. Title: SCORCH DELAYI NG COMPCSI TI ON Abstract: The invention concerns. a
" scorch- del ayi ng conposition. Mre particularly, the-invention concerns a
conposition conprising a nitrozide (N) containing at IkaﬁsMpanZDl]ﬁ ) -
‘unsaturation. The invention al so concerns a crossl inking nmethod in the

presence 0&0 G2 fuddoxi de (N).  26MAR 2‘105 PCT/FR01/03010
SCORCH-DELAYING COMPOSITION | -

The present iuventiOn relates to the
prevention of scorching before crosslinking—of a
thermoplastic and/or elastomeric_composition with
5 peroxides or azo compounds. | |
Premature crosslinking (scorching) during the
bPreparatory phase is a major difficulty in the use of
peroxides and azo compounds in crosslinking (curing)
_apﬁlications ofrelastomeric and/or thermoplastic
_10 - materials. The preparatory phase consists in'general iu
‘ blending the constituents and optioually extruding them.
at temperatures-that are oftén high. The operating
conditions of this preparatory phase quite oftan lead
 to decomposition 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 presence of
theée-gel parcicles leads to imperfections
(1nhomogene1ty or surface roughness) of the final
product Exce531ve scorchlng reduces the plastic
207; properties of the material, such that the said‘material'
can.norlonger ba converted, leading to loss of the
'.entire batch. In additioh, éxceasive scorching may lead
A,Jto'the totai_scoppagé of the-axtrusion'operation. |
| Several solutions have been proposed to
25 }ouercome this_drawback. Thué it has beenrproposed to
'use an initiator with a halfllfe of 10 hours at hlgh

temperature. The drawbacks of thls approach are the 1ow



' conpounds. Premature crosslinking (scorching) during the:-

WD 02/ 28950 - 1 PCT/FROL/ 03010 SCORCH DELAYI NG COVPCSI TION | The present
invention relates to the prevention of scorching before crosslinking of a
thernopl astic and/or elastomeric conposition with 5 per OXQ.ﬁ«'MAR’@@Q% B
eparatory phase
Is-a mjor difficulty in the use of peroxides and azo conpounds .in :
crosslinking (curing) applications of el &stoneric and/or thernoplastic .10
materials. The preparatory phase consists in general in blending the
constituents apto@pttdial ¢t Bxddneh Ndué hed a al o @ NPEF Bhdlr €5md hahg aFge Of ten
:high. The operating conditions.of this preparatory phase quite often | ead
t o deconposi tiiglhfetdegperaxisle or azo initiator, thus 15 inducing the
crosslinking reaction with formati on of gel particles in the bulk of the
bl end. The presence of 20t pracslctso beas sroapenad cthy nghcedbeestd he pl astic
"these gel particles leads to inperfections "(.inhonpgeneity or surface

roughness) of ¢¢etdimaddimives bat dixder dthliteduse exvesstarciscor chi ng may

| ead properties of the material, such that the said material can no | onger
_be convertad, TEMEMY t IHwss tdfe (ke of organic hydroperoxides as ' ,

scorch inhibitors for polyethylene-based compositions
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

AN

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

Very ;eééntly, the use of 2,2,6,6—tetraméthy1—

15 piperidyloxy (TEMPQ) and 4-hydroxy-2,2, 6, 6-tetramethyl-
piperidyloxyr(4ehydroxY TEMPO) was the subject of a
Japanese patent application JP 11-49865.

However, the use of the additives of the )
pribr.art“citéd above to increase thé.scofch—resistance

20 ‘time has a harmful effect on the curing timelénd/or on
the final crosslinking density. It leads to a reduction
in‘the production efficienty 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 resistance or the croSsiinking
density without this having a negative impact on the’

crosslinking time. This is achieved by using a'family-



to the total stoppage of the extrusion operation. Several solutions have
been proposed to 25 overcone this drawback. Thus, it has bzefg1 fﬁé% dto
_use an initiator with a half life of 10 hours at high tenpériatimesidhe
drawbacks of this approach are the | qw production efficiency due to a |ong
curing time and the high energy costs. It has al so been proposed to
incorporate certain additives in order to reduce the scorch 5 tendency.
Thus, the use.of organic hydroperoxides as scorch inhibitors for
pol yet hyf etedddedntomposiesi ensadditossl.i nked with a peroxi de was descri bed
in British patent GB 1 535 039. The use of vinyl nononers was the subject
of patent US 3 954 907. The use of nitrites was 10 described in patent US 3
202 648. Patmnta PHr3: ?a?a%e@%%fda%ra&%énrchﬁn}%etigguftr}ﬁnati.c ami nes. ,
nds, sll p

phenolic ¢ ngounds nercqg;othiazole compou ii'des” hydroqui nones
and di a'Ryr°a t%‘?%&&r‘ﬁaﬁﬁf o m5eaRYSI ey yompeettilop, cohprisiegoh
i,ﬁ,g,®itegkﬂ@§thMitfﬂ5a£¢%¥qwaQYE@§¥t(Jggﬁﬂ%agﬁggtion and a free-

