RADI CALLY FUNCTI ONALI ZED COLEFI N- BASED POLYMER W TH REDUCED MOLECULAR WEI GHT
CHANGE AND METHOD PRI ORI TY [0001] This application clains priority to U.S.
provi si onaiD 2appi3b@at i on Serial No. 61/099, 366 fil ed on Bepttsawwensa34 2008,
the entire content of which is incorporated by reference herein. BACKGROUND
[ 0002] The present disclosure relates to functionalized pol yners,
conpositions, articles and nethods for producing the sanme. In particular,
the present di sRABICALEYOFUNGTEONAMBSED: ObEFINABASEDROLYMERent whi ch
reduces the awwlTfi REDUCHYMODMEMUIAR WEIGH D CHANGFEAANS METHOAS ed

polymer that is radically functionalized. [0003] A continuous challenge in
pol yner chem stry is the introducti @RIQRIT¥nctionality into an ol efin-based
pol ymer. Catal yst conpositions for propyl ene pol ynerization, for exanple,
are not mmpRp! e Wiis i BsRHcRASAL tIAENPOpAdritiONENRL.S. | provisiohel papyicaionbaSdmbne.
Functionalization of an ol efin-based polymer in radi cfal nel.t process

typi cal | Yor K(9%.364 ﬁleémwembﬁrt%e%&& ENtHE (CORIGNGS? ‘O(Bliggﬁﬁ WCE‘SPQF?ﬁ?dSBX/ i's
pol ypro_p}(elfgrg e%ire?iﬁ' experiences gross nol ecul ar wei ght degradation, via
b-sc: ssion, “duri ng['r adi ]cal functionalization reaction in a nelt state or in
a solution state. [0004] Desirabl functionalized ol efin-based
pol ymer that exhibits a reduced &%@%@%ﬁlﬁght change as a result of the

functionmi ti and a_ process f raoduci ng.t he Y [0 The
pr esent Ogéfos MFHOf @&g OFUIE orﬁ%geé P‘? iqg%&%/%llglé#ai %Ogﬁﬂ%gs ‘“s%g%g }ﬂné’ %ﬁgﬂfs
and methods for producing the same. In particular, the present disclosure provides a
composition containing a coagent which reduces the amount of change in molecular weight

for an olefin-based polymer that is radically functionalized.

[6603] A continuous challenge in polymer chemistry is the introduction of functionality
into an olefin-based polymer. Catalyst compositions for propylene polymerization, for
example, are not capable of incorporating polar monomers into the polymer backbone.
Functionalization of an olefin-based polymer in radical melt processes typically results in
changes to the polymer molecular weight. Exemplary is polypropylene which experiences
gross molecular weight degradation, via B-scission, during radical functionalization reaction

in a melt state or in a solution state.

[0004] Desirable would be a functionalized olefin-based polymer that exhibits a reduced
molecular weight change as a result of the functionalization and a process for producing the

same.
SUMMARY

[0005] The present disclosure provides a composition which includes coagents that
inhibit degradation and/or molecular weight change during radical functionalization, and
related processes for degradation inhibition and/or minimizing molecular weight change
utilizing the compositions. The present disclosure further provides articles containing olefin-

based polymers functionalized by way of the coagent.



i nhi bit degradati on and/ or nol ecul ar wei ght change during radi cal
functionalization, and rel ated processes for degradation inhibition and/or
m ni m zi gorroloasedsar wei ght change utilizi ng the conposiPCIras200906m1pr esent
di scl osure further provides articles containing ol efi nbased pol yners
functionalized by way of the coagent.[0006] In an enbodi nent, a conposition
is provided. The conposition includes an ol efi n-based polyner and a

ci nnanoyl[000s] i valni ate embodinsnnnamoyiposipn iatprardddias Theecanpastionr mcjudeDzh Ri

i s select from a carboxyl .group, an este rou ano gy o nd_ an
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sel ected from hydrogen and an al kyl group. R4 is selected from hydrogen and
a G- G alkoxy group. [0008] The ol efin-hased polynmer is an ethyl ene-based
pol ymer or a propyl ene-based polynmer. In an enbodi nent, the ol efin-based
polymer is a propyl ene-based pol yner 0009Q] LA an enbodi nent, the

ci nnanoyl derivative is ethyl trans hoxyci nnamate. [0010] In an

enbodi ment, the cinnanoyl derivati et hyd, trans-ci nnamate. [0011] In an
enbodi ment, another conposition %8 provi ded. The conposition includes an

ol ef i n- based pol yner and a cyano-acryl ate conpound. The cyano-acryl ate
conpound has the ernuIa(}0012] R is a G-C alkyl group. R2 is selected
from hyd{&W&h, &R isnedesied diosu e, caabekyd S5euhyAN SRtPUPTOURAA | AR |ZE4PedNd @B
hydr ogen, _and .a, phenyly, group. . [.0013], T, | efi n- e I J.
ethylene?ngaaythVﬂéﬁ%b?EgﬂﬁF%§§P§AQ@%§§§&%86?§%§§.g?ﬁﬁaﬁegﬁﬁ%ggﬁgﬁyﬁgthe
ol ef i n- bag@dgpohnda@y alkyl growy. ORYis electbd sioth parygearand 000D 1€], dlkoxgrgrenbodi ment ,
t he cyano-acryl ate conpound is ethyl 2-cyano-3,3 diphenylacrylate. [0015]
In an enpggient Thd BRAGYABQE peFMlcatie a0sRPeRcbased eft bRASpRpEl¢ABasdd
indoleacrylayg. 0016] In an gnﬁbdinent, aﬁfungtioﬁ%?yged olegiﬁ?based

pol yner pslyster.ain amemabatjmenie fgsdefin-based polymer is a propylene-based polymer.

[0009] In an embodiment, the cinnamoyl derivative is ethyl trans-4-ethoxycinnamate.
[0010] In an embodiment, the cinnamoyl derivative is ethyl trans-cinnamate.

[0011] In an embodiment, another composition is provided. The composition includes an
olefin-based polymer and a cyano-acrylate compound. The cyano-acrylate compound has the

formula

Rs
COOR,

- -
Rz/ \CN

[0012] R, is a C;-Cyg alkyl group. R; is selected from hydrogen, an indolyl group, and a
phenyl group. Rj is selected from hydrogen, and a phenyl group.

[0013] The olefin-based polymer can be an ethylene-based polymer or a propylene-based

polymer. In an embodiment, the olefin-based polymer is a propylene-based polymer.

[0014] In an embodiment, the cyano-acrylate compound is ethyl 2-cyano-3,3

diphenylacrylate.

[0015] In an embodiment, the cyano-acrylate compound is ethyl trans-a-cyano-3-

indoleacrylate.



pol ymer chain or a propyl ene-based pol yner chain) is provided. The
functionalized ol efi n-based pol yner includes a propyl ene-based pol yner
chai n, amdoaogvebdsed coagent attached to the pol yner chacm/usBamadssido the
grafted coagent is a functional agent. The grafted coagent is a grafted

ci nnanoyl derivative. [0017] In an enbodi nent, the grafted cinnanoyl
derivative includes ethyl trans-4- ethoxyC|nnanate [0018] In an

enmbodi nefi016} he Igraaf erebbchmmntamﬁahctdmahm pleBinibagsiduprdymen (pprh g ansEiviensmat e.

[0019] | odi t he f t 0
In an enB%ﬁ?Hrﬁ? merl {rh%rrapfﬂpg ei“Sﬁ?&Fq en aﬁns) lgspé%i“% qanlimng r}scglgﬂil%g ]
et hyl eneoi%ﬁﬁ%s&pwwer GhgiuBesOh ﬁoﬁﬂ@mﬁb@@@ ;hﬂﬁﬁ& pedi,erid thﬁaﬂ):dlc@agent
provi ded. The functi'onalized ol efi n-based i ncl udes a

Itor opKI eneﬁt@@s@do ﬁhﬁ potmer hhdin. dhandad go dte g@ﬁé%ﬁ@ge@éwa dvectiopabpeasAll B8Rded
o the po r_cha 0 2 n_an ment, the grafted cyano-acryl ate
conpound Fﬁpﬁﬁaﬁ§“tFﬁ¢¥ ‘ﬁéaﬁ%wngdgpggq%enylacrylate [0022{ In an Y
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mal ei ¢ apiydydif@mdi£024] In an enbodlnent, a process for producing a
functionali zed ol efi n-based polyner is provided. The process i ncludes

m xi ng aﬂ)&ﬁhff' rfnbﬁﬁe&nﬁ&ilﬁﬁgﬁtr the Efa@ed F @h&Rbyl Béﬁ\}aﬁQQrmcﬁldEy%ﬁ 10ttahs-

agent, a’ coagent e coagent s the C|nnanDyI derivative and/or the

cyanoacr yinatmateonposi ti on. The process includes form ng pol yner radicals

with the free radical initiator, and grafting, wth the coagent, the

f unct i ongdo1apentintad enttedidny e furedota lagent Thmaledd animpdrideadi cal s are for med
fromthe ol efin-based pol yner.

[0020] In an embodiment, another functionalized olefin-based polymer (such as an
ethylene-based polymer chain or a propylene-based polymer chain) is provided. The
functionalized olefin-based polymer includes a propylene-based polymer chain and a grafted

cyano-acrylate compbund bonded to the polymer chain.

[0021] In an embodiment, the grafted cyano-acrylate compound includes ethyl 2-cyano-

3,3 diphenylacrylate.

[0022] In an embodiment, the grafted cyano-acrylate compound includes ethyl trans-o-

cyéno-3—indoleacrylate.
[0023] In an embodiment, the functional agent is maleic anhydride.

[0024] In an embodiment, a process for producing a functionalized olefin-based polymer
is provided. The process includes mixing an olefin-based polymer, a free radical initiator, a
functional agent, and a coagent. The coagent is the cinnamoyl derivative and/or the cyano-
acrylate composition. The process includes forming polymer radicals with the free radical
initiator, and grafting, with the coagent, the functional agent to the polymer radicals. The

polymer radicals are formed from the olefin-based polymer.

[0025] In an embodiment, the functional agent is maleic anhydride. The process includes
forming a functional olefin-based polymer that contains from about 0.1 wt % to about 2.0 wt

% maleic anhydride, based on the weight of the functional olefin-based polymer.



[0025] In an enbodi nent, the functional agent is maleic anhydride. The
process includes formng a functional ol efin-based polyner that contains
from abouwoOQoh/08664% t 0 about 2.0 wt % nul ei ¢ anhydri de, Poagisdooonsishe wei ght
of the functional ol efin-based polyner.[0026] In an enbodi nent, the

ol ef i n-based polyner is a propyl ene-based pol yner. The process incl udes
reduci ng, with the coagent, scission reactions during the process. [0027]

I n an enf@iojrentIn dnhentprdomessthi nddfirdessedripriyntgr eis ypropylemsbased phlyxneei dhanmat e

wi th a propyl ene-based pol r, the free radical initiator, and the
functi onB?OCS@éH&P $506 n&%’q&ﬁh‘éﬁ%f‘%ﬂfﬁlm{ ngtbopéggggg ihﬁdqr?ﬁfé% i Xi ng
ethyl trans-cinnamate with a propyl ene-based polyner, the free radical
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DESCRI PTf@%tSFOO%] a%ﬁybﬁgf#’eern:t’cgf% fﬁréﬁ%% lbégﬁ%egﬁ)ﬁgg eel?@1 1{ll%%lscllj es a Ilvg{\aafiues
from t he ptopwihe batddepodyitler; e fitepadicaldhitiator, andithe fumoiortas agdnt.one uni t,
provided that there is a separation of at |least two units between any |ower
val ue angp@oy hi@herenydit@ent thediteRNAAREIBsurt fprdviddsansdtiéct dudthad ardarticle, a
conposi tional, physical or other property, such as, for exanple, nmolecular
wei ght, fibhta fiheres tiedayer, andéor farsbagt1 dbe objest oudaing or isotherwisa gemppsedtofome

i ndi vi dual _val such cas .1 1 ~..and sub ranges, such as 100
to 144, nglofeo&%gﬁ)?re%ﬂg f?%wfg%,izeég ierf{nllgar%%d gélg‘ﬁngrs% y enunerated in this
speci fication. For ranges containing values which are | ess than one, or

contai ning fractional nunbers t .g., 1.1, 1.5, etc.), one
unit is considered to be O. OOO@E?@%W& .1, as appropriate. For
oni 0 s TOBPLal TonEbigh el e o P BaGetein TRRLAOGIL Gl Pl i ke oo, <
speci fi cale vppeniANEaH incBdlemth bf BAS 6hib| RoviaED tHARHGNS aOfepardtiBr bE &l lewalties

bet ween t he _ o
units between any lower value and any higher value. As an example, if it is stated that a

compositional, physical or other property, such as, for example, molecular weight, melt
index, etc., is from 100 to 1,000, it is intended that all individual values, such as 100, 101,
102, etc., and sub ranges, such as 100 to 144, 155 to 170, 197 to 200, etc., are expressly
enumerated in this specification. For ranges containing values which are less than one, or
containing fractional numbers greater than one (e.g., 1.1, 1.5, etc.), one unit is considered to
be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit numbers less
than ten (e.g., 1 to 5), one unit is typically considered to be 0.1. These are only examples of
what is specifically intended, and all possible combinations of numerical values between the
lowest value and the highest value enumerated, are to be considered to be expressly stated in
this application. In other words, any numerical range recited herein includes any value or
subrange within the stated range. Numerical ranges have been recited, as discussed herein, in

reference to density, weight percent of component, molecular weights and other properties.

[0031] In an embodiment, a composition is provided which contains an olefin-based
polymer and a cinnamoyl derivative. The olefin-based polymer can be an ethylene-based
polymer or a propylene-based polymer. As used herein, “cinnamoyl derivative” is a

compound derived from cinnamic acid. Cinnamic acid has the structure (I) shown below.



| owest val ue and the hi ghest value enunerated, are to be considered to be
expressly stated in this application. In other words, any nunerical range
reci ted hwoebrn/idsakudes any val ue or subrange within thecCsiustedossnge.
Nunerical ranges have been recited, as discussed herein, in reference to
density, weight percent of conponent, nolecul ar weights and ot her
properties. [0031] In an enbodi nent, a conposition is provided which
contai ns an ol efi n-based pol yner and a ci nnanoyl deri¥@tive. The

ol ef i n- based pol ynmer can be an et hyl ene-based pol yner or a propyl ene-based
pol ymer. As used herein, "cinnanoyl derivative" is a conpound derived from
cinnanmic acid. Cinnanic acid has the structiure (1) shown bel ow. (D [0032]
The ci nnanoyl derivative nmay be forged oA cinnam ¢ acid as is conmonly
known in the art. A nonlimting g dSs to pr¥pare the cinnanoyl derivative
is by way of esterification. The danoyl derivative has the fornula (11):
(H) [0033] wherein, R is a carbox group, an ester group, a cyano group,
or an imdazolyl group, [0034] R2 is hydrogen or a cyano group, [0035] R3
is hydro r al .k oup: 6 [ \ r - Ol koxy
gr oup. [ggg%f Iﬁﬂghmgﬁ%ggﬁﬁ%%??&%?n%gq%hkgE%%#ﬁgg5%%gg$ﬁ§ag§%é§%6§gﬁgﬁgf Ri
cont ai nskf@wCin ¢hecart. bAnsordiniting proceeato prepdre ahe himdambipinddriviative & e aaplogs  of
sui tabl e ci nnanoyl derjvatives are provided i ble 1 on the foll ow ng
page. TABEgterifigaionglhe pingamapifisaivagys hast OEI'inHE‘a( vyl derivative contains no
het er ocycl i ¢ conponent. [0039] In an enbodi ment, the cinnanoyl derivative
is ethyl trans-cinnamate. [0040] In an enbodi nent, the _cinnanoyl derivative
is ethyl trans-4-ethoxyci nnamate. (1)

Ry

Ra
R4

[0033] wherein, R; is a carboxyl group, an ester group, a cyano group, or an imidazolyl
group,

[0034] R, is hydrogen or a cyano group,

[0035] R; is hydrogen or an alkyl group, and

[0036] R4 is hydrogen or a C;-Cyp 'alkoxy group.

[0037] In an embodiment, R, is an ester group. The ester group of Ry contains C-Cyg
carbons and is linear or branched. Nonlimiting examples of suitable cinnamoyl derivatives

are provided in Table 1 on the following page.



[ 0041] The ol efin-based pol ymer can be a propyl ene-based pol ynmer or an

et hyl ene- based pol yner.

In an enb

odi ment ,

t he ol efi n-based pol yner

is a

propyl enewbaswd3pakymer. Suitabl e propyl ene-based pol ynmecs/usa@onszsi4
propyl ene honopol yners, propylene interpolynmers. The pol ypropyl ene
honmopol ymer can be isotactic, syndiotactic or atacticpol ypropyl ene.
propyl ene interpolynmer can be a random or bl ock copol yner, or a
propyl ene- based terpol ynmer. Reactor copol yners of pol ypropyl ene nay al so be

The

used. [0042] Suitable conopnoners forTA&LErkri zing with propyl ene include
ethylene, 1- butene, 1l-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene,

1- decene, 1- ugileembgl Ddrivatiodecene] as wel | aStrdeturet hyl - | - pentjeneCAS #
4-nethy|-I-hq%ﬁppumgqﬂgﬁgﬁﬁel-hexene, V|€i§;:clohexane, and stynehse-6l n|an
enbodi ment, the conononers include ethyl , 1- butene, 1-hexene, and
1-octeng¢. [0043] Optionally, the propyl ene sed pol yner may |conpri se

nononer $ having at | east tmn doub| e bonds, mhm&h are preferably di enes or

t ri enes|—Sui-table—di-ence—and—t+riene—conronronets—incltude

7-net hyl - I, 6- ocCHIRBREIE 7. di net hyl -1, 6{ock adi ene; 5, 7- di et RyP=L; 6-
oct adi epe; 3,7,1 1- trlnethyl 1,6{1 O octat™ ene; 6-nethyl-I|,|5-heptadi ene;
1,3 -butadiene; 1, 6- heptadiene; 1, 7- oct adi eney,, 1, 8- nonadi ene;

1, 9-decadi ene; 1, 10-undecadi ene; porbornene; tetracycl ododecene; or

m xtures tEewbm&mJbEﬂmdyanemnMexajiegg§ﬁ§§§%:i;enes; 1, 4- hex3adi Exg:69-4

1, 9-decadi ene; 4-nethyl - 1, 4-hexadi ene; thyl - 1, 4- hexadi ene;
di cycl opent adi ene; and 5- ethylidene-2-n nenec«( ENB) . [ 0044] Additi or
unsat ur ated conononers include 1,38 -butadiene, 1, 3-pentadieng,

norbornautgmﬁmxﬁqgmging&gggghggl sne;  C8-40 Vi nyl onati C CONRgRifi§y_7
yrene, difvinyl benzene,
vi nyl bi phenyl , V|nylnapthalene; and haly -40 V|nyI aromatic

includi hg styrene, o-, m, and p- et
conmpounds such as chl orostyrene and fl uorostyrene [0045] The |propyl ene

al

interpolyners of particular interest include propyl enel/ethyl gne,
1-trans-Cinnamoylimidazole ©\/\H/ I\ 1138-15-4
= N— &
Ethyl trans-a-Cyanocinnamate 2169-69-9
CO,CHy
Ethyl 2-Cyano-3-phenyl-2- 18300-89-5

butenoate

HiD COCI8CH,

[0038] In an embodiment, the cinnamoyl derivative contains no heterocyclic component.
[0039] In an embodiment, the cinnamoyl derivative is ethyl trans-cinnamate.

