; €3ebQRONS@ TR L WD 02/ 092561 PCT/ FR02/ 01500 HEAT STABI LI ZER FOR ORGANI C
PEROXI DES The present invention relates to a heat stabilizer for organic
per oxi des. Anot her subject 5 natter of the invention is a conposition

" conprising oM/ Q8R5H4 des which is stable on storag@®CR/ERE2/1SE Qowar d
heat. The use of a solvent, mscible with a (lower) al kyl ketone peroxide
and exhibiting a boiling point of 10 between approximately 185 and 225C,

for tabilizing organi ¢ peroxi de has been disclosed in the
w{@ ]Wl“ 94 180.HENTSSTABLLEAER: EQBHOBGANIC PBBOX3DESNt is chosen
dehydes ket ones, hydrocarbons, hal ogenated hydrocarbons and
epOX|de§9”3t 15 al so teaches that, in addition to the heat desensi ti zi ng
sol vent, pyrrolidine stablllzers can be used to render the ketone peroxides

stabl e on storage. Frerdf ,ﬁﬁﬁﬁQﬁﬁ|%#W¢¢F§QW999%@H€%|%@I@s%%aﬁ process for

t he nanufacture of . a controll ed-rheol o 20 resin froma honopropyl ene or
propyl ene copth 14?Fvéﬁ¥ﬁPrQ?FﬁﬁzRﬁfg# $re- p%?%?@%%sSQPJ?%E state of the

art or in addltlontottfhee atter,, stable free radicals, such as nitroxides,

are i ncor por &t ¢h STV R H n’o%ll"i‘l%?f“p‘?%?b%c‘é@“mf’b?l%%arrpl e, into

the molten zo f d i{Lo adlcals are h| bIe
radi cal enti tlrg%az acxc/).%eg"n%’% i%% Vﬁ#u%llglt |%n§z; a%Ir oup et PSR %ﬂ%t%% Trade to
t he publi cat |%d_t93:yd Qé dgiller and K 1Ingold 2 in Accounts of Chem cal
Research, 1976 or to that by A Forrester et al. "Organic

Chenistry of Stable Fr %M&%@"alébﬂ;@&@mrﬁlé’éfﬁfe #9608 af PlokbEe)

definition. 5 These radicals have the property of reacting very rapldly

wi th carbonacenus) nestised Sodes dé Nend reemibe: degoapesiiing pbihpibfators
or resulting fromradical processes, such as radical polynerizations. This

reactivifly hasetheam takeroaidvané bgel 83 dyd 1225 ncor Por athegmahege ni troxyl
radi cal s in radical polynerization processes, such as the polynerization of
styrene or acstdltszimy qramessagsefoxriddchaspotgmedizalosed itlecohposition
or nodification of polypropylene. 15 The Applicant Conpany has just found

t hat nitroxyldecuhient FRah 3herhel | yThiabde¢urener brddess ablda rakkei t

possi ble optionally to increase the stability of the latter on storage. A
first subjectSRHeEr bF TSR cbeom eoterventidehyden, Neatoreabi | izer for

adical T § 13O S P GGBRS oS oY B CRaE | $58r SPORL P BantE
Rt oxyl TPaditiEe 23] °Cyr§'ﬂ'tarff%¥’°¥<ﬂjet%%3téh %‘I%%"ﬁi? ' parti cular be
???$ aﬁz ?ﬁﬁ%istablllégﬂﬁé ~ihe co %ﬁi %e rgggnbegl réhgaéoggulae (r,
used to render the ketone peroxides stable on storage.
French Application FR 2 792 321 discloses a
process for the manufacture of a controlled-rheology
20 1resin from a homopropylene or propylene copolymer in
which, in place of the peroxides of the state of the
art or in addition to the latter, stable free radicals,
such as nitroxides, are incorporated in the resin to be
modified, introduced, for example, into the molten zone
25 of an extruder.
Nitroxyl radicals are highly stable radical

entities having an N-O  functional group. Reference may

be made to the publication by D. Griller and K. Ingold

I
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00 ti) RR RS RRRRT XRBi R R3 Ve ~~R?2 (Il) OO0C(IIl) inwhich RL, R2,
R3 and R4, which can be identical or different, represent a hydrogen atom
a hal ogen atom) 5 such as fluorine, chlorine, bromne or iodine, a

" saturated or unsaturated and |inear, brapched or cyclic hydrocarbonaceous
group, such as an al kyl or phenyl radical, a polynmer chain, which can, for

Ty o R G T L phgan e el L
5 e B BT TR OP AP e OB SBTS 1 o
uhich 1 < S0, & phat naccoyen 2 chit Te b OLET, ok eflece bon

can be choseydfgmifw,same famly of group as that which has just been
envi saged for Rl, R2, R3 and R4 and, furthernore, can represent a hydroxyl

group -OHsor an 20 aci drlgéwpraéi@ug%a&@cth@rprgﬁé%zof)rre§9§thg
|V

Furthernore, X in the forrmula (I11) represents a al’ent group chosen from

met hyl ene - ChZexy -#AERA1ORIth carbomydeotsd GadiOXYs - £s@DdingHEromwi th Z

representing a nonoval ent residue chosen from cyano: 4 -CN, hydroxyl:

-OH, am no: -tNRR decdkoxyitid@R of nmbylateNsCGRR resal bimyl &ten - OC( O - R or
am de: -NHR-C(0)R groups, in which Rand R, which are identical or
different, reomdset prigesseen suoman sadioebrroltybennzaetoaskyl group
havi ng a nunber of carbon atonms ranging from1l to 20, or a benzyl or phenyl
group. | n théThiy MRactITigy bagdpeen stakepradeantagphefpbvnat e group:
-OP(0O)R'R'- with R" and R'' having, the same neanjng,as Z. 10  The conpounds
represent@d DBYPINPYeHeIRI Fhopsr Il iy radicalsiiy radiweenh R, R2, R3
and R4, which can be,identical or different, have the sane neaning as those

used for the RS YBFTAAZE 93 )PERCEFFE: aFUCH FRprRScheLYReHi 9aF LAt 9 oup

Eﬁgs?n(fE;gn%éé%%éq§135_3é$iigﬁgé,)op_é%écé%geé}fbr_gkg(CRaRb)nNH_’ - NHC (

copolymerization, decomposition or modification of
polypropylene.

