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WD 2006/ 025949 PCT/ US2005/ 024240 TI TLE: POLYMER
PRODUCTI ON AT SUPERCRI TI CAL CONDI TI ONS 5 I nventors:

w@adosiozde4Br ant, Francis C. Ri x, Gabor Kiss, anpCRURING024240

Reynolds PCT PRIORITY CLAIM This application clains
the benefit of USSN 60/586, 465, filed July 8, 10
2004. US PRICRITY CLAIM This application clains 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 Septenber 22, 2003 which cl ai ns
the benefit of USSN 60/412,541, filed Septenber 20,
2002 and clalns the benefit of USSN 60/431 077 filed

continuation in part of US 10/667 586, flled
Sept enber 22, 2003 which clainms the benefit of USSN
68 Arkt@rs> Phiridii Brask, FragBis €TREK, Gdbor RAQZaBotek R dPoldse
benefit of USSN 60/431,077, filed December 205,
2002. FIELD OF THE I NVENTION This invention relates to
Eﬁﬁw&ﬂ,ﬁ efin nononers having three 25 or
s—ander supercritical conditions using
certain netall ocene catalyst conpounds. BACKGROUND
30 Since the m d-1980s netal |l ocene catal ysts have been
used i Fhikiappliqaties slames the benxtfiv 0§ USSR 6{)/§86,405, fiteddubyi 19
| ene- backbone pol yners including ethyl ene WO
1025949 PCT/ US2005/ 024240 copolynmers with
MPRPICRAFY €18A1Q1 nore of propyl ene, butene, and
hexene, al ong w ot her specialty nononers such as
4- et hyl - 1, 5- hexadi ene. For exanple US 5, 756,608 to

Gt ot Baaaieaie et B e PHESEN o o R HFE 6/ £°

CO6E, Y Sapphehtyd? i BXbRMRaR6 R HHsA STUS M0B6N84) Megssur e
condltlons has, however, been 'seen as inpractical and

uSepserabeyl22, 2003 wbn’pelaanwﬂlebemfmmf BISONOW AR, pHlo fyddene

critic 0 S r ci.a
cStermogs b, Wt Shenpafo IS ap A3 LYE s bhreber
P5 0xjode Th{%dag?fiéa@i%ﬁ%s al$&'% BortthubisH BFRRDGITRALY/667,5%6, fikd
i ncreased catal yst productivity, or
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.

FIELD OF THE INVENTION

This invention relates to polymerization of olefin monomers having three
or more carbon atoms under supercritical conditions using certain metallocene

catalyst compounds.

BACKGROUND

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

reactors--mainly for producing ethylene-backbone polymers including ethylene
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hi gher throughput, or shorter residence tines, etc.
Li kewi se new pol ypropyl ene 10 polyners are also in

w@onshza9 need for the preparati on of new and PEPUS20eE024240

products. Thus there is a need in the art to devel op
new processes capable of greater efficiency and

manuf acture of new pol ypropyl ene polyners. In addition
there is also a need for polymnerization processes that
are . flexihble en 0 _be used.w th other non IS,
Fespolms1Eh Sipgi it oDe G more s bt BinfaRg ReLche,
p:ﬂ!)%gbmtﬁ BfheP SpRRiity HEHRARYY SucRbS Pt 180 h&xadidne. For

granted to Andtsjo et al., di scl oses
quamp«lﬁUS |5(;7a$I6 a8 dp Jheghausepct y]rggcpczata acass ﬁmpolymenzmg C

rel ml.d condi,t 0,C.and |
(550 L kehet it Sadeet ool et 2 g Ros watugtign in
%ﬁ bieQG RO Rt s YRS, %w-goérsbeeﬁ%te@rms iRt ant fhFofkabR at
pyl ene copol ymerization at tenperatures or

pmemenanmes @A0chnahplve I&neghepylcrteamtmelmmtb édpmbessdo produed so

d | | di scl | k
SOTPHEFI R OH RTHEPEIUBPE S G ODE R MERAPFoithe
Cafvaht¥SdsSsuch 4 1r§>r9a§9d RAgivatyastigekehd Waﬁlsﬁﬁroaﬁotwny, or

describes a process for préparing ethylene copol yirers
vhigherghrohglipunorishomriresidenot times, ietcatliilsewiss newt pelyprbpylene

t bet 00-350 I\/P d
Ceatar B el 457 ooy it e heREP 9ot Shia A impraysde
O;B}Oéué@t TRIBLhO¥ECY fiQRE meéhm 8Mébelbp hewipHsBesREBAfABe JFS

5,408,017 describes an ol efin polynerization catal yst
f gneatalsdﬁanem)pwidynmfmrﬁ oﬁ n¢we pplpropyless polfymes0C- 160C,

el ©1 B S0 DA R AP LBPCAT AEPRERG D6 Prer

dgoqpR @ﬁbﬁg’thocﬁ bk %@Hﬁﬁ/ﬁﬁ Hfh%r RbRomadsd FbPednf1éla Hig]ﬁrbressure
producti vi 30 WD 93/11171 discloses a polyolefin

pprockss ta maqu)iacoiybmsnd draolyhexgneiis also dessrablenuous| y

f eedi al efi rmno [ an mef a cene catal yst

Ly ot enDs B B iy BB b 4 el BT B pylene
g@@hgﬁzwm %nar&r}elqmew i RUBhEIRERYBIOY1 (OO 4RI 1b&QRar €89
pr o a nononer polynmer m xture. Reaction conditions

kiePp prédsbwre)rusingisuppattedhZipglesdNatte adkmetal lbéeme cslytbtsemTéus
cl oud-poi nt pressure.. These condit.ions crea

AP 78 RELafe 4O BropKlsE RISl SELemRE iy drsures
t Bﬁc%1 & tﬁar?‘dés@HfE’&f&%Uv‘é eyt 3RO VBed {1 sPRi MR dSscloge bulk
melting point. US 6,355, 741 di scl oses a process for
ppmﬂ)demm]galmblyzﬂtlehluamg Isahabhguxa;upported metallocene catalysts.

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

WO 93/11171 discloses a polyolefin production process that comprises

continuously feeding olefin monomer and a metallocene catalyst system into a

2-
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wo e0osH2499Dp react or.

bi nodal nol ecul ar wei ght distribution. The process
conprises producing a first polyolefin fractionin a
The process coupl es this PCT/ES2005/024240
| oop reactor to a second | oop reactor that prepares a
second polyolefin fraction. At 10 | east one of the

| oops uses supercritical conditions. WD 92/14766
descri bes a process conprising the steps of (a)
cont.i nugusl| feeding. ol efi ni,c r._an | yst
ek Plipnom it s Bbly B SpBTAAE bt FubR e
CATpRBeRtxtureO Rleh@ion@aadifibns Kd2p teie RiiktitkOAt Sl pressure below the
pol ymeri zing that nonomer in_a polynerization zone

r sateny clovdipeinkprsssare d ipseeanditions cecptelsp phet-neloansi 3/

R B Y SRR T Bt et ST R B Bob At
PRENBpointe) reducing pressure to forma nononer-rich

and a polyner-rich phase; and (f) separating nononer
from VURé,I58atdlalisclages spreess§acpraduning pasolptiproying a

G B G B o YL e PRt i
PR IyoTefih Eadti o inQAGTH 180p FfeadtOr.| TIRY procds®Bourdéd thisist loop
hydr ocarbon. After the | oop reactor, the reaction

needétaniota sgaend loop mastos thag preppress eeqoad pobyplefindrastion. At

- ph hy| | t . . Th |
e RRE AP gt T0E MR RE BB ol ot ar i ght
di st riauh bpN4764 dedcribed a prdcebLEBmpritthe 6@pédf (a) continuously

4,130, 299) descri bes propYIene 25 pol yneri zation at
1#peding plefimBlmonemenpod agatalyst system, with a metallocene component

( 2C(fl uprenyl ) (cycl opent adi enyl.) zi r coni,um . .

(A SerlabyeERenkh e L RPIOR T it PO Rerizing that

t foABh&Yih 3l polyrieHRatiba el 8actdainldv dldvatedl prefRare &Y to be
8380 gPP/g Ic' h. The MVis reported to be 2,000. CA
2¢ontisuquisly remsyingetbe polymst/ monepyt mixdung dropmrtheirgantoro )
mﬁth.etq¥lene ﬁt 190C and 1508, bar usin% 30, . ¢
(CIBPIRHY FRABHYS TR RFLERRTAABRINET 3 R ng pressure to
Aozl R b &OHON 2.2 polfahdN Al phERX 2R (fB&parating monomer from
trimethylal um num talyst activity is reported to be
- heWRcRE06/ 025949 PCT/ US2005/ 024240 243589

Pol y lo hr.. Th i s r.eppr.ted t e 10,000, ..
V02004V 03655 5 ket bniodsT e OB mbtustBp gt ivention'
ofifst [dastof QERY is%i 106D rea&BE MGV BIYpollyeAzARNIBYs ZRhd RBrt, low-
system olefins having three or nore carbon atons
eiinghydiocdryest ABerpbeladp feagtsh, ths reachien miefliggeinalsits into a
agz}sl-ﬁfl%georreactgp &hgrg aglaté—ghase ethylene polymerization occurs. The polymer
produced appears to have a bimodal molecular weight distribution.

CA 2,118,711 (equivalent to DE 4,130,299) describes propylene

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

methylalumoxane and trimethylaluminum. Catalyst activity is reported to be

3-
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5 conmononer, and optionally diluent or solvent, at a
t enperature above the cloud point tenperature of the

w@elognoeizat i on system and a pressure no | ower PCTES2085/024240

OWPa bel ow the cl oud point pressure of the

pol ynmeri zati on system where the polynerization
system conpri ses any conononer present, any diluent or
sol vent present, the polynmer product, where the

or EoBRPOEIGH B b i SRR Erod ORI, ¢ A Fous

pr ocesyrRR(ABM2694 1adll)félb§as @prédesd ©polyheerize olefins comprising
honopol yneri zati on or copol yneri zation of unsaturated

nmﬁ;acgns,, in pamiyrmnizandnysystene opsding eying threeer méreshbonatoms

| i cat
" Sith eannA Syt (R s h el forenelreh Sayte hafonelly ar
VEdrdHontih] dn@l OEﬁBheﬂgl Aludht Jr%bﬁtehtvsd a\/teﬂ@é{aame ABYVRGRe¢ dbud

wei ght distribution. Chiral bis-indenyl netallocene
cpainl tgmipsrahae of the pnlynseidatian gysteprand anretshie norlpwenthhn ne

05 R S 0 o BESRATE g, SSBBRBEe
18 $heriN¥eRn %wtérﬁ |coHi§P1§és| ARG BBoRGHhE predest, Q@y@ﬂ@nﬁ@r RBRAL

prepared which yiel atactic pol ypropyl ene and
cpiesany,ithe Bolymesmduct Wwhert the\efais lovmgdhiBa e opgcarbon atoms

Pol yol efi n Eds. Schiers, W Kani nsky; Wley; NY,
Zﬁfﬁéres %t'i“}ﬁo gi’é(y]?’if@f’@ are chiral catal ysts which

oper at ey RRIMBRNvATRS Prévkbdes Hi?(ﬁeaté/l?rﬁi gtisigop@kypr opy! ene
with crystallinity I ess than highly crystalline and

nhereopdigmerigation hocapolyyesrzativn gf umht@mecbmpn@her@,alaatllqnéarb'

Sl et Ao
nﬁcﬂ%ﬁﬁﬁ to ke RGhi SH/Bi ghY SeLIFE mASculs? Wi &R Widié having a

descri bes bri dged chlral net al | ocenes as catal ys s
um&twlelyfrmrrowohelhctriamelgh@hstmhummh Chige beAndernyhmetaligeene
/ 00045 SAJ W2002/ Q83753A1, ..and
A aYsy bR lisddo pepa éﬁy EpsiPHedse Wi geproyiéne and

pe@%:@ln%?@6@5&15&1%%&1%9&%0@@(1@3&1{1sL t@féhi ReWZOOO 100,
withi'n the propyl ene sequences using the chiral

me2 ) Noewhlralanetm@Sné gathlysie hyve) fs¢f b@ﬁ pmpdredmhldnylzldwg
30 tivyat 408 I th
p?%%gﬁ’ ?pa&gyé?ne gﬁom)lpn@g{fl g.lessc%ﬁg l@[eglilgge%% asec{ €
pP&?&l‘eﬁH@’EﬁE hyy SemiersC AR R aniiRdk g 8 Nggbow Wl Whil ttiere
he propylene -4 WD 2006/ 259 / uséoo 1024240
sagwbndestalysisnghicl bperhtelbetvden dleasy extoemes] ylcklmlypﬂqpylene

gg’ﬁ}ﬁﬁﬁ@fﬂlt hatlfﬁééﬁ:wgl}%ﬂ%ge I_i]llgg?ail%&%cg? :Hl%%ualn?prrp%s ghetnerally
these chiral catalysts give low molecular weight polymer. This is also true for
copolymers prepared from propylene and other monomers, using such systems.

US 6,051,522 describes bridged chiral metallocenes as catalysts useful for

olefin polymerization. W(Q2002/01745, US 2002/0004575A1,
W02002/083753A1, 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
activator. US 6,057,408 discloses a process for the preparation of high molecular

weight propylene/ethylene copolymers with high crystallinity in the propylene

4-



10

15

20

25

30

i ndenyl)2 ZrCl2. S. Collins and coworkers reported
(Organonetal lics 1992, 11, 2115) a 5 study of the

we@bdoenrsoedf substituents in the 5,6-positions OPCEUS2005/024240

series of chiral ethylene bridged netall ocenes,

rac- (CH2CH2) (5, 6- X2- 1-i ndenyl ) 2Zr C12, on sol ution

et hyl ene and propylene pol yneri zati ons. |In conparing
X= Hand X = Me, simlar nolecular weights were found

f th t hyl X.5 H . T )
otk B PATHAE Sdet
it S e el A0

nmdaiylbéfe@les cont ai ni ng nethyl groups in the 5 and 6

positign nd t al | ocene ta|n| u
't eSeCoffpandniirist Epated Clidididy R0 241 PR
a§tug)goi€fhb Brbdt @ bthsRfueRX e TR SIRYSsiIBRINAE Rb¥s of chiral ethylene
crystalline polypropyl ene, as” evidenced by pol yner

nbhdgedgnqwlqwtmswcv(@éhcmﬂiér?ﬁz 1-4de@yl),Z5CIEhen sadutéanul ar

ST oy RS FELTFL SR TR R et
e&hl@c@l‘ﬁ?we%ﬁtsnﬁeré AmiBSrIhé prepaftite 3f éolyethylene (X=H,Mn=
i ndenyl yielded a 2.8 wt % et hyl ene, 97.2

\/\/145)/Kg/nrmjyxeﬂ‘decho=r 1276i g/mil) andzpodyraepylencAXe+ 1, M;werlS 7

Rl R PRoMPrs 8 KB Tenises B e, Wit

(Mwemﬁne&ﬁroeé&% @Bnta%%g-rﬁbtﬁ%z%gﬁ’ﬁsylﬁ@m Zahd @ oﬁﬁ&% aﬂave

a decCrease in metlng poi n rom132 to 12 In US
6meBHpdehss centaihingal phbnysl -grovpeinyhe pret épb%b@n@red@ﬂqmcd}l ng

annul at ed g | at e cl ohe ri n t t ached
o Pofiaeting ol €iss it L Sin€ s e tarply e

I3opHAE &aa d by pol Itin ts between 132 and 147 °C.
N R A C T AT

b@hfz{nbﬂacnkaewyig)lfMMm of-thi¢sp meatgridbeiara beteveed 100 gnd 20K ghsepl.

t hy i dat t at
b PO 205 17 BERATTG P RO B qer M B Gries-Mes-1-
SQl'dHﬁ}‘l%C(g%A‘M _}Ile%ie‘araopg ke %Ethyfégg 972 \Qﬁ%t propylHEpYfyfer

of hydrogen at | ecul ar wei ghts obtained were
cwith @Gigaificantly fovebr podlgawiar weeght ias gvigencad by welrep in intrinsic

cFecasing goLes eRfRe S Bk el e AT it Bl

p@ﬁl'stcb1961§meﬁz"’éhon also %ave a decrease in melting point from 132 to 123 °C.
(2-Me-1-indenyl) Zr (1, 4-di phenylbut adi ene), Mv =

79 30 KgWS’é1084S|1 ﬁn a dnrai bsuml@yb\me@llome Icoridining an annulated

t hyl t t
C e e B0 & BB HTE Gl e Shihs o rlroations lriPoglgsgd. This
rﬁle&ms&e, & wfazﬁ@sz@mzt%%%dmzsg@@,@%mm

benz[f]indenyl),Zr(1,4-diphenylbutadiene), is reported to be in the +2 oxidation
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 H in the 5
and 6 positions, rac -Me;Si(2-Me-1-indenyl)Zr(1,4-diphenylbutadiene), Mw = 79
Kg/mol. Similar results were observed in ethylene/octene polymerizations with

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

5-
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Supported catal ysts were al so exam ned in US
6, 084, 115, however broad nol ecul ar wei ght

waelz@bnedouwt i ons (> 3.5) nake conpari sons bet weePCT/US2005/024240

catalysts difficult. These results indicate that a
nol ecul ar wei ght advantage is not expected for

catal ysts with large groups in the 5 and 6 positions.
Thus, no meaningful 5 increase in polyner nolecul ar

i ght b ibed to th i

<SPt d NS W Setereolern U BOFALS MSReYSRPSL i on

oo REMISN®eighi dlstriBBlidhs| (B3 YRXAR R omipari sinEBEREES Chtillysts

bi s[ 2-met hyl -5, 6(t etranet hyl -

cdificuitr iThesergbwits)indiceahal a miolesotar weight edvantagd és rat¢xpected
i.bed tain | | 10..t ds. with

cloh G avaE il ngd P th e RGR 6 R EP THE B gD aHYY

da82adeah pBRnft hdle e fweiph: 84t bAdschBEddl tResprdvi@ier

tenperatures. Thus there is a need in the art to
psubstitdBonsat al yst systens that can provide polyners

cryst alid ARPSPEY aicisrs rmetelin st Sirter
! SERGLAINSGfe %Wdiﬁfeggﬂ‘ﬁ% Vist-@igthly 88 (tefdiREm IS €

possible. 15 US 6, 4 di scl oSes the preparati on of
ueystatadmetthykeppodeny] lbireniing dicklogide and also described certain indenyl

éwg% %%ﬁ%‘@ﬂé Mth%ﬁﬂ?@ﬁ{&xﬁ%ﬁﬂ%%& ﬁa'ggs?’ wSwk & WO hEIWHP84
bl Aol cbtainHigHer RislechRP RS & hiphSr fnipetaaset hyl -5, 6,7

, 8- tetrahydrobenz(f)indenyl) zitconiumdichloride,
bi s( 2-Thustthératis/d peedny khe-25t 6 pBo@de catalyst systems that can provide

R T eSS AN QRS b RS by L)
%gf&&b% er TormpBatfirek @hd prERLEWitiSS thar/ otBeivaid gH¥idIeobeN

i ndenyl’) zirconium dichloride which are used to
pr oducEs pr49A24 weschsts/tine psepa@ibe of netfradged spssiesbis(2-(3,5-di-

i nt t ingl 1 S 4,022, i.cul arl .
S Reryh S5 B fomibelBil S s R R R
2ich1Bidd)Bik2 489-d188utyiiidngi)-5, 58 detlad et 5,6,7,8-
(particularly exanpl és 8 and 9), and Qefin
Petryhyelroteat (fpmdedsl) agc@Buhididhlgridep higs4etdbutylphenyl)-5,5,8,8-

s e
%t618N§§ﬁ5)3§?,8%0ték&§leth fi%@;? 8-%%‘ahgcﬁébelé&)1&§e%ygzq@gmggp,

W 00 37 EP 1 195 391, 355, 741,
adichlBtithe vbivh aBi wietl helproghge pliopylemopaymsrs. ., Schaveri en,

C. J. [.,. O tallics, : I | I
%0, ncuEsietigseor Bupe insyides 36035 SRS o,
98, q , .
o2snste B P et B e o ) Xy 0ge 188 and
18R 6d08GR7, (pStisylagg e8Biples 8 and 9), and Olefin Polymerization Using

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-
3452, WO 96/34023, WO 97/11098, US 5,084,534, US 2,852,501, WO 93/
05082, EP 129 368 B1, WO 97/45434, JP 96-208535 199660807, US 5,096,867,

6-
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-6 WO 2006/ 025949 PCT/ US2005/ 024240 WD 96/ 12744, US
5,408,017, US 5, 084,534, US 6,225,432, WO 02/ 090399,

WER08/019% 391, WO 02/ 50145, US 2002 013440, WPCT/US2005/024240

01/ 46273, EP 1 008 607, JP- 1998-110003A, US

6, 562,914, and JP-1998-341202B2. Anot her item of

interest is an abstract obtained fromthe Borealis

website 5 that states Barbo Loefgren, E. Kokko, L

fwg 5(%7?5‘744%&‘;&6%1 7 0%2@5‘1”03 5995 %fh{vd‘ §2/090399, EP
al [‘ocene ro Oce >under 'super crii

cPNgs 3919rMWO 02/5(11816 BIBEIRY0 1G94, emomezmcamal V08 607, JP-

Adefin Poyxnﬁrlzatlon 17.-20.6.2002 10 Sorrrento,

| 1998y1 100¢3 A2 6i8 20,5624, p@ﬂédﬁd@&%ﬂl%ﬁ}iﬂz condi ti ons

(100% pr ne cial

an d uri e(:z:{ﬁérdgeg} %):fr: linfe?égsg}s a% albgt(rja%% Ogtlal%\é&l hﬁg'lv\ﬁélg% al?its ld\ICGSI

bigheadtegisr i ndi cative for snall annunts of LCB in the

polynmer. This is a feature that can be utilized to

produce nPP wth enhanced nelt strength under

i ndustBaréb|LpefgeaniEngbkito, L5Hekauén Mbhehelih, PSUNNARNMS,

Thi s | De Siehling. I"tleatiRsereal B pprducebtnded sypergrivinal zenditions.”

ol ef i ngr BRERK) SbAYererE: SOOI Wefirt PolpmpAitation 1 Z 880l 02002,

syst er@orﬂleﬁfd RalORPIBOS DARP PEbAubELS Bk EBNURionS 710995

at o.ms meas 941 c?t@?ev‘&@d% Jra&pw ercritical

activ dit n show ogzca %v ou{ zrﬂpgzt (\)19 Ar II(eroun(tf

dlluen

iR Pidle PR HRS B tiers ‘f"d’n Giredic, 89%06
S?'egtsuﬁe mh%«kévceffmwtmgmrﬁ%@r el ﬁynswn 8i n

pr essufaadigions.ie pol yneri zati on system and | ess than
25 1000 MPa, where the pol ynerization system conprises

Mr s, any conononer present, any diluent or
esent, the polyner product, and where the
ol efin nmononers having three or nore carbon atons are
present at 40 weight %or nore, where the netallocene
cat al yBhis corpoemctlites to epresentogwlymyerizh @leffng comprsiig 30
-7 WD 2006/ 021'5949 PCT/ USZOOS{ 9.2424
contacting, 1n a polymerization system, olefin monomers having three or more
carbon atoms with a 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
1000 MPa, where the polymerization system comprises the monomers, any
comonomer present, any diluent or solvent present, the polymer product, and
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:

-
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R RRRI RE(R)b8 (R4JaR RBR/ \ (R R 2 (
)2)c 10 1iM- 1 (R)d R R (C(Rl1)2)e RS DR2

wdide®B94R R (R13 )f R15 R2/ "(R14)9 R2 wWheprEr/N81085/@24240

transition netal selected fromgroup 4 of the periodic
table; 5 each R is independently selected fromthe
group consi sting of hydrogen, hydrocarbyl,
substituted hydrocarbyl and functional group, and any

two R may bz | i nked; each R2 is independently

se ted f the group consi sH/Mmg of hydrogen,

hy arbyl , substituted hydrgcarbyl or functiona
group, an t groups nmay be |inked

to e§héR Q or aromatic ring;, -8 WD
2((& 935949

R3 is carbon or

silicon; F28
(R%)a
\R3
/
R? \ 2 \Rg)z)c
R10)
M (
R R / 11
(C(R"")2)e
F{8
TZ
2
R’ R1<'R
(R"™)
RO 14
R2/ \\(R )g
R2
where

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

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?

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

8-
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R4 i s hydrogen, hydrocarbyl, substituted hydrocar byl
or a functional group; aisO, 1, or 2; R5 is hydrogen,

whys/orsasbyl , substituted hydrocarbyl or a funeti/oseabs/024240

group, R4 and 5 R5 nmay be bound together to forma

ring, and R5 and R3 nmay be bound together to forma
ring; bisO, 1, or 2; R6 is carbon or silicon; and R4
and R6 nmay be bound together to forma ring; each R7

i §3iN tly selected fromthe group consisting of
h%d#%%gﬁgqggﬁﬁﬁ rocar byl , substituted hydrocarbyl and

aRrf Wigkdicpea) hydfceuidyl, sabdinked hydroceipnond Gitctiynderag; ed
fromthe group consi sting of hydrogen, hydrocarbyl,
sabstili ot E8d hydrocarbyl and a functional group, and R7

apsl. R8 .na e . linked ¢ ther,to forman aliphaticpor
RS i AR aroga ST SR AR Rlarb Rt foP A Rohi Al B
t R&nfaly B PotRGLEhérd foim BYidE OBAR® ahd RIVEHYB Ml together to
substituted hydrocarbyl and a functional group, and

igg;oups may be |inked together to forma ring,

t
) R8,may be linked together to forma ring, RO
Sﬁggggﬁo be |inked together to forma ring, RO and

R&® i dxEonke sllicbkatd R*QaaiRiehayt e foahdteketheN b fofih% rthel
or 2; .20 R10 is -M(R16)h- where M is B, Al, N P Si
ofachiR ' ipiridspendenthy sedpstedi framnthe groupconsisting of wirogene

val enc f N illed n 6.iS dr ogen,

M L R R S .
gERUR® ianﬂeﬁmgﬂ%ﬁsewcmm 8up édHsRng 60IRfdiedent O
forma ring, disO, 1, or 2; 25 each Rl1l is ;

i hyilspeanld ubstityter dydrodarbylamdiaanesiopakereemend R agd Bf may be

e SRR G ooy and o
t egatRias irldepdrdemfyBseldcid, fradh qler%%uﬂﬁilsﬁﬁn Hhyieogennked
together to forma ring, and 1 and R16 may be
| hyfkechrbydgabsiinted bydroearbsl andragfunetiosal group,@nd 2wo B( groups
\é\h%%% gﬁ Elgl?ed:tlgg?tg%ﬁg ’fgrgi a Iallrl]g, 1 a{nﬁ 198 ’ma2y b%rlini.éd to%léaleir % 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; .
cis 0,1 or 2;
R'is -MZ(R16)h- where M2 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
hydrocarby! or a functional group, and two R'® groups may be linked together to
form a ring;
dis0,1,o0r2;
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 a ring, and R'" and R'® may be linked together to form a ring;
eis0,1,or2;
where the sum of ¢, d,and eis 1, 2 or 3;

R'? is carbon or silicon;
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WO 2006/ 025949 PCT/ US2005/ 024240 R13 is hydrogen,
hydr ocar byl , substituted hydrocarbyl or a functiona

w@emep259eénd R13 and R14 may be bound toget her p@OI/U820n3/@4240

ring, and R13 and R 5 nay be bound together to forma
ring, when g is O; f is O, 1, or 2; 5 R14 is hydrogen,
hydr ocar byl , substituted hydrocarbyl or a functiona

group, and R14 and R 2 may be bound together to form

aRBI ﬁydr‘é"g"& drogarlg 1 &bst u%dthﬁzdlio%gr g %r%gl o%ai %Pg%pagd

car Bon 1COH Pt ovi
ar® dntd rliééﬂmayibb eBurid1eyetHer 1B T Qhﬂgr,ahnatnlédm@n@ malObe bound
rout?1 when Mis Zr. BRI EF DESCRI PTI ON OF THE FI GURES
er to fempasinghwhengisdk i ng scheme and structures for
tg @Hffe ent 15 chain defects. Figure 2 shows the
|§ ralt® of the various defects in a 13C NVR
SREGE hidfogdri, BidrBcatb i eibstitatddaiR byt b MAGBnGaPErogH antl
of fsets for resonances associated with a variety of
cRauandé%dmgycbgbgun@@g@EthlfmlsngFw.sbenpfus Boses of this
|nveg 1on and, the clains thereto: 1. A catalyst system
et é& ?@'be t he conbination of a catalyst 25

CRIQUomBOsiBdbract i vator. 2. The cloud point is the
pressure bel ow whi at a given tenperature, the

h,
peroy ided ithed tfi tb&ntvgygf glonpeare hinked, tirapi theyado wridorm b butailigne
J. Vlﬁﬁjﬁﬁi'fgg iveira, C. Dariva and J. C. Pinto, Ind.
ErgYP e Red: 29, 2000, 4627. For purposes of this
invention and the clains thereto, the cloud point is
neasured b 30 shining a hellun1laser t hrough the
¢ a cloud point cel

onto a photocell and recordlng the pressure at the
onset of light scattering for a -10 WO 2006/ 025949

PCT/ USR{3AR/ 1034 Ghe numbering scheme and structures for the different

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.

DEFINITIONS

For purposes of this invention and the claims thereto:

1. A catalyst system is defined to be the combination of a catalyst
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
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-
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WO bmeziome " pol yneri zati on" enconpasses any

given tenperature. 3. A higher a -olefin is defined to
be an olefin having 4 or nore carbon atonms. 4. Use of

pol ynerization 5 reaction such as honopol yneri zati on
and copol yneri zation. 5. A copolynerization
enconpasses any pol ynerization reaction of two or
nore nononers. 6. The new nunbering schene for the

Pes Lodi e Goups is used as published in
cgl{ék}?%k{fpe{ﬁgema NEERI NG NEWS, 63(5), 27 (1985). 10 7.
When a3pol yAHiighes arstéfan iseldfih@l @beampefinshavthgahorahedel N,
the olefin present in the polynmer is the polynerized
f e hoAtomMse ol efin. 8. An oligomer is defined to be
conposj,tion ' “n IQEE- Al S, QB¥ .
defi ne%l' to 89%%8‘?%1 iggl S 5%{3%9%9@@9%%%@%9 ehization
Ufdattfon sish 4OhomhbisoliratdiAnbn gndbdpotyméizatiers are used: Me
is methyl, Ph is phenyl, Et is ethyl, Pr is propyl,

i Pr i s34 sopAseyelymsripgtionenpgeinpassesny polymepgatian igagtipn of
i ' .S |, tBuis tertiary butyl, p-tBu is
pgérﬂoa{nfné(rn{eing&i/% eﬁ%yl , TMS is trimethylsilyl, TIBAis

trisobgt yl aTherhéw Amb¥Ag seherhé fotltied RPerivded TBabl® Meoups is used
para-nethyl, flu is fluorenyl, cp

coPubbehrdan i (GRMICAININENGINEERING Nﬁl“ﬁl; gi(ﬁb 27di98s] urry
pol ymeyi zat {aQ,, a%%f&%er%%l%?éryeﬁ% hé Qéﬁlé’&nﬁ&n"?ﬁl%ﬁfi th{'8fefin
i nvol ves at | east "Wo phases, e.g., in Ic

ppiebdnt it the Polyatdr iskhp pblyiRFized o .of tigy defid.ar) i s fornmed
in aliquid, supercritical, or vapor polynerization

medi unP- or AR oligemeiis defngide bpsPypesitiongtiagmngnddp wmer ungs.
used hgrein erm. I j.zation:

pol ymedt zat oot sk b BEIGHIBRIGR BRind T80 g rer
nggltsum i s predom nantly nononer and contains |ess

than 60 wt % of solvent or diluent. As used herein the

t er m cbht i nlbafollewansabrayyatoaspiciined: dde isanetbyl Bh i phenyl,
' n r.af WLt hout _iInterr ion 0% . - N
LSRR P BB S SR p PRI B,p B Chu jppuos. iBus
Piseblige tBu RArABbuNAUb-EBIDR panetertiey Buth) TMS aatiaitiy1siyE

continually 30 introduced into one or nore reactors
ahBB A tyisehutyalomiem, MAE s metydalngmoxgie, pteanpara-methyl, flu
is fluorenyl, cp is cyclopentadienyl.

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
medium, or in a liquid/vapor polymerization medium.

As used herein, the term “bulk polymerization” means a polymerization
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
introduced into one or more reactors and polymer product is continually

withdrawn.

11-
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-11 WO 2006/ 025949 PCT/ US2005/ 024240 Detail ed
Description This invention relates to a process to
w@oiognevize ol ef i ns conprising 5 contacting, iPCEUS2005/024240

10

15

pol yneri zati on system ol efin nononers having three or
nore carbon atons (preferably propylene) with a

net al | ocene catal yst conpound, an activator,
optionally conmonorer (preferably ethylene, butene,
hexene or octene), and optionally diluent or solvent,
at a tenperature above the cloud point tenperature of

t Detafled Pesdriptiahi on system (preferably 100C or nore,
preferably 10 105C or nore, preferably 110C or nore

- and a pressure no |lower than 10 MPa bel ow the cl oud

POl It RS o e f ANORE LB Bl A BB 3

than 1 pre a or

peaftastiab) i 24fdlyndvRation sﬁfﬁh@)oléﬂiﬂh@nddi@s hidahy theéd grahbren
systen1conpr|ses t he nononers, any comononer present,
aﬁ@rbordatpmé nﬁpreﬁﬂrabébpwmen@r\rélﬂeﬁmet lheermlagab@t cqsnmmdxan

<ﬁ1vV\'E>r Q z?lhl cso)r/rgS ngrrﬁrégpp%%ra% gm eng, ﬁt%rrslrftzej ?1gxen% or ogﬁene),
t b@i omam)b &meop@uwny sta g abSvd BBcRuapoRE by

the fornula: -12 WD 2006/ 025949 PCT/ US2005/ 024240 R2
REEnfRPratieg of rhe)mlssner(m«)raswem/éprﬁsram 1/002C OUMREE, Rroferplely

%6)5°C or morg' p(reF%egaglyPl 1% é or &C{feRgh]d a pressure nDpl%wer 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
are present in the polymerization system at 40 weight % or more, wherein the

metallocene catalyst compound is represented by the formula:

-12-



112-R2 R R (R13 )f R15 R2/ 1~(R14) 2 9 R where M
is atransition netal selected fromgroup 4 of the
WEah/0zhoe t abl e; 5 each RL is independently sebPEDUSM05/024240
fromthe group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl and functional group, and any
two RL groups nmay be linked, provided that if the two
R groups are linked, then they do not form a
but adi ene grQup when Mis Zr; -13 WD 2006/ 025949
CE%?SZOOSFQ 4240 each R2 is Eﬂbependently sel ect ed
fr gﬁoup consi sting of rogen, hydrocarbyl,
subst i duteed hydroc.rbyl or aAunctional group, and two
r-‘!? iRked together to form an
alfgﬁ ic or § R\ | s carbgn or silicon; 5
R4 IS ydroge 8d hydrocarbyl

unct|onl ] 1, 2; R5is
oy st ut ed hydrocarbyl or a
funct| ny be bound together to

for g, nd together to
a r|n 2210 bi s0, gggfon or
con R4 and R may be b her to forma

rlng, each R7 is ingependently s ted fromthe

group consi sting ofy nydrogen, FQ byI,
substi t ut ed4ilydreta qd a fuﬁf group; each
R8 i s independently \sel'§t'ed fro group consi sting
of hydrogen, 15 hydrycar byl , s ﬁg&derocarbyl
and a functional grolp, and R7 n

where

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

each R' is independently selected from the group consisting of hydrogen,
hydrocarbyl, 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 butadiene group when M is Zr;

13-
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i nked together to forman aliphatic or aromatic ring;
each R9 is independently selected fromthe group

wa@onsisving of hydrogen, hydrocarbyl, substiteCBEUS2005/024240

hydrocar byl and a functional group, and two R9 groups
may be |inked together to forma ring, RO and R8 may
be linked together to forma 20 ring, RO and RL 6 may
be |inked together to forma ring, RO and R11 may be

lin 0 ! | S. Ois
RS OB LB ooy R L
®OGIb IS bbtiuted h?rdrocﬁrﬁylfbrtaffaﬁctidﬁﬁl oralisnae twd oMiotsR?
f| | ed, and R16 is hydrogen, hydrocarbyl, substituted

DBroMpEimey he bpkeddpg%thmﬂ farmoarealinaioeier, arametic TBSR16

gf,eu may | inked together to forma ring; diso,
k gpagwncgéﬁm ’L is independently selected fromthe

9R0 Whydespeh StyldRitadlyl, RBEHBE e hydrbd6lhA ©2 & Bidctional group;
substi'tuted hydrocarbyl and a functional group, and

tw(RIllOIg?,oups 30 may be |inked together to forma

d h
gy et sl Rt G R AR gO R Bitp. R anc
r RPI ¢hay be Muﬂ@o@@tﬁ@ﬂ 1026948 rifETWSEARE/R0 314@4& boind $o g@ther to

1, or 2; where the sumof c, d, and e is 1, 2 or
Rfcem asriegir bon or silicon; RL3 is hydr ogen,
hﬁdr ﬁarb%l, substituted hydrocarbyl or a functiona
@ 5 R13 and R14 nay be bound together to

f RF 19 cAron"te silRBA, aaaaa‘*@m Myrmybdaﬂd Bspenidr td faatahfig; t O
forma ring, when is O; is 0, 1, or 2; Rl4 is

hwhdgeﬁmdnmdgms@}qctedmmetgmucm@mg af ydrogsn, a

N e e B R Rt e
2eachR iSifdepéhdemyPRNecd fidrh teQRtoup fomdidting bERRRO S,

enbodinent, Mis a transition netal selecte form8
ghyslrpcagbydf subls\tetuﬁsé mw@r@p@bylaﬁ@kiei fupgtionek grbiy; apd Rjand 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;

cis 0,1 or 2;

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, and two R'® groups may be linked together to
form a ring;

dis0,1,or2;

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;

-14-
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15 Hf, nost preferably Hf; each R is independently
sel ected fromthe group consisting of hydrogen,

whyasozamdbyl , substituted hydrocarbyl and a fupcCt/Usmwas024240

group, preferably, R is hydrogen, a hydrocarbon or a
hal i de, preferably Rl is a hydride, even nore
preferably R is selected fromthe group consisting of
nmet hyl, ethyl, 20 trimethylsilyl methyl,
trpggtp%g 1Iy| phenyl, naphthyl, allyl, and benzyl;
even ’mire preferably, R is methyl, and R nmay be
Iwhktedhe andof )&, &d gisdyporéry be the same or

Jferent; each R2 is independently selected fromthe
gP\odpc%rBﬂ%P%%ll“ﬁ@‘ of methyl, ethyl, propyl, butyl,

PRO b Y b1 bR ARE B0 or PR TR ono
r RFgandtRi&mag de boiRi fogethade femte ring yand & 'éaidR fmaybe omnd

group consisting of ethyl, propyl, butyl, pentyl,
h@gytrheraﬁ@cforr%énrlgo%%g is{er eof, preferably R2 is

I hyl or propyl, nore preferably R2 is
m%tl{:yl OF% d the R2 groups nay be the sane or

de“fle hedtogerRBydrscarbylpaubstitutedilydmonbyt drn MELIRAABL0EHHAHE
PCI/ US2Q05/ 024240 R4 is hydrogen, hydrocar byl ,
sBbsatRit By by Bpwrdaiopstherge f%rnr aﬁe&.%brar i§Poup,
pr r is CH2, and R4 and R5 nay be bound
qér@hgfgr?bgfdorm aring, and or R4 and R6 nay be bound
tR et b&boi or filkkcom.a ring; a is an integer that is
equal to O, 1, or 2; 5 R5 is hydrogen, hydrocarbyl,
substituted hydrocarbyl or a functional group,

prefergh al a'tesen%lm%ﬂd R5 and R3 may be bound
t oget her ormaring;’ b is an integer that is

eNUgla ttarnsﬂon netddsel2¢tedRorinsgrowy Hofithepetiodit cabie, prefarably Xt or
hi-/lér ogen 10 each R8is independently selected fromthe
mpOSée Fedsrably k> of hydrogen, methyl, ethyl, propyl,

pr e er agﬁf&%@deﬁ}ﬁ?‘% d ?eggté‘lﬁp ?nme%? EO%S{SE% SPﬁydm%; “yr
nbydo@iefl eduaktityteﬂmydmchwllr@gerfu@crnorrelt diytp, paefelrablth‘ R 8
groups na%/lybe the same or different; each RO is

i pylpgside 4r9ca§mwaéwllﬂmrﬁfier?@bglﬁo@p hydride. sV emEgort
hffr%fquoq{;R is selected from the group consisting of methyl, ethyl,

trimethylsilylmethyl, 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;

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

-15-
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15 hydrocarbyl, substituted hydrocarbyl and a
functional group, preferably RO is hydrogen, nethyl,

wetdogh259r opyl or phenyl, nore preferably RO iBCT/US2005/024240

hydrogen, and the RO groups may be the sane or
different, and any two R9 groups may be |inked
together to forma ring, and RO and R8 may be |i nked
together to forma ring, and RO and R1L 6 may be

| {,m t ' R be

| Rl R Btackfby] ST Rukd RpbroBRbluhpa M b
WprF@ab R’ $ GH,,Ahd RNan®R’ Hlay®e boand togethetd forrh @giig, and or
from1l to 2, such that the val ence of M2 is filled,
aRdami B’ may hy bpwukiagethsrde derar dyng; substi t ut ed

hggsr oclg{aeg%/rlthari gﬁfgpocéilc?g%, group, preferably an

ar ene, eac grouap may be the sane or

dRrf fﬁfy@fﬁgan,ﬂ?@r@ﬁﬁbyt,\é@bs!ﬁlqﬁecghﬁﬂw@rmbr b @ulctioks Group,
together to forma 25 ring, preferably, R10 is S M2,
ShreGrably R’ isstHgranyl R3 angRpimy beibopngiesaijes tofform a ring;

| (biphenyl)2,. Si(e-tQlyl)2, nore preferably R1O is
g”?e ‘8?"'%%‘33%%“ "gflgﬁo Q&"I’P%g’i ndependently sel ected from
t RéisHafbom 2 @Nbst | Ng of hydrogen, hydrocarbyl,

substituted hydrocarbyl and a functional group,

peashd} dydspgR; i s hydrogen, methyl, ethyl, propyl or
phenyls, .more preferably R i s hy , @l th
PRt E0in Ry B BREO i he o PYPRARL oA iy,

gEtaYID BroFgl bb@,lfbﬂdye, thexyl bAd W i880&5 &4 Jpreferably R® is

PCT/ US2005/ 024240 together to forma ring, and Rl11
ahdiregenyamgthyd efiyhRepropplgBioreprefesablnRnisdydraggn oamgthyRand
apd 6 _may be ljinked to her to forma ring; c is an
RSB dbe b e SR, (0 oder 2 0" o' 2.

SehiF igthdepdrmaastly seldtedrom theirodnSisth@bf Bydrégenand e
is 1, 2 or 3, preferably the sumof c, d, and e is for
2hydregasbyl pubstitpted Ihydropareylsanghadfingtiongl grawp) psefergbly R'Rs 2

[ b N s R13 is, hyd hyar. byl ,
PPl S o) £ Brend A BRER A VS ST ana the
PREERPOMMyY GEithe san@ orUT e, MUAnayo RE gbaups thdyagainked

to forma ring, and R13 gnd RL5 may be bound toget her

t wepbentodom agingwndR pndR mmayrbedinked kgagthsy tnform a ring, and
R B UG P R 8 o b e
t egethbeto fben hem@ a ring when f is O;
R"is -Mz(RIG)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
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
ring, preferably, R' is SiMe,, Si(CHz) 2, Si(CH,) 3, SiPhs, 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, 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

-16-
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W®2008/025049 2, provi ded t hat

R15 is carbon or silicon; 15 f is an integer that is

equal to O, 1, or 2; g is an integer that is equal to
if the two Rl gr oupBCEHUS2005/024240
i nked, then they do not form a butadi ene group when
Mis Zr. In a preferred enbodi nent, R3 and R6 do not

forma 5 carbon ring. In an 20. alternate enbodi nent,
and or R12 and R15 do not forma 5 carbon ring. In an

Yol tol ¢l -NOt
risAEAb TR B ERR An PR Y p AT G RGP i anc
art! Jif Rddmapbe fifkdd Bg@heras i 4Hing when M is Zr. In
an_al ternate enbodi nent, and or R12 and R15 do not
f otsrAnan®Bgdar BonoF P#ng when Mis Zr. In an alternate
e Sodii%nérjg 1and?_R6 and R12 and R15 do not form 25 a
59 E Y GITeY| ng WEeA* Mis zr. In a preferred enbodi nent
Wb &nlhieger® 6,,1,882and R6 forma 5 carbon ring and at
| east one R2 group attached to the 5 carbon ring i's

P

nohe st hie, d, pade isrlaBloy 3aprefarady therspon ¢, gr andissis Ape2.iagre
net hQyl eferaply, at,three R2 groups are not nethyl,
p?rgF%?‘Bé%ﬁ@e%WwF%lﬂ’ %ebsrlgups attached to the 5 carbon
I RHgs 84rBomet sin®@dyl . 30 In an al ternate enbodi nment,

when Mis Hf, R12 and R15 forma 5 carbon ring and at
| Rass hydregqme hydroeasbd: substiestpdihydrasarbsl er fysetiqnahgrons,

B S O BB AR

WO groups ar e no

pirRf RY &idyybeouh i QRIHBR todfofH RTing! Whe@ls oyet hyl
preferably all four R2 groups attached to the 5 carbon
r Rngs hydrogam hydreeastyl, subgtititedthydrocprbyt erra pcteangbeiionnt |

Mis Hf d h R, o0 oup re t hyl . For. . A
ottt B oy R P B R TBRer o ot g e s 0
PRI%iE€Arbémbi flicorSystem i s defined to be nononer(s)

pl us conononers plus solvent/diluent plus polyner. In

af 1srapfintegas dhas apastiiahterft, 1, ethds pol yreri zati on system
cog)riis%s ltﬁsts %hagoég vvt2% aromati ¢ hydrocarbons.

PP &Y '] ﬂ‘g’f L8 Qe K '}t “% t ol uene. 10 Pref erably,

t hevided Bk atthé BvOR' ERRpHPReYIMREd, Zitdn tREY &/ H5tSHInh & bifadRhe
nore above the cloud point tenperature for the

pgloyprivhien M isgfr- system al ternately 5C

In a preferred embodiment, R and R® do not form a 5 carbon ring. In an
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
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
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.

In an alternate 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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or nore, alternately 10C or nore, alternately 15C or
nore, alternately 20C or nore, alternately 25C or

worne/p2kd ernat el y 30C or nore. Even nore pref BCEDE2005/024240

the tenmperature is between 100C and 250C, preferably
105 and 225C, 15 preferably 110 and 220C, preferably
110 and 190C, preferably 115 and 170C, preferably 120
and 150C, preferably 120 to 140C. In other

CBROGHTRA Rast b R WPTRE AR Sy Brfb bR bt TRy ere
148 Gnethyleprefcadbly all fdur R @ssiips attadhel fethe 3l cartini rititdrefiot

systemis no lower than 10 20 MPa bel ow the cl oud
pBieyl.pr essure of the pol ynerization system

preferably . no l.ower than 5 a_ bel t henC [

Pt 65 uPLenbgRE pecf iRl Alnctinddte P A HER e Bl B8 iny.

pr ef er B&H purfostPaf @fs ifFRdntion BAY theldEms iRuéto peiyhierization
pressure, preferably 25MPa or nore, prefer agtld' 50MPa
1

osystent is,defined torbeshgnonmn(shPats 6pmangracrs pissplenfiilpentpdus
pressure is 5MPa or nore, preferably 10MPa or nore,
nBY ¢Mss preferably 25MPa or nore, preferably 27.5 or

nmor e, B £hefcdl tmd3dimdt, thdpdymesibasoddbnt coRMiseséss than
nore, nore preferably from5MPa to 350MPa. Even nore

p2@ e Pairomatip Bygpeassense Prefetgblydessrihan2 Gyt Vototnenea,

ferghl 0 150 f :
bt of or BT GRraiE ot ot PRl AR f 26 MiRe
agsbve thdilaud péinFRemberativd Yor s ptrherdiion sysiérh Uddinatey 5°C

present in the polynerization systemat O to 60 wt %
peremherea pitgngely d 096 orgnong, altsradtelydisry opmoge, alternately 20°C or

preferabl 15 -18 0] Q, 49
Pl gt B A 8 mgte PR °C 27 s Bvenmpe ey
StheRéBp@h@AR ¥ befvdeR 160°CanM B0 preferabl B)5 fpdeksi@bl y 0
to 2, prefer ablzﬁ/(bg to 1w % In another enbodi nent,

5¢, RIe

t brsfesehly &9 ardh ferably 11Q andok398emrefgrabhol Meangh/ 0%,

ek 180 S LB oL P ¢ okl S e

Ysenipetingre abﬁéférzﬂ)sﬁ fromal 09 tyeDgPt, refembBy Bf5etoal8byC| @eferably

than 1 weig % nore preferabluy |less than 0.5 wei ght
94 1btesk’@°C.upon t he wei ght of all solvent of diluent
present,. .l t..i s expected that in.sone nbodnent s. ..ev
"t “no Bisfably PR A B uRER syER Rt ol Bl
SMPasRlowthe ciiddyditit pleyure BF e polynRerfAaBo® §fstis tpreferably no
solution feed. In a preferred enbodi nent the olefin

niswsEras SYIRa helesethe clond ppimt pressure, preferably above the cloud point

pressure, preferably 5 MPa or more above the cloud point pressure, preferably
25MPa or more, preferably SOMPa or more, preferably 100 MPa or more.
Preferably the pressure is SMPa or more, preferably 10MPa or more, more
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.

Preferably solvent and or diluent is present in the polymerization system at

0 to 60 wt %, preferably 0 to 25 wt %, preferably O to 20, preferably O to 15
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10 polynerization systemat 45 w % or nore,
preferably 50 wt % or nore, preferably at 55 w % or

woreoe/023uef erably 60 wt % or nore, preferably BET/652008/024240

% or nore, preferably 70 wt % or nore, preferably at
75 wt % or nore, preferably 80 wt % or nore,

preferably at 85 wt % or nore. In a preferred

enbodi ment propylene is present in the polynerization

1 9 ra 0
ey Budho freect Vodb sy sfenattl U G Bloterily O Bstergoly

%0 o 2,rpreferabpr ®foer abby IatanéthemémBodirhentpthe solvestfand @b diluent
70w %or nore, preferably at 75 w_ % or nore,
pisaresentaty Oaeight “opblessypreterably dgss tham A5 waighp¥, preferally less

re. opr 9

et et 1B LRI BACSTRALS WRllh Bt BREAEDS 18 Bt Prklinp
PPleYetEHlY f3é than 1Sy it Yoahord preverabiuglesytlian, 0.5 peithevqbhied
50 wt % or nore, preferably at 55 wt % or nore,
phRansthe ieghtof gl salyent of dideat prsseat.cHapexpeated G5t W samcor

! % ef.er
oRBodir. Shttiro v Uhegf oo X SaacBEE L Af By Soiypifor
88ilwdnt Y9 entePweth thecadkt sotutloarfead. pr ef erred enbodi nents
the tenperature of the 25 polynerization systemis 100
C or wm@remﬂ@medkyle@éthﬁ@&gmmenms arge§seahi# the he

5 L TP BTN Pl
f ar 3sher Yo hidre, préfetalys el ey @@ dndrajyneicrabht & 65hat % or more,

tenperature of the polynerization systemis 105C or
nbieéergly & att dbhpympes; prsEsrably ab7 W Yaqroayreaprgferabdy 80 wt % or
p b jzation systemis 27.5MPa or
n%l?’iéﬁ%??r%ﬂﬁlz?‘é?%@?yfy HISEC ) 8. 5 and 250 MPa). I n

f ur t heln Pprefened embbiliniBheppyRie isgréyetli iR folyMerization
tenperature of the polynerization systemis 110C or
m@”&m atyd Wi 20081 e 25e80b bt WSAou @4 gigrably at 55 wt % or

B G181 OSUSE 0 AR 53084 e R S0

( o &fresra phrefeliyaenrs w0 ehotd préfBably 30w Urdrinedre, preferably
particularly preferred enbodi ments the tenperature of
t MBSpW! SpreEMoFat i on systemis between 120 and 160C and

the prgss no| ' ' S em.

pet vech aelna st FBhrR: ROuESIoRb f of Bue or more

| EotRstoniis &6 Phbsentlin EheSpidrh&rizatibn aYstan® hiy4tewi Zadrinddte,

medi um preferably above the cloud point of the

negfairhly 20 8t fepicnpre prgferahlyaeS5 wt % or more, preferably 60 wt % 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 particularly preferred embodiments the temperature of the
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
(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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exi sts for a substance when the substance's
tenperature and pressure are above its critical

w@ionn259¥hen the pressure or tenperature exceeRST/UR®05/024240

critical state, the 10 fluid is in its supercritical
state. The critical pressure and critical tenperature
of a fluid may be altered by conbining it with
another fluid, such as a diluent or anther nononer.

I ' t. L
ot Bk s HORRI R0 0 b ek BB L By BB Etion,

| SystnCisASH BIPalE hioré ﬁﬁeiﬁmbww\be@tamd 200VRN IS further
present at a tenperature above the critical o
t parpelalyipreferred eabiodingats thg tqamm@ulie@f dhe plEmpmentigRsystem

Far [ s_of v ion her.et o,
AR PG b Y R B ABE OB RIS BRGSO
( Pswveat 0 hzaboivMPhihe Handbook of Chemi stry and

Physics, David R _Lide, Editor-in-Chief, 82nd edition

2001- 2@5@Qpr00€§szc§ q:frtb@snvenL@ ocpqelwnmupercm@al pollymerization

par %ﬁlﬁl%lg lpfaegert E@ aklgveat?l?. gﬁ)kd pgm% R/E’ d2 um ITR s?;%%c%ﬁ@e} 'state
( das fortesaananeOxhdd tBe gﬁ)@t&ﬂ&'@t@ﬂl@&aﬁﬁQa& Predshie are above its
| sobut ane 407.8 3.640 Tol uene 591.8 4.11 thane 305. 3

Acrgial peinh nWhew theggessurs oy tenmyesatuls exegrds Aeorrical e, the

B@%‘ ggl%l 541%’%0%%%? Bl fllgegc &]’5‘%3% %r opyﬁgggel t%ﬁ%%tﬁpee(’fa

41610 may WIUIRAR] Biocbnibisink & VatiCArdtien fRNE seéhbasS diluBft or anther
ent ane 469.7 3.370 so entane 460.4 3.38 Benzene

seengmey . s, Eyrdhopenases 053138 iqunttw angd ﬂhﬁe«%@iﬁ@ thergto

%é d:%rlrlté pol 54ece)nzc22:18ﬁ%314éd1 27 e 3t state gv%ere tﬂng ]8'"5 rZat Oo%d
SR is Q)'rés@ﬁtrﬁt aQé}ﬂthﬁ&?ab@{/e {k@%ﬁllcﬂ(@erﬁf)er%l@é an'dl&iﬁtlcal
nonomer , gr eferably at |east 60 -20 WO 2006/ 025949

POIESUSOUBE O=IRBD  vol % neat m)nomar nore prefer abI y

mor e pf rresey oL o lPoR et Bla R R B o

| Rafperadirey OcYand 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

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
Isobutane 407.8 3.640  [Toluene 591.8 4.11
Ethane 305.3 4.872  Methane 190.56 4.599
Cyclobutane 460.0 4.98 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 = 0°C.

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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wozmb/oromoner (s)are present at at

I n anot her enbodi nent, under steady state conditions
(as calcul ated using the mass bal ance techni que), the
| east 40 weiBER/USTHOYH24240
where the solvent may be present at 0 to 60 wei ght %
and the polnmer is present at 0.1 to 60 wei ght% based
upon the wei ght of the pol yner, nononer and
solvent/diluent. By steady state conditions is neant

t pab k

ag@ Yo {1%2 g{o‘flgﬁl IIO mdte g e%rggly a least 768}3? arﬂére Fﬂ?ﬁ%ﬁgﬁi érfnlé;aats 80
Ov8l1%, Mitiz} pfedérabily at &aa@otvom%lofe proferabo} MiRist V160

resi dence tinEnégreferabl at least 85 10 % prefeably
at | eaBt angtheyemppdimept, anddrsksiagy statel ceaélfﬂogs(awalcqié&ea using

5 orT%sF Pglgﬂéeet E}}nﬂm %flg eqr¥ il g&tn?er ﬁarg aé@ Ih tap %}%JSFE%@ght

0%%, et the eslléht kheay(l)etpaes@@c at®Qo 160 widdght o/arwld Ghedoliner B0,
respectively, where the total is equal to 100. In

snweeré A ditared M@lghb@t basechnpaohe ekt of dielpglyies, rapnomer and
gvent;dll enqS B\%Ir fﬁﬁd}’ ﬁta{%rc%sc%ﬁoné ﬂﬂxﬁ!’l}gt l%g t¥1m§é’acg %geg'ntes ata

|uma

apshseinb e efdﬂﬂud ané prRsut®di.&. \plishe nags 8°G aﬁd pltus 6Ahinus 0.5
poi nt; and hence, alter the pressure-tenperature

r MPayforyat feastri SRPe efithe pplmenzationrresigerica imedpreferably at least 85

7 VRBEGE} A HastbOH Sl bitfksty ERIRBIVRY BRTedtEbntent at
pakydyastite atdqanl 68 iuent + MushohRAER+ PalyhRk, préferablyahs wiekzht %

20 tenperature regine wwthin which a particul ar nmedi um

i of Wi gf eachisheeld. be Octe #8 e&fitert00yande0.0 lnkp ¥ Fgsperétyely, where
r@pq&mpsegaﬁtgqbﬁan have two phases above its
t7cal

ile this disclosure speaks of two

phasesid @imd@doditheny, optienaMcbionsthss eilv@s or other fluids are
pol ypropyl ene converting to a single phase above the

r prgearit @nthmpx@tymeérzgtw@se Pevadongow ik therthenanessy Dilpents,
telé%t% rgogx%rg gther | 3 Qen! odni?'rtﬁe 1%%([118 cn? (t,aefgmmt and hence,

en t e reac medi um

canRltheptadrd Ratpentat régilﬁewlmﬁwhﬁhlaqmamw medium is in a
conplication can show up anytinme the reaction medi um

comperiritisalstate dBiluends &pmon@mar@ ad pthes fluids gachal nodifit the

" ’?Iwgt Eﬁhavwr gﬂiegﬁ ? zzaa Iq%rﬁhﬁl%: Ia%c:l%he gl{gr theyprf:ssure-
heevipaehtiré@eging ,wmﬁlefvﬁfoabﬂ pharticdMrnddivin 1@&1@@1@ Shaskd
certain enbodi rents, the two phases are referenced as

aCopsequentlyha S0 componeqyreadios/ mehyn gaplaye IRpFhEsey 2hovegts

critical point.

