;e3eLI Fv 6 T8C@\D 02/ 28950 - 1 - PCT/FR01/ 03010 SCORCH RETARDANT
GOVPOSI TI ON The present invention relates to the prevention of scorching
before crosslinking of a thernoplastic and/or el astomeric conposition with
5 peroxides or azo compounds. Premature crosslinking (scorching) during the

10 15 20 preﬂar9595¥9ggase is a major Q%g;[pulty in t€§T8€£%$22$§%§Xides

and azo conpoundS“i'n“Crosslinking (curi applicatio ric
and/ or thernoplastic materials. The preparatory phase consists in general
in blending the constituenéé

i i th t t t
that are often high. The ope?gggﬁgﬁ%on i |gﬁéﬁ%éggtggnprgg;?atosgnggsgres
quite often lead to deﬁﬂgp$§gggﬂg gﬁvgﬂgéggrgéhggegrtgz?hgnitiator, t hus

it 0 g

i nduci ng the crosslinking reaction w rmation of gel particles in the

bul k of the BlepdncTbg e&egeagehgﬁgtBeﬁereekregg&&ﬁkgﬁ | gadg to
i nperfections (inhonogeneity or surface roughness) o ?he frnal product.

Excessive scenebinbglasdieesnlifgrpbagkiempoReEbingssotibhewBherial, such
that the said material can no | onger be converted, |leading to | oss of the

entire batchpetoxaddit benazexesmpbuadscor ching may lead to the total
stoppage of the extrusion operation. Several solutions have been proposed
to 25 overcone this dr awbmaekurdéhosposslihRingeencpropnosgy Harisg @he
initiator with a halflife of 10 hours at high tenperature. The drawbacks of
t hi s approachreparaheryophase 2spaodagorodiéfficuilencyndtbet osa bbng curing
time and the high energy costs. It has al so been proposed to incorporate
certai n addi PRyesifasopraérate rewgpnevnefeincerefsbinkhdenégurings, the use
of organi c hydroperoxi des as scorch inhibitors for polyethyl ene-based
conposi ti ons2EPLESRFARRE RFt AlasperskideandiodetRerBealAREBEI tish patent GB
1 535 Ogg. The _use of viﬁ | nononmers was, the subject of patent US 3 954
907. Th usemaFefﬁiL?gﬁt e'g éagreparatory phase consists 1n general in

blending the constituents and optionally extruding them
at temperatures that are often high. The operating
conditions of this preparatory phase quite often lead
to decomposition of the peroxide or azo initiator, thus

15 inducing the crosslinking reaction with formation of
gel particles in the bulk of the blend. The presence of
these gel particles leads to imperfections
(inhomogeneity or surface roughness) of the final
product. Excessive scorching reduces the plastic

20 properties of the material, such that the said material
can no longer be converted, leading to loss of the
entire batch. In addition, excessive scorching may lead
to the total stoppage of the extrusion operation.

Several solutions have been proposed to

25 overcome this drawback. Thus, it has been proposed to

use an initiator with a halflife of 10 hours at high

temperature. The drawbacks of this approach are the low
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10 described in patent US 3 202 648. Patent US 3 335 124 descri bes the use
of aromatic am nes, phenolic conpounds, nercaptothiazol e conpounds,

sul phi des, hydroqui nones and di al kyl dithi ocarbamate conmpounds. Very
recently, the use of 2,2,6,6-tetranethyl 15 piperidyl oxy (TEMPO and

4- hydr oxy- 2, 2, 6, 6-tetranet hyl piperidylo§y (4- hydroxy TEMPO) was the

subj ect of a Japanese patent application JP 11-49865. However, the use of
the additives of the prior art cited above to increase the

scor ch-r esi stRFREDLeN nef Heel entiardiell tefd ebenencuhing urimg dndreclaad/ or on
the final crosslinking density. It leads to a reduction in the production
ef ficiency arfffTht SHRVFBFtGREEDF the final product. The present invention
elimnates the 25 drawbacks of the prior art since it makes it possible to
i nprove the scorch resist Qf‘?c% S RE RDRIFEDF AekrGIEPWFatdut thi s

