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| MPACT MODI FI CATI ON AND FUNCTI ONALI ZATI ON OF
COPCLYMERS OF OLEFI NS AND DI ENES FI ELD OF THE
wO MENRUSEN [ 0001] This invention relates to i nPeEDUS2008/060301
nodi fication and functionalization of copol yners of
ol efins and di enes. BACKGROUND OF THE | NVENTI ON [ 0002]
Al pha-ol efi ns can be copol yneri zed vvith ri gi d cyclic

ol ef' éi)ﬁ‘lﬁy'l*ﬁﬁﬁ‘%ﬁﬁrﬁ% TION
b pE

di cyc
than 30

cat al yst S. Qﬁ?ﬁh@g@@%gﬁa @r@?‘@“@%

w. %cyclic olefins, they are typically anorphous and
FIELD'GRIRAT eV ENTIGN %0 K ght transmttance) and have
grass transition tenperatures above roomtenperature
[0001) > ShiO@yentithtralabisghempicveldsfiation pod finmcobedlization of copolymers
ancor ration they have exceptionally high noduli (>
- heat distortion tenperatures (> 130 0C @66
psi ), and Rockwel | hardness (> 100). However, they
BACI?@EBQ%Dyogqq{EdeP@Od i npact properties (<0.5
re) and have brittle failures
[0002] n tAlphd-olsfinsioENbe dopdip@ctizddesith algid oyhic todsisr aichra cthylidene
and below (brittle failures are cracks that propagate
norbomn@fh 30d %nscéqneetaé@pa HEPE ORTIGRS (PRE MBIzt Sptal nsgooé’}’hen these
, td,0 \
conof S oAl TR0 59 oBeiPaLe, gt Rl ipnous nd
transps;rbntu(:i 20 &b hgmpdramﬂﬁﬂtajms) argliiedveagasa Utasitibh Yeémperatures above room

onponents, | their i r st.ance, cycl
tempefﬂﬂgn s éon@/ meWé aﬁag%fﬂh &8 ¥lo P ‘@’éh%r%{F i3, iBQIPFAROR tkw have
exceptY(ﬁ{a!I? %ﬁge}fiéﬁgﬁrdg 900, MPIG MR g*éggttﬁl%%r e&tlﬁ%§§ﬂ~ 130 °C @ 66 psi),
and Rfolclewelt Eﬂardtteﬂmﬁl ¥0).anHowowrg tiseymbahd ivergr pgor notched Izod impact

significa .Iy For autonotive plicatio t he i deal
prope%ﬁ@%‘ﬂﬁ é&%b@dmgv@@mu%ﬁa@g ‘Erﬁféhet AR iy hgotgirumented
1rnpachfé§tt atqbéth%ﬁl#)%gtu}eemé%\”r(@ﬁtztle"i@fh!lr@s R d s rﬂ'laﬂ répagate without
high as possible flexural, tensile, and Young
plastldrlmgﬂauirnatlofrofareqmtmhers)lw t hese bal anced pr opertl es,

orcenents are often a dedwgéo hened bl ends

10003} 1o s BHEORF PETPERRS YR P P BRCarEHE 5100 e impact

remstaﬁQéJEH bOGs AR st §tHfé'Ehr§lSa TicBRISY chﬁSds aL%rﬁQtl\%dgcﬁdeﬂénts To
the bl ends. [0004] Blending of cyclic olefin

improemo pitmluymmrast \msushanseb,asstahnecrlsﬁm $opq,1pmeﬂl dry thahfoey @dnéaylly blended

m Xi foll xtrus vvever t he hi

with Ygous el ETEgel (HOGER KOEb gk JnaieaaPrainery dp cgpnded with

clastorhBR, Bfelr fiSQKAIr ?englﬁkatanﬁei’éu@ %hﬂeuﬁlfa%é%"gﬁffﬁhﬁ!ly b?or autornotlve
carried out at high tenperatures

applicatwmisdthde gleald @pimpoursls otk hives kgaeé iogpol y)mertaasdamdw@ood heat

distortion temperatures, while maintaining as high as possible flexural, tensile, and Young’s

of ole

moduli. To accomplish these balanced properties, reinforcements are often added to
toughened blends. To improve the effectiveness of the reinforcements, coupling agents, such
as an epoxy resin also added in the blends.

[0004] Blending of cyclic olefin copolymers with elastomers is typically achieved by
melt-mixing followed by extrusion. However, the high 7,s of the cyclic olefin copolymer
materials (up to 160 °C) require that melt-mixing and extrusion be carried out at high
temperatures (> 230 °C). Thus to avoid degradation of both the base copolymer and the

clastomer used as the impact modifier, it iS necessary to minimize both the time and
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el astoner used as the inpact nodifier, it is necessary
to mnimze both the tinme andtenperature of
woredoBAMSKi ng, yet still provide conditions thaPCEOSHNE060301

good mi xi ng between the base material and the

el astonmer. There is therefore significant interest in

devel opi ng i npact nodification procedures that retain

t i .. i . r

tempeffifte 36 AR AR 3 EhARRokERoR bt Abiclol X Biyoon he
base ntzagodl whetise dbstahphaFiodretd therefart Rigdif&aesinc@edt an developing impact

_.residual unsaturation that can act as.a "reactive
modifigafam progediresoiiek iskdt thsralvptagsogn PerPettis of Sirostyitie polymers and

avoidE%ﬁﬁ&%{%ﬁhéﬁ@éd@f‘m@ftnﬁxl‘h%i_C olefin copolymers via the

residual unsaturation cafi i ncrease the polarity and Tg

[0005of tduwpobopod yhaEphaoldfins with sidengs edhitainedsidwnl ungtawon that can act
interactjons with fillers, Functionalized. polyol efm

as a “repgsey hiegk el alloyy Ragdonsopainn off the serbymess & ungtiongliggfagest cyclic

olefin oJogS d inaaltheafb@lduglahh%@&ati(ﬁp chl? Ligfb DR ﬁ‘f’[@gﬁoﬁ'arﬂgeand T, of the
reactive or polar can, for exanple, provide products

copolyinadr amd as eqplpraiadtedrts, ingprote dstehiicgond evifhe filietst € Functionalized
el.astoners resistant to oil, and can al so provi de i

polyolg%Ll? it alMAR3ID| s POtsBliglouattRess ot He HBRRATopf gfommercial

: .St t | r
opplich BTSN G ATFLE, 60| %, & HORE K ol B P! BBLRE Broducts for
major @ppiicdtiofis, suchomstHigh tdmghattrernbestahdars ecspeant or owremd candlso provide

servic i f han. et.hyl epe- propyl ene di ene rubbers at .
Strucﬂga‘d&\aﬁﬁ?fjéfm i’ﬂkqﬁe@s igthq g 10 E 8P e SR es GPY dirempete with
chloroglgggfe CORt nRAleY FRfbar M L4 Irég@gtaﬁe%opmtﬁ&ge?%éc 14 ecﬁ%rhbet‘%er high

use tenperatures that woul d exten oundary o
tempeptdry op@farmantc asd r sectioe difeathphi ethylieoaproplytene ediamplreblicps at a

compqrg%ﬁ% Pw%h.t%g@glﬁp%%ﬁ% ol e]ﬁgzsgqgggﬁgéq}grguwsﬁh improved stiffness,
strengGORRY Mi@fe&rﬁﬁ?a@t&@s apd WRuendi gy 3 ﬁo&ﬁ%ﬂ%@?ﬁﬂ&ﬁﬁg to structural

altering optim zing the physical a ani cal

applicpinas efor exsnt torees enthlirethg lae®maobive aksaown
functionalizatjon reaction i s epoxidatipn, which is a ..
10006l o 8 aer fane i faish el GRTRETARR S Rideipeo BaIcyHEI HdEb Ending as
a comnfRL kRdndVol hieAn@%hdl AingzAGERE pHYSRa@En PRI RIMES REpdties of
or mchl or oper benzoi ¢ aci d. “Such époxi dati on reactions

macrog@iecplesyvi deng uamowint dtnoviendizatiear regetamt iis agpiowalation, which is a
conyer si on of the residual diene co-pononer d(f)u.bl e
il

I
stercopiSHAE TEFENIR VAR GRO BB M OB 7P AMPUTIARg AgeHuch as

perforfiic 8lcid iof NRGIRBRBGHLRS acidM  $REMepoxPdatioNOtcacdohs B provide
1083-1086 (1994), disclose the synt%e5| s of

quantipoivy e nbyt@netictvé canveysiorohitic o e ejengi cormerrendCRlouble bonds

- Zrd g&ﬁ) = cycl opent adi enyl ) - nethyl al um noxane ( MAO
1o NS 58PS syst em and t he subsequent conversion of the

[0007]‘}:i N¥Hor GLAMPrR, Murithe of 86 Uh Ul omORCANIEAmI Bthemt RSc., Vol. 27, pp.
ydr oxyl / epoxy groups. The functionalization is '
1083- H6r(i1 821 odisclosi thg symtbédioeopdy (sthytaicecoa vohyhg-noxiatnerichgith the
CPZZr%%e{Ep' = cyclopentadienyl) — methylaluminoxane (MAO) catalyst system and the
subsequent conversion of the vinyl groups in the resultant copolymer into the hydroxyl/epoxy
groups. The functionalization is carried out using m-chloroperbenzoic acid as oxidizing
agent.

[0008] In addition, Sarazin et al. in Macromol. Rapid Commun., Vol. 26, pp. 1208-1213
(2005), disclose the copolymerization of propylene with 5-vinyl-2-norbornene (VNB). The
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[0008] In addition, Sarazin et al. in Macronol. Rapid
Commun., Vol. 26, pp. 1208-1213 (2005), disclose the
weopslisuser i zati on of propylene with PCT/US2008/060301

5-vi nyl - 2-nor bornene (VNB). Thecopol yners are then

converted into polar polyners via functionalization of

t he pendant vinyl side chains. For exanple, the PAHSfB
COpOlﬁI?&E g%é"@é g(gfﬁfgp[?% {ng@géﬁg gg\qyﬁgrser%g )lf:{l/& 1§ﬁ%tz?§|51% ?f the %%h&jant vinyl
side chaipal YﬁEExarfﬁblb,Stheeff/E’rI\H}lcepcﬂjrmer &d1obs rdaerd twiohn m)éhlbﬂa@erbenzmc

PA TSfB cop ijmer Wi th gzone in chloroformfoll owe

acid inpdpty telugne s AEe qroxprbratioralied seplymetiddis r@ﬁ%@%@&o shows

s eSS B R R A .

MEORBICI120pidadude a;rcémefancttfmaa]sz;eﬂtobpshymeﬁf
R e T L W A
26, 20@‘1 dlgﬁoc‘sl%g(f %S)%k%s%/%%ég%g)zethgf%ﬂe(ﬁgﬁI%Qnta-cﬂ%ﬁé gﬂﬁﬁﬁj @dp%lyrners

eril ve rom esi’ze

havmgﬂ(ﬁ Q2 G J O inwol ¢ WneimxyLDCﬂ)Glnﬁs aad dlyeft r@pebthzakyl 6869, BRCand 178
. nol ecul ar wei ghts of Mwv < 150. 000 (versus pol ystyrene
C. Chesn daptedyls 1 domxah BNt iEé]aggPéﬂYB pingpe 1-(CH2CHa)bis(1-

i IV e 145 R S 5500 s

polystplgene)ﬁtadéards)l ?mh@ pm«npinf‘zednqydoagbnbrll of Fﬁlandpdiwﬂg]a?actayﬁ@ds out in a
(0] e resu | NQg. e lZE‘COFTEfISS&I 0O snow
tolueng ﬁatve&fo@ﬂ%ﬁ pegrpiced gambnetey ng%r&y i 3fidandrhydregen peroxide as an

epom&;E%ggiag&ﬁr R S RV h8Ysit %fqp@@éugﬁlge%gémdﬁzgg%%o mer is said to

e functionalization of elasto I ¢ copol rsis
show #las d 08 nowin% &0thecexaaipracd Bomdy wmt thal copblymEr aRokgmuertSd lto epoxy
Part A. Polym Chem, Vol. 40, pp. 1484-1497 (2002)
BIOUPYj scl ose the copol yneri zation of propyl ene with

[0010]7 mﬂﬂ%}( delfu&ﬁ%ﬁ!ﬂ%h@ﬁ‘ &f elfag-fblln@f’i@g bﬂ&yrﬁ&@‘i@ A& known. . For example,

icati on of the residual | € bonds to obtain
Song qftoilalm S Rodi.oSvdl Raed : W@Vyyml(éh‘emsVolTh@ pp tli48#-6497 (2002) disclose

cusses sever al uncti on m st
the C‘?R‘P YOI aHR H oP’EﬂB@L@BE n%ﬁ & Z'a@&s acta 8% d IPEYﬁé hby chemical
rnodlfircgﬁjdﬁ:Bf e Jegldﬁélc&ml%léborﬁ%ocﬁcgtﬂzﬁh ?r?la?tfﬁnct{oggﬂﬂe]d upolyolefl"ms The

hough epoxi de functionalizati can be cond
artlcletch@uas@s epcealofunctianatizdtipat chetintriesstbaoinclude epoklbgeibenzoic acid-

catal yst can elim e the need for the presence of
based F%‘?Xé‘iay oGP g0 AE0RT S FEAYSME < and can permt the

[00111MS€ AfhoRgh ¥H8:08E RinPES 2K &0 HeZdoRGu AGE M the %B@en&@@f a catalyst,
presence of a catalyst can al so pronote crosslinking

the usoof @i dwxidasiot icaalysofantdhienivate the- e tfari the pesepalf yarge amounts of

and/or c al so entlal rade the, hydr,o
acidic JEHu RS PITHG gt O ERTREEh DTS Uiz Eopgprt. But the
presen‘é’é bhalh@l a@ﬂéaﬁ‘ll At pro%%‘é%ﬁ@llﬁﬁﬁ%@r @icfégeé‘c@&ﬁé ¥6the d@¥&ontaining
been used to epoxidize and/ or hydroxylate a variety of

copolymaar-apdioy wen klso pblicehelsy dguralde the hydangen aelfoewee)mhphgagcm which
is benté%h)glﬁaf{ t@lrogg p\glaﬂ? 3{1%tciat%1y%§ | telm%rr]n-thoerlltgl 1nlﬂgsg (%alysts Ihra]l% %een used to
epoxidize and/or hydroxylate a variety of non-polymeric alkenes. And there are a few
examples in the art of catalytic oxidation being used to introduce epoxy groups into
copolymers containing relatively low levels of unsaturation or unsaturation which is
primarily found within the copolymer backbone.

[0012] For example, Herrmann et al. in Angew. Chem. Int. Ed. Engl., Vol. 30, No. 12,
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copolynmers containing relatively |l ow |l evels of
unsaturation or unsaturation which is primarily found
wowaokitsnsshe copol ynmer backbone. [0012] For exam@l/8$2008/060301
Herrmann et al. in Angew. Chem Int. Ed. Engl, Vol.
30, No. 12,1638-1641 (1991), disclose the use of
nmet hyl tri oxorheniumto catal yze epoxi dati on of
o3 PRI L HENES SN ALSOENPERC Kl A8RIn o non

polym&maﬂm&y with. Bydr&ladnepéroNde. SAIkahol2¢bdctibins ¢dloars atch@sddsfr such
gand- bound aIkyItrloxorhenlun1to catal yze the

epomctsliep@at SHRLFEY: g p%theNpc Sol ef i c dselrprsu igs utco of “ligand-bound
alkyltt‘?(B&)ﬁe% % giggfzée Ugk N fhog rho[ﬂeﬂ Qf?c orfifi c%rnpounds to
npounds OXi &d 1hclude cyc oocta ene, squal ene,
epox1dmt hty|d101|se&$1ﬁg Bydregdny Iperakide?- bmla‘mlenmm@iuyidermqan@ti include
styrene derivatives, [0013] Van Vliet et al. in Che
cycloagtidiang, staleth 1rn8t@§1 (oigag@) -natldt lpg&-butadiene, styrene and styrene
CRHV&E%$yItr|oxorhen|un}catalyzed epoxi dati on of
on- pol yneric, substituted and unsubstituted al kenes
[0013p3| Aanhydtiegeet per oxi d€hem aCammih, uoppoetRarial saDYPNt disclose

kenes such as G O al kepes, vinyl cycl ohexene

methylstp%qgh@lulﬁﬁ@%yz&é:@ﬁ@ﬁ]gamo%ﬁ@hpq)lﬁmegﬁ,es@ptétuted and unsubstituted
Y, :

35 iy CORAL OSSOV PHETT, 200 DR s

alkenelsJ tigylaycloleexend, atyirerg, ploentylpeopesie aodl phatytiytérrel aox exdmeified

MIQ) to catalyze oxidation of varjous c nds, usi ng
[0014hydM‘@r@ﬂVeﬁefl’o§¥WTﬁT@Oéawl Jbetr el BT HSP BROH SoldRint Foviews
the 1itBQRrP L UAR & tﬁé eGP nﬁe?h;q{rﬁ&bﬁl%ﬁgm‘? MAIH @)pp%élgf’é b@{ation of

processes |c utilize sha anDunt of ri or
varioup yoimgounels dsimigustiroges prtoxplee MO @ypedxaedi epexhdaﬂlckemfémn-polymeric

from bei ng converted.to correspondi ng di ol [ 0015 o
alkenca|iy HiSEIGRF % 4rertp Fé%g?th)@l RIPSSSHSSY AN B Em lfiel@gmztﬁ 3% pyridine or
e I C
Py B T LR i e P O comesponding
diols. epoxi dati on and/ or hydroxyl ati on has to date never
ested as.a route for effecti -§itu .
l0015funétlﬁ19ﬁ b RPN RS uRaR erﬁ%qtr@reééﬁ%q&ﬁ% atipry hagibgen widely
used t%yﬁllnbﬁo&'h%@ %lé}ﬁﬁoidﬂn@feﬁn%ﬂn@r% &/ qu):)é-_ﬂ’evé({‘ R4 \;%Fddﬁﬁon and/or
I exi bl e or elastonmeric copol ynmers deri from
hydroxiylamms IEaSICh) adatd - meehybeen, 6uw&dl @nea ( MDD , for effecting in-situ
| -1-cycl ohexe 4- hexadi ene. The
functgilipgro i Giero LT B K ACe B BHCATERT JOPBRF, such
E/DCHHEn i fu@nPiteh FSLBIESH FastRHM CYJB?B BmdO&LBRY from dienes such as
resulting in co-precipitation of thé epoxidized (and
7-rnetlgd€]36 betydiahs (i\/lﬁ))ll)r é%yﬂlﬁ{led;)cl(me@dm@&ﬁh cintelpb-bexadiene. The in-
avqkflng t he nee @r the nelt Xi n conventlona