[0040] In an embodiment, the cinnamoyl derivative is ethyl trans-4-ethoxycinnamate.
[0041] The olefin-based polymer can be a propylene-based polymer or an ethylene-based
polymer. In an embodiment, the olefin-based polymer is a propylene-based polymer.
Suitable propylene-based polymers include propylene = homopolymers, propylene
interpolymers. The polypropylene homopolymer can be isotactic, syndiotactic or atactic



propyl ene/ 1- but ene, propyl ene/ 1-hexene, propyl ene/ 4-nethyl- 1-pentene,
propyl ene/ 1-octene, propylene/ethylene/ 1-butene, propyl ene/ethyl ene/ ENB,
propyl enewetzhilmse@l 1- hexene, propyl ene/ et hyl ene/ 1-oct @a&/US2009/057814
propyl ene/ styrene, and propyl ene/ et hyl ene/ styrene, and preferably
propyl ene/ et hyl ene interpolymer. Suitable polypropylenes are forned as
known in the art, for exanple, using single site catalysts (netall ocene or
CO[]S'[ ra: pelypyestest.r yTheopr(my@gb dnteNad yraerc eana by it sandmheorpbl@plyl@n@lyawa or a
optiona

gol ylrrerl g@(gn%ﬁ?’?ge?&ﬁ‘@?? R et‘%’i %%{%Wé&%fk?’lhﬁ ?'prog)ﬁlgnear "gg%eluggs ance, as
I scl ose | t , I ,
o el 5o bty Gl iR pasa et AGH e I ool sdfRie HuiS)

York, 198Ebegpa'itﬂeﬁféh@rhmeaé}&681 $dpt@R, Pobuns opybaaR, PRUYIERES 1iuidbeie, 1-
Shell's 100 “honopol ymer pol ypr opyl ene; Sol v é s KS 4005 poI @ropyl ene

copol yrredodesehagayass KSlI308 pétmyphpblybantenct epoeiel-hexsnel | Romt ene,

pol yprop sins avai] able from The .Dow. Chem ¢ onal

propy! ené g’é’éi‘i’ PG ﬁrbcf JHEPS: | h’c%&g]bf)ﬂ%eé“ qglgccrol %nagg%?%‘gédeé%%e gnal
Pat ent AgRleh&athéxendand YcR88, 999 (filed Novenber 19, 2007), the entire

contents of which are incorporated by reference herein. [0046]

Propyl engdgsp! f bhdmalier RO LYIFRIche- baGut i th&Gnay BEthfYidel it Mﬁhcﬁbh 8% GERL
pol ymer i ?‘03 Eropyﬁ%ne ?t g(ﬂ%n teota IL%ejl%ght faynt erggle v fa?“lIzi %\Ilthlsl’tl t he

di scl osutweo dﬁtmbteabbmispoﬂydl apy | peeferablys dignes yaretrisngncl @b EFQ@FIF\e(Ildnjrlene

pol ymers (The Dow. Ch d,v

Chen cal SEBOOMET SOHEREC PR DAy RS Jriety T e T R
(East manofherhead, 7. 90-timeREXKTAX bmcta@@énemt@ethWDstmpm)henVEm?Wet m6-
pol ymers (Degussa), PROFAX PF-61 1 AND PROFAX PF- 814 (I\/bntel ). [0047] In

an enbodhemadiens; hb7pretadiinend-brageaipns) yhedscadirarydel Ginrdsgadiors; agrgomene;
typicall ?,%‘tlflg&p écllgodecénearc}%j /n%&tu?&ethggeoﬁnr;u%ad‘i'&ﬁ?%%ﬁﬂ&QS,C(%Ty(ﬁé}@;s‘,r ?;4-1?6di1@15£

characte
1,9-decadiene; 4-methyl-1,4-hexadiene; 5-methyl-1,4-hexadiene; dicyclopentadiene; and 5-

ethylidene-2-norbornene (ENB).

[0044] Additional unsaturated comonomers include 1,3-butadiene, 1,3-pentadiene,
norbornadiene, and dicyclopentadiene; Cg.4o vinyl aromatic compounds including styrene, o-,
m-, and p-methylstyrene, divinylbenzene, vinylbiphenyl, vinylnapthalene; and halogen-

substituted Cg.49 vinyl aromatic compounds such as chlorostyrene and fluorostyrene

[0045] The propylene iﬁterpolymers of particular interest include propylene/ethylene,
propylene/1-butene, propylene/1-hexene, propylene/4-methyl-1-pentene, propylene/1-octene,
propylene/ethylene/1-butene, propylene/ethylene/ENB, propylene/ethylene/1-hexene,
propylene/ethylene/1-octene, propylene/styrene, and propylene/ethylene/styrene, and
preferably propylene/ethylene interpolymer. Suitable polypropylenes are formed as known
in the art, for example, using single site catalysts (metallocene or constrained geometry) or
Ziegler-Natta catalysts. The propylene and optional comonomers, such as ethylene, or alpha-
olefin monomers, are polymerized under conditions within the skill in the art, for instance, as
disclosed by Galli, et al., Angew. Macromol. Chem., Vol. 120, 73 (1984), or by E.P. Moore,
et al. in Polypropylene Handbook, Hanser Publishers, New York, 1996, particularly pages
11-98. Polypropylene polymers include Shell's KF 6100 homopolymer polypropylene;



having at | east one, or nore than one, of the follow ng properties: (i) 13C
NVR peaks corresponding to a regio-error at about 14.6 ppm and about 15.7
ppm the woakn/mbedabout equal intensity, (ii) a skewnes®Ciradecs/ 0S84
greater than about -1.20, (iii) a DSC curve with a Tne that remnains
essentially the same, and a TMax that decreases as the amount of comononer
(i.e., units derived from ethyl ene and/or the unsaturated conononer(s)) in
t he i nt eBpohysKS 4085ipotypessdehe capolyfien)ScohvayX-K3§0Qpédly prpyicon toppalymen anthat

reports pe-form crystal s t. Cc abl & interpol yner ar ed
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i nt er pol ¥npkichs-basddr QRhRNEAGE NYAGRR [RbRN RIREBRE. ih 0048] Hrovisionginimednrent ,
propyl ene-based polyners are the VERSIFY(tm polyners available from The
EOW ChenApalicaBionpdey60/988,9% (latee dNaveatber 9p26(g7ér the entire copenty aft which are
etween the t C NVR peaks is about 1.1 ppm These propyl ene-based
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et hyl eneFallsvﬁheils Elaiaht) P eI ASTOFIERE% ety mand (Pienan Mieafic2 50p0)0REXTAG 4
conpar abl e pol yner would have from 8,1 to 9.9 weight percent eth Ien?\,r from
0.9 to 1palywsrgiHupsmerlt VESROREAST anBolymets (Peedssds 026 5556,%606‘, Rnd

prepar edPWOtPJA)@ ﬁiﬁgl ffom t)ta catal yst. [0050] The propyl ene-based
i nt er pol ymers OF t ié d'sctosure typically conprise units derived from

o ! gl TR B el FES o 90 AR RS ol S

i nt er pol WikdallybameRn®Narddidradnes @bte unsaturated comonomers, and are characterized as
having at least one, or more than one, of the following properties: (i) 3C NMR peaks
corresponding to a regio-error at about 14.6 ppm and about 15.7 ppm, the peaks of about
equal intensity, (i) a skewness index, Si, greater than about -1.20, (iii) a DSC curve with a
Tme that remains essentially the same, and a Tvax that decreases as the amount of comonomer
(i.e., units derived from ethylene and/or the unsaturated comonomer(s)) in the interpolymer is
increased, and (iv) an X-ray diffraction pattern that reports more gamma-form crystals than a
comparable interpolymer prepared with a Ziegler-Natta catalyst. In a further embodiment,

the propylene-based interpolymer is a propylene/ethylene interpolymer.

[0048] In an embodiment, propylene-based polymers are the VERSIFY™ polymers
available from The Dow Chemical Company. It is noted that in property (i), the distance
between the two °C NMR peaks is about 1.1 ppm. These propylene-based interpolymers are
made using a nonmetallocene, metal-centered, heteroaryl ligand catalyst. Typically the
interpolymers of this embodiment are characterized by at least one, or at least two, more or at

least three, or all four, of these properties.

[0049] With respect to the X-ray property of subparagraph (iv) above, a "comparable”

interpolymer is one having the same monomer composition within 10 weight percent, and the



of polymerizabl e nononers). The typical anmpbunt of units derived from

ethyl ene in propyl ene/ethylene interpolyners is at |east about 0.1 weight
percent, WO 2ato/d3e@3t about 1 wei ght percent, or at | eas®PCahsaw9dswes ght
percent, and the maxi mrum anmount of units derived from ethyl ene present in
these interpolyners is typically not in excess of about 35 wei ght percent,
or not in excess of about 20 weight percent or not in excess of about 10
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of units derived from additional unsaturated comonomer(s), if present, is typically at least
about 0.01, or at least about 1 weight percent, or at least about 5 weight percent, and the
typical maximum amount of units derived from the additional unsaturated comonomer(s)
typically does not exceed about 35 weight percent, or it does not exceed about 30 weight
percent and more or it does not exceed about 20 weight percent of the interpolymer (based on
total weight of polymerizable monomers). The combined total of units derived from ethylene
and any unsaturated comonomer typically does not exceed about 40 weight percent, or it
does not exceed about 30 or it does not exceed about 20 weight percent of the interpolymer

(based on the total weight of polymerizable monomers).

[0051] In an embodiment, the propylene-based interpolymer is an interpolymer of
propylene, ethylene and, optionally, one or more unsaturated comonomers, for example, Cs-
© Cyo a-olefins, C4-Cyg dienes, and vinyl aromatic compounds (example, styrene). These
interpolymers are characterized as comprising at least about 60 weight percent of units
derived from propylene, from 0.1 to 35 weight percent of units derived from ethylene, and
from 0 to 35 weight percent of units derived from one or more unsaturated comonomers, with

the proviso that the combined weight percent of units derived from ethylene and the



[ 0052] In another enbodi nent, propyl ene-based interpolyner conprises units
derived from propyl ene and one or nore unsaturated conononers. These

i nt er pol yWwonei1o3es4ehar act eri zed in having at | east abourCeUSam0ghIsiper cent
of the units derived from propylene, and fromO0.1 to 40 wei ght percent of
the units derived fromthe unsaturated conononer(s). Weight percentages are
based on total weight of polynerizable nononers. [0053] The unsaturated
conpnonenssatseed lcambimn@(sacdoﬁseot@kcdzem abouli Hrweight per¢ant (haded oromtal egdght of

a-ol efins ) iall 2 a-ol efins such as 1-butene, 1-pentene,
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the like; C4-C 0O diolefins, such as 1 but.adi en Iglentadl ene
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I n anot her enbodi nent, the propyl ene-based 1 nterpolyner has a nelt flow

rate ( M:ﬁ) bfss Tﬂ%atghsaﬁ'iatgcﬂyé’llnoﬁ&nerg-gged ar thle eRsctichm 7th19 iR heludd.cor

| ess tha equal i's measured according to ASTM
D- 1238 (Ezd.@-oleg'ms,z.%mﬁ})lly CnCazrm{)Iraéims endhoai ln’emﬂene tlhgenganeplrhexrae bhsueghyl-1-

i nt er pol op e/ e | ene, i nt t,
the. et hyPEHEn: drtEHico] EREe: ebres arerangut rs B o e Crc g he ="
percent, 1@tht£cﬁéae0 53t&n?aﬁléﬁel AYrbaIaadieny, . SQEhyfhl’d@ﬁE 1 tkorBémee quINB)eraﬁ&nt
based on the total weight of polyneri zabl e nononers. [ 0055] In anot her
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e 40 vinyl aromatic compounds such as chlorostyrene and fluorostyrene.
[0054] In one embodiment, the propylene-based interpolymer has a melt flow rate (MFR)
greater than, or equal to, 0.1, or greater than, or equal to 0.2, or greater than, or equal to 0.5
g/10 min. In another embodiment, the propylene-based interpolymer has a melt flow rate
(MFR) less than, or equal to, 100, or less than, or equal to 50, or less than, or equal to 20 g/10
min. The MFR is measured according to ASTM D-1238 (2.16 kg, 230°C). In another
embodiment, the propylene-based interpolymer is a propylene/ethylene interpolymer. In a
further embodiment, the ethylene content of the interpolymer ranges from 0.1 to 30 weight
percent, or from 0.5 to 25 weight percent, or from 1 to 10 weight percent, based on the total

weight of polymerizable monomers.

[0055] In another embodiment, the propylene-based interpolymer has a melt flow rate
(MFR) from 0.1 to 100 g/10 min, or from 0.5 to 50 g/10 min, or from 1 to 10 g/10 min. All
individual values and subranges from 0.1 to 100 g/10 min, are included herein and disclosed

herein. The MFR is measured according to ASTM D-1238 (2.16 kg,v230°C).

[0056] In another embodiment, the propylene-based interpolymer is a propylene/ethylene

interpolymer. In a further embodiment, the ethylene content of the interpolymer ranges from
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i ndi vi dual val ues and subranges fromO0.1 to 100 g/10 mn, are included
herein and di scl osed herein. The MFR i s neasured according to ASTM D- 1238
(2.16 kg,w@200@B664p0056] | n anot her enbodi nent, the propyirasesdoasmsads
interpolyner is a propylene/ethylene interpolymer. In a further enbodi nent,
the ethyl ene content of the interpolyner ranges fronD.1 to 30 wei ght
percent, or fromO0.5 to 25 weight percent, or from1l to 20 weight percent,
based onQtlhe 3lowekhwsirghit, @ffreolOyirer 27 sisight peonte ps fro0D5Y R0 meight peteent,

enbodi rregét‘%dEgg%&}o%%w%}eg%?gggglggﬁh%bgglgé mer has a density |less than, or

equal to f™to, 0.89 g/cc, or less than, or
equal to, 0.88 g/cc. In another enbodinent, the pro Ierﬁe-b sed
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propyl englphb¥f gNemefidioRbismers. | N a further enbodi ment, the ethylene
content of the interpolynmer ranges from0.1 to 30 wei ght percent, or from

0.5 to 2Roa8] IhtimRREGENEmbATmEAQ Melprbsy 18R -VRE O Hierp6lyaRPhas Da&RHy Gont .83
total weight of polynerizable nononers. [0059] |In another enbodi nment, the

pr opy! engkbaeed90 g polfyorer0.$hg/cs oo 88 wd/es, aelrgmt 0.85 ¥/eq BuLit$ngicessAklhan,
or equal .t or |ess t

0,..6 ht?n or .equal,,t o rJess.t. r to
5 anbrRuC e R RorERUPE far dhd o i ol ENiaP bRl 3hd
than, or Jpeldadd t Rereih. 5, BY an embodiment, the propylene-based interpolymer is a
propylene/ethylene interpolymer. In a further embodiment, the ethylene content of the
interpolymer ranges from 0.1 to 30 weight percent, or from 0.5 to 25 weight percent, or from

1 to 20 weight percent, based on the total weight of polymerizable monomers.

[0059] In another embodiment, the propylene-based interpolymer has a molecular weight
distribution less than, or equal to, 6, or less than, or equal to, 5.5, or less than, or equal to 3.
In another embodiment, the molecular weight distribution is greater than, or equal to, 1.5, or
greater than, or equal to, 2, or greater than, or equal to 2.5. In an embodiment, the propylene-
based interpolymer is a propylene/ethylene interpolymer. In a further embodiment, the
ethylene content of the interpolymer ranges from 0.1 to 30 weight percent, or from 0.5 to 25
weight percent, or from 1 to 20 weight percent, based on the total weight of polymerizable

monomers.

[0060] In another embodiment, the propylene-based interpolymer has a molecular weight
distribution from 1.5 to 6, or from 2.5 to 5.5, or from 3 to 5. All individual values and
subranges from 1.5 to 6 are included herein and disclosed herein. In an embodiment, the
propylene-based interpolymer is a propylene/ethylene interpolymer. In a further

embodiment, the ethylene content of the interpolymer ranges from 0.1 to 30 weight percent,
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greater than, or equal to, 2, or greater than, or equal to 2.5. In an
enbodi ment, the propyl enebased interpolyner is a propyl ene/ethylene

i nt er pol yweno10/ase@2f urt her enbodi nent, the ethyl ene conPemtusedoobs14

i nterpol yner ranges fromO0.1 to 30 wei ght percent, or fromO0.5 to 25 wei ght
percent, or from1l to 20 wei ght percent, based on the total weight of

pol yneri zabl e nononers. [0060] In another enbodi ment, the propyl ene-based

i nt er pol yrEbmMNAS ta2 Trokzhtpacenueorgnom dits 20 ivixiglit parcenio hastd ®nithe Btaloyeightom 2. 5
to 5.5, or from3 to 5. Al individual values and subranges from1l1l.5 to 6
are irclHB@Hwﬁé? ? HOBAGCE: scl osed herein. In an embodi ment, the

propyl ene-based i nterpolyner is_a propyl ene/ ethyl ene interppl r. ln a
further &9dli nehs ,dlSPH@e‘itahW"e Hae PERY ‘H’ce‘%‘?e‘f I‘f&grlpﬁ YO I“ngge ?‘%ﬁ@e‘?lqgr Bm
0.1 to 30 welght eﬁefl%@fbtarﬂrligaﬁ@ @aﬁly’ét,?if? BmbRhGR twiREbREBE mARE abti@Mard, f0@ 20
wei ght percent, based onthé tota wei ght of pol ynerizabl e nononers. [0061]
As discus&&qﬂahnmﬂmnbmnwpﬂmp@tﬂmembaﬁednmnwemmﬁﬂyﬂen@OmmwﬁbéTnﬁd@ﬂG@ﬂkg a

et vat oPeoh. A Peciaplsa 6 ReFnemob sk ReanBonbnanfes Of RATHRE ™! <
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enbodi nents of the catal yst, the use of a hafniumnetal has been found to

be pr ef ecatelystsadhe eaplysisdint esrtaingmlndithents.rase edmpdsiions spmpgaingthq ligaadnd

catal ysts.  The catal ysts, iLn certain odi,men re Si 1] .
conpri si Hgtalh%rewraogn&némgptﬁ%}agy, Bfagc%(fdgtborn, h&n‘&?ﬁ‘g%?“.“o%‘%%?’ rcrgéll;r}gﬂl%tlon of
addi ti ong¢dvatdrOr Ue@vatdt packdgeat or, combi nation of activators, or activator
package. [0062] The catal ysts used to nake the propyl ene-based

1701 S el s ngrmpn st

opt i onal inchatstdatadysty eomwhsinghansiltaay iig@lfgbafym roraplests. anfdllary PERYrEr M on
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reactions, particularly with monomers that are olefins, diolefins or other unsaturated
compounds. Zirconium complexes, hafnium complexes, compositions or compounds can be
used. The metal-ligand complexes may be in a neutral or charged state. The ligand to metal
ratio may also vary, the exact ratio being dependent on the nature of the ligand and metal-
ligand complex. The metal-ligand complex or complexes may take different forms, for
example, they may be monomeric, dimeric, or of an even higher order. Suitable catalyst
structures and associated ligands are described in U.S. Patent 6,919,407, the entirety of which

is incorporated herein by reference.

