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FIELD OF THE INVENTION This invention relates to polymer systems

that undergo free radical reactions, wherein modifying the rheology of a
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and pentaerythritol triacrylate is reﬁorted by Wang et al, in Journal of Applied
Polymer Science, Vol. 61, 1395-1404 (1996). They teach that branching of isotactic
polypropylene can be realized by free radical grafting of di- and tri-vinyl compounds
onto polypropylene. However, this approach does not work well in actnal practice as
the higher rate of chain scission tends to dominate the limited amount of chain
coupling that takes place.

Chain scission results in lower molecular weight and higher melt flow rate
than would be observed were the chain coupling not accomiaanied by scission.
Becausge scisston is not uniform, molecular weight distribution increases as lower
molecular weight polymer chains referred to in the art as "tails” are formed.

Another approach to producing rheology-modified polymers is described in
U.S. Patent Nos. 3,058,944, 3,336,268;-and 3,530,108 -- the reaction of certain
poly(sulfonyl azide) compounds with isotactic polypropylene or other polyolefins by
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polymer as it undergoes the coupling reaction.

It is desirable to yield a coupled polymer that is particularly useful in
processes where melt strength is important such as extrusion foaming and blow
molding. '

It is further desirable to provide a process for preparing TAP-mediated,
rheology-modified polymers from free-radical, chain-scissionable organic polymers.

SUMMARY OF THE INVENTION

In its preferred embodiment, the present invention yields a TAP-mediated,
rheology-modified polymer being prepared in a reaction from a reaction mixture
comprising (&) a free-radical, chain-scissionable organic polymer and (b) triallyl
phosphate (TAP), wherein the TAP-mediated, rheology-modified polymer has an

extensional viscosity at Hencky strains above one greater than that of the free-radical,
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on Creep Compliance for a Polypropylene resin.

Figures 5 and 6 show the effect of an organic peroxide and various coagents
on Relative Recoverable Creep Compliance for a Polypropylene resin.

Figures 7 and 8 show the effect of an organic peroxide and various coagents
on Normalized Shear-Thinning for a Polypropylene resin.

Figures 9 - 12 show the effect of an organic peroxide and various coagents on
extensional viscosity of a polypropylene resin.

DESCRIPTION OF THE INVENTION

“Constrained geometry catalyst catalyzed polymer”, "CGC-catalyzed
polymer" or similar term, as used herein, means any polymer that is made in the
presence of a constrained geometry catalyst. "Constrained geometry catalyst" or
"CGC," as used herein, has the same meaning as this term is defined and described in

U.S. Patent Nos. 5,272,236 and 5,278,272. -



"CGC," as used herein, has the same meaning as this term is defined and
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The elongational viscosity (or uniaxial stress growth coefficient), ng, is
obtained by dividing the stress by the Hencky strain rate.

“Homogeneously Coupled,” as used herein, refers to the range of molecular
weight over which branching is present as shown by a Mark-Houwink plot resulting
from gel permeation chromatography (“GPC”) analysis. A broader range indicates
more homogeneous coupling.

"Long Chain Branching (I.CB),” as used herein, means, for example, with
ethylene/alpha-olefin copolymers, a chain length longer than the short chain branch

that results from the incorporation of the alpha-olefin(s) into the polymer backbone.



"Long Chain Branching (LCB)," as used herein, means, for example, with
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the polymer backbone. 4 WO 2007/053771 Each long chain branch has
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monitored with time until the strand preaks. T, teady-state force, in
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varied with a constant acceleration of 2.4 mm/sec. The tension in the drawn strand is
monitored with time until the strand breaks. The steady-state force, in units of
centiNewtons (cN) and the velocity at break (in mm/s), also called “drawability”, are
reported,

“Drawdown stability,” as used herein, means the critical velocity at which web
or bubble oscillation is likely to ocour. “Draw resonance,” as used herein, means a
sustained periodic oscillation in the cross-sectional area of the molten polymer film or
strand.

"Metallocene,” as used herein, means a metal-containing compound having at
ieast one substituted or unsubstituted cyclopentadienyl group bound to the metal.
“Metallocene-catalyzed polymer” or similar term means any polymer that is made in

the presence of a metallocene catalyst.



strand. "Metallocene," as used herein, means a metal-containing
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compound with a polymerizable moiety which is added to a reactor in order to .
produce a polymer. In those instances in which a polymer is described as comprising
one or more monomers, €.g., a polymer comprising propylene and ethylene, the
polymer, of course, comprises units derived from the monomers, e.g., -CHy-CH,-, and
not the monomer itself, e.g., CHy=CHa.

