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WO 2005/073283 PCT/US2005/002077 FUNCTIONALIZED
ELASTOMER COMPOSITIONS The invention relates to functionalized
elastomer compositions comprised of olefin copolymers having chain end

WO 5MafiZEd crystallizable or high Tg polyolefin sidechains gPSHeES3pe/002077

copomers are N RO Rt BV AR OR ans

useful as thermoplastic elastomer ("TPE") compositions due to the
presehbe By esHan fslashin dirgtisotkesd shistemsy corandsidoystedinptitedof olefin

cSRsankRIacks s Thehard ﬁlf?&'fénlam&fb?ﬁPJMEE%IQ%%%&‘P%&%%&&% sidechains
theme

typical use temperatures. However, when heated above
sratsicrmiaievorgriadininariyatheiapebagkizopeshe hard 10 block, the

polymer flows readily exhibiting thermoplastic behavior. See, for example,

G. Haldsnanshdlnfiltl-BueR. chPEHRRRAFEGEIARUNEI 1 the art relating to

ICc%{nf%ﬁrehen ive Review Oxford University Press (1987). The best
¢ &%‘%‘f@%ﬁmﬁéﬁ Bierperlsimsisametheldtire semRogkions due to the

pespalyBerso(BREstypicadytioary doineskROIMmEe S &Y RS able or glassy) blocks.
tyreng-isoprene-styrene and 15 styrene-butadiene-styrene, the latter 0
%%ﬁ%%#%%éé&%@&‘ﬁé%%@%égéﬁﬁ’i‘aﬂﬁ“ typical use temperatures. However,
whigtr deerdétivden erbuien ensrrenedlp glasopahumorstdRpdiatae® S18¢ hard
bl%E: n&?ed BC o%ol¥m IS argf_ﬁls,ow [I-known. These copolymers
e P T Ly L BRI S RO P CRBiGh oreBy ehexiaaie G.
Hobdeplingl of.IReheglib) Gt Eadbeelass TangitiprigMPREMENE Oxford
Tq) of the typ BC TPE is equal to or less than 80-90C, thus 20
Uélrgﬁ)érgﬁﬁnéegﬁg%ﬁén on the utility of these copolymers under higher
temperature use conditions. See, "Structures and Properties of Block

Polyrﬂéﬁgbgﬁd:mmméﬂb/_ Rapymelsyslefis: poldvesdeutiof Ryesdoblock
c@@%ﬂg&%ﬁ W@{%ﬁ\%ﬁﬂgﬁﬁbldﬁ‘g %@[%Isrssélﬁm %‘g){?)gle}llewé%%ggxleéts%{/rene and

olymerﬁgmposmm IST Manchester, March 19 nsertion, or
StRE B ﬁ?ﬁé‘%@?iiﬁﬂéﬁt@f efetificharhsrovideogenttorivalimmare@inlly

stpfisientimRaRDLafR 3@%&9@9&/ea%gaggwmﬁ?éhﬁﬁ%gw&%%

efficiencies and feedstock cost differences. Thus useful TPE polymers
cqpohIBfEtiATEaisPuMeRata Tsae ARl ymiesn ipistHyleropasriied byG8quential

ardlphe s ting1aaa besy dryalonedupnd 263 AiRar WSHsKROWELI GRS glass
inclyde the physical blends of therrré?%lastlc olefins ("TPQO") such as

PSSR (SR aeh (S e DRIBRASRECEBBIsaral iher drsrildipI&Ade C, thus

predeariip sNendQeshyienee DEIRY 6008 BERVISRRRIORYIS ARsRIP AN BRASE use
] namiﬁally,gulcanized so as to maintain well dispersed, discrete soft

Ao St By ARG IS Ry mgrs and Multiphase

Polymer Systems: An Overview of Present Status and Future Potential", S. L. Aggarwal, |

Sixth Biennial Manchester Polymer Symposium (UMIST Manchester, March 1976).

Insertion, or coordination, polymerization of olefins can provide economically more
efficient means of providing copolymer products, both because of process efficiencies and
feedstock cost differences. Thus useful TPE polymers from olefinically unsaturated
monomers, such as ethylene and C; - Cy alpha-olefins, have been developed and are also
well-known. Examples include the physical blends of thermoplastic olefins ("TPO") such as
polypropylene with ethylene-propylene copolymers, and similar blends wherein the
ethylene-propylene, or ethylene-propylene-diolefin phase is dynamically vulcanized so as

to maintain well dispersed, discrete soft phase particles in a polypropylene matrix. See, N.
-1-
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R. Leggc."Thermoplastic elastomer categories: a comparison of physical
properties", ELASTOMPRICS, pages 14-20 (September, 1991), and
references cited therein. .54999403 discloses graft copolymer

compositions comprising a fitnetionalized ethylene-alpha-olefin copolymer
having polypropylene grafted thereto through one or 5 more functional
Ikaegss. THeiocbstd Pretese forggepetringthepgrafticopphymienl properties”,

samRasianksonnrised compiomnaibtirnaized eltdene:apna e,
copolymer with maleated polypropylene under conditions sufficient to
permit Graftiyg Biadicdetcs mikieppotiver ebthedsiticte salivethinglyrierctionalized

\e@a?qt%ﬁamarmﬁ rasp&meﬁualm%igpmg&é@ma {REQAEHAN ST one or
ma rou Su

eic acid functionality into a polymer t radical 10 grafting restlts
A isRBieh Biusrst dhaltied arsher asesp dffresrBEBREBAG afheopolymer

Rasien b efapHiina moslified RelyRsaryieas IR A& unstionalized polymer
elastorncr will therefore result in irregular branching, potential for cross

ki 23t theebiarer Yiasrsisaseadtionuntdasicable propergeylingof at least 2
@lﬁﬁkﬁﬁblﬁﬁ@@é@l@@é%&@f&ﬁ&l%ﬁ’%%@%ﬁﬁiﬁiwﬁo‘l‘gjﬂi‘o?ﬁeﬂéfqu SIS known in
e

branching architecture, no cross _Iinki%g for example, gel weight fraction
D&t e parosHE P Rl fele RS et tte Ro brefs Ay hseadical

hanid peraentiandisestHreirmbbtiastiiianbRerrepbIReau &b fhe. The
accordance with ASTM méthod ASTM D2765,, ano;fpredictable and

PSR ANS s RbERE merE kol B yirapardiyidtictioanlinet clastomer will

csryrositiens withre: gont bHed AL IRNEHING RICHESS IHIBINB OGS HIKIRY,
for exam%e, F‘Zl Wei%ht,fra tion less than 10 percent, preferably less than

BGRPEISH b PREFSBIP IR BLORFAHCS percent, and most preferably less

than 1 peicenti- measupeshincagatrdansemitt Aol moathed2ihRraned
Bredi%table d controllable grﬁgertie?. The present invention relates to
i

BISHRT Ko MU SEORS E8 IS 485 AR faEHRIf &6 BrelERhHacgAfss than 10
popeiymertontdiniag fuactigratizadside ghaiasidierivedhiomieintantiatost
least 0 hain end nuclegphilic heteroatom containing functjional grou
B S BTy A S U g e S A
copslymerzablectatdnondersntiod ddpolypeticharacterized by having A) a

proak 0 3 ebe e O h A S0 BTy AFaatt Lt
Hreatbrmtharcbitedual to 1509 pii (k0 B00xRm) atg@5C: gt drddvdn less than 10
SRS 00 DB R T LR
preferably less than 1 percent, measured in accordance with ASTM method D2765 and
predictable and controllable properties.

The present invention relates to olefinic compositions comprising a
functionalized branched olefin copolymer containing functionalized sidechains derived
from olefin and at least one chain end nucleophilic heteroatom containing functional
group with at least one protic hydrogen, optionally with one or more copolymerizable
monomers, the copolymer characterized by having A) a T, <-10°C as measured by
DSC; B) a T, > 100°C; C) an elongation at break of greater than or equal to 500
percent; D) a Tensile Strength of greater than or equal to 1,500 psi (10,300 kPa) at
25°C; E) a TMA temperature > 80°C, and F) an elastic recovery of greater than or equal

to 50 percent, and G) a gel weight fraction less than 10 percent.
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WO 2005/073233 PCT/US2005/002077 As used herein, "functionalized
branched olefin copolymers" refer to olefin polymers that have been
WH3tfidd¥ntroduce elements other than carbon and hydrogeC T/US2005/002077

Prefergbly at least.abgut 30 percent of the polymer molecules have been
it G S S e A
mfl pricatharsecdrdanyatifisé so nalchiels|dhiotss atdehydasaeashxMBydrogen.
cids and sulfonic acj Preferably, the amines correspond to the
R L TR B e RIS e o P i el . The
folefioni igrnﬁ@aﬁf&&é&ﬁ&ﬂﬂﬂd;@?ﬁfbﬁbﬁd}ﬁihﬁ’@ﬁ?ﬂﬂw dlﬁ de@brdlary amines,
n is,(2-m). itable examples of "functionalized glefin copolymers”
e e e B AR EHGHTIC Fen gD the amines
qoalygtbiytetetior foetyiplo pyleReH and amunertes thie atetn P spelymistintrived from
O%;ﬁ}‘le QIsyﬁ. ?g%gggg in_the olefinic composition have a
of less tham -

onaljz idechains

‘%ﬁ "{ﬁgﬂsﬁygif‘g‘?érrbde’eﬁqlaihgqgog?@a%éﬁfﬂaﬂr& Wraps (2-m).
SoithBRCxAlspl grefttfestoadhipsthoptasicppisiereentonapasilioRSMRKEIR oraft
ns{%glgﬁfugcti?n Iiéed rancheciﬁc:g%n %%Blolymerc mprises functionalized
Sidechamd defived f8nT1mp YS9 F IRASPEARY ik BKLPBHASHRminated
pahgirieffumctional group, optionally with one or more copolymerizable

monomers. The functionalized branched olefin copolymer preferably can

comprserfupeianali idechains,derived. fram 4-methyl-I-pentene and
at least one cf?\%%ﬂgn %ﬁﬁag?)z/earﬁll%%c tncaona é’i‘éﬁﬁfcogpc%%%sﬂf} QiryRa Te of
less here-é8 o prddhie bl e b msolvohains it@rtier Gmbacknents, 106itave

also discovered a process of making a functionalized branched olefin

copolymmss sRMRPRAIRE: 1BRAHBEIAMALRIGH &1R5IAPS D @He%lm%%id functionalized

terminated olefin polymer, and a process of making a functionalize

bpnchackol efierP R pBRIemEsss fungivealite sidashrinsateured Giomrnoylene and
aBEAESRCCRIIN R FRMANNFiAcZRfhRIE Q%Hﬁ{;ﬁ%ﬁﬂi?y%@ﬂ&o@ more

containing functional group with at least protic ogen. Preferably, the
PR LR SIHEWEIREd in an extruder, more preferably the reacting

step is performed in solution. The functionalized branched olefin

copolyfhefindtierabyddsisianedalefiarogridendefpreiienalizad comprise

ethylene/alphazolefin cqpol r hayin ensity of less than about 0.89
B PR AL AUl ) Fedgea ene
pprimer p@mnsngivial 200h/ G383 RGER 35200 pe0265p0] ymerizable

monomers.

