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Although of utility in their own right, Industry is constantly
seeking to improve the applicability of these interpolymers. Such
enhancements may be accomplished via additives or the like, but it is

a0 desirable to develop technologies to provide improvements in
processability and/or performance without the addition of additives or
further improvements than can be achieved with the addition of
additives. To date, the possible advantages of blending to provide
materials with superior properties have not been identified.

35 There is a need to provide blends of a-olefin/vinylidene
aromatic monomer interpolymers with superior performance
characteristics which will expand the utility of this interesting
class of materials.

The present invention pertains to a blend of polymeric materials

40 characterized by a plurality of interpolymers, each interpolymer

resulting from polymerizing:
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These blends provide an improvement in one or more of the
polymer properties such as mechanical performance and/or melt
processability.

The percent difference in comonomer content (vinylidene aromatic

30 monomer residue and/or hindered aliphatic or cycloaliphatic vinylidene
monomer residue) between the interpolymers in the blends of the
present invention is determined by subtracting the comonomer content
of the interpolymer with the lowest comonomer content from the
interpolymer with the highest comonomer content. In those instances

35 where more than 2 interpolymers are employed in the blend, the percent
difference is determined for each combination of two polymers for
example for a blend of interpolymers A, B and C, the determination is
made for the combinations: A & B, A & C and B & C.

The percent difference in Mn between the interpolymers in the

40 blends of the present inventicn is determined by subtracting the Mn of
the interpolymer with the lowest Mn from the interpolymer with the
highest Mn and dividing the difference with the Mn of the interpolymer
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mai n chai n more a-olefin monomers and one or more vinylidene aromatic monomers,

and optionally, with cther polymerizable ethylenically unsaturated

30 monomer (s) does not contain more than 15 percent of the total amount
of vinylidene aromatic monomer residue in blocks of vinylidene
aromatic monomer of more than 3 units. More preferably, the
interpolymer is not characterized by a high degree of either
isotacticity or syndiotacticity. This means that in the carbon™ 3 NMR

35 spectrum of the substantially random interpolymer the peak areas
corresponding to the main chain methylene and methine carbons
repreéenting either meso diad seguences or racemic diad sequences
should not exceed 75 percent of the total peak area of the main chain
methylene and methine carbons.

40 Rny numerical values recited herein include all values frcm the
lower value to the upper value in increments of one unit provided that

there is a separation of at least 2 units between any lower value and

3.
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(CHerr])n with C,.s a~olefins. These a-olefins doRg@d‘ hatd&n=an g(r&@tﬁ'd ylerr]
wherein Rlerrl.is selected fromthe group of radicals consisting of 30

hydr ogen and a “radicals containing from1 to 4 carbon atons,
25 Suitable vinylidene aromatic monomers which can be enployed to

prepare the interpolymers emplcyed in the blends include, for example,

those represented by the following formula:

Ar
|
($H2)n

R! — C = C(R2),

wherein R!' is selected from the group of radicals consisting of

30 hydrogen and alkyl radicals containing from 1 to 4 carbon atoms,
preferably hydrogen or methyl; each R? is independently selected from
the group of radicals consisting of hydrogen and alkyl radicals
containing from 1 to 4 carbon atoms, preferably hydrogen or methyl:; Ar
is a phenyl group or a phenyl group substituted with from 1 to 5

35 substituents selected from the group consisting of halo, C;.,~alkyl,
and C,.,~haloalkyl; and n has a value from zero to 4, preferably from
zero to 2, most preferably zero. Exemplary monovinylidene aromatic

monomers include styrene, vinyl toluene, a-methylstyrene, t-butyl
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met hyl ; eagh Bzdléals cods@geﬂgngewdyow %ﬁéequmdmgsgegmlging adbgal s
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at ons, pref‘)eract?l o%%gomsgeﬁ’re e%gtlﬁarfydm?en REGINE |ve|a ery ] and
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nononer s carbon a ear
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rate comparable with ethylene polymerizations. a~0Olefin monomers
containing from 2 to 20 carbon atoms and having a linear aliphatic

25 structure such as propylene, butene-1l, hexene-~1l and octene-~l are not
considered as hindered aliphatic meonomers. Preferred hindered
aliphatic or cycloaliphatic vinylidene compounds are monomers in which
one of the carbon atoms bearing ethylenic unsaturation is tertiary or
quaternary substituted. Examples of such substituents include cyclic

30 aliphatic groups such as cyclohexyl, cyclohexenyl, cyclooctenyl, or
ring alkyl or aryl substituted derivatives thereof, tert-butyl,
norbornyl. Most preferred hindered aliphatic or cycloaliphatic
vinylidene compounds are the various isomeric vinyl- ring substituted
derivatives of cyclchexene and substituted cyclohexenes, and 5-

35 ethyiidene-2~norbornene. Especially suitable are 1-, 3-, and 4-
vinylcyclohexene.

Other optional polymerizable ethylenically unsaturated

monomer (s) include strained ring olefins such as norbornene and Cj.1p
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nunber averagey m)f el(F:%u é%ﬁﬂatlﬁf‘ zf/hs) S f2MeRa" ef h°m°§°g’ﬁ“§r pglyf“ﬁf’eﬁé??ners
is usual |y gP¥siuers tisanl Bneotremp %Fa%#vlf?wgalmw 0 Bor Bxg@@Le00, nore
pr ef er abho f wigihe50rR@OincD thOGuUBEMantially randonPahyamol gédtr, oms amAdntipEeact ed

nonomer renmyalctdt JieyPieat qu%auc helaamy&\@@ n@ytw%ymr az@ttl on
t enperature of thf resgetctlve‘ or ti on, of some

amounts of hoABRot Y “Paryner tzat‘flél yTidene ?%‘é‘ucf% mr°8%m r PR aM% r ee
radi cal pol yR¥FEZALYEGS: IEB? RHESAPTE, °f10mY\kh?‘F’€ PFEWALF rf‘g”“?h‘él@ﬁl:’)sitsaﬂﬂl ally
random i nt er palegakrnotadetaninenttalofor theghapbies wif NyHe gedsenar oi@ht fon and

honopol yngr Hwbbeuh@&m du’ﬁnet Qiny1idBROBRGhYTRS ha@;tpbpﬁnequsmew nylidene
aromatic nonomer. tenperatures. resence of vinylidene

aromati ¢ hondpory @ed %Tmm e InteERASISE ' ot Y& rreflher?Paf“faorl?rhéeﬁkﬁ?’“ﬁb‘ses of
t he present F\‘ﬁfbﬁf|%ﬁ“rea?fd’ell’)recéahtﬂfewf‘ofré’ﬂaﬁ‘é'd‘t1°’TH§W|%VPPQ%H@E&? SREt i C
honmopol ynmer s#pelpethe intmpatgieadof ridwn vireyliid¢rer podmater  hombpelasier ed, Folgy
extraction t eRhRuEMES of thsUSHesaht SiBlveRtionei PrieChPifeatiORnEF QY 8OFIchon

wth a ”Qﬂos% Vd%”&hé( %ercent, e&ﬁe@%iaé{]{elég %B?Q'%ﬁ”@élg‘?ﬂi sdi2 et %s!egec;)le fhe

aromatic nmopol y P esent I nvention
preferred thh tan‘o ?r’cﬁhé ‘f"héﬁe ZU‘tGEWJ\f‘@‘F@Tlt°fpé’r‘byéhFe“epFé‘f"@r‘téﬁl*XPmPB%’sY"leﬁan 15
wei ght perceht drgsewt-on t he total weight of the interpolyners of

vi nyl i dene ar onmat rge oBOROk Y&y randon SniHreSEyers may be modifiw by

substanti al | Yypgf%gg {9 'f@ireJ pHJ,&’JE%Eﬁaﬂ%X bﬁ:n@?ﬂéJa'l?erQy or othéymegéilons
grafti ng.,, hydrPlg unctkll(mal izing, or oLrher react i ons

nown to those s ed in t
sulfonated or chlorirated to provide functionalized derivatives

he polymers may be readily
according to established technigues.

The substantially random interpolymers can be prepared as
described in US Application Number 07/545,403 filed July 3, 1890

30 {corresponding to EP-A-0,416,815) by James C. Stevens et al. and in
allowed US Application Number 08/469,828 filed June 6, 1995 all of
which are incorporated herein by reference in their entirety.
Preferred operating conditions for such polymerization reactions are
pressures from atmospheric up to 3,000 atmospheres and temperatures

335 from -30°C to 200°C.

Examples of suitable catalysts and methods for preparing the
substaﬁfially random interpolymers are disclosed in U.S. Application No.
07/545,403, filed July 3, 1990 corresponding to EP-A-416,815; U.S.
Application No. 07/7C2,475, filed May 20, 1991 corresponding to EP-A-

40 514,828; U.S. Application No. 07/876,268, filed May 1, 1992
corresponding to EP-A-520,732; U.S. Application No. 08/241,523, filed
May 12, 1994; as well as U.S. Patents: 5,055,438; 5,057,475; 5,096,8%87;

-5-



25 wel |l knowo dsmobisose skilled in the art. The pol yners nay sorwssadsssy
sul fonated or chlorinated to provide functionalized derivatives

according to established techni ques. The substantially random
i nterpol yners can be prepared as described in US Application Nunber
07/ 545, 403 fil &d98418p23, 523903830 5 (189 L 8&pEneRIndOf o SEP4 A0G 2 41%6,3826)23ny
James C. Stevens3ei,edle; ®I/399)685; 5,463l bovadd US sAppdiecall @i Mhiddepatents and

08/469, 828 fil ed Jung ;6ns 1925 R ko@atea ne il &) 2L L ARCONROLAM €deMENEED, DY
reference in their entiret red.o condi ti ons for such

L Preferre erati
pol yneri zation r eacﬁh(?n%‘%f%éntlally p‘?aé‘gglﬁr"é?l?f%"é’?ygggf)’heelafﬁmmct o 3,000
at nospher es sand ntergaryaers ¢an 38 sof yeoprededr p] Che one2BOfedepcribed by John G.
Exgr?l etS_ O}‘ | suiatragh&e_cafte ady st andsREhOUs . § Ofn nb_em[aJizg%,-t B¢ r. B. _panneNtl
substantially random.nterpolyners are di.sc ). S. . Appl. ion No.
07/ s 403, 11| BAGLIHSRAREHIRES, 38,0 P n6MATphbeY Fha (RERIGELLS
Appl i cation NoIseMR®ayq7®s 23 (Setamnrr2b°92] 9 A 1cBF rid pd fdrnif 3PRIREAS 40
514, 828; U.S. Appkircolyi oefeence)in87i268mtikprted May 1, 1992
correspondif@g to EP-pAs826hitdRie Wrd. trAPPhbEaht 01 1NOran@8h 2hte Bd yméid @ich

I_Vg‘}/ 12, 1\9/\%4;9 8/%%6%%'848 §§ llé'a§t oFr)‘.%t &-rgl%'fiél &%?l 4a3:%t'nat.5rc9§Zny4l7 §i‘om5a’tgg ﬁd—%@l £in

PCT/ US97/ 15546 tetrad dischpadggp U- 551 3pphiggrion Ngg 48708 H03ofilpggSeptember
5,347, 024; 5, 350, Y23 by FraneBY4,.696imess 399 2635 ThBs«} G0 93 1 ginek <5 c&n51928 al |

of which patentaaffbna) sARRL4 GALL ONR oAL £ 1LBCHRLE AleEn NALBE Nt 1RXs Nelepence
intheir enfirety, The sunlg&t ant i al A Eﬁenngg?n

. to’ peak noise. These g appear ical shift range
[err]-ol efin/vi nyfl ene_aromati C 590 erﬁo?ymars can al so.?)e prepa?red by
t he nethods dedcribed By BPBhING3S - 0-38RP Rt eSRECificaliyy "RIOTGPEEES @X€0.) in
WD 95/ 32095; bybRer®d Paniell 43.9 {riExR8m @peni @abrRenerdss, NiR expers imeD
3;1.'/ 0ﬁ500; and iiRaPtasts €sat 'rc]he E_&ehugm 98YshePchetf ch Hagpl e0hRG1dP93) 75-alil 29f

ich are incorpgrate . [ ref er i o_thei [ Yap t:0
Al so suitable zf?)g %eegga%lsntea%ﬁ%gﬁf y%FaEJa%r?\qpﬁef er gréléégeir:esﬁ\%i {éﬁto 38’°c8?r’f)ri se
at |east orfd [ & F|ROIELEM GRFRA™Sar omati ¢/ vinyl aromatic/[err]-olefin
tetrad di scl osed in . oSlexAppldecatmior Mo c88p3r08, B0 chenigdl Sapfesiydr the 4,

1996 by Franci Snderpd1§iess d8éciibed ThegELINbRINRObYSRIGr€ORBAI dbnditions are
addi tional signabs.idn AnLeosid L9 QLER QLN LNELE ddi10BSd BE PRAK JP
to peak noise. . These S nalnsi qpﬁgar i_n ttle chem cal shift range
43.75-44. 25 ppri"aRd™3E 5 8N PRY Bpadi Y3 URF IRFFOH) Ot ' 1fedks are
observed at544 tptradiioragidad3s:2 ppin-OAveYWEoPrIcest ONIVR ®olpErdhremtum
indi cates that {he S99l Scbiaddie;chesl ealr; sh frbob £ILEN 48R (bettrsAre
ppm are net hi ne cgirrbe%ngtaﬁgoé hes.rsll g%al,s in t he re(glﬁ%n §i8n. 0-38.5 %)prg ﬁf&q are
met hyl ene car b = Ao rHe MY H 282 Tt Re "CaP BBITFET 1 ]
chemi cal shiftPudfetigth and ¢ RudepaiajiaBral deveseperls Phaorsl | G ngpectra
procedur es and axenckfieirensedate the isolated methylene signal of the polymer

30 assigned at 30.000 ppm.

