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TACK FREE SURFACE CURES OF PCLYMERS BY ORGANI CS PEROXI.DES | N THE PRESENCE
OF Al R ThivvoapptBeation clains priority from provisional appBCra@pe/smss

601 164, 488 filed Novenber 9, 1999. BACKGROUND OF THE | NVENTI ON Thi s
invention relates to conpositions of matter classified in the art of

chem stry as bis-, tri- and hi gher poly-naleimdes, as bis-, tri- and

hi gher poly citraconi m des, as silicone el astoners, as p-phenyl enedi am ne
based anti ozonants and as sul fur containing organi c conpounds which are
accelerators for the sulfur 5 curing (crosslinking) of polyners which are
cur abl e/ crosslinkable by sul fur and al so sul fur conpounds which are

pol ysul fide polyners. The invention also relates to conpositions containing
them to processes for their use and to the products produced by such
processes. Polymers and copol yners crosslinked with free radical

initiators, organic | O peroxides and/or azo initiators, are known to have
superior properties, particularly to polynmers crosslinked by sul fur cure.
These propertTe&s Tcruade nigh - 1 3-Vay 2004 WO UI134680 PCTTILCSDOr 30453
heat agei ng resistance, |ow conpression set, decreased staining of netal or
coated netal sheet and easy production of col ored products which have col or
stability during crosslinking and during |long periods of use. These
properties make use of peroxide cure of great practical inportance

particul arly because crosslinkin% S g t hrough _a_carbon _carbon bond rat her
than through a sul fur %ﬁgaﬂ:}hﬁﬁé E@%ﬁ QﬁEOMMERé I31Yfference i's

responsi ble for the i ' } i tw The drawback
for cure of polyners &?@ﬁﬁﬁﬁggﬁﬁgagggﬁgI?ﬁ@ﬁ?%ﬁg%ﬁ?ﬁtggﬁigﬁﬁes and.azo .

initiators has always been that if air is not excluded from-the surface of
the material during cure, a tacky surface due to cure inhibition 10 by the
nol ecul ar oxygen in the air results. In order to avoid tacky surfaces on
obj ects fabricated using such free radical crosslinking by organic

peroxi des and/or azo initicators, it has been conventional to exclude air
fromcontact with Tﬂiéfgﬁ;}lfcﬁ cHihd fority HRomt Bro¥Qbshl aBELiCAH0R donibialiski on
caused by the presence ‘of the nol ecul af oxygen found.1n 15 atnospheric air.
Measures to died Ndeembére; 1P99. oxygen add to the cost and conplexity of the
cure step and sonetinmes it i's difficult, as in the cases of cure in steam
autoclaves and in the interior of hoses, to assure the conplete exhaustion
of air and its nol ecul ar ORNISAGK k- NOERT§ARES the manufacturer
-would like to switch from P an se existing hot air
oven 2 0 curing chanbers. Curing with conventional peroxide systens under

t hese circunstances woul d not_ be viable as a tacky surface would result. In

order to sinplify ininveripaaelafes te sempastoroMnatisrialassiiedia theareokst ep,
i th , . f X t] - f : t.nhi biti
by O ot ec ohapiiBY s BRC T HAEERb S Pl Dip YR OB S AP Bl 01 "

have, for 2 girashithides! SAShEhe didtonérs aslp-plidng ek diamiseB4R8 anfidkoagityial
practice. In particular, none have provided a tack free surface while

provi di ng t handassulfie sontaining grEsnir camppunsiserhiph are asselsxatens fonthoyuldur e;

superiQr conpression t. at J1~0C for .70 hours 0 t o abgut [.00C, i.e:
|O\FI)\BI’ enper Wgedcb ﬁrﬁ?@ﬁéfbo?y&er? R cglrgrgpuxap{e?crg‘g)%fng%la%y_sg gl g,
Patent 4, 983,168 sﬂﬁ%ﬁ@@ﬁmﬁ%@hi&ﬁ@:@ﬁol ANBSIPAISmeS, cThSfvERRmdde - 2 3
May 2004 WO 011 34680 PCTN500130953 foll owi ng cl asses: (a) imdazole

conpounds, (telatehiocorpasiionpoeniaining(thym; toi precdseescionmpheimass, and ¢9 thehi ur am
conpounds, (e) .dithiocarpamte conpounds, (f) phenol conpounds, (Q)
triazole corﬁf&éﬂ‘&épmc‘?cﬁ?yﬁ’r?SrPéoieé??ﬁOUn-ds whi ch are accelerators for

sul fur vul cani zat‘ POBrieRs 4r3& 0BTy RPAL roBI AR EA Gt Fre AR QX InFRNLS,) 0rB il

10 peroxides and/or azo initiators, are known to have superior properties,

particularly to polymers crosslinked by sulfir cure. These properties include high




5 agei ng conmpounds and the like for elastomers for reducing\aybagc4 tack in
the peroxide cure of elastoners in the presence of nolecul ar oxygen. Anong
opti onal wopgtedsents whi ch are suggested as possi bl e i ngr @4T8iRe/ 36T
inclusion in the fornulations, in this case for increased crosslinking, is
N, N - m phenyl ene bisnmaleimde. 10 This is not th referred optiona

Regreasyd gt AR SR

coagent as dieal 3EEtNEAEr§RaE e [ AYBRIRISPR S8k fEIFTY g KT

There is no recogniti ' | SSUREH 82 e0rneraghi haht

provi de an éﬁ%glns%g%f a@?%%%{]&tgﬁ&{q@ Aaf%%o??te?/eg%ﬁmg{ertai n %orrpoun{iis lofy (a)
through (h) d.@nk@sisenians hateurimclengdperiog 6f ae. Tadicmbpetiee rahe tbeofpr esence
of nol ecul ar oxygen. The use of the various sulfur 15 accelerators, in

particul ar etdxigrerwoxpiigeaduestiosl tupereanca errticulasl vhecpusg fergiEBE Isur f aces
for the cured polyners in this reference. but .t i riant physic
properties dxpEgk é&afibPBﬁ?rg"B(l?PB‘imgercta?ré[hé?%’%%]g‘%}kﬁgﬁ%@&& Jﬁ)lﬁg%g algé no
recognition ij.n o r@%ﬁ trhadhe ifptdRd S gﬂw ar@l ast oner s,

bi smal ei m deﬂéls g%gd?BFsﬁ@?e?Qﬁgg;}%%ﬁﬁo es gf thg p?esent ei nvention are used in 2
0 conbi nat i @emptdskionsethdmelenebatkabt merelvd petyraars wothdneerragicaksutdmir

containing sulfur w canization accel erators and ant.i.oxi.dants @d/ or
pol ysul fi de opgehjomearexities andesgo ipigintoas hasalwayypesiggiiE AL IS RHLAXCIES free

surfaces and i nprov ica ' M I t af: all the

cr osel 1 nki ngroH e SHERS BBt Ay Con B3 ek e 800 chidihnBluck

have . that e HAPARRA o Hiehli &heles. Pat ent Application No. Hei 9[
1997]1E016987§§/§%[518P?§g%s 1 hatﬁgrrl]t'i oxi dants of the benzim dazol e type and of
the polyneric 2, 2 érder tonmtohd/tacky urdidey dn edisctiofabreated pung sead 3¢ conbi nati on
wi th standard crosslinking aids. such .@s %g; hacrxlf.tte estt erii.
triallyl cyamsichl EEsHinEPEPTERREPTAHRE a0z INAOM ¢ FTVERR i on' s

pref etred CorRAnRnla th M PHERUEARR Vil @b Fhdfoe ditfheult flABHALE
crosslinki ng- peroxi des w resul't in cured peroxide crosslinkable

el ast oner s whrkhnEbitRalkafiseddyshe prsendernithempiesbnosygdn faind iThe i ncl usi on

of p- 3 3 May 2004 WO 011 34680, .- P(fTéLhJSOOI 30958 g{l@gyl ene :di am ne
basedSant i oziomspheric &t Meansesso £3chids meolechlpn yesy add SPEBE any type
and/ or polysulfid ners...s : ' .3 teaches
the use of Eﬂp?lﬁﬁﬁy B&g%tc%enﬁtépo?&gttﬁ?a ﬁ‘g‘%%gtﬁgﬁ‘ef?@éfr?gg%?ﬁﬁ%%@ ﬁéﬁ

or gano- met albif GRFRAENAS jni (RO rfenbrCofRised, o Bssard ths comptete bxtnubtaon des pri or
to crosslinking wth organi c peroxide crosslinking ipnitiatgors in air to
prevent sur bfaeanditkmalecular oxygss| omoRgnt. AR IFEmEfBEEIdhe MaBBiEREH i ng surface

t ack t t.i oned. t for .the ' . ' f
Gart et hoRoR ROk SrIEh B rL B BTRG G Bpd n NGRS (O
~surfage. U %ﬁf@h’%ﬂ%eé’. 384t Beh vbnS88al @R oS 6ystats wnicethesé r ubber

0

bl ends for Ire treads and sidewal k using a conbination of sulfur and
peroxi de cutiesimsSricksiwonliowit br xiahisanz tacky seriepvoylésesultoagent s of any type
are not nentioned, nor is cure i,n the presence of air, di.scussed. The use of
el enental sul furIfl%TdF’éﬁlﬁ“PEEfyiaﬁdtrﬁ uc&tgg{:Pﬁgngfcom&tgyiogm%ﬁrg%tg}?, We have
found, howe ‘ ihp sudsbeanseinhifibesy s t he ’
final physi ga duﬁ?’?%%?‘%s?%gyg?e’f%gggﬁrgﬁgﬁ?geﬁﬁg%grrer to the poi ntj“wﬁére t hey
are nore typiokallapbxgdenfduring free redianl quesstinking. dinees metheds Pateefr 4, 743, 6S6
al so discloses a m xed sul fur/ F)eroxi de cure acgéaaqt far e}l_g}?ﬂ'{éﬁ‘gﬁrs, whi ch

cur e2Bgent WArHES TERSPTG &St S lifle 9E BRISBFCEEH AL REFH G s #al sul fur
and t he peroxide, Co n r [ : Tep ; sslinking in
air and sur?%eﬁ?‘gﬁf%g%&saé‘?cgcfﬁesers%ﬁagﬁ%m%g%%{ﬁgf %@%sg%%lrgtlﬁgl ns the use
of specifi cpﬁ:)@{@gi ﬁ@bé@pgfngkﬁ'ﬁaQQ’ogdumgmgﬂﬁoambmpxdssignBst atris0 Al fcsal ts of

di t hi ocar bamdt es and m phenyl ene di mal ei m de to provide a peroxide

cr ossl i nked7pboyrsmronyiardd tomsewt K10 Gy it JloYEr ten WW&Q&&“@F%@F% for

geot hermal applications. There is no mention of 2 5 crosslinking in the
presence ofP TAl gir-inhi bition or surface tackiness as a result of
air-iphibition. U S Patent 5,849, 40k aRoses the use of sul fur

conpounds, sulfiu accel erators and hydroqui nones with the optional presence
of crosslinking Bi §sPtemags 635 dincloses thensy ofiaompeunds sdentghremithhg
conpoundi ng of free radical 3 o crosslinkable polyners in the presence of
free radical initiators. Bisnafeimdes,2 anhd biscitraconim des are not
specifically discussed nor is there any nention of - 4 3 May 2004 WO

01/ 34680 PCTI USO~I 3D953 t he possible effect on surface tackiness during
cure in the presence of nol ecul ar



oxygen (air) for any of the conpositions disclosed. In addBtivian2004re are
pat ents which use various conpounds to physically coat the surface of
crossl i nkEePE3488st oners to exclude air (oxygen) e.g., US BPA/URVIB®EB whi ch
teaches use of boric acid, boric acid anhydride as a surface treatnent

prior hot aig.cure. .This surface.coatin eghnique is_|abor intensive as it
Must ber emotMG AT G es S L BERaf EBP P Hhesc Sa rei R aRhe (PR o
conpl et ed. NopghRhdl he) abaus (RhFORASTS) ditBkeRoahig! brPouhds, CORRERAL i on,
suggests 1 o applicants' solution described and clainmed herein for
el i m nati on @npunigde) trackiedoepounds ard {hiamine compounidagvticleser adi cal cure
of polyners by free radical curi.ngt.ag.en S, such as org%ni c. peroxi des and

! r

azo i ni ti at AEEIGRIArE I AE Y RIgARIFRNQTEE A BPEOTEN PETSERIC Hraahericrvs B~ a
per oxigle (aZQkirGitinobfls SXATRISe HAG0RRLASPLAAE WAL, fropget ed Trom

a standard péroxide-cure wWher el e conpressi on s ieasur ed of
t enper at ur eSperdkiédeur @ERBIARRY In the QfestRte ofinbleuiar oBHMAR Gy THE

| NVENTI ON The invention provides inits first conposition aspect, a
conposi t i on optinpaliisgmdren whigh arg suzgesied apossibhpimgnatigngg fagehadetienlinf r om t he

group consi sti of sili.cone elastoners and a. conpoupd . havin he formul a
7P 208 ot FebmblaiSpe.f ey ro Attt frosdinking & S eetent val ent . or
trival ent apgis.isghected fromthe - 5 3 May 2004 WO 01! 3468D PCTI <;
S00/ 30953 group consisting of acyclic aliphatic groups having from about ?
to I @aarbon at orfhis Gywk the mefepledttptogal@upsgent ay i diméthacyotdmpound is?0
carbon atons, aromatic groups having from about, 6 to 18 carbon atons and

al kyl ar ona@f@aly Bspdan has gnRles ni bEse ik norrecegmyon Hiab8Hs lat6Fs, and wherein

t hose dival en r.trival ent, grc nt ai [ I et er oat ons
sel ected frgf#&l‘gﬁl%en%m@oupgﬁﬁgyﬁ%vgde@%@nnéﬁ%o%{e%gr& Q}eoaﬁl,zt?g?d each R is
i dentical aggrdis cbﬁ‘lﬁé@:ﬂﬁ:rbf%B) ffoedhi(i) tore@ud: firfate tRk HriGafRefadéfnns; and
(b) at |east one conpound § ) selected fromthe group consisting of p

phenyl enedi awierie theaprestnan of mwdertar oxygen. sthefuse of o wdnusgubitgani ¢ conpounds
10 sel ected fromthe. group .consisting,of, sulfur, containing,organic - ’
corrpgpr’nds Caggge!r%togf “g%@?‘él?’éwthd’e%‘?q%fmm@gﬁeiﬁ% %ﬁe %rfT%B‘Eﬁegﬁ%‘iks capabl e
of being cr@aﬁ%ic'eyhﬁdhéyuéygtagfm 5 fihf e feREGRI Rt BledbbottanDsHRY] i de
.pol yners and m xtures of said sulfur containing canpounds. "The, tang ble
enbodi ment spmipettize ekpacsdd frompeopdroxida carepee tlsofredured.i hemtis om 15 possess the
i nherent applied use characteristic of heing.suppressors of surface
i nhi bition BEoEmERN F’hgi%&ﬂatqqtlét?@éeﬁ%é&{‘@ 1§$"_€%&f%ﬁﬁ§ﬂ$¥%¥ﬁe presence of
-gaseous nol L s (e OENHPE fd here) thereby:
permtting ?%@Il??e?r?fe&ggg@glssgg?a B%ﬂn@%rs ngﬁggtl?g%ﬁggﬁr%tﬁﬁﬁg agents in the
presgoce of cathbinedidd withepisHeniylenaglidnitae bastdl anpibysianad, sglfioentaidsg associ at ed
~with a conventional 20 peroxide cure. The invention IDrovi des in a

subgener i c #BEdticepizatien pooelaratobraId StiPYA RS gadior BelysWEde aobmeroR, a
composi 1! ongL PLaRd) BYramef;nglgWgPsam?ta%ﬁiﬁ@tshﬁﬁcés’%%%p%(%%ggﬁ%ﬁOf at_|east

one nenber OT conpoun east” one nmenbéer 0 (B) of the

first conpogiopkr@ies AsPesilt@hd thet of Al €d tresslinkmgTdi€s menesiddooniptipée des in a
second conposition aspect, a conposition conprising a conposition as
defi ned i n paveclar dasseopfresnpouads Aayribat effjft.a free radical initiator

selected fromth rou si st ing of ;organ.c peroxLdes zo, i nitiators.
sel egted 1 om { G SouR RROLSHL09 BLISLAATKS BEr1LO &gy kall | @
i nvention passasxidittsidFies BetziRRRLbIR GyptsaddTAR@E6I19TeSE 202, fhrilihpy curing
or crosslinking agents for those polyners capable of being crosslinked by -
free radi cal,2idniydrequinclirerispobsddan ggmbmatibh avithf starfdast ciosginktngheidures in the
presence of - 6 - : ' L . '
such as methacrylate esters, triallylcyanurates and maleimides, such as this
present invention’s preferred component N,N’-m-phenylene bismaleimide, and
30 standard crosslinking peroxides will result in cured peroxide crosslinkable

elastomers with a tack free surface in the presence of air. The inclusion of p-

-3 -




3 May 2004 w0 01l 34680 ~ PCT/ USOO 30953 air (nol ecul ar oxy@enay 2004out t he
pol ymer being cured experiencing surface inhibition by the presence of air
(ol ecul 3O 8x34§8) , t hus, providing a cured or crosslinkedPEbUgHENIFHavi ng a
substantially tack free surface without the necessity for avoi di ng contact
of said surface with air (nolecul ar_qxyge rJ . 1 nvention
provi des a §§5’§1)@Fféer‘ih§mg§pt@5? Bt ﬁgang nglncg}n 8%#5{82’% {slc’g%ﬁtéggcé:g{%?%#ﬁtoﬁe
invention. $ai %@qmgﬁ biyem e iBgmee it pagReeBy m Xing in any order, at

| east one nmenber of corfpound (/R) and at |east one nenber of conpound (B) of
the first conposilf.BoPatastplesi4, 043 tehehes theeyseiodisuefert teeatmert afxurabdd initi at or

as defined for the secaond copposition pect of éhe i nventi . 1@ The
i nvent i on pPEUIRFESOTROGIETS Wi @6%1’68@?1%@‘1‘1' CREREET S MIFHBE E“%@H‘bé Ftion

conprising a_po r.apl R ECTONE i oI Ho Pt BE S r@ el RitR9spOSi ti on
as defined |°ﬁPatnh%eé%sﬁéeé%ﬁala‘@o%g%)sﬁpﬁnﬁﬁwggg%c@ccﬁc%ﬁe@(} nvelnt :ﬁg%nl. 1T e third
conposi ti on;agpeasprevbntsifaéamcnbfi@rontseage Othdtendanber eattralfipg i ed use
characteristic of being formable into a shaped article and then being 15 _
crossl i nl cabhrfaomtiid are nbemsutiduedsxofptSer e prapeuslalnaws €chriqres @6ntact with

air (nol ecul ar. oxyge to provide a crossli.nke haped arit. cl e having a
subst ant i al Wfapgé{c%qi? Wfb&éé‘?’plﬁ‘%c[%?lf B?Pqiﬁi&}&‘cfglg qﬂ?]l?eé Sgﬁ%cﬁéneri c
composi tl on aspeets Baddiq 41 354 £HAMI 370l A8RAG esf rlibGerldRBIB:0N 2
curabl e conposition prepated”™by mxing in 2 0 any order at |east one nenber
of coppoundtifeAreasdsdndtidewaldd usimea cembmatiod of sutfwand péBkidef curese fir st
conposition aspect. of the invention, a_free radical initiator, as defined

for the secSwdirsaelemtars amAl3REPPIoYed Ne0IKTERIERY PSR A nPOREHAned,

| i nkabl e .b f di Lntti - | ' i des i
First procetd Spii bRt Br e EHE TrolE MMBRAATRIRER S22 g
CONpos| ti ONge3§REEIn ME phAEcé BY GREd PRemune) WoRPrd foasd, Mosiovgr, ittt &y or der at

8
| east one menber of conpound (A) and at | east one nmenber of conpound (B) of
the first cospdsidnaonalasifecadvstsehhaficebafinahphysisakpropersics afithegiradni ti at or
as defined i.n.the second. conposition aspect. qf .the inventiqn. The invention
provides i nel&SSBELRX 5?6‘@&3’5%55 @é?ed?orgﬁ@“f%\?éﬁ@i%gnﬁm%ﬁgn “process for the
preparation,f the third conposition aspect of the invention which
conprises mxing in any order at |east one nenber of conpound (A) and at
| east one menber Ud. Patempé)74d,66Bplsofdischeses & mixedohinperaxede ewrpageniof t he
invention, a 3 May 2Q04 WD 01/ 34680 PgTI U 0130@5% free f'réfidi cal
initiator ai©rQBFIOMEES. WghereageH 30IRYBLTS SuTHT ALHIFEAOSESHE Fnvent i on and
a polyner c I - r adi AR bbb i mention is
made of" em%g@%h?%g?ﬁée?e%%ﬁg ) gg%%g{tssdrgp Bﬂtrﬁgﬂ}br?\?g’%ﬁoaﬁé wherein
conpmind ( Ajroéslinkiigds bidnfl sorfads tackihess distessednd conpound 5 (B) is sel ected
fromsulfur accel erators, where conpound gA) is.selected fr
bi sci t r aconi ni de¥-SaRateabisddda2 clayms thedise O PREFIHG AMRIDRYIRS gyt or s,

where compoynd (A).. is, sel: ol ey 1 ound (B) is

sel ected fr “B@?{}‘Sﬁif@%ﬁ‘%ﬁ%ﬁ%@ﬁ‘ %??@S%%%ﬁﬁ?gﬁ@%ﬁga ected from

bi sci t r acondifiathsidNe peHRO B PerokBe drosstigkaipatgmer with pojeriuthfydmdytigol yner s,
where conpound (A) is 10 selected fromsilicone el astoners and conpound (B)
i s sel ect eckrirthermud sizbility fareepeymalappligyioas all herg it ROMENEORPE0 nade of

enbqdi ments _of .t he several aspegt.s of. : ] } rein.c Lpat ed

pol yet hyl erFéo‘f‘fHHg’&g 1R HIFF &€ $8&%’@6&%%@%‘%lﬁ%e%%%aggtra\éﬂﬁﬁ% %c?e%glgébgpti onal
suppl enent aj;._igpgigghents in addition to conpounds (A) 15 ~ and (B).

DETAI LED DESCRI PTI ON The best node contenpl ated by the inventors for making
and using their U ®atenof 849,214 disaloses Heyss phudfur porapeunds, Wl reference to
a particular . enbodiment thereof,. n&}gel é 21 0 A m'xfture .(ﬁ%. .

di pent anet AFFERBLaR AL BYATP@YAgues Y s PRARHLAIEFIcqy NOSHRERS 5.

bi smal ei m g i dLEL - %9 BBl cycl ohexane

( LUPEROX 2%?"%?@?1%?3@?%%‘!3?’89%%cﬁﬁmgdrg]r%{)pyl é’#gd‘?a?éf" fﬁ%ﬁ%\% STALON- 504)
in het ai r-cra'ééliﬁkﬂﬂ@ﬁwlaﬁ; iffithé piresernt oBficé aattical Hivatarsa BisthAIBIRRARS, 231 XL,
the 2 5 ingredients, which are all in dry powder form (the LUPEROX 231 XL
is in the faodbissirarosinydesere at spseifisally disansspe A these any BicgRPR 8k bonat e) ;
may be m xed in any order and then conpounded by standard net hods (Banbury,
two roll mll, extruder and the like}y #nto the VI STALON pol yner. The

Sul fadsJ, HVA-2 and LUPEROX 231 XL may al so be conpounded directly into the
VI STALON either _ g 3 May 2004 W) 01/ 34680 PCTNSOO 30953 si nmul t aneously
or sequentially in any order. Any two of the Sul fads, HVA-2 and LUPEROX 231
XL ingredients may be mi xed and conpounded into the VI STALON separately or
simul taneously with the third ingredient. This conmpounding, if done
separately, may al so be perforned in any order of




5 ingredient addition to the polymer, but it is preferred BiMap20p4r oxi de
is added lasL. Once conpounding with the VISTALON is .conplete, the
conpounded®®Px3468® nay be cured sinply by placing it in a hBETHE/W¥BN at a
suitabl e tenperature for initiati ng cure by decorrposi tion of the peroxide,

conveniently, in this at. a t. ci ent
period of ti ﬁlé E“&fs%‘f ?ﬁ?&fB SPlﬁ%cg gégeﬁg ggrléo %s r{Cgkf%ﬁ#m

pl ace, conveRkosdd Mir) kot dn |0$t}g‘ea§)g1p0§mg§ d;b@bgkcnut es for a th| n sarrpl e at
roomtenperature at %h art. One of skill in the art will recognize that

t he ot her corrpoundsatﬂ@:lhlonﬂgrmmatﬁntmhlsb@pevmoiﬁcﬁomodnds @fph}’hléalﬂ)i rst
conposition aspect of this i v on are all teri e all
trinaleim de§°§ﬂb%ﬂﬁf3€'ﬁﬁfﬂ@§s "&‘FH‘? #%&E’&ﬁ?ﬁﬁﬁ‘é@u‘&%ﬁp&’%}’ai gtﬁ coni m des
and can all i | at ed by
The i nvent i on By uE a7 ek ARF o PRATY sl Mok BB & P T e

bi smal ei m de&c@cﬂﬁnbpﬁ@ﬂ hdtagntdr TiEs safireeoping &dhmmsisalabmmgtenmreasml s are
all either cormercially available or can be readily synthesized by nethods
wel |, known imustbeeregraved gaé disposede afipt \be crosshinlppg seacton s¥B4s 948; 2 0

5, 616 666, 5,292, 8 5 and the references cited therein for nore general
~synthetic mef% 1§ The trimal ei mdes and tricitraconimades as well as the
hi gher pol ymal ei mdgs o2t Hbi ¢ AFRRhES d@ﬁex{rﬁﬁ%@%r% eORbRMABY, saggésegous
techniques if they are not commerci al 1y avaiTable. For exanple, the
trimabei m deappichhts NolgtlorBdesertivadoanidrodai@ed hesedn Gortalinyihytiori wﬂuefam tdek has CAS
nunber CAS(67460 81-5). .Sone. primary. nes,.sujitable for s hesis of the
di, tri- and *ﬁ@ﬁéﬂ%éﬁ*?%ﬂ% gTagic ‘éﬁépgﬁ cZ3 bY HEDFR ‘é‘émh:re

pol yfiicti On%len&r nééé AL ergk'fiﬁs bl EP.% ifiafifts Wley?gvllgﬁ{ 1R Fesir, 3b1e

pol yoxypr opy %ne SR A T Re pol yoxypr opyl en nes an

pol yoxypr ODYIL}%@ﬁaIﬁﬂoﬂﬁtiéQSf §9L’r6xwa(im’o)'rchﬁ: Fo? exbnbMiconipesivanet by
Hunt sman Corporation. In addition to the N, N -m phenyl ene-bi snmal ei m de
speci fi cal | yvalessexpesed fratovetandsr ¢ perokidg eareeans ‘ageremi the SEEPISSHAN £ 14 hos e
di scl psed in_the abagve referenc Oll 34680 - '
PCT/ Ug%OI 309@%35&@@%"5’“ %raufeémngherlgggaggoutal%g? %(r%\?én BOXSH ™ Wit hout -1 miti ng

t he generality of the above general formula (1), are: :

N, . - et hyl enebi snal ei m de, N, N -hexanet hyl enebi smal ei m de, N, N
dodecarret hyl ene- bi smal ei mi dSUMMMRY DB THE INVENEJONex anet hyl ene)

bi smal ei m de, N, N - (oxy-di propyl ene) bi smal ei m de,
N, N (am nodi pr opyl ene) bi smal ei m de,"

N, N - (et hyl enedi
-(ethy ene?@ n@?@ﬁi@é SR ﬁ'smdiiﬁposztlon aspect a composmon

N, N (1, 4- cycl ohexy eimde, N N -(1,3cycl ohexyl ené) bi smal ei m de,
N, N - (et hylcﬁm:mlrmfg di cycl ohexyl ene) bi smal ei m de,

N, N - (| sopropyl i dene- | di cycl ohexy bi s imde, N N

oy 30 550 Y iiSner i o avg camaptid CRL RS BB by Sordthaeali de.

