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The preseni invention relates to the stabilization of a polyner by a stable
free rddical and in particular to the use of a stabfe~f Faat-cad fcr
|nh|b|t|ng t he degradation of a polyner by a nechan “Ct %§§§
i nvol ve oxygen. This use can be inpl errentjgd when th ?Sﬁﬂﬁtﬂ‘”ﬁ sPﬁgﬁdt‘h’étOPaged-h-‘
presence or in the absence of oxygen and/
teaches that a stable 10 f i
bet ween 100 and 160C to decrgggg&?#hiilI gg& A %E§b7f )
t he nol ecul ar nmass of the pol ystyrene flnaIIy synth-LAIEdOFﬁHECEHﬂWna| of

.................................

Applied Chem stry of the USSR, 15 vol. 52, No. 9, pp. I9Z8-1951 (10 varch ~
1980) teaches that a pi ppel pregent’ ddvedtioh rdlbitid tdanuxi dation of

pol ybut adi ene in a high-inpact polystyrene at between 60 and 160 [err]. It

has now been btabdltikatiansbiblac polgmezlby ardtadle Irdee risFitdD Hidbil i ze

t he nol ecul arr mass of a pol yner, independently of the presence or absence

of oxygen andAwor particylari toi thecmsier ofmantstabdeofiieey radicvad fpect, the
present invention provides use of a stable free radical for 25 inhibiting

t he degr a8ati dnhdbitipgl Eiver degradakdioaniofmanpodiymés: dn@ niesh#nismwxygen

by introduction of the radical into the polyner after its polynerisation or
copol ynmer i sat WBAchTAgeRe aotndnyplye, oxygen .c Fhis, wae can be

implemented when the polymer is in the presence or in

the absence of oxygen and/or of light.
Us Patent 5,322,912 teaches that a stable
10 free radical can be mixed with styrene at between 100
and 160°C to decrease the molecular mass and the
distribution of the molecular mass of the polystyrene
finally synthesized.
The Journal of Applied Chemistry of the USSR,
15 vol. 52, No. 9, pp. 1948-1951 (10 March 1980) teaches
that a piperidinoxy radical can inhibit the oxidation
of polybutadiene in a high-impact polystyrene at
.hetween 60 and 160°C.
It has now been found that a stable free
20 radical can be used to stabilize the molecular mass of
a polymer, independently of the présence or absence of
oxygen andfor of light in its environment.
According to one aspect, the present
invention provides use of a stable free radical for
25 inhibiting ihe degradation of a polymer by a mechanism
which does not involve oxygen.

The heating of a polymer can cause
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2 nodifications of its structure, such as, for exanple, crosslinking or
depol yneri zati on. These reactions can be regarded as undesirabl e because
they can result in a detrinental change or a nodification, which is 5
difficult to control, of the structure and of the nol ecul ar mass of the’

pol ynmer and can result in a |oss of certa®n properties. These reactions can
take place by a mechani sm which involves neither oxygen nor light. It may
be desirabl e Medifdicrtians ok sits§tRPcknre oSUEh ASmetor (¢FaBR®m| e when
it is desired to heat .it to graft a chemc species on to jt. A polymer -
appear s nDre<ﬁ§ﬁ§ﬁﬁiﬂ5&PQMﬂéiqﬂP9¥¥Wﬁﬁ¥?%ﬁi99tnﬁﬁ°§?)?ﬁ%ﬁﬁﬁ%&?iﬁgﬁrganic
sol vents such_as aro I £ solvents . et hyl benzene and to )+ OF

al i phatic or &9 m{;‘j&% as ec?éaé%g]heselieeélg?u%eexg’h%y a%%’ CIS./% oﬂgx’éﬁe ot
may be desira :Q avQi epal v, ' ' a for exanple
when it has t?e}glgnoeﬁ'bt%rfe#;% e°%1oﬁao&%fr% uc’gg%' rr‘g'?ieér!llgg{sor a conponent.
| ndeed, depol 5&% ' | &ﬁﬁa@j e 5¥ fRkiyidatd o ORerties of the
final mat ??i al . iféei%)iv‘gﬁd % t he n’onone‘?zlpel sstox1 c‘,y*ést S generation by

depol ymeri zat i)} JEi a1 fhdd ¥ tHE S hfer foia coimtésuit iheampossial is
I ntended for the food industry. Sonme nononers are very toxic whereas the

pol ymer whi ch ¢35 cerfiin/ @rdpextidHin Ted®iréait Lond Otar xeake cplatyr ene and
vinyl chloride nononers are toxic whereas
by a mechanism which involves neither oxygen nor light.
It may be desirable to avoid the crosslinking

10 of a polymer, for example when it is desireﬁ to heat it
to graft a chemical species on to it. A polymer appears
more crosslinked when it is more difficult to dissolve
in organic solvents such as aromatic solvents (eg.
ethylbenzene and toluene) or aliphatic or alicyclic

i5 hydrocarbons (eg. hexane and cyclohexane).

| It may be desirable to avoid the

depolymerization of a polymer, for example when it has
to be converted while hot to produce a material or a
component. Indeed, depolymerization is capable of

20 modifying the properties of the final material.
Moreover, if the monomer is toxic, its generation by
depolymerization may need to be prevented, for example,
if the material is intended for the food industry. Some
monomers are very toxic whereas the polymer which

25 derives therefrom is not toxic. For example, styrene
and vinyl chloride monomers are tokic whereas

polystyrene and poly(vinyl chloride) are not.



polystyJene and poly(vinyl chloride) are not. 3 Introducing a stable
free radical into a conmposition conprising a polyner makes it possible to
avoi d the abovenentioned difficulties and to |imt the depol ynerization or
crossllnklng of this polyner when 5 heated. The nature of the problem that
Is to say, the avoidance or inhibition of3crosslinking and/or

depol yneri zati on, depends on the nature of the polynmer and on the
tenperature to which it Introdueitigdat steblex faeed radiitailn inte® @ont ext of
the present invention, 10 the term pol yner enconpasses copolyners I n one
enbodi nent of°PHE°§#§§€Rt°PHP€R§PB§ fhpodymere makes dAdt e 4o

car bon-carbon doyhl e _bond. In this enbadi nent the ntxture conpr.i si_ng the
stable free r24Pdd| thesabgyementionsd, Aiss (ﬁ%ﬂ%ﬂfﬁ

b b d le bond, At t | t t abi.l d
not be. Sa[)o?395§§3yﬁsﬁirz'etﬁap) 33?%5%#&%@@%? @wg%oﬁer%e ax, 'bee' free
radi cal 29484TPhh 3 5HG0 47 FoR Y, 520 ¢ 1d d essary
Re 2 m?r:tl'tldneamf (?e'nt

for a cos abl I'Zer, ~such as one o | Ngr e ) in

the COWPOS't'QQo%BHéeF’%Ee%n‘iﬁ%?l élﬁf( E30s39ni ‘iﬂ‘nq’)ﬁyxﬁh are incl uded

by reference) e present wth e st ree radic
depolymerization, depends on the nature of the polymer

and on the temperature to which it is intended to be
exposed. Within the context of the present invention,

10 the term polymer encompasses copolymers.