While this disclosure speaks of two phases for neat propylene with
dissolved polypropylene converting to a single phase above the reaction mixture's
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
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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and a "second phase." In certain enbodinents, the
first phase is or includes a "nononer phase,” which

WO pwbzEeg9 nononers and nay al so i ncl ude sol veneCEIS2005/024240

some or all of the product of polynerization.
Preferably, however, the nononer phase does not

i ncl ude the polyner product. That is, for exanple in a
propyl ene 5 pol ynerization, the nononer phase can be
refer« t the "pr iy [
kR 0 1 BB RSOBRA™E a4 A

phasomephase, MeNich inttides ronbR@tcind redy A6 eRde gdtvémand
e.g., macroners and polynmer product, but not

nememerrall ofgheprodpetof pplymerizatinse Rseferably, paveerdhe pipaomer

cat al yst syst e _gonsi dere Q.b art of. t he

B r b A FisTite JACRgives rRR i Thal R o BptppRiin s ppyene
Cpé1gm¥Statibl, ¥ idRBeAPhARE ¥aPbSteYerRd t6 @k thd.“pfopFlene phase.”
supported catalysts. Furthernore, it is contenplated

t legertpigrambagdimentis thasegpydbphasy istasimnaledesissolid ghasg, which may

L A R
embAsthERNG. 5., pRpFIehe.t Knd SIREpatsIfahEalPdt 8Fsieth AreSédnsidered
that the fyner produced in the reaction and the

0
r @dmpmfﬁwpdm@mm sysiemeaithongh esrinpasisiogthe cpglyst
phase, i.e. .abpue t reaction bum s. cloud poi nt
VR s SRR O Spled T Safftioat X
t ediéthsihiet ¢haAPEPSERS bAtAlySGyitBAtm Ay IRAC b ipoFBEhHOf the
remai ns supercritical, but at a pressure bel ow the

pwippliquid phiaga thatraists injcartainembedmpeng o fthe progessi on

medi u This, results in WO ase reaction Lum . a
ooty ey el el el e I B Rt BRRALE o BEl Bother
epldafd a8 tie reldtfonane tHak oA Anddiem PRk ¥R ateSit @érAMH single
poi nt nonet hel ess operate above the polﬁner's

cphiase.dlel abayeitlmreactompaedinm’s slouppefrd pyithdthati noliemers Qtloer

use, in the pr ni invention include,o or re of
campodimept sPled e temptielihs pRdats st Rl e Rag P fogliom
| reEi N RperOriSI BN 85 a prefiRrfd B¥l6w thdpdigkanelodddhans the
cycl ohexane, xylene, m xed hexanes and cycl opent ane.
Sparticulasreagiipndnedeyrn.s Thisirests an &l iweiphase feaghomipgdidorabon

di lLuents., I.n so r.ef erred enbodi nent he dil| uent
CHARRLEEh Rits BT wBEmS o8 ARG, SpPG funetiiizaly thi SR below
| e RUlydt®'s clond peiie nbicthadéss Ogeraithbai eBR ipd1ynkte's dhystallation
is recyclable. Preferred diluents also include C6 to
Oespefadwpar af fins, preferably C6 to C100

' ff.ins,,. f bl 5 i ffins,
o of o st B RSk W £ ptentdRvchEoR BlrtideioB or PR fof
| 6,-02dlkardeb auch BeetR@tedpiopine; Rajufihe POBIRARS n?p@nﬁaﬂe,@%@ntane,

al kyl branching along at | east a portion of each
padhexgnentotisas.reyclvbexanpagyldnguingkerdyaexanes and cyclopentane. Some

embodiments select a diluent from hydrocarbon diluents. 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, s isoparaffins, preferably Cs to
Ci00 1soparaffins, preferably Cq to Cys isoparaffins, more preferably Cg to Cyp
isoparaffins. By isoparaffin is meant that the paraffin chains possess C; to Cyg

alkyl branching along at least a portion of each paraffin chain. More particularly,
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-22 WD 2006/ 025949 PCT/ US2005/ 024240 the isoparaffins
are saturated aliphatic hydrocarbons whose nol ecul es

whanne/ozv4d east one carbon atom bonded to at | BEEUS2005/024240

three other carbon atons or at |east one side chain
(i.e., a nolecule having one or nore tertiary or

guat ernary carbon atons), and preferably wherein the
total nunber of carbon atons per nolecule is in the 5

r

B R S L
enimt:ﬁrbmmtom\hsandmm at kaamﬂn:ee ofhee aa:rhom: atohns or avledxe bnewmldé
typically be present. The isoparaffins may al so

. ﬁ‘&q%@é @mls%? h?vrmsqgnwrtmoreB?ramaugt@a@rywbwwms)

AFPioR B Ae o g RERP R i PRATRR I i e

t fmgebemaaﬁ & $0,nad bamges 10@nd 2o A dhotlkr embOdidEng/agdBiom
pour point is -40C or |ess, preferably -50C or

| é%so 15 inret godlcs smbpdinente\V aesis i lmrs pEeach garben sumgenyill

- iy be ies i ThE GoB A Tuay MFRULAE olbobletind Ak 0
c Bﬂiﬁel{edl sidel chaiay, 6gehél’fallj¢ agif ﬂﬁﬂiortcbﬁlpbflad eff ﬂiéﬁsdpﬁﬁ?ﬂ:lf{
(Exxonhbbi | Chem c and are

dgse&ralr}@ ¢hs %nsxfso(»A%EM rﬁ@ﬁ%» 15@%6 f@vof %gﬂﬁe ispparafiys ganggs;

|
o A7t 8Py cRAAND Bbit ST C ot KesE roiBRS T oites,
C therveycosiat (AESW |4a5>| 25°G)11§€ﬁ‘onﬁ he to QO&SEat%P@,SanSIﬂ.b.\féﬁ.ge

(by. Shell), evron Phi ps) and SASOL
( Bip esa%welﬁhm lpélmranmu@@@ 3pQ g/an%r §&u&ltle SePEREINRGR |

%@E/ém% pol ntuﬁeﬁmwlggwgg ﬁg%t

oCo exv_s,r MuabnmX)paldGmemscﬁbech fdrfexarhple, US@[ﬂ@WQSS
é Iﬁﬁﬁ? pQi nt = 233-280C) . SASOL |s a
p?’@é&é@-” emd &4 %988_i sld compessipBsa ISP ARSsqreR of

Q%%h%géfmﬁ 3 ?Eheg é‘j}gﬁ ee]Isﬁpoéan oP PL; gfr% agsr]cr)b odi megalr é\é}lé@g bﬂrig‘g%e

dﬁhmmsummmmymen;a SOL’I]HECDB(W Glsevron?Bhlnrpsj SHBSHAFOL
C20 n-paraffins, prefer

ncqaaﬁ"aaelfmﬁgteﬁhw%usggslsma»ducgo%ﬂy@ RoyarBialByel) Gaap of

¢ Mol (ARG SR o M A0 RS 25 D80 RARQKTROL is o
( ﬁmﬁftwmhlevﬁhmﬁlnpi Chéznipla@yy. LH-@MSdX@iﬁpI@SOL’ERIGL&ZG
sol d commerci al | NORPAR series qf n-_paraf

as
afhotling posntodd ChrideS Bk RIPfid of §aﬁ°hé}rﬁléeéi (Joharmesburg,
d8ALRMES! fofdxample SASOL LPA-210, SASOL-47 (boiling point = 238-

274°C).

In another embodiment, preferred diluents include Cs to C,5 n-paraffins,
preferably Cs to Cyg n-paraffins, preferably Cs to C,s 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
aliphatic hydrocarbon comprising a mixture of normal paraffins, isoparaffins and

cycloparaffins. Typically they are a mixture of C4 to C;5 normal paraffins,

23.



10

15

20

25

30

30 al i phatic hydrocarbon conprising a m xture of
normal paraffins, isoparaffins and cycl oparaffins.

wayphozdohy they are a mixture of C4 to C25 normel/US2005/024240

paraffins, -23 WO 2006/ 025949 PCT/ US2005/ 024240
I soparaffins and cycl oparaffins, preferably C5 to C18,
preferably C5 to Cl2. They contain very |low |levels of
aromati ¢ hydrocarbons, preferably |less than 0.1,

| . ' 0 | €S i |
iSSP SAMs bnd 3o fing ooy g 6 & pRUTRL T, 5164 e
av@ithialves lowdeveld btarbmaneManscatborSPreforabbxiess b1,

Chemi cal Conpany, Houston TX), and are sold . o
c brefsatdy dasp thaad.0lpxxigin Yo sepmatios o Suidabde dersematized @liphatic

ali phati c _hvdr rbons. |. not [
Gk G W SERERANS o B\l SRS EEOSOE.
CeExbxenMbbil diRhiif Congdaty, Hdus@AMEX)S asd ark isoldaon@h@éialg as

having 6 to 14 carbon atons, nore preferably 8 to 12
ck Lasesies of dearempircagedradiphaticliydeaspthons. 10 at ons

havi ng,a Ki.nemati ¢ Vvisgasity of 10 or r as.. o
ross ur SRS RGP i oy b gt 7B et o of
VbRERdrt ¥f CHEER, 4 (0lefins hnd/86 o iRIner b Ntk abyle AT M VR 1 4

of 100 or nore. |In another enbodi nent the dil uent
cearpen atemsymoreprofgrapdy § et 1 bgaghon aspmganere preferablyd Orcgrbon

ffi. f | LS
PR AR R SRR R A B
Coll prafeadblly Rvind Nvideusith @ide TH0M), B Béteinii@ed By ASEM D-2270

conprises up to 20 weight % of oligoners of 1-pentene,
10f gnorg- hept ene, 1-octene, 1-nonene, 1-decene,

1-undegen n - dod ne. ch L r 6.0
commer Bt o Soko RRRE AR AuH SRl ABTELR Wil 26 of
( B3 Bf €, t&ITR ), parafifsRHafRYablHOMIb Woo] Kiraffdshgeferably

useful oligoners include those sold 20 under the
t Cactefarmepara{ing, pueferaMydsaic @b pareffomm Ehanatiegipribofdinent the

mcal Co. in sed Texa DurasynTM avail a
PRE R mies Wi o BEET 7 o R A B 8
aHgiterb I Dcleno-fsiehsl M- dend@ NduridSent And i1 lodBebne SHHEONTM
avai | abl e from Cronpton Corporation in Mddl ebury CN

UsligonmeRY Tomreereiplly by adlable aaS Bl SuperiSyn PAQ o ¥ xanMobil

e PaictCaumgveHolhE IR < st ERFREEAER B3t 14,

anedes HeltPldendrieseRysh flufi¥ lavAiibRy Péhi R eroAPHiLIaskyCIRntied] Co. in
pol ynmeri zati on conponents at thejgglynerlzatlon

t Beasdenat Taxes, Ruvasypéavilebls from BP Amoco Chemicals 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.

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 polymerization temperatures and pressures.

As mentioned above, the polymerization processes described herein are
run under supercritical conditions. This characteristic provides a lower pressure
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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As nentioned above, the pol ynerization processes
descri bed herein are run under supercritical
This characteristic provides a | OREr/US2005/024240
pressure 30 and tenperature limt -- the critical
tenperature and pressure of the reaction nedium
Tenperature and pressure are al so constrai ned on the
upper end. The -24 V\D 2006/ 025949 PCT/ US2005/ 024240

er.te rature.r i S _the deconno

HRF e e e s £ B REoaripdntfon e M e o ng
t SETPHOPYILAE STh fB116win2tempéiafubts, In@ ard BETE [BWed ténperature
limts for all invention processes: 110, 120, 130,

14wjts émallllawentrm eprCfcgisSIesjvlnlﬂngQ; éh@;elﬁat rmdelsﬁO iThe Ellowiag
ef ul turel mts vention 5
pfe Jéaélgg 111 o ar l?i? lfgaer ti%era%?)[lmztﬁ éor nv?rﬁlon
apREEREs: ﬂB@fl%fﬁSb eotedo@ato2ohe pol yneri zati on
tenperature is from 92 to 330C, preferably 95 to

isoc Ioanether pfegereed| eynbpdonm thfgngd}t/mﬂmaéon pemfegatang|iy from
iR pretdtig 9P e e et Rl B o BB oo .

1Prefdhres)y €05 &R 5oyc ﬂb@?&yfeﬁabgamog@ 188°M hfdie prefezably DES to
cormer ctally containe More practically, pressure is
4ﬁ°Cem0b§/pllef€eahhéél2®cﬂ6|Q?6pertl es of the resulting

ol ypr ene.. The follown essures, in

Uoct ot TIRSIEH A CEEoE A S0 g5 Sif P rorpRitiogy cBhinea.
PIREE ﬁ@ﬁeal Oﬁ'gssm% is lithited 55 tOdesirBd p ertiddof the %suﬂt&%
140, 50 1 180, 200, 250, 260, 0, 330

4palyprongend 0hhe faHowB@preshIes.fin MEmanusmfsﬂ pnv@spmselge lipmts

: f ul
e alarAGE ihssbBE F oS T 45 5gh S0 spcfoogzo, 14, 150, 160,
126h, 20033501 26h, 3863301850, 480 %40256b, ar600. 3PKd folléRing350,
400, 440, 500, 600, and 1000 MPa. In a preferred

eprigelirgseint MPh,earpum‘iwmppzralrcsqujrregsﬁxr elliimventigmpmweesses 10,

1B, ¥oon B Tofl P Yo dsbored; Ped g0 IR, SeBBhmtty 10
P4sd, 820300, 460, Rd 2860 Mg, nore preferably 15 to 200
MPa, more preferably 15 to 400 MPa, nore preferably 15

t 0 190h1\tFiarefemdexrppémmnathepolmzetwropm&nrmafronnﬂﬁéo 1000

1 70 MP.
b fetny 15 0o Mp Ry Rere b GRS hnf o 003154 Fsg brerably
r 8 Retooi@R, rﬁ&ehﬁ@ferab@ BNetBeMPL e Efé@é}hblyhs t QUEMPa,

limt in all the above ranges is , rather
t tnare m‘sfez®lmto 409 MRaitthene peefbrabliynidrio 10AdMPaware piefgrably

| [‘549% to Pgo I{/ﬁ}’g, r%gr%vp?etléragg'el% tosl 78 %’[NQP % another embodiment the

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
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.

It is expected that any tempe:rature range can be combined with any
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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rather than 15 MPa. I n another enbodi ment the | ower
limt in all of the above ranges is 40 MPa, rather

wa hmrodB40Pa. | n anot her enbodi nent the | ower PATU$20051024240

all of the above ranges is 50 MPa, rather than 15 MPa.
It is expected that any tenperature range can be
conbi ned wth any 30 pressure range, provided that the
chosen tenperature and pressure are such that the

10 Pa P BT bSy DR R i brE s BHG pPSlsBh iy 230 pipd e
Ppaktitit2 0P bdeBA 4 A wisdnpAasthbténiisodiaemetemberaturadabove 105 °C
pressures between 80-250 MPa are particularly useful.

Lancentessures hetyesn R8MParpd dPordRa are papievlatlypeedilabove 105
C and pressures between 28WMPa and 200 MPa are
particularly useful. 5 Mononers The process descri bed
h®iothegsan be used to pol yneri ze any nononmer havi ng
three or nore carbon atons. Preferred nononers include
propyl ene, butene, hexene, decene and octene. 10 In a
pref erred enbodi pent .1 he. processes, of ,this i Ion
Dr e o LB pERS BB baSupR R ISR Boblnas L FREpAE:

i e JP@fre E4rB6n AOARMPh&feir T hmdAemersindle@tOf)lene,
olefins, preferably C3 to C60 olefins, preferably C3
t butenso hexanp; dpsengpandfasteapl y C3 to C20 ol efi ns,
pr ef er abl “1Q . 0l efi 3 [
pr ef erﬁ‘e%lyrﬁgés Sﬂgfns% %&1%@5{518%??%%%? ,%?g}rfsalﬁlc ngl nd'l?@%s%g 9 ¢

abcﬂ?ﬁ\eﬂi@iﬂyﬂﬁlsat@fafﬁcdﬁﬁ@mm{er 63 mbaoinersCrofeatPadnomersingude
pre erablé C3 to C60 al pha-olefins, preferably C3 to
c4oto Gioppiatiins, eraferablyafte Capelpfins praferably Galtp Kas @lEBRS ns,

Gy R E s

PerRtERE mordtediRcluble Bh&R Sorafshic € 8L cydio Apha-oldRi Sfteferably C;
dodecene, 4-nethyl-pentene-1, 3-nethyl pentene-1,

3tox; 50 alpharelefips, preisebly Cs to 4rsdlalphaplefins, preferablyeCs to@sb n

OB STrF BRIty CaPonrTealt. B AE CRUf oA rlafns

PPREGH I ]ef RBRorAre hia)He@he GPmbe: &3 opyléE, bieny, peiteny)
ol efins or conbinations thereof capable of being

pbdxgneticpiede. pgteat.ineaene, deeenecipdecdnt; 4 mgHryl-pentene-1, 3-methyl

B SRS R Lobas gy 00 o0l

of i sotmagibtifer BhbsdA@IOtha pblyeneP prodiiedd W€ is?Dcopolymer of one

Pt thore Hnsar or branched Cs fo oy prochital alpha-gleting o &4 to Cao ring
containing olefins or combinations thereof capable of being polymerized by either
stereospecific and non-stereospecific catalysts. Prochiral, as used herein, refers to
monomers that favor the formation of isotactic or syndiotactic polymer when
polymerized using stereospecific catalyst(s).

Preferred monomers may also include aromatic-group-containing
monomers containing up to 30 carbon 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-

group-containing monomer further comprises at least one polymerizable double

bond such that after polymerization, the aromatic structure will be pendant from
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Preferred nononers may al so incl ude
aromati c- group-contai ni ng nononers containing up to

w@oeazdoen at ons. Suitabl e aromati c- gr oup- cont BATIUS2P05/024240

nononers conprise at |east one aromatic structure,
preferably fromone to three, nore preferably a

phenyl , indenyl, fluorenyl, or naphthyl noiety. The
aromati c 30 group-containing nononmer further conprises
alpl y

o B e L g s OB P furier be
panddmuted witiione GanMOhR 64187 EH4psRadlnding BOGEhd 24t to C, to
the polyner backbone. The aromatic-group contajning

n gfﬁlgmf B ReRalbetwobASeRt bR IRSI RS JgIes form a
dxgﬁ %‘F} 9 Fgelrg%‘ge%sa}& drgﬁtltuy grl cgﬂttamq%rgjbfé%ﬁelérg QoheBinG 1da$t one

S wlogiatit stracing apparided food pelsmierizAble dlefinic mdigtys Pattictilarle.
Preferred aromatic-g rouF cont ai ni ng nononers contai n
aprelfeé@gtarcamrwsnarpmf include stysengy elpbppeHtvdstyrers, gara-

%fg&éréé‘%grlf& &B!eé“ kfﬁ'lggﬂbﬁ(%ﬁﬁeng A1l1 - &e! ¥nd RESLST " ed

nmers

abspbaanjéhtbﬁehs tgarmhyl RBfehe, ﬂlphyﬂ}&-ﬂyo’tﬁﬂ&&md allyl benzene.
vinyl t ol uenes, V|nylnaphthalene allyl benzene,_ and

. ndeneNon SEYRAICAVERE FOYR SHBAINIIZTRRROMIFS ars @iﬁpéﬁ@_erred These
FSHXJS ch @Mt&iﬂ% %‘90 %‘lil‘leh agﬁﬁz FiftableABn %Fo%nafc' c&cli group
cyc I'C group cont { & i ning nononers are also pre d

Te@s&ninkGnononeprefettbily Bmtaﬁldasunmetpely&ibraalﬁlb @teﬁa;ic)gsup
Sui tabl e non-aromatic cyclic group containing

nibinsitereadant apIthe EUE SEHCIE 4815 RIFD fi¥es gebie Siuagie. The
CbFH: BBl e bR BRIUADDy B! B GE ros

cywhias, Wit hoclinited 10§, &l G alle/] @tduphePreﬁdﬂEﬂtnohkﬂr@ﬂathycyclic
one or nore hydrocarbyl groups _such as, but not
| ERoRp senterwmmeamongmars Bickidepinyigyslabexane, wpyeydehexene,

”%llryﬁléﬁll&%én% e‘“tg{,\ﬁ| e e BOALIMAND @%&itﬂ% égﬁ'fb%%ﬁ{eﬁe

I nC e V|ny1c exane Vln

V bytydHeRéle) oRilehuteicwihyld @igantaeppsrbemene, and the like.
cyclopentadlene cyclopentene cycl ohexene,
cycl obbreereed djpl ﬁ@n Aeammetsaelul Hbtmdnvf’élﬁen ingherleramy

: n{/}g %a%o%f s%':ur gke%r?if)fy ggcl)&gg%g in Ffe%t t%vg u}lgutérated bonds,

ntiron I nc Ud any ructur

pwvhteimed|ldasCiva of tﬁBﬁhsahmtemgorais alreex&sdll}t Mox’pﬂﬁaidl.ihﬁ)tai‘ d
bonds, = 20 wherein at | east two of the unsaturated
bBAyBIcEbReithen ARt ORReHIGRITA Bt prRpsp ee fip 6Pt9h/§'i(s)b9t is further

a8 L FRRRESH bl ool EBRES s
dimoherhirs (MrbwRIyS moRomelsk CHets frefurably, phediokfiagaorineneare

mpnoners, (i.e. di-vinyl nononers). Mire preferably,
t Heeagdpyiayl mom@pﬁgpgst Rrederably those containing from 4 to 30 carbon

atoms. Examples of preferred dienes include butadiene, pentadiene, hexadiene,

heptadiene, octadiene, nonadiene, decadiene, undecadiene, dodecadiene,
tridecadiene, tetradecadiene, pentadecadiene, hexadecadiene, heptadecadiene,
octadecadiene, nonadecadiene, icosadiene, heneicosadiene, docosadiene,
tricosadiene, tetracosadiene, pentacosadiene, hexacosadiene, heptacosadiene,
octacosadiene, nonacosadiene, triacontadiene, particularly preferred dienes include

1,6-heptadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene, 1,10-undecadiene,
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weemberved di enes include butadiene,

i near di-vinyl nononers, nost preferably those
containing from4 to 30 carbon 25 atons. Exanpl es of
pent adi enBCT/US2005/024240
hexadi ene, heptadi ene, octadi ene, nonadi ene,

decadi ene, undecadi ene, dodecadi ene, tridecadi ene,
tetradecadi ene, pent adecadi ene, hexadecadi ene,

hept adecadi ene, octadecadi ene, nonadecadi ene,

' £9%< %H%ﬁﬂten@ eln?i &Rl%@éjdl €1 19?&9&%@&4&&@ d low molecular
tricosadi ene,” tetracosadi ene; entacosaJln
hexhopddhfidiened QMV@IE%ﬂhdm 0G0 g/ﬁﬁ)l)o Cl’trai@ﬁsdidycﬂnﬁehenes include
nonacosadi ene, triacontadi ene, particularly preferred
dexsipentadiene danylnorbomens, agibemadiene, rtkydidgags aergomene,

oy R L

1witﬁoﬁtfsh6|§ﬁ@dﬂ1itm®andus]rﬁrgtpi‘isftﬁﬂ@Cadi ene, and | ow
nol ecul ar i ght pol ybut adi enes (Mv | ess than 1000

g/ mol ) Noprllérpgpg expmpled ofprefemedpolphgisatyeated monomers include 6-

[ €
S AR LG ARSI
dh&ytdntine, rhanylamsgl Qetohe,GeN vinylRetory) 5adierbmg-ohie 02 -adetylss-
with or 5 without substituents at various ri

pBeDOMISRS 7S48 ANatheymey S ppraen- %‘fon&raéf@¢lpe%;g-pl§pathyl-4_
KE&%% ﬁéﬁ%ﬂ% %Ogggghg,ﬁ% 4 “ﬁ’?y o%%h%@?‘g‘%&ﬁé%% é’lcidgu _

hexylaadgticieid, dedehichoiciatid, 2 Radimthyl-8iphilensit ayid, 6-bEmBRbic
5- hexen- 2-one, 2-acetyl-5- norbornene, 7-syn

nﬁlﬁdséylﬁ@t%mm@lm%%ﬁ*%&ﬁ hem%en%%%ql giopa-fluoro-1-hexene,
S ARSI ioctind 2881 by HARGEKH S S rBlARRUAAS.
,&-dinet hyl - ena acry acl

Vidtybrig, |5Cncﬁ6¢1ﬂene42-laafbbﬁil@¢l@dacﬂ ﬂorbomene 2-carboxylic acid, cis-
2, 2- dlnethyl 4- pent enoi ¢ aci 6- hept enoi ¢ aci d,

d,
t -alﬁémmeanev@m -Adrépgbexylisiagid, 5- nerb%mnad% Bribmethgaglgcis-5-
SRR Eeb Rt ARG bl SOhomge2-endo 3-endo

Sdinetian!) Gﬁfbﬂi’orﬁ@febpeﬂldd 3deRo-dimethanol, 5-norbornene-2-methanol, 5-
5- nor bor nene- 2- car boxal dehyde,

snwbplmémwéwé Sonerhemmens, vk agetatey, 1-[@r-@-noromene-2- yl)ethyl]
S SRS SOl BB PO Ploctasionan, 2
NeenR6YINE MRrttake 2alBA d] 1682 ewyiiotochyl \etHer,dRrolein dimethyl

5- nor bor nene- 2- endo- 3- endo- di net hano
saqetlduHadiens monswils. B2pexyii pstananol-epoxy-9-decene, 1,2-epoxy-

55 %%%n%r?%ﬁu}% 2@5}2891?411{6 gﬁyl %Rj’cﬁl?'[ &ﬁ&eZ% (ﬁhydrofuran 2-

- nor bornene

1c3[c20p(35teﬁ£ltchm dﬁl@ﬂﬁreﬁce}/dl,)zﬂlyh&ﬂsﬂllﬁde ethyl acrylate, methyl acrylate.
3,5,7,9,11, 13, 15- heptac¥clopentylpenta clo[9.5.1.139.
1515. 1in1a metsered smb estlmfr@ the ppepepssh desgribed hereingaareaused to

déﬂ{%{l(}%‘[}&ﬂé@é&nﬁr? Br{) « HePE t (?‘rélh @E}pg\g{o’sesa&rtﬁlls ?n\Q:ntlon and the

a I ene
leldmenbeto/a @pbBRter nlayZofipeixy tvb, dae€ feur ok ndore [diffétent

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
1s a homopolymer of propylene. In another embodiment the polymer is a

copolymer comprising propylene and ethylene, preferably the copolymer
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5- hexene, 2-nethyl-2-vinyloxirane, allyl glycidyl
et her, 2,5-di hydrofuran, 2- cycl openten-I|-one ethyl ene

waetoah2598d | yl di sul fide, ethyl acrylate, nethyPCT/US2005/024240

acrylate. In a preferred enbodi ment the processes
descri bed herein may be used to 25 produce

honmopol yners or copol yners. (For the purposes of this
invention and the clains thereto a copol yner may

C j. t tar f; [ idf t [1.0
O 158 im0 e ol TROE oy s iRt o6
hemprat, P&k sbbithe RN NEROMpOEesAB thin 20 eighMethylene,
nmononers. In a preferred enbodi nent the polyner is a

hewspRreipsehly tess tay 10veight & ethyleph a Iintnothas embpdingsns Hiey

th | yner i a h ol r of, propyl en n

- REyRet KEopamc? e SnbRIREROTER: fld HeBXFOSalybe the
CRIBRbMSIsNBteAraBPYd. ERQnaiher stfeyree BfbodinfhehrRbyolihers
copol ymer -28 WD 2006/ 025949 PCT/ US2005/ 024240

cerrpprisse on¢ exmoretthelefin comprpmersopeefaabbrane argrase C; to Cao
erL%{ably | ess than 30 weight % ethylene, preferably
tﬁ@ 5%b|yner conprises |less than 20 wei ght %

et hyl effanoffidr praféreddemaiddymernt Sise ﬂdlﬂ'ﬂerlﬂ}o&ﬁﬁeg Rere¥f is a
et hyl ene. I n anot her enbodi nent the olymer is a

ceqrolymesrof prapylans iapd opg ppPIsie Akd to feo Wrcandranched ergyclic
of the 5 n rs |listed. ab . ~ n.anot her ef err.ed
s R b ot R Ea CLORRg fiond] & Sl
dalph£biefing.OPRAQERY the RIRhG PRI cO®REelNis arebﬁ)lﬁ}aeﬁ & C40
diolefins. In anothertgreferred enbodi nent the pol yner
pPioRlicaelantbens qr mage of ethylgns, priane.gienisnedigkere hepriene, petene,

or nore, C2 or, to,C2Q, l.i near, .branched or cycli 0
horRE et Hodetanel 4 iy AR AR 1 PSSR T R a3, 5.5
| trii@sthyl Hekereclhed or cyclic al pha-olefins. Preferably

the pol ymer produced herein is a copol ymer of )
pr opy| breprgfeared smbodimeant @GGDP@UWIS@{%QC, nbgd thereen comprise at

h h , d
st Do R S ned b W5 el Sp e ERE T enng
3, 5, 5- Inf driobfR} Bibodifear) ﬁle]poé)élﬁeﬂqﬁnﬂ)ri@éseif erred

enbodi nent the copol yners scribed herein conprise at
| @ fisst nBmomst pesat agfrémddito A5 mnie s, araferaplytSo t6 90 misile %,

2fﬁ%$$§ggaggg¢$$i§9d n anot her enbodi nent, the pol yner

oner present at from40 to 95

B t&mBhorRérrésentt YroRD5 tP4@RoYEprieratity € &F 6PMB16R, fBre
80 nmole % and
preferably 20 to 40 mole %,and

a termonomer present at from 0 to 10 mole%, more preferably from 0.5 to 5
mole%, more preferably 1 to 3 mole %.

In a preferred embodiment the first monomer comprises one or more of
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 propylene, 1-butene, 1-hexene, 1-octene,
cyclohexene, cyclooctene, hexadiene, cyclohexadiene and the like.

In a preferred embodiment the comonomer comprises one or more of any

C, to Cyp linear, branched or cyclic alpha-olefins (provided ethylene, if present, is
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20 a conononer present at from5 to 40 nole %
preferably 10 to 60 nole % nore preferably 20 to 40

worloe/02pand a ternononer present at from 0 to BOr/usdoedH24240

nore preferably from0.5 to 5 nole% nore preferably
l1to3nole % In a preferred enbodi nent the first
nmononer conprises one or nore of 25 any C3 to C8

I i near branched or cyclic al pha -olefins, including

PR 50 B0 L ST BB

I'soners ene omers
t heve®hepteh€ Phe Beteh@ Mdnale, déckagmindedenerddégene,dedladecene,
octene (and all isomers thereof). Preferred nononers

i Pletpdigee. bexadjanerkeptatliang: renéadienchestadiene, nongdieapdecadiene,
SRR Rurited PR SRS ey o
C

f fen€Q'@cicpefita@iee, @hd Blehekbnéiny C2 to C40
| i near, branched or cyclic al pha-olefins (provided

et hy| ehea preferjgd egbadimeng the termopomepoBNpraEs ue or more of any

P 2005/ 024240 . present .at 5.mol e%.ar.l.ess), . .
e Rhdied o SR haftol ol Y ShL pFTRAe. ipresent, s

heesdie at NEPILH 61 ledd) JinBRHRgRthyMIREHBpYIERS BlRne, \(PrREREENE,
dodecene, hexadecene, butadi ene, hexadi ene,
hbgxeaslihepiene, sad pelene menense decgne na-degeriea dp-daeene, hexadecene,

?E\i?t%%llfﬁeg ﬁﬁxe agge%gﬁie%gagl?e%g ,’[ %eﬁ%iréeﬁltgg%cég’di'?negﬁg'ladiene, decadiene,

mesdevhdien, &gRnd, 3,5 5atinkeN! Bekegee, 3anethglpehtomexene. | n
a preferred enbodi nent the ternononer conprises one or
nisetylirentgas- 1, ozlopgntadignejané gyclolpxgihed or cyclic

Ina r.e T i. thé polyniers de | tib 0 nﬁe comprise
o S A R

presen eSsSs), ‘1 nc

PoRPN 16 didddé toRORYRER %, prefets; atlbeBioeN & 1.9Rekight %,
oct ene, nonene, decene, un-decene, do-decene,

hesefriehd e AQ02 100.5 (reaght énesy e moariPisreably 8903 & @Aeveight %,

pent adi en t adi ene... nonadi ene, .decadi ene,.

tted Bl 1St T e MBSO, 1 53i0n g timents 500 ppm
3ofMeés il dxaRtiEiRted to e pEBinhHzRESM, PAcerably 400 fppm or less,

cycl opent adi ene, and cycl ohexene. In a preferred

epig&atlear 3Q0remof lererls athes embpdincatsoy éeasiyG pram of diene is

conpri. s one or nore_dienes at up t 0 weight 9%
R 2 e pn<ala o S5 TERTR oF el ok 758 PoEr AT o0 o
0. 002 tnoan@tHer ¥Rb&dieft the pRIteskRs Bespfibd Rérailaye Gse@@Spioduce
0.2 weight % based upon the total weight of the

cpiopylsie ¢apolymars withetlembsaomenusitss 06hgs sthybane] ey coplefin,

O o R 15 B2l AL ASH20imel B LLERY A,
olefins, C4-Cy diolefins, C4-Cyg cyclic olefins, Cg-Cy styrenic olefins. Other
unsaturated monomers besides those specifically described above may be
copolymerized using the invention processes, for example, styrene, alkyl-
substituted styrene, ethylidene norbornene, norbornadiene, dicyclopentadiene,
vinylcyclohexane, vinylcyclohexene, acrylates, and other olefinically-unsaturated
monomers, including other cyclic olefins, such as cyclopentene, norbornene, and
alkyl-substituted norbornenes. Copolymerization can also incorporate a-olefinic
macromonomers produced in-situ or added from another source. Some invention

embodiments limit the copolymerization of a-olefinic macromonomers to

30-



10

15

20

25

30

preferably or 300 ppmor |less. In other enbodi nents at
| east 50 ppm of diene is added to the pol ynerizati on,

W®20080859ppm or nore, or 150 ppm or nore. 20 | NPEMU$1005/024240

enbodi ment the processes describe herein are used to
produce propyl ene copolyners with other nononer
units, such as ethylene, other a-olefin, a-olefinic
di ol efin, or non-conjugated diolefin nmononers, for

i e g T

Udisélbsss alm6 usEabeatichoBRss. dElﬁit tRelssurs pefersftd cahbiyomers as "a
descri bed above nay be 25 copol ynerized using the
i segend MOAOPEOCcesses, for exanple, styrene, alkyl -
subst i h
ol aél%ﬂl@% (L.I)Aégcﬂ%’epfa twh\é{l g%)%g%ng %150%{[31? &y Cﬁ 1red the

nor bor hadi éne I cycloépen exdane,

VfIMBENCInOREHES 8an BEEo ze@mhqirdiﬁﬂene ethylene, but-1-ene,
ol efinically-unsaturate noNONer s, |nclud|K% ot her

cb@‘l 1@n@|4em¢thylpe@tubnneashca91@p@p@h@r@néorbﬁmea@ elrnsgo, G200,

hst t
a?r f?clc?r%%rlc?rra %hg(gl “?dpe%gg% @o‘g %fﬂ) 071’%% pf o’% uced

l G}eﬁh§ Un@ C, The,0C £ CR/OATRTNFlineaPor renchS@ B 1éfingent i on
enbodi ments linit the copol yneri zation of a-olefinic

macr onononers to -30 WO 2006/ 025949 PCT/ US2005/ 024240
Joly:slTelas=ls hﬂ 2000 or less mer units. United
SE&%%%—#%%%%@hqqy——é 300, 451 di scl oses many usef ul
conononers. That disclosure refers to conmononers as "a
second nononer”. | n another enbodi nent, when propyl ene
copol ySems ireentictesrocesses polyandize dlut-bwne (T o AGMECs Peadb6
be copol ynerized with propyl ene: ethylene, but- |-ene,
hdRa),| peatab-enel(Teel Hiy8;gmB Sb MPe, hex- byed Gpém(h&l;l Rad.21 MPa),
nor bor nene, C4-C2000, C4-C200, or CA-C40 linear or
benthE-methyl-but-b-ene (Fshd® 7; Rez3 63 0Be) usngthee masomess @40

C ol efii.ns;, and C4-C2
 Fiuies somBRsiRG Heanoponrstt Sngmi'tbcagmﬂw.aﬁﬁWeamn

I t -
'(V_Hjjgﬁf%% ox?%cﬂ%nip glilfe@é E&eﬁ}%?&%%gﬁ??}p?é%%ﬁ(mr%@ L= e'ne Gitat-1

Pene3 o6 5-nidila)l-butrdrent aemen¢mer2 3Ahess p11§¢cs§esZihn Ml%a)e,mpl%n d

3-neth ut-1-ene 79.7; P MPa
nfm @e@? ﬂ%"?ﬁ‘&‘i‘i(i’r JI ?r?ge Pe- Iﬁlﬁ@ﬁé 195'%6 “These
%Es%éé éah%ﬁ{plmgéﬁdn%édléﬁl& &ﬁltaﬁﬁ fchie? alan%dbm%m 1-

| vent. These "‘processes can enpl oy at |east one of

bene- péntelnme pehinetiyl-beréenar O8comesdy Hesbonmpoumde casbe freely
nglri])?e w1th eac ehe?r o& tﬁ%%op%/ erl]le aals Isn%n(e)rrrrl'g} %}ilk reaction media, or

both.

Catalyst Systems

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.
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reaction nedia that conprise but- |-ene, pent- |-ene,
or 3-nethyl-but-|-ene. These processes can enpl oy
wo smen2om nedi a that contain greater than 50 ve@6/10$2005/024240

but-1 20 ene, pent- |-ene, or 3-nethyl-but-1-ene. O
course, these conpounds can be freely mxed with each

ot her and with propyl ene as nononer, bulk reaction

nmedi a, or both. Catalyst Systens 25 The processes

d@g f&ﬁ@&nhﬁkﬁgﬂ are preferably used with a catalyst
sysééhr-co%prr3|ng a nmetal |l ocene catal yst conpounds in
conbination with an activator. A catalyst systemis

defined to be the conbination of at |east one catal yst
conpoufatalysrpmpoundsstbat romebeusefl imthepro@sses of thygonvention

2006/,025949 PCT/ US2005/ 024240 . al yst n .
P Bl BEiee grlic s R it e GRL ARl R O s
Oforhblh&tidn Wigihrt Sdtivaion ahdIsiftichBily ad adtRfidlal 66Q08sst. Preferred
contai ning specifically substituted indenyl |igands in
smetattbeangs With specificadli salstituied iwdenin diganpsdsi aoneppropented in
addi tional cocatalyst. Preferred netall ocenes with
sEkET%?EaIIy substituted indenyl ligands are
represented in Formula 1: -32 WD 2006/ 025949

PCT/ US2005/ 024240 R R R7 6 5R )b (R R8 (Rd)a %%
R3 2/ 29
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RR(CR)2)c (RO )d R~ ~R1L | C(R11)2e R8 R2 2

R7 112-R 13 (R)f RI5 R ' \(R14)9 R2 where: Mis
w@2aor/ar®mid i on nmetal selected formgroup 4 of tREI/US2005/024240

periodic table, preferably Zr or 5 Hf, nost

preferably H ; each R is independently selected from

the group consisting of hydrogen, hydrocarbyl,

substituted hydrocarbyl and a functional group,

preferably, is -33 WD 2006/ 025949

PCT/ 2005/ 40 hydrogen, a hydgg@arbon or a

erably R is a hydridngeven nor e

prefer is selected fromthg group consi sting of
met hyl , : trimethylsilyl,
= n o "even nore
r);‘[bly R beI|n d, and

each R2
O'SIStI ng of
hydr ocar byl and a
hydr ogen, net hyl,

is nmethyl, and

e&\éﬁrw &
(R

the R, groups

(f{@ pendent

functlo
opyl ,

ethy \WELBQ

allphatlc or ronatic rip

R1/M\ 1
(CR))e
R8
TZ
2
R’ R12\’R
(R™)
R15 14
RZ/ \\(R )g
R2

where:

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

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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R3 is carbon or silicon; R4 is hydrogen, hydrocarbyl,
substituted hydrocarbyl or a functional group,

weemberald y R4 is CH2, and R4 and R5 may be boREmUS2005/024240

together to forma ring, and or R4 and R6 nmay be
bound together to forma ring; 15 a is an integer that
is equal to 0, 1, or 2; R5 is hydrogen, hydrocarbyl,
substituted hydrocarbyl or a functional group,

pfé))g({rf%e%b %(B Scarﬁ’on Or zi ha‘rilllag gfe%bij }%Bls'}ﬂé,dgg? %ggrpglore

orma ri

epitedradlp RO s sklecd fom R@ gr§u;p@fnb@ﬁng36f @kthiy ethyl, 20 each
R7 is independently selected fromthe ?r oup consi sting

Omwbhﬂ@@émethm m@tbalﬁﬁxﬂl pheaiyl sephtiul eallyhyaad beraybyavemmere
dPIfe?eé%bé%’t% ’7%2}?'3 beq&r?‘ﬁ%ﬁ dﬂgg gfglrap§ y be the same

abi @if@ichg Or arorratic ring, preferably R7 is

hydr oge nmet hyl , ethyl or propyl, nore preferably R7
i gach;l%n@génperdnmlx fedecRd fw@ﬂwmcqméwtlh&ogbx@g@n

¢ bydsbeato v BRGied PO By E el A apREEbOSE i

I Hﬁﬁ@@éﬁdﬁﬁfﬂyy BAl %%@Pylf 1oF8 proferdbl PR3 i€ ARGy lahd thedt’
hydr ogen, ydr ocar substituted, hydrocarbyl and a
f gnoups$ mnnbe grecsame op dc,ffeéfrré,mnyl ang twe R’ BYPs e bedisked) |

re pr rably R8 is hydrogen or
nﬁﬁgﬁwrto g’gﬁlép}}gg %ﬁ&alﬁﬁ‘y be the sane or
dRFfsQ{aﬁj&lorgﬂlcg@ch R9 i s independently selected from
E gr oup conS|st|n? of hydrogen, hydrocarbyl,
15

Bbisthiydragen, Hyrrcatbal, sybstisiped hydrosrehyl ena |ﬁ/1@¢1@n|fd g/roup,
4 5200 259 U 0242
PERTERAT B s 4 SR ARTR R TR0

pRéEﬁ{RthyB@bbbﬁlmgétH&&B forahgrihfte RO gr ousz may be
the sane or different, and any two R9 groups nay be

Iam@dnteg@gb%théﬁqttabtqQ>r1m>%12,r| ng, and R9 and R8 may be

d.to orm nd nma
R ket gE ook SRt RrodRy 0o SRt R oe
mﬁf&k@@b R’ ‘isO(gHE h@a R°Qnd ®F Ma¥ eibddnd BEBthesto-fBh Rring) h-
ere B, N, P, Si ‘'or Ge, his an integer
fbmmlnte@elzthat lsngaltth@,tl oh& val ence of M2 is filled,
q)rl S h drogen hydr ocar byl , substituted
hg‘df's SRRV SBY9% f unct i onal group, preferably an

AERAR’ i HdcpaabntBlL1LiQURIBE g28up 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
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®
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, ethyl or propyl, more preferably R® is hydrogen or methyl, and
the R® groups may be the same or different;
each R’ is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R’ is

-34-



10

15

20

25

30

the sane or different, and any two R16 groups may be
i nked together to forma 10 ring, preferably, R10 is

we2dvea2598 (CH2) 2, Si(CH2) 3, SiPh2, Si(biphengd1/ud2005/024240

Si (bi phenyl )2, Si(o-tolyl)2, nore preferably R10 is
Si Me2 or SiPh2; each R 1 is independently sel ected
fromthe group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl and a functional group,

T e
gROpeaps MYy be t}tefsanﬁaalfrﬁlffﬁrerd; afnfd&xh? ko Rélgﬁbuph ealRlbe linked
groups nmay be |inked ggther to forma rlqggnand R

1t05ﬁ e1dg oy a pagy mkl’eoanfi &ayde linked tnesihsr to fegm aghyg, and
Rib g b o
Rt s i A e e e e
ZanhmaoaBnﬁahmggr =0, 1, or 2; The sumof ¢, d, and
Qr 3, prgferabl%ﬁthe sum of  c, .d, and e is

fBr Slz-MrﬁBr v eteae M dpBy AL Stipi G¢. Ieis ap intgery feom & to 2,
Rgl%h tiat ‘fl@er‘%%?&cg bf f2i flﬁ%}i AR § hg&%&&g %gdrfoa%rg?'l subsfltuted

rocar Itu ’hydrocar

ghyau@cartg& opk ﬁimnaﬁdngrﬁﬂzprem@blm aﬁﬂéi and 4a¢tel ' *haeorpaunyibe
together to forma ring and R15 may be bound

t @’ﬁé{“ﬁ@ pr digfercyt.Ang apy ﬁgo R\Mﬁﬁurzj may by ligeed togethey ¢n e

ey S S

t sigeiphatyl) CSl(chomlﬁ oregprefeeablyf R1%ds SiMe,Rr Sﬁths car bon
or siljcan, is an integer that is equal to 0, 1,
ofach: R!! méepaﬂdqnﬂ Sefested fiam the seypsPnyiying of hydiggen

Q / f
F G RSRAERIS TSR Bl g
bhiydreliean@ethgl, @thyl, whepy! bt plseng, mdr@pl&fmlﬁizaﬂredlydrogen and
enbodiment, Mis a transition netal selected form

ghsd arogps 1R be diei sgareor defrent, ridheRatgrgupsmay be linked,
”{%g&hg{]t%ffﬁﬁ{i‘%% Hing €3G0 B ?qag bk ﬂﬂf&%géﬂéﬁ ¥ 1551 £8hE dna

group onS|st|ng (0]
R'" and R'® may be linked together to form a nng,

cis aninteger=0, 1, or 2;

d is an integer =0, 1, or 2;

eis aninteger=0, 1, or 2;

The sum of c, d, and e 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,
preferably CH,, 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 CH,, and R'* and R'? may be bound together to form a ring when f'is 0;
R'® is carbon or silicon;

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

g 1s an integer that is equal to 0, 1, or 2,
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hydr ocar byl , substituted hydrocarbyl and a functional
group, preferably, R is hydrogen, a hydrocarbon or a

whadobdeso4pref erably R is a hydride, even nor ePCT/US2005/024240

preferably R is selected fromthe group consisting of
met hyl, ethyl, 10 trinmethylsilyl nethyl,
trimethylsilyl, phenyl, naphthyl, allyl, and benzyl;
even nore preferably, R is nethyl, and R nay be

PSR GRS BOR T BoBBER ke Syl Rer 8 » butagiene
ggup wtenM &Zmg of nethyl, ethyl, propyl, butyl,

pentyl , hex¥l and the isoners thereof, provided that
when R apigiorsd embodimignbr R 2 and R 5 forma 5

B R0 BB o PR RERLAR A 2o

PHfbst pheariblydird the isomers thereof, preferably R2
is methyl, ethyl or propyl, nore pref_er.abl%/, R2 is
meachyi | is n@ﬂmmdh@ﬂmlqgtedd%sn Hg\eronp eansisingref lydrogen,

di f t: R3.i b ildcon: 20 R4 is. h ,
S R T R e A
OhRi#egen, D hGdreéabb1Y offihadlide PrferabROR R4 aaiydril, ovay mbee

bound together to forma ring, and or R4 and R6 nay

berefsdiip Rt dngeslasted fram thergioup qonpigtingyof methil, etiybger t hat
is.e [..t0O .0 2”5 1 s hydroge rocar byl
TRyt b hessy (NRH D SR BRI e more
ppefeirP| R iRmetisy],Gnd R'ang) fRSinked, Aa theR' Beupomagibe the same

together to forma ring; b is an integer that Is
eolidiffexept;0, 1, or 2; R6 is carbon or silicon; each R7

16903 n BRGNS 1SR ORIt SELRRLES: LEAM LS

h
group consi rogen,

pﬁl@?}’ll, butfs)l«,l toihtyl, BEX\ Yihd tHegotheraidrdofieprowias®ihgt whed ROind R®
preferably R8 is -36 WO 2006/ 025949 "PCT/ US2005/ 024240
hyast e n angrB{ Hiprm ac sayhongingpthep whch Rioisangsipendantly s¢leqtes

[ hygro en or .net hyl nd e R8 yps_ e f])e.the
it 2P eRhuthl M Al BB RRR R Rt
f therdok, e fBFaB LR Cie AsatIS,| Jtigy1 of plla?sglr, aERe prefdiisly a6k Bydthyl,
substityted hydrocarbyl and a functional group,
park the RpIgyours may be thysmsgedifferenthy| , et hyl, propyl or
pﬁepsyclarbor{%rr%ﬂi%ggf erably RO is hydrogen, and the
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;
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;
RS is carbon or silicon;
each R’ hydrogen;
each R%is independently selected from the group consisting of hydrogen, methyl,
ethyl, propyl, butyl, pentyl, hexyl and the isomers thereof, preferably Ris
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RO groups may be the sane or different, and any two RO
groups may be linked together to forma ring, and RO

waoeREomny be |inked together to form a ring, PEmUS20R9024240

and R 6 may be |inked together to forma ring, and R9
and R1' may be linked together to forma ring; 10 R10
is -M(R16) h- where M is B, AI, N P, Si or G, his
an integer froml1l to 2, such that the val ence of M

%Jr?éetn ﬁiegnyﬂdetth} grc %%B% %o?@ﬁr@f al Cglf{gﬁg}p}a%rg’en or methyl, and

pth%flérgi\ OPsrﬂdthﬁa@am@&ddlﬁa&ht R16 group may be t he
same fferent, and any two R16 groups

| pach 16 ingependentiyoselastadh from ﬁhergourpwmsx@rlag)p@hydmgym S

P e gt n3bios oM S alypdfonp Bk PhRG A R

Shy&age@lr methyN Zthyg, q%pﬁilailph@ltyl mEtee SM&HEIBIRQS%}Q%%‘A and the
{igmt e group consistin hydr ogen,, —hydrocar |
gtqupan@m bhﬁm@wmﬁlfﬁam, %ndfaméwp Fgrougs oy, be hnked

R11.is ropyl or
DlrE PR Barand b A el T e s s, R ineima
1R@ aRURY )bkl dg&ﬂfé?tdatronﬂlafrf@r gt R°and Rt heayRdellinked
groups may be |inked 20 together to forma ring, and
Rtogithah@ Pan gupgbe |inked together to forma ri ng, and

i 8 Mg P DS PATILEL R hSHA 93 5

oguois that€hd Fal@fee 0P MEAEFilled, And R/ Bhydioge® h}'bl%c%m @\ibsﬁtuted
d and e is 1, 2 or 3, preferably the sumof ¢, d, and

ehydyogaghyl 2r a rfmcélonipl 2B WD, amfe,rably e arcn, avfl cach B ™ gapup may be

s aee ppgiefergitf e d b 0B R h B UG 1o fogm o
fiRElprefeRbB R0 |S)M@J-|@1(c&ny|2, B;@}gmg slﬁﬂ;f; swgmygpund

together to forma ring, may be
b&ubigherdes S1ért0t1)d)zf BOTA Iaekrab@/ Rwtig Sﬂ\jez ar SiPhy; 37 WO
200 2594 05/.02424 i

SRR P ePe O LY SHAr S EATHG Py PR N RioeSHa
ghy&t@earbﬁ rsﬁﬁn@t[tﬂféh%y@d@arbﬂ%dB%n@ﬁﬂa?érguﬂ%yef@ﬁbgﬁmlﬁ‘i’s

together to forma ring when f is 0; R15 js carbon or
shydrogam, miethys eghylipnersder phemat, mage prefierhbly & ' Dis hydragen,2nd

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;

c is an integer =0, 1, or 2;

d is an integer =0, 1, or 2;

e is an integer = 0, 1, or 2,

The sum of ¢, d, and e 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,
preferably CH,, 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;
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wa bwy/ozko4not form a but adi ene

5 g is an integer that is equal to 0, 1, or 2,
provided that if the two RL groups are |inked, then
group when M i sSPEx/USI0NS/@4240
preferred enbodi nent, R3 and R6 do not forma 5 carbon
ring. In an alternate enbodi nent, and or R12 and R15
do not forma 5 carbon ring. In an 10 alternate

enbodi nent R3 and R6 and R12 and R15 do not forma 5

B B At o BB RS g TR B Dir a (e S8upl”
aple®iriAy EHs AN NRRd RaRey B¢ bdthd tégthdrRiG foim Mg WRENT 8 0;

5 carbon ring when Mis Zr. In an alternate
eRooerarbon oRBlieand R6 and R12 and R15 do not form a 5

carbon ring, when ' r. 15 In a preferred enbodi nent
’éﬁnﬂﬁltlegerg]?a}t lﬁﬂug/l’]{?sthg’ P'oPma 5 carbon ring and at

| @sdn iRGertRatdl G4l &3 §,acbeg to the 5 carbon ring is

not nmethyl, preferably at 1east two R2 groups are not

netolided that éffte bind R aroupsaredinked, diresuthey o rotiform mbutagiene
preferﬁjgl mal four R2 groups attached to the 5 carbon
r PGP AE RO 4fet hyl . In an alternate embodi ment, when

Mis Hip a b2 enBbaint2f M3and RPN fordla 5 tiBo@AAg.aln an
| east one R2 group att%ched o the 5 carbon ring 1s

nalternate bipbodimenkhrd abRy and R edg notifpom RS cgrbwnpingade amot
hyl ef.eraply ¢ hr R2. gioups .are ot .net hyl ,
ol ias pRDSRIeRr B g0 av R Py ¥ ¢ Rt o,
ring ape pYeterredRhtb¥Himdn® RN REMdoRioe fRin £ cABOOEhFRMER M
Mis Hf, and both Rl groups arl% nmet yl. 25

Sisi¥at il an alterhatel ewbediment, apdiprR| ‘and R sdo vefl fowg a 5 carbon ring
substjtuted. hydrocar byl .are _tadi.cal s 4 Lesh, at
S MR LRy PRGN BER LD R eaft k™ oot form
sybthibbHRg whthiND i@y, | east one het er oat om or

het er oat om cont ai ni ng group. The term “hydr ocar byl

r adi caln'a prefesedembodisnans when M istthRngedB formi & fcarbon ring

"hydr ocar byl, t hroughout this docunent. For r pose
P FHIGLER SEEestoshes (/B S caPBY AR apaiareil BEREbly a
eREQTRE TS QPoUp At RN RERIY KAKROR? § Qfa{dbt ffethyl,
optionally sil i.con atorns, pr eferably 1 to 100 carbon
apefsablygld fog &) groups attadie® PeG6Ta0RHmIAG are not methyl.

PCT/ US2005/,024240 . opt | |y, si Licon. dj

can belh ey s mp ghethie el R 4 nfprm s Eodn

PRhY &dCti1Cast Jm?e;ﬁc)ap hiehed fAthe BRabdh ¥indliehot kYL al |y
uply

1

unsaturated or ful 5
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 another preferred embodiment, M is Hf, and both R' groups are methyl.