It is believed that these new signals are due to sequences
involving two head-to-tail wvinyl aromatic monomer preceded and
followed by at least one a-olefin insertion, for example an
ethylene/styrene/styrene/ethylene tetrad wherein the styrene monomer

as insertions of said tetrads occur exclusively in a 1,2 {head to tail)
manner., It is understood by one skilled in the art that for such
tetrads involving a vinyl aromatic monomer other than styrene and an
a-olefin other than ethylene that the ethylene/vinyl aromatic
monomer/vinyl aromatic monomer/ethylene tetrad will give rise to

40 similar carbon™® NMR peaks but with slightly different chemical
shifts.



enpl oyed. I ten wei ght percent polymer solution is pr in

anﬁ‘i xt ur e 5’6‘%2’?”@"?#% of 50 volune percent 1,1,2,2- 25 c1p/Us97;15545

tetrachl oroet hane-d[err] and 50 vol une percent 0.10 molar chroni um

tris(acetylacetonate) in 1,2, 4-trichlorobenzene. NWR spectra are

acquired at 130[erThLth%k15&1yﬂ@ré wemecog@;ﬁﬂh@mue'&mom%m%temoﬁm%()[ err]
ectra are

pul se 'wi dth and @uegua X us 1?% aregb Is_or nore e1

referenced t 6 The i solate tlﬁyﬁpene SYgR%TI 5t rfgnénp’(ﬂtﬁﬁ%? F SRBEIMEE at
30. 000 ppm monovinylideng; ajonapit mepeiten Katiduneste hedrogegitdos Hresefiere to
sequences conyenrdhyisvget wyo ahead- tive taabhatiicnylngdr esBdyictodMpRAEL pizeded
and sol haved Ay B skeaske@NGoke&dahp0d elclyB1 dagShd 119Ry) O uisaEP R qaN
et hyl ene/styr(ggg{%‘ % Lenele 5hy| ene tetrad wherein the styrene nononer 35

i nsertions of ett ade sceur excl usively in a 1,2 (head to tail)
manner. It is undéP&tBBETPRLYBAES S PRe@r| FPRehe-kefiphandfane suciere
tetrads i nvolmehoingl vdengl apumapBé imen SAEIGNERd Rk hele bbaﬁbrs_t YirRBee AR gHAtic
[err]-ol efin gt Jsgecrlogbﬁﬁa@wwlﬁ?ﬁc%ngtm&,t;ﬁe:%t %1% LV, frgg@tt' c

nmonomner / vi nyl, _aromati ¢ _nmononer ene gl ve o 40

simlar c8r bdﬁ[’%’ﬁ"}onl\ﬁ\ﬁﬁ Bé%ﬁfgnb’tﬁll ’f"‘}?dg‘f‘liﬂ*t"‘l"?/rsdl ffer ent chem cal

shifts. These interpolymers usually contain from70.5 to 65, VD 38418
PCT/ US97/ 1554@0om 1 to 55, morelpeefdrhBI PAHrYHES ToWU 6B16 Qakcaédt Bk ngder skt

cycl oal i phati 'o‘ﬁem@:gmene aer%%ig%%§or@JreaH§}@| L}{nd%:g@aarl?ghamicf%g{ gﬁé!sn?oan

i nt er pol yner £9 Vi n ene aronat

hydr ogenat i orff fgeaﬁéf’h‘ggc vm(':"g‘r%g/eer}tf‘%’b""?(%%“%lﬁ%{’f 1330f° °Re> aPERERTPRLY iT55% to
cycl oal i pfat % F? i§s TPrewpiefireRly Beos &P uratd8dnqlieoPeneanpifeat cheakbivereane
ring) or unsattptedted a-olefydhohex&h@n 12i )20 carbon atomEhe i nterpol yners of

One O Tore o111 kel e A0, 90%. 95, [REyses BPUAULINGanS or orat |

nononer s and/ Qr..9 or hi nder ed | 'oal i phatic

vi nyl i dene mBno errslz'%tl Fod'e Ved SMRETET B é’§e?ﬁ°”103° Fn’iféﬁtr’gﬁn”artées‘iﬂ?ﬂe%‘fﬁl ally
random pol ym@fssuch CatalYStsl'Wéséhqsﬁt eeprebymadsbyisirgl fgrrgdntain from 0.5 to

65, preferably from1l to 55, nore prqferably from2 to 50 nol e percent
of at | east one vinylidene aromatig oner and/or hindered aliphatic
or - cycl oal i phatic vinylidene m)non{ antd from35 to 99.5, preferably
from15 45 to 99, nore preferably fiBR)RO tMRY8 nole percent of at |east
one al i phatic a-ol efin having from\ t t 9720 carbon at ons. These
interpolygers are prepared by conducti ng ci,,he pol yneri zation at
tenperatures ¢ f from - I%O[cerr 5 250[err]C in the presence

ereln eac independently, each occurrence, a substituted

cyclopentadienyl group @a-bound to M; E is C or Si; M is a group IV
metal, preferably 2r or Hf, most preferably Zr; each R is
independently, each occurrenée, H: hydrocarbyl, silanydrocarbyl, or

25  hydrocarbylsilyl, containing up to 30 preferably from 1 to 20 more
preferably from 1 to 10 carbon or silicon atoms; each R’ is
independently, each occurrence, H, halo, hydrocarbyl, hyrocarbyloxy,
silahydrocarbyl, hydrocarbylsilyl containing up to 30 preferably from
1 to 20 more preferably from 1 to 10 carbon or silicon atoms or two R'

3 groups together can be a Cy;y hydrocarbyl substituted 1,3-butadiene; m
is 1 or 2; and optionally, but preferably in the presence of an
activating cocatalyst. Particularly, suitable substituted

cyclopentadienyl groups include those illustrated by the formula:

-8-



of such cat WNo/sdos those represented by the fornula PCT/US97/15546
\

Cerr] / (ER[err])m MR [err] \
/20 derr] wherein: each Cp is

i ndependent |y, each occurrence, a substituted cycl | \
[err]-bound to M Eis Cor Si; Mis a group (R} nﬁ?lré%ﬁffﬁ ééﬂg
or Hf, nost preferably Zr; each Ris plJependent | y,._eag rence

H, hydrocarbyl, silahydrocarbyl, or 25 gcarbylsilyl, containing up to
30 preferably from1l to 20 nore preférably from1l to 10 carbon or

silicon at ons;wheaein Rach R is indeprieipentenehyh ceacirenceurt, ehgdrockibiial o,
hydrocar byl , hyneea¥baM, or hyasdda@byidiecer Q:)Slntaih\\iﬂéwrtg)’j(ﬁrké/ferably
containing up 19 SP pr gerablp\é {ro 1.to0 %Q e prefe{ab y.from1l to
er to moxre eferably %ﬁfm 1l to ?ar o? or silicon’ato or
10 carbon or silTicon atons or TWwo U groups together can be amé[err]
hydr ocar byls sutsst Rtqrosss Loge st afR@ne; difialent degivatgye 0 gaeh gppPRNal |y,
but preferabl yrefletdrd ypriesederenoéntdly each oacirdreate rig cocdbdingswhere
Particularly, ibghlageSihstidndbed hydrogeny ChReD! adingDy lor8pPUPBut PIC! ude
those illustrated Y thlfgrrIxTzu'la: henyl or si r (where appropriate WO, such
- 8- PCG/ USS?F {5548 ’{efr_ri Y1, phenyl on,giiyh R* o HRTR P8 PREFESh R TYF
each occur r ence 9rPEPsPE? deBFHY Lo NeahiRfmGB@arhyRSed ring system such as
10 indenyl, fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl, or
octahydrofluorenyl.
Particularly preferred catalysts include, for example, racemic-
{(dimethylsilanediyl (2-methyl-4-phenylindenyl)})zirconium dichloride,
racemic- (dimethylsilanediyl (2-methyl-4-phenylindenyl))zirconium 1,4~
15 diphenyl-1, 3-butadiene, racemic-(dimethylsilanediyl (2-methyl-4-
phenylindenyl})}zirconium di-C, , alkyl, racemic-(dimethylsilanediyl(2-
methyl-4~-phenylindenyl))zirconium di-C, , alkoxide, or any combination
thereof.
Further preparative methods for the interpolymer components of
20 the present invention have been described in the literature. Longo and
Grassi (Makromol. Chem., Volume 191, pages 2387 to 2396 (1990)) and
D’Anniello et al. {Journal of Applied Polymer Science, Volume 58,

pages 1701-1706 [1895]) reported the use of a catalytic system based
on methylalumoxane (MAO) and cyclopentadienyltitanium trichloride

25 {CpTiCl;) to prepare an ethylene~styrene copolymer. Xu and Lin
(Polymer Preprints, Am.Chem.Soc.,Div.Polym.Chem.) Volume 35, pages

686,687 [1994]) have reported copolymerization using a
MgCl,/TiCl,/NdC1,/A1 {1iBu); catalyst to give random copoclymers of
styrene and propylene. Lu et al (Journal of Applied Polymexr Science,
3o Volume 53, pages 1453 to 1460 [1994)) have described the
copolymerization of ethylene and styrene using a TiCl,/NdCl;/ MgCl,

/Al {Et); catalyst. Sernetz and Mulhaupt, {Macromol. Chem. Phys., v.
197, pp 1071-1083, 1987} have described the influence of
polymerization conditions on the copolymerization of styrene with

K] ethyléne using Me,Si (Me,Cp) {(N-tert-butyl)}TiCl,/methylaluminoxane
Ziegler—-Natta catalysts. The manufacture of «a-olefin/vinyl aromatic
monomer interpolymers such as propylene/styrene and butene/styzene are
described in United States patent number 5,244,996, issued to Mitsui

Petrochemical Industries Ltd.

This Sheet Has Been Replaced
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or hydrocarl:())ylsil |, containing up to 30 preferably from1l to 20 nore-
pr ef er abl yW 98’“““%rom 1 to 10 carbon or silicon atons or tweCRUSYXISHE
t oget her form a dival ent 5 derivative of such group. Preferably, R
i ndependently each occurrence is (including where appropriate all

i somers) hydrogen,, nethyl. ethyl, propyl, butyl, pentyl, hexyl,

benzyl , phenyl or '8 I8 ¥%r}t \V\ﬁ%‘rtémgp%%b‘??saf’é%/"dtsmgfﬁ FrHRLYPGUFSTRAENFS nked
t oget her of (AL AF Ik Fa e d2nd FEMRAEItEPR siietrikytiandessdected ror ertplin

t et r ahydr oi ndemierall moléwmtirahwedibt | diar emtositionog Shyslitih Ut i@AYdived O

Par ti cul ar | y eprafcenrsdpeatiabyst $rbacd4de;;f,or exanple, racenic-
((di et hyl sil anedirxtla).bl ) enyl | nder}yl )) zi.rconi um di chl ori de,

Ol £2-lmetrh¥>l - 4-ph ) _
raceni c- ((di net Ry PR AT P P biCOFReTRE RyATE- HREADFS H8eFRALY ) zi r coni um
1,4-di[)henyliﬁli§he amounp gfpdimHddene aromatic monomer residue and or hindered
racenmi c- ( (di metgngkse lanegkilph) inat 2c ALY dehe pReBYE HAeIWe) YZidngONi UM

di-(err] al k¥lerpolymer compone j

racem c- ((di meal'gch pltsm agediE\il )rtl)tl gggfenﬁast ﬁ? m4?B%tehr?§l ?%één§lﬁa)s)tz?'rscg?l}eum 15
di-C[err] al koxide! OF &Wy ¢onbiPhati®sh t Htadfercent and’most prafepahly by
prepar at i'Ve AEFHEdBEFERtL R8I er pol yner conponents of the present

I nvention haveilbeenegessrd kiedfdranthel bt eraabtr®. pdgo, ¥rdsFR351at

( Makronol . leastChE eyrcé/rQJ WHE nJo%%’pﬂa%gF"?%l 3%(2)|1t895234 GFlr]é%gQ]%é:aeﬂ%e tg%

