-1- .- PCLYMERI ZATI ON I N THE PRESENCE OF A STABLE FREE o N

RADI CAL"AND OF A FREE RADI CAL | NI TI ATOR The invention ruPé§S%
to the pol ynerization of -at | east one poly *4&5&#4>4m—ee§€+¥nerizable
mononer by the radi cal route in the presencq GHS BHEERHAS BekMe! r adi cal
and of a polynerization initiator. 5 TREPUAGEBence ¢f a stable
free radical in a pol yneri zati on m xturge makKes T possSibre o control

t he grow h of the polymer chains and generally to result in a pol yrer

of I'ow polydispersity, rhedggfedtidh ardQ el SREMtH YolymerikBeibRILENa O
unity, as is possible in anionic 10 polymerization. ‘Fﬁe presence of the
stabl e free Lads€abne poPyhéebiishléd e wspoliyie dizaidw Richgmenl byl el y
sl owi ng down the reaction rate and of making it difficult, indeed
radical route in the presence of a stable free radical and of
a polymerization initiator. |
5 The presence of a stable free radical in a
polyﬁerization mixture makes it possible to control the
grthh_of the polymer chains éﬂa-generally to result in a
. polymer of low polydispersity, indeed with a polydispersity
in the region of unity, as is possible in anionic
10 polymerization. The presence of the stable free radical
 exhibits, however, the disadvantage of greatly slowing down
the reaction rate and of making it difficult, indeed
impossible, to obtain polymers with a high weight-average
molecular mass, for example greater than 50,000. It is -
15 possible to attempt to overcome this disadvantage by adding a
polymerization initiatdr to the poiymerizatioﬁ. However,.to
ldate, the initiators used in mixtures comprising a
polymerizable monomer and a stable free radical cause side
reactions reflected by the partial destruction of the stable
20 free radical and of the initiator itself and by the formation
of impurities wh#éh damage in particular the appearance 6f.
the final polymer. Due to these side reactions, the initiator
has little effeétiveness, lengthening the reactibn times and
making it difficult to obtainlpolymers with a high molecular
25 mass. Moreover, the final polymer is coloured and often
opaque. |
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| npossi.bl e, to obtain polyners with a high wei ght-average nmol ecul ar
mass, for exanple greater than 50,000. It is 15 possible to attenpt to

overcone this disadvantage by adding a pol y tHé LT E*E@ r to the
pol ynmeri zati on. However, to date, the initiZE'?' s g& dres
conprising a pol yneri zabl e nononmer and a staple_f E cal dause side
reactions reflected by the partial destrgction of the stable 20 free
radical and of the initiator itself and by the formation of inmpurities
whi ch danmagesicipast aCpbaymehtzappenrpscesy in tHeh@ridsealepolfyaer. Due to
t hese side reactions, the initiator has little effectiveness,

| engt heni ngtehder §xeei gadicadsanddof bengiyihpearoxdide iasupolymeghizataon
polymers with a high nol ecul ar 25 mass. Moreover, the final polyner is
col oured ad@id r. Thegpgdymers thus obtained faig shaymbereavsrRsRal
Applicati orl}lo\ﬁgcg /11412

ﬁiar mass of less than 60,000 and a weight-average
5 molecular mass of less than 70;000 and moreover have a high
vyellowing index.

US Patent 4,581,429 describes a polymerization
process which confers control on the formation of the growing
polymer chains. This pro&ess reqﬁires the preparation- of an

10 alkoxyamine and results in oligomers with a molecular mass of
less than 10,000. This process exhibits low rates of
conversion of monomer to polymer.

The following references may élso be of interest:
WO 95/26987, US 5,412,047, US 5,449,724 énd BR 9400671.

15 In these prior art documents, the polymerization
initiator is never regarded as being an essential factor of
the process described.

It has now been found that the use of a specific
family of polymerization initiators makes it possible to

20 overcome the abovementioned disadvantages. The process
according to the invention is fast, allows the initiator to
act more'effecﬁiveiy and results in polymers or copolymers
having a low yellowing index according to ASTM stan&ard D
1925.

25 According to one aspect of the present invention,
there is provided a process for the manufacture of a polymer

or copolymer which process comprises polymerizing or
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-2~ v describes a polynerization process in the presence of a stable
free radi cal and of benzoyl peroxide as polynerization initiator. The
pol ymers t hus obtai ned have a nunber - aver a f less

t han 60, 000 and a wei ght - aver age nol ecul ar nﬂi‘g ﬁdh%%j an}70, 000
and noreover have a high yell ow ng index. LS _Pat ent
4,581, 429 descri bes a pol yneri zati on procgess mhicﬁ_* confers control on
the formation of the growi ng polynmer chains. This process requires

t he prepar atopolphexiz ik oty dvas: ang pelyhesizabdei gﬁnedspo]mjnhérﬁdmlecul ar
mass -of | ess than 10,000. This process exhibits | ow rates of conversion of
nmononer mon?ltbe%d?lyn@?e radjcal route in the presenteoofnyg sethlerfrse nay

al so be of interest: (yio 05/ 26987, US 5,412,047, US 5,499, 724 and BR
9400671. radical and of an injtigtor gfi SprmPdadocunents, the

pol ynmeri zation initiator is never R quq{zded as being an essenti al
factor of the process descri bed. It has now been found

that the wise of a specifish faEl %Ok 1aq ﬁ@l WAL 417 3ldyPbd Mtirld 3a@leS JgBkes

it possible to overcone the abovenenti oned
different, represents an alkyl, aryl, alkylaryl or aralkyl

radical comprising, for exampigj'up to 20 carbon atoms.
Preferably, at least one of the radicals R' and R?
cdmprises an aromatic ring. The initiator used preferably has
10 a half-life of one hour at a temperature between 80°C and
150°C and more preferably at a temperature between 100°C and
130°c.
Mention may be made, by way of example of initiators,
"of 3 | -

15

di-tert-butyl peroxide,
- tert-butyl cumyl peroxide,
- dicumyl peroxide.
Dicumyl peroxide is a particularly suitable
initiator.

20 The initiator can be introduced into the
polyﬁerization or copolymerization mixture in an amount of 50
to 50,000 ppm by weight, based on the mass of polymerizable
or copolymerizab;e monomer.

A stable free radical should not be confused with

25 free radicals with a fleeting lifetime (a few milliseconds),
such as the free radicals resulting from the usual

polymerization initiators such as peroxides, hydroperoxides
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di sadvant ages. The process according to the invention is fast, allows the
initiator to ~act nmore effectively and results in polyners or

copol ymers having a | ow yel | owi ng i ndex according to ASTM st andar dD
1925. According to one aspect of the present invention,
there is provided a 20 process for the manufacture of a pol yner or

copol yner having a yell ow ng i ndex - 4reasured according to ASTM D 1925
of | ess than 20 which process conprises pol ymeri zi ng or

-3- . copd Vi 7 thged Nod hex O .C FRaseadiBal BewnbERNgEe Of aqueous
phase, at |east one pol ynmeri zabl e or copol yneri zabl e nononmer which is
a vi nyl ar ongxiIymemingateion ainitiatimnéendn tacagkceteoataethacryl i ¢ nononer,
vinylidene difluoride or vinyl chloride by the radical route in the
presence ofPelyeemlzatier. rkicntraditpr isdiehd ea fxreCragioaps gennyasdlyan
Initiator of forrrula_L h . )
R[err]-C)C)?&%ﬂr?° slow down the polymerization. It may be generally
5 said that a free radical is stable within the meaning of the
present invention if it is not a polymerization initiator and
if, under the conditions of use of the present invention, the
mean lifetime of the radical is at least five minutes. During
this mean lifetime, the molecules of the stable free radical
10 continually alternate between the radical state and the state
of a group bonded via a covalent bond to a polymer chain. Of
courge, it is preferable for the stable free radical to
exhibit good stability throughout the duration of its use in
the context of the present invention. Generally, a stable
15 free radical can be isolated in the radical state at room
temperature.
The family of the stable free radicals includes
compounds acting as radical polymerization inhibitors, stable
®
nitroxide radicals, that is to say comprising the =N-O
20 group, such as the radicals represented by the following

formulae:



i n:which each of Rlerr] and R err], which nmay be the sane or different,
represents an al kyl, aryl, alkylaryl or aral kyl radical conprising, for
exanple, up to 20 carbon atons. 10 Preferably, at |east

one of the radicals R err] and R err] conprises an aronatic ring. The

initiator used preferably has a half-life of one hour at a
tenperature between 80[err]C and 150[err]C and nore preferably at a

t enper at ure bet ween

Mention may be
di-tert-butyl
- di cunyl

made, by way of exanple of initiators,
per oxi de, - tert-butyl
per oxi de. Di cunyl

100[ err] C and-130Ferr] C.

