WO 01/38431 PCT/ EPO0O/ 11378 -1 Conposition and Method for Col or | nprovenent
of Nitroxyl Containing Polynmers The invention relates to a conposition and
process for color inprovenent of nitroxyl or nitroxyl ether containing

pol ymers. Wordilsgssir €e nitroxyl radicals or nitroxyl ether §cg;%m{,ﬁa -gxanpl e
useful in controlled free radical polynerization (CFRP) an y this way

i ncorporated into the polymer in a signi-ficant amount, |eading in some
cases to slightly colored polyners. Controlled free radical polynerization
(CFRP) of ethylenically unsaturated nononers has attracted conti nuing
attenti on, Gueauigiion ahd Methoddgratuldrilingrovemptad Mitexyl @ontatrisg Rolydersar r ow

nol ecul ar wei ght distributions and controlled architecture such as bl ock
copolynmers. US-A-4 581 429 to Sol onon et al., issued April 8, 1986,
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of polymer chains to uce ort chai'n or oligo- meric honopol yners and
copol yrrers"'tf%@l%fr?entﬁlnﬂlﬂlp"a/mf’%raft copol ymers. The process enpl oys an
initiator having the fornula (in part) RR'NNOX, where X is a free radical

speci es pol r|2| uns turated nono The r S..
Dot cal l y Raae fras bR idkals or Mol eteis, e ion AP usalht P GREOIPG e Adical
R R'N-O gr @onmeamuodqcmeﬂarfdwm& why3ncdrporatéd ies thi bolgmenid @ digrficantlantount,
tetrapropylisoi ndoline i peridine, 2,2,5,5

: hyl
tetramet hyII d?FWﬁ@aﬁ%téFlgs@g%%‘ﬁ%g%&@&%s 5322912 to Ceorges et at.

I ssued June 21, 1994 discloses a polynerization process using a free

radi cal inig] . .
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are derived from NO"gas or fromnitroso conpounds which are sui t abl e
regul ators for this type of radical polynerization. EP-A-621 878 and
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meric homopolymers and copolymers, including block and graft copolymers. The process
employs an initiator having the formula (in part) R'R"N-O-X, where Xis a free radical species
éapablé of polymerizing unsaturated monomers. The reactions typically have low conversion
rates. Specifically mentioned radical R’'R”N-Oe groups are derived from 1,1,3,3
tetraethylisoindoline, 1,1,3,3 tetrapropylisoindoline, 2,2,6,6 tetramethylpiperidine, 2,2,5,5
tetramethylipyrrolidine or di-t-butylamine.

US 5322912 to Georges et al. issued June 21, 1994 discloses a polymerization process
using a free radical initiator, a polymerizable monomer compound and a stable free radical
agent of the basic structure R'R”N-Oe for the synthesis of homopolymers and block
copolymers. .

WO 98/13392 describes open chain alkoxyamine compounds which have a symmetrical
substitution pattern and are derived from NO gas or from nitroso compounds which are
suitable regulators for this type of radical polymerization.

EP-A-621 878 and EP-A-735 052 disclose a method for preparing thermoplastic polymers of
narrow polydispersities by free radical-initiated polymerization, which comprises adding a
free radical Initiator and a stable free radical agent to the monomer compound.



free radical initiator and a stable free radical agent to the nononer
conmpound. WO 01/38431 PCTI EPCO 11378 -2 WD 96/ 24620 describes a

pol yneri zati on process in which very specific stable free radical O\ ,OEt
agents ar e WRHP84Yuch as for exanple PLOEt , bearing a hROTERINIWFHM i n

N, 00 a-position to the nitrogen atom W3 98/ 30601 di scl oses specific
nitroxyl s based on i m dazolidinones, which are also useful for stable free
radi cal medi ated pol yneri zation. In addition WO 98/44008 di scl oses specific
nitroxyl s based on norphol i nones, piperazi nones and piperazi nedi ones. All
nitroxyl radicals useful in such controlled polynerization processes have

i nherent |y WO s&/d4b20idesaibes a gelymeneationpachess in which yencspenifie stablesfrasiradicalbl e
nitroxyl radicals or nitroxyl ethers are end- capped by the nitroxyl group.
The bond, polyner to nitroxyl group howaverQ, sagtabile bond, which

cl eaves upon heating, |iberating again tlhe h t’roxyl radi cal and giving thus
color to the polyner. The color f depenBt, theref on t he,
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pol ymer. As many processing conditions uge a heating step, e. g.
renovi ng not reacted nononer, shaping garts by extrusion, injection

nol di ng, bl ow nol di ng and the | i ke, undesirable discoloration acconpanies
t hese processes. The probl em underlying the present invention is to

count eract #iPosiliPmiodhe BHOGANSAIPMI ng from stable free nitroxyl radicals.

This problemis solved by adding a reducing agent to the poI yrrer
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In addition WO 98/44008 discloses specific nitroxyls based on morpholinones, piperazinones
and piperazinediones.

All nitroxyl radicais useful in such controlled polymerization processes have inherently a

reddish color.

Polymers made in the presence of such stable nitroxyl radicals or nitroxyl ethers are end-
capped by the nitroxyl group. The bond, polymer to nitroxyl group however is a labile bond,
which cleaves upon heating, liberating again the nitroxyl radical and giving thus color to the
polymer. The color formation depends, therefore, on the concentration of nitroxyl radical /
nitroxylether used to synthesize the polymer.

As many processing conditions include a heating step, e. g. removing not reacted monomer,
shaping parts by extrusion, injection molding, blow molding and the like, undesirable
discoloration accompanies these processes.

The problem underlying the present invention is to counteract discoloration resuiting from
stable free nitroxyl radicals. This problem is solved by adding a reducing agent to the

polymer, preferably during a processing step, such as extrusion or injection molding.

One subject of the invention is a composition comprising,



a) at |east one oligoner, cooligoner, polynmer or copolyner or blends

thereof, containing a stable free nitroxyl radical N-O- ; and b) a
reducing agent; with the proviso that the conposition is essentially free .
of a pol yW¥&o? e nononer. Essentially free of a pol yREVERAWIB7STONONES

means that in sone cases there may be ag-.small amount of nonomer left from
manuf acturing the polynmer, which could not be conpletely renoved.

Preferably no nononer at all is present. Usually the excess nmononer is
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be present as a mxture wth e polyner or It nmay bé partially bound to
the polyner. The pol yners, copolyners ollgoners or cooligoners which can
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pol y- ethyl ene (HDPE-U nedi um density pol yet hyl ene (MDPE), |ow density
pol yet hy| &f¥es 'DlﬁE)amun ATV PRMdensi ty pol yethyl ene (LLDPE), (VLDPE) and
(ULDPE). Polyolefins, i.e. the poI ynmers of nonool efl ns exenplified in the
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The nitroxyl radical may be present as a mixture with the polymer or it may be partially bound
to the polymer. '

The polymers, copolymers, oligomers or cooligomers which can be used in the present
invention are listed below.

1. Polymers of monoolefins and diolefins, for example polypropylene, polyisobutylene, po-
lybut-1-ene, poly-4-methylpent-1-ene, polyisoprene or polybutadiene, as well as polymers of
cycloolefins, for instance of cyclopentene or norbornene, polyethylene (which optionally can
be crosslinked), for example high density polyethylene (HDPE), high density and high mole-
cular weight polyethylene (HDPE-HMW), high density and ultrahigh molecular weight poly-
ethylene (HDPE-UHMW), medium density polyethylene (MDPE), low density polyethylene
(LDPE), linear low density polyethylene (LLDPE), (VLDPE) and (ULDPE).

Polyolefins, i.e. the polymers of monoolefins exemplified in the preceding paragraph, prefe-
rably polyethylene and polypropylene, can be prepared by different, and especially by the

following, methods:

a) radical polymerisation (normally under high pressure and at elevated temperature).



one netal of groups |Vb, Vb, Vib or VII|I of the Periodic Table. These
netals usually have one or nore than one |igand, typically oxides,

hal i des, al cohol ates, esters, ethers, am nes, alkyls, alkenyls and/ or

aryl s t hatwowysdas: ei t her .p- ‘or s-coordi nated. These net apcrarmerss may be
in the free formor fixed on substrates, Eyplcally on activated nagnesium
chloride, titaniun(Ill1l) chloride, alun1na or silicon oxide. These

catal ysts may be soluble or insoluble in the polynerisation nedium The
catalysts can be used by thenselves in the polynerisation or further
activators may be used, typically netal alkyls, netal hydrides, netal

al Kyl hal i despy nMelzgd; @'d& e%éﬂéﬁ%sﬁ altatafst that Whﬁ!l)&dim:nme(brmmhanbel ng

el t f I d/

2cti vat or s é;‘jﬁﬁfwé‘? o S \&M@ VB g PEAEHC fatye Hheds melt® usee

g{ s 11 I yIj etO hlerI g(rjma%neghm&: thari edeyiitand \tgpieally ozides, Unalidels| a}lcqmmmeﬂhrs i ps
andar ndi.ana | P I

single site cat ali’é g%%)aﬁ&li all%%&{s%ﬁwglg?%%ls(tﬁa* rﬁ%}gen%irﬁg ﬁeérgftg f%ﬁgd nder

1), for exanple rfrhesamm:ammpbkgqampl;e leﬂb;e free fvrmmf yedstmﬁabyﬂr%ﬁ% typlcally on

pol ypropyl ene wi té&;I?%IIe{ ﬁIagIsIésﬁ,Pﬁcl(@ﬂ glﬁ ?ﬁémpﬁumﬁg/dr%@nm These

m xtures of differen exa
Copol ymers of noreatalysts mgy aﬁao!mlgp@nﬁmgblwmthe ealmetﬁaﬂefﬂ mgdium- he G?t)ﬁE’Ftsw nyl

gglnsgﬂ]; i en‘;OE LEWDP )Fﬂegjs@& B%‘niréﬂﬂéxt urlgg&ﬂ&h@ﬂﬂ rRENALIVATEY fasthdriad®ators muydﬁmsedy
her eo n 0

(LOPE), propyl enéﬂﬂﬁﬁ'wlm%ﬂé'WEp@F?hW§ es, BT%%?WQ me%t'éﬁgl 8%%

e: Ey: ene; bu: h1I engkyldXanes/ Eﬁlﬂiinetﬂﬁ beihg:elejﬁhms&:ﬁgrdmpm Ik gne/oslila of the Penodlc

et hyl ene/ net hy Yer t

et hyl ene/ oct enepaﬁ%’%bq'? Egva ?'5%{/% E§§'§§= %ngﬁ@f" ﬁoﬂﬂh&r&%{é ether, amine

i scﬁbijt yl ;anfa{(i lsoprarrs&yledreob;amps .Thess ¢tatalyst epsiems lage uaxellwﬂeam@ laulpm witandard

et hyl ene/ al ky J t I

and their copol %’P@s\{ﬂx%%g%&g ngﬁ@%(gﬁﬁorigﬁlﬂéltbgﬁ% acr Ie. éé@a‘%f gpgtrers

| ymers and their (88C)s (ionomers) as well as terpol ynmers of ethylene with
propylene and a diene such as hexadiene, dicyclopentadiene or

et hyl i dene- nor bornene; and m xtures of su ners w h one anot her
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copotymers mixtures of different types of polyethylene (for example LDPE/HDPE).

3. Copolymers of monoolefins and diolefins with each other or with other vinyl monomers,
for example ethylene/propylene copolymers, finear low density polyethylene (LLDPE) and
mixtures thereof with low density polyethylene (LDPE), propylene/but-1-ene copolymers,
propylene/isobutylene copolymers, ethylene/but-1-ene copolymers, ethylene/hexene copo-

" lymers, ethylene/methylpentene copolymers, ethylene/heptene copolymers, ethylene/octene
copolymers, propylene/butadiene copolymers, isobutylene/isoprene copolymers, ethy-
lenefalky! acrylate copolymers, ethylene/alkyl methacrylate copolymers, ethylene/vinyl ace-
tate copolymers and their copolymers with carbon monoxide or ethylene/acrylic acid copo-
lymers and their salts (lonomers) as well as terpolymers of ethylene with propylene and a
diene such as hexadiene, dicyclopentadiene or ethylidene-norbornene; and mixtures of such
copolymers with one another and with polymers mentioned in 1) above, for example
polypropylenefethylene-propylene copolymers, LDPE/ethylene-vinyl acetate copolymers
(EVA), LDPE/ethylene-acrylic acid copolymers (EAA), LLDPE/EVA, LLDPE/EAA and alter-



(EVA), LDPE/ et hyl ene-acrylic acid copolynmers (EAA), LLDPE/ EVA, LLDPE/ EAA
and alter WO 01/38431 PCT/EPOQ 11378 -5 nating or random

pol yal kyl ene/ car bon nonoxi de copol ynmers and m xtures thereof w th other
pol ymer s V@ ¥B88lanpl e pol yanmi des. 4. Pol ystyrene, pol y( BCEROWILI®BY ene) ,
pol y(a-net hyl styrene). 5. Copolyners ofsstyrene or a-nethylstyrene with
dienes or acrylic derivatives, for exanple styrene/butadiene, )
styrenelacrylonitrile, styrene/al kyl methacryl ate, styrene/butadi ene/ al kyl
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styrenel acryloni - acrylate; mxtures of high inpact strength
of st yr enPlgoRrs) fonexadpleReVaAtH8ser pol yner, for exanpl e a pol yacryl ate, a
di ene pol yner or an ethyl ene/ propyl ene/ di ene terpo- |yner; and bl ock

copol ymers qf styrene such, as styrene/butadi ene/ styrene, styrene/iso-
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styrene/ et hyl ene/ propyl ene/ styrene. 6. G aft copol yners of styrene or
a- met hyl styren for_exanpl e styrene on polybutadi ene, . styrene on
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as well as mxtures thereof with the copolyners |listed under 6 for
exanpl e the copolynmer m xtures known as ABS, MBS, ASA or AES polyners. 7.

Pol yer s 6leGiaftedpdlymers okstyrane bsaminethyistyrens, ifolexamgle d8aénesdn potybutdaisheof such,
as polyacry- | ates .and. pol ynethacr tes: polynethyl nethacryl ates,
ol §acty sipnn 8 EuBEpE bR Py pitpdisne ity ihle Honored Sibne pid
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nitrile and maleic anhydride or maleimide on polybutadiene; styrene and maleimide on poly-
butadiene; styrene and alkyl acrylates or methacrylates on polybutadiene; styrene and acry-
lonitrile on ethylénelpropyleneldiene terpolymers; styrene and acrylonitrile on polyalky! acry-
lates or polyalky! methacrylates, styrene and acrylonitrile on acrylate/butadiene copolymers,
as well as mixtures thereof with the copolymers listed under 6), for example the copolymer

mixtures known as ABS, MBS, ASA or AES polymers.

7. Polymers derived from o,pB-unsaturated acids and derivatives thereof such as polyacry-
lates and polymethacrylates; polymethyl methacrylates, polyacrylamides and polyacryloni-
triles, impact-madified with butyl acrylate.

8. Copolymers of the monomers mentioned under 7) with each other or with other unsatu-
rated monomers, for example acrylonitrile/ butadiene copolymers, acrylonitrile/alkyl acrylate
copolymers, acrylonitrilefalkoxyalkyl acrylate or acrylonitrile/vinyl halide copolymers or acry-
lonitrile/ alkyl methacrylate/butadiene terpolymers.



copolynmers, acrylonitrile/al koxyal kyl acrylate or acrylonitrile/vinyl
hal i de copol yners or acry- lonitrile! alkyl methacryl ate/butadi ene

t érpol ymers. WO 01/38431 PCT/ EP0O0/ 11378 -6 9. Polyners derived from
unsat ur at ENOABMBL| s and ami nes or the acyl derivatives oPCHERIOAIITS
thereof, for exanple polyvinyl alcohol, pglyvinyl.acetate, polyvinyl
stearate, polyvinyl benzoate, polyvinyl mal eat e, polyvinyl butyral,
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Pol yam des and copo yam des derived from di am nes and di car boxylic acids
and/ or from am nocarboxylic acids or the corresponding | actans, for
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precursors thereof.

14. Polyamides and copolyamides derived from diamines and dicarboxylic acids and/or from
aminocarboxylic acids or the corresponding lactams, for example polyamide 4, polyamide 8,
polyamide 6/6, 6/10, 6/9, 6/12, 4/6, 12/12, polyamide 11, polyamide 12, aromatic polyamides
starting from m-xylene diamine and adipic acid; polyamides prepared from
hexamethylenediamine and isophthalic or/and terephthalic acid and with or without an ela-
stomer as modifier, for example poly-2,4,4,-trimethylhexamethylene terephthalamide or poly-
m-phenylene isophthalamide; and also block copolymers of the aforementioned polyamides
with polyolefins, olefin copolymers, ionomers or chemically bonded or grafted elastomers; or
with polyethers, e.g. with polyethylene glycol, polypropylene glycol or polytetramethyiene
glycol; as well as polyamides or copolyamides modified with EPDM or ABS; and polyamides
condensed during processing (RIM polyamide systems).