[0063] In a further embodiment, the propylene-based polymer comprises at least 50
weight percent propylene (based on the total amount of polymerizable monomers) and at
least 5 weight percent ethylene (based on the total amount of polymerizable monomer), and
has >C NMR peaks, corresponding to a regio-error, at about 14.6 ppm and about 15.7 ppm,
and the peaks are of about equal intensity (for example, see U.S. Patent No. 6,919,407, the

entirety of which is incorporated herein by reference).

[0064] The propylene-based interpolymers can be made by any convenient process. In
one embodiment, the process reagents, that is, (i) propylene, (ii) ethylene and/or one or more

unsaturated comonomers, (iii) catalyst, and, (iv) optionally, solvent and/or a molecular
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conpounds. Zirconi um conpl exes, hafni um conpl exes, conpositions or
conpounds can be used. The netal -1igand conpl exes may be in a neutral or
charged swete10/0B@2l i gand to netal ratio may al so vary, PCiasecsaos7siat i o
bei ng dependent on the nature of the ligand and netalligand conplex. The
metal -1igand conpl ex or conplexes nmay take different forns, for exanple,
they may be nononeric, dineric, or of an even higher order. Suitable

cat al yst weighteédulasr @y, Imgkoganitarel f¢d gom dingher ractmwcvesisd @1 iany BhigiblPdesegit,

6, 919, 407, th ti, f which_.is. i _y
AN RN R N PN

| east SOtH’ée*egmorp%sga ndgf gﬁ%ﬂgﬁﬁﬁe (RAgROnO Nfok RRampPledlsolafi®hI NSy, %as phase,

pol ymeri zabl e nononers n east 5 wei ght percent ethylene (based on

t he t ot akuspansion, high prebsanertp Zaivh eherdsaivedbpylymgn dind dkenitbe onjpt gE Hiegreactor is

correspondin a regio-error, at 0 14. m AL .and
Che. peakEcareforsireagiipehtits; 19 HDkor SRS o tolRihe b, des i '
6, 919, 407} S tMReRBII10Q0Y, iBtorpbiacdd Hiefeih BG a¢fp@nad.ed herein by reference).

[ 0064] The propyl ene-based i nterpolynmers can be made by any conveni ent

process. dggspne SIPAALPRAL-badelGHoBIR&GS By’ IR NEcbihAtRn dfStwo(d yaslae,
(i) et h)l/(? eng and/ Og,@gg@ orarmﬁ)g%nsat ury;t ed com)riomers, tﬁoi(irgmggeﬁglﬁyst,

and, (i vembpdinentd dsydesgdleddnteirand/ or a nol ecul arwei ght regul ator (e.g.,
hydrogen), are fed to a single reaction vessel of any suitable design, for
exanpl e, [@066] r edThepiopyleaep;olefin idteipdlyzeds bey. hivher peobisgidor ehgentos raere
contacted w.thin tJ]e reaction v ﬁse.l under appropriate conditions (for
exanpl e, swighhlg BP0 I@Fﬁﬁsla§lfies§;£i§e‘g 48 suspension, high pressure) to form
t he desired Eolyrrer, and then the output of the reactor.is recovered for

post - r ead063h pr beseprphitgne/siivieas| BICHOIYREF iRt BT T SAUPTTFDRR 48 REJBYFbed
in U S Iggﬁéaorl]é%_ﬁ%%q}%ef}tggs dé&ﬁﬁ&pg&gﬁ@d herein by reference. [0065] The

propyl ené-base ynmers nmay have a conbination of two or nore suitable

embodi ms%(?@?s dl%sa%reim 5 irplgrgt,e{h%'composition includes a free radical initiator along with the
olefin-based polymer and the cinnamoy! derivative. As used herein, a “free radical initiator”
or “initiator” is a compound that when placed in contact with an olefin-based polymer,
abstracts a hydrogen from the backbone of a polymer chain to form a polymer radical or
polymer macroradical. There are several types of compounds that can initiate grafting
reactions by decomposing to form free radicals, including azo-containing compounds,
carboxylic peroxyacids and peroxyesters, alkyl hydroperoxides, and dialkyl and diacyl
peroxides, among others. Many of these compounds and their properties have been
described (Reference: J. Branderup, E. Immergut, E. Grulke, eds. “Polymer Handbook,” 4th
ed., Wiley, New York, 1999, Section II, pp. 1-76.).

[0069] In an embodiment, the species that is formed by the decomposition of the free
radical initiator is an oxygen-based free radical. Nonlimiting examples of suitable oxygen-
based free radicals include carboxylic peroxyesters, peroxyketals, dialkyl peroxides, and
diacyl peroxides. Nonlimiting examples of suitable free radical initiators commonly used to
modify the structure of polymers, are listed below. Also shown below, are the respective
chemical structures and the theoretical radical yields. The theoretical radical yield is the
theoretical number of free radicals that are generated per mole of initiator. For peroxide, this

value is two radicals per peroxide functional group.
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[ 0066] The propyl ene/a-olefin interpolynmers may have a conbination of two
or nore suitable enbodi nents as described herein. [0067] The

propyl enewetzhilmsee2i nt er pol ymers nmay have a conbi nat i onPoff/uSemoos7smor e
sui t abl e enbodi nents as descri bed herein. [0068] In an enbodi nent, the
conposition includes a free radical initiator along mﬁth t he ol efi n-based
pol ymer and the cinnampyl derivative. As used herein, "free radical

i nitiatof0076f "iMénlinatiog exampkes ©f spivaiic fItGhaadlwielnlt@l(HS:@Cb previssAtiackabld £h an
ol efin- bgﬁed pol ymer, abstracts a hydrogen fromthe backbone of a pol yner
chain to°#8Pm a pol yner radical or polymer macroradical. There are severa
types of conpounds that can initiate grafting reactions by deconposing to
formfree radicals, including azo-comABIE pg conmpounds, carboxylic

per oxyaci ds and peroxyesters, alkyl hydroperoxides, and dial kyl and di acyl
per oxi d€s, anong others. NMany of these conpounds and their propeékdtRa have
been desgditiigNapRef er ence: | hitiddsrasndemreyp, E. | mergut, E. G ul kRadied¥ield

" Pol ynetl ndbook, ™ 4th ed A Iey> New dor 1999, Section I, pp. 1-76.).
[0069] | Berabylperbodi ment, t he spscites-thak rmed by the de¢dnposition of
the free radical initiator]|is=an oxygen-ba free radical. Nonlimting

exanpl es of suitable oxyge1based fﬁbe ra cals i ncl ude carboxylic

peroxyesP@F@”WﬁéﬁﬁxyketaIs @Mgwc4ﬁﬁ@m @ﬁgh“ﬁqd di acyl peroﬁldes
Nonl i m ting—exanptes—of —suirtabte '¢WF rapal_T i tiators conmpniy used to
nodi fy the structure of pol yfe Ilstte ow. Al so showp_bel ow, arne
t he resp@EEMY@TEHEN cal st | aﬁa’ et| cal radical ?yields. The
theoretical radical yield is t@éoretﬂ&hl nunber of free radicals that

are generated per nole of |nitiGHsor. ﬁfhf peroxide, this value|is two

radi cal $ ppesunRpiexdede functi (g¥oup EAO70] Nonlimting exanpl es of
sui tabl ¢ free radi cal |n|t|ator§4are éﬁOVIded in Table 2 bel ow
o g
Di-t-amyl peroxide H3CH2C-—$—O-—O—-CIJ—CHZCH3 2
CHs CHs
o) CHs
t-Butyl peroxybenzoate @-‘C 0—0— C CHs 2
CH3
. Q ¢Hs
t-Amyl peroxybenzoate QC—O—O—?—CHZCH3 2
CHs
1,1-Bis(t-butylperoxy)-3,3,5- 0=0—C(CHy)s .
trimethylcyclohexane 0—0—C(CHg)s

(HsC)sC—0—0. T8 HC _0—0—C(CHa)s
o,0’-Bis(t-butylperoxy)-1,3- /C C\ 4
diisopropylbenzene H5C CHs

CH, CH, CH, CHs

> R |

0,0’ -Bis(t-butylperoxy)-1,4- H3C-—C|3—O-—O—Cl) C'Z—O—O—C—-CH;, 4
diisopropylbenzene CIJ H é H CIZ H CIJH

3 3 3 3

T P G
2,5-Bis(-butylperoxy)-2.5- HyC—C—0~0—C—CH,CH,-C—0—0—C—CH, | 4
dimethylhexane CIJH CIJH (IDH éH

3 3 3 3
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TABLE 2[0071] In an enbodinent, the free radical initiator is LUPEROX(r)
101 [2,5-Bis(tertbutyl peroxy)- 2,5-di net hyl hexane], available from Arkens,
Inc., Phiweadelogiss@2 PA. [0072] In an enbodi ment, a conp®@sirtiseen9ios7sps ovi ded
that includes a functional agent, the ol efin-based pol yner, the cinnanoyl
derivative and the free radical initiator. As used herein, "grafting" or

"grafted” _is a reaction whereby a conpound bonds or attaches onto a pol ynmer
backbone or polyner chai n. The bond can be a covalent bond. T é;ﬂﬁﬁﬁ' onal
agent ci | e A he coadatiealYicld ¢ he
pol ymer b%ck one] e jed t&Hﬁhe 8 he fu%ﬁﬁlonal agent provides
functi on éi pf"rﬂ’@' 281 ym=n130[—©G-ZB}ON6n-IQ=rﬁ-tCn@—é)ca?rpﬁﬁs of suitable
function P88 i ncl ude carépmyllcéﬁgld éﬁger @mﬁydrlde primary

am ne, secondary—anitne, catboxyts—for nyl ,and hydroxyt——Nomt it g

exanpl es ui tyabl e n Qﬁ@gd de, <_ .

nmet hacryl"ﬁi?lzc c1]?i %ICFI{I/]W%HggfghC q%’%ngag lfll ﬁhHﬁﬂacrytgltpgR acryla dlnfz dse,Bls(tert

net hacr y buglped:d)-2acdiyietieylaedade], @drajlrabkéﬂommkﬂma yhaj BhiladelpyilaaPinde,
vinyl trial koxysi |l anes, dibutyl mal eate, dicyclohexyl maleate, diisobutyl

nal eat e, [6h72ft adacwleniBAdBAER, a Bbrapesiydn® pedidédethaCint ludeon fhcaomy dpérethe
tetrahydrophthallc anhydri de, brononmal ei c anhydride, chloromal eic

anhydri deleﬁnémmd R ﬂufecmmcw |dﬁlamtt,veé1ﬁﬁ§hfrfi’r?feradkfpk@ﬁwt%ruc"é #eg herein,
a_nhydr ' de o? “ 4z ua[rperaéﬁor?%greb ' %tOIH%)lO},IIfldl L&t at%er s 'tcpagglﬁiner

citraconi aC| oni c acl ers’ the es t
t her eof , badkboRd 6} @lﬂnéﬂéha@ddﬂihé bordeanelnd g cmdiemibynd: offbé Aatciioml ageritiven be

fore90|ng [Q0074] It has been sur r|S|n di d i f th
pr esent éfalﬁﬁéﬁlﬁwﬂyd@rm@lé?qﬂvégﬂei‘fafy%éﬂi e eoihe paGET SAaToBa: DB BrsEtss
inhibits, &@%&5%@1tgggur§ H%%gorﬁ Jmésﬂﬁcﬁfoﬁgﬁtty'tg%eaﬂﬂ{rrﬁér mol ecul ar wei ght

reductlon nmers. IS understood that radical

functi onfdd%’a\tl %onq ml'PB y %ie@?ﬁfeydlﬁhgsf@rc&&ﬁﬂ 'rﬁ'&%{?@s MU LGS g &Rid,

nol ecul a provi resent cinnanoyl derivative reduces,
prevent sestéy, arﬂb'dﬂdé Spnmary amine, secondary amine, carboxyl, formyl, and hydroxyl.

Nonlimiting examples of suitable functional agents include maleic anhydride, methacrylic
acid, acrylic acid, glycidyl methacrylate, acrylamide, methacrylic acid, acrylic acid, glycidyl
methacrylate, acrylamide, vinyltrialkoxysilanes, dibutyl maleate, dicyclohexyl maleate,
diisobutyl maleate, dioctadecyl maleate, N-phenylmaleimide, citraconic anhydride,
tetrahydrophthalic anhydride, bromomaleic anhydride, chloromaleic anhydride, nadic
anhydride, methylnadic anhydride, alkenylsuccinic anhydride, maleic acid, fumaric acid,
diethyl fumarate, itaconic acid, citraconic acid, crotonic acid, esters thereof, imides thereof,

salts thereof, and Diels-Alder adducts thereof, and any combination of the foregoing.

[0074] It has been surprisingly discovered that provision of the present cinnamoyl
derivative during the radical functionalization process inhibits, prevents, or reduces polymer
degradation and/or molecular weight reduction in propylene-based polymers. (It is
understood that radical functionalization of polyethylene yields crosslinking which increases
molecular weight; provision of the present cinnamoyl derivative reduces, prevents, or inhibits
molecular weight increase for radically functionalized ethylene-based polymers.)  Not
wishing to be bound by any particular theory, it is believed that polymer macroradicals are

generated in the initial steps of the functionalization process. Thermolysis of the free radical
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nol ecul ar wei ght increase for radically functionalized ethyl ene-based
polynmers.) Not wi shing to be bound by any particular theory, it is believed
t hat pol ywenomgss@radi cal s are generated in the initial PETAS3009/0518M€
functionalization process. Thernolysis of the free radicalinitiator present
in the conposition abstracts the tertiary hydrogen on the ol efin-based
polynmer leading to a polyner macroradical. In the case of a propyl ene-based
pol ymer , ititisop prasamtr iner comdogadn \abstactpuilek teytidre alty dregepoby pho péfenkased

degradati on vi . b-sci ssi I th I di i
nter coppelmét sting 8 By S8nBGeRral Th FSEEh ok ARy Fik PRaG SO RENET P ot
of transhogatel NdadrBRadicheSvillaghieRy IeRdl tbapalyprappl¥nd reRBtddago aliy e B-dorsikhone,

or the freé radical initiator reacts with sone other species to generate a
product phwesst enlpssithatawlimher maaipredicalkin antercgptad/siehdized by sorse epecigs, in such a

di sproportiaonation,or recopbination. Jh resent . Gi i i

O o OO R RSP e LT SRER BRI 155 PP
functi onghdkaehé, 1 thé fiebeaditAfihitathagesbipaitinemevdthérapecideqs getierge tahgroduct

nol ecul ar wei ght of the sane. [0075] It has been further surprisingly

di scover 8wt teaminates Bhee sedicali hainoje  BRIRG VEIEIRPe SR sAh oliSHTERRITIPRALORe O
presence_gof i aﬂpy I -0 J 0k byt i i :

r adi cal e&ﬁ&%@ﬁgﬁi zatl gﬂesgﬁo%fe?%ds ééileglvgtgﬁ%ﬁ@}\fﬁﬂﬁg%ﬁ%lg% g%gcitéqgnﬂlhﬁe
degr adat pelynien hiabidradigal ageiit pronfaefunittiglajizatidnenfpheslefit-basauinznipyer without
derivative mgy be used with other functional agents beyond nal eic
anhydr i dé@grs@eath%ﬁeltew&ﬁrawelggbﬁt P or nay not provide a synergistic

effect to inhibit nolecular weight degradation when conbi ned wi §H t he,

ci nnanoy [00F8} i vdf hee beqnolyrtber suspasingisbironere that foe pEssp SINagYl AEIFIVE a
free radiycal i.nitj at ' I S Wa]ar:Teco)ANE]
derivati \(}géag nﬁ%g&ﬂlgeﬂ% ggf%%%ecqfﬁﬁll&g?a %ﬁg(gg% tégﬁqaﬂﬁl)} gg%aé??ig %agal I %‘illrﬁgatth (e)r as
pr evi oustadichi Sohamadifaevri proceEhasfis emmaeh odth conventioml degraolatere mhibitingn

amount to provide a nolay ratio aof the cjnnanoyl ri [RY .

r adi cal sagqg}tsimé\c%ratn%gy, tLe present chnamoyl cielr‘llvatE(/Deyrna}C/j eI1YSg IV\\zllﬁx E)t%e;[ ?1510{1583?
agents beyond maleic anhydride. Such functional agents may or may not provide a
synergistic effect to inhibit molecular weight degradation when combined with the

cinnamoy! derivative.

[0076] In an embodiment, the composition includes a free radical initiator, the olefin-
based polymer, and the cinnamoyl derivative. The free radical initiator can be any free
radical initiator as previously disclosed herein. The free radical initiator is present in an
amount to provide a molar ratio of the cinnamoyl derivative to the free radicals formed by the
free radical initiator of from about 0.5:1 to about 5:1. In a further embodiment, the free

radical initiator is LUPEROX® 101.

[0077] In an embodiment, the composition includes from about 2 wt % to about 10 wt %,
or from about 4 wt % to about 8 wt %, or about 6 wt % of the functional agent, based on the

weight of the composition.
[0078] In an embodiment, the functional agent is maleic anhydride.

