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The present invention pertains to the nodification of conposi tions
contai ning interpolynmers of a-olefin/vinylidene aromatic 5 and/or
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-1- 25 desirabl prbALBS for example, in the areas of processing
PCT/ USQ?/:éggggcteristics or enhanced glass transition temperature depression or
reduced modulus or_redueed hardness or lower viscosity or improved '
ultimate elongation cdmpared to a like property of the unmodified
interpolymer. 1In relation to this invention, it is also considered
% advaritageous to be able to engineer the glass transition process for
the interpolymers to a particular temperature range, so that the
energy absorbing capabilities of the polymer can be best utilized for
example in sound and vibration damping. _ -
This invention discloses the utility of plasticizers to achieve
s —modification of the a-olefin/hindered vinylidene monomer substantially
' random interpolymers. There is a broad knowledge base on the
plasticization of poly(vinyl chloride) (PVC), and it is generally
known that many thermoplastics can be plasticized. 'Reference can be
made, for example, to “Plasticizers” in “The Encyclopedia of Polymer

-1-



Sci ence and Engi neering" (Supplement Vol ume; W/ ey Interscience, .1989)
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appll(3a&ICHHinyl -type plasticizers with low density polyethylene (LDPE) is

usually 0 to 2 weight percent, although some hydrocarbons such as
-~ certain mineral oils may be compatible up to 20 weight percent.
United States patent number 3,821,149 describing “Plasticized
thermoplastic semi-crystalline block copolymers” teaches that random
@  copolymers of ethylene and t-bﬁtyl styrene are non-crystalline, and
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A further approach to consider regarding plasticization is the

relative conpatibility of the plasticizing nolecule with the polyner.
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poI yneri zi mgramngtpgeneatwedn polymeypapd Plasbicizenpr iAgidhigionally, it is not
anticipated that interpolymers which are relatively rich in styrene
(about 25-60 mole percent), and amorphous in nature, would be .
30 effectively modified by many typical plasticizers used for vinyl
modification. _

- Based on'the available background information, it would not be
anticipated that a-olefin/hindered vinylidene monomer substantially
random interpolymers, and especially ethylene/styrene interpolymers,

.3 would be effectively modified by many typical plast1c1zers associated
with PVC modlflcatlon, and partlcularly in the ranges of plasticizer
.= incorporation described in this invention.
" One aspect of the present invention pertains to a composition
. comprising ' - - '.
40 (L) from 50 to 99 percent by wéighﬁ of at least one substantially
random interpolymer resulting from polymerizing a monomer
. composition comprising '
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{1) from_i to 65 mole percent of. '
(a) at least one vinylidene aromatic monomer, or
(b) at least one hindered aliphatic or cycloaliphatic
. vinylidene monomer, or
(c}) a combination of at least one aromatic vinylidené
monomer and at least one hindered aliphatic or.
cycloaliphatic vinylidene monomer, and |
{(2) from 35 to 99 mole percent of at least one Ci.;o a-olefin,:
and ' . ' _ | '
(B) from 1 to 50 percent by weiéht of at least one plasticizer
selected from the group consisting of phthalate esters,
trimellitate esters, benzoates, ‘aliphatic diesters (including
adipates azelates and sebacates), epoxy compounds; phosphate
esters,.glutarates, polymeric plasticizers (polyesters of glycols
and aliphatic dicarboxylic acids) and oils.
Another aspect of the presént invention pertains to such
modified interpolymers in the form of a film or sheet, or as a

component of a multilayered structure resulting from calendering,

blowing, casting or (co-)extrusion operations.

Another aspect of the present invention pertains to such
modified interpolymers and their'utility in the form of foams, fibers
or emulsions. ' '

Another aspect of the present invention pertains to the
utilization of such modified interpolymers in adhesives, adhesive
formulations and adhesive/sealant applications. ' '

Another aspect of the present invention pertains to injection,

‘compression, extruded or blow molded parts prepared from such modified

interpolymers.

The compositions of the present invention can "comprise”,
"consist essentially of" or "consist of" any two or more of such
polymers or interpolymers or plasticizers enumerated herein.

These compositions provide an improvement in one or more of the
properties such as, but not limited to, processing characteristics or
enhanced glass transition temperature depression or reduced modulus or
reduced hardness or lower viscosity or improved ultimate elongation
compared to a like property'of the unmodified interpolymer.

. The term "interpolymer" is used herein to indicate a polymer
wherein at least two different monomefs are polymerized to make the

. interpolymer.

The term "copolymer" as employed herein means a polymer wherein
at least two different monomers are polymerized to form the copolymer.



(1) from1l to 65 nole percent of . (a) at |east one vinylidene
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R e
subst an®i alchlp‘?%ﬁ‘faoﬁﬁ a value of a process varlable such as, for example,
temperature, pressure, time and the llke is, for example, from 1 to
90, preferably from 20 to 80, more preferably from 30 to 70, it is
intended that values such as 15 to 85, 22 to 68, 43 to 51, 30 to 32
" etc. are expressly enumerated in this specification. For values which
33 are less than one, one unit is considered to be 0.0001, 0.001, 0.0l or
0.1 as appropriate. These are only examples of what is specificaily
—«intended and all possible combinations of humerical values between the
lowest value and the highest value enumerated are to be considered to
be expressly stated in this application in a similar mannexr.
o . The interpolymers suitable for blending to make the blends
comprising the present invention include, but are not limited to
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g halogenated styrenes,
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By the term “hindered aliphatic or cycloaliphatic vinylidene
compounds”, it is meant addition polymefizable vinylidene monomers
cdrresponding to the formula: - |

. o
RI— &= CR),
2
35 wherein A! is a sterically buiky, aliphatic or cycloaliphatic
' substituent of up to 20 carbons, R! is selected from the group of

- %



wherein R err] is selected fromthe group of radicals consisting of
hydrogen and al kyl radicals containing from1l to 4 carbon atons, 15

pr ef er abl ywbwdrmaseén or nethyl; each Rerr] is |ndependentlyfkﬂiﬂﬁﬁﬂﬁﬂmﬂrom
the group of radicals consisting of hydrogen and al kyl radicals
containing from1 to 4 carbon atome, preferably hydrogen or nethyl; Ar
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are substanti al’l .ran om pQl yners. hese. |nterpo yners
hile preparln the substantially random interpolymer, an amount

of atactic vinylidene aromatic homopolymer may be formed due to

35 homopolymerization of the vinylidehe'aromatic monomer at elevated
temperatures. The presence of vinylidene aromatic' homopolymer is in

—* general not detrimental for the purposes of the present invention and
can be tolerated. The vinylidene aromatic homopolymer may be
separated from the interpolymer, if desired, by extraction techniques

4 such as selective precipitation from solution'wifh a non.solvent for
either the interpolymér or the vinylidene aromatic homopblymer. For
the purpose of the present invention it is preferred that no more than
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usual Iy contain from5 'to 65, preferably from5 to 50, nore preferably 25 -
from10 to 50 nmol e percent of at | east one vi nyl i dene aromatic nononer

and/ or ?ﬂ@d i phatic or cycloaliphatice vinylidene nonoperrogswhooe from
35to 95 preferably from50 to 95, nore preferably from50 to 90 nol e
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e
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_pl’ oduct S r%&ﬂ&&ég}%l BH@J“ 56%2 475, fllet{]%gg ?dor RQ&Z@”@EL& g%{]ﬁ:{]ng to EP-A-

Exanpl es of_"Su %‘ﬁ e _catal ts and preparin

subst anf’ aﬁ]{l‘ (A8 ﬁPBJr%C& v af E 80288 s S 9h e 1a- 9% 815; EP- A-
20 514, 828; C®I§P@§F@9}¢°W'A55a‘703993u@0rAuslpgndlm!gNPo 0BP24L 5206, 782edU. S.
Pat ent Bo. May724, 1854 aaswedll as d)sS. pAiainest 5, 055 0653, 4‘38),5754'%754656 867;

5, 096, 867; Q2 3 9, =32 4,

5 350, 723 550%%%965 1%235% o3peg s §5§g’9’2@6 fahiroae, E%sé’t 8% and
-appl i cat i arg? %Gnc%ﬂ'z‘p?ar &% Gnﬂesr SPfi- 13F ALt é’rfeHE’éﬂH REYGREFr arch ePpigptions
25 - = Hre ingeyparatied hereipriowefereniceoirfthaiyienyitetone aromatic

i nt er pol yners carmeabassthat pnepare@ionyetdes ipiiags: [das dWrohee: dy JOhn G

L S S R B bl
- Technol ogy Bxpdf t-efher 1 GRS, &89-)ofn i 8%Y320857 B¥oRpdt- a’?é’éPell 30
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33 Technology, p. 25 (September 1992), all of which are incorporated
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—e Also suitable are the substantially random interpolymers which
comprise at least one a-olefin/vinyl aromatic/vinyl aromatic/a-olefin
tetrad disclosed in U. S. Application No. 08/708,809 filed September

s 4, 1996 by Francis J. Timmers et al. These interpolymers contain
-additional signals with intensities greater than three times the peak
to peak noise. These signals appear in the qhemical shift range
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. AI so suitable are the substantiall y random i nt er pol ymers whi ch
conprise at |east one [err]-ol efin/vinyl aromatic/vinyl

aronat i c/ v bdnAakefin . tetrad disclosed in WO 98/ 09¥GI/USI#ZI909
i nterpol ymers contain addi tional signals with intensities greater

than three 'tines the peak 35 to peak noise. These signals appear in
the chem cai3 9fB8iii, 25ap8€ and 38.0-38.3\PpRA8/ 2pdELFically, major peaks are :

PCT/ US97/ 22008 cvea ac_#2:27524% 23 pféﬂzaggn 38, O%l%ggé PR NMRS%QELHMU Y.

maj or peaks rved at roton_test - NI\/R
~experi nent lndlcPﬁ%ﬁ (‘,'-Bi‘%sthﬁh%t’tgntal]ré 0 éﬁﬁl"s,hef“hci]héht’:ﬂ'erﬁe&h?n 4R 13-4 on

43. 75-44. 25ppm arpprathize rerbénse apdriiensignadst ire the qreglion i 38.0R28 rSegpon
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t he carbon-13 N
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fol | owi ng proced e°§85’ﬁat c SR BRI 8“’°°“‘%%3{“§ ébe“xﬁai E ﬁhWEI ght
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more. The speGi(adetylac@ichatef emenred-toiderbisdizahed MRRIyHee8ea Srgnal of

“the p0| ynmer %%%%é'aﬁl”‘f%% ug’zg'igogg _Pr%se qated decoLﬁJhln d?%%de%\égd ! Bﬁ‘ t hese

new signal s sequences tarl Vi nyl
aromati ¢ noPREr W’pﬁté’céﬁ‘e(f BAtee del?%quo%‘ﬁ B?"%ﬂdsl adPrene TREOFRAGERS
insertion, 4or regewwplced tanthe iselatednetintlpnensigsty renehetdrleere tetrad
wher ei n 44 heagﬂéhg@@trrg@mrpﬁp i nsertl ons of said tetrads occur exclusively

inal, 2 (head t |L%l eved BRCLedel oL slignarSt ood, by, one lsllérlléled in the
art that for suc rads 1 nvolving a Sromati & o ot her than

styrene andl%‘r?l"’-ng [t8P rheadr P13 10t W1t ?%ﬂ’f‘aéf‘l’m%ﬁ’ee’f ﬁéfc‘tdﬁé é‘?‘hyl ene/ vi nyl
aromati c  follomedsry wi Meastiraratelefinoirereleidnl Eoe dxetpled Wah| give rise

to 25 sim |@£nﬁé£@ﬁ§%y}§né¥'¥%w\§tmtenw Eélrﬁhlvﬂwrleyn dntf 8¢ aRhe %Bh&@l
e A N v T
- pol yneri % at PP EH 1'ferrper(i‘t ures o ”ﬁg@i‘rg; td %Oﬁ
t .

presence mangergycht d&t Wrdpresoed bﬁfh%‘see Ski enttdg BY* Hétf%‘-’rrﬁ‘l"%i’

[err] B8ftrads Adveleiny aewolylCprimtiodepencenthyy thashstyrene ramdcean a _
substi tut eda-olefsycataeer\;ﬁql eawlegéoc.lmt[erer Ltmléae/my&/l a,.Emdasle.C or Si; Mis
a group IV rabI each Ris

: ndependentry°ms§?‘rrn3% HREbLS m°?5rmrry’a?%£fersyretr§?|r§&§d% L afte S0 O
hydr ocarby| sinijpr %ﬁ?&ﬂﬁ NYR Reaks Bt pier shaghtlyf dbifierent chemimple
shifts.

These interpolymers are prepared by conducting the _
polymerization at temperatures of from -30°C to 250°C in the presence

of such catalysts as those represented by the formula

. CP
/ N\
(ER), MR,
N/

30 : P :
wherein: each Cp 1s 1ndependently, each occurrence, a substituted

cyclopentadlenyl group mi-bound to M; E is C or Si; M is a group IV

metal, preferably Zr or Hf, most preferably Zr; each R is

independently, each occurrence, H, hydrocarbyl, silahydrocarbyl, or
s hydrocarbylsilyl, containing up to 30 preferably from 1 to 20 more

preferably from 1 to 10 carbon or silicon atoms; each R' is



preferably from1l to 10 carbon or silicon atons; each R is _

i ndependent |y, each occurrence, H, hal o, hydrocarbyl, hyrocarbyl oxy,

si | ahydr ooy dgyd71sehydr ocar byl si |yl - contai ning up to 30 pref ercirtsorizenn

1 to 20 nore preferably from1l to 10 carbon or silicon atons or two R
groups together can be a (ferr] hydrocarbyl substituted 1,3-butadiene; m

5is 1 or ZndapshaRBtipnakéy ocbitireREET 67, apbio,l Ry &%apﬁﬁse§§foc%§b9ﬂ>xy,

activating cocatalyst. Partijcularly, sui tabl'e substitu
:

cycl opent adt AGYIxgraEhyd - | P aGRF RS YY Pruiinape dPpyo tNePTefierabhy from

g RZjB ) I1 ubaoemafeﬁﬁgf&amylﬂiaper&egblcyarbgalc& iag%:wogeg%s bk two R' - éo
ydr ocar by S| [ oc r rocarbyl si|yl, containing up to
pr ef er abl y 9=°9P§ (*8%¢ é}‘% %ﬁo%/eclﬁ é‘fygg ALY rBRFTLTGed ot - CaPBATIBRE S ™ | con

atoms on .'Ls 1vmr R: garmjpptiomgel;hebué q:“rmfaracbmaherﬁhedpfds&a&é w& &h such
group. I ep ach gecurrence .is (i ncl-udi ng where
%g é/dcagahryg elparglcu élf.ﬁw }E&Z)WI ut%:ht yI 15

approprlate a r ogen,
pentyl , hewblomm.zqienyp hemepps @mcgudeylthose (szhes&aapprhyprchatm):mﬁm such
R groups are |inked together formng a fus@l),ring systemsuch as

I ndenyl, fluorenyl, tetrahydr0|ndenyl p{r ahydr of | uorenyl, or
‘oct ahydr of | uorenyl . e gul arly preferred catal ysts

i ncl ude, for exanple, 20 _
racem c- ( diwhetdin shtinRedls \iinfepergiefRlyreehgh o&epfnmmyzb; rHjeRydrocakbEigni um

d|hCh| Friogesn.l[ﬂ%f) bﬁalﬁ'@lﬂmzhﬁbéﬂ'cjcaﬂﬁﬁllsﬁh}l b'c%néglrﬁg& 'té 30 preferably

enyl i nde zi.rc ny|l -

E)dl mgt hyl s?%g%eld:t{) ?quﬁlg éﬁ% aﬁﬂy %omhenm :‘{hd aff%f’?)% F(‘:%)’rﬂ%n?ﬁ‘?mscf’érr]

al kyl, rac&PR @JPH%? WA 5n€‘tﬁ'yP)de’a§9’€‘2-C%¢E%Wwﬁ of)guch group.

phenyl i nde@yeforzbizom dndepen@Granly] eadbk ox¢uwleenee ianyimonbimakhere t her eof .