In one embodiment of the present invention
the polymer may not comprise a carbon-carﬁon double
bond. In this embodiment the mixture comprising the
stable free radical also does not comprise a polymer

15 comprising a carbon-carbon double bond.

Alternatively the polymer to be stabilized
may not be a poly(phenylene ether). The mixture
.comprising the stable free radical may then comprise
such a resin.

20 It is not necessary for a costabilizer, such
as one of those mentioned for ingredient (b) in the
composition of US Patent 4,123,418 (the contents of
which are included by reference), to be present with
the stable free radical.

25 The use according to the invention can be
implemented at any pressure, for example, at a pressure
of less than 100 bars.

The nature of the problem and the temperature



25 : The use according to the invention can be inplenented at any
pressure, for exanple, at a pressure of |ess than 100 bars. The nature of

t he problem and the tenperature 4 range within which this problem occurs
are listed, in a non-exhaustive way, in the table bel ow according to the
nature of the polymer. POLYMER 4 PROBLEM TEMPERATURE RANGE
5 Vi nyl aromati c Depol yneri zati on 180 to 300C Polyolefln

Depol yrer i zaFaBge W1f903tUhPGhthaﬁdpgpbdsm oicicy sPainedildsded, in a

Crossl i nki ng [err] Acrylic Depol yneri zat i on 160 to

[err] N@thacPﬁplExhauﬁﬁﬂSPyHPWVZéplﬁﬁe table belosw accprding to the

TABLE 1 A vi aroma ol r i.s understood to nean the pol yner or

copol yrer gé%PFﬁgo% %Hgt éqe ner|zat|on or copolynerization of at |east

one vinylaronatlc nmononer. Vinylaromatic nononers are, for 15 exanple,

styrene, styrene substituted on the vinyl group by an alkyl group, such as
R —o+t-ho-

[ err] - met hyl gtyrere—ertho—viyetlvere—para—virRyH-oluen
et hyl styrenef or 2POLYMERBt hyl 4t yr encPRGBLEM yr ene subm thel ring by
a hal ogen, sjuch as for
RANGE
5 Vinylaromatic Depolymerization 180 to 300°C
Polyolefin Depolymerization 180 to 300°C
and crosslinking
Polydiene Crosslinking 80 to 150°C
Acrylic Depolymerization 160 to 300°C
Methacrylic Depolymerization 160 to 300°C

10 TABLE 1

A vinylaromatic polymer is understood to mean
the polymer or copolymer resulting from the
polymerization or copolymerization of at least one
vinylaromatic monomer. Vinylaromatic monomers are, for

15 example, styrene, styrene substituted on the vinyl
group by an alkyl group, such as a-methylstyrene,
ortho-vinyltoluene, para-vinyltoluene, ortho-
ethylstyrene or 2,4-dimethylstyrene, or styrene
substituted on the ring by a halogen, such as for

20 example 2,4-dichlorostyrene, or vinylanthracene.

A vinylaromatic copolymer originates from the



20 exanple 2, 4-di chl orostyrene, or vinylanthracene. A vinylaromatic

copol yner orlglnates fromthe 5 copol yneri zation of at |east one

vi nyl aromati ¢ nononer and of at |east one nononer chosen from for exanple,
acrylonitrile, nethacrylonitrile, acrylic acid, nethacrylic acid, an alkyl
ester in which the alkyl 5 group contairss from1l to 4 carbon atons, an
N-al kyl mal ei mde in which the alkyl group contains from1l to 4 carbon
atonms, or N-phempppiumerdzation pfl a4l deasti onge ydnyleropaticpsiopemer
resultlng fromthe polynerization or copolynerization 10 of at |east one
ol efin. O efin3ngref agr 18%&ﬁpPB° Pﬁ§§E°€oﬁP&PﬁPn&rPP@nﬁPWO°ﬁ@mﬁﬂ@h ty

carbon atons and in particular the a-glefins_of this oup., Mention nmay be
made, as oIef|ﬁ°r8F°8Pﬁ§Péﬁe mBFBBVFXABnlfrg&FEnéc:xlgﬁtHﬁl 4,15

- Hecene or 1 PREPREERAAE BPirnorp mikvd 2BSRK OB yBiER PhsoBaRfAer
or|g|natessfrog}ansfggggk¥g§rk;gkl t3f4aE E%% U aQ Igg n and of at | east

one nononer rom exanple, vi ny ers such as vi nyl

TORCE R R e e
polymer or cop@l ¥8eg carbon atoms, or N-phenylmaleimide.

A polyolefin is a polymer or copolymer
resulting from the polymerization or copolymerization

10 of at least one olefin.

Olefins are, for example, those containing
from two to twenty carbon atoms and in particular the
a-olefins of this group. Mention may be made, as
olefin, of ethylene, propylene, 1fbutene, 4-methyl-~

i5 l1-pentene, 1-octene, 1-hexene, 3-methyl-li-pentene,
3-methy1-1—bu£ene, l1-decene or l-tetradecene or their
mixtures. A polyolefin copolymer originates from the
copolymerization of at least one olefin and of at least
one monomer chosen from, for example, vinyl esters,

20 such as vinyl acetate or vinyl propionate, acrylic acia
or acrylic or alkylacrylic esters, such as methyl
acrylate or methyl methacrylate.

A polydiene ié a polymer or copolymer
resulting from the'polymerization or copolymerization

25 of at least one diene and in particular a conjugated
diene.

Conjugated dienes preferably comprise from 4

to 8 carbon atoms, such as 1,3-butadiene, isoprene,



resulting fromthe polynerization or copolynerization 25 of at |east one
diene dnd in particular a conjugated di ene. Conjugated dienes preferably
conprise from4 to 8 carbon atons, such as 1,.3-butadi ene, isoprene, 6
2, 3-+di net hyl - 1, 3- but adi ene or piperylene. Acrylic and nethacrylic polyners
are polyners or copolyners resulting fromthe polynerization or '
copol yneri zation respectively of at |east one acrylic 5 nononer of
formula: [err] or of at |east one nmethacrylic nononer of formula [err] in
which Rd is chosen from[err] alkyl radicgls, which are linear or branched
and primary, 10 secondary or tertiary, [err] cycloal kyl radicals, [err]

al koxy [err] gl ladasmctiial-s, I Butladtsie ds pipetyleskcal s and aryl al kyl
radicals, these radicals optionally being substituted by at |east one

hal ogen atom and/or at Iferylifsdnd methatydic Polymeals car@rpdéEynens of

this hydroxyl group, the above al kyl groups being |linear or branched. The

(met h) acryl i c o¥ ol yarer sl rsesdict g stxron rtive Pokyniexizakidmren| or

i sobornyl (neth)acryl ates .
copolymerization respectively of at least one acrylic

5 monomer of fornmula:

CH, =CH - C - ORd

g

or of at least one methacrylic monomer of

formula

CI;13
: CH2=C—ﬁ—0Rd

in which R4 is chosen from C,-C;; alkyl

radicals, which are linear or branched and primary,

10 secondary or tertiary, C,-C;; cycloalkyl radicals,
(C,~C;5) alkoxy (C,—~Cy3) alkyl radicals,
(C,-C,s) alkylthio (C;~C;;) alkyl radicals, aryl radicals and
arylalkyl radicals, these radicals optionally being
substituted by at least one halogen atom and/or at

is5 least one hydroxyl group after protection of this
hydroxyl group, the above alkyl groups being linear or
branched. The (meth)acrylic monomér can also be chosen
from glycidyl, norbornyl or isobornyl (meth)acrylates
or mono- and 4i(C,-Cy,)alkyl(meth)acrylamides.