D Anniello etb%l ) our nal .of ) I'ymer Sci énce,

pages 1701- 1798199577 F48F18d ¥ "gébé“)of’fa”‘éerp‘tle‘(t“%’f VOMeonepss em based on
met hyl al unoxane ( MAGQPeatitPosyRenspetadiorpsient s dier uthe blend riehl ori de

(CpTi O [ es r] jnterppteieas chamingtdyk enavel y MR EcwE @POEJUTRE .weXyYn@nd Lin

(Pol ynmer Prepfédiisut A GhHam $P4n, DI 3’.-5P0| ()'tmlghe@ inalal H@r§§lymgg‘geass 686, 687
[ 1994]) haveé qried %c,) qlngnetr.lozatl on.using a _ )

MyCl [err]/Ti er,r{“ﬁ\',ld J[)er T ACE B TaFT Frrerrot vits VAR " PIYFEE random
copol ymers o+ 88 tAntESBROhPefRionpRekirealdueJernteat ask 25arpppl i ed

Pol ymer Sci emekecvbbuneids, dpsigasuiiddl3 sechldpd: MlA8dk) 3|ve described the
copol ymers zati on of fbbydeacodtd sl AR USH N od: ddsCh L arLh{ Nd [hearvrilxé

MCl [err] [/ [ i ..catal St Sernet and. Mul haupt cronof .
Chem Phys. Agﬁlﬁtf)é?g;ﬁé ﬁ’b-}‘i?'&ﬁﬁ?g £ ﬁ%?)’fﬁ{a\“}?%sfﬁ‘ eH‘at(thﬂw’i"h‘fFuence
of pol ymeri zat1 RO RATAPTTDASOHFOPRRNENt integhol Wkt inARinRSefntdeLhveibe wi t h
et hyl ene usi AgPraVE2BICNRA QFt ket eppterB8. butyl ) Ti G [err]/ net hyl al um noxane
Ziegler-Natta catahysts) ahbendmaspant UEe Qhvértion pro@l®fsi B4AMBY] yrREQMALI C

mononer int efpel aSGh ., L epg/ r d eigntPMEgRE/ styrene are
201t CRDAINNE] S 2 LGN .88, RLOPYIEPE éoé?( S5O raigpe g Rthitid

described in_United States af ent nunber M t sui
Pet r ochenmi Cafucf h U%% D L>t g: ' ag% produced from component polymers having a

-0- V@g@ezemeg in comoncmer content.
PCT/ US97/ 15546 A further aspeckh®f PIIRS pRésdnBVARehOIbPEOMIadRS Bl BNsisOf

i nterpol yner &meneNtso or m&fe_ @ﬁ@&“&ﬂll‘%k&{&%maﬂﬁegg sid !o?n
overal |l no

di stributjons selected to obtain an over ; ecul ar wei gh?tyalfﬁ%le
conposition A stributt on Wit chgfldg ComPiBARNCBY SFP¥IRNet P oBp or more
processabi | i Pyrer polymerizabpdngnapessyobheredinbihengukssapoird Ay scaaden di stinct in
t hat : ( iyterbel prUsdmpofientisnyidved @Nei FiePEfdel Cn NRPOSRY cbRSNEUSE 36 OF

hi nder ed to less than 10 wt. percent. These blends can be considered as
miscible, in that such blends exhibit a single glass transition
3s temperature (Tg) similar in form to, but in the temperature range
betweep the Tg's of the individual polymers. These blend compositions
are paiéicularly suitable, for example, to optimize processability.
Another aspect of the present invention pertains to blends
comprising two or more substantially random interpolymers of styrene
40 and ethylene or styrene and a combination of ethylene and one or more
other polymerizable monomers, wherein the substantially random

interpolymer componerts have a difference in styrene content of

-10-



al i phatic oryg¥gheagi phatic vinylidene nononmer residue in anypcr/us97/15546

i nterpol ynmer conponent differs fromanother by at |east 0.5 nole

percent, preferably by at |least 1 nole percent and nost preferably by 10 2
nol e percent; and/or (ii) there is a difference of at |east 20
percent, pref egrebkgr gihan 1C wkelasThar phiensheomrdi hbds pRefer eIsydated aast
40 percent bet wegBcitl® blendspUirD&hati\tREAGAhIBL e @UbaFaderéd)lsti (ddy) gbéss

i nterpol ynmer Cé{%ﬂ??@f!}nste perature rarl ,00€ e@.m{y W@tor x‘h&% EQ&@@@E\&S&&Q(K

the blend are i nter mer s _havi ng arela r oW Ile uiar vei ght
di stribution, YR~ Wrﬁﬁ shoreflerty Z2Pad ethﬁ?é’s%r Pﬁtté\'e 6“ VB g Eotym

conponents,s thﬁaqsnvemndenalp? evxtdeslqﬁb’eﬁ\p?dlayher@rhmﬂlhgafﬂ{%ﬁ a’r“Cl“d”}?odal ity
with respect t@a&emﬁmﬁmﬁfeqlﬁse e repnbesiptabl drefasge@ific tenmpémcukar wei ght

di stribution, d'x h ths% Ng\% Murt %né VL%Qat).on damﬂllﬂﬁanOt her aspect, the

i nvention provi I nterpol yners havin dal i wth respect to

mol ecul ar wei ght, sBtiP CARTERAGIRE 3re b?e%’d §°§?ﬂf15?%%58’8‘“f1¥6ﬂ? FORPBTENt
i nt er pol yners haw ngnmsesens ivakteint teo or maxmmecRRONEMATEROY EYFeitiE ecBPhavhPs .
In still agpt h@ilrt%s’@@(ttritéﬂ% I BWMERhé B¥eps NIV bUER cbhIspelyHeKBiBARs &avi ng

pl ural ity with, 1 espect . gfog*ﬂagzokﬁgrwl@&owegmra%ﬁ U] 0. et SHERoE hat
uce a

MV Mh > 3.5, andp m conponent émers Vi ng di fference

in conobnoner c%ﬁt“é’ﬁf—‘ distinct 9lassAtF"Eﬂst‘I’|e? FEPRTA B he present i nvention
pertains to bl ends The kdengy ic§itig pwwseor inyeetrbsearmei pidpprediiyonny
i nterpol yners gfisbys at@ndknoandnethylaepesydh 8,y bebencandind teondy,naty on of

ethylene and opg, of fore, %enw%%rd P@vaQﬁrehéazfésqrg@rmlxssemw@efoquémy

substanti al?y ran lﬁ? o nponents have a

ce |.
styrene cont enfelf bF?'éPrh"E in a f%‘el"’e‘%’étrf’ﬂﬁﬁ PorRiry ’b’e’fecfe?\’f ‘e ?hg’s‘f bl “ﬁ’-dg ¥an
be consi dered abended prldetblrey Bendi hedtlgurdl thbeandssek hinbe t2 4iv3IngPeiqyl ass
transition 35 stageraddikeny Fg)y Mafiblaliniécdion mdiaindut Alterhhei dedgpermat ur e

range betv‘ﬁ Q’xdtshﬁag_g)e maQ;e Bhedn.'rggf \f)'og%rlpﬁl%marv&thg\h_eigomﬁ%q of the

conposi ti ons are particul arl zullr table for example, %)tl m ze
rocessabi |7 t ybiend componentba, B Lof £&F %]f the Pr&ente] n\ye i'on°pert ai ns
p y. p p

to bl ends EOIGHOL 51 TFY P \its 168 arrélieglsﬁjﬁé'f%}msi:ai}qdyt‘r"ar?do’h‘?rlenf‘é?cﬁGFﬁrfé‘rs of
styrene 40 andegtdiybenmrariatyrene and a conbi nation of ethyl ene and one
or nore ot her palyiartzahlg J@@Q@?Jx&damenﬁw emﬁpleuwnee&cﬁlphynmndom
 nterpol ymer component s, N2y 3. I IR old), SEMBRE SOREENL Oy e | VO
greater than 10RGRECS® Tefdde bl SncFteBhpigsrei Giténe bkl vednsider ¥l P38

i mm sci bl e bl epdsyisicbuti@hel heyt gxXlochidddat resadenedasimgl ecglasgyts,
transition te gﬁxﬁénlt!r e fialges ok £%Bikd Lintieal idTRAe [FtasSollyhafis ielnbDdyed

t enper at ur es {l SRS ftJAe PR QL of e dNGhY i duahs RALYTERES: oo not

These bl ends arle bar ?l cu of applications |ncl uql n
interfere thh the enhanced properties discovered by Applicants.

30 . The additives are employed in functionally eguivalent amounts
known to those skilled in the art. For example, the amount of
antioxidant employed is that amount which prevents the polymer or
polymer blend from undergoing oxidation at the temperatures and
environment employed during storage and ultimate use of the polymers.

35 Such amounts of antioxidants is usually in the range of from 0.01 to
10, preferably from 0.05 to 5, more preferably from 0.1 to 2 percent
by weight based upon the weight of the polymer or polymer blend.

Similarly, the amounts of any of the other enumerated addizives
ars the functionally equivalent amounts such as the amount to render

40 the polymer or polymer blend antiblocking, to produce the desired
amount of filler loading to produce the desired result, to provide the

desired color from the colorant or pigment. Such additives can
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t hose which require energy absorption over specific tenperature’ ranges,
such as sWN/BIB vi brati on danpi ng. Al so cont enBCAUSA7/ES546 bl end
conpositions conprising three or nore conponents wherein two or nore
conmponents show ni sci bl e behavior 10 wusing Tg criteria, but the overall

bl end conposition exhibits a br oadened single glass transition

t enper at ur e SPARRREY BF BRAPMSCt &° t1RE rangeqpf rffﬁP'égodpét‘i%éP g8 ¥ nsiomi on
tenperat ured.1 to 35 more Fiefebblgiydsrof Ot hetpresercertnognteight neasebeugprepar ed
by any Tkt adilgft @R BEe KRR ert;nﬁy,aézt bIEEd Afowd¥dl, NGt thd Mnbethdeo, dry

15 bl endi ng | 1 rmi desire PLORQr L4 ons f owed by
melt bl endi %gf ?Jh eggcrt?e e%<°t%rlﬁ ﬁﬁg A mxer ore B E[} n%hL dry

bl ended Pel LG tRFSHE ofi F*é’ct"F’;BhﬁePf tﬁﬁo?féé’g‘éﬁ qrnPﬁliﬁ‘eFﬂh{fF‘dsol id state
article by for exaepbkndsjeCthoprasét AgvenAliberdaat be/ eltylidedeto profleends may

be made by gjukegde Q%Mart@aglme Phidaodt 2801 @M Qfi ctdie s2bh algl end

g;nﬁgpﬁgtz Slufllla? ’ c?lﬁn)é I"QJJ slae%@o gfowrrm!;re casgglcf}[lgf, 2, Ilnjecg:lon molds aCt or, or

paral |l el . Fotomolded %df‘ﬂ“\?é%“%eﬁ’cﬁa% an'ffﬁeoki-?j‘é’ﬁt gan PéFO @RapyAde in Hihﬁder ed
phenol s ¢ magufdrtase dforfimtanpicams|MGANDEcEO10)rhe phieaphidfeshd fparseancanpl e,

25 | RGAFCS 1L6§aamonucanva1§s 2 biagkss lglsmsw@lftow@l%tﬁw exanpl e,
ora

pol yi sobutyl ene) ,.an | 0 a ddi tives, s

pigments, filler sThca%l taafl s%)ngo SIRSPELES T #L{)sﬁégti”tee?f)ol yn’er}v§n8’r?ﬁ’l oS&d

in the bl endgeokot ie PR ESRHTURH\ASNESP dﬁml‘EJd’gt ke sepenitthereal dnepydo not

i nterfere wnadhnéhe enhanced properties di scovered by Applicants. 30

The addi {si vasagbgesenpl oyed in functionally equival ent anmounts known to
t hose skill q'ﬁl n fhenarft I'I::eor fxa I e thce ' pynt of ant i oxi dant

enpl oyed is - Br - or pol ynmer bl end

f r om under goi ng ogﬂlcm‘c‘!i oAs eHrePﬁ%‘—’dt em?el‘la@ Lﬂaéémar?dltated geni-comrereuenpl oyed
during stor agechntkadkéd.mariee wsectdont dixtpod \WIRESsted5of SPpFo@RBLHlyS 2 B

ant i oxi dant sgallsoﬁgs@ J,ysolloe,;-hemxmg@n@f ALQR0- oC}lc;&ohexaneles RIcghgr ably
from0.05 to 5 er abl by \/\/elght based

r.e y m Q0
upon t he \/velpeﬁ%c 'oF tﬁg lso ?/ntan {wpw Vrr%rpenrceﬂg)' and'styrene. Faffy, the
amount s of aﬁﬂ‘t’lbifmt'hé“d’teﬁér SEHOMRST APRFLAYERNE) Yoe purifigdetg H%m‘f‘ﬁ’ntﬂ‘ieﬁnal ly
equi val ent amguptwresuCIThasidiiei emounttieostgrderwad0alicheepolegnerinertpol yner

bl end anti bl.agki f\gnova@u@rs@mggtm d@ﬁsielie»dlth ethyA@ReINt 1RE feiskdehak0alihng to
produce the ;SL%%UP %@%‘ﬂed L9 Qrs%wg@m& Sith erndERLN @0aCRQr . 4d Qmdde

col orant or h~additives
-11- 25 V&g ggyﬁﬁﬂélgolecula' weight. Temperature in the vessel was controlled