Fur t he[ Pr @BSFadirli¥€e MR hmﬁeggr hg,a,eodeat e,nemw rmgthg,@{rrg,%sﬁL by, Of A he
resen on eSCr | Fature. Lon

%ras& fl\/aérglglér‘?{)ll h%%hg Ur?ee_’i {io 5“@%1 Q§8lf't"t95e ??%qf%g] yEvo. S“%d

D Anni el | o ReSWPS R7FdiiRkRd B‘Pg%ﬁﬁﬁféﬁ’“m‘? VERsSt irépg systen sweh 58 30  pages

1701- 1706 pa@96{l) flpoetrd tétrahgéraindangigt abytahgdsyShesadiasesr on
met hyl al umesedae b doraiih .cycl opent adi enyl titani umtrichl oride :

(Pol yrer - Preprint o Rt chans i BERerB ARy el Pl fok St
686, 687°[ 159 cﬁé‘é’é“eitab’oshlé‘be"eéfbb? FeEhy érpwa}smi@yam@rcomum
MyC [err]/ Ficiloeing,/ NdShior (dimak by Bu)lpredilylcatadtyigl-4-0 gi ve random
copol yner spRénylind&iyll £ c8RLhndl PPV i@AEnyI-Y %&Ediemurf@é Qf- Appl i ed
il eV S o DU R
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of [errz-ohbkdxibe) iy afy @dRbination thereof.
Further preparative methods for the interpolymer component (A}
of 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 [1995)) reported the use of a catalytic system based
on methylalumoxane (MAO) and cyglopentadlenyltltanlum trichloride
(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

' 3 MgClleiCl,,/Nd_Clg/Al(iBu)3 catalyst to give random copolymers of
styrene and propylene. Lu et al (Journal of Applied Polymer Science,
Volume 53, pages 1453 to 1460 [1994]) have described the
copolymerization of ethylene and styrene using a TiCl,/NdCl;/ MgCl,
/Al(Et); catalyst. The manufacture of o-olefin/vinyl aromatic
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- 1:0- T WD 98/ 27156

PCT/ US97/ 22009 ~ mononer interpolyners such as propyl ene/st rene and
but ene/ st W@p&R2Ms€  described in United States patent nuRGEfUS3722089 996,
issued to Mtsui Petrochem cal Industries Ltd. Al the above nethods
di scl osed for preparing the interpolymer conponent are incorporated

herein by 5non6ﬁéler1@xlﬁ€%olymers such a%UbE@&yl%nmlyf:éx%’ Sn¥hbhidene 28 B@neNgHeoyed
herein as the  ;pedh g%m.%%&%ta%%%%%@ﬁé ruRbed RCLYAGHAL | e%%% O ®i £ sui
pl astici zer®S&Fetied consi Sting “of’ phth at e Bsters,
trimellitatRetaseharical IndB%‘i’leGat’e"sd,q abflpﬁa?ua;bwﬁefﬁtépgs (disetegrhgondi pat es
azel at es angtepBrirgebheainesypolgpex\conpomoitness iphespirated estrefs bygl ut ar at es,
pol ymeriC r.zePb@sl.iCizers (poI yesters of glycols and aliphatic

di car boxyl i c acids) ar l‘}p/ sui t abl e pht hal ate

esters include, %Waa&%ﬁ‘ﬁaiaﬁers le]cgl R3f ey ??ﬂafyégﬂﬁffl fhal%t e esters
such -as di aﬂaytlclmebucqmp%mmd%tJemlmée adi texfuryed rdhchidizes, sdigcyed

2- et hyl hexydrophthlgabep dhordtihg ¥ batidlate esteds] 2008611 tabE Nadtatse,
di nonyl pht halzg‘gte‘s,dgi%(?ﬁg?alt dggéﬁ@ at( %Tclqhq}fXdlpatesp%;.eq%ltgge ddI I SOdeCyl

pht hal at e, arandecyl e, m xed such as heptyl
nonyl pht ha‘-’teéﬁéat‘?ﬁ)( neFPPé‘i’yFmpt‘?uB‘é“'t'yP °?Pbd§8y?%ters' PHENERECe RPPETOYic

di (n-octyl ,plasticiders ptrohpéstiess (638 bAycolmndndraddpbatcic28icyivbhpl at ecbddler s

. such as di phnylipht hal ate ester, or m'xed al i phati c- ar omatic esters -

such ‘as benzyl tyl, thal af. I nation,

Particul ar l%@ ui I)t()"lle‘%{] ?\1:_%?8{6;;2;\3{ ersel fic1°Ga mcflude' efr°r ?xamPle’
tri(2-ethylHety) %r‘?lﬂ@lhl‘:?‘t‘]fftté eghereherhy pS "H‘Gﬁ?l’l) FFP‘F@J-I PhEhadateri 25

I sooct yhs t rdidsbbudyat pl;tttanate,s@dezylz-éthymlekyl phehalate, (dicicylyl mheayljte,

tri rre: i tgtﬁlsooctyl phthaEafé i GQJ‘A@H}}D’ pﬁt’:ﬂatlﬁgé € d@@ggr%&fspﬂt'ﬂgh.ygee dg.@écyl
exanpl e, di enzoat, ene

di benzoat e. SRR dnﬁogiag% Pagrl;é%/ k8 ¢ albli‘1 6o§€tha8 %uﬁ“&g %n%lﬁaancf or
exanpl e, 3CPstepd auhsat PerEet #BNel FhFlalaten didng Heli mtyéydb‘é‘aﬁyﬁl and
epoxi di zed ghthsbee dP610), di (n-octylRantdexyill Arghthslatealibl qhospd atrematsiicer s

I nCthIdezot q:gattﬁﬁm e.sters shdH %EYémphEE&ﬁlﬂﬁ‘fhaléﬂeX@&eél kyak na&xa msﬁm%tes
sSucC as r ou

ate, tri hate tri e hexyl)
phosphat e, H5" %lc Sﬁfg&sygﬁﬁyl SR %‘ytyl &A5T BhEEDIS: E"% FPPRr esyl
phosphat e, therep&opr opyl phenyl di phenyl phosphat e, t- butyI phenyl di phenyl
phosphate, 2-etiadchexidrligi plieayle prosglatetardtésodechidedi phemgbnple,

_pbhosphate. ¢rs (z-ethylhgarlr; | erbn@f ) Va2l t el (Beih$ ﬁa}@wd@mfem@a@np{ﬁ

T ner 8l 201 | ypoceys UALMEALCOLL S e NARILDSH €G3, A SLL) el of | 980
aI’OITB.tIC Ol re éI’I’Ed otls are OSE,‘ aVI ng an a dma I cont ent

of froml2 t"d’lm91112:8t5 percent by weight; a flash point of fromB15C to
420[ err] C and anpaA$ibtblarly sidG8F¥e: benzoates include, for example, dlethylene

glycol dibenzoate and dipropylene glycol dibenzoate.
Particularly suitable epoxy compounds include;'for-eXample,
0 epoxidised vegetablé oils such as epoxidized soyabean oil and
epoxidized linseed oil. .

" Particularly suitable phosphate esters include, fdr example,
triaryl, trialkyl, mixed alkyl aryl phosphates such as tributyl
phosphate, trioctyl phosphate, tri(2-ethylhexyl) phosphate,

8  tributoxyethyl phosphate, triphenyl phosphate, tricresyl phosphate,
isopropylphenyl diphenyl phosphate, t-butylphenyl diphenyl phosphate,
—» 2~ethylhexyl diphenyl phosphate and isodecyl diphen?l-phosphate.
Particularly suitable oils include, for example, mineral oils,
natural oils, naphthenic oils, paraffinic oils and aromatic oils.
4 . Most preferred oils are those having an aromatic content .of froml2 to
. 28.5 percent by weight; a flash point of from315°C to 420°C and an ASTM

-11-



D445 viscosity at 40C of 9 to 85'centistokes (9 x 10[erf] t-_o 85 x 10[err] -
m/sec). The conpositions of the present invention

suitably ep@wshassfrom 50 to 99, preferably frompE¥use7/209 nor e
preferably from60 to 90, per cent by wei ght based on the :
conbi ned wei ght of conponents (A) and (B) -of the 5 interpolyner(s)

of [err]-ol gfishkyidpsitfenaods 0res is FONQRELsARALOfs B peerades 18-5
al i phatic a /or cycloaliphatic vinylidene nononer as component

from1 to 5B/5BFsferably from5 to 45, nore preferably from 10 to 40 ‘
percent by Viei ghthgsepeitienre of oty peesandi ghvensfow crupbatelyt soripk)i sentkofB)
. of plast I ci Z@rt6899,3§3r6ﬁé'ﬂ1®ﬂ]?%oﬁ|@5 to 95, mo2d preferaﬁ"yefﬁﬁrﬁbbYtJ b@

conpositjo 1ght baclised on Hd LhiN40 we:. Pg 2P fezgzgréorr]xteng Qrm of at

| east one S stant | aI E%lﬁ I'sT ng
(1) from 6. &) gE1ehe ipprreobmperdnt “pe}iﬁw/vmleéerweﬁrvwlprmﬁomer
styrene, anshd/or hindébed aliphat(i2)ard/om S/A18aliph3Bid viiBlFideakGfdtomet 420! yner
units deri V@tﬁ'n Eﬁ&&@ (A); and from 1 to 50 px%tfg}.lélﬁ%efr&r[ Sat&qrgblﬂ é on of

et hyl ene wi t roml ercént by weight of

at | east on%rerfrgﬁ%e%f%’ﬂ 31t % Percgng by weight B?%er‘i’d%fthé’t cppidedgne
napht hent ¢ ‘etilghhref sempangsts o pri dBY i off Plasticizer(s) as comamlenmemel n
20 (i) conponerte cAppdsasicnsTolttegedscrt {xwimtQonl mhd H@p&éﬂ&e@ aagd

(ii) said c gﬁig [ %Qné‘%o@n fllnew% }gtg%gchgg (b%tper gRL; SECaNt )y, ?f from

600 psi (4,1 a), to process 1n % from
0.1 !to 0 2(0 ij’s'gg )léin?j Bel llﬁfe’rz%ﬂnﬁ%"ﬂhﬁf‘c‘a}e aﬁsdlrfg‘l %r"(P‘PRM')W’Gf foXlomwedOerr] C
to 100] err]l@lt blendipg in a scrigyrextpudéer abl yntdreal dumpolsintiixen HoNpri ses;

(A) frors 55:iaap8S, par B&iturPmiver g calertier! 2%t rolE n&l‘ps@nt:lilé’-lllﬂée r andom

Io]?t S{)F;lr%?e[mfﬁgﬂ ee?'%lveare%_\r/ the process:.ng ogf‘)or p?asttlc:l.zer maé bde ng Qer cent

" (2) from 89 FOLBER 9% nibe H&FEB?&W Py AEsd B devodabilizatiqroRf the
et hyl ene, ofolyeroilyi ARY isuhtaiflechérrisemechwiashipropyéamretripper, flash (B) from

15 to 45 p&iﬁemitjb.)izw,l gﬁbedlfflai\ é\ﬁ@Si’a&ﬂe 6@@359?&1‘1@1ﬂdg 8R€uder. For

aromat i Is () conpenent _(A) has a
melt in e Jr.%,mthe plastm (?Ir%lg maﬁ; be added <) th? IC)qesalra ogorrpom tion

has a fl exdr’ﬁFr?R)]d’ﬂ‘F "(fe‘bte%ééﬁ’f 1§e8ﬁ+ﬁ5) the 1F‘1t6¥ﬁ°lymer polymerizatiorg()Q psij
(4, 137 kpa)retaGt@l-’OOG'hBS imagy2kye FEQomgRaphed yr ndey thrdéxo dfiquid streams for
fromO0.1 tcexhmpl&kpaitBesn anchidet bervreneniani cal anal ysis (TMA) of

-f rom 65C to 100(}-\dd.1t1ves ég?h as al%:.%;h%%{tg Pfoe.tr g!: 1% L r}ﬁtng rg)é)l%i'x noq.n

conpri ses; er cent east one

A
subst an® al §9%r Hd §RF Siaheld,® IRGANOXQM ntt8 Yol Phesehd ?ﬁ)r(fgr rRyample,
-12- IRGAFOS® 168)), U. V(ﬂaﬁlrlgnefs,Scﬂ.mgl(ad&trmiee {ieircexdmpat, pol ymer

units deri vead)f r&fiblock additives, siiylRREtsAMdiorants, pigments, fillers,
: and the like can also be included in the interpolymers employed in the.
blends of the present invention, to the extent that they do not
% interfere with the enhanced properties discovered by Applicants. .
Minor amounts, up to 50 percent'by-weight, of other polymers including
polystyrene, syndiotactiq'polyStyrene, stYrenic copolymers such as
styrene/acrylonitrile, polyoléfin homo and copolymers, polyethylene,
polypropylene, poly(vinyl chloride), polycarbonate, polyethylene
a5 terephthalate, urethane polymers and polyphenylene oxide, can also be
included in the interpolymers employed in the blends of the present
— invention, to the extent that they do not interfere with the enhanced
properties discovered by Applicants.
The additives are employed in functionally equivalent amounts
4 known to those skilled in the art. For example, the amount of
antioxidant employed is that amount which prevents the polymer or