In other embodiments, we have also discovered a process of making a functionalized
branched olefin copolymer comprising reacting a maleated elastomer with an amine
terminated olefin polymer, and a process of making a functionalized branched olefin
copolymer comprising reacting a maleated elastomer with an olefinic polymer containing a
chain end nucleophilic heteroatom containing functional group with at least protic
hydrogen. Preferably, the reacting step is performed in an extruder, more preferably the

reacting step is performed in solution.

The functionalized branched olefin copolymer in the compositions can comprise a
functionalized ethylene/alpha-olefin copolymer having a density of less than about 0.89

g/cc, preferably wherein the functionality is capable of reacting with a primary amine,
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especially a functionalized propylene/alpha-olefin copolymer having a

wdalensify 9fdess than about 0.87 glee, wherein the functionality |&c/% a(%lie/oozow
of reacting with a primary amine. Preferably, the functionalizeg copolymer

espsdtipediranooehrpd peotyleasignbingl efin uepalaieRa9iaRIdensity of less than

co nd containing atleast ong olefinic ynsaturation and at least one 5
o D o Ry T S W Bl st Bhbp REmeBamine.

from the group consisting of an ester, an anhydride and a salt. Preferably,
the Uistatdtedhormaitondimpdoopbismetastietianfitie grmppeansisifgrising an

un@ttﬁpﬁ@i&rﬁg{%l I(?drgf)% (%r\‘)”?aiiﬁ%? OQéﬁea%{j%toegéﬁﬁéﬂgl@ﬁ%ﬂ%ﬁ gi%g&;%deast one

and cinnamic acids, anhydrides, esters an
carheity hendins estbleanicbits deetedthatto Mhdaiaraokyldgideiseast P eiaired. gtup

: r iment. of the inventign, a thennpplastic elastomer .
RS R G R T VR T v P
cothpeuden disctnkfan dachragpalysteingesivad siom @lgfinseapaiaiefitaconic,

[ ti o] rization and each copolymer having a T. difference of at
e SR S EA S S, st poesia sas
angfumaticagd@idGisantetanddtiomatlyaak Meeaiahtiadoagua peeldrred.

500 percent; D) a Tensile Strength of greater than or equal to 1,500 psi

(10, ﬁp%f%ﬁ%tﬁ%r%éc@n@n-{ MAE HOEIALYS, ﬁl%gﬁg? 0S ig)Tgagt%%fsilt' Igomposition

recovery of greater than or equal to 50 peréent, whetein at least one

derfyipi it depsiopuyimstienatiznd efefifuemidyaiizedavibiecntdisastané, each

copd e Re-ULRISRRNIG OIS QAR GPHAN! lonalgroup with at least
IscE)Jr)?eﬂﬁ'rirotic hydrogen, espe%:&igl(l)y Whereinpéirr%g g@moﬁ%%%%%%% |2%§/ 8?§ﬁnc P (ﬁymer

haVé%él?méiﬁ%rF@%%ﬁcﬁ@wp%ﬁm the gronpsibersistiviget Maldied10°C as
meSlaRIOBEDRTY apine ermipaed@lafinig a{ngﬁ?jit BrehereYRsIEInane o gqual to

the functionalized olefin copolymers _is selected from the group

S0 Bersith P srsile S terasth pkescaipictmmeon antid el z&Dalefif 0,300 kPa) at

25°CoPRly BTERA SelRstdfrom sarting, te i R ’
olefiny olymers. F%éferabl;gqthe compﬂﬁ}ig%?%ég Ilg%?%%%er%%%%%g)m or equal to
E“ﬁfgr

>0 g Abaulcadiorgd Rcsianalivstherratimorinchain endrfnopiastiized with
at 1e4SSSRMENSOBROSIIND PRI At wm&mﬁgf%%w%m one

Og(}g%)él mers is discovered, each copolymer derived from o capa
PIOgf| ‘i‘ '

R pORFRRY bR sindhslere dopeipnrized alvdia qupeiffensners oflected

fromttHeasbdp 06nstbEneiP RASHIN RAMRGHEY &d I AT IRRASHIE] BXI ers,
SC; %an elongation at break of greater than or equal to 500 percen%fm
f‘“@ a“fg Sﬂé‘@ﬁ@%&ﬁ Bngtonaizsg phefipsiorglymess 1ssebepisd(fommabe group

conkRe@bRhGIcR)EeTMArierspaiatie mlfcnandEdain @@ﬁ&%‘?&’%&l@%a from

reater.than or equal to 50 percent, wherein at least one func ized

ARG IRTHIE S CRARAERAr RETORIAR e himeast Brricanbliy digicomposition has
an aiditrephilic dfaiesaateRan-dbout 80°C.

In still another embodiment, a thermoplastic elastomer composition derived from at
least two functionalized olefin copolymers is discovered, each copolymer derived from
olefins capable of insertion polymerization and each copolymer having a T, difference of at
least 100°C, the composition having A) a Ty <-10°C as measured by DSC; B) an
elongation at break of greater than or equal to 500 percent;‘ C) a Tensile Strength of greater
than or equal to 1,500 psi (10,300 kPa) at 25°C.; D) a TMA temperature > 80°C, and E) an
elastic recovery of greater than or equal to 50 percent, wherein at least one functionalized

copolymer is chain end functionalized with at least one chain end nucleophilic heteroatom
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WO 2005/073283 PCt/1152005/002077 containing functional group with

wableastyong protic hydrogen, preferably wherein the two funetj)%n[gugd%%g 002077
olefin copolymers are selected from the group consisting of maléated™

casiasomn émmn‘xldmzmg:reln?mthauleldaeteﬁm pﬂiflmﬁygﬁélggﬂ,%ré’f&@mm the two
funetionalize(l. olefin copolymers is selected from the group consisting
fuo ?ﬁéﬁ?ﬁ%&(ﬁ(ﬁ?ﬁ %)ge}gmerg) e sege?tea SHLf %QIB}QiﬁOE’SE&Qﬁfgr%aleated

eated e aStS , and one unc
clsgestedrfdomaminetaraidaied ofelivpely Reser Rigfatak ¥n S8 the functionalized

osition has an additional Tg of greater. than about 80C. In yet
o b S i R hEL i ion L s eoveat o i sspaprised one

fupctonaizniadizéa b@nd;hedrdri&fﬂlbetéﬁCﬁwmafn@iﬂét@émﬂﬁefwa%i@ﬂﬁ%%ﬂﬁmgs.
cleophilic

iWechains derived. from ethylene and at least one chain end nu

P R AT L e oo &SR

hydrogen, optionally with one or more copolymerizable monomers, the

copolyrigranating smtadisasttone dlefin-ddipasi tedsdiedoyrBShil) anprises a
fuff i er than or equal to 500 percent; C) a Tensile .

B O LoE bR e s ST SeBennsfaveo
froppthtd np eratatdeagOieahdi  pathnedistihibc deano alogiedistaiiaR finctional

r f the composition has an 15 additional T.

T ok L T SRR G & i gppe ezl
meEmsssithsrrapoistsvdrednghioridersprised a<flibrtianatizec @B, B) an
116k ini ctionalized sidechains derived, from
) p r%&g%ggﬁ%%tﬁggg Egnﬁé%c L{é%i n églrall g lﬁ ug 9%38 Sﬁiﬁ??h & e?%g%mecgﬁ?&ﬁfhﬁf greater

thay AEgakal tyletPvieh GHOS4StIdHe PrRIRChyAGUER D ptiopatytwith S0T€ Qind E) an
i s¢the. copol haying A) at least
el R RLORY BreizaRlegd %p%ggéfé;})ercegﬁ B cra%Yy,o ea%og}paﬁété?&has an

one T. < 10C as measured b an elongation a

additipnal borfarensothpe@unt: §9G. Tensile Strength of greater than or
equal to 1,500, psi (10,300 kPa) at 25C; D) a TMA temperature >80C, and

E) am efisiitotReoveboaliiaeat el <MamhbampdRligmR Bﬁfé\tﬁ/rg:g'ewm%hceormprises a
emb%éi#rgﬁz} an olefin composition is discovered comprising a 25

funetion ABPSIHEELRORe PBEISRE RiaE IR P Ratieadnidiabdins derived
frosicropalescdadrdedroBhd vRAIIWI-RRGIEHANHRIRATL NS FAILE Mhctional

nlécfl‘(’e‘afhéllic heteroatom containing functional group with at least one
ofiC

EroSiotic S AT BEBHAY WREBnRPEP Mbiew BRI AE B leonsdnoaTizeh e

mathencogahaeepbiguieg ) Mdeasitons e 1,0C 108 MeasiRd: LD BSeBY) an
n (talon%egiro at break of greater than or equal to 500 percent; C) a

a
clopgation, R EeaHg AR hRaRRb e PP e ens0R) B qnele 6o ) af greater
thaBSCp@labtd MAOEIPHIANIG0 RENG: 267CEDRA BlaaticcRROMEEYOfHRaIEHJ F) an

than or equal to 50 percent. -5
elastic recov&y otl greateg tgan or equal to 50 percent.