of :
cunyl

15

per oxi de,

peroxide Ls a
The initiator

can be

particularly suitable initiator. _
i ntroduced into the polynerization or 20 polynerization mxture in an
anpunt of 50 to 50,000 ppm by wei ght, ;Qaa@d on the s of

pol ymeri zabl e or cop@kymeRs zabl e noRgne R A stabl e

free radical shoul onf us g.radicals
fleeting lifetime gajfew gl liseconds), su hRgs the ¥ 53Is resultlng
fromthe usual | i zati o A1’ such fasS p ﬁ X|Be
hydr oper oxi des 3 1 Ry N Ryg
0. o N O
(CH)
. R o 7 (CHZ)n
Re Rs R2 R
R4 R6 \ y
R3 /RS R4 R, R,~C. .C~ R,
. N / N
/ R1 R3 ¥ Ry Ry | Ry
o R2 O. o. '
R4 Ry
N/
c
I -
N
I
o

in which each of R;, Ry, R3, Ry, R’; and R’;, which may
be the same or different, représents a halogen atom, such as
.chloring, bromine or iodine, a saturated or unsaturated,
linear, branched or cyclic hydrocarbon group, such as an
alkyl or phenyl group, or an estef group -COOR or an alkoxy
group -OR, or a phosphonate group -PO(OR),, or a polymer chain
which can be, for example, a poly(methyl methacrylaté} chain,

a polybutadiéne chain or a polyolefin chain, such as a

polyethylene or polypropylene chain, but which is preferably



-4~ and initiators of azo type. Free radicals which are

polynmeri zation initiators tend to accelerate the pol yneri zation. In
contrast, stable free radicals generally tend to sl ow down the

pol yneri zation. It may be generally 5 said that a free radical is stable
wi thin the nmeaning of the present invention if it is not a

pol yneri zation initiator and I f, under. the conditions of use of the
present invention, the nean lifetinme of the radical is at |east five

m nutes. D& igdllystyldéin® @hafinl,i habi BRent be #D) agy! @s Ok, I € SkRplee free
radical 10 contlnually alternate between the radical state and thé state.
of a group witikdethay dea thev alamet olroddfferanpp| yakrbe hdtidserXfrom tiIrse, it
is preferable for the stable free radical to

same family of groups as for R;, R, R;, R,, R’; and R’,, and

can furthermore represent a hydrogen atom, a hydroxyl group -

5 OH, or an acid group such as -COOH or

-PO(OH), or -SO,H.

In particular, the stable free radical can be‘
2,2,5,5-tetramethyl-l—pyrrelidyloxy, sold under the trade
name Prokyl, or 2,2,6,6-tetramethyl-l-piperidinyloxy,-

10 generally sold under the name Tempo.

The stable free radical can also be chosen from the
following list:

- tert-butyl l-phenyl-2-methylpropyl nitroxide,

- tert-butyl'l-(z-naphtyl)-2-methy1propyl -

15 nitroxide, |

- tert-butyl 1-diethy1phosphono-2,2-diﬁethyl

propyl nitroxide,

- tert;butyl 1-dibenzylphosphono-2, 2-dimethyl-propyl

nitroxide,

20 - phenyl 1-diethylphosphono-2,2-dimethylpropyl |
| | nitroxide,

- phenyl 1-diethy1phosphono-1-methy1ethyl nitroxide,

- l-phenyl-2-methylpropyl 1l-diethylphosphono-1-

methylethyl nitroxide.

25 The stable free radical can be introduced into the |
polymerization or copolymerization mixture in an amount of

0.005% to 5% by weight, based on the sum of the mass of



of its use in t he
table 15 free radical can
erature. The

exhi bit. good stability throughout the dur
context of the present inventio \
be isolated in the radical st vﬂﬁi _ ]
famly of the stable free radilcal s Hﬁ Eu conpounds acting as radica
pol yneri zation inhibitors, stak “nitroxide radicals, that is to say
conprising the =N-O 20 group, such as tRke radicals represented by the

fol |l owi ng f or mul ae: - 5-

polymerizable monomer and of stable free radical.

The molar ratio of the stable free radical to _the
initiator is preferably between 1.5 and 2.5, more preferably
in the region of 2. |

5 A monomer exhlbltlng a carbon carbon double bond

capable of polymer121ng or copolymerizing by the radical

e -

route can be used.
At least one monomer present in the polymerization or
copolymerization mixture can be a vinylaromatic monomer or an
10 olefin or a diene or an acrylic or methacrylic monomer. The
monomer can also be vinylidene difluoride or vinyl chloride.
Vinylaromatic monomer is understood to mean styrene,
styrene substituted (e.g. on the vinyl group) by an alkyl
~group, for example o-methylstyrene or ortho-vinyltoluene, -
15 para-vinyltoluene,.ortho-ethylstyrene or 2,4-dimethylstyrene,
or styrene substituted on.the‘ring by halogen, for example,
2,4-diéhloroétyrene, as well as'vinylanthracene,
chloromethylstyrene or para-acetoxystyrene.
Diene is understood to mean in particular a conjugated
20 diene comprising from 4 to 8 carbon atoms, for example 1,3-
butadiene, isoprene, 2,3-dimethyl-1l,3-butadiene, piperylene
or chloroprene. .
| The process according to the invention is more
particularly effective in the case of vinylaromatic monomers
25 and of dienes. -
Abart from ﬁhe distinctive characteristics of the
present invention as regards the initiator and the stable
-
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[err]

10

in which each of Rerr],

Rlerr], Rerr], Rerr], R[err] and R [err], which my

- 8 -

free radical, the polymerization or copolymerization is
carried out under the usual conditions known to the person
skilled in the art, taking into account the monomer or
monomers used and that the polymerization or copolymerization
takes place by a radical mechanism.

When the mixture comprises a vinylaromatic monomer and
excellent control of the growth of the polymer or copolymer.
is desired, so that the latter has a particularly narrow
polydispergity, it is preferable to carry out the
polymerization or copolymerization at a temperatufe at which
no polymerization or copolymerization is observed in the
absence of the initiator. For example, in the case of the

polymerization or copolymerization of at least omne

" vinylaromatic monomer, this situation exists when the -

15

20

25

Eémperature is less than approximately 120°C. Appreciable

polymerization or copolymerization rates are nevertheless

obtained by the process of the invention when the temperature

is between 90°C and 120°C.

Nevertheless, if higher polydispersity is acceptable,
the mixture can be heated at higher temperatures.:

Thus, when the mixture comprises a vinylaromatic
monomer, it is possible to cé:ry-out the polymerization or
copolymerization at between 50°C and 120°C but it is also
possible to heat to 200°C, if a greater rate of
polymerization is preferred ﬁo the detriment of.the
polydispersity. |

The process according to the invention can be carried



be 'the sane or different, represents a hal ogen atom such as chl ori ne,
brom ne or iodine, a saturated or unsaturated, | i near, branched or cyclic
hydr ocar bon group, such as an 5 al kyl or phenyl group, or an ester group
-COOR or an al koxy group -OR, or a phosphonate group -POOR)[err], or a

pol ymer chain whi ch can be, for exanple, a poly(nmethyl nethacrylate)
chain, a pol ybut adi ene chain or a palyolefin chain, such as a

pol yet hyl ene or pol ypropyl ene chain, but which is preferably

- 6- a pohysayr¥hecx?l0fC andl gaeifeghbRyernt] LOR épr130RCerr], Rerr],
Rlerr] and Rerr], whi ch naé be the sane or different, can be chosen
fromthe same WBER $noimprebpsinglasenayid rpolywest (s W der], Rlerr],

to a
E;g?g;;lagggg%;fgé , éggjpolyﬁg¥1éggﬁgg?%gngp£i rgigggtgoﬂyggg EPea m

generally comprises at least one vinylaromatic monomer and a
5 rubber, the latter geherally beiné conjugated polydiene, such
as one or more polybutadienes.

The invention also relates to the preparation of
copolymers. For example, when at least one vinylaromatic
monomer is present in the mixture, this monomer can be

10 copolymerized with, for example, at least one monomer chosen
from acrylonitrile; methacrylonitrile, acrylic acid,
methacrylic acid, an alkyl ester in which the alkyl group
contains from 1 to 4 carbon atoms, an N-alkylmaleimide in
which the alkyl group contains from 1 to 4 carbon atoms, and

15 N-phenylmaleimide.

The process according to the inweﬁtion makes possible
the preparation of block cbpolymers. Indeed, the
polymerization of a first monomer in the presence of a stable
free radical results in a living polymer block. It is then

20 poseible to_attach, to this first block, a block of another
polymer, the first living polymer block being placed in a
mixture for the polymerization of a second moﬁomer. It is
thus possible to producé block copolymers, for example
copolymers comprising one or more polystyrene blocks and one

25 or more polybutadiene blocks. The preparation of such”
copolymers by the radical rou;e requires good control of the

polymerization of each of the blocks. Indeed, if a



5 OH, or an acid group such as -COOH or -PO(OH)[err] or -SOerr]H.
In particular, the stable free radical can be ___ i
2,2,5,5-tetranmet hyl - 1-pyrrol i dyl oxy, sold under|tHg SHEETHAS BEENye Proxyl ,

or 2,2,6,6-tetranethyl -1-piperidinyloxy,- 10 ner aREpLAGED] undgr the name

Tenpo. The stable free radi cal can klse—ke—etroserrTTom t he
followng list: . - tert-butylg 1- phenyl - 2- et hyl pr opyl

ni t r oxi de, - tert-butyl 1-(2-naphtyl)-2-nmethyl propyl 15

ni troxi de, termination reaction -intedriptdi afhey igroesphbropdlfmeripahybn

propyl nitroxide, - tert-butyl

1- di benzyl posphdack? Pt dvidl ot fremassible to attachi garbipgk, of2Q

- phenyl 1-diethyl phosphono- 2, 2-di net hyl pr opyl ni troxi de,

another monomer to it. The términation reactions must thus be
as infrequent as possible. There are fewer termination

5 reactions when, during the polymerization, the number-average
molecular mass is more closely linearly proportiona1 to the
percentage of conversion. The existence of termination
reactions is reflected by a decrease in the rate of increase
in thé number-average molecular mass as a function of- the

10 percentage of conversion.

| The process according to the invention is particularly
suited to polymerization or copolymerization in the ofganic
phase, in the absence of équeous phase, as is the case in
bulk processes or solution processes in an organic solvent. -

15 Of course, depending on the polymerizatioﬁ or
copolymerization conditions, and in particular the duration,
the temperature and the degree of conversion of monomer to
pélymer or copolymer, it is possible to prepare products of
very different molecular mass.

