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o0 57) Abstract: The invention concems a scorch-delaying composition. More particularly, the invention concerns a compos:tmn :
B
=] comprising a nitroxide (N) conaining at least an unsaturation. The invention also concems a crosslinking method in the presence of

€ z nitroxide (N)
[ —]

. O 57 Abrégé La présente jnvention concerns une composition relardant ie gnllage. Plus particulizrement, elle a pour objet une
g composition comprenant on nivoxyde (N) renfermant au moins une insatoration. L'invention concerne £galement un procédé de

réticulation en présence d'un nitroxyde (N),



. '26MAR 2005 WD 02/28950 - 1 " PCT/ FROL/ 03010 SCCRCH—DELAYING‘CCNPCSITION

The present invention relates to the prevention of scorching before
crosslinking of a thernoplastic and/or elastoneric conp@siMARo@0pi th 5

‘peroxi des or azo conpounds. Premature crosslinking (scorching) during the

pr epar at or. ,saa major difficulty in the use of eroxi des and azo
conpounds‘#%9%$§§% %%king (curing) dpplications ofP%Té§38ﬁéP?818nd/or

t hermopl astic .10 material's. The preparatory phase consists in general in
bl-endi ng the constituents sUGRCPDEIAMING EXVPOSiTigNt hem at tenper at ures
that are often high.. The operating conditions of this preparatory phase

quite often lead t ﬁ&g@ 1 tion t he peroxide _or _azo initiator, thus
15 inducing the croggﬂg |ﬁ%§¢%a%$Y%%tﬁ??h ?é?ﬁﬁ?iBﬁ 5,egel particles in.
the bul k ¢frdheitlgnd s The, ERENC 0 . Excessive scorching
reduces t%i pl astic these 52% part?%?%gél%gégg?gﬁﬁﬁ%%r?gc?ions

(;ihhpnng&m@ﬂmbgmaéﬂﬂéEHﬁﬁfd%Kﬁ!E@é&m@%iéh@o&baéﬁtfg%i&ftﬂatCh"n
addi tion, excessive scorching may | ead properties o he material, such _
that the gairdarieay il ax@ncdwpdenger be converted, |eading to |oss of the
| Prematﬁre crosslinking (scorching} during-the-
preparatory phase is a major diffitultyrin the use of
peroxides and azo compounds in crbsslinking (éuring)
_apﬁlications ofrelastbmerié and/or thermoplastic
_10 - materials. The preparatory phase consists in'general iﬁ
‘ blending the constituents and optioﬁglly extruding ;hem,
at temperatures-thét are oftén high. The bperating
conditions of this preparatory phase quite often lead
 t0 decompbsitidn of the peroxi@e or azo initiator, thus
15 | inducing the crosslinking reaction with formation of
_gel'particles in the bulk of the blend. The pfesenée of
theée-gel‘particles‘1eads to imperfections
(inhomogeneity:or surface roughness) of the final
ﬁrodpct; E#Ceséive scofcﬁing reduces the plastic
| 20 propertieS'of the material, suéh that the said‘material'
éag.no }0nger bé converted, leédiﬁg to loss of the |
'.entire batch. In additioh, éxceésive scorching-méy lead
A,Jto'the tqtai_sﬁoppagé df the-extrusion'operation. |
Several solutions have been proposed to
25- }oﬁerQOme this_d:awbéck._Thué, it has beenrprdposéd to
'tse an initiator with a halfiifé éf‘lﬂ hours at high

temperature. The drawbacks of.thié approach are the low



to the total stoppage of the extrusion operation. Several sol uti ons have
been proposed to 25 overcone this drawback. Thus, it -has been proposed to

use an initiator with a half life of 10 hours at hi gh tegag@%&ue Al a Iong'"”

. drawbacks of this approach are the | ow production effici

curing time and the high energy costs. It has also been proposed to
i ncorporate certain additives in order t8 reduce the scorch 5 tendency.

Thus, the use of organic hydroperoxides as scorch inhibitors for

'polyethylene bpseducoIMOSEf f DNBen® 0G5 | PEesl Void uPBAEXE fife Wasa dessT i bed
;in British patent GB 1 535 039.. The use of vinyl nononers was the subject

of patent US 3hdoH @OFrgdheostse. of nitrites was 10 described in patent US 3.
202 648. Patent US 3 335 124 describes the use of aromatic an1nes_

. phenolic - conpounds, nerkaptas mmmllwmmpmedsm pincesporate -

certain‘additives in order to reduce the scorch

'5 tendeney. Thﬁs, the use of organic_hydroperoxides as
scorch inhibitors for polyethylene-based compositions
crosslinked with a‘peroxide wes desCribed in British
patent GB 1 535 039. The use of vinyl monomers wae-the'

subject of patent US 3 954 907. The use of nitritee was

AN

10 described in patent US 3 202 648. Patent US 3 335 124
describes the use of aromatic-amineéz phenolic
compounds, mercaptothiazole.compounds{ sulphides,
hydroquinones and dialkyl dithiocarbamate compounds; _

Very reeently, the use of 2,2,6,6—tetramethy1—
15 piperidyloxy (TEMPO) and 4-hydroxy-2,2,6,6- tetramethyl—
plperldyloxy (4- hydroxy TEMPO) was the subject of a
Japanese patent application JP 11-49865.
However, the use of the additives of the )
prier.art cited above to increase the.scofch—resistance
20 time has a harmful effect on the curing timelend/or on
the final crosslinking density. It leads to a reduction
in‘the production efficieney and/or properties‘ofitﬁe
‘final product.
| The'present iﬁvention eliminates the;

