot her
embod: RNt NEBR kA RARMRL AT NI SihEAOdIRR), 15 vei oht %

trimethylal um num and/or triet al um num preferably less'than 4 weight %
nore pr ef er abmgvcaraémnatMrmlgumethgmf %thenmeéﬂ ptrpeor@erla@u@c mhagmesiat han 2 wei ght %

rmt__ preferably . ezﬁéonﬁ o Aeresi cﬂQxlld STRE Rlo ésgalg:% | ess than 1000 ppm

nore preferably I'ess ppm re pre erd ss than 500 ppm nore
preferably | emsnmahannnﬂE(Eupqqmn RmntaEmBef)élaﬁﬁsy pheksilitdig zedli®d, talpm nor e

S oA PR AT TR AR T L
and | esgst hansuépmg&ﬁals%utyrtie Resed 6k edathPleilioaRdn@im, silica-alumina,

silica-titania and the like. Additional support materials may include those porous

acrylic polymers described in EP 0 767 184 B1, which is incorporated herein by

reference. Other support materials includé nanocomposites as described in PCT

WO 99/47598, aerogels as described in WO 99/48605, spherulites as described in

20 U.S. Patent No. 5,972,510 and polymeric beads as described in WO 99/50311,
which are all herein incorporated by reference.

It is preferred that the support material, most preferably an inorganic oxide,

has a surface area in the range of from about 10 to about 700 m2/g, pore volume in

¢

the range of from about 0 to about 4.0 cc/g and average particle size in the range
25 of from about 0.02 to about 50 um. More preferably, the surface area of the

support material is in the range of from about 50 to about 500 m2/g, pore volume

of from about 0 to about 3.5 cc/g and average particle size of from about 0.02 to

about 20 pm. Most preferably the surface area of the support material is in the

range is from about 100 to about 400 m2/g, pore volume from about 0 to about 3.0
30 cc/g and average particle size is from about 0.02 to about 10 pm.
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Ctriethylalum num preferably less than 4 weight % nore preferably |ess
than 3 weight % nore preferably less than 2 weight % nore preferably |ess
than 1 25wash@hbss¥® nore preferably | ess than 1000 pefsi®foeziy ef erably

| ess than 750 ppm nore preferably | ess than 500 ppm nore preferably |ess

t han 250 ppm nore preferably I ess than 100 ppm nore preferably | ess than
50 ppm nore preferably |ess than 10 ppm Preferred invention processes can
use finely divided, supported catalysts to 30 prepare propyl ene/ 1-hexene
copol yners wi th gieab&bussigfdnd may AR & Wed e Xagpof{1R the prdte@gdi tion to finely

di vi ded supports, invention processes can use funed silica -65 WO
2000025949 Pdrscisaesin Fepaampleip gorafared ambdinent thsaornepperdemeshar t i cl e

di aneter can (f qﬂ!? . 2 .. smal |l enough to
forma collofﬂ%ag&ﬁ&%éac ?%H§E§§%%£ﬁ§E%ﬁ?#é%ﬁgg@?g%&%%g@ggs 5 This invention
rel ates to prioeeises to pol ynerize olefins conprising contacting one or

nore ol efi ns havi at lea .hree_carhbon atons w.th a catalyst conpound
and an &cti vat or ggd’f'ﬁ“aL“s§€‘i)‘éP§‘W?rf’ fox e ‘Bg’ieﬂf’é’ﬁs? ibbsrf“WB?’hm ina reactor.
One or nore rigdede@gs thit ha@ He@btraated with RaAS( duéd astBIONandmad in the present 10

I nvention. Catalyst conpound and activator may be delivered as a solution or
slurry, eithermbigphyvith weipl alkyls(fpsh F‘%‘&E‘i‘b‘?‘,“mak‘:‘f"s’ #deggibeiniUShe just prior to

the reactor, gi31siREACIdYRE Y, ARch iPHERSS@S bffRfeRntd peplyd Sol ution or
slurry to the reactor. A preferred operation i's two solutions activated

i n-1ine. Polymeri Prefamghactizaters inghude that mayalsoiba suppetedncledenep-e r eact or
operatign, i ' Aesle) i S at S ' or, scavenger,
and optlfhgnal r’r‘lx)ﬁt}lhgepars g{ﬁg&%](lfgglgaggﬁ{]rls%udgﬁéﬁ???bﬂe{%’Eshlé%gﬁde"\(?feactor or in
seLi-es react ahe mpkxitaisicqmyalent todhleat 0108 emaddigwé 2 6 dmpsingmtidinar e  added t o each

ol SEto, O oy SRS APARE il S S RSPV Vel Somemnts oo oe
be added to bmiehite gacd dlicates, \atitl ireftabsniotite @roap silikds N gddidoteatipreferréd r st . 20
reaction and e?(grgélgseorf t&?&?&gﬁa?ée ita)(?ert% srljlﬁzzlte ruge Cltin? trhiss'invention include
15 layered silicates having a 1:1 type structure or a 2:1 type structure as described in
"Clay Minerals (Nendo Kobutsu Gaku)" written by Haruo Shiramizu (published
by Asakura Shoten in 1995).
Examples of an ion-exchange layered silicate comprising the 1:1 layer as
the main constituting layer include kaolin group silicates such as dickite, nacrite,
20 kaolinite, metahalloysite, halloysite or the like, and serpentine group silicates such
as chrysotile, lizaldite, antigorite or the like. Additional preferred examples of the

ion-exchange layered silicate useful in this invention include ion-exchange layered

silicates comprising the 2:2 layer as the main constituting layer include smectite

A

group silicates such as montmorillonite, beidellite, nontronite, saponite, hectorite,
25 stephensite or the like, vermiculite group silicates such as vermiculite or the like,
mica group silicates such as mica, illite, sericite, glauconite or the like, and
attapulgite, sepiolite, palygorskite, bentonite, pyrophyllite, talc, chlorites and the
like. The clays are contacted with an acid, a salt, an alkali, an oxidizing agent, a
reducing agent or a treating agent containing a compound intercalatable between
30 layers of an ton-exchange layered silicate. The intercalation means to introduce

other material between layers of a layered material, and the material to be
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I nventi on met hods al so cover polynerization of propylene in high-pressure
reactors where, preferably, the reactor is substantially unreactive with the
pol yrer i zalicPiocieeRgd | on conponents and is able to w pBftseaskokidge hi gh
pressures and tenperatures that occur during the polynerization reaction.
Such reactors are 25 known as hi gh-pressure reactors for purposes of this

di scl osure. Wthstanding these high pressures and tenperatures wll allow
the reactor to maintain the propylene under supercritical conditions.

Sul LAl @ 1 eAChEORHSE S ac Uit AR Amdif L kol REd ydatheEl 1L 21 1
supercritical or other high-pressure ethyl ne polynerization reactions.
Sui t abl e r eacdreslstramentie pattwdlyfpraferatdet Olrd tzeated clayipay then be3®ntacted

aut ocl ave/ tubul ar reactors, apong o S. ..-6 2006/ 025949

PCTI US2005/ 02424 acHper B%?R?Hgﬁﬁcgtaf Eﬁ%ﬂ}ﬂg@égggg B2t herein operate
wel | in aut ocpoveerisdidlefinabul ar reactors. Typically, autoclave reactors have
| ength-to-dianmeter ratios. of 1:1 to 20:1 and are fitted with a hi gh-speed

(up to 1500 RPM) fAnets| ehediment the palymenzatigR FuHe! oreEssesthat 2 typical ly
greater than G.iMpa, Wid SpeRictPrerdtiy R &ghw%a%l %ﬁm‘e%?ei?erﬁﬁlﬁl%ssaﬁﬁ MPa.

Preferred autoclave reactors are Titted with externa and or internal

cool i ng and chweight %mmroze preferably lesnthpo? weightdh, orvee proferaplydess theml zone.  When t he
aut ocl ave has Q - i t] han 4)

propyl ene andw%ﬁ%eﬁ\’rﬁv Aﬁgeﬁg%?@9g’?ge@¥§%@gglfq%yrﬁoﬁ%igrgtéﬁggq%f h@ﬁ?@é one position.
But i nj ect i oppngmotemefemblpiesethpos0i0ppmsore prefanblydeds deh 9@ pprs, nelrs 0 possi bl e.
For instance, 10 jn . reactors where the . |length-to-diameter ratio is around
120 T Hb r esrrrEbR e By R TrR B ety iR b AR B 0 £ 1 one.
Addi.tional |y, lessithadnne ppras Bélsr spévitls tlude 68ygerDddataiingBmPodnds @kebt bt Xi Ng devi ces
suRport the high-speed stirrer. These fixin evi ces can al so divide the
aut ocl ave intﬂ%{‘%ﬂg@S“ﬁ’b?*‘é‘“‘?ﬁﬂ%&‘”"ﬂ/ﬂ‘ﬂ"ﬂ"@ *B‘Feg&‘gé’ agids.epersapd rrer can differ

fromzone to ggpe to allow for plug flow or 15 back mixing, largely
i ndependently, in the separate zones. Two or nore autoclaves with one or
nmore zones can coihiethes gmbedimeatthe pplymagrizgsion systeprgompnsgs desethar & Tubul ar

aact or & apaly et oy Fcupbifon| Bt B Ay RN P Sirar T
weight %, more preferably less than 3 weight %, more preferably less than 2
weight %, more preferably less than 1 weight %, more preferably less than 1000
ppm, more preferably less than 750 ppm, more preferably less than 500 ppm, more
preferably less than 250 ppm, more preferably less than 100 ppm, more preferably
20 less than 50 ppm, more preferably less than 10 ppm.
In another preferred embodiment the polymerization system comprises

methylalumoxane and less than § weight % trimethyialuminum and or

triethylaluminum, preferably less than 4 weight %, more preferably less than 3

C

weight %, more preferably less than 2 weight %, more preferably less than 1
25 weight %, more preferably less than 1000 ppm, more preferably less than 750
ppm, more preferably less than 500 ppm, more preferably less than 250 ppm, more
preferably less than 100 ppm, more preferably less than 50 ppm, more preferably
less than 10 ppm.
Preferred invention processes can use finely divided, supported catalysts to
30 prepare propylene/1-hexene copolymers with greater than 1.0 mole % hex-1-ene.

In addition to finely divided supports, invention processes can use fumed silica
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20 reactors are fitted with external and or internal cooling and one or nore
injection points along the (tubular) reaction zone. As in autoclaves, these
i njection Rﬁbﬂ%ﬁﬁmﬁerve as entry points for nnnonerspéﬁﬁﬁmﬁﬂﬁ‘aropylene),
one or nore cononomer, catalyst, or mxtures of thesé. Tn CUBUl ar reactors,
external cooling allows for increased nononer conversion relative to an
aut ocl ave, where the |l ow surface-to 25 volune ratio hinders any significant
heat removal . Tubul ar reactors have a special outlet valve that can send a
pressure shockwave. bhac rd al.on e tube. The. s | ps di sl odge
any pol ymer re@rdus v‘?"r‘1°§\t,t\@ehsflz{%p01‘1 6’?%&% baﬂqe{r%re%laé]tr%nlge P :ﬂg&!fn uﬁ’}\sggoper ation.
Anot her way abo®eagdiess) sagllerdukh daposi Edloidsvithedcidimealdd e the tube wth
snooth internal surfaces. Preferred tubular reactors can operate at
pressures 30 up to 360 MPa and preferably have | engths of 100-2000 neters
and internal pobRARLEH Brobtgyial |y less than 10 cm Preferred tubular reactors
typically have a - 0061025949 PCTI US2005/ 024240 | engt h-to-di aneter
ratios @¢f 1:1 to 500:1, preferably 1:1 to 20:1, preferably 4:4 to 20:1.
Reactor trains that. e i s_can also serve in
i nvention processg%§ﬂ?ﬁ&gﬁgﬁﬂ$h@%ﬁ%ggg%QPhgggﬁﬁgg?gggh?§%ﬁcaIIy precedes the
5 tubul ar r eaofitating Gecin meyestiafins having ah st threejcabbn aomowitlagchtdlysonal cat al yst
and/ or feed coqﬁpggﬂfs qt e%eral QoLﬁtg%in thq.autgclave and nore
parti cul ar |y SSPBRRY fe 2l ftdh 3 Bypercrincabpyyinetiagtiol MeRE WAy ¢ ubul ar
reactors, at readjoR COne@n mofeaediforsin €erjet 6f it paklley may bBoured dNPegrasentr € or bel ow to
provi de naxinun1po|¥g§{ production within %hﬁf 10 lim¢ts of maxi mum
oper at i Wy t effyenptian, Latalypteompqugd pod actiginn may pe felivered asasalution ofy her at es at
startup, but sRAY, dthérREpataidy tB%Q&dc&?,_al&tﬁ_%&h%ﬁli&tjﬁﬁgﬂor% b Geabthr, bhe first mxing
zoke has sone back-m xi ng characteristics. In'tubular reactors, the first
section of dapivatef andeampel asap potiyated sahution ofislwrgy tadhe reasion fool ed and i s
oper at ed .Conk!ré?é}%%% tion is G &lut&dﬁ?h@gﬁfta& 8k Obol erEXtidﬁ@Px'éEﬁrchl ug flow. In
both nul ti zone aut ocl aves ané 15 tubular reactors, catalyst can not only be
i njected at tohEnierthersinglpreacterioperatiqm inovhadhlmonamer, cymonomenypr e poi nts al ong t he
reactor,. The t st. feeds injected at t.he inl and. other_ injection
o nt s Ban bepiEeHiinen S5 Greb mFehBonRinpliies g plled BIm M B

single reactor or in series reactor operation, in which the above components are

added to each of two or more reactors connected in series. The catalyst
components can be added to the first reactor in the series. The catalyst component
may also be added to both reactors, with one component being added to first
.20 reaction and another component to other reactors.

Invention methods also cover polymerization of propylene in high-pressure

reactors where, preferably, the reactor is substantially unreactive with the
C: polymerization reaction components and is abie to withstand the high pressures
and temperatures that occur during the polymerization reaction. Such reactors are
25 known as high-pressure reactors for purposes of this disclosure. Withstanding

these high pressures and temperatures will allow the reactor to maintain the
propylene under supercritical conditions. Suitable reaction vessels include those
known in the art to maintain supercritical or other high-pressure ethylene
polymerization reactions. Suitable reactors are selected from autoclave, tubular,

30 and autoclave/tubular reactors, among others.

-66-



concentration, etc. Choosing different catalyst feeds all ows polynmer design
tailoring. At the reactor outlet valve, the pressure drops to | evels bel ow
t hat whi ch w®2086126d46al phase separati on occurs. Ther g0t dg2460WNSt r eam
vessel contains a polymer-rich phase and a pol yner-| ean phase. Typically,
conditions in this vessel remain supercritical and tenperature remains
above the polyner product's crystallization tenperature. The autocl ave or
tubul ar reactor effluent is depressurized on entering the high pressure

separator (HPS). fRe funyefRdtiod plocRRs desémkea%el@m%e@t@%uh@mcmb& ernative

choices are open to the design relative to classic high pressure

pol yet hyl ene 354 B@@é@e%%ﬁnﬁpwgl% aytgclav ecagters bevsiengiactpiampter 1AHO% he pressure
drops to begi 3t I MERARLetduaRNoMer

CO- nononers, (g}&ggﬁzggg{%%ﬁ n%%r %@Fgﬂﬂqs thlsﬁ%essel optionally can be

mai nt ai ned abstiwer. tAuchod prnsuremdfpxcallygr@&r mmyéb/ﬁ’lalm&lamamnnqmoﬁ\t but the

pressure may be oi.nt,. The eed only be high
ough that (Haesy by e ool il BuRitivg "R 88 USR5 vy
20061025949 %bﬂﬂ@ﬂﬁﬁ‘b@ﬂr%@onﬂﬁ(ﬁlo\rd’hgjewﬁiﬂpbmts-ﬁl"bﬁgkheqwcﬁbrfzﬁﬁgld e stream can

then be recycled to the reactor mnth | d y teminstead of the
hyper - conpr es¥hsudh ‘?”é‘éﬂﬂa?'%bf‘sﬁgﬁ gatmdﬁﬁgg*p Ul atively | ow

pressure in tﬂ%pinea@aﬂroa{epﬁmﬂun&érs &@Qﬁeﬁlyaﬁj@ctém&n?sm ;ﬁﬁﬁ@@rﬂlﬁ ation in the
l'iquid pol ymer phase which will result in a nuch | ower 5 polynerization

rate. This poPipehonpLALoBMofeROEtRs tb@aqtmvew@lsgﬂmsﬁﬂeoﬁer WE@ICPhi s system
Wi t hout Dadd' qg réntﬁl@%l&%?ﬁe l%ﬂﬁﬂ%ﬂet ka'ul) hs ounﬂhboath@éﬁﬁtj)ﬁéﬁ killer is

reqU|red (e 0 prevent reactions In ressure recycle) then
pravi si on rrusqomtm upm:adedtﬁforentemwrenaw}ﬂmt éddlhmallman theyagsger poi sons fromthe

r ec..;LcI ed pr Ope)ﬁk?%ﬂges on% or mg}% lé-t)er ﬁx%ntérdgﬁargsglllr%%‘n %%ﬁg@%ﬁ%ﬁ%ﬁ%ﬁ fi Xed_ bed

adsor bents or by scaveéng ernatively, the
BPS maybe opermneetﬁuwlc@rcapgdkcedjedsthenutﬁdlaﬁraint(pmastrroﬁa zobest Wit hi n t he

propyl ene/ pol Ien i This is econ nlcal
pref erred rretlﬁg‘ﬂlgl “S)'EB g‘feﬁgT’Bz‘B’é t‘b?‘l?ﬂﬁ?c”é’ttﬁwa}’rtpﬁ ?farrped BPPE
plant. 1sThe l’lﬁt@k/ﬁaixﬂ% BhRSlynRpmeaty i tHeaelaritt Rhe. dvaxadredef ore bei ng

returned to the 15 suction of the secondary conpressor, which is typical of
HPPE pl ant Orpélpo&{angﬁwth one or more zones can connect in series to tailor polymer

structure.
Tubular reactors are also well suited for use in this invention, preferably
tubular reactors capable of operating up to about 350MPa. Preferred tubular
20 reactors are fitted with external and or internal cooling and one or more injection
points along the (tubular) reaction zone. As in autoclaves, these injection points
serve as entry points for monomers (such as propylene), one or more comonomer,
o catalyst, or mixtures of these. In tubular reactors, externai cooling allows for
imcreased monomer conversion relative to an autoclave, where the low surface-to-
25 volume ratio hinders any significant heat removal. Tubular reactors have a special
outlet valve that can send a préssure shockwave backward along the tube. The
shockwave helps dislodge any polymer residue that has formed on reactor walls
during operation. Another way of addressing wall deposits is to fabricate the tube
with smooth intemal surfaces. Preferred tubular reactors can operate at pressures
30 up to 360 MPa and preferably have lengths of 100-2000 meters and intemnal

diameters usually less than 10 cm. Preferred tubular reactors typically have a
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The polynmer fromthis intermediate or high pressure vessel will then go

t hrough anot her pressure reduction step to a | ow pressure separator. The

t enper at ur @oQhechiie® vessel will be maintai ned above pEgupedswi®io el ting
point so that the polyner fromthis vessel can be fed as a liquid directly
to an extruder or 20 static m xer. The pressure in this vessel will be kept
| ow by using a conpressor to recover the unreacted nononers, etc to the
condenser and punpi ng system referenced above. In an alternate enbodi nent,
one may carr YerfgthttoldReheRE RESIYT: 1 165011, pier@itly B1 &20:1, Pttt 404 1ot wo, i f
operating pressure is | ow enough. In addition to autocl ave reactors, tubular
reactors, or 2Pdactors conbining 25 these, |oop-type reactors function as
well. In this rea . I j.ts continuously
at different poi ntﬁ%agg)f %ﬁgﬁpﬁg?ﬂp%g%?a %}%ﬁtﬁ%%ﬁ?%ﬂ%ﬁ%ﬁﬁ&%ﬁcé@m i nuously

ci rcul at es t heveotimmtpeoreses leach instandes, ghe atdoclavidtgpifallg gicpedogihet t akeof f rates
control total .ayerage residence tinme.. A cooling.jacket renpves reaction:
heat from t hguqu&be?&?rnga& PHEPS Vayahalv%@ffcﬁloé'ac’éf‘gﬁhqngl ctaﬁ'bftcaﬁ%? not operated at
30 the high F«astmp@ntskaewnd poifd i the AlROE AdatorapdtidulddBalong the® WO

2006/ 025949 PCT/ 1152005/ 024240 Commerci al | ow pressure | oop reactors have
di ameters of 4¥188tho4 jnches (41 to 61 cn) and lengths of 100 to 200+
meters. Operati Onp RtfauflcROs@nd RMBRITEclor, ﬁ%jeﬁ@ﬁ,ﬁ%@%??&f@aﬂl propyl ene
solution phase is preferably at pressures of greater than 25 to 30 MPa. At
t hese pressurredn empptatire o belps teprovifdg mrdpupaplyme presyptianypiigthe s necessary

T ot 0 AR Sy bEA el BUTBRN ehionc] blfioPCy and i mum
al | owabl e reactor capacity. addition to autoclave reactors, tubular

r e‘?it ors, or opergtesdsistaeton, buk nof aftet the sactiop seathes sicady soie-if the brst muingor s are usef ul
inhis inventiagn, In.this.reactor type noner epters a | ymer exits
conti nuously Zértle dr eerbéfﬁ 'mbxélll%cﬁg&g fbsﬁ‘gs 'Ehhtélg‘ﬁ%rcgff‘:{ois@ﬂ]\?\ﬁ"ﬁ% (saecgﬁn é}g line punp
cont i nuousl y doiblejaklketedsutiipts Bardenhs than eaudddi andisloperated fontifinmsty f eed/ pr oduct

takeof f rates.contraol total .average resi Slg ce tjinme. A cooling jacket
embves. r eacthe BT ik Sa v o debpiSmulawiesuoghr s Y 6 355, 741
di scussgs a rgsuler Ractiis!datafbt da® At lonlly'd0 inj @R St thdlet, bt Aeptidnallyatt he practice
of this invention provided that one or both operate at the supercritical
condi tions. 98¢ ¢rgpore points along the reactor. The catalyst feeds injected at the inlet and

other injection points can be the same or different in terms of content, density,

concentration, etc. Choosing different catalyst feeds allows polymer design

tailoring. At the reactor outlet valve, the pressure drops to levels below that which

20 critical phase separation occurs. Therefore, the downstream vessel contains a
polymer-rich phase and a polymer-lean phase. Typically, conditions in this vessel
remain supercritical and temperature remains above the polymer product's

crystallization temperature. The autoclave or tubular reactor effluent is

O

depressurized on entering the high pressure separator (HPS). In polymerizations
25 based on propylene alternative choices are open to the design relative to classic
high pressure polyethylene process technology.

At the reactor outlet valve the pressure drops to begin the separation of
polymer and unreacted monomer, co-monomers, propane, etc. The temperature in
this vessel optionally can be maintained above the polymer product's

30 crystallization point but the pressure may be below the critical point. The pressure

need only be high enough that the propylene can be condensed against standard
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15 States Patent No. 5,326,835 describes a process said to produce pol yner
in a binodal fashion. This process's first reactor stage is a | oop reactor
in which palwegnrtedat i on occurs in an inert, | ow boi lpchgsiwdieaar bon. After
the loop reactor, the reaction nediumtransits into a gas-phase reactor
wher e gas-phase polynerization occurs. Since two very different
environnents create the polyner, 20 it shows a bi nodal nol ecul ar wei ght
distribution. This two-stage procedure can be nodified to work with the
procedure of ot fiidhathe ARR! felsflhm &t theh BE/oBRRS 10 fle rehbibrbinit a0€ | 00P
reactor can use propyl ene as tHe nononer and a ‘propyl ene-base reaction
medi um as t heliqurigrumping\systami insteagt dfi hatthppeactyopressorm reguictdHen polyethpldpenent ,  t he
reactor can be ‘tfitﬁ eq V\“ 1i vrvltersnal. gqtlaol in Collle%'c%?erﬁq eubI i cation WO
19/ 14766 descPlBet*A RS PESHD T S iPYHRY YaY L5 ‘(’a")ﬂpéonti nuousl y

f eedi ng ol ef i tn€entiEtivanithe Hisld polpAdrphiss Whisl sdlbfsuliih & hush lowet al | ocene
conponent and a cocat al yst__co to the reactor; conti nuously

onent, b
pol ymeri%i ng RIVERETARGB FES- W@WW@P FAEIPAYe lﬁ%ﬁé’“%tﬁgi’%?teﬁﬁﬁer el evat ed

pressure; (c)sysembitoi dddivg 4 QRN fifkoh BEKNRFY T8I da ridteqdired € from 30 the
reactor; (d) continuously separating nmononer fromnolten polyner; (e)

reduci ng pr es&@r & arevenigesptions i e high Pressure regyelethenarrgyisien ppg ke phase; and (1)
-70 WD 2006/ 0 - : ' chﬂlgggr .M t he reactor.
The pol yneri zé?@é‘gmzﬁlggé #g%tg g%ag%éﬁégpﬁéggﬁlﬁyéqgﬁ t he l%eg&?glg]r ocess can be
practi ced usimgnanieesticamteanby thevseef fixed bed plsobetsorbysdivenigmgsvithBhat is, the
above pqﬁcessa]{m%ﬁuiafr]% le for use with this invention provided at | east one
pol ymeri zation zon kes the propylene or the 5 reaction nmedia containing
propyl ene super cr iAliematively, the FiPSaiaglbe opeestell dvad répyleperpeditivhl pressurer e general |y
at\\gr below room. tenperature to ovij de cooling._t.0. the exotherm c reaction
1~ The  eact of Bk GHa APy SRS OIS P QREFrg, THR IS FSOROBEAIE of 1t ho

pol ymer pr odUgreferrdihetRodif SlAbpyRAL isYo bedrétayddarith Lrevhiniped HPBE pad Wi th a
catal yst producing significant polyner 10 isotacticity the reactor

t enper at ur e witqreqyeled,BY averheadis copled a9d deweaxed before beipg sBIPHE ®Pn nay have
residenge ti nﬁéti&%f%%é&nﬁy%@ms&ﬁ%ﬂ&ﬁs 8P RF HPPE PlaftSopb@tidn, hOUrs. In

preferred enbodi nents the re ence t1nmes
The polymer from this intermediate or high pressure vessel will then go

through another pressure reduction step to a low pressure separator. The
temperature of this vessel will be maintained above the polymer melting point so
that the polymer from this vessel can be fed as a liquid directly to an extruder or
20 static mixer. The pressure in this vessél will be kept low by using a compressor to
recover the unreacted monomers, etc to the condenser and pumping system
referenced above. In an alternate embodiment, one may carry out the pressure
v drop in one step, instead of two, if operating pressure is low enough.
In addition to autoclave reactors, tubular reactors, or reactors combining
25 these, loop-type reactors function as well. In this reactor type, monomer enters
and polymer exits continuously at different points along the loop, while an in-line
pump continuously circulates the contents (reaction liquid). The feed/product
takeoff rates control total average residence time. A cooling jacket removes
reaction heat from the loop. Industrially a loop reactor is typically not operated at

30 the high pressures encountered in autoclaves and tubes.
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are froml second to 30 mnutes, preferably 5 seconds to 10 m nutes, nore
preferably from 10 seconds to 7 mnutes, nore preferably from 10 seconds to
5 15 m nut &ge 20028Q9€ enbodi ments the residence tine pegishesislsgcted from
10, 30, 45, 50, 60, 120, and 150 seconds. Maxi mum residence tines can be

selected from 200, 300, 400, 500, or 600 seconds. In general, invention
processes choose residence tinmes of from 30-600 seconds; nore particularly
45- 400 or 60-300 seconds. In general, invention processes choose residence

t f from 30 30 t
45-300, or ' 60- 300 oE R PRt ool R el B TR B o of

propyl ene the(%@sﬁldmﬂ@ad kngtkssafa@(btoaﬁo-ltmet&s Operationsn a $imglsone enbodi nent s,

i nvention progesse nmer, at 000 | b/wFt2. More
oar t1 cul ar Ly SEEgaliebR PR Eon R e solsi R Stue P98y 386F 00- 1500,

Di viding the bfraler hamPs to3Y MHa. BOthysERieshdélsmiaBer dlrlerehellerduitli Ng the reaction
time by the apount, of propyl ene added to the reaction %J@(él ds the conversion

rate. The no ‘“SE?“S‘EH‘}WFS“H’(S‘EW“B?!dl'fgt“é“‘?sé‘w cribed processes is

hi gh. Invent éﬁamggmmmﬁalqb“gglerr&@to@éapgtqpver sion rates of 60 or |ess,
10- 60, 20-60, 30 30 60, 40-60, 10-50, 20-50, 30-50, 40-50, 10-40, 20-40, or

30- 40 percent cond@@@it@ntoalmﬁb?@m ngl@ateemxp,mgcqrgbm@pngf} eater than 20
percent conve 7d WA | yst
productiviti egh e)?%ctgésf y %%g&%pégng%gﬂEc@sggéw%%égmg%ﬁyst * hr.
These high | emehmneoﬁntcramullmlymemmdm:nmusly atnii’gfermesoihls along lhgkmp,esi dual solids

in the (POl erFr[ul I’Gdﬁne II:\;egl duausB/ CIr! cLas ne ( %on }1 u: 5 W %
part|cularly ess rP"B’(fW/) Fm? %1?% 8 |‘§?‘1 @ an 0.1 w %
total solids feedprddiet akedifyatpy @hteol el avﬁgmfsm@mesunedmaioomgai@tst s and pol yner

stwcturelnreactors wi.th mul le injegtio [ of,.catal yst and feed

there exists °E’6"$Sﬁ%“‘w§‘§?‘t§ﬁ°mtb?'%% It]%i gﬁpte[sﬁ’gt a\r"ygré{‘ -{%m gn. Use of nore

than one cat aliiydubsed@ehdigt wiliaf fet &R 1o6HR R 14 hnadtulie ihe BlaciR @f st uCt ur al

capabilities allows a wide variety of product conpositions (te g. binodal,
1e

i near mi xed Rvekon prayidedihat aneyr Rafhioperpte at the supercritica conditions. Un
15 States Patent No. 5,326,835 describes a process said to produce polymer in a

bimodal fashion. This process's first reactor stage is a loop reactor in which
polymerization occurs in an inert, low-boiling hydrocarbon. After the loop
reactor, the reaction medium transits into a gas-phase reactor where gas-phase
polymerization occurs. Since two very different environments create the polymer,
20 it shows a bimodal molecular weight distribution, This two-stage procedure can
be modified to work with the procedure of the instant application. For instance, a
first stage loop reactor can use propylene as the monomer and a propylene-based

reaction medium as the inert low-boiling hydrocarbon. In another embodiment,

s

the reactor can be fitted wit internal cooling coils.

25 PCT publication WO 19/14766 describes a process comprising the steps of
(a) continuously feeding olefinic monomer and a catalyst system, with a
metallocene component and a cocatalyst component, to the reactor; (b)
continuously polymerizing that monomer in a polymerization zone reactor under
elevated pressure; (c) continuously removing the polymer/monomer mixture from

30 the reactor; (d) continuously separating monomer from molten polymer; ()

reducing pressure to form a monomer-rich and a polymer-rich phase; and (f)
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The various olefins wll have differing reactivity ratios for a given
catalyst so a plug flow type operation will allow conpositional tapering if
for instangghRmsse feeds are injected down the reachefuShspRensation of
the tapering if the nore reactive nononer is injected preferentially along
the tube. A single zone ideal back m xed autoclave reactor wll not allow
tapering of polynmer conposition but the use of nmultiple catalysts is still
applicable. Operation of two such autoclaves in series or parallel can
al 1 ow the usgeofil BhbfdfdePor? theabBf | TH pbRfmeSANRPR ik RBnRfuel resh 20 feed to
the second re%)ct?cl)rg?rhCat al y%t ki T i n Tﬁe%&actor eftl ue_n%uei s depressurized
to an i nt er mdeicalied ipthe sboye progss ean e plactizaduding theingient idventvh'sud poi nt pressure
but nevert hel e supercri-tical, f that .co Siti : |s all ows separation
of a pol yner pfolé%‘ﬁc% glggs‘fqtg?“?’ﬁl?et é‘?epr%ﬁ"‘rsi"fslu@ﬁ?%ﬁusgn%my%or opyl ene rich phase
for recycl e doegiorpsivided frdekt dne péliraerizaiimCions makehihe popyledeak ten i s carried out
In a vessel known as. a hi,gh gressure 30, separator (HPS). Since this vessel
al so _ha§ a sFiﬁ‘ﬁtf"l“i“?,‘g‘r‘i‘tCD‘Ft_%‘ ing arppyensispgereritifel: - catal yst activity is killed by
addition of a p0|Iﬁ%e&?ﬁ,%e@%l&@ﬁﬁbe?&‘ﬁt%@%ene@iwBPJeld_Wrooxﬁz WO 2006/ 025949
PCT/ US2005/ 024240 “sodi unf cal ci um stearate. The choice and quantity of
killing agentemgerafurefe peyide sopling inthe exgtherupreastion frothe tep@erePepingt t he recycl e
propyl ene. ands, &RERUARE3arR Hipkfanfor thd}) t. PR Blelibrfasiantly? the Killing
agent has | ow vol at ﬁ’lglitlyi.l Al't rngl?ié?/e t)ﬁ{eepﬁ%r maodlpgte se?ona ation can be
done at pr esgwpgsienehthinig st outh o kgalyst ptodeang ympificentpolymemt  t he nonomer
concentpat i 0% Akl BETSLOF Erb&RRl\h bYapolfydse NI gh pressure separator is
relatively | ow relati1 vefy small "anount "o continued pol ynerization in
t hi.s vessel may nTie ppeeespleaiobeihesin maichave esidake timestaaklystasdsact | vat i ng

corpounds as is done in PE _processes b VOI esum ng that no
unggsi red reé??f’?cgﬁg‘?ﬁé%asi&ﬁ“ﬁﬂ’és‘ﬁi‘@ﬁ%@’ﬁ?@%&ﬁgﬁr&&iﬁ"&wg 10 recycle
system |f na@rekiohl 1 REor@eSPOUMUESs, pfeferatiplesbedddetd 1oR@nlttd, Ingfe r enoval step can

be elimnated. Choice of Pr op}/l ene feed puri t%/.
preferably from 10 seconds to 7 minutes, more preferably from 10 seconds to 5

15 minutes. In some embodiments the residence time can be selected from 10, 30,
45, 50, 60, 120, and 150 seconds. Maximum residence times can be selected from
200, 300, 400, 500, or 600 seconds. In general, invention processes choose
residence times of from 30-600 seconds; more particularly 45-400 or 60-300
seconds. In general, invention processes choose residence times of from 30 sec to
20 1 hour; more particularly 30 sec to 30 minutes; 45-400, or 60-300 sec. In another
embodiment the polymerization of propylene the residence times are up to 5
minutes.
In some embodiments, invention processes produce polymer at a rate of
560-10,000 Ib/w-Ft*. More particularly, production rates can range from 560-
25 2000 or 600-1500.
Dividing the total quantity of polymer that is collected during the reaction
time by the amount of propylene added to the reaction yields the conversion rate.
The monomer-to-polymer conversion rate for the described processes is high.
Invention processes can be run at conversion rates of 60 or less, 10-60, 20-60, 30-
30 60, 40-60, 10-50, 20-50, 30-50, 40-50, 10-40, 20-40, or 30-40 percent conversion,

preferably greater than 10, or greater than 20 percent conversion.
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15 Propylene is available commercially at two |evels of purity - polyner
grade at 99.5% and chem cal grade at about 93 to 95% The choice of feed

will set thke0bsag®ls of purge required fromthe recycheriSoenRigh over
dilution of the feed by inert propane. The presence of propane in the

reactor and HPS will raise the pressure of the cloud point curve for a
given tenperature but will decrease the polynerization 20 efficiency due to
a decrease in propylene (and other olefin) concentrations in the Treactor.

The el evation of ehsa?& pRALAHVitRE GRS Farfdl Goh B2 10B0ATE: Mk catyden the
operating wi ndow of the HPS. In"copolymerization of pro&:l efne with limted

amount s of et*Hyl Ehese high levels of satalystipeaductivity may s idveregifiuaiepligoinnt  pressure

will be not of |owleve 3 i.n the HPS. 25
Low Pressur eet%e%;r% ae% grro b ?eﬁéﬁgﬁgﬁn%mﬂbgﬁeﬁ%%#n@ gi%’j E@%h%\?ges at nospheri c

pressure is jthmitd,Jowtsd, opinere prikiculalyiléss dah 0l Wa%hotelfsolidsgésidue aeponent s, reactants
and ol i gsomers t hereof, for the sole 30 purpose of producing a |low volatile
cont ai ni-ng pdr “melt entering the finishing extruder or static m xer.
-73 WO 2006/ 025949 PCTI US2005/ 024240 Pol ymer Products This invention al so
relates to a propyl ene polyner having excellent 5 nolecular weight while
obtaining a | omers; dupd catalysts andpolymarstreretyreyr oduced by i nvention processes
may be in any structures including block, linear, radial, star, branched,
and conbi nati ons of these. Sone invention enbodi nents produce pol ypropyl ene
and copol yners of In rgastopgwittppiltiple inpdction poingnforjcatalyst snddesdrthers axists.  The process

cyndi ot S0t 1 0. bERbefy I8 mud: Dot G55 " Uit oBRE s BEMAR, P01 o
processes makiffeey sbkbilirveighodndnmucsural Eamblitiecaiowes witk varety efnvent i on produce
DY, e Dol EL ottt (5 g RginSl ot g, o oo Tucr 2%
300, 000, 50, 000 t PheBioRdHikfial wilDhaOO8ifferidy rk£tiviBQattdGor a given catalyst

so a plug flow type operation will allow compositional tapering if for instance no

15 feeds are injected down the reactor or compensation of the tapering if the more

reactive monomer is injected preferentially along the tube. A single zone ideal

back mixed autoclave reactor will not allow tapering of polymer composition but

the use of multiple catalysts is still applicable. Operation of two such autoclaves in

series or paralle! can allow the use of tailoring by altering the composition of fresh

20 feed to the second reactor.

Catalyst killing

“

The reactor effluent is depressurized to an intermediate pressure
25 significantly below the cloud point pressure but nevertheless supercritical for that
composition. This allows separation of a polymer rich phase for further
purification and a propylene rich phase for recycle compression back to the
reactor.
This selparation is carried out in a vessel known as a high pressure
30 separator (HPS). Since this vessel also has a significant residence time, the

catalyst activity is killed by addition of a polar species such as water, alcohol or
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| nventi on processes produce polynmer with a heat of fusion, AH, of 1-70

J/g, 5-65 J/g, or 10-60 J/g. In another enbodi nent the process of this
invention wiyRAgwssspol yners having an Hf of up to 80pdf@szoifoeder ably 10 to
70 J/g, nore preferably 20 to 60 J/g. 20 The processes descri bed herein can
produce polyners having little or no ash or residue fromcatal yst or
supports. In a preferred enbodi nent the polyners produced herein conprise

|l ess than 1 weight %silica, preferably less than 0.1 weight %silica,
preferably | : ; ARRITrRd il , . pm Di enes can
be used as aes?glﬁgﬁgl?rgﬁps?eo ihcﬁée%hggggnﬁgiu%{éﬁ@%ﬂg?éﬁeaiﬁg{lll?a%ﬁcpozlg the resulting
pol ymer and tthe reaurements fmglearhen of themeayclh progylengiang fompnbmers dewelbas be  used as a
conononer to increase the degree.of vinyl, termmnation in the polyner.

| nvention pr o%g '{g‘gué:?%"c’ i bers’olgg'ggﬁllm Al Enéﬁ‘éil%‘yﬁ?lgﬂ%ed pol ypr opy! ene.

Long- chai n br anchiAltgmatireBaly ittemiddate sBpangioh Banchia idout pressaes #vell egar dl ess of
whet her _additional a,wdjene or. other diene such vl nyl nqor bonene are
Used. 115 a 30°rehesiicel PaiRS St moNOmEKCopFaRatn Snd e BIFEIYY s ed.

Al ternativel yip thee,lfgh%sgmmegar%; i3 rél@ﬁaynd%@mh@féatmg%mm SnoMal6f 0.2 Wt % 1000
ppm 500 ppm 200  -74 WO 2006/ 025949 PCT/ US2005/ 024240 ppm or 100 ppm In
some enbodi mefPnunued pRlymenizatignin this xspeel a3y nohbes nreldemy s aiditiga oy conpnomer an

a wdi ene andel g RhbhBlp oMbl iCRRBIMEScclsESHb beloilg L™ L hat _use.

Addi tionally, tHe presentg I nvention 1 nvolves a copdl yneri zation reaction of
5 ol ef i n nonopresumingwhat neimdesited reactinns pwnr in thel highes intermediste pressared et hyl ene
copol y i zat | W a i ene_and the.copol th re de. These
copol yﬁd;s nal;?gy%lée S%S%'ggg%ﬁlhggoﬁ%{%%tafﬁ %fi © arﬂ%@gérirﬁ%%élcﬁ?ﬁ?&? or exanpl e,
films, fiberkeelisimatedas spunbonded and nelt blown fibers, fabrics, such as
nogwoven fabrics, and nolded articles. Mre particularly, these articles

i nclude, for 10 exanple, cast filnms, oriented filns, injection nolded
articles, bl oghdi®lof®fopyRint kel parityl 0Oamed articles, foamlam nates and
thernmoformed articles. It should be noted that while Iinear a,wdienes are
preferred, other dienes can also be enployed to nake polyners of this

inventi@n. These pRilidnd i8&haile commercially at two levels of purity - polymer grade
at 99.5% and chemical grade at about 93 to 95%. The choice of feed will set the

level of purge required from the recycle to avoid over dilution of the feed by inert
propane. The presence of propane in the reactor and HPS will raise the pressure of
.the cloud point curve for a given temperature but will decrease the polymerization
20 efficiency due to a decrease in propylene (and other olefin) concentrations in the
reactor. The elevation of cloud point pressure due to propane will widen the
operating window of the HPS. In copolymerizations of propylene with limited

o amounts of ethylene, a similar effect in raising the cloud point pressure will be

noted due to the presence of low levels of ethylene in the HPS.
25
Low Pressure Separator Operation
The LPS running at just above atmospheric pressure is just a simple sub
critical flash of light components, reactants and oligomers thereof, for the sole
30 purpose of producing'a'low volatile containing polymer melt entering the finishing

extruder or static mixer.



branched, substituted a, wdi enes, such as 2-nethyl -1, 9-decadi ene; cyclic

di enes, 15 such as vinyl norbornene; or aromatic types, such as divinyl
benzene. Ewbodisienies of the present invention incl udecw@p@kyiieins havi ng from
98 to 99.999 weight percent olefin units, and fromO0.001 to 2.000 wei ght
percent a,w diene units. Copolynmer enbodi nents nmay have a wei ght - aver age
nol ecul ar wei ght from 50,000 to 2,000,000, crystallization tenperatures
from50 Cto 140 20 C and a nelt flowrate (MFR) from 0.1 dg/mn to 1500
dg/mn. Note that the these enbodi ments display high crystallization
tenperatures intrinsically; there is no need for externally added

nucl eati ng adelymer Piaduets her enbodi ments, the copol ymer includes from90 to
99. 999 weight percent of propylene units, fromO0.000 to 8 wei ght percent of
olefin units other 25 than propylene units and fromO0.001 to 2 wei ght

percent a, w di ene’rlummmormmtlytammp dhdpiinter havingleaseiewei ght - aver age
nol ecul ar wei 00.to 2,000,00 crystallization tenperatures
(wi t hout the"g’lgem?l 1’" & Lyiming 2 loyrapelting, q‘ﬁ Y agents) from 115 Cto 135 C

and MFRS from 0. 1Tré%mners?a>da&@bydﬂérmoﬂproar&&saﬁ?eérmaymgm%efI n may be any
of CrC20 a-olefins, diolefins (wmth 30 one internal olefin) and their

m xtures theis mgMS’F'é1‘§%éﬁ¢qlééﬁrlh§anc’éﬂde@ﬁﬁ§nw%!°&ﬁ@ 84-hyl ene, butene-1,

pentene- 1, hexenegghie iRGRES S bIdime I Bénd copdTRhdwbr - 75 WO
2006/ 025949 PCT/ U52005/ 024240 "l"-‘btgﬁ't“enep!’ﬁ‘ﬂwf‘ ks Fuexeneb

5- met hyl - | - h@sigprepyldne gith e naigueimidwstastire. The prodess efibe mamior_lcagrj@decene. o
Copol YIB! S Olrak2h AEh i ROBMRLRRVAANG TR, WIS SHRRIflde  fnca!  condi tions

i ncl ude et hyfFene nonone
3- et hyl pent -otheleﬂn&mdmﬁnth,elxe-mvl'enﬂmq:;roeéssﬂeﬁlhlgtlcmmﬂme folyeere, and oct- | -ene.

| Ryention process.can prepare.these ¢ w.t hout.the use of solvent or
in an environnent -p{qxfgqsg\ﬁ?gigpr{yglmonp %ﬁ@é%my([;ﬁ%%qur%ng HPE!E r ed embodi nent
t he pol yrrersphauaﬁatdssicqﬁaia\ﬁagmdv@igewecmﬁrwélgﬁafzdmno0 5 wt %

parti cul arly | ess than O parti cul arlg ess than 0.1 10 wt%

%
total solids 108G L0.000d0 bPﬁ@r"é’d}OOm@Oé’P?éa 089 oAy PaPfkord80ver s pr oduced
typi caliky copgigogo.0 to 50 wei ght

Invention processes produce polymer with a heat of fusion, AHg, of 1-70
J/g, 5-65 J/g, or 10-60 J/g. In another embodiment the process of this invention
produce polymers having an Hf of up to 80 J/g, preferably 10 to 70 J/g, more
preferably 20 to 60 J/g.
20 The processes described herein can produce polymers having little or no
ash or residue from catalyst or supports. In a preferred embodiment the polymers
produced herein comprise less than 1 weight % silica, preferably less than 0.1

weight % silica, preferably less than 100 ppm silica, preferably less than 10 ppm.