uai ng a1 am 152 e DRI T (PO e ALUHAR (558, 5904 ot ub] ect of
Do ST, L S SRR BRSPS 0,
gﬂ% lF)\"ei Ufeg’z g@rﬁﬁ.@{l%l@% t%%ﬁ%@ﬁ&@g@—@sé&%&%és@@i%g ornut ae.
crosslinked with a peroxide was described in British
patent GB 1 535 039. The use of vinyl monomers was the
subject of patent US 3 954 907. The use of nitrites was
10 described in patent US 3 202 648. Patent US 3 335 124
describes the use of aromatic amines, phenolic
compounds, mercaptothiazole compounds, sulphides,
hydroquinones and dialkyl dithiocarbamate compounds.
Very recently, the use of 2,2,6,6-tetramethyl-
15 piperidyloxy (TEMPO) and 4-hydroxy-2,2,6,6-tetramethyl-
piperidyloxy (4-hydroxy TEMPO) was the subject of a
Japanese patent application JP 11-49865.
However, the use of the additives of the
prior art cited above to increase the scorch-resistance
20 time has a harmful effect on the curing time and/or on
the final crosslinking density. It leads to a reduction
in the production efficiency and/or properties of the
final product.
The present invention eliminates the
25 drawbacks of the prior art since it makes it possible
to improve the scorch resistance or the crosslinking
density without this having a negative impact on the

crosslinking time. This is achieved by using a family



RS R-RERSRE RA RZRB3~RLR3IRLO (IlI) (I'l'l')y in which at |east one of
the substituents R1, R Z Rl, R, R3, R4, R5, R6, R-, R8, RO and Rlo
contains at 10 | east one unsaturation which is reactive towards freeradical
addition. The remaining substituents, which may be identical or different,
represent a hydrogen atom a hal ogen atqy1such as fluorine, chlorine,

brom ne or iodine, a linear, branched or” cyclic, saturated 15

hydr ocar bon- based group such as an alkyl radical, a 4 substituted or
unsubst it ut edfaspaatifécgnobpoxadegans gadapiveN,, an amni de group - CONRRa,
an ester group -COOR, an al koxy group -OR _a phosphonate group

-PO(OR) (ORa), a hydrox{l fgretpsubpiest ah abedryeseptsdaNeasiotOds or 5
-PQ(OH)2 or SO3H. R and Ra, which nay be identical or different, nmay
represent a RYHFofeRCIEERT TERFABRE, CRFRAEAEAOBr COFRFEE1ROKG gr oup

contai ning a_nunber, .of carbons ranging from1l to 20, or an gptionally
Substituted PRERGTIGPON) SBRFRENINBoRF ABAFE EBR APAPRYTEFPBASt one
unsat ur ati on_n each i arti.cul ar represent | i near, .branched or cyclic
unsatura%ed H§§¥8§é§88n?H s& lﬁﬁoﬂﬁyoggaﬁssgfy?gfefxﬁ@P%SCr?the,

acryl am de °Eh8§%h§85¥E%€hQ8d959“EheWQSE1éﬁiggakoyﬁﬁﬁkaﬂat'0”5 are present
on 15 the same group, these nay be conjugated, such as, for exanple, in a
but adi enyl group, or unconjugated. Wen the abovenentioned fornul ae al so
conprise at |east one substituent comaining at | east one unsaturation, a
hydr oxyl group and/or an acid 20 rogp, t he hydroxyl group and/or the acid
group is preferably represented by , R6, // , RO and Ri 0. A subject of
the present invention is also a scoréhxiegafﬂggt crosslinking conposition
(C conprising a nitroxide (N aﬁﬂ/é frelradi ;g initiator 25 chosen from
t he group consisting of organic peroxideb and azt conpounds, and m xtures
t hereof . Anot her subject of the inventid® is a crosslinkable conposition
(A) conprising a 5 thernoplastic polynmer and/or el astoneric polymer which
may be crosslinked by neans of a peroxid® or an azo conpound, a nitroxide
(N) and a free-radical initiator chosen fromthe group consisting of
organi ¢ peroxides 5 and azo conpounds, and m xtures thereof. The present
invention also provides a process for crosslinking a crosslinkable

conposition conprisingRy tﬂgrnnplastic pol ymer and/ or el astoneric
pol ymer which may b&2cy os Ilqged by means of a per dg de AP N
5 Ry Rs
R
) R l R 2 a R
3 1 R
o R3 | 1
o
(II) (1ID)

in which at least one of the substituents R’.,
R’;, Ri, Rz, Ri, Ra, Rs, Re, Ry, Rg, Re and Rjp contains at
10 least one unsaturation which is reactive towards free-
radical addition. The remaining substituents, which may
be identical or different, represent a hydrogen atom, a
halogen atom such as fluorine, chlorine, bromine or
iodine, a linear, branched or cyclic, saturated