- 25 drawbacks of the prior art since it makes it possibie
to improve the scorch resistanee oxr the croSsiinking
density without this having a negative impact on the’

crosslinking time. This is achieved by using a family:



hydr oqui nones and di al kyl dithi ocarbanmate conpounds. Very recently, the use
of 2,2,6,6-tetranethyl- 15 piperidyl oxy (TEMPO and :
_4-hydroxy-2,2,6,6-tetramethyl piperidyloxy (_4:hydro><y_._TE_NP3>)5 WAR 99@ »
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
scorch-resistance 20 tinme has a harnful effect on the curing tinme and/or
on the final crosslinking density. It |eads to a reduction in the

pr oduct ¢ brergAifécentyranidieer aprapértives of the final product. The present
invention elimnates the 25 drawbacks of the prior art since it makes it
possible to inprove the scorch resistance or the crosslinking density

W t hout thisrrhavichgs® Q@ati ¥e 4P t rosslinking time. This is
achi eved by u in(tg afamly 2 6 NAR%OS%HSfﬂg’pee“gi’“??t HiSoRfdes as additive.
In a first agée OIS RBA A e FirOF B ERltineh compes it lios cpmowi dedr a

scor chnietraktaat (101 @saka ki s60TReSE td, QN uﬁgﬁPHa?ﬂi % 2 nitroxide (N
contaiggggcgi {e%%ttone unsaturation and a free- radica i niticator chosen
from t hé group SRE | TP drglntlee Porexrdes! wridgaré earmpdends, and

m xt ur esrohedeofand Bza cegRR@dasPeed BfxthlesPhgSQAL i nvention there is
provi ded a conposition as defined in the first aspect, characterised in
that, the nitroxide (N) is represented by

In a second aspect of the present invention there is
provided a composition as defined in the first aspect,

characterised in that, the nitroxide {N) is represented by
formulae (I} to (II):




formulae (I) to (I1): (1) 2 6 MAR- 2005 3a in which at |east one of the

substituents R1, R 2, Rl, R2, R3, R4, R5, R6, R7, R8, RO and RI O contains
~at 10 |east one unsaturation which is reactive towards f2ek-MARDI®RI
addition; the remaining substituents, which may be identical
or-different,.represent a hydrogen atom a halogen atom such as fluorine,
chlorine, bronmine or .iodine., a linér,. branched or cyclic, saturated 15
hydr ocar bon- based group such as an al kyl radical, a 2 6 MAR 2005 4
substituted or unsub ti%Ut ed_aromatic group, a cyano group.-CN, an am de

group - CONRRa, ah!e®feflgrbupeastorne &f diheospitdfnertR B phosphonat e
T 0 2 0PSB T arifRES - whf Gr ey e Rp dBA Bt ComtarTornt - may
O artie SHEl R OB o8 WhISR 5 3 RFRETIT S Goveras Tamoti onal |y
nsat trat {on herle oy ol 2 HRARERY oAb ey o

be identical qr9different,.répresent a hydrogen atom, a

halogen atom such as fluerine, chlorine, bromine or
. lodine, a linear, branched or cyclic, saturated

;St' h&drqcarbon—béséd grbup-such as an alkyl radical,”av




branched or cyclic unsaturated hydrocarbon-based group or an acrylatey
met hacryl ate, acrylam.de or nethacryl am de group. Wen several
~unsaturations are present on 15 the sane. group, these may be at ed,
such as, for exanple, in a butadlenyl group, or UﬂCOﬂj ét ﬁvﬁé@ t he
abovenentioned fornmul ae al so. conprise gh | east one substltuent cont ai ni ng
at | east one unsaturation, a hydroxyl p and/or an acid 20 group, the
hydroxyl group and/or the ‘acid group |s preferably represented by R5, R6
R7, R5, R9 and¢uRs¢itatedbpecunehbshetpredentomatdnt papups al sgaao ‘
scorch retardant crosslinking conposition-(C) conprising a nitroxide (N)
and a free-ra@re€xP Al anopmids ghoven-CENRRE heayr esper omsdsp i AGOOR]

or gani ¢ peroxi des -and azo conpounds, and mi xtures thereof. Another subject
of the invent P8n2dKe3¥| BEREBI eORonpoBPEBRONAAR. JEGHP FEPGRA (OR2) 6 #AR

2005 t her nopl | ymer .and/or el astoneric polyner which may be :
crosslinked b@ ﬂEQﬁggoérQuBer8§|8€ BR aﬁ1§26r°EBHﬁBGHda5a RPPHoRIcde (N) and

per ot dee and B0 CE Ao S50 anklRar oSnE Ry Ba¥ PR OPRFi adcpRet of the
g;g:gpfn;(gglegaggg%ggﬁ&e hdy 9&%9&&aapf&&%aaelfloétor°$S'i&‘z‘%!aél% a0
' branched or cycllc alkyl group contalnlng a number of
carbons ranging from 1 to 20, or an optaonally
' substituted phenyl group.
‘710 'i:f : :The substituents contarning'at least one’
', unsaturatlon may ‘each 1n partlcular~represent a llnear
‘branched or cycllc unsaturated hydrocarbon based group :
-or an acrylate methacrylate ‘acrylamlde or methacryln.
amlde group When several unsaturatlons are present on
- 15 the same. group, these may be conjugated such as, for
example “in a butadlenyl group, or unconJUgated_ |
Wben_tbe aboveﬁentiOned formulae aisoﬁ
comprise at.leastrone.substituent'eontaining at least
one unsaturation athfdroxyl group and/or an-acid |
‘.20 group, the hydroxyl group and/or the ac1d group is-
rpreferably represented by Rs, Rs, R7, RB, R9 and Rip.
' A subject of the present 1nvent10n 1s also a
'scorch retardant crossllnklng comp051t10n {C).
-comprlslng a n1tr0x1de (N) and a free radical 1n1trator.
“_25. chosen from the group con51st1ng of organlc peroxrdes
" and azo compounds, and mlxtures thereof
| Another subject of the 1nvent10n is a

