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COVPRI SING A NI TROXI DE A PROMOTER AND OPTI ONALLY A FREE- RADI CAh | NI TI ATOR
The present invention relates to the prevention of scorching before
crosslinking of a 5 thernoplastic and/or el astoneric congo?'h '{){1 W th

per oxi des or azo conpounds. Prenature crosslinki nge¢EéBREH %}? during the
preparatory ph iés a nmaj or difficdity in the use of peroxides and azo
conpoundémlr9%ﬁ§§iﬁl nki ng (curing) 10 applications of el astoneric and/or
thernoplastic materials. The preparat.or, g:,omsiwqqugener al in

bl endi ng the co ' ﬁcom’!tﬁﬁ'-mﬁlaﬁl extruding them at tenperatures
R

that are ofterf e operating _k&b@@glpﬁﬂmﬁﬂémﬁﬁeparatory phase
quite often | ead QP TONNIEY] Pigﬁ&%$ t he peroxide or azo initiator, thus
i nducing the crosslinking reaction wth.feeratiesntef tH& particles in the
bul k of the blend. The presente &V hese gel particles tJheads to
i nperfections (inhonogeneity or sq&g raugiEis i ngF & & final 20 pr oduct .
Excessi ve scoréggfghrdﬁhnn§¥Qhﬂ?Qﬂ astic properties of theymaterial, such
that the S¥id mmaterial can no Iogﬁgbe{o{p@rg@mm%ﬁti%cw hg to loss of the
entire gat ch hPpoagtic omndEREeSsTVe scorching may lead to the total

st oppag of ?ﬁe extrusion operaghﬁaS.ZS Several sol utions have been

pr oposed t§F9$§&@@§eothB§°dF8WBac . Thus, it has gegé)pggggagdthe use an
initiator wth a half-life of 1QJa@urasking (scOTCEHEr ature. The dr awbacks
of this approach are RHEEHHE por 5duct i on ef fici gr&y ;G186 HeD v ofg curing
time and the high energy costs, Atmdﬁnrzﬂ#ﬁf proposed to incorporate 5
certai n addhtépasatiqiror %0 Teduce the scorg { cycuding), the use of
organi ¢ hydroper oxi des saggqggrhpdnunlnd@i%%r%r‘?%? pol yet hyl ene- based

conposi ti onpecossdEFnREA Wih a per oxi de wzsrdgﬁghinbpdasnisari tish patent GB
1 535 039. The use of vig¥lemaaﬂﬁmeslﬁa§n@ g8%1 subj ect of patent US 3 954
907. The usepplifPfrPPEs “Was described in RaleRkid8s3 12026482 pPafent Us 3
335 124 descri bes, the l,ﬁ.% Yy edenrFaTY BRANSS, phenolic co ,ounq:l%em

mer capt ot hi atzecﬂ%m@c}r?poun s, sul phides, hydraquidionas e Ay

di t hi ocarbamate%o %ggscoﬂﬁmsn%@éh‘%/lﬁ ng

2,2,6,6-tet rahet V&%iperidyloxy (TEMPQ @fidhigh. The operatl

4- hydr oxy- 2, 2(:6 ?ﬁ\%ggaeﬁféhytbabeﬂ‘ay?oxy (4- hydr oxy TEI\/Ean\A@_téaahe subj ect
of a Japanes@ p‘é ent application JPa}%tégggGﬁhabb\Aﬁ\}éF? Phe use of the

addi tives of %%@i%qoagioﬁ ahéscPF&¥°above to increase L€ ,$6@Y, Clhuesi st ance
time has a harntul effect on tl%ethlgiﬂasotﬁm dPEC IR

ot

the final
crosslinkjng Ngddofapdsti Hiad erefore, to a redqu '! %Qsﬂ'ilbrtheﬁ producti on
efficienc antgfor properties Ofliﬁ\?lﬁd rh_aéaq;tridmlé'fl.tq?gé e present invention
el i m nates thgngﬁgmb@ck@ecﬁr?ﬁ% prior art since itdna¥§§ ﬁie$mm@¢tﬂ% to
i nprove the scorch resistancg QﬁetﬁﬁlnroﬁsthﬁkP%ﬁn .
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3 density without this having a negative inpact on the crosslinking tine.
This is achieved by using a nitroxide in conbination with at | east one
crosslinking pronoter (pronoter) chosen fromgroup (P) consisting of 5
eonpounds containing at |east one double bond, which may be difunctional or
pol yfunctional . Mention may be made, by.way of exanple, of difunctional

vi nyl nmononers, difunctional allylic noffoners, polyfunctional vinyl
nononers and pol yfunctional allylic nononmers. 10 The ai m of the present

[ ti is t id h-r et ar dapt it [
ni troxi de ankeBRSTRELFS onBlpr SFBYRRERoSEnCRT rFPRECGTBUB EPF IS THEY

it ide i f | d. i Lght {] ] f 0.2 t
15 and 15 dRbaRSGeaner) Ehot blek 48, EBLRGTans PRr LRIV S AT BiBint o

pr onot er pregf -eHQFg9iEBQEsthe present invention is also to provide a
scorch-retardant curing/crosslinking conposition (A), conprising a

free-radical initiatorrg0hgfosessfho8ht PRoBHOER €ONShELEPErQEeOr gani c
per oxi des, azo compounds and m xtures thereof, a nitroxide and at | east one

pronot er shoseptdifnader 9v8yPih Pyradhecdr eeaadé Cahel 8kbtahor is preferably
used in weight proportions of from1:0.02 to 1:1 and advantageously 25 from

1:0.1 to 1:Oténdeheyi vehto, t tike ai®eing £ obrHah i @Xhoer PpeseRi dedhgs
free-radical initiator is preferably used 4 in wei ght proportions of

from 1:0.02 $cofci fmdilativans afiepusdyyétiopl dnd-Based lednposet Bdbhye to the
anount of pronoter used. The present invention also provides a 5

cr ossl i nkabl ercosposked owi ¢IB) a coaprksfiagvast fiesoophbadtin Polybeh and/ or an
el astoneri c pol ymer which nag be crosslinked by neans of a peroxide or an
azo conpoundPa®eht @B rhddial 039 t The orsehes el iy brineHemeF DA orde st i ng of
organiclgﬁroxides and_azo conpounds 1 nd mxtures thereof, a nitroxide

and at st SHRECHT onbt RR L RRbSER ?r%ﬁgg Blp TR . USReCF rREEFLERE AY2F ni ti at or
f bl ts bet 0. d d ad t bet
2 and 3’ pateRSRERed ;BT e, sl k02 Of o BREe R TS SOERE T bne of 15
: oy g g . portt
ref orabl y 1 SeRrEbSEDHEE HOF of AR E L P Do (SRBINEES 1 0L B St

i nvention al kde . r i nki i nkabl e
conposition %@ﬁ%é?%?%gS%%régéﬁéﬁﬁ%éﬁéé§iQE%% @%%$géﬁaﬁ§$§§%éélastoneric

pol yner whi chy g8y fn&ﬁ@§5éﬁ@k§ﬂaﬂé%ﬂgdﬂtﬂ%@§f}9&n&£eaébrﬁﬁ&uz@@éfpound, in
which the said polynmer is mxed with a free-radical initiator chosen from

t he groupsconsi sting ofepy gaddentlBf OXileisaAsF CQIINGYBAS c@Remat Xy Ures 25
thereof) in the presence of a nitroxide conbined with at | east one pronoter
chosen from pheegidwpoxP) ( THMRO pras@nd -hydeoty o, 2) 606 provr alest nplH ded
piperidyloxy (4-hydroxy TEMPO) was the subject of a
Japanese patent application JP 11-49865.
However, the use of the additives of the
20 prior art cited above to increase the scorch-resistance
time has a harmful effect on the curing time and/or on
the final crosslinking density. It leads, therefore, to
a reduction in the production efficiency and/or
properties of the final product.
25 The present invention eliminates the

drawbacks of the prior art since it makes it possible

to improve the scorch resistance or the crosslinking



5 or extruded .
crossl i articles s .
t he S:_:)nkabl e conpositi oﬁC?Bas wires and el ectri
i up (P) are trans-sti ). Advant ageous| cal cables obt ai
3r$ns-’”a”5'2,6-di met ES| stil bene, divinyl bS y, the promoters cﬁl ned froma
i R R Gl e
hydro o formul a (|): Hs ((ég(éH(ml NENE), t he C)C/)C Opentadi ene,
botween 1oand 3. 18 - an grourzn) ng&l 10 (1) in mpounds represent ed by the
(1) H3(;H3’ 15 - and the co to 9 carbon represents a
/ ; 3 - C.; . mpounds : atons and n i .
be 1 dent Geals 6 ySrpofi2enif naliioRy az&gﬂg@;%ﬁﬂﬁmdcgyonh*éhéehirZP | nt eger
nds re g pr esent Ich RY : a
of a- pres P n . and RZ
T P stethay The gendrdl S ForTl & (1), oty AR
30 propeny ; ta- a . ; nt j :
Fiimomet essanm i o G e R
. -0 - disi n i
gtdl|sopr§5eﬁékggngg%gﬁbtepén9h3§ﬁ§:ﬁ§om4group () congféting of
f0:ﬁﬁF;?F%*%&kghb§9Qb@hegphggg%gpégagtabh&O;gg%ggzLBéa which
2, 4- bi3(3-i3’ mention may be mdn -fAS COFTDOUndS reor. zgne and
2. 4-bi 5(4}?@8%?%95%@@13&911@._ o3 %chi_ylfunctional. Men%i%% HagdRy the general
py phenyl)_4_m3£ | - pentene, 15
made, by way of’ examp ay oﬂfdiimmgﬁgonal vinyl

difunct

jonal allylic monomexrs, polyfunctional

functional allylic monomers.