C

Dienes can be used as a comonomer to increase the molecular weight of
25 the resulting polymer and to create long chain branching. Vinyl chloride can be
used as a comonomer to increase the degree of vinyl termination in the polymer.
Invention processes can produce long-chain-branched polypropylene.
Long-chain branching is achievable using invention process regardless of whether
additional o,w-diene or other diene such as vinylnorbomene are used. Ina
30 preferred embodiment, less than 0.5 wt% diene is used. Alternatively,
embodiments with less than 0.4 wt%, 0.3 wt%, 0.2 wt%, 1000 ppm, 500 ppm, 200
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% of a conononer, preferably | to 40 weight % preferably 2 to 30 weight %
preferably 3 to 20 weight % preferably 4 to 15 weight % preferably 5 to 10

wei ght % rbofkaydspne or nore of: 15 1. a heat of fpsipeifa28f) J/ 9 or |ess,
preferably 50 J/g or less, preferably 640 or less, 30 J/g or less, nore

preferably 20 J/g or less; 2. a weight average nol ecul ar wei ght (as neasured
by GPC DRI) of 20,000 or nore, preferably 50,000 to 2,000,000, preferably
100,000 to 1,000,000, preferably 150,000 to 900, 000, preferably 200,000 to
800, 000; 20 2, maorr{gbi,pfﬁl owrate of 0.5 dg/mn or nore, preferably 0.7 dg/mn
or nore, pr Pefably .0 dg/mn or nore, preferably between 0.1 and 1500
dg/min; 4. a el hisoge teqdeneaats the prefenGio@noon invoiees upngdsar ably 70 C or nore, C

preferably 80C or nore r ef er,abl tween 90 and 150Q0.C . nore, preferably
between 100 diioipanEa de e S g A8 efe oo Bt FTem R o “abou | to
20, preferabluye. Afanishalll, the praset infnBdEinAdNe¥ a dogoBmttrizakion RAQIOAGF enbodi ment the

pol ymers produced herein have a nelt viscosity of |ess than 10, 000
centi poiSses &tefingipnemers whenin thesgacipn lclpdes propylgneand pe¥ienset er,  preferably

bet ween 300 tcgnog)?&ekgzmﬁwfim%n&%tﬂ@en%mw@,myﬁw&mﬁeaﬁdm%@gi ng 30 and

adhesi ves) an erably between 5000 and 10, 000 for other applications.
-76 WO 2006/ GomdyhEraaTy tg3apBsedin 4 24®ty Hortivies mciuding fonexaapie fdmbodi nent s t he

pol ymer prod | S ] [ e ' or nore other
pol ymers, i n::q%g ’|SE%B %Bﬂf&]g%‘[&g‘f%"@t&%,ﬁgmt{%{ér?crgr%g&a%%‘%%po ymer (s) and/ or
el ast oner (' s) .fabics, rinbmoideal adsddsc Mpod panienlady, thesesardclgdanchnterfot hat can be nelted
by heat ,_and then co d wth t appreciabl.e change i operties.

Ther nopl®ast i (?qu? ﬁ@?bﬁnst W@gﬁﬁf Pﬁeg?%d'é‘?&gﬂpmg?’g&%q’&fjg ited to,

pol.yol ef i ns, apileydodnthdauticRe) | fy@skminates afdahermafohnsdattREs. pol ysul f ones,
polyacet al s, polyl act ones, acrgll oni trile-butadi ene 10 styrene resins,

pol yphenyl ene oxi Hehoujidieypted Hipt wahile linear pcxjdienes exg prefrared OB difR%ri 1 e ~ resins,
styrene nal eiggn ARBMAipied BRlakd PHIHRSs of MO HBrtion PRIV SR RSiugedXr M xtures of
branched, substituted a,w-dienes, such as 2-methyl-1,9-decadiene; cyclic dienes,
15 such as vinylnorbomene; or aromatic types, such as divinyl benzene.
Embodiments of the present invention include copolymers having from 98
to 99.999 weight percent olefin units, and from 0.001 to 2.000 weight percent c,w-
diene units. Copolymer embodiments may have a weight-average molecular
weight from 50,000 to 2,000,000, crystallization temperatures from 50 °C to 140
20 °C and a melt flow rate (MFR) from 0.1 dg/min to 1500 dg/min. Note that the
these embodiments display high crystallization temperatures intrinsically; there is
no need for externally added nucleating agents.
In other embodiments, the copolymer includes from 90 to 99.999 weight
percent of propylene units, from 0.000 to 8 weight percent of olefin units other
25 than propylene units and from 0.001 to 2 weight percent o,w-diene units.
Copolymer embodiments may have weight-average molecular weights from
20,000 to 2,000,000, crystallization temperatures (without the addition of extemnal
nucleating agents) from 115 °C to 135 °C and MFRs from 0.1 dg/min to 100
dg/min. The accompanying olefin may be any of C;-Cyo a-olefins, diolefins (with
30 one internal olefin) and their mixtures thereof. More specifically, olefins include

ethylene, butene-1, pentene-1, hexene-1, heptene- 1, 4-methyl-1-pentene, 3-methyl-
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v., two or nore of the above. Preferred polyolefins include, but are not
limted to, polynmers conprising one or nore |inear, branched or cyclic C2
to C40 ol o¥o rsg02598 ef er abl y pol yners conpri sing promgrassoseprbymeri zed with
one or nmore C2 or 15 C4 to C40 olefins, preferably a C3 to C20 al pha ol efin,
nore preferably C3 to CO a- olefins. Mre preferred pol yol efins include,
but are not limted to, polyners conprising ethylene including but not
limted to ethyl ene copolynerized with a C3 to Coo olefin, preferably a C3
to C20 al phai-géridnki-memyla -k ele£3-Mbthyt- IREE EBQeRNHd&Ene, put ene. 20

"El ast omers” enconpass ,all natural and synthetic rubbers, incl udi ng those
defined in AUFRFePRBE]-dodegetfp| es of preferred el astoners include, but are
not limted to, Vi di ene nononer
rubber, styreni ?@P&E‘@%‘g&éﬁﬁﬁ %Hg?g{a Ef nc Sg i {15&9@1@3@88 SBS, SEBS
and the |i keinciu%mllqunhenctac&rsm@neprs Bmhaemuilydne,rﬁanetbﬁpani:buﬁ, adi ene), butyl
rubber, . hal oput r 5 coppl ymer s of J|.sobutyl ene an

par a- al. f<yl st%xe e ‘ﬁ ﬁﬁlgﬂ‘é't%e 3'2 c?/ ﬁ%‘?’slm’ef‘lmq%r%%%st Wgﬁ%ar%md

par a- al kyl st ;heserwpomﬂetrymﬂouuubhmrofsop@hwrsroar@n@om&ﬁmhmwrsslvﬂﬁ but adi ene
with acrylonitril e pol ychl oroprene, alkyl acrylate rubber, chlorinated

i soprene r ubFREFEHE: A M™lonitrile chlorinated isoprene rubber, polybutadiene

rubber  (both CIqnaafifamaﬁaodn&atﬂhapeﬁﬂéxbﬁdveemmdmmmam@hﬂ,fpol yner produced
by this invention is d with one or nore of |sot actic 5)0| ypr opyl ene,

hi ghly i sot als %WQ%WW@B@G}H%MOﬁWWWSPM by lesprg Bl opy | ene,

syndi otjact i cypakoREaRY k&ike argg,@ggg@ copol ymer of propylene and ethylene
and/ or butene and/ or hexene, polybutene, ethylene vinyl acetate, |ow

density pol yet hy|Pecferﬂ(ddmpyleag/pqwnmsa)r@dvc¢cetsmicatllmvmmisg950 Hendtl i near | ow

d t I I ty 0.86 to |
than 0’ 90" g/ Sy oS oo PHoRF b ORI AT 50"t o 1 ess than
0.915 g/crrB) prefmrﬂlywrm.?dwnghtt‘}y ppcférylﬂyhy:l Brveeighti &) prefeyabld. %8 16 t o0 | ess t han

0.945 g/cm, h,density ol yI ene (density 0.945 to 0.98 g/cnB),
et hyl ene vi ni')'f”gg é’taﬁ?éavegf'%‘s rret hyl
15 1. a heat of fusion of 60 J/g or less, preferably 50 J/g or less,

preferably 640 or less, 30 I/g or less, more preferably 20 J/g or less;

2. a weight average molecular weight (as measured by GPC DRI) of
20,000 or more, preferably 50,000 to 2,000,000, preferably 100,000 to 1,000,000,
preferably 150,000 to 900,000, preferably 200,000 to 800,000;

20 3. a melt flow rate of 0.5 dg/min or more, preferably 0.7 dg/min or
mmore, preferably 1.0 dg/min or more, preferably between 0.1 and 1500 dg/min;

4, a melting temperature of 60°C or more, preferably 70 °C or more,
preferably 80°C or more, preferably between 90 and 150 °C, more preferably
between 100 and 150°C;

25 5. an Mw/Mn (as measured by GPC DRI) of about 1 to 20, preferably
about 1.5 to 8, preferably 2 to 4.

In another embodiment the polymers produced herein have a melt viscosity
of less than 10,000 centipoises at 180 °C as measured on a Brookfield viscometer,
preferably between 300 to 3000 cps for some embodiments (such as packaging

30 and adhesives) and preferably between 5000 and 10,000 for other applications.
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acrylate, copolyners of acrylic acid, polynethylnmethacrylate or any ot her

pol ynmers pol yneri zable by a high-pressure free radical process,

pol yvi nyl cidlgthbed@s049l0 pol ybut ene-1, isotactic pol ybupengsddazdesi ns,

et hyl ene- propyl ene rubber (EPR), vulcanized EPR,  EPDM bl ock copol yner,
styreni c bl ock copol yners, of des> of carbonates, PET resins, crosslinked I
P Y~ P Y polyethyl ene, PoYners that are a hydrolysis product of EVA that
equate to an et hyl ene vinyl alcohol copolyner, polynmers of aromatic
nononers such gasuaplystyrene, poly- | esters, t5 polyacetal, polyvinylidine
fluoride, pol ehe gl ycol s and/ or polyisobutylene. |n another

enbodi nent el astoners are blended with the pol yner produced by this
invention to form.rubber tougheped.conpositions. .In sonme particularly
preferred enbodigkﬁ?§?m?W@“P 7“%%@%ﬁ§ﬁ%ﬁ&&%@ﬁ&@??ﬁ?ﬁmwgea two (or rmore)
phase syst emyiMagédevit e 61 @6re QN polyiness, Bchgiabit AbtQiasiteplase and the pol yner 20
produced by this invention is a continuous phase. This blend nmay be conbi ned

with tadkifi chesmepitippolypee) adsnrlpsired(shs described herein. In anot her
enbodi ment the pohy%ogfﬁ%%egwgslyfpglwg,gttchp& 18d BG heataddl €nded with

el astonmers or other soft polyrers to formi npact cogggyners. In sone
embodi ment s tthea chdledwith et appregeable shange inepronshigs elheymnplaghiapadsmeers he el ast omer 25

or soft pol yner..is: j t d .ol roduced by this
Mventi on i & sl il BAGR ARl B WBRBICART b MRS YR T O ers
and/ or ot her palydirbdnutes; palgsuifeses) Holyecktahs palylactories) agrglomtrderbatddierent s t he pol yners
of the jnvention described above. are onpi ned. wi th netal l ocene
ol yot il ene<hTRBESTS aphRErARR SR pai Ry gh et onBEE "“rhe npe and
lr)rPP.mhorr})pol yrfwgs, s%)y‘rtla!ﬁ(ﬂlhwi@/diiﬁy’cﬁidarpﬁlyiﬂﬁﬂésﬁﬁbrlhaﬁc@b@ﬂdl@ﬁﬁl od &iixt@red 3TN O- (r)]r

i mcycl opent adi en ansition nmetal catalysts in conbination wt -78 WO
2006/ 025949 pﬂmméjeaé%@&mmfaﬁﬁedﬁwgﬂwé% b BORLIBY or a

non- coor di Natph e Rb@prising chObithdr® Baeaf bHhéRtd of UyBIlt CR6 E50KMs O gas phase. The
catal yst and activator nay be supported or unsupporte and t he

cycl opent adi @Fsjrally prygness,compyisisg prepyleng cerphaneripadstitiane eumerg G2 Sever al
commer ¢jsal  PrOYES, S1eRhLPREREIVY ¢,Ro EXGIbNG Blefih iRt fEki4F Qo €91GP1 Nations are

olefins. More preferred polyolefins include, but are not limited to, polymers

comprising ethylene including but not limited to ethylene copolymerized with a C,
to Cag olefin, preferably a C; to Cyg alpha olefin, more preferably propylene and or
butene.

20 “Elastomers™ encompass all natural and synthetic rubbers, including those
defined in ASTM D1566). Examples of preferred elastomers include, but are not
limited to, ethylene propylene rubber, ethylene propylene diene monomer rubber,
styrenic block copolymer rubbers (including SI, SIS, SB, SBS, SEBS and the like,
where S=styrene, I=isobutylene, and B=butadiene), butyl rubber, halobutyl rubber,

25 copolymers of isobutylene and para-alkylstyrene, halogenated copolymers of
isobutylene and para-alkylstyrene, natural rubber, polyisoprene, copolymers of
butadiene with acrylonitrile, polychloroprene, alkyl acrylate rubber, chlorinated
isoprene rubber, acrylonitrile chlorinated isoprene rubber, polybutadiene rubber
(both cis and trans).

30 In another embodiment, the polymer produced by this invention is

combined with one or more of isotactic polypropylene, highly isotactic
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5 commercially avail able from ExxonMobi | Chem cal Conpany in Baytown, Texas
under the tradenanes EXCEEDTM ACH EVETM and EXACTTM For npore information
on t he net hadswsatdscat al ysts/ activators to produce spehus:@mppal yners and
copol ynmers see WO 94/26816; WD 94/03506; EPA 277,003; EPA 277,004; U. S.
Pat. No. 5,153,157; U S. Pat. No. 5,198,401; U S. Pat. No. 10 5, 240, 894;

U S Pat. No. 5,017,714; CA 1,268,753; U S. Pat. No. 5, 324,800; EPA
129,368; U.S. Pat. No. 5,264, 405; EPA 520, 732; WD 92 00333; U.S. Pat. No.

5, 096, 867; U : : ; . EPA 520 732;
EPA 495 375; PR Rfney 4%&%%,%305%%g%%@é%@@%%@ﬁ%é%@6 and U.S. Pat.
No. 5, 055, 438thylese and/osbnene embw diexeeatpslybitencpahyjeme vinglfac¢téte downvent i on i s
present in the above | epds rom 10 l.aht, % . based upon the
Reront of |t neesBY SHRns (R 831 k3 Bhab Bomle T 19 hi8 Gnt Pos even
nore pref eralpglyetajledeaa&t lo@(ﬁeﬁsﬁyﬁ?yaﬂgigxlghtdené]{?rowwlemmaﬁ (XHO@dﬁf:’)ablhy at | east
40 to 90 wei ght 9% . even e prefera at | east 040 90 weight % even
nore pr.éfer agf"y loyy dqﬂé‘ﬁ’sﬂogg'%ylf”@ (g‘i’)“%(f' lagg thé‘%/%?llsrﬂz"r"éjs'?ﬁ?db'f"bf erably at |east
70 to 90 wei ﬂl&ﬂsiq‘y%olﬂ'éﬁ@lcﬁé Qestay 0955H188 tha D I¥Ee/ERYy, héh Rhgguced by (a) m xing

the polyners of the invention with one or nore polynmers (as described
above), by (BplysthylensideasityiORgs reh® sem’).cefyylenereinyliapetaie ethyleng methke in situ

reactor bl en , ' o | in the sane
reactor to p(rléﬁlg%’e OIW%% e p‘:e%ﬁl‘gg%g‘a%m%@f‘%?g ﬁgé{oolyrrers can be

m xed t oget heplymess polymerizable byga ligh-piessue fteh eadialt prepdssy polyinyivhipribe i xed in an
extruder. An th oye | virer . be,functionalized. nctionalized
nmeans e]to hat %ﬂ@ﬂuﬁoeﬁhle&%ﬁgag%&e{eﬁ e’c@é%éf“’éamﬁeﬁ‘p%p Peﬂﬁguaseﬁt(%]%:@d acid or
anhydri de. Ruoleintged EBRUEFDM blark echoh@ice] Styehicebidey dopoti@sers, ncl ude any

unsat urated organi.c 30 c un ont ai ni t |least one douple bond and at
| east one capﬂgﬂvpcsg?‘glfﬁ’ggy“%é’p srgﬁ’fsa'frﬁfg‘%?fg?‘&'gﬂﬁa@ﬂiﬁg’”tegr@%xyI ic acids,
anhydri des, afstadydroBEisploiet &f A4 thst equatd B Methg AV aRERI PCT/ US2005/ 024240
both metallic and non-netallic. Preferably the organi¢c conmpound contains an

et hyl eni ¢ un&eROUMTEPENMER Bf HHRREANAUPIFS LA BRIIIENGr RAN! ¢98:0) . Exanpl es
Is polyacetal, polyvinylidine fluoride, polyethylene glycols and/or polyisobutylene.

In another embodiment ¢lastomers are blended with the polymer produced
by this invention to form rubber toughened compositions. In some particularly
preferred embodiments, the rubber toughened composition is a two {or more)
phase system where the elastomer is a discontinuous phase and the polymer

20 produced by this invention is a continuous phase. This blend may be combined
with tackifiers and/or other additives as described herein.

In another embodiment the polymer produced by this invention may be

C blended with elastomers or other soft polymers to form impact copolymers. In
some embodiments the blend is a two {(or more) phase system where the elastomer
25 or soft polymer is a discontinuous phase and the polymer produced by this
invention is a continuous phase. This blend may be combined with tackifiers
and/or other additives as described herein.

In some embodiments the polymers of the invention described above are

combined with metallocene polyethylenes (mPEs) or metatlocene polypropylenes
30 (mPPs). The mPE and mPP homopolymers or copolymers are typically produced

using mono- or bis-cyclopentadienyl transition metal catalysts in combination with
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include maleic, flimaric, acrylic, nmethacrylic, itaconic, crotonic,
al pha-nethyl crotonic, and cinnamc acids as well as their anhydrides,

esters andygajokoRederi vatives. Ml eic anhydride is paiddsgaskdsby preferred.
The unsaturated acid or anhydride is preferably present at about 0.1 weight

%to about 5 weight % preferably at about 0.5 weight %to about 4 weight
% even nore preferably at about | to about 3 weight % based upon the
wei ght of the hydrocarbon resin and the unsaturated acid or anhydride. 10

Tacki fiers rrayacbieatbﬂﬁaﬁ&qxa&kwar%oﬂew&m{tﬁg fior iRsSuddAY @ity aignand/ or with
bl ends of the polymer produced by this invehtions (as described above). wy

Exanpl es of @Esesurd or gaspkpse Ehescatahys| and activisgr mey be sprported orjupagperted al i phati c

hydr ocar bon  ahet DRIl felBALD Sk AIADBA S aRgpbon rest ns.

hydrogenated po esi ns cyc openta I ene resins, gum
rosins, gum casmerciibpradtis pduced oith siehicaslystiacovator mmbmaemtseres tall oi I

rosins, tall oil ene ar onat.i f| ed
pol yt er penes & ’P’@F’B‘éﬁ%avﬁﬁaaf?{%@xxgﬁyéﬁg{:‘? grpane ! ‘ﬁ‘&f ed
pol ycycl opentuadi &8 @radefah@EXCRRI™ GOUHIESE ™ AddEat oM, B&hﬂore hydr ogenat ed

al i phatic aronmatic resins, df>E/.dr ogenat ed terpenes and nodified terpenes, and
hydr ogenat ed infergapona thy wethg tHIesiRtom e Brogyse sYcheki fier is 20

hydr ogenat ed ho&lapoﬂm?sran@eéwmr&éwm/m%w\fo %ossﬁs mmloas (Non- pol ar
tackifrers are substantially free of nononers havi ng} ol ar’ groups.

Preferably tK2A 233084 Uds BatpNo. éﬂélrié"tikﬁ d®sleNo- 5, 198:481 &1-5. Pat. Npr esent, they are
preferalgl Y NQL4PESSBIY pAlNo. BRI F 7{4@0 152%@7'% %%’gt %95%4 byElﬂﬁPt more that 2

wei ght eveh noré preferably " nd nor %) I'n sone
nﬁ. ment s tthsBGSaUl& Pateo. |5;2§4 405 BPASRO,1Z; mmoasa (LFS Pgt. Hnd Ball, as

repeur ed by ARG B PTG R SR RS o0 S

that the hydBraa9bars; ERAISD0 s ERR M) 9820 st Ad83s WDoan3s0snadaUl8.at ed acid or
anhydride. Pref erred unsat urated aci ds or anhydrides include any
unsat ur at ed 3F'gl§ﬂ15c é&ﬁ%ound containing at | east one double bond and at

least 3@ one car bpRyhe SidRnenRAR RHARE 8 thi¥ Gvadofl s frdedtitl@e avROXYl i € aci ds,
anhydrides, esters and their salts, both metallic and non-netallic.

Preferably t ihisnds gdromcl0 to 89 weight 6 hesed npavihe weightiofthe pslymena mibe
blend, preferably 20 to 95 weight %, even more preferably at least 30 to 90 weight

%, even more preferably at least 40 to 90 weight %, even more preferably at least
50 to 90 weight %, even more preferably at least 60 to 90 weight %, even more
20 preferably at least 70 to 90 weight %.

The blends described above may be produced by (a) mixing the polymers

of the invention with one or more polymers (as described above), by (b)
C connecting reactors together in series to make in situ reactor blends or by (c) using
more than one catalyst in the same reactor to produce multiple species of
25 polymers. The polymers can be mixed together prior to being put into the extruder
or may be mixed in an extruder.

Any of the above polymers may be functionalized. Functionalized means
that the polymer has been contacted with an unsaturated acid or anhydnde.
Preferred unsaturated acids or anhydndes include any unsaturated organic

30 compound containing at least one double bond and at least one carbonyl group.

Representative acids include carboxylic acids, anhydrides, esters and their salts,
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conpound contains an ethylenic unsaturation conjugated with a carbonyl group
(- CO. Exanples include nmaleic, fiunaric, acrylic, nethacrylic, 'itaconic,
crotonic, : hyl crotonic, and cinnam c acids their

anhydri des,ﬁée@?{gorzgﬁgnd salt derivatives. Maleic anhypg"rsri’ eo%"%ﬁ%oarti cularly
preferred. The unsaturated acid 5 or anhydride is preferably present at
about 0.1 weight %to about 10 weight % preferably at about 0.5 weight %
to about 7 weight % even nore preferably at about | to about 4 weight %
based upon the wei %ht of the h}v:dro arbon resin and the unsaturated acid or
anhydri de. ThXRBgRNE pdnonimetylijce Seshirably e prppiccomppund coslaiRg At about 1 wei ght
%to about  19nAQicwekBRkticHcok)ased WiRARabAS Wekaht-0f Hdbeplkl end, nore
preferably 10 V\)g?lght %to 4 a%/ii_/ei ght % lrg\f:/i’e%l.ern)re—_(gj;eferglbl 20 weight %to
40 wei ght % iP¢ladeanalgi¢, jumanis,qspiie, methgetylis, iitaqonicscroforic mnbawethyl or i fpresent, is
present at | esg§qk . 1 ght. .9 r.ef M 5 weight % nore
preferably at 3@2%%%%%@%??{%%%@% g?’%ﬁ%@?ﬁ@ht t he pol yners of

t hi s i nvent i oderivatived. Malbit enbgtdride iGpattiveladypprefefred. t Thennsomped ®&l e cr ossl i nki ng

agent. Preferred. grosslinking agents. .incl t hose havi functi onal groups
that can r eac?”gwr@ﬁlstpﬁeé-érg%YHg%?P‘g“zg??%?'} Hg'ghlt}g&otﬂgfmtgr%?%m g]‘éd crossl i nki ng
agents i ncl udgreferablgBOdbsut 0L gHY P4Sto abotit B @@ighths Ve @Gre peofetitdy att 1 i am nes.

Exanpl es of crossl i nki ngj %l%@?’ s useful in this invention include polyam nes
such as. et hy| BRUCHAATIHLS "R MPREASP9h B FHIEH of b% RMERHY PR HSHA ne, | 20

di et hyl ani i nofg aR)hAEd A8 oPR{EIde TNt hanedi ami ne. I n anot her enbodi ment the

pol ynmers of this invention, and/or blends thereof, further conprise typical
addi tivés known i raekiliersimiy bebdendedovith the palyners ofghip inyentiop andfer ity

antoxi dant s, yisiik At AL B0 HSs inhaSk k&g &FBed BbsK, anti bl ock, col or
mas@r bat ches, plggrrenﬁdg?xﬁeéyes, _prgces]gi ng aE(%_s, LTV stabilizers, 25

neut r al i zer s, Exanipies ofustv] tackafieesincladedbu arematlinitedito gliphgtinhwlrocgihen addi ti ves

nmeaybe present :in_the-typj.call.y. effecti anppunt |l . known in the art,
steh as’0; o0 emaR oA g hithoshithn BBE Mido#Fre o "Cavi tat i ng agent s
and/ or nucl eapdiyegclagemndiene resins sidycydlogentadiene relim xguitterosias lgamuesirc ar bonat e,
bariumsul fate, silica,. sil i(gq%n di oxi de,. carbop .30.bl ack, sand, glass

beads, M ner af*iyYPALRTIRS Wopdfoun exters; jallgil osinseta|l oj) gosin esters,

polyterpenes, aromatic modified polyterpenes, terpene phenolics, aromatic
modified hydrogenated polycyclopentadiene resins, hydrogenated aliphatic resin,
hydrogenated aliphatic aromatic resins, hydrogenated terpenes and modified
terpenes, and hydrogenated rosin esters. In some embodiments the tackifier is

20 hydrogenated. In other embodiments the tackifier is non-polar. (Non-polar
tackifiers are substantially free of monomers having polar groups. Preferably the
polar groups are not present; however, if present, they are preferably not present at

more that 5 weight %, preferably not more that 2 weight %, even more preferably

)

no more than 0.5 weight %.) In some embodiments the tackifier has a softening
25 point (Ring and Ball, as measured by ASTM E-28) of 80 °C to 140 °C, preferably
100 °C to 130 °C. In some embodiments the tackifier is functionalized. By
functionalized 1s meant that the hydrocarbon resin has been contacted with an
unsaturated acid or anhydride. Preferred unsaturated acids or anhydrides include
any unsaturated organic compound containing at least one double bond and at least
30 one carbonyl group. Representative acids include carboxylic acids, anhydrides,

esters and their salts, both metallic and non-metallic. Preferably the organic
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WD 2006/ 025949 PCTI US2005/ 024240 Preferred anti oxi dants include phenolic
antioxi dants, such as Irganox 1010, Irganox, 1076 both avail able from

Ci ba- Gei gywoRrRfigwied oils include paraffinic or naphifense4eiol S such as
Primol 352, or Prinol 876 avail able from ExxonMbil Chem cal France, S. A
in Paris, France. 5 More preferred oils include aliphatic naphthenic oils,
white oils or the like. Preferred plasticizers and/or adjuvants include

m neral oils, polybutenes, phthalates and the like. Particularly preferred
plastici zers c'om?&m ot hﬁl aﬁﬁﬁlcmm at1@1§coq{u' imﬁ?mrboaw gte (D UP),

di i sononyl pht hal ate (DI NP), diocty ﬁt hal a § (DOP) and po ybutenes such
as Par apol Q%QinExmiapmludimﬁlcaﬁdmahem@wi mmmlcmmmmqmcchem cal

Conpany in ton,.lex i.tional . Pref i ncl ude those
di sclosed in W‘ ﬁﬁ%gﬂm %‘El %5;/2854\’5&{ elr a\%}ﬁ%ﬁg a%sgeg%&lor porated by
ref erence hersal ferivhiives. &\ddl@dmﬁp@ﬂem:iaﬂ@ulaﬂmefeﬂmbmhsmhmxated/aaﬁes and/or oils

i nclude | ow nol ecul ar t products _such,k as ol | | ow Mh pol yner,

(1 ow neani ng °F ¥y %&P‘% ?ﬁ@&atag?‘lépér“ﬁlﬂhﬁ//"ﬁm %ﬁﬂﬁé’“r{bre preferably
bel ow 3000, %Yﬁ'&alﬂ?ﬁﬁb&ft@%‘ﬂe?@l%t@@doﬁW@éQﬁ)’/{;,cPJn%&éﬁSr@fira\Sﬁ&ﬁs i ncl ude pol ar
or non-pol ar waxes functional i zed. waxes ﬁ/pr opyl ene waxes, polyethyl ene

waxes, and m&koutﬁé@ﬂﬁopﬁﬁel@/ef’mwnwm droembaVvERTAN101. Pref er r ed
functi onal | zegl YWRAES E% Hx‘%ﬁh;}dh@ e nodified with an al cohol, an 20 acid, or
a ketone. Functi onal | zed neans that - the pol yner has been cont acted with an
unsat urated acid EheTatHMrlfMGsentRsmmmesamgmmmaltww&@tﬂgbamt anhydri des

el udeyany RSl X SR ARRE SRR S GO Eh LA Ao 5P, 91 doubl e bond

.-...)

\(

and at least On8 onyl *gr oup resen aclds inctude carboxylic
aci-ds, anhydiOivebizght ‘Voee.teﬂenmremnderhﬁlyenﬂwsgit%t,o 4b®teighn%t &tdferablyand non-netal |l i c.
Pref.erably the 25 or i C _conpound. ont ai.ns an e hg/t}]en' C u turation

conj ugat ed Wi 5 ot PESTRRPT ¢ Eéfﬁ)t’lsﬁﬁséﬂtpﬁt § feic, fumaric,

acrylic, gﬁa lyﬁssthire&mglﬁ%,n@feqﬁamayaﬁésehanmiw %crotonic, and
ci nnan ¢ aci as well as their anhydrides, esters and salt derlvatlves

Mal ei ¢ anhydri de sangtierembogigentyhepo srof Ehis iyeation, gadioribleaded aci d or _
anhydri de | s QGkSTARL R RSERbsBlIGRRRE RrefotliRlindhdfegbout 30 10 uei ght

% preferably at "about wel ght %t 0 about 7 weight even nore
include those havmg functional groups that can react with the acid or anhydnde

group. Preferred crosslinking agents include alcohols, multiols, amines, diamines

and/or triamines. Examples of crosslinking agents useful in this invention include

polyamines such as ethylenediamine, diethylenetriamine, hexamethylenediamine,
20 diethylaniinopropylamine, and/or menthanediamine.

In another embodiment the polymers of this invention, and/or blends
thereof, further comprise typical additives known in the art such as fillers,
cavitating agents, antioxidants, surfactants, adjuvants, plasticizers, block,
antiblock, color masterbatches, pigments, dyes, processing aids, UV stabilizers,

25 neutralizers, lubricants, waxes, and/or nucleating agents. The additives may be
present in the typically effective amounts well known in the art, such as 0.001
weight % to 10 weight %.

Preferred fillers, cavitating agents and/or nucleating agents include
titanium dioxide, calcium carbonate, barium sulfate, silica, silicon dioxide, carbon

30 black, sand, glass beads, mineral aggregates, talc, clay and the like.
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preferably at about 1 to about 4 weight % based upon the weight of the -82
WO 2006/ 025949 PCTI US2005/ 024240 hydrocarbon resin and the unsaturated acid

or anhydri Qg nk@tasred exanpl es include waxes nodi figd;sbs /5%54F'y| ket one,
mal ei ¢ anhydride or maleic acid. Preferred | ow Wh polyners 1 nclude pol yners

of | ower al pha olefins such as propylene, butene, pentene, hexene and the
like. A particularly preferred polynmer 5 includes pol ybutene having an M of
| ess than 1000. An exanple of such a polyner is avail able under the trade

nane PARAPOLTM 95 an ARAPQL.TM 950 i s an

l'i quid pol ybut ene$ﬁ%rva]€?tl%é‘(;?tﬁ@°{ugﬁﬁ%ﬂw5 %@)agﬁ,&uél ?lkﬁg?%t(ﬂo dVIw scosity of
220cSt at  100IrfanoRs 0TEERH4vaIlhbRYfrom SIbMGeE! 4§nefeﬂr@d Slserhohide parafiicok abi | i zers and
or antioxidants include |Irganox 1010 and the i ke. In a particularly

preferred enbtaphibeme ollssieh 35 8MpREIS, BEHEEES aH%!}aB‘P#O"‘(Fé‘P‘B‘i‘MWi'r bl ended wi th
ot her pol yrrer %"ﬁgfm&ngm P)Paﬁ?hﬁra!ﬂ bl ended with a non- functionalized

pl asti ci zer Typi cal | ythe FP is present in the blend at 15 from|
to 75 wef ght % prl‘étﬁreplabhyd &ilstinchglp alighatihmapbthenic @fsewkitsl ofls o0the bke60 wei ght %
based upon the wei f 2 ogﬁgsi .90, - Li kew t.ypi t he pol yners
produced herein ar%%rf'% (]aarsl C?zle?ls er%dﬁ“é'ngs %‘%luggn%ngrgb@%v%?%h{ex% preferably 40
to 95 wei ght p%alm@aheﬂﬁhye FarticolafPprefetrehplastizizérameldde pithelddseuchei ght of t he

conposition. Th s sse | s desc in t. are useful as
non 20 functi %%Iaf"@@)s‘? nyjght }’i‘tfﬂ}tgﬁigﬁﬂt?n Fl mi xed with
other NFP's dﬁ@mrm@payﬁn%@ Such B FAkAH6T 95D @ndBrapoN1 IO S 4ilable Ro@PErti es. Any NFP
useful in the_ present invention nmay al so be descri bed by any nunber of, or

any conB? nati 5?‘1"%*401”1 Chemiral Ceppanydz Heysioa Jexasy ehdditioppidredersd) v the NFP i s a

liquid with ”glaﬂicﬁfeﬂs'ﬂﬁiud@ﬁlo&'d‘é&lo@é&'1ﬂWCﬁﬁ@m9ﬂpmﬁir@bS}?5lo%45'45‘?”3'[ ic viscosity
at \&5C of 30,000 cSt or less. |In one enbodinment, the NFP is a conpound

conpri sing cawb@haramorpwwdbgeqﬂeremnuerd@es not include to an appreciable
extent, functionalp r%gr%dgﬁoceéﬁ‘llg?lﬁlg G AR Qof8i1s ifiddeSotnd Substituted

aryl s, hal ogens,
molecular wcnght products such as wax, oil or low Mn polymer, (low meaning

15 . below Mn of 5000, preferably below 4000, more preferably below 3000, even
more preferably below 2500). Preferred waxes include polar or non-polar waxes,
functionalized waxes, polypropylene waxes, polyethylene waxes, and wax
modifiers. Preferred waxes include ESCOMER™ 101,

Preferred functionalized waxes include those modified with an alcohol, an

20 acid, or a ketone. Functionalized means that the polymer has been contacted with
an unsaturated acid or anhydride. Preferred unsaturated acids or anhydrides
include any unsaturated organic compound containing at least one double bond

\w and at least one carbonyl group. Representative acids include carboxylic acids,
anhydrides, esters and their salts, both metallic and non-metallic. Preferably the

25 organic compound contains an ethylenic unsaturation conjugated with a carbonyl
group (-C=0). Examples include maleic, fumanic, acrylic, methacrylic, itaconic,
crotonic, alpha-methyl crotonic, and cinnamic acids as well as their anhydrides,
esters and salt denivatives. Maleic anhydride is particularly preferred. The
unsaturated acid or anhydride is preferably present at about 0.1 weight % to about

30 10 weight %, preferably at about 0.5 weight % to about 7 weight %, even more
preferably at about 1 to about 4 weight %, based upon the weight of the
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carboxyl ates, esters, carbon unsaturation, acryl ates, oxygen, nitrogen, and
30 carboxyl. In yet another enbodi nent, aromatic noieties (including any

conmpound Wy ecul es have the ring structure c ,$ti c of benzene,
napht hal ene, &ﬁ%% 20061025949 PCT/ US20051024240 mgﬁ@%@ﬁ%’%?}ééne,

ant hracene, etc.) are substantially absent fromthe NFP. By "appreciable
extent", it is neant that these groups and conpounds conpri sing these groups
are not deliberately added to the NFP, and if present at all, are present

at less tha % by . wej h P.i.n.one £ [ t,. nore 5 preferably
| ess than 4%%550}6\%?&]3%“%9%{%}15 e‘lft% ZTC)%F i gd?ﬂear?r v{egie)gq%{’]pl%% nore preferably
| ess than 2 imudgiwaxemoatified bp methelrlatng, niabssanhidride 4r meleightid.% nore preferably

| ess than O. i ght % re .preferabl ess an 0.5 ight % nore

br of er abl'y  IHEETeiay M3 e RIS poREES of PR PR Bhan 0 1 wel ght %
nore  pref ergbiylent, 86&nd, Pétiend, HeRen¥ IR 1K ARARuRALHeiABd Yolykes than 0. 01
wei ght % nore 10 preferably I ess than 0.001 wei ght % based upon the wei ght

of the SNFP. ipgludes polyyieanbavirigi2) Musdese than 1400; Mﬁwmlequﬁmhat hese conpounds are
not added del i ber at el. to, the c oSit] i.f. present at all, are
present at IR efﬁé’ﬁa'%l.’lguvﬁes/?‘e Fﬁ%ﬁhﬂ%@%&hﬁg e is a

hydr ocarbon &akeaflE5e0t pARNGITM 98 LA Riic WIRALHE ARG by appr eci abl e

extent. By "appreclable extent of I ni nsat uration i s meant
t hat the cardndvisof 950 ehd/ckindgmutioVisdosity af 2B@Sds 18¢ QO unmedsoredbess t han 10 %

preferably IM@@ 9 % nore preferably less than 8 % nore preferably
| ess than 7 % preferably less than 6 % nore preferably less than 5

% nor @ pref er ablPyefdred SVt dbllizérs dhd drafitoxftath Sicmbd igdn6s S010RANthE % nore
preferably Il ess than 2 % nore preferably less than | % nore preferably
| ess than 207K: 7 % nore preferably less than 0.5 % nore preferably |ess

than 0.3 % mDreInpﬁs&ﬁﬁraa?h&fehe@ansdaﬁﬁkng&p%’vymeﬁrpeodneeafhe.reﬁabl y less than 0.05
" 9% nore preferably 1ess” than 0.01 % nore preferably |ess than 0.001 % of

the total nul#ses ordhended widypsher pojymers errompprsais) mesrhedlendedewifa mant of car bons
Cotal  nurer A1 ke fafls B Nef P T3pRgly' )58 WEE R AME o1 001 and 7 %
pref er &bl y bisennd én70wveight bigl psfegablyrioe €0 weightf%6 maditrybly &8 50veigh6,.%
based upon the weight of the composition. Likewise typically the polymers
produced herein are present in the blend at 25 to 99 weight %, preferably 40 to 95
wei_ght %, rpeferaby 50 to 90 weight %, based upon the weight of the composition.
The classes of materials described herein that are useful as non-
20 functionalized plasticizers can be utilized alone or admixed with other NFP's
described herein in order to obtain desired properties. Any NFP useful in the
present invention may also be described by any number of, or any combination of,
e parameters described herein.
Preferably the NFP is a liquid with no distinct melting point above 0°C and
25 a kinematic viscosity at 25°C of 30,000 cSt or less.
In one embodiment, the NFP is a compound comprising carbon and
hydrogen, and does not include to an appreciable extent, functional groups
selected from hydroxide, aryls and substituted aryls, halogens, alkoxys,
carboxylates, esters, carbon unsaturation, acrylates, oxygen, nitrogen, and
30 carboxyl. In yet another embodiment, aromatic moieties (including any compound

whose molecules have the ring structure characteristic of benzene, naphthalene,
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I n anot her enbodi nent, the NFP conprises C6 to 0200 paraffins (preferably

C8 to Cioo paraffins), where the NFP has a) a specific gravity of 0.85 or

| ess and bwo 2dsRfo poi nt of - 20C or | ess. | n anot her pernipeisiaeate, the NFP ,
consists essentially 30 of C6 to C200 paraffins (preferably the NFP consists
essentially of Cs to Cil(r) -84 WD 2006/ 025949 PCT/ US2005/ 024240 paraffins)
where the NFP has a) a specific gravity of 0.85 or |ess and b) a pour point
of -20C or less. In certain enbodi nents of the present invention, the NFP

having a) a p'i.aﬁmeh&a&hﬁyénkxethfareosu@sﬁmaalx,)a%&m@mth@m Bgur point of -20C or

| ess has one or nore the followmng ‘properties: 1. a distillation range
as determ ned‘ameCﬁB‘FMﬂEBB lhampwgthatth@ﬁgrbe}vse!n(beoﬂhmvmbsmnprwmgupper t enper at ure

and e | over LERRGLAIFadbo Aty Coflh o heREr LSGRARINSH. C O | eos,

preferably 2 B ESS pre pre ér ably bet ween 6 and
40 C, and/ or ptferl at I&;sfthaﬂalvsrt%OinWerggtthelNFPaﬁoﬁkeéxﬁodirrﬁaﬁdmbije ASTM D 86 of from

115C tao 500C, preferaply m NOT to 45 fera from 250 C to 400C
and/or 3. a rﬂﬁ?fg'étﬁy W"r‘raﬁ b B Preferp Hes%)kﬂ‘) aﬁe/%ﬁmﬁe 000 and 100

g/ mol , pref er@&éﬁblﬁﬁ&s"kﬁ@ﬂﬂeléﬁ@é,ﬁﬂﬁﬁéﬁ}a&{lfé@mm{Wﬂg}ﬁ%iﬁP@b'y bet ween 1, 000
15 and 200 g/ mol ; and/or 4. dielectric constant at 20C of |ess than 3. 0

preferably | eseferatialess t!zar@7w&17te@a&9re>prvf@§§1yiqs-*athm20 Eweighth.ape®| v | ess t han
2.3, preferagJééfglgﬁgetss&’g@@.%éﬁét}t*yé‘weg{mf’érabl?l éﬁmlwgﬁﬁﬁ%ﬂ #45, 25C) of

fromO0.5 to ass transition tenperature (Tg)
det er mi ned byprASTNY EISb® TS weight %, mhamrdi@blpk@ftbmwlwdlﬁt%, wheen - 10C,

ot erally. + dudepiL s G oof Mgl BeedlBl B Qo crBRiEBR. G 10'°
deter mi ned by'subShiMial} &5sént", itris mednematemdsecbmmmms ,aretnbEadkilEFﬁehbmtelg a) a specific
grauity of 0. 837&&31%3%&;}131161‘”%@9 ta?l g'gpres O trl]etsst?nanog%ﬁor less preferably

co r’rp ri ses at ) )
In another embodlment, the NFP is a hydrocarbon that does not contain

olefinic unsaturation to an appreciable extent. By "appreciable extent of olefinic
15 unsaturation” it is meant that the carbons involved in olefinic bonds account for
less than 10 %, preferably less than 9 %, more preferably less than 8 %, more
preferably less than 7 %, more preferably less than 6 %, more preferably less than
5 %, more preferably less than 4 %, more preferably less than 3 %, more
preferably less than 2 %, more preferably less than 1 %, more preferably less than
20 0.7 %, more preferably less than 0.5 %, more preferably less than 0.3 %, more
preferably less than 0.1 %, more preferably less than 0.05 %, more preferably less
than 0.01 %, more preferably less than 0.001 %, of the total number of carbons. In

some embodiments, the percent of carbons of the NFP involved in olefinic bonds

O

is between 0.001 and 10 % of the total number of carbon atoms in the NFP,
25 preferably between 0.01 and 7 %, preferably between 0.1 and 5 %, more
preferably less than 1 %. '
In ancther embodiment, the NFP comprises Cg to Cago paraffins (preferably
Cs to C)go paraffins), where the NFP has a) a specific gravity of 0.85 or less and b)
a pour point of -20°C or less. In another embodiment, the NFP consists essentially

30 of Cg to Cago paraffins (preferably the NFP consists essentially of Cg to Cigo
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preferably at |least 60 w% preferably at least 70 wt% preferably at |east
80 t% preferably at least 90 w% preferably at least 95 wt% preferably
100 wt % of p! o isoparaffins, preferably C6 to | af fins,
pr ef er abl y@m /[958%& i soparaffins, nore preferably @?%O@Q%Opar af fins.
Preferably the density 30 (ASTM 4052, 15.6/15.6C) of these isoparaffins

ranges fromO0.70 to 0.83 g/cnB; the pour point is -40C or |less, preferably
-50C or less, the viscosity (ASTM 445, -85 WD 2006/ 025949 PCTI US2005/ 024240

25C) is from Q. S 2 and t er. average nol ecul ar weights
in the rangepm?ﬁ'fgﬁg?r ﬁ’ééﬁ%’ﬁ?ﬁ s"egﬁ tgréb?ye ’gg&‘ st ga%?rme described in,
for exanpl e, pdifboBROH2HTess.3818105 and 3439088 and are commercially

avai | abl e under the tradg?fﬁma I ExxonMobj | Chem cal ), sone of which
are summarized i nIbCEAE em Pfﬂrsgbﬁsmﬂ@éf%@’%&&ﬁé?f rns Distillation
pour Specific &lﬁ@ﬁ% £6.85 br1ak 8% (5"2’ DaPRint HNOGC(drlesPis Bhe SAni¥d ty Vise. @
25C ar omat i cs - (O t (W% IS AR E 117-136 -63 0.72 0. 85 <0.01 | SOPARG
161-176,3 57 oofﬂ@fmllmnmomwﬂ SOPAR H 178-188 -63 0.76 1.80 <0.01 | SOPARK
179-196 -60 0.76 1.85 <0 R 7.-5 <0 01 | SCPAR M
223-254 -57 0.79 3.80 X0° %"“°|“§%R o5, EBARYT by cAsthugDsg JIng e 01 ey
suitabl e i sopdaffa'éﬁmmstwaﬂethahgm topaetuc akd tlaw!aﬁvb:atbﬂnpemmﬂ@fwrléot rade 10
names SHELLSQL' rm [ R - Rut ch/ Shel | ). TROL" ron, |IpS) and
SASOLTM ( SascsL PRIEREN; 0 P e arit A3k RETRE. st St B Fne ar o o

m xture of br;&aﬁﬁelgib&mdenwhﬁﬁai’c pad/af fi ns having from6 to 50 carbon atons,
and from 10 to 24 carbo ns |naother m in the | ecul e. The
i soparat%in conposf't i o%g‘i'i’é g gl@“?‘éf Ss’éﬁ’&ﬂ%rgﬁf%fﬁm’t Usrfgn[;ar affin

rat S ( br anchiopspod, fordferibt P Fol 20070 td 35WENGreferably from 250 °C to 400°C;

—

and/or _
3. a number average mﬁlecular weight (Mn) between 2,000 and 100
g/mol, preferably between 1,500 and 150 g/mol, more preferably between 1,000
15 and 200 g/mol; and/or
4. a dielectric constant at 20°C of less than 3.0, preferably less than
2.8, preferably less than 2.5, preferably less than 2.3, preferably less than 2.1;
and/or
5. a visc;)sity (ASTM 445, 25°C) ;f from 0.5 to 20 ¢St at 25°C; and/or
20 6. a glass transition temperature (Tg) determined by ASTM E1356 of
less than 0°C, preferably less than -10°C, more, preferably less than -20°C, more
~ preferably less than -30°C, more preferably less than -50°C, or most preferably a
- Tg that can not be determined by ASTM E1356. |
In other embodiments, the NFP having a) a specific gravity of 0.85 or less
25 and b) a pour point of -20°C or less preferably comprises at least 50 wt%,
preferably at least 60 wt%, preferably at least 70 wt%, preferably at least 80 wt%,
preferably at least 90 wt%, preferabl} at least 95 wt%, preferably 100 wt% of C¢
to C\so isoparaffins, preferably Cq to Cioo isof:arafﬁns, preferably Cs to Cys
isoparaffins, more preferably Cs to Cyg isoparaffins. Preferably the density
30 (ASTM 4052, 15.6/15.6°C) of these isoparaffins ranges from 0.70 to 0.83 g/cm’;
the pour point is -40°C or less, preferably -50°C or less, the viscosity (ASTM 445,
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from0.5:1to 9:1 in one enbodinment, and from1:1 to 4:1 in another

enbodi nent. The isoparaffins of the mxture in this enbodi nent contain
greater than bkt (by total weight of the isoparafpbrismheipesstion)
nono- et hyl species, for exanple, 2-nmethyl, 3-nethyl, 4-nethyl, 5-nethyl or
the like, with m ninum 20 formati on of branches w th substituent groups of
carbon nunber greater than 1, such as, for exanple, ethyl, propyl, butyl or
the like, based on the total weight of isoparaffins in the mxture. In one
embodi nent, tﬂ%)‘l?ﬁ‘&ﬂb@ft&Q@ccStQ{ZSb@emmhétn%Fera%kﬂfofécﬂm&ﬁsJ’)han 70 wt % of
t he nono- rret hyl ‘speci es, based on the tota of the Isoparaffins in
the mi xture. mhenzeszspeﬂtaﬂﬁlﬂ gimo!. ffuitehle sorapiffins amdeﬁnhechn,rfanfg@nple% VO

i thin a1 angl® BT FRom HOE 3 308 el e b dp s Aaahie B o= 01 CE0rf ng e

di fferent gr agt@ename ISORER™(ExivnblobiliChdmicat), somcgﬁmﬁfchhﬂe)suﬁﬂh&@ieﬂﬂnat ed into
cuts having narr \{v boiling ranges, for exanple, 35C boiling ranges. These
branch paraf f ﬁT‘ﬂ’ept& fin blends are 5 described in, for exanple, US
5,906, 727. I n anot her enbodi ment, the NFP conprises C25 to C1500 paraffins,
and C30 to 0500 paraffins in another embodi ment, and has a flash point of
200C or nore IS9FA %ﬂlsow’fﬁﬂsof -10C or Iess and a vi scosity index of 120

or nore. Altermate eml o-l-‘s , preferably
C30 to C500 parfN‘fl ns, mstdlahas f& of fSIpaaﬁc pq},lc 00¢ im)re and a pour
poi nt of -20C or Mss. nﬁhgaa(l’tn)at ti(a-avﬁgFP c% |s S ‘v 3 Cl500
paraffins, pr - C20-t-p—C5002pa AN poi nt of 200C
or nore and a itic i g)sit'3at H of 3 éSt or ¥, In anot her
enmbedi nent t HRORGEPCC ondpLi &

ess antlalqg/5 of C3 4(50 C300 :Prafflns
pr éLer abl y théSWEIonsﬂg?éS%sseﬁ i all 6of ca0 48 c250 p 0alffl ns, and has a
flash 15 poi ntSGRAREOC diddBte afll a poi ntl-88f - 10C ¥Vl ess and a
viscosity i ndéSORARL120 188-20%r e.-5Al ter%%i’t ely tH#NFP cor$i@ts essentially of
C35 to C30D pdb@F4ARNs, 233@%%rabidy C4P1% C25038r af fi nss0.-Bnd has a flash
poi nt of 200C18£6P4Me aZd2-dlbour-63poi -82f -20Q48r | ess. <0t ernately the NFP
consi sts essentially of C35 to C300 paraffins, preferably Coo to C250

paraffins, and ha a fl. 0i OOC or a ki pematic
vi scosity at 100C et a@%fsg ar}h’i‘fraée 3R oBPYRE F‘S?']‘E%’R"e“ﬁ%ﬁﬁﬁﬁ :
10 names SHELLSOL™ (Royal Dutch/Shell), SOLTROL™ (Chevron Phillips) and
SASOL™ (Sasol Limited).
In another embodiment, the isoparaffins are a mixture of branched and

normal paraffins having from 6 to 50 carbon atoms, and from 10 to 24 carbon

atoms in another embodiment, in the molecule. The isoparaffin composition has a

15 ratio of branch paraffin to n-paraffin ratio (branch pal;afﬁn:n-parafﬁn) ranging

o from 0.5:1 to 9:1 in one embodiment, and from 1:1 to 4:1 in another embodiment.