20 The invention relates both to the preparation of
oligomers, polymers or copolymers with a weight-averagé:
molecular mass of léss than 10,000 and to the preparation of
polymers or copolymers with a weight-average molecular mass
of greater than 10,000, such as high polymers wiph a weight-

25 average molecular mass generally ranging from 100,000 to

. 400,000.

The invention relates both to polymerization or
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- phenyl 1-diethyl phosphono-1 -nethyl ethyl nitroxide,

1- phenyl - 2- et hyl propyl 1-di et hyl phosphono- 1- nmet hyl et hyl
nitroxide. 25 The stable free radi cal can Lotroduced i nto the
pol ymeri zation or copolymerization mxture in an ampdmiS SHEET HAQ. Ato 5%
by wei ght, based on the sum of the mass of REPLACED

-7- - polynerizabl e nononer and of -stable free Feci~oak

The nolar ratio of the stable free radical to the initiator is preferably
bet ween 1. Scopell Pndy i srdrieomp mafceregsies iin whécheghendegrge of conversion

A nononer exhi biting a carbon-carbon doubl e bond_capable of . 5

pol yneri zi nBf FRORFRY Vi ML MPH PR FOPPAYTER| 1FoheEscERaBeS¢%camd to

At | east t ip the pal i zati
copol yrier | 25RPER T XYt | e AERAS e PE ShABRePT BOBPRRE, ERPREFITT ¢ or

or copolymer is greater than 50%. For example, the degree of
5 conversion of monomer to polymer ;r copolymer can exceed 60%
and generally ranges from 65% to 80%.

The process according to the inve;tion results in a
polymer or copolymer (which includes oligomers) with a
polydispersity generally of less than 1.9 and with a -

10 yellowing index, measured according to ASTM standard D 1925,
generally of less than 20, indeed 10 and even 5.

When the molar ratio of the amount of-étable free
radical to the amount of monomer is greater than 1.2, the
polydispersity of the final polymér or copolymer is generally

15 less than 1.5; '

According to a further aspect, the invention provides
a polymer or copolymer with a polydisperéity of legs than
1.9, preferably less than 1.5, and with a yellowing index of
less than 20, preferably less than 10, and more preferably

20 less than 5. Suitably such a polymer or copolymer is a
polymer or copolymer of at 1éast one vinylaromatic monomer.

The invention is further illustrated in.the following
Examples.

The following characteristicé were used in the

25 Examples: -
. % of conversion: % of monomer converted to polymer. It

was determined by 4 NMR on a Bruker 200 MHz device with

e
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met-hacrylic nononer, vinylidene difluoride or vinyl chloride
Vi nyl aromati ¢ nononer i s understood to nean styrene, styrene 10
substituted (e.g. on the vinyl group) by an al kyl group, for exanple

[err]-met hyl styrene or ortho-vinyltoluene, para-vinyltoluene,
ort ho-et hyl styrene or 2, 4-dinethyl styrene, or styrene substituted on
the ring by hal ogen, for exanple, 2,4-dichlorostyrene, as wel | as

vi nyl ant hracene, chl oronet hyl styrene oL para-acet oxystyrene,.

Diene is understood to nean in particular a conjugated diene 15

conpri si ng ifrteyrk ttienS ofardhen paakes cortespsAdphg fo 3theltpsinher amdpEsene,
2, 3- di nmet hyl -1, 3- but adi ene, pi peryl ene or chloroprene. .

The processhee@mantimeyto the invention is nore particularly effective

in the case of vinylaromatic nononers and of dienes.

Apart fromthe dis PﬂEFFv%VEﬁ%$%C$%%?%H1%%;WﬁsﬁIﬁ?ﬁﬁﬁéﬁﬁﬂ#eﬂnbyhﬂhdn asl 20

regards the Ir“ééé?éﬁ '¥%ﬁa ograp y in THF at 30°C, after calibration

5 with standard polystyrene samples.

- Polydispersity index (represented by PI): ratio of the
weight—averége molecular mass to the number-average molecular
mass, both measured by GPC'(see Mn above).

- Eff1c1ency. the “efficiency” is equal to the ratio of

10 the theoretlcal number-average molecular mass to the
experimental number-average molecular mass. The theoretical

number-average molecular mass is given by the formula:

(M)s - (M)

Mn ¢h = —_——
2[(Ds - (]

in which (M), (M);, (I) and (I), respectively represent
the molar concentrations (in mol per litre) of monomer,
15 starting monomer, initiator and starting initiator.

The concentration (I) as a function of the time (t) is

determined by the eéuation:
(1) = (1) ©-Kd.t

in which Kd represents the rate constant for
decomposition of the initiator at the temperature under
20 consideration.

The closer the efficiency approaches the value of 1,



-8-- - free radical, the polynerization or copolynerization is carried

out under the usual conditions known to the person skilled in the art,
taki ng into account the nononer or nmononers used and that t he _

pol yneri zation or copolymnerization 5 takes place by a radical .nechani sm
When the m xture conprises a vinylaromatic nononer and excel | ent
control of the growth of the polymer or ggpol ymer is desired, so that
the latter has a particularly narrow pol ydi spersity, it is preferable
to carry outhé heore Rt he ARi®AateROLMAEERZALLAP1 At fhed SANEI QLI € at
whi ch no pol ynerization or copol ynerization is observed in the
absence of imeconfitdldiiorg tier polameird zatdonhendaskeolesficthey

pol ymeri zation or, copol ynerization of at |east one vi nyl aromatic
mononer, t RITEt¢iRAYD TG yndesirahde side reagsiomapdrithrmaisly ess

t han appro %- eI %é%[err]c Appr eci abl e polynerlzatlon or
copolynerlz \&if ra ‘are nevert hel ess

EXAMPLES 1 to 7
A 100-ml two-necked reactor equipped with a stirrer
system and with a temperatureWGthrol is purged by
vacuum/nitrogen cycles and then the following are introduced
into the reactor under nitrogen and at room temperature:
10 - 50 g of styrene (0.481 mol), then

- an amount of initiator such that the molar ratio of
the initiator to the styrene is equal to Cinitiatorr the wvalue
of which is shown at the top of Tables 1 to 7 (Cpj.,, when the
initiator used is dicumyl peroxide and Cp.,, when the

15 initiator used is benzoyl peroxide).

- an amount of 2,2,6,6-tetramethylpiperidinyloxy
(commonly known as Tempo), such that the molar ratio of the
Tempo to the initiator is 2.

The reactor is then brought to 125°C with stirring
20 uptil the réaetion mixture sets solid. The moment at which
the mixtﬁre reaches the temperafure of 125°C is defined as
being the starting moment of the test. '
The polymer is then cooled to room temperature and
then dissolved in 10 times its weight of tetrahydrofuran'
25 (THF). The polymer is then precipitated by pouring the
solution in THF obtained dropwise in 10 times its volume of

methanol. The polystyrene collected is analysed by gel



obt.ai ned by the process of the invention when the tenperature S
between 90[err] C and 120[err] C. Nevert hel ess, if higher

pol ydi spersity is acceptable, 20 the m xture can be heated at higher

t enper at ur es. Thus, when the m xture conprises a vinylaromatic
nononer, it is possible to carry out the polynerization or

copol yneri zati on at between 50C and 129[§%rJC:but it is also possi bl e
to heat to 200[err]C, if a greater rate o 25 polynerization is preferred

to the det LehRaht@2bnt BRromatBgLAPhyPeESES Y The results arE@dRbAGRSS in
according to the invention can be carried _
-O- outradlles01t 802@0[ err] C and preferably at 100 to 130[err] C
These results show the change in the formation of the
polymer as a function of the time.
5 EXAMPLE 8
After purging by vacuum/nitrogen cycles, 300 g of
styrene, 4.5 millimol of dicumyl peroxide and 15 milliﬁol of
stable free radical Tempo are introduced, at 20°C and under
nitrogen, into a 1-litre glass reactor eqﬁipped with an
10 anchor stirrer and with a temperature control. The combined
mixture is brought to 125°C. The moment at which the mixture
reaches the temperature of 125°C is defined as being the
starting moment of the test. Samples are withdrawn over the
course of time for analysis. ihe regsults relating to the
15 monitoring of the formation of the polymer over the course of
time afe combined in Table 8. |
The polymer obtained after polymerizing for 5 hours
and 30 min is then degassed in an oven under a vacuum with a
residual pressure of 25 mbar for 20 minutes at 200°C: it is
20 then shaped into a slab with a thickness of 3 nmm in a press
for 10 minutes, comprising preheating for 5 minutes from room
temperature to 170;C and then pressing for 5 minutes ;ﬁ 170°C
under 260 bars. The yellowing index is then measured on the
slab, according to ASTM s;andard D 1925. The yvellowing index
25 is 2. ' i
EXAMPLE 9 (éomparativef