15 hydrocarbon-based group such as an alkyl radical, a



10 azo conpound, in which the said polynmer is mxed with a free-radi cal
fnitiator chosen fromthe group consisting of organic peroxides and azo
conmpounds, and m xtures thereof, in the presence of a nitroxide (N). The
present invention also provides noulded 15 or extruded articles such as
el ectrical cables or wires obtained frOQ%a crosslinkabl e composition (A).
According to the present invention, a nitroxide (N) of formula (IIl) is
preferably used, in which: 20 - Rl, R2, R3 and R4, which may be identical
or different subspisvsrt arnuniypbstéthyed proppltici gopubpyk, cyany|
sec-butyl or tert-butyl radical, - R5, R6, R-, R8 and R9 each represent a
hydr ogen at offFOHRd ~SY .- 2R 8MigEr §58HPs ~§ONRRear al bPAREH cdr ORP cyePPR.
unsat urat ed hydrocarbon-based _group or an acrylate, acr Ianige
met hacryl at e® raﬁ§PH¥c9§PEHid@ggrBUBgoﬁEHPpaﬁenﬁ§°HB ﬁgééPRﬁ Phekaw%le, of :
6 - 2,2,6, 6- etraetgyl-4- | peridyl oxy_acryl ate_-
2,2,6,6-tetr ¥FH§F¥ -HFBEBiagﬁogé ﬁ@tﬁgégypﬁPgP FPCPsaSréFQPPearto use, in
particular, a 'gro e ! éﬁ? tainin u turati .r.epresent ed by
par {1 oul 81 anpBhY L Ok Yoll) 1€ PR, Tn3BnURSY" BT LaR1EGR" 63

different, may represent a hydrogen atom, a linear,

branched or cyclic alkyl group containing a number of

carbons ranging from 1 to 20, or an optionally

substituted phenyl group.

10 The substituents containing at least one
unsaturation may each in particular represent a linear,
branched or cyclic unsaturated hydrocarbon-based group
or an acrylate, methacrylate, acrylamide or methacryl-
amide group. When several unsaturations are present on

15 the same group, these may be conjugated, such as, for
example, in a butadienyl group, or unconjugated.

When the abovementioned formulae also
comprise at least one substituent containing at least
one unsaturation, a hydroxyl group and/or an acid

20 group, the hydroxyl group and/or the acid group is
preferably represented by Rs, Rg, Ry, Rg, Rg and Rjp.

A subject of the present invention is also a
scorch-retardant crosslinking composition (C)
comprising a nitroxide (N) and a free-radical initiator

25 chosen from the group consisting of organic peroxides
and azo compounds, and mixtures thereof.

Another subject of the invention is a

crosslinkable composition (A) comprising a



~3 in which X represents a divalent group -OC (O -, -NRbC (O - or -P (O
(ORb) O with Rb having the 10 sane neaning as R and n is an integer which
may range from2 to 20 and preferably from2 to 10. The position of the
unsaturation on the group CnHzn-1 is irrelevant, but unsaturations |ocated
either in position 1 relative to X or ig the termnal position are
preferred. 15 Mention may be nmade, for éxanple, of: -

2,2,6,6-tetranmet hyl - 4-pi peridyloxy acrylate -

2,2,6, 6- tetréhermgplasbrgeppaymeXyan@(ﬁéceyaet@merlc polymer which

2,2,6,6-tetramet hyl - eridyl oxyacryl 20 am de -

2,2,6, 6- tetr@%ﬁth?lcﬂQﬁﬁ trke I%Xyﬁ%@%%c??laaE?HQX1¢@c%¥dPﬁga¥@ the present
i nventi on, ound whi ch be us free-radical |nitiators are
azo conpound§° QPBF - o?g%hFEoﬁeagfoESan EreﬁpBﬂd%ﬁ% niP L BeR6%Posi ti on,

produce free radicals h facilitate. t e cu r%nglcrosslrnkrn? reaction.
ad9cP d

Among the fr&8&° §e?agfggl ﬁ.?F%FBr%OHEéﬁ F?ﬁﬂfﬁgpﬁﬁeﬁ S di al kyl
perOX|de§ an%?g ﬁsggﬁééarg grﬁ Eﬁf? Cﬁhggég ed description of these
oun In Enc e

conmpounds wi nrca " Technol ogy, 3rd

edition, vol. 17, pagesy27 £9s@9t(£§§éat1&9 éﬂ?&gﬁ@@%&éé'g%r%«é%' des,

t he preferred |n|t|ators are di cunyl peroxid utyl peroxid

t- butylcunylf@ere%bgellakﬁnglaEéPaésﬂlékgbié BUhYbHEE PXN) BEXBPEsing

2, 5-di net hyl -2, 5-di (t-anyl peroxy) hexane,

2, 5- dlnEthy|a2tﬁeﬂméﬁ1@§tyép§69%mér3aﬂ@xyﬁean151astomer1c polymer

, 5-di met hyl - 2, 5-di (t-anyl peroxy) - 3- hexyne, a, a'-di

- but yl perwkigh siopy opy| ¢beszeiwkedi by -rasayhs pef oxi Peroxide or an
,5-tri[(t-butyl peroxy)i sopropyl]benzene,