The isoparaffins of the mixture in this embodiment contain greater than 50 wt%
{by total weight of the isoparaffin composition) mono-methyl species, for
example, 2-methyl, 3-methyl, 4-methyl, 5-methyl or the like, with minimum

20 formation of branches with substituent groups of carbon number greater than 1,
such as, for example, ethyl, propyl, butyl or the like, based on the total weight of
isoparaffins in the mixture. In one embodiment, the isoparaffins of the mixture
contain greater than 70 wt% of the mono-methyl species, based on the total weight

of the 1soparaffins in the mixture. The isoparaffinic mixture boils within a range
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flash point of 200C or nore and a pour point of -20C or less. Alternately
the NFP has a flash point of 200C or nore and a kinematic viscosity at 100C
of 35 CStwehodkRESs | N anot her embodi ment, the NFP cpapfé c%ﬁnﬂ?d yal phaol efin
(PAO 25 oligonmers of C5 to C20 ol efins, and oligoners o to Gs olefins
I n anot her enbodi nent, and oligoners of C6 to Cl4 ol efins |n yet anot her
enbodi nent. In a preferred enbodi nent the NFP conprises oligoners of Cs to
Cl2 1-olefins. In a nore preferred enbodinent, the NFP conprises oligomers
of |inear | rs of linear

C, o l-olefi nsotfﬁ?'glgo %F‘%?j"?‘? edﬁggﬁg%oﬂaﬁtﬁneﬁ?ﬁﬁﬁh%gﬁzg%gpngﬁggg ol i goners of
C8 d 0 and GROC id anotterémbrdimenp i prepadng yheldiffepant grades, the paidfimne and |

- dodecene. -87l V\(g 20606/ 8}12%94&51{3‘? USu%Sq%)Sl 02424%01 anot er enbodi nent the
NFP conpri sed™pOl7yEhHA AIBAETY B IEHESY "Bl efi ns having 5 to
18 carbon at eREmpl¢O5%E tollink eangdsl Wh&ebﬁn&@amﬁaﬂrbpa?afﬁhmﬁdsar@re preferably 10

car bon atom; where an i ndi vr dua PAO or a conbination of PAOs has a
ki nemat i’%c vi sd€§?§‘ % P28 cSt or nore, 5 preferably 6 cSt or

more, preferably ﬁraﬁ&her%abﬁmﬁa@nt tRE RFEEAIrYes ks ©8, sofPpardTRES nmeasured by
ASTM D445); and preferably having a viscosity index (VI of 100 or nore,

preferably 120Cespamifies n pepther grakodimenp lagd hos @ flash paist of 200Ky of maref erably 130  or
nore, nore praﬁfl h%(eraolloeéﬂa {s%ndP{hS'JoQW&eXo?%o‘?'infgég:ﬁﬂteﬁ{%t%feterm ned by

ASTM D2270) ; ving a pour poln nore 10
preferably - ZEBCNERcOhIpssr:,s Cmip&sprrefa@itumrgferaﬂﬁaoao Choe pmaffins antthiaer m ned by ASTM

f-.. D9y oth di et the NFP 15 0 (preferably
C35to 0)0400 fﬁa%lr%mb erabl orfﬁ?jiat ffg@eféﬁ%ﬁa%eﬁatteﬁyglal goners. The
PAO ol i gomer Q\TFPafoﬁrpﬁs’engl‘t@Clsbﬁ piaffing preféribl €, 3o C;oﬂhaiﬁm snd aemt aners, etc. of

Ch 40 Cl4 a-ol efins aolefrnsrn anot her
oo e & el gt o TG orhore s WA Usram it foh ot S P e 1o
a-olefins in mmfeammtmh ﬂEINFP comtgea&h@al@loﬁtmo cra@iaalaﬁﬁnsl pent ene,

1- hexene, 1-heptene, 1-octene, -nonene, decene, 1-undecene and |
- dodecene, mﬂefw@h@gl\‘ﬁe?%rs GS‘-rewthef %«m@&rm@mﬁmm@é has a flash
15 point of 200°C or more and a pour point of -10°C or less and a viscosity index of

120 or more. Alternately the NFP consists essentially of Css to Csgp paraffins,
preferably Cag to Cysp paraffins, and has a flash point of 200°C or more and a pour
point of -20°C or less. Alternately the_NFP consists essentially of Cj5 to Csgo
paraffins, preferably Cso to Caso parafﬁﬁs, and has a flash point of 200°C or more

20 and a kinematic viscosity at 100°C of 35 ¢St or more. Altemately the NFP has a
flash point of 200°C or more and a pour point of -20°C or less. Alternately the
NFP has a flash point of 200°C or more and a kinematic viscosity at 100°C of 35
cStormore. | |

In another embodiment, the NFP comprises polyalphaolefin (PAO)

25 oligomers of Cs to Cy olefins, and oligomers of Cg to C;¢ olefins in another
embodiment, and oligomers of Cg to Cy4 olefins in yet another embodiment. Ina
preferred embodiment the NFP comprises oligomers of Cg to C); 1-olefins. Ina
more preferred embodiment, the NFP comprises oligomers of linear Cg to Cy2 1-
olefins, and most preferred are oligomers of linear Cyq 1-olefins. In a preferred

30 embodiment, the NFP comprises oligomers of C8 C10 and C12 1-olefins,

preferably 1-octene, 1-decene and 1-dodecene.
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olefin is 1-decene, and the NFP is a m xture of diners, triners, tetraners
and 20 pentaners (and higher) of 1-decene. In another enbodinent, the PAOis

conpri sed &fomhdgeaers or polyners of | -octene, | -geegeRosaids 1 - dodecene.
Preferred PAO s are described nore particularly in, for exanple, US
5,171,908, and US 5,783,531 and in SYNTHETI C LUBRI CANTS AND

HI GH PERFORMANCE ~r FUNCTI ONAL FLUI DS 1-52 (Leslie R Rudnick & Ronald L.
Shubki n, ed. Marcel 25 Dekker, Inc. 1999). The PAO oligonmers or polyners

useful in the preﬁ%&n&%@&i&%éﬁ%&%ﬁ&_@g@% abieftk (PXogny degree of
tacticity, including isotacticity or syndiotacticit and may be atactic.

| n anot her erﬁﬂié@l’nmﬁﬁlinpﬁ@lqﬁmWinsﬁa@l%tia'rb?nahals,mmere{ei‘ﬂéh'@g1% meso dyads as
measur ed by NVR, I r 6Q% her enbodi ment
t he pol yal phf]ﬂ%{%g]\gl P@l’gﬁas rn%rfgfg%%ﬁa{ﬁg%%%?ggg%’ }V%%%%}nl lga?j'i;%%? A?;h?trafeasur ed by
13Car bon NVR, combimbtinhalf Py Ofsthaea Rileaatib Gidoosity (BS7) W0 0206 3055 8kflore,

PCT/ US2005/ 02424

0. PAO s useful ip. the present. inv ion typically possess a
nunber aver ag&eTiRYEE GPLEF %’gﬁkrabggfcgb?ﬁ%ﬁpfegﬂﬂx t%?’?ﬂf??alsn one
enbodi nent, frhaRrdD ASTM BR45)0Nd Glefpibly Kavinp @b RedsitemBaAVIRITI 00 " Om 500 to
10,000 g/ mol in anaother enbodi rrgnt, from EOO tot%, 000 g/ nol _in another

enbodi ment, fRGmmPsHTRIY 1Y) @owremgrepirieraly hifor mere. marsdaserbly 130nd from 500 to
1,500 g/ nol i i f ki nematic
J mbd nﬁ&ﬁﬁ{fﬁgbl?[ g{lﬂglgmggp%feréﬁm sBhf fbke E’a%qet%nméag,g

viscosities at 100C | _ to 30 cSt 'in one enbodi nent, fromi4
to 3000 cSt iASTaviORRHY; adbrstrabbrhaying & pawpantof - BG0 ocigss, inpreanot her enbodi nent

and frop 8 to of 0 Jof : eater in
anot her H-)]e nbooqr%r%?l? gél)n% Qﬂlgé\}éﬁ%g Eﬁfeg%qﬁﬁ ? g‘;@i‘%t]eg? 6? gestéér%frﬁghy R?f i-n one
enbedi ment, dv¥).l ess than -20C in another enbodinent, and | ess than -25C in

anoakher enbodi ment nd less than .-.30C in nqQt her .enpodi nent, and | ess than
-35C in anot her gﬂ%@i’eﬁﬁrﬂﬁfdﬁgﬁ&%i‘c %Oﬁ‘gﬁsef‘%l?gt 15 (?gr%mgh(@ﬁ r embodi nent, .
Desi rabl e PAQ.g, dibe pesftitty Clodd Co) pvigalpiablefin slfzomeiRe The PAYbligdned SpectraSyn

UtraTM (ExxonMobj |  Chemi cal, previously sold 15 undgr t he, SHF and
Super SynTM t raRipigrly fimers, fRmesy, tefmens, PERtamersfifadf GsdiClsp-olefig Irap) e bel ow.

Spect r agynTM gag kinBsiihath, ¥4ad PPRY, £&bRfns in another embodiment, and C to Cj2 a-
olefins in another embodiment, and C,¢ c-olefins in another embodiment.
Suitable olefins include l-penténe, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-
decene, 1-undecene and 1-dodecene, and blends thereof. In one embodiment, the
olefin is 1-decene, and the NFP is a mixture of dimers, trimers, tetrarners and
20 pentamers (and higher) of 1-decene. In another embodiment, the PAO is
comprised of oligomers or polymers of 1-octene, 1-decene, and 1-dodecene.
Preferred PAO's are described more particularly in, for example, US 5,171,908,
C& and US 5,783,531 and in SYNTHETIC LUBRICANTS AND HIGH-PERFORMANCE
FUNCTIONAL FLUIDS 1-52 (Leslie R. Rudnick & Ronald L. Shubkin, ed. Marcel
25 Dekker, Inc. 1999). The PAQ oligomers or polymers useful in the present
invention may be characterized by any degree of tacticity, including isotacticity or
syndiotacticity, and may be atactic. In another embodiment the polyalphaolefin
has more than 50 % meso dyads as measured by "*Carbon NMR, preferably more
than 60%. In another embodiment the polyalphaolefin has more than 50 %
30 racemic dyads as measured by *Carbon NMR, preferably more than 60%.
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PAO KV @ VI Pour Specific Flash APHA 100C, Point, gravity Point, Color cSt
C C SpectraSyn 4 4 126 -66 0.820 220 10 SpectraSyn 6 6 138 -57 0.827 246 10
Spect r aSyn wd) Boclid®49 48 0. 833 260 10 SpectraSyn 10 1@ctBFz0e5484200 835 266 10
SpectraSyn 40 39 147 -36 0.850 281 10 ~.. SpectraSyn 100 100 170 -30 0. 853
283 60 SpectraSyn U tra 150 150 218 -33 0.850 > 265 10 SpectraSyn Utra
300 300 241 -27 0.852 > 265 20 SpectraSyn Utra 1000 1,000 307 -18 0.855 >
265 30 Ot her useful PAO s include those sold under the tradenanes Synl | ui dTM

20 avai |l abl e frompAdrevsemnithid gréses idveRish epicaGPparanya (ndeesenge Texas),
DurasynTM avai |l able from BP Anpbco Chem cals (London, Eng] and), NexbaseTM

avai | abl e f riBolesE¥ Meieht oESPRGPRI0 2909 garol wenesmbodimeat SaN400 hy  synt onTM

avai | abl e fr%oo@réﬁmimommw&mm&%oiﬂb@@y@cyg/ms&qame}cut)- -89 WO
2006/ 025949 PCT/ US2005/ 024240 1 n ot her enbodi nents the PAO s have a

ki nemati ¢ vi sewilimenta fromG0@oFt008 sir®d ingnotherembodimentefan P 1630 or nore,
preferably 8 or r ef er ' I ferably 20 cSt or
nor e, p.rgefera@%’/‘lgwﬁ%é?m%oghe&g@)%%%@rtggkgo%@é’?ﬂaﬂgélgl ess. | n anot her
enbodi ment t hentidditlest. Paafared P chaed kitematis cisokitiys a1 00P0&Ghe fange d#fet ween 3 and

1000 cSt, prefer bet weepn 6 and, 300 [ ef er abl etween 8 and 100
cSt, preferabi?ﬁ@%é@‘rfmge’é‘ ‘Hh‘ﬁ?i‘t’g@fn.“Pﬁgéﬂﬁg}‘”@ ?T&P%@‘ﬂ%mt he PAO s have a
Vi scosity | ndgsm 6to #RQSOhH afBKe® embdin@tin€ addirom & 101 001cSiR afothdpr ef erably 120 or
nore, preferably 130 or nore, preferably 140 or nore, preferably 150 or

nore, prefer aBFBpdmegt #id igSEor gregtenin @pethes smbodimentind heye@ourppdtser abl y 250 or

mor e. | iy ot hege 1 SURGH IR  fnSonk BEbdINInE aRAUS 1hnRERE iPBoer Of -1 OC or |ess,
preferably -20C or less, preferably -25C or | ess, preferably -30C or |ess,
o embodiment, and less than -25°C in another embodiment, and less than -30°C in

o another embodiment, and less than -35°C in another embodiment, and less than -
40°C in yet another embodiment,. Desifable PAQ's are commercially available as
SpectraSyn™ and SpectraSyn Ultra™ (ExxonMobil Chemical, previously sold
15 under the SHF and SuperSyn™ tradenames), some of which are summarized in
the Tabie below.
SpectraSyn™ Series Polyalphaolefins

PAO KVv@ VI Pour Specific Flash APHA
100°C, Point, gravity Point, Color
¢St °C °C
SpectraSyn 4 4 126 -66 0.820 220 10
SpectraSyn 6 6 138 -57 0.827 246 10
SpectraSyn 8 8 139 48 0.833 260 10
SpectraSyn 10 10 137  -48 0.835 266 10
_ SpectraSyn 40 39 147 -36 0.850 281 10
p- SpectraSyn 100 100 170 -30 0.853 283 60
SpectraSyn Ultra 150 150 218  -33 0.850 >265 10

SpectraSyn Ultra 300 300 241 27 0852 >265 20
SpectraSyn Ultra 1000 1,000 307 -18  0.855 >265 30

Other useful PAO'S include those sold under the tradenames Synfluid™
20 available from ChevronPhillips Chemical Company (Pasedena, Texas), Durasyn™
available from BP Amoco Chemicals (London, England), Nexbase™ available
from Fortum Corporation {Keilaniemi, Finland), and Synton™ available from

Crompton Cormporation (Middlebury, Connecticut).
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preferably -35C or less, preferably -40C or less, preferably -50C or |ess.

I n other enbodinents the PAO s have a flash point of NOT or nore, 15
preferably“@% e, preferably 220C or nore, prg S3PC or nore,
preferably \%éogn S{GDOT and 290C. Particularly pref errec{hg‘ﬁéym or use herein
are those having a) a flash point of 200C or nore (preferably 210C or nore,
preferably 220C or nore, preferably 230C or nore); and b) a pour point |ess
than -20C (preferably less than -25C, 20 preferably | ess than -30C,
preferably Iess t ess t han A40C o nemati c

vi scosity at C,H‘q(?ﬁ‘ 53%“5[’0 egtﬁﬁlﬁo%?‘gs(ﬁ l@?%ﬁmvﬁﬁ) Ql(c))? r?lgl‘r?’e preferably
50 cSt or rmres.t ofxh&rk @iretrhiyly SBStcc;StxlomrpraiafaBI);Schbrm befermyomment t he NFP

is a high purity hydrocarbon fluid with a bran hed : nor mal
paraffin rati¥ HuhEefGoY HrRdLeIRAe: @r%erablwogsﬁor D% P bi’FLPQIﬁ from about 1:1

to 4:1. The b&rq&ghﬁ%&ﬁér%ﬁbd?ﬁer@thetpmsr’ﬁaﬁmﬁen%m@o&tymmgf than 50 wt %
(based on the total weight of the branched paraffins) mono- methyl species,

for exanple, UetwasnpAypnd 1080484 pryferably betseen/d and300eStinyeferably betweani8ce, ~ with
m ni mum f or na @g\?‘ t (/ tuent groups of carbon nunber
greater than %‘,dqsug%’ggés, grgévevgéélrgp}ﬁ%% hyl, propyl, butyl or the liKke;
preferably, 30 grha;ﬂmremﬁmdimcii@ thet AGK havbhie Viscaitg Indek gfdP@bifars, ar e nono- net hyl

Th t nb I I ht inth
Ponge of 200 PREHDYY g Bt ar St e b It 000 g/ ol O
preferably 42§}ekﬁbf§6@@0lgﬁ6f9,|pref@w E30aB InoreD rafetablyA806r igérepl , pref er abl y 350

to 2100 g/ nol, prefer i}g 420 tq .14 0 g/ mol, nore preferably 280 to 980
g/ mol ; Kas a KFf ehiyRpRo ‘s"?f?@bl)é% 50 angi ng from3 to 500 cSt,
preferably 6 to mgt&&mbﬁﬁﬁemtﬁm&awaa&@ Sistof - m@cermsef erably 6 to 25
cSt, nore 5 preferabI%Sto 25 cSt, nore erably to 15 cSt; and boils
within a rangerefsrblyF2eon be, pesfagbe?s &@ﬂ@ha’mfvawt3ﬁ|Q1°fd°SF»ange of from 110
to 320C, pref 018 thi F-ABRS4 R @)Q‘s: 504 referred
enbodi nent, ﬁgépal& %‘AFnPg Qteﬁdrg (P&{%I.e(rs-)s 3)96(5&; rom d] ssgher Tropsch
process. These br anaher pabedifnients rﬁwp%n&@‘ﬁﬂmw alﬂlasilnptsntarfe’loﬂg?sormwd in, for
ﬁ;grglcgr%gﬁs 5§rgperagly 213‘% J)rnmt%g O};[re erably 59@6' or;elﬁ]otré prel}erabl 5’30‘38”Pr Io%e(,as paraffinic
preferably between 240°C and 290°C.

Particularly preferred PAQO's for use herein are those having a) a flash point
of 200°C or more (preferably 210°C or more, preferably 220°C or more, preferably
230°C or more); and b) a pour point less than -20°C (preferably less than -25°C,

20 preferably less than -30°C, preferably less than -35°, preferably less than -40°C) or
a kinematic viscosity at 100°C of 35 ¢St or more {preferably 40 cSt or more,
preferably 50 cSt or more, preferably 60 ¢St or more).

In another embodiment, the NFP is a high purity hydrocarbon fluid with a

(>

branched paraffin : normal paraffin ratio ranging from about 0.5:1 to 9:1,

25 preferably from about 1:1 to 4:1. The branched paraffins of the mixture contain
greater than 50 wt% (based on the total weight of the branched paraffins) mono-
methyl species, for example, 2-methyl, 3-methyl, 4-methyl, 5-methyl or the like,
with minimum formation of branches with substituent groups of carbon number
greater than 1, such as, for example, ethyl, propyl, buty! or the like; preferably,

30 greater than 70 wt% of the branched paraffins are mono-methyl species. The

paraffin mixture has a number-average molecular weight in the range of 280 to
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having: 1. a nunber average nol ecul ar wei ght of 300 to 10, 000 g/ nol,
preferably 400 to 5,000 g/nol, preferably 500 to 2,500 g/ nol, preferably
300 to 1, 20 mbgmiess 15 2. | ess than 10% of si dechai necwutivosh2eio nor e
carbons, preferably less than 8% preferably less than 5% preferably |ess
than 3% preferably less than 2% preferably less than 1% preferably |ess
than 0.5% preferably less than 0.1% 3. at |east 15% of sidechains with 1
or 2 carbons, preferably 20% or 20 nore, preferably 25% or nore, preferably

30% or nore, meg/afoalphyera;w/mrtosamrg,ﬁmlmrﬁ‘e@mﬁbémoéﬂ%g&homre preferably 45%
or nore, preferably 50% | ess t han wt % cy cI|c paraffins

(based on t hePr?fBrta‘éW 3%‘1"&&90 &Wml Hﬁfe’éﬁ’]‘)’l“ﬁg‘q 1409 H@OW@“‘ Werably less

than 2 w % A% sthanOvat%
preferably | g‘éggtt?%% M:.isl wt 9 ’}gah‘gflé&’é‘?’z“ﬁ W&((}m%gggﬁl?ﬁgﬁwosi wt% preferably

at 0.001 wt%pra'eradyﬁltm@@wst,oreﬁqr@bo%mlwa%t @ Mefefably (WSS ¥t moee, preferably
6 cSt org nor e { o r betvve 3 and 25 cSt;
Stef aﬁ]yag &% cS}l,\ﬂx%rgéFfe 16@‘2 Fs o dgm%f“gr f’;{bﬁ %

and 6. a Vi s 03| nnré pre nmore, 30
pr éf er abl y 13@omlom6m°CppxefeﬁbL§rM1ryunh4ﬂngebfmelo tp3ed°cy prbfe;ablgeSO or nore, -91

WD 2006/ 025949, PCT/ US er abl 180 nore, preferably 200 or
more, preferaBig® ?@68“0‘?%%}02”66‘4%%5 &’HF@ g, ﬁﬁrpém}ﬁ?“ "g' B¥ur point of
-10C or |ess, maera/fe@ﬂ-a;hlamsceéa@r@schlﬁ&sss Théke Brandh pataBih-pAMA of 200C or nore,
preferably 210C or nore, r ef era&g 220C or nore. In another enbodi nent,

the NFP corrpr‘?lgflﬂéaf&dﬁ?é&québrf%caml% 98T oi | basestock whi ch i ncl udes
hydr oi seggreri zed W%O%pmdmngmewgo@,&g oils, slack
h

waxes, fuels hydrocracker bottons, etc r ol sorrerlze Fi scher- Tropsch
hyd,rocar bons kavthgwaxes, Gas-to-Liquids (GIL) base stocks and base

e 1. a number average molecular weight of 300 to 10,000 g/mol,
preferably 400 to 5,000 g/mol, preferably 500 to 2,500 g/mol, preferably
300 to 1,200 gfmol;

15 2. less than 10% of sidechains with 4 or more carbons, preferably less
than 8%, preferably less than 5%, preferably less than 3%, preferably less
than 2%, preferably less than 1%, preferably less than 0.5%, preferably less
than 0.1%; '
3. at least 15% of sidechains with 1 or 2 carbons, preferably 20% or

20 more, preferably 25% or more, preferably 30% or more, preferably 35% or
more, preferably 40% or more, preferably 45% or more, preferably 50% or
more;

4. less than 2.5 wi% cyclic paraffins (based on the total weight of
paraffins in the mixture), prefeiably less than 2 wt%, preferably less than 1

25 wt%, preferably less than 0.5 wt%, preferably less than 0.1 wt%, preferably
at less than 0.1 wt%, preferably at 0.001 wt%;

5. a kinematic viscosity at 100°C of 3 ¢St or more, preferably 6 cSt or

more, preferably 8 ¢St or more, preferably between 3 and 25 ¢St; and

6. a viscosity index (VI) of 110 or more, preferably 120 or more,
30 preferably 130 or more, preferably 140 or more, preferably 150 or more,



10 oils, and other waxy feedstock derived hydroi soneri zed base stocks and
base oils, m xtures thereof. Fischer-Tropsch waxes, the high boiling

or
poi nt resi Wﬁmﬂ%w‘tﬁ scher-Tropsch synthesis, are hi g?#%sz%ﬁsrnﬁ%z% ni c
) 0

hydr ocar bons™ w very low sul fur content, and are en prérerred
feedstocks in processes to make hydrocarbon fluids of lubricating
viscosity. 15 The hydroprocessing used for the production of such base
stocks may use an anor phous hydrocracki ng/ hydroi soneri zati on catal yst, such

f th i.ali | ube h [ t t talli
Pycr ocr acki ng /- RARBIG DHEFiSp reay 200 et Mo anhal iyt et V1

catal yst. For examppi@ablPs®orthorful catalyst is ZSM 48 as described in U S
Patent 5, 075, 269. Processes for 20 naking h%/drocozracked /. hydroi someri zed
distillates and hyedr ogpeusReist of -10°G ar lessspferebly 49 Giasdes; @e descri bed, for

le, in US t ; ; 94 Rfebil , d 4;897,178
:)s(avrrvgl F alsni n Bri 'It%?sﬁnilz}agﬁ?mﬁ%éf%ﬁcg%g,ﬂ%%; Kr?f %aé% %1‘5}};@2% ?1]?1(%& ggo and

1, 390, 359. Parti cpredgribly 22800pabdre. processes are described in European
Patent Application Nos. 464546 and 464547. Processes 25 using

Fi scher - Tropsch wdxarothedgntmdimed the NFBedmpnised jSvak iSouerde Rbagagt ofl 943, 672.
Gas-to-Liquid )...base.st ocks.and .base_ oi.l Fi scher - Iropsch hydrocarbon
derived base é?%@g’ we{’ﬁ% '%céusdtgs %ﬁfoéiomg%ﬁg&%?mc\?%%ﬁ \‘vzéxg(fg C%Scﬁ%a’ erived base
stocks and bage oik, black waxes\delsihgdrortickictjtotns) aic.) dgtrolRemeaited Risageous| y used in

t he present ipnventiop have kinematjic viscosift,] at 100C, of about 3 cSt to
about 30 500 @Ps,chb?"g?ﬁﬁ’a’ﬂflWd%ﬁﬁté"é‘“&ﬁqu’tﬂé@‘tﬁiﬁs‘aiﬁ S(f‘ﬁ‘fl,g‘“"f)referably about
8 cSt t gy abougils, i@ 2thdovA9FEALER WAV B drbiSaR@RbDrdlddiks bR Tils, NOT €
pref-erably about. 3 ¢St to about 25 cSt. These Gas-to-Liquids (GIL) base

stoaks and ba¥enigiures therpk dieherfrepsdiwaey hedéshbpibing prirtreaidpeptise stocks and
base oils, anﬁs&w%peeﬁz;mtﬁeﬁ@,%%th%b%ﬁ@g@@ﬁoﬁwwyws@ﬁ?e oils (or

wax isomerates) have | ow pour polnts (| y less fhan -10C, preferably
about 5 15C enntenpeskare gfien prefeariod {eedstnsks in pREEGsesito makedydroparedner abl y - 30C to

about -40C of, kO ; . high viscosity index (preferably 110 or
greater, prefé‘%‘g %J%'%ﬁgyﬁmglrtgater, preferably 130 or greater, preferably

190 or geaten) ot Gl BB Moo chlal} SAGHLAoER haHEL S (Preferadly
an amorphous hydrocracking/hydroisomerization catalyst, such as one of the
specialized lube hydrocracking catalysts or a crystalline hydrocracking /
hydroisomerization catalyst, preferably a zeolitic catalyst. For example, one
useful catalyst is ZSM-48 as described in U.S. Patent 5,075,269, Processes for
20 making hydrocracked / hydroisomerized distillates and hydrocracked /
hydroisomerized waxes are described, for example, in U.S. Patents Nos.
2,817,693, 4,975,177, 4,921,594 and 4,897,178 as well as in British Patent Nos.
1,429,494; 1,350,257, 1,440,230 and 1,390,359. Particularly favorable processes
are described in European Patent Application Nos. 464546 and 464547. Processes

25 using Fischer-Tropsch wax feeds are described in US 4,594,172 and 4,943,672.

Gas-to-Liquids (GTL) base stocks and base oils, Fischer-Tropsch
hydrocarbon derived base stocks and base oils, and other waxy feedstock derived
base stocks and base oils (or wax isomerates) that can be advantageously used in
the present invention have kinematic viscosities at 100°C of about 3 ¢St to about

30 500 cSt, preferably about 6 ¢St to about 200 cSt, preferably about 8 ¢St to about
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preferably 99 wt %or nore), lowto-nil sulfur content (preferablyQO 03

wei ght % 10 or less), lowto-nil nitrogen content (preferably 0.05 wt % or

| ess), | owwtooawiobsessar omati cs content (preferably 0. Obcmtdm®nzdess), | ow
brom ne nunber (preferably 1 or less), |owiodine nunber (preferably 1 or

| ess), and high aniline point (preferablyl2(C or nore). Useful conpositions
of Gas-to-Liquids (GIL) base stocks and base oils, Fischer-Tropsch
hydrocarbon derived base stocks and base 15 oils, and wax isonerate

hydr oi soreri zgg cé}aﬁ&e %Fe@&%gy ot 3%?1% aBbut 35 @gteTﬁ(ﬁSGSsetg LiqhidsU- S. Patent Nos.
6, 080, 301; 6, 090, 989, and 165,949 for exanple, and are incorporated

herein in the(GFbebﬁFtF stesky anghbaseestle Fisehes-Trapschehygroeteanideived passgiosksnt , t he NFP of
the present i r ase-oil that
has & ki et i EAGaRIRE bBG R uclldn S ARE Bk B PRl BRD 81 (150,
cSt, prefe Ir ahkoLme&tets))hajzﬁ?vqﬁn; poires @rqﬁarﬁﬂpilgaglggl B)°C;pcé“&abj§hl]zouan g{ or 480 n ;J nber
aver age nol e wei g y 0
5,000 g/*mol C‘§ CrdPaR| Rfe%i(ﬁ%tﬂ@"“é%g e Pfefgfé‘g‘ér@ Pt @g to 1,200
g/mol . In anQirWer)eﬁm@ﬂhigﬂﬂissos&ﬂﬂddﬁr(ﬁi-e&%@rlllﬁﬁﬁgr@ate@w&aﬁl*|l2d\5fdr ocar bon oi |

25 (also called a |ubricant basestoc ich is a special class of m neral

oi |'s that is raiEnerdirabinlifosercalss Er&fef‘$°ifyé\5%P%F"\}efl Al acyd ghPuEtYs at ur at es

| evel s of 904 gﬁsams@sxeve&r@feﬁfa%W%&%&orwre Wf&abl,wm%@f%&e 94 % or nore,
preferably 95%or nore, and sulfur contents |ess than 0.03 % preferably

bet ween 0. 00 Prefereblp9Qwoip onmdrel/lovofo-niliplfurpontans(preferably. 83 wbieht 430 or nore.

Preferafly t 3 mtj.c viscosity at
100C of n’|3 tomfbgi,)%lpt L‘hgﬁ%&%@&pﬁgﬁg’%@ %EP"? gfte P t'lblp 50 cSt,
preferably 8 aramadits coahnk/(pnefeaably&ﬂjem"/m@sagbwmmmmew@te@mbl)of 300 to -93
W0.2006/ 0259 / US2005/ 0242 5.000 rabl.y 400 to 2,000

g/ mol., nore glr éfé aIB}")P "f"ger rﬁ@ffbg?l 50‘19%’% ﬁ?eypot“ﬁe Goup 111

hydrocar bon qpﬂefehamwoeumozﬁpllﬂktefuoéompbaffor@roft;&sts,h@m (@TLydadsh poi nt of 200C
or nore. In so n‘godl nents, he NEP. conpri ses | ow nol ecul ar wei ght of C4

5 ol efins (i MOCksAe Gass otls, Fishisr- 'E’Pffathé‘?f@caﬂzl%dﬁh‘te?g@ﬁ&“éﬁﬂfi BASE adi ene, and
m xtureg  t hefgQhd wasiGierite ARkGEdnitizddbatedl @Ry B bhed oiSardrecR@ ¥ DUt enes” 11 qui d

when t he
U.S. Patent Nos. 6,080,301; 6,090,989, and 6,165,949 for example, and are

incorporated herein in their entirety by reference.

In a preferred embodiment, the NFP of the present invention comprises a
GTL-derived base-stock or base-oil that has a kinematic viscosity at 100°C of 3 to
20 500 cSt, preferably 6 to 200 cSt, preferably 8 to 100 ¢St, more preferably 3 to 25
¢St; and/or a number average molecular weight (M,) of 360 to 10,000 g/mol,
preferably 400 to 5,000 g/mol, preferably 500 to 2,500 g/mol, more preferably 300
to 1,200 g/mol.
In another embodiment, the NFP comprises a Group [Tl hydrocarbon oil
25 (also called a lubricant basestock), which is a special class of mineral oils that is
severely hydrotreated. Preferably the NFP has a saturates levels of 90% or more,
preferably 92 % or more, preferably 94 % or more, preferably 95% or more, and
sulfur contents less than 0.03 %, preferably between 0.001 and 0.01%, and VI of
120 or more, preferably 130 or more. Preferably the Group I hydrocarbon oil has
30 a kinematic viscosity at 100°C of 3 to 100, preferably 4 to 100 cSt, preferably 6 to

50 cSt, preferably 8 to 20; and/or a number average molecular weight of 300 to
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ol i goners conprise isobutylene and/or 1-butene and/or 2-butene. It is
comonly used as an additive for polyolefins; e.g. to introduce tack or as
a processi m® mosthzsoa9The rati o of C4 ol efin i somers capcy@sitosagsamnuf act urer
and by grade, and the 10 material nay or may not be hydrogenated after
synthesis. In sonme cases, the polybutenes liquidis a polyner of a C4
raffinate stream In other cases, it consists essentially of

pol yi sobutyl ene or poly(n-butene) oligonmers. Typically, the polybutenes

liquid has a sohgholapeeR 40@40@q1@b@fmmabﬁreﬁiabﬂygamotlmg;llﬁolooo g/ ol , and
commonly |l ess than 5,000 g/ nol or even less than 1,000 g/nol. They 15 are

descri bed in, "F@Tabb()@?ﬁﬁfp@ Mdyrprahaneil heBRpCnrens 0ANI9°¢-IP‘GF$5P'EFQPO?MANCE
FUNCTI ONAL FLH%E@%@Q%%D (ﬁhgﬁlle R. Rudnick & Ronald L. Shubkin, ed.

Mar cel Dekker mer cl al sources of pol ybutenes include BP (Indopo
grades) and | nfi ndusoneCmBediments, @ea'ﬂﬁ?sc)ompWeeald“haoléb@lanMefghme‘z excl usi vel y

| sobutyl gne, th terial isr rred .t sobutyl.ene"” or PIB

Comrer Ci sgl 20015%:(3%15&55 "'Bft@erﬁﬁﬁﬂ&e’sﬁbé@é\ Iﬂg‘ﬁ)ﬁ'ﬁ%iheé'ﬁ’l a&éﬁ“’f Enhanced PI B
grades). \Wentheresfr Suth @hffelial it Sfef¥Elous b Vigigbutknddtliqui®whéntBe material is
referred to as_"poly-n-butene” or PNB. Properties of sonme |iquids made from
C4 ol efin(s) olizamers qorpTyss isqbytyleneiiad/orf pytene gud/es2-buigag. okt isieammgpldes with a

flash point Oﬁse@&%;aeamfmf&epo@)tmnm\gemmoa@e&acﬁefﬂtapeac%@t faid han -10C and/ or
a VI less than 120. Preferably, the NFP is not 25 a poly utenes |iquid.

Clorrmﬁrmal Ex Bifgrtiosof §s olefin isemers sangfaryhy manpfactyesand by grade, @d %8\ Pour Specific
F 0C, 6 132 -51 0.843
as Jﬁ%}PlS{nag Bﬁi{é?%t E’a&,gioggaé%ﬁ& %Q_mJ;E’Q %%Z%F% the

120 TPC 1105 3 200 PC 11 "660 190 3 0.903 230
BP lLndopol H padyts@n@liquidds Opcd@eer ofl 504 raff@atemamowmsmg ItREHWS2005/ 024240

BP \‘LndOpC)l H és?eng‘ggw o%oolyl%éoupylegg or po )%9 bl.ll%enes cr)'hgo ll_J_ ca?ly, 8 121 -7 0.893 -210

polybutenes liquid has a number-average molecular weight of less than 15,000
g/mol, and commonly less than 5,000 g/mol or even less than 1,000 g/mol. They
15 are described in, for example, SYNTHETIC LUBRICANTS AND HIGH-PERFORMANCE
FUNCTIONAL FLUIDS 357-392 (Leslie R. Rudnick & Ronald L. Shubkin, ed.,
Marcel Dekker 1999). Commercial sources of polybutenes include BP (Indopol
grades) and Infineum (C-Series grades). When the C, olefin is exclusively
isobutylene, the material is referred to as “polyisobutylene” or PIB. Commercial
20 sources of PIB include Texas Petrochemical (TPC Enhanced PIB grades). When
the C, olefin is exclusively 1-butene, the material is referred to as “poly-n-butene”
or PNB. Properties of some liquids made from C, olefin(s) are summarized in the
Table below. Note that grades with a flash point of 200°C or more also have a
pour point greater than -10°C and/or a VI less than 120. Preferably, the NFP is not
25 a polybutenes liquid.

Commercial Examples of Oligomers of C, olefin(s)

Grade KV@ VI Pour Specific  Flash
100°C, Point, gravity Point,
cSt °C °C
TPC 137 (PIB) 6 132 -51 0.843 120
TPC 1105 (PIB) 220 145 -6 0.893 200
TPC 1160 (PIB) 660 190 3 0.903 230
BP Indopol H-25 52 87 -23 0.869 ~150
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I nfi neum C9945 11 74" -34 0.854 170 |Infineum C9907 78 103" -15 0.878 204
| nfi neum C9995 230 131" -7 0.888 212 Infineum C9913 630 174 10 0.888 240
Esti mat ed Rasadotet he kinematic viscosity at 100C ap@,386ns0iapanot her
enbodi nent, when a NFP is present, an oligoner or polyner of C4 olefin(s)
(including all isoners, e.g. n-butene, 2-butene, isobutylene, and 5

but adi ene, and m xtures thereof) may be present in the conposition. In a
preferred enbodinment, the conposition conprises |ess than 50 wt %
(preferably | Je c 2 SO~

than 20 wt %
W% nore pr

Tido

A

of C4 ol efin( nglm. {19 0 poI.but Te, orPRB, ed upon the weight of
t he conpositi gheYH ” &d ermg.di mehnt, tQS7RFP céPt ains 1ess than 90
wei ght % of CIIngIREPHOs) p338f er dBly isﬂbutyloesﬁg, badkd upon the wei ght of

the NFP. Pref &fapn C99lde NEFSWont di7hs 1 s t hABBBO weldfht % preferably |ess
than 70 wt % pr edsemabd based @Be Lilkaihti6 Gisotkith at pECar@IEcY. | ess than 50 wt %
preferably I ess than 40 wt % 15 preferably I ess than 30 wt% preferably

| ess than 20 % _preferably less than 10 w % preferably 5 w %
preferably |ess tHeatothonembpdimeptahen aNEPSs presgnt. fn olgomer gspelydergll y 0 wt % of
C4 ol efin(s),c Rk WideSH Rl ENE - RARE 9-HURAD idobfvive) gat of the NFP. In
anot her enbod(l:"nent@g% Il\ll‘—%ﬁgescrsi(g%g her e’_lgr? ﬁgs’laglg%ur’poi nt (ASTM 20 D97)
of | ess % han butadignd, andonitueesttirtiofamdy be preswt mitlercompeitionn Imnprefemed  enbodi nent

| ess than -25C.i t,anot het. e | | gss an -30C | et anot her
enbodi nment , Ieglsb g&['%rgthth? gg@%?:ho%%%gﬁégﬁ%ép%ﬁugg% @rrsen?r?b% ggsgﬂafnyhan -40C in yet
anot her enbodi0kre pieferdbibdess thaa A0 with Greferatyie lessahai Abart %o mbredirsfeatily | ess t han

-5Q¢ in yet another enbodi nent, d l.ess than -60C i et, anot her
enbodi ment , ggssg’r"fﬂ16?‘%1’5‘?13{’4‘7%ng9%&‘*?E“r&étm%[ﬁB’feﬁéqbpye]ﬁsﬁmgmnt, wherein a
desirabl e range, piEyably ToW i) @oByr dHRREImEP 6T, dhFin(t) such 84 PIBW t h any | ower pour

point limt described _ _herein. -95 .
10 polybutene, or PNB, based upon the weight of the composition.

In a preferred embodiment, the NFP contains less than 90 weight % of C4
olefin(s), preferably isobutylene, based upon the weight of the NFP. Preferably
- the NFP contains less than 80 weight %, preferably less than 70 wt%, preferably
less than 60 wt%, preferably less than 50 wt%, preferably less than 40 wt %,

15 preferably less than 30 wt%, preferably less than 20 wt%, preferably less than 10
wt %, preferably 5 wt%, preferably less than 2%, preferably less than 1 wt%,
preferably 0 wt % of C, olefin(s), preferably isobutylene, based upon the weight of
the NFP.

In another embodiment, any NFP described herein has a pour point (ASTM

20 D97) of less than -10°C in one embodiment, less than -20°C in another
embodiment, less than -25°C in yet another embodiment, less than -30°C in yet
another embodiment, less than -35°C in yet another embodiment, less than -40°C
in yet another embodiment, less than -45°C in yet another embodiment, less than
-50°C in yet another embodiment, and less than -60°C in yet another embodiment,

25 and greater than -120°C in yet another embodiment, wherein a desirable range
may include any upper pour point limit with any lower pour point limit described

herein.
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WO 2006/ 025949 PCTI US2005/ 024240 | n anot her enbodi ment, any NFP descri bed
herein has a Viscosity Index (VI, ASTM D2270) of 100 or nore, preferably 105

or nore, NR¢&dbEekgsably 110 or nore, nore preferablpyridReeiipre, nore
preferably 120 or nore, nore preferably 125 or nore, nore preferably 130 or

nore, nore preferably 150 or 5 nore. In another enbodi nent the NFP has a VI
bet ween 100 and 300, preferably between 120 and 180. I n another enbodi nent,
any NFP described herein has a kinematic viscosity at 100C (KV100, ASTM

D445) of from 3 t q, 3000, &y ARF o 08 Al B A LEE VicodYBET erbOc ment,

and from6 to 200 ¢C I'n ano and Trom 100 eSt in yet
anot her enbod(\ﬁemSTlemdM)mﬁtﬂOzbrhmraﬁﬁefeﬁblylms yrahore,matrdpreferablylid@i nent, and

| ess than 50 cSt in et gnzﬁlt Hcf% enbodi nent E]ngr%é/ess than 25 ¢St in yet
anot her enbod?’rf’é?ff"m PleTaRY d Ty dngreythoze prefieshly 129 o7 ot ose, any upper

viscosity |i mprefeyibt ghzslaymbrewecrreyﬂeﬁfaeglmoﬂm&rbtmdi@@efefabgds@ar ein. In other
enbodi nents, the NFP has a kinematic viscosity at 100C of |ess than 2 cSt.