monomers,

vinyl monomers and poly
10 The aim of the present jinvention is to
provide a scorch—retardant composition comprising &
nitroxide and at least one promotel chosen from the

weight

group (P) -

proportions rangindg
0.5 and 1:2 relative to the

15 advantageously between 1:

amount of promoter present.
One aim of the present jpnvention igs also to
provide a scorch—retardant curing/crosslinking
composition (A), comprising a free~radical initiator
onsisting of organic peroxides,

20 chosen from the group €
azo compounds and mixtures thereof, 2 nitroxide and at
least one promoter chosen from the group (P) . The free-

ght

jtiator 1S preferably used in wel

radical in
sly

proportions of from 1:0.02 to 1:1 and advantageou
25 from 1:0.1 to 1:0.5 relative tO the amount of nitroxide

present.
The free—radical initiator is preferably used



2- (3-isopropyl phenyl)-4-(4-isopropyl phenyl) -4-net hyl 1- pent ene,
2- (4-isopropyl phenyl ) -4-(3-isopropyl phenyl ) 4-net hyl - 1- pent ene,
2, 4- bi s(3- et hyl phenyl ) - 4- met hyl 1- pent ene and
2, 4- bi s(4- et hyl phenyl ) -4-methyl 20 1-pentene. Methyl nethacrylate, |auryl
met hacryl ate, allyl nethacrylate, trinethylol propane triacrylate, triallyl
cyanurate (TAC), triallyl isocyanur&te (TAIC), triallyl phosphate,
tetraal | yl oxyet hane, 25 diallyldiglycol carbonate, triallyl trinellitate,
triallyl citrate, diallyl adipate, diag[éé %eggphtha&ﬁ@e, di al 'yl oxal at e,
diallyl fumarate, 7 g&@xbggeo@lﬁﬁ@ﬁ ¥ '9 acryl ate and.2-hydroxyet hyl
met hacr yhat eeraptaPE8Pbe suitabl e as [%W%t%%aatGUﬁp@Gn&?esuitable as
pronoters fromthe fyﬂiﬁﬂﬂ 1l 1al*$o “i'ncl'ude t he conpounds represented by
5 the gena&%ﬁnﬁ%QQRﬁ%a (X) Rl inwhichnis 1 or 2 and Ris divalent or
trivalent and 10 |s %?ﬁggéﬁdu$¢@n1the group consisting of aliphatic acyclic
groups hasieign® ?% H% car bon at ons, g%&ﬁhgig@ py@V%@egr%ups having 5 to 20
carbon atons, aronmaii,g gfeepsthaﬂVﬁﬁ to 18 carbon atons and al kyl
aromatic (al kylaryl) groups haan% q gocaépxasbnﬁ & ons, and 15 these
di val ent or triuahem egicompesiy Co £4in one or nDn%hg%ﬁg%@m ni trogen
and/ or SsulgAF®het er oatons in r%ﬁfif‘w edfa s8I “nor € “car bon at ons, and
each Rl is id@g%&f@gtwcpolem%% S a hydrogen atorr]} 1 & @&t k. group
having 1 tehe ar bon at ons. 20¥égng@ ﬁ@ensdﬁbdﬁﬂﬂ% of general fornula (X
t he bisnalehnkgeﬁagnﬁetheoﬁﬁ§t? raconi m des are agﬁgggﬁgeﬁumlyh%elected.
8 As bi smal8im de mention may, be pada1ofinitABERF plienyl enebi snal ei i de,
N,N'-ethylqupk%m@oahdhdé) N,ﬁ'-ﬁexanethylenebisg&bebmbdepm@ounds
N,N'-dodecghethylenepismalmag gaMiN PEX XIS (5
met hyl hexar’%m ere)Hisdt%im de,” N, N - (ox diarpci opy I esethigifal ei i de,
N, N - (ani nodi propyl ene) bj sl ef m glepitroxide
N,N'-(eagylgﬁ@dhbeQF%?oBQ?ene)bisnaleinide e free_radical

- (1] -cyclohexylene%ghsggbgigtdep N?Nn_?H,B-cyclohexylegeégk§galeinide,
' (nethyb&@moi@rlFHP |cyclohexylene)bk%n%kehgbdep.m,ﬂnd( s®propyl i dene
i cycl ohexyl ene) bié%szr%raéeeiaml@e,represen
oxy1, 4rditehyaiBTheéXyl ene) bi snal ei méj% MV 3 pa(pife@Aene) bi snal ei i de,
o- phenyl ene m:ygﬁégﬁgx&gb¢§W@%¥1q -napht hyl ene) bj snal ¢ m de, 15
1, 4- nagh@ hg/ ¥ smal ei mi de, h%?kéﬁl,@h@apmm?QWEﬁﬁﬁ i smal ei m de,
3,3'-dineth§k-g4bg-dépghhyP§nB? smal ei m de, the free-
3. 3- di 8RPoPB 474 bi phenyl ene %&sggggjﬂbdeplve €o
2, 4-£yr i,d%rlc)xq_id%rrﬁlrﬁ wfd®XONCN"=( 2, 6- pyri dyl )h 20 bj;spplogi mhdes
1, A%anthraqui nonedi yl ) bi sl ej (i daably in the *

a
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N,N-(mtolyl bismaleimde, bismaleimde, bismaleimde, 25 bisnaleimde,

bi smal ei m de, bi smal ei m de, ene) bi snmal ei m de,

N, N -(p-tolylene)N, N -(4, 6-di nethyl -1, 3-phenyl ene) N, N - (2, 3-di net hyl -1, 4- ph
enyl ene) N, N - (4, 6-di chl oro-1, 3- phenyl ene) N, N - (5-chl oro-1, 3- phenyl ene) N, N -
(5-hydroxy-1,3-pheny|ene)N,N‘-(5-nethox§-1,3-phenylene) 9 bi snal ei m de,

N, N - (m xyl yl ene) bi smal ei m de, N, N -(p-xylylene)bisnal ei mde,

N, N - (et hyl enedi p- phenylene)bisnaleinide

N, N - (i sopropylidene enyl ene) bi nalelnlde N phenyl ene) 5
bi SﬁH|€Iﬁ1d€g¥ *FrYgﬁ$o tbg ﬁ%né eﬁﬁlghﬁ?ﬁlﬁ?@eelé0t¥lcaf

N, N - (dithivdj nyl ene snalelnlde

NN - (sulpho%abfeph§%§?é%% b|§%%le|n1%ssllnkable composition (B).

N, N - (car bonyl di - p- ph

a,a -bis(4- naleln1doph§%€%§€%€%§ag+fsg%?%ﬁ@f %%E%ﬂ% c%%sen trom the

a,a' -bis(4- ng@@ﬁyt?PeaPéSﬂﬁéﬁéﬂégflﬁége lelnylbenzene

a, a' - bi s(4- mal ei m dophenyl ) - par a- di i sopr opyl benzene. bi sci traconi mi des
mention mgy BeanBderhsihec il hovhpn-2;4, 6 octatrlene,

1, 2-N, N - di et hyl enebi sci traconi m de; 15’

1,2-N, N -tr|aféﬁglepe@tadiémapom;ﬂ%dﬁmethyl 1,3,6-octatriene

1,5-N,N -(2- nethylpentanethylene)b|SC|tracon|nlde and -

N, N - (met hyl pbemyENBE) btlsei ¢ompoumds deepidsenioegdmdshef ggeewsihl f or nul a
(X) are 20 preferably selected so as to crosslink the el astoners.