In another embodiment, an olefin composition is discovered comprising a
functionalized branched olefin copolymer containing functionalized sidechains derived
from 4-methyl-1-pentene and at least one chain end nucleophilic heteroatom containing
functional group with at least one protic hydrogen, optionally with one or more
copolymerizable monomers, the copolymer having A) at least one T, <-10°C as measured
by DSC, B) an elongation at break of greater than or equal to 500 percent; C) a Tensile
Strength of greater than or equal to 1,500, psi (10,300 kPa) at 25°C; D) a TMA temperature

>80°C, and E) an elastic recovery of greater than or equal to 50 percent.
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W 0 2005/073283 PCT/US2005/002077 The thermoplastic elastomer
w&omRRsiiens, and blends thereof, of this invention are comprised of
branched copolymers wherein both the copolymer backbone dffd’/US2005/002077

polymesithgideghainscuasipevesipesimnanaatetins.rolimesized ﬁlﬁgdﬁtvenﬁon are

coordinatiqn or insgrtion conditions with activated transition meta

CoRpy SO met RN ehedigepebmsButR CirRo B e epBMhETFE hes by end edlymeric
sideohamicarxbibiveaystatlinp e ANNG i AILAaSY PEPRERIRS SPItaRIe (i op

for hard p_qa e domains in accordance with the art understood meaning

CORFIHISMRRS AP d fEagr RIS al pEspHMRR HACassH R taeds. The
sidectaialine enessyhansthe Sdeehaing.Rraterably, st g‘?ﬁﬂﬁg};%r glassy

amorphous, so as to be suitable for the complementary Soft p

ProRSFSS AR REASEL dthsifBiiEsta asssrsange 10idotpatitiohe sThod meaning
of sidecheinssasacorapisediob shemisahui eanable.Lliouming srysialline o

or glassy polymeric seg?ments préferably under conditions of fnsertion

thandRfsiteshaits: RisswPinsHbYIeH ncstAp s ttatate etiteindor the
coREEMaEyABReHRYLE RERIBRE Rt cApRb RS ARl ngludling.

ethylene copolymers with .alpha.-olefin, cyclic olefin or 15 styrenic
coBitithers. Ethylene or propylene copolymer sidechains are preferable
provided that the amount of comonomer is insufficient to disrupt the

crystibnigedhuitabie: comanemerfsiphe mis SgbMRIT-RIRHNS: Mystalline or
lagemg?’llljyedlsggstltuted mgnmrs, C5 - C25 cyclic olefins, styrenic =
oS s and Tower CAVS BRETAN R FREcs 9@§)téﬂﬁ§l%fdﬁ§?ﬂﬁﬁéd3ﬁ%(§l§§§ab¢n~ Known
motiveneycliccatitgstireniit@liafins cBseéaeablypiiensideshaing Jap AR S
o f(rJ m gl%-&l%(l:‘)eg {nﬁlél%ercer&ggrogyleni, and from 0-10 mol percent
FComonomer prefstaBi 8286 HorBeeBSTH g HY talnbarriefin mystisatednor
stycaneanameommost Priefsably fPddmoteRsbantrRIGRMENE aRthaRAKkE provided
thaPBIS ntoﬁg qnomer. The selectjon of comonomer can be based upon
propertias other TAARCEXEIS AT ISISAS So S Ens ABAicry s iindyn Suitable
cotfsmgeresiafinluderyroMenlshichlafins-octentnaBydaaseiee choMEhrs, C; - Cas
0 lefin_such as.1-butene 25 for improved polyethylene film tear. For
o R R A R 7 P BAMTEP B e ko typesnuied analogs
of herpishivrared shehnis olefiperndrefemblivy HsutigttiitadsnoEbesRRMRNFNDS0-100
Ipha-olefin, The. Mn of the sidechains are within the
o o e BBl ) mo
perpgNOPEPPIefe aisly tBenvl. [wi thet sidechainej srfoanpikeeibto FOGRbercent

ref n is from 1,500 tqQ 25,000, The number of
PO B e s TR P FeameToat ishysed upon

propgtidee Pther weigleroftabiénisidishpiingtoathbiiita| fveightanédhe IpaemeNitin
oonbé’xféihe{,‘%&%95[9?%ét@&éﬂ%%‘b%”&e%}?ég%g%?a shorter olefin such as 1-butene

for improved polyethylene film tear. For improved polyethylene film elasticity or barrier

properties, a cyclic comonomer such as norbornene or alkyl-substituted norbornene may be

preferred over an alpha-olefin.

The M, of the sidechains are within the range of from greater than or equal to 1,500
and less than or equal to 75,000. Preferably the M, of the sidechains is from 1,500 to
50,000, and more preferably the M, is from 1,500 to 25,000. The number of sidechains is
related to the M, of the sidechains such that the total wei ght ratio of the weight of the
sidechains to the total weight of the polymeric backbone segments between and outside the

incorporated sidechains is less than 60 percent, preferably 10-40 percent, most preferably
-6-
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incorporated sidechains is less than 60 percent, preferably 10-40 percent,
wonRstakgigsably -6 WO 2005/073283 PCT/1US2005/002077 from 10-25
percent. Molecular weight here is determined by gel permeati%ﬁw“mwomo77

froshiomatperaphy MERG) aNd diffetental rRitastinedmere(BRMeation

measurements. The molecular weight distributions of polyolefin,
chG AR RN &P N L 2} £ BRAEH OGP ) FRAESTISmS.

chromatography (GPC) on a Waters 150C high temperature 5

chrofiatagriaphier wiighgdippitaiiaii afgitsitefial pattasRmeeh ABALESmers are
detcoll{mer%%of mlixed Eotrosit . Thet cquanssg#%supplied by Polé/me,r

AR OS OrE PARFE UBh TSI pHEREY (il h3Rcr SvaiTs 265 high tmperature
chrandtti)@ﬁat})éhi&'hﬁirsled)\teml a8 ﬁ/iﬂl‘h{qﬂiﬂ&@fﬁlbﬂ}l%@woff@mrdwgﬂi @Hr@@@éﬂl%ﬁ of mixed

erce weight solutions of the samples are-prepared for injection. The

PO ol Ao AN ORI e e JEh e e S RePRliiced
with40e: anddié 100 ijEawnsizeofsabuyt 100 iGEOLIRIS TR from

weight determination with respect, to the polymer backbone is deduced by
Wi O ARG e R DR N RSB Sl BiciBsdder aation. The

flow elyerierabaltoraramids)inonjurstion: wik-ihalr e RLNSSoN@0°C and the
. e%uivalent %ﬁlg/et ene mlolecular weights are determined by using
MEERTopAalE MAMK- IR T8 oefficients for polyethylene and

polystyrene (as described by Williams and Ward in Journal of Polymer

ScieheerPbiyniarwegbt deltohibao 24HRER)cMp diggiblyiere baekUdAe is

WXVQQ IS tion, a.50.4316 and b = 1.0. Weight average
dm%%lecular%/%?é%?{,}%vf&iisg %ggmg (? ?rlasttﬁ%%ls%nap PT% Sr% er 8&%}%5%5?@%5
Poligienialdrstoniga) ivljcengfunet{iv; it theitreduton; Vs lthmeseiiht ftattisierof
i ight M- eluting from the . GRC column in

P e R i M W
Coeﬁféﬁ@é%@m@y@hwokmdQ@dﬁrmemi@(segmeritszd/mewwm togetherd in
Joulih P SRERSIRAIET IR T NELAFKPRNS SsyClRyshould have &

lower T. (0r T. if not exhibiting a T,,,) thanthe sidec¢hains. Thus it will

preferably com rise segments of chemical 25 units not having a
Mopraienratiie mrmb or having a Ts lower than -10C. The backbone

segments as taken together typically will have a T. less than or equal to
In tBB@qaaiiba, B. 46543 tamdbequal Vg Flastemmilicchnekaprs Ml e

l(prilr{icd,llarl suitable, such will # ically be comprised of ethylene and one
cel PSR P anghachnanine o e Ealey R aem, Vi Grkponn
WhirbuteisehaneipidentorBheiapRIMNE! vARIM SN IS MEWIEI30ng from the

enerally.disubstituted plefins such as 4-methyl-I-pentene, hexene,
GPlgs 8%% r%é/ it ’181-&98%1 1 andOJ = pwﬁen calculatrpng I\Xw agd J =-1 when calculating M,,.

The backbone, or backbone polymeric segments, when taken together with

the sidechain interruption of the backbone structure, should have a lower Tw (or T, if not
exhibiting a Ty) than the sidechains. Thus it will preferably comprise segments of chemical
units not having a measurable crystallinity, or having a Tglower than —~10°C. The backbone
segments as taken together typically will have a T,, less than or equal to 80°C. and a Ty less
than or equal to -10°C. Elastomeric backbones will be particularly suitable, such will
typically be comprised of ethylene and one or more of Cs - Cy, alpha-olefins or diolefins,
particularly propylene, 1-butene, and 1-octene. Other copolymerizable monomers include
generally disubstituted olefins such as 4-methyl-1-pentene, hexene, isobutylene, cyclic

olefins such as cyclopentene, norbornene and alkyl-substituted norbornenes, and styrenic
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olefins such as cyclopentene, norbornene and alkyl-substituted
wOoope/meRnes, and styrenic -7 WO 2005/073283 PCT/U82005{%%%05/00%77
monomers such as styrene and alkyl substituted styrenes. Low

maenysietisityhackponesmrelkyitabed examplesase high GYRANAMEL ackbones
cong%ult eth IenF c[ggoag%e‘rs as described before), for example, ‘greater
Ent'toMehs

T RAN B T oTs8t PRALSH GRUEaH sbyisasenakysacst (A described

befiacktfonexatiifiepigaiiyee dmprisadtjershdwmoopercent of the total
polymer mass (that is that of the backbone and the sidechains together)

so th ically will hayve a wejght-average molecular weight
o B R a2 W a0
rererbodithe fiijahe tyoleculzss hightstien b f ehathr o ais ohdhedBaidins to gether)

s and the elastomer chains of the backbgne are controlled such
s o A e e ety A s BB bo) f a eas

eqparoent gktte tlastamer 50806 of the backbone in the final graft
copolymer composition have, on average, at least two sidechains,

alterpatively,ald ide ins, but | than § sidechains, a
preferably less t(%g’?‘nérgﬁs}%éﬁ a%iﬁlssraﬁg‘r'eégaﬁsts%(?r%err%ﬁ%é}ﬁ %ugﬁ%é]éjﬁbeohard
segpents cop dhmetasiwoenshising afiéhabevibsitentainstaritkbackiengsnd® than about

i [ ter than 50,000 as measured hQy .
<0 SRR Ao RAUHR 30 Al 00 8 SRR Wcksone
thegf@@,bg@fcm@pg}mgr lexyRhsii0R3GGOON Eivertigeratdpiastieeladsonagis,

alt GARRRNIANAL A& IAY @Héﬁﬂ@, L IQF%S ki %r&ge%aa}ng r{??r?ge g%g%%{)%gg than 4

. reacting a maleated elastomer with an amine terminate
sidgelipineperplasipatanehpiaeess can be carried out in a homogeneous
solution, a melt blend of the two component polymers, or in an extruder.