12- This Sheet Has Been Re’rlaced
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(2) frdm 89.7 to 92.2 nol e percent of pol ymer units derived from
ethylene; 5 (B) from35 to 40 percent by weight of at |east one:

napht heni (WOi98/27156 and wherein - (i) . conponent RCAYUSSIR209nel t
~index of from about 0.5 to about ' 0.9 9g/10 mn; and '
(i) " said conposition has a flexural nodulus (2 percent secant) of 10

;rom 802 P%ol@ﬂeﬁ%ﬁgk@%oﬁ&ﬁe@@&r@sBx{iﬁizgcﬁﬁeﬁéitéﬂap@félﬁrﬁ§§ air{gidfex of
romO0.1 to, Q. se. ani cal..anal ysis of. from
om0, T 0ol ool Ief RUBSNLE a0y 32 STV, 91 fom

i nventi on MEAFRLAPREPedPBIP*AAFts s eyl i kbarengari fremthelatre such
as, but notld,i prefedably fapy bloénch 15g ddre bpeferably efromedl. If @6n2 igertée:

desi red Jor qRotbigsphsdd apssl ch¥ Rlight BdLRUE N1 ymer dNpl yifeke {ruder, an
i nternal batch nxen flor gﬁ(ar;RI St aB\rganbur¥ m xer, a calender or a
rol I mill, or the™fiRkeY, Tthe amounts Rf.any,of i Wie QthehEnpreFased;angibivesor
pl asti ci zerangahh Eunatiapalty #quivaleny| anouphs gfucht & that s¥quot yixerendat | owned
by devol at iﬂHeZﬁrBS%ﬁi&rOcﬁr tpBBynen! BEsid 3@tiﬂl§6cﬁ-ﬂ¥g,§H%Fﬁ@d@cmgsd&g}gdas in a
steamstri \Y A L1ze ' pea-fll m evaporator, .or
devol ati | i ga?' %En%xc{fﬁgle%? Ig%araélgéagrop%émdﬁ‘?e?% ceesﬁf%%trieg?%gr. t8rprc‘)°|’vllg?mt§’ebe
added t& ttﬁ?sgﬁ?%t‘ﬁ° P JFEOP rithsy f:')?)]t‘ifﬁéf: FoPyEpant. Sucks pditived)gaps t he
i nt er pol ynmeauipapiyrbei emtlioped keatheranddios fisom 0205 to 5aC aEpéiah@dfinyn
mj)é ing the d.m/ﬁté iﬂuhﬁi;é_ib_i'eﬁé‘f&biQ;fr%iﬁam %loméd %_eé‘geritng&/iv?]@.gg? ba%kath&&nm xer.

itives n | or _exanpl e, hindere enol s suc as,
for exanpl Z%ﬁgl ﬁ%ﬁﬂ%ﬁ%%fd‘%&ﬁg °5h8§ip;‘ﬁrie_e§1°ﬁddr Wgﬁﬁg’e,"n FRGAREETSET |
168) ), of. fitlegrpapiheyzetdd Be ismglavre dnvameupt srurekangfl eer¥m) byant i bl ock
addi ti ves, velight dgerd n tid oraghts ofpilgneodl guexf bk | grsmeanddehde | i ke can 30
al so be i ncl udedrHencédifpsh P RPOE WHET SrédERt OYEAnk fod anq:leeﬂgflﬁfedt?zﬁ

e

present invention,.to the extent that they do not_interfere wth

enhanced px%ﬁe? el"eguginsogo%/lemrlgecadbtym ppl éea%?rég.e NPT 8T i f Sush
per cent by 3fei it S*&PISy healepdrsatepiesthc Pletdipes wodyindeetioy maidadact i ¢
pol yst yr enearss yr 8he ccapppsi tiops scanuehsa be stispde e/ aer yhiHattade o£pol yol ef i n
35 honk andpesPOlryamd anaPRItY8LdY| 9HE cRBLYiBRY ! &N €he Qﬁ%)éé%(é heilogri de),
pol ycar bongte, _ pol ggtlﬂ)ﬁgzned tirelraedqgtsgael: at g ur.et a$e §$I mers and

pol yphenyl ene oxi de, can. also be 1 neludsd Ti7'PRE et PdrYfers enpl oyed in
the bl ends of tH@epFRSOHEng SFerRlesnare diine-rekivntoft hbe inMeytido, neit

i nt erfere wrehndthgoerhanoedrupd gpeitbi Bignitisg dher ecbday oAhel LavtingiodtQn

.The addi ti wag mdreelrpl oyed in functionally equival ent anpunts known to
tePrgisgyZ%I I 1ge L pe & ba eForlexeg_gpl , e( noun (% rant I oxi dant
-12/ 1- Poyhymey is ppsgared in a 400 gallon agitated semi-continuous

'PCT/ US97/ 2286&h reactompol Mmerebdtcind hiamre neiisgot sty o Xdghabk Gihtaty 150
Lemperat Ur ga1gdih a sUicht QRABRLS:AEP) GUGHLAIENG,SLRLRNR 358 W bLITLE, use of

the polyners,__ . ggceh (qgo&nts of gnt | c%l dants 1s usually 1n rang
from0.01 to *PeEG2 %r'e? et aBPy o m P05 Y™ re  pre P8P from 0.1 to
2 percefit SS1VeRfF. weh ke RpseBthiione tare marigliedoto rmoysogher and @olggner

bl end. The inhiBitnd anlthe styreanDimtaisofredbyedf thervat Bes RRuved aled

addi tives purgfigethd!&ebHaC Wi PRAthy1 &I VALL QL s AP YQL &e%“SPes%%the amunt to

render . . :
controlled to a set point with ethylene. Hydrogen is added.to control

molecular weight. Temperature in the vessel is controlled to set-

33 point by varying the jacket water température on the vessel. Prior to
‘polymerization, the vessel is heated to the desired run temperature

—= and the_catalyst components : Titanium: (N-1,1l1-dimethylethyl)-

dimefhyl(1—(1,2,3,4,5-eta)—2,3,4,5-tetramethyl- 2,4-cyclopentadien-1-
yl) silanaminato)) (2-)N)-dimethyl, CAS# 135072-62-7, Tris (penta-

4  fluorophenyl)boron, CAS# 001109-15-5, Modified methylaluminoxane Type
3A, CAS# 146905-79-5, are flow controlled, on a mole ratio basis of
1/3/5 respectively, combined'and added to the vessel. After starting,

13-



t he pol yner or pol yner -bl end ant.i bl ocki ng, to produce the desired.
amount of filler loading to produce the desired result, to provide the 10
desired cebovsd7isen't he col orant or pigment. Such addi tives PETUSI7/22008 t abl y

be "enpl oyed in the range of fromO0.05 to 50, preferably from 0.1 to 35
nore preferably fromO.2 to 20 percent by wei ght based upon the'wei ght
of the pol ypRs ok lysrefonbheraqlobmv%\seﬁmae@dtmhl @%MQE@ supp tb'éé,%

t hey coul d be eéng rr11__)unt %)l to 90l per cent ase

the wei ght B¥2FHR re%ﬁ” r HEPyNEH "ol Bif! pressure. ?h?“@ogﬁﬁ?i'tl ons of

the pr esenthi/'cififxsf'eﬁt‘|3<§"n"=1€}‘éxﬁﬁ1 be thei headspare of themedoter, tburaingein ianineksd to, a
wi de range sdtifoabiticatssbctr té alheSetHidbne condéntra@iofXafPlihe 65d VdeKed

e e honbud | P ARG BEb] 98 (RIS, cunyPAd So MASLEPTROR HONS can

“al so be used I'n e manuf acture o And T atrces
conposi t i onESAAEOF het 99P R PE | TRIERPF BNL010 antisoxidagtyis (Wopp|added; ‘FP éE&ﬁem ve
and seal ant sélutiuh 'c‘dndotm polymer is isbhetddlfkawv nge escAnpi@s arwe i | | ustrative

of the i nvep;m@m@%lymersaafe agalgsedber&npesiwfaq @feaehéf T B LG gcope
of the |nvent|on aration of Interpolymers (A

,(B) , (0, &Hf™ B)‘ & vesselér r@of‘?"ﬁe FsdepVPZB‘é’r’e‘&lP?} F AR gal Fbr‘fhag‘fats ed
seni - comt i nel%d%’e steapaftiirped Erseriafh caddidd phadn PRPSESFARY Gonseetigdd ofn
appr oxi mat eéxtxAEOr like gajulipientats OledRBE FBEPEAIS mBPstiurdi %ﬁ&hﬁyﬁnx@&@&@exane

85 wt perc e s u 1 s n
(addl ti OIEI) 3%&15:)8:1\/6 ébiéqrpgﬂ%ﬁgg (alé m{heﬁg g‘ra%e) @%L_ s&%ﬁc???g?m{é wat er and

oxygen. . PHIRNCP JHiehPolmersy ttﬁge*slﬁfr h |°§‘a’éﬁ%t6r+%9%odat?nerts are
renoved by purging the vessel w thrasihyl ene. The vessel is then _
pressure [TESEON T Woioehtl 02 Sokesd T Tt Pob LIt TS T FyaoPea Poarhed t 0
control nol epul asadedi ght . 1oak@pernat ure in tlhe vesjsely,i s|{ egntfoliged Jto
set- 35 point by varying tthe jacket |water tengeraturijehdded heevepsedl~ Hrior
to poj ynmer i Z:\f'nn thelvessel islheated tolthe dasired Fun t miademtlur e
and the clhtalyst ngfrg 1Pk kg ppsig N KPay Iy n by GRSy | xS | WE. §

di met hyl (- (% 2, ZAPZS- ety) 1223204 829 ¢t A2ngt A GQL cycl‘bpe ht2a8i pnti->

yl)sil ana‘ﬂ-n-gt-o-)-—(?"s—?j-h,lg S 54 P 1834037 62 H-gEpeptas—Ho

fl uorophehyl ) borpn, CAS# 001109-[15-5) Modi flzed rret?‘lyl al um naxgéne T_lyep'e0
3A, CAS# [[46805- 9345 aze2 1|1 e8e CloBOT §T1050,[ w2y d Ned € [T adJg0 pasTS| 08.6
1/3/5 res ective nbi ned andl addéed tojthe Messel .| After]|starfing,

-13- D VP1§)8§47514§6 225 [ 102 | 70 483 60 7.5 6.1 7.2
_PCT/ US97/ 269 the - 2%, -V W -3 M R FaNVY-Y2 A faE aVa¥a e v th

et hyl ené& supplied to the react op a8 heguy.red to nmai ntain vessel
pressure. In some cases, hydrogen 1's a ed to the headspace of the

reactor to maintai nllasamplle MeXtat | Dotalll Wt rief [Matt | Asobetizmhyl ene
concentration. At theNudgrof Index5 Stypenetine| bensdl ystMdthod i $§ st opped,

ethyl ene is rermved-!-:-em-t-h?——LeaEﬂe,y_rlﬂ tpBrd of lrgano¥[err] 1010 |
anti-oxi dant is thep aded fot¥fe 8ol uti pri2and| t e SSFymw i s isolated

fromthe solution. fhesg eststng—Re e B seLaeg—H om sol uti on by

either stripping w{h steamin a vessel pr by use of a devol atilizing
extruder. In the case 10 of 0l Sf camssSBr1 pped.on ESttRaIStradhi tional
processing is requifed in extriuder like quipnent to redyce residual

moi sture and any unfeacPed | 9-G%yrené2-Fablp 10 prpvEsteyder symmary of the
process conditi ons bsed—t-G. mﬂduce_t.h&fxm_%ms,_r_ng.e.tha vvith_

characteri zati on® dglt&rene content measured by FTIR technique
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Table I - ESI . Sol vent Styrene Pressure - Tenp. Total Run

-Pol ym - | oaded | oaded . H2.  Tim

in = WO9827156 L | AddBGT/UST2200%,,
ution Ny Ibs kg Ibs kg Psig kPa C G Hs  W.
% A 252 114 1320 599 42 290 60 0 2.8 11.5

B 252 prephradivdlof IRerpcifmers (B) - @9 23 6.5 18.0

C 842 . 382 662 300 105 /24 ~ 60 : 8.8 3.7 8.6

D 1196 r\;42‘: 2D25 . th2 70 483 60 7.5 6.1 7.2 15

Tabl e 1 corRgéactor Description ;?rrplgwg Melt . Total W % Talc . Isolation
' ; ol ?$£%§ed, clave ¢

Auto ontinuou

Nurmber | ndex S%yﬁ' GRET 2l ymer* W
% s stirred tank reactgr 1{§STR) W&, fmployedash the SegrBiy.. A _
B 1. 83magnet8dalfy coupidd GugitHkdB SEth Lightning A-320 impellbrs pro@idkk

48. 3 < . St - liquid £ g . 0
Ext ruder et mlﬁr{&*’ S?riler gﬁaé‘:tcognfaérhth quLadSlfP (Ea)%tl at')cngs]'?p%l?egﬂ%i%%u%a) ’

Pro in e bottom and ou e top. ‘hea ransfer oi
-14- =t 9f§-/°27‘j_5§6' the bott d out the t A heat t £ il