N, N . (o phe T Ml e) bi smal ei m de,

N, N - (I, 4nap I%H?enes%q%{ She %??n @bd}ldﬁ(ahfn% LP@P- nap%up?yl ene) bi smal ei m de,

N, N- (3, 3" di met hyl - - di phenyl ene) bi snal ei m de, '

N, N - (3, 3-dichlor 0-4, 4' bi phenyl ene) bi snal ei m de,

N, N - (2, 4- pyri dyl(Jbi smal ei mi de, N, -2, 6= 15|pyridyl)bi smal ei i de,

N, N - (1, 4- ant hr aqui nonedi yl) @ snal {N -(mtolyl ene)bi smal ei m de,
N, N hyl - 1,

phe 4- phenyl ene) bi snal ei m de, N, N

(p-tolyl ene)bisnal e;gmde N, N

henyl ene) bi srmal ei m de, Nﬁg.}nm
(4, 6-di chl oro- 1, 3- phenyl eng) bi/smal ¢i \' - (5-chl oro-1, 3-phenyl ene)
bi smal ei m de, N, N - ( 5- hydr oxy bi smal ei m de, N, N - (5-net hoxy
20 |, 3-phenyl ene) bismal ei m de; N, ene) bi smaleimde, N, N -(p
xyl yl ene) bi smal ei mi de, N, N -(nethylemnedi - p-phegnyl ene) bi smal ei m de,
N, N (i sopropylidenedi - p- phenyl ene) bi smal ei m de,
N, N - (oxydi - pphenyl ene) bi smal ei m de, N, N -(thiodi-p-phenyl ene) bi smal ei m de,
N, 1V' (di t hi odi - p- phenyl ene) bi smal ei m de, .N, N - (sul f odi - p- phenyl ene)
bi smaleimde, 2 5 N, N -(carbonyl di - p- phenyl ene) bi snal ei m de,
a, a- bi s- (4- mal ei nodophenyl ) net a-di i sopropyl benzene,
a, a- bi s- (4- p- pheshessia)n bl sored érﬁand%d%fﬁ]Gngc"énﬁfaé‘ﬂ(‘énd is selected from the
mal ei m dophenyl ) - par a-di i sopropyl benzene. Conbi nation of two or nore
bi smal ei m des, or bismaleimdes with the trimaleimdes, and with the higher
pol ymal ei i des in the conpositions afd B © processes of the invention are

al so contenpl ated as equi val ents and one of skill in the art would
understand that such tri and hi gher pol ynal ei mides and their substitution
for the conpounds and processes specifically illustrated herein for - |0
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WO 011 34680 PCT/ USOD/ 30953 the practice of the invention tgNgyoaoh

equi valents and to be well within the scope contenplated by the invention.
Bi scitracQni ; which may be substituted in whole 6r in . he
N, N -m ph%ﬂgggﬁﬁ smal ei m de referenced above include as reg%%gw%?gl]ve 5
exanples: 1,2-N, N -di nmet hyl ene biscitraconimde; 1,2-N,N -trinethylene

bi sci t r aconi giodg codsistiny, df aci@icneiphylic penpsaheting lfeme ibdit 8abtlasdwinni de; and
N, N - met hyl phenyl ene bi scitraconimde. |10 Mxtures of_ biscitraconim des and

m xtures of HPHTeFElFRHRRAEEIOHSIEVINEETRIAPEES Ihs0 GEPPD 39Tsh #9834 Ac| udi ng

the trimaleimd . | | . ' i on.
The bi scit r a8Snharace RaRtarirs FUR: RSP Refiuia At bom; Ry, RAGRL 1
conmpounds angomhBbet MR 24 AN Sibals! Indwhbleabihese divelentyey wheldeatidpy 15

synt hesi zed by nmethods detailed in the art. ~U S. Patent 5,292,875 in
col unms 4, prmuy dergaim whetoaimoze hetestatasfs slediedEpmolisY apd Ssteplasitngsbove, t he

Subst |t od HOUTEPE. B SoRs 3R Ky A e T e R ko and-
such corrpoun&sl t?n%csdp@o%gtgﬁgjﬁ%s wi |l be understood by one of skill in the
u

~art as beinga equi va

and wel | within tfgasleepeneetmpsmdBideksteddfiir ahepoupyohdistinguigat i on. The
silicone el astomers contenplated as useful in the aspects of the invention

are the per pticngenediagine blsds antigzerantsand syl caRBERg PRZARC SPITPLYRES

derivat i | ast whi ch el |k 0 . le,
TR i B e Hett it Ba e R ernaihRE sBic Gifols DLATBLS o
seq., John Wl gy &fﬁee&rarmrg%%ﬁ@r videkdi i ROSTRIth &8 cap b Lheipgrpounds

capabl e of acctelerating su
of being cr gsssslinkesichyosyplfan| Sulfucactlerndrst e gofysulfide@olymarhand mizgnteson ar e
well known in the art. Many differepnt 3 0 cl asses of these conpounds are
known and a|0¢’safiéugwogﬁ9¢m§séama§u%fgm val ent. The Yanderbilt Rubber

Handbook, -t hi “e@ﬂ}e*}argfeiemqoﬁ‘rgaﬁz oftnt ArYAMIR R ddn LPERBA e ihgénl\%);l'

publ i sher lists many pes. strative of these are - 2004 5

10 WDs01/ 34686kess fcThidpe)/agpR&Busdaharsaterists oObeihg szmirtisamalfaarface
t hi adi azol es, sul fonam des, sul feni m des,  dithiocarbamates, thiurans, 7
i m dazol es, inhibitieatodsree sadical induged sure oAPolymnere iR thePressIesPLsasemsr al ¢l ass

of sulfur conmpound sul fur. accel er ar. ' ' | e.g.,

di al I yl di suH@E%@a'p%‘lyy%%K‘r?-ﬁ@’gg‘ﬁg}%%‘?l‘%é 32%14‘?9@%%‘%%3&?5@?&’% as the

ar nyl phenol (@l fesubdsdpoBmsers WlrbAcaditAdusihg agéradinARPpbtdyéndehmical s, | nc.
and .ot her sulfides such as disulfide and/ or other known sulfur accelerating

pol ysul fi de witlespiiatmingiihefinappsptih peopering/associpied wHBRs@svVegnal| f ur
cont ai_ni ng conpounds. & her sul fur containing organi c conpounds capabl e of
sul f &P donaPFOXIE KRl cani zati on tenperatures which are known but are not

presently used fqrheiﬁk%F{tiE)EgF&Jliﬁﬁnl&%ﬁ@g@ﬂﬁ@faswwﬁa_@ﬂ?rﬁrdaﬁxp%&i@ioﬁ' SO
I va .

contenpl ated as equ ent ustrative of these is the conpound

2- (2, 4- cycl agpent aftthe frovehtignt,iadmmegositiod-fdiméd by amixingb the gssgntiabul arly, one
sul fur accel erator class suitable fog ucﬁ_e in thcgﬁ%SarEILa tice of the

i nvent i on afgredients thereadiat lpasione PTGt CPBRSPES b At deasiflfse salts have
t he general : - j i e gerived froma
nmetal sel ecf%gfb%?%f#mﬁé}rd g&%%@%ﬁ?d&%{%&ﬁﬁtglﬂ%@g%&% iron, ‘
chropbum tin, ziTheim&afipeprovidsadn alsecomdtdompraititinuaspecs,ed @mipositznd

tellurium or X.is a quaternary ammoniumion, n mgy vary froml to 6 and is
equal to theOHDAEAS 26pmpesifian 2paetined/a the Ay campasitinasgesfid afif R and Rz

are independently. .al kyl_, of lts of
di subsei t ut Eaéhc&# %Ilﬂﬁ%)tggsr%%ﬁ?dclzﬂé{gi tge %%@B%%Pgi%ﬁ%%ﬁ%ﬁ‘? |s tggﬁfri%ﬁnat e;
cadm um di efdiyd:igest hi ocarbamate; - 12 3 May 2004 WO 011 34680
The tangible embodiments of the szcond composition aspect of the
30 invention possess the inherent applied use characteristic of being curing or
crosslinking agents for those polymers capabie of being crosslinked by free

radical initiators and of being capable of effecting such cures in the presence of

- 6 -

e€nt 2 0 to those specifically illustrated herein.

fur vul cani zati on of polymers, which are capable -



cadmi um di anyl di t hi ocar bamat e; copper di et hyl di t hi ocar bandtMay 2684

di anyl di_t hi oc%g‘famat e; lead dinethyldithiocarbamate;~5 selprmusms3ess:

di et hyl e RS bamat e; sel eni um di et hyl di t hi ocarbanmate; tellurium

di et hyl di t hi ocar bamat e; pi peri di ni um pent anmet hyl ene di.t hi ocarParrat e; zinc
di anyl di t hla%&&wrmyg&)mmlxﬂnhesmﬂwyt BHing FUEE RIS 1] HETace

di et hyl di t hi ocarbamat e; zinc di net hyl di.t hi ocarb d
di but y! di t hhibAionaryehe preserse aéF #i RSHIHi qwg%@aﬁ‘gﬁh%m%ﬁg S Sodi um

di et hyl di t hi oc ¢! rdaafaBé |itholnihe necessity

di - n- but y| STERIE grpﬁi}”fﬁ?ﬁ‘a%y% g‘%:ﬂ% ‘§ﬁ¥§#§%u ocar bamat e. PCT/ LJS00/ 30953
A second sqiﬁ"f WoidRS ebRbAldHisald Agics wiithatit (endloc;ulaus@cy:ﬁnitﬁ]@ﬁ&ﬁ}-@ﬁtl on 20
conprises the thiufarns. These are prepared from secon am, nes and
carbon disul fi dél'}ﬁndvq:mwse;s'evndh‘eag@b@ﬂémc 3TPPECR PR SPRBS °§ % C-Sn-C N

R R3 Wierein R3_is an al kyl #lyons or the
R3 groups GﬁP@ééﬁthﬁalﬁ‘fqnéIGFarsag{W’g%%h“oél[ %ﬂﬁ@gﬁggﬂgﬁg t@ﬁ%‘?ﬁ@ tg form

together 2 5. wt i260 at hayt afeematbercded, a five, six
or seven n%%r%tgezﬁp?%ggtg{/r&q?gf?élﬁg&g@n aining 4, 5 or 6 carbon a}oms
respect i velcxsn%aqndl (BRYf theYiestaompbSition 28pdvhgt m@onwmm/agd@eéem ica

PCT/ US00/ 30953 positive value fromgreater tha 6 Typi cal

exanpl es ofinitiaionradefnddifor thecseepnd %HFB?%&%&SPH%% %net hi uram

tetrasul fi de and_hexasul fi de Wi édglafduelﬂ,ieS
t et re@ret hyl t hi ur%’ﬂ}’%’l‘jﬁp&gwdfggﬁ L7 % tnﬂdlour am%?sui fide; a
t et r amet hyl gglllni,l [ sp@:hmbmmfmea:adldalsn tiatere andibenzyl t hi uram
di sul fide; %B’l é@rmellggn ylt ﬁlaf}%aﬁ]hdl sul fide; tetrai SF&H | i h| uram di sul fide;
i sobutyl t hlc@ﬁ@mmibﬂ@sdhﬁmaﬂhn the benong IcOMPQSIEAT ABRASS A1 Hiedventon

tetrabenzyl t hi uram npnosul fi de; I fide The
hi gher rrul>/t| sul fTTGéblréFOFHQS’FSPlaBRﬁ& ?f:u{h%r%‘%saﬁtg%{ggp#eg%&g%?&ggnor s.

Derivatives g Yrriddle inksTh EBghedarticio ant drendging
deri vat i vesapB’I“3 Fsﬁg;ﬁéga%%l"‘?ﬁfg’g?%?g e (2,5-di rnlgfbh | -1, 3, 4-t hi adi azol e); the

pr opﬂr, etar h&éahﬁl@db@ez%ﬂe a-fetdmfa\ianﬂw@smpeﬂz@tmé¢ 15@6@9&%“ i fied as VANAX
189;. 2 0 1, 2,4-thiadiazol e, 5-ethox chl.or e le; and
al kyl rrer c dptobtcylaa @k Bgas) &2 Provids 3 ﬁ@%ﬂwk%ﬁ?a?s 2 %g‘éh)ﬁjz ﬁﬁb&gﬁ[%??vatl ves

of benzot hi azo %res h ve the general structure: N--S MS x \Werein Mis a .
di r ect bon&a afﬁvo sul fur atons, H, or an ion derived 25 froma netal

sel ected from t hehhosRiongisiides ilga sxibgencrmommmmrt aSPF?*(ﬂfth?:WFSm um tin,

zi nc, copper | ead, bi srm;_g@t caggl um s E%xﬁéﬂosﬁﬁgtﬁtﬁ@g{ rﬁ}nﬁ’ vvhen Mis
H xis odnq:msiﬂonsaspﬁcttip INBFHRPIRR qﬂéﬁ or 2;

and V\/nen - 14 113468 Yg@gﬁg&@@gemﬁn&raﬂ |on deri ved

from@@a met aﬁnyor‘ileraéleé gnﬁﬁ%@?egﬁ%%%nggence of the netal ion; and ifM

is a direct ogg% etﬁ\eg dowlfositicataspact afithexniventibn, & liegn radical second

sul fur atomt WHIC the M bond is attached is bonded to, a ‘
4- nor phol i nmlt:axcﬁchsdafme‘ﬁfoklthmmcp&‘ﬂ F@@p%ﬁﬁb%ﬁs’ast %35 ‘ge “%"e(lﬁmﬁﬁ‘?dp%m i nodi t hi o)
benzot hi azol e; benzot hj %é%/b ul fdlde t@_rcapt 0- benzot hi azol e;

2- mer capt olrivBeETfrasinka ¥ 1% el"a ium 2- mer capt obenzot hi azol at e;

zi nc- 2-mer capt o- pg %1%1]&5 e1de§Qpﬁﬁ'i'st%rmwmbcﬁmepmoedmfazthbate
2- N-cycl ohexyl am nobenzot hi azol e; Ncycl ohex%[I ani no- 2- benzot hi azol e

pol yggl fi depreﬁm‘bﬂuﬁb@ﬂth@&dmomﬂ(ﬂompzmmp@ﬁwgp thganvegtigRvhich comprises

2- bi sbenzot'hi azol e-2, 2-disul fide; g de). The
sul f enani demadeeineanytsaer %iﬁls&?%"’o“\ﬁg’l Fr & C%\/\H}% %ﬂﬁ?szrlaﬁ%txl %géeoggrrp | es

member of compound (B) of the first composition aspect of the inventionand a

free radical initiator as defined in the-second composition aspect of the invention.

The invention provides in a second process aspect of the invention, 2
30 process for the preparation of the third composition aspect of the invention which
comprises mixing in any order at least one member of compound (A) and at least

one member of compound (B) of the ﬁrst composition aspect of the invention, a

-7 -




are: N-oxydi et hyl ene-2-benzot hi azol'e sul fenanm de; N-oxydi egmag2004

t hi ocar banyl - N- oxydi et hyl ene sul f enam de; N cycl ohexyl - 2- benzot hi azol e
sulf enam dep osdsgdut yl - 2- benzot hi azol e sul f enam de; N-cycl obexykooBzids
benzot hi azyl sul f eneam de; N, N-di cycl ohexyi benzthi azyl sul phenam de; Nt

but yl - 2- benzot hi azgl e sul fenam de., There are al so sul feni m de conpounds,
e.g., N-t-but ﬁe%%%tiwma%ﬁéd@g% ipdhg $RCARI COpRPTUIN SRELLsheiavantn

2- mer capt obengzj i T8, :71.dazol e; and the zinc salt
of 2-nmercapt oé%%' %1 a@%f%?@%@’ﬁ%g%%%?%gy l%tgﬁt hate is a typical :
xant hate sul fur acspkgtahentionhy pigialoftehibodingass of e séverdrekpackd brither ea;

1, 3-diethylthiourea and 1,3 dibutylthiourea; ethylene thiourea; blend of

di al kyl t hi oumeastioniivpereiny¢oneprvadr(da s shlested e bysmalpimidescand adimrponng |

t hi oureg; dieghyl thiourea; dipbutyl thiourea. Al Kyl ol disufllf'de types of
sul fur gccel e tlélsgle‘étF‘gﬁlofri ﬂ'&#ﬁrﬁf%eéerﬁ{}“t’ WJS%COMW@R& NN %%dr%mf rom
VULTAC 5. Thi SeReRatarates iRy o aden O At D Sl e e
conpounds as &epirinddiadikyd etitddfromtianiiaingiezimiccothpiuky KB) ishselzped Sphat e,
zinc am ne dithiophosphate; zinc dibutyl dithophosphate;_ copper, .

O, O di i sopr oEAlyIAdPE ARG YEFTeHosRouBd (4} eelected from biscitraconimides

Cho e o ERRERER Lk BhBh RS PSS AR e e 2t o
di but yi ¢ant haggratedi Sath silfiiene eladiomers shd\impdfiad (BB seRtydHFom pblysiisgan be

cured (crossiinked) in the prese~c~ of nolecul ar oxygen include all those
natural and opiyrhersi ¢ pol yners capabl e of being crosslinked either by
abstraction of hydrogen (or. ot her extragtaple atons,, such as with.iodo and
D oo Substi ¢ ut o ST BLPHER SrRITEEF OEBRIGTEr AL A PR BWEHS ! o) o
bonds. Poly i : : I t I | e by
Chese mechan o e e o e ] BB e
radi cal s genarginelhded asopd gaih seppdanenthldagrediedtstihaddition ite tompbwtds (def i ned
herei n bel ow and. whose presence shoul d be substantially avoided in the
cur abll® conp@dd (Bl-ons of this 10 invention include: poly(vnyl chloride),
pol y-(propyl ene), butyl rubber, -epichlorohydrin polynmers and

epi chl orohydrin ethyl ene oxide polyners. Wen used herein and in the
appended cl ai ns8 when referring DETATED®ESCRIPTAONe - f or- use in connection
Wi th the invention any reference to a soup of polyners-using the terns
"conprising,"."consistin' essentially" and "consisting oP" expressly

excl udes nore thag.,mnor insi~ificant .anpunts (1 % by,wei ght. yr fess) of‘ |
the non free radi b(?f‘td’gg‘% %’féo‘éla%glb)ygﬁ? B’r"_&‘?‘ig’ﬁs éﬁﬁ%ﬁ?e%@eu%’fgéﬁr expr ess
statement t0idRgHEORN AW -be deBGDEAGA Bl Gt johkaid o Dpati@tarr adi cal s from

organi ¢ peroxides and azo initiators as defined herein bel ow include

et hyl ene- pr opymbediendne theodofmamgIPDNF }, ., 2 0 et hyl'ene- propyl ene copol yner
(EP-'" |~ natural palyisoprene rubber-(NR),, styrene t adi_ene rubber (SBR),
pol ybaPadi ene rubﬁé%”(‘ﬂ%}", W%T&@gﬁf)&X}?réﬁémﬁ'éuﬁﬁﬁggﬁ?@hﬂgb'm'

pol v(et hyl en i - { Aet g bR EEER :

acrylonitri Igg%lgfeg’hlbésﬁ%g%ﬁﬁgﬁgy% , uﬁgtgl?(a&%ﬁ%)gl);é%tser, _

styrene- but aﬁir@éﬁﬁyﬁwaantMER@p@mm 1BBS)o crk AR IR ripreI&iee- St yr ene
bl ock copolynmers (SIS j, neoprene rubber (CR), 2 5 nitrile rubber (:v-BR),
pol ysul fide édﬂa%eg(ws@hl@}k@eg@glﬁpmtym[ et hyl ene) (CM, polyurethane (AU,
EU), vinylidene Tluoride copolyners (CF~f), silicone rubber (PMQ, vinyl
silicone rubber ('YVprega\vBE mirniry atSylfadseHVACK)and QURBRON F3aridal, atle

pol yethylene) (CSM and fluorasilicone rubber (EVM)) . The free radical
initid%ors (Betpdings, phidxirgal taﬁwa%dvrfpm&hsm X@tH Xbasmtbeuse in

the invention in .all.tho 9 f_or i rax{ des ,and. azo
initiators s Wa?gjl'@%ew heii ‘H%‘%Z%‘ire@iﬂ%?sﬁgi°Hg°f%§%P§ﬁ’g’§Egdo&%¥ b[%ﬂ'g?(ﬁépl astics
and el ast On?ihfanX-BP&er%@ thedl dolcoRh8e b E sthRSE mef3 (BEnBuRe tdolrel] sMBH as

‘', 3 -azobis-(? - 16 3 May 2004 011 34680 PCL' | US00130953

acet oxypr opagxiudet andyiba dike) mtd thed/ ISTAILANG polyrherat Thedodizds®) HVAR2 eapabl e of
inducing th pred curing (crosslinking) reaction. T [hitjators of
U'S: Parent P BREE a5 Khcifay dl56 58 SqPPHEd S Er bk o e QTN ALY cther

i ncorporated herein by reference, are also suitable. 5 Wsh the exception
of hydroperoxi des and |iquid peroxydi carbonates, ‘all those organic

per oxi des known to undergo deconpositi~o8 by heat to generate radicals
capable of initiating the desired curing (crosslinking) reactions are
contenpl ated as suitable for use in the invention. D alkyl peroxides,

di per oxyket al s, nono- peroxy carbonates, cyclic ketone peroxides, diacyl

per oxi des, 10 organosul fonyl peroxides, peroxyesters and solid, room

M o, o o, o o, o " -, .




15 Peroxides" by Jose Sanchez and Terry N. Mers; Kirk-Q h@avag2094| opedi a
of Chemical Technol ogy, Fourth Ed., Volunme 18, (1996). Illustrative dial kyl
peroxi de Wetal3468rs are: di-t-butyl peroxide; t-butyl cunylPGQEEHMHYE 2 0
2, 5-di (cunyl per oxy~2, 5-di net hyl hexane; 2,5-di (cunyl peroxy) -2, 5-di net hyl
hexyne 3; t 22

4- met hyl - 4- (Fﬁ ‘JMI—‘E&SC}I %&%{é@%{iﬁﬁ%%n)zoﬂﬁﬁ ’Q’W{“ﬁ? ‘(’E‘Eﬁﬁ”é%?%x}%/m p%nrcllt anol ; 2
5 4-nethyl - 4LUPEM@XZLB¢D(IXM-)grai1aﬁmmyCmBm1xed and compounded into the

4-nethyl -4-(t-a er ox 2- pent anone;
thzl 4- Eygﬁﬂbg\b;@p%r@elﬁgmmWyousb with the third ingredient. This

d: x% Eg: %ﬁ%o%dha’ f%ﬁ%ﬁé@%@éh& ﬁ'l?sb?e(?erfonned in any order of

5
5-di
5-di get hyl mgy it ﬁ@dﬂﬂ%% BRIPOIESKY e isPreferred if the peroxide is added last.
5-di met hyl - Z, 5-di (t - anyl per oxy) hexyne- 3;
~-di net hyl - 2-t - @utq/tqnapmlqdufgw;lhnhm’éfmame@mplelﬂ the conpayndeh 680 3 May
00 PCTI USOU130953 , S-di et h 5- hydroHBr?xy hexane;

S ot hy I RIS QR e Ry SETHY B BETERY B B P S

gha dij(t tgﬁl&llg aﬁ%& ?&%)’utia??xg Bpﬁyl%)] %%Bﬁggﬁno%of the peroxide, conveniently, in

3,

n

3-

[

-a

~-tris(t €7 oXVl so
5-tri s{tthaabd ar sbotit SEFTO ol TEITIRRr 2 $ullictent pesd¢d ofmimp es pettiits opr opyI )
zene; di[ 1, 3- di net hyl - 3- (t - butyl per oxy) butyt] carbonate; di]|
di dret hylthedgmrcérdygmmxygsgmmggh @né @convemcntly, in this case, about

1, 3-di rret cuny ro but bon 0 -t-anyl peroxide;
nyl curryl }g’ éputf‘ 'ﬁﬁ]]lrv 3?‘36&/3”‘% fine;, 1,3,5-tri
but 'yl per 0X3@né oL ﬁfem‘ﬂ \1111@:%9@1"& that the gther compounds falling

t-
,3,5 tri-[{t-butyl peroxy)-isopropyl]benzene;
, 3- di met hy lwithifi theuebpé pEF oray)!b libAthel first composition aspect of this invention are

, 3- di et hyl t I b t | t t.h f, I ti
L34 et et octd B el s SheseellLl st e,
- odi (2- 20 '

R e e ke

per oXydi car bona onate;

peroxydi car kefetr@lated by &mﬁmwonwmm wavsaiabbmethods h:ethoper eferr ed cl ass
of di al kyl peroxi des whi ch may be used singly .or in conbination with the
other free dasiribad. The b;smmn@@mné#pﬁcafaéamwdﬁwmtmﬂﬁie#@ﬁ SWFEE hose

sel ected fromth r QWP & ﬂfﬁ 0-C CH3
CH3 25 Wher &H4° %ﬁ&ﬂl%ﬂﬂffg ’.ﬁﬁ‘ggecg@@“{w Egéﬁ%ﬁa&ﬁfa or Bgr posi tions
and are then&@ms%mﬁa@imeaﬂdsaeefosa&a@cﬁl@msrpmm 4840048, hydr-ogen or
strai ght or branched chain alkyl of from1to 6 carbon atons. D cunyl

per ogidde and 616166, 5,282, 84§ 200 0 referencesgsgoherepdPRSHUF SOU38 svgféis%pyl cunyl
cunyl per oxi d%_Padge illustrative. O her dialkyt peroxi des are:

3- cunyl per of8F di et hyl butyl net hacryl at e; ‘

3-t-butyl peﬁﬁél’l‘irﬁalguﬁfd WM&@OM@%WH%%e%@er polymalemudes and
3-t-anyperoxy-1, 3 |rret yl butyl- nmet hacryl at e;

tri(1,3-di neirﬂaydamﬁudesbna}yb@prepmdtbutayalogggsucdyﬁqtmsuémey are not

henyl }- 1. NECRTEIA Yedapn PE e aRgiemiae, NN 3 iazine-
(1281 PenQuA M idchd CAThAbEI SIS0 5)

pheny }-1- net hy ar arrate 1, 3-di et -3- (cunyl peroxy))butyl'
N-[ 1-{3- (1- net hy|S¥eepyinhry amines suitable forsynthesxs of the di, tri- and higher

polymaleimides and analogous citraconimides are polyfnctional primary amines

such as melamine and the various polyoxypropylene amines such as the
polyoxypropylene diamines and the polyoxypropylene triamines sold under the
30 JEFFAMINE tradename by Huntsman Corporation.
In addition to the N,N’-m-phenylene-bismaleimide specifically referenced

above, other bismaleimides, in addition to those disclosed in the above referenced
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phenyl ~-1-methyl ethyi]carbamate. In the group of diperoxylkeialy 2004ti ators, |
the prefen-ed initiators are: 15" : : ‘

1, 1-di (t-g,g)t ‘{396%0”) -3,3,5-trinmet hyl cycl ohexane; o PCT/US00/30953

1, 1-di(t- t"é per oxy) cycl ohexane; n-butyl 4,4-di(t-anyl peroXy)val erate;
ethyl 3,3-di (t-butyl peroxy)butyrate; 2,2-di(t-anylperoxy)propane; 2 0

3, 6, 6, 9, 9- pent apekhy| sBable Hoxysean bunybemidny WithoRt UmBingdie genciehiylobinane;
n- but yl - 4, 4- bi s(t-butyl per oxyg’/ﬁ(er ate; ethyl-3,3-di(t-anyl peroxy)butyrate,
and m xt ures t hebesrgenerhMBE{dxAtfes falling within the general class

defined as useful in%\f’,t}e_et% RnlilVaRklAlte] ROV URS RRAAAN LREE Mg, NN -

00-t-butyl - 0- hydr oge ‘m)noger OXYy-succl nate an

00-t - anyl - 0- hy d§ SR BmPDRRREHBXAI SHE S, DANE-(2 2| 4-tivhethyheeamsthllene)k et one
peroxi des are conpounds having the general fornmulae (117, (111) andlor
(1V). - 18 Vbiemaleisie s, N HoxyBimopyeme)Eismatempdo Ny 2004

PCTI USCQdI 30953 R7 Rsyw .~-O G Re [ C O,. PE{=WO-Rs Ro ~¢c ~~ 0-0~
~R4 5 Wierein RAMLEOGRPT Y%Pgblswﬂaﬁ%mfag@%ﬁ%@%rom t he group
consisting of he{ggirﬁogﬁgﬁé#)b%m 1%55?%% r%NiM',:»c%ol&yﬁ&ﬁ)tﬁﬁﬁ&l@ﬁﬁﬂlbﬁbﬁﬁ(ﬂm Czp

aryl, C-to Czo an , 0 al karyl, "whi ch groups may i ncl ude
| i near or branchigibhekid¢he)iopdeiniids N hN-(erdylafe R4é-diaycRiboxytaye)be

substituted with one or nore groups.sel ected from hydroxy, .G~ to

al koxy, |inear bdEmBEMEh&,W9$ETC%YQd%%§$:d‘EH‘]?WX&BC)%‘%?%Q‘WE?'&E%)@n, 10
ester, carboxy,, nitrjde and am dq.. fer s % of.: al
Sotive oXdgen domvart-SEraRRed Bar BirRRE LR N B opepghe Ptk lirhull Ao
reaction will tj(%_g}{egppene)ggmla%imﬁjmwgé-n\ﬁ&@&!e&é}b&inaieiﬁﬁﬁé,lBSBIB—I(&@QSS

conpounds havi ng formul as ( (fl |) and/or (N). Some exanples of suitable
cyclic ketone pephtivtbes) bismaleBngledN,N’~(1,5-naphthylene)bismaleimide, N,N-(3,3"-

triethyl-3,6,9-tri hyl-1,4, 7-trjr , hyl, et hyl ket
per oxi de_ oyol | TRty -dkeh b R o o s ChE DR IR 4551 L o dimer: 5
3,3,6,6,9,9- heg;ggféngyeég%;sﬁaea?@iaeew ﬁ‘”—?(%wﬁr@%%ﬁmeiﬂidéﬁtmwe suitabl e

per oxy esters -7, 5-di'(benizoyl’per oxy) hexane; "

L -butyl PS b;anzqg«lﬁayl)b'rgmuwh?erN%N’-acfmmquixﬂmditﬂmwtmtelﬂmefNﬁ’h(vfl- |
exanoate; t-anyl perbenzoate; t-anmyl perqxy acetafe;_f.- y,. r .

i sobutyrate; 3-thlﬂﬁné)@mlélﬂimu@?ré\f:%@'iolﬂﬁrff%mﬁé;we?Newngfigﬁé‘?g‘ﬁb’gf’é;' 15 ~