The ThelbRISHIN G PAICES OIS SRR RRRR S B SNG4 M0 4 AV ackbones

wﬂg}'ixer, @gferably a twin-screw extruder havmi modular mixing sections,

RIS Y surprakiors grates tas GO e RertidtonGRETIRY as
defueednioating dxatipteTPROBAIS ¥Pi 809 TV TR $alY80D $ée) ;ﬂ%#a}'ﬁmﬁ%%?m

25§Bb%rinated and 25 unchlorinated aromatics, at a temperature suitable to
dissolve both materials and mixing until the desired grafting level is
achieved. The polymer is recovered by removing the solvent. Preferably,

a soRrerthigohpletiseebtdnatrtbengradiaonceftbly nesmiesigitateSpfted by a

solut] i elow 3 nd the polymer can be recovered by
pmfi%%%%ﬁ%%ﬁ%%%&%ﬁg n salﬁag%dfép W roeéargi}r?mmﬁgegﬂmgg olefin
poligegar TivErdlhppersscGheemicale30 R enicehtage:ofdbes ROBDWENS blend

of tHOHGR, iéog{ﬁ&?&{;ﬁt&%%gsf,rgmr!%v (I:)e(}/r%I ers.u‘ijﬁea rsﬁg’lct) blending process is commonly
performed using a twin-rotor mixer, preferably a twin-screw extruder having modular
mixing sections, of sufficient length such as to achieve adequate mixing. Solution grafting,
i.e. heating both components in a common solvent such as hydrocarbons, chlorinated and
unchlorinated aromatics, at a temperature suitable to dissolve both materials and mixing
until the desired grafting level is achieved. The polymer is recovered by removing the
solvent. Preferably, a solvent is chosen such that the grafted copolymer precipitates from
solution on cooling below 30 °C, and the polymer can be recovered by filtration. Suitable
solvents include hydrocarbon mixtures such as Isopar ™E sold by Exxon Chemical.
Percentage of the polypropylene which is grafted can vary from low levels such as 30

percent by weight of total polypropylene, but preferably is greater than 50 percent, most
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percent by weight of total polypropylene, but preferably is greater than 50
whelhent;nMest -8 WO 2005/073283 PCT/US2005/002077 preferabéy .
greater than 65 percent, but can he as high as 100 percent. GraftitgAea02077

prefunabey @mm@m@@&tﬂmwﬁ%@@lﬁzﬁ%sﬁggyﬂﬁﬁ level can be

include I%gs d scrige%in USP 5,346,963 (Hughes
d%‘:‘%g‘%ﬁ (ﬁeﬁ‘i $1BPd3), LISP 4,762,890 (Strait et al.), USP 4,927,888
(Strait et 5 al.), USP 5,045,401 (Taboret al.), and USP 5,066,542 (Tabor
et al fyitlougkioatthecdbsiriptionchliowdosndbelbud TEUTI3S#6,963 (Hughes et

‘chaig-end: Qr ;terminal” wh erring to functionality means a
S 1o CAMKIEL G aE s P! Bl or o 8RS (St
al B, Mldaele minbinenil prapylese wubohein BasbBsatyration, suitable

as branches for 10 a subsequent grafting reaction, can be prepared

und [HBQQ | ization conditions with metallocene,catalysts, =~

suit:ki:%%for preﬁ%ﬁ%%élt eir&(])fa |s%\f%c%ftl:(%rbgg%vékﬁ-'gc?%%sglyg%w or "terminal
whengstenuligritefenctinniéty ormeereditncimayaminedeiminaiach leagemisfrom the
en@%f%‘@p%‘iﬁ%?rc%l ethods. These methods include, inter alia,

hydroformylation fao owed by conversion of the aldehyde or ketone to a

primary amine and hydroformylation in the 15 presence of a secondary

amin8 fAfosRpPEimesheayleet tithrekaininadersatyrativnestiteblprstamches for
a saBRRRehE¥RIRALFRANRYIP @&%‘fﬁ%ﬁ@ﬁ’ %ﬂg@g(ﬁﬂtgﬁsﬁ(ﬁgﬂ&%&g bn conditions

_properties, but Is typically greater than 50 percent (mole percent based'

wiimetefgaens caihisterib s Brerispanasihoreetisotaancro perdanictnd
poBaropgiasehighas AO9Mereaily ensialyedat iﬁﬂ}ﬂ&gﬁ NRIORYIGARI TG ents b
#gctecﬁ %m ﬁe £ y

eorigid transition metal catalyst 20 compound is’se t

ste
ong Pér&ﬁvé&}g%?madéf rise @ eibeftibseiiatticdin by dofhamdetoesllnvecd by
copretapiedaRadimRIY otNebansHiopMmeta) %‘iﬂl@fﬁh&%%%k’&%%ﬁion in the

dimethylsilyl- bridged bis(indenyl) zirconocene or hafndécene. More

PresFaes Abf STFHRNAREN IMBIS fodail edyyarasHsisesicths seulting thgiara amine to a

prifiefiganfieyridy aginasaais sy A algsedin WORAP2{ 035828 nr3Bries, but
. 6,320,005 and gSP 6,103,657 25 The polypropylene sidechains ayg
S PR AOR B ARS P thrssfstib & RERFRsK asHE o I MR o6 digdicends), more

prelfitarel pratarabiian 10paesatuadram Jd AhIen25@ dsrgg The

pressures of the reaction generally can vary from atmospheric to 345

MPg; bly to 182 MPa. The reactions can be. run batchwise or

cont RSO ST 5 G T S P RORS Aty
CO’QDQ&M@%Méatgiﬁwﬂﬁamgsohptimnﬁeﬁd'gimﬁlﬁ;iég@ﬁbis(h@daﬂ_ﬂgegﬁ&@ﬂ&éﬁ@s or
hafYRIGREY, SATIBRR SRS RS RIS s e RNSizaon Is typigally

dimethylsilyl- bridged bis(indenyl) zirconocene or hafnocene. More preferably, the

transition metal catalyst compound is selected from a series of pyridyl amine catalysts as

disclosed in WO 2002/038628, USP 6,320,005 and USP 6,103,657

The polypropylene sidechains are preferably prepared in solution at a temperature
from 110°C to 130°C. More preferably, a temperature from 110°C to 125°C is used. The
pressures of the reaction generally can vary from atmospheric to 345 MPa, preferably to
182 MPa. The reactions can be run batchwise or continuously. Conditions for suitabie
slurry-type reactions will also be suitable and are similar to solution conditions, except the
reactions are typically carried out at lower temperatures. The polymerization is typically

run in liquid propylene under pressures suitable to such.
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run in liquid propylene under pressures s_u_itable to suc_h. -9 WO
W@ 0NE07:2483 PCT/USZOOS/O(_)_ZO?? Additionally the SIdeChalIFC%SS%O(%S/OOMW
prepared under suitable conditions such that greater than 50 percent o

the ohdditienal lyrtheps daehsinsaterpieshricidBP Y ARBRIROHIRRAS RRICRRL greater

f ter than 80 percent, but can be as high as 100
o B R S mieto P pate ha 65 peren.

mdﬁﬂmﬁhrdﬁﬂdg@éﬁ@@ﬂﬂﬁiOmr'k&ﬁig%t\lﬂﬁfﬂbéééi '&Yﬁﬂ%@ﬁ?@i RyieRR: (%'i.ole ercent
mixtures, th e thermoplastic elastomer compositions according to
de‘t%“é’iﬁ"%%esﬁ .OW% Ty gfﬂ[f&%ﬁar}éw%‘f%&ﬂieaﬁ@a@%éaéwm vinyl,
virtyigieneplasiieaipstaniefeanipgsifons have found use. Such uses

include, but are not limited to, those known for the styrene block
o] rs, for.example, styrene-isoprene-styrene and = | ) )
e BTG AR BT s dRrenen wil have use
in anaicts oSyghiapplicatibrinatde taem{mmfdla%to‘ﬁﬂ@%h@ﬁxb%lﬁ@ﬁﬂ fave found
ers in.adhesiyve composjtions and molded articles. These
e R R e oo erh S vepaglook
conghineity, foxesentipiy,tbigr80e006plimitatinvref the @ﬁ%@?ﬂﬂ%ﬂ]&ﬂé—stgfene
itj The compositigns pf the, invention will also be suitable as
oo S T T e A 25 S ABC P 125 ARG UHER A B of uses
suchadibiovidioy,cchedyin ¢heineldhivsie bighpiensbassirenaibidelpsticits and ease
J ing,extruded film, coating and packaging compositions
e e AR he PR SaBigmiap caly
ex ceoftp Jit #sO O jstitindlhtias Gﬁﬁﬁiﬁ@ﬂ/ﬂﬁbcﬁmI&Bﬁnﬂis@ﬁ&h@/%@@gmpositions
' F r, iR vie the preferred. process of preparation using
o e O R LB L oA B0 B mpnds for
poliedefiroplerstic Akditionell sainp osifionsladveehprhpanedovidom, %tici%, and
i d r low enerqy.input conditions (as compare
L i e S PR
prepressbeeiriyictcitio myvertiene thatoarizatiorlisneeeesiopachione giseily as
] i r logies)., EXAMPLES 25 The followin
e R S e BARDRRR Brke hbpB e
Progghé by e e bl sio g initerttionr v pion 2 othef veisdiyesailbtk ahdins, thle
i J i | j . roximate. When a numerica
S e G e VT B e

petioghsaiga Gndstnekiiderseopensf ghiénpiicritionddss aihgraigeo cither of low
ternPéialed atfiohiie {QH%@&ﬁm'ﬁ&m{&@g?&%&g&g%@ \facterized

S
30 by a number of methods. Performance data’of these polymers are also
wheggigirkeanizgtieg &t needed to achieve discrete thermoplastic elastomer morphologies).