15. Polyureas, polyimides, polyamide-imides, polyetherimids, polyesterimids, polyhydantoins
and polybenzimidazoles. '



condensed during processing (R M polyam de systens). 15. Pol yureas,

pol yi m des, poiyam de-im des, polyetherimds, polyesterimds,
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POM MBS, PPO H PS, PPO PA 6.6 and copol yners, PA/HDPE, PA/ PP, PA/ PPQ

PBT/ PC/ ABS or PBT/PET/PC. Preferred is a conposition, conprising a) at

| east one 18] Poigeerbonatesaind olyester ¢arbonates. or copol yner, obtai ned by radi cal
pol yneri zati on, which polynerization has been carried out in the presence
of a stable free nitroxyl radical NNO and a source of free radicals
capabl e oft8i Rolysulfongsy pelisthersulfonesiapd polyetherrketones.pr esence of a nitroxyl
ether NNO- X wherein X represents a group havi ng at | east one carbon atom
and is such that the free radical derived fro esé)able of initiating
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Preferred is a composition, comprising a) at least one oligomer, cocligomer, polymer or
copolymer, obtained by radical polymerization, which polymerization has been carried out in

the presence of a stable free nitroxyl radical N—(QO. and a source of free radicals

capable of initiating polymerization, or in the presence of a nitroxyl ether - N—O—X ,

wherein X represents a group having at least one carbon atom and is such that the free

radical derived from X is capable of initiating polymerization and the remaining N—Q-

radical forms a stable free nitroxyl radicaf; and b) a reducing agent;
with the proviso that the composition is essentially free of a polymerizable monomer.

As mentioned before controlied free radical polymerization of ethylenically unsaturated
monomers in the presence of nitroxy! radicals or nitroxyl ethers is a known process



-8 described in nunerous prior art docunents. Stable free radicals having a
structural elenment N -QO are for exanple disclosed in EP-A-621 878. O
11,0- Et HP, O-Et H Further exanples such as a are given in WO 96/ 24620
and WO 00 MQ@M8B43Furt her exanpl es are: yCaHlr O-i-grHy C PEHEP@ARIE Cl B"V -
O OONOO Noa- O OOCH2 OCnHu -~CtHxa C-CuHx O N O ON ON

O ]N~-ONONNH% O'Cl5H31 O--C Hu O-CsH, O--CCHUu ONOONNHO O
O Initiator/regul ator conmpounds containing a structural element NNO X are
in principal known. Suitable conpounds and their manufacture are for

exanpl e degiesiribed in nunugrous pe@ Raxipcumsnts, Stakle free radigalsgmying airuciysl elsmes o2,
W98130601 or, in WD 98144008. Further suitable initiator/regul ator

conpounds and\ _hsi rarensKanibieaiiscised MEER-AM2B7BN GB 2 335 190. WO 01/ 38431
PCT/ EPOO/ 11373 -9 Further suitable individual prior art compounds are for
exanmple off OH ~ off OH \ J~ kIl \ ~ NHNNOH

H

h are given
Further examples such as o o g
in WO 96/24620 and WO 00/53640.

Further examples are:

O, O, o

o-—b_({c&fw Gbolcu“a oﬁboy—cnﬂn o_;)_oycnﬂa oi\}oy—cﬂnu

0, 0, o Q Q,
o'_g} oy_cuua o'_bqyc"“n &bh}‘c“““ O—N ">_011Hz: o—ﬁ}ﬂ\}—cﬁ

H L\— W

[o] 0, Q 0,

o'_g}oy—&s“m O-—DN?—'C"H“ 0_2}'\}___1“: o._boy—cnﬂu
H

Initiator/regulator compounds containing a structural element \N—O—-X are in
Ve

principal known. Suitable compounds and their manufacture are for example described in US
4 581 429, US 5 721 320, US 5627 248, WO 98/13392 , WOS8/30601 or in WO 98/44008.

Further suitable initiator/regulator compounds and their preparation are described in
GB 2 335 190.



b Oor 0 Particularly suitable conpounds are listed in Table 1. Table 1 No.
Conpound 401 o No \ / 402 HONO 403 NNo 404 o No+ \ 405 ONO 406 \
/' Ho N%H@%l%ml PCT/ EPOQ/ 11378 -10- 407 N-O 408 kcN Ho-~ N-o 409 .
Ho <N-CO - NO 411 O N CkcN 412 0 N-O Anot her PFTEPMYHAS c| ass of
initiator/regul ator conpounds is descri®ed in the British patent
application GB 2 342 649. Typically the ethylenically unsaturated nononer
or oligoner usefull in controlled

Further suitable individual prior art compounds are for example

E)__HOH L O Lo
o e oH
L

Particularly suitable compounds are listed in Table 1.

Oo—z

Table 1
No. Compound

401 o u—o/@
402 HO N—O D

403 Ho«tg:)—@

404 o N-—O—-}—
(s N-O

406




pol ymeri zati on processes is selected fromthe group consisting of ethylene,

pr opyl ene,
conj ugat ed

vi nyl i m daxge/384ml ei ¢ anhydri de,
(al kyl)acrylic
(al kyl')acryl am des,
WO 01/ 38431 PCT/ &P00/ 11378

n_
di enes, ac
acid
v

but yl ene,

i -butyl ene,
vi nyl

styrene,

rol ein, acet at e,

salts, (alkyl)acryli
vi?ihi dene

i nyl halides or

(al kyl')acrylic.
esters,

substituted styrene,
vi nyl pyrrolidone,

aci danhy décTvi®o/11378
(nmeth)acrylonitriles,
hal i des.

-11- Preferred ethylenically unsaturated

nononers are_ethylen propylene, n-butylene, i- butylene, isoprene,
1, 3-but adi ¢ne, 4a7C5- d18al kene, styrene, a-nethyl|styrene, p-nethyl styrene
or a conpoyind of fornula CH2=C(R& G<Z)- Ro, whefein Ra is hydrogen or Ci-
Cdal kyl, Rb is NH2, G-(Me'), glyc a§|, unsubstitpted Cl-Cl8al koxy,
C2- Cl0oal koxy interrypted by at Yeast one N and{or O atom or
hydr oxy- substiuted—i—ct8al-kexy u“uubstL{utcd C1- Cl8al kyl am no,
di (Cl- C1Bal kyl 4881 no,| hydr oxy- subs d Cl- C1spl kyl am no or hydr oxy-
substituted di (Cl-Cldal kyl )a,[;g O NcHe- N(CH3) 2 or
- O CH2- CH2{ N+H( CH3) 2 [An" ; A’ fﬁLﬁ%@ﬂlon of a nopoval ent organic or
inorganic acid; Me iq a nonoval ent\netal atomor] the ammoniumion. Zis
oxygen or $Urtdar, EX4mnples ol aci rTomwnich The anion An" is derived are
Cl-Clanrb)xyIﬂ99a0|cs, or gani | floni ¢ aci ds puch as CF3SO3H or CH3SO3H,
m neralic @cids such |as HCHo-HBr a+oHl 0 acifds such as HCl O4 or conpl ex
aci ds such|as HPFB or| HBF4. EXx s f e as (- d ooal koxy interrupted by
at least ope O atomdre of formul Rd RL OO, mwherein Rr is Cl-C25al kyl,
phenyl or phenykgsubgtituted by C - V Cl8al kyl, Rd is hydrogen or nethyl
and v is a nunber fram1l to 50 s nnnoners are for exanple derived
fromnon ipnic surfagtants by of the Korrespondi ng al koxyl at ed
al cohol s of phenols. |The réﬁb %nl y be derived from et hyl ene
oxi de, propyl ene

411

J?CN
(o] N-O
412

Another preferred class of initiator/regulator compounds is described in the British patent
application GB 2 342 649 .

Typically the ethylenically unsaturated monomer or oligomer usefull in controiled

polymerization processes is selected from the group consisting of ethylene, propylene, n-

butylene, i-butylene, styrene, substituted styrene, conjugated dienes, acrolein, vinyl acetate,

vinylpyrrolidone, vinylimidazole, maleic anhydride, (alkyl)acrylic acidanhydrides, (alkyhacrylic

acid salts, (alkyl)acrylic esters, (meth)acrylonitriles, (alkyl)acrylamides, vinyl halides or

vinylidene halides.



oxi de or m xtures of both. Further exanples of suitable acrylate or

nmet hacryl ate nononers are given below Raal- O"\N+ An" or )Y NCR An,
wherein A Re Oe O and Re have the neaning as defined above and Re is -
met hyl oW®eB1. An' is preferably A", Br " or '03S EEREPWIIYS/ 38431
PCT/ EPOO/ 11378 -12- Ra Further acrylaje. nononers are N 0 Ra Ra -~NH
O,,~/Si(OL)3 OOaRa 0 O*~NOO\NNH RAHOCHRaHYN-I/ as N
S03 Me* O O Exanples for suitable nononmers other than acrylates are N O N
rCN I NONor | ~\ NPreferably Ra is hydrogen or rreth%/I, Rb is NH2,
gyci dyl , mﬂgggb@mhylgnigdlymnsgw[qtpqmms are ethylene, propylene, n-butylene, i-

butylene, isoprene, 1,3-butadiene, a-Cs-Cisalkene, styrene, a-methyl styrene, p-methyl
styrene or a compound of formuia CH,=C(R.)-(C=2)-R,, wherein R, is hydrogen or C,-
Caalkyl, Ry is NH,, O (Me"), glycidyl, unsubstituted C,-Cisalkoxy, C,-Cigoalkoxy interrupted by
at least one N and/or O atom, or hydroxy-substituted C,-C4galkoxy, unsubstituted C-
Cisalkylamino, di(C4-Cisalkyl)amino, hydroxy-substituted C,-Cysalkylamino or hydroxy-
substituted di(Cs-Csalkyl)amino, -O-CHz-CHz-N(CH3) or -O-CH2-CH5-N"H(CHs), An;

An’ is a anion of a monovalent organic or inorganic acid; Me is a monovalent metal atom or
the ammonium ion.

Z is oxygen or sulfur.

Examples of acids from which the anion An’ is derived are C,-Cy,carboxylic acids, organic
sulfonic acids such as CFsSOsH or CH3SO3H, mineralic acids such as HCI, HBr or HI, oxo
acids such as HCIO, or complex acids such as HPF; or HBF,.

' Examples for R, as Co-Cigoalkoxy interrupted by at least one O atom are of formula
Ry

Rc/ 0 O , wherein R is C4-Casalkyl, phenyl or phenyl substituted by C,-

v

Cisalkyt, Ry is hydrogen or méthy! and v is a number from 1 to 50. These monomers are for
example derived from non ionic surfactants by acrylation of the corresponding alkoxylated
alcohols or phenols. The repeating units may be derived from ethylene oxide, propylene

oxide or mixtures of both.

Further examples of suitable acrylate or methacrylate monomers are given below.

R, @
0 i
)\H/O\/\N: < An” or )\U/ \/\I\L\'Re An’, wherein An’

and R, have the meaning as defined above and R, is methy! or benzyl. An’ is preferably CI',
Br " or 'O;S-CHs.



substituted C, - C4al koxy, unsubstituted C, - C4al kyl am no,

di (C, - C4al kyl ) am no, hydroxy- substituted C, -C4al kylam no or
hydroxy-substituted di (C, -C4al kyl )am no;and Z is oxygen. WO 01/38431
PCT/ EPOO/ 18y @/384313 Particul arly prefer red et hyl eni cal | y usstprebaing
nononers are styrene, nethylacrylate 1 Iacrylate butyl acryl at e,

i sobutyl acrylate, tert. butylacryl ate, hy ‘oxyet hyl acryl at e,

hydr oxypr opyl acryl at e, di et hyl am noet hyl acryl ate, gl ycidyl acryl ates,
met hyl (nmeth)acrylate, ethyl(nmeth)acrylate, butyl (nmeth)acrylate,

hydr oxyet hyl (net h) acryl ate, hydroxgpropyl (et h) acryl at e,

dinethylaninoethyl(neth)acrylate gkycid i(neth)?pLxlates, acrylonitrile,
acryl am de, t hacr ganlde or -met hacryl am de. The
pol ymeri zat | eb?ﬂyé‘%mﬂﬂvnﬂﬁaﬁarrred out in the presence of an organic
solvent or in the presence of water @ in m xtwes of organic solvents and
wat er. Additional cosolvents or surfactants, such as glycols or anmoni um

salts of fatty acids, may be present. Qther suitable cosolvents are
descri bed hereRbafter | f or\ganic sol ®ents are used, suitable solvents or

m xtures of sollvents§ are ty |1y puge kanes (h hept ane, oct ane,
i sooct ane), af%h?ET \hyﬂ?qqqr ons: ( %5 gﬁa@@$ene), hal ogenat ed
hydr ocar bons (chlibrobenzene), al kanol s

gl ycol , ethernecnycoI nmononet hyl et he

thanol et hanol , ethyl ene
, esters (et hyl acetate, propyl,

butyl or hexyl acetate) and ethers (diethyl ether, dibutyl ether, ‘ethylene

gl ycol drnethyR ether) or ntxture t her eof aqueous polynerrzatron

reacti ons can plenented mn er-ntscréie or hydrophilic
cosol vent to mai ns a honobgeneous
single phase th ughout t nDnoner onversro mater sol ubl e or

wat er - mi sci bl e c85o0l vent nay be used@ as |ong as”the aqueous sol vent
mediumis effective in providing a solvent system which prevents
precipitation By phase separation of Rjhe reactants or polymer products

until after al)l poliyner QratiCgHg eact i ns n conpl eted. Exenplary
ﬁ' he present: i Mel ected fromthe group

cosol vents e
consi sting of alkphatic

©

Examples for suitable monomers other than acrylates are N

go.m,
o
J

Preferably R, is hydrogen or methyl, R, is NH,, gycidyl, unsubstituted or with hydroxy
substituted C;-Cqalkoxy, unsubstituted C,-Caalkylamino, di(C,-C,alkyl)amino, hydroxy-
substituted C,-C,alkylamino or hydroxy-substituted dr(C,-C4alkyl)amrno and

Z is oxygen.



al cohol s, glycols, ethers, glycol ethers, pyrrolidines, N alkyl
pyrrolidinones N-al kyl pyrrolidones, polyethylene glycols, polypropyl ene
gl ycol s, I§§4s7 Car boxylic acids and salts thereof .
organosulflges squOX|des sul fones, al cohol der|vatlvéiﬁ%ﬁya?ﬁ%§ether
derivatives such as butyl carbitol or “dérl osol ve, anino al cohol s, ket ones,
and the like, as well as derivatives thereof and m xtures thereof.
Speci fi ¢ exanpl es include nmethanol, ethanol, propanol, dioxane, ethylene

gl ycol , pbgmxutsﬂﬁprgﬂe»e@emyrdh.eédgmh@asrasudwﬁ&iomegé 346 8iyne, etihRENaRe Ol Vool

tetrahydrofuran or water-mscible materials, and

m xt ures Simaciste: QW@W'F}PXV\BI?‘&%'“HY"“W&"F& b‘ﬁﬂﬁc'ﬂﬂ?e'?yd%ﬁm}"%c%'?te

wat er - i s hydrbxypmpglacrylatel dlqlethﬂanmcmthymtyme gljcidglatrileteaquethyitmetbyactyiate) nedi a,
th t h f about
100: 001 o sheRaABeRM, cUGIEDEdAINE i idislifecinb! | TE00® OF EPOUL,

part i cul aRydroxypeopyl{mstijaceyizte. g Faé’?'PQﬁﬂth“eﬁl)Wa e iidyimeth)agsylater,

copol ymer scrgtositrild, acrylamidephethabrlylmﬁde:m'mhgthﬂammoﬁromybmeﬂiapmdand pol ydi enes
or polyacrylates (e.g., poly(styrene-b-butadiene),

pol y(styrene-Db- |soprene) pol y(styrene-b- acrylate) or
pol y(styr Bmﬂaquymrzgﬂmmoqssg may daearriedioulin thecprepsnee ol anprganieiselyantorior  as

conpat i bi {hezpdsenéest wakdrORR miRiufRdT ofJanzSoRenty BRd w&t@ﬂ MNAaMbRE) cosENnts or

ool y( et ﬂ%f%eefwﬁé%%h%g SIBOIR 5 L ofilmctaltt SGRnCRRR, AT S psent Oieher o) are

usef ul assqitablp@pmlmtsaegedwnmdhqrgaafteﬁg systeme, as coating additives
(e.g. rheol ogical agents, conpatibilizers, reactive diluents) or as resin

t t | d t f st
(et ) acr Y PrEeBE SOkl B e JuBhIE Foneni gl o SHSPES SRR PP act e o
aln ;:I adh ;asallmzs (ﬁxameptpm. petane, lmm%:herwtlclﬁml caripans dbenzeha tMUﬂ?@
alterna alo C ) hyﬂFU&Qt'EBﬁé?(chlb Rdhe) @ kﬁﬁol%ﬁ&?fo? ettidingl, fhyl in .
|
e s e el oy ie oy st othe
mol ecul aracststejrand fethers (diethyDether, mmmmg/ m‘eﬂem*mlaﬁlmblhyl gtirerinop mpd@es 0 250

