2 6 JUL 2006 1 TITLE: PROCESS FOR PCOLYMERI ZI NG PROPYLENE AND ETHYLENE
COVMONOMER | N SCLUTI ON FI ELD The present invention relates to proggsags)fgr
pol ymeri zi ng copol yners of ethylene and propylene, in the substantial
absence of dienes. Mre specifically, the copolyners are nade in a process
that enploys a single reactor, in steady state. BACKGROUND Et hyl ene

propyl eneTE@EA yner s madeRAGESSretBORoc BOL YMERIZING arBRROPYXWENKanAN uch

copol ymers are internol I ' r f tacticity,
conposition (weight pe%ﬂM%waﬁﬁmem such pol ynmers may
also, or inthe alternative, be conpositionally heterogeneous within a

pol ymer chain. Such characteristics nay be, but are not always, the result
of multi FEELRxact or schenes or sequential addition of polymer. The

elasticity, flgxural dul us and tensile strxengih of.such copal S;...when
Conal dor ont i n ioPrEtent BRHEn Fet BSobs oF B Pl ol Rlie: ¥ B0t "
conmer ci adnd @bRI&RR e QubstadtidlQibserlde Bf drle® MAoNOspebifitdily,6Bd copEig@sissare
fractionabl e reactor blend pol ypr o‘zyl enes, directly obtainable fromthe

pol yner i Zagdedn aseress Gt enployopyineleacasier WHtzdy sWO0 % by  wei ght of a

boi ling n-heptane fraction, soluble in xylene at 135C. In Table 2 of this
docunent, the only fractionation disclosed, each of the solvents appears to
be at itsBROKGROUNB®I nt. Further, reference to this table shows that the
di ethyl -ether fraction has no nelting point (anmorphous). In the journal
articles Scierétbylengpropyne cgpolymprsomade with anetalipeend st$1 ae knyp. Magy

pp
6908- 6916, (,1998)+. S | . . P 3340
and pp g f%%%%lgn%gg?g%s?ﬂetﬁ@%%ﬁ%}% n@ r get%ﬁgﬁnegla%lﬁgtp ﬁ%ﬁ?i‘%&%ﬁ% !t% Pg@%égg hose
di scl osedweight hgercemlp oxtenatiodds o6l Hdth, SFurltas.e stictNgolymetd mby lalgy, eormagl ghand
fractionated. The polynmers are, made with his(aryl in e,nylﬁ) or_bi si ndenyl
met al | oc eHEMAVe| Bes¢ampasHionally beterageprons yrithin p polymerieham. Syeky gharactegistics

fractionafedyd ny,polel it gtl»%ﬂ,efheq@gﬂm%ﬁ‘lﬁﬁle o8 QeReldf Eéq‘ﬁ@m@cﬁ alili@ion of
polymer.

The elasticity, flexural modulus and tensile strength of such copolymers, when
considered in the aggregate, may not reach a satisfactory level for use in commercial
elastomeric operation.

U.S. Patent No. 5,747,621 suggests fractionable reactor blend polypropylenes,
directly obtainable from the polymerization reaction of propylene having 30 to 90 % by
weight of a boiling n-heptane fraction, soluble in xylene at 135°C. In Table 2 of this
document, the only fractionation disclosed, each of the solvents appears to be at its boiling
point. Further, reference to this table shows that the diethyl-ether fraction has no melting
point (amorphous).

In the journal articles Science, Vol. 267, pp 217-219 (1995); Macromolecules, Vol.
31, pp 6908-6916 (1998); and Macromolecules, Vol. 32, pp 8283-8290, pp 3334-3340 and
pp 8100-8106, propylene polymers with similar characteristics as those disclosed in the
above discussed U. 8. Patent No. 5,747,621 are made and fractionated. The polymers are
made with bis(aryl indenyl) or bisindenyl metallocene catalysts. In these journal articles,

these polymers are fractionated in boiling ether and heptane, leaving a portion of the

polymer



polymer 2 6 J UL 2006 WD 02/083754 PCTI US02/ 10515 2 insoluble in either.
The pol ypropyl enes are stated to be conpositionally heterogenegugii ik er ns
of tacticity and nol ecul ar weight. U S. Patent No. 5,504,172 suggests a

propyl ene Rpasheief that has properties such that: 5 (a) @_,,E oner
contains propylene units in an anount of 50 to 95% ano? et hyl ene

units in an anount of 5 to 50 %by nol; (b) a triad tact|C|ty of three
propyl ene units-chains consisting of head2 to-tai | bonds, as neasured by 13
C NVR, is not less than 90.0% and (c) a proportion of inversely inserted

propyl ene uni fnSoliEieCfh @khéNETRs pblyprobidlentss &id | Pited 10 B! EERPRRRNABNONEr i N
all propyl ene insertions, as neasure by 13 C NMR, is not less than 0.5%

and a propor t ReSeroganepysiatermisy! tagtieit and mlecuiy MskEAt.UNi t s based on t he

1, 3-insertion of 4 S hgs NOt nore
than 0.05% U.S. gggeng&f&g“ﬁg"gm% S%gsgggtgs% ]Eé/e;aétotﬁapcl\e@ed copol yners
of 15 ethyl epnepwhbshsuahﬂmtol efin. The copolyners are nade by a process of
sequenti.al ly cont e Iene th an.oc-alef.in nonomer tyag, presence
of ‘an aCti vated <O onth s ERy Forlkid iR et G ih RO 4008 B0 ect <

et hyl ene- propyl enebycmbmmrmfﬁemmﬂltammmmﬁtdﬂmo sp%bgafnong them The

copol yners have a reactivjty ratio_product jr2, between 5 20 and 1.5

and an isotactic i®lex yhwdiasticitnah CF%?R%“H"F unﬁﬁéh%%ﬁﬂ“?%?%"fa]i’eé‘dproduced
in the presence ofy,q,iQHRECHGH m‘é@d{rt herﬁ??gis\éﬁg le@é‘ﬁaﬁ?()@*/fﬁﬁﬁ(a”e co-

catal yst. There is a commer Ci a nee or an ethylene propyl ene
copol ymer that wi(c) shopyoportien bf myerpady msemdcprawlmcomts bmedb)althml,é- of
el astigity, flexural t would further be

: N 25 aduI Us andntensi SILE K

desi raei ' such ReTIERE Bda e BensRshel atay i ierioher S s | o

t enper at ur es. by *C NMR, is not Jess than 0.5%, and a proportion of inversely inserted
propylene units based on the 1,3-insertion of a propylene monomer, as

measured by *C NMR, is not more than 0.05%.

U.S. Patent No. 5,391,629 suggests block and tapered copolymers of

15 ethylene with an a-olefin. The copolymers are made by a process of sequentially
contacting ethylene with an a-olefin monomer in the presence of an activated
cyclopentadienyl catalyst system.

EP 0 374 695 suggests ethylene-propylene copolymers and a process for
preparing them. The copolymers have a reactivity ratio product, r;r2, between 0.5

20 and 1.5 and an isotactic index greater than O percent. The copolymers are
produced in the presence of a homogeneous chiral catalyst and an alumoxane co-
catalyst.

There is a commercial need therefore for an ethylene propylene copolymer
that will show a melting point and an excellent balance of elasticity, flexural

25 modulus and tensile strength. It would further be desirable if such polymers could
be produced at higher polymerization temperatures.

It is known that temperature affects the polymerization involving the
stereo regular polymerization of alpha-olefins, in particular propylene. Under
similar polymerization conditions the increase in the polymerization temperatures

30 leads to both a drop in molecular weight as well as a loss in the tacticity of the
alpha olefin residues along the chain. This effect exists for both the

homopolymerization of the 1-olefins as well as copolymerization of 1-olefins with



It is known that tenperature affects the polynerization involvi t he
stereo regul ar polynerization of al pha-olefns, in particular bgyﬂ}bﬂ@.ﬁ
Under simlar polymnerization conditions the i ncrease in the poI yneri zation
t enper at urgg o3s376ads to both a drop in nol ecul ar wei ght MRbhosds a | 0ss
in the tacticity of the alpha olefin residues along the chain. This effect
exists for both the honopolynerization of the | -olefins as well as

copol ynmeri zation of | -olefins with 2 6 J3 WD 02/083754 PCT/ US02/ 10515 3
et hyl ene, or other al pha-olefins. These changes in the characteristic of the
pol ymer are dethylews; rirabthéro alphisi-bRififs. errmﬂsee:,haﬁg‘estlhethpodlmfdcfehsﬁh ofiakever,

there are comercial .incentives inr |S|n t he meri zati on tenperature
since this 'H‘H}?‘Bﬁreaée flﬁ'ém'teﬁmh) MW@&F%% f’IBWeYEéa FI5r3C Thi s
woul d necessagdrhfersial qﬁ&nhoesb% tzﬁfsmgcﬁx'éoﬁél?ﬁexfiﬁnoﬂr Repeiahel S Whese

polynmers if physical attributes of product, such as tacticity

and nol ecul arimgpepypstthe duovghpreet thgrpobme@@@ont seectpr. o phistwed mevessacly eved at

| ower t nper ayi ?L{M@E% opyl ene
copol ym?rs en ;bre(t)t uce %@ﬁ%&u@@%ﬁfﬁ%ﬁﬁ&ﬁ&ﬁ%ﬁfﬁ@cene cagﬁfegt and an
activator, i nthapelymgf progivetashich as mmltyraaémcdec,ulmhmgm, cauldonees longxcmeﬂal
unexpect ed ba ance fI exui;“al rzﬂjul u tensile strength and elasticity.
Mor eover, the ﬁ%\”aﬁ Syt fover F?é'“ﬁ‘“bpol ymers show surprising

di fferences relatlve to conventional - polyner blends, such as is blends of

I sotactic pol ypropyl ene and et hyl ene- propyl ene copolyners. I n one
enbodi ment , téﬁl@ﬂé&&mr includes froma lower linmt of 5%or 6%or 8% or

| b% by ight to r hg‘[{& erived
units, ff;éﬁd froma qu%?gldllsﬁ‘{grédfﬁ% oo%l%r )iﬁry werght t6 a per imt of
95% or 94% or inABepreser@e %f bymetalioghie qatalysy huhan mkmvame,dmarmnge, stezhb' stete cent ages
20 by wei ght based on the tot.al ht r,0 e ne: derlved
ni 03, "The " CBRGRY rBpI L SuRRUTR ALY HPperire BRIBRRe e Bl m b, LS

var i ous enboditregihSandf @atidites Mdredvet théxp ahy Beies prapettied f IR Bopdynddrk of

show surprising differences relative to conventional polymer blends, such as

15 blends of isotactic polypropylene and ethylene-propylene copolymers.

In one embodiment, the copolymer includes from a lower limit of 5% or
6% or 8% or 10% by weight to an upper limit of 20% or 25% by weight ethylene-
derived units, and from a lower limit of 75% or 80% by weight to an upper limit
of 95% or 94% or 92% or 90% by weight propylene-derived units, the percentages

20 by weight based on the total weight of propylene- and ethylene-derived units. The
copolymer is substantially free of diene-derived units.

In various embodiments, features of the copolymers include some or all of
the following characteristics, where ranges from any recited upper limit to any
recited lower limit are contemplated:

25 (Y a melting point ranging from an upper limit of less than 110 °C, or
less than 90 °C, or less than 80 °C, or less than 70 °C, to a lower limit of greater
than 25 °C, or greater than 35 °C, or greater than 40 °C, or greater than 45 °C;

(i)  arelationship of elasticity to 500% tensile modulus such that

Elasticity <0.935M + 12, or

30 Elasticity <0.935M + 6, or

Elasticity < 0.935M,



the follow ng characteristics, where ranges fromany recited upper Iimt to
~any recited lower limt are conterrpl ated: 25 (i) a nelting poip§ Jyarkitng
froman upper limt of Iess than I 1Q 1C, or less than 90 CC, or | ess than
.90 'C, or less than 70 'C, to a Iovver33I|mt of greater than 25 'C, or
greater than 35 OC, or greater than 40 OC, or greater than 45 'C, (ii) a
rel ati onship of el asticity to 500% tensil e nodul us such that El asticity 5

0.935M + 12, or L a cit : . 935 .I 3 5MP 2
UL 2006 3a ethy |é‘ﬁ’ée °5‘E%3‘r5ph9'l°?eﬁ Y Thse offfnees a5 éc}ﬁéaﬁé“éc R
characteri stlpblpﬁertahedetpmbmiﬁo cmt&inelmimsem*eﬁ‘ﬂaabo]woleﬁﬂr Howevanthetesses of t he
pol yol efin. However,. there are i ncentivyes in rai.sing .the

pol yneri zat | JiPupRsrpal ZRcgnEves; ‘Hc&"“ﬁ“l”ﬁ Fé%tloflhép“mﬁ%%fﬁ hijfige &5 ¢ he

pol yneri zat i Ohpk®RE gy ﬂuoﬂghgﬁltw%apaﬁﬁa%ﬁm keactor.! Gt kOullGet&EarfiEONOM CS
for production for t hese palyners 1 f physical attributes of _the polyner

product, sdcHegktotbgtierespnopmiegfar proection 5‘?’ thasp QﬁWﬂe@dﬁP@’Sﬁb@m&ﬂ@ﬁé eed the
properties noy g&lg}n@%’ itk sh%r Qx‘id%b’l"e&ﬁar @J%ﬂ\{plf& 1d thlet e@ﬁ,’ent ion
co et

provi des a proces rising: a yner|2|ng propyl ene an yl ene
CONDNOMEr S |rthaps)pbnubsmwaqltmaéstslomrtanpﬂacteson tenperature at or above
600C, with a polynerization catalyst conplex conprising: i) an
organornetallic Goup 4 transition netal conpound; and 15 ii) an activating
cocatal yst, \BEVMBMARYaid catal yst conplex is capable of producing

sLer eosPoc 1Bl UBL ORNL S AR CoRELPes on anionl o nel ogenared
pol ycyclic aromatia§ hy@oRaRfibiag pRpyResdrethyidne @ambsorhdrs @i a sodftioand
process at a reaction temperature at or above 60°C, with a
polymerization catalyst complex comprising:
i) an organometallic Group 4 transition metal compound; and
15 ii) an activating cocatalyst, wherein said catalyst complex is
capable of producing stereospecific polypropylene, and
comprises an anionic halogenated tetra-aryl Group 13
element anionic complex comprising at least one fused
polycyclic aromatic hydrocarbon or pendant aromatic ring;
20 and
b) recovering a propylene copolymer containing units derived from
propylene in an amount greater than or equal to 75 weight percent,
and units derived from ethylene in an amount of from 5 to 25
weight percent, wherein the copolymer has a melting point of from
25 greater than 35°C to less than 110°C, and a weight average
molecular weight of:
Mw > 6.10¥P*e®*70D
wherein:
Mw = the weight average molecular weight
30 T = the polymerization reaction temperature in degrees

Kelvin



b) recovering a propyl ene copolynmer containing units derived frzw Qﬁg@ﬁyl ene
“in an anount greater than or equal to 75 weight percent, and ufit ved
fromethylene in an anount of from5 to 25 weight percent, wherein the

. copol ymer has a melting point of froA®25 greater than 35*C to | ess than |

| (rC, and a wei ght average nolecul ar weight of. Max6.10*P*e (3370M
wherein: Mv = the wei ght average nol ecul ar weight 30 T = the pol yneri zation
reaction tenperature in degrees Kelvin 2 6.J UL 2006 .3h P = the steady
state propyl ene concentrati ﬁﬂ?%s“faﬁgsmﬁdﬁr%‘é‘?“ief%%ﬁ“fo@é’& on zone in noles

per liter. The ethyl ene-propyl egﬁlmh%m&@ﬁomiﬂhmg%ﬂﬁkﬂ t he presence
of a 5 netallooene catalyst and an activator, in a single steady state

reactor, have a surprising and unexpected bal ance of flexural nodul us,

tensile strerfgth.@Ngne- ALl }i,l?(?‘ge%ﬁ, o 8 gL rgperties of

t he copol yners s%og\l/ esﬁbgarqlasi r(fgl)(0 _ er e_nces_prgl?%ti ve totpgcgéll%/ognt?onal pol ymer
bl ends, suth mdallobensdenatalyst angd ginaastivaton dh \apsingly | steady atade etabiet, dae pr opyl ene
copolymers. 10 _l.n _one .enbodi nen t he | r.i.nel ud froma lower limt
o 85 or  soirPHng AP SRR TRE bateR ol BRI EPalIIE, HAFE SRS

wei ght et hyl eheticiger iMoot ttisese aand bthempaopeetiwsr of ithid tcopdlyni&do howB0% by

wei ght to an upper Lipmt of 95% or 94% or. 92% or, .90% by. wej gh

propyl ene- der“’}"&@&“%. Hfff%‘?m?%@]a I EMveyeea %m‘i”rgtﬂ?ndﬁ’aﬂ%h aﬁhl%l"iafe"ft ot al

wei ght of  pr eqydca8 polypiopyleidundeiftend prapoleny esholythdrs. The copol yner is
substantially free of diene-derived units. In various enbodi nents, features

of the colfbl yner sIt fiRg eaedimsnt B capalymer inglidescfzam g\ipyiey Rl rBSYern sti cs,
‘Qﬂﬁ[ gn{)flgtggz_sf% SB9ABY 1096 Bl tuRikhY RPAT ugpbiMithit LP263Y%r 25% Uytvgett ei§lend Mt are
derived units, and from a lower limit of 75% or 80% by weight to an upper limit
of 95% or 94% or 92% or 90% by weight propylene-derived units, the
percentages by weight based on the total weight of propylene- and ethylene-
15 derived units. The copolymer is substantially free of diene-derived units.
In various embodiments, features of the copolymers include some or all of
the following characteristics, where ranges from any recited upper limit to any
recited lower limit are contemplated:
(i) a melting point ranging frdm an uppet limit of less than 110 °C, or
20 less than 90 °C, or less than 80 °C, or less than 70 °C, to a lower limit of greater
than 25 °C, or greater than 35 °C, or greater than 40 °C, or greater than 45 °C;
(i)  arelationship of elasticity to 500% tensile modulus such that
Elasticity <0.935M + 12, or
Elasticity <0.935M + 6, or
25 Elasticity < 0.935M,



(i) a nelting point ranging froman upper limt of Iess than 110 'C, or 20
less than 90 'C, or less than 80 *C, or less than 70 'C, to a lidwebl [0k t of
greater than 25 'C, or greater than 35 "C, or greater than 40 *C, or
greater thagy¢lhsizks (ii) a relationship of elasticity to RO08ekANEE! €

nodul us such that Elasticity :5 0.93 5M+ 12, or Elasticity :5 0.935M + 6,
or 25 Elasticity :~ 0.935K 2 6 JUL 2006 WD 021083754 PCTI US02/ 10515 4
where elasticity is in percent and Mis the 500%tensile nodulus in
megapascal (MPa); (iii) a relationship of flexural nodulus to 500%tensile

nmodul us such whéia elabtidlyax iy gercelbahid Mgs the 580% eensile hivdulub th megapadchiexur al
Modul us 5\&@%171 + 30, or Flexural Mdulus:5 4.2e 0.27M + 10, or
Fl exur al l\/bdu )5 4.2e 0.27M +2, where flexural nodulus is in MPa and Mis

the 500% tensile ngghul Lasremmmﬁp o?@leﬁﬁr)ﬂ)m%dllﬂﬁﬁb Qéo%tta&sge thédRflisNcH rom a
lower Iimt of great'er than 1.0 joule per grain (J/g), or greater than 1.5

J/g, or great®gtthan 4.0 J/g, or greater than 6.0 J/g, or greater than 7.0

J/g, togan upper limt 2Mgen0r. | €ss than 100 J/g, or less
t han 755J/g, or |ess th@%x%%ﬁ?& %gss gn&SO J/g, or less than 40 J/g,

or less than 3 0 J/g;. PJlEm(rad)Medﬁlmsﬁd.Zt“a’tB‘H-GO,tqr as deternined by carbon-13

nucl ear magneti c resonance (. QM ater than 75 % or greater than
80 % or greater than %X‘F/al%?d'g‘ﬂsﬁf %A&QCU % (vi) a tacticity index

mr ranging froma | oweFletirfliMo@flusk :erUG"M @2an upper linmt of 8 or 10 or
12 20 (Vi) ot g O Ol s o M 36 L35 LR RS iy, D2sed on 2.1

10 (iv)  aheat of fusion ranging from a lower limit of greater than 1.0 joule
per gram (J/g), or grea‘ter than 1.5 J/g, or greater than 4.0 J/g, or greater than 6.0
J/g, or greater than 7.0 J/g, to an upper limit of less than 125 J/g, or less than 100
Y/g, or less than 75 J/g, or less than 60 J/g, or less than 50 J/g, or less than 40 J/g,
or less than 30 J/g;.

15 {v) a triad tacticity as determined by carbon-13 nuclear magnetic
resonance (°C NMR) of greater than 75 %, or greater than 80 %, or greater than
85 %, or greater than 90 %;

(vi)  a tacticity index m/r ranging from a lower limit of 4 or 6 to an
upper limit of 8 or 10 or 12;

20 | (vii) a proportion of inversely inserted propylene units based on 2,1
insertion of propylene monomer in all propylene insertions, as measured by
BCNMR, of greater than 0.5 % or greater than 0.6 %,

(viii) a proportion of inversely inserted propylene units based on 1,3
insertion of propylene monomer in all propylene insertions, as measured by

25 BC NMR, of greater than 0.05 %, or greater than 0.06 %, or greater than 0.07 %,
or greater than 0.08 %, or greater than 0.085%;

(ix) an intermolecular tacticity such that at least X % by weight of the
copolymer is soluble in two adjacent temperature fractions of a thermal
fractionation carried out in hexane in 8 °C increments, where X is 75, or 80, or 85,

30 or 90, or 95, or 97, or 99;

(x)  a reactivity ratio product rjr; of less than 1.5, or less than 1.3, or
less than 1.0, or less than 0.8;



I nsertion of propylene nononer in all propylene insertions, as nmeasured by
13 C NWR, of greater than 0.5 %or greater than 0.6 % (viii) proportion
of inversely inserted propylene units based on 1,3 insertion ﬁﬁ JHkﬁ@WI ene
mononer i nweydzofy7eyl ene insertions, as nmeasured by 25 "fePdd2n651s Or eater
than 0.05 % or greater than 0.06 % or greater than 0.07 % or greater
than 0.08 % or greater than 0.085% (ix) an internolecular tacticity such
that at |east X % by weight of the copolyher is soluble in tw adjacent
tenperature fractions of a thermal fractionation carried out in hexane in 8
"Cincrenments, whefx#) X amolebylaoweight disribiion MEMn rangihg feom Qdowarlindy, or 99;
(x) a reactivi rati roduct. rlr2 of _less than,1.5 or less than 1.3, or

| ess t han 1.09}%? of Lo EMPP%L@}“’E%B"E %@b%‘%a‘%ﬂéoz/-oss?m PCTI US02/ 10515 5
(xi) a nol ecul ar wgiiyhta fbRthlhokézRrbf BoMY,000angoomodo:om a lower limt  of

1.5 or 1.8 to an upper Emt of 40 or 20 or 10 or 5 or 3; (xi}) a nolecular
wei ght of from 15, -a ssofjd o statgo praten j purlear gppgngtis ¢ reenageet O NVR) ear

magneti ¢ reso nel gxat.) | n wll i seconds
(1ns). o1 osration e TS, tian 18 ritfifbloill Yhiffofles 2716 B lor figfind | 22CP0S

than 10 ns; (k4ﬁ1)5,<adessnlmtﬁ?an&,yrhsﬂim101md; herein of less than 30 % or |ess
than 20 or less than 10 % .or |le than 8 % or |ess, than % d (xv) a
500 % tensile nodu{;%‘g of? ‘é%%‘ﬁ’t%?s cfeﬁiélﬁgg?rgm,\g@?ss HP“S’?’eét % eisﬁa?ﬁz‘% 0.8 MrPa,
or greater thanless tRarlVRe%, orf legribat £%, bhiess tBarD5 #Pand The copol ymer be nade in
the presence of a brjdge tallocene catalyst, in _a single steady-state
reactor. Thus, in &Hi)t %?Od;?b@e&ﬁ "E‘Pfgﬂ'ﬂﬂ' Erter; the Ao, 4 & BEFeiRd to a
processygf or ppQAuei, RY gRareLinay h PR P BeLRPhak QRApAEr having some or all of
t he above-recited characteristics, by reacting ethylene and propylene in a

15 st eady-state refes enpolymepsbe made in the peeserpetof arbsidgerimeiallo¢pne gatalysthice of a

bri dged in a single steady-state reactor. Thus, in another aspect, the present invention is

directed to a process for producing an ethylene-propylene copolymer having some

or all of the above-recited characteristics, by reacting ethylene and propylene in a

15 steady-state reactor under reactive conditions and in the presence of a bridged
metallocene catalyst.