- hy r%é&icag’lﬂf%ia%o£ab oséé from the group consisting of organic

peroxides and azo compounds, and mixtures thereof.

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):




pi peri dyl oxy (4-hydroxy TEMPOY 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 ti r?eﬁf‘MARziﬁﬁﬂarnful
effect on the curing tine and/or on the final crosslinking density. It

| eads to a reduction in the productlon efficiency and/or properties of the
final product. The present invention3®liminates the 25 drawbacks of the
prior art since it nmakes it possible to inprove the scorch resistance or
t-he crosslinki ng. dvfﬁyg ihout t his having a_negative inpact on the
crosslinking tin# T |§ta ﬁ’?é\‘ie&nl?yolfsltrli’@ SHahitpents MAR.2005 of
speci fg ¢ n| roxid ad t| In a first aspect of the present

i nventrlkozrﬂ he?‘é ?123‘ %f"‘o 'co]?’c'h HRset §Pd3ﬂfl Broo SEMtadingg afonposi ti on

GQpr i i n| Lng at |east one unsaturation and a
flm-.lf% c:ﬁn'(lgnllhtglga( 'g]?aé%%sen mth& G &ap e GRERE ®ngd *6TE "or gani ¢

per oxi-dgs gpdacfyﬂ cROP ds., xture thereof. |In a second aspect of
t he preselr:lt |nvent1| on there |aggg% o“ef/l%b eEB‘?‘r‘pdgﬁltclhoﬁa}is defined in the

first aspeidn ret t re nit represented b
flor ol aeﬁ(l) ttlo%lﬁlcfﬁ ﬁ%ﬁ@%ﬁ%&] oo%ggt 2 ﬁg&ggeg'\%mm alt Y

halogen atom such as fluorlne, chlorlne, bromlne ‘or

iodine, a llnear,_branched or cyclic, saturated

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



in which at |east one of the substituents R1, R 2, Rl, R, R3, R4, R5,
R6, R7, R8, RO and RIO contains at .10 | east one unsaturation which is
‘reactive towards free- radical addition; the remaining substituents. which
may be identical or-different,.represent a hydrogen at’orﬁ ba A IB@B& atom
such as fluorine, chlorine, bronmine or .iodine., a linear,. branched or
cyclic, saturated 15 hydrocarbon-based gﬁ%up such as an al kyl radical, a 2
6. MAR 2005 4 substituted -or unsubstituted aromatic group, a cyano - group
-CN, an ani de sgbsid tuCeNRRz, uasubstétugeduprof@ORe gapupl kaxyyghoup - OR, a-
phosphonate group -PO (OR) (ORJ, hydroxyl group -OH or an acid group such
as - COOH or - BOCTH) 2Clr. SE3RMiReagdoRra, ~@WANBR. megm besteengioad ©COOR, ‘
different, may represent a hydrogen atom a linear, branched or cyclic

al kyl group c@ft éHHPP@ gXRURbePRof acBPBERBORAREGI AgORPONPY (PB) 20Rabr a@n
optionally su?lstitut ﬁd henyl group. The substituents containing: at |east"
one unsat ur at FEAT e8ERYPh~BHr PF cAPaRCiEpPESERt SHCR ABar COBHaREhed or