Ni t r oxi des whdxhubay(be: used, for exanple, are those represented by the
general formula (I11): 100 Rt R-i R~1 R C- Rz o~ (Ill) in which R, R2,
R3, R4, R 1 and R Z, which may be identical or different, represent a

hydrogen atom a hal ogen atom such as fluorgpg, chlorine, bromne or 5
i odine, a linear, branched or cyclic, saturated or unsaturated
hydr ocar bon- based group such as_an (Cpkdiyh radical, a polymer chain
which may be, for exanple, a pdk) th)acryl ate chaln for instance
pol ynmet hyl nmet hacryl ate, a pol ydi en yol efin or

10 (n

in which R* represents a hydrogen atom or an
alkyl group of 1 to 9 carbon atoms and n is an integer
between 1 and 3,
15 - and the compounds represented by the

general formula (II):



10 polystyrene chain, a functionalized group such as a cyano -CN group, an
ester -COOR group, an am de -CON(R)2 group, an al koxy -OR group or a
phosphonate -PQ(OR)2 group in which R represents a hydrocarbon-based chain
containing froml1l to 9 carbon atonms. In addition R 1 15 and R 2 nmay be

| i nked together to forma ring such as, .for exarrple t he nitroxides
represented by the follow ng formnul ae: ﬁB Ri WMRZO(N RR R
Rz O RBR R XRRR RB~~N4 ~R2O (VI}(V) 11 in which R5, R6, R~

and Rg, which may be |dent| &f\ ]%/ aqléferenhicga%a b hoagn %grlnthe samne
a

famly of groups as thlart‘ S ]US encenvrdaged R3 and

et 17 Gy SO B ND O£ P can 4 a0

represents §i(5ﬁ{gll ent group chosen from net hylene, -CH2-, -C(OR)(OR ) -
carbonyl - axy -O and -CHZwith Z representing a rmnoval ent residue

chosen Pram 10 cyana: a&N: I%Bﬁ}%s es&hKaX Yoy - e ¢éﬂ@pé/i - N=CRR ,
carboxylate: -OC(0)-R and amde: -NHR-C(O R groups, in which R and R'

whi ch maysbefodianta cet) armeht{ @i ey bepiedendf aohystipges-ptane, a | i near or
branched al kyl. group containing a nunber of carbon atons ranging from 15
1. to 10, oromtlhenzyhetos- pdvedyba s -odiol sobr e émy Hukdraz €k )
1,2,4-triisopropenylbenzene, 1,3,5-triisopropenyl-
benzene, 3-isopropyl-ortho-diisopropenylbenzene,
4-isopropyl-ortho-diisopropenylbenzene, 4-isopropyl-

10 m-~diisopropenylbenzene, 5-isopropyl-m-diisopropenyl-
benzene and 2-isopropyl-p-diisopropenylbenzene.

As compounds represented by the general
formula (II), mention may be made of
2,4-bis(3-isopropylphenyl)-4-methyl-l-pentene,

15 2,4-bis(4-isopropylphenyl)-4-methyl-1-pentene,
2-{3-isopropylphenyl)-4-(4-isopropylphenyl)-4-methyl-
l-pentene, 2-{4-isopropylphenyl)-4-(3-isopropylphenyl)-
4-methyl-l-pentene, 2,4-bis(3-methylphenyl)-4-methyl-
l-pentene and 2,4-bis(4-methylphenyl)-4-methyl-

20 1l-pentene.

Methyl methacrylate, lauryl methacrylate,
allyl methacrylate, trimethylolpropane triacrylate,
triallyl cyanurate (TAC), triallyl isocyanurate (TAIC),
triallyl phosphate, tetraallyloxyethane,

25 diallyldiglycol carbonate, triallyl trimellitate,
triallyl citrate, diallyl adipate, diallyl

terephthalate, diallyl oxalate, diallyl fumarate,



may al so represent a phosphonate group: -OPtOR'R'" with R" and R'" having
the same neaning as Z. It is also possible to use the nitroxides
represented by the general formula (M) 20 .Q _ Y QVII) 12 in whi ch
Rl, RZ, R3 and R4 , which may be identical or different, have the same
meani ng as those used for fornul ae (III» to (VI) and Y represents a

di val ent group chosen from 5-0C( O) - ( CRaRb ) n-C( 0) O0- , -NH (
CRaRb ) nNH , -NHC ( O) - ( CRaRB ) n-C( 0 ) NH , -S-, -0-; Ra and Rb,
which may be identical.or diftferen represen hydrogen,_atom or a |inear
or 10 branch%%h%. ?% ?%ﬁ?%glé%§%€%%%¥%gg%¢nﬁn er_%¥g%%¥%%%§%?ons rangi ng

from1lto 18?%99% dg%Q%ﬁS£ safgoggéeg@{tégfgigg %£g£%9e£§ 20. In addition,

it is possil e nitroxi des represente e general fornula
(M) 15 iN ~ N RO NvorDhunds suitable as promoters from the

group (P) may also include the compounds represented by

5 the general formula (X)

in which n is 1 or 2 and R is divalent or trivalent and

10 is selected from the group consisting of aliphatic
acyclic groups having 2 to 16 carbon atoms, aliphatic
cyclic groups having 5 to 20 carbon atoms, aromatic
groups having 6 to 18 carbon atoms and alkyl aromatic
(alkylaryl) groups having 7 to 24 carbon atoms, and

15 these divalent or trivalent groups may contain one or
more oxygen, nitrogen and/or sulphur heterocatoms in
replacement of one or more carbon atoms, and each R; is
identical and represents a hydrogen atom or an alkyl
group having 1 to 18 carbon atoms.

20 Among the compounds of general formula (X)
the bismaleimides and the biscitraconimides are

advantageously selected.



QRA R ~R Q (V111) in whi ch R , Rz, R3 and R4 , which may be
identical or different, have the sanme neaning as those 20 in the above
formulae (I111) to (MI1), 7~ is an integer 13 between 1 and 20, RO
Fepresents an al kyl ene group contai ning a nunber of carbon atons ranging
from2 to 12 which may be interrupted wgth an -0- or -NRlo- with Rio
denoting a hydrogen atom an al kyl group containing 5 a nunber of carbon
atons of between 1 and 12, or a cycloal kyl group, and Q represents a

radical -ORli, -NHR12‘££ B fié%i@em@%3€i§3%33595355€&3 gflinear or

branched al kyl radi cal "contalning a nunbé bon atons ranging from1l

to 12, a C3T@%§'Q%KB%&E%#&ﬂ%?%E+€féfﬂide?-ﬁyﬁ]gggﬁgieﬁégiCa" a benzyl

radi cal , a phenyl radic 0 radi cal or 6, 6-tetrapi peri dyl

residue, RlZ,angs RBnigye it he SReRam@any 1enas: sl & g&y noreover al so
form together and with the nitrogen atom whi ch bears them a 5-, 6- or 15

7-menber ed hegiwer 08yEedHmé Elgy CatheWhérdl SBi @ SN Q0N &2 2 pp-exygen. The
nitroxi des of general formula (VIIl) usually used are those obtained by

oxi dat i ons of mé tley Hitexese Sloy Hety) b hemabejratdge ClBAT Untexydire name 20
Chimasorb 944 in which RlL, R2, R3 and R4 each denote a nmethyl group, R9
denot es an apkypeheng)loigpmabeini déngV N tafdoined opsopy) eepresents a radi cal
-N(O)-CaH | and ~, is an integer between 2 and 4. The nitroxides of general
fornmul a (VI)bismalobnide, ¥ af er fethelenedieydpropy ten®l; R2, R3 and R4
each denote a nmethyl group, R5, R6, R~ and R8_each represent _a hydrogen
atom and X rebreakainide grhdh’ = GHA -cychohexy bene) Rismrlelridexi des of

AR RN T R T IOL o
o Y2 E R S e SIBLVER TR BREL LY, 7, %P1 £ SO o a0
1l,4-dicyclohexylene)bismaleimide, N,N’-(oxy-

1l,4-dicyclohexylene)bismaleimide, N,N’-p-(phenylene)-
bismaleimide, N,N’-(o-phenylene)bismaleimide,
N,N’~(1,3-naphthylene)bismaleimide,

15 N,N’-(1,4-naphthylene)bismaleimide,
N,N’-(1,5-naphthylene)bismaleimide,
N,N’'-(3,3'-dimethyl~- (4, 4-diphenylene)bismaleimide,
N,N’-(3,3-dichloro-4,4-biphenylene)bismaleimide,
N,N’'-(2,4-pyridyl)bismaleimide, N,N’-(2,6-pyridyl)-