00-t -anyl - 0- hydrogen- RDNOREF Q Cinate: - < -0 UTROIRREr OXYy

succi nate; di- tpﬁﬁeﬁ%gﬁbé%hml %?%Hﬁ?ctg H/ﬁ%ﬁ%&lﬁeﬁ}éﬂ{a@%ﬁh T

(3, 3, 5- tri met hyk lexameas &3 -phénylehd)bistialdintidd, PENOX§-<chlobn ), Gylengltazpne; 2 o

t-butyl peroxy- 3,5, 5-trinmet hyl hexanoate; t-butyl-per ox_y-,émﬁ- 3- car box)é/))

propi onat e; al Ibjmdeimidty, N3(3-hydroxypes-eRsnpens) brsmaleimige, Y, Na(p-peethoxy-

monoper oxy carhonates. ar

0.1 butdf -0 (S-se gV Resgr bR oty raP R aR, ARSI eaghonat e 25

| -tris[2-(t- but%%g)ﬁ{e%qymga{ngg@mwy(h@tmXﬂdﬁﬁ-&:%ehpfeﬁ@)aﬂahalkixﬂide, NN’-
I -tris[2-(t-anylperoxy-carbonyl oxy) et hoxynet hy{}l‘&r’opane;
I

1, 1, 1-tr: s[ 2-(¢hnpﬂopigHMydiempbun&¢m%b)Smﬂh@W% | l-](@’ﬁ)(sb'@ne; | o
00-t - -0 , | . | trati '

O O R SRR aRE sk NI DR RSO MVE, 01 34680
di (3-net hyl be”E&M{i}diglg-pg&)gygﬁxg)aggrﬁ%egﬁhéwwﬂ@ﬁﬁai-ﬂlﬁﬁéﬁsﬂéﬁ) birARSANTRY |

peroxi de; dilauroy - di brono- benzoyl” per oxi de;
25 N,N’-(carbonyldi-p-phenylene) bismaleimide, a,u-bis-(4-maleimodophenyl)-

meta-diisopropylbenzene, a,a-bis-(4-p-phenylene) bismaleimide and a,0-bis-(4-
maleinﬁdophenyl);para-diisopropylbenzene.
Combination of two or more bismaleimides, or bismaleimides with the
trimaleimides, and with the higher polymaleimides in the compositions and
30 processes of the invention are also contemplated as equivalents and one of skill in
the art would understand that such tri and higher polymaleimides and their

substitution for the compounds and processes specifically illustrated herein for
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5 succinic acid peroxide. dibenzoyl peroxide; di (2,4-dichlMay2ifdoyl )
peroxi de. PCT/ Li SO0/ 30953 | m do peroxi des of the tvpe described in PCT

Appl i cati YO pUH$at i on W9703961 Al 6 Feb 1997 are al so coht &MSPUARE as
suitable for use by the 10 invention. One of skill in the art will readily
be able to Sekh%ﬁagaéf&' R Bl eGn R h B Su O ed16a1MAE bR bAGEAGH AR thed OF Use in
the invention and W | qui ckly and easily be able to optim ze the
concent r at i ongedpbonghphutakty ge infenbiench scal e trials enpl oyi ng increasing
anounts of the ingredients in sanples of the&ﬁ&3 mer to be cur

d 15
(crosslinked). TheBusitrasomnidese 8dashigay b s @Wb?lﬁé’ré‘f‘lamﬂg‘?ﬁéﬁ" at ures
dthe lik , al b t 1 ned i i) th
oDt i mum cur o ve TR ERERTSURIRL fyfsrty SR TeIblG B BpfRetlye 10 s

of formyla (a) ptp&: bi smal ei m de and bi scitraconimdes) in the conposition
of the rnvention'in quantities which will 2 O provide fromabout 0.2 parts
by wei ght per par t1,2{Npbidmethylepe hésciracoiphidy; t o about 10.0 phr, preferably
fromabout | .0 phr_to_abqut 5.0 %hr,, nmost _preferably fromabout 1.5 phr to
about 3.0 phr. Typl-33fMN-mEsdYEneDikHHIHERRE sul fur cont ai ni ng or gani ¢
conpound capable o l.er ati | £ 1 gaLn: Lon: 4.n. 0ol ynmers capabl e
of being crossli nklfé’(jjﬁ%@egngeﬁgﬂ)reﬁh?fl%% I\é%gs)?o'?%yéﬁésa&gﬁﬂidﬁéali&ﬁventi on in
quantities which wN-R&ayipHenfl&biadiatiordmik. phr to about 20 phr,
preferably fromabout 0.1 phr to about 1.0 phr, npst preferably fromabout
0.1 phxOto about OMixtpiss of biscitracenimedestasdanipurenekisyrlegnrides apd t he art

that th ds. fot L Th hat . d Lfur to th

Ui cani 7ot 1 o ERERepHREes el & Fs melulf e PerdBet R ST e vt Fon,

Either cl ass BhichofhibXIRRHRLIGH: B Meihenddacr eof are cont epl at ed as
enti o

equi val ents by t I nv n. Al Kyl phenol disulfide polynmers of the VULTAC
type are preferablTheltéeitrabnimidas ahoempltes ithe inveRgophre athesll kgewn al one or

at fromabout 0.1 phr to about 10 - 22 .3.%%éﬁm.4 E\OO 134680 ~ -
PCTI U5001 30958mpprndstied WhereephsiomansisH 2y Al YRR BF T erat or s.
Typicaldy, o Ld: , . Tagdbeal s & ptidRis092( i oxi de
and~' érg azo ?ﬁq%%%eg%%ﬁaéﬂﬁtﬁﬁgg tgghlﬁ'r (t)Jn$ zrapba?)t? Sggoglgtsgﬁgggﬁ?? 1:."L'O phr
preferably fpesviddoueraietdisebsiich4ngihods. SAdstetet iabeve, ¢mpiet-andhégheondi t i ons

necessary for curing |anmely depend on the structure of the free yadical
curing agent polpeitracorimades may bq preparsd by analogpyes meihars P-B‘%é‘f‘t?fpglt%’l"ai led in

U S Patents 32,.107. . and 4,129 : i.54

i nvention, a E‘P p%%?@ﬁﬁ%dgﬁld)oﬁg%%’grog l?rl}elb%lél(r\g’girgta?§kéﬁ ?r%@p@gem%re;?grm ned
for crosslinkigign@icRawil & uaderbrebi B9one @FBIOS ih itinarbys Belng arfoll eguisalemntal |
nunber of well controlled rheoneter studies and selecting values fromthe

resul 29 of t hohessspedificallwhlkiseated dexaiprand wal) drithin e scepPafPwrBRIaEd % from
five to fifteen ti m;stf]he ha&lri'f life value for the free radical initiator in
the system HEVAIFRIONPOMVERNEnpl ates that other conventional additives
such as anti . OX'er‘E‘iﬁiém(J'éls.'ﬁ&h%ﬂ R 5rea R upTLyRBRE aspidisTithae |
derivatives are preferred), , 15 aliphatic process oils, and other process
ai ds, pi gmeninventthnese theguekoxide cwssimisable dimsthyl winyil mepsaitutsd siligorsg abi | i zat i on

ents, bl ow t d activat d ant t .S Q. t
T The. compodiaBe BePBEE, VDS TRl BTG 'PRETT SPrngY SYapp e P oSC
pol ysykfide B%é?%%yémﬁ%féh&ﬂicaﬁmﬁd NYEION0 R %B%@%dﬁ;ﬁgﬁ~2_0

pol ysulfi de polyners are prepared by The reaction of an a, ?,
di hal oal kyl Wilkydi Behst@et¢82al kyl ) compound Wth a netallic, preferably an

al kali metal, polysulfide., The comobn co rciaﬁgg/ avaj | abl e pol ysul fide
pol yners are eit heplfyricgniagung preasiy (REDPAUIES g3 fasreleragng sy ity

term nated and are .deri.ve J : r ¢.on of

172" et or QB aa 05 o5 Pl i e ApRIbPOLIAE cRyshiied FARAR

bi s(2- chl or oginbyhplAed feH uswid thedifvéltledl dre MRlldinopal inshe &it dd{oyBiiRremher ein M
is an alkali netal ion, preferably derived fromsodiumand x_ is a nunber

great®f tharcldssesofitbesslrontposnds argkaowmeaadtallge confe@mpiated assequivalendoi ysul fi de

pol ymers nmay be used.in pl. f i dm.xture wi.th tfher conpounds,

(B) in equal qua e?’l/ e?%ﬁﬁé@éf%@ﬁé?%??fs%é%ﬂﬂbh%%%SF’ff%@’ﬁoﬁ t hose

compounds. Srage b3 CoRfany, mE. B%lys'ﬁeﬁik@%mwar TilSsti@lve of 6254 &Pl ated as
1hepratl e of 't it

detrinmental tot e I nvention, is al so contenpl ated
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that they may be preblended with the conpounds) (.A) and optMap@oo4 with
the free - 23 3 May 2004 w0 011 34680 PCT/ USO0~30953 radical initiators)
to form t ches, either solid or liquid. The polysul fide,&fl rs may.
al so be pr?g’bﬁé?%gd into the polymer to be cured and and the}; corr%@}&% s) (A
and also the free radical initiators) blended in simultaneously or
subsequent | ydaivatives opbénznthidzotdsethogrbazai oy sulfdmermodest hdfqnahides| fi de pol yners

in 5 conbination with the other sulfur accelerators .conte Jaate(il ‘gy t he
i nvent i on pefifHPSArPRBAEE: IBHTHES. (HéE ﬂ’fa’@?at%guf“mf}”%‘é@%ﬁ'gg P&ty uired by
the invent i of ol dheaf bid b Ak cOSo0MA Qitfir bOMRIR! srBlshidael Hiddifadl { that

pol ysul fide po ensel'ves may  be cured to taE: ree surfaces w

free radi cal (e g dibB I@fsﬁlﬂd‘é%Fb@sﬂﬁﬁSﬁﬂﬁﬁa@fpoﬂmhﬁm ampsdesuchias gheconpound
(A) is present in the curable 1 o conposition even if another conpound (B)
i s not spresegtyiphitug polysel fidey et VUL To0Reppiatte frosm T GFDUy @micalsymposi ti on
as an equivalent to the second conposition aspect of the invention as

defi ned aboviac. fBerdthémsutfides siii mésadibel fide asd/onether bnpws stlfigrascelbrathg ar e

highly filled with oil and/or. carbon bl ac commonly referred to as highly
extended el SRYBWeHdeBNGSRaE HEHRROFPRAES ﬁ@?&dﬁ%%g‘éﬁa%“iér sul fur

vul cani zati o her r hEal 0t : L reis
nore diffi cu‘?’{1 lagxélgglﬁg%n%? Erégsf gépélgﬁdlé-ﬁggﬂ%@g%ﬁe%&%gf r'Jsép ciu??égéa? 3{'; lg(r?g react
with the filguffor dpshtidnlat 86lcusikhti @steidperathres whiaty are Khown batdueest e~ci ency of

the free radical initiator It has been found that the use of chlorjnated
pol yelthy| enepreasutly asedfop such rsaestnmisospanse @f pest genesnese akss conispirdatetht al

ingredients to all,the.co siti.qns of ,the vari pys, GO sition pects of
e Fnvent ; o cadplents dRgFRENE ot BBR Ak S Pl R SRR EIT T B Oy
ext ended el 3?&19:?%[1 tonmyiatel ons and al l ows' &ee radical cure of the systens
with reduce r o surface tack. The anount of chlorinated and/or

chl or osul f onat ed Moteymtrtigieng oas ssifppicentsrater classgugahie forausem thite 2 5 ‘
conpositions of the first conpositiaqn.aspect .of. the invention may be from
about 1 to @Wegg%edyv%}ogg% 5%F§&‘%%EWT§¢%@B°WM§ idi ght and rore
pr ef cirsabl y from2Q%¢1 0 It%‘rl{é%pﬂxe"%ingﬁtl Stf\]_&ﬁrei nclusion of these two polyners
as suppl enental ingrede} ents I'n Jone cases has been found to pernit use of

| ower concentrations of the conpositions of 3 0 the first conposition
aspect of the invention in formulation of the conpositions of the second
conposition aspect of the invention. The foll ow ng exanples further
illustrate the best node contenpl ated tﬁ theR 12 3 May 2004 WD 01l 34680
PCT/ USOO 30953 inventors for_the practilkte off t%ei r invention and are to be
construed as illustrative an&Tot|iS+iGrtNion f{hereof . EXAMPLES Exanpl e 1
- Evaluation of prior art conpositions for c?gas(l inking EPMin the 5
presence of air and their effect bdn surface t and | evel of crosslinking
In the exanpl e, various known co-curing agents, .e.g., unsaturated nononeric
crosslinking coagents, elenental sulfur, or sulfur donor conpounds, were
evaluated in a cure with an organi c peroxide. The elastoner used in this
exanpl e was an et hyl ene propyl ene copol yner (EPM marketed by Exxon,

VI STALON 504. Prior 10 art (U.S. 4,983,685) clains that use of high |evels
(2.5 to 20 parts) of specific sulfur containing conpounds with or w thout
optional unsat UI’Q@‘ﬁgem%ﬁn%ﬂvp@ﬁﬁﬁfgrﬂealgag@@hlﬁlaﬁ BkasdPers with
peroxide in the presence of air and produce a non-tacky surface. O her

ref erences empistpgsfiniakel, cbbalt, fios, ehranpim, tit,mnd, ceppes, lefd, dudnfwh, or sul f ur
donor conpounds, were eval uat eﬂggl one gr. wwth sone nononeric coagents. 15

The data !ncaﬁéﬁp@,ﬁe@%mt% Br .éfﬁﬂngwmn’é‘%ﬂ“cRP dfface, but
al so, provi dﬁgng g}@%ﬁ% gsrqaggxgtﬁgtﬂgiyﬁ&gﬁgmoﬂ&ﬁgrote{mg'cﬁaloe%ﬁ)ﬁﬁ& Saidli gher

MH tOr que). prior fanm optiona noneric

coagent, a Rj afd Rewed inGépenderdtly alkpigraund’ easbrpemomsi de was al so eval uat ed.
Thi s produced a non tacky surface when crosslinking elastonmers in the
presence of air, Enamplesof thersaltppfdisabatinpted dihigsarbamisasig e: unaccept abl e
conpared to a conventional. pergxi monenerj ¢ crosslinking fornulation. In
the fornul ation of Tab Bﬁné}‘ﬁgﬂﬁgﬁ%

fsémffl? APAPASn bl ack formul ati on was used.
cadmium diethyldithiocarbamate;
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Car bon bl ack (N774), Sunpazr LW50 process oil from sun, Zimmagggmq, an

antioxidant (AgeRite MA) were conpounded into the EPM In addition, all 2 5

formul at iwai3ssgouded 8 parts of a 40% assay organi ¢ per oxWEYER0BBFDOXI de,

LU PEROX 231XL [40% 1, 1-di (butyl peroxy)-3, 3,5-trinmethyl cycl ohexane]

di spersed on cal ci um car bonat g ket ed JTOFI NA Chem cals, Inc. The
SR gt

| evel of crosslinking WASTHEE TR a4 Fl exsys MDR 2000E movi ng die

rheonmeter. Sanpl es Werg BhS Qi iRodaanaitg;, at 365 F for ten minutes and
j udged - 25 3 May 2 84 WO 01 134680 PCTI U500f 30953 for surface tackiness
by placing a paper towdtadahiambEithiochdematds; medi ately after renoval fromthe
oven using noderate and consistent .pressure. Surface tack was rated from

1-10, where 1 is consi deadeHmsBYIQiBEGGRT $> O is very tacky. A conbination

of peroxide and a |ow | gvel of. . ur, 0.3 parts (a 5 typical EPM
cure), 5(TabI e 1, Tun ns%emb'%@]ieg{é’? a%%%ﬁgéé’el of crosslinking based on
the My but a sticky sugfegenmberetByiotabhaiteni r. Use of 2 parts HVA-Z

(N, N phenyl ene bi smal ei m de, nmarketed by Dupont) coagent together wth
peroxi de (Table 1, runtdh@umpdetiddtiessreamdet ed i nproved | evel of

crosslinking (based on MH), hut the surface . tackin Is, unfortunately,
poor. Note: in each ca§§’,enil‘r}3‘é’|"tp38fm’%?zh5ﬁf)“ea(ﬂ[qlg%r%‘gnr%}%?’ AgeRite ?vIA (a

pol ymeri zed qui noli ne r : derbilt), is used, a standard
| evel which does not a g(@%ﬁlgﬂ}s{ﬁ%rggrgyﬂ conbi nation of 0.3 parts

el emepgal sul fur and 2 prrdigobdtylditAtozatbimiatee 1 ~ run #5) provides further

i nprovenment in the level of crosslinking, (conpared to run *~2 using HVA-2
al one), but, unfortunaﬂmcﬂletbﬂdﬂh@éérbﬁmé »surface tackiness (7 out of 10).

Thus, blends of 15 coagent,.wiLh,l.ow .of elemental sulfur can inprove
crosslinking, but not WFfdé@gEhty%lAéﬁllmnclggn\éS{%er‘i or art teaches 2.5 to 20 parts

of sul fur accel erator Qépﬂgrgi]ﬁﬁﬂhﬁﬁiloeﬂbajh&e[ equi red. The use of the coagent
HVA-2 and peroxide in the carbon bl ack EPM fornul ati on containing oil and
anti oxi dant provi ded gendlumrdisetiyhdthiegartamate;unf ortunately, al so produced a -
sticky surface when curi i tgof. ir. bUsig 4 parts of 2 O nononeric :
coagehf SR-350 toget'heﬁocag‘f“ﬁ{. 18t §db'§?°[°§r_ 82 ement al  sul fur provided the

hi ghest |evel of CrOSSL‘%&F&@buﬁ%mm@fbaﬁméa‘ce tacki ness (see Table 1; run
#4). SR-350 is trinethylol propanetrinethacrylate, nmarketed by Sartoner.
Table | , run #3, | .2zperds-mftyldithfeasbainategonbi nati on wit h peroxi de,
‘provided an unacceptabl e surface. tackiness of 6 out of 10, and an '
undesirabl e level of 25inEghenZyly I0GAORIAESy| fads i s 98% di pent anet hyl ene’
thiuramtetrasul fi,de Flide intthd!swedtigy anount - of
di-pent anet hyl ene ﬁhﬁeﬁ?%*%%%g%%??@ag%%%%ﬂgﬁ%@gg%eg was 1.2 x 0.98 - 1.18
part spoFi nal amprikek e thi?amar ThewfarSpichad from sebiarytaonesendisaboparts
HVA- 2 and peroxide results in a good surface when cured in the presence of
ai r, unfort udiatléidg and pessgessthe SENTRLIBEIHEKed physical properties are 3 0
reduced, as shown by the |ow MH value attained. - 26 3 May 2004 WO

011 34680 ~ ~ PCTI U500/ 30953 This exanple illustrates that one cannot
predict the effect of blending dissimlar co-curing agents such as

per oxi de, nononeric coa&?nt s andSel enent afS sul fR40r sulfur containing
conpounds. wi th the obje€¥gye of [faintainifb an Acdeptable level of
crosslinking together wt Nmug&a%&-t—a@mws when curing in 5 the
presence of air. One ma %astula et if the dyerall |evel of
crosslinking can be i rrpﬁ ed with various coagenfs3and peroxide, the
surface tackiness in the presence of air can be inproved. However, our data
shows that one can inprove the | evel of crosslinking while not inproving

t he surface tackiness when curing in the presence of air. 10 In addition,
when the surface tack was finally reduced using teaching fromthe prior

art, it was found that the overal |l crosslinkin undesi r.abl

Crossl i nking wi t hiWher¢ia Redspn elyb SorB @ %@%ﬁ‘a %ﬁﬁg?eggaggl %?ﬁh? Re surface
in the presence of air are Sep ) BE fERSINBoShedlecr easi ng
the | evel ofgé’PB%g?Fﬁ%%?%%%%ﬁgﬁ%ésﬁs@&gg ?oﬁgﬁt\?géti ouds3 corcari ﬁg agent s

in co?’gi nat i Qith\Whd RitRQERNodoh adilh they 46 attagiredda fivalsieor even tgmbered
Crosslinking coagents such as HVA-2 help to increase, tG,e l.evel of -

crossl i nki ngheterohyqirming chegainingek 5 o5 GIC2EIPAI™S FFSPROVE AN 1IBRY DG4 ace

tack in air cure. Wen using nononeric coagents, e.g., HVA-2 or SR 350 in
combi nation with other co-curing agentsl3such as el emental sul fur or sul fur
donor/ accel erator conpounds, as taught in the art, we find that the final
physi cal properties, are severely 2 0 reduced, thus negating the advantages
of a nonomeric coagent-peroxi de cure system - 27 3 May 2004 WD 011 34680
PCTI C,' SOO 30953 TABLE | 5 10 15 .



2D Run ~1234~6VI STALONJ 504 EPI~I el astoner100100100100 ~| GOMaQd04vari ous
conponents bel ow were added as (phr) parts by wei ght per 100 parts of
rubber, "w=d1Baksowi t hout correcting for assay.N 774 (phr) GEHUSL030953
Bl acki 57~757d757~LW 50 G| phr101010101D . 10Zn0 (phr)555d55AgeRite MA
(antioxidant)111111LUPEROX 231X|F. 40% Per.oxi de888888SR- 350 (phr)__ -.
4. 0- - HVA- 2- 2 Posibveyalpeiip i greatar g $e/03PdR % ads (9899 --1.2 1. 2Crossl i nki ng,
ot air for 10 m AEPSE e Rae ra i e A eaur face
Tack' 7761071 ; Surface faekianess/Rethingm ttrasulfdesed bexBuifelevery tacky and 1
is no tack. - 28 3 I\/a%bzggg 1V01dgs,}1/ 46280 PCT' | USOO 30953 Exanple 2 -
Conpoundi ng of prior atgirzpeyaRivan ati ons versus novel peroxide
formul ati ons for crosslinki ul ted (no doubl e bonds within the
pol yrre? chai ns) el asto ﬁagewﬁg‘mﬁlﬁeﬁﬁ%ﬁ%xi de fornul ati on provi des good
physi cal properties 5 @éﬁ%ygﬁigpam;smfmegzonyent! onal peroxide cure, plus an
unexpect ed non-tacky surface when crosslinking in the presence of air. In
this exanpl e, 40% assagudimethyithiypamonéesulfidéper sed on clay, was used to
crosslink EPM (pol yethyl ene pr opyldenB.Hj%ppol ymer) VI STALON 707 (Exxon).
Table 2, run #1, di cumpPby¥kiyeragadispdiffed with SR 206 (et hyl ene gl ycol 10
di met hacryl ate) was ev - - §.inking in the MDR, 9% conpression.
set and in hot air curglJb 0 gjﬁlﬁ%gc&g@gc’. Note: prior art (U S. 4,983, 685)
used SR 206 as an opti RraberEPRGIRM disalfaigent in their exanples. This ~
peroxi de and coagent bl end produced a good cure (Mj) and % conpression set,
with a very sticky surfetraisobyspithinem gisklfidgi e at 400F. Addition of Sul fads .
(98% di pent anet hyl ene 1 hli#b{r m t et rané%lég%fi de) at the prior art clained
level s of 2.5 parts toSPPEYHEPE &Sk bl end i nproved the surface but
total ly destroyed % po&g&&g,ﬁmparﬁeﬁdncg@wde; 2, run #2. Usi ng prior art
levels in the specification of U S. 4,983,68S of 0.8 parts of Sulfads,
“Table ?, run #4 toget hetrabinzjltlenraopmoonsulfide;2 parts HVA-2 coagent, 5 parts
5)0610 J‘g%rgvi ded goodt sur{cgégéwﬁ%é%%/ﬁgg%lo ﬁg[:]‘lo(rjrp{)essi- on ?-:[setj. f Not e: I ]E)er cent
C ression set val 0 e expected for sul fur
. vul cani zati on, nOﬁQ?%E i i & bkt DerioukaliiBards afelilso?shlfiRdoRdrsar t taught
| evel s of 5 parts anagéﬁflﬁ{lgg% Zinc 2 nercapto-toluimdazole) with
optional SR 206 cDageifives dfithiadiczdles arg beswitdimisat topmonghenzoyl destvptieasi cky,

unacceptabl e surface. 25 Unexpectedly, Table 2. run #5, |ow | evels of
di pent anet hydfimercaptatiadiazsls s%dim?‘gﬂ‘]('g{l.’ tgiaélaﬁarﬁstiﬁﬁr%ﬂﬂfﬁ%ﬂﬂ s outside of

U S 4,983, 685 .4 r{ . 380 : : VANAX® 189;
N-cycl 'ohexyﬁﬁféﬁ%ﬁﬁ?%aggqaggbdm@g%( gé@gnryd]dgn%%ﬁ gs Déﬂ) (40% di cuny!l
peroxdgle) , proyitdRgiadoleas-kinbkps-GicHlaometydnthiadienble; and aliol air oven with

an i nproved 41 % conpression set and better, | evel] of crosslinking. 3 0
Table 2, rurmeteaptethiatiazoleat ¢.g-unelkpenerEapyy thigdiezplsr t s Durax) 0.4 parts of

Vanax A {98% 4, 4' - di t hi odi qor i : rononeri ¢ coagent
and 5 parts DC40 ?%Y%IHF%?%PE%&%Qﬁég?& %F%\%%éhé%{é?%gk free surface with
31% - 29 3 May 2004 WO 01134680 PCTI USOO 30953 conpression set. The use
of the Durax ancfor Vanax A, w th peroxide and bismal ei m de type coagent,
for use in hot air cure of el astonens, has not been taught in the prior
art. Table 2, run 7, use of| 678 Pg of rax, instead of the Durax/Vanax
bl end, provided a further unéxpecled §taMdi ng % conpression set 5 val ue
of Z1 Jo with a non-tacky slurface tpon hot] air cure at 400F. Lastly, Table
2 run #8, unexpectedly outstanding resultsxwere obtained; an excellent,
tack free surface wwth very desirable, extrenely | ow 18% conpression set
usi ng the novel blend oF2.2 parts HVA-2, 0.4 parts VULTAC 5, 0.4 parts
Durax and 5 parts DC40. VULTAC 5 (75% al kyl phenol disulfide polyner from
10 EIf Atochem has not. been.taught, by the art. for use.dn hot ajr. cure of
el ast oners t oget hEpergint M 158 Hf?t&g’ngﬁ&y‘ﬁ?wpeﬁu}élﬁgtofvpg’853‘5%0&%311&%; t hat
0.4 ts of j [ ' ; @font iRoRikN] pPhenol
di suﬁg de poqoﬁ%%?aﬁgfe?tggﬁgy%%g%és%/@ggﬂ?gfg%(%ﬁg?g&g%om’that prior art
f or mul at i onginySinB GcdpPEQ adchigmdtth cgimilifn, Iselemiven ard sdbsu; endrpbemdbis such as

di pent anet hyl ene thiuramtetra sul fide, ,
H, xis 1; when M is a direct bond between two sulfur atoms, x is 1 or 2; and when
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bl ended wi th optional mononeric coagents do, in fact, prod@Mag208dk- Bee
surface but provide very poor final physical properties f ssl i nked
el ast om0 0134¢8g 0.8 parts of a thiuram preferred comoun%é?@ggﬂﬁ%g%y t he
prior art's U S. 4,983,685 disclosure, but less than the 2.5 to 20 part
level s cl ahi*ﬁdm iB@%@H@e%Okr&n%ﬁé@i,imke 2 (1l faghaimeientk Dff theemgtabioor heat
agi ng properties tor a peroxide cure formulation. - The_high 60%, conpressi on
set val ues ashgW ihatiredibopd berwean tworssHar ARG §11§ kethep 15 REAeM | y def or ned
under applied pressure over_70 hours at 150 day (ASTM

D- 395- 61) fWfurglqietoRings ‘Eﬁ%m]ﬂo Faaéﬁég‘?“rdéé“ﬁr 5@%&{(:1)%&%%&?@@5’?2% in hot
air by sulfur yul cani zation for unsaturated polyners, but results in 2 5
poor heat 5?51?%!1 properties. There is no advantage to a peroxi de cure system
cured in hot ai fjawafivécoidhdudits urd: Cafdi-matpihotinedithibiebanzatéazele; si gni fi cant |

differences in physical properties, e.g., |low and/.or _hi gh oor) percent
conpr essi oberzethiazll d'&sslﬁdﬁeﬁMrﬁ@t@@eé@%h%@eb%‘g%rfﬁﬁqWSWgﬁzp&p t he choice
for a nunber of high t erature and _hi.gh. 0 R j jons.

Per oxi de cﬁiﬁﬁlé-ldichkqdr‘\‘ﬂn‘gr T%@@%gmt?dglé? é)lg%i g@rE ggﬁ%ﬁgjs%\jv%#gﬁggll 'ow t he
crosslinked bol yr ; 0 syl dtexiidinsgokerzog Neapabi | i ti es
of the el a&?PDr“%{eﬁr}%g“%%%g‘ﬁg%%z%’m C01I gZGS(Il)n PCTI US00130953, TABLE 2 5
10 15 20 Zéydi%ﬂéx?ﬂaﬁﬁﬂ&ﬁi&ﬂkﬁlﬁﬁhﬁl‘d pelysuifida Gonseroothige ol riseiithe

i bel wdded -t i ght 100 t
of nabber - AhHE bensaieHleD, SeinanT sty bR AR AT Per 100 parts
Bl ack7~7~757575 {Z 21%‘\’\15& P OGesSHArt 33 RPN I TRabpRSSt ear i ¢

acidl1111111A-~e :

- 11111DC408..08; 08, 85+H0fin00-115205i DR 2RA2BRION-Geydietylens - 2. 22, 2272, 22. 2Su

| fads (98% -2.5-0780.4---ZMIl (93%--5.0----- Vla_}na éﬁa 98% 0.4- _VULTAC

5 (75% - - - thiodarbdPnylax-of pdiethylene gulfenagmdsoNAVER @Eﬁ -BRNZQYHEF

in-1b179161718171616TS i nl.. 041,561, 0 L 10 .03TC90

5. 87. 55, eulEmamEG A rhutybatisny %Breﬁﬁng@ﬁxg}, 1%2%%?%& acel01.671.522.5

. 2. 52Conpr egsi o Drnigatn -0y easthRRySRIpHeASmIdEOD--35 , ' 63 41

ISl%‘%llS 33@&‘%7%‘1%%88’0 3 Ny 2004 PCTNSOQ 3U953 Exanple 3 - Novel

per oxi de- aggiyl-2tenestesletsulfermmided Tberesot Rlgo sulinamiesr RRUTAS fided

el astonmer in hot air, with out&t andi,ng -phvsi cal properties. eg percent

conpr essi oN-seutyl-pmzptuazolsZ sREERIFRRE a non tacky surface when curing in

t he presence of .air. . | AStDARE - bestdntitilidbote, @xanpl e was Uniroyal C .