"P/E¥ copolymer" and similar terms, as used herein, mean a
propylene/unsaturated comonomer (e.g. ethylene) copolymer characterized as having
at least one of the following properties: (i) >C NMR peaks corresponding to a regio-
error at about 14.6 and about 15.7 ppm, the peaks of about equal intensity and (ii) a
differential scanning calorimetry (DSC) curve with a Ty, that remains essentially the

same and a Tpeq that decreases as the amount of comonomer, i.e., the units derived



not the monomer itself, e.g., CH2=CH2. "P/E* copolymer" and similar
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asymmetry.

g = 3\/2 wi(Ti_TMax )3
i \/Z wi(Ti_TMax )2

Equation 1.

The value, Tiay i defined as the temperature of the largest weight fracﬁon
eluting between 50 and 90 degrees Celsius in the TREF curve. T and w; are the
elution témpera‘cme and weight fraction fespectively of an arbitrary, i fraction in the
TREF distribution. The distributions have been normalized (the sum of the w; equals
100%) with respect to the total area of the curve eluting above 30 degrees Celsius.
Thus, the index reflects only the shape of the crystallized polymer. Any
uncrystallized polymer (polymer still in solution at or below 30 degrees Celsius) is
omitted from the calculation shown in Equation 1.

The unsaturated comonomers for P/E* copolymers include Cgag ox -olefins,

especially Csp w-olefins such as 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene,



eluting between 50 and 90 degrees Celsius in the TREF curve. Ti and wi
are the elution temperature and weight fraction respectively of@fyys2006/04298¢
WS T fraction in the TREF distribution. The distributions have been
normalized (the sum of the wi equals 100%) with respect to the total area
1-ipffeg.cunehding aheve, 30 dereas Geisius. 1bBUs thedrderdefigedrably
only the shape of the crystallized polymer. Any. uncrystallized polymer
L AER S RGO e o BB S0P L ST GBI 0
didhe aricukiins showrikyEsuaioi Tofhewnbaturhiéid cemenomersHqrand p-

P/E* copolymers include C4-20 a -alefins, especially C4.12 a-olefing such
S To e, L AENBHE Eon ot A bty SRR R 2 Pt
suORTHOL B 71 RGT AlGRO06 /4288 0db-haptenashlsontmenel addcinerpstyrene.

-dodecene,and.the like; 20 dioletms, preferably 1,3-butadien .
B e e HOPo S SR e, g T 2 R e Ny g i
espliciatiopertacidne@d40:einyl aromatic compounds including sytrene, o-,

m-, - methylstyrene, divinylbenzene, vigylbiphenyl. vinyl hthalene:

e B S U e ot P S ey P LR
inadhisrestyerdyans flobnostyyéare. aEdhghenesandathd ChbRersefing just P/E*
coﬁéﬁlﬁ{éﬁq CHRONAMS &Qdo%ﬁ@w%'%’% eﬁcﬁnzg 0%{1'9 MGIONEY metallocene-

onomer. P/E* copolymers are a unique s P/E copolymers. PIE

casbysl rraelymenidecanedperdyatemcsy e plieheataboren wreatorare dnd Z-N-
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copolymers include metallocene- catalyzed copolymers, constrained
wesEmBsFyEht Y s PF RSO IyTREFs, Bih ooy eagarppatr BB dtp RedYEICTS
co@&@@i@@s%i%hih&%f!ﬁ@%@ﬁ!afg P@&@@éyl@( b .er%@ﬁu?e's%é@, wslajﬁiﬁase :
percent or more propylene while EP (ethylene-propylene) copolymers
PrBHise SPRBAt percefftétERforéMhsAmtar A@Wré‘&@@d?ﬁ%mﬁri@@m“
compiepylenss, degim@isom pethylens” andisimilar eTiskaeandhsdsdie o the
olymer com rlises units derived from propylene, ethylene or the like as
COE}?&B&@%‘%‘EF% %??mpounds themselves. "Propylene homopolymer" and
simil&piermenmban eppiyymé nodisisiing coelyhanessaytiatycal didtiny tsrlely
derived from.prepylene. "Polypropylene copolymer and .similar terms ..
o B e B R e i end
siraiigl deromennramerealysatnenadisomonsmdrd veR dtaratirpSpeetrad etieslene

anlfR? dneds HRGH RGN AeAsSBEasure of the

“Relaxation Spectra Index (RSI),” as used herein, means a measure of the

breadth of the relaxation time spectrum as determined by oscillatory melt rtheometry
using a Reologica ViscoTech controlled stress rheometer equipped with 20 mm
diameter parallel plates. The instrument was operated at 180 degrees Celsius under a
nitrogen atmosphere with a gap of 1.5 mm over frequencies (m) 0.01< ® <30 Hz.
Stress sweeps were used to ensure that data were acquired within the linear
viscoelastic regime. A Maxwell series model was fitted to the measured storage and
loss modulii (G°,(G”) to generate relaxation specira and the ratio of the spectrum
distribution moments (RST) using a least-squares regression algorithm. The resulting
rheology-modified polymer will have an RSI greater than that of the free-radical,