15 The Applicant Company has just found that
nitroxyl radicals can thermally stabilize peroxides and
make it possible optionally to increase the stability
of the latter on storage.

A first subject matter of the present

20 invention is a heat stabilizer for organic peroxides,
characterized in that it includes at least one nitroxyl
radical in its molecule. Preferably, the heat
stabilizer for organic peroxides is an N-heterocyclic
compound with the nitrogen atom of the nitroxyl radical

25 forming part of the ring.

Mention may in particular be made, as heat
stabilizer, of the compounds represented by the

formulae (I), (II) and (III):



20 -S-, -O; Ra and Ro, which are identical or different, represent a
hydrogen atomor a linear or branched al kyl radical having a nunber of
~carbon atons 5 ranging from1 to 10, and n represents an i nteger
ranging fromO to 20, may al so be suitabBe as heat stabilizer. According to
the invention, in addition to 5 the conpounds of general formula (I1V),

ot her conpounds incluyging several ni yl radicals, such ﬂg, for exanple,
those represented &y fth¢ ggheral fo (V), may al i tabl e as heat
stabilizer: N1 N N, Q Rgg N ~ Rl RR7~ 7=R40 in which
Rl, R2, R3 and R4, i che€att be | tic Ry difféerept, haVe the sane
meani ng as those o p e;qedin?ﬂs 0 (1) to (I 0 Riinteger
between 15 1 and 20, represen an alkyfene &8s i a nunber of

carbon atons ranging fpom 2 to 12 whi gh can be int Rgn -0 or
-NRlo- with R o denoting a hydrogen atgm an al kyl oup having a nunber of
carbon atons of betwee® 1 and 12, or a cycl oal kyl group, ,and Q 20
represents an -OR11, -NHR12 or -NRI2Ri@ radi cal where RO1 represents a

| i near or branched al kyl radical having a nunber of ca(H®n atons rangi ng
froml to 12, a C3-Cl2 al koxyal kyl radical, a cyclohexyl radical, a benzyl
6 radical, a phenyl radical, a tolyl radical or a 2,2,6,6-tetrapiperidinyl
resi due and R12 and R13 have the sane neaning as Rl11 and, furthernore, can
al so form topetiieicang; Wi, Rheandt Rpgarm idromamhigd eddies 1t hem S5 a 5-,

6- or 7-nmenbered heterocyclic radical which can
different, represent a hydrogen atom, a halogen atom,
5 such as fluorine, chlorine, bromine or iodine, a

saturated or unsaturated and linear, branched or cyclic
hydrocarbonaceous group, such as an alkyl or phenyl
radical, a polymer chain, which can, for example, be a
chain of poly(alkyl (meth)acrylate), such as

10 poly (methyl methacrylate), of polydiene, of polyolefin
or of polystyrene, or a functional group, such as a
cyano group -CN, an ester group -COOR, an amide group
~-CON(R);, an alkoxyl group -OR or a phosphonate group
-PO(OR),; in which R represents a hydrocarbonaceous

15 chain having from 1 to 9 carbon atoms, and in which Rs,
R¢, R7 and Rg, which can be identical or different, can
be chosen from the same family of group as that which
has just been envisaged for R:, Rz, R; and Ry and,
furthermore, can represent a hydroxyl group -OH or an

20 acid group, such as -COOH or -PO(OH); or -SO3H.
Furthermore, X in the formula (III) represents a
divalent group chosen from methylene -CH;-,
-C(OR%) (OR')~-, carbonyl -C(0)-, oxy -0- and -CHZ-, with

7 representing a monovalent residue chosen from cyano:



additionally conprise an oxygen. The conpounds of general forrmula (V)
general ly used are those obtai ned by oxidation of am nes sold by C ba under
t he nane Chimasorb 944, where 10 Rl, R2, R3 and R4 each denoting a nethyl
" group, R9 an al kyl ene group conpri sing 64carbon atoms, Q representing an -N
(O) -C8H11 radical and ~, being an integer between 2 and 4. The preferred
compounds of -ganerdfexyl a-d®d, (athido) aMEeR hps£lkexywhicke Rl, R2, R3 and
R4 each denote a nmethyl group, R5, R6, R~ and Re each represent a hydrogen
atom and X a inhioygr othp=CRIR partaxhbaylatvent +@D(ayRbeonualeidas conpounds
of general formula (III), of 2,2,6,6 20 tetranethyl-1-piperidinyl oxy,
general |y sol-dNHR4e? (@R’ raneumEMPM which R° and R’, which are
4- hydroxy- 2, 2, 6, 6-tetranet hyl 1- pi peri di nyl oxy, sold under the nane
4- hydr oxy- TEI\?F‘t‘?nQIl‘ﬁ%}e mydlzféeleerettemww; 3 -Byyepgen ngt @Ry, 2conmonl y