PCT/ US97/ 22@39 circulate®ripangtt itbe jHckehteh pbé ywrecsol Ep renfobp some of R@act or
Descri ptd Orheat of reactfdrl JR#de@Ntk2x{t LiromOite ragk & CHas AUMOC)@AYEion
continuously . 5, 5td tE% ha0K.LEPEQr L ETRLYES IR ehAS, 118 teaglor- A
exit of the reactor were traced with 50 psi (344.7 kPa) steam and
insulated.
Procedure _ _
15 ' Toluene solvent was supplied at 30 psig (207 kPa). The feed to
the reactor was measured by a Micro-Motion mass .flow meter. A
variable speed diaphragm pump controlled the feed rate. At the
discharge of the solvent puhp a.side stream was taken to provide flush .
flows for the catalyst injection line (1 lb/hr (0.45 kg/hr)) and the
2 reactor agitator (0.75 1lb/hr ( 0.34 kg/ hr)). These flows were
measuied by differential pressure flow meters and controlled by manual
adjustment of micro-flow needle valves. Uninhibited styrene monomer
was supplied to the mini-plant at 30 psig (207 kpa). The feed to the
reactor was measured by a Micro-Motion mass flow meter. A variable
25 speed diaphragm pump controlled the feed rate. The styrene stream was
mixed wifh 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/controller ‘was used to deliver
30 hydrogen into the 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
s bottom of the reactor. The threé component catalyst system and its
solvent flush also enter the reactor at the bottom but through a
-~ different port than the monomer stream. Preparation of the catalyst
components took place in an inert atmosphere glove box. The diluted
components were put in nitrogen padded cylinders and charged to the
0 - catalyst run tanks in the process area. From these run tanks the
catalyst was pressured upHWith piston pumps and the flow was measured
with Micro-Motion mass flow meters. These streams combine with each
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magnetical ly coupled agitator with Lightning A-320 inpellers provides

the mxing. The reactor ran liquid full at 475 psig (3,275 kPa). . _
Process f{yesf¥gsg N the bottomand out the top. A heat trangdgus®izoos was
circul ated through the jacket of the reactor to renpve some of the 10 heat

of reaction. After the exit fromthe reactor was a M cronotion flow _
‘meter that muaﬁﬂtsgoauta tsewén QBLAGRS i pAldr kbNESt 9NehdMagh a €Xit Of
t he reactor Werlg I g he (344.7 kPa) steam and" |nsul ated. -
Procedure 1579 JeT' (ﬂ‘v NPSnA %a°§85pl ied at 30 psig (207 kPa). The

feed to t he P@a@ewamgn messtirerped\Wwidh\vhe addbiiopnohrwesalysdwkidt er. A
vari-abl e spa&dedlmméaagfmhpwnﬁzeﬁﬁnurmbl atk becdoreprdoate. 1ifle hfer the

di scharg thea

lows fof (hamgfeSfol Fll RUCH deayd neéé{h% E%’Eﬁii%a‘*}%@t%f ot 9*‘**’%‘%%3‘

react or agi ?%16?"??) c3y kTe’o)"‘ﬂ‘?ed( wHtls Fhgofatialyst Mpbse TRE SRt neasur ed
" by di fferenkild/agtidgdgertank| was reli®relion sctomerd)hh@(rebyclrmlnuwm The

adj ulst mé‘nt ©dnkThéd Q‘ofL{:lQ%.‘ I@ﬁﬁﬂnt goy&de\aes c':zalégh ';i&ig}%aatyc{%@%é@%w was
supplied to 2 Si e .fee

reactor was® érf'{%gsﬁ??e E %Wf I\fg} gn‘g n%sgh I%c"i‘\’r/‘vk et E{Ie MR °§B?%e 25
speed dl"apmﬁdﬁi‘bunﬁh&dﬁt“?‘oﬁseaeﬂﬂg PR PUrge itFpitypgee e E?I\“é’&n?%as

m xed w th éhgenenmontergratiansnds dateayst kilylaadeadsisissl meké adbtepmined

g‘ R/: CIE)loaR/E)t@ p@?rgxgeg:s Egoc(tﬁtilgt? IKP@-)SatndT{?ﬁe %Egyr@@o%@ml%sa | ur ed by
| \ ve
AR A The GHCTE I A etaPre seb B dPnE ISt e B R Ptk 20

control I i ng®¥PBW -
hydr ogen i mas paEh éPFiWJ@nén%tlpéaifﬁl&le sPd dopddicd ves- t Resisiehgtxspm was contr ol
val ve. sThetsdiehybehefhtity ogen retydler ogORbi fil Wi Bllshheeder pag) ¥R&E / St yrene

stream at aﬁmdpeattﬁeeeverl%urmﬂmlttm%%& & 9hed REe react®) \g}@&{lé@nom

as it enter thel% or was dro exchan r with
9]

“Sferr] C gl S RSk ShoHRS 4b7 mapvidel b atst BiR CORFRES: he
react or. Thelldlhpred a@éh‘b’dﬁénltn &he a‘T%?§F°’Sy°§tfélmr’énat#etasl Thigostmesn f4x¥sh al so
enter the reaered misttiwachbat hestdrs théir pighide additdichiereagigp ok thwn t he

: gﬁn?g tas; [ @nv%%nt Rreﬁ.eaglatfu% of Tme ﬁ@ér%}éé&rred aS QHROLEALSHE QK RL @GE 1N

p ents_were
nitrogen path r%%ﬁ%l"%of‘e a%e’ér?d‘dcﬁtéer é’easf'ﬁet i an%prq) ?f/%‘l 4 E?Pstlgnﬁé %73 t he
process ar e’a"a)Fi"Eﬁﬁ tReTE 0Pt BFfESUFReabsolukmpPal Yt ToRE-opr BESTANEE up with
pi ston punpsnzmdl tvadvé!| ORhiaT1aseRUpelymer enticirhd M Goo-dit fjacketeas | ow
neters. Thegko i&fﬁ@%rcoﬂpﬂ)ﬁ@:l}ﬁé{a agrbercent of theebPR/i24d5Gre removed

PCT/ US97/ 22009 nd he cat st ush solvent [ust prior
entry thr ouP athe p°l¥'ﬁe§l én |atn e‘(g: ¥ @’rlar% I nt 8et¥1°éla stSf‘kt thePhog os!
Pol yner i zat' de\%&la&%*p?ﬁéd \mhﬁhsitmmaw cPRipnged cadldaW’y"é’t akg}ycol (Wat er

m xed with jsoketed extindnget heentessxt ahe pyuadiied dfi aevazhtme puinheards Magr onot i on

flow meter JmRagi¥ddaded faegwédit]l,m&egéivte\st et ﬂ%%w@{ylene Addiddivgs can
be added W|th tpe Gala a The ¢ tank was a

i| di t | v
50 gal l on stifred an rec ccr sayfé}?kweﬁé‘"emgvedt o ﬁhﬁ 3°(15'I SBFvent
added. Eat AYePEel KN UG RdER VS eRo The eHhERRPe RFERAHWES fmeaﬁg:eedon t he
top of the wizxhka tMictrbeMavizm mgss of lveneetldd smd wealyzelheor abhpowiziseal @de and

purge w th RikhagrR:t o %H@ﬂeewem pﬂfsyge&lc%‘sﬂtsﬁtthen&s%wg& al yst
kill and additive, V\@Le so‘it ntwsp e\r/apuﬁ{.y rod ug n rate and the
YFLE/ SETens SRREPD HGTE PR GPeF MR 1

desired cont&ntrati on in _ Ped tank
al | owed foretthﬁéeftﬁ@%‘feréil% The :mém ﬁes%ﬂa&l?ﬂeuaﬁbelwellmlezsmwaé
addi t| VeS. pnpedeutt vV 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 into pellets with a strand chopper.
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15+ taken off of the tank recycle loop to feed a Pul saf eeder punp that
punped the catal yst kill/additive solution into the reactor product
line. A swax98@7t86xer in the |line provided dispersion of thePCHUSIN23P09
ki1l and additives in the reactor effluent stream This stream next
entered post reactor heaters that provide additional energy for the 20
sol vent renoval flash. This fl asl¢agstystseBnpisyefie ef fl uent exited the
post reactor heater.and the pressure s.dropped from 475 psig (3,275
kPa) down to ~2}OtHEEPOPMEEsuCBE2YSE| it o B9CAtRAYSteact br pM¥ASur e
control valve. This flashed jpol J¥R8r ent BP&d |a BRER/EH | | jéKeFatie
devol atili zer. TIEt ey 85 percet—H ti.cl.legf:gr%-es—g@-;g—rﬂnved 25
- from the pol ynef—Trmggferdevolatiis zer | e vyotptargsexrtihte—ton of
the devol atilizgr - et a Za; T Yo j acket ed
exchanger, entefed TEF-BUCLT[ON OAF a VRCUEHTT PUND, ATe WaS — 1g. 17 scijarged to a
gl ycol jacket s¢TVergsiamd St|yl engg el Nyl g FEPaIZs; 1 On jgepser.t Sol vent

and styrene wer ¢ remgszed Trom { g DOL [ OTR0T [T NG, B Ve 3. yl ene from
the top. The et iyl erBSIsKr ean) wasafreaspires¥f | w.biu a M cr®-5yRti o nass fl ow
nmeter and anal yed fRSI-Conposl tiah. hes® mgasiy enpnt ai5:uent 4d et hyl ene
plus a cal cul atijon d&SItMe dilssol&ed Bfasges 3. B: % he| sol¥.eénll/ st \rene
stream were used to BHNul atle t & etBlyl ¢ne3 ddn¥ersi on3.S5the pql yner

separated in th¢ devEIaPiljizer whs 35| H d3eBitl wikh a 3dar pynp to a
ZSK- 30 devol at i |izidply Boxtriided Ihe3d W p 3:dxits]the
extruder as a si Pand | This strarf] wds +dEAd hs it3:das pll | ed
t hr Ough a wat er hat PESI-%hn Q%'CQQQ \-I\I:-ﬁdpr \Ané-%lln\mn fr nn%:ilhp st rand V\A t h

! o EST-8
air and the strv&%——e%%w-ppeﬁ

WD 98/ 27156
PCT/ US97/ 22009 a a-modified methylaluminoxane commercially ax%&?:llgsgz‘%m A'Oyed
| nt er pokyner Cell)t ahgrel ;;[MMAO—3AC;)C8.'[ al yst MVAQ err-
Type Type B! Filn- (1, TEEhRethyg) -1, 1-dimethyl-1-{(1,2, 3,4, 5-.eta.) -
Rati o %E:zg’l _.glet_réhzﬁgo 3-phenyl R[WTen l—yl]sn.liqaéltuﬁto(z—)—nl—l_ 12: 1
9.8:1 ¢ bis-hydr&fenkted tallowalkylAh&ihflammonifherr ] 1.24:1
10: 1 10 tetrajdg|p afluorophenyly);{ogqqe} Alerr] 1.25: 1
10: 1. d tris ‘%Fégmmphe““b“ﬁfer r] Alerr] 1.24:1
10: 1 - ESI-1 . Reactb¥ Gath Alerr] 1.25:1
10: 1 ESI -J Al err Blerr] 3.5:1
3.5 1 Inter- Reactqrg| Solgent Flow [ Ethylen®[ e Hyd- | Styrene Flow | 3. Vent
3 e polymer | Tempcq, | F]Oﬂ[ erk l;c‘algen B[ er rﬁ:onversion 3.5 1
p ' oW
3.5:1 ' Ke/hF 'ﬁ”%ccm —Tomr kgl Percemt Of O: 1
3.5:1 ESI'E ! 130 T BT 534 91 49: 1
3.5:1 ESIF | TOZAESI 343 | 14.7 | 42 [A|TT =3 B QTP I3 3R |
3:1 ESI-G TBQ[ |[P32Z4 | 147 | ST 8 |BR&rn] 1.9 305 1
3:1 ES-H Yeq) |yl | 142 | Sl A3 ] "% TRISA 4] 245 381
31 ESTI TEQ | T2 TR 3T T 1A [ ops " 154 | 245 A5l 4
: ESI-J Iy |35 | 204" 386 1-93—f§,\; 3 2.27 9627 _ L
3:1 ESIK BSws—Twa azAl e ettt 7277 %5 o p- 1
31 ESEC YEB T35 | 200l B Fs [ 197 73 —3Bfferr} 9645 - p. 1
3:1 ESIM a| #4g0di 1% eq 8T NYPAI FAI nox e |coimer chal |l v Javal 1 pbl e
fromAkzo 5{ ESEN 106.9 ell 182 A | 96 1 29 T TB | -
di net hyl [ N- (4 oa g Vodng0) 1003 LB T 1771 [528 4 I8 7 5 B
156¥-'£et. sigve—Bphant e ad2eea Lrhd | BRa L 22 4/ 5 g 56
19, 0, L0 S L 17 LD R 5 ’ " ¥ 29 (I I32 T %I5
titani um ESIR T00.9 35 163 1394 1 1.19 40 2.9 1.32 95.93 |
ESI-S TOTZ | 36 | 163 | 3.95 | I.79 36 29 | 132 Y548
ESET 019 36 | 163 | 395 | L9 | 335 [ 29 132 935.25

Test parts and characterization data for the interpolymers and
* the blends are generated accorc{_ing to the following procedures:
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Cc bis-hydrogenated tall owal kyl rrét hyl anmoni um 10

tetraki s(pent afl uor ophenyl ) bor at e. d N
tri-s(pent afd vgzaphenyl ) bor ane. . PCT/US97/22009
Reactor Data Inter- Reactor Solvent Flow Et hyl ene Hyd-
Styrene Fl ow " Vent : pol ymer Tenp. . Fl ow -
rf)gen Part preparat{#H4R8it¥3ting proced@bk] fori . E ¢
Fl.ow - $ i S ar n raacierizati or
t he interpol yrrergh%r?éasumtzﬁres bef“%lnod':sgga%eﬁge%élr%t gd&%gogﬂll ral& ?151?216%2%1,

fol | OVMI1g p??ﬁ%édu?%£¥4) phthalate ester having a molecular weight(M%) of 409:Py§ilable
WD 98/ 27156from the C. P. Hall Co.; G57 is a "polymeric" (MW ~ 5,700) Fﬁ[‘v‘thlﬁ&y 22009 -
Part prepar #di98p A Grb@ Sinen€. BY.ORSAUESS and Sunpar 2280)€a péa%'éﬁfffdig:e&ﬁ |
ht hal at e CATA<RE iT7am S ol BEIar g G, hBY-1oF SRR eS0LH 451 SF 3ot e
'C. P. Hall smecifipprpgity apofQhers €891V - 5, 700) glutarate 5 avail able
fromthe C cdhprbeéionCroridang: Sunpar 2280, a paraffinic oil avai |l abl e
from Sun Conpany d i A AR i g d .
specific gravi tys%\%ﬂlgq er r]@&?g%‘gdﬁ.@%ka%oﬁﬁ%f e%}sc} _gém%%ga?%g:mgmed_ at
Sanpl es %er BPNE] pRAerag0 196 B rPPTDk9IB o RressiFecEprastidn2 itded at 10
190[ err] C usutseq2€ntQ0 tHe (OLGR2mkprials preessyrenched ianotpress Zguihibrated at
Subsequent | Yoont BemgEbtere.material s were quenched i'n a press equilibrated at
room tenperature.. ~ Density: . - Density was determ ned by ASTM
D792 15 PR o -

Density was determined by ASTM D-792_.
15 Melt Index: .
Melt index was determined by ASTM D1238 (190°C/2160 g).
Differential Scanning Calorimetry (DSC):

A Dupont DSC-2210 was used to measure the thermal transition
temperatures and heat of transition for the samples.- In order to eliminate
20 previous thermal history, samples were first heated to 160 °C. Heating and

cooling curves were recorded at 10 °C/min. Melting (T, from second heat)
and crystallization (T() temperatures were recorded from the peak

temperatutes of the endotherm and exotherm, respectively.
Dynamic Mechanical Spectroscopy {(DMS) '

P ' DYnamic mechanical data were generated using a Rheometrics RSA-II
solid state analyzer, and melt pressed (~ 20 mil i0.0508 cm) thick) film
test specimens. The DMS measurements were conducted at a step rate of 5
°C/min and a fixed frequency of 10 rad/sec. The glass transition

- temperature (Tg} of the samples was determined from the tan § peak maximum.