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,
"hydrocarbyl radical" encompasses radicals containing carbon, hydrogen and

optionally silicon atoms, preferably 1 to 100 carbon atoms, hydrogen and
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unsat urated, and when cyclic, may be aromatic or
non-aromati c. Hydrocarbyls nmay be arenes. An arene is

w@2®absid ut ed or unsubstituted 5 aromati c hydrODES10051024240

Arenes may be nonocyclic, polycyclic, hydrocarbon ring
assenblies or fused ring systens. Arenes may be
substituted or unsubstituted. Substituted
hydrocarbyl s nay be arenes containing functiona

g d Y,
PpidBEty e “Thess RBLe e Bl S Blel Oy inbfiding
apsledyolic.eThese ridiee&sicdmaieeyamated ipartiallp @nsaywraedwr flly | n
some enbodi nents, the hydrocarbyl radical is selected

f psafuraiechand whep ﬁl/’th PRl BG RTOMAYE PF NORraRpmIAtic. nexyl ,
hept yl |
P ey o e B b Y bt maubsiua

hepiade ﬁydlroc@&irﬂdﬁitkhbs mapbageaydyclic, inWMic., hydrocarbon ring
henei cosyl, docosyl, tricosyl, tetracosy pent acosy

hesserablssior fused psma@wgms éeecna%@éy pe svmﬁae@sfsqn Unsubstituted.’

t £ I I
hg%bgﬁgﬁé&/ lh'dr(? aﬂ)smsf/ﬂn Ry &yér(])gta%g}g ﬂ%agglgaﬁgfo,%&/ As glllsch,
usbet el hydﬂﬁdlfbﬁjﬁfiﬁiy bd Kdtel6©ehiyd, polyheteforpkeiveMekerocyclic ring
pent adecenyl, hexadecenyl, heptadecenyl, octadecenyl,
n@a’ﬁ%@é@rﬁ}lﬁlsedél?@mﬁl}q nng@i€Msosenyl , docosenyl

tri Cosﬁlr%kne etrr%o s rﬁ){é ll’lyd? @g?&?ﬁ&y s'se e@%é ﬁf ?ﬁllyl

hept acosenyl acosen oseny rlaco

petaply vy, bbttyt Bpeuﬂyl heﬁmww odnﬁxml,,detbemrwew dodecyl

oca%nyl nonynyl, dec undec

yl ., 20 dodecynyl,
@dytﬁwdecylep@rﬁ@rke@ léwxadﬁvé/ﬂuh&aééw%octqdé@aéd@@ﬁfwl,,
h&%s@rﬁ’ %%Mél&}syl 388&ng ‘?&%6‘3%' tetﬂ&@dl?ﬂ??%gé’ésglf ﬁéﬁ%é%

cosyny racos
pﬁ@itz&s@@ﬁywioosﬁ ExAResHy tiaconSMtednsly pyopenyl pmmagsmntenyl
nonacosyny or triacontynyl isonmers. For this

dhexenyls enyM@wnal perfAnyhdeegyl, padesgnyly dqdﬁawbtt@@ecenyl

Léﬁ‘%derc% lg]gqnt td%@eglyﬁglgxﬂinken E ngﬁtﬁé&ghﬁa%%aieg%@q} \A,?‘? Ceny
deitosead, H&Qﬁfésenﬁi mboseﬁylk&ﬁ%en@rl tetakésenyl, pérashoseys,
listed include all isoners including where

apereeqsenys kentarepanyl,iostaaesenyl, renacesenplp friacomgry) propynyl,

| Qﬁﬁ)@ﬁenFyngg%{ynyé QE%’F%//Il g{tgr%l non%n qg%%#sﬁs&g%{;wm ed

cyedeoptydpibedynylp efiaiiécyh iC peiiRizc iy itk ¥decydN, Qie@thﬁeé}mbfl,
1- nethyl butyl, 2-nethylbutyl, 3-nethyl buty

10@degymi.gioppdecyny. pleesyayk Wne(caﬁaaiyéeloa%{nblgw@synyl

S y %

WSRO0, SR ) oo,

Soltih&diyynyl sofetshHor thipdgglesutt, wHenabichl-i2 listed 51 ificates

2006/ 025949 PCT/ US2005/ 024240 ) . )
that radical type and all other radicals formed when that radical type is subjected
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
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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propenyl, 2-nmethyl- 1 -propenyl and

2-nmet hyl - 2- propenyl (and cycl obut enyl s and
Cyclic conmpound havi ng substPCT/USTINT024240
include all isomer forns, for exanple, nethyl phenyl
woul d i nclude ortho-net hyl phenyl, neta-nethyl phenyl
and par a- net hyl phenyl ; di net hyl phenyl woul d i ncl ude
2, 3-di et hyl phenyl, 2,4 5 di et hyl phenyl ,

ST BT LB R g b

Fesrtdprépeallsyr Oyt cdfpotiad vt subsstitfiogyiaeinge dlt sémef forms,
the periodic table either alone or connected to other

efos geampleppebylphewhwoyld ipelude orthe-eretyinhsnyl, Bgtanmethyglphenyl

ionic, va r Waal s forces r, Aydr b '
SRt R Rt BT 5 e N ROEE otRRB Pyt 24
CHinttihydShenbl, O[5 difhethyGihefid, 2,6%%@26}411@6&}4,03 A dirdethgphenyl ,
hal i de, carboxylic ester, carboxylic salt, carboxylic
asndyBpiditacthglplietyde and their chal cogen (G oup 14)
anal ogpes,. al.cohol and. phenol , -ether er-oxi de.

nyar opbieR B s RORARe ps BGR 1 AT R e
agitiér BRna Bflcstinbeed B $th@3SdmétabPEiiQkenbbr etitrdf®ractions such
nitrile, amne and imne, azo, nitro, other nitrogen

18 iopwepvamdes Waals forges.auibydrogem berrdingn Brdnapdes affipgtipnal

sul fides, .sul foxides.. .sulfaones, ..phosphi . . .
oHsbist Epng® bt e iboe TR RRROOOF R acid haice,
bedrBsegic chref, h®dxylicHaR@Sboxglit AhiaAs, alddhyad Arakir
groups may al so be taken broadly to include organic
pehajangen (uroup rldsansioguas elyaheland phpenls ethert parpxide 8ok h as

al um na, .and_.sildca...20 . 1.n pref.erred epbodi t, .
e RSB iy b B s S e RO M TR pvroen
I S G800 bEsmidYs, el amiel add Znimed &20V\El ) OfePRinF4én

PCT/ US2005/ 024240 R2 R2 R7 R8 R2 R2 (C(R9)2)c Rio

© ) eompRungy, sglfmlacidgeselqpgum 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.

In a preferred embodiment, the metallocene catalyst compounds used

herein are represented by the Formula 2:
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R2 RR2 R2Z R2 where: Mis a transition netal
sel ected fromgroup 4 of the periodic table,
weembersald y Zr, Hf or Ti, preferably Zr or HfPCTIUS2005/024240
preferably Hf; 5 each R is independently selected
fromthe group consisting of hydrogen, hydrocarbyl,
substituted hydrocarbyl and a functional group,
preferably R is a hydrogen, a hydrocarbon or a
hal i de, ngre preferably RL is a hydride, nethyl,
e/l , tRJnEthyIsinInefﬁ@l, trimethylsilyl, phenyl,
benzyl , even nore preferably R

%oups may be |i nked;
set¢ttied fromthe group
hydr ocar byl , substituted
i onal group, preferably, R2 is
oI Pgopyl, nore preferably R2
G§ ) y be the sane or
roups may be |inked together
5/ 024240 form an
onagyc ring (al'ternately at |east one
ogen eferably all R2 groups are
(ClRGdede
d dently selected from
hydr ogen, hydrocarbyl,
and a functional group,
nmet hyl , ethyl or propyl,
ogen, and the R7 groups nay
and R8 may be |inked
aromatic ring; each
t he2group consi sting
gt'ed hydrocar byl and
{s 10 hydrogen,

not hydrogen);
t he group consi
substi t ut hydr
preferabl?g{

nor e preferabl
be the sane or

R8 is indep%p,
of hydrogelR
a functional group,
met hyl, ethyl or propyl, n
hydrogen or nethyl, and ths
or different; each R9 kfz' d
the group consisting of *hydra

pendently selected from
n,

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;

each R' is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R' is a
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,
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, R?is
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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w@empprsoer phenyl ,

hydr ocar byl , substituted hydrocarbyl and a functiona
group, preferably RO is hydrogen, nethyl, ethyl,
nore preferably RO is hydr openpSmngio24240
the 15 RO groups nay be the sane or different, and any
two RO groups nmay be linked together to forma ring,
and RO and R8 may be |linked together to forma ring,
and RO and R 1 may be linked together to forma

(ﬁ n%hanRJﬁphat?cI onr{\{a%cgrg?tu% Mglingteyat lezaatc neﬁzéﬁrmi%g’no?i or
VEBYROES, gxfefdl@aly anfmz lgk@phs art bt R¥drogén)hydr ogen,
hydrocarbyl, substituted 20 hydrocarbyl or a

f @m:btR a% mdegfrnéglpﬂy selastes feain fhesgroun eansisting of valsegery 6

o e, Bt R B3R Shulind s 5opp PGS BeftBiyR 8

Phfr8cmDngthy RJeGhyl 8r fopB2mosd ér@f&?amﬁw i l{y@i‘d@m BndheR2,
Sl(blphenl) (blpf‘lenl , Si(o-tolyl)2, nore
pgiolips mby emams ode&zenﬁ,ranSu temd Ré austy bR linked tpgether to form

| nd ent | |l ected fromthe group consisting of
h%l? E"g’éﬁc oﬁg\éwgf BB&r byl , substituted hydrocarbyl and
AedcHREtS ﬁf&l@beﬂ&ﬁ’t‘l@sel&[&ﬁ i?cfrﬁ”ﬂ{ %rB{lp édnsishivglbPgRIRogen,

met hyl , ethyl, propy pheny nore preferably R11

Id Bydigenreyjesubstanted ho/ﬁr@cmxl apdaufpactinagl mun teete Rris
Ch b beRR sutv Gefapst, SRS RYaY R it HIAARY, ana

tﬂleﬁ@rg%@srm%etﬁehﬁn@ardlﬁ&@ger =0, 1, or 2 30 dis
an integer =0, 1; 2, e is an integer = 1, or

2each4§f lmdzm@ﬁmbsmtqd@qrmmgmmwcng crﬁ}@ydsfegﬂnof c,

d f d
ey B8 oiped Ry Ly HondicndF P rfonhy 7
| Bydko %ew ettty e}irom of 'g@entymld?é pﬂalféwlﬂ? RAfi€hydrbgdand the
th hey do not form a butadi ene rgup when Mis Zr.

5RVgiosipsimay da ghet sae qwénfﬁrergear@cﬂnedwo Borgrcgm upybedinkethe
riodi c abl e, pref Zr or ef er abl
Pfee i (b SneD i SRR P iakEl o Pt PR B Ak, dnd

CRﬁaﬂl@Ri‘nﬂa}qﬁe 10448 @R ther tBoENQAGRIDY! , substituted
hygrocarbyl and a funct| onal rgsroup, preferably Rl is a

hidlrie gMAR' a)hmhhr@b’érbenAérN 2, 1%abr de, h woneéntpgasifeona bity 2,
t Fqcﬁ?ﬁﬁ%}gz{lé}}%e f Wlt }ﬂqu g%hé W%Ogelb IKlé/ﬁg})ﬁarbyl substituted
NRRIFbEYHY! o If¥dctioRd] ZREURZ Plefer@®19An arene, and each R'® group may be
the same or different, and any two R'® groups may be linked together to form a
ring, preferably, R'% is SiMe,, Si(CH,) 2, Si(CH,) 3, SiPh,, 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"
hydrogen, methyl, ethyl, propyl or phenyl, more preferably R is hydrogen, and
the R'! groups may be the same or different, and the R" groupsAmay be linked
together to form a ring, and R'' and R® may be linked together to form a ring;
cis an integer =0, 1, or 2;
dis an integer =0, 1, or 2;

eis an integer =0, 1, or 2;
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WOorenpeoesold nked;

nore preferably RL is nethyl, and the two Rl groups
may be the sane or different, and the two Rl groups
each R2 is independently sel eceeriu$aosm4240
the group consisting of nethyl, ethyl, propyl, butyl,
pentyl, hexyl and the isoners thereof, provided that

when R3 and R6 15 and or R12 and R15 forma 5 carbon
ring, then each R2 is independently selected fromthe

gTﬁ’éJ % 8PS I Shhd@iOf Z%tr@yk efe% yﬂe’ supg(; fi’y aﬂggati?flslor 2, more

hexyl and 't he 1songrs ereo pre

nptefeyably,ahdistim of c,pi; apd/¢ is Ijor e preferably R2 S
net hy| and the R2 groups nay be the sane

dPW&eé that iidhe vk pouRs e digked. then thaxdp re fpgn a butadiene

%ﬁg%@gmk rsel ected fromthe group consisting of
gen ethyl, propyl, butyl, pentyl, hexyl

ahﬁxstahmmslomesaltsbietted)fromrgreﬁlea abth)t pRﬂoth tabiey qbrafgenl,y Zr or
nethyl, ethyl or propyl, nore preferably, R8 is
h?&r”é‘@séﬁreé‘?ramtlﬁyl and the R8 groups may be the sane

O Inil rom
ol B R MRS Gu L L
shmsbaatm eibititdied gdroyirbpnsda ffmmxmmograﬁp @referably R' is a

referab RO is hydrogen, th thyI pr.opyl or
hdrogen, ﬁé?@ogﬂr@rbvra?ow RINPIE pﬁstya&abty IS 3 heydigfe methyl,

SR A RO, A1 4K g
amdreRefepablyoR' Isimdtiyl, sraigrhe bies RE groups mag be ittregsanerod difRent,

nd R11 nmay be |inked together to forma ring; 30 R10
i and WE("@B)FOUPWVQCW?‘% B, A, N P, Si or Ge, his

T
sprbpyll, bmgye @entylé« Beﬁ&@aﬁ@ﬂﬁhﬁﬁl&!ﬁﬁ&eﬁ@ﬂﬂﬂ&ﬁﬂ%ﬂh@ﬂ%ﬁéﬂﬁ and R®

hydrocngyl ar _a functional oup, {eferab
afgkg R afdd Bacfﬁrrp& C@fbﬂggl%gleggacq elsdndepe ntly selected

d [

t‘gg‘é‘? ﬁ@g}o i ném’ﬁo QIEI %'ll%%% #l Jﬁ@%ﬁomers
Slh(eﬁblﬂ)pre'&‘eraﬁly(RfHQ)ne&yl Siti3h 3r pﬁp&b htliﬂ@mefe)rahﬁy, R? is methyl,
Sl(blphgnyl)z Si(o-tolyl)2, nore preferably R10 is
S@@E‘E Br gEqupp maybe éléf’cf‘rmﬂdi‘fiefiﬂﬁdependent ly sel ect ed

g%g consi sting of hydrogen, hydrocarbyl,
st | t ut eé drocarbyl and a functional group,

pdfaefl @8 abinyle;Féhﬁlent]y seleg tbd dighem thergebupydonsisting of hydraxey) methyl,
nor e Preferabw R11 is hydrogen, and the R‘
?tbﬂpgmﬁﬁly/ byl prrtyk hgeyl gpd e1efl$%@ﬁfher%ﬂﬁcpr@fi%abmli

gﬁﬂﬁ‘@g‘%n%\éth?ﬁ e Hyp&eﬂ'opyl, more preferably, R® is hydrogen or methyl, and
the R® groups may be the same or different;
each R’ is independently selected from the group consisting of hydrogen,
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;
R"is -M2(R16)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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together to forma ring; 10 c is an integer = 0, 1, or

WQ@2006023989 an integer = 0, 1, or 2; e is an i nNPEQES2085/024240

0, 1, or 2; The sumof ¢, d, and e is 1, 2 or 3,
preferably the sumof ¢, d, and e is for 2, nore
preferably, the sumof ¢, d, and e is 1; 15
preferably, provided that if the two R groups are

PSSy BER S B pis Rl an R8RS OB R be
| 18 $hmo BEAIRRreit, A any Wh%bl@s rAayShexlind@d heprther rofons a
not met hyl Eeeferablé | east two R2 groups are not

n@@gx;nreferabi’ye rlaﬁu\gleza i(Ehk e SHET) 5 S YDA et hy| |

CSPRBRARDY L AR RS AR o Sk, 2,7 >
egdond’ hfsrihdep%déh n‘Zwse,le@tedﬂ frbﬁlt the Broug rc@hmgm%rdf hy@ioBt, .

In a preferred enbodi ment, the netal | ocene cataly

cmﬂggﬁjﬂ% ayb@guteﬁ ggﬁrgﬁa;bé%ﬁi@ggg@@ﬁ@@ow pmféralib(quLnSa
deften, Wt R Betb ey ol ety B Vi Waidien, Yig

| he® 't p0PS iiaPBe MRisame DL Hﬁ"fdr@ﬂ! dnidane Ef‘ogwu;fk 04y Bdlenked
periodic table, prefe abl ﬁ Ti or preferably
Ziogethetp fomgmgmﬂ Fmay e bnked thethg to form a ring;

|nde en t | sct ed fromthe group consi sting of
y %‘ QE& d1?§cg’rbyl substituted hydrocarbyl and a

f@[gcgﬂ 1ﬁfbgér @0 Upr2preferably RL is a
eis an integer =0, 1, or 2;
The sum of ¢, d, and e 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;
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
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:
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even nore preferably R is nmethyl, and the two Rl

groups may be the sanme or different, 10 and the two R

groups may be linked, provided that if the two Rl

groups are |inked, then they do not form a butadi ene

g Mis Zr; Me is nethyl; each R8 is

tIy selected fromthe group consisting of
ocarb I, substituted hydrocarbyl and a

e\erably R8 is 15 hydrogen,

| \) 8 preferably R8 is
' the R8 groups may be the sane
35 V\D 2006/ 025949 PCT/ US2005/ 024240

NTe or di fferent and_the R16

dependently a methyl, ethyl,
, O- toI.|ﬁQ )oan arene, preferably
|, pAenyl or an arene. 1In any a

Y any of the above fornul ae R8

then they do not form a butadiene
I n anot her preferred enbodi nment,
are |linked, then they do not
—~when MMe H. 10 In a preferred
& al yst conpounds used
M&i ng fornul ae: -46
Me Me M M OF M Me
2 Me ~Me Mew ~Me

group when Mt
if the two R1
form a butadie
enbodi nent, the e
herein are represe

Me M Me Me OF ~ Hf Si M2

Me

Me

where:

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

each R' is independently selected from the group consisting of hydrogen,
hydrocarbyl, substituted hydrocarbyl and a functional group, preferably R' is a
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,
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
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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Me OF OF M Me---Hf SiMe2 MewHf ~Me Si Ph2 Me Me Ve
wkiob2®w Me M Me where Me is nethyl, H i sPdmEts20081924240

Ph is phenyl, and Si is silicon. In another
enbodi nent the Hf is replaced with zirconium In
anot her enbodi nent, the H is 5 replaced with
titaniun1 I n anot her enbodi nent, the netall ocene

ﬁllRysltng%Bg H:%Os%g dr H fréHt 8}«? therii13 ougél 31:3% lbano %c?together

present OXil on s

efsToth ARk, px’efwablﬁadcﬁlwétssna@emmﬂgla r@efthjzlmtﬁyu phveept, i on
are not present in a formal +2 oxidation -47 VWO
2@9@@2@9&9/1@@@@%;3@2%43 lsmﬂwl efind nherd e jaa arane.

ff

engt oy BP RS i 83 3Ry o BR Sp S lRERE o fhpd

l}mdh Bgr&ip ﬁﬂ&ﬁﬁg%ugﬁuﬁaﬂgh@ﬁdéﬁh@anlc Mol ecul es 2nd Ed,
ni

versity Science Press Sausalito, CA. and

Col | ek, angther pr@ferredlembpdmmt,pf the tma.at ,ggmpp@gqlnrgwg then they
% 2‘O;}%r an h&é%ﬁg%%%?whe& st ry. University Science

3 0" anot her preferred

enbodi ﬁﬁiﬁbth%hﬁrefﬁ?ﬂeﬁ'eh%@ﬂ@erﬁ ar frle\twb RC @PgPe Aftslinked, then they
descri bed herein may be used in conbination with other

pdn yotdeinz abhedicaparogp whshiMaorlf.i zati on catal ysts. In a
pref erﬁleadprgfrb 9 rT%ncthmen henr%tet%ﬂsceng Eﬁ leg’ttcompounds used

herein are represented by the following formulae:

Me
4~
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conmpounds are used in conmbination with catal yst
conpounds described in any of 10 the foll ow ng

wo efoenzirees and references therein: H atky, G ET/CX®03/024240
Rev. 2000, 100, 1347; Al't, H; Koppl, A Chem Rev.
2000, 100, 1205; Resconi, L.; Cavallo, L.; Fait, A ;
Pi ernontesi, F. Chem Rev. 2000, 100, 1253;
Bryntzinger, HH; et. al. Angew. Chem Int. Ed. Engl.
13%5, wé4, 1143; lttel, S.D.; Johpson, L.K ;
Br

M Chem Rev. 2000Ve G bson, 15
V. ressar, S. K Chem J\ 283.;
Sk AMeev. 1991 ( .
et comun. 2002, 858 , et.
al CHem\ Soc. 2003, 125°\527 , D.S

MHeEm Moy . 334. |n M#ot he
non- et al | gcene cagi@byst conpounds,
bi saniM& Ccat gy st/ conpounds, nay g
conbi nati on, i whi/e h netal |l ocene cata

conpounds aré
formula: -48 W X
M / XNR Mis , or Hf.
different al kyl, aw substituted al kyl,
substituted aryl““radjcals. X are the same oMedif\f er ent
al kyl, aryl, or hal ide radicals. 5 Substituted Mekyl s

and aryls can be al kyl-, aryl-, and hal o-substi tut ed.

X iMe a halide, the bisam gg cateal yst conpound is

typicaldy st chemcally nodifieg/to ransform X
i ntoran ap lf"h‘ | i gand. Thi e ~<or
al kyl atio ﬁ anpl e. Pyridi 5 g Dal yst

conpou 3 S50 useful herein.
Me M€
Hf SiMes
— -
Me \Me
Me
Me
Me
Me

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
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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10 bi sam de catal yst conpounds are those conpounds
that have the following formula: jR Nrva X R Mis

waegoedeso4or Hf . R are the sane or different alkgl/1S2005/024240

aryl, substituted alkyl, or 15 substituted aryl
radicals. X are the same or different alkyl, aryl, or
hal i de radicals. Substituted alkyls and aryls can be
al kyl -, aryl-, and hal o-substituted. Wien X is a

?%%fleg ngF ;i}lgxslfﬂr?él%thl%' cﬂ#o}?ﬁ %mﬂﬁof ﬁ%t%L ésc‘ed He éTBQ H?ang' in

chen1ca rans

| Rhgthdh tladstte.AgéRhse U.S.g&mdaitioﬂMStaI‘s&ﬁ teS witeistf Coffplex
WD 2006/ 025949 PCT/ US2005/ 024240 al klv)qﬁ%tl on, for

eQasmpicMolerilar2nsl Edrinigersisy S¢igae Rresip dSausrlitogC4gand

NG S T e

RCherMstr§. Uhiveréity sarenddfPresB 2987, Ehusame) Che sane or
different al kyl, aryl, substi t ut ed aIkyI or

s ubst i anédleapvlfmeémwnenxﬂmréetaﬂ@egaﬁféalmit c@impprRdsnt
nbedlahe\{em haI 'cfjlln colf q%o{l w1th thPthe ESt ' n%fi@% %nd pr

aryl s can 0 SU

V\bl@gbniédzﬁtl@l &a@dlysﬂse hltal‘tfteﬁf’t’e@ embb&aﬁhdﬁae Gtk Y ahlyst
conpound nust first be chemcally nodified to

t ecamtmﬂmrx uiserl i cembarsdion adthestadyst pefaperndy Hessribechingay of
BT AP YerBlcoth bl e s AP - Add ¢ onal

oun used i n conbi nati on

V\Hldﬂk)t KRG, aﬁ&;ﬁlneecmoca&mlmm ﬁl@@OKﬁﬁﬁl desnsém R, 2000,
herein i nclude bisim de cat al conpounds

r &4}, d2@¥itRegcany, Ik heavallonk); Hait, RElermontem 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,
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
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

following formula:
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RBNNR4 \' nf M X X 15y z where Mis a group
8,9,10, netal, preferably a group 10 netal, preferably

wdehosessar -50 WO 2006/ 025949 PCT/ US2005/ 024 2e01/USE0p5/624240

is the oxidation state of Mand may be 2, 3, or 4;
each X is independently a hal ogen or a substituted or
unsubstituted hydrocarbyl group, a substituted or
unsubstituted hydrocarboxy group, or a substituted or
5 unsubstituted heteroatom containing group; yisOorl;
zi sCorl, wheren=y+z+2; Rl is &fKheteroatom a
substituted C1 to C50 hydrocafbyl group or an
unsubstituted C 1 to C50 hygfocarbyl group; 10 R2 is
a heteroatom a substit;reﬁ’ to C50 hydrocar byl
group or an unsubstitutgd Cl thQ C5Q Xydrocar byl
group; R3is a hetﬁ@@ﬁg m a subpfituted Cl to C50
hydr ocar byl group or an unsubst'td?!?K Cl to C50

hydr ocar byl group, prefexabl phen group; R4 is a
het eroatom a substituted Kdo C50 hydrocar byl group
or an unsubstituted 15 Cl to\C50 hydrocarbyl group,
preferably a phenyl group, where any adjacent R groups
may formfused ring systens. npl ary conpounds

i nclude those described in the patent literature.

I nternational patent publications WD 96/23010, WO

97/ A87 i, b t al .. Co . 9- 850
o 2 hirte e she B cirth AR ml iRy P SF
CoupdRtusdRyIGRIBAY NKSard hetlsaB SLaiERrdn® k1, aBi, of Mali@draaiedls.
pol yneri ze ol efins. Polynerization catal yst systens

f Behsticted gk @s and ayisadan be atkylharyh, andehadee substtuteske niVhen Xds a
hj gh) v, oxi di zed and.stabili,zed b : :
ey o K i e B Oup S Smichlly frst cheisaly mpdifisddo
afrnsIGRCX I8 AniaBstkdchblada8at ThisR8R bd ddne\dalkyiation, for
d|V|sHonaI u. S

example.

Pyridine bisamide catalyst compounds are also useful herein. Pyridine
bisamide catalyst compounds are those compounds that have the following

formula:

M is Ti, Zr, or Hf. R are the same or different alkyl, aryl, substituted alkyl, or
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 bisamide catalyst compound is typically first chemically

modified to transform X into an abstractable ligand. This can be done by

-49-



10

15

Pat ent 5,504, 049. See also the G oup-5 organonetallic
catal yst conpounds of 25 U S. Patent 5,851,945 and the

wa 2doaermdat e- | i gand- cont ai ni ng, G oup-5- 10, PCT/US2005/024240

organonetal lic catalysts of U S. Patent No. 6, 294,
495. Group-11 catal yst precursor conpounds,
activatable wth ionizing cocatal ysts, useful for
olefin and vinylic polar nolecules are described in
Vﬁ%gp(BO%J Patent 5, 318, 935 descri bes bridged
YR |J PEi |san1do catal yst 30 compounds of

G oup- Anﬁi&llﬁlsﬁm@é Rablyst inpduAdsedrt RS0 RSHNIMRL¢iA alAntiAe
Bridged bis(aryl am do)G oup-4 conpounds for_ ol efin

pbisymide icatalysioremnoandieare thase tepissemed by thepllogog/forsdag
PCT/ US2005/ 024240 H. NbCDnVI||EQ et al., in
Organonetal lics 1995, 14, 5478-5480. This reference
presents synthetic methods and/conpound
characterizations. Furth k appearing in D. H
McConville, et al, Mcr l ecil es 1996, 29, 5241-5243,
descri bes bridged bis(arylamd )C}qu 4 conpounds t hat
are polymerization q?gat hexene.

Addi tional invention-sui 2Rsy,tion neta
conmpounds i ncl ude thos descrjbed Kn WO 96/ 40805.
Cationic Goup-3- or Larkhanide-netal olefin

pol ynmeri zati on conpl exes i scl osed in copending

U S. Application Ser. No. OJﬂQOS,OSO, filed 29

Sept ember 1999. A nonoani oni ¢ bpdentate |igand and
two nnnoanionic | i gands st abili t hose cat al yst

I n
P{T’gr atur e %’gslglraln gsﬂn%§%% t g%at l{}?tﬁglf Seubég%“gdalkyl

C&f‘smbbt[’tdtetl ta@tl radtéuls b)é atesthel same m’rxilﬁexrem/ﬂlayu ﬁnyl oShehdef or
i nst ance, on, et al "The Sea

Neagicaisn §|uh%tl%tﬁd eiké,df iﬂﬁi %‘P;?%P? alkylr cﬂ*iylc:épﬁ |h91é>r%1bstttmee

R e A i A A T

t tienficaBansdiedfo tidnsfornI¥ and wo absimaytable ligasd Thik tin bavdone
or nore catalyst conmpounds at the same tinme or in

sky plkylation, forgxempla.- ar 20 two different catal yst

conpou

ot vanagoRl afnRebinkah e daf el BEuSATR B EhiELRR e
Sinstatioertcataydt sanpoudds destfibeddidrein indlide. bisimide catalyst

compounds represented by the formula:

2
R! R

N
WA

Yy Z

RS

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

-50-



10

15

20

25

30

As nmentioned above, invention process can enpl oy
m xtures of catalyst conpounds to select the

w@e@mpordies that are desired fromthe pol yner. Pe/KsmhoRa4240

cat al yst systens can be enployed in invention

processes to alter or select desired physical or

nmol ecul ar properties. For exanple, m xed catal yst

systens can control the nol ecul ar weight distribution
..isotactic polypropyl ene when used with the

i'nvention processes or for the invention polyners.

M %aHe exii&ionsdtats wSMVeaRl MaybdE 3ysest Wi th the invention
polgneylzation 30 processes to tailor the conposition
dgas

7 Is irdeppndsntly e halogereersa sybstituted o uasrbstifitad hydrocarbyl
productiyi.ty. . These n,.al.so L
LB kil B RSBl D P8 oub B p Y ea B°
Rinblb4ae@0bhéterbatteh cdtaihidgigtdupat € | ong chai n branchi ng
usi ng m xed catal yst systens and high | evels of vinyl

tesfigrdsed polyners. In preferred enbodi ments two or
n0r§)oﬁ Rverabgye+cqgglysts conpounds can be used
t%ﬁeﬁﬁer. TR 2nhofner enbodi ment preferred catal yst

CRhRiaRtdrédism| Hsibddeutedny, tofCst hpdrodd®y graipt il aiSinsubstituted
(preferably dinethylsilyl his (2,2,5,5-tetranethyl
c&clocf?ﬁehydrocﬁrhﬂegwlm; haf ni um di methyl ), with one or

f . di hyl si l: i . - -
e Bt siiled) Rl g Pl el nbRtslittes
5¢ ploaryy hydrob&Bfiydrdui r coni um di br omi de, di met hyl si |yl

bi s(2- et hyl, 5-phenyl -indenyl) 10 zirconiun1dinethyl,
cRistahetesodtom, mpubstiitede HpICso Byqspesihyl gronpegnyanjunsubstituted

whe Ris hvil .. et hyl tyl or hexyl).
i B R SEBE i P b i g 1 o not
dR T taheteiBitoiany bulfsti QideOyto Jis6 i edroReh aeb i ot ahains @t tudked
di chl ori de [N@ZCXqu)(cp%ZrClZ]. 15 Activators and

Act 1oV ihgdroparbylgreurs, preferablylaphend@spands The cat al yst
coppounds..descri bed herein are.conbi ned wth

~PRS APE FUBRI R bt ke B3 EBERAGHS i <

| nvent Efdinpld obpdthdsiaifde thesekfséritrd iA shedit¥ent literature.
conmbi nation of reagents that increases the rate at

vintashationaknatnt publisERnpBIC 23 K6s W 8R4ET 3t andl Gibson, et al,
neﬂeommaéosmms’up%h 8%5-850 (1998), which disclose diimine-based ligands for

Group-8-10 'compounds that undergo ionic activation and polymerize olefins.
Polymerization catalyst systerﬁs from Group-5-10 metals, in which the active
center is highly oxidized and stabilized by low-coordination-number, 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
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 describes bridged and unbridged, bisamido catalyst
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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wmrdven2yuoperti es of the pol ymer.

ol efins. An activator may al so affect the nol ecul ar
wei ght, degree of branching, conononer content, or

Al um num Al kyl Activators In one enbodi nent, one or
nore al unoxanes are utilized as an activator in the
processes of the invention. Al unbxanes, sonetines
call ed alum noxanes in the art, are generally

ol |G .C o} Nt aj,ni - Al (B) u [
o PO P TEH RO P, M B sl AR e
| prebentesymetetly itk hodD ¥ad eorhipdal charderdiizdtR@s. Further work
nmet hyl al unoxane ( MVRO), ethééalunnxane and

€

i apfsariyg wl Dinbix AeConvi oRreiayky 1996, 29, 5241-5243,

PCT/ LUS2Q05/ 024240 , Al | unbxanes an i fd .
o et iy CR P TP a{ BE bbb fitpization
pedthly&y Farrilhexehe NA ddiBodd sdveaG s Blitibld temeidioh $netal R iptends
M xtures of different al unmoxanes and nodifi ed

aingludg dmse deseribed BOWEEIGI4QEDS. KationigiGraep-3- or Lanthanide-metal
e R L e
ANB7d9/43810504 fied2 teribe? 089968 .mdho3Ri8nid bidentat SBSardIAd
5, 248, 801, 5, 235,081, 5,157,137, 5,103,031 and EP O

580 mpgoanioniEieamdy sigbidige thopg catgpsteemparsispvhich cas ba psd
Ah%agd WO 94/10180. When the activator is an al unoxane

( 8|fied or unnodi fied), some enbodinments select the
maxi MuThéliRtatire dbscribbd MmahPadditioral Exﬁ&@refdatagysﬂeéxﬂﬁound that
excess 10 Al/Mover the catal yst conpound (per netal
ceandraused insthisanvenpiga. Seaiferinstance, V. C. Gibson, ef al; "The Search

a qtri re%&r_? flt%gﬁocnz(ﬁﬁe%x%tgme@nzg )}grgggtélr}%%Efélggh%%//ont%h]\;e[ét%ﬂocenes",

hyidgaw. YShén. Ofne.t P, B&SR8A47\( €999 i al kyl al um num
compound. MMAO rmay be produced by the hydrol ysis of
trimethyl al um num and a hi gher trial kyl al um num such
agptriisobutylaluninun1 15 MVAO s are generally nore
S in aliphatic solvents and nore stable during
storage. There are a variety of nethods for preparing
al unoxane and nodified al unoxanes, non-limting
exanpl bsa prefenieil embadienant themrenssses af thisnventioarmayNes used

4 208. 4.9 40, 5 1,352, 5,206,199, .5, 204, 41
AR o G50 inoSyns g Gynd gy T gesied: B aricia
StwiD@if1eeat cdralPst LoRBdundi.cad Be B&tivated widbih@84dme or différch87,

20 5,103, 031, 5,391, 793, 5,391,529, 5,693, 838,
sactyatopeand igtrgdced Bito the ppivmegEgtion sysgayatithg same or different

. 5,.854, 166, 5, 856, 256 and 5, 939, 346 and Eur opean

pﬂﬁF?cations EP- A-

As mentioned above, invention process can employ mixtures of catalyst
compounds to select the properties that are desired from the polymer. Mixed
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 molecular 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

processes to tailor the composition distribution of copolymers with high catalyst

productivity. These systems can also, optionally, be used with diene incorporation

52-
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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 WD

wONESE94 all of which are herein fully i ncor@DUSReRI024240

by reference. It may be preferable to use a visually
cl ear 25 met hyl al unoxane. A cloudy or gelled al unoxane
can be filtered to produce a clear solution or clear
al unoxane can be decanted fromthe cloudy sol ution.

Dl B B R o

avinyl @RhiRafed olydezH Chemnical s, Inc. under the trade
nane Modified Methyl al unoxane type 3A, covered under

pat ent Inprafsared egbedinents4wozg more obSthe Ay veoReH Yrrsgmgpounds
PCT/%§20§?/O 4240 Al um num al kyl or organoal um num
cgﬁﬂ%dﬁﬁ &h may be utilized as activators (or

scavenffindiher Babb@itheht preRind lcatalysi dbiBinations include any of the
triethylal um num trllsobutéIaIUWInum

t aboviechtelpisdprefarahlyrdinethylsilyd bisy(2 2L ubnitettametind cydehdaxyke.

I n .an . embodi.nent ...t he activ [ ],S,R0f. .

RGBT AT BREITER i 0B oty Pl BinglSysB5 g methy, 5-
Nphdiyl-RldeRRX ARDniudh HRARAIE) damtenﬁlsgﬁmﬁh(g%etﬁy@ts%med
herein conprises les than 0.1 weight %of an
aindmadhrieconm dibremidacdimethylsdybbis(2qoethyl, b phanxltindgenyhe
scope.of .this .inventi Q AlSe an 4 oni zi ng _or

SE8rmi i BEEMMIEDLHS ARG, > S bR 2Ry

t where'R Ruhsthyl, @RpDBatyNodiRkyigki s (pent af | uor ophenyl)
boron, a trlsperffuoropheny boron netal |l oid precursor
or a hranogher tmbedigeapthe ghtalysieomporndisnsitd precursor,

pol yhal . ogenat het er obpr ane.. anj ons . .98/ 43983)
DR i LR e S ARt o
1§w§ﬂgﬂ@ﬂ&ﬂggj§p activator in the processes of this
invention. It 1's also within the scope of this

i nvention to use neutral or ionic activators al one or
[ [ [ i goQth-d al unoxane

v —CXartpt € e 5 ptric
activators include tri-substituted boron, tellurium
alum num galliumand i ndiumor mxtures thereof. The
t hr ee Pl caiddysticompoundgrdgsqbed hereanarh comblimpé matdractiyators for
selec®$d fron1aIH¥Is @.kenyls, hal ogen, substituted
aPWP ,epipﬁ/qs&efs oélt FH%‘(IePd%ré, al koxy and hal i des.

Pr ef er ARlaytivdidigs UERA as AhPBHEbiRkRor M%HQQHéﬂiﬂcreascs the
sel ected from hal ogen, nmono or nulticyclic (including
rate at which a metal complex polymerizes unsaturated monomers, such as

olefins. An activator may also affect the molecular weight, degree of branching,

comonomer content, or other properties of the polymer.

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

modified methylalumoxane (MMAOQ), ethylalumoxane and isobutylalumoxane.
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hal osubstituted) aryls, alkyls, and al kenyl conpounds
and m xtures thereof, preferred are al kenyl groups

wh2006m25949 t 0 20 carbon at ons, al kyl groups havir@mud20033024240

25 20 carbon atons, al koxy groups having 1 to 20
carbon atons and aryl groups having 3 to 20 carbon
atons (including substituted aryls). Mre preferably,
the three groups are alkyls having 1 to 4 carbon

hen na hyl .. or, m xtures
OAfRynPlay 0 ASRESY flar oSy shlbICH ol
p&c@fv%ﬁbbé&ncﬁlhﬂyWheﬁlttféchbs@a{ddbléélﬁg&ﬁﬁﬁs a Whasde. Mﬁhﬁés’ﬂ&ﬂ Y,
the neutral stoichiometric activator is 30

t differeat dlumoxanss @nq modiftedralumoxanespay #lso be vsesp they further

HP R oghoRr L QL PUROP Ol iy HoRtal i a2

a9t.>06/ S0P 5040R 1904 3PN, atdzar(nsazt 9@814@58 A0GRRLeds 0 d 32,
but not ‘coordi nated to or onl oose(%_ coor di nat ed

¢ 5,248,801, SGHAI0RL Ny 15 RS, 10AH3T end EPLS otisoMhEP GaEhs86

AT 8T6 420 BoER D4 sk BRI RIS 557 B0, .
495 37HhefrthieBktiQatoPR a84fumdiBnéiHodifidd OPSmAe fiEd; fmkt
277 004, and U.S. Patent Nos. 5,153,157, 5,198, 401,

Serob@limatts sele@0lbe MEVimusy 2mowis 2% ActivBi@ 3 2 5600-ld molar excess

oATBG e s iyt Gt ber RO LSRR YR T snifmum,

hgdt®hidr-telbdtiybtioaipdand sadpibmy £1: @rn@cﬂﬁﬂatlg’r eferred
activators include a cation and an ani on conponent,

and mesxlupgoxanes mexobeem@du@d byythe hysirlybis ofthegespeting a:

iRy gyt dgemppeng’ Bt hapPebRabrabne YRl

t Gﬁn&l’i‘ﬁﬁlgﬁnﬁm Emd 8§ h@ﬂeﬂ R RYRIunhin@M shch 8s Biisobutydal@flinum.

integer froml .. g and h are constrai ned by the
r MIMADah |gpner41@) mnre(sb)ub& ibhaiphatid splvemtseand amdre gtable during

CHOgRS Thes e YPRDUHAPERo PRt B oBaL e BroF B ot fleg ied
L@M&n%xﬂféh AonCRaRbex .%FEE of @H@h laROdREribedH U S Tatéi N
nmoi ety, such as an ak or aryl, from an anal ogous

s 665,2O%; drft52¢d0, Gﬂ%h@SZ.Lé 2(96r11984 512%419 &M 344,824,018,

CEhas 38, 4SRRI 308 8P4 51428%3h s B4 €851, 3038 o8] 8154 4"
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-
0561 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
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 (MMAO) cocatalyst type
3A (commercially available from Akzo Chemicals, Inc. under the trade name
Modified Methylalumoxane type 3A, covered under patent number US
5,041,584).
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wo apreszont ed by the follow ng formula:

In a preferred enbodi nent, the activators include a
cation and an anion 25 conponent, and may be

( LB- Hf HQr/(8408$1024240
); wherein LB is a neutral Lewis base; 30 His

hydr ogen; NCAh is a non-coordi nating ani on having the
charge h- -56 WD 2006/ 025949 PCT/ US2005/ 024240 f is
an integer froml to 3, his an integer froml to 3, ¢

d h . ' . ' i O £) =
(hy x B ORLDE a1l oo W B o fiided s
Bictinatb s oA sdadlengetsPirdiude, trig@ghilemiatim, iriconatunirging
proton to the transition netal cataI{st compound

r Eidsobuiyljummug, t-ndiesyielusingm: En-gekylabpninumcand dheike.
amon! Wi AibsiRen? BRRRORbUT Rt arbditohbhaHTEpRRGably the
m xt ures ereor, preferably ammoni uns 0 mst%y am¥1e,
aguitivitoeis rdit ARt ladibtue. Ailetlaydlpthcatalyst sBtehytsadihkieire,
di phenyl am ne, trinethylam ne, triethylam ne,
Neqpiisaelen hand). | weight veafiap aimeie@Rg| ami ne, pyri di ne,
p-bronmo 10 N, N-di net hyl ani | i ne,
p-nitro-N, N-di net hyl ani |l i ne, phosphoni uns from

t B] Hhikih®AeGpkiore, tri phenyl phosphi ne, and

di phenyl phosphi ne, oxoni uns from ethers such as

di net hyl ether diethyl ether, tetrahydrofuran and

di oxang, | fonj ' Sy I gf -
thi oot ity AP ol BRI HER A B cun SHEMERR s thiMberi
t fwgivef, nelfal Urgorde, tsudtahs thigndbaityl pammMYhin teaykial so be an
abstracting noiety such as silver, carboniuns,

t (spip{lperephenybherimu adrisprEosebsnylhoreaetHIQid precyrsor or a

S fon AL SRS S TR BPfreroborne
NurdorEa WG 9811308 BY, bofic Adid (1RSI PatetNG Greei2i4 SON6Afpmbination

i ncludes those having the forrmula 20 [ TJ+Qk] h wherein
j thergofas qmactiyater iy thaprocessesof thisjigvegionntdgalso pithia thet o
6, K -~p.=h: . T 1s_an el . :

oicofsorfisipleopigh h Brey TR} BRLARF dohk BT Yoot

pwith anakdxinder Modidied aluuitxatnactizadr i s i ndependently a
hydride, bridged or unbridged dial kyl am do, halide,
al koxi E@mﬁpglq)%)qug@l, stcpiylypmgmcwpyators include tri-substituted boron,

tellurium, aluminum, gallium and indium or mixtures thereof. The three

substituent groups are each independently selected from alkyls, alkenyls, halogen,
substituted alkyls, aryls, arylhalides, alkoxy and halides. Preferably, the three
groups are independently selected from halogen, mono or multicyclic (including
halosubstituted) aryls, alkyls, and alkenyl compounds and mixtures thereof,
preferred are alkenyl groups having 1 to 20 carbon atoms, alkyl groups having 1 to
20 carbon atoms, alkoxy groups having 1 to 20 carbon atoms and aryl groups
having 3 to 20 carbon atoms (including substituted aryls). More preferably, the
three groups are alkyls having 1 to 4 carbon groups, phenyl, napthyl or mixtures
thereof. Even more preferably, the three groups are halogenated, preferably
fluorinated, aryl groups. Most preferably, the neutral stoichiometric activator is

trisperfluorophenyl boron or trisperfluoronapthyl boron.
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substituted hydrocarbyl, hal ocarbyl, substituted
hal ocar byl , and hal osubstituted 25 hydrocar byl

WO 26024989 said Q having up to 20 car bon at onmsPEU/URR0DFIE24240

proviso that in not nore than 1 occurrence is Q a
hal i de. Preferably, each Qis a fluorinated

hydr ocar byl group having 1 to 20 carbon atons, nore
preferably each Qis a fluorinated aryl group, and

TS ISR b SRR s, o
ssirh@bther da¥eABssheiattldsHitH, el nsd eosidhtedio CorrmpBLIBSE1 RS

disclosed in U S. Pat., No. 5,447,895, which is fully
i presdipated te dhvemaimngipnof therieniging coppaied. obiegh cogiporpdse

ani s.are. _kno i,n th rt_and will j I f or
(R Sr Sl Ty BB p Rl PR 3% B0 520
Pas1, iBPUA Y 495378, EPH £0508 924, FEPLAD 270063 AddeEr-avo 277 004,

articles by S. H Strauss, "The Search for Larger and
verkUie Brtept Noso 8v1dB3 a7 i niPSi 1o AD60, 7dhen? OREY/, ,5,%93,,025,

927+ 1 . pReed Y Car bor anes:

o a82380 SRR P m R PHEE demisiloT SHRLRR, 4285 380, fned
Elaagtst 9ph9daesll ofwhida atehaditl fUpREapbiited byieferericbem
Res., 31, 133 -139 (1998). Illustrative, but not

| i mi ti Bepfessedmstiegorsfingedemhcagiongbd A snigh cemperst,lsad magy be
used a ctdyating cogatalyst in the preparation of
 Rerermrd be el v pldami®: i & nvent i on are
tri-substituted anmmoni um salts such as:

trinmethyla nium tetraphenyl borate, triethylanmoni um
tewaEMNmA'Iwate, tripropyl anmoni um

tetraphenyl borate, 15 tri (n-butyl)anmmoni um

tetraphenyl borate, tri(t-butyl)anmmoni um

t 8¢ dph eatydnomngoeent hiayiNg dhenahiatgel fani | i ni um

tetrgphenyl borate, N, N-diethylanilinium

t MOAP henpdibesorlii®ating anion having the charge h-

N, N-dimethyl-(2,4,6-trinmethylanilinium

t bisraapniessy|fen dte3. 20 tri met hyl anmoni um
tﬁﬁgﬁﬁ%&%&g@@%ﬁuggrophenyl)borate, triethyl ammoni um

t etraki stpent afl uér ophenyl ) borate, tripropyl ammoni um

t glan@kiafd uaBkaihddIy Bp Readnshipr @) &, () = (h) x (i).
tri(n-butyl)ammoni um

t et r akTh¢ peivhabhponap(@vik/) hagriatlede Bronsted acids such as protons

tri(sec-buytyl)anmoni umtetraki taf | yor ophenyl
b8 L(Alrpg)nated L%W)IS ases or reduc?ble Lewfs(a%ie S capabllle otp ;Protongtn?g 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.

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

component, and may be repreéented by the following formula:

(LB-HI")g (NCA™)

wherein LB is a neutral Lewis base;

H is hydrogen;

NCAh' is a non-coordinating anion having the charge h-

_56-



10

15

20

25

25 N, N-di net hyl ani | i ni um t etraki s(pentafl uorophenyl)
borate, N, N-diethylanilinium

wa ator/as98y pent af | uor ophenyl ) borat e, PCT/US2005/024240

N, N-di met hyl - (2,4, 6-trinmethyl anilinium

tetraki s(pent afl uorophenyl) borate, trinmethylamoni um
tetrakis-(2,3,4,6-tetrafl uorophenyl borate,
triethylammoniumtetrakis-(2,3,4,6-tetrafl uorophenyl)

b i yl anmoni um

tg{sﬁéﬁ‘?‘sge?f‘f"é‘? glicg?’t etraf |l uorophenyl) borate,

t 1 i iribtey f@@EBUM

tetrakis-(2,3,4,6-tetrafl uoro-phenyl) borate, -58 WD
2908wl h2ryegstpardistbe s7lgmpship: (8) x (% = (h) x (i)

di met hyl (t - but yl ) anmoni um i+

t et r akThe ¢@ivating Giive( WAT) may bpaBngnisjedmoida(leB-H ), capable of
N,N—dirrethlani&jinium. ..

t §2n2RE & Prasomtozthg trapsition Mg} eaiplthPPPAGIdEegulting in a

Ny st ot Rdth Ptibh, Th&0lling ammoniums, oxoniums, phosphoniums,
tetrakis-(2,3,4,6-tet r%fl uor o- phenyl ) borate, and
NsiMdidinsehé ydixthRss4hdedf; prefarably amirlonninmg fire¢thykingne; 2nifine)

TN o1 o T e
t ffe @{fdrﬁiﬁ@,ﬁ,@ﬁih&éﬁ{m Hetm{iﬁﬁ&?'la?rﬁge, pyridine, p-bromo

di c;E/ ohexylanmoni um tetraki's(pentafl uorophenyl)

b denethylaniline,-psnibetN, Nudietwtipfosiiw phesphezlins fouch as:
S RS SR o RS ST UGPSR s fom

t ghedkhaH &%@ﬁlk%ﬁ&@&ﬁ%l othd? QeI drdHidn and dioxane,
tri(2,6-di nethyl phenyl ) phosphoni um

t sl fomkinsy( foem ttlaibéthens okl ny Hipthybthadethersvist tepatgidesthioplene and

the ionic stfoi chionetric activatoris
NPREBEEREReESAani 1 ni um  tetra(perfl uorophenyl ) borat e

and/ or 1 ri phenyl car benid : .

ot r a( b AT FERD Kol Healsg 8o R bEcWLBaIREHED i
agitvey, 2hfRRiuARL ROSY1HS, RErbeRIRing] Rerob&tiGs SRIROUNES, préfefably
cont ai ni ng an active proton but capabl e of producing

agarberaliag ants ferraedmhhe CRIvet srafeadbystwEDtis atphamd chibehium or
non- coordi nating anion are also contenplated, and are
d¥sBrdimsthylapilpum. 0 426 637, EP-A- 0 573 403 and U.S.
Patent No. 5,387,568, whigh are all herein

i ncor pShasrech bympafeet @N(CA . ) 2@ludes thoge having the formula
"non-c%or di nati ng ani on" (NCA) nmeans an ani on which

e[ hog]™ ddeseimpis andaeghrfane | to3 slaistndatgarfroam 2whbclh- j s h;
only weakly coordinated to said cation thereby

r Ennamélementistieriefl divn Grauptlid)ar 15w fithe Biripdicababde ofjthe

nﬁiétmre%ls, lﬁr%}ﬂéirz‘fbly boron or aluminum, and Q is independently a hydride,
bridged or unbridged dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, and halosubstituted-
hydrocarbyl radicals, said Q having up to 20 carbon atoms with the proviso that in
not more than 1 occurrence is Q a halide. Preferably, each Q is a fluorinated
hydrocarbyl group having 1 to 20 carbon atoms, more preferably each Q is a

fluorinated aryl group, and most preferably each Q is a pentafluoryl aryl group.

-57-



10

15

20

25

30

wo oiobiozaoky formed conpl ex deconposes.

base. "Conpati bl e" non-coordi nating ani ons are those
whi ch are not degraded to neutrality when the

25 anions useful in accordance with this invention are
those that are conpatible, stabilize the netal cation
in the sense of balancing its ionic charge, yet retain
sufficient lability to permt displacenent by an

et hyl enically or ac%tyl enically unsaturated nononer
dbxampjepof spitable £HCAON); alshshide ylﬁmoméommﬁahsy@s@osed in

aﬁﬁﬁﬂﬁs ag 4g7§§mobut gbg\lcﬁgcg?#? ]iglerrf)‘tf‘c?é’ ég“g %‘F%o can

enp' Oy AQ@itiBhAlHRibIE %HEMQ fnn BFAE ‘éﬁtaﬁa will mﬁmqiesfor use

that are initially neutral Lewms acids but forma
cwith thei cataipttadf the 58 eMldn2 (826 110 partid@laR TS uammsm&,zl 296nd

@%vgéwand S SHaHi% S B TBr 0Pt e
FeboRATRL Anidrsh RANKRY | #209Rl088Y 1 d03b R0, BT Rces

um num act to ’abstract’ a’ hydrocarby
I TCabatabes: YA dled Glassi of\h’éealcil)oﬁoordatatmgmmmmtfai Stomgpl ex

<Plofrorlss bids asoSipstiekar A Cbet dierond, G 139 (1998)

anal og u
e’ PO B 3506 s oL Ryl a0y o

f wsedms lamactmfatmgvcd)daeﬂywm the pmpptaene sf theiimgreved catglysts of this

G oup.4 co see ts 5,624, 878;
5mzr l%ﬁeggﬁ@ssﬂ%@ﬁwgmum f? & neut r al

%h %%nm ﬂsgﬁ yibBraidle art and are suitable for
stracti ng anionic |ligands. See in
pamthMmOmtdmtetrmheabematel, cle by E. Y.-X. Chen and

rks Cocat s for Metal-Catalyzed Aefin
PEP&‘H%’/? P?Wtetrﬂgieﬁﬂg?r&% Activation Processes, and

BW tfral Qﬁghl ps", Chem Rev., 100,
1-1 4 (20 {/\ﬁgn t e cat al yst compound does not

cmﬁt—hﬁtyl)ahmloamst tetraphelnykborame or 15 hydrocar byl
I| '{2} t does contain at | east one functional group
&5 Hnet igum tefpphenyl0oraltyi do or al koxy |i gands,

aﬂq\l'ﬂﬂa‘?h 1ARGh LA r;gl'éf?}l'morlaf cgands are not capable of

di'&crete i oni zi ng tTaction with the ionizing, anion

PNeN-dimethyl-(2¢frprimettiglanitihesg tétaphenydbahtegr oup | i gands
can be converted vja kno al kyl ation reactions with
o gRRBARmOp N E?H @ﬁﬂ@ Hh%’é’sf’?rlal'ﬁ’ um or al umi num

h nes, Grl ghard
RO b %ﬁz@@r R

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-(2,3,4,6-tetrafluorophenylborate,
triethylammonium tetrakis-(2,3,4,6-tetrafluorophenyl) borate,
tripropylammonium tetrakis-(2,3,4,6-tetrafluorophenyl) borate,

tri(n-butyl)ammonium tetrakis-(2,3,4,6-tetrafluoro-phenyl) borate,
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570 982 and EP-Al-0 612 768 for anal ogous processes
descri bing the reaction of alkyl alum num conpounds

wovedaok/0zaead ogous di hal i de substituted netal | oceP@Er/US2005/024240

compounds prior to or with the addition of activating
noncoordi nati ng ani on precursor conpounds. 25 Wen
the cations of noncoordinating anion precursors are
Bronsted acids such as protons or protonated Lew s

b ) regduci ds
3R BE bl B Re T AE BB heBfih 0,

an padiniehyaditifiufeteathkic€2, 8 alstetrafigdioptient f) 0ot f Sodl um
%em umor lithium the catalyst- con?ound-to-
N -dthodaniininm tetaakio(2, 6ﬁetraéh5¢rq akeny!) bosaniandt i ons

us %\g Ia%m&ﬁ)zl C(?ﬁs}f):&m?e(iﬁyl%ﬁ ll%dmjgtr QR? 4 Qldbs te%ﬁu@oﬁl?en?ﬁ

tidrsteper f 1 uorophenyl) boron can be used with

net hyl al unoxane. -60 WD 2006/ 025949 PCT/ US2005/ 024240
Gilalmharnmnpwnhsglltﬁxﬂwét @r(s-pml)@lawgmar e typicall y
Sttfe{rgl? . lér?t\/\ﬁuor l)wara?eb afl@dic {181){6 é‘}; Pﬁe rol e

rontzZing 0 roni2ing a I'vators

%ﬁﬂl%&ﬁtﬁﬂ@&ﬁﬁﬁdnbg Borate; iafd nzsmtluﬂ@d phoapm}surﬁwtseﬁusloas
be used as non-ionizing activators. Abstraction of

f siphenylphosphagium mj@m@q&ﬁﬂug@ph@rml)e%@remcrrtq_)élml@sphomum
6&6 r%a@erﬁ%ﬂu&oﬁﬁen&% ;t’)%%éﬁ:af Islél %(236 (ilg{ethéﬁfflleflﬁi}:!@ sp ur 1un d

Otretrmﬁa(lplef;{taﬂ@&bplmdﬁ?gwmt&xanpl es of non-i oni zi ng
activators 10 1 nclude RIO(R11)3, where R1O is a _group

11310@1 reRierrbly the iRnie sfoichiomgtae @gtewtorss NNy dhimesg iy gy liniug
d. h |
TR e FohaRAL B¥djor SondnIARERIGRE. OO0 - cne

N@f}aqp@fﬂuz)r effjboyaé.or s al so incl ude weakl y
coordi nated transition netal conpounds such as | ow
vaI ent Inmn@femboémqyt,eamstwwnmth@d PSIRE RS legicgpmpounds

oni z a vat o d BEt
otk Ririsnh A5k WS B PGaeSr Rin ] dralgebls
AhBhafocdde %tﬁ@)st?naﬁbﬂ ARX R non{edbidinating anlon are also
Ni (1, 5-cycl ooct adi ene) 2. Addi ti onal neut

Lewitemplafedsandraee dasouibrdiin EPha- Q426 83 BA- Ar 0l§8 3403 eadbUeS.

stract
plg?‘t?l?t?pcf grj%‘%h% g?‘é’i’/‘lc{é\%/r eaarl er%m 1%cor;€9§99§¥<re§§r%%en and
T.J. Mihkerm "h&¢adcrlivmating efrﬁdin""@@i) thédns lai 26idn GHHedH dither
Pol yneri zation: 20 Activators, Activation Processes,

adgs 9ot erardinate A said Fatipnms whi¢hois onlypxeaklygpordinated 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
neutrality when the initially formed complex decomposes. Non-coordinating
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.
Invention process also can employ cocatalyst compounds or activator

compounds that are initially neutral Lewis acids but form a cationic metal

-59-



10

15

20

25

30

Rev., 100, 1391-1434 (2000). Preferred non-ionizing
activators include RI0O(R11)3, where R10 is a group 13

web@awrv4and R11 is a hydrogen, a hydrocar byl , PEr/us2005/024240

substituted hydrocarbyl, or a functional group.
Typically, R11 is an arene or a perfluorinated arene.
25 More preferred non-ionizing activators include
B(R12)3, where R12 is a an arene or a perfluorinated

a fer -] .Z1- .
L6l U R AR B DT D YRR
pivéthelid @demidn-dofpoandsy FoE xandple trib@entB(§E65edyl) Motroh or
preferred activators are ionizing and non-ioni zing
aglumjaing pet to ghsieagt dhydseqarhyh oF bydride liganditpeyigldgn invention

(Gl ot le) it BB s e P
PET MRPIODN-032@ 482 fohdidlistraftd ofh&ib 86usaBroasid néthscene

that may be used with the catalysts cggpounds
dfyapamds Alseesas theyarihads ansdeompoands ofFEGArH 4375, For

ggo]fr(r)mgt‘}g'ns % fAz]'Witt\é\iilq ! i b c?rhélegﬁgscu%irggga[n%%)ggusbéro&?fs egogxﬁgaﬁ{l%sé see

ereln. n genera cata nmpoun

atts. vRdi&ts 8624 8083 4850b32nanb5,521,00% of about 1000:1 to
about 0.5:1. In a preferred enbodi nent the catal yst
conpoudditighgl nepsaldemisagidy argkaown ibthgaet and age yuatebls for
abo 00; Q . 101, f . 50 0
2Rhediohpln e o BRI NARR by oy x

I @héPand B.J aviafke) @WichitaBleg or Methl-Uataiyed Dldfth BolsineriZion:
al kyl aluninun1conpound5'ésuch as diethyl al um num
chrcbyaters, Adfistiae Bragesses. iad StrpcturreAptivifyoR ¢latiqnsbipe, £ikey:.
about . bout 10:1. In a preferred

ek %ﬁ{@ég%gith%ﬁr(ggﬁ)@ of the first catalyst to the

secondWien tiiehitdly s Bainp&@idadogs hot nkiPa 164t 8% Bydride or
preferabu¥,25:75 to 75:25; even nore preferably 40:60
1

t hydsocagioy! ligandyleiidlogs canrin abledst eaelfungtiena) sroupdigged;steh as

a the activator ar 5¢ i ped.in, rati 0 t
TOlafidE 674 B Hefinds? ST ARGid ERLD ARl FORY
cedpabRed disetctd WhlzinpobR@ALNAE vaihtkht hiAk iavihQre-dior

conbined in ratios of 1:1 to 100:1. en al unoxane or
atampavnes.dhesy funstipnal gronpsligands eanche, conratedonpknasyn alkylation

SRS 0 AT L o

abit AkylatdlMeAlNmotired (Grighard feagdits, ttc3 e BP- A-01500MBNEP-A1-0

| §)7nd 9Z8|2n£qnd EP-A1-0 612 768 for analogous processes describing the reaction of
alkyl aluminum compounds with analogous dihalide substituted metallocene
compounds prior to or with the addition of activating noncoordinating anion
precursor compounds.