The reaction is carried out as in Example 8, except



When an:inpact vinylaromatic pol yner

pol yneri zation or copol ynerization m xture

one vinylaromatic nononmer and a 5 rubber,
conj ugat ed pol ydi ene,

such

as one or

is to be

obt ai ned,

t he

general ly conprises at

The invention also relates to the preparation of

exanpl e,
m xture

1to 4 car

%ﬁntains frqgl% a% carb% gtons and 15 ht Inale;nlde
e process 4o OthERPNPRAYTEH FERES %s Hrae t%iffe §*&par ati on
ne presenco i aes gyt o Be yaf EaTE SRGENHE st il pitar
bl ock. 1tg igy tdhen
EXAMPLE 17 Cpyooy = 0.02
. Time (h) % Mn PI Efficiency
conversion | measured
1 - 2 -~ 300 ~ 1.05
5 4 300 1.05
10 10 ' 5 300 1.05
12 5 300 1.05
15 7 300 1.05
16 10 300 1.05
17 ~25 650 1.07
15 18 35 . 700 1.09 1.1
19 45 960 1.12 1.1
20 50 1050 1.12 1.1
21 55 1100 1.13
22 60 1200 1.13 1.1
20 23.75 60 1360 1.14 1
26 60 1400 1.15 1

when at
thi s nonomer

ester

| east one vinylaromaticig -
can be

monomner
10 copol ynerized wth,
one nononerthatosdeumyl pegwrddeylionréplaeed ey hetos ydaom tanidumt adryl i c acid,

met hacrylic acid, an al Kyl i n which the al kyl

RN ZImPeTeFine,| R‘f}lerrﬁﬁeuhtﬂer%atmg vom cthe monditoplingr odp

the latter generally being
nor e pol ybut adi enes.

copol yners. For

I S present
for exanple, at

group

in the

contains from

TABLE 1



20-possible to attach, to this first block, a block of another
-the first living polyner block being placed in a
pol ynmeri zati on of a second nononer. It is
bl ock copol yners, for exanple copol ymers conpri sing one or nore

pol ystyrene bl ocks and one 25 or nore pol ybutadi ene bl'ocks. The
preparation of such copol yners by-the radical route requires good
control of the pol ymeri zati on of each of the blocks. Indeed, if a
term nation reaction interrupts the growth by polynerization of a bl ock,

pol ymer,
m xture for the
t hus possible to produce

itwill not be possible to attach a block of another nononer to it. The
termnation reacti ons BRAMPLE 2 (COMPARATIVE) af Paquerit 0a82possi-bl e. There
are fewer tlernmination reactions when, durin the polvnerization, the
nunber - averla§imeofk |l ar nliss i s|{ noreMBl oselly 1i R¥ar|y | Efficiency
- conversion | measured
3.5 7.4 - -
5 8 - -
5 9 S - -
14 12.5 - -
18 16.4 560 1.11
22 20 - z
27 28 1500 1.11 0.5
10 32 32 -
38 37 1750 1.15 0.5 )
44 42 2200 1.16 . 0.5
51 45 2200 -
~ 58 47 2200 1.22 0.5
15 65 49 2200 1.32 0.5
74 ~50 2200 1.32 0.6

TABLE 2



5 - proportional to the percentage of conversion. The exi stence of

term nation reactions Is reflected by a decrease in the rate of

i ncrease in the nunber-average nol ecul ar mass as a function of the

per cent age of conversion. In the process according to
the invention the polynerization or copol yneri zation is carried out

in the organic phase, in the absence of agueous phase, 10 as is the case
in bulk processes or solution processes in an organic solvent.
O course, depending on the polymerization or copolynerization
conditions, and in particular the duration, the tepperature and the degree

of conjersion of nononeERAYEER dieComumcop®tYBer, it is possiblle to
prepare pr od icts of _ver \. different nolecular nmass 15
The i nventi oh P&t hoth th t he prep&#htion of oPEgonersELffsciemey
or copolymers with a wei . é je _nol ecul ar{ mass of | egs than 10,000 and
to the preparatip i . wei ght - averfage
nmol ecul ar rras-s=e=f= greater t#han 10 000 __kuch ag higl iith a
wei ght - aver age not ecul ranyr A9 frcn1100,000 t
400, 000. 20 3 both to polynerizatian or
5 5 3 300 1.00
. 7 4 _ 300 1.00
5 6 300 1.00
10 8 300 1.00
11 9 300 1.00
10 12 10 300 1.00
13 11 300 1.00
14 12 300 1.00
15 13 300 1,00
16 15 450 1.05
15 17 "50 2200 1.3 1.1
18 ~ 78 3600 1.26 1.1
18.5 90.5 4200 1.23 1.1

TABLE 3



-11- - copol yneri zation processes in which the degree of conversion of

-nmononer to pol ynmer or copolyner is |less than 50% and to those in which
t he degree of conversion of nononmer to polyner or copolyner is greater
t han 50% For exanpl e, t he degree of conversion of nononmer to pol yner

or copolymer can exceed 60% and 5 generally ranges from65%to 80%
The process according to the invention 18sdlts in a polyner or
copol ymer (which includes oligonmers) with a polydispersity generally of

| ess than 1.9 and with a yellow ng index, measured according to ASTM
standard D 1925, of _less than 20, indeed generally less than 10 and
even 5. 10 EXAMPLE/\fb N(GOMPARATIVE) 4t Comof =t Qe O2rpunt- of stlabl e
free radical ot he amunt  of nmmnaoner i s greater han 1 2 1 he
pol ydi sper sji T§m8f (Rhe fi nafs pol yfrer oMn copoF¥ner i sEEEHEIEREY | ess
than 1.5. conv s-ﬁ§3°§9i%% t% a further aspect, the invention
provi des a |pol yner or| ¢enversio easure
3.5 3 - -
5 5 - : -
5 i1 2 250 107
21 24 2200 1.14 0.6
34 — 31 3600 .16 0.6
28 - 37 2700 1.27 0.7
31 - 43 3100 1.22
10 34 ' 2z 3350 1.15 0.7
37 a7 3600 1.20 0.7
42 57 4200 1.20 0.7
47 63 -
51 " 67 4300 1.23 0.8
15 55 ~ 78 4650 1.23° 0.9
61 90 5000 1.23 1

TABLE 4



copol ymer with apol ydi spersity of

and with a 15 vyellow ng index of
and nore preferably |ess

is a polyner or copol yner of at
The invention is further

| ess than 1.9, preferably less than 1.5,
| ess than 20, preferably |less than 10,

than 5. Suitably such a pol yner or copol yner
| east

one vinyl aromati c ‘nononer.

The follow ng characteristics were used 1 the Exanpl es:

of conversi on:

% of nonomer converted to pol yner.

by [err]H NVR on a Bruker 200 MHz device with

It was

Illustrated in the foll ow ng Exanples. .
20 -

%

det er m ned

- 12 - |nLegLaLLDn_DL_ﬁggiﬁgg%ﬁ;Lxuij5ﬂKHEﬂi%}liLliEiJﬂﬂJﬂEﬂ;jﬂﬂLIO
- the nononer. . - Nu 2 .éﬁb‘hmhmcﬁlar Rh38 (represented by M):
gel  pernpapgarfpenteqrapiy o ToE At S0ler L altecalhration

conversion | measured
4 1.5 300 1.00
6 2.5 300 1.00
5 10 38 12,60.‘(')“ 1.4
. 11 54 16,700 1.4
T11.75 68 21,800 1.4
13 81 29,000 1.34 1.1
TABLE 5
10 _EXAMPLE 6; Cpy,,, = 0.0005 i
Time (h) % conversion | Mn measured PI Efficiency
3 1.5 ~ 300
4 2 300
5 7.5 11,000 1.7 0.7
15 6 22 21,200 1.71 1
7 L 30,000 1.63 1
8 41 39,400 1.57 1
9 50.8 ~ 47,000 1.54 1
10 60 54,000 1.56 1.1
20 11 71 66,000 1.53 1.1




5 with standard pol ystyrene sanpl es.