Situ CRESAFIOR Pt cm CMb AP HTYROT S BRI Plastaimers fbpolymers
thereb9%9&1ﬁg§ I8 - coMte ?Maron bhend %ﬁé&la@eu (srﬁ%bgi;hmgdalso hydroxylated)

mat er i typically retains the high and | ow Tg val
products swnditened awitlingt the ncicdifdr dred meltawixomge cowventionally used to effect
impact modification of cyclic olefin copolymers. Moreover, the resultant epoxidized material
typically retains the high and low 7, values associated with the rigid and elastomeric
precursors respectively. In addition, the process can be selectively controlled in such a way
that the rigid cyclic olefin copolymer, such as E/DCPD, forms an epoxide, while the flexible

clastomer, such as an ethylene-propylene-diene monomer (EPDM) copolymer rubber, forms

epoxide ring opened products, such as diols or copolymers with both hydroxyl and ester
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precursors respectively. In addition, the process can
be selectively controlled in such a way that the rigid
we yBi1s0581 ef i n copol ymer, such as E/ DCPD, f or nBCHEIS2008/060301

epoxi de, while the flexible elastoner, such as an

et hyl ene- propyl ene-di ene nononer (EPDM copol ymer

rubber, fornms epoxide ring opened products, such as
groupsdiols or copolynmers with both hydroxyl and

estergroups. SUWMMARY OF THE | NVENTI ON [ 0016] In one

aspect, the present invention provides a process for
SUMMNASCRIOINTHE INVENTQOA | zed copol yner m xture having a

desi rabl'e conbrnation of thermal, rheological, and
[0016kt r det orcalasperd, dhcherresept Havindiah procypt@ﬁt h eptoc@iic Fora preparing 2
functign ng al%e gopo n%r%rrus%?% Pegﬂ] rvﬁlrggt an(%slra 1‘%6/1 ﬁ‘éo Hgn oglﬂ(lﬁrmfal rhﬁoc}oglcal
and stPychirgl ShdC oMol ERKdraNipiehety! | sudﬁl @pﬁuce@n&n@rls@s contacting in a

di ene- based el astoneric polymer or copolynmer, with an
comm@lk iligpid iqectipganedivmder wsifl ¢apolymer ehen umﬁef@bm ¢ rigifscopolymer-
forrmn(gf c%c%cg ellﬁlg atel %gBj(;gla(g tgrlleg asteﬁ eqastt ngegﬁco grnﬁlgetr e01rf c(:)orpngrmer, with an
oxidiztligeaend @niareskismivaniactimu Eﬂrﬁllthih@ dsThdle tdx@dapioh Wo®itio& conditions

conponents while such polymeric conponents are present
promojg fdimatiemef exyarpateHispenies %téb@ﬂt%rpf@mdmw -degyady mopamgr double

e t hi Cess f
bonds L ?r{ 150 afrﬂer?ﬁ?o%dglggés V\?{_}lre sglrclz Bgiﬁ’g}?gl% acog%Pg%éf {11% p%sreﬁpwlthm the
comm@@ﬁqmalréacﬁﬁnmﬁdtm| e for nelt-nolding into structural
ol olefn1nater|al is provided. Such a preferred
[0017£ @@@r@féﬁgql rbediment off Hisaroeqsy uping Rrfeiged pratcaialst ¢ erpcess for
d|u n ygl.opent ne.

prepar i BBk oo b LR RER AU ST P SO RRLTER otyolefn
materi@oR q;lrcwmd‘d I Buéthe pedermainprbiddsl icdrnpﬁmt AD rdlmlimb,gﬁnaenhquld reaction

el astoneri c, di enebased pol ymer or copolymner; Q)
mediugyprigit @th@ cherilicyelonersrdiPRaeAne hyresic B) sa-divsgivifia with this ethylene-

e [ 0
dieyel G 0 e b e e Y L DR R R B KB, e
based bolyaicr datospiyraandi)t sdbjtﬁ:tlﬁé tiag tontmoh diqaild dee@iin rnedlurn contalmng
tially epoxidize and/ or hydroxylate the rig

the etgylﬁw -disaclgreedigise PRRIY BRe 2B PBE IIRSIONBFHE: péléweeb%sqi ypolymer or
copolﬁﬂea‘q%;oglglgﬁ%?gér?fﬁ%ﬂascﬁffﬁgﬁfeﬂ@ba?Zegdg f&ﬁ%ﬁg’séﬁ %E ?{M/JJWdroxylate
the rigd @Kiytinzeticyaiupeatadieyie rcop(ylbzﬁubednd: PredtrybigTalsa ﬁielﬂ’lﬁtdrﬁﬂm diene-

the common |iquid reaction nmediumas a coprecipitated
based polyAgy P CeRA®SH: t 3790 D) [ wworigyip)tafingn the ff‘rsﬁrg gridgtially cpoxidized
and o PEAEESI ETRIRIRN mi S BN e PO LRIRYRPROLASH BOum s o co
mempﬁmﬁﬂ@nbmﬁiwkmﬂmbabmmt 25 nmole %to about 45 nole %

a wei ght average nol ecul ar wei ght of. from about

[0018]170 I@@]@s éef%ghpr@e@mlwgnetgngle qtlmlelg/@pgé@)entadlene copolymer

has: 1)2{{) gf&?&l%%%ﬁ%c%ﬁ{gp&rr%& fonofr cOfteht SMARAbLES BG1d €, to about 45

mole %; i1) a weight average molecular weight of from about 170,000 to about 1,000,000;

and iii) a glass transition temperature, 7, of from about 85 °C to about 260 °C.

[0019] In this preferred process embodiment, the elastomeric, diene-based polymer or
copolymer component has a glass transition temperature of from about 0 °C to about -95 °C
and is selected from the group consisting of ethylene/1-octene/4-vinyl-1-cyclohexene
copolymers; ethylene/7-methyl-1,6-octadiene copolymers; ethylene-propylene-diene (EPDM)

copolymer rubbers, 1,4-hexadiene copolymers and polybutadiene polymers.

-5-
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[0019] In this preferred process enbodi nent, the
el astoneric, diene-based pol yner or copol yner
w@ovposisst has a gl ass transition tenperature PET/US908/060301
about 0 OC to about -95 0OC and is selected fromthe
group consisting of ethylene/
| -octenel/ 4-vinyl -1-cycl ohexene copol yners; ethylene/7
[0020]’6??1 )ell I8 ¢ prgo ﬁ%etﬁgk o heﬁf%éﬁﬁ{ ?nven 1on r0V1d dos, an Szza -situ formed

rnlxturla eﬂf Hexndi st papaly opsddiacd rigal yﬂﬁpﬂlﬁdere@iéan (x oleﬁn and a rigid-
ynmers.[0020] In its conp03|t|on aspects,

copolm%sfeﬂ"ﬂmg n%’éﬁ? i ‘B?Pep Pwm@@eana% by japyaty kﬁaﬁeﬂa@w&x ddroxylated,
i i 0
oo o APt ORI EE A L0P L T
compdiltﬁmeendjbd[mm reetployangl pixYeraga @peé efafkitepals t doarhﬁoyltlons are provided
ydroxyl at ed, el astoneric go%¥ner or. copol
u

Whlch@wﬁa lerfer e kreeldisginfegir Polyelen materil ef erred
_r o« g
0021 TR ETOAEATREl RIPA 0181 55 S oLy AR cpoiid
cthyleserlicgbloperftaticmee lcopotpindi; nand IB)O ast ¢lastdraerad di)ﬁieylﬂised molymer or
material. [0021] The g@fferred conpo itions herei

copolyspgrtaving: a glass Hanytiqnelsgipepyre; of frgm @pewi 4G de about -95 °C. The
.. n |

rigid G eyl B Gl G, IRET YLyl R BlengRerived monomer
conteng o §emt artm)nsﬂj mole %etmaboﬁt 45 Enod)é o, i1 evaddgit tav&raCmbtecular weight

about -95 QC. The rj et hyl ne/dlcyclopentadlene
of frore&%emirooﬁé% apqut. Qﬂ%&% %ﬂ%ﬁs o8 aHdTadstiop demprsAYFre - of from
abmﬂS?ﬂ@%ﬁﬁmﬁﬁﬁ66Qﬁ‘abOUt 25 nole %to about 45 nole %

1) a wel average nol ecul ar wei ght of from about
[0022]1701ﬁ)OOt1tese abpnefer&dOO@pﬁ@Gsltlamj i both a thi aspartially  epoxidized,
nS|t|on enperature f om about 85 0C to
ethyleggy§ vclgwt@fsene[ FOPOY MR ﬁ%s@ L@ﬁmeéﬁ c@}ﬁ%gﬁwﬂioﬁglymﬂ or
I hth%e DA lils@ilvdd $PoNldEA tated fi liquid reacti
copo }m%wryl ene d| cycsﬁd opent adi ene E%C%nf}rerer r%rﬁlda Chorm10n e Teaction
medivel. a¥hopertialy egoeiderct atpdenpaligyvbipeotadicop ebyotpmehbasebeen at least
en di,ssolved in and co-prec tated fro m.a gomon
partiay GOPHIZES BT ARHHHEER ;ﬂiﬂ@&gl PRSP Hisgcommon liquid
reactidhl 1li‘1¥dilﬁﬂle/Pgef€ﬂéﬁiyoﬂﬂ@ %&ﬁghﬁ% %%&R R@oYATBEasD %?I‘tllgﬁ§ %p@ildiz@?}%tut more
partially epoxi'di zed by tacting it th an
preferady diy diomglateg @ntesterifien, mn-vine theonsrdual lunspiudtiore acthirothe elastomeric,
d di,u Preferagw§ t he oxi di zi ng agent al so at | east
wneBE &C PRIVINYFT @h B0 but nmore preferably hydroxyl ates
or esterifies, in- S|tu the residual unsaturation

within the el astoneric, diene-based polymer or
DETAdbgd) DESCRIPATAN OB THEINVENOOS- THE | NVENTI ON

0023] In ,accordance with the esen i nven , . .
10023 ot st TERECOr T gicser) By Bpc Fr bignlars %‘30% Siggfefin/eyclic
diene EPIRRRGHonRHBHR afll §RARNRAREN ﬁﬁﬁ&hé}q@ﬁdl?mgper%@&yﬁfer cornponent

copol ymer conponent are functionalized in-situ wt
are fuactomahond kg dithivac commomddjuinrustiog nmeeimraluslmgy@etglmfypes of
oxi di zi ng The resultin Xt ure

oxidlzw,gI Agents, | e]irété@gg% rCQHOIQ’F]SﬁqIFﬁg‘TgS? pv(v)lllixgecran nge recovered from the

common reaction medium, have the residual unsaturation present within the polymers or

copolymers after their polymerization functionalized with oxirane moieties or with other
oxygen-containing polar functional groups such as hydroxyl or ester substituents. Such a
functionalized copolymer mixture is thus stable, has increased glass transition temperature

(Ty), has improved compatability with fillers or processing aids and can be fashioned into
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common reaction nedium have the residual unsaturation
present within the polynmers or copolyners after their
woiogisassrat i on functionalized with oxirane noPEL/USN0$060301
wi th ot her oxygen-contai ning polar functional groups
such as hydroxyl or ester substituents. Such a
functionalized copolymer mxture is thus stable, has
' t . r ( .
stuctubll HE HATh (ST IRLOLAL HEIRS, S, EborflS rositgnce and
1mpacaftdlstaaﬁe b&hé¢ ashpanad ofn;uols copdlymnal mpalgohed the matkasls ahd steps
i nproved stiffness,. strength, tenperature
used ip g@irﬁrar%@l%ﬁae Aensebed mégeraéltaafrfeléowafhe conponents of
such copol ymer m xtures and the materials and steps
used in their preparation are described in detail as
Rigid DodfindgclicRighaCebafrinad Cvcl i ¢ Di ene Copol ymer [ 0024]
The rigid copolynmer materials, which conprise one
0024} o rddiieid G?Pctll‘i@erc@ﬁfﬁflﬁlﬁew IefyeonpEise ARG PmpenEnbey tie £epolymer
mixtu eQ V@[ﬁ&? %P@B%dé’htlﬁ a{cggrdgﬁ&c%ﬁﬁ tﬁg ptr&% § B ¢h llIR’%ntlo h?rem arc
are copol ynmers conpri si ng Peast one a-
copol;mersrmbﬁmmgnai lahstlcﬁﬂsdl oot ccyndoanrxﬂr enédmrleasedme cychc diene-
0- nobnomner h . forms.a rigid copolymer wt
deriveg C@rl@??ﬁmﬁc\@’gwg fagny 2 g %@Pﬁ@/&e@g’vl&? thenp9lg H\/eﬁmfﬁmgly, for
I,S¢ i aly
purpo O R ton, o cFp IR G TP ToPLRELE BY conolymerizing
at leastnota diffigeritheo-emaemtr aypjey ipcledmgt the oessomiaiip rgreshat icoedonomers

from a-ol ef ns and rigid polymer-formn clic dienes.
derivegh o i-aligiis 56 KK B FIGF-BHET RS YFYR GHAES 1 g%@gr FYe glingipdifferent
I et t
co e e Tty Tt 1 AR ARG N BASc JRLAATS Skt LRA af e copolymer
deﬁnﬂmcnpmlcymtes ermdynpers sis ivgeLf asuropolynmns eordpridieg &nitr oc omwadiféarent co-
[0025] The a-ol ef m co-nononers used to prepare
monort“ etyP"f id copol ymer conponent are generally those
[OOZS]E‘CyeIlh'eC(x HRSAL Y- RAbRSMERLREY % $r ngp‘ﬁf@fﬂesﬂlélg dop BBI com onent are
ydrocar bons. Such materials y b I hear or branc
generadliydthlosy ecyartie ldrsahhﬁedamuﬂerlahs t:hnaptiﬂngl(fzj onCi hydrocarbons Such
| ustrative n exa erred.
materla{sdpe&c lﬁegfuéqaé of WF 3%8?))9}1% %ﬁﬁﬁgg@f{) ge a]POﬁ]élﬁfle I{]éustlratlve
non-lithitiddeX@RHles bTREIERS @'@)@eﬁlﬁs Q@&ﬁﬁgﬁe p%ﬂ}blétﬁn? baRele, 1-pentene, 1-
propyl ene are preferred a-ol efns wi'th éthyl ene belng
hexenﬂo${oct¢nefmdr bdodefﬁolmdal bthylcoasandf pmppleet i ars prefgrrall soolpéins with

ethylelie %g@ﬁéggﬁgrp qrregl. nbl na ét%nl?ﬁ% 0 ooglgﬁﬁs(e gx}vgyfl\ﬁhlp% b%cltlsee Such as a

combifRREr 8f ldhyRGc! VAR rp@&@ﬁeeq -h&MeRe LG/ gb@teﬁ@pomeﬂar&eﬁn(s) will
herein to'the extent of fromabout 5 nmole % to about

generagdly hmh@r%rattdnatoph@flgrdadmlpylyhre@ﬂh@fbmuo tigEextoitef @mnnabout 5 mole

% t0 P e g e IS R e A0 RS SR FUAPHERS BB s

[00267€T & @e&ﬁﬁﬁﬁbrﬁ%erfén@onﬁ{on@tr@f H¥Ghdig c@b@l ﬁle%eﬁsiekﬁii the oxidation
co- nononers whi ch are copol yneri zed w the a-olefm

processoh¢romowemg(isys and avhimmie fayche cdipad- Wreweé wo-ntonphersa-which are

copolymerized with the a-olefin co-monomers(s) and which form copolymers with the a-

olefin which are rigid. Such cyclic dienes may be either conjugated or non-conjugated.
[0027] Examples of the suitable conjugated cyclic dienes include 1,3-cycloheptadiene,
1,3-cyclooctadiene and derivatives thereof. Such conjugated cyclic dienes may be used singly
or in a combination of two or more types.

[0028] Typical non-limiting examples of non-conjugated cyclic dienes useful in forming
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ol efn which are rigid. Such cyclic dienes may be
ei ther conjugated or non-conjugated. [0027] Exanpl es
w@boosh&058Ui t abl e conj ugat ed cyclic di enes i nclBXBEUS2008/060301
1, 3-cycl ohept adi ene, 1, 3-cycl ooct adi ene and
derivatives thereof. Such conjugated cyclic di enes nmay
be used singly or in a conbi nation of two or nore
-k ting exanpl es of
1her@&y&ﬁ%&ﬁL%8§§% é@?ﬁ Vgﬁgﬁgggtseful i n form ngt he
(ay | giinggleopgl yivaes suth Iasz elddicpclvhixadicnyentd-gnlaiceidicha) and 1,5-
si ngl e-r.ing dienes such as: 1, 4-cycl ohexadi ene;
CY@°§Q%W%¢6%%@%@|ene and 1, 5- cycl ododecadi ene; and (b)
| b d g es ch,as: . .
OfepLITERE, e, AL, Rfe, FhpD PR GeaEHe a8 terahydroinden:
mdhﬂ;eﬂiahm&nhlddmee Ki&y(:]laﬁaﬂ)tdlene (DCPD) bicyclo-(2,2,1)-hepta-2,5-diene; and
bi c l Q and Ikenl
alkenylyja 1@@9@1@ GWP quz/iﬁp@ C¥ aa Eylecieasmre OF’%f‘é‘ﬁ% such as 5-methylene-

2- ﬁkﬂf)@rﬁ&;&eg\gﬁﬁ%&h délef@ih&zﬁé%%% (]%VBP erISl[%B&B@ 2(M}B3mene 5-(4-

e-2- nof bor nene
cyaopfm@@mylmaftmmdne; nedeychbhéxdlidenc-2-norbornene, and  5-vinyl-2-

éyclopen nyl ) - 2- nor bor nene,
no Né&?lidene 2-nor bor nene, and 5- vinyI
or B
[0029]n @éfﬁg?@ fl(cl) hl ):(épc[lgﬁ%g}orﬁi@; :cé/Effcd ik s 1nclude dlcyclopentadlene

i nc
(DCPId) cyi:hxarhﬁtﬁnam wrborh BRPDY YING )me tulnd) | éreﬂlylmem@%mrbwm@e (ENB).
| i dene- 2- norb nene ( ENB)

DiCYC@PNeN%%)eqiis%gnglﬁﬁé thecmspt ipscfem ﬁegﬁowewedto form the rigid

copol yners of the
coo D s £8P P il onr [ 2050) The

[0030]cycIThce dicéinedicier dorsdd c-monaner will Igengelterbel ingorperated into the
i ncor.porated i the precurs rigid copol yner o
precurl gl cppol msrsrehefeémo B RO PA BB AR URD P00 4 § AhBLeS mole %,

more ﬁéfe%lffr&?n %Bﬁ@l%@fee%%@h%&&@%cﬁ@%t 15 nole %to
bout 45 nole % [0031] The rigid copolyners useful in

[00311 he Theoted sepolymdrscmﬁxbsn tthopscharehml payipaditans herein may also
tional.ly conpr ddi ti onal ancjl] ar c - non rs ..

ontiongfy Eae O} sl e HBeg Chek SrseReL B A For diencs.

Such 8ftfdnkl @ﬁéﬂl&gré@ﬁeﬁﬁﬁ&s%ﬂll Pﬁl‘ifal!)é YoyRefic aﬁ%ﬁbér%l%hc or rﬁolycychc

nocyclic pol ycyclic nbno- ol ef ms "cont ai ni
1nom}b&ﬁh80mambumithﬂﬂolﬁaaﬂﬁhaEME#erred ancillary

10032 0 TRORERE Spte sl Peo-S0ahmetns fof opaordoatsmaripn 8’ the rigia
copolﬂﬁérl do%ﬁ%n@ntoilgﬁg‘\ﬁﬁdthg ' &%tlﬁ@i’ NRNSOR L1 ME it BichBQo0-monomers

cycl i c nonool efrs such as cycl ohexene and cycl ooct ene
mcludartue tdyehcp ohyopldfins monb| @f epladwséncasnd ysleodesc rilbelk ipelycylic

., 6,627,714 'ncor or t rein b .
monolf R e | thgﬁf‘eéﬁ%cr@ iﬁ%ﬁéﬁe atgpt 82173 yiiegrpotated herein by
refereﬁ@%no“s ciﬁtseié%ﬂlé’sdgf &10‘30[583?%5 Wﬁ@nol@fﬁls@ngl'ude 2-norbornene, 1,4,5,8-

di met’hano- |, 4,4a,5 a- oct ahydr onapht hal ene,
dlmeﬂ@rnndt,:h?ﬂ@,mﬁboctaby[EQn@h&mtmb 2- 5-methyl-2-norbornene,  5-cthyl-2-
norbornene, S-propyl-2-norbornene, 5-phenyl-2-norbornene, 5-benzyl-2-norbornene, 5-
chloro-2-norbornene, 5-fluoro-2-norbornene, 5-chloromethyl-2-norbornene, 5-methoxy-2-
norbornene, 7-methyl-2-norbornene, 5-isobutyl-2-norbornene, 5,6-dimethyl-2-norbornene,
5,5-dichloro-2-norbornene, 5,5,6-trimethyl-2-norbornene, 3,5,6-trifluoro-6-

trifluoromethylnorbornene, 2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-
octahydronaphthalene, 2-ethyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a-octahydronaphthalene
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nor bor nene, 5-propyl -2-norbor nene,
5- phenyl - 2- nor bor nene, 5-benzyl - 2- nor bor nene, 5-
w@ kdosnsns2t nor bor nene, 5-fl uoro-2-norbornene, PCT/US2008/060301

5- chl or onet hyl - 2- nor bor nene, 5- et hoxy-2- nor bor nene,

7-met hyl - 2- nor bor nene, 5-isobutyl -2 -norbornene,

5, 6-di nmet hyl - 2- nor bornene, 5, 5-di chl or o-2- nor bor nene,

6=k i gt =2 = narp e ' - 8-

nd e N BB SRR B Sp BB The mos
prefer@d diptiehdlamot lan? c S nbndmeh, foB uSamcprapatiiigotha phidaadoe vepolymers are

2-ethyl-1,4,5, 8-di nethano-1, 2, 3, 4, 4a, 5, 8, 8a- oct ahydr on
2-norb35t’,ﬁnﬁ and fangthyl-2-norbornene.