PCT/ US97/ 15546 set-point yurvaaihy the dagdedyeaterntdriperatanygeomftherams€l 05 to
50, pref(3rabﬁﬁdofrﬂanolymerization, the vessel was heated to the desired run
temperature and the catalyst components: Titanium: (N-1,1-
dimethylethyl)dimethyl(1-(1,2,3,4,5-eta)-2,3,4,5-tetramethyl- 2,4~
0 cyclopentadien~1l-yl)silanaminato)) (2-)N)-dimethyl, CAS$# 135072-62-7,
Tris(pentafluorophenyl)}boron, CAS# 001109-15-5, Modified methylalumin-

oxane Type 3A, CAS# 146905-79-5, were flow controlled, on a mole ratio
basis of 1/3/5 respectively, combined and added to the vessel. After
starting, the polymerization was allowed to proceed with ethylene

35 supplied to the reactor as required to maintain vessel pressure. In
some cases, hydrogen was added to the headspace of the reactor to
maintain a mole ratio with respect to the ethylene concentration. At
the end of the run, the catalyst flow was stopped, ethylene was
removed from the reactor, 1000 ppm of Irganox™ 1010 anti-oxidant was

40 then added to the solution and the polymer was isolated from the
solution. Catalyst efficiency was generally greater than 100,000 #
polymer per # Ti. The resulting polymers were isclated from sclution

-12-



0.1 to 35 WS ofi@igerably fromo0.2 to 20 percent by wei ght bagefhusiInBs4s

the wei ght of the polynmer or polyner blend. However, in the instance of
fillers, they could be enployed in amounts up to 90 percent by 5 weight
based on the wei ght of the polyner or polyner blend. The bl ends

of the presentby aveidd etiriggfiindevitibidtez@dind @ pedUCe; by usdwE a0t |imted

to, a wide rangg efrhabrisakedifRbt| dneensUGRe s thO stean R¥8PULRaterial,
cal endered sheef,. blown or cast films, injection nol qu, . Lot onpl ded or
t her mof or med pHIT§ O fePBIERa T 4R° 41°98 BE a8t It he 1D S MG actUr e of
fibers, foans ZafHct dissédeal NIhUpPR g 2BY WRHeAGeEsEEene- | nvention can

al so be utili[Z&8Hcdd+ qdTEANYE: | QIItyrakd QlPxessure | Temp. aLOf TRUM NOPcRymep ) es
are il lustrat}]i e yoér tihe Loareant i| ohoadet are [not tqg b&.congineidd asm to
limting the jscope thereof in any manner. 1
of Interpolyriers A C—and-E —Roly

gal | on agi t;t ed sem JcHitiindBus 5 | Fad &5t rleiétor . ©Th
consi sted of (epproxrret 2506 ot sohvent

m xture of cycl o(ﬁzxar e2(8E %eqi gﬁtgzZOg pe? ceﬁ{g)o angoi slopent
percent), and Stggiend.g3dni 181 § G61 | 30 qA@BL| H,| S6dVENG3. BLyr&mBe |anii. 6

i1

ethylene werd purifigd tolrenove i &r and oxyaen. Thel inhiRitor in
the styrene vas @&Pso (réfBveti2 | fé@Ptist0 | 70 vietde |refbved by purfilng t He?
vessel w th dthylene- "'dhﬂ b W s2-Hen PHEESHF-e-—6 {n%! a4 to-—a—get
point wth et hyl(é:he. I—@c?rvogen S ad%fec% 1 coﬁgr | 551 deuddr jwei gﬁt.
Tenper at ur e i'mr=the—vesser~was—comtTutted to-set=pormt—ty—varyrmg—tie

j acket water tenperaturegs t'eégilbc st TemaT TRt o P e hzat i on, the
vessel was heated to th efLF el Tridkyx wtenpergiidie andlntﬁe cat al yst
conponents: Titanium (N1, 1- 1, Styrene Wt % Method
di net hyl et hyl ) di et hyl (1- (1, 2, 3} 4, 5- et p)ReBidueq |5-t et r pnet hyl - |2, 4- 30
cycl opent adi en-1-yl ) sil gnani nat ¢)) (2-) -{)“i“m;;kyl , CASB# 135073-62-7,
Tri s(pent af | uor ophenyl ) k oty eki c%—hfe%—h-y,l al um n-
oxane Type 3A, CAS# 146905- 5-5, Wer e flo%'contrg rsed, gﬁi%p ngle ratio
basis of 1/3/5 respecti v@l‘y'gy_cb'l“‘l’mlznga NdiAddeqd T  NEEVEReer .| After
starting, the polynerizgtiian was$ alédWed Z@nspr acead W EkceidByllene 35
supplied to the reactor {as (Fequijr €d0X of madthBBai } vés&e| pPressurje. In
sonme cases, hydrogen wad.added tio the headspace of fh SSARER Qr to )
mauintain a nole ratio with E‘é"sjigt‘ff'p(ecﬁcf"l’fe Ség e ﬁ%“tgaﬁd‘@ﬁﬂ“a’cdi 8ha fRprier
the end of the run, the cat al3St T SREHETS %%lﬁgdt,ecef’h‘fﬂee‘ne was

renoved from thepaesiioar of T00&cmPgwaf bl rganox[err] 1010 anti - oxi dant was 40

then added,fo the sglulion@P%h LAS RYMIBL Wesd $61 Bl.eHy QR L he
solution. Catal yst efficiéenc eneral%%Fgreat er. than 100, 000

) #
pol yner per # Ti. T%éBPelghlcf}(ﬁ’\é@“%B?y]r?@Psr i SOPEA"Y ot EDISGE Hoh
~ 12

VWO Migerd g gear pump (1200 mL/min), inlets for liquids and gasses, a
PCT/ US97/ 15546viscometer and a pair of thermocouples, was used to prepare the

polymer. The reactor temperature was maintained by external heating

15 tapes. Pressure was monitored at the ligquid inlet and controlled via
a variable valve on the outlet. The reactor was fed with a mixture of
75 weight percent styrene and 25 weight percent toluene at 12.00
mL/min, ethylene at 0.700 g/min, hydrogen at 0.411 mg/min and a
catalyst system composed of 0.001 M toluene solutions of tert-

20 butylamidodimethyl (tetramethylcyclopenta~dienyl)silanetitanium-
dimethyl and tris-{pentafluoro-phenyl)borane both at 0.25 mL/min. The
reactor temperature was held at 100°C and the viscosity allowed to
stabilize at ~15 cP (0.015 Paes). The resulting polymer solution was
blended with 0.05 ml/min of a catalyst deactivator/polymer stabilizer

25 solution (1 L of toluene, 20 g of Irganox 1010 and 15 mL of 2-

13-



by either stri g}kng with steamin a vessel or by use of a
devol ati | i ,’_JYQQ’B & uder. In the case of the steam stripped PETAIIHNS546

addi ti onal processing was required in extruder-|ike equipnent to reduce
resi dual noisture and any unreacted styrene I nter- Sol vent

Styrene Presgure enp. otal . Run % | gaded

| oaded &OPBHOl-I)-,nPooleIﬁé) mbﬁeﬁé temper: ture and cgglg/cted for 20 hours

Added azsl pf imjnutes. The solution was dried in a vacuum oven overnight,

resullbing ikg750gldtsa k&) 6 E’Sie pkReent[ Styrkfe fdsad@®e Hours W. %

(()A) 9 252 lélt4xy gr%stégene %oé%?& 81 1055 v?éﬂht p%éfcent é§§it1c pcg%y%f'yrenfl 6
(O 1198 5%?2’

ingpyme}p indep orags : 7.5 6.1 7.2

(E) 84Test38PrisoHR CB@FaCEQEizaTQQD da@® for the inBerPolym&s7and
8.6 5 their blends Wdtbefep@ratdd kecordidPltal the fdaldwing SHodbddes: |
| ymer | ndex MY e ssilbEMRh ding: 90° llerr
Styrene W % VE asgi 1ldin Eamples were melted at 1 &gSIfcarueii mulu%es
in and compression molded at 19f74 yyﬁﬁz*zo,ooo 1b (9,072 kg) of pRgssure(, 18
81.7 <@. 5 for Sb@der 2 minutes. Subsequently, the fuiltiep materials were (B)
2.6 45.5 quench&i in %r@b’éj%ﬁulllbrated at room tem eggure 0.03 29.8
0 Ext ruder Dansit t(E) E <1.0 St eam
Strip nsTM-DT s B THE 41570t Yo &f cHft S%’T‘S}F?}n’es F‘@%T‘tﬁﬁg HERTHWIEYi a
Fouri er szferentxairrsiaﬁxfxﬂf A5 R ((EE)R)AH%QBM B48-2920 is

Preparatign of_,nterpolymne repared in the
fol | ow ngpsmann LETRISIIP t%%omal tf:aonr?tllgﬁjunoggm‘?/ ratu?eesas?%l% dHsi sting of

two static traﬁ?k"e‘t% for éé&rmﬁaﬁ?ﬁ?lm?{m iy PrAgE tPan‘t"s}nWPr Preyipuds and
gasses, a tharsebresesryanskrplpaiweref firherimeodiploeg0o vas wusechirngoafy epar e

the pol yr@JohI@ecuEe@@twefe LREDRIAL B Qowhi AR BEAL A BenC e A7AL | NG
15 tapes. Pressure ored cont rol Vi a

S u n
a variabl e valVebH m@ ?ﬂ'ft‘?’b emaﬁfé‘tP’é%scf’Sfe %ég‘”fdé’& fith® %e meRture of
75 wei ght ®per'cERETITYEERE APRI e28oWErg Mndperedistms Gleartrtigelvk2. 00
nmL/ mn, ethyl ene atel® FWhroRibodeoghy dpogicnaadry0sheal BBédTohy atkd sa@rements

catal yst systm&g Qs Rck Qfi 0 .20Rde dMet PI UCRABs-3@b UiHORS: & 18]b108Q a1
but yl am dodi matogg %tet ramet h pent a-

tit
di net hyl and ®19s: (pent af uor‘5°p?ﬁkar?yl 3'56?8?1%%8%Sleéi?p%“plfég‘}'?‘ll_len?“rl 9%fe in

a frequency sweep mode.

25 Solid state dynamic mechanical testing: Dynamic mechanical

properties of compression molded samples were monitored using a
Rheometrics BOOE mechanical spectrometer. Samples were run in torsion
rectangular geometry and purged under nitrogen to prevent thermal
degradation. Typically, samples were run at a fixed forced freguency

30 of 10 rad/sec using a torsional set strain of 0.05%, and collecting
data isothermally at 4°C intervals.

Mechanical Testing: All properties were generated at 23°C.

Shore A hardness is measured following ASTM~D240. Flexural modulus is
evaluated according to ASTM-D790. Tensile properties of the

35 compression molded samples were measured using an Instron 1145 tensile
machine equipped with an extensiometer. ASTM-D638 samples were tested
at a strain rate of 5 min"!. The average of four tensile measurements
is given. The yield stress and yield strain were recorded at the
inflection peint in the stress/strain curve. The Energy at break is

40 the area under the stress/strain curve.

