WO 2004/ 078785 PCT/ EP2004/ 050183 -1- Dispersing agents in nanoconposites
The present invention relates to a conposition, preferably a nanoconposite

mat er | al jsing (a) a synthetic polymer, especially j b)
a fi W@?ﬂﬂézﬂggﬁ% ly a natural or synthetic phyllosilicat }@f&iﬁhﬁg{)ﬂpgé of
such phyllosillcates, preferably in nanoparticles, and (c) a dispersing
agent prepared by controlled free radical polynerization (CFRP). The
present Invention relates also to a process for the preparation of a

synt hetic pol yner nanoconposite material which conprises nelt mxing a

m xture of a) a synthetic polynmer, b) a filler, and c) a dispersing agent
prepared by controlled free radical polynerization and to the use of the
|atter to intercalate and exfoliate a filler and disperse the filler In a
synthetic polynmer matrix to forma nanoconposite material. The addition of
fillers to organic materials, especially polynmers, is known and is descri bed
for exanple in Hans Zweifel (editor), Plastics Additives Handbook, 5th
Edition, pages 901- 948, Hanser Publishers, Minich 2001. The use of fillers
in polyners has the advantage that it-1s possible to bring about

i nprovenent in, for exanple, the mechanical properties, especially the
density, hardness, rigidity (nodulus) or reduced shrinkage of the polyner.
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The addition of fillers to organic materials, especially polymers, is known and is described
for example in Hans Zweifel (editor), Plastics Additives Handbook, 5th Edition, pages 901-
948, Hanser Publishers, Munich 2001. The use of fillers in polymers has the advantage that
it Is possible to bring about improvement in, for example, the mechanical properties,
especially the density, hardness, rigidity (modulus) or reduced shrinkage of the polymer.

Using extremely small filler particles (with one dimension < 200 nm), so-called nano-scale
fillers, mechanical properties, heat distortion temperature stability or flame retardant
property of the polymers can be improved with a much lower concentration, typically 2 to 10
% by weight compared to 20 to 50 % by weight with the normal micro-scale filler particles.
Polymers containing nano-scale fillers combine favourable mechanical properties like
strength, modulus and impact, and show improved surface qualities like gloss, lower tool
Wear during processing and better canditions for recycling. Coatings and films comprising
nano-scale fillers show improved stability, flame retardance, gas barrier properties and
scratch resistance.

Nano-scale fillers possess an extremely large surface area with high surface energy. The
deactivation of the surface energy and the compatibilization of the nano-scale fillers with a
polymeric substrate is, therefore, even more important than with a common micro-scale filler
in order to avoid aggregation during processing or conversion of the filled polymer and to
reach an excellent dispersion of the nano-scaled filler in the final article.



in order to avoid aggregation during processing or conversion of the filled
polymer and to reach an excellent dispersion of the nano-scaled filler in
the final article. WO 2004/ 078785 PCT/ EP2004/ 050183 -2 There Is a

subst ¥ 2804/9I8At |iterature on organic-inorgani ¢ nanoconpBETVER2094450183
clays or layered silicates such as nontnorillonite and synthetic polyners.
Pol yol ef i n nanoconpo- sites have been prepared from organic nodified clays.
The clays used are generally nodified with alkyl or dial kyl amoni um i ons
or amnes or in a few cases other oniumions, |ike for exanple phosphonium
| ons. The amoni um |l on/am ne additives are usually incorporated into the
clay structure by a separate solution intercal ation step. These conventi onal
organi c nodified clays have a nunber of disadvantages when used for the
preparation of polyol efin nanoconposites. Amoniumsalts are thermally
unstable at tenperatures used in polyolefin processing or may be ot herw se
reactive under processing conditions. These instabilities result in poor
processing stability, inferior nmechanical proper- ties, discoloration, odor
formation and reduced long-termstabiljty In addition to the formation of
vol atile by-products. In order to i nprove the pol yol efin nanoconposite
formation by nelt processing the use of an additional conpatibilizer has
been proposed, nost often a maleic anhydride grafted polypro- pylene, which
in working exanples is present as a major conponent of the final product. M
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5 temperatures used in polyolefin processing or may be otherwise reactive under processing

conditions. These instabilities result in poor processing stabillity, inferior mechanical proper-
ties, discoloration, odor formation and reduced long-term stability in addition to the formation
of volatile by-products.

In order to improve the polyolefin nanocomposite formation by melt processing the use of an
additionai compatibilizer has been proposed, most often a maleic anhydride grafted polypro-
pylene, which in working examples is present as a major component of the final product.

M. Kawasumi et al., Macromolecules 1997, 30, 6333 — 6338 ér U.S. 5,973,053 disclose that
a polypropylene nanocomposite Is obtained when a clay, premodified with octadecylammo-
nium salts, is compounded with polypropylene in the presence of polyolefin oligomers conta-
ining polar functionality, for example maleic anhydride grafted polypropylene.

Although compatibilizers can improve the stability of nanocomposites mainly with regard to
avoiding agglomeration of the filler, the other weaknesses of the nanocomposites are not
improved.

It has now been found that improved synthetic polymer materials with better long term ther-
mostability and with reduced odor and reduced undesired discoloration which occurs as a
result of the decomposition of the modification agents, can be prepared by the use of a dis-
persing agent prepared by controlled free radical polymerization.



parsi ng agent prepared by controlled free radical polynerization. WO

2004/ 078785 PCT/ EP2004/ 050183 -3 The present invention therefore provides a
conpas) i | ising a) a synthetic polynmer, b) a filler, and c)

di spgwg h@}é@gﬁg prepared by controlled free radical pol yrrePCI&m@ﬂM()mp)
Preferably, conponent (b) Is a filler In nanoparticles. O interest are also
conpositions conprising as conponent (b) a filler in nanoparticles or a

mat eri al which produces a filler in nanoparticles under processing
conditions. Conponent (c) is suitable for intercalating and exfoliating a
filler and dispersing the filler in a synthetic polynmer matrix, especially
a thernoplastic polyner, to forma nanoconposite material. Exanples of such
synthetic polyners are: 1. Polynmers of nonool efins and diol efins, for
exanpl e pol ypropyl ene, polyisobutyl ene, po- |y(but 1-ene),

pol y(4- net hyl pent - 1-one), poly(vinylcycl ohexane), polyisoprene or polybuta-
diene, as well as polyners of cycloolefins, for Instance of cycl opentene or
nor borneri e, poly- ethylene (which optionally can be crosslinked), for
exanpl e high density polyethylene (HOPE), high density and high nol ecul ar
wei ght pol yet hyl ene (HDPE-HWN, high density and ultrahi gh nol ecul ar wei ght
pol yet hyl ene (HDPE- UHMA , nedi um density pol yethylene (MOPE), | ow density
pol yet hyl ene (LOPE), i near Iom1den5|ty pol yet hyl ene (LLDPE), (VLDPE) and
(ULDPE) . Polyolefins, | mers of nonool efins exenplified in the
precedi ng par B’F%?BH”"%?‘EW@’“?’EBF de53) CORPIIOR ARMPERIAY pol ypr opyl ene, can be
prepared by did)f ersgmbsticpolymeespecially by the follow ng, nethods: a) radica
polynerlsatloq,(gqmgqhhy under high pressure and at el evated tenperature),

b) catalytic pglynerlsatlon US|E%ﬂa cat%%¥st t hat nornallé:contalns one or
more than one®nédiiPerging ggepi Rseparethiy capfsoliedree rgglical/pelymesigatiog (CABEY-i odi ¢ Tabl e.
These netals usually WD 2004/ 078785 PCT/ EP2004/ 050183

Preferably, component (b) Is a filler in nanoparticles.

Of interest are also compositions comprising as component (b) a filler in nanoparticles or a
material which produces a filler in nanoparticles under processing conditions.

Component (c) is suitable for intercalating and exfoliating a filler and dispersing the filler in a
synthetic polymer matrix, especially a thermoplastic polymer, to form a nanocomposite
material.

Examples of such synthetic polymers are:

1. Polymers of monoolefins and diolefins, for example polypropylene, polyisobutylene, po-
ly(but-1-ene), poly(4-methylpent-1-ene), poly(vinylcyclohexane), polyisoprene or polybuta-
diene, as weil as poilymers of cycloolefins, for instance of cyclopentene or norbornene, poly-
ethylene (which optionally can be crosslinked), for example high density poiyethylene
(HDPE), high density and high molecular weight polyethylene (HDPE-HMW), high density
and ultrahigh molecular weight polyethylene (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).

b) catalytic polymerisation using a catalyst that normally contains one or more than
one metal of groups IVb, Vb, VIb or VIiI of the Periodic Table. These metals usually



-4 have one or nore than one ligand, typically oxides, halides, alcoholates,

esters et hers, am nes, alkyls, alkenyis and/or aryls that may be either n-
%gﬁégbmﬁjgg' These netal conplexes may be in the free formor fixed on

substr éally on activated magnesi um chloride, titTYEP2004)050183

chloride, alumna or silicon oxide. These catalysts may be sol uble or

I nsoluble in the polynerisation nmedium The catal ysts can be used by

t hensel ves in the polynerisation or further activators may be used,
typically netal alkyls, nmetal hydrides, netal al kyl halides, netal alkyl

oxi des or nme- tal al kyloxanes, said netals being elenments of groups la, Ila
and/or Ilia of the Pe- riodic Table. The activators nmay be nodified

conveniently with further ester, ether, amne or silyl ether groups. These
catal yst systens are usually terned Phillips, Standard G| Indiana, Ziegler

(-Natte), TNZ (DuPont), metallocene or single site catalysts (SSC). 2.

M xtures of the polyners nentioned under 1), for exanple m xtures of

pol ypropyl ene with polyisobutyl ene, polypropylene with pol yethylene (for
exanpl e PP/ HDPE, PP/LDPE) and m xtureg _of different types of polyethylene
(for exanple LDPE/HDPE). 3. Copolyners of nonool efins and diolefins with
each other or with other vinyl nononers, for exanple ethyl ene/propyl ene

copol yners, |ineag.d gw &ern&e&%nmbsgénhyiyﬁm kde ol dcolilatést b L her eof
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et hyl ene/ hept ene ﬂ%@.@@héﬁgﬁémmﬁhm‘&eﬁ%&ﬁhg rid %Ql "\“Fgﬁ, 'con oxide. These

et hyl ene/ vi nyl cycl ohex yners n copo yners (e.g.
et hyl ene/ norborrer?éavﬁwatee)s g il P GPYTRISRISR A1 The GHAWE ¢ e
1-olefin is gene-canb¢ esd Ibmremsal\yesm'rtb@ydlpmédﬁort adurthacactvaind yagbeysed,

i sobutyl ene/i SOpr@Iﬁllfﬂ&Q'aﬁ&Errﬁewl h§drid¥ %ﬂaa( éﬁ;yf‘ﬁ/i&?é%&gﬁ%@ﬂ&qﬁ%%émer S,
et hyl ene/ al kyl te co ner s, ene acryl ate copol yners,
et hzl ene/ vi nzl ad@t%@"@"%ﬁ?aé?‘?ﬁﬁ%s Q?f"gé*{eﬁS‘?Ptéﬁfeqr%‘{PFﬁ g a&‘é’?’d“a efdpoP ?frrgr syand

their salts (i onolgic3ablaTheattivaias niag ibp alodifier @nehiesttywith durthenestdn, qtegpy| ene and

a d't ene Sugh as hmwedar%m ettibk gvo%h@ﬁﬁggeaé{a@ﬁesry%mgmydshgmﬁnaerﬁamfpge?e agd
1m)X ag:;)\elz, Of or sg)(z COgrd gll Indlana. Ziegler (Natfaa?OTNZ {DuPont), metallocene rrrselrﬁg?e mrrl%n 'oned 1n

catalysts (SSC).

2. Mixtures of the polymers mentioned under 1), for example mixtures of polypropylene with
polyisobutylene, polypropylene with polyethylene (for example PP/HDPE, PP/LDPE) and
mixtures of different types of polyethylene (for example L. DPE/HDPE).

3. Copolymers of monoolefins and diolefins with each other or with other vinyl monomers,
for example ethylene/propylene copolymers, linear low density polyethylene (LLDPE) and
mixtures thereof with low density polyethylene (LDPE), propylene/but-1-ene copolymiers,
propylene/isobutylene copolymers, ethylene/but-1-ene copolymers, ethylene/hexene copo-
lymers, ethylene/methylpentene copolymers, ethylene/heptene copolymers, ethylene/octene
copolymers, ethylene/vinylcyclohexane copolymers, ethylene/cycloolefin copolymers {e.g.
ethylene/norbornene like COC), ethylene/1-olefins copolymers, where the 1-olefin is gene-
rated in-situ; propylene/butadiene copolymers, isobutylene/isoprene copolymers,
ethylene/vinylcyclohexene copolymers, ethylene/alkyl acrylate copolymers, ethylene/alkyl
methacrylate copolymers, ethylene/vinyl acetate copolymers or ethylene/acrylic acid
copolymers and their salts (ionomers) 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
polypropylene/ethylene-propylene copolymers, LDPE/ethylene-vinyl acetate copolymers
(EVA), LDPE/ethylene-acrylic acid copolymers (EAA), LLDPE/EVA, LLDPE/EAA and
alternating or random polyalkylene/carbon monoxide copolymers and mixtures thereof with
other polymers, for example polyamides.



pol ypr opyl ene/ et hyl ene- pr opyl ene copol yners, LDPE/ ethyl ene-vinyl acetate
copolynmers (EVA), LDPE/ ethylene-acrylic acid copolyners (EAA), LLDPE/ EVA

LLDP al ternating or random pol yaliryi ene/ carbon nonoxi de
copo%mﬁmW#ﬁ xtures thereof with other polyners, for SEHEP3004/050183

pol yam des. WO 2004/ 078785 PCT/ EP2004/ 050183 -5 4. Hydrocarbon resins (for
exanpl e C5-Cg) including hydrogenated nodifications thereof (e.qg.
tackifiers) and m xtures of polyal kyl enes and starch. Honopol yners and
copolynmers from1l.) - 4.) may have any stereostructure including

syndi otactic, isotactic, heterotactic or atactic. Stereoblock polyners are
al so included. 5. Polystyrene, poly(p-nethylstyrene), poly(a-nethylstyrene).
6. Aromatic honopol yners and copol yners derived fromvinyl aronmatic nonomers
including styrene, anethylstyrene, all isonmers of vinyl toluene, especially
p-vinyltoluene, all Isoners of ethylstyrene, propylstyrene, vinylbiphenyl,
vi nyl napht hal ene, and vi nyl ant hracene, and m xtures thereof. Honopol yners
and copol yners may have any stereostructure including syndiotactic,
isotactic, heterotactic or atactic; whgre atactic polyners are preferred.

St er eobl ock polyners are also included. 6a. Copol yners including

af orenenti oned vinyl aromatic nononers and conononers selected from

et hyl ene, propylene, dienes, nitrites, acids, maleic anhydrides, naleim des,

vinyl acetate ,and vinyl .ch] oride or rylic derivatives and m xtures
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st yr enel et h{d-&taskifiers)ane pistugasof sojyalkgengs emdstas¢hkyl et hacryl at e,
styrene/ but adi ene/ al kyl acryl ate, styrene/butadi ene/ al kyl nethacryl ate,

styrenel mal gi ¢ _aphydride, styrene/acrylqnitrile/nethyl acrylate: m xtures of
hi gh i npact ﬁo@?pﬂgﬂéfsha@f éc’é’f"}’/%%’ﬁ °8’o§f£>l’f‘ Py &8 a&'ﬁoﬁt%%qsg‘bcﬁ?r‘%ﬁ?m? or exanpl e
a pol yacr yl sngiotagticdiselartic, hatsrojaetic or @tactignSterethjdck pelymarere Blenm inflddedne t er pol yner ;
and bl ock copol yners of styrene such as styrene/butadi ene/styrene,

St o1 enel et 91 RGBT BHbGHERLIRERY ooy VBN at od & omat i ¢ pol yrer s
derived from hydrogenati on of polyners nentioned under 6.), especially
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styrens, o-methylistyrene, all isomers of vinyl toluene, especially p-vinyltoluene, all isomers
of ethylstyrene, propylstyrene, vinylbiphenyl, vinylnaphthalene, and vinylanthracene, and
mixtures thereof. Homopolymers and copolymers may have any stereostructure including
syndiotactic, isotactic, heterotactic or atactic; where atactic polymers are preferred.
Stereoblock polymers are also included.

6a. Copolymers including aforementioned vinyl aromatic monomers and comonomers
selected from ethylene, propylene, dienes, nitriles, acids, maleic anhydrides, maleimides,
vinyl acetate and vinyl chloride or acrylic derivatives and mixtures thereof, for example
styrene/butadiene, styrene/acrylonitrile, styrenelethylene (interpolymers), styrene/alkyl
methacrylate, styrene/butadiene/alkyl acrylate, styrene/butadiene/alkyl methacrylate,
styrene/maleic anhydride, styrene/acrylonitrile/methyl acrylate; mixtures of high impact
strength of styrene copolymers and another polymer, for example a polyacrylate, a diene
polymer or an ethylene/propylene/diene terpolymer; and block copolymers of styrene such
as styrene/butadiene/styrene, styrenefisoprene/styrene, styrene/ethylene/butylene/styrene
or styrene/ethylene/propylene/styrene.