15 I'n andt herm@??bé‘ﬁm@ﬁ%emb&ﬁ‘?mﬁmﬂ%%@ﬁﬁyéheqﬂéqﬂépﬂ% PHEARY point  (ASTM

D92) of 200C pdhiwid8e a@berably 210 or nore, preferably 220C or nore,
preferably 230C or nore, preferably 240C or nore, preferably 245C or nore,
preferably 250C ol mheﬁr&p@mmymswwhmm@as pkindraatig bisgos70C or nore,

preferably 28 0 flash 20 point
bet ween 200C %ﬁ 8€rgo(ﬁ,[‘mme e@gi)g?égﬁﬁ%%dogggéﬁgﬁn%gﬁa?n%t her

enbodi nent s, mime]ei\lﬁﬁboklamenaaﬂd fasinG AN eStie inottenerdiddiment dn®Béi 8 td N anot her
enbodi nent FP desc erein ectric constant neasured at
20C of I'ss tﬂaérf’ Singe; a0 Ff H%B'ﬂ‘?tn"é‘ﬁg 4??8%8%‘51“1’%&??“?8 i n anot her

embodi ment, | efSodirket) ard fossi tian30 Q5418 et QM bxiBdlimergAfd leSstBant23a8t 2. 3 i n yet

an@,t_,her 25 enpodi rrent and less than 2,1 in yet another enbodinent.
Pol yet hyl ene {¥§Eanptherem OQWteWWWPEGSH%%mWI“%PE” WRRPPELE at | east 2. 3

accordi ng to {iB&sieNimit WQ@% St P IR RNRBHY Bl fRr(David R Lide, ed.
82d ed. CRC Prless1 2001) I'n arrlots%er errbodlrrlrent any NFP described herein

has a speci fi embpdimenisythe BEP hmrhinematiyiscosity, a5 1005 afdpssafan2¢8t t han 0. 86 in one
enmbodi nPlpt and | qﬁﬁnott}ré?ginbodlment, any NFP described herein has a flash point

(ASTM D92} of 200°C or more, preferably 210° or more, preferably 220°C or
more, preferably 230°C or more, preferably 240°C or more, preferably 245°C or
more, preferably 250°C or more, preferably 260°C or more, preferably 270°C or
more, preferably 280°C or more. In another embodiment the NFP has a flash

20 point between 200°C and 300°C, preferably between 220°C and 280°C. In other
embodiments, the NFP has a flash point between 100°C and 200°C.

In another embodiment, any NFP described herein has a dielectric constant
measured at 20°C of less than 3.0 in one embodiment, and less than 2.8 in another
embodiment, less than 2.5 in another embodiment, and less than 2.3 in yet another

25 embodiment, and less than 2.1 in yet another embodiment. Polyethylene itself has
a dielectric constant (1 kHz, 23°C) of at least 2.3 according to the CRC
HANDBOOK OF CHEMISTRY AND PHYSICS (David R. Lide, ed. 82° ed. CRC Press
2001).

In another embodiment, any NFP described herein has a specific gravity

30 (ASTM D4052, 15.6/15.6°C) of less than 0.86 in one embodiment, and less than

0.85 in another embodiment, and less than 0.84 in another embodiment, and less
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0.85 in another enbodi nent, and |l ess than 0.84 in anot her enbodi nent, and

|l ess -96 WO 2006/ 025949 PCT/ US2005/ 024240 than 0.83 in anot her enbodi nent,
and from OwBQotk02564986 i n anot her enbodi nent, and freoenis28%/0140400. 85 i n

anot her enbodi nent, and from0.82 to 0.84 in another enbodi nent, wherein a
desirabl e range may conprise any upper specific gravity limt with any

| ower specific gravity limt described herein. 5 In other enbodi nents, any
NFP descri bed herein may have an initial boiling point (ASTM D 160) of
from 300C t o RAGS3INafBRr &RRRERAE R4 froAN6Isd @6 isadfhel Snbddfent, N anot her
enbodi nent, and greater than 400C in yet another enbodi nent. In other
embodi ment s #nd fmP.8d de @ B3 nanethrs embodimen): andfrem §-82 4f. #bgresethest 10 col or,

such as typi g standard
white", or "By bhﬁpklgmﬁéé{'ﬁeg&sﬁl&] ')é?% %’%EE\%Y&E’MF cm(éﬁﬁsO or |ess,
preferably aﬁnmnﬂz&gshqqus;ghﬁc h;ylﬁnﬁitatnscribe&b:rmmr ef er abI y 40 or | ess,
preferably 20 or det er geéb M D12 R.descri bed

herei n preferabl Q"ﬂ%?ea’%ﬂﬂ%@? E’E/ngﬁ? %ﬁﬁﬁifﬂpg’ray %’e\ﬂgf 8 of 21, 000

g/ mol or |eS§)oinﬂg e7ThEvglbMERt 300RC Rf680%Th ¥nelntidiher, 8 fronor | ess,
preferably 1 g/ mol or |ess, preferabl ?%618 000 g/nol or less, preferably
16, 000 g/ nol 35P°Cte390°Cip wpteramby bpdimsnigang g Iha’e)f‘ﬂqféwetsw@ﬂérabw 13, 000

g/ mol or | esgbafidhed0. 000 g/ ol or less in yet another enbodi ment, and 5, 000
g/nmol or less 1in yet another enbodi-nent, and 3,000 g/nol or less in yet
anot her enbodi nenin Otmelab@l@eMY@FBﬂ'PscﬂhedﬂlerS@ ﬂiladhy@ta loyidegiearofenrbodi ment ,

and 1500 g/ te ﬁg‘god 0 g/ nol or Iess
in yet {a%not @r" lo s éh???@ic?l hylgéndﬁgg% {J’gt%r or ‘pHﬁQtht@’n%tea% d%((ril)ot her enbodi nent,
and 800 g/ rmlwlntle” Ioeﬁmghmste!baréfmmférmiyamhﬁwmmmf lofaasrdesi’,(jﬁefgbhrtml or less in
yetw.anot her mo of, ess ot her enbodi nment,

and 500 g/ nof%b B’§¥°F%‘i’?35§ orge < ‘F%Qréggaleﬁﬁeﬂﬁekmféeé Oéréﬁ‘?ed mnimmMIis
at | east 200 @(emhedwﬂmabmg at Ieast 300 g/mol. Further a desirable

nol ecul ar wei ght ran can b any mhi nati on of any upper, nol ecul ar wei ght
linit with any | oty NEB Seseiihed Perﬁ;@.p&?ﬁmhlxwtﬂm&r@%ram MmO Mis

det er mi ped aGeQEAMY of £1,6008/m8 bhRESn SRAGILbARRnURERFbE 28i060 FhRPerties in the
or less, preferably 19,000 g/mol or less, preferably 18,000 g/mol or less, preferably
16,000 g/mol or less, preferably 15,000 g/mol or less, preferably 13,000 g/mol or
less and 10,000 g/mol or less in yet another embodiment, and 5,000 g/mol or less

ﬂ

in yet another embodiment, and 3,000 g/mol or less in yet another embodiment,

20 and 2,000 g/mol or less in yet another embodiment, and 1500 g/mol or less in yet
another embodiment, and 1,000 g/mol or less in yet another embodiment, and 900
g/mol or less in yet another embodiment, and 800 g/mol or less in yet another
embodiment, and 700 g/mol or less in yet another embodiment, and 600 g/mol or
less in yet another embodiment, and 500 g/mol or less in yet another embodiment.

25 Preferred minimum M, is at least 200 g/mol, preferably at least 300 g/mol.
Further a desirable molecular weight range can be any combination of any upper
molecular weight limit with any lower molecular weight limit described above.
M, is determined according to the methods specified under Fluid Properties in the
Test Methods section below.

30 Any of the NFP's may also be described by any number of, or any

combination of, parameters described herein.
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Test Methods section below. 30 Any of the NFP's may al so be described by any
nunber of, or any conbination of, paraneters described herein. -97 WO

2006/ 02594%(]3??;{[%\?%%)51024240 In a preferred enbodi m;gilgéﬂ&ymmgf descri bed
a flas or

her ei n has poi nt of 200C or nore (preferably nore) and a

pour point of -20C or less (preferably -25C or less, nore preferably -30C
or less, nore preferably -35C or |ess, nore preferably -45C or |ess, nore
preferably -50C or less). 5 In another preferred enbodi nent, the NFP has a

flash point of 220C or re (.prefer 230C or .nmore) .and a ur point of
-10C or less (pr érpéﬁfvg%@%@?ﬁt’ W?‘Z’%@/‘?Pﬁcfge%%é?‘gg%% 9“-93’68‘8 | ess, nore
preferably - 3P®br kfSErofitty 20°e @ ma)Yand 45foup hoihess.20PD 6L lepy ef er ably - 50C
or less). In another g)referred enbodi ment, the NFP has a kinematic viscosity

at 10 100C dprefmblseyErordgss aorgprafembiiniQiC aplesssmorspreferally -33rePer abl y 50 cSt

or nore, pr r T b ravity (15.6/15.6C) of

0. 87 or Iess%s?blrﬂg#él}eagﬁb&sgs.ogG%Q(;{r’ 5@%‘*‘3?’2%2?%@%@”‘8. 86 or less, preferably
0. 855 ors | ess) and aaothdr|peeftrred mbodioknt2 6@ GIFPr haseritesl{ peief eff 280G/ 0230C or nore).
I n anot her preferre jment, the NEP has | ash poi.nt..of 20(rC or

15 more by B ERED B Babbor prasg 1 of R BRI o nt of - 10
or less and 2590 &Q@s,hdte piafbeblyoB0°ToR 185, nithd prefefablyG23°Caor ids)imapoi nt of - 20C

or less, or c3) a  kjnematic Viscosi t- 100C of 35 eSt or nore. In another
preferred errb‘HEfFrﬁlélﬁf“,s@H’e]e‘HF'Pmﬁa’??%a ‘é@ichrg"sé avity (15.6/15.6C) of 0.85

or |ess (preferabhYanbfitryaeRrés &bcAntknt) BONFANs @ khdrRiB iviscositg@t Vi Scosity at

100C of 3 cSt or nore (preferably 4 or nore, preferably 5 ¢St or nore,

preferaMl y 8 H8EC of 3heNt €r meredpesfeablx 40 ¢bt esmorsy pissrably &t eF merey 15 ¢St or

nore, prefer grgq; _ i | ar wei ght
(M Of at | Z@é%raglgggg%?hg{%ngﬁl%n%t E%Eé?agpg réélrszébngz)glgrgrgz???‘% e NFP has a
speci fi c gr avipteferadly ¢.845. &/14s5, Bcfyrablfy 0BORB lass, prefeably B.BET er kis) yndoet ween 0. 81

d 0. 855, f | t 0.82 85 d Ki ti [ it t
and 0.855, preLErall ¥ ooPEhReh GelBuf o Falbegnd @ kinematic viscosity a

In another preferred embodiment, the NFP has a) a flash point of 200°C or
15 more, b) a specific gravity of 0.86 or less, and cl) a pour point of -10°C or less and
a viscosity index of 120 or more, or c2) a pour point of -20°C or less, or c3) a
kinematic viscosity at 100°C of 35 ¢St or more.
In another preferred embodiment, the NFP has a specific gravity
(15.6/15.6°C) of 0.85 or less (preferably between 0.80 and 0.85) and a kinematic
20 viscbsity at 100°C of 3 ¢St or more (preferably 4 or more, preferably 5 cSt or
more, preferably 8 ¢St or more, preferably 10 ¢St or more, preferably 15 ¢St or
more, preferably 20 ¢St or more) and/or a number-average molecular weight (My,)
of at least 280 g/mol.

(

In another preferred embodiment, the NFP has a specific gravity

25 (15.6/15.6°C) of 0.86 or less (preferably between 0.81 and 0.855, preferably
between 0.82 and 0.85} and a kinematic viscosity at 100°C of 5 ¢St or more
(preferably 6 or more, preferably 8 cSt or more, preferably 10 ¢St or more,
preferably 12 ¢St or more, preferably 15 ¢St or more, preferably 20 ¢St or more)
and/or a number-average molecular weight (M;) of at least 420 g/mol.

30 In another preferred embodiment, the NFP has a specific gravity
{15.6/15.6°C) of 0.87 or less (preferabiy between (.82 and 0.87) and a kinematic
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(preferably 6 or nore, preferably 8 cSt or nore, preferably 10 ¢St or nore,
preferably 12 ¢St or nore, preferably 15 ¢St or nore, preferably 20 ¢St or
nore) andmarzoes/nssmber - aver age nol ecul ar wei ght (M) pofrustbosleast 420 g/ nol .
30 In another preferred enbodi nent, the NFP has a specific gravity
(15.6/15.6C) of 0.87 or less (preferably between 0.82 and 0.87) and a

Ki nematic -98 WD 2006/ 025949 PCTI US2005/ 024240 vi scosity at 100C of 10 cSt
or nore (preferably 12 cSt or nore, preferably 14 cSt or nore, preferably 16
cSt or nore, dc6digaettiosC S0 0¢SEor@ord Preforabby Bf (8t @thdte, piid My DF cSt nor e,
preferably 40 cSt or nore) and/or a nunber-average nol ecul ar weight (M) of
at | east 700 /e, prefsraply lér‘f@t"r’i@}or"pP@fe&b}Y@@ cShsanprsrpreferabDh 0 /P has a
specific grav 7 or |ess,
preferably ber?(\g/% ﬁ%iégﬁolét@ﬂorgfm@/oﬁ lfaﬁr{bﬁl nengtéﬂé%%?g!sgl}{tt@l Zt 100C of 15
cSt or nore (qflaelﬁzet'éﬂﬂlg;mtﬂo cSt or nore, preferably 25 cSt or nore,

preferably 30 cSt DI €, ref and/or a _
nunber-a;verage nDFnecuﬁhgrrp ?ﬁmﬁ tﬁmagstsm‘ﬁ%gr‘;v 10 I n anot her
pref err'ed errtxmﬁlﬁma‘tC)bhaswl?eshaﬁefaaMynewaztlbss ptefé:@blybétweanto 82100C of 3 to 3000

cSt, preferab 6 10.300 cSt ef and a nunber
aver age nol ec@é@%%ﬂt‘%wg’l&f”iﬁ& 8? °‘§ F’ablﬁﬁgf%"ébl y 500 to
5,000 g/ nol, @;&&@&ﬁﬁ%ﬁt ¥r R8e, ﬁraeraolpwcgémbre ;Jréraalslph@@st opreferred
embodi ment the NFP has a ki nematic viScosit 15 100C of 3 to 500 cSt,

preferably 6 myerodormumbeprverape mplepuias wpight (X’b)qf(?ﬁleé%ﬁ‘m&fﬁple preferably 3 to
25 ¢St @nd a nuniep, 8@1&%@&?&%9&%&@5’1@% fc%r)mtf&fvnsé&%%to 10, 000 g/ nol,

preferat)ly 400 to 5, nor e 500 to 2,5 /mol, nore
preferably BOUOT(bofIS tQ@QDOQ‘JStheferabﬁv fi'méﬂ%e‘it rpwreﬁefer@bfi?etnﬁ@@iﬂtmﬂ the NFP has a

Ki rg&rrat ic vi Scmbgﬁlavgé%e l’%@%&iﬁpgﬂ t( era | y%gﬂ %/R'nr Eg%lfeéglyy 06 to 50 cst,

nor e preferabal and a nunber
aver age nol ectulS,i)OOg\dﬁioghtore(MfemlﬁlyBOIIloBmoo@nﬁDO g/ mol, preferably 350 to 2,000

g/ nmol, nore preferably 400.tq 1,0 e referabl 300 to 800
g/ mol . In anot heri%?@%?rmgﬁregmﬂ‘gwgﬂ@%@%?[g nggt'cé'lsﬁ?ﬂﬂ' hoi nt of - 25C or

15 100°C of 3 to 500 cSt, preferably 6 to 200 cSt, more preferably 8 to 100 ¢St, more

preferably 3 to 25 cSt; and a number average molecular weight (M,,) of 300 to
10,000 g/mol, preferably 400 to 5,000 g/mol, more preferably 500 to 2,500 g/mol,
more preferably 300 to 1,200 g/mol.
In another preferred embodiment the NFP has a kinematic viscosity at
20 100°C of 3 to 100 cSt, preferably 4 to 50 ¢St, more preferably 6 to 25 ¢St, more
preferably 3 to 15 ¢St; and a number average molecular weight (M,) of 300 to
3,000 g/mol, preferably 350 to 2,000 g/mol, more preferably 400 to 1,000 g/mol,
. more preferably 300 to 800 g/mol.
- In another preferred embodiment, the NFP has a pour point of -25°C or
25 less, preferably between -30°C and -90°C, and a kinematic viscosity in the range
of from 20 to 5000 ¢St at 40°C. In another preferred embodiment, the NFP has a
pour point of -25°C or less and a Mn of 400 g/mol or greater. Most mineral oils,
which typically include functional groups, have a pour point of from 10°C to

-25°C at the same viscosity and molecular weight ranges.



25 less, preferably between -30C and -90C, and a kinematic viscosity in the
range of from20 to 5000 cSt at 40C. In another preferred enbodi nent, the
NFP has a weoddsoreint of -25C or less and a Mh of 40Qcg{sbsn@dza@r €at er. Most
m neral oils, which typically include functional groups, have a pour point
of from10C to -25C at the sane viscosity and nol ecul ar wei ght ranges. -99
WO 2006/ 025949 PCT/ US2005/ 024240 1 n another preferred enbodi nent the NFP
has ki nematic viscosity at 100C of 3 ¢St or greater, preferably 6 cSt or

greater, more pr efn%lh@ﬁ’derér%r?e?%m?ﬁdd%&ﬁ‘E}{e‘NPP ha?ﬂﬂen?a@i@v fos@étgg@’fc the follow ng

properties: 1. a pour p or less, preferably or |ess,
preferably Sf3368rgreater psferablyef oSt adgrgater, A prefetablys; cStergtaater, 2. a Vi scosity
| ndex of 120 or, greater;. and/or.. 3. a.low degree of color, such as typically
i dentified a™ %%P’%‘?ftﬂé"j}f%‘“""?ﬁl?’ Aefi e" “standard white" . or "bri ght

and clear," prefenabl ya g poftlof 10T Gess,fprefdfbl P20t @6 Sess Pretéraiabl y 80 or | ess,
preferably 60 or Ie§s, 10 preferablué 40 or less, preferably 20 or |ess,
preferably 15 or 393G oplgss, prefeiablir40ed oplgsspeg®ior.D1209; and/or 1" 4. a flash

poi nt of NOT or re, PislSivaik of496 R Sd/or. PT €f erably 240C or nore;
and/or 5. a specin?i C gral\gl{ot 15. 60) 811%Taes’s tﬁra’m 0.86. 15 Most mineral oils

at the sane viscodity alamgegréenfeolar, pushes pically identfiades “vatenwhi®OC or an APHA

col or of greater than 20 0or. {Zﬁe i-f b ravit | 25, of 0.86 or nore. In
anot her preferred 1"'e”r¥t’)eo‘§1|“tr‘?e’nf’t,%1 eﬁmﬁp%ﬁgjgg%t |§l(£:a5‘sipf°g%brl1ydae“x of 120 or nore

and one or nore ofAPHAsofoobf dionBsspprefemblyi8e ot le@DpraferablyOor legpi nt of -10C or
e et Rl B, pRESR e R 5 R o 1201y 40C O
preferably 6 cSt daemGica@dy ASTMIDERNS aaltby 8 cSt or greater, preferably 10 cSt
O ST AN 0L L TSRS Sy B el oA Y Fdentifiec
as "water white", P > P y »
preferably 240°C or more; and/or
5. a specific gravity (15.6°C) of less than 0.86.
15 Most mineral oils at the same viscosity range have a pour point greater than -20°C
or an APHA color of greater than 20 or a specific gravity {15.6°C) of 0.86 or
more.
In another preferred embodiment, the NFP has a Viscosity Index of 120 or
more and one or more of the following properties:
20 1. a pour point of -10°C or less, preferably -20°C or less, preferably
-30°C or less, preferably -40°C or less; and/or,
2. a kinematic viscosity at 100°C of 3 ¢St or greater, preferably 6 ¢St

;’; | or greater, preferably 8 ¢St or greater, preferably 10 ¢St or greater; and/or,
3. a low degree of color, such as typically identified as “water white”,
25 “prime white”, “standard white”, or “bright and clear,” preferably an

APHA color of 100 or less, preferably 80 or less, preferably 60 or less,
preferably 40 or less, preferably 20 or less, preferably 15 or less, as
determined by ASTM D1209; and/or
4, a flash point of 200°C or more, preferably 220°C or more,

30 preferably 240°C or more; and/or
5. a specific gravity (15.6°C) of less than 0.86.
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25 "prinme white", "standard white", or "bright and clear,"” preferably an
APHA col or of 100 or less, preferably 80 or |ess, preferably 60 or |ess,

pr ef er abl y wAwoaio2doess, preferably 20 or | ess, preferabtysbhbsiRiqd €ss, as
determ ned by ASTM D1209; and/or 4. a flash point of 200C or nore,
preferably 220C or nore, 30 preferably 240C or nore; and/or 5. a specific
gravity (15.6C) of less than 0.86. -100 WD 2006/ 025949 PCT/ US2005/ 024240
Most mneral oils have a Viscosity Index of |ess than 120. |In another
preferred embggi Bl ofid v Vishiafty RaBQHlesP@bdli200f - 20C or  less, preferably
-30C or less, and one or nore of the followng properties: 1. a kinenmatic

vi scosity at 100ChpdnoBerystiereed egibediment, thepNEP basatpoyr ppine & -20% asr  gr eat er,
preferably 8 ¢St reater ref.erably 10 ar. re..and/or, 2. a

Vi scosity Indlgsf”%&e'fgég@réﬁl;%%taenp ,on?o?re BF ?afo(ﬁe?o%‘ﬁng?mgernéegt er; and/or, 3. a
| ow degree of col @r, sdkifentasic viyqesitedt 1§0°CAERcSidr e@ataSpreftmbBre ashi te”, "prine
white", "standard white", or "grgght and c ea&ﬁ' greferabl APHA 10 col or
of 100 ot |ess, pPEFEHOIgieB)y Sy o grater, preferabhlOrSkes more: pdler,  pref erabl y 40
or |ess, preferabby 20, VfcdsipmdexirahebABbater efolably @ XPorgfeadgt €r M ned by ASTM
D1209 4. a flash point of 200C or nore, preferably 220C or nore, preferably
240C or nore; andpPwfor]5 S a specific gravity (15.6C) of |less than 0. 86.
Most mineral oilsihave ' QJ@% ' ' ! than 6 cSt, or
an APHA col or of 3gr ea lg‘rwlﬁt%%an gﬁr\ééﬁg?ﬁfgéhq%egﬁﬁt g;svgtLt atr? '200C when
their pour point “prim¢ et Mamiard@te”, lon“taigbt and clewy ercderaldyl ABHBOdI ment t he NFP

has a gl ass transitio t.enper.at.ur t hat,,cannqt be t.erm ned by ASTM
e 356 0 if it égﬂrﬁéaga'e‘?s&pﬁfa%b?’g‘% frJpe ey BB b e BT AT £1506 | &
| ess than OC, pr efiebsledsyprefe@bly 20 boless; profeiablyn s er Ipgsaf dstatmined bess t han - 20C,

norg. preferably | ?\%NB%9 30C,

4 a flash point of 200°C or more, preferably 220°C or more,

preferably 240°C or more; and/or
15 5. a specific gravity (15.6°C) of less than 0.86.
Most mineral oils have a kinematic viscosity at 100°C of less than 6 cSt, or an
APHA color of greater than 20, or a flash point less than 200°C when their pour
point is less than -20°C.
In another preferred embodiment the NFP has a glass transition

20 temperature (T;) that cannot be determined by ASTM E1356 or, if it can be
determined, then the T according to ASTM E1356 is less than 0°C, preferably
less than -10°C, more preferably less than -20°C, more preferably less than -306°C,
more preferably less than -40°C, and, preferably, also has one or more of the
following properties:

25 1. aninitial boiling point as determined by ASTM D1160 greater than
300°C, preferably greater than 350°C, preferably greater than 400°C;
and/or
2. a pour point of -10°C or less, preferably -15°C or less, preferably
-25°C or less, preferably -35°C or less, preferably -45°C or less; and/or
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nore preferably less than -40C, and, preferably, also has one or nore of the
follow ng properties: 25 1. an initial boiling point as determ ned by ASTM
D 160 grestoemoctonmsy 300C, preferably greater than 3BORyspesakenmbl y greater
than 400C, and/or 2. a pour point of -10C or less, preferably -15C or |ess,
preferably -25C or less, preferably -35C or |less, preferably -45C or |ess;
and/or -101 WD 2006/ 025949 PCT/ US2005/ 024240 3. a specific gravity (ASTM
D4052, 15.6/15.6C) of less than 0.88, preferably Iess than 0.86, preferably
less than 0.84, pgefegghbivic ko As8 bas2 05835 Rt el fkathhyo.88,0m 0. 82 to 0. 86;
and/or 4. a final boiling point as determ ned by ASTM D1160 of from 300C 5
to 800C, pr ef er abpgferabbriess SowOS86. praerably lspscthas 044} prefgrablytfeom Q89 500C;,  and/ or
5.a wei ght averag i et ween 30, 000 and 400 g/ nol
preferably bet meﬁsﬁkﬁﬁgélgﬁodm?ég%%m ,dh;r}mre preferably between 5,000 and
600 g/ nol ; and/ or 410 6 final boilinbpintay detaminedioy AKTM A1 16@offivm J00HC bet ween 10, 000
and 400 _ g/ nol, prefesabl tween. 5 d 50 [ mol preferably

bet ween > 2, 000 an® %]géfﬁﬁf?&%,yﬁﬁ%&rcg’%g@wﬁgﬁ%%%r%gﬁ@ggwed by ASTM
D92 of 200C or gremiier, and/or 8. a dielectric constant at 20C of |ess than
3.0, preferably less than 15 2.8, preferably less than 2.5 preferably |ess
than 2.3, prefer aPRyvejshtaverageipolegitay weight (%b%l%‘fenéﬂfﬂ%ﬂﬁ‘ﬁﬁﬁ) Bk NFP maybe a
copol yner as descpidheglly gk 15600904 56 H39; AR preratiBinhieh spppodi ment of the
present invention, conpositions of this 20 1nvention conprise |ess than 50
wt % (preferably | exdS00ighprlandiar o preferably less than 30 w% preferably

wi % TORD prof erably R kPl rknlingy pBEA oROFRA A0 v [ ess han ©

g/mol, preferably between 5,000 and 500 g/mol, more preferably between

- 2,000 and 600 g/mol; and/or
' 7.  aflash point as measured by ASTM D92 of 200°C or greater, and/or
8.  adielectric constant at 20°C of less than 3.0, preferably less than
15 2.8, preferably less than 2.5, preferably less than 2.3, preferably less than
2.2
In another embodiment the NFP may be a copolymer as described in US
Patent 6,639,020.
In another embodiment of the present invention; compositions of this
20 invention comprise less than 50 wt% (preferably less than 40 wt%, preferably less
than 30 wt%, preferably less than 20 wt%, preferably less than 10 wt%, more
preferably less than 5 wt%, more preferably less than 1 wt%) of EP Rubber, based
upon the total weight of the composition. For purposes of this invention and the .
claims thereto, an EP Rubber is defined to be a copolymer of ethylene and
25 propylene, and optionally diene monomer(s), where the ethylene content is from
35 to 80 weight%, the diene content is 0 to 15 weight%, and the balance is
propylene; and where the copolymer has a Mooney viscosity, ML(1+4) @ 125°C
{measured according to ASTM D1646) of 15 to 100.
In another embodiment, the compositions of this invention comprise less
30 than 10 wt% (preferably less than 5 wt%, preferably less than 3 wi%, preferably

less than 2 wt%, preferably less than 1 wi%, more preferably less than 0.5 wt%,
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C upon the total weight of the conposition. For purposes of this invention
and the clains thereto, an EP Rubber is defined to be a copol yner of

et hyl ene awa @6/0r0opyl ene, and optional |y di ene nonowmeri{sposoeher e t he

et hyl ene content is from 35 to 80 weight% the diene content is 0 to 15

wei ght% and the balance is propyl ene; and where the copol yner has a Money
viscosity, M(1l+4) @125C (neasured according to ASTM D1646) of 15 to 100.

I n anot her enbodi nent, the conpositions of this invention conprise less 30

than 10 wt % (ndreprefeaddlyyess @R 01l Maw) 5f anteldstoRErCbREdlpoy tHe@R Sl vidinof3 Wt %
preferably less than 2 W% preferably J]ess than | W% nore preferably

| ess than” 0. gh§gompositiong By y ovmeantalretralaphyyBiheie oSt nore preferably

l ess than 0. Jana«{eu%%méseasﬁ&h%Ambls&aﬁﬂnﬂwem&nwmludm ght of the
conposition. By "elastoners” is neant all natural and synthetic rubbers,

i ncl udi ng t hottylegepiopdeneirebbasahyiaepedylcmdiensimegomér rabbgs siyrepics i ncl ude

et hyl ene. pro . oy =1 . [ ubber, styrenic
5 bl ook copol e ohisE Floef ARS8, SBSBaRP BRI PRS 110G ¥ e

| kg,t \é\her e)\ﬁmef%?tmﬂﬁEBEBanﬁormﬂerebhereemmprhwf ada = | f: i sogrtenle, and g
= butadi ene), . hu [ r, obu rubber, copolyners of isobutylene an
par e al kyl < rdiradh il BB b s o SER T e ol

par a- al kyl st yaigA8urend Aalbgaated copdieiers dBoMitReRla0d fara-eRPIGAE bawal but adi ene

with acrylonitrile, polychloroprene, 10 a %XI acryl ate rubber, chlorinated
i soprene’ r ubbubber. 2plyispRIEAE: FAPPImER PHhutadicne With pcsYipriilie PlyRMRERPTENS | ybut adi ene

rubber (ot h il hibB0ShiorndEFLLFATIANS, 45 Theiaglomes of this i nvention

(and bl ends ther as descri bed above) ether formed in situ or by

physi cal bl ensiprege subberppadybutadioperubherbothgisang trinsbwn  t her mopl astic or

el agt oner application. Exanples include uses in nolded parts, filns, tapes,
sheets, tubing, hose, sheeting, wire and cabl e coating, adhesives,
shoesol es, buaRRIIGATINSKet s, bellows, filns, fibers, elastic fibers,
nonwovens, 20 spunbonds, seal ants, surgical gowns and nedi cal devi ces.
Adhesi ves The polymers of this invention or blends thereof can be used as

adhesi ves, The polymers of this invention (and blends thereof as described above)
whether formed in situ or by physical blending are preferably used in any known
thermoplastic or elastomer application. Examples include uses in molded parts,
films, tapes, sheets, tubing, hose, shee_;ing, wire and cable coating, adhesives,
shoesoles, bumpers, gaskets, bellows, ﬁlms, fibers, elastic fibers, nonwovens,

20 spunbonds, sealants, surgical gowns and medical devices.
Adhesives

The polymers of this invention or blends thereof can be used as adhesives,
25 either alone or combined with tackifiers. The tackifier is typically present at about
1 weight % to about 50 weight %, based upon the weight of the blend, more
preferably 10 weight % to 40 weight %, even more preferably 20 weight % to 40
weight %. Other additives, as described above, may be added also.
The adhesives of this invention can be used in any adhesive application,
30 including but not limited to, disposables, packaging, laminates, pressure sensitive

adhesives, tapes labels, wood binding, paper binding, non-wovens, road marking,
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25 either alone or conbined with tackifiers. The tackifier is typically
present at about | weight %to about 50 wei ght % based upon the wei ght of
the bl end, Ww@tenBef erably 10 weight % to 40 wei ght @éraRYREeARGE Ppreferably
20 weight %to 40 weight % Qher additives, as described above, nay be
added al so, The adhesives of this invention can be used in any adhesive
application, 30 including but not limted to, disposables, packaging,

| am nat es, pressure sensitive adhesives, tapes |abels, wood binding, paper
bi ndi ng, non MOk | US2005/ 024240
reflective co%?%ﬁ%%coa&r%g’%ﬂ% %:g{ns?r?\ soﬁemgﬁg’%%gn%g?ﬁfﬁgadhem ves of this
i nvention camnbmnens@dbémeddurslpp@aﬂdbéiapﬁra:pbmpldm@mﬂonmﬂrma s construction,

el astic attac in dis osab 00ds ¢ ver ckagi ng, | abeling,
bookbi ndi ng, air}g fBPEReRym glf’ﬁg Qds Luvg ctakﬂﬁﬁg é@%f“ghs Particularly 5
preferred appﬁdoﬁﬁﬁdx@@obdwrﬂﬂgmmwaﬁbxﬁlﬂ@ﬁpﬂne@oﬁ Fatticlarkgi aper frontal
tape, diaper standing leg cuff, diaper chassis construction, diaper core

stabi |l i zati onP’efGF?Qﬁ@PllcaP?'ﬁlﬂcHJdP rb&?ié‘f’@er leg glastic, dnpspfsmtal e diapER er | ami nat i on,
di aper el ast i Garhi boplcRHT] Rt s cbiFdHoR QBRI uub i Rich! e [ zat [ on,

f em ni ne napki n adhesi Ve strip, industrial = filtration bonding, i ndustrl al
filter mater | kruid teanbferdeyeo diapérioutepeovardaminption; dianer dastic ¢off lamingtiem| gown

| am nati on, Y, cts packagi ng.
The adhesi ves @g{sngcérq?%ed ags(’)t!\i/e ng(%f Ee%mn klgggﬂﬁg%;héggﬁ%ﬂﬂte Preferred
substrates i nﬁlltratdmbmhng 1qda§3mlﬁlte:analﬂmahlanimaqmnaﬁnﬂrmasklammamﬂ, astic, rubber,

met al taI f 0l alum nd_t.in il tallized
surface§ cl o?“ﬁg'caL%M S“(% Wm%edfuﬁlrn Ftipnp%’idyﬁl?%qi}?érﬁ%uc pun bonded fi bers
or non- V\ovens;)ackagﬁ;@unbonded fi bers, cardboard, stone, plaster, glass

(|m;lud|ng silicon, oxjde (Sl )coatl i ed evap rating silicon
oxi de onto a fil mi8gpdhssives described,ab °W6@gieé@ﬁ)ﬁqﬁ°@§y % S rer foans

(such as pol yubgthenulioasds, W@ﬁﬂ@ﬁﬁ%la&‘ﬁ@%éﬁﬂ skl rm%smed.yes pi gnent s,
3 bl

PVDC and the |ike or conbinations thereof. 2 tional pr eferred

substrates i neptakdail sushyas elwpinumefoll ged ol petelieed syespaciofh. aees,  acryl i cs,
pol yet hyl ene @vg‘yegp@m%&%’ﬁtﬁ;ogﬁe o@&ed%'eéé%? \Lév%ﬂs‘?d above as suitable

for blends. Corona“treat eam | rra Iat1on,” gamra irradiation,
spunbonded fibers, cardboard, stone, plaster glass (including silicon oxide :

(Si0y)coatings applied by evaporating silicon oxide onto a film surface), foam,
rock, ceramics, films, polymer foams (such as polyurethane foam), substrates
coated with inks, dyes, pigments, PVDC and the like or combinations thereof.

20 Additional preferred substrates include polyethylene, polypropylene, polyacrylates,
acrylics, polyethylene terephthalate, or any of the polymers listed above as suitable
for blends. Corona treatment, electron beam irradiation, gamma irradiation,

s

b microwave or silanization may modify any of the above substrates.
25 Films

The polymer produced by this invention described above and the blends
thereof may be formed into monolayer or multilayer films. These films may be
formed by any of the conventional techniques known in the art including

30 extrusion, co-extrusion, extrusion coating, lamination, blowing, tenter frame, and

casting. The film may be obtained by the flat film or tubular process, which may
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m crowave or silanization may nodify any of the above substrates. 25 Filns
The pol yner produced by this invention described above and the bl ends

t her eof maywdsod@Ea®rd | nto nonol ayer or nultilayer figchiRs200bes80fi11 M maybe
formed by any of the conventional techniques known in the art including 30

extrusion, co-extrusion, extrusion coating, |amnation, blow ng, tenter
frame, and casting. The film my be obtained by the flat filmor tubul ar
process, which may -104 WO 2006/ 025949 PCTI US2005/ 024240 be fol | owed by

orientation ig RMlowkditdshisdtatidh (mlihAfal dfectdd, SMPrBthii@dllyy  perpendicul ar
directions in the plane of the film One or nore of thé layers of the film

may be ori ent papandicelpredircetivnsindresiang afthe filnt. oowrg or owrardthedayesef thons to the same
or different ﬁﬁ%&%@ﬁe%ﬁemgd B rt{aﬁ{lztel%s %.rﬁ./%r 'n%n%ﬁiregtﬁgng Eoethé)fan%foher the
roug 6get her .

i ndi vi dual | ayers are or exanple a polyethyl ene |ayer
can be ext r usdifferenteatesd. Tliis orieantitamscheanthefosvr afieraitindvigadl jageropy| ene | ayer

or the polyethylene and | ypropyl ene can be coextruded together into a
filmtheh ori @ﬁ L tﬁqgﬁt@ﬁﬁpgg‘?ﬁ%ﬁgéH&EWYEWF%F&?WF%%N%T%{%E@ | ami nated to
oriented pol yRirinatedRaioQh oRénted pbBpropee YAt R pRIyemYkLt @ coated onto

pol ypropyl ene then optionally the conbination 10 coul d be oriented even
further. Typi Ayargpylenecanibe sesxiyded ngptbertine afitm thep ongntad; hkewie.r ection (MD) at

a ratio of Ubakdueholhiosiah Bl bOShUERIGDRAG) Jolveifbad & dfdfea Tr ansver se

Direction (TD) at o of up to 15 pre y 7°to 9. However in another
enbodi ment  t hpolysthyiang soudd hesnatediontapal ypeopsienethekentinnally thetsombingtips MD and  TD

directiogps. | t Loent. the | Si: .nol ynmer 15
conposi ??on o] [ sorpl?lﬁlt\c}a:%gﬁq%an@‘%?yBﬁﬁéssggﬁgéng%f@&ﬁ%@iggggconbi ned with
one. or nore Dirbetion (MDPeats ratiblvéuptolisypréfebly betveeef/and§, adyn thayer typically

i nqluded in ltilayer fi sfructures. . For_e I he other | ayer or
| ayers may be?yafs?_ve'ﬁ%%gﬁﬁng? &‘Iﬂﬂg#ﬁag? gﬁ‘ﬂ"i‘?ﬂg’@fﬂ%ﬁ@%ﬂ? #Iﬂ‘g?vﬁﬂlél honopol ymers or
copol ynmer s of afothet émtodiinedt @ filmsis ofi¢niddas tbkymdeXidnOinGafh thd MDiang, preferably a

20 copol yner gf an cnol efin and apot h@r§ olefin ar a-olefin (ethylene is
defined to be RATEHIORY elnjaRothes emBRimMEN e laypr comPESBBERYBS) . Pref er abl y

homopol Y&t hyl giishosiBORTBHIRS YRERBY (8BS bIGTS M¥tetf) Fra§ 8O MmbIRA WG Gn M t D

or more .other layers. The other layer(s) may be any layer typically included in
multilayer film structures. For example the other layer or layers may be:
1. Polyolefins. Preferred polyolefins include homopolymers or
copolymers of C; to Cyp olefins, preferably C; to Cyp olefins, preferably a
20 copolymer of an oolefin and anéther olefin or .a-olefin (ethylene is
defined to be an c-olefin for purposes of this invention). Preferably
homopolyethylene, homopo]yprc;pylene, propylene copolymerized with
cthylene and or butene, ethylene copolymerized with one or more of
propylene, butene or hexene, and optional dienes. Preferred examples
25 include thermoplastic polymers such as ultra low density polyethylene,
very low density polyethylene, linear low density polyethylene, low density
polyethylene, medium density polyethylene, high density polyethylene,
polypropylene, isotactic polypropylene, highly isotactic polypropylene,
syndiotactic polypropylene, random copolymer of propylene and ethylene
30 and/or butene and/or hexene, elastomers such as ethylene propylene

rubber, ethylene propylene diene monomer rubber, neoprene, and blends of
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et hyl ene and or butene, ethylene copolynerized with one or nore of

propyl ene, butene or hexene, and optional dienes. Preferred exanples 25

i ncl ude t havoropdiasias ¢ pol yners such as ultra | ow dengcryspodioeeishyl ene, very
| ow density polyethylene, Iinear |ow density polyethylene, |ow density

pol yet hyl ene, nedi um density pol yethyl ene, high density pol yet hyl ene,

pol ypropyl ene, isotactic polypropylene, highly isotactic polypropyl ene,

syndi otacti c pol ypropyl ene, random copol yner of propyl ene and et hyl ene 30
and/ or but ene andiRmdppxengolyridrodmt @RARbHers, 46dh 28 Sor@kdMpl & BRrmdpliNe ene 1 ubber,
et hyl ene propyl ene di ene nononer rubber, neoprene, and blends of -105 WO
2006/ 025949 PCT/ USkeomsrs snubber opghengdilasissi ¢ pol ymers and el ast omers, such

as for exanple, thernoglashi el grg;g?{) lmﬁ’ﬂ pgdrhy)%e& &¢ plastics. 2.
Pol ar pol yners. P?'ef er‘r_e%i%%ﬁg—rrs gg{fyrre sﬁtl nc u#g ﬁor?opol rrgr?s and

copol yners of est endgopalyineke of estecs; rindeseacrylateshyrdydriles copobymesryofer s of a 5 C2 to

C20 ol efjin, such et h ne and/or, propyl ene and/or . butene with one or
nore polar nononerétoséf@ﬁieﬁg'sgc eafﬁﬁggi,?eaﬁ%ﬁ%?‘?yécggf‘ndgosrtbgt%?wg}f%%hol , and or
acrylics. Preferr etmexaoal @enonesd sucteas podtate siniydiides) esterg micoied, an@t hyl ene  vi nyl
acetate copol yners, and polyvinyl c¢chloride. 3. Cationic Polyners. Preferred
cationic polyners Offﬁlﬁﬂgf%éiﬂﬁé@?esﬂﬁ‘l“ﬁ PRlgeSISTSy PRLYARIIGSE, e&@@ﬁ%ﬁal |y

di substituted ol efifSacetade ROFRIYRRECERFo | &foide and/ or styrenic nonomners.
Preferred gem nal | yﬁdicgubs?li%t){i}?ed ol e%??rlllgl i ncl ude i sobutyl ene, isopentene,

i sohept ene, i soheXane, Citisnispplumers. Profested catiosic palymersdusindaeelamers Pref erred
a- het er gat om ol ef i,pg, bf}g:kllé%? oAkt dis@lsifafed JBny bid-ht @b Blefins PT €F €7 7 €d
styreni ¢ nononers | nel dde st rene; 15 al kyl styrene, para-a <yﬁ styrene,
al pha- net hyl st yr endor styndnisymeromgrse Resfermat gemipallydisubstingedodafing st yr ene.
Praferred exanpl e f._catiqni.c. | I | nclude butyl  rubber, isobutyl ene
copol yneri zed w tﬁ“cg“él‘r: lssgér%‘éﬁ %1)71 15 &%Iflt)ré%%ﬁlg‘?hep{ﬁ%ﬁ’ ?s?efl‘%lleehfgélocgaﬁ pol y- a- net hyl
styrene. 4. M scelidoddvems, and iSddbdetener Rréferredaeihdtay=tors olefs ihcludeapgt , wood, 20
cardboard, netal, t al fof I %aéﬁuch as_ al um num foi aé]d tin foil),

ether and vinyl carbaZole, preferred styrenic monomers include styrene,

15 alkyl styrene, para-alkyl styrene, alpha-methyl styrene, chloro-styrene, and

=

bromo-para-methyl styrene. Preferred examples of cationic polymers
include butyl rubber, isobutylene copolymerized with para methyl styrene,
polystyrene, and poly-c-methyl styrene.
4, Miscellaneous. Other preferred layers can be paper, wood,

20 cardboard, metal, metal foils (such as aluminum foil and tin foil),
metallized surfaces, glass (including silicon oxide (SiO.x)coatings applied
by evaporating silicon oxide onto a film surface), fabric, spunbonded

fibers, and non-wovens (particularly polypropylene spun bonded fibers or

(

non-wovens), and substrates coated with inks, dyes, pigments, PYDC and
25 the like. The films may vary in thickness depending on the intended
application, however films of a thickness from 1 to 250 pm are usually
suitable. Films intended for packaging are usually from 10 to 60 um thick.
The thickness of the sealing layer is typically 0.2 to 50 um. There may be
a sealing layer on both the inner and outer surfaces of the film or the
30 sealing layer may be present on only the inner or the outer surface.

Additives such as block, antiblock, antioxidants, pigments, fillers,
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metal lized surfaces, glass (including silicon oxide (SiQO x)coatings applied
by evaporating silicon oxide onto a filmsurface), fabric, spunbonded
fibers, andvomnsopenyens (particul arly pol ypropyl ene spemnubmniashss | bers or
non-wovens), and substrates coated with inks, dyes, pignents, PVDC and 25
the like. The filns may vary in thickness depending on the intended
application, however filnms of a thickness froml to 250 mare usually
suitable. Filnms intended for packaging are usually from 10 to 60 pmthick.

The thickness of plagessiB@hil) VI stibRizers, hehtbaBie dbyicdatsZsubfactais a8r There may be
a sealing layer on both the inner and outer surfaces of the filmor the 30

seal i ng layer nmy™¥deaingagans mayalshepresens in gag af mese thap anclgyesin tagr f ace.