Tensile Stress Relaxation: Uniaxial tensile stress relaxation

is evaluated using an Instron 1145 tensile machine. Compression
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reactor tempeyasnedom was held at 100[err] C and the viscosity admusxl/i15546
stabilize at -15 cP (0.015 PaJerr]s) . The resulting polynmer solution was
bl ended with 0.05 niL/mn of a catal yst deactivator/polyner stabilizer 25
solution (1 L of toluene, 20 g of Irganox 1010 and 15 niL of 2-

-13- WOr@ B0 @48 (~ 20 mil thick) with a 1 in. (25.4 mm) gauge length is

PCT/ US97/ 1554Q e formed tHLOBEAGIN m&él%?dsd QeMCeQE d gmrnaEWee_ogn’ﬂ)_ min~i,

col | ected for .80 NOULS, oou; 40450, M 0uL & LThe 2oLt on uas, drhed 1 g
vacuum oven over night - ST Fes THRGA TN “roBY Tt a" 89811 &° perceit st ene
resi due ettAyTtehe/ E‘?i/l‘“éﬁ‘él‘d‘éﬁo‘?fy%ﬁ.? THEERs 6red ankight ipeeEEind at ddtrc

pol ystyreng 5 ¢ _hauwi fgese MRl {s itRdex @i 8Bt @Rrct A 200s the final fod&St parts
and characteri Zation data for the interpolyners and their blends were
gener at ed accor di ng€ochAFe AFEBITNHGE prartedlirtde: interpolymers OFsr @i5&P o

Mol di ng: Sanpleslavar. eTiee luhblkraied 19} eeps]met Orprdvidd it e Scomparaiite CORPPBSSI ON
nol ded at 190[gL{dJfeqaURd&Iin20, 000 I'b (9,072 kg) of pressure 10 for another

2 mnutes. Subsequently, the nolten materials were guenched in a press
equilibrated at roomtenperature. Density: The density of the
sanples is nmeasured according to ASTM D792. Dfferenti al
Scanning Calorinmetry (DSC): A Dupont DSC-2920 is 15 wused to neasure the
thermal transition tenperatures and heat of transition for the
interpolyners. In order to elimnate previous thermal history, sanples
were first heated to 200 [err]C. Heating and cooling curves were
recorded at 10[err]C/ mn. Melting (from second heat) and
crystallization tenperatures were recorded fromthe peak 20 tenperatures
of the endot herm and exotherm respectively. Melt Shear Rheol ogy:
Oscill atory shear rheol ogy neasurenents were perforned with a
Rheonetri cs RVSB-800 rheoneter. Rheol ogi cal properties were nonitored at
an isothermal set tenperature of 190[err]C in a frequency sweep node.
25 Solid state dynam c nechani cal testing: Dynam ¢ nechani cal

properties of conpression nol ded sanpl es were nonitored using a
Rheonetri cs 800E nechani cal spectroneter. Sanples were run in torsion
rectangul ar geonetry and purged under nitrogen to prevent thernal
degradation. Typically, sanples were run at a fixed forced frequency 30 of

10 rad/sec using a torsional set strain of 0.05% and collecting dat a
isothermally at 4[err]C intervals. Mechani cal Testing: Al
properties were generated at 23[err]C Shore A hardness i s neasured
foll owi ng ASTM D240. Fl exural nodulus is eval uated according to

ASTM D790. Tensile properties of the



35

at a strain rate of 5 mn[err].

I's given.
I nflection point

in the stress

conpressi on nol ded sanpl es were measured using an Instron 1145 tensile

machi ne equVBP®d0%Bt h an extensi oneter. ASTM D638 sanpl es welGEI/UWSHERH6

The average of four tensile neasurenents

/strain curve.

area under the stress/strain curve.

The yield stress and yield strain were recorded at the
The Energy at break is 40

t he

Tensil e Stress Rel axati on:

Uni axial tensile stress relaxation iT8b¥ dl uat ed using an Instron 1145
tensil e machi ne[ Conpr e€sston INTERPOLYMER -14-
WO 98/ 10018 Interpolymer () (B) ) (D) (E}
PCT/ US97/ 15546 Compgdidédn film ([err] 20 milj thick) [with afl in. (25.4
mm) gauge | engt iiwi $ ata@et:ormafl te-a s{raon3l gvel 1of 30 pescent ati a|strain
rate of 20 mi n[ ¢Pelystyrenphe fojce requijred to lmaintain 50 pergent
el ongation is r’rﬁﬁ t%orséb“‘eF‘Gr 06%4 THe-fradni 28de qf ¢%hd skrdds3
relaxation is d Rea—as (e f[ﬂr']!f[gﬁ-)—m#%f ertl—i9g the
initial force a;{geﬁfdﬁ?ﬂtehe fi nal q‘orce. °6.5 " THe thdr act &fi 5t iHcs of
each of the int gRPURYFEF=n®ET €[ UT¥FER T 17,1t quterg—Tierd enggts—
I nt er pol yners pj%éidlﬁa‘t he conparative exanpl es emyl oyed hLarei n.
WO 98/ 10018 mol % Ethylene 62.1 82.9 90 83.5 80.5
PCT/ US97/ 15546 |Residue® Table 1 -
| NTERPOLYMER Lnterpol yiner MolecularAWeight  (B) (Q (D
(E) Ce¥ifihsilt i on O.H8 off at2a @R | 0.03 8, §oo 0.9D.
1 6.5 Mnx’ipj? DnlkﬁQfl/r_faéE%Er ] 118.1 k- 604 St 4% 8e
69. 4 43. 4 MH/M:ngygspexsitﬂ 41_. /| i JQ 9 ! 2 Obn !rllﬁnflnr 112.26
Physical Properties - :

Density. g/cc 1.0352 0.9626 0.943 0.9756 0.9604

Tm, °C a 45.6 71.3 62.1 45.7

%3 Crystallinity a 4,8 14.7 4.6 4,7

Tc, °C a 22.1 58.1 46.6 17

Tg (DSC) 24.2 ~ =12 =17.2 a ~12.7

Machanical Properties

Shore A 96 75 88 78 76

Tensile Modulus, 594.3 6.5 20 18.3 6.8

Mpa

Flexural Modulus, 617.1 68.8 62.1 84.8 14C.7

Mpa

Yield Stress, MPa 5.6 1.3 2.4 2.3 1.5

% Strain @ Break 257.8 475.3 377.5 412.8 337.8

Stress @ Break, 21.5 22.6 34.3 2.5 17.4

Mpa

Energy @ Break, 118.5 102.2 145.5 33.9 73.2

Nem

§ Stress 92.9 38 30.2 43.2 26.2

Relaxation

. Melt Rheoclogy

nx10°(0.1 6.53 1.05 16.6 b 31

rad/sec), Poise

n (100/0.1) 0.048 0.15 0.16 b 0.038

Tan & (0.1 4.42 4.2 2.37 b 1.26

rad/sec)

a Could not be measured by DSC.

b Could not be

measured.

¢ Measured by N.M.R. techniques

EXAMPLES 1-3

3,

10 of

Blend Preparation:

(R)/ (B} of 75/25,

a Rheomix 3000 bowl.

then fed into the mixer equilibrated at 190°C.

Three blend compositions, examples 1,

2 and

were prepared from interpolymers (A) and (B) above in weight ratios

50/50 and 25/75 with a Hakke mixer equipped with

The blend components were first dry blended and

-16-
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W % Et hyl eswe 98710018 30. 6 56. 6 70.7 57.6 S2CR/US9IT/15546
Resi due[ err] nol % Styrene 37.9 17.1 10 16.5
19.5 Resi due[ err] nol % Et hyl ene 62.1 82.9
90 83.5 80.5 Resi due[ err]
Mol ecul ar Weitghperature equiffbratieprfock 3 to 5 mgingges. P2hgrolten (paggrial is >
200 0.01 mixed atVhed@] end ]40 rpm for 1d@indtes.66. 8 118. 1 13.6
144.9 MV N | [ 26
Physi cal Properties 8L¥zdac§9t£ﬁ:§%{vl da%? or ohe %gin%%g%d qﬁ‘& b%%egpégﬂée%B
0. 9756 0. 9@tppponents wasrmrte\%?r}.t]ee 1n table 2. Interpolymer jgegd copmpoments
62.1 45, 71A) and (B) %bSeysdhdduilar tweights which were sidniFicanflly @ifferent, 4.6
4.7 Tdnd| 8¢ ¥deke content which@differ by 2@.mbl. pScdnt. 46. 6 17
Tg( DSC) 24.2 [err] -12 ey 2 a -12.7
Mechani cal Properties Shore A 96 75 88
78 76 Tensi | e Modu]_us, Examp384ox3 Comparagi¥e Experim@@t No. 19. 3
6.8 d Elexurall Mddutus, (BEM7/1 1 684.8 2 2.13
84.8 140. 7 | Blend Compgition, }100%j@)d180% &8s ,| (NFAB) 5/ | (A ®)
2.4 2.3 Jwk ratio % Strain Break |75/2pn7 350/50 A742%/75 al77 5
412.8 337. gstyrene re ss @BReak, |NV/A" 21.520.8  032¢.8 3083
2.5 17.4 (Rese b dijgrence Eretgyi-@Breat 1185 162 2

$ Mn difrférénce y LA NEK 141 Y4y R
145.5 33.9 To. Z A MELHIARE ca 1 Properﬁ%.é’ —€S - 94 9
38 30.2 ShofEJA‘ Z0. 2 95 ) ﬁl axatt yg\l'_ 91 Bb\ib‘f"lt'—'
Rheol ogy TenSllle] MeSutd5 £T 1 1]692 13 0- 93,5 1037 [34080 {282 O
31 rad/jseg), Poi se n (100/0.1) ¢. 048 0. 15
0. 16 b FlexuraQ3®dulus, 6Tanl 5 (|6818 531.1 4j469.9 a4
2. 37 b MPa 1 284 rad/sec) a  Could not |he neasyured
by DSC. ::;F S >d-Hg : 5\,? ;\;737 =i r?é:ﬁm M R

. e . .

techni ques sffég?’g'-s,jegg? WPa [21.5 ook P qpRrpt-opsTiree %,:‘S'd
conposi tions, JEAIRYER Break, N [118.5, VS0, T CHMES Ty nteryosyners| (A
and (B) above i[B 3WlgBTRIIakEOon]E2. 07 (ABE(B) Offedy 25, |pp/D0 anes 2o/ 79
with a Hakke ni[xer equi pped Wt h 3B 8o Xogy000 DOW . The Dbl end
conponent s wer gnkid 5(0.dr yadosendgd.and  |1.03€N [edisd Nt O |E e M XGL.57
equi librated atjpédq err]C. _ Feedi ng_and
-16- n{10070.1) 0.048 0.15 0.058 0.078 0.16

Tan & (0.1 rad/sec) {4.42 4.2 2.16 2.46 2.14

*
a

Not an example cf the present invention

Not applicable
10
Table 2 shows that the blend composition examples 1, 2 and 3 all

have high tensile energies at break, which significantly exceed the
performance of the unblended interpolymers, comparative examples (A)
ang (B). Further, the blends retain an unexpected level of stress
15 relaxation compared to what may be anticipated from the component
polymers.

Blend examples 1, 2 and 3 also have tan & values at low shear
rates in the melt which were significantly lower than either of the
component polymers (A) and (B}). This translates to higher melt
20 elasticity and improved part forming characteristics under certain
melt processing operations.

EXAMPLE 4

A blend composition, example 4, was prepared from interpolymers

{A) and (C) in a 50/50 weight ratio of components, according to the

25 same procedure employed in examples 1-3.
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t enper at ur & o T bration took 3 to 5 ninutes. The nolten BET@SPHISSHE
m xed at 190[err]C and 40 rpm for 10 m nutes. The
characterization data for the blends and the interpolyner conponent s

was presented in tabl rpolyner. bl en nents 5 . (A and (B)
have nol ecul ar wei tcgla\%\ﬁl:éc:e%&%e“rlg?s?agﬁi ?%ég‘{ff@r‘%gf fBFeH® indd PghgeSt yr ene
cont ent whi Cﬁoﬁwg?s Wsﬁeﬁﬁw?edpé?cw.e 3. Interpolymer blend components (A}

Table 2 and (C) have molecular weights (Mn) Ekaciplbet®wrexCespavaidoee dmgperi ment
No. styrene residue contents whic!{ Alffer b (26) §ol. ercelxt. 2

3 s Bl end Conposition, 100% (A) 11&(1‘;/0%%) (A)/(E (A /(B) (A /(B)
wt ratio 75/ 25 0/ 50 25/ 75 styrene
resi due N A* N A* 20. 8 EX@pple or CodParhtive mol e %

di fference %{Mh di fference NS/ A*Experipgni* No. 141 141
141 MecHanil®yl Bropeyties 4 Shore A
96 75 94 Blend Como_sition, 80100% 19®Ensil | @) KU us,

994. 3 6.5 134?'_5%%%5% mole 25, 2 = ':! &\zﬂizg_-/bdm us,

617. 1 68. 8 547 L srorent@d d 2ad  |ume Yigld Strgss, MPa

5.6 1.3 19.8 qifferfnbe a3 n/pa 2 PEGin @ Break

257. 8 475. 3 2477 ST0 Machanidalopiopartios Ot eSS—@Preak, Mra
21.5 22.6 XShote A Z5 3e0. DO 58 Eggy—@%r eak,
Nlerr]m 118.5 Te5ide ModuldSloMBa [594 192, 420 120407 % Stress
Rel axation 92.9 FB&ural ModBud 6184 Z |62.107. |202

Mel t Rheol ogy MBar1x10[err] (0. 1 |rad/sec). 6.53 1.0p 3.75
2. 34 1.57 Yigldsgtress, MPay o (Ibcq /0434 $.9048 0.15
0.058  0.078 ofigsiisin S heak Lo P10 1 (il Soc) IR 42 4.2
2.16 2. 46 gs3 £ Brects *Mpa.“ £let oxabbta—of [ ihe—prepent

. . Erfétgy @ Break, Nem '{118.5 11455 198" F

i nvention a [B8crapPIRea i ®on (925 30 Pt ersnows—] hat the

bl end conposition exdpres T, Z and Setd RheologydVE (M UIT tENSTHE energies at
break, which signifidaxidNoeXGeRAsEEG [6.5PCT 1 OTEEGICE Uig.5ie apbl ended

I nt er pol yners, conpanat¢isee exanples (A ang (B). Furt her, } t he bl ends
retain an unexpected {RelddP/&fl)stress 190.¢48 axalilsn coppa@ded tp what may be
antici pated from t he [E2i@&ddpFad/sec) pollgntd s 2.37 2.1B| endj exanpl es 1,
2 and 3 al so have tan [err]Nval2Ge8*afPlpRf shedresent ipgemgson n t he nelt
which were significantl¥y | oliet 3PRAH Eher of the conponent pol yners

(A) and (B). Thisrigansl s &R BLONCLABRISL 28 £hA3E £inkY 2ndgl MREOYEd

part for rﬂ nger(i\'ehr%ryagt;[ %rrleasi)E,I %El&ngggnffel%gx?él@ exceeds the performance of the
unblended interpolymers, comparative examples (A) and (C). Further,
the blend retains a level of stress relaxation biased towards the
performance of component (A).