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

compounds may also be used for activation. For example, tris(perfluorophenyl)

boron can be used with methylalumoxane.
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20 activators are used, the conbined catal yst
conpound-to-activator nolar ratiois from10:1 to

wd200002%391 to 1:5; 2:1 to 1:2; or 1.2:1 to 1: IPCT/US2005/024240

Multiple activators may be used, including using

m xtures of al unoxanes or al um num al kyls with
ionizing activators. 25 Supports In another enbodi nent
the catal yst conpositions of this invention include a
support material or carrier. For exanple, the one or
nore catal yst conponents and/or one or nore

act NealiowigingActhatsleposi t ed on, contacted wth,

vapori zed 30 wth, bonded to, or incorporated wthin,
adsorbed or absorbed in, or an, one or nore supports
or cartuier

suppor tActrlma?orls ; aelztyPV\Qal? %15 Se%vl%sg %cgﬁgq:r ﬁ%gr%gl/p Zﬁeééxgrr tthe roele

et Bhiz&gSor nBh&61ariAR layti e, W%F@ieﬂﬁﬁﬂ* dédrib&d & ionizing
porous support material, for exanple, i norgani c

osgtiyersamay alﬁ@ pgtsadas oRN-denigiag actiyatass. su p p 0 r t
nat er |

Doyt oparstioy SRl RotTeaRMak be ARliflel St PHH 80

StHAP@ikplay ar® bifFitH ForltRe Forindl Sdtfralliidinay. | THRENEZEMiS acids are
pol yol efins or polyneric conpounds, zeolites, clays,

otypmally brsaturated gaweakly ﬁoqrdm@dnE@nmlmmfrmnM@mlgamtlw@rs

t he 20,1, O @S _ t here The, prefarre
itk 7RO, Wktaf 2% 4 BB T3 ciohity BER P L SRy AREa0s!
Ghal#bcadbyl da substithied hydRicarbgl, 6Bh Alnca¥hd @foup I MepipAlBL R riedn

supports include silica, 10 which may or nmay not be
d@ﬁweraat etflugrinnead asene; Nan- lgrlumg r#atl‘(aWDS 9lsp @@@l@@)weakly
Scl:Jopo élnfltgd lIflrﬁ%ﬁlta (():Pemﬁ%gl Xt I;)'Ioru% S tsuc Lo (i)ov’v vge &%tu 1 complexes
magnesNumlietiting &xienlsd ocfnoﬁabﬁainguenva%re @’fbhf’d%@Meg, BEt;,
nontnorillonite (European Patent EP-B 10 511 665),

pBQBlubsBth; Bt(@qubeAIMﬁaeé\lEbaAKlBu)B AdPks, B(C4s)spitmagwane,

hﬁ gTQQA (%%c d t e like. Also, conbinations of

t gg Tt rlals may be used, for exanple,

sili CaAGHh'h@HAlliﬁhtrzﬂlLekﬁéia@hélﬂje kAown $il thie GAt-ahntl WAl ib@ s@itdble for
the |ike. Additional support materials may include

t #hﬁﬁectngrfctmal ngutraliligangso | Semin partiewlar thp eayiew agRlebyB 7Y -X.

& fiat g KTt RS Rl il el ek R g ition:

dRs6vdtere dA Etivaltbd Prodéds8S)/afid SBBctuREAMETyR Asti HREIRE", ERem.
in WO 99/48605 8herulltes as described in
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.

More preferred non-ionizing activators include B(R12)3, where R'?is a an
arene or a perfluorinated arene. Even more preferred non-ionizing activators
include B(C¢Hs); and B(CgFs)s. A particularly preferred non-ionizing activator is
B(C¢Fs);. More preferred activators are ionizing and non-ionizing activators
based on perfluoroaryl borane and perfluoroaryl borates such as PhNMe,H"

B(CsFs)s’, (C¢Hs):C* B(CgFs)s", and B(CgFs)s.
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20 U.S. Patent No. 5,972,510 and pol yneric beads as
described in WD 99/50311, which are all herein

wo ewenposat ed by reference. It is preferred thedT/usm05/024240

support material, nost preferably an inorganic oxide,
has a surface area in the range of fromabout 10 to
about 700 n2/g, pore volune in the range of from
about 0 to about 4.0 cc/g and average particle size in
the r aﬂg@ﬁ%ﬁ 1 frefgrrrgﬂc?lggtl&s tﬂat ai l?o1e &%8 %ithstg BatalyRs ©
preferably, TR SiF T ace Area o e suppor% materi al

| Sompounbedisalbg Hetei frefadeliuse dbstribed bW 05064433/Ad, which
pore volune of fromabout 0 to about 3.5 cc/g and

aly ancogRorpisd by e¢fereneeeren. from about 0.02 to about 20
gm t r.abl sur f. .t .
ot er i drecnet] et st ARyRhIRF i ERu Rl 8RERY,
43808181 £houp DID: V@ dboEt §.5:0 MLk Priferded @mtstaddEntIhcadhlyst

cc/g and average particle size is fromabout 0.02 to

atssrounds aRd the ggivar 200@MIRB3YY ey OERBULA YR saghout 1:1,
NP OSo3 Y5RL%S T 'H?ﬁ 12kF Bolfel $eht &S aﬁlr‘#ﬂ?a%st 3tc! fhe ratio
the pro%esses deseiibed ner el oy exanple, 1Th a

Pis @l €rerably ool feRibout DG 1 RGN BAT WS alubMA®d cofipbintd® (such as
supports described in US 6590055 can be used in the
piigidyladusmigpm; ghlogidejcaipbined oyith watag dhe jaga as prgfeeghly about 0.5:1
qgt%gg;Rff for use in the processes of this invention

i ncl'ude ¢l'ays that have been treated with acids ( such

as H2S@4) prafetrell BRbodiamibineestiowfithe ARk ahtaBbtky ltise desorador
as triethylalumnum as described in US 6,531,552 and

Eiditiongbeatgyst Ay 5:9040 245 preferably b7 atetd B3 overt moshprsferably
h@ﬁg&gjafﬁ§ferred activators include that may al so be
supportsinclude ion 10 exchange |l ayered silicate

havi ngln?&né@i the SbinBinell cathlysl®impolnds Kdahe bdiaorarnt of
the acid site is equivalent to at |east 0.05 nnnl/g of
(+]

2cognbinedeintiptigsyafialipyid - 1G5 \arabeuti 1o}, inether ambodiments.t
Pref.erred. ex | es include cheni call reated.. .
RS B phiaR et B8 R Rk phub LB ioies gt o

S100: Lat@en abatixahObadlupiRbeskAcictieaarRkEsseaf the Bembined
i on- exchange | ayered silicate useful in this invention

i ¢aealyri sompoyngyterastivaipy meler eationgfiiontyl :2000 tp 10yl @lternatively

struct orh~a. 201 t t tyre as clfib in ..

ol R P10 d: ErendeBRo DU Eikel PO RE T4 Syenlapizie

Skl agatZdte (§8dDiHeTBRBinel ardB8ketndonhak@activatckIPEThr ratio is

Exanpl es of an ion-exchange Igyered silicate

claemrliosl tegl: 1 id: hto1l :H;s b fo g-g; or 1.2:1 to 1:1. Multiple activators may
be used, including using mixtures of alumoxanes or aluminum alkyls with

ionizing activators.

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
with, bonded to, or incorporated within, adsorbed or absorbed in, or on, one or

more supports or carriers.
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the main constituting |ayer include kaolin group
silicates such as dickite, nacrite, 20 kaolinite,

worsahziokoysi t e, halloysite or the |ike, and sSEIpESRDIIER4240

group silicates such as chrysotile, l|izaldite,
antigorite or the like. Additional preferred exanples
of the 1ion-exchange |ayered silicate useful in this
invention include ion-exchange |ayered silicates
conpri §hg %@Bﬁ matéridl BY/&ly Athd &%ygﬁioaapﬁggésﬂt Irbhtdriag.

| ayer inc e snectite “group silicates Such as
nBreferably lthosuppertedanatdaillis & porons sapporti thaeria afoo akdneple, tale,
hectorite, 25 stephensite . or the like, vermculict
gFTgRNLS phidestand ingremmaalgides; Qihersuprir panpRRelidey o
g L . 1L La. N e
SRR oR ARe g B S LR
patgpgerssppdrs, suekmnt polystgrenp diviph pehdehe polyalefins ohpadyrnéris
and the |ike. The clays are contacted with an acid, . a
s SPmpousds.AcRutes: clays, 5,2y PHIChOTSAHSFf ORI GCHPEPT ghasgiieh and

0 aLr ' cont ai ni ng a conpound
Ofhedtike! @grthg@]&gé‘géfébf. 9 mp

i nterca etween 30 | ayers of an ion-exchange
| ayer e@he pleferaddsuppdrematetiels aed imbrganicroxades thad inchideaklose e

h | al I f I [
AREPD i SPSF 65 OB VN SDIS BT ABRePT helude Sica,

P%{clﬂ%%pgij Aﬁ%""go‘% Qe dlklyd'rﬁgd{ %ﬂeél ﬁligélahl.g'gingzm 997@@(5332,
conpound. ng these treatnents, acid treatnment o
sailita-alwadharant mixsurpathiereofil @they uspfidfseppdrtsanclidemngeaiaed
cl.ay. my then be contacted wth an _acti

. t
cHlBist Aideondy, appegestEaplorige (U @hgate%&%?-fs?@g@t?%o und to
pH10YlHﬁ5ﬁl¥c§1i@ l(gﬁfujoeg‘an Phatdrf ERO9L H8i f @@@QPWﬁicﬁt}é,ezeo ites,otalc,
po ns es an

ynmeri zat | stem conpri ses 5 welght %
polags (15 fekitast N 6£B)18D) andl ths Hké. hAlzo Aconshigdtionypf thesee
preferably | ess than A 3 wei ght %? nmore preferably | ess
t FUPOY MEHs Moy begsed, fr sxeppls) Silicasdwompup, silicagglaming,

0% -1-NDL: .
PSR Rl GUhelky, ASSRot 2t SR o B IR
madrelippaimeahleycribed $n ER&762964 Binwhiahrie intorpor&éEhabiniby

| ess than_100 ppm nore preferably |ess than 50 pp
niferepsce f@heiupport msteriglsdpclyde pagetomppsites agrleserghed in PCT

| 6y ‘é@ﬁw%g, %g{]b §E19 ;A% ﬂéﬁllg@%ﬁ?ﬁ%ﬂ?ﬂ%o@ ,e%j)gl%‘?ﬁités% described in

al unoxanes a , oxygen, tones,

alUd®: IBacms Noaf, 073 5 1 @aidpddymaerit beatifiay desciiiedan WOe9/50311,
enbodi ment the pol ynerizati on system conprises | ess

t Whirheare gl hepeingReorpgrated Ry eefeteaf€ini num and/ or

mor o proy T ha B EhaRI BT Rl BRGanSh Bredic oxide,

| §55a §?BRe Zrea 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
of from about 0.02 to about 50 pm. More preferably, the surface area of the
support material is in the range of from about 50 to about 500 mz/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 um. Most preferably the surface area of the support material is in the
range 1s from about 100 to about 400 m2/ g, pore volume from about 0 to about 3.0

cc/g and average particle size is from about 0.02 to about 10 pm.
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wei ght % nore preferably less than 1 weight % nore
preferably less than 1000 ppm nore preferably |ess

WO b/ 07B® ppm nore preferably | ess than 500 ppem/USINE024240

preferably [ ess than 250 ppm nore preferably |ess
than 100 ppm nore preferably 20 | ess than 50 ppm
nore preferably less than 10 ppm In another preferred
enbodi ment the polynerization system conpri ses

met hyl han

trimet ﬁtﬁggum n é § 1gtri estg%wﬁlgjgtrﬁtsr{%lrﬁhe rroeC Sessfelb Iy

I &&SnbdfthlﬁbréinV\/Ebgman%le lii & preffereddednabivldymére sise mdmloro&s fumed
ight % nore greferab | ess than 2 weight % nore

pFI@F%i‘%PSFS fesgrbediatS 635)0ze cayhpe uged i e %?%F%PQBF%/

less ddgn 1000 ppm rmore preferably less than 750

ppm nore preferably | ess than 500 ppm nore

pr ef er Aldifiohglasefuhadtivatds fop ke Mhepropésséssfabisyntendsn
than 100 ppm nore preferably |ess than_50 Epn} nor e

pistude kg that bave hegmeated pyphhacids épeshras dlaPRy
pE&ﬁ@g&?%ﬁ%&M%ﬁ( Id SJ;I}/z}sqhﬁfhgﬁglmlﬁHtﬂ { § &bt fl't)’sSt S

prepare pr ene ene cop yners W

06531,652 hdidBP 1.160 mﬁﬂ A 1Yoathéotr ik ir@0poratédbyctdiertnd@rhetein.
flnely di vi ded supports, invention processes can use

funed Riaferees actisattes ineods boloapalsthy uEponSShigo den-
LRl PP AP 0 L) B i o

etheughl dite i ejuivalert @ htdesbt QOS5 Mmelacs i Dﬁ-dﬂ’ﬂdhtﬂpyﬂdme
Pol ynmeri zation Process 5 This invention rel ates

pfYumsd formsuiseiaatian. Drefesredrexamplcs rﬁ&}t}@m@ml%ﬁ er%thi ng
W&?ﬁ&fte gi%ﬁgfﬂlc?tfeé rﬁ%ldht?é/a't%igsn?egtl ?&Scpt §1ﬁ5 %&m&a?bx%%ed

conpoun ivat of at
s amﬂiplés afi tﬁcaionmlcyme Ili}&fdd@ﬂld:mﬂlsdfﬁl imthés 1ntlﬁﬁmh0ﬁclud31 e
nore _reactors in series or Earallel may be used

i hayfnﬁé siicatsehrvinga il hviypg $t6wtur€at aPy dyPermsBuRas daseribed in
%g%ﬁérame%?yﬁ?tﬁtgﬁéiﬂggc ; oreﬁ ‘Bg ﬁaﬁlng({;?}ﬂgrméh hlﬁ{]béshed

seéparate

Jbﬁhsﬂﬁh@Sh&ﬁnthXEﬁactor or preactivated and punped
as an activated solution or slurry to the reactor. A
pr ef er Esemplgepban ion-cxehange layered silisals cappriviagder 1:1 layer as

' ﬁle x+£1§ coxE ?k&fﬁ%ﬁ%ﬁ??ﬂcﬂh% k%Bﬁn gﬁqlﬁ sﬁ q,ateg EﬁchI as d?dk'it@ Hacrite,

single reactor -o 1 ONn
CRavNNeEh Stahalfoysiad, ahly@ts{taslt tlh\z' dike ra,ndsa@mwoupamicates such

ogst éh?'}r/]siltlleml)lga!llfdlltee ragtlgorr?te grd tclilg%kg ° nAtdIdlrtlluogglsplrgferred 2xamples 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
group silicates such as montmorillonite, beidellite, nontronite, saponite, hectorite,
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

layers of an ion-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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single reactor or in series reactor operation, in
whi ch the above conponents are added to each of two

W®20060/023049 eact ors connected in series. The catEtyE$2005/024240

conmponents can be added to the first reactor in the
series. The catal yst conponent may also be added to
both reactors, with one conponent being added to first
20 reaction and anot her conmponent to other reactors.

I ﬂl\fr%ﬁflée%rls E@feﬁ%g% ﬁlesﬁ %or%?&ﬁ{d. p@rh%ﬁg{h'eﬁattréa%erﬁg, acid treatment
propyléene”in hig ﬁ%ressu e reac S ere,

poedattrtafatient iyarti@Aalyoprefesabidl bThattitad Ly uidyekeat bewdntacted
with the polynerization reaction conponents and is

abiith apgciyatorcompaunhsueh ghlpAbsandrtbecatalys commpardiour es
thg; %gcurmggring the pol ynerization reaction. Such

€ Q .
rB ST 4FE"25 known as hi gh- pressure reactors for

pur posgsarthet Binbodinfeat 8 WoBmeyzhtsit Se@h@mpries Rsdhgh 5
pressures and tenperatures will allow the reactor to
nieighhVrpalarespeqies pyaferaly besd dansieiglt Yot mekg preferably less than
condi ti.gns. Suitabl.e.reactipn . els_in 0
Ralet RSS2 TR e BERHER PR 1

hixgiEhPY/E sifoeé Sreiribly BRI thaRA0YOBnZMbiete ety lesihan 750
Sui tabl e reactors are sel ected from aut ocl ave,
t ppm) mere [eferably lgsn han AV@propurmrefembbdess thamHyppm, more

By ¢ P 08 GRR1 BRSSP R8s Wy

| [es@thaf Q0 Py, Fotarispbditsincli@asty@es contyipingaompounds (except for
aut ocl ave reactors have Ieng;h-to-dianeter rati os of

1alumoganes) Juchnag algpbolf, axyaen, ketonesa aldelyyles,peidy, ¢stgss pugd

13 %_RPN} mul ti bl ade stirrer. Autoclave pressures are
ty |éa||y greater than 6 MPa wth a maxi mum of 5

typi cald anoties Smbbdithedbthe WoOBRmMRzeA & dye@nmPdtnsiisay Rss than 5

reactors are fitted with external and or interna
cveighhlp Eimetotdusinurband/ erifiethylabinipemnprsfegatdy dpss than 4

reactign_zone. e e_aut ocl .aye has |
| SREh 2 R BiesrtlIS st in Bt QEM L B PrftelaBlY foss than 2
PRIt 8 encRé PreQir Y 16¥D FHRANE NGei Jit®) ! 1PleGRéfedablylegathat1 Gd0

only one position. But injection at two or nore
pppint merespreferabhieles thawe 7 3V pph smeneqaefpabhy lpssetharr$0 ppm, more

I nst.ance, 10 i eactors where.the |en -t o-di amet er
BRFERE1e aash 336: MR SRR S R T by ooty
Sie¥s tHah 5OHBRAL mohd ﬁﬁ‘éfdrﬂﬂy RESiHah Q0ppmAddi tional Iy, in
the larger autoclaves, one or nore |[ateral fixing.
devi cel anggss preferrrsl ambpidinent dae palymerazation Fyseya cOMRIIFRG
dev,c can al so,di i d t% autoclave, into t r nore
R T T R T L
Z gieghyl Alum@fien, peefedabBMedsQhar Weight WVmdke 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 less than 50 ppm, more preferably
less than 10 ppm.
Preferred invention processes can use finely divided, supported catalysts to

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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15 back m xing, largely independently, in the separate
zones. Two or nore autoclaves wth one or nore zones

W@206/0zaMect in series to tailor polynmer struRtTUS2005/024240

Tubul ar reactors are also well suited for use in this
i nvention, preferably tubular reactors capabl e of
operating up to about 350MPa. Preferred tubular 20
reactors are fitted with external and or interna
c
(BBbRGIAVR B o fEh b GRS han PR 0 thghfiims o
| 0§ (BCdnigStiorpg) istiall enSiEhMe férdn £661loid pathiitsctiba medimnoner s
(such as propyl ene), one or nore cononomer, catalyst,
or m xtures of these. In tubular reactors, externa

Lin | r increased nononer conversion
g@%%?&%ﬁpgggggggtoclave where the | ow surface-to 25
vol une ratio hinders any significant heat renoval.
Tubul ar reactors have a special outlet valve that can
s end aTlpms aventien mm@em knBQIMET £ Q) HIFeCOMMISINEThe

ve hel di,s [
con a ng one gL | C?re olefL1 %na)r( Ile%gtl ﬁé%gr gljti)gg ﬁ%ﬁ%n\kl?lﬂa cﬂﬁst
Oéorﬂ&dﬁlﬂ%ﬁd ag a&wator (ieMi@érch&cil@oﬁﬁﬁﬂzﬁﬁérﬁn&&ﬁd inbe
with smooth internal surfaces, Preferred tubul ar
r eeaetobr One MeISaERters it sepice esirRagallzhmayy be yseglgo thampreseal
bl

CIFETIY ISPt gty R B RLBHR R 43plion o
t slbk aditheeaphiatedy foythe faattoy, abamecam-h&auée@nze f¥6the 2&949, or
PCT/ US2005/ 024240 |l ength-to-dianmeter ratios of 1:1 to
spgadtivagedend pamipgd as an acsivaigd solutiprppieslagsy {p the reagtor. A
g rreﬁeo%(é‘}agon’ rta}o%%lualo% a&%la{ed%'glgg.l ?&Sﬁ‘lg}%e}tnmg H}%&Lﬁlaﬁfcd

ors can a

su@thn leﬁﬁér%ﬁfg@éireadtbleoﬂ:bﬁt@ﬁl ﬁ\lﬁhlbb’ﬁioﬁ&hbb{ cpmenades, t he 5
tubul ar reactor. Such systens may_ have injection of

a@malwt@ﬁavat@ramwmer and pptiona ml&e@w@ rdedsconting@usbyitg|a
th {
t ﬂggle tr fﬂggm]og ﬁn %ﬁleg feagtgg ?ﬁqutl rmr e R%fltﬂ!l %)Oeg XIPgJ)neg% are

OC aves an

I Siet @6 Sachdf tWGbﬁﬁfot@ﬂéactfn@Qdﬁne’Mdﬂ iRkeie@l athketatalygom
tenperature or bel ow to provi de maxi mnum pol ynmer

pwammemsmawb@ rddedite the first fepeipn is te somxi )t spmpgnent
05121? g{sg be g ?dedttg pat r%gl 18 S er at 15](%1}?% }Pé}%?ﬁteﬁ bo first

up, ut no ere
I RASIME Sandt Mathyr &d@cﬁlehfftotdﬁﬁerfréaeﬁirs m xi ng zone has

some back-m xing characteristics. |In tubular reactors,

t he fi Iyentieomnethadsgglso cover polymerization of propylene in high- pressure
reactors where, preferably, the reactor is substantially unreactive with the
polymerization reaction components and is able to withstand the high pressures
and temperatures that occur during the polymerization reaction. Such reactors are
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,

and autoclave/tubular reactors, among others.
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doubl e jacketed tubing is heated rather than cool ed
and i s operated continuously since a tubular reactor

WO 20062398t ure plug flow. In both multizone autPCt/Ey®85/024240

and 15 tubul ar reactors, catalyst can not only be
injected at the inlet, but also optionally at one or
nore points along the reactor. The catal yst feeds
injected at the inlet and other injection points can
be th - dj: j . : '
concent T perzalioh FigfBiset dbkiefinelin GREAER L HAPRLIYe
alndaseulpatyonms. Tesically, ailitatlhod fedgorsAlave heagthetaatiameter ratios
outl et valve, the pressure drops to | evel s bel %Qat
Hi16hto29 Epad e Aiftep hathen 18y apest e o 00RE My el asee,
t 0 ' I Sy

e B R Bl R e BABRY Beafy 1R PR mBNARR: of
tthpisalelessethan 260WIPA. Puferral dutdotale mactorscarpfitted with external
remai ns above the pol yner product's. crystallization
tangE infempcooking and PRe9ranere iy cetiph oS long therreaqtiop geng-

[ r | r .

el BRGRREHAEF B R RRCE Ml b ph EEEME fun 4
AFropy bt ¥ ddthies mvaibimess 48 Gipiatly atjectepatronlporidymsiteai Gut
relative to classic_  _high pressure polyethylene .

pRIsE et tyeor S1asgpositignsip theapinolaye inpleP Bessiplg. iorpgance,
Rh$eRrE wht 2R ke feﬁgt?l-etgld'i]antla& raft® ?srﬁMnQirh-%, th@ﬂa'a%?&anan d
unreact ed nononer; cO-noNoONers, propane, etc. e

t o ap to six differéhiingestidbipobitiond. i Awdditionaltylin e larger
mai nt ai ned above the polyner product's 30 )
cAajealaes. ongoF BIrpigaal ThuRe devices swanogthe High-peed ISy
t”ﬂ?esg ﬁkbﬁ?h'cﬁ?&a&tdso—r GidP E}Fesa%&g:?ave rﬁ?tngB r& }ho?éezcmeg.h
enoug at 't he propyl ene can be condensed agal nst

SMaifgbRdes dBthY\QiZ&Qah A 4dnPeone iS22 005100216 R240r plug flow or
cooling water. The liquid recycle stream.can then be
rack aigimg: lgracheindensadeaitlywingthe Berarategangs p PN Yy st em

R ERS Rluidhe sPNREE aiRTBAERARES if SIS iChalymer

tdustug€parator will reduce the nmononer concentration
in the liquid polynmer phase which will result in a

nuch | Butararseasinry assralseay ¢lbwited for usq i) hisigysnion; prgterady
r I { ' ut
bRt capi ORI AT ERNR 25, PSR bl
kichdters arsfitt@with esternabargl or ihterral excding ahéané bomsre injetiien
hi gh pressure recycle) then provision nust be nade to
R @loagyhabutariar Facten zongs As i awaelavesy Bisse isction points

SR LGPl (A S ol e
1éataldoorimittumesofithese. In tubular reactors, external cooling allows for
increased monomer conversion relative to an autoclave, where the low surface-to-
volume ratio hinders any significant heat removal. Tubular reactors have a special
outlet valve that can send a pressure 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 internal surfaces. Preferred tubular reactors can operate at pressures

up to 360 MPa and preferably have lengths of 100-2000 meters and internal

diameters usually less than 10 cm. Preferred tubular reactors typically have a
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Al ternatively, the HPS may be operated over
propyl ene's critical pressure but within the

w@eopyrome/ pol ypropyl ene two phase regi on. ThiBCT/BS20h&024240

economcally preferred method if pol ypropylene is to

be produced with a revanped HPPE plant. The recycled

HPS overhead is cool ed and dewaxed before being

returned to the 15 suction of the secondary

TRIBSE3 Shlme el o VR GEL, Rcre BT PP I JREICR R o

veesel will then go through another pressure

reduction step to a | ow pressure siﬁgrator The )

t enper Beagtar t@ﬂn&thatspavwmavw with bulagirerctirn ean apseeve in

t Y I . f
nl%grﬁgoe esggn&%ﬁgzpqggtg{c& : %ug&éa\;gnypel&?'w&deg il

etuibmad factof. SethSdydteing niyXRVe inJétgioR b 8&difiéhal Bathiybtsand/or
vessel will be kept |ow by using a conpressor to

r ﬁe@év‘émp@lﬁ:@t&m sevecal @aintpidhe ryoclayecandanes agstaslysdong the
p% |ng system referenced above. In an alternate
&b one rmay carry out the pressure drop in

one St Bﬂ)otlh AgbelatksQind twulariréaciglafidjdigion) RedsHre Fteiferhlﬂw

enough. In addition to autoclave reactors, tubu

 E0QET SMperagire pehelowrte PEayidsi IEHEUIDED lymerrrodycsieop il the

r ﬁ%gtgng}; 318%1]#[11 o;%l'a %)t\é’ﬁ-x eratllrg fr{]du?%céaﬁlt%c %’g%&é?{’ya erheater

dopdrgeLittstp@b g n@t g tﬁ%a&tﬂfhﬂeadhhé Steadyistdt®iflthdfirst mixing

punp continuously circulates the contents (reaction

| 7epgihgy sonrp ackemiing ehatrcteristies dpfiybulatreagtars the Brst sestign of

a nce i n t

" é(g.lc ?cqgaclrcﬁéd &%%nlg 1S h?aﬁgd Ta’(tl:;}beg %F C gle{i a afs O)Pe% c%%tlnuously

I 6864 Dfubliler tedPiof &l By)hafidt pRigdica. ekl bdth @illltizbge hutg&laves and
pressures encountered in autoclaves and tubes. -69 WO

2wbslaprEoes, P@aizysjszg 08t @iy ba oy eatshatdhcinit, bué\ﬂlsﬂ opyenply at
6%0 rn?or(é‘ {n%s ﬂ?%/]%ethelfrg%e The gf)tal]i'gt fte%ds B ectfg aF t% grﬂ%t

era

aotaemj eetloﬁspmﬁfs%n bé @ saﬁfé|o)‘ ARt e frinB o PESHIMIL edbﬁsny,
solution phase is preferably at pressures of greater

tm@emsitlpe, @0 Qh@psux& dlffh@@bc%fﬂb%§Qﬁdééll@w¢1¥meﬁd@m er

l ék]?%r e ]:?alccolljl E.)ltlétuv% vegthers%e%g&rg ?og)rs% ;efvefé bgin ergthap \ahlch

n&%tidiﬂﬁha@é k@mloﬁ ot@as.t ThereRpa ehd dowrstiean degsembnmns a
aut ocl ave reactors, tubular reactors, or a conbination

opolymnle@,@h phase a3 polm@plqay phasee dopisally, gpditigrs i) this yessel

N T T
a&r@ﬁtllﬁzﬁtﬁ)rﬂ te@Perature. The autoclave or tubular reactor effluent is
depressurized on entering the high pressure separator (HPS). In polymerizations
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

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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10 while an in-line punp continuously circul ates the
contents (reaction liquid). The feed/product takeoff

wo afoem2oontrol total average residence tine. APCDUSI0NE024240

j acket renoves reaction heat fromthe |oop. United
States Patent No. 6,355,741 discusses a reactor with
at least two |oops that is useful in the practice of
this invention provided that one or both operate at

f\goeolfég g’g Olguldcrg tslg%gli?l ST Q—'xetn%d Irlrﬂlth%‘i'i% ﬁ% reft&With a

SCri O produce

pﬁdlmagﬁmpﬂlgasyst&mﬁﬁadd Jfaﬁ@hﬁar-c&hp&smmqﬁﬁecsfoi bbiythylene
reactor stage is a |loop reactor in whi

pmmssw&ﬁlﬁzdaﬁlml;y e priessurgiinghisiseparator wdl/\ﬁeﬂmq the g‘xonomer
d b Af.t
né iR R et et Gme i hse WERS M xe i A GREH 18Wer

?ﬂgﬁﬁﬁlon RaRLY Wﬁfslpl)%&ﬁa@&ﬁt&fesmaﬁb@m éﬁ/@ﬂ%ﬁ &4 dperate this
d|f rent environnents create the pol O it shows

asystempwithoutplldinglazmatalyst pisororskliest i aatalyst killer is required

|1 b PGBl 2Rt 8 et R s Wik R Vibh st B

f nh8d toSkRBPe h@ﬂﬁbtéxﬁﬁ@ Y| gq\ialsuﬁﬁﬁsﬁlcmy}e‘apae@ﬁrowﬁne r1ch
nononer and a pro %Wene ase reacti on nedium as the

i menemenxsirepid-g. iy the eresd dixbdhed adsorbentsios by seayeaging with an
tqe reacE%r can be fitted wit internal cooling coils.
Vi cation WD 19/ 14766 describes a process

c 0 npr i Alte@aﬁmy The&RPShay HeDpefalddt dver propyiené e eHtiod pressure
ol efinic nononmer and a catalyst system wth a

meutavithoe dwear@mﬂmﬂmhprame@ tyohese rpsion cCBnp srfbaeconppically

t he re con nuou 2|nc t hat

RarER T elhag (B RERDloR 1 s br il TRih A Ryt HPPE plant
efrpy Rt fdePHPS DWERead ﬁ.)coSl@B hd BEWSied bemu@ﬁg rdtlli}ﬁed to the
pol ymer / monomer mi xture from 30 the reactor; (d)

ceustipm gﬁthslswoyépta{rcampmjsmwbwbns el ofJiPRIA plsot onrsation.

(ol el BB SB HE b Sy A P PAIE boe0 B oo
P&Iédgﬁ%ﬁ@&é@&é&%% reaﬁaamtéprtg TN PeREurk k6Hrdtbe The

reactor. The polynerization zoning technique
d@smerabgd Of thig yessellyolldepraiateined abavelihe mlmﬁt weliing pioing so

L nst i.nvention' 0C nth That
B o 0By FRUCE BT BB B350 TR GRERy (opCbecteror
I SHENIDRR PhOMiesREe Bl thls@RA8el RNEbPREPY TBF by a§ihSA céMPessor to
makes the propylene or the 5 reaction nedia

crsaeedr thaugrgactadyhermanersséy torthe ¢andenser andjpirepiag syteed

+ Bien et PV ot R BURGEEEBRf Rt %6 e 5 Bb{ fE Phessure
r @dplih Bl 4tép, lileddQFGWO) if BPhiRid ptBssure is low enough.

In addition to autoclave reactors, tubular reactors, or reactors combining

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

the high pressures encountered in autoclaves and tubes.
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above the crystallization tenperature of the polyner
product. For a predom nantly propyl ene contai ni ng

wo w6098 a cat al yst produci ng significant pob@rme$2008024240

isotacticity the reactor tenperature will be above
145C. The processes descri bed herein may have
residence tines as short as 0.5 seconds and as | ong

as four hours. In preferred enbodi nents the residence
times re fr. to ni. N referahly -
secondSSPEeiGR TR SR odetreR Ionart FRmeRIFIIE30 24 ifehes
SENQanEs ch) afd NnBths ©F 1 00TRY 0PI hétersalDpération i 4 Gingeconds
to 5 15 mnutes. In sone enbodi nents the residence

t supsrcisinalipepeonydanedn propiflene solgtion phpse isguefesdly at peessures

and 150 sec S [ residence ti . ca
ot RS 2h M T R E Bt SR TR Fia Rl Bl way
JROE hding IsMeCEAr) feshltgas pE&nEd FRulties fi SIBNS olhdres
of Fron1%0-600 ggcondgg ngre particularly 45-400 or

6eig®oCy arulomaximum allayeable rghctor ¢apatityi on pr ocesses

choose, resi.dence tinmes _of fr 0 sec to 20 1. hour:

rore. RS ybsRVERcipt, B rEffoct 35, Sl of

Efet0Rad618; lobp-t@RQtitfirs aRNRRefl] IEhts ihhéntion! Y readtbiOipe,

of propylene the residence tines are up to 5 m nutes.

| moBemer antisd anchpalymer ¢xity spntinnougly et disisrent peipthiadang the loop,
olymer.at a rate of 560-.10,000.1 b/ w Ft 2. re. .

Db e Eaafopo B pibudt g, Btk GradiBhdiggion e

2080/ pIdubOekebtOdtes Loitrélitord] dveeage@ésidenael itlel tAYcoding jacket

pol ymer that is collected during the reaction tine by

t rFeenoyapIeactiarf hopt Gpmtemloopd Bmeted otatasd afant Boi 6453741 ds

t he conversion rate. . The, non r-to-polyoer .. .
RO AR B Teo SV IeSET TRl wpPBR e Erepticq athis

| MvettdnProAtEEBEE6 e dFdOtHEpekAd attthe SEItY@TtRRDddNARAIAS. Uhited
60 or less, 10-60, 20-60, 30 30 60, 40-60, 10-50,

- 2Btapg Pagot K0, 5,326,83P, deperibeg 2 procespsaidio [Bodurg pobmessin 2

i ef er ab h 0 eat. ¢
R R LB S e B S
Pholi e itioh @24R4 th arGabR Iy®tbdilimekardatBdne A fier BheClabp Y

range from 828 to 5940 kg PP/ kg catalyst * hr. These
hiegéfot, dhetieactiph raestiarh yransifsrinidLrcgasspibase nvesfor where gas-phasew

reﬁidgal sol i ds ig. éPﬁ) glﬁg§r1§%8chtka$esi gﬂ% olvmer
SEIVHEHETR OGS 1 08° PR ey TR e popnerty et Heaglymer
t 18wk Bbitkddul BbleoMaewBiaht distibaién, TIES Swd-bage Prodeditdean
total solids residue are 5 preferred. o )
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,
the reactor can be fitted wit internal cooling coils. |
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; (¢) 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)
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Conmononers, dual catal ysts and polynmer structure In
reactors with nmultiple injection points for catalyst

waomehzoa t here exists 10 the possibility to Pei/U81005/024240

t he pol yner design. Use of nore than one catal yst
having different nol ecul ar weight and structural
capabilities allows a wde variety of product
conpositions (e.g. binodal, linear m xed with | ong
chain. . fi . :
PR ABAGEE ront 6 MAGLE Py hoPnhOallch ol Betmiaue
pdesggriddawthieysbeve preicadsican bevptactiedd wwimgthepsgint inveration's
tapering i.f for_instance no 15 feeds are injected
derRpess genditions; dhabis, he AbRMEPIRGEhISSRIt e fqralﬁ%wtﬁéhlﬁf

SR LGSR0 sl i

at¢hetinan&lid eatiiaigwirdbpylenetsupdrbritical.aper i ng of pol yner
conposition but the use of nmultiple catalysts is
still lagsnerahged inleplepperaesare earerallicdt cahelow 10®s i n

oerigEanE i BoRide Sl iothe A eific aytn ke Shqftbrtaring
S&v8 the dgstillifationampearaturdkoflthe pglyrhbeprodast! For £pfedomirtantly
is depressurized to an internedi ate pressure 25
sPIgRYIPReeantaiging deedi ifin cailytiproicing penddeant polymer
NEYEERNG RS aBPRIEkIE Rin b hbdiAfasegompOSI Lion. Thi s

al' Tows separation a polymer rich phase for further

pur i f i Tl protesagrciescritied hytetin@ay have pfidaeeftiatesras syt & 0.5
conpression_back to the reactor. This separation is

csgepRdsng @ 1qng ag furdwars. | prghereed embpdgpenss thedggidencgmes
SHRHA PLedobl ) 30 MiMES, blrctant§ I38lorfdl 701 Miufles, more
significant residence ftnme, the ~catalyst activity is
kprefeabl fromdill decorilsad 7 anipmes map pedferablyfadin 48 seudhés to 5
al cohol or -72 WD 2006/ 025949 PCI/ US2005/ 024240

swenuies dapemne snbedinicatsdhe residergsdimecarhe sglesiedifiam &9, 30,

1 B A5 E" s EEPSTER S Rk o

conononers as
Vb, 368, 400h800) bPERETEecoidsp i péresal, inverdtivd prodessen ghagent
has_lom1yo|ati|it¥. Al ternatively the internedi ate
skepidenge; tipescof drome 3¢r6AQ segonds; Brase particylarly 45-46@ ppP-ShR
CLdbh .alln Qgﬂe%l ﬁl@eétfbﬂtpr&&? eg%ﬁt%gﬁ FeFRREERNERLE ﬂ@m%@%ec to
theretrore®reactivity 'In he I gh pressure separator

i $ howt, Alore/gdriicilanly 30k t6 80 atihwtes; 55408, br 60v®0$ecOln another
cont i nued EolynerLzation in this vessel nmay not be a
perBbedimertdhe pefymienration 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-
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-
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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cat al yst deactivating conmpounds as is done in PE
processes may be avoided presumng that no undesired

WO gm6eh2oms occur in the high or internedi ate pPEBESI085/024240

10 recycle system If no killing conpounds are added
then the killer renoval step can be elim nated.
Choi ce of Propylene feed purity. 15 Propylene is
avai l abl e comrercially at two |levels of purity -

s e R e E

PtihE ETHeE High @€ els sTtataligt prodiétvety tngayaréQiltin Q@ residlatitdlids in
of the feed by inert propane. %ﬁhe presence of propane

i the phlymes arodoet. Hrgidupisolid lamonay efdessiiand)- 8 38t pagpularly less
.the gl ' f iven, .
e 0V R B Ph pb G s B 0110 SRR,

prefglcg@ase in propylene (and other ol efin)
concentrations in the reactor. The el evation of cloud
poi nt pressure due to propane will w den the

oper ati ng wi,ndow.qaf the HPS. |n copolynerizations of
p€8WP8Wgrs\ﬂndPﬁlo ‘f’ﬁtﬁﬁtﬁandé’ﬁgﬁlﬁ?gtw&)ﬁ%yl ene, a simlar
effect in raising the cloud point pressure will be

noted due to the presence of |ow | evels of ethylene in
t he HAS.reggors shithpneléipleria egiqrapaints forqatal yst prrhferd thepgpsxists

;ﬁ%})g&%}ﬁé’ tlg (Lge}sl folr ?li)egﬁﬁér;%%%?h ° Hsé Rf&gge%érﬁ glrlﬁs %é%tiﬂ?stt hgving

r §ifteAD SR IRr VeighPART SrucfiedlRapabilitds allbes 8 Wige Btiety of
pur pose of producing alow vol atile containing pol yner

nerotlues spmppsionste.gf bimiaslyl, Higearaxxed with leng drap branghieder .

-73 006/ 025949 PCT/ US200Q5/. 024240 .. Pol. r_Pr
I R S e
hayvi pllg EGelyb& B eration il g lohadonsis Bidhali dri g dPfoR irttange Ao
| ower nelting heat. The polymers produced by invention
pfeodears injeqied/dayen the reasjoror compensason ¢fbe tapeneg Hitlagmaore

linear, radial,.star, branched. an nbi,nat i.ons_of
G e i i P SRR R e SO T Dl
PR4CK RRIREY hiRtBE av Wa& el 1Vt aBow frapebiak Y P pSIR e e pdsitiondbut
uni que mcrostructure. The process of the invention

cthn useof moltipteaatalysésis stild applivablenOperation of tauotsugh aptgclaves in

S e?x%!s 8rt ga%llleq L AR hlteI WwC 3f %ﬁgriﬁ? Blye altelnr}lg the composition of fresh

feed to the second reactor.
Catalyst killing

The reactor effluent is depressurized to an intermediate pressure
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 séparation is carried out in a vessel known as a high pressure
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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ot her enbodi nents, the invention processes nake
crystalline polyners. The processes of the invention

w@rooaozse4pr opyl ene polyners with a nmelting paQ/UsH00BER4240

to 150C, and a wei ght-average nol ecul ar wei ght of

2,000 to 1,000,000, 10,000 to 1,000,000, 40,000 to
300, 000, 50,000 to 250,000 or 70,000 15 to 200, 000.

I nventi on processes produce polynmer with a heat of

f usqi:

bRl ofratk, i ol ond ity Bt fing el vill Sepehdon
pmdekpﬁremhssrfef Sediayp otharecktle ptopyent an®Bonldghmers as well as
preferably 10 to 70 J/g nore preferably 20 to 60

Jhg. pr%bICtrPF@Pﬁ}Fl%ég@é kiljag aganbbes lnwrveldiiligan produce
polyne

cat al y& elglr%’}{{g%g tl{e 1[1{el'rg?c8£te Q%) g)trﬁrceé bgﬁé %Mﬁ;eés%@%well

pbd:lw&hécntwaoplmesb they thé hofompr ¢hCent$idn ahd thelefuirgdttivity
%silica, preferably |ess than 0.1 weight %silica,

phethe highipyessuiescpaatar oelapysly kv The reftivelysasilyamouat of
t
| HtnheL PAef iRy GRSV ARl ot 8o 8 ofetIRR BBl of
pedtyygIdeadtivating omepdudrds 0418 d@h@impmpmedaemay Wé Bydided
chl oride can be wused as a conpnoner. to increase the
dBgpwaingfthayingymdesiiedirepstiprspcenr inftke high pristermedipipressyre
p an- nr
PISRge ST o NG B B0 A aRl A6 6 lorsomqul sep can
uBbé elgminatednt i on process regardl ess of whet her
additional a wdiene or other diene such as
vinylnorbornene are used. In a 30 preferred

la S 5 wm % di ene i s used.
g%ng?ﬂ%mbg& fe%@ﬁ" ints with less than 0.4 wm %
0.3 wt% 0.2 wt% 1000 ppm 500 ppm 200 -74 mo
2006/ 025949 PCT/ US2005/ 024240 ppm or 100 ppm
some eRtspulene Hrayailgle coypmersiallyjah (veniavels of n%tly\ré@lwrrsgade
a o ¢ h
BB AR O APl A B 95 In PR TR Pl
p[e@él&fftputgé\&edjﬂlfddrﬁ'drﬂmﬂ ré&%letoOpidl oveBdilrivhni oTthd Rad by Giert
of 5 olefin nononers, wherein the reaction includes
pPIOpyce A e arrsenseiof PEapane wdherapsier ApchHPS wvilliraipe the peegsure of
0
s RTeR bub e BRI TRt by B0 Pl B30 Gpe BefRBmerization

| Bfficiedty@ue oo deereasPinropyildndgand 5th&&fl$ﬁn)&:bﬁé‘bn&&tlons in the
spunbonded and nelt blown fibers, fabrics, such as

nEsagiey die elevation of cloud point pressure due to propane will widen the
operating window of the HPS. In copolymerizations of propylene with limited
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.
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
purpose of producing' a'low volatile containing polymer melt entering the finishing

extruder or static mixer.
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fabrics, and nol ded articles. Mre particularly, these
articles include, for 10 exanple, cast filns, oriented

wo 2doae259#Nj ecti on nol ded articles, bl ow nol dedPCT/US2005/024240

articles, foaned articles, foam!|am nates and
thernofornmed articles. It should be noted that while
linear a,a -dienes are preferred, other dienes can
al so be enpl oyed to nake polyners of this invention.
These woul d include branched, substituted

a, c0-di enes, such as 2-nethyl-1, 9-decadi ene; cyclic
dp&ipaRr PrédudisiCh as vi nyl norbornene; or aromatic
types, such as divinyl benzene. Enbodi nents of the
present invention include copolyners having from 98

to 99.999.wei ght .percent. ol efin uni . fr 001
to 2. oba HERRe" BT I o9 riun e e e e SR e

efBRANIEEREEhWRNilHGOtEinh Viﬂb%fm@lﬁ@i?_ﬂﬁ@t. nol ecul ar wei ght
from 50,000 to 2,000,000, crystallization tenperatures

f r om 50hepalpmems rodpoed Py enrfiangirocassesunayiedn @NFFUCt e

0.1 /mn.to 1500.dg/ m n. te that the.

BRI Brdmrag P ed oy Bed e Sap bR st e

i nt i nsém@ldvntid @b dihents prodaespdlPpropytdd éhdl dopolgahdachf
nucl eati ng agents. In other enbodi ments, the copol yner
i pdyprdpyeta with 9 @niqge gocrostouciise g ihe prsessed thegpvention can be

propyl ene .units, from.0.000 t wei gh r t
cpariset s B vel S05kR R oo mborR RS B e dp
OotrlerhBbdZm¥yts, 3R inRertioRProce¥seévnitike eeystiliitespolfengel ymer
enbodi nents may have wei ght -average nol ecul ar wei ghts .
from Pl pocesses of te0idYOU®N preduse Rrenykeaeipelymers with a melting

reReHG Tagh ety PPN bR wER RO oy

01,806!0601110,000 td 9©00,d06,M0r000 &6 808,000, HOLVYit8H A5GLET bi170)BY0
be any of C2-C20 a-olefins, diolefins (with 30 one
i 20AR0. ol efin) and their mixtures thereof. Mre

specifjcally, olefins jnclude ethyl.ene engy1

et enlannghiraiagics BrocBF pifither SRIRACor RN o 1-70
35/8B8-8Y I, or/ f0-882/20BHAHOARD ¢MbBE ASRR P26 2@ invention
1-pentene, 4-nethyl-|-hexene, 5-nethyl-I|-hexene,
1produesrpw]lymerd bewing an Hf ofiue tefb]/g apraferablio Hetoeiel/g, more

Copol of. i sotactic pol ypropyl ene made under
sﬂ%g?%ﬂ§?§gﬁ%0%%hditions i ncl ude et hylene and C4-C12
COMDNOTRY Srodsieds dScribél hlere@N€an prodiiepylyRedts hdvigBttle 0B no

hex-1 - ene, 4-nethylpent- 1 -ene, and oct-I-ene.
| sshemrésidnerare eatalystany spproptsr én & hesferredopahodiraens the pHpyers

ggﬁ%\‘}‘g%g h%ieh? g(l)mvgrri]ste 185 thah I’J‘\r)]velegﬂy%rs?ﬁ]crg? B}efe\:%ﬁlg) lésg tan 0.1

weight % silica, preferably less than 100 ppm silica, preferably less than 10 ppm.

Dienes can be used as a comonomer to increase the molecular weight of
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 vinylnorbornene are used. In a
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

74-



10

15

20

25

30

concentration. In a preferred enbodi nent the polyners
have a residual solid amunt of I|ess than 0.5 wt%

w@2ambiozvkarly | ess than 0.3 wt % or nore partiBul/E81095/024240

less than 0.1 10 wt% total solids residue are
preferred. Preferred propyl ene polyners produced
typically conprise O to 50 weight % of a conononer,
preferably 1 to 40 weight % preferably 2 to 30 wei ght
%... Pr rably 3 to 20 weight % preferably 4 to 15
\$QQ§ﬁFqb§p ?%ferably 5to 10 weight % and have one

or nor@ sefne ehfbodimentd) @i prédent serdiondhvdileslisngass al ess,
preferably 50 J/g or less, preferably 640 or |ess, 30
Jeqgnanonies 81 oahpieae pirdsthe plafinde,e glienegopplymersgesitingfrom that

wei ght, ;aver nol e r i.gh .

B PGSBS PR LA o BERRH M Bon o
251008 nd8BmeR! wheremtthy rehBfbrlid0luties frofiend4id, ethylene
preferably 150,000 to 900, 000, preferably 200,000 to

sapobuerizadomwith anelu-diche end e sopflymers thpjard mady: Thsse,

ESREFP SR e SRy 0 i,

NEbdré, RGcH S/EPantundee afd meR Gldwn fibdre, faticef fichBS Monfovenor
nore, preferably 80C or nore, preferably between 90

afabiriass endomolise artilest ders|pprticylarhyethaselayiclanachidgdor 25

o)t B ERGAA S ieciingli af R 8} gl 22

aieitles foafitDatioRs tfodh eanRight¢SBiGthpiasioaed diticlet.n have a
melt viscosity of less than 10,000 centipoises at 180
C as nktabaniébe oeted Bt wbide lin¢at oy sitenee arsprefepseds follrea giopes

bet 300 .t 000 f .enbaodi t h
e a3 e BB IR FERBPAITY ol Re
SHAR:HRA%uHGHRE of §Idi el SliciRD -hielyl- B decadiéfe; WRlic dienes,
2006/ 025949 PCT/ US2005/°024240 Fornulations I'n” sone

esobdi mimytrertidmeenpporyarematie tyges; eachias divingl Henzepat i on may

e B O, oo PLNeE BOL MRS LS,

KPR ot DEETRRLAS B WD el pren o
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

°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
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 external
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,-Cy a-olefins, diolefins (with
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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then cooled with out appreciable change in properties.
Ther nopl astic polynmers typically include, but are not

wo 20vbhER¥44 0, pol yol efins, pol yam des, pol yest ePGT/US2005/024240

pol ycar bonat es, pol ysul fones, polyacetals,

pol yl act ones, acrylonitrile-butadi ene 10 styrene
resins, polyphenyl ene oxi de, polyphenyl ene sulfide,
styrene- acrylonitrile resins, styrene mal ei ¢

TR 58 B BRS80S 1

PEhdERERS, it 1 IdBEdceAE but are not limted to, polyners
conprising one or nore |inear, branched or cyclic C2

t O C40C©P<ém’nnl§ of i lmta@ng pglypgppp@ng made u@@mmpeﬁ:rﬁg:al conditions

d
PlrRAls SB51E AR s Esifottels B8 a8 bub b efis. Gom&lybppiitiene,
Wﬁl&ﬁ@fﬁﬁ@iﬂy}f)eﬁﬁ *Re, @ odt-1- @xheeflhﬂéimtlow?&eﬁ&ﬁ%é}ﬁﬁe

pol yoleflns i nclude, but are not linmte ners
c&nm ¢opohyness Whetﬁéhf; wsslaf golventigin wocnmonmeebl\vttb low solvent
%¥qug copol ynerized with a C3 to C40 ol efin,
&P F@ a C3 to C20 al pha olefin, nore preferably

pr opy! BNeprafgredlembBtin®ne the%@lynﬁr@ﬁimeéﬁduﬁ RERABASENt of
all natural and synthetic rubbers, including those

dlishs thanl 0iSrwiAG Trertivhsly)lesshamhB @4 %o pr poest ari@darly less than 0.1
are not Ilimted to, ethylene

| .Jinclud
SP@%&&%E%%PE%%gi(aﬁ?W%@ﬁ% propyl ene di ene nononer

r ubber prefgtedr erﬁlgag}lmﬁg dveRIrt 1@51 cinfiris8 ®©l ty B0 REEight
SI, SIS, SB, ;ﬂ%%ﬁ andp$Le li hﬁ%e#gis—st renegh

| % @fcﬁmmr@mg paefaraBlbltoAd weight, %kmeiﬁlrahl)a% 30 welght %,
oReSErl g O DB % R SHaNETER T el R B S0

| &@@HEVJ gﬁ@hmqm@@fgro@égﬁ{l styrene, natural rubber,
pon|soprene copol yners of butadiene with

acryl ohi tri hbsatebFuscnl 100! pordessapiefdrably 59 Vigtas lessbber

Chieb IR bS0ior lednr aRTe GhlEa MG R LN S lister
(both gis aad/etghaw&a%ﬂ Solk&lmlgﬁr(aﬁﬂb&%myepclmmf

pol ymer produced b invention is conbined with
o%OQﬁ orrmp@, plfeffrrsbjy ae.00¢ tqobD%ﬁQ{pyorQ_fmblyHJOQmOQ to 1,000,000,

oYy RAA o B er e 0RO S

copol yger Oof nRAtaRW RRERNS! dg/aliR Bl Bldfe, preléablylout @8fin or
and/ or hexene, pol ybutene, ethylene V|nyI acetate, |ow

deasd, pyefg@blyelt (hg/ewie oy memplteﬁer@lsa betvieen DdsandtlfAR d/ngs
densi 19 pol oK EREPTaRRe b B Feobh ' Pmor
Opiefé?dbly 80°C or more, preferably between 90 and 150 °C, more preferably
between 100 and 150°C;
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

and adhesives) and preferably between 5000 and 10,000 for other applications.
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w@ iene2y 0. 935 to | ess than 0.945 g/ cnB),

5 very low density pol yethylene (density 0.90 to | ess
than 0.915 g/cnB), nmedium density polyethyl ene

hi ghCTIes®Di/§24240
pol yet hyl ene (density 0.945 to 0.98 g/cnB), ethylene
vinyl acetate, ethylene nethyl acrylate, copolyners
of acrylic acid, polynethylnethacrylate or any other
pol ynmers pol yneri zabl e by a hi gh-pressure free radi cal

Sﬁocqﬁsﬁo gol yvi nyl chl oride, 10 pol ybutene-1, isotactic

, ABS resins, ethylene-propyl ene rubber
(EPR), wvul cani zed EPR, EPDM bl ock copol yner,
styreni c bl ock copol yners, pol yam des,

po : yC aklb?@rrﬁteé@,OdPEﬂm? ﬁ@gﬁb’lmem pﬁshlbfbdﬂk)e@i%jw%iony’lllq%’d@,
Rl it A axhbe e P el Hisgbliple. "

P sstief ogrrmg s/ SRR &(HuUch as pol ystyrene,
pol y-1 est é)r s, 1 §pol yacet al , (Sgol yvi nylidine fluoride,

pol yet Ay themmoplasticopcadymerds) 0ts arsilymerdhattoph baaelted hy heat and
anot her, enbodi nt el,ast.oners are blended with.th

“BRh hesleC RRR LR b ate PRMER uRtbPeties ofREmibllisfmers
: c o0y th G _
Bl A Hnitelo, MO L6TRlS| AL, polyesters
coeipershanates, padysalfongs, pelyacetals polyfrstones, sgwilamirihbutadiene:

| ast [ di ti. h h I 0

o BhE s Sot e FRGE P PP R AR e i SR b opfie
biegind, si¥ndBaeRdahp@stic, pbikimides kidndicpoBikeioats, of htures of

addi ti ves as descri bed herein. I n another enbodi nent

t tveo gronguemd they abgvie eBrefyredipiotyolafine mdlede, atargpeot lisnisadded
w t.h el astoners or ot herl.sof ¥0L¥({Ierrs f.o f?or@ i0 %‘t
cBYSPSHEPUPTIFRE 0fg oF MEFG inear,branched of Gyeliy G Fo,Cag olghips,

( rlefdi@B1 £ polRELcoBIHs IR PR/l éhelddBolghRE LI With dRe & mERFC,; or

pol ymer 1 s a di scontinuous phase and the pol yner
pEothCedldfinst prefsrablyy Emtd On alphamplefonmonepieferpin€a to Cio o
Thi s blend may be c .ned wth tackifi.er and/ or
PP 281 oo ed oS GRRT Bl dpl A Hq: RG4S Bolhers
eEhRsH SR iRy IERSInBRUMERuS nét lirkif&l to révr@mnle%pazﬁeﬁzéa&dim aC;
above are ‘conbined with netall ocene pol yet hyl enes

( toFEzs pledin, prsfeadtilp e €hdo Pod alphapyfimmesre pederabipPsopylenigand or
ngg and nmPP honopol yners or copolyners are typically
pPUttfced using nmono- or bis-cycl opent adi enyl

t r ansi ¢g18qoMBis@ kncodlky Al SathAl SRIEYniREE AbbEs thelwdfif tHEe
2006/ 025949 PCT/ US2005/ 024240 an "acti vator of

aflefmes amASAMIDAF6@. nBxenepes ofi prefeited) elastpmarsiincludgd, bui aya not

56 B B e S RS0 Gl BE thr Ale,
styrenic block copolymer rubbers (including SI, SIS, SB, SBS, SEBS and the like,
where S=styrene, [=isobutylene, and B=butadiene), butyl rubber, halobutyl rubber,
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).