,crossllnkable composrtlon (A) comprlslng a



‘the group consisting of organic perpxides and azo co

conprising a thernoplastic polymer and/or an el astoneric polynmer which nay
be crosslinked by neans of a peroxide or an azo conpound, characterised in

that the said polymer .is mxed with a free-radical init'atg CE sen from
mofinM % A8 i xt ur es

thereof, in the presence of a nitroxide (N) as defined above. An

enbodi mgnt | ma elate to_a process according to the third aspect
char acterl%rgﬁ‘yﬁ’%a?%h? PRALYRBRVRPL] 8R Bf apfemarrios oo hkadt ewlbdahosi tion (A)

into no aSﬁgjor extflr!j;ded grticles is carried out during or after

crosslin S IR LT otPERaRPLERF PhepPesaniidhventamrmzehere is

provi de dg;@g o] ruded artjcles which may be obtained according to
t he abos:e enb%g?'nea{ntﬁﬁ( %"ﬁ%ﬁ Q(&—:)ij %rr"éeﬁt Fo§&a taticalesitidyiafeoel ect ri cal
cabl es @®ouy tal n i nkabl e conposition (A). 2 6 MAR
2005 5a Accor d%ﬁrg&?oé%ﬁ?ﬁ%gg\(tﬁH&%%é%'éoﬂ? grﬁiaf‘rl&‘xiﬂféfo(’ﬂ)é%‘?r formul a

(IT1) i anpr efzer ainpdiskik, 1dha miﬂur&’tllﬁgrelz‘% and R4, which may be
identical or . different,represent a nethyl, &t yl, propyl, isopropyl,
butyl, sec-butl%l or.tort-butyl radical, R7, R8 and R9 each represent a Rio

represents a I'in8atBiist &FEREH Yr thfcPFesemis dimyeatédn wrecasbon- based gr oup

or an acmybaided a process for crosslinking a crosslinkable composition
comprising a thermoplastic polymer and/or an elastoméric polymer
which may be crosslinked by means of a peroxide or an azo
compound, characterised in that the said polymer is mixed with a
free-radical initiator chosen from the group consisting of
organic peroxides and azo compounds, an mixtures thereof, in the

presence of a nitroxide (N) as defined above.

An embodiment may reiate to a process according to the
third aspect characterized in that the conversion of the
crosslinkable composition (A) into moulded or extruded articles
is carried out during or after crosslinking.

In a fourth aspect of the present invention, there is
provided moulded or extruded articles which may be obtained
according to the above embodiment.

The moulded or extruded articles may be electrical cables

Or wires obtained from a crosslinkable composition {A).



acrylanide, met hacryl ate or nethacryl am de group. Mention, may be nmade,
"for exanple, of: 2 6 MAR 2005 6 - 2,2,6,6-tetraethyl -4- plperldyloxy
acrylate - 2,2,6,6-tetraethyl -4- plperldyloxy nethacrylate is
preferred to use, in particular, a nitroxide (N) co t@.m

unsaturation, represented by formula (1V): 013 in h represents a
dival ent group -OC(0)-, -NRbC(O- or -P(0)(ORb)O- with Ro having the 10
sane neaning as R and n is an integersahich may range from.2 to 20 and
preferably from2 to 10. The position of the unsaturation on the group
CnH2n-1 is irrelevant, 15 but unsaturations |ocated either in-position 1
relative to X or in the terninal position are preferred. Mention may be

made, for exanpl eadorgi , Vi & erldyloxy acryl ate
Iy % %) 5.8;d %&re%'%{é‘ ?}3{{’

2,2,6,6-tetranmethyl -4-pi peridyl oxy™ met acry a

2,2, 6, 6nfi etrbaiaehYhn4-off B nfMLO(HaeH Y i 2 )
2,2,6,6-tetramet hyI 4- pi peri dylaoﬁynet)hé’cr%laé’@%eably used, in

whlch

- Ry, Rz, Ry ana Rq. whlch may be identical or
_different represeﬁt :a methyl, etilyl, propyl,
.:Lsopropyl butyl sec- butyl or tert- butyl radlcal

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

",_'éh"'atcim, and
- Rl.g represents a lin'ear- branched or cycllc
' .‘;_:,-'_unsaturated hydrocarbon based group or an acrylate

' _acrylamlde, methacrylate or methacrylamlde group.