- *X3378 EPDM cont é[aiyﬁlcﬁbgﬂ%l%y%ﬁo%ent%dgi ene 1as the ternononer. Peroxinon DC
4OKEP ( 40%glircasiBthetBfibendigiadaanles bnd thewirs: saitorf 2amercaptopenBmi@Zolr ossl i nki ng

went. .In this exanple the |levels of SulfadgO (98% di pen thyl ene thiuram
tetd sul fide), Zind Famopyl(anteai 6 YRKa AR téﬂﬁé’&g&gﬁf{%@gr) and Dur ax

(98% N 10 cycl ohexyl = 2- benzaot hi Al HgktWhhfouyé ddl 3keeping the
per oxi de and HV. 5’?}/‘:55 &@ﬁ?ﬁc%%s@gn%wqﬁg{fé@g}ﬂr uns #2 to #6). Note: adding

0.5 parts Gpiithabirbadenyiléneaisiuveal blendtod dinika tiantess;aliphinybiiaied hy | ene
thiuramtetra sulfide, per 100 parts of_ rubber. Rﬁ%igrriﬁg to runs #2, #3
and #4) undiqthotasl] hiousmac ditheshy] thiowpras disiyy] thighrea; {Houtyt HERMT

f¥ee surface

1S f d wh [ di t t ' ' bel 0.5
phr - on o puc basRo THERRART SHE Gho B o e ARt by 0, "

- di pept amet | M §ekd ATOFINAIChemidhls TRE., underdhOdesignatiotent r at i on
vver?n:{/ari eg}ﬂn??&mc}agsw)dnexpect edly discovered that both solid and foaned
crossl i nked/GLRACRR/ SULTAG3 bed MIJAEH- by hot air cure using 2 0 our

novel peroxide/additive co sition.. Fo 1N r wth a
tack free surfaé@%@l’@%‘@ﬁ%?‘ﬁgﬂ% FraEEs %g%gbﬁ%?ﬁy %&gqgﬁg%%%t hyl ene
thiuramtetra sulfi dq;. W Ldh %&@ﬂﬁ taxzinceminkabl e 3, runs #2,
#3 and #4. CBEW&‘WA‘&%%PE%%%%E of VUL%%gsgdjw'aftfzﬁnmr ax provided solid
crossli nkecaiﬁi%?%sﬁaw; Qina,di‘rsmynl_slitﬁﬁptmsghaiﬁ;cogpa@&réé@ﬂpyﬂmﬁ' each case (Table
2, runs #2 to S #6) outstandin _perce&i\ Cc}gﬁc&f&? o% set val ues wer e .
obt @ited, \phosphakoditheejateszine f Ot G1SEPIOBNPERER iholplss i de cure,. provi ded in
Table 2, run #1. @ul fur J¥U| cgsnéﬁ%iag&é&g{gggﬁ%ﬂgga £8ltSiodinforpBasief ed at

- y

appr oxi mat el y 1(8EeL misspi¢ tarel’y determ ned af 150C due to constant
poor per f oRRAGE, AllactleRLATHE! aIme/RinceRiisuifidssent 150C, 70 hour
desirabl e -co’npregm on set data 3 0 proves that these novel

per oxi de-addi tive conpositions illustrakted in the practice of this

i nvention produce crosslinked EPDM wi t h unexpect edl y good heat agi ng




properties. In addition, the novel peroxide-additive conposi ffa9Zn04.
surprisingly - 32 3 May 2004 WO 01134b80 PCT/ USO0/ 30953 provide a way to
produce both solid and foamed articles. Al though not wishing to be bound,
it is thought that faster scorch tinmes related to the unexpected
crosslinked networ KTleepalyiners asiar canigrcugad (@ostinkieghit e mreshac o mekydleem
early in the cure to Erovi de solid (iurgd arti.cl egbnv,\/ni ch is ggr.eos
difficult underviwwngrsssail@ospnsiira gAY SYWNEHC SOBMMES BpPos8E°TE%a cl osed

T, e N S iR 1B I8 ANty PG 03B BHRE W20 SR 0L RGLIR Wi t D

t he crosslink®¥Psd rrore, 1n. addition to thése vari ous

unexpected pr R‘f‘z%%ﬁgé‘gn&‘%%ﬁp%Bﬁﬁ&fsamma@ahag@s) drhese | nevetaRerpoude
formul ations provide a conpletely tack free surface when cured in the
presencg of ajfuhle berds. 3 May 2004 VVO 011 34680 PCTI US00130953 TABLE 3 5
10 15 20 25 Run #1234S6Uni royal X3373 EPDML00100100100100100The vari ous

cogEonent s bel ow m@oﬁ/rm}d@dﬁals atephurien R iung e Bjoaeioghat bﬁgrmfbxlakagbéﬁhy Brese
, "as is," without correct] . N774_Ca .
001001 001 00TEC RS T A TS SO0 A6 AIPRAGR oo ecicels

i d0. 50. 50. 50. 50. 50,.5AgeRi te D11%111 o6 D : .
Por oxi dod. 05, SFBERLHEOREO Ry PSS T U 263 DLaF ade yrein by and

~0. 30. 3- VULTAG 5 o (-75% = £055Q- 020283, 054 fack (Solf M EY
11 b2430303 1 3¥31 PR b Sl 1By Seauicatly e Dinfe SursBl b tion

ni n7. 950 95. 65nbehtH- i7adpr pasivimylskioride), lpady- (atopyBaerdnpy eullbasn Set 2130 24
27 22 I9Ar cure at 400F for 10 m n. Surface]. Oﬁéll Gassjng, | No | Yas | Yes
| Yes INo | No eplqkallorohy@mvaylmmammqmmg@@iﬂiﬂﬁ SRS TR MR -

e, 0 P yaTM e CHOSG : e
N hol ene’ Erpusi i SO5P Besict 21l s idilefiibe 0 BaBmlcdebuiGhleTor BATET -
4. The prior ir&""EcSrH-IeQBE'?J‘WH 8350 eTaiah @nd re ferite e 42 2 2p6lup#sh pals@eisdathghgood

surface 5 after hot air cure, but unfortunately, resulted in very poor
150C/ 70 hour 1&aipresphieingsetconbisang edseptialhet ande oasigting hf bixpeessly arclyHEy
undesi rabl e odor. These 61 %and 71 %comgr;ssi on set. vgl &% are.simlar to
what Ofe woulbreHiaaimiror il g SGRRERARREHR DX Y BRD qTdess °g dPdE cure. In

addition, the prior art | es #2. ' [ | £

Sul f adsCR?, ﬁ’é]gcall 5?%@1@?%5‘5157’}5? ‘E‘?‘Q%Se%“g? 0? Erélég@%fs %?tgtgﬁ&)&’ttﬁe cur ed .
parts; consigt%%g{lan unacceptabl e cure defect. In contrast, all the sanples
(runs #5 to isi ng the novel peroxide additive conposition taught by

this invention, pPeWnses crsskinlabis mgfphyadicals Mormvprgrnicaroxides andegpy | ow
3 Si t I t 150170 h , i mil to that obt.aj b
Cho lse of t meKisemaHaBneb eIt DYIBRIPT BAE DI EBHGBRIoTBT VSR ADS
ddi t] Table:1 # 1 ). t i i
et wbd obt ahue-gEHene copei BN R bo hRER B uther (R SipRE S, O
hot air cur eblﬁﬁ&!%ﬁfe %'gtggr @gﬁﬁ g{éﬁybﬂéﬁi%m‘?gmm tintheiopdldieckrernrbdgr and
geRite i

t he anti oxi dant (typically incorporated as standard practice in

rubber f or mymRy,ipehgthyteone) RE), athyleod-viuyipests GV Abtacndonisilabutadisneeduced
120C/ 70 hour test t erryer ature, but 2 0 unf orgun t el¥ A998, Sur I ace (7 out
of 10) when yiBs (ARR).AGSERIAHS PRYESEN SR TT BRtADIERF TS HIG CREPIREY i n
this inventi runs #5 to #1 | : Roal i es
associ at ed M@‘v&r*s&%%&%%é&%%ds‘:ﬂg"%tp ggﬁﬁ%r% @Sé%ﬁ@ﬂm&&@?} ga’d inthe
preseyice of @ifie rapp3p NSRS, pRys8@drubber (T) chlorinated poly-(cthylene) (CM),

polyurethane (AU, EU), vinylidene fluoride copolymers (CFM), silicone rubber

(PMQ), viny! silicone rubber (VMQ, PVMQ), polyacrylate (ACM),

| chlorosulfonated poly(ethylene) (CSM) and fluorosilicone rubber (FVMQ).

The free radical initiators {organic peroxides and azo initiators) suitable for

30 use in the invention include all those classes of organic peroxides and azo initiators

suitable for curing (crosslinking) polymers, both thermoplastics and elastomers.

The azo initiators are those known in the art, such as 2,2"-azobis-(2-
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wo otr46so PCTI TISOO 30953 TABL.E 4 20 15 20 2S 30 123456789May1200%yal ene
527 F3' DM ppl 001001001001001001 00100700100100The vari ous conponents bel ow
wer e addesvereii4er ) parts by weight per 100 parts of rubber PCTAS09/0933 |

W t hout correcting for assay.1550505050505050505050505050N
990252525252525252525252525L W 50 : .

oi | 202020202 0BRSHIIBRBE0D0 KOTAG I Fa0 AHIEAG Bet e HpP i FPE Pl1ageri t e

D1117111 11111 £ 9P e ing linking) reaction. The azo initiators of U.S.

20% . 25, 05. 05 "0L- 105 Mo urne (posginigng srestion ! 2.22.22.22.22.22.22. 22. 22
. 2SR- 206- 2. 2_Patents 3.863Ul07 a6l 498% 5315the i@l GOra0of3vilicBera3ncIpoG g zaiR A
98% 03 M Tuads 98%----0.2------ Durax 98% 0, 20. 2- ___ Unads
98% - - - 0. 2- - i refraracearg gy, Bble~| i cl at e 9890. 2M . Cunate 98%). 2MDR at
170C, 1_degree : . I Ui dicarbonates. all

ar oM . 39432745403846458§35P197 P51y HEPEE IS 389 LG E P TF UL TR R LY. 531-07.
1432. 54. 64. 85LE§43 G4ardé pSroxidbs FRowH4s Endétg@8ed@m i By hda? torpenetite f ace
10117 1 1111 ? 1I5ercgnt Conpression set 120C for 70 hours% Set

1146- 8161814-radBalscReahteof intimimgabsdesred guring (os QnkwE) FRAGHENS Wt (15 ~61
71 (- ~- i- 119 117 i - 121 ~ 17 i21 Exanpl.e - Eval uation of common

cl asses of coaglamrlates agsniabls foause F"rf@e!“‘m?piﬁm- f’gﬂ%ﬁ@‘aﬁ%geﬂr\o 011 34680

PCT/ USCO 30953 _uni qu ] [ yan AL i yhédrbxiagd, ect ed
addi tives ford%ﬁ?rlow eﬂﬁ?%@%@%’ﬁ?%@g%‘g%e%\'?gﬁ lf\étg%érj%iris%g-fypey%ysi cal
properfges WdrBardddglfadil betokides, setbeyesiees and fodideranim sempepitere gtakdek- f r ee

. surface) in the presence of air. The bismaleim de is evaluated in .
conbi nati on \gerdxySidaftbugiates apmidte praferred Wetiaionse e HBPSLRFEIRTEH EUPFPTS 38T oxi de

for crosslinkj, a fast cure type EP I : rior art
't eachi ngs uséi‘gg}’lil?:?ﬁ%’“ %BW¥¥%§fhcy%g§eg¥?gg%%gd%%§dggn n%?rla-{c]ﬂfc% i mprove
crosslinki ng ef fi CL 6h6N rebiehed @URNPRoVigkAitahOptiotide mee ahd physicahi 1
contact. We found-tRat t%e use of these various coagents are just as likely

10 to i ncreaggopeted foonl thést klassesgénrganit praksidenean bibisend & @eBICDr e t acky
~after curing _in the presence of ai ve t he..bi | ei @i de, t gl n-Tabl-e
o TheTvAS Beppids By Pt ey ae” S TE - BT duitc g EbRI0RES of 0 1)

the bl end of PG AED - ZolRafeliR, ofoo¥yLTAC 5. Use of ot her
agents provi é,ﬂ-igﬁggé}tﬁegl%@ié%ﬁ??gg e.’g., TAC'(E)lfri allyl cyanurate), SR-350 15
(trinmethyl ol pi opamaunéttitivetdikylyeadxdde indtioBRre:1, 2 | i qui d but adi ene rubber))
Santolink Xl -100 (allyl glycidyl ether alcohol resin), TAP (triallyl _
phosphate) and pBQ (pardi-tendd§iaxiesie). - 37 3 May 2004 WO 011 34680
PCT/ US00/ 30953 TABLE 5 .Bun ~12 34S6789 | Roval ene 509 _
EPDMLO0100 100100l OOI-Od%%%O%’%ég)ﬁ%%da@#i ous conponents bel ow were added as
(phr) qparts by wei ?ht pgs. BletoxypL2,3-dinbsehy! Hexane;s, " W t hout correcting
for assay. 'N5505050505(5505050. 050N990252525252525252S25L. W50 ,

oi | 202020202020202030ZrR 34l umyipesxyindi cdiarstaylexyaerfi AgeRi t e D11111111 1DC

40KEPS. 45, 45, 45, 45. 4S. 45. 45. 45. ASy 9 30. 30. 30. 30. 30. 30. 3W, TAC.
5 989% 0. 20. 20. 20. 20. 20.‘gmea‘yﬁ-'é‘%“bﬁ&%xﬁgﬁ’g‘ég"l’

0.20.2~ ~-2_-2.0-- ___ TAGheR| Q- (tamy§Rre-2-pertafdl; - - 1, 2
BR----- 6. 0---Santol i nk XI -BR%O- (t - Zﬁé TAP -__4.0-pBQ__- 1. OMDR Cure

at 170CWH i n- | b32274226322TY-A3RRMyIPEraKyZ-ma8wl57. 66. 78. 27. 07. 29. 5Cure in
ai r at 200CSurfacel0 41774444 - g}g nerd Zay 2004 \\D 011 34680
PCTI LBS00/ 30953 Exanpl é+-BrethyidatOHRRPravaPe af % or art sul fur

accel erators bl ended w i-Haethyi-ét—(t—axnylpeTOXY)-2-Pentanone;

4—methyi-4-(cumylperpxy)—2-pentanone;
2,5-dimethy1—2,S-di(t-butylperoxy)hexane;
2,5-dimethyl-2,5-di(t-amylperoxy)hexane;
30 © 2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3;
| 2,5-dimethyl-2,5-di(t-amylperoxy)hexyne-3;
2.5-dimethyl-2-t-butylperoxy-5-hydroperoxyhexane;
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HVA- 2 and di cunvl peroxide does not grovide tack free surf &dday 2004
Unexpectedly, use of |ow |level prior arc conpounds wth I—Mﬁ.g@ @U%Sgel ect
conpoungl® pirggode a tack-free surface when crosslinking a &2 EPDV
(Royal ene Q9) in the 5 presence of air. Using 0.2 parts of Methyl Zi mate
(98% zi nc di net hyl di t hi_.ocar hapst x &Rk Soetnadsexe B8 %

tetranet hyl t hi uram rm?lﬁ'scﬁ%fe?ﬁg? c\?m?n%\ﬁﬁ?—rl\g/xA ’:?’n%i o?ﬁ ded poor surface cure
(sticky surface) whensgufiinaghyidl-tdmylprespichydsepapXynex s, it is not
obvious to use very low levels of the prior art congﬁgg%né.n conbi nation 10
with HVA-2 (N, N phengieabhb; alpla-8ilkyPE8agERPP R per6Xi’de to provide a

tack-free surface for _cgrosslinlced hfenhe presence of air.
Unexpect edl y, when VUIUFRd@sg‘R“f@%ea%kk@?b%ﬁgﬁo%le dinsul fide polyner) or Vanax

A (98% 4, 4' di t hi odi nd o) inedmiBelkeRegdpy) benzdnese | ow | evel s of prior
art c%rrpounds, e.g., R/Eﬁ)lﬁs@i%?e o?_BLﬁgds one obtains a tack-free 15
surface when erossli nkj3mgu-[s(1cl.trﬂmdpmﬁs1@0wepld§ benzene;Thus, a uni que bl end of

per oxi de, HVA-Z coagent, and |l ow_Levels of dithj mt es or thiurans
“with VULTAC 5 or Vana)ii[A31:51rlmﬂ}d’é'§‘%‘Y’GFYg%%?’fyﬂk‘éghg%ﬁéﬁ%ngth a trued

surface in the presenge, of ..ai . - hiy.additd ga56hd1¢ was noted, thus,
solid crosslinked pargil’gﬂnﬁ@ﬂﬁm@\}é#%)%ggg novel @2 O blinds. - 39

3 May 2004 WO 01l 3468gi Pg]aiinjeﬁg,mqeaﬁﬁlﬁﬁaiy&tﬁyﬁcalbh%;zo Run ~123456789
i Royal ene 509 EPDMLO {0’0100I 001 00100100100100The vari ous conponents bel ow
wer g dded as (phr) pdi-t-amplperexight per 100 parts of rubber, "as is,"

W t hout correcting for assay.N774757575757575757575Sunpar 2280

O | 202020202020202020FA055 FESHESr i ¢

aci d0. 50. 50. 50. 50. 50. SQ. 50 O¥FPwiazine:
409%7. 05. 05. 05. 05. 0S. og’.qtégb@.z%ﬂ@éA;-&zﬁ 51.51.51.51,51.51.51. 5M Zi mate

989% 0. 20. 20. 20. 2- - - - Unagsird BR4i-butylpe2ayRb-nxahyiviibepzene

98% -0.5---0.5--Sul fur---0.15-- ~0.15- \lLTLTAq t?enZ?r?/eQ_ -0.67---0. 67MDRat

170CMy i n- | b4342414341A401babptylperoxy)-1sopropyl] 2 -

m n0. 380. 340. 45. 0420. 4Q0,.470. 500 4.0 -0 ol: - ’

mi n7L94. 64. 84. 44. 44. 5333%?“?2’?’@%?&@%?&3?@220F for 8

m n. Surfacel07141714| Gasg Nojvahoflipédorighlatsool; andipixturag@heree 34580 3 May

2004 - PCTI US00/ 30953 Exanple 7 - The use %{l | ow |§Velb§n8]é #Eit%nﬁt’t

el enental sul f ur Dhistrativeselide vasine tesRpesAREs Staple PEORYRHECPHFY For W t hout

“optional HVA-2 nononeric coasent. provides good surface cure in hot air,

however, podritphyei cal properties f61 % and 49% Conpression Set). 5 Thus,

t he concept of ug{@% LAV 818 serbyditupbenars; difd-tentylsyciobexdbrpounds wi th

suggest ed coagent a 3 peroxide does not re'adi.I‘{ | e to a.é:acr)nbia ation of

f 000, §Ur f acgerskydicabonseiimysiyhperossticypepsdIRZY PRAECT9H s 20 25
TABLE 71234Kel tan 4906 I)E(;EM 01001001 00The various conponents bel ow were

~added as (p#i(isopemyh psPXNEicgHORASr 100 parts of rubber, "a;i i_s,l" wi t hout

correcting for assay. 308081 erA AR ARt ha$ be Ol singly orin

'404040402n06666i-'r§¥%%|p|¥%é§%g}ll ! 11§‘Z%,te D .1111DC§8P S

(40% 5555HV/s2hinkti8d wiBUhE tthed frze Cadi@il linfitiators WtguRialsd O ARDIHRGR & i .

cure in air Surface él to 10) 10 = Sti %gyﬁ%énﬁgialcorrpres& on sei 120Gr0

'~

hr's. Per cent tosepelesisd SrEbe ZEOGITRISHYS May 2004 WD 01/ 34680
CHs; CI;H3 ———
C—00—C— /
N
I l \ / RS

CHs; = CHa
2 5 ‘ -y
Wherein R, and R; may independently be in the meta or para posiiions and
are the same or different and are selected from the group hydrogen or straight or
branched chain alkyl of from 1 to 6 carbon atoms. Dicumyl peroxide and
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PCTI U5001 30953 Exanple 8 --In this exanple. it is shown tha&Mayg20ddvel

peroxi de-addi tive conposition perforns well in filled and non-filled EPDM
formul at i gmsp1/3k680 #2 contains only EPDM and the novel per ox@@Eusdaiassve
formulating, i.e., no oil, carbon black, ZnO or stearic acid. Note: the

novel fornulation, as 5 taugh t he prt{aaﬁtvi ce of the invention, provides a

t i
conpl et el y tARROPYlEWTELG %“éﬁ“- AT The presence of air, (1 out of
10) where 10 is tég}gyd-ﬁ@%@i Linfargiormal | evel s of carbon black and oil
(run #4) provides exce1 ntp tack free surface in the presence of air. Use
of very high |evels of3canybrrdtatB-dimettymrdenghadgateoount of EPD vi used)

and high levels of oil_as shown in Tabl , runs #6 and 1 o #8, show the
expected reduction in #%“FY@FéPKISTmC&B?S}FﬁW%e@W&%r an organic

per oxi ge type cure. Hoy\%\ée&p%%)?? r’g-?%étggﬂgﬁﬁgﬁ%ﬁﬁée in the presence of

air is”surprisingly go%) 0 wn i nrun #8, when the |evel

of peroxideadditive blgngvwasetiitredsedpedoky barpelyhvikplsilanthat per oxi de
cures are adversely affected by high levels of oil and carbon bl ack. The
peroxi de radi cals can hé—diﬁetth@'b:a'r(lt-guﬁfbﬁmmbuthkﬂr[ég{ér@'mﬁ@bﬂeﬂhféyaiI as wel |
as fromthe rubber. Wien the oil concentration is increased, this
significantly reduces Rbﬁéylééll"mﬁt@émgﬁ@éﬁ FP#'&i ency. This is shown by the
reduction in My for t 1 Xt iri 309 asdieinégsy{ conpar e
normal | evels of oil Qﬁéh\é}gﬁﬁgﬁggf g@%%ﬁaﬂyz%ﬁ{dowtgi‘gﬁq?evel Z of %ll)-l( and
car bopg bl ack run. #5) . phefAgl}-1-meShyideiy 200karkife;011 34680 PCT/ 1JSOOF30953 TABLE
8 10 15 Run #1234567 8Royal ene 509 EPDIVIlOOlOOIﬁgIJI(g?OéO@I 00| 0% 100The various’
conponent s bel ow ver e ladtdemethyl-3irrqyparox) gy iR ne -Jemetyshenyts of

rubber, "as is," wthout r,rectd na. f .N774 car bon
bl ack- - 757513013013013‘%‘%&%5{“’5933&“‘?&?%&&

oi | - - 20206060606G4 R o égﬁéf @%e%&yﬁéﬁaﬁﬁitﬁ:@,&hb preferred
aci d--0. 50. 50. 50. 50. % DCAOKEP :

40%. 005. 00 TnifierOHF:. 005. 0010. 57. 50HVA- 2- 1. 50- 1. 50- 1. 50- 2. 25VULTAC 5

75% 0. 67-0. 67-0. 67-1. Q0B.,..Z| nat e 98% -0. 205 0. 20- 0 30v Crosslinking MR
Cure Bt '170C, 1 ar Cﬁﬁﬁ!—hgﬂ@ﬂ@iﬁ%é&%@%&&%%ge’gan%' |

m n0. 450. 460: 380. 400. ) 4700 AREkr foH¥k R 35. 87. 24. 47. 04. 26. 63. 8Cure in
T at aven tor 1a m idnPBudas %gﬁoa 104° - 43 3 May 2004 Exanple 9
- dove) Derox. i de- addintbhutgl HH#ahiftsnariperoxpdaleratdiot air cure a ve.'v highlv
filled EPDVf. This hi ghr;ﬁ"f"i || ed ErDIVI cgntains a | arge anount of carbon
black and.oil. Such f&HHEPENEUNPETBHIRI Y8 %e for sul fur vul cani zati on,
and are not typically,usgd,| i gl e. The successful use- in these
‘exanpl es show s t he uﬁggggﬁaﬁmﬁggus’uti lity of these novel per

oxi dergaddi ti ve bl ends 34,6 9a@dpérdthmechyl-Bethikerbonydmethgl-of this systemis
illustrated by providi E exanpl es using four different organic peroxides.
These are LLPEROX~~ 23315%B-tetragragydomomney j net hyl - | ) '

1-di (t-butyl peroxy)cycl.ohex e g% erile-= ~0%n 10 - '

"Butyl -4, 4-di(t-buryl pélftb"ﬁ ‘\gg'?dé?(g?g; er%é?arlmn DC40K. EP = 40% di cunyl

per oxi de and Per oxi nDRtHy8| Ffi(48me!pdidxlyBusyriep sidxistdies slogpeatpy | benzene. The
peroxide controls (Table 9, runs ~1, #3, #5 and #7)_ are all tacké due to an
under cured surf &kerpieeaxidesdalingitkig thaeese! plesdsfined e usstp! mthey al so
contai n some eas bubples in the interhor Of At n

per oXite- ad i¥EPYRA? E’@R“Eeiﬁ?’mﬁ BETBNS Qg'g'(?uﬁ{]fot%%g&% %ﬁ ?p-olég&a{l %&I &% tull y
cured surfages 6693m RO HroM8 InEh& el ydticBigiaten t he presence of air, see
Table 9, runs ~2, r?’e,m}—% and #S. . Unexpectedly, these fornul ations cure
to a higher | evellifratvossiliciketony peroxides apotampurds havisg shagegerdd f oani ng
(gas bubbles). Thus, the n ve@vﬁeroxi‘de formul ati ons provide a desirable,
solid, crosgqrmvﬂ(@dnp)e(m)% H on-sticky surface ? o upon hot air cure.
The cure tinmes vary because of the different peroxides used, but
unexpectedly the surfaces are always tack-free, despite the | arge anount of
filler and oil iced. _ ae _ 3 May 2004 WO 01/ 34680 PCTNS00/ 30953 TABLE 9
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10 15 20 Run #12345678Nordel 2470 EPDML00100100100l 001001008 MayOGAar i ous
conponents bel ow were added as (phr) pans by weight per 100 parts of
rubber, "@% di34680M thout correcting for assay.N 7621f| 0100 18O0$hba0Ms3
00100100N 65010010D1001001001001001002280 0i 1 100100100100100100100100Lup
231 KE 409%46.010.0------ Lup 230 XL 40 9&-16 010. O- - - - Per DC4A0P

40% - - 16. 010. 0- - Per FA®P 40% - - - - - 16. Qé A-2-4.0-4.0-4.0-4.0Vanax A 98%

v-0.3-0.3-0.3" 0. 3Durax 989%®. 2-0. 2- 0 AC 5
75% 1.5-1.5-1.5-1. 5MDRTenp. i 50C165C 0 in-1b11261123 ~14262029Tg
m n. 50. 48. 53. 49. 52. 56. 38. 38T~~ n1n4 57.05.05.43.1CUre inair for

14 m n. 360F390F400F415FSur f acel0 V.sliNo51li.NoSli.NoSli.No
- 45 WO 011 34680 3 May 2004 PCT/ C[HSUQS Ex&npl e 10 - ADA
(Azodi carbonam de) is a bl owi ng went mhl s used to create foaned

articles. In Table 10, ADA is used to @ngjce hot air cured, free-rise,
crossli nked EPDM sponge using our nove oxi de-additive fornmulations to
create a tack free 5 surface. The perOX|de control with no additive or ADA
is provided in Table 10, run #1. Note: the |level of crosslinking was

My=19. 8 inch-1bs, as per the Mwving D e Rheoneter (MDR 2000E, at 200C and 1
arc). Note, homever the surface was very sticky when crosslinking in the
presence of air. The Tangent delta for run #1 (peroxide control) was 0.064,
a desirable | ow value. The MR can 10 neasure Tgn 8 (tangent delta) which
can be determined by dividing th sceg gpd%? the el astic noduli. A
cured conpound with a very lowt t |1 beéBvery resilient and
exhi bit | ow hysteresis. A higher gnt deIt&)vaIue means that the polymer
chai ns can undergo per manent nnth%ﬂt(br defor tion, after an applied '
stress. Table 10, rur(I#2, peroxide and A no other 15 additives
provi ded and MH=17.6 inch-1bs, so the ADA qu# reduce the | evel of
crosslinking, although gas pressure can al so fect '?the reading, conpared
torun # 1 while continuing to provide a stchR urface. Table 10, run #3,
.use -of peroxide, ADA and coagent blend N, N - n1pheny|ene ‘bi smal ei mi de (HV
A-2) and 1, 3-bis(citraconi mdonet hyl)benzene 2 0 (Perkal i nk 900) provided
i nproved crosslinking performance, based on the higher MH of 24.9 in-|bs,
but the surface was very sticky (7 rating out of 10) after hot air cure.
Coagents with peroxide helps to inprove the cure, but continue to provide
poor surface due to air inhibition. Table 10, run #4, low.levels of certain
additives, ADA and no coagent 2 5 with peroxide inproves the surface (4 to
5 out of 10) after h ir-cure, but the crossli:nking is very low (M¥14.9
in-1bs) with an undesirable Tang‘sza‘][}r Dqg%&(bf 0.895. Unexpectedly the use of
a coagent blend (HVA-2 and Perka wh¢h I w | evel s of select

addi tives, peroxide and ADA blomnqg ent as our 3 0 invention provided
excel l ent crosslink density (M 22. nd a very good surface (2
out of 10) when cured in hot air Table 1 Note: a - 46 3 May