6b. Hydrogenated aromatic polymers derived from hydrogenation of polymers mentioned
under 6.), especially including polycyclohexylethylene (PCHE) prepared by hydrogenating
atactic polystyrene, often referred to as polyvinylcyclohexane (PVCH).

6¢. Hydrogenated aromatic polymers derived from hydrogenation of polymers mentioned
under 6a.).



atactic polystyrene, often referred to as pol yvinyl cycl ohexane (PVCH). 6c.
Hydr ogenat ed aromatic pol yners derived from hydrogenati on of polyners

ment i E %€$§Fr 6a.). WD 2004/078785 PCT/ E1p20041050183 -6 Honopol yners
and cgﬁﬁ 9 7§§y have any stereostnicture including syndi BCIZEP2004/050183C -
tic, hem-isotactic or atactic; where atactic polyners are preferred.

St er eobl ock polyners are also included. 7. Gaft copol yners of vinyl
aromati c nononmers such as styrene or a-nethylstyrene, for exanple styrene
on pol ybut adi ene, styrene on pol ybut adi ene-styrene or pol ybut adi ene-acry-
lonitrile copolyners; styrene and acrylonitrile (or methacrylonitrile) on
pol ybut adi ene; styrene, acrylonitrile and nethyl nethacrylate on

pol ybut adi ene; styrene and nal ei ¢ anhydri de on pol ybut adi ene; styrene,
acrylonitrile and mal ei ¢ anhydri de or nal eim de on polybutadl ene; styrene
and mal ei m de on pol ybut adi ene; styrene and al kyl acryl ates or

nmet hacryl ates on pol ybut adi ene; styrene and acrylonitrile on

et hyl ene/ propyl ene/ di ene terpolyners; styrene and acrylonitrile on

pol y(al kyl acryl ates) or poly(al kyl ngthacrylates), styrene and
acrylonitrile on acryl at e/ butadl ene ¢Opol ynmers, as well as m xtures thereof
with the copolyners |isted under 6), for exanple the copol yner m xtures
known as ABS, MBS, ASA or AES polyners. 8. Hal ogen-containing polynmers such
as pol ychl oropreno, chlorinated rubbers, chlorinated and brom nated

copol yner diomosaimersdnd igepoiygssimeayedialeral sbreosplictura biicleding syotibleeticrisated or sul f o-
chl ori nat edicahiidtdrrit 6dtactic WREL ¥iaBIcolprhers b YlefBd. BhdedbicRpdiypie4le €t hyl ene,
epi chl or ohy r|n hono- and copol yners, especially polyners of

hal ogen-co Uﬁ%ﬁﬁ vi nyl conmpounds, for exanple poly(vinyl chloride),

pol y(vinylidene chloride), poly(vinyl fluoride), poly(vinylldene fluoride),
as well as ﬁ?@@t xas%ryaeismﬁﬁﬁfarm@ maﬁmﬁewéakh a@ﬁ%h@af wam&nwén@ i&hl oride,

vi nyl chl o- /vinyl acetate or vinylidene c de/ w%aéi acet at e
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| mpact - mo Iankydnde on poly utal lene s ene. acrylomtnle and maleic anhydride or maleimide on

polybutadiene; styrene and maleimide on polybutadiene; styrene and alkyl acrylates or
methacrylates on polybutadiene; styrene and acrylonitrile on ethylene/propylene/diene
terpolymers; styrene and acrylonitrile on poly(alkyl acrylates) or poly(alkyl 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.

8. Halogen-containing polymers such as polychloroprene, chlorinated rubbers, chlorinated
and brominated copolymer of isobutylene-isoprene (halobutyl rubber), chlorinated or sulfo-
chiorinated polyethylene, copolymers of ethylene and chlorinated ethylene, epichlorohydrin
homo- and copolymers, especially polymers of halogen-containing vinyl compounds, for
example poly(vinyl chloride), poly(vinylidene chloride), poly(vinyl fluoride), poly(vinylidene
fluoride), as well as copolymers thereof such as vinyl chloride/vinylidene chloride, vinyl chlo-
ride/vinyi acetate or vinylidene chloride/vinyl acetate copolymers.

9. Polymers derived from o,p-unsaturated acids and derivatives thereof such as polyacry-
lates and polymethacrylates; polymethyl methacrylates, polyacrylamides and polyacryloni-
triles, which can be impact-modified with butyl acrylate.

10. Copolymers of the monomers mentioned under 9) with each other or with other unsatu-
rated monomers, for example acrylonitrile/ butadiene copolymers, acrylonitrile/alkyl acrylate
copolymers, acrylonitrile/alkoxyalkyl acrylate or acrylonitrile/vinyl halide copolymers or acry-
lonitrile/ alkyl methacrylate/butadiene terpolymers.



10. Copol ynmers of the nmononers nentioned under 9) with each other or with
ot her unsatu- rated nononers, for exanple acrylonitrile/ butadi ene

copol wigp onitrilel/alkyl acrylate copolyners,
acryl oni %‘fﬁil‘(@??’ioxyal kyl acrylate or acrylonitrile/vinyl HEETEP2084850183 s

or acry- lonitrile/ alkyl nethacryl ate/butadi ene terpolyners. WO 2004/ 078785
PCT/ EP2004/ 050183 -7 11. Polyners derived fromunsaturated al cohols and

am nes or the acyl derivatives or ace- tals and their hydrolysis products,
for exanple poly(vinyl alcohol), poly(vinyl acetate), poly- (vinyl

stearate), poly(vinyl benzoate), poly(vinyl naleate), polyvinyl butyral),
poly(allyl phtha- late) or poly(allyl nelamne); as well as their copol yners
with olefins nentioned in 1) above. 12. Honopol ymers and copol yners of
cyclic ethers such as poly(al kyl ene glycols), poly- (ethylene oxide),

pol ypropyl ene oxi de) or copolyners thereof with bisglycidyl ethers. 13.

Pol yacetal s such as pol yoxynet hyl ene and t hose pol yoxynet hyl enes whi ch
contain ethylene oxide as a conononer; polyacetals nodified with

t her nopl asti c pol yuret hanes, acrylates or MBS. 14. Pol yphenyl ene oxi des and
sul fides, and m xtures of pol yphenyl ene oxides with styrene polyners or

pol yam des. 15. Pol yurethanes derived from hydroxyl-term nated pol yet hers,
pol yesters or pol ybutadi - enes on the one hand and aliphatic or aromatic

pol yi s0CYangt e, 8l hllGe@hdi lnseflioleldhnciSand BRFGULSRL Scyf R0k or 1. POl yam des
and copolyan1de¥ errved Tromdiam nes an 5?carbox¢f|c i gsrand/ or " from
am nocar bo>gs prd teif bysrolypis predudiss for exampledioly(yinyalqoliels poly(yinyl @cetatp) BolYyol yani de 4,
ol yam de L A oo PG RS adi pi ¢
aci d; pol yé%e)ggé&%@@lp&aeﬁagﬁ ) gg? b ﬁsz?(%#gé%'?%%n“é%iog%%ég"gﬁ%g|jns3%{%%’& ic or/and
terephthalic acid and with or without an elastoner as nodifier, for exanple

pol yh 2h4i 4,12t rHomepdiyrhere arihabblyrheds) of cltyarc@ﬂhtsm:lcmat fgely(@lkylen Qlygol ) g&mny: ene .
i sopht hal a : Fﬁ;@ P ned pol yam des
wi th pol yolrnét ennse?%g?)g‘#%r@g%gﬁlxﬁfgog norr?glﬁesréogrgtc %{%ﬁ @P{hbrgbonded or

grafted elastoners; or with polyethers, e.g. with pol yethylene glycol,
pol ypr opyl et3e Rpliywcaddls edch as polyoxymethylene and those polyoxymethylenes which contain
ethylene oxide as a comonomer; polyacetals modified with thermoplastic polyurethanes,

acrylates or MBS.

14. Polyphenylene oxides and sulfides, and mixtures of polyphenylene oxides with styrene
polymers or polyamides.

15. Polyurethanes derived from hydroxyl-terminated polyethers, polyesters or polybutadi-
enes on the one hand and aliphatic or aromatic polyisocyanates on the other, as well as
precursors thereof.

16. Polyamides and copolyamides derived from diamines and dicarboxylic acids and/or
from aminocarboxylic acids or the comresponding lactams, for example polyamide 4,
polyamide 6, 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 acld and with or without an
elastomer 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
polytetramethylene glycol; as well as polyamides or copolyamides madified with EPDM or
ABS; and polyamides condensed during processing (RIM polyamide systems).

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



pol ytetranet hyl ene glycol; as well as pol yam des or oopol yam des nodifi ed

with EPDM or ABS; and pol yam des condensed duri ng processi ng (RI'M pol yam de

syst yureas, polyim des, polyam de-i m des, poI herim ds
yggpeyfolog‘n 873 pol yhydant oi ns and pol ybenzi i dazol es. HEP@?%@@I%

PCT/EP2004/050183 -8 18. Pol yesters derived fron1dicarboxyllc acids and

di ol s and/ or from hydroxycarboxylic acids or the correspondi ng | actones,

for exanpl e polyethylene terephthal ate, polybutylene terephthalate,

pol y- 1, 4-di met hyl ol cycl ohexane t erepht hal at e, pol yal kyl ene napht hal at e

(PAN) and pol yhydr oxybenzoates, as well as bl ock copol yether esters derived

from hydroxyl-term nated pol yethers; and al so polyesters nodified with

pol ycarbonates or MBS. 19. Pol ycarbonates and pol yester carbonates. 20.

Pol yket ones. 21. Pol ysul fones, poiyether sul fones and pol yet her ketones. 22.

Crosslinked pol yners derived from al dehydes on the one hand and phenol s,

ureas and nelam nes on the other hand, such as phenol |l fornmal dehyde resins,

ureal/ f or mal dehyde re- sins and nel am nel f or mal dehyde resins. 23. Drying and

non-drying al kyd resins. 24. Unsaturaged pol yester resins derived from

copol yesters of saturated and unsaturated dicarboxylic acids with

pol yhydri c al cohols and vi nyl conpounds as crosslinking agents, and al so

hal ogen- cont ai ni ng nodi fications thereof of low flammability. 25.

Crossl i nkahjge C fr c for exanple

epoxy acr ybl 1 a'?byex e{fr%eE ﬁ fﬂﬁn 9&{,{, 5’? 9 ac'dg%‘?ﬁ% "é’ﬁg ﬁ%’r’% ér%/’ggr&%g'c Al kyd

resins, poIW'é%P'éﬁhe rcersqsmndmdpctye«wyfoa@)@ww@sqowg ﬂ?@s‘éﬂepme wielbutyigeari ne

resins, urtaapmmums poly-3 awmto&ﬁdohéﬁﬁ@ytmymaéms,, PBIQAINIcHO C HaphthbIas Of €epoxy

resins. ( ;&ﬁogﬁd ng@gro%(af%ate§sé ”%elP'SE 'bY %' 'e@@%t &ived ¥ Jnoa' | phatic,

heterocycll |egC|dyI
et hers of W@Wbﬁ?ﬂ?'"ﬁe%?ﬂwe P’§{ﬁﬁéﬁ‘é‘? pqty%t?ﬁl"@ﬁif eqa\f' %@"F‘ﬁk@’d”% th customary

har deners such as anhydrides or am nes, with or W|thout accel erators.
19. Polycarbonates and polyester carbonates.

20. Polyketones.
21. Polysulfones, polyether sulfones and polyether ketones.

22, Crosslinked polymers derived from aldehydes on the one hand and phenols, ureas and
melamines on the other hand, such as phenoi/formaldehyde resins, urea/formaldehyde re-
sins and melamine/formaldehyde resins.

23. Drying and non-drying alkyd resins.

24. Unsaturated polyester resins derived from copolyesters of saturated dnd unsaturated
dicarboxylic acids with polyhydric alcohols and vinyl compounds as crosslinking agents, and
also halogen-containing modifications thereof of low flammability.

25. Crosslinkable acrylic resins derived from substituted acrylates, for example epoxy acry-
lates, urethane acrylates or polyester acrylates.

26. Alkyd resins, polyester resins and acrylate resins crosslinked with melamine resins,
urea resins, isocyanates, isocyanurates, polylsocyanates or epoxy resins.

27. Crosslinked epoxy resins derived from aliphatic, cycloaliphatic, heterocyclic or aromatic
glycidyl compounds, e.g. products of diglycidyl ethers of bisphenol A and bisphenol F, which
are crosslinked with customary hardeners such as anhydrides or amines, with or without
accelerators.



WO 2004/ 078785 PCT/ EP20041050183 -9 28. Blends of the aforenmentioned
pol ynmers (polyblends), for exanple PP/EPDM Poly- am de/ EPDM or ABS,
PVC/ EVA, . PVC/ ABS, PVC/ MBS, PC ABS, PBTP/ ABS, PC/ ASA, PC/ PBT, PVC/ CPE,
Pve a1 29049787851 t her mopl astic PUR, PC/ t her nopl astic PUR, pEIAYPacsydsuiss
POM MBS, PPO H PS, PPO PA 6.6 and copol yners, PA/HDPE, PA/ PP, PAI PPQ
PBT/ PC/ ABS or PBT/ PET/PC. The synthetic polynmers to be protected are
preferably thernoplastic polyners, especially polyoleffns, polystyrenes,
pol yam des, pol yesters, polyacrylates, nost preferably polyolefins, in
particul ar pol yet hyl ene and pol ypropyl ene or copol yners thereof w th nono-
and diolefins. Preferred fillers are for exanple natural or synthetic
phyll osilicates or a m xture of such phyl- losilicates. O interest are
conpositions wherein conponent (b) is a natural or synthetic phyllosilicate
or a mxture of such phyllosilicates wherein conponent (b) can be nodified
or unnodified by a nodification agent such as, for exanple, an ammoi um an
am ne or a phosphonium com pound. Fillers of special interest are for
exanple layered silicate clays. O very special interest are conpositions
conprising as conponent (b) a nontnori®tonite, bentonite, beidelite, mca,
hectorite, saponite, nontronite, sauconite, vermculite, |edikite, mgadite,
kenyal te, steven- site, vol konskolte, hydrotalcite or a m xture thereof.
Conponent (B BlkRdnef e Aomnentinned polymrss frolyblensts). dorraxameplp CAYERRM. &gint such as,
for exanpl eamide/BPBUIME NABSTPVEVEVATIFVE/ABS, RVOIMBSD PC/ABSFBIFBSNGC/ASKANI es of
modi {1 cal | opcARRN kRl TARMRIS AifinALaIERIE: phmcilflEnd B2 mmoni um
conpounds, tor exanple,  distearyltinme X anmoni um’chrort de,
st ear y| benz{PH{asdieiey PRAWARE: UTRAHIPS, PO@PA &% and, pepoiyrers. SAGEIRR FAEPhoxyami ne
or am nodogserOPET/REABS brrmTyrETeRcal |y avai l abl e as Nanofil (RTM from
Sadchem e, GCermany]; dinmethyl ditallow amonium trioctyl nethyl anmoni um
di pol yoxyet hyl eneal kyl met hyl amoni um or pol yoxypr opyl enenet hyl di et hyl
amoni um (E%/ﬁm@weii%mweéﬁ/ i Be sptectassarerpigferably dhenperiastie PolyaTeR. §spRMIAINCO- OP
Chemi cal ] ; polyolefins, polystyrenes, polyamides, polyesters, polyacrylates, most preferably polyolefins,

in particular polyethylene and polypropylene or copolymers thereof with mono- and diolefins.

Preferred fillers are for example natural or synthetic phyllosilicates or a mixture of such phyi-

losilicates.

Of interest are compositions wherein component (b) is a natural or synthetic phyllosilicate or
a mixture of such phyllosilicates wherein component (b) can be modified or unmodified by a
modification agent such as, for example, an ammoium, an amine or a phosphonium com-
pound.

Fillers of special interest are for example layered silicate clays. Of very special interest are
compositions comprising as component (b) a montmorillonite, bentonite, beidelite, mica,
hectorite, saponite, nontronite, sauconite, vermiculite, ledikite, magadite, kenyaite, steven-
site, volkonskolte, hydrotalcite or a mixture thereof.

Component (b) can be unmodified or modified by a modification agent such as, for example,
an ammonium, an amine or a phosphonium compound.