(represented by PI):

nunber - aver age nol ecul ar

- Efficiency:
nunber - aver age nol ecul ar

nol ecul ar
by the for

nol ar
initiator

nass.
mul a:

and start

function of the ti

10

15

rati o of the
nass,
the "efficiency” is equal
mass to the
The t heoretical

- Pol ydi spersity index

wei ght - aver age nol ecul ar
bot h neasured by GPC (see M above).
to the ratio of
experi nment al
nuab0 - aver age nol ecul ar
Mh [err] =

in which (M, (M[err], (1) and (I)[err] respectively represent
concentration ' j

[err]

mass to the

10 the theoretical
nunber - aver age
mass is given

t he
S L RELE 77 Cosoom ~TREORBAERNL rat 1 on | 1) a6 &
B T VR et v i
1 1 300
3 9 33,600 1.8
1 25 66,000 1.6
5 40 76,600 1.6
6.5 63 104,000 1.6
TABLE 7
EXAMPLE 8; Cpiogm = 0-0026
Time (h) % conversion | Mn measured PI
1 0.2
4 52.6 Lolsoo 1.2
5 71.2 14,170 1.3
5.5 85 15,400 1.3 |

TABLE 8



(I'y =(¢l)[err] e-Kd.t in which Kd represents the rate constant

for deconposition of the initiator at the tenperature under 20

consi derati on. The cl oser the efficiency approaches the val ue
of 1, - 13 - t he nore
effective the initiater and the stable free radical in controlling the
pol yneri zation and the | ess they par2lct pate in the undesirable side
reactions which partly destroy them 5 EXAMPLES 1 to 7

A 100-m two-necked reactor equipped with a stirrer

EXAMPLE 9 (Comparative); Cg., .= 0.0026
Time (h) | % conversion ¥Mn measured PI
1 1.2
4
5 5 22.6
5.5 28 6141 1.2
. 8.5 49.9 10,950 1.3

11 | 63 13,320 1.3

TABLE 9



systemand with a tenperature control is purged by vacuuni ni trogen
cycles and then the follow ng are introduced into the reactor under
nitrogen and at roomtenperature: 10 - g of styrene (0.481 nol),

t hen - an anount of initiator such that the I“ ‘l‘“ﬂ“‘lﬂ“‘“ t he
Initiator to the styrene is equal to (Jerr], the vaI m‘

shown at the top of Tables 1 to 7 ([ ermrle when the * | fittatbr *uséd is

di cunyl peroxide and C[err] when the 15 initiator used is benzoyl

per oxi de) . - an anount of 2, ZIAIMS et r anet hyl pi peri di nyl oxy
(commonly known as Tenpo), such that the nolar ratio of the Tenpo to
the initiator is 21.-. Processioy dihe sanufactareyofughpolyme2sper | C

wth stirrin %he reaction m_xture ets solid. The nonent at

whi ch g :rltt”)'(‘?ﬁr SACKER TR TURISRURP IMSEISABE PE i s defined as
bei ng the éBgBi#ﬂgrggﬂﬁ tbgft%ggrééﬁﬁal route of at'12al% ggrmggogggn

cooled to enperature” an
5 in the presence of a stable free radical and of an initiator

of formula

R*-0-0 - R?

in which each of Rl_and R?, which may be the same or
different, represents an alkyl, aryl, alkylaryl or aralkyl

10 radical. -

2. Process according to Claim 1, in which at
least one of the radicais R' and R? comprises an aromatic
ring. ' ’ -

3. | Process adcording to Claim 2, in which the

15 initiator is dicumyl peroxide.

- 4, Process according to any one of Claims 1 to 3,
in which the initiator is introduced into the polymerization
or copolymerization mixture iﬁ an amount of 50 to 50,000 ppm
by weight, based on the mass of monomer. ‘

20 5. . Process according to any one of Claims 1 to 4,
in which the stable free radical is introduced in an amount
of 0.005 to 5% by weight based on the sum of the mass of
monomer and of stable free radicalt

6. Process according to any one of claims'l to 5,

25 in which the molar ratio of the stable free radical to the

initiator is from 1.5 and 2.5.

\ ) . . . u ) . .
This Sheet Hag | THIS SHEET HAS BEEN -
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then dissolved in 10 tinmes its weight of tetrahydrofuran 25 (THF). The
polynmer is then precipitated by pouring the solution 1 n THF obtained

?;og\r/]\néls)elsieg %S éie{res its volume of nmet hanol . Thﬁ"m“lmrnllﬂlﬂ";lmlem ed

perrreatlon chromat ography (GPC). The results are conbirfedtin® sT

7. " These results showthe chaggye- in the formation of the
polymer as a function of the tine.. 5 EXAMPLE 8 ' Af ter
purgi ng by vacuunmhi trogeRregesesace@odipeito anywiopeeed, Cadmai k| Faof- of-
di cunyl peroxide and 15 m || inol  of stable free radical Tenpo _are
|ntroduced1naNhQGGCt§ﬁdmﬁﬁﬂ§rratl° of the amount of stable free_radical

to the amount of monomer is greater than 1l.2.
8. Process éccording to any one of Claims 1 to 7,
S in which at least one monomer is Ginyl-aromatic.
9. Process according to any one of Claims 1 to 7,
in which at least one monomer i& a diene.
| 10. Process according to any one of Claims 1 to 9,
in which the polymerization or copolymerization temperature
10 is 100°C to 130°C. '
11. Process according to any one of Claims 1 to
10, in which the polymerization or copolymerization is
carried out in the orQanic phase, in the absence of aqueous
phase. o -
15 - 12. Process according to any one of Claims 1 to
11, in which the degree of conversion of monomer to polymer
ig greater than 50%.
i3. Process according to Claim 12, in which the
degree of conversion is greater than 60%.
20 14. Process according to Claim 12, in which the
degree of cdnversion is from 65 to 80%.
15. A polymer ér copolymef obtained by the process
claimed in'any one of claims 1 to 14.
1s6. Polymer or copolymer with a polydispersity of
25 less than 1.9 and with a yellowing index, measured according
to ASTM standard D 1925, of less than 20.

17. Polymer or copolymer according to Claim 16,

This Sheet Has Been Repl
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nitrogen, into a 1-litre glass reactor equipped with an 10 anchor stirrer

and with a tenperature control. The conbi ned m xt

125[err] C. The nmonment at which the m xture reaches the t e of
125[err]C is defined as being the starting rmmenm Hiﬁgﬁm\ npl es
are wi thdrawn over the course of tine for analys *
relating to the 15 nonitoring of the foggmtion of thé& p Iyrrer over the
course of time are conbined in Table 8. The pol yner

obt ai ned akhdchphlagmar yzildgwiay InHHexref lesanth® I8N is then degassed in
an oven under a vacuumw th a resi dual pressure of 25 nmbar for 20 .
mnutes at 200[errl&: it Polypert ﬁEncgnabmerm@ercéimwmaamt Hifokness of

3 mMmin a press for 1Q m,nutes, rrg hsr ng, preheating for 5 m nutes

fromroom ¥ 1°tber‘?|§€r§tl¥re&1f’8'1f‘$0f"é‘fif*}‘ SEheh M edsing for 5 ninutes at

170[err]C under ,200 b The el | | hen, ured Sh the

sl ab, according to£%\STM s?z’?} 15§§W1 e ye? 01\;\,?’?11'ti i nd fglr S fg

EXAVPLE § (G 3ld VR 18, which has a polydispersity of less than 1.5.
20. Polymer or copolymer according to any one of

Claims 16 to 19, which is a polymer or copolymer of at least

" one vinylaromatic monomer.

This Sheet Has Been Reﬂlaced
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The reaction is carried out as in Exanple 8, except

- 15 - . that dicunyl peroxide is replaced by the sane anount of
benzoyl peroxide. The results relating to the nonitoring of t he
formation of the polymer over the course of tine are conmbi ned in Table
9. The yellowing index in this instance is 5 34.09.
EXAMPLE 1; C[err] = 0.02 - Time (h) Vh P
Ef fi ci ency conver si on nmeasured 1 .2
300 1.05 5 4 300 1.05

ABSTRACT

POLYMERIZATION IN THE PRESENCE OF A STABLE FREE RADICAL AND

OF A FREE RADICAL INITIATOR

The invention relates to a process for

5 polymerization or copolymerization.
According to the invention at 1least one
polymerizable or copolymeri‘zable. monomer is polymerized
or copolymerized by the radical route in the presence of

a stable free radical and of an initiator of formula
10 R -0 -0 - R?

in which each of R' and R?, which may be the same -
or different, .represent an alkyl, aryl, alkylaryl or
aralkyl radical comprising, for example, from up to 20
carbon atoms. |
15. The process is fast, allows the initiator to act
more efficiently and results in polymers or copolymers of

low yellowing index.

This Sheet 4
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10 -
300 |
16

650

1.1

20

1100
1.1 20
26
TABLE 1

10 5 300 T, 12
1.05 15 7 E?EEAQHMENT SHEET
10 . 300 1.05 ' - b5
1.07 15 18 35 1.0
19 45 - 1960 @ 997 [ (11
50 1050 1. 12 21
1.13 22 0 | 1200 1.13
23 7POLYMERIZAFION IN T!&%(RﬁESEm—UWABLE_ERE

1io

15

20

25

60 RAQ;ﬁﬁP AND OF ﬁ_ﬁEFE RADICAL];NITIATOR

The invention relates to the polymerization of at
least one polymerizable or copolymerizable monomer by..the
radical routelin the presence of a stable free radical and of
a polymerization initiator.