- 000 gl nolharads nore preferably, from2 000 to 200 000 g/nol. The nunber
aver age nol ecul ar wei ght nay be determ ned by size excl usion

The aqueous polymerization reactions can be supplemented with a water-miscible or
hydrophilic cosolvent to help ensure that the reaction mixture remains a homogeneous single
phase throughout the monomer conversion. Any water-soluble or water-miscible cosolvent
may be used, as long as the aqueous solvent medium is effective in providing a solvent
system which prevents precipitation or phase separation of the reactants or polymer
products until after all polymerization reactions have been completed. Exemplary cosolvents
useful in the present invention may be selected from the group consisting of aliphatic
alcohols, glycols, ethers, glycol ethers, pyrrolidines, N-alkyl pyrrolidinones, N-alkyl
pyrrolidones, polyethyiene glycols, polypropylene glycols, amides, carboxylic acids and salts
thereof, esters, organosulfides, sulfoxides, sulfones, alcohol derivatives, hydroxyether
derivatives such as butyl carbitol or cellosolve, amino alcohols, ketones, and the like, as well
as derivatives thereof and mixtures thereof. Specific examples include methanol, ethanol,
propanol, dioxane, ethylene glycol, propylene glycol, diethylene glycol, glycerol, dipropylene
glycol, tetrahydrofuran, and other water-soluble or water-miscible materials, and mixtures
thereof. When mixtures of water and water-soluble or water-miscible organic liquids are
selected as the aqueous reaction media, the water to cosolvent weight ratio is typically in the
range of about 100:0 to about 10:90.



chromat ography (SEC), matrix assisted | aser desorption/ionization nass
spectronetry (MALDI-MS) or, if the initiator carries a group which can be
easily distingquished fromthe nonomer(s), by NVR spectrosco or ot her
convent i on¥O dds. A plurality of specifically desi gnec?cﬂ%l’ymgs and
copol ymers are accessible“y this type oft4-control 'ed radical

pol ynmeri zation, such as star and graft (co)polyners as described, inter
alia, by C J. Hawker in Angew. Chem e, 1995, 107, pages 1623-1627,
dendrinmers as described by K Mtyaszewski et al. in Macronol ecul es 1996,
Vol 29, No. 12, pages 4167-4171, graft (co)polyners as described by C J.
Hawker et aFurtHefmdRCRRMIs.pafizemrly fufe for i8S preparatiorl 6itck® Edpolymensdom

copol ynmers as described by C J. Hawker in Mcronol ecul es 1996, 29,

2686- 2688, or diblock and triblock copolyners as described by N A

Li st i gover sBiopk copsiymenparecior exammie dlockgopelyaers 9 palystysees andpAlydients of educi ng

agent i s a gygdchiates (&Yd. Shulfstyterie brisutddiena), pAly(styrane Bikoprne)) ol (styrend-a i C
ilence of 3eE) SPYIEEI B S Rorthe) gy I hleih Al BfiBbves drigsn L S
oxi dat i on ncerpatibilizars/forpdlyaerbierdscer asfpolymer tasghening ageptsure  t her eof .
Mt ure of BoRRISIEtac e IEATRRE) A0 AU on P (O L BIAREDY s
. . an a I C

ydr ogen at wﬁﬁéﬁra‘aﬁe)HFP&%ﬁepeixrgersiwa%‘hﬂa%é*sn&%%"%%ﬁnfsgﬁ;mﬁ?Vﬁ?%m% nd’a
val ence of &oating Bdditives (2g! rheologicalipgents, caimpatibilizersd egactive di orjasirgsimnd a

| f : i : H3POR
phospi it ¢ SErertTEBEHEY, on RO RiebIa e #Z@g*&?‘?f%ﬂmpzoﬁmwm
phosphoni c-?’éﬂ’?ﬂﬁ%’ﬂﬂﬁ‘ﬁf\'?@'%%?eg‘,‘ f ’Iﬁiﬁf’g%elﬁ'ﬁﬂﬁﬁ GH¥%aci d and their

ammonium al kali or alkali earth salts. The salts may al so contain crystal

\lgl/a'lt?e rHP - Su :3%% gop%fm breP4rad B 2FRESwhABRAHE B cid ditefatd Bdtvlen SoI8F rhibridntirs
" ' and non-polar monomers, are useful in many applications as amphiphilic surfactants or

dispersants for preparing highly uniform polymer blends.

The (co)polymers may have a number average molecular weight from 1 000 to

400000 gfmol, preferably from 2 000 to 250 000 g/mol and, more preferably, from 2 000 to
200000 glmbl. The number average molecular weight may be determined by size exclusion
chromatography (SEC), matrix assisted laser desorptionfionization mass spectrometry
{(MALDI-MS) or, if the initiator carries a group which can be easily distinguished from the
monomer(s),' by NMR spectroscopy or other conventional methods. '

A plurality of specifically designed polymers and copolymers are accessible by this type of
controlled radical polymerization, such as star and graft (co)polymers as described, inter alia,
by C. J. Hawker in Angew. Chemie, 1995, 107, pages 1623-1627, dendrimers as described
by K. Matyaszewski et al. in Macromolecules 1996, Vol 29, No. 12, pages 4167-4171, graft
(co)polymers as described by C. J. Hawker et al. in Macromol. Chem. Phys. 198, 155-
166(1997), random copolymers as described by C. J. Hawker in Macromolecules 1996, 29,
2686-2688, or diblock and triblock copolymers as described by N. A. Listigovers in
Macromolecules 1996, 29, 8992-8993.

Preferably the reducing agent is a cyclic ethylenically unsaturated compound having an
allylic hydrogen atom, a phosphorous compound with oxidation number |-V and a valence of



wherein R and R' independently are C7 - Cs Aral kyl, phenyl or

C -C eal kyl. Also suitable organic phosphites and phosphonites are for
exanpl e gﬁé | phosphite, diphenyl alkyl phosphites, E di al kyl .
phosphites, tris(nonyl phenyl) phosphite, trilauryl phoSEREP ll?'?&octadecyl
phosphite, distearyl pentaerythritol editphosphite, tris(2,4- dl-tert-

but yi phenyl ) phosphite, diisodecyl pentaerythritol diphosphite,
bis(2,4-di-tert-butyl phenyl) pentaerythritol diphosphite,

bi s( 2, 6- d3 to Bérta fUuy tordpoliRd With BXigaish huBer 13¢ ki BivhleAte 6t 2081aSeHY hiure
dllsodecy oxgeentaerythrltol di phosphite,

bi s(2, 4- t - butyl - 6- met hyl phenyl ) pentaerythritol di phosphite,
bis(2,4,6-triss(tert-butyl phenyl)pentaerythritol diphosphite, tristearyl

571 01 ook AUl 1 Sl Bl h b e Wbt & gDy ene
2, 4, 8, 10-eteyienicallpunsaturatpd campeunidbaving an gllyiid heiraaeiatora phde phospharous

£1.U0T O- 2, e il b G homer 11y lence of 3 i
put y| - 12 oo | Skl hgmber 1y and & velenes of 310 5 or & sifur compound wit

bi s( 2, 4- onmqasmmsnheﬂ-l aﬂ%@?'}?ﬁ@ﬁ%‘)“ net hyl phosphite,
bis(2,4-di-tert-butyl-6-nethyl phenyl) et hyI pho;phl te, 2,2",2"-nitrilo-
[tr2| g: E;: % | fa% 3 ferg;dg:hosph%%u%%}npgﬁjndgl - - bi phenyl -2, 2" -di yl ) phosphi t e]

tetra-tertbutyl - IH,,PJOZ- bi phenyl - 2pisphihiglagidhosphi t e. 'Especi ally preferred

are the foll ow ng FS’?’ sphites: %@&%ﬁ?éﬁhlg’% EPQO/ 11378 -16
Y

Tris(2,4-di-tert-H | phenyl) rgar'os ' 168, G ba- Ceigy),
tri s(nonyl phenyl HsRhitP-Ghi t e, phospimmdy-Biphepbedig agidH AC C(CH3)3 0 -CH P-F
P-O-CH CHH (A) Hip,82 (B) o0 a lh}(pgh}gp,gggho,%gcgﬁﬁ C(CH3)3 (CH3)3C 3

and their ammonium, alkali or alkali earth salts. The salts may also contain crystal water.

Suitable organic phosphorous compounds are R’-H,P0O,, R'R"HPO or R'R"HPO,, P(OR), _
wherein R' and R" independently are C; - C4s Aralkyl, phenyl or C;-Cqpalkyl.

Also suitable organic phosphites and phosphonites are for example.triphenyl phosphite,
diphenyl alky! phosphites, pheny! dialkyl phosphites, tris(nonylpheny!) phosphite, trilauryl
phosphite, trioctadecy! phosphite, distearyl pentaerythritol diphosphite, tris(2,4-di-tert-
butylphenyl) phosphite, diisodecy! pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl)
pentaerythritol diphosphite, bis(2,6-di-tert-butyl-4-methylphenyl!)-pentaerythritol diphosphite,
diisodecyloxypentaerythritol diphosphite, bis(2,4-di-tert-butyl-6-methylphenyl)pentaerythritol
diphosphite, bis(2,4,6-tris(tert-butylphenyl)pentaerythritol diphosphite, tristeary! sorbito!
triphosphite, tetrakis(2,4-di-tert-butyiphenyl) 4,4-biphenylene diphosphonite, 6-isooctyloxy-
2,4,8,10-tetra-tert-butyl-12H-dibenz[d,g]-1,3,2-dioxaphosphocin, 6-fluoro-2,4,8,10-tetra-tert-
butyl-12-methyl-dibenz[d,g]-1,3,2-dioxaphosphocin, bis(2,4-di-tert-butyl-6-methyiphenyf)
methyl phosphite, bis(2,4-di-tert-butyl-6-methylphenyl) ethyl phosphite, 2,2',2"-nitrilo-
[triethyitris(3,3',5,5"-tetra-tert-butyl-1,1'-biphenyl-2,2'-diyl}phosphite], 2-ethylhexyi(3,3',5,5'-
tetra-tert-butyl-1, 1-biphenyl-2,2'-diyl)phosphite.

Especially preferred are the foliowing phosphites:



(CH3)3C / C(CH3)3 O * (O ~P-O CH2CH(CAH9) CH2CH3 O (CH3)3C C(CH3)3 0 O
(CH3)3C-~ O-P -~ C(CH(D) 0 11107_03)3 C(CH3)3 (CH3)3C C(CH3)3 (CH3)3C /O
Dc 03 H3COP OP-Oo0 CH(E) O C(CH3)3 (CH3)3C WD 01138431

PCT/ EPOO/ Q9838437 CH3 H3C-C-CH3 0 0 ' P-O C18H37 O P- CREDEMIISTR L)
H37Cf, O P° DC O O H3C C CH3 -16-

Tris(2,4-di-tert-butylphenyl) phosphite (Irgafos®168, Ciba-Geigy), tris(nonylphenyl) phos-
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0 O o}
(CH,),C
C (CHy), C(CH,),
(CH,)C L dg
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H3C CH3 2 (G Particularly preferred sul fur conpounds are: H2S202/ H2S203
sul foxylic-/ thiosulfuric acid H2S204 dithionic acid H2SO3/H2S205
sul furous-/disul furous acid RS- OH sulfenic acid RRS=O-OH sulfinic acid

and thei ™ 3m alkali or alkali earth salts. The saP¢WEPMI137Eso contain
crystal water. Typically the alkali of7alkali earth nmetal is Li, Na, K
Ca, My. The salts can contain additional crystal water. Most preferred are

H3PQ2 (phosphinic acid), or a Na, K, Ca, My or ammonium salt thereof, wth

or without crystal water. Particularly preferred s NaH2PO2 whi ch may
contain additional crystal water.. Exanplies of cygldc ethylenically
unsat urat ed conpounds are di hydroant hacene apg: h.m{ onaphtaline and their
derivatives, wherein =R @dependent lylare M, a kyl, ¢ycl oal kyl, aryl,
aral kyl , @Llﬁz nyl. oal |nyx£ . The aro %dT'CBi‘SO%?HaI so be
further BTt Ut e 1/ 8431 PCfo’EP(OH;dS? 8 RIRBHRS Ry R2 H
R4 H A further group |s deri ved fromindene, & 1RO have the sane
meani ngs as given for Rl-R6. R7 HaC CH 3

. 3 -

2

(@)

Particularly preferred sulfur compounds are:

H,S,0,/H:S,04 sulfoxylic-/ thiosulfuric acid
H,S,0, dithionic acid
H.SO3s/H2S205 sulfurous-/disulfurous acid
R-S-OH sulfenic acid

R-S=0-OH sulfinic acid

and their amonium, alkali or alkali earth salts. The salts may also contain crystal water.

Typically the alkali or alkali earth metal is Li, Na, K, Ca, Mg. The salts can contain additional

crystal water.

Most preferred are H3;PO, (phosphinic acid), or a Na, K, Ca, Mg or ammonium sait thereof,

with or without crystal water.
Particularly preferred is NaH,PO, which may contain additional crystal water.

Examples of cyclic ethylenically unsaturated compounds are dihydroanthacene and
dihydronaphtaline and their derivatives, wherein Ry-Rs independently are H, alkyl, cycloalkyl,
aryl, aralkyl, alkenyl, alkinyl or COOalkyl. The aromatic radicals may also be further

substituted.



/ 1\ RB RO HAlso suitable are cycl oal kenes as defined bel ow. Werein R70
is H A kyl, Cycloal kyl, Aryl, Aralkyl, A kenyl, A kinyl, COQCal kyl. X is
(€H2)n ; n_is a nunber from1-9 or Xis CH=CH (CH2)n and nis 0 - 7 or X
is (CHECHWOM@S43L n = 0 - 2. X HRi o Also suitable are cPETERBIHASenes,
wherein R' - R22 independently have the-pganing as defined above for
R1-R8. In addition two of each R12 and R13, R15 and R16 or R49 and R20 can
be part of a second condensed ring system WO 01/38431 PCT/EP00/ 11378 -19
R I HRL7 R e 2 RR2 R 1le HR15 R13 R4 Ry R14 HR20 H A further group
are Diel s-Al der avducts of cycl opent adi eng rein RR3 - R28

i ndependent | e 2 me meani NQaASN\grve ove for R -R6 and Y is
-CH2-, 0, N ). Re # R25 R7 RRe R R34 31 Further
suitabl e di e ! dilenes condé i i c R33 R32 systens

A further group is derived from indene, wherein R;-Rg have the same meanings as given for
R1-Re.

Also suitable are cycloalkenes as defined below. Wherein R4 is H, Alkyl, Cycloalkyl, Aryl,
Aralkyl, Alkenyl, Alkinyl, COOalkyl. X is (CH,),, ; n is a number from 1-8 or X is CH=CH-
(CHy),andnis 0-7 or X is (CH=CH),andisn=0-2.

7 x

H R,

Also suitable are cyclohexadienes, wherein Ry, - Ry, independently have the meaning as
defined above for Rs-Rs. In addition two of each Ry, and Rs3, Rys and Ry or Ryg and Ry can
be part of a second condensed ring system.



R3 wherein Vis -CH2-, 0, NH or N(C,- C4al kyl); or dihydropyridines R37 H
Ray O &7 Rot R~ RORR45 -~-O 4R48 | L1 RR39 R R43 R49 i 48 y HH
L,=1-20 Particularly suitable are polyindene, poly-a-pi oly

3- pi neneV8P1B#3! general fornul ae WO 01/ 38431 PCT/ EPOO/ @%%’W%P 2 HJ
R50 ~ L2 L2 The substituents R29-R50 ¥ave the same meani ng as given for

R -R6 and L2 is a nunber from 1-100. Preferably the neaning of R -R50 is .
hydrogen or Cl-C4al kyl. Preferably the reducing agent is a cyclic nono-,
sesqui - or dR-te;qpene having an allRljjic hydrogen atom Exanples are
a-terpinene, Yerp, nene, a-ph IIand ene r(3-phel I andrene, |inonene,

a- pi nene,™sR epe,12a terpl neon, G "’j 3-selinene, p-lonone, abietic
acid. Mst p phel | andrene. The reduci ng agent
is preferabl om 0. 01%to 5% nore preferably
2isght of the polyner. The

e anount of nitroxyl present in the

concentrati op/t gqbe used depends
ol i goner or

14

A further group are Diels-Alder adducfs of cyclopentadienes, wherein Ras - Rz independently
have the same meaning as given above for R-Rs and Y is -CHz-, O, NH or N(C4-C.alkyl).