chain-scissionable polymer (the unmodified base polymer). Preferably, the resulting
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greatéPendiedoriore prafer A6 grE ekl 1 e agi b SeNrdférdey than or
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melt viscosity of a polymer as determlne by dynamic mechanical

mediiafoBRbBYHOMIET Y The GRFRIL Jpsnbievistoxiplstevit e agionlgbain-

scEiRgAHaBIRCHSIHNNCas e rTaMIeamef 1001 seciand fljawShenl is less
VISCOSIt easured tashe rofg rad/sec. Th heo ogy-modified

fhﬁ%@kﬂ é’r"e“Fa?BﬁP dsigoed TSGR % its
free-rathisabtolajnaadissionablerpolymse. Fﬁﬁﬂ@ﬁﬁﬂﬁﬁiﬁ%dlﬁiﬁhﬁ&i%}hews a
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ain- SCISSIonab mer he rHeo10
acbnﬁymer@@&% H%sihﬂnﬁiﬂ@aimt 50 percent of its free- radlcal

chai r ve efe

ool P O S B A R W e

“(Pr&tarabily condertidd lbgingidtiiedndoihomdd Iaémevesm@w@@ﬂ fereighih@arcent
ge@cggéﬁsggég%whgge%%ent to the person of ordinary skill in the art that

gel number "GN" in this context is distinct from and should not be
confuSHEr Aty elieigr percartiegeritidhasesulingwirolegyeregdified polymer

witiiteiRatvehl apakalsareiarakly vhe LaauiingitheRiagyonadified ROMMEH or

will have a{\gel content as measured by extraction in trichlorobenzene or

HERGNNDIEyASIR lderiTBeres) B ReSHHER ATHRABPIEGHID dis Hian about
1mw&gablydmﬁh@mam ﬁ@m&b‘}t ResCaDE atdnoreRieiRrabiydess Also

pre era’f?l 'fhe ge erc?ﬁﬁl eology—mod1ﬁed polymer wiil be less than an
absolute 5 weight percent greater than the gel content of the free-radical, chain-
scissionable polymer {the unmodified polymer).

“Strain hardening,” as used herein and also called extension thickening, refers
to a sudden increase of the extensional viscosity at strains high enough for molecules
to become stretched and oppose a resistance to further deformation.

In its preferred embodiment, the present invention is a TAP-mediated,
theology-modified polymer being prepared in a reaction from a reaction mixture
comprising (a) a free-radical, cha.in—scissionabié organic polymer and (b) triallyl
phosphate (TAP), wherein the TAP-mediated, rheology-modified polymer has an

extensional viscosity at Hencky strains above one greater than that of the free-radical,



preferably, the gel content of the rheology-modified polymer will be less

than an absolute 5 weight percent greater than the gel content 8f & 06/042980
WREPHEREAN Lchain- scissionable polymer (the unmodified polymer). "Strain

hardening," as used herein and also called extension thickening, refers to
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et e DM R s e
etlayldior buRetaxatisySpe ctpelnders (RS rpreaté vithaatiastaf thenomers, vinyl
chﬁﬁr?dé@@h&%ﬁﬁﬁ%ﬂﬁ%&lgaﬁrganic polymer. A variety of free-radical,
-8cission

chain e polymers can be rheology modified in the present

inverkisferstivatie freeurtiehiicgadnbicibsirantbqsolye soliicleds belted
SHPBRT RENREIRIE fbbSLRRlS AR PR PO ST DRaRoREimeTS.

propyléne topolymers, styrene/ butadiene/ styrené block copolymers,

styreRErcEaYendepbtdiciibbsty Rinthe oprsiseak riiseienelt of oimplymer of
isQEORRHE FANGRAtse itk RBl9tse RARETS: ARd eI Ha8re hiween about

Preferably, the free-radical degradable, hydrocarbon-based polymer is

LQgrsightirsromtRRiABe ddherighbpstieBbutene, propylene, and styrene
polyrm&&nl ﬁ@f@fef%@mfip&@%ma@r @Jetfhw @ﬁeﬂ@@tﬁmmiqm@ﬁ” on dincmde
co mer of ispbutylene isoprene. The isqprene js typically used in

AT E O BORRDRRORE G, e TSt S Bt B0 i roplene

pdereen inExapiégebpripyl elstpabmerheipedul lorih ediyesentmventicide by
include propylene homopolymers.and P ol s. In particular, these

S it G R

m@mm,mﬂﬁam@yeawﬂmmmb@mm made by

ot oan IO RO DS A e R A i rs
Exstoyleand pieify smgolgansismetge insiade piopyeaniiebibolyiferd Méidde Mitsui
TEXARRMAR] VERRMAA IS Dow Chemical Company. The density of these
copolymers is typically at least about 0.850, preferably at least about 0.860 and more
preferably at least about 0.865, grams per cubic centimeter (g/cm’).