Examples of modification agents for nano-clays are for example:

1. Amine and ammonium compounds, for example, distearyldimethylammonium chloride,
stearylbenzyldimethylammonium  chloride, stearylamine, stearyldisthoxyamine or
aminododecanoic acid [commercially available as Nanofii (RTM) from Siidchemie,
Germanyl; dimethyl ditallow ammonium, trioctylmethyl ammonium,
dipolyoxyethylenealkylmethyl ammonium or polyoxypropylenemethyldiethyl ammonium
[commercially available as modified Somasif (RTM) from CO-OP Chemical];



WD 2004/ 078785 PCT/ EP20041050183 -10 octadecyl am ne,
triethoxysil anyl - propyl am ne [commercially avail able as Nanoner (RTM from

Nanocg&b, 840% %koxyl at ed ammoni um conpounds such as for exanpl e octadecyl
bi s(p 0%9@ gséne[ 15] ami ne [ Et homeen (RTM from East man] ®CTHEP20RC050183

met hyl  bi s(pol yoxyet hyl ene[ | 5] ammoni um chl ori de [ Etoquad (RTM from
Eastman] or just the corresponding free am nes. 2. Phosohoni um conpounds,
for exanpl e tetrabutyl phosphoni um or octadecyl triphenyl phosphonium
[commercially available fromEastman). 3. Qthers, for exanple, triethoxy
octyl silane [commercially avail able as Nanonmer (RTM from Nanocor],
ammoni um sul foni um or pyri di um conpounds as di sclosed for exanple in

WO A- 01/ 04050 or WO-A-99/67790 ; bl ock graft copolynmers such as for exanple
PEO b- PS or poly-4-vinylpyridine-b-PS; or solvents for swelling such as for
exanpl e y- butyrol actone, 2-pyrrolidone, dinethylsulfoxide, diglyne,
tetrahydrofuran or furfuryl alcohol. Conpositions which are of interest

i ncl ude those conprising as conponent (c) a random bl ock, star or conb
copol ymer prepared by controlled free1radical pol ymeri zati on. Such

di spersing agents prepared by control18a free radical pol ymeri zation are
known. Their preparation is disclosed for exanple in C Auschra at al.,

Progress in ani ¢ at.i n 4 83 - 93 (2002). .The pr.eparat,i of the

i Sper i ng SRRPLETR: CBHoRA LG orEne JRTEReAl mates 28 ERRR B ' o
preferal |y B&eneNangoprlf poiyalkoxdiateshpramenium cempoynds sueh \aedferi exemplenodiadesyhe presence
of al koxyanbiggoljdjdityRnef samige!| [BihehedhO M NASH EéimaiP oY "Eddédyi iyl N t he
e o LM SAPFHI Hrth Eie B PR CHE L (oo
of free rad " a r

pol yner i zat cumesgoadimPyee aprineg4) RAFT pol yneri zati on which refers to a nethod
of polynmer synthesis by radical poly- nerization using chain transfer agents

uhi ch T eact ) DY X Elish Phadiadl tr Warmoid IAI R nodRbidl of Baldich "AREHF" - VIO
2004/ 078785"P
phosphonium [commercially available from Eastman].

3. Others, for example, triethoxy octyl siléne [commercially available as Nanomer (RTM)
from Nanocor], ammonium, sulfonium or pyridium compounds as disclosed for example in
WO-A-01/04050 or WO-A-99/67790 ; block graft copolymers such as for example PEO-b-
PS or poly-4-vinylpyridine-b-PS; or solvents for swelling such as for example y-
butyrolactone, 2-pyrrolidone, dimethylsulfoxide, diglyme, tetrahydrofuran or furfuryl alcoho!.

Compositions which are of interest include those comprising as component (c) a random,
block, star or comb copolymer prepared by controlled free radical polymerization.

Such dispersing agents prepared by controlled free radical polymerization are known. Their
preparation is disclosed for example in C. Auschra et al., Progress in Organic Coatings 45,
83 — 93 (2002).

The preparation of the dispersing agents by controlled free radical polymerization (CFRP)
can preferally occur by four suitable routes:

al) Polymerization in the presence of alkoxyamine initiator/regulator compounds;

a2) Polymerization in the presence of a stable nitroxyl free radical and a radical Initiator
(source of free radicals);

a3) Polymerization under atom transfer radical polymerization (ATRP); or

a4) RAFT polymerization which refers to a method of polymer synthesis by radical poly-
merization using chain transfer agents which react by reversible addition — fragmen-
tation chain transfer.



-11 For exanple U S. 4,581,429 or EP-A-0 621 878 di scloses the preparation
of bl ock copoly- ners by nethod al). For exanple EP-A-0 621 878 discl oses
the pwep i f bl ock copolynmers by nmethod a2). For ex
V\DA—Ol/%?LOg;édﬁg?ss?cl oses the preparation of conb copol yner s%ﬁ?@oﬁﬁwlw
met hod a3). For exanple WO A-99/ 31144 di scl oses the preparation of block
copolyners by nethod a4). Preferred chain transfer agents include
t hi ocarbonylthio chain transfer agents of formulae I, Il and IIl, and
macr onononers of fornmula IV and a conbination thereof, SRS R (1) S=C S=C
(rry zz n\l1-~CH (Ill) P-CHQ (IV) [R:Cf X wherein R R and P are
free radical |eaving groups; and wherein, Ris selected fromthe group
consi sting of unsubstituted or substituted Cl-Cl3al kyl, unsubsti- tuted or
substituted C2-Cl3al kenyl, unsubstituted or substituted Cz-( eal kynyl,
unsubstituted or substituted saturated carbocyclic ring, unsubstituted or
substituted unsaturated carbocyclic ring, unsubstituted or substituted
aromatic carbocyclic ring, unsubstituted or substituted saturated
het erocyclic ring, unsubstituted or substituted unsaturated heterocyclic
ring, unsubstituted or substituted aromatic heterocyclic ring, unsubstituted
or substituted alkylthio group, and a first polynmer chain having a nunber
aver age degFaexafnplediSy#B681,42ator BR-A-0 621t87e diselosge thefprépatatiorl aF®lick Zopoly- sel ect ed
from the grpuRnymeRbsi4Ng of hydrogen, chlorine, unsubstituted or
substituted Cl1-C, eal kyl, unsubstituted or substituted aryl, unsubstituted
or substituted C3-Cle WD 2004/ 078785 PCT/ EP2004/ 050183

For example EP-A-0 621 878 discloses the preparation of block copolymers by method a2).

For example WO-A-01/51534 discloses the preparation of comb copolymers by the ATRP
method a3).

For example WO-A-99/31144 discloses the preparation of block copolymers by method a4).

Preferred chain transfer agents include thiocarbonyithio chain transfer agents of formulae |,
Il and 1lI, and macromonomers of formula {V and a combination thereof,

/S—R /s R
M S=C s=¢ (m
\ \
z z
n
S CH
\ 7,22
(- )c z P--CH,—-C\’ (V)
R—S X
m

wherein R, R' and P are free radical leaving groups; and wherein,

R is selected from the group consisting of unsubstituted or substituted C+-Cygalkyl, unsubsti-
tuted or substituted C,-Csalkenyl, unsubstituted or substituted C>-Cigalkynyl, unsubstituted
or substituted saturated carbocyclic ring, unsubstituted or substituted unsaturated
carbocyclic ring, unsubstituted or substituted aromatic carbocyclic ring, unsubstituted or
substituted saturated heterocyclic ring, unsubstituted or substituted unsaturated heterocyclic
ring, unsubstituted or substituted aromatic heterocyclic ring, unsubstituted or substituted
alkylthio group, and a first polymer chain having a number average degree of polymerization
in the range of 5 to 1000;

Z is selected from the group consisting of hydrogen, chlorine, unsubstituted or substituted
Ci-Cialkyl, unsubstituted or substituted aryl, unsubstituted or substituted Csz-Cys



-12 heterocyclic ring, unsubstituted or substituted Cl-Cl8al kylthio, SR,‘
unsubstituted or substituted arylthio, unsubstituted or substituted

Ci1-d ubstituted or substituted arylory, unsubstituted or
subst%?@@gﬁ unsubstituted or substituted Cl- C aal KORCTAEP2094/050183

unsubstituted or substituted aryl oxrycarbonyl, carboxy, unsubstituted or
substituted Cl-C4Bacyl oxy, unsubstituted or substituted aroyl oxy,
unsubstituted or substituted carbanoyl, cyan, C2-Cle-di al kyl - phosphonat o,
di aryl - phosphonat o, C1-d adi al kyl - phosphi nat o, diaryl -phosphinato and a
second pol yner chain having a nunber average degree of polynerization in
the range of 5 to 1000; Rl is an n-valent noiety derived fromR Z' is an
mval ent noiety derived froma species selected fromthe group consisting of
unsubstituted or substituted Cl-Cla al kyl, unsubstituted or substituted aryl
and a third polynmer chain having a nunber average degree of polynerization
in the range of 5 to 1000 wherein the connecting noieties In said polyner
chain are selected fromthe group consisting of Cl-Cl8-aliphatic carbon,
aromati c carbon, oxygen, sulfur and a conbination thereof; P Is an oligoner
or polymer having a nunber average dééﬁée of polymerization in the range of
2 to 1000 or said first polyner chain; X is selected fromthe group

consi sting ubstlt subs

0 ut ed.or ifute Cl-Cla- coxycar bonyl ,
unsubst i t utt}?gﬁ’m(? e 8t |‘t"ﬂ§b8t5&§‘t Wo ?}é‘t’%%’” %’QF‘B‘BX?R u%%ﬁ%egu‘t Ted o?/
subst i t ut ecbubstiiuted)apdthiobansyiistituied ot sub@haed G+Greatprty, anghibstinderbor subsditutbdm ar e
[SBL sgers Ierhrmg rgﬁggsu@teal of Oslibstit@dBdl VRS eldtstdaauﬁ:wbste ] &fb@ﬂ&@a }‘ ggt te gef Com
t he group g%%ikl @P H‘@i‘y{bt“"%\?ﬁ%‘g@@ SP%ﬁ?{‘]’PegraV WﬁaFPB“(? @’eH"gi'B? Oepoxy,
car b- oxyl i subsliited C+&hdacyoxy, uasubstitutdreor subgtitited mﬂ@yumsmmutad mssbstltmteﬁl al kenyl
having 2 t Q:a?b%mﬁy’ir b@%no at eng g-dﬁlkh)bﬂégphd?\%' ng:.awi gﬁasahotq&o?ﬁ c?-é{a@lélﬂn-at ors,

sat ur at ed ca unsat ur at ed
car bocycl i cp “ﬁ@ét hQW'rPémg’?‘l“Bmfﬂd ga?eﬁ?ﬂq pé’ty&‘?‘s |ac"‘5’3‘reba erd9clic rings
havi ng 6 t cdegiete obpolymarizations thesange oifi te d00det er ocycl ic rings having 3 to 14

carbon at OffHg a,tm@%rn%@g@gernggﬁmycl ic rings having 3 to 14 carbon atons

and ar omat If g %rrt t?nq\(r: enk Imouaty derived from a species selected from the group consisting of
unsubstituted or substituted C4-Cys alkyl, unsubstituted or substituted aryl and a third
polymer chain having a number average degree of polymerization in the range of 5 to 1000
wherein the connecting moieties in said polymer chain are selected from the group
consisting of C,-Cys-aliphatic carbon, aromatic carbon, oxygen, sulfur and a combination
thereof;
P Is an oligomer or polymer having a number average degree of polymerization in the range
of 2 to 1000 or sald first polymer chain;
X is selected from the group consisting of unsubstituted or substifuted aryl, C4-Cys-
alkoxycarbonyl, unsubstituted or substituted aryloxycarboyl, carboxy, unsubstituted or
substituted aryloxycarbonyl, C, to C45 carboxy, and cyano;
n and m are integers in the range of 1 to 6; and
wherein the substituents for the substituted groups for R, R', Z, Z' and X are independently
selected from the group consisting of hydroxy, tertiary amino, halogen, cyano, epoxy, carb-
oxylic acid, alkoxy, alkyl having 1 to 32 carbon atoms, aryl, alkenyl having 2 to 32 carbon
atoms, alkynyl having from 2 to 32 carbon atoms, saturated carbocyclic rings having 3 to 14
carbon atoms, unsaturated carbocyclic rings having 4 to 14 carbon atoms, aromatic carbo-
cyclic rings having 6 to 14 carbon atoms, saturated heterocyclic rings having 3 to 14 carbon
atoms, unsaturated heterocyclic rings having 3 to 14 carbon atoms and aromatlc carbocyclic
rings having 6 to 14 carbon atoms.

By a “polymer chain” referred to above for R, R', Z, Z' and P is meant conventional conden-
sation polymers, such as polyesters [for example, polycaprolactone, poly(ethylene tereph-
thalate), poly(lactic acid)}, polycarbonates, poly(alkylene oxide)s [for example, poly(ethylene
oxide), poly(tetramethylene oxide)], nylons, polyurethanes or chain polymers such as those



rings having 6 to 14 carbon atons. By a "polyner chain" referred to above
for Z, Z1 and P is neant conventional conden- sation polyners, such
as p %y iﬁers for exanpl e, polycaprol actone, poly(ethylene tereph-

t hal a § WABIBActi ¢ acid)], pol ycarbonatesfr poly(al kyl erRCOARIODS/056183
exanpl e, poly(ethylene OX|de), pol y(tetranet hyl ene oxide)], nylons,

pol yur et hanes or chain polynmers such as those WO 2004/ 078785

PCT/ EP2004/ 050183 -13 forned by coordi nati on pol yneri zation (for exanple
pol yet hyl ene, pol ypropyl ene), radical polynerization (for exanple,

pol y(net h)acryl ates and pol ystyrenics, anionic polynerization (for exanple,
pol ystyrene, polybutadi ene), cationic polynerization (for exanple,

pol yi sobuty- | ene) and group transfer polynerization (for exanple,
poly(neth)acrylates). The groups RR, R, Z and Z are preferably chosen so as
to be appropriate for use with the desired nononers or nonomer conbination
and the polynerization nethod as disclosed in WO A-98/01478, WO A-99/ 05099
and WO A-99131144, all of which are incorporated herein by reference. The
synthesis of block copolyners by RAFT,.pol ynerization can be carried out in
emul sion, solution or suspension inefther a batch, seni-batch, continuous,
or feed nnde For |owest polydispersity block copolyners the RAFT agent is

typical l'y am%qa@%%ﬁam'daemh i u@? ekénplﬁig&gﬁgféﬁéj poﬁg.%?@@asﬁw.ﬁ when

carried out In Em y charged
with a RAFTP%@H%’«*“%GW&X%%@W mefiYaceylaies|apsraelysharmics raniaBlg Rolymeriaationt he
nononer . Bl @ kxagEo polyset e yolybutbdiena)] e4tioniy gdly neindtiorofidr @b mphs) bytglscbpgs si ty or

th | t duced b trolled
i 11 on of P RE R Rl polfeBten P bl el OIS O b ocess.

In the case of enul sion or suspension polynerlzatlon t he pol ynerization
medi um wi | | Trefdreups ROR', @rand @ivae @rdfdrably/enbsn saadtd&aeapﬁmmfoi @aatithsieabi | i zer s,
di spersant s épéij rf?(}]niaﬁ'érs%g ﬂbﬁdrye?gomb%ﬁon %d megw%ﬁﬂ%ﬁzatﬁ: e%%d%ts 'dgaosed in

polynerlzatl wi de range of
nedia to s uYVP A- ?ﬁé"%gdﬁé‘ﬁ(@ 059}& ﬁ'?@ "‘l%é'a%ﬁ&f' a&?%ﬂ‘ﬁ!ﬂhé"e '%?ﬁ’t‘?dd‘efﬂmr ocar bons,

such as, petrefleacen napht ha or xyl enes; ketones, such as, nethyl anyl

ket one, methyl i sobutyl

The synthesis of block copolymers by RAFT polymerization can be carried out in emulsion,
solution or suspension in either a batch, semi-batch, continuous, or feed mode. For lowest
polydispersity block copolymers, the RAFT agent is typically added before polymerization is
commenced. For example, when carried out in a batch mode in solution, the reactor is typi-
cally charged with a RAFT agent and a monomer, or a polymerization medium plus the
monomer. Block copolymers with broader, yet controlled, polydispersity or with multimodal
molecular weight distribution can be produced by controlled addition of the RAFT agent over
the course of the polymerization process.

In the case of emulsion or suspension polymerization, the polymérization medium will often
be predominantly water and the conventional stabilizers, dispersants and other additives
can be present.

For solution polymerization, the polymerization medium can be chosen from a wide range of
media to suit the monomer(s) being used. For example, aromatic hydrocarbons, such as,
petroleum naphtha or xylenes; ketones, such as, methyl amyl ketone, methyl isobutyl
ketone, methyl ethyl ketone or acetone; esters, such as, butyl acetate or hexyl acetate; and
glycol ether esters, such as, propylene glycol monomethyl ether acetate.

The use of feed polymerization conditions allows the use of RAFT agents with lower chain
transfer constants and allows the synthesis of block copolymers that are not readily
achieved using batch polymerization processes. If the RAFT polymerization is carried out as

a feed system, the reaction can be carried out as follows:



ket one, nmethyl ethyl ketone or acetone; esters, such as, butyl acetate or
hexyl acetate; and glycol ether esters, such as, propylene glycol

nononget hyl et her acetate. The use of feed polynerization conditions allows
t he u?’@é@OWﬂTs%gents with lower chain transfer constantspemkrio9soigie
synt hesi s of block copolyners that are not readily achieved using batch
pol yneri zati on processes. |f the RAFT pol ynerization is carried out as a
feed system the reaction can be carried out as foll ows: W 2004/ 078785
PCT/ EP20041050183 -14 The reactor is charged with the chosen pol ynerization
medi um the RAFT agent and optio- nally a portion of the nonomer m xture.
Into a separate vessel is placed the remaining nononmer m xture. The free
radical initiator is dissolved or suspended in polynerization mediumin
anot her separate vessel. The nediumin the reactor is heated and stirred
while the nononmer m xture plus the nediumand the initiator plus the
medium is introduced, for exanple by a syringe punp or other punping
device. The rate and duration of feed is largely determ ned by the quantity
of the solution, the desired nonomer/RAFT agent/initiator ratio and the
rate of the polynerization. Wen the-teed |s conplete, heating may be
continued for an additional period. Follow ng conpletion of the

pol yneri zatjion, the block copolyner can be isolated by strippin of f the
medi um and "0 FEESIR% 18 GaRgRT B Haohossn palymesization grediym; "BﬁRﬁﬁ poest a5 Pei-vent .
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pol ymer i zatheationome mixtureascthe mbditrh aadkthermitialal gas the mpdiepas ittodused) fane- st ep
process by | ; ol L 1Vt t he
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R, Z, Z', bl i Sadbiihalfafidg. chai n transfer agent of fornulae |-1V above,
bl ock copolyners with specific end functionalities can be readily produced.