4- 0X0

referred . 4- et ho

2,2,6,6-t tr RA O;Lr:}%/ I\%‘?‘uy‘? 391 %%@a??‘{/lfﬂ%f%rwab% 2§ 4- oxo- TEMPO,
The conmpounds of eneral formul a ( |ch artlcula referred are
t hose ?gpreseﬁ? Ve ey f%ﬁ?%ﬁn% $ w? 2’?‘Q:ng ¥$¥%£+1 0 ~3 with
n bei ng able o) S

2,2,5, g tetrégrretm %lt ‘génr oﬁd’fﬁnglfo%}ﬁlg%lg unger}% <I91e trasd% name PROXYL, 5
1- pi peri di nyl@yr@sgn@ 5-5105 S AEBRWL - dr b= 0X096h Pr dReY] WA &

and
1- pi peridi nyl oxy-4,4'-((1, 10-decanediyl)bi s(oxy)bis(2, 2,6, 6- tetranethyl)

ni t r oxi de, sqid'nmﬁj@{g thes tdade marri g d415 by C ba SpeC| alty Chem cal,
2,2,6, 6-tetranet hyl - 4- hydr oxypi peri di ne-1-oxyl nono 10 phosphonate or
3-carboxy62, 2,5, 5-t et r anied hydmpyumdd | tepye oyt & doyorhy detersaed to a
3-carboxy Proxyl) are also preferred.

formula (IV)

R; R.
Rl 2 1 RZ
-O_____ N Y N_,___ O'
Rs
3 R, R4
(V)

in which R;, Rz, R; and R4, which can be identical or
different, have the same meaning as those used for the
15 formulae (I) to (III) and Y represents a divalent group
chosen from:
-0C(0) - {CRaRp)n-C(0)0O-,
-NH- (CRaRp) nNH-,
~-NHC (0) - (CRaRp) n-C (O) NH-,
20 -S-, -0-; R, and Ry, which are identical or
different, represent a hydrogen atom or a linear or

branched alkyl radical having a number of carbon atoms



Noncyclic conpounds, such as those represented by the general formula (Vl),
may al so be 15 suitable as heat stabilizers: RS Ir2 1'1 Ri ~CQ N/~ R4
Rz 0 (vr) inwhich R, Rz, RB, R4, R 1 and R 2, which can be
“identical or different, have the sane neéning as Rl, R2, R3 and R4 of the
precedi ng general fornulae. 8 A second subject matter of the invention
is a conposi tramgtegpfirsny ©6ga0| capér nxrdprebenbsi anstabkgedn storage and
stabl e toward heat, characterized in that it conprises at |east one organic
per oxi de and m@n&ihg@aStomne healOstabilizer according to the first subject
matter of the present invention. The anmount of heat stabilizer present in
t he stabl e orf@vi@lperbsi geicabpespsi baahcebrbihgzeb-the invention is
preferably between 0.1 and 99% by wei ght , 10 and advant ageously between 0.2
and 30% Mention may in %ﬁ??F@ﬁPﬁrtBetﬁﬁdé?VﬁgtbP@anFE ﬁ%@b%i@@s?oof di al kyl

i des,_ h id t hei t t al d t )
et o s hYEope o 425200, LIELL 0o o P YKl Bl 5 and perotestere,
th i dati on. Kk hyd jid ticul arl
e 01 dat1 on, oL kgL a0ege Rene el ek apdtudigbergetdgg aggpar 1 cularly

2,5 dimet hyl - 2x 2 £ CehoDUt YLPELOXN) BEXLY- VHE: oChELET eBUhYL L REF X1 de,

di (tert-anyl) peroxide, 20 ter utyl cunyl per
di (tert-butylpReyoXyE§O0be suitable as heat stabilizer:

— N -—
— N N
T Ry —— N
N§T/N
Ra
Q 2 R
RY T Ry Ry/ N\ R,
o
sy oo O -9
(V)

10

in which R;, Rz, R:; and Rq, which can be identical or
different, have the same meaning as those of the
preceding formulae (I) to (IV), O is an integer between
15 1 and 20, Rg represents an alkylene group having a
number of carbon atoms ranging from 2 to 12 which can
be interrupted by an -0- or -NRig- with Rio denoting a
hydrogen atom, an alkyl group having a number of carbon
atoms of between 1 and 12, or a cycloalkyl group, and Q
20 represents an -ORj;, -NHR;; or -NR;3R;3 radical where Ri;
represents a linear or branched alkyl radical having a
number of carbon atoms ranging from 1 to 12, a C3-Ci2

alkoxyalkyl radical, a cyclohexyl radical, a benzyl



propyl ) benzene, 2,5-dinmethyl-2,5-di(tert butyl peroxy)hexane, dicunyl
peroxide or 3,6,9-triethyl 3,6,9-trinmethyl-1,4,7-triperoxonane. Mention may
be made, as exanpl es of 25 peroxyesters, of tert-butyl peroxybenzoate,
“tert-butyl peroxyacetate, tert-butyl perdéxy-3,5,5-trinethyl hexanoate,
2, 5-di net hyl - 2, 5-di (benzoyl per oxy) hexane, 00-tert-butyl O0-(2-ethyl hexyl)
nonoper oxycar pgaatgl , 08t shenbut yhdOch3ophopyhyiorageeaxyear gonate, 00-tert
9 anyl O (2-ethyl hexyl) nonoperoxycarbonate, tert-butyl peroxyisobutyrate,
tert-butyl peppxys2ecetbykhpipasatienylerbshatyl apdr axy-aare®yl hexanoat e,
tert-anyl peroxy2-ethyl hexanoate (Luperox 575), 2,5-dinethyl 5
2, 5-di (2- et hythexaaog| peanipyhegaRe @Enderfmrt2Efmore, can also form,
3,6,9-triethyl-1,4,7-triperoxonane, tert-butyl peroxypivalate (Luperox
11M75), tert-aagetherofygi vakht Ehet sitrpgepl aperowhpacbdeaanogse theayt anyl
per oxyneodecanoat e, ~-cun¥l per oxyneodecanoat e or 10, .
3- hydr oxy-21, 12dPiet Ayl B4t yrMEBPEXxGHeBEEERAGEEL LICMBREEGRLINUP1IEE RBBe, as
hydr oper oxi des droperoxi de, tert-anyl hydroperoxide, cunyl