I S T s R N
pesent on ISGBE SRR, SE9UPLUESE, Y VR SOILUARLEY o SUELES (O
: ' braﬂched or cyclic alkyl group contéiﬁing_a nuﬁbef'of
carbons rdnging'from‘l to ZO,Voﬁ an optioﬁally
' substituted phenyl group.
‘710 .;:  : :The substituéhts céhfaiﬁing:at least cne’
', unséturation may each iﬁ'parﬁicular%rébrésent é-lineaf,
‘bfaﬁéhgd-or cyéiic unsatﬁrated hydroéérbénQbased-érqup :
-or an ag;ylaté, methacryiatef écrylémide‘or methacrfln.
.'amide giduptlwhen séverél'unsaturétions_are present on
15 the sameﬁgrbup,'these may»be-cénjggétedr such as,.for
exgmpiefiiﬁ-a butadienjl group, or uncoﬂjUgatéd_ |
| Wheﬁ_the éboveﬁéﬁtibned formhlae aiséﬁ
compriée at.leastropEISubstituént'béﬁtaining dt leést
one unséturétidnf a hfdréxy1,group_and/orrah-acia |
- 20”“group,‘the.hydfOxyiigfoﬁﬁ aﬂd/or'thé-écid Qroﬁp_iSQ
r_preférably'répresented.by R5, Rﬁ,:R7; RB;:Rg'and Rlo.r
A sﬁbjéqt o£ thé-présenEAinﬁéntidn is also a
ségrch;repardant.crpsslihkiﬁg éqmbositionx(C}
-COM§fiéing a ﬁitﬁdkidé‘{ﬂ)'éna a ﬁree-radica1-iﬁitiaﬁbr.
“_25. chosen from ;he group ébnsiStihé;df organic-perqxides
“and azo compounds, and mixtureé ﬁhéréof. S
| | Anothe#_sﬁbject_pf,thé'inféntion is a

,Crossliﬁkable_Compbsitidn,(A)rébﬁprising a



When the abovenentioned fornul ae al so. conprise at |east one substituent
containing at |east one unsaturation, a hydroxyl group and/or an acid .20
‘group, the hydroxyl group and/or the acid group is pref eﬁaﬁl é ;{Oggresent ed
by R5, R6, R7, R5, RO and R o. A subject of the pres_entz M8kt is also a
scorch-retardant crosslinking conposition-(C) conprising a nitroxide (N)
and a frteﬁa-radi al initiator 25 chosen fromthe group consisting: of
organi ¢ PeroXiREdShhd B2 OYRERpBUAAST ghdskomanies pdhbyweef . wiAhohher subj ect

of the i ion crosslin | e conposition .(A). conprising a s 2 6 MAR
2005 thérpd p%s(flf%s %‘r’i‘z’lh%‘%a’g%d?%?“ | 9§t BnPErOXgStS M ahizhe may be

crossli rygg,gj S O roxlde or an_azo conpound, a nitroxide (N and
a free-radi cﬁ%ﬁ%i%ﬁéﬁﬁgxg Bs o f?ré% hET§PodR S sttidgiaonr gani ¢

per oxi des,cafigh eleqmgq,_r;p@u&g% qgg s thereof .In a third aspect of the
present invention there 1s pr ow%e%é%r‘%rgée?§%ﬂlccﬂf§§ﬁ’fﬂﬁ%g a

crossl i akablae o dRddd N, LIS N%Q £ﬁ§£§ggl astic pol yner and/or an
el astoneric polyner which nay be crosslinke y means of a peroxide or an

azo corrpound,Incharactderi sed in that the said pol yner’is m xed with a
free-radical ififiattr” AESER T diket REegP®up nensiien i Heprsf isor gani ¢
per oxi depranided ; gavpesNdsor @Ros KinH i8S tah@if@@éliﬂﬂbtlgecor%o%s_t%q(é% of a
ni troxide QBQ&S def i Qed ahove. '
O 151ng a thermoplastic polymer and/or an elastomeric 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).



An enbodi nent may relate to a process according to the third aspect
characterized in that the conversion of the crosslinkable conposition. (A)
into noul ded or extruded articles is carried out during or after _
crosslinking. In a fourth aspect of the present |nvez gqﬂ e is

provi ded noul ded or extruded articles which may be obtained according to
t he above enbodi nent. The noul ded or extruded articles may be el ectri cal
cables or wires obtained froma crosski nkabl e conposition (A). 2 6 MAR
2005 5a According to the present invention, a nitroxide (N) of formula
(I'11) is preferably used, in which: Rl, R2, R3 and R4, which may be

i dentical or different,represent a nethyl, ethyl, propyl, isopropyl,
butyl, sec-butyl oalf-ddtdi {ﬁ&pl , RO each represent a Rio
represents a linear, brgh e or- cy%%%?ngigiﬁﬁra %ﬂnhyﬂrocarbon based group

or an apfylrakede e} oA e mdTat haamy! ate ryl ami de. group. Menti on,
may be made, 'for exanple, OP' h NﬁR Zoéﬂﬂ%ﬂg&ggf usga if

2; 2, 6, bwhéthaet hyl - 4- plperldyloxy acrylate -
2,2,6, 6- tetraethyl 4- pi peridyl oxy nethacryl ate:

- Ri, Rz, Ry and Ry, which may be identical or
different represent :a methyl, ethyl, 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: |



1t is preferred to use, in particular, a nitroxide (N) containing an
ursaturation, represented. by formula (1V): 013 in which X represents a
dival ent group -OC(0)-, -NRbC(O) - or -P(0)(ORb)O- with a\tis RED: 10
same neani ng as R and nis an int eger which may range fmfsag\ﬂpg ggagn
pref erably from2 to 10. The position - of the unsaturation on the group
CnH2n-1 is irrelevant, 15.but unsaturatiofis | ocated either in position 1
“relative to X or in the terninal position are preferred. Mention nmay be
~made, for exanple, of: --22226666testsaetinyl - Aﬁwwyic%y A&V Al

- 2,2,6,6-tetramet hyl -4-pi peridyl oxy nethacrylate -

2,2,6, 6-tetranet hyl - 4- pl-pehzjy&;o&-ylaetxyéetﬂﬁ/mm;aerldyloxy
2,2,6,6-tetranmet hyl -4- pi peri dyl oxynet hacryl am de. According to the present
i nvention, corpdiiriryZaEevMAR 2005 7 which may be used as free-radical
initiators are azo conpounds and/or organic peroxides, which, upon thernal
deconposi tion, produce fiteel§ &Nelkgrrathiteh Ysei lirt et ichelar, a

curi ng/crogsl i nki ng reaction. Anong the free
_ nitro 1de (N) containing an unsaturatlon, represented

by formula (IV) :

- | 0—N ) —X—GHpni )

vy

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 aerylate
| - 2',2,6,5-tetramethyl-4-pi§eridyloxy' |
-methacrylete
- 2,2,6,6—tetramethyl—4—piperidy10xyacryl-
20 amide - | |
—'2,2,6,6;tetramethy1;4—piperidylexymethacryl~
'amide. | |

According to the present invention, . compounds



5 radical 'initirators used as crosslinking agents, dialkyl peroxides and .
di peroxyketals are preferred. A detailed description of these conpounds
wll be found in Encycl opedia of Chem cal Technol ogy, 3 iy vol . .
17, pages 27 to 90 (1982). 10 Anpong the dial kyl peroxi d'zéd Mﬂg zﬁgﬁerred '
initiators are: dicunyl peroxide, di-t-butyl peroxide, t-butylcunyl
per oxi de, 2,5-di nmethyl-2,5-di(t-butyl- pe?oxy)hexane : :
2,5-dinethy| 2,5-di(t- anylperoxy)hexane
"~ 2,5-dinet hyl - qurﬁ-cdl ([ayb tiey lyxardias -frdweetB.ca® initiators are azo
,5 di met'hyl -2, 5-di (t-anyl peroxy)-3-hexyne, a,a'-di- :
(t-butyl pero@nmd&pﬁﬂdfmmaﬂmtp&wﬁd&romﬁ&;h upon. thermal

, 5-tri[(t-butyl peroxy)isopropyl]benzene,

di et hyl - 3k¥¥H%NW%HHy9moxyﬁbu&sw&ﬂfnﬁajradiahlnﬂthch facilitate
t- anylperox )butanol, and m xtures thereof. .20 Anong the dlperoxyketals
preferredt enlcﬂr&f’]@r /§rgsslinking easrdypinpe dmops 318 Frgd-net hyl -

t-

3

3-

(

e

cIohexaE 1@%& %L byt yl per oxy) cycl ohexane, n-butyl
4 myl B

2

6

b

2
i
1,
3-
th
Z?/ di (t AP pdors Mpeds as- @r@rssaum}qmqo@umwmumaéﬂm
g jgigTQ?ggL erOxﬁégrOQB%ﬁé%P@éPﬁB#?Fﬁ%Fh?FE Pr?f$rsfﬁbt@aé%é@ydﬁdnonane
33 (1 anyl SEPEEIY by, B kK cRrBbGrBE Wiaroer. foupduir 2005 Azo
gogPOU”dS “h'ﬁﬂ Xo gdggnEfOE%d %%g Tecggglogy, %rd edition,

J |

-azobls(2 acet oxypropane), 820
vol. 17, pages 27 to 90 (1982).

10 | 'VAmong the dlalkyl 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- £~ —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.