30 Shear Rheology:

_ Oscillatory shear rheology measurements were performed with a
Rheometrics RMS-800 rhecmeter. Melt_rheblogical properties were monitored at
an isothermal set temperature of 190°C in a frequency sweep mode, using
parallel plate test geometry.

3 Theérmomechanical Analysis (TMA):

Thermomechanical analysis was determined using a Perkin Elmer
" TMA-7 instrument with a one millimeter diameter probe. A three
millimeter thick sample five millimeters in diameter was penetrated
with a force of one newton (102.4 g) as the témperature ié increased.
49 at a rate of 5 °C/minute. . The temperature at 1 mm penetration is

recorded.
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i t index was determned by ASTM D1238 (190[ err] C/ 2160 Q).

Differential Scanning Calorinetry (DSC): A Dupont DSC- 2210 was
used to rweN823186he t hermal transition _tenperatures andPGREEITHR009
fransition for the sanples. In order to el ininate 20 previ ous thernal

hi story, sanples were first heated to 160[err]C. Heating and - cooling
curves wer groepginedndex10[err]C/nin.  Melting (Tm from second heat)

and crystal | i zatth@mhEbedgikh trEResSiny e8adse eIy ae0£rclaedpi>5ﬁntt bﬂscﬂﬁ&ky

t t f the endot th
Mechan; cal Zdeet 6, 82 € htils Ba S B g FOBRELLAE dnponerel AR ©

generated &8¢ rﬁj‘saeﬁfé'éh%‘t FPEemYASK._ 1§ descrifyd By 4f- a?’éldénaﬁyzl%r Shzoff ARft
presseds(~120. Mahc{d.id56Ryor) Edviokeringl Briencef axll.spechaersl, phe7mVE

measur emsnt? " eaﬁ@&ﬂ“%@m@&ez@ ?.’E:Pﬁdol@&x? E@.EsLSJ.cs" bgL %Bila Ctééyl and a fixed
frequency o

‘rad/ sec. ass, transition erag ur Tg) of the
sanpl es WaB"’]E‘Pe’tSQFﬁrWeHa‘F r%’rﬁ‘f%ﬁi Fﬁhm[%fjrfmpéé%%)?f‘n% g‘%}' r Rheol ogy:
Gsci'l | at or pulshicat 1ot of ogy chezmsu ianerposa et bypesfegenes] hekein an their
Rheonetri Céna\&t§00 Allle@mefegisenhdahﬁs rAROb&HoeRéd RitOP AldnbESatieCofMNipt OF ed
at an |sot set = 1eersaE>u1é"(;Jeecl),lf5 C Lna frquerb;gy1 WEFQ rmde
using * ar aﬁ f‘epli eorretr FeriomBeth Si°s (TMA) :
Ther rmrrechén%"alkPath%?sa \R/aQZ%FetléFli‘n &’ea - i2ngrla dparetier. £ Qvdr 1/D- dl'FI\/A 7
i nst.runment ani dgpagentnesheat |streseivsdi appeirent Ehebe.rafetplicdeis usedi toi neter

t hi ck’ ‘sanply Qerﬁﬂl mé hlaﬂ@tf%étﬁz% Hhérf@?nfe% WaS PENRL T & %Qmamurtwytih a force
of one newton

as t re is increased e of
SLerr 1 Cl mi HAPEITRE RBRAEDat df €t DL ke B 1 Eortatn eeorinR)
WO 98/ 2¥31561low rate, the observed extrudate irregularities may be bxye@@ly)SO7/ 22009

Processi ngchaski¢ied into two hbEn 'thPe®! 0guEHdcePRONE FohAtGhre NAIRK o Bs9 mestt he
apparent vi LY (in kpoise) of a polynmer neasured by a gas extrusion
r heonet er E%ﬁ%ﬂ Wll&s extrusi on_rheoneter s descrl bed b%/ M Shi da,

R N Shroff and°s the Ati SRR PREFIENGINEr HhFP-CIRRTEE Vol . 17,
no. 11, p. viFepsity (iPOkFgisednef ianmiRirdeheneasyrédbyVBiR ah #|tegppraturgy John
Dealy, 2 opubddostigdabyniVaagdipplessiteRos H)obol gsag (17982) wra)paging/d, both

publicati OfaA?fJ é’ﬁ&r?h(oaﬁ‘z IR Ocrlra%@éxedfzevl L%e eencsrmeo an%lage'r

entirety. rrrren s are era re of 190[err]

10 C., at aﬁPi"?el?ﬁeﬁheﬁrre§E’iﬁs€s°%@t \?v@e’hlg 2’5’63{‘6“ 500 psr g ( 36,197 kPa to

3, 447 kPa)__e_s}mgﬁal_EEi&m_lnch (0.0.0752 cm dianeter, 20:1 1/D.dic. - _An
.apparent shear Iehefi%e ¥SopeRpes it ti5dRBMpFdisEoP I MiLdes saffles Gere mdaderdd fy

the nmelj f i %@_@%ﬂd[t |_. of _
Rheol og’%/ %8?%] ag3§,§§f3}§£r€1 8 1£géchcsql%%vn([:el}qzhﬁlgeertar gr P%’fﬂ QP Tﬁte\;’g F&Evl\?%re at eASTﬁe
observed eREPUFIFBRISS ?'Sﬁﬁlt&FF?‘féé: FreSFIBER b gdPsy 5 min c1 aMiFFTEEnPH SEURSeS
mai N typeswesertegted gl ¢ dpeadtef & ambhigr 653 Tnehfmin) atf 308t 1G.e. Average of four
EOF_ t h)e p?ltw@me fAlesd | reléiit shes @jiRen! hahPl stiahdb e cBPPAIRAT for thuima[ ah?eé (in
poi se) o %l@ Olerr]C.,
at nit rogeﬁg esgé%gi o%%gggpsr 8 2 %él t&'gn?&:’?g%%é %Végagoe (3'%‘2 6 i nch
(0.752 m @%—M@e, or correspondr ng appar ent shear
~stress of 2.15 ¥ni@bladyhensiAfestrpss relakitivanvzalevibertiedgusing an Instron 1145
Tensil e prepgsflieenadiinkhe coRPPEsRSSh Qib18RE dRARS pMRLERI MWRDEOSGBASHY Qthick) with
a 1 inch {2.54 cm) gauge length was deformed to a strain level of 50 percent

at a strain rate of 20 min™.

The force required to maintain 50 percent
3 elongation was monitored for 10 miﬂ. The magnitude of the stress relaxation
is defined as ((fj-fy)/fj) where f; is the initial force and fg is the final
~—* force. . |
Flexural Modulus '(2% Secant)

Flexural modulus was determined by ASTM D-790.

h Hardness
Shore A hardness was determined by ASTM D-2240.
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25 using an Instron 1145 tensil e nmachi.ne equi pped with an extensioneter.
ASTM D638 sanples were tested at a strain rate of 5 mn[err].

M cro-t ensybeseaspl es were tested at a speed of 5 in/m RCTABIT2200%-mi n) -
at -10 [err]C. Average of four - tensile neasurenents is given. The
standard deviation for the ultimate ~ properties is typically 10 percent
of the reported average value. 30 Tensile Stress Rel axation:

Uni axi al tegmiq_ﬁgt{q{i,ssrﬁjpaé@@mﬂ\@ﬂs ESVER e G u5| ng an Instron 1145
‘tensile mac g508 cm thlcﬁ‘g with

21 hen (2.5 oA QAGGR TORGTH RS GRPBRIRRI Lt b s raPnsfib fe) o751 PEERRZSG
per cent faem ansermlurmwat(é) ofboe chiedthdr. a Minedf binvarrdilkyedhesyl, octyl,
rr?l {lth ai nf50d9@§1qeﬁhtﬁ’a5a€é Q3gat | MIW%VEQD&KIQ][ e£lorf Qh?Jderm;mf Ehfpaig )g\rll\i)'nﬂdlde '
o] e stress_re S [r ere
flerr] is tﬁg in ?I A lefQ.Qlar we!l. ?Id\b)nqlgﬂﬁ %[( m.L.T?era]l l (EngaII Sﬁd

Modul us (Z‘V&S&fafﬁf'}c oil a"allab]ﬁ é%&‘?‘a‘-]unn%?i'tﬂaﬂg WES - o%’tdePﬁYmdaﬂgPlﬁ\S%ﬂr

- D-790. 40 Haeigtasef 690 and a sudiféc Agdaaithnesse0imsotial.epm)ined fnl yASTIM

D- 2240. lutaratev\gsg%w?ﬁl%e from the C P Hall Company) in we1 ht ratios given
PCT/ Us97/ 22§09 VHLES, 1 TO6,A CONPARRTT VE EXPERT VERT A

Six blend c&ﬂpjifé’rlfl%ﬁ'slthe%(gﬁf) eeé"lfer fquéppef wi%t}ér"i‘dk%emﬁ?‘ eB‘é"fled 80 grams
from i nt er poF yther dfYblahdree comrPnent rateyiayisxwelrd ifiedaintdi thek ylix¢herypilibrated
octyl, 5 dgeylgo°pht hrekaimy afd efempEfelidre dderiih abi41ibk qmokfw-scm&&ﬁlsl The
Corrpany, an olten mQ@éQlQQ vﬁa FTRLFE('&UL 1% QQB 4% 490%) 1%@§£ al oil

(Sunpar 228 paraffinic 0| aval | npany. Inc. and

havi ng a nol ecul Zhe charagreripation @RRP AAF thesBRATPRPE a@fda\'ﬁ% f°‘aft’°r’(?ﬂferr] F of
0. 8911). or putenpelimer are gjbem dmafTebXeG37 aitaiwhslboesiblents edCEy. tHal |

Conpany) i n;ied @l yhexlsi, Osndb¥SdbcelfatddtidBb @ tR WirliBrdallafk@ gt 4L hn8qui pped.
wth a Rhe\(,)\g])gd ?ngggarg(%% r%ggr&regns of the dry bl ended conponent

mat eri al s erm xer equi li brated at 150[err] C._ Feeding
.and tenperature éﬂﬁ}ﬁlﬁr%ﬁ EEARIGSKS 28 i ffupedifirpagion withdheckflifat eri al
was m xed aphiiEQpee rdsCearshodd thenpdwi plstiicludeion achieved. Thdimwe is no

char act ebi Z8i§01F: et bkedadnhify ARt atnag (st h@e qggy%sratasls'écimear Rodny mer
.are given i @hTabI e sibl.e to nodif terpol yners, and

3 y
produce mat&ryars. v vﬁ?]ﬁm&fruc %?calansntmn LR 'rhse gegt lr‘rer‘sjchanl cal
properties. interpolymers shpy gagd 1gy mﬁﬁ?%e@%farsafeﬂe rnRfl P eRELEARYA t h
the P610 retgittiibal ot etestserelsizentornt behgidod . pl Thet Leradadf drardodesevanl . beTher e
is no 20 si gohddoaasd btgr iept NFeOkeidRidbe Biddeiclzde MASSRSMtion

assoc! atgd Y benanicanBralL IR0 YURLLOLESALANS! [ 00005635 These

modi fi ed P al FS” Show. §ooa. CrAt Ut OBeTT SF mance, and

si gni fi cant Pr°°essf‘%’c]éﬁ¥| ’osnpéift’é’tullé’é]sy PéF’aBé’z?tlForF"ﬁeﬁ’éﬁ?P f inTREnY &jdR of

har dness caapiidcationsgontrol | ed by appropriate sel ection of plasticizer.

The conbi nation 25 of nechani cal properties, relaxation behavior, hardness
and pr ocessabi I i ty is particularly de5| rable, for exanple in many film
appl i cations. _ _ : :

20-
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PCT/ US97/ 22009,

100/ 0 95/ 5

I nterpol yner
pl asti ci zeg

90/ 10
[err]C
width-at h
Mechani cal
617.6 6.4
257 313
122. 4

Properties
Br eak
9.9

WO 98/ 27156

Table 2
Exanpl e orwoewp'énsat i ve Experl ment : . PCT/US9AR2009 1
2 3 -4 5 6 W - ratlo | nt er pol'yner
90/ 10 80/20 (A)**/M neral oil W ratio
(A)/P610 . Table 2 90/ 10 80/ 20
C W rati: Example co tive Experiment
| nt er pol ynmer (A)/ G5 : ﬂfu 2Pard Tg(DNS) ,
30 22 22 | Aoy 1 7 4.53 |24 ¥anjerP] fgeak
b f 16Wt ratio ' o 15 ' hei ght |deg. C} -
Pr oPeF?"reéﬁe?‘“ - |100/0 5957/ | 400 | 80/20 Tengi | e Mbd, MP4
gl * X oily lggal 7 4 % St rai @ Bréak
io _ [ L
%r?'perpol apiio 346 273 Total energ) 8@@6 pak,
plasticizer - 21. 4 ~ Nim chani calp
@ Wt ratio - 10C) Tenst e (vod, VPa %Bopiodi N @
18 nfierpolymer (A)/G57 281 Tot al Jenergy @ Brgak,
glutarate 1145 Nim
Tg(DMS), °C 30 22 22 21 7 4.5 24
Tand peak width at half ie | 15
height deg.C . :
Mechanical Propefties(@
23°C). ' : .
Tensile Mod, MPa 617.6] 6.4 6.8 6.3 2.4 0.94 7.4
_ % Strain @ Break 257 313 290 310 370 546 273
Total energy @ Break, 122.4§ 21.6
- N.m
Mechanical Propertzes(@
-10°C)
Tensile Mod, MPa _
% Strain @ Break 18.6 281
Total energy @ Break, 9.9 145.6
N.m
% Stress Relaxation (@ ] 92.9 68.7
23°C)
Hardness: Shore A (@ 96 95 92 92 66 49 96
23°C)
Melt Rheology (190°C)
10°n(0.1 rad/sec), Poise| 6.53 0.17
n(100/0.1) 0.048 0.11
Tan & (0.1 rad/sec) 4.42 10.2

0

*

Not an example of the presént invention.