20 Examples of useful methacrylates are methyl,

ethyl, 2,2,2-trifluoroethyl, n-propyl, isopropyl,



or nmono- and [err] alkyl (meth)acryl am des. 20 Exanpl es of
useful °*nethacrylates are nethyl, ethyl, 2,2,2-trifluoroethyl, n-propyl,
i sopropyl, 7 n-butyl, sec-butyl, tert-butyl, n-amyl, i-anyl, n-hexyl,
2- et'hyl hexyl, cycl ohexyl, octyl, |-octyl nonyl decyl, lauryl, stearyl,
phenyl, benzyl, [err]-hydroxyethyl, |sobo?nyl hydroxypropyl and 5

hydr oxybut yl nethacrylates The pref re thacr I ¢ jjononer is nethyl
net hacryl at e. nEBPé’nglles sEc-huty &F'bt‘ﬂ? bd\/@"&}r'm}t BBEY nethyl, ethyl,

'sb0ctyl | 10 B-HekuLy ab‘éa%xﬁ%%%ﬁb“t%mf” 332%' y1y $hes S doeoy] .
g?ﬁtig:?%;i 2%?&&Qte & éyﬁﬁb tlon can gﬁt ﬁ%égﬁio n1§?3res of
Pgbggﬂgn gg?\ aﬁ@dpbe app éd to com}ﬁm Wﬁﬁﬂ%&”ﬁae?ﬁ a-rrglrjr;tlfshe
pol ymer and a nydHyn @ﬁh&%h&dHMe%le Th 2 6P D mé thSc LTI ©e
applied to high-inpact polystyrene, which usually conprises a polystyrene
matri x and r ulddfionErd s metilyd Hethdoagkateisual |y conprising
pol ybut adi ene. I n such a conposition, the stable free radical acts as
stabilizer, acting both Expaiplss ddpaonglates iah tie tdhove formula
are methyl, ethyl, n-propyl, isopropyl, n-butyl,
sec-butyl, tert-butyl, hexyl, 2-ethylhexyl, isooctyl,
10 3,3,5-trimethylhexyl, nonyl, isodecyl, lauryl,
octadecyl, cyclohexyl, phenyl, methoxymethyl,
methoxyethyl, ethoxymethyl and ethoxyethyl acrylates.
The invention can alsc be applied to mixtures
of polymers, such as mixtures of the polymers mentioned
15 ' above. Thus, the invention can also be applied to
compositions comprising a vinylaromatic polymer and a
rubber, such as a polydiene. The invention thus can be
applied to high-impact polystyrene, which usually
comprises a polystyrene matrix and rubber nodules, the
20 latter usually comprising polybutadiene. In such a
composition, the stable free radical acts as
stabilizer, acting both against depolymerization of the
polystyrene phase and against ciosslinkinq of the
polybutadiene phase. |
25 In another aspect, the invention provides a .
process for the development of a composition or of a

material or of a component comprising a polymexr

prepared by a polymerization, including



pol ystyrene phase and agai nst crosslinking of the pol ybutadi ene phase. 25
I n anot her aspect, the invention provides a process for the devel opnent of
a conposition or of a material or of a conponent conprising a polymner

prepared by a pol ynerization, including copol ynmeri zati on, stage, which
process conprises a heating stage carried8out at a tenperature of from 180
to [err] in the absence of gen wherein , the stable free radical is

i ntroduced so $9RR ¥¥°?€z$?% tSESQ%!ﬁY&%EPePﬁW?ﬁS?h€°5956??ﬁe? at the

the absence ofBOREHS AHERcRF! the HBBRATE O, FFERen PAsr 445 ERBer atur e of
220 to [err]: 6%’1”13 ESadifn JEREobiord b, BRFL PECAR BHRRARYY, Do
corpr aing s pof yaFixtyEe 5‘3%%2’.‘%?3%“’!‘9511%1"52?% HELREEPARELRA IR, ot on
under vacu i federiy steyal | | PnangEocass Ly aﬁt%ﬂaiﬂﬂéﬂirﬂéédoﬁ!“ ng the

15 polynerlzatlon or-co yneri zation and any nonomers” whi ch have not

reacted duringis hen®AdSShéd abE ONight COPPhY "BéaEfhyOSta§8J6an Thes
devol atilization stage is used in processes for the industrial manufacture

of conpositi onsaxoigd i cuticatitahpatémperavuny| atowhich ibnbasedesirell as 20
crystal polystyrene or high-inpact polystyrene. For these

to stabilize the polymer. The invention preferably
relates to processes in which the heating stage is

10 carried out at a temperature of from 180 to 300°C, more
preferably at from 200 to 300°C and more especially
from 220 to 300°C.

The presence of the stable free radical may

be of advantage when, at the end of the development of

15 a composition comprising a éolymer, the composition is
subjected to hot devolatilization under vacuum to
remove volatile species euch as any solvent used during
the polymerization or copolymerization and any monomers
which have not reacted during the polyﬁerization or

20 copolymerization stage. This devolatilization stage is
used in processes for the industrial manufacture of
compositions comprising at least one vinylaromatic
monomer, such as crystal polystxrene or high-impact
polystyrene. For these polymers, this stage is

25 generally carried out at a temperature of from 180 to
300°cC.

The stable free radical can be introduced

into the polymerization or copolymerization mixture
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polymers, this stage is generally carried out at a tenperature of from 180
to [err]. The stable free radical can be introduced into the pol ymerization
or copolynerization m xture. 9 before or during the polynerization or
copdl ynmeri zati on stage which leads to the polyner. Indeed, by introducing
the stable free radical in this way, the 8table free radical is present 5

as a mxture with the pol yner or. copal yner, and, is thus present, during the
heating st age Rfie%e t°r£ "d'fv)‘fﬁﬂ%ittl}% ﬁ%’fﬂ’f’s’f?ﬁ“ﬁ@’bo‘f YReELIFRt R |

subj ected to after ifts. thesis. If it is desired to avoid possible 10
taye W ek Jo thg on Ty

di st ur bance wt N cause to the polynerization

or copol ymerization, the,sf{alye g%e%h%%%&??hgfséﬁi€%§g after the

pol yneri zati on or copol yneri zdt i atest during the

heating stageralfical in this wdif, X! SdBEE FrAdk CPdateun Pps i preseneed
into the m xture conprising the polyner to be stabilized at a tenperature

at which tshe mistdipfidturd QA ARd PUBAAGr I CIpVBfiéPand Ds SEhas
advant age when it is 20 desired to convert a conposition conprising a
pol ymer wit hi ipridsentdupdngtid cadieting tige ofhfcleties | cdmposition
comprising the polymer has to be subjected to after its
synthesis.
If it is desiredlto avoid possible

10 disturbance which ‘the stable free radical can cause to
the polymerization or copolymerization, the stable free
radical can be introduced after the polymerization or
cépolymerization and before or at the latest during the
heating stage.