Mentlon may be: made f@r example, of: |



-am de. According to.the present invention, compounds 2 6 MAR 2005 7 which.
mey be used as free-radical initiators are azo conpounds- and/ or organic
perOX|des whi ch,. upon thermal deconposition, produce fr I whi ch
facilitate the curing/crosslinking reaction. Anong t he ff$e @ﬂﬁngg
initiators used as crosslinking agents, ‘dial kyl peroxides and _

di peroxyketals are preferred. A detailed éescrlptlon of these conpounds
“will be found in . EnCycIopedia of Chem cal Technol ogy, 3rd edition, - 'vol.
17, pages 27 to 90 (1982) .20, A\nbngethee thvil ki piassoxd tderpraferred
~initiators are: dicunyl peroxide, di-t-butyl peroxide, t-butylcunyl ,
peroxi de, 2, 5-di net hyl -2, 5.0 (& - ©ut ¢t ragenodyd-hexsne dyloxy

2, 5- dlnethyI-Z 5-di (t-anyl peroxy) hexane, .

5. 5-di met hyl - SERAQEE IR per oxy) - 3- hexyne, 15

2,5-dinmethyl-2,5-di(t-a Iperoxy) 3- hexyne, a,a'-di- .

[(t- butylperoxy)isoprop Zorrfexped Qﬂnnsqxﬁmnup&xtlcular, a
1,3,5-tri[(t-but Iperoxy)lsopropyl]benzene

1, 3-di net ré ‘%/ p‘é‘} 0XSPHRAEHANY A UnsRtdinRdtig - represented
3-(t-anyl pero t an m xtures thereof. 20 Anong the di peroxyketals,
t he preferredﬁx)ﬁ%??yaﬁréjaﬁe' 1, 1-di (t-butyl peroxy) -3, 3, 5- trlnethyl |
cycl ohexane, 1, 1- dl(t butylperoxy)cyclohexane n- butyI ,

X—GHn1 ll 1)

y

in'which X represents a divalent group
-0C{0) -, -NRbC{O)- oxr -P(0) (ORp)0- with Rp having the
10 same meanlng as R and n is an integer whlch may’ range
from 2 to 20 and preferably from 2 to 10. The p051tlon
of the unsaturation on the group CpHan; is irrelevant,
but unsaturations locatedreither in position 1 relative
to X or in the termihal position are preferfed.
15 o Mention may be made, for example, of:
: —_2,2}6,6wtetramethyl*4—piperidyloxy aérylate
| - 2',2,6,5-tetramethyl-4-pi§eridyloxy' |
-methacryléte
- 2,2,6,6—tetraméthyl—4—pipéridy10xyacryl-
20 amide - | |
—'2,2,6,6;tetramethy1;4—piperidylexymethacryl~
'amide. | | |

According to the present.invention,.compounds‘



4, 4-di (t-anmyl peroxy)val erate, ethyl 3,3-di(t-butyl- peroxy)butyr at e,

2, 2-di (t-anyl peroxy)propane, 25 . '

3,6,6,9, 9- pent anet hyl - 3- et hoxycar bonyl net hyl - 1,2, 4, 5-t nonane;
n-butyl 4,4-bis(t-butyl- peroxy)val erate and. et hyI ftg wﬁﬁC?ﬁUS '
3,3-di (t-anyl peroxy)butyrate, and nmixtures thereof. 2 6 MAR 2005 Azo
conpounds whi ch nmay be nentioned, f.or- ex&nple, are : -

2, 2' -azobi s(2-acet oxypropane), azobis- isobutyronitrile, azodi carbam de,
4, 4" -azobi s( cydrich pent dwiusalial) fb-dadlrarobisietdudtgronidgile. 5
Di cunyl peroxide and a,a'-di[(t-butyl- peroxy)isopropyl)benzene are
particularly mmm arififen ergwplastdroxaridor wias orgsd:c Aar s

- taken into consideration in the present invention may be defined as
natural or sysiEserResidlipmer Prsduste Haee re@izalzewinpllaside landtey

el astoneric nature and whi.ch may be crosslinked (cured) under the action:
of a crossllnwpﬁgcﬁﬁéﬂg Crie SR B g Fleg C tikina s taremy. tBreosfxtdarki ng Wi th

Di per oxyket al s" Péober 1983, pages 26-32, and in Rubber and Plastic
News, " Or gani &394 Pdr dRildatrsEs massersCesesslinkiay 2aesept emiel kydso,
pages 46-50, the cr ssl In Eﬂ action and crosslinkable polyners are

descri bed. PoPyEPER ﬁ§ ooy Qﬁéoé‘é(heé'ﬁllé apEr prgdegresent? ideradtiedn are

described i n Hdera Plagt Les asKclopedad®:1395e G584 300 747 BY vey.

Encyclopedia of Chemlcal Technology, 3rd edition,

N

. vol. 17, pages 27 to 90 (1982).
10 'jAmoﬁQ the dialkyl peroxides, the preferred
initiétors are: dicumyl peroxide, di=t-butyl peroxide,
: t—butyléﬁmyi peréxide, 2,5~dimethyl—2;5—di(ﬁ—bﬁtyl;
- peroxy)hexane, 2;5—dime£hyl—2{5—di(t—amylpeidxy)heiane,
2,5—dimethyl—2,S-di(t—butflperoxy)—3—hexyhe,

15 2,5~dimethylf2,S—di(t-amylperoxy)-B—hexyne, o, 0 -di-
{(t—butylperoxy)isoprbpyl]benzene} di-t-amyl peroxidé,
1,3,5-tri{(t- butylperoxy)1sopropyl]benzene,

' 1,3-dimethyl-3- (t- ~butylperoxy) butanol and 1,3-dimethyl-
3-(t- amylperoxy)butanol, and mixtures thereof.
20 - Among the diperoXYketals, the preferred
' initiators are: 1,1~di(t—butylpe:oxy)—3,3,5—trimethyl—:
cyclohexane; 1¢1—di(t—buty1peroxy)cyclbhexane, n-butyl
'4,4~di(t~amy1perqu)valerate; ethy1-3,3—di(t—butyl—'
peroxy)butyrate,-2,2;di(t—amwlperoxy)propané,
'25' 3,6,6,9,9—péntamethyl~3;e£hoxycarbonylmethyl—
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.