In another embodiment, the invention comprises a solution polymerization
process for making the above described semicrystalline ethylene propylene
copolymers by using particular catalyst and activator combination that lead to

20 similar molecular weights and crystallinity from polymerization at a higher
temperature or alternatively higher molecular weight and/or crystallinity when
compared to polymerization processes conducted at a lower temperature using
previous catalyst and activator combinations. This embodiment involves the use
of bulky, non-coordinating activators in conjunction with single sited metallocene

25 catalysts capable of making the polymers described above. In another aspect, this
embodiment can additionally operate using a higher concentration of the
monomers present in the polymerization reactor during polymerization. The
combination of these two components of the invention leads to copolymers which
have both a higher molecular weight as well as a higher level of tacticity of the

30 propylene residues. Thus these bulky activator systems and higher monomer
concentrations can be used for the polymerization of these copolymers at higher

temperatures compared to the polymerization conducted with smatler anions while



nmet al | ocene catal yst. In another enbodi ment, the invention conprises a

sol ution pol ynerization process for nmaking the above describedg JUiL 2006

sem crystalline ethyl ene propyl ene copolynmers by using particul ar catal yst
and acti vajyeyreegdytd nation that lead to 20 simlar nol ecul grri@habss and
crystallinity frompolynerization at a higher tenperature or alternatively
hi gher nol ecul ar wei ght and/or crystallinity when conpared to

pol yneri zati on processes conducted at a | der tenperature using previous
catal yst and activator conbinations. This enbodi nent involves the use of
bul ky, non- cogilllpairtdtng @pblyi@isoRBich have BiniRe olstull tWeigité ghd jsdiaces

net al | ocene 25 catal ysts_capabl e of naking the polyners described above. In
anot her aspecProPYRR&Cry@aliBWY-nent can additional |y operate using a hi gher
concentration of the nononmers present in the polynerization reactor during

pol ymeri zat i oppSERPTIONCOPAHE D gse two conponents of the invention
| eads to copo i gher nol ecul ar weight as well as a

hi gher 15evel of t athdseiand other fdabr@) agpecty phe ndvangagesl 0£ embddiments lef our bul ky
activator sys . and .hi [ ner. ncent.pat ions. can he d.for the
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t
of our invention wll becorme bett'er understood wt re?eren e to the
foll owildg dekns.i ption, appended clai ns and acconpanyi ng draw ngs, in which:

versus tim n miTESEcAnae Pt O ARG mblS i NS oS T s e
sl ope of the mbQulus,neMHal gure 2 is a plot of flexural nodulus, in Ma,
versus 500% tensileg, . . . .
Figure 3 is a plot of elasticity, in percent, versus 500% tensile modulus, in
MPa.

15 Figure 4 is a plot of melting point (Tm) in °C, as determined by DSC,
versus percent ethylene of copolymers of the invention (triangle symbols) and
blends of isotactic polypropylene with copolymers of the invention (diamond
symbols).

' Figure 5 is a plot of heat of fusion in J/g as a function of ethylene content

20 and polymerization temperature for samples prepared using the process of the
invention and comparative samples.

Figure 6 is a plot of the Mooney (ML127C) as a function of propylene
content in hexane solvent in weight percent and polymerization temperature for

the copolymers of the current invention and comparative samples.

25
DESCRIPTION
We contemplate thermoplastic polymer compositions composed of a
majority of propylene with a minor amount of ethylene. These polymer
compositions include a linear, single homogeneous macromolecular copolymer
30 structure. These polymers have limited crystallinity due to adjacent isotactic

propylene units and have a melting point as described below, They are generally

devoid of any substantial intermolecular heterogeneity in tacticity and comonomer



nmodul us, in MPa. Figure 3 is a plot of elasticity, in percent, versus 500%
tensile nodulus, in MPa. 15 Figure 4 is a plot of nelting pﬁeilé é [ﬂ% I n
*C, as determ ned by DSC, versus percent ethylene of copoly JgE 2

i nvention flyfhaggse synbols) and blends of isotactic polypypavhéhre Wth
copolynmers of the invention (dianond synbols). Figure 5 1s a plot of heat
of fusion in Ry as a function of ethylene content 20 and pol ynerization
tenperature for sanples prepared using t he/ process of the invention and
conparative sanples. Figure 6 is a plot of the Money (M.127C) as a function
of propyl ene]c c&ﬂ;ﬁﬁsﬁﬁh buind h@(ﬁfb@taﬁtfiﬂlf Mﬁﬁi&e bf) disaé. gnlheypaeceﬂﬁ d&tgﬁﬂ pPlagyreri zation
terrperature or, copol yners of the current jnv .on. and conpparative
sanpl es. 'F‘*i rog% el 19 BHER T‘h"éﬁ"?ﬂ?ﬁq’&’ét‘ﬂ Wiognin addififfesi t i ons

conposed Of athesPtherdoplas@é p&&ﬂ%&o%ﬂ%si%ﬁ&h@uﬁ@x@@étecﬁ?%ﬁ‘ bndPdlagithy! ene. These
pol ymer conpositions include a linear, single honpgeneous nacronol ecul ar

copol ymer 30 structure. These polymers have limted crystallinity due to

adj acent |soté YME pyl ene units and have a nelting point as described
bel ow. They are—ge-rreﬁagl y devoid of any substantial internolecul ar

het er ogenei t yMonomaxstin thetGopahghetonononer 2 6 J U L 2006 WD 02/ 083754

PCTf US02/ 10515 7 yﬁo sition, d are éﬂ&tantl free of di They are

al so devoid of an géﬂt"‘lnaFm %dt‘%‘F?}g Ct PPt it er“Hﬂ‘ErI @Eu?ong’Wﬁpom tion
di stribution. jrchdagdobd ®Newert mﬁaaftmro?rra% 8189 oPA0YBY WwapmQShlléRNS are

unexpectedly soft and el astic. ., Nononers in t he Copoly According
to an enbodi nftvedunith o ﬁ%é@@ﬁﬂmltrﬂfe?rﬁ)t/i’ 6h25 oy weighy sphsdene-derived units.
10 These embodiments also will include propylene-derived units present in the

copolymer in the range of from a lower limit of 75% or 80% by weight to an

upper limit of 95% or 94% or 92% or 90% by weight. These percentages by

weight are based on the total weight of the propylene and ethylene-derived units;

ie, based on the sum of weight percent propylene-derived units and weight

15 percent ethylene-derived umits being 100%. Within these ranges, these

copolymers are mildly crystalline as measured by differential scanning

calorimetry (DSC), and are exceptionally soft, while still retaining substantial

tensile strength and elasticity. Elasticity, as defined in detail hereinbelow, is a

dimensional recovery from elongation for these copolymers. At ethylene

20 compositions lower than the above limits for the copolymer, such polymers are

generally crystalline, similar to crystalline isotactic polypropylene, and while

having excellent tensile strength, they do not have the favorable softness and

elasticity. At ethylene compositions higher than the above limits for the

copolymer component, the copolymer is substantially amorphous. While such a

25 material of higher ethylene composition may be soft, these compositions are weak

in tensile strength and poor in elasticity. In summary, such copolymers of

embodiments of our invention exhibit the softness, tensile strength and elasticity
characteristic of vulcanized rubbers, without vulcanization.

In embodiments of the present invention, we intend that the copolymers be

30 substantially free of diene-derived units. Dienes are nonconjugated diolefins

which may be incorporated in polymers to facilitate chemical crosslinking

reactions. "Substantially free of diene" is defined to be less than 1 % diene, or less’



includes froma lower |imt of 5% or 6% or 8%or 101/6 by wei ght ethyl ene-
derived units to an upper limt of 20%or 25% by wei ght et hyl egpﬁq% 7506 d
units. 10 These enbodi ments also will include propyl ene-derived units
present inghRensssapol ymer in the range of froma |ower |igady@biespdo or 90%
by wei ght tg an upper limt of 95%or 94% or 92% or 90% by wei ght. These
percentages by weight are based on the total weight of the propyl ene and
et hyl ene-derived units; Le., based on the& sum of wei ght percent

propyl ene-derived units and wei ght 15 percent ethyl ene-derived units being
100% Wthin o, AGES Q I | hdb Y 1 \pe as
measur ed by d{|h g'r%e/%t [ a%’ grcltg%ﬁtlﬁ%go'?c'gﬁlg%& gﬁne&? ?s?) ﬂ%ﬂgﬁcé)ﬁj /%ﬁgﬁ%?%%4<a%%pt ionally
soft, while s@PA.IAll ef diese neyceniipet ard byweight insibeecopblyswr tTheapreseataat i city.

El asticity, ag defi in detail hereinbelow. is a. di sjanal recovery
from el ongati® e’fcgror}te‘ﬁ‘é‘?eca@o o SPYET _nalg& 8@?@?@@’ f&%(ﬁiﬁlﬂ‘feén € ower "t han
t he above | i nkddwiftorhdsbekiledbil tié®e, such polyners are generally
crystalline, simlar to crystalline_isotactic po!ai;g)ropyl ene, . and whil e

having éxcel | ent 48 Of shangrpgipde digns mapomgiadded o theepofynaizaieeokof t ness
and el asti ci ityledd ackl fRYpRAR, SOMRATIdichS R cAMUIPRE Nd Aer s RARQVEE shéym t S Tor
the copol ynmer conponent’,” the copolynmer is substantially anorphous. VWile

such a 25 natéieresl thd abpyhoutlinedylinite onothsiys inclusionniny thee copdlymer hese

conposi tions ' b t ,ggg | i StlCl I n
summary, suc h%gcﬁfgﬁ%rér%r ?8 I@#Eg’%ém(g%%rr‘%ﬁ%s q@%’?l&%%ee r?? | ﬁ%e%feb}t%ent he

sof t ness, t ensiggestest fornly formatiorebfiedpolynteys oftblefizsc Howestr, polylnersumadni zed
rubbers,, wi thgut vul cani zati.qn. In e di.ment.s of the esent invention, we
nrend Pnat 1+ Ronc eaRE Wil gttt e iera Py e SaRGRY GOBHEeY S e uni 1 <.
Di enes are nofeaioHRitRe ofioflePinoRdmerd 68 poMeRatioACOr porated in polyners to
facilitate chentical crosslinking reactions. "Substantially free of diene"

is defined to be less than | %d_i ene, or less' 2 6 JUL 2006 WD 02/083754
PCT/ US02/ 1051BKlaidenis ] y : peext han 0.1 % di ene, or |less than 0.05

!'J: LR
% di ene, or equal % . eg&%@e f ag e by Lght _in the
copol yner. The pre@gkegglagrwe%dés@%%é% I'en (Ir:gaﬁ %gasgfoenggntp%l\%n I?/f
determided bymolttilar edtighes mithinu e giveal polymer sample. It is well known that the

breadth of the MWD can be characterized by the ratios of various molecular

2 »
N CRgIANG EO1s

weight averages, such as the ratio of the weight average molecular weight to the
number average molecular weight, Mw/Mn, or the ratio of the Z-average
molecular weight to the weight average molecular weight, Mz/Mw.

20 Mz, Mw and Mn can be measured using gel permeation chromatography
(GPC), also known as size exclusion chromatography (SEC). This technique
utilizes an instrument containing columns packed with porous beads, an elution
solvent, and detector in order to separate polymer molecules of different sizes. In
a typical measurement, the GPC instrument used is a Waters chromatograph

25 equipped with ultrastyro gel columns operated at 145 °C. The elution solvent -
used is trichlorobenzene. The columns are calibrated using sixteen polystyrene
standards of precisely known molecular weights. A correlation of polystyrene
retention volume obtained from the standards, to the retention volume of the
polymer tested yields the polymer molecular weight.

30



known to those skilled in the art. 5 Sources of diene include di ene nononer
added to the polynerization of ethylene and propyl ene, or use @t Hilelith i n
catal ysts. No nmatter the source of such dienes, the above outlined limts
on their phghiishar 1 n the copolyner are contenpl ated. H%@i/ﬁ)gs

di ene-contai ning netal |l ocene catal ysts have been suggeste or t

formation of copol ynmers of ol efins. However, polyners made 10 from such
catalysts will incorporate the diene frompthe catal yst, consistent with the
i ncorporation of other nononers in the polynerization. Ml ecular Wight and

Pol vdi spersLty. Mol ' b SEal | on g a nmeasure of the range
of 15 nol ecul ar \A‘ag}l%g fm O%P%Q#C%mgﬁhéﬁ%eo?ﬁé’%%o%%“ S el | known
that the breadth of the MAD can be paet erized by the ratios of various
nol ecul ar wei ght averages, such € ratio of the wei ght average

nmol ecul ar weight to the nunber aver g;mpl ecul ar weight MV M, or the ratio
of the Z-average nolecul ar weight t t he' wei ght average nol ecul ar wei ght,

MZ/ M. 20 Mz, witdre B thém@atier RE mivkaales BeVingSd Moleg@ibr W@i%ﬁﬁﬁ& | Whe H=0p7RL Ogr aphy
(GPC), also known as size exclusion chronatogra Thi s techni gue

utilizes an iYidf tRfnBIHRDE Serass melecular wsisht Miek ewnt“ﬁ lpdf duthepesighd, an
el utions sol vgglg eﬁa@ﬂ:cﬁ'l%f %e%ﬁfmvn Whélf = b%@%?%%&%é:ﬁ&i%&mﬁ%& | es of

different sizes. % measur enent, the GPC Instrunent u ed is a
Waters chr oneMbgr’ﬁlpkﬂew pr@ldcmnt(]qguleﬂﬂuwd\dWW)cmllhﬁmmoogﬁethat ed at 145

((:ng | -tI)-P:t 2guhggﬁg§3§k§'§g vﬂlﬁ? s@?stél%]ée&gﬁ aﬂ%?é@ﬁ@? pre Elgl 7R g\?\ﬁ nol ecul ar

wei ghts. A camdels adisomssedf mpﬂiomﬂytaﬁnﬁ, fdreémfpleorSlaldE lHreEoHﬂaIHa@.daé‘rxom t he
ol ccul ar weiiecua0 s Tt SobareelRsiish inh P GRHD RS ARR B e Aver age
mol eculjgr weighbs,dbesdf PBIHRFBY:SA Wdoéﬁ.,tll?ém%@?ﬁﬁ.%rp., NY, (1989)

155-160; U.S. Patent No. 4,540,753; Verstrate et al.,, Macromolécules, vol. 21,

(1988) 3360, and references cited therein.

In embodiments of our invention, a copolymer is included having a weight
average molecular weight (Mw) of from 15,000 - 5,000,000, or from 20,000 to
15 1,000,000 and a molecular weight distribution Mw/Mn (sometimes referred to as a

"polydispersity index" (PDI)) ranging from a lower limit of 1.5 or 1.8 to an upper
limit of 40 or 20 or 10 or 5 or 3.

In the measurement of properties ascribed to polymers of embodiments of

our invention, there is a substantial absence of a secondary or tertiary polymer or
20 polymers to form a blend. By "substantial absence” we intend less than 10%, or
less than 5%, or less than 2.5%, or less than 1%, or 0%, by weight.

In another embodiment, the copolymers of the invention have a weight
average molecular weight that can be calculated by application of the following
formula:

25 Mw > 6,10%P*e¥70D
‘Wherein:
Mw = the weight average molecular weight
T = the polymerization reaction temperature in degrees Kelvin
P = the steady state propylene concentration in the polymerization reaction zone in

30 moles per liter



Il NMn+l M=1 F,NMn | where N is the nunber of nol ecul es having a

nol ecul ar wei ght M. Wen n =0, Mis the nunber average nol ec ar yﬂﬁdght
WMh. When n = 1, Mis the weight 5 average nol ecul ar wei ght M2

Mis the nmol ecul ar wei ght Mz. The desired MAD faigE g.,

My Adn orZW/%/ M/v?ﬁl s the ratio of the corresponding M values. Eh)%/}g(:'isgﬁrem::nt of
Mand MAD is well known in the art and is discussed in nore detail in, for
exanpl e, Slade, P. E. Ed., Polymer MolecdPar Weights Pariff, Marcel Dekker,
Inc., NY, (1975) 287-368; Rodriguez, 10 F., Principles of Polynmer Systens
3rd ed., Hem sphere Pub. Corp., NY, (1989) 155-160; U.S. Patent No.

4,540, 753; Ve Aqronnlecules, vol. 21, (1988) 3360; and

ref erences ci tEe-iEdey : di ments of our invention, a copolyner is

i ncl uded having a %éﬂ%fogn?éf%c@&ﬁm@%@ﬁ@ﬂnﬁédxﬂﬁh@ﬁoufm)mﬁﬁn, ﬁésCH@.lﬂg'ie 000 -

5, 000, 000, or from 20 to 15 1,000,000 and a nol ecul ar wei ght
distribution MeitaE peishetheneepolmesr eaadbe @ madem: enpolymes ofr athylgng gaéx” (PDI))

rangi ng § rom ts 5 r r 20 or
10 or 5 %r 3. ﬁﬁdr‘l)?%ﬁée h%%la ur g{r?eér{g 8@“ go@e?’&%@%@@% #ﬂﬂg Cgpnég?g
enbodi nent s ofDSQOuranging drotri mnupnehhm aféesat}mmtislﬂéﬁl leas ﬂmh@éﬁeelessfthmsecondar y

tert oL bl bst
absence” v | AD S it o ot i B U5 o e BERE B 85506 o
l ess than 1% °@ror%%/eaté@xnmog@torg+eateaﬂ@ﬁhs¢c ﬁ@ﬂéh@%m&%ltﬁ%%hﬁ'ﬁ?rs of the

I nventi on have a wei ght average nol ecul ar weight that can be ‘cal cul ated by
appl i cation OPI’QPMEM-QIWW aepolymermof the ipgentipr@s a fuption (cE3thyleny weigher ei n: My

= the v oht BYerR0P. MRl 8l Sbyilnsad Rl 8a ALY TRIhER!  ABols§ AFd) O

tenperature i eg’r €é
comparison, the diamond symbols in Figure 4 show the melting point of blends of

"

isotactic polypropylene and the inventive copolymers also as a function of weight

percent ethylene, Figure 4 clearly shows that copolymers of the present invention

have a lower melting point than propylene-ethylene copolymer/isotactic
15 polypropylene blends having the same weight percent ethylene.

Embodiments of our invention include copolymers having a heat of fusion,
as determined by DSC, ranging from a lower limit of greater than 1.0 J/g, or
greater than 1.5 J/g, or greater than 4.0 J/g, or greater than 6.0 J/g, or greater than
7.0 J/g, to an upper limit of less than 125 J/g, or less than 100 J/g, or less than

20 75 /g, or less than 60 J/g, or less than 50 J/g, or less than 40 J/g, or less than
30 J/g. Without wishing to be bound by theory, we believe that the copolymers of
embodiments of our invention have generally isotactic crystallizable propylene
sequences, and the above heats of fusion are believed to be due to the melting of
these crystalline segments.

25 In another embodiment, the copolymers of the invention have a heat of
fusion that can be calculated by application of the following formula:

Hr> 311%E-18.54T
Wherein:
Hy = the heat of fusion, measured as described below

30 E = the ethylene content (meaning units derived from ethylene) of the copolymer,

measured as described below; and

T = the polymerization reaction temperature in degrees Kelvin.