Bl ock copol yner may be prepared by starting with an exi stent polyner
Following completion of the polymerization, the block copolymer can be isolated by stripping

off the medium and unreacted monomer(s) or by precipitation with a non-solvent. Alterna-
tively, the polymer solution/emulsion can be used as such, if appropriate to its application.

Block and muilti-block and gradient copolymers may be prepared by varying the rate of
monomer(s) addition and/or by varying the sequence in which the monomer(s) may be
added to the polymerization medium. Gradient block may also be prepared in a one-step
process by making use of the inherent difference in reactivity of the monomer(s). For gra-
dient block copolymers, it is often desirable to pick comonomers with disparate reactivity
ratios. For example, maleic anhydride and styrene or (methjacrylates.

By appropriate selection of the groups R, R, Z, Z', P and X of the RAFT chain transfer
agent of formulae I-IV above, block copolymers with specific end functionalities can be
readily produced. Block copolymer may be prepared by starting with an existent polymer
chain prepared by means other than RAFT polymerization and then modifying the end or
other functionality such that the polymer chain is incorporated in a compound of formulae 1-
IV so as to create a macromolecular RAFT agent that can be chain extended by RAFT
polymerization.

The “source of free radicals” or “initiator” suitable for use in the present invention includes
those compounds that provide initiating radicals that add to monomers to produce propa-
gating radicals.



chain prepared by nmeans ot her than RAFT pol yneri zation and then nodifying
the end or other functionality such that the polyner chain is incorporated
in a.ggggﬁgnd of fornulae I- IV so as to create a macronol ecul ar RAFT agent
t hat 'P823% extended by RAFT pol ynerization. The "sRECTERNDG/0SES3
radicals" or "initiator" suitable for use in the present invention includes
t hose conpounds that provide initiating radicals that add to nononers to
produce propa- gating radicals. W 2004/078785 PCT/ EP2004/ 050183 -15 The
anount of initiator used depends upon the desired polydispersity, nolecular
wei ght and polynmer structure of the resulting polyner. However, generally
| ess than 10 wei ght percent based on the total anmpbunt of nononmer m xture is
used. Preferably the anmobunt of initiator wused is in the range of 0.001 to
5.0 wei ght percent. The source of initiating radicals includes such sources
as the thermally Induced honolytic scission of a suitable initiator, such
as peroxi des, peroxyesters, or azo conpounds; the spontaneous generation
from nmononer, such as styrene; redox initiating systens; photochem cal

initiating systens or high energy rad*ation source, such as el ectron beam

X- or y-radiation or a conbination of Yhese methods. The Initiating system

is chosen such that wunder the reaction conditions there is substantially no
radi cals with the

adverse interacti of the.initiator or, .the ipitiati I
RAFT agent TRASR] ik i sRpensSor 1B desred R R B e R YEBR =74 so have
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4,4' -azobl s(4-cyanopentanoi ¢ acid), 4,4'-azobis(4- cyanopentan-1-ol),
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under the reaction conditions there is substantially no adverse interaction of the initiator or
the initiating radicals with the RAFT agent under the reaction conditions. The initiator should
also have the requisite solubility in the reaction medium or the monomer mixture.

Examples of suitable sources of free radicals for the process include azo compounds and
peroxides such as for example 2,2'-azobis(isobutyronitrile), 2,2'-azobis(2-cyano-2-butane),
dimethyl 2,2"-azobis{methy! isobutyrate), 4,4'-azobis(4-cyanopentanoic acid), 4,4"-azobis(4-
cyanopentan-1-al), 1,1-azobis(cyclohexanecarbonitrile), 2-(t-butylazo)-2-cyanopropane,
2,2'-azobisj2-methyl-N-(1,1)-bis(hydoxymethyl)-2-hydroxyethyl] propionamide, 2,2'-azobis[2-
methyl-N-hydroxyethyl)]-proplonamide, 2,2'-azobis(N,N'-dimethyleneisobutyramidine) di-
hydrochloride, 2,2"-azobis(2-amidinopropane) dihydrochloride, 2,2'-azobis(N,N'-dimethylene-
isobutyramine), 2,2'-azobis(2-methyl-N-[1,1-bis(hydroxymethyl)-2-hydroxyethyl]  propion-
amide), 2,2'-azobis(2-methyl-N-[1,1-bis(hydroxymethyl) ethyl] propionamide), 2,2'-azobis[2-
methyl-N-(2-hydroxyethyl) propionamide], 2,2'-azobls(isobutyramide) dihydrate, 2,2'-azobis-
(2,2 4-trimethylpentane), 2,2'-azobis(2-methylpropane), tert-butyl peroxyacetate, tert-butyl
peroxybenzoate, t-butyl peroxyoctoate, tert-butyl peroxyneodecanoate, tert-butylperoxy
Isobutyrate, tert-amyl peroxypivalate, tert-butyl peroxypivalate, di-isopropyl peroxydicarbo-
nate, dicyclohexyl peroxydicarbonate, dicumyl peroxide, dibenzoyl peroxide, dilauroy! per-
oxide, potassium peroxydisulfate, ammonium peroxydisulfate, di-t-butyl hyponitrite, or dicu-
my! hyponitrite.

Photochemical initiator systems are chosen to have the requisite solubility in the reaction
medium or monomer mixture and have an appropriate quantum yield for radical production
under the conditions of the polymerization. Examples include benzoin derivatives,



am de), 2,2'-azobis(2-nmethyl-N[1, 1-bis(hydroxynethyl) ethyl] propionam de),
2,2'-azobi s[2- methyl-N-(2-hydroxyethyl) propionam de],

2, 2" axeP2au4l yram de) dehydrate, 2,2'azobis- (2,2,4-trimethyl pentane),
2,2 - azob%{(gi-g?rﬁ hyl propane), tert-butyl peroxyacetate, terl%@y 9504/05018
per oxybenzoate, t-butyl peroxyoctoate, tert-butyl peroxyneodecanoate,
tart-butyl peroxy |sobutyrate, tert-amyl peroxypivalate, tert-butyl

per oxypi val ate, di-isopropyl peroxydi carbo- nate, dicyclohexyl

per oxydi car bonat e, di cunyl peroxide, dibenzoyl peroxide, dilauroyl per-

oxi de, potassium peroxydi sul fate, ammoni um peroxydi sulfate, di-t-butyl
hyponitrite, or dicu- nyl hyponitrite. Photochem cal initiator systens are
chosen to have the requisite solubility in the reaction rmedium or nononer
m xture and have an appropriate quantumyield for radical production under
the conditions of the polynerization. Exanples include benzoin derivatives,
WO 2004/ 078785 PCT/ EP2004/ 050183 -16 benzophenone, acyl phosphi ne oxi des,
and phot o-redox systens. Free radicals may al so be derived by direct
photol ysis of the conpound of formulajg-111. Redox initiator systens are
chosen to have the requisite solubility in the reaction nediumor nononer
m xture and have an appropriate rate of radical production under the
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pol yneri zat'l ased on ﬂydrophilic
or "cl ayopthisHfite" nononmers which 0

Other suitable inifiating systems are described in recent texts. See, for example, Moad and
Solomon "The Chemistry of Free Radical Polymerization”, Pergamon, London, 1995, pp 53-
95.

Compositions which are of interest include those comprising as component (c) a block or
comb copolymer having at least one clay compatibie block and at least one matrix polymer
compatible block prepared by controlied free radical polymerization.

Preferably, a clay compatible block is based on hydrophilic or “clayophilic” monomers which
R/
contain polar groups such as for example ether [-O-], amide [—C—I\ ], thioamide

14
[ -—-C—-l\ 1, nitrile, anhydride, hydroxy, amine, pyridine, ammonium and phosphonium in

appropriate proximity.

Preferred hydrophilic or “clayophilic” monomers are for example PEO acrylate, 1-vinyl-2-pyr-
rolidinone, N,N-dimethyl acrylamide, acrylonitrile, maleic anhydride, hydroxyethyl acrylate,
hydroxypropyl acrylate, tert-butyl a-hydroxymethacrylate, N,N'-dimethylaminoethyl acrylate,
4-vinyibenzyldihydroxyethylamine, 4-vinylpyridine or 4-vinyibenzyltributylphosphonium chio-

ride.



contain polar groups such as for exanple ether [-0-], amde [ -Cty ],
thioamde nitrile, anhydride, hydroxy, amne, pyridine, ammonium and
phosplwnolzom/wm ppropriate proxinmty. Preferred hydrophilic or

"cl ayophi lic" m?%orrers are for exanple PEO acryl ate, 1-vinyPCI/EP2004/050183
rolidinone, N Ndinethyl acrylam de, acrylonitrile, maleic anhydride,

hydr oxyet hyl acrylate, hydroxypropyl acrylate, tert-butyl

a- hydroxymnet hacryl ate, N, N -di nmet hyl am noet hyl acryl at e,
4-vi nyl benzyl di hydr oxyet hyl am ne, 4-vl nyl pyridi ne or
4-vi nyl benzyl tri butyl phosphoni um chl o- ride. WO 2004/ 078785

PCT/ EP2004/ 050183 -17 The nol ecul ar wei ght of the acrylic copolyner is
pref erably between 1000 and 100000 and the polydispersity between 1.05 and
3.0. More preferably the nol ecul ar weight is between 2000 and 20000 and the
pol ydi spersity is between 1.05 and 2. 0. Copol yners of the above polyners
wi th ot her nononers may al so be used. The polar (hydrophilic) or
"clayophilic" segnments nay al so be derived froma polar conden- sation or
ot her polyners such as for exanpl e polyet hyl ene oxide). Preference is given
therefore to conpositions conprising as conponent (c) a block or conb
acrylic copolyner prepared by controlled free radical polynerization. The
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can al so cr| {A8anP rsin r.sqolvati nts havi ng
arohi phi | 085S e@Sorb 09 i’ NEte TR Ml ok Bt BRRRR P cane

mol ecul e aﬁ@potﬂﬂé@@ﬂ@ndm@wmqﬁyes betvlﬁesfb@ﬁsmd’@o or solvating agents based on
pol yet hyl ene ¢l ycoI s (PEG) pol yacryl ates, polysi I oxanes pol yvi nyl acetate

or on bl océ eré’o rS bc al ni ngﬂ a}ér eas esonae 32 o opol ymer based on
acryl ate, 8?‘9{) °§ % n%?’ﬁrﬁé' y? ¥ 80T RAY ‘TS’ yﬁ% s are, for exanple,
di bl ock copol yners (A— B type) or tribldck copolynmers (A-B-A or A-B-C type)

and s;) cal lrrgl &aarwd h.nsa; buﬁitawp%" sé'antah@%y@@aaé MRES fréniha BolbyddRdenar €, for
exanpl e,

(styrene- bs?hﬁﬁ Pr% ﬁ’ﬁ’é‘i’?ﬁ“&%ﬁ {gf%‘?mﬁﬁgql’??t@?'ﬁgﬂ%%b met hyl acryl at e) ,
pol y(styrene-b-n-butyl- acrylate), poly(styrene-b-tert-butylacrylate),
pol y('st yr eprsidierdes isafilioR Rjeford8IchirsdsifiéridR6mptising @s component (c) a block or comb

acrylic copolymer prepared by controlled free radical polymerization.

The block or comb copolymers prepared by controlled free radical polymerisation can also
be described as polymeric dispersing or solvating agents having amphiphilic properties.
They have polar and nonpolar groups in the same molecule and they are, for example,
dispersing or soivating agents based on polyethylene glycols (PEG), polyacrylates,
polysiloxanes, polyvinyl acetate or on block copolymers containing at least one black
copolymer based on acrylate, acrylic acid or methacrylate.

Block copolymers are, for example, diblock copolymers (A-B type) or triblack copolymers
(A-B-A or A-B-C type) and so-called tapered structures.

Diblock copolymers (A-B type) are, for example, poly(styrene-b-methylmethacrylate), poly-
(styrene-b-tert-butylmethacrylate), poly(styrene-b-methylacrylate), poly(styrene-b-n-butyl-
acrylate), poly(styrene-b-tert-butylacrylate), poly(styrene-b-butadiene), poly(styrene-b-iso-
prene[1,4-addition]), tapered block copolymer poly(styrene-b-butadiene), tapered biock
copolymer poly(styrene-b-ethylene), poly(styrene-b-2-vinylpyridine), poly(styrene-b-4-vinyi-
pyridine), poly(styrene-bis-tert-butylstyrense), poly(styrene-b-dimethyisiloxane),
poly(butadiene-b-dimethylsiioxane), poly(butadiene[1,4-addition}-b-methylmethacrylate),
poly(isoprene[1-4-addition]-b-methylmethacrylate), poly(butadiene-b-tert-butyimethacrylate),
poly(butadiene-b-tert-butylacrylate), poly(isoprene-b-2-vinylpyridine), poly(butadiene-b-4-
vinylpyridine), poly(styrene-b-methyl methacrylate), poly(methyl methacrylate-b-tert-butyl
methacrylate), poly(methyl methacrylate-b-tert-butyl acrylate), poly(tert-butyl acrylate-b-
methyl methacrylate), poly(n-butylacrylate-b-methylmethacrylate), poly(2-vinylpyridine-b-



prene[ 1, 4-addition]), tapered bl ock copol yner polystyrene-b-butadi ene),

t apered bl ock copol yner poly(styrene-b-ethylene),

pol y( 60460 vi nyl pyri di ne), poly(styrene-b-4-vinyl- pyr

pol y(‘g{dy?ene-@yétert- butyl styrene), pol y(styrene-b-di met hy?%’ﬂl@’@%/ﬁmw
pol y(but adi ene- b- di net hyl si | oxane),

pol y( but adi ene[ 1, 4- addi ti on] - b- net hyl net hacryl ate),

pol y(i soprene[ 1. 4-addi tion] - b- et hyl net hacryl ate),

pol y(but adi ene-b-tert-butyl net hacryl ate),

pol y(but adi ene-b-tert-butyl acrylate), poly(isoprene-b-2-vinylpyridine),
pol y( but adi ene-b-4- vinyl pyridine), polystyrene-b-nethyl nethacrylate),
pol y(net hyl nmethacrylate-b-tert-butyl methacrylate), poly(nethyl

nmet hacryl ate-b-tert-butyl acrylate), poly(tert-butyl acryl ate-b- nethyl
met hacryl ate), poly(n-butylacryl ate-b-nethyl net hacryl ate),

pol y(2-vinyl pyridine-b WD 2004/ 078785 PCT/ EP2004/ 050183 -18 net hyl

nmet hacryl ate), poly(tert-butyl nethacrylate-b tert butyl acrylate),
poly(tert-butyl nmethacryl ate-b-2-vinygpyridine), poly(tert-butyl

met hacryl ate-b-4 vinyl pyridine), poly(tert-butyl

acryl ate-b-2-vinyl pyridine), poly(2-vinylpyridine-b-4-vinyl pyridine),
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acryl at e- b- gelyinetyyl pymétbachdate-b-eetbyifiSt Jder@ai@bimethyl methacrylate), poly(methyl
methacrylate-b-n-butyl acrylate-b-methyl methacrylate), poly(tert-butyl methacrylate-b-tert-
butyl acrylate-b-tert-butyl methacrylate), poly(2-vinylpyridine-b-tert-butyl acrylate-b-2-
vinylpyridine), poly(4-vinylpyridine-b-tert-butyl acrylate-b-4-vinylpyridine), poly(styrene-b-n-
butyl acrylate-b-styrene), poly(styrene-b-ethyl acrylate-b-styrene), poly(styrene-b-sthylene-b-
styrene), poly(styrene-b-butylene-b-styrene), poly(ethylene oxide-b-styrene-b-ethylene
oxide), poly(styrene-b-ethylene oxide-b-styrene) or paly(styrene-b-acrylic acid-b-styrene).

Triblock copolymers of the A-B-C type are, for example, poly(styrene-b-butadiene-b-2-vinyl-
pyridine), poly(styrene-b-butadiene-b-4-vinylpyridine), poly(styrene-b-tert-butyl methacrylate-
b-2-vinylpyridine), poly(styrene-b-tert-butylmethacrylate-b-4-vinylpyridine), poly(styrene-b-2-
vinylpyridine-b-4-vinylpyridine), poly(butadiene-b-styrene-b-methyl methacrylate), poly(sty-
rene-b-butadiene-b-methyl methacrylate), poly(styrene-b-2-vinylpyridine-b-ethyl oxide), poly-
(styrene-b-tert-butyl acrylate-b-methyl methacrylate), poly(styrene-b-acrylic acid-b-methyl
methacrylate), poly(styrene-b-a-methylstyrene-b-methyl methacrylate) or poly(styrene-b-a-
methylstyrene-b-tert-butyl acrylate).