- di n&0hyl a3e (tompoyh@er txyybuchnthe apalid polymer is mixed with a
-di met hyl 3- (t-anyl peroxy) butanol, and m xtures thereof. 20 Anpng the
er oxyket af 566t RedpFai et REHLIRRPY | @hePEN af¥OM the group consisting
-di (t-butyl peroxy)-3, 3,5-{ rrnetﬁglc ycl ohexane

-di (t- but%ﬁp%?%%?}%y%?%ﬁ%k%ﬁ% 2R b%%?lCquQH??%Laﬁﬁﬁd%+%§?53%lerate

(
yl 3,3-di(1-butyl pero but rate di(t-a eroxy) propane, 25
6,9, 9-pegP%ﬁ%?%yll% gﬁ% %?%%%y?ﬁe?ﬁ?*ﬁr nzég @?raoxacyclononane,
yl 4, 4-bis(t-buty, X
i (t- anylperoxy)bu#@%aﬁ gggﬁ% %gggnt%fgeogrov1des moulded
15 or extruded articles such as electrical cables or wires

)
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obtained from a crosslinkable composition (A).

According to the present invention, a
nitroxide (N) of formula (III) is preferably used, in
which:

20 - R;, Rz, Ry and R4, which may be identical or
different, represent a methyl, ethyl, propyl,
isopropyl, butyl, sec-butyl or tert-butyl radical,

- Rs, Rg, Ry, Rg and Ry each represent a
hydrogen atom, and

25 - Ryo represents a linear, branched or cyclic
unsaturated hydrocarbon-based group or an acrylate,
acrylamide, methacrylate or methacrylamide group.

Mention may be made, for example, of:



8 Azo conpounds which may be nmentioned, for exanple, are

2,2'-azobi s(2-acet oxypropane), azobisisobutyronitrile, azodi carbam de,

4,4' - azobi s(cyanopentanoi ¢ acid) and 2, 2' -azobi snet hyl butyronitrile. 5

Di cunyl peroxide and a,a'-di[(t-butyl peroxy)isopropyl)benzene are
particularly preferred. The thernoplastigc and/or elastoneric polynmers taken
into consideration in the present invention may be defined as natural or
synthetic pol ymers which have 10 a thernopl astic and/or el astoneric nature
and whi ch may be crossli Bkéd 6( éutedyaghier -Eheineriicy loxya asrodsitienki ng
agent. In Rubber World, "El astomer Crosslinking w th D peroxyketal s",

Oct ober 1983, pages 26-32, 2afd St eRIBEENYANG PRESEEYNGRY, " Organic 15

Per oxi des for bber _Crosslinking”, 29 Septenber 1980, pages 46-50, the
crossl i nki ng™8ECPERYAAG cr ossl i nkabl e pol ymers are described. Pol yol ef i ns

whi ch are suitable for ghe pres%ntri vgntion ar.e de§ r.ibed_in_Modern
Pl asti cs Encycl opedi a g ,lSaSE? 532 fd Y75 75! B? &éf 5I6faexanple,

“mention y f Ldn I .densi t l.ene ity
pol yet nyPone e o gen My Cob o THE T Al Lo o b B AT Sy
ethylenepropﬁkeggr%hqg tigkpol yners (EPDM, ethyl ene-vinyl acetate

copol yners, efhyl ene-propyl ene copol yners, 25 silicone rubber,

chl or osul phonat ed pol yet hyl ene, fluoroel astomers, natural rubber (NR)

pol yi soprene (I R), polybutadi ene ), acrylonitrile-butadi ene copol yners
(NBR) or styrene-butadi ene~cd mers (SBR). 9 Mention may al so be nade
of ethyl ene-nethyl (neth)acryl a gopol ynmers and et hyl ene- gl yci dyl

nmet hacryl ate copol yners. The ratiq of free- ical 5 initiator
to the nitroxide (N) in "Ch dgEB— ar-bn (@V)and in the
crosslinkabl e conposition (A pr/ef er abl y between 1 and 50 and

advant ageously between 2 a | I'n the crosslinkable conposition (A, the
10 free-radical initiator fefably represents between 0.2~ and 5~ by

wei ght of the amount of pol yneCHnd advant ageously between 0.5~ and 3~ by
weight. In addition to the constituents nentioned above, the conpositions
(A and (C) may conprise 15 antioxidants, stabilizers, plasticizers and
inert fillers such as &R wachcKayepreegnésum avBerate group

-0C(0)-, -NRpC(O)- or -P{0O) (ORp)0O- with Ry having the

10 same meaning as R and n is an integer which may range
from 2 to 20 and preferably from 2 to 10. The position
of the unsaturation on the group CpHy,.1 is irrelevant,
but unsaturations located either in position 1 relative
to X or in the terminal position are preferred.