Blend example 4 also has a tan 8 value at low shear rates in the
15 melt which was lower than either of the component polymers (A} and

{(C}). The shear thinning [n{(100/0.1) of the blend, related to melt
processing characteristics, was identical to that of component (A).
EXAMPLES 5-8

Interpolymer blend component (D) has a significantly lower
20 number average molecular weight(Mn) and broader molecular weight
distribution (higher Mw/Mn) compared to the other four interpolymers,
(A}, (B), (C) and (E). Interpolymer blend component (D) has a
different styrene content to interpolymers (A) and (C), and an
essentially similar styrene residue content to interpolymer (E),
25 differing by only 3 mcl. percent.

-18-



mel t processVOgs/omes at i ons. EXAMPLE 4 A bl end EOEEISSY/I456M,

exanple 4, was prepared frominterpol yners (A and (C) in a 50/50

wei ght ratio of conponents, according to the 25 sane procedure enployed in
exanpl es 1-3. . -17- WO

98/ 10018 Blends were prepared from interpolymer (D) anqbeTWEE§??VHEE§46

The characteri@ati 63 datalEointehé0bhI®kmdsglandat ire oif ntauppoengsero give
conponent s Wasexahg5&15¢ds ianat ameepseulveiﬁrmhyf@m bhendo pﬁmenﬁﬂt &nd Al)

and (C) have nplec ry wei ght WhIC th exceed 10 0 a
styrene residug co%&nts vﬁ%@ chiar %; B 3% foi® per CERP Ol 28> Mraing o

Tabl e 3 5 the same procedure employed ;Ln examples 1- Exanpl e OI’ Conpar ati ve

Experi ment No. The characterizaticn data for the blend examﬁh@ﬁ*and théC)*

4 _ interpddly®Bd RPPOSitki 945 present@8%n tab1elQ0% (A (O _

\r,’thDI I‘eat 10 ’l(q'%‘}ai 4% fséxrogéﬁz:tha b15e%/d5<(:)onﬁf>2\;nt J.ntelwoAymer,yr 5 %Qrﬁlgzﬁla@i@e
% Mh di fferencaxample, (R) pgas a lownpjpscosity Jplymer with low tensile e'nergy to
Mechani cal 1oPr aperki es Shore A 96 88
96 Tensil e Modul us, MPa 594438, 4 20 424.7

Fl exural Mbdul us, 6171 62 1 202 NMPa

Yield Stress, a 5 6 D) _Example:p:q Comparative Experiment;iNo.; ﬂ
Br eak 257. el S - Sl N~ Rl ) T_E.zlea 5
AR N PO N = R A R
% Stress Rel axpt i on 1??9 30, 2 -

0 at oY <2 | /o0 ~]10/90 19‘/95410/90 30/70
Mel t Rheol ogy [Styrene residue |LETTIRIOCE[TI(OTTadiFECT) T 053 +616
10.3 moles R@ESfence | N/a° | n/ac | N/gFI]] N/AO0f Q1)) | 3 @.948 6.5
0. 16 0. 048 Mn difference | N/RAN NexT | (AT |r adhSel), 124} 4965 | 768 2} 3168
2.14 o Not an MexBagilcdalOPrdpaftidsesent | nventi on
a Not appl i sabke A 56 88 78 76 95 73 84 82

‘Tensile Modulus, | 594.3 20 19.3 6.8 550.9| 8.3 24.8 | 20.7
MPa
Flexural 617.1]162.1] 84.8 140.7 96.5 | 28.3 | 64.1 51

Modulus, MPa
Yield Stress,MPa| 5.6 2.4 2.3 1.5 4.8 1.3 2.4 2.2
% Strain @ Break|257.8 |377.5]|412.8 337.8 [260.6[475.8{372.3{452.4
Stress @ Break, 21.5 }1 34.3 2.5 17.4 24.5 | 22.7 25 28.4
MPa
Tensile Energy @}118.5(145.5] 33.9 73.2 [125.2] 118 126 |150.4
Break, N+'m

% Stress 92.9 1 30.2] 43.2 26.2 90.9 §{ 33.4 ] 30.1 | 32.8
Relaxation
Melt Rheology

nNx107°(0.1 6.53 116.6 b 31 4.25 12 4.15 5.3
rad/sec)
n (100/0.1) 0.048 | 0.16 b 0.038*]0.052{0.066}0.043]0.046
Tan & (0.1 4.42 | 2.37 b 1.26 4.44 | 2.33 ) 2.61 | 3.74
rad/sec)

* Not an example of the present invention

a n(100/3.98)

b Could not be measured

15 c Not applicable

Blend examples 5, 6, 7 and 8 all show that even low additions of

(D)_brings very large reductions in viscosity [nx10-5(0.1 rad/sec] for

intefpolymers (A), (C) and (E). This was achieved whilst retaining or

20 enhancing the mechanical properties of interpolymers (AR}, (C) and (E),
as was clearly shown by the tensile energy to break data, and stress

relaxation behavior.



Tabl e 3 shows the bl end conposition exanple 4 has a high tensile 10 ‘energy
at break, WRS¥H03% gni fi cant|y exceeds the perfornmance of thECTUSI}f6ended

i nterpolyners, conparative exanples (A) and (C). Further, t he bl end

retains a |l evel of stress relaxation biased towards the performance of

conponent (AP) BI end exanp i_e 4 ?I 0 hjals atan [err] value at |ow
erp ers }

shear rates ei ther of the conponent
pol yner s (A)&AEHJr Des‘F’@l’tl"“l'he shear thinning [[err](100/0.1] of the bl end,
related to nelt The @rr@aessaamgochaeamarasa|ge$J,orwa82nd®m icdal jdaketéait of

conponent (Ahtoclaverﬁgﬁxﬁy stirred tank dda€6PQLYPEY. bj\%@n@ﬁ@@f‘yent (D

has a signifi er_ave e _noJ.ecul ar

br oader ?ml eé’uag é/%f mq’h El rmn o :ﬁo%ﬁ?hﬁm e RAF A} esgtk m% % t he

ot her four |Tﬁvpe¥mltyrrelra§ llquld(ﬁx)l,l £B)475(B)1gand {7B) kra)|- nt%fr°|§8$§/rfféPW aend
conmponent (DRnh b@s battom adéifdudr e ts8byr eNReLORE S Uk CoiilNt&F RAkyumALSd (A) and

(©), and an throug%%ﬁatja%hw ot @?\4 FeaStfr eaere&s% @uﬁecc&ntcﬁ@these dgnt er pol yner

E 25 diff 08/ 1
bor Uso7/ 1basactioh. VAl uib MRl G0 G tencror 196, BTCRTRISST ISP (D) and

i nt er pol ynemeter thap)meysgreqridof Brdi pokutign Fenaktivght A¥latd irpsoPn ciédwpetignt s t o

gi ve examptes rfhactorandre thresgeattivealoypsiand4{ . morra ntseegpolayaers (D) and
(O in a 30{AQwei ght ratio of conponents to give exanple 8, according
to 5 the sane procedure enployed in exanples 1-3. The
characteri z§t—+—§§—"§§' @& a for the blend exanpl es and the i nt er pol yner

conponent s was pridgated eFhyibgbrenequnless stated, Tagls| aupplipdve timriblend
conponents i iHlanpalty BRrpsign(RACIORPEr.at e feed t@Xailreacydd) wanimeasdew by a

%gfgsht Y PQBIMoM: bR QW $RAShd & reNel Q¥ rif1d0s &e*aee@%pnragm pump o
a eri nen

(A* (O)* c(cB)t;olle(iESQe fe%d rate E%safnglscbgrge oqp@'he soéYenl%Xg T(ﬁﬁ"y
100% 100% Stfeer%waeDw(en(B)/P(m({S)e/ Elegh) £lows for EhApetedyon Irwectien) (O
(D) (E) 1iAp {1 1BYhr (05 kg/BY)) and the reacabr Gggitator (0.75 lb/hr (
&I?{A ?0 l?éoﬁf oL QY O /ﬁv(MAYP ThesSEYERN Qe EETLAMNErea by dTRESMEI SN BEENGS.

err rr
i 1o ence NSO e RFH & 1R apenepe ot mist os ggeidig
Mechani cal Pf @?‘tl éxgnhlbltecéwéer}s mohomer was gepp 1e 8to the78n1n1 pl'fét at 95

73 84 32?519 (20Tekr3i) | e MedERags to B@4rdactop(as ndas3red b § MicEs0. 9
8.3 24.8 Mfidn mass MR meter.Fl@Xdk@dble speed &llapntagrbudp B4tH11440. 7

96. 5 28253 tﬁ-Aé }eed @%te. ThlelL'Qr?e sW@am was mixed with the remaining
solvent stream. Ethylene was supplied to the mini-plant at 600 psig
{4,137 kPa). The ethylene stream was measured by a Micro-Motion mass
flow meter just prior to the Research valve controlling flow. A
Brooks flow meter/controllers was used to deliver hydrogen into the

30 ethylene stream at the outlet of the ethylene control valve. The
ethylene/hydrogen mixture combines with the solvent/styrene stream at
ambient temperature. The temperature of the solvent/monomer as it
enters the reactor was dropped to ~5 °C by an exchanger with -5°C
glycol on the jacket. This stream entered the bottom of the reactor.

s The three component catalyst system and its solvent fiush also enter
the reactor at the bottom but through a different port than the
monomer stream. Preparation of the catalyst components (catalyst;
mixed alkyl aluminoxane (M-MAO}; methyl dialkyl ammonium salt of
tetrakis pentafluoroaryl borate) took place in an inert atmosphere

40 glove bax. The diluted components were put in nitrogen padded
cylinders and charged to the catalyst run tanks in the process area.

From these run tanks the catalyst was pressured up with piston pumps

-20-



Yi el d Streswp8aoeis. 6 2.4 2.3 1.5 4.8 1.3 2.4  PCYIUS7/1554%0
Strain @Break 257.8 377.5 412.8 337.8 260.6 475.8 372.3 452. 4

Stress @Break, 21.5 34.3 2.5 17.4 24.9 22.7 25 28. 4 MPa
Tensile Energy @118.5 145.5 33.9 73.2 125.2 118 126 150. 4

Break, N err]mnd the g3cst pasgreasured wigp Mycrgiopion ags flpg metegd. 9 These 4
30.1 32.8 strdd@lsaxaidiag with eddtl btiRheah@@he catallyet r{ k[ nkpgO.jhst 6. 53

16. 6 b et d5cnrohdn a 41 o q ¢ roac
(100/0. 1) 80‘%“ ic?mn obdn o 45dd1e iHiebeion 1A éﬁ«@oc)m tsrr]

[err] (0.1 15’“2?2 "2“:?‘? ”as 5 °pde1"’2%“ tha Lo et %a‘@iys% “?111
rad/ sec) 5 (water WNotedanidxanprentdf ittre tpe em@ntoy mredt¢todine after ghe
[err] (100/ 3. 98)cromotion Blol sk &r RMasheidpanerRiudfon densityNotorapplpot a2

Bl end_exanpl e3adciGes A LALA ahﬂ%g41%g£ 480 Low adgigions fle: i (R

brings very large reductions in viscosit r] x10- 56 ’r%
i nt er pol yners (’933 proyyded,gigReysiomog G\Escé Yé\’ieﬁ“v?;hia %tadFé’f’d’eﬁl tB‘F 20

enhanci ng t he reestieane ERluepy gfeeanes This istreapokeyhesrnsefdd pofCreantPr E),
as was cl aarl yesterancins bhevildensddie i BRET @Yetdyy B6L akhedddBrenaNEbndl 42 F3ash.

rel axation begﬂlé Frash Fgccured \A\QL% %, ?ﬂu%nt eﬁlted thero% rﬂaciior hzaater and

PCT/ US97/ 1554 ration o

React or Descr Pt iR3ffssu+e wbs drogpRs §Fﬁ‘@|4e75r%%t’(9t or %Eeb%\)a@an 6°9af1%A 02, 7
L), oil jackepveessure abljyelotd avethomerpouskssssrereadrehmvelreacTbis (CSRE. A
magnetical ly bolgeuptertragid aboro thckdr@ht ddviagavsi320ri m@bfﬂ;ﬁaw@vwes

the mxing, oo Jddig bEARL0%o @mg gui-d zfeaahbe@tfréﬁh@sbﬁmér% cKEa) .