P = the steady state propyl ene concentration in the polynerization reaction
zone in 30 noles per liter 2 6 JUL 2006 WD 02/083754 PCT/ US02/ 10515 10
Mel ting Point and The copol ymer, according to an enbodi nent of bajll 2006

i nvention, wdaswgsrsd Ngle nelting point. The copol yner canpd@gydzidsisiom
copol yner of ethylene and 5 propylene having a nelting point (Tm by

Differential Scanning Calorinmetry (DSC) ranging froman upper limt of |ess

than | 10 *C, less than 90 T, less than &b OC or less than 70 OC, to a

lower Iimt of greater than 25 'C, or greater than 35 T, or greater than

40*C or greater than 45T. Figure 4 shows the nelting point of

propyl ene- et hyhgtiogy GeleR! ymers of the invention as a function of ethylene

wei ght 10 percent, _1.¢€., weight percent of ethyl|ene-derived units,(triangle
t

synbol s). For conpr fasHAity tpfexq capretsad Igraiv (a8 10T i determingd oby mel ting

poi nt._of bl enfi@l mighehie GhdohmR! MRRY IR Rachilfy it ANCR! LB AGPGL Y ITer S

also as a function o ght percent” ethylene.” Figure 4 clearly shows that

copol yner s of defined gy Hé (theng\Mdearomelectiesy &7/,d4 960 (684 hdlhe idegignstipm{'mi’ ean

propyl ene- et hy}.e Li.sotactic . .| S pol lL.en | ends having the
sanme wei ght perl; c%gﬁn%§€%¥§§%9é}%%%§i ér"rf;%atlrg ngcgg%&oﬁgéégﬁpfegg %r‘ﬁlcn?' ’ud’g

copol ynmer s hasfértng tdarbo ad 1S ememias Adahe raticefl 1.0ygeR&@lly destgberga f rom a
lower Iimt of greater than 1.0 J/g, or p ater than 1.5 \(J’Arg or .greater
than 4.0 J/ g, SBRIOACHS (RO RE o ANG 2 DYT gatioyp é 3t afactic gitertal. oAd fsotactie, an upper

limt of |esspbla theStetidally ntly HaQ8 8 rdtfddipprbabhidg fhfin@y, dndSBany B prdfic?> J/ 9, or
| ess than 60 1/g, or less than 50 J/g, or less than 40 J/g, or less than 30
J/g. Whhout ¢ledisinelymes baverwbiiciens ysofdstio egnteniido psiilt & eatiph af grester thawol yrer s

; thodi : . . L L} 7abl
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to the nelti ngnging fiolhes bwer Yistitadfl4 a1 ts egopper Emit2dd 8l or 18rottPer enbodi nent, the

copolynmers of the invention have a heat of fusion that can be cal cul ated by
application of the follow ng formula:

Triad tacticity
15 An ancillary procedure for the description of the tacticity of the propylene
units of embodiments of the current invention is the use of triad tacticity. The triad
tacticity of a polymer is the relative tacticity of a sequence of three adjacent
propylene umits, a chain consisting of head io tail bonds, expressed as a binary
combination of m and r sequences. It is usually expressed for copolymers of the
20 present invention as the ratio of the number of units of the specified tacticity to all
of the propylene triads in the copolymer.
The ftriad tacticity (mm fraction) of a propylene copolymer can be
determined from a ’C NMR spectrum of the propylene copolymer and the

following formula:

PPP(mm)
PPP(mm)+ PPP(mr) + PPP(ir)

where PPP(mm), PPP(mr) and PPP(rr) denote peak areas derived from the methyl
groups of the second units in the following three propylene unit chains consisting
of head-to-tail bonds:

25 mm Fraction =



Hf > 311 *(E-18.5)2/T Wherein: H = the heat of fusion, neasured as
descri bed below 30 E = the ethylene content (neaning units deri VEE Jf L%ﬁﬁ
et hyl ene) of the copolyner, neasured as described below; and T tH

pol ymeri zalippekpaset i on tenperature in degrees Kelvin. 2 Eepubhahon§06 WO
02/ 083754 P USOZ/ 10515 Tacticity Index The tacticity index, expressed
herein as "mr", is determned by 13c nuclear magnetic resonance (14MR).
The tacticity index mir is calculated as 18 defined in H N. Cheng,

Macr onol ecul es, 17,1950 (1984). The designation "in" or Y' descri bes the

stereochem stry of pairs of contgiguous prapyl ene grogps, "in" referring to
nmeso and "r" to racemc. An mr atlo of 1 0 general y descri bes a

syndi otactic pol ynmppp(amg an__uj_{cg_a_u_ %erl al. An
isotactic materi al theoretlcal y may v aratl pproac ng infinity, and

result in ratios of greater thani 50. Cop rs of enbodi nents of our

i nvention can havegkatlmt dexrﬂ angln frroma |o limt of 4 or
6 to an upper |im trbfm TO"%? 'f"‘(':lH \yg_rlclllary
procedure for the description of the tact|C|ty of th propyl ene units of
enbodi nents of the current invention is the use of t€Had tacticity. The
triad tacticity of a polyner is the relative tacticity of a sequence of

t hree adjacent propylene units, a chain consisting of head to tail bonds,
expressed as a binary conbinatigi of in and r sequegrgs. It is usually
expressed for copol ymers of the 0 present inventionjas the ratio of the

nunber of wunits of pprarspeci |1i_a.c_t¢|.¢ _Q__a(l;ﬂi HLh_ecgr)_Q_le ene triads
in the copolymer. The triad tacticity ( Nl\/RraCtl n)‘ of a pFopyl ene
H

many by-product 10 atactic pol y &S have ST‘“I cient isot actl c content to
0

copol yner can be determned froma 13 C spectrum of the propyl ene
copol yner and the follow ng fornula:

5 The C NMR spectrum of the propylene copolymer is measured as
described in U.S. Patent No. 5,504,172. The spectrum relating to the methyl

3

carbon region (19-23 parts per million (ppm)) can be divided into a first region
(21.2-21.9 ppm), a second region (20.3-21.0 ppm) and a third region (19.5-20.3
ppm). Each peak in the spectrum was assigned with reference to an article in the
10 Journal Polymer, Volume 30 (1989), page 1350.
In the first region, the methyl group of the second unit in the three
propylene unit chain represented by PPP (mm) resonates.
In the second region, the methyl group of the second unit in the three
propylene unit chain represented by PPP (mr) resonates, and the methyl group
15 (PPE-methy] group) of a propylene unit whose adjacent units are a propylene leit
and an ethylene unit resonates (in the vicinity of 20.7 ppm).
In the third region, the methyl group of the second unit in the three
propylene unit chain represented by PPP (1r) resonates, and the methyl group
(EPE-methyl group) of a propylene unit whose adjacent units are ethylene units

20 resonates (in the vicinity of 19.8 ppm).

Calculation of the Triad Tacticity and Errors in Propylene Insertion
The calculation of the triad tacticity is outlined in the techniques shown in

U.S. Patent No. 5,504,172. Subtraction of the peak areas for the error in propylene



25 mn Fraction PPP(mm PPP(mm) + PPP(nr) + PPP(rr) where PPP(mm), PPP(nr)
and PPP(rr) denote peak areas derived fromthe nethyl groups of éUﬁ %ﬁﬁond
units in the follow ng three propylene unit chains consisting L

head- t o- t aigo ARsis; 2 6 JUL 2006 WD 02/ 083754 PCTf US02/ 1§ 801221051943 CH3
CH3 | | | PPP(nMm): ---(CH CHHCH CHHCH G+- CH3 CH3 | | G s PPP( ) :
--i CH CH2HCH- CH2H CH3 CH8 CH8 | | PPP(rr): CHCHHCHCH2 ' HC+ | Hc CH3 5

The 13 C NWR spectrum of the propyl ene copdl ymer is neasured as described
in US. Patent No. 5,504,172. The spectrumrelating to the nmethyl carbon

region (19-23igediofis Pwith 71 had 1,36 B eaﬂcaﬂe&eﬁ-&h%é@&a] Péak @edsi ¢fSthe " €91 ON
(21.2-21.9 ppm, a second regwon (.20. and a third region

(19.5-20.3 ppeApnd pgion trﬁ@%ﬁhrmabﬁméassé@ng%%pwwm%ence to
an article inchhs Q?hw maPPRH?yEB?ﬁrsuﬁ@bf’H&dﬁQ-t&%@&is caﬂ%eo&éﬁéh I'n the

first region, the rou second unit 1n the three propylene

unit chain refhesdhe 9@!51<b§te PRi(roun)e PBR(R nd IFPP(inecayebo nvkluated, and  t he
e 0P, B SOEERESU b BRGSO APPSR B kb
bonds can be determined.
The propylene copolymers of embodiments of our invention have a triad
tacticity of three propylene units, as measured by *C NMR, of greater than 75 %,
or greater than 80 %, or greater than 82 %, or greater than 85 %, or greater than

10 90 %.

Stereo- and regio- errors in insertion of propylene: 2,1 and 1,3 insertions

The insertion of propylene can occur to a small extent by either 2,1 (tail to

tail) or 1,3 insertions (end to end). Examples of 2,1 insertion are shown in

15 structures 1 and 2 below.
Structure (1):
A B A
THa (}:Hg THg TH3 THa
——(cu-z—m-lz CH——CH, CHZ—CHHCHZ——CHz)—{CH———CHg CH--—-CHQ)-—
Structure (2):
A B' Al
CH, clm3 cI;Ha c|:|-|a Tua
—(lH—-CHz CH——CH, CHz—CHHCHz-—CHz)—(CH CH, CH-——-CHZ)-—
20 | n
where n = 2.

A peak of the carbon A and a peak of the carbon A' appear in the second
region. A peak of the carbon B and a peak of the carbon B' appear in the third
region, as described above. Among the peaks which appear in the first to third

25 regions, peaks which are not based on the 3 propylene unit chain consisting of
head-to-tail bonds are peaks based on the PPE-methyl group, the EPE-methyl
group, the carbon A, the carbon A', the carbon B, and the carbon B'.



15 (PPE-net hyl group) of a propylene unit whose adjacent units are a
propyl ene unit and an ethylene unit resonates (in the vicini tyzlqz)lﬁ 22"[]{
ppm. In the third region, the nethyl group of the second unit 9 Wh hr ee

propyl ene Wi dm§akN represented by PPP (rr) resonates, apgriyS@q g8ihy! group
(EPE- met hyl group) of a propylene unit whose adjacent units are ethyl ene

units 20 resonates (in the vicinity of 19.8 ppm. Calculation of the Triad
Tacticity~ and Errors in Propyl ene Insertildn The cal cul ation of the triad
tacticity is outlined in the techniques shown in U S. Patent No. 5,504, 172.

Subtraction of theThegpkakhreaadedron the FRB-Mithyl ofdip uh ecevdluated Wy HQ06 WO
021083754 PCTI US02/ 10 é‘g I nsertions (both_ 2 om peak areas
a g

13 1 and 1,8{??
fromthe totalf® PPEpmethine %‘Eﬁ’oﬁ‘i‘?ﬁ"?"é’ﬁ?%ﬂlﬁﬁ’&:@%o $ @PReGEn, the
peak areas bagRtheak afel Basdd Bh URYEEH et él?g? %ﬁﬁﬁ%‘&d@%ﬁgﬂw&e peatt aRRRYT 1) )

consi sting of head-to-tail bonds can be ained. hus, the peak areas of
PPP( ), PPP( ithe) ERBanetippg groppdissorsace imfhearieinity #6d38 promk dhe thsak pread
tacticity of %El%ﬁ%ocﬂé/ Lﬁp&l X"ah bE Q@ﬂlﬂatg@gf{vﬁ%gsgmﬁzh &eﬁgi‘pkﬁe §rdd b moNds can
be determ ned, e propyl ene copolyners enbodr ment's of “our I nvention have
a triad tact inoithige cdrbdrhiresengrce frythe wieinityi ¢f$S3.9gqspmijeta sehichckhb yefli3CghdNy]  of
greater than 75,.% .or greate han .80 % or .greater than 82 % or greater
than 85 % or Ogﬂgactaélf‘mtfﬂ _lreféyé_@)“}iédﬁ:@r%ﬁpe%‘?ar F%gngl}er??le%mi% Rsertion
of propyl ene: pg.elalaited by Ind g&ﬂtrstﬂ;@aﬁthmjdcmeﬁéthiﬁs c@fboR (RBYRBBLICAHB OCCur to
a small extent by either 2, @t(tall to tail) or 1,3 insertions (end to end).

Exanpl es of 2 Vvicipifiseh 33 Rpa} af S auathyl rsroupsoféh? geben Bs Tihe ek arep dpwsd,
ST UGt U { 1) oo G5B AR 5 ek Gk bk PG R a2 - OF2
(resonance in the vicinity of 33.9 ppm); and the peak area based on the carbon B'
can be also evaluated by the adjacent methine carbon (resonance in the vicinity of
33.6 ppm).
By subtracting these peak areas from the total peak areas of the second
15 region and the third region, the peak areas based on the three propylene unit
chains (PPP(mr) and PPP(rr)) consisting of head-to-tail bonds can be obtained.
Thus, the peak areas of PPP(mm), PPP(mr) and PPP(rr) can be evaluated, and the
triad tacticity of the propylene unit chain consisting of head-to-tail bonds can be
determined. |
20 The proportion of the 2,1-insertions to ail of the propylene insertions in a
propylene elastomer was calculated by the following formula with reference to
article in the journal Polymer, vol. 30 (1989}, p.1350.

Proportion of inversely inserted unit based on 2,1-insertion (%) =

0.25Iaf(structure(i)) + 0.51af (structure(ii))
Iaa + Iafi(structure(ii)) + 0.5(Iay + Iaf (structure(i)) + Iad)

25 Naming of the peaks in the above formula was made in accordance with a
method by Carman, et al. in the journal Rubber Chemistry and Technology,
volume 44 (1971), page 781, where .5 denotes a peak area of the a8" secondary
carbon peak. It is difficult to separate the peak area of Iof3 (structure (7)) from Jof
(structure (i) because of overlapping of the peaks. Carbon peaks having the

30 cotresponding areas can be substituted therefor.



Structure (2): RB A CH3 CH3 CH3 CH3 CH, 20 H HHCH CHHCH2- CHHCH2 - CH2
HnCH CH2HCH CH2~- where n ~: 2. A peak of the carbon A and a @egﬁ E)Zﬂn he
carbon A" appear in the second region. A peak of the carbon H eak of

the carbonyBoa3pgar in the third region, as described 3qwReAFPNg the
peaks which appear in the first to third 25 regi ons, peaks which are not

based on the 3 propylene unit chain consisting of head-to-tail bonds are
peaks based on the PPE-nethyl group, the EPE- ni et hyl group, the carbon A,
the carbon A", the carbon B, and the carbon B . 2 6 J UL 2006 WD 02/083754
PCTf US02/ 10515 14 ThEhmepmpdmeay @f tlxa$ Sdinssrtidl eeqiiils et mghsueensanp of ahe be

eval uated by fhe pegak area of the PPE-nethine grou resqQnance in the
vicinity of 30 rsakphyo S&?’lﬁ“’“’f‘lf@“r?@%%‘gﬁ'ieéa tg%l@éd’%ﬁlﬁ (ﬁpié @%{prroup can

be eval uat ed fypib BRRmRECAEO12) b8 FIEIEREHOACOOROMBpHIERS oilAREeEr | N the
vicinity of l_)L ggn). The "‘peak "area 5 based on the cargon A can be
eval uat ed by follpwed by twoethylene tmhanopwesk Thiscpealbis deseribedeastthed. cinsdstion
(resonance in e viciniLty. o o) kC e of the
car bon is df etragca\n?{y‘%og%edélg;g rgérgl‘egm?eh(geg%%baeé lg\r,@‘g" ggttsegthgﬁgilg#éflg%r ﬁh A can

be eval uat ed {#ugcritiee thie pi pedkemd ahdérhiendi kaepitseriRisBqutfccaf oameéthgranance in
the vicinity of 33.6 ppqrsr‘zi of the nethyl rogge of the carbon.B . The peak
area based 10wy {The rrapasien £% 0f the amoynt, of dess erione wasafetamingdoby t he

<0 oot T ORufPE Ao EASROF G DR UL L2 i A e (e

peak area based 0 an SO evaluate acent

met hi ne car bosf &l ehomestied goup peaksi aidl4 yf die aR3. &F thenfy pBak, smbtthact i ng
t hese peak areas, fromthe tqotal peak areas of the second 15 region and the

third ridgi on, mpliphpes khearegdting yalug bynl 0N & e predefiyy ehitiremer more carbpmii ns
(PPP(nT) and BERET) JorfiRlieledt bty Gh SEAN JolintdihidtO Uy REmBLF 3Fned.
inversely inserted monomer units are present in the molecules of the resultant
olefin polymer. In polyolefins prepared by polymerization of a-olefins of three or
more carbon atoms in the presence of a chiral metallocene catalyst, 2,1-insertion
15 or I,3-insertion takes place in addition to the usual 1,2-insertion, such that
inversely inserted units such as a 2,1-insertion or a 1,3-insertion are formed in the
olefin polymer molecule (see, Macromolecular Chemistry Rapid Communication,
Volume 8, page 305 (1987), by K. Soga, T. Shiono, S. Takemura and W.
Kaminski).
20 The proportion of inversely inserted propylene units of embodiments of
our invention, based on the 2,1-insertion of a propylene monomer in all propylene
insertions, as measured by '*C NMR, is greater than 0.5 %, or greater than 0.6 %.
The proportion of inversely inserted propylene units of emboediments of
our invention, based on the 1,3-insertion of a propylene monomer, as measured by
25 B3C NMR, is greater than 0.05 %, or greater than 0.06 %, or greater than 0.07 %,
or greater than 0.08 %, or greater than 0.085 percent.

MOLECULAR STRUCTURE

Homogeneous distribution

30 Homogeneous distribution is defined as a statistically insignificant

intermolecular difference of both in the composition of the copolymer and in the



Thus, the peak areas of PPP(nm, PPP(nmr) and PPP(rr) can be eval uated, and
the triad tacticity of the propylene unit chain consisting ofZ7Bedd-2008-tail
bonds can be determ ned. 20 The proportion of the 2,1-insertions to all of
the propylwpeufds@rtions in a propylene el astonmer was cgcguispb/aRiy the
followwng formula with reference to article in the journal Polyner, vol. 30
(1989), p.1350. Proportion of inversely inserted unit based on 2, 1
-insertion 0.251a, 6(structure(i)) + 0.51366(structure(ii)) X100 Jaa +

| g#(structure(fi)) + 0.5(lay + lap(structure(i)) + la,3) 25 Nam ng of the

peaks in the abwig 6thépr1@n16ﬁ§ed1@dpyléﬂb H6L 9 cojiphentot ave a Hivkidgekoly Car man,
et al. in the Jogr nal .Rubber gthstry .and Te nol ogy vol unme 44 (197 1),

page 78 1, whilptEbytian Jb s “é‘?eb & IAwrement  ofe twa . ndependanl yests afibon peak.

It is difficujpterhfledfRdRIEHUHBR dieﬁ&xc%e@n&f(nj @ﬁeﬁﬁdlédﬁ%ud@m()hﬁc)n bpom lccP
(structure (ii)) because _of overla peaks. Carbon peaks having

the 30 corregqseneditiog, avhichs a@adeagegehbglpgft Lﬁheap 956 aicop. mpasere) of the 2006 VIO
02/ 083734 PCT, ;
t he rreagur enegn%%ﬁg?{l%ﬁgg@ﬁé&e%@}w&% g‘%&%’e‘% ch;t%ﬁlgo t??@ﬁ)%%&&? eqU| res

peak: (1) a 1lpr8pylesecanidithmcahpaitioprod thelcepdymen caspectivelyd (2) from a

2,1-insertion of a propylene nonomer followed by two ethylene nononers.
This peak is described as the 1.3 insertion 5 peak and we use the procedure

described in idtspmolReiianDishibution 9P%actiéidy which describes this Py peak and
understand it To represent a seguence of fqur nethylene wunits. The

proportion (% of Tlﬁ‘e caprivmer of embodimety @fs‘i’lﬁ/a@vﬁ@t@r hesh&d sigysticallyi di ng t he

area ofjqt he [ f 2 sum of
al | the rret h)lj?ﬁ rou p pea S anglat/gh%‘%}gmﬁe&a?%g% Of Ol%gﬂieggkp%g%%ﬁ? hen 10
mul tiplying thﬂweasdiffemg oladinse (ibterrtdleculdrly. Jarillas ok eiemrminetlhb]eethermahnr e

nanbor of i nietoBRp eerERNeT SR et Pl BRRcARern M F 8RR L B o

the resul t ant slowly elevated temperatures. A typical solvent is a saturated hydrocarbon such as

hexane or heptane. These controlled dissolution procedures are commonly used to
15 separate similar polymers of different crystallinity due to differences in isotactic

propylene sequences, as shown in the article in Macromolecules, Vol. 26, p2064

(1993). For the copolymets of embodiments of our invention where the tacticity of

the propylene units determines the extent of crystallinity, we expected this

fractionation procedure will separate the molecules according to tacticity of the
20 incorporated propylene. This procedure is described below.

In embodiments of our invention, at least 75% by weight, or at least 80%
by weight, or at least 85% by weight, or at least 90% by weight, or at least 95% by
weight, or at least 97% by weight, or at least 99% by weight of the copolymer is
soluble in a single temperature fraction, or in two adjacent temperature fractions,

25 with the balance of the copolymer in immediately preceding or succeeding
temperature fractions. These percentages are fractions, for instance in hexane,
beginning at 23°C and the subsequent fractions are in approximately 8°C
increments above 23°C. Meeting such a fractionation requirement means that a
polymer has statistically insignificant intermolecular differences of tacticity of the

30 polymerized propylene.

Fractionations have been done where boiling pentane, hexane, heptane and

gven di-ethyl ether are used for the fractionation. In such boiling solvent



olefin polymer. In polyolefins prepared by pol ynerization of a-ol efins of
three or nore carbon atons in the presence of a chiral netal BC RN SI006
catalyst, 2,1-insertion 15 or 1,3-insertion takes place in addition Qo t he
usual 1, 2-yeBkéden. such that inversely inserted units gu4Gise@fosds
2,1-insertion or a 1,3-insertion are forned in the olefin polyner nolecule
(see, Macronol ecul ar Chem stry Rapid Communi cation, Volunme 8, page 305
(1987), by K. Soga, T. Shiono, S. TakenmurdZ7and W Kanminski). 20 The
proportion of inversely inserted propylene units of enbodi nents of our
i nvenlt i on, bageelionatidnepalyriers asemgcbdgmem& oo mpyﬁ@ﬂmlhmme sd:lnblagﬂ y
propyl ene inse tlons as_megsyre er than Q. 9 Or
greater than 6 eﬁ?éveﬁsoﬁ FRRSHC ge‘ﬂggr‘? g"éF ﬂ%ﬂreﬂ?@pwgﬁée units of
embodi nent s Of:hoséhlfo dorme %bﬂﬁhatz&ﬁﬁﬁ@feﬁ@d tdsbole 8nd ASRidile@heftln, B MEPPY| ene
nononer, as neasured &w C NWR, is greater than 0.05 % or greater
gl

than 0.06 % Beinkwihi Q%‘éﬁfﬂl‘@m@? figetiqmationsep morg fully ggsayibe sur gple,rmeér t han

0. 085 peycent E%{h S | geneous
dlStI‘IbUtIOﬂISW sL}E'El%asta%éﬁ!ét |%§|18%®%%gn?d {er no Eengular

di fference of tdomltyofmhetlbtéymmmdgmpyhmeof the copolyner and inthe 2 6 J UL
2006 WO 021083754 PCTfUS02110515 16 tacticity of the polynerized.

propyl ene. For a copolyner to have a honobgeneous distribution it must neet
the requi r enmeNiterfifoldcwlar DivietRAIdE @A Com@sdiion (1) i nternol ecul ar distribution
of tacticity; and (J1) rtnifernolecular_drstributign of, conposition, which
are described bel ole T4088lymepspls emhed ’é’l%aé’tﬁr%mofm‘tel’iﬁo% ]%"‘tsats?agﬁcélélﬂ y

i nsi gni fg cant ik GioaR ﬁft‘éﬁr@lecél'a% IERLES o In?%h&i t¥high & hﬁe Ry ger i zed

propyl ene and the conposition of the copolyme respectively. Internolecular

Di stribution pfopYignei to Th@ybo@obymﬁn oﬁlf@mm)dwham s (iofermoleculany.enfliivn has a

stati sti cal | ool O tahARllyR by WA BLARUR Fld FLGREoPbe biFHLET 1Y ©f
obtained by the controlled thermal dissolution procedure described above.

A measure of the statistically insignificant intermolecular differences of

15 composition, each of these fractions has a composition (wt. % ethylene content)
with a difference of less than 1.5 wt. % (absolute) or less than 1.0 wt. %
(absolute), or less than 0.8 wt. % (absolute) of the average wt. % ethylene content

of the whole copolymer. Meeting such a fractionation requirement means that a

polymer has statistically insignificant intermolecular differences of composition,

20 which is the ratio of propylene to ethylene.