15 The stable free radical can be introduced
into the mixture comprising the polymer to be
stabilized at a temperature at which the mixture is
free from radicals.

The invention.is also of advantage when it is

20 desired to convert a composition comprising a polymer
within the context of the development of a material.
The conversion is generally an extrusion, an injection,
a moulding or a blowing (film manufacture). These
operations are generally carried out at a temperature

25 above the melting temperature of the polymer and
generally in the absence of oxygen.

In the case of the polymers mentioned in

Table 1, this conversion is generally carried out at



The conversion is generally an extrusion, an injection, a moulding or a

bl owi ng* (fil m manufacture). These operations are generally carried out at a
tenperature 25 above the nelting tenperature of the polyner and generally
in the absence of oxygen. In the case of the polyners nentioned in Table 1,
this conversion is generally carried out 10 from 180 to [err], except

f th | ydi t

Tﬁre [ n\?eﬁ'?l gnlteggﬁal SO otP :Ifﬁ/an ggrg:iv\#éﬁ f?}otﬁ%lgg %%%%Légr fgghdaﬁ[ ﬁgrl‘
heat t f ft t
eating stage, é;@ﬁiqUIre rﬂ&h€h€£ ge#roghgorﬁgcéﬁené of grafting onto

a pol yner general eatlng yner ains of which can
crosslink or depol ymr'%ynﬂf«;ewfoﬁfiecawé $PCadfshta ewﬂéﬁS%Cfsof a

stable free radical during 10 this heating stage stabiTizes the polyner

chains while credire® €6 agiafe, (Pukdke » BéLtinGesvagepnaespéciss stable
free radical furthernore makes it possible to produce grafts exhibiting

nmore uni f & m |canigs hes . pdlymeracTheredcticis i of grafbindcopbdbyaer in the
presence 15 of the stable.free radical can be carried out under the usual

condi ti ons forpajiyier gerexxplly ccequire hexpbingrethepolymer, sthdl e free
radi cal being added at the |latest during the grafting. The invention thus
al so chains of which can crosslink or depolymerize under the

effect of the heat.
The presence of a stable free radical during

10 this heating stage stabilizes the polymer chains while
enabling grafting to take place. The presence of the
stable free radical furthermore makes it possible to
produce grafts exhibiting more uniform lengths. The
reaction of grafting on to the polymer in the presence

15 of the stable. free radical can be carried out under the
usual conditions for grafting a species.on to a
polymer, with the stable free radical being added at
the latest during the grafting. The invention thus also
provides a process for grafting a species onto a

20 polymer comprising a stage of preparing a mixture of a
stable free radical, of the polymer and of the species
to be grafted. There is also disclosed the use of a
stable free radical in the above grafting process. It
is not necessary, before mixing, for the polymer to

25 comprise alkoxyamine groups. A free radical initiator
can be added to the mixture. The free radical initiator
can be chosen from organic peroxides and

hydroperoxides, such as dibenzoyl peroxide, tert-butyl



provi des a process for grafting a species onto a 20 pol ymer conprising a
stage of preparing a mixture of a stable free radical, of the polyner and
of the species to be grafted. There is also disclosed the use of a stable
freé radical in the above grafting process. It is not necessary, before

m xi ng, for the polyner to 25 conpri seial koxyam ne groups. A free radical
initiator can be added to the mxture. The free radical initiator can be
chosen from opgaoxybeazoaitec orang lrpdsdient<bidy 1 peavixy)sytilohexane,

per oxi de, tert-butyl per oxybenzoat e or

1, 1- bi s(t ert - ot pizge comprapdiseh euse aso@zobd sieehmbronidinilexs The

azobi si sobutyronitrile. The free radical initiator can be present in the
grafting nixt f¥@e ragicads dpditdaterocan be rresand: dn dde grAtEing) th

respect to the ,sumof ,the mass of species to be grafted, of the mass of
free radical PIFHYEE AR, e PIOROTHIOD ST ﬁtﬂ%&%“ﬂﬁ? IR PR a free

radical initiaf, I.s preferable but is essentigl. The mxture is
general | ygheaftwé‘g;rht 5 SR (}°t gﬁ‘fersrkﬁm_. °'ﬁ:g: Hash &ur ge%a:.ne ! )e%'? rbeee of

sol vent. The ijiygildaOn JPkeS ?ﬁs@osﬁ Prad FaWiidal At atidy Hhd &ELI ONs on
to a polymer in the dbsencé of a solvent, even during a stage of conversion
of the pol ynehpeMpials®s @01 'gr?l(ga ' d ¥ Rigrddddbicar ©of the
pol yrmer. All tklllee pa ynerslp‘r?e:?tg‘lﬁe |ntha Ie(eﬁcl canrmﬁ

initiator is preferable but is not essential. The

mixture is generally heated to from 80 to 200°C. The
10 . mixture can be free of solvent.
The invention makes it possible to carry out
grafting reactions on to a polymer in the absence of a
solvent, even during a stage of conversion of the
polymer, while avoiding degradation of the main chains
15 of the polymer.
| All the polymers mentioned in Table 1 can
undergo grafting reactions. The species to be grafted
on to a polymer can be chosen from compounds comprising
at least one éarbon-carhcn double bond. These compounds

20 can furthermore comprise a carbonyl

/C=0

and/or hydroxyl -OH and/or epoxy and/or amino and/or
alkoxysilyl group.
The species to be grafted can thus be a
vinylaromatic monomer as already defined, a
25 (meth)acrylic monomer as already defined,

acrylonitrile, a vinyl ester, such as vinyl acetate or



undergo grafting reactions. The species to be grafted on to a pol yner can
be chosen from conpounds conprising at | east one carbon-carbon doubl e bond.
These conpounds 20 can furthernore conprise a carbonyl [err] and/or
hydroxyl -OH and/or epoxy and/or am no and/or al koxysilyl group. The
species to be grafted can thus be a vinyFﬁronatic nononer as al ready

def i ned, 25 , h | i : i
Vot oo e BRI S, O il o o
anhydri de, an t i "y L

onaner o oMM b Sl AT e A pitad ol o1 O

al kyl aryl radiGal froml to 12 carbon atons, such as
N—ethylnaleinfggch?¥g%%ropylnaleinide, N- n- but yl mal ei m de,

N-i sobutyl mal ei m de, N-tert-butyl nmal eimde, N n-octyl nal ei mde,
N-cycl ohexyl mal ei m de, N-benzyl mal ei m de ang” 10 N- phenyl mal ei m de, or

N- cycl ohexyl nmal ei m de. The speci es be gréfted on to a pol ynmer can al so
be chosen from sul phides and di sul deET $th as thiocarboxylic acids such

as nercaptoacetic acid '
HC —c R

TS

in which R’ is an alkyl, arylalkyl, aryl or
5 alkylaryl radical having from 1 to 12 carbon atoms,
such as N-ethylmaleimide, N-isopropylmaleimide,
N-n-butylmaleimide, N-isobutylmaleimide,
N-tert-butylmaleimide, N-n-octylmaleimide,
N-cyclohexylmaleimide, N-benzylmaleimide and
10 N-phenylmaleimide, or N-cyclohexylmaleimide.