In another embodiment, the polymer produced by this invention is

combined with one or more of isotactic polypropylene, highly isotactic
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and the cycl opentadi enyl rings by may substituted or
unsubstituted. Several comrercial products produced

wowvaokos9eh cat al yst/ activator conbi nati ons ar ePGI/US2005/024240

commercially avail abl e from ExxonMobi | Chemni cal
Conpany in Baytown, Texas under the tradenanes
EXCEEDTM ACH EVETM and EXACTTM For nore information
on t he net hods and catal ysts/acti vators to produce

e R
5et Snelan@/or Hutene BAd/or l’l@«ene’3 uﬂ:gé et e%e \ﬁ’ ] acdtxe, 16Q
40,894; U. S. Pat. 714 8, 753; U. S.

thnsn)hpnlyahﬁm (aemgltyaii)ll 5 tQ 2@,5 m 0. 9_35$/crﬁ33t11neaﬁow density

gpefuriden, ledow dgestofgo i [y LR T 1 gy O agiom)
e?yﬁgg’dergﬁggag gl%ﬁe w)eﬁ‘f’& (ﬂ@@t&l@% th§F6\95§ Cg{-l)d, mdditfin
570° 982; W91/ 09882, W94/03506 and U.

5ddﬁ515>tf Hethilnd (Wesstyd. 2ttiodesitns) 945Fg/pgf)yhlgh donsiigh s
ention r .ends, { rom
“gdq ndy filen 0@6&201{1’3 e Yingrac . Btgyg%%thyl
r)% dpbBAtbrs & RHAICARId p lgn’feﬁl_y%etl’iﬁ‘d;ylme oflan@¥ @Ry Nor e
9

pre erably at |east” 30 to wei ght even nore
pradyreeripblynatizitdaby adiph-pre@arene¢ayatice) presass, pehyvanylchloride,

ClriShetnr b isiacHE eyt (D R Y S RO R SHORLSSJEPR).
Wﬁéﬁﬁ&é'ﬁpwkpm%lo&&&pglﬂ% dyreﬁﬁt: b%ckl’:hﬁolpin%ﬁds

descri bed above may be produce m Xi hg the
pdlyaneides, poncarhenatcrsv BETIIQHMWIOBSIUﬂI@d polyﬁtbylsn@ oblpmears that

{5 afmdobR efiiost BYAR R He 9 FhepulsBe sPYCTEMEL or
b%g@%e‘ﬂsﬂdqﬁner%f SrofAAR nRABmeAL LY ad pél?st fle 5‘p@[??-l esters,

ctor to produce multiple species of pol yrers.
Tindyqwoetay, pehysinyaidine élunndedmb@gefddme rglyp;plsomdtoo pble'lsngutylme

into the extruder ext rud

o nehaBgter HorgmRe daores My edsh aiBa PONET prodided
SRR Bbert h

cont gécl? e UOEQ fan uﬁgearttﬁ?%lte ;é{jlpca%% ocll\é gr?h%nﬁl%)glﬁ?amculaﬂy

Finrefeened embudnﬂmm thteerubltzc rtcmghmedanmp@bsmdess a tval (od encag)y

saturat ed. or n| c 30 conpound.cont in ast
TS Vb dhsaetarmer S ACEeCOni oy ptvs A s poftner

Rﬁgaﬁé@dg%lk VeGSR o JonliketRs pRAROXThik Bleﬁ& 'n% be combined

anhydri esters and their salts, -
2006 tLRBBALCanid(ST /0B 00d 11 043 418scribed hereln

In another embodiment the polymer produced by this invention may be

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
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 metallocene polypropylenes
(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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both netallic and non-netallic. Preferably the organic
conpound contains an ethylenic unsaturation

wa@onpozmted with a carbonyl group (-C=0 . ExanpdBES2005/024240

include maleic, fumaric, acrylic, nethacrylic,

i taconic, crotonic, alpha methyl crotonic, and

cinnanm c acids as well as their anhydrides, esters and

salt 5 derivatives. Maleic anhydride is parti cularly

Y

P A o Ao AR i 20 ling AR 1RO luge, igh

Wpliegshllre &6 gas phadee Thb Icytabzst eaidmatwﬁoﬁnmpb@hlpp%te(bomhmuppo&ted
ht % even, no preferably at . about bout 3

WEHEHE C% lopsREieny Sty Resugptitutsd OFHQSWW?HWE?% Brel
T
[ mmbromﬂyawdﬂabﬂe fromExxbhefotd Gifentidad Cbﬁipynlyem Rayosiug ditxas

y this inventians l%as descri bed above;(A X | es of
u%%ea the tradenames X CREPIGACHIR VAT O Y eho gore

d
S ABRBERh AEE R B s APIRL oLl
phbmcptﬂymcte IahdidmplmyandfrEStd’lWO WIZQ&M@ wapenxoadd)@ BPA 277 003;
in_ 15 este wood. rosi n

wEBA 3734t gs% Bta Noy 241p3.457 U-SsPHeNot nl 98411 Ur-Skafhy NO.
e§bah §94; efteNQGfP@lS? 704 e 988 :7?9 U Seﬁa PRL Y4 ?M’%ﬂ)e%PA

terpene p eno ics,’arémafic ‘ed hy rogenat é
PO2YBOR; IU)SeRHt . SR6448ST BBA m;ﬁBgWi@t)EdO}ml, pmmac No.
resin dro enat ed alzﬁhatlc aromati c_resi

h%?%é@?r eNﬁe%%% v EReat 36 & EP&rénds; E%ﬁézo 732;
hﬁﬁ{;«@gﬁ@%eﬂpégﬁg Q485X $70 b8, SR 1HTREL WIBBED 358 an Us.

tac rer is ydriogenat ed. ’I n "ot hér émbodi nents t
t RatkNbi £055,43810n- poI ar (Non polar tackifiers are
substantially free oners haviji ng polar groups.

Pref er Hbﬁoywtwodwrm th@rpebﬁgerglf thigpventionds Rresef ipghgabove

 HERAESERbn 10°6Y0 YRIERELA bt BLAST e Bl e
eblend rpmsferabryemetb@lslwelgm% revee rﬁdnapreoarﬁalyvaﬁ lght 3%«) 90 Welght
some enbodi ments the tackifier has a softenin

pdi Rre mPEePrefarabhyzat leastAD oo weight @erAsmrEp@%raw algast

Q

SR M8 2 SR 0y LR R /i vem more
fpmeﬁarﬁlﬂylaﬂlbmdmtcs%ma@tvmat the hydrocarbon reS| n has
been contacted with an wunsaturated acid or anhydride.

Pr ef er TBePIgRdsAcstricd dbars may bt pradhsadrivdakmpvies the@olyameys
‘ﬁ{v%h \% HéS SR er§ z&t&ls Héﬂ aﬁsvé())e%ﬁ(%) one

bon T 'east car onyl
Rapmeste@raﬁatme t@ethés i mlesjdﬂn@l&rmxy kréactondletids or by (c) using
anhydri des, est ers and their salts, both netallic and

NBRIGEERPIE catalyst & e sNg reagior & prednee multiple species of
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 anhydride.
Preferred unsaturated acids or anhydrides include any unsaturated organic
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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- 80 WO 2006/ 025949 PCT/ US2005/ 024240 conpound
contains an ethylenic unsaturation conjugated with a

w@ 2006028949 group (- C=0). Exanpl es incl ude mal ePCT/US2005/024240

fumaric, acrylic, nmethacrylic, itaconic, crotonic,

al pha-nmet hyl crotonic, and cinnamc acids as wel| as
their anhydrides, esters and salt derivatives. Ml eic
anhydride i s particularly preferred. The unsaturat ed

o mealfic SO R g RS tRe freBrE R BRing iy Sy
Oetﬁyneﬁb ﬂmamﬁaﬁ&l @&@&gatea Wi 8B4rbSayl BHAP (NOEE). )&ﬁlﬁﬂ@m y

about 1 to about 4 wei ght % "based upon the wei ght
onhctulde ntajeiie, Jomnahioacrybisi methamyli, fecamis atatoric.clplmenethpk

hydride, .The t t |
SiTB08ie a5 il 5 hes G obdel RgHdes SRRl o
b@éﬁ%%o MA1BR aﬂﬁyme l@éarhaﬁmw SratbrredOMhe aﬁﬁa‘tﬁmg ladid b9

wei ght %to 40 weig even nore preferably 2
V\mhg'ﬂmd@/ismoefdl@bbmrgﬂqnt z%ab@rté)f 1ewaighty° o thabheutdr weight %,

t f { t

| Bergiigit spBublED SRESL igbared el T ten i R REP O

YaboiPI fo Mokl @R@M s babedt S%OB R wdigNE RS hylrodatbai¥ebiiahd
enbodi ment the polymers of this |nvent| on, and/ or

bthe mdsaturded abidraz@fhydndet her conpri se a cr ossl i nki ng

t d t l d
v gt b b BRBARL M Bt SRS ag by ffina iy gt
OpleRANDFGRL S8 wn%ﬂ’d@uceﬁ'b?ftﬁﬁ Erﬁ‘énﬁ&ﬁ?(’éi ARKHB OB S
i ncl ude alco , am nes, di am nes and/or

t Exampleesf usefud ok deronclode dut amkuohlgmag@tq, gliphadic llydioparbon

L e PR BB P H) FSpenaea
and%s%wwﬁﬁ&%ﬁé A8 epoly?&a@b&{tsmémmy %ﬁﬁpﬂbkﬁgjt %121 rosin

nment hanedi am ne. anot her enbodi nent
pcﬂtqrsremcmdabsmsmveoqdrrvsn lestons, taH odl/rosing talhoid rosithesteref |
further co addi ti ves kno i,n the rt
CofIKERents Alomatc mabl e baTaipehis fraehe PHPhalitr i
Shbfifel %2&1% dWHyél’o BltaBthcCredné %ydMg@x%ed aliphatic resin,
anti bl oc go |'or ‘mesterbat ches, pignménts, dyes,
phylregeshted abiplthdic atdmaicabsihs, bgdl@ger%edtemen@sl amdanadified

| ubri cant xes, .and/or nu leatin ents

wdFE o dud e ORsateg Fasa fiterin 1 HEns THPGERRYS e gk figrds

aﬁ%ﬁgéeiaféﬁl In SRV MBJHihBRs ﬁfettack%ris Adh- ?olgp INoMBb@Rt %

to 100 weight % Preferred fillers, cavitating agents
tadkidiersrammmanmgl}a@@nfsncmmmmvmg pcdan growpsi. drefgeably the

cal.ci um car bonat e, % um Sl%|fate silica Sib“ con

Py FaUPSALE B%trpresent owever, if present, they are préferably 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
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 is 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

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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30 bl ack, sand, glass beads, m neral aggregates, talc,
clay and the |ike. -81 WO 2006/ 025949

wOPLIDLAUSAD05/ 024240 Preferred anti oxi dants i ncP@EeS2005/024240

phenol i ¢ antioxi dants, such as Irganox 1010, Irganox,
1076 both available from G ba-CGeigy. Preferred oils

i nclude paraffinic or naphthenic oils such as Prinol
352, or Prinol 876 avail able from ExxonMbil Chem ca

::%cﬁl’] 0 hd%Pll/lAtgnis n %ﬁlﬁ/ge%hct @é%ga%'on%o%gﬁfe? (év?t%iealrcraﬁo%ngit é{éup (-

e a atc nic orls, s or
| Cke). Eﬁ’ﬁrﬁ{nl@ﬁ e Hide n@ddic, qumaris, asfic OmethdiryN@ntadoniflCrétogic,
m neral oils, polybutenes, kfhthalates and the |ike.
Pelpha-mstiad Piptqviefand eaaapicastdsds sellasithrit adedpdashesters and
such, as.dii ndecyl, .pht hal at Dl .
s s VRSl s BB ol Shhks e vopepyec.aci
PEY AYEIENEIS ,pr&"ékﬁblygeseﬂtréﬂ BBbut Yo0waigtt Fab apelt 103Rght %,
avai l able from 10 xonMobi | Chemi cal Conpany in

Hongéarainly Teabayt 0.Adiight dmi abopeT wierght %, gvesmprs preferably at

i % SRR o B o bt o BT R BREpel resim and

hekinBatuRtcdi@ld @dnRydRRsSSi ng ai ds, |ubricants, waxes,
and/or _oils include |ow nolecular weight products
such aShevagkifier, if presenbs typicpldy present af ahout hrgrght fo tojabout

bel ow M, 5Q00 r ef er.abl | oy 4000 re C 1o
orereiebrd b o Bt Bl e Ve PR B ap et % o
250 QighPye tedt BoreViRXRRably T WESh{TR!t8.40 Weidh? %. PPletdrably
waxes, functionalized waxes, polypropyl ene waxes,

phowesiehythekpigenianetpresanid omdpresaidisipresent at pess thanrl@gveight %,

i.nel S 01 d..funct i.onali zed
e Do et T B ASS g e 2

aci d, Bf andtieetRBEdincHNhE A crZShiB@MERtibAaindloBlends
pol ymer has been contacted with an unsaturated acid

otheegehyfurtheteompried @ erosdinkingzasontatPsefeaed erosdinking agents
CBHP 7RG Paving Biiefo B bl Blel Bt Rt i HRPE o 2B g
C glolp NPlefef QlURossREENL 8Lt At MBe AlebKSTs, gt amines, diamines

carboxylic acids, anhydrides, esters and their salts,
bandiontaiemines Examplesorfcrassknlingageptsafseful bl thistingenpion include

or%ani C CO oung]gi:eon(aiai ns an eLeh tI eni.c Q;ateg t iegpamine
CBTAHBREE A Ay RSB, HegpliaiirEiidypdRiietilpisdiamine,
| dietnythiiisprepPamine"BId/ & mafkankiiaminget hacryl i c,
itaconic, crotonic, alpha-nmethyl crotonic, and
ci nnanincangttied smhediment tha polymery ofshisyeiventier, ands blends
apd sal erivatives. L ej.c_anhydr.i de i rti.cul arly
pﬁigfegf’r éxat CL4ONIPIISE ?yplcali/%dﬁhvesa}mo%n in ghe drtsdeR'al ﬁflers,
cavitating agents, antioxidants, surfactants, adjuvants, plasticizers, block,
antiblock, color masterbatches, pigments, dyes, processing aids, UV stabilizers,
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

black, sand, glass beads, mineral aggregates, talc, clay and the like.
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wroeb/ersaisl y at about 0.5 wei ght

unsaturated acid or anhydride is preferably present at
about 0.1 weight %to about 30 10 wei ght %

%to about 7 vEiTgh$2008024240
even nore preferably at about 1 to about 4 weight %
based upon the wei ght of the -82 WO 2006/ 025949

PCT/ US2005/ 024240 hydrocarbon resin and the
unsaturated acid or anhydride. Preferred exarrpl es
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pOQPEarsl pmﬂybmmmpsg isecit a5) Pargpol BEO hrllcter‘elmleO@] available- from
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\Agllﬁgtgc{ f;’;(?é bﬁbﬁdé G}lo@Qdié@leéH m%vom ed190aklayid UBSNe fiP640,435,

. . ased upon the weight of the conposition.
Livkihiaseintgnporasdd by refegergohymesr. s produced herein are

present i_n the bl end 5.t0 99 weight %. pr bl
R0t o Bis R BeResops rRerSpisg oS at: 60wt RRCTuAE s 2o
u 0 S
ek e o s SRE SRR bt R MERIERISROR ritagipe

f belotviMn af 5008y prefershliy bielosr 4000amobrepraferdbily below|300@, eyen

adm xed _wi t h ot her. NFP SCIbe in in order to
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Y sO Riaoer
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haiogiflers. Atrefeeed blaxed ineludEESCOMERTGLAD Wi th no

distinct nelti n% p0| nt above 0C and 25 %ﬁfﬂ nermt

vi scos Preferad fangtiogalized wrxgs insfudgthqsg gnod fHeana feshol, an
a%&ddr'ﬁ&%ne.t %ﬁn&'l%%ah?ed%%%ﬁv B p‘f)‘?ﬂpér'h%b PEncRdnbRRd 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 one carbonyl group. Representative acids include carboxylic acids,
anhydrides, esters and their salts, both metallic and non-metallic. Preferably the
organic compound contains an ethylenic unsaturation conjugated with a carbonyl
group (-C=0). Examples include maleic, fumaric, acrylic, methacrylic, itaconic,
crotonic, alpha-methyl crotonic, and cinnamic acids as well as their anhydrides,
esters and salt derivatives. Maleic anhydride is particularly preferred. The
unsaturated acid 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 more
preferably at about 1 to about 4 weight %, based upon the weight of the
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hydr ogen, and does not include to an appreciable
extent, functional groups selected from hydroxide,

waeoob®23md substituted aryls, hal ogens, al koxyBCT/US2005/024240

car boxyl ates, esters, carbon unsaturation, acrylates,
oxygen, nitrogen, and 30 carboxyl. In yet another
enbodi nent, aromatic noieties (including any conpound
whose nol ecul es have the ring structure characteristic

W7 0
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smbhtiamtaked inydiéibd bmnefdm ketohe nfféic aftyydridajpp mabdiaidid
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lpCb‘frl‘BiCamgml)@s(s PARKPOL Ogfan %lulldmowbutmefpelgam paving
%
b oo i e Kisaie Fspyiac220esian iy s Sangnrea sy

MRkENVPDH48r ably | ess than 0.01 weight % nore 10

preferably | ess than 0.001 wei ght % based upon the

wei ght Pefertedd) WERbiliBgrs ahd obatitanxidaats| iyclatskEgdrox 1040 asd the
nt that these conpounds are not added deliberately

t %%t he conpositions and if present at all, are present

at | esg f hafcflardy Weflrel RnBB@LTSE, tﬂmﬁh&%r&odu&l@@h&%ﬁ

is a hydrocarbori that does not contain olefinic
uadatewr dtended with aﬁleappllymcrsetblcemnn@ms) mzﬁybe‘ tderpted oiithod won-

extent of olefinic 15 unsaturat I S nmea t
tﬁ’é‘cE 6?9(5)1’ ?ﬁﬁ\?&i%ééﬁﬁ’ )-0 El?%'uyéf‘%’gﬁﬁés et ngenﬁ at

I t 0 o
p?glﬁlelr tgg:gy‘;flg%}r{o A’H;hrgfﬁp%ﬂb/é yorr%(f‘élélg%r o Br get{%till I ggosso Welﬁght /o

%)asmb nporpthe faeighip b the esmpbition. 6LiKewive typigallyfthe pdilymetsess
% .nore referably ess t 3
@E%WEBHCV"P g Prisin oIt ?FL?&?S B Bgf"[ﬂ‘%l@p ArelebligHoss
% h I
R B gh R ot o] b a1 1 68 Climpiion
pr ef er 8l glagsesaf rhitanal® d&c%bedﬂmrem thatefeusehill ys hesss t han

0.1 % r referably |less than 0.05 "
hapiabro mBLE e b B rod At & ﬁs‘m@r%\ﬁ §iheNEP's
t BaBri RO einGn Sded B bEAH aésiﬂ%Hchﬁ{ k?\‘ﬁ“}’suseh{i in e
enbodi nments, the percent of carbons of he NFP
i presdnt edventmorahey alsd be Besedbed bhysartyatwwdben of) 00 6y eomabifddlidibof,
of the tofal Hr}T]ber of carbon atoms in the NFP,

parameters described herein.

Preferably the NFP is a liquid with no distinct melting point above 0°C and
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
carboxyl. In yet another embodiment, aromatic moieties (including any compound

whose molecules have the ring structure characteristic of benzene, naphthalene,
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25 preferably between 0.01 and 7 % preferably between
0.1 and 5 % nore preferably less than 1 % In

waombhe4enbodi ment, the NFP conprises C6 to QAODUS2005/024240

paraffins (preferably C8 to Cl00 paraffins), where
the NFP has a) a specific gravity of 0.85 or |ess and
b) a pour point of -20C or less. In another

enbodi ment, the NFP consists essentially 30 of C6 to

LBy dltacdle P EL B Vot S5 RT Bby e By
PGhptéoBRbd et 40s nivantathiti thesk grdips and Bemphnds asmpisiag

specific gravity of 0.85 or less and b) a pour point
othesogroupy arp agkdelibgratedy added te st Brend & nsesentat aﬁr ¥sent

I nv [ h & hayi.n ) pecific, gavit f
oPIEA aPfRes BAF s Wit SRV ShindNFBREShe SEbGEAMG thofk |
OpRf@iblyDIsE thah 408 eiesf @blePiboabBY 10§ahin BSieight %8 more
d?sti I Igﬁon rangegas determ nedg{ay ASTM D86 having a
dprefesatdy dess Bendeweightie, mpisarcfemhbdessitharel astht e maser
t enper,at ur e .of C or, less referabl C.or. J ess
 PERHEL 1€ uBh o P SieBlos. ISP Sre i el tntn 53 eiBlhe % iRdre

ppRf@iaPidss bRh LR BheNImdet frefcdblly REs than 8.1 Weikht3] more
boi | in ?m nt as determ ned by ASTM D 86 of from 115C
t WGQ@@% g5 B1as 04! weightom mog@refgrabboless thaw O aysight 5, grare

2 t,0 : d/ or,..3 nber,, average ulLar
BTy Shn o RISl Baft B AP RNETL P,
bedupaemtially288engn & id hRag/ thatlthes8 068 p ik f it Yid et ddbiBerately
1,000 15 and 200 g/nol; and/or 4. a dielectric

ctoribe sempesitigy@nd if presest atipdlnarg poesepfrasiass dign.3 wE4. t han
2.8, pfnef %Eh%g lf:%élb%x%%xsén{, ﬂ‘genrNéP ?s: a I?y; n%c%%b;%%gxatla%ég ncgtt}sglqttailn

2.3, prefera ess a VI scosl

( SeefiMcAshbaturdBbn tdddn dppedtidbldexiént 28y C Bipradiatld xteat i oW finic
20 6. a glass transition terrperatureéﬁ;g) det er m ned

bynsagmajion] 356 meant thatdhe earbensoyolyrdein el efhlig bensds gceawanfor
0 BBt R0 From s, me
- pR€eralily 1630 fan 716 MbrAPryfemblyligssithat 6 ¢aMdiebrdferably less than
determ ned by ASTM E1356.
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
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
1s between 0.001 and 10 % of the total number of carbon atoms in the NFP,
preferably between 0.01 and 7 %, preferably between 0.1 and 5 %, more
preferably less than 1 %.
In another embodiment, the NFP comprises Cg to Cyo paraffins (preferably
Cs to Cyo 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

of C¢ to Cygo paraffins (preferably the NFP consists essentially of Cg to Cigo
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In other enbodi nents, the NFP having a) a specific
gravity of 0.85 or less 25 and b) a pour point of

WO 2060za944 ess preferably conprises at | east 50P@w/&6§2005/024240

preferably at |east 60 w% preferably at |east 70
W% preferably at |least 80 wt% preferably at | east
90 Wt % preferably at |least 95 w% preferably 100 wt %
of C6 to C150 isoparaffins, preferably C6 to C100

P ERERL ORI PUFRGEED ot Bt o£h I3RS b s B
dpsisi 66-28€C 6ASIM 4052, 15.6/15.6C) of these

i soparaffins ranges fromO0.70 to 0.83 g/cnB; the gour
poi nt [nscertapeneghodinaents ofihe pegsers|igvenso. the NF8Jgvingiapa

PR R AP IR o R P i o2 Lo e g oo more

aaﬂthEE@]dwdﬂ‘%gfop@ﬁﬁg;age nol ecul ar weights in the range
of 100 to 300 g/nmol. Suitable isoparaffins are

descri bed i, distilationargnge, as Jstegnopdgby A§TBIJ38GAwving a

3 088, ,and are co rciall avai | abl e under.. the o
©fitferenss pBNeeR e (GRSl Ahg A0k REEEDBr 40 °C or
Wk refeRbBUBOTRC iof @6hs| preferdbie 20201 & losy, PYéferaBIPPARC or less,
Series Isoparaffins Distillation pour Specific
Kprgéarehly betsveen pané 40 &C; audfgs range (C) point Gravity

Y530, 70 SATUGhE Peiebagterited B ASTRED b o] s
<0 600°C) SEHARY Ko IRBC- 63490'CO plorbIsOrdH: 290SWARAO'C,

179-196 -60 O. 1.85 <0.01 |SOPAR L 188-207 -57 0.77
1amor<0. 01 | SOPAR M 223-254 -57 0.79 3.80 <0.01

| SOPAR,V 272-311 -63 0.82 14. <0. [, SUi e
| Sopardt 1 (g niipber fitrduefiotutt FoipBe ot Bt 50 nd 100

t R,&r%ﬁerﬂﬁ Stwaekr 1L 590l ab! (ﬁog/ﬁiol,%bfahéré&ezlﬂly between 1,000
SOLT TME evron Phillips) and SASOLTM ( Sasol

Land 2Q0y/mof;randiest her enbodi ment, the isoparaffins are
2 oL ARSI o IRETH AU LA B e e
2.8, preferably less than 2.5, preferably less than 2.3, preferably less than 2.1;
and/or
5. a viscosity (ASTM 445, 25°C) of from 0.5 to 20 cSt at 25°C; and/or
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
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%, preferably at least 95 wt%, preferably 100 wt% of Ce
to C,so isoparaffins, preferably Cg to Cioo isof)arafﬁns, preferably C¢ to Cys
isoparaffins, more preferably Cg to C,g isoparaffins. Preferably the density
(ASTM 4052, 15.6/15.6°C) of these isoparaffins ranges from 0.70 to 0.83 g/em’;
the pour point is -40°C or less, preferably -50°C or less, the viscosity (ASTM 445,
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atons in another enbodinent, in the nolecule. The
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paraffin:n-paraffin) ranging fromO0.5:1 to 9:1 in one
enbodi nent, .and from1:1 to 4:1 in another enbodi nent.
The isoparaffins of the mxture in this enbodi nent
contain greater than 50 wt% (by total weight of the
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t{h@"m)pétué[@v, contain greater than 70 wt % of the
nono- net hyl speci es, based on the total weight of the
i soparaffins in the mxture. The isoparaffinic m xture

P%(;)%%%E : " -86 WD 2006/ 025949
Fﬁiﬂ’j}ﬁ ®f from 100C to 350C in one
embodi ment, and W thiiyogyerange of 1rgifehifite T Osatifates &
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gr adlggmat he mrgaf(‘f(t)n BO‘IR xﬂraentys ?JILSE C" Chfomatics

These-

pl e ra anc
AL St bl | SR gInesiranch ool
ex1§@;EIAé{HUS S1R8727. -Bn andtMer enbodi8fent , t heONEP
cAdSPPAREK C2517191961500-G9ar af fo.Tés, and C30 to C580.01
pasaPfARE | N B82dTer emyodi m@t7, and hag9a fl ash<pmint
of SOPAR M nMyB-2qnd asgour pojnt of -3@G or | essoand
algb%%q@vty |jwf%e3<1%of 123 or (0.2 Al teE[ﬂgtel y thgo\FP

C500 paraffins, and has 10 a fl ash poi nt of 200C or

nor e aOﬂmeﬁsxﬁ&BIe iBYaPdiRS are 206 cOmnlBa Sl avAi1AHIE Bl ke (kiR
NFP conprises C25 to C1500 paraffins, preferably C30

t an@SEH SO Mg oyalndutb/Shell), SOAT wa Mr{Cherror Bollips) and
jnematjc viscosity at 100C of 35 cSt or
Soja‘mﬁgaﬁw ﬁedtnbodi ment, the NFP consists
essenty gldtier ‘éfnb@%nén@ tﬁ?’ QQ;f)a‘}é‘ﬂ‘fﬁE BleNSmixtite S 8E-ABhsd dnlde

NFP consi sts essentially of C40 to C250 paraffins, and
hmrnal parafins havipgifiom @fo IDGEhar atoms eindrfwnal@mJM tpmjbcm

-10C or ss and a.viscosity index of
PR REE P EEoRsn G draraienlie AT paye B ceaopon his
C;%QQ oP afaaf:ﬁ bzﬁﬁfﬁn t8 ﬁleﬁa%ﬁhlrml%ﬁ GraBfin: waﬁffﬁﬁmn%@gd
has a flash point of 200C or nore and a pour oi n
- 0@ (bfr 1 te84d.in Ah¢ embediglept, aind AR : t tn4il sn gncah@emtbogllrhw
o{'hec%ggpgrgfﬁgggp 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
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 isoparaffins in the mixture. The isoparaffinic mixture boils within a range
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paraffins, preferably C40 to C250 paraffins, and has a
flash point of 200C or nore 20 and a ki nematic

woe®eosvdy at 100C of 35 cSt or nore. AlternatstyUs10es/024240

NFP has a flash point of 200C or nore and a pour
poi nt of -20C or less. Alternately the NFP has a
flash point of 200C or nore and a ki nematic viscosity
at 100C of 35 ¢St or nore. In another enbodi nent, the

d ( o
R RPN PORIA Rh i S i e TR R o
| B2(R0ah hestheremibodimant n poeparilg the diffesend Eradbs, tiee gatffinic
olefins in yet anqgther_ enbodinent. In a pr eferred
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conpr i Bexnother @r@hﬁ@em thegNEP gempiisgs €299 Gisoopreafiings and Cso

DeruoRet iba Bl pubpdBahana NS dnSRHERTAR 00T g it
t el A\pdur poiip bt SIQSC polegahmibwabalsitn indel®AO)l 2@bi lgoma rdtepiiately
i near ol efins havi ng 5 to 18 carbon_at ons,

piheMNEPagamprises G2s1to Cion piaHing: preterabln e 1 ﬁéﬁ@%ﬁ?s fod has
B RRA b T2 I fioRhalt Aokt SR o APCOY: 18, Alternatply the

1N0E comphssH,; & Chopy araffing pedferablyl §so 6o CHh pﬁxfafﬂ‘m[ md has a
preferably 8 cSt or nore, preferably 10 cSt or

( Hash neing o 2R Gy mese @naksyemaaﬁ dlss?se?yeqt AE Hedsi 68 %oramore
0]
ol ek ¥rbBAREnt MNP oy hsefBlifor B0 TRENRAY
1pfferahly tHe/NEP &ﬁfsﬁtﬁs@érﬁlﬁﬁj@ bHCh40 O34y pﬁﬂifﬁns and&her aaﬂxish
150 or nore (as determ ned by ASTM D2270); .and
pPAREPTANNC RawPFRNd aRaw PpisE A -161C onlges fmd 3 dacosityipdex of

v

: 19263&6#18{6 3 g\l%ma%qu %erl:Igm %%n? Eﬁ{l] &F é tﬁ Cl’joo%gra?ﬁns

s (as ermn

eﬁﬂemﬂwr;z Mo tolhrey ;i\dEzHﬁﬁg rad haes 1§5hGoim 063250‘@ qmnhefeanalalppur
C35 to 400, nore preferably C40 to C250
pmlymfpﬂ%l tlpss. diltegeniely $ic NFR consistsorss ¥ &f Casrta Caoo

eI Pri o Gieg iy BBt Ehd T Bosh PR BFEITG e
t endGlKkinématid ﬁfs¢d§£ty aN1 PO 8s cSidranihree Allterrandy (68 NP kak2
a- olefins in another enbodi nent, and Cl0 a-olefins in
aflashmeint £ B60FCgrnore 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
cSt or more.

In another embodiment, the NFP comprises polyalphaolefin (PAO)
oligomers of Cs to Cy olefins, and oligomers of Cg to C,3 olefins in another
embodiment, and oligomers of Cg to Cy4 olefins in yet another embodiment. In a
preferred embodiment the NFP comprises oligomers of Cg to C;, 1-olefins. Ina
more preferred embodiment, the NFP comprises oligomers of linear Cg to Cy; 1-
olefins, and most preferred are oligomers of linear C,y 1-olefins. In a preferred

embodiment, the NFP comprises oligomers of C8 C10 and C12 1-olefins,

preferably 1-octene, 1-decene and 1-dodecene.
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Sui tabl e ol efins include 1-pentene, 1-hexene,
1- heptene, 1-octene, 1l-nonene, 1- decene, 1l-undecene

wapnsd2daecene, and bl ends thereof. |In one enmbOOUSING(024240

the olefin is 1-decene, and the NFP is a m xture of
dimers, trimers, tetramers and 20 pentaners (and

hi gher) of 1-decene. In another enbodi nent, the PAOis
conprised of oligoners or polyners of 1-octene,

1-dece e LE

descri eg %mBgCP %%ﬁtetﬁg I\‘FP LS pgolg/(@a,pal%le?ﬁlﬁgAO)

Sel e%)& lmeaﬂéileﬁﬁs Raviib3s m @ﬂsbri dlordyMidte ptdferably 6 to 12
LUBRI CANTS AND HI GH PERFORVANCE FUNCTI ONAL | FLUI DS

1casbor ateb, TROIR, prﬁer@hlydt@ cgriRyrasomas, WhegharbirfiyiduahPAO or a

h |
p%q%?tgowg?é’t?? *pap 4 e Yoo M O LRy G P more,

PrafcPeUIE6 IcBESK xﬁblreal!ihéfe@lﬂﬂli 8@SOér héw@! preferably mesktwilnﬁtge (as
|sotact|C|t ﬁ%ndlotact|0|ty, and may be atactic.

| measoadtur ASHMOR mndtmefevblwlsﬁvmaa)vléchsny indgxs (Whrod 100 or

th 20 % d

R N B BN LB
regrefepdblya S ded

ﬁg”aﬁéﬁﬁ‘é“:%ﬁ%%&“ﬂ‘%’é%mﬁw‘%° PSR e aacadsggiocy

A8TVOD2 mziagqf@rabmaymgqlmmmgf -19RC) 0% la§8,8RQIE i n

DSIEG ol CalEP DR bR IR SRy T

i poppe enbodi ment, from 400 to 20,000 g/nol in
anot her enbodlnent from500 to 10,000 g/ ol in
anot hdén anathaysaibediment.ftho MFB@ompsises G o &solpraferably Css to

ot her e m to /
ioeartagar Ve o Gi AT BsTnsT goe: dRegAb gligagpers
apepigtrabky mgisnﬁﬁﬁers eétein@drs, @entaiYelss etd ayEC ko 05 addlétins in
viscosities at 100C in the range of 3 to 3000 cSt in

ooiEe %annmimnd (t‘«t@rﬁm otdefBE0D aecsherl embpdinentyand Cs to Cy; o-

di nent to n_another e di.nent,
CRBRRS g ten hBRReC i Crodrhishns BN eRPRAEKAE 1o
CShitdle QERR ﬁ&luumqﬁ@kh@n -lesxeRd] i1 oisptene ANGctBiRy @ -romkie, 1-
points 10 of less than -10C in one enbodi nent, and

| depsne, Haumdeoe ang 1 dodedrne, andbbends thengof. &mend @s@dmnqﬁ, the

- el 1-B b nd WORER B o Bibior iR (Aifbrs, Sl and

epddsh &8 (dnd r) SISISddcBd) In afABfRet EmYAEmBAOIHRPAO is
enbodi nent, . sirable PAO s are conner0|ally

avanpragsl of akgorgpe ot paAByAEIAL émt@sebﬂftc&s}rﬂn@ lt¢agtenane.

P A 8 5 e aRE PR3ty 3P el 5 3. PR SO

SEHIBS 5283 93 and in SYNTHETIC LUBRICANTS AND HIGH PERFORMANCE
FUNCTIONAL FLUIDS 1-52 (Leslie R. Rudnick & Ronald L. Shubkin, ed. Marcel
Dekker, Inc. 1999). The PAO 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 BCarbon NMR, preferably more
than 60%. In another embodiment the polyalphaolefin has more than 50 %
racemic dyads as measured by '*Carbon NMR, preferably more than 60%.
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t he Tabl e bel ow. SpectraSynTM Seri es Pol yal phaol efi ns
PAO KV @ VI Pour Specific Flash APHA 100C, Point,

w@em@ei2p4dPoi nt, Color cSt C C SpectraSyn 4 4 B2BUSHB5/024240

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 SpectraSyn 100 100 170 -30 0.853 283 60

Shect g hugiR wReskbingefiondsbifafihsdes R Busffer average
Seeicuabyeight of f@orih@@@ tal2 10000 @hb] inlénlenBdalimetSro@GI00 to
O her useful PAO s include those sold under the

t 240hgimed isgaetherieatbriprengfiom 400 t© ¥4, g/mol in another

Ch Phi ] i 163l
HRAREN, HhE e AN e FRRRAOR, VAR 0
Es/e o ivdlinotiNg s eiiMdna \aai ekl $00 frigs00Rginblin yeo aahket i on

(Kei l ani em, Finl agz))', and_Synt onTM avai | abl e from
Crobgstimentcdirplerrad PAR ' have dinsmatiy viscomtirscat il 0QC in thgmnggof

A WS R e e 00 By B anBBRE R By

Ofrofily @, 300cSt BT Aldthér Emb&lineht, BRd Gom(¥ &f K0Sk jh &hottsr o
nore, preferably 10 ¢St _or nore, preferably 20 cSt or

nepeodiment; andib) ¢St3w@Ereaty ipanqties smbediney;andhaygpow pints

P B EIR b Em AN 1k Ba RS i,
C&hbodimeh hddleys theh V5 if andtBerddibodihent Parcifledsatdry-30°C in

between 8 and 100 cSt, prefer ablgy bet ween 8 and 40
c@iothar gmbphispens Ape disirifrins 33 Keinpnothsr erabediment, aedlepy Yaan -
I - Qf . 100 or ¢ pref :
3025t PR PR PRSPPI N Ry s

PEFdcRaSITY ahd G pedtra®ih €JltrmMelErk edNybil BBeicallPEsiously sold
preferably 170 or nore, 10 preferably 200 or nore, .
pyiedes ﬂ@b‘iliF ambSeperSpy 8 tradenames), some of which are summarized in

the Table below.

SpectraSyn™ Series Polyalphaolefins

PAO KV VI Pour Specific Flash APHA
100°C, 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
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
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 0.852 > 265 20

SpectraSyn Ultra 1000 1,000 307 -18 0.855 > 265 30

Other useful PAO’S include those sold under the tradenames Synfluid™
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 Corporation (Middlebury, Connecticut).

-89



10

15

20

25

30

In other enbodi nents the PAO s have a pour point of
-10C or less, preferably -20C or |ess, preferably

WO 2B60za94d ess, preferably -30C or |ess, prefercblig2005/024240

-35C or less, preferably -40C or less, preferably -50C
or less. In other enbodi nents the PAO s have a flash
poi nt of 200C or nore, 15 preferably 210C or nore,
preferably 220C or nore, preferably 230C or nore,

pref er, . Parti o

o of o SepEp AR HEP A0S KR SinkEht At 10g°C o

f EStsd e, Prefeably2DE8E 0@ inot®) ke feiabBf ££Str ynozd, QfeforablyoiecSt
preferably 220C or nore, preferabl 230C or nore);
apidmpte, prefrsehly g8 ichit onraers, Elﬁ@ﬁablﬂﬁ)%y ¢3sr08fass, Apefgrapliskd0 cSt
t han_- r.ef I - . o
6, ot ARFLRRRRNG PSR SRR PR o o

Kbé&teeat 3 and | GO0t pteRabldbovedn B0 ¢Bt, prefcfably between 8
(preferably 40 cSt or nore preferably 50 cSt or

el 00nSefrsefersbly Bowes 8 and 409%8) . | n anot her
enbodi t, t .NFP i i qh i . f id
ot B crhRSNehs e PGl W Yidoki Y HRBESY Rt

r gﬂéﬂérﬂgyfl 106 bRy breforBbly 120 0Pmbre, BRf@ally @Babt snoke,om
about 1:1 to 4:1. The branched paraffins of the
npsefenetdy ¢ 6t ommare, predereldy 160 anmee, picerallyd @ opmorhe

t ot al haht of th af fins) nono- nethyl
o Bl 2p0r Bone B g0 B3R BBEE T " ety

5- met y bthef erhb&litiekte the PAOR haid1h pouid ot AL 100T oRfless,

branches with substituent g{ooups of carbon nunber

gp@ﬁTr@rly tH8e 0|I'IT<S§U prefarably +5Y° Ceordess) rrefeeably 130°G 06 f85$,
t hke; b %
ot A S R LA o R SR Bl S o0

par af fih Rter dnbodihés ahd) PAITRY hawe b aULh PYirRCHlt 200°@ebg Riore,
in the range of 280 to -90 WO 2006/ 025949

PorEfausdp 330U ap nwre, Tueferaghindd 0° Coranetiea prejerabiy 2868°G e aore,
g/ nol ef er ab) v 56 02800 g/ nmol, preferably 350 to
ZR%r@l%Ft,weﬁ? g%ée(r(“‘g%‘%yb% "to 1400 g/ nol, nore
pr ef er pitiyuldSP pref@rAGA Q% ot use RaRintark tHoREBAVikg a) a flash point
vi scosity at 180C r angi ng from3 to 500 cSt,

e

ppE2MFGlor ynose (poeleablycB07C pr mpes; atsifgraldly 230°(bor rase, piefarebly
pref.erably 6 t 5 ¢St,.nore,.5 ra 3
et s o b pein RS A PR R 148 g 25T

OprefdrasinekOthah 03(3’53963:efd?ﬂﬁ% fsatHa) -36% Picferably 839 thadf-40°C) or
from 110 to 320C, &rﬂefera ly wthin a range of 150 to
3@bmemptic sispesity af FCaf3d ¢Shemmore(pefgrabl AP icht er more,

T, Sh SR kG tadopoch process

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,
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, butyl or the like; preferably,
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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bl ends are described in, for exanple, US 5906727. 10
I n anot her enbodi nent, the NFP conprises paraffinic

whymsozasbons having: 1. a nunber average nol BCUUS2005/024240

wei ght of 300 to 10,000 g/nol, preferably 400 to
5,000 g/ nmol, preferably 500 to 2,500 g/nol, preferably
300 to 1,200 g/nol; 15 2. less than 10% of sidechains
with 4 or nore carbons, preferably |less than 8%

p e t 0

DI GloRB| prorciaty' 2R % g OLELIIAGNL {30 20,
pprefeeabtp B 50 10e890tgnhasl, Prebfablpred e pioye/mek snore prifierbly 280
% 3. at | east 15% of sidechains with 1 or 2 carbons,

ploci80redmpl; hava/kipemate Viseasty ap X Erranging fgmy bio Jp9cSt,
9 | o
OHBIGHIE o FR1ES By BAETGT A ok o BLF2s o5t mor

phrefeeatipB Yo 29881) mordPreferably 3 ke $S cSthamd Boils witttin @ yalge®f
paraffins ébased on the total weight of %araffins i n
t

frempfi0Rtte 9°C, praferablypyithin a sange RAFom Liotp 380 Es. drefprably

l ess: th 1 Mooref . . 9 .
S0 Al S R0 A e
Oisdeiit 84 frovhef Fisahel-Y raplsciOpridbdss WTtese brarieh para¢firehiparaffin

viscosity at 100C of 3 cSt _or nore, preferably 6 cSt
oblengsrre dessribedeing firwxgnple: US98, pref erabl y bet ween

moro, Braspes o ied i SEE SR EAm by e s

MR4veng:pref erably 140 or nore, preferably 150 or nore,
-91 WD 2006/ 025949 PCT/ US2005/ 024240 pref erabl g 180
or nork, prefmer yavegee opolesilar Wighteph 80 to5d0.0P0 g/mol,

or | osRREy A0ko SUGRhmER ferelen nBPL 2800 il prchiibly

of 200%bmto rooeg/mpt;ef erably 210C or nore,
preferably 220C or nore. |In another enbodi nent, the
NFP codpri skss handQ% of sifsekaies withAjoz apre garbons, preferably less

?2_8 S.St &1\%1)15 ;Z/K%Q{f)ié%cfgrsaibgya%gsdtgén @%S’ rp?éfgrgﬂi?lrlééetﬁaﬁl\@%}/ pf’etf&gl‘)(l?/ 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
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 wt% cyclic paraffins (based on the total weight of
paraffins in the mixture), preferably less than 2 wt%, preferably less than 1
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 cSt; and

6. a viscosity index (VI) of 110 or more, preferably 120 or more,

preferably 130 or more, preferably 140 or more, preferably 150 or more,
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gas oils, slack waxes, fuels hydrocracker bottons,
etc.), hydroisonerized Fischer- Tropsch hydrocarbons

w@oenznes, Gas-to-Liquids (GIL) base stocks ardi/bsees/024240

10 oils, and other waxy feedstock derived

hydr oi soneri zed base stocks and base oils, or

m xtures thereof. Fischer-Tropsch waxes, the high
boi l i ng point residues of Fischer-Tropsch synthesis
are hi fi h

sulfurggg%gﬁglgaor%gﬁe 1%&%?@%98 2$¥p r3%é§§?oc SRS

procesg@gxmgyga@@rmyﬂfocarbon f|UIdS of lubricating
viscosity. 15 The hydrogroceSS|n used for the

pr oducti ona peureii o aKBCr deskapratgyablis 20°G er lessapfious

of "t he¥ Spek o BRCEAER sErnih Ty¥Bhpu? Y0 e

Cryst apleferb ¥ A0°CCoafideng /  hydroi someri zation
catalyst, preferably a zeolitic catalyst. For exanple,

one  URE{HheF BlBbdiRtent, $heA PP 88mpdsed %Sv&%{x' i85 Herhfd 1&brieant oil

Patent 5,075, 269. Processes for 20 naki ng hydrocracked

| bawgstodk, sxdmﬂrmzlmdesdl)&drmi;dnmmsd sraaly htspdkso((crgawlaeyj stbcks such as
hydr qj s rlzed s. are descri bed, r .exanpl.e,, L.n
Lé@ ollsd GSatiragn Pohogsisia ) SapiGRRrSE B

ﬁ%gchl fﬁr@c%x%%'s |an@§/aké§ Baitd- Eﬂlu%g@ﬁi& -stocks and base
4. 1,350, 257; 1,440, 230 and 1, 390, 359.

Panls, iandibthet yai)afcedeelepwathﬂkelsomamzéddnse:stb@edtnd bhase oils,
Euro ean Pat ent at| n Nos 64546, .and 46454
E‘é‘é@% thseeofsFi qf SIS “*FFSSpé‘Hﬁ"%?°4IB%B%1n5Wé‘d“CS of

dFﬁGﬁér-b@QpécH sH’ﬁhésasngé iy padfrhidfiir8dabons with L very low sulfur

Gas-to-Liquids base” st ocks and base oi
Fccmtm,ra:n'ﬁran@eﬁén prhgemed) dedktocksde pracesseb fsmaledt l@dk@caetm\
se 0|£% and ot her waxy feedstock derived base
B@RQf Hcﬁﬁgé”%PPQ’(or wax i somerates) that can be
advantageously used in the present invention have
ki nemat hehydrepressssing s for heereductips af suwhbage sterksmyiuse

P Pavatp RhrR b Rl fioh b I af B e

P@%Mﬁ?&ﬂﬁb@ﬂf&é&acl&ﬁ@cﬁﬁysts 0P4 EryptaBine hedhoyradkiag? 3
cSt to about 25 cSt. These Gas-to-Liquids (GITL) base
shysbpisomadzatian satglysis preferahlp @rchktefp@éaﬂysﬁy Heloexaptpdm one

SRR3R bipa P P et

| faARIE Al &S radRat/ Hyammwnze@ distiHateparef Bfdaddracke@ss t han
-10C, preferably about 15C or | ower, preferably
abyslipisomerizedrwarsnate dem@sé’rfab exampiean LhS distaits NaHC  or

| 9‘%?? %93 heys o7k gh,) ﬁ%&%h,&%,h’ﬂé’gg‘wélﬁ’ﬁsem%?tpsﬁaile%?N%E.
rea pr eferably or
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

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

500 cSt, preferably about 6 ¢St to about 200 cSt, preferably about 8 cSt to about
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greater, preferably 130 or greater, preferably 150 or
greater); and are of high purity (high saturates

wo swehssofpref erably 90 wt % or nore, preferabl BCOES2009/624240

or nore, preferably 99 wt %or nore), |lowto-nil
sul fur content (preferably0.03 weight % 10 or |ess),
lowto-nil nitrogen content (preferably 0.05 wt % or

|l ess), lowto-nil aromatics content (preferably 0.05
A0S, LRt HEALPS, QUSSR TRGER o il

h{@L)asus¢ btoeksmidbase ¢y Bfseticaldirypsdd Gydiocarbs:e derividd dhsd stocks
onpositions of Gas-to-Liquids (GIL) base stocks and

b k3é¢ pis, agd stheepany rpdeerkdenived hrssotpcliepnd eage BHs tor wax
1 i:ls, '
ﬁ{;g&el‘sateasﬁ:gaveaé\g o%r é&lslé &%geq%bﬁafegé ﬁl%rrlr@{(?’gf greferablg iaP%lg -

rorsoneri z as ase ol rere

| p5°CbrSowBia bedTérabigsibo it -08TC S0dived pRieraBI§A30%@W M about -40°C
6, 165,949 for exanple, and are incorporated herein in

t orelowedhavee iglbyispasity irdex dprefarakily p @ prgreatar, preferably 120 or
SRR bt g Bl EPOBEED o Py

as ase- ol

K{n uréteY leveR$pieferdly 30 Ve br Mofed preZdatii9 05 &Y, or more,
preferably 6 to 200 cSt, preferably 8 to 100 cSt, nore

ppiefesitdy PY Wi % er mored. Spw-taridl sfupconters éprefoyabl fyed weight %

npl ecul.ar wei.-gh of .

oPEY B 050 e S nt ety SR METD el qonil g
garaRlatic®InEenp (REREDD} §.0808% drdest), 2600 bedniiat nuhberdpaifEebly
enbodi nent, the NFP conprises a Goup |l hydrocarbon

ol por lepp, loa ioding anmber @refesblyclaerlesshaad highanilingiody | s

R B B o S ot o

| sy eisan@fba@00MsOFisoier Sropseh Bf@badrbon etividd ®ase@bcks and base
preferably 94 % or nore, preferably 95% or nore, and

seils, gnd wek isontesate Bydrorspaarizeddrsestogksand bass qjilsisee ygeided in

0 nd, .0, 0 n I, [e referably
2o SeRbNas Sl iBd ofk ed Bl eSbeT Mere B LRS!
hSorpGrateddanéifin tHeir\enfife@pby def@tnck00C of 3 to 100,
preferably 4 to 100 cSt, preferably 6 to 50 cSt,

pref er ghl YreR el effbod At Qhe REPWIRR proVa! RYentR c%ﬁféblxi@és a
wei ght of" 300 to -93 WO 2006/ 02591P9 PCT/ US2005/ 024240

5GT0edegived baseptarkarr hbdeyoilihat has aXkifGatgy/ visdosityvatri®0°C of 3 to

pref er abl 0 to. 1 000 l . P(ﬁ{eabl th 0

R0 FSrchsteatiion [ordu APy & o] (it S motkeeranhed 25

af_%; Gd/bl AmRR 'a%r%%f méREHaOW eigRY (I‘Mn) IR 3660 1810,000 g/mo],

enbodi ments, the NFP conprises a | ow nol ecul ar wei ght

oprefetably 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 III hydrocarbon oil

(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 III hydrocarbon oil has
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

93-



10

15

20

25

5 ol efins (including n-butene, 2-butene, isobutylene,
and but adi ene, and m xtures thereof). Such a nateri al

WO mo6/efse4r ed to as a "pol ybutenes” |iquid wherpdes2005/024240

ol i gomers conprise isobutyl ene and/ or 1-butene and/or
2-butene. It is commonly wused as an additive for

pol yolefins; e.g. to introduce tack or as a processing
aid. The ratio of C4 olefin isoners can vary by

gg é%ﬁrﬁ@e&refe?%%kf% r2’;1 g/g‘{e? r%lg'r% %&eﬂﬁ&%rob% I%M g%lol.

enhat ed es S.

c aﬁe@'@rablyrme GRab)IY wlyefr@eabbm e)ihgs a ﬁmﬁ p@mtwerm@foraes@and a
raffinate stream In other cases, it consists

efssrndieflaf 206TC pomgiesobut yl ene or poI y(n but ene)
ol i go II h but
o BT SRt AR b i

g61¥8ihs (1aaddﬁgmﬁmmé 2-86&né Nsvbu 1&@%@/ midle{e VERIAt@SS
t han 000 They 15 are escribed in, for

eﬂanqs)lf)e smmmmme@mw Apalyhateges DirF ORaNGE

| ONAL FLULDS 387- 39 esl,i.e R Ronal
Lo GinR P Sob e erB oy LaBlh, BiSpORiBuy

S %Hdca@%nﬁﬁdllﬁ% Y&gb%ﬁb'ﬁnls%é 46 entRfdutd AGIEBPAs a BoaEeiBY aid.

and Infineum (C Series grades). Wen the C4 olefin is

eXbé tasioad|Gp oﬁﬁmmm;ns ewievary foy mianugactuaer and by erader andl the

i sobutyl e ner f
Péﬂ%“’%i?‘lﬁ& 8l 6 G Rlngetfed SRS RECE, B oS re
@19B§tknes\m‘©m islatpolyefer Off @10, Raffinalsatain] Uebtiierlcabes] RRBusists
e mat er i is referred to as 6ggly n- but ene" or

Pmentmhpépplyes@bwlegem'epqﬂiy(mblagn Hgomersml gacalyethen( s)

h
PN BUER g s e e Rl PR LTS 1200
PeiniY1, Sidedhihordl} RRs thhRS,0B0@/ K61 6t eVen le8Sthah N0 LAHol. They
Preferably, the NFP is not 25 a polybutenes | iquid.

Canerdssaibe ngfmae@leasvmm@mbwem@mww HIGHPERFORMAYEE

eV B Thet s FR RO ROl p RN o

Thfardel @ﬁkf(é?l 1899 Aordthercidp s@ur@&:’of%@ butbRés ihdkde BP! (lrﬁlbpol
660 190 3 0.903 230 BP I ndopol 5 52 87 -23 0.869

- gdes)-a0d MeEMQmww/Msﬁ@@Mmos exclusively

isobutylene, the material is referred to as “polyisobutylene” or PIB. Commercial
sources of PIB include Texas Petrochemical (TPC Enhanced PIB grades). When
the C4 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
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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BP | ndopol H 50 108 90 -13 0.884 -190 BP I ndopol H 100
218 121 -7 0.893 -210 |Infineum C9945 11 74* -34 0.854

wA20e6/0139049 neum CO9907 78 103* -15 0.878 204 | nfdTEs005/024240

C9995 230 131* -7 0.888 212 Infineum C9913 630 174*
10 0.888 240 Estimated based on the kinematic
viscosity at 100C and 38C. In another enbodi ment, when
a NFP |s present ~an oli gorrer or polyner of 4

of T ) €. U Mo
ZL,EEE [ 1 di eﬁégzgurdn L gjr es
pr@ﬁ@ﬁ?@&:éﬁbodl mehk | th%4 co é‘él ti of-8%npri sé%o | ess

thhlﬁna@n\wﬁ)@'(prefer'éﬁaly Iléés théﬁl 40%87§refer21®)4y

| eBfintlrAIC805 Wt % P3GferdaBly | es? thar).988 wt % 2hbre
prefiacahlqoo1s ess tham 101wY% mpge prea‘mably bass
tan 5 W %, .Nor e rapl.y ] €ss 5 7

pr ef &SUBPREdHagidogn tb% WB‘F“%P”SB‘P%“&&HS% éfa“gtf'éoq:'efi n(s)

such as PIB, 10 polybutene, or PNB, based upon the

N s R .

olCg biefings) (inpllueﬁ@raahkqmus,cdagjtnyﬂwm 2-harae, isgbarylédeeand
wei ght of the NFP. Preferably the NFP contains_|ess
t hutadigne. iad gHrtuogs theredfa pal by Preseat IR Mg Forposifion. Ina preferred

P I o

[ERUSABHY nd 5500 g GHIEODY SR AR Bl
t hevb, ﬁféfetrﬁt%' lqss efaersabbt%, Ipﬁﬁérabllyaessﬂﬁhnm/@n"/mrmémrpaﬁbmbly
| ess than preferably wt % pref erabl y | ess

t FFéﬁch%mm“e"f é‘?oéﬁ Pgeferé‘élx lgsp, émrnf Wit7oqmot peglenably| 1gssghagy 1
0%
¢ W, pEerRytty b ool Sf Bltpchni R R YLD suciPRARP YT

dpsl@biltbﬁéj oh®NB, baded uipan ﬂQLWelgﬂldﬁthe(o%&Whltlaﬁ D97) of
| ess than -10C i n one enbodi nent, |ess

anot hefna @W&aﬁ re@rhedrm%sthe NAR eeg@rsreleﬁsy'&n %%ersbrr% of C4
BRI fersb BPSohMiBhe, BealBod e wABRIPR RFPOPLE LY

| eSS I'n ye odi 9 ess t

: QQCNF P ontsihs ROtHAR 8O @Jﬁgﬁﬂ %‘@i‘dferab@ﬂésstt]imﬂ(} w6, prlafey%ly

anot her enbodi ment, |ess than -50C in yet anothe

e 5o HiarER WtV mieferably less Aban Wowt’prproferablyless {han 30wt %,
TR s o Ak B 0 Rl e 1o

UppPes, ppefefabB Wi%) profetably leks thny 2940 peferpisiyilesp diantl wi%g t

dgfe%rlagly% 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

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,
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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herein. -95 WO 2006/ 025949 PCT/ US2005/ 024240 In
anot her enbodi nent, any NFP descri bed herein has a

woe@e0s9ty | ndex (VI, ASTM D2270) of 100 or noPET/US2005/024240

preferably 105 or nore, nore preferably 110 or nore,
nore preferably 115 or nore, nore preferably 120 or
nore, nore preferably 125 or nore, nore preferably
130 or nore, nore preferably 150 or 5 nore. In another

enbodi fip ;Qtﬁegg Dbl afy NEPRELIRER nkidfh A% Absity Index

prefer et ween n an

eV AiSTaN D2220)o fNBE ofl 8ed, ipBedekablg 106 or Rivge, andet pRIfaLbIY 110
viscosity at 100C (KVI oo, ASTM D445) of from3 to
30000smorgpigfersdyl b5 ergnagomess preterabiy, bihesrmore, more

enmbodi.en and from6 to.20 N anot h

RGN IETES offfre bR weRfeeta Va6 bl PR eBembly g or
efdasli InRRbthepdabddiRBnt4hd NFDGas SVIbetwieeh 16084d1800, preferably
enbodi nent, and less than 50 ¢St in yet another

eh@iw@embft andahi@. | ess than 25 ¢St in yet anot her
enbodirent.. wherein desi le.r e. cpnprise .any.
ppor T er S o, G N e e ke S RER T RRSiy

ower VI SCOSI

d@siOoPO R VE! R8TM b Dtofiglom B EOIEH0ESHtand fiohe6 MBIt iR
ki nematic viscosity at 100C of less than 2 cSt. 15 In
apsthes embedvernteand froam§ taR( ¢fd s prather ebiodimenhanddrom 8 to

AW S RyPamole Db b AboPRstn BBER Jooc

OemB&difhenf) afd RESLY 58 49GnGaet adtier ebdidicallayid 245 haans cSt
nore, preferably 250C or, nore, preferably 260C or

sy et apnthgreamhodimentovhasein adspicablgraagemal compesr@nyupper

mpre. .l n another enbodi meat .t he NEP b f 20
oGt BRI Sie BV B F PPt ey 1E8e50

agdbedhtents| the JIHPEHas akieathtidRMNCSsityt 19 004Foas tharf 2 88th
poi nt between 100C and 200C. In another enbodi nent,

any NFP ahother mb@lc:iﬁ@nb iany NEB dgsctibefl bereri kasadiash apmt
t | 3., 0.d i
TSI Blor 206 Gbr mZ pe a2 ot llE, SERGEEREC or

2mdrd, Praitrablyen s BOMoRE picferablyl 2468 ol Ma#e, referiily 285°C or
anot her 25 enbodinment, and less than 2.1 iny

amere ereferblydisAun or mpes, peefarghls 2605G g@mreha@fergly 270°C or

I e e

Phbif Sedwedp009CRnd BOORS, pedferaBlbetrben CROCCam$ 380°2004 bther
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
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
(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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I n anot her enbodi nent, any NFP descri bed herein has a
specific gravity 30 (ASTM D4052, 15.6/15.6C) of |ess

wWa asofF986 i n one enbodi nent, and | ess than OP@EU$2005/024240

anot her enbodi ment, and |l ess than 0.84 in anot her
enbodi nent, and |less -96 WD 2006/ 025949

PCT/ US2005/ 024240 than 0.83 i n anot her enbodi nent,

and fromO0.80 to 0. 86 in another enbodi nent, and from
0,,81 ~tQ . t d._f

oo} S0 PARAE SRR IR P AR

MRNE OIS 1SIO 028BYinWABGRET é‘:ﬂlﬁfduﬁlbﬁ Sicfrdh0.82 tord.84 Mlalhbther
any |ower specific gravity limt described herein. 5

| embedimente mbewimedesirablg mgngrmmmycResnris 8B HiRIeE RECHipBravity

ve an initial D1160) of from
3 B Wi %‘Ho‘&wehSPSﬁ‘gc&FP%’&%RWEf‘eS("'Qﬁ%‘{\fF“% 350C to 500C
i N angh ber &ABGHMBES} anyNEP @s6Ab&T herdla hayHate aminytedl boiling
anot her enbodi nent. In other enbodi nents any NFP

deiot (AFIM tiblrlélp)lwofrfﬁ%m R0 t@ G001 roqreemtslimat, o
018 s bt ERidine e e o Mty ol

pemb&diahty an APHA col or of 100 or | ess, preferably
80 or less, preferably 60 or |ess, preferably 40 or
| ess, b?r@h@rreamogim@ltmnﬂ NER desagbecbhqr@nmlwéwvw loygiRgree of

ge i e ARG RE A SREGERBE R 583 igpdard
gvRRE”, OF “&1@@@ ahd\clese’ ;ﬁBfé%ﬂyTﬁﬂAPHW &fl6r 10y 02 Bs§)PPeferably

g/ nol | ess, preferabl 19,000 g/ nol or |ess,

p8@f>@1€§ﬁb ppefq_rsblmﬁ@ og less | preferablisd) ordesst prefasably 20 er [veg as

e ably 15,000 g/nol or |ess,
@13%4§§§T889?%§H or less and 10,000 g/ mol or
Iess Inny SIFPedteértRd h@fmosﬂef@ml h@Hnm B Qiverag® mocular

| ess yet anot her enbodlnent and 3,00

0 nol or
| wieht Myt 24000 hmolemihesdimers crixghae, memﬁalgzes@oo gimol

e Bl R d S oD A O Bo0 e T8 1P picTRey
Y 86,000 9/nit lor RIY) PeiBRbLy, 15500@ @9@1 ordEdtDpreQirall1f 33, OO@ gdl or

anot hef enbodi ment, and g/mol or less in %
aless #nsk 10,Q06g/miohemntess iyt amﬂlegﬁmbpdlment, @s¢ 51080 gémol or less

anot her n 0 g/ ol, or. Iess

acienaro Bgtrergne A Ao gole o8y alEBins pBbaimen,
aped 1600 gﬁiﬂlﬂ@t 8 ye? andth&@fefiboaindHit, anH‘l'SOW%/mcﬂ orfess in yet
| east 20 preferably at | east 300

chtth@rerrmd@mnﬁ,@mﬂd ;090128001 errlessan gmanpmt,;@nb%nmt angd/900

e (;1 r(‘)ﬂelsg th }%ft afo I’%P{eruelf*)rﬁ)odlment 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.
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.