These propylene polymers typically have a melt flow rate (MFR) of at least
about 0.01, preferably at least about 0.05, and more preferably at least about 0.1. The
maximum MER typically does not exceed about 2,000, preferab_ly it does not exceed
about 1000, more preferably it does not exceed about 500, further more preferably it
does not exceed about 80 and most preferably it does not exceed about 50. MFR for
copolymers of propylene and ethylene and/or one or more Cs-Cyo o-olefins is
measured according to ASTM D-1238, condition L (2.16 kg, 230 degrees Celsius).

Styrene/butadiene/styrene block copolymers useful in the present invention are
a phase-separated system. Styrene/ethylene/butadiene/styrene copolymers are also

usefud in the present invention.
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TAFMER, and VERSIFYTM by The Dow Chemical Company. The density

‘79% (?, gquolymers is typically at least about 0.850, preferably@i/easbs/na29%0
out 0.860 and more preferably at least about 0.865, grams per cubic

centimeter (g/em). These propylene polymers typically have a melt flow
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C4- CPm&mldﬁmﬁnsm&wgredca?dborﬁmlazASTM D-1238, condition L
(2.16 kg, 230 degrees Celsius). Styr?{ne/butadiene/styrene block
copolymers useful in the present invghtion are a phase-separated
system. Styrene/ethylene/butadienefSt€hla copolymers are also useful
in the present invention. 10 WO 2007/053771 PCT/US2006/042980
whengin&FsibhypEsForl ATt tHhah st spatalEng thisrei3raeRhPINFERtdR s an

aroHiiRRISYIN RRMAtISABAMENSINS RS R A OAKIIIEH;RetDaRS/, halo,

V|nyI aromatic monomers known for use in ponmerlzatlon processes,

0% ilpallth SERsHRLGTh TP aloH R £BHAIeRY. 1@ 825899 afjes and
héi,&@waéfd?geﬁ‘@rabhaww@mnmramﬂf Qi@tfpfm@’lﬁ%fe&bﬁf QsClZheny! or

wherein drogen.o I radical c thre bo s or
R P A h S G R B R Tob 18 o HARE g, with
phﬂﬂyloba/iﬂ@lmﬂsalmdfdméd d?ylpaieﬂatkyysahﬁmﬂmmdmhmzﬁm\a]my}amyi be used
.qr ntains 1 to 6 ¢ natoms nd haoa l.re toa alo
R St AT e mBe SR IR RR ety para-
valiiphemy| effemtoemn afkylisylbstiteeg phemll gtmqn,ewmsdhbm}rlem‘&lngfinyl
SR AEIYSS TNBIGRLXON SRmPIL eReme pich.gan be used
e: styre a- Isomers o

e, a methylstyrene, a vinyl toluene,
especidiy yanal vmymﬁénénaﬂqmerm@}* etﬁlﬁpst%@néom@pwgw@he other
cYi &&&M& ﬂ@i’c&n@p hmesvé;%h@ﬂ%@ﬁﬁﬂgr@ﬂ{h% likkgs @B%hot Himited

mlxtures thereof. The vinyl aromatic monomers may also be combined

A BN B RIBBTY TR Ab S TS RET R thassybed Bics et hnembmesl. methyl
nibgldehut A8 ROtditeshd methyl acrylate; maleimide, phenylmaleimide, and

maleic anhydride. In addition, the polymerization may be conducted in the presence
of predissolved elastomer to prepare impact modified, or grafted rubber containing
products, examples of which are described in U.S. Patent Nos. 3,123,655, 3,346,520,
3,639,522, and 4,409,369,

The present invention is also applicable to the rigid, matrix or continuous
phase polymer of rubber-modified monovinylidene aromatic polymer compositions.

The reaction mixture from which the TAP-mediated, rheology-modified
polymer is prepared can also contain non-scissionable polymers. A particularly useful
scissionable organic polymer and non-scissionable polymer. blend would be
polypropylene and polyethylene.

~ For use in the present invention, the triallyl phosphate (TAP) would preferably

be present in amount the range from about 0.05 weight percent to about 20.0 weight

percent. More preferably, the coagent would be present in amount between about 0.1 -

i1



to acrylic monomers such as acrylonitrile, methacrylonitrile, methacrylic
Q%gﬁn%hgj”{nethacrylate, acrylic acid, and methyl acrylate; maleimide,
o eny?maﬁelmide, and maleic anhydride. In addition, the polymétiZtie06/04298¢

" may be conducted in the presence of predissolved elastomer to prepare
impact modified,,or, grafted rubber containing_products, examples of
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ially! ) ly be present in amount the range
e e SR R ert A e
raskisrdr HB A HeBgeRen®UIgtbe prasentihamaunt petivesnabduiOikel, the