20 Dbismaleimide, N,N’'-(1,4-anthraquinonediyl)bismaleimide,
N,N’'-{m-tolylene)bismaleimide, N,N’'-(p-tolylene)-
bismaleimide, N,N’-(4,6-dimethyl-1,3-phenylene) -
bismaleimide, N,N’-{(2,3-dimethyl-1,4-phenylene)-
bismaleimide, N,N’'-(4,6-dichloro-1,3-phenylene)-

25 bismaleimide, N,N’-(5-chloro-1, 3-phenylene)-
bismaleimide, N,N’-(5-hydroxy-1,3-phenylene)-

bismaleimide, N,N’-(5-methoxy-1,3-phenylene)-



2,2,6,6-tetranet hyl - 1- pi peri dyl oxy, commonly known as 4-net hoxy TEMPO, and
4- 0xo0-2, 2, 6, 6-tetranmet hyl 1-piperidyloxy, conmmonly known as 4-oxo TEMPO.
The nitroxides of general forrmula (VI) that 10 are particularly preferred
are those represented by the followwng formula: CH3 CH' O-N 0- ~~ -

C-H2~+i CH3 ~ OCH3 15 with n possibly %anging from1l to 20. N troxides
such as 2,2,5,5-tetranethyl 1-pyrrolidinyloxy, sold under the brand nane
PROXYL, bis(1-oxy-2,2,6,6-tetranethyl-4-piperidyl) sebacate, sold under the

b d XA 5415. by.th i ba 20..S ialtyv. i |,

e ot et AT oS S e YRR SPERA LI Ao O3 1 5. car boxy

2.2. 5,5 ot gt byl oye 101 g ] i £egmemny inoym.as, Sefaaboxy Proxyl) are
. ortrhg to

al so preferre e present 1 nvention, ‘conpounds 25 whi ch

nay be used 35fLeer Ad)End L LhARO! Sy A - RZELEO0BOLIGEaadL Or or gani ¢

per oxi des, i'ch, “upon thernal deconposition, produce free radicals which
facilitate tﬁﬁbﬂéﬁyiﬁﬁéfﬁ§§$éﬂ$iﬁ$aé?aﬁlmPﬂ(o£Y@D9p1§Eéﬁ§f@hé)Iad'Ca
initiators used as crosslinking agents, dial kyl peroxides and di peroxyket al

initiators apesRABSERIE, M Wet piheeddescshehy Denef bl fiesbe Lpi@ounds w il be
found in Encycl opedia of Chem cal Technol ogy, 3rd edition, vol. 17, pages

27 to 90 (1982 - (di Bbawdi +hrepliemy ke et ema Detmidde preferred initiators
are: dicumyl peroxide, di-t-butyl peroxide, t-butylcunyl peroxide)
2, 5- di met hy| N2y 5- s irhod it peplseyy hexarle; smaleimide,
2, 5-di net hyl -2, 5-di (t-anyl peroxy) hexane, o
2, 5- di met hy| NN S (g xbony idbap olygn Bl erg)pesma beimide,
2, 5-di net hyl -2, 5-di (t-amnyl peroxy).-3-hexyne, a, a-di
a,a'—bls(4—ma1e1m1dophenyl)—meta—dllsopropylbenzene,
10 o,0’-bis(4-p-phenylene)bismaleimide and
0,0’ -bis(4-maleimidophenyl) -para-diisopropylbenzene.
As biscitraconimides mention may be made of
the following:

- 1,2-N,N’'-dimethylenebiscitraconimide;

15 1,2-N,N’'~trimethylenebiscitraconimide;

1,5-N,N’-(2-methylpentamethylene)biscitraconimide;
and
- N,N’'- (methylphenylene)biscitraconimide.
The compounds of general formula (X) are
20 preferably selected so as to crosslink the elastomers.
Nitroxides which may be used, for example,

are those represented by the general formula (III):



[(t-butyl peroxy)isopropyl]benzene, di-t-amyl peroxide,

1,3,5-tri[(t-butyl peroxy)isopropyl ~benzene,

1, 3-di met hyl - 3- (t - but yl per oxy) but anol and

1, 3-di met hyl 3-(t - anyl per oxy) but anol, and m xtures thereof. 20 Anong the
di peroxyketals, the preferred initiators,are:

1,1-di(t- butylperoxy)-3,3,5-trinethylcyi?ohexane

1, 1-di (t-butyl peroxy)cycl ohexane, n-butyl 4, 4-di(t-anyl peroxy)val erate,
ethyl 3,3-di(t-butyl peroxy)butyrate, 2,2-di(t-anyl peroxy)propane, 25
3,6, 6,9, 9- pent anet hyl - 3- et hoxycar boni'h met hyRY, 2, 4, 5-t et raoxacycl ononane,
n-butyl 4, 4-bis(t-butylperaxy)vaRgrate and g¢th

3, 3-di (t-anyl peroxy) butyrate, 18~ahd m xt s ‘thereof. Azo conmpounds

whi ch may be nentioned, for exanpl g aL 272 -azobi s(2-acet oxypropane),
azobi si sobutyronitrile, azodicarhb 4' -pzobi s(cyano 5 pentanoi c aci d)
and 2, 2'-azobisnet hyl butyronitrile. D cdnyl per oxi de and

a,a -di[(t-butyl peroxy)isopropyl]benzenegyare particularly preferred. The

t her nopl astic and/or el astoneric polyn? taken into consideration in the
present invention may 10 be defined as ural or synthetic polyners which
have a thernopl astic and/or elastoneric nature and which nmay be crosslinked
(cured) under the action of a crosslinking agent. I n Rubber Wbrld,

"El ast omer Crosslinki ngnwwhichi per ®&ykes al By, FOgt aher R1933whiSh pages 26- 32,
and in Rubber and Pl astic News, "Organic Peroxides for Rubber

Cr ossl i nki ngbe 2@eﬁbb¢%hb@r do8berenagesraprsoent he kydssvénkangmacai on and
crosslinkabl e 5 ynmers are described. Polyolefins which are suitable for
the present hﬂ @ﬂ??oﬁt@mesﬂégcﬁﬁbébu@ﬁlﬁﬁde¢h1901¥$as?¥@@1E§c9§Iopaedla 89,
pages 63-67 g By way of exangle of $ ynmers and/ or el astoners,
mention may b® h%ﬁe %flI ﬁ%ﬁr PHancRedi 2y % %b@hy?%ﬁ%raF%Q/ﬂ€n5|ty

G hyTeno! pr oByFBHEFT B HRED %ﬁaﬁ'ﬁ%‘%éc&“' °““"’“%9% AR at e

I I I | bb t I bb
(NR) . pol yi SEAPES TFol S8l ot Sl ecr oy il Ry B0F FoF bt i ene

copol yners (Qgﬁ%p%ﬁtyéeﬁ§1981§gieﬁﬁigﬂ QL YR Se ( CP&PIPE%IQQQQated

pol yet hyl ene uor oel asto Ion may a

ethyIene/”Ptﬁaiy§eﬁﬂ§ihéé@ﬁ&&%&?a@onéYﬁ81§dﬁéﬁeetﬁdiﬁaﬁéﬂlﬂCbeI
nmet hacryl ate copol yners dition to the constituents nentioned above,
t he conpogi t pOngstYren8dchB)n oy £@IPtisSLalized group such as a
cyano -CN group, an ester -COOR group, an amide -CON(R}:
group, an alkoxy -OR group or a phosphonate -PO(OR),
group in which R represents a hydrocarbon-based chain
containing from 1 to 9 carbon atoms. In addition, R';
15 and R’; may be linked together to form a ring such as,

for example, the nitroxides represented by the

following formulae:

Rs R6 8 RG

Ry R R7 X Rg
A MR R R

N N\ R, R1 R y 1

Rq 2 R,
0 4
) 0 o
(V1)



antioxi dants, stabilizers, plasticizers and inert 10 fillers such as
silica, clay or calciumcarbonate. The conpositions (A and (B) may
conprise two or nore nitroxides (Ny. They may al so conprise two ar nore
free-radical initiators. According to the process of the present 1~

i nvention, the crosslinking tenperature nmay be between 210 and 220C and
preferably between 1~-0 and 200C. 1Advant ageously the process is inplenented
in the presence of an anount of initiator) nltrOX| %pd pronoter such that
the initiator/polyner, 20 nltrOX|de/pon Qﬁ%&er/polyner wei ght
ratios are close to the conpogltqgnap y - B’I'he conver5|gg af the

crossl i nkabl e cormpsjﬂuc&ln 5tnto noul d?&ﬁ%&mﬁé@ articles may be carried
out during or aft'er crossli n%I Negay 38 | MENTAI r Sg%l’lﬁ\yedn t he text

her ei nbel ow, £ pl &oWFFEEA breV|at|on a5@5u5@@3 t he maxi num
val ue oﬁdehélF ?que obt ai_nedy, gﬁowhtﬁ %rve recorded Pyséde & heoneter. This
val ue determn S @&@u@ﬁD@?llnklng 5 ﬁ hgye,TEQY %?osslinking time, the
tinme redianiéd to reach 9 o%nﬁhefﬁﬁ§ Fim t or que. _COOH or