15 Mention may be made, for example, of:

- 2,2,6,6-tetramethyl-4-piperidyloxy acrylate
- 2,2,6,6-tetramethyl-4-piperidyloxy
methacrylate
- 2,2,6,6-tetramethyl-4-piperidyloxyacryl-
20 amide
- 2,2,6,6-tetramethyl-4-piperidyloxymethacryl-
amide.

According to the present invention, compounds



The conpositions (A) and (C) may conprise two or nore nitroxides (N). They
nay al so conprise two or nore free-radical initiators. 20 According to the
process of the present invention, the crosslinking tenperature may be

bet ween 110 and 220C and preferably between 140 and 200C. Advant ageously,
the process is inplenented in the presence of an amount of initiator and of
nitroxide 25 such that the initiator/polynmer and nitroxide/pol yner weight
ratios are close to those of conposition (A). The conversion of the

cr ossl i nkabl whé chposit benusedt 8snbukbdedadicett indedagerisckee agp be 10
carried out during or after crosslinking. EXPERI MENTAL SECTION In the text
her ei nbel ow, CPRBORBABOARAYCS 8bBPB¥FaPrERT1IEFE  uYBEChyHUPORhEDRERARAUM val ue
of the torque obtained fromthe curve recorded_by the rheoneter. This val ue
det er ni nes t AECEFBSSLEARPNgPIOHERSEEGS Fag1Cadsr WRgCh fBCiLhbatrme

ired t h 90~ of the_maxi, t t i t t . TSH
Scorch ti e, “DRe BRI/ SKAPFLATALNE TESGEVEN -t BRBEPatiFe FBF~t he tor que |0
[ by 5 Lunit Th Li nki d it .1
crossl i ki n PG ALTot) SR tPRE BPEAd BLFAPHEA (s BonBdStrEd Bt 1BBE using a
Mbnsant o ODR,2000; BeLheARPEehe20x) LR TaelNglagLes oS! hhaki9naarc: 3,

oscillation
description of these compounds will be found in

Encyclopedia of Chemical Technology, 3rd edition,
vol. 17, pages 27 to 90 (1982).

10 Among the dialkyl peroxides, the preferred
initiators are: dicumyl peroxide, di-t-butyl peroxide,
t-butylcumyl peroxide, 2,5-dimethyl-2,5-di(t-butyl-
peroxy)hexane, 2,5-dimethyl-2,5-di(t-amylperoxy)hexane,
2,5-dimethyl-2,5-di (t-butylperoxy)-3-hexyne,

15 2,5-dimethyl-2,5-di (t-amylperoxy) -3-hexyne, o,0’'-di-

[ (t-butylperoxy)isopropyllbenzene, di-t-amyl peroxide,
1,3,5-tri[ (t-butylperoxy)isopropyl]lbenzene,
1,3-dimethyl-3-{t-butylperoxy)butanol and 1,3-dimethyl-
3-(t-amylperoxy)butanocl, and mixtures thereof.

20 Among the diperoxyketals, the preferred
initiators are: 1,1-di(t-butylperoxy)-3,3,5-trimethyl-
cyclohexane, 1,1-di(t-butylperoxy)cyclohexane, n-butyl
4,4-di (t-amylperoxy)valerate, ethyl 3,3-di(t-butyl-
peroxy)butyrate, 2,2-di(t-amylperoxy)propane,

25 3,6,6,9,9-pentamethyl-3-ethoxycarbonylmethyl-
1,2,4,5-tetraoxacyclononane, n-butyl 4,4-bis(t-butyl-
peroxy)valerate and ethyl 3,3-di(t-amylperoxy)butyrate,

and mixtures thereof.



frequency: 100 cycles/mn). The crosslinking tinme is also determ ned using
the rheoneter used under the sanme conditions as above. 25 The scorch tine
was neasured at 145C using a Mooney MWV 2000 vi sconeter (Al pha