10033¢" Sl TRt ihdort o, B BRAPWIRIAY arijfind dABmBnfindEins’ A rigid

copoly@ersrougede hsrefrorpaisiéts i onQrepadjustg thdethprmeduragpoical or rheological
copol ymers are 2-norbornene and 5-nethyl - 2- nor bor nene.
charactestygay (syeieas gessdeaetion ferpperafuia) of thepspigidspralyaery gdgpendently
of the CRAPHN TR idndf Ghal ?erfs’ti%&’f tﬁﬁ 9@5&&@&@ iﬁ?&ﬂcw{lﬁ'eﬂoxidaﬁon of the
permts one to adjust the thermal, optical or
residusildeabledionds of thardagiceicristd ce-n{omunmbrsasTigl rasdting eopeiirna@materials

tenmperature) of these rigid copolyners Lndependently
contaiging; fhese apeilpyocomOmesn e g r hie e sparaetegsed; g terpolymers

o . i _ i i . i aq i u oqe
compSREICEISATIRAIASY M BB 108 UL AR uii
the optiesal lah¢iflgrycopabyomedrs mall gencadléy coomirasie diong abhdwe Semole % to about 85

ncil | ar -nononers_are can thus be characterized as
mole GomBEA PREFDIE groﬁa}% “h b(? PR giedpvl mtb{}%st)ﬁfﬁe rigid copolymers
used iﬁ?{e{&%ﬁk&%ﬁ etk Redeiei 1 pol ymer structure. If

I11zed, the optional ancillary co-nmonomers wll
[0034)gendihalrigrd otafiprdyskc flrcoemcapdymescompanctb tsedab ohuit p@Sent invention

... ole % nore preferabl rom abouyt le %to ahout
will gg@reﬁ{ﬂ %aw%a mePghﬁ éVq.I‘ia,%fi %10.15‘(9}5@} W?églig, %egp .gﬁ:.a{eﬁ éhan about 170,000
g/mol 0%%' Atk QB PYRGRS gﬁgst?%n%' Rand L2834, Ee Pdr@ilion Chlg]ornatography

ol efin/cyclic di opol yner conponent used in the
analyspr: edertt prefevabhy, itharigidl dopglymer abinpoiav ef thewepglymeawextags herein

.. ol ecul ar .wei ght, Mwv of ter than abaqut 170, 000
will W5 Mg of il ™y abetls! Bl s £y TS PAH AP R Sy ctgan abou

1 80,0% A DI aLHr ?’@'ﬁ&ogfaﬁ RV PR, 00 §mdYPrEheR! &F & 8Rbetical upper

e rigid copolyner conponent of The copol yner
limit terirgidicag® lyresrenolewilhl whighebwtrs ppradticgl matt@rsutih anteatdabuwill be no

B T e N ——
weigh®/f§Pthesd Q@f)&ﬁn@r DRatdBO el IfealictRRREd lih Mdndh@ fHsBibd using Gel

copol ymer nofl ecul ar wei ght but as a practical matter
PermegiohChminetogabshywi 11 be no greater than about 1,000, 000

or en 900, /ol .. As .not ed, i ght avera
1003500, e eor v el? e d0Risdo comay e cOrPanaN caf, the present
inventfit &nmetae Lohdprigt @ﬁ@gﬂgug ashirar, URL Ned3RlreiRe s BRbHABuS polymer
Chromat ogr aphy. [0035] The rigid olefin/cyclic

is defidédroebale polyettric opatyaldrvingipdnenco ofystaHmemoswenent, as evidenced
by nolugi\és(ecjgltwlé‘tﬁgl %?l?iﬁ% at?h#f?ﬁ@%é@& &Iﬁt{s pg]e%ggd r‘ilaetate rlsi?tle%ntiés Scanning
Calorimetry (DSC) spectrum, or a polymeric material having a crystalline component that
exhibits a second heat DSC T, with a heat of fusion (AHy) of less than 0.50 J/g.

[0036] The amorphous rigid olefin/cyclic diene copolymers used herein are materials
which generally have certain glass transition temperature (7,) characteristics. A simplistic

view of the glass transition temperature of a polymeric material is the temperature below
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is defined to be a polyneric material having little or
no crystalline conponent, as evidenced by no
wale@sasessbl e nelting tenperature (M in its SEPCDORR008/060301
heat Differential Scanning Calorinetry (DSC) spectrum
or a polymeric material having a crystalline conponent
that exhibits a second heat DSC Tmwi th a heat of
Whlchfrﬂoclb les(tll-'?éfe}n 0 els% 1ikR2300 hgp dh Q- lar([ggrog’ gleh-éB@mers are rigid and
ous ri gl |n cyc dir ene op& d
brittle hneroeu meﬁrgeasﬁmﬁaﬁmtlaﬂl Een\ildwalhre%d@aﬁhlh&erga‘p&sﬁe défarrﬁatlon above it.
| ass transition tenperature ( characteristics.
Ty is %ﬁ“ﬁ}%}’la@?h‘%ﬁbﬁ BnABPIIRES ghasss Stl%ﬁ% it B‘PPOtlﬁéfﬁﬁéroét%%deuséfl in the
ric material is the tenperature bel owwhi ch
pﬁmmﬁnﬁg ﬁgs therein have very little mobility. On a
[0037] ar gernsedltes glaed yamitonacmpeiagirelofithd dopolytree cbmbmw,nts herein is
heir glass transition tenperature and can under
relatedpwal&@ seftearopeiat 9idne g@&r@l pRd cap hesmgagygd va émﬁrl%’éﬁ |tgehniques

as dlséu‘gseﬂnfﬁrﬁ%fﬁjd% AORY PO on.@f%%]g% X%%Mﬁ\% RPEErROOK,

the present note the ass
by H. SrKﬂﬁﬁﬁﬂﬂﬁuﬁbﬂ%ﬁ%ﬂﬁqmﬁnnﬂﬁhhekSopﬁﬂyﬁﬁrmﬁbﬂﬁﬂﬂﬁmﬂHANDBOOK(J

her ei, n |s related to the softening_poin f the i
Brandyp, agd iy aHameW bf‘éhtﬁégaéalil‘é&"\?ﬁya&as%% .18§§>- ofthe DSC techniques

utlhze%%‘f Eﬁ{%\ﬂﬁﬂb TE ?%ﬁ; %Jeﬂhépg‘%%ﬁ e Iﬁ&%&rtﬂ%ﬁ%re described

hereink@erfimghe BesdMrethodsatatent a, (John Wl ey & Sons, 1977)

and POLY andup d E. H | nrergut
[0038) i t%ﬁglg%ﬁ?ﬁm Flé*“ydla‘g@ﬂ@ Yﬂi%gﬁe%q‘ﬂﬁ%n Ds%gﬁ%f‘ehlm grefulit a glass
transn“btn]t{ h@@&m@ ﬁoraﬁ%&ﬁ o Cgshod REaSuE 980t d NXE Q&dhoﬁ Hifes, these
we nown it in

e art and are descri bed herei naf ter
materinlecail settab\bhibh odsd &mglrmerlng O3B ppaktecsr iNow preferably the T, of the

.., qlefn i C dle e copol ynmers used herein will _
rigid tﬂ%ﬁf% ﬂl%?oﬂw ymery SRl e R e frompahont § e C tpgabout 129
°C, rn@sft ferf% ?% aBout Q% totoaahBQﬁ’tt 12860-® CThﬁBleﬁH/E?cl-Egdlene copolymers

ues hese materials can suitably be used
hereinbefgrer@cmbfgi arbanrfop) deftnicd 85 “tpide fprmirpesab bf/thtehaeesEgt infrention if
id olef. .n/cyclic diene_copol trs used herein
they eyt e FPPR BT ot b A0 TS WA dgnie specified
hereinPr €f erably from about 88 OC to about 128.5 OC. The
ol ef n/cyclic diene copolyners herei nbefore descri bed
[0039]ar e, Thieroléfaeyclidefiéncemdpalyniers gied infthis ipvangios @sn ot p!rcbrblced via a

pr.esent inventi.on f they. exhi bit the anS|t
polymBhERER GeatiaR Whigh takge, A P SEMBLIng ho-HERh 19k Ao ety LeRE with o
polym%ﬁi‘ﬁﬁﬁ SRt 'c@lﬂaliﬂﬁ{ 'tﬁb b O3 AUenlho-RloBEMELY CTHE Aﬂ'lﬁﬂ&lzatlon
copol ymers used in this ihvention can be produced Via

reactican ip@rymesed bati ocaml)rse actdtgmstwiystem andlces taklegdeschyder a conventional
ntactln an_ a- %ﬂwsuch as ethylene with a

“ﬁOfB@V§Wﬂ?¥ ?%WOHFQ? ¥Scontai ning the cyclic diene

[00401CO- Uﬁﬂpaﬁﬁ@nﬂ&ﬁlQﬂ&yﬂﬁbbﬁﬁkhﬁﬂmﬁﬁﬁ&kéﬁﬂnk@b@ﬁ%@@&@@n&ﬁwethe
a catalyst or catalyst system and can take place under

olefin/gydondiemt ¢apogimaet Pofynpolzytmer ingthpdomchea dighopressure, slurry, bulk,
suspen%?orr]ld Isupe(l)rgrltlcal or solution phase, or a combination thercof. Preferably solution
phase or bulk phase polymerization processes are used.

[0041] A wide variety of transition metal catalyst compounds, ¢.g., metallocenes, are
known which, when activated with a suitable activator, will polymerize olefinic monomers
selectively to produce either crystalline polymers or amorphous polymers or copolymers. A

full discussion of such compounds can be found in PCT Patent Publication No. WO

-10 -
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[ 0040] Any conventional type of polynerization process
may be used to produce the olefin/cyclic diene
weopslisuser s. Pol ymeri zati on met hods i ncl ude hi BEI/US2008/060301

pressure, slurry, bulk, suspension, supercritical, or

sol ution phase, or a conbination thereof. Preferably

sol uti on phase or bul k phase polynerization processes
2004/ (?4’69141%1151[69%&; 3 A2(W4dﬁle\éﬁ{1fe c/toﬁe?l{s Jfrvﬁﬂéﬁ Lﬂe(fﬂcoﬁ%rg‘éed herein by

yst conmpounds, e ocenes, are

rdaemhlch when actlvated mnth a suitable actlvator,\MII

pol yneri ze ol efm ¢ nononers selectively to produce

either crystalline polynmers or anorphous pol ynmers or
DE&Q&hﬁﬁLﬁhﬂDﬁwnAPﬂhmMX@I€%DﬁhﬂWh of such conpounds can be
1004200 sieB S Tl o B e R B PR ocordance
with tBE §résafOrROARSre dohiprik N ﬂ)émb%f @freélmm@ugnareﬁa%@&d polymer or

El ast oneri c Pol yner or Copol yner [0042] A second
copolyseeWhert sushreystrepariconaterials @tﬁp@qpp crrithe thras cppeleecg dhas the

8 nt i OFprd g

same THF%%Q%I %éj ?1%?6?%? a(gsrttc] ogrirgegr&[l@%(f th, ﬁées%%ce[ %o A %%rr('g lgfif:r%c%hc diene
copolya@d?®| YHBY an MAGBMSHE hcc@o@&ﬁ&%bmpomt & an@ﬂ 1Batdfifl which is prepared

copolynmers, the term "copol ynmer" has the sane neanln?
by coméyrh@%mm et evel dHETPHeQ-PRaMyr dxpsscinclugmgrthe esgnidelly present

/
co-moﬁé@%%l c}?/e‘{cv a?ro% ‘a{é%e§°%%a}{1”%5§ or E‘&% kg edlf?%‘e&”?& hfonomer types

may al3b ®p actetiddyin @I&p@thdfﬁéﬂlCZd:dp@l}&hﬁerb B@‘éi’n duap tiht fHeesopdllymer definition
CO- nononer types i ncluding the essentially present
includgyp teppneis s dedl| deerrolunsaicempssinadaymor waeE dffcrpst go-monomer
typeSother di fferent co-nononmer types nay al so be included
in the elastoneric copolyners herein such that the
[0043c opathiredistahedricnednhppehtnstl the @8pdlgmpohitmics wesd Wekin &8 polymers
copol ynmers conpri Si four or nore different )
or copelypEshyHCh ryss é@nta{ﬂo% APt qiemaneuEedHRe Richdigeied: frem a diene.
I I
A w1d% gfg%%g%g rdgerﬁg }115%] %n%g l?esutﬂf]zt%g Itﬂ %arﬁl {ﬂés:ésl?stcgtﬁéﬁ%&gmgﬁc component
of the tymeymbi @ixtings Hekinvgdvided theaeslilgmepolfpmat eiecopalyingdrys elhstomeric
di ene types may be utilized to formthis elastoneric
or fleggley ndh Pcdl%a&p%érf@ Efﬁp%rﬁéhléo%ﬂtwc pPRmsriescHapent can, for
l L p
cxampfl, B Qb0 of Sl cbh IR QLR oD FRRRIMIR chif or branched. The
propoﬁhbh@f el caditiddrived padnomeid & stolrplasenicric aplyniedic reatatiglh ean range
conj ugated or non-conj ugate ycllc or acylic
from ashOflhﬂ ghelc chdp i 08rmele ahc Adere PF‘ﬁTg a&i}b obs elasiemsricagaiponent of the
copolMhERAFE! Nt TR IR B8 Elbolv St 30L& iR L8 pponomer
cmﬁmﬁbfﬁnpwaimrhbby:%nhebeﬁ&@nmﬁeﬂ%c conmponent of the
copal yner n1xturesg£ere|n wi || be. diene-based

[0044]; 5 p dixprptes ohARS HgteblefoaRigaigd [disnsy ncuHls raFlC et wgatedadienes such
as ,3ny9%@&9&1&&1@, l@-lc%lcfﬁéxgdféﬁ@,ue}ndg&)er{wh@es Ahereof, and linear conjugated

dienes such as isoprene, 1,3-butadiene, 1,3-pentadiene, 1,3-hexadiene, and 2,3-dimethyl-1,3-

butadiene. Such conjugated dienes may be used singly or in a combination of two or more
types.

[0045] Typical non-limiting examples of non-conjugated dienes useful in preparing the
elastomeric polymeric materials used herein include:

(a)  straight chain acyclic dienes such as 1,4-hexadiene and 1,6-octadiene;
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[ 0044] Exanples of the suitable conjugated dienes

i ncl ude cyclic conjugated di enes such as
wa2@8a5sBopent adi ene, 1, 3-cycl ohexadi ene, and PCT/US2008/060301

derivatives thereof, and |inear conjugated di enes such

as isoprene, 1, 3-butadiene, 1, 3-pentadiene,

1, 3- hexadi ene, and 2, 3-di nethyl -1, 3- butadi ene. Such

0 e €
(b)goﬂ%ﬁg%t%ﬁdch% Jb?éhé*ﬁ%rén%g?@t a;ipaz gﬁ@% 6%Te){%dﬁne _37-dimethyl-1,6
octadientj Bi7tdimgthgkaTpliesaditne) and alnjpigat 8omdisesfedihydreiytcene and

in preparing the elastoneric polyneric materials used
dihygeesPHMeRel ude: (a) straight chain acyclic dienes such

S 4 e
(O O AN R S RO BT oY RRNERT AR e, 1.7
ocBdiend] reli-hyradien6; loﬁtti@cdd&ne, 1 10 undecadrene, 1,11-dodecadiene, 1,12-

7- dlneth [ -1 i octa e; and the ni xed isoners of
tﬂiﬁca@la% T@Héd%?ﬁglerﬁ Ry Flt?qéi?i #¥he; (c) a, wdienes
(d)"/h' &ﬁgere% afnkd %[I%l‘? &0 e gﬂéﬂé&'&dgw”ﬁ S QR ne; and 1,5-

i ene, oct adi nonadi’ene,
cy&p&mﬁmmﬁd«gne 1, 10-undecadi ene, 1,1 1-dodecadi ene,

(e);}"n : r I dqilgﬂ gile%? ﬁ@yépg‘ig@y gr&g eCaPoa&@?rder?engubtstTt%teldl é(mgle ring

t adi ene; and 1, 5-
Cyél Mﬁ&ecaﬁggbﬁﬂ@ %ﬂgpﬁ%ﬁéﬁﬁg al kyl i dene-,

(Dcyumohﬂhmyyubwdndmuycmmahkyhngenha&mbSMwhuted stietrgfhyglroindene;

o R e el BBV R auonkylidens
noftRAAY QLNIGOe:s RN SLAGHNALR! N IARGS). ardqalyerfpthteny)-2-

al kyl i dene, cycl oal kenyl and cycl oal kyl i
noﬂmrmnmnambsvmubhnadxﬁmneKN?HBne 2- norbornene ( M\B) ,

10046 Vy EbBhahe Srtibthe or v%gg%gggéyompéﬁ%molw mixtures of
this 1anE§tlHnblVﬁl 1S c%h@l?hﬁfge{)f 81eﬁ%9ﬁ%ﬁer%oﬁ&ﬁer§§?9§. g?ﬁ% of the most

m xt ures of Invention wll be copol
commdi h dssevothier otonementypesreompy s i-olefss. ofAstvhdl o gigid olefin/cyclic

conmmpn of these ot mer t s conprlses .
diene GHEPRIE. U Preorr A1 BB o6 (foeREspare the flexible
copoly TR0 SR cROFRPO ﬁﬁ‘&tfr’se t@ﬁer@l’l? ligd 1< arodoneyERIS ur'i’s%ﬁﬁiatE@ materials

prepare the flexible copol yner conponent” can |ikew se
comprg@re€atd §ai hydmsl:dﬁmnho%clamytehaks noayslat imeatr ed brmatleadi amldshave one

doubl B rotaR 9 fostfon oM aE oac i dine SRR cEaracred Thlefins are

ethylefle, Hﬁ@pﬂé&nl Hukén%sﬁfp%ﬁﬂeﬂ@ lnﬂékehe M-bétBigk ﬁi@ﬂ@écﬁe@e&f 1-tetradecene,
preferred a-ol efms are ethylene, propylene, 1-bufene,

1-hexalepanet &oetaddcchexadel -citosaot. eEérym a]_rd qbumychfmeelre preferred o-olefins
with el e RURe TR By TBRE. BTGP Ghe dr ey A g used such as o
combifatfynedMBhylene with 1-octene, 1-hexene and/or 1-butene. If used as a co-monomer,
the a-olefin(s) will generally be incorporated into elastomeric copolymers herein to the extent
of from about 5 mole % to about 95 mole %, more preferably from about 55 mole % to about
85 mole %.