Particularly suitable dispersing or solvating agents having amphiphilic properties are, for
example, poly(butadiene-b-methyl methacrylate), poly(isoprene-b-methylmethacrylate), poly-



butyl acryl ate-b-styrene), poly(styrane-b-ethyl acrylate-b-styrene),

pol y(styrene-b-ethyl ene-b- styrene), polystyrene-b-butyl ene-b-styrene),

pol ye“fdl ene OXI de b- st yrene-b-et hyl ene oxide), poly(styrene-b-ethylene
oxi de Sor poly(styrene-b-acrylic acid-b-styrene).PCT/HEEI004/650183
copol yners of the A-B-C type are, for exanple,

pol y(styrene-b-butadi ene-b-2-vinyl- pyridine),

pol y(styrene-b-but adi ene- b-4-vi nyl pyridine), polystyrene-b-tert-butyl

met hacryl at e- b-2-vinyl pyridine),

pol y(styrene-b-tert-butyl net hacryl at e- b-4-vinyl pyridine), poly(styrene-b-2-
vi nyl pyri di ne- b-4-vi nyl pyri di ne), poly(butadi ene-b-styrene-b-nethyl

nmet hacryl ate), poly(sty- rene-b-butadi ene-b-nethyl nethacrylate),

pol y(styrene-b-2-vinyl py(di ne-b-ethyl oxide), poly- (styrene-b-tert-butyl
acryl ate-b-nmet hyl nmethacrylate), poly(styrene-b-acrylic acid-b-nethyl

nmet hacryl ate), pol y(styrene-ba-nethyl styrene-b-nethyl nethacrylate) or

pol y(styrene-b-a- nethylstyrene-b-tert-butyl acrylate). Particularly

sui t abl e di spersing or solvating agentg_ havi ng anphi philic properties are,
for exanple, poly(butadi ene-b-nethyl Tmethacryl ate),

pol y(i soprene-b-net hyl net hacryl ate), poly WO 2004/ 078785 PCT/ EP2004/ 050183
-19 (ethyl g e e Yy i ne),
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pol y(styr en@dhmmryyatel) (poly(styebne-brzatyld o), ww(mmlhﬁetmapby&t@b-ﬁadmchaymt@cr yl ate),
pol y(met hyl g gwgﬂggg.a% fssggmﬁ}n&ﬁ&cgﬁa%%yh%ihgn%%h&é eowaf%&%m%' de

- b-e-caprol a
pol y( but adi R WVMWBQ‘@"WP dléi)ie) p@Y(Wiﬂﬁﬂaﬂr oey oxidr)cpalmtbuiadiepe-bt e)

pol y( et hyl eaﬁ.uh- fhyityd) Cty(aleie-b-ettPiRhey :adehYob (behylondb-piopY ISR 0xHS), Py~ POl -
(styrene- b E—%&%’Ih@}?l&e—g g;e}%) S’I}(Bthﬁglley x‘?{e@ég&@n% b-etrglenF oxude)clpay

oxi de- b- st y
pol ystyr ene(sbﬂebﬁl?ﬂﬁv'lﬁr?éidﬁ%?hw Y%’@Fﬁa ‘}‘F‘&Q"é)b‘mﬁﬂm W%W'ate) poly(sty-
rene- b-vi nyiewbwudylmdummbthyér@rmmx|pdlg()styrea@by(vs\ylyérﬁaeabld)é}puw(@yiebeazoi c acid),

| t |
et haor o1 at cs'*&'vp%%%‘%*%y RIS RIG) meB s By BRBIRRBAIICY
aci d), pol yqsh %’MﬁJ‘Bbr?&Méq cidin H?'HP"PED@"G brieaiajq evefw deh erofy(ethyienespbr
anhydri de), ma@ib yaﬁs,tdycle@ Npolystyrrecs-aléie hm@ﬂndi%)polypﬁ)dtbé(cfmi héd)rpoly(atkylene
aci d) - poi y( %}’Lnﬁ&%g& e‘;‘se)for%ké}ffdie Sc%E’rQJny ?@uﬁémo @36 058 %%ﬁer%xa%f%%r‘g to

EP- A-0 859 xéneé YOXY- ene, copdl eat es and
styrene or @W&ﬁép‘ﬂb@?ei’wmal?é sa'l“iﬁty'@‘}@é\‘rﬁv’é“ea%ﬁ*'mﬁn@f example according

to EP-A-0 791 024, polystyrene-polysiloxane block copolymers, polyacrylate-polysitoxane

styrene),

block copolymers and cyclosiloxane-radiale copolymers, prepared e.g. using ATRP techno-
logy according to EP-A-0 870 774, methylacrylate-styrene copolymer, methylmethacrylate-
styrene, polybutadiene-methylacryiates, prepared by nitroxyl-initiated radical polymerisation
according to EP-A-0 135 280.

The polyalkylene oxides are preferably polyethylene oxide, polypropylene oxide and poly-
butylene oxide.

Suitable block  copolymers are, for example, polyacrylate/polystyrene,
polymethacrylate/polyethylene oxide, polyacrylate/polyethylene oxide,
polyacrylate/polyethylene, polyvinyl acetate/ polyethyiene, polystyrene/polybutadiene,
polyacrylate/polybutadiene, polyacrylate/polyisoprene,
polyisoprene/polymethylimethacrylate,  polyethyiene/polymethylmethacrylate,  polyethy-
lene/polyethylene oxide or polyethylene/polypropylene oxide.

Particularly suitable dispersing or solvating agents having amphiphilic properties are, for
example, poly(styrene-bis-sodium acrylate), poly(styrene-bis-acrylic acid), poly(styrene-bis-
sodium methacrylate), poly(styrene-bis-N-methyl-4-vinylpyridinium iodide), poly(isoprene-bis-
N-methyl-2-vinylpyridinium iodide), poly(styrene-bis-ethylene oxide), paly(methylmethacry-



to EP-A-0 791 024, polystyrene-polysiloxane bl ock copol yners,

pol yacryl at e- pol ysi | oxane bl ock copol yners and cycl osi | oxane-r adi al
copdqﬂgas,gpre ared e.g. using ATRP techno- | ogy according to EP-A-0 870
774, iRPr‘ BNt e-styrene copol yner, nethyl net hacryl at e- PAY/EP2604/050183
pol ybut adi ene- net hyl acryl ates, prepared by nitroxyl-initiated radical

pol yneri sation according to EP-A-O 135 280. The pol yal kyl ene oxi des are
pref erably pol yet hyl ene oxi de, pol ypropyl ene oxi de and pol y- butyl ene oxide.
Sui t abl e bl ock copolyners are, for exanple, polyacrylate/polystyrene,

pol ynmet hacryl at e/ pol yet hyl ene oxi de, pol yacryl at el pol yet hyl ene oxi de,

pol yacryl at e/ pol yet hyl ene, pol yvinyl acetate/ polyethylene,

pol yst yrene/ pol ybut adi ene, pol yacryl at e/ pol ybut adi ene,

pol yacryl at e/ pol yi soprene, pol yi soprenel pol ynet hyl net hacryl at e,

pol yet hyl ene/ pol ynet hyl net hacryl ate, pol yethy- | ene/pol yethyl ene oxi de or
pol yet hyl ene/ pol ypr opyl ene oxide. Particularly suitable dispersing or

sol vating agents havi ng anphiphilic properties are, for exanple,

pol y(styrene-bi s-sodi um acryl ate), polystyrene-bis-acrylic acid),

pol y(styrene-bi s- sodi um net hacryl at &5~

pol y(styrene-bis-Nnethyl -4-vinyl pyridlnium]lodide), poly(lsoprene-bis-

N- et hyl - 2-vi pyl pyri di nium i odi de oi tyrene-bis-ethyl e xi de) ,
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oxi de), pol -GSEEth In%th cr I at e- -N—net@ [ = 4-vinylpyridini i odi de),
pol yet hyl o POV THBYTHng 133%85%), °)§‘{‘?ﬁy(299’P’ %}?ﬂ%&ﬂ'ﬁ%g'g%s-et%?\g@e oxi de),
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net hacr yl atigiide), P OdoUAHRIHIRAS-BI8Bth{lere- l\bm?,hyéaﬂawewba;éfwﬂhéﬂ WRke) Ogh de)

pol y(but adi e F-bfs-eth ane oxi de), poly(ethylene-bis-ethyl ene oxide) or
poIy(ethytéﬁ&e&wgwaE?S%?Y@ﬁﬁmgﬁ}de). Cther |ikewise preferred dispersing or
sol vating agents based on polyacryl ates are de- scribed, inter alla, in US.
5,133, 898. dih&fiRevadd MrefeRhQITHISHAMg érbSoiviting HGBRE Bhseldbont pilya6ERO S &N I N an

0,
amount of fsrcr %‘d,q.at&raﬁig, in4 8-8./&133,898-

Preferably, component (b) is present in the composition in an amount of from 0.1 to 40 %,
more preferably 0.5 to 20 %, most preferably from 1 to 10 %, based on the weight of the
synthetic polymer [component (a)].

Preferably, component (c) is present in the compositlon in an amount of from 0.1 to 20 %,
more preferably 0.1 to 15 %, most preferably from 0.1 to 10 %, based on the weight of the
synthetic polymer [component (a)].

In addition to components (a), (b) and (c) the novel compositions may comprise further addi-

tives, such as, for example, the following:
1. Antioxidants

1.1. Alkylated monophenols, for example 2,6-di-tert-butyl-4-methylphenol, 2-butyl-4,6-di-
methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-
butyl-4-isobutylphenol, 2,6-dicyclopentyl-4-methylphenol,  2-(a-methylcyclohexyl)-4,6-di-
methylphenol, 2,6-dioctadecyl-4-methylphenol, 2,4,6-tricyclohexylphenal, 2,6-di-tert-butyl-4-
methoxymethylphenol, linear nonylphenols or nonylphenols branched in the side-chain, e.g.
2,6-dinonyl-4-methylphenol, 2,4-dimethyl-6-(1'-methylundec-1>-yi)-phenol, 2,4-dimethyl-6-(1'-
methylheptadec-1'-yl)-phenol, 2,4-dimethyl-6-(1'-methyltridec-1'-yl)-phenal and mixtures

thereof.



nore preferably 0.5 to 20 % nost preferably from1l to 10 % based on the
wei ght of the synthetic polyner [conponent (a)]. Preferably, conponent (c)
i S prweEtjodlons conposition in an amount of fromO0.1 to 0

preferably )C())?l‘h{sg 15 % nost preferably fromO0.1 to 10 % ﬁ%‘sﬁhl’aﬁ&{/ﬁﬁ’lﬂ
wei ght of the synthetic polynmer [conmponent (a)]. In addition to conponents
(a), (b) and (c) the novel conpositions may conprise further addi- tives,
such as, for exanple, the following: 1. Antioxidants 1.1. Al kvl ated
nonoohenol s, for exanple 2,6-di-tert-butyl-4-nethyl phenol, 2-butyl-4,6-di-
met hyl phenol , 2,6-di-tert-butyl -4-ethyl phenol,

2,6-di-tert-butyl -4-n-butyl phenol, 2,6-di-tert- butyl-4-isobutyl phenol,

2, 6-di cydopent yl - 4- et hyl phenol , 2-(a-nethyl cycl ohexyl) -4, 6-di -

met hyi phenoi, 2, 6-di oct adecyl - 4- et hyl phenol, 2,4, 6-tricycl ohexyl phenol,
2,6-di-tert-butyl-4- nmethoxynet hyi phenol, Iinear nonyl phenols or

nonyi phenol s branched in the side-chain, e.g. 2,6-dinonyl-4-nethyl phenol,
2, 4-di met hyl -6- (1' - met hyl undec-1' -yl ) -phenol, 2,4-dinmethyl-6-(1"-

met hyl hept adec-1' -yl ) - phenol , 2, 4-dingthyl-6-(1"-nethyltridec-1"-yl)-phenol
and m xtures thereof. WO 2004/078785 PCT/ EP2004/050183 -21 1.2.

Al kyl t hi onet hyl phenol s, for exanple

2, 4-di oct y|1§m&@%&&tifﬂ%ﬂﬁertoﬁsrﬁrQH&XIE@QWth:&ne&y% -RabY iphenol, 2.4-djoctyl-

t hi omet hyl
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2, 6-di phen I-4-octa- dec | ox -henol 2, 6-di -tart-butyi hydroqui none,
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2,2' -thi obhﬂ(tﬁynmn)tl)-ddlpatyl - et hyl phenol ),

1.4. Tocopherols, for example a-tocopherol, B-tocopherol, y-tocopherol, d-tocopherol and
mixtures thereof (Vitamin E).

1.5. Hydroxylated thiodiphenyl ethers, for example 2,2'-thiobis(6-tert-butyl<4-methylphenol),
2,2\thiobis{4-octylphenol), 4,4'-thiobis(6-tert-butyl-3-methylphenol), 4,4'-thiobis(6-tert-butyl-
2-methyiphenol), 4,4'-thiobis(3,6-di-sec-amylphenoal), 4,4"-bis(2,6-dimethyl-4-hydroxyphenyl)
disulfide.

1.6. Alkylidene bispheno!s, for example 2,2'-methylenebis(6-tert-butyl-4-methylphenol), 2,2'-

methylenebis(6-tert-butyl-4-ethylphenol), 2,2'-methylenebis[4-methyl-6-(a-methylcyclohexyl)-
phenol], 2,2'-methylenebis(4-methyl-6-cyclohexylphenol), 2,2'-methylenebis(6-nonyl-4-
methylphenol), 2,2'-methylenebis(4,6-di-tert-butylphenol), 2,2'-ethylidenebis(4,6-di-tert-butyl-
phenol), 2,2'-athylidenebis(6-tert-butyl-4-isobutylphenol), 2,2'-methylenebis[6-{a-methylben-
zyl)-4-nonylphenol], 2,2'-methylenebis[6-(c,o-dimethylbenzyl)-4-nonylphenol], 4,4'-methy-
lenebis(2,6-di-tert-butylphenol), 4,4'-methylenebis(6-tert-butyl-2-methylphenot), 1,1-bis(5-
tert-butyl-4-hydroxy-2-methyiphenyl)butane, 2,6-bis(3-tert-butyl-5-methyl-2-hydroxybenzyl)-
4-methylphenoal, 1,1,3-tris(5-tert-butyl-4-hydroxy-2-methyiphenyl)butane, 1,1-bis(5-tert-butyl-
4-hydroxy-2-methylphenyl)-3-n-dodecylmercaptobutane, ethylene glycol bis[3,3-bis(3'-tert-
butyl-4'-hydroxyphenyl)butyrate], bis(3-tert-butyl-4-hydroxy-5-
methylphenyl)dicyclopentadiene, bis[2-(3"-tert-butyl-2'-hydroxy-5'-methylbenzyl)-6-tert-butyl-
4-methylphenyl] terephthalats, 1,1-bis(3,5-dimethyl-2-hydroxyphenyl)butane, 2,2-bis(3,5-di-
tert-butyl-4-hydroxyphenyl)propane, 2,2-bis(5-tert-butyl-4-hydroxy-2-methyiphenyl)-4-n-
dodecylmercaptobutane, 1,1,5,5-tetra(5-tert-butyl-4-hydroxy-2-methylphenyl)pentane.



2,2 -thiobis(4-outyl phenol), 4,4 -thiobis(6-tert-butyl-3-nethyl phenol),

-thi obis(6-tert butyl- 2-methyiphenol),
-WO 2004878785 di - sec- anyl phenol ), 4, 4'-bis(2,6-dinmethyl -4- enyl )
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di - [ 4- (1, 1mgthybenzepe, ﬁ»ﬁt"f?ﬁ%‘ﬂ 8F-Outy s [(T(ybenzyl)phenol
2,2-bls(3,5-di-tert-butyl -4-hydroxybenzyl ) nmal onat e.

1.10. Triazine_compounds, for example 2,4-bisoctylmercapto-6-(3,5-di-tert-butyl-4-hydroxy-
anilino)-1,3,5-triazine,  2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyanitino)-1,3,5-tri-
azine, 2-octylmercapto-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-butyl-4-hydroxyben-
zyl) isocyanurate, 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl) isocyanurate, 2,4,6-
tris(3,5-di-tert-butyl-4-hydroxyphenylethyi)-1,3,5-triazine,  1,3,5-tris(3,5-di-tert-butyl-4-hydr-
oxyphenylpropionyl)hexahydro-1,3,5-triazine,  1,3,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl)

isocyanurate.

1.11. Benzylphosphonates, for example dimethyl 2,5-di-tert-butyi-4-hydroxybenzyl-
phosphonate, diethyl 3,5-di-tert-butyl-4-hydroxybenzylphosphonate, dioctadecyl 3,5-di-tert-
butyl-4-hydroxybenzylphosphonate, dioctadecyl  5-tert-butyl-4-hydroxy-3-methylbenzyl-
phosphonate, calcium salt of 3,5-di-tert-butyl-4-hydroxybenzyl-phosphonic acid monoethyl

ester.

1.12. Acylaminophenols, for example 4-hydroxylauric acid anilide, 4-hydroxystearic acid
anilide, N-(3,5-di-tert-butyl-4-hydroxyphenyl)carbamic acid octy! ester.