Any of the NFP's may also be described by any number of, or any

combination of, parameters described herein.
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nol ecul ar weight Iimt with any | ower nol ecul ar wei ght
limt described above. M is determ ned according to

wa bwenevimods speci fied under Fluid Properties PCI/USE05/024240

Test Met hods section below. 30 Any of the NFP' s may
al so be descri bed by any nunber of, or any

conbi nation of, paraneters described herein. -97 WO
2006/ 025949 PCT/ US2005/ 024240 In a preferred

enbod'g[ggntrefeggél el%}gg)dl %ﬁg%ﬁg ?\%fh sgﬁlgledhﬁe%?ﬁ a%sﬁ]asﬂ ?oﬂ{t of

f 20 I nore er Oor nor e

P2A0YC & nrod (préferdbBs 3104P L Mre0ind a Polr Pbink &FS20TWE less
preferably -30C or |ess, nore freferably -35C or

| @seferahbrr@S ¢ ef k@rs%moye p%@alziv ©6sor lpssy Bopy reeratly y35°C or

another nt t he
I\f@ﬁ ﬁ%@e Br ?er%bé% ‘b ol nc{r les1‘S IB% eeffera[’ho %r € abI y
230C ¢f afi®th&) préftired dpsbodinR&itNthe AFP hA{Ca Glash @t of 220°C or
(preferabl -25C or less, nore preferabl -30C or

| mors, (prefers zb’r A0S0 yoreaaed@rpmes@mtmfréO %péfle%a(areferably

atarnaT TRt B G Aot estiioR K38 G gt e

VhisERY Y4AE or 1dds, 166 pedferdblycSbe@ér legy).e (preferably 40
cSt or nore, referablg 50 ¢St or nore, preferably 60
P

cSt odn ape¥r arrderssdspre dimenty rthe NFyP hass agiingna) viseosity at

I@Co?f Z% esit or prﬁr ef ?ralylé gg%? Arg 5§refep%)%é§6%$ Xﬂ more,

PeYefdratly 6803E 0@ rmabrey enc( ﬁrs@éaﬁatgram@%i@ 6015.6°0)E9f. 0.8 or less

anot her preferred enbodi nent, the NFP has a) a fl ash
pmrr:fﬁrabry KBNS oF less,Drefisrably HR6 é@fecpmfeéat@y AR56yordess) and a
spé)ggco ?76? Qrdmcrre)(lif rgDLiy 2968(?& x%ore 10C or less and

ffor €, or c&) a pour poi nt

of - 2QCaRdthérgssferred eﬁl%dlmenk itRENEPiHas ¥) & giash byinabf 2QOC or
of 35 ¢St or nore. In another preferred enbodi nent,

t mera\bPa bpesific gpaty ¢f] %8€g¢rd9$5t snd ¢11 8 pernBRiBC)f -46°Chorgsss and

or |ess r,ef 80 _and.

o HiRRT e, ST 22 e AR S a0 gl Bt gl R0 Bss or e @
(ﬁh%@ﬁ@%a@sﬁy@r1mef3pbe€&rrﬂ&1ey 5 cSt or more
preferably 8 ¢St or nore, preferabI%Flo cSt or nore,

pr ef edmbanothes pstfermd emhodimentefthe abFY bas cat speeifien geavity

o915 TS & AR SHAer E4 B Bk anf mace

NFECcdia§ a@ 1908 bf 3CcRrdvihbié (preferably 4 or more, preferably 5 cSt or
more, preferably 8 cSt or more, preferably 10 cSt or more, preferably 15 ¢St or
more, preferably 20 ¢St or more) and/or a number-average molecular weight (M)
of at least 280 g/mol.

In another preferred embodiment, the NFP has a specific gravity
(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 cSt or more,
preferably 12 cSt 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.

In another preferred embodiment, the NFP has a specific gravity
(15.6/15.6°C) of 0.87 or less (preferably between 0.82 and 0.87) and a kinematic
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25 (15.6/15.6C) of 0.86 or |less (preferably between
0.81 and 0. 855, preferably between 0.82 and 0.85) and

w@2dobnEvet i ¢ vi scosity at 100C of 5 ¢St or nDrECT/US2005/024240

(preferably 6 or nore, preferably 8 cSt or nore,
preferably 10 cSt or nore, preferably 12 cSt or nore,
preferably 15 ¢St or nore, preferably 20 ¢St or nore)
and/ or a nunber-average nol ecul ar weight (M) of at

0 DRl S e ORI 1 c

06r therspricfurstile 1 @ bSyorhndregmefethbB?2@est db ntbéd, prefdrably 30 cSt or
ki nematic -98 WD 2006/ 025949 PCT/ US2005/ 024240
vIngEss grefgrably 49g8torgnore) apdier ppumbsravergse meteshlay weight Gil)

0 ably 14 cSt or nore, preferably 16 cSt
oéf#g%§€7&yéﬂﬁ§!ably 20 cSt or nore, preferably 30 cSt

Or  NMOIfanofHee efeatddyerddintént Ghe NBPeas agpdodfic gravity
nunber-average nmol ecul ar wei of at |east 700

g(lrfrcﬁ/IS 6 Gt JriSrardess gprefesshly 88@%&?@1; pEferablyhetwgn Gagsand

CIfI
( pr er 3] lﬁn%ﬁ&\ylycos(féét ﬁfoé@e?er g ﬁf orq?)(ﬁ‘? \5\% efelr%sfg%O cSt >t pr
Omd7e) ﬁ:lﬂ&alﬁy Ris RSB tbrey pie€RsHly $0 aSt erﬁ’&f:e Oprefebab®yBli0 68t or
nor e ?preferabl 20 ¢St or nore, preferably 25 cSt. or

nBeEe) apd/ef @Fl%ml??f aygragsmaleculns weight (dn)ed b Igpsta Ogimoly

at | bl i By ARhaR R REP R PLPMRR il o)

t peo°NFdT 383000 kSt profératsly Gits (303 tSty madte préfo4blpt t3 l(D(DcSt; and
3000 csSt, preferably 6 to 300 cSt, nore prefera ﬁ%ﬂSSOO
y

t ®Numbereserage melecylan ek (Mv)ecrfége tor31.80Q /Aol ieels
(M08 o309 thhe BB 5 BRSlgGA01 v 500, T0 5, 000

re pre erab g/ mol . I n another

prefer nﬁdlo&ﬁbpwfmtemﬁwlmtﬁmmhks Akifehbtic viscosig at ¥
at 15 100C of 3 to 500 cSt, Breferably 6 to 200 cSt,
mbRSCraridrte S4B IcSt, graferably® te S0 cipimore pre&mahlyBity 180 g%, pryre

o35 39T B ABG TR BE AP B PR 00,
PI&O60 ghdoy, rﬁ@@rdb(y 0666 (mforg»ﬂnol B¢ Prejiiretl@ rsa@ ko/2,300 g/ntol,

1, 200 g/mol. I n another preferred enbodi nent the NFP
ha@reaprﬂfer@rlm%?@%twh%%&/ at 20 100C of 3 to 100 cSt,

prefer ﬁ'x th%r é%feﬁ%dce%bfgﬂgéﬁ therI@f:dle Bgsbzl antr)lgmgt(i)c %?co%%' at

nor e er a
nDd)(BCJ—df@r toVeD @Bt ptd¥erhb§f4 t330 S mate @&Qer@%lw to 25 cSt more

%@B@&gg :B%q) ?55 EJ)Stt gndz a ggrcr)lbgr/ar\r/grlage nrr%rle%u[ar (va\fegh? ?My) oArf%%Ottc?
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
less, preferably between -30°C and -90°C, and a kinematic viscosity in the range
of from 20 to 5000 cSt 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.
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nore preferably 300 to 800 g/nol. In another preferred
enbodi nent, the NFP has a pour point of -25C or 25

wo ews/p2uef er abl y between -30C and -90C, and aPCT/US2005/024240

ki nematic viscosity in the range of from20 to 5000
cSt at 40C. In another preferred enbodi nent, the NFP
has a pour point of -25C or less and a Wn of 400

g/ mol or greater. Most mneral oils, which typically

i nclud cli < v . paj At . o
106 1 ot IR p¥Ted i RRRne B RatinBRdlvifieshy 800
G Y581 draFGR, oIS 2006/ HARGAMORGHIRNE LSV dhter,

I n anot her preferred enbodi ment the NFP has ki nematic

v angkens qrynege of tedoldewing psipediesgr eat er, preferably 6

cSt or,greater, nore rably odr r

one. or Liror oo B g PG 3o kB oG OF R prorefiBy
poi nt  oo°€ b {eso)préfembly -RDEE 6F REY; ¥nd/8C or | ess,
preferably 5 -30C or |ess, preferably -40C or |ess;
and/ or 2. 2. aVgcesibsindex o 4% ongreaten aaéogr eater;

and/or, 3. a,low degree,of cplor..such,as-typically .. .
Cdenti Pied AW dEEETO qrsuc asé?i“’r?gy\}%ﬁ“ ‘fé‘ﬁ‘?gs's Aa%%r ™
whi t e" sprithe white’g Ftamdied #hRer, or “HHigih ehdbleir, BptefefBifan
color of 100 or |ess, preferably 80 or |ess,

pr ef er ABHA gdoief 10895 less,prefebbi $oenlessoprsferatdy 80 or less,

et or ninesy AarlsE S bbb R s e oM o

200C odets®iifed By AREMADNY0R23Q@opr nore, preferably
240C or nore; and/or 5. a specific gravi taoé 15. 6C) of
| ess than 028ash paEnti2007F aemare, picferably 22K eumere,

Vi scosity L,an ve a pou oint greater than -20C
or an ab?%?g(ﬁ&grrﬁ?rga%néfryor?han 20 or a specific

gravi ty, (15a 6fecifitf griviBO(18/6°CY1of 16ss thah @Bet her preferred
enbodi ment, the NF% has a Viscosity Index of 120 or
nivfost eneral 9ds af thpganae wiscasiy range havé HpoYmop ergaéss thamp:20°C

i RBH BRRir gRou  or 88 R R LRI e B o

| ¢ops. and/or, 2. a kinematic viscosity at 100C of 3

cSt or greater, preferably 6 cSt o
In another preferred embodiment, the NFP has a Viscosity Index of 120 or

more and one or more of the following properties:
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 cSt or greater, preferably 6 cSt
or greater, preferably 8 cSt or greater, preferably 10 cSt or greater; and/or,
3. a low degree of color, such as typically identified as “water white”,
“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,
preferably 240°C or more; and/or

5. a specific gravity (15.6°C) of less than 0.86.
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or greater, preferably 8 cSt or greater, preferably 10
cSt or greater; and/or, 3. a |low degree of color,

waeamh/0zE4d ypi cal ly identified as "water white"PCT/252005/024240

"prinme white", "standard white", or "bright and
clear," preferably an APHA col or of 100 or |ess,
preferably 80 or less, preferably 60 or |ess,
preferably 40 or Iess preferably 20 or |ess,

S 209:
PR ol niled RSO Tpa S GBI o bty

220C o dmefRr re?&rdﬂreﬁ‘fb%ﬁﬂﬁérﬁ( tB4 NEPHas Hgb&s pARBIOR0E ord
specific graV|ty (15.6C) of 1ess than -100 WO

2386 poderghly -BES(/ QJSQ&BO& znmorwbﬁtherfbldmfﬂag poipediefave

a Viscosity ] ndex.of. | n_anot her
preferted e ‘618{"&%1"“‘%% E\I@ﬁagg’ csﬁ%greﬁtgf r?{efsrfablyfocét
or | egSgreREChRIGRLY 8-c806r %éatlele,gﬁefexam 1018t 6F mBRY: enddbr,
thefollovmng properties: a kinematic viscosity at

100C of- 3 ca&Visnsifrlodereot, 130 ef greatbt, preferelsly 138 oppgreater;
greater referably 8 cSt or greater, preferably 10
cSt orm?% and/or, 2. a Viscosity Index of 120 or

greates, prefer aégrye HIB1dR! sugh ﬁ@f}?[oally alelfifEd as¥waler voliite”,
degree of color, such as t |cal identified as

"wat er “wie white”, “srandaed whntc ebr “bfrgha aathelganiiretsrablipAPHA
"b ht I APHA
or | eetolSritIRoERiges, eI LY el ety 60 Bhied. oflgany

pref er 3pbyledd pf%‘ferhlﬁ?@O oP 1R, Drexblan1y2® &rlesls%.§ determined by
preferably 15 or |ess as determ néed by ASTM D1209 4.

a fl ashsfiMBtlZQH 200C or nore, preferably 220C or

Spect 44 or ADRTPYRS GG PP Bie, G 220°C gifmpre

m ner a re%ré@ygm@h}g@@egﬂ%ﬁ viscosity at 100C of
| ess t 6 c¢cSt, or an APHA color of greater than 20,

or a fﬁash pmmtﬁdga\styt(ﬂéﬁgmﬁemhan@ﬂél r pour poi nt
20C. not her nt the

FlosF izt il Bt g Rorean L BrisBrGonE®
CAPERL cd16r &%&?éﬂtﬁ‘ﬁﬁz@ﬁr g3 peldBssdhan 260°thli‘e%rih$i?pour
point is less than -20°C.

In another preferred embodiment the NFP has a glass transition
temperature (Tg) 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 -30°C,
more preferably less than -40°C, and, preferably, also has one or more of the
following properties:

1. an initial 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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determ ned, then the Tg according to ASTM E1356 is
| ess than 0C, preferably less than -10C, nore

weemberald y | ess than -20C, nore preferably | eBSI/USTNS/024240

-30C, nore preferably |ess 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 D1160 greater than 300C,

fooc; SanaPapehElralfiag i pagr ShASICPhGRShal 036

pr ef er giekerablyl s tan I068%$ preffdr 1@ 189 than 0:825 preérah19 Fdm 0.80 to
preferably -35C or |less, preferably -45C or |ess;
and/ orO. 88,1mfeml>2@%/(b&25194)98®@rd/m52005/ 024240 3. a

f (ASTM 6/ 1
o 56 bor oparable N DR By BND Also i Ron i
0. 84, ww‘o@c qbéﬁérdbmm)ﬂ B0°C & 700°6 Sreferdlyesrelteythhf §00°C;

0.82 to and/or 4. a final boiling point as
det er narrdéqr by ASTM D 1160 of from NOT 5 to 800C,

prefer f,rom 400C t o ,700C, r reat er, a
Sooc: " Sanel SErdecplfvbe B adelice 2P GRig b Rl
bet weepre&Ratfiy Betvieen 4900@ 10500 fn@f b Vef&ﬁbl‘&%ﬂveem 5,000
15, 000 and 500 g/ nmol, nore pre erably et ween 5, 000

and 60&dfGfg/mo addler 10 6 a nunber average nol ecul ar

wei ght (I\/h) between 10, O

et aoelt 5. BEUTREE Steegre M e R V) BRtysr DT G06G 28 doo
2,000 6fi 3¢ 000 and F00fd/Ms1) nitRé Ptef@sbly b
neasurggd)b?Ag%[%%eéwof 200C or grééateppﬁagde/or YS?W;en

di el ec2.PP@ andet glAol,a@nd®0C of | ess than 3.0,

P ot or Zoi 5 E8TpORERs measftcd byPLEIS o doB0C of BRGre? aRaror
I n anogher a@'@&ﬁh@@dﬂstahh@t MPE off¥s 2@n 3. osgmérm@nesa%an
described in US Patent 6,639, 020. |In another

enbodi P8npreferablhlespihes drit pieferebly less thap @rdy pssfetablydessfthan
this 22 i nvention conprise |less than 50 wm %
(prefe }%bly | ess than 40 wt% preferably |ess

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
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
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
than 10 wt% (preferably less than 5 wt%, preferably less than 3 wt%, preferably

less than 2 wt%, preferably less than 1 wt%, more preferably less than 0.5 wt%,
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than 30 wt% preferably less than 20 wt% preferably
|l ess than 10 wt% nore preferably less than 5 w%

woreoveSf erably less than 1 wt% of EP RubberpCchusmos/024240

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 ethylene and 25
propyl ene, and optionally di ene nononer(s), where the

Wéeﬁaf‘eré}oq e@ﬂhfg% lf\grfa f%ﬁ eia to?kge V@a@ﬁ/&n thé ?otﬂ'v@éqglt of

pm&%h@aatlomnByMwemelhe1sqﬁmk ylﬂrﬁﬁtufaaswsmﬁmeyubbers
Vi scosi t M.(1+4) @%125C neasur ed accor di ng, to ASTM
Drshengshosesiefiged BOASTHM lah%é%&xam%m glastomersyigclude

TRk ploBURaC by, BulyIIHE L0 n ARE LR onEs Abbely i
t BROk 30;%1%161{1{1315@& @h¢luding SEBSt BRISIS, SB, BB SB&ﬁmbﬂhy like,

|l ess than 1 w9 % nore preferably less than 0.5 w %

- Mhore\io- s00BE0R gmmﬁwzo%/b@mmf isgpieae. 3pa BT abl y
Sﬁt%?ltea@?bxﬁyﬂmﬁﬁé’@ ]I;]%bl%(rprglél?ae tc%ﬁglg'glfpsa(ﬁqgosbtﬂg@ne resalﬁﬁ para-

nER?Isty@érie Rélbgonaled 26pbIgnbis RE idobutylohb @nd para atityliyroge, natural
those defined in ASTM D1566. Exanples of el astoners

ﬁtblbe’d eolysopiene rerplyiss efhutadigns svith asrylgnitHe, nolyshipreniane,

BTy 70 e AP
t ha@pfehk mbb\eﬂ PbBbTtadiest MbbBS(bothRisaridrd®)n et hyl ene +

butene, | = isoprene, and B = butadiene), butyl
rubber, hal obutyl rubber, copolymers of isobutylene

aQ§gB?%gTKih§ylstyrene hal ogenat ed copol yners of

nd para-al kyl styrene, natural rubber,
pol yi soprene,. copol ynmers of butadiene with
acrylonltrlle pol&chloropren 10 al kyl acryl ate

r ubber The Rplymerscal s invsprementd bismds theé?@f 9% describgd above)

AL R R R U LI
t fHesmbpli@ittdr@Msloaitdl applvatisn. t PeIngNEs iaslude asdsiin ﬁﬂ)ldﬂd@)‘éﬂé
whet her fornmed in situ or by physical blending are

p filn tansh yshe%dublng divye.ighesiing, wiie prbeAbleseqatingradhesives,
| d
patfq%é&”?ﬁaﬁﬁﬁg s, agfééetg,,%egﬁ%?'mhﬁsﬁ%é?& eﬁgﬁ HB&E | AwIRLsle

ets sheet’l ng,

Wepiiibaidh, Scalinés, e@gicanghwiddha shedaal devadssesol es,
bunpers, gaskets, bellows, filnms, fibers, elastic
fi bers, nonwovens, 20 spunbonds, seal ants, surgica

QWS aRd nedi cal devices.

The polymers of this invention or blends thereof can be used as adhesives,
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,
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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w@omwbirsdd wi t h t acki fi ers.

Adhesi ves The polynmers of this invention or blends

t hereof can be used as adhesives, 25 either alone or
The tackifier is typiDubi095024240
present at about 1 weight %to about 50 wei ght %
based upon the wei ght of the blend, nore preferably 10
wei ght % to 40 weight % even nore preferably 20

wei ght %to 40 weight % Oher additives,

de ﬁgctlv%\e;:d t?nbg%xe d tHg kg I ggl%%m%oﬁﬁn%x;g' fhie %glbe%ﬁjey gisthﬁ)sf

can e use

allﬂpéﬂtibﬂtdaﬂ Be used0fot Aigpordblodidpei ar[MapkirmHaﬁﬁis ¢odstruction,
di sposabl es, packagi ng, |am nates, pressure sensitive

a@laﬁéguavte@mqrmpe@smbﬁlpgood@wavmmn&gkagpra»éqbebmgadu ng,
0
PP BRUGRE o0 Y Bed o ey epARont Piutarty

| Prefepi¥B afpIRAHbAEINERAE: hﬁbfldleﬁ& wgslagfc dhibsr frémalanid, Ofaper
can be used for disposabl e diaper and napki n chassi s

ceanstingilog icuf, dlepeaghaaslsa;pnmmmmr @wrg @@bd@ﬂ@ﬂg disprer

V\)g alg %gla eé’n a;geg ﬁg?er lécgv%g Wgatl 1% pg apet, erf%stlc Quff lamination,

PrEdihiae h@;ﬂdny cSreRa8fIRAGGH f@ﬁmhnecfﬁbkmahem 46e, indakal
di aper leg elastic, dlaper frontal tape, diaper

sﬁl@radpmgoncb@ dndustriag ﬁapremat@hdslgmmaa@mﬁlteu maslshmlmtwaer
stabi I zat | d t
cRugsR SR pABbURR b Srrs e TP B bRyl

| pa¥ka@hgon, fem nine napkin core stabilization,

f'em ni ne napki n adhesive strip, industrial filtration
bondi nhe adhgsives deseritiediabeye may be ppnlied dprampagubsirate.f Profasred

0
crbst EleRk: Phno. Hand SR0F e iR, BRMRRE bt el
ThetaR HIEELNES AaEMGIORH 288 6 FoilihebiliaRL fRsEs { dotBYon-

substrate. Preferred substrates include wood, paper,
cwomaﬁpaﬁlc@méaswl&propﬂemmn@gndqﬂ fiberheraron-weeas),
n1fo

nﬂ%“ﬁi’?‘f“%géibg{sﬁ?‘?%& g @F aﬁ%%‘nglf%s &B\}gﬁlgg Siicoh bxide
(@ROY)CENBS hpplRa Ibyréwwmﬁgemwrbxwtﬂwa filh 8Fac?y, foam,

non- movens) spunbonded bers, cardboard, stone,
ptogkt agramigs, é’éms,(pqm‘trcfpwgs uth aopelpxethane foam), Substrates

AR e Ry St SR AREIR 1By bR thigfor
PRUY B hal fpPerERed Mﬁat%m@ﬁhh’ Hél@éﬂh?ﬁﬁe f C])y%ﬂésﬁdl edates,
coated with inks, gﬂm pi gnent s, the 1ike or

caniasapalpsibyletrcterephthalaee, Adquféh@polwméﬁémf@@bove as suitable
pgﬁ?ége@?él rlggg ltrlégmegto le%ctrgly Leearr]r(leirrai?hatl%gr 0391¥ l E? Prreddlatlon

microwave or silanization may modify any of the above substrates.
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
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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acrylics, polyethylene terephthal ate, or any of the
polyners |isted above as suitable for blends. Corona

wa ewanrrest , el ectron beamirradi ati on, ganmma PCT/US2005/024240

irradiation, mcrowave or silanization nmay nodi fy any
of the above substrates. 25 Filns The pol yner produced
by this invention descri bed above and the bl ends
thereof may be formed into nnnolayer or nultilayer

sJ-: Hﬁlow-gﬁ %g%nteﬁtlaﬁ@n aqul %rrggt Xr &%o%u

conventlon ques known in e art |ncP glng 30

epérpertdiQlar dikcdidsiin ﬂieqﬂaneﬁiﬂtliévlﬁln@ NOGO af mbfE of the layers of the
| am nation, blowing, tenter frame, and casting. The
f filmmaapeloaicptsd an ﬂiléaraﬁgwemeanmoaionrgiltudmélrdlteeww the same or

LTI R -

UBed¥duitht Hgeet. | ot .ex@fipled ol ttiyléndahyey carPigd @@m@ioﬁld;batéd or
directions in the plane of the film One or nore of

l?énnqybp@oaﬂ Oﬂh@ted pplyniopulene lyer ¢rdhe pelyethylengand
Po f;,gr\ég{, 2ic ca n oroe)ldo n&d#?ﬁekh%r 1nt9I ! thgﬁqgnen?edt TL k&?ig@

er en nt a

befieited wly@%pﬁénd daﬁld etiariehited tobﬁ%ﬁfeﬁ p5ly%ﬂﬁ'ldﬂé ot Gﬁénted
toget her. For exanple a olyeth%lene | ayer can be
eRelyetbylsne eqwd b@lccmted iprpelapeRyisne thenrphenatlythgicombination

p8+1}{ﬁ’ E)g EM stof eve%yfg h (’)['&Elt%al? é?’tl oge o%e?iﬂe(a in the I}Aa(fhine

polypropyrene” can Into a

t Defectin @MDEst-a rafik emﬁ@» 15, pfdf@@ﬂil?@eﬂiﬂeu rSfa(ﬁﬂWL efteinahe| d
be am nated to oriented polyeth | ene or oriented

p$rapéYqﬁ§ﬂ Iyiectiop (TH) bfea r@@apéup it opisbirgly & 59 Pe Howenarin
er%ln{b}f.\dltn;]eent Oerfﬁ o gr}e&. Po $3 lﬂ!n%e Q)?t o h%gfhtetﬁ &MS5 3nd
fur & OFFI'RE “Ar e "ot ente d

Mitgrulfa:euo@ r ElCdnbﬂﬁr é&@dlﬂ;bntahé alyeOcdhprisihg the pSlymer
preferably between 5 and 7, and in the Transverse

Dpcrremsntbm qf oy impention @nier bl‘en@qothpmﬂ)snw'@q‘ eominngd with gne
c o PR bl SR Ry SRSl Bl e B ERLRC

I ﬂmﬂ[l@}elﬁ €lm Q&R ERbr dxathplathe bte@ IayE & IBgers hay pel ymer
15 COﬂPOSItIOﬂ of this invention_ (and/or bl ends
0

t her eol) naolyelefingh Prederred palydefens ineludphamenalwpers or

| et uastP e AP C: 1 R Y Gt By o

t he ot b&olyndetRIT af b-d1EEarR dishePBlefih-or Fl@bhéﬁh Qéthﬂéne is
Preferred polzoleflns i ncl ude honopol yners or

copol yﬂ@ﬁr@dcw @zn @z@lezﬁzxtfoop@ppm of ﬁn@fr@pmpn) Ereferably20

oo o hAP p o AR Blordcn? Dot hehic) AR
ethylene and or butene ethylene copolymerized with one or more of
propylene, butene or hexene, and optional dienes. Preferred examples
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

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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defined to be an a-olefin for purposes of this
invention). Preferably honopol yethyl ene,

whzwepzRoypr opyl ene, propyl ene copol yrmeri zed w RET/US2005/024240

et hyl ene and or butene, ethyl ene copolynerized wth
one or nore of propyl ene, butene or hexene, and
optional dienes. Preferred exanples 25 include

t her nopl astic polymers such as ultra | ow density

pol yet {%}}r)?(l);}ﬁ%sgfz ég[)%n lr? Xyldd & ns%rﬁ%g,pso %:l%{ gst Po% %?:{/}nglﬁ{/tbge}%go’rplastic

| ow de ylene, oW dén

medi unkld@smbrls\ing elbbet toyigRded phisgs. densi ty
pol yet hyl ene, polypro%glene, i sotactic pol ypropyl ene,
hi ghl y2.i sot Belai polyynessprispigrred polar pglmiexstingludechomopolymers

| | f |
by et esBOGmsr ot SlFE AR Mak ebn ks BoRBI BN 2opRmers of =
such ag, &f tylofTh, PR eiyRene aHABEProp FIERY ARING: HitRYWi¢he

di ene nononer rubber, neo&rene, and bl ends of -105 WO
2006/ 00594:¢ PRET MUSROTEY VR4 g acetatese prtydrides, exersorlgahetand

d el ast h f.or. | th l.asti
el ast ofte O i PIBER P FBRIGHFEE Bp Hertpe o pAnidgy gfhylene
pol ynevisyl feicdop8Emited, ahd POIyVIRBI shldriel ude:
honmopol yners and copol yners of esters, am des,

acryl ad.es, @atinnie pelsmerse ofyefeyred catiasfic polgmers ingJudspgplymers

o el Mo SRt SIS 4R BBY-chgy2RHEBEtom olesns

acet at afl/oraBRYElE nipdmeRS tFREfredbéRinally didiishtindéd olefins
acrylics. Preferred exanples include pol yesters,

pol yaninghide issbhtyleandsoneniepe, isghepigne isahssingnispectensd

I i hi i de, . Catli i I . Pref )
Dot ol dosit, Bt $Sitadbornsa Pl et PREHEIR, ofehi! FEREE vinyi
of genktRal dnd vithy3 ehbhidlelippce@é®dtimfic riérheeriRlRIdO 8tyedte,

ol efins and/or styrenic nononers. Preferred gemnally
di subsalkylstyene parfaralieyl istyedngo@phasoigthyy stereac, chispetrangeand

| sododoBR BRI Ptk R aTaL amPRRe FL T B imes
vi nyl inetu_tisbu@nﬂlb‘ts'bloYdobﬁ@rehaé%&ymaﬁ@ﬁ%mashﬁé&@nbtzrene,

nmononers include styrene, 15 al kyl styrene, para-alkyl
styrenEﬂYQpraanéphé+&ﬂKﬂb@ﬁymnehIoro-styrene, and

br ono- para- et hyl styrepne. Preferred ex | es of

cati onte. polrehnedc s PEtTFyT (Y € 05 BB Aodne

copol yeRahoaed niétdiNimeal fiRTédslas Shitigng foil R M Fanene,

and poly-a-nethyl styrene. ) _ _ _
metallized surfaces, glass (including silicon oxide (S10.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, PVDC and
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 pm thick.
The thickness of the sealing layer is typically 0.2 to 50 pm. There may be
a sealing layer on both the inner and outer surfaces of the film or the

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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4. M scel l aneous. O her preferred | ayers can be paper,
wood, 20 cardboard, netal, netal foils (such as

wabawroragm foi |l and tin foil), metallized surfBCEES2005/024240

gl ass (including silicon oxide (SiQO x)coatings applied
by evaporating silicon oxide onto a film surface),
fabric, spunbonded fibers, and non-wovens
(particularly pol ypropyl ene spun bonded fi bers or

non- woy . S . 4.0 nk .

pi gnerﬁrgge%%%%mg’n%v% Eath lﬁz[é:f‘sl, Pﬁ‘@‘?ﬁ‘é’v}}‘f"{?@&ﬁa&b‘fa@g@% ainﬁ/ or
t hi cknegfatgpagaisngapilss bepresdne itdartt orapgit itledtdne tayer in the
however filns of a thickness from1l to 250 mare,

usual | §imss Prefgpedaddriyesdngludecsiliron dioxids, sikaniyn dipxides
usual | vy fr. - 0, |.C j e

seal i gOIY‘%%g{rh%'lpsélB?ayn%r t@z!ﬁ’ F‘géso‘.%i"’t%ﬂgﬁ‘t’ g{r%%ﬁéh g@g@%@ﬂg éow
a seal moRchlayweightvekias ind Flassivendy. Bidhothét embedindeat efe or
of the filmor the 30 sealing |ayer nay be present on
only tmerelpyrsy mgy be mediisddy cerpnp dxeatmenhplgctiop bgam ych

as bl ock... anti . L OX] [ S | ,
*o6 wbs3BEh B R bES AR o s i drh i one
ai ds, dMNbott abrhk irBice layaeslib hiddi fredts), cokatlartteagiiérs., The films
surfactants and/or nucl eating agents may al so be

pr esendeseribegrherain meyaksocpaprishEomeyte 60 weight, kgsedygpon the
Preferre i 1] [ ncl SiLj LOxI - 14 I

o o S bRl DB Bl b B GRRsEhORLPay
cal ci uss sinitsifiét with GRIpodyindlofithe, sehiduydr(shrot aybatombingdt
resins and gl ass beads. In another enbodi nent, one_or

nor e | wifkithe pedymesedn thscrorg ayerts). Thsrissia profenablydigs a softening

el ectron b ho-adj at i ' inaL 11QRe

i cr ovat BT LOC B B B RATER, HEAOL0R 10 prgforred
sur f acig/drésaeion resinddiutic Gdsdyeseabaindgbole.eTheilths coblrising a
films described herein nmay also conprise from5 to 60

wei ght hydrodsshoadesip sreytbserienteduin whexiakorthaxig glisggiaons 4o ghe
the resin, of ydr rbon resin. The resin may be
conbirﬁﬁp§ﬁﬁ4#ﬁ%ﬁ§(%§%§%er of the seal layer(s) or may

be conmbhdfkns d¥séribed ABoROMYYBE uded ab BRetel agd/blig(fihs.
The resin preferably has a softening point above
1@@@9%@&&1%@11@@ sagyisypundling, patkaging pggd ealletizing

f d—_hyd b ' j - '
BB o PR APp LA B el e

b@;t\;&dl@mgg ainlilnﬂb@fc &g él-keswibiadkiifidhg addigedsihans béam titieed.

Sgcr)rnim%rn tgékfigy?nrgearc]ltditggg irn%ﬁl%é 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
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-C;; olefins. Particularly,

preferred are polypropylene and linear low density polyethylene (LLDPE).

Suitable polypropylene is normally solid and isotactic, 1.e., greater than 90% hot
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The filnms descri bed above may be used as stretch
and/or cling filnms. Stretch/cling filns are used in

wo 2006028949undl i ng, packagi ng and palletizing PCT/US2005/024240

operations. To inpart cling properties to, or inprove
the cling properties of, a 20 particular film a
nunmber of well-known tackifying additives have been
utilized. Common tackifying additives include

| ybut.en terpene.resin a | t al
Ry arSi e BRRFEEidraoheiRe pRl R elEioR frop o3l 6158 about
wehd %Ko anh. Rlaysioaaly, th Pipasver h&Fy.@ﬁd‘l@die diRe R nc2@hMNaling (slip
di scharge can al so nodify the cling properties of a

f andier a8bhiockidddrtres, Whicl magibe addnd g e proflucsion wif dhee

BRGS0y BERTAD A AR oF B e
Sth @t 4dalthlel B@SwelLkhdVen fBide £@HRd intRide, B Efnhdy,&ilicas,
conpri sing any suitable pg%gflefln or conbination of

psiligatése fliatramasaets casthp dalyeandNasions lybokynis. dbpsecadditives are

B i ey ceriity i 3PSy O ne TG aBPU DD g,
Wbkt preRdblphaWRESatdhut S60EIm & Sdub $0,000ppraChY REilMt based

C4-C12 olefins. Particularly, 30 preferred are
puporpthe pgighnef tha dlip layemr Thoslileserimay, paleyieadaglse irslude one
(LLDPE) ., Syi.t.abl e pol ypr | e i.s nornmplly solid and
e R 5 BUPLORENE o R Broised g iy My
20064022 4N sEXRhE UpPIRAABORS ?Mulaﬂ? Bt BE séalinplalltsasg. c§ur1face

having wide ranging nelt flow rates of from about O.

t Byersonmul@Rgergilog. fh a prefefchdi snahredithont, thigokymieps pradueged
include.ope or nore ant.i-cli slip. and/o

PP P 40 e RO S RO s e ngt g g sl

PaASddrRAn® badkaBing FnY Shd dsibiBiial HUdtRAtHdaTinsY TRt BONRrs

into inprove the slip properties of this layer. 5

SproHuceddietdin,edongros bigaded with wther polymsrsamay dagoéxivided er

AT bt GRSt RS SR
pﬁﬁfn@ﬁtﬁmsye(imﬂ%é %(gdg HeBt RARMNL S rangi ng from about 100

ppmto about - ppm nore preferably between
aBaunosoafoppatiancorathe impdrtanoe 0f gend hetseaingbrhabigueplease

-ue%'n N We'h ; e?' e i) ?r alTh 'il | l;?\)fz?lakor}?,yAlan
i 10Ed A RV highoperformangs my JiellsoRiehad X,
afdi gdyv&en PSIyHRACC LG FRRONMIoB T €hbinlidiF CBMPAME ehyReiEi TIX,

may al'so be’used in heat seal i ng appli cati ons, _
pEISAL Aellyanéry, Lasnihasioms sk 4ldatingd Gerderenes, §an BiggoaCd, United

I rs, | Lla il ns, pr ef er, i
A 2 SO L T RR S ERRPE s, o, o
hegisesEftoillth @&RhfiRkioR 'perfotHiall c@8f MRGIBEdMPladtemets.
fil'l and seal applications and packaging filns such
ablepiibPhaippy; drmastst g, HalleyRichené WooRyhser Norbert. ExxonMobil
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.

Journal of Applied Polymer Science (1994), 51(1), 105-19. (4) EP 0 633 133
Al; and (5) JP 07156353A2, published June 20, 1995 (claiming priority to JP93-
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15 produced herein, alone or blended with other
pol yners, may be coextruded or |am nated onto anot her

wezioynev4g typically in a filmstructure) and uBEHU$2005/024240

applications requiring good heat sealing. For nore
infonration on the inportance of good heat sealing
behavi our please see: (1) A new high performance
nVLDPE. Halle, Richard W; Ml akoff, Alan 20 M
ng%ﬁaﬁ Pol yners Center, ExxonMbil Chem cal Conpany,
Baytowni, TX, USA. Polyners, Lam nations, & Coatings
Conference, San Diego, CA United States, Aug. 26-30,
2001 (2001), 457-466. Publisher: TAPPI Press, Atlanta,
GHilms(2) Seal through contamination perfornmance of

net al | ocene plastoners. Mesnil, Philippe; Arnauts,
Jan; Halle, Richard W; Rohse, Norbert. ExxonMbil 25

Chem cahe polyRREprotiicdaalyanis ild&hton IMPREnd3Qhyte®f thereof may be
Lam nations, & Coatings Conference, Proceedings,

Chirgigd dnto monolgyer edndt kyersfiimsy hesertilps madgoformedy anypof
669- 686. .Puhl.isher: TAPPI. Press. Atl.ant QA 3), Heat

ot cBRYenypHRseshRidhis fagr inhE 87 inefldi bbusidp od-EplfE)

Of xRk drl do@tifk, SirhinbiéH, BlovaRg hedastia@arha Gl #hg b 0btagfed by
pol yol efins. Stehling, Ferdinand C; Meka, Prasadarao.
3the Sty filmlor Gbump pracess oLl may bsdoliaved bylagntatios i an) |
105-19, .(4). EP 0 633 13 Al : nd JP 07156353A2

~ it Rl aletlioRr ByWTudintpereiiid Mrediond i #0565 the

- 508, ORe 3P RBIFOZERY hyEle bf URANRDMAY Be dhentéBiAAd frandvels8®

5 The pol yner produced by this invention and bl ends
t et/ eolpngitusinad flirpetipnp to the samedr differenhexientay Ehis gientation

L til fil hese. fjl f d.h f
*HeY peR kb e LRy el B deetobtt SRb Y BReaing'e
exbbHeith9ltne feeotnbéeixflision E¥dtddisr 19MiaAtdnfan oriented
| am nation, blow ng and casting. The film nmay be

obelspropslens layerns the palygthyleneomdinotiprenylgneser be cogxitrzded

ket 15 & R themos s Likep M. Befh eclribb i dionde
| BindiR&ed@tPdten®dd polRthyldredr o Bfte® Rollsy@thﬂeﬁé cdul@bé ayfEPonto

of the filmmay be oriented in the transverse and/or
| peigpropwlienathen ppertally tle eomhingionaeuldde afienfedesen further.

extents. Tg s orientati.o .occur bef r aft
CROPIFHIB OF I S gpisp € i e et Tnes gt D) g patio otup to
exsiFRéRrabsy RAYE@L NMIdET And aYBE TeaRvESe Pikétith (TD)GPAtRI of
or lam nated onto an oriented . )
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.

In another embodiment the layer comprising the polymer composition of
this invention (and/or blends thereof) may be combined with one 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 C2 to C40 olefins,
preferably C2 to C20 olefins, preferably a copolymer of an alpha-olefin and

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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15 pol ypropyl ene | ayer or the pol yethyl ene and
pol ypropyl ene can be coextruded together into a film

wa esozmient ed. Li kewi se, oriented pol ypropyl erer/osaohiio24240

be Ilamnated to oriented polyethylene or oriented
pol yet hyl ene coul d - be coated onto pol ypropyl ene then
optionally the conbination could be oriented even
further. Typically the filns are oriented in the

oPEPuBEs ARt et ik Byt e Hadtbperize

Dwma ©hé 6NmMoOTdf ;ﬁbp}aerfeablhten&f)r heuéhd; endSptinefl @emds| Prefedred
9. However in another enbodinent the filmis oriented
t @xanmi@s igelnde termaonlastis p@btmﬁrs stsh rasubtradowuiemlfmlmbﬁéene

h
Lo 03| |§ﬁ$§58% |§gﬂ %HP enﬁéﬁﬁﬁg?ﬁgqgiﬁ egger of)
NBly&Bylemd] edasn Wbrislty pBEeM Fyleﬁe f}ﬁglpﬂéiﬁft?' F&@eﬂhﬁmﬁé s. The

ot her ayer(s) may be an ayer typica i ncluded in
nmlvmoax/léne figotaetic Qﬂlmamrpu ae, ghly lseteamap ypiopylsntier

oSloiiic nBKBI TR b srahebe e hEFLSlspe amtor

tBut@f@aIﬂV&fHeﬂéme elpst6mersattty asethlenedpiBp AkRS ubber, ethylene

preferably a copolyner of an al pha- olefln and 30
apiepylene d)llem maneyner abbsiancoprent nd(erdsoé ﬁ@nngpla%tfq nodmers

| efi in fQ S
el S0 Py el S e
gu@ﬁﬁiene -109 WO 2006/ 025949
PCT USZO 5/ 024240 propyl ene copol ynerized wth
e@HVﬂ@ﬁ@b@WHSor but ene, et hyl ene copolynerlzed Wi th

P&l but.ene or hex

elfegrneéilpo 1t gﬁ élrrﬁerspio gfug? sglaopol}ggﬁlsl aélg s%rf1 esters, amides,
t mgte@ Rhinalides, REPIUPRES oFd TP BTN dléfen, |s@<\!bi éiﬁdﬁl‘@yléﬂé and/or
polyethylene very |ow density polyethylene i near

| m&pﬂlénesawordmltqr@t\mw QeeOr nllczmpql@hmonymsrs;sgﬂy@t Fogtatase,

T ARRGT it ol St FRies PR RE R et inshuds pobesters,
hb@1hAntides @HAdnk &/ird0 hoeeAtO By ifers, AMdpdLRABS thlbride.

poI propyl ene, random copol yner of propyl ene and
t@n@IEﬁﬂnﬁﬁ but ene and/ or hexene, el astonmers such

ey bR Fe S Rams S ot asR LTy

t fieivxaRitebslefind) AlphABERrohtbn? Bk asd/eN@ySnic Mlsitdnass. f or
exanpl e, t her nopl astic el astoners and rubber

tm@ﬁ@d@gm@g igubstitpted plfims igrdideriegtyitylene, isopentene,
isoheptene, isohexane, isooctene, isodecene, and isododecene. Preferred alpha-
heteroatom olefins include vinyl ether and vinyl carbazole, preferred styrenic
monomers include styrene, 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-.alpha.-methyl styrene.
4. Miscellaneous
Other preferred layers can be paper, wood, cardboard, metal, metal foils (such as
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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Preferred pol ar polyners include honopol yners and
copol yners of esters, am des, actates, anhydri des,

weopehismer s of a C2 to C20 ol efin, such as et hBdBN82005/024240

and/ or 15 propyl ene and/or butene with one or nore
pol ar nonomers such as acetates, anhydrides, esters,
al cohol, and or acrylics. Preferred exanpl es include
pol yesters, polyanides, ethylene vinyl acetate

C n | \'A d
ORREEl g dhhnie L (A ol o B bondea.

Ofibe2®DOMNAWHBeriSf, afi® ibtthtey coatddl Witls iitks | dylesitpigimentsFAVIIC and
al pha- het er oat om ol efi ns and/ or styreni c nononers.
Fhedikered geninally disubstituted ol efins include

but .y
 sooct Dl hEERED hE ATl AT mb ARERAAAGpicaro
hidvRsveRtiRRe @ﬂa&hic’kﬁes’s'ﬂ@hﬂﬂﬁ) Y50Vyih agd ﬁb@auyamﬂtawenmms

carbazol e, preferred styrenic nononers include
smyerndc;i;for @M:dga[glrgtayer enelly framal GtoloPi misraps élnek. The thickness of

b Srﬁ]?af‘hggﬁ@%ﬁbsttﬁglfzﬁ& % éq]go i hl ferrgé; § ﬁﬁ@?gg layer on both

C@b '1191'& anp&!lt&r%EﬁcésQﬁltﬁ’éjﬁlanxt tl‘lle s&dhRb yer hﬁ? BE LYs&Dn only
copol yneri zed with para nethyl styrene, polystyrene,

aﬂndlmmkyrthaloptwsmtﬁmhyl styrene. 4. M scel |l aneous

O h f d b d d,
et a1 | RiEes sigh pEYpeE Rt lloc sB0Gtamhanherts SRt ¢ 1
‘;e':ogéessingl%icﬁl UhvZ&shigaskd, ﬁ@ﬁ?dhzgxlsaﬁﬁnédn@sc EMc%tsséﬂdV&on

Si O x) coatings applied by evaporating silicon
omiclkatiog hgends hiy alss be presait in dadbor moreilmmrwlhyer in the films.

DRI e B RO PLEPY SERI T BRI hun bonded
f%ﬁ?&lﬁlgﬁfylmslaﬂ@iﬁ%qﬁiles g cwhsh rs?c}é%@ cafRh Sthcw foly

yés, pighents, PVDC and the [ike. The filns
nmylemhaywmghttesmkamkglasbdmadm ng on the intended

application, 5 wever fil of a thickni from1l to
580 prfieareiiss e ansape Tersiaey DemHe by Gprons

pﬁ@iﬁﬁ&gfﬂn gleétg'cﬁl B&Hﬂlnlaﬁlafl&‘? rgaﬁfﬁ)né iPraB3ti6h, O Qrﬂérom'vé: Kmn afhe
t hi ckness o the sealinglayer is typically 0.2 to 50
nprefimed entbeinimt ansedidtingf tha yenfaceriayeot is madaiged bynarorand

outer surfaces of the filmor the sealing |ayer may be
B on only the inner or the outer surface. 10

Add' ti Tﬁ@ﬁ%&s&%é&lﬂ%n 3P hisBlc8mbris@fbin B o Sight %,
pi gments, fillers,

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
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
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
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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processing aids, UV stabilizers, neutralizers,
| ubricants, surfactants and/or nucleating agents may

wW@b@e/nt4present in one or nore than one | ayerP@mu$ines/024240

films. Preferred additives include silicon dioxide,
titani um di oxi de, pol ydi nmethyl sil oxane, talc, dyes,
wax, calciumsterate, carbon black, |ow 15 nol ecul ar
wei ght resins and gl ass beads. In another enbodi nment

o] re [S i fj. :

R fod SRt TR oG o S8, FRE Ok rbbERLSTHY St

N 2W0BEmodified@by meemr-mrﬁsfg@réhnmﬁées@ feferpdd ok Bodha
the surface layers is nodified by corona treatnent,

2@isatiaeges | Soms nodweers bwgh peetbyleneapthyl awylasepelymers) glp ot
to Q0..wei . 9%.__.based - I.ah I
eSO b aps R R RS B o] bR Ve
bStr&enybii e diliks thtcbﬁlﬁﬂgé ¥ B9 1a9ér dofifprisiig|any siiedb(sSpolgslefin
may be conbined wth the polyner in the core

| eryeombinationted pplysiefinpsusheas aplypthylese.obpremiinsgcqneimers of
g?ibtgi{/lg?% %%%{9@?%%2 %@o}?]oq?ggresfo%{a?r?eld.)/ﬁof h %@gi‘éﬁ% glédgorl érg%llene

resins 1 nclu

despRlyneed ReManindNaEndidtdI5 GREVIE HisNgarficlixtly Qs T2

resin may be oriented in uniaxial or biaxial

dolefing B adiculerly peefersdeare polyproprlens andiénpaelosy dermyie

fil [ b . J .

PR e St PP RpYREC sl eA R el

b dgreater thRd9bRdionBepdit inddlltats, Bhvifg wakaangihg htelt {lowv rates
or inprove the cling

impart cling properties to, n ; X
pggﬁﬁ@mtab@lﬁ Opk 1o ahoutE¥OeArQ min| Additipnaly, therslintayier By include

-k ki fvi na addit i et _
RO A LA R S e 8
L @k ctieB bNthe palyRkih ofBiizkquenil} bl LRA6/188RY4 the slip

PCT/ US2005/ 024240 stearates and hydrogenated rosins
aprgpertiss of thistlayes. Surhadditivegarp webdimomasn die agt 4nd islugeyfor

oL 280E TR SO RASR P SR B R T ORSER s
agddeli Vex lafdyre FERAUY hiti 1928 Yih AhBuiRtd BRIgFERF S ablut 100 ppaedbout

cling additives and can be used as cIin%w%a ers
w2 Q,00ppm apiefpreferablydegyeant abanicIQ0mpsn o dbeyt HHYO0 ppm, by

co | Se slip |ayer np{-L. $i.Nng any suitable

pgg‘@iﬁ %‘SF%W%}}%E gﬁé%ﬁ 8{;&‘8#1%?”6% yol ef i ns such as

pol yet ¢ giiflayd GhyPIfRRY &I 8lso GRMRc)NB 08 nidke othbiydd@nes as
and propyl ene, and pol yners obtained from et hyl ene

adescobe B¢l ene copol ynerized with mnor anounts of
other olefins, particularly C. 4 to Cl2

Melt Blown and Spun Bond Fabrics

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
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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olefins. P articularly preferred are pol ypropyl ene and
linear |ow density 10 pol yethylene (LLDPE). Suitable

w@oiogpzopyl ene is normally solid and isotacti CPCT/USE®05/024240

greater than 90% hot heptane insol ubl es, having w de
ranging nelt flowrates of fromabout 0.1 to about
300 g/10. mn. Additionally, the slip layer may include
one or nore anticling (slip and/or anti bl ock)
addi ti ves which nay be added during the production of
the pol yolefin or subsequently blended in to inprove
tRenWovens anAFap&st i es of this layer. Such additives.
arée wellT-known 1n the art and include, for exanple,
silicas, silicates, diatomaceous earths, talcs and
vari o | ubri cant These ditives are prefera
et 1§ Ehe e B L1epa BreaP Btk b e fh o el o
bire tHChdBRBvEPHEbriBPAR] et Biraab nnWevaieEbriiUibes diking
ppmto about 10,000 ppm by weight based upon the
wesogess, in¢luding but nqs linzitedrto, melt tewing, spunbagding.nflyn apefturing,
desjre | so_j.ncl yde one o, nore other additives.as
o BB & P B Sy s Sk Al Hoe B8a 53
Thefdsly Hﬁﬁ!ilﬁlbﬁ'ﬁ&iﬁg BRIcBéss a6d. e REEnHoREIng PhocREEis et Ul
for nmelt blown and spun bond fabrics. Invention
provasiadbe aranGbreralbeid ifvelvesrtie exgruspn pb fiberp througiomsnagneret.
(.SB d melt bl.own (MB),.fibers, Typigcal, inventian
TR B e e VA dsUE i e A Bl R leBTpe. A
400end3PR11 18 QéheratBQherPised 1@ heat theOwéb arfdbodd thePfiliers tosHEe
enbodi nents have ash | evel s of 1-500 ppb. Al these
cirmtlzer abhdughiother B@hnigres may boused gudteassonigrhondingiand- up
on.the die.exits. These products can have high MRs
I SDBOEBBD useful for fiber applications. -112 WO
20B6Y PepR4forCT/ US2005/ 024240 Non-Wovens and Fi bers

The polyners and bl ends thereof described herein may
al so bEhabodatian & wevspand nohvovenrarislenromishe podymen

fibers in a n n fabri.c and fiber i.n
pEalays AV RER T SReh RS i halE R afipsrs by
SBUARPAGHNSWed by WEARS éilddnbfg. TABEx&HAGH FrobésBed typically
cardi ng. A continuous filanment process nam alsoyge_
uaedmpaiBedbemabhanical spaenedymainirdrpy nged she bars eBssertiedly all
spunbondi n ocess. i s, well .known int art.,

WS st cptefel AT bing Yoo B emsiol TP Brveif milring theprgpess
8o SRIRI &k of #R nbASs& chia@®I& are then drawn using high

velocity air and laid on an endless belt. A
a. Conventional Fine Denier PP Fibers

The three more conventional PP fiber operations, continuous filament,
bulked continuous filament, and staple, are are useful as means for preparing
fibers of the blends of the present invention. Typically the molten blend is
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
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,

-113-



10

15

20

25

30

calender roll is generally then used to heat the web
and bond the fibers to one another although other

wao smhn2gques nmay be used such as soni ¢ bondi ng BEWUS2005/024240

adhesi ve bondi ng. Fi ber Preparation 15 The formation
of woven and nonwoven articles fromthe pol yner,
particularly a polyner/NFP blend typically requires
the manufacture of fibers by extrusion followed by

S R MO B T INAON PHEGER, hE pta i |V

ani c I aer odynam ¢ draw n

t MnbdrREhsles fESthe Bpihadrbtplatk ldetefrhides thedummber oEfilap@nto o b
during the extrusion process as well as during t he
B

pyase and va s epnyidaralfla stithrthe differane yars sonmixpetons buidf s,

. Co [ | Fi [ PP Fib he th
OB Foharngs of po 235 s olss ke ShRalnErsheb s R
batriees, GQBdthipeeY pattdrhaibaidbist iABdos HRRIM oA bERIRentHES]
as neans for preparing fibers of the blends of the

pflesent invention. Typically the nolten blend is 25
ext ruded through the holes in a die (spinneret)
OB Geinugus T o g mm (10 mil to 30 ml) in

di amet €pntin@Ws ﬂﬁh{enﬂ'q?ﬁé?@i)kmlyofanké" o (YdeRier B 2)0d0 denier
typi cal

preferred and is %_achieved t hrough the use
ofdehiey s nirmber ofegrpas/80Q( yd)( ZHaments typdadly ranes fram §to AR dpf,

| it B e R ot ittt (Pistl pthin R 1360 By 2500
t A/mith 6 506V HeniA). NTHHFIaMERY breddrawh hi @awhhesicbftol 8r Blre

bank of eight to twenty spinnerets. Each spinhead is

t {opie-cerl tivp-staggidopelandi wanngd onteppackege. goue-siogarprapang allows
r | at e oyt put, t hrou at.. spi_nhead; ilter
e SRR 5 e AR, W HsRReIAS A > Bubintb B B

" PRRAKE b0 AR to 18500 RARInG PSHIARIHE spdddd e et dfHODRE/min
head. The number of holes in the spinneret plate

dE0e9 fiymag require alIYD ¢6 gétithelbeshspinnabilgy wrtirthe Siner
vgh%fs considerably with the different yarn

cBR8Pcti ons, but it is typically in the range of 50

t 0. Bafked EBALMRS Filahentt Ypi cal |y grouped into round, 5
annul ar, or rectangul ar patterns to assist in good

di st r i Bulkedfoofinuoue Fijamemsifakriqation progesses fatiantoitvadasic

F .yb%rjggé-atgﬁ irgt (a R{l’log&%?yélldﬁggﬁere a(r)-rgtseptp¥(?c!e(s:s§ lah Yind3% eyam is
spun at less than 1,000 m/min (3,300 ft/min), usually 750 m/min, and placed on a
package. The yarn is drawn (usually in two stages) and "bulked" on a machine
called a texturizer. Winding and drawing speeds are limited by the bulking or
texturizing device to 2,500 m/min (8,200 ft/mim) or less. Typically if secondary
crystallization occurs in the two-step CF process, then one typically promptly uses
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 gentle bends and folds to make the yarn appear fatter
(bulkier).
D. Staple Fiber
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(deni er = nunber of grans/ 9000 yd). Filanents
typically range from1l to 20 dpf, 10 but can be

WO 2006023948pi nni ng speeds are typically 800 nl nPEI/US2005/024240

1500 mMmn (2500 ft/mn to 5000 ft/mn). The filanents
are drawn at draw ratios of 3:1 or nore (one- or
two- stage draw) and wound onto a package. Two-stage
drawi ng allows higher draw ratios to be achieved.