The species to be grafted on to a polymer can
also be chosen from sulphides and disulphides, such as
thiocarboxylic acids such as mercaptoacetic acid
(HOOC-CH,-SH) , mercaptopropionic acid (HOOC-CH,-CH,-SH)

is or dithiodipropionic acid (HOOC-CH,CH,-8~8-CH,CH,~COOH).

The stable free radical is not to be confused
with free radicals whose lifetime is fleeting (a few
milliseconds), such as the free radicals resulting from
the usual polymerization initiators such as peroxides,

20 hydroperoxides and initiators of azo type. Free
'radicals which are polymerization initiators have a
tendency to accelerate polymerization. By contrast,

stable free radicals generally tend to slow down



[err], nercaptopropiohic acid [err] 15 or dithiodipropionic acid [err]
The stable free radical is not to be confused with free radi cal s whose
lifetime is fleeting (a few mlliseconds), such as the free radicals
resuflting fromthe usual polynerization initiators such as peroxides, 20
hydr operoxi des and initiators of azo typel3Free radicals which are
polynmerization initiators have a tendency to accel erate pol ynerization. By
contrast, stabbelymepirzatienlsItcmayageperahiytbessaiddthat a fzee
polynerlzatlon It may,generally be said that a free radical is stable
within the neaff@dicat %ﬁestBEEnYth%BnFPGan¥nFPglanSP°aP§GP9#§r|zatlon
initiator and (f opdi ti pns of present .5 I nventi on,

the mean |ifetih&e Bgl?ﬁetgaa chHf Pg af P@ﬁgPeFFGELﬁ?ﬂuf§§ ipEPFng®fhi s nean
radical Stare Sho vRackr Spa BpEghrRaRy BF Ched,BhoERECPERBREVE C bond (o
e S ek AR AR b SR RS E
o e LSS BAETShOg S Ly ABEutghlcohicteradicnl cor b
free radicals fPebUFRALEAVOLPHEIAGALIY alternates between the radical
state and the state of being a group bonded via a
covalent bond to a polymer chain. It is preferable for
10 the stable free radical to exhibit good stability
throughout the duration of its use within the context
of the present invention. Generally, the stable free
radical can be isolated in the radical state at room
temperature.
15 . Stable free radicals include compounds acting
as radical pélymerization inhibitors, the stable

nitroxide radicals, which comprise the =N-O' group, such

as the radicals represented by the following formulae:



as radical polynerization inhibitors, the stable nitroxide radicals, which
conprisé the =N-O group, such as the radicals represented by the follow ng

f ormul ae: 14 [err] in which each of [err] and [err], which can be
identical or different, represents a hal ogen atom such as chlori ne,
brom ne or iodine, a saturated or unsatur¥ed, |inear, branched or cyclic

hydr ocarbon 5 group, such as an al kyl or phenyl radical, or an ester
group -COOR or an al koxy group -OR, or a phosphonate group [err], or a
pol ymer chain which can be, for exanple, a poly(nmethyl nmethacrylate) chain,

a pol ybut adi ene chain, a polyolefin chain, such as a 10 ol yet hyl ene or
pol ypropyl ene chain, but which is prequﬂ 1p a polystyre ain, and in
whi ch each of [errg,[ 8r] [err] i chy caft6be i denti 15
different, can be C omthe g ? [ h_ err] and ] bove, or
can represent a hyRi4qgen a hyﬁ ox%{ or dadid yrotip such as
-COCH or [err] or N stabl e # N pref gr Zblyg does not
conprise an unsatukﬁtion sgéh as a BQrboh RI ’ R3 6 R1 ’
(CH2)n
R4 Ré R4—~C\N/C R2
| Ri
R3 R5 3 O *
¢ LM
. R2
R R2
el
It
T
O- >

in which each of R;, R,, R;, R,, R’; and R’,, which can be
identical or different, represents a halogen atom, such
as chlorine, bromine or iodine, a saturated or
unsaturated, linear, branched or cyclic hydrocarbon

5 group, such as an alkyl or phenyl radical, or an ester
group -COOR or an alkoxy group -OR, er a phosphonate
group -PO{(OR}),, or a polymer chain which can be, for
example, a poly(methyl methacrylate) chain, a
polybutadiene chain, a polyolefin chain, such as a

10 polyethylene or polypropylene chain, but which is
preferably a polystyrene chain, and in which each of Ry,

R¢s Ry, Ry, R, and R,,, Which can be identical or



carbon doubl e bond, because it is not necessary for it to becone attached
to-a species of the nediumvia such an unsaturation. In particular, the
stable free radical can be 10 2,2,5,5-tetramet hyl - 1- pyrrol i dyl oxy,

mar ket ed under the tradenane Proxyl, or

2,2, 6,6-tetramet hyl -
1- pi peridi nyl oxy, génerally nmarketed under® t he name Tenpo.

The stable free

ARl Sl pd onoddh e 4 S GHRS 50, R RO L
(041 U AN oo R ORI ks Al o B0 ol LB

stable free radilca Invention 1s

Wty

exanple, int iﬂi a BHP! &du cggpgr | Veoor O of crystal
pol ystyrene of éfagd*ewr %’q%?i340 maﬁetlge y tiiilée Cganp}gn?lgElf At ochem

S.A, in the fosgneH) Jeanukem \Wind SOBLE NEAE0 PNt od1

’pretéiypgye, are

I ntroduced into a ;Zd [err] mxing vessel after having brought the vessel
to [err] wnderadedine®IComps 196 e ensd Ber£6i6h y eseeh  asha cBarbosqui pped

with a cylindrical rotor wth a volunme of 51 [err] which

rotates at 20

revol uti ons pesarxponit@oulbbe Ngowd, Fhecausxe 600 is alctmiécassaryr ketreditby t he
Conmpany Haake. The polynmer nelts and then itself takes the tenperature of
to become attached to-a species of the medium via such

an unsa;uratian.

In particular, the stable free radical can be

10 2,2,5,5-tetramethyl-1-pyrrolidyloxy, marketed under the

tradename Proxyl, or 2,2,6,6-tetramethyl~

l1-piperidinyloxy, generally marketed under the name

Tempo.

The stable free radical is preferably present

15 in the mixture comprising the polymer to be stabilized

in a proportion of from 0.05 to 0.5 % by weight with

respect to the sum of the mass of polymer to be

stabilized and of the mass of stable free radical.