** Interpolymer (A) is an ethylene/styrene interpolymer containing
69.4 weight percent (37.9 mole percent) styrene (measured by NMR
technique), having an I, melt flow index of 0.18 and containing
8.4 weight percent atactic polystyrene. The polymer showed no
measurable crystallinity by DSC techniques.

As a further dompérative_experiment, a blend of'polystyréne (PS;
Styron™ 685D, a polystyrene having a Melt Flow Index (200_°C/5.0 kg)
of 1.5 g/10 min and a specific gravity of 1.04, commercially available

21-



% Stress Relaxation (@ 92.9 - '68.7 '
23[err] C) Har dness: Shore A (@ 96 95 92 + 92 66 49

96 - . wo 9s271s83[ err] C) Mel t -“Rheol ogy (190[err] C) PCTUSE[22009] (0.1
rad/ sec), Poise .6.53 0.17 ' _
[err](100/0.1) 0. 048 : 0.11 Tan 8 (0.1
rad/sec) fréin 4I%e Dow ChemJ.cal Company) and P610 i‘Qs zZer was proﬁlg{: eg(anpl e
of the present I nvent i Is a ene/ styrene

i nt er pol ymEr/ ¢t H?Jrﬁhﬁgr‘?:tm of 8°é§°4 \;FBf‘gtﬁmB'é‘F"r?eﬁtmTt@?l@l rYiS‘F% fefcnt)
styrene (nBasef 8d°hyorpated to 106°Q fohrtihguenmodifvech@dSan No[ prodertieés f | ow -

i ndex of Ocd&1pnd xﬁéH?stuQédi“dﬁg to the ford: éf‘@ﬂlghéorKQQEQtﬁml ARt bfing past

pol ystyrene The e cr stal | i ni ty by DSC
t echni qles #*PFo"**® t\misphsc Fy\et'ten eSt%roSrrﬁgrté"ttlnglén L%%Bgr"fsm?ﬁ%( eCtAV8| end’ of

pol ystyr en@l?%‘:lzer%tlyr’ﬁﬁw[ err] 685D, a polystyrene having a Melt Fl ow

| ndex (200ERAMBLESS7 Gk l8Qand copPARRTSVE)/EXDERIMENRNEl a specific gravity of 1.04,
comercially av WO
98/ 27156 %’Mlaqgl.e%d compositions, examples 7 and 8, are prepax%é_ﬁzﬁglg7 /22009
from The DIRFERelyRe (BLAFIRG)2 Nt Bt bingeri Hhatkyl WhexpodGE¥y FRcy)

PS/ P610wwephthalagei ester GHL20.avEhilabler ddere estie o€ 1Patiekl gompdniye hatrhdhaming a Tg
of 37[err] Gomaf%ﬂgﬂt 10fah eso0)) Cih Gleibhe 7dRDBSidiked iBSTadR Br@ier bi l@a%ke
coul d be %H %Idt Qidg LRl fsotoB owd O TP é&é’m”s Sox{iie' L0 N9 eR3SE
experlence ate esters do not unctl on f f

 plastici zeFlei"?’i‘ePS materigbg\Rpreded pts. ElPﬁij{‘}\PRRA’H‘?;‘EaBGDERI MENTCB Feedlng
Two bl end ebdpesperdvge eRdbhdidn drogk83-Samtnypregparkhe holien material was

i Nt er pok y MRk xddBatalsnre aasadua TP X sk |1brl@ﬁ1rutgé al kyl (hexyl octyl, decyl) 10

pht hal ate ester (P6 blefromth ny and having a
nol ecul ar wei ghtf’l V\W’IZ nz ke rafl os aﬁ/m efn"gp%? cgmwrieﬁ’ga Haake
-mi xer equi 5ﬁ%?fﬂﬁ|1¥'f‘ﬁraame€6ma& JS’O@Bblﬁ)\?A Irgpay eeasikie taanadi§y Bihended
-conponent Anterpodisenser and peoduteomd teerial X efi tBGgtirntbiml ethtiigritP[aanr | C.

.Feedi ng o@@qlegm%@tﬁgogeeg@sl i bration took 3-5 m nutes. The nolten
_materlal was 15 150[.err] C and 4 es

The charfact eri ng)l 0%515 ? ef‘orIl e]I ex%ngl efgmgﬁg‘% l°n n]f) P610

| nt er pol ynBRthalaty saxsTi shorabihe gooq le@cﬁéé%liqﬁ‘l écrtl(?vﬁ%dl ffhexds no

i nt er pol ynmeignifdnenipgdadsainmtadt the STawi § fsthiaidbes gleak Ndsagridtedariich good

mechani cal +R¢ qpee}g,&g,me%lass tranﬂﬁloxsls&ceés eX@H@é@%ozlﬁ%G 8 of
m)dlflcatlon Wltl;_a ester hows t he

| .
‘plastici zatTon acﬁmeerveah°"‘|'ﬁercl llg"s" temperatureg%?’? X&) cebr%’écgéﬁf?@séflgt he Tan
[err] oF tRetensden RERtERSSoET ation bRhaviors hdThenceryisridny ofl ass
transiti onmpeleandssl prhpesimpdideleghtion heHael@ol pardesshand good | ow
t enper at ur sr&&rsggwmgels ek S RF1 5 idB0i 1| EhENEk P10 S b Sy sl axation
behavi or. hle Sembination of - mechani cal properties, relaxation
behavi or, ditess and processability is particul arI y desirable, for
exarrpl-e'in rranyfllm _

-22-



applications. = - g | | - 29,

WO 98/ 27156 PCT/U897/22009
Table 3 wO9827156 ' - - . - PCHYENHA20%
Cornpar ative . _ : ' : : Experi ment
B« 7 8 . ' W ratio :

| nt er pol ymer (B)**/P610 : 8ab2H 3 70/ 30 _

pl asti ci zer - - gD} ["'r‘” -+ 29.8 '
7.5 -10.8 | Tan[err] peak width]at Qﬁéﬁé&ﬁhdbt ' 15 18
7 : ' deg.C- _ aditcal HRroperties
(@230 ~ Tensile Md, Mpa| B+ gI786 |1.7- 0.6
% Strain. @Break 248 tabty . 920 Totlal energy @
Break, N.m 101. 4 16%e2polym&r4(s)**/P610 - Nesoraoi|cal/3brjoperties (@
-10[err] Q) plasticlsnsi |l e Mod, Npa ' %
Strain @ Break 5.7 249 403 : - | Total}] energy @
Break, Nm 9.9 100 Tg@msy, °C 29.8 | .5l reE9.8gl axation (@
23[err] € 93.]5 TdRb peak W@dth at half height 15 18 17 -

. deg.C '

Mechanical Properties(@ 23°C)

Tensile Mod, Mpa 617.6| 1.7 0.6
% Strain @ Break 248 587 320
Total energy @ Break, N.m = [101.4]| 8.7 1.4

Machanical Properties (@ -10°C)
Tensile Mod, Mpa

‘$ Strain @ Break 1 5.7 249 403

Total energy @ Bxreak, N.m 9.9 100 32.1
% Stress Relaxation (@ 23°C) 93.51] 78.5 90.7
Hardness: Shore A (@ 23°C) 98 . 37 - 21

Melt Rheology {(190°C)

-10°n (0.1 rad/sec), Poise “11.011} 0.19 0.082
1n(100/0.1) . 0.14{ 0.29 0.36
Tan & (0.1 rad/sec) 9.98 } 21.0 25.3 .

* Not an example of the present invention.
** Interpolymer (B) is an ethylene/styrene interpolymer containing
69.9 weight percent (38.4 mole percent) styrene (measured by NMR
s _ technique), having an I; melt flow index of 1.83 and containing
' 8.2 weight percent atactic polystyrene. The polymer shows no
measurable crystallinity by DSC techniques.

EXAM?LE 9 and COMPARATIVE EXPERIMENT C

10 Example 9 is prepared from interpolymer (C) abdve and a mixed

linear dialkyl (hexyl, octyl, decyl) phthalate ester (P610, available from
the C.P.Hall Company, and having a molécular weight (MW) 400) in weight
ratios given in Table 4 with a Haake mixer equipped with ‘a Rheomix 3000
" bowl. 180 gram of the dry blended component materials were fed into the
15 mixer equilibrated at 150 °C. Feeding and temperature equilibration takes
3-5 minutes. The molten material is mixed at 150°C and 40 rpm for 10

minutes.

23



Har dness: Shore A (@23[err] O 98 37 21 o
Mel t Rheology (190[err] Q) ' 10[err] (0.1 rad/ sec), Poise

1.01 0 1 ﬂmﬁﬁ% [err](100/0. 1) PCT/US97/2260914

0
0.29 - ' Tan 8 (0.1 rad/sec) 9.98 21.0
25.3 -* Not an exanple of the present invention. *x Interpolyner

(B) is an ethyl et?lg/ &&a)gag .lEQ{l an‘J:\é/ Ercaﬁt g*%ﬂfri%md ghe comgg e(;:hnl ght

percent (38.4 percent) st yrene neasure |que) _
havi ng an F[‘E?rrf]“%ﬁ e VPRI TaPLel 483 Hﬁdmﬁ%‘rﬁlsﬁﬁ’ﬁ@rpdmers hag 2 wei ght
percent at attactusel yisttgpeity. affth@opd nerbanighadwsraperties. The mRASAr abl e

crystalli nhkveﬁ)él@s&&écmreyge% crystalw 9L Eorpaed M&%MEﬂEXPERl IVENT
C 10 above and a

e
vixed © FPHERPLPE oy heisoks reohe eaenin F% B kBT ! B b oo OBk
avai | abl e BesegiatedighCtle mtqrpeémnylamdrmtngn a>rng¢%®uwh;c1w@pgm (M/\)
400) in weirghd utilifytihOSon@ ¥8d¥trgyNabstitbend! apblicatibliakeThé xui i8d pped w th

a Rheomi x ?199%;@?%@%' ho&%gog 13 eémtptegst&r gg%&@qf% conpe r}%@anﬂg&m al's

were fed in Xer |bra ‘Feed

t enper at ur E-E}fiA FF%ﬁ%ﬁFFB?Iq?Bﬁﬁﬁ?r The. gopRimgien ofhpechapicat ﬁﬁ?%ﬁrtéFsﬂ s
m xed a® 1¥6}erat]ich ayeladipn, phafdpesd (and provesseleidity is again desirable,

- 23- for 3%98/1%711% film applications.
PCT/ US97/ 22009 The characterization data for the exanple and
t he cComponent I nterpolynmer are given in Table 4. The nodified
i nterpol yners has = - structural inte§®¥y4and good mechani cal properti es.
The solid mat rial S ShOwWS I ncreased crystalll Nigxympxdipal €d jt o t he
unnodified 5 intprpolymer. There is sone broadentempaghtivee Tgn [err] of
the | oss peak - associ ated with the interpol yner Egpasigeptansifti on
process, which copld find utility in sone \—aBS-o+hi-Rg
applications. Thejlmndified |nfprnn|vnprq show goad | owt ender at ure
Wt ratiq 'Ii
performance, and etenflon f rg;g; 1pel ax tion behavi of, he
S : er 20
conbi nati on of .nefhani ¢a rel-axati on behavi'or, |hardness and
processability isfagam uesl r;,g@l&ta for- eanrp'I‘E—r‘rT‘ma'rTy“f‘r‘l'T] '
. . . I ol
aE-Epl | Icat I ons. Percent crystallinity 7.7 TRoeTE
Coﬁggrgtﬁce Tm  °C 35.7 5.8 .
. [ - -—
| nt er pol yner (C) k*'}‘%f(peak width at half heighp, pg 15 22
: . deg.C :
Mechanical Properties(@ 23°C)
Tensile Mod, Mpa _ 6.8 4.1
% Strain @ Break . 475 557
Total energy @ Break, N.m 105.6 65.2
Mechanical Properties(@ -10°C)
Tensile Mod, Mpa 81.9 8.8
% Strain @ Break B 258 480
Total energy @ Break, N.m 79.2 160.7
% Stress Relaxation (@ 23°C) 26.2 29.6
Hardness: Shore A (@ 23°C) 75 52
Melt Rheology (190°C) - _ )
10°n(0.1 rad/sec), Poise 31 0.094
1n(100/0.1) - -
— Tan § (0.1 rad/sec) 4.2 2.1

15 * Not an example of the present invention.

* Interpolymer (C) is an ethylene/styrene interpolymer containing
47.3 weight percent (19.5 mole percent) styrene, having an I, melt
flow index of 0.0l and containing 3.7 weight percent atactlc
polystyrene. -



pl astici zer - DSC dat a o ' Per cent

crystallinity : 4.7 10.5 ' _
[err]C WO98R27156 457 44.8 W@MPM
[err]C . o -2.2 -21.7 o Tan [err] “peak width at
hal f hei ght' 15 22 : deg. C
Mechani cal Properti es( @23[err] O _ .. Tensile Md, Ma
25573 #xAMPLES 10 s 11 AND coMPARATIVH Sksrki] Cim@ Break 105, 6 6373

er Q) Br € :
Mechani cal Pr opgw?rbelse('%)‘:%[’%’rr]?‘ %}/' xa’“pfes !