Uniformity
Uniformity is defined to be a statistically insignificant intramolecular
difference of both the composition of the copolymer and in the tacticity of the
25 polymerized propylene. For a copolymer to be uniform it must meet the
requirement of two independent tests: (i) intramolecular distribution of tacticity,
and (ii) intramolecular distribution of composition, which are described below.
These tests are a measure of the statistically insignificant intramolecular
differences of tacticity of the polymerized propylene and the composition of the
30 copolymer, respectively.



between different chains (intenuolecularly.). This is determ neg ﬁﬁ t her mal
fractionation by controlled dissolution generally in a single 26| JBrl0b at a
series of slowy elevated tenperatures. A typical solvent is a saturated
hydr ocar bogoseksiae hexane or heptane. These control | ed glisgQhMbdion
procedures are commonly used to 15 separate simlar polyners of different
crystallinity due to differences in isotactic propylene sequences, as shown
inthe article in Macronol ecul es, Vol. 26,18p2064 (1993). For the copol yners
of enbodi ments of our invention where the tacticity of the propylene units

determ nes t hewRxloRidllaPDistiibifioa bk CBnpYsitiode expected this fractionation
procedure w | T Separ at € € nol ecul es. according to tacticity of the 20

i ncor por at ed pr opyTecopahymer pefo cetbediments 9Eseyr Heventien obas istatigtieBri nent s of
our invention; i NN Vak Olof a8bn SR BY He or at

| east 85% by \Ang%%ﬂtc%?%{rmé?@ eglst ggé‘?o c§ \?e%té’ﬁ‘lr"s oérm’at %b%astﬂgg%%?f wei ght,
or at | east 9psppignavei ejitlenecalongtthe scpnten W¥itwsameichiin (wframiokecdenolliser i s
soluble dn a gjingle. t aturefr | O or in t lacent. t erature
fracti onés, 25§W&;ﬁ{0ﬁ§%§{ygﬁds€m&mﬁﬁl§o% (ﬂr?/cﬁésr “%eﬁq?‘?rﬁ%@( ngf?eé’rsyoe% Bedi ng or
succeedi ng t esHedynadrsifae vdliagd ten@sulitheSthe PR WRGE AgRTbution dnal@sisicdnge for

I nstance i n hexane, gegi nning at ,23' C and the subsequent fractions are in

appr oxi mat el ycepolymsry, £oropaginculag pypights i the range  ofgiramc 5,809-5.P88000 981 i on
requirenent rrg@,@m_g,lggg’ogo_ pol ymer has statistically insignificant

I nternol ecul ar difrerences of tacticity of the 30 polynerized propyl ene.
Fracti onati ons have been done where boiling pentane, hexane, heptane and
even di et hyl 5‘%tgggr are used for the fractionation. In such boiling solvent
2 6 JUL 2006 / 083754 PcTf US02/ 10515 17 fractionations, polyners of
enbodi ments of our Thewpelpinenmtioh lpkockss ik atsidgle/stagy, wlohdy state, palginerddatibine

solvents, offerin o.anal ytjcal .infornmation., For this .reason, have
chosen to do F‘Pﬂél“%F chd &a‘g?liiwué‘?g CORPYRY ffq%d Bdvaenzaton sreaelphi 188 herein,

to find a popalyméisdtion édneBE dohdistidd ANablulibRCAIHRNZN RS bolymBhiStby! | Y
describe our polynmer 5 and the surprising and unexpect ed 1 nsigni fi cant
i nt er mol ecul aprogeduresy speheasogas phase or slurry polymerization, which fulfil the

15 requirements of single stage polymerization and continuous feed reactors, are

contemplated.

The process can be described as a continuous, non-batch process that, in its
steady state operation, is exemplified by removal of amounts of polymer made per
unit time, being substantially equal to the amount of polymer withdrawn from the

20 reaction vessel per unit time. By "substantially equal” we intend that these
amounts, polymer made per unit time, and polymer withdrawn per unit time, are
in ratios of one to other, of from 0.9:1; or 0.95:1; or 0.97:1; or 1:1. In such a
reactor, there will be a substantially homogeneous monomer distribution. At the
same time, the polymerization is accomplished in substantially single step or stage
25 or in a single reactor, contrasted to multistage or multiple reactors (two or more).

These conditions exist for substantially all of the time the copolymer is produced.

Monomer Sequence Distribution

One method to describe the molecular features of an ethylene-propylene
30 copolymer is monomer sequence distribution. Starting with a polymer having a
known average composition, the monomer sequence distribution can be

determined using spectroscopic analysis. Carbon 13 nuclear magnetic resonance



tacticity of the polynerized propylene. Internolecular Distri ﬁ%gitf” ﬁf
Conpositio The copol yner of enbodi nents of our invention has gt st a) | y
10 insignificant internolecular differences of conposition, which is the

rati o of wHepydspae to ethyl ene between different chains poriisesgmiscul ar).
This conpositional analysis is by infrared spectroscopy of the fractions of

the polyner obtained by the controlled thernmal dissolution procedure

descri bed above. A neasure of the stat[stﬂ%ally i nsignificant internol ecular
di fferences of 15 conmposition, each of these fractions has a conposition
(Wt . % et hyl espectmaodpyr(t C NMR)kaabetidel éorahis pumpbsé, @sd cartianustd b astablish

(absolute) or,less,than. 1.0 w.. % (absalute), or |ess 8 Wm. %
(absol ut e) ofdl?‘ﬁ@’dawgaﬁém}&'fm%aéﬁ fegf?g‘”&(}ﬁ%p@ﬁ?‘ﬂp(?%kst ﬂt%’é&ﬁbl ymer .
Meeting such el FRC i BRllys) LSRR RiWer TR BFodudRtard noRNANYBHaiREE)
statistically insignificant internolecular differences of conposition, 20
whi ch is the Fhet resctivityprasigypradect tis désqﬁgbpémrewrdnrﬁsﬁwﬂsmﬁbm is
definedsto b : Fe3et) sl gdad b d: tpyd r i ence of
bot h ¢ ha. componareh oV Shirer ;B aRR P ARG R 028 1 B0

pol ymeri zed pfl8piHl ene. For a copolynmer to be uniformit nust neet the

requi rement of t | ndependent tests: (i) intrapgolecul ar distyibutjon of
tacticity; and \(Aﬁ-%c e v%ﬁ{b@ﬂp@f&%pﬁﬁﬁﬁ] il%ﬁ%(ffacﬁ?ﬁﬁ%(?gf@y%ﬂ? ich are
described belgws thd hesgivite séfSpropferk, aASHY CalOflated &frsih ahé Shéaeakd Vdiad

I nsignificant i n_brai ngl ecul ar differ es of tacticity of the polynerized

propyl ene anddistbulenids EE: &8 apd B &%ﬂ%eﬁ&l%}?y theapelieation|of the g juL

2006 W@ 02/ Oﬁﬁg%gﬁg;;“@ﬂ 10515 18 Intranol ecular Distribution of
Conposi tion The copol ymer of enbodi ments of our invention has statistically

i nsi gni ficant i nt reats! ER@EPYER)Y er ences of conposition, which is the ratio

?}‘ nt P;(r)rg%llegﬂﬁaﬁ;). eél‘rhl_i_xé‘? }2Q|[ﬂﬁg)/hﬁfxsegnents of the same chain

12 = K2a/Ka1 = 2(PP)/(EP)] X
P = (PP) + (EP/2)
15 E = (EE) + (EP/2)
where
Mol % E = [(E)Y(E+P)]*100
X =E/P in reactor;
K1 and Ky, are kinetic insertion constants for ethylene; and
20 K, and K, are kinetic insertion constants for propylene.
As is known to those skilled in the art, a reactivity ratio product rir; of 0
can define an “alterpating” copolymer, and a reactivity ratio product of 1 is said to
define a “statistically random” copolymer. In other words, a copolymer having a
reactivity ratio product rir; of between 0.6 and 1.5 is generally said to be random
25 (in strict theoretical terms, generally only a copolymer having a reactivity ratio
product rr; greater than 1.5 contains relatively long homopolymer sequences and
is said to be “blocky™). The copolymer of our invention will have a reactivity ratio
product ryry of less than 1.5, or less than 1.3, or less than 1.0, or less than 0.8. The
substantially uniform distribution of comonomer within polymer chains of
30 embodiments of our invention generally precludes the possibility of significant
amounts of propylene units or sequences within the polymer chain for the

molecular weights (weight average) disclosed herein.



5 conpositional analysis is inferred fromthe process used for the synthesis
of these <copolyners as well as the results of the sequence di Séﬁ intjgwg)n
anal ysis of the copolyner, for nolecular weights in the range

15, 000- 5, 0QQ ARS8y 20, 000-1, 000, 000. 10 Process The poly@rﬁﬁg&%glﬁn process
Is a single stage, steady state, polynerization conducted in a well-m xed
continuous feed polynerization reactor. The polynerization can be conducted
in solution, although other polynerizatior20 procedures such as gas phase or
slurry polynerization, which fulfil the 15 requirenents of single stage

pol yneri zation and continuous feed reactors, are contenplated. The process
can be described as a continuous, non-batch process that, in its steady
stat e oper at i RTAMOICCHIAS GHF OH ohacdiypval of ampunts of pol yner nade per
unit tinme, being s t ' y et} : rawn from
the 20 reaction veggil e?ﬁl{ljérr\i PF%&%@&Q?&%%?%%P@ %ﬁhp%\/\éeah?ntend
that these amignificant ddizamereautead ediffercnassiaf tactidty, avhictpdd yneto vsdtaticawn per

unit tine, are. i.n.rati.os of one tq_qther f from0.9:.1. or 0. 95:.1;, or

0 07: 1: b 1 prientice of *the prof e ity e, e sHERLS i cthsitar SPain
honbgeneous nyineamoleciial THisitompositibhaltanglysis aikfeiredEond the dpailedmaiyzist i on i s
acconpl i shed ig gub %fant Lally single ste Oi stage, 25 or in,a single
reactor, cont PhdPeditfereptials fannipe slorimey; slestron Faicseony: apd delaxasior) .  These
condi ti ons exi tam kal b s i

pr oduced. Nbrl{[?r'}seér %%m émuhgtér?’lfgﬁ cc))fr)lgl gg?r{tet an ?gc‘g%g@w{%g&tsh%

nmol ecul ar f eatastieisy, ofe souldt foyrh € sterepblogly | semeture3 0wherp dhey membérsofrimmiamie r

sequence, distribution. .Starti.ng wi.th a pol.ynmer havin nown .aver age
CONposi fq on, PHEYIIBRJIMEFUS @?’%8 t‘?}lioélfrif}’ﬁﬁiéfdﬁ r&ﬁ‘ﬁ’ ﬁgea%(ﬁetfklgf\r%]aﬁé si ng
spect roscopi C Fafhéry ke Inelfi ok 3nesIbl Emma@iﬂhbﬁtﬁee%fmnﬁi , dinfe thel. 7006
WO 02/ 083754 PCTf U}éOZI 10‘%;%! 19 s ectﬁrggcopy (113 C NN can@be used for this
pur pose, and & Blocky pglymeresh hayg a higher'melting point as well as depressed

solubility in room temperature solvents.

15 Ty,: Solid-state 'H NMR T, relaxation time

The principle of solid state proton NMR relaxation time ('"H NMR Tip)
and its relationship with polymer morphology have been discussed in
Macromolecules 32 (1999), 1611. The experimental T, relaxation data of
embodiments of the cwrent invention, and polypropylene (PP) homopolymer

20 (control sample) are shown in Figure 1, which plots the natural log of the
crystalline intensity versus time; the experimental procedure for collecting these
data is described below. To fit the data with single exponential function, linear
regression was performed on the In(l) vs. t data, where [ is the intensity of the
crystalline signal. Then, the quality of the fit, R?, is calculated. The R? for a

25 perfect linear correlation is 1.0. The R? for polypropylene (control) and a
copolymer of the current invention (shown in Figure 1) are 0.9945 and 0.9967,
respectively. Therefore, the T}, relaxation for both polypropylene homopolymer
and a copolymer of the current invention can be well fitted by a single-
exponential. From the fit, the T,, of polypropylene and a copolymer of the present

30 invention, are calculated as 25 milliseconds (ms) and 8.7 ms, respectively. The

large difference in the T}, is reflective of their difference in morphology.



diad and triad distribution via the integration of spectral peaks. (If 13 C
NVR is not wused for this analysis, substantially lower rjr2 Eroducts are
normal |y obtained.) The reactivity ratio product is describe b bk dllbal | y in
Text book ofyoR@yd¥ed 5 Chem F. W Billnmeyer, Jr., |nterscighaggso4éthsshers,
New York, p.221 et seq. (1957). The reactivity ratio product riT2, where T]
is the reactivity of ethylene and r2 is the reactivity of propylene can be
calcul ated fromthe neasured diad distriBdtion (PP, EE, EP and PE in this
nonencl ature) by the application of the 10 following fornulae: rjr2 =4
(ES) (PRY/ (Ep)2 1. Poohigoiction palgiabylbic Mo Mgion? woulBet 1 mrdlai | (EP)] X
P = (PP) +(ER/2 15 F = + where Mol % E “h )/ (E+P))*100 X =
E/ P in react ofimigr tq thghin R‘llﬁprﬁPﬂe’P@l hfé"é“?%’l)imf'éeﬁ? BaRSW §aeulth Sach regiops hyl ene;
and 20 Kl assﬂstK&.IZ AGdHeBR! b theHhAGN O ABhRadl A WRERPURR 2 A5 1S
known to those sk e art, a reaétivity ratio product r1r2 of 0 can
define an "al tcenpmbntnghat chmolayﬁ‘q)r relaxmhoﬁ nmacdthavactepstaat ofo pplyprdpglendf | s
said to _defipe a “statjsticall random~ I*pol yner. In ofher words, a

copol yner havh‘?i@ol’& yperAé e i § 2PdnoAs serduiatFige 2, e Bottwiestion, %‘ thd 1.5 is
general ly sai A e 1y only
a copol ymer hgﬁé%ﬁ%@g%g%ﬂ‘ﬁ l(ér‘g%lfgﬁéd:%yo% Eﬁﬁgle &?%Pgela?gﬁ t %PS
contains rel at cmpgnehbwgodeoﬁppcﬁmwonldqhenomm thadit. Tlds demdastratebﬁw.a’ﬂ bl ocky").

The copol yner tion wi, Il have a reactiv ratio roduct rjr2 of
Foes ohon” T b e polithers O i, copt inyenfigy do fh forip, lopg <pataudps, BRBGHE, The

substanti al |y i itad il h Eﬂ%&s%om%rm%hkéimﬁ%ﬂﬁﬁé cﬁﬁ"@é ns of 30
enbodi nment s o? our invention generally precludes possibility of

signi fildant tespihan $8 ofs, pr leps/tham &6 ma; Qréessrtha@emmmc:eéesmthahulammrbwyrrer
chain for thethaIllOmS

T, Measurement.

The experiments are performed on a Bruker DSX-500 Nuclear Magnetic

15 Resonance (NMR) specirometer, with a 'H frequency of 500.13 MHz and *C
frequency of 125.75 MHz. The pulse sequence was a 90° (‘H) pulse followed by

spin lock and cross polarization ("CP"; time = 0.1 ms). A spin lock field strength

of yB=2n*60 kHz is used. After the spin lock, the magnetization is transferred to

BC by CP and then the signal is detected. The crystalline methine signal at 26.7

20 ppm is recorded and normalized and its natural logarithm (Ln) is plotted against
spin lock time in Figure 1. Measurements were made on a polypropylene
homopolymer sample, and on a polymer of the present invention, labeled "Sample

4" and described in the Examples below. Table 1 presents the data.



nol ecul ar wei ghts (wei ght average) disclosed herein. 2 6 J UL 2006 WO

02/ 083754 PCT/ US02/10515 20 Intranol ecul ar distribution of t?cst:? i?ﬂyﬁ The
copol ymer of enbodi nents of our invention has statistically ins Ug:;Ln I cant

i ntranmol ecybabgizéf erences of tacticity, which is due to gEaiashdsss S
orientation of the propylene units along the segnents of the sane chain
(intramol ecular). This conpositional analysis is inferred fromthe detail ed
analysis of the differential scanning caldrinetry, electron mcroscopy and
rel axation measurement (Tip). In the presence of significant intranolecular
differences in tacticity, we would fggpe'1St ereobl ock' structures, where the
nunber of isotactic 10 propylerie resjdues adiacent ta qQne another is nuch
greater than statisticallime fus)t her, Lafde(sampleidng poLnf) @P)t hese pol yners
depends on the crystallinity, since the _more blocky polyners should have a
hi gher nelting point as welgh as depressegl solubilitygpin roomtenperature
solvents. 15 T, .: Solid-state 114 NVMR Tl,, relaxation tinme The principle of
solid state proton NVR rel@gation tinmeg(i3daNVR Ti p)ooadgs its relationship
wi t h pol ymer nor phol ogy have been di scussed in Macronol ecul es 32 (1999),
1611. The experinental Tipiqrelaxation _gagprof enbogipgpyts of the current

i nvention, and pol ypropyl ene (PP) honopol yner 20 (control sanple) are shown
in Figure 1, which plots the natural | ga;§f4 the crygsglyline intensity
versus tinme; the experinental procedure %or collecting these data is
described below. To fit thg data wth _ghigdee exponepbi@), function, |inear
regression was perforned on the In(l) vs. t data, ere |l is the intensity
of the crystalline signalyy Then, the _ sty of th ite, R~, 1s cal cul ated.
The R~ for a 25 perfect Iianear correl a??z(??zl s 1.0. q‘ﬂnﬁfor pol ypr opyl ene

(control) and a copol ymer,pf the curr. j.,nvention ;%%wn in Figure 1) are
0. 9945 and 0. 9967, respec%(?vel y. Ther%?%lrgel, the Ti %ﬂ??e axation for both

pol ypr opyl ene honopotymer—anmd—a copotrymer _of —tHe current—inventi on can be
well fitted by a single-
Catalysts and Activators for Copolymer Production

Catalysts
5 A typical isotactic polymerization process consists of a polymerization in

the presence of a catalyst including a bis(cyclopentadienyl) metal compound and
either (1) a non-coordinating compatible anion activator, or (2} an alumoxane
activator. According to one embodiment of the invention, this process comprises
the steps of contacting ethylene and propylene with a catalyst in a suitable

10 polymerization diluent, the catalyst including, in one embodiment, a chiral
metallocene compound, e.g, a bis(cyclopentadienyl) metal compound as
described in U.S. Patent No. 5,198,401, and an activator. U.S. Patent No.
5,391,629 also describes catalysts useful to produce the copolymers of our
invention.

15 The catalyst systemn described below useful for making the copolymers of
embodiments of our invention, is a metallocene with a non-coordinating anion
(NCA) activator, and optionally a scavenging compound. Polymerization is
conducted in a solution, slurry or gas phase. The polymerization can be
performed in a single reactor process. A slutry or solution polymerization process

20 can utilize sub- or superatmospheric pressures and temperatures in the range of

from -25°C to 110°C. In a slurry polymerization, a suspension of solid,



exponential. Fromthe fit, the Tip of polypropyl ene and a copol yner of the
present 30 invention, are calculated as 25 mlliseconds (ns) ﬁqﬂﬂﬁiﬁ ns
respectively. The large difference inthe Tipis reflective2 f glr

di f f er enceywigyipszphol ogy. 2 6 JUL 2006 WO 02/ 083754 PCTfpéfldéobAfsk® 21  The
hypot heti cal pol ypropyl ene-1ike regions would have TIP relaxation simlar
to that in polypropyl ene honopol yner. As a result, should such regions
exi st in enbodi nents of the invention, th&3Tip relaxation would contain a
conmponent that has a Tip relaxation tine characteristic of polypropylene 5

hormopol ynmer  ( parBculatd! olyméd 1§“¥3rme&5m5§ vid) dolydikrRation Wiubh Ro " Whigkat i on of
the current Tnvention can only be well Titted by a single exponential.

| ncor por at i onetbyleng prenyiesadtdrogsn sad Ftgyst appaddad. fptgleiogaobmesizatien.t he fit .
Thi s denonst rﬁfeqlﬁlgohﬁédluﬁggrvrgg y iﬁn@for%h@%oﬁﬁie"re%e 11%8@&1&39) efigs @19t contain

| ong conti nuous tactic ene uni nbod ts of our I nvention,
the T, p, rel aodambnzattonnmedmm ben. bO ahealkartehan al&clmﬂganqr suchsa bitame,16 | ns,
or |less han 14 Ins, or |ess an 12 Ins t han 10 In Tl ,
Veasur oot HiE, BerPfuth oV PR b AR PR R AR SN e

Magneti c 15 RagpaaRae of NNH%) F&eﬂﬁﬁi@@Bl&(ﬁfenza\‘bloﬁm,hl@naﬂltfrfoﬁﬁkleﬁﬁﬁls@iae500 13
MHz and 13C frequenc of 12 . The pul se sequence was a 901 (11-1)

pul se fol | onedsely §§|Tﬁ341%kelaﬂ83’@r M%@Peﬂﬂ‘”‘ét‘-ﬁn@ﬁ (he@ondmop;; i Bep. 1 1ns).
A Spin 1 ock T habfledrdiBa%ind, rehivifl e C ]ggbahgzor'tﬁlu\sﬁ@gan ALt &hipld n Tock,

t he magneti zat| 'S transferre and then the él gna
det eCt ed. Thesadnyjmn polyineszationhi G@ phagmanblyatenZ@oil POCGSpen 4re deecmbledlenl and

T O T B s R R i T T
and an a pol Y Be rsupported €orp lafig esitabilé) paniculate, matddal @fl poreupterierd suethdsdescr i bed

I n the Exanpl es bel.ow. Table | presents the data. 2 6.JU., 2006 ., WO 021083754
PCT| US021 1051 Bolymeric supports or inorganic oxides, such as, for example silica, alumina or

both. Methods of supporting metallocene catalysts are described in U.S. Patent
Nos. 4,808,561, 4,897,455, 4,937,301, 4,937,217, 4,912,075, 5,008,228,
15 5,086,025, 5,147,949, and 5,238,892.

Propylene and ethylene are the monomers that can be used to make the
copolymers of embodiments of our invention, but optionally, ethylene can be
replaced or added to in such polymers with a C4 to C20 a-olefin, such as, for
example, 1-butene, 4-methyl-1-pentene, 1-hexene or 1-octene.

20
Metallocene

The terms “metallocene™ and “metallocene catalyst precursor” are terms
known in the art to mean compounds possessing a Group 4, 5, or 6 transition
metal M, with a cyclopentadienyl (Cp) ligand or ligands which may be

25 substituted, at least one non-cyclopentadienyl-derived ligand X, and zero or one
heteroatom-containing ligand Y, the ligands being coordinated to M and
corresponding in number to the valence thereof. The metallocene catalyst
precursors generally require activation with a suitable co-catalyst (sometimes
referred to as an activator) in order to yield an active metallocene catalyst, i.e., an

30 organometallic complex with a vacant coordination site that can coordinate, insert,
and polymerize olefins.

Preferred metallocenes are cyclopentadienyl complexes which have two



22 Table 1 Tine (ns) Ln(l) (sanmple 4) Ln(1) (PP) 0.02 00 0.5 -0.11394
-0.02496 1 -0.18772 -0.04733 2 -0.32424 -0.09871 5 -0.7164pﬁjg#§%§92 10
-1.27022 -0.44715 20 -2.34181 -0.79526 Catal ysts and Activators for

Copol yner Qrgpgiugisss Catalysts 5 A typical isotactic polynpetgddaigéispr ocess
consists of a polynerization in the presence of a catalyst including a

bi s(cycl opent adi enyl ) netal conpound and either (1) a non-coordinating
conpati bl e anion activator, or (2) an al urddoxane activator. According to
one enbodi nent of the invention, this process conprises the steps of
contacting et gy SRE spidhnd 2O BghaRE THE I ﬁ%aﬁﬁé ProfetablyormSa bR aRdwieh _
pol yneri zation di l'uent, the catalyst including, in one enbodiment, a chiral
net al | ocene c&opplgndvitl the metalypnd axpcprsfseablndockad Iiptone wigid configratignas

described in t Em@lo 188, .4 ] r . nt No.
5,391, 629 al sgﬂ (@égsh(f?ibg@ a?g%s%s%g%c ?f?ﬁgg% g¥%§%‘%‘§g%fﬁeha§gﬁ'§‘i 5%\%?&2 of our
i nvention. 15fatmlacat al yst system descri bed bel ow useful for nmking the
copol ymegs of enbodi nents of oup~ iigveps | R,z | netal | ocene with a
non-coorgdi nating anion (NCA) ac{qR/gt“gg_,“t(angp fonal |y a scavenging
SR i A it oo Ry i sl B bt
or sol ution p&IGAHABER PHA| Wﬂrmbé’gﬁ’?@b@agy OFft &Iesugf}?wtegror%aﬂ%\?%gﬁ’fﬁspheri c
pressures and of apRREAYHERSGiukd BigahdRaR1Rd _gr&I;P %ﬁtgéiﬁgcugotoli@ cafbon! N @
slurry polymerization; a suspension of solid, "2 6 JUL 2006 |

atoms; m is preferably 1 to 5; p is preferably 1 to 5; preferably two R' and/or R?