: =b | _h
vdr oper oxt dea8a Tk GRAuTHy FEmPBYECRE PR Rer oxy) hexane, |
di i sopropyl benzene nDnoQXgrggsﬁﬁékggbﬁ%ﬁggh%%8%;§§¥h§§gﬁ$gsod|hydroperOX|de

or para-nent hyl hydroperoxi peroxi de salts,

of ‘the di sodi yghsahiigfuled o28dc oéébBﬁQ%?Hé?L&VpSQQ&EQQBEOBE2‘y')benzene'

20 Mention may as peroxyketal s,

3, 3-di (tert-bghyhegr e¥Ynbelytabe, ualBY tBe3dhfibethiARMLRBN 6%)) bishyrat e,
n-butyl 4,4-di(tertbutyl peroxy)val erate, 2,2-di(tert-butyl peroxy)but ane,

1, 1-di (tard - brt ylmer exy hagc Rohexcnededo dinly (4 eétidpl group, Re an

but yl peroxy)-3,5,5-trinmet hyl cycl ohexane or 1,1-di(tert

anyl per oxy) cyelbiiéearegrPepoxrypepréssngschaabohupeprms, 535 (tert - anyl

per oxy- 2-et hyl hexanoate), Luperox 256 (2, 5-dinethyl _

2, 5-di (2- et hyFREX8ABPEHBEORY) h¥X QRS Cafid Eagérax 2nfrd beipg(esrt - butyl
peroxypival ate), requiring a storage tenperature bel ow anbi ent tenperature
are advant ageolisPgeEnbseween 2 and 4.

The preferred compounds of general formula

15 (III) are those for which Ri;, Ry, R3; and R; each denote
a methyl group, Rs, Rg, R; and Rg each represent a
hydrogen atom and X a -CHZ- group.

In particular, mention may be made, as
compounds of general formula (III), of 2,2,6,6-

20 tetramethyl-1l-piperidinyloxy, generally sold under the
name TEMPO, 4-hydroxy-2,2,6,6-tetramethyl-
l-piperidinyloxy, sold under the name 4-hydroxy-TEMPO,
4-methoxy-2,2,6,6-tetramethyl-1l-piperidinyloxy,
commonly referred to as 4-methoxy-TEMPO, or 4-oxo-

25 2,2,6,6~tetramethyl-l-piperidinyloxy, generally
referred to as 4-oxo-TEMPO.

The compounds of general formula (III) which
are particularly preferred are those represented by the

following formula:



The organi c peroxi de conposition according to 5 the second subject matter
of the invention can al so conprise conventional diluents, such as
pl asticizers, liquid phlegmatizers, organic solvents, polyneric carriers or
“organic carriers. This organic peroxide anposition can additionally
conprise one or nore 10 additives, such as anticaking agents, antioxidants,
pi gnents or dyes, and netal -se es?@sing agents, such as DTPA (sodium
diethyl‘enetriam'nepentaacetate@‘lij EDTA (sodi um
et hyl enedi am netetraacetate). Ment may be nade, as exanple of 15
conposi tion according to the gesopd su -%-oaLLgh:pgithe i nvention, of the
conposition conprising the disodi sdlt of l fd
1, 4- bi s(2hydr oxyper oxi depr op- 2y enzene, stablllzer according to the
first subject matter, in particula 20 TEMPG' and a netal - sequestering
agent, such as EDTA. A third subject "matter of the invention is a process
for the preparation of the organic peroxide conposition according to the
second subj ect nattegsof the_invention. This process consists in adding a

25 suffici ent VARBuRt anhébHEaFosYQBVIFEQWs} 58c89d|ng to the first

bj ect tt f th t to.th to b I d. A
ourth subj ect matter of {EnEoTRTEREPOR e he tBeoor LREEOBRBBIL Ron
according 1o Lhe.5e¢80tly1 ok, SUBLECLARBL! BheOl %ﬁs hayenbkagyror modifying
pol ymers. on may B pa ticular econposi tion of

polymers, g n paﬁ&%gyha5n9&oa9tzp@O@y@n@etéaﬂe£H919aaﬁRunaxegceglyners such
as, for example, fThe 5 grafting of polypropyleng with malefic anhydride.