The presence of a stable free radical in a
polyﬁerization mixture makes it possible to control the
growth of the polymer chaihs and generally to result in a
polymer of low polydispersity, indeed with a polydispersity
in the region of unity, as is possible in anionic

polymerization. The presence of the stable free radical’

exhibits, however, the disadﬁantage of greatly slowing down

the reaction rate and of making it difficult, indeed
impossible, to obtain polymers with a high weight-average
molecular mass, for example greater than 50,000; It is
possible to attempt to overcome this disadvaﬁtage by adding a
polymerization initiator to the polymerization. However, to
date, the initiators used in mixtures comprising a
pPolymerizable monomer and a stable free radical cause side
reactions reflected by the partial destruction of the stable
free radical and of the initiator itself and by the formation
of impurities which damage in particular the appearance of
the final polymer. Due to these side: reactions, the initiator
has little effectiveness, len;thening the reaction times and
making it diﬁfieult to obtain polymers with a high molecular
mass. Moreaover, t@e&f;éeifﬁdlyier is coloured and often

opaque.

Published International Application WO 94/11412



- 1’;6_

<Fime (h)

conver si on
5
18

0.5 10
37
2200

EXAMPLE 2 (COVPARATI VE) ;" (Jerr] :a%)\o&’?,%’D '

Mh Pl Efficiefd
nmeasur ed 3.5 7.4 - -
. . 5 9 \PO% |
- 14 12.5 - -
16. 4 ) 560 1.11 22 20
27 28 2- 1500 1.11
32 32 38

10

15

20

1 7(%9%& a polymeﬁz%?qg process in the’ prgﬁence of a stable ﬁ'ge radical and of2 200

'benzoyl pcroxide as polymerization initiator. The polymers thus obtained have a

number-aver-ag'c molecular mass of less than 60,000 and a weight-average molecular
mass of less than 70,000 and moreover have a high yellowing index.

US Patent 4,581,429 describes a polymerization process which
confers @ml on the formation of the growing polymer chains. This process
requires the preparatiox_l of an alkoxyamine and results in oligomers with a molecular
mass of less than 10,000. This.proccss.cxhibits low rates of conversion of monomer
to polymer.

The following references may also be of interest: WO 95/26987,

US §,412,047, US 5,499,724 and BR 9400671.

In these prior att documents, the polymerization initiator is never
regarded as being an essential factor of the process described.

It has now been found that the use of a specific family of
polymenzauon initiators makes it possible to overcome the abovemenuoned
dlsadvantages The process according to the invention. is fast, allows the initiator to
act more effectlvely and results in polymers or copolymers havmg alow yellowmg
index according to ASTM standard D 1925, -

Accordmg to one aspect of the present invention, there is provided a
process for the manufacture of & polymer or copolymer having a yellowing index
meagured according to ASTM D 1925 of less than 20 which process compriges

polymerizing or

REPLACEMENT SHEET
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58 ° 47 2200 1.22 0.5 15 65

49 2200 1.32 0.5 74 50

2200 1.32 0.6 TABLE
2 - 17 -

EXAMPLE 3; Cerr] = 0. 01 Time (h) . AP

Pl Ef fici ency conver si on THi§ SHEET HAS BEBN

2 300 1.00 3 ' 2.pb REPLACEDO

1.00 5 5 3 308" b

copolymerizing in the organic phase, in the absence of aqueous phase, Qt least one
polym:erizabls or copolﬁnerizahle monomer which is a vinylaromatic monomer, a
diene, an acrylic or m;thacryﬁc monomer, vil.lylidcne difluoride or vinyl chloride by
the radical route in the presence of a stable free radical and of an initiator of formula
5 R'-0-O-R?

in which each of R! and R?, which may be the same or different,
represents an alkyl, aryl, alkylaryl or aralky! radical comprising, for example, up to
20 carbon atoms.

Preferably, at least one of the radicals R! and R* comprises an

10 aromatic ring, The initiator used preferably has a half-life of one hour at a

temperature between 80°C and 150°C and more preferably at a temperature between
100°C and 130°C.

Mention may be mads, by way of example of initiators, of:

- di-tert-butyl peroxide,
This Sheet Has Been Replaced
b o wehlamipaod ST
- dicumy]l peroxide.

Dicuayl petoxide is & particularly suitable initiator.
The initiator can be introduced into the polymerization or
polymerization mixture in an amount of 50 to 50,000 ppm by weight, based on the
20 mass of polymerizable or copolymerizable monomer.
A stable free radical should not be confused with free radicals with a

fleeting lifetime (a few milliseconds), such as the free radicals resulting from the

usual polymerization initiators such as peroxides, hydroperoxides REPLACEMENT SHEET

22 SEP 2000




7 0. 4 300 1.00 9 6

300 1,00 10 8 300 1.00

11 9 300 1700 10 12 10

300 1.00 13 11 300 1.00

14 12 300 1.00 15 13

300 1.00 16 15 450 1.05 15

17 50 2200 1.3 1.1 18

78 3600 1.26 1.1 18. 5 90. 5

4200 lpo%?inerizable mono%ne% and of stable free radical. TABLE 3

The molar ratio of the stable free radical to the initiator is preferably
between 1.5 and 2.5, more pref—erably in the region of 2.
A monomer exhibiting a carbon-catbon double bond capable of
5 polymerizing or copolymerizing by the radical route can be used.
At least one monomer present.in the p'olfmeﬁzation or
copolymerization mixture is a vinylaromatic monormer, a diene, an acrylic or
- methacrylic monomer, vinylidene difluoride or vinyl chloride.
Vinylaromatic monomer ig understood to mean styrene, styrene
10  substituted (e.g. on the vinyl group) by an alkyl group, for example o-methylstyrene
or ortho-vinyltoluene, para-vinyltoluene, ortho-ethylstyrene or 2,4-dimethylstyrene,
or styrene substituted on the ring by halogen, for example, 2,4-&ichlorostyrcnc, as
well as vinylanthracene, chloromethylstyrene or para-acetoxystyrene.
Diene is tinderstood to mean in particular a conjugated diene
15 comprising from 4 to 8 carbon atoms, for example 1,3-butadiene, isoprene, 2,3-
dimethyl-1,3-butadiene, pipetylene or ohlorol;rene.
The process according to the invention is more paﬁicularly effective
in the case of vinylaromatic monomets and of dienes.
Apart from the distinctive characteristics of the present invention ag

20 regards the initiator and the stable

REPLACEMENT SHEET
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(COMPARATIVE); (Clerr] = 0.1 Time (h) %
P Ef ficiency conver si on nmeasur ed
3 - - 5 : 5
- 5 11 12 450 1. 07
24 . 2200 1.14 0.6 24
2600 1.16 0.6 28 37
1. 27 0.7 1 31 _ 43 3100
34 44 “1%350 1.15 0.7
jtgggination reacﬁo%?gtggupts the gmwdi'lé%plymerizaﬁon otO 2 127{90,1:, it will not be gg
51 67 4300 1.23 0.8

possible to attach a block of another monomer to it. 'E‘he termination reactions must
thus be ag infrequent as possible. There a;'e fewet termination reactions when, during
the polymerization, the number-average molecular mass is more closely linearly |
5 propom'onal to the percentage of conversion. The existence of termination reactions
is reflected by a decrease in the rate of increase in the number-average molecular
- mass as a function of the percentage of conversion.

In the process according to the invention the pblymeriza.tion or
copolymerization is carcled out in the organic phase, in the absence of aqueous phase,

10 as is the case in bulk processes or solution processes in an organic solvent.

Of course, depending on the polymerization or copolymerization
conditions, and in particular the duration, the tempetature and the degree of
conversion of monomer to polymer or copolymer, it is possible to prepare products
of very different molecular mass.