Ra Ra an ch as

u
for Rl' aCld grO‘\l’P S

group, an

4. Furthermore’

e hydroxyl ~oF
_po(o8)2 OF ©

resents

Yep _
c(OR)(OR )

20 Ry Ry



TS5 . scorch tine, the time required at a given tenperature for the torque
to 10 increase by 5 Mooney units. The crosslinking density (MH) and the
crosslinking time (T90) of the blend obtained were neasured at 180C using a
Monsant o ODR 2000 E rheoneter (Al pha Technol ogies, oscillation arc: 3,
oscillation 15 frequency: 100 cycles/mq{y. The crosslinking tinme is also
determ ned using the rheoneter used under the sane conditions as above. The
scorch time was neasured at 145C using a 20 Mooney M 2000 vi scometer

(Al pha Technol ogi es). ExafRtenlr{nal,,i R,a8688" HANGE W1 Mdpepd nvention): 1
000 g of low density polyet hyl ene (ﬁ tene sold by Ashland), 25 g of dicunyl
peroxide (Lupgen¥i&k) 82 andrdrénef RadebiRet 8hmanmblyhingpesi dibayy (TEMPO
were m xed together in a turbom xer at 80C (nom nal tenperature) for 15

m nutes (stiugedAgfspetdrmudl8 (POY) tol9vIiheapawderepmesthes gonverted into
a sanple in the formof a disc by nelting at 110C for 3 min. The sanple was
t hen pl aced divahent hgpoepechoseni Scomet er chanber. Exanple 2 (not in
accordance with the 5 invention): Exanple 1 was repeated w thout the use of
2,2,6,6-t8tramet hyD@iPer (ARIRMY-CTAEOresults are given in Table 1
Comparison of Exanples 1 and 2 shows that the scorch time is higher in
Exanpl e 1, but is-NH-(CRsRp)aNH-,

~NHC {O) - (CRaRyp) n~C (O)NH-,

-S5-, -0-; R and Ry, which may be identical or
different, represent a hydrogen atom or a linear or

10 branched alkyl radical containing a number of carbon
atoms ranging from 1 to 10 and n represents an integer
ranging from 0 to 20.
In addition, it is possible to use the

nitroxides represented by the general formula (VIII):

15

(VHI)

in which R;, Rz, Ry and Ry, which may be
identical or different, have the same meaning as those

20 in the above formulae (III) to (VII), A is an integer



10 acconpani ed by a |large reduction in crosslinking density and by a slight
I ncrease in the crosslinking tinme. Exanple 3. Exanple 1 was repeated,
adding 3 g of 15 diisopropyl benzene (DI PB). Conparison of the results with
t hose obtained in the above exanpl es shows unanbi guously that such a

conbi nati on nakes it possible to maintajn an increase in the scorch tine
while at the sane tinme giving a 20 hig crosslinking density and a | ower
crosslinking tine. 20 Table 1 Additives)thinun1torque at 180C (MH) (N.

m Scor ch thgg at 145C ]§§5%0 n%%%g%%%fllnkln ggget 180C (T90)
(mn/s)Exa B8Rl e 3TEMPO +
S O AL B M st o fe s
MBMB. 4514: 384 40, Fx2 Rl ¢ 1§e £H9érf£b@&&%9@ﬁm§nwéh JSP ~NRio- with
Rip denoting a hydrogen atom, an alkyl group containing
5 a number of carbon atoms of between 1 and 12, or a
cycloalkyl group, and Q represents a radical —-OR;i,
-NHRi; or -NR;3Ri3 in which Ri; represents a linear or
branched alkyl radical containing a number of carbon
atoms ranging from 1 to 12, a C3-Ci;; alkoxyalkyl
10 radical, a cyclohexyl radical, a benzyl radical, a
phenyl radical, a tolyl radical or a
2,2,6,6-tetrapiperidyl residue, Ri; and R;3 have the same
meaning as R;; and may moreover also form, together and
with the nitrogen atom which bears them, a 5-, 6- or
15 7-membered heterocyclic radical which may also contain
an oxygen.

The nitroxides of general formula (VIII)
usually used are those obtained by oxidation of the
amines sold by the company CIBA under the name

20 Chimasorb 944 in which R;, Rz, R3 and R; each denote a
methyl group, Ry denotes an alkylene group containing 6
carbon atoms, Q represents a radical -N(0°)-CgHi; and A
is an integer between 2 and 4.

The nitroxides of general formula (VI) that

25 are preferred are those for which R;, Rz, R; and Ry each
denote a methyl group, Rs, R¢, R7; and Rg each represent a

hydrogen atom and X represents a group -CHZ-.



ifnvention) 5 318 g of conpound EPDM DI N 7863 (containing 100 g of

et hyl ene- propyl ene-di ene terpolyner and 218 g of fillers) were conditioned
in a Banbury-type mxer with a volunme of 350 cnB at 50C for 5 mnutes at a
speed of 50 revolutions/mn. 8 g of Luperox F40ED (40~ 10

di (tert-butyl peroxyi sopropyl ) benzene a 460~ inert fillers) were added and
m xed wth the conpound for 5 mnutes at”50C at a speed of 50
revolutions/mn. Exanple 5. (not in accordance with the invention) 15

Exanpl e 4 i ted but_with t ddifion. . 21 pot only of L F40ED
but B S0 of 0. 6770 of LA RYHr 639157 5. 8t BECBLARRELhyPERBERT dyl oxy

(O TENPO . EBILE, Bl 1 10 A5 OBSREE, b e LYS0L gnlap Bxarml e S
7 Exanpl o 5" bpoat S BUT W £kt Re ot 1T oro 10 ChrenriE F b ner ox F40ED
and CH'TENPGT@M§O§|§Qh§ér&x§—ﬂ,@f6h@m&etramethyl—l—piperidyloxy,
5 sold under the name 4-hydroxy TEMPO, 4-methoxy-
2,2,6,6-tetramethyl-l-piperidyloxy, commonly known as
4-methoxy TEMPO, and 4-oxo-2,2,6,6-tetramethyl-
l-piperidyloxy, commonly known as 4-oxo TEMPO.
The nitroxides of general formula (VI) that
10 are particularly preferred are those represented by the

following formula:

CH
CHy J°
"0—N O_[c’:_CnHZnﬂ
CH3 o]
CHs
15 with n possibly ranging from 1 to 20.

Nitroxides such as 2,2,5,5-tetramethyl-
l-pyrrolidinyloxy, sold under the brand name PROXYL,
bis(l-oxy-2,2,6,6-tetramethyl-4-piperidyl) sebacate,
sold under the brand name CXA 5415 by the company Ciba

20 Specialty Chemical, 2,2,6,6-tetramethyl-4-hydroxy-
l-piperidyloxy monophosphonate and 3-carboxy-
2,2,5,5-tetramethylpyrrolidinyloxy (commonly known as
3-carboxy Proxyl) are also preferred.