The invention is further illustrated by way

20 of example, in the following Examples

Example 1 {(comparative)

50 g of crystal polystyrene of trademark

Lacgrene 1340 marketed by the Company Elf Atochem S8.A.,

in the form of granules which contain 160 ppm of

25 styrene, are introduced into a 120 cm’® mixing vessel

after having brought the vessel to 250°C under a

nitrogen atmosphere, the said vessel, which is equipped

with a cylindrical rotor with a volume of 51 cm® which



250C in two mnutes. The point followng the two 5 m nutes is defined as
the statting point of the test (tine zero). Regular withdrawals of the
nolten pol yner are then nade in order to anal yse the styrene content of the
pol yiter. Each sanple withdrawn is rapidly cooled 10 bel ow t he softening
tenperature (approximately [err]) and thexs after returning to room
tenperature, the styrene is quantitatively determ ned by gas phase
chronatographytoﬂibQR)4¢ﬂ39 réfeo butions i per iminubte, db¢ing seb| Rheonix

di chl or.onet hane, olymer is then 15 precipitated with net hanol and
the styrene r BRA rﬁ» enaxip|and gparketed Ry chherCompanyiciazkeuafhet ativel y
determ ned by gas phase chromat oqr aphy. usi ng propyl benzene as internal
standard. The tiand then oFt3eLL St3kes the teppernture 98

o
d | ti h | yst h ble 2. EX le 2 Th
orocedur e 1o AR S Aimitany e polRy Fotfavag ond 0B o

2,2,6, 6-
appr oxi mtatel yﬁ@y%/% Z'Issredn%%ﬂvm Liér“e%ée %%Fi()a%o% *’?fglt%reﬁggig errpo mass.
The results arg i | fd5gh I n Table 2. 17

Regqular withdrawals of the molten polymer are

then made in order to analyse the styrene content of
the polymer. Each sample withdrawn is rapidly cooled

10 below the softening temperature (approximately 100°C)
and then, after returning to room temperature, the
styrene is quantitatively determined by gas phase
chromatography. To do this, the sample is first of all
dissolved in dichloromethane, the polymér is then |

15 precipitated with methanol and the styrene remaining in
solution in the dichloromethane is quantitatively
determined by gas phase chromatography using
propylbenzene as internal standard. The development
with time of the styrene content due to

20 depolymerization of the polystyrene is shown in
Table 2.

Example 2
The procedure is as in Example 1, except
that, at "time zero", 0.05 g of 2,2,6,6-tetramethyl-
25 1-piperidinyloxy (Tempo) is introduced, i.e.
approximately 0.1 % of Tempo with respect to the
polyséyrene + Tempo mass.

The results are collated in Table 2.



Exanpl e 3 The procedure is as in Exanple 1, except that, at "time zero",
0.15 g of 2,2,6,6-tetranethyl- 1-piperidinyloxy (Tenpo) is introduced, i.e.
5 approximately 0.3 % of Tenpo with respect to the polystyrene + Tenpo
mass. The results-are collated in Table 2. Exanple 4 (conparative) The
procedure is as in Exanple 1, except thatlZ0 So g of pol y(nethyl

nmet hacryl ate) of Altuglas trademark, 2773 grade, containing 2100 ppm of

met hyl net hacrExample /), are charged and except that the procedure for
quantitatively determining the MMA is as fol|ows: each sanple is dissolved
in acetone and the 15 The RYPEIVTR 113 nth FX2Rple dhnae¥SeBtpy gas

phase chromat ogr aphy. The, devel opnent of the NN% conte t as ction of
tine is given'gﬁsgh t "tins FoFe's 9ol 9 2,692 ﬁ?ﬁ%@ﬁﬁ%ggls as in

| h " d d. h
e o eeﬁﬁﬁpﬁa%é%ﬁ%l%?% Tee&fb), 18,1 SoRicdf B o6 001t e

(conparallgwﬂ approximately 0.3 % of Tempo with respect to the
polystyrene + Tempo mass.

The results-are collated in Table 2.

Example 4 (comparative)
The procedure is as in Example 1, except that
10 50 g of poly(methyl methacrylate) of Altuglas
trademark, 2773 grade, containing 2100 ppm of methyl
methacrylate (MMA), are charged and except that the
procedure for quantitatively determining the MMA is as
follows: each sample is dissolved in acetone and the
15 solution thus obtained is then analysed by gas phase
chromatography. °
The development of the MMA content as a
function of time is given in Table 3.
Example 5
20 The procedure is as in Example 4, except

that, at ""time zero"™, 0.15 g of Tempo is introduced.

The results are collated in Table 3.



10 281 g of a styrene-butadi ene di bl ock copol yner (of Europrene
1205 trademark) containing 25 % by weight of units resulting fromstyrene
and having a wei ght -average nol ecul ar nmass of 147,000, in the formof a
solution containing 1125 g of ethyl benzene, and 15 then 17.9 g of

mer capt opropi oni ¢ acid, are introduced, uﬂd%r a nitrogen atnosphere at
[err], Iinto a 3-litre reactor eqU|pped %ﬁg azrlbbon agitator and a
tenperature control. The whol e m xture rought to 19 [err] with
stirring at 200 revol pHHers—per—HAyte—ana—dhrder—a—pr-esstre—ef—2—barSs of
nitrogen. 6 g of a 10| %=kelengi glsteesql uti on of benZbyl =fdr oxi de in tol yene
are then added and 3 ¢ O%e.t hg &ﬁanc<olut|on are then added 5 one hour

later. The reactor isjkept stfi gLiJg at f' ratgre fpr—ayfurtier3
hours, is then cool edjand a dopol yngr r‘ﬂh 1915 r&"aﬁtébr podPopi%® hciod
grafts (2.8 %by weight -of grlaft¥, reasu Jy i mfrarjed) Js recovered|by
evaporation at [TerrJ] @nder vgcuum Kknhj.S [COpo 1 appear § _crpssriinked
because it is iﬁ%ﬁfu e in tdl uene dnd c éf 449 o7 HBx & 2”7 The| gPbdedure
is as in Exanpliec&eaexcep] that O 44 g, l;ljemga S;02d067 [ Qut P T eactﬁr
before heating{lapem the |lattdr and gxce that the tgnperpture isf[errd] The
copol yner recoyered comtarns |24 9611y ' hL‘UI
3 0.3 160 T4 184 223 235 268 277
5 Table 3
Example Tempo Time (min)
No. content
0 5 10
{weight %) 15
MMA 4 0 2100 2630 | 3900 ) 5400
content
"5 0.3 2100 2150 | 2900 | 3600
{ppm)
Example 6 (comparative)
10 281 g of a styrene-butadiene diblock

copolymer (of Europréne 1205 trademark)} containing 25 %
by weight of units resulting from styrene and having a
weight-average molecular mass of 147,000, in the form
of a solution containing 1125 g of ethylbenzene, and

15 then 17.9 g of mercaptopropionic acid, are introduced,
under a nitrogen atmosphere at 20°C, into a 3-litre
reactor equipped with a ribbon agitator and a

temperature control. The whole mixture is brought to



grafts derived frommercaptopropionic acid. It is entirely soluble in

tol uene; which indicates that the polyner has suffered very little
degradati on by 20 crosslinking although the tenperature was greater than
that "in Exanple 6. Exanple 8 The procedure is as in Exanple 7, except that
the 17.9 g of mercaptopropionic acid are "\'%pl aced by 25 17.9 g of

and 15 Lol ubl 416 (AR TR AE RSNG4 o8 Tafebiniods BaY MEECH, falcne
and is sol ubl . _ B |
escr bed | n Eibuer & PEERGd 1902 et THE MIERIGE: 06 800F &1 TR X7 0gen

and heated to fergd; it {6h Sor Béhsoyf pErsRYRsUihCBS188he "hRYt € and
jﬁed é? t % ?