Addi ti ves such as i l: 4 OX| ; ' , fillers, -106
00 20061 020040 PRI IafRsuBtAs e BE AN URRRE SnaklpOBBRAS, 11

neutralizers, | ubpdlydimehylsibarcaialcatyes wandalomm stracteccarbonladkydow s may al so be

present jn one or re than one |layer .in.the filns, Preferred additives

I ncl ude, gsi l'i con dfnwgef'g%r,wet'% ﬁeﬁ’f]suarlrl]%éfaﬁ%(tfeades; qnﬁ%?%&%%%’?f ng'iofl% {ane, talc,

dyes, wax, cal ci Umofdlegfsahs beamdifiedbpionshi tredtentpel¢tirtbebaamar wei ght resins and
gl ass beads. | n apother enbodjnent, one or re laﬁ%{)‘ﬁ&gﬁ?‘étﬂbe nodi fi ed by

corona treat nent, FEAdiaen. samipa uradiation, of uigioWaye. 1psomee Mon, or

m crowave. |n songr wPShd Rithe layeR & matifidd®ly BoBha tditnehtlr TRCAmE ayers is
nodi fied by corona treatnent. The filns_described herein may al so conprise

from5 to 60 wei gHescobedhsisiaanaygisp compaisg flomdite)pl weightoh bassd ppsghe and t he
resin, a hydro ' ' i | t he pol yner

of the g;eal I ayer%ﬁﬁﬁﬁgi@r%@%{rﬁ%gfw t oc?ﬁ%%%?y%g?eﬁ#rﬁa?he core

| ayer (s). The resbacombtadedmatbithe pobymenofdhe sedidyenfs) opwanbe caindined 100C., even nore

préferably from1 0..180C.. Prefer drocar S| ncl ude those
descri bed above. %g%hﬁﬁ%ﬁ%l clgr?hﬁrﬁogﬁ]._r?’ggg‘%rﬁ@n rrgca{r;ﬁgé% drsggf n y be oriented
i n uniaxial or bi gxintdboek 106%1.] cvarsmbre ptelfeeablysfrone 130 to dB°Ce Petfdrredegr ees. The

L1 m descr oo "sboye may be leed fhsuisheandir gl
15 hydrocarbon resin may be oriented in uniaxial or biaxial directions to the '
same or different degrees.
The films described above may be used as stretch and/or cling films.
Stretch/cling films are used in various bundling, packaging and palletizing
operations. To impart cling properties to, or improve the cling properties of, a
20 particular film, a number of well-known tackifying additives have been utilized.
Common tackifying additives include polybutenes, terpene resins, alkali metal
stearates and hydrogenated rosins and rosin esters. The well-known physical

process referred to as corona discharge can also modify the cling properties of a

¢

film. Some polymers (such as ethylene methyl acrylate copolymers) do not need
25 cling additives and can be used as cling layers without tackifiers. Stretch/clings
films may comprise a slip layer comprising any suitable polyolefin or combination
of polyolefins such as polyethylene, polypropylene, copolymers of ethylene and
propylene, and polymers obtained from ethylene and/or propylene copolymerized
with minor amounts of other olefins, particularly C4-Cy; olefins. Particularly,
30 preferred are polypropylene and linear low density polyethylene (LLDPE).

Suitable polypropylene is normally solid and isotactic, i.e., greater than 90% hot
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operations. To inpart cling properties to, or inprove the cling properties
of, a 20 particular film a nunber of well-known tackifying additives have

been uti | i zashsd2em¥on tacki fying additives include pelrybibeness terpene
resins, alkali metal stearates and hydrogenated rosins and rosin esters.
The wel | -known physical process referred to as corona di scharge can al so
nodify the cling properties of a film Sone polyners (such as ethyl ene
met hyl acryl ate copol yners) do not need 25 cling additives and can be used

as cling | ayefesapd ihddRibles BGKE WdeTagingleR ol ritbd JtOm abbt B8 t§B6uCONPri se a
slip layer conprising any sultable polyolefin or conmbination of polyolefins

such as pol yel0fy/1@mun. Hddiyquellp theshielaye oppinghde enegr mercraptieheg GBid  propyl ene,
and pol yners | N f.rom. et hwl-ene. _and/or, .pro ofe]o] nmerized wth

m nor anount sglg}fo g%‘)’}nﬁfe%rc}()g (ghe ’s‘?ﬁn%a'}]%y?bg GF%F |d§“'@3‘}{4€%§‘ﬁ‘859°3’f°. lrtl% Particul arly,
30 preferred milywlefiobyqubagydndnblesded ir to Megrove thesligropeitiys gfatiy Bydry | ene (LLDPE) .

Sui t abl e pol ypr .ene is normally solid and isotactic.. i.e., greater than
90% hot, * - 10 &7 525’9&'8“‘13@1*7‘ 25658@%&%48"°’ﬁ€ﬁ’ﬁeaﬂgca?’nsol ubl es, having
wi de rangi ng diRdafes, ldlaMat@uesart, tldsQAA AU ubichnts. Thade@uditived@@ 9/ 10 mi n.
Additionally, the slip layer may include one or nore anti-cling (slip

and/ or anti bl Refpblyglize incamounip rasgingfipmighous SRRPTUQ EPAY 249 BBMeduct i on of the
pol yol ef i n orm&gg&mwweepgﬁpfﬂéﬁg& " Qooh{rﬁie@g??&%ﬂéhp?%ﬁgf)ert ies of this

| ayer. 5 Such additives are we wn int d inc for exanpl e,
silicas, siliupontheseigii ofitrslipbyers Bwslihbyer nay,abdesined, alstrinduds dnebr i cant s.
These additiv ar referabl at i1 zed.i . anmpunt angi from about 100
opm to Spout 'S atines AL APucketticy sbE e BBl BAA SRRt T S0
10,.000 ppm by uasi ig héat bakerhppliqatsns] paeticuiatlg i heatfsedling lagdrs pglsasfee. The slip

| aygr may, if, desired, al i ncl ude ope ,1Q. or re other additives as

descri bed abole-‘éersTWé“'ﬁ“lPYFEE%Psog'h%%ragﬁéc[@i’tﬁgmt’gg?ﬂlmﬁ'épf?gg‘i‘f in heat sealing
appl i cati ons, hepai iré Giell a1 Helit s8linB AflictRas, kil ak FacRigingCiotn, Mlunbage | ayers, in
multilayer filns. In a preferred enbodinent, thealpolyrrers produced herein

are used in h@RHcatensEndRackagineifims sushas biaxialhy oBentfmagTiFPOMSm fill and
seal appl | CalbARA Rfh, BRRGOIdSd il Bihe? HAImAS, nbey B bdrlaeBf ented T1 1 e, The
ended w

pol ymers 15 produced herein, alone or D h other polyners, may be
coextruded orlaminated prie endthenpalyresn (ypieally ot fimestructugepandais¢dini n a film

structure) ana%pfi'cs.aﬁ&s ingluiring good heat sealing.

For more infomration on the importance of good heat sealing behaviour please
see: (1) A new high performance mVLDPE. Halle, Richard W.; Malakoff, Alan

20 M. Baytown Polymers Center, ExxonMobil Chemical Company, Baytown, TX,
USA. Polymers, Laminations, & Coatings Conference, San Diego, CA, United
States, Aug. 26-30, 2001 {2001), 457-466. Publisher: TAPPI Press, Atlanta, Ga;

o (2) Seal through contamination performance of metallocene plastomers.

Mesnil, Philippe; Amauts, Jan; Halle, Richard W_; Rohse, Norbert. ExxonMobil

25 Chemical Europe, Machelen, Belg. TAPPI Polymers, Laminations, & Coatings
Conference, Proceedings, Chicago, IL, United States, Aug. 27-31, 2000 (2000), 2
669-686. Publisher: TAPPI Press, Atlanta, Ga; (3) Heat sealing of
semicrystalline polymer films. II. Effect of melting distribution on heat-
sealing behavior of polyolefins. Stehling, Ferdinand C.; Meka, Prasadarao.

30 Journal of Applied Polymer Science (1994), 51(1), 105-19. (4) EP 0633 133
Al;and (5) JP 07156353A2, published June 20, 1995 (claiming priority to JP93-
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applications requiring good heat sealing. For nore infonration on the
i nportance of good heat sealing behaviour please see: (1) A new high

per f or manogoRMkbikEs Hall e, Richard W; Ml akoff, Al artndQeodsBayt own
Pol ymers Center, ExxonMbil Chem cal Conpany, Baytown, TX, USA. Pol yners,

Lam nati ons, & Coatings Conference, San Diego, CA United States, Aug.

26- 30, 2001 (2001), 457-466. Publisher: TAPPI Press, Atlanta, Ga; (2) Seal
t hrough contam nati on performance of netall ocene plastoners. Mesnil,

Phi | i ppe; Arrgygom)_\]an; Hal l e, Richard W; Rohse, Norbert. ExxonMbil 25
Chem cal Europe, ‘Machel en, Belg. TAPPI Polyners, Lam nations, & Coatings
Conference, Proceedings, Chicago, IL, United States, Aug. 27-31, 2000
(2000), 2 6@%-686. Publ i sher: TAPPI Press, Atlanta, Ga; (3) Heat sealing of
senicrystal | iFie=pol yner filnms. H Effect of nelting distribution on heat-
seal i ng behavi or of polyolefins. Stehling, Ferdinand C.; Meka, Prasadarao.

30 Journal of Applied Polyner Science (1994), 51(1), _ 105-19. (4) EP 0 633
133 Al and (5) memmfg&&%bmfnvsm@aa&imgldg creqlgbereqfaybei ng priority

to JPI3- - 108onel #RPRMHIEIGH? miBRildyHSARS STISARMR may 8ORMMA by 68 5 The

pol ymer produced by this invention and blends thereof thereof may be forned
i nt o nonol ay éle conveniifngl tbekpigrestnpwisin tErpsiiaclidingpxtrusigp, ereextpiobd by any of the

conventi onal [ [ he art i i i co- extrusi on,
extrusion coﬂ‘ﬁgﬁgﬁ c‘]galfflﬁ?’r%a ?%*ﬁ“@?‘%‘ﬁfﬁg célsﬁ%g'gggéﬁlﬂgl?&%éﬁ% %n\%yrray be obt ai ned
by the fl at theiflanfilor orttulinizk procgss whiels siayby folioweel py beertapoh ovead by orientation in

an to uniaxial. direction or _in nut ual | erpendi,cul ar directions in the
plane of t he “MAFFAHTEROR opin %P@Ej\éﬁyqewgnﬁﬂ%}%ﬁgmé “ﬁiﬂgefphnﬁf’ $ be oriented in
t hget r ansver Sitm. Ofkldrarioré Ok layeeh dTadle filinmeF b orhtddin theeasasre or di fferent

ex ts. This orientation may occur before or after. the individual |ayers
are brought @BY¥tipngty ‘F—%B“@Q%{K‘ﬁ‘? € sane 5 difterent sxtaals. ﬁ-& Speialiipe ext rusi on

coated or | amiapabt@rbedstt or A2 ME iR 1d2rshed N&fgﬁ%&e@&ﬁ FR¥edmply the
pol yet hyl ene andg{g)(l)l ypropyl ene can be ‘coextruded together into a filmthen

oriented. Li Renbetaylensijyaivianle prdrusion ensied enlamingigs gntp an oriented
15 polypropylene layer or the polyethylene and polypropylene can be coextruded

together into a film then onented. Likewise, oriented polypropylene could be
laminated to oriented polyethyiene or oriented polyethylene could be coated onto
polypropylene then optionally the combination could be oriented even further.
Typically the films are oriented in the Machine Direction (MD) at a ratio of up to

20 15, preferably between 5 and 7, and in the Transverse Direction (TD) at a ratio of
up to 15 preferably 7 to 9. However in another embodiment the film is oriented to
the same extent in both the MD and TD directions.

C: In another embodiment the layer comprising the polymer composition of

this invention (and/or blends thereof) may be combined with one or more other

25 layers. The other layer(s) may be any layer typically included in multilayer film
structures. For example the other layer or layers may be:
1. Polyolefins
Preferred polyolefins include homopolymers or copolymers of C2 to C40 olefins,
preferably C2 to C20 olefins, preferably a copolymer of an alpha-olefin and

30 another olefin or .alpha.-olefin (ethylene is defined to be an .alpha.-olefin for

purposes of this invention). Preferably homopolyethylene, homopolypropylene,
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| am nated to oriented pol yethyl ene or oriented pol yethyl ene could be coated
onto pol ypropyl ene then optionally the conbination could be oriented even
further. WpleeRiNthe filnms are oriented in the Va®RFYS20H/2¢4¢ i on (MD) at
aratio of up to 20 15, preferably between 5 and 7, and in the Transverse
Direction (TD) at a ratio of - up to 15 preferably 7 to 9. However in another
enbodi ment the filmis oriented to the sanme extent in both the MD and TD
directions. In another enbodi ment the |ayer conprising the pol yner

conposi ti on ofropyidné sopolywerized ovith etgldhodnd ok Bnete, dtidene odpolymmyizdde conbi ned wit h

one or nore other 25 |ayers. The other |ayer/(s be any layer typically
i ncl uded in nii ?qez%g’f’refoh’rr??y]@'{e’r ?‘EP@éﬁ?mfoarnd%R%%n?%ﬂ‘teﬁeﬁ#ﬂ r | ayer or
| ayers may begxamhplefiatied thdrinbSlasit 8519k ErS Such @d MBh R dR8sity plyetdeddonopol yners or

copolynmers of C2 to C40 olefins, preferably C2 to C20 olefins, preferably a
copol ymer of & lavdersity pdysthyleapdings loandanpirpobrtbyiens. v deppila: ol ef i n

(ethyle S | i ; - es of this
i nvent i .orsﬁ) . #geepggﬁ’ W’oﬁ‘o%’%@%%ﬁ%’,%%‘?ﬁ%ﬁ%"%%%y ene, -109 WD
2006/ 025949 REOPUELYSiso@dzp0lypropdentl Eghly sotpdicypebypiopdehewi t h et hyl ene and or

but ene, ethyl en ol ri,.zed th one or .nore of pr | en but ene or
hexene, and.yoS &I?%t%cgﬁ: Pa%n'ﬁ@é‘?“" i \é}%p r% (Qym%rfgﬁrﬁp %gnciaﬁ‘gftﬁﬂéwt lg‘r)rm)pl astic

pol ymer s suchbuzehe atdiordetensy ehemsers yuch@b stijlénglpadpglene nbirey, ethyleanglensi ty

pol yet hyl ene, | i near. | ow densi pol yet hyl.ene, |ow densi.ty.5 pol yethyl ene,
nmedi um densi tW°R§’Eﬂ“§/@FﬁW‘é’W@’F’ 'Pl‘f’ "8%%?!‘% %‘dﬁpﬂ"%‘tf fraQplastic %%ngsr opyl ene,

i sotact ke pol A eREYhES Suchtis @tleYanh i€ iiREhdplasfiOdidsRineRydn@ Addber SYNdi ot acti c

pol ypr opyl ene, random copol ymer of propyl ene and et hyl ene and/ or butene
and/ or hexenePuglenediplisisss such as et hyl ene propyl ene rubber, ethyl ene
propyl ene di engoppiiikds r ubber, neoprene, and bl ends of thernoplastic

polymers 10 and el astoners, such as for exanple, thernoplastic elastoners
and rubber tRyefghnednodar polsmers insludohonppplymens ahd eapplymens of estereamides, ar  pol yner s

i ncl ude homp&{aye%ﬁ@%()&g%%g%?f;c? o Gl f{ﬁﬁ‘i,ﬁ“g‘gies‘%gﬁ/‘cfﬁ atlpt es, anhydr ildes,

copolyners of a such as e or
15 propylene and/or butene with one or more polar monomers such as acetates,

anhydrides, esters, alcohol, and or acrylics. Preferred examples include polyesters,
polyamides, ethylene vinyl acetate copolymers, and polyvinyl chloride.
3. Cationic polymers
Preferred cationic polymers include polymers or copolymers of geminally
20 disubstituted olefins, alpha-heteroatom olefins and/or styrenic monomers.
Preferred geminally disubstituted olefins include isobutylene, isopentene,
isoheptene, isohexane, isooctene, isodecene, and isododecene. Preferred alpha-
o heteroatom olefins include vinyl ether and vinyl carbazole, preferred styrenic
monomers include styrene, alkyl styrene, para-alkyl styrene, alpha-methyl styrene,
25 chloro-styrene, and bromo-para-methyl styrene. Preferred examples of cationic
polymers include butyl rubber, isobutylene copolymerized with para methyl
styrene, polystyrene, and poly-.alpha.-methyl styrene.
4. Miscellaneous
Other preferred layers can be paper, wood, cardboard, metal, metal foils (such as
30 aluminum foil and tin foil), metallized surfaces, glass (including silicon oxide

(Si0.x)coatings applied by evaporating silicon oxide onto a film surface), fabric,
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15 propyl ene and/ or butene with one or nore polar nononers such as acetates,
anhydri des, esters, alcohol, and or acrylics. Preferred exanples include

pol yest er swo padsys des, et hyl ene vinyl acetate copolrgmesmscasg pol yvi nyl
chloride. 3. Cationic polynmers Preferred cationic polyners include polyners
or copolymers of gemnally 20 disubstituted ol efins, al pha-heteroatom

ol efins and/or styrenic nononers. Preferred gemnally disubstituted ol efins
i ncl ude isobutyl ene, isopentene, isoheptene, isohexane, isooctene,

i sodecene, anpunbsRR GB&E AR ndBvRSvels (Sl Rl Bolyhiepyddne shamosdedf i ns i ncl ude
vinyl ether and vinyl carbazole, preferred styrenic nongners include

styrene, al kyibespynrgovensand sbiates spaiedarith inks) dics, viggeatys P\ pdhe, 25

chl oro-styreng,@nd brono-para-nethyl styrene. Preferred exanpl es of
cationic polyners include butyl rubber, isobutylene copolynerized with para
met hyl  styrene, P f§isisymagpary inghidknses dgpending hm the ing¢ridgd applisatiome. 4.

M scel | aneous Ot her, preferred lLayers n_be paper, cardboard, netal,
nmetal faoils (ﬁ?‘dﬁ‘ﬁ”r ﬁg'% ogﬁﬁﬁ‘ikﬂ?ﬁs Ffﬁ%ﬁf%?ﬁ%ﬁf%’?%&ﬂ??%%sal li zed surfaces,

gl ass (i ncl udhteriiied fdr pacRAzifXdréi@ual(yIrom 106 60 tidiers ek | The thidkeseyppor at i ng

silicon oxide onto a filmsurface), fabric, -110 WD 2006/ 025949
PCTI US2005/ 02axsegingdayei bagally G4 98P ¢m. Ihere man boa sealing ipver o bath ar | y

pol ypr opy! engy s JBPARE b RS e Rim BOMe WA ENbyer ABFLSHDSAGALAS coated wi th

i nks, dyes, pignments, t y vary fn thickness
dependi ng on thévandr ot hadeer safggki cation, 5 however filns of a thickness from

1 to 250 m are usyal.l.y. sukitapl Fi '.ntEFded aging are usually
from 109)to 60 m cgg‘héyﬁsﬁ?cgllg.s q‘éa]f"r?liog r?redéosx G- R ee%gségﬁe?%g | ayer is
typi-cal I'y 0. Zrdcessing ajis UV Sthiglzersiieyrilizes, Isigihits Gurfaiaas aetiorbot h - t he inner and

outsgs surfaces of. the filmor the sealing | ayer may be gresent on onl t he
Cnner or t ho TEIFHNG ARt Ay 2 be RERTRID QRO a1pEa hanong eyl e G | ook,

ant i oxi dant s, PrefereddRaditvesfinchideificon dioxidePitai@f loRkide,2i ds, UV stabi i zers,
neutralizers, lubricants, surfactants_and/ or nucleating agents nay al so be

present in orfelydimetiylsoxang frlg des| vaxegaldiym steratesGarbep black, low

15 molecular weight resins and glass beads.

In another embodiment one more layers may be modified by corona
treatment, electron beam irradiation, gamma irradiation, or microwave. Ina
preferred embodiment one or both of the surface layers is modified by corona
treatment,

20 The films described herein may also comprise from 5 to 60 weight %,
based upon the weight of the polymer and the resin, of a hydrocarbon resin. The
_ resin may be combined with the polymer of the seal layer(s) or may be combined
C h with the polymer in the core layer(s). The resin preferably has a softening point
above 100°C., even more preferably from 130 to 180°C. Preferred hydrocarbon
25 resins include those described above. The films comprising a hydrocarbon resin
may be oriented in uniaxial or biaxial directions to the same or different degrees.

The films described above may be used as stretch and/or cling films.
Stretch/cling films are used in various bundling, packaging and palletizing
operations. To impart cling properties to, or improve the cling properties of, a

30 particular film, a number of well-known tackifying additives have been utilized.

Common tackifying additives include polybutenes, terpene resins, alkali metal
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Preferred additives include silicon dioxide, titanium di oxide,

pol ydi nmet hyl si | oxane, talc, dyes, wax, calciumsterate, carbon black, |ow 15
mol ecul ar we mho250@si Ns and gl ass beads. | n anot her othadiw®aiz4one nore

| ayers may be nodified by corona treatnment, electron beamirradiation,
gamma irradiation, or mcrowave. In a preferred enbodi nent one or both of
the surface layers is nodified by corona treatnent. 20 The fil ns descri bed
herein may al so conprise fromb5 to 60 weight % based upon the wei ght of
the pol ynmer aigrated @nd 188i03enaRll rRink YEl BGAERRN TIRTAIA prdftRies bESfilh May be
conbined with the polyner of the seal |ayer(s) or may be conbined Cwth the
pol ymer in t Hénakg ke medifedbythe wallknpwn physisplaresesieferadde asc0m8P t eni ng poi nt
above 100C., f r hydr ocar bon

25 resins i nc‘ﬁ%gée}g%&%ﬁ%%i?%g%asael%@\%%%%ﬁg% %ﬁ%s%%dg%g%@sﬂkﬁgt a hydrocar bon
resin nmay be reed dingediiiives emi cam bahsedas diing layers withqueckifiens t o t he sane or

different degsees,. T filnms descri.bed above .nay be e s.Sstretch and/or
cling finﬁ ns. g§t§;°$’§{‘%q§;h§'m W@' PR aas:llg?%grecamf’ﬂs%%%‘ﬂtsag%Bﬁléﬁ?lle%, packagi ng
and pal | et i zi stgombipgioabf pilolefihosuchRagolyetyieiq pSlvsrogidne &8pdlgmerosf | Nprove t he
cling properties of, a 3 articular film_a nunber of wel]-known tackifying
addi tives hav@¥l éﬁ“%f?ﬂy?"?gd?é P%aﬁ%ﬂ)%eém%na G PIRY STl e

pol ybut enes, &gélgﬂ&&ed @sth Binor Ahéalslof m&aileﬁns,g)micmlﬁ@.@% 6r5949

PCTI US2005/ 02424 stearates and hydrogenated rosins and rosin esters. The

cling proper tlefinsoP agicylprlyprefprad azg rodypFPYlsprang lisepr joy depsdtynel | - known physi cal
f sl P ; . h t hyl
process g ef erggdilfn Lﬁ@ﬁ?’%galﬂéo;tiﬁﬁ?}&éggn% ﬁ§9%aﬁ9%ﬁﬁﬁ§£c§ns&§éﬁg, as ethyl ene

met hyl acryl at € copol yners ing additives and can be used as
cling |ayers itgteatgt thara@0% hat bepgane SnsSlubles, baving widgenging melt flewy ratesnpri se a slip
| ayser conpri sj an [ I ol.yolefin..or . conbi.nation q | yol efi ns such
as pol yet hyl e?]fggmpao lf/t?#o%y °é‘§3é® gé%)p%l -y‘rar‘g?“smrgpy’q}é‘:[s}lﬁlf}?agﬁrema nachgl?opyl ene, and
pol ymer s obt asneetmbreanticting {slip ael/@ ackibdyck paddity sewteich maybelayded dugeed Wi t h mi nor

amounts of other olefin rti.cularly C 4 to Cl2 olefins.. P articularly
preferred aré 58?@‘&58%95"&%@@#&“ Pr ?‘l‘é%%“ HV\P]d’édr?gi“{S‘?“TU"}fft)tB?ﬂ‘cphyl ene (LLDPE).
Sui t abl gs pol yprbgsuaes 8Bisiigyer) SidiRbdiNves @eivetilanowh MAhed dnf include, for |

example, silicas, silicates, diatomaceous earths, talcs and various lubricants. These

additives are preferably utilized in amounts ranging from about 100 ppm to about
20,000 ppm, more preferably between about 500 ppm to about 10,000 ppm, by
weight based upon the weight of the slip layer.

20 The slip layer may, if desired, also include one or more other additives as

described above.

F,

e

Melt Blown and Spun Bond Fabrics

(

25 The polymers made herein and blends thereof are useful for melt blown
and spun bond fabrics. Invention processes can be used for making PP for spun
bonded (SB) and melt blown (MB) fibers. Typical invention polymers have ash
levels below 1000, 900, 700, 500, 400, 300, 200, 100, 50, 10, 1, 0.5, or 0.1 ppm.
Some embodiments have ash levels of 1-500 ppb. All these characteristics

30 combine to reduce polymer build-up on the die exits. These products can have

high MFRs from 300-5000 useful for fiber applications.
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i.e., greater than 90% hot heptane insolubles, having wi de ranging nelt flow
rates of fromabout 0.1 to about 300 g/10 mn. Additionally, the slip |ayer
may i ncl udwo 02949 nore anticling (slip and/or anti btookjposadaud i ves which
may be added during the production of the polyolefin or subsequently

bl ended in to inprove the slip 15 properties of this layer. Such additives
are well-known in the art and include, for exanple, silicas, silicates,

di at omraceous earths, tales and various lubricants. These additives are
preferably utilized in amounts rangi ng fromabout 100 ppmto about 20, 000
ppm nore preferably between about 500 ppmto about 10,000 ppm by weight
based upon t @1 ank Fi slip layer. 20 The slip layer may, if desired,
al so include one or nore other additives as described above. Melt Bl own and
Spun Bond Fabrics 25 The pol yners nade herein and bl ends thereof are useful
for nmelt bl own afhkt hmershohblefds theraof destribed hereio map plocbsusedtocan be used for

maki ng PP for_spu honded. ( SB) .t bl own ( i Jypi cal

venti an polRBe LeaOeaL bt g Bl by rorg e gt b BB Mg 00, 300,
200, 100, 50 pratess, ilcludinghut mot lithitdd ppmeit bioeing, spadbonting filrs agestuingash | evel s of
1-500 ppb. Al thesg characteristics_.30 conbine to reduce polyner build-up
on the die eﬁf“i%‘.p‘? gar P%dﬁﬁ?‘?“@&ﬁﬁﬁﬂvﬁtp’%ﬁjﬂ‘%ﬁéﬁ”% 300- 5000 usef ul

for fiber apprdfeaily Pnbondihg Maszmﬁédoaﬁaé&nﬁﬁﬁhygaea5xsmz4o Non- Wvens
and Fi bers The pol ynmers and Elends t her eof ~descri bed herein may al so be used

to 5 prepar e kopwn Wakaash Sineallyrit imolyss dherexisesion of Abermihraygh heRIT-abr i ¢ and
fiber ngking '1?1 e%@éﬁ’etﬂcﬁﬁ]a%'u&g%gﬁgva%tylair%&ﬁﬂ ohQn efdst bd QW N,

spunbondi ng, filmaperturing, tapl e fiber carding. A continuous
fi ﬁrent pr ocelsedermll isgengallydhangee to hewt dieaveh bbdboad thefirers taineg process i s
us aelr

The sp ' | ' Cenerally it
i nvol ves theq’gx %g@%gp{;}ﬁé}?%%gﬁe_sﬁﬁ#gﬁﬁ%@ﬁ%%ﬁ%?@%‘ﬁﬁ%ﬁdmese fibers are
t hen dr awn usigivlbegidingel ocity air and |l aid on an endless belt. A cal ender

roll is gener II¥ t hen used to heat the web and bond the fibers to one
anot her al t hdth PP t echni ques may be used such as sonic bonding and
15 The formation of woven and nonwoven articles from the polymer, :

particularly a polymer/NFP blend typically requires the manufacture of fibers by
extrusion followed by weaving or bonding. The extrusion process is typically
accompanied by mechanical or aerodynamic drawing of the fibers. Essentially all
fibers are oriented both during the extrusion process as well as during the process
20 of manufacturé of the non woven axﬁéle. A
a. Conventional Fine Denier PP Fibéizs
The three more conventional PP fiber operations, continuous filament,

bulked continuous filament, and staple, are are useful as means for preparing

O

fibers of the blends of the present invention. Typically the molten blend is

25 extruded through the holes in a die (spinneret) between 0.3 mm to 0.8 mm (10 mil
‘to 30 mil) in diameter. Low melt viscosity of the polymer blend is preferred and is
typically achieved through the use of high melt temperature (230°C to 280°C) and
high melt flow rates (15 g/10 min to 40 g/10 min). A relatively large extruder is
typically equipped with a manifold to distribute a high output of molten blend to a

30 bank of eight to twenty spinnerets. Each spinhead is typically equipped with a
separate gear pump to regulate output through that spinhead; a filter pack,
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adhesi ve bondi ng. Fiber Preparation 15 The formation of woven and nonwoven
articles fromthe polyner, particularly a polynmer/NFP blend typically

requi res t e wegadsact ure of fibers by extrusion fol lpgwR@:2dedeMBaVI Ng oOr
bondi ng. The extrusion process is typically acconpanied by nechanical or
aerodynam c drawing of the fibers. Essentially all fibers are oriented both
during the extrusion process as well as during the process 20 of manufacture
of the non woven article. a. Conventional Fine Denier PP Fibers The three
mor e convent i gnalie b6y 4 iRGker PRRIhY ﬁfé%pin&?é?%la&%&% tht hadefte bul ked
continuous filanment,” and staple, are are useful as neans for preparing
fibers of theuinberndboles inthespipnaset elate deteyraines thowmunibgpefdddrheptstime nolten blend is
25 extruded through th i j i_nner.et ). en 0.3 Mmto 0.8 mMm
(10 nil to 3G™A ?Yﬁeﬁg%i%ra@%r‘eg‘?ﬁwﬂhﬁ'ﬁf?%ﬁ(“??%’? £°§‘8‘§‘|"g"§/“tg§‘$“¥\§h£ pol ymer blend is
preferred andypiallyinthe aagd of Sai56V Ehk Kdes ategipidalie groagedadiito Fougdy nel t
tenperature (23QC to 280C) and high nelt fl.qw rat 15 g/.10 min to 40 g/ 10
mn). A¥xel at"\"{}@?‘ry°rlr§"?ﬂ‘§8é‘>aa?mfet? 15t in;gongd %W?‘i’“’@&&iﬁé@ﬂ"}gﬂ h a manifold to
distribute a fgwgh output of nolten blend to a 30 bank of eight to twenty

spi nnerets. Each spinhead is typically equipped with a separate gear punp
to regul at e oiGontinuopsBlagentt hat spinhead; a filter pack, -113 WO

2006/ 025949 PCT/ UBRARGAAAZAN: y ARGl tin Wity SPIGRKRI 2,000k and t he
spinneret plate within thezgﬂea)aa.ﬁu e.nﬁ%%? of "holes in the gpi nneret plate
det er mi nes t Hdemexrigumberfof giams/A@9tyd). | Filamenty ymeallydanga fiows! e dhdpider ably with
the different r J. [ L cal L. ange of 50 to
250. Thieoehol e%ﬂg&g%?a%eﬁ'c%%&g%ﬁ%ﬂp%élﬁp%?fgﬁsrogh%%ntglé%n%éé@%é rect angul ar
patterns to af/mirst 5000 ffmix). Thesfilarhdnty drodravod attdresv eptiesod B: 1air moref | ow.  B.

Conda nuous Fi ) anment nt i, nuous fil anent rns..typically. r e from 40 denier
Lo 000 deni @Fe of ermrigr Lov oo eAtRieBo st pase ek ARHES [yl cal |y
range from | HigheP@radldtios tole akliidved aWirdthglspdeBeire 2,600 MMiAg ZWOeds are typically

800 mMmn to 1500 m m n (2500 - o . .
n/min (6,600 ft/min to 11,500 fi/min). Spinning speeds in excess of 900 m/min

15 (3000 ft/min) require a NMWD to get the best spinnability with the finer

filaments.
C. Bulked Continuous Filament
Bulked Continuous Filament fabrication processes fall into two basic
types, one-step and two step. In the older, two-step process, an undrawn vam is
20 spun at less than 1,000 m/min (3,300 ft/min), usually 750 m/min, and placed on a
package. The yam is drawn (usually in two stages) ahd "bulked"” on a machine
called a texturizer. Winding and drawing speeds are limited by the bulking or
L textuﬁzing device to 2,500 m/min (8,200 f/mim) or less. Typically if secondary
crystallization occurs in the two-step CF process, then one typically promptly uses
25 draw texturizing. The most common process today is the one-step spin/draw/text
(SDT) process. This process provides better economics, efficiency and quality
than the two-step process. It is similar to the one-step CF process, except that the
bulking device is in-line. Bulk or texture changes yarn appearance, separating
filaments and adding enough gentie bends and folds to make the yarn appear fatter
30 (bulkier).
D. Staple Fiber
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ft/mn to 5000 ft/mn). The filaments are drawn at draw ratios of,. 3:1 or
nore (one- or two-stage draw) and wound onto a package. Two-stage draw ng
al l ows hi glterogdnsme rati os to be achi eved. W ndi ng speeaszoasi@szdo 000 mnmin to
3,500 n/mn (6,600 ft/mn to 11,500 ft/mn). Spinning speeds in excess of
900 mMmn 15 (3000 ft/mn) require a NMAD to get the best spinnability with
the finer filanments. C. Bul ked Continuous Filament Bul ked Conti nuous

Fil ament fabrication processes fall into two basic types, one-step and two

step. In the ol dehert Wo&d RFic Pagle BB& fabRiBatiol Gfod¥Besy@dtlitiofial ard Spun at | ess
than 1,000 mMmn (3,300 ft/m n%@ usual Iy 750 mi mi n, and pl aced on a package.
The yamis drogiRac srigmne. The Badivgnaknroceisdiivoliics| wastAPR Y Proghfing nachi ne cal l ed a
texturizer. VipeinD%nRRAndtAWink GIRREEES2 ) fvind, TidcbithalMinidhe bul king or

text uri zi ng \éﬁlg\f;l?iémg R n_(8§l’§c?o P MaRpini Typical ly if
secondary crapplication, grmpiom aebeing intgstatle Kilamenss eqn raige feodeisdpf t hen one
typically pr t 25 . I 21 NQ.... T COPIRN, Pr ocess t oday
is the oyne-st?geggdé%fléri’%%rﬁ%"t@%’ﬁ’p 1%%@%&5&?%10 ]é(.:ag%?gs)ssh%rrtocess 0[grovi des better
econom cs, efdsilaiganzg0 mnd0.2fial to 8yn.) tol3aintht Bgplicaien s Fe@many egpisgiond t is sim | ar
to the one-st CF process, .except that .th bul ki ng device is in-line. Bulk
or texture ch‘g‘g@é‘? %ﬁ?ﬁ eGPIpRR S agcé’ﬂ‘é?}‘ﬁieghyvef'kqe@ﬂ%ﬁf?walﬁf? ®addi ng enough
gentl e bends gqdagh-Heated Suff@ bBBRN 4 PSr S NP YoBD 1B bver el Eolds tBdobiinl Kier) . D.
Staple Fiber -114 WO 2006/ 025949 PCT/-US2005/ 024240 There are two basic

stapl e fiber habe% fxnnghends erEawe & th filaments: obhsse beads 2esdiepf=it bYs pi nni ng. The

traditigpal progERRctdMRI ARyt WO steps: 1) producing, applying finish, and
wi ndi ng foll owed glg 2) draw ng, a secondary finish application, crinping,
angw~cutting iRt\elsBlawh EiberFi | aments can range from 1.5 dpf to 5 >70 dpf,

defgndi ng on the %Iqloﬁ&tiibgggmlﬁh%lﬁlﬁggﬁﬁeﬁg%}&&&ge§ég}ort as 7 mmor as

|l ong as 200 nm (O Ssult t ['Tcation. For many
appl i cati ons lightweight fabris vathexeilenrpaithrm(@y.i Theiresglt issoflac ¢ enfphbreheth by
over-feeding th n;,o a d stuffer. box.with a pair of nip

rolls. The oveé‘tcéi]feétg'gm%igl H‘?I’?‘ﬂ%’? Fba\% F’%ﬁhﬁm process molten polymer moves

15 . from the extruder to the special melt blowing die. As the molten filaments exit the
die, they are contacted by high temperature, high velocity air (called process or
primary air). This air rapidly draws and, in combination with the quench air,
solidifies the filaments. The entire fiber forming process generally takes place
within 7 mm (0.25 in.) of the die. The fabric is formed by blowing the filaments

20 directly onto a forming wire, 200 mm to 400 mm (8 in. to 15 in.) from the
spinnerets. '

Melt blown microfibers useful in:the present invention can be prepared as
C desc:ribed in Van A. Wen_te, “Superfme Thermoplastic Fibers," Industrial
Engineering Chemistiy, vol. 48, pp. 1342-1346 and in Report No. 4364 of the

25 Naval Research Laboratories, published i\flay 25, 1954, entitled "Manufacture of
Super Fine Organic Fibers" by Van A. Wente et al. In some preferred
el"nbodiments, the micfoﬁbers are used in filters. Such blown microfibers
typically have an effective fiber diameter of from about 3 to 30 micrometers
preferably from about 7 to 15 micrometers, as calculated according to the method

30 set forth in Davies, C. N., "The Separation of Airborne Dust and Particles,”

Institution of Mechanical Engineers, London, Proceedings 1B, 1952.
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t he box, formng bends or crinps in the filanments. These bends are heat-set
by 10 steaminjected into the box. E. Melt-Blown Fibers Melt blown fibers
can make V@iosdsdoRBsf 1| aments and produce very |ight peigbled@bid cs With
excellent uniformty. The result is often a soft fabric wth excellent
"barrier" properties. In the nmelt blown process nolten polynmer noves 15 from
the extruder to the special nelt blowing die. As the nolten filanments exit
the die, they are contacted by high tenperature, high velocity air (called
process or \ k). . This air rapidly draws and, in conbination with

t he quench aﬁ?mgéc{ﬂd?%lf: Frgs the filanments. The entire fiber form ng process
general |y takes pFhedomwtibinay alsorbealddmphshed by exaisidrhef tith moltekhe fabric is
formed by bl owi n he filapents 20 directl nt o formng wire, 200 mmto
400 mm (8 in.PngB‘%i%“Pﬁ‘.")ef? SIB‘H‘é“"-‘gf)‘i‘?ﬁféY%T‘ ou ‘1?{’°‘ﬁ*’|%m‘?‘r‘i‘?'&,‘ﬁsofi bers usef ul
in the presendfshilleeipinmRRtiscontaikifg iy RRAE A0hA&. ARedREMEREGnhdetyan A Veénte,
"Superfine Ther m)?l astic Fibers," Industrial Engineering Chem stiy, vol.
48, pp.,51342-theaneitenfigers arequenshed bug crogsBiow o queneh systerudhen Pufieds ear ch

Laboratori es, 0 I SRETinBY abPattchind (B R "gyg,?y;-@ I&rPf Super Fine
Organi c Fi beras"y% van®A. Wsn_taé et al(. Inj@g%pére er‘r'glgﬂeenegodi ments, the
m crof i bers dwe metheds afpiriftinngios, boguaflwhidhawmthervenhuofeffoetr The figpi cal | y have an
effective fib j ter of from ab 0 .30, M cr > eferably from
about 7 to 15££r‘r|”sgirle(;aﬁr§er; eed;tgs,’gga?asa coﬁggggét%%@oggﬁ%én?g;%%ﬁ‘{eﬁ% %od 30 set
forth in Davimfhin€. TN second tethGkirawsthe Gramefits hirdulply s nezzBws bspamdr Parti cl es, ™

I nstitution of chanij %al ‘gn j.neers, Lo(ggon Pr oceeqi ngg | B, 1952. -115 WO
2006/ 028949 & Fl@%*@% Hgopahis mannet arg colisedionts $5eeL T o PEPYat i on may al so
be .acconpl i sheghilybetd fons iR Tatek. Thefabmd ik @8n pekiirBighfcb@pregidnher a | arge

spisaneret havi ng several thousand holes or wth banks of smaller spinnerets
cont ai ni ng asoRsEARd then hewees) heated qajendsr rollswhers dhermgeddands prenstroll 5 t he nol ten

fibers are qupReRegbRY athofisLoverink 99% % JoofbGRGRSYSt em then pulled away
fromthe spinneret and attenuated (drawn) by high pressure air. There are

15 Annealing

In additional embodiments, the mechanical properties of fibers comprising
the blends of this inventioncan be improved by the annealing the fibers or the non-
woven materials made from the blends of this invention. Annealing is often

20 combined with mechanical orientation, although annealing is preferred.
Annealing partially relieves the internal stress in the stretched fiber and restores
the elastic recovery properties of the blend in the fiber. Annealing has been shown

- t9 leaq to significant changes in the internal organization of the crystallifle -
structure and the relative ordering of the amorphous and semicrystalline phases.

25 Annealing typically leads to improved elastic properties. The fiber or fabirc is
preferably annealed at a temperature of at least 40°F., preferably at least 20°F

* above room temperature (but slightly below the crystalline melting point of the
blend). Thermal annealing of the blend is conducted by maintaining the polymer
blends or the articles made from a such a blend at temperature between room

30 temperature to 2 maximum of 160°C or more preferably to a maximum of 130°C

for a period between 5 minutes to less than 7 days. A typical annealing period is 3
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two met hods of air attenuation, both of which use the venturi effect. The
first draws the filanment using an aspirator slot (slot draw), which runs

t he wi dt h &fo fobwrsogchi ne. The second net hod draws t herikiogiis t hrough a
nozzle or aspirator 10 gun. Filanments formed in this manner are collected on
a screen ("wve") or porous formng belt to formthe fabric. The fabric is
t hen passed through conpression rolls and then between heated cal ender

rolls where the raised |ands on one roll bond the fabric at points covering
20% t 0 40% Of galdl a5 SREGRS m%éteé&ﬂ%@*d r\@hﬁélh@élﬁlbéhh@ﬂ%ne%ff*ﬂ%%&ﬁ of» the
mechani cal properties of bers conpri sing bl ends of this inventioncan

be i nproved bgectlmalamnnidiqnn@}e iaﬁg'qanbeagmpf thehenqampmm theat eri al s nmade
fromthe bl engs |nvent A n of t ined with
e n@gfl oR ’P?ﬂ% 'Igun)ar%eg Kl Abnlafon E g}gb

mechani cal orié ng s prefe nneal i ng

partially reltexﬁpoeﬁytfdfteedlemeﬁﬁimaﬂftl&tﬂbesﬁranxoi—tlpmﬁltolf&mehefdrefiulber and restores

the elastic r covery properties qf the bl er}d in theﬁ{}éber Anneal i ng has
thg il

been shéwn °‘F%’éﬂr°tl"6"é Absence oh the exignsipoal forges; (Quient bersare or gani zati on of

the crystall Idaﬁducﬁas}hﬁslhk&ﬁu%mﬂ&%o&ﬁieahicréem%d%imematme anmor phous and
sem crystal |l i ne phases ically leads to inproved el astic

nneal i ng éé/(g
properties. TAEnsignnil0Q5s tof 798 edor asperipd ol b} sepongs w4 dawedAdical t enper at ur e of

at | east 40F. ey Akl Jf AN 9 do Fg,%ﬂﬁree (but slightly
bel ow the cr ystpg%tﬁ;lneﬁ ?é?lgsr?g gg@ét&o Onﬂ:n Sﬁieengg. ?I'rﬂigr anneal i ng of the
bl end i s conduct eﬂorlmylemaloniﬂﬁhwratgnteheattpbb!ymureﬂiuebnﬂlsvdlr: the articles made

froma such a blaﬁme tur ﬁlljween om 38ronegﬁh%ratur§ to a maxi num

of 160C " or noie prefnera y to °Pﬁa§<“|"f &fe a p%rralr%"a bet ween 5

es to | ews rdllegdrivencdiagisferert sinfive pdedscantl @iadliynga fake-updilers TBe - 116 WO
20 025949 PCT/ US2005/ 024

ys, at, .5 or utes at 100C. Wile the
anneal i ng i s dRgALrolls clopgstt 3%‘?&?*@(%‘1’6?“'sﬁﬂﬁﬁgﬁﬁq&}mm"%@mﬁf’ﬁ%ﬁ%ﬁshe | atter can
be a part of tb b fédrRRhich thaPthe S8 $s s‘ﬂ’@tcﬁdﬂ%etf\de@rﬁthe &:ﬂ%ﬁ&olteﬁemat rusion
operation). Mechani cal orientatjon can be done b y the nﬁ)or ary, forced
Ip

ext ensi on of ¥js@blymsyinciude a gllgrigicrmasiaty tB%ISfﬁ?“dtrPliﬁémﬂéF‘@r@ erfs 5 allowed to
rel ax iy the 3DSENGR:. Ofhe siBnEroliG kR M ¥ke P tARPmayTe! BULER teishRe S are

conducted by maintaining the fibers or the articles made froma blend at an
peripheral speeds to maintain the fiber in the stretched condition. If
supplementary cooling is not used, the fiber will cool to ambient temperature on
the take up roll.
_ For more information on fiber and non-woven production please see
20 Polypropylene Handbook, E.P. Mdore, Ir.,, et al., Hanser/Gardner Publications,
- Inc. New York, 1996, pages 314 to 322, which is incorporated by reference herein.
_ Nonwoven Web
C | Ina preferred embodlment a nonwoven fiber web is prepared from the
polymer, preferably a po}ymer!N'FP blend of thxs invention. The fibers employed
25 ’ in such a web typically and preferably have demer ranging from about (.5 to about
10 (about 0.06 to about 11 tex), although higher denier fibers may also be
employed. Fibers having denier from about 0.5 to 3 (0.06 to about 3.33 tex) are
particularly preferred. ("Denier” means weight in grams of 9000 meters of fiber,
whereas "tex" means weight in grams per kilometer of fiber.) Fiber stock having a

30 length ranging from about 0.5 to about 10 cm is preferably employed as a starting

material, particularly fiber lengths ranging from about 3 to about 8 cm.
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; i

extension of 100%to 700% for a period of 0.1 seconds to 24 hours. A typical
orientation is an extension of 200%for a nonentary period at room
tenperaturgngq%‘lr%sgjgl entation, a fiber at an el evated tengerature (but bel ow

the 10 cry melting point of the polyner) is Bﬁyg HYPG a feed rol |l
of fiber around two rollers driven at different surface speeds and finally
to a take-up roller. The driven roller closest to the take-up roll is
driven faster than the driven roller closest to the feed roll, such that

the fiber is stretcheg between the driven rollers, The assenbly may include
a rol | er int OREAYERMELYT Pdibers agn be made using msthodswell dpsumenteddp e 15 cool t he

fiber. The segRifleh Blelafifre ?&{’foﬁ&@mbl@ﬁﬁfb%ﬂ. olbilovERYARRdMnbagen at the same
peri pheral speeds to maintain the fiber in the stretched condition. If

suppl enent ar yutsosl'i Tagpii Fsesp ditlanta ep., (1 398). f Theaincoafietl [i.ec beforet applipatinne nt
tenperature : I g | Nt ' hber and

non- woven pr%gﬁng:%ﬁ})g‘}léggﬁs%’gidshg!ééaZtBEEﬁoef’%E]%py 5%2@%@8%8@&@9 Moore, Jr.,
et al ., sHansdd.2%ao @13¢ mnBuokfemblyi30 570 mils{0.762NeW. 778 mim), hO@6, pages 314 to 322,

whi ch i's incorporat r.eferen erein.  Nopwoyen Wb In preferred
erbodi mont | SRGHRGGER o rE YR el Mese RO Eikoessty R P hor
preferably a apaéwaeitieNnRhbtedifl/crodslabpihGogerivienbr @Nfibel BRadgldarnits enpl oyed 25
in such a web typically_ and pref_erabltx have deni_er _ran(gl ng fromabout 0.5 to
about 10 (abd®g- tydmgnippslenssts peedling aadythe lijte). nHhedasivejghiol feni er fi bers may

al so be  enplyyfi Wb BRichoA RS Bt 56 LRMPRAMb I50g/ke, B (0. 06 to about

3.33 tex) are particularly preferred. ( nier" nmeans weight in grans of

9000 nelers @pme ppendimenigheneaany improye therisasile andteyistrength of thainveplive ki | omet er of
fiber.) Fiber VY I i 5 to about 10 cm
i s{p,r ef er abl ya“gﬁﬁg’fag‘%E{“%Qgé&s@g?@%?%%@gﬁs’ﬁ eL%g%ﬁtn ??s&?%?s& fiber 1engths
rangi ng fr omnatilaackidg thydmbrsangletientnand-thiclike) thd nonwov@ ey, 25949
PCT/ US2005/ 024, 4&) .NO@V\Dvc(e)q X‘BDQJS of efdi b&arsednag be magde using net hods wel |
docurent ed i FEHETHERWSTER T1HCEFRIU PR (LELPEPVBY¥SRpl e Turbak, A
“Nonwovens: AlydAdmaiptentent mayt leremployed it apd wikiehisers aé Watatiasohfbie., (1989). The
uncoated (i. -
15

Calen e%fng of the rﬁ)gllwiogg vive Bt temperatures from about 5 to about 40°C
below the melting point of the fiber may reduce the likelihood of lint attaching to
the surface of the utimate articles and provide a smooth surface. Embossing of a
textured pattern onto the nonwoven web may be performed simultaneously with
calendering, or in a subsequent step. In addition to the polyolefins and the NFP's
20 of this invention, it may also be desirable to add colorants (especially pigments),
sofleners (such as ethers and alcohols), fragrances, fillers (such as for example
silica, alumina, and titanium dioxide particles), and bactericidal agents (for
Q example iodine, quaternary ammonium salts, and the like) to the blends.
Likewise the nonwoven webs and fibers may be coated with other
25 materials, such as binders, adhesives, reflectants, 'énd the like. Coating of the
nonwoven web or the fiber-may be accomplished by methods known in the art,
including roll coating, spray coating, immersion coating, gravure coating, or
transfer coating. The coating weight as a percentage of the total wiping article
may be from about 1% to about 95%, preferably from about 10% to about 60%,
30 more preferably 20 to 40%.
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of any binder) web should have a thickness in the range of about 10 to 100
mls 5 (0.254 to 2.54 mm), preferably 30 to 70 mls (0.762 to 1.778 mm),

nore pref apabdeysdd to 60 mls (1.02 to 1.524 M) . ThesesPssmhohd ed

t hi cknesses nmaybe achieved either by the carding/crosslappi ng operation or
via fiber entanglement (e.g., hydroentangl enent, needling, and the |ike).