23 24, 25
Y R27 l RZB

Rasn P S

Further suitable dienes are 1,4-dienes , condensed aromatic
R33 R32

systems

Ry :
wherein V is -CH,-, O, NH or N(C,-

Caalkyl); or dihydropyridines

Ly =1-20
Particularly suitable are polyindene, poly-o-pinene and poly-B-pinene of the general formulae

et i e eyt



pol ynmer. Obviously for high concentrations of nitroxyl, high concentrations
of the reducing agent are used. Furthernore it depends on the col or

i mprovenent (color stability of the polynmer) to be targeted If a m xture
of a cycl iWO&8BR#Beni cal | y unsaturated conpound havi ng an BETAEPH1IBdr ogen
atom (a) and a phosphorous conpound wi tpgoxidation nunber [-1V and a
valence of 3 to 5 (b) is wused, the ratio (a):(b) nmay vary from1:10 to

10: 1, preferably it is from1l:5 to 5:1 and nost preferably from1l:2 to
2:1. The conposition can also contain further additives. Exanples are given

bel ow. WO 01/ 3843 P00/ 11378 - 21- 13 Anti o Al kyl at ed
nmonoohenol s, f<Q , 6-di -t - 4- met h

2-tert-butyl -4, | phenol tert-bd V| phenol ,
2,6-di-tert-butyl ;?phenol tert-by- sobut yl phenol
2, 6-di cycl opent yi | phenok— hyl cycl{ohexy)) - 4| 6- di net hyl -
phenol , 2, 6-di ocrk -nmet hyl p 4,6 tri|cycl ohexy| phenol ,
2,6-di-tert-butyl-4 oxyrmet hyl onyi ptgrfol s which are |inear or
branched in the side chains, for [exanpleJ 2, 6-di=nonyl-4=1mt hyl phenol ,

2, 4-di nmet hyl - 6- (1' - met hyl undec-1"' -yl )phenol'-? 2,4-di -

nmet hyl - 6- (1' - met h;{l hept adec- |’ -a/l ) phenol . . .

2, 4- di met hylihegubstituanis RayiRsy haye dBe $are earingas giuen forReRepRY L2 [ mgpber, o
Al kvl t hi omgioyt-abgnol s, for exanple

2, 4-dioctyl thionethyl-6-tert-butyl phenol, 2, 4-dioc-

tyl t hi omet hyl - 6- met hyl phenol , 2, 4-di octyl t hi onet hyl - 6- et hyl phenol ,

2, 6- di - dodausfetdbiythe meghing 6f RpRysiigienagen ot C3-Caalkydr oaui nones and al kyl at ed
hvdr oaui nones, for exanple 2,6-di-tert-butyl-4-nethoxy- phenol,
2,5-di-tert-butyl hydroqui none, 2,5-di-tert-anyi hydroqui none, )

2, 6- di phen\Rreférablytthelceducipg egent iscmeyclic mogo-dsesaut ot diderpens bavingamaiylic 2, 5- di

tert-butyl ni sole, 3,5-di-tert- butyl-4-hydroxyani sol e,
3,5-di-ter ?‘%@?g’f -Q%E‘ﬂydr oxyphenyl stearate, bis-(3,5-di-tert-butyl-4-
hydr oxyphenyl ) adi pate. 1.4. Tocopherols, for exanple a-tocopherol,

b- t ocopher @yamfek FORESIPiRENe, -1érBREMY) &L HellditiPene, B-phellandrene, limonene, a-pinene,

B-pinene, a-terpineol, cadinene, B-selinene, -lonone, abietic acid.
Most preferred are y-terpinene and a-pheliandrene.

The reducing agent is preferably present in an amount of from 0.01% to 5%, more preferably
from of from 0.05% to 3%, based on the weight of the polymer.

The concentration to be used depends on the amount of nitroxyl present in the oligomer or
polymer. Obviously for high concentrations of nitroxyl, high concentrations of the reducing
agent are used. Furthermore it depends on the color improvement (color stability of the
polymer) to be targeted

If a mixture of a cyclic ethylenically unsaturated compound having an allylic hydrogen atom
(a) and a phosphorous compound with oxidation number I-IV and a valence of 3 to 5 (b) is
used, the ratio (a):(b) may vary from 1:10 to 10:1, preferably it is from 1:5 to 5:1 and most
preferably from 1:2 to 2:1.

The composition can also contain further additives. Examples are given below.



m xtures thereof (Vitamn E). 1.5. Hvdroxvl ated thi odi phenyl ethers, for
exanpl e 2, 2" -t hi obi s(6-tert-butyl-4-nethyl phenol),

2,2 -th| E%éwﬁptylphenol) 4, 4" -t hi obi s(6- tert-butyl-S-HE%R%Jghenol),
4,4 -thio ert-butyl - 2-nethyl phenol), PCT/E

4, 4 -thlobls (3, 6-di -sec-anyl phenol ), -&14' - bi s(2, 6-di et hyl - 4- hydr oxyphe-
nyI)disquide. 1.6. Al kvlidenebi snhenols, for exanple

2,2 -nmet hyl enebi s(6-tert- butyl-4-nethylphenol), 2,2 - methyl enebi s(6
tert-butyl-4- ethylphenol) : .

2,2 nethxlerﬁg, t4- met hyl - 6- (a- net hyl cycl ohexyl) - phenol ],

2,2 nEthyleleu - met hyl - 6- cycl ohexyl phenol ),

2, 2" -nmet hyl enebi s(6-nonyl - 4-me- thyi phenol),

2,2 ”eLhYHG.gﬁﬂeétI%& ﬂzoﬁb@(e‘nﬁﬁrfor %ﬁﬁ!é’f‘ G—réﬁl*e)'bbuty:l%-#methy thenol %—tert—but%M 6-d 22
henol ), Q‘eﬁ‘ylpé?’f%l %@ﬁé‘[ﬁ'ﬁ’%’a‘if@wk{m \Rre-di-terk Byt 4y n-plviRbenol, 2,6-di-tert-bu-
- met higl 8RBt ﬁer{oﬁ‘ziﬂ@bidaeﬂrl#h‘k) héhb‘ﬂ)ﬁ'-(&hﬂeﬂﬁylb{clohexyl)-4 6-dimethy!-
- et h I enebl 6- ( benz 2 no iPhen t hy-
s 2 Wﬁﬂm yphenol, 2,4,6- ncyclohex)){p enol 26-dl-terf-butyl-4-
get hmbmmalﬁﬁpﬁeﬂélt ndwtphénd?s WhithsiteiR€ar®t brandhedlin tHdl sidébchains, for
u
is
t

| h b ) . _
(bt SR os IS BRI LU BB (matitart-sheegph 24
ri ﬂ'(eww"f-ﬁbﬂwbpwdwﬂwbmnﬁl atdipethyldali -nethylttidec-1-yl)phenol and

, 1,
, 1- bi s( 55 f"ﬁf g,few[ - hydr oxy- 2- net hyl - phenyl ) - 3- n- dodecyl ner capt obut ane,
thyl ene gl'y coﬁ 3,3-bis(3 -tert- butyl-4'-hydroxyphenyl)butyrate],

(

3-tert-butyl -4-hydroxy-5-net hyl - phenyl ) di cycl opent adi - ene,

is
ts[ 2- (3 1. b%ltkﬂthhh%{u%ﬁheﬁaﬁj; lf&)é&a.ﬁpsemwﬁmmaw 5-1drEbit lEh@ﬁb'l,‘zf’et-B‘Sé-hW pheny

, 2
e
, 2
, 2
n
4
ert -

, 6- bi
3-
b

e — ——

Ze[)?g (tg!trgora?thxl g-r{letmmﬁn 'A,z-ﬂgﬁg‘?‘gﬁ‘bﬁ hyh@%%gé%gﬂengl-dl-dodecylthlomethyl- _

, 2- bi s- (Hnbwghetslt y| - 4- hydr oxy2- et hyl phenyl ) - 4- n- dodecyl nmer capt obut ane,
, 1,5 5-tetra-(5-tert-butyl -4-hydroxy-2-net hyl phenyl ) pentane. 1.7.0-. N
d S-benzvl corrpounds for exarrple

5,3 ,5'18 : r: uitones, fir exaraple 216-ditertabytyl-4-methoxy-

3, gaglec%/gergéngcyﬂs bereh. u@ ;@HF&LW&Q%@M&Q@EW{HW@&%@E% ldighdRfiv ocaday dr oxy-

Lris(3, 5 mwwmenolbz,wrtezt-qiyﬁwe%?m@m 2y 5fhtaributgsfyiroxyanisole, 3,5-ditert-
tert - but yhutg<4 d:rosayﬁmsaneGS gidiRirtputharisiokgbhehy etearats) bish@| S2didert-butyl4-

bi s(3, 5- tert-b hydroxy benzyl ) sul fi de,
i sooct yl qyd?’%ﬁh f‘\g %d - 4- hydr oxybenzyl ner capt oacet at e.

n

OWPRNN"TT® I—‘HI\J""J}-;I\)NUI\)

o -

1.4. Tocapherols, for example a—-tocopherol, b-tocopherol, g-tocopherol, d-tocopherol and
mixtures thereof (Vitamin E).

1.5. Hydroxylated thiodipheny! ethers, for example 2,2'-thiobis(6-tert—butyl—4-m'ethylphenol),
2,2'-thiobis(4-octylphenol), 4,4'-thiobis(6-terf-butyl-3-methylphenol), 4,4'-thiobis(6-tert-butyi-
2-methylphenol), 4,4'-thiobis-(3,6-di-sec-amylphenol), 4,4'-bis(2,6-dimethyl-4-hydroxyphe-
nyl)disulfide.

1.6. Alkylidenebisphenols, for example 2,2'-methylenebis(s-tert-butyl-4-methy!phenol), 2,2'-
methylenebis(6-tert-butyl-4-ethylphenal), 2,2"-methylenebis[4-methyl-6-(a—-methylcyclohexyl)-
phenol], 2,2'-methylenebis(4-methyl-6-cyclohexylphenol), 2,2'-methylenebis(6-nonyl-4-me-
thylphenol), 2,2-methylenebis(4,6-di-tert-butylphenol), 2,2'-ethylidenebis(4,6-di-tert-butyl-



1. 8. Hydroxybenzvl ated nal onates, for exanple

di oct adecyl - 2 2-bis-(3,5-di-tert-butyl-2-hy- droxybenzyl) - mal onate
- oct adecyl - 3-tert-butyl -4-hydroxy-5-net hyl benzyl) - rral onat e

dodecyl mar%' éﬁ’ -2,2-bis-(3,5-di-tert-butyl -4- hydr oxyB&¥ Q?’P';”rﬂ?sonate

bls[4(1133te- g -22 -

t ramet hyl but yl ) phenyl ] -2, 2-bi s(3,5-di -tert-butyl -4-hydroxybenzyl ) nal onat e.

1.9. Aromatic hydroxvbenzyl conpounds, for exanple

L3, 5-1ris ¢ 8- @4¥ob o 2&41&1 e"nbae L hethyBae.
1, 4-bis(3, 5&3?&?(1%% %ﬁ%hzw( menzo Iuwlé ; yil FShM ﬂWene

2, 4, 6-tri s(aylpé-aenyiphenol l?t%d“e#wﬂ%'ﬁﬁ WBQTEWG}'M'R?HBY'H’T%WWT‘P'J éz"f ethy-
Conpounds, e)ﬂébnag%'mlt&t Bthrphér&ﬁ)OE Y hEmyIERSHISIS-tdit-Hidyl D-thlphénddy t MHbigts-hy -

S oty ik o v By 2-methyiohesybbuene, RS A3 QU ethy 2 fydrogbenzy)4-

triazine, methylphenol 1.1 3-tns(5-tert-butyl-4~hydroxy-2-methylphenyl)butane, 1,1-bis(5-tert-butyl-4-

2L e R hgor Selb e SR hahude SR suts o2l ne
1,3, 54t ris- b&y&'-dydrbwmedmn)byiyrade]mdsdmybumbhbxdwmwﬂwhpmodlqyc[;:pgntadl-

t tert

t;: ZE 3, 5e(rj| e?%ltp{Sk%ét H'}I\ﬂ A{R ¥| roxy eny iEgﬂé&éf@ﬁ%‘ﬁﬂ“&ﬂ%ﬁherﬁl}%re@hthalate
tris(3,5-di mems-cammew-mmmgnmva -pis43 §-di-terbutyl-4-hydroxyphe-

hydr oxyphen ﬁ{,lg{r(gﬁh r?{b.klsf“(g)ié’rh-ﬁﬁitglm-ﬂydgo)ézlnﬁét%rﬁﬁyl)-4~n-dodecy|merfa?Lti)butane

1,3,5-tris( roxyben R/ | socyanur at e
Benzv| phospAdsal-telia- (5éqrt-g§(tgrﬁ5h@/roxy-2-methylphe yl)pentane.
di et hyl -2, 5-di -tert-butyl - 4- hydr oxybenzyl phospho- nat e,

oo 539, o Sl e B BTEISTBIP B s iy 4yt

di.?)ct a]gecKl bénzylstherpodtydecyi-dinytiras, 8dirmattﬁy}dehz;rﬁnszltcpbtoazmataaruaecyl-‘ﬂ-h;sdro:e;lr-1 ci um
t of the | oni ¢

ol OSBRI ARl doorad 14 ik Mo b B

4 hydr oxyst mbmuI-ISrhygcoxy)etsydllmnthy(ognzyl)dthloterephthalate bls(3 5-di-tert-butyl-4-hydroxy-

tert-butyl - ge&yﬁggm?ﬁ?é jb@&ﬁﬁgﬁﬁ -4-I3ryd1=§xyb ﬁr’ie?céﬁtoacetate

b-(3.5-di-tert roxyp )prooi onic acid wth nono- or
pol yhydric al cohol S, e.g. with nethanol, ethanol, n-octanol, i-octanol,
oct adecanol 4.gly & malbn&tes, 161 6xa leCdloctaiieBWZ@«Blsqﬁ E@lert-butyl-z-hy-

r opanedi o‘w%gr—r—r e i e
o P ienna B pre, I i ?{Wﬁf{ S R SR Eby S Hslonstd &

| socyanur at aoddislleerdapm_@hwl-z d{dm&e&-dlyo#r}-bmwm-ﬂys:iro)@bemzyamabeafanb1‘s[,4-(1 ,1,3,3-te-
3-thi apent ag’gr%étﬂﬂl)ﬂtylsJﬁenﬁf-ﬂﬁdiﬁi§-Qi?—fé'rt%x.rtyl-t4lﬂygpo&w4n%!)malonate.

1.9. Aromatic hydroxybenzyl compounds, for example 1,3,5-tris-(3,5-di-tert-butyl-4-hydroxy-
benzyl)-2,4,6-trimethylbenzene, 1,4-bis(3,5-di-tert-butyl-4-hydroxybenzyl)-2,3,5,6-tetrame-
thylbenzene, 2,4,6-tris(3,5-di-tert-butyi-4-hydroxybenzyl)phenol. '

1.10. Triazine Compounds, for example 2,4-bis(octylmercapto)-6-(3,5-di-tert-butyl-4-hy-
droxyanilino)-1,3,5-triazine, 2-octyimercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyanilino)-1,3,5-
triazine, 2-octyimercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,3,5-triazine, 2,4,6-
tris(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,2,3-triazine, 1,3,5-tris-(3,5-di-tert-butyt-4-hydroxy-
benzyl)isocyanurate, 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate, 2,4,6-
tris(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1,3,5-triazine, 1,3,5-tris(3,5-di-tert-butyl-4-



propane, 4-hydroxynethyl-1-phospha-2, 6, 7-trioxabi cyclo[2.2.2]octane. 1.14.
Esters of b-(5-tert-butyl-4-hydroxv-3-nethyl ahenvl)proDtonic acid with
NONO- OF yAPbVigedlydri ¢ al cohols, e.g. wth nethanol, ethanol. n- octanol

i -octanol, octadecanol, 1,6-hexane- diol, 1,9-nonanedi ofC @ﬂ?ﬂﬂ e glycol,
1, 2- propanedi ol , neopentyl glycol, thT%ﬁ1etherne gl ycol, diethylene
glycol, triethylene glycol, pentaerythritol, trls(hydroxyethyl)

i socyanurate, N, N - bis(hydroxyethyl)oxanide, 3-t hi aundecanol ,

3-t hi ape ﬁtydnbsyﬂno!llpropmhyfblndxyhmaﬁeﬁ#iatine 113, 5-tris(h5rtlioygnhepyldehydroxyben-

4- hydroxxgﬁgﬁ%h ghospha 2,6, 7-trioxabicyclo[2.2.2]octane. 1.15. Esters of
b-(3.5-d exyl -4 hydroxyohenyl)proplonlc acid with nono- or polyhydric
al cohol s, e.g. with nethanol, ethanol, octanol, octadecanol,

1, 6- hexaneg, th?dghgslﬂﬁﬂﬁggqbr%xamp@td}ﬁétﬁﬂf? leﬁé%utylh-%ro% a:%%eé

neopentyl di et hyl ene rlethylene

al yeol. 8Thn LB 1ok Bt bW o B RS PO &3 . HSLY S, B-ctert- bty

t Plh s(dm@b@izglﬁhdiﬁphb@te dwmecyl&témbatymdm@la-m&hylBem@nbépﬁeﬁaaot
r| me y nedi

i oy ot 107 S0 58 hﬂféﬁ%ﬁe&%‘w BB e e b poghenaviphasphonic g of

3.5-di-tert-butyl -4-hydroxyphenvl acetic acid with nono- or pol yhydric

T 6 hexariotp-Spdamitbirlod €ARGmoCHRRRM e BINAE PR SRESANEE. pey ) o1

gl ycol, 13 MMMWTWWOXY@GW@BmthyCOI t hi odi et hyl ene gl ycol,

di et hyI ene glycol, triethyl ene gl ycol _pentaerythri toI
tris(hydroxyet hyI ) | socyanurat e, N et h )ox- am de,

3-t hi aundeBSsEe  br(@0-diclart-bDutvi-4-Nye ¢ pron i Mpno- or polyhydric

trimet hylalbbﬁcblﬁlbaglwm‘ﬂndmanol ethanol, n-octano! loctanol, octadecanol, 1,6-hexanediol, 1,9-

b (3”5 qPoparpE aFYIERa S Loy °Xﬁ%4<§f e B%%H%Meﬁa@%ﬁg'enm-@w oty '
N - bi s( 3 Jenegjiyctictriethylené glyeol.- ﬂe;ntheryb‘mang(hgdmgetm& isptymnaratd, INN'cbstbly-am de,

N, N - bi d
N N - bl S%jgrxgetﬁlfo%(%f\i{debuﬁﬂgunﬁec%}{ﬂi%iﬁfa e%@ Bl ?@'lnw&%ﬁégﬁtﬂﬁétﬁﬂgld' ami de,
N, N' - bi s[prpgne, [@ygrqxvmetéwttmﬁmaaﬁ %'ﬂﬂh{gﬁlzjmi onyl oxy) et hyl ] oxani dé

(Naugard(r) XL-1 suppl i ed by Uni royal) 1.18. Ascorbic acid (vitanin Q
f

1.19. Am
N, Ng di - l=igpEsiers fert-bDutyl-2 xy-gdnetyinhenylloropionic acid with mono- or poly-

hydric alcohols, e.g. with methanol ethanol n-octanol i-octanol, octadecanol 1,6-hexane-
diol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol,
diethyiene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-
bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanedidl,
trimethylolpropane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane.