[0047] Other types of olefins may also be utilized in combination with the essentially
utilized diene monomers in forming eclastomeric copolymers useful in the copolymer
mixtures of this invention. Such other types of potentially useful olefinic monomers include

styrene and its derivatives. Other types of co-monomers which can be incorporated into
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with ethylene being nost preferred. Conbinations of

a-olefns may al so be used such as a conbi nati on of
weedvghisoselr wi t h 1- octene, 1-hexene and/ or 1-butRCEUS1008/060301

used as a co-nononer, the a-olefnm(s) will generally be

i ncorporated into elastoneric copolyners herein to the

extent of fromabout 5 nole %to about 95 nole % nore

elasto@%ﬁé%&@%gﬁs ru?%gg&lgg %I%lu;ﬁg tfos? °s%&§fagg&i£ o T ceflc T, polycychc

mono-olfink RahtatiingMibh 4 he 18 athohi ead)rlny V\tlﬁctH arbectésdnmﬂ&and characterlzed
mononers in form ng el agtoneri¢ copol ynmers useful in
hereinpgfaregpngary F-RenpwssopulHhls Iariperiperation myie Hicgtigid copolymer
comp&n>éRP§f fifis B 3%&68& b YndRldil Wi @héﬂé'&‘erl@@&‘ %@e? 98 nor -
rene and its derivatives. types o
oleﬁns; a)f proseaneyid frdgueltlycampprese ifrono alpor dtrede PHtodoas 8D meitd % of such

copol yrmers useful herein |nclude t hose sane acycli c,
elastows%eﬁyreerér lﬁ%fpgneve CPROINBFS- BHrhidig tem@éw?, igh gigy be used

o) ri bed and
hereinlc@n %é raﬁﬁlﬁﬁl g@h@ﬁl nb ék @J 51 ggiﬁegg

characteri ze ore a ncillary co-nononers”
[0048]sui tTlel mokto preifereslr g@mtofoeiasmmerict h®lym@icd neopalsy f@r use in the

copol e r{?@f}{}%seﬁ{rﬁémrg P'B \%n ﬁ't?gé]tyw The ngwgfng%'e? grea&lg polymerized
conjugMd® €lthear M dibnds! COM &é@ed{ehemc%g&gfneﬁs MOl8 %romatic

about 85 nol e /60 suc astoneric c
vinyl/denfiggatmteti¢rne copplyinener s, |nclud|ng terpolyners mhlch

[0049] opaoi)%q?rgz%d F%;éﬁn[e(%—ﬁgqugée{n%gg @%ggeglery ege rggmggi b?llp%fymerization

of suth a%fo(ﬁgﬁ{efsc_ ROl T’hc ARt qr,j ﬁﬁtﬁ?lfeﬂi us eferllrehhfpo 1soprenes and
copolyner m Xtures hereln are o re asi c

polybﬁlfhxﬁsmstrhn@em myjeslaameighh€Mpd tﬁymeabcme;ﬂ@ﬁjtu @hbetdSO0,000, more

l.in ien ol efmi n ugat ed di ene copol yners,
mﬁﬁ“ﬁﬂﬂlﬁPb F%EQQ%VVﬁ@Bh? d%ﬂ%d di ene copol ymers. [0049]

[0050]':’OI YBEHZE bIEADh SR falcl NgRe d‘i?%ng/%wérﬁ%fﬁld ABLR | Rhntprisc a

rmed by polynerization of suc noners as 1 soprene
noncoagnlgatﬂ:d it ackinporent FAInéf @r keed al ycomppmemmseselactdd from the group

conss B SRS 205! ST, 5ROl ghd ST 20 cuton
atomsal?&'d })fe(s) 8P Qnét&leﬁpod{t tIaQ Otygé) Ginclh@0 %ylg)ﬂeelgt%fe)gl%ge dlene (EPDM)
ol ef n/ nonconj ugat ed di ene”copol yners w | er al

copolyronpublses, zthybencenplegatdechediopnky neo mgdeendr Ealvldpﬁltnd‘ eaxld:ﬁn-dlene

f h
coPolgiT R ore SEOHBBRBHS AL Sha: SRLTE O SIrelgarom 1-butcnc,

1 pent@fi‘é’ | NGederdeO LRAcHF- @%nﬁh@ M§.ockRAMRES -Qlcci@t eTh@l Gerf in such
hi's type I ncludé ethylene-propyl ene-di ene ( EPDV)

copolwnqyo rybbers rcaip bl sseleetddy ifene- bd-bkefdendi ehéoctaplwlny,n&methyl 1,5-

rubbers ol e e _Cco rubber. .
hexandiig e, GOSN BErs, ¢ REVIPT oF RERaDe. scberpEgdions
dlcyclf)ﬁé?lrtﬁdlen*éutrﬁ&ﬁylte;alﬂﬁmlﬁdb%e b-18¥8BBornene; 5- etl_1|yhdene-2 -norbornene;

4-met hyl 2| -pentené, 1-octene and 1-decene. di ene
S-metliydersahorbornene; 5-isopropyldiene-2-norbornene; 6-chloromethyl-5-isopropenyl-2-
norbornene; 2,3-diisopropylidene-5-norbornene; 2-ethylidene-3-isopropylidiene-5-
norbornene; and 2-propenyl-2,2-norbornadiene. Copolymer rubbers of this type will
frequently range in molecular weight (My,) from about 20,000 to about 500,000.

[0051] Preferred aromatic vinyl copolymers are those selected from random copolymers

and block copolymers each comprising an aromatic vinyl hydrocarbon component and a

conjugated diene component. These include (a) styrene-butadiene copolymer rubbers, (b)

-13-



10

15

20

25

30

copol ymer rubbers can be selected from 1, 4- hexadi ene;
1, 6-oct adi ene, 2-nethyl- 1,5- hexandi ene;
wW@2008t5058t | |, 5- hept adi ene; 7-methyl - 1, 6- oct adi BCTEUS2008/060301

cycl ohexadi ene; di cycl opent adi ene;

met hyl t er ahydr oi ndene; 5-vi nyl nor bor nene;

5- et hyl i dene- 2- nor bor nene; 5-net hyl ene- 2- nor bor nene;

ene-2- ; K
styren bl BRG0S0 FORERE N6y styrens-fsgprene block copolymer rubbers,
and (d},s8rehid-Sopeopylyicaendod copolybst rebisrs. 2Cepblymict @rtded of this type
ropylidiene-5 - norbornene;

Ji d
will frg&%ﬁﬁbwp inmplgeglap WictgRl (Mpblr @cﬁag{fty?rpeqoorte 3heyts>087000.

h i . - ‘l H 1 . .

[0052]t( MN)STh%ﬁ%%lbi%%ﬂu?lgsgﬁg%%&te%e-g%gg ?ogrgrbe?%%gf:&{pgférgﬁé 195@&1 herein will

generdfiyefkaibitedslassarambition vémpydrataep 6}, ofetosn @roat 0 HOge abalte2i 8d More
random copol yners and. bl ock copol yners each

from
prefergldiniia & elgthate drSPrRETCMPIHYIS WgdPeieHr BEhragapgrReotant) °C to
about %Whﬁ&ggﬁé@e %lﬁ Bt R MC toT%)%ﬁﬁﬂ'On’@. U §Rhe-based polymers
styreéne- taéle e copol yner rubbers,
and copb)ysiteys Berembefoadi@nebat are endaapfdingdas “flediblet o1 “dlagtomeric” for
styreﬂe-isoprene bl ock copoLﬁneE rubbers,. and (d) i
purposss i dfie PTeSoRr Bientany H dhey 5KEHR the Baisy tepsiign fepRérature, ie., Te,
: & hi : i Ly range
values TR TR HAREES a0l o oy P ATt 57BHE™S about
[0053500,Tha0clagtOB2d pohendrk exnid béobymat astdmerthe present invention are
dlenf-bas%g&polyners and cqpolyners ¥sgd herein wl |
convepfigiar ApatgrL g ican aPegP@%r CE Y ADR! tTBRpa A IZatonT procedures
- pr
vl S P B0, BE o i 5 Cr 0 Pt 18t oty
propentian geclf ao i, aoletulad OvelBt.t dieab oortent80tcQCannmsadjusted by selecting

lgreferablg fromabout -20 0C to bort -70 .0C. The ..
APPIOfYiah AR P P F%?ﬁ@fl%coé’ﬁﬁm%‘ﬁ&?%ﬁ‘arpg YRR ERTiFegFidon conditions to
realizZ 88 PEFRD LeladtBmbAHaractiefstiped as “flexible” or _
"elastoneric" for purposes of the present invention if
they exhibit the glass transition tenperature, i.e.,
Commbg, Liy@id Reacticl MedigmM t hi n t he ranges specified

her ei nbefore for these materials. [0053] The . .
[0054]e| ashooiemi Qut dn peteelsiinAenctigpalizptien progewdpfithe present invention, the

L icnyenti I 0NV ' I r i al .
it QEERLE NSTALEN A0 EPRLSILTTRI MBS e e
based kehWindric pdligmar or tcopdlgmes ebmboiant, Sothtdielsirainddfore described, are

materials of this type. Polymer and copol yner . L
placedsiogpibes fod comERRTREqtg, reAioBcPeiMe Syt 2 lifiughgcaction medium is
genera(flgn&{%nitn: which 'botlf:gf]tl{%e;%dilg&n%‘ﬁé %jmgyneﬁ?sl it b8@9usceptible to oxidation

appropri ate reactant types, reactant concentrations,
with thé dxid odinpregenz athiichinis radsactol enadiiod do thoodmnmon ligald zect@nymedium.
esired set of elastonmer characteristics. Conmon
Thus R%F‘ @eman%%w? Serciiey mﬁﬁif%cs@ﬁ]gewa BICPYPPHLR 2 tsﬁlmé%le diluent (e.g, a
00 ‘. . . . '
e LIS PSRRI Q658 Sl RIES s con
dissolvddgisaspengeal ymeispdrardm pr pyglases df greepresond itveetion, a liquid which

di enebased el astomeri c pol yner or  copol ymer conponent, :
docs ngpPHTIGRAAP icnisefines daSesiiend Which fopat _ qoag%%@quliti feaction
mediufh $APRRAA d UL Jseaediiueit B iUl Sdlvéhe® b t‘ﬂough not all of the

reaction mediumis
materials within the reaction medium will necessarily be completely dissolved in or miscible

with such a liquid.)
[0055] Suitable diluents or reaction solvents include organic liquids which are inert in the

reaction mixture. By “inert” as used herein in conjunction with diluents or reaction solvents
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generally one in which both of the polyneric
conponents will be susceptible to oxidation with the
w@i0di1zi58g agent which is also to be added to PEEUS2008/060301
conmmon |iquid reaction nedium Thus the common |iquid
reaction nediumw || generally conprise a suitable
diluent (e.g, a reaction solvent) in which the
a r t
is mehBOBAE AREnCLPTonR) WAL Sif ARG A the gyjdation. e
epox1c{aEOf1 qruliyabs:egativh, trbvectiph eskute |tavlesnhhmﬁce and |dqe|s Goiiceduse the
does_not participate |n the reaction as a reactant and

formagipy) efnomepvigizedic2esAdYStui d reaction nmediumis
ef el &kn, r a
[0056]; I %Eft?dsuét\gltélg tn%ft nl‘gt dlgt;lf{n'tke?rﬁchhd% %f;otnéa:tll%aﬁid@&rhons such as
benzeﬁdweo]luem;txmnenﬁdmzmthd Initheleassar lahmoimllepnmh@ib eblyenyl nonane;
solved in or msmbevmthsuchallgwd [ 00

Saturatséladlamt@ idresshans having fiam ghowo) Pethot %@ﬁr@aés érl@}h?ﬁ pentane,
t
hevang, S AR GRENC hyURRABAS oL OD ok ne BMoride, 1.0-
dlchlorc&ﬂmlnb mhl(soforﬁ]nb&ibSn Imﬂnhlotlhahnd te 1tict flectinaned sohonefitiorinated,
es not eterloa; y affect the oxidatign e.g..,
Substﬂ@&éﬂaag%tp AR PAR/9K roRatis OXY BURER FupPQUarnbyvyag figm ghgut 1 to
S t e '--
out SSERCR B NISIEREE OSBRI gl e o
methangle lptopanglal’n)iutandl | isegmodsanioh A, Met-hn@hmhbmlhkdtoncsas@naas acctong;
benzene, tol.uene, xyl.ene, benzonitrile,

such
Carbowﬁj Sucheds BEAPARAIF t4C1d: éwe%.agksip @Stefﬁhé ag, gthyh@cetate, cthyl
benzoa@t Hﬁ@éﬂ%ﬁi sakdirhat b&ym&m@ aﬁp@.@ﬁt[yb %‘ﬁbﬁﬁa{er ‘aﬁh@fﬁﬁu%htﬁalate and

t o about’ 20 carbons; suchas penta hexane
ethers adlichanitttriglygme. hMl&gEfBaOIeuehI@Sdofodlhrebmnﬂ sshichtsasay also be utilized
1, 2- di¢chl oroet hane, chloroform

h &‘?%h ne chl orll de
erein tQ e SPMOR W?‘H@a‘é{‘}%r{l Ui ke: fluorinated or
[0057r’10n PriRLd r@%ﬁgc GHRALT HMRE fALdah&f @ldrpfadhi C Chloroform is

/or aromati c oxygenate conmpounds having from about
espec1a.113t prehbyoudt TG coambankquid céagdomgetiivos mag @lsecbeghribe paier. Water,

group consi sting of . al coh S, suc nmet hanol ,
for exiﬂl@ﬁ ge H(Eﬂd as; §aﬁfe6}§ 2021 04(1cg1zmg ag?ﬂty' phenol :

[0058Ket %ﬁﬁhe? lf)%feﬁ‘éd 2@%%@ Qﬁ% n‘?@_ﬂ@%f{ IFbrCus@Gh d%e §k’iﬁ£‘tlcﬁ§process herein

propanoi ¢ aci d, etic d; esters such as et
comprwcemaltfhmrleaﬂagk laldobalz0 aSwh ptefwtﬂl ynlerfwmmatmdtaéqohbh teytbtlon solvents

acet at tr h nmet h ht hal a
can b REeBbRATAn B OU coBIT AR g pee Il EOPBrOlp RSREoBpropanol,
pentafﬂiolréiﬁﬂ%a%op rhe§9ﬂ1¥cﬁ%l§n§$¥o;ﬁh§p pPRTUSdHukyd %Eﬂcd?l%[ &ctuffuBropentanol,

formthe common liquid reaction nedi um
hexaﬂ@meierqpadolor gapﬁntafhhlotQjMQpamhl udetraﬂmreplanahd trifluorophenol,

) ch for loroformis e al | r ferred. ,The
ditluoRPete 1 Rrpe B Sp B e gt g ane SRl S widghoL, 222
mﬂuo}/&h?a&lol f@n ,SSNRTBE PherBry zbﬁdﬂﬂ%fo%eﬁmda@&m@ oA Hik18brobRénol, 4-

an H2O oxi di zi ng agent’. [0058] Another preferred type
fluorobgnzgt galndlwldi? aérﬁtﬁ-pcmaﬂlwmlﬁpmp@oaxu dat(porluprabodsthanol,  2-

ernSF R R P hise D ab o wERRr e Gt o2 pertuor-
methylbutyl)ethanol, 1H,1H,3H-tetrafluoro-1 -propanol, 1H,1H,5H-octafluoro-1-pentanol,
1H,1H,7H-dodecafluoro-1-heptanol, 1H,1H,9H-hexadecafluoro-1-nonanol, 2H-hexafluoro-2-
propanol, and 1H,1H,3H-hexafluoro-2-butanol.

[0059] Within the common liquid reaction medium, the rigid copolymer of an a-olefin

and a rigid copolymer-forming cyclic diene, and the diene-based elastomeric polymer or
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can be selected fromthe group consisting of
hexaf | uor oi sopropanol, tetrafl uoropropanol,
w@eewsasissor opr opanol , hexaf | uor ophenyl pr opanol PCT/US2008/060301
per fl uorobutyl al cohol, octafl uoropentanol,
hexaf | uor - 2- propanol, pentafluoro-1 -propanol,
tetrafl uorophenol, trifluorophenol, difluorophenol,
copol érrvﬁillbléqaréia'dl a&'&&% wnlf't éfré ehﬂ%é}{%ﬁl}{ lamﬁﬂt%%latlve to each
al cohol, ,%,51 tri oroet
other @hithSddpend louothe rissingl pro@erlﬂlesi iafidl Uﬁléﬁxt&lnﬁsyel ofaﬂhe adopblymer mixture

2,4-difluoragphenol, 4- f]uor obenz%/ al coh ) )
which 2152 eget@u%lyp étﬁtcgppq}gp% Wltlblln 8%% gfaction rnedlurn For functionalized

t .
coro G A LR Y BB o ) LSRN Ok v
ratio of-rizgd blafiardiGre ¢opbhyhddud )ela)sﬁmimmahene based polymer or copolyrner will
generailyprélhgeagk grﬂ?.“f 9|_ﬂli|? ’rgq?ékd)éla gé%g X gLJ@ tg{gl cqaggg; &Iﬁdalfelacl‘ﬂc?ornorhe dium.
More £ g%g!;}lg{_{:hgan (thFd et deo)]{eafpﬁgﬁg{feg&o oéﬁl{lgrﬁ[g l%ustb%%eglg]zdlene -based
polym¥Y dthéapotymecr caitinmamgd frqnnl abboute@c 5 it@abare &0 e, withen the gbohmon liquid

.copol.ymer of an a-olefmand a rigid copol ynmer-formng
reac“Qf‘;Fg?‘#lEmdl ene, and the di ene-based el astoneric pol ymer

[0060€r capgQl Ydia' amo{nllt 13? @ddggid 9nd &[qurt&ﬁQr‘fce C;}M@;rﬂ%ﬁch aterlals to be

esent 1nvention in anounts relative t ac

functiovhiliedd tepen delative imethd ésthl adoyprtapeotinegs Badd lreﬁ:cam'd etttbdlurn e.g.,
use of the copol m xture which is_event 'y

the orgqlKe fASHAR IS3BEPH@T KHYENEREN WY CT8RY ol oﬁhe organic reaction

solvenk WAt eﬂ@ﬁh}f 20,0000 Y W?&errfb)goﬂ{ el})’fﬁl&'als%f& Mﬁ?ofrh'llly Q&spend or
I mpac dified structural pol t he wel ght
dispersathicorigifi andgélestahedidé polynenie Ieaxpsﬁity mathut dleellqmtian’mtlon medium.
di en bas d mer or copol ynmer .w neral |y range
FrequinSitiaont 2B ki Oaens qenTig! %@atewmﬂs B WS QB HH7sH Wi comprise
from a{b'ogﬂ"d) 9 Wieacty HaufBg i, Mﬁ@to%lecfoﬁfn"i’&l uidl tﬂ@acﬂ@r'l efalium. More
ratio of rigid ol efin/diene copolyner t% el astoneric
preferahlgnbe b@da andp ellasmmerlo ipolyopoicymaserials td be dimgaohalomt abbwomprise
a??ESto - 40, W thin he common. | iquid reaction
from abgi L, ¥ %izﬂ ¥t B8 NREY RAMBYEN qHidregftign Zpggiium.
el astorrerl c polynmeric nmaterials to be functionalized
OXidiglgg‘ i:gEﬁ{s relative to the total anmount of comon |iquid
medium e.g., the organic reaction diluent or