[0079] In another embodiment, the amount of maleic anhydride present in the
composition is less than or equal to 10 phr (parts per hundred, based on the weight of the
olefin-based polymer), or less than 5 phr, or from about 0.5 phr to about 10 phr, or from
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free radical initiator of fromabout 0.5:1 to about 5:1. In a further
enbodi nent, the free radical initiator is LUPEROX(r) 101. [0077] In an
enbodi merwg 20tv3e@aposi ti on i ncludes fromabout 2 w % POTAISeWO/0iB1M % or
fromabout 4 wt %to about 8 wt % or about 6 wt % of the functional agent,
based on the wei ght of the conposition. [0078] In an enbodi nent, the
functional agent is naleic anhydride. [0079] In another enbodi nent, the
anmount Oﬁbdm[)éiphr amhll;qixt iSdmr pAdsadividunl vdhes@odparangasirang 0108 phr thHhplorarequal
to 10 phr é P r#J gh based on the wei ght of the ol efin-based

pol yms\r)lrlc ﬁl greln andrisglosgd bergin. ¢ oy about 0.5 phr to about 10 phr, or

fromabout. 0. 5phr to about 5 phr. Al individual values and subranges from

0. 05 phr 0080}10 ARr atRerl BRIbUEIRENDENRI ARt difsfrb@S@dlchﬁﬁﬂtlator[G&SOIn I the
anot her errbodl nment, the anount of free radical initiator used in th

functi onﬁlnuctz@mah@amrlem@timhls b‘psai kan, ohgAvalole, dguaillimgles Zedlﬁiﬂﬁlneﬁdpgsgrams
di cal | 6
Al e ekt é)p?/lga? gg%r yREo | RE7RASEA RON YO mlg{%é)l?é?a&mé‘ 19@@% mb O

grans propyl ene-based polyner ess than or

equal tOpx%pmehémeﬂeﬁolymét Cdtl s etian160 equah s 3Dmﬁyh@la£-rduhsaéd ppDIlQﬁr@ramAl I
i ndi vi dual val ues and _ subr anﬁes fromO0.01 ml]l | nol es _to @g b I es
r adi cal sPisevienodassdaedypeiopdll dndiviskalevelpes dpdetubenges fremyGll mHUmelss Ihéo

di scl ose a ﬂ% O{RO A hSrely @44 ded
whi ch i n%’llllﬁ é)gésaﬁa(%%q? asrbgdﬁﬁﬁg)?r)gér an bé%@%H; grn%cgr ?Ié at%ecq%dgrrpound Tae
cyano- acdigtlatesl lpeipound has the structure (I11) below (111) 3\ XOOR, [0082]
wherein Ris a ¢ -C 20 al kyl group,

[0081] In an embodiment, another composition is provided which includes an olefin-
based polymer and a cyano-acrylate compound. The cyano-acrylate compound has the

structure (III) below

(111)

Rs

\ . /COOR1
/ \CN

Rz

[0082] wherein R is a C-Cy alkyl group,
[0083] R, is hydrogen, an indolyl group, or a phenyl group, and

[0084] R3 is hydrogen, or and a phenyl group. The phenyl group of R, and/or R; can be
substituted or unsubstituted. In an embodiment, the phenyl group of R, and/or Rj is
substituted with a C;-Cjo alkoxy group. Nonlimiting examples of suitable cyano-acrylate

compositions are provided in Table 3 below.
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[0083] R2 is hydrogen, an indolyl group, or a phenyl group, and [0084] R3

i s hydrogen, or and a phenyl group. The phenyl group of R2 and/or R3 can be
substi t utwo 20r0/03n@abst i tut ed. I n an enbodi ment, the phemrgir/use@ps3i4 R2
and/or R3 is substituted with a -G o al koxy group. Nonlimting exanples
of suitable cyano-acrylate conpositions are provided in Table 3 bel ow. TABLE
3 [0085] In an enbodi nent, the cyano-acryl ate conpound is ethyl 2-cyano-3,3
di phenyl acry late. [0086] In an enbodi nent, the cyano-acryl ate conpound is
et hyl trans-a-cyano-3- indol eacryl at #ABIg087] The ol ef i n-based pol yner can
be any et hyl ene-based pol yner or propyl ene-based pol yner as previously
di scusseqyhrs-@icrylatk Coapoeiibadi nent ;  tSweicokef i n- baspd pol ynefASE a

propy! enguliagass-e@yigs- [ 0088] I%izga;gggg@nent, I he conpaXIotdmn i ncl udes

a free ragiofakryidittiator, the ol efii nha pol yrmer,| and the cyano-acryl ate
conposition. The free radical|l initr 'dn be any|free radical initiator
as previously dlsclosed hereiln. The"free radical ihitiator is present in an
anount to r u.ar ratieo—of —the—cyano—acrytate—con to—the—fnee
radi cal $ f1 Eﬂ? e free rlad¢ initiator of fronlaboﬁ?g%ggfﬁ to about
5:1. In|dl G?X Viarbodi nent ,| the<free radical initiator is LUPEROX(r) 101.
[0089] In an enbodi nent, the jconpg \lpn i ncludes a functional agent, the
free radical initiator, the cle{ip based pol ymer, and the cyano-acryl ate
conposition. It has been surpri #gly discovered that provision of the

present | cyano-acryl ate conpoynd during the radical | functionalization
process Inhibits or reduces polymer degradation and/or mnim zes nnlecular

wei ght change (when used in conj nctlon with radical functl nal i zati o
J [008%] ( In an embodiment, e cyano- acryf;te compound t%yla icyano ? 3

\"24

diphenylacrylate.

[0086] In an embodiment, the cyano-acrylate compound is ethyl trans-a-cyano-3-

indoleacrylate.

[0087] The olefin-based polymer can be any ethylene-based polymer or propylene-based
polymer as previously discussed herein. In an embodiment, the olefin-based polymer is a

propylene-based polymer.

[0088] In an embodiment, the composition includes a free radical initiator, the olefin-
based polymer, and the cyano-acrylate composition. The free radical initiator can be any free
radical initiator as previously disclosed herein. The free radical initiator is present in an
amount to provide a molar ratio of the cyano-acrylate compound to the free radicals formed
by the free radical initiator of from about 0.5:1 to about 5:1. In a further embodiment, the

free radical initiator is LUPEROX® 101.

[0089] In an embodiment, the composition includes a functional agent, the free radical
initiator, the olefin-based polymer, and the cyano-acrylate composition. It has been
surprisingly discovered that provision of the present cyano-acrylate compound during the
radical functionalization process inhibits or reduces polymer degradation and/or minimizes
molecular weight change (when used in conjunction with radical functionalization of
ethylene-based polymers, the present cyano-acrylate compound reduces or minimizes

molecular weight increase resulting from crosslinking.) It has been further surprisingly
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et hyl ene-based pol ymers, the present cyano-acrylate conpound reduces or
m ni mzes nol ecul ar wei ght increase resulting fromcrosslinking.) It has
been furtWwerosumpisi ngl ydi scovered that the present cyaoDABCE0plostses
conpound does not require the presence of maleic anhydride to inhibit

pol ynmer degradation during the radical functionalization process. Not

w shing to be bound by any particular theory, it is believed that the
cyano- ac diysd:@te&dcthmqlhu pebsént myhmd-scrpkatwtrmposle@ deckendt aequinsdbe PesercE of magdgic

substanti siml i nci dIS ussed abov t h
cinnanDyW%H@¥ﬂ9§?ngﬂtpgﬁgﬁfd’ﬁ@aﬁ ‘Fgﬁa é%énq1ﬁgﬁﬁggﬁéﬁgglﬁ%cf%o§gf
agent asypheW 8URlnbufld 8¢ hRp Eéhlblﬂraleiheo | it i@bdlignédh et ertosiormunylatetdampound
conposition includes fromabout 2 w %to about 10 wt % or from about 4 w

%to abouﬁlltStS\/\polY/mebldegb@attonGuwler omilan 1o fubpiartidlyat MG nPringiRles §156HssEhe
wei ght O%h%%ﬁv %Uﬁgﬁym?m3§<k§h§ﬁ er enbodi ment, the functional agent

is malei nent a process for producing a

function n- bas ol d. Th

i xi ng aeghEr 2} GRS L I G R
agent, Fﬂja FuBRAGRDbdinnt, Ah&tamPbsifist Bicluliss BoRCatdRE eivr, %&o'hb@tagl@'l‘tv’t' % srt he
ci nnanoyl” derivative and/or the cyano-acryl ate compound. The proc

further fmol althes 41wl i tagibpul § veror eicibert 8 Wii “erpftthe f‘ff}célénq‘le?@F’étaPaﬁe |°t“| the or
and gl’ aft i ng%b Q\gi l&lﬁ'l‘?gn‘{pﬁﬁ@ag eny gt notﬁ'é}cérhg&ﬁxlneﬁtg%ﬂé l%tlt()nﬁ %)%hyq? maleic

radi cal s¥ I'on ion process 15 orne
cpndltloagbmﬁgg maxi m ze grafts onto the pol ymer backbone, and mnimze
si de reactions, such as the honopol yneri zation of the functional agent,

whi ch i SJ(W%! gr GIBta?lQ:rﬁBbdhﬂ@ntpi BRY:ERTBr Prag8éingalfiiid@ionaldfedidi€fin-based polymer
copol yneri zation of functional agent and coagents which are not grafted to

t he propid poeidadedhpotogassinciifes miieg po ﬁk@f@z@ﬁ?%wlﬁ%bés@eecréﬁlcﬁ}em&lator a
contlnuo§gpggwﬁﬁ%%s§gﬁékgﬁ&%%?e !%%?%%m%b?&eprﬁgqgédQanﬁaQ‘%@&&n@'QQ$e'n

an extru ernati vel
cinnamoyl derivative and/or the cyano-acrylate compound The process further includes
forming polymer radicals with the free radical initiator, and grafting, with the coagent, the

functional agent to the polymer radicals.

[0092] The functionalization process is performed under conditions that maximize grafts
onto the polymer backbone, and minimize side reactions, such as the homopolymerization of
the functional agent, which is not grafted to the propylene-based polymer, or the
copolymerization of functional agent and coagents which are not grafted to the propylene-
based polymer. The functionalization process can be a continuous or a discontinuous melt
blending process and can take place in an extruder and/or a batch mixer. Alternatively, the
functionalization process can occur by way of a solid state reaction. The reaction can occur
under ambient environment or in an inert environment (i.e., under a nitrogen gas blanket or a

noble gas blanket).

[0093] In an embodiment, the melt blending process can be performed according to the
following stages: introduction of the olefin-based polymer into the mixer; melting and
mechanical mixing of the olefin-based polymer; introduction of the functional agent into the
mixer; horﬁogenization of the olefin-based polymer/functional agent mixture; introduction of

the coagent into the mixture; introduction of the radical reaction initiator into the mixture;
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functionalization process can occur by way of a solid state reaction. The
reacti on can occur under anbient environnment or in an inert environnment (/.
e. , undewoaorwms@gen gas bl anket or a nobl e gas bl ankePLT/Use@9®57siiH an
enbodi ment, the nelt bl ending process can be perforned according to the
foll owi ng stages: introduction of the ol efin-based polyner into the m xer;
melting and nechani cal m xi ng of the ol efin-based pol yner; introduction of
t he funcfimtiehal agasitoni off thet blefimibrsad; pdlymoy earidz &ptionalp fintreductiprfof rp baskiead
ponner/functig&g% agent m xture; introduction of the coagent into the

m xt ur e; M ©bn of the radical reaction initiator into the mixture;
functional reaction of the olefi and

-b d | X i |
i nt roduc{4U9A! of Theygfting angd é%iﬁ’tniggﬂc tﬁ%ﬁ'ﬁ@ﬁﬁ%& e.rgel%‘éb‘@ﬁlj Ca{Ph t‘lif%g‘?d?%?& ORPIHF xi ng
of the O'wﬁ‘%h @ﬁé@ﬁﬁ@x&r RRlsHTRE Bﬁ@h@%t&ogﬁh‘é%ﬁqlréqmaﬁﬂi‘%em §dagertonduBie

transmtted by th otor of the mxture is stabilized. The coagent and the

f unct i onéinctigenitaganeamdaiditdtio theeolefiebasedbpdpriepehy meixingndrosesdsnly froceeds
to forma honpbgeneous m xture. The free radi.cal ;inihtiator is i.n d

once. honBYBRPTERTORITRR HBe e apeel iirul Bitcosd i ohr BpmoRelBiRaY e
radi cal  hfkfutcaf@fedichts HosmapieRt | Vhd fits edlice dnitiar fisl Besc@ueatly Zatrodutedfand he
functional agent to the ol efin-based polynmer occurs. [0095] In an

embodi nefnctiphadizatieyehithe Amgtions agemide fherraglinabrsad PalyEeh8EW$-mbi bed i nto t he

ol efi n-based pol ymer before the mxture is nelt reacted. In a further
enbodi mef095} he loanmodiodinent] the icnagehtaridthmfoictignalrageni ara dodhuinibapdtinte the

i mbi bi ng pr.ogess, |In anqt her enbodi nent, the ipkibin ceurs at ..roo

t enper at @P%%eflymrg%??%ﬁﬁgﬁi%h{‘? 't ﬁ%el{;{}eealpg [ Frégi Ll © i%ﬂ%lmoep {pttﬁg
ol ef i n- bagRFoMRY 1 fin | the tBAN NBX QT diyS blch@nd@@UthelifibiBiHge pice’boUh Afther
m nutes. The process tenperature is fromabout 120C to aBout 2300C. The
m xer rotwbotizenh theanubiag og@urpal rogmfteMpsalstt 1 rpm to about 100 rpm

[0096] In an embodiment, the overall residence time of the olefin-based polymer in the
mixer is from about 1 minute to about 45 minutes. The process temperature is from about
120°C to about 230°C. The mixer rotor has an angular velocity from about 1 rpm to about

100 rpm.

[0097] Decomposition of the free radical initiator into radicals occurs by way of
thermolysis. The radicals extract hydrogen from the polymer backbone to form polymer
macroradicals. In the case of propylene-based polymers, the presence of the coagent in the
mixture prevents, inhibits, or otherwise reduces the occurrence of collateral scission
reactions. Not wishing to be bound by any particular theory, it is believed that the coagent is
nucleophilic and reacts more readily with the electrophilic polypropylene macroradical to
disfavor the competing B-scission reaction. The functional agent bonds to the polymer
macroradicals by way of the coagent to form the functionalized olefin-based polymer. In
other words, the functional agent bonds to the coagent, with the coagent bonding to the

polypropylene macromolecule.

[0098] In an embodiment, the highest occupied molecular orbital (HOMO) energy for the
coagent is determined. Not wishing to be bound by any particular theory, it is believed that
coagents with less negative HOMO energies will react more readily with the electrophilic

polypropylene macromolecule to disfavor the competing f-scission reaction. Using the
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[ 0097] Deconposition of the free radical initiator into radicals occurs by
way of thernolysis. The radicals extract hydrogen fromthe pol yner backbone
to form paDyeosvoss@er or adi cals. In the case of propyl enePbagisdoopobismers, the
presence of the coagent in the m xture prevents, inhibits, or otherw se
reduces the occurrence of collateral scission reactions. Not w shing to be
bound by any particular theory, it is believed that the coagent is

nucl eophicbnespand theapelspropylene endirbsadigal’ i dl¢nérophidicity ophidaric vith ypsaspgiedne

macr oradi cal to di VO he copmpeting b-scission reaction., The..functiqnal
agent boﬁﬂgsuiaif’st ﬂ?%@lcﬁkﬁﬁatlﬂﬁ%?gg‘ﬁdﬁnfé?@ ysu\%%’;r/a %sfcaflﬁbg %Sggict;oeh egP% ?O%%?ﬁlqt he
functi onahhd&esed! ehe MASLENRSY,illBInits 0T PichOh VoRE dsV), tche beuned it@ asdesagrent
bonds to the coagent, with the coagent bonding to the E%I ypro]%/f: ene

macr onol aveleephiligpod]the pnsatnraled sehstrate:  Thermeoms nyplearhilic hgpinsafursdeebsteate,
orbital HOVD) | sner ' ] Hudio W shing to be
bound by%?n;?ss)pr%f i cu 5?@%?(;&3??@??’%?5’ %hélh?%gmgg}g%oagénts with | ess
negative en ies w.ll r re readi with the el,ectrophil.ic

ol yor opfIERE ralhserettirs ob HiouR shried st iuis e SLREEEROildet on
Usi ng t hegpnepithizedl uking demdityPiadnantebBIBILAT) ¢ede' 5.0 IBreke, dplys. R&i. tay38,0
react with unsaturated substrates, HOMO cal cul ati ons_ of the unsaturated

subst r at 8§9% 6H988% and £d Lee Wd¥ang.fRy G PageRhys Rewi BT <285 RS MaAvD teherdG* i n

it f.el.ect I - h beld:y of
'he. unsallPaeed e ne: PR i BR, BORCRA biRRorar cum T EPRDt R ¥ e

t he | ess tieSPARTAN hplddOMOoesien gyogrithgiackape, artelBMghaksthyomagnd K@ diehiing

[ 0099] The geonetries and HOMO energi es of the g&ﬁtyragd substrates.

Consi der EECTASEABIAN T e@Taiithe! QuRslungtenats SRAI! ¥ ABdmpBaYppye. (S

A. D, Bec VS. (02 g ; @\ SR rr,

Phys. Reé?O’Bﬁg%,é’ 9§§y2(7£§8§§ 3r’ta%ag)§ %4%%%?05 qu.8 a%ésdif@(sg gkl’vs(p;%gg PO%P r(gl—f’lz;){tifaﬁar an

and J. A Prophe,(POB&E)). Phys. Lett. 66, 217 (1972)), contained in the SPARTAN

nol ecul ar orbital program package, and | BM workstation and XP operating
[00100] For example, a HOMO calculation for N-vinylpyrrolidinone (60 electrons)

provided the following results: a) the HOMO is molecular orbital (MO) #30; b) the
corresponding eigenvalues of -0.21963 au and -5.97645 eV, are the HOMO energy in atomic
units (au) and electron volts (eV), respectively (note: 1 au = 27.21 eV, and thus, -0.21963 au
=-5.97645 eV).

[00101] The HOMO energies for the coagents disclosed herein are from about -8 €V to
about -4 eV, or from about -7 €V to about -5 €V. Nonlimiting examples of potential coagents

and respective HOMO values are set forth in Table 4 below.