W ndi ”ﬁhép%%dr%gfaﬁtc %ﬁ?%&ﬂ%ﬂbﬁcgtfbn?brg&gs s ifloraP aRPO

ft/mnto pl nni ng ‘speeds I n excess of

9énpuctipindibg. (BhO@aditidral pjocessdvdleesawbiviaps:t 1 pgeducinge
best spinnability with the finer filanments. C. BuI ked

CHpLYiRg §nish.and yinding deflavesd Ry draning< seeondepnfinish
o) OBl EREGRiethlo UG, HUGRGA raddlfifin 15 dptto

an7udyst] dspendiap onitise applcaionn Smplé ragthtchabe is §HIDt 4317 or
(3,300 ft/ mn) usual!ﬁ/ 750 mmn, and placed on a

p%sclR’é@?ﬁ 20fem (923 instoFriao w&@wap@hqaﬁ% wWeoIshyeppligaiigns
| .
S 0 B e peiele Bl b Xy R oo

t stednHheated gruffevbaxewitiva aib 0Onipiroils) THe, RQE féekd/foidsthedtow in

less. Typically if secondary crystalllzatlon occurs
i the bRY% fofpingbepdsyr cpimnsda the filpspntsn Ehesg Hrads arg heat-set by

pgtggmr{ggctg@ﬁ?o t%@bg%aw texturizing. The nmost common

rocess today I e one-step spin/draw text (SDT)
pEdVIeB—SBloWtha)eperocess provi des better econom cs,
effici encryb and _quality _than the two-step process. It

i s si nMeliblewn fibrrs spemakeyerrfing filmeents andyredice VRt t he
él‘lﬂv@%hfjﬁﬁhgsewitﬁ' e*é’élll:ﬁt%lfoﬁﬂ#t)? Phle Ite “ér efi gggﬂ?g‘onc with

pear ance, separating anen

emagéht Yeartibe pb@fwsesamlﬂt}feoheisblb@mrm’msg IheltMﬁlbdlym&pﬁaVes
fatter 30 (bulkier), D. Staple Fiber -11
2105/ thosonslepethe sEopb Mol Mowing Hirerds the @ql% fibaaengs exit the

S&@F’t'hg)( Er‘el%Sﬁta&%ﬁ’B&}}%ﬁa t?lﬂg%ﬁ@?eeifﬁ?lsvel&ftgq t(l:eﬁf%ﬁ'pr@c% or_

SpI nni Ng process I nvolves

Sprxpary alr). whﬁ du&amgly drapphnd, igcdrbiihstion witlel thai guehdhair,
follomed ng, a_secondary finish

if@atth%élam@ms;rahﬁ gntirgAtpee formingPrpenss sgreadllydakes place
Y T e T —
siegctly @ato/a fbmitig wigsg 200 fgn &S4(XD1&HM8I 1{1.0t035 ihJ) frolDth
[ Sr;)lr)metngs suit the application. For many applications
Melt blown microfibers useful in the present invention can be prepared as
described in Van A. Wente, "Superfine Thermoplastic Fibers," Industrial
Engineering Chemistiy, vol. 48, pp. 1342-1346 and in Report No. 4364 of the
Naval Research Laboratories, published May 25, 1954, entitled "Manufacture of
Super Fine Organic Fibers" by Van A. Wente et al. In some preferred
embodiments, the microfibers 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

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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wowdaokozsopai r of nip rolls.

the fibers are crinped. Crinping is acconplished by
over-feeding the towinto a steam heated stuffer box
The over-feed f ol dspahES1003024240
in the box, formng bends or crinps in the filanents.
These bends are heat-set by 10 steaminjected into the
box. E. Melt-Blown Fibers Melt blown fibers can nake
very fine filaments and produce very |ightwei ght

f i | .excellent uniformty. The result is often
a?g%¥§£?§%%&@§ﬁ§th excel lent "barrier" properties. In
the mefibeplopatidt Bapsiso 5O hécdmphishadrB3iextryies of thefrmélten
the extruder to the special nmelt blowing die. As the
npflymar frpmapithern aslargeispinnpist havieg sevara) thepsand dweles or sdththanks

i G RRR oDl A SHO 5 Y uP A BRSPS
Cgthdleehi fiversiiré udndBedMENEDsRf6w airsRlbhdh dykefmn, i@ pulled

filaments. The entire fiber form ng process generally
t awesirpmdbespinperdtiand Fttenwated (dBwinhby high pressurgiae. Thigee are

ofit Sl i, B it TR it TRERRY

| dravs teOfilabidBt uskip HNRpRAtSF s1delslot BEaOWwHicE hefsithewsdth of the
useful in the present invention can be prepared as

deaehing ebhe secaathmathog\draws, the Blaprents theough e nazgle asaspirator

Fi bers, " | strjal,. Engi neeri em St Vol ... 48
o T pondp iR B AR SO Pefen (irgi) §Eporous
Ress@algChtitia Bornathe fhfe. TheThtredie thedWiassed thrbf8iflcompression

entitled "Manufacture of Super Fine Organic Fibers”

bipllyand fen\hshyesn deated calendes s wheed tie raised landsoui ool
the mcrofi ber re edy o). fidol kg, . Such bl own
R B b p R e b AR FF B 1 ber

di ameter of fromabout 3 to 30 mcroneters preferably
fromabout 7 to 15 mcroneters, as cal cul ated
adowealingg to the method 30 set forth in Davies, C. N
"The Separation of Airborne Dust and Particles,"”

I nstitution of Mechani cal Engi neers, London,

Pr oceei JudgiohB endtbdamentd, ke MELIARA] %%5&‘3185 of fibers comprising
PCT/ US2005/ 024240 F. Spunbonded Fi bers Fi ber

f therwianids af fhis/inuentionban becowrpNedtydbie ycaling ths ibersok therrwn-
TR B AT Pl S, POl ohae
SEIrBIREEHRh GRIRhA1iH] B edatidie wlthsughQnheliag is pietedled.
e./)ilnrtul,a?igg tpgr?ialsi}e Irerllire]aSersetthé internal stress in the stretched fiber and restores
the elastic recovery properties.of the blend in the fiber. Annealing has been shown
to lead to significant changes in the internal organization of the crystalline
structure and the relative ordering of the amorphous and semicrystalline phases.
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

temperature to a 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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5 the nolten fibers are quenched by a cross-flow air
guench system then pulled away fromthe spinneret

waoearvenuat ed (drawn) by high pressure air. AGBUS2005/@4240

two nethods of air attenuation, both of which use the
venturi effect. The first draws the filanment using an
aspirator slot (slot draw), which runs the w dth of
the machine. The second nethod draws the fil aments

t hr ough.,Aa nezzl e or Lrat.o O agun,. Filanents f
AR ah et o BRGc Fulepe aieRindls IR e pBisEEof
PREMHdficall Hefitafien A8 lattePcdnd pdreotitBO hrzalindyerob @l ioh ¢hd S

t hen passed through conpression rolls and then

bithengpast the axiaesiombpanetion)r Meckanigab paentafzon ecandsdlong hy the

opaEry St SOB SRR P o) AP STF B  ©
ARG RIS intthe iR AAT tRAex tHsRIMAI for®S. OrichieRdibers are
conprising the blends of this inventioncan be

i copdustedibypmaintainiag tleafibensjor the aftickas meadgfrorha bledd at soven

terial f he bl f this i ti .
vy PBidp s Roshd Lk Mierd Rt Kopical
05 @RdRh ik exdédsRUa? 009 Rk intBndn$arP pEA&T 4t96om temperature.
Annealing partially relieves the internal stress in

t he stFartorientdtién, adtbeaatiar devagedtsmperatire(baig belowrthe over y

SRS v g D) ekl o ARS8 round
| fioBoNaks dBaRR EatreRiNsuplacd §Redd ddtRlally Bea takbupGbUEre The
and the relative ordering of the anorphous and

sdniveorglraldsest¢o thisdatessup Al indriver faptgr thep theadriven religy slosest

P RRES sioraife BbORE boriRoa pEF e G nralipsl Gt
pés@éxﬁlﬁl??‘la)& iRdlud AR e2 HrernRBRVELE SQThE s hAd thke-up Réller to

slight bel ow the crystalline nelting point of the

bdcmh the. fibeh eTiesecamdsdler argl thé takiraipabBerdnaysbecdringn @t the shype
mai nt ai ni ng,the pol yner .. bl.ends or .the articles nmade

(R DRSO Bp BRI LIDe ERREAS SRR ERB o ofm 30

t ﬁfﬁpreh@h%ecaoqang i Rot GRS fied Q1 @601TB AfibRing{etiRintrelod
a maxi mum-of 130C, for a period between 5 mnutes to

| ths sakielwgrroll. days. A typical annealing period is 3

-116 \L%) 2006/.%2594%9 PCTItébUSZO 5/ 024240 aaé{s ag 50C or
5 m nutRdnE IHBRRAtORAN 0T ART BOTRERY FTHRy P ECHPBRICER S e
aPSIGHepyIehe HARBOBK) 12l MObieS I &% hI0Hank&eGArah&rd ubGiddtions,
a part of the annealing process on the fiber (past the

ebacrNew dorlodoPaitriages 3 14MeRanwhigh ivinterperataddry reterenige herein.
d@ne by t & tenporary, forced extension of the fiber
f OPTROSHY 2 period of tinme before it is

In a preferred embodiment, a nonwoven fiber web is prepared from the
polymer, preferably a polymer/NFP blend, of this invention. The fibers employed
in such a web typically and preferably have denier ranging from about 0.5 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
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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5 allowed to relax in the absence of the extensiona
forces. Oiented fibers are conducted by maintaining

wWa bmeH29ers or the articles made from a bl end BXT/ESR005/024240

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 roomtenperature. For
orientation, a fiber at an el evated tenperature (but

| ow t he I i.ne [ 1] i nt h I )
PRG5BS R S BRI

r fddvRsven ttdraare (8de Bt EXBiROTubdk f ACNGRRLESs: AndAdvanadd ¥
to a take-up roller. The driven roller closest to the

t Bwteriald, Fappk Press, dtlaptan Gra §1989)-t Regunaeated (i- ¢ hefrglapplication

closest .to the feed roll.. such that the fi i .
o RS Binast et ok eyt §iniowos b hePlost Fhasel T g Fpg mits
NEY2 3416 R\BdEmam) [ Rbfefibly 30 @rmﬂﬂ@ﬁmdzhs 1SE/8GHE), mRdreer

and take-up roller to 15 cool the fiber. The second

r piefesgblnA@ tq flemilakbOp 1624 mm)ndesrepraicirod thieknepsga may be
sane erd pheral speeds to maintain the.fiber in the
e R BhE IR sRMRER oSS GorlBe Snito o it BPfegPelefpt
Uﬁegi hyldRgenfanBRmeM, hkedling] adah@ikd)e Mhe basip femhtis£then

the take up roll. For nore informatjon on fiber and
neitconisd evebpprefdably ranges Ifeoas eboie 60 2m P pabephd 58rgm”. In
Handbook, ..E. P. Myore,. Jr. t. al. nser/ dner. . .
PO Sar IS, RS s e hyiamdIag Sleqdh Of e jupntive
WaHtisHs,| ahd irRRE BT GH @ siifade®ff eHetti€led) w%ﬁn?l_iﬂ‘g:@wy@rby
Wb In a preferred enbodi nent, a nonwoven Tiber web is

presdiotashingy bydreentanglraepiveand they lded themopweverowgbear/ NFP

bl _of .this i i on.., The,fib | d 25 i

otriasrifie petfotd Fb e SRaed af bR hSmERn G 2 11

r H?@o@ﬂaﬁg&ﬂéﬁb@éﬁbe@n@lbﬁ;&ﬁ QiHes W efertiiaid ar® vertigsoluble.
|

about 11 tex), although gher denier fibers may al so
b€alerdapingyoé the Rineven wab prigmgetatuses e mpaliduto abow 408C 3

(P.,,06 to about 3.33.t are articul ar | eferred.
(B bR Ro BT e e P57 RS e diioBhonth U GdcRine o
f ihB@lisfaceYTRR @At GMicldIRAD ProviicdH ¥modih Sliri®e. Baibossing of a
kil ometer of fiber.) Fiber stock having a 30 | ength

r @hgiresopatieonenid thetnodwovernwalp ;ay be pedarmasl spnuktanegisly with

TR 31 B S on B A had e
20081{sQrwMi8n REhal a0 8818 AB Ao i@ ByeRIs Cé@]ib‘éiaﬂz pldniesy,
e

may be made using nethods well docunented in t
nesteoers such e ethietsraad eleebols) fragranens) Bllars (wak as for example

s 19%%%9181&, aﬁ‘(ri] ti'tb‘a%\llua}iri] %E)Sj(ide particles), and bactericidal agents (for

example iodine, quaternary ammonium salts, and the like) to the blends.
Likewise the nonwoven webs and fibers may be coated with other
materials, such as binders, adhesives, reflectants, and 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%,

more preferably 20 to 40%.
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Tutorial", Tappi Press, Atlanta, Ga., (1989). The
uncoated (i.e., before application of any binder) web

W@ bmalozbolmave a t hi ckness in the range of aboutPdDUs05/024240

100 mls 5 (0.254 to 2.54 mm, preferably 30 to 70

mls (0.762 to 1.778 nm, nore preferably 40 to 60
mls (1.02 to 1.524 mm). These preferred thicknesses
may be achieved either by the carding/crossl appi ng

oper atd i ' I Oy
nyr ocpais ety dtole AN AERMwoldi i, The prisence of
vigb fib@t ghiegallyprovidecdmopdlofty Sbsyr dehbeywetatgea Wwebafonly

about 50 g/ nR2 up to about 250 g/n2. In 10 sone
ehipwa imrewglb?r% Reeferahly; npmglecthamabqué A4 weighs percer gfaple fibers

stren £t ' t] ' c |
oA B h YRS R LN 75yl phRd b Bl
baontdigiag kaprdbengre diytbse®nt @ISgPaiTsot 4,1881631 (Eausérk @hich is
t he nonwoven web, or cal endering the uncoated and/or
civgerperataddiceain By rHeisdgven web.  Hydr oent angl enent nay
be e Q 1.1 e r ' : '
oS TG ol GRRERa R RISaREa B SR B
f beoiciabediin the tveb.aBaeH paAdles Mgy Bypichent iehthoungs peiodboof 80
the fiber may reduce the likelihood of |int attaching
t wlump persertiod dhe eontentseofith wak-eSughinaptidelopded Webiatge a
S A s f ! Sj f t ont o
cBBe R Rl Ty S NG L B D 8 bR el
C4ll em8Bs (Aflerson) and 1 SSPARSHE 429,80 (K olpin eddldh, tvhivh ak®
t he pol yol efins and the NFP's 20 of this invention, it
nigorpestedheraia By Fefprieace o add col orants (especially

i gnme I .
P 20r anbiber? fid S5 HESa Py 1508 ot e EPTEL fbention
a¢anBerfarmeélidtd fabiey, pamihexéloming kiedidabgarmentddsurgical gowns,

- bactericidal agents (for exanple iodine, quaternar

aswiginpluiienss) diapers H@iningpanis sanitagy napking| pangslinery, frepndgent

th f i her ' h
e bl B3P HER TRLRS, SR MR,
amepekmeablé kRksKeert! baty fifid ihgermeatlatasers, v&dy Miid pbeneable

fiber-may be acconplished by nethods known in the art,
i lagersdiody fluisl perpgahle agyers phspybatratissigs, IORYEY S gposites,
cpatin [ re ti r..t [ T

RN R e

abdgs CdiLand@bymid@l Eill Rodetd] thdhdl thsaoivh, B504id areefiggsabl y
from about 10%to about 60% 30 npre preferably 20 to
sogical Mgps\Gbedih potzsver, tadhuiltstofmeo buninge paldipg, dilter

Lrirnggirél;sge “ ]u%l psa%s,%ipg Enea?e%ﬁs, hgsiélg,ealﬁ]&ﬁx\@yee&a%hoig&?ed
furniture, carpets, carpet backing, filter media, disposable wipes, diaper
coverstock, gardening fabric, geomembranes, geotextiles, sacks, housewrap, vaopr
barriers, breathable clothing, envelops, tamper evident fabrics, protective
packaging, and coasters.

The fibers prepared using the blends of this invention can be formed into
yarns, woven fabrics, nonwoven fabrics, hook and loop fasteners, fabrics,
garments, clothing, medical garments, surgical gowns, surgical drapes, diapers,
training pants, sanitary napkins, panty liners, incontinent wear, bed pads, bags,

packaging material, packages, swimwear,body fluid impermeable backsheets,
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staple fibers generally provides a nore lofty, |ess
dense web than a web of only blown m crofibers.

wozmbersald y, no nore than about 90 wei ght per cBIw/US2005/024240

staple fibers are present, nore preferably no nore
t han about 70 wei ght percent. Such webs 5 contai ni ng
staple fiber are disclosed in U S. Pat. No. 4,118,531
(Hauser) which is incorporated herein by reference.

CPOF BP0 Al BUSTAOR A5, KRA H ehRBe
pédviers; besorivanys, tissups, a88Wbvdntoaipositdsslinkds, ictoth bialtgs 8@rubbing

vol une percent of the caontents of the web. Such )
phidsi fare maghsdeaspiaers, air Bltars, euwn bpgs oilapd chsmaiepl pill i n

4SS el iy B8l e, el o By

( btk dar, Hed ahil) stuffiip cﬂnnamee pddaa) Abédhedla,readbihgads, wipe
reference. The fibers and nonwoven webs prepared using

t matepialsnbesiey, aﬂlmnsoqw\ﬁéﬁﬁ,u upholsterad fymnitupy, gagpeisneagpet backing,

Sﬁﬁarl rgeqlago%)saﬁ)le vi'g) 0&1%}32 g V g%kgg&dgﬁhg& S, training

P aétrSemlisranys} g’doYexﬂ@d@ksaﬁﬁs hpadetrap, vaGirarrieis; GRatidd clothing,
wear, bed pads, packagi ng material, packages,
sm\fﬂm;tam@esﬁwaqm gabn eroteaibe @agkaginghand eaststsdy f 1 ui d

i mper neabl e | ayers, body fluid perneable |ayers, body
fluid perneabl e covers, absorbents, tissues, nonwoven

comesites, liners, cloth linings, scrubbing pads,
face nmasks, respirators, air filters, vacuum 20 bags,
oil and chem cal spill sorbents, thermal insulation,

first gndapgrk? ﬁgtellgﬁltce Fg}gefré:tﬁlé %@1%%11 Ll L8bAd d%ér’and

out er wear ur n| ure pa

f torh&omdrdetds M@&rpwﬁiré]@mﬁdﬁaxemﬁx thebIcedl described herein.
hosi ery, autonotive seats, upholstered furniture,

c §¢lpaeﬂrsvenb%n prabodiments rage lswmtt@olmméenede@sé@l%ch these
m%?%'lnbs a&gﬁ sul(f)edefr st)?osity cahcr}l% in ﬁﬁleélges , 38, céamers f(}r5

geot Sew ap,

bﬂik& | #dothep AFFIdAEENS SHnEHﬁUlﬂﬂopﬁéﬁé&bQ&S embadip®its select melt
evi dent fabrics, &Uotectlve e<;packagln and coasters.

THiscdsitirs of fiomehaPRicRIal 189 °ChSomeanrention emhodimenjeprofuss
i arns woven fabrics, nonwoven

can d?o%acft{%r anrc; ni
f 2B RSOk éﬁ&mfoop %asteners fabrlcs gar nent s,

cl ot hl n@entﬁfﬁpbr@aéss g prepirs lorfgLUhQﬂnQﬂéncﬁed\ﬁ,Stacﬁd;l-bglypﬂipylene
dr apes, diapers, 30 tralngmg pants, sanitary napkins,
&

pairtigh mopemer confersioni (At speciglly 45aUs conshiians. Some

PAGKAG A TRE ik o DA AU WHIRAL 112 hab! Bt

npernea
Long chain branching is also favored by operating the polymerization

under supercritical conditions, but with a polymer rich phase and a polymer lean
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
polypropylene waxes. As such these materials are well suited for viscosity

modification in adhesives, films, and other applications. Some invention
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WO 2006/ 025949 PCT/ US2005/ 024240 body fluid
i npermeabl e | ayers, body fluid perneable |ayers, body

WO baob/d239€r neabl e covers, absorbents, tissues,PCDUSITEOR4240

conposites, liners, cloth linings, scrubbing pads,
face masks, respirators, air filters, vacuum bags, oi
and chem cal spill sorbents, thermal insulation,
first aid dressings, nmedical waps, fiberfill, 5

outerwear. bed quil.t uffin L e paddi ng,
AR pRttednglo REY abBbnylefE Vet €, Pars.

hosi ery, autonotive seats, upholstered furniture,
carpets, carpet backing, filter nedia, disposable

wEmkUse ditiglesr cover st ock, gardening fabric,

geonenbr anes, geotextiles, sacks, housew ap, vaopr
barriers, breathable clothing, envelops, tanper

evi dent arhimbel 6SmpRdifg REEANGH RARKad cAdbe adtd ag@ast ers.
10 Waxes An appropriate choice of operating conditions

athdrmafnunable shedt wheratheombstratescither spraved goInjestiop yaddas to

waxes fro he process described hergin. 15 So .
BT | SR e BaPhere PP herE tbypb Ry B Rgmed ino
VVERY 1B sireiSshapecd nhdk@38e LRI brddotnpdkige Mitle. Staribasltybed of
viscosity nodification in adhesives, as carriers for

i substrate nuptastakscform highly desirabls artdase Thellypmetsrae he uggshouish

CPRIB R G At PR ol bt ERRReA s
Sbﬁﬂd&ﬁk@ﬁ&lmeﬁpmm&wpgn@atmsﬁ eSpechitally\sonici adtic1§y 0 Gefich

can prepare |ong chain branched i .
i Shetpaesentanysotippcaphe ewerportedrrg herfolovwing: vehivlerparton

(35+% and especi.al |y 45+% condit.i.ons,, Sone

FEBHr e pistalt S eRd g R chsn BT St doors
| Réuls @i, And 6&@@?@:&%11 lbe Aehde Hdinthe nankiied g cdrfipdtitsPand
favored by operating the polymerization under

sonethods of the alvenwondi ti ons, but with a polyner rich

h d | | 25 .phase. . Doj ng. this ,all
Phase )i R R sk B Pt 8 S RaIECiofet s, Ehite
CQRERP E&ﬁﬁérqapsétggolandafsgdmrs}rb@s@dove@w b4iRt b4dle fabketing,

vinyl termnated polynmer. An appropriate choice of
opetatyciay/soowatobilesimitdong valbnlssemarinecboat tsiranes infasiog gnd

180- 200, C and .20-1 VP 'el&s. ol ypropyl.ene, waxes

T Pafon INEERET SR her canibing SaB et NReRRL IR,

e PRt TIBOMSG AL ala@hAG FeSisBft APLERIARYLIEARNIRBABESInd TV s,

such these materials are well ‘suited for viscosity

NYAIR’s enat ¢ommpuitersiad mewi vegacefrichtiior degks apd lather outdoor building

aglelltelri% sf ér%?a%'buﬁgmn%s,l Sr}]lr\{t?lgttl(!, x%grble panels for construction, wall
covering, hopper cars, floor coating, polymer/wood composites, vinyl tile,
bath/shower/toilet applications and translucent glass replacement, sidings,
lawn/outdoor furniture, appliances such as refrigerators, washing machines, etc.,
children'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

cookware, 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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-120 WD 2006/ 025949 PCT/ US2005/ 024240 enbodi nment s
produce syndiotactic polypropyl ene waxes. End Use

WaRM0b/0239$9 5 Lani nat es conpri sing i nventi on pol BEEUS2005024240

be used as a thernoformble sheet where the substrate
Is either sprayed or injection nolded to couple it
wWth the iononer/tie-layer |am nate sheet. The
conposite is forned into the desired shape to nake

the article. or conposite article. Various types of
§ﬁ%§%ﬁ§?§“ﬁgFﬁrials formhighly desirable articles.

The | apidslfhrop\edteopsithend dddcribed heteds hieGuiiatls torat es
such as honopol'yners, copolyners, foans, inpact
capplitations such asanelded artiples.ymalnding mmertioniand blow molded bottles

o ABRLARSS ol i Rl e RRcohbt Sl ol P ane

f Qtdropiti@s. ERAhSIes oPRhESmetBSRaMIAPpNcaBishEfor HhakRf t S
such as bunpers and ?rllls, rocker panels, fenders,
a

dwdyrepylerequdymerns iand farnvhidt pdyprppylers prdymers nipydhs usefghare

t l.ami.nat [ 5, nmeth f

SRoeERIR ey IORRe of CRerain TeoeBbing my gt Ofper, Fourtn
eRANBA, &iol. QUM Rked 485819, MEidhakEFhcopefdt@rsy fe@itéic@erein. In
tops, pool [iners/covers/boat covers, boat sails,

cthb$edingtandes ihaty, the applisedgrcisdoy moldadraticlassthe maldrskrarticles

vehi cl es, mar.i ne bo hul | s/ canoe. i nterior . an

e Rebie AN aHEaE PR o FRATT PoBkb P fidio amd

N@Y3d YOIR RBlomdtRR indBirP ikl as, BP ekdaiid Biliyers, side panels, floor

Gamme-r adi ation resistant applications, electronics

himatsi daghtsorvdssand ingORmensipahetso fivamed giticles app@pther application

repl acenent .f or decgs and otﬁer out doon buihg%n%, eful
SPPIPLS Ve AR PIaK o icl &S AN RO YRR i op TR &Y

f xﬂ5¥ 5O fstint W Eh&Rlops@alof CheMedal TechnBRRP My KAk Dthihk® $burth

coati ng, polymer/wood conposites, vinyl tile,

bEditioshohdrl; atpages 730pP8 3, vdidhame ingarporatethiey tedarpncediceit
repl acenent, sidin 25 [outdoor furniture,
e Ry preu i PR A e
efiplicatidnll ELaBPles of hRtrudtRbnl applida¥iBn$ind A8 Bearield 9blbiRr
reflective articles on roads and clothing, sporting

eigsilptien indssirial ad mosvppdicaess, andpkbkagings , Exakipies of
scooters, eels.on jn-li.ne skates s . for h
et il dreroCuR e sTos PRty Pl PRrGE,
Ph@pdr GuRdp asAet and RREAS IhRITEt S, plastic

m crowaveabl e 30 cookware, and other applications for

coat i nGhopalyelefisic apmpositiens offtier presenhinykntion ag¢ switaplesfod
scratch resistant. surface i s desiraQAe wﬂlle not
b&cﬁértgc&eﬁj a3 ajitomptive components, wire and cable€ jacketing; pipes,

agricultural films, geomembranes, toys, sporting equipment, medical devices,

casting and blowing of packaging films, extrusion of tubing, pipes and profiles,
sporting equipment, outdoor furniture (e.g., garden furniture) 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
molding, and other interior and external components associated with automobiles,

trucks, boats, and other vehicles.
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al gae/ di scol orati on. The pol ypropyl ene copol yners

as nol ded articles, including injection and bl ow

nol ded bottles and nolded itens used in autonotive
articles, such as autonotive interior and 5 exterior
trims. Exanpl es of other methods and applications for
maki n We:
poIyp%%ggfg%@hpo(%%gﬁg%ﬁg%ﬂﬁééﬁgggﬁ%ggggghﬁggyﬁpgga in

t fractive@f ohoipe ehtiondhcldiag ks, Toatainetsppackagiyig, labware, such as
Kirk-Qthmer, Fourth Edition, vol. 17, at paqes
Todeghagtles far eHtuge gromitle ardyimedia battles, aficefetidBather ei n.

BrsboaR LA R B, ARREASPHART el e
véich @é Yagf peaeheks dndbdtilss fop stotdge uh@ IV ynfusibaleflblpad bs

related to and 'used in the autonotive jndustry such
asplutiogs; packagingmatstighiaslydingithpse ferany nediqap gevicgRfrdgugs
d ' F [ :
SRR AR 0Ll OB VITREBOAR B AT Tt bRt

plodgdihiag fodybseaedibyanadatisi. yPthepydean étemarincludeahedical
naz_be tound in Encycl opedi a_of Chem cal Technol ogy,
biybRigrard melyge for appmiedisalidsvicgiingheging {ndpsion Kits, gatheigigeand

AR 0P SRR PR A LRI RSt 6 B
cwhizh idietadaredancluding 0avd, by well ap plotedaicuid) particuRrp weserpf

construction applications include heat and sound,
i k) rtniss, contaiest inplafing Agitserings gpe bubkciaragegagtainers as

Ip\%gl:f ggir&%fir%(eaﬂp ISL%% ggftubitgﬁaggg,un\ﬂ%u plications

clfudeintérior and ext aut onot'i ve parts, such
as 20 bunper guards, dashboards and interior |iners.
The pol yol efinic conpositions of the present invention
dM@k§@ﬁ§%BW§ for such articles as autonotive
conponents, wire and cabl e jacketing, pipes,
agricultural filns, geonenbranes, toys, sporting
equi pERd polyRels Cescribed hises mayCasd begsed nslplep areitigmolded
packaging films, extrusion of tubing, pipes and .
pProflugteef thisgnegnbion ilfhgl}’elaalidmﬁéﬁf’@sﬁ)u{“ﬂbg‘ﬁg butpatdignied to,

N e

ainjdctib@ Blow Moid, irfedtiah stretch 8lovwiioliing, icompredsion molding,
suitable for autonotive conponents such as bunpers,
gfotatiogal melding, fram moldings HisHaPEMEILs shastextinsion: agkniafile

CESELR 890 oRASH Ry 300 s
psrot ecti ve side
The compositions described herein may be shaped into desirable end use
articles by any suitable means known in the art. Thermoforming, vacuum
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.

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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useful articles and goods nmay be fornmed economcally
by the practice of our invention including: crates,
cont ai ners, packagi ng, |abware, such as roller

bottl es for culture growth and medi a bottles of fice
fl oor

R SRt b P T A e Ao Ru R Sy R ©

PUEN SAth tAO Borpdsiti s of @is Riverntase R ah\éxtrﬁﬂdﬂ@ﬁnﬂ obthe
bl ood or sol utions; Facka i ng nat eri al i ncl udi ng

t ¢rospsition oftiyis mveitéen adéamc@th@rlawhrmgrsmaﬁemllshld |p|1ﬁyed ona
it-d t her. t

Doy bl Sting bafineng B Bl B ARl By T ovF

' 'leéﬂ 'p?éh&'ﬂs; thEMBbeftte ftmind aOfcelthe filtsl e HEaeidCk shuttle rack

tubi ng and val ves for any nedi cal device i ncl ud di ng

i mﬂepms backciotths fazmingtoek. sThefm is thanaapiunagdorno theclprping

FBolto o RS e B RofisiRingt P B8 G Be

Sélﬁ{e? tnhle b GemBIRY type ¥ s, | The@bBdtays clskd to &0l tHéi fllfhy and the
contai ners including unit servings and bul k storage

clont altlmrcspeagl Thel shapes! leminase ie themgameverdizemake togbi ng,

h. d h
Poner | TRmeR e el RielHOMHD. AR Tektire plve

pis@féteatv%cmm tdHning, BY 88thbiaRtidrid a8l Yari® oAk BPthRE) ©8ESthe sheet
including but not limted to, injection nol di n

g@fsmatssalsrt@hes ilnpmfpnmngmrnlmu@ureexwmm)o@f fbcmmgdc to 185°C

| di dj ot h
CREdiG: & g e Bbofe et S gebectly G dspEpa & ©

J%@ma{eﬁamlmb%dw In'ofie EABb@ATEhT) @n afhaREIng ¥ddkUFishe

profile extrusion. The nDIdlng yrocesses are wel |

kh@ml lamirnahkotewanks agnale fiermngtopl, lasigie bwtheapphca‘ﬂhe ofa

0 d b h
GEPRE TR 8RG8 eBela omEnE 0oty OBy MR ABea" s
KRP¥Bd hbuk BR RAIE forkl1RE M1, AR ihRANo ¥ ARSI RapdPIaiiiiie isthaW
nol di ng, rotational nolding, slush mol di ng, transfer

nododiédn typicadly by biowerp Bliugaensted formingiis ggner@iasusemrcﬁmﬂél
B S0 TS Bl el B R

COfME pRjckan ?1&@%%“&0@ irRulaMRE Skl yoik fémixRir @énching 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
distribution and uniform side-wall thickness. For a semicrystalline polymer such
as polypropylene, fast plug speeds generally provide the best material distribution
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

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 |imting the thernoformng
nmet hods useful with the conpositions of this

invention. First, an extrudate filmof the

conposiiion of this inventio n ot her. | r-s. QF
ot o 1 2100 ol B S A 2l Sy AR e Bbon

dbioivdoldfat hﬂﬂli-la‘?BﬁolﬁWUﬁélHﬁxg! @GHsion Mo ndldihg, dndtref¢kn
5 which pre-heats the filmbefore formng. Once the

f blow meldingaardiis esprsiadlysnitabde fogswbstantigBy eloseskerihollgwiabgects,

formng tool. .The fi|lmi hen .yvacyuned to th .

¢ Siehefor Eagipte daniht e gthel gl ESHHERE B mietfine oo
| GesEHBSHEE mokB Aefal il fB8exaBPle, CUNCRE ENiYChEFEDIABF BOLYMER
"femal e" type tools. The tool sta§§ cl osed to cool the

f BCIENGRAND BNGINESRING %)-9hd acquplbineeld Krayehwithagsle dohm Wikeatée
is tﬂ@@ Lennved fromthe tool. 10 Thernmoformng is
actl IP hed by vacuum positive air pressure, plug-

assi st Byey AP chitoldiiht 0P the oMk bR ah@ BBapRitdprocess, profile
variations of these, once the sheet of materia

r exettassianran befusedyi Ty nrefilsepgxtmsion progpssquranjeters aferasm

140C to 18 or. higher. A pre-str.etched bubble.ste
e B8 HEB PRl s BT A S P P 2o
MR B @) Fhrtder fhdi 1l 5T - 133°ONAe BIEQ BIIKE Bie fréih 90°C - 250°C,
articulating rack lifts the 15 heated |am nate

t awthe wvater gadling tanktemperatises argSoins 1 €€ K40°Che

application . of. a vacuumfromorifices in,th I

F o ngnt 8P Sdigtet S REN B B PP RS ek e Totlows.
alpRdithab & laiBhAe (95180608 Gntb @Y injdchbn FORTIAPTIRL. MERE SORIE dlosed
lam nate is then cool ed, typlcaL&Y by bl owers.

Phnghthe sehstratedndtenatiinigysctedgnioghanold. yBledsubstrate material has a

cSeRuahE e ve 20 AR 00 Giin o6° SrOsinRF b Beb1sc
PhiiossoPedmdfis Q?%dtétﬁi%i@t%b Reb1d S5H iR)eefich §JeedBE betReen 2 and 10

quenching of fhe plastic. The plug shape is usually
sbaephder Aftertijectingl, thegnateral is pagked omlidldat aprddetermingsi fime
pari detail. A round plug .bottomw || usyall r oot
CotpimeBe ke mensniha e br iRl el FBed
t BinelpBESE: ar& BonPs TP ebyidsahd bRAsRed HHRIM,3800¢Pa t830,400
pol ypr opyl ene, fast plug gpeeds generall provi de the

bkBa. Tetmpidas cetiled bétyaen th C @Bl ThCitheoq)dhe subFinate s fhped
e is,then co Suffi

o R e S PG G oG AR drpPanis FS  Dmis
| SodHRS itk Eroml N tdP dechifdsPEIpeMdifl ofpart on the thickness.
Finally, the mold is opened and the shaped composite article ejected.

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 alternatively by
calendaring. Sheet will generally be considered to have a thickness of from 10

mils to 100 mils (254 pum 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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to 100 C before ejection in one enbodi nent. For the
good behavior in thernoformng, the |owest nelt flow
The shaped 30 | ariTES®03/624240
then trinmed of excess lamnate material. -124 WO
2006/ 025949 PCT/ US2005/ 024240 Bl ow nol di ng i s anot her
sui tabl e form ng neans, which includes injection bl ow
nmol di ng, nulti-Ilayer blow nolding, extrusion blow

h d i i al
e FaPdnEdbed el Rpraes s, TAE IS SRAG PP cess
SiHGHvEsSthe E%us%&ﬁﬂh@kexﬂﬁﬁyﬁ&ﬁk@ugﬂd ded. MEHe eth’dtléﬁ tubing or

containers. Blow nolding is described in nore detail
i pipe fsdhenesodidified byobNCwSiEer M@Mm&x a@enigoyErruded

T AR G ISEL, Pl B ol gt s
38104 A hiaRIERE, Cﬁnﬁ%ﬁ@e 2vall rt‘ﬁclt&"s@@f inQhe FRAGe §f‘ﬁ&h@94 pm to 0.5

process, profile co-extrusion can be used
perof Thepipe wal tgemmal@anomdhemg@af fromt2e¥4scra |tce25ﬂscmdh outside

t @%&%@%ﬁ bave A ey ahih trianget ity Oam e F S
9 madSRm tfl@ﬁroﬁﬁ@cg oPhP&KBo nent| JFAVeRPSn of tgé Igsent and

wat er coolihg tank tenperatures are from1
41@@entﬂ1&nayﬁmttedrm1fonmfcoatamerq euich eontenle may lprrﬁoueskby s
_d scritbed as shaped | am nate.i s, pl.aced

qQl
BRI ingy U PP O TIOP. ean kT oe LRBBEG
%cﬁpﬁhe% hen&dtdrihy 81s6 bEBS Rl 3b chver 'ﬂBb%(Hr Qh1ls BE SthbN@irfaces.

The substrate material has a nelt tenperature
bet vveeIm apGO®odime1d ©0€he|thermméorenhg)monmstthe aweh temparadas G

nd 250 t dipto t
abﬁt@ew €3 é'&ﬁ%‘ﬁﬁq ol e Grer v eerer Eingh sspqngs. and
fettbl?l cra[*dgg t?ﬁ&éﬁf y Bihale i) 86t REAn @0°d‘ﬁ{dj7 laC The ﬁnal

pre eter and pressure to nake the part
dihinkness @i thel opobeddramas tengeratak ), ghaped dainate Ty fomall0 /a0 to

tine erlo re.from5 tqQ 25 s ds and pres

£ GRS b b orina, o 200 (o0 4R B netiet empndiment,
belWesn 23@ gﬁq @%o@ 2 ew&&thér RE oSNt 3he ﬁoﬂhsaoo um to
t enper at ur pen on the desired gloss and

ap@aqunaircget dﬂsthereainboﬂyapemai destrableirangetbiemg ang combinatién of

to 30 seconds, art on.the thickness.
FAYHPPGT t%tqlgges‘%qna g g‘ﬁﬁ‘“}eﬁ%h@ﬁaped conposi te

arti clg & Sicafnerd 9t Hieiﬁﬁj%ﬁcﬁ] mHﬂkMo@JsE eleRdin %ﬁb@ﬁte

fabricate y I1njecting nolten pol'ymer into a nol

t inaterisha pnjsctmdnskibd dité a el irvduding the shapet Jarematienthe melt

dt%rsnlptagglrg o? the subst%te material is between 230°C and 255°C in one
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
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

invention may be secured to a substrate material using a blow molding operation.

Blow molding is particularly useful in such applications as for making closed
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cal endaring. Sheet will generally be considered to

have a thickness of from10 30 mls to 100 mls (254 m .
to 2540 nm), although sheet may be substantially

t hi cker. Tubi ng or pipe may be obtained by profile

SRR D Gl YRBE el Lo MG Eotaintf RSO iR

ap o Fainftae 4l sinal ehélsed stlaetupssofin bee axlbddmaemrof this
process involves the extrusion of nolten pol Y nmer
tmpwg,rpqnmsaélomméthés(wwé@ arqentinged thrppghed mylty-lyer head,
Sf% 1 g'eé by glagé( (?616(? fanﬁgélllh 'nﬁg %IaltlSdnrl}l ?lfeamold. The
contRud ru e articles. e tubing wl

O@BRY, Mith)either hile bh &mamlgmeafs ih€ioNiOthdd closed andxibié biown
in 5 outside dianeter, and have a wall thickness of

ihﬁQﬁ@nﬁﬁﬁgéﬁ%mihqﬁﬁﬁ254 mto 0.5 cm The pipe will
gﬁ? :,r 3{% lvx){lé %g ua eégtcr)]c?d Wg a(flllé(f 18%gﬁ&aﬁ{r?gtss%p%?éﬂiﬁ% In

r &0 iy bervared) dependirigQupbh tl@dﬂesuéih%ﬁlt nBeteexhinple, theean
products of an enbodi ment of a version of the present

i enperded sheehefthp eompesitians of Brisinyertion may ke digetly thermoformed
t
S BRSPS AT APk SHAORE "Gt Pl

t @a1BE (sl asShedieih Srder Yo &dhsesve heﬁlﬁﬂfeﬂedmbﬁsﬁewﬁcﬂe hhving s

or walls or other surfaces. In an enbodi nent of the

t desirARle &eatirey process, the oven tenperature is between
160C and 195C, the tine in the oven between 10 and 20
seconds, and the die tenperature, typically a male

dNEen-Weteneend kdersand 71C. The final 15 thickness of
the cooled (roomtenperature), shaped lamnate is from
10 mto 6000 n1in one enbodi nrent, from 200 mto 6000

min t her 0 '
Vet " anbi e e AR oy Rl AOM el pleByrd dhPadRgVen
y @briddideiereshpidiinention th Aggiondbleén fadrlgandfbdrgnading
conbi nati on of any upper thickness limt wth any

| preesstintlodingdut mtmrmtedzg, melt blevweng SESALIng ﬁlph@pertunng,

t Id 9Gess t
n%{de S&Iil Hb%r : ndm 4 on tm Hs ﬁﬁg{ ?& Bro% s% a§/i zfls% sg% t he
sPrRgsbly a@blﬁiﬂfoﬁdlnF bﬁbc@ﬁﬂ 1& usdde rm&rs@tlmb’cﬁdﬁlfg préss is well
substrate material is between 230C and 255C in one

ekt mth@ art.a frgnesallynb &ryopes thegrdrusiop of fihers Hyepgy a spinneret.
ﬁEeosgl 1 a‘re S dIa?lnt us&xg %h LélgEﬂﬁu} %dll?hdso%caqul%léspbgp €A

ms nt-, rom con
calender roll is generally then used to heat the web and bond the fibers to one

another although other techniques may be used such as sonic bonding and
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
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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25 enbodi ment, and a tool tenperature of from25C to
65C i n one enbodi nent, and from 27C and 60C in

In a desirabl e enbodi nent PC1/l182005/024240
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 |layers. In yet
anot her enbodi nent of the invention, the conpositions
of this 30 inv ' . S . trat
R S S i B A S e L
| efflbtdne pradueyd peIghropylefe whitdlindfabihg &brieREemgth had
maki ng cl osed . -126 WO 2006/ 025949 PCT/ US2005/ 024240
apeteeiiadly inuesscd ing speed compared trifabripramade yping conventional
cont ai ners, playground equi pnment, outdoor furniture
aRAYE¥B | encl osed structures. In one enbodi ment of
this process, Conpositions of this invention are
extruded through a multi-layer head, followed by
pEXAMRBRES of the uncooled laminate into a parison in
the nold. The 5 nold, with either male or female
patterns inside, is then closed and air is blown into
t BReMXcHisiod diRbmbiobRpARLE Polkinemi | | be understood by
those skilled in the art that the steps outlined

above may be varied, dependi ng upon the desired

resul t,, For. exanpl the a uded, sheet_ aqf the.
Conpos MG SR fisefeifoR BvisfN WS h Gl ps o Size-
t BREINELR Cﬁﬁﬂnal@gr@;ﬁhﬂb@@).ma&mweﬁmtw@igﬂ{-hm.a%é hus
ski pping a cooling step. Qther paraneters nay be
violestlaxsveight, Mw, onuber-averagenmelecular WeighthMa, and z-

CBTSB Bs Holr Ber HELA  h BHET pmeags e
MRYc184i89 CRRA YIS apIO(cRhEPRIR WitErs TS of BSIh&s and
fibers of this Tnvention in any nonwoven fabric and

f Lidmoratosies) naguinped saths diffarshtialirafjadsive indsx defenfor €aRDpan

[t hlowing, . bondi fil turi nd
Couinedie hafeu s IO a0 Nsrortas Erprimand dsBBt et
NMBYscAb&PrdIev Us8iHding RoRrBE BEtBRbY wers BUMWRABM aRIIREAERSE: T.
is used. The spunbonding process is well ‘known in the

abun, PeBnat AR | B. Ghanpeyand WesWt bieacssley, Micoomelecifledy dfoume 34,

t hr oygh ' These fibers are then drawn
ugﬁﬂﬁ%h}%ﬁﬁgéggﬁiﬁgxﬁﬁr and laid on an endless belt. A
cal endefrek Pblynie? La6R8I0RkS PLEAQ 0mind Rx OB RERIMsRRer¥aLed.
and bond the fibers to one

The nominal flow rate was 0.5 cm” /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
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 um 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
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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| east 50% m xed netal | ocene pol ypropyl ene. th these
nShevmyestion gpmdepisationirangeddronn 6/ to 25bme/ml, with lower

PCT/ U 05/ 24240 rers ca naln arn t he
PO, Pae p oo e BEnf e bl P Bl

net al | pgeNs rivipAseRH s&at)rénn@pkh a&ecwhmdethe ngea&swa@
fabric strength and potentially increased I'ine speed

cpurged. e‘ﬂowaatean thecappamatis wasithen inomased e aﬁanl/mpnrtfy aed the

VBRLEHF A0ue it P BOeD SR W7 e BT Sample, The

CNYNREE Vhd dBbdbhl NG 16 Béurs BefrditihMing @Kiﬁﬁl@%f’ gnarﬂythe laser

(SEC). Mol ecul ar wei ght (weight-average ecul ar

wiai igletmoddfor A0r3b eninutee arhbemewischimgito fwl ipgver inNkght sagulation

mp‘average nol ecul ar wei ght, M) were determ ned using
Yh Tenmperature Size Exclusion Chronatograph

(ei t herhd EgH¥eMBdtRASC, @Pé&ﬁrpéldt ANthelchFRhatd®am IS calculated from
Laborat ori es), eqU|pped th a differential refractive

i rhdémsqﬂ:epenbtmcte(dm sigab, IDmnrlalmgethrs ifelltwing aquagionng
detector, and a vi sconet ntal details not
described bel ow, |nclu%|§%mﬂ detectors wer e

CahtRraed a RhGasteRidrmiRd b'y'%ah&atlngsﬂh@ DR, al @'ﬁ]ldc) B th&

Chance, and W W G aessl ey, Macr onol ecul es, = Vol une
3game aﬂmmbenlgeloaefpz ﬂ@azﬂ)anaMGO IJmtszm pﬁrme@erpdluynehout this

ol arihe ShE el e S e toa mhn BBl gron,
NG\ Ralar Weighf sl R Pre¥RUUATE/mRS, ana Qriftie R/fékb§1§/r1§ exp-lrgﬁed in
various transfer I|ines, colums and differénti al

rélifgactometer (the DRI detector) were contained in an
oven g fig'lrtr;gegte%tng :dgt%g'or used is either a Wyatt Technology High
Temperature mini-DAWN or a Precision Detector 2040 LALLS. The data is

analyzed with the standard formulas for static light scattering

K ¢ 1
° = 2
AR(8,¢) MP(@) 24

Here, AR(O,c) isthe excess Rayleigh scattering intensity at scattering angle 6, ¢

is the polymer concentration, M is the polymer molecular weight, A, is the second
virial coefficient of the solution, P(6) is the form factor, and K, is the optical

constant for the system:

-129-



10

15

20

25

wa@enoamioexi dant

Sol vent for the SEC experinment was prepared by
di ssolving 6 grans of 25 butylated hydroxy tol uene as

1,2,4 trichl orobenzene (TCB). The TCB m xture was then
filtered through a 0.7 mglass pre-filter and
subsequently through a 0.1 mTeflon filter. The TCB
was then degassed with an online degasser before
entering the SEC. Pol ymer soluti8n§ wer e ,pr epar ed by
pl acing dry pol yner in %g9|@5343 n'clstw/de her | addi ng

t he desired anpbunt of TCB, fhen hepty ng the mxture at
160 C with continuous agitation for ‘about 2 hours.

Al'l quantities were nmeasured -128 WO 2006/ 025949

PCT/ US2005/ 024240 gravinmetrically. The TCB densities
uisievhicly Nastp Asegadraie npsbeiend ddeisiihe eefiaghive index increment for

ss/ vol unj re 1.463 g/ m_at roomtenper.at ure,
208 S G A LARLS teptor W ngbafiye B e BRC big RO Pt §and
r 43GRe PFGQQF.‘ FhO cdrReRirRioRBhE8d in Md dhalyR¥Edre the values obtained
concentrations being used for higher nolecul ar wei ght
sfiomltks DR ofputr Thearefractivie mgdezacfor F&Mpdtd 36 KefoDRIGS0 nm
detector and the injector were purged. Flowrate in
t Wavegnptlr BtlLEO0Wds additon,i Ayt 88906 fargropylensipolynrars and QAN S
the DRI was allowed to stabilize for 8-9 hours before
i for butehegolymerst andsidnilghp|0el 04 fhepropenepalymagsgnd (048 dor
on.1to.1.5 hours before running sanples by running
t HUCHEROMETS, i y'e ode for 20-30 minutes and then
SW t chTRGvik&nidiér usBOWaS a 'Vﬁ‘scbteﬁrﬂqrﬁﬁﬁt_%rﬁﬁi?ﬁ femplePatirede.
The concentration, c, at each point in the
chiseovettergylioh has fout capillaries afranged in & &Vheatstone bridge

basel i ne- subtracted DRI signal , { DRI sing the
FTighrg" Sa PP o sswe R R, g fened R e s e toa
apeQusd @&Bh abidkeihBideRetoRYing Md KR patetidrRe bEReen &itdtwo sides
(dn/dc) is the 15 sane as descri bed bel ow for the LS
aothy bridge, breasisesondiffareatiet pressuteh rthgghenific viseasity, s, for the
description of the SEC nethod are, such that

comeian Rosrg drpeeliikg r ScUaHel i GBI o AR ey

I I . 0 I

o FERL AR ). ERbboi R He IRl ol S GEEUR o (he
i follewineequatidtatt Technol ogy High 20 Tenperature

m ni - DAWN or a Precision Detector 2040 LALLS. The data

is analyzed with f]tswezsa[anﬂiahc (()G(rgtq'il]a);z for static

l'ight scattering
where ¢ was determined from the DRI output.

The branching index (g') is calculated using the output of the SEC-DRI-
LS-VIS method as follows. The average intrinsic viscosity, [1]avg, of the sample

is calculated by:
[Mlavg = —Z-C—-‘[n]—'
2C
where the summations are over the chromotographic slices, 1, between the
integration limits. The branching index g' is defined as:

_ [n]avg
kMY
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Koc _ 1 + 2AZc AR(O c) MP(O Here, AR(9, c) is the
excess Rayl eigh scattering intensity at scattering
25 is the pol yner concentration, RT/BS1008024240
pol ymer nol ecul ar weight, A2 is the second virial
coefficient of the solution, P(9] is the formfactor,
and Ko is the optical constant for the system -129
WO 2006/ 025949 PCT/ US2005/ 024240 4,r2n2 (dn/dc)2 Ko =

Ad 3 j i.ch NA.i Vi ' I C
e  phSaR 0 coBs Y BEAA he ARG g REEo, 60 3anc
t Qe A rPuttalt 96 lyRlerdVaMIRARE RcdSN9-av6rakd Rlbldddlat %gémﬁbasyd
at 15 and assurre P(0)=1. The concentrations used in

t tremateailps wsightsaletemmined bydsS aatyaisned 5 from the DRI
output. The refractive index n for TCB at 135 C for a
690 nm wavelength is 1.500. In addition, A2 = 0.0006

f ¥ fBlcARY RRiIRO LN IBESt@Nd 0. 0015 for butene
pﬁl'yTws‘,_aﬁd_(‘%W‘dE)—E@O. 104 for propyl ene pol yners
and 0.098 for butene polyners. The visconeter used
was a Vi scot ek rporati.an. hi tenperature 10

vi sco n@t‘%lng\mm Cﬂhﬁgeqi 8_6 &Sboé‘p@ﬁf)a Irrf.r{ggplg P}eim"&etlfak’r?ng any
Ve Rl SR RIadO8 defelfidd StErfdtIfRe WelthigloMerRfa85aHER are
transducers. One transducer” neasures the total
pmessirdebydDifferantinbSsnning Giddaranetor (DSHd A typicet precgdure used

osi tioned bet the t id ft brid
g iy BUSHs oPref i dbant Redb e e oLRsnpr fat has aged a
ViodaPRdp¥ratdrt for at Rlastidehouf O idP1a@a ih h DMBGntidreheting he

visconeter is calculated fromtheir outputs. The 1
i Galorimster. The samsple ys heted]at ataiut @0UTmpwiterto atairt énal

ciftRere of ol 20 Sybtsaugnity e s eodfgdoom
deherianedt ddoaM 6edmbRuulkg Rlch i @eRha %ﬁfﬂu’ﬂ gecbﬂilg %Z%Cat

(g) is calculated using the output of the SEC DRI -
L& orySaliredtiond Ths cfystalloation Enepesarancd§jen.) s recorded as the

Y{eﬁi%%fc’al[n‘tl% ’fh{];rel %:3(’ otdhe glfystgﬁlezaggnnglo%errin? %lsgrlfll]lpl%tise ﬂleg){l:eated
back to 200°C. The tierrnal 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
within the range of melting of the sample. In some cases, following the heating
cycle the sample was cooled below room temperature prior to the second heating

cycle.

13C NMR was collected at 125C on a Varian NMR spectrometer. Sample
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

time-averaged data acquisitions.
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g Y,ci where the sunmmations are over the

chronot ographic slices, i, between the integration
WO 200605949The branchi ng i ndex g' is defined as:PGCT/US2005/024240
[Ti]lJavg 25 ¢ = kMa v -130 WD 2006/ 025949

PCT/ US2005/ 024240 where k = 0.0002288 and a = 0. 705
for propylene polyners, and k = 0.00018 and a = 0.7
for butene polyners. M is the viscosity-average

nmol ecul i.ah I
ot or mi R y#4 oSG 198 TR il Nk SbHligheters. Sample
Cadreentraiony wik dpbrigkimaatelyt 1.§ Wit%, (wt/vbB ad p&riedtessi on

(AH ), multiple nelting peak, and any neasurenents
r tetraehloropthanket Temn DMR flubes pentaingd hessdramnlesy Agquisition

LR L)+ BB B LRl g

f @4th Q¥isitidAsCARY DdWaep vABMLST abled® 10ppab@ith 112 fikhl @pectrum
pol ymer that has aged at roomtenperature for at

| eemposed ohgteast 13Gtipraveragiddae Wapfséiasst i al  Scanni ng
Calorinmeter. The sanple is heated at about 10C/ m nute
to attain a final tenperature of about 200C.