EXAMPLES

The following examples are given to illustrate various embodiments of the
invention. They do not intend to limit the invention as otherwise described and claimed
herein. All numerical values are approximate. When a numerical range is given, it should
be understood that embodiments outside the range are still within the scope of the invention
unless otherwise indicated. In the following examples, various polymers are charactérized
by a number of methods. Performance data of these polymers are also obtained. Most of
the methods or tests are performed in accordance with an ASTM standard, if applicable, or

known procedures.
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the methods or tests are performed in accordance with an ASTM
wolandard,ifapplicable, or known procedures. -10 WO 2005/073283 =
PCT/US2005/002077 IsoparT™E hydrocarbon mixture is obtaidd #0207

Exxoh@iaeWEalﬁdl’raaarbon mixture is obtained from Exxon Chemicals. Rac-

Dimethylsilang-diylbis(l-(2-methyl-4-phenyl)indenyl)]zirconium
[ (%%%E%?%Laé’?iﬁl’%%ﬁé%fﬂ%%iié&‘?&%é@ig%@ﬂ&waewﬁwt@wl 4-
Dol6ty|384;tespéiciadlyiepaspial bocording to USP 6,465,384, especially example 15
B%ﬁé@(}/grg&%n@%ﬂ'w"% Ik %@fthylanunonium . _

t isg5Entarnioroph %@/ ammmenipm eialdsmsmiripesapsmylborate is
prépatd, 983 HiMAO IFS s obtajnesl aavaAoluene eolkiiea SOMoRNKZL solution from
Ai%heéﬂl%‘}!% %nd § used wmhﬁut %‘Jfrther purification. Unless indicated

Othermiee. the Igvb'i??él RURRAY SYERELRYESSHEAB  be employed: A. Tensile

Testing At Room Conditions. Tensile testing is done using ASTM D-1708

Unlests indisasedrssiberveiss, dhit folthe isamptingpeoifiichtiensrdidesrassthaad
speed is set to 127 10 mm/min. (5 inches/min.). Testing environment is

ARG ESEMStaNdesgs IebiRMBRIAIE ALOUIIAY, Samplea iR asted

as is and are not conditioned according to
migpteaFils barycus feshke Tamplle pystbretisnis Mbasuvestusigritel geametn 7

miutline 'H\él%g_/Md?I)? %SJAE@Q@H%A@HQ@A&%@%W slrt?#r%ab(ysﬁ?ﬁsé tr%rgnf)erature

wide. The loading and unloading strain rate Is perce
ang iyupigive i wapietestteted Bstistiowsi T hetsamgisdsdoadeddidhtdKSTV D-1708.
grips and the load is zeroed. The sample is then pulled to 100 percent

B. Straiad iedaanenlelisHo a6l Tendi RaTg Rt &lein ﬂ@%ﬁ%ﬁ%@ﬁﬂ? iR-nRglve
l?ad Pe rg ent set is the strain at which the load becomes zero uﬁon
{58 T PHEEALc TOloRBIGPCbBinie d 28 LBk hy thihrstvede. The
logubrmankntlsetify Sifferental &wp&%@ﬁlﬁrimﬁHYeQPI'ﬁGéemﬁé‘%&‘EﬁPg‘théut as
folg%%ge[[f&rmed Yn,a TAdf26O Inmrqen_ts Q1000, Heat the sample in DSC to ‘
(at SO PBRIN S IFH Ty ab By T Rsensetbin dopistzeteesh The sample is
thesgiiierinal foo Barientesda ey saapRACERaing £pahR 5amAIRiAtioaded

to 1OS {\rpeir]loto -4[91C. Keep the sample isothermal for three minutes to
RRSEINS ool AT AR EM, Sh 60T Hep drthishdhaiioathesemesere rasmreloading,

Thredostiecefrovarthis fefikedeperaiiestahthesend ptharmand.exotherm,
respectively. Glass transition temperature is 25 taken as the temperature

hedntlac i N heat capacity. D. TMA. A Perkin
S Lo A et i e vt
InsERIERHEREW02 Weatrifim siwitde-heRBEdMBeUIE(aitpprioad EION@NEWER) above
hel$nbl ai I mperature. The temperature is
e et b £ S8 LA G el Ao hokop! the

sarple Rk LBTE fraikn pendttdteaemitreisampheisothermal for three minutes to stabilize.

Melting (from second heat) and crystallization temperatures are recorded from the peak
temperatures of the endotherm and exotherm, respectively. Glass transition temperature is

taken as the temperature at the inflection point of the change in heat capacity.

D. TMA. A Perkin Elmer TMA 7 (Thermomechanical Analyzer) is loaded with samples
with a thickness of 2 to 4 mm. A flat-headed needle with a load of one Newton is placed
against the sample at room temperature. The temperature is ramped at 5°C/min from 25°C
to 190°C. The test is stopped before 190°C if the needle has penetrated 1 mm into the
sample. The TMA temperature is defined as the temperature at which the sample

penetration reaches 1 mm.
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30 sample. The TMA temperature is defined as the temperature at which
ng( sa(rr71 le penetration reaches 1 mm. -11 WO 2005/073283
A8 %5b5/002077 Example 1. Polypropylene macromer RtHESI80G1802077

e EERa teyminati irred, one gallon (3.79 L) aytoclave reactor is
cha?rrggd \j?\{é%a%%%e so%é%fmﬁerﬁﬁ%%%r (8 tz&&a#t?xﬂﬂ‘%@%npropylene.
The reactor is heated to the desired temperature (1 10C - 125C). The
catalyss8ysbmng sriorfdd hia aasbavby eombininlgtggétith ae0Bg Isopar™E
hy[@é@b@%'§B%Idi}_ﬂp%ﬁ%%&?%fm&%%xg&d%%ggg %M esired temperature

(trans,trans-1,4- Diph -butadiene),
(1 HisthydrbyénatEhetetiolystioyyemtiypasmmetiom drybox by combinin g together rac-

i afluarophenyborate KZO PMAOQ-IP in a 1:1.1:38
e o e B AR s o o
Digherdid o dattagisnie) ibjethadrintontited-teletor k7 hencslaytton tesaperature is

intal ing th r.as-reguired. erl0 .
tetfr%%u egﬁglﬁﬁtiatﬁ%g{%%%ggéerre %%da% ?f?gglgnagdir[gé%ggé‘?]r[ﬁé?ﬂ8z with
addiiopglarlvensdugivie edatalinirlyraepHolshtriBhstabilizeedeaadpenslisected into the

JOX} nd | x 1010 (both from.Ciba Geigy) in )
e e T S S O Moo B require
Afiesl Cemiratientes hpowlatipmwis ransderttd int polyimeriine gl yesar kieutisiedn

; ght. 1o :.Example 2. Pyrolysis of
AR I N S TR R e
aﬂ&fﬁ%@?@h%@a(@ahﬁ@gpecs‘bﬁéﬁﬁi@y&@mml(@om 2résidegioer4iiog is BAdud Yo
Pt el R R PR PO B D tymer

. IH-NMR analyses indicates that weight- average molecularweig
is doiedansa Youm Avenee HSRIeneoRighlylidene group in it 20 is 4.77 units

per 1,000 carbons. Example 3. Hydroxylation of polypropylene macromers

ExﬂfﬁmepyrqiyﬁisyngﬁM@Iﬁdyyl@g@n-scaled glass reactor, 100 g of PP-A
prepared according to Example 2 and 750 mL of n-decane are added. It

ish d 30 C with stjrrins 600 rpm and 170 mmol_ of diisobutyl
ks R AT ERBR E I N B
single28rdvar emeper (Qnedor fdidersewithestirtimgn)Them glred@isisfeddmioniiy
00 L/h at e atur ours with keeping the
““%‘%ﬁ%%ga@ ,rﬁ%@:“&% 93%%%?@%%@*&%“%@%%% Hat weight-
avengthyleleetdarce tithaidvelof PeAisobligtalant dhelt institrehah yidine group in it

is 493193{@%9 f%g Ic‘naor%% Sand poured into mixture of acetone (1.5L) and

1 . : . , .
methanol (1.5L) then stirred with a stirrer bar, followed by filtration and

washing with plenty of acetone and
Example 3. Hydroxylafion of polypropylene macromers from pyrolysis route
Into a nitrogen-sealed glass reactor, 100 g of PP-A prepared according to Example 2 and
750 mL of n-decane are added. It is heated to 130 °C with stirring at 600 rpm and 170 mmol
of diisobutyl aluminum hydride is added into it at that temperature. The mixture is kept at
that temperature for 6 hours with stirring. Then, dried air is fed into it at a rate of 100 L/h at
that temperature for 6 hours with keeping the stirring. Next, it is cooled to 80 °C, followed
by addition of 50 mL of methylacetoacetate and 50 mL of isobutylalcohol. It is stirred at
that temperature for 2 hours and poured into mixture of acetone (1.5L) and methanol (1.5L)
then stirred with a stirrer bar, followed by filtration and washing with plenty of acetone and

methanol. Thus obtained polymer (PP-OH) is vacuum-dried at 80 °C for 10 hours. DSC and

12-



10

15

20

25

30 methanol. Thus obtained polymer (PP-OH) is vacuum-dried at 80 C for
woOhRWEs,DSC and -12 WO 2003/073283 11C1'/US2005/002077 IH
NMR anaﬁyses indicates that melting temperature of PP-OH was Y B§es002077

1Fang/aRRiaN @k RveaXyheEeRR IS (et pblaHES PRP 1529 Q/%@ﬁ%q n’?r’] and content of
branchéd

Example 4. Preparation and properties of the functionalize
hydroma BB ik 19td laiitpenl 99 sarbpass reactor, 18 g of PP-OH

prepared according to Example 3 and 42 S g of ethylene/butene random

Excopslymep gpafiatbbymodeiscanbyoride (ERRoMAL bTR4 s I6AREH M mer

ethylene: 80 mol percent; content of maleic anhydride: 1.0 wt percent;

w: 250,000) ar ded with L of n-decane. It is heated to 135 C with
oS T R O R0E e oo il e 3 nd 42
g aﬁaﬂtﬁﬁmﬂvath rli‘reimmgﬁimﬂygmr gemﬂ(;per@yuf@wm%m?géqggn%%gﬂ; Tg: -

Then, it is cqo ra nd poured into mixture 10 of acetone (1.
D RO T e Seuiib PR R anReiey i iohpacent
Mands0gsliingwitidelentiytof adetshe ardnndtianehtdhis1oBteimaeh stirring at 600

-dried at 80C for 10

f i ' b hed olefi | '
T T T R

terSpreaiytie:viié) Mh0rkReh EohgatioNanhBittiako81d pridedly kiashie ReCavsNixture
1 ent; TMA: 150.1 C. Example 5. Functionalizatign of )
oo R e A S R NI PR g eved by filiaon
and[M3shpSwithlpledehypdrayonethytimettiaasy) dteds BidAlea fdrictionalized branched
ol%%@f%@%@%%@ﬁe%[ IPIE%%ﬁ;@f%{?]B%Of 100 : 6 : 3 with a Henschel

mixer. M itis extruded o pellets wit AW screw extruder
(Technobell ZSK-30) at 210 C to obtain 20 HEMA-grafted polypropylene
Propastigsi o hafuriioneatdher fryhs oot idgonadpmemt of HEMA is 4.0 wt

percent and melting temperature is 157 C. Example 6. Preparation and

Tepstipsitiagof the, fonetanalisrshRANANEL At RO 2 1001800 very: 63.1
PP-&FEM hgrep(gred according to Example 5 and 245 g of EBR-g-MAH
PeIGERENT WAs (b iﬁ:ExampIe 3 are extruded to pellets at 200 C with a 20

mmcp twin screw 25 extruder. The screw rotation is 100 rpm and the

Exbiepiding finnetisthlinini to olfiaiiythep flkretionalzaddesanahatydeithacrylate
copolymer. I3 WO 2005/073283 PCT/U52005/002077 Properties of the

poflypsisnalized piancled slafh e _E;I;B%ﬁ%ik?ﬁat{;gigﬁm?é”nodoﬁai
ongation at Break: 886 percent; Elastic' Recovery: /8.

butylperoxybenzoate are blended at a ratio of 100 : 6 : 3 with a Henschel mixer. Then, it is
extruded to pellets with a twin screw extruder (Technobell ZSK-30) at 210 °C to obtain
HEMA-grafted polypropylene (PP-g-HEMA). The resulting [n] is 0.76 dg/L, content of

HEMA is 4.0 wt percent and melting temperature is 157 °C.
Example 6. Preparation and properties of the functionalized branched olefin copolymer

105 g of PP-g-HEMA prepared according to Example 5 and 245 g of EBR-g-MAH which
was used in Example 3 are extruded to pellets at 200 °C with a 20 mme twin screw
extruder. The screw rotation is 100 rpm and the blending time is 1 min to obtain the

functionalized branched olefin copolymer.
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percent; TMA: 159.5 C. Example 7. Preparation of amine terminated
wBoRIPRYlsNe 5 A] Hydroformylation of Olefin-Terminated Polypropylene.
A one-gallon Parr reactor is charged with olefin-terminated pdi{gr&pyi8#@02077

Prppepriest accaiAdnaal Zxampiechéd 4fdin 30dofoiHgne (1472 g, 1702 mL).