1.9. Hydroxvbenzvi aromatic conmpounds, for exanple
1,3,5-tris(3,5-di-tert-butyl -4-hydroxy- benzyl)-2, 4, 6- trinethylbenzene

1, 4- rt-butyl - 4- hydr oxybenzyi)-2, 3,5, 6-tetra- nethyl benzene

2,4, Mig@é%%g tert- butyl - 4- hydr oxybenzyl ) phenol . 1.10. B€i Z‘%’W@“/OSOB?’
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2,4,6-tds- (3,5-di-tart-butyl-4-hydroxyphenoxy)-1, 2, 3-triazine,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxyberi- zyl) isocyanurate,
1,3,5-tris(4-tert-butyl - 3-hydroxy-2, 6-di net hyl benzyl) 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-hydr-

oxyphenyl propi onyl ) hexahydro-1, 3, 5-tri azi ne,

1,3,5-tris(3,5-di cydohexyl -4- hydroxybggzyl) i socyanurate. 1.11.
Benzvlphosphonates for exanple dinmethyl 2,5-di-tert-butyl-4-hydroxybenzyl -
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it ﬁocyangr St €14, his{é'rs(’ﬂ" @@héﬂimu B rébidicHEdAfth neonbNérpdipdecanol ,  3-
| apent ade

4 bt ox o reRG dgonalk S sxepig Wt "?%’?“P ?és%w\rmyaéw? idgodhng|. gespderanol 1614 Esters
of 6-(5-t orkexanedipl, - zﬂ&ﬂWﬁ@d\ﬂB -athylens | p'M@vIeremnemlc aerpentyli tdiycelono- or

pol y- hydri gioabthpérel g;yco:f Qibthﬂéribrﬂh}c@ MibthylengBiyBal Nsthiae§ihhBN @lsthydiogsthay ol |
i sooct anol ,. oct ad can% ,
isocyanurate, N-bls(hydroxyethyl)oxalic acid diamide, 3-thiaundecanol, 3-

thiapentadecanol, trimethylhexanediol, trimethylolpropane, 4-hydroxymethyl-1-phospha-
2,6,7-trioxabicyclo[2.2.2]octane; 3,9-bis[2-{3-(3-tert-butyl-4-hydroxy-5-
methylphenyl)propionyloxy}-1,1-dimethylethyll-2,4,8,10-tetraoxaspiro[5.5]undecane.

1.15. Esters of B-(3,5-dicvclohexyl-4-hydroxyphenyl)propionic acid with mono- or poly-hydric

alcohols, for example with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9~
nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol,
diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-
bis(thydroxyethyl)oxalic acid diamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexane-
diol, trimethylolpropane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclof2.2.2]octane.

1.16. Esters of 3.5-di-tert-butyl-4-hydroxyphenylacetic acid with mono- or poly-hydric

alcohols, for example with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-
nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycal, thiodiethylene glycol,
diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-
bis(hydroxyethyl)oxalic acid diamide, 3-thiaundecanol, 3-thiapentadecanol, trimethyl-
hexanediol, trimethylolpropane, 4-hydroxymethyl-1-phospha-2,6,7-
trioxabicyclo[2.2.2]octane. -



hexanedi ol , 1, 9-nonanedi ol , ethyl ene glycol, 1,2-propanediol, neopentyl
glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol,

pent i tris(hydroxyethyl) isocyanurate,
N, N eﬁé?@ﬂ{/ﬁwﬁg‘/et hyl )oxal i ¢ acid di am de, 3-thi aundecanol PC3/EP2004/050183

t hi apent adecanol , trinet hyl hexanediol, trimethyl ol propane,

4- hydr oxynet hyl - 1- phospha- 2,6, 7-tri oxabi cycl o[ 2. 2. 2] oct ane;

3,9-bis[243-(3-tert-butyl -4-hydroxy- 5-

met hyl phenyl ) propi onyl oxy] -1, 1-di net hyl et hyl ] - 2, 4, 8, 10-t et raoxaspi ro[ 5. 5] und

ecane. 1.15. Esters of 6-(3 5-dicyciohexvl-4-hydroxyphenvl) propionic acid

wi th nono- or poly-hydric alcohols, for exanple wi th nethanol, ethanol,

octanol, octadecanol, 1, 6-hexanediol, 1,9- nonanediol, ethylene glycol,

1, 2- propanedi ol , neopentyl glycol, thiodiethylene glycol, diethylene

glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)

i socyanurate, N, N - bis(hydroxyethyl)oxalic acid diam de, 3-thiaundecanol,

3-t hi apent adecanol , trinethyl hexane- diol, trimethyl ol propane,

4-hydroxynethy|-I-phospha-2,6,7-triqéﬁpicyclo[2.22]octane. 1.18. Esters of

3.5-di-tent-butyl -4-hydroxyphenyl acet’'c acid with nono- or poly-hydric

al cohol s, for exanple with nethanol, ethanol, octanol, octadecanol,

1, 6- hexanedi, 9l 9- il . ethylene glvcol, 1. 2:propanediql, neopentyl

gl ycol , thﬁlj? Ames or 130G %u ' M@eriteﬁ Taﬁg\l"gfycol ,

pent aer yt hpis@Stdi-tertbutykiydroayphenyipydpionybexepethyiengtiamide, NN,N'-bis(3,5-di-tert-

?i s( h%/ﬂr FXBlﬁ{’lﬂ}ﬂyarS:}‘y@Tén?lfl%ﬁibﬂctl)ﬁh\i@m}'l%diaﬁidé,hi 2undecr@,n0$is(3,§mt.@ft@mﬁmt aﬂecgngl 3
ri met hyl - xanedi ol .. | . ol pr ne. 4- ro -] - spha- 2, 6, 7-

tri oxabi cy<'3¥dg ?‘f’.’%ﬁr%dé?"gﬁ‘égg 2004/ 8‘%‘?@@@@%‘%@%&%@ %%plpep 2 1.17.

Ani des of Bopigny®xyithyllexamide (Neugari®Xytifrax Umitegatlv| ) pr opi oni ¢ acid. for exanple
N, N - bis(3,5-di-tert-butyl-4-hydroxyphenyl propi onyl ) hexanet hyl enedi am de,

N,N'-b!s(?)‘1 5 i-tert} @pt_I.4-hydroxypheny|propionyl)trinethylenedianide,

N,N'-bls(373*2ﬁ9¥%$¥¥% FV%DEL hydr oxyphenyl pr opi onyl ) hydr azi de),

N, N -bis[2-(3-[3,5-di-tert-butyl -4-hydroxryphenyl ] -

22?8' ((){]f?/lt g;tnxé.emﬁé- Gﬁﬁoﬂ@arﬁs’é\%ﬂ%ﬂﬁé M@-aiilsgmﬂrb.ygér?@u@a)mqel NIB.qi- Ascor bi ¢

NN -l - saﬁ%a@-v-%eli‘- "biﬂgﬁqérm@ﬁeﬁfﬂéﬁ?h%?m% i e ieged s NIAR(r enedi ani ne,

N, N' - bi s( 1ethyidimathyipentyeproanyleqediahingy | e chistimineteyiheilyikp-phénylehediamine,
N,N'-dicyclohexyl-p-phenylenediamine,  N,N'-diphenyl-p-phenylenediamine, N,N'-di(2-

naphthyl)-p-phenylenediamine, N-isopropyl-N-phenyl-p-phenylenediamine, N-(1,3-dimethyl-
butyl)-N'-phenyl-p-phenylenediamine, N-(1-methylheptyl)-N'-phenyi-p-phenylenediamine, N-
cyclohexyl-N'-phenyl-p-phenylenediamine, 4-(p-toluenesulfonamido)-diphenylamine, N,N'-
dimethyl-N,N'-di-sec-butyl-p-phenylenediamine,  diphenylamine, = N-allyidiphenylamine,
4-isopropoxydiphenylamine, N-phenyl-1-naphthylamine, N-(4-tert-octylphenyl)-1-naphthyl-
amine, N-phenyl-2-naphthylamine, octylated diphenylamine, for example p,p'-di-tert-actyl-
diphenylamine, 4-n-butylaminophenol, 4-butyrylaminophenol, 4-nonanoylaminophenol,
4-dodecanoylaminophenal, 4-octadecanoylaminophenol, di(4-methoxyphenyl)amine, 2,6-di-
tert-butyl-4-dimethylaminomethylphenol, 2.4'-diaminodiphenyimethane, 4.,4'-diamino-
diphenylmethane, N,N,N',N'-tetramethyl-4,4'-diaminodiphenylmethane, 1,2-di[(2-methyl-
phenyl)aminolethane, 1,2-di(phenylamino)propane, (o-tolyl)-biguanide, di[4-(1',3"-dimethyi-
butyi)phenyllamine, tert-octylated N-phenyl-1-naphthylamine, mixture of mono- and di-
alkylated tert-butyl-/tert-octyl-diphenylamines, mixture of mono- and di-alkylated nonyl-
diphenylamines, mixture of mono- and di-alkylated dodecyldiphenylamines, mixture of
mono- and di-alkylated isopropyl-/ischexyl-diphenylamines, mixtures of mono- and di-
alkylated tert-butyldiphenylamines, 2,3-dihydro-3,3-dimethyl-4H-1,4-benzaothiazine,
phenothiazine, mixture of mono- and di-alkylated tert-butyl-/tert-actyl-phenothiazines,
mixture of mono- and di-alkylated tert-octylphenothiazines, N-allylphenothiazine or
N,N,N',N-tetraphenyl-1,4-diaminobut-2-ene.

2. UV absorbers and light stabilizers




et hyl - 3- net hyl pentyl ) - p- phenyl enedi am ne,

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

N, N -di cycl ohexyl - p- phenyl enedi am ne, N, N -di phenyl - p- phenyl enedi ani ne,

N, N - &V% ORAP%EAY | ) - p- phenyl enedi ani ne, PCT/EP2004/050183

N-i sopropyl - N - phenyl - p- phenyl enedi am ne, N (1, 3-di nethyl -

butyl ) - N - phenyl - p- phenyl enedi am ne,

N- (1- met hyl heptyl ) - N - phenyl - p- phenyl enedi am ne, N

cycl ohexyl - N - phenyl - p- phenyl enedi am ne,

4- (p-tol uenesul f onam do) - di phenyl am ne, N, N -

di met hyl - N, N -di - sec- butyl - p- phenyl enedi am ne, di phenyl am ne,

N-al | yl di phenyl am ne, 4-isopropoxydi phenyl am ne, N-phenyl -I-napht hyl am ne,

N-(4-tart-octyl phenyl)-1-napht hyl - am ne, N phenyl -2-naphthyl am ne,

octyl ated di phenyl am ne, for exanple p,p'-di-tertoctyl- di phenylam ne,

4- n- butyl am nophenol, 4-butyryl am nophenol, 4-nonanoyl am nophenol,

4- dodecanoyl am nophenol , 4-oct adecanoyl am nophenol ,

di (4- met hoxyphenyl)am ne, 2,6-di- tert-butyl-4-dinethyl am nonet hyl phenol

2, 4' -di am nodi phenyl net hane, 4, 4' -di a? no- di phenyl net hane,

N,N,N',N'-tetranethyl-4,4'-dianinodiphenylnethane 1, 2- di[(2 nmet hyl -

phenyl ) am no] et hane, 1, 2-di (phen Ianln%ép ane, % uanide,

G (L o S gty b baEeres Fr o e oHEty 5 eyheny Sonze

N- phenyl - | -triezple; By3' &8rdi-teet;butyl-2-hyrreygrenyliteneotriardb, (H-(6'™-tadt-kiytylt-i@droxyphe-

tert-butyl -y %Fﬁz%é%)e, (i’lﬂfd?é’)!y%"pH%teﬂd&hﬁl%@yl%heﬂﬁ{%nzwolg'2-(’%'5‘3/' at ed
y

| - di ph
odboy! di bR HBEoN DS Frobe B Eang  di - 21Ky HPE2 oS-
i sopropy! - / metiyiphenyyh)-Sebhjotobenzbiriadolee s, i 2tBlHsesbutil-5'reibutyl@Hydaikyphadyly | at ed
tart-butyl ojphepyham nf?zf hy’dro%y Q-'«J&MQ n&sylf ol &Rézb%' 45k d sa Rnagial azi ne,

phenot hi azi ne, m xture of

tart-butyl - ?VF@W“%W?V‘Z&%W& h| a°z~43r?erg's(%°‘rﬁf9&“1xlbe"25'9-2 rRYFSxyPERN-8P281 ky | at ed
tert-oct y| piigzole} By rtdatyl-2-hydadxy Bl{RoetyialyburnyistryphienyINS-chibrobénzotiiédzelbet ra p he
nyl -1 Lo e izers WO
2004/ 078785é ég?'? E@%%o‘g;%éoq 'S"VE%T"%A%@P?%& g’?"gﬂg‘r’ h’l"%%" enz%)trl azol es,
for exanpl e2B-edbuthZahvaseyy-8-2 'FPE PRYPasRABY ety rlcay 'B'Ch'?’P'?e&%'l"’@ e, 23-

2-(3,5 -di tentt-emtyl—zblnyﬂmky&-(Z-lmgmow;carqidnﬂetyﬂl)phdngmmtmamlw e, 2-(3-tert-butyl-2'-

2- (5 -tert-Rutyls ?z éi%i{:s tg&?ﬁﬁyl)%gl{%ﬁ f%%élé 3@ by -642-(2-stuihe

2-(2" - hydroxy anet h qnzotrl azo e, 2-(3,5" -
di tert-butQ¥ cafbo'wg?ﬁ'w'ls%3'fpm@a(9'repv%beem"m ehz R %926%2 -hydroxy-5"-methyl-

2- (3" -t ert - fhebty)lbeRotriayale, oS \2-(8"tert-bubl-Ayhygrbrer5i-{2)isdoetgbrtycarbdnglathpl)-pheay ol e,

2- (3" - sec- byl ydiadol,! ©F 5,2 RhHtHAendoisTA AT IS RN Ibly)-6-benzotriazol-2-yi-phenol];

transesterification product of 2-[3'-tert-butyl-5'-(2-methoxycarbonylethyl)-2'-hydroxyphenyl}-

benzotriazole with polyethylene giycol 300; [R—CHZCHZ——COO—CHZCH;}E wherein R =

&'~ (1 N ,3,3-tetramethylbutyl) phenyl] benzotnazole, 2-[2'-hydroxy-3'-(1,1,3,3-
tetramethylbutyl)-5-(c, o-dimethylbenzyl)-phenyl]-benzotriazole.

2.2. 2-Hydroxybenzophenones, for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyl-
oxy, 4-dodecyloxy, 4-benzyloxy, 4,2',4'-trihydroxy or 2'-hydroxy-4,4'-dimethoxy derivative.

2.3. Esters of unsubstituted or substituted benzoic acids, for example 4-tert-butyl-phenyl
salicylate, phenyl salicylate, oclylphenyl salicylate, dibenzoylresorcinol, bis(4-tert-
butylbenzoy!)resorcinol, benzoylresorcinol, 3,5-di-tert-butyl-4-hydroxybenzoic acid 2,4-di-
tert-butylpheny! ester, 3,5-di-tert-butyl-4-hydroxybenzoic acid hexadecy! ester, 3,5-di-tert-
butyl-4-hydroxybenzoic acid octadecyl ester, 3,5-di-tert-butyl-4-hydroxybenzoic acid 2-
methyl-4,6-di-tert-butylphenyl ester.



benzotriazol e, 2-(2'-hydroxy-4'-octyloxyphenyl)-benzotriazol e,

2-(3",5 -di-tert-anyl-2'- hydroxyphenyl)-benzotri azol e,

2- (3 5'-bis&a a- di met hyl benzyl)-2' - hydr oxyphenyl ) - benzo- tri azol e,

2- (3 WQ2DOHNT8785 2 _ hydr oxy5' - ( 2- oct yl oxycar bonyl et hyl ) phenpPrepsidRispRenzo
triazole, 2-(3 -tert-butyl-5"-[2-(2-ethyl

hexyl oxy) car bonyl et hyl ] - 2' - hydr oxyphenyl ) - 5- chl or obenzotri azol e,

2-(3' -tert-butyl-2'-hydroxy-5'-(2-nmethoxycarbon)fiethyl)phenyl)-5-chl orobenz
otriazole, 2-(3' -

tertbutyl -2' - hydroxy5' - (2-net hoxycarbonyl et hy) phenyl ) -benzotri azol e,

2-(3' -tert-butyl-2'-

hydr oxy-5' - (2-octyl oxycar bonyl et hyl ) phenyl ) - benzotri azol e,

2-(3' -tert-butyl 5 -[2-(2-ethyl hexyl -

oxy) car bonyl et hyl ] - 2' - hydr oxyphenyl ) - benzotri azol e,

2- (3" -dodecyl -2' - hydroxy-5' - net hyl - phenyl)-benzotri azol e,

2- (3" -tert-butyl-2'-hydroxy-5"-(2-isooctyl oxycarbonyl et hyl)-phonyl -
benzotri azol e,

2,2' -met hyl enebl s[4- (1,1, 3, 3-tetranet¥yl butyl)-6-benzotriazol - 2-yl - phenol | ;
transesterification product of

2-[3" -tert-butyl -5 -(2-net hoxycarbonyl et hyl)-2'-hydr oxyphenyl ! -

benzot ri azéfeAchyates fobpxABIeyI-@yRec-Bi-yiphenyisapic apikethyimetprord = wherein R
= 3' -t ent mainbiarboniKifiaficy adid -méthyP &R&ERT bLASBethyilp-R&RdXYéinnamic acid
2-[2'-hydrox¥1- I-%’a-leth | benz I(%- . o