SVRIEM R RAL (METD i§ althdifed Scc6RMED ASTNVIADIM3S at 230°C under a
tenperature at about 10C/ mn, during which the therma

olpagof 216dkegr Melt ndenddD) iBEnesuLsd peqoadipg saASEM DTiRE8 at

c Illza n erature. (Tc i.s recorded as the
C LB Puragf Bl O p IBRE. Anfich A Fflopl pf GG
exothern1 The sanple is then heated back to 200C. The
thernal output is recorded as the area under the
) Mieshinical dhemneh Aaalysit t he sanple which is

typlcally at a nHX|nun1peak at about 160C. The nelting
point is recorded as the tenperature of the greatest
heat alppO§Bldgemodilud (it ?hﬁu o€ moadRA (BF') iRIrhdaBEre@lisinge
sanple. In sonme cases, followi ng the heatin cycle

t Apnagserplechaniel theohaldmblybie (OMTFMN tﬁnqa@sta:trom espqusmatl@n

12@0&,‘% ﬁ}?osnd ) at I nﬁmnéﬂtrgfq 13Crgl\i|a atésgﬁ)ﬁflgvm gtfa sample asa

CARCROT sOhPBRANNE B%r%ﬁ%?é’ﬂaﬁ% ﬁln%e fHat MERRIEY e \bsd trhbition

perdeutero "tetrachl oroet hane nm NVR t ubes
c tagicn anddhe iesreelgsiigpkgion pAcyiseltingn

Typically, samples are tested using a three point bending configuration -

(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 um. The
sample is initially 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
deformation configurations, namely dual cantilever bending and tensile elongation
(Rheometrics RSATI). 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

measurements stgnificantly.
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conditions were a 90-degree pul se, ungated broadband
decoupling, approximately 15 seconds between

weHoeessdve data acqui sitions, a sweep w dt h afC1IB0€005/024240

Hz, digital resolution O < 0.2 Hz with the final
spectrum conposed of at |east 1000 30 tine-averaged
data acquisitions. -131 WO 2006/ 025949

PCT/ US2005/ 024240 1H NMR was col | ected at 125C on

o AR A B 5o
t R)ts§ AobhiAE PEHhane sto%g@%dﬂ\iﬁxsﬁﬂ&@ﬁre@ ﬂi&te@ésﬁe fespbERer the

nEIes Acqui sition conditions were < 45-degree
®, ofalm)mewnﬁlatpém;e gnesgy; andl thedessvpedi s ipeasyess fle gscous
data acqu
BRPSRE A DR AT g Bl A S S Sikasor Tand if BRapta 96
U ER #VieSi fefmeahR (ﬁfiﬁléjﬂﬁh i T%Hﬁht the faRWaRRafiR: l(eM:rB)ng of
I s measur ed accordi ng 38 at 230C under
| thedradd g’las];ﬁrahgnoﬂva}-trellamtmn) (s\tigntifeed me deuaxédpelated lta’hgng to
to ASTM D 1238 at. 10 190C under a load of 2.16 kg. The
uthietlang peaky/ In@dgitign, the peak/ tamperaturs, angdarea msﬁﬁlrﬁn,eak are also
T S
(RS 6re D SRR Folioh Bk B G TReRENSL)
aregionsi s (DMTA). This test provides information about
the smal |l -strai n nechani cal response grel axation
bHi#ge isslelermined by ™M K003, of ¢ ROtiinsh tamkipigpiaenamglded
o¥ @ tenperature range that includes the glass

a S|t|on region and the visco-elastic region prior
t Dg ieibasiebd abygrdingltb WSTMNBE®s ar e test ed using a
three point bendin (IJJ configuration 20 (TA Instrunments
DMicrpgigeryure spseifically melednérfeds. /earrﬁa@%m o IR BRI, FAmT,

i d f |6, I
appliéd a’peri o%@m M(?]g’r’rm ?rg%&@c?natlgr\égﬁ Trgd mcr)llecrlIfls
afolRwisI 44 e B¢ NMRlarkEysaigotacola g polynte pﬁfduZ& m The
sanple is initially cooled to -130C then heated to 60C
ProaorhTéIMR rgherpapten spectra@riypicalinacgyired withdhe Smm switchable
thg r\]/aggrll f)%gtmpﬂ 306" Phd & ﬂ%} ag?j g{égar%?;‘? 22d§ch10robenzene-

OI‘ I‘IH Ion con I ons, nam can

b&ﬁ@o Alova BEcur e ﬁité@‘a@drﬂﬂgﬁé blefin péﬂapmlsm&d%&m J140°C. A
The periodi c deformati on under these conf |fgurat| ons is
angs

afpe Inductian decpy eltfiropddsd tranpignts weps aequired chpgrien ggectrum,
0 050/ I - .
pl{A‘ﬁlré 3 (f“’CI %%%&HS glﬁtgga g%c?i’g?%[ I%G/dl&éig B¢ &gﬁlﬁ,%lch are

rate of
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
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
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
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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The output of these DMIA experinments is the storage
nodulus (E') and | oss nodulus (E"). The storage
nmodul us nmeasures the elastic response or the ability
of the material to store energy, and the |oss nodul us
0 [e Py s
ﬁl%e é'iefjﬁl d&s%%&}/lgé Igapna eedeé%%l?r?é’aso%/ aorI]TgEﬂgg ?agh rég&ﬁfn Qint§£@ by the
E% fon mMEpBEiKesT the mtﬁgfbﬂeﬂd@e Adauiing @nabidfintpgr pélymer chain,
e naterlal The begi nning of the broad gl ass
twa alsp estimated the numbamtemm)rnqlgcql%rerrwghtufwn aliphatic/olefinic

CHIAERTA Sl i A SRR Rl g et

nﬁ&ﬁélﬂ Ok 4 priREgon, WHivh diad B@Irﬂ[daﬁee bh@ygem& &1 dhlorinated
fromglassy to visco-elastic region. 10 Haze is

depeeeiesri Asdmple prggpvolsfniBoleeHaraveiglanalysis is tgbwited below:
|nject|on nDIded plaque Tg is neasured according to

ASTMA356—M-¢e+ro Ol.j HetHHe—SPect feaH rreted-defeet S,
%rr|triads, Qilﬁ ﬁ’rSHH;}““Oﬂﬁ‘i“Pfé‘%}nw Mm mrr, nmrm
rmmmeré4, mr lgﬁmqu;r\,lﬂﬁpﬁarbg 1 '2 regi WeIPJMR'
det e ni negl as| 105diseh.| owdrisubH dn anﬂlgi@an\/Rd%tﬁmivgl M,
prot ocol 5.9 or | poliger prodsgts.| Prot.on NVR TRE0PT ot pn
specfra ape typicaljly [acquipged (wi t haphe [5nm swi t chabl e
probe,—on the Varian UnityPrus 500. The sanples are
prepared in 1, 2-di chl orobenzene- d4 (to all ow accurate
| ChgnaVM®En of the ol efin peaks) and dissol ved at
120-140C. A free induction decay of 400 coadded

transi efbn WMR 3p&itaTa8udually 8@fabie® wthQRe GBI Broddbad@probe on
at a tenperature of 120C fﬁe prot on spectra showed

| ey Vagiar [UnityPlug560.i Bhe erdts ae prepateg e s d 2 -taitaghjoragthane-ds,

f | e-f l.ef ] t ent
BB ey alacia0ode Sonefale aLEH R on” Rpmete
t Rep APt e IpRFfoMfed o t1§0-qt10¢d" eBRe (RfuBfidrfltayd 6¥e1 600G tddided
concentratlon is very low, nmaking it dlfflcult to get

acasicatsevert e€quirediat & tanmﬁratmsof 170°. Tllnmlbetnmtyfwaﬁee@ilmaﬂed by

pl aces. gi ve the s .1 s.not
Cer e SrBub e B TugurS e taeh Bubt Fongof Béntad
r @LiagteqiERedi iy At rhé’ch?'l' rE5ih SAth tROR R like@NurAeftfericED (A. Tonelli
another Vi nyl endgroupsS contribute one proton's

sarghialSchilingyelcs. Gher. Repdrh 2EY(10R]).Jaliie claipdefeen sveraassigned
grlri]cgzp{q%g troég%{g(g{l%(gtiefgésggﬁi el\lgﬂ_lfﬁgslclogl ]1L 8a II%URS f*‘al 8 g’

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

reliability of the measurement. A sample result is tabulated below:

Tacticity (triad distribution, mole fraction)
Sample mm mr rr
24592-2-2p .96 .03 .01

-134-



10

15

20

25

the 5.3-5.5 ppmregion, with two proton's intensity.
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web@bioz4overl ap the vinyl contributions in theECHUS2085/®4240

ppm region, and are 30 neasured by subtracting tw ce

the downfield olefin concentration fromthis

subintegral. Vinylidene olefins (two protons) are
neasured fromthe 4.6-4.9 ppmregion integral -133

WO 20 9 ) 4

di stri l?eglgaﬁcagn%s %gé@&?{n% ff]%ge beyéf rvglc {hﬁ g“ &3 Surﬁd areas from

r g id@cfbns'oluﬁbﬁgié aelloig thdu@sulpy dﬁl@eﬂlemﬂlst]udiés £t toYheodatd. h@iven the
contributing ol efins. Assum ng one ol efin per polyner
cdisgrepancigs inpths gelative; qoneatratipes of ihpidivadus pepadepltavquidibe
Wedvgs Blre t% ﬁ@: Elh it ?llt'a %ﬁ § d?tj \gg 'cﬁffﬁ:ﬁlt t@te{égﬁlg c%ﬁtﬁ{)h@ons from the

as n

Sﬁm%bd Whnﬂ@)‘éﬁta@@ akifesgxperiinéntahealdesdorithd siifteg@ll @8 modeled
whi ch coul d be indicative of ox% enat ed or chl ori nated

syl pBemonllizamehangsizatiommenelprihappbeeriaptioni grthe tacticity of a
a&%{'l SIg}asad néftg ?n%l% ed bglﬁl(ﬁvifs 111695%%:&&%6:3&1& c{?tlflto'f Ak preceding

1m8n6ih§1{)l DThé friad lﬂébtlcity Bydragts A agledraé of the drrM‘hn th&péhtdd. 3

13.8 51.0 25027 .09 .11 .08 .29 Carbon NVR 10 Carbon
NURtribpten, mad irobebliampge tabusiiaf 8 ghagpeteristisef mplymers. A sample
b 0 \ar I

S BP NGBl g Wb ifon Bl eyt Pl b8 1y e
V\dabﬁnafeglbap@atl on agent - Cr(acac)S - added to

accel erate data acquisition. Sanple preparation is
erformed at 120-140C. Free induction decays of 16000
cdoadded 15 transi ent Bemed eormenfritionsl (moledracaerper at ur e

fEA 2 0mmh hemmagt|i fivhy | Wasrres hintit-edriidyn | Conipaf i mgr t|h@rrm
TS TPl an @ 1niegr al o Nt ENSady €s.0bas$i amed] to1t Heo12
T A O TR T L
and F._ Schill | ng, Acc. Res 4, 233 19 )

chai n Beimestall sapctrag g @% deé%a?%ﬁ 578 %bséﬂ’égv%\dléh?ﬂe were
;}%@%ﬂ@d to érgﬂl' o4} gl\%?s?&f’ﬁid’ 1 §chz§ﬂYxﬁEhf3n ﬁ“hfn’%@bﬁcenﬁ‘%’onﬁs

I'ectivity in Propene Polynerization
Wexpheshast il ‘1defeetts @eﬂaﬂ(ﬁ)bymﬁrminers ’Ch/hmh iRanalogb® to DOROYercent

1253- 1345. de- convgol ved al | e. pentad conponen
mrﬁentéaﬁwsé?bf@n%bbéﬁwﬂ%ﬂ@é%@?ﬁ e19% % HADe Aggmpleof the

S §POR Loh it SRR Q@ﬁﬂﬁﬁteﬁ%%ﬁﬁ&q 'aﬂﬂlgt\ﬂtht {8€ number of stereo defects (m/r

switch). The average meso run length is also calculated from the pentad distribution.

(@]

Defect concentrations (per 10,000 monomers)
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 I show the numbering scheme and structures for
the different chain defects, the appearance of the various defects in a BC NMR
spectrum, and a table of the chemical shift offsets for resonances associated with a

variety of chain end groups.

-135-



10

15

20

25

30

central triad (mm nr, or rr). Consolidating the
pentads into triads inproves the reliability of the

wormasorsesent . A sanple result is tabul ated belrmow/US2865/024240

Tacticity (triad distribution, nole fraction) Sanple
nmnr rr 24592-2-2 .96 .03 .01 -134 WD 2006/ 025949
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. SnictFoprpidfiic 180ea el e MRSCacty pOREA ifthct Woteption
asgdign eatastwphicyiréssoreZailure ndirpsoduct Eineb fiorf tihaactor were

insertion. Their cang ti d

el i B O e BB SRR g s wer
L ) L

c dmm@pcrlymemmm,sthe &lauﬂoatembemmwas a&botngjledi thimuale by

nunber tereodfects swi.tch)., The average
rré‘%lBStF’@ﬁh? éﬂ\j{trﬁte?’ Q @Fwneaae&mda%adw ?%ﬁ‘??t E@ci-s&mrs tion was

%%g%%;ﬁeﬂﬂxc, & OxtEBhPdatif® VoS REde8lahPSmé R ekpetin RO i e. the

reactor temperature was maintained by controlling the heat release of

polymerization.

Two lock-hopper assemblies were used to manage the flow of the effluent
from the reactor to the collection 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
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 controlled by
adjusting the effluent flow rate through the lock-hopper. There were two

independent lock-hoppers installed: one for waste collection during start up and
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rfdd R 'tG/oQEﬁcﬁﬁH 'B@dsf iRisbiEsS actValedRb ‘Hedhbé&ﬁ_lﬁ_ Q8 H,
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r #2026 8€ anddybahddr Opvenhmat amignbhn\dar atltm(S»Ae agtivate@ in flowing

tReatr SRcES forty AeBtral. dor PREIBETOHERPLLed Bh ey
15 a%?ﬁ%t%ﬁ gﬁ{ﬂﬁqw&f RIhSAD0AQ NP FoBMinEst ORaiRL WetMaiy through the

e flow rates of the nonomer and cat al ySt
f @aslef thSsticer ihtoehe eactor.oThevasnomerfidw ratxwahereasuced poa

ternal n S n in t _experi
B e BRI Aot SRS bR
C@Qifoeétlaa a@\vﬁaﬁamﬁﬁhé SliREGoPlrat bRk YOWRbE&&kt Sfde of W
hopper assenblies were used to nanage the fl ow of
t feed plhb udngulsation wampenar AALGOH, 0206 mlcmlamefunm pressure
el The | ock-h
20 Y (5%0% p51s/69 bar wa(s) ?nstall%g %gtrwe%r? the o c}vs gle?efr a1t1c¥\%e 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
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 N,-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 for a

30 minimum of 4 hours at 120 °C and transferred hot to the antechamber of the dry
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val and nol ecul ar sieve (5A, activate
fhsedﬁfrmglthNZeaitvezm C) for water renoval. The purified
nononer feed was fed by a 15 di aphragm punp (Mdel ©MS

600/ 11TolRe\onent wak hidetiao phsge Rfged lilgsaid bhd feectoaXise
of the stirrer into the reactor. The nononer flow rate
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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
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 turned on. The reactor was purged when the pressure
increased to ~5000 psi (~345 bar) by opening each valve briefly. This reduced the

pressure in the reactor and verified that all ports in the reactor were operational.
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hydrostatic pressure of the catalyst solution in the

f gpebrMpssel . The activated catal yst solution was fed
by a di aphragm punp (Mdel MR 150/6, ProM nent

Olita r t .

e | EFTEIECH3ES Fi0eLbadhbles 5 Lo st
dBiopeticn e IBledtih@ablatle at whi ch the catal yst sol ution
was used fromthe feed vessel. Tol uene sol vent was
used t P& IropIEnd BBferticsies and the reactor. The
solvent feed was tied in via three-way valves to both
the cdt nd-the tTquid mer feed tines. The
tquenIQB%ﬁvent was distille Qgﬁ% stored under

ni t r ogeMoROulanWaigheéed vessel Mﬂdﬂ8w¢sokept under 50

psi (FHbar)—headpressure—gf—N2—Thisfeed
Density (25 °C, 1bdr) 1.7229 kg/m

Density (125 °C, 800 bar) 544.9 kg/m’
Critical Temperature 91.85°C

Critical Pressure 679 psi (46.2 bar)
Purity 99.95%

Activator and scavengers used were Methylalumoxane (Albermarle
Corporation) and Tri-isobutylaluminum (Sigma-Aldrich). Properties listed in
Table 2.
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Table 3. Toluene properties

Toluene C¢HsCHj;
Molecular Weight 92.14 g/mol
Boiling point 110.6 °C
Density (20 °C) 0.865 g/mol

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 I toluene about 500 mg sodium potassium alloy
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Mol ecul ar Wi ght 42.078 g/nol Density (25 C, | bar)

1.7229 kg/nB Density (125 C, 800 bar) 544.9 kg/m
w00zl Tenperature 91.85 C Critical PressureCBU20p3024240

(46.2 bar) Purity 99.95% 20 Activator and scavengers

used were Met hyl al unoxane (Al bermarle Corporation) and

Tri-isobutyl al um num (Si gma- Al drich). Properties

listed in Table 2. -139 WO 2006/ 025949

24240 . Tabl.e

N de Rt arL O Sn e P B b LR i atumin. The

Matikiaq BHidr Teaie Al rfedARBEMc Rilirh @Fe tatsmowo on
10% i n Tol uene Mol ecul ar Wi ght 58.01 Density

il B SR R 04 e
Arabte hum 13.0-13.4 Density (20 C) 0. 789 g/ rml The
net al l ocene cgtalyst used in-the-experinents was (-di-
SExamme || fieppt ) (Hiregsprenet Rﬁﬂdencep Reééy | i ndenyl ) haf ni um

di chl ori|d®¥) (NMkP#28. gAmypuies)) . Thel sol vent used in
c@t al yst| 1peepar2Be6h gmadof or reactofr flushi ng was
anhydr oug33ol Ueng243 omsspgrma- Al dri ch (see Table 3).
T@abl e 3] {361 ue%zpygjper bhes Toluenel C6HSCH3 Mol ecul ar

v‘§‘;'igi|t §%§4 /20'3333 |§3ng pornt—110. 6 C

10 135 206277 5.8
11 121 206167 5.8
12 148 203499 54
14 121 207463 6.5
15 112 210049 6.6
16 175 206022 6.4

i
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 4.8 12.4 99.1 2
(dg/min)
Mw/Mn 1.65
Tm (°C) 146 147 124 125 129
Heat of Fusion (J/g) 53 29 42 36
Tc (°C) 97 105 83 66
Tg (°C) -6 -9 -3
Polymerization 121 113 122 137
TempTp (°C)
Mole % defects 5.9
Haze (%) (tested on a 6 16 5
4mil plaque)
DMTA E' 4.6E8 4.4E8
DMTA E" 5.6E7 3.9E7
Microstructure
(Nomalized
Population)
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Density (20 C) 0.865 g/nmol 10 The tol uene was used as
received (18 1, N2 head pressure) for reactor rinsing
wa@oeHrvshi ng. The tol uene used in catal yst prBEpEUSZDIIOR4240

(1 1 sure-sealed bottles, A drich) were further
purified: inside the N2-filled dry box, a 2 1 round
bottomflask was filled with 1.5 1 tol uene about 500
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E}e ﬁfﬁkﬁﬂdﬁésfiﬁed Chr audh éLJZL E;gizlLiLEfr T
al u'nﬁqmadmr Cher (200 Mas28% el $29% ¢ | v2i% m >90%
ovefmi‘ght at 200 C. | Pol yrrer). %4 i bn conditiong for the
i ndj Mingial _experi ments are Di0gBEd in Table |. |Table |
Exanpingr Tenp. Pressire Regidengs [Tine ¢ (kPa)

(m m) 6 122 208464 6.[0( hodgo| 206243 5.2 |8 137
D02 51 69—2P3333 3 1D 352062775181t
SRR e RO ONR PP 1 1171 S bt PN SN

1
15 1YBT210049 6.6 16 175 gﬁéﬁﬂﬁg 4 5
CharMemeri zation data for |t A838bl ymer prioductd are
| i siRoirmn Tabl es A |B and |[C0.00T&b] e A Exanple |l 2 3 4
5 |'haPlas- 1251 Ml ecul gr owevght 236 255 123 137

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
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 | 203.9 200.5
(Mw - g/mol) x 1000

Melt Flow Rate 12.4 26.1 99.2 29.2 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)
Heat of Fusion - AHf 56.1 424 37.2 294 30.0 46.2

J/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 | 1012 | 10.09 | 12.26 | 1051 | 8.70
1 triads (%) 1 11 11 15 11 9

g' at Mw 0981 | 1.034 | 1.024 | 1.042 | 1.056 | 1.028
Mmmm 0921 | 0.540 | 0.550 | 0.446 | 0.534 | 0.631
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Mv - g/nol) x 1000 Melt Flow Rate 7.1 4.8 12.4 99.1 2
(dg/mn) I M~ M 1.65 Tm (C 146 147 124 125 129 Heat
wotookusiven J/ g 53 29 42 36 Tc C 97 105 83 66 pAmU2006024240

-9 -3 Polynerization 121 113 122 137 Tem T C Mole %
defects 5.9 Haze (% (tested on a 6 16 5 4m | plaque)
DMIA E 4.6E8 4.4E8 DMIA E' 5.6E7 3.9E7
M crostruct ure (Nomal i zed Popul at i on) -141 WO

: 084 SNV SRR AT
M o 0705 Ry 0818048012 iy B1B3 1Y OAfZy | Dbl 0111
Rmmo. 0383 Rnr m 0.00878 9.083 0078.024 | 0.045 | 0.023 | 0.025
Mmrm 0.003 0.043 0.035 0.077 | 0.042 0.032
Mir 0.001 0.025 0.028 0.061 0.033 0.020
Mrrm 0.012 0.069 0.064 0.062 0.065 0.054
Rmrm 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
M 0.974 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 | 0.0064 | 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 | 254.5 33.2

g/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 - 148 148 145 143.3

Tm (°C)

Heat of Fusion - AHf (J/g) 71.7 66.4 53 96.6

Crystallization temperature - 114.4 108.7 105 112.1

Tc (°C)

Glass transition temperature - | -7.8 -7.8 -9.5 Broad

Tg (°C)

Polymerization Temperature - | 148 121 112 175

Tp (C)

Haze (%) (tested on a 4mil 34

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 0.970

Mmmm 0.602 0.733 | 0.669 0.804

Mmmr 0.128 0.082 | 0.096 0.076

Mmrr 0.108 0.072 | 0.100 0.037

Rmmr 0.023 0.024 | 0.022 0.015

Mmm 0.031 0.018 | 0.023 0.018

Mrtr 0.020 0.015 | 0.019 0.009

Mrrm 0.057 0.035 | 0.043 0.022

Rmm 0.020 0.013 | 0.018 0.015
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IR5 (do/nin) Mv M 1. 9461 449 1.58 104991 ]53.142 57 0.070
Melltemrapeak 148. 4 126.@0a812) 7 126. 3 QL0683 | D2®72 | 0.0083

tempegigt ure - Tm C Heato.of27-usi on - |@b0Ged | D.00284 810035
£9. 4 dHnigp1:%5‘@1\441271 ¢ Ydynorshidle br&%bpibaﬂ%e onPTétab /- ©

89.5 93 errperat ure - G ass transition
- Betidbch@niBals Tn BaPatteZTex@s bavifg sn MRS dg/unie a-dengity®f 0.88

LU v o e S PR
R 6 V3D 1802t S g s

1(ABBM D-026). I\/mrm 0.921 0.540 0.550 0.446 0.534 0.631
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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%.

Blends

Two of the above polymers were blended with a polyalphaolefin to prepare

a plasticized polymer composition. Details are presented in Table D

Table D

Example 1 2 3 4
Ex. 4 Polymer 85¢g 80

Ex. 3 Polymer 8.0¢g 90
SHF-101 15¢g 20 g 20 10

SHF 101 is a polyalphaolefin oligomer formerly available from ExxonMobil
Chemical Company having a Viscosity Indexof 136, a KV100 of 10 cSt, 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

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

departing from this invention’s scope, which the appended claims define. All
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WO 2006/ 025949 PCT/ US2005/ 024240 Mmr 0. 021 0. 128
0.134 0.128 0.134 0.114 Mmr 0.017 0.121 0.129 0.127
wW@2008/6294911 Rmmr 0.019 0. 033 0.024 0. 045 0. 0A3r/0S10085024240
M m 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 Rnmrm 0.005 0.025 0.022 0.031 0.026
0.018 Rrrr 0.001 0.016 0.014 O. 022 0.015 0.013 M
0..974 6 0.801 0. 737 89 0. 0.204
i galsnbessignoceiugs o ity Aty s obgig6d gopBRs are
0,19 GreofpRfted b re%}@&eqo Qx7ektent tiht B89 AtePiaDR E3ndistM Aath
0. 0030 0.0009 0.0025 0.0012 Table C Exanple 12 13 14
1151'51®601ﬁc¢t106\aad faredls utvdiestamis am wieshghich '(rmporali@g iggmitted.

2R4.5 | 1000.Mel t FI d 33
24t oo thapgergnt Tt srsgermbel T s S el al
pﬁﬁﬁeﬂc‘ﬁf’fﬁ%’_ﬁlhﬁﬁt@ and 448 o 4fmiAal Wer?nmli_d MHis {pecifRatiodf
Fusi on - 71.7 66.4 53 . Crystal l'i zati on

t dingleseatllranges ﬂomcd by 68y GonllﬁlﬁatlomoflheSEdm@tSGPdk@OmbmatlonS

tr t - d
rof e bt e g peppg o i Tavgsipn g ot Rse pdichiel. 1
Ha%81d58 apbt R St th A afged ok &Y lower limit to any upper limit are

within the scope of the invention unless otherwise indicated.
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pl ague) M crostructure ormalized Popul ati on) Defects
(nole %9 8.67 5.93 7.74 4.65 rr triads (%9 8 6 7 3 @'
W@L00Mn204992 1. 035 1.032 0.970 Mmm 0. 602 0. 783r/0S1H69024240
0.804 Mmr 0.128 0.082 0.096 0.076 WMrr 0.108 0.072
0.100 0.037 Rmr 0.023 0.024 0.022 0.015 MnimO0.031
0.018 0.023 0.018 M rr 0.020 0.015 0.019 0.009 Mrm
0. 057 0.035 0.043 0.022 Rnmrm 0.020 0.013 0.018 0.015
& 3 WD 2006/ 025949 PCT/ US2005/ 024240 R-r 0.011 0.008
0-918%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
11.3 1 efipfod2s X D01y dHIE B1dHine 0OBpHAsi %é&utfdtﬂﬁgplh&spméﬁzhtion
Is a syndiotactic copol yner avail able from Tot al
F&éﬂem; Rlekingaenomaens k: m%&eemme pRIDPMtons WHR of 2
té]ﬂenstétpsc 3 /cc, a nelting point of
%n\i PERs S é‘y%d’)é’tl}i M D-1925) of -3.7, an
)ongagd@fgvabryl eld of 11% (ASTM D-790), and an
el ongation at break of 250% 5 (ASTM D-790). Achi eveTM
1335 i eptignaldy edmensaies, adnopol ypr opyl ene havi ng an MFR

ensity of 0.9 g/cc, a neltin
ti)nper%rgﬁpgill}bﬁalhfﬁg le% fv Mh of 1.8, and an )
eAtanedpérafirédboyt @L&l&ﬁd&h@eﬁg&hwé of¥fe p&@nﬁh@ﬂdﬁl shevem

of the above polyners were blended with a

paidyeeiprpssuies! risf lopyer thapd @ paPabelow theadoudpoiriprpisianiithe
po g’lllztaltlgrq syste nt1 %h(!l fesfhEn 1066 E’ﬁﬂta,ed in Table D
. 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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15 Table D Exanple 1 2 3 4 Ex. 4 Polymer 8.5 g 80 Ex.

3 Polynmer 8.0 g 90 SHF-101 1.5 20g 20 10 SHF 101 is
wa2pehymaiphaol efin ol i gomer formerly avail abl ePdT/082005/024240

ExxonMobi| Chem cal Conpany having a Viscosity

I 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 ectrasynTM 10 from_ 20 ExxonMbbil Chemi ca

Co ny in uston, Texas. Wigd certain

re e§§nt ive enbodi ments ang details have been shown

to il _§?ﬁ

G-l \d

_ it will be apparent to
s
KBRS

process and product

this agplication may
F% i nvention's

define. Al -144 WO

cited patents, test

pr ocedUres’ ’ s, and other cited

doc ts\are fully inCorporased bx%reference to the

exREt thay-2his materfal is CQQSSEQ )dM th this

specificatf®n and for/all jurisdi\Ctio

in which such
incorporation is pergitted. Cert Lﬂ%features of the
present invention e descri bed (R r) of a set of 5
nuneri cal UEPbLf+T' and a set ‘jof rical |ower
limts. Thi's*specifilcatR® di sc osef all ranges
formed by any conbination of tr(@eR H%fq Al |
conbinations of thege linmts are wthi he scope of

be appreci at edgt hat
upper limt Rewi t hi e scope of the invention

unl ess ot herw se \di - 145 WO 2006/ 025949

PCT/ US2005/ 024240 1. A process to polynerize
ol efins conpri sing re—, a polyzﬁgization
system ol efin nono ' re carbon

atons with: 1) a ng ound,
N
(R™)
Falg\\ 14
R\ (R™)
R2

where

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

each R' is independently selected from the group consisting of hydrogen,
hydrocarbyl, 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 butadiene group when M is Zr;
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2) an activator, 3) optionally conmononer, and 4)
optionally diluent or solvent, at a tenperature above

WO bmeotsowd poi nt tenperature of the pol yneri zap@DOS2005/024240
system and a pressure no |lower than 10 MPa bel ow t he
cl oud point pressure of the polynerization system and
| ess than 1000 MPa, where the polynerization system
conpri ses the nononers, any conpbnoner present, any

ot s SepRtBiseRERR Tl 1 Holp GBS ™"

PRy 6@k Bubtuted Bl @&6tabyl4R aWeh@idhal Ho®, al®Eeo otABFR M
the nmetal | ocene catal yst conpound is represented by

t groups mayrb¢ hnked tag:thvapto sy avaphaticaRrUSAOOEND 24240 R2
RsR7 6 R (RIb8 (RJaR RRRRCRI) R2( ()2
K PRIy R R1 (Q(R11)2)e RE R 7 |

1Re B%ydf%g&,(hy&ﬂo%aﬂa@l, substituted hydrocarbyl or a functional group;
ais 0,1, 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;
bis 0, 1, or 2;
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;
each R® is independently selected 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;
ci1s 0,1 or 2;
R'%is -M2(R'6),- where M?is B, A, 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, or2;
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;
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RIS R1,----,(R14 )g R2 where Mis a transition
nmetal selected fromgroup 4 of the periodic table;
we2amh/0E949 s i ndependently sel ected fromthe greupUS2005/024240
consi sting of hydrogen, hydrocarbyl, substituted
hydr ocar byl and functional group, and any two R
groups may be linked, provided that if the two Rl
groups are linked, then they do not form a butadiene
gr ou Mis Zr; -147 WD 2006/ 025949
§2652/024240 each R2 is independently sel ected
f%ﬁéfb‘tﬁbesuﬁf@ﬁ@dcé}ﬁiséﬁtll perof hydrogen, hydrocarbyl,
substltuted hydrocarbyf or a functional group, and two
oR' n@czafbmorsglnmps may be Ilnked toget her to form an

jsphatjc or or Si
s e R e GoAlroT it el lfed W e b b RisPal P iiond
OR ! aanfi A€ {0 B bosHdABBstherdo 'f&rrpa rikg, 288 R23 art®PR 1*$may be bound
hydr ogen, hydrocar byl ubstltute& hydr ocar byl or a
ftwg@thelttnefbmga ong, wirh gind; R5 may be bound together to
$:£¢3 and R5 and R3 nay be bound together to
f othra’ g bisO,1,0r2; R6 is carbon or silicon; and
R14q8 ﬁ‘yd?@ dRMyd?ScPHdibkRaRd Wx?ﬂrotcﬁkbgpcfrrﬁl fanétidhdl groBRGd
R7 |s |ndependently sel ected fromthe group consi sting
oR' hmdﬁbg&mybehymnbcaﬂbyﬂoﬂgubsnn& lest hy@r ocar by| and
a fu tlo al group; each R8 is independently selected
t conS|sting of hydrogen, hydrocarbyl, _
stng&ggﬁgrﬁuaﬁpcarbyl and a functional group, and R7
may be [|inked together to forman aliphatic or
aronatlc ring; each RO is |ndependently sel ected from

t h

st | TH RGOS HE? byielbih ROy BHLE 13 Gy omyfd o

tnﬂlggng&pgggorﬁﬁysgﬁbbﬁnked together to forma ring,
RO and R8 may be |inked together to forma ring, RO

and R16 may be l|inked together to forma ring, R9 and
R3. rmyTl?e? prlol:enslé %9 any of the preceding claims wherein the process is a

continuous process.

4. The process of any of the preceding claims wherein R* and or R’ is CH,.
5. The process of any of the preceding claims wherein R" is CH,.

6. The process of any of the preceding claims wherein R' is CH,.

7. The process of claim 1 wherein the metallocene catalyst compound is

represented by the formula:
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together to forma ring; cis 0,1 or 2; RIO is
-M2(R16) h- where M is B, Al, N P, Si or Ge, his an
wo ooegE94f rom 1 to 2, such that the val ence 0OPCIVES1085/024240
filled, and R16 is hydrogen, hydrocarbyl, substituted
hydrocarbyl or a functional group, and two R16 groups
may be |inked together to forma ring; disO,1,or?2;
each R' is independently selected fromthe group
consi sting of hydrogen, _hydrocarbyl, substituted
hpg%ocaﬁ% | and a functpﬁnal group, and two R11 groups
i nked together o forma ring. Rl1 and R8 may
orm a ring. R' and R 6 may be
)\ a rin -148 WD 2006/ 025949
R"r 2; where the sum of
R12 is carbon or silicon;
carbyl, substituted hydrocarbyl
gro p, and 3 and R14 may be bound
t Bjet herg2o form/ rlng( Rl3 and R 5 may be bound
together to fornfa ring, en g is O; is 0, 1, or 2;

R14 is hydroge hydroca ﬂafsubstltuted hydr ocar byl
9L ayp, 4 and R12 nay be bound

or a fungtli-erma
a |s 0; gis 0, 1, or 2;

together to for

e'The process of clalm
1 wherein R3 is\carbory and or R6 is carbon, and or
R15 is carbon. 3. The process of

conti nuous proys
precedi ng cl ai
process of any
CH2. 6. The
wherein RIR'I

~The process of any of the

p R5 is CH2. 5. The
| ai m8 wherein RL3 is
e p&sgeding cl ai ns

where:

M, RL, R?R7, R%, R%, R'°, R', ¢, d, and e are as defined in claim 1.

8. The process of any of the preceding claims wherein M is hafnium or
zirconium.

9. The process of any of the preceding claims wherein M is hafnium.

10.  The process of any of the preceding claims wherein R' is hydride, amide, a

hydrocarbyl, or a halide.

11.  The process of any of the preceding claims wherein R' is selected from the
group consisting of methyl, ethyl, trimethylsilylmethyl, trimethylsilyl, phenyl,
naphthyl, allyl, and benzyl.
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7. The process of claiml wherein the netall ocene

catal yst conpound is represented by the fornmula: -149
WWED0BOLBAD25949 PCT/ US2005/ 024240 R2 R2 R7 R8PCDUF200H24240

R R2 P(C(R9)2)c RoRL~ d R(CR-W R8DR R

R2 RR R2 where: M R, R2 R7, R8, R9, R10, Rc, d,

and e are as defined in claim1l. 8. The process of any

of the preceding clains wherein Mis hafniumor

zirconium 9. The process of any of the preceding

clainms wherein Mis hafnium 10. The process of any of

tte prEeestoogs of iyl thidpreeddinglaings wiyedsin 68 is auwihgt etteyl or

hydrocarbyl, or a halide. 11. The process of any of

t PFePYr ecedi ng cl ains wherein R is selected fromthe

group consisting of nmethyl, ethyl,

trimethylsilylnmethyl, trinmethylsilyl, phenyl,

ngnht hyhe protdsy bf agnst thep@ydding diahsWheEia R G2 Sgen,

PCT/ US2005/ 024240 12. The process of any of the

pmedeticyl e pipPd- wherein R2 is methyl, ethyl or

propyl .

14.  The process of any of the preceding claims wherein R® is hydrogen,

methyl, ethyl or propyl.

15.  The process of any of the preceding claims wherein R’ is hydrogen,

methyl, ethyl, propyl or phenyl.

16.  The process of any of the preceding claims wherein R'? is SiMe;, Si(CH,)
3, SiPhy, Si(biphenyl);, Si(biphenyl),, Si(o-tolyl),.

17.  The process of any of the preceding claims wherein R is hydrogen,

methyl, ethyl, propyl or phenyl.

18. The process of any of the preceding claims wherein the sum of ¢, d, and e
1s 1 or 2.

19.  The process of any of the preceding claims 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 s
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13. The process of any of the preceding clains wherein

R7 is hydrogen, nethyl, ethyl or propyl. 14. The
w@emeas®4of any of the precedi ng clai ns wher ei PCTRBS1085/024240

hydrogen, nethyl, ethyl or propyl. 15. The process of

any of the preceding clains wherein RO is hydrogen,

nmet hyl , ethyl, propyl or phenyl. 16. The process of

any of the preceding clains wherein R10 is Si Me2,

S ST si@emib Rl obigl SRR ding

qhﬂlragenvmgﬂhgl em@l%rdp@l bysheagien, nethyl, ethyl, propyl
or" phenyl he process of any of the precedlng
clalns wherein the sumof ¢, d, and e is 1 or 2. 19.

cess of ec wher e the
stim of T gesis phebinf L wneib S Shetaltaett Sy FOBp A
V\ﬂgsfegérﬁedwﬂhg hafurd-um Rl is selected fromthe group
consisting of nethyl, ethyl, trinethylsilylnethyl,

phenyl naphthyl allyl, and benzyl

or propyl, R7 IS hydrogen,

, R8 is hydrogen, nethyl,
hydrogen, nmet hyl , ethyl, propyl

¢ = HE

S/ (biRhenyl) 2, Sl(o tonI)2| and R11

e propyl or phenyl. 21. The
process il mher-ln t he netallocene cat al yst
conpound is re

R8

where:

M, R, Rg, and R'® are as defined in claim 1, and Me is methyl.

22.  The cprocess of claim 21 wherein M is hafnium, R' is a hydride, methyl,
ethyl, trimethylsilylmethyl, trimethylsilyl, phenyl, naphthyl, allyl, or benzyl, R¥is
hydrogen, methyl, ethyl or propyl; and R'® is methyl, ethyl, phenyl, biphenyl, o-

tolyl, or an arene.

23.  The process of any of the preceding claims wherein R® is not a phenyl

group.
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~R1 R8 Ove M Me M where: M Rl1, R8, and Rl16 are as
defined in claiml1, and Me is nethyl. 22. The cprocess
wmbooehziom 21 wherein Mis hafnium R is a hydraTes2005/024240
methyl, ethyl, trimethylsilylnethyl, trinmethylsilyl,
phenyl, naphthyl, allyl, or benzyl, R8 is hydrogen,
met hyl , ethyl or propyl; and R16 is nethyl, ethyl,
phenyl , bi phenyl, o- tolyl, or an arene. 23. The
process of any of the preceding clains wherein R3 is
not a phenyl group. -152 WO 2006/ 025949
P/ U 6e24 3#0lain? 4 whehein fieqf@Sslfocehe €dtalifcdmpbeideis n
the netal | ocene catal yst conpound is represented by
t Iepreserdedby theene of 1h§\ﬁg1|1f§}"1f1§f¢m1ué@ Me Me Me Me op-~
M Me Me M Me Me--~Hf\ SiMe2 Hf SiPh2 M Mew ~Me l\/b
M M MMM MMMM MMMMOOM M M

MaeF Me e Me
Me Me
Me Me Me Me
Hf SiPh
Me—" |\~ _—Hf 2
Me \Me
Me Me
Me
Me
Me
Me
Me Me Me Me
Me Me M€ Me
Hf SiMe»
Me/ \Me Me/
Me
Me
Me
Me

where Me is methyl, Hf is hafnium, Ph is phenyl, and Si is silicon.
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Me --~ Hf~-Si M2 Hf~ SiPh2 Me Mew M Me M M M Me

M M Me where Me is nethyl, H is hafnium Ph is
w@bmngtso4and Si is silicon. -153 WO 2006/ 02594BCT/US2005/024240

PCT/ US2005/ 024240 25. The process of any of the above

clainms wherein the activator is a Lewis acid that

i oni zes the bridged netall ocene netal center into a

cati on and provides a counterbal anci ng

51 Coo’tl?eﬁrﬁéésn gﬁrgln %%abov %la‘i)r{l &Jﬁgr%mo e%a},va?(;r 1§ giegis

0ve tlva I'S” represent
t zilﬁ‘d friat loawed thefvriderd meta(ISteh: lﬂne(tehl%\[tex) I\HtOS& d‘atio‘fa aAd padvides a
conponent having the charge t+ NCAV is a
neswnistrlaficigiongocidinging /@i ng the charge v- t is an
integer from1l to 3; vis an integer froml to 3; u
and v are constrained by the relationship: (u) x (t) =
(2. X tHd roM@BEa@ dDthé Sbove cRiMROFheRirthk d6tiitords represented
reduci bl e Lewi s aci ds capabl e of protonating or
absthedellawigg formudd:et y. 27. Theprocess of any of the
above cl ai ns wherein the nononer conprises propyl ene.
28. The process of any of the above clains wherein the
agdi+ w¥-s selected fromthe group consisting of
&n@% nium tetraphenyl borate, triethylamoni um
t et raphenyl borate, tripropyl amoni um

twleantﬁayq %%@hsm Habin rin Qistad rammoni um

tetraph orate, tri uty )ammnl um
apheny| b ium
SERT en%%%ﬁaélﬁam%% AR i B B
t ik raamhegef et Bte3;

N, N-di et hyl - (2, 4, B-tri met hyl ani | i ni um

t wisaRgnieas iR dtte 3; t ri net hyl amoni um

tetraki s(pentafl uor ophenyl ) bor at e, anmmoni ym
uand v are(c%nstramed by thE:J relat}/on)shlp (u) x (t) v) XQWB where SH' isa
Bronsted acids or a reducible Lewis acids capable of protonating or abstracting a

moiety.

27.  Theprocess of any of the above claims wherein the monomer comprises

propylene.

28. The process of any of the above claims 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, triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(n-butyl)ammonium
tetrakis(pentafluorophenyl)borate, tri(sec-butyl)ammonium

tetrakis(pentafluorophenyl) borate, N,N-dimethylanilinium
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t et raki s(pent af | uor ophenyl ) borate, tripropyl ammoni um
t et raki s(pent af | uor ophenyl ) bor at e,

W 200602394t yI ) anmroni um PCT/US2005/024240
t et raki s( pent af | uor ophenyl ) bor at e,
tri(sec-butyl)anmmoni um tetrakis(pentafluorophenyl)
borate, N, N-dinethylanilinium-154 WO 2006/ 025949
PCT/ US2005/ 024240 tetraki s(pentafl uorophenyl) borate,

s e Bord N R QB ?) PRE )
t RbrhldikipsitaRudraphengT) ®Fed) N, N- djﬂfeatye(z 4 bitiiBlethylanitimthym
t et rakl s( hept af | uor onapht hyl ) borate, triethylammoni um

t@trﬁlsﬁ@sretnﬂmraph%})@ﬁmmw BlBPERRIUmY | pr opy| anmoni um
Gl ORRL AL AR, TS A Srum
t &trﬁlﬁk@h&%tﬁﬂ@ér@ﬁiﬁhﬁfy@h@ﬁﬁ, fyprppRs@inium

tri(sec anmoni um

t@tralakﬁhgmtnﬁmrananb&ymg{ﬁm Hyiny ity depemonium

e PR Ao e yaammonium

Net¥alis@epiaflastohdphiyMborate, N,N-dimethylanilinium
t et rak| s(hept af | uoronapht hyl ) borate, trimethyl amoni um

(tztralﬁe@lﬁptaﬂu@bn@hén@ubp@ﬁs Nrdigthyamdinipmal kynyl ) bor at e,

t
eb e STl S berts HPEBHERIN DR ) bor at e,
tpdrﬂﬁ&ﬁbipﬁﬁﬁmﬂ(péfﬂl(ogophenylalkynyl)borate triethylammonium (2-
perfl uorobi phenyﬁ(_?l 3(perfluorophenyl al kynyl ) bor at e,
t perflpomobirpenydhtnskiupserhenylalkynylborate, tripfopylammonium @-

P B SbRRPRI DAR Gh R AL A DU DBREBhfim (2-
R}&é ﬂhu@b@hb@m@wﬂ&&weﬁylumwmwé atitepephiybamaiodium (2-

N-di net hyl ani | i ni um (
pmrﬂuw@bmbmpﬁ)ewm@(rmylemmwc,aw Ry dineftptanalimum (2-
N, N=di e

e e Sb R LR TRy el mdary - AR sy i ipem

t %érﬂﬁ&lﬁﬁipﬂﬂﬁmﬂPéﬂldo@&;ﬂﬁkylﬁﬂ(ynyl)borate trimethylammonium tetrakis-
6-tetrafl uorophenyl borate, triethyl anmoni um

t 6’1;3 é,ﬁrtstr%ﬂalosopheaylb@r@tes quthmmph@nm tetrifs-64.8.4.6-
t %hg{hé&x?l}en%/ rt])IBl{’lﬁr% S?It%lrﬁﬁ%ﬁ ium te’trakls?ﬁ 3a1“5 %Era?lﬁgr%sﬁer)yl)
t gdraRKir%n-batyPathnfonigh tafakisqR 3; NbespifluoROpidngl) borate,

di rreth t - but yl ) anmoni um

t @‘Uteélml@ﬁ (lwl)anmlcsuur@ttﬁ@mt@r%ﬁéﬁwﬂ)mmhm}é) bawgtgy. N,N-
b%an %}SX r‘]‘h{‘@ eﬂglﬁ gl:éﬁ‘ tetré%t?ticrdp‘heny] § 65580 Nugr ophenyl)

}\I @ﬁhgl@hﬁﬁa? $et14akﬁ @t 4,6ftttiMuerdptemyl) bokes, N N-dimethyl-(2,4,6-
I e

t tnmmhymlbmumSwrralﬁﬂéﬁ Haﬁ(tegra{lgorgphpnal)tb@f gtafdiGor ophenyl
PR St i AT PRy Tbereeas
dicyclohexylammonium tetrakls(pentaﬂuorophenyl) borate, triphenylphosphonium
tetrakis(pentafluorophenyl) borate, tri(o-tolyl)phosphonium
tetrakis(pentafluorophenyl) borate, and tri(2,6-dimethylphenyl)phosphonium
tetrakis(pentafluorophenyl) borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(heptafluoronaphthyl)borate, triphenylcarbenium (2-
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di cycl ohexyl ammoni um t et r aki s( pent af | uor ophenyl )
borate, triphenyl phosphoni um

wao etorakiosy pent af | uor ophenyl ) borat e, PCT/US2005/024240
tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl)
borate, and tri (2, 6-di net hyl phenyl ) phosphoni um
tetraki s(pent af | uorophenyl) borate, triphenyl carbeni um
t et raki s(pent af |l uorophenyl ) borate, triphenyl carbeni um

t ' s

B PSR SRR gy orophns borae,

P&rd tpefiiot dhARAY borane.

per f I uor obi phenyl ) 3( perfl uorophenyl al kynyl ) bor at e,

trisperfluorophenyl borane, and triperfluoronaphthyl

\?\Zé.anETh%ﬁrocéga of Qﬁa’? &Eke al%ve%w ggvhte%?n ﬁl%%ﬁt?va%r% WHected
erein e actrvator Ts selecte romthe group

C 608 thé givup @bndibtiNg B MENdinathylanfliniih _

tetraki s(perfl uorophenyl)borate and triphenyl carbeni um

t tetrakiR(pstiporenhgaylhionde ong ipharydcaraiunrhe process of

a f t ' wherein the activator

cgﬁﬁg§g§§ﬁgﬁaﬁéﬁﬂﬁ%%%%2. 31. The process of any of

claims 1 to 24 wherein the activator is a

nmet hyl al unoxane. 32. The process of any of clainms 1 to

230.whel ¢ progessiof anyef the abemclﬂmﬁ@tmgqnaﬁiwamrwam comprises an

tgﬁh%gggaperfluorophenyl)borate. 33. The process of

any o "e above clainms further conprising a scavenger

sel ected fromthe group consisting of

trinethglaluninunl triethylal um num

- t 1 sobbe prosessef Aunef dlaimsd-thedyyheraniheastivaias a

trian Lum num 34. The process of any of the
a%gggk%ﬁé¥%§cMherein the catalyst, the activator or

both are supported. 35. The process of any of the
above cl ainms wherein the pressure of the

pd?-y melhe process of pax efrldimsdijevéd wheeeie pesivatqsas NiN-

8¢ ne -of. ri ' stem 36. The
p(rhgliez}gyslanéﬁ&gﬁlt} g%@g%(ﬁgﬁgééﬁfééng' g?‘fr%e' wherein the
pressure of the polynerization systemis 27.5 MPa or
nore and the tenperature is 100C or nore. -156

33.  The process of any of the above claims further comprising a scavenger
selected from the group consisting of trimethylaluminum, triethylaluminum,

tritsobutylaluminum, tri-n-hexylaluminum, and tri-n-octylaluminum.

34. The process of any of the above claims wherein the catalyst, the activator

or both are supported.
35.  The process of any of the above claims wherein the pressure of the
polymerization system is above the cloud point pressure of the polymerization

system.

36. The process of any of the above claims wherein the pressure of the

polymerization system is 27.5 MPa or more and the temperature is 100°C or more.
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WD 2006/ 025949 PCT/ US2005/ 024240 37. The process of

any of the above clains wherein the pressure of the
weolognevizat i on systemis 27.5 MPa or nore andP@tiesS2005/024240

tenperature is 105C or nore. 38. The process of any

of the above clainms wherein the pressure of the

pol yneri zati on systemis 28.5 MPa or nore and the

tenperature is 110C or nore. 39. The process of any

of, t henqabaove cl aj [ e S . of, t

it ymeP s Rty 8 Byt Dok BRI REE i Bisg e Bssuge of the

TheyRERea8h spterd 270§ MHatr alay end thaitéfapai@reis N 059Cor more.

tenperature of the polynerization systemis between

105 and 140C. 41. The process of any of the above

clai wherein splvent. and.or dil.uent.is. present i

THE poTnBresdh BEARE Y, B s YaMSovakty, HroBRiid Be e
PpARESza6bn 8YiferR s 2618 Mt endit ahdTheWrBp @ htresie 11690 oraigre.
or diluent is present in the polynerization system at

O0to 10 vt % 43. The process of any of the above

clai wherein the fi,n nmonener having thre r

i "ergRET of S, e bV ERBARE bhercih: BfkshE 8P
SHa8iAkioR Bystéth idBdWediIFandPH0 MP£ process of any of

the above clains wherein the ol efin nonomers having

three or nore carbon atons are present in the

pol y i zation st at, 75 .w %or.mre, 4 Th
e s ChEROLES of f5] dihElnelB cittes WSt REfom i s
NBYI (B zafiBN kidlem idBRed 10500 1ag7Ch0N at ons conpri ses
propyl ene. 46. The process of any of the above clains

wherei n conononer is present at 1 to 45 nole% -157
2006/ 025949 RCT/ US2005/ 024240  47. .Th rocess £f .
Ry of T BHGS AL Sy 5 A SHSF sriint e JRaBRET fuent i

e of ymeri za

$elintthe pHSTI¥BRANG syste@H 0GRS St %501 vent s and
i luents conprises from55- 100 wt % propyl ene nononer

fromO to 45 wt % of a conononer mi xture conprising at

| east .one conmopnqner |l ected fromethyl ene, but-|-g .
it | - BHEPO%aRS ARy oD i Ve sl g tein, S g g o et is
NEYERDE HARE polyireEZAUN sstemad s 10 4242000 _
a,internal -diol efins, and C4-C2000 aWdi ol efi ns.

43.  The process of any of the above claims wherein the olefin monomers

having three or more carbon atoms are present in the polymerization system at 55

wt % or more.

44, The process of any of the above claims wherein the olefin monomers
having three or more carbon atoms are present in the polymerization system at 75

wt % or more.

45.  The process of any of the above claims wherein the olefin monomer having

three or more carbon atoms comprises propylene.

46.  The process of any of the above claims wherein comonomer is present at 1

to 45 mole%.
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48. The process of claim47 wherein the conononer
conprises one or nore of ethylene, butene, hexene, or
wozens9499. The process of any of the above CPGI/$2005/024240

wherein the polynerization takes place in a tubular
reactor. 50. The process of claim49 wherein the
tubul ar reactor has a length-to- dianeter ratios of

1:1 to 20:1. 51. The process of claim49 wherein the
tubul ar reactor has a length-to- dianmeter ratio of 4:1
to 20:1. 52. The process of claim49 wherein the

typul afpd gxaeés@ of RiBofahé SEE RiaiAs wikRIEhS polyRidriostisH

1:1 to 500:1. 53. 'The process of cla|n145 wherein the
tmbdnhaarofrthamooomhrasoraom%ngs tsobents@0d diio@0s eanrstsss Aok 55-

a nt.ernal di anet er S 0O cm 54. Th

Pk B8 bipvisns Fiemagerdiom §35 453V it S Monaiisr e
ét%ﬁying’ £f3a&4sPbne &%@inelssémtéd%&hét@nénfeemmene hex-1-ene,
injectionh positions. 55. The process of claim 49, 50,

54-mefidylpens- 1 eane Sdicyohepeaiadien e aorhardrer Ci-€awt ooldfms, Cs- Ca000
oper at ed..i mul ti zones 8 WD 2006/ 025949
ﬁ§§d@8£§§§?ﬂ6€§géWO?Wédﬁ‘%gﬁss of any of claims 1

to 48 wherein the polynerization takes place in an

aut ocl ave reactor. 57. The process of claim56 wherein

t & auTbcpravessoéaeinod’ hdsrein the ggmonomer ahinprseeena arimaere of
of Hgl %o 20:.1. 58. The process of claimb56 wherein

t FHBYISHE BEIene X EE PLPC!$Hs a | ength-to- diameter ratio

of 1:1 to 20:1 59. The process of claim56, 57, or 58
wherein the autoclave reactor contains up to six

d49.f er Ehe priopgse of amnofiths alidve nkime &/heifirethe potymyssization takes
claimb5b or 59 wherein the autocl ave reactor

%laceolﬂeart’alp‘gﬁr’ieﬁ"t%ltl pl e zones. 61. The process of any

of t he above clains wherein the process conprises (a)
conti nuously feeding ol efin nononers, netall ocene
c5.al y$he prongss ofidlainadfl wharsin thattarulargeadier hae adength-to¢ b)

conti nuousl I rizing the nmononers in
diameter ratios of 11 6 36:1. 2' "9 nonomer s a

51.  The process of claim 49 wherein the tubular reactor has a length-to-

diameter ratio of 4:1 to 20:1.

52.  The process of claim 49 wherein the tubular reactor has a length-to-

diameter ratios of 1:1 to 500:1.

53. The process of claim 49 wherein the tubular reactor has a length of 100-

2000 meters and an internal diameter of less than 10 cm.

54. The process of claim 49, 50, 51, 52, or 53 wherein the tubular reactor

contains up to six different injection positions.

55. The process of claim 49, 50, 51, 52, 53 or 54 wherein the tubular reactor is

operated in multiple zones.

-158-



pol yneri zati on zone reactor under elevated pressure;
(c) continuously renoving the polynmer/nononmer m xture
wo et reactor; (d) continuously separati NgPCTIORIINE 024240
fromnolten polymer; (e) reducing pressure to forma
nmononer-rich and a polyner-rich phase; and (f)
separati ng nononer fromthe polyner. 62. The process
of any of clains | to 48 wherein the polynerization
takes place in a loop reactor. 63. The process of
claim 62 wherein the |oop reactor has a dianeter of 41
t 86. 61Thapr@dbehsaf hengf dlaiafs 1110@8twheZdif) thepiodymeriZaion Takes
process of claim62 or 63 wherein the |oop reactor is
oplasaine ayfoclaveseaciyn 2006/ 025949 PCT/ US2005/ 024240
pressures of 25 to 30 MPa. 65. The process of claim
62, 63 or 64 where an in-line punp continuously
ch7.cul Theprobéss of OlajiB6 ivttdin theytickive réuctid @hs 4 hdgthoop
reactor. 66. The process of claim62, 63, 64 or 65
mﬂ@ﬁ@ﬁﬁf@ﬁéﬁﬂﬁbBEQELconprises (a) continuously
feeding ol efin nononers, catal yst conpound, and
activator to the |I|oop reactor; (b) continuously
p68.y MeThe progdeds e chairn SHRVIRrdim the analclave kéacirihada lehgtheto-
react or under el evated pressure; (c) continuously
r evgEten gatiorf lpbtoy#tl / nonomer ni xture fromthe reactor
(d) continuously separating nonormer from nolten
pol ymer; (e) reducing pressure to forma nononer-rich
apgl a Thepioess-of claim SBASE or 8810vhéfejn the patoalal e gabwR 0okt iins
fromthe polynmer. 67. The process of any of the above
cPR s A FUEFHEONROSYIRBY- | zati on takes place in
mul tiple reactors. 68. The process of claim®67 wherein
t he polynerization takes places in a tubular reactor
apel t hThe prdcesstofclatni &6) A GB oor. 596Pherdih ehpadee s redctor is
clai m 67 wherein the polynerization takes places in a
t ORAERtEd I @K 20068 t hen a | oop reactor. 70. The
process of any of the above cl ains wherein the
residence tine is less than 5 mnutes. 71. A polyner
P6DAUCTRe Pivcas’yf ahy bie aborealdimaiwhgrein the.précebd &ifiprises (a)

conprising the polynmer of claim71.
continuously feeding olefin monomers, metallocene catalyst compound, and

activator to the 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; (e) reducing pressure to form a monomer-rich and

a polymer-rich phase; and (f) separating monomer from the polymer.

62.  The process of any of claims 1 to 48 wherein the polymerization takes

place in a loop reactor.

63.  The process of claim 62 wherein the loop reactor has a diameter of 41 to

61 cm and a length of 100 to 200 meters.

64.  The process of claim 62 or 63 wherein the loop reactor is operated at
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73. The blend of claim72 further conprising from1l to

75 weight % of a non- functionalized plasticizer. -160
wWOMD0R013849025949 PCT/ US2005/ 024240 74. The bl erci/u$2005/024240

claim73 wherein the non-functionalized plasticizer

has a pour point of -10C or less and a flash point of

200C or nore. 75. The blend of claim 73 wherein the

non-functionalized plasticizer has a viscosity

ﬁ%gﬁg&cﬁggt £ 76. The blend of claim 73 wherein
€ non unc PonalT zed pl asticizer has a flash point

of 200C or nore and a specific gracity of 0.86 or
l ess. -161 ) o )
65.  The process of claim 62, 63 or 64 where an in-line pump continuously

circulates the polymerization system through the loop reactor.

66.  The process of claim 62, 63, 64 or 65 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; (¢) continuously removing the
polymer/monomer mixture from the reactor; (d) continuously 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.

67.  The process of any of the above claims wherein the polymerization takes

place in multiple reactors.

68.  The process of claim 67 wherein the polymerization takes places in a

tubular reactor and then an autoclave reactor.

69.  The process of claim 67 wherein the polymerization takes places in a

tubular reactor and then a loop reactor.

70.  The process of any of the above claims wherein the residence time is less

than 5 minutes.
71. A polymer produced by any of the above claims.
72. A blend comprising the polymer of claim 71.

73.  The blend of claim 72 further comprising from 1 to 75 weight % of a non-

functionalized plasticizer.
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74.  The blend of claim 73 wherein the non-functionalized plasticizer has a

pour point of -10°C or less and a flash point of 200°C or more.

75.  The blend of claim 73 wherein the non-functionalized plasticizer has a

viscosity indexof 120 or more.

76.  The blend of claim 73 wherein the non-functionalized plasticizer has a

flash point of 200°C or more and a specific gracity of 0.86 or less.
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