The reactor is purged with 1:1 syn gas and theh vented. Via cannula

transfer, 1289 of lyst solution is charged. The catalyst solution
Teé‘élﬁ%.gs?’é&%?d%z?@@%fﬁgﬁh%%‘éaﬂ?ﬁﬁ(%ggg §8% PRICETRIE e Rerao)ery: 78.9
pef@edi7 N A 71591304, and tris(2,4 10 di-t-butylphenyl)phosphite (30.12g,

46.6 mmol) (L/Rh = 4.87; 4997 ppm Rh). The reactor is pressurized to

Exalf 18#. ith 1:1 syn gas and heated to 8QC, then pressurized to 300 psi
*an hea\fgghe o rfBg&.Ogr:%’}nf RTHaRd pe ¥¥hted, dumped hot and
washed with hot toluene. The polymer is precipitated by pouring into

Alrbtdprmunieigresl Wefisd withinatdifohairystianol Aanek drAgedP¥aGYRtor is
' re recovered. 15 1.H NMR
e o b e AL R AR FECHIRE oo Wy brapete ! +40) anc

resonances between 6 9
tolpeng Altdgen lHPdaspherBheartanter isgniigsk dtbhiangem Withand then vented. Via

Agkia r ormyl-terminated ropylene (2009) i

“ prep?}ég’&q gg’c?)‘@rg m%fgt%%(%ﬁ%%ﬂ%?%hsdc }{?fgt%cyf;l%%gg all.%%‘ FRLutey gonsisted of

dwg'@ﬁwtﬁ%f%wﬁmmam@h@m,936{.1 O s

di- - tion fu ached to the three-liter

.1 ﬂaSl?%*Cl) ﬁ%ﬂﬁigﬁqﬁfﬁgg%%%%i?c o(ﬂggt sﬁc%fi'olggzt ’a‘%;%%opafﬁm)seme reactor

IS REGRsHCiZeA sR PR pre wiithing polgaensllnyteAtohidtitehdhereantiond to 300 psi
ddietds siiyeed 1qQ:60C for six _hours. After cqoling to room

w temper;tulrsg{ftﬁe %%ﬁi%@@&&%g%ag%&a lﬂse?/}%fgi?f Wﬁm\}ﬁ% ot rﬁéﬁ%%ﬁd with hot

tolugg- aEbecidyimer i MIRCiBiBivdrivendveingsatn 61E:BanbIS Are thesigaekkowith
ddRHNE HYSR9e 4 Reagiign ime-Terminated Polypropylene to

: Form Amine-Tt-f-rr}f‘nridr%zg?e%l1 BlPolyprcip?/Pe e.glgr?pfrr(l:l%%gg%\e‘ﬁ 48 é$ by rgeovered.

1H NMResirqgasiesrdretern § ©0g BPthes oxitgeetbrminddagd phiyhtopyiene
prepared according to Example 7B and 800 mL dry THE To the slurry is

B] Hdﬁﬁ!ﬂr@@eﬂ‘&rﬂﬁ@p%@%%ﬂ?&gftg@ﬂlﬁ épcla'a‘}'féelklﬁtﬁfe'%a “y;k%o*}ﬁraa‘&?lb%o mL),

reflux for 4 30 hours. The solids dissolve on héating to form

formyigRmatsdPebmion snki( @08 Receared: eccamlingO PBRSAENB 2] and
trieORMIS200640AR077 3ahihe1s ?%ﬁ@ﬁ@oﬂ@’h%%@iﬁ;ﬁ?@%:mimz%ge (1.72g
€ DOX. ’

allowed to cool to a gel and is brought out o

26-@%@:&5&%% diHE deakegad 1 engrddision funtelsiteicked Sothe thas:-liter flask.
Theevmitsionammlessistiasiasisbiatibl i ARG TR PAYINES 1Re stirring
pol)%%gres J?rg/ At this time, the reaction mixture is stirred and heated to 60°C for Six
hours. After cooling to room temperature, the polymer is washed sequentially with water,
methanol, and acetone. 1H NMR resonances between & 6.3 — 6.8 are assigned to oxime

hydrogens.

C] Reaction of Oxime-Terminated Polypropylene to Form Amine-Terminated

Polypropylene.

In a nitrogen filled glove box, a 2-L flask is charged with 100g of the oxime-terminated

- polypropylene prepared according to Example 7B and 800 mL dry THF. To thé slurry is

added 60 mL of a 1M solution of LiAlH4 in THF. The solution is heated to reflux for 4

hours. The solids dissolve on heating to form a homogeneous solution, and over the course

-14-
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30 minutes, collected on a flitted funnel, washed twice with 500 mL McOH,
wandiaRpirated 5 to a free flowing powder. The powder is dried in a v
oven at 50C over night. Example 8 Preparation of the functioRalize

ofbhaneharbolefircoopedpnefcIamalestaf RN esQBIRNGI «PRYYME ocl and is
rafted wi%yl\él%lgic Anhydride (DuPont Fusabgnd NMN-4940) are made

brougyt oy R S EQNESROTRREPHYE Hreirdrted ey MeQbbiith girring.

Sopherpds andl apiergtakiad cnal ivday.pT aRout 1/ mmrueshIRIlRGer is stirred for
occurs at a level 10 of about | wt ?ercent MAH. The EO-g-MAH polymers

ORI SRR ShaRE- fEftha BRI B S hddstokhind aspirated
to EXRRAle TN potiaakeTRBpacrrd AAR0miXarvAIRIA o9tA 40 WRINR Of 1 ght.

EO-g-MAH is melted at 170C in a Haake R3000 bowl with a sample

volu 310 ml at 30 RPM. A total of 60 grams of amine-terminated PP
E’ﬁ?s?é%%y%&ﬁ%ﬁ“ﬁﬁc? @mﬁ[?@???%m%dr@}ﬁﬁ?&Won. The

reaction is monitored via an 15 increase in torque. Once all of the PP is
Sagudeso tighy et <o piehyeiamis] ynedt miatbel forittaviihese Augydindd€DuPont Fusabond

i le . Tensil ngati Elastic TMA, C Strength,.psi.
N A S U S s e S i o
0.878eiay’ ©d ebee erafiehtheihydicabbldnaol BOOgHIhAsanchiBR; 2Qdrs at a level

Ql : iS i ion: graft copolymer of EO-g-MAH.
or G AP BT YN A COPEL O SR
PopoRamdpytarepincd airogngfitddxgropks Box, aFaikiidtheiscohb9ged miler. A total

-tarmin lene, prepa ording to

o L R B s oy
Vo Rt o1lLAAIAR M HE tathkos Gl inamis bbateddoareiiuxttorPP 14 SO, added
andARGHATIGILETHIPRNABRU TRl The solige dissolye,on peatin
~ to form a’homogeneous solution, ang over the course of the reaction a
Inggease prdengiatedonnsll phchpaPriserdidedl| weagtat copdtpmegisimeit isixed for
anOIRYIRELRfdhe box. The polymer/solvent gel is added to | L of McOH

with stirring. Some gas evolution is observed as residual LiAIH4 is

consumed. The polymer is stirred for

acuum
2005/002077

Properties
Sample Tensile Elongation @ | Elastic TMA, °C
Strength, psi | Break, percent | Recovery,
percent
Blend* 1220 720 69 79
Graft 2490 800 78 110
Copolymer**

*Blend: physical blend of EO-g-MAH and iPP

** Graft Copolymer: example of this invention; graft copolymer of EO-g-MAH iPP and
NH2-t-iPP |

Example 9. Preparation of hydroxyl-terminated polypropylene.