W00 1 BEHLIEZ000A42850, WelohhPHESILAG BBOY A Ccign
weight percent. Even moré preferably, the coagent Wouei be presentin
ROFetiRE P Sl rietzhtnergprtp SrenpraferaliBub e Garpightup 8rébrweight

pdleniragd asivalsaior Wsrin fBR QIESRAAYERIRD M ABIIPHRRMI: 3bout 0.03

ariety ways. Far example, oxygen-centered free radicals may occur

Vv
iRESU rTRE SebRRRGaRE prrbkibesT&nb frEer sdEPIRiteadien-centered free
rddiatseney oxygehr@anth al;cdfytmagdﬁq%@nmﬂa@ﬁﬁt!@éymaﬁg'éﬁtwaﬁon, and
Cfurth&a&%?%l e 2{1 or%%]mc peroxide, an Azo free radical initiator,
D Hate oxy%g S A R Y e dIY M peroxide is used, the organic
peroxidexiiigemerally peesiemhinian reupt HeRdeRN RO A0S EIGhs, the
ent, about 20.0.wejght.percent, mo %pr ferably, between about
P g%‘% weig (t%of)%rgléenq[ S cgkgoﬂvﬁ 56_6“\,93%1%% %r%?éer?f 5’?\?@(79\{%'/?%0% radiation.
Agreteraply, Seavenerahder.08radiigin percentafideahaitd Davelghtgent.
percept; hoiexample cRoN: Gente free radical occur through
allcoxy radical fragmentatﬁm, a é‘l' Eéﬁé%%%taé% ea?g%?@% R R ropide
OYFERR fidesPaATCITERCivatpolyaBrtimaliditombinetias aftdmatniéytphsipgate
atMAddiivedefer fregoradicalnntds HOMMSEEAR I, RS radicals whepy
subjected to shear energy, hezl?f} or radiatic)“ﬁ. ncga g})gﬁ’%ler' &%mmﬁopthls
combination determines the molecular architecture of the coupled polymer (that is, the
rheology-modiiied polymer). Sequential addition of the triallyl phosphate followed
by gradual initiation of free radicals provides a degree of control over the molecular
architecture.

It is also believed that grafting sites can be initiated on the polymer and
capped with the triallyl phosphate to form a pendantly-grafted structure. Later, the
pendantly-grafied structure can couple with a subsequently formed free radical,
imparting desired levels of homogeneity to the resulting theology-modified polymer.
The subsequently-formed free radical can be from an additional quantity of free-
radical, chain-scissionable organic polymer or one or more other free-radical, chain-

scissionable polymers.
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Accordingly, shear energy, heat, or radiation can act as free-radical

v&@%@iﬁgjggﬁnt. It is believed that when the free-radicals are Q?W%ﬁ%ﬂg% 42080
i ion, the

an organic peroxide, oxygen, air, shear energy, heat, or radia
combination of the triallyl phosphate and the source of free-radical is
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Orgfﬁﬁg\%gg,rggrgradual initigtion of freg radicals .provides a deg.ree qf control
over the molecular architecture. It is also believed that grafting sites can

 be idigecEnrasepRipdiecahdheappreat et TisIgh st ersibrature
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couple with a subsequently formed free radical, imparting desired levels
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provdbRaauentivfonned fieadadieal canhadromanadditional granitiohiional

free- radical, chain-scissionable organic polymer or one or more other

mofES RO S RHA BT BoRATERS . Pt g BesPrrobRYeh mixers, fiber

spileddUed0004042980 In yet another embodiment, the present invention is
a process for preparing TAP-mediated, rheglogy-modified polymers from
e B T R EATao S, O BT BP AL A, e -

catéenbzodicoardtictive: preishnt inlrentidrckbancasticigsafmh fanulfast wd ] perpayasies,
from. the rheology-modifiable pplymer.composition. An ber of ..

shag sbles muficomibonent shoc bled attudink Eolipmens Chdimandeasiion g

typasetutarocesigsnachadkeln)qoiidien aldinglcextndsiong b nifredssvan tape, run

i ati in r ' owmolding, powde .
e R S0 BRMESlce) pipes

foaamd_tégw ﬁmmd@mémd&mmmﬁbm ﬁsdld@@ﬁs,ﬁbﬁ@)and- cable
semieaRdUGe ASUEESWI g2 Bdhalle CoRURGS ﬂ’;@ﬂﬂ@ﬁﬁ%{‘fc RWEner foam,

accessories, shoe soles, multicomponent shoe soles SInC uding polymers

extgidnftePohtaehsiieeadertypeypansaer bapisnlgstasiesm, Brofesexpanded
thetGHIRHIORMAS: Hed 4t dapeuse aflabling I0se HerR MRAHYUCHIvarions

panels, composites (e.g., wood composites), pipes, foams, blown films,

PSR LSS RGN Ng BiRder fif e fRaih PEISUALS fbavs Al S FBis Physical
confighugiiolr axamplehexirudeddhermaplastiaNsly e, feghd plank, laminated

plank, coalesced strand plank, profiles, and bun stock.