TABLE 4

Calculation of HOMO Energies for Cinnamoyl Coagents

Potential Coagent HOMO Calculation
Ethyl 2-Cyano-3-phenyl-2-butenoate -6.86 eV
Ethyl trans-a-Cyanocinnamate -6.77 eV
Cinnamonitrile -6.60 eV
Ethyl 2-Cyano-3,3-diphenylacrylate -6.48 eV
Ethyl trans-Cinnamate -6.37 eV
Ethyl trans-a-Cyano-3-indoleacrylate -5.91 eV
2-Ethylhexyl trans-4-Methoxycinnamate -5.82 eV
Ethyl trans-4-Ethoxycinnamate -5.78 eV
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system (SPARTAN i s a product of Wavefunction, Inc., 18401 Von Kar man
Avenue, Suite 370, Irvine, CA 92715; Spartan '04 Mechani cs Program

(P6/ X86) ;wBparwmne4204 Properties Program (P6/X86)). [O00PCOjuSE@w/os8ahpl e, a
HOMO cal cul ation for Nvinylpyrrolidinone (60 electrons) provided the
followng results: a) the HOMO i s nol ecul ar orbital (MD #30; b) the
correspondi ng ei genval ues of -0.21963 au and -5.97645 eV, are the HOMO
energy in atomc units (au) and electron volts (eV), respectively (note: 1

au = 27. nd thus, ,-0.21963.ay = -5. 9.764°F 0 lio TG

ener gi esﬁf{)&ﬁy«l h?nc%ﬁ@ﬁf’@“&ﬂ‘gcﬁ S%dé%?lfﬁg?céﬁoﬁ lélrgfeb?tf) rgg%ﬁ’la o%fdg& Oet\gf%?lo Sbost -4
eV, or frqamaabeWs poly@¥ hiacah@litals.5 }dAlinNGAL i eXainplty &Xaufpbks radicap otanibh al
coagents and respective HOMO values are set forth in Table 4 bel ov. TABLE 4
Cal cul at indwbitsrs HEYeERSrdiiters bpiyi-4 dnwhansoirenso difid h): Jrgseen 201 pngipr Irganox
enbodi menf4. a radi cal reaction inhibitor can be added to termnate the
formation oq' pol ymer macroradi cals. Nonlimting exanples of suitable

r adi cal jon inhihitors include 3.5-di.-fert-butyl- l

carmy - 1 ARG oD e Bhhey BE Rk Rody dettab Thl i dide i REEL T RS

functi onglafi@ge e msleftRhrtiydridd ky @rhde fuddienaiiet adefimbhsedgmgnaf idvirg tfem

mal ei ¢ anhydride to forma functionalized qlefn-based pouéner havi ng from
r

about 0. 810uk0.0k Wb %aliecbeub2.6 wit Yomalgierrhydrs o ifeps abgut O Envhkdarabetios o we o
to about 1, on . r a o, 9%.11Q: . 0 i .
anhydri d(‘a’\?f /Esia(t)\ggé) on t tg'Z? orvft a%?%?ogﬁg 550\}04 tOh%glglg?f‘ggg(?rﬁc?eégé%rﬁg%r%ogl gvelght
anhydr i def geabhgdsipoaphe nexldiaanieydpidk gnafredrmaypydenenteased polyomn treay ror smeyl ot

amounts of hydrol ysis product and/or other derivatives. e wei ght percent
o il oi oy LB e B P Byett e g dary s, TR pRER BrrgBRT o

any ot hep,,aRp Eﬁlﬂfdiriag & determined by titration analysis, FTIR analysis, or any other appropriate
method. '

[00104] In an embodiment, a functionalized olefin-based polymer is provided. The olefin-
based polymer can be an ethylene-based polymer or a propylene-based polymer. In one
embodiment, the functionalized olefin-based polymer includes a propylene-based polymer
chain, and a grafted coagent attached to the polymer chain. The coagent can be any
cinnamoy] derivative and/or any cyano-acrylate compound previously disclosed. The grafted

coagent is bonded to or is otherwise attached to the polymer chain.

[00105] In an embodiment, the grafted coagent is a grafted cinnamoyl derivative. The

grafted cinnamoyl derivate has the structure (IV) below

av)

CHs CHy

Rz

R4

[00106] wherein R, is selected from a carboxyl group, an ester group and a cyano group,
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met hod. [00104] In an enbodi nent, a functionalized ol efin-based polyner is
provi ded. The ol efi nbased pol yner can be an et hyl ene-based pol yner or a
propyl enewbaswd3pakyner. I n one enbodi nent, the functi omrariusea)9nbmsis n- based
pol ymer includes a propyl ene-based pol yner chain, and a grafted coagent
attached to the polymer chain. The coagent can be any ci nnanoyl derivative
and/ or any cyano-acryl ate conpound previously disclosed. The grafted
coagent [(010DNdaR), ik eelocted foot hyelrvges@ndttcgatvegiotp, t he pol yner chain. [00105]
In an enbodi ment, the grafted coagent is a grafted cinnanoyl derivative.
The graf fgﬂos]‘ nrRye¥éleded froat g diggntané as atkytproug, (1 V) bel ow (1V) [00106]
wher ei n is selected froma carboxyl group, an ester group and a cyano

group, [ Ofa 69 |18 s8188¢ T8 HydpsBeR udd a@s C gratkoy gy@mpagl oup, [00108] R3 is
selectedﬂ$90n%ﬁ?%¢55en and an>;?%§l group, [0010%%(%$pis sel ected from

hydr ogen - Q Qroup, and [00110] X is a functional agent.
{RTE, I ohaPogga i

[00111] agent “can be any functional agent disclosed herein.

In an en?d?)glrl' Nty B HYRG! éé%lﬁ?lcaﬁg@éﬂ'tan& SruRghdal glgexfltr ARRs&PhRRYY! | ;h 8fi d,
an ester, nhy§r|dé, a prinmary am ne, a secondary am ne, a carboxyl
group, aeidbdivleng HieLfanctiortay dgemx il sepcedfrona adaborpinatid, ansstehemeohydride, an
enbodi nent, the functionalized oIefin-bFsed pokyneg incluggi from about, 0.1
W % to RBEEEY snimey seropdary REipe, dertonl eoyRr ForpL gtpuBna PRIOR Y PR ht

of the p%ﬁﬁﬁﬁ‘éﬁi}ox{sotgé%gi irpa@@m%mﬂﬁ{gnff'%ﬂé fudci6nd1i488 bl Inabdsé® doghRt intiRrsed
wth the graft I d

pol ymer ed cl nnanoy erivative has an MFR from about 30 g/10
mn to afoutatbd®0d/ wO%niorabpor 2.armt %baifuke Bmctonl agerd. bdsed ebdhanoid \weight ofr om

about 40 g/ 10 min to about 90 g/10 mn, or from 42
the polymer.

[00112] In an embodiment, the functionalized olefin-based polymer with the grafted
cinnamoyl derivative has an MFR from about 30 g/10 min to about 100 g/10 min (or any
value or subrange therebetween), or from about 40 g/10 min to about 90 g/10 min, or from 42

/10 min to about 80 g/10 min, as measured in accordance with ASTM D-1238.

[00113] In an embodiment, the grafted cinnamoyl derivative contains ethyl trans-4-

ethoxycinnamate and/or ethyl trans-cinnamate.

[00114] In an embodiment, the functionalized olefin-based polymer contains from about
0.5 wt % to about 5.0 wt %, or from about 1 wt % to about 4 wt % of the grafted cinnamoyl

derivative based on the weight of the functionalized olefin-based polymer.

[00115] In an embodiment, the functional agent is maleic anhydride. The functionalized

olefin-based polymer has the structure (V) below.
V)

CHy CHy

[e]

O
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g/10 mn to about 80 g/10 m n, as neasured in accordance with ASTM D 1238.
[00113] In an enbodi nent, the grafted ci nnanoyl derivative contains ethyl
trans- 4- wohowyssénamat e and/ or et hyl trans-cinnamate. [POQOAB4)09/0678aN

enbodi ment, the functionalized ol efi n-based pol yner contains from about 0.5
w %to about 5.0 wt % or fromabout 1 wt %to about 4 wt % of the grafted
ci nnanoyl derivative based on the weight of the functionalized ol efin-based
pol yrer . [(0AQE]L5]In] am @mbedimitrget furnctiendlizad tdlefirabasedepalyingr whl séjugture (V)

anhydride.  The _.funcgtiopalized o] efin:based pol yner, .has the structure. (V)
bel ow. (VACfustss e 4 “hﬂ'?e ZD%&? ‘?ﬂt,zﬂ% Wg%eﬁlﬁ%ﬁ %ﬁ’gﬁ’ilgeeﬁasgfl é’f’i%ﬁe- Y‘)’Slggél()fp%?yrrer
of struchicBokatized BiiHdRSed pdpmabout 0.1 wt % to about 2.0 wt % naleic
anhydri de based on the wei ght” of the functionalized ol efin-based pol yner.
[00117] e ' i s 4 grahh&dcsyanompbiiat e
corrpound.mb‘}gzl g?g]?a?f egﬁg%%rrﬁgg gct%l%g%fgéac%%%gﬁ% alh%rsﬁtte'heéyfst r ucltglure (VF) bel ow.
(V1) [ 00Th8}rafieé cpino-Rrylsteao@ipo@@dhasl thy btryptwra VD[@I1M9] R2 is sel ected from
hydr ogen, an indolyl group, and a phenyl group, [00120] R3 is selected from
hydr ogen, and a phenyl group, and [00121] X is a functional age 0 The
phenyl group of R2 and/or R3 can be substituted or unsubstituted. I n an
enbodi nent, the phenyl group of R2 and/or Ris substituted with a Q- Co
al koxy group. [00122] The functional agent gan be any functional agent
di scl osed herein. In an enbodinment, the functional agent is selected froma
carboxylic acid, an ester, an anh i i mary am ne, a secondary
am ne, a carboxyl group, a fornyl a hydroxyl group, and

CN

grou
X

R,00C
Rz Rs

[00118] wherein R, is a C-Cyo alkyl group,
[00119] R;is selected from hydrogen, an indolyl group, and a phenyl group,
[00120] R; is selected from hydrogen, and a phenyl group, and

[00121] X is a functional agent. The phenyl group of R, and/or R; can be substituted or
unsubstituted. In an embodiment, the phenyl group of R, and/or Rj is substituted with a C;-

Cy alkoxy group.

[00122] The functional agent can be any functional agent disclosed herein. In an
embodiment, the functional agent is selected from a carboxylic acid, an ester, an anhydride, a
primary amine, a secondary amine, a carboxyl group, a formyl group, a hydroxyl group, and
combinations thereof. In an embodiment, the functionalized olefin-based polymer includes
from about 0.1 wt % to about 2.0 wt % of the functional agent, based on the total weight of

the functionalized olefin-based polymer.

[00123] In an embodiment, the functionalized olefin-based polymer with the grafted
cyano-acrylate compound has a MFR from about 30 g/10 min to about 100 g/10 min, or from

about 60 g/10min to about 90 g/10 min, or from about 65 g/10 min to about 85 g/10 min.

24



conbi nati ons thereof. In an enbodi nent, the functionalized ol efin-based
pol ynmer includes fromabout 0.1 wt %to about 2.0 wt % of the functional
agent, bawecowmv3stdie total weight of the functionalized eCeftispedassads

pol ynmer. [00123] In an enbodi nent, the functionalized ol efin-based pol yner
with the grafted cyano-acrylate conmpound has a MFR from about 30 g/ 10 mn
to about 100 g/ 10 min, or fromabout 60 g/10mn to about 90 g/ 10 mn, or
f r om abo{00188] g/IbGnrinmbadimensotie Baftey a@naiaarylae tompound waludahetly hisyanor he

grafted apo- acryl ate conpound i ncl udes ethyl 2-cyano- 3,3
diphenylgéﬁﬁP‘?@L%P%3T25] In an enbodi ment, the grafted cyano-acryl ate

conpound i ncludes ethy rans-a- cyano-3-indol eacrylate.. [[0012 .Ln_an
enbodi mefl0128he Ipavcenboftimeyie theogiatte -"PS%%%F@B eyﬁf’élﬁlp"é‘Bﬁt‘%‘i[IH esfeg%’ﬂmt%’&ff 0.5
W % to ahplts dBidMyPhe Or fromabout 1 wt %to about 4 wt %of the grafted
cyanoacryl ate conpound based on the weight of the functionalized

ol efi n- bmg?fglem%%mw%g&] il f&@t&&{é‘lﬂgﬁ gr_%gbbagémpélyﬁeﬁ tOahs 2BRN b

mal ei ¢ a unctionalize ased pol ymer has the structure
(VI'1) bebowwt (A/td 3bdudBIR81 %3 he framabbunhivitZédo @betti hwhds ed thobsplted chans-udes

fromabout 0.1 wt % to about 2.0, %, mal ei ¢_anhydri based on the wei ght
of the f@af¥ {%t%?fé?ﬁ’%e%ﬁ?egfqnﬁhﬁﬁ’&ggt Béhf/‘ C.tloflggfé ﬁef%gl&qsf‘? 8gl§fneé'nbodi ment s
of the disclosure provide for prapyl.ene-based pqglyners afted with other
car bony! {#Ha7hi nithan éﬁlﬂ?ﬁ@m‘ﬁﬁﬁ? AUngHOBRHASAN (s r‘i’t‘aﬁelf W@E%drg‘#aﬁ“é%”m“onahzeg
propyl en S Iseubar wei ght distributions and/or
densitiegkgﬁzgggﬁéhgéggg?qg?%l gge?g,gtﬁose descri bed above for the
functionalized ol efi n-based pol yners. |n another enbodinenQVvﬁhese grafted
propyl ene-based pol yners are prepared using the sanme or sinigér anount s of

functional agent and peroxide as those used for the functionalized
ol ef i nbased CHs CHy

(0]
CN

R,00C

Rz R o]

[00128] The functionalized olefin-based polymer includes from about 0.1 wt % to about
2.0 wt % maleic anhydride based on the weight of the functionalized olefin-based polymer.

[00129]  Additional embodiments of the disclosure provide for propylene-based polymers
grafted with other carbonyl-containing compounds. In an embodiment, these grafted
propylene-based polymers may have molecular weight distributions and/or densities the same
as, or similar to, those described above for the functionalized olefin-based polymers. In
another embodiment, these grafted propylene-based polymers are prepared using the same or
similar amounts of functional agent and peroxide as those used for the functionalized olefin-
based polymers, as described above. In another embodiment, these grafted propylene-based
polymers contain the same or similar levels of grafted compound as for the functionalized

olefin-based polymers, as described above.

[00130] The disclosure also relates to methods of using the present functionalized

polymers in applications requiring unique combinations of processing elements and unique
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pol yners, as described above. In another enbodi ment, these grafted
propyl ene- based polyners contain the sanme or simlar levels of grafted
conmpound Ww® 2bvo3stdae functionalized ol ef i n-based pol yner eCTAS2@0086Tsi1bed
above. [00130] The disclosure also relates to nethods of using the present
functionalized polyners in applications requiring unique conbinations of
processi ng el enments and uni quephysi cal properties in the final product. The
di scl osupbysida opropérticsedn ttbe dbjakqireducsac ihe odipdewies @lscorelaenpe i diierds. atacheast
one conponent f.or.ned fromth resent functjoenali | efin- r,
as di scuSYBROKBARS ST CRPPT léllngsa?il%é‘e%ee?orﬂmneg{r go st foognmﬂ?ee%;ep o) ?ﬁn%ﬁ%gﬁﬁg%ge
films (nMeR@hadasEd poIgmer, audistiidsay BboveC siticlel it @legBut dot @unlithittdio, nefidiags
(extruded or thernotforned), dispersons (both aqueous_and non-aqueous) and

f oaned ofijmet @nompiayse andiqrc medtilayy, astr €piersld PYWRDIHADnFhesth) exirpdadt or
mol di ng, ,ext r HSi ' S dj i | [ : | ¢ hgd,
and ot SESTRHTHED, TR, (ROl BRI Chingh a3 ks BN [iMneCLONCE Phke
Present Fﬂﬂﬁﬁhﬁ@abépﬁ?m&ﬂ&@hmshaﬁﬁdnmoﬁqﬂﬁmkﬁmgemﬂsﬁbmMKﬂdngdﬁeﬂinmkﬁngie
ayers, lam nates, polyneric blends, and of her end uses. The resulti

pr oduct s &Y fB@ldH%cP??‘ﬁ mﬂ@}%ﬁﬂagétYBWémB?h%énﬁt?ﬁ‘é‘ﬂ aaming, exFrdngn e S4ersych
as profilgsesBUMPEIS @0t {iAdMoRali4ed: olffinbhic@SpolHhef¥Bite ARS8 ddRedifid, tie
manuf act ure of packaging materials, electric cable insulation (such as wire
and cabl &yesatdmiga}s, pobmterivgdendgemmestheramdsiseanthotehdting ppiductatmaynle used

dnesi vod BRI ALPOEDN " AHaRE L e Gt uBRies CRARE, pi G bl

coat i Ngs o RARESr MBY BE A& HOthAFRIHuPact GO P a8 g thhtbBAIS, elé@RE k&le idduldii®hs
and ot her conventional thernoplastic articles of manufacture. [00131]

Addi t i onduchbjsectise iand| calde etoatingsd, fooptingsargsomepbrancs.senh| ethey Baplicationy,

mul tico nt,.. sheath/core, tw sted ' e ._hl.0 -

ronot |1 aeh et 3RS neQF el iheie B NalE dmalBblighudhsisem S

appl i ancgofaadl @stingasketisaté)ddigpabioh§s paints, coatings, paper reinforcing agents,
composites, fibers, fabrics, fillers and other conventional thermoplastic articles of

manufacture.

[00131] Additional objects include elastic films and fibers (stable fibers, tow,
multicomponent, sheath/core, twisted, spin bonded, melt blown, monofilament); fabrics, soft
touch goods, such as tooth brush handles and appliance handles; gaskets and profiles;
adhesives (including hot melt adhesives and pressure sensitive adhesives); footwear
components (including shoe soles and shoe liners); auto interior parts and profiles; foam
goods (both open and closed cell); impact modifiers for other thermoplastic polymers, such
as high density polyethylene, isotactic polypropylene, or other olefin polymers; coated
fabrics; hoses; tubing; weather stripping; cap liners; flooring; and viscosity index modifiers,

also known as pour point modifiers, for lubricants.