20 of exanple, nmention may be rnade of |inear |ow density .polyethylene, |ow

density pol yethyl ene, high density polyethylene,- chlorinated polyethyl ene,

et hyl ene- propyl ene-di ene terpol yners (EPDM, ethy|ene‘WiE%i¢Aﬁf?ﬂﬂse

copol yners,

pol yi soprene

(NBR) or styrene-butadi ene copol yners ( SBR)

et hyl ene- propyl ene copol yners, 25 silicone r _
chl or osul phonat ed pol yet hyl ene, fluoroel astoners, natural.rubber (NR),
(IR, polybutadiene (BR), a@rylonitrile-butadiene copol yners
2 6 MAR 2005 9 Mention may

“al so be made of et hyl eneanet dyhpowmds hylatel | w4 BOPALYFESSe@N0for
et hyl ene-glycidyl nethacrylate copolyners. The weight ratio of the
free-radical emmpbeorate 2 he miocloks 2-{0Ngtoxyphepeness! andhng-

“conposition (Q and in the crosslinkable conposition -(A) is preferably
bet ween 1 and BoPRIHeYZRRERT bleo rd9diravieen @e and, 40-azobihitcanss| i nkabl e

‘conposition (A), the 10 free-radical initiator preferably represents

 between 0. 2%REREIBYY awidhtand 2 he’ aranlit siedthwl yweyr emikr ddyant ageousl| y

bet ween 0.5% and 3% by wejght. In addition to .the constituents nentioned

‘above, the conposi ti ons LGB RRYOFEL mbra <t 16t hhttloxidlant s,

stabilizers,

10

15

20

25

pIastiquers an%_inert )
Peroxy)isopropyl]benzene are particularly preferred. -

The thermoplastic and/or elastomeric polymers
taken into consideration in the present invention may

be defiged as natural or synthetic polymers which have

a thermoplastic and/or elastomeric nature and which may

be crosslinked {cured) under the aétion'of ﬁ

crosslinking agent. In Rubber World, “Elastomer

.Crosslinking with Diperoxyketals”, October 1983,

pages 26-32, and in Rubber and Plastic News, Forganic
Peroxides for Rubber Crosslinking”, 29 September 1980,
pages'46—50, the crosslinking action and crosslinkable
polymers are described._PQlyolefins which are suitable
for the_present invention are described in Modern
Plastics Encyclqpedia 89, pages-63—67 and 74-75. By way
of example, menﬁion may be:méde of linear low density
polyethylene, low dénsity.polyethylene, high density-,
polyethyléne, chlorinated polyethylene, ethylene—-
propylene—diene terpolymers'(EPDM), ethylene-vinyl
acetate copolymers, ethylene-propylene copolymers,
silicone tubbef, chlorgsulphonated polyethylene,
fluoroelastomers, natural rubbér {NR}, pélyisoprene

(IR}, peolybutadiene (BR), acrylonitrile-butadiene

copolymers (NBR)} or styrené~butadiene copolymers -(SBR) .



fillers such as silica, clay or calcium carbonate. The conpositions (A and
(C© may conprise two or nore nitroxides (N). They nmay ajgfwﬁgrg two or -
nore free-radical initiators. 20 According to the proces résent
invention, the crosslinking tenperature may be between 110 and 220C and-
preferably between.140 and 200C. Advant ageously, the process is inplenented

in the presence of an anount of initiator®and of nitroxide 25 such that
the-initiator/polynmer and nitroxide/polymer weight ratios are close t.o

those of conposition (AMentivn GROYEIBIOHLOTnANS 6F 0sEhY D@l@@llﬁetoygl '
conp05|t|ons I nto nmoul ded or extruded articles may be 2 6 MAR 20 10

carried out dutheghlacafl®te orsssl ikt ogandXEERy MaN-ALLWEEFON 1 n the text

herei nbel ow, the following 5 abbreviations are used: M the maxi mum val ue

.of the torque mothatnehfe anpdilemears/e recorded by the 10 15 rheoneter

Thi s val ue detern1nes the crosslinking density.
The welght ratlo of the free-radical

5 'initiator to the nltroxlde (N) in the crossllnkingn
composition (C) and in the crosslinkable compoSition
(A} is preferébly between 1 and 50 and'advantageously
. between é and 10.
RJ“ _- E ~ In the crosslinkable composition (a), the.

10 freleadical initiator preferably repreéents between
0.2% and 5% by weight of‘the amount*ef'polymer and -
advantageously between 0.5% aﬁd 3% by weight. ¢

- In addition to the constituents mentionedr
ébove, the compositions (A) and {C) may comprise

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

The compositiohs (A) and (C) may comprise two
or more nitroxides (N). They may aISOVCOmprise'two‘or
- more free-radical initiatdfs.
20 According to the pfoceSé of the present
. invention, the crosslinking temperature may be between
7110 and 220°C and pfeferably between 140 and 200°C.
| Advantageously;_thé'process is imﬁlemented inf
the presence of aﬁ_amount of initiétor and of nitroxide
.257 éuch that thé initiator/polymer and nitroxide/polymer
weight ratids are close to those of composition (A).
The conversion df'ghe crosslinkable

compositions into moulded or éxtruded articles may be



T90 . curing tine, the time required to reach 90% of the maxi num-torque at
a given tenperature. Ts5 : scorch time, the tine requir NNen _
tenperature for the torque to increase by 5 Nboney_unitiii%%g$%%gg§linking

'density (MH) and the crosslinking tinme (T90) of the bl end obtained were

measured at 180C using a Monsanto CDR 2000 E rheoneter 20 (Al pha

Technol ogi es,

oscillation arc: 3, oscillatfon frequency: 100 cycles/nin).