Foams made from a rheology-modified propylene polymer of the present
invention are particularly useful. An example is a foam comprising a rheology-
modified propylene copolymer comprising at least 50 weight percent of units derived
from propylene, based on the total propylene copolymer, and units derived from
ethylene, acrylate, vinyl acetate, or combinations thereof. Preferably, comonomer
units are derived from ethylenically unsaturated comonomers, and the copolymer will
have a melt flow rate in the range lof from 0.5 to 8 2/10 min (ASTM 1238, 230°C,
2.16kg load) and a Rheotens melt ‘strength of at least 5 centiNewtons. The
exemplified foam can further have a density of 800 kg/m® or less.

EXAMPLES
The following non-limiting examples illustrate the invention.

Comparative Examples 1-8 and Examnles 9 and 10
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extruded polymer strand foam, expandable thermoplastic foam beads,
wpangadsthermoplastic foam beads, expanded and fused thergapiastis 42980
foam beads, and various types of crosslinked foams. The foam products

may take any known physical configuration, such as sheet, round, strand
geomedy, the, saligrplapk, lamirairdi-piank, cealessed siand p'ﬁé}l{lolpolymer

rofiles, and bun stock. Foams made frgm a rheology-modified propylene
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anf&riplEhasResaeilgaMtive Examples 1-8 and Examples 9 and 10 13 WO
2007/053771 PCT/US2006/04298¢ ,ERr the examples, an experimental
reactor isotactic homopalymer polypropylene powder (i-PP) made by The

Epowiehs

mical CEARgaRy was u

Sed. %eptdﬁé%ibs of

this _rééihov_%’fté@\s

Citgws ettt Frow Rate \.VIFR)—WW
167.1 degrees Celsius: and Bulk Density of 0.47 g/cc. Tablen nsehows the

Cdimdunts|of the coagenits and Luperox 130 peroxide (L,130) usédfor

C%_)glpal tive ExarHB'ﬁ—éb =8andExamptes9and-10;where dﬁ@f%&fﬂfﬂ‘&@*
listed in Weight percents. For brevity, the coagents are identified by the

CiBlldwing| abbrelidhéctriallylghosphateé¥TAP), trimethylolpropéife

cpaETytate (TMP Ty gnd triattyrtrimesgig (TAM) Table TExaggt
CoagentiCoagent (wt%) 1.130 (Wt%) .C.E. 1 none none C.E.2 none 0.05

CE&: 3 ngne 0.20 TAM 3.0 0.05

CE.7 TAM 3.0 0.20

CE. 8 TAP 0.99 0.05

Ex. 9 TAP 1.98 0.05

Ex. 10 TAP 1.98 0.20

The examples were prepared by coating i-PP (3g) with a hexanes solution
(8ml) containing the desired quantity of L1130 and/or coagent. The hexanes solvent
was evaporated, and the resulting mixture was charged to the melt-sealed cavity of an
Atlas Laboratory Mixing Molder (minimixer) at 200 degrees Celsius for 6 min. The
compositions that came ouﬁ of the minimixer were subsequently stabilized by pressing
the polymer into thin sheets at 170 degrees Celsius and mixing with a masterbatch of
calcium stearate (500 ppm), Irganox 1010™ tetrakismethylene(3,5-di-t-butyl-4-
hydroxylhydrocinnamate)methane (available from Ciba Specialty Chemicals Inc.)
(500ppm) and Irgafos 168 tris(2,4~di-tert-butylphenyDphosphite (1000 ppm) by
repeated folding and pressing at 170 degrees Celsius.
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load, 3thi&4z. Shressiswedisiiadre G"ied@%mwneamﬁydfaiawabdetﬁme@-shear
within th linear VIS oel st | I f s‘ﬂgg
Vlsﬁ%) 1%easu1f%c g%éirlagecg% os%;gm ||Aél§é(l¥6vg&§%§ﬁm%§8ré¥a§auon 1080

wp@ﬂmmﬁ%raf&@ﬁﬁ@-@@@cwmsdmmgﬁ@mmﬁﬁh@()?@bﬁf@ﬁ@t&afe

sauar Legression algorithm. Creep experiments were also
pmconéucted g&stablllzed exempllfled compositions using the

aforementioned rheometer at 180 é@b?@es Celsius (with 10 Pa load,

AR U‘R‘é‘ﬂ%&éﬁo‘ﬁ‘%@h‘&&h&&? A W heal GNP BRI, Gel Content
zero-shear wscos@g:gp recovergble compliancgx,(fihe creep complianggoy)
T Uflu:u after 100 ':glpFOVIueS anrestimate or g, 46R0-Shear VISCosIty, ngt
thé actual value.) The results are |presented in Figures 1 to 8
CE.2 1.83 603 0
CE.3 1.08 816 0
CE. 4 ' 281 , 10509 5
CE.5 8.46 1809 3
CE.6 4.78 2660 0
CE.7 3.01 ' 9620 0
CE.8 2.46 1260 1
Ex. 9 12.18 5540 4
Ex. 10 39.45 60686 9