[00132] Thermoplastic compositions comprising the present functionalized olefin-based
polymers, may include blends with other natural or synthetic polymers, additives, reinforcing
agents, ignition resistant additives, antioxidants, stabilizers, colorants, extenders,

crosslinkers, blowing agents, and/or plasticizers.
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adhesives (including hot nelt adhesives and pressure sensitive adhesives);
f oot wear conponents (including shoe soles and shoe liners); auto interior
parts andwproefwdiestz f oam goods (both open and cl osed celPCr/US2onoms1814

nodi fiers for other thernoplastic polynmers, such as high density

pol yet hyl ene, isotactic pol ypropyl ene, or other olefin polynmers; coated
fabrics; hoses; tubing;, weather stripping; cap liners; flooring;, and

vi scosi t y00133ex Imoohi émerdiment, $© asenh fastipoalizeg olein-based polamers mglude one

| ubricants. [00132] Thernopl.astic gonpositions. commri si ng. the:pres
functi on8f i 8aé%&%?%@%Q@%QLBH¥V%E$%@3’ 9“@Hgﬁﬁﬁéﬁgvgﬁ%§g%W¥%ﬁ@r éﬁghasural
or synt hgtdapicdQ MBRSafic RAGEIEY, RSudihgichiyo! GidNGtap@e RAISIuM Qitbbhad) dlesi Bt
additives, antioxidants, stabilizers, colorants, extenders, crosslinkers,
]?' owi ng aglntesic ftheey Gnclpdiag tylang sayen| eori polyssian aadpobiarapide), mpial fikssant
unctionalijzed olefin-b 0 ISl r i tlye or
adj uvant ?#%h?&gﬂﬁﬁkﬁoﬁﬁﬁﬁg%.%g%ggii?k§§%¥3ﬁ8 u ggﬁfl @%ggggu%‘%hé‘g@ %nic
or i nor gafit£ sPiRk}dlemen, alunthdsilicags ok aymindplosphasdsacarbion whiskérsnaczmbitnat, e,
gl ass fibers, polyneric fibers (includin% nyl on, ra¥on, cotton,. polyester,
and pol yapegRagojes’ istuging pastotabess paledonic. sERMIE] €9 ‘tf_'e“xﬁﬁﬁc?_ﬁfﬂné‘cgai‘/‘é]?@a
silicat e*§il’l'1091l1'| QSRR esxc‘lfu%-bgsga Q:%ﬁglﬁ:%s ageS NiRSnChilYR ofMtifAiasS titanfiin BbYEL NA,
alum nosilicates or alum nophos e%, carbon whi skers, carbon fibers,
nonopar t zedlizss, powterdd neptaiaoganbesr, inagahizditen, ireludnaerborefibereaiilicoasitridad

ceram cs,. such as silicon carbide, silane-based coupli nts, silicon
it do GO e ER OF e AR PP o7 ROl RIS, TBBIES ATy A P8y SPESR o
or inorggpik, hhd&bStorthNeAidNg GalROMatty BESsalSi biyeoR; Rilt Exteiictd, HaEIadingt eel
wire or nesh, and nylon or polyester cording, nano-sized particles, clays,
car bon bparkiniamd mptietanih pils;aaid biher saturalxast sfrdketis pelyaesalindudigg ydlsrs

oil extenders, includin araf.finic.or,napthelenic .qj " ot her. . ra
and synt REPTE™D 8?6395‘&1% ,toq g P’ﬁ%lf)ﬂﬁe'otlﬁlg peh g?rglnr%ﬁls 848 g{(#rv i r‘{gcrl\?dé %rﬂlé&ﬂ&ﬁhy’
di scl osuggti-oksdnte UVnaambiiigdrt, i (Ag:had Gideveisanhine lighiestabilizer 0@ ABRY) Scrosslinking

anti-ozonants, UV stabilizers, (such as hindered am ne light stabilizers
(HALS) ), agentss gr¢ahientqes, cure activators, and vulcanization retarder.

[00134] Suitable polymers for blending with the present functionalized olefin-based
polymers include thermoplastic and non-thermoplastic polymers, including natural and
synthetic polymers. Exemplary polymers for blending include polypropylene, (both impact
modifying polypropylene, isotactic polypropylene, atactic polypropylene, and random
ethylene/propylene copolymers), various types of polyethylene (PE), including high pressure,
free-radical Low Density Polyethylene (LDPE), Ziegler Natta Linear Low Density
Polyethylene (LLDPE), metallocene PE, including multiple reactor PE (“in reactér” blends
of Ziegler-Natta PE and metallocene PE, such as products disclosed in U.S. Patents
6,545,088, 6,538,070, 6,566,446, 5,844,045, 5,869,575, and 6,448,341, ethylene-vinyl acetate
(EVA), ethylene/vinyl alcohol copolymers, polystyrene, impact modified polystyrene,
acrylonitrile-butadiene-styrene ~ (ABS),  styrene/butadiene  block  copolymers and
hydrogenated derivatives thereof (SBS and SEBS), and thermoplastic polyurethanes.
Homogeneous polymers, such as olefin plastomers and elastomers, ethylene and propylene-
based copolymers (for example polymers available under the trade designation VERSIFY™,

available from The Dow Chemical Company, and VISTAMAXX™, available from
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agents, accelerators, cure activators, and vul cani zation retarder. [00134]
Suitable polyners for blending with the present functionalized ol efin-based
pol yrmer s wocbwdséedsder mopl asti ¢ and non-t hernopl asti ¢ polprgwarssoionmsiudi ng
natural and synthetic polyners. Exenplary polyners for blending include

pol ypropyl ene, (both inpact nodifying pol ypropyl ene, isotactic

pol ypropyl ene, atactic polypropylene, and random et hyl ene/ propyl ene

copol ymeEsxonMabil,oumm tlypds wfipodsyetrydnents ihPeEnds pehprising the dincprealivgd e,
free- radlcal tow Density Pol yet hyl ene (LDPE), Ziegler Natta Linear Low
Density PBFY8YMAene (LLDPE), netallocene PE, including nultiple reactor PE

b oduct o (U351 osKdiienal rely okt dog SENE R i TN T
5, 844, 049y1caniSH, SJtEyenﬁ:n% 143, s, eﬁ&?&rﬁi@l@s V';ﬂY}Iest@Fset 9@1902&%6 other

et hyl ene/vinyl alco copol yners, polystyrene, i npact dified
pol ystyr emmnemgythmmtpﬂashe& wﬂ)admmﬁéc@my rlmiue/n(lﬁ@g)le CQkoyldanmlbunald¢féﬂredet;| ock

fﬁg?%gfééq ﬁﬁd Efv)dr 0 enat | vat I tl E@%{égg}l ta Bfg 88 eSI %(%lu(?e %ut are

pl ast onepst l@fﬂﬁe&{oaﬁhﬂiﬁﬁE%ol}@hh&’éseét@hai@%o c@mlaefa@ba@e&l GPBQIyﬂi’@ﬁﬁneﬂhfy%e
exanpl e pol yners aval | abl'e “under the trade desugTatlon VERSI FY(t m

avai | abl adippwifier Haylbovd.Cheprlrdicxaasipeane sebaganidShARRIOQAtic @vlézﬁm&iﬂSe(or

f romExxonMobi | h
functiéng?y Bahda$érpd?%ﬁE%§%$Fﬁ%%§§§d§§ypﬁpgﬁg? hgﬁ?ﬁgﬁgﬁﬁggqgﬂeg%gggg ©
i ncl ude, tddeghtidge NAET)i axidt psly(batylédeeteraphttasiie)c(PRINC alihetriross, sySﬁe;trsesmicb as

pol ymer bl ends, pol yam des, polyesters, polycarbonate, ofher g g
t her nopl SRYNIes ‘unsepiaiedpplyssteishond thel ke mpay dere t %|fBP9ttﬂ>é\allff?8| Wﬂhg 00{3

chloride, apd, dﬁHeﬁllntBrtﬂgﬂﬂlﬁr to%%g%% dfhd fﬁ%%ﬁﬁn?@ﬁth\é‘?ﬁ’érmfoka%gfﬁemsu' table

polyanldgs I nc but are'not limted to, aliphatic polyam de5, such as

o a0 ST B B M IR AR A8 Bl
comprising a thermoplastic matrix polymer, especially a polyamide, polyester or a olefin-
based polymer , such as polypropylene, and a dispersed phase, containing a core-shell or
core-multiple shell morphology. The shell comprising a functionalized multi-block
interpolymer according to the disclosure, and the core comprising the multi-block

unfunctionalized interpolymer and/or other types of olefin-based polymers.

[00137] The functionalized propylene-based polymer may also form inner core-shell type
particles having hard crystalline or semi-crystalline blocks in the form of a “core,”
surrounded by soft or elastomeric blocks, forming a “shell” around the occluded domains of
hard polymer. These particles may be formed and dispersed within the matrix polymer by

the forces incurred during melt compounding or blending.

[00138] This desired core-shell or core-multiple shell morphologies may result from, or be
enhanced by, chemical interactions between the functionalized moiety of the propylene-
based polymer and the matrix resin. These chemical interactions may result in covalent
bonds or noncovalent associations. For example, maleic anhydride grafts can form amide
linkages with terminal amines of a polyamide, or form ester linkages with terminal hydroxyls
of a polyester. The chemical interactions may also arise from enhanced associations between

the functional groups of the functionalized propylene-based polymer and chemical moieties
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pol yaram des). Suitable polyesters include, but are not Iimted to,

pol y(et hyl ene terephthal ate) (PET) and pol y(butyl ene terephthal ate) (PBT).
Ther nosetweystodsss4guch as epoxi es, unsaturated pol yest eP€T/uspahowbms1d i ke,
may have the functionalized multi-block polyners blended into themprior to
curing or during the curing of the thernoset system [00136] In one

enbodi nent, the present disclosure provides thernoplastic conpositions,
conpri si iy tie nagmpplyastri cSwat pssecipbdnsmncludes peicizl het Bmped yaniligele-dipole

pol yester_or a ol ef. nbased ,pol [ ,..such as pol ypr | ene, . a_di d
e, conPar g dan dogibe MaporieitdttaR S RS i Rs The  ehet
conprising . a functionalized multi-hlock int I cor di to,.th

di scl osul®@138hq Blsads s dessribed Shemgns I‘fé"ylmgF 1(:a ﬁgrg%l%g‘lj’ryu%’(?:‘%ﬁ{gt :‘)gﬁ%ﬁeg‘}@%ethe

i nterpol y Ect%@cyofhr oﬁérﬂ? bt 4 rfire &I BASKEH e PR B! Point RBIR3FurERE one
functionalfze proﬁ& ene-based polyner may al so forminner core-shell type

particl esr Havh nd thar corepopentl | iHoe somes éurictionglizedl propgeid-baskd palymens, s m of
a "core," surrounded, by soft ar el ast i c_bl ocks, . form ng, a,"shel |.".
around t FRPRSEEPTABY B‘B?[}B‘?Vﬁs& Oo_ ; Wa?bd’V685§Jr¢er°.r al?%vees](selopér tﬁ@f%&p%yebgw%gmd
and di spef kashdiMd BhuiphBi, BBlableXoPRLYITRE thY dédiRdiempeanirdicaid ehabler dngenel t
conpoundi ng or bl ending. [00138] This desired core-shell or core-nultigle

shel | nopjsholyor e mugure.cmay tefanarpyesy  bBeeserinelndemilly kneaders, cajruders (bot
I nteractl Onfet %gé%mgs .t{;vri]rle-sgr%'v@ﬁtf%%ng)@ éﬁgergoéafetrﬁe F b e [iQQ%@@%ggﬁﬁlge iolg

pol yner 31d i'X Tesrn’ em’cal | nteractions

cov ?I ent nb@i?g,Sarﬂrmagmlcm@k@pkncaslsm faial oo podtidin. eX aopibimationloéBantani paich de
grafts can formam de |inkages with term nal am nes of a polyan de, form
ester | i AREQYEINGFUHINUERIRETS Mgy ralf?)hese“&ﬂ‘lo)ffdpﬁl“?é’étael?@anWemé’F?é’rrEOﬁ81”6‘? by

i nt eract EQﬂﬁ LB %l?)gveﬂrﬂysa% nglggérenhanced associ ations between the

functi onal groypé.o the“functionalized propyl ene-based pol ymer and
ot 11 m AS4BE, Fh B PRt R MR s S A B L DS & by T
i nter act parigllpneofyidkaphbbi dedréd @fabbdinRing may be measured by dissolving the
| composition in a solvent for specified duration, and calculating the percent gel or
unextractable component. The percent gel normally increases with increasing crosslinking
levels. For cured articles according to the disclosure, the percent gel content is desirably in

the range from 5 to 100 percent.

[00141] The functionalized propylene-based polymers of the present disclosure, as well as
blends thereof, may possess improved physical properties and lower cost as compared to
prior art compositions, due to preservation of molecular weight via the use of less expensive
cinnamate and acrylate functional coagents. Thus, the composition or blend may also have
an improved surface appearance, especially when formed into a molded or extruded article.
At the same time, the present compositions and blends thereof may also possess improved
melt strength properties, thereby allowing the present functionalized multi-block copolymers
and blends thereof, especially TPO blends, to be usefully employed in foam and

thermoforming applications where melt strength is currently inadequate.

[00142] Thermoplastic compositions and thermoset compositions, each containing
functionalized propylene-based polymer(s), according to the disclosure, may also contain any

of the foregoing organic or inorganic fillers, and/or other additives.
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[ 00139] Bl ends, as described herein, nmay be prepared by m xi ng or kneadi ng
the respective conponents at a tenperature around, or above, the nelt point
t enper at Wwe 20fo/B@20r bot h of the conponents. For sone fPomatse@wasiszed
propyl ene-based polyners, this tenperature may be above 900C, or above
1000C, or above H QOC. Typical polyner m xing or kneadi ng equi pnent,

capabl e of reaching the desired tenperatures and capable of nelt

pl asti f yil0J48he PREKINITEONSay be enpl oyed. These include mills, kneaders,
extruders (both single screw and tw n-screw), Banbury m xers, cal enders,
and t he I[00<1<44] Thall sefpuaree totharPriiodje Tabt nﬁthwoﬂlerrrmgs hl@pi@ndladnrefﬁetof thaal

ray ol so PBROSRIRBlFGH s HEFeRis, BORRMELAGH Frsseieni goi GBEA Ry s G
fol | oned Ry réreasds H)d§ rGroh?Qﬁ"@ﬂouW%ﬂalI e th unetden® bz e}ﬂo@selfeﬂectb&%ldhls

pol ymer containing conposition is at |least partially crosslinked, the
degr ee oiPenochssTabiWDﬁ@lenE!pnt@@tsmsgm@ﬂ%l}A@l %’§@Wf¢fgnufhh€rt’£@ngf@§l>&l dlgss a

sol vent f %Eﬁ J tgglgl fi gwg lljrrrl Rclét()%%rpc %on e)ﬁ(E Eto ))h% RELG ezﬂfp aﬁlﬁ percents

unextracf I NCr éases Fncreasing

crossli n&fengasb@\&l a/elgﬁpr For p@ehodést bf:tm&ecacsmésdpatgmt prattie, mécdm:sms of ahhe
percent gel content is desi rably inthe range from5 to 100 percent.

[00141] Phient uppéant ciprliration. omhhéﬁemba%fé@n&ﬂ VERSHS 2F h@lf?éyp&né%@ﬁfated by
di scl 0SUGerefiS. P thelﬁ%nﬁ{e%ggé% g%g;gacaleﬁ%spga%ﬁsthew QY8 RYBbEAL by

propertles and I ower dto prior art conpositions,

pr gser vatdferrncs), e3peeially avithimispdtt tv ithee mlselosme offsyhtbetsc. e:)cbmqsesvdeﬁmﬁnmrabe
and acryl ate functi onal coage the ¢ Slt on, or nd al so
ave. an’ HRpRUR s i R A aH L giops Er ) TG Rt RERER S e e Bog
or extruged article. At the sane tine, the present conpositions and bl ends
thereof nmay al so possess inproved nelt strength properties, thereby

al I owi ng [6(“%5}” eﬁ?en{erﬁmu%%}ﬂp%@ﬁll ,”Zgrgl H@:{Ji\;a'tlvpé ﬁféi‘eo?,ogoﬁc}f MEferded to exclude the

presence of any additional component, step or procedure, whether or not the same is
disclosed herein. In order to avoid any doubt, all compositions claimed herein through use of
the term “comprising” may include any additional additive, adjuvant, or compound whether
polymeric or otherwise, unless stated to the contrary. In contrast, the term, “consisting
essentially of” excludes from the scope of any succeeding recitation any other component,
step or procedure, excepting those that are not essential to operability. The term “consisting
of” excludes any component, step or procedure not specifically delineated or listed. The term
“or”, unless stated otherwise, refers to the listed members individually as well as in any

combination.

[00146] The terms “functionalized olefin-based polymer,” “functionalized propylene-
based polymer,” or “functionalized propylene/a-olefin interpolymer,” and “functionalized
propylene/ethylene interpolymer,” and similar terms, as used herein, refer to the reaction
product of a base polymer with one or more compounds, such as a functional agent, and/or a

coagent.

[00147]  The terms “blend” or “polymer blend,” as used herein, is a blend of two or more
polymers. Such a blend may or may not be miscible (not phase separated at molecular level).

Such a blend may or may not be phase separated. Such a blend may or may not contain one
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and bl ends thereof, especially TPO bl ends, to be usefully enployed in foam
and t hernoform ng applications where nelt strength is currently inadequate.
[00142] TWermwplsesiei ¢ conpositions and thernpset conposPCITAs2009eaTsn

contai ning functionalized propyl ene-based pol yner(s), according to the

di scl osure, may al so contain any of the foregoing organic or inorganic
fillers, and/or other additives.[00143] DEFIN TIONS [00144] All references
to the Perinodi doraibicenfeguratinns inddefr e riragsiaission glegiron spacescogy. it ¢

Tabl e of the .gé’&q%gégq%gggg@nog&r%I%)é:dg%{)uﬁgﬁtjﬁgJw CRC Press, Inc., 2003.

Al so, an{*H'EF or & oups s be to the Groups or Goups

reflected i hi.s Periqdic Tabl e,of the, El ements, using.the | UPAC syst.em for
nunber i ng‘"’dpétpsfh%ﬁr@s SOPATRYL 33 t“ﬁ%féﬁrﬁfnr Apsjudes gomgine ?flr rgﬁ]éflﬁlzsyvc‘:’%lﬁgnext ,
or cust OgghYridethk Q@n?b‘;itiofﬁ' ds Wal hs$ reabibrPpiodadts and@decdigsslionrpro@icghformedr
purposes of United States patent practice, the contents of any patent,

pat ent afph thamaterialoef thepdmpesition ref erenced herein are hereby
incorporated by reference in their entirety (or the equival ent US version
t her eof [001d49)] i rlter ponaipetyniey” iefenamcmplecelspeeinpding plieptred dyppdymenzinge

di scl osure of synthetic techpi que defj nitipns 0.t he ten

i nconsi sP’é’HP“W%‘P# @ﬁfaﬁl@fqrrd}&?%ﬂt_s?y@Fov{Plagﬁneﬁer"éclh& es oy Oé’gf(g}eé%’ Cl%ﬁéwn&risge in
the art. (Jrfi}hels, IH?@%FSI‘?H&S, QARG b Nithe ted dingt@pdlydiet ViaSarishepapiher pepael
intended to exclude the presence of any additional conponent, step or .

pr ocedur by thenedlmmerizationstf at lpestdaioetypes ofi enasmess ohedraenpmars, Hriggpdgse buhisi d

any doubt | 1. nposi t.ions ,claj 1

"conpri sf’ﬁtgﬁ%é??’n%ﬂpﬁé' e§%>(lwial‘lah ﬁ%ﬁ%ﬁgfe?%@&?m"%‘;q é}gg]? ?F\?gérﬁlt ?rgglr&)gt{)anggea%n
whet her %ley Gﬁfﬂoﬁo@lérsQirfwhWnSﬁwrsuEﬂrﬁtﬂﬁmstsa(t)\eﬁb}i wutihe rafemstto ablymernpepatd ast ,
the term "consisting essentially of excludes fromthe sco

. e of an
succeedi Hgny deterditfeisnt WRgS SiAIORY FrBbAIAPIOTAY By LEFAPPIY BIE ch ‘é%‘(‘g]é%qu?fé
those thy p&&&eﬁ%&eﬁ%&?ﬁ&h%uﬁcﬁff@x@ﬁ{ GBEd dfMonoHMEs bEETorRed)Shdd e like.