3 i-sobutyronitrile, azodi carbam de, 4,4'-azobis(cyano- pent.‘anoi c acid) and
3 2,2' -azobi smet hyl butyronitrile. 5 Dicunyl peroxide and a,a'-di[(t-butyl-
] peroxy)lsopropyl)benzene are particularly preferred. ﬁfﬁimghggzppstlc
and/ or el astoneric polyners taken into consideration in
- I nvention may - be defined as natural or - ﬁnt heti c pol ynmers. which have 10 a
t hernopl astic and/or elastoneric nature afd which nmay be crosslinked
~(cured) under the action of a crosslinking agent I n Rubber Worl d,
"El astomer  Crosslinki ngazé t domb@endx yited @h Shay Q6é ohent 19883, pages 26- 32,.
and in Rubber and Pl astic News, "Organic 15 PerOX| des for Rubber
Crossl i nki ng, <%m@ebe endee ZS@Onaz@@@@sz4£céfbxy¢mbpanesllmkmmmsaction and
“crosslinkable polyners are described. Polyol efins which are suitable for
the present i rvaEmRY ey enitreber idrelicaNpdetde Pl 454 | esz&nty tdyppesh a 89,
‘pages 63-67 and 74-75. By way 20 of exanple, nention may be made of |inear

. lLow density p(ﬁ"ifé'%e}mjéh@q% aichsd 13/ m%mmlbmtgmmw

pol yet hyl ene, chl ori nat ed, polyethylene | ene- opyl ene- di ene

t er pol yrree£ (EPDV) , et h)}?JéﬁE“ r%ﬁro y%eig -faryA-ene- pr opyl ene
copolyners, 25 S|I|§Qne rub chlorosul honated pol yet hyl ene,

f1 uor oel ast ongt<E,® tJLFrOé?rCF r’(?@-*i)e E’pﬁf? -"{)f mMretrysasit adi ene

BR acrylonitril e-but agdi e co r ene- but adi ene
gopélynErg (SBR). 2 6 :ﬁ§$rmd%1£ggi QQERr‘elas omeric polymers

taken into con31derat10n in the present invention may
) - be deflned as natural or synthetic polymers which have

10 a thermoplastlc and/or elastomerlc nature and Wthh may

be crossllnked (cured) under the actlon of a

crossllnklng agent In Rubber Wbrld,f“Eiastomer

.Crosslinking with Dlperoxyketals”, October 1983,

pages 26-32, and in Rubber and Plastic News, Forganic
15 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 Encyclqpedla 89, pages 63 67 and 74-75. By way
20 of example mention may be made of linear low den51ty

polyethylene, low den51ty polyethylene, high density

polyethyléne, chlorinated polyethylene, ethylene—-
propylene—diene terpolymers'(EPDM), ethylene-vinyl
acetate copolymers, ethylene-propylene copolymers,
25 silicone tubbef, chlorgsulphonated polyethylene,
fluoroelastomers, natural rubbér {NR}, pélyisoprene
(IR}, polybutadiene fBR), acrylonitrile—butadiene

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



9 Mention may al so be made of ethylene-nethyl (neth)acrylate copolyners .
and et hyl ene-glycidyl -nethacrylate copolymers. The wei gg g&%g -2005*16:;. -
free-radical initiator to the nitroxide (N) in the crossA Mnking —
conposition (C) and in the crosslinkable conposition (A) is preferably -
between 1 and-50 and advant ageously between 2 and 10. In the crosslinkable
- conposition (A), the 10 free-radical iniPiator preferably represents _
‘between 0.2% and 5% by wei ght -of the anount-of polynmer and advantageously

between 0.5% and 3% by wedgtion |ﬂihﬁ®1é¢%btﬁadéh6fc@ﬁl§§léﬁ'@%§tmt'Oned
above, the conpositions (A) and (C) may conprise 15 antioxidants,” -
stabilizers, plmsthlazeysattantdpeErimers | died Seshighens-giyétayl clay or
cal ci um car bonate. The conposi tions (A) and (C) may conprise two or nore

_nitroxi des (NmettmyryetalspalomErse two or nore free-radical
initiators. -20 According to the process of the present invention, the
crosslinking tenperat ur efhraywesiegtie tesio  dfl Otlae df 22OC adic gl ef er abl y-

. between 140 and 200C. Advant ageously, the process i-s inplenented in t he
presence of aniEHOWARCHILS ke aridir Grdlof (W thoxihe coBssliokinat t he

i niti-ator/polynmer and mtromde/dool ymer weight_ratios are close to those of
conposi tion (A50m9051t10n iri the crosslinkable composition

(A} is preferably between 1 and 50 and'advantageously
. between é and 10.
hJ“ _- 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'twd‘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