Extensional viscosity of the compositions was also measured.
The samples were prepared by unconstrained compression molding using 0.3
mm spacets and 10 tons pressure at a temperature of 350°F for 15 minutes, and

subsequently cut into strips of dimensions 20mm long and 6 mm wide. A constant
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Table 2 Example Relaxation Spectra Index Zero Shear Viscosity from
ntent (RSI) (Pas) (wt%) C.E.18.81 115200 C
‘gcgg%%@%g%.os 5160 C.o 4251 1050 5 G £ 5 6.46 1800 SCL R m42580
4,78 2660 0 C.E.7 3.01 9620 O C. E_.8 2.4}6 1260 1 Ex. 9 1_2_.18 5540 4
He%écllgtr%g-%ﬁ%o@%? %%p%&?&&h"ﬁf’é M&i&‘?&é%eﬁﬁéﬁl? SOPOSIIQNE AN ASRom
megdsured. The samples were prepared by ‘unconstrained compression
thmﬂﬂ'ﬁ‘»gaghing]_@@@n&nmﬁﬁm@é%ﬁ@m@%ﬁ%@%ﬁﬁé@mem perature of
350F for JRminitesiAnd subsequently culinig stripuohdiMensiPRiensional
20mm long and 6 mm wide. A constant 15 WO 2007/053771 ‘
vis_@oﬁt?@szgaeymggﬁ@mﬁdkﬁ@m%tmgtmﬂﬁemmmﬁb (relative to the
collipsedanendent siiess was deterpineriiramaiie mepstsa g e antihfm
sample time-dependent cross-section. As shown in Figures 9 - 12, Ex. 9
degrre Pk straip daidpamatericedinsicharpssoumesisnsionnyiapoie ¢ thihagak
beteba il amaticallvinaisas et el ative i the famparallygisxgmples). At

the same peroxide loading, TAP resulted in the maximum degree of strain
hardéhingoadshel deti theHadiralim SadnerbHianAsosky PPV g, before
m@ﬁﬁ%@%@r@gmb&ﬁﬁy@mﬁmh aByOken @f@g@iﬂﬁi?&mglpaﬂ%ﬁ{?i@@@r Wbagents
contrast, the free-radical, chain-scissionable polypropylene before )
(Crfioticaiion E?c%ﬁﬂlzﬂal%%ﬁﬁm%lﬁiﬂ S AR e fine
other coagents (C.E. 4, C.E. 5, C.E. 6, and C.E. 7) exhibited significantly
inferior strain hardening. 16 MCSLLP Claims: 1. A triallyl
phosphate-mediated, rheology-modified polymer prepared from a
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reaction mixture comprising: (a) a free-radical, chain-scissionable organic

polymer, and (b) triallyl phosphate, wherein the triallyl

phosphate-mediated, rheology-modified polymer has (i) a Relaxation

Spectra Index (RSI) greater than that of the free-radical, MOSLLE

chain-scissionable organic polymer or (ii) extensional viscosity at Hencl(y '
Cétaivis above one greater than that of the free-radical, chain-scissionable

1019aNK RYNE b TRAdHRIARROSRIBIE speited isagy-PRded from a
polymer according to Claim 1 wherein the reaction mixture further
TSP IS fEPIRSEIEnable polymer. 3. The triallyl phosphate-mediated,

rheolegy-mogified nelymenaserding e, i€ ainmt yersie thedrially!

phosphate-mediated, rheology-modified polymer includes no more than
10 wéfyht pertdii §8Bpshdse triallyl phosphate-mediated,

wiiealpgvmnodified pehwestacedingdo Glaimol-Wheteithsotialbd has () a
sphate-mediated, rheology-modified polymer includes no more than 5

pho : ! .
Relaighicpeteesitybidex ARFRISIsHHBSpRaiahalihe femedisay-shammstpsionable
oRAINMNBERIEBRHRA IR EndiBACLIOR VIR ERMANSIRGIARBIISLANRRINr than

of a first free-radical, chain-scissionable organic polymer, wherein the

thab Rt feepardispb piamsi o amepHE e and (b) a second

2 quantityofsaig firshirgsnsadiaaki shainSeisRiNANRIGHGR YIS RAYMABF dng 1o
quantity of a second free-radical chain-scissionable organic polymer,
CloHBrEirAE RS FRTHSpratetHeBighey cRTRBIESS Hiodmet EoKHe PRAE:
3a Relpxatignibpegkasidex1RSbiereataidioan-thatigfdnefiisticeedadicahy o
hain- scissionable organic polymer or (ii) extensjonal viscasity at Hencky
Cins 4hBvEIdRe @?ﬁﬁ&hﬂ%ﬁ%{%ﬁﬁ frsbtriasatmedified polymer includes

néhaifcshissionableterganianalymer. 6. The triallyl phosphate-mediated,

rheology-madified polymer accqrding to Claim 5 wherein the triallyl .
4phos§ﬁﬁetﬂ?&aat§aem%%w%m%e@msﬁgp% PHEHOraFAHE Lo