Technol ogi es). 11 Exanple 1 (not in accordance with the invention): 1 000
g of low density polyethylene (Mtene sl d by Ashland), 25 g of dicunyl
peroxi de (Luperox DC) 5 and 3 g of 2,2,6, 6-tetranethyl pi peridyl oxy (TEMPO)
were m xed together in a turbom xer at 80C (nom nal tenperature) for 15

m nutes (stirring speedze 980rpPphRjls Whechomdyr bRamenkéanednvépred into a
sanple in the formof a disc by nelting at 110C for 3 mn. The sanple was
10 then pl aceédamplehea¥Redndt epz26P1¢i(cBRBLEKYRRORBER) - ERERBEE-2 (not in
accordance with the inyention): Exanple 1 was repeated without the use of
15 2, 2, 6, 6- t EPRHEYRYPpEpLPdyPERPIC ﬁEaWéggktéréféaapbéﬁ<FMa¢ab|e 1. The

conpari son of Exanples 1,and 2._sho t hat .t he hi gher scorch.time with TEMPO
isngccgnpani88n59H§lFaF§égge8Pga2e§?ﬁa?ﬂ léPS%E??ERFKﬁ°Béﬁ§F§%'angna sli ght

increase.in the crosslinking.tine.  2Q Exanple 3: .The _process is perforned
as descrrbed in Exanplglf?m %CBSFOFHQ? ?ngg'g 091??t oty

2,2,6,G'tEtr?€§BQ%3P%gﬁgkgﬁéggéPQEﬁerQP :@QgtTEE?ag%§agr8Ee%@éd?5

(2,2,6,6-tetTanet oxy net rylate to carry out a

conparison for an equiwﬁbeeheeaa%@agﬁﬁeiaﬂdvsrnéaagxbﬂerien55h9mers 12 The
conparison of the results wth those obtained in the precedi ng exanpl es

shows unanbi gupEs! yntBatohhi8epPhtioxi 88 FRKEBrbbeROSShhLARtIOni RSy Ease the
scorch tine while at the sane tine increasing the 5 crosslinking density.
Addi ti veMaxi pendefined as natural or synthetic polymers which have
10 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,
pages 26-32, and in Rubber and Plastic News, "“Organic
15 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
Plastics Encyclopedia 89, pages 63-67 and 74-75. By way
20 of example, mention may be made of linear low density
polyethylene, low density polyethylene, high density
polyethylene, chlorinated polyethylene, ethylene-
propylene-diene terpolymers (EPDM), ethylene-vinyl
acetate copolymers, ethylene-propylene copolymers,
25 silicone rubber, chlorosulphonated polyethylene,
fluoroelastomers, natural rubber (NR), polyisoprene
(IR), polybutadiene (BR), acrylonitrile-butadiene

copolymers (NBR) or styrene-butadiene copolymers (SBR).



torque at 180C (MH) (N. m) Scorch tinme at 145C (Tss) (mn: s)Crosslinking
time at 180C (T90) (m n: s)Exanple 1TEMPOL. 2119: 007: 10Exanpl e
2-1.958: 406: 50Exanpl e 3NT12. 4214: 106: 20Exanpl e 4-5.942: 505: 21Exanpl e

50H TEMPOG. 1416: 195: 39Exanpl e 6NT16. 1415: 474: 12 Table 1 Exanple 4 (not in
accordance wth the 10 invention) 318 g of conpound EPDM DI N 7863

(containing 100 g of ethylene-propylenef%ine terpol yner and 218 g of

fillers) were conditioned in a Banbury-type mxer with a volune of 350 cnB
at 50C for 5 mnutes atMeatibnspewydadtsosSdber emdeubiforshyilenegdmgtbfylluper ox
FAOED (40~ di(tert-butyl peroxyi sopropyl)benzene and 60~ inert fillers) were
added and niX@étﬂﬂ@ﬁrvﬁét@oﬁﬁégﬁﬁmﬁﬁﬁ sngi gthwd eae-98gcadyad speed of 50
revol utions/ mn, 13 Exanmpl e 5 (not in accordance with the invention)
Exanpl e 4 | sMeEpastr¥Edabet CRPORYMBESaddi ti on not only of the Luperox F40ED

but also of 0.677 of
g The weight ratio of the free-radical

5 initiator to the nitroxide (N) in the crosslinking
composition (C) and in the crosslinkable composition
(A) is preferably between 1 and 50 and advantageously
between 2 and 10.
In the crosslinkable composition (A), the
10 free-radical initiator preferably represents between
0.2% and 5% by weight of the amount of polymer and
advantageously between 0.5% and 3% by weight.

In addition to the constituents mentioned
above, the compositions (A) and (C) may comprise

15 antioxidants, stabilizers, plasticizers and inert
fillers such as silica, clay or calcium carbonate.

The compositions (A) and (C) may comprise two
or more nitroxides (N). They may also comprise two or
more free-radical initiators.