In a nitrogen filled glove box, a 2-L flask is charged with 100 g of the formyl-terminated
polypropylene prepared according to Example 7A and 800 mL dry THF. To the slurry is
added 60 mL of a 1M solution of LiAlH4 in THF. The solution is heated to reflux for 4

-15-
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5 30 minutes, collected on a fritted funnel, washed twice with 500 mL
wafdh-3nd aspirated to a free flowing powder. The powder is dried in a
vacuum oven at 50C over night. Example 10 Grafting of PETTUS2005/002077

holiydrokylsbRaninaien ddR keaintateaiad FlrsiBesMaIR8I8Fon, and over the course
o fgghylene-octene copolymer {maleic anhydride grafted ethylene/l-octene

SHSRAHER AT P pHRGIaHEE el BRY Brca ot wrtd meerlits aapel and is

braughosatted ke sansituobapais Qdvea{gaBisaad Rresaafited AMyMp &f stirring.
about 2, and a final content of EO- g-MAH about 0.8 wt percent MAH

SofRscEy-MAINIIE tbiToreg iy With oyt emHmate dirmpheparégstimred for

30a6REILINGINCEXABRIL Pinbw lmRINAHSHREL e BB IATINL R2EHINspirated
Al Melt Grafting: In the melt-grafting method, a total of 140 grams of

o EERgANINEPOE feid dapaTaes BiGhiMaaRERACOH@ OO aviXaTglith
a sample volume of 310 ml at 30 RPM. A total of 60 grams of

Exhyghitoxyl-GattingtethiRtos,s!0uiniaddad te e mixrarachg oipEgue of

the mixer is monitored and used as an indicator of the grafting reaction.

e e e e A A g atene

or anot ve minutes:. IS remove
copmiytack toarvegre erevperfitdrenc2OBkS ol s Gr aftloghithecg ralling reastingd

IS: in_selution. Into ry, 3-neck,. 2000 mL round hottom
e A bR XA S 4 bl s of EO-
g- N OHppMAHI(E st psoripe VA HEXEDA-{A9 H)) G} usdashrigraBiogdmitideydrox y1-
. Vi| I inlet adaptor and.exiting vig an outlet adaptor .
e R T R W he Erating

reagtipshaft with glass blade, stir-bearing, stir 25 motor, Dean-Stark trap,
condenser, and heating-mantle. Xylene (1145 ml) is added to the flask

i - _ ' le raf istillate is, , .
A)Witbiheaiing Starta xﬁéi@r%fgﬂ;g% Rk th S8 MR M 262 b Of ARG ISy i

removed from the Dean- ap (distillate remains Clear). Mixture

meltedh a5l 841G Wit rdieskroRBeaseid$ 098 misarie tholsenypighiiune of 310 ml at 30
RPMIOGUES S BRRSIRIARIINY drd:3 L ahmeihaneb @QW&H%%EI&X% and the

1010 (-0.5 g) as a soft, opaque solid. Precipitated polymer is 30 collecte

torgyfod Shg AR B O 8K uEd RS e irdinnieried drvamPlinone¢don gPnee all

of 8¢ h3BroRyMUITPViGIaa FaRABIFHMNIOS MY R ROVMEEBHPUGEIRE 3 minutes.
dried overnight to constant weight in a 60C vacuum oven under full pump
Th%&f?ﬁﬁ%ﬁ NS GoBLite Beakepedrrod st hs omniemIEisiEties of the

melt-grafted olefin copolymer: Tensile Strength: 7.5 MPa; Elongation at
B] Bebatior Goafienge it ddesttio Reaovenyis apemnttued NIk Qnto a dry, 3-neck,

2000 mL round bottom flask is loaded hydroxyl-terminated polypropylene (16.93 g, Mw
55K) and EO-g-MAH (as described in Ex. 10A (39.51 g)). Flask is placed under a slow N2
purge via a glass inlet adaptor and exiting via an outlet adaptor through a mineral oil
bubbler. Apparatus is completed with a glass stir-shaft with glass blade, stir-bearing, stir-
motor, Dean-Stark trap, condenser, and heating-mantle. Xylene (1145 mL) is added to the
flask with heating started. After reaching a gentle reflux, ~35 mL of distillate is removed
from the Dean-Stark trap (distillate remains clear). Mixture remains at a slow reflux for 8
hours. Solution is cooled slightly and product is precipitated into ~2.5 L of methanol
containing Irganox™ 1010 (~0.5 g) as a soft, opaque solid. Precipitated polymer is
collected and soaked in fresh methanol (~1.5 L) containing Irganox™ 1010 (0.1 g) for ~15
minutes which is repeated twice more. Polymer is collected and dried overnight to constant

weight in a 60°C vacuum oven under full pump vacuum.
-16-
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Properties of the solution-grafted olefin copolymer: S Tensile Strength:
woddhMBaElongation at Break: 980 percent; Elastic Recovery: 76 3
percent; TMA: 93 C. Example 11 Grafting of amine-terminated € 1/US2005/002077

Ppoiyidesmetind-nprniemet (MR felyanealeated elastomer. In the

following example, Syngas refers to a 2:1 mole-to-mole mixture of H2/CO

where. therwise.. Solvents (Syre-Seal), amines, 2,4-di-t 10
T Kl}(t%f P té%%ﬁi?géﬁ?{gﬁi&{?u“r%agmfn%ﬁ ygl#ggfﬁi?ﬁth%)&%‘?ﬁm&fyi 79 percent;
ThAIrd6RI&ide were obtained from Aldrich and were used as received.
[Rh(CO)2(acac)] was prepared in house according to standard literature

Pﬁ%?&@yg?%§y&mﬁ)§j?sggéfpﬁ@&% thylaminomethylated

poly(4-methyl-lI-pente ga stamiess &teel autoclave is charged with

poly(4-meth I-I-g)entene) (76.04g. 3.5 mmol olefin 15 funetionalization, M.
Tege Qéﬁ?}}gft{s 130t MR e Adoagatiqrrabbiprka 28 mierenitri Bl {20cRlecatav 76
pefB@)TNNe aytqelave is pressure tested, briefly purged with N2, purged

with syngas (2:1 H2/CO), and the contents stirred under 400 psi syngas

(2:1 EZICOI for 20 min. The reactor is heated slowly to 60 C, vented and

char A lcGiipg ol asincotrminateRprb Oy matnd) (partgnd (R4AMPI) to

nmhalednd dsisad-dit iR hRmp R : in,
’ 250 mlf #%j e via a pressurized (80 psiglglt@é %’vﬁr%%% ggﬁ?n%é}%%@%z%g?orpde
ETRER é@j%“% Fhereaatad Ahanvisso Selvents {htaS sl anpieOy, 4-di-t-

busyighstiyithdopite NihHeR 4ORIRGNHO8de R8I RHGOL S RHIRSHWIEIHNG i de were
b?a?r?e%?‘ﬁf”gfg@“ equal volume of McOH is added to induce polymer ‘
OPEIRE QD AR eh ARy S5Rd 8 MrskseranBiiaShedcasih veasaromanedtin house

actbedfilfratesiarchior iessatutePrddiafiter cake is dried in a vacuum oven 25

overpight and a sample can be submitted for 1H NMR. If analysis of the
NMR%?%%%"P&@Q@’ ﬂfﬁ‘BSﬂHiS!%%‘%Wé‘i‘gi&ﬁeéfﬂﬂhfﬁanﬁﬁwnk@m?m- Al gal

stagnlasn pleclaf: 301 pes de oh AN aVSIDP JTy (1SRG %né'?%t.b@%'??'ﬂﬁﬂl 1 olefin
is added to the same stainless stee?

| ixt ide_ infra), 68.75 g,
oA it i LA 1.3 - OF NGB NSt faamimenitie (20 L,
21 BlaminesiritEh20u 0 biard 5 Grauneb (AR BHEGI ggggﬁ{&ﬁgggggwgﬁémas

. ibed, 30 above, the reaction mixture is he
Q'i?éﬁs@g@f&?ﬁ%ﬁ COMPRISFIyeeritedsy 2L ag) e (21817 G diyramin. The
redrisrdshelitbdulylyanIphospBiiRd 3338 Wil 4 YR P03 B nprising
S2 mmol) in 250 mL THE is added. The reaction

Rh %{%yéﬁ%%?gtg Zoj éd E‘,“b?bﬁﬁ’rE@azté‘dzidc?b@ﬂgi}ﬁ@é§f(gsnhi¢2/@®§fhgd 36.1
mrstibrénd 166 arl adiitionalaldiesointiansy BENYPUIGSSHEaCHOeH ARAR : is then

hedfHES 8508 S RS B8 e SHith Sephe (2o Ho/ O e o 4 b After
cooling to 60 °C, the reactor is purged with N, and dumped. An equal volume of MeOH is
added to induce polymer precipitation. The resulting solid is filtered and washed with
acetone until the filtrate is colorless (~2 L). The filter cake is dried in a vacuum oven
overnight and a sample can be submitted for 'H NMR. If analysis of the NMR data reveals
incomplete conversion of the starting material, for example, 65-70 percent conversion to
desired product, then the isolated polymer mixture (vide infra), 68.75 g, is added to the
same stainless steel autoclave with an additional 1.5 L of toluene and N-methyl-3-
alaninenitrile (20 mL, 215.6 mmol). After purging and stirring under syngas as described
above, the reaction mixture is heated to 60 °C and a catalyst solution comprising

Rh(CO)y(acac) (4.31 g, 16.7 mmol) and tris-2,4-di-s-butylphenylphosphite (22.99 g, 35.5
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NMR. Analysis of the NMR data should reveal that this material is suitable
wipsggdpstion 5 with LIAIH4. Reduction of cyanoethylaminomethylated
poly(4-methyl- I-pen tene). To a 3 L flask, cyanoethylaminomé&th}/5téf>/002077

i) TEetyl: e e na)i¢83 Reae 280 mALRiT e Mg iR Z21ODANT. 4
4 dry THE &r_e ﬁf § After purging with N2 for 15 min LiAIH4 (1.13 g,
8 S (291 QUARE PO ERBAII 1 oot fionibafrenduct a
desonbing e irlbiert. BBRRTTANBARGIRRRIOMS Saptious LY %ﬁﬁgﬂﬁ% for 'H
In

with water (200 mL total). The polymer is then filtered, suspende
N%t(ﬁﬁﬁﬁ?@é%‘(m fta ek Rrsrbthahdrisvaatatslitisuitade fot Jeduction

witlh&iregyting filter cake is suspended in a 0.1 M NaOH solution (800 mL),

filtered, washed with 1120 (1 L), washed with THE to remove residual
H20Rfisien otievrreethlamireseh et @ebrdanetbyjidipentene). Toa3 L

flaRsipmHROIUGHRADAGRNHRIHAR ERHItERN 9- NMB,BNASIR STOHId | o1 vl

confirm that the product is the desired amine-terminated

fupehopaliratpL R  hlely, Bikraryadtatnindies prnsinsavith N, for 15 min LiAlH,
(1 poly(29remiopgRiene) tBdidRA) MR ealed RIaRIRH8E F V9 lh After cooling
y -

Iternative methods for grafting an amine-terminated poly(4-meth

tog GREYTBRSTHATE AREd At i9BrivciaEHASl avsnedvath A arme@Fafatdnteia). The
polpeitgeadiiomidheg funplianaizediianced otsf i&ﬁ@??&ﬁ' rmﬁﬁ) lﬁm%d and

%gll ts of maleje anhydride grafted poly(ethylene-co-butene) random
WaEsh W%ﬁe@éﬁl&mﬁﬁfﬂ%uwé} EbRkRiOFePsIdad e thbdpaieehtsolution

(8eonientfitenaleiashplyetider, d 01 Wh PRESess Wi 7af.
thq(%%‘ge ) is melted at 260 C V\ﬁth@301(>)8@part per ml?izgr? (%%%};%vtgée%gﬁ{ﬁo)ﬁzo and
g