According to the present invention, compounds



WO 02/ 28946 22 PCT/ FROL/ 03011 CLAIMS 1. Scorch-retardant conposition
conprising a nitroxide and at | east one pronoter chosen fromthe group (P)
consi sting of conpounds containing at |east 5 one double bond, which nay be
di functional or polyfunctional. 2. Conposition according to Caim1,
characterized in that the nitroxide is used in weight proportions ranging
from1:0.2 to 1:5 relative to thesdl0 anmobunt of pronoter present. 3.
Conposition according to Caiml1, characterized in that '% al so conprises a
free-radical initiator chosen fromthe gro lg@@sssﬁFﬁg of organic

per oxi des and azo conpounds, fggiﬁadMQ§ﬂe§I%hereof 15 &eamaosi tion
according to d alggals@l]élf%cfterl zed in_that ﬁﬂﬁxfr\éé’qa Cal initiator is
used |nWMB¢@H¥7%roport|ons 0 l&r@@rQﬁEﬁ%ﬁ to 1:1 relatiy@atg t he amount of
ni t roxi de pres%gtanEJOCDﬁﬁ 887t on accordhﬂg wnlchaﬁﬁ?é or 4, 20

char act ecr®e4™'n that the f I efﬁaélééﬁ Fnltlator i s used in weight
proportions ofog Jororl: (Pr(?? Yo 1.1 reI at vqmtcmg edrf‘gunt of pronoter used.
6. Conpo%ﬁi‘f‘i’r% accor di ng gﬁﬁy v of alns 3 to 5 cl"@{aﬁné\rl zed in that
it also coan sesag26ras he rnDp astic gog gﬁklagd¢%? %n elastonerlc pol yrmer
whi ch nayPBe“crossl i nked %{ @aansSoFr ®per oxi de or a% c2z@rednpbund. 23 7.
Conposi ti on orldw’tqat ai m 6, char alcttl%[ﬁomd 5% that the free-radical
initiad orrar%presents be Vﬁe \'aﬁi‘d 1g‘parts and pre1 q;@l:ﬂcy-lfk?et ween 0.5 and
3 parts perr&QQd@ar@% H@ i ght of 5 go&gﬁpmunds

on,
hnologY: 3rd editl
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8. Conposition according to any one of Clainms 1 to 7, characterized in that
the nitroxide is represented by: 2 R~R- "~ CC ,~/ \ N~ \ Rz
(rrr)y a. oinwhi ch R, R, RB, R4, R 1 and R 2, which my be
identical or different, represent a hydrogen atom a hal ogen atom such as
fluorine, chlorine, bromne or 15 iodiqg a lineax, branched or cyclic,
saturated or unsaturated hydrocarbon-ba %d group such as an al kyl or phenyl
radi cal, a polyner chain which may be) for exanple, a polyal kyl
(meth)acrylate.chain, for_jinstapce polynethyl methacrylate, a polydi ene,
pol yol efi n oPPS0 poTYEeSr ER]TERAEI n, a functional i zed group such as a cyana

-CN group, an ester -G-OR grou n an -CIﬁ# ) Z 24 ou an al koxy
-OR group or a phosphg%é eg9?2§%f§§ g?%%% TH $Z%e?§%%%ré3eﬁ?§ a

hydr ocar bon- %$ﬁ? hal p_. ceont ai ni og. It at . 9. Conposition
according tog a %§B?A§ec%é%ac%%??%%ggP%&?%§¥ f%ﬁ%ﬁ )F?§E§%§gbe | i nked
together to {gepuad rbffet 18] VEroRecRoniBi &S, R, RS az8bi X(&aiB- Rl R3 N~ Rz

RRRRLR4A\ ~w 3, N~RO04~2 (N 00. (W)
5 pentanoic acid) and 2,2‘'-azobismethylbutyronitrile.
Dicumyl peroxide and o,0’-di[(t-butyl-
peroxy)isopropyllbenzene are particularly preferred.
The thermoplastic and/or elastomeric polymers
taken into consideration in the present invention may

10 be defined as natural or synthetic polymers which have
a thermoplastic and/or elastomeric nature and which may
be crosslinked (cured) under the action of a
crosslinking agent. In Rubber World, “Elastomer
Crosslinking with Diperoxyketals”, October 1983,

15 pages 26-32, and in Rubber and Plastic News, "“Organic
Peroxides for Rubber Crosslinking”, 29 September 1980,
pages 46-50, the crosslinking action and crosslinkable
polymers are described. Polyolefins which are suitable
for the present invention are described in Modern

20 Plastics Encyclopaedia 89, pages 63-67 and 74-75. By
way of example of polymers and/or elastomers, mention
may be made of linear low density polyethylene, low
density polyethylene, high density polyethylene,
chlorinated polyethylene, ethylene/propylene/diene

25 terpolymers (EPDM), ethylene/vinyl acetate copolymers,
ethylene/propylene copolymers, silicone rubber, natural

rubber (NR), polyisoprene (IR), polybutadiene (BR),



10 in whi ch RS( R6, R~ and RS , whi ch may be identical or different,
may be chosen fromthe sanme famly of groups as that envisaged for Rl, R2,
R3 and R4 and, furthernore, may represent a hydroxyl -OH group, an acid
group such as -COOH or -PQ(OH)2 or -SO03H. 15 Furthernore, X in formula (V)
represents a divalent group chosen from nethylene, -CH2-, -C(OR)(OR ) -
carbonyl -C(0)-, oxy =0- and -CH{g with Z representing a nonoval ent residue
chosen from cyano: -CN, am no: -NRR , al koxy: -OR |n1noyl -N=CRR , 20
carboxyl ate: -0OC(0)-R and ani de: -NHR-C(O%@% gr osipEE SR whi ch R and R

whi ch may be identical or dlff Eﬁalymﬁéﬁr ent a hydrogen atom a Ilnear or
branched al kyl gm@uﬂl@8ﬁtal ing a nu opat€dr bon at ons rangi ng from
1to 10,.8f1a0 or phen rcndthH9 nposition according to Claim?9,
characterized in t?ﬁélghefﬁf nula (M) is phosphonate 5 -OP(0)R'R'" with
R' and g?taaaeﬂﬁg e sane nmeaph agtaSGES 11. Cbnp05|t|ﬁgtagkord|ng to any
one of ains 1 7ap@héﬂ&8fer|zed in tha fthehH|FPSX|de is represented by
t he geneE;@lyef'Cé?Yr?lﬁa (VII) 10 e e AT vhi ch R, . RZ , R3 and R4

whi ch may be identjgatior ferent hayvie, 1 &ige bahE® H%%nlng as those 15 used
for fornulae (rrr)y to (i) ﬁgg ysrep de8ENs a dival ent group chosen from
-OC ( C%)ar@;a)—,ezcef’ ) O- , -NH ( CRaRb ) nNH , -NHC ( 0 ) - (
CRaRb rumB %ﬁgﬁs 0-; Ra and Rb, whi Jdindse i dentical or
dlfferent %ﬁﬁg 5&eeﬁ¢ﬂéh en atonlor ﬁgiiwmﬁﬁ r branched al kyl radi cal

contalnlngeé erlgfacgr QBn to th — comprise
and (B
e (A) inert
osition . rs and
ghe comP gicize
HOVEe ! tabilizers’ las i carpbonate
. s iu
antSl Calc
an neioxid 1ica. clay ©F comprise b
¢ such 2% = y and () m&
10 giller gicions (B rise W or

25



26 atons ranging from1 to 10 and n represents an integer ranging fromoO to
20. 12. Conposition according to any one of Cains 1 to 7, characte
that the nitroxide is 5 represented by the general fornula (VII1):

zR_1 vR 00 RO (MII) inwhi ch R , RZ, R3 and R4 , whi ch may

i denti cal

or different, have the sane $ﬂing as those in the above
formulae (11l) to (M1), ~, is an integg

rized in
N N N~ N
be 10

between 1 and 20, RO represents

an al kyl ene group contai ni ng a nunber of carbon atons ranging from2 to 12
which may be interrupted wt

- 05 - W Rod t
hydrogen atom an aIk groughsoﬂ?ﬁ?ﬂﬁﬂgvgﬁﬁgnﬁﬁ1EB? Earﬁgﬁ SPgnLngf

betveen 1 and 12, or a cycl ogkylg0RenPe QoLe9Lesenkaadar Ad AL -

-NHR12 or

-NR12R13 i n which re resen a | Irnear ranc

radi cal containing a nunber pf, gﬁépgp 20 atonms ranging from1 to 12,

C3-Clz al koxyal kyl 27 radic

a phenyl radical, a tolyl raghesl vaiua deRebnbnb8! £RAI BEBETYLnkenid
and R13 have the sane nmeaning as Rl1 and may noreover also form together

and 5 with the nitrogen atongwhkgBybears them a 5-, 6- or 7-nenbered
het erocyclic radical which may al so contain an oxygen.

10

15

20

25

Tyg : crosslinking time, the time required to
reach 90% of the maximum torque.

Tss : scorch time, the time required at a
given temperature for the torque to
increase by 5 Mooney units.

The crosslinking density (My) and the
crosslinking time (Tgy) of the blend obtained were
measured at 180°C using a Monsanto ODR 2000 E rheometer
(Alpha Technologies, oscillation arc: 3°, oscillation
frequency: 100 cycles/min).

The crosslinking time is also determined
using the rheometer used under the same conditions as
above.

The scorch time was measured at 145°C using a
Mooney MV 2000 viscometer (Alpha Technologies).