10 substituents on adjacent carbon atoms of the cyclopentadienyl ring associated
therewith can be joined together to form a ring containing from 4 to 20 carbon
atoms; R> is a bridging group; n is the number of atoms in the direct chain
between the two ligands and is preferably 1 to 8, most preferably 1to 3; Misa
transition metal having a valence of from 3 to 6, preferably from group 4, 5, or 6

15 . of the periodic table of the elements, and is preferably in its highest oxidation
state; each X is a non-cyclopentadienyl ligand and is, independently, a
hydrocarbyl, oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted
organometalloid, oxyhydrocarbyl-substituted organometalloid or halocarbyl-
substituted organometalloid group containing up to 20 carbon atoms; and q is

20 equal to the valence of M minus 2.

Numerous examples of -the biscyclopentadienyl metallocenes described
above for the invention are disclosed in U.S. Patent Nos. 5,324,800; 5,198,401;
5,278,119; 5,387,568; 5,120,867, 5,017,714; 4,871,705; 4,542,199; 4,752,597,
5,132,262; 5,391,629; 5,243,001; 5,278,264; 5,296,434, and 5,304,614.

25 Nlustrative, but not limiting examples of preferred biscyclopentadienyl

metallocenes of the type described above are the racemic isomers of:
p-(CHs),Si(indenyl))M(Cl).,
p~(CHs),Si(indenyl),M(CHa),,
p-(CH3);Si(tetrahydroindenyl)yM(Cl),,

30 p-(CHa)2Si(tetrahydroindenyl),M(CHj),,

p-(CH;),Si(indenyi),M(CH,CHs),, and



WO 02/ 083754 PCT[ US02/10515 23 particulate polynmer is forned t"g E éu'gqui d
pol ynmeri zati on mediumto which ethylene, propylene, hydrogen 4 U z; | yst
are added. In solution polynerization, the liquid nmedium serves as a

sol vent fokydhmspeiynmer. The liquid enployed as the pol ypefpgaiibas nmedi um
can be an al kane or a cycl oal kane, such as butane, 5 pentane, hexane, or

cyl el ohexane, or an aromatic hydrocarbon, such as toluene, ethyl benzene or
xyl ene. For slurry polynerization, |iquid3nomer can also be used. The
medi um enpl oyed shoul d be liquid under the conditions of the polynerization

and relatively ineptccHO¥CMRIe8yMICEERe can be enployed for solution
pol ynmeri zation. Gas .hase%gol neri zation processes are described in 10 U S
m@ushﬁs Hger

Pat ent Nos. 4 DO, 5,028,670, for exanple. The catal yst can

be supported %!g%grcﬁﬁgﬁhg%%;garticul ate material or porous carrier, such as

pol ymeric sup c oxides, such as, for exanple silica, alumna
or both. Methods dfs awphomentiopedethalrhagdbrenccat preqssw ae ectilasdrwifted in U S.
Pat ent s. 4,808 g’“@ 4,937.301,,.4 937,217, 4,912 075

52008, 228 1808 conraRating agio, s 1B et pnecositiRs ‘arfnd et S |1 o

are the nononeiific éifler 4865 MR cdbAchatedtohl Grahdifon HRRO LMY & WhickiPeslynent s of
our invention, but optionally, ethylene can be_ replaced or added to in such

pol yners wit h eakly ¢aprdipaied; 1o)|thy jcafions therelys remaiping suligigntly labilg in bge,
4-nethyl - | -peatenepy b 'é?ﬁéfﬂ@wﬁrbalse: O%E@Eﬁb@ﬂnéﬁi&@drhi%@%gani Cark € MB
"metal | ocene” a c? " rre¥al?ocene catal yst preécursor™ are ter nown in the
art to nmean cemgewhich prsswsisigraged tGmeupmlity when dhe Hitizlynfirmedromplekal M
with a ¢yclop adi enyl l O, :4h i S i.ch_may be substi tut ed,
at 1east? one HSrIatsSRY vty T PR e a5 i PRy 2

het er oat om corfiagmentng lthegaitibnYso taketol tamssn dis tddorag ac paitel rfailire dodrdindde and

b cour sor's. Qe eamPppisca ai A TORHBYPRGuE: FBI oo BREht al g8y |
(sonetinmes coordinating anions useful in accordance with this invention are those which are
' compatible, stabilize the metallocene cation in the sense of balancing its ionic
15 charge, yet retain sufficient lability to I;ermit displacement by an ethylenically or
acetylenically unsaturated monomer during polymerization. Additionally, the
anions useful in this invention may be large or bulky in the sense of sufficient
molecular size to largely inhibit or prevent neutralization of the metallocene
cation by Lewis bases other than the polymerizable monomers that may be present
20 in the polymerization process. Typically the anion will have a molecular size of
greater than or equal to 4 angstroms.
Descriptions of ionic catalysts for coordination polymerization including
metallocene cations activated by non-coordinating anions appear in the early work
in EP-A-0 277 003, EP-A-0 277 004, U.S. Patent Nos. 5,198,401 and 5,278,119,
25 and WO 92/00333. These references suggest a method of preparation wherein
metallocenes (bis Cp and mono Cp) aré protonated by anionic precursors such that
an alkyl/hydride group is abstracted from a transition metal to make it both
cationic and charge-balanced by the non-coordinating anion. The use of ionizing
ionic compounds not containing an active proton but capable of producing both
30 the active metallocene cation and a non-coordinating anion 1s also known. See,
EP-A-0 426 637, EP-A- 0 573 403 and U.S. Patent No. 5,387,568. Reactive

cations other than Bronsted acids capable of ionizing the metallocene compounds



referred to as an activator) in order to yield an active netal] ocene
catalyst, i.e., an 30 organonetal lic conplex with a vacant cook@iHadWbn site
that can coordinate, insert, and polynerize olefins. Preferred netall ocenes

are cycl opgtagdigy! conpl exes which have two 2 6 J U L 2Q60u0616%14 083754
PCT[ US02/ 10515 24 Cp ring systens as ligands. The Cp |igands preferably

forma bent sandwi ch conplex with the netal, and are preferably | ocked into
arigid configuration through a bridgi ng2§roup. These cycl opent adi enyl
conpl exes have the general formula: 5 (Cp'R,)R~, (Cp2R2p) MXq wherein Cpl

and C P2 are picRiieT&RIc¥niuhe trihBRylcdtdorhit, A8d tAStByISRSm ¢MBBPCARP Retat, @
hal ogen or a hydrocarbyl, hal ocarbyl, hydr ocar byl -substituted.

or ganonet al | optimetlloihFapehlersf fosmisigt 3 corrdination) spromiex avhieh ds gsétant dent ai ni ng
up to 20 car b&éggdaa&gy? Wa’ﬁg (df%ﬂ&&gr&{s?eh'o\f LewisicRis) Riaf Be RE& dt'cBlathell 1O S
and/ or 0 su

r
preferably two I stituents on adj acent carcﬁon atons of the
cycl opent adi enythe mitiog cfdbo sdcand dctivatoe cempoundc Huitbble jmétale dndlalpebitearet 0 f orm a

ring containing,from4 to 20 carhon_..atons;. Wi s @a.bridaing. ar.oyp, n is the
nunber 3512 ato lﬁ‘il?et@ﬁ%’ %H'IP%‘B{H %?1@1 atigyny %@eﬂﬁe fe ‘%a‘\ktgb‘f’ i“%&%lg’é‘gdﬂﬁ‘g‘?es

preferably | bt abe notisditedfi6,foefcmbblosphdros, Silicdh asl te lik¢.ansi tion netal having a
val ence of from3 to 6, preferably framgroup 4, 5, or 6,15 of the periodic

table of the el enefifgddijgpalimethpd-etamalgng thejonic cafalygisdises ipizZing pEopic st at e

each X is a noR-&yokORRith 3t By eB@NLedidadi® bt PHEP &RAGHDA ¥nd Bnion
hydr ocar byl , oxyhydrocarbyl, hal dcarbyl, hydrocarbyl-substituted

or ganonet al | ohphn denikipgr saatiasy | wishubbe i metadacene geeropasinds. oi Eproexamaplocar byl -
SAPt 548 °9 ORARRTRBLRLS AP Ry A B, fats < 4 1
bi scycl opent agliebyinetalidcehé ostbnand dabitizing edn-cafrdinatifiganiéeet BP0 40D are
0 Sclomed 1) o 00 Ml et M ST 508
prepared by oxidation of the metal centers of transition metal compounds by
anioni¢ precursors containing metallic oxidizing groups along with the anion
15 groups; see EP-A-0 495 375,
Iliustrative, but not limiting, examples of suitable activators capable of
ionic cationization of the metallocene compounds of the invention, and
consequent stabilization with a resulting non-coordinating anion, include:
trialkyl-substituted ammonium salts such as:
20 : triethylammonium tetraphenylborate;
tripropylammonium tetraphenylborate;
tri(n-butyDammonium tetraphenylborate; |
trimethylammonium tetrakis(p-tolyl)borate;
trimethylammonium tetrakis(o-tolyl)borate;
25 tributylammonium tetrakis(pentafluorophenyl)borate;
tripropylammonium tetrakis(o,p-dimethylphenyl)borate;
tributylammonium tetrakis(m,m-dimethylphenyl)borate;
tributylammonium tetrakis(p-triflucromethylphenyl)borate;
tributylammonium tetrakis(pentafluorophenyl)borate;
30 tri(n-butyl)ammonium tetrakis(o-tolyl)boraie and the like;
N,N-dialkyl anilinium salts such as:



5,132, 262; 5,391, 629; 5,243,001; 5,278, 264; 5, 296, 434; and 5, 304,614. 25
I'l'lustrative, but not limting exanples of preferred biscycl opgnyadjgny!
of :

net al | ocenes of the type descri bed above are the racem c isoners

~L- (OH3) 2Siyoladen¥ ) 2M O ) 2, g- (CH3) 2Si (i ndCnYl') 2M CHB) 2, peruson/tosts

g- (CH3) 2Si (t etrahydroi ndenyl )2M Cl )2, 30

9- (CH3) 2Si (tetrahYdr G Xl den¥Yl) 2M CH3) 2, PC- (CH3) 2Si (i ndenYl) 2M CH2CH3) 2, and
2 6 JUL 200b WD 02/083754 PCT/ US02/ 10515295 |1-(C6H5)2C(i ndenYl ) 2M CH3) 2,
wherein Mis Zr, H, or Ti. Non-coordinating ani As already nentioned, the

nmet al | ocene or precur soN,NuénéhjlaniRbiash tekrdkis(Pentdfivofipheg@botatagt i ng ani on. The
term "non-coordi nati ng ans .an ani.on j ch ei%ﬁﬁiﬁ does not

anion"
coordinate to the transNt*'éHn lapilipigm; tefrakas(h rquap ordfgakl y

coordinated to the cati RIN-dih&@hARY1ikiGRBER éﬂ{,grbqj.@lﬂﬁér%ﬂ)b&mcg e to be
di spl aced by a neutral Lew s base. "Conpatible" non-coordinating anions are

t hose which are not degNatdimethylarilinipe tetrapbomdberetie initially formed conpl ex
10 deconposes. Furt her’ﬁﬁ-%ieﬁ@l%}ﬁ%ﬂmlteﬂgﬁe [H%paﬁ%_er an ani oni ¢ substituent
0C 't to

or fragnent to the catidn so-as aus ’orm a neutral four

coordi nate et al | oceneNg®2poh:pehtanathydamBntumabtriphepylbataetand therdikehe ani on.
Non- coordi nating r]agg,rps usef ul %ﬁn a%co.rdance with this invention are those
whi ch are conpati Y IPRONIUL R AR AT o1 | ocene cation in the sense of

bal ancing its ionic 15 gihgsdpsop }aghmbﬁfmim@@j@é&éfﬁm}oﬂhaﬁmﬁo}aye;t o permt

di spl acenent by an et hyl eni calr or ,acetylenically unsaturated nononer
during pol ymerization. SG¥FleheKH ,m%@uaa}pﬁngfbgr%@dtﬂw likesepd s i nvention
may be {@rge or buldeyiighotdhenSelees Qlchasf ficient nolecular size to largely
i nhibit or prevent neutralizatron of the netallocene cation by Lew s bases
ot her than the pol yneri iripbeeylphnsphesium tetraphenslpotsée; pr esent

tri{fmethylphenyl)phosphonium tetraphenylborate;
tri(dimethylphenyl)phosphonium tetraphenylborate and the like.
Further examples of suitable anionic precursors include those comprising a
15 stable carbonium ion, and a compatible non-coordinating anion. These include:
tropyllium tetrakis(pentafluorophenyl)borate;
triphenylmethylium tetrakis(pentafluorophenyl)borate;
benzene (diazonium) tetrakis(pentafluorophenyl)borate;
tropyllium phenyitris(pentafluorophenyl)borate;
20 triphenylmethylium pheny!-(irispentafluorophenyl}borate;
benzene (diazonium) phenyl-tris{pentafluorophenyl)borate;
tropyllium tetrakis(2,3,5,6-tetrafluorophenyl)borate;
triphenylmethylium tetrakis(2,3,5,6-tetrafluorophenyl)borate;
benzene (diazonium) tetrakis(3,4,5-trifluorophenyl)borate;
25 tropyllium tetrakis(3,4,5-trifluorophenyl)borate;
benzene (diazonium) tetrakis(3,4,5-trifluorophenyl)borate;
tropyllium tetrakis(3,4,5-trifluorophenyl)aluminate;
triphenylmethylium tetrakis(3,4,5-trifluorophenyl)aluminate;
benzene (diazonium) tetrakis(3,4,5-trifluorophenyl)aluminate;
30 tropyllium tetrakis(1,2,2-trifluoroethenyl)borate;
triphenylmethylium tetrakis(1,2,2-trifluoroethenyl)borate;
benzene (diazonium) tetrakis(1,2,2-trifluoroethenyl)borate;



20 in the polynerization process. Typically the anion wll have a nol ecul ar
size of greater than or equal to 4 angstrons. Descriptions of7 § ¢ &06

catal ysts for coordination polynerization including netallocene cations
activated ko éagsgpordi nating ani ons appear in the early pefisodigsigP- A-0 277
003, EP-A-0 277 004, U.S. Patent Nos. 5,198,401 and 5,278,119, 25 and WO
92/ 00333. These references suggest a nethod of preparation wherein

net al | ocenes (bis Cp and nono Cp) are prot28nated by anionic precursors such
that an alkyl/hydride group is abstracted froma transition nmetal to nmake

it both cationic ﬂ&%ﬁﬁﬂ&&ﬁkﬁ??@@%@&&o gﬁe BaraRor di nating anion. The use
t

of ionizing ionic conpounds not 'contal nin active proton but capabl e of
produci ng both 30 memdwwhmﬁwm&emsﬁmaﬂmmah@yb)bmm coor di nating ani on

is al so known. See tent No.

5, 387,568. Reacti v @%Ja%‘s)m'é’t%% ﬂ?ﬁéﬁ g ongﬁz%oél%%ﬁgg%%tga%detﬁ%f i oni zi ng

t he netal |l ocene colikmunds 26 J UL 2006 WO 02/ 083754 PCTI US02/ 10515 26
AR SRR i S i Sttt AN T vl B D AR A R
net al net al | oi I is

resi stant to NIQEERGR) ANk NRNEE&REIREMRE nyBhORR, 85h B udegWi s acids) may be

used or contaihed 1n the anion of the secon ctivator conpound. Suitable
metal s include, buln arprefrredt embodiment, the, a@tiV@Mm@mat@mtdpr@uam Aeme and t he

lpihl(:()gphglrJ:Jtsabl(8 ond%gapq’?%r(&asgfl gﬁchn Al |on§'§mL ﬁo‘ﬂg‘e%oha‘fgg% e ionic

cat al ysts usesalogenateidrgoraticoligands gzpmahybﬂhresthahlsﬂlhmatted temiaphienl] tybramut ral
Lew s aideds but form di e cation ionizin ea(;tl on with the

met al | olene cSHPRRANAS of e @5‘?3%9% ‘Pji.% ‘?l‘g@(“ﬁg‘ﬁ{lﬂﬁ%(ﬁrbph ¢ YDYSEHON acts to
abstract an ahkkatic hgahdsd@nsist &bdwcfchga{aﬁmh@ hy&ﬂo@érgo@ JRL BbAEEABg Cat i on

and stabilizing non-coordinating anion; see EP-A-0 427 697 and EP- A-0 520

732. lonic cafeeyblies inovhiehigme 9rdnorﬁmn§ﬁ£qnfmfllr@a syupme) age joieed direeur ed by
oxi dation of tN&JHalfler &%{;{m&. Gi'fhc%r s lidh %S/%}“. tﬁ@m&%tbﬁﬁffﬁ&’é’m A1 oni ¢

precursors contalning nmetaflic oxi lng groups”along wt e anl on
covalently bonded directly to the metal/metalloid center. In a preferred

15 embodiment the aryl groups of said halogenated tetraaryl Group 13 element

anionic complex comprise at least one fused polycyclic aromatic hydrocarbon or
pendant aromatic ring. Indenyl, napthyl, anthracyl, heptalenyl and biphenyl
ligands are exemplary. The number of fused aromatic rings is unimportant so
long as the ring junctions and especially the atom chosen as the point of
20 connection to the Group 13 element center permit an essentially tetrahedral
structure. Thus, for example, suitable ligands include those illustrated below, the
open bond being to the Group 13 atom. See also the polycyclic compound
examples in the literature for additional ligand selection, e.g., Nomenclature of

Organic Compounds, Chs. 4-5 (ACS, 1974).
25 I

~~




15 groups; see EP-A-0 495 375. Illustrative, but not limting, exanples of
suitabl e activators capable of ionic cationization of the netall oc
conmpounds of the invention, and consequent stabilization wt H & Hbg'ﬁﬁtl ng
non- coor di Rad paidgsARi on, include: trialkyl-substituted ampairmRdsbiss such
as: 20 triethylamoni um tetraphenyl borate; tripropyl anmoni um

tetraphenyl borate; tri(n-butyl)ammoniumtetraphenyl borate;

trinmet hyl ammoni um t etraki s(p-tol yl)borate;29 tri nmet hyl anmoni um
tetrakis(o-tol yI )borate 25 tributyl ammoni um

tetraki s(pen foorophenytyborate; 1T Qropytranoni um
t et r aki s(op-di nmet hyl phenyl )borate; tributyl ammoni um

tetrakis(mnmdi. Tnethy QY| ) bor at e; trlbutylammnl um

tetral ds(p-tJifl uomo )borate;] tr ¥

tetraki s(penjtafl ugtop 30 trfi (n-|b

| et rakis(o-tlolyl) ~ like; N, NoO ’ m salts s@ch as:
26 J UL 2006 WT f US02/ 19515 2 N, N*di methyl ani | i ni um

t et r aki s( pentaftoorophenyli )y borate; T\T, N et hytamn o
tetraki s(hept af | uor onapht h I N,[N-di met hyl ani | i ni um
tetral ds(perffl uorg N, N- di et hyl anfl i ni um
t et raphenyl blor at e} n t et raphenyl bor at e;
N, N- 2, 4, 6- pent ar ne
ammoni um sal ft s .S

tetraki s(pen @

and the |ikej

al kyl
(| sopr opyI ) nmoni_um

ophényl )borate; di C)Jc " mte Rhenyl bor at e
10 triaryl phosphoni ym 2 . @

| Yo

O~

The choice of ligand connection point is particularly important. Substituents or

5

ring junctions orrho to the ligand connection point present such steric bulk that
adoption of an essentially tetrahedral geometry is largely precluded. Examples of
5 undesirable connection points are depicted below.
I
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tri phenyl phosphoni um t et raphenyl borate; tri (nethyl phenyl)phosphoni um

t et raphenyl bor at e; tr|(d|nethylphenyl)phosphonlun1tetraphePBUMQﬁﬂEe and the
| i ke, Further exanples of suitable anionic precursors include those

conpri si nowa o2/4875&t abl e carboniumion, and a conpati bl e nygrgeeiEGIHati ng

ani on. These i ncl ude: tropylIiun1tetrakis(pentaf|uorophenyl)botate;
trlphenylnethyl|un1tetralds(pentafluorophenyl)borate benzene (di azoni um

t et raki s( pent af | uor ophenyl )bonte; tropyl Boum

phenyl tri s(pent af | uor ophenyl ) borate; 20 trlphenylnethylium

phenyl - (tri sgentaf I'uor ophen [ €, benzene (diazoniu

phenyl -tri s(gentafl uor opt trogpyllium
tetrakis(2, 3,5, 6-tetafl uor grate; | tri phenyl rret hyI [
tetral ds(2, 3,{5, 6-tet s C por at e;{ benzt

tetrakis(3,4,5-trif w | Yborate; 25 trop
tetrakis(3,4,5-trif ‘ ;
tetrakis(3,4,5-trif o]0 | Yborate; trlopylliur
tetrakis(3,4,l5-trifluorophenyl)alurninate;l triphenylnethyliurn
tet-alds(3,4,5-trifluorophenyl)alunmnate; benzene (diazonium
tet-alds(3,4,5-tri 1
tetrakis(1, 2, 2-tr |$+u§rr g@?ﬁ%ﬁéﬁbor 1%“?5 8"“%‘??’%%8%5 mgltdﬁwllsed Hipgs ot ring
tetraki s(1, 2, &s¢emblics mﬂwthoewwt)tm&abemng Jlumtma,ao(lohmdhmagr}igands do
tetrakis(1, 2, 2-b=~ ffI oroet 6. J U 2006 37
PCT[ US02/ 1051%0t5%¢¢ el P 3] ’i‘“r“ﬁ%% ?}@fr&&‘i"@s fn?nﬁ“% B OF f%‘}/\@ﬁ‘ﬁ ?“f%‘grat e;
'E Ei i phenyl rrmet hithg arlﬁigh?ésr \ﬂitldﬂai'éé o3 tdo ??Hlﬁddrai;] ligaﬁdlis;gmefbwhhdwé’ddﬁorﬁb@d’slaﬁaﬁke

i azoni u t s(2,3,4,5-tetrafl uorophenyl ) bor at and t he i ke. 5 A
cat al yst syst%ﬁf"a?avﬁ‘g( g stityeRtRat 0 e He T bistipty 1D agombindsred of

are those without (illustration I), will typically be suitable. Tris(perfluorophenyl)

(perfluoroanthracyl) borate is an illustrative complex. In this complex the

anthracyl ligand is a hindered fused ring having ortho-substituents but its use with
10 three unhindred phenyl ligands allows the complex to adopt a tetrahedral

structure, Thus, generically speaking, the Group 13 complexes useful in a

accordance with the invention will typically conform to the following formula :

M(A)sn (B)]”
15
where, M is a Group 13 element, A is an unhindered ligand as described above, B
is a hindered ligand as described above, andn=1,2.
For both fused aromatic rings and aromatic ring assemblies, halogenation
is highly preferred so as to allow for increased charge dispersion that contributes
20 along with steric bulk as independent features decreasing the likelihood of ligand
abstraction by the strongly Lewis acidic metallocene cation formed in the catalyst
activation. Additionally, halogenation inhibits reaction of the hafnium cation with
any remaining carbon-hydrogen bonds of the aromatic rings, and perhalogenation
precludes such potential undesirable reactions. Thus it is preferred that at least
25 one third of hydrogen atoms on carbon atoms of the aryl ligands can be replaced
by halogen atoms, and more preferred that the aryl ligands be perhalogenated.