The basis weight of the wuncoated web preferably ranges from about 50 g/ nf
up to about 250 g/n2. In 10 sonme enbodi nents, one may inprove the tensile

and tear strengt hStEHlefit;'é‘?sd1£Wa‘Fsthbﬁﬁsen@fntthéﬂo‘ﬁﬁoveﬁmbrﬁgﬂi&eﬁcb'af on the surface
of the articles, by entang Ilng@ (such needl| et acki
P

hydr oent angl sl fibers grieralieprpyi momehﬁndmd@ne wétﬁhaltﬁrwetbfgpelﬁderl ng the

uncoat ed and/ %gmcsﬁg m}%@%ésa?‘?%f%l?%q’% Xneﬂm&%m@;g&&%@%@{é nt maybe

enpl oyed in case ers’’are me Irnsolu |ng of the
nonwoven web agiprésemprasraprafesdlyfnoamrathanidbobt Hoveighoprrced) Cuclretbow t he nel ti ng

G Tace of ¢ REMGEPGHREe Bt M Pistos i BRobALE 4 Lt oty PREL ™ erpossing of a

textured pat tiRbipoRftd Gerein®y ReitR¥en web may be performed sinultaneously with
cal endering, or in a subsequent step. In addition to the polyolefins and the
NFP's 20 of this PHUEhRaEsHlate ’Patms“&]l‘ SRChvated Cabpr ey almiga MAIL0| or ant s

(especial |y p HIRBESH the wilf sﬁda%aﬁlckssms}*o@p%eseﬁth%ﬁom % #BM®S) . fragrances,
fillers (such as for exanple l'ica, alum na, and Panl um di oxi de

particles), antmeaerceat Pﬁhﬁ@m&a\geﬁﬂlsweb &ucbpekdwfﬂaéedlm’ﬁ #e, quaternary
amoni um sal ¢ d&cnﬂéﬁdtg} \E}M&Fxhlekﬁbé%{sﬂg ﬂﬁ%g?gara&f&liﬁwa@?gfohe nonwoven webs and

fibers may be coaté ot her’ mater | nders, adhesives,

ref ectant s, 4a08,32@nlériom) ar@déSlHagrwa #29001 iSoipin etal.),watichare t he fiber- may be
I |shed b ra'ieﬁﬁ mlg own i N the art, including roll coating, spray

coatl ng, I mTers Ny Eé;?%lvure coatl ng, or transfer coating. The

coat'i ng wei ght asThke ﬁhefs(aﬁdlﬁ(ﬁlgaev@fweﬂahﬁeﬁmcaism‘gﬁtﬁbibﬂﬁydﬁdﬂtﬁlﬁinEenﬁBiiybe from about

]2.‘(’)/0 t o about 95‘V “\/%E";‘féer a(b)a% from abou O%Eé% abogt 60% 30 nore preferably
to 40% - G/ RRIPERTS et beggments, SWRIGAIEORY s ay al so be
presentysin t Q@rgi%ﬁl%\é@ Bial@%) traihig pRfte §ﬁ'ﬁ§@ n@fkir! ;ﬁlﬂiyfhngﬂs tiﬁ‘éoﬁtuﬁﬁtn erally
provides a norée |ofty, | ess dense web than a web only
wear, bed pads, bags, packaging material, packages, swunwear body fluid
impermeable backsheets, body fluid impermeable layers, body fluid permeable
layers, body fluid permeable covers, absorbents, tissues, nonwoven composites,
liners, cloth linings, scrubbing pads, face masks, respirators, air filters, vacuum
20 bags, oil and chemical spill sorbents, thermal insulation, first aid dressings,
medical wraps, fiberfill, outerwear, bed quilt stuffing, furniture padding, filter
media, scrubbing pads, wipe materials, hosiery, automotive seats, upholstered
L | furniture, carpets, carpet backing, filter media, disposable wipes, diaper
coverstock, gardening fabric, ggomembranes, geotextiles, sacks, housewrap, vaopr
25 barriers, breathable clothing, envelopé, tamper evident fabrics, protective
packaging, and coasters.
The fibers prepared using the blends of this invention can be formed into
yamns, woven fabrics, nonwoven fabrics, hook and loop fasteners, fabrics,
garments, clothing, medical garments, surgical gowns, surgical drapes, diapers,
30 training pants, sanitary napkins, panty liners, incontinent wear, bed pads, bags,

packaging material, packages, swimwear,body fluid impermeable backsheets,
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bl own m crofibers. Preferably, no nore than about 90 wei ght percent staple
fibers are present, nore preferably no nore than about 70 wei ght percent.
Such webs oo 80§30 Ng staple fiber are disclosed i npdgnRzpofldazaoNo. 4, 118, 531
(Hauser) which is incorporated herein by reference. Sorbent particulate
material such as activated carbon or alumna may also be included in the
web. Such particles may be present in anounts up to about 80 vol une percent
of the contents of the web. Such particle-loaded webs are 10 descri bed, for

(ezﬁgg:’ goni) nanﬁgugﬁhgeﬂﬁablé}a??ﬁ%%bE)Cﬁ{e?f%g?ﬂel BIg‘tboa d lﬁ%nlecq‘e gl’ éoo 524

i ncor por at ed céversgdbsorhbents; es‘seqselmeroveﬁhemﬁqsb@r blessndomchnmsxembbyms pr epar ed

usi ng the bl en s. of t?ﬁe Yentl f@ can bz) for.geg bnto fagrl cs, garnments,
cl ot hi ng, nedf aff‘ced'éafs Wf%“a oL PG PP VR Daes 5GP P apes, di apers.
trai ni ng pangdbenfpihbtAl Msulaidl] st aidirestivgs| meddas wrapg gibadilinent wear, bed pads,
bags, packaging material, packages, swi.mwear, body flujd |nper rreabl e

backsheéts, ByERvem badquiltsiiing Bxgpirg nadding ﬁhﬁ'&&’)‘ﬂ‘af IHbEINg BRdseBF e | ayers,
body fluid pRLARALIHSsi&S Hlofoti AARRE, Qﬁﬁﬂlsiereéﬁnﬁﬁdﬁ%somﬂéﬁr%ﬁié%hcﬁﬂgpos' tes,
liners, cloth I'inings, 'scrubbi ng pads, face masks respirators, air fil ters,
vacuum 20 badlier nesidia, dispesablewipesa la@quVFfS@d? Berdening felbfisy el i nsul ation, first
aid dreSS|ng , stuffing,
furniture pa mhcgﬁ’ %gﬁékeo\%‘ﬁﬁ§ ac“’ m@%&t%h vaﬁiﬁ%&@ﬁ%ﬁaﬁl@ﬁ%@@gr}%l s, hosiery,
autonotive semtehps, uqaip@tm@nﬁdbncﬁ Lprmtcnwwpkagmgmtlspast;asr pet backing, filter
medi a, gl sposabl e wi pes, diaper coverstock, gardening fabric, geonenbranes,
geot ext| es, sacks, housewrap, vaopr 25 barriers, breathable clothing,

el ops, tambmes evi dent fabrics, protective packaging, and coasters. The
fi S prepared using the blends of this invention can be formed into vyans,
woven fabrics, nonwoven fabrics, hook and | oop fasteners, fabrics,
garnents, clothingg aﬂﬁﬂfﬁh@t@bhcﬂs%@ﬁ@ﬁ&a?mg@dﬁﬂ&bﬁﬂnd%ﬂﬁﬁer aR@r gi cal drapes,
di apers, 30 training pants, sanitary napkins panty | i ners, incontinent
wear, bed pa€@mongmgEieeds yislds aeiypropylene wexes romiheragsssdesesippddsein., body f 1 ui d

I mper mgabl e RAGKHIGRHLR embodintehis i BREAE DARREGpylenE GPL/SAQURh A2 40

materials are well suited for viscosity modification in adhesives, as carriers for

inks, and other applications. Some polypropyiene waxes embodiments select melt
viscosities of from 3-2000 cP at ‘1 80 °C. Some invention embodiments produce
syndiotactic polypropylene waxes.

20 Invention process can prepare long chain branched isotactic-polypropylene
at high monomer conversion (35+% and especially 45+%) conditions. Some
embodiments use higher amounts of diluent to promote long chain branching.

\w Long chain branching is also favored by operating the polymerization
under supercritical conditions, but with a polymer rich phase and a polymer lean

25 phase. Doing this allows the polymer-rich phase to have a lower monomer
concentration and a higher local concentration of vinyl terminated polymer.

An appropriate choice of operating conditions and monomer and
comonomer feeds, 180-200 °C and 20-150 MPa, yields polypropylene waxes from
invention polymers and processes. Some invention embodiments are isotactic

30 polypropylene waxes. As such these materials are well suited for viscosity

modification in adhesives, films, and other applications. Some invention
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body fluid inperneable |ayers, body fluid perneable |ayers, body fluid
permeabl e covers, absorbents, tissues, nonwoven conposites, liners, cloth
| i ni ngs, sovaub/mngpse pads, face nasks, respirators, airctfuskdosorovacuum bags,
oil and chemi cal spill sorbents, thermal insulation, first aid dressings,
medi cal waps, fiberfill, 5 outerwear, bed quilt stuffing, furniture
paddi ng, filter nedia, scrubbing pads, wpe materials, hosiery, autonotive
seats, upholstered furniture, carpets, carpet backing, filter media,
di sposabl e W @@%dmféh@p%u&qyﬂﬁcﬁicqgﬁg]yﬁ@‘{y@BIwaggsf abric, geonenbranes,
geotextil es, sacks, housew ap, vaopr barriers, breathable cl ot hi ng,
envel ops, tanper eV|dent fabrics, protective packaglng and coasters. 10
Waxes An apprgpfat Qoi ce of operating conditions and mononer and
cononomner fee%@iyré§%§‘polypropylene waxes fromthe process described
herein. 15 Sone invention enbodi nents are isotactic pol ypropyl ene waxes. As
such these materi ol Vi SC sit%inndification in

a

| s
adhesi ves, as car il“@}ng{ef%Ofnpnflﬂﬁmvelglﬁﬂp%rﬂgfc ﬁl“i‘3 fons. Some pol ypr opyl ene
waxes enbodi nbeifi@ahiReihettBihbre thel sabstiate s ditherpralsdaumigeciOdMokiEd @t 180 T. Sone

i nvention enbodi hent, roduce i otactic | ypr op:; Ie

| nventi on protuBl “c?‘élﬁ‘ B?‘@wegnf’%ﬂ'q@ﬂé?tﬁs%ﬁaﬁ@ﬁg ROg g’ﬁ"&%@l ypr opyl ene
at hi gh nDNONRE d&REY M 16 thakedhe Hiae br EsRREiedridle. 40adhs GPRAFL i ons. Some
enbodi nents use hi gher anmpunts of diluent to pronote |ong chain branching.

Long chain br %MW‘?@%PW‘MX/@#&PIW‘%%FB? jaminaterfan popspdith zat i on  under
superor i i 02l pERRdl ARucbobiohirP kRl e AASEABmappol yrer | can

25 phase. g this allows t e polymer-ric ase to have a |ower nonomner
coneentrat i onraadrdn eophlygkrerandl otberl applisatienst Smifmailmwmnmesmewl’lmMat ed pol yner.

An ‘appr opri at , ' and cononomer
f eeds, 180-20 e@lgeﬁgﬁﬁ%gli]ggﬂg%g{c%?%{%@greg%?;%orvgn Ien@ﬁ&g&és from invention
pol yners and mp&cﬂl&aﬂsﬁoriim&suémebnmbmaxﬂ@ﬁdirmm;mneis éendagtdaak, ¢ 30

pol ypr opyl ene Xes. uch these teri ar e wel | ited for viscosity
modi fication PePIsdpRAnd aber peqts ¢ | egﬁ&e% E‘F ?scﬁ?'PQPﬁg aE‘gme i nvention
-120 15 methods of the invention.

Other articles can also be named, for example: counter tops, laminated
surface counter tops, pool liners/covers/boat covers, boat sails, cable jacketing,
motorcycles/snowmobiles/outdoor vehicles, marine boat hulls/canoe interior and
exterior, luggage, clothing/fabric (combined with non-wovens), tent material,

20 GORETEX™, Gamma-radiation resistant applications, electronics housing (TV’s,
VCR'’s and computers), a wood replacement for decks and other outdoor building
materials, prefab buildings, synthetic marble panels for construction, wall

covering, hopper cars, floor coating, polymer/wood composites, vinyl tile,

O

bath/shower/toilet applications and translucent glass replacement, sidings,

25 lawn/outdoor furniture, appliances such as refrigerators, washing machines, etc.,
chiidren's toys, reflective signage and other reflective articles on roads and
clothing, sporting equipment such as snowboards, surfboards, skis, scooters,
wheels on in-line skates, CD's for scratch resistance, stadium seats, aerospace
reentry shields, plastic paper goods, sports helmets, plastic microwaveable

30 caookware, and other applications for coating plastics and metal where a highly

glossy and scratch resistant surface is desirable, while not being subject to
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WO 2006/ 025949 PCT/ US2005/ 024240 enbodi nents produce syndiotactic

pol ypropyl ene waxes. End Use Articles 5 Lam nates conprising invention

pol ymers cayo hesioisasel as a thernoformabl e sheet wher ecrhesssdsbate i s
either sprayed or injection nolded to couple it with the iononer/tie-I|ayer
| am nate sheet. The conposite is fornmed into the desired shape to nmake the
article, or conposite article. Various types of substrate materials form
hi ghly desirable articles. The |am nate can be used with 10 plastic
substrates s%e,gﬁcoli@molyrrers copol yners, foams, inpact copolyners,
random copol yners, and ot her applications. Specifically, some articles in
whi ch the presenﬁ'hﬂ wb@mpvbm@a@iymgs deserthep berein exd suitablet fhe foI | owi ng: vehicle

parts, —espeg] ghca%%lg)é&cﬁralf ?%roldgt?aél es Clﬂdl%%lg}e?trg) gb@gd'?ﬁg%é bpiiles rocker panels,

f ender s, door® m- an PFom t he
| am nat es, cainpanidedRenssndedlin aﬂtﬁﬁlbﬁhdﬁrt&festshﬂl dsamembtivelinteridramd articl es can

al so be narred f.or | e; counter t m nat surface counter tops,
pool |irers/ %Vé?rsq’ﬁ‘éagy Pg %Bﬁh"%"f@p‘ﬁt %f‘(?P%%J‘ makiag i ng,
not or cycl es/ %@P@Qbﬂ@%‘yﬁi&s@ﬂ@for WAith pbIGsropyeRE baﬁna@ak%mshﬁt &anoe interior

and exterior ,_ clothing/fabric (conmbined with non-wovens), tent

material, 20 WE‘%X%M Encyciopdie ?fafa!e&ltqab?ﬁcméqgﬁ,tbdﬂ@ka@bm%g?%ns el ectronics

housi ng (TV r ecks and ot her
| dltlo}{qzlﬁva&ng%gmlg FHigh &M@ﬁﬁﬁ%ﬁl el 10

out door building "~materi prefab UI| I Ngs e panels for
constr uct i on,thesa instaes where thagpplistjvp éx formelded drticdesy the meldedigticigrol yner / wood

corrp05| t r t L.on t ransl ucent

gl ass repI acemQ'y {lcmde a?am&?@ftr@géﬁr&gﬁsf B&&éﬁﬁ&"ﬁﬁ&d rnLélgte[gtB%F?ances such as
refri ger at or sysedvastiviangmotatindussy sueh as, for exahipledianniess, tidymnels,dbbrect i ve si gnage
and-~ot her ref| ct| les on ro d and, cl othi ortj.ng equi prment
such as snowdB&y (?ﬂ{s ‘ﬁ PECIRERES- é’&'BS‘{%'P@ W’g@f’rsdp YFaHO| i ne skat es,
CD's for scr %@&ﬁ@%%&@@@neapadicum&aarﬁmwmﬁﬁmme afeaRéfly y shiel ds,
plastic paper goods, sports helnets, plastic mcrowayeabl e 30 cookware, and

ot her appl i cdf"’!y&ﬁ@“f“él‘“%&ﬁl?ﬂ?@aﬁf%‘%T%ﬁwl%t@I%@h@e& Fawhiy gl ossy and
scrat chgresi sigh, Wil a8 Bades 7HERB! ARt are Bl GatbPby RRIMEE oM. ect to -121

Foamed articles are particularly useful for construction and automotive
applications. Examples of construction applications include heat and sound
insulation, industrial and home appliances, and packaging. Examples of
automotive applications include interior and exterior automotive parts, such as

20 bumper guards, dashboards and interior liners.

The polyolefinic compositions of the present invention are suitable for
such articles as automotive components, wire and cable jacketing, pipes,
- agricultural films, gecomembranes, toys, sporting equipment, medical devices,
casting and blowing of packaging films, extrusion of tubing, pipes and profiles,

25 sporting equipment, outdoor furniture (e.g., garden fumiiure) and playground
equipment, boat and water craft components, and other such articles. In particular,
the compositions are suitable for automotive components such as bumpers, grills,
trim parts, dashboards and instrument panels, exterior door and hood components,
spoiler, wind screen, hub caps, mirror housing, body panel, protective side

30 molding, and other interior and external components associated with automobiles,

trucks, boats, and other vehicles.
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WO 2006/ 025949 PCT/ US2005/ 024240 al gae/ di scol oration. The pol ypropyl ene
copol yners described herein are suitable for applications such as nol ded
articles, iwghdaselbzagoi nj ection and bl ow nol ded bott | espcranrghossshed | t ens used
in autonotive articles, such as autonotive interior and 5 exterior trins.
Exanpl es of other nethods and applications for making pol ypropyl ene

pol ynmers and for which pol ypropyl ene polynmers may be useful are described
in the Encycl opedi a of Chem cal Technol ogy, by Kirk-Qhmer, Fourth Edition,
vol. 17, at pages oifBudhi artitfal £ gBER nhd) GO FRAELLBEbnRYAIY 8F eence herein. In
those instances where the application is for nolded articles, the nolded
articles 10 nefcticnef qumventipa ncludipg: srateyploglaesarackaging dabiwarey sush by, ol ded parts
related to an } i i s, for exanple,
bunpers, si de$8§r@ﬁg? to?f“g@r?e %?@%ﬁ@%@%&g’ﬁﬁ%r@%?r unment panels. Foaned
articl es are msomretatiapampledtides andsaniple nanmdove diquidetoeagé oatairerspl asti cs, such

as foanmed pol opvl ene, , are usef may b ound i p Encycl opedi a of
Cheni caISTechﬁgﬁﬁ ,gs’Bg)jck?srﬂlgé“ﬁﬁsgﬂﬂ"s“ﬁ%ra?ﬁ“;lg‘ﬂ‘éﬁpfmﬂ?f%oI. 11, at pages
730- 783, whi céohdioss; pidkadiRohatrfinthidiheihededticay hrdicdl devicepafipel articles are

particularly useful for construction and autonotive applications. Exanples
of construct i BaudBHINILdase erpther blister ercbuibls pack 3s welbanfor WigbRIBE ot i on, i ndustri al

and home appl L ARGRS: fol el AEKBBHAG X OIRL RfPhemAIRITRIdiNA appl i cations

include interior and exterior ‘autonotive parts, such as 20 bunper guards,
dashboar ds antibingard vabyes for grymeedicgidevippinglading infiiston kistypathdtars, ewds of t he present
i nventi are i : | : i onents, wire and
cabl e j g@ket i ﬁg&%’?’g@%ﬁ‘g 4 ésg‘ﬁ?lt:égp%cu r%x}g%ﬁ%ﬁgs ?f°‘3§%d?ré§p eb%%eog?@oys, sporting
equi-pent , newhickls igkelatalescludingasys, agveld stoledliquid, pfticpladkwatemg il ns,

extusi on of tubing. pipes and profiles, 25 rting equi pnent, outdoor
furniture (e.rd]'.ﬂ?’ Oég?cgeﬁ?gﬁgw il%?&?@f%kﬁ”ﬁ%@‘?@ﬂmm%qﬁﬁ f® boat and wat er
craft conponewtibas tRfderahdany suci s ubitigl piésgend shah. parti cul ar, the conpositions
are suitable for autonotive conponents such as bunpers, grills, trimparts,
dashboards and instrunent panels, exterior door and hood conponents,

spoi | er ;s W ndyvefde®@PRdudiid caps, mirror housing, body panel, protective side
30 nolding, and other interior and external conponents associated with

aut onobi | es,

The polymers described above may also be used to prepare the molded
products of this invention in any molding process, including but not limited to,
injection molding, gas-assisted injection molding, extrusion blow molding,

20 injection blow molding, injection stretch blow molding, compression molding,
rotational molding, foam molding, thermoforming, sheet extrusion, and profile

extrusion. The molding processes are well known to those of ordinary skill in the
C . o

25 articles by any suitable means known in the art. Thermoforming, vacuum

The compositions described herein may be shaped into desirable end use

forming, blow molding, rotational molding, slush molding, transfer molding, wet
lay-up or contact molding, cast molding, cold forming matched-die molding,
injection molding, spray techniques, profile co-extrusion, or combinations thereof
are typically used methods.

30 Thermoforming is a process of forming at least one pliable plastic sheet

into a desired shape. An embodiment of a thermoforming sequence is described,
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O her useful articles and goods may be fornmed economcally by the practice
of our inv i oncl udi ng: crates, containers, packagi re, such as
roller bot?ﬁ%@&ﬁ%%mﬁulture growt h and nedi a bottles,ag?p??gh?P%%r mat s,

i nstrunentati on sanple hol ders and sanple wi ndows; |iquid storage containers
5 such as bags, pouches, and bottles for storage and IV infusion of blood or
sol utions; packaging material including those for any nedical device or

drugs i ncl udi ng_unit:dose or other .i e bbl. e as well as for
Wr appi ng or q’ %feé{ﬁﬁishﬂl?cf%%ge BPRLES % 6‘“%9‘% {hF ﬁﬁa‘i“’iﬁ?ff“b‘w lg%fﬁé useful items
i ncl ude nedi madful vhmbhmn@m&}onabf/taﬁ invesitioaN FirsteflieRldad @h ©€the ncl udi ng i nf usi on
kits, catheters, and 10 respiratory therapy, as well ﬂ%sﬁﬁﬁackagi ng materials

for medical &ewPesEion gf thisinygntiqp andiany etherlayatsion matgnals) iy g2 8rays, as well as

stored |iqui dpudlédadi Wb dhrikPheating. mLﬂﬁmeq&ckhﬁaeﬁa«.,mtemetoaemers i ncl udi ng
unit servings and bul k storage containers as well as transfer neans such as

t ubi ng, Spi pesvhichmee-keatsithe film brisrefemning. donse the filtnés l}?@?@lﬂ@ﬁb“‘ﬂ@@é’ﬁ bed above may
al 50 be used I on in any

nmol di ng pr oceﬁsds% &ﬁ&l% gletf&.ﬁjﬁ)ﬂtg%not ﬂﬁﬂg nglt' §acg&n%d%§éit’%ﬁﬁh | di ng,

gas- assi sted tooi;odmﬂdmmpﬂmb ahdrthg foamhgmlnsnloﬁﬂom‘hmhﬂng@pl@ﬁbe nj ecti on bl ow

nol di ng, |njec Qn ,Irqtch bl ow i 0 in rot ati onal
ol i . 1 onif BB BRGEr B nPO o Hon 41 Shlalee LRt Pt e SRmaS: | e
extrusi on. Theolliﬂlhdnldiiaxeﬂr Thieshsird Iatifate\ kHen konwed frin theem® of ordi nary skill
in the CWart. '?h ngosmjons dﬁitﬁ:r{)bed herei.n may be shlaged into
'(Ij'ﬁSI ra]Eﬂ e end use*"PHO f‘g“?‘f‘@sé%cof:?{;l ?ﬁ%ﬁ;?%%‘ﬁ?f&g@glﬁ%ﬂme&the alrt )
er mof or M N Gissi eGSR (HRKIA, BBsontbirdhe Vanidtions 8F tHége th ng, sSlus
molsgh ng, transﬁ‘ler nmol di n i, 2o y-up or con% act noldin cast nol di ng,
col d forning W@ﬁ@dﬁaﬂh“é ﬂ}?ﬁ!l‘tfp‘ﬁ'gﬂg tempgratues, Hmicaly ofifiem 1496?@)}85&2hn| ques,
“profile co-e & g |y used nethods.
30 Ther nof or )r%n Rgrﬁéﬁgg@ug?%&ﬁ%u%"% &Faélg?{i %oéﬁé%i abl e plastic sheet
into a desir enhp@haquacna@\msmbml ireorte embodimtitammaicoktmgrackddiytlence i s
descri b%d,

heated lamninate towards a male forming tool, assisted by the application of a
vacuum from orifices in the male forming tool. Once the laminate is firmly
formed about the male forming tool, the thermoformed shaped laminate is then
cooled, typically by blowers, Plug-assisted forming is generally used for small,
deep drawn parts. Plug material, design, and timing can be critical to optimization
20 of the process. Plugs made from insulating foam avoid premature quenching of
the plastic. The plug shape is usually similar to the mold cavity, but smaller and
without part detail. A round plug bottom will usually promote even material
w ' distribution and uniform side-wall thickness. For a semicrystalli_ne polymer such
as polypropylene, fast plug speeds generally provide the best material distribution
25 in the part.

The shaped laminate is then cooled in the mold. Sufficient cooling to
maintain a mold temperature of 30°C to 65°C is desirable. The part is below 90 °C
to 100 °C before ejection in one embodiment. For the good behavior in
thermoforming, the lowest melt flow rate polymers are desirable. The shaped

30 laminate is then trimmed of excess laminate material.
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-123 WD 2006/ 025949 PCT/ US2005/ 024240 however this shoul d not be, construed
as limting the thernoform ng nethods useful with the conpositions of this

i nvent i on. we mediopsean extrudate filmof the conpositipeueioodiddisfei nventi on
(and any other layers or materials) is placed on a shuttle rack to hold it
during heating. The shuttle rack indexes into the oven 5 which pre-heats the
filmbefore formng. Once the filmis heated, the shuttle rack indexes back
to the formng tool. The filmis then vacuuned onto the formng tool to
hold it in place angd, hbink A AbRE shile fhinifd AR whidhSndledinfieridn00!l can be
either "malt" or "fenmale" "type tools. The tool stays closed to cool the film
and the t oolblow mplding, mpltiriesgr blaw moldings exdrupiamblaw tolding, pidbsireichnoved from t he

tool . to Therymf M. AREATPLERAE b QbUAENY TooRQP hilokorilels, Pressur e.
pl ug- assisted vacuu ormng, or conbinations”and variations of these, once
t he sheet of suttadsefor edampleagab emkd dnd bthef fuideongidesmBéovaimoldag s t ypi cal |y of from

140C to 185C  or_hjgher. A.pre-stretched bupble step is used, especially on
| arge parts, 4c§nb%md%%ﬁ?r£xma?l§[@%ﬁg BW_C‘-?‘FFDE’HESP@W nment, an

articul ating gcaee hid ESciirNEDobRIeghelimi T RAkGWIRVAY, dshnaWildige formi ng tool ,
assisted by the application of a vacuumfromorifices in the male formng

tool. Once th¥n§¥Chate is firmy forned about the male forning tool, the

t her mof or med shapggl,l W&&ﬁﬁm‘e fg&%h@.@mdtslbf@iifg%&cxsspﬁoﬂkow S.

Pl ug-assisted formng is generally use or small’, “"deep drawn parts. Plug
mat eri al , destogrtrusigngan benisad Therpradide eorgxtrigien preesssyatameiersaareé ¥n 20 of t he

process g Pl ugg, Bt bigWhdifit Abiead el QABAM Nl BLERR{ ARG MHERC ng Of  the
Iougésatﬁ sa‘%ymgllq éf)tloPﬁem)H @

pl astic. The p ape is u I"ar cavity, but smaller
and-- wi t hout gdbbttaetranige frol 16FCRAE3FLCuhe ol blocksward fomigIEI-R§0°Gr onot e even
ma lal  distribution and uniform side-wall o1t hi éness. For a
sem crystal | iwgﬂl?&%?&%@ﬂmeg‘?erﬂmﬁ?gﬁm lé)ngéfh(? st plug speeds generally
provi de the best DAt enbdailimé 6faniikjedtion holddfy pratedshiedepdibd asifbowahaped | am nat e
is then cooled in the nold. Sufficient cooling to, maintajn a nold
tenperature ofte3HRESE Bt it Riacrd &t thp fmasctianolgie foof. sThsamdlgusstesed 1o 100 C
before g ectigg meuRRfe AARAN iSRtkted BRI thé ABIdI TREsuBRRRMhAEral Ras of her mof or m ng,
the lowest nelt flow rate polyners are desirable. The shaped

melt temperature between 200°C and 300°C in one embodiment, and from 215°C

and 250 °C and is injected into the mold at an injection speed of between 2 and 10

seconds. After injection, the material is packed or held at a predetermined time

and pressure to make the part dimensionally and aesthetically correct. Typical

20 time périods are from 5 to 25 seconds and pressures from 1,380 kPa to 10,400
kPa. The mold is cooled between 10°C and 70°C to cool the substrate. The
temperature will depend on the desired gloss and appearance desired. Typical

cooling time is from 10 to 30 seconds, depending on part on the thickness.

O

Finally, the mold is opened and the shaped composite article ejected.

25 Likewise, molded articles may be fabricated by injecting molten polymer
into a mold that shapes and solidifies the molten polymer into desirable geometry
and thickness of molded articles. Sheet may be made either by extruding a
substantially flat profile from a die, onto a chill roll, or altematively by
calendaring. Sheet will generally be considered to have a thickness of from 10

30 mils to 100 mils (254 um to 2540 um), although sheet may be substantially

thicker. Tubing or pipe may be obtained by profile extrusion for uses in medical,
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30 lamnate is then tri med of excess |lamnate material. -124 WO
2006/ 025949 PCT/ US2005/ 024240 Bl ow nolding is another suitable form ng

means, Wwhi ' es injection blow nolding, nulti- I ow nol di ng,
ext rusi on ‘gpé%el%y“gi ng, and stretch bl ow nol ding, an%%ﬁéoog'{s)%\ggi ally

suitable for substantially closed or holl ow objects, such as, for exanple,
gas tanks and other fluid containers. Blow nolding is 5 described in nore
detail in, for exanple, CONCI SE ENCYCLOPEDI A OF POLYMER SClI ENCE AND

ENG NEERI NG 90-92 (Jacqueline I. Kroschwtz, ed.,_John Wley & Sons 1990).
In yet anot h%?tab«i,'?’r‘tﬁ%‘éﬁ ‘S’a‘B‘I‘getaﬂﬂ‘c?tt?Pthh%lﬂ‘eaﬁﬁegrﬁ FHYSIOPBLESS, profile

CO- ext rusi oninGaesie: dtfr@fon oFARIE Rirhed AR % el ThOREQGESS: Gar aneters are as
10 above for the bl ow nol ding process, except the die tenperatures (dual

zone top anpipbisthen sylidified Gi ciif vinien HTEPling 285 2 eantingeextydeb ks are from 90C -
250C, = and tha watgr tu%&glv&iﬁ' gregnl%%ﬁﬁbé i ?ﬁ%‘?ﬁ@% UF £5in 85¢ o Q@ﬂé‘%}in’ 40C. One
on I'hg

enbodi nent of an injec process 1's described as tollows. The
shaped bam naitgdd danpdtaacad havetaovallhiicknegsef in thdragel off frog 264 .to 08e nol d i s

closed 15 and the substrat terial is_injected ipto the npld. The
substrate nmaf®r PR é%?]ﬁ’g?@r’r{ﬁ%'?%ﬂet?i &‘"B&_t%ﬂé@&ég"o‘f@mtsé’ﬁoc in one
enbodi ment,  aRdettd AR HAVOLval PR ke o $n AR FinkSofifdhAEs 8ftd Ptem.t he nol d at an

i nj ection speed of between 2 and 10 seconds. After i njection, the materi al

i s packed or Skeet madgdiom th matickofimbodiment of 4 version ebthepieseno nmake the part
di mensi onal |y afds Ag7bdiGkd ﬁ%%ﬁrycoﬁ%{n%xgg’sT(chIXrRéiﬁ&.Lm dfoffiedld§! | 0ds are from 5

to 25 seconds and pressures from1,380 kPa to 10,400 KkPa. The nold is
cool ed pet wethambfor@ingnwhlid pi@se pressurs [forming, Sartpsng and othefMihaping enperat ure wil |

depend on th 23S | I ARRSRA AN L rad. i cooling tine is
from 10 to 3%@2@8%%2‘?%’?%%&%& o g’é;r%f’&glﬁgrgﬁéw?%ioé-&r%%g@ceﬁ:i nally, the
nol d i s opened arinlart éisbodinaped tieahgmsiotming plotast, thegjverctemgeratidfs id | kewi se, nol ded

oo e AR i S TRl 0 RO T 2. ol
t hi ckness of mealed@sperinire, eypRaily Shae tieBywdes 107adad ¢1°Chame Byal ext rudi ng a
substantially flat profile froma die, onto a_chill roll, or alternatively
by - 15 ickness of the cooled (room temperature), shaped laminate is from 10 gm to
6000 pm in one embodiment, from 200 pm to 6000 um in another embodiment,
and from 250 pgm to 3000 pm in yet another embodiment, and from 500 um to
1550 um in yet another embodiment, a desirable range being any combination of
any upper thickness limit with any lower thickness limit.
20 In an embodiment of the injection molding process, wherein a substrate
material in injection molded into a tool including the shaped laminate, the melt
| témperature of the substrate material is between 230°C and 255°C in one
‘e.., embodiment, and between 235°C and 250°C in another embodiment, the fill time
from 2 to 10 seconds in one embodiment, from 2 to 8 seconds in another
25 embodiment, and a tool temperature of from 25°C to 65°C in one embodiment,
and from 27°C and 60°C in another embodiment. In a desirable embodiment, the
substrate material is at a temperature that is hot enough to melt any tie-layer
material or backing layer to achieve adhesion between the layers.
In yet another embodiment of the invention, the compositions of this

30 invention may be secured to a substrate material using a blow molding operation.

Biow molding is particularly useful in such applications as for making closed
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cal endaring. Sheet wll generally be considered to have a thickness of from
10 30 nmils to 100 nmils (254 pmto 2540 n), although sheet nmay be

subst ant ivabbopsnzstwbcker. Tubi ng or pi pe nay be obt ai wadsshyospraedhi | € extrusion
for uses in nmedical, -125 WD 2006/025949 PCT/ US2005/ 024240 potable water,
| and drai nage applications or the like. The profile extrusion process

i nvol ves the extrusion of nolten polyner through a die. The extruded tubing
or pipe is then solidified by chill water or cooling air into a continuous

extruded ajriéled s8&h as Fit tahkddind gthed fluid @aRRes)] plyygRand duipheng ange of from 0. 31
cmto 2.54 cmin_ 5 outside dianeter, and have a wall thickness of in the

range of frW@SW@“@?‘Ba]WIP%é“W‘H@-M?l}B cgbplimeptiefthise the range of
from 2. 54 Cirolds EfoeMidntlofitih fhélfion e RURIES thudBfla RANGaRr ] (NI ckness of in
the range of fromO0.5 cmto 15 cm Sheet nade fromthe products of an
enbodi nent fsllowedbyrplicement pf thdyancprleklaminate imey epariseminteyndld Theed to form

cont ai pers. ch..cont ai Ser f ared 0 rE rm ng, solid phase
pressu’?e fo?’%dhxgl,m %@grﬁnpﬁﬁér a"dé(%%%é"? &éﬁgﬁ? tﬁén c]]?sgéz%ﬁllaggge@fwgheets may al so be
formed to cimehe inbldad forathewas. or ot her surfaces. In an enbodi nent of the

t her nof or mi ng pr.ocess, the en tepperature s between.1Q0C and 195C, the
time in the over{t‘ﬁ’i‘ﬁ\ﬁé@ rsl‘@ggﬁg“’ Q@@‘EB‘H ?“‘hﬁ(ﬁhesfaﬁﬁmﬁ]‘ t enper at ur e,
typical |y azyset RaghevariBE b¥RAdInghPon B deslrd@resdil Fof &Xablelthe i ckness of the

cool ed (roomtenperature), shaped |amnpnate is from1l0 mto 6000 min one
enbodi ment , e¥tiuded shegy ofthe epmpositions of this inysaticnanaydgisertiythermoformed from 250 mto
3000 pan i Nyl ABRIENRIndRFRRA BRI kg@ﬁ}% [oMeP. Bel Phranterd PM in yet

anot her enb% iﬁ%np, a es??ggvgﬁﬁa%l ‘ging gnggco_ %naglon of any upper

t hirckness | inay be xarieasare)l in ordento adhieykm fnishell corpositogti¢lnhayingenbodi nent of t he
i yection ] RlLREess, wherein a substrate material in injection nolded
into a toora%%%ﬁgglng'the shaped lam nate, the nelt tenperature of the
substrate material is between 230C and 255C in one enbodi nent, and between
235C and 25&0 Mp anOthi enbodi ment, the fill tine from2 to 10 seconds in
one enbodi ~ 58 seconds in another 25 enbodi nent, and a tool
tenpengture of from25C to 65C i n one enbodi nent, and from 27C and 60C in

anot her enbodinent. In a desirable enbodi nent, the
The polymers described above may also be used to prepare the nonwoven

fabrics and fibers of this invention in any nonwoven fabric and fiber making
process, including but not limited to, melt bléwing, spunbonding, film aperturing,
and staple fiber carding. A continuous filament process may also be used.

20 Preferably a spunbonding process is used. The spunbonding process is well
known in the art. Generally it involves the extrusion of fibers through a spinneret.

» These fibers are then drawn using high velocity air and laid on an endless belt. A
C calender roll is generally then used to heat th; web and bond the fibers to one

another although other techniques may be used such as sonic bonding and

25 adhesive bonding. The fabric may be prepared with mixed metallocene
polypropylene alone, physically blended with other mixed metallocene
polypropylene or physically blended with single metallocene polypropylene.
Likewise the fabrics of this invention may be prepared with mixed metallocene
polypropylene physically blended with conventional Ziegler-Natta produced

30 polymer. If blended, the fabric of this invention is preferably comprised of at least

50% mixed metallocene polypropylene. With these nonwoven fabrics,
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substrate material is at a tenperature that is hot enough to nelt any
tie-layer material or backing |ayer to achi eve adhesi on between the |ayers.
In yet angidgpe@Ehedi ment of the invention, the compgiish@beeah this 30
invention may be secured to a substrate material using a bl ow nol ding
operation. Blow nolding is particularly useful in such applications as for
maki ng closed -126 WO 2006/ 025949 PCT/ US2005/ 024240 articles such as fue
tanks and other fluid containers, playground equi pnent, outdoor furniture
and small e . i . Qf I S Process,
Cbnpositiongﬁ%ﬁﬁgﬁ?igéﬂven%ﬁgﬁeg%gggg?gﬁ%%%OFﬁgéﬁéﬁmggﬁﬁﬁPi-Iayer head,

fol |l owed by mpbtalieereprodoéediphiypropdeasivedle inareasigs febricrstrength 2@r i son in the nol d.
The 5 nold, wth g}therﬁg&le or fenalﬁ B ttergs i.nside, .is then cl osed and
air is bl ownPOSHRY ipfreaseng spesd FospRsred %ag%‘f‘st"?a f psigg GonveEonal der st ood by t hose
skilled in tﬁﬂwﬂﬁi that the steps outlined above maybe varied, depending
upon the desired result. For exanple, the an extruded sheet of the
conpositions of this invention may be directly thermoformed 10 or bl ow
nnlded'mjthogxéﬁgiﬁgng, t hus ski pping a cooling step. Qther paraneters nmay
be varied asTwe 'n order to achieve a finished conposite article having
desirable features. Non-Wvens and Fi bers 15 The pol yners descri bed above
may al so be use 0. pr. t ven fabrics and fibers of this

i nvention i nglze'exctl“m%&'%% ogtastiy ROl er making process, including but
not limted to, nelt bl ow ng, spunbonding, filmaperturing, and staple

fiber carding. A.cqontjnuous filanmen ess .may al so .be_used. 20 Preferably
a spunBbndi ng pr&@@§§bfgmg§@3?ﬂ*H@’éﬁﬁhﬁﬁﬁﬁ?ﬂ@m§93?g§§“$§zﬁelI known in the
art- Gener al EychistoniOhveMar2faphySECX t MbRivRE wefghf (wlhBatepigeugh a spinneret.
These fibers are then drawn using high velocity air and laid on an endl ess
belt. A cal Baigelan weight; Mwgapmberraverage pglecilaweight My, and& web and bond t he
fibers to on i : uch as sonic
s‘vergggm&ma@mﬁggg%) Q%J%?Etfe}éﬁﬁagfsﬁggﬁée % Srahiifs]zeS

bondi ng and 25 hesi ve bo pared with m xed
nmet al | ocene Exclusion Chromatograph (either from Waters Corporation or Polymer

15 Laboratories), equipped with a differential refractive index detector (DRI), an
online light scattering detector, and a viscometer. Experimental details not
described below, including how the detectors were calibrated, are described in: T.
Sun, P. Brant, R. R. Chance, and W. W. Graessley, Macromolecules, Volume 34,
Number 19, 6812-6820, (2001).

20 Three Polymer Laboratories PLgel 10mm Mixed-B columns were used.
The nominal flow rate was 0.5 ¢m® /min, and the nominal injection volume was
300 microliters. The various transfer lines, columns and differential refractometer
(the DRI detector) were contained in an oven maintained at 135°C.

Solvent for the SEC experiment was prepared by dissolving 6 grams of

25 butylated hydroxy toluene as an antiéxidant in 4 liters of Aldrich reagent grade
1,2,4 trichlorobenzene (TCB). The TCB mixture was then filtered through a 0.7
um glass pre-filter and subsequently through a 0.1 pm Teflon filter. The TCB was
then degassed with an online degasser before entering the SEC.