1.15. Esters of b-(3.5-dicyclohexyl-4-hydroxyphenyl)propionic acid with mono- or polyhydric

alcohols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol,
ethylene glycol, 1,2-propan_ediol, neopenty! glycol, thiodiethylene glycol, diethylene glycol,
triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'-bis(hydroxyethyl)ox-
amide, 3-thiaundecanol, 3-thiapentadecanol, trimethythexanediol, trimethylolpropane, 4-hy-
droxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane.

1.16. Esters of 3,5-di-tert-butyl-4-hvdroxyphenyl acetic acid with mono- or pofyhydric afco-
hols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,8-nonanediol,



but yl - p- phenyl enedi am ne, N, N -bi s(1,4-di nethyl pentyl)-p-phenyl enedi am ne,
N, N -bis(l- ethyl-3-nethyl pentyl)-p-phenyl enedi am ne,

NN - bi s(1- net hyl heptyl) - p- phenyl enedi am ne,

N, N' - di cycVORU38#B8L p- phenyl enedi ani ne, N, N - di phenyl p- pheRGTEROGIHR: ne,
N, N - bi s(2-naph- thyl)-p-phéenyl enedi ami 14 -

N.isopropyl - N - phenyl - p- phenyl enedi am ne, N-(1, 3- d| nmet hyl but yl ) -

N - phenyl - p- phenyl enedi ami ne,
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N-al |yl di pBging, 84higdhdetariol @PthRBeMEdecdhdlimethgifiexenediol, tnmethylolpropane 4-hy-

N- phenyl - | - napht hyl am ne tert-oc 0y | ) - 1- napht hyl am ne, N phe-
nyl - 2- naph@FRXYEes ﬁ'é-r"m’bﬁ' 3@8&”81‘19&%%‘9%8@ %or exanpl e

p, E -di -]tert octyl di phenyl am ne, 4- n- butyl am nophenol , .

4-butyryl a phen 1 ' I I
4-butyryl ari gophenoly Ihyncfadiofiesaney! RIN-8Rs, 98eRAL

2,6-di-ter buﬂym-wdrdxmhampmmgﬂyahememmplml N,N'-bis(3,5-di-tert-butyl-4-hydroxy-
2, 4" - di d

NN PR e e éﬁ’ﬂ#&!‘ﬂ?t’m’? SRR ryphenypropiony)
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(o tol yl) bi b L-1béu§E>lfJed($ U,ﬁmyg) met hyl butyl ) phenyl Jam ne, tert-
octyl ated pheny pht hyl am ne, a m xture of nono- and di al kyl at ed

tert-butyl/tert- octyl di phenyl am nes, a m xture of nono- and di al kyl at ed

nonyl di pheqygaitdipsic add [Witski€) of nono- and di al kyl at ed
dodecyl di phenyl'am nes, a m xture of nono- and dial kyl ated i sopro-

pyl /i sohexyl di phenyl am nes, a m xture of nono- and di al kyl at ed

tert-butyl dH[ghAmjﬂlcaéﬁt’bﬁdgnt Zor3e>dhh§ecN N-di;iSbpriopybp-phiénylbdediarhiniee NAS wdhiseczi ne,

h h
Pert - but yi PREke BagingiiEmie, (S0, P ndthBienoh e Bleilenedamine, NNpi:
tert-octyl emm-mweﬁﬂﬂ%mﬁmmq,wB'-bls(zSﬂﬂbxlmﬁpé}ﬂ)rmégeﬂyle"edlamme
N-al lyl phegﬁ,{' r@é!hﬂ?xyh#:-yer Iylfﬂedn%ﬁﬁr{]eaﬂb@-@ﬂhehylﬂ-dﬁbﬁﬂéﬁ&mﬁm@ﬂﬂ%ls(ﬂdﬁph‘ S-

(2,2,6 anmet hyl'enedi am ne,

bi s( 2, 2 6, @ﬂ)@p@mwlwlpgrw &pgtony)N'-pggwg;&hgnylenedlamlne N-(1,3-dimethylbutyl)- -
2,2,6,6-tenN, HérWnb&bﬂrré RO $-methyiheptyd- N%émtdméh;ﬂermﬁandné]-mwo-

e e ARG Iiarts o

2-(3', 5" - diN;N'edisedbiityi-p-phenyldnedigmine ndiphengiamite; Neatigitipherlagriine, teisopropoxy-

butyl - 2" - hydt 0X¥0REs, N-phenyl-1-naphthylamine, N-(4-tert-octylphenyl)-1-naphthylamine, N-phe-
nyl-2-naphthylamine, octylated diphenylamine, for example p,p'-di-tert-octyldiphenylamine, 4-
n-butylaminophenol, 4-butyrylaminophenol, 4-nonanoylaminophencl, 4-dodecanoylamino-
phenol, 4-octadecanoylaminophenol, bis(4-methoxyphenyl)amine, 2,6-di-tert-butyl-4-dime-
thylaminomethylphenol, 2,4'-diaminodiphenylmethane, 4,4'-diaminodiphenylmethane,
N,N,N',N'-tetramethyl-4,4'-diaminodiphenylmethane, 1,2-bis[(2-methylphenyl)amino]ethane,
1,2-bis(phenylamino)propane, (o-tolyl)biguanide, bis[4-(1',3'-dimethylbutyl}phenyllamine, tert-
octylated N-phenyi-1-naphthylamine, a mixture of mono- and dialkylated tert-butyl/tert-
octyldiphenylamines, a mixture of mono- and dialkylated nonyldiphenylamines, a mixture of
mono- and dialkylated dodecyldiphenylamines, a mixture of mono- and dialkylated isopro-
pyl/isohexyldiphenylamines, a mixture of monc- und dialkylated tert-butyldiphenylamines,
2,3-dihydro-3,3-dimethyl-4H-1,4-benzothiazine, phenothiazine, a mixture of mono- und dial-
kylated tert-butylitert-octylphenothiazines, a mixture of mono- und dialkylated tert-octyi-phe-




nyl ) benzotri azol e,

2-(2'-hydroxy-5"-(1,1, 3, 3-tetranet hyl butyl ) phenyl ) benzotri azol e,
2-(3,5 v?é it - butyl - 2' - hydr oxyphenyl ) - 5-chl or o- benzotri azol e,

2-(3 Stero AL 2 _hydroxy-5' - net hyl phe- nyI) 5- chl or BCBERIMM3T, 70| e,
2- (3" -sec-butyl-5-tert-butyl -2'-hydr oxsphenyl ) benzotri azole, 2-(2'-
hydr oxy4- oct yl oxyphenyl ) benzotri azole, 2-(3,5' -di
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2- (3", 5' -rivthéazirees aN-dlyigiengthiazinz NN, N'N'tétsephenyi-p Aatigrhipdint-2 e I8 Nsbis-
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2-(3' -tert butyI 2' -hy-.
dr oxy-5' . $V.abserbets 2 Ry
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ter E 2 blr,lrf M%Wﬁ%&x r gy a%%'g’wf?ﬁ%%ﬂ'éﬂg”f'?‘??é‘ﬁ'w??@azol e,
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hyd ‘ e
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[242( 1”‘;" 2 {bggoﬁiéﬁn%r}zotnazole 2-(3'- sec—bé:rtg-o'{t?rlt-gtzxtgl-ze'- ¥droxyphenyl)bienzotrll_?zole 2-(2-
t ransest @er xb%g riagole, 2-(3',5"-di-tert-amy!-, Q{ -hydroxyphenyl)benzotriazole, .

[3' -tert Jztxatsfb:sf(an(-&.mémym 2 Bpdiy: hémi be&omaidé meptlaﬂrmky‘i &Eﬁuhﬁpz otriazo

! th thy-| it R
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2- [ 2" - hy Aty earborsetryi2hyessg ey 5:5-chibrckbshzatisnsie, L@y -

h [1b
DY | oA a3 Sqcarbonyjetyehenyi-rchioro-penzolriazale, 2-(3-tett bty 2 hiroxy-
phenyl | b&h{2gnethexycarbonyletiyl)pirery)bengatiiazale: 2r(R'dadbutyl-2' hydrosy-8W@tastyidxy- '
4- hydr Oxlﬁarbénmﬁ Dp¥hyl éﬂerﬂs&xidw»-(34@%?!-5'-[9@&11% %Q%Myletﬂ%f)@nzyl oxy,

4,2' 4" -tri hyd erivatives Esters

r OX met hox :
of suibst MSPBNHbaRRTRRR. E8 cAPdsi ZoEraR BT ethyighanyb benegirprae. 2.
3 L ert bUléH—bdMQanrchSj@L 2@360’&%}@ tﬁgﬁdmleﬂ@%héhylbmmaﬁabﬂ mhﬁétw:e@b.snyl ate,
i benzoyl e Male) er u [es
resorci nhﬁ'{1 é'?é‘ npg}yE) Elb%weﬁ‘ﬁ%tﬁ %ﬁﬁﬁﬁ?mﬁe%arﬁﬁﬁ? e"ﬁ“ﬂﬂ‘?ﬂ PB%@S@%O WO
01/ 38431[@(EﬂLtEm-B%Q&ﬂétﬂoxyeﬂﬁenyiéthmEZ}hydremdewﬂ+2H -benzotriazole with polyethy-
3,5-di-tert-butyl -4-hydroxybenzoate, octadecyl 3,5-di-tert-butyl-4-hydroxy-

benzoat elengd giyedl3pb;- 4 RE-cH,cHEdOdLUEY, Y lwhere R = 3“tert-butyl-4*-hydroxy-5'-2H-
3,5-di-tert-butyl - {hydroxy enzoat e’bng}?ﬂ Acrvl ates, for exanple ethyl

a-cyano- Bénzofj a?o'?‘i%'h%%ﬁ yﬁ fit ﬁydr %Qfa,X—dlmet?\x\(/lg nzyl? 5 (1dl :P 5' (ta’etramethylbutyl)-
phenyllbenzotriazole; 2-[2"-hydroxy-3'-(1,1,3,3-tetramethylbutyl)-5'-(a,, a—dimethylbenzyl)-
phenyi]benzotriazole.

iligen ) phenyl ) - 5-chl oro- benzotri azol e,

2.2. 2-Hydroxybenzophenones, for exampie the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyl-
oxy, 4-dodecyloxy, 4-benzyloxy, 4,2',4'-trihydroxy and 2'-hydroxy-4,4'-dimethoxy derivatives.

2.3. Esters of substituted and unsubstituted benzoic acids, as for example 4-tertbutyl-phenyl
salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyl resorcinol, bis(4-tert-butylben-
zoyl) resorcinol, benzoyl resorcinol, 2,4-di-tert-butyiphenyl 3,5-di-tert-butyl-4-hydroxybenzo-




nyl acryl ate, nethyl a-carbonethoxyci nnamate, nethyl

a- cyano- b- net hyl - p- met hoxy- ci nna- nmate, butyl

a-cyano- b- math | - p- met hoxy-ci nnamat e, net hyl a-carbonet hoxy- p-nmet hoxyci n-
nanmat e and™ é’@gr bomet hoxy- b- cyanovi nyl ) - 2- met hyI i ndol i H’\é Ragmg 13§ ckel
conpounds, for exanpl e ni ¢ckel conpl exes-@6-

2.,2"'-thio-bis-[4-(1,1, 3,3-tetrane- thyl butyl)phenol], such as the 1:1 or
1:2 conmplex, with or without additional |igands such as n-butyl am ne,
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i butyl di t hi ocar bamat e ni ¢ ts ste t he
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aci d, nickel conplexes of ket oxi mes, e.g. of 2-hydroxy-4-nethyl phe- nyl
undecylketoxine, nic h ol e,
With or  widffviagy ""dﬁg\ q&éﬁﬁagyang-bga S'é%&y é@?%?%odger e érg%(ny%’ﬁ éf or
exanpl e bi St(y?acB;.léie G'nétﬁj‘/l rd@eaﬁbbmbthéxynlnpamaﬂyin)eﬂ'ghﬁmaarm—b—methyl—p—methoxy-cmna-
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bi s( 1-oct yl meaﬁd ﬁ,(smwommmlcymmmmtmemm e,
bis(1, 2, 2,6, 6-pentanet hyl -4-pi- peridyl) _

n- butyl -3, 5-di-tert-butyl -4-hydroxybenzyl mal onate, the condensate of

1- (2- hydr oxas. mk_gzggm@@gg f&e)empmmmwomléxpapb&@'pﬁ\i@ebiﬁﬂ-ﬁé' Jfdeteamesi ni ¢

acid, line t

N 5 g TSP S it bt astion o o
4-tert-oct ym-{;mtylgmu@, tgtethqng -cycigh g dﬁhq{@lamme nickel d:butyldlthlocarbamate
tris(2, 2,6, rﬁcﬂe?&él@%?iﬂ&fﬁorfbaﬁk&%!ér@')éd fiid hbthgitor 'eﬂﬁﬁés?éreof 4-RjdreMyi35-di-8rtS, 6-

tet rarret hyI peri ut ane- te{ racar boxy
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tetranet y

bis(1,2, 2, %%H(a?‘f%ﬁ‘r?ﬁ?lﬁ'???ﬁs eridyl)-2-n-butyl -2-(2-hydroxy-3,5-di-tert-

butyl benzyl ) mal onat e,

3-n-octyl -7, &, Qe Rl Biiried; 13r ScahipfGiEB 26, -ie‘}raﬁ-]eﬂﬁﬁ-ﬁlblp%nﬂylﬁbgﬂﬁte
(28 Sericgh PhRAUIEY et f6r e it lnd olck

bi s(1-octy
b1 (- o0t y | s(h-28, leg ametyt-piperchIsyaailse Pech 226 fceammathyh4-pigaricylsebesatei
condensat es?] o oMnyyJE'ZGS é-?et:%n@tf@l—ﬁ-‘b’ip@ﬁ&%&@dﬁcal% Bis{162,2,6,6- pentamethyl-4-pt-

dyl ) hexanet yI enedi am n hol i no zine, the
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)2 1h|3 S-t 51 | GtRYIAE 2 8[E-teframetbiisq-Rydrexybipendireatidesticeinit etidalirear bheyclicoroidersates of
chl oro-
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8- acet yl - 3-dichdare-1,3,5-triazine, tris(2,2,6,6-tetramethyl-4-piperidyl)nitrilotriacetate, tetrakis(2,2,6,6-