[0061]s0! Vi@ntarrg aout viae yprotabe| for froputin af kheuofigativralized copolyrner
reaction _solvent wl| glgenerally be utilized in orde

mixtuie the, FoMbIRion gpfs Sigid, OIGH djpng &Pmlymgu $Pengagpmeric diene-based
t C {
polymh SPEIBRrhGHT: Ebfhlo SN B8 ORI R4 YTRDh daRRAE o ifctive
amounts off dswatatlcelxaditiapapent wiadhyseevdsao n’ﬂio@incad))glgbm-cbﬁtammg functional
functlonallzed wll conprise fr aout 0.5 w. %t

groups; g9t tha polymertg, wpterigls 4t dhgsitey 1qUA BRSAtYraten W&hm these two
types r&?%oﬁﬂ%erw a8 ers%%ylg 67{131%£ﬂtg? %%en]‘rfﬁ" %e@d&%@%‘{ :ﬁg)eromdes and

ric materials to I zed w | rise
peramﬁsr Wh]chbetufb td bsihg al¥but theadxddatioR Ocantion.% of t he t ot al
[0062]00mir’%pac¥ 'nggedmrlee a‘}}%el %? pre elrrlé epox1dd énzlgg na?geﬁ enPerac1ds such a 3-
chloroperbenzoic acid may be added as such to the common liquid reaction medium.
Alternatively, peracids may be formed in-sifu within the reaction mixture. A preferred
method of peracid formation in-situ involves the addition to the reaction mixture of a
combination of both hydrogen peroxide and formic acid. Formic acid can be added in a mole

ratio to the functionalizable double bonds of the polymers to be functionalized of from about
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[0061] To carry out the process for preparing an
in-situ functionalized copol yner m xture, the
w@ooobitsiEsi on of rigid ol efin/di ene copol ymer arpcr/us2008/060301
el astoneri c di ene-based pol ynmer or copolyner is
contacted within the comon liquid rection nediumwth
ef fective anounts of a suitable oxidizing agent which
10:1 t§¢ gﬁ&ﬁ%Ot 0 H{J@Jogé’&‘g?ero%& Qe be g&‘&e@l‘ tH@refaHﬂ&{ hl%ﬁlle 1n a mole ratio
groups onto neric materrals at the sites
to thesreemndmiahmiﬁ@ﬁwtﬁé bomdsvviﬂfﬁbrﬁ abb@se0 1:\Wao appesS: bf Addltlon of both
pouynerlc materials. Suitable oxidizing a ents i.ncl ude
H,0: 3pdifpis 3sich 9xthg @gmawa lwﬂdaaqaa%omeéwns@sw ltn& B #71-prgg¢ formation
of perﬁ%ﬁt acﬁch@s qu@itz % ﬁléﬁgmg [ (ﬂg&]ox %ﬂ afentd Wlﬁé?ln(?oth H,0;
type o erre epoxidi zi ng-agent S suc
and foBmiccidid mfmeddmanI moke irgtiaredy hj&ho@idpﬂoﬁlsle su dbrntiio acfiecan range

ompn liquid reaction nmedium Alternatively, peracids
from abgyt kb t¢ hwed:10B-situ within the reaction mixture. A

P [ v

100630} SUGIHRE, FRIRd, Rpe RO BElZAL LB RR 00 e LR B8rein s

hydrogdn pgaod:tidditebi O g[dyldrpgdfmp(erdﬂdalhab fho rchbmlcabfdﬂmul%(ﬂimzmndas d strong
can be added in a nple ratjo tg the funcilonall abl e

oxidizHig AgeBt bl At rBY M3 svhisreis e Blypentusie iy axpiabiyingg ; variety of

formsf rom about 10: 1 to about 30:1. Hydrogen peroxide can be
added to the reaction mxture in a nole ratio to these

[0064]f umHydcms@nl Eaidide doubt esdaoindhe (pfocfeﬂsomrallnautthél f(ﬁriln af 1110 aqueous

ou Addi ti on of bot O and formc a
Solutl%wﬁfm InidgREcH ReEES EPNtFREA JHZ FATP @Eﬁ% s Witp/er et PW é(? s "%, more
preferé‘tﬁ§ S Q%u‘?flow Bpfﬂ%u@@b G128, Ay %%éﬂﬁ '}%%fteﬁab'%/'z (ﬁm about 30

epoxi di zi ng or hydroxylating, agent
wt. % a)‘lﬂibdlm f7riva. ac i Thedrydragd edroxideemapbansedat itte fofm vy drcogerercially
erox o formc idcanr from about 1:

availa O&{a glzféosohttwﬁs]satﬁiqg{eh égurﬁqa ngg rReE 1@1&9 e d;]:nsta%ﬂlzed aqueous

hydro%l% &l i s AR Lo s o'bfhlﬁéaem Qﬁ@&ﬁﬁégﬁﬁ‘ﬁBEé ob@ss for producing
ydrogen peroxide i1tself. Hydrogen peroxide

hydrogﬂmqymo)adie fdydroken pi2eRdapaluiisnsan suatieamgl wkiotliazd mlgalagé by reacting
is araw.material which i readi |y, conmerc

| |
hydm%ﬁpa%qdam%% RIS o5 TS GBS %a%ﬁ@%&( solvent may

also bPgI@xi de can be used in the process herein in the form
of an aqueous solution with a hydrogen peroxide
[0065)c ontléhuydrogenf pemmid@ elone 1s wied a%dthaosxdbiaing @Ontin. th&progesseherein, it

} ref r.abl 1 about 10 wt, % to, about 80 . % and. ..
will oG i PR B B th ol S ABYTbS B different
types WY oxﬁatlgﬁ eca'ﬂa)lﬁrt@ 4N kﬁ@\fzﬁ)@b d&ofBY BfougRMn £h(f/(tleh§d%6§'§llatlon of
a cormmercially available, stabilized solution.

unsatusuﬁd abirepsmds.cesSwh perabysisd endnée uriet adxiainipiog dfitaaguie osiocates,
xi de sol uti ns such as are obtained in

peroxqHiN R R G RS e 65 UG- ng hydlr ogen

[0066per %edﬁreféf%qr QPR Aot Ecat 4t foP NS IR N @BRJunction with a

whi ch are obtained by reacting hydrogen and oxygen in

hydrogdme pprosslencddipinga agot| o fiectibnaiat athy spolymerdc metbaragibns herein
cornpr?s%ls U rgl]ikyrlr%r\{oxorhenium-based material. Generally the alkyl group in the rhenium
complex of such a catalyst will contain from 1 to 4 carbon atoms. Most preferably, this alkyl
group will be methyl.

[0067] Methyltrioxorhenium has the formula CH3;ReOs and has the structure depicted by

Structure (1) as follows:
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al so be used. [0065] If hydrogen peroxide alone is
used as the oxidizing agent in the process herein, it
wowdos/1ssser al |y be enpl oyed in conjunction w tPCEES2008/060301

oxi dation catal yst. A nunber of different types of

oxi dation catal ysts are known to pronote epoxidation

and/ or hydroxyl ation of unsaturated conpounds. Such

catal ysts ipglude, for exanple, titaniumsiliocates,

per oxophosp o%ungstates, and manganese

triazocycl opgnane. [0066] One preferred type of

oxidatio§4f Ayst for use herein in conjunction with

a hydrogen er oxl de oxi di zing agent to functionalize

t he pol yneri‘c conbi nati ons herein conprises an al kyl

t ri oxor heni based material. Cenerally the alkyl
roup in the rhenium conpl ex of such a catal yst wl|

g . : ' ! . .
[0068)c ontM¢thy fnaxerheniwm 4s derdeaitcatdsmgnatiibsys PUEOEr abRO is a known

this alkyl. group will be methyl. [0067 : g
catalyfydp gt VB PR R dthiviaed s T ol S YBAL restersnesns dn oxidation
reactidnR EnSd 1 AGT 41K i@ UfGluBelrdids. SThélGihpéi@ark Ifatdes foPl NMP@Saf b )catalyst
' [0068] Methyltrioxorheniumis hereinafter designated
includg gfs epPOf symiFeyLs, éts sommenwnalcaeidabylty andttetabalityupreh has

ee 1del y studied as an _.gx n.transfer .r.eagent in .
100690 ¢ d b SHFHEE R Moy Rohd PR s B HRSMbgisB gorein. o
give chRibrROKidnformeadt o€ méfopMbibasnd@ Epdraétdifeniude (VU8 species as

its ease of synthesis, its commercial availability and
shown i thg biowingreagiogische@069] MrO reacts with H O, one

sui tabl e oxi di zing agent used in the process herein,

to give equilibriumwi th formati on of nonoperoxo- and

di per oxo-rhenium (VI1) species as shown in the

f ol | owiGhy reacthg@ scheme: CHi; 2 3 [0070] The $Hs

di per oXo- r heni u WII)Cﬁﬁ: i ObfiﬂﬁﬁhurélQ\dtciﬁgz
c r e

above act +=ya=an i s tHre—ost
to 0 en- accept i S (?tes_ ch hé\{igid
a- ol efll n/ di“ene copol yrfer slland t he di’ehe- baséd

el astofrs which are e oxigized and hydroxylated via
[0070k he Theo dinssoxeaihepigm {‘Olgmqecrpﬁe(sm@zm%@f dh& elegic H.0; activation

e PXCUHERAPTLBHLS GEIRET) e TUR SIS IR AP IO HP i o

olefindidny bymlpdust andutht hdismeibasedMEsaess nehicleamMmpseidized and
H2Q2 (unli ke many transition netal -based catal ysts).
hydroxxdgfedyiathe PiopeBlet®.syst em has rel ativel y high

o0 251 Ay U B3RS B SR, BLATOL, N3 oo
procedde&sodrdirdiglively simple, and water is the only byproduct. Furthermore, MTO does
not decompose H,0; (unlike many transition metal-based catalysts).

[0072] The MTO/H,0; system has relatively high acidity, and such high acidity can
promote hydrolysis of epoxidized products to hydroxylated, diol products. Accordingly,
when the epoxidized copolymer is the desired primary reaction product, it may be appropriate
to add one or more basic ligands to the MTO complex. Such basic ligands can, for example,
be nitrogen—containing compounds such as ammonia or primary, secondary or tertiary
amines including those described in U.S. Patent No. 5,155,247, incorporated herein by
reference. Such ligands can be reacted with the MTO complex prior to the introduction of
the MTO-based catalyst into the common liquid reaction medium used in the process herein.

Alternatively, ligand forming-compounds such as pyridine, bipyridine or other pyridine
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when the epoxi di zed copolyner is the desired primry
reaction product, it nmay be appropriate to add one or
woreee/15E8i ¢ | i gands to the MIO conpl ex. Such be&T/US2008/060301
| i gands can, for exanple, be nitrogen-containing
conpounds such as ammonia or primary, secondary or
tertiary amnes including those described in US.

a0l D01 Gy Mgl AERARE: Lt LD b iy st
NﬂI)anﬂpMandmamabns@vmhe i ntroduction of the MIO based
into the commbn I|gU|d reacti on nedj um used

[0073] n t\}{ etb@roé]g‘ssuﬁgmlahzatl;gpt e n@’?l p@hyynerqcl ggﬁf‘dlals herein involves
epoxufaﬁﬁﬁno? %}}I‘rc‘ipc&& gg?}h\%gﬁﬁggéoﬁéaéﬁﬁ cﬂlegf Fﬂg %dr?%eﬂepe%mde oxidizing
agent lubginll reeactilp mamgedirom adoond wi hbout H@Ormakets aﬁthsydrd\g‘éﬁ) peroxide

catal yst and reaction _solvents. [0073]. Whether th
oxidizingrageoiRs FY S %mMeln obplcfinie Gaetapnerhan darbler honds “ﬂté%thﬁ copolymer
t
mixtulg IR KERCABIN) SRbRR. PgIALRINS Hubdlt b bl 10 moles of
H,0, asedded kd thgeroaimamdi Jiquidngectionaneditrayier indlo ofhosaturd@0 copolymer

nmol es . of hydrogen peroxi de oxi di zi ng agent for every

doublg;bangs i th@lcépﬂiy’&le%’é]ﬂ’%]ﬁ carbon doubl e bonds within the
op

OAEPSUHTR 46,810, S B0 o 9 oo

catalystr éf ashzﬂe dNIﬂlo gtreealyoboromaded qoli te re@achoro hiqoield relanmqile tmedium in a

nole o nsat ur a copol ymer dopubl e honds in th
Conce@%@rlﬁfetf s @88? l}Ollw%emﬂ@ 4%515-? BeKery RlF g lefinic
carbor?@é?5+rg b b%ﬁdg‘mﬂlﬁf(ﬁeaéd grrﬁg cbﬁgﬂure gﬂbﬁj&tédoﬁ) oxidation.
yst, If used, w raq
More quefeniblyl, iﬁ{omnd albeac@.Doh tn'ewbamm() h mokeonﬁ entcatatysonwméh is alkyl-
from apo 0,,0001 about. 1 nole of catal yst for
trioxogg RN~ ﬁ%ﬂeé ol added i il i %%ta@ﬁeddmmhsén%%%olymer double
bondsWM thin the copolyneric mxture to be subjected to
oxi dation. Mre preferably, fromabout 0.001 to about
0.1 nole of a catalyst which is al kyltrioxorheni um
Reactiba$@aditiohs be added per nole of unsaturated copol yner
or pol ymer doubl e bonds. Reaction Conditions [0075] In
[0075hne Taspiecesnset Phehpriuesht IMPPEAR. BYs, MHBICH 9t il ogflefin/diene
i
copol}”é#eg% gy aega!g%frﬁr%(aycrﬁm% %ﬁ?r(glroxg}%{eﬁlscqggte lél?%lg ﬁ]b%}a%ﬁﬂ'\efore described are
converded msmgeth&eam;eduzmgv egdnechndsompnubhe camilyht zhatgriglgemdo aadinbefore
0 tlonally ca st material s also hereinbefaore
descrl%f‘éiséq iopawidizs @Qil?iﬂﬂ?fi ebYc SPRSHTEr éh%yowpek&ﬂmﬁ greﬁq‘a{@n medium
contalﬁﬁgqp&e ré&%n@s {oel%gétiognco%gbﬂmq) hl@ qrotnlp G&5ut 50% to 100% of
tants to reaction conditions convert from
the doableuiond®%n tiee di@084defivddhe-thoubrerskro nﬂ@randﬂ gtdups. Certain types and

diene-dgrlved CO- nononers to @X|rane qroups Certain
concepi{ations gk deackitetitd saiplype. df Welkas tralatiecy deveiateartian mperatures

and reﬂﬁivg‘@l dhoftSr fe&lifh tﬁﬁés}’ tdn3WE Fado? 26 h{ 8ok SFRRN FsHRSed copolymers

to epoxidized copolymers.

[0076] In another aspect of the present invention, the mixtures of rigid a-olefin/diene
copolymers and elastomeric diene-based polymeric materials as hereinbefore described are
converted using the oxidizing agents and optional catalyst materials also hereinbefore
described to hydroxylated copolymers by subjecting the common liquid reaction medium
containing these reactants to reaction conditions which convert from about 50% to 100% of

the double bonds in the diene-derived co-monomers to diol moieties. (One or both of the
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and rel atively shorter reaction tines, tend to favor

conversion of the unsaturated copol yners to epoxidi zed
weopslisoser s. [ 0076] I n anot her aspect of the pPEBES1008/060301

i nvention, the mxtures of rigid a-ol efnfdiene

copol yners and el astoneri c di ene-based pol yneric

mat eri al s as herei nbefore described are converted

ol BRATE G PGB A OPL e G S

functiep aloystizs Sudlyassedreethemng dclie gioapsrp errtaqutyqbes aai:tomentranons of
medi um cont ai ni I Ng these reactants to react

reactapty d; fHHEStHNATC Weé,lo%ﬁv Elathehn HEsH @@acse%tﬁlapqr@@%%ﬁné Felatively
b i 0, 4t e d o 0

longer %"thlSn ﬁﬂl?%n te}léir qgot VSP 09}?5%}6 " ogy ;ﬁgg%@%eg Sg%cﬁilmers to

hydroxylaﬂed rma)lectommmgmtaeoiﬁalrzedh easpatymmer ted to other

en-contain functional nojeties such as es
[0077]et h R ygha Té]érddaseecgg gle)pr@]mt 1éllvepttoyp@§reaeﬁg also some selected reaction
condltfo‘ﬁ? Qf@[ﬂ&ﬂ %ﬂ QB & ﬁ%ﬁlaa%oﬁpgﬁ‘y%dl(ﬁﬁ% Ae¥Rd Sou iﬂﬁ S. 1nat?e diene-
re Ively hi gY1 reaction tenperatures an ative
derivet aogaondgreas tin ol tmmrratedi @obntcrs had obpaismmrl&n@ ﬁmfctlbllmfhzed to

unsat ur at ed rs t ydr.oxyl a , i ..
both qfirgne SBWP%IPHQ? %@48 e o gm%pl" 284l oéq&%ewgcthnowﬁ}ﬂqnﬁ are those
whlchyf'e 1ﬁtehlﬂe&19teat%pﬁ1%t co‘ﬁfdlt{oli@ WHiER ﬁa@&mbﬂ%v Wht%’rh o? reFtF@r M Sxirane
al so sone sel ected reaction conditions i C
groupcamtielrtdréxyordialouiol &dvbvtd gibdPYovathint sueh owehibealizod depalymers.

t he dj eneder i co- nonhoners in the unsatur at ed
100780 Qwr%soamw%@pf& spifsteelp copigelithe @chswahlqr%dn PEchhp PRy that the

rigid @6&&%‘%@ Bﬁln?e?g sd!irpegémdeew%le t b@él@s‘t&rﬁ@nc polymer or

reaction-conditions are those
copolyinndre foredi an@ -dpon¢chematorials t hamss vbmdodxybrmrmitlmrf oxy@hioontaining

functl(gnfa&) E{roalgg :S sge%?elu I%rgor%eeﬁeg ez%@h)f ?t{ﬁ e]lef\/g hgr)l(Yeliiecdoqungrllon%rs within
the elééﬂ)%grﬁér@&% ba{sg@g&érﬂe}s drSeo bﬁlﬁle?sos§'t%l@altfﬁnectﬁ)lngﬁia'tl‘éﬁ l-¥action of

control the proce erel I'n such a way th
this type gicblamgl iefsith cﬁmacrt@nahmdlby m£ ra foniweataom efbcfm d>emvpﬂe | an ethylene

eyt L T bR Tt Sy PR BB S Ryclohoxcne
(E/0/ M9 eRseRRE AIsALRE if Hﬁ%llmg AR S iRk as ester
i etles at the site of the~di ene-derived co-nmononers

ric diene- based polyners or

i sYShown in the fol "ow ng react' ox”Scheme 1: Sche

|tufunct nal.i za d E/Q VCH
schene it b ToRied S ARLAE! ESEST RSt at ni ng
[0079F0n‘2519ﬂf?%ﬁl%n9 eédg%%efﬁ %h{%ﬁhn% fdogionBhrdi 'd@ﬂi‘@e?i #oth "ol Fexible
di enes, and al so optionally Tromancillary olefmc
dienest emcb wigydminenbszr mdglsooomimoaky Stone samchiero >oilaﬁnzce derpolymer-forming
oxi di z capol mer s bXUI I()]relatlvelx | d
cornoqo <% BR e ox1idized to epoxidize olymers by using relatively mild reaction
temperatures and relatively short reaction times. For the epoxidation embodiments of the
present process, temperature of the reaction medium will generally range from about 20 °C to
about 70 °C, more preferably from about 25 °C to about 50 °C. For production of epoxidized
polymeric materials, reaction times will generally range from about 0.1 to about 24 hours,

more preferably from about 0.5 to about 18 hours.
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tenperatures and relatively short reaction tines. For
t he epoxi dation enbodi nents of the present process,

wao eovpasEsur e of the reaction nediumw || generBd1/yS2008/060301
range from about 20 OC to about 70 OC, nore preferably
from about 25 0C to about 50 OC. For production of
epoxi di zed polyneric materials, reaction tines wll

(00800 2E R SR Mich AR BRI, ARdhpllidy, STRG Y AR R Yoftaining
co-mo@b@ersnideliiesde fieapafigidedisnesanshde apec oplidnallet Fiphenatdiagnelefinic
copol yners, containing co-npnoners derived fromrjigid . .
terpol YneIn@Emingn ePIBPRANGH F4NAF | K HES ATy )ede| i nfligl-containing,
functify BB ¥Rl mbA] b0, Uin g RERARUTE etk AactBn Wb DbAEHcd B relatively
longerc ogatiyiretimedy st nie rigidadipaion Ridbeimaeadfi e present process,
tenperatures and relatively |onger reaction times. For
tempegaiae 19l dheosepraet Bavid sersderaiedamy vill genssilbswnge fppcabeyt 50 °C to
t.9gP]F e i Qub eact di ] -
about g1 gner al gfer gf]éggta??ofr}nga outult @u O‘% t?o&%tggfﬁb 51%‘0 1850? i%rrdtgi I#lglon of
hydroprigteé palyimerik rmoatedda utadbion Qithdsow idibgountraB® rdge fr@n about 1 to about
producti aon ydroxyl ated pql ynmeric material s,
48 hoqrége?rﬁ@ﬁeft:qaﬁfgs#w EhoydriraPty’6rotEe from about 1 to
bo . . . - .
10081 £ 2 bidion i3, CRRSRFLTIAR Hres ST o b cfBitout using
one ompmesesit the fyrepding meaaion wendidon ipecine@tdrs us hirgs ohercomngmrfer these
of the foregoing, reaction condi.tio rameters .in, .
paramgfiegsy Qv hlAR fof $RaXakior apd gﬁ%fgéyla%% n@fbﬁﬁ?@la% &hq gjdgiign process in
this mamRE 'c%gfogﬁc@ﬂﬂhcﬁé/&'i& B@hhﬂ%me%@&ﬁﬁ{efs n[Ji‘ﬁng both oxirane and
oxl dati on process in this nmanner canh produce
diol off athetdxgpal-caeanmigghnatiodhlétnes. copol ymer s cont ai ni ng bot h
oxi rane and di ol or other oxygen-containing
~functionalities. In-Situ-Formed Pol yneric Conpositions
In-Sity-Boyppad Rolvmeric €mpeuiienson aspects, the present
i nvept i.on . t y [ I $1-0nS . .
loos2] T 58" bpBESh Pl TEE ) BriGOP IR eGed tp polymeric
compdsit@ing, €gp ediytiesss whichaite @ombahitivanst @) epeidized rigid copolymers of
copol ynmer-faorm ng diene, and (b) an optionally
an o-plgHp gl ateeld erabieidpieing; digec, pale d0)pan yapsiongly hydroxylated,
_ | . . . ' ' y
laso FBRE T o 0 HTEPS P 15RO T oot
dissol@hgsdugpariding qraliypresing theaigd had slasteserit pedniveicahatbedlodescribed
.in a comon liquid reaction nmediumand by contacting . .
herelnpq;fegelemnaag(gpmgp iqupd {eﬁptéoq@aqhgm i by aorgt@ﬁttngﬁlp%se materials in this
e AL IRFS P, (a0t KABPALURER D0gon e
and usafid @xtdizisg apaneandoahescdesanbdfent dustribekleside ctspdad td the process
process aspects of this invention. Contact of the . . .
aspectpaf §ivrIvEnat &amECs 9&%@%@%%@%%%@&% g tﬁ\@ ghidizing agent
servesSOF 18D FOsifOhhinN @i fidhidM hd¥intn L€ rigi@ b lgﬁgfsu%fcheare at least
rigrd copolyners ich are at |east” parti y
partialgpopoxidized] ,c. @, gt. lcasat5S0Peaf the5@%dod]l ddubler beidd ubdreoubheordance

.. Jbonds therein, in accordance
with the procedures hereinbefore escrlbe(?.