The conversion of the crosslinkable conpositions into noul ded or -extruded
articles may be 2 6 MAR 2005 10 carried out during or a&é ‘ﬁr???bMSKing._
- EXPERI MENTAL SECTION In the text hereinbelow, the faollo ﬁg é

abbrevi ations are used: M the maxi num val ue of the torque obtained from
the curve recorded by the 10 15 rheoneter. This value determ nes the
crosslinking density. T90 . curing tine,1®8he time required to reach 90%
of the maxi numtorque at a given tenperature. Ts5 : scorch tine, the tine
required at ‘a gavebeflesperahdiegfeF &heei:%ﬂb@simkiﬁgtease by 5 Mooney
units. The crosslinking density (MH) and the crosslinking tine (T90) of the
bl end obtai ned were neasured at 180C using a Monsanto ODR 2000 E rheoneter
20 (Al pha Technol ogies, oscillation arc: 3, oscillation frequency: 100
cycl es/mn). The ‘cross| i ERFERIMENTAL sSSBCTION et er m ned

In the text hereinbelow, the folloﬁing
5 abbreviations are used: |
My : the maximum valué of the torque
obtéined'from.the'cqrve recorded by the
fheometer. |
.";' This value determines the crosslinking
10 o ' denéity.
Tog : curing tiﬁe, the time required to reach

90% of the maximum torgque at a given

temperature.
Tes : scorch time, the time required at a
15 ' given temperature for the torque to

increase by 5 Mooney units.
The crosslinking density (M) and the

crosslinking time (Tgp) of the blend obtained were

Y -
o

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).




usi ng the rheoneter used under the sane conditions as above. 25 The scorch
ti e was measured at 145C using a Money MV 2000 vi sconeter (Al pha--

Technol ogies). 2 6 MAR 2005 11 Exanple 1 (not i n accordang gmA? Zﬁﬁ |
i'nvention): 1 000.g of |ow density polyethylene (Mtene rbs I 5and)

25-g of di-cunmyl peroxide (Luperox(r) DC).. 5 and 3 g.of
2,2,6,6-tetranet hyl pi peridyl bxy (TEMPO ﬂéfe m xed toget her ina turbonlxer
at 80C (nominal tenperature) for 15 minutes (stirring speed = 930 rpm).

The powder was then convExdmasile Nt ofrfots anpleedorddived erimpmofera disc by
melting at 110C for 3 min. The sanple was 10 then placed in the rheoneter
or visconeter kearberon)Exanple 2 (not in accordance with the invention):
Exanpl e 1 was repeated wi t hout the use of 15

2,2,6, 6-tetranet hyl pi perk 30bxy.ofTlew ebaisus:)amlgaatéxylane Tatiltent The
conpari son of Exanples 1 and 2 shows that the higher scorch time wth
TEMPO i s accorfsadl &y Pﬁa}ﬁ@nlddrrg@décﬂﬁa@ecwl heexenbdt | Hipry BTy and a

"slight increase in the crossllnkln time. 20 Exanple 3: The process is
" per f or med 2s YRS ePh R etramethylpiperidyloxy (TEMPO) 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.
Example 2 {not in accordance with the
1nvent10n) |
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.



the sane tine increasing the 5 crosslinking density. Mximum Scorch

Crosslinking torque at tite cimidrEscH Addind viedBot 445G 880K (T55)

Exanple 1, except that the 3 g of 2,2,6,6-tetranet hyl- piperidyloxy are

replaced with 4.4 g of NT1 25 (2,2,6,6-tetranethy|-4-piperidrloxy :
nmet hacrylate) so as ‘to carry out a conparison for an equiva eq§ L
concentTation of nitroxide function. 2 6 MAR 2005 12 Thezc@nﬂaﬁc 0% the
results with those .obtained in'the preceding exanples shows unambi guously,
that this nitroxide makes it possible toliZcrease the scorch tine while at

(T90) (NNm(mn:s)(mn:s) Exanple 1TEMPOL. 2119: 007: 10 Exanple
2-1..958: 406: 5@btained in the preceding examples shows. unambiguously

that this nitroxide makes it possible to increase the
" scorch time while at the same time increasing the

5 crosslinking density.

| additive Maximum Scorch Crosslinking
torque at time at | time at
| "180°C 145°C 180°C
) (M) - (Tes) ~ (Ton)
{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 compoﬁnd EPDM DIN 7863 (containing
100 g of ethylene-propylene-diene terpolymer and 218 g
of fillers) were conditioned in arBanbury-tyPe mixer
with a volume of 350 cm’ ét 50°C for 5 minutes at a
15 speed of 50 revolutions/min. 8.g'of Luperox F40ED (40%
di(tert-butylperoxyiéopropyl)benzene and 60% inert
fillers) were added and mixed with the compound for