C(y'z ; g o fe{rs%étﬂﬂst S¥deialn 3,253 hbliBA8 itk Abxybltél SCARE 2 2etrhindbigh Bis(Bs 8@decy | - |

tetramethylpiperazinone), 4-benzoyl-2,2,6,6-tetramethylpiperidine, 4-stearyloxy-2,2,6,6-
tetramethylpiperidine, bis(1 ,2,2,6,6-pentamethylplpendyl)-2-n-buty|—2 -(2-hydroxy-3,5-di-tert-
butylbenzyl)malonate, 3-n-octyl-7,7,8,9-tetramethyl-1,3,8-triazaspiro[4.5]decan-2,4-dione,
bis(1-octyloxy-2,2,6,6-tetramethylipiperidyl)sebacate, bis(1-octyloxy-2,2,6,6-tetrame-
thylpiperidyl)succinate, linear or cyclic condensates of N,N'-bis-(2,2,6,6-tetramethyl-4-piperi-
dyl)hexamethylenediamine and 4-morpholino-2,6-dichloro-1,3,5-triazine, the condensate of
2-chloro-4,6-bis(4-n-butylamino-2,2,6,6-tetramethylpiperidyl )-1,3,5-triazine and 1,2-bis(3-
aminopropylamino)ethane, the condensate of 2-chloro-4,6-di-(4-n-butylamino-1,2,2,6,6-pen-
tamethylpiperidyl)-1,3,5-triazine and 1,2-bis-(3-aminopropylamino)ethane, 8-acetyl-3-dode-
cyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5]decane-2,4-dione, 3-dodecyl-1-(2,2,6,6-tetrame-
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2-et hoxy di-tert ut oxani| ,. mxtures of o-

p- met hoxfletﬁf"é’ﬂbgm‘?'d'('@@ 2,6, Aetrametiyd-4-amingpineridipe or H2.28.6-geptamethyl-4-
p- et hoxy afHisopipetidihslt €d oxanilides. 2.8.2-(2-Hvdroxvahenvl)-|
.3.5-triazines, for exanple 2,4,6-tris(2-hydroxy-4-octyl oxyphenyl) -
1,3,5-triazine, 2-(2-hydroxy-4-octyl oxyphenyl)-4, 6-bis(2,4-di

met hy| ph@uy Oxarhidds For exasmplerde4'-dctyloxyoxanilide, 2,2'-diethoxyoxanilide, 2,2"-dioctyloxy-
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2, 4-bi s( r 0X
py| oxypthqs(@d(@tmﬂmmW)m% Y-ethaxys-tepibylyl-#@thoxanilide and its mixture

2-( 3 Eyg?\ﬁgnyéndggizgémfm%ﬁ)ﬁu@mmes ml)&lﬂ'emdl)éh@ em:iatdﬁ)exy:u.s%b&n&tea azi ne,
yl( ) - 1y3 ogar%{ fides gn gnc ures Xfp - amy p-)ethoky dlsubs(ngdted oxam? ée yip :
(2- hydroxy-4-tridecyl oxyphenyl) -4, 6-bi s(2, 4-di net hyl phenyl )-1,3,5-tri-

2.8. 2-(2-Hydroxyphenyl)-1,3.5-triazines, for example 2,4,6-_tris(2.-hydroxy-4-octyloxyphenyl)-
1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-
(2.4-dihydroxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2,4-bis(2-hydroxy-4-pro-
pyloxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis-
(4-methylphenyi)-1,3,5-triazine, 2-(2-hydroxy—4-dodecyioxypher_\yl)-4.6-bis(2,4-dimethy|phe-
nyl)-1,3,5-triazine, 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-tri-
azine, 2-[2-hydroxy-4-(2-hydroxy-3-butyloxy-propoxy)phenyl]-4,6-bis(2,4-dimethyl)-1,3,5-tri-
azine, 2-[2-hydroxy-4-(2-hydroxy-3-octyloxy-propyloxy)phenyl}-4,6-bis(2,4-dimethyf)-1,3,5-
triazine, 2-[4-(dodecyIoxy/tridecyloxy-z-hydroxypropoxy)-2-hydroxy-phényl}-4,6-bis(2,4-di-
methylphenyl)-1,3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-dodecyloxy-propoxy)phenyl}-4,6-
bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-hexyloxy)phenyl-4,6-diphenyl-1,3,5-
triazine, 2-(2-hydroxy-4-methoxyphenyl)-4,6-diphenyl-1,3,5-triazine, 2,4,6-tris[2-hydroxy-4-(3-

2-
n
2-

e R SR G By N e



az R

- hydr oxy- 4- ( 2- hydr oxy- 3- butyloxy propoxy)phenyl] 4, 6-bis(2,4-dinethyl)-

5-tri- azine,

-hydrowwawm@Zthdroxy 3 octyloxy propyloxy)phenyl] 4, GpddBrodnfsrsli et hyl

,3,5- triazine,

4- (dodecyloxy/trldecyloxy 2- hydroxypropoxy) 2- hydroxy phenyl) -4, 6- bi s( 2,
met hyl phenyl )-1, 3, 5-tri azi ne,

(thda?)é%{qwézpwg%;)p); ogy)gl(w)qdqg ﬁlzqoﬁ)i(]\éla%rngpzo (2y i)n)%poexgzl'hJn_ylA)'-’46(:1-methoxyphenyl)—

2- Eygr 0XgtpHeryRK 3, |5qnaz)irnh eqx-lhydi'o@&-d{aﬁtzeestlwlI}é%@g&;y)-thyamxglﬁppyloxy]phenyl}-

2- n eny riazine

. 6- %/rurgf( Gﬂﬁﬁ%g eiﬁypi" Mbéﬁ%ﬁzﬁ "PCT/ EPO0/ 11378 - 28

oxy- 2- hydr oxy- propoxy)phenyl] 1, 3,5-triazine, I

2-h dr o]

5. y Xé’ M%?%]ﬁh%%%at&é ﬁgwg_ bxﬁqar?-ﬁ %ﬂg% &%agérl%l%is%‘]%yf@drazme
bi s( 2 zN byi- bnedsawpmehxnrqzm B, =his(3.8di-fest-busyl-4Mydedxypheaylipropiangh) ydrazine,

npl e N, Ns-séi'ib*i & |h9)1@rﬂ ﬁlﬁzolé\" biftbérizyidehe)dxaifidfiyarezia¥! 0% ia&addphthaloyl

N -bis(salic

N, N - bi s( 3, @Veraz r%ebemwpﬁmqwhv@%%é\'mwwwliﬁmvs dibydiazide, M\ -bis(salicyl-
3-sal i cyl oydyposanPdikydtaZidd, N,asd(Saliciibyitiesrapibhy amgdraxaé.y| di hydrazi de,
oxani |l i de, |sophthaYoyI dlhydra2|de sebacoyl bl sphenyi hydrazi de,

N, N - di acet yl adi poyl di hydrazide, N, N -bis(salicyl- oyl)oxalyl

di hydr azi det. Hitdisikyldrminés $briexample| NiNdibenzyhydroyyaminé N Nadietbihydéoxylamine,

B AR Wl Ao

N, N-di | aur wiheyadesx!wdmxminw NiNtiiactadegylrysipaxyiachinex ii-hexadreyi-Ntostadecylhy-

=~

i
2-[
1,3
2-
)-1
2-[
4-di -
2-
bi s
2-(
2-(
2,4
but
2-(
2-{
4, 6-
exa
N,

di.hexadecyidpygh
N hexadecy! - N- oct adi’iim %e lﬁ%ﬁgqﬁa{wﬁ&)mh'%m'%dmxy'am'"e derived
N-hept adecﬂt’mw&ﬁﬂﬁ@ﬂ PURBYRA-ani ne, N, N-di al kyl hydroxyl amin' e derived

from hydrogenated tallow anmne. 5. Nitrones, for exanple,

N- b I he I-nltro | - al pha- e ni t.rone

o1 < Dha oiioRes i xAmbiey Bat fipk phEmER Rt N-hyraifta mehyi nitone, N-oo-
N-t et r adec Wyl-aiphpihaptyknitane, NAadrylcaysha-didebynitdes, w-te!&ané@ﬂ-plphéwmtrdhet None,
N- oct adec I

al pha- hep %/aggécd%Fﬂr?lih%fgg’ g;éﬁ 8@% é%ewgocft%%g agg%en a mtﬁmf ,rrblrl?gxadecyl-

N- hept adecy‘llpha-}hpmadmbnitrgmj é!cgqaiaqiepyl-@ma-pentadecyl-mtrone N-heptadecyl-a_ﬂpha-hep—
N-oct adeCy|tad%hﬂl?\ﬁroh€Xﬂ@%décgﬂélbﬁ&ﬂ@xad@é}l-ﬁ%ﬁe Gt Ml SHRANN Byt Y-

droxyl am ne derived from hydrogenat ed | ow am ne. osynergrsts, for

exanpl e, didrexiaminederivig f&?‘%BYQS?Qﬁ’@tqgrtalﬂi“éi@'ﬁ?yl t hi od| pr opi onat e.

8. Thiosynergists, for example, dilauryl thiodipropionate or distearyl! thiodipropionate.

1. Basic co-stabilisers, for example, melamine, polyvinylpyrrolidone, dicyandiamide, triallyl
cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides, polyurethanes, alkali
metal salts and alkaline earth metal salts of higher fatty acids for example calcium stearate,
zinc stearate, magnesium behenate, magnesium stearate, sodium ricinoleate and potassium
paimitate, antimony pyrocatecholate or zink pyrocatecholate.

8. Nucleating agents, for example, inorganic substances such as talcum, metal oxides such
as titanium dioxide or magnesium oxide, phosphates, carbonates or sulfates of, preferably,
alkaline earth metals; organic compounds such as mono- or polycarboxylic acids and the



7. Basic co-stabilisers, for exanple, nelam ne, polyvinylpyrrolidone,

di cyandi am de, triallyl cyanurate, urea derivatives, hydrazine

derivati \@gé l.nes, polyam des, polyurethanes, alkali netal salts and
al kal i ne %q9 tal salts of higher fatty acids for exZ2IVEPOYHBH um
stearate, zinc stearate, magnesi um bel2@8rate, magnesi um stearate, sodi um
ricinoleate and potassium palmtate, antinony pyrocatechol ate or zink
pyrocat echol ate. 8. Nucl eating agents, for exanple, inorganic substances

such as t dig\Bredtes. §|4—@<ﬂ-tﬁ@ﬂbeﬁﬂﬁbamasadimd@d”d ldfﬂwémﬂ’éﬁeﬁ@a&d soB@ResRicERatexi de,
phosphat es, carbonat sul fates of re al i ne eart h netals;
D g o cOrAROUAHEreos: RRyrIagh somBrunds sy BLA TR PR ST ¥ne. WO 01/ 38431
PCT/ EPOO/ 11378 -29 salts thereof, e.g. 4-tert-butyl benzoic acid, adipic

acid, di a [ di n ol yneric
: corrpoundga gedtée%foe?'&'l‘ el k&%kgﬁﬁgh%ﬁceu&fé}ﬁﬁ?ﬁiisﬁ%g gi%gtfs':?sgf o)r/m ng
agent s, fgiassshidhspasbesioal talcuiactiz mhicm dadum sulfate; metal oxigesiand hydoexides, cagt ass
bul bs, aspes |

Brtistk, grfagilhufé’byvhgﬁldd? an@ﬂ&ﬁ‘s oPfierd SPoft hatuf FEPE&L é%ih@ﬁ‘éfber S of

hydrOX|des car- graphite, wood fl our and our's”or
ot her natural products, synthetic fibers. 10. Qther additives. for

exanmpl e, f, @ﬁlﬁér%&fﬁe&; fo Biinpial iplaBticieds! Ibritanis, %mum.m Bigentd) Aoy
cal a '

additives ow co tro ent s br ht ener s,

ey ootddiien shipivats, SonCsertal sdents, A ALOVEHBRorE Jmearaoljad pgsnts, pntstati
Benzof ur asgntssandiibwingcgentsones, for exanmpl e those d| sclosed in U S
4,325,863; U.S. 4,338,244; U.S. 5,175,312; U. S. 5,216,052; U S. 5,252, 643;
DE- A- 4316611; DE- A— 4316622 ~DE- A-4316876; EP- A-0589839 or EP-A-0591102 or
3-[4-(2- Jirdes dolinones fdreatam:*lefchosbdisylbsamni.tﬁm&ﬁGB%ne

5 7-di-t fﬁfﬁ 2-one

3,3 Ib qé% 5?3.13.8’54431{% 4%553126‘{2'{@&" gg?ﬁ;grg) oxﬁﬁzgﬁ%ﬂﬁgﬁzo?zranoge one],

3 ot A H652: DE 16876 A I PTI0 s ARG IO o -4-(o-ncetayotnonyy \
(4-acet 5udte&ﬂ>uwmr&lamraﬂnziohe%77uﬂenb L&Wteé?@ﬁ@ §EihbR)phe-0Ne,

3- FhevyiPs
e o B e

hy| phesnel, 5; Edlierﬁbutyle&@—éjhmthéwlmtnman-aem3-(4-aéetatymz5 dkn&jhﬂﬂ*te— of the -

ent i 0N AgiRERETSodn2btutaNRE-GhE, 393 5¥im&GMIA piviioyRRyHehf RS di-tert-butyl-
benzofuran-2-one, 3-(3,4-dimethylphenyl)-5,7-di-tert-butyl-benzofuran-2-one, 3-(2,3-di-
methylphenyl)-5,7-di-tert-butyl-benzofuran-2-one.

Another subject of the invention is a process for improving the color of an oligoiner,
cooligomer, polymer or copolymer or blends thereof, containing a stable free nitroxyl radical

N—O- ;
/
by adding a reducing agent to said polymer and heating said mixture to above the glass
temperature in case of amorphous polymers or above the meiting point in case of crystalline
or semi-crystalline polymers; _
with the proviso that essentially no polymerizable monomer is present.

There are different reasons, why stable free nitroxyl radicals may be present in a polymer
One possibility is that graft polymers have been prepared in the presence of a nitroxyl radical
or a nitroxyl ether. Such a process typically comprises a first step A), wherein a stable



cool i gormer, polyner or copolyner or blends thereof, containing a stable
free nitroxyl radical NO by adding a reducing agent to said polymer and
heating said m xture to above the glass tenperature in case of anorphous
pol yners JVORMBHE the nelting point in case of crystallinBCT/EP00/11378

sem -crystalline polyners;-with the provd®so that ‘essentially no

pol yneri zabl e nmononer is present. There are different reasons, why stable
free nitroxyl radicals may be present in a polyner One possibility is that

graft pol Y ozl %Y%t Q"g‘?&?té?ircﬁﬁ’@é Sﬁﬂ%n‘nér tmhi%h Bfe@%ﬁfpﬂséﬁ‘ he’atlﬁ_ij h polyiier amtla cal  or
er

a nitroxyl process typical ises a first
wherein a somml@dwﬁwmgﬁbb@ﬁ’l{%@'i‘l et @eWPQ PB'QWf tlpedaéﬁ%% rn&dng

grafted ontgy ?ea%g\’tﬁ@ %omw&h&xlfs Stisamr térﬁﬁ&étuﬁé?%nbﬁﬁé s&@na smla)mmgraﬁeh a
conmpound cont al ni N

st radi cal of the
pol ymer, miPRiymgr of; A’éﬁ@??tﬁﬁ 'Wth%p@ﬁﬁ?f@rfgﬁp§ﬁyf nga\ﬁydur{sg t?@tﬁ’ ORghg'g%rd in a
second st ep|igdmériea Eniddrattre Aaihioheleavigessfaie wiroxybpoipmeribndroctitre. presence of
an ethylenically unsaturated nonomer or oligomer to a tenperature at which
cl eavage of the nitroxyl-polymer bond occurs. Such polyners, grafted in the
presence ofSugh polymersygraftediindbé presencerdf amisoxy! radi¢at or a nitroxy! §t51eaarem489r &rred

enbodi nent of %ﬁﬁéﬁt 0*{?“??%%@“{“'%8" stable free nitroxyl radical may

al so be pré’ é?'l e pol'ymne 0 Its adm xture for nononer
stabilization or due to its use as chain stopping agent. Preferred is a

process f o emué\ﬂéagmmgs @elkarméyfawb%/ﬁeééu inthé auy@armetbaﬁlaeminure for

pol ymeri zati on merizati on been .carried out in the presence
of a stabl dnqno@mer StﬁP'l'ﬂaGR?Pr ﬁ‘%ﬁ)‘P(',téI“s?\Pif APPSR of free radicals

capable of initiating the polynerization, or in the presence of a nitroxyl
ether N-O X resents.a u Vi n carbon atom
and is suc t?r?fﬁﬁfde‘ﬁﬁ(?r?‘feéé?&é'ﬂpg?ﬁ'f‘g "lfe‘g)? QEPQ?'B%S%%%O:%;%F%Q& initiating
pol yner i zatpolymetizztioh, vehichepalymerizgtiod- i@s beanl cardkd ofitdn the pressinae bta stable freet r oxy|
radi cal ; by adding a reducing agent to said polyner and heating said
m xture to above the g ass

nitroxyl radical N—Q. and a source of free radicals capable of initiating the

polymerization, or in the presence of a nitroxyl ether N—Q—X , wherein

X represents a group having at least one carbon atom and is such that the free radical

derived from X is capable of initiating polynﬁerization and the remaining N—Q. radical

forms a stable free nitroxyl radical;

by adding a reducing agent to said polymer and heating said mixture to above the glass
temperature in case of amorphous polymers or above the melting point in case of crystalline
or semi-crystalline polymers;

with the proviso that essentially no polymerizable monomer is present.