2004 WD 01 /34680 PCT/ US00I 30953 unlforn1foaned EPDN1mnth a density of 30
Ibs/cu. ft was produced. As taught in prior .art, Table 10 run ~7, use of
Vanox ZMTl (93% Zi-nc Zmercapto-tol ui m dazol e) at 5 phr peroxi de -pl us ADA
provi des a non tacky surface in hot air cure wi sh unfortunately a | ow MH of
only 16.9 in-1bs and a 5 correspondi ng poor tangent delta, conpared to run
#5 Use of Captax (98% 2-nercapt obenzot hi azole) as per prior art, Table 10
run ~8, provi dewlgersiaR,ta®y aelindgeadaslyeeldctednoom by grqmptchnsf.lamghe‘r

dett o s hydragen. %ﬁ"t@%gg;i'z,;ag;%ﬁcp beisalorieeh eorrh Soth SooskIEE 10 10
1520 25 C, to Cyy alkaryl, which groups may include linear or branched alkyl properties and
each of R, to R, may be substituted with one or more groups selected from hydroxy,
C, to C4 alkoxy, linear or branched C, to Cyq alkyl, Cq to Cy aryloxy, halogen,
10 ester, carboxy, nitride and amido, preferably, at least 20% of the total active oxygen

content of the peroxide mixture used for a crosslinking reaction will be from
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Run # 12345678Royal ene 3378 EPDM 1001001 001001001001001 00 klay200dus
conponents bel ow were added as (phr) parts by wei ght .per I%q_ﬂp%rgﬁ of
rubber, was1/8480 w t hout con-ecting for assay.N/74 car bont S00/30953
bl ackl 00100100100100100100100Sunpar 228

0i | 4040404040404040Zn02222 i i @22227222DCAOKEP
40r 09. 09. GQWQ.“B@% gﬁ’.‘%&’@%é&@’g-ﬁpo@%.%f 0- - Per kal i nk
900- - 1. 5- 1. 5- - -&uh § adsn 8% sudt2B1@.c6li Sketonapero8Ris ared. 20. 20. 2- - Vanox ZMI

93% - --- - 5.0-Captax 98% ------ - --S. 0Azodi car bonam dg)()
ADA- 4. 04. 04. 04. 1)8.90tiethy1 3¢ dedmerhiyl-hdh HFREONHRNARE OFFEA ethyl Kfgne

in-1b19.817.624.914.922.2Z 9.616.,96. - ‘L Qe

Dol t o 054 PEBH Gy o3 40 G T4 o FERHE Beroxide cyetic dimer;

rni nQ. 340. 360. 269 K 2 I Retraoxacyclononane;

105780, 780, 520 600 s O o e TR e YEIOROnIN: | JOF for 7

m n. Sur f ace105%fiidiiAive Rsitible peroky astefstard421482230262943Hot Air cure @400 F
for 12 mn. Surface999521l 1Density | bslcy. ft.7124542230282941 - 48 3 May
2004 wo 01/ 3468@5-di@@hylt$®©l@@9§%’115€%¥ﬁé’ﬂl§xi“% - Common coagents are

eval uated by ad in%:t tgemt .a sul fur donor - accelerator blend together

Wit h LUPERO1CRIPHIEPETOSRZO8 50, 2 5. di et hvt 2. 5-di (t - but vl per oxy) hexanel .
These per oxi de‘r%@ﬁ%ﬁfﬁ@e@ﬁ&r ator blends are used to cure standard 5 EPDM
to show that the el m de type coagent, HVA-? or Vanax MBMis the only one
of tipse test ed-banylpdroxp-2exlmd hlewansfatqyr ovi di ng t he all i nportant conbination.
of good cure wth tack-free surface when crosslinking EPDM in the presence
of air. Coagent'sM¥] P§BRBFMSare mare efficient in Royal ene 521 EPDM
conpared 10 to I .0 Exanple 4/ Table 4. Referring to Table 11,
run #5 only WA@%P%@SH%QQS’!&{ ack-free surface when used in the practice of
our invention, tlmxmiperda?emmm air) and has a higher MDR torque than the
per oxi de control in Tab few of the coagents

e 11, run #i. Alt{kough a few,
provi de some | dskydrop-bdcdimsiy! FRpPODERENTS HK] BF*ERL%i sl ei mi de-t ype :
_coagent, together wth.th el L at low |l evels, unexpectedly
providle an out é%ﬂ?ﬂg)"h%ﬁgg%néﬁl%%oé%ﬁgg%&:i:ﬁﬁée’ and physical properties. In
addi tion, the ppeVh@Us-ffd@gémmbabperoky andtinate;Tabl e 11 show HVA-2 t.o have
the fastest cure tine of aI? t he coagents, while working well with the | ow
| evel s of addi tdixémtylwdipenexyphthalatese of our-invention to provide a reduced

cure time 2 0in air, a Jre Mth excellent final physical

properties. Thé%é‘mp?rgﬁ%ﬁg'rﬂH.eﬁ}@yl{s’{?gﬁftawhel p the manufacturer wth

i mproved produgt i gidi pasigeblycasopEdolidxage;a nore superior . product: Various

“Conponent s useg’%ﬁis{ggﬁgﬂﬁé EpPER% 101- XL (45% .

2, 500 met hyl - 2 tShutlpdroiows b, paimgipylhssneate; 25 Sul f ads (98% di pent anet hyl ene

thiuramtetra squide)Sat(L)]':furﬁTESST . . _

(N-t - but yl - 2- b ReErrESul-FERPRIRIPPPRFE (Trial Iyl i socyanurate) SR-350

~(trinmethylolpr et I et h alx®)butiate. " HVA- 2 . :
(N, N -m phenyl %ﬁggf éﬁrga }g?’mp%g?wg (3@DA (diallyl nellitate) - 49 3 May

2004 WO 01134680 PCT/ USOO 30953 TABLE 11 10 15 20 25 12345678910Royal ene

521 EPDM 100 100 100 100 100 100 100 100 100
[lustrative monoperoxXy carponates are:

00-t-butyl-0-isopropylmonoperoxy carbonate;

25 00-t-butyl-0-(2-ethyl hexyl) monopéroxy carbonate; _
1,1, 1-tris[2-(t—bu1ylperoxy-carbonylbxy)ethoxymethyl]propane;
1,1, 1-tris[2-(t-amylperoxy—carbonyloxy)ethoxymethyi]propane;
1,1,1 -tris[z-(cumylperoxy—carbonyloxy)ethoxymethyl]propane;
QO-t-amyl-O-isopropylmonoperoxy carbonate.

30 Tlustrative diacyl peroxides are:

di(4-methylbenzoyl) peroxide;
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100The vari ous’ corrponents bel ow were added as (phr) parts ByMagi2gdd per 100
parts of rubber, "as is," without correcting for

assay. N6606Q&@aﬁ#9808080808080802280 0i 11 O 01010101010101 O10 St@A¥506/30953

Aci d1111111121Lup IO XL 45 4.5 4.5 4.5 4.5 4.5 4.S 4.5 4.5 4.5 4.5Sul fads
98% 0.300.300.385)_. 00. 3(? 300 300 3&)0 30TBSI - 0. 150. 150. 150. 150. 150. 150. 150.

150. 15TAI G - 2. 003 3-medylaingoy]) peggpyide; - ~iVA-2_2.00- - _7,~~qA ____2.00-_
12.00-_ SR 206/ gng E’po&m,l nk 900 2. 00-Sul fur ,
ONTR at Bi(2-smeiyibénz %P

185CWy372732354 1232333 1283:gH8. Bk0ros0pe®3@les 10. 370. 310. 400. 440. 410. 42T~gO4.
23.74.33.42.43.74.24.03.63.5Cure in,air at 420F for 8

m n. Sur f ace10542 ¥adipromo-bgnzoy! erpiiAc»004 WO 011 34680 PCTI US| 101 30953
Exanple 1 Z - Various be OXI - sulfur cure blends used for other

appl i cations ar eschpécafq%pergur ace tack (qualitv) in air cure and percent
conpr essi on set &58%5?§§x,ggnpar ed to the novel blends of this invention
and to standard peroxide and sul fur cures. S The novel peroxide cure system
in Table 12, rundi#24udieddpeebetbyl)geraxédan excel | ent, tack-free surface in

1 out of 1Q) with t andi . h i d
our oS i nTabl o Tide piexies oL eIt SECTRH P GT Akp Zi?é“ et oot Pof %105
after curi Qﬂgg%géé 1 APBIFr caddid | il @%oﬁt@mﬁﬁ@cﬁasls%mlﬁlwf&r #4 wnge #5, Wi t hout

HVA- 2, produ oor ‘surface wth higher, |ess desirable 'O conpression
set wal uedpangBRl EV (sem -efficient sul fur vulcani zat| on syst em which
uses low levels of elenental sulfur in Tahle 12, runs #SP%@r ovi de

expect ed i rrprov@h%@ﬁﬂkdbel tha GA-WilTRFFibeR 2Rix R BHlECt SHE ?)8?‘”5’6 §i on set

val ues of such EV s r.cures...Th 77% and :
71% f or thé(a§?%§?‘%l?ﬁﬁ@ﬁ?s%mtganﬁﬁg%%ﬁgy gﬁﬁk% gbyrﬁﬁﬁgj#g and
#10, provi %g Aa?ze tthggcenh%ﬁKnsfthﬁﬁhcrﬁlHsfeﬁ@ﬁsfbémhlskﬂetxﬁvﬂs pmpmmge controls of
Table 12, B 1. #3 and #6 which provi de excellent 14- 16 percent

CONpr essi ommsedsxrtgnmwnmoﬁ/t}smgkqwsﬁrm a@aples of the polymey tibg cHRY4 WO 01134680

PCTI* U800130953 TALE 12 Conpari son of.- a, hove

i nveRS on, (€esRbiaked)- B‘Cé’wn%‘ir%ﬁgmﬁésr‘% C&ﬁé’ﬁf’? ?gll?%egﬂg ts‘ﬁéergﬁféu%
ir5, #7 an Sas#ill, thé Sp @mdm@re e
st andar d sﬁﬁ‘@ﬁ%e’%‘ﬁ?g“%%u Ebﬂ’gﬁ{ %Q%E(R%gl ene 521 EPDM 100 N 660 Bl ack -

75 2280 Oi hn@fnipegatitec Acid 1 10 15 20 25 Run
#12345678910Zn01. 0d1, 001. 001, 00t. 003, 003, 003 . 003, KEP 007. 50
7. 507. 508. 006. 0daroally.gresygbempjoy the compqua °g “8‘9%4%&”?"‘ ed‘?“lfs%

--0.24---0.7 th t tities which will

98% Q 24- - : 48 Biscifiapqfintibld) shNytiBlbosision of the imvention in quantides whighwil |
- 0. 18Q. 20- provitd fbfr z08uP00. pifts By 1091 GRr PR AR lyRabY Welgbgphr) to about
(i n-1bs)26312625252721263129TS t

(i ns) 0. 74005qtr Anefasdy Soo arot d8phyda 2bow Sed Rk sost preferably from about
(mrs) 7. 14. 17. 35, 17 3.43.02. 6Conpression set 70 hrs. at

150FPercen§(50 %Iéﬁﬁg?'étélélgﬁr Set14161628421562737771Cure in air at 400F for 8°
to 12 min. Surf aqed P Idhé Willlemplod the subRr contdinkfyor26fié cvpothdBapable
PCT/ USO0/ 30953 Exanple 13 - Storage stability of novel peroxid

formul at i onﬁaccﬂeeatmgmﬁiueduk@mﬁ%ﬂm ins redaers GApRRES Pf BriRS E@HSIH%(e‘gPlém xed and

t df th f £ T d #5
wer e M xt LP@%JI laﬁﬁ%%p%ap@géthriri%g B Py wiDPll Sothe ffde o

tenperat ur g gﬁa:%o Ei%lkbé pTQf%?a%l}aﬁ@Eh iﬂo&tufl%rwﬁlﬁomqrmplﬁzemotm freshly
pr epar ed pero de mxtur

preferably from about 0 1 phr to about 0.5 phr. It is understood by those of skill in
the art that these compounds are of two types. Those that donate sulfur to the
vulcanization and those which simply accelerate sulfur vulcanization. Either class of
30 compound or mixtures thereof are contemplated as equivalents by the invention.
Alkyl phenol disulfide polymers of the VULTAC® type are preferably used
at from about 0.5 phr to 20 phr when used alone or at from about 0.1 phr to about 10
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shown in Table 13, run #2 and run #4. The rheoneter t or que dvlag EO0d4i e
curves, and the quality of the crosslinked surfaces which d in hot
air, aré&v@RE3¥8he for both conpounds, within experinental P‘\g‘f’?}g?ﬂ?&
torques, times and surface would be closer to the control (run #1) if

conponent S,H-6ahGH cHtbifadon & Bgither sul far bévelepatarst i ce of the invention, one
can add the variaous ingredients then add the peroxide, .however, em xi ng

the various addTypivaly, mekes! pmpleoithe Feasad@hImEHaT BrSTus PEPXIds aa@fg; - 53
WO 011 34680 3 May 2004 ".' P usopl . T i de
conmposi ti 8 1@1&1,4?/05}31 ﬂ&”@ﬁ?&@&%"d’n §8%&g)3&$%rd%:égﬁefﬁﬁs% @%P%E% Er? Hﬁe%bggﬂ gf

activity aqr f nce. Two different peroxide formulations were stored
for threeqror@ﬁ?‘}ﬁlts@&galo M xture 1 .

DC40RE4. 6%-VA- 2Pie BBeliémpka ubd badsBord sk RagyForumtng IRegelvaderamben BPDM 100 15
20 25 30 N 660 Bl ack50N 650 Bl ack502289 Q.1 35ZnQ3. OSt ear ib Acidq1.n§ M xture
2 64. 6% 2zuBcBrgofths framadicalicpning ague FOF thf 220 (HEHES: ApLaogReondite

nos. DC40P8. 0----M xture,l-7. 9-- VzH--M xture 2---7.9M xture
2----7.9C%% Q?‘PH% Wgﬁés F ﬁtﬁ’“ﬁﬁeﬁ‘%@ %“%7%89’5‘1391'ar cVH

(i n-1bs) 21. 325. 24, 625 Pssni b theTinPentibnd 8hropate Sith 38 189 F&aA0re
(rains)6.84.64.54.44.3Cure in air at 400F for 14 mn. Surfacel02 |.632 - 54

3 May 2004on@itiohd H§3e REThink8do ossEkmeapAricular PAlKBEHIOMRARIBNY s of

anti oxi dants | phenolic. netal dinethyldithiocarbar i nmbi nati on

wi t B Qi snEMeRing @Sl JeEher °§Waﬁ |°8W“ir’]‘l?ﬁcejf:h§°18?‘e§ ﬁﬁ?‘&?g‘é‘if;ﬁ%ﬁﬁér‘gi}%e

excel | ent 4 a6l d Lefi Ut ACSH AP GH e inehans@RRIerelohiiep B Ro@rive of ai r
I des e

and al so €sira i nal phvsical 5 properties (i.e., low %
conpr.essi Qp £3@kn }imes fig: OVt vaktedist te federradioaliinglafagrinthessystems whi ch consi st
of 'peroxide(s), bisnaleimde coagents(s); sulfur go&gr. - sglléf ur taccel erat or
system can al sdllieioventon conemplarsthgt OERk FABYFEUAMAS 2ABHEFH BER 2™ n Exanpl e
4, Table 4, run #11, (M _N.cla =T ¥laehi Sk Qe AHkfekel), ,

di met hyl di¥Ht% Eté’}\fﬁgls&g%gog%mgmfuﬁlﬂgwdl evﬁ of eo‘mzf phr), al ong wi th
ot hers, e. 1 AYcésVoildi 28 e er pstee oS pi giventEldyes, adcki figrs, waxes, -

di ,rrg't"cfs]yi diagiﬁp%caé}ggnat (135 along with Sulfads to successfully produce a

t ack- f r ee rsinfdreing aids; W Vgsaidlip#ios agsntspblopata ?é’é§t5(aé’€r?ﬁpé%t9’iséﬁgs et). The
Met hyl Niclate, wh hem cal i S.ni i i 1 te, |
S0l 0 a5 aEReAAImAYEoq fF biptt Depostihs BeEe Befiadhongine e o 1o

~level of (% Qo] of Methyl Niclate is used in run #3 conpared to a
- phenolic antioxitdant and a sul fetiam de accel erator; see run #6 MBPC

(2, 2' - met hyl eneTHa polysulfidempalyBetscontegipbitechby she inyRntiogAeARosSHIMBtur e TBSI -

" (N-t-butyl -2-benzot hi azol esyl feni m de),.. 1 n_eagh e HVA;. fads are
al s@9 ncl webauiienolynes H‘&‘I‘%’t "rISIR}'eP&Ee%)pbé'rth ﬁeeacﬁ?%§€%f a’?}/oaéﬁ@gﬁ?ﬁ%. .
Met hyl Ni cl.at ' ' btk Lhh asri hereRkadly wh hikaBuhdiadsolyanfde.
di pent anetdﬁ%@heé%%:‘&gbacgnh?g{l%sgl fide) or I\/brfa3>/< (98% 4- m_)rpphol inyl-2
~ benzot hi aZpjeaottirsed Edd@prcialyavailstie pobihléde palymess irgreither lypvdsmibl e 14, runs
#2, #3 and #4. Substituting MBPC (2,2 -metcgzrl %%e 45 terials produce
bi s- 4- met tsyhdhmlghepH@Wcﬂr)gwé?oxléﬂg%iﬁi‘t&@G’P PSfIvec irom malena’s p
(N-t-butyl-2-benzot hi | L de)_f QlodDii@l rethetigrkel
di met hyl diﬁ%‘%&%?‘b%%? dgﬁ%@%%gﬁﬁﬁ%%ﬁgen‘% BT s rable |ow
CONPI=LSSI %‘s(éﬁ:hlo?@éﬁﬁ*l?@hnﬂr@m afi bikali midnipolysalfideM8 ) whensineMab ian
anti oxi dants and sul Tenam de class of accelerator work welt \g’th HVA- 2 and
| ow | evel sillafii ottabions piefarebly dedyas Gewsedinm /R AT ST hRsi t i ons
of this invention. It is 3 0 not obvious that |ow | evels of these conpounds
woul d be &f£e¥M ST, based on the teachi ngs of the prior art. Exanples of
prior art for i ioWtoaR s &ed At polbulfide FolmbRym2VBAADID plaBet 680
T Usool 30955 T infétficofientfiftes it p 551_ Pl .

or in admixture with the other compounds_(B). in equal quantities to those previously

30 specified for those compounds. Since an excess of polysulfide polymer is not
contemplated as detrimental to the practice of the invention, it is also contemplated

that they may be preblended with the corhpound(s) (A) and optionally with the free
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acrylic coagent SR-Z06 (ethylene glycol dinethacrylate) are3mayvRoed in
table 14, run #9 and run QLO, where nmuch hi gher anmounts of anti oxi dants,
Vanox MBP&y& 99%sds Z' - met hyt ene bi s- 4- net hyl - 6-t - but yl phenol pcarusoy/amssx ZM|
(93% Zi nc Z-nmercapt o-tol ui m dazol e) appear to have-a poor effect on the

compr oS! on reltal Ve ase(s) PoTFERARPFCor S RGO FsE. 0 PAOIRIS004 v
D1134680 TABLE 74 5 10 15 2 752280
%]e ﬁgﬁ%@@é?é&&j@ R@%#PPB@Q@:% 668 aBH a6K

G | 20Zn01St ESPMErRTEY 7158

#1234567891Q Q&ER%) (36203 20%. tBB 5B rficA) Gnifibiof]8) HIBRIRDIA-simukan@ngig 002. OHVA-
2-2.02.02. 02. 02.02. -~ - Sul fads- 0, 240. 20- - 0, 200, 20- - - Mt hy| _
Ni cl at e- 0. Z4Gbs2g@n2i-at the-opttonfafithe opezeior-4Bse of thegplysulfidg pedymemgypc. - - - -

:.8 236_553055%{3@6&1&&&12&? other ?lglmlljaccefgr%?o?%% @gr@x%&at@dgﬁg%%%ﬁ&%Tén permits

0. 55D. 540. 740, 7 ' irZd 56 HdhvBmise in air at 400F
for 12 min Siflatabitatpinidsgng dectiertbe huked by b eEoE < o,

Set 16161615191 71%4324Qitwifibe obvicus t8 ohayf £604n WE VUH3YESFsHET PIODEB0953

Exanpl e 15 - Crosslinkina fully saturated el astoner,.(ethyl ene:ogtene
coool virer | . thamselviay maydesyrasie tackipge %g@Fﬁ/Wﬁﬁf’@Sﬂf@&ﬁr‘B DI Dow, i s

cured with Z | evel s of dicunyl (0)'¢ i j VA - Mt JLTACN~

5 5 Butyl PISTERCE OEF?]qlﬁcé‘l?rf?er%ﬁEf g‘;a %n tuﬁ?trgﬂ%gs%iz%ggt Pfr)ltlﬂtﬁot ai-lerz. ‘Thi s

extenrdL%d ‘;OEcSp-lfS(stitiic%}ge\ie% if MR oontpdund (B ittdoy pidsertmifhussthe dneentiomot  sul f ur
e. In Table

curab , run #3 and run 4 are only slightly tacky after curing
which is a smjtenplamssoviesentbleemammsitionss anikguiveleshioabeisecandApmpRsitifB| yer s
woul d be very sticky in this eist, Ei rré)l y because these pol yners :
nel t/soften2‘-"&’50ttChféb‘ém]ﬁ’@“‘t’%ﬂ‘rﬁe’is 5A@BOVerhe oi 1 is added to reduce stiffness
but can make the £ bditi Sxwivieh laaf ki filddd it 8111 ow
filler level. W nHéxgiﬁ?@s&ﬂ?%fo}%%%&t&gﬁgg?fg ler]té, thlgse sarrpglmeié (runs #3 & 4)
were not t agidver chattrebidék Gopsndnlnkefumeditdas HighlgaktendeddlaRlomsronmer

(Et hyl ene- Cct ene Copol ymer) 15 EGBlOO_lOONgg_O I ack60228r_8 'o‘ihl 5 *—ZnOBS& earic
Aci dl 28 AQefrmghtions) arg nen R rcured using sul- vulcanization rather than free radica ,

#1234DCA0P7. 010. 04,005, 72HVA- 2+ - 1: 502 ' : i --0. 25~
0. 3ONDR at RS FROA RIS I0ATE S0 it deh M ne DR aln g e Bk &0, 25
mn7. 66. 95. %@cﬁﬁﬂgﬂd &éhggw:h&‘egé faeeartdaikines!s ag tisichapdRAcy. SThis s(dDES

n -

-553725F| 18 101 ~ 3 May 2004 WO D1134680 PCTI US00130953 Exanpl e
| 6 - Eval uatffioiency oflitkeffeeaadictliim@tasi ni de conpounds for use in novel

eroxide fornul agions which.can crossld I A ack-free
gur”f ace in the pHddeped %ani%?a.t ﬁfenusi:acg:cgﬁfg'?égé\?g&g@l%ﬂlef%gggﬁt bi sl ei mi de
corrpo?ads V‘ﬁ-[]ﬁ:g%‘ﬂ?t%&ﬁ?éqe;g;@élhﬁeﬁé"% RIpRlnkental Ofgrbdibsrs td ¥R Mhé compdditorpett edl y,
i'sma

all of "these el m'de” conpounds provi ded good, crosslinking efficiency
pl us t ack- f theeasions cesositienaspests efitherimeatitign siprisipely incraase Teg@dical hot air

R TR L e T el
neLy T o NGt 8 g somaban mepbam RSl
Abbrevi at i od/dfRMidvodlifohatkdpiedyehdere Wi sspplemientalingoedientb b 8iei at i on:  MPBM
N, N 25 ot eumpasi oo o 8 GAILS BN a1 PR OFLGE PUBHER FBY kAT BYP0A Tt vas
used for t hteosa ot 5% 'br);ev?et@mt' Ere?érglylsrqg% {?Jeﬁld%"by weight and more preferably from

20% to 35% by weight. '

The inclusion ﬁf these two polymers as supplemental ingredients in some
cases has been found to permit use of lower concentrations of the compositions of
30 the first composition aspect of the invention in formulation of the compositions of
the second composition aspect of the invention.

The following examples further illustrate the best mode contemplated by the
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15 The rubber fornmnul ationPartsKeltan 2506 EPDM ( DSM Copol yr3#&tgyl200d560

car bon. bl ack éHuber)7~Sunpar 2280 (Sun 0i 1) 15Per oxi non DCAQKEP52 0O
Coagent MoPW&}ME46i0al ent to 2.0 phr of MBMVanax A (J. T.  FCT/US00/30953
Vander bilt)0.2VULTAC 5 (EIf Atochem 0. 7Durax (R T. Vanderbilt)0.1 *Taking
i nto accountinthe-AUIDRE efclNS AR 3 RE1iSH AP rd BbeRBR NI M suGoIPMId -
59 k 3 May 2004 WO 511734580 PCT/ USOO 30953 TABLE 16 5 10 |5 Run #12
34Coa~ent UsediohmithviBdd MeRMEAVBMCr ossl i nki ng DSM Copol ynmer Kel tan 206 EPDM
in an MDR 2000E at 170C, 1 arcM (Ib-in) _2.2702.2802.1402.180My
(1'b-in)34.9032.4727.5130.08My .rvlL (mn)32.6330.1925.3727.90TS 0.2

(m n)0. 3100.3300.3700.343TS 0.4 (m nﬁmmo' 4300. 390TS 1,0

(m n) 0. 4400. 4650. 5500. 490TC90 (m n) 67304 . 8905. 260Crosslinking in a hot

air oven at 410 FEdfeipi81 vERsuesSUsf Bige sFacimpditdi® fot €outhingineIEPM in the
132Conpressi on Set @ 1500 70 hours_~74636~ Note: When no coagent was used,
30% nore di pusghcqeramxinddsheineaffecton surfaceiack andidvat oimiosss ttenpt to
reduce surface tack. However, even with the 2 0- increase in peroxide for
run #1, surface tack was very poor (10 out of 10). After the MDR2000OE
testing was conpl qotia-s i ol t gst f LAl of
t he sanpl es mrelﬁ%l%?eggﬁ%ﬂge,t@%@ preséég/iﬂ&g° %%gtSFEFBPﬂgﬁigﬁﬁﬁnxﬁ%%gc Af t er
the ei ght ncrgtigking bexgemppdlesemel slfue wselfurdehop apspotmdseiveramrmapdessed
onto the hot sanples. After cooling, the paper towel .was 2 5 renoved at a
uni f or m r at & 2 ewrevEBkar enganip pRIFEdes Thaclasteraer usad i fhis FeampRle Was An

crosslinked sanpl es had cool ed t omte rapure r ry. little
tack on thee@uwgww@e@éamlrwr?ﬁfé&bm‘?%? XX r?.aétﬁiﬁi@r?@ﬁ% ?i’fwﬁh al |
sanpl havi ng very simlar, |ow surface k. [l e sa SO

di spl &Ped ! P o 4Bl Sime gt et qfdigh %8&85%'ﬁ|‘%?@zp&{}%e%s Sggﬁ%?g“@lufd -
internal |y EQamhif &n&ﬁmﬁ@sj WitB 0P weReEEShtioRBl SnsafirRed habhérdenandgead on the
| ow Mooney Vi scosity EPDM used. - 60 wo 011 34680 3 May 2004 :

PCT/ US00/ 30853oskiakplastohiers with ipetvsndeemaheipiesenes offairdinflipseduce amiogrtadkeyi i de
conpounds for _use _i-n noyvel peroxide fornulations whjch can crasslink

el astoners irfagea Ok e ?cé‘égss‘iﬁ?ﬁ%éumﬁ'the[“[5#%%?‘?331‘30{2’%&?’.&15?33&@2’,’ 1,3
and 1,4 (or i - h@p@ jJEde were
eval uat ed f%‘{?ﬂlﬁggﬁéﬁmn veﬁasp%rrgom aea%fg%égl}sei?pgﬂ%g%?c ng owl:gégg&s]gi i nki ng

el ast opger s The d4ieipTasienchows thrse famiblgtiony prheiuaed aktigkycsurface, bat &lsé r ee
surface. The el astoner used in this present, exanple is _Nordel | P EPDM NDR