0"and 11, are Preﬁ?ﬁ%f‘lfe‘%d Mpa
81.9 &ntprpolymer (D) above and eithey, Stwiged X@rBepakialkyl (hexyl, ocPBB

480 5 decyl) phthalaf®leaslte£n@6gy, @vBLitake KedR the C.P.HdH: Zompany,l684 7

% Stress R@%{gfr&gt iq-ébcb!(e%%agg[ Q% o) (MW) 400) %o% fiineral éjgl E‘lSunpar 2280, a

Har dness:
Mel t Rheol BEgpifindg)oil available £rom Sun Compgpyr rinCe. 3G Ry Hsc p, nPgicytar
31 'Owé@Bght of 690 and a specific gravity [agr 60°F160/0089)1) in weight ratios

:Lven 1n Table 3- %t{xq rH]aa{cQ n&.xE@cgqﬁgﬁéed with a #hgomn.x %900 %béﬂh :!‘Lgo

Not an ex-a I nvention nte
et hyl ert®/ sg%‘“éﬁg fkh élfgokf%}?ﬁa‘?d COPRASRE ppterials w&’fe tbﬁr’ﬁ“éﬁf (19.5
nol e per cef@yiidbyataseat Hbd; 1033 afe¢dingr pndrdlemperature e‘du@wkrmdteﬂn dfakés BF5and
C(2)nt ai n| Nomfnutedei gite PEYtRANtat2icDLEl 1iG mixed at PHoyS tayie4® rpROfor 10 minutes.
-24-"
beT) Use7/ 22000 e CieE{Skiisanion aata, for the ERamBAER ANEChS SERPRRSAT: D
Two bl end CBFBSIYITNET® SERDI@sTaA Cand 1he Bed fhpd jatesrqlypays have
i Nt er pot ynetrychprrabdnbegnidy eanchgpod meckand call n@apedtizdskyl (hexyl, octyl, 5
ﬂec_yl ) pht hal at en@&ii&!’ 14 R6AOxe a¥addiaRkenddienns rf%_rlclé(%gf@l)é T%gggems' and

aving a m n oi unpar , a

i i c T8 BinatC skl o SREucB R B i

paraf fini rom_Sun and having a nol ecul ar
wei ght of 690 ahe £oIpRAAFPE Y Sathewy saﬁl%ﬁpersﬁsmefleueé afl cryptatdiphty

rati os = coipagadite Theluwmbdified intdarpilymerx BotbouedifddrsigrbdacdRheom x 3000
bow . 180 Bfbagenindlort i day dHbendrdis HﬁrhtssH@iaQ:'éhasbfthW@B@ fed into the

m xer i e e ee rature. equilibration
Cakes 3.5 StbapbBheetidls toiftidn wrbftts " AN R HLA D A 0 20’ Tom -
for 10 ni nfMes energy absorbing apphifatdes zatr on data for the exanpl es and

t he conponent. The modi&repoiytrapolynergi steaw good ablketempeddmrgodi fi ed

_ 'T Et er pf)l ynﬁéﬁohﬂyﬁel?anftr@ﬂ&{ﬂibﬁ:coﬂ @Efeggs tr¥lﬁm;99%hg3ﬂlamﬁxal properties.
e ol | € l.er Wer.i n
zﬁ S @dl@&? et:fh f:. }égaf g"f the mo%%:.eg 1ntergol39neﬁ sS Sf'?lalq"fﬁla%’]"llyal S

| nt er pol yner conp

show snal Ir"rﬂ?&ﬁﬁes”}ilﬁhl‘é’i?éisl"’ﬂ?sci"%ﬁ arprayeg\procesgaidafednt 8omhe unnodifi ed
i nt er pol ynfabriBativmpdedesees. produce 20 broadening of the Tan [err] of the
| oss peak associated with the



i nterpol yner glass transition process,
ener gy absorblng appllcatlons

FideUr € -
In 25 addition,

good | ow
behavi or.
significantly
sone

per f or mance,

which could find utility in . sone’
The nodified interpolynmers show

~and retention of straCIUSKRI@OI ON

the viscosity of the nodified interpolyners is

reduced, whi ch translates into inproved processability in

~fabrication processes.

5 *

Not an example of the present 1nventlon '
** Interpolymer (D) is an ethylene/styrene 1nterpolymer containing

- 25- - WD 98/ 27156
PCT/U897/22009 Table 5
Exarrp| e or Table 'S '
Conparative | Example or '
Experi ment _ Comparative D 10
11 W ratio Interpolymer Experiment
(D**)IM neral -oi | 80/ 20 D* 10 W ridti ¢
| nterpol ymer (D){P610 Wt ratio Interpolymer plasticize
80/ 20 Per cdbt*)dMymergll| i t v (DSC| dat a) 80/201{ 7 2047 17.8
Tm[err]C (DSC dat aft ratio Inﬁgi?olyeelgrﬂm /POLY  s9420
\-:-\Ag((il'lt:)lf\’l/BZit L:H] hCe ?ﬁrcent crgtalll?;ft; (Dsgg@ltl:a) 14.7 | 20.7 17.8" I‘I‘]. peak
deg. C | MecH@ni €aiPSPréaferti es( @ 2B} -3 | €97 | 70.4
. Tg(DMS), °C -8 -14.5 | -25.4
A Tand peak width at half height 23 34 39
deg.C
Mechanical Properties(@ 23°C) _
Tensile Mod, MPa 19.7 2.1 12.6
% Strain @ Break 378 396 493
Total energy @ Break, N.m 150 82.7 65.2
Mechanical Properties(@ -10°C) '
Tensile Mod, MPa 66.6 1 2.0 27.2
% Strain @ Break 303 403 484
Total energy @ Break, N.m - 91.0} 32.1 |- 148
% Stress Relaxation (@ 23°C) 26.2 | 26.1 26.3
Hardness: Shore A (@ 23°C) 96 92 49
Melt Rheology (190°C) :
10°n(0.1 rad/sec), Poise 16.6 | 0.43 0.43
n(100/0.1) _ 0.16 } 0.19 | 0.20
Tan & (0.1 rad/sec) 2.37 2.7 2.6

29.3 weight percent (10 mole percent) styrene, having an I, melt
flow index of 0.03 and containing 1 weight percent atactic

10

polystyrene.

EXAMPLE 12

A. Blend Preparation

15

““'mixer and equilibrated at 190°C.

equilibration took about 3 to 5 minutes.

20

Feeding and temperature

was mixed at 190°C at a mixer speed of 20 rpm for 5 minutes.

The blends were prepared in a Haaake mixér equiped with a
Rheomix 3000 bowl.
polymer and oil.

The bowl when fuily loaded contains 220 grams of
The polymer portion of this mix was fed into the

The molten polymer material
The 0il

(Deer Park Naphthenic 0il 3131 having an aromatic content of 28.1 wt.
percent; a flash point of 315°C and an ASTM D445 viscosity of 9.18



Tensile Mod, MPa | 19.7 2.1  12.6 | %

Strain @ Break 378 396 493 Total energy @
Break, -N.wossr7ise 150 82.7 65.2 Mechani CWTWS%%P'M es (@
-10[ err] C) _ Tensil e Mod, MPa 66. 2.0
27.2 - _ % Strain @Break 303 403 484

Tot al energ}ént@ﬁbﬁ&k (9Nl$nx 1075 m?Pded) aB8240kc avABable from Shell % Stress:
Rel axati o rdness:

Shore A ( @}é Lft Jtcl)eep Paﬁlé,G 'I%xg%)G w%s th%g\ §dded and mixed with %I ¢

Rheol ogy (PQDE[!@Fr f'C)9° rpm for'5 minutes at1}39®Fr] (0.1 rad/ sec), Poise 16.6
0.43 0.43 B. Molding of polymer + oil Hlend] (100/0. 1) 0.16 0.19
0. 20 5. Tan [err] (0.1.rad/sec) ' 2.37 . 2.7
.6 . 5 * Not ThA ROLYmPY éngdfoilhblprd Prapazesy dnth ghove wasxeompressiRsl yner
(D) is an ﬁbMé(ﬂElﬁt‘.(Stoyﬂ.Em&ni r&aﬁalymsrmorrt aLBINGm c 12.7 c % 32 Veicght

percent (1Q, ) n Y I r ow i ndex
or 003 and°Coianas e migh gfaﬁ Septl B9 Alsbedls “‘@P"g eysr;‘re%el 10

EXAMPLE 12% lend in ¢ %Br‘é PERYGH °f1519° C and a PREsSHITENAS PP
prepared i psi l—:raaake kRpX eforefunipatiesi fol lawed by Rhearexuz2000 20W00 piie bowl

Wne? full ]y (?ﬁﬁ%@@ rEt at r@chZQfgr:armneées RO IR \Eesaﬂg:lcé)i'dhean@notBQJiyner

portion o i s .m X was in r-.a quili bra

190[ err] c £ en@d\é\gﬁan‘%eagﬁ ‘fﬁ?e‘:“l t%cr]q.f‘l%(? A Et? fbo&r aéz‘gtl&é) to 5

m nutes. THbe mlpeﬂlmhym pPrenexties ozothmtﬁm@é-dmgrts bSpeéryd Blemd inh xer

_ ﬁpeed of 2@neNf 05 frofided €6.tablbes Gnd the préfaiePask ;:rrﬂp:t]ltehendaﬂ theI 3131
avi ng ti 0 1 escent; a flash point o

315[ er r'?C gng%ﬁl%g%g&mglvk%& %%‘/gdomeFaﬁ%g ' :

- 26~ WD 98/ 27156 '

PCT/ US97/ 22009 centistokes (9.182aklel@[err] nmerr]/sec) at 40[ err] C

avai | abl TOCopoltiet  FIATBRE | " Mardvess | TeTFeRsried pnd .

at s9find Pl Gfend

m xed wi

rﬂuﬂk't s at 1@%@&” bCI Modulus B.

Mol di ng o+ oiI b] end fhe pof ymer jand ol | ocant) |
prepared i hpressi on no hto 0.]125 in.| x'5" 1
in. (0. 1‘2%-7_%% Wi ek c&8 tlesting
by~ subj ¢ and o t enperlatfr ef of
190[ err]|C f 26590 )06-10 - i ds
fol | owed PO, 009 psi err]¢ for B
‘m nut es. N B e feswvEd oz TTT: o ot 3ty
cool to B2[errl] Gal 4o P9Q psi (4, 474 kPa) nposi tijn anc
propertiles nf the interpolinersiusedito blend wikh the Oi proyvi ded
in tabld 6°and the 3r403é15t é%”o tfe| bi’end| of %% hre_o'ﬁ?s in?‘é?pod )"ﬁ%} aft ol |
is provilded in thbj&97| 1.8 o _
;3 M | 39 [ 2.7 [ 2625 | 87 02 033 | 09368 | 829 4469 | 308
3 E (42|19 [ 2591 | 86 I3 | 194 [ 09411 883 | 5449 | 376
F {41]19 _ .
6 S [ 30237720047 63 0.1 10.97 | 0.9381 90.0 | 8837 60.9
T | 44|20 _ '
7 H | 3Z [ 24 | 3106 [ T08 | 13 0.09 [ 0.9393 791 3208 | 221
1 ]27]12 ' :
3 K162 | 28 [ 3106 [ 1038 0.7 230 | 0.9390 63.2 3087 | 21.2
: L |53})24] '
9 T {5826 [ 3002 [ 103 03 TT.I8 | 0.9402 79.7 379 | 586
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| Table 6 Base | ESI Copol yner Atactic Mel't Density Hardness

Fl exur al Resin  Resin Styrene - Styrene | ndex Shore A
Nodul us = wooesnmise - - "PCT/US97/22009
(2% Secant) Type |bs kg w% nmol% No W.% g/10 mn
g/ cc : psi KPa . : x10[ err] 20.54 6.5 0.7
0.13 0.9353 88.5 7631 52.6 gp,.., N 45 20. 2
2.3 21.02 197 09388 o0 7729 53. 3 P 4.9
2.2 3. 3.4 5| 19 g2"exw@l> 1 0.1 7.48 0.9378 9p.9
8753  60.3 Blend [Base B @l |1 gModulusq | THA | BsocgssingInflex 2iGH@8nessg| 7
0.33 0.9368] 82.9 _’Reﬁn i= (Z‘Vﬂse&nt).- 9 -9 o : . ' ' ! :]3. 94
2000 65 o ooor| 8% ""i’!’g_cl.oqs~ % Shoda [
4.4 2.0 1 5.20 2.4 31.0&% |10.8 . 0.9p93
79.1 3208 231 A T [ I50 p6gos | P4 R7T §. 77218 860.0p 10.8
023 2.80 WWFSTQJ X733 5% '_b3rTs/233l-Q§ /22089
Tabl e 7 \‘Q_g%”—. [ A ekagail 2™ erd O Ba&e |0t | - mobul us
TMA  Procesdi ngPindéx2 [HH dnd&E | B3 | 85 | Re&fn| 0.I60 8299 becant)
w % psi kPaE Xpoi 983Q 292 ZIShoT @9 | 0.099 803
10 k sec[err] [~OFseciens 1507055 | 486 | 8 | 096 | 0.0% 861
" G 3 20 | 368F | 392 | 87 | U0 | 0.060 823
—H K SN RS S 3 I I T R 7 039 0.039 B0
T T [ 25 [ 3233 [ 2417 237 0232 743
T 4 [ 300 | 2805 | I3 [ 73 00 | 0.000 | 70.7 ]
K- T {3735 [ 1681 | 116 [ 59 | U35 0035 534
T S [ 235 [ 328 [ 22 [ %0 083 U.083 762
™M 5300 [ 2607 | 180 |76 036 | 0036 712
N 5373 [ 1896 | 131 70 U.1Z 0012 62T
0 & | I35 | 4489 | 309 | 55 037 0037|817
P 7 300 [ 1360 | 94 | 63 I35 U135 | 608
Q T 400 | 903 [ 62 57 030 | 0030 313
K 7| 300 [ 1009 |70 5T 004 | 0.004 391
5 3300 | 1379 |93 50 034 | 0034 | 610
T 3 [400 | 1097 | 7% 38 [ 0.09 | 0.009 322
U 8300 [ 669 | 346 53 00T | 0.001 383
v g 300 | 1495 | 103 | 62 0.10 | 0070 394
W 300 | 867 | 60 | 37 0.03 0,003 299
—X 5300 | 613 | 42 | 353 | CRD* | CND* 354
* CND = could not be determined. '
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[eFr] - | *CND = coul'd not” be determ ned. _

- o8- : Repl acenerHis SHeatHﬁsBeeane laced 1. A
t her nopl asVoeslz‘na\pom tion conpri si om about 50 PCE/USIHER0099
percent by wei ght of at |east one random i nterpol yner 3
1 ’ 1. A combosition comprising

conprising 4 (1) froma out 65 nol e percent of
- CLAIMS

2 {A) from 50 to 99 percent by weight of at least one éubstantially

I random interpolymer comprising _ _ _

4 : (1) from 5 to 65 mole percent of polymer units derived from

5 (a) at least one vinylidene aromatic monomer} or
6 (b) at least one hindered aliphatic or cycloaliphatic

7 vinylidene monomer, or

8- (c) a combination of at least one aromatic vinylidene

) T monomer and at least one hindered aliphatic or

10 cycloaliphatic-vinylidene monomer, ahd

~. 0" {(2) from 35 to 95 mole percent of polymer units derived from at

12 ' least one C,.y u—olefln,, and

13 (B) from 1 to 50 percent_by welght of at least one plasticizer

4 selected from the group consisting of phthalate esters,

15 : trimellitate esters, benzoates, aliphatic diesters, epoxy

16 compounds, phosphate esters, glutarates, polymeric plasticizers

17 (polyesters of glycois and aiiphatic dicarboxylic acids) and oils.
18

1 _ 2. A composition of claim 1 wherein

2 component (A) comprises from 5 to 50 mole percent of polymer

3 units derived from at least one aromatic vinylidene monomer and

4 from 50 to 95 mole percent of polymer units derived fromat least
s one que.a-olefin. '

1 | 3. A composition of claim 1 wherein

2 ' component (A) comprises from 5 to 50 mole percent of polymer

3 units derived from styrene and from 50 to 95 mole percent of

4 polymer units derived froﬁ ethylene, or a combination of

s ethylene with at least one C39 a-olefin.