5'- (1, 1, 3, e ssiehet sy ?ﬁﬁﬁrw%-e‘ﬁﬁéfﬁ%? nYpIREshaYGingsae gcid methyl ester, N-(B-

2-[ 2" - hydr ewthod/carbdnylip-cyardvingip2-matiidaglinebut yl } 5' - (a, a- di met hyl

benzyi ) - phenyl ] - benzotri azole. 2.2. 2-Hvdroxvbenzophenones, for exanple the
4- hydr oxy, 4-nethoxy, 4-octyloxy, 4-decyl- oxy, 4dcdecyl oxy, 4-benzyl oxy,
4,2" 4" tri BggMNigkel eompounds,,f9F Sxgople Mickeli semplaesryofddeitiebBlddt. 1.38-t8ma- Est er s of
unsubst i t umethylbutylpbdiel),istcht e8dhdrth 2101 :Z canpiestSoptidrally vathaamitichalighmisf subrut yI - phenyl
salicyl ate ] -Sald tyl ; [ at e, . dihenz resorcinol,
bi s(4-tertia ® put @I mé'%’zéaf/ bﬂé@?%ﬁo'f‘? %ﬁ%‘g‘eﬁﬁd@gﬁ{g nng]«?l h'&ﬁﬂ Giblo

3, 5- di - t er £2"BAMAR: - tckal, §3l§x O Ay PR -Saqidpribulylbanzyviphasphonisy a5l JPRAGINY! est er

3, 5-di -t er bstlg; such 4s bofyitie mejHyeorzaihy ester, dicket xemitaxgsd olsttaximes3sunh dis of er t -

but yl - 4- hydg Nz i t : r 3 e
3,5-di-ter tg h%?’?%qﬁ% W&g?@‘ﬁ%egﬂzg%@&é%i @%P C%’?‘%xﬁ-%, é-p(r:]?n-y!ttlraf‘ o ]Llst yl phenyl
ester. WO duisnveyrasissriimnalyivith gddiiongtigasds: - 26 2.4. Acrylates, for exanple
(x-cyan-(3,[i-di phenylacrylic acid ethyl ester or isooctyl ester, a

met hoxycar b@n¥jeGiiD Aildefed®nhifbs TR B¥dmdhs %iﬁé,rgr,gtshteq'amg;sh%ll(paiperid-tt-%)ug[eb cate,

acyano- ( 3- e tp met hoxycrnnam ¢ aci d / or. }/ e§t er,

- 1ot hoxy c AFGeAH PRI RBEYE-Hh ZHrBaEC PBC AT Penlagelyipiopicppu seba

met hoxycar batey |bis{13eoticayr22,6 BytetiamBthgipipdridl4-yi)n debacate,. n-butyl-3,5-di-tert-butyl-4-
hydroxybenzylmalonic acid bis(1,2,2,6,6-pentamethylpiperidyl) ester, condensation product
of 1-hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, linear or cyclic
condensation products of N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine
and 4-tert-octylamino-2,6-dichloro-1,3,5-s-triazine, tris(2,2,6,6-tetramethyl-4-piperidyl) nitrilo-
triacetate, tetrakis(2,2,6,6-tetramethyl-4-piperidyl)-1,2,3 4-butanetetraoate, 1,1'-(1,2-ethane-
diyl)bis(3,3,5,5-tetramethylpiperazinone), 4-benzoyl-2,2,6,6-tetramethylpiperidine, 4-stearyl-
oxy-2,2,6,6-tetramethylpiperidine, bis(1,2,2,6,6-pentamethylpiperidyl)-2-n-butyl-2-(2-hydroxy-
3,5-di-fert-butylbenzyl) malonate, 3-n-octyl-7,7;9,9-tetramethyl-1,3,8-triazaspiro[4.S]decane-
2,4-dione, bis(1-octyloxy-2,2,6,6-tetramethylpiperidyl) sebacate, bis{1-octyloxy-2,2,6,6-tetra-
methylpiperidyl) succinate, linear or cyclic condensation products of N,N'-bis(2,2,6,6-tetra-
methyl-4-piperidyl)hexamethylenediamine and 4-morpholino-2,8-dichloro-1,3,5-triazine, con-
densation product of 2-chloro-4,6-di(4-n-butylamino-2,2,6,6-tetramethylpiperidyl)-1,3,5-tri-
azine and 1,2-bis(3-aminopropylamino)ethane, condensation product of 2-¢hloro-4,6-di(4-n-
butylamino-1,2,2,6,6-pentamethylpiperidyl)-1,3,5-triazine and 1,2-bis(3-aminopropylamino)-
ethane, 8-acetyl-3-dodecyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5]decane-2,4-dione, 3-
dodecyl-1-(2,2,6,6-tetramethyl-4-piperidyl)pyrrolidine-2,5-dione, 3-dodecyl-1-(1,2,2,6,6-pen-
tamethyl-4-piperidy!)pyrrolidine-2,5-dione, mixture of 4-hexadecyloxy- and 4-stearyloxy-



2.5. Nickel conpounds, for exanple nickel conplexes of

2,2'-thio-bis[4-(1,1, 3,3-tetra- nethyl butyl)phenol], such as the 1:1 or 1:2
conpl w0 200a078ngs | y wi th additional |igands, such as n-butyl am ne
triethanolanine@%r N- cyci ohexyi di et hanol ami ne, ni ckel dibut%¢Tﬂﬂ¥WpﬁDﬂ"33
carbamate, nickel salts of 4-hydroxy-3,5-di-tert-butyl benzyl phosphoni c acid
nonoal kyl esters, such as of the nmethyl or ethyl ester, nickel conplexes of
ket oxi mes, such as of 2-hydroxy-4-net hyl phenyl undecyl ketoxine, nickel
conpl exes of 1-phenyl -4-1auroyl-5- hydroxypyrazole, optionally with
additional ligands. 2.6. Sterically hindered am nes, for exanple

bis(2, 2,6, 6-tetranet hyl pi perid-4-yl) sebacate,

bis(2,2,6, 6tetranet hyl pi perid-4-yl) succinate,

bis(1, 2, 2,6, 6-pentanet hyi pi perid-4-yl) seba- cate,

bi s(1-octyl oxy-2, 2,6, 6-tetranet hyl pi perid-4-yl) sebacate,

n-butyl -3,5-di-tert-butyl -4- hydroxybenzyl mal onic acid

bis(1, 2, 2,6, 6-pentanet hyl pi peridyl) ester, condensation product of

1- hydroxyet hyl -2, 2, 6, 6-t et r anet hyl - 4-hydr oxypi peri dl ne and succi nic acid,

| i near or cyclic condensation products of

N, N -bis(2,2,6,6-tetranethyl-4-piperidyl)hexamethyl enedi am ne and

4-tert-octy b%@t&%n%ﬂ@gfébﬁoﬁﬂe%dﬂdéns&mﬁ prodiidt 'oﬁﬂ Nﬂﬁs(z 26 6-tetramethyl-4-plpen-

1 2,2,6 t et | - t
et a5 StdheereRuEai At A En o edigion-4 A -
1,1 -(1, 2- pothehef-1,21big(B )amngﬂrepy&nﬁ;oﬁaﬂtaeq armrmmgnbmwrpéﬂéztﬂmne)\d 4-butyl-

4- benzoy! - 2niRe-8.2%: g.@umr@rpmxﬂ.dmere@&s RidRo. [fe8864L59-8); condensation product of
oxy- 2, 2, 6, g 6t etra ?&%} %kugl?lm-l‘i, ,5ér|aﬁmﬁa?cwlsuzN tléhngpr'l& nd 4-butyl-

bis(1, 2, 2,
3,5-di - t er ambg-ﬂ?thﬁelatzqﬂhe)hymmnmt(éAS Reg. No. [192268-64-7]); N-(2,2,6,6-tetramethyl-

gi-giicg >C/It ZO. en%g nidsaercﬁéua&,mﬁldel 3, 8- tre Ir ?Zﬂapeméaépeﬁilaﬁteﬁﬁn%eadyﬁndl one,

Dl o3 oty sk bidednged b PR BRI L SEREEAE sorofe stemne, oyl
condensat i mactipnoducerodust N, Nf- bi sT.2.9.3-t@ragethd2raicloundecyl-1-oxa-3,8-diaza-4-

met hyl - 4- pbmaltogwééaéa&ieanewyl DRAGLAINE 21Bhis(1,2,2,6 6-pentamethyl-4-p|pendyl~

S oo, WO R R Pt o E e LA R Gl O

2- chl or o- 48P
azi ne and piperidyhekanethyienedianiney Higstérobd-metharymethenanalesiaepid witpt, 2266t of

2-chloro-4 @nﬂh&r@r—ﬂhydroxyplpendme poly[methylpropyl-3-oxy-4-(2 2 6 6-tetramethyl—4—
but yl am no

pent amet trla
1, 2-bi s( 3- gnﬁ%rwgl&ll(gﬁpp,awﬁlB? pro g%/cﬁ ghgwalrerc ‘%L\)drlgfé oo-o?ef' in oopo ymer ancrl 9 2,6,6-
8- acet yl - StetterielbyH4-aminppifer@ing et t 2286 pgitanistigl-Baminopipeddipe.r o[ 4. 5] decane- 2, 4-di on
e, 3- dodecyl-1-(2,2,6,6-tetranethyl-4-piperidyt)pyrrolidine-2,5-drone,

5 dodecy! - byl BuPosoll o FEME Lo L ABNEARM SRR B 0Te,
-27 dioctyloxy-5,5"-di-tert-butyl oxanilide, 2,2'-didodecyloxy-5,5"-di-tert-butyl oxanilide, 2-ethoxy-

2'-ethyl oxanilide, N,N'-bis(3-dimethylaminopropyl) oxalamide, 2-ethoxy-5-tert-butyl-2-ethyl

oxanilide and a mixture thereof with 2-ethoxy-2'-ethyl-5,4'-di-tert-butyl oxanilide, mixtures of

0- and p-methoxy- and also of o- and p-ethoxy-di-substituted oxanilides.

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-dimethylphenyi)-1,3,5-triazine, 2-
(2,4-dihydroxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2,4-bis(2-hydroxy-4-propyl-
oxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-
methylphenyl)-1,3,5-trlazine, 2-(2-hydroxy-4-dodecyloxyphenyi)-4,6-bis(2,4-dimethylphenyl)-
1,3,5-triazine,  2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine,
2-[2-hydroxy-4-(2-hydroxy-3-butyloxypropyloxy)phenyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-tri-
azine, 2-[2-hydroxy-4-(2-hydroxy-3-octyloxypropyloxy)phenyi]-4,6-bis(2,4-dimethylphenyl)-

1,3,5-triazine, 2-[4-(dodecyloxy/tridecyloxy-2-hydroxypropoxy)-2-hydroxyphenyl]-4,6-bis(2,4-
dimethylphenyl)-1,3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-dodecyloxypropoxy)phenyl]-4,6-
bis(2,4-dimethylphenyl)-1,3,5-triazine,  2-(2-hydroxy-4-hexyloxy)phenyl-4,6-diphenyl-1,3,5-
trigzine, 2-(2-hydroxy-4-methoxyphenyl)-4,6-diphenyl-1,3,5-triazine, 2,4,6-tris[2-hydroxy-4-



2,2,6,6-tetramet hyl pi peri di ne, condensati on product of

N, N -bis(2,2,6,6-tetranethyl-4-piperi- dyl)hexamethyl enedi am ne and
4-cy cI ohe. Q%Qlam no- 2, 6-di chloro-1, 3,5-triazine, condensation product of
1, 2- bWQ

mﬁiopyl am no) et hane and 2,4, 6-trichloro-1, 3, hiad
4- butyl - am no-2, 2, 6, 6-tetranet hyl pi peri di ne (CAS Reg. No. 5‘{%@@?@265@%
condensati on product of 1,6-di am nohexane and 2,4,6-t(chloro-1, 3,5-triazi ne
and al so N, N-di butyl am ne and 4-butyl- am no-2, 2, 6, 6-tetranet hyl pi peri di ne
(CAS Reg. No. [192268-64-7]); N-(2,2,6,6-tetranethyl -
4- pi pe(dyl)-n-dodecyl succi ni m de, N-(1, 2,2, 6, 6-pent anet hyl - 4-pi peridyl)-n-
dodecyl succi ni m de,
2-undecyl -7,7,9, 9-tetranet hyl -1 - oxa- 3, 8- di aza- 4o0xo- spi ro[ 4. 5] decane,
reaction product of 7,7,9,9-tetranethyl -2-cycl oundecyl - | oxa- 3, 8-di aza- 4-
oxospi ro[ 4. 5] decane and epi chl or ohydri n,
1,1-bis(1,2, 2,6, 6-pentanet hyl -4-pi peridyl -
oxycar bonyl ) - 2- (4- met hoxyphenyl ) et hene,
N, N -bis-fornmyl -N, N -bis(2,2,6, 6-tetranethyl -
pi peri dyl ) hexanet hyl enedi am ne, di est28r of 4-net hoxynet hyl enemal onic acid
with 1,2,2,6,6- pentanethyl -4-hydroxypi peri di ne,
pol y[ net hyl propyl - 3- oxy-4- (2, 2, 6, 6-tetranet hyl -4- piperidyl)]siloxane,
reacti on plcutexy-2-bydrorsprepoxy)alrenyldt,3,8Heiazinen| ef i n copdl-(g-hydromp'r@nmam% 6-

t2 et7 r ag(?ta P?'hemg@gnéagpe PRInlidi rifdinel 2, 2, 62@2&\9&?& - ;ﬁ@,)?g,gr gglzperl di ne.
2,2'-dieth |°f‘¥q1‘6‘8"ﬁ724‘£b'5(2§?’ PQB?W%“%"aa‘Pgt ert-butyl oxanilide,

2,2 didodecyloxy 5,56'-di-tert-butyl oxanilide, 2-ethoxy- 2'-ethyl

oxani | i de, 3N ubicBéatnd] Ifdm&dmde«'m QRRERRNAIL 20 BlAfL d@sahcylal-m salicyloyl
2-et hoxy-5:-tert

2- et hoxy- 2" déﬁzﬁ'y'lig'g 'bf(saa‘fy%f’ Ig‘&? @1“1 J?J%glﬁ"dqf’%gﬁy"g: ty%rm;yggengls;og@nyl)and
p- met hoxy- hyraging| sd-salicyledamingct.3t-idedolex y bidibenrlisiene)oxaliod  aoicin dihydiaride, 2. 8.
g El 26H;/<r1||r gwéﬁm)ébbhu{buo?ac%dﬂ ytraAdd) Sshacié Sid BXAMERYIR drazide, N,N'-diacetyladipic
2- (2- hydr oé‘ﬁ}d gx‘g&?’ﬂé Qﬁﬁ‘éﬁﬁ'ﬁﬁﬁ’ %ctﬁcé(df’yﬂraﬂ?er‘ré{%ﬁspﬁﬁg%w'shmﬁmgm%ct ri azi ne,
2- (2, 4- di hydidieudtaaddeny| ) - 4, 6- bi s( 2, 4- di net hyl phenyl } 1, 3, 5-tri azi ne,
, 4- bi s(2- hydr oxy- 4- propyl-
By r b eI o ey BROSHE Sl rotniess ooy e,
- (2- hydr osliglikd -rhespbite| msgnpmvm?ny))pmsmwtsleWMism Hyiogtedeeyy iphosphite,
3, 5- t r | agistagryl-pentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl)phosphite, diisodecylpenta-
- (2 hydr ox it dSSohg X 05 Mok ik eRipb ac stk NS BRE Witz A 57t 11 azi ne
2- hydr osyyipheny)ppripesytiyital diphesphitex bip(.6sirteteytyiftraetipyigheayl)gentdestipitols - di net hyl ph
1) -1, 3, GiphdsbhiteZi rbﬁ%,-lsodecyloxy—penta\erythntol dlphosphlte bis(2,4-di-tert- butyl -6
2 hydr Or‘éthylpl’(e%&lf%n aeriﬁtxntgf OCJ p¥| ﬁxYaD r O%}Qk 012%’ ’31-9 r‘? bl}(ylflhenyl)penl?a hrltol - di met hyl ph
4- (dodeé'yﬂl%kﬂ}tet(fﬁeﬁwseswﬂ' Hiphgsphitsx {atpkisid4-givterk bityleheaphdirperylene 6- bi s( 2, 4-
diphosphonite, 6-isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-dibenzo[d,g]}-1,3,2-dioxaphospho-
cine, Dbis(2,4-di-tert-butyl-6-methylphenyl) methylphosphite, bis(2,4-di-tert-butyl-6-methyl-
phenyl) ethylphosphite, 6-fluoro-2,4,8,10-tetra-tert-butyl-12-methyl-dibenzo[d,g]-1,3,2-dioxa-
phosphocine, 2,2',2"-nitrilo[tristhyl-tris(3,3',5,5-tetra-tert-butyl-1,1’-biphenyl-2,2'-diyl)-phos-
phite], 2-ethylhexyl-(3,3',5,5"-tetra-tert-butyl-1, 1-biphenyl-2,2'-diyl) phosphite, 5-butyl-5-sthyl-
2-(2,4,6-tri-tert-butylphenoxy)-1,3,2-dioxaphosphirane.
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5. Hydroxylamines, for exampie N,N-dibenzylhydroxylamine, N,N-diethylhydroxylamine, N,N-
dioctylhydroxylamine, N,N-dilaurylhydroxylamine, N,N-ditetradecylhydroxylamine, N,N-
dihexadecylhydroxylamine,  N,N-dioctadecylhydroxylamine, = N-hexadecyl-N-octadecyl-
hydroxylamine, N-heptadecyl-N-octadecylhydroxylamine, N,N-dialkylhydroxylamine from
hydrogenated tallow faity amines.