EXPERI MENTAL RABF1)6R910x1181psr2aSndiBRY Y] 42, 5di fbenbobubyl pey oxy) hexane
10 Luperox 802 - 1,4-bis(tert-butyl peroxyi sopropyl)benzene Luperox 331Mb0 =
1,1-di(tert- bhiykpgymby; Rupesog-tBHEANEthyller hibubylidbydesoepar axade TEMPO
2,2,6,6-tetranethy|-1-piperidinyloxy AF845:
1- pi peri di nyl tkg- zrade Bamet CZARDAYD- By[ Clbex6pbcoal asteChibhoxy]l , CXA 5415:
1- plperldlnyloxg 4,4 -((1, 10-decanedi yl ) bi s(oxy) bis(2, 2,6, 6-tetranethyl)
nitroxide * 14~ sébérF@ﬁrﬁﬁerﬁéoéebXﬁé0$Mé1E§ﬁéﬂR§Paﬂ ekyécronP-t he
stabilizers 20 (TEMPO, AF845 and CXA 5415) on the deconposition tenperature
of the vé#%ouEheﬁﬁgﬁpetﬁePBXPdéérp§xyrpu§tPa?eHeFﬁaFSEh¥lr 12 Organic
per oxi de or mnixtur rox%de/ tabili er t|o a mass ngegature of the
0t<¥

P
begi nni ng of HEEHRPISEEY HX¥C§EBB@PB yl6f P55PHPEPOR

TEMPOL0125Lup 1_+ A 5 [OX 802- 120Luperox 802 +
TEchnz130Lup§%§§y%82aEeA lg§5§%§8%g%§rox 802 + CXA 54154130Luper ox

331Mb0- 100Luper ox 331MbRo#JENREOLinbuRarex IBHROXs19ALuRer ox TBH/7OX +
TEMP(G6205 TABLE |

represented by the general formula (VI), may also be

15 suitable as heat stabilizers:

in which R;, Rz, Ri, Rs, R’; and R’,, which can be
identical or different, have the same meaning as R;, Rj,

R; and R; of the preceding general formulae.



Products used for the deconposition 5 - Pol ypropylene with an MFI of 3.3
(230C/ 2. 16 kg) - Organi c peroxide:
2,5-di methyl -2,5-di (tert-butyl peroxy) hexane - Luperox 101 (peroxide content
" 95~) - Stabilizer: TEMPO 10 Experi ment al gprocedure The pol ypropyl ene is
deconposed in a corotating tw n-screw extruder of Brabender type. This

trud [ 4 Z1 4, th t] t t ,of _which
e 2000 2200 22001 180Ch SHEIS BEHIERY R TECE Gf CRB DBYPRLLDE 8r@ 2o

depends on th cr ed. 1. icall ri from4.5 10,5 kg!/ The
Iage ig granu %§é§§¥§§é§3ék%#%%éﬁgaTé?%%%%gdég?%x%ﬁarg%%%$i%Edsg§g}ﬁe IVFI
val ue (neasur J%ﬁ%g, e s.(nmeasured 20
accordi(ng to ‘?e‘go?‘ts? an arad\gdi%g]g%% %%w%ﬁcg %{/a g'e %%a%ﬁgt@ggg%hg&py i npact
test (measureght 23CaReAIhO¢ 014 $ROUBEGarti O/ J8Abx 1 dBCARG! YT OPYI ene
is reduced to the formof a powder, on which a solution based on acetone,

on 5 orgagi ¢ ReOXi sl aieh ONs dEBPA 261 aslsO6 P&ng ALbeEnadsprpti on, the
acetone i s evaporated and the pol ypropyl ene-based reactive mxture is

i ntroduced Vi#ulsyAOPRedt tét 0o Ofige Ipfddent Theveesubhs obtained with regard
to 10 deconposition of the problemw th a stabilizing conposition according
to the invention are sulmaramedant nof abéezt | $tdlekbihpéespBeasdt4inatheed out
from organi c peroxi de and TEMPO conposi tions, whereas exanple 5 was carried
out by di sperstaigle hergen bxi per emide heomphPx 16n saparadlthy bwethéhe

pol ypr opyl ene powder).

Exanpl ePer oxi B TENROTEMREY I fpeaip Lis Noe eveet ppr} (#pd) PR ok deedighti n) (MPa) C
har pynol ari npactrati oEnergy at23C( kJ / n?

) 100- 3. 31870321 50N Ba3eque Y 2oesseen 26+ 9. ap8. 89%702. 642000% 1020* 1. 023. 61

1802. 752000*10201. 023. 511802. 7 * Use of a_conposition rem x) based on
organi ¢ peroxi de and OHHQ%ﬁﬁﬁ?2@§ﬁﬁiﬁf??¥t%ﬂg??ﬁcg?p@?égioﬂso%rﬁanlc

composi tion hased o o g0 &; PELOYI e, AM.g0, MLLLoXde. such g5 TEVPO

their salts, peroxyketals and peroxyesters. Dialkyl
peroxides, in particular cyclic dialkyl peroxides

15 deriving from the oxidation of ketones, peroxyketals
and hydroperoxides are particularly preferred.

Mention may be made, as examples of dialkyl
peroxides, of 2,5-dimethyl-2,5-di(tert-butylperoxy)hex-
3-yne, di(tert-butyl) peroxide, di(tert-amyl) peroxide,

20 tert-butyl cumyl peroxide, di(tert-butylperoxyiso-
propyl)benzene, 2,5-dimethyl-2,5-di(tert-
butylperoxy)hexane, dicumyl peroxide or 3,6,9-triethyl-
3,6,9-trimethyl-1,4,7-triperoxonane.