Example 1 {(not in accordance with the
invention) :

1 000 g of low density polyethylene (Mitene
sold by Ashland), 25 g of dicumyl peroxide (Luperox® DC)
and 3 g of 2,2,6,6-tetramethylpiperidyloxy (TEMPO) were
mixed together in a turbomixer at 80°C (nominal

temperature) for 15 minutes (stirring speed = 930 rpm).

a
- OR11,
|

a

a cycl ohexyl radical, a benzyl radlcal

ue, R12



13. Conposition according to any one of Clains 1 to 7, characterized in
that the nitroxide is 10 chosen fromthose represented by the foll ow ng
formula: CH CH3 0- ~~ - CnH2n+1 CH3 \ O CH3 with n possibly ranging from1
to 20. 15 14. Conposition according to any one of Clainms 1 to 7,
characterized in that the nitroxide is sz 6, 6-tetranet hyl - 1- plperldyloxy,
general ly sold under the name TEMPO,
4- hydr oxy- 2, 2, 6, 6-tetranet hyl 1- plperldyloxy, sol d under the nanme 4-hydroxy
TEMPO, 20 4- hox 6 rid c |y _known as
Eﬁ%ﬁ) Yaér g:% %ﬁgﬁ %%& Qﬁ@g L ¥%rﬂ Ye TRMIRL Yo ¥

4-met hoxy T - 0X0- eri OoXY, connDn?y known as

4- oxo TEMPQ, g IS(% §ctﬁ% @ggﬁgg% &Epy{ gégy%qﬁy sehd yndef . thes brand

nane PROXYL, oXy- etrane peri dy sebacate sol d

under the bf@ﬂé’n“ﬁﬂ&c&%&é%ﬁe@hé&ﬁe@@ﬁ%ﬂv%@&n@@f'@ﬁéﬁﬁoé?em cal,
2,2,6,6-tetramet hyl - 4- hydr oxy- 1- pi peri dyl oxy nonophosphonate and

3- carboxy 2,2,5,5-tetrgp@hbye > Pyst ol dddydoXanésopTeRl yh&known as
" 3-car boxy Proxyl) 15.7Conposition according to any one of Cains 1 to 14,

characterpzethvéenthet) t he pronoter is chosen fromtrans-stil bene,

di vi nyl benzene, trans,trans-2,6-dinethyl-2,4,6-octatriene, 10

di cycl opent adi ene, 3, 7TExiampildyl -das3, Heped add i eheh¢OC MEdBE)setd® conpounds
represented by the general formula (l1): CH3 (~=CH2)n Rfl1 15 in which R
represents a2hyde ogehetrameory bl péRidy tpxyip Bie Iresubteaberginens and n

is an integer
in Table 1. Comparison of Examples 1 and 2 shows that

the scorch time is higher in Example 1, but is
10 accompanied by a large reduction in crosslinking
density and by a slight increase in the crosslinking
time.
Example 3:
Example 1 was repeated, adding 3 g of
15 diisopropylbenzene (DIPB).
Comparison of the results with those obtained
in the above examples shows unambiguously that such a
combination makes it possible to maintain an increase
in the scorch time while at the same time giving a
20 higher crosslinking density and a lower crosslinking

time.



between 1 a
(rr):
be identica
at ons.

1,2,4-triisopropenyl benzene,
-ort ho-dii sopropenyl benzene,

-ortho-dii sopropenyl benzepne, . 4-i sopropyl mdii sopropenyl benzene,
EQP%SpL p- di i sopropenyl benzene,
|y

3-1i sopropyl
4-i sopr opyl
5-1i sopropyl -

29 i

nd 3,

16. Conposition according to Caim 15,
pronoter is a-nethylstyrene,

H3 CH3 - C- CH2 -
| or different, repres
orth
1, 3,

n}diisopropenylbenzene

contanmnvd-nh

ol \ A

ent an al kyl

o-, I
5-trii

nent-aorne

opyl -

opr openyl

- and the conpounds represented by the 20 general f

ormul a

C=CH Ry RZ in which RY and RZ, which may
group of 1 to 4 carbon 5
characterized in that the

- and para-diisopropenyl benzene,
10 benzene,

2,4' b|S(3'| OPTOpPYyT T PCTITtTg;

'JI Lall_yl
2, 4-bi s(4-1 sopropyl phe %@ ent en
2- (3-i sopropyl phenyl )} Qy itﬁgﬁ ropyl%ﬁ§ﬁ$ j
2- (4-isopropyl phenyl)}-4-(3-i sopr opyl | )4-
2,4-bis(3-nEthyIphenyl)-4-nethy|1-p§%?§gé %%

AW
i IILaLII_y = e

’SCOfﬁhla} pan?%ﬁﬁilinking
ne;@yilﬁlgcpent €R%me at

2, 4- bi s(4- et hyl phenyll ) - 4-mmet hyl 2D n g 1 NPosi4td@ corging to
any one of lains 3 tlo 16, characte%%ggg ?ﬁpthatzthe fr e]fghchpr B~
initiator i$ dicunyl peroxide and B, ~"(yOh( (t tbhuthn/s) (min/s)

per axy)i sapfopytjbenzene. 18. Conppsition acqording to any one of ains 6
to 17, char astgphzged i n t hampbhe ppl ynerii s § choseso fromlimean | ow
density pol yethyTene,| Taw density polyethylene, high density polyethyl ene,
chl ori nat ed|malypethyliene, ethyl enef pr apydsene/{but adidene tlexpoleyser s,

et hyl ene/ vi pyl acetatle copol yners, | et hyl ene/ propyl ene cdpol yners, silicone

rubber, 14 ghMampasus phorEp@d- palpgel hylzrss, flluor o8l Bt oners, 6:02
et hyl ene/ methyl (neth)acrylate coppl yners ang
Example 4 - 5.94 2:50 5:21
Example 5 OH-TEMPO 5.14 16:19 5:39
Example 6 MBM 6.61 1:43 3:54
Example 7 OH-TEMPO + 6.45 14:38 4:46
MBM
Example 4: (not in accordance with the
invention)
5 318 g of compound EPDM DIN 7863 (containing

100 g of ethylene-propylene-diene terpolymer and 218 g

of fillers) were conditioned in a Banbury-type mixer

3

with a volume of 350 cm’ at 50°C for 5 minutes at a

speed of 50 revolutions/min. 8 g of Luperox F40ED (40%
10 di(tert-butylperoxyisopropyl)benzene and 60% inert
fillers) were added and mixed with the compound for
5 minutes at 50°C at a speed of 50 revolutions/min.
Example 5: (not in accordance with the
invention)

15 Example 4 is repeated but with the addition



et hyl ene/ gl yci dyl met hacryl ate copol yners. 19. Crosslinking process
conprising a thernoplastic and/or el astoneric polyner, in which the 15 said
polymer is mxed in the presence of a free-radical initiator, a nitraxide
and a pronoter chosen fromthe group (P?. 20. Process according to Claim
19, characterized in that the conversio& into nmoul ded ar 20 extruded
articles is carried out during or after %rosslinking. 21. Moul ded or
extruded articles which may be obtai ned according to C ai m 20.
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6. Composition according to any one of
Claims 3 to 5, characterized in that it also comprises
25 a thermoplastic polymer and/or an elastomeric polymer
which may be crosslinked by means of a peroxide or an

azo compound.
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10 in which Rs, Rg, R; and Rg, which may be

identical or different, may be chosen from the same
family of groups as that envisaged for R;, Ry, R: and Ry
and, furthermore, may represent a hydroxyl -OH group,
an acid group such as -COOH or -PO(OH), or -S03H.