20 According to the process of the present
invention, the crosslinking temperature may be between
110 and 220°C and preferably between 140 and 200°C.
Advantageously, the process is implemented in
the presence of an amount of initiator and of nitroxide
25 such that the initiator/polymer and nitroxide/polymer
weight ratios are close to those of composition (A).
The conversion of the crosslinkable

compositions into moulded or extruded articles may be



5 4-hydroxy-2, 2,6, 6-tetranet hyl pi peri dyl oxy (O+TEMPO). Exanple 6: Exanple
5 is repeated but adding, instead of the O4TEMPO, 0.931 g of NT1. WO
02/ 28950 - 14 - PCT/ FR01/ 03010 CLAIMS 1. Scorch-retardant crosslinking
conposition conprising a nitroxide (N) containing at 5 | east one
unsaturation and a free-radical initiatgb chosen fromthe group consisting
of organi c peroxides and azo conpounds, "and m xtures thereof. 2.
Conposition according to Caim1l, characterized in that the nitroxide (N)
i s represent edrrdedy otigr duraeg( Px edterl KyossiiRking~ ~ ~ Rz Rs~-Q\ N/ CRi
O () R~~ROR RRSR5R ~R R (RLRRRLO a(ll) (Ill) in
whi ch at | east one of the substituents R1, R 2, Rl, R2, R3, R4, R5, Re,
R~, R8, RO and Rlo contains_at |east _one unsaturation which is reactive
towards free 15 radi caPXREE; < i ni ng substituents, which may
15 be identical or different, represent drogen at a_hal ogen atom
such as fluorine, chlo PnggebFSﬁin e6FlF§8?ﬁ¥/ gﬁﬁiﬁgggkwﬁpgnched or
cyclic, atuggkggvgégﬁgggrggg-ggggq group such as an alkyl radical, a 5
st

substitufed or unsu uted aromatic group, a cyano group -CN, an am de

group - CONRRa, an estey gr oUR ;LR - phosphonat e
group -PQQOR)(ORa), a &?drbxf}lhegrouﬁ%@oa}ri% og(r:?:g'%grt?l?@%uch as - COON or

-PQ(OH)z or SO3H, R and Ra, WHGh @Y el defd ikah Pt Hdd 8hehthe MY
represent a hydrogen atom a |inear,
rheometer.
This value determines the crosslinking
10 density.

Tgo : curing time, the time required to reach

90% of the maximum torgue at a given

temperature.
Tss : scorch time, the time required at a
15 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

20 (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.

25 The scorch time was measured at 145°C using a

Mooney MV 2000 viscometer (Alpha Technologies).



branched or cyclic al kyl group containing a nunber of carbons ranging from
1 to 20, or an optionally substituted phenyl group. 3. Conposition
according to Claim?2, 15 characterized in that the substituents containing
at | east one unsaturation rmay each represent a |inear, branched or cyclic
unsat ur at ed hydr ocar bon- based group or gf acryl ate, nethacryl ate,
acryl am de or nethacryl am de group. 20 Conposition according to Claiml
or 2, characterized in that the nitroxide (N) is represented by fornula
(IV): ~~3'0 - N~""' Exanpa-1 (8ot i apcondencX wephetbats a dival ent
group -CC (0) -, -NRbC (0) - or -P (0) (ORp) O0- with Rb having the same
nmeani ng as RBYWENHIPR) an integer which may range from2 to 20 and
preferably from2 to 10. 5 5. CE 0Si ion,accorfinghto Claim 4,
characterized in that the0Ri€r® ing%w( ngity polyethylene (Mitene

8 LTINS 2 B e cooscone 20

2,2,

, 2, 6, 6- | - 4 pi L dyl 1 d -

2.2, 6. 6t r oGt RyF- 4E bf BB b OT DRy RETHERY PP BT o218 CHRBSERY 1 B Sccor di ng
to one of thg: 15 PLEGEIIN0 £ &l MRurahAtas! &l 598c Nobidhalhe free radical
Initrator 1s I cunyl per oxi de or

Cc, OC -di [ (tebmbat-Relexy)#SOPIDRYEbasr ens: s i rgwé&i._orgﬁpc%@i ng to one
of the preceding clains, characterized in that it conprises a 20
t her nopl ast i oh@OpyHBEY HREE OFhan €baséPHBAI tnPS! ¥ ®dmple in the form

of a disc by melting at 110°C for 3 min. The sample was

10 then placed in the rheometer or viscometer chamber.

Example 2 (not in accordance with the
invention) :
Example 1 was repeated without the use of
15 2,2,6,6-tetramethylpiperidyloxy. The results are given
in Table 1. The comparison of Examples 1 and 2 shows
that the higher scorch time with TEMPO is accompanied
by a large decrease in the crosslinking density and a

slight increase in the crosslinking time.

20
Example 3:
The process is performed as described in
Example 1, except that the 3 g of 2,2,6,6-tetramethyl-
piperidyloxy are replaced with 4.4 g of NT1
25 (2,2,6,6-tetramethyl-4-piperidyloxy methacrylate) so as

to carry out a comparison for an equivalent

concentration of nitroxide function.