[0083] Preferably, the diene-derived co-monomers of the elastomeric polymers or
copolymers will also be oxidized by the in-situ contact with oxidizing agent. Such contact
can serve to at least partially epoxidize, or more preferably hydroxylate, the elastomeric
polymers or copolymers at the site of the residual double bonds within such elastomeric

materials. Preferably at least some of the hydroxyl groups so formed on such elastomeric
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with the procedures herei nbefore described. [0083]
Preferably, the diene-derived co-nononmers of the
we@b@sumser i c pol ymers or copolynmers will al so BP&T/US2008/060301

oxi di zed by the in-situ contact w th oxidizing agent.

Such contact can serve to at |east partially

epoxi di ze, or nore preferably hydroxylate, the

. | I t t he
materlrgfes%ﬁflj B%ﬁ&%ﬁ E? d}/ F]%gﬁ\%\f ?ﬁ?ﬁi %{%E ﬁl? eﬁ%rg,t Jﬂffer? b} §01&)5f

[0084)at @rical the tRbefypeabl podtmdrizasatesialip rigid tah& dlasdrrﬁmd have been
% ups so fornmed on such el astonericnaterials can be
suitably, pxidized orsdivz withing they semmgnoligd sigaions medtugp. sthey can be co-
r r 4ac c
premp%&t}gg ﬁ?rﬁcth?}a%egﬁor{ %Qe%m?é Feal Eegltfééé\fﬂg%ér%f zfu ftlonahzte)d e%olyrnerlc
compasitionabhkneiroXxTleh wedhzech e@oﬁjaths ﬂilirl’ﬁ:dt\hlﬁllﬁ olinaxiddtioguteaktion mixture

reacti on nmedi um can be coprecipitated fromthe
may bedserer Weigiam % AR ANHAPIE R BRPAFIE A | R Rample.
r
the fos?‘g Ggldi ﬁﬁ?ﬁ% ﬁlgl%ﬂ p:lea‘lggder ceoa% Ei %ﬁf&gxﬁ? etﬁé)nqu%% Peaction
mixtureasmped adtabteeargeﬁr mhkay nadiyansll aﬁ(ﬂﬂieeeaﬁeﬂwentzered] aia filtration. The
[ nmeans. r exanp Ie the formed oxj.diz

separ at i '
recoveﬁﬁf Wé?ﬂqiaqa@r fhsp sbec Hthss w hed-ets preiRtEads Feomt?rﬁi and dried to
prov1d9)ﬁ'1éj@ésﬁgﬁ]f A6k ddh‘%ﬁd 986136? &s UshBicfroRH! tabl e agent such
ano er er recovered via filtration.
[0085]The Goe[qmmmoesl hadhgan appropmatt heio dferidgidrede blestomasb@dlymers therein

precipitated, re-filtered and dried to provide
are sugjgalf 1at Melinepigita e aaefeb oty Sichras sl Bpliglelin Materials

n
v S5 SRERRTLAA 024 1) 0K AL BBy ) gonrl
exhibirtbd disthdigheps itnhatios éfmperatatesr iFat sxaswydl, sash sbmpo:ztinimml can have

| ef h
a first epﬁﬁvﬁgqheﬁag%q ROt alah okt 1 0t fwfﬂ JAFERd Zoivhich ranges from

about 8€0EHAbbYt 6% RLDIWith#udh %Brlng&stln&{saﬁl% \Iyélglﬂ%ﬁé Qf‘rlgld olefin/diene
t enperat ures. Eor exanpl e, osi tions can-have

copolyandrito stastbgrevih idﬁnertmngbpolymelnmrahmutyn&ﬁ WaIT generalbyp ang? GOmM about

0C, and nd T i ch, ranges from. about Cto
99:1 Qg G50 ORI HHOLGARE SorBaTeY Bhosid Meludighicorolymer to
elastoﬂh@ﬁé QicAb- brabélf Hol?hl%f 'chQb&Eh%eP QRAY TEh EQnSdsA/IRRI finge from
di ene- based pol yner or copolyner wll generally range
about §5:610 abouHv0499; 1 to about 50: 50. More preferably, the
ht.ratio of ri | ef.i n/dleec.o Iy r to
10086121 nSFohiRd cutondofacu Felghde YRRV rogmponent,  the
ethyleﬁé*@ﬁ%ﬁg?@i@a?dléﬂeo I8/DEPTY) MRGRld rlféf@n%é%&‘é ggécﬁbécp WARP Ybspect to
60:40. [0086] Preferred conmpositions will utilize as
prefertedeprodays embogioioptselreraonpfork mrgfetrbd rigid copolymers have been at least

. ethyl ene/ di ¢ cJope t.adi.ene (E/ DCPD terials
partia i SRy @-HE0OY M8 Ao dchid GUfER efiedipm.  Preferred
compd%[t%@%ré?ﬂ%‘ﬁ' AEOLSIRE R BrofSUed e REBHREE §bIYhak Cilnd copolymers
copol ynmers have been at |east partially epoxidized

hereinbefori dascmiberdhivith telspect tintlro prdfemyed procesacmbodinesthi hemin.
Preferred conpositions herein will also utilize the

referr astoneric polymers and copol yners
Test l\fethods ang %na‘vtlcal Procedure% y poty

[0087] The wvarious parameters and properties used to characterize the polymeric
materials described herein can be determined using conventional or well known analytical or
testing methodology, procedures and apparatus. For purposes of determining values for the
parameters and characteristics provided for the materials of this invention, the following

methods and procedures are employed.
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her ei nbef ore described with respect to the preferred
process enbodi nents herein. Test Methods and

wao\p@BAsG58a1 Procedures [0087] The vari ous par aPEL/E8208/060301
and properties used to characterize the polyneric
materials descri bed herein can be determ ned using
conventional or well known anal ytical or testing

[0088]”'Et Rog oﬁ&%%an&f o@lﬁﬁ#ﬁ%ﬁ{eﬁ;ﬂg g@?ﬁ{e%&%wlﬁo o AHEO OB Scdpblymers

det erm ni ng val ues ters

report€agrags gilysireas afer detératietdf Mng havaradsexdsatistco 000 G&l Permeation
i nvention, the fO||OMAng met hods and procedures ar

Chromgpgr @g}b%ﬂugmés*j'ltfd@reep%} R L%h?rw&wv@é 5 lhgghc@ﬁeglty Type LS
B cohﬁ}% eg]tltl)l & néﬁ‘lar < f 9 HIPH 1%{]% aﬁnertgrs\gpb Gfﬁimvlgﬁétﬂf artld an internal

det éi'm ned Usih ers Ass
Wateraoaﬁfe@itlaPefdﬁaaﬁw Nind& O(TIRDY rd@&latoeqump eowild hpﬁalgé es 1,2,4-

ynmer Laboratories m xed bed high- or05|ty Typ
trlchl%@mm@ (deoasped prag tnhébitedswisle 1.5728- afdi nfﬁér u@( éﬁéﬁﬂwlpheml) at

135° AR % h R Pesiy AP e MERAD 1 eBAERAAE L injoction

loop). 1 Memattél chl owakenzenecihdsgasiedy Tdﬂtpebatﬁ@d QML t Permeation
g/L of 2,6-di-t-butyl-4-nethyl phenol) at 135C

Chron(afccbgmlr equéppedovith thvea Po Wt daborsomish @mzs beshhightpooesity Type B

cotun(iy P RE i e T B RISk cah BIHE, Yot phse

is 1,2, EHTBoBEHRRE aL BH AP eMoWirhtd 0t A embRItypTRl shMBRY @nBéitRSion 1-2
‘m xed bed hi gh-porosity Type B colums (of simlar

rng/rnlel) n“élirrsDBﬁ §)gnalnf9r PR @pn@llymml exaétléenmﬁeéml%éy doaythe signal

s 1, 2,4- tr rob nzene at 14
for g8 3ot bl TLER BTG bl oy strmen
calibratiod. Mg/ L) . The DRI S|gnal for EDCPD copol yners
exhi bits inverted polarity fromthe signal for
[00891h o md2 Yo gtetusgd éndetemaing SﬂﬂWhErO@?ﬁﬁ@I af ﬁgpqlxmelismr@ obtgined on a

re us ed f g .ca brat o)
A Byt g0 VB Pl B i PR B A P Byrgninute
typicalPfidhned° o °d,Ar 5050 tene D@(B%’Qﬁ@fere?b%zﬂ) 2750 ‘291(80me samples are
cal ori meter using a scan rate of 10 degrees

analyzefl B0 “Cyph Balspgpnerhsnt. SaOEpoBSEREP DL forstyas s snzboud from
low te%& %ﬁlﬂgf %rlggér%/rl]%é) ség %&LOC S‘%‘gg%ﬁgé‘ﬁ sﬁugsr:%ég%,ah%x%gum values

report&DRO oAehe safdndaral. yzed fron1IOM/tenperature (-1 10 or
-125 0C) to 250 0C. Tg nldp0|nt val ues. and Tm maxi nmum
[0090), a1 delared pi seertmeti¢ yinlisheofcopelymereiscarricd@ybpn thin films cast

from (IR Bflol) BRs LATPNLES AR Yaks, O 15RRANGTBEE Nakus 470

carr cas

qmcﬁ@ﬁ&@%ﬁmﬁﬁ@RDﬂ)ﬂ@mbﬁwNQQ di sks, using a ThernoNi col et
Nexus 470 spectronmeter running OW C software, [009 J .
[0091]50 @pﬂttswnlsfgj H iyMRveestise ef pelyaerspse gatgcicdapel>-TCE at 120 °C on

a Varig® 'I}n?&i)ﬁg §Or(3 s%et-:l:[%%le%r étﬁl@pp%g With a 10 mm broadband probe or a Varian
Inova 300 spectrometer equipped with a 10 mm broadband probe. Cr(acac)s (~ 15 mg/ mL)
is used as a relaxation agent.

[0092] 'H NMR mol % composition for EDCPD copolymers is determined by integrating
the olefin resonances (5.6 and 5.5 ppm, total 2 H) and optionally the allylic bridgehead
resonance (3.1 ppm, 1 H), the non-allylic bridgehead resonance (2.5 ppm, 1 H), and the
cyclopentenyl CH; and chain CH resonances (2.2-1.9 ppm, total 4 H, when resolved). After

correcting the rest of the aliphatic region for DCPD content, the remainder of the aliphatic
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a Varian UnityPlus 500 spectroneter equipped with a 10
mm br oadband probe or a Varian Inova 300 spectroneter
weowsppssl with a 10 nm br oadband probe. Cr(acargBU$2008/660301

nmg / nmL) is used as a relaxation agent. [0092] 1H NWR

nol % conposition for EDCPD copol yners is determ ned

by integrating the olefin resonances (5.6 and 5.5 ppm

t ' i
1ntegrehgé g%]Sé%eHDt? %ﬂ%lé}l% ho ?é'll"_r&éﬁotn glreﬁllghqé q(fyc?}}loﬂ%?a?‘g%g Vent Residual
solvent és @ptansted (i. \ﬁelgmﬂperlcdrl)t byamldegtrzhﬁlgcmel @m&fhbm'tyel pe@kl anbl4 ppm
n CH resonances ﬁ\@ t ot al when

(Oveﬂﬂ&@'é) VS, th%ft‘?télrp%bm%]@ﬁgﬁ?d t Mehepagrortsd, Eq%leens@rléﬁ%ﬁeqh@l DCPD
mono&ﬁ%o%@en&s%re%@l ’re gtl\re?}g‘?th@ en%far§llhr%sonances (7.15-7.05

at|C|ntegr ned ene;
ppm, S:H)raed tremh&ddb@P]D&dmoﬁqmr respnh@ee)(mbomema/elaﬁn pBds juduapficld of
sol vent is estimat:!ed in vvelgg per cent by integrati

6.0 ppRe oyl éﬁéxaa@ gaylic dyidgeheagyps vlerfrlaﬁlﬁg@jlw% chéhd and
cycloﬂeﬁf‘en%l rﬂ @tH:)g Me-aliRGR 151%@10{1 :i:sﬁzﬁ 0 o&%nﬁa@}%ted for

resi omer contents are
tolueneeﬁquﬂHD/mbyomﬁhe tol uene aryl resonances (7.15-7.05

m Jsesol ved DCPD nononmel resonances
l0093fﬁorIHoNﬁL”nén | “@f GO AOSIARN w0 ﬁﬁntefuacféqna@zw%lpfﬂr cpoxy-EDCPD
copolffn&? i Bgﬂe ang Hé,y&%oggeﬁltézﬁ%l éb%}_é-lDé‘Plﬁ' CH@nre%ﬂa}ﬁl:é?’s ?_04 and 3.3

bri dgehea 2. 95-
ppm, bt bH et oetianatle giabridschabd ocsopariconat Ryt ami?.écpmni 2 H), any

f I d 0093 H NVR no
remain ST Fopmanes @g%@”ﬁg%f%a B o rgptionaly the alytic
brldgeﬁﬁe@(é ‘ﬁ{DQP £ P%%?A Y{TI ARl %f%ﬁ'aﬁegrogly férﬁiagé} rh@ltn'le@&r units ([-

oXYy- CHO r edonances 4 and
CH(OH)@H((@C@@)@D{M amdb; \8.t148e¢) bppmigé@Hé(dC(cﬁ)bﬁanbeH) aiandz 4 0 ppm

<CH<Q%3?9%H§ PED). s Agtchnates tiiz A &%&Pcppnﬁa@?fgg@ﬁte P ARPYyDCPD,
DCPIj Qﬁd %Ilrﬁ/alté ﬁergirektgg @&ﬁaﬁ ﬁ’l%qgmgﬁldg’t‘ éf ﬂHQ ﬂlpﬂatfé)mte%flﬂi i8i%igned to

ignals fromformate hem ester unit

ethyleﬁEH( (Bci)lg}dp@ié(d— HPAPuninits (- @H:(OBI)OH()@)H)( CHi0iGR( »Opidprestnt, are

auantifih Sy ersp SRR 1 PR ot R Pepmicersigy 0 ppm

2 C; adﬂér f QLB R est & fRRlEAimidkRe [t@ﬁﬁm)@i((s@( =0Y8)-] unit, if

aliphatic integral is assigned to eth

preseni vegsus plenens xgH T PIDCRID wesionance§ ¢6TH i) @—K )2 Cunits),

when present, are quantified versus epoxy-DCPD units

bﬁ 13C NWVR using the CHOH resonance at 76-80 ppm (2 C
EXA correction for 2 C of fornate hem ester

- = - i . r 4 .
009 OG0 o b BAREL VISR orin
copoly@%ﬁlﬁhﬂﬁd{n@&%blyﬁf&s pn ap@crrdzince nwidnthegiracas béthig atvication can be
u of funct on |ized ol efin-dj ene copol yners,
ﬂlusmrt?fé g& hffrrgo?{%ﬂ% %Pllé‘ ée%ﬁmés ¢ Aol LOpFratians given
are pe‘P mdIBict dJRYRMIRE Witlin qge unsaturated polymeric or copolymeric precursor

component.)