15 Furthermore, X in formula (VI) represents a divalent
group chosen from methylene, -CH;-, -C{(OR) (OR’)-,
carbonyl -C(0)-, oxy -0- and -CHZ- with Z representing
a monovalent residue chosen from cyano: -CN,
amino: -NRR’, alkoxy: -OR, iminoyl -N=CRR’,

20 carboxylate: -0C(0O)-R and amide: ~-NHR-C(O)R’ groups, in
which R and R’, which may be identical or different,

represent a hydrogen atom, a linear or branched alkyl



10% & ()-L L .10% & ()- L'@ 10% & ()- L$ 10% & ()-s L "10%

& ()-1/1/9/=/BIL/Z/|[:vUALL L9F1lgl0% ()- L LO, 210% & ()-L e, 210% & () -

} 1@O0%: ()-1 01@0% 0& ()-1 LO1@O0% & ()-12/d/n/s/w x/ylz/}/|obUALL L10%
& ()-10 10 10 L LIF:10% & ()- 9F1gl10%& ()-  J U9F1g10% & ()- LOF1g10%
)-"1Y/1/01 0~00L| [: bUALL L Ls10% & ()s.L3-10% & ()-L Lz10% & ()- L10%
)- L 10% & ()- LSMLO% & ()-OLle222%3.3|[:bUALL L LS@10% & ()-

"10% & ()-L L90% & ()- L# 10% & ()- L 10% & ()- L- 10%

)- . 3VBZ3 3i 3k3rr8n31[g?j?54L1 101 |er00 &%l( L, /. 10% &éi y i 3t 10%

)- L9310~ & B9 & (§ eﬁl% QT 3EARSBARIAE AT 101 L10%
)

o4 Ubaddass| | 791 1016° 1%%%1 s D0 17 mon e ()- 113 10w ()-

Lf-10% & () - Llo%&() 4L gL "10% & ()- L
10% & ()- L, ML0% & () - 100_}(5%&% éi% %’no%ﬁégﬁhﬁ% /@%f A1 10 L 910%
& ()- L8: 109@§éfactér§@é@g§§iﬁﬂatLﬁlgdbﬁbfﬁulé $¢€Z@i§)phosphona
$10% j & ()-666666U77{8yX7L1 oLZ10% 6& ()-S L 109 & ()-S 10% & ()-S L10%
& ()-10 19 1008(01R%R & (wi{88RO%BhARY [ NaFldg thelOdm& feanxB§ dO9F ?& () -
}9& 10%DD&' () - tL“!lO%;&' ()- 1lelL 110% ,& ()- LLZ10%& ()-SD;
S <d<<vU4zl Ly @0% & ()- L MI0% & ()- L,-10% & ()- L10% & ()-10D D10D
D10OD D }95' ! 109 D& ()-<<<=L={==|[:vU4L1l L L10% & ()-L L10% & ()-L LyS10%
& ()-L Ly10% & ()- L 10% & CYmpeyidDen sa¢gording >G> | dnyWtd ¢fLL) Z10%
& ()-L ,3 10%0C& ()- L O3 10% & ()- L 7a,3 109 ()- L 10%& ()- LL!10%
& ()- C>o>>>7(F3?Qﬂ‘p% YU 17 L quaqum@gmeeyd Lin | ghan, he )nitrgxide 096 & ()- L
LF@10% & ()- Ly -10% & ()- L+10% & %22 t ??7???@@@@wUAL1 109 T& ()- L10%
& ()-10 10 1voemr%3%11@e/égbr()th%y@q@% (§OrmyBA0W R ) - @ABB CC| [ : vUALL
t YOS 10051 ()-zL L- 10% ()-z \- 10% & ()-zL L’ 10% ()-y o 10% & ()-y L
10% & ()* Ej EKEl EOEEVUAL1 10% & ()-S L10% & ()-101010L e.- 10%& ()-  e.-
10% & ()-° LY%S 10%0& ()-zEFMFFFGHEH| [:vU4L1 L " 110%& ()-SL 0" " 110% & ()-S
L 110% & ()-SL j 110% & (h S IRPU& ()-S 10% &Ry) - SEHI Tl "JJJ3JJ] obUAL1
L109 &'()-10" "10" "10" < Jo% "& ()-'L o -\ 108 ()-' L $f 10%& ()-T

‘ g Ls 109 & ()- LY 10%
LLI\/I bU4L1 L L10%X & ()-

e T

& (
& (
L

& (
& (
& (

& ()-L LSI0%K & ()- L10%K &
L109%X & ()- LS10%X & ()OO T7
& ()- MBMAVMVN. N [ : bUALT L LF+AL0%K &' () -
LOA0W & ()- L#L0%K & ()- L@s1l0%K & ()-.
LAGLO%X & ()- L2109% & ()-L £SA3109X & ()- L/ 10RK & ()- L& 109

& () - %LCdCeCf Og0 COOVUALL L 1098 & ()- L10% & ()- L10% & ()-10X 10X 10X
L: S109% & () - 61 10% X - & () - OCO0OCPIPP\jpyvU4L1 L LIL10% & ()-" L L-10%
&0 -L 109 A% (). L 10%& ()- L@ 10k & ()- L 210%

& () - PQAQWQQQQ [: vUALL L Lf&10% & ()-L L$10% & ()-L LL"10% & ()- L!10%
& ()- Lf 10%& ()- xL10%,, & ()- Q¥ RRRR/S|[: VUAL1 L LL5 10% & ()-L
Ly110%: ()-L Ly/ 10% & ( 0%:&' (): LITFI0% & (). LE] (- 10%

& ()-/S_SSSSSSS TvU4L1 ‘Vhi‘bl%r% R%'L;#i’/ﬁ%)i %’L WBY(PS10 10 10

LngSloqb&'(ldeﬁ£124998§'éifferent have the same meaning as those

15 used for formulae (III) to (VI) and Y represents a

09X
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divalent group chosen from:
-0C(0) - (CRaRp) 1-C(0) O-,
-NH- (CRaRp) nNH~-,
~NHC (0) - (CRaRp) n-C (O)NH-,
20 -S-, -0-; Rs and Rp, which may be identical or
different, represent a hydrogen atom or a linear ox

branched alkyl radical containing a number of carbon
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12. Composition according to any one of

Claims 1 to 7, characterized in that the nitroxide is

5 represented by the general formula (VIII):

N —
NQj/,N
Q R4 2 R4 Ry
R T Ry R3 N Ry
| 0° 0O° ]

(VI

in which R;, Rz, R3; and R4, which may be

10 identical or different, have the same meaning as those
in the above formulae (III) to (VII), A is an integer
between 1 and 20, Ry represents an alkylene group
containing a number of carbon atoms ranging from 2 to
12 which may be interrupted with an -O- or -NR;g- with

15 Rjp denoting a hydrogen atom, an alkyl group containing
a number of carbon atoms of between 1 and 12, or a
cycloalkyl group, and Q represents a radical -OR;i,
-NHR;» or -NRj;R;3 in which R;; represents a linear or
branched alkyl radical containing a number of carbon

20 atoms ranging from 1 to 12, a Ci:-Ci;; alkoxyalkyl
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phenyl radical, a tolyl radical or a

2,2,6,6-tetrapiperidyl residue, R;; and R;; have the same

meaning as Rj;; and may moreover also form, together and
5 with the nitrogen atom which bears them, a 5-, 6- or

7-membered heterocyclic radical which may also contain

an oxygen.

13. Composition according to any one of
Claims 1 to 7, characterized in that the nitroxide is

10 chosen from those represented by the following formula:

"0—N O—C——CpHan41

|

CH3 0

with n possibly ranging from 1 to 20.

15 14. Composition according to any one of
Claims 1 to 7, characterized in that the nitroxide is
2,2,6,6-tetramethyl-l-piperidyloxy, generally sold
under the name TEMPO, 4-hydroxy-2,2,6,6-tetramethyl-
l-piperidyloxy, sold under the name 4-hydroxy TEMPO,

20 4-methoxy-2,2,6,6-tetramethyl-1-piperidyloxy, commonly
known as 4-methoxy TEMPO, 4-o0x0-2,2,6,6-tetramethyl-
l-piperidyloxy, commonly known as 4-oxo TEMPO,
2,2,5,5-tetramethyl-1-pyrrolidinyloxy, sold under the

brand name PROXYL, bis(l-oxy-2,2,6,6-tetramethyl-
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formula (I):

CH;

(é CH2)n
“—~F

(n
15
in which R* represents a hydrogen atom or an
alkyl group of 1 to 9 carbon atoms and n is an integer
between 1 and 3,
- and the compounds represented by the

20 general formula (II):
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ortho-, meta- and para-diisopropenylbenzene,
1,2,4-triisopropenylbenzene, 1,3,5-triisopropenyl-

10 benzene, 3-isopropyl-ortho-diisopropenylbenzene,
4-isopropyl-ortho-diisopropenylbenzene, 4-isopropyl-
m-diisopropenylbenzene, 5-isopropyl-m-diisopropenyl-
benzene, 2-isopropyl-p-diisopropenylbenzene,
2,4-bis(3-isopropylphenyl)-4-methyl-1l-pentene,

15 2,4-bis(4-isopropylphenyl)-4-methyl-l-pentene,
2-(3-isopropylphenyl)-4- (4-isopropylphenyl)-4-methyl-
l-pentene, 2-(4-isopropylphenyl)-4-(3-isopropylphenyl)-
4-methyl-l-pentene, 2,4-bis(3-methylphenyl)-4-methyl-
l-pentene and 2,4-bis(4-methylphenyl)-4-methyl-

20 1l-pentene.

17. Composition according to any one of

Claims 3 to 16, characterized in that the free-radical