1 : 4. A composition of claim 1 comprising

2 (a) from 60 to 95 percent by weight of at least one substantially

3  random interpolymer comprlslng

4 : (1) from 5 to 50 mole percent of polymer units derlved from ‘at

s least one v1nylldene aromatic monomer, and,

6w (2) from 50 to 95 mole percent of polymer units derived from

7 ethylene, or a combination of ethylene with at least one Ci.y;

8 a-olefin.

® (B) from 5 to 40 percent by weight of at least one plasticizer

1 selected from the group éonsisting of phthalate esters, trimellitate
1 esters, benzoates, aliphatic diesters, epoxy compounds, phosphate

29
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5 " (a) at Ieast one vinylidene aromatic monomer, or = 6

(b) at |east one hindered ali pmmmmmmwwﬂﬂ“ phatic vinylidene mononer,
or 7 woesnmse  (C) | east OneCIVEEYAR2009
V|ﬂyI|dene nmonomer and at | east *onk hi nder ed

ali phatic or cycloaliphatic vinyli dene nmonomer, and (2) from

ab 0 Ut %5 t (Qst%QQ Utgl%\‘?afm:leg F}%’l&ﬁé’ﬁhc El%ﬁé{r%ﬁsu Qbél%egﬁéfsv 89 %g%@l? tJ}él ene,

ene br opy
(B) frésm adwbatic Sl‘éiﬁ?ﬁf‘y%’d’ 5%’r‘?§én‘["n‘5fl€\ér ght of at |east one plasti. CI zer

selected fromthe group 12 consi sting of phthal ate esters,

tLI melhu tate est ersI 5beng&tp@§1tﬁd Qhagllaf_;mdi @g{ngfl%,mgpoxy corrpounds 13
phosphat e ersy Lt afat es nmeric.p |

2. A corrpoEA%t 57 SP & g%%n?"rr \%EQ ) weﬁgcht 0Bl Ted °he sug’ﬁgar(t,&)al%%rrprl ses
from5 2o 50 ﬁﬂ"é’mpﬂ%mlwrp‘%ﬂ"?ﬁﬁl%m ts deri ved from at | east one 3 _
aromati€ vinyl i deneremrsorersoanold peptdlt bo Rhyhed anpes epived fpehynmer units
deriveg, f rom 4 styrene, afd,NY! ene or a corrbi nation of ethylene with
propyl ene. on of ¢l aim1 wherein 2
conmponéht (A) ctpr £53 P8 T‘?}eSBe‘Fﬁ?I“E ‘b‘i CEWETOFIS PRETEINET® deri ved
from styrene and 3thylene, or a ¢omhyingtianoof>tmylengeitent béagtobyeaeh-aunits

derived from et hylaeelaeflar a conbi natl on of 4 _ et hylene with
propyl ene. 2 o Q %io clai ,eonprising 2
(A TOom 685to 8;3’ er%oen? %ercent bP(t °1 &3 eaosneméeu s?s{nc arFt andom

i nt er pd ynLehRrh P nté‘e3gr°“P °°n513tm‘-7( 1’)5 B OB 55 smotElnsdre
pol ymem unestersietienechtfasonaliphhiast disstevsn\tposy menprwmat i phosphate

gnnon'eﬁzfaéﬂier5 glutarates, poﬁ.?’l}lexflrcoﬁlaﬁﬁﬂzﬂze%@ 016 e PESGEBE d&fytcﬁi)% Yarar U[“hts
erive r c ation et hyl ene w :
propyl gne Cﬁ[})pﬁé% ﬁ?@aﬁb%%ﬁg ng %)Iéc?cenf by wei ght of at |east one .

pl astici zer selected fromthe group consi sting of 8 pht hal at e esters,
trimel litate esters, 6beRzoampesitiani phatla¢ndi esk@risingpoxy conpounds,
ph|05phazt e (a) from 60%o 9BSh&cent gdwtaaigﬂttesf &O]I.}xa?cr bfie %@5&&&!1&@@ Zan_d(A)
oils Qsition of claim1 conprisin

from6d to 95rap?edrm([:l lx%teﬁgo%ﬂyéé h omgglajtn 9 east one substanti g}jl ragdom'
interpd ymer 3 (1) from Sohey 3 si“?ﬁge percent of polyRer updis Blefb"ei%fﬁﬁ‘?e per cent
. of pol ynmer units dtyrered éndm styrene, and, 5 (2) from50 to 95
nmol e peycent of (0l yre sonid ssdwllevsérd‘eh@m@;hy}&&eunﬁrs 8eBived from

_combi nation of e Qxh,g&%ewwaps&ms & Blone Lia? 10.40cpe1Lent bY

‘wei ght of at |east [asticlzer sé 0 gr oup tond st i ng
of phtHal ate est efs°%% Prel litate esters, benzoates. ali phatic diesters, 9
epoxy conptRinfin phios ghatexcest GbIYSWe:gdhmtaf atteseaspobyerpilast pliasti ci zers, and
_ ?i |'s. 610 g- o5 selected from the6gro%p098ﬂ¥3.§ltiﬁd3'3f0$h&5§é@ &s@&@)r !Lﬁéﬂﬂég (A
rom o] n east _one .subs andom

i nt er pgl yme %;.paq.licgf tmlggd %nga lkytl, ary ance I!).'LX? tl%gi ad:y Oesrjf'bﬁrs per cent
of pol yner unlts derlved_fromstyrene and, 5 (2) from50 to 95
- nol e percent of pol yher Ausarpssildonyet cﬂammlet:hlyz}»:eilsépg or a

2 (A} from 60 to 95 percent by weight of at least one substantially

3 random interpolymer comprising
4 (1) from 5 to 50 mole percent of polymer units derived from
s styrene, and ' '

(2) from 50 to 95 mole percent of polymer units derived from

7 ethylene, or a combination of ethylene with at least one Cj..
8 —* 10 o—olefin. ' '

(B) from 5 to 40 percent by weight of at least one oil selected from
10 mineral: oils, natural oils, 'naphthenic oils, paraffinic oils and
1 " aromatic oils. '
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6 * " " conbi nati on of ethylene with propylene; 7. (B) from5 to'40
percent by weight of at |east Iﬂ | ected fromthe group 8
consi st i rWoes2MS6hal ate est ers(”nllgllmi "Iml lm ‘i xed | iBEPSHRANY| |

aryl and 9 m xed al kyl aryl estefs 7. A -
conposition of claim1 conprising 2 (A" from 60 to 95 percent by weight:
of at lweast one subsganti eddpysimlﬂoafiémaeﬁpplmfi@ng conprising 4
(1) frgm Stah Ol rw'& BEI52Rbn Oyl SCH oMt .SLeQ%.re X d&;?&%ﬁ%gl eneand >

(2) fromb5 to 95 ercent o units rive rom et or a
6 3 ’@B%Jr ﬁg%]erSF E with propylene; 7 (B) from5 to 40
per cents by wei ght) &fomtb. Be‘ast15021@°dﬁlp@@leatt@dpblmrnumﬁsqsaldeni\deg, £18m

nat urals oils, napfgﬁ;pﬂﬂeq &id s, par affinic oils and arorrati C Oi I S.

1 n ' risin from
40 to g5 percent? )b§r°m 23 %%?Bgﬁ I egs ec’):ﬁ%ntsuqbs{ml?ﬁmngl ‘Imltfaﬁ%ﬁjlmed ém}"
i nterpdl ymer conpef Y]r?@e' oy a combination of ¢thydeme Hith %128$ﬁ)loeeﬁé4cm:ent of
pol ymers uni ts deruve]:leﬁ‘mom styrene, and 4 (2) from 84 8 to
93.7 | e RST f \ I v fer
- conbi ggtl on o i %gltgggbvé@[:e%ﬂrqggi gﬁ%{t 89 ¥ PXL%%gﬂ%nl ;E)ler"éent by
 wei ght ®of at ¥ 4§09 He2hafRthemec gphthspic ctille 3f igastegng Paratfingc :
napht heni ¢ oi¢iland at | east one paraffinic oil; 8 and wherein 9 (1)

component 4n@) whe®ia Melt index of from0.1 to 10 g/10 nmin, as neasured by

ASTM D45238 1Q°mp%ﬁe% @]Nﬁﬁg%gg‘egﬁ ﬁ’&gx fr&]nl& gall(a corg)05| tion has a

fl exural uI us secant) f - f r BM 600 psi 12

(4, 137"kpa§ll€ Ga¥d mpﬁeﬂfm(m%“gssfkﬁyraldﬂsiﬂé%s@ PRERERt ($38FaghL X EFUBi on
rheometsry) of 60papeil34,137 kpa)0td 1.0.0R. BskpeBs253 &Ral) A at hmmeen{mm el
anal ysies ( TMAereh d.noes GAberdrddCat fmal Q@[ £¢dnl Go°c td 100°c. 9. A
conposition of claim8 conprising 2 (A) from55 to 85.percent by weight
of at |east one substantially randominterpolymer conprising 3

(1) frdm 6.3 to 10. P moPecPeretrirnort Frinet conprisigeri ved from styrene,
and 4 2 (A) from 5§ 2o B35 QrB8ént/ byow&iyht ablag@ pedstebihe GubptdntAaRIlpNi tS

derived from,egnhmeﬂﬁerﬁ}gl{ﬁeg comprlsm conbi nati on of ethyl ene with

- propyl ene; 6 ) fro t ent of a,t ast

napht héni ¢ oi | d ar or‘p iC 3914,5 e Pe&ﬁ&“\%ﬁf@%’“ﬁ 8n€‘r‘?f“ (A)
has a el t index &FY¥¥8Sm¥H to 2 g/ 10 min, as measur ed by ASTM D1238,

190[ er re] C/ 2160gt2andrc08i7 jrosad mone)q:&lrt:exm ol aso1amet axmiik &l devased Lﬁ'o(xby
ASTM D5790, 2 per ceflenef A i QmbhihOMER00s Rthyldne with at41dabt Kp@)c, Lo 4000
psi (27,579 kPa), 2o RIS eSS index (by gas extiusion rheometry) of Tom 0.1
12 to 1.0 kpor se, and- a thernonmechani cal analysis (TMA) of from

65[ err PC t&) 1y, 15 tp 45 percent by weight ofj gt Yeastnprs inephenfic ctidi md
conpri ®i ng 2 aropddid pols60 to 65 percent by weight of at |east one
‘substapti @L‘hywr{é}ggpm i nter poI ymer corrpri sing 3 (1) from7.8 to

10.3 rml e rcent of uni rlved fro and 4
(2) fr8m 8‘@5 cPEPYS™Y &ﬁ spe"f"r E‘% 3 Aty FE™ ?n? ‘)s/ %er?%d from et hyl ene;
5 (B 11l 358 cRUpEEIenthas, aV\élWabmeﬁ‘Pl‘P-‘edét pewRenhazsrehthiat oi | ;

14 from 600 psi (4,137 kpa) to 4000 psi (27,579 kPa), a process index
15 of from 0.1 to 1 0, and a TMA of from 65°C to 100°C.

1 10. A composition of claim 8 comprising

2 {A) from 60 to 65 percent by weight of at least one substantially

3 random .mterpolymer comprising

4 ~ (1) from 7.8 to 10.3 mole percent of polymer units derived from
5 - styrene, and

(2) from.B89.7 to 92.2 mole percent of polymer units derlved from
7 ethylene;

(B) from 35 to 40 percent by weight of at least one naphthenic oil;
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6 . - and wherein 7 (i) conponent (A) has a nelt index of from0.5'to’
0.9 g/10 mn, as neasured by 8 ASTM D1238....190e[rr] C/ 2160 g; and 9

(i) sai d?,s?gmgkt ion has a lmRﬂDBIrHlsmﬂBETJBAS(bEENApTM D- 79@CcTAISO®R 2009 t
secant) o from 600 suwpﬂmm87 kpa) to 2,090 psi (13,790 kPa), a
process index (by gas 11 mrheonetry) of from0.1 to 0.3

kpoi se, and a .t hernonechani cal anaIySiS' 12 (TMA) of fron170[err]C fo

100[ er '] C2
-31/1-1

n
12

13

nd wheréin
(i) component (A) has a melt index of from 0.5 to 0.9; ‘and

- (ii) said composition has a flexural modulus (2 percent secant) of

from 600 psi (4,137 kpa) to 2,000 psi (13,790 kPa), a process
index of from 0.1 to 0.3, and a TMA of from 70°C to 100°C.

11. A composition of any of claims- 1-10 containing 1 to
50 weight percent of one or more:additional polymers selected from
polystyrene, syndiotactic polystyrene, styrenic copolymers such as
styrene/acrylonitrile copolymer, polyolefin homo aﬁd'copo;ymers,
peolyethylene, pblypropylene,'polijinyl chloride}, polyéarbonate,
polyethylene terephthalate, urethane polymers and polyphenyléne oxide.

12. A composition of any of claims 1-11 in the form of
foams, fibers or emulsions.

13. A composition of any of clalms 1 -11 in the form of an
adhesive or sealant comp051tlons.

14. A composition of any of claims 1-11 in the form of
injection, compression, extruded or blow molded parts.

15. A composition of any of claims 1-11 in the form of a

"£ilm or sheet, or as a component of a multilayered structure resulting

- from calendering, blowing, casting or (co~)extrusion operations.

R A
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