Polymer solutions were prepared by placing dry polymer in a glass
30 container, adding the desired amount of TCB, then heating the mixture at 160 °C

with continuous agitation for about 2 hours. All quantities were measured
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pol ypr opyl ene al one, physically blended with other m xed netall ocene

pol ypropyl ene or physically blended with single netall ocene pol ypropyl ene.

Li kewi se t{gh@hisbfes of this invention may be prepargeridbidodhined

nmet al | ocene pol ypropyl ene physically bl ended with conventiona

Zi egler-Natta produced 30 polyner. If blended, the fabric of this invention
is preferably conprised of at | east 50% m xed net al | ocene pol ypropyl ene.
Wth these nonwoven fabrics, -127 WO 2006/ 025949 PCTI US2005/ 024240

manuf act urers_can | &S of ri.cs prepared with
nmet al | ocene %Irag)l FeK4 lbﬁﬁyg?%gg ggseus egprgsﬁ?? cqrna%lfrtrlgt? s?r engt h and

potential | y nissveasedmits fe 13p2g0h] m@@mrcﬁﬂerhtﬁrefaﬁbﬂB%g/ﬁﬁﬁiG%lSﬂ] ng conventi onal
polymers. 5 EXAMPLES Size- Excl usion Chromatg/graphy of Polymers 10 Mol ecul ar
wei ght di st r iIBEIyestonaonreRimtionsaaedEm bP i 3-G ma/mlsViijo%eze-  Excl usi on

Chr Omat 0gr 2P ackAfn YA REH Kl AlLculahLgRLaiEr age ol ecul ar vei ght

Mv, nunber-average nol ecul ar weight, ‘M, and z- average nol ecul ar wei ght,
Mz) weré determ n%’darﬁiswmgﬂaeaﬂ@mpwmwter@dz@inﬁéeﬂwon Chr omat ogr aph
(either from \Water t P A 1 . OF | equi pped with a
differenti al p‘r\{%#alﬁ ‘?%aééaﬁn kgat?n?ec g’rex D) ﬁe,étogﬁp%gﬁ\tlﬁ%ﬁéé |ﬂg‘ﬁ1t scattering
det ect or, andRiwas slmréétoeatabnlﬁxﬁ:eB+9nansaéfoﬂemjaduhgthatﬁ'rrstszdxqﬂe:r]"hbed bel ow,

i ncl udi ng ho he det ector rated, ar escri, b . Sun, P.
Brant , Bfies IR iy ng" L"s‘%’)’éy "nWﬁé?‘B‘ﬁﬁl e\}Bﬁe[me 34, Nunmber
19, 6812 682@&1m(leME)"orzBQoﬁhmmai?@dhyﬁm-mch;a@affanpdsw@snmﬂﬁgulitwﬁm M xed- B
colums were used. The nomnal flowrate was 0.5 cnB /mn, and the nom nal

i nj ecti8n volmMP¥e was 300 microliters. The various transfer |ines, colums
and-di fferent| al el bAChRIEA! at chthpoint A BtonfiRlsfil REdcMBEPFGRNL ai ned 10 an
ovéa mai ntai ned at 135C. Sol vent for the SEC experinent was prepared by

di ssol vi ng 6ﬁm’bawhnwubtr@lﬁedﬂ%mwwﬂeldmhwgMOIiQ)\flmatm an antioxidant in 4
liters of Aldrich reagent grade,_ Kprilpr/(dn/dc)

KU

where Kpg; is a constant determined by calibrating the DRI, and (dn/dc) is the
15 - same as described below for the LS analysis. Units on parameters throughout this
description of the SEC method are such that concentration is expressed in glem®,
molecular weight is expressed in g/mole, and intrinsic viscosity is expressed in
divg.
The light scattering detector used is either a Wyatt Technology High
20 Temperature mini-DAWN or a Precision Detector 2040 LALLS. The data is

analyzed with the standard formulas for static light scattering

C | Ke o 1 a4

4R@,c) ~ MP(9)

Here, AR(@,c) is the excess Rayleigh scattering intensity at scattering angle 6, ¢

25 is the polymer concentration, M is the polymer molecular weight, 45 is the second
vinal coefficient of the solution, P(#) is the form factor, and K, is the optical

constant for the system:
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1,2,4 trichl orobenzene (TCB). The TCB m xture was then filtered through a
0.7 pmglass pre-filter and subsequently through a 0.1 mTeflon filter. The
TCB was t ed with an online degasser befor he SEC

Pol ymer solhﬁt?ldgﬁse‘azre prepared by placing dry polyne e"&ﬂ%%&g’@?s‘

contai ner, adding the desired ambunt of TCB, then heating the mxture at 160
C wth contl nuous agitation for about 2 hours. Al quantities were neasured
-128 WO 20061025949 PCT/ US2005/ 024240 gravinetrically. The TCB densities
used to express the polymer concentration in mass/volune units are 1.463
g/m at roomtenperature and 1. 32% g/ m 4atn J(QE/d@) The injection
concentration ranged from1.0 to 2:°0 Trg/m ,;gw th Tower concentratioap being

used for higher nol ecul ar wei ght sanpl es. Pfior to running each sanple the
DRI detector and the injector vvere pur ged Fl ow rate in the apparatus was
then increased to0.0.5 m/m nute, allowed to stabilize for

8-9 hours bef'Bﬁ’@lthﬁAé%f‘Y%dfPﬁé‘“‘f‘P?fsat"dgy%lséhe“ﬁ?é“vq_‘gdqxé%‘é‘imeab@rturned on 1

to 1.5 hours ARLESwdMeds BRAY at 150! € node for
20:30 m nut es@g%’g{eﬁhﬁﬁ@#mgégl El% tlsl(s)w ue Mggiv?/reg?att%lbght ?teguflﬂeﬁjl on 10 node.

The concent r adgssumg, P(&)—laTheeand@ntpmomusammtthsanelhse@axatlmgmlam dbwained| cul at ed from

KOR! 1 D19 ( ci B3 U Bt e B il o BEB A TSP v ot 1 gt he DRI,
and (A0 ) | GGl SR ARaHBE0r AR R: Hp St o SBB014ST S, LDt on

paramet ers throughout this escri tlon 0 are such t hat

concentrat i onfor But@%ROSMER thnll (UnGicF+8.104 SPpropHkdnd holik:g id 0.9986Pr essed in
g/nmole, and intrinsic viscosity is expressed in dUg. The light scattering

det ect or usedtefe@plymes- a. \Watt Technol ogy High 20 Terrper ature m ni - DAWN or
a Reeci si on Det eCtﬁEv@&%ﬁtekrﬂo&@asJ{?ﬁc&&t@or%o?amﬂﬂ%h dh the standard
R( O c) I\/P

fornmulas for static Iight scattering Kc + (9)
10 viscometer which has four capillaries arranged in a Wheatstone bridge

configuration with two pressure transducers. One transducer measures the total
pressure drop across the detector, and the other, positibncd between the two sides
of the bridge, measures a differential pressure. The specific viscosity, 1;, for the
solution flowing through the viscometer is calculated from their outputs. The

15 intrinsic viscosity, [n], at each point in the chromatogram is calculated from the

following equation:

Ns = c[n] + 0.3(c[n])’

where ¢ was determined from the VDRI output.

The branching index (g) is calculated using the output of the SEC-DRI-

Fas
20 . LS-VIS method as follows. The average intrinsic viscosity, [1)]avg, of the sample
is calculated by:
(il = 5100
avg = Z c;

where the summations are over the chromotographic slices, 1, between the
integration limits. The branching index g' is defined as:

" [n]avg
kMY

25
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Here, AR(9,c) is the excess Rayleigh scattering intensity at scattering
angle 0, ¢ 25 is the polyner concentration, Mis the pol yner nol ecul ar

wei ght, A2yicSuiddgsepecond virial coefficient of the ggfubioiiheg 5,{ B) is the
formfactor, and K is the optical constant for the system -129 WO

2006/ 025949 PCTI US2005/ 024240 4a'n' (dn/dc)2 K. = .Z4NA (3) in which NAis
Avogadro's nunber, and dn/dc is the refractive index increnent for the
system For the LALIS detector we neasure the scattering intensity at 15 and

assunme P(0)=1., The trati sed in the anal yses t he val ues
obt ai ned 5 frwc?r%e?(h“e&%&? ﬁ‘f‘@%t cbn@ﬁ orPéWffé%?ﬁo\ﬁé“Wg}é —no'gé)oﬁsﬁﬁat 135 C for
a 690 nm wavet enairbutese pblyaldd. M, s @6 disédsBRaverige molleulP SRighthasddr opy| ene
pol ymers and 0.0015 for butene polyners, and (dn/dc) = 0.104 for propyl ene

pol yners and %0 npdmulpgyeights delraingtIveanslysishe vi sconeter used was a Vi scot ek
Cor poration high tenperature 10 visconeter which has four capillaries
arranged in a Wheatstone bridge configuration with two pressure
transduders. Diffsrentigl SexiningCaloemetryr es the total pressure drop across the
detector, and the other, positioned between the two sides of the bridge,
measures a differential pressure. The specific viscosity, i)5, for the

sol ution flow ng Mehiagadintt(g), MasefdnsdngAH)smaltple lehihg feak ) adnaiiynei r out put s.

The 15 intrinsic viscosity, [il], at each int in the chromatogramis
cal cul ated f r"b‘i‘f?‘?ﬂ’ée“tsf‘ﬂi‘t%\%d%‘@“téqBg?ry%@?“el“ﬁ)‘gtmg_"lifrﬂi‘l‘Zﬁ‘“@’.‘@?c[ 111) 2 where ¢
was det er m negkabir Byt ferbitlal QiR CaldEetR (BECN i Agpitd) gR%edutt used S Cal cul at ed
using the output of the SEC-DRI- % 20 -VI'S nethod as follows. The
averagel¥intri 1Y, , ated by:

19 nt r %78 priodpwcdieierbly.abeut 4 g to grout hwe ohpriyreer thathas dgeddf at ed by: f
Ltldav = _el room RmipGhnf16: & 1ckdd 24 RO RAPin AT 14l SdafiniGf)” OTOT 00T @ ©
sl naes, i, between the

Calorimeter. The sample is heated at about 10°C/minute to attain a final

temperature of about 200°C. Subsequ;antly, the sampie is cooled to room
temperature at about 10°C/min, during which the thermal output records the heat

15 of crystallization. The crystallization temperature (T} is recorded as the
temperature at the peak of the crystallization exotherm. The sample is then heated
back to 200°C. The thermal output is recorded as the area under the melting peak,
or peaks, of the sample which is typically at a maximum peak at about 160°C.
The melting point is recorded as the temperature of the greatest heat absorption

20 within the range of melting of the saﬁple. In some cases, following the heating
cycle the sample was cooled below room temperature prior to the second heating

cycle.

3C NMR was collected at 125C on a Varian NMR spectrometer. Sample
25 concentrations were approximately 10 wt% (wt/vol) in perdeutero
tetrachloroethane. 10-mm NMR tubes contained these samples. Acquisition
conditions were a 90-degree pulse, ungated broadband decoupling, approximately
15 seconds between successive data acquisitions, a sweep width of 8000 Hz,
digital resolution 0f < 0.2 Hz with the final spectrum composed of at least 1000

30 time-averaged data acquisitions.
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integration limts. The branching index g is defined as: [rl]avg 25 @' =
kMa v -130 WD 2006/ 025949 PCT/ US2005/ 024240 where k=0.0002288 and a= 0. 705
for propyl g@ogeketyssers, and k=0.00018 and a = 0.7 fopchuiBRmY Ymers. M is
t he viscosity-average nol ecul ar wei ght based on nol ecul ar wei ghts
determned by IS analysis. 5 Differential Scanning Calorinmetrv Melting point
(T.), heat of fusion (AHf), nultiple nelting peak, and any neasurenents
related to detection of crystalline nelting or crystallization are neasured

by Differenti al Sﬁﬁﬂglikrkgas heRick GEbE Y (’Q%bg n-mﬁfgts ' r re used 10 was
as follows - Prefera , a oute 5 ng too about ﬁrég%o tf)lg'l g%@?yt hat has aged
at  room t enpencantratiensivaare approkmzatdly R4 wiio (wigvol)iispgrieatsed in a Differenti al
Scanning Calgrimeter. The s i.s_heat at_about 10C/ mnute to attain a
final tenper® aﬁ]?qgm%#an%bgﬂ’tm W%ﬁ%i‘éﬁegzﬁﬁs? ?af“pi)eﬁ'ekgqé’ﬂ(ﬁoé' is cooled to room
t enper at ur e abndiios vere @@5Mefiree Flilde] HProntmnatdly § feords bérwedn setkRive records the
heat 15 of crystallization. The crystallization, tenperature (T1118") is

recorded as td4 acquisitions. arda evesp widhkolgbianst LY PRnhWith the §ipal Spsctrami on exot herm
The sanpl e i ohp&d elad 120 kKaveRged e acdiidnier mal output is recorded as
the area under the nelting peak, or peaks, of the sanmple which is typically
at a maxi num peak at about 160C. The nelting point is recorded as the

t enperature . i i .tk e of nelting
of the sanpl g&d}ﬁﬁgg{ﬁg as §$€%ﬁ%§m&%§&?ﬁQAﬁﬁéﬁ%gﬁ B@%@?e‘f“? %% sanpl e was
cool ed bel ow loaiaii24& kyp evelt Urdex (vil) &y measurtdrecadiog todASTAD Y238 atcycl e. C 13C NWR
was col ] ecte 125C .0 i NVR spectroneter.. Sanple 25

concent {‘Oati ongagvge?néﬂfdﬁagﬁgg'xg[‘%?@mfﬁlwgﬁ/? P\?S‘f‘fg/rfnﬂ' per deut er o

t etrachl oroet hane. 10-mm NMR tubes contained these sanples. Acquisition

;82?40;: ggtse}mer eana{ic%([)e-cl(lja?n%gle[%en%lﬁineal iténgat ed broadband decoupli ng,

The storage modulus (E') and loss modulus (E") are measured using
15 dynamic mechanical thermal analysis (DMTA). This test provides information
about the small-strain mechanical response (relaxation behavior) of a sample as a
function of temperature over a temperature range that includes the glass transition
region and the visco-elastic region prior to melting.
Typically, samples are tested using a three point bending configuration -
20 (TA Instruments DMA 2980). A solid rectangular compression molded bar is
placed on two fixed supports; a movable clamp applied a periodic deformation to
the sample midpoint at a frequency of 1 Hz and an amplitude of 20 uym. The
. sample is initiaily cooled to -130°C then heated to 60°C at a heating rate of
3°C/min. In some cases, compression molded bars are tested using other
25 deformation configurations, namely dual cantilever bending and tensile elongation
(Rheometrics RSAH). The periodic deformation under these configurations is
applied at a frequency of 1 Hz and strain amplitude of 0.05%. The sample is
cooled to -130°C and then heated to 60°C at a rate of 2°C/min. The slight
difference in heating rate does not influence the glass transition temperature

30 measurements significantly.
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15 seconds between successive data acquisitions, a sweep width of 8000 Hz,
digital resolution O < 0.2 Hz with the final spectrum conposed of at | east
1000 30 womeaesaaged data acquisitions. -131 WO 208Gh&20940240

PCT/ US2005/ 024240 1H NMR was col l ected at 125C on Varian NW spectroneters.
Sanpl e concentrations were approximtely 1.5 wt% (w/vol) in perdeutero
tetrachl oroet hane. 5-mm NMR tubes contai ned these sanples. Acquisition
conditions were < 45-degree pul se, approximately 8 seconds between

successive 5 dat ﬂh@@ﬁtﬁﬁt&ifme&WTﬁQdTeﬁnﬁm%ﬂhﬂtéﬁéé rfdufis (°gast 10 ppmwith
the final spectrum conposed of at |east 120 tinme-averaged data

acqui si ti onslossypedulus(B) Ra orpapmmedulug magsuss the glagticaepensagr the  ASTM pizss at
230C under aanik8itnofakria ok Mk adnﬁ@gss(Tdng el Hekoigeor ding to ASTM

D 1238 at 10 1 er a load of 2.16 e units are g mn, or
dg/mn. i_ tespopseanmite abiicheitheaadteriBhterdmssaipaté\erergys iTandlik ¢hesstarafge nodul us (E')

and | oss dulus (E") are neasured using. t5 dynamc chani c t her mal
anal ysi 3 (Dl\#/ﬁ#.an B at'E"saP“rf)f’g's?g"é'?am g_rfsg‘ttWtﬂ?e tetidho rﬁFﬁ'EmE |1-strain
nmechani cal r @ BRAS BladstahAI(BOR1aRARA)VE RledtifRf asths aib§laes tafigenf tenCt i On of
tenperature over a tenperature range that includes the glass transition

regi on and t te Teadsneek. dnadditian, the geakriemperaure and apgalundendhe pegipre alse y,  sanpl es are

tested usi ngy g, f s 6enRQiciHy RERMDIE LGN Hlloy Biskd AuldSt T umENt s DVA

2980). A sol rectangular conpression no plfaced on two fi xed
supports; a mgwable clanp applied a periodic deformation to the sanple

m dpoi nt at frequenc f an | i tude. of .20 The sanple is
initia'ly co %%S?%méé%yﬁﬁm@gé’a atog(ﬁg ﬂ&qu Qjeﬁfé%ﬂ"?’ﬁtjeq ate of 3C/ mn.
Inilpma caseplaqeeonpressi on nol ded bars are tested using other 25 deformation
(ofe]y *%

gurations, nanely dual cantilever bending and tensile el ongation
( Rneonet ri cs TREARGe5uredaseordiag o TM §3%0or mat i on under these configurations is

applied at aMiisaueifeyspelifidallihoRIsehlcts e RER! bt YRR mAr Rty The sanple is
mmurmn, mrrr, mrrm, rmrm, r4, m,r, 2,1 erythro, and 1,3 regio were determined as
15 follows: 'H and '>C NMR analysis protocols for polymer products.
Proton NMR: The proton spectra are typically acquired with the Smm switchable
probe, on the Varian UnityPlus 500. The samples are prepared in 1,2-dichlorobenzene-
d4 (to allow accurate integration of the olefin peaks).and dissolved at 120-140°C. A
freé induction decay of 400 coadded transients was acquired for each proton spectrum,
20 at a temperature of 120°C. The proton spectra showed low levels of olefin, which are
‘ expressed below in terms of mole-fraction of total olefin content, as well as olefins per
1000 carbons for each type. At the molecular weights of these materials, the olefin
C concentration is very low, making it difficult to get accurate olefin distributions. The
number of decimal places given in the results is not indicative of our confidence in the
25 accuracy of the numbers, but rather are given to differentiate one low value from
another. Vinyl endgroups contribute one proton’s signal to the 5.6-5.9 ppm region, and
2 protons to the 4.9-5.3 ppm region. Non-cyclic 1,2-disubstituted olefins resonate in
the 5.3-5.5 ppm region, with two proton’s intensity. Signals from the single protons of
trisubstituted olefins overlap the vinyl contributions in the 4.9-5.3 ppm region, and are
30 measured by subtracting twice the downfield olefin concentration from this subintegral.

Vinylidene olefins (two protons) are measured from the 4.6-4.9 ppm region integral.
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cooled to -130C and then heated to 60C at a rate of 2C/ m n. The slight
difference in heating rate does not influence the glass transition

t enper at ur urenents significantly. -132 WD 2

PCT/ USZOOS?[(S)%%?W@TM out put of these DMIA experi neg{')@{l%%ﬁémstor age
nodulus (E') and | oss nodulus (E"). The storage nodul us neasures the elastic
response or the ability of the material to store energy, and the | oss

nodul us nmeasures the viscous response or the ability of the material to

di ssi pate en .Jans. is the ratiao of 5 E YE and gives a sure of the
danpi ng abi | 175056 REDHHRP &b Cterppe by Sose o8t reebR & s Y Bk as s
transition (patonmlifpRit Sfthe dofitribG@iploldfing dAR6mink eneatiARPpAIRE changent to
the Tans peak. In addition, the peak tenperature and area under the peak are
al so neasur &l ew&dﬁwquylberwaﬁra&et@lwg& veightifiorythe alipBaticfoledinicgl assy to

vi sco-el asti ¢ aly HRZEmi 1 0.04 inch

t hi nk inject ;ﬁg?]g?ﬁm%}t@égmkg? aque. b%%gggagn&dgggzﬁxge@%%%gﬁge%@ 1356. .

M cr ost uct urirethe 4.fefcd fprcragiby, whishesldibé indicasive 0f exygnried dschlamgiatedmmr , v r
romr,  mMmrm _0LLr, . ntrn f m r4 r..2.1 ervthro d 1,3 regio were
det er mi ned asP*fs égﬂpcl)e rotoy eguﬁ/ %‘@‘N\\?&%é%“a yf/%ﬁ@’b’%%@%@%& for pol yner
products. Proton NMR The proton spectra are typically acquired with the 5mm
swi tchabl e probe, on tOrfivaktnamiodinbkPbus 500. [ The sanpl es| are prepared in
1, 2-di chl orobenzene- d4 Olefinsler 00B0REGHHsAt € | nt egr at Nnmr-of the ol efin peaks).

and dissol ved atl 1@n140G. 2-Msubl EarisuBIUELinQideaE ¢ Aetephindd, cl0added transients

was acquired fon €3gF POt Qg 3SPECt HFMT 20 &y oa tenpergpyf € jof 120C. The
proton spectra show_qj% | gw | el'\{el $ of (;%I efin, J¢hi ¢ch are exprlessed bel ow in

terns of nol e-fractiomrof—totat—otefrmtontént—as—wett—as—ol efins per 1000
cardons for each type. At the nol ecul ar weights of these materials, the
olefin C condartiohNMBRN is very low, making it difficult to get accurate

ol efindistributions. The nunber of decinmal places given in the results is
not indicative ofCabén NMRishetenae ubually quiredwithahdI0aty bokdbalEprosedaer s,. but
rather are given to djffergntiate gne | ow val ue from apot her. Vinyl

endgr oups coffterYasiae Emisikles sP¢ ¢ Hie samplessrepreragediin L 13, 2 ezacglopns ion, and

with relaxation agent — Cr{acac); — added to accelerate data acquisition. Sample

preparation is performed at 120-140°C. Free induction decays of 16000 coadded

15 transients were acquired at a temperature of 120°C. The tacticity was estimated by
comparing the distribution of integral-intensities (assigned to the range of pentad
stercosequences) in the methyl region with those from literature references. (A. Tonelli
and F. Schilling, Acc. Chem. Res. 14, 233 (1981).) The chain defects were assigned
according to the work of Resconi et al.(L. Resconi, L. Cavallo, A, Fait, and F.

20 Piemontesi, “Selectivity in Propene Polymerization with Metallocene Catalysts”,
Chem. Rev. 100 (2000) 1253-1345.) We de-convolved all the pentad components with
an 85/15 Lorentzian/Gaussian lineshape, and summed the components according to the
central triad (mm, mr, or rr). Consolidating the pentads into triads improves the

reliabifity of the measurement. A sample result is tabulated below:

25
Tacticity (triad distribution, mole fraction)
Sample mm mr rr
24592-2-2p .96 .03 .01
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2 protons to the 4.9-5.3 ppmregion.
the 5.3-5.5 ppmregion,

resonate in
from the swogleopsot ons of

Non-cyclic 1,2-disubstituted ol efins
with two proton's intensity. Signals

trisubstituted ol efi ns omerbamsioienvi nyl
contributions in the 4.9-5.3 ppmregion,
twice the downfield olefin concentration fromthis subintegral.

and are 30 neasured by subtracting

Vi nyl i dene

olefins (two protons) are neasured fromthe 4.6-4.9 ppmregion integral.
-133 WO 2006/ 025949 PCTI US2005/ 024240 The ol efin distribution can be
determ ned by cOrfLepiddddinfaedis 5O iAMelatid MRV, Hith M rhddGuredr& @Bmnul tiplicity
of the contributing olefins. ASsum ng one ol efin per polyner chain, we also
esti mat ed t hie desapotution.as yglbasthe weults af thodsasyisquares Shictthredata iGaveathec/ ol ef i ni ¢

i ntegral ratj. R . . S . spr eadsheet
have peak( s)&i%gcp?ﬁgetﬁﬁ'se)ﬁlﬁ¥%£lx§%{Hg%lﬁt#égglggtﬁg&gﬁfdgﬂ p%ls)l%fsgﬂ %@&?ﬁgl cative of
oxygenat ed o#dvishbletoiusaithe fit datp dyeres, it Avasdifiighle toresphverromttimdtions firh éeul ar wei ght
analysis is tabul ated bel g efin distribution (.nole-% d.efins per 1000
car bons® NVR UM anq mmripegds. FE‘TI ?‘BB‘?m‘i}‘?“iV‘}“?eag‘?{éhe&éé‘ ??ﬁ*‘ﬁé‘% "Rﬂde'f‘“is. 9 19.3
13.8 51. 0 25Q4H a BerdGullisholyBrizatin fmoddd e tHRyméfzafias henhdNsRickped ra are

usual ly acquired with the 10mnm broadband probe on the Varian UnityPlus 500.
The sanpl es BPROUIST adsiinede the groying chaip 15 ipsepsiEvs| e the ety of s preceging, r el axati on

agent - Or (ag@fomr) m@%@@%g%&%g mags&ﬁeef@&%m&peamsaml e
preparation is performed at 120-140C.

S pel : ree induction decays of 16000 coadded
15 transi ent distbutionzand if prehdblymoze robyspasrasheyaeristic afAxpolyphess. tAagamiplel ty was
estimated by IR - b Sk L.on ' : ' Lties-(assigned
to, thel@rang%feg? pen{ag%n&E? lesgxggtg@qaﬁghkgg)sﬂ%&? %@9@1???&?2%{3% wi th those

fr | i t er at abdatedkbedovences. (A Tonelli and F. Schilling, Acc. Chem Res.
14%.233 (1981).) The chain defects were assigned according to the work of

Resconi et ap—+—Reseent—t—Eaveatto—~A—Fatt—and+—26Prereptesi,

"Sel ectivity i n Pr-opene—Po ,ﬁ?ﬁ?@?"r@‘?‘?&ﬁ&q‘. (mQl¢ frachion)one ™ oy o ysts", Chem
Rev. 100 (20§c£] L LA TR o SRS e g dLITBbnents with
6] 921 | 021 1.019 [ 017 | 003 |.005 |.001 |.001 j.012
fit: | 925 028 1.001 1 .021 009 |.005 }.000 |.000 | .011

In almost all spectra, two sets of defect peaks were observed, and these were
15 assigned to erythro 2,1 inversion and 1,3 chain insertion. Their concentration is
expressed in “defects per 10000 monomers™, which is analogous to mole-percent
concentration (obtained by dividing th_e numbers below by 100). An example of the
defect concentrations is tabulated below, along with the number of stereo defects (m/r

switch). The average meso run length is also calculated from the pentad distribution.

20
o~ Defect concentrations (per 10,000 monomers)
N Ave, meso Stereo 2,1 erythro | 2,1 threo 1.3 Total
Ex run length defects insertion defects
6 44 122 93 — 13 227
Figure 1, Figure 2 and Figure 3 1 show the numbering scheme and structures for
the different chain defects, the appearance of the various defects in 2 *C NMR
spectrum, and a table of the chemical shift offsets for resonances associated with a
25 variety of chain end groups.
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an 85/15 Lorentzian/ Gaussi an |ineshape, and sunmed the conponents according
to the central triad (nmm nm, or rr). Consolidating the pentads into triads
i nproves t{g adebdoaPi | ity of the neasurement. A sanpherigsidddss tabul ated
bel ow. 25 Tacticity (triad distribution, nole fraction) Sanple mmnr rr
24592-2-2p .96 .03 .01 -134 WO 2006/025949 PCT/ US2005/ 024240 The pentad
analysis is given in the table below, with the neasured areas fromthe
deconvolution, as well as the results of the |east-squares fit to the data.
G ven the diggr | es | e relative concentrations of the individual
pentads, it \A%ﬁ ﬁ&%@ﬁ&na \'/’Hshgbne to use the fit data. Even so, it was
difficult to resol L | QF ! 7_pentads. The
experi ment al vaIuégpqogﬁi%b%agglg%%?ﬁ@%ng\g%E‘gﬁggnoaglcengﬁgc\’/\n £h %cll Ber noul |'i an
pol yneri zat i cantoetade{Auteaiavé BiggineedsyBrizrFA) dtdignad {or a enaxintuen gressireof ty of a

mononer addin t. owing chain is insensiftive, to the tacticity of the
precedi ng mﬂ’o‘i‘?@ﬁ'?ﬁ*ﬂéa’% PYBRYR fmpgra gén{e}é g\‘/\&?"‘%‘ﬁﬂé"‘aﬁ@r the error.in
the pentad  dvohinid wastis@M withiWorkigRbRRRRE V27HI(RofkRUSfunRJowkr akar act eri stic of
t he polyners. A sanple 10 of experinmental pentad distribution and a

| east - squar estopeaetgumiemals). ridg asactor wassauipped ity astieer ot onpenpticinye

concentrationg LAkl f Noqanpnnyl nofihdr £00Y; nomrrrr nrrr
Harm 6 .921 _8%%[{9?‘%39 At @6’6 SRR G Whed e lolliher SHNEE " TL8 001,

. 021 . 009 .. OBéasured®O predOE in Ot teattpr. Ahmbsmiperaivre wasandaswed ingide thet s of def ect
peaks were obser {-hes [ 15 L.ane er ro 2,1 inversion
and 1,3 chai nl%igcﬁaéggP & %ﬁ'.ge #%ﬁnrgo%\%ﬂgeﬁ errea%?%ﬁ'gsl %gt%%%%éted% n "defects per
10000 momorrer gréssurvdatianbyiagtomatdatigapesing en sivhauapdvalsa (High Bresseret r at i on (obt ai ned

by .di vi di ng the nunher el ow 100). An exanple of t.he fect
coneent r at i ons TIEY fpé{aé'ﬁlcaﬁ%ﬁ?%ﬁw&l ?f@""@\f"tcﬁ%%p'ﬁfﬁtr%@ft' éfqﬁélf'ereo defects
(mMr  switch)modited raptere aige lodRedon thdsidedTiieRedctor plosided fakiBetpattord rom t he

pentad distribution. 20 . .
against catastrophic pressure failure. All product lines from the reactor were

heated to approximately 150°C. The reactor body had two heating bands that were

15 controlled by a programmable logic centrol (PLC). Once the reactor lined out
during polymerization, the reactor temperature was controlled manually by
adjusting the flow rates of the monomer and catalyst feeds. Since the reaction was
highly exothermic, no external heating was necessary in most experiments, i.e. the
reactor temperature was maintained by controlling the heat release of

20 polymerization.

Two lock-hopper assemblies were used to manage the flow of the effluent
from the reactor to the coliection vessels. The lock-hopper consisted of two air-
actuated valves bracketing a short piece of high-pressure tubing. The volume of
the lock-hopper was adjusted by changing the diameter and/or the length of the

25 tube. One lock-hopper cycle consisted of first opening and closing of the valve
between the lock-hopper tube and the reactor followed by opening and closing the
downstream valve. The frequency of the lock-hopper cycles determined the
effluent flow rate. For a given feed rate, the reactor pressure was controiled by
adjusting the effluent flow rate through the lock-hopper. There were two

30 independent lock-hoppers installed: one for waste collection during start up and
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Def ect concentrations (per 10,000 nononmers) 'r. Ave. neso Stereo 2,1
erythro 2,1 threo 1,3 Total Ex run length defects insertion defects 6 44

122 93 - 1% o2dwknogure 1, Figure 2 and Figure 3 | shen/ibRedtdisher i ng schene
and structures for the different chain defects, the appearance of the

various defects in a 13C NVR spectrum and a table of the chem cal shift
of fsets for resonances associated with a 25 variety of chain end groups.
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measur ed i nsiofeheir Bﬁndsrvﬁma:ugrenusvefbgrec&wtewﬂod&pteb@fer@ﬁmm &Quippdde reactor was
protected against over ressurization by automatically opening an

ai r - act uat ed Xiyadp ’GHOQH‘I delvery & thersagiom (ustemiblendypgre plsp prepaged; e react or

pressure excegpfe anBhRIAELs, h'séﬂﬁmmﬁgfxéaﬂnﬁ'bl Pae dedipidnitt € di sk | ocated on
the side of the reactor prow ed further prot ection Wgal nst catastrophic
t

pressure fai |%7R26.7810) providediesat tojinceegserthenylindeehgad pressyre wpdeliver heat ed to
appr oxi mat el Xnokﬁﬂg%toﬁﬁ?eeﬁgﬁﬁb?rg g%eﬁlﬁge{lj@'?ﬁ@%aﬁoin&me s —S that were 15

controll ed by a programa IC contro e reactor |ined out
duri ng ol ynerdisauad monmmet feed wesadsootabiliesipgaiagt bubblafosnatiomby evoliegl nanual |y by

adjusting th flowra es of..t oner taI st feeds. Since the
redgtion wasqherﬁ Bﬁ‘ltﬁa e sl I#%aterﬁgm&gtaéid g] Prgen s ﬁ@cessary i n nost
experi ments, pumﬁedlkhgtwd@ﬁﬁtebedsmﬁésahdummpmm ineldwing lxontrol 1 i ng the

hoat rel ease ol 20 ROl YIFLL 2Ll Ol YRR HIORES. RS R 1 © Sl 10

N; at 270 °C) for water removal. The purified monomer feed was fed by a

15 diaphragm pump (Model MhS 600/11, ProMinent Orlita, Germany) through the
axis of the stirrer into the reactor. The monomer flow rate was measured by a
Coriolis mass flow meter (Model PROline Promass 80, Endress and Hauser) that
was located downstream of the purification traps on the low-pressure side of the
feed pump. A pulsation dampener (BALCOH, ~200 ml, maximum pressure

20 1000 psi/69 bar) was installed between the flow meter and the pump to dampen
any oscillation in the flow caused by the membrane pump and to mitigate bubble
formation. The same feed system could also deliver liquid monomers, such as

C hexene-1 or octene-1. The liquid monomer feed, however, was tied in to the

monomer feed line downstream of the purifier traps, thus was used as received.

25 The liquid monomer inventory was followed by a differential pressure gauge

measuring the hydrostatic pressure of the monomer in the feed vessel.

The catalyst feed solution was prepared inside a Ny-filled dry box
(Vacuum Atmospheres). The atmosphere in the glove box was purified to
maintain <1 ppm O; and <1 ppm water. All glassware was oven-dried fora

30 minimum of 4 hours at 120 °C and transferred hot to the antechamber of the dry
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fromthe reactor to the collection vessels. The | ock-hopper consisted of two
air- actuated val ves bracketing a short piece of high-pressure tubing. The

vol une of wdmodashe hopper was adj usted by changi ng tpheysiosd®@igs and/ or the
| ength of the 25 tube. One | ock-hopper cycle consisted of first opening and
closing of the valve between the |ock-hopper tube and the reactor followed
by openi ng and cl osing the downstream valve. The frequency of the

| ock- hopper cycles determned the effluent flowrate. For a given feed

rate, the reagkosiobd RESbEDS MRLatsION bicthrkd@addthe RNt Waeplepaesf f | uent flow
rate through the | ock-hopper. There were two 30 independent | ock-hoppers
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experi nent. Condensabl e nononers or nononer bl ends, such as propyl ene,

but enes,s 5 or t h&heachaaicstalybtisblutidris weenmnsfovexdo srenven-daa glass | ow- pressur e
cylinders equi pped pth a dip. leg for liquid delivery ta the reactor.

Ghst om br end-PrireuibiT witel Wi (g ediboi Vit HIEHRAE® o e | (i i ng
heati ng bl ankgth 4 iteeconhRHRE ThisbRtior0ds/ s fetredundir By bt ke t 0 | ncrease the
cyl i nder head Pressu.re to deliver the nononer to the feed punp at a

pressure abov@abyfideadaprerpdiisithe tpryen i o BpIsdewip EREnbIS f eed was al so
stabilized agaim 8&#‘9&%%@‘&% %%i&ytomlaﬂaﬂﬁl feddWessBYSRaiRBA Using chill ed
ee

water running at 10 T. The nononer d was "purified usi;g two separate
beds i nl0ser i ggert earirenmentand toappade dequaigseaiion pressursaf thg pwapp hegd. Ps C and | bar)
for.-02 renov tag,P[ ' ' ' wing N2 at 270 Q)

f oAaat er rlear%v .olﬁlﬁ‘!éﬁgtgrn?)h ‘Zétfeﬁr{rlg)r?%?re a?’?ﬁf@%@%@%%@a 15 di aphragm punp
(Model MhS 600daditing Bredidirmstatic psdurd of the@atalystrsylutiorhin thedtediviessel. The s of t he

stirrer into the. reactqr., The ner..fl ow rate d by a Coriolis
mass flow met’® vaﬁ%%él}yﬁ %an}%ﬁn&gg’*ﬁg?p =1 PGP @)sfogdscg{r{tgﬁﬁ&@er ) that was
| ocat ed downsirsMiment@ilitalGenfatly) fol aGitioa thetside pSthe Featttee Thelowkassur e si de of the
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psi /69 Bar) fscafa%sa[#@aw%@ é‘h‘f’iaﬁ\ﬁ'mlég’ieéﬁ% ng‘?tf?ﬁl’fﬁst o danpen

used from the feed vessel.

Toluene solvent was used to purge the feed lines and the reactor. The
solvent feed was tied in via three-way valves to both the catalyst and the liquid
monomer feed lines. The toluene solvent was distilled and stored under nitrogen
20 in a feed vessel that was kept under 50 psi (3.4 bar) head pressure of N;. This feed
vessel was also equipped with a differential pressure gauge to monitor the toluene

inventory.

In a typical experiment, the reactor was preheated to approximately 10-
15 °C below that of the desired reaction temperature. Once the reactor reached the
25 desired preheat temperature, the catalyst pump was turned on to deliver toluene to
the reactor from the solvent vessel. After the flow of toluene to the reactor was
verified by monitoring the amount of toluene taken from the solvent vessel, the
monomer pump was tumed on. The reactor was purged when the pressure
increased to ~5000 psi (~345 bar) by opening each valve briefly. This reduced the

30 pressure in the reactor and verified that all ports in the reactor were operational.
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any oscillation in the flow caused by the nmenbrane punp and to mtigate
bubble formation. The sane feed systemcould al so deliver |iquid nononers,
such as Cwexmfessyoor octene-1. The |iquid nononer fredysk@naYRr, was tied
into the nononmer feed |ine downstream of the purifier traps, thus was used
as received. 25 The liquid nmononer inventory was followed by a differential
pressure gauge neasuring the hydrostatic pressure of the nononer in the feed
vessel. The catal yst feed solution was prepared inside a N2-filled dry box
(Vacuum At mDARAGNS3es hhi Beeh td¥RA BRLILE reaflort BRI tRV&RsiRDfeddsn PUrified to

mai ntain <1 ppm 2 and <1 ppmwater. Al glassware was oven-dried for a 30
m ni mum of 4PHEutiesa three-wap vaveandhe ¢atatyst feed lng Wep ectuatedtgarhthe echamber of t he
dry 137 VO 200602848, BT HEA00 02400  wbelun PRk SRbiiasons of the
catal yst precursors an Yhe act1vators were prep?’asre using purified toluene
and stored i indaabdby dnondréassinitieseataon tempatatyrelbansed Y thegexothermier e t aken to

prepare_fresh actjvated cat st .sol utions before eac | ymeri zation
experi ment . ?Iﬂﬁzﬁ@Pi‘?féP%%&p?g._ °‘§‘8|P6T?doﬁ§°ﬂ§¥5é?ﬂﬁ$gﬁ@? fred to an
oven-dri ed gheyper rathd w& bjistdqs! teadHuna hriaBihiry @16 Bfet esblioPteiperdataiiel ) equi pped

with a stopcock adapter wth a hose connection. This sal ution was
transferred EfQEFSHE PrcsHiedtacionteachen geady giptgial e dasEetrordb®voi r. After the
transfer frogohitecdle@Rn wik Qitchtd SWPRGh thevant® chifRbtion (P ohBindgead pressure of
N2 was applied to the catalyst feed vessel to maintain 10 inert environnment
and to provi dredetedigetion vesselt Thareprierdens bpically rumen-palange between 3Pie  cat al yst

sol uti i nv . I i1 f L uge neasuring
t he hyglr?osta? Q%’%&c\ggﬁ}%m&cﬂﬁﬁg\g%tr%lugést{d tggq%lr}%a%tghdil%%&t%%ggs eag vessel . The
acm/at ed catelrgpstor waslshgtidown wilke fredhicls e cdll@pd fagrthqunigladddel VhR 150/ 6,
Prosnent Olita, . .German tgo a port on t side. of. t tor. The flow
Fare of 15 1 M ERTE R rdrR e M muathg e dmfs GREEY wnl oh < e

cat al yst sol used@id teprodues gielldidamnp thdiealdneestrivé SHRlprodhé wereacamvent was used
to purge the feed | jnes_apd the reactor, The solvent feed was tied in via
three-way vafteovemieht 0 (Gefors charastenizaliof t he | quid nononer feed Iines.

The toluene solvent was distilled and stored under nitrogen
15 Materials

Propylene Grade 2.5 (BOC) was obtained in 100# low pressure cylinders.

Properties are listed in Table 1.

Table 1. Propylene properties

Propylene CiHg
Molecular Weight | 42,078 g/mol
_ Density (25 °C, 1bar) 1.7229 kg/m®
C Density (125 °C, 800 bar) 544.9 kg/m’
Critical Temperature 91.85°C
Critical Pressure 679 psi (46.2 bar)
Purity 99.95%
20 Activator and scavengers used were Methylalumoxane (Albermarle

Corporation) and Tri-isobutylaluminum (Sigma-Aldrich). Properties listed in
Table 2.
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20 in a feed vessel that was kept under 50 psi (3.4 bar) head pressure of
N2. This feed vessel was al so equipped with a differential pressure gauge
t o nonit or widweostoadoseene i nventory. y.. In a typical expesiodiizaethe reactor
was preheated to approximately 10 15 C bel ow that of the desired reaction
tenperature. Once the reactor reached the 25 desired preheat tenperature,
the catal yst punp was turned on to deliver toluene to the reactor fromthe
sol vent vessel. After the flow of toluene to the reactor was verified by
nmoni toring the amount of toluene taken fromthe solvent vessel, the nononer
punp was turned on. The reactor was purged when the pressure increased to

-5000 psi (--345 Bafids, li»yogeﬁepm& gﬁ‘nﬁ a&%i.ebaﬁluﬁﬂsa{butﬁmrﬁmmduced the 30

pressure |n the reactor and verif ports 1h the reactor were
operational. - 13WWW¢ZW all val ves had
been tested and tlhe reactor reached tHe desired reaction ressure, a

t hree-way val ve ombbreriaten al yst feed ||iM#&Owas actuated to sgtart the catal yst
solution flowto géﬁTEdblUT The—arrivgi: mlrolhéhté‘ catatyst—4o the reactor was
indi cated by an ijncrease in the reactilon tenperature caused by the
exothermc 5 pol erolemeghlteactl on. '..IOI pinot he | i ne-out period, the

catal yst feed an otk rat-es w‘mﬁrég—a‘dj—tﬁi—eﬂ—f—m“e-at-h and nmai ntain the
target reaction thﬁS‘é a(tzél and presqure. Once the reacton reached steady
state at the desijred condl tions, product coI | ection was sWwtched over from
t he waste coll ect otf—bat-anc ptp cotHtecttorrivessel . The
reactor was typi caﬁ Voqlﬂ?ﬁahb’ﬂmblal ance té’t%ﬁ}{go to 10 90 nijn, after which
the effluent was jrabrevistied to t he wag t'I%ADI | ecti on vessel [and the reactor
V\ﬁSShUt down. T ret-e—eot-6 +t+he—oenm~batance vessel. The
cofwer si on and rjﬁ‘éﬁ%‘x‘”@? wer e det gpw%gﬂ'ugased on thel|total feed used
and the product él:é:lhﬂnﬂwl ng the bal arqeoperm od. The products wer e vacuum

dri ed overni ght -C—pefore—eharache 15—Mater+dal s Propyl ene
Grade 2.5 (BOQ) engBt@P (D i n 1004 Imsgyg?;ure cylinderg. Properties are

listed in Table 1.

p-n

The metallocene catalyst used in the experiments was (p-di-
5 methylsilyl)bis(2-methyl-4-phenylindenyl)hafnium dichloride) (MW
628.82 g/mol).

The solvent used in catalyst preparation and for reactor flushing was
anhydrous Toluene from Sigma-Aldrich (see Table 3).

Table 3. Toluene properties

Toluene CsHsCH,
i' Molecular Weight 92.14 g/mol
Boiling point 110.6 °C
Density (20 °C) 0.865 g/mol

10

The toluene was used as received (18 1, N head pressure) for reactor
rinsing and flushing. The toluene used in catalyst preparation (1 1 sure-sealed
bottles, Aldrich) were further purified: inside the N,-filled dry box, a 2 1 round

bottom flask was filled with 1.5 1 toluene about 500 mg sodium potassium alloy
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Tabl e 1. Propyl ene properties Propyl ene C3H8 Ml ecul ar Wi ght 42,078 g/ nol
Density (25 C, |bar) 1.7229 kg/m Density (125 C, 800 bar) 544.9 kg/ m
Critical Temessatiswe 91.85 C Critical Pressure 679 pstriéheshzidas) Purity
99.95% 20 Activator and scavengers used were Mt hyl al unoxane (Al bermarl e
Cor poration) and Tri-isobutylalum num (Sigma-Aldrich). Properties listed in
Table 2. -139 WO 2006/ 025949 PCT/ 13S2005/ 024240 Table 2. Properties of

met hyl al um nunoxane and tri-i sobuty]al um num Methyl al um noxane CH3AI O
Abbr evi ation gwﬁg ehﬂgh h 8.01 g/ nol
Density (23 wéeh#gﬁd%ag%% aﬁﬂ%@%ﬂ?ﬂm%hﬁ&&ﬂaﬁl& al%g%btrrge\?l ation TIBAL
Mol ecul ar vuélagnnnna@&esghgmpm) waSArledmndmamBmOovmlgm atReh¥.ty (20 C) 0.789

g/ nmol The netal |l ocene catal yst used in the experinents was (-di- 5

met hyl si | yl ) Polymerzatiomednditiogsforthe indictisingl lexpeaifnenty ane distedindiablidd) (MNV 628. 82

g/ nol ). The yent used in catal yst preparation and for reactor flushing
was anhydrous lfI"oI uene from Signa-Aldrich (see Table 3). Table 3. Tol uene

properties Taxuaple | Pemp CrPressure | Residence Time
°C) kPa) (minutes)

6 122 203464 6.0

7 135 206243 5.2

8 137 202775 7.0

9 109 203333 5.3

10 135 206277 5.8

11 121 206167 5.8

| 2 148 | 203499 [ 5.4
C 14 121 _ 1207463 |65
15 112 210049 |66

16 175 206022 6.4

Characterization data for the polymer products are listed in Tables A, B and C.