4;340. Thi's prgvxsiﬁéra@rO&SH@kq@éW%&ﬂfthaﬁm Fighl seRsTHCY (Aigher PHERIIIANS)Y dﬁ»rerk s.
1 ! . O3 . THE ]
ree. our § acuohd R IR BF pEIRARILT oPE] SO GRRPmiGbinctie cPEAN! Aifh Hophe ATk 1 @

level s of sglife¢togeind MRSpcackifeivat biss evalustedi This phoducet atdeaasckyovel

conposi tions use a unique blend of sulfur containi _ngl addi tives (Sulfads,
VLI LTAC 5 anvdfachadieh cepsslinking dosemersdp dicressnice Bf aischay aighites pPRYSEak oagent

and peroxi de. te that poor.surface re i.ned. the.separate .
corrpoﬁént s HBPYe} WETWEWE?@?? %W%f%o%%@?gﬁﬁagacﬁ%ﬁ%%%ﬁ %i/c see Tabl e
17, runs #l godtBnk#hd fortfula®dyd #8. Run #1 was the peroxide alone, runs #2 to
#4 were the coagents and peroxide, run #8 was the peroxide and sul fur

accel er at or bl enkh.th¢ foreatdtionad d abled , astandar esrbarhipleek foomuldtianiveasdiseder e

tacky upon hot air cure at 400F_cure. - 6l  F.: 3 May 2004
Carbon black (N774), Sunpar® LW150 process oil from sun, zinc oxide, an

antioxidant (AgeRite MA) were compounded into the EPM. In addition, all

25 formulations included 8 parts of a2 40% assay organic peroxyketal peroxide,
LUPEROX® 231XL [40% 1,1-di(butylperoxy)—?:,3,5—trime£hy1cyclohex‘ane]
dispersed on calcium carbonate, marketed by ATOFINA Chemicals, Inc. The level
of crossiinkiﬁg was determined using a Fle:gsys MDR® 2000E moving die

rheometer. Samples were also cured in hot air at 365°F for ten minutes and judged

- 25 -




5 10 15 20 25 WO 01134680 PCTI U500/ 30953 TABLE 17 Crosslinkd pay'dgodel | P )
NDR~640 EPDM in Hot Air Oven Eval uation of various bisnal eimde conpounds
in the pg@iegéﬂof this invention. Run PCT/US00/30953

~1234567 004. 204. 204. 204. Z04. 204. 207. 001, 2 PDMR. 10--Z. 10-1, 3
PDM -2.10--2.1d--1,4 PDM--i.10--2.10- Sul f ads- - - - 0. 280. 280. 280..28VULTAC
5- - - - 0. 280.f&8RrR2801a2Bigasschy placing BFOPAUOVELRT | poBmeRRiely 2HFT vy

(1010033 B0 G323 2, S PR BT el presr. Sk s

(min) 4. 59i %gd? 8?12 .gg‘lwg&%-laé%oéﬁ&era@ﬁeﬁ@wgamsoxsa«c@z&@os. 283.293. 293. 15
75, 42. 012. 0F1 G5 §385% 323.292. 67TS. t3.332.912. 392. 724. 854, 764. 783. 97' t 95C
MH30. 5?3. 534. 139, Z&Abiaadon 38p2aLidenhe 247e lash of elzmeaizl swlfur 43 pegs (11 9TS. 40. 1

90. 20d. 170. 170. 260. 250, 250, 22T~01, Ql 1. 080, 750. v51. 000, 811. 090. Al r
Cure @ 400 typical EPM ﬁﬁﬁﬁ’ht@ﬁﬁﬁdk?’%‘ﬁﬁfﬁiﬁ‘é‘ ed a goocz ?eve?op crossjrmglng 6t ddn

Rati ng108884131QHar dness60 : atdroparderdgly d6¥@100

*Sur face Ti@ﬁﬁe%_@aﬁ&?\?%a&%(%g%g%%?%%fg{r@ﬁt) 7$ﬁoderate,&?o yes3 O N
99020Su npaﬁ%@&&%ﬁ%ﬁ&tﬁag] rBarkeied IyDMafdnt) coagérit,1@g@herbyith peroxide (Table

1, 4) - phenytenedi mal eim de - 62 WO 011 34680 3 May 2004 PCT| USQOI 30953
Exanpl e 18 1; w2 pesvidssainueapeaad shpieaed iysl of gresBkmsd8asdipida 3’"? n
th~ractice of this invention.. Table 18 sh t e tys eval uati on
of four codtpsutiaps GREINEISH & Wﬁﬁd@oq{r‘o & é%?r%a%}fag%’tll E/ée}[n%fsgglet'o. provide a
cured el astomer,w t b, EAERCAINIRMR msikertd by R .. Nahderbilt),dyen,
V\henq'&sed W[ﬁl aélrt’o'%%g{s:é(gn‘%ﬁg%c?)é@t | ow Ilevel s of sul fyu_r accel erators, as
per the praedd §etaafiakinivel precteddesinov effedt o surfecehifscankingien offlspBats Dow

Nor del TP NDR-4640 netal | ocene EPDM .chosen .as t he, el.ast oner for
eval uat i onelsorektal m@rmd&mﬁs&f&%m&aﬁ@n #gﬁprowdes fite

1,1 (3,3-dinethyl-1,.1"-bj phenyl -4:.4.1.0 di =R D QL8 HVA-2 alone),
N, N-(1,1" - HPBTI‘?(‘—,(%‘?FQQPAEIQ %?%%?ﬁlg]é#” (qg%Ler érﬁcgltéil}r?nﬁ goetlhgne and. oue)
L, 6-bi sial LT RREX ARG, poietes ibgiPaur it atoktheso(7 out of 10). Thus, blends of

- N, N -1, 3- phenyl enebi srnal ei m de .or Vanax MBM™ in Tabl:e: 18.

‘Usi ng _qur '
pref asr ed taagent with dow doels aftelergersal spfvnpdn IMBEPYK FPSSINgIAG: QH%{‘“%‘:‘I%?CRC 5 and

Unads, unexpectedly.we found t the vari i > i S '

o ovi dedl 1 HSk@REe | TrAtar GEeF Podo T s ey soif e Bt o CpgaRaRatiee
.conpared t p ' HYA A ndiplefolxide Bvthel estban biack EPM cky
surface. ,%%Fd_o?ggﬁé%@fﬁ(ﬁﬁ%&%@'btp (ONO) Owg NOOOON-=--(CH~6 NOOOO
20 N-d i =- GirmditionQoAbitiay icitand antiDkigEDprovided good crosslinking, but, ,
1,1 (3,3-dinethyl-1,1"-hiphenyl 4,.4' -di yl)-bi smal.e| nm Kevi at.l.on:. BPDB
N, N -( 1, 1unforphatsi algo nmddﬁc% ?E?éﬂh?”é%ﬁ% &3%&51?@%5%‘?@&?5’Wé paorf

1, 6- bi smal ei m dohexane revi-at i on: : - hi L7 7 WO
01/ 32680 3%meﬂéfaﬁgeﬂ%%g&%gﬁ%%%gg{?ggiura”g}%ggél%@?%vé@ﬁm 4640
- Coa. ~ent Bl.end ud : Kitded3 426 Pable 1, run #4). _
2010 EPT Q0GB ESD I e Rt R BEDg ok bosP sufPicRHAtIAMesS (B Peble 1, run 24)

MBM 1. 501. @R13 0% M@%%ﬁ%%@&aeﬁ%—mar&%d-mmm-w- BH ---0.50Sul fa
ds- 0. 280. 280. 28d. 280. 28W.TAC 5- 0. 480. 480, 480. 48 , . . .

~0. 48Unads- 0. 14 T@bledi) nke3,| UD part\ofS0 GsR inmombpination with peroxide,

i n-1b)44.040. 836. 940. 140. 239. 8Tg. 4 ntin0, 270. 380, 380. 380,390, .39TC90
S4. 533? 053 ptcdv3ied1B 13@3:;@17@&41;{5111’&0% tackiness of 6 out 0i8 10, am? an undesirable ?cvce;?of

. L TS i UV e i 250

140CM_3. 853, 953 §l,343 3. 902, &R Berouht 42ip8hanmBRIaRAMRRAN T@Bsalfidat i on of the
surface of gr()ssl inked EPDM cured in a bot ai r_oven at 4tO§)F for 8 to 12

m nut es. Tactalihesddedatdsrig? & 0638 1018 perts Epplyypsing k-4 pags of Sulfads in

m nut es102. 542. 53412 m nute 1,2,5111Shor £6 : ation
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BH 138- bi s @jueédliad ghexan$ tHe low My value attained.

- 26 -




- 64 3 May 2004 W001/34680 ' ~ - PCT/USOO 3D953 Exanpl e 3lflay 2004 uation
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hot air ovens to provide a good surface cure (tackfree surfacel with good
~hvsi cal propert kes. .. ] Al A Syrpsne was
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for eight nhoutdsrce ofzil Ak BYEhOREREAGREN tHe WerdEROR If cPosdiifbinptaie ~S~
SIn addition to the good crosslinking performance in the presence of air,

t hus over campagyedheitiaivariuwxopgeanys amhpdroxidesthe surfagggadkongsd in hatpreshecef i nal 15

crosslinked el astoner had excellent final physical properties) based on the
ot T abl 6. G gif (36 PEQTIPRei5Hp FESVBh CUE oA RN PR eSOt BE AT S ¢ or

V0 011 94086 POHTERESH GRS e etge SRR asfes MRaE R LeRESRTooke00
Car bon bl agifgdk75Sunpar 2280151 5Di cunyl Per oxi de 40% on

cl ay55N, N - m phenyl ene bi smal ei m de22V anax AQ. 2VULTAC, o
50. 7-L0Dur ax0. 1- -Inadditioncybérobe suefateciack wps fiaalieseduced using teaching from

1, 3-di t hi ol.ane-- 1. OMDR20DOE, ai . |,70C, . M (il 2307
~n0. 3|60. 521}%&%"&%‘5 XA¥E5 TORpg ﬁj@ﬁh’e@ O&terajbﬁggsg%/ggl%ﬁ%r gSI@??s% 21 ssi on
set, 150C, wihifire AAhlé b ubfic air) AnYRYosddn YeheQRBE SOQinREd priSEXde 399R3

Exanpl e 20 - Use of Polvsulfide i'n conbination wth select hal oeenated

pol ymer s ogrestwa sepamte probesses. Usedaasg addiéaréasing the tdvebef asstiekingul f ur

accel erators and bi srngl ei m.de coaé:;ents. t o, produce. a t. ck-f%ﬁe erface in
i 2hi v oxt BFRESEISENF PHIRIPHPHLTRC AR R SHE In CBTPEAOT LRI BRABFSS orrer )

bl.ended wi : ' oLalg [ Le j uld be

di ffl'd"gul t Pg‘prgg}régéb\ﬁ%h&(% I r?%?{/ p&%f??ggggﬁdgi%bﬁebyg Z%?{é:tr%\?}étﬁg? a sul fur

cur ed hoselevehpforosklinRingul it %';ﬁexidiheufeh,gmh yppeeat engtedideRPdot surfacke asckons
wher e carbon bl ack _and or oil levels are nearly the sane_as the EPDM usage,
r epr esent singaif eyrgu VARSI IR MEACTISTIE FP3SERTS €80 12e0ndt P35 amtingiogani ¢

per oxi des. en.curing. a_ hiahl i i ir, the

per oxi de r%’ﬁp‘c"gﬁ‘? C\Rn'ﬁulgmgtaf’%rgg s%‘llﬁlté a%%]?&gﬁga%? ‘(5"?1- gﬁfﬁﬁgg&%& I tg}wer e
rubber, socQpaidds g Budd eitHeave wetfindthaetha Fhal'BhyBioal ploperties kkGkvirelge _
surface in the presence of air is very difficult. Using our novel blend of.
suf f20 accradeced dhus negeting Gradvaniages of AN IORFTICT ORERIPETIRH IS IS anot nt s
of (FA) polysulfide polynmer and (SE6160) silicone rubber as novel additives
for use in our invention. W found that the blend of polysulfide polyner
and silicone rubber or chlorinated polyethylene or hypal on :
(chl orosul fonat ed pol yethyl ene) with peroxide, bisnaleimnmde coagent and | ow
| evel s of select sulfur accelerators will produce a suitably tack-free
cured surface 2 0 in the presence of air. So this novel blend provides a
means to cure these highly extended EPDM fornul ati on which are comonly
cured with sul fur vul cani zation. Note that the various sul fur vul cani zation
systens used in the art, are not sensitive to higher concentrations of oi
and carbon bl ack and are capable of fully curing highly extended rubber
formulations. 2 5 Thus we envision that a polyneric masterbatch of

peroxi de, select sulfur accelerators, bisnaleinide coagent, polysulfide ,
coul d be prepared wherein chlorinated pol yethylene and or chl orosul fonat ed
pol yet hyl ene coul d be incorporated as additional additives, as part of our
invention. Note the use of silicone rubber w thout the polysulfide polyner
produces a 3 0 noderately tacky surface. Use of a fluoroelastoner as an
additive in our invention in conbination_wi th polysul fide does not produce
a suitable surface. - 67
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purpose. Lastly, by an unexpected blend of two polymers PTE3 May 3004 as 15
pol yneric additives one can produce a tack-free surface w th _peroxides in
the presBitl/38hot air. Note no bisnal einide and sul fur cEfPOEP
anti ozonant additives were used. - 71 3 May 2004 WD 011 34680 ~

PCT/ USOQ 30953 TBLmeR 23@&%‘5&&8&%%'@@@@& ERBAIbSensOferp@lngsall fi de
and silicone rubb as the use of an antiozonant N o

cycl ohexyl - Nergh ati wligkingifnldv §ararased @b b s >
Fornlulation: 100 parts of Royal ene 501 EPDM 70 parts N550 carbon bl ack,
30 parts N PUOVIBE D parts Sunpar LW50 oil, 1 part zinc oxide,

1 part stearic' _ 0: i : :
40KE7. 54. 64. 64. 641 4‘%‘8‘#gi?é&%%%ﬁ%&@@%ﬂgghﬁ%.p§996-ﬂ-’§/5anax 6H
~- - - 0.57- - - Polsysiidtbd dth-z nvéntdshaDplvbkide curel pAETaaaslek pédtegnoistaey amfaeR

2000E 175 C, 1 arc' MH (in-1bs)35.637.840.136.133. 336. 027. 7Tso0. a
(mi n) 0. 30. 260h@0oSLakidE0On 2G0pr8YTes-of #iF.n) 4. 392. 983. 463. 632. 512. 893. 98Hot

Air Cure at 400F (8 'to 12 m putes) Tacky .Surface (tested

hot ) Yes Yes NoNoNoNGINis exaimple, 45%@%%1/@%‘8%%‘ %ef%l@e ngfﬁﬁrs?gﬁﬁﬂatya YASFSFEdR3
Exanpl e 23- X I D\ A rh 8N EANKSIT ATYDIG @ODPXESRS).5 10 In
this exanpl éﬁ&(msgﬁgﬂF gggipnﬁﬁéﬁ%r}/ﬁrlbg%ene {)bgjg}gg rZPDI\/I (1"l ordel I((FIED 46210) usi ng

di fferent orgsnz, roewoxdidesyl plbdde hendedwah SR 206 tethylenpelyosdi de wi t hout
the various additives, was not able to provide a k-free surface en

cr osdli nki nglimkthagmineeyzsavaharediior Frapaksg inibe MPRr exeterestomst 2 r . The

peroxides listed.in Table 23 are: .Qxd ' j\[ﬁ@ :
1012, 5-di metlﬁln%lf)E gr Bgrﬁ?f%)ﬁ s—%éff/?aﬁg'r ﬁ%‘%ﬁfg%%sné Il&égd EtR-zé)l?taglaBer oxy) -
2- pent anone %_%ﬁﬁ&&dd%ﬁér(ct cdagéﬂf liP Breexhripildss OMHi@paroxide and coagent blend

benzeneDAPDI (t-anyl peroxy) diisopropyl benzene This exanple is provided
to ill ustr atpeoditat agobécumi(Mx)andPe comiparssionsat, Bath s Beryisickh e epPte of

this invention,. besides the, nmost c Ty ial kyl [ QX%+ Leunyl
per ox! do. WL HFRAE BADRHG) DRg OB oL RO PGS osbo Bl e e g thillfm Bu ™
WO 0L 134680 ({1 (2426030993 2 FARLE 13 30d b@oRideBRI206 Blead kvl
Pero>l"<L|%des frgpllﬁgmmrg%%éfg%ossl icnki ng of Nordel 1P 4640 EPDM 5 10 15 20 -
25 30 improved the surface but totally destroyed % compression set; Table 2, run #2. :
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0404040LW1 50353535888 Ba6588 5y Rls 1 of FPEFEFALN %fﬁﬁgu g%%%ﬂ%%"%@%opm% PAEO

1019z. si 3. 6Q242Q: - : let Dptionar 2.5 paks BV A-2 t, 5 parts

PR S o At Tkl e Roetr i rbriinar 2 8 YaRE BIVA-2 coagent, 5

MVBM 2. 40- 2. 4920 #dvRiedQBul badsce; b1l vaRy fodd 26 QoBiprddsion\at. t Hote: percent
5-0.32-0.32-0.32-0, 32~Crossl i nki ne usi ne a{‘n NDRZOOOE , 2(%3& 1 _

ar cM2P. 430. Semprasionset vauesedd 08%do ke Ve dbrexpseted Aer S4BT 220. 170. 21T1. 070
. 761. 160. 85d. 910. 720. 790. . (a7400F; Surface Tack RatineTacky
Surface ? (T&E3H2 8?’)@83%%@@0%@3%@%’5% Per oxi deCheni cal NameLup

1012, 5- di met hyl - 2rable 2, run #3, prior art taught levels of 5 parts Vanox ZMTI (93% Zinc 2-

5-Di (t-butyl peroxy) hexaneMIBPP4- net hyl - 4- (t - but yl per oxy) - 2- pent anoneLuper ox
FI RDI (t - but yhereamsydluitnidezgie)opidh opfeanad f BEFT PRl B FIRDIESHOR Spr opy|
benzene One of skill in.the art wi,l.l _al recogni ze that the conpositions
of the ipvemtgﬁ‘éeq’r’éVyé§1§8" B’_é“"‘:I‘:E)‘?VyI I_Féﬁref%%as mast er bat ches for conveni ence
in haedling and g e&@mggnmgr 9, ful & SPRIW IRESS off dipettasahyisid thiurkn t he

presence of nol ecul ar oxygen. Typical masterbatch carriers include, for
exanpl e, m aetox suiftda(dt Odlepanmwhich falls outside of U.S. 4,983,685), 0.4 parts of Durax

(98% N-cyclohexyl-2-benzothiazolesulfenamide) and 5 parts DC40 (40% dicumyl

peroxide), provides a tack free surface when cured in a hot air oven mth an
improvéd 41% compression set and better level of crosslinking.

30 Table 2, run #6, shows that, unexpectedly, 0.4 parts Durax, 0.4 parts of
Vanax A (98% 4,4'-dithiodimorpholine), 22 parts HV A-2 monomeric coagent and
5 parts DC40 (40% dicumyl peroxide), provided a tack free surface with 31%
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3 May 2004 WD 01/34680 PCT/ USOO 30953 pol ycaprol act one, Et ByMap20p4opyl ene
di ene nononers polyners (EPDM, ethyl ene propyl ene nononers pol yTners

(EPM, etfybhpdngsei nyl al cohol pol yner (EVA), polyethyl ene pEEsoediiesyi Xt ur es
thereof. _ 75 _ CL.4L~I5 3 May 2004 The subject matter which applicants

regard as their invention is particularl inted out, attd, distinctl

cl gi nmed as fEIMIRESIORFE @%P?ﬁp"féhi%”.@‘ %%3(}%8%?1%“0%» WBRBFIOSi%tdnda) Atyl east

one conpound.. f - | Sf i bhd | ast oners

ong oo oo SRS RCopE QT fob S MR 2R B ilofigrpbyd B SN 0TS S

is 1, or 2 apgsHRih thediritRla®NtTabR 2 trih Yahsndf (e farisofBhee] itehd ofhehe group
consi sting of acyclic aliphatic groups having fromabout 2 to 16 c$rbon
atons, cycl iRurakivanax bEndgproupisd kafuttner UnespscassbaktsBndis g 2o cempIseTionid s,
aromati c groups ving.fromabout 6.to 18 carbon at d al kyl . 15
aromatd ¢ gr d’&ﬁ@ Oﬁg\}idf}g"’&]rad?ﬂ“é‘ﬁﬁlﬁsuffﬁ% uﬁangﬁtrﬁﬁﬁurgtagg@?a@md wherein the
divalent, or tri LT oY Ridly BDGLARIHPEENCY SE BBa Rl s
selected -~ Cm v\ﬁ'sadsﬁng%rlléJ'p'?ﬂ Q?XJ\?QF%E@ ~anx~ aa. "T a&rbCn atCm Cr .rarbCn

at Cn$ 2nd cagtdllenfttadidfréddairface alithardy desitaplls expeemely law 18P kydmmessiqgn of | to

18 carbon atons; and b) At |east one cogg_ound (B) .selected fromthe soup 2
D consi st i ngewosing haaaysdient efth? partpH 2&-&@{3&%@% Ot ipartsr

cont ai ni ng ani ¢, conpo I ; : ISt sul fur
cont ai ni ng ﬁ%%?’bd gg%%jéﬁ%? m}@%ﬁﬁ)@%@‘@%@ﬁg“@%ﬁ E%HQ gg)fm zation
of ajpol ynercapRRkS) Ris RRIHREh RuGRSEHY thkQet fBY usdinfhot alr catd dfdlastomers
accelerators”), polysulfide polyners and m xtures of 2 5 said sulfur

cont ai ni ng caepzumdth pedoxide endpssialdimidetypeleddgeatl NotechatiGd partsaidi tional |y -
containing a free .- 76 . 3 May 2004 011 34680, .. ' P Jb /30953 radi cal
P Ut or s STICAS TieaAMRETGIAE TS PaT Rb TGRS GEAY JEPE BT End azo
initiators. i.fJon conprising a conposition as defined in Caim?2
and a pol yn%'?e %oﬁpggﬁgﬁ%'ﬁﬁ#.l ee radical initiators."5 4. A process conpri sing

form ng the conpqhiddxampld sidvai thniSpricitast farahiafiens asihg prexaiednd hagh
subjecting it in the presence of ‘nol ecul ar oxa(gen 1o a terrsglﬁrqat ure
suf f+Bi ent teyelswifselactecomnopnpo sHeh endipentemstipiae thiymm 4t3 s4deat or and

t her eby obt aj ni .ed ,sh ' t] )

tack 10”5, SradfRe bt FRPRET- osR s SH IR, bRl LEE S ST g
in clai mongyt Revifie& ir Ein@npHyelcABropyriits fortle crutpinirdsls®meaanUsinB) as
defined in claiml| and an ore%;anl C peroxide in any order. 7. A conpasition

as defined 0.8 pertaiofra thiwtae preferceshisouprind Agughs by she-prien ast's B 45 085

bi.smal ei ni des _and d. i d_f | f | . 8. A
Cemposi 1 onASOBEPERS HHn Gt A riouaier el f es sy A RS RRl om
bi sci § r aconi i gesr i v@?]%ﬁﬂl‘éat({@gg- SropehRs F&ith péroxideelfdformaesber ators: 20

- 9. A conposition as defi'ned in claim 1 wherein conpound (A) is selected
from bi smal ei mi d&ke higt 6066 compresEpn isst widiles shew thatdhs podyartierpssdiakesb| yrer s.

10 S OTPOS Lo, 82 SN L L L et el D g g oot e
standard test (ASTM D-395-61) for a peroxide cure. A tack free surface can be
obtained in hot air by sulfur vulcanization for unsaturated polymers, but results in
25 poor heat aging j:roperties. There is no advantage to a peroxide cure system cured
in hot zir over a sulfur vulcanization if there are no significant differences in
physical properties, e.g., low My and/or high (poor) percent compression set
values. Peroxide cures have been traditionally the choice for a number of high
temperature and high performance applications. Peroxide crosslinking provides
30 carbon-carbon bonds which allow the crosslinked polymer manufacturer to use the

full engineering capabilities of the elastomer.
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Example 5 - Evaluation of common classes of coagents to demonstrate the
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Tov (| &4 2 S2BbRd et ToAls Hom PPt R ARG THR00 SR 10% ) & () -
-+h10%@) & () addhivkd%Brd Bidéd an %4 f?ﬂcﬁ-)lbs 34 WA D& ﬁﬁpears to reduce the level
+210% ) & () - dddddéeekK380 % )& ()-Q 10%)& ()-0 . 10%)& ()-Q

10% ) & () - @ffh(esshﬁkmg&al(})oughgeepm}wb(@ﬂalsd@%@t&he{ z)ea@ncr A&l )R,
10% ) & () %1 éﬁ % 10% ) & %e+e e- e<eBeDeFekK+8 1109%8& () -
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T (1 o 1B AR oy e 8 )

‘ phenylene b1smaie1m1de (HV A-2) and 1 3—b1s(c1t;'acomrrudomethyl)benzene

20 (Perkalink 900) provided improved crosslinking performance, based on the higher
My of 24.9 in-lbs, but the surface was Vcry sticky (7 rating out of 10) after hot air
cure. Coagents with peroxide helps to improve the cure, but continue to provide
poor surface due to air inhibition.

Table 10, run #4, low levels of certain-additives, ADA and no coagent

25 with peroxide improves the surface (4 to 5 out of 10) after hot air cure, but the
crosslinking is very low (My=14.9 in-lbs) with an undesirable Tangent Delta of
0.095. : _ _

Unexpectedly the use of a coagent blend (HVA-2 and Perkalink 900) with
low levels of select additives, peroxide and ADA blowing agent as per our
30 invention provided excellent crosslink density (My; of 22.2 in-Ibs) and a very

good surface (2 out of 10) when cured in hot air (Table 10, run #5). Note: a
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1 109%$& ()- ! 1098& ()-MF ; Qto! !10%& ()- !10%& ()- dehel

11006& ()- ! 1006& ()- ! 1096& () - |1ocy&()- o o epe May|2008+8
| 109%6& (W0 BeesseB?+8 | 10968 ()- M ; Qo! ! 1096& ()- ! 100RSRI/U$00/30953
llo;ms&() eeeeeee _?+8 11 110%& () - llotya;&()- 1 1098& ()- !109%8& () -
'10@&0- L33 C%@%@ﬁé@ﬁﬁ%en& fjohﬁ%&ﬁ)meﬂ&P@&()- | 1096& () -

1 1098& () - eeeeceee F1098& () - ! 109%8$& 1098& () - ! 1098& () -
1 10%$& ()- ! 10%&s(tha§eaepﬂoﬂr8ﬂﬁbteq%mhﬁ7%@ ofl M@Mjﬂ (M@&’m ) -
1109%8& ()- !'109%8& ()-. !.109 & eeeeeyv V6 ! 10%% 09
5 102/&&: ()- r@m@-@}mwda &2k e PEERE ORI Y 5 pPTpyide é“ @ -5”1(‘%’0/&&' ()-
1 10%& () - ho/%gx“ c(u}e with unfortunately a low My of only 16.9 in- Ibs and a
5 corresponding poor tangent delta, compared to run #5.

Use of Captax (98% 2-mcrcaptobenzothiazole) as per prior art, Table 10

run #8, provides a non-tacky surface as well, however, with further degradation in

final crosslinked physical properties (M and tangent delta).
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1 1098& ()-eee fffuls?+8M ! 1098& () -
1 10968 ()-ffffflfaf 2+8M
| 109658 WD-018448068 () -#f % ' f (f/f0f qUI?+8M ! 1098& () -

P004
1 10988 () -
"I 10V T/YS0R0953) o!