Fluorine is the most preferred halogen.



N, N-di met hyl ani i niurn tetral ds(pentafluorophenyl)borate, can be used. In a
preferred enbodi nent, the activating cocatal yst, precursor a z@gmounds
conprise anionic Goup 13 el ement conpl exes having four hal %ﬁe Uk

aromati c Iywaangs7dqypi cally bullder than substituted tetr airamst daes on 10
conpounds of the exenplified in the identified prior art. These invention

aromatic |ligands consi st of polycyclic aromati c hydrocarbons and aronmatic
ring assenblies in which two or nore ringd (or fused ring systens) are
joined directly, to one another or together. These |igands, which nmay be the

same or different I\/ﬁéﬁso iffionit dataesystinisebhlpyising chtblytisalyalctiveet al | oi d

center. In a preferred enbodr ment the aryI groups of said hal ogenated
teft-daryl. GFigps athe hefpim compquads and itphle potcaridinatiae aRiopsaist one fused

pol ycyclic ar@&ﬁ%ﬁtfm{an?kﬁ&ﬁi Q%‘fo?éxanﬂﬁ@g@baéﬁﬁ@@@lrW’@%/b@ﬁ@”Xﬂdz napt hyl ,
ant hracyl , tal en and bi nyl l'igandS are exerrpfary The nunber of

f used aromatr QP’H@ 6395 Towi bﬂleawh@bcomﬁg‘b r&émmnsfnonh@mﬁe@l ons and
especialdy th i Group 13

el enent cente%‘%égrgﬁ} eﬁ?regieh ‘If' acfee@tf&gl{raa é% P&chﬂnuc ur : us, for
exanpl e, sui t alistrecthvlgdipaisd, £.aG [hydh‘adet hihyleorisiljrhgbumhﬁicd:ﬁoﬁng tltehemﬂmpen bond
being to the G oup .13 .atom See also the Ic G anples in
the Iiterat ur8°rf°8$rdéﬂf&flg F%‘H%F"‘Freg%fr?&ecé"éﬁ"é@ %ﬁgéﬂ@sul% H@Fta%r:e of

O gani ¢ CoMpouies @h&so&o&p@aﬂl@&bsﬂr%éﬁ um?ﬂe& Hydrl 84, afk906r siNDighad A8 754

PCTI US02/ 10515 29 cog{e The choj ce of gand caonnection p0| nt is particularly

i mportant. SuB¥ep leige Heyalspcy Eﬂﬁ@‘n?fﬁﬁ‘éﬁthﬁ)ﬁ@ Wr’i’@fqﬂﬁnﬂ?@ﬂoP%nd connecti on
poi nt Pfgesent o ﬁcbgﬂé#ﬁ g@gesltﬁgﬁ b mﬂﬁfﬁé%’@hw t et r ahedr al
y pr ec

geonetry is | ar ge es o eS|ra e connectlon points
are depi ct ed baminterbaliéhc2d 8y the stdlile, compatlble and bulky, noncoordinating anions

according to the invention.
The noncoordinating anions are preferably introduced into the catalyst
preparation step as ionic compounds having an essentially cationic complex which
15 abstracts a non-cyclopentadienyl, labile ligand of the transition metal compounds
which upon abstraction of the non-cyclopentadienyl ligand, leave as a by-product
the noncoordinating anion portion. Hafnium compdéunds having labile hydride,
alkyl, or silyl ligands on the metal center are highly preferred for the ionic catalyst
systems of this invention since known in situ alkylation processes may result in
20 competing reactions and interactions that tend to interfere with the overall
polymerization efficiency under high temperature conditions in accordance with
the preferred process embodiments of the invention.
Suitable cations for precursor compounds capable of providing the
noncoordinating anions of the invention cocatalysts include those known in the
25 art. Such include the nitrogen-containing cations such as those in U.S. patent
5,198,401, the carbenium, oxonium or sulfonium cations of US patent 5,387,568,
metal cations, e.g., Ag", the silylium cations of WO 96/08519, and the hydrated
salts of Group 1 or 2 metal cations of WO 97/22635. Each of the documents of
this paragraph are incorporated by reference for purposes of U.S. patent practice.
30 Examples of preferred precursor salts of the noncoordinating anions
capable of ionic cationization of the metallocene compounds of the invention, and

consequent stabilization with a resulting noncoordinating anion include trialkyl-



WO 02/ 083754 PCTfUS02/ 10515 30 14: -::r Suitable m xed-1li garﬂ5 ﬁiLoﬂlﬁﬁ 13
conpl exes can include fused rings or ring assenblies with

ort ho-substituents, or ring junctions, so long as those |igands do not
exceed twowiguzisreer . Thus Goup 13 anions with one or twehusdaiss fused 5
ring aromatics with three or two unhindered |igands, where hindered
aromatics are those having ortho substituents or ring junctions
(illustration 11) and unhindered are tho$é without (illustration 1), wll
typically be suitable. Tris(perfluorophenyl) (perfluoroanthracyl) borate is
an il ustrati substirurgd atmoritimishltsSsuclo agtriethylahenondumh betakig(petflgeongpthgl)a hi nder ed

fused ring having aorthao-substjtuents but.its use with 10 three unhindred
phenyl |igandef*ﬁ&ﬂﬂ%@ﬂ%ﬂeﬂ’e‘@hﬁl&l}é’%ﬁmad%’&@é{lmﬁweqra| structure. Thus,
generical ly spaakis@erfluobdhaeihol)Br ftakidmRifRsRs4-BiREmM)bofondtri(@c cor dance with

the invention w]l typically conformto the follow ng fornmula: [MA)4-n
(B)nl + 15 whbytgDanymoriuy tejrgkiyparfluemonsptin) orgetrakigperfifererider ed | gand as

descri bed aboygpe l)bbﬁn%%@qﬁoﬁmq H886bh plgove, and n = 1, 2.

For both fused ardmatic aromatic ring asse I es, hal ogenation is
hi ghly pr ef er tetdkis(@erfhiore®4-difhenyjtoron, rinebdedmohmngtetrai sper si on t hat

contri butes | ong. WLt h _steri ul I n ndept features decreasing
the likeli hooﬁe%?i@f%kw&m&%@ﬁgafeF%ﬁS@ﬁ“ﬂ@@?fpﬁﬁlw % s aci di c

met al | ocene caibupylarh@bniveh tetaliitperfiasrohapiiyl) erattrakdd(perfluordddi ti onal |y,

hal ogenati on Enﬁi bits reaction of the hafniu catl %r;[ with any remaining
car bon- hydr ogSRPERMISTRY PRPY Pig tety ga,er%.mgom Ri%genation precl udes

such pofent i aleyRdesiTal-8-tiRRA, Wituty Hitldniun fefR5@ESbRAafhAY ot | east 25
one third of hydrogen atons ‘on carbon atons of the ary] |igands can be
repl aced by taakig@arfhoors-birhenyihoren, pitutdamesdnivhdetraksiperflyeronaptsitls be
per hal ogenat et rBUBLING:d oliSnMolor kR LG A AGhOoeN: 2 © UL 2006 WO
: tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl)boron, tri{n-
butyl)ammonium tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-

15 biphenyl)boron and the like; N,N-dialkyl anilinium salts such as N,N-
dimethylanilinium tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-
biphenyl)boron, N,N-diethylanilinium tetrakis(perfluoronapthyl) or
tetrakis(perfluoro-4-biphenyli)boron, N,N-2,4,6-pentamethylanilinium
tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl)boron and the like;

20 dialkyl ammonium salts such as di-(isopropylJammonium '
tetrakis(perfluoronapthyl) or tetrakis{perfluoro-4-biphenyl)boron,
dicyclohexylammonium tetrakis(perfluoronapthyl) or tetrakis{perfluoro-4-
biphenyl)boron and the iike; and triaryl phosphonium salts such as
triphenylphosphonium tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-

25 biphenyl)boron, tri{methylphenyl)phosphonium tetrakis (per-fluoronapthyl) or
tetrakis(perfluoro-4-biphenyl)boron, tri(dimethylphenyl)phosphonium
tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl)boron and the like.

Further examples of suitable anionic precursors include those comprising a
stable carbenium ion, and a compatible non-coordinating anion. These include

30 tropillium tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl) borate,
triphenylmethylium tetrakis(perfluoronapthyl) or tetrakis(petfluoro-4-biphenyl)
borate, benzene (diazonium) tetrakis(perfluoronapthyl) or tetrakis(perfluoro-4-



31 Means of preparing ionic catalyst systemconprising catalytically active
cations of the hafnium conpounds and suitable noncoordinatinqhéﬂh02® are
conventionally known, see for exanple U S. patent 5,198, 401, b @333,
and WO 97{2hRrsdYpi cal ly the net hods conprise obtaini ngefgepngagmercial 5
sources or synthesizing the selected transition netal conmpounds conpri sing
an abstractable ligand, e.g., hydride, alkyl or silyl group, and contacting
themwith a noncoordi nating anion source38r precursor conpound in a

sui tabl e solvent. The anion precursor conpound abstracts a unival ent
hydride, al kyhiphényd) Bathte, thAiHmitERHkis(SMir&lapiyl )R tatakReyMiopsi4L enent s of
the preferred hafnium netall ocene 10 conpounds. The abstraction |eaves the

haf nocenes i nbpher)berts; irinhgmdmgiiy ipmitefr HDed by the stabl e,

R ORAP
conpati bl e an i j ' j : fjﬁ’ﬁ{ ding to the invention.
The noncoor di geg?jiﬁrg\ {aﬂrﬂaﬁg% rhghgygﬂgggﬁfﬁgﬁiﬁ% ucgd into the catal yst
prepar ati on stetpkiapeifioranapthyh outetiskisi@eifiugroadrbiphem) baxiteytrapilliivmni ¢ conpl ex
whi ch abst r ac -cyclo di I hile l.igand of the transition
met al C(j)ssrrpoun%ﬂg%&%ﬁ’gﬁm&g‘%ﬁpé@PE%@%%@@O’PH%%W@ﬁQYé%?&g%ent adi enyl |igand,
| eave as a by tiphesiisiethylitg tereakisgserlioiaiapthy])amn tarki@etfluabo-4Haf ni um conpounds
havi ng | abil e hydri de, | kyl, or silyl |jgan on the netal center are
highly pref er PBHERY, ?f%%F%P%(dé%P%‘IW’gfemkg&e&ﬁPer@m)é”’i nvention since
known in si twaﬁuﬂs@%ﬁ%@nmﬁﬁﬁmﬁa_mﬁnﬁm SRhcRRARALJuREIeREACt | Ons and
interactions that tend to interfere wwth the overall polynerization

ef fici ency undiylium borateonplurinage salts aregimilaslysuitpbleccor dance with the
preferr process e i i } Sul i r

precur sféjrj conmpounds %égfg%% Je%ﬁ%fe%%brogﬁ%ﬁlt’%gﬁ%’g%ﬁgﬁéﬁo%&g#%aeg i%}ﬁga%gﬁlle%%s of the
i nvention cocgtamp\aatiSs somdtingks refedsd tk moamn"deetyl-ngl" @biey t A distiniguiskiieg ude t he

ni trogen-contai ni ng.cati pn ch as those in U S ent 5,198,401, the
car beni um ox g‘ﬁiﬁ{iﬁgf)ﬁm’%}@ "!Sfrﬁs heREssHee m@?%&?@ﬁi‘“‘%‘f’g BEpPounde 5
cations, e.d. to &GroupdB StbinY ITHeBreds-19 BP0/ ¥ondbétd ok Jeasbinit fiddeinkkedr at ed

salts of Goup | or 2 netal cations of WD 97/22635.. Each of the docunents of
this paragraphrameisticeppiugriededyp thequghorelioripated Jngddisen ir a frstringat ent

practicgs moiety, the Group-13 atom has two other ligands that may also be ring moieties
similar to or different from the first ring moiety and may be monofluorinated to
perfluorinated. The goal of fluorination is to reduce the number of abstractable
hydrogen. A ligand is referred to as substantially fluorinated when enough
hydrogen has been fluorine-replaced so that the amount of remaining abstractable
20 hydrogen is small enough that it does not interfere with commercial

polymerization.



30 Exanpl es of preferred precursor salts of the noncoordinating anions

capabl e of ionic cationization of the netall ocene conpoundséﬂi gCg}

i nvention, and consequent stabilization with a resulting n 3 nat i ng

ani on i ncl odigskR&h Kyl 2 6 JUL 2006 WO 02/083754 PCT[ Usogé%ggzﬁogdg

substituted amonium salts such as triethyl anmoni um

tetraki s(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl)boron,

tripropyl ammoni um tetrakis(perfluoronaptiyl) or

tetraki s(perfluoro-4-bi phenyl)boron, tri(n- butyl)amoni um

tet-dl ds(perfl uor onapt Smplay ilvhickNEARS vt 5 bi phenyl ) bor on,

tri met hyl ammoni um t et raki s( perfl uoronapthyl) or

t etraki s(perfluoro-4-bi phenyl)boron, trimethylamoniurn tetra

tetraki s(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl)bor

tributyl amoni etral ds(perfhNuoronapthyl) or totrakis(perfl Loro 4-

bi phenyl ) boron |propylannnn|u n tetrakis(perfluoronapthyl) qgr 10

tetrakis(perfl ppenyl ) g tXibutyl anmoni um t ef t aki s(per f ljuor onapt hyl )

or tetrakis(pér bi phenyl )\bor on, tributyl ammoni um

tetrakis(perfl

tri butyl amoni

tet-dl-ds(perfl

tetrakis(perfl

i ke; NN-dial k

tet-al ds(perfl

NN- di et hyl ani | i

tetrakis(perfl 3

tetraki s(perfl tlohongp hyI or tet akls(perfluorp 4- bi phenyl ) borlon and t he

li ke; 20 dial kyl arfmoni umpal ts guch as di- (i sopropyl)anmmoni um

tetrAi s(perflugromapthyl) or tet/aki s(perfl uoro-4-biphenyl)boron,

di cycl ohexyl a niumteti-dkis(perfluoronapthyl) or tetrakis(pdgrfluoro-4-

bi phenyl ) bor on d the like; and triaryl phosphoniumsalts sucth as

tri phenyl phosphoni urn tetrakis(perfluoronapthyl) or tetrakis(perfluoro4
Tr stands for friel, which, for this disclosure, encompasses B and Al

5 When Tr=B, this NCA is called tris(2',3,3',4,4',5,5',6,6"-nonafluorobiphen-2-y1)(2-
perfluorophenylethyn-2-yl)borate.

ror4

boron and the

The cationic portion of activators according to this embodiment preferably

has the form R3PnH, wherein R represents an alkyl or aryl moiety; Pn represents a

pnictide; N, P, or As; and H is hydrogen. Suitable R are shown below. This list

10 does not limit the scope of the invention; any R that allows the cationic portion to

function as described is within the scope of this invention. R includes, but is not

limited to, methyl, phenyl, ethyl, propyl, butyl, hexyl, octyl, nonyl, 3-ethylnonyl,

isopropyl, n-butyl, cyclohexyl, benzyl, trimethylsilyl, triethylsilyl, tri-n-

propylsilyl,  tri-isopropylsilyl, = methylethylhexylsilyl,  diethylnonlysilyl,

15 triethylsilylpropyl, 2,2-dimethyloctyl, triethylsilylethyl, tri-n-propylsilylhexyl, tri-
isopropylsilyloctyl, and methyldiethylsilyloctyl.



25 bi phenyl)boron, tri(nmethyl phenyl)phosphoniumtetrakis (per-fluoronapthyl)
or tet-akis(perfluoro-4-biphenyl)boron, tri(dinmethyl phenyl )pﬂ(ﬁs m
tetraki s(perfluoronapthyl) or tetraEs(perfluoro-4-biphenyl)boron and the

| i ke. Furt{@ypesaep! es of suitable anionic precursors incpesgseiexis
conprising a stable carbeniumion, and a conpati bl e non-coordinating anion.
These include 30 tropilliumtetral ds(perfl uoronapthyl) or

t etraki s(perfl uoro-4-bi phenyl) borate, tr3phenyhnethylium

tetraki s(perfluoronapthyl) or tetrakis(perfluoro-4-biphenyl) borate,
benzene (di azq;fﬂggmesb@dmm? §§pf,-ghél%?5gmapt hyl) or tetrakis(perfluoro-4 2 6
JUL 2006 WO : 17, bi phenyl) borate, tropillium

t et raki s( per f EREAHRAN Ay SHEEPER| ds( per f | uor o- 4- bi phenyl ) bor at e,
triphenyl rnet hyhumgjgbidid Mﬁh&ﬂ&ﬂéﬁgﬁ%&)ﬂllﬁe&ﬁ:ﬁ as described below. The

t et raki s(perfluoro-4-bi phenyl)bonte, Denzene (di azonium

t et - al ds( per f copiymerp ofithe)cupent invendikh baysear glenpatiomobgmpatenthp) 1040 s tas,

t il 5 ' ol |

tre'?P:alki !sjglg]erf%ﬁ%&g%iﬁgﬁ%&’yﬁ%@iﬁ%ﬁwSPP?’E)henyhnet hyl i um

tetraki s(perfl uor offhptbydlymens dfethe aktraft davdnkiomw havela tnsibenyhgth@raatee, benzene
di i t et i.s(per.f] t hy| . .

et -t ds( per { R0 BB2IURGH Pheraetin A0 o G5 MEY o exeics hen 1099 po

equi val ent  sigyMpphn borate or alumnate salts are simlarly suitable. 10

I n yet another enbodinent, the NCA portion conprises an acetylene group and
i s sonmetines ref er Terpile ané sloggationauepertie ety detapgined pt 20indimin (54 gov/mimng
featureqof in " | a e j.C: | lsanal group
bound 15 o CASGRHE 5 plolpddif dB-ABR0GF ASTMR6C H: Sllace HRERIAZ 9 e
fluorinated ehgigeaningenits withmof donectiondd dbe strpst for dheglatepsd chhtiastiomat the. | n

addition to a first rin 5 noi et the Goups13 atom has two ot her. | i gands
That rmy al so R, gufdo depsl8' cibauanba ToR, WiRic Ap RBerleh ohiPeiie” it st Ot ng
noi ety and nmaymbedifRARIJf¢ar invaritkm dré evadeitdd usiigi duaibdell-siided aaple®The

fluorination is to reduce the r;éjfgber of abstractable hydrogen, Aligand is

referred to a SABPIES f15 FOMRIGSHHon | ﬂqdrﬁﬂéB”WOé dog kS g eforELtbeen
fluorinesrepl 36@6hs3933 R} intd '8 pBIGRLIBE diftlendiGIRRIF BN S AR 5 AL 2PS Em). The

cooled plaques are removed and the specimens are removed with a die. The

elasticity evaluation of the samples is conducted on an Instron 4465, made by
Instron Corporation of 100 Royall Street, Canton, MA. The digital data is
collected in a file collected by the Series IX Material Testing System available

20 from Instron Corporation and analyzed using Excel 5, a spreadsheet program
available from Microsoft Corporation of Redmond, WA.

Elasticity
Embodiments of our invention are elastic after tensile deformation. The
25 elasticity, represented by the fractional increase in the length of the sample,
represented as percent of the length of the sample, is measured according to the
general procedure ASTM D790. During tensile elongation, the copolymer sample
is stretched, and the polymer attempts to recover its original dimensions when the
stretching force is removed. This recovery is not complete, and the final length of
30 the relaxed sample is slightly longer than that of the original sample. Elasticity is
represented by the fractional increase in the length of the sample, expressed as a

percent of the length of the original un-stretched sample.



20 hydrogen is small enough that it does not interfere with comerci al

pol ynmeri zation. 2 6 JUL 2006 WD 02/083754 PCT[ US02/ 10515 34 @E _@{gmal ary
i nvention NCA is shown below FFF FFFF FF (F Tr-CC4 FF3
Tr stands W@lbészed . Which, for this disclosure, encompasggsuydiaags Al. 5
Wien Tr--B, this NCAis called :

tris(2',3,3,4,4,5,5,6,6"--nonafl uorobi phen-2-yl) (2-

per f | uor ophenyl et hyn-2-yl)borate. The catiBénic portion of activators
according to this enbodi nent preferably has the form R3PnH, wherein R

represents an al kyThedhratbdtl foPi Béauridd) thee RI2SHAI! 6f dhe RRinblel Bisisty o, Or As;
and His hydrogen. Suitable R are shown below. This |list 10 does not limt

the scope of Prsardi¢hing the defogmgblr zomatofatheodigmbhed, dmadeonscerding ¢ dhe t o
function as d Sduheghsl PRl - QR I.pal udes, but
e 5 %%’ﬁ‘;‘%“a“"gtﬂfr?‘yf?ﬁ Rt Q%rﬁgﬁ?*ﬂé’ﬁ‘????&ﬁ’éﬁf%“gﬁ’a vl
nonyl , 3- et hywhishyi$ the haroyw ppston of -theisgecimeny é¢ 30@8%\df itshemgindl length to

trimethyl sily lLekhyl si Lt - roRYyl si cfrg-d r. | silyl,

et hyl oy LheRis PRt T Saele, i il M b detonkiyin i of 197 8N 123

2, 2-di met hyl oey bper tnifued. HfHessamyple ishselaxed i the- eyt td Yorhewy lanalitidat

DY 0t i wlRH T el WSl o8 brigi Sitie. F0%Cunghly 0% 08754

oriented, or prestretched, sample is allowed to relax for 48 hours, at room

temperature, prior to the determination of elasticity. The length of the deformation
10 zone in the sample is measured to be d;. After the 48 hours, it is again deformed at
10 inches per minute for a 200% extension of the deformation zone of the sample
and allowed to relax at the same rate. The sample is removed and after 10 minutes
of relaxation the sample is measured to have a new length of the deformation zone
of d;. The elasticity of the sample as a percent is determined as 100*(d»-d;)/d;.
15 Embodiments of the invention have elasticity, as measured by the
procedure described above, of less than 30%, or less than 20%, or less than 10%,
or less than 8% or less than 5%.
These values of the elasticity over the range of composition of the
copblymer vary with the tensile strength of the sample as measured by the 500%
20 tensile modulus. Elasticity of this family of copolymers is thus represented by two
criteria: (a) extensibility to 500% eclongation with a measurable modulus (500%
tensile modulus) and (b) elasticity from an extension to 200% elongation on a
slightly oriented sample as described above. First, the copolymer of embodiments
of our invention should have a measurable tensile strength at 500% elongation
25 (also known as 500% tensile modulus), of greater than 0.5 MPa, or greater than
0.75 MPa, or greater than 1.0 MPa, or greater than 2.0 MPa; and second, the
copolymer should have the above-described elasticity.
Alternatively, the relationship of elasticity to 500% tensile modulus may
be described. Referring to Figure 3, elasticity is plotted versus 500% tensile
30 modulus in MPa for copolymers of the invention. The plotted data correspond to
Samples 5-14 in Table 6 of the Examples herein. A linear regression fit of the data

yields a relationship of:



35 Properties and Anal ysis of the Copol yner Elongation and Tensilge Strength
El ongation and tensile strength were neasured as descri bed bdibodl 28k
copolymers of the current invention have an el ongation of greater than
1000% or we ogh®der than 1200% or greater than 1500% Theaneepedsysrer s of
the current invention have a tensile strength greater than 300 psi (2.1
MPa), or greater than 500 psi (3.5 MPa) or greater than 1000 psi (6.9 MPa).
Tensil e and el ongation properties are detéfnmined at 20 in/mn (51 cmnin)

10 according to the procedure described in ASTM D790. The data is reported

in engineering units w th nEERkIEEk)20.9338Mg.0e25ess for the |ateral
contraction in the specinen due to tensile elongation. The tensile and

el ongat i on properdylds thy S0RpHesilemedslupin diRa. | I embodiments of dheapratentd usi ng
dumbbel | - Shapﬁl@eﬁﬁaﬂphﬁ%laﬁa? asSATRbGoh & ﬁomﬁﬁsﬁbfﬂus@ﬂlmgis@&e 890C to
rce of 15 15 tons (133 kN)

2001C for 15 mnutes at a f Into a plaque of
di mensions ofb8 in x 6 in (15 cmx 15 cn). The cool ed plaques are renoved

and t he speci nens . b j die. The elasticity evaluation of the
sanpl es 5i S conduct%%&bcﬁﬁg%l%?s' P%_Fjgl’g(g made by Instron Corporation of 100

Royal | Street, CanElsticityk%)Ee0dMtabr data is collected in a file

coll ected by the ies I%( rial Testing System available 20 fromlInstron
Cor porati on and aﬁg{afffé@( r’\—/ﬁ%&é%el 5, a spreadsheet program avail able
from M crosoft Corporation of Rednond, WA. Elasticity Enbodinments of our

invention are_elastic after tensile deformation. The 25 elasticity,
represent ed bflexwral Modulus onal increase in the length of the sanple,

he - gemeral procesieshat i sufints e RedBAR B he FRARM Bhy"se0TH T 1O
sanpl e is stmebseidyy Seoird meodubisyFiexuralt hedybessis tneanered ireaccotdanaer wigh nal
conpl ot o, andASRA @750 Fiakgt rve Toskdhint & sreepeedrred 2 LA SHERY | onger
than that of {Ieméi/mi)NThe $AG8 o théfl@tirdl GhddalisSover the range of composition
of the copolymer vary with the tensile strength of the sample as measured by the
15 500% tensile modulus. Flexural modulus of this family of copolymers is thus
represented by two criteria: (a) extensibility to 500% elongation with a
measurable modulus (500% tensile modulus); and (b) flexural modulus.
Referring to Figure 2, flexural modulus in MPa is plotted versus 500%
tensile modulus in MPa for copolymers of the invention. The plotted data
20 correspond to Samples 15-19 in Table 7 of the Examples herein. A single
exponential fit of the data yields a relationship of:
Flexural Modulus (MPa) = 4.1864¢"2%M
where M is the 500% tensile modulus in MPa. In embodiments of the present
invention, the flexural modulus in MPa as a function of 500% tensile moduius in
25 MPa is defined by:
Flexural Modulus < 4.2e%2™ + 50; or
Flexural Modulus < 4.2e%*™ + 30; or
Flexural Modulus < 4.2¢%2™ 4+ 10; or
Flexural Modulus < 4.2¢"*™ +2,
30



represented by the fractional increase in the |ength of the sanple,
expressed as a percent of the length of the original un-streé{&heﬂ q%arrpl e. 2
6 JUL 2006 WD 02/ 083754 PCT/US02/ 10515 36 The protocol forlbddbdl®ng the
el asti ci t ywqfoziohesganpl e consi sts of prestretching the deperigRhgsizone of

t he dunbbell, made according to the procedure described above for the
nmeasur enment of elongation and tensile strength, which is the narrow portion
of the specimen, to 200% of its original 138ngth to 5 prestretch the sanple.
This is conducted at a deformation rate of 10 inches (25 cn) per mnute.
The sanpl e i sEagleas@dngositipg same rate to forman anal ytical specinen which
is a prestretched gpecinen of the orjginal slarrpl e. .This slightly, oriented,
or prestretched, saPflOMROSEOR oK thylsDe SraRylens, capPlFPeRssIs FHeasuweinas

tenperature, pihiRhe we. JRcSAlaHE ARANI 273006 o8 EARWsCAltHin HORSOEbA%ML BIAT t he
deformation 10 zone in the sanple is neasured to be dl1. After the 48 hours,
it is again defirmepblaner cnionettcpressed atra tamperatuns ofbat 20@odatex thandBPGIC,of t he
def ormatj on zgne of, the s £ nd I dto relax at, the sa te. The
sanpl e igs r enbv BTURRY S ?2@%‘6 ]r:‘rﬁ'f‘?ﬂtlzéé 19%\?3 ?5?5@??35?"{0?}%0[3?%{% ]‘1{@ measur ed
to have a newspeetrginlofahe sdngplel &bor 608t inghtoz4000 cnof isdecorddde amd theteitsidng of t he

sanple as a percent is determned as 100*(d2-dl1l)/dj. 15 Enbodi nents of the
i nvention hav@’e@%EBTrF@tP&heégpﬂw‘é’Hg‘iﬁoélfoﬁif&t‘srf@ijc Hbr e descri bed above, of

less than 30% or |ess Ehghnd@to% gl ass tihag7%0%0.049x? ess than 8% or |ess
than 5% These values of fhe elasticity over the range of conposition of the

copol yner var yhatet X istbe zatiospf thespealehgight of 113 coiripl peak heighhstieitherby t he
500% 20, tensi Kl gsti c his fam |y of copolyners is thus
repr esegq ed b?hfﬁlgmgw?%??a‘.@%% %e%selﬁ@lm%‘i lity to 500% el ongation with a
measur abl e nodul us (500% tensile nodulus) -and (b) elasticity froman
extension to % el i OH a slightly oriented sanple as descri bed
above. First, @&Mu enbodi ments of our invention should have a
nmeasur abl e tensi| eTsdhnef@s FoRldefe | @ dbleBiklar? frefght MK RRIMMAS Q0%

tensi | e nodul us)l, of greater than 0.5 MPa, or greater than
molecular weight distribution (MWD) are found in U.S. Patent No, 4,540,753, and

15 in Macromolecules, 1988, volume 21, p. 3360 (Verstrate et al).

Melting Point and Heat of Fusion

Melting point and heat of fusion are measured by Differential Scanning
Calorimetry (DSC) follows. About 6 to 10 mg of a sheet of the polymer pressed at
20 approximately 200°C to 230°C is removed with a punch die. This is annealed at
room temperature for 24 hours. At the end of this period, the sample is placed in a
Differential Scanning Calorimeter (Perkin Elmer 7 Series Thermal Analysis
System) and cooled to about -50°C to about -70°C. The sample is heated at
20°C/min to attain a final temperature of about 200°C to about 220°C. The
25 thermal output is recorded as the area under the melting peak of the sample, which
is typically peaked at about 30°C to about 175°C and occurs between the
temperatures of about 0°C and about 200°C, and is measured in joules as a
measure of the heat of fusion. The melting point is recorded as the temperature of
the greatest heat absorption within the range of melting of the sample.
30



0.75 MPa, or greater than 1.0 MPa, or greater than 2.0 MPa; and second, the
copol yner shoul d have the above-described elasticity. Ater na%fi\ﬂﬁ[.ﬂ%lﬁt he

rel ationship of elasticity to 500%tensile nodulus may be described.
Referring @ dalogdssge 3, elasticity is plotted versus 500% p€fféd2805180 nodul us
in MPa for copolyners of the invention. The plotted data correspond to
Sanples 5-14 in Table 6 of the Exanples herein. A linear regression fit of
the data vyields a relationship of: 2 6 JJ2 2006 WD 02/ 083754

PCTf US02/ 10515 37 Elasticity(1l/0)= 0.9348M 1-0625 where Mis the 500%
tensile mdul Gferiblddifr CobpdsiBen haETHchici8f DishRulbs PRRImidafiMeNt i On, the
elasticity as™a function ol s00%Ctensile nodulus in VPa. s defined by: 5
El asticity (0/6): 5Ineromizeular compesitionegligigibutiqn ¢f the cepelymer BImeasured asor
Elasticity ((;/%ics;cﬁbgd géoél\/i\logiﬁﬁffir?eg%g%k% %%8591{; &t ?Ao ﬁf CoRgl ymers of

enbodi nment s e I nvention may nmeasur e exural nodul us. Fl exur al
modul us is nmemdth abdui W8ACE omaasidas. Whis s inkSdMed790 a thivkriwpllzd Blase botledogbone

at crosshead ed of 0.05 in/mn . | ) 10 | yes._of .tthe fl exural

modul s pver VD ¥ e 51 st Ropk itk SO IRE R eaORIrR, 4o bpd

}: Iensi | eI st rgnlgbﬂnmiciemﬁgvs?a‘m lﬁoms?iba%iglsrﬂbrfﬁ:yaﬁdmeTlﬁm, 409 %I eftrichre (m;dul us.
exural nodul ys ,of this mly. of. copolyners js thys, represented by two

criteria: (a) PERGiRS Jpigfure Pﬁn?ralat%b)&% %Wﬁ%&is&rﬁidﬁﬂ f%ﬁ!lﬁ boﬁl&ﬁ'g ot _ efodul us

(500% tensi | e pERdul fghiaidacht OBIC fdé%%aﬂs. Mg@g(')e/h@ofﬁ%f foll e kAufigrdldf © 2,

flexural nmodulus in MPa 1s plotted versus tensile nodulus 1n MPa for
copol yners of dedeeteidrandrihé oesiduEhie trehied twdth atblitional Bexaoe fers poadtiitianabadpl es

1519 | 1) Tabl gosOh e cRX S S0 o Sl SouBROBE Wohlneh ' dia®' 1

evaporated to yield a residue of the polymer soluble at 23°C. To the residue is
added sufficient hexane to bring the .volume to 425 mlL and the bottle is

maintained at 31°C for 24 hours in a covered circulating water bath. The soluble
polymer is decanted and an additional amount of hexane is added for another 24
15 hours at 31°C prior to decanting. In this manner, fractions of the copolymers
soluble at 40°C, 48°C, 55°C and 62°C are obtained at temperature increases of
approximately 8°C between stages. Increases in temperature to 95°C can be
accommodated if heptane, instead of hexane, is used as the solvent for all
temperatures above about 60°C. The soluble polymers are dried, weighed and
20 analyzed for composition, as wt. % ethylene content, by the IR technique
described above. Soluble fractions obtained in the adjacent temperature fractions

are the adjacent fractions in the specification above.

EXAMPLES
25 Example 1: Ethylene/propylene copolymerizatioﬁ

Continuous polymerization of the polymer is conducted in a 9 liter

Continuous Flow Stirred Tank Reactor using hexane as the solvent. The liquid full

reactor has a residence time of 9 minutes and the pressure is maintained at

700 kPa. A mixed feed of hexane, ethylene and propylene is pre-chilled to

30 approximately -30°C to remove the heat of polymerization, before entering the

reactor. Solutions of catalyst/activator in toluene and the scavenger in hexane are



Fl exural Mdulus (MPa) = 4.1864e 0.269M where Mis the 500% tensil e nodul us
in MPa. I n enbodinents of the present invention, the flexural m)dul us in
MPa as a function of 500%tensile nodulus in 25 Ma is defl {lﬁ FI exur al
Modul us: 5 @o80854’M + 50; or Flexural Mdulus:5 4.2e 0. &7[!% 15 Of

Fl exural Mdulus 5 4.2e0.27M + 10; or Flexural Mdulus :5 4. 2eo .21IM +2. 30
2 6 JUL 2006 WD 021083754 PCTfUS02/10515 38 Ethylene Corrp03|t|o The
conmposi tion of ethylene propyl ene copol yn#fs is nmeasured as ethylene wt. %
according to ASTM D3900 as follows. A thin honogeneous film of the

copol ymer conppaffdly BiESs&finabusly t adpietedt e @e aleadibr Ofocdhiiatet B 1500C, 5
I s nounted on a Perkin El mer PE 1760 infra red spectrophotorreter A fall

spect rum of t RelyBsrigtiens Thenreastor dgspperatire; Gopapigined between 3¢ cand %91@ t he

iyl one wi . Sacenfi9h L e arbAopbRR0aY i TRONER el MR oL P e

peak hei ght atlegehdihg omitie pdymeaisatlhn irgihto afaintdib hevonstdfl ré@Pordemperamre/32 cm 1,

ol coul & wer QN PRRREATORERS Baohareciba o ks Gh e st PERERhD) are

found in U S 3@agm1snmedémﬁ4:ﬁay7e58atm1&dl plybsheqwlmgmeand 888, vol une

21, p. 3360 (Verstrate et al). ting Point of Fusion I\/bltlng
poi nt and heafheofeaﬂ‘i’&l JﬁeaP@YWE‘a%ﬁEIPEdC%§IYﬁ de@FtéWﬁlﬂl bridggshibigindesit or i met ry
(DSC) fol | owsy,sbets g@aétgla{eﬁg Chofr A6 Hithal N ginRed gﬁ'hnﬂﬁrﬁf%ﬁﬂgs at 20
approxi mately 200*C to I's renpved with a punch die his i s anneal ed
at (pentafluorophenyl)borate is introduced at the rate of at 0.0135 g/hr A dilute

- 10 solution of triisobutyl aluminum is introduced into the reactor as a scavenger of

catalyst terminators; a rate of approximately 111 mol of scavenger per mole of
catalyst is adeqﬁate for this polymerization After the polymerization reaches
steady state, a representative sample of the polymer produced in this
polymerization is collected, and then steam-distilled to isolate the polymer. The
15 polymerization rate is measured as 3.7 kg/hr. The polymer produced in this
polymerization has an ethylene content of 14%, ML (1+4) 125°C (Mooney
Viscosity) of 13.1 and has isotactic propylene sequences.
Variations in the composition of the polymer are obtained principally by
changing the ratio of ethylene to propylene. Molecular weight of the polymer is
20 varied by either changing the reactor temperature or by changing the ratio of total L
monomer feed rate to the polymerization rate.
In the manner described in Example 1 above, polymers of the above
specification are synthesized. These are described in the tables below. Table 2
describes the results of the GPC, composition, and DSC analysis for the polymers.

25 Table 2: Analysis of the polymers
BC NMR RESULTS DSC Results
Sample # | Ethylene| Triad | 2,1 insertion | 1,3 insertion | m/r Heat of Melting
(Wi%) (mm) (%) (%) fusion (I/g) | Point (°C}
#1 11.0 90.1 0.63 0.098 7.1 19 49
#2 18.5 913 0.84 0.12 62 1.8 50
#3 g4 91.8 0.80 0.086 6.9 27 69
#4 14.1 90.6 0.74 0.13 7.7 8.0 51




roomtenperature for 24 hours. At the end of this period, the sanple. is
placed in a D fferential Scanning Calorinmeter (Perkin El nmer 7 1$e4ilHb
Thermal Analysis Systen) and cool ed to about -500C to about -700C. The
sanple is GeahRrgsed 20°C/mn to attain a final tenperatupergéorabast 200' C
to about 2200C. The 25 thermal output is recorded as the area under the
melting peak of the sanple, which 1is typically peaked at about 30'C to
about 1750C and occurs between the tenperfdtures of about OOC and about
200" C, and is neasured in joules as a neasure of the heat of fusion. The
mel ting point is recordedrside 3 h&a&ﬂdmﬁaﬁumeyéﬁcopbbﬁl@r(ﬁa{aas)t heat
absorption within the range of nelting of the sanple 30 6. JU_2006 WO
02/ 083754 PCfI (eople$sis 39 I nt er nol e&ﬂéﬁolebhﬁb i tion and Tactitity

Di stributionjDeterm natfron—hmErmotgrut-arsepnposTtTon—digaTbutpn of the
copol yner is H-aw el L};gcpgraqm. ei—the
copol ynmer isjeut-tnto s —wilth about .1/8" _LQ_mrLil_des This is

i ntroduced i hto a2thick-walle '6gl_asq ottlelsg wit a_screw cap closure,
along with 50 8f Irdanoxl 38, an anti oxP#Ant copmrerci #MBtly available from
Ci ba- Gei gy Cprporéti on.‘ Then 99425 mi lof he¥she (a | principal mxthre of
nornmal and iso isoners) is added to the bottle and the sealed bottle is

mai nt ai ned at 23’ (o} At the.end pf, this.peri the solution is
decanted and the rc'é%‘ﬁaue%f’%“FF%&E%&"W?SH“’% ﬂeoﬁ'g‘l:s“q%éx‘gﬁgl o SIPONP L ddi t i onal
24 n%g) hour Sd Abtatnlaeuﬁmabdlefs Qiﬂyﬁalaﬁdinsoﬁlucli(‘,jhtﬁmtn}rme ﬁanamleoﬁﬁku&ta?nﬁs@fe .
conbi ned, and _evaporated to yi resi due of the pol yner sol uble at

To the ?Sesi du@“"’lpo"? IRy dave Regpan V@H%”r%‘?é“?% bring the volunme to 425 nL and
the bottle is maintained at 3 PC for 24 hours in a covered circul ating

wat er bath. The soluble polyner is decanted and an additional anount of
hexane i s added for aRahladr Campesitinmof fractions of thegopolymer campanentng. In this

manner, fractions of the copolyner oBtais MW‘a%lé% 401C, 48*C, 55*C and 62'C
are obt ai ned at tenperature increases 0 approxi mately 8 C between stages.

| ncreases in{tepanpla¥ur¢ t o Gbihpoditon (e % C2) for fraction soluble at T
23°C 31°C 40°C
1 10.8 11.3 -
2 17.9 -
3 - 9.9 10.2
4 14.5 -
10 The experimental inaccuracy in the determination of the ethylene content

is believed to be approximately 0.4 wi% absolute.

Table 5: Mechanical properties of the polymers

Mechanical Properties
Sample # | Tensile Strength | 500% Tensile Modulus | Elasticity (%)
(psi, MPa) (psi, MPa)
1 3226.5,22.25 1412, 9.74 17
2 334.0,2.30 129, 0.889 1.5
3 50413, 34.76 2300, 15.86 24
4 1271.7, 8.810 387,2.67 0
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Table 7: Mechanical properties of the polymers

Composition

Mechanical Properties

Sample #

Ethylene Content
(wt %)

500% Tensile
Modulus (MPa)

Flexural
Modulus (MPa)

15

12.0

7.9

26.8

16

14.8

2.7

9.2

17

17.0

0.9

5.6

18

10.8

89

40.1

19

10.0

10.3

93.0

Example 2: Ethylene/propylene copolymerization

Continuous Polymerization of the polymer was conducted in a 1 liter

internal volume Continuous Flow Stirred Tank Reactor using hexane as the

solvent. The liquid full reactor had a variable residence time of approximately ¢

to 15 minutes (as described in the table below) and the pressure was maintained at

10

700 kpa. A mixed feed of Hexane, ethylene and propylene was pre-chilled to

approximately -30°C to remove the heat of polymerization, before entering the

reactor. The pre-chilling temperature was adjusted to maintain indicated solution

polymerization temperature, The solution of catalyst/activator in Toluene and the



15 polynerization rate is nmeasured as 3.7 kg/hr. The pol yner proggc m[ﬁ
this polynerization has an ethylene content of 14% M. (1+4) 12 @ ey
Viscosity) of 13.1 and has isotactic paoppyl ene sequences. Variations in the
conposition of the polynmer are obtained principally by changing the ratio
of ethylene to propylene. Ml ecular weight of the polyner is 20 varied by
ei t her chsmagimger infexasawtersepanehr aiduwoatiouously ainsitted ingo theereactds to initiateot al

nmononer feed rate.to t pol ynmeri zation rate.. In t manner. described in
Beanpl ¢ 10ERODET NG GRiPT AR WBeERiEngd BriVAFE SOyEIEE 88 These
ar e descr iy g@lymbrizBGor Al E5uld Bt Wied BEMD. R kgMe $€ DISNEShL ReshoRaUh tTabRE 8t he
GPC, conposition, and DSC anal ysis for the polyners.” 25 Table 2: Analysis

of the pothymghd3;@BloWR RESULTS DSC Results Sanple # Ethylene Triad 2,1

insertion 1,3 j;nsertion nir at _of Melti 0 0 % .fusion (J/

bor (O 1 1HOg G els e Bogond ek 31 «d el Bealdbbhe b i) oyl 87,1/ ¥

50 #3 9.%a¥ds 8 tﬁrc&ghOIZJSﬁaeSg& Eﬁ@&ion#éatﬂ$st1 dBfetByOsil¥ &icﬂg%dﬁaiz-ilﬁieﬁ?/ﬁl 2 6
3754 PCTI US02/ a

JUL 2006 _ WO 02/ 08 ) 10515 41 bl'e 3: Fractional solubility of
copol yner Hefaiyma dianethdawas activigtedqds gitighvish 4¢1 mokseatigwithhddaawlicatedbelows0. 0
S

th

gbﬁpogi '? iﬁ(t}ﬁth%fta]ql egffdzcianc idgﬁéth%O tﬂﬁee}?@}g%gﬁ%/aii&ﬁar %%?rg?tgglgcr%{ﬁb%:%@%%l y

fracti onsTwhiNOANRWerdBsed: NAN’ PiaRthyl AfilindintketkEsS (pehtaftuorophenyl) borate
(A1) (for comparative examples) and N, N’-Dimethyl anilinium-tetrakis (heptafluoro-1-
napthyl) borate (A2) (for examples according to the invention). A dilute solution of
triisobutyl aluminum was introduced into the reactor as a scavenger of catalyst
terminators. A rate of approximately 1.11 mole of scavenger per mole of catalyst was
adequate for this polymerization. After five residence times of steady polymerization, a
representative sample of the polymer produced in this polymerization was collected. The
solution of the polymer was withdrawn from the top, and then steam distilled to isolate
the polymer. The polymerization rate was measured as shown in the tables below. The
polymer produced in this polymerization was analyzed for ethylene content by FT-IR,
molecular weight averages by GPC.

Crystallinity was measured by DSC and the amount of mm triads of propylene
residues in the polymer chain was determined by 13C NMR. As we have mentioned
above the crystallinity and mm triads determination are redundant determinations since
the crystallinity of the polymers are dependent only on the isotactic propylene residues.

The data in the tables below shows the effect of the changes in the polymerization
conditions (temperature, NCA and residual monomer concentration) on
propylene/ethylene copolymers made at two distinct compositions. The first composition
contains approximately 7 wt% ethylene and the second contains approximately 14 wt%
ethylene. The data will show that the benefits of the invention are available across the

composition range for these propylene-ethylene polymers. All examples ending in —C are

comparative.