will be naintal his value during the ‘grafting. A preparation

contai ning 0. Ohén adédPénd 13 5g o £f tHE' SARé 0H6 DRt Doh CaPé| €hendaladd g of
benzoyl peroxide is then introduced. The whole m xture is kept at [err] 10

W th stirrgng dé ESui Tates. e t FedctoP| £6. xépPosyiPringnati thog 0. 45 %
by wei ght of grafts was thus obtained which is entirely soluble in
et hyl benzene, tehpermture hfomne.further 3 hours, is then cooled and a
copolymer carrying mercaptopropionic acid grafts (2.8 %
by weight of grafts, measured by infrared) is recovered
by evaporation at 100°C under vacuum. This copolymer
10 appears crosslinked because it is insoluble in toluene
and cyclohexane.
Example 7
The procedure is as in Example 6, except that
0.44 g of Tempo is added to the reactor before heating
15 the latter and except that the temperature is 125°C.
The copolymer recovered contains 2.4 % by weight of
grafts derived from mercaptopropionic acid. It is
entirely soluble in tbluene, which indicates that the
polymer has suffered very little degradation by
20 crosslinking although the tempgrature was greater than
‘that in Example 6.
Example 8
The procedure is as in Example 7, except that
the 17.9 g of mercaptopropionic acid are replaced by
25 17.9 g of methacrylic acid. The final copolymer
contains 0.7 % by weight of grafts and is soluble in

toluene.

Example 9



- .21 - CLAIMS 1. Use of a stable free radical for inhibiting the
degradati on of a polyner by a nechani sm whi ch does not invol ve oxygen by
introduction of the radical into the polymer after its polynerisation or 5
copotynerisation. 2. Lbe according to Caim1l, which is carried out in

t he absence of oxygen. 3. Use accord|n9290 Cla|n11 or 2, which is carried
out in the absence of accordlig to an one of

Clainms 1 to 3, wherein tgg ﬁee aﬂ|§ﬁ¥F§n3’BE§BF§H§FlE&PQBH gopol

according to an ¥u9

crossl i nki ng. Qﬁggngcigbgfnarfolaﬁ§mgﬂge8f E?gl 3§%é §e§ﬁ815
wherein the pOhXHEEf,bgut 1ROEXEhBTE 17, wnibhCvags &dpagosggﬁ' FeTalrader i n

the polyner is a poly i ene accor ch
is carried outjgbrg &?Eﬁeﬁﬂiﬂ6$eﬁfaﬁ&oﬂbgﬂehotkeﬁkb'c2omhe mixing 9- Lbe
according to any one of Clainms™1 to 5, wherein the m xture conpri'sing the
stable fres ragatal 18083 PevolabtRbhEcparPalinite aAAPWIlNANBea carbon-carbon
doubl e bond. 10. Use according to any one of Clains 1 to

maintained at this value during the grafting. A

preparation containing 0.07 g of Tempo, 1.5 g of
mercaptopropionic acid and 0.16 g of benzoyl peroxide
is then introduced. The whole mixture is kept at 150°C
10 with stirring for 30 minutes and then cooled.
A polymer containing 0.45 % by weight of
grafts was thus obtained which is entirely soluble in

ethylbenzene, toluene or hexane.



25 4 and 9, wherein the polyner is a vinylaromatic polyner
according to any one of Claims 1 to 4 and 9, wherein the p yé}“%‘["'ﬁ]B&pRe"lm

ol efinic polyner. -22- 12. Use according to claim11,
polyfrer is a polyner of propylene. 13. Use according to any ﬂﬂ”mm
12, which is carried out at a tenperature?2df from 180 to [e

Use according to any one of clains 1 to 4_and 9, wherein the polyner is an
acrylic or methacrylic polyner. 15. UseS ding to claim14, which is

carried out at a tenpera%y;snggﬁfégnﬁéggﬁkge[g;g%hr;glc 1 fo}G Use "

according to any one of eérein &M Xtur e conpr|5|ng the

stable free raﬂﬁﬁﬁbié?ﬁé g?gcﬁggﬁéhéeianDEEYQPESE Sgeb§tﬁegh B?ree réd|cal

Use according to any on to 16, n the sta

conprises an hh§bAr@Y8s Ret involv8: oxy§énaccording to any one of clainms 1
‘to 17, wherein the stable free radi cal d0es not conprise a carbon-carbon

double bongl. 19. Use accgudlngshanharahﬁg tohenahin thewhtiehl asfree radical
does not conprise an unsaturation via which 20 it could be grafted onto a
speci es of thecarriedcoutOinUsheaabsericegokoorypgennc of clains 1 to 19,

3. Use according to Claim 1 or 2, which is
carried out in the absence of light.
4. Use according to any one of Claims 1 to
10 3, wherein the mechanism is a depolymerization.
5. Use according to any one of Claims 1 to
3, wherein the mechanism is a crosslinking.
6. Use according to any one of Claims 1 to
3 and 5, wherein the polymer is a polydiene.
15 7. Use according to Claim 6, wherein the
pelymer is a polybutadiene.
8. Use according to Claim 6 or 7, which is
carried out at a temperature of from 80 to 150°C.
9, Use according to any one of Claims 1 to
20 5, wherein the mixture comprising the stable free
radical does not comprise a polymer comprising a
carbon-carbon double bond.
10. Use according to any one of Claims 1 to
4 and 9, wherein the polymer is a vinylaromatic
25 polymer.
11. Use according to any one of Claims 1 to
4 and 9, wherein the polymer is an olefinic polymer.

12. Use according to Claim 10 or 11, which

HIIIIII Il IIIII IIIII ll IIII



wherein the stable free radical is present in a proportion of 0.05t0 0.5 %
‘by weight with respect to the sumof the nass of ponmerThs hecpH Y

and of the 25 mass of stable free radical. 21. Use accordu ﬁm of
claims 1 to 20, which takes place at a pressure of less t 22.
Process for the- devel opnment of a conposit4®n or of a material or of a
conmponent conprising a polyner 30 prepared by a _pol ynerization stage, which
process conpri%%s°%F¥k%£iﬂwts¥ﬁg% eppeEtYre af 5??%n$%9a?ﬁré°8f°gron1180
to [err] in the absence of oxygen, wherei

n a stable fre dical .i
introduced so that it isthrestht 48Cer §¥u€% ﬁf¥h°?ﬁe°go§?ﬁé?saf ?ﬁe-
| at est during j;he 35, heating.stage. -23-.23,_P according to claim
22, wherein th %‘gt?hg‘?g?g%éniéﬁ%a?ﬂ‘%nc‘lg%&gi%ntggfgzign%g of light. 24.
Process accor ';@b | 23, wherein the m xture conprising the
stable free rghlcéﬁgﬁg%gég%%fggéghprise a polynmer conprising a
car bon-cargon doubl e bongy durggg gggopgﬂﬁéng?ségggm £8, wheegsgsaccording

to any one of clainms 22 to 24, wherein the mxture conprising the stable
free radical degeriéd 6QEPitSE tempérahireybenerénhesd pol yoerclO during

the heating stage. 26. Process according to any one of clains 22 to

15. Use according to any one of Claims 1 to
14, wherein the mixture comprising the stable free
ridical does not comprise a poly(phehylene ether)

10 polyner.