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



Exanpl e 3NT12. 4214:106: 20 Exanpl e 4-5.942:505: 21 Exanpl.e- : I
504 TEMP(G. 1416: 195: 39 Exanpl e 6NT16. 1415: 474: 12 Tabl e 1 Exa ée é énot' in
accordance with the 10 invention) 318 g of conpound EPI:Z\/BDMrX 83 D L
(containing - 100 g of ethyl ene-propyl ene-di ene terpolynmer and 218 g of
fillers) were conditioned.in a Banbury-type-m xer wth a volune of 350 cnB
at 50C for 5 mnutes at a 15 speed of 50 i3evol utions/min. 8 g of Luperox
.F40ED (40% di (tert-butyl peroxyi sopropyl)benzene and 60%inert fillers)
wer e added and m xed w tExakipf eC@nMpEittd ifrDradedidiHRs waletPAGatt a speed of -
50 revolutions/mn. 2 6 MAR 2005 13. Exanple 5 (not in accordance with the
i nvention) Examplemtdord repeated but with-the addition not only of the
Luperox F40ED but al so.of 0.677 g of. 5- _ : ‘

4- hydroxy-2, 2, 6, 6-t et r afethple derisdyemen teCHOHEVROCh Blempdiifzidxanpl e 5
i's repeated but adding, instead of the O4+TEMPO, 0.931 g of NI1. 2 6 MAR
2005 WO 02/ 289w ©onfy of the Luperox F40ED but also of 0.677 g of.

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

Example 6:

Example 5 is repeated but adding, instead of

) " the OH-TEMPO, 0.931 g of NT1.



CLAI M5 PCT/ FR01/ 03010 1. Scorch-retardant crosslinking conposition.

conprising a nitroxide (N) containing at 5 | east one unsaturation and a .,
free-radical initiator chosen fromthe group consisting of organic

per oxi des and azo conpounds, and m xtures thereof.,zz n
according to Caiml, characterized in that the nitroM. I'S _
represented MPMRR244\AIRAae (1} to (I11)= & R4,." | | BCIRFRORI/O3GI0 \ R1

O. (1) R3in which at |east one of the substituents R1, R 2, Rl, R2, R3,
R4, R5, R6, R7, R8, RO and R10 contains at |east one unsaturation which is

“reactive towards free 15 radical additiC&®&IMShe renmi ni ng substituents

which may 2 6 MAR 2005 15 be identical or different, represent a hydrogen
atom a hal ogen atom such as fluorine, chlorine,,bromne or iodine, a
| i near, branched or cycH}c, saturated ' o

10

15

Scorch-retardant crosslinking
Compositioﬁ comprising a nitroxide (N}.cbntaining at
least one unsaturation‘andra free-radical initiator
chosen from the group éonsisting of organic peroxides
and azo compounds, and.mixtures thereof,
'i, V-Compbsition according_to Claim 1,
" characterized in that the nitroxide (N) is.represented

by formulae (I} to {(III):

R
O-
D
Rg Rio
Ry Rs
R4 R2
7R3 Ry
o
. , . O
@ . ()

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-

radical addition; the remaining substituents, which may



hydr ocar bon- based group such as an alkyl radical, a 5 substituted or
unsubstituted aromati c group, a cyano group -CN, an am de group - CONRRa,
~an ester group -COCR, an al koxy group -OR, a phosphonate g S
-PQ(OR) (ORa), a hydroxyl group -CH or an acid group.suc216am&_@&ﬂuér
PQ(OH) 2 or SO3H, R and Ra, which may be identical or 10 different, may
represent a hydrogen atom a linear, brahehed or cyclic al kyl group
~containing a nunber of carbons ranging from1l to 20, or an optionally
- substituted phbayidenoiipal 3or Canposiéhe) 266068eAH hohf?li%&é&a&ém, a
- characterized in that the substituents containing at east one _
unsat uration neglegeh aepneseoh as|lfbearin@) bhdoehed, opremechécognsat ur at ed
 hydrocarbon-based group or an acrylate, nethacrylate, acrylamn de or o
: met hacryl ami deledoeg. a@. lsedvsi branched ovdi ogelbeC aatutaved?2,
~characterized in that the nitroxide (N) is represented by formula-(1V):
CnH2n- 1 W CH3 By@reprbomsbased novdie hsuch eps eaene tkal drazdieat, gaoup _
-0C(O) -, -NRbC(Q) - or -P(O(ORL)O> with Rb having the sanme neaning as R
and n is an-i ntERYIEYEE OReynsEpgll tuted 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):




m2 to 20 and preferably from2 to 10. 5 5. Conposition according to

fro

Claim4, characterized in that the nitroxide (Ny is: - _
2,2,6,6-tetramet hyl -4-pi peri dyl oxy acrylate - I T