Example 1
Reaction of Ethvlene/dicvclopentadiene Copolymer and Ethvlene/1-octene/

4-vinvl-1-cvclohexene Copolyvmer (50:50) with Hvdrogen Peroxide and
Formic Acid

[0095] 1.2835 g of cthylene/dicyclopentadiene copolymer (E/DCPD) containing about
43.6 mole % DCPD (FW 132.20, bp 170 °C 0.00757 moles, M, 119,000; M,, 213,000) and
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illustrated by the foll ow ng Exanples: (In these
Exanpl es, the nolar concentrations given are per nole
wo@oodostsBe bonds wit hin the unsaturated pol yneP¢T/US2008/060301

copol ynmeri c precursor conponent.) Exanple 1 Reaction

of Et hyl ene/ di cycl opent adi ene Copol yner and

Et hyl ene/ 1- oct ene/ 4-vi nyI -1 -cycl ohexene Copol yner

t
1.283 %Sgggg)yléﬂe hl;ﬁ% gﬁg/& CyC Og(glr??%% gc?pre '@&eﬁfﬁ/@/‘[’@ﬁ?%ntammg
about QEBB@E))%GC@HE(O IOOM mbty) aré&hﬁrgaid|1ﬁto‘ki[1@5’@1cﬁ1%slk&2d2ﬁ)ssolved in
0C 0. 00757 pol es, 000; Mwv 213 0)

200 méﬁgg_hlgrg)ﬁo% Jfo the Ry spluﬁ_lo%ést @W@yi 9.6847 g of forrmc a01d (FW 46.03;

r N

02104 T U8 TG OF G5 0E 5 Yoo SR BEAMIE 3402
0.0116G5 mehst bneckss. kTh?en@bldumso;l stecbdi ot rBﬂlﬁi tepofature for 18 hours. The

chl orofarm To.the ymer solution i s added 9.6847
reactiqg Mgy PR u(tmﬂpﬁ ldgetheﬁog £od thipiadid precipigate 1%5%@% ywashed

’ (

with %%h%r%%%@%r%%éﬁﬁ% g%c%%&@?e/‘;( E]}eﬁgg Q9 %%)hge Sog?n%@lt ﬁ(g yield of the
produdtis 26ed at room tenperature for 18 hours. The r eact i on

m xture is poured into 500 met hanol and the solid
[0096]pr ei‘hepfl% thugn p rl%eemreauct%vé@ﬂbﬁxwa]ﬁ IhEhavapbiorptigagpeaks due to

n T

both eH ﬁ g’%ﬁ%jmcg( Qg) roéﬁct?%ogf(‘?/@( ﬁier(lfc%'ﬁltgb C?f l‘jl}re] proton
spectrurh tHeeJmeamohachQPDrmm Eﬂéirpzhebd dsteowninat Sempthcoolcpeiakwals at 5.5

ue to th e i di n ened oduct of .
(DCP[%p@y%,@p{? %7&,1}@3%@(1 ?E???{) ﬁ)gmp £ g}fr %(g@? Bgmeeq peak areas is used
to cald&[ﬂé@%@é@pﬂ ngs?tggtﬁﬂ%l Wkl ?&%a@@hé})@ﬂéﬁ%fns %Qm{ﬁé&fﬁdrﬂ ®he peaks at 8.1
and 5.V@:) pppniThd kksdr bf peakstirah 4463 Ygepm tSh®.1’@eRkl far exHBrlblmons from

sed t cul.ate the, VCH contri bution.  VCH for
veH fiiss Db Skt mrend TR tosaRaral i gheySa i assigned to
DCPDPepkoftied PPM The cluster of peaks from4.0-3.0 ppmis

corrected for contributions from VCH formate, DCPD
[0097] ol eThawpfzadd ccpmpdmnt)d)f th¥ meethrye siitdgral (1ih0 8grpal) in thet freton spectrum

i S SSI neﬂ DCPD epxoi de. [0097] T field
is asmg]a%p@ | @nglﬂa@ E]g,q OCtRRG, pnomey, g 1S§SB€% H tarnuine, the Cs
conterR! RRONCARLBGSK WP d RS DICPTLehd ¥ AMEXNtriBhFRS h@l% rEﬁlgl"ﬁlﬂghzﬁlphatlc
octene comononer, and is used to determ ne the

lntegraiomﬁrgnﬁdmtthylen@rrect| on for octene, DCPD and VCH

contributions, the remaining aliphatic integral is
nc-c-| gnarl to et h\ll ene [0NA2T Thae (:Df‘ ana yS| S of the

GCIBELH shows M 150 “p60ctEngomersd 2, 000

(potydispersi tyjviv ™ 087~ duct]is conpletely
sol uble in sol veﬁn sugé%sti ng %avae%[%%t
DCPD - Epoxide | 96.4 98.9 97.8

VCH - Formate 98.7 100 99 .4

[0098] The GPC analysis of the product shows M, 150,000 and M, 312,000
(polydispersity My/M, 2.08). The product is completely soluble in solvent suggesting that it
is not cross-linked while carrying out the in-situ functionalization. The DSC analysis of the
product shows two Tgs of the product as 189.11 °C and -17.32 °C. The film is clear,
suggesting that the components may be compatible but not miscible. The epoxidized

E/DCPD copolymer (24576-007) has 7, of 187.26 °C.
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is not cross-linked while carrying out the in-situ
functionalization. The DSC anal ysis of the product
W@ h@sas5¢ss Tgs of the product as 189.1 1 0C aneCF1F2082060301
OC. The filmis clear, suggesting that the conponents
may be conpatible but not m scible. The epoxidi zed
E/ DCPD copol ynmer (24576-007) has Tg of 187.26
ExamBfe £Xanpl e 2 Reaction of Ethylene/dicycl opentadiene

Reacti S len 205 B M G S ESL: i Mol £l ghexene
4-vinvEl gy cfolmxene dom‘iﬁm W 63 ﬁﬁ,vdm

L \J\J\J\JJ

FO“nl % &E/DCPD contalnlng about 43.6 nDIe % DCPD
[0099) FW11B2 of ethylspe 1 A@yolopentad gpBeapelyergr (E@C@qur@alomg about 43.6

mole CERP G KEhehith 7 SrodbPamar St OELERT cBBg g bctene 4

vinyl- mbaahex@ﬁ@ c@ﬁtﬂﬁﬂ@ﬂ (E/OVOCH rc@ﬁfaﬁm@@ abb@sid @meblios satMgd.00140
in 200 loroform To the polynmer solution is

moleSha@edlasg@b@t@ aoteaﬁtmmﬂéska@mcti d(SSQAMB 19200 onh 9B 2hlepferm. To the
polymre)lEe ?J&gﬁl%lee?a&a?(iﬁ 8%3' 18 cy a01 éfé&’o%@)g;% g%g mXﬁieh 985014 excess)

follow@ byt i, 00 SoS30% wairog&n p@@mdb gfmezzaoy roe0 foarmdi8s, 'Ok EScess). The
The reaction mxture is poured into 750 m nethano

soluticainiy stified gbtoomn isrwerapire é@relfi Bours. |Tk@rré@ptlona@1ﬁwe Wi papred into 750

ml m&ﬁan%?%g{% 'the 3%1({1 y%e%ﬂ;&t%&dl%r IYG%%&I unlls(h d %@#anglo 8‘51(165‘]‘1 under

over produc

vacuurhh®. 1IIRn§ Res] TUsv@highNEFhp K et e &)fcsmiuslb Qe g’lbsor pt i on
eaks due to both epoxidized DCPD and ring opened
[0010& odiiet IRofspegtianyof] the grradicy froph shayee agpeipiien pealfs dpe to both

epox1c1?ze%ldlygli)lgz g@;&%%%@ﬁ%%git%/m égl?%%gxpatte)l ghec g}rl‘?'p antalélsm of the

produ@adhutats M}, 133,000 @ntl MY PBODO0 N@olydRperisity IN,./M)t2.16). The product is
cross-linked while carrying out the insitu

completghyctalgnain sodvens suggeriéndibel daangtsirassdinkes avhyle sgigng out the in-
situ ﬁﬁ?@gﬁal&é@on—r%e%scl%ﬁal?%s %?tﬁ@ﬁ%odua‘t %h%évs%o 7, Qeat fIISlS.%"% and -
may be

ear, suggesting t he cofrponéen
13.65 (9@I’Tﬂ?hbl fillne 1§)UIeaﬂCSﬁJggﬁs$1ﬁg bhz& th'efh@nqpﬁe;ﬂtdirﬂe@dbacaﬁlﬁaible but not

| ymer, has ]g 18 C. Exa Ie .3 Reaction of
mlSClbé% ﬁﬁlﬁ@ﬁ@?léﬂe? 13 %%Htcaa%ﬂ@r hﬁfp@%f :
Ethylene/l octene/ 4- V|nyI-I-cycIohexene Copol yner

Exam ? 15) with Hydrogen Peroxide and Form c Acid [OOlOH

Q of.et Ie e/dll.cLOoen adlene oool. P

E/ DCPD)

DG ar (85: yith, Hvdrogex

_Qﬂngaﬁténe/4 V|nyf-f - cycfohexene copol ymer (E/ O VCH)

[0010f]ont : ol}%thy*fene‘%dlé[;’clospen%dleng/oc\o/gol_l'y&l E)Jg)/%aﬂsocon a}lmng about 43.6
mole % DCPD (FW 132.20, bp 170 °C 0.01 mole) and 0.31 g of ethylene/1-octene/4-vinyl-1-
cyclohexene copolymer (E/O/VCH) containing about 13.8 mole % VCH (0.00075 moles) are
charged into a reaction flask and dissolved in 200 ml of chloroform. To the polymer solution
is added 9.878 g of formic acid (FW 46.03; 0.2146 moles, 20-fold excess) followed by 1.278
g of 30% hydrogen peroxide (FW 34.02, 0.0113 moles, 5% excess). The solution is stirred at
room temperature for 18 hours. The reaction mixture is poured into 500 ml methanol and the
solid precipitate was filtered, washed with methanol, and dried under vacuum (0.1 mm) at 50

°C overnight. The yield of the product is 2.4 g.
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charged into a reaction flask and dissolved in 200 ni
of chloroform To the polyner solution is added 9. 878
w@2@B/158M ¢ acid (FW46.03; 0.2146 nol es, 20-POi/tS2008/060301
excess) followed by 1.278 g of 30% hydrogen per oxi de
(FW34.02, 0.01 13 noles, 5% excess). The solution is
stirred at roomtenperature for 18 hours. The reaction
xtjyr.e p it 5 n e Iyd
0010, SHutce O PRHIRR, 1oF e ok, o OUST Rl abg =REMYE 250.000
(polyd@lsrpleﬁdy MgeL, 2/@OUThe ﬁl@dﬁctﬁm’r}orﬁpleﬁ@ Shutay ar ol gt to sTllggest that it is
d of the product is 2.4 [00102] The GPC anal ysi
not cr@qs-lp]@d mlg&u%qrrg%@gt s zizzsztuo@gc%llmog5@" hgdSC analy51s of the
IS per St / c
produg Bl AR ot T8 En B clp Ryl O ol BrcC B Hnay b
compatibles butl hok adscibie.| The dr,r yti tlng louter ttérapératusd fdinot observed possibly
functionalizati on The DSC anal ysi s of the E roduct
becausghafpsmelly agroungef lpstamer gpenmoneny insthe| raducts e dRy snsgtra of the
u
produ&r%pgﬁl:ol\{f) Fﬁs&%@{){%@a@s %ugﬁ% bllao é&ﬁr tﬁﬁeiédgllr)g%’% Jiend]nrgﬁ% 8{)ened product of
E/O/Valts govede pdssthd h)mpbetmusfethefelasnsaielr chanpantroaf S@b@sd G0BO and to
component in t roduct, The IR spectra of the
90:10 gy eﬁlge%ﬁ&mg%@s@? peIoBHIqpERES HBRCheBEBot h epoxi di zed
DCPD and ring opened product of EfQ VCH (formate). As
Exambpf2& P oportion of the elastomer changes from 50:50 to

Reactioh of Eihpione/Dicktlons Inlabo o tlheee ' Ehe he

Ul H LA AN! HCUT\

Lm‘éi'asase@mu 2

t h I 4 oL
[Oﬂlﬂﬁ b7 ﬁﬁ% ; og fe%ée(@b %’q];lggetﬁ&i %lapﬁég?g%?@%% (?rta?lgl)néabout 43.6
mole %fD@PD)(FW] €312 @ ol 0Pt &ﬁilkiﬁ)ernobp))d@dma% ¢ laf EXBRIne/7-methyl-1,6-

T RO A O T

chargéaclhﬁ)dd RO GORR TR rdls(sgfvm 2%(91%1 ot BB ke Yl RO ipglﬁ/%lr Solution
% MOD (0.003843 noles) are charged into a react

is added d4l94dh@ df swolivecidi (IFVQG% O3t 003‘246’ hhalepofold éﬁ@e&shéollowed by

| t 944 f FW. .
19328 3BV RebserBireRdB0t Fof 0ok SR P Sikecty). 1 1 goijtion i
stirred9atfoo?l 0{%19%&5@19@ ToP @8 NPuHe 'fﬁ:\/\{re%étl&?- miQtrd ¢ poRtRSinte %50 ml

excess) e solution is stirred at roomtenperature
methaﬁ(dranQShdwmlrdqarec'm&ate esdftitdredy wash¢diweh ingetipool, @dd dritd ud® vacuum

I it is filt d,
01 S RS S SR B A e, Sc s €0
[00104’1t %eo@ﬁb’e{dalﬁﬂt ofT{h% Brddudt SholvBeNRr A869D0 1 Snd3- 1\?{9 196,000
00104] The “GPC anal ysi s of the product shows

(polydif{pﬁrsﬁ@(}»/la/m MR5 )L IBe ORRC @pﬂiy;ysl 0§ permpduyct Mg tvio 85@ at 186.43 °C
The, apal ysis of the t shows two Tgs at :
and 81085l BRI S Gorgaaseitgr Bay e FPPPORh ey dggiuaily but not

miscitiflat the conponents may be conpatible but not
m sci bl e. Exanpl e 5
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Reaction of Ethyl ene/dicycl opentadi ene Copol ynmer and
EPDM Copol ynmer (70:30) with Hydrogen Peroxi de and
wo-00sis0s8ci d [ 00105] 2.1 g of PCT/US2008/060301
et hyl ene/ di cycl opent adi ene copol yner (E/ DCPD)
cont ai ni ng about 43.6 nole % DCPD (FWwW 132. 20, bp 170
0C 0. 01239 nol es) and 0.900 g of EPDM contai ni ng about
Exam lerg)l e % ethylidene norbornene (0.00067 noles) are

Reaction o %Hyfﬁne/amvc %g{l:t'oef holvId and d FPBM _n_w_n U

L OT Ot 1
70:30 Hxd .03 0.261 12 nol es,

onnoSf0- b0l 4 @ae/ofl%ukgse@me 5&9 (810D Ap A AE o 43.

per oxi 01371 no 5/o excess)
mole %olDGPDoﬁFWsl 38220y bpd 7at° Cr@ﬁtﬁi%mpéshmd e 9f)0)rg dtBEll’ier gontaining

e.r m xture i s nto 750 ni, .net hanol
sbout {180 PRSPt e o0 DOPET Folobl P hougad g avptagion flask and
dissol V&R R2TH0! ml 8P EhIBFI&Eh URAHe poRaHYRolRich TTRHd&f 156192@ %of formic
overni ght. The yield of the Pproduct is 3.08 g.

acid (FWe4GPE aAQ4ali1% lrm)l@t 20#feldp¢>md§ﬂdtfol=_1¢wwis bwnl .38, @@ﬁ 3@%! hydrogen

peroil o E050 TRt R it UeoRTl s Hffoptgeom temperature

for 18 EYARPTR: fbaﬁ%ﬁ?ﬁﬁﬁﬁ‘re% p&LBY (26 95601 b YRS NAROIE BEIid precipitate is
Copol yner and Et hyl ene/ 1-octene/ 4-vinyl-I|-cycl ohexene

filtereowarhydrevith( mothayl, wid Hried) undegenciran ¢kil dempat S¢SEmivernight. The
07 0223 g of ethyl ene/dicycl opentadi ene

yleld@%’b%?‘%ﬁ%‘% %P%)@PD) cont ai ni ng about 45.7 nol e % DCPD

[00106]FWT11%2@Q: 4M1yA%0 0P G %%%cﬂ%%k #Nd 189,584 9 o1, 250,000

| ene/ 1 - octene/4-vinyl -I-cyclohexene copol ymer
polydé@/e@itvm/l\hdnés(au ThagSeboalysis 8f rermpbductshe® (8. B4 274.47 °C.
nol es) are charged into a reaction flask and di ssol ved

in éSOO m of chloroform To the polynmer solution is
Exam. d 90. 58/70 g of form c_aci d (FW46t 03; } 9680

PG X e1ED : . : excess)

Formiﬁmldol ution is stirred at roomt errperat ure for

lﬂﬂlﬂﬁeuﬁgﬁ)&w ?%néfe ?tﬁ%feg??ﬂacaétﬁgéﬁ% ?@2@05% ygan.@%ég‘g) CoRiaiig about

45.7 ﬂ%l% f%“fﬁtbﬁ”@'w @deodfb ethouad ey o4acHyiay Y bhd %W@b & o hylene/1-
0C overni gh Teyledof the product” 1s 20 g.

octendf BOHYB] -cyblehéxmpa ciopolfynteh e{Et@t’Né}H)abontanmgSab@st l@ 82mbler % VCH

(0. 014grﬁgpéo po agng%il é%gg ?%Zg}l@t}%g %ﬁg@f aeghé %Eﬂlﬁml of chloroform. To

the poﬁgmi‘)ég' MR on(i€ Ad3Q) otk & 1o Mrf&gﬁl@ R @W AR @ FHROThEles, 20-fold
excess) followed by 27.8882 g of 30% hydrogen peroxide (FW 34.02, 0.2460 moles, 5%

excess). The solution is stirred at room temperature for 18 hours. The reaction mixture is
poured into 6000 ml methanol and the solid precipitate is filtered, washed with methanol, and
dried under vacuum (0.1 mm) at 60 °C overnight. The yield of the product is 20 g.

[00108] The impact of the material is 1.5 vs. 0.2 for E/NB copolymer (topaz).

Example 7
Reaction of Ethvlene/dicvclopentadiene Copolymer and EPDM Copolvimer

(70:30) with Hvdrogen Peroxide and Formic Acid

[00109] 8.4 g of ethylene/dicyclopentadiene copolymer (E/DCPD) containing about 45.7
mole % DCPD (FW 132.20, bp 170 °C 0.0508 moles) and 3.6 g of EPDM containing about 5

wt. % ethylidene norbornene (0.0015 moles) are charged into a reaction flask and dissolved
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[00109] 8.4 g of ethylene/dicycl opentadi ene copol ynmer

(E/ DCPD) contai ning about 45.7 nole % DCPD ( FW 132. 20,
wWhpoog/i058C 0. 0508 nol es) and 3.6 g of EPDM conPEi/miE2008/060301

about 5 wt. % ethylidene norbornene (0.0015 noles) are

charged into a reaction flask and di ssol vedin 500 m

of chloroform To the polyner solution is added 48. 15

in SOogxig(ngc;h?J gt) ﬁna”% gneéé/: Vﬁégrss%ﬁltioé%ig é%%%&ﬁl?gl; o%gt;] foglléﬁ;%oaxmd d(eF W 46.03,
1.046 (ﬂBW 340-OR), exQeskB fotoined @MM@SB}O%'H?Gr@@h ptioaitlel (EW 34.02,0.13

tirred at roomtenperatyre for 18 hours. The reactjon
mole, r%/wmeés i IhpSghuign; inSHTOS 3 TeA™ HEMREAWIC &dl% Reursof hg reaction

r i

rmxtur%rllg égﬁ'ea gugt?) 2\??2 l?{ljlm %tggugoq nﬁ@&%&%&%&g@% %@ ‘Hlt’er@h gxashed with
methayolehetl dfied nedep vacduwet (0.5 ni2) £G0LC pOGiba]. Tl'llaglldzldmﬁmhe ®oduct is

the material is 2.7 vs. 0.2 for E/ NB copol yner
12.00 gt opaz). Exanple 8 Reaction of

t h ' di ene
[001 1@0 Wh%%{pgdtg% qg%ﬁ@ﬁélqé g,%evrsg@g‘g&ryﬂﬁper (?X@(g)g JB(E%&B%. ;

ACId [00111] 1.8 of et hyl ene/ di cycl opent adi ene
ExampR®! yner (E/DCPD) cont ai ni ng about 45.7 nole % DCPD

React Wfﬁgvl%ge/dhﬁcl%ﬁgnﬁﬁléﬁe@opkh eiesd POYDReadicheOf
Conolgﬁif}‘w :6Y Wwith H%W%&msémkﬁ& a Pdfltéﬁg&?%%@ trans, 9 %

Ararrcmh, nw 420,000, 19 -9 0037 ol es)
[0011Hr e Icharafethyil¢reddieyd@aatad@ne fcbpakman (E/DICRED| aoachining 48out 45.7

oo S T D (T AL SGEI: cro
(36 %I, lsewed. Ry 94%51 2} ﬁl@%@@b%@ny—@g?@ g(g(%éﬁ%gl%spa%e charged

5% excess he’solution 1s stirr
into a repen dusk ﬁldf dissolBdhou0sml dihehlorefoti. Go the polymer saution is added

135 81 et (RSAEATaPO R ReeaNOITO TNl Vi 5a RbaDT: hydrogen
peroxM@‘EF’W@i B2 15‘%]@)(0@3%) EIQIGOSGIIR%%rIQISgHEd atl fH:t‘)rrY ke Riret B8 18 hours.

product 1S 1. ampl e 9 Reaction of
The r@t:hgﬂ engtuci csyp(bumpda mtacﬁO@rml Goglonghrend dredsdbdDMecipitate is filtered,

o] r (70: . Wth dr ogen Per oxi nd Far
washegafh s aad dligd ynckeriighandpdi Gy b bAL dicBREn. The yield of
the pr&RRPIsYEY o (E/ DCPD) (M 27000, Mv 75000, Tg 149.1 0Q)
cont ai ni ng about 39.4 nole % DCPD (FW 132. 20, bp 170
0C 0. 0508 noles) and 3.62 g of EPDM contai ning about 5
Example.9 % et hyl i dene nor bornene (0.0015 nol es) are charged
ReactioitdI FthVRAEMi@Blohk @il € dfofanrévatl ERDM Cofblvdker