Process fl ow t om.and at transfer oil was

ci rcul at ed \gaf?fra&dbhzetrhe ’ihfcfé‘é ATGf-SF i eH (‘3?’?’t°0f FRAIFEC K e TF -t hE'heat
of react i ghreanf vag qondensedt arfqd ¢t b e gl gett decketsdaeirbengarot ernered dbel0
nmeter that nmeasdtres bt awvvaadnsphmt a8 wWeN8iidhargdd Itol & NAYCON jlabBrRetXblvent

of the reactor nwte,ru%%gywnghsé&rgmr( %éésgl kE@)ve%Eeérm 30¢kene wdAasul at ed

Procedure y zene un te i e
Che mni < A5 B SoErREosT TS EPhY e Tn R O Thd Po AL of R
measur ed by aEthquch?"deR/Bt‘?aénmﬁﬁ%’srefilWhrrét’@rcmﬁ"&}:aﬁ’i’a{'tﬂsé %’p’é’eﬂe‘(ﬁfam agm

pum analyzed for compecsition. The measurement of vented ethylene plus a
calculation of the dissclved gasses in the solvent/styrene stream were
used to calculate the ethylene conversion. The polymer seperated in

25 the devolatilizer was pumped out with a gear pump to a ZSK-30
devolatilizing vacuum extruder. The dry polymer exits the extruder as
a single strand. This strand was cooled as it was pulled through a
water bath. The excess water was blown from the strand with air and

the strand was chopped intc pellets with a strand chopper.



controlled the feed rate. At the discharge of the sol vent Eug}é})ﬁa si de
stream waWa K88 o provide flush flows for the catal yst | RFEMSPEIFS6 | ne
(1 I'b/hr (0.45 kg/hr)) and the reactor agitator (0.75 Ib/hr ( 20 0.34 kg/

hr)). These flows were neasured by differential pressure flow neters
and controll ed by manual adjustment of mcro-flow needle val ves.

Uni nhi bited styrene nononer was supplied to the mni-plant at 30 psig
(207 kpa). The feed to the reactor was neasured by a Mcro- Mot i on
mass flow nmeter. A variable speed di aphragm punp controlled 25 the feed
rate. The styrene streamwas m xed with the remaining sol vent stream
Et hyl ene was supplied to the mni-plant at 600 psig (4,137 kPa). The
et hyl ene stream was neasured by a M cro-Mtion nass fl ow nmeter just
prior to the Research valve controlling flow A Brooks fl ow
meter/controllers was used to deliver hydrogen into the 30 ethylene stream
at the outlet of the ethylene control valve. The et hyl ene/ hydr ogen

m xture conbines with the solvent/styrene stream at anbi ent
tenperature. The tenperature of the sol vent/nonomer as it enters the

reactor was dropped to [err]5 [err]C by an exchanger with -5[err]C
glycol on the jacket. This streamentered tBe bottom of the reactor. 35
The three conponent catal yst system and its3solvent flush al so enter
the reactor at the bottom but through a diffierent port than the

nononer stream Ly epar arT onf.o e catalysf conponents (catalyst;
m xed al kyl al urﬁrg)xa«ne(\&MAO)Egthyl di al {Zyl ammoni um sal t of
tetrakis pentaf I|tét oaryl [DEt Bt ) [®tlook placecin an inert atnosphere 40
gl ove box. The [dil uped o fphnentkhy wer e put>|n nitrogen padded
cylinders and cHargeff to|3 el cigti@llyst run t&nks in the process area.
From t hese run ta,*s*1hp catpalysit was pressﬁred up with piston punps
- 20- WO 98/%001& o lo |n
PCT/ US97/ 15546 5anja1:ha was ﬁeasured with Mcro-Mtion mass fl ow
meters. These streans-—£o Wt h ﬁachoother and the catal yst flush
sol vent just * PLL to ents oughda swngle injection line into the
reactor. 3 §ge ymafg ~ &t s sFoppegd with the addition of catalyst
kill 5 (watersphifget™ th|'s¢t e nto ®he eactor product line after the
mi cronotion 1oy aputtngrtihe & ogutlén density. Qher polyner
addi tives can bg 2 It Ihe ks agysg klbl A static mxer in the
l'ine provided di &lo t-he ek alysE kilsl and additives in the
reactor effluent|ssir This 3 Lne‘ﬁt emt ered post reactor 10 heaters
t hat provide addktloial amer;y—fewé§h§ ol vent renoval flash. Thi s
flash occured as| t hel®ff [agni~ pijtfed Lhe post reactor heater and t he
pressure was dr oppee-+roim4rb—ps 5(33255 kPa) down to -250mm of
pressure absol utle at [4 he ¥ ¢363 Br{epjessuge cgntrol valve. This flashed
pol yner entered a>-£10 2 oi = jlakiey oo ;geyohatl |g zer. Approximately 85
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15 percéntiﬁgglmlyol atiles were renoved fromthe polyner
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devol atilizer. The volatiles exit the top of the devolatilizer. The
st ream was condensed—and-ii-ti-hea gl vcool i:\r\ ot ad ove anger entered_t he
suction of a vacuun puhpfand smscharge ycql |} agkdt jsofvgnt
and styrene/ et hyl eng sEpasdti ®gssel . [So stlpreng= ver e po
removed from the bogtb& ¢f [&h /%<se| ané 4B hestBps (The
et hyl ene stream was “repsir 4d i a M crfo- 5S |f jow] ngt gr RN
anal yzed for conposfrTpm mg'awr'enmt ethyepe st =
cal cul ation of the [ spolluga Hagsds in tjRre “$Tyhgme ﬁtﬂga:n: re
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i nt er pol yner whi
styrene in the

and has an |[ern
[[err]/1[err] of
i nterpol ymer whi
styrene in the

and has an | [er
[[err]/1[err] of
i nterpol yner whi
styrene in the

and has an I[erf
[[err]/1[err] of

Interpolynmer F is an ethyl ene/styrene

i nterpol yner whi
styrene in the ]
has an I[err]

of 7.6

contains 6.6 nol
i nterpol ynmer, 7.
melt index of 1.
The bl end exanpl
uni que property
| nt er pol yners.
processes frond 4
ener gy at breag

per formance of?
gl ass tranS|t|9r

Tabl

o contains 41.8 nole (72.7 wt.) percent copolynerized
i 3d§r olymer, 9.1 wt. percent of atactic polystyrene
) I |t index of 2.5, and a nelt index ratio
13 Interpolymer Gis an ethyl ene/ styrene
Q - ntains 26.7 nole (57.5 w.) percent copol ynerized
- 18 ;ngrpolyner 3.5 wt. percent of atactic polystyrene
El"IRleglt index of 1.0, and a nelt index ratio
—A—6 Interpolymer His an ethyl ene/ styrene
ght 10 |gantains 22.6 nole (52 w.) percent copol ynerized
0 a:rnqarpolyner, 1.8 wt. percent of atactic polystyrene
FJH o It .index of 1.0, and a nelt index ratio
A4 e Interpolymer | is an ethyl ene/ styrene
ENe {n [dongains 12.8 nole (35.3 wt.) percent copol ynerized
8 |9 ﬁeﬂ Izner 8.6 wt. percent of atactic polystyrene and
melt jindex of 1.1, and a melt index ratio I[err]/I[err]
| nledp yner J is an ethyl ene/styrene interpolyner which
e {(20.9 percent copol ynerized styrene in the
7 M NQér t of atactic polystyrene and has an I[err] 20
B,{afd {8 et index ratio I[err]OI[err] of 8.0
esf ol Ta |6m6 further illustrate the utility and
hal apcds Mhich can be achieved by bl ending of
Br@nds 9, 10 show two distinct glass transition
3 ;dﬁmaglc echani cal testing, conbined with high tensile
and fa feavel of stress relaxation biased towards the
" neﬁ%‘(E). Bl end 11 shows two distinct
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dynam ¢ necianegsisiois esting, reflecting the mscibility of conporesszisés30
and H giving a single Tg peak, with conponent F being present as a
separate phase. This blend retai ns good nechani cal properties and high
stress rel axati on. Bl ends 12-17 show either a broad tenperature
range for Tg, or IntetpwiydestH nstanlgtpyiznesseseneoimiiengslywet lwhlitigh tensil e
energies at 32ontd®@k4 8N mdDeXPecy ad . eyalcanofcopbi s iked axatdn;canpar ed
to what may 'nt?ﬁoo%%%(:i Qag ed frozmetnlgeog%t <(:)*niet::nt o.'Poslt geer{es and has I

Bl ends 18-23 furtHer ITl'ustrate Phat good “theral pertofimance, -0 2" ‘as

evi denced by TRRAL pingBE Perebr Adon medanitfexardtiioy bd/ rhpf 401 retaini ng
good nechanmi cal prdpeetpaymands s gin sthelsner €daeat i ionedfblyhehamic .

- 25- . contaidsAb &S mole (57.5 wt.;' ercefit _mo ngn%friQQl ¥tidre [RGGL! al's
characterized by a plurality of su%ﬁst antiall ¥ random i n%%r gol ners,
each i nt er pol yAef FeglTt ng” fTonPpoifie?t 2FAGE S POLYSEYER)® £P4MR2E 1065 nol e
percent of ei f"gék ingex of 1.0 gndge mMedfsindseratiigylitfenef dr6mati ¢ nononer or
(b) at |east one himndergmdyabt phakian @thgleak pad irehating evpdlyhedemeckrononer ,

or 10 cohfdind SPMMLBAL I @R Qf . )abelLast N8 WiNYLLAeYe. A QHBLH.C

nmononer and at, | eas 1.8 wt one hi ndered al i %atl c_or

cycl oal i phat i ¢™VFRTY8%He 'nonbrePS ERE °F 2tactiOPoRS5YE £ 885 ) &:
percent of at Medhsindgiectalli pharPca dieghainsesf Yatikalifig ¢F dnf2 10 to 20
carbon atons; and Interpolyder fIr am £h @nlenBDs e/ rRRE GRRErgdlyRkr W@ast one

p0| yrreri zabl eth@J_iin@ IPNORELe (35,3 wt.) péi'cgagrc%gglﬂegméoz)sty%g in the

wherein: - . (1) .the agount of vi ngl |§ene Arondtic nononer residue or
hi ndered ari pR&t7¢%ris ° © BY0AI PhRAR T VPRRMSEYETS ABhSRERT 83 due,
or both the amBliht:"ge*\¥hy}ideéme & melt index rajignhwi% #drefer residue and
t he amount of hi ndemedrmdliypératd ¢sodn ethylene/styresyciln@alphahéc whistyl i dene

monomer resi degnidindny. & Ho8L PRloY BBk i bRt FdPB ymerized styredeh@l w@gOUNT 0N
any ot her interpol

e on, SPPEITECEY 520 Leoste i P BRSBTS
mol ecul ar Hhei FRLE (WAF* oFf dalh FrAt sk yHstexcoaRgonbIz & 8.0 (iii) both
(i) and (ii) are n@he blend examples of2Table A DHirendr afilcbadame Ithewherlern 2eaich
of the interpohyf®y peopRARERinces whiBhWah H& UBMPOIMATBY) iAkRGing of
Interpolymers.
Blends 9, 10 show two distinct glass transition processes from
25 dynanic mechanical testing, combined with high tensile energy at break
and a level of stress relaxation biased towards the performance of
component (E}.
Blend 11 shows two distinct glass transition processes from
dynamic mechanical testing, reflecting the miscibility of components G
30 and E giving a single Tg peak, with component F being present as a
separate phase. This blend retains good mechanical properties and high
stress relaxation.
Blends 12~17 show either a broad temperature range for Tg, or
two distinct Tg processes, combined with high tensile energies at
35 break and unexpected levels of stress relaxation compared to what may
be anticipated from the component polymers.