1 10968 () -
| 1098&' () -

1 1098& () - MF3;M&

| 10988 () - 1 10988 () -

1 1098& ()- ! 1096& ()-0f 2f 4f 9f >f @ Af _C+8M 11 1 1098& ()- ! 1098& () -
1109B& () - ! 1098& ()- ! 10%B& ()- lch%ngE(m Af O Ef Gf Hf M QBC+8M | 1098& () - MF
; Q@ o! ! 18—+ OO TV X TCFeMT 0% T 1098 &' () -
G e (b e G (L
i (e By Tiplob [T LB O TRTIRE
1 10958 ( )The various components below were a e% as (plcm)r{%artg )Dy weight /&1;3%1' %O par% 0/{35 % ()-
5 rubber, “as is,” without correcting for assay.
N774 carbon black 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Sunpar 228 oil 40 | 40 | 40 [ 40 | 40 | 40 | 40 | 40
Zn0 2 2 2 2 2 2 2 2
Steanc acid 2 2 2 2 2 2 2 2
10 | DC40KEP 40% 90 [ 90 | 90 | 90 | 9.0 | 45 | 90 | 9.0
HVA-2 - - los | - 05 | 20 | - -
Perkalink 900 - - |15 - 1.5 | - - -
Sulfads 98% - - - o3 |o3]03 ]| - -
Unads 98% - - - oz [o2]02] - -
15 | Vanox ZMTI93% I N N R
Captax 98% - - - - - | - - | 50
f;ﬁicarbmmme - | 40 | 40 | 40 | 40 | 40 | 40 4.0
Crosslinking in an MDR at 200°C, 1° arc
20 |Mpin-lb 198 | 17.6 | 24.9 | 149 | 222 | 196 | 169 | 6.7
Tangent Delta 064 |.068 |.037 |.095 |.046 |0.64 {.093 |.247
Tgs min 034 {036 [0.26 |0.39 [033 [038 [039 | -
T oo Min 078 | 0.78 | 0.57 | 0.69 | 0.60 | 0.61 [ 0.75 | 0.98
Hot Air Cure at 400°F for 7 min.
25 | Surface 10 | 5 7 4 1 1 1 | 4
Density lbs/cu. ft. 74 | 21 | 48 | 22 | 30 | 26 | 29 | 43
Hot Air cure @ 400°F for 12 min.
Surface 9 9 9 5 2 1 1 1
Density Ibs/cu. . 71 | 24 | 540 22 | 30 | 28 | 29 | 41
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5 EPDM to show that the maleimide type coagent, HVA-2 or Vanax MBM is the

only one of those tested which is capable of providing the all important
combinaﬁiou of good cure with tack-free surface when crosslinking EPDM 'in the
presence of air. | |

Coagents in general are more efficient in Royalene® 521 EPDM compared

10 to Royalene 509 in Example 4/Table 4. Referring to Table 11, run #5 only HVA-
2 provides a tack-free surface when used in the practice of our invention, in the
presence of air, and has a higher MDR torque than the perdxide control in Table
11, run #1. Although a few of the coagents provide some less reproducible
improvement, only the bismaléimidc—type coagent, together with the select

15 additives at low levels, unexpectedly prowde an outstandmg ba]ance of surface
~cure and physical propertles | '

In addition, the previous data in Table 5 and in Table 11 show HVA-2 to
have the fastest cufc time of zll the coagents, whiie working well with the low
levels of additives in the practice of our invention to provide a reduced cure time )

20 in air, a tack free surface with excellent final physical'properties. The shortened
cure time should help the manufacturer with improved productivity as well as
produéing a more superior product. |

\

Various Components used in Table 11
LUPEROX 101-XL (45% 2,5-dimethyl-2,5-di(t-butylperoxy) hexane

25 Sulfads (98% dipentamethylene thiuram tetra sulfide)
Santocure TBSI (N -t-butyi-Z-benzothi.;azoles'ulfenimide)
TAIC (Triallylisocyanurate) |

SR-350 (trimethylolpropane trimethacrylate)

HVA-2 (N,N’-m-phenylenebismaleimide) |

30 DAM (diallyl mellitate) ‘
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1 1096& (Wo ohAdBB& ()-% ! 109%& ()- '10%& ()- !'10%& ()-  PCT/US0030953

| 1096& () - mgngogpgqgr gBt X<8MF M ; ol % ! 1096& ()- ! 10%8& ()- ! 10%& ()-
!10%&. ()-rgzg}ggggg_?<8MF ! 10%8$& (TABIIOYSE ()- ! 109& ()- ! 10%& () -

| 10968 () - 110968 ()- ggggggh’7<8|\/F I TO%& ()- ! 1098& ()- ! 1098& () -

| 10%& ()1 120%a] ()1 V20 b Go0BagauKane L60vbaT() 1. 8 vk () 10
1 1098& (—+109B& =T 16938 O TI0Y& ()F TI0P&& (]-999¢ggr RAt X<8M
e (Fomumet |)° 1 dovsel (00 iooed (20 P ot 1< || 99 O
EPDM |
5 The various components below were added as (phr) parts by weight per 100 parts of
rubber, “as is,” without correcting for assay.
N660 80 | 80 | 80 | 80 | 80 | 80 | 80 | 80 | 80 | 80
2280 Oil 10110 {10 ] 10 |10 {10 ] 10| 10] 10|10
Stearic Acid | 1 U 1 1 1 1 1 1 1
10 JLuplOIXL | 45 | 45 | 45 | 45 [ 45 | 45 | 45 | 45 [ 45 | 45
45% _ ,
Sulfads 98% | - (030|030 {0.30 [ 0.30 | 0.30 [ 0.30 | 0.30 | 0.30 | 0.30
TBSI - 1015|015 ]015]015} 0150150157 0.15 | 0.15
TAIC -} - |200} - -] - - - - -
15 |sR3s0 | - | - f - 200 - |- - | - | -]°-
HVA-2 | - - - - 00| - | - - - -
ZnDMA’ - |- - - - |200] - - - -
DAM - - - - - |- |20 - -] -
SR-206 .| - . - |- - -1 - J200} - -
20 | Perkalink A I N o e X0V
900 -
Sulfur - - |- 4 o0
- MDR at 185°C
My 37 1 27 | 32135 | 4 | 27 {32 |33 | 31 | 28
25 | Tg 034 | 0.40 | 039 [ 0.41 | 0.37 | 0.31 ] 0.40 | 0.44 | 0.41 | 042
Teg0 42 | 37 | 43 | 34 | 24 | 3.7 | 42 | 40 | 36 | 35
Cure in air at 420°F for 8 min. '
Surface 10 5 4 2 1 1. 4 4 4 1
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MLOYD* & () -+ EE<109*& ()- E T710%*& ()- EzEO 10%0* & 3 May 2004
E 10%7*|&'() )bUSWD 4 MLOYD*& ()-+ MLOYD*& ()-+ |v|10%7(*£'() + N{ow&'() +

ow&l‘@oﬂ@ﬁg5WD 4 MLOYD* & () -+ MLOYDF& ()-+ MLOYD*& (prhuddhRedEs & () - +

0%D* & UD*& ()-+% , 1mM bUS MLOYD* & () -+ MLOYD*& () -+ MLOYF& () -
MLOY®D* & ()-+5W D 4 IVIlO‘%D*&' ()-+16; 2@ | MLOYD* & () -+ MLOYD*& () - +5WD
4 MLOYX & () -+ MLOYDX& () -+ MLO% UV )bUSW D 4 MLOYD* &' () -+
MLOYD* & () -+ MLOYD*& ()-+ MLOYD*& ()-+ MLOYD* & ()-+V[]_aegdDbUSW D 4
MLOY®D* & () emw@{wﬁ&f(a)mvemamfanv}’))wf N6 YRt 1), -CHMUEDHAIO & (aFious

MOV & 8 Peawids- ﬁ%@%@%&%ﬁﬁﬁ% %@éyﬂég(“)’ 5@’%@&%}%‘?1‘33 +5WD 4

(Runs #1, #3 and #6) and standard sulfur cure (Runs #9 and #10).

5 Royalene 521 EPDM 100
N 660 Black 75
2280 Oil . 20
Stearic Acid 1
10 Run # 1 2 | 3| 414}5S 6 | 7 | 8 | 9 |10
Zn0 " 11.00 | 1.06{1.00]1.001.00 |3.00}300]|3.00]3.00]3.00
DC40KEP 6.00 | 6.00 | 7.50 | 7.50 | 7.50 | 8.00 | 6.00 | 4.00 | - -
SR-206 ' 2.00 | - - - - . . - - -
HVA-2 - |z200} - - . - - L - .
15 Sulfads98% - - | - {024 - | - | - | - jo70fjt40| - |280
M Niclae98% | - Joza|l - 1 - |- - -|-1-1]-
Alax b - b -l - 1- 1oao|oso|100]160
Unads 1 o- - - -] - 040|080 |150|1.60
. |Darax -~ - -] - Jorojo2]| - ] - N .
20 Sulfur - - - lo020(040| - ]0.10[020 200 ][040
MDR at 170°C ‘
My (in-Ibs) 2 | 31 | 26 |25 |25 |27 | 21 |26 | 31 |29
Ty (mins) 0.74 | 0.50 | 0.47 [ 0.45 [ 0.50 | 0.47 | 0.85 | 0.99 | 1.02 | 0.93
Tego (mins) 71 | 41172153 51|71 |43 ]34 30726
25 : ' Compression set 70 hrs. at 150°F
gf)’;;’;‘cg:f’gn o |14 |18 s a2 s o2
| Cure in zir at 400°F for 8 to 12 min.
Surface -1 10 1 10 10 7 10 2 1 1 1
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MLO9®D* & ()-+ MLOYD* & ()-+ MLOY®D*& () - +dDbUSSW D 4 MLOYD* & () -+ MLOYD*& () -+
MLOYD* & (WONIMMOD* & () -+ MLOYD* & ()-+ MLOYD* & () - +mvk bUS NEOIER0R/3(953 +
MLOYD* &' () -+ MLOY®D* & ()-+ MLOYF & ()-+5WD 4 MLOYD*& ()-+i M bUs

MLOYD* & () - + MLOYER Smbik-152Wi 0 4e MLOYEX & havet pMERVAE &rblitations.
MLOYD* & () - +_) bUs PG )T MOV & -+ MOWF & (- + MO & () -+
MLOYD* & () -+ t X<5VHEpehwdrodanrais(Of theshEOMPOgitions edh DlPRgEd Jndistored for
MLOYD* & -+ MLOYD* & -+ MLOY & -+ MLOYD* & -+ 1) J*<h MLOYD* & -+
MLOYD* & E 3 - Jamsﬂmv&h%%t-lqssmww-ggnlahlmg%ﬁa@ﬁ % andy ijeaab%&fwr@m‘fs(.)

Mixture 2 respectively, which were aged at room temperature for 3 months.

5 These aged mixtures were compared to freshly prepared peroxide mixtures as
shown in Table 13, run #2 and run #4. The rheometer torque versus time curves,
and the quality of the crosslinked surfaces which were cured in hot air, are the
same for both compounds, within experimental error. MDR torques, times and
surface would be closer to tﬁe control (run #1) if components reacted during

10 aging. In the practice of the invention, one can add the various ingredients then
add the peroxide, however, premixing the various additives makes it more

practical and/or easier to use.
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MLOYD* & () -+ MLOYD* & ()-+ MLOYD* & ()-+5W D 4D MLOYD* & () - + 3 May 20
MLOYD &' () - +PUZ_del | - <5 MLOYD* & ()- +5W D 4 MLOYD* & () - Sr) Nno%m*ag' ()0.4+
MLOYD* &6 )1/44W.0%D* & () - + qv{ _?<5 MLOYD* MLOYD* &' () -+ MLORGIESqOp30953

MLOYD* & () - + MLOYD* &

()-+ MLO%D*& ()-+ MLOYD*& ()-+vZ><5 MLOYD*

MLOYE* & () -+ MLOYD* & ()-+ MLOYD* & £)\gt MOUW & () -+ MLO%D* & ()-+5W D 4r R2<5

MLOYD* & () -+ MLOYD* & ()-+ MLOYD* & () - FoWD

4- MLOYD* & () -+ MLOYD*& () -+l - <5

MLOYD* & () - +5WihetdVEDIAE:8d¢ kornpbli 6o@x &in(Ye premivaing (toed fpnBOROUEE () - +_2<5

MLO%D* MLOYD* &
MLOYD* &' ( Jwithonlt

MLO%D* &' -
9 +5¥¥0red for three months.

-+ MLOYD* & - 0 ' i 0 \ )
et ihematig o b il

0D & ()-+
&()-+

WEre
5 Mixture 1 Mixture 2
DC40P 64.6% 64.6%
HVA-2 27.8 22.8
Sulfads 3.8 -
Unads 3.8 -
10 VULTAC S - 8.8
Durax - 3.8
Keltan 4506 EPDM 100
N 660 Black 50
N 550 Black 50
15 2280 0Oil 35
Zn0O 3.0
Stearic-Acid 1.5
Run# 1 2 3 4 5
Age of Mixture 0 0 3 mos. 0 | 3 mos.
20 DC40P 8.0 - - - -
Mixture 1- - 79 - - -
Mixture 1 - - 7.9 - -
Mixture 2 - - - 79 -
Mixtu:e 2 - - - - 7.9
25 Crosslinking Using the MDR @ 170°C, 1° arc
My (in-Ibs) 213 | 250 | 246 | 256 |252
Tg4 (mins) 0.38 0.56 0.55 0.38 | 0.39
T (mins) 68 | 46 | 45 | 44 | 43
Cure in air at 400°F for 14 min.
30 Surface 10 2 1.5 3 2

- 54 -



A\t <5 MLOYD* & () -+ MLOYD* & () -+ MLOYD* & ()-+5W D 4* MLOYD* &My 2004

MLOY®D* & () -

+"' (2] -<5 MLOY®* & ()-+5WD 4 MLOYD* & ()-+ MO & ()-+

MLOYD* &' (WO $L/ MBI/ &' () - +2345678t X<5 MLO%D* &' () - +5W D 4 ML EHAHEB00/p0983

MLO%D* &' () - +% NHOW&' ()-+ MIO%D* & ()-+ MIOYD* & () -+

MLOYE* & () - +89<AFE§BJ%1554 MY @ Jevel MO &I dahts {p MIR9EO: Siefa) - +

MLOYD* & () -+ MIOY% & () -+5WD 4PUZ[ ej. mvt <5 I\/I].OOAD*&'() + I\/I].O‘%D*&' -+

MLOYD* & () - €awethviinhigiaaemartg oty mation with bismaleimide gogse diswWD 4

MLO%D* & + e & ) O, & .' xR () -
OW&I() O ; ¥ . '.'A '- b AN =1 T8~ ‘_ I .' &() *

MLOYD* &' () -

5

10

15

20

25

30
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properties (i.e.. low % compression set ).

The novel peroxide air curing formulations which consist of peroxide(s),
bismaleimide coagents(s), sulfur donor - sulfur accelerator system can also
include low levels of antioxidants. Previously, in Example 4, Table 4, run #11,
(M. Niclate, ‘i.e., Methyl Niclate) nickel dimethyldithiocarbamate was used ata -
low level of 0.2 phr, along with others, e.g., zinc (M. Zimate) and copper (M.
Cumate) type dimethyldithiocarbamates along with Sulfads® to successfully -
produce a tack-free surface with good physical properties (compression set). The
Methyl Niclate, whéée chemical name is nickel dimethyldithiocarbamate, is sold
as antioxidant. | '

In this present Example 14 and Table 14, a low level of 0 28 phr 6f Methyl .
Niclate is used in run #3 compared to a phenolic antlomdant and a sulfenamide
accelerator; see run #6 MBPC (2,2-methylene b15-4-methyl 6 t-butyiphenol), and
run #7, Santocure TBSI (N-t-butyl-2-benzothiazolesulfenimide). In each case
HV A-2 and Sulfads are also included in the formulation, as per the ﬁfesent '
invention. ‘ : | .

Methyl Niclate (nickel dimethyldithiocarbarﬁate) with Sulfads (98%
dipentamethylene thiuram tetrasulfide) or Morfax (98% 4-morpholinyl-2-
benzothiazole disulfide) is an acceptable combination as per Table 14, runs #2, #3
and #4. Substituting MBPC (2,2'-methylene bis-4-methyl-6-butylphenol) or
Santdcufe TBSI (N-t-butyl-2-benzothiazolesulfenemide) for Niclate (nickel :

dimethyldithiocarbamate) gives an excellent surface with desirable low

| compfession set physical properties. Thus, low levels of phenolic antioxidants

and sulfenamide class of accelerator work well with HVA-2 and low levels of
other sulfur accelerators in the novel peroxide compositions of this invention. Itis
not obvious that low levels of these compounds would be effective, based on the

teachings of the prior art. Examples of prior art formulations which use the
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MLOYD* & hj.j <mL+75 T
) m7100 & PR R %E%%%fié%%%s% B %*’*%X%M’* %%31@3%?4 .‘rﬁ*#ﬁ%%& 0-
j on#10%) &#91%@ *#11@* E&%EAM}& ﬁararﬁczm%mn@madqs[ VatskEMBPC
E} #10%) & KK 109 & () pors VA 10985 F8: 10% & ()-
: _T_Egol/oo/&i Qggﬂglomfgﬂe‘??]s mmlg%tob/%§ t-ggu())lphenE)and Vanox 93% Zinc
Ebn%i(:)g/Q) &%ﬁ)ﬂ%@m%w}l%ldé%g aPPfg)}oC’)h% e @ypogr %@J@%g&ﬁ% Sugfacs gl M8y & (-0
E10% E10%
) ( (i34 a@n%)w@%‘élwm X 1% hi%héx)co}ﬁﬁés set ¥, paitlchiarly

10% ) 1m o)&()>hL810%)&()>,
10%) . & () fe ,y\#;@%) & ()-> 10%). &() > 10%).& ()-> ' WG+
10%). & ()- o w 10%). & ()-> 10%).& ()-> 10%).& ()-> 'W10%).& ()->
el +8' W10%).& ()-> 10%).& ()-> 10%).& ()-> 'W 10%).& ()->
T 10%). & ()-> $' (.2eE+8' W10%).& ()-> 10%).& ()-> 'W 10%).& ()-> -
10%). & ()->
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10% ). & ()-> 256Xgj neE+8' W10% ). & ()-> 10%).& ()-> 10%3 May(2004
10% ). & ()-> 'W10%).& ()-> nopP08 10%).& ()-> 10%).& ()->"'W

10%) . & Momaddfdo). & ()-> 10%).& ()-> 'WGH8 10%). & ()?ET/L\%o/mss
10%). & ()-> 10%).& ()-> 10%).& ()-> ("W10%).& ()-> i M

10%).& ()-> 10%).& ()-> 10%).& L) e\ 10%). & ()-> 0%).&'() >
eE/8' W10%). & ()-> 10%).& ()-> ' 28 ()-> 10%).& ()->

10%). & ()-> "#$+, - . 9xk" = 'W#T10%:+&'é& 10) 10) 10 Flo%&'() 10%). & ()->
"W 10% ). & ()-> 9CRL{|[: k*=Reysena Hidk WC+& () - 10U%CHE () -
b=10%C+& ()- "10%C+& () - 109@6@1@0@1{2 k’\ 'W' @500/&&' ()-: - @OYCH&' () -
1W 10%C+& () - *10% & ()- 10940+®il() - " 100/£+&'()-901~|[:k’\:'WE0100/£+&'()-

-0100CH& () - WHLOUCHE () - 1E100R& ()- & 109+ () -
b#10%C+& () - ~06=>| [ : - =10C+ ; 5% é@ - 109+ () - 109G+ () -
t1810%CH+& ()- . 510UCHE ()- 110 >'>@<obA-1oc+ “10%*& ()- h10%*& () -
L10%* & () - L10%* & () -t 100438 /\ 04 0C+10C+bBA=10C: - 1 no@ilﬁ'ﬁ'—
Cl0%* & () -1 RuGR0%*& ()-F:1 Clo%* & 1)] # 10%* & ) - 1'f)%*& ()-9 M A :
CLOY%* & () - F—CHO%r R =5 W—P——(Ct (T CHOY &
Cl0%* & ()- | DABOKED: : CLOPES&] (6.9 ;| 5€C1p%H § §.P- :5-@10%9*& €9 - 6.0 | 60
CL0%* & () - [ CIOv & () -[dDRSW 7. CIPO%~ & ()= | CU0vE" & O
C10%+% () - [ SREPGos* & () -k - clogerg () L - d10%t& O mw AZO | 20 | 20
HVA-2 - 12002020 2020 20 - | - .
Sulfads - lozafo2| - | - Jo20fo20] - ) - | -
Methyl Niclate - loz4|o028]o28| - | - | - | -1 -] -
Morfax - - - 1020(048°| - |- - - -
15 TBSI N - | - lo2sf - | - -
MEPC -l -] - | - o2 < | -} - Va5
ZMTI ' - - . - | - - - - |25 -
. | MDR at 170°C |
| Mgy 26 |31 {29 | 28 {28 | 20 | 30 |26 | 26 | 13
20 | Tg ' 0.47 | 0.50 | 0.51 | 0.42 {0.43 | 0.55 | 0.54 | 0.74 ] 0.73 | 1.44
Tcog |72 |41 {3738 39|39 |41 7167116
Cure in air at 400°F for 12 min.
Surface 10{15|2 24 {1}1 w0810
Compression st 150°C/70 hrs.
25 % Comp. Set 16 16 116 | 15 | 19 [ 17 [ 19 | 14 | 22 | 49
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Cl0%*& ()-:: Cl0%*& ()-:: Cl0%*& ()-:: Cl0%*& ()-5W 72:&

Cl0%* & ()-#& M A5:: CLO%*& ()-:: C(lz)%c* & ()-5W g?) ClOfVcr-éy?% 2004
CLO0%* &wg 01346881 0%F* & () - &),/ 256_) ASW ?:: CLO%*& ()-:: Gta¥siesdss : :
Cl0%*& ()-:: Cl0%*& ()-:: Cl0%*& ()-6CHLQV[dDASW ?:: ClO0%*& ()-::
Cl0%*& ()-:: Cl0%*& ()-:: ClO0%*& ()-:: ClO0%*& ()-::

Cl0%*& ()-[ aj oswrvt A5:: Cl0%*& ()-:: CLO%*& ()-:: ClO0%*& ()-::

CL0%*& ()-5W ?2:: CLO%*& ()-w{i M 109+ & ()-5W 21
- €ne.

ClO%*& ()-:: Ckaggmlglfy Cross pedyelasiome
CLO%* & () <opal =& ()-:: ClO%*& ()-:: Cl0%*& ()-dDASW ?::
Cl0%*& () - =*& ()-:: CLOY%*& ()-:: CLOY%*& ()-::
An ethylene-octene (24%) copolymer G8100 from Dupont Dow, is cured
with 2 levels of dicumyl peroxide with and without HVA-2 - VULTAC® 5 -
5 Butyl Zimate in the rtheometer and thin samples in hot air.  This extended
formulation is rubbery, but slightly thermoplastic and not sulfur curable.
In Table 15, run #3 and run #4 are only slightly tacky after curing which is
2 major improvement because most thermoplastic ethylene polymers would be
very sticky in this test, simply because these polymers melt/soften at these
10 temperatures. The oil is added to reduce stiffness but can make the surface more
tacky. The oil can be left out at this low filler level. When cooled to room
temperature, these samples (runs #3 & 4) were not tacky.
Table 15
Co Crosslinking a Fully Séturatéd Elastomer (Ethylerie—Octene Copolymer)
15 : - EG8100 100
N 660 black™ . 60
2280 oil _ 5
Zn0 4 3
- Stearic Acid 1
20 i AgeRite MA 0.5
Run # 1 2 3 4
DC40P 7.0 10.0 4.00 5.72
HVA-2 - - 1:50 2.14
VULTACSS - - 0.55 0.79
25 B. Zimate - - 0.25 036
MDR at 170°C '
My inlb 22 30 30 37
Tg 4 min 0.43 0.39 - 049 0.44
Tegp Min 7.6 6.9 53 5.0
30 Cured in air Surface tackiness rating
420°F/8 min 10 10 -~ 5 5
375°F/18 min 10 10 4 4
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ClO%*& ()-:: ClO%*& ()-mVA5:: ClO%*& ()-:: ClO%*& ()-:3 Maho () -
Cl0%*& ()-5W ?:: Cl0%*& ()-i M A5:: ClOf(VcZF-*&' ()-:: c1o<(n/<);*&$(.)-5v€ﬁ%: :()
ClO0%* & WO 01346800%* &' ()-:: CLO%*& ()- _)ASW ?:: Cl0%* &P¢Y/UEe0/30953
Clo%*& ()-:: ClLO%*& ()-:: ClLO%*& ()-:: ClO0%*& ()- "$&JIDASW ?::
Cl0%*& ()-:: ClLO%*& ()-: : Cl0%* & ()-: : Cl0%*& ()-:: ClO%*& ()-
Cl0%*& ()-&()9; @&mvt A5: . ClO0%*& ()-:: Cl0%*& ()-:: ClLO0%*& ()-

CLO%* & () - 5W  2EanCIOYEY @véiﬁar%gdﬁ@ﬁ@réﬁt%maléﬂrﬁﬁ@éo% i3 ORI & () - 5W
?.: ClO%*& ()-:7 CIO7F & =& ()-R .

Cl0%* & () - igemd&fa AER & :

1006t & ) 5 ~ ; .
10%& () - gkl 0s erAr5e?che of dir. C10% & 0)-

In Table 16, severai different biémaleimide compounds were evaluated in
5 the practice of this invention. Unexpectedly, all of these bismaleimide
compounds provided good crosslinking efficiency plus tack-free surfaces when
tested immediately upon removal from 2 hot air cure profile of 410°F for eight
minutes. The various coagents were evaluated on an equivalent molar bases
(taking into account the number of unsaturated functionality) compared to 2 phr

10 of m-phenylene-bismaleimide (MBM). Structures for these various compounds -

are provided below: .
n Abbreviation: MBM
NN, 5 N,N’-1,3-phenylene bismaleimide

0
.
\’C*f-
A [
H

Abbreviation: MPBM
1-1'-{(methylene-di-4,1-phenylene)bismaleimide

0 0 - ,
| [ C] . Abbreviation: MMBM '
07Ny F TN Y N,N’-(4-methyl-1,3-phenylene)bismaleimide

The rubber formulation which was used for these experirnents is provided- below:

15 The rubber forrnulation Barts
Keltan 2506 EPDM (DSM Copolymer) 100
N660 carbon black (Huber) 75
Sunpar 2280 (Sun Oil) 15
Peroximon DC40KEP | 5
20 Coagent Molar Equivalent to 2.0 phr of MBM*
Vanax A (®. T. Vanderbilt) 0.2
VULTAC 5 (EIf Atochem) 0.7
Durax (R.T. Vanderbilt) 0.1

*Taking into account the number of unsarturated groups for each coagent compound.
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CL0%*& ()-::- CLO%*& ()-:: CLO%*& ()-:: ClO%*&
%8%* &'vé) suvqUSAS5: : CLO%*& () -: ()ClOfVc;* & ()-:: ()ClOfVc;* &'?E;way 2004
U &by, . ClO%*& ()-mQLAS5: : ClO%* & . CLO%

C10%* & %’hwﬁgoww&' ()-:: CLO%*& ()-t>A55:: %W ?: c?&ér@% ’?%%3
C10%:* & () 1 CLO%*& ()-:: CLO%*& ()-:: Cl0%* & ()- ?A55:: C5::
ClO%*& ()-:: CLO%*& ()-:: CLO%*&TABLE 1610%*& ()-: c10%;*&' )
CL0%* & () - MAST—CIove & ()=~ JCI00 & () - - CIPV=& OF - .CLoVe* & () -
2. ClO%*& () Rwa#s: : ClLO%* & () tlo%-*&'%) sv_ 2 10%4*&' )

- Cl0%*& ()-:: Y T YA Ur* &'
10%* & () 5 ClO/etth()_:: _)A5vvg?r%e_é:1 % M)%W&P =T Hap

CLO%* & () - C10%!*
Crosslinking DSM Copolymer Keltan 2506 EPDM in an MDR 2000E
5 at 170°C, 1° arc

M; (Ib-in) - 2.270 2.280 2.140. 2.180
My (Ib-in) : 34.90 32.47 27.51 30.08
Mpy-M; (min) 32.63 - 30.19 2537 27.90

Tg 0.2 (min) 0310 | 0330 | 0370 | 0345
10 T pa (min) 0350 | 0370 | 0.430 | 0390
T 1 o (min) 0440 | 0465 | 0550 | 0.490

Tgp (min) 6.850 4.870 5.890 5.260

Crosslinking in a hot air oven at 410°F for 8 minutes '

e [memes T ] ]S T
coommmimsad |~ | x| w |

§Note: When no coagent was used, 30% more dicumyl peroxide was used

in the formulatioﬁ in an attempt to reduce surface tack. However, even witil thé
20 increase in peroxide for run #1, surface tack was very poor (10 out of 10).