70:305 Wil AYVAFdBen WRrbxifle RRI ¥ ¥PMiSKeidl | ON 1S added 45.15 g
0 ormc aci FW 6. 03, I.0406 noles, 20-fold excess)

[00112]0I [8ohve df b&lylbﬂle@@yglopént@dleﬁ»ﬁ tqp&biwg@r(EﬂE@B&D . @0, My, 75000,
T, 149 o (?)r &?aélg)lljig g ot T8 moiRe &S Lew 138 b HE8C D508 moles) and

3.62 g of EPDM containing about 5 wt. % ethylidene norbornene (0.0015 moles) are charged

into a reaction flask and dissolved in 500 ml of chloroform. To the polymer solution is added
48.15 g of formic acid (FW 46.03; 1.046 moles, 20-fold excess) followed by 14.82 g of 30 %
hydrogen peroxide (FW 34.02, 0.01371 mole, 5% excess). The solution is stirred at room
temperature for 18 hours. The reaction mixture is poured into 2500 ml methanol and the solid
precipitate is filtered, washed with methanol, and dried under vacuum (0.1 mm) at 50 °C

overnight. The yield of the product is 11.80 g.
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tenperature for 18 hours. The reaction mxture is
poured into 2500 m nethanol and the solid precipitate
w0 2008i15¢5er ed, washed wi th net hanol, and dri ed Pem®©82008/060301
vacuum (0.1 mm at 50 OC overnight. The yield of the
product is 11.80 g.[00113] Al docunents descri bed
herein are incorporated by reference herein, including
ny QL d/ ar e . .
100117 A aBklhohE QEHERY BeRRELSTink G0, BY RAFEHES Pk, including
any priity sioautmarte aid/bir mmﬂghpfot@aue@;ab n@e gaaartaty ﬁiesmt mbhmtent with
and the specific enbodi nents, le fornms of
this 1§Hyerhd on A eERm, Ith%§t)l’r65?1@8 a%er%ie%&crleté@l avl&r ithsugpecific

embocﬂ}?lghé' %‘il Of'aﬁné: %@ tP@ ﬁmWhtaOQ lﬁteergi%lla{ 'agarfdr 85§chB§d various
rit e I nvent i on ccor
modlﬂ’caﬁonsnct&nbi@ dlatib amthdme dlepatﬁﬁg Ifm’ﬂn biee kpint taad st:dspfr ebyhe 1nvent10n
Li kewi.se, the te “canprising” is consjdere

Accorgvﬂlynthsot meﬁdﬁtdhtélat Breninveon ke Higted éhlerf}m po%%gww, the term
h b "

reompf e F A AR SRSl 4 T UTCAbR” o puihBE G AR ralan

law. whi ch process conprises contacting in a common |iquid
reaction nediuma) a rigid copolynmer of an a-ol efmand
a rigid copolymer-formng cyclic diene, and b) a
di ene- based el astoneric pol yner or copolyner, with an
oxi di zi ng agent under oxidizing reaction conditions
whi ch pronote formation of oxygenat ed-species at the
sites of the diene-derived nononer double bonds in the
pol yneric conponents (a) and (b). 2. A process
according to claim1, wherein the a-ol ef mconponent of
the rigid copolyner is ethylene and the cyclic diene
conmponent of the rigid copolyner is selected fromthe
group consi sting of dicycl opent adi ene,
5- met hyl ene- 2- nor bornene (M\B), 5-ethylidene-
2-nor bornene (ENB), 5-propenyl-2-norbornene,
5- (4-cycl opent enyl ) - 2- nor bor nene, 5-
cycl ohexyl i dene- 2- nor bornene, and 5-vi nyl - 2- nor bor nene
(VNB). 3. A process according to claim1, wherein said
rigid a-ol efmdiene copolyner is a terpol yner of
a-ol efns, dienes and ancillary co-nononmers which are
not a-olefns and which are selected fromthe group
consi sting of acyclic, nonocyclic and pol ycyclic
nono- ol efns contai ning fromabout 4 to 18 carbon
atons. 4. A process according to claim1, wherein said
di ene- based el astoneric polyner or copolyner is an
el astonmeri ¢ copol yner which contains from about 2 nol
%to about 90 nol % of co-nononers derived fromone or
nore non-conj ugated di enes are selected fromthe group
consisting of: 1,4-hexadi ene; 1, 6-octadiene;
5-met hyl -1, 4- hexadi ene; 3, 7-di net hyl -1, 6-
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oct adi ene; 3, 7-dinethyl -1, 7-di octadi ene;
1, 6- hept adi ene, 1, 7-octadi ene, 1, 8-nonadi ene, 1, 9-
waelewadssse; 1, 4-cycl ohexadi ene; 1, 5-cycl ooct adP@rEs2008/060301
4-vinyl -1-cycl ohexene; 5-nethyl ene-2- norbornene
(M\B), 5-(4-cycl opentenyl)-2-norbornene, and
5-vinyl -2-norbornene (VNB). 5. A process according to
CLAIM®I M 1, wherein said diene-based el astoneric pol ynmer
or copolyner is an el astoneric copol ymer which
What BAhaaadsf r om about 2 nmol % to about 90 nol % of
co- nononers derived fromone or nore non-conjugated
L of\driessss for priPaEBe e fenatignalezed GO%Wr XS} WHCHPIRPCES gamprises

¢ g% if-30 r r
R R e e O
rigid nqisolﬁneﬂ folmingargclvhididnearands &) eactdaeheﬁhsasad tdisstgnaip polyrner or

consi sti ng of acyclic, ocyclic and . pol ycyclic
copolfeiio Wite RN HoRly RS BHBne oglidrs chuditiens abishspromote

formafih Qldgi}{?eﬁ&e& 9%&%5‘% G H&E\%@‘%é 4R 'd&‘?&iedgﬁeﬁﬁmer double bonds in
nonconj-ugat ed di enes. 6. process according to cl
the polymaniteoeiponsas ¢h) @hdéi)oneri ¢ copol ymer is an
et hyl enepr opyl ene- di ene copolyner r ubber, an
et hyl ene- a- oI fmdi ene copo r ubb
2. é BiACEe ACeOfIBg HPaF e o E%[ e GIGHT asBnenFnt; R the  rigid
copolﬁn&h? EtfyleRe 88d theCQBIR! HiBRS an%%%ﬁtSoﬂﬁe ﬁ?ld%b&‘}mfef f¥¥elected from
but ene, 1-pentene, 1-hexene, 4-nethyl-I|-pentene,
the graummrsmangnd dﬂoydle)partedleland mhtbybncﬂtﬂmbai‘n@we(l\ﬁNBs,aﬁ dthyhdene-

2- norb8 egal g(ﬁélﬂ);bgé}rs | S Ct e%]&{ 23241@%10%3 gl%ll) 5 norbornene 5-
cyclol@x?ﬁ‘deﬂ%h‘ Illorﬁoﬁﬂgﬂig @ﬁid 91"17%1 l-} HBbbiknd (\NBEt adi ene;

cycl ohexadi ene; dlcyclopentadlene
met hyl t er ahydr oi ndene; 5-vinyl nor bor nene; 5-
3. eAhlyIIop%érﬁ@CQfdm to¢land.; vsheﬁ@tlwldeﬁsﬂzawéﬁrfbwlmwpolymer is a

terpol%rﬁ?r o?fp orrglgﬁ ysi dge%%% %Ib(p aglﬁég )I’Y c% H?ﬁOélPBngF \glﬁl@h are not a-olefins and which

arc scRcf@ddtdrd @RS ORYibI ddasisthy PAdRIIE, Qﬁ@moc@;cl@é Byd bel§BERclic mono-olefins
3-isopropyl 1 di ene-5 -norbornene;

contaiping fgpealdut 2 to 1§ euben agtisene. 7. A process accordi ng
to claiml1, wherein said rigid copolyner has a gl ass

o AP IAMTGUe WerBL LS ARSI AR, ot o

copoly@icrd® po ks mchia $opolgmas s hidhagdatalinsoffiorh almarzamur & toTabout 90 mol
. of from about -10 OC to about - 80 O0C. 8, A process of
7o of ¢q-groppmersdegived ArognprEc 8% NS PARrcayagitcd ér?ﬁfa‘s a@sselpcted from the

group %ﬁ%ﬁéﬂf o?f E]X]EJ;%% PRI dﬂ&g?? (flneftﬁ{lrﬂ @-h@)&{d n\@’hﬁ 9nilrnethyl-l 6-

es performc aC|
octadléneqtﬁl ﬂdfrﬁh}tll-loﬁd[ﬁﬁthdlmib 9,6-Heppidishes $, 7a@mam<eheng 8 ﬁ)onadlene 1,9-
wherein sai d OX|d|2|ng reacti on conditians
decadlﬁ% bfhfowleh@w@l@ps Lériogloockilisas atrothy S onilaberesygnethylenc-2-

norbo{rlﬁlge ﬁqug’%a_eg% ? g}lgﬁ-ﬂﬁcﬁrg gﬁéé 'ra}{?g @Wﬁ%&ﬁe% (SVNB).

e cop ane group
and from about 50%to
5. A process according to claim 1, wherein said diene-based elastomeric polymer or

copolymer is an elastomeric copolymer which contains from about 2 mol % to about 90 mol
% of co-monomers derived from one or more non-conjugated dienes, from about 5 mol % to
about 95 mol % of a C, to Cyy a-olefin-derived co-monomer and/or from about 5 mol % to
about 85 mol % of ancillary co-monomers which are not a-olefins and which are selected

from the group consisting of acyclic, monocyclic and polycyclic mono-olefins containing
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100% of the double bonds in the diene-derived
co-nononers of the elastoneric di ene-based pol yner or
weopshsuser to di ol groups or to groups conpri SPEUS2YE8/060301

hydroxyl noiety and one ot her oxygen-contai ning noiety

sel ected fromester, ether or acid groups. 10. A

process for preparing a polyneric conposition suitable
from éﬁc{ut Mg -1 50LADA0 a0 i ta{dxﬁfot}r & s 9'036%81§drﬂerg9&e?i%@lfrom non-

h' process conpri ses i 550 ving In

conjudategudicheseacti on nediuma rigid

e;hylenedicyclopentadiene copol yner having:i) a
6 e e o o b ™ an cthylene.

RYEHRY Fﬁﬂéa 108 QhyibEomoatau nfeP
propyRUSHRAE TRESTHST NG ) A QT AR inke? rubber o o
propylbaﬂp&ﬂaimdene d’q;olylﬁetfmbbnrafkimudzlnﬂ& (@Gldfm i2648id@GpolBner rubbers is

selecte‘éiof:;gilf, )tle:ngg%gegt%pg ZL Safe{ngglélteqq% hjéé gtf ﬁt gcd[!cneengnd I-decene,
and wheAS AR dihcd]re 08d PABHAERPRLYEEis NRYcRY Aol 8SiShexadiene; 1,6-
transition tenperature ‘of from about -10 OC t o about

octadier®) OCmathyl-d SHenkedicha; ono-tieehyiqldubeptahsicst i Tgethfyl-1,6-octadiene;

et hyl ene/ 1. oct ne/ 4-vin xene o 0
cyclotg e FickBRAancs. b A OB ey SRINOBOfione: -

ethyllﬁQMLﬂiﬁorﬂ&%y|5%@th9leﬁ@-@ IEH?Q&Jné(ﬁEer 5[1§$ﬂ}§ﬁﬁdlene-2 norbornene; 6-
4-hexadi ené copol ymers, and pol ybut adi ene

chloroowﬁmlsiﬁremmpp@)yl-émmjrlsumwg 2§ad1@50pmpmbdﬁﬂerfqumbomac;t2 -othylidene-
) n|n | e opent adi ene
350 (e e BT Sty b o qoaRer SESRd aonar ymer

to oxidation condltlons effective to at | east

7. PArlprbédsh Yc@p@xk db zRimNd/viterdli dh XY Eiatc@pslgh@r hhPh Glass transition
ethylenedlcyclopentadlene copol yner and sai d

ternpegamgg,t meﬂ &orm about BASEdtac @lp;mtylﬁﬁﬁroc and Pjd diene-based elastomeric
t [ Y o
potymEERRIGELE Bkt oh Fa it ke B RE AR Sl X o about -

goocsald common |iquid reaction nediumas a
co-precipitated polymeric conposition. 11. An in-situ
formed m xture of a)_ an at |east partially epoxidized

8. rAgyrgce@@ 95;;19% ., phegin spidpsidiging ageat comprises a mixture of hydrogen

perox1d5 %h? T? mic a XIH% Eﬁ)r Frr\é?%gc/ 1%&%&&&? L& 8 S %Hﬁ)ﬁa{ld %ngm@n liquid

par el"astone
Ieaaumgﬁemyﬂmr conpr|5|ng di ene- derlved co- nononers. 12. A
pol ymer conposition suitable for nelt-nolding into
structural polyolefmmterial, which conposition
Cénﬁqoicgsgsacc%dl% totclaipg d¢ v&ﬁl&}cqup aqalrdy Oétfglgﬂlgjlr%&on conditions are

sufﬁc1@1t1ﬂ¥| c%ﬂ@erg O%E !I%Ql? @b‘?‘dﬂoeﬂﬁ‘w gp ﬁleydB%Bleh@o\ﬁ'dQ % the diene-derived co-

monomers of the rigid a-olefin/diene copolymer to oxirane groups and from about 50% to
100% of the double bonds in the diene-derived co-monomers of the elastomeric diene-based
polymer or copolymer to diol groups or to groups comprising one hydroxyl moiety and one

other oxygen-containing moiety selected from ester, ether or acid groups.

10. A process for preparing a polymeric composition suitable for melt-molding into
structural polyolefin material, which process comprises:
A) dissolving in a common liquid reaction medium a rigid ethylene-

dicyclopentadiene copolymer having:

232



10

15

20

25

30

i) a dicycl opentadi ene-derived nononmer content of from
about 25 nole %to about 45 nole % ii) a wei ght
w@@sagssnol ecul ar wei ght of from about 170, O0PCT/0S2008/060301

about 1,000,000; and iii) a glass transition

tenperature, Tg, of from about 85 0C to 260 0C, and B)

an elastoneric di ene- based pol yner or copol yner havi ng

a gI € 0

aboul” el oAb AERELAIGRE bSO B0l St % 10
ﬂmut@ﬁhmﬂeﬁa/dlcyclopentadiene copolyner and said

el ast.oneri ¢ di ene-based pol yner or ol ymer havin

beenliHids G d 2V 28 dn%léQ%%reé’Y%W at)% R ofRoxt cb to about
IOOObb@Qﬁ, reacti on nedium and said at |east partially

poxi di zed et hyl ene/ di cycl opent adi ene copol ymer havi ng

beenuf;ta dleastanpiaoh temhpeyateeo Xy, of freth dhpuctht@at 260 1 an

oxi di zi agent within said comon |iquid reaction

neYi ng@%g ¥ tethyens af%?mata@gfna gappiypaer in said liquid
reactldﬂlﬁéfblﬁle aﬁlaéé%sﬁ(tﬁg?ﬁcts &i?fé(;?né‘seg cﬁw%ﬁ@ﬁfﬂr /rofgo sg ta%}{sm n te1inperature
of fro®oabbuia-1Q WotoCoat Hlef@randsdlvaed Gomnthoqnarp camdi/snng bf otinylene/1-

t % t boyt 85 | % i .
octene R a B BIGHTEh P HOR: Ay KB hpektadicge copolymers:
f [ , i
T
amobamnut 4 to 18 carbon atoms, in addition to conmononers

derived fron1d enes 0si tign accordi.ng to
fi. pHDjestingsat .W%%Ai&“%tre P c MG AL 9RRERNE oifnsthylene-

dlcycl% en%?iﬁ’éﬂey Er@ﬂol%rﬁera Qn(?tsmﬁl %fé@toﬁfe?i@ylh%ﬂ@ blic n@op%%‘i’éryﬂge loxidation
ber, an ‘et’hyl ene-a-ol ef m di ene copol yner "rubber or
condltwnp raff@ytlmwm at tﬂastf partlalan ep@oqhet yngfor rhlybtwylavm smélrrgldl leehylene-
di 1a olefmin sald CO % bbgrsﬁ% elected fr
icyclqpqntadiqhs coROIXRISE dfksald e ﬁ%%‘ﬁféc g0 f‘sﬁ’alCOPO pett é‘ﬁ
IppcteBrcidtids Ql?é:?é@fﬂtln?nﬂ whe rp%hfhll&héfogia@ié@ éﬂa/&alﬁﬂiroxylated
copol yrmer rubbers is selected from hexadi ene;
copolym & -noigtuaicl fremesai@earemnhy liqhid5edmoa muhda[m ‘as a co- prempltated polymeric
6: met hyl -1, 5- hept adi ene; 7-nethyl- 1,6- octadi ene;
compasifiiohexadi ene;  di cycl opent adi ene:
met hyl t er ahydr oi ndene; 5-vi nyl norbor nene; 5-

11.  ehRYh G RAmRd RIkRRE BEMLIn &-16RE bé/ﬂn@mﬁ oML RPFBI@N@polymer of an
5-i sopr opyl di ene- 2- nor bor nene;  6-

o- olefmmwrmﬁglﬁkgopols(meg-(ﬁ@mpg nwlwzdlm Gompaeiacr and b) an at least partially
norborgene

hydroyéyl?tgcg ell%gc&l%g:y Cg.l?gle glelr] 8?%18?%8% 1eng ﬁlarlvedt coy mononqglrs

2- propenyl - 2, 2- nor bor nadi ene. 15. A conposition
12.  asqigh&GdntpositiahBuitahle emelt-otding iesiseiuetiuity pagendfini Baterial,

shich ek Lo peroxi s andper acids
A) an at least partially epoxidized ethylene-dicyclopentadiene copolymer having:
1) a dicyclopentadiene-derived monomer content of from about 25 mole % to
about 45 mole %,
i1) a weight average molecular weight of from about 170,000 to about
1,000,000; and
111) a glass transition temperature, 7, of from about 85 °C to 260 °C; and

B) an clastomeric diene-based polymer or copolymer having a glass transition

temperature of from about -10 °C to about -80 °C;
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said at least partially epoxidized ethylene/dicyclopentadiene copolymer and said elastomeric
diene-based polymer or copolymer having been dissolved in and co-precipitated from a
common liquid reaction medium; and said at least partially epoxidized
ethylene/dicyclopentadiene copolymer having been at least partially epoxidized by contact

with an oxidizing agent within said common liquid reaction medium.

13. A composition according to claim 12, wherein said elastomeric diene-based polymer
or copolymer contains from about 5 mol % to about 95 mol % of a C, to Cyy a-olefin-derived
co-monomer and/or from about 5 mol % to about 85 mol % of ancillary co-monomers which
are not a-olefins and which are selected from the group consisting of acyclic, monocyclic and
polycyclic mono-olefins containing from about 4 to 18 carbon atoms, in addition to co-

monomers derived from dienes.

14. A composition according to claim 13, wherein said elastomeric diene-based polymer
or copolymer is an ethylene-propylene-diene copolymer rubber, an ethylene-a-olefin-diene
copolymer rubber or a propylene-a-olefin-diene copolymer rubber wherein the a-olefin in
said copolymer rubbers is selected from 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene,
I-octene and 1-decene, and wherein the diene in said copolymer rubbers is selected from 1,4-
hexadiene; 1,6-octadiene; 2-methyl-1,5-hexandiene; 6-methyl-1,5-heptadiene; 7-methyl-1,6-
octadiene; cyclohexadiene; dicyclopentadiene; methylterahydroindene; 5-vinylnorbornene; 5-
ethylidene-2-norbornene; 5-methylene-2-norbornene; 5-isopropyldiene-2-norbornene; 6-
chloromethyl-5-isopropenyl-2-norbornene; 2,3-diisopropylidene-5-norbornene; 2-ethylidene-

3-isopropylidiene-5-norbornene; and 2-propenyl-2,2-norbornadiene.

15. A composition according to claim 12, wherein said oxidizing agent is selected from

peroxides and peracids.
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