16. Use according to any one of Claims 1 to
15, wherein the stable free radical comprises an =N-0
group.

17. Use according to any one of Claims 1 to

15 16, wherein the stable free radical does not comprise a
carbon-carbon double bond.

18. Use according to Claim 17, wherein the
stable free radical does not comprise an umsaturation
via which it could be grafted onto a species of the

20 mixture.

19. Use according to any one of Claims 1 to
18, wherein the stable free radical is present in a
proportion of 0.05 to 0.5 % by weight with respect to
the sum of the mass of polymer to be stabilized and of

25 the mass of stable free radical.

20, Use according to any one of Claims 1 to

19, which takes place at a pressure of less than

100 bars.



25, wherein the polynmer is a vinylaromatic pol yner. Procesgs;s g&&qﬁggagRﬁwmwd
to any ene of clains 22 to 25, wherein the polyner |s an ol efi
15 28. Process according to claim 27, wherein the pol yneajlmamnﬂlm “l
pol yner of propylene. 29. Process accordigg to any one of cla|

wherein the polynmer is an acrylic or nethacrylic polyner.

Process according to anyagne @froledis ol tife dovetipnfint tgleast abl e free
radical is added after the preparation by polynerization of the pol yner.

31. Process acqenpoidtionClodi B£3Q materdial (die dfeycxporferits from 200 to
[err]. 25 © 32. Process according to claim 31, wherein the tenperature

Is from 220 t o domprlisily aPpodymeraprepdred by an\polymeizatbiors 22 to 32,
wherein the heating stage is carried out at a pressure of |less than 100

bars. 30 3tagelr oddssh poocess! domprd sese @ dweaking stade/ gy the ch
conprises producing a mxture of a stable free radical, of the polyner and

of the spedi es ahsenceyoff PXYIeRhe Whiereime adAtahle free radigndprise an

al koxyam ne graoup. 35 35. Process according to claim34,, wherein the

J24- mixture i SnfEadured so thateit dse nResenimam a Mixhyge with the
polymer at the latest during the heating stage.

22. Process according to Claim 21, wherein
the heating stage is carried out in the absence of
10 light. |
23. Process according to Claim 21 or 22,
wherein the mixture comprising the stable free radical
does not comprise a polymer comprising a carbon-carbon
double bond during the heating stage.
1s 24. Process according to any one of Claims
21 to 23, wherein the mixture comprising the stable
free radical dees not comprise a poly{phenylene ether)
polymer during the heating stage.
25. frocess according to any one of Claims
20 21 to 24, wherein the polymer is a vinylaromatic
polymer.
26. Process according to any one of Claims
21 to 24, wherein the polymer is an olefinic polymer.
27. Process according to any one of Claims
25 21 to 24, wherein the polymer is an acrylic or
methacrylic polymer.
| 28. Process according to any one of Claims

21 to 27, wherein the stable-free radical is added

[



36. Process according to claim34 or 35, wherein the m Xt ur ernisshéet B Hee laced
sol vent? 37. Process according to any one of clains 22 to 5 3

stabl € free radical conprises a =N-0 group. 38. Process accorE

one of claims 22 to 37, wherein the stablgsfree radical does conprise a
car bon-carbon doubl e bond. 10 39. Process according to claim 38,

wherein the stgftér (K€ prehLratiOfSHYOpo PR SRt 8OnUSBALHEAHDR2MELR Whi Ch
it could be grafted onto a species of the m xture. 40. Process according to

any one of clainms 22 to 29, wWesécess Hecstabhg to6canyadheabsi glaimsent in a
15 proportion of fromO0.05 to 0.5 % by weight with respect to the sum of
the mass of pa@ynee 28, whareinm | thecheatling staganis océrriell outrat a

radi cal. 41. Process according to any one of clains 22 to 40, wherein a
free radical i|itvenpexrature ofidbromol8®cte0300%€ure. 42. Use according to
claim1l substantially as described in any one of Exangles 2, 3, 5and 7 to
9. 43. Protess accordi n®®o REPFeI acerrding teyClaime3®yi wharpdnany one
of Exanples 2, 3, 5 and 7 to osition, material or

9, 25 44, COWP
conponent whertRerteMROEALIre s From 200 ,€0:39P%€d in any one of clains 22

to 41 and 43. 31. Process according to Claim 30, wherein

the temperature is from 220 to 300°C.
32. Process according to any one of Claims
10 21 to 31, wherein the heating stage is carried out at a
pressure of less than 100 bars.

33. Process fof grafting a species onto a
polymer which comprises producing a mixture of a stable
free radical, of the polymer and of the species to be

15 grafted. |

34. Process according to Claim 33, wherein
the polymer does not comprise an alkoxyamine group.

35. Process according to Claim 33 or 34,
wherein the-mixture is heated at a temperature of from

20 80 to 200°C.

36. Process according to any one of Claims
33 to 35, wherein the mixture is free from solvent.

37. Process according to any one of Claims
21 to 36, wherein the stable free radical comprises an

25 =N-O' group.

38. Process according to any one of Claims

21 to 37, wherein the stable free radical does not

comprise a carbon-carbon double bond.

L



-°25 - 37, wherein the stable free radical is present in a ro ortlon of
fromQ.05 to 0.5 % by weight with respect to the sum of erer
to be®stabilized and of the nass of stable free radical. TI' II ﬁ
Process according to any one of Claims 21 to 38, wherein
initiator is added to the m xture. 40. according to daim
substantially as described in any one of anples 2, 3, 5and 7 to 9. 41.
Process according to d ai 215%@ t [ ne of
Exanples 2, 3, 5 and 7 t03@9 C%gr]r#o%dtlly rrat erra {Aor co‘?rhp%%}l

whenever prepam Btadb 1Y GG rauidaAl akd rh&!‘Yc&ﬁ?rPée @i ms 21 to 39 and
41.

unsaturation via which it could be grafted onto a
species of the mixture.

3 40. Process according to any one of Claims
21 to 39, wherein the stable free radical is present in
a proportion of from 0.05 to 0.5 % by weight with
respect to the sum of the mass of polymer to be
stabilized and of the mass of stable free radical.

10 41. Process accorﬁing to any one of Claims
21 to 39, wherein a free rédical initiator is added to
the mixture.

42. Use according to Claim 1 substantially
as described in any one of Examples 2, 3, 5 and 7 to 9.

15 43. Process according to Claim 21 .
substantially as described in any one of Examples 2, 3,
5 and 7 to 9.

44, Composition, material or component

whenever prepared by a process as claimed in any one of

20 Claims 21 to 41 and 43.
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