Mention may be made, as examples of

25 peroxyesters, of tert-butyl peroxybenzoate, tert-butyl
peroxyacetate, tert-butyl peroxy-3,5,5-trimethyl-
hexanocate, 2,5-dimethyl-2,5-di (benzoylperoxy)hexane,
00-tert-butyl O-(2-ethylhexyl) monoperoxycarbonate, 00-

tert-butyl O-isopropyl monoperoxycarbonate, 00-tert-



14 it possible to obtain a polypropylene with a [ower flow index and with a
better inpact property while retaining the sane stiffness. Conparison of
exanples 4 and 5 clearly shows that the use of a prem x results in 5
" properties identical to those obtained f Pom t he constituents used
separately. WO 02/ 092561 15 characterized in that it includes at |east
one nitroxyl &7 RRO2Z 045001 Hex Pl heabnspebokyzerbdnitor gaate-petpxi des, 5
radical in the nmolecule. 2. The stabilizer as clainmed in claim1, 10
char act eri zedcéroxhhsobhutysatd, Neéet epotyt| perooypduathywi héxaheanet r ogen
atomof the nitroxyl radical formng part of the ring. 3. The stabilizer as
clained in cl@nr1bwryD pehexdac? eptethexaneate| t t¢strapy bsearedyby at
| east one of the formulae (1), (1) and %II): WHAT |S CLAIMED I S: Ra R6 R
5 R R1 R 127(¢fhvbherprmpatre Rsuperox R ~R Ridf@ethyN-oe ~ | R2 (I11) O

0 (1) 5 2,5-di (2-ethylhexanoylperoxy)hexane (Luperox 256),
3,6,9-triethyl-1,4,7-triperoxonane, tert-butyl
peroxypivalate (Luperox 11M75), tert-amyl
peroxypivalate, tert-butyl peroxyneodecanocate, tert-
amyl peroxyneodecanoate, [-cumyl peroxyneodecanocate or

10 3-hydroxy-1, 1-dimethylbutyl peroxyneodecanoate.

Mention may be made, as hydroperoxides, of
tert-butyl hydroperoxide, tert-amyl hydroperoxide,
cumyl hydroperoxide, 2,5-dimethyl-2,5-4di (hydroxy-
peroxy)hexane, diisopropylbenzene monohydroperoxide,

15 diisopropylbenzene dihydroperoxide or para-menthyl
hydroperoxide.

Mention may be made, as hydroperoxide salts,
of the disodium salt of 1,3- and 1,4-bis(2-hydro-
peroxideprop-2-y1l)benzene.

20 Mention may be made, as peroxyketals, of
ethyl 3,3-di(tert-butylperoxy)butyrate, ethyl 3,3-
di (tert-amylperoxy)butyrate, n-butyl 4,4-di(tert-
butylperoxy)valerate, 2,2-di(tert-butylperoxy)butane,
1,1-di(tert-butylperoxy)cyclohexane, 1,1-di(tert-

25 butylperoxy)-3,5,5-trimethylcyclohexane or 1,1-di(tert-
amylperoxy)cyclohexane.

Peroxyesters, such as Luperox 575 (tert-amyl
peroxy-2-ethylhexanoate), Luperox 256 (2,5-dimethyl-

2,5-di(2-ethylhexanoylperoxy) hexane) and Luperox 11M75



in which RI, R2, R3 and R4, which can be identical or different, represent
a hydrogen atom a hal ogen atom such as fluorine, chlorine, bromne or

i odine, a saturated or unsaturated and linear, branched or cyclic
" hydr ocar bonaceous group, such as an al kylgp or phenyl radical, a polyner
chai n, which can for exanple, be a chai n of pol y(aI kyI (meth)acrylate),

such as pol y( thac I at e, ydi ene olefin 16 or of
pol ystyr ene, ?lﬂhr% %%af%%% ]ée%ujcfljalﬁ% r%%%ra%'f\l an ester
group - COOR, ﬂg EHP] SZ%I‘]B% r r a phosphonate
group -PQ CR) % represents aaﬁ %ocar%o%a%%%uséfmghal n havi ng
fromltqug;%m] nf ?é}gln whi ch R5 Ro, R~ and Rg&, which can be

i denti cal ere can be chosen fromthe sane famly of group as that
whi ch has just been en%ﬁ@%& chgldc.Rsc&ﬁﬂoBftM’aéHéf@ can

represent a hydroxyl group or an 10 acid group, such as -

-PQ(OH) 2 gr -S08Heddfd hainTees :ﬁ&t@efh@ffﬂ&@umzéﬂl&iamr@&ﬁeéf%s a

di val ent group chosen fromnethylene -CH -, -C(OR)(OR )-, carbonyl -C(O) -
oxy -O and %rléﬁétcﬁbrﬁréxetpimtdm&w@ﬂoy@é@r&srﬁﬁaﬁﬂﬂcﬁb@ﬁgﬂ from
cyano: 15 -CN, hydroxyl: -OH amno: -NRR, al koxy: -OR imnoyl: -N=CRR ,
car boxyl at e: (i3] -phloegreant Ueers NH¥r g0 &R sgloempss, i polmehi®R and R,
which are identical or different, represent a hydrogen atom a |linear or
branched al ky¢axyiorps ewiorganitindrrbér20 Taidodragrnhe pengkhdefrom 1 to
20, or a benzyl or phenyl grou In the formula (111), X can also represent
a phosphonat écmmﬁ)ltl@(@rﬂ? ditipnal by SPFEPRESe el ngr thergane neani ng
as Z. 4. The stabilizer as claimed jn claim3, 25 characterized in that it
i s repred@nt RAGYEYFRS £ GFHERI F7) FRFHEARING agerts, (AREEOXL@RRDRA+~ CH3 ~ 0

CH, WlthnbEI ableto fro 1 to, 20. 5. The, stabilizer as clalrredln
any one of 51? n%y%ga IE‘F]%?%C?%W‘E%B‘EHP?h%?e?FSIss‘é‘ﬁlasen from

2,2,6,6-tet t di ny|

A o R e Lt et o o

4- et ho 2 2 t ﬁ?ﬁ

4- oxo- 2X¥ 6, 6(5&?%&@% %[p?%%ﬁraf ié%%?f&é{é&%{%t%{,_rhe stabilizer as clained
in one of claims 1 to 4eGhasRches i BEUnhBAt DAL bkakS16hesen from

2,2,5,5-tetramet hyl - 1- pyrrol i di nyl oxy,

bi s( 1- oxyk2, 2o S d Bt 1 ied bYb PEDEG | € Nte VEdcS8BAE@ fect matter of
2,2,6, 6tetranet hyl - 4- hydr oxypi peri di ne- 1- oxyl nonophosphonate 15 or

3- car boxy- 2, 2:1%e Striedneidh hyd Pythie! ¢chpys ¥ Yon 7Tcofp£08PAGI then conpri sing
or gani ¢ per oxi des) which is stable on storage and stable
disodium salt of 1,3- and 1,4-bis(2-
hydroxyperoxideprop-2-vl)benzene, a stabilizer
according to the first subject matter, in particular
20 TEMPO, and a metal-sequestering agent, such as EDTA.