After the MDR2000E testing was completed, the AIR Cure Surface Tack
test was performed. All of the samples were heated in the press oven at 410°F
for eight minutes. After the eight minutes, the samples were removed and paper
towels were pressed onto the hot samples. After cooling, the paper towel was

25 removed at a uniform rate to check for tackiness. Note that after the hot air
crosslinked samples had cooled to room ten‘iperature, there was very little tack on
the surface (except for the control run #1 peroxide cure), with all samples having
very similar, low surface tack. All of the samples also displayed their own
foaming height, meaning each AIR Cured sample did internally foain to a certain

30 degree. This is partially dependent on the low Mooney Viscosity EPDM used.
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?:0 ClO%*& ()-:: Cl0%*& ()-=:: ClLO%*& 6 : ClO%:*&

Cl10%* &: ()-:: CLOY%*& ()-:: CLO%*& () - )*(2)8<@ J*<5: Cl(()z’/c;-s’gbga“({)2004
C109%* &V,I(a 013468009 & () -:: ClO0%*& ()-:: ClO0%* & () “5W ’KCE]BSJMMSS:S
wWOg*10% & ()-Z (109 & ()-:: ClO‘V@*&() W 7= ; ClO‘V@*&()

Cl0%*& ()-)vU4 =109%&, && ()- "10%&, && () - 10%& &&' ()

10%, && () - 10) 10)BQnAwtF10 , i e MROWEs' 8&' () -
Sig:ﬁa&%(){ 1098, 1 X . ' () : 7 10%& &&' () -
* 1 _ by ] :;“ YO ¢ b a hl D _--- 3 L8} Tl e . > S

- ] 1] X N ) /& s C P \ v lJ4

= 1109 & () - ° %Qé?‘o& &~ =+10%, && ()- H 109%&, &&' ()- H7
109%&, &&' () - g 5% & ()-; 10% & () - Klo%&() :

0% & () LE10% ) YSUL 1,6 10N, ks of MY
109 & ()" 10%&ﬁ3 [ st a’lpoag/%()émm’/oﬁfﬁ%&)o}o%&()
109% &5 ) - yvamwmﬂxa%a&n@va;lua:@iymu(sq in naelperox)degpmpossigrg e allo

1099 & () -yYovUa | & () %
1099 & () vORSAAK BB B i ebhid ot P B H e
yYovLs 0(;/?11%306. The ga/gtomgn) uéed n @15 p@sex‘&)e’)}camiape/i)s‘%lc(rhel®fl EPDI%/I NDR?/() s

4640. This is one of the new Dupont Dow metallocene type EPDM elastomers.
’_I'he various bismaleimide coagents performed well to provide a goed tack
10 free surface, as per Table 17, runs #5, #6 and #7, when used with low levels of
seléct additives as per this invention. All of these novel compositions use a
unique blend of sulfur éontaining additives (Sulfacis@, VULTAC® 5 and
Unads®) at low levels together with the bismaleimide coagent and peroxide.
Note that poof surface cure was obtained when the separate components
15 of the peroxide f‘orn‘_mlations are used individﬁally, see Tabié 17, ;uns #1, #2, #3,
| #4, and #8. Run #1 was the peroxide alone, runs #2 to #4 were the coagents and
. peroxide, run #& was the peroxide and sulfur accelerator blend. In each case the

surface of these formulations were tacky upon hot air cure at 400°F cure.
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10%&'() @yY=vl4 : 10%& ()-; 10% & ()-; 10%& ()-& 2, 10BN
1099 & () - ABCDQ\/[ ~A>vU4 o 109 & () -; 1((3‘)’/@ &'()-/o; 1((3‘)’/@ &?()-)??%g/d)zgp?)-
10% & \;v XyYovU4 ; 109 & ()-; 1099 & ()-; 1099 & () -)Ferili90es8os3) -

109 & ( VU4 5 109 & ()-; 10 & ()-; 109 & ()-)?; 109 & ()-
102/@ & ()- yY—vU4 . 1099 & ()-; 10% &TABLEILA & ()-)?; 10% & () -
10 N & () -y EdHkin QoY I NORAQIAEYTH) 1 HAOY: & E)rﬂu:itibﬁ%f&hr@us
00/() & ()- Z%E\?%lmlﬁp%ﬁc{uﬁds 1hl&9@r§st1@ ofthlsllﬁ)»%l&or() )'7 10% & () -
O/Q&I() #EA A2V T IO ()F T 1dND&E () - 10_{() ) - #g,!!l %&é()'
;é??/olgwég unHKOS PvU4 | 109 & (3 | F094 &3() or& )8 111doa kP ().
H ()< Rk <vU4 #3! %) L -_1' EE ERY -
#3!I|5u~‘D\/qu§’rjlo% & ()- #’%II173§£% 'ég&r‘ﬁ lfﬁoq%fo( )4'2!01\,%)7??&'24@ .Ji'u,s/()&&(
{_2vUs #1098 109 & ()- |- 210 | - - Ja210] - |- |-
1,3 PDM - - j210) - - f210] - -
1,4 PDM - - - j2104 - - {210 -
Sulfads - - - - |0.28]0.28 {0.28 | 0.28
10 | vULTACS , I - | -1 - | - Jo28{028|028]028
Unads . - - - |04 0.4 014014
MDR2000E 175°C, 1°arc |
My (Ib-in) 338 [27.6 | 37.2 | 433 | 24.1 | 345 | 36.2 | 248
Tg 4 (min) . 0.29 {029 | 0.26 ] 027 {0.45 | 0.44 | 0.44 | 0.37
15 Tgp (min) 459 [526]3.06 294|459 )3.26 518422
| I 140°C
M; 326 [ 328 |3.32|3.30|3.28 |3.29 |3.29 | 3.15
Ts.4 201 | 204 | 179 | 199 [ 337 | 332 | 3.20 | 2.67
. Tgy R 333 2911239 |2.72|4.85 | 4.76 | 4.78 { 3.97
20 ’ - - ' 195°C :
My 305 |235 | 341 | 30.7 | 205 [ 31.7 | 342 [ 227
M| 247 (245|271 | 263|214 {214 | 2.16 | 2.19
Tg 4 0.19 | 020 [0.17 | 0.17 | 0.26 | 0.25 | 0.25 | 0.22
Teso 1.01 |1.08 |0.75{0.75 | 1.00 | 0.81 { 1.09 | 0.96
25 o Hot Air Cure @ 400°F at 12 minutes
Tacky Surface Rating 10 8 g 8 4 1 3 10
Hardness 60 | 60 | 62 | 65 | 60 | 62 | 62 | 58
Formulation: Nordel 4640 100 *Surface Tackiness Ratings
N 774 80 1 no, 4 slight, 7 moderate, 10 yes
30 N 990 20
Sunpar 2280 25
ZnO 1
Stearic Acid i

PDM =N,N-(1,2 or 1,3 or 1,4)-phenylenedimaleimide
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\ #1004 & () - G& \#109% & () - G& \ #10% SLABIJRIB#10% & () - G&

\ #1094 & () - COB?VUAI A# & \ #109% & () - G& \ #10% & () - C& \ #10% & () - G&

\F10% & () - GaRom " { T CTpLBiNAfgel KVLBY S ol 0N 8utdy G | #10% & ()- G

\#10% & () - & \ #109&()— VAT A T VHIOO& ) -
\#10% & ()-G& \ R & ()-G& \ #10% &2() - GGi\om "tdTWE BDvunl A & \#10%{ & ()&
VALOA & () - G& \FLA% §6) - G859 5.00 5.00 5.00 5.00 5.00
5 Vanax MBM - 1.50 | 1.00 | 1.00 1.00 | 1.00
DMBPDB . . - 0.25 - .
BPDP . - - 0.25 - .
BE = - - - - 0.50 -
| BH - - - - | - fos0
10 Sulfads ; 028 | 028 | 028 | 028 | 038
VULTAC 5 - 048 | 048 | 048 | 048. | 0.48
Unads . 0.14 .| 014 | 034 | 014 | 0.14

'MDR2000E 175°C

My(nb) | 440 | 408 | 369 | 401 | 402 | 398

15 Tg 4 min 0.27 .| 0.38 0.38 0.38 0.39 0.39
Teop ' 453 | 305 | 315 | 351 ] 320 | 3.07
MDR 195°C .
My : a02 | 380 | 343 | 370 | 366 | 369
Mp 2.94 2.62 3.55 260 | 257 2.60
20 Tsa 018 | 023 | 023 | 022 | 022 | 023
Teso ' 1.02 0.79 0.80° 0.83 0.78 0.79
MDR 140°C -
M " 3.85 3.95 3.81 3.91 390 |38
T4 1,74 2.86 2.85 2.83 282 | 279
25 Evaluation of the surface of crosslinked EPDM, cured in 2 hot air oven at
400°F for 8 to 12 minutes. Tackiness rating 1 to 10; 10 = sticky surface
8 minutes 10 25 4 2.5 3 -4
12 minutes 10 | S 25 1 1 1
Shore 65 67 66 | . 66 66 66
30 Formulation: Nordel 4640 100 DMBPDR: 1,1'(3,3-dimethyl-1,1'-biphenyl-4,4-
N 774 60 diyl)-bismaleimide
N 990 60 BPDB: N N'-(1,1-biphenyl-¢,4'-diy])-bismaleimide
2280 20 BE: 1,2-bismaleimidoethane
' ZnO 1 BH: 1,6-bismaleimidohexane
35 Stearic Acid 1

- 64 -



\#109% & () - G& \#10% & ()-G& \ #10% & () - G #% bB?vU4| A# -
! . & \ #3101
\#102/4 & ()-G& \#10% & () - G& \#10% & () - GGAom "t { TW¢* /1357 ?VU?‘V?#QO)"—&G&
\ #10 O/og & Wk & () - G& \ #10% &' () - G& \ #10% & () - G& \ #1 0BG RUSH0/3053
\#100/4&. () - G78DFHIbB?vUAl A# & \ #10% & ()- G& \ #10% & ()- G& \ #10% & () - G&
\ #109% & () - GGAom "t{TVWJLQ\/XZ ’>vU4I A& \#10%1&' #10% & () - G&
\#10% & () - & - of 22 Aeevcipnguiagic
\#10% & () - G \#10% & () % \ # °
"t { TWipr t v{ daimelpne:as 3g 04 ) H109 e
\iong e o). GondRe B i '%‘S‘w@veﬁ)ﬁ" : L

. X\ A g & -om"t TWE '7VU4|A# &\# U &
\#10% & () - Cﬁgee\sfﬁlﬁ% 8m 0 40% r#m \#1ocyé & ()-G& 10/((& 0é

\#10% & () - GOBoVUAT A & \H#10% & () -.G& \ #10% - G&_\ #1Q9
tﬁiggﬁ: () - GGAOM At fTRAIr2iedisiIAMr ccazli%l#lfécﬁf’&‘lﬁ‘&d\ R atf? /%;g ‘%‘Q‘Pgﬁ}i& ()-G&
- G&th a bismaleimide coagent and peroxide. The compound 2-(2,4- .

cyclopentadien-1-ylidene)-1.3- -dithiolane was substituted for the blend of Durax,

Vanax A and VULTAC 5 which was used in combination with N,N°-m-

phenylene bismaleimide (HVA- -2) coagent and dlcumyl peroxide. as per the data
10 in table 19, this unique formulation provided efficient crosslinking with an

excellent tack-free surface upon hot air cure at 410°F for eight minutes.

—— S - o
} ] 2-(2,4-cyclopentadien-1-ylidene)-1,3-dithiolane

In addition to the good crosslinking perfonnance in the presence of air,

. thus overcommg the air (oxygen) inhibition, it was found that the final
15 crosslinked elastomer had excellent final physmal properties, based on the

desirable, low percent compressmn set number which was obtained after heat

aging the crosslinked EPDM for 70 hours at 150°C.
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\#109% & () - G& \#10% & ()- GoB?vUAl A & \#10% & () - G& \ #10%@3&May-2084
\ #10% & ()-G& \#10% & ()- GGAom "t { TWr_2vUa4l A# & \#10% & () & \ #10% & ()- G&
\ #109% & WP-0EB468810% & () - G& \ #10% & () - G& \ #10% & () - G N2vReideho30953
\#10% & ()-G & \#10% & () - G& \#10% & () - G& \ #10% & ()- G& \ #10% & () - GGAom
"t { TWEN2VUAL A& \ #10% & ()- G Aom "t { TWE& \ #10% & () - G& \ #10% & () - G&

\#10% & ()-G& \ #1

0% & () - G' #$%&340

f"_P \ 410

\ #1004 & () - G& \ #10% & () - G(& \ #10% & ()-G(& \#10% & ()- Q&
BBBoCRH-AS\H#109E

\-I-‘I-‘Iﬂ()/“[(P' /\

\#10% & () - 45685 #4-0
\#10% & () - GAom "{tRUY#& \ #10% & () - GCBGLQV[ ’?34I A&\ # 0& #1009
\#L0% & () - G& \ #UBAEA)— S HHOHE )& HTOYH-
\#10% & ()-G achnTIDBIVBﬂSOG&RWE&D& \#10%{ & ()-{G& 18R0% 1K (NOB& \
\#10% & () - GCGAOM Pt T w234 A T H IO T HIq9 & (&
N660 Carbon black 75 75
5 Sunpar 2280 15 15
Dicumyl Peroxide 40% on clay 5 5
N,N’-m-phenylene bismaleimide 2 2
Vanax A 0.2 -
VULTACS 0.7 -
10 Durax 0.1 -
2-(2 4-cyclopentad:en-l yhdene) B 1.0
1,3-dithiolane :
o MDRZOOOE at 170°C,.1° arc
My - M (iri-lbs) | 32 30 -
15 Tg4 min | 0.36 0.34
Teaop _ 5.23 5.44
' -Hot Air Cure at 400°F |
Tacky Surface Réting 2 1
% Compression set, 150°C, 70 hrs. 27% 14%
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\#10% & () - G& \#10% & () - G& \#10% & () - G& \ #10% & () - CoB?343 Afay 2004

\ #10% & %QG& \#10% & () -G& \#10% & ()-G& \#10% & ()-GGAom "t { TWt 2?34l A&

\ #10& \ #TOOPRBELPR \ #1094 & () - G& \ #10% & () - G& \ #10% & () - GERCHUSMIPYS? ) - &
\#10% & ()-G J. 34& \#10% & ()-G& \#10% & ()-G& \#10% & ()-G& \#10% & ()-G&
\ #10% & () - GGAom "t { TWEN. 34& \ #10% & () - GAom "t { TW#1& \ #10% & () - &

\#10% & () - @xandklON &1 ééoKH’@I\\rdﬁMt&céﬂgbﬁaﬂ&rﬂ&rtﬁ#&@%a\oﬁw ()-&

\#10% & () - G& \#10%{ & ( ) G& \#10 : 8

\ #10% & () - GESIRITRIBALCANZ THIZLT Hax -y-_ : ey goclep

\ #10% & () - Q&y\# D) :
)) 10% & () - W/ 0% & g

)) 109 & () - gmma@m))lo%{ & ()- 8’?@\BM~ dC) b#: 100&&! () 10%- 10* ( 10*

BT Cfiecat e ST T

f10% k*i & (hyack 3008 {g&' 1\4&%& m?ﬁ'é&lr 1ot O ohdtn B A" 1 & () -
HET10% k* i & 3*%%71 hifystdaro ' ! bidfueky perGisHE A
is representative of a sulfur cured hose compound formulation. The highly

extended EPDM formulations where carbon black and or oil levels are nearly the
same as the EPDM usage, répresents a formulation which is difficult to cure well
10 with organic peroxidcs. When curing a highly filled EPDM in the presence of
| air, the peroxide radicals will attack the oi] and carbon black as if it were rubber,
s0 obtaining a good level of cure and maintaining a tack—free_ surface in the

presence of air is very difficult.

, » Using our novel blend of sulfur accelerators and bismaleimide, we also

15 incorporated small amounts of (FA) polysulfide polymer and (SE6160) silicone
rubber as novel additives for ﬁse in our invention. We found that the blend of
polysuifide polymer and silic;me rubber ‘or chlorinated polyethylene or hypaioh
(chlorosulfonated palyethylene) with peroxide, bisinaleimi_dc coagent and low
levels of select sulfur accelerators will produce a suitably tack-free cured surface

20 in the presence of air. So this novel blend provides a means to curé these highly
extended EPDM formulation which are commonly cured with sulfur
vulcanization. Note that the various sulfur vulcanization systems used in the art,
are not sensitive to higher concentrations of oi! and carbon black and are capable

of fully curing highly extended rubber formulations.

25 Thus we envision that a polymeric mas;erba:ch of peroxide, select sulfur
accelerators, bismaleimide coagent, polysulfide could be prepared wherein
chlorinated polyethylene and or chlorosulfonated polyethylene could be

incorporated as additional additives, as part of our invention.

Note the use of silicone rubber without the polysulfide polymer produces a
30 moderately tacky surface. Use of a fluoroelastomer as an additive in our |

invention in combination with polysulfide does not produce a suitable surface.
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K10% k*i & ()- GK 10% k* & ()- }K. 10% H% & ()- K 10%)& ()3 Madg200% & ()-

. 10% k*i & ()-eG[:bUs T *10% k*i& ()- T Q10% k*i & ()- u %" 109%K*& () -

NG! 1096R068/34g80 T "10% k*i & ()- T !110% ki & ()-ag|[: - 410PKHUSE/30953

10% k*i & () - : ZBth%k*i&'()- 610%‘#1%5? - J10%)i & ()-#

;. W10% k*i & ()- , 10% k*i & () - GebA410i k*i 109% & ()- ZHI0% & ()-

10% & ()- 1096& ()- "109% & ()-Z10i k*i 10i k*i HM [: A410i k*i 110% & () -

t10% & ()- ,10% & AR Cusridide! (B 4520 odfiecy ol Pabymenddditives ATi | [ : A410i k*i

109% & ()- EL0% & ()- &10% %& ()- }10% & ()- ]109%& ()-

El 10% & ()-0]|[: A410i k*i e,lO%‘&'()- +10% & ()- a # 10%9& ()-] #

10% & ()-] * 4 O~T—art ALK 0 lukgl r'?w%*&'()-

K4! 109 & () - 1098 () 1109 )i o lllmgv s

T.10% & ()-t")|*+4520E80M W " 659108 |ca60 Th 1 || B0 0br 0 |- Qr10% & ()-

K 910% & () - 810%}4?66@ TVY] il [: bbét 10 10941 0060% [( 100, LOPGOX] () - $10%8 & () -
0% & ()- 1098&- J.U"/O‘ & ‘ir

:(%Tloi’/a*&' E)-e L QT L ()-6 kéQWrﬁAlé,Q /\Uq@uv ﬁg/:. i%oéi gé |3%&(12)-6
K10% & () - .#‘rloq@\&l@o aIlO* 10*4@* |1 60100960 () - 6F10%6@ " & 69- 6
Icljg/;/f’;‘f&'é)-?g vigdic 0% & 30 Eb%"/? &o(syr | @53 9% &0() -0.540 3(%( 3&' ()16/()& 0
- 1L UJ] &L - [ = - 0, ! -
Z:10% & ()- Q nnzﬁ(;e, {4 /NW 3\0104; ngctgu)%%: Iléjga v?{/ﬂgi@:_ =110% & () -
109 & ()- 1 :B'10%/@NM) -t '

11094 &.35 | 1.06| .1\/154101.35’, 109358 () -

e O T C* T0%fa A~ €110 & (3 - 0.'150*’/())&'5(11'0.15/@ Qs () rormal
: T ZSTIC TG U T & adl n C
Foadi ng 63] o}Vl oallc: == bdirtd 830 c: OALTHET DO, M oor

Par agr aph_Fon} 20 aDRERORoH |OY~dj | £ 850k _0.02 56 doplsqy ' ad2j o
FHILNPRTIVXZ\ A1bdf hjd nprt 3['f(1: 8l kT\rel w

v{ec=-?f A1+B | " $8§ _51:1}93;468\ <>@BD
@ L@J*4+>E Elixzoﬁe Kubber - | 400 | 4.00 - - -
15 - CPE - - | 4.00 - -
Hypalon - : Do - { 4.00 -
Fluoroelas. | - - | - - 4.00
RPA 170 C, 0.2° arc, 60 cpm
Max S’ mlb 457 | 566 | 582 | 6.41 ) 7.61 | 594

, Tes 064 | 046 | 044 | 041 ] 035 046
20 . Teop 7.46 | 436 | 469 | 489 | 3.88 | 4.63
Surface Tacky | MOD | SL1 | NO | NO | MOD
-Surface: _
TACKY - very sticky ; SLI= only slightly tacky; NO = no tack; MOD = moderate
tack '
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difficult to cure with organic peroxides. One skilled in the art would not consider
10 such a formulation for use with orggnic peroxides, and would only use sulfur

vulcanization cure systems.

When crosslinking in ‘the presence of hot air, further improvement in surface cure
was attained when using 2 small amount of a chlorosulfonated polyethylene
(Hypalon - from Dupont Dow) as a novel additive to be used in the practice of

15 our invention {run 3). Further improvements in surface cure were noted when'
the blend of polysu}ﬁde and Hypalon (run 4) were used as novel polymeric

additives in the practice of our invention.
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Use of Chlorosulfonated Polyethylene and Polysulfide as novel additives to
crosslink a highly filled EPDM in the presence of air to provide a tack-free
surface using organic peroxides
1 2 3 4
5 DCKEP 15.00 - 4.00 4.00
Biend ! - 10.00 8.00 8.00
AgeRite MA - - - -
MTBHQ - - - -
* Hypalon 40 - - 5.00 5.00
10 Polysulfide - - - 1.00
RPA cure at 170 C, 0.2 degree arc, 60 cpm
Max S’ in-lbs 5.77 6.75 8.72 8.32
Ts. min 0.42 0.53 0.35 0.35
Tron Min 6.07 4.41 3.46 3.69
Hot Air Cure at 400 F for 8 to 12 minutes
Surface Tack: Tacky - [Slight Very Slight None
15 Rubber Formulation “Blend 1- .
4570 EPDM 30* DCKE 60%
4770 EPDM 20 MBM 27%
- N 660 120 Vanax A 3%
_ N 990 60 VULTACS 9%
20 LW 150 80 Durax 1%
Stearic acid 0.8

* a small portion of Hypaion (amount listed above) replaces an equal amount of

4570 EPDM
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Example 22- In this example we illustrate several new chemical and polvmeric

additives which are useful in developing a peroxide formulation for crosslinking

elastomers in the presence of hot air.

In particular these are:  Vanax 6H (N-cyclohexyl-N"-phenyl-p-
5 phenylenediamine) CAS 101-87-1, an antiozonant for diene based polymers;

Polysulfide (PTE) and silicone rubber (VMQ).

Vanax 6H (R. T. Vanderbilt)

We show that the antiozonant serves as a replacement for the sulfur
containing compounds in the practice of this mnvention. The invention
10 contemplates such substltutlon of this antioxidant and those of similar structure as
full equivalents to the other compounds included within the scope of the

definition of compound (B). In addition polysulfide (PTE) also serves this same

purpose.

Lastly, by an unexpected biend of two polymers PTE and VMQ as '
15 polymeric additives one can produce a tack-free surface with peroxides in the

presence of hot air. Note no bismaleimide and sulfur compounds or antiozonant

additives were used.
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TABLE 22
Crosslinking Royalene 501 EPDM
Use of polysulfide and silicone rubber as well as the use of an antiozonant N-

cyclohexyl-N’-phenyl-p-phenylene diamine (Vanax 6H).

5 Basic Elastomer Formulation:
100 parts of Royalene 501 EPDM, 70 parts N550 carbon black, 30 parts N-990

carbon black, 20 parts Sunpar LW150 oil, 1 part zinc oxide, 1 part stearic acid

Additive 1 2 3 4 5 6 7
| DCP40KE | 75 4.6 4.6 4.6 4.6 4.6 7.5
10 MBM — 2.2 2.2 2.2 22 2.2 —
Vanax A — — 0.7 — — — —
Vanax 6H' | — | — — | 07 — — 4 —
Polysulfide | — | — | — | — | o7 | 22 | 30
1TVvMQ — — — —_ ] - — 7.0
15 : Crosslinking using an MDR 2000E 175°C, 1° arc .

My (inbs) | 356 | 37.8 | 401 | 361 | 333 | 360 [ 277
Tga(min) | 03 | 026 | 029 | 034 | 026 | 026 | 030

Tew(min) | 439 | 298 | 346 | 363 | 251 | 289 | 398

. Hot Air Cure at 400°F (8 to 12 minutes)

20 Tacky Yes Yes No | No No | No No

Surface

(tested hot)
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Example 23- Examples of using various other dialkvl tvpe peroxides

In this example we crosslink a metallocene based EPDM (Nordel IP 4640)
using different organic peroxides. Note that in each case the peroxide without the
various additives, was not able to provide a tack-free surface when crosslinking

the EPDM elastomer formulation in the presence of hot air. The peroxides listed

in Table 23 are:

Peroxide Chemical Name

Lup 101 2.5-dimethyl-2,5-Di(t-butylperoxy)hexane
MTBPP _ 4-methyl-4-(t-butylperoxy)-2-pentanone
Luperox F/R Di(t-butylperoxy) diisopropyl benzene
DAPDIB Di(t-amylperoxy) diisopropyl benzene

This example is provided to illustrate that other dxalkyl perox1des can be used in
the practice of this invention, besides the most commonly used dialkyl perox1de

dicumyl peroxide, which was extensively evaluated in the previous examples.
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Vanax MBM - | 240 - 2.40 - 2.40 2.40

1s Sulfads ' - 0.32 - 0.32 - 032 | - - 0.32

Vuitac 5 ' - 0.32 = 0.32 - 0.32 - 0.32

Unads ; - 1 016 - Q.16 016 .- Q.18

‘ Crosslinking using an MDRZOOOE @ 200°C 1°arc
M, 27.4 1309 21.1 | 30.7 32.7 349 26.3 29.9
, T, 0.18 0.24 0.19 10.24 0.17 0.22 0.17 0.21
S 20 Troa 1.07 0.76 1.16 0.85 0.91] 0.72 0.79 0.58
. HOT AIR Cure @400°F; Surface Tack Rating
Tacky Surface ?{ Yes No Yes |[No Yes |No Yes |{No
{Tested hot)
Peroxide Chemical Name
Lup 101 2,5-dimethyl-2,5-Di(t-butylperoxy)hexane
25 MTBPP 4-methyl-4-(t-butylperoxy)-2-pentanone
Luperox F/R Di(t-butylperoxy) diisopropyl benzene

DAPDIB Di(t-amylperoxy) diisopropyl benzene

One of skill in the art will also recognize that the compositions of the
inventions may also be formulated as masterbatches for convenience in handling
30 and compounding into the polymers for crosslinking in the presence of molecular

oxygen. Typical masterbatch carriers include, for example, microcrystalline wax,
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polycaprolactone, Ethylene propyiené diens monomers polymers (EPDM),
ethylene propylene monomers polymers (EPM), ethylene vinyl alcohol polymer

(EVA), polyethylene (PE), or mixtures thereof.
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The subject matter which applicants regard 2s their invention is particularly

pointed out and distinctly claimed as follows:

We Claim:
5 1. A composition comprising:
a) At least one compound (A) seiected from the group

consisting of silicone elastomers and a compound having the formula (I):

D

10

Whereinnis 1, or 2 and R is divalent, or trivalent and is selectéd from the
group conststing of écyclic aliphatic grbups having from about 2 to 16 '
carbon atoms, cyclic 2liphatic group;r\ having from about 5 to 20 carbon
atoms, aromatic groups having from about 6 to 18 carbon atoms and alkyl.
15 aromatic groups haviné from about 7 to 24 carbon atoms, and wherein the
divalent, or irivalent groups may contain one or more heteroatoms selected
from O, N and S, replacing a carbon atom, or carborn 2tems and each R, is
identical and is hydrogen or an alkyl group of I to 18 carbon atoms; and
b) At least one compound (B) selected from the group
20 consisting of p-phenylenediamine based antiozonants and suifur
contzining organic compounds selected from the group consisting
of suifur containing organic compounds capable of accelerating
sulfur vulcanization of a polymer capable of being crosslinked by
sulfur ("sulfur accelerators™), polysulfide polymers and mixtures of

25 said sulfur containing compounds.

|18

A composition as defined in claim 1 additionally containing a free
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radical initiator selected from the group consisting of organic
peroxides and azo initiators.

A composition comprising a composition as defined in Claim 2
and a polymer curable by free radical initiators.

A process comprising forming the composition of Claim 3 into a
shaped article and then subjecting it in the presence of molecular
oxygen to a temperature sufficient to initiate decomposition of the
free radical initiator and thereby obtaining a cured shaped article
substantially free of surface tack.

A composition formed by mixing compounds (A) and (B) as
defined in claim one. _

A composition formed by mixing compounds (A) and (B) as
defined in claim 1 and an organic peroxide in any order.

A composition as defined in claim | wherein compound (A)is
selected from bismaleimides and Compound.{ﬁ) is selected from
sulfur accelerators.

A composition as defined in claim 1 wherein compound (A) is
selected from biscitraconimides and compound (B) is selected from
sulfur accelerators. ' .

A compdsi'fion as defined in claim 1 whérein'c;)mpound (A)is
selected from bismaleimides and compound (B) is selected from
polysulfide polymers. B |

A composition as defined in claim 1 wherein compound (A) is ‘
selected from biscitraconimides and compound (B) is selected from
polysulfide polymers. | '
A cohposition as defined in claim 1 wherein compound (A} is
selected from silicone elastomers and compound (B) is selected
from polysulfide polymers. |

A composition as defined in claim 1 also comprising a compound
selected from the group consisting of chlorinated polyethylene and
chlorosuifonated polyethylene. .

A composition as defined in claim 2 wherein the free radical
initiator is selected from organic peroxides.

A surface tack free cured polymer cured in the presence of
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molecular oxygen by free radicals generated by decomposition of
the free radical initiator in a composition as defined in claim 3.

A process for making a surface tack free cured polymer cured by
free radicals generated by decomposition of a free radical initiator
contained therein in the presence of molecular oxygen which
comprises compounding said polymer with a composition as
defined in claim 2 and supplying sufficient heat energy to
decompose the free radical initiator thus introduced into the
polymer.

A process for making a curable composition capable of being cured
10 a tack free surface in the presence of molecular oxygen by a free
radical initiator which process comprises compounding a polymer
capable of being crosslinked by a free radical initiator with 2
composition as defined in claim 2.

A process for making a cﬁr.able_ composition capable of being cured
to a tack free surface in the presence of molecular oxygen by a free
radical initiator which comprises compounding a polymer capable .
of being crosslinked by a free radical initiator containing a
composition as defined in claim 1 in the presence of a free radical
initiator. . ‘

A composition as defined in claim 1 wherein compound (A) is

selected from one or more bismaleimides and compound (B} is

'selecte_:d from the group consisting of dialkylthiurarh tetrasulfides,

diarylthiuram tetrasulfides, alkylphenol disulfides,

tetraalkylthiuram monosulfides, tetraarylthiuram monosulfides and

mixtures thereof.
A composition as defined in claim 2 wherein the free radical

initiator is selected from dialkyl peroxides or peroxyketals.

A composition as defined in claim 18 additionally containing a free
radical initiator selected from dialkyl peroxides or peroxyketals.

A composition as defined in claim 1 wherein compound (A) is
selected from one or more bismaleimides and éompound B)is
sefected from the group consisting o™ *.4 dithiomorpholine,

acyclicalkyl-2-benzothiazole sulfenar....es, cyclicaiky-2-
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benzothiazole sulfenamides. arvl-2-benzothiazole sulfenamides,
alkvlphenol disuifides and mixtures thereof.

A composition as defined in claim 21 additionally containing a free
radical ininator selaci
A composition as cefined in claim 2 compnsing dicumyiperoxide,

ed from dialkyl peroxides, or peroxvkatals.

N,N-phenylenebismaleimide, 4,4dithiomorpholine,
alkylphenoldisulfide z2nd N-cyclohexyl-2-benzothiazole
sulfenamide.

A composition as defined in claim 2 comprising dicumylperoxide,
N,N-phenylenebisrmaleimide, dipentamethylene thiuram '
tetrasulfide, alkviphenoldisulfide and teramethylthiuram
monosulfide. | '

A composition as defined in claim 2 comprising dicumyi peroxide,

N.N—phenylenebismaleimidc, dipentamethylenethiuram

tetrasulfide, a.lk'ylphenol disulfide and N-t-butyl-benzothiazole-2-

sulfenimide. 7
A composition as defined in claim 1 formulared as a masterbatch

on a carrier selected from the group consisting of micrecrystalline

wax, polycaprolactone, EPDM, EPM, EVA, PE and mixtures

thersof.
A composition as defined in claim 2 formulated as 2 masterbarch

on a carrier selected from microcrystalline wax, polycaprolactone, -

EPDM, EPM, EVA, PE and mixiures thereof.
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A composition as defined in claim 1 substantially

described with reference to the Examples.
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