15 The invention relates both to the preparation of oligomers, polymers .
or copolymers with a weight-average molecular mass of less than 10,000 and to the
preparation of polymers or copolymers wﬁh a weight-average m.olecular mass of
greater than 10,000, such as high polymers with a weight-average molecular mass
generally ranging from 100,000 to 400,000,

20 The invention relates both to polymerization or

REPLACEMENT SHEET
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15 ° 55 78 4650 1.23 0.9

61 90 5000 1.23

TABLE 4 - 19 -

EXAMPLE 5; C[err] = 0.00125 Tinme (h) % Mh PI

Ef ficiency conver si on measur ed 4 1.5
300 1.00 6 2.5 300 1.00 5

10 38 - 12,600 1.4 . 11 54

16, 700 1.4 T

copolymerization processes in which the degree of conversion of monomer to
polymer or copolyiner is less than 50% and to those in which the degree of
conversion of monomer to polymer or copoly;ner is gr;aﬁer than 50%. For example,
the degrée of convetsion of monomer to polymer or copolymer can exceed 60% and
5 generally ranges from 65% to 80%.
The process according to the invention results in a polymer or
copolymer (which includes oligomers) with a polydispersity generally of less than
1.9 and with a yellowing index, measured according to ASTM standard D 1925, of
less than 20, indeed generally less than 10 and even S. |
10 When the molar ratio of the amount of stable free radical to the
amount of monomer ig greater than 1.2, the polydispersity of the final polymer or
copolyther is generally less than 1.5.
According to-a further aspéct, the invention provides a polymer or
copolymer with a polydispersity of less than 1.9, preferably less than 1.5, and with a
15 ycllowing index of less than 20, preferably less than 10, and more preferably less
than 5. Suitably such a polymer or copolymer is a polymer or copolymer of at least
one ﬁnylmmaﬁc monomer. i
The invention is further illustrated in the following Bxamples.
The following characteristics were used in the Examples:.
20 - % of conversion: % of monomer converted to polymer. It was

determined by "H NMR on 3 Bruker 200 MHz device with
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11.75
29, 000
10
conver si on
300
11, 000
1.71
1
50. 8
54, 000
1.53

68 21, 800 1.4 13 81
- 1.34 1.1 TAR'%—?{—
Vi easured P Bl ciency [T REpLADENERT SHED
illlllll T RELAD <= > o "2 || 23semam |
31 45 30, 000 1. 63 ..
41 39, 400 1.57 1 a 9
4719gg - 541 20 %% 1071 66, 000
1.1

10

15

20

1. Process for the manufacture of a polymer or copolymer having a
yellowing index meagured according to ASTM D 1925 of less than. 20 which process
comprises polymerizing or copolymerizing in the organic phase, in the absence of
aqueous phase, by the radical route at least one monomer which is a vinylaromatic
monormet, & diene, an acrylic or methacrylic monomer, vinylidene difluoride or vinyl
chloride in the presence of a stable free radical and of an initiator of formula

R!-0-0-R?

in which each of R! and R?, which may be the same or different, represents an
alkyl, aryl, alkylaryl or aralkyl radical. |

2, Process according to Claim 1, in which at least one of the radicals R!

and R? comprises an aromatic ring.

3, Process according to Claim 2, in which the initiator is dicumyl
peroxide.
4. Process according to any one of Claims 1 to 3, in which the initiator is

introduced into the polymerization or copolymerization mixture in an amount of 50

to 50,000 ppm by weight, based on the mass of monomer.

S. Process according to any one of Claims 1 to 4, in which the stable free

radical is introduced in an amount of 0.005 to 5% by weight based on the sum of the
mass of monomer and of stable free radical.

6. Process according to any one of Claims 1 to 5, in which the molar

ratio of the stable free radical to the initiator is from 1.5 and 2.5,

7. Process according to any one of Claims 1 to 6, in which the molar

THIS SHEET g BEE |
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TABLE 6 | : - 20 -

~ EXAMPLE 7; (Cferr] = 0.000166 Time (h)
measur ed PI 1 1
3 33, 600 1.8 5

poo Lo [ T e 104,000 | | “1o
TABLE 7 5. l

ratio of the amount of stable free radical to the amount of monomer is greater than

1.2.

8. Process according to any one of Claims 1 to 7, in which at least one
monomer ig vinyl-aromatic.
5 9, Process according to any one of Claims 1 to 7, in which at least one
monomer is & diene.
10.  Process according to any one of Claims 1 to 9, in which the
polymerization or copolymerization temperature is 100°C to 130°C.,
11.  Process according to any one of Claims 1 to 10, in which the degree
10 of conversion of monomer to polymer is greater than 50%.
12.  Process according to Claim 11, in which the degree of conversion is
greater than 60%.
13.  Process according to Claim 11, in which the degree of conversion is
from 65 to 80%.
15 14.  Process according to any one of the preceding Clajms, in which the

stable free radical comprises a=N-O" group.

15.  Process according to any one of the preceding Claims, in which the
polymer or copolymer has a weight-average molecular mass of from 100,000 to
400,000,

20 16.  Process according to any'one of the preceding Claims, in which the
polymer or copolymer has a polydispersity of less than 1.9.
17.  Process according to any one of the preceding Claims, in which the

polymer or copolymer has a yellowing index of less than 10.
> This Sheet Has Been Reﬂlaced THIS SHEET HAS BEEN

[TET LT ————




EXAMPLE 8; C[err]OI_’_’_’QQ_Z_ES_,_lg/ Time (h)

- measur ed 0.2
ERO ||| Ll
1.3 TABLE 8
- 21 - EXAMPLE 9( Conparative); Cerr
Time (h) % conversion M neasured 4Pl

18.  Process according to any one of the preceding Claims, in which the
polymer or copolymer has a yellowing index of less than 5.
19,  Process according to any one of the preceding Claims, in which the
polymer or copolymer has a polydispersity of less than 1.5,
5 20.  Process according to aty one of the preceding Claims, which is a bulk
process or a solution process in an organic solvent.
21. A polymer or copolymer obtained by the process claimed in any one
of Claims 1 to 20.
22.  Polymer or copolymer with a polydispersity of less than 1.9 g.nd with
10 ayellowing index, measured according to ASTM standard D 1925, of less than 20.
23.  Polymer or copolymer obtained by radical polymerisation of at least
one monomer in the presence of a stable free radical and of a polymerisation initiator,
having a weight-average molecular mass of greater than 50,000, a polydispersity of
Jess than 1.9 and a yellowing index measured according to ASTM D 1925 of less
15 than 20. |

24.  Polymer or copolymer according to Claim 22 or 23, which has a

yellowing index of less than 19.

25.  Polymer or copolymer according to Claim 22 or 23, which has a

yellowing index of less than 5.

20 26.  Polymer or copolymer according to any one of Claims 22 to 25, which

has a polydispersity of less than 1.5.

27.  Polymer or copolymer according to any one of Claims 22 to 26, which

is a polymer or copolymer of at least one vinylaromatic monomer.

N
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Process for th nuf act ureso copol yner haviphg a
yel | owi ng i ndex rreasured accordi ng to ASTM D 1925 of | ess themr—26-wirtctr
process conprises pol ynerizing or.2s0pol ynerizing in the organi c phase,

in the absence of 5 aqueous phase, by the radical route at |east one
monomer  whi ch i s28. vi PylysfepoPéopolymer according to any one of Claims 22 to 27, which

has a weight-average molecular mass of from 100,000 to 400,000,
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nohoner, a diene, an acrylic or nmethacrylic mononer, vinylidene difluoride

~or vinyl chloride in the presence of a stable free radical conprising
a =N-O group and of an initiator of fornula
Rerr]-OORerr] 10 in which each of R err] may
be the sane or different, represents an al kyl,
ar al kyl radical . 2. Process accordi ng Caiml, in ch
at | east one of the radicals R err] and Rl err] ¢cofp@Z8EP2008" iC
ri.ng. 3. Process accoF&ing to Aaim2] jn which the
initiator is dicunmyl 15 peroxide. 4. ‘ 5 to
any one of Clains 1 to 3, in which the initiator is | Lo
t he pol ynerization or copol ynerization m xture in an anount of 50 . to
50, 000 ppm by wei ght, based on the nmagggfrRyomMONEr. 5.

Process according to any one of Cains 41 to 4, in which the stable free 20
radical is introduced in an anmount of 0.005 to 5% by wei ght based on the
sum of the mass of nononer and of stable free radical.

6. Pr ocess PQUEHMFRT AT RN IA, Tk PRESENGEQF 1A { TABLE FRER &MW@LWMBr
ratio of the stable free radk&gl %%Eﬁhﬁabghkhaiﬁfriﬁhgron]1 5 and 2.5.-

The invention relates to a process for

5 polymerization or copolymerization.
According to the invention at 1least one
polymerizable or copoiymeri‘zablé monomer is polymerized
or copolymerized by the radical route in the preserce of

a stable free radical and of an initiator of formula
10 R' -0 -0 - R?

in which each of R' and R?, which may be the same

or different, represent an alkyl, aryl, alkylaryl or

aralkyl radical comprising, for example, from up to 20
carbon atoms.

15. The process is fast, allows the initiator to act

more efficiently and results in polymers or copolymers of

low yellowing index.



7. ¥ Process according to any one of lains 1 to 6,
-23- rati o of the anmount of stable free raéﬁf@lvé’g%(gg}z;munt
of nonomer is greater than . . 1.2 \

Process according to any one of Clains-3L to 7, in which at |east one
monomer i s vinyl-aromatic. 5 9. Process according to

any one of ¢dpalyiBerizidginthe bﬂgaﬂibphtdse dh tecbSénce Bfaqueous phase, at least of@NONEr is a
di ene. Process according to any one of Clains 1

to 9, in whig gﬁztble or cgpolgm Tble B?ﬁéiﬁ’&%ﬁéﬁ isQRifYlaroARAL )ﬁ@ﬁﬁfn@f’“a' on

terrperature | err err

accordi ng tq. any one.o

Sonver si on GERFAGHE 1°P5mﬁﬁawf moBor i g i oF gmchhlonde by
12. Process according to Gaim1l, in which the degree of conversion is
great er t hatheG@dcal route in the presence of a stable free radical comprising a =N-O - group

Pr ocess
10 of

5 and of an initiator of formula
R-0-O-R?
in which each of R! and R?, which may be the same or different,
represents an alkyl, aryl, alkyiaryl or aralkyl radical comprising, for example, up to
20 carbon atoms.