The process is preferably carried out, wherein the mixture is heated to 50°-150° C above the
glass temperature in case of amorphous polymers or 20°-180° C above the melting point in

case of crystalline or semi-crystalline polymers.



tenperature in case of anorphous polyners or above the nelting point in
case of crystalline or sem-crystalline polynmers; with the proviso that
essenti aly, %‘ {}% Iyrrerl zabl e mononer is present. The process is preferably.
carried ou erein the nmixture is heated to 50-150 C JKIEPOVHBTS g| ass
tenperature in case of anorphous pol ymdits or 20-180 C above the nelting
point in case of crystalline or sem-crystalline polynmers. WO 01/ 38431
PCT/ EPOQO' 11378 -31 The heating step of the process may be perfornmed in any
reactor suitable for mxing a polymer nelt. Preferably the reactor is an
extruder or kneadi ng apparatus as for exanple described in "Handbuch der
Kunst st of Tesdreatisg ster Proceggimaybe periqimgd dhanyvgaqerapitablesien mixing #ot ent e,

1989, paggsiyrdermell. Prelérably tHeltgSdtorl iS at'8RELdeN6r %M@@&p@é{ué)@s faeéfa'mé)@d as

D aces sasdamebalh Haripras ursiBReahph Vil aahe e Fohsshy A kFdpRS IR, 2"
Pol ymer s" Potentest988dpades 3;7. Hlanekiredeniscusedihe [Borass may beciesdribad as reactive  of
Chapman &eyigkibn pte2BE) Exdfifids oﬁb@d@wektnﬂaow eht S rE’ééééémlalg}oen Iply @N

ext ruder use han‘;r'gJ .S, applied
during e&'ﬁ?‘bgﬁ% in 38?‘2‘?’? ﬁgd'ﬁ 3‘?’35@5 a%edﬂbﬁ% %S " Typi cal
reacti on Piofessional @nfimprint af ﬂmpmasdolrldt L_DlmdmewS?.adhabﬁem Pages &P&r ably the
reaction tine is from 10 seconds to | h, nost preferably from 20 seconds
to 20 mn her sub s .the use of a uci_n for , rovmgthe
L 20 g SULEEle el s T S i,
cont ai ni nextrasien. ammla‘byqnoduc_tsrmawbe reandivexhiherelly.O Stil | anot her subject of the

invention is the use of a reducing agent for renoving the discoloration of
pol ymers,_ obt a| ned by radical mer i zation, which polymnerizatjon has been
PO ear 1 odTYBA PRI dnsp BEa e a Jw SoeIia P Ser LTS, POPEN T EATIORIme and o

sour ce ofis fromel0 seashdsdd 3 hempstipreferably ifromt 20decogdsttb@0 pdh.ymer i zation, or in

t he pr eschrothepsuldectis thexse ofet reducing agent for improving the color of an oligomer,

cooligomer, polymer or copolymer or blends thereof, containing a stable free nitroxyl radical

N—O-
/

Still another subject of the invention is the use of a reducing agent for removing the
discoloration of polymers, obtained by radical polymerization, which polymerization has been

carried out in the presence of a stable free nitroxyl radical N—O. and a source of free

radicals capable of initiating the polymerization, or in the presence of a nitroxyl ether
N—O—X , wherein

X represents a group having at least one carbon atom and is such that the free radical

derived from X is capable of initiating polymerization and the remaining N—Q. radical

forms a stable free nitroxyl radical.

T e B, e S St oA



N-O X , wherein X represents a group having at |east one carbon atomand is
such that the free radical \ derived fromX is capable of initiating

pol ynmeri zation and the remaining NNO radical fornms a stable free nitroxyl
radi cal . \WOOVs&8U31 PCT/ EPO0/ 11378 -32 The fol |l owi ng expopEPaViIdaust r at e
the invention. The nitroxyl-:compounds A, 3$8.and C:.used in the follow ng
exanpl es are known and can be prepared by oxidation of the correspondi ng
am nes for exanple according to US 5,654,434, 5,204,473 and GB 2 335 190.
Exanpl e 1 Col or inprovenent of polystyrene synthesized by controlled free
radi cal polynerization in presence of a nitroxyl radical In a 2 1 reactor
1.419 g (5.73880liowirig)exdinbles Hlgstrate thegrvesdiorand 2. 707 g (7. 615 nmol )
dodecanoi c acid-(2,2,6,6 tetranethyl-piperidine-4-yl-1-oxyl)ester (nitroxyl
A) are added to 1590 g (15.27 nol) styrene under argon atnosphere.

Di ssol ved Jm@éwxv@om@ﬁm& iBranddC usacHp theyfolaying Rremples AFe RAWT 3 @ndiss.  The
reaction Mgrddardd bySoskdatibn S10he BétrddPandifh SMMBs forediifble BEJHRERE &Y 8S 5B54434C f or

6 hours. Renmi ning nonomer_ is rempved at 60 C under vacuum The residue is
dried in a%3%&73apgPHAAER 1Pacuum and in a second step under nornal
pressure at 70 C until constant weight is achieved (1390 g pol ystyrene, 87
% conver si . F1romthe synt hesi zed pol ystyrene a nol ded plaque of 2 nmm

t hi ckness i%ﬂgpared (molding conditions: 1 mn heating, 1 mn nolding, 1
mn pr essuraalordrhmamerﬂ ofipolystyrért synthesized By Contr@led fidegragicall polymesigatiomdex i s
measured a pé%r &atrgdggghlﬁgé 83. In a twn screw extruder, nodel TW 100,
Haake, the synt hesi ze ystyrene is extruded together with the additives

given in table 3 at a tenperature Tmax = 220 C (heating zones 1 - 5) and
40 r/mn. T#Szmréaﬂim 418 gqseaslhﬁxa)ch Eér%yn%broaiadanaQv@vg@?%ﬁshﬁﬁ&) From t he
granul es nol pl aque 2 kness i s

condi ti ons doqieq@pp,lc ReigZ.A 8,6 tftrﬂlinﬁthyl-mpendme-:i—yl 1-0)8I)ester (nltro>gyl A) are gdded to
1590 g (15.27 mol) styrene under argon atmosphere. Dissolved oxygen is removed in re-

peating evacuation/Ar-purging steps. The reaction mixture is stirred and heated under argon
atmosphere to 125° C for 6 hours. Remaining monomer is removed at 60° C under vacuum.
The residue is dried in a first step under vacuum and in a second step under normal
pressure at 70° C untit constant weight is achieved (1390 g polystyrene, 87 % conversion).
From the synthesized polystyrene a molded plaque of 2 mm thickness is prepared (molding
conditions: 1 min heating, 1 min molding, 1 min pressure release, 3 min molding, T = 220°
C). The yellowness index is measured according to DIN 53383.

In a twin screw extruder, model TW 100, Haake, the synthesized polystyrene is extruded
together with the additives given in table 3 at a temperature Tax = 220 °C (heating zones 1
- 8) and 40 r/min. The product is granulated from strands in a water bath. From the granules
a molded plaque of 2 mm thickness is prepared (moiding conditions: 1 min heating, 1 min
molding, 1 min pressure release, 3 min molding, T = 220° C).

The plaques are stored at 80° C in a circulating air drying oven in order to determine
discoloration during thermal aging after definite time intervals. Table 1 shows the measured
yellowness index at different time intervals (h).



nolding, 1 mn pressure release, 3 mn nolding, T = 220 C). The plaques are
stored at 80 Cin a circulating air drying oven in order to determ ne

di scoloration during thernmal aging after definite tine intervals. Table 1
shows t h&"M8Hed “yel | owness index at different tine PETEPMMIETS(h). WO
01138431 PCT/ EPOQO 11378 -33 Table 1:-g2F1 owness i ndex of nol ded

pol ystyrene prepared by controlled free radical polynerization using
nitroxyl A No. polynmer additives YI 0 h 250 h 500 h 1000 h 1500 h 2000 h
starting Mﬁl@@%ll&ﬂre’és meﬂoﬂﬂoiéeo%’oly%tﬁ&elpraﬂaré’d bW@dnﬂ’blle’ﬁ' freeMglipslocessi ng
corrparatl startin V\nthout 15.2 23.5 24.4 27.7 28.8 35.8 exanple, V1

mat eri al Sé{?ﬁﬂzét'%‘ NgrtaRy A, 1% a- 7.9 13.0 13.0 13.5 14.0 14.1 materi al

phel | ahdrene+ 0 107 “NaH2 Oé E! Exanpl e 2-4 Col or grprovemant of
pol ysg%ne golm %‘fwml%{g n:-it:a‘ée ;r gglncalril (m)dgl expéeli ment) Ig a tvmrgnzcr ew
r, node , 0
gétsf” /1 ex BABF, MFR(20/5) = 2. 9)[0% &F?la%@@@@%‘?ﬁ%@h ool
d 2,26, 6- -l - < CXA
52323» T L B i [T ]

Tmax éhar;\(ohéprbcesgmgores 1 - 5) and 4Q r/ mjn The product |s granul ated

fromstrands infa water RQath. From tjhe granules a noldedjplaqug of R mm

t hi cknless is pr 3pared (myl di ng condiftiond: 1 rfin hegating | mip nolding, 1
essure T Erease, 3ot — T3 22 J (e yeltowneps T1mdex i s

measurfedmaaretived| slgringo DIf Wit g3. 18.2 |23.5 (244 |27.7° 288 |[35.8
example, V1 | material
Example 1 starting 0.1% a- 79 }13.0 |13.0 |135 140 |14.1
‘material phellandrene+
0.1%
NaH2PO2*H20
Example 2-4

Color improvement of polystyrene containing nitroxyl-radicals (model experiment) .

In a twin screw extruder, model TW 100, Haake, a commercial general purpose polystyrene
(PS-165/H ex BASF, MFR(200/5) = 2.9) is extruded togsther with 0.1% decandioic acid
bis(2,2,6,6-tetramethyl-piperidine-4-yl-1-oxyl)ester (CXA 5415, commercial nitroxyl of Ciba
Specialty Chemicals) at a temperature Tmax = 220 °C (heating zones 1 - 5) and 40 r/min.
The product is granulated from strands in a water bath. From the granules a molded plaque
of 2 mm thickness is prepared (moiding conditions: 1 min heating, 1 min moiding, 1 min
pressure release, 3 min molding, T = 220° C). The yellowness index is measured according
to DIN 53383.

The nitroxy! radical containing granulate IS extruded for a second time together with the
additives given in table 1 (Tmax = 250 °C (heating zone 1 - 5) and 40 r/min), granules are
formed and molded plaques are prepafed as given above.

The plaques are stored at 80° C in a circulating air drying oven in order to determine
discoloration during thermal aging after definite time intervals. Table 2 shows the measured
yellowness index at different time intervals (n). '




The nitroxyl radical containing granulatée is extruded for a second tine
together with the additives given.in table.-1 (Tmax = 250 C (heating zone 1
--5) and 40 r/nmin), granules are -forned and nol ded pl aques are prepared as
gi ven abovwo oihA#3pl aques are stored at 800 C in a circul aPCEgErPet/n13r yi ng
oven in order to determne discoloratiopsduring thermal aging after
definite tine intervals. Table 2 shows the neasured vyellowness index at
different tine intervals (h).. WO 01/38431 PCT/ EPQO/-11378 -34 Table 2:

yel | owness i ndex of nol ded pol ystyrene No. polyner additive YI Ch 100h
starting material, PS-165/Hwth 0.1 %7.1 7.5 VO CXA 5415 conparative

gr anul at ed Tesle 2/geligwngssindexiefiqldes polyslyrene 6  exanpl e, V2 exanple 2
granulated PS, VO 0.5% y-terpinene 5.9 7.0 exanple 3 granulated PS, VO
0.25% 7-terpinene £ 6 0 6.8 Q0 2504 NaHRPQR* HRQ gxanpl-e—d—grardtateqd PS, VO
0.5% a-phelma_ndrene 7.2 9pdiymexanpl e 5-{@déibeor i nprovenent ofi pol ygt hyl ene
contai ningfnitroxyl-radiqals (nodel experinent) In a twn scriew extruder,
nodel ZSK 25, Werner & Pfll eiderer, a cgmercial grade |{h dgqriédhy
pol yet hyl e 2 Em 3R AS—NHR(I-5 02T —-3—erxtt-treig d
toget her  \kthRing mhterid)de d®@soi65/H with 0.1% 7.1 7.5
acid(2, 2,6)6-tetranet hyl gfg&eghgl ne-4-yll - 1-oxyl)ester af a tdgnperafjure
Tmax = 200]¥0(heati ng zon =“5) and |100 r/ m n. The pyoduct] i s gjanul at ed
f r om st r an¢s——a—weter—ibath—Fr-omtheg—gramutes—a ot dé)i e (élll-Z nm

t hi ckness i| sompeeativeed ( ngigchinulgteddRE MOt | javitboutjadditive heat i filg:8 | g‘ﬂ@ | di ng, |
mn pressu ExdritlE¥5E 3mMnnolding, T 220 Q The ye]l owngss ingex is
nmeasured agcording to DIN 53383

—

n et o

example 2 granulated PS, VO 10.5% y-terpinene 5.9 7.0

example 3 granulated PS, VO |0.25% y-terpinene + 6.0 6.8
' 0.25% NaHoPO2*H20

example 4 granulated PS, VO |0.5% o-phellandrene |7.2 9.2

Example 5-8

Color improvement of polyethylene containing nitroxyl-radicals (modetl experiment)

In a twin screw extruder, model ZSK 25, Werner & Pfleiderer, a commercial grade low
density polyethylene (Lupolen 1812E ex BASF, MFR(190/21.6) = 34) is extruded together
with 0.1% dodecanoic acid(2,2,6,6-tetramethyl-piperidine-4-yl-1-oxyl)ester at a temperature
Tmax = 200 °C (heating zones 1 - 5§) and 100 r/min. The product is granulated from strands
in a water bath. From the granules a molded plaque of 2 mm thickness is prepared (molding
conditions: 1 min heating, 1 min molding, 1 min pressure release, 3 min molding, T = 220°
C). The yellowness index is measured according to DIN 53383.

The nitroxyl radical containing granulate is extruded for a second time together with the
additives given in table 1 (Tmax = 220 °C (heating zone 1 - §) and 100 r/min), granules are
formed and molded plaques are prepared as given above. Table 3 shows the measured

yellowness index.

Table 3: yellowness index of molded polyethylene



The nitroxyl radical containing granulate is extruded for a second tine
together with the additives given in table 1 (Tmax = 220 C (heating zone 1
- 5) and 100 rlmn), granules are forned and nol ded pl aques are prepared
as gi ven V¥@8YIBITah| e 3 shows the neasured vyel |l owness PERELPV/MAE e 3:

yel | owness i ndex of nolded pol yet hyl en®5W0 01/ 38431 PCT/ EPOQ) 11378 -35 No.
pol ynmer additives Yl starting material Lupolen 1812E with 0.1 % 18.5
nitroxyl A conparative granul ated LDPE, wi thout additive 31.5 exanple, V3~

starting jraterral exanple 5 granul ated Edo 1 % a- phelfl andreje 19.0
starting erial exanp|RY"%Yr anul at ed LOBENNGS104 NaH2PO™M20 16. 5

starting jmtertal. exanpl.e 7/ Qgr at.e , 0.1 % a-phelfl gndrepe + 15.5
starting pPiarng metegalyo, \Hé'ﬂﬁlp%ig&%ow'h'bgék‘pl e 8 granul ated |'BPE, . 1% Na2S2CB
22.0 starting materi al |ntrdxyloXyl A = dodgcanoic
acid(2,2,6,6-tetranet hy] - pi peridine-4-vyl{l-oxyl)ester E{anple $-13 Col or

| mprove t of ystyr LW Ng nit -radi cal s (| el é¢xperinent)
In atw %@P@%ﬁ‘géxtrudea?&#gagéeq 25, @Eﬁée{#aid?@ﬁ ei der?r‘)'s a Eormerci al
general pexgogle, Vol yst pstariing nsterid65/ H e BASF, MFR(200/§) = 2.9) is

ext ruded frogettrer—wrt P 059 octadeTanuif T :
aci d( 2, 2,|exanplesr anet hyjgranulsied IdRRk- 4- y| {0 18%ha phelisadreneat |390enpérat ure Trmax
220 C (hdating zones 1 fstaptingdhstedddO '/ m m. The product ig granujated from
strands ijn_a_water bhatlh FEromthe granules a.-nplded.pladue of P nmm

thi cknesqekdmplé gpar ed (|graridiabedl LDPE, 0.1% NaHoPOo*H,0 [16.5
starting material

example 7 granulated LDPE, 0.1% a-phellandrene + | 15.5

starting material 0.1% NaHoPO5*Ho0
example 8 granulated LDPE, 0.1% NapS03 220
starting material

nitroxyl A = dodecanoic acid(2,2,6,6-tetramethyl-piperidine-4-yl-1-oxyl)ester

Example 9-13 _
Color improvement of polystyrene containing nitrcj:xyl-radicals (model experiment)

|
In a twin screw extruder, model ZSK 25, Werner & Pfleiderer, a commercial general purpose
polystyrene (PS-165/H ex BASF, MFR(200/5) = 2.9} is extruded together with 0.05%
octadecanoic acid(2,2,6,6-tetramethyl-piperidine-4-yl-1-oxyl)ester at a temperature Tax =
220 °C (heating zones 1 - 5) and 100 /min. The product is granulated fr_om strands ina
water bath. From the granules a molded plaque of 2 mm thickness is prepared (molding
conditions: 1 min heating, 1 min molding, 1 min p'ressure release, 3 min molding, T = 220°
C). The yellowness index is measured on a Minolta CM 3600D according to DIN 6167.
The nitroxyl radical containing granulate is extruded for a second time together with the
additives given in Table 4 (Tmax = 220 °C (heating zone 1 - 5) and 100 r/min), granules are
formed and molded plaques are prepared as given above. Table 4 shows the measured

yellowness index.