A third subject matter of the invention is a
process for the preparation of the organic peroxide
composition according to the second subject matter of
the invention. This process consists in adding a

25 sufficient amount of the heat stabilizer(s) according
to the first subject matter of the invention to the
organic peroxide to be stabilized.

A fourth subject matter of the invention is

the use of the composition according to the second



" toward heat, characterized in that it conprises at |east one organic
peroxi de and at | east one stabilizer 20 as clainmed in any one of the
preceding clains. 8 The conposition as clained in claim7, characterized
“in that the organic peroxide is chosen fypm dial kyl peroxides,
hydr oper oxi des and their salts, peroxyketals and peroxyesters. 18 9. The
conposition as .claimed in claimg8, characterized in.that the organic
pepgxide is cﬁ%RﬂﬁﬁtrﬁﬁEﬁﬁfkfé thé 1nvention %or modlgylng po?ygers.
3,6,9-triethyl-3.6 9-trinethyl-1,4, 7-1rjper nape,or the disodiumsalt of
15 and 1, A PR N T e L it hEShSSpaRTefE eBomRRBLEERBOSI L on
as clained i I NB, 7. ragt.erd i at _J itionally
conprises_dipﬁgnggﬂéﬁ_ %h ;ukﬁ%f%§%9f€€:g§ é%%gggb?%%gfhgh%rgggction of a
10 COHDOSItI(é?é@%fﬁéﬂé@ﬁbéi&ﬁ%@gOfsgéﬁlg§,7f59 dQampiar achgri zed in that
at | east one heat stabilizer as clained in one of claims 1 to 6 is added to
the organec peroxtdey Jd2.pdIoHSEyDénd wOFROSA1EPR ashghaiged in 15 one of
claims 7 to 10 for nodifying polynmers. .A NE A .A a. A .As;

Y. AN. Aar . AsuY. A". A" Y. AsF. As. As% Al. A" N9. AsL. As. ALYJ: Z%&x45 $C

XX( x#. #. >>?788888<<<<<<<| " ?7?8~8>8>8>>~xX| | | 2¢??8?~q>p~p~~??>?xX| X<???><8x| ~
>?2?7?~| | <>?>| | BXRBRNERPPRL ~PARE-0~| | ~~~>?222?| | ~?>>~| x| ~~??>| p| xx| ~???8" ?2?<?|
| | <<<| XX 27X ZARPPEOR 7] BD 7= -2 >5->Gimekky ] ~2 K5 08D U4 &5t GPELylperoxy) -

11 (1#. #. 2>2?22<<??2~-2222?2?2~~?>>>>?<?| 2xX~~X| <<>| <<<<<| | | | | | ==?~?] ?| | | x???<??|

c| xpx| ~>?~~| |}§3@PD22277| x| | ~2~X| ~22227?| ~220><| 801<<| 22?2~| XXX| ~??>~| >??22<<

| 2=2><<xxx” 222<299xx2x| | | | ~>22-X2222p22p2222x>X| >X| >=>2-22222922922227x202?

_______ 5 502 5= | A-pis §Ee5DetyLperoxyisopropyl)benzene

S@A@ @#. #. ?7~| 7~>7~| ?] 25-~><~~>| <| <| x| | X] 8-888<>?27?2?7>5>>>>8>>7~~7~| x<888xX
??x§£888xp|<>4$E@¥?+pi%%&%&???¥L¥L@¥§*é%L?QQE%}B?B?f&f||x>~x?>|xp?L><~<~xp§

PO xR PRI S Sra oY PO S EaEPT Ry BB SRI 889 UMRRTOD V WY h

TEMPO: 2,2,6,6-tetramethyl-l-piperidinyloxy

AF845: l-piperidinyloxy-2,2,6,6-tetramethyl-4-[(l-oxo-
15 octadecyl)oxy]

CXA 5415: l-piperidinyloxy-4,4'-((1,10-decanediyl)-

bis(oxylbis(2,2,6,6-tetramethyl) nitroxide

* 14% solution in isododecane

The beneficial effect of the stabilizers

20 (TEMPO, AF845 and CXA 5415) on the decomposition

temperature of the various organic peroxides is

illustrated in table I.
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5 - Polypropylene with an MFI of 3.3 (230°C/2.16 kg)
- Organic peroxide: 2,5-dimethyl-2,5-di(tert-butyl-
peroxy)hexane - Luperox 101 (peroxide content 95%)

- Stabilizer: TEMPO

10 Experimental procedure
The polypropylene is decomposed in a

corotating twin-screw extruder of Brabender type. This
extruder comprises 4 zones Z1 to Z4, the respective
temperatures of which are 200°C/220°C/220°C/180°C. The

15 extrusion rate at the outlet of zone Z4 depends on the
screw speed; it typically varies from 4.5 to 5 kg/h.
The lace is granulated after cooling. The product is
characterized by the MFI value (measured at 230°C,
2.16 kg), by the value of the modulus (measured

20 according to ISO Standard 178) and by the value of the
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a hopper into zone 1 (Z1).
The results obtained with regard to
10 decomposition of the problem with a stabilizing
composition according to the invention are summarized
in table II (examples 3 and 4 carried out from organic
peroxide and TEMPO compositions, whereas example 5 was

carried out by dispersing the peroxide and the TEMPO

15 separately over the polypropylene powder).