10 Preferably, at least one of the radicals R' and R? comprises an
aromatic ring. The initiator used preferably has a half-life of one hour at a
temperature between 80°C and 150°C and more i)referably at a temperature between
100°C and 130°C.

Mention may be made, by way of example of initiators, of:

15 - di-tert-butyl peroxide,

r SUEET

- tert-butyl cumyl peroxide,
- dicumyl peroxide.

Dicumyl peroxide is a particularly suitable initiator.

' },\ The initiatof can be introduced into the polymerization or
20 poly_merizajcion mixture in an amount of 50 to 50,000 ppm by weight, based on the
masé of polymerizable or copolymerizable monomer.
A stable free radical should not be confused with free radicals with a

fleeting lifetime (a few milliseconds), such as the free radicals resulting from the

usual polymerization initiators such as peroxides, hydroperoxides



13. = Process according to Claim 11 in \/\hi ch the degreepref—Toms c

from65 to SW Process accot dR EPQ—A{%'& 'ﬁt/__;ﬁig. o)
the preceding C ains, pol ymeg &ér copol ynmer hps
a wei ght - aver m\ of fromznOO 000 to 2.3 APRQ00100D.

15. Process one of the preceding daiffs} in V\:hl ch the
pol ymer or copofynkr Lhas a poI ydi sper giamveE | ess than 1.9. Z0
16. Process according to any one of the preceding dairns, in which the
pol ymer or copol yner h

dra B AR a1

17. Process accord| n e prece

pol ynmer or co eI I ovm SS th Process
according to 3ﬁ9 B‘ﬁén "P‘??é ‘3@“’(@% $ filess @r?@wmchpfocess

- 24- pol ymer or copol yner has a pol ydispersity of less than 1.5.
19. Pr oces sompeisesdiolygnerizingnyr copelymerizihginsheorgania gh@ieainrtss abstiaetofi s a bul k

O

5 aqueous phase, by the radical route at least one monomer which is a vinylaromatic

monomer, a diene, an acrylic or methacrylic monomer, vinylidene difluoride or vinyl

chloride in the presence of a stable free radical comprising a =N-O " group and of an

initiator of formula
R'-0-0-R?
10 in which each of R! and R?, which may be the same or different, represents an
alkyl, aryl, alkylaryl or aralky! radical.
2. Process according to Claim 1, in which at least one of the radicals R!
and R? comprises an aromatic ring.
3. Process according to Claim 2, in which the initiator is dicumyl
15 peroxide.
4. Process according to any one of Claims 1 to 5, in which the initiator is
introduced into the polymerization or copolymerization mixture in an amount of 50
to 50,000 ppm by weight, based on the mass of monomer.
5. Process accorc}ing to any one of Claims 1.to 4, in which the stable free
20 radical is introduced in an amount of 0.005 to 5% by weight based on the sum of the
mass of monomer and of stable free radical.
6. Process according to any one of Claims 1 to 5, in which the molar
ratio of the stable free radical to the initiator' is from 1.5 and 2.5.

7. Process according to any one of Claims 1 to 6, in which the molar



pracess or a solution process in an organic so

Process according to any one of the preceding cl “
nonomer or nonomers present in.the.polyneri zatloﬁlﬂi‘mmmmm tion
m xt ure are exclusively selected f2 omthe | STt g of a

vi nyl aromati ¢ nononer, a diene, an acryl Ic or met hacryl I C nmononer,

| i dene djifluarid
e ot Rl P PP bl B ot Yo B © "nor

met hacrylic aC| d, an alkyl ester in which the al kyl group contains from |l
to 4 10 carlben atons, an N-al kyl mal ei nide in which the al kyl group
contains from1l to 4 carbon atons and N phenyl mal ei m de.

21. Process ac®or di Rgodess avbariding20 any onevifiGiings Heto fpinowiech atrleasbomerer s
present in the polynerization or copolynerization mxture are a

vi nyl ar omat iggonomer is ViRy10i@®hatgd Opt | onal |y a nonomer or nononers
exclusively selected fromthe [|ist consisting of acrylonitrile,

methacrylonitrilg aciyldg a%&rquomagsa@{e%fdm 1o 72 i b pst ome ST T 11

whi ch the al kyl droup contalns on at ons
al kyl mal ei mde in which the alkyl group contains from1 to 4 carbon atons
and N- mMONOES ISR MiIENSy de. 22. A pol ynmer or copol yner
obt ai ned by the process clainmed in any one - -

10.  Process according to any one of Claims 1 to 9, in which the

pol.ymerization or copolymerization temperature is 100°C 1o 130°C.
11. Progess according to any one of Claims 1 to 10, in which the degree

10 of conversion of monomer to polymer is gfeater than 50%.

12.  Process according to Claim 11, in which the degree of conversion is
greater than 60%.

13.  Process according to Claim 11, in which the degree of conversion is
from 65 to 80%.

15 14.  Process according to any one of the preceding Claims, in which the
polymer or copolymer has a weight-average molecular mass of from 100,000 to
400,000.

15.  Process according to any one of the preceding Claims, in which the
polymer or copolymer has a polydispersity of less than 1.9.

20 16.  Process according to any one of fhe preceding Claims, in which the
polyher or copolymer has a yellowing index of less than 10.

17.  Process according to any one of the preceding Claims, in which the

polymer or copolymer has a yellowing index of less than 5.

8.  Process according .to any one of the preceding Claims, in which the
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20 sof C ains I’TO’ZT.—// 23. Pol ymer or copoly Prt-art-rRed-lyL

radi cal pol yneri ' E“‘!u . polydispersity of |les BEACEMENT NSHEET
with a yellow n I‘“lm“mm ~according to ASTM
LR Y b ai

of less than 20. * ¢ Pol_yjsrer or copol yner
radi cal polynerisation of at |east '

- 25- | t f i
pol ymer i sa’?i A%%ﬁ?gpmwﬁ”wp%g@%%rsg{’\(/)\gllegﬂ?maggr ;SZ :rgle(c;ul ar _nmss of . |
| %esisungt Efaﬁg% iC! r]icsl %uﬁce ﬁ

greater than 50, 000, ol ydi spersity of

i ndex neasured actor di T§%FH? g0 783 8ng,pf the pee
25. Pol ymer or copol ymer according to Caim23 or 24, which has a

yel | owi ng i neresesspr # selutionpracesin an organic solvent. 26, Pol ymer or copol yner
according to Caim23 or 24, which has a yel l owi ng i ndex of |ess than
5 2720. Peroydsehcoardigpany wRe oftbe prededifig tlein®)ih which e C ai N5 23

to 26, which |

5 monomer or monomers present in the polymerization or copolymerization mixture
are exclusively selected from the list consisting of a vinylaromatic monomer, a diene,
an acrylic or methacrylic monomer, vinylidene difluoride, vinyl chloride, and, ifa
vinylaromatic -mono_mer is present, optionally acrylonitrile, methacrylonitrile, acrylic
acid, methacrylic acid, an alkyl ester in which the alkyl group contains from 1 to 4

10 carbon atoms, an N-alkylmaleimide in which the alkyl group c(;ntains from 1 to 4

carbon atoms and N-phenylmaleimide.

21.  Process according to claim 20, in which the monomer or monomers
present in the polymerization or copolymerization mixture are a vinylaromatic
monomer and optionally a monomer or monomers exclusively selected from the list

15 consisting of acrylonitrile, methacrylonitrile, acrylic acid, methacrylic acid, an alkyl
ester in which the alky! group contains from 1 to 4 carbon atoms, an N-
alkylmaleimide in which the alkyl group contains from 1 to 4 carbon atoms and N- .
phenylmaleimide.

22. A polymer or copolymer obtained by the process claimed in any .one

| 20 of Claims 1 fo 21.

23.  Polymer or copolymer obtained by radical polymerisatioﬁ with a
polydispersity of less than 1.9 and with a yellowing index, measured according to
ASTM standard D 1925, of less than 20.

24,  Polymer or copolymer obtained by radical polymerisation of at least



10+has “a pol ydi spersity of |ess than 1.5. Pol ymer or

et SONES RN ELRRERT T 1] B
Pol ymer or copol yner according to any gpe of Caiffs 23 %0285 which

has a wei ght -average nol ecul ar nmass of from 100,000 to 400, 000. 15
one monomer in the presence of a stable free radical and of a polymerisation initiator,
having a weight-average molecular mass of greater than 50,000, a polydispersity of
less than 1.9 and a yellowing index measured according to ASTM D 1925 of less
than 20.

5 25.  Polymer or copolymer according to Claim 23 or 24, which has a

yellowing index of less than 10.

26.  Polymer or copolymer according to Claim 23 or 24, which has a
yellowing index of less than 5.

27.  Polymer or copolymer according to any one of Claims 23 to 26, which

10 has a polydispersity of less than 1.5.

28.  Polymer or copolymer according to anj( one of Claims 23 to 27, which
is a polymer or copolymer of at least one vinylaromatic monomer.

29.  Polymer or copolymer according to any one o_f Claims 23 to 28, which
has a weight-average molecular mass of from 100,000 to 400,000.

15
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