Nt R AYEb R A &4 SShiriarldabecissifad arodagtals a colorless
solyoerlaNNRIsingy8iarkedrelviah Bheacor el (medel oy é%‘?gga’-’ﬁemﬁnated ,

rmo, Electron, Newington, NH) equipped with a small Rheomix bow

T
po%g‘g"é%‘}tg%’tjbﬂﬁﬁﬁ}i‘_ "he amine-terminated poly(4-methyl-I-pentene) (15.8
0) previsiisly pf apsiiRdtcaeaiaing ﬁ@l%ﬁmpkﬁﬁmﬁwﬁ}% aaxﬁaleated

ela@t%akeer RJileO(C:S%d mitxer. Thﬁ et mixture is allowed to react and the gr
Feaction is MAnTTEIRE By IRERLE MRtAL s b eiRe- termingtersoaly dtovndeyl- 1 -

pefidenah tadditid bated @laziouies afidtbe RaiKE-terminated
poly(4-methyl-I-pentene) melted. A total of 45 grams of polymer blend is

e L B B SE
copplyfparidichmafepedietio CopbiimmehyBadeteatted sidyitng it rasitandom
coJ%e?(EBR-g-MAH; Tg: -64°C; content of ethylene: 80 mol percent; content of maleic
anhydride: 1.0 wt percent; Mw: 250,000 PS standard) (29.3 g) is melted at 260 °C with
3000 part per million (ppm) by weight of Irganox™ 225 (available from Ciba Specialty
Chemicals Basel, Switzerland) using a Haake Polylab/Rheocord mixer (model 557-9301,
Thermo Electron, Newington, NH) equipped with a small Rheomix bowl (69 cc) at 40
RPM. The amine-terminated poly(4-methyl-1-pentene) (15.8 g) previously prepared
according to this Example is then added to the Haake Rheocord mixer. The melt mixture is
allowed to react and the graft reaction is monitored by measuring the torque. The reaction is
allowed for an additional 10 minutes after the amine-terminated poly(4-methyl-1-pentene)
melted. A total of 45 grams of polymer blend is obtained. The resultant blend is removed

from the Haake and cooled to room temperature,
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Strength, Break, Recovery, MPa !lcent ercent 65/35 Blend* 1.50 211 87
* here as t
w8685 504 86 162 Co of mer** The blend is defined
melt blend of EBR-g-MAH with vinyl-terminated PP. ** Graft CO%B/IW%( 3402077

Pripergiaft priadiel optaieadMartkepstierafting method. 5 B. Preparation
via solution- grafting of the functionalized branched olefin copolymer: Into

i 3-neck;-2H0-mtrounehbotterm-fHlaskis-lpaded-amine-terminated
Samo‘f %4 methyl-|-A&R&le) (12. ?“E‘EF?‘!;@IA H{astHescribed|abis, °C
22.75 g)) and 12X 8 8bicycl 2“’5}’ octane (DRREYVEW 112118,
A v'a.!ab!c formi+ mﬁ‘h\ The-fl d2raedibw N2 plirge via a
lendt 1 hrough &mineral

oﬁ%leted with g §@ss stir-shaft wi2glass
Dean-Stark trag and condenser. Xylene

* ’Kﬁg @l%@x&i@ﬁgé‘&lﬂ&égg tﬂ@%@ﬂqéﬁ@ P gﬁ\?ﬁ% ﬁfoho refIlIJX with hed PP

heating-mantle. Mixture remains at a slow re urs. 30 u on'fs
** (Bl nmpsisdhsr st pie Breicbteinsd maothz Belt-giafieiaanahod.

containing IrganoxTM 1010 (-0.5 g available from Ciba Spec.lalty

Chemicals) 15 as a soft, opaque solid. Precipitated polymer is collected

and BEBRGsh DT OB BREaRG i ot RO RIRE ARG TMARLE (0:fhn

). Polymer is collected and dried to constant weight in a 75C vacuu

COB%H‘B%IF%ﬁ@rﬁr&p%?ﬁ%szgp%@%émw&g%@@bﬂﬁlemem¢ termmated

lenjensie el gat ERRls TMA Gs LSy HROCO¥eN 4
pO@@gﬁersz ?rcenﬁ%/Sgggnd* 2.84 1310%% 103.7 Gr%‘rgt%f%i(% E?O % 1.4-

d‘a%/l el dvrmarkanefAdhariiVs e dimailabls fAatbisidaid). The ﬂask is

plawwwéuwmyw@mla@s@ Riet2QibiortediridissluliN @0 daptor
néh]ar heat hlstory as the graft copolymer. ** Graft copolymer is the gra

GRS BB S e @I’Wéa&b‘fdﬁ@ﬁ”@%%ﬁﬁ’g%tméﬂss 9Bt with glass
aﬂ%l&lﬁr@é&ﬁﬁé&nr-motor, Dean-Stark trap and condenser. Xylene (870 mL) is added to

the flask and the mixture is heated to reflux with a heating-mantle. Mixture remains at a
slow reflux for 8 hours. Solution is cooled slightly and produ-ct 18 precipitated into ~2.5 L
of methanol containing Irganox™ 1010 (~0.5 g available from Ciba Specialty Chemicals)
as a soft, opaque solid. Precipitated polymer is collected and washed with fresh methanol
(~1.5 L) containing Irganox™ 1010 (0.1 g). Polymer is collected and dried to constant

weight in a 75°C vacuum oven overnight.

Properties of the solution-grafted olefin copolymer:

Sample Tensile Elongation @ | Elastic TMA, °C
Strength, Break, Recovery,
MPa percent percent
65/35 Blend* 2.84 1310 82 103.7
Graft 14.9 800 81 172.2
Copolymer**

* The blend is defined here as the blend of EBR-g-MAH with vinyl-terminated PP
subjected to dissolution and similar heat history as the graft copolymer.

** Graft copolymer is the graft product described obtained via the solution grafting method.
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I. An olefinic composition comprising a functionalized branched olefin
copolymer containing functionalized sidechains derived from olefin and at
least one chain end 5 nuclcophilic heteroatom containing functional group

with at least one protic hydrogen, optionally with one or more LLOYD wisE
copolymcrizable monomers, the copolymer having A) a T. <-10C as o
&E&ﬁéd by DSC; B) aT,,, > 100C; C) an elongation at break of greater

than or equal to 500 percent; D) a Tensile Strength of greater than or

ﬁqual to ]]FILOO psi (10,300 kPa at.25C;@I§;ag TMA temperature > 80C,

and FY' BN elAStETERSTRIS ST g rubtel AN SP L s to e Ll camglymer
Gyrasgehyéight fradiian kedscthns Barpertanin 31cFheaaampesitioncafelizithd

% wher {ﬂitchﬁe{grrg)cttigr%aé grou IS fselected from the. rog) consisting of
DM P s E SO LT AL r SRS SFS R U el X pBo Rfide hydrogen,
apidsy @ hdvstiifonicacidse 1o fihercampasiiomefsihiocoiyereimimg A) a T,

et SR LAk AR (e R SRRt g%%%’?‘gfggter

side chain derive olefin, N is"nitrogen; R’is y
hiyairogenyM tis I08m2raent; X3 {2FMyikGdeidth ofefinicaohapesitipmbfo 1,500 psi

' re saf ' ' si aing s less than -30C
e e St e Gt 1 4 Ve of
espasoshiorroralahiol>Whereintsaid fahetiohelizg Brationddseléfin 10 percent.
copolymer comprises functionalized sidechains derived from propylene

and at least one chain end 25 primary amine functional group, optionally

with dhe e et copolyher Zatiereioisniarstionattiscsprinwsiionl dfom the

im bwheseiny saigfinctopal ‘ BhGRPEIIRe s '
%%c(‘%onalize%%iﬂde@haingsyderivﬁ%r%ﬁgﬁngﬁ%%%gﬁfﬁﬁh%%%%%f %grboxyhc
8RS 3mEraifoBifyastihary amine functional group, optionally with one or
more copolymerizable monomers. -20 LLOYD WISE 7. The composition
of claim 1 wherein said fimetionalized branched olefin copolymer
ComprisecontstiontizeldiatRyrdrariha BrnpscopsPaad frathagoamula
density, of JesmRanaRant 3 d98esiwhaLGINR fncionality s aPaRlSoen, R is

ofreacting with a primary amine. 5
C1-Cyo hydrocarbyl, H is hydrogen, M is 1 or 2 and X is (2-M).

4. The olefinic composition of claim 1 where the T, of the functionalized sidechains

is less than -30°C, and the Ty, of the sidechains is greater than or equal to 100°C.

5. The composition of claim 1 wherein said functionalized branched olefin copolymer
comprises functionalized sidechains derived from propylene and at least one chain end
primary amine functional group, optionally with one or more copolymerizable

monomers.

6. The composition of claim 1 wherein said functionalized branched olefin copolymer
comprises functionalized sidechains derived from 4-methyl-1-pentene and at least one

chain end primary amine functional group, optionally with one or more copolymerizable

monomers.
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8. The composition of claim 1 wherein said functionalized branched olefin
copolymer comprises a funetionalized propylene/alpha-olefin copolymer o
having a density of less than about 0.87 g/cc, wherein the functionality-{&"P WISE
capable of reacting with a primary amine. 10 9. The composition of claim |
wherein the functionalized. copolymer is formed from components

compri&iry BRI et B RN S dhectoRedirfH g s sk Jfln copolymer
elgfipicsunsatiationiand aflerstonehearRoyd GFomMmer RhBRSA ABfkity of less
derivative of the carb xlyl.]gr%lcjr% selected from the group consisting of an

uts %”a%ﬁyo%a% AhARIARe Tractgnaty EorApBitioh st RerERTY
theiuasaturated organic compound is selected from the group consisting

of maleic, acrylic, methacrylic, itaconic, crotonic, alpha- methyl crotonie

' ic aci hydrides, esters their metal salts and fumaric
g{;% Calurl}g?trogﬁg%%gl:ggﬁla%g %%%alVgla(f?e%bs%qc%unctirona%ze branched olefin copolymer

comprises a functionalized propylene/alpha-olefin copolymer having a density of less
than about 0.87 g/cc, wherein the functionality is capable of reacting with a primary

amine.

9. The composition of claim 1 wherein the functionalized copolymer is formed from
components comprising an unsaturated organic compound containing at least one
olefinic unsaturation and at least one carboxyl group or at least one derivative of the

carboxyl group selected from the group consisting of an ester, an anhydride and a salt.

10. The composition of claim 9 wherein the unsaturated organic compound is selected
from the group consisting of maleic, acrylic, methacrylic, itaconic, crotonic, alpha-

methyl crotonic and cinnamic acids, anhydrides, esters and their metal salts and fumaric

acid and its ester and its metal salt.
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