Example |Peroxide| TEMPO TEMPO/ MFI Modulus | Notched
(ppm) {ppm) Peroxide | (dg/min) (MPa) Charpy
molar impact
ratio Energy at
23°C
(kJ /m?)
1 0 0 - 3.3 1270 3.1
2 500 0 0.0 33.4 1170 2.3
3 500* 25* 0.1 25.8 1170 2.6
4 2000* 1020* 1.0 23.6 1180 2.7
5 2000%* 1020 1.0 23.5 1180 2.7
* Use of a composition (premix) based on organic
peroxide and on TEMPO
20 TABLE IT

The incorporation of a composition based on

organic peroxide and on nitroxide, such as TEMPO, makes
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lzer ég clai claim

2, characterized in that it is represented by at least

one of the formulae (I), (II)}) and (III):
Rs Rg Rg Re
R3 Rx R3 R 7 Rs
1
Ry R. R
Ry 2 Rs N 1
o° RZ
Oo 4
9] 0°
II
@ (1)

15
in which Ri, Ry, R; and R4, which can be identical or
different, represent a hydrogen atom, a halogen atom,
such as fluorine, chlorine, bromine or iodine, a
saturated or unsaturated and linear, branched or cyclic

20 hydrocarbonaceous group, such as an alkyl or phenyl
radical, a polymer chain, which can, for example, be a
chain of poly(alkyl {(meth)acrylate), such as

poly (methyl methacrylate), of polydiene, of polyolefin



‘ "10% & ()- "10% & ()- "10% & ()- >>>>>>>vV 45WN10% & () - "10% & () -
"1I0% & ()- "10% & ()- "10% & ()- SW[>>>>>>>rV:45W"10% & () - "10% & () -
"10% & ()- SWO["10% & ()- "10% & ()- >>>>>>>V: 45W" 10% & () -
5W[-"10% & ()- "108 & ()- "108 & ()- "1 & ()-
>>>>>>>t TA5W" 10% & () -"10% & ()- "10% & ()- "10% & ()- "10% & () -
"10% & () - " 1990 & (polysevrereN 4b"40808c{)onal0§F&up) - sudR% & &) -
5W[ """ 10% & (¢yvano group -CN, an ester group -COOR, an amide group
-CON(R);, an alkoxyl group -OR or a phosphonate group
-PO(OR), in which R represents a hydrocarbonaceous
5 chain having from 1 to 9 carbon atoms, and in which Rs,
Rs, R7 and Rg, which can be identical or different, can
be chosen from the same family of group as that which
has just been envisaged for R;, Rz, Rz and Ry and,
furthermore, can represent a hydroxyl group -OH or an
10 acid group, such as -COOH or -PO(OH); or -SOsH.
Furthermore, X in the formula (III) represents a
divalent group chosen from methylene -CH;-,
-C(OR°) (OR') -, carbonyl -C(0O)-, oxy -0- and -CHZ-, with
7 representing a monovalent residue chosen from cyano:
15 -CN, hydroxyl: -OH, amino: -NR°R’, alkoxy: -OR°,
iminoyl: -N=CR°R’, carboxylate: -0OC(0)-R° or amide:
-NHR®-C(O)R’ groups, in which R°® and R’, which are
identical or different, represent a hydrogen atom, a
linear or branched alkyl group having a number of
20 carbon atoms ranging from 1 to 20, or a benzyl or
phenyl group. In the formula (III), X can also
represent a phosphonate group: -OP(O)R"”R’’— with R’ and
R"’" having the same meaning as Z.
4. The stabilizer as claimed in claim 3,

25 characterized in that it is represented by the

following formula:
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with n being able to vary from 1 to 20.
5. The stabilizer as claimed in any one of
5 the preceding claims, characterized in that it is
chosen from 2,2,6,6-tetramethyl-l-piperidinyloxy,
4-hydroxy-2,2,6,6-tetramethyl-l-piperidinyloxy,
4-methoxy-2,2,6,6-tetramethyl-1-piperidinyloxy or
4-0x0-2,2,6,6-tetramethyl-l-piperidinyloxy.

10 6. The stabilizer as claimed in one of
claims 1 to 4, characterized in that it is chosen from
2,2,5,5-tetramethyl-1l-pyrrolidinyloxy, bis(l-oxyl-
2,2,6,6-tetramethylpiperidin-4-yl) sebacate, 2,2,6,6-
tetramethyl-4-hydroxypiperidine-1l-oxyl monophosphonate

15 or 3-carboxy-2,2,5,5-tetramethylpyrrolidinyloxy.

7. A composition comprising organic
peroxide(s) which is stable on storage and stable
toward heat, characterized in that it comprises at
least one organic peroxide and at least one stabilizer

20 as claimed in any one of the preceding claims.

8. The composition as claimed in claim 7,
characterized in that the organic peroxide is chosen
from dialkyl peroxides, hydroperoxides and their salts,

peroxyketals and peroxyesters.
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characterized in that at least one heat stabilizer as
claimed in one of claims 1 to 6 is added to the organic
peroxide.

12. The use of a composition as claimed in

15 one of claims 7 to 10 for modifying polymers.