The crosslinking time is also determned using the rheoneter used under
t'he same condi teopsedSoutb@yeingSodher 660l €FodéIEnasgreasured at 145C
using a Money W 2000 visconeter (Al pha Technologies). 2 6 MAR 2005 11
Exanple 1 (not in accordance with the invention): 1 000.g of |ow density
pol yet hyl ene (Mtene sold by Ashland), 25 g of dicunyl peroxide
(Luperox(r) DC) 5 and FEXFERIMERTEL CSEGTICHet hyl pi peridyl bxy (TEMPO) were
m xed together in a turbom xer. at 80C (nom nal tenperature) for 15 m nutes

the form

Y -
o

10

15

20

25

(stirring speed = 930 rpH}.thhieepowtiereiwiselden domvEoikowingo a sanple in

abbreviations are used:

My : the maximum valué of the torque
obtéined'from.the'cqrve recorded by the
fheometer. |
This value determines the crosslinking
denéityf

Tog : curing tiﬁe, the time required to reach
90%_of the maximum torque at a given
temperature.

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 (Tgp) 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).



of a di'sc.by nelting at 110C for 3 mn. The sanple was 10 then placed in

the rheonmeter or visconeter chanber. Exanple 2 (not in accordance with the -

i nvention): Exanple 1 was repeated without the use of 15 _ - .
2,2,6,6-tetramet hyl pi peridyl oxy. The results are given iZnST&HAR ZOOShe
conpari son -of Exanples 1 and 2 shows that the higher scorch tinme.with
TEMPO i s acconpani ed by ‘a |large decreasélin the crosslinking density and a
slight increase in the crosslinking time. 20 Exanple 3: The process is
perfornmed as described iExadpaeml efribt excepicdhRinddevid iy tofe |
2,2,6,6-tetramet hyl - piperidyloxy are replaced with 4.4 g of NT1 25

(2,2,6, 6-tetramstdnfiianlpi peridyl oxy nmethacrylate) so as to carry out a
conpari son for an equivalent concentration of nitroxide function..2 6 MAR
2005 12 The conparison df GHe g esfullow Wersittyo g lysithyileed | (Mitteaepr ecedi ng

exanpl es shows unanbi guously that this nitroxide makes it possible to
i ncrease the §ﬁ§¢%ﬁﬁt%ﬁ@ﬂﬂﬁﬁﬂe.35 ghef sédreumy hepéreridsi Hgndrod® DC)

“crosslinking density. Maxinum '

: .5 and 3 g of 2,2,6,6&tetramethylpiperidylbxy (TEMPQO) were
mixed together in a turbomixer at 80°C {(nominal
temperature) for 15 minutes {(stirring speed = 930 rpm) .
The powder was then converted into a sample in the form

'ﬂj- _ of a disc_by melting at 110°C for 3.min. The sample was

10 then placed in the. rheometer br.vi9cometer chamber.

AExamble 2 {not in accordance with the
'.invention): | |
Examplé 1 was repeated without the ﬁse of
15 2,2,6,6—tetramethylpiperidyloxy. The results are given
" in Table i. The éomparison of'Examples-lrand 2 shows
‘that the higher scorch'time‘with TEMPO is accompanied
by a large decrease in thelcrosslinking density and a
slight increase in the croSslinkingtime.-

20 |

Examplé 3:

The process is performed as described in
Example 1, except that the 3 g of 2,2,6,6—tetramethyl~*
piperidyioxy are replaéed-with 4.4 g of NT1

25 (2,2,6,6—tetramethyl—4—piperidyloxy ﬁethacrylate) S0 as

.to carry out a comparison'for an equivalent

concentration of nitroxide function.



Scorch Crosslinking torque at tine at time at Additivel80C 145C 180C (Nk)

(T55) (T90) (Nm(mn:s)(mn:s) Exanple 1TEMPOL. 2119: 007: 10 Exanpl e 7
2-1.958:406: 50 Exanpl e 3NT12.4214:106: 20 Exanpl e 4-5.942: 505 Zﬁ%%ﬁﬂﬁg 3
50H TEMPCB. 1416: 195: 39 Exanpl e 6NT16. 1415: 474: 12 Table 1 in
accordance with the. 10 invention) 318 g of conpound EP DIN 7863
(containing 100 g.of ethylene- propyleneléiene terpolymer and 218 g of

fillers) were conditioned in a Banbury-type mxer wth a volunme of 350 cn8 .
at 50C for 5 minutes at Phdecipead fin W nawol Hidoned rur{hh &b Luperox

F40ED (40%
obtained in the preceding examples shows.unamblguously

that this nitroxide makes it possible to increase the
'scorch tlme while at the same tlme increasing the

5 ' crossllnklng densxty-

| additive Maximum Scorch Crosslinking
torque at time at | time at
| "180°C 145°C 180°C
) (M)  (Tes) ~ (Tep)
{N.m) (min:s) {min-s)
Example 1 TEMPO 121 ~ 19:00 7:10
Example 2 - 1.95- §: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
) .10 invention)