Table A
Example 1 2 3 4 5
FinaPlas-
1251
Molecular weight 236 255 123 137
(Mw - g/mol) x 1000
Melt Flow Rate 7.1 43 12.4 99.1 2
(dg/min) '
Mw/Mn . 1.65
Tm (°C) 146 147 124 125 129
C Heat of Fusion (J/g) 53 29 42 36
Tc (°C) 97 105 83 66
| Tg (°C) -6 -9 -3
Polymenzation 121 113 122 137
TempTp (°C)
Mole % defects 5.9
Haze (%) (tested on a 6 16 5
4mil plaque)
DMTAE' 4.6E8 4.4E8
DMTAE" 5.6E7 3.9E7
Microstructure
(Nomalized
Population)
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Mol ecul ar Weight 92.14 g/nol Boiling point 110.6 C Density (20 C) 0.865
g/mol 10 The toluene was used as received (18 1, N2 head pressure) for
react or riwisj@eand flushing. The tol uene used in catdlydmbspigparation (I |
sure-sealed bottles, Aldrich) were further purified: inside the N2-filled
dry box, a 2 1 round bottomflask was filled with 1.5 | toluene about 500
mg sodi um potassium alloy -140 WO 2006/ 025949 PCT/ US2005/ 024240 (NaK) was
charged, stirred overnight, filtered through dried basic alum na. The

gl :JITi na (Baker L Gdtos Was {iried unggy vacuumovernyghtat I200 C.OI _—
ol ynmeri zati on{g ons T or Tt 5, T MadGRs 0t ISENTS ellisted in Table
| ¥ab| e | Exar /ﬁiﬁi"g.p Pt ca,lf?g%’c%z /on\.ck%qt/ﬁ &éﬁ\ ch‘;m m nutes) 6 122
1 206242 E 9D 12710 17 N 100 DNANDDDD K
200277 5.5 11000167 5 8] 12 14803baloa 5 4 14 hat 207463 6.5 15 112
210049 6.6 16|/ MmT206022 6 4] 5 1 (CRSTtlerizatlion dhta forlthe pol yner
products are |i|Bmm in Tables{A B af@48 | Tablel A Exhnple 1|2 3 4 5
Fi naPl as- Mmmn 0.0217
Mmor 0.0147
Mrrm 0.0383
Rmm 1 0.0078
b 0.0078
M 0.8872
R 0.1128
2,1 erythro 0.0080
1,3 regio 0.0006
-

Finaplas™-1251 is a syndiotactic.copolymer available from Total Petrochemicals

in LaPorte Texas having an MFR of 2 dg/min, a density of 0.88 g/cc, a melting

point of 130°C, a yellowness index (ASTM D-1925) of -3.7, an elongation at yield
5 of 11% (ASTM D-790), and an elongation at break of 250% (ASTM D-790).

[0001} TABLE B
Example 6 7 8 9 10 11
Molecular weight 179.8 160.6 117.0 | 217.0 | 203.9 1 2005
(Mw - g/mol) x 1000
Melt Flow Rate 12.4 26.1 99.2 292 11.5
(dg/min)
Mw/Mn - 1.74 1.49 1.58 1.45 1.51 1.57
Melting peak 148.4 126.2 122.7 126.3 125.3 129.2

temperature - Tm (°C)
o Heat of Fusion - AHf | 56.1 42.4 37.2 29.4 30.0 46.2
- (/g)

Crystallization 114.6 96.2 87.6 89.5 93.6 94.3
temperature - Tc (°C)
Glass transition -8.3 -8.8 -7.6 -7.2 -8.5 -6.5
temperature - Tg (°C)
Polymerization 122 135 137 109 135 121

Temperature - Tp (°C)
Microstructure (Normalized Population)

Defects (mole %) 227 10.12 10.09 12.26 10.51 8.70
1 triads {%o) 1 i1 11 15 11 9

g at Mw 0.981 1.034 1.024 1.042 1.056 1.028
Mmmm 0.921 0.540 0.550 | 0446 | 0.534 { 0.631
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1251 Mol ecul ar wei ght 236 255 123 137 w - nmol x 1000 Melt Flow Rate 7.1 4.8
12.4 99.1 2 (dg/mn) MV M 1.65 Tm C 146 147 124 125 129 Heat of Fusion
JI 53 29 43y3Rosinbsesds 97 105 83 66 Tg C -6 -9 -3 PO'PW@%iﬂéﬁ%hz%' 121 113 122
137 TenpTp C Mole % defects 5.9 Haze (% (tested on a 1 4m | pl aque)
DMIA E 4.6E8 4.4E8 DMIA E' 5.6E7 3.9E7 Mcrostructure (Nomalized

Popul ation -141 WD 2006/ 025949 PCTI US2005/ 024240 Mol e% defects 5.9 %rr
triads <20% <20% <20% <20% >90% m 0. 744 Mmr 0.0731 WMrr 0.0705 R

0.0048 M MR F M Doht T B P0135 ] 0.128 [ 0.134 | 0114
Mmr 0.017 | 0.121 0.129 | 0.127 | 0.127 | 0.11]
Rmmr 0.019 | 0.033 0.024 | 0.045 | 0.023 | 0.025
Mmmn 0.003 | 0.043 0.035 | 0.077 | 0.042 | 0.032
Mnr 0.001 [ 0.025 0.028 | 0061 | 0.033 [ 0.020
Mrrm 0.012 | 0.069 0.064 | 0.062 [ 0.065 | 0054
Rmrm 0.005 | 0.025 0.022 | 0.031 | 0.026 | 0018
Rrrr 0.001 | 0.016 0.014 | 0022 | 0015 | 0.013
M 0974 | 0.796 | 0.801 { 0.737 | 0.789 | 0.833
R 0.026 | 0.204 0.199 | 0263 | 0.211 | 0.167
2,1 erythro 0.0093 | 0.0064 | 0.0065 | 0.0054 | 0.0068 | 0.0071
1,3 regio 0.0013 | 0.0025 | 0.0030 | 0.0009 | 0.0025 | 0.0012

Table C
- Example 12 13 14 15 16
Achieve
1635
Molecular weight (Mw - 102 236.2 | 2545 332
'mol) x 1000
Melt Flow Rate (dg/min) 133 7.1 4.8 10440
Mw/Mn 1.58 1.438 1.78 1.65
Melting peak temperature - 148 148 145 1433
Tm (°C)
Heat of Fusion - AHf (J/g) 71.7 66.4 53 96.6
Crystallization temperature - | 114.4 108.7 105 112.1
Tec (°C)
Glass transition temperature - | -7.8 -7.8 9.5 Broad
Tg CO)
Polymerization Temperature - | 143 121 112 175
Tp (°C)
Haze (%) (tested on a 4mil 34

C | plaque)

Microstructure (Normalized Population)

Defects (mole %) 8.67 5.93 7.74 4.65
it triads (%) 8 6 7 3

| g’ at Mw 0.992 1.035 | 1.032 | 0970
Mmmm 0.602 0.733 § 0.669 | 0.804
Mmmr 0.128 0.082 | 0.096 | 0.076
Mmir 0.108 0.072 | 0.100 | 0.037
Rmmr 0.023 0.024 ] 0.022 | 0.015
Mmmm 0.031 0.018 | 0.023 | 0.018
Mrr 0.020 0.015 | 0.019 | 0.009
Mmm 0.057 0.035 | 0.043 | 0.022
Rmm 0.020 0.013 | 0.018 § 0.015
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Rmrm 0.0078 r 4 0.0078 MO0.8872 R 0.1128 2,1 erythro 0.0080 1,3 regio

0. 0006 FinaplasTM 1251 is a syndiotactic copol yner avail able from Tot al
Pet r ochem @& fwezfbad-aPorte Texas having an MFR of 2 dgiaiResdeagensi ty of
0.88 g/cc, a nelting point of 130C, a yellowness inde M%ASTM D 1925) of
-3.7, an elongation at yield 5 of 11% (ASTM D-790), and an el ongati on at
break of 250% (ASTM D-790). [0001] TABLE B Exanmple 6 7 8 9 10 11 Mbl ecul ar

wei ght 179.8 160.6 117.0 217.0 203.9 200.5 w - mol x 1000 Melt Flow Rate
12. 4 26.1 992292115 —(dug/mmmy v vh—1—7¢ St o8t AL, 151 1.57

Mel ting peakliBg—4—426—2—4227 :%013 S 5 qogonf L borf Thateation Lol
Fusi on - AHf M1 424 372 29 4 0830l 45 » (VBN S0 W00, ) 0T 1 6 g6, 0
87.6 89.5 93 Q167 ¢ g nccormgngﬂﬂi"%n o078 15 8" 76 -7 2
-8.5 -6.5 t eyhaire - Tg C PolOPRSY | 7at i on €998013604H 7 96081 45 121
Tenperat ure ELIEEG M crostruct ul 800Kt nal i zeld0pesul 6.0008n) 008454t s nol e %

2.27 10.12 10. 09 Hia6™0253 is SsyAdjotactictcopodchesr Spailatdd frah To®l 11 9 at My 0. 981
1.034 1,024 jPe %emlcz(ﬂs n L]aPQr?e8l'exas having an MFR of 2 dg/min, a density of 0.88

g/cc, a melting point of 130°C, a yellowness index (ASTM D-1925) of -3.7, an

elongation at yield of 11% (ASTM D-790), and an elongation at break of 250%

5 (ASTM D-790).
Achieve™ 1635 is a metallocene homopolypropylene having an MFR of
32 dg/min, a density of 0.9 g/cc, a melting temperature of 149°C, an Mw/Mn of
[ 1.8, and an elongation at yield (ASTM D 638) of 9%.

10 Blends

Two of the above polymers were blended with a polyalphaolefin to prepare
a plasticized polymer composition. Details are presented in Table D

15 Table D
Example 1 2 3 4
Ex. 4 Polymer 85¢ 80
X. 3 Polymer 8.0g 90
SHF-101 15¢g 20g 20 10

SHF 101 is a polyalphaolefin oligomer formerly available from ExxonMobil
::: Chemical Company having a Viscosity Indexof 136, a KV100 of 10 ¢St, a pour

point of -54 and a specific gravity of 0.835 (15.6/15.6°C). A similar

polyalphaolefin is now available under the trade name Spectrasyn™ 10 from

20 ExxonMobil Chemical Company in Houston, Texas.

While certain representative embodiments and details have been shown to
illustrate the invention, it will be apparent to skilled artisans that various process
and product changes from those disclosed in this application may be made without

25 departing from this invention’s scope, which the appended claims define. Ali
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Mmm 0. 921 0. 540 0.550 0.446 0.534 0.631 -142 WO 2006/ 025949 ‘

PCT/ US2005/ 024240 Mmr 0.021 0.128 0.134 0.128 0.134 0.114 Mmrr 0.017

0. 121 0. 1290 @uoq/@7949. 127 0. 111 Rnmr 0. 019 0. 033 0. 0ZEcQudadesotx2H23 0. 025
Mirm 0. 003 0.043 0.035 0.077 0.042 0.032 Mrr 0.001 0.025 0.028 0.061 0.033
0.020 Mrm0.012 0.069 0.064 0.062 0.065 0.054 Rnrm 0.005 0.025 0.022
0.031 0.026 0.018 Rrrr 0.001 0.016 0.014 0.022 0.015 0.013 MO0.974 0. 796
0.801 0.737 0.789 0.833 R 0.026 0.204 0.199 0.263 0.211 0.167 2,1 erythro
0. 0093 0. 0064te@ pAlEHes) 13t fIERAuré), Pty &bclidnts, ardd cthdr SdQAoBlintiik3rdd. 0025 0. 0030
0.0009 0.0025 0,0012 Table C' C Exanple 12 13 14 15 16 Achieve 1635

Mol ecul ar  wefuljhincerpgrated byomfepenee tp thesxtet tha this matgrial js cogrienk itk F| ow Rat e

(dg/ mn) 13347. : M4 : . - Meldlng peak
tenper at ur o s iich i By Mol it dboluRis 00 057 6 4 6
96. 6 Cryst aCtranefeatons ¢fahqyeesantumentioniteddedcribeBinZerb®bf dkPofl Tc C d ass

Lransi t4on ¢ SIRSLALBES s disd soror furmdich 185039 C oo ORUIRA' 2211 0"
discloses all ranges formed by any combination of these limits. All combinations

of these limits are within the scope of the invention unless otherwise indicated. It
should be appreciated that ranges from any lower limit to any upper limit are

within the scope of the invention unless otherwise indicated.
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T C Haze (% (tested on 34 a 4m t" plaque) Mcrostructure ormalized
Popul ation) Defects (nole I/0) 8.67 5.93 7.74 4.65 rr triads %8 6 7 3 at
Mv 0.992 1.035 1.032 0.970 Mmm 0. 602 0.733 0.669 0.804 Mmr 0.128 0.082
0.096 0.076 Mmr 0.108 0.072 0.100 0.037 Rmmr 0.023 0.024 0.022 0.015
M m 0. 031 0.018 0.023 0.018 MmO0.020 0.015 0.019 0.009 MrmO0.057 0.035
0.043 0.022 Rmn 0.020 0.013 0.018 0.015 -143 WD 2006/ 025949
PCT/ US2005/ 024240 Rrrr 0.011 0.008 0.010 0.004 M 0.833 0.891 0.858 0.930
R 0.167 0.109 0.142 0.070 2,1 erythro 0.0061 0.0080 0.0071 0.0083 1,3
regi o €LAIMS 0. 0006 0. 0008 0.0045 Fi napl asTM 1251 is a syndiotactic
copol yner avail able from Total Petrochem cals in LaPorte Texas having an
MFR of 2 dg/min, a density of 0.88 g/cc, a nelting point of 130C, a
yel | owneasprotdexo pAShdriz: b&Tmy cofnprising ,coﬁﬂactlr%l i g ol @flerdation eyster®f oldfido (ASTM
D-790), and an el ongation at break of 250% 5 (ASTM D-790). Achi eveTM 1635
is a mECAPMES AAENg HHEHY PYCSAPOB A Nitig an MFR of 32 dg/min, a density of

.9 g/ EHB@ f 149C, an MVM Mn of 1.8, and an el ongation
at yi el(fgl (A§Wagbé%§ {9‘%%0%@

an activator,

3) optionally comonomer, and

4) optionally diluent or solvent,

at a temperature above the cloud point temperature of the polymerization system and a pressure
no lower than 10 MPa below the cloud point pressure of the polymerization system and less than
1000 MPa,

where the polymerization system comprises the monomers, any comonomer present, any diluent
or solvent present, and the polymer product, and

where the olefin monomers are present in the polymerization system at 40 weight % or more,

wherein the metallocene catalyst compound is represented by the formula:
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10 Bl ends Two of the above polyners were bl ended with a pol yal phaolefin to
prepare a plasticized polynmer conposition. Details are presented in Table D
15 Table DIExamle 1 2 3 4 |Ex. 4 Polyner 8.5 80 | Ex. 3 Polyner 8.0 90
HF-101 1.5 20g 20 10 SHF 101 is a polyal phaol efmoligoner fornerly

avai | abl e from ExxonMbbi|l f~K Chem cal Conpany having a Viscosity | ndexof
136, a KV 100 of 10 cSt, a pour point of -54 and a specific gravity of
0.835 (15.6/15.6C). A simlar polyal phaolefin is now avail abl e under the
trade nane SpectrasynTM 10 from 20 ExxonMbil Chemi cal Conpany in Houston,
Texas. whtel e certain representative enbodi nents and details have been shown

to illustrate. .the |nventi it wij]l.be apparent to skilled artisans that
vari ou Braotﬁaélglgong}? 1B‘Fei%%ﬁ(gﬂo@r%%lﬁ’eisoﬁ‘tﬁ%mrﬁﬁbcstgbq& sclosed in this

appl i caidhor! nﬁyidagpdma@lmwsélhabu f2ém OBp agrbiip ohsiGAg ldif ShyldiveRA ih9droSarbgiope,

whi ch the appended clains define. Al -144 WO 2006/ 025949 PCT| US2005/ 024240
cited pehstntaed hydsegarhy] gad finctignal groups prd, ardoimBn BEOUPA My drenkinked; previded
docune . f ol ' -Or . has.. this

mat er i gfaﬁf?ﬁegt(‘)vr?si séé‘%ﬁs%g{lﬁ&gf%ggts}%ég?%cgﬁﬁ%%ugaﬁlcfhgg?&gl }lll,l\? thicff ctions in
whi cht _satmhRiznisg'mdepe@géxgry isslfcp:ted nﬁm? ettie gltﬁeps ]Ecmgsistirggab!ﬁrlq,zliimg‘en,t fhg?xpc@tsﬁlnt |

i nvention are descri | er of a get o nunerical upper limts and a
set of SHRsftgddydrqcatyt of 4 fngtiona |°§P’§B§éW? PEReredh eraprsanasksiinied togsiises

for med (DprAny 2BRHHRC RRkIRteinghese Timts. Al conmbinations of these Iimts
are within the scope of the invention unless otherwise indicated. It should

be app&?éd:dcaltlunidrlsﬁjtcom;anges fromany lower limt to any upper limt are

wi thin Rt4 ?s%y%googgg, h(%f]cdrgcgr%yi,gl\lll?srtﬁdtg&y%%c%r Syl 81t EP Elrn\c/:\{iiosn%l igrrc]:gli);c ated. C.145
ais®, 1, or2;
R’ is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, R* and R® may be
bound together to form a ring, and R® and R* may be bound together to form a ring;
bis0, I,or2;
R® is carbon or silicon; and R* and R® may be bound together to form a ring;
each R’ is independently selected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl and a functional group;
cach R® is independently sclected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl and a functional group, and R’ and R® may be linked together to form an
aliphatic or aromatic ring;
each R’ is independently selected from the group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl and a functional group, and two R” groups may be linked together to
form a ring, R® and R® may be linked together to form a ring, R’ and R'® may be linked together
to form a ring, R” and R'' may be linked together to form a ring;
cis0,1o0r2;
R is -M*(R'6),- where M? is B, Al, N, P, Si or Ge, h is an integer from 1 to 2, such that the
valence of M? is filled, and R'® is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional
group, and two R'® groups may be linked together to form a ring;
dis 0, 1, or 2;
each R'' is independently selected from the group consisting of hydrogen, hydrocarbyl,
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CLAIMS 1. A process to polynerize olefins conprising contacting, in a

pol yneri zati on system olefin nononers having three or nore carbon atons
with: 1) a netallocene catal yst compound, 2) an activator, 3) optionally
conononer, and 4) optionally diluent or solvent, at a tenperature above the
cl oud point tenperature of the polynerization systemand a pressure no

| ower than 10 MPa bel ow the cl oud point pressure of the polynerization
system and | ess than 1000 MPa, where the polynerization system conprises

t he nononers, any conononer present, any diluent or solvent present, and

t he polsyhsamtqnlr hmﬁmarbymud wHenaionilegrotye fand two R rgn cmpamydjeehldmi togethelneo

I t t 4 % tall
e Y e A e e S

R s R&boh h{@Z)c Rl MlO)d \R (C(R11)2)e RB R R7 R12-R2 (R 13 R15
R 1\ (R14)9 R2 - 146 V\,here
eis 0, 1,0r2;

where the sum of ¢, d,and e is 1, 2 or 3;
R'? is carbon or silicon;
RBis hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, and R'* and R!* may
be bound together to form a ring, and R" and R'® may be bound together to form a ring, when g
is 0;
fisQ, 1, 0r2;

14 is hydrogen, hydrocarbyl, substituted hydrocarbyl or a functional group, and R'* and R'2 may
be bound together to form a ring, when fis 0;
gis 0, 1, or2; and

R" is carbon or silicon.

2. The process of claim 1 wherein R? is carbon, and or R is carbon, and or R'? s carbon, and or

R" is carbon.

LS )

. The process of claim 1 wherein the process is a continuous process.
4. The process of claim 1 wherein R* and or R® is CH,.

5. The process of claim 1 wherein RY is CH,.

6. The process of claim 1 wherein R is CHa.

7. The process of claim 1 wherein the metallocene catalyst compound is represented by the

formula:
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Mis a transition netal selected fromgroup 4 of the periodic table; each R
is independently selected fromthe group consisting of hydrogen,

hydr ocar byl , substituted hydrocarbyl and functional group, and any two R
groups may be |inked, provided that if the two R groups are |linked, then
they do not form a butadi ene group when Mis Zr; each R2 is independently
sel ected fromthe group consisting of hydrogen, hydrocarbyl, substituted
hydrocarbyl or a functional group, and two or nore R2 groups nay be |inked
together to forman aliphatic or aromatic ring; R3 is carbon or silicon; R4
IS hydrvoenrzhydrocarbyIR7substltuted hydr ocar byl or a functional group; a

is O, Ql/ 2; Ry _is hydrogen, hydrocarbyl, substituted hydrocarbyl or a
functi opat™e : '?/A“ R5 may be bound together to forma ring, and R5
and R3 rto formaring; bis 0, 1, or 2; R6 is carbon
or silie d K6 may be bound together to forma ring; each R7 is
i ndependemp ron1the group consisting of hydrogen, hydrocarbyl,

subst i tg’ed\ ydr ocay byl th9 functlonal group; each R8 is independently

sel ected frdm the ir oup chS|st|ng of hydrogen, hydrocarbyl, substituted
hydr ocar byl and qwfunctlonﬁp)group, and R7 and R8 may be Ilnked together to
forman aliR 1 arowatlc ring; each R9 is independently selected from
t he group conS|st|ng of e'bggn, hydrocarbyl, substituted hydrocarbyl and
a functional groug, ang/two RO groups may be Iinked together to forma
ring, RO and # |inked together to forma ring, R9 and R16 may be

| i nked toget her o=form a ring, R9 and R 1 may be |inked together to form
aring; cis 0, 1 W RI10 is -NQ(RlG)h where M is B, Al, N, P, Si or GCe,
h is an integer fj 3 S I éh that the valence of M2 is filled, and R16

i s hydrogen, ed hydrocarbyl or a functional group,
and two R16 g nked together to formaring; dis 0, 1, or 2;
each R' is independent el ected fromthe group consisting of hydrogen,
hydrocar byl , -147 substit®ed hAydrocarbyl and a functional group, and two

where:

M, R', R? R7, Rs, Rg, Rm, R“, ¢, d, and e are as defined in claim 1.

8. The process of claim 1 wherein M is hafnium or zirconium.

9. The process of claim 7 wherein M is hafnium.

10. The process claim 1 wherein R'is hydride, amide, a hydrocarbyl, or a halide.

11. The process of claim 7 wherein R' is selected from the group consisting of methyl, ethyl,

trimethylsilylmethyl, trimethylsilyl, phenyl, naphthyl, allyl, and benzyl.

12, The process of claim 1 wherein R?is methyl, ethyl or propyl.

13. The process of claim 1 wherein R is hydrogen, methyl, ethyl or propyl.
14. The process of claim 1 wherein R® is hydrogen, methyl, ethyl or propyl.

15. The process of claim 1 wherein R’ is hydrogen, methyl, ethyl, propyl or phenyl.
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forma ring R" and R8 may be linked together to forma ring R' and R16 may
be linked together to formaring; eis 0, 1, or 2; where the sumof c, d,
and ais 1, 2 or 3; Rl2 is carbon or silicon; R13 is hydrogen, hydrocarbyl,
substituted hydrocarbyl or a functional group, and R13 and R14 may be bound
together to forma ring, and R13 and R15 nay be bound together to forma
ring, when g is O; f is O, 1, or 2; Rl4 is hydrogen, hydrocarbyl,
substituted hydrocarbyl or a functional group, and R14 and RI2 may be bound
together to forma ring, when f is O0; gis 0, 1, or 2; and Rl5 is carbon or
si |'i corl6. The Frocessrofcleirs  ofherdimRi it Sittiex 8i(GHBS, SiBhu Si(biphenylaBiErtod):i

carbon, and or R12 is carbon, and or R15 is carbon. 3. The process of claim

aner oi 1" RInaRigeER SEE R T PRI TR BUEoBEREERY, el BHERER Rua”i &' G

6. The process of claim1l wherein R14 is CH2. 7. The process of claiml
wher ei 8t The pricedslof claie 1 aelicadiy e samnyfeuddind & iy Epr2sented by the fornul a:
-148 R2 R2 R7 50R8 R2 R2 (C(R9)2)c R _MN ( 10)d R(C(R1)2)e RB R2 R7 O
R2 R2

19. The process of claim 1 where the sum of ¢, d, and e is 1.

20. The process of claim 19 wherein:

M is hafnium, R' is selected from the group consisting of methyl, ethyl, trimethylsilylmethyl,
trimethylsilyl, phenyl, naphthyl, allyl, and benzyl, R? is methyl, ethyl or propyl, R” is hydrogen,
methyl, ethyl or propyl, R® is hydrogen, methyl, ethyl or propyl, R® is hydrogen, methyl, ethyl,
propyl or phenyl, R'" is SiMe,, Si(CH,) 3, SiPhy, Si(biphenyl),, Si{o-tolyl),; and R''is hydrogen,
methyl, ethyl, propyl or phenyl.

21. The process of claim 1 wherein the metallocene catalyst compound is represented by the
formula:

Me Me

where:
M, R, R®, and R'® are as defined in claim 1, and Me is methyl.

22. The process of claim 21 wherein M is hafnium, R! is a hydride, methyl, ethyl,
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R2 where: M R, RR R7, R8, R9, R10, R', c, d, and e are as defined in
claim1. 8. The process of claim1l wherein Mis hafniumor zirconium 9.
The process of claim7 wherein Mis hafnium 10. The process claim 1l wherein
R is hydride, am de, a hydrocarbyl, or a halide. 11. The process of claim?7
wherein R1 is selected fromthe group consisting of nethyl, ethyl,
trimethylsilylmethyl, trimethylsilyl, phenyl, naphthyl, allyl, and benzyl.
12. The process of claim1 wherein R2 is nmethyl, ethyl or propyl. 13. The
process of claim1l wherein R7 is hydrogen, nethyl, ethyl or propyl. 14. The
pr oces sriméthylsdylmethyhitemethylsigl, ipbeﬂw,dmapgéxml attgh, loy bengd, B isdrydprgepymethyl5. The

a0 180t ad et e, Mol Rien e Mo eeclny 5. ipnp,

Si (bi phenyl)2, Si(o-tolyl)2. 17. The process of clalml wherein RI1 is
hydr ogen, THeplogéss ofthith | vitietidy R® Q;rnopblpnaﬂyl grbBp. The process of claim1
wherei n the sum of ¢, d, and e is 1 or 2. 19. The process of claim1l where
the sumof_c, d, iis 1. .20. The proces of cl a| 19 wherei Mis

haf ni urfft- Rhe PECEss( 2&1@3& Lvthsrgip e teiseRcTty il FoRgPRn rh%fwrsent ﬂmhe one

trimet hyl 'f{)ﬂd»ﬁﬁ%h?fhmlaet rimethylsilyl, phenyl, naphthyl, allyl, and benzyl,
R2 is net or propyl, R7 is hydrogen, net hyl , ethyl or propyl, R8

is hydrM;eF net hyI et hyl or piopy R9 is hydrogen, nethyl, ethyl, propyl
or pheny R1E S I\/e2, Si (CH2) S LR Si (bi phenyl )2, Si(o-tolyl)2i and
R 1is ] sl , et hyl phenyl . 21. The process of claim
1 wher ey ocene cat al s represented by the formula:
e M 0 I\/BSi(Rle)ZM

where Me is methyl, Hf is hafnium, Ph is phenyl, and Si is silicon.
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M M Me M where: M RI, Rs, and R16 are as defined in claim1, and Me is
met hyl . 22. The process of claim?21 wherein Mis hafnium Rl is a hydride,
met hyl, ethyl, -150 trinethylsilylnethyl, trinethylsilyl, phenyl, naphthyl,
allyl, or benzyl, R8 is hydrogen, nethyl, ethyl or propyl; and R16 is

met hyl, ethyl, phenyl, biphenyl, o-tolyl, or an arene. 23. The process of
claim1l wherein R8 is not a phenyl group. 24. The process of claim1l wherein
the netal |l ocene catalyst conpound is represented by the one of the
foIIovmngforrruIae M O M M M M MMe Me~Hf\ SiMe2 Hf SiPh2
Me Mew 51\/ET1WEPWECSSI\¢§ f}%lm N/ewwelwethwcﬂwrw a fEWNeaqid that igniges\the iridged/e>Hf ~

Si M2 a1k &R metdReMer fitoMealfR B provides a counterbalancing noncoordinating ion.

26. The process of claim 1 wherein the activator is represented by the following formula:
(S)u NCA™ )y
St+ is a cation component having the charge t+

NCAY isa non-coordinating anion having the charge v-
t is an integer from 1 to 3;

v is an integer from 1 to 3;

u and v are constrained by the relationship: (u) x (t) = (v) x (w); where St™) is a Bronsted

acid or a reducible Lewis acid capable of protonating or abstracting a moiety.

27. The process of claim 7 wherein the activator is selected from the group consisting of
trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate, tri(t-
butyl)ammonium tetraphenylborate, N,N-dimethylanilinium tetraphenylborate, N,N-
diethylanilinium tetraphenylborate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetraphenylborate,
trimethylammonium tetrakis(pentafluorophenyl)borate, tricthylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium tetrakis(pentafluorophenyl)borate, tri(n-
butyl)ammonium tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammonium
tetrakis(pentafluorophenyl) borate, N,N-dimethylanilinium tetrakis{pentafluorophenyl) borate,
N,N-diethylanilinium tetrakis{pentafluorophenyl) borate, N,N-dimethyl-(2,4,6-
trimethylanilinium) tetrakis(pentafluorophenyl) borate, trimethylammonium
tetrakis(heptafluoronaphthyl)borate, triethylammonium tetrakis(heptafluoronaphthyl)borate,
tripropylammonium tetrakis(heptafluoronaphthyl)borate, tri{n-butyl)ammonium
tetrakis(heptafluoronaphthyl)borate, tri(sec-butyl)ammonium
tetrakis(heptafluoronaphthyl)borate, N,N-dimethylanilinium tetrakis(heptafluoronaphthyl)borate,
N,N-diethylanilinium tetrakis(heptafluoronaphthyl)borate, trimethylammonium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, triethylammonium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, tripropylammonium (2-
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M M Me M M M where Me is nmethyl, H is hafnium Ph is phenyl, and Si
Is silicon. -151 25. The process of claim1l wherein the activator is a
Lewis acid that ionizes the bridged netallocene netal center into a cation
and provi des a counterbal anci ng noncoordi nating ion. 26. The process of
claiml1 wherein the activator is represented by the follow ng formul a:
(St+)u (NCA" )w St+ is a cation conponent having the charge t+ NCAv- is a
non- coordi nati ng ani on having the charge v- t is an integer from1l to 3; v
is an integer from1l1l to 3; u and v are constrained by the relationship: (u)
x (t) Pefﬂwrohipbw)yl)ameéh@r@th@ylﬁlkywlﬁmttlé(d -bugd)achneeni@n(2duci bl e Lewi s aci d

b 7. Th f claim?
whor o ReTheREER PR SR By e R B emer e g o
trimet Bvﬂﬂ@m@i@h&m&@eﬂwﬁﬂdmﬁﬁﬂm}ﬂ)bom «p\tmduaeﬂf?mhﬂhmmﬂz-aphenyl bor at e,

tripropyl anmoni um tetraphenyl borate, tri RN ammoni um t et r aphenyl bor at e,

tri (t- perggropiphealperiluorenhsrdelymdlbarate, NANi mlhyﬂum Fi ni um

tetra | bo at

N o BEPbPEeB A 5 AR o .3
tri met kylaflosrophengibositd, akétMlmnhaﬁhu@ﬁﬁlﬁh@)&H)Sh@ﬂfﬁllﬁaroﬁhéhﬁ) Both@moni um
tetraki s(pent af | uorophenyl )borate, tri | ammoni um . )
tetr akfrgqrﬂéﬂ%w%md%w@%ﬁém ue)rquﬁpyl £, bRy Ugmmonium tetrakis-

Lot r ak\ 2 nea % BRATINoIRE h Sy i AR 6

t et rali:_lesl(aﬁw':)pl:e:nykgrtbgmrt]ﬂz M]:\T)dlﬂnenhalamhnﬁml\l_fdgldkiﬂlhl3’J4£6Fl1ictrhﬂuamphenyl) bcr)]raTcéni i um
ot r ak oV BERbdraitiSh RHERT 2 DS TG bt pisnRl b AR e 2

t et r akipgh&iBPhAfihuaHRAAAN(NY| h%@@ﬁ@ﬁmoﬁl{ehﬁ; Mﬁrﬁqﬂb%ﬂ'ﬁyl)mnmomum

t et raki s( hept af | uor onapht hyI borat e tripropyl anmoni am

t et r ak eirakis ﬁaﬂmm;siﬁtbhwg lood éwclolnqxw!(anmmmm Jedmkistricntafluorophenyl)

tetrak hth ate tr|

t ot r akPaeRopERPRl I BRRRR b Bl B R BB PP RDifpronium

t et r akirtfakis@ental UaYoptiap!) byt Ad Bi(2.6- dlﬂcﬁy@h@{yﬂmﬁh@dﬂ)hbmﬁmum

tetrakis(he tafl uor onapht hyl ) borate, trimethyl anmoni um (2-
tetrakis(pentafluorophenyl) borate, triphenylcarbenium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium tetrakis(heptafluoronaphthyl)borate, triphenylcarbenium (2-
perfluorobiphenyl)s(perfluorophenylalkynyl)borate, trisperfluorophenyl borane, and

triperfluoronaphthyl borane.

28. The process of claim 1 wherein the activator is selected from the group consisting of N,N-
dimethylanilinium tetrakis(perfluorophenyl)borate and triphenylcarbenium
tetrakis(perfluorophenyl)borate.

29. The process of claim 1 wherein the activator comprises an alumoxane.
30. The process of claim 7 wherein the activator is a methylalumoxane.

31. The process of claim 1 wherein the activator is N, N-dimethylanilinium tetrakis

(perfluorophenyl) borate.

32. The process of claim 1 further comprising a scavenger selected from the group consisting of

trimethylaluminum, triethylalurmnum, triisobutylaluminum, tri-n-hexylaluminum, and tri-n-
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per f 1 uorobi phenyl ) 3( perfl uorophenyl al kynyl )borate, triethyl anmoni um (2-

per fl uor obi phenyl ) 3( perfl uorophenyl al kynyl )borate, tripropylanmonium (2 -152
per f 1 uor obi phenyl ) 3( perfl uorophenyl al kynyl )borate, tri(n-butyl)anmonium (2-
per f 1 uor obi phenyl ) 3( perfl uorophenyl al kynyl )borate, tri(sec-butyl)amoni um
(2- perfluorobi phenyl)3(perfluorophenyl al kynyl)borate, N, N-dinethylanilinium
(2- perfluorobi phenyl) 3(perfluorophenyl al kynyl)borate, N, N-diethylanilinium
(2- perfluorobi phenyl) 3(perfluorophenyl al kynyl)borate, trinethylamoni um
tetrakis-(2,3,4,6 tetrafl uorophenyl borate, triethyl anmoni um

t et r akiostyldyiBindmG- t et r af | uor ophenyl ) borate, tripropyl ammoni um

tetrakis-(2, 3,4, 6- tetrafluorophenyl) borate, tri(n-butyl)amoniumtetrakis-

Lot ki (19 bR SRR T hetof B Tuis ot bn e vk SRR i

tetrakis- (2 3,4, 6-tetrafl uorophenyl) borate N, N- di et hyl ani |'i ni um
t et r akilg: (TRe i}ro@eﬁ -df &lairafll wmranpllihe;sryéshrebﬂrﬁ&t polyhkriatlbireyshes is(aBove e cloud
tr|nethylan|I|n|Uﬁ;tetrak|s (2,3,4,6-tetrafl uorophenyl) borate,

(i - POBRHPIes aRelymstizatlonsyyieht af | uor ophenyl ) borate, and
dicyclohexylannnnlun1tetrak|s(pentafluorophenyl) borate
tri phemnyl i :
tri(o- ?gl %phospﬁgﬂ?%ﬁ]ﬁ lﬁﬁﬁggﬁgﬁﬁ#gﬁgg% eny § aos ggtelen, Isézr?' MPa or
tri(2, 6aat aed thy teshpematineph 64P Koon more. t et r aki s(pent af | uor ophenyl ) borat e,
triphenylcarbeniun1tetrakis(pentaf|uorophenyl)borate tri phenyl car beni um

t et raki tafluo napht hyl tri carbe fum (2- .

por {1 UGPOBTERERST SCIaPr | et B skl 1 PO B SR E B BB s 37 S MEagr
boranedmﬁeqndﬂkm@ﬁ&ihu@nguapMIamhmaorane 28. The process of claim 1l wherein
the activator is selected fromthe group consisting of N N
d|nethylanlI|n|un1tetrak|s(perfluoropheny borate and tri henylcarbenlum

t et r aki3d( picraraessbphelaye ) pukessia thopressprreoithe pelymesizatignayiiem iRdrieMbaidie
activat A 30. The process of claim7 wherein the
actlvaf%%eﬁgfg ﬁ%ﬁ% aeﬁﬁgggﬁg e The process of claim1l wherein the
activator is N, N-d|nethylanlllnlun1tetrakis (perfluorophenyl) borate. 32.
The pr 38edJde pfocessaifiplaimfluwhdrein thoprpssis ofgheapapraersragien systdng &t letivéen@h antie
group g@@ iéﬁing of trimethylalum num triethylalum num

triiso ;ﬁ “um num tri-n-hexylalum num and tri-n- -153

39. The process of claim 1 wherein the temperature of the polymerization system is between 105
and 140° C.

40. The process of claim 1 wherein solvent and or diluent is present in the polymerization system

at 0to 25 wt %.

41. The process of claim 7 wherein solvent and or diluent is present in the polymerization

system at 0 to 10 wt %.

42. The process of claim 1 wherein the olefin monomers having three or more carbon atoms are

present in the polymerization system at 55 wt % or more.

43, The process of claim 1 wherein the olefin monomers having three or more carbon atoms are

present in the polymerization system at 75 wt % or more.

44. The process of claim | wherein the olefin monomer having three or more carbon atoms
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octylalum num 33. The process of claim1l wherein the catal yst, the
activator or both are supported. 34. The process of claim1l wherein the
pressure of the polynerization systemis above the cloud point pressure of
t he pol ynerization system 35. The process of claim1l wherein the pressure
of the polynerization systemis 27.5 MPa or nore and the tenperature is 100
C or nore. 36. The process of claim7 wherein the pressure of the

pol ymeri zation systemis 27.5 MPa or nore and the tenperature is 105 C or
more. 37. The process of claim1 wherein the pressure of the polynerization
syst emcpmp2®s prapPlener nore and the tenperature is 110 C or nore. 38. The
process of claim1 wherein the pressure of the polynerization systemis

bet weenc2 T cess. of clai egein the tenperature
of thqubﬁ%}%gl‘r%ﬁsgtg ?8%%“2%5 eFﬁnllgc(’sr%(ge}[o\%/eeg?lSpfgﬁfm%gamﬁgl\g@f A’AO. The process of
claiml wherein solvent and or diluent is present in the polynerization
syst emd46atlThe ptawedSofwlaifio 1 Whereibhthe polyaessativh mddairmot theh@ominierS@inw@dinessNd or

diluent is present in the polynerizati systemat 0 to 10 w % 42, The
pr oces SORFRIE P ﬁﬁﬂfnmqﬁgﬁ hémo{s_éfq%n_ o REWSIFES FSPPRGT e 1§45 AEe0kar bon
at ons  @pRondh& $HiRturd Ebrﬁﬁfsitﬂ%’itﬂ%f bl}fﬁ?&dn%o%ﬂe%&@tﬁéé etlylede But TOILE; hed3- The

process of claim1 wherein the ol efin nonomers having three or nore carbon
at ons drese, ptosthylpenhlehe phityetopentadicnen negpotnene,atCi/Guomt BolofinyyoiGa-Crbd.  The

pr oces%iof %Lgi I whgr i the 8% %JQ nmononer having three or nore carbon
atoms  HEXAE W‘Elﬁln%eag ;Sﬁb(%wgﬁ?é. °#5™5The process of claim 1 wherein
conononer is present at 1 to 45 nole % 46. The process of claim1l wherein

t he pol4ynehé prissdf BRIt 46 Wwakrdnthe FOMOAGer COMPERRTRAE Sr moFObfkttléneabidtertd, | uent s
conprises from 55-100 w % propyl ene nonomer; fromO to 45 w% of a

conmpno ME¥eNg; oftogieae.conpri si ng at | east one cononomer sel ected from et hyl ene,
but-1-ene, hex- 1l-ene, 4-nethylpent-I|-ene, dicyclopentadi ene, norbonene,

C4- C2009 gP?h@Eés@ of clofti F48Rfkin &eipﬂfﬁf@ilzétfgnqm?efs ip'ﬂa%c P hbfthr £208P

a, co-di ol

49. The process of claim 48 wherein the tubular reactor has a length-to-diameter ratios of 1:1 to
20:1.

50. The process of claim 48 wherein the tubular reactor has a length-to-diameter ratio of 4:1 to
20:1.

51. The process of claim 48 wherein the tubular reactor has a length-to-diameter ratios of 1:1 to
500:1.

52. The process of claim 48 wherein the tubular reactor has a length of 100-2000 meters and an

internal diameter of less than 10 cm.

53. The process of claim 48 wherein the tubular reactor contains up to six different injection

positions.
54. The process of claim 48 wherein the tubular reactor is operated in multiple zones.
55. The process of claim 1 wherein the polymerization takes place in an autoclave reactor.

56. The process of claim 55 wherein the autoclave reactor has a length-to-diameter ratio of 1:1
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47. The process of claim46 wherein the conononer conprises one or nore of
et hyl ene, butene, hexene, or octene. 48. The process of claim|l wherein the
pol ynmeri zation takes place in a tubular reactor. 49. The process of claim 48
wherein the tubular reactor has a length-to-dianeter ratios of 1:1 to 20:1.
50. The process of claim48 wherein the tubular reactor has a

| ength-to-dianmeter ratio of 4.1 to 20:1. 51. The process of claim48
wherein the tubular reactor has a length-to-dianmeter ratios of 1:1 to

500: 1. 52. The process of claim48 wherein the tubular reactor has a | ength
of 100422®d. meters and an internal diameter of less than 10 cm 53. The
process of claim48 wherein the tubular reactor contains up to six different

00 oG 205 TR GE AR S LB R

t he poltydietr.i zati on takes place in an autoclave reactor. 56. The process of
claim55 wherein the autocl ave reactor has a length-to-dianeter ratio of 1:1
- 155 tg 2Q; 1. 57. T ?,g{fscegs of cl aiﬂ1 55 wherein.the autog] ve reactor has
a | ength: 1€ drogees relaily 3 Whgreindhg autpfaye mgactageontgins yy 9k difisrent imisclips 5

wher ei potifgnsaut ocl ave reactor contains up to six different injection
positions. 59. The process of claimb55 wherein the autoclave reactor is
operated in nmultiple zones. 60. The process of claim 1l wherein the process
conpr i 98s Thaprogesstof platyn $F ywheeesnitha guiorlers reactanis opeated impultinlocwes cat al yst
conmpound, and activator to the reactor; (b) continuously polynerizing the

Cont | méBusT PR TR GRL SOrSArnd BRER,colfBly cF YBMALRROT S5 of B

cont i nuohdineérs, Iagall@tnd GatabBRo BMpoUIN aid| dceiRatpo |ty e ; refc9r; r(BY LehtRgopsleSSUr €
to forn1? mononer-rich and a poJyner-rich phase; and (f) separating pononer
from t PELERFTIZIG, the gponomes Hp 7 8 zgtjo; gne W%‘P’éiuﬁd?rh@eﬁé?‘{/) RESEPY &t (D n
takes afiobély BrehfdPRhgl BRC & REQORS $roR ' 1 ; I oop
react o?bﬁtggma %i aerret etg of g%&{nggé?nac_@n anoll al err?gt P%Hé ol (W%%Iﬂmm?
separating monomer from molten polymer; (e) reducing pressure to form a monomer-rich and a

polymer-rich phase; and (f) separating monomer from the polymer.
61. The process of claim 1 wherein the polymerization takes place in a loop reactor.

62. The process of claim 61 wherein the loop reactor has a diameter of 41 to 61 cm and a length

of 100 to 200 meters.
63. The process of claim 61 wherein the loop reactor is operated at pressures of 25 to 30 MPa.

64. The process of claim 61 where an in-line pump continuously circulates the polymerization

system through the loop reactor.

65. The process of claim 61 wherein the process comprises (a) continuously feeding olefin
monomers, catalyst compound, and activator to the loop reactor; (b) continuously polymerizing
the monomers in a polymerization zone reactor under elevated pressure; (c) continuously
removing the polymer/monomer mixture from the reactor; (d) continuously separating monomer
from molten polymer; (€) reducing pressure to form a monomer-rich and a polymer-rich phase;

and (f} separating monomer from the polymer.
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of 100 to 200 neters. 63. The process of claim®61l wherein the | oop reactor
is operated at pressures of 25 to 30 MPa. 64. The process of claim 61l where
an in-line punp continuously circul ates the polynerization systemthrough
the | oop reactor. 65. The process of claim®61 wherein the process conprises
(a) continuously feeding olefin nononmers, catalyst conpound, and activator
to the |l oop reactor; (b) continuously polynerizing the nononers in a

pol ymeri zati on zone reactor under el evated pressure; (c) continuously
renovi ng the pol ymer/ nononer m xture fromthe reactor; (d) continuously
separ abtb.nGhapmerse of cliimp hwieteirethe polyyesratiohsystere domprises pnasgaractos. f or m a
nmononer-rich and a polyner-rich phase; and (f) separating nononer fromthe

001 YTk eSS LB F B BN R SR T

poIyneamgaﬁwgammmsten1conprlses a tubular reactor and autoclave reactor.
68. The process of claim 66 mherein the pol yneri zati on system conprises a

t ubul ar_react or a Ioo actor. 69. The process of claim1l mherfln t he
resi def®eThs pfgcqsg o ¢laimn @q-,g GIBI ﬁmlégnenzatlgg gystem comprises a tubular reactor an

a loop reactor.

69. The process of claim 1 wherein the residence time is less than 5 minutes.
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