- Blends 18-23 further illustrate that good thermal performance,
as evidenced by TMA probe penetration, can be achieved whilst
retaining good mechanical properties and high stress relaxation

40 behavior.
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25 (1) from1 to 65 nole percent _of-either (a) at' l'east one

vinyl i den®uPHHNS ¢ noneser—orsTT pt 2% (b) at | east ondPGR/VRAHEYME

ali phatic or cycloal i pHatilc 'vinylidene ngnoner, or 30

- 26- (c) :a.conbi-nation of at |east one vinylidene
aromatic rergv;@S_and at “tgast one hindered aliphatic or
cycl oal i phat’i i nyl i dene nononer, and (2) from35 to 99 nole
percent af at |east one ahijikaticr abpharot efdterhavi agadacoddiZed by a to
12 carbon atAsa1ARdos SnterdodymdLOM Dot qné&fﬂ@kﬁemé&ﬁ%ngfr@& | east one
pol yneri zabl e ol ef.in_nononer different from(2); and

wherein: ®  POYmeXYZINdy ne appunt of vinylidene aromatic nmonomer residue or
hi nder ed 4al i phit feompd to 65 mole perceppcedhalitidrati ¢ vi nyl i dene nonomer
residue ar both t{» ameait ohe winylidReaddhatic monomer@bonmati ¢ nononer

I‘QSI d!"e Qnd the a(B?UQé _lggs@!oﬂgqi%Qef‘éd QE‘?}%Ha"\ciQror o cloaliphaticC%.%b?laélelnghat Ic
vi nyl i dene nmononer residue in any Interpolyner con%onent

differs fromthat an®BU¥"¥m Anot her interpol ymer conponent by at |east 1
nol e perdent; or fc) a combiratjon lpdr et jleagt dirfef eirenidderg aatmdtéagion8Peper cent
bet ween tshe nunber aser agelekbt one hinderBB| L6phadicwet Pyt14MMpnhoficeach

i nt er pol yer conponept 1 9fene mOmmer'(ia'll],lic,) both (i) and (ii) are net.

3. A blend of cl ai ?1 1, wherein each of the interpolynmer conponents
resul t fFom pbfyAER Z2rntf &7 BHEoRTESEBh ToRbrisgshgereoatirhatiy alpanciefid 65
mol e per#ent of Beyimgnérang te 20 carbpf)atomemaB8 to 99 nol e percent of

et hyl enewor a(mombimat toNooholRt bytme énNdtaieast one polymerh&asle oNEihi gher
al i phati g al pha glefi.n havhpg,f 595;& 3,40 4@ carbon atons; and wher ei n:
(i) the amount of styrene residue in any interpolyner conponent differs
from25 ' ""®F€}hat of another interpol ymer component by at |east 2 nole
percent;tor (i)} the( ppgunthef ¢ipgligedp ffromanice mofiomgr fesddte 4@dper cent

bet ween tthe nunbeiindeesdgeiphatic or cycldmbig@citliarvingl gine Mncabr aa6hdue

I nter p0| YTET . COW%H; ;in®krpolymer d(i'fkéx)s Qg&b t('\!a*) aa\'ggnt( 'i'n) ax‘?J %tﬁ&t : 30

- 21- 19 interpolymer) by at least 0.5 mole percent; and/or
20 {ii) there is a difference of at least 20 percent between the number
21 average molecular weight {Mn) of each interpolymer component.
1 2. A blend of claim 1, wherein each of the interpolymer
2 components result from polymerizing:
3 {1) from 1 to 65 mole percent of either

Be

{a) at least cne vinylidene aromatic monomer or

5 {b) at least one hindered aliphatic or cycloaliphatic vinylidene
6 monomer, or

7 (c) a combination of at least one vinylidene aromatic monomer

8 and at least one hindered aliphatic or cycloaliphatic

] vinylidene monomer, and

10 (2) from 35 to 99 mole percent of at least one aliphatic alpha olefin
1 having from 2 to 12 carbon atoms; and

12 (3) from 0 to 10 mole percent of at least one polymerizable olefin

13 monomer different from (2); and

14 wherein:?

15 {i) the amount of vinylidene aromatic monomer residue and/or

18 hindered aliphatic or cycloaliphatic vinylidene monomer residue
17 in any interpolymer component differs from that amount in

18 another interpolymer component by at least 1 mole percent;

19 and/or
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4. A bl e\@@dﬂfm&ﬂsai m 1, wherein each of the interpolymer copgrosissss

results frompolynerizing: (1) from1l to 65 nole percent of styrene
and (2) from35 to 99 nole percent of ethylene or a conbination of
ethylene and at 5 | east one of propyl ene, 4-nethyl pentene,

but ene- 1, yshexengril,theet enealdifiference of at leASt [BOr pefent betwabertdiennumber

(i) the gmount of SLyreng.i&shdvue.d yndnyud)nberfehy Mle -c01R@ACH mpdhédtar S
from that anount i n anot’her interpolyner conponent by at | east

0.5 nol e percent; 10 r . (e LEy I distker of at
| east 20 p'ercent bet weer31't gl?\rhdr)rﬁérchillgr é’ge Heke!d!Gatn ¥ @tﬁrolleféulfg%e

wei ght (Vh)? of CeBRORERTR ERHRIty FES™ POMIRRTALNT Gy composition CORRIISARR: () and
(ii) are net. (WMSfrom 1 to 35 moleArbrestd of styaeme Bndwherein each of the
Itgt ggp%?/gﬁr Com?@&]ght %ts to 99rrﬁ'c§1dlé| b8z ddrRMbPAeyPBedeZ bAGE combinatiof bF from 1
ercen styrene_an, : t

of et hyl ensel;o or a Egh J’leﬁéta}ngnabf‘egtsﬁ ngnglé\% g%ﬁma@?c athag%llggggthggﬁggeg;
propyl ene, 8 4- met hyErgerst End? BRiRORe29o"Hei¥he- 1, octene-1 or 20
nor bornener  whereinwher ei n: (i) the amount of styrene residue in
Iag%/e:’ BEF;%LYS%)gowgﬁmnt?bf fsert§erﬁé’ Q‘@}sidue in any intdripalyne? ad@donest

ne, ea no er t lJ Ly there |
a di fferente of at ‘?’gggfgﬁoﬁe?n@%n?}ba&oﬁg%n 1?%%?& éerr cgr\nrbeornaeaté(%)&t LS
mol ecul ar ei ght (M3 msfei RREERPOI PREFOTonponent s; or (iii) both (i)
and (ii) are nefii) there B a difference of at least 40 percent between the numbgg.

6. A blend of clalyprhge WogESiTareaciyRibN@ i BAET RAt PRI yNPEHRALSE .
results from pol yneri zi ng:

1 4. A blend of claim 1, wherein each of the interpolymer

2 components results from polymerizing:

3 (1) from 1 to 65 mole percent of styrene and

4 * (2) from 35 to 99 mole percent of ethylene or a combination of

5 ethylene and at least one of propylene, 4-methyl pentene,

6 butene-1, hexene—l,oétene—l or norbornene

7 wherein:

8 (i} the amount of styrene residue in any interpoclymer component

9 differs from that amount in another interpolymer component by
10 at least 0.5 mole percent; and/or
1 {ii) there is a difference of at least 20 percent between the number
12 average molecular weight({Mn) of each interpolymer component.

1 5. A blend of claim 1, wherein each of the interpolymer

2 components results from polymerizing:

3 (1) from 1 to 65 mole percent of styrene and

4 (2) from 35 to 99 mole percent of ethylene; or a combination of

5 ethylene and at least one of propylene, 4-methyl pentene,

6 butene-1, hexene-1,octene-1 or norbornene

7 wherein:

8 {i) the amount of styrene residue in any interpolymer component

] - .differs from that in another interpolymer component by at least
10 1 mole percent; and/or

11 (ii) there is a difference of at least 30 percent between the number
12 average molecular weight (Mn) of interpolymer components.

!
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(1) from1l to 65 nole per M f qf\/rnnp and 5 (2) fr0m35t0 99 nol e
percent ofWeeHy#dse or OTHIBrBHERTHAS BEERY! ene and at PCT/US97/15846ast
one of propyl ene, 4-net hyI pent EEELA&IE!} ene- , hexene-1, octene-1 or

nor bor nene; and wher ef T tte—aretnt of styrene residue in any

i nter pol ymer conponent . dif om_t hat nother |nterpolyner
conmponent' by from2 to Ieséf?rh E1 A% al e}(r])‘?:reeﬁf1 et °P 8 h-HeERY:

exhi bi tirfg L£EPAREE SgFazy 6 &t P‘?’dﬁ‘ef’e’ﬁﬁérat ure (Tg) SI mlar in formto,
but in the tenerftaw @ ramnfendiet weernt hef $gy:=nefarddie i ndi vi dual

i nterpol yyrer (2 f&ﬁﬂ@@rwbs n%'ieni?ék%'éﬁ@%fbé(cr%i@ﬁéno‘% mgm&%n of

spect roscsopy lene and7at lea on fOf rgl q V\'ht.%\ ? g'r(m:h of the

i nt er pol yner conpong £8 resuTtts ?romp A BT qulﬁ y 1) from1
to 65 nol%e per cenftvtEPestyhergneghdoctene-1 °6’21)°XP°PéfPﬁnGS %f@ 99 nol e percent of
et hyl ene 7or whezenti nati on of ethyl ene and at | east one of

propyl eng, 4- r@lehx&xo@ﬁ:nt:?rﬁyrg{‘g ?Q?J.dl.\e ?rpany interp ?ﬁ@p%o&po&q\ke&%’f;r r
norbornene wher e e resi

r ein a ter
conponent® di ff“rerrom fha tmaf“ﬁ‘éﬁt in a“°grr‘1%ﬁ1ﬁf’ % gﬂ?fﬁh&?“‘ﬁ%?’é‘fr o] f/?r/‘?(‘-i‘rgI
by great® thah2D0iu" ™, PRAFENt hIsEAl Plends exhpidiipd onsiesdisi Blassng a
br oadeneeh si ngirangi@iss tempeshtien (T@NBeREladr €n rfaggeo, Obut in tM@xhi biting two

or more gl ass égn@e,@a@dz@nrgr@@p@m&useb%eaﬁgvr;ewwh%dlmv@amnm&golmgham cal

spectroscopy. 8. ris hree or
more i nt & pol yIEP REHSoARATes re ¥e‘§yﬁlla‘f"fcn§‘e?r?%°?>jo|s§7ﬁ%n‘? °fF‘f‘Pd’g (1)
froml to 65 nol e percent of styrene and

-29- 2)P Proifl 35 5180l nﬁf‘%’eﬁér%"’e‘:ﬁt obfthat HRHSERY YBFT a

conbi nat ion efmPentiisemesaitd &tom polymerizing:| east one of propyl ene, 4-nethyl
pent ene, dutener)lfrdierene-6b, malet paeeht 06f styrene and  NOrbornene wherein:

wherein the ovef>aﬂonblagnpo @Qfmﬁ%' bdQurnexdy Q’cﬁﬁeﬂe tyrogd@aasgnéelaglﬁf gl ass
transition gp ratur
a

ra I bit | stinct glass
transition terrper r§§eaas at qgn%%s"ﬁ‘?e By° 3?11 c' %ﬁén‘i’%l"‘
spect r oscopy. butene-1, 9. A bl end of any of claims 1-8 wherein the
I nt er pol ynmer conpbsenieslareetene-1 pr ocitetheby Wepeinsneri zati on of two or
nore apprpri a&ree AROGNELE ddYrEhe r1QiduePE £SRNCE QL& B aldhpese atrdlyst

and a co- calealy fom that amount in another interpolymer component by greater than

10 10 wt.%, such blend compositions exhibiting a broadened single glass
1 transition temperature range, or exhibiting two or more glass
12 transition temperatures as measured by dynamic mechanical

13 spectroscopy.

1 8. A blend of claim 1, comprising three or more

2 interpolymer components resulting from polymerizing:

3 (i) from 1 to 65 mole percent of styrene and

4 {2} from 35 to 99 mole percent of ethylene or a combination of
s ethylene and at least one of propylene, 4-methyl pentene,

8 butene-1, hexene-1l,octene~1 or norbornene wherein:

7 wherein the overall blend composition exhibits a broadened single

glass transition temperature range, or exhibits two or more distinct
8 glass transition temperatures as measured by dynamic mechanical
10 spectroscopy.

1 9. A blend of any of claims 1-8 wherein the interpolymer
2 components are produced by copolymerization of two or more appropriate

3 monomers in the presence of a metallocene catalyst and a co-catalyst.
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10. An admgsyl@ogr seal ant system conprising an_interpol ynepcphgethseds
any one of clainms 1-9. 15 11. ﬁipf;gt ok rfitdgueesyl ting from

cal endering, blowing or casting an erﬁ@h}@{@r{) blrend of any one of
clainms 1-9. 12. Injectio ruded, bl ow

nol ded, rotonol ded or t her nof or ned parts prepared from an |nterpol ymer
bl end of afy one of clailffs AmadiEFive or sealant ggstem Fpipxising gans or

| ati ces preparieeefpoapmean bieikpodnyrene iealands any. one of clainms 1-9.
14. Fabricated articles, or foaned structures prepared froman 25

i nterpol yner bl end of any.orgheef ool il resOl@inmg fidadicabendleirind,y bl swisqUus
agg Vi br @b k0ol @A PinRBr s Rht £ 1R f any od@ of claims 1-9.

1 12. Injection, compression, extruded, blow molded,
2 rotomolded or thermoformed parts prepared from an interpolymer blend

3 of any one of claims 1-9.

1 13. Fibers, foams or latices prepared from an
2 interpolymer blend of any one of claims 1-9.

1 14. Fabricated articles, or foamed structures prepared

2 from an interpolymer blend of any one of claims 1-9 and finding

3 utility in sound and vibration damping applications.
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