2,2, 6, 6-tetranet hyl - 4-pi peridyl oxy nethacrylate 1004 MAR 2005
2,2,-6,6-tetranet hyl -4-pi peridyl oxyacryl-_am de or T - ' -
2,2,6,6-tetranet hyl -4-pi peri dyl oxynet hacr3y¢- am de. 6. Conposition:-
~according to one of the 15 preceding clains, characterized in that the

;a,a' -di[(t-butyl peroxy)isopropyl]benzene. 7. . Conposition according to
~one of the pre@édPhg, ctBREG(0 }chamactr(a)z@Ry) 0-t kath R,CcRapIrGesha 20
.thernopl astic polyner and/or an el astoneric polyner. 8. Conposition:
faccordi ng to CFaifh meantharastRran@dd: i bs tdmt inbegenl yhkeh i sae hesege f rom | ow
"density pol yet hyl ene, high density polyethylene, chlorinated polyethylene, ..
“et hyl ene- propyﬁ@‘ﬁ’é-‘%u?%dg%@@@ﬁ%ﬁ%@mrgﬁomthyt@nbﬂ'vi nyl acetate - - -
copol yners et hyl ene- propyl ene copolyners, silicone rubber,. ‘
chl or osul phonat ed pol yethyl efefmPasiforse| a@eending 2o 60 2005 17

et Ry - r | a1 n hyl ene-
ethyl ene- met hyl, (JELD) 20ryl afe SOROl s and et vhene;

- 2,2,6,6-tetramethyl-4-piperidyloxy acrylate

ifree- radical initiator is €htthyX pepoxsdetoTa divalent group

| - 2,2,6,6-tetramethyl-4-piperidyloxy
_:}E . methacrylate
i0 u_2,2f6,6—tétramethy1—4—pipéridyloxyacryl—
amide or | - , -

- 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,



glycidyl nmeth
the. precedin
free-radica

preferably be
Clains 7 to 9,
represents be
preferably-'b

crossllnkablEeeﬂﬁ¥ﬂéﬁéiméﬂhylﬂq¥ééﬂﬁHb ﬂéEngHBr;yﬂé%éxgﬁﬁﬁgtéggg

el astoneri c pol yner whi ch rmay

acryl ate copol yners. 9. Conposition according to any one of

g clains, characterized in that the weight 5 ratio of the

initiator to the nitroxide (N) is be ﬁ 0 and
tween 2 and 10. 10. Conposition acco Efﬁ@Ai%ég_ one of.
characterized in that the free-radical 10 initiator

tween 0.2% and 5% by wei ght 10f  the anount of pol yner and

etween 0.5% and 3% by weight. 11. Process for crosslinking a

e crosslinked ns of a per

420 compound, (harAEHicathor) Al gk pol yrer | i xed wi th a

free-radical

initiator chosen-fromthe group consisting of organic

15 an

EOI’ an

‘peroxi des and azo conpounds, caRgboEDHIWrESdREg dd 23 i ¥ESense of a
according to one of dains 1 to 5. 12. Process according-to
Caimil, charasteslinged liaintshatcHarecenierssi dmn dhathehe kasigrkabl e ‘
A) into noul ded or extruded 25 articles is carried out during

‘ni.troxide (N

conposi tion (

or after &rosdlEitdld g, thes friveuirddd cerl - dxtitucedrato alhes nshiredx iRy be

obt ai ned accor(%l ng to Claim 12.

10

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 .
1n1t1ator représents between 0.2% and 5% by weight of
the amount of polymer and preferably ‘between 0. 5% and’

3% by welght

1Lk. Process for crosslinking a crosslinkable .

- composition comprising a thermoplastic polymer and/or

- 15

an elastomeric polymer which may be crosslinked by

. means of a peroxide or an azo compound, characterlzed,

20

25

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
the presence of a nitroxide‘(N)raccording to one of
Claims 1 to 5.

1z2. Process accofding-to Claim 11,
characterized in that ;he oonversion of the
crosslinkable composition (&) into moulded or éxtruded
articles is carried out during or.after crosslinking.

13. Moulded or extruded artioles which may

be obtained according to Claim 12,