Clanveighicparcart gelllr P2 mbdihedrialyl phespharmediaieg includes
rheolo -m%difiegﬁé)olymer according to Claim 5 wherein the triallyl
DO RYEE TR e HEIL 8T FHEGIBYy-modified polymer includes

5. A triallyl phosphate-mediated, rheology-modified polymer prepared from a
reaction mixture comprising:
(a)  afirst quantity of a first free-radical, chain-scissionable organic polymer,
wherein the polymer is pendantly-grafted with triallyl phosphate, and
(b) a second quantity of said first free-radical, chain-scissionable organic
polymer or a quantity of a second free-radical chain-scissionable organic
polymer,
wherein the triallyl phosphate-mediated, rheology-modified polymer has (i) a
Relaxation Spectra Index (RSI) greater than that of the first free-radical, chain-
scissionable organic polymer or (ii) extensional viscosity at Hencky strains above one
greater than that of the first free-radical, chain-scissionable organic polymer.
6. The triallyl phosphate-mediated, rheology-modified polymer according to
Claim 5 wherein the triallyl phosphate-mediated, rheology-modified polymer includes

no more than 10 weight percent gel.
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no more than 5 weight percent gel. 8. A process for preparing a triallyl
phosphate-mediated, rheology-modified polymer comprising the step of

reacting: (a) a free-radical, chain-scissionable organic polymer, and (b) McsLLp
triallyl phosphate, wherein the triallyl phosphate-mediated,

rheology-modified polymer has (i) a_Relaxation Spectra Index (RSI)

Tgreatérthdiishat aritperhes:meiiarkneirodensiandiiedorgdrrcpoffraring to
COfik)ENRRsIanak issosi Rk FIeRCY RIS ARQYS.9NE ArERIEp AR thALIudes

of the free-radical, chain-scissionable organic polymer. 9. The process
ng &eoieitheits CREN 8sktfdethlthe triallyl phosphate-mediated,

grheologypmeeifiedupohrnarineludes 18 MEr iRl B wueiaht PRICRBEFShodificd
10. The process according to Claim 8 wherein the triallyl
PolESrRnTEaatbe StrrediBEyigdified polymer includes no more than 5

weightapercentre@katidoAniticie efimanuag e dpenaked fram a triallyl
phosphate-mediated, rheology-modified polymer according to Claim 1.
12. ThY articié PiitiSre according to Claim 11 wherein the article is

vandeam. (3. Far riafiubphnsphatermediatres Hgolaas neadified Relymes (i) a
according to Claim 1 wherein the free-radical, chain-scissionable organic
Rﬁlﬂ??ﬁ&?%%ﬁf&&i}%(%ﬁcﬂfﬁﬁ@r Cornphainy Sadss sirighaiercisonable
ofga!élmtgcd%ﬁ\ée@xggm PrRpyiend, vhassean H@ﬁﬂ&ﬁ'sﬁfﬁﬁé’%}ﬁ&@ﬂ@'%ﬂm than
and units derived from unsaturated monomers._14. The trially

t%aé&%%&%&&a%&&% éﬁw%%%aﬁi%r&%@ﬁ%m&ordmg to Claim 13
owhereiRdhgrotisatutatedi RORONISEAR seleaied Hemte DishRphate-mediated,

a%tf?, vinyl acetate and combinations thereof.

r}%%?%?el%%gf{g; %ggﬁ%aé%%é ARSI AP S RSt kccording

1o Claie pwbeseincthedine-raditalnchiaiississianabiergapio goiymaidgiated,
A B LIRS 1o 5 e BP0 i U BN R 6tims mel
1strength oficleastabouitufacantiNgwians! 1foAn articieligl manyfhatur ediated,
R R AR i, meobay moded pojmer

12 The article of manufacture according to Claim 11 wherein the article is a foam.
13.  The triallyl phosphate-mediated, rheology-modified polymer according to
Claim I wherein the free-radical, chain-scissionable organic polymer is a propylene
copolymer comprising at least 50 weight percent of units derived from propylene,
based on the total propylene copolymer, and units derived from unsaturated monomers.
14.  The triallyl phosphate-mediated, rheology-modified polymer according to
Claim 13 wherein the unsaturated monomers are selected from the group consisting of
ethylene, acrylate, vinyl acetate and combinations thereof.

15. The triallyl phosphate-mediated, rheology-modified polymer according to
Claim 1 wherein the free-radical, chain-scissionable organic polymer is a propylene
copolymer having a melt flow rate in the range of from 0.5 grams per 10 minutes to 8
grams per 10 minutes and a Rheotens melt strength of at least about 5 centiNewtons.

16.  An article of manufacture prepared from a friallyl phosphate-mediated,

rheology-modified polymer according to Claim 1 wherein the article is a wire/cable.
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