318 g of componﬁd EPDM DIN 7863 (containing
100 g of ethylene -propylene-diene terpolymer and 218 g
~of fillers) wexe condltloned in a Banbury type mixer
with a volume of 350 cm® at 50°C for 5 minutes at a
15 speed of 50 revolutions/min. 8.g'of Luperox F40ED (40%
di(tert-butylperoxyieopropyl)benzene and 60% inert
fillers) were added and mixed with the compound for

5 minutes at 50°C at a speed ofASO revolutions/min.



di (tert-butyl peroxyi sopropyl)benzene and 60%inert fillers) were added and
mxed with the conpound for 5 minutes at 50C at a speed of 50
revolutions/mn. 2 6 MAR 2005 13. Exanple 5 (not in aCCQ@a R\/\zﬂgﬁt he
invention) Exanple 4 is repeated but with the addition not only of the
Luper ox F40ED but - al so of .0.677 g of. 5- ' A

4- hydr oxy- 2, 2, 6, 6- tetranethylplperldylox93(CH-TENPC» Exanpl e- 6: Exanple 5
"is repeated but adding, instead of the OH TEMPO, 0.931 g of NT1. 2 .6 MAR
2005 WO 02/28950 - 14 @bcAlidd ePGT/ (ridd1/iQ8 Gl ok dadey ei-detaglant
crosslinking conposition conprising a nitroxide (N) containing at 5 Ieast
one unsat ur at iigrvesrrdom)free-radical initiator chosen fromthe group

consi sting of organic peroxides and azo conpounds, and m xtures thereof.

2. Conposi tion accordi ngxaoplieadmik, regieatact dmitz ed tiln tHeataddie: ikirt r oxXi de -

(N) IS represented 10 by fornmulae (1} to (1I1): 2
- not only of the Luperox F40ED but also of 0. 677 g of .

5. 4—hydroxy—2,2,6,6-tetramethylplperldyloxy (OH-TEMPO) .

Example 6:

Example 5 is repeated but addlng, instead of

) "~ the OH-TEMPO, 0.931 g of NTl



.substl tuted pt&eo%os%rtciu

R4,." I I./ R R3/ NC\ RL O (lI) R3in which at |east one of the

substituents R1, R 2, R, R2, R3, R4, R5, R6, R7, R8, RO and R10 contains
at | east one unsaturation which is reactive towards free 15 radi cal _'
addi tion; the remaining substituents, which my 2 6 l\@%ﬁ@&g}%@@%e :
identical or different, represent a hydrogen atom a £Lhal atom such as
fluorine, chl HQ2/3FWA ne or iodine, -aldnear, bran@es FROIANSI0LE, -
saturated hydrocarbon-based group such as an-alkyl radical, a 5. -
substituted or unsubstituted aromatic group, a cyano group -CN, an am de

~group -CONRRa, an ester-group - COOR, &%&rdMEoxy group -OR, a phosphonate

group -PQ(OR)(ORa), a hydroxyl group -OH or an acid .group such as - COCH or
PO(OH) 2 or SO3H, R and Ra, which may ‘be identical or 10 different, may -
represent a hydrogen atom a |inear, branched or cyclic alkyl group’ -
containing a number of dar boRSPERYIHRFIGERY S ToLindsing optional |y |

J% comprising a nitroxide (N}.cbntaining at

5 least one unsaturation‘andra free-radical initiator
chosen from the group éonsisting of organic peroxides
and azo compounds, and.mixtures thereof,

'i, Composition according_to Claim 1,

" characterized in that the nitroxide (N) is represented

10 by formulae (I} to (III):

| Re
O-
{I
} Rg Rio
v R, 2
R Rz
7 Rs Ry
04 .
_ , . O
o I (1)

in which at least one of the substituents R’;,
R"2, Ri, Ra, Ra, R4, Rs, R4, Ry, Rg, Ry and Ry, contains at
least one unsaturation which is reactive towards free-

15 radical addition; the remaining substituents, which may



3. Conposition according to Claim2, 15 characterized in that the
substituents containing at |east one unsaturation nmay each represent a

~linear, 20 branched or cyclic unsaturated hydrocarbon-based URnner an .
acrylate, nethacrylate, acrylam de or nethacryl an de ng)%pNﬂ&ﬁ ZQQSOSi tion
according to Caim1 or 2, characterized in that the nitroxide (N) is
represented by fornmula (1V): CnH2n-1 WCGHB 2 6 MAR 2005 16 in which X
‘represents a divalent group -0OC(O-, -NRbC(O- or -P(O(ORW)O with Rb

-having the sabe. i@anthgabSoR andferestanrépregent WhhghrBB¥nrapgR £rom 2
‘to 20 and preferably from2 to 10. 5 5. Conposition according to d ai m 4,
characterized halopen abemnstchxadef{drise, -chlorine, bromine or
1 2,2,6,6-tetranmet hyl - 4-pi peridyl oxy acrylate -

i 2,2,6,6-tetrante@yie4-pi penedyl okyancieedacr ytatkid¢) saturated
' 2,2,-6,6-tetranet hyl - 4-pi peri dyl oxyacryl - am de or , -

2,2,6, 6-tetran%¥®9q’ca4ﬂﬁﬁ%'e‘?¢%l?‘go§{m hewetlylas an alkyl radical, a

5. substituted Qr‘unsubstituted aromatic group, a cyano
group -CN, an amide group -CONRR,, an ester gioup -COOﬁ,
- an alkoxy group -OR, a phosphonate gfoup fPO(OR)(ORa},Aa'
hydrdxyl_group -OH or an acid group_such as -COOH or
_ Wj- : ~PO(0CH); or S03H; R.and Ra, which may be identical or
10 different, may represent a hydrogen atom, a 1ineér,
' branchéd‘or'ckclic alkyl group containing a number of
carbons'rahging from 1 to 20, of an optionally
' Substituted phenyvl group.
3.l COmposition according to Claim 2,

15 characterized in thét the substituents containing at
least one ﬁnsaturétion may each represent a linear,
branched of cyclic unsaturated hydrocarbon-based-group
or én acrylate, methacrylate, aciylamide or
methacrylamide group.