[00150] The term "interpolymer,” as used herein, refers to polymers prepared by the
polymerization of at least two different types of monomers. The generic term interpolymer
thus includes copolymers, usually employed to refer to polymers prepared from two different

monomers, and polymers prepared from more than two different types of monomers.

[00151]  The term “olefin-based polymer” is a polymer containing, in polymerized form, a
majority weight percent of an olefin, for example ethylene or propylene, based on the total
weight of the polymer. Nonlimiting examples of olefin-based polymers include ethylene-

based polymers and propylene-based polymers.

[00152]  The term, “ethylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized ethylene monomer (based on the total
weight of polymerizable monomers), and optionally may comprise at least one polymerized

comonomer.

[00153] The term, “ethylene/a-olefin interpolymer,” as used herein, refers to an
interpolymer that comprises a majority weight percent polymerized ethylene monomer
(based on the total amount of polymerizable monomers), and at least one polymerized a-

olefin.
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of excludes any conponent, step or procedure not specifically delineated or
listed. The term"or", unless stated otherwise, refers to the |listed
menber s iwoi2viodhseddty as well as in any conbi nation. [00PE¢EIUSTING/ 0581418
"functionalized ol efi n-based pol yner," "functionalized propyl enebased
polymer," or "functionalized propylene/a-olefin interpolyner,” and
"functionalized propyl ene/ethylene interpolyner,”" and simlar terns, as
used her é0H 54} ef Bhe texmg fipropelgae-basedmadnen” af usedbbereinp &fgiselp anpelymshdhasy

nore co n such . i I gggﬁ r e [ 7 he
terms " EP g’ﬁag%&a ﬂl%b%@?re&%#&%‘%e‘%pggb%%gigg%gr I ne?lei rgorg(gﬁ%e@gsegf 8?\%\% %}rterr e
pol ymer s amSuatofepddyaerilzabRymofiomay), and optorlls ehdyl @nipitt ap kasteorsqpéymdredd at
nol ecul ar level). Such a blend may or may not be phase separated. Such a

bl end mayOoBPPREY- not contai n oneor nore domain configurations, as

determ ned fromtransm ssion el ectron spectroscopy, light scattering, Xx-ray
scat t eri f@P158hd Bhehdernet protxlereievabelim intgepodrper,’] GO 1uBH Tprsin, efehgrs 0 an

"conposi t i . e . el [k i r el j

conpri se HRE0LRT SR FoPEs Yl g, Pttt S phe Ao Rnd thilbmer
product s (bzeedred thé asml haonrmt & podyrBerdfablehmoaompe}idndon. ledsD @hd Pplyhineizeé rom
"polymer" is a macronol ecul ar conpound prepared by pol yneri zi ng nononers of
the sameokfingi fferent type. "Polynmer" includes honopol yners, copol yners,
terpolynmers, interpolynmers, and so on. The term"interpolynmer" nmeans a

pol yner M6l edThsy terhe Psppylend/othylicon ipterpalymestast weedt presn, ofeferpniondhs or

conononets,. i includes s .0 limie r I |y
refers t&" %%Pb’rrrnée i sth%tr g%ﬂé?lg%rs % 2‘%%‘4%25 d&%#ltegg%l%ttéogg@%%@n@r? gﬁ%{rlg t}%élﬁ)%r
cononone(sased ohpht to@r amouit 6thpolgthetizable eldivbmets), pellyyrEral pthgleae anorfongsm
three different types of nonopers or, cononopers), tefrapoly %5 (whi ch
usual |y FeFeIsPTEdOTRBRYHRPROMSTS FAF.RPtiopaR. fblsaAst fiohmastizg OP?/nge 8% nononers

or conononers), and the |ike.
[00157] The term “heteroatom” refers to an atom other than carbon or hydrogen.

Preferred heteroatoms include: F, ClL, Br, N, O, P, B, S, Si, Sb, Al, Sn, As, .Se and Ge.

[00158] The terms, “hydrocarbyl” and “hydrocarbon” refer to substituents containing only
hydrogen and carbon atoms, including branched or unbranched, saturated or unsaturated,
cyclic, polycyclic or noncyclic species. Examples include alkyl-, cycloalkyl-, alkenyl-,
alkadienyl-, cycloalkenyl-, cycloalkadienyl-, aryl-, and alkynyl- groups. “Substituted
hydrocarbyl” and “substituted hydrocarbon” refer to a hydrocarbyl group that is substituted
with one or more nonhydrocarbyl substituent groups. The terms, “heteroatom containing
hydrocarbyl,” “heterohydrocarbyl” and like terms refer to groups in which at least one atom
other than hydrogen or carbon is present along with one or more carbon atom and one or

more hydrogen atoms.

[00159]  As used herein the term “aromatic” refers to a polyatomic, cyclic, conjugated ring
system containing (46+2) n-electrons, wherein 8 is an integer greater than or equal to 1. The
term “fused” as used herein, with respect to a ring system containing two or more
polyatomic, cyclic rings, means that with respect to at least two rings thereof, at least one
pair of adjacent atoms is included in both rings. The term “aryl” refers to a monovalent
aromatic substituent, which may be a single aromatic ring or multiple aromatic rings, which

are fused together, linked covalently, or linked to a common group such as a methylene or

32



[ 00150] The term "interpolyner,” as used herein, refers to polyners
prepared by the polynerization of at |east two different types of nononers.
The generwoO 208ya3sé4nt er pol ymer thus incl udes copol yners, pasaskéog/osrspd oyed to
refer to polymers prepared fromtwo different nononers, and pol yners
prepared fromnore than two different types of nononers. [00151] The term
"ol ef mbased polymer" is a polynmer containing, in polynerized form a

maj orit yeﬂwleghtmcpetryc eiitanyflesanfl arostatia ring6s) insladiep Peenet. Apbhe |, cnthsaespyl, ané,
based on.the total t of the polymer. Nonlimting exanples of

ol efin- b3§%ﬁ %D?Q %ﬁclude et hyl enebased pol yners and propylene based

hyl ene base

| 5
P Lre S eyl 2]r$é’PStItH‘§ - sfeo e e o Rl e R S e h el T

et hyl eneb&&rﬁp@%y(caﬁ»%ﬁdxs%bm&e Byl or Wedre Hinc@bn#l riR! s@amsemgprg@mrtmbd and
opti onaI I nprise at | east one polynerized conmononer 0153] The

term ﬁ{iyl eﬁw/l@”@ﬂefsubﬁtltmtﬁérml%ﬂ@rl he@mcuelealkﬁbrerhstltur@f é?@r%dgﬁlkyl

i nt I t hat I t
mononer Pogeat i BARY (5T SR b iRy RS TS AS, MRS, %8s B 0°,
one pol yrBfd, z&d BothOéa@Irhﬂéd[QﬂlﬁﬂdatdFE\tedt@rcm hyﬂf@pydoﬁﬂ,emaﬁledrepﬁisydrﬁb theas

used herein, refers to a polyner that conprises a majority weig %% er cent
pol ymeri ﬂ@m%lﬁdmg(@ne‘nh%é?ﬁae“(‘lﬁﬁeléfﬂ@ﬁ P HeCBIAN HMFURChHRS &o‘F’? e &bl e

”Dnorrerszmqgﬁeggmayorﬂé'%ﬁgw RIS Ay 2RATE ARG YUIR bABHRIATRAGHE

[ 00155] erm “prop n 1 nterpol yner, s used e| n, refers

to an inbeygmlg&mrdlpmaylemrrmrmﬂagea, ayan diphtyylairght per cent poI yneri zed
propyl ene nmononer (based on the total anmount of polynerizabl e nononers),

and at | g61pNETHRAbMTBhéBEefers (OtRffblowing structure

O

[00162] The term furyl refers to the following structure
0
[00163] The term maleic anhydride refers to the following structure
/
0
o
o

[00164] The term “grafted maleic anhydride” refers to a structure bonded to a polymer
backbone and/or a grafted coagent, and which contains at least one chemical moiety as

shown below, and may include hydrolyzed derivatives and other related structures
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[ 00156] The term "propyl ene/ethyl ene interpolyner,” as used herein, refers
to an interpolynmer that conprises a majority wei ght percent pol ynerized
propyl enewounmmsse4gebased on the total anmount of pol yner ipgahiSeooaosmsner s) ,

pol ynmeri zed et hyl ene nononer (second predom nant nononer), and, optionally,
at | east polynerized one a-olefin. [00157] The term "heteroatont refers to
an atom ot her than carbon or hydrogen. Preferred heteroatons include: F,

ad, Br, N O P, B S, Si, Sh, Al, Bn, As, Se and Ge. [00158] The terns,
"hydrocarbyl " and "hydrocarbon” er to substituents containing only

hydr ogen and carbon atons, incl gnched or unbranched, saturated or
unsaturated, cyclic, polycycliclor Aoncyclic species. Exanples include

al kyl -, cycl oal kyl -, al kenyl 5 adi enyl -, cycl oal kenyl -

cycl oal kadi enyl -, aryl-, and al kynyl - groups. "Substltuted hydr ocar byl " and
"substituted hydrocarbon"” refer to a hydrocarbyl group that is substituted
Wi th one gy 68P reT@Qpﬂmgﬁqgggbyl substituent groups. The terns, "heteroatom
contain|$g hydrocar byl ," "het erohydrocarbyl” and Iike terns refer to groups
in which as t r b ng
W th one IBI6EETeBeRRE &I TR, if JE0MCEAIRE haianaRitd Rl 06Tt Ag
used her dilasteridie(A STV pricedmt IASTM EF78200t MethqadByat omi ¢, cyclic, conjugated
ring systen1containing (4d+2) p-electrons, wherein d i s an i nt eger greater
than or egpaal) t omMelt fidie r&ter(IMFR)J&E@/IOaﬁuru$@dpﬂ@§ybhﬂbas&ﬂt;kb1ymsmactmée@umdr| ng

cl h
tapect tEnarTRdg-TEaE0s ggé«ingﬁa’é@@?zm \Ge 1 Uiabinasrel T B el i oms
| ncl uged B Sced TORELEETY BN 0 GG AGPI G RORYg] et ar ol

substitu e 8 sifgle aronatlc ring or nmultiple aromatic

[ nk |
e YLt VSRR S S Y
i ncl ude phefyls.thadahé By, dissolrdde @oiting x3iwhe bhd e pydcipitatedrig acdtbwer . order to

remove ungrafted maleic anhydride. The basic titration procedure for titration is described in

U.S. Patent 6,884,850, incorporated herein by reference.

[00169] Weight Percent Grafted Maleic Anhydride (FT-IR) is determined by FT-IR on
products that have been dissolved in hot xylene, precipitated from acetone, and dried
overnight in a vacuum oven at 150°C. Infrared spectra are measured using films that are
compression molded at 170°C for 30 seconds. After molding, the films are stored in a
desiccator until the spectra are collected. The spectra were normalized for film thickness by
settihg the polypropylene absorbance at 1166 cm” to 1.0. The anhydride absorbance at 1790
cm’ is used to determine the amount of maleic anhydride graft after a calibration curve using
standards prepared by blending a known amount of octadecyl succinic anhydride into MFR

35 polypropylene has been established.

[00170] By way of example and not limitation, examples of the present disclosure will

now be given.
[00171] EXAMPLES

[00172] All materials are used as received from the supplier. VERSIFY™ DP2000,
propylene/ethylene copolymer, density 0.886-0.890 g/cc, MFR 1.6-2.4 g/10 min (2.16 kg,
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[ 00160] "Substituted aryl"” refers to an aryl group in which one or nore
hydr ogen atons, bound to any carbon, is replaced by one or nore functional
groups, swoloss3edsyl, substituted al kyl, cycloal kyl, swogtiscamwos7814

cycl oal kyl, heterocycl oal kyl, substituted heterocycl oal kyl, hal ogen,

al kyl hal os (for exanple, CF3), hydroxy, am no, phosphido, alkoxy, am no,
thio, nitro, and both saturated and unsaturated cyclic hydrocarbons, which

are fused3®’s,tASTN dPﬁiQB%:Oﬁ) nB(Jlsf))rOpb’lenRehpféQﬂﬁé}’fém IMFBF4IQ n@@ltlt’oo 9 %/@Prm)n
roup, T
9 P Sggﬁélfﬁ)o ES | u l Lro QI %edn I%e{ﬂgih%%/ﬁe BB% gs e phe (5‘? 99

al so be Nnzo énone ether or

ni t rogenMaéic laﬂhﬂiri@lh%ﬁyjhafﬂs n&ldric8f Bty 3T(ﬂ%ﬁirﬁfyﬂl) m’ﬁpemolatet eftsit &aﬁs;mhhzﬁnate
foll ow n structure[00162 The termfuryl refers to the follo
st r uct ur 8Adpighs $jinmEseoniade{ Adrighk Eéhbﬂymnﬁ&eeth@msr@amtet Kedrep) ﬁ”\,ﬁtﬁghexyl

structurggsogéfe hox R BRI AMRIDCE IR Ll ARPNAdaISle (AR HSpl) OEMyPIAMC! LT e

bonded t ne an ‘or a grafted’ coagent, ont ai ns
at | east cayenaianica (Anldne}h)y E&syl stansn- clyellm\&/-mckﬂchcnyiytm(ﬁdﬂrwdié; Itz Dcyaed

derivatiyes and, ot her ed struct 6 E HOD; 66
Density P %quzr E‘l‘tﬁ’é‘(‘f‘t‘? n(‘g]@E‘S]FS ; ur?tew[ ?%H’;g @gﬁ‘i’\r/g\aﬁﬁ @rl[j?gétl #éhyénd
Mat eri al Ay 7] Melt fl t
(MFR) i n&g}&‘? m%ﬁéﬁgﬁgggﬁgée&n@l%%édﬁg%l %\/{%g?lgafllf (ﬂggﬁ?eg usi ng Ag\'f'er e

O 1238 Ofyi98fl! UhRh £l £untBAGe %‘%Ettés”Q% ek 015438@40%90%& pPlor 1o use

et hyl enebased polyners 1s asure sin Cond|
190C 2. 1Bbk§yethMHﬂa:6iS];e Ungifttthgrommdtma@lafahhyﬁrml amidcsoAd Wa@an{t&ar(:tprmaattd fom) is

determ'n via t rqQducts that di | ved I
vl ene. afrading b frkar 28° MR e SPADOR IR LGS Bk he ARG BB ORIty

anhydri dEnglT(h@O s Gnd Atl(h‘?éh'mPIE’RQRedq@? af@édd%ﬂbfaasglhﬁge is described in US.
Patent 6 4,85 I ncor porated herein by reference.

[00174] For the basic functionalization procedure the three zones of a ThermoHaake
Rheomix (Haake), equipped with roller rotors and manual ram, afe pre-warmed to 170°C and
the torque is zeroed at 50 rpm. Polypropylene or VERSIFY™ DP2000 is added to the mixer
with 10 rpm agitation. The agitator speed is increased stepwise over 2.0 minutes to 50 rpm.
Material is fluxed for 1.0 minute before addition of the maleic anhydride. This mixture is
fluxed for 2.0 minutes before the designated coagent is added. After mixing for 1.0 minute,
LUPEROX™ 101 is then injected with a syringe. Material is mixed for an additional 12.5

minutes and then removed from the mixer.

[00175]  For control samples, where maleic anhydride is not added to the resin, the mixing
times were followed with coagent and peroxide added at the same time in the reaction

sequence.

[00176] A portion of the material removed from the Haake is compression molded into a
thin sheet at 190°C for 2 minutes and cut into strips for loading into the melt flow rate

apparatus.