5 the pol yner have been anal yzed for conposition. Table 4: Conposition of
fractions of the copol ymer conponent obtained in Table 3 Sanp}g WL 2006
Conmposition (Wt % C2) for fraction soluble at T 23 OC 310C 400C 1 10.8
11.3 - 2 10208754 9-9 10.2 4 14.5 10 The experinental pdegsunesay in the
determ nation of the ethylene content 1is believed to be approximtely 0.4
wt O o absolute. Table 5: Mechanical properties of the polynmers Mechanical
Properties Sanple # Tensile Strength 500%*fensi | e Modul us El asti ci ty (1/0)
(psi, MPa) (psi, Wa) 1 3226.5, 22.25 1412,934 17 2 334.0,2.30 129,0.889 1.5
3 5041. 3, 34. 76 230Thiksx86pl2 dllustrate %ig differéncs 1t o} yedizatior0ofIA Rargl 82U L 2006

WO 02/ 083754 PCJI US02( 105.15. 42 .Tabl e, 6: chani cal.properties qf the
ol yrer s ComPaLi £F SRITRERAIATL B HBRUBEFEf JE & e ob B BNRg TR ent 500%
Tensi | e El ast betiweyn §0AC @5°OoOHOM eash pdAeriZalibn conditidnltethpbrafirthe safie 12. 0 7. 9
1.6 7 17.00.9 1.6 8 11.1 9.9 }8.8

polymerization monomer, solvent and catalyst feed are used to make polymers of

5 essentially identical composition. For any activator the rise in the polymerization
temperature lowers the crystallinity and molecular weight of the poiymer,
however the replacement of Al by A2 raises both the crystallinity as well as the

molecular-weight.



9 10.8 8.96.4 10 12.1 6.9 3.1 11 13.4 6.4 1.6 12 14.8 2.7 0 13 16.4 0.6
3.1 14 13.4 7.1 4.7 Table 7: Mechanical properties of the p%ggﬁ[j

Composi tion Mechanical Properties Sanple Ethylene Content 500% @h e

Fl exural (Wo §0osdfslul us (MPa) Modulus (MPa) 15 12.0 7.9 g€rBsorkhs134-8 2.7
9.2 17 17.0 0.9 5.6 18 10.8 8.9 40.1 19 10.0 10.3 93.0 5 Exanple 2:

Et hyl ene/ propyl ene copol yneri zati on Conti nuous Pol yneri zati on of the polyner

was conducted in a |l liter internal volume Continuous Flow Stirred Tank
React or usi ng hexane as the solvent. liquid full reactor had a vari able
residence tinme of approximately 9 to 15 mnutes (as described in the table
bel ow) and the pressure was ngj nt.ai ned gt |1 00 kpa. |A m xed feed of
Hexane, ethylene and propyl ene w@ prg- NU&E_Q‘\O proxi mately -30"C to
remove the heat of polynerizat|ong bef|8&|enPeri|A¢g>{®e reactor. The
pre-chilling tenperature was afj|iS$ted [td mailnfaiin|inpdicated sol ution
pol ynmeri zati on tenperature. Thie Egu 1) Flcat @l ysi7activator in Tol uene
and the 2 6 JUL 2006 43 scavepg gn hﬁg(\a&eéﬂ & éegar ately and
continuously admtted into the rg or{ e [med Rake2(®he pol ymeri zation. The
reactor tenperature was maintaj ngd betlwgen 50|and|9% € and the
pol yneri zation rate coul d be vargd—fTonro—ffgrh 010.5 kg/ hr as shown in
Tables 8 through 13, bel ow. 2 T
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Hexane, ethylene, and propylene were fed to the reactor at the rates shown
in Tables 8 through 12. The pol yneri zation catal yst, dinethy ,@iLlﬁdE

bri dged bis-indenyl Hafniumdinethyl was activated in vitro t :
rati o w t hwdedodsngli cated below in the tables and introduygagydotyiedid he
pol ymeri zation reactor at the rate of 0.0135 g/hr. Two NCA's were used: N,
N -Dinmethyl aniliniumtetrakis (pentafl ugéophenyl) borate (Al) (for
conparative exanples) and N, N -Dinethyl ™aniliniumtetrakis (heptafluoro-I-
napthyl) borate (A2) (for exanples according to the invention). A dilute

solution of &4 lmcmom-cqmmaﬁv@jm@ﬂmgmw the reactor as a

scavenger of cat aLlylg termnators. A rate of approximately 1. 11 nole of
¥

scavenger per example jystiaies thexdifigtonee i the qiyrgel‘p?@Pg?wf iMatidoAZ Aft er
five residencg; erh fYola! | e of

t he pol yner pro ul{é'éugll nth Un%u%r?é%%‘%iﬁtgrﬁ s coI ct edﬂhﬁéya% tion of
t he pol yner \Na%palwmd:rmaavmﬂkrcompbhaon ofpthe galynieh énhald essentifillytdohstand bulbthesol ate

t he pol yner. r|z |onrat ed a h h | es

bel ow. The F\?Péqe% 05&% T % Hfogr%%ﬁf}gérl zcgt ?‘SI %V\%SR gqgﬁy iea&f %fﬁ

et hyl ene contpalj;m&ﬁaﬁan t]ﬁnsermltl&:cmkndﬁalwm@hier aveenigRidnlryiséPGe cOmwuliingy| | nity
was neasured by DSC nd t h f mn triads of propylene residues in
the pol yner c ?IPWH¥e’éFe'Ee :’;h 5@% NVR. As we have mentioned above the
crystallinity and mn tri ads determ nati on are redundant determ nations
since the crystallinity of the polyners are dependent only on the isotactic
propyl ene residues. The data in the tables bel ow shows the effect of the
changes in the polynerization conditions (tenperature, NCA and residual
nononer concentration) on propyl ene/ ethyl ene copol ynmers nade at two

di stinct conpositions. The first conposition contains approximtely 7 w %
et hyl ene and the second contains approximately 14 wt % ethylene. The data
will show that the benefits of the invention are avail able across the
conposition range for these propyl ene-ethyl ene polynmers. Al exanpl es ending
in -Care conparative. 2 6 JUL 2006 WD 02/083754 PCTfUS02/ 10515 44 This
exanple illustrates the difference in the polynerization of Al and A2

1 nol ar

\




wi th the pol ynerization being conducted at a range of increasing
tenperatures between 50'C and 95T. For each pol yneri zation COFQijuiLomgﬁ
tenperature the sanme polynerization nononer, solvent and catal yst feed are
used to mak® @@kyeers of 5 essentially identical conpositp@PysgzAbsiany
activator the rise in the polynerization tenperature |owers the
crystallinity and nol ecul ar wei ght of the polyner, however the replacenent
of Al by A2 raises both the crystalliry'ty as well as the nolecul ar-wei ght.
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Ommd) mcn mMMA W CDinCQ W fn::1 'Vol 000 ONW % 00 ONr u U
uud ~o00Ncqgcli CAN26 JUL 2006 WO 02/ 083754 PCT[ US02/ 4@5{\fp 20866
Sanmpl es 20-C through 23-C (conparative) and 24 through 27: Thi's exanpl e

i1l ustrat egotoh@sged ference in the polynmerization of A angbAdsesMdsid t he
pol ymeri zati on being conducted at a tenperature of 95T. During each series
of polynerization the conposition of the polynmer is held essentially
constant but the residual |evel of nonther is progréssively raised. For
both Al and A2 activated polynerization the rise in the residual nononer
concent r at i onSamaplee2l-Chibroagly 31-81 (comparativepéind 3I2athpuglBbene resi dues in the

ol yrer 2 8 UL 00 O GRS Bl 0 ORIE e St C 1,
44: rl~ 0~ " with BeGolinefiZatioh beind Qofificted al i -terhperiture of BB°CEDuridg=acla~ , cn Nt
tn-men gtr | Qeries of polymerization the composition of the polymer is held essentially
5 constant but the residual level of monomer is progressively raised. For both Al
and A2 activated polymerization the rise in the residual monomer concentration
raises the crystallinity of the propylene residues in the polymer. The examples
differ from the data in examples immediately earlier in that a propylene-ethylene
copolymer having a higher ethylene content was made. These data in conjunction
10 indicate that the effect of the replacement of Al by A2 is not limited by the

ethylene content of the polymer.
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00 It W kn Itt Xe) kn kn W 04 N NCl14 G4 tq (DmmmCZ&JUtiZﬂm 4
in V) W tgydé@oddssaZ6 uuuucn-,~r tn 00 mmmm IN gefuSoz1f32 6 JUL
2006 WO 02/083754 PCT[ US02/ 10515 48 Sanpl es 28-C through 31-C
(comparative) and 32 through 36: This exanple illustrates the difference in
the polynerization of Al and A2 with the polynerization being conducted at
a tenperature of 950C. During each §eri es of polynerization the conposition
of the polymer is held essentially % constant but the residual |evel of
nononer is progressively raised. For both Al and A2 activated
pol ynmeri zation the rise ipqthe—+eshaual—propope epeentration raises the
crystallinity of the propylgne resildues tnitpel pplyner. The exanpl es
C FREEEEREFERE

= } MO

Im (*
no
no
no
Z7
it
a3
4%
45
47

43

Mw (x
1000)
28
34
34
45
47
108
107
110
113
123

Polymer

Steady | C,~ wi%
16.9
14.8
178
16.%
135
17.2
149
15.1
I7.6
T17.0

Product | State C;~

Ethylene [Propylene| Polymer
(g/hr)
438
504
504
58l
582
438
504
504
582
582

{(mole/l)
0.52
0.70
0.79
I.13
T.01
0.52
0.70
0.75
1.14
1.04

(kg/hr)
0.36
0.37
0.37
035
041
036
037
037
0.35
047

(g/hr)
33
522
52.2
&0
60
75
522
5272
60
60

Table 10: Polymerization Conditions and Polymer Products

Polymerization reactor

Hexane
(kg/br)
3.56
3.56
3.07
3.17
3.560
356
3.17
317
277

- 2.77

Solvent

Temp
(4%
95
G5
95
95
95
95
95
95
93
95

Al
Al
Al
Al
Al
AZ
A2
Al
A
Al

37C
38C
39C
40C
41C
42
T3
v
45
36

Sample #| NCA




differ fromthe data in exanples immediately earlier in that a

propyl ene-et hyl ene copol yner having a hi gher ethyl ene content nﬁ@ .
These data in conjunction 10 indicate that the effect of the re,z\&?iwe ﬁt of
Al by A2 igoWlsikiited by the ethylene content of the ppdyogzneds6 J UL
2006 WD 02/083754 PCTfUS02/ 10515 49 NO 7) rel INOV) It ~r- 71, , Lnr,
r- CO O0r 21, mm 00 00 DO kn Lf) Le) Ln Lrl Ln kn 02 c¢s 0 41 n n kn
7s ONO~ c7s Omlt 2 6 J UL W 021088754 PCTI US02/ 10515 50 Sanpl es 37-C
t hrough 41-C (conparative) and 42 through 46: This exanple illustrates the
di f f erence i nSainplepdT-{nbraugh#i €h(compadaties)dnd\22 through 46he pol yneri zati on

bei ng. conducted at. a range.of increasi.ng tenperatures .bet n C and
95C. For each pol yﬁ‘;g'lsiejz{ ¥ Sﬁl?%gﬁtﬁfhegdﬁﬁ?r ép G&OMWE%%{%F%C}S rization
nononer, sol veith the Gobaiedzitidn bang camductid el at Rnge bP inepdaying rtempératup@sent i al |y

i dentical conposition. For activator the rise_.i.n the pol rization
rTgvetwecerx 50°C and 959(9.yFor each polymerization condition tempel%turg ¢ same

5 polymerization monomer, solvent and catalyst feed are used to make polymers of
essentially identical composition. For any activator the rise in the polymerization
temperature lowers the crystallinitj} and molecular weight of the polymer,
however the replacement of Al by A2 raises both the crystallinity as well as the
molecular weight. The examples differ from the data in examples 1-8 earlier in

10 that a propylene-ethylene copolymer having a higher ethylene content was made.
These data in conjunction indicate that the effect of the replacement of Al by A2
is not limited by the ethylene content of the polymer.



tenperature lowers the crystallinity and nol ecul ar wei ght of the polyner,
however the replacenment of Al by A2 raises both the crystallinity as well as
the nolecular weight. The exanples differ fromthe data in Hﬁl B 1-8
earlier inwbhziokass a propyl ene-et hyl ene copol yner havi ng gehi@bges1€t hyl ene
content was nade. These data in conjunction indicate that the effect of the
repl acement of Al by A2 is not limted by the ethylene content of the
polynmer. 2 6 JUL 2006 WO 02/083754 PCTI US02/10515 51 41,* O U Vol ag O rt
pe rn ISEIm nnmmmm2 6 JUL 2006 WD 02/ 083754 PCT/US02/ 10515 52
Sanpl es 47-C through 50-C (conparativ&) and 51 through 54: In these exanpl es
simlar data is shown for propylene ethylene polyners containing isotactic
H h. KL 4 P H

propyl ene crystallinity wheh—hewe—thepargrzati on conducted at a hi gher
steady state propyl ene concghtrat| on |t Harl tfhgse neported 5 previously above.
Conpar ative exanpl es 69-C|t f£76- Gghav@ |Batafi@fipol ymers of  the similar
conposition made with Al .| Sg@ml es| 55 |t Hrqugh |6§ and 69-C t hrough 76-C
(conparative): The heat of {ust+en—datig—tHe4p9l yners of exanples 55
t hrough 68 and ;6
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10 the data for the conparative exanples 69-Cto 76-Cis plotted in Figure 5
whi ch shows that the activators of die invention have an ability to nake a
polymer of a higher crystallinity than the conparative exa Bgmi@gnpl es
77-C t hr ough oBfxs%s4( conpar ati ve): 15 Conparati ve exanpl es pefmisod/fssd- C show

t he conparison of the Mooney viscosity (Money viscosity nmeasured as M
(1+4) at 1270C in Mooney units accordig;g to ASTM D- 1646) of the pol yner
made with Al for conparison to the date in exanples 55 through 68. Since

t he Mooney viscosity of the copolynmers is strongly dependent on the steady
sat e nononer SrEet7-Gthrongh $(h€ (camprrative)dndtStidbkopgh 3 a function of the

nonomer concentr at,i a L he pol. ri zat,i on tenper re. . The, data
denonstrat es that Tﬁ@essgg%“@ﬁ%*é“%gg%a&& ?q?“ﬂl ftoﬁgp\@/ogygeh%(%&g}mﬁ/gglmm Vi scosity
t han t hose nudatamihd) dtactic propylene oiysthlligher whishyhevel 2l | polymdrizapar at ur e.
This is showmn in Figure 6., 2 6 JUL 2006 WD 02/083754 PCT/US02/ 10515 53 r!

6 -6 r 1 Leyconfypted'at a highep sicpdy Fite propylene. qoncentiation than {hose WPPRL g Ln
Ln r knsLn KnprevigusPpabovel Tokdpatative dafiplBs'§9-Mo 76-C have data for polymers of

the similar composition made with Al.

Samples 55 through 68 and 69-C through 76-C (comparative):
The heat of fusion data for the polymers of examples 55 through 68 and
10 the data for the comparative examples 69-C to 76-C is plotted in Figure 5 which
shows that the activators of the invention have an ability to make a polymer of a

higher crystallinity than the comparative examples.

Samples 77-C through 80-C (comparative):

15 Comparative examples 77-C to 80-C show the comparison of the Mooney
viscosity (Mooney viscosity measured as ML (1+4) at 127°C in Mooney units
according to ASTM D-1646) of the polymer made with Al for comparison to the
data in examples 55 through 68. Since the Mooney viscosity of the copolymers is
strongly dependent on the steady sate monomer concentrations the data is plotted

20 as a function of the monomer concentration and the polymerization temperature.
The data demonstrates that the copolymers made with A1 have a lower Mooney
viscosity than those made with A2 at similar or higher polymerization

temperature. This is shown in Figure 6.
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PCT/ US02/ 10515 54 D~ n It ~ore) 3~rf) rf) nmu 00 mr, r Z65QUL@06O Ln
kn tf) Ln cnr r .14 z rA 2 6 JUL 2006 55 CLAIMS 1. A process

conpri si NOwoakoeekyMeri zi ng propyl ene and et hyl ene cononog@igsehAesis SO ution
5 process at a reaction tenperature at or above 60'C, with a polynerization
catal yst conplex conprising: i) an organonetallic Goup 4 transition netal
conmpound; and
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ii) an activating cocatal yst, wherein said catal yst conplex is capable of

produci ng stereospecific polypropyl ene, and conpri ses an ani oriﬁs éo
hal ogenated tetra-aryl G oup 13 el enent anionic conpl ex conpri AbL 406 | east

one fusedwrpdysyslic aromatic hydrocarbon or pendant ar Offf'i‘/bgombﬂg and b)
recovering a propyl ene copol yner containing units derived from propylene in
an anount greater than or equal to 75 weight percent, and units derived
fromethylene in an anount of fromb5 t @425 wei ght percent, wherein the 15
copolynmer has a nelting point of fromgreater than 35 Cto less than | |

O C, and a weight average nolecular weight of. Mv> 6. 1 O'P*e (3370/T)
wherein: Mv ~ the_wei g ver age nol ecul ar vvei ght 20 T = the pol ynerization

reaction tenperatprie in| degreges| Kel e stepdy ptptle propytene
concentration in the pof yperigatijn rie ctlonz elnggp,lgsxper liter. 25 2.
A process accordingl to (CAai n t he "i/rrem aap-;aQFriad tacticity
of greater than 8 5 3l Prpcesk lacicar |ng t imfL | nfwhikh the aryl
groups of said hal ogenafe oup art-er-epiprses at | east one
aromatic ring pen inth o plodi |on t 3 henQ I_gg,npd, 2 6 JUL 2006
56 4. Process accprding{tp Caiml[L ji whi ch ‘il hal %Hm tetraaryl G oup
13 anion is [tetr_kis(gerf uprp-@4-b enyl) te]. — Pt Bcless accor di ng to
any of the precedi ng_clai er el n ijd coc yst | 5] cpnprj ses an
essentially catiopilc co ek kel elctied firom amili mi i & nprohi um car beni um
or silyliumcatiopijc conpl exes.| 6 Pg ¢c mdfrggoc;aqamps of the preceding
claims wherein sajd_ orgapopetallfc ofr %E{l EhEhET &Y | conmpound,
preferably a hafififim g P
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10 conpound, conprises two cycl opentadi enyl |igands, preferably indenyl,
covalently bridged by a substituted or unsubstituted carbon atom grg gyl YUﬂ%
substituted or unsubstituted silicon atom said bridge atom being preferably
substituted with at |east one nmethyl group, wherein said Goup 4 transition
metal compound is chiral. 15 7. Proc(:;ggs according to any of the preceding
clains wherein said organonetallic up 4 transition netal conpound is
selected from [t-(CH3)2Si (indenYl)2H (Cl)21

~L- (CH3) 2Si ¢ gyl ) 2HF (CH3) 2, 20 g- (CH3) 2Si (t et rahydr oi ndenYl ) 2Hf (Cl) 2,

P- (CH3) 2Si (Tetranhydr oi ndenYl ) 2Hf (CH3) 2, vt-(CH3)2Si (irl denYl) 2Hf (CH2CH3) 2,
and P-(C6H5) 2C(i ndenYl ) 2H (CH3) 2, 25 8. Process according to any of the
precedi ng c] ai ns ,wherei n sai.d g_r opyl ene copol ynmer contains units derived
from propyl kne i ft ERCEREOMPIISNET rom 80 to 90 weight percent. 2 6 J UL 206

57 9. Process acgpr di gswhfaﬁ%g»g Jﬁif)?ﬁ@ﬁe HMEGEHRDcSthdiRerViteh So10tiSR1 d

propyl ene copol yner contain s derived fromethylene in an anount of
from 10 %o @bcessat ghtactien temperathirel4t.or Bboroed® Caedthrapoigmtozaion cafalyshe
precedi ng cl ai wherei,n said honogeneous pol ynerization conditions are

adi abat i cal YY"RGhAEPEHEN a continuous pol ynerization process. 11. Process

according to any of the pr &g ediilnel i B Ml Bhilind HeldcAATOGRA SAYS

pol ymeri zati on conditi'ons ar cted In"a contlnuous process at a
pressure of at |east BP0 banactl@tinBreoca@slystawthoreti sayd tdalystcomiplees pr ecedi ng
cl aims Vmerc?aipgblter(]) p;c():" u%{nigos?ereospeciﬁc polypropylene, and comprises an anionic
10 halogenated tetra-aryl Group 13 element anionic complex comprising at least one
fused polycyclic aromatic hydrocarbon or pendant aromatic ring; and
b) recovering a propylene copolymer containing units derived from
propylene in an amount greater than or equal to 75 weight percent, and units
derived from ethylene in an amount of from 5 to 25 weight percent, wherein the
15 copolymer has a melting point of from greater than 35°C to less than 110°C, and a
weight average molecular weight of:
Mw > 6.10*P*7oD
wherein:
Mw = the weight average molecular weight
20 T = the polymerization reaction temperature in degrees
Kelvin

P = the steady state propylene concentration in the

polymerization reaction zone in moles per liter.

25 2. A process according to Claim 1 in which the copolymer has a triad
tacticity of greater than 85%.

3. Process according to Claim 1 in which the aryl groups of said halogenated
tetraaryl Group 13 anion comprises at least one aromatic ring pendant in the 4

30 position to a phenyl ligand.



tenperature is in a range of 60 'Cto 200 OC. 15 13. Process accord} oyl 26
any of the preceding clains wherein said propylene, copolyner has a nelting
~point of fromless than 90'C to greater than 40'C. 14. Process according to
any of the preceding clains wherein said propylene 20 copolynmer has a heat
of fusion of greater than 1.0 J/g to ss than 75J/g, preferably greater
than 4.0 J/g to less than 30J/g. 15. Process according to any of the
precedi ng clains wherein said propylene, copolynmer has a triad tacticity of

greater thag 90%prgiss according to Claim 1 in which said balogenated tetraaryl Group 13
anion is [tetrakis(perfluoro-4-biphenyl)borate].

5. Process according to any of the preceding claims wherein said cocatalyst
5 comprises an essentially cationic complex selected from anilinium, ammonium,

carbenium or silylium cationic complexes.

6. Process according to any of the preceding claims wherein said
organometallic Group 4 transition metal compound, preferably a hafnium

10 compound, comprises two cyclopentadienyl ligands, preferably indenyl,

covalently bridged by a substituted or unsubstituted carbon atom or a substituted
or unsubstituted silicon atom, said bridge atom being preferably substituted with
at least one methyl group, wherein said Group 4 transition metal compound is
chiral.

15

7. Process according to any of the preceding claims wherein said
organometallic Group 4 transition metal compound is selected from:
u-(CH;),Si(indenyl), Hf( Cl);,
u-(CHz),;Si(indenyl);Hf{ CHa),

20 p-(CHj),Si(tetrahydroindenyl); Hf{(Cl),,
p-(CHs),Si(tetrahydroindenyl), Hf(CHa)z,
#-(CH;)2Si(indenyl),Hfl CH,CH3),, and
p-(CeHs):C(indenyl),Hf{ CHs),,

25
8. Process according to any of the preceding claims wherein said propylene

copolymer contains units derived from propylene in an amount of from 80 to 90

weight percent.
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9. Process according to any of the preceding claims wherein said propylene
copolyfner contains units derived from ethylene in an amount of from 10 to 25

weight percent.

10. Process according to any of the preceding claims wherein said
homogeneous polymerization conditions are adiabatically conducted in a

continuous polymerization process.

11. Process according to any of the preceding claims wherein said
homogeneous polymerization conditions are conducted in a continuous process at

a pressure of at least 500 bar.

12. Process according to any of the preceding claims wherein the reaction

temperature is in a range of 60 °C to 200 °C.

13. Process according to any of the preceding claims wherein said propylene

copolymer has a melting point of from less than 90°C to greater than 40°C.

14. Process according to any of the preceding claims wherein said propylene
copolymer has a heat of fusion of greater than 1.0 J/g to less than 75)/g, preferably
greater than 4.0 J/g to less than 30J/g.

15.  Process according to any of the preceding claims wherein said propylene

copolymer has a triad tacticity of greater than 90%.