20 4. Composition according to Claim 1 or 2,
characterized in thét the nitroxide (N) is represented

by formula (IV):




am de. 6. Conposition according to one:of the 15 preceding clains, _
characterized in that the free- radical initiator is dicunyl peroxide or
a,a' -di[(t-butyl peroxy)isopropyl]benzene. 7. . Conposition_acgcording to
one of the preceding clains, characterized in thatif MAR)EU@%S a 20.

t her nopl astic polynmer and/or an el astoneric polynerT = 8. Conposition ,
according to Claim7, characterized in th@t the polynmer is chosen-froml ow
.density pol yethyl ene, high density polyethylene, chlorinated polyethylene,
t et hyl ene- propyl ene- but adiasneh26h terpepyeeestsehhgl eagent nylogset ate '
:copol ynmers, - et hyl ene-propyl ene copol yners, silicone rubber,

~chl or osul phonat©@{pdtyet B~ dd udr (@8l (@F00er with &, MR- 2005t Ad

.ethyl ene-nethyl (neth)acrylate copolyners and ethyl ene- glycidyl

{met hacryl at e cBpBPyReaABING. aTRpuyd tik obs aaw oi wit eget owhiyh aney of atide
"preceding clains, characterized in that the weight 5 ratio of the
“free-radical iRFeTafobotd0 tand mreksaalely Njrom Detewek®. 1 and 50 and
preferably_between 2 and_10. 10. Conposition according to any one of

Claims 7 t® 9, character?zed $HRITTIM Feeerding ct¢ Claim 4,

characterized in that the nitroxide (N) is:
—-2,2;6,6—tetramethyl~4—piperidyloxy acrylate
| - 2,2,6,6—tetraméthyl—é-piperid?loxy
-}E : methacrylate
i0 u_2,2f6,6—tétramethy1—4—pipéridyloxyacryl—
amidefor : ' - , -

- 2,2,6,6—tetramethyl—4—piperidyloXymethacry1~
amide. | |

6. Composition according to one of the

15 preceding claims, characterized in that the free-
radical initiator is dicumyi peroxide or
a{a’—di[(t—butylperoxy)isopropyl]benzene;

7. Composition according td one of the
preceding claims, charaéterized in that it comprises a.

20 thermoplastic polymer,and/of an elastomeric polymer.

8. Composition according to Claim 7,7
characterized in that the polymer is chosen from low
density polyethylene, high denéity polyethylene,
chlqrinated polyethylene, ethfleﬁe—propylene—butadiene

25 terpolymers, ethylene-vinyllacetate copolymers, |
ethylene—propylene copolymers, silicone rubber,

chlorosulphonated polyethylene,. fluorcelastomers,



10 initiator represents between 0.2% and 5% by weight of the amount of
pol ymer and. preferably-'between 0.5% and 3% by weight. 11. Process for

crosslinking a crosslinkable conposition conprisj plastic . 7
pol ymer and/or 15 an el astomeric polyner which nﬁgm@?wﬁ nked by eans
of - a peroxi de or an azo conpound, characterized in that the said polyner

Is mxed with a free-radical initiator dﬁbsen fromthe group consisting of
organic peroxi des and azo conpounds, and mi xtures thereof, in 20 the

presence of agﬂﬁylcgﬁéiqnémylac&%g{)rgntﬂa@g &f ol%f?éfgs and oe%fy %nee-_Pr ocess

according-to Claim1l, characterized i'n that t%e conversion

CLO e SoPm ey i, Ty (L0225 L e o e
‘which may be obtained @ccor diokpdsd tGloai Mckdbrding to any one of the
o préceding claims,_characterized in that.the'weight
5 ratio of the free-radical initiator to the nitroxide
(N) is between 1 and 50 and preferably between 2 and
10. |
| i10. Composition.according to any one of
._}- >. Claims 7 to 9, characterized‘in that the free-radical -
10 ihitiatdrrreprésénts between 0.2% and 5% by weight of
the amount of polymer and prefefabl&“betwéen 0.5% and-
3% by wéight. |
1%L. Process for crosslinking a-crosslinkablé :
- composition comprising a thermoplastic polymer_and/or
- 15 an elastomeric polymer which may be crosslinked by
means of a peroxide'of an azo compound, charéctérize&,
in that the.said polymer is mixed with a free-radical
initiator'chosen from the group consisting of organic.
peroxides and azo compouhds; and mixtufes thereof, in
20 the presence of a nitroxide‘(N)raccbrding to ohe of
Claims 1 to 5. |
1z2. Prdcess accofding-to Claim 11,
characterized in that ;he éonversion of the
crosslinkable composition (&) into moulded or éxtruded
 25 articles is carried out during or.after crosslinking.
13. Moulded or extruded artiqles which may

be obtained according to Claim 12,