8. Conposition according to daim7,
chosen from | ow density pol yet hyl ene,
chl ori nat ed pol yet hyl ene,

et hyl ene- vi
rubber,

et hyl ene- net hyl
nmet hacryl ate copol yners.

precedi ng c

free-radica

7 to 9,

nyl

| ai s,

acet ate copol yners,
chl or osul phonat ed pol yet hyl ene,
(nmeth)acryl ate copolyne}

initiator to the nitroxide (N)

characterized in that the free-radica

17

characterized in that the polymer is
hi gh density pol yet hyl ene,

et hyl ene- propyl ene- but adi ene 25 terpol yners,

et hyl ene- propyl ene copol yners,

| uor oel ast oners,
and et hyl ene gl yci dyl
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, i _ is between 1 and 50 and
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11. . Process for c¢rosslinkin

bI 586 8aB6I iR ZRGF6RSiBY9aRPEl ast oneri ¢

a crosslinkabl e

Iinkgd by means of a peroxide or an azo conpound,

Yol ymer is mixed with a free-radica

initiator chosen fromthe group consisting of organic peroxides and azo

conpounds,

according t
characteriz
i nto noul de
crosslinkin
according t

10

15

N (A

e da-es—tHhereef—+Rr—20—-the—presence—ofra—ntt+ox-de—{
b one of O piPELEivY® [5. Mapimm oclss SaeEdh di ngCTes @ iaking1
bd in that {he conversicerqeé dthe| crossl hrkahl e eopposttio
0l or extruded 25 articlez bg carrieqvﬁgé dufi ng gg alter
j. 13. Moul ged or extfrud 8% ticles I Ch y be Btai ned
b Claim12. | . A A A [A A AE.AA.A (RAs) (Too)
{(N.m) (min:s) (min:s)
Example 1 TEMPO 1.21 19:00 7:10
Example 2 - 1.95 8:40 6:50
Example 3 NT1 2.42 14:10 6:20
Example 4 - 5.94 2:50 5:21
Example 5 OH-TEMPO 5.14 16:19 5:39
Example 6 NT1 6.14 15:47 4:12
Table 1
Example 4 (not in accordance with the
invention)
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

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%

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.
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1. Scorch-retardant crosslinking

composition comprising a nitroxide (N) containing at
least one unsaturation and a free-radical initiator
chosen from the group consisting of organic peroxides
and azo compounds, and mixtures thereof.

2. Composition according to Claim 1,
(N)

characterized in that the nitroxide is represented

by formulae (I} to (III):

| Ry
O-
(I
R Re Ry Rio Re
R
5 R7 Rs
R R R4
R2
Ry R, /> N/KR
R3 l 1
0y
O
(1) (11D
in which at least one of the substituents R’y,
R’,, Ri, Ry, R3, Ry, Rs, Rg, R~, Rg, Rg and Rio contains at

least one unsaturation which is reactive towards free-

radical addition; the remaining substituents, which may
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10 different, may represent a hydrogen atom, a linear,
branched or cyclic alkyl group containing a number of
carbons ranging from 1 to 20, or an optionally
substituted phenyl group.

3. Composition according to Claim 2,

15 characterized in that the substituents containing at
least one unsaturation may each represent a linear,
branched or cyclic unsaturated hydrocarbon-based group
or an acrylate, methacrylate, acrylamide or
methacrylamide group.

20 4, Composition according to Claim 1 or 2,

characterized in that the nitroxide (N) is represented

by formula (IV):
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radical initiator is dicumyl peroxide or
o, 0’ -di[ (t-butylperoxy)isopropyl]lbenzene.

7. Composition according to one of the

preceding claims, characterized in that it comprises a
20 thermoplastic polymer and/or an elastomeric polymer.

8. Composition according to Claim 7,
characterized in that the polymer is chosen from low
density polyethylene, high density polyethylene,
chlorinated polyethylene, ethylene-propylene-butadiene

25 terpolymers, ethylene-vinyl acetate copolymers,
ethylene-propylene copolymers, silicone rubber,

chlorosulphonated polyethylene, fluoroelastomers,
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composition comprising a thermoplastic polymer and/or

15 an elastomeric polymer which may be crosslinked by
means of a peroxide or an azo compound, characterized
in that the said polymer is mixed with a free-radical
initiator chosen from the group consisting of organic
peroxides and azo compounds, and mixtures thereof, in

20 the presence of a nitroxide (N) according to one of
Claims 1 to 5.

12. Process according to Claim 11,
characterized in that the conversion of the
crosslinkable composition (A) into moulded or extruded

25 articles is carried out during or after crosslinking.

13. Moulded or extruded articles which may

be obtained according to Claim 12.