[00177] Samples for maleic anhydride titration and FTIR are reprecipitated to remove
ungrafted maleic anhydride. Approximately 3 g of product is dissolved in 70 mL of boiling
xylene. The polymer is precipitated by adding the hot xylene solution into 250 mL of

acetone. The fibrous product is collected by filtration, washed with 50 mL of fresh acetone
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[ 00169] Weight Percent Grafted Mal eic Anhydride (FT-1R) is determ ned by
FT-1 R on products that have been dissolved in hot xylene, precipitated from
acet one, woaodvaizeed2overni ght in a vacuum oven at 1500C. pCmfusasogasmspect ra
are neasured using filnms that are conpression nolded at 1700C for 30
seconds. After nolding, the filnms are stored in a desiccator until the
spectra are collected. The spectra were normalized for filmthickness by
setting ardedrixal gverrophtl iermevaabsordyvanee S@C. 1 Fe6tionalization 1esolts Preedesgrmjiend; kie

absorbance at 1790 cm 1 is used to determ t he amunt .of i dri de
graft af#E3U08 Qihess sampls- & 8?%“&%5“8%5 S?rg%ﬁ% %??ﬁ}seaﬁg?%rgleﬁgﬂ‘g‘? g“n%liv%glméfl

known anpyt 510f 500t @%ﬁgm BUE JVe CandRYidGAIdRaleRd BnHYdRA32npabydehodyiteeaey has
been established. [00170] By way of “exanple and not limtation, exanples of

t he presgmftedimsteriobiaemay havertvrdezegito e dipagd form}. EXAMPLES [00172] Al
materials are used as received fromthe supplier. VERSIFY(tn DP2000,
pr opyl en0eT8ly| dhe saogedinpgeablestinssilieythd q886:itEs 800 tygres of ravEenty uGlized4ndghel o

denst Ly Dnstirbgn apraRps, ige g epetB e PR SRE T RAR AR,
90% (Al dgehglﬁgd_yglg%%(&rg451%ggér%é\/g{r]§jlgm@mhydri de briquettes (Al drich); Butyl

3-(2-fur propenoate, Ethyl trans-ci nnamate (Al drich); G nnanonitrile
(Al drich); Ethyl trans-4-ethoxyci nnak&B&E R drich); 2-Et hyl hexyl

trans- 4- met hoxyci gg@?g!@_{:@aﬂm?m e Jéti%%%é hPRETRALE Afigdghe (Al fa
© Et hyl ha: P .
ff:ﬁgza- E;a%o- gr ?EZOI Zagg&?‘%@(&}n*ﬁ]}a&ﬁ%‘?f‘é ); tlg%/}lg ﬁ%@no-

\va |

rnhepyvl-a

3- phenyl - 2- butenoate (Al drich); Ethyl 2-cyanp-_3-2-dip} Faery-ate
(Al drich): Et|Hy2eqbt hok ?(?)?;E'ﬁﬁ en ﬁﬁ‘%ﬁl &‘E‘e?at&@f’%’?‘i cmhf; Zﬂfﬂ‘ phenyl
ether (Al drich). [00173'“m0@e ma| £l 61’ ycﬁ’i de(rfh“,)quet t &Sl Em@r ound to fine
powder prior te-gse—Ppyethyteng fgse bags pithe griogise medsa ¢ anhydri de
and solid coagents are| prepared ?3()_:,[ 1.5) (14.4) (0.52)"

Butyl 3-(2- 0.4780 0.2567 None NA 23.7

Furanyl) (0.23,2.5) (7.1,3.2)

Propenoate2

Butyl 3-(2- 0.4734 0.2452 None NA 5.8

Furanyl) (0.23,2.4) (6.7, 3,0)

Propenoate

Butyl 3-(2- 0.6160 0.2446 None NA 8.2

Furanyl) (0.30,3.2) 6.7,3.0)

Propenoate

Butyl 3-(2- 0.7543 0.2601 None NA 6.0

Furanyl) (0.36, 3.9) (7.2,3.2)

Propenoate

Butyl 3-(2- | 0.4819 0.2442 6.0 0.49° 7.2

Furanyl) (0.23,2.5) (6.7,3.0) (29.4) (0.45)"

Propenoa‘ce2

Butyl 3-(2- 0.4838 0.2332 6.1 0.61° 9.9

Furanyl) - (0.23,2.5) (6.4,2.9) (29.9) (0.58)

Propenoate

Butyl 3-(2- 0.5905 0.2593 6.1 0.57° 8.3

Furanyl) (0.28, 3.0) (7.1,3.2) (29.7)

Propenoate

Butyl 3-(2- 0.7527 0.2511 6.0 0.54° 6.6

Furanyl) (0.36,3.9) (7.0,3.1) (29.5)

Propenoate

! Maleic anhydride wt % measured by titration method.
2 Reaction run with polypropylene homopolymer (MFR = 4.0, density = 0.9 g/cc).
* Maleic anhydride wt % measured by FT-IR method.

36



| oadi ng to the Haake.

The wei ght of the enpty pol yethylene bag is

approxi mately 0.25 g. Liquid coagents and Al drich LUPEROX(tn) 101 are added
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ram are pre-warned to 170C and the torque is zeroed at 50 rpm

Pol ypropyl ene or VERSI FY(tm DP2000 is added to the mxer with 10 rpm
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any9.rBesi
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r dried
a@hodr
the dia
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0.9100
(035, 3.8)

02447
(6.7, 3.0)

6.0
(29.5)

0.75

67.1

3 Maleic anhydride wt % measured by FT-IR method.

TABLE 7

Tetrasubstituted Cinnamoyl Derivatives as Coagents for Maleic Anhydride
Functionalization on VERSIFY™ DP2000

Coagent Coagent, g | LUPEROX 101, g | Wt% MAH Wi% MFR,
(mol%, (mmol R+/100 g, Feed MAH g/10
mmol) mmol Re¢) (mmol) Graft’ min

Ethyl 2-Cyano-3- 0.6537 0.2592 None NA 58.6
phenyl-2- (0.28, 3.0) (7.1,3.2)
butenoate
Ethyl 2-Cyano-3- 0.6338 0.2593 6.0 0.70 80.4
phenyl-2- (0.28,2.9) (7.1,3.2) (29.6)
butenoate
Ethyl 2-Cyano-3- 0.8047 0.2576 6.0 0.64 87.9
phenyl-2- (0.35,3.7) (7.1,3.2) (29.5)
butenoate
Ethyl 2-Cyano- 0.8400 0.2564 None NA 225
3,3- (0.28,3.0) (7.0,3.1)
diphenylacrylate
Ethyl 2-Cyano- 0.8360 0.2560 6.0 0.68 82.6
3,3- (0.28,3.0) (7.1,3.2) (29.3)
diphenylacrylate
Ethyl 2-Cyano- 1.0630 0.2281 6.0 0.84 85.9
3,3- (0.36, 3.8) (6.2,2.8) (29.4)
diphenylacrylate

3 Maleic anhydride wt % measured by FT-IR method.
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[00178] The succeeding tables describe the quantities and types of reagents
utilized in the functionalization experinents. The nol % coagent, mml R
/100g, armsowbmaskd42anounts reported are based on a 45 gPcharsg@os7spol yner.
TABLE 5 Butyl 3-(-2-Furanyl) Propenoate as Coagent for Maleic Anhydride
Functionalization on VERSIFY(tnm) DP2000 1 Maleic anhydride wt % nmeasured by
titration nethod. Reaction run with pol ypropyl ene honopol yner (MR = 4.0,
density = 0.9 g/cc). Mleic anhydri dABLE® neasured by FT-1R nethod. TABLE 6
Trisubstituted G nnamoyl Derivatives as Coagents for Ml eic Anhydride
Functi onal i zat i onDRGbsWRRIITM(ainay 1 M¥IrRADEs ML @pentafiohydicicdenhydiridlo measur ed by
FT-1R nethod. TABLE 7 Tet r Bgutisfalitatibiech CERSIANGY DPD¥0i vat i ves as Coagents
for Ml ei c Anhydride Functionalization on VERSIFY(tm DP2000 Ml eic

anhydri de M % oRagetr €d PYokgtnt] R [NEdiEROXTIABIE| Svikdnsabst | thateed | CMARAMDY |
Derivatives as Coagents formdl eijc (nsigaidode Functadonal i ¥#tH on a@no
VERSI FY(t M) DP2000 Mal ei c_amhydr i|de wimodBreasir ddmpl) ET- ORfthet hawn [100179]
The exanpl ps aBhghawn in| TAHEs 5-8 i PPUStrat e t Neneusel of Ndoagerttd, |namely
ci nnanoyl {eri ¢inimaes and @A acr yI(BA$E-2tonppunds . dulri ng frée radilcal
mal eation pf pehyErBPYI ene 058 h |cl asg%z of cpag 69? s al | dwed an fprloxi mat e
0.7 M% i nrg_r__p_&ﬁa maten  of 4&2&.39) "nh\qu 1§)= Ato Lég?%ao F‘()C‘74‘y'n”‘l" We
. . . t N v 4
limting pol yp?B‘éﬂ‘a‘Ene de% iﬁ% an dlﬂ?ﬁﬁ) t he (29.5)
Cinnamonitrile 0.3858 0.2736 None NA 593
(0.28, 3.0) (7.5,3.4)
Cinnamonitrile 0.3914 0.2446 6.0 0.74 - 59.7
(0.28, 3.0) (6.7,3.0) (29.2)
Cinnamonitrile 0.5149 0.2376 6.0 0.70 54.7
(0.37,4.0) (6.5,2.9) (29.2)
Ethyl trans-4- 0.6630 0.2558 None NA 59.4
Ethoxycinnamate (0.28, 3.0) (7.0,3.2)
Ethyl trans-4- 0.6680 0.2463 6.1 0.74 44.4
Ethoxycinnamate (0.28, 3.0) (6.8,3.1) (29.5)
Ethyl trans-4- 0.8550 0.2425 6.1 0.92 43.7
Ethoxycinnamate (0.36, 3.9) (6.7,3.0) (29.8)
2-Ethylhexyl trans-4- 0.9485 0.2515 None NA 414
Methoxycinnamate (0.31,3.2) (6.9,3.1)
2-Ethylhexyl trans-4- 0.8666 0.2499 6.1 0.73 64.1
Methoxycinnamate (0.28,2.9) (6.8,3.1) (29.7)
2-Ethylhexyl trans-4- 1.0934 0.2453 6.0 0.79 67.5
Methoxycinnamate (0.35,3.7) (6.8, 3.0) (29.4)
1-trans- 0.6130 0.2543 None NA Product
Cinnamoylimidazole (0.29, 3.1) (7.0,3.2) decomp
1-trans- 0.5930 0.2400 6.1 Product Product
Cinnamoylimidazole (0.28, 3.0) (6.6, 3.0) (29.8) decomp decomp
1-trans- 0.7450 0.2444 6.0 Product Product
Cinnamoylimidazole (0.35, 3.8) 6.7,3.0) (29.4) decomp decomp

? Maleic anhydride wt % measured by FT-IR method.

[00179] The examples as shown in Tables 5-8 illustrate the use of coagents, namely
cinnamoy! derivatives and cyano-acrylate compounds, during free radical maleation of
polypropylene. Both classes of coagents allowed an approximate 0.7 wt% incorporation of
maleic anhydride into the base polymer while limiting polypropylene degradation during the
free radical maleation process. The effectiveness of the cinnamoyl reagents decreased as
steric hindrance around the double bond and ester substituent increased. An electron
donating group in the para position of the phenyl ring increases the effectiveness of the

coagent for inhibiting free radical polymer degradation. Functionalized polypropylene
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free radical mal eation process. The effectiveness of the cinnanoyl reagents
decreased as steric hindrance around the double bond and ester substituent

i ncr easedwoOAn10di3e@tr on donating group in the para positipem/uskomiosrsphenyl
ring increases the effectiveness of the coagent for inhibiting free radical
pol ymer degradati on. Functionalized pol ypropyl enecontaining 0.92 wt % nmal ei c
anhydride incorporation and having a nelt-flow rate of 44 g/ 10 m.n, was

obt ai neccontréming 9P| wits etaldx gohysdndeancorpeaationsand hayingemeldlntate pHeA 00 | t

enbodt mots caniP SR ne R S RRENR SP R CBI  ABGE odi 1 ea forms

of those enbodi nents incl udin ortiong of th odi men and . i nations
of el emelPL8Yr & 1% éP@hl@ccaBbeWg‘?“ﬁB‘itt_bata e_(:B]f‘Féerﬁli &E‘?ﬂsqﬁeﬁoté z%epgl md?eame%

fol | owi ngiel hBms Gl MRMBnsi Sorfthiabdrardis; bkt intledTpRsifidDoR@TRl| thoseg: an
ol efi n-based polyner; and a cinnanoyl derivative of the follow ng structure
wher ei n dibadimenth entladingr portivhe of rtbeEnewdnents mgd ofonzbipaiionsxafl elgmsnis, ofan

ester gr ) cyano group and.an im al 2 j.Ss selected fromthe
gr oup cdﬁﬁgg??ﬂﬁﬁ%ﬁnﬁgﬁﬁﬁ %RC§W%HE%%§§ﬁ%(gﬁgﬂ%p8%§@f§%gglected fromthe
group consi sting of hydrogen and an al kyl group, and R4 is selected from
the group consisting of hydrogen and a G -G 0 al koxy group. 2. The
conposition of claiml, conprising at |east one functional agent and a free
radical initiator. 3. The conposition of any of clains 1-2, conprising a

ci nnanoyl derivative selected fromthe group consisting of ethyl
trans-4-ethoxyci nnamate and et hyl trans-ci nnamate.
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4. A conposition conprising: an ol efin-based polyner; and a cyano-acryl ate
conpound having the fornula R3 \ .COORlwherein R is a C -C20 al kyl group,
R2 i s selwoted/dBs@m t he group consisting of hydrogen, amcCirrusedopiosmgnoup, and
a phenyl group, and R3 is selected fromthe group consisting of hydrogen,
and a phenyl group. 5. The conposition of claim4, conprising at |east one
functional agent and a free radical initiator. 6. The conposition of any of
clains 4-5, conprising a cyano-acryl@at.alMdnpound sel ected fromthe group
consi sting of ethyl 2-cyano-3,3 diphenylacrylate and ethyl trans-a-

cyano- 3- Whdols€dsimedds:e. 7. A functionalized ol efin-based pol yner
conprising: a propyl ene-based pol yner chain; and a grafted ci nnanoyl
derivatiye atpaghgdsition th@pRghymer chain and having the structure wherein
Ri is selected fromthe group consisting of a carboxyl group, an ester

group and a cypneffbastR poRmh&; &fl ected fromthe group consisting of
hydr ogen and a cyano group, R3 is selected from hydrogen and an al kyl

group, R4 i S 5ebached dHOMMNE U RUBWERNShEkkaQ of hydrogen and a G-G 0

al koxy group, unctional agent.8. The functionalized

ol efi n-based pol yner of claim?7, wherein the functional agent is selected
fromthe group consisting of a carboxylictacid, an ester, an anhydride, a
primary § R,

Ra
R4

wherein R, is selected from the group consisting of a carboxyl group, an ester group,

a cyano group and an imidazolyl group,
R, is selected from the group consisting of hydrogen and a cyano group,
R; is selected from the group consisting of hydrogen and an alkyl group, and

R, is selected from the group consisting of hydrogen and a C,—C o alkoxy
group.
2. The composition of claim 1, comprising at least one functional agent and a free

radical initiator.

3. The composition of any of claims 1-2, comprising a cinnamoyl derivative selected

from the group consisting of ethyl trans-4-ethoxycinnamate and ethyl trans-cinnamate.
4. A composition comprising:
an olefin-based polymer; and

a cyano-acrylate compound having the formula

R3

\ /COOR1
/ \CN

Rz
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am ne, a secondary am ne, a carboxyl group, a fornyl group, a hydroxyl
group, and conbi nations thereof. 9. The functionalized ol efi n-based pol yner
of any ofwolainseéA28, wherein the grafted ci nnanoyl deriPcatise@9ios7ssel ect ed
fromthe group consisting of ethyl trans-4-ethoxyci nnanate and et hyl
trans-ci nnamate. 10. The functionalized ol efi n-based pol yner of any of
clainms 7-9 having the structure 11. A functionalized ol efin-based pol yner
conpri sing: awhreipyR.ene(hdedkpbgprer chain;, and a grafted cyano-acryl ate
conpound attached to the chain having the fornula wherein R is a G -C20

al kyl group, R2 i sRsilseletted florothe ighmpgroosiptingoefdiydtdgey, avfindgldy grgem, and g

i ndol yl group, and a phenyl group, R3 is selected fromthe group consisting
of hydr ﬁ}’lgﬁEPaa‘mﬁhenyl group, andX is a functional agent. 12. The
functionalized ol efin-based polynmer of claim21l, wherein the functional
agent is sel ected Rrisnriesied fiosuihe GNP ORFiFENEAT Y FOEeRAN A RICAY JOURy est er
an anhydride, a primary am ne, a secondary am ne, a_ car box¥l (?r up, a :
fornyl  gf.oup, Tlee ¢opairositigh of clairp 4, eompasnbitieast epiungiionabpgent and ajjge
functional,i zed. ol efi n-based pol ymer of any of clains 11-12, wherein the
grafted r@?b‘fﬁ@?ﬁ@m ate compound is selected fromthe group consisting of

et hyl 2-cyano-3, 3 di phenyl.acr

te a et hyl .
trans- a- yano_n@?- ‘?C}‘iﬂ%ﬂs&?@r‘&ﬂa% élfc s i}g,ecom}ﬁg%r}goan%a{lcz)-eaaryg}t%g IMPRG e pol ymer
of any Ofe1detedl it ik grdup B@ﬁisﬂggbh@mﬂz-@ymrm phedyIperolasadfettiyl progiuci ng a
functionalized ol efin-based polyner conprising: mxing an ol efin-based
pol ymer , cyanb3eindolaatirglate. i niti ator, a functional agent, and a
7. A functionalized olefin-based polymer comprising:
a propylene-based polymer chain; and

a grafted cinnamoyl derivative attached to the polymer chain and having the structure

CHy CH,

Ry

Rz
R

Ry
wherein R, is selected from the group consisting of a carboxyl group, an ester group
and a cyano group,
R, is selected from the group consisting of hydrogen and a cyano group,
R; is selected from hydrogen and an alkyl group,

R, is selected from the group consisting of hydrogen and a C;-Cy alkoxy

group, and

X is a functional agent.
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coagent selected fromthe group consisting of a cinnanoyl derivative and a
cyano-acryl ate conposition; form ng polyner radicals fromthe ol efin-based
pol yner wvolrotdmsedseee radical initiator; and grafting, WwCrhiStéve/ossagent,
the functional agent to the pol yner radicals.

8. The functionalized olefin-based polymer of claim 7, wherein the functional agent is
selected from the group consisting of a carboxylic acid, an ester, an anhydride, a primary
amine, a secondary amine, a carboxyl group, a formyl group, a hydroxyl group, and

combinations thereof.

9. The functionalized olefin-based polymer of any of claims 7-8, wherein the grafted
cinnamoyl derivative is selected from the group consisting of ethyl trans-4-ethoxycinnamate

and ethyl trans-cinnamate.

10.  The functionalized olefin-based polymer of any of claims 7-9 having the structure
GHs CHs
o}
Ry
o}
R7
R3 o]
R4
11. A functionalized olefin-based polymer comprising:

a propylene-based polymer chain; and

a grafted cyano-acrylate compound attached to the chain having the formula

R,00C
RS Rs

wherein R, is a C;-Cy alkyl group,

R, is selected from the group consisting of hydrogen, an indolyl group, and a

phenyl group,

R, is selected from the group consisting of hydrogen, and a phenyl group, and
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X is a functional agent.
12. The functionalized olefin-based polymer of claim 11, wherein the functional agent is
selected from the group consisting of a carboxylic acid, an ester, an anhydride, a primary
amine, a secondary amine, a carboxyl group, a formyl group, a hydroxyl group, and
combinations thereof.
13. The functionalized olefin-based polymer of any of claims 11-12, wherein the grafted
cyano-acrylate compound is selected from the group consisting of ethyl 2-cyano-3,3

diphenylacrylate and ethyl trans-a-cyano-3-indoleacrylate.

14. The functionalized olefin-based polymer of any of claims 11-13, having the structure

CH, CH,
(o}
CN
(0]
R,00C
Rz Rs o]
15. A process for producing a functionalized olefin-based polymer comprising:

mixing an olefin-based polymer, a free radical initiator, a functional agent, and a

coagent selected from the group consisting of a cinnamoyl derivative and a cyano-acrylate
composition;

forming polymer radicals from the olefin-based polymer with the free radical
initiator; and

grafting, with the coagent, the functional agent to the polymer radicals.
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