Table 4: yellowness index of molded polystyrene



condi ti ons:
nol di ng,

T =220 Q.

| mn heating,

| nmin noldi

ng,'

3600D according to DIN 6167. The i troxyl

extruded fyphofadagcond tine together with the
220 C (heating zone | )
nol ded plaques are prepared as given above.

( Tmax

- 5) and

r adi cal

r/mn),

1 mn pressure rel ease,
The yel | owness ‘i ndex i.s.measured on a Mnolta CM

containing granulate is
addi tives gpgfrreon1Fabl e 4
granul es are
Tabl e 4 shows the neasured

3mn

f ormed and

yel | owness index. Table 4:. yel |l owness index of rml-ded pol ystyrene 2 WO
01/ 38431 PCI/EPQ0/ 11378 -"?ﬁ- \Va) nnl AVIae= : - mat eri al
PS- 165/ H 0.1 % 5.8 nidohxyer B corrpar édd.tﬁeexarrpl e, bd PS,
without addifive 10 0 VA Ktarting paterig . | PS. 0.1 %
cal cui nti t ’régrgn Imaterigt arti r@s_mlﬁrmmlo e%a bl e 10 granul at e D. 1%
| rgafos TN g9 startingf material exanplle 11 granul ated PS, 0. }1% Irganox
3052 8.6 ftarting materi a8l e 12 grqnul ated PS, 0. 1% My( H2pOR) 2* H20
8.5 start | pl-e—13—granutated—RS—0—o-stualrerre—81 5
starting nedoRiphativeétanipie)| dianulaed RSecanm without additive 10.0
acid-(2,2,RK,6-tetranet hyl - D'trg Iﬁ Qa?ia -yI 1-oxyl)ester Irgafos TNPP
=tri s(nony enyl ) phosphi tE %) rcral ploduct of Ciba Specialt
Chemi cal s)f_Ir ox 3052 = 19 imcitrate 7.3
2-(1, 1-di neetxﬁ?g%t yl)-6-[ 3-%"_3melat8d 3 met hyl et ?ly(")qa&c-uhn;/(}r oxy-54 °
starting material
example 10 granulated PS, 0.1% Irgafos TNPP 5.9
starting material
example 11 granulated PS, 0.1% Irganox 3052 8.6
- | starting material
example 12 granulated PS, 0.1% Mg(H2PO2)2*H20 | 8.5
starting material
example 13 granulated PS, 0.1% squalene 8.5
starting material
nitroxyl B=  octadecanoic acid~(2,2,6,6-tetramethyl-piperidine-4-yl-1-oxyl)ester

Irgafos TNPP =tris(nonylphenyl)phosphite (commercial product of Ciba Specialty Chemicals)
Irganox 3052 = 2-(1,1-dimethylethyl)-6-[3-(1, 1-dimethylethyl)-2-hydroxy-5-
methylphenyljmethyl-4- methylphenyl acrylate (commercial product of Ciba Specialty

Chemicals)

Example 14-20
Color improvement of polystyrene containing nitroxyi-radicals (model experiment)

in a twin screw extruder, model ZSK 25, Werner & Pfleiderer, a commercial general purpose
polystyrene (PS-165/H ex BASF, MFR(200/5) = 3.5) is extruded together with 0.05% acetic
acid(2,6-diethyl-2,3,6-trimethyl-piperidine-4-yl-1-oxyl)ester at a temperature Tmax =220 °C
{heating zones 1 - 5) and 100 r/min. The product is granulated from strands in a water bath.
From the granules a molded plaque of 2 mm thickness is prepared (molding conditions: 1



met hyl phenyl j net hyl - 4- net hyl phenyl acrylate (commercial product of Ci ba
Specialty Chem cals) Exanple 14-20 Col or inprovement of polystyrene

cont ai ni % ni troxyl -radi cals (nodel experinent) In a twin screw extruder,
nodel Q8138 ner & Pfleiderer, a comercial general PEINEPOEH3?S

pol ystyrene (PS- 165/ H ex BASF, NFR(200$"6-) = 3.5) is extruded together with
0.05% acetic acid(2,6-diethyl-2,3,6-trimnmethyl-piperidine-4-yl-1-oxyl)ester
at a tenperature Tnmax = 220 C (heating zones 1 - 5) and 100 r/mn. The ’

product irgin Gbaitg! @hﬁﬁimﬁfdﬁﬁ‘ $M@Bﬂ§sdré‘re%a‘é@t39rﬁmbﬁ$lmng T+ 9fpeld)erd anul es a
mol ded pl ague of. 2 knessmg di ng condltlons 1 W

01/ 38431 YP@PY’EF’E)@F’?L’SL’§T'8“5”@¢ ofiaMing! ‘FMSGOQD ?ﬁcﬁ"q‘ﬁﬂt&% 7.nin pressure

rel ease, 3 m n nolding, T = 2200 C). The vyellowness |ndex |s measured on a
Mnolta acc to DIN 6167. The nitrox ont ai ni ng

gr anul at 8}49 f’i‘fﬁ‘éagc?rg?'ﬁ'ﬁggéaé'BHE ¢ Pﬁﬁ‘#&g"é?ﬁ?”’?ﬂy‘l"i’?@ "&'&\ lF‘\eves gi ven
}n tagl eaadlﬁﬁ]smwen iR2ble@ (Thpat= 289 °Cdhenrtihg zérje HnG) atﬁ(]ﬂﬂ/mmmjl) gragm!asnanieest ﬁre
ormed a Egg[ ws e
measur edq ye Iag%£§%$@eég$£§ fsSge\felﬁoa\%\‘éegg'alﬁlg ex \g%-ﬁﬂz %é prgl ystyrene
No. pol yryekowndss inlees Yl starting material PS-165/H with 0.1%2.4

nitroxyl C conparative granulated PS, w thout additive 4.2 exanple, VS

starting _material exanple 14 granulated PS, 0.1%Irgafos P-EPQ 3.5
starting Tﬁﬁ'ﬁe"’rﬁilpwﬁﬁs&rf‘bqeéq!!m dRolvaty'eRe PS, 0.1 %I rgafos TNPP 2.9

starting[atertar _exanpl € 10 granmatm_ 0 PO~ HA0 3.9
No. polymer addifives Yl

starting material PS-165/H with 0.1% 24
nitroxyl C
comparative granulated PS, without additive 4.2
example, V5 starting material
example 14 granulated PS, 0.1% lIrgafos P-EPQ 3.5
starting material
example 15 granulated PS, 0.1% lrgafos TNPP 2.8
' starting material
example 16 granulated PS, 0.1% NaHoPO2*H20 3.9
starting material
example 17 granulated PS, 0.1% a-phellandrene 3.8
starting material
example 18 granulated PS, 0.05% a-pheliandrene + |3.8
starting material 0.05% NaHaPOZ*H0
example 19 granulated PS, 0.1% 33
starting material . | dodecylmethacrylate
-fexample 20 granulated PS, 0.1% Irgafos 126 36

starting material
nitroxyl C=  acetic acid(2,6-diethyl-2,3,6-trimethyl-piperidine-4-yi-1-oxyl)ester
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starting material exanple 17 granul.ated PS,, 0.1 % a-phel | andrene 3.8
starting material exanple 18 granul-ated PS, -0, 05% a-phel | andrene + 3.8
starting material 0.05% NaH2PO2* H20 ‘exanple 19 granul ated PS, 0.1% 3.3
starting wedemssadr . dodecyl net hacryl at e exanpl e 20 gr anul p¢HEPIRS1378. 1%
Irgafos 126 3.6 starting material nitroyl C = acetic
acid(2,6-diethyl-2,3,6-trinethyl-pipe(dine-4-yl-1-oxyl)ester WO 0158431

OIS 5 R e 0 0 i
Sy A M RN i

=t ri s( nony (copthestyibl) phmregitt bECiba Speaialtyi CHemicatsluct of Ci ba Special ty

Chem cal s) ,lrga 126 = : : ; i

bi s(2, 4-di -"’9@'8? trgléf’ yT%ﬁﬁ@HW")"B%"rYPS%?‘“‘{/’P'Fﬁ %Pf“mefﬁ%g Bﬁufted (':%rr?*r%erc&ai"%l pr oduct

of Ci ba Sohemialsy Chem cal s) WO 01/38431 PCT/EPOQ 11378 -39- Cains 1. A
conpositio b Si iRt I AFREI | @8ierci@l ProdiRf ofOr
copol yrer II)}PQ@%TE?%S '[\ﬂse(rz’g(l)?' ‘,'l’éré%ﬁ?gl?enrﬁggergéérgtﬁfggﬁxghﬁagté eril':igt r oxyl qir adi cal
IN-0. ; an€@il®) a redulnesipitaGbamical§) t h the proviso that the composition is
essentially free of a polynerizable nonomer. 2. A conposition according to
claiml conprising, a) at |east one oligoner, cooligoner, polyner or

copol ynmer, obtained by radical




pol yneri zati on, which polymnerization has been carried out in the presence
of a stable free nitroxyl radical NO- and a source of free radicals
capable of initiating the polynerization, or in the presence of a nitroxyl.
et her N-WOO1384Herein X represents a group having at | esct/eesopasar bon at om
and is such that the free radical dergyed fromX is capable of initiating
pol yneri zation and the remaining -O radical forns a stable free nitroxyl
radi cal ; and b) a reducing agent; with the proviso that the conposition is
essenti aId:l imfsr ee of a polynerizable nmononer. 3. A conposition according to
claim1, ein the reducing agent is a cyclic ethylenically wunsaturated
conpound hAdompoaitiomeamristtghydr ogen at om a phosphor ous conpound with

oxi dati orgy Iavﬁsaronbbhg?én%?. RligoMer SRt o codiymer br Blefdd! theteof BSRAHAYG 2V t h

oxi dation nunber |- TV and a valence of 2 or 4 or a m xture of salg

reduci ng agents. 4. A corrpo§i tion according to claim3, wherein the

reduci N9 dhpdred MitréxylMadich € QLR G¥Rdi c ethylenical ly unsaturated conpound
having an allylic hydrogen g om and a phosphorous | "1™ 1L i 111"

11 1l x CL M5 WO01/38431 | I!'11111111111 huh 1111111 I!hl
PCT/ EPOQ . X .M'S -40- conmpound with oxidation nunber I-1V and a
val ence Obgja\%z&%c:@ agreha sul fur conpound with oxidation nunber |I-1V and a

val ence ofith2he proviso that the compesitionjinessautially free gf 2 polpherizable madoseei n t he
reduci ng agent is H3PQ2 (phosphinic acid), H4P204 (hypodi phosphonic acid),
H3PO3/ H4P205 ( phasphoni c-/ di ph_osPhoni c.acid), HAP206 (hypodi phosphoric

aci d), H2sAsomppsijenacearding 4 HRIMLL FORRNISIGy| furi c aci d), H2S204 (dithionic
aci d), H2paBbiti 586 oligotisr,dabliyemmet, Polytiel bF copdlymet, dbtairsd By Rdiiéas ul f eni ¢ aci d)

or R-S=0O-OH (suylfin.c acid)., or and, their .a ni al kal i, netal or alkali
ohrth moPaetizaten, which Syniskiedlon FRg el cad off M 6 PrederiLsr aRRERISE ¢ he
reduci ng agent is P2 (phosphinic acid), or a Na, K Ca, My or ammoni um
sal't thercolu rididd) O/N-‘—"bf NG & SV HrrellFdilals capable of initiating the

polymerization, or in the presence of a nitroxyl ether N—Q—X , wherein

X represents a group having at least one carbon atom and is such that the free radical

derived from X is capable of initiating polymerization and the remaining N—OQ. radical

forms a stable free nitroxyl radical; and
b) a reducing agent;
with the proviso that the composition is essentially free of a polymerizable monomer.

3. A composition according to claim 1, wherein the reducing agent is a cyclic ethylenically
unsaturated compound having an allylic hydrogen atom, a phosphorous compound with
oxidation number I-IV and a valence of 3 to 5 or a sulfur compound with oxidation number [-
IV and a valence of 2 or 4 or a mixture of said reducing agents.

4. A composition according to claim 3, wherein the reducing agent is a mixture of a cyclic
ethylenically unsaturated compound having an allylic hydrogen atom and a phosphorous

I
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7. A conposition accorei-rg—te—clalm-1l, wherein the reducing agent is a
cyclic nono-, sesqui- or di-terpene having an allylic hydrogen atom 8. A
cenposi tion accordi n '"lm Imm ,IJM ein the reducing agent is 7-terpinene
or a phei warnissse 9 ']ccor ding to clai ml1, rorared/nidshe
reduci ng agent is presen ah doodnt 0kg. 0.01%to 5% based on the wei ght

of the polynmer. 10. A process for inproving the color of an oligoner,
cool i gomer, polyner or copolymer or bl ends thereof containing a stable

f | radic _0"% by addin dy
e bbbt i 77 o0 BBl S S8 oA S Bl ™

anor phous pgidxticarrunter Bivoard & vedenvelof Rhg4.poi nt |n case of crystalline or
sem -crystalline polyners; with the proviso that essentially no

pol ymeri zabl e nononer is present. 11. A process according to claim10 for

i mpr ovi ng 15hA compaositianfacoerdingde slaim b wierein theyredusingcagent 'pdﬂg DQReRhogRhIG,  whi ch
pol ymeri za l -/diph bficktag WO

%) 43451 pEFREHRR1BgRaRRbdpnEr; B IPURFADERARGNCR /doiicphofic BB 12
radi cal s c&laBiledhypodiphpsphatic agid tHeS26d b Sas (suifgryfieshthiogpifyric ac e9ence of a

nitroxyl ef@@fonit-detd) H sONPGS@stakufc&ar/@ismmsacm Ws-d}a(éuﬁe'uehcnli)aaSt one
carbon atomand i s suczh

f ble of
i ni tiating BT (sk'@'ic@ﬁ' gﬂ’oe"tdﬁge'E gﬁﬁ‘ir"ﬁ"ﬁ“ﬁ';%" r@eta ﬁka&lea @s;)? abfae0
free nitroxyl radical; by addlng a reducing agent to said polyner and
heat i d t t h
pol ymor's. of- A6B0RSTRE ShePARdTo pafi,p iktein b TBALRG ot i 12 oo AHiE PO
sem - cryst akil), oea pial Kn@a,Mg o arhmoniumsalt theseof 1 withtor witheutcrystal ywates.

pol ynmeri zabl e nononer is present. 12. A process according to claim?9,
wherein the mxture is heated to 50-150 C above the qgl ass te erature in

case of andr plcomposiianaseerding to olgim Bovhereip HhesedyringAgerfing qyelicp “91 sesquiz of
crystal | i ng gitefpRhé h&ingSarPallyiid ¥ydAsgenratar.

8. A composition according to claim 1, wherein the reducing agent is y-terpinene or -

phellandrene

9. A composition according to claim 1, wherein the reducing agent is present in an amount of
0.01% to 5% based on the weight of the polymer.

10. A process for improving the color of an oligomer, cooligomer, polymer or copolymer or

blends thereof, containing a stable free nitroxyl radical N—Qe. .

by adding a reducing agent to said polymer and heating said mixture to above the glass
temperature in case of amorphous polymers or above the melting point in case of crystalline
or semi-crystalline polymers;

with the proviso that essentially no polymerizable monomer is present.

11. A process according to claim 10 for improving the color of polymers, obtained by radical
polymerization, which polymerization has been carried out in the presence of a stable free



13. Use of a reducing agent for inproving the color of an oligoner,
cool i goner, polyner or copolyner or blends thereof, containing a stable

free nitr ical N-O 1121122!" 2212222 vLEerr reeer e vl L
FO1ssae PCT/EPO0/11378

-41-
nitroxyl radical N—Q. and a source of free radicals capable of initiating the

polymerization, or in the presence of a nitroxyl ether N—O—X , wherein

X represents a group having at least one carbon atom and is such that the free radical

derived from X is capable of initiating polymerization and the remaining  N—Q» radical

forms a stable free nitroxyl radical;
by adding a reducing agent to said polymer and heating said mixture to above the glass

temperature in case of amorphous polymers or above the melting point in case of crystalline

or semi-crystalline polymers;
with the proviso that essentiafly no polymerizable monomer is present.

12. A process according to claim 9, wherein the mixture is heated fo 50°-150° C above the
glass temperature in case of amorphous polymers or 20°-180° C above the meiting point in
case of crystalline or semi-crystalline polymers.

13. Use of a reducing agent for improving the color of an oligomer, coofigomer, polymer or

copolymer or biends thereof, containing a stable free nitroxyl radical N—Oe.

-
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