6. Nitrones, for example N-benzyl-alpha-phenylnitrone, N-ethyl-alpha-methylnitrone, N-octyl-

alpha-heptylnitrone,  N-lauryl-alpha-undecyinitrone,  N-tetradecyl-alpha-tridecylnitrone,



di et hyl phenyl)-1, 3, 5-trl azi ne,

2-[ 2- hydr oxy- 4- (2- hydr oxy- 3- dodecyl oxypr opoxy) phenyl ] - 4, 6-

bis(2 dlneth | phenyl ) -1, 3, 5-triazi ne,

2- (2 078788xy| oxy) phenyl - 4, 6- di phenyl -1, 3, 5- tri azi nePCT/EP2004/050183
2-(2- hydro y 4- met hoxyphenyl ) 4., 6-di phenyl -1, 3, 5-tri azi ne,
2,4,6-tris[2-hydroxy-4 WD 2004/ 078785 PCT/ EP2004/ 050183 - 28

( 3- but oxy- 2- hydr oxypr opoxy) phenyl ]-1, 3,5-tri azi ne, 2-(2-hydroxyphenyl)-4-(4-
met hoxyphenyl ) - 6- phenyl - 1, 3, 5-tri azi ne,

2-{2- hydr oxy-4-[3-(2-ethyl he)cyl - 1- oxy) - 2-

hydr oxypr opyl oxy] phenyl } -4, 6- bl s(2, 4-di net hyl phenyl )-1, 3,5-trl azi ne. 3.
Met al deactivators, for exanple N, N -di phenyloxalic acid di am de,
N-salicylal-N -salicyloyl- hydrazine, N, N -bis(salicyloyl)hydrazine,

N, N - bi s(3,5-di-tart-butyl -4-hydroxyphenyl propi onyl )- hydrazi ne,
3-salicyloylamno-1,2,4 triazole, bis(benzylidene)oxalic acid dl hydrazide,
oxani |l ide, isophthalic acid dihydrazide, sebacic acid bis-phenyl hydrazide,
N, N -dl acetyl adi pic acid di hydrazide, N, N -bis-salicyloyloxalic acid

di hydrazide, N, N -bis- sallcyloylthlopﬁ@plonlc acid di hydrazi de. 4.
Phosphi tes and phosphonltes e.g. triphenyl phosphite di phenyl al kyl
phosphi tes, phenyl- dialk phosphites, tris(non phenyl)phosphlte
trilauryl pHé‘?’ﬁﬁQP‘bea'P’larﬂeﬁéf’%'é‘EWe %ﬁﬁ'ﬁ‘m @Pha"lﬁ’éﬁ%‘ﬂ ﬂapeh!rt‘%l@i’%ﬂ’hrl t ol

di phosphi t ealplid-iepladecyiniiiond, eN-betidiety-biphegtyiatigip@iphy, t ie-heptidesoaipitytaprint a-

thritol t I
5 phosons LR el st b A R e
bi s(2, 6-di - PEW@WBMPﬁﬁPWP@ﬁ&WﬂHWﬂW&WV @@VWHFFtoI dlphosphlte
bi s-i sodecyl oxy- pentaerythrltol dlphosphlte bis(2,4-di-tert-butyl-6-

met hyl phenyl,) '?ﬁ i¥tc 8|I.|n ' R)p% a%eprl ord;p{oglomc dacxd dllaurﬁl Fster ?r thio-

bis(2,4,6-t %%#%nﬁgjpen phosphi ristearyl

sorbi t ol tlﬂﬁﬁeﬁﬁ?@@FdQQ%W8¥WS(2 4- dI-tert but yl phenyl ) - 4, 4' - bi phenyl ene

di phosphonite,

6-1 sooct yl oxy 3 AL 614 t b dj oxaphospho-

ci ne, bis( ZQAE#%%&S‘LNE%%BF %Le%@r%%sg}s ﬁpﬁ%od'd'%h?éﬂg ag]d foP

bi s( 2, 4- di - exampleiia layrylgstensd,pristyl griderey! ester, Mprcpptersptinidazole, the zinc sait of

6hf I ugr 0- 2, 4yridrckPobedizimitatdd, tzinb Wibyiyidithearbarhite, -dibcestyrisaiia] pdntadrydhrit 0Xa-

phosphoci ne

2,2 ,2"-ni tF k'T(Q'??dee% Tmﬁpﬁ)%?p?,néte', 5,5'-tetra-tart-butyl-1,1"-bi phenyl -2, 2" -

di yl)-phos- phite],

é St PY: hgxys E@ya?mdésébnhge@t k- éx@t’ﬁﬁle léb'ﬂp)ﬂ saits lin ~-BmBR&RY | wild, iddidgdi aflddor phOSphi t e,
uty e

tri- henoxy) - 1, 3, 2- di oxaphosphi rane. 5.
Hydr oxyl am ﬁ@épmf"bs °()%1Q%1ur?§f %"dlﬁa' 'B%ﬁ'&é?r&?ﬁer 8Xy| am ne,
N, N- di et hyl hydr oxyl am ne,

10. Basic co-stabilisers, for example melamine, polyvinylpymolidone, dicyandiamide, triallyl

cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides, polyursthanes,
alkall metal and alkaline earth metal selts of higher fatty acids, for example calcium stearate,
zinc stearate, magnesium behenate, magnesium stearate, sodium ricinoleate, potassium
palmitate, antimony pyrocatecholate or zinc pyrocatecholate.

11. Nucleating agents, for example Inorganic substances, e.g. talc, metal oxides, such as
titanium dioxide or magnesium oxide, phosphates, carbonates or sulfates of preferably
alkaline earth metals; organic compounds, such as mono- or poly-carboxylic acids and their
salfs, e.g. 4-tert-butylbenzoic acid, adipic acid, diphenylacetic acid, sodium succinate or
sodium benzoate; polymeric compounds, for example ionic copolymerisates ("ionomers").
Special preference is given to 1,3:2,4-bis(3'4-dimethylbenzylidene)sorbitol, 1,3:2,4-
di{paramethyldibenzylidene)sorbitol and 1,3:2,4-di(benzylidene)sorbitol.

12. Fillers and reinforcing agents, for example calcium carbonate, silicates, glass fibres,

glass beads, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, carbon black,
graphite, wood powders, and powders and fibres of other natural products, synthetic fibres.



di octyl hydr oxyl am ne, N, N-dil auryl hydroxyl am ne,

N, N-di t etradecyl hydroxyl am ne, N, N di hexadecyl hydr oxyl am ne,

N, N- d| oct adecyl hydroxyl am ne, N-hexadecyl - N-oct adecyl - hydroxyl am ne,

N- he pVELZMOTRI% t adecy! hydr oxyl ami ne, N, N-di al kyl hydr oxyI %T‘@lﬁf)@‘m}sm%
hydrogenated tallow fatty amnes. 6. Ntrones, for exanple

N- benzyl - al pha- phenyl nitrone, N-ethyl-al pha-nethylnitrone, N-octyl-

al pha- heptyl nitrone, NI auryl-al pha-undecyl nitrone,

N-t et radecyi - al pha-tridecyl nitrone, WO 2004/ 078785 PCT/ EP2004/ 050183 -29
N- hexadecyl - al pha- pent adecyl ni trone, N-octadecyl -al pha- heptadecyl nitrone,
N- hexadecyl - al pha- hept adecyl ni trone, N-octadecyl -al pha-pent adecyl nitrone,
N- hept adecyl - al pha- hept a- decyl nitrone, N octadecyl -al pha-hexadecyl nitrone,
nitrones derived from N, N-di al kyl - hydroxyl am nes prepared from hydrogenat ed
tallow fatty am nes. 7. Thiosynergistic conpounds, for exanple

t hi odi propionic acid dilauryl ester or thio- dipropionic acid distearyl
ester. 8. Peroxide-destroying conpounds, for exanple esters of
(i-thio-dipropionic acid, for exanple the lauryl, stearyl, nyristyl or
tridecyl ester, nercaptobenzin dazol-80-the zinc salt of

2- mer capt obenzi m dazol e, zinc dibutyldithiocarbamate, dioctadecyl disulfide,
pentaerythritol totrakis(p-dodecytnercapto)propionate. 9. Polvam de

st abi | i ser&3-Qthgr agddifives| for @Rl plasiivigass, jlyprieasipp emulsifiess Rigments; sgolees and/ or
phosphor usadyfivgeOcHtalS sl iploldrs, OpticalibigHtePBits, T8 gaaas s, adiStatiddpSidving

co- st abi | |§ -~y for exanple nel am ne, polyvinylpyrrolidone, dicyandi am de,
triallyl anur at e, urea derivatives, hydrazine derivatives, am nes,

pol yam des, pol yurethanes, alkali metal and al kaline earth netal salts of

Bi %her f at 14 BGikélGrandnes £ andlikones! Bt léﬁénﬁﬂéaaéadeecnbe@ilmw§t¢€ﬁ@$6|3, nmagnesi um
ehenat e, S u n at a m t at e,
. UBIDSRI AR 5.6% fs%12 SR, UBTAA4 ol Ol 82! £0callLATR KT BN,

anti nony pyroc e or “zI'nc pyraocat etho edt ng agents, for

exanpl e | nBF4ai1€ 632ib NEhvé 816 876; gEP -£AI589 83eton| EBXYHRY 103 uen 8442t t ani um

d: lc<)x: de or adshgysadkyphcAN] ﬂnd.-t@hmbafzaﬁran%h&om ﬁ&erﬂfutﬁ-ﬂi(&k%ﬁroﬁf p[) ef elrabl y

al kal1 ne e c _ car boxylic

aci ds and EhepedEhdfhersEE: W«‘?ﬁ?? e A g e Ll

di phenyl ac kanzefurge-ggnelg éar‘h DYy (ﬁ,gthgxy@ nyl)benzofuran-2-one 3-(4-acetoxy-3,5-
dlmethylphenyl)-5 7-di-tert-butyi-benzofuran-2-one,  3-(3,5-dimethyl-4-pivaloyloxy-phenyl)-
5,7-di-tert-butyl-benzofuran-2-one, 3-(3,4-dimethylphenyl)-5,7-di-tert-butyl-benzofuran-2-

one, 3-(2,3-dimethylphenyl)-5,7-di-tert-butyl-benzofuran-2-one.

The costabilizers are added, for example, in concentrations of 0.01 to 10%, relative to the
total weight of the synthetic polymer to be stabilized.

Preferred further additives are phenolic antioxidants, light-stabilizers, processing stabilizers,
solvents, pigments, dyes, plasticizers, compatibilizers, toughening agents and/or thixotropic
agents.

In addition to the nano fillers other fillers may be used as reinforcing agents (item 12 in the
list), for example talc, calcium carbonate, hydrotalcite, mica, kaolin, metal hydroxides, espe-
cially aluminium hydroxide or magnesium hydroxide. These are added to the synthetic poly-
mers in concentrations, for example, of from 0.01 to 40 %, based on the overall weight of
the synthetic polymers to be stabilized.

Carbon black as filler is added to the synthetic polymers in concentrations, judiciously, of
from 0.01 to 5 %, based on the overall weight of the synthetic polymers to be stabilized.

Glass fibers as reinforcing agents are added fo the synthetic polymers in concentrations,
judiciously, of from 0.01 to 20 %, based on the overall weight of the synthetic polymers to be
stabilized.



sodiun1benzoate; pol ymeri c conpounds, for exanple ionic copolynerisates
("iononmers"). Special preference is given to

1,3:2,4-bis(3 di met hyl benzyl i dene) sorbitol, 1,3:2,4-

di (parR0f &paﬂ?énzyl i dene) sorbitol and 1,3:2, 4-di (benzyl i dPCI/EB2OI4ES01812.
Fillers and reinforcing agents, for exanple caIC|un1carbonate silicates,
glass fibres, glass beads, talc, kaolin, mca, bariumsulfate, netal oxides
and hydroxi des, carbon bl ack, graphite, wood powders, and powders and
fibres of other natural products, synthetic fibres. WO 2004/ 078785

PCT/ EP2004/ 050183 -30 13. O her additives, for exanple plasticisers,

| ubricants, emulsifiers, pignents, rheology additives, catalysts, flow

i nprovers, optical brighteners, flame retardants, antistatics, blow ng
agents. 14. Benzofuranones and indolinones, for exanple as described 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- acetoxyet hoxy)phenylj-5,7-di-tart-butyl-benzofuran-2-one,
5,7-di-tart-butyl-3-[4-(2-stearoyl - ox1ethoxy)pheny|]benzofuran-z-one,

3,3 -bis[5, 7-di-tert-butyl -3-(4-[2-hydtoxyet hoxy] phenyl )- benzof uran-2-one],
5 7-di-tert-butyl-3-(4- ethoxyphenyl)benzofuran 2-one, 3-(4-acetoxy-3, 5-

di et hyl phe ty nzof pr.an

3-(3,5-di ms{[:L ﬁA@eﬁﬂerl vafgong;ﬂos't)% @a’%ﬁ nd 't"? ‘8.2"8‘5‘@ e "t?)éﬁ)y b) ?) (fl)?'ﬁ"?eén 2-one,
3-(3, 4-di rretaﬂgnivgmmwi) esseqia"ma"(@l@p pa@mgmls@@rvimhw@ﬁyac'ds@foeexample cal-

3-(2, 3-di netchmisipbey! ) -5, 7-di -tert-butyl - benzof uran-2-one. The costabilizers
are added, for exanple, in concentrations of 0.01 to 10% relative to the
total weight of the synthetic polynmer to be stabilized. Preferred further
addi tives are apteaveitiongl stabiizex tatebination oy pcessingainthpticepalymess; dercaxginplg

st abi | i zer s polydiéhny, @Mofin odneamaamgsmonﬂh{@s,, théXdonbinktfon 24 ﬁaen&ﬁraa@dxtdmtlw.ta ers,

t ougheni ng agent hi_x trop|c t.ion to the nano

/or
fillers other % rs'o’F'rctjaa" 6 USEd °5%a"'F8| ﬁ?h'égf%hﬁs‘g‘ﬁ@{r? 2 ref°"f' endi in the
list), for exanple tal c, caIC|un1carbonate, hydrotal cite, mca, kaolin,

net al  hydr oxicei@sratiohSqd @omgsundits §b) ahd (@) aHdHUeeH, RiktheleadeitivesBigte &l syt dr oXi de.
These are addffled B ey S B REh o8 or SR [Bie Aok AN GFRL HBLLADSr adey xamP! €.

of fromO0.0 e over
applying the dissolved or dlspersed compounds to the synthetic polymer, if appropriate with

subsequent slow evaporation of the solvent.

The present invention aiso relates to a nanocompaosite material in the form of a masterbatch
or concentrate comprising component (a) in an amount of from 5 to 90%, component (b) in
an amount of from 5 to 80%, and component (c) in an amount of from 0.5 to 50% by weight.

Components (b) and (c) and, if desired, further additives, can also be added before or
during polymerisation or before crosslinking.

Components (b) and (c), with or wfthout further additives, can be incorporated in pure form
or encapsulated in waxes, oils or polymers into the synthetic polymer.

Components (b) and (c), with or without further additives, can also be sprayed onto the syn-
thetic polymer. It is able to dilute other additives (for example the conventional additives indi-
cated above) or their melts so that they too can be sprayed together with these additives
onto the polymer. Addition by spraying on during the deactivation of the polymerization cata-
lysts is particularly advantageous, it being possible to camy out spraying using, for example,
the steam used for deactivation.

In the case of spherically polymerized polyolefins it may, for example, be advantageous to
apply components (b) and (c), with or without other additives, by spraying.



the synthetic polymers to be stabilized. Carbon black as filler Is added to
the synthetic polyners in concentrations, judiciously, of from0.01 to 5 %
based_on the overall weight of the synthetic polyners to be stabilized.
G ass WPREPYOZET85ei nf or cing agents are added to the synthetipg Ei’iﬁﬂﬁ?@o?ﬁh
concentrations, judiciously, of fromO0.01 to 20 % based on the overa
wei ght of the synthetic polyners to be stabilized. W 2004/078785
PCT/ EP2004/ 050183 -31 Further preferred conpositions conprise in addition
to components (a), (b) and (c) further additives as well, especially
al kaline earth netal salts of higher fatty acids, for exanple cal- cium
stearate. As a conventional stabilizer conbination for processing synthetic
pol ymers, for exanple polyolefins, to formcorrespondi ng noul di ngs, the
conbi nati on of a phenolic antioxidant wwth a secondary antioxi dant based on
an organi ¢ phosphite or phosphonite is recomended. |ncorporation of
conponents (b) and (c) and, if desired, further additives into the synthetic
polymers Is carried out by known nmethods, for exanple before or during
moul di ng or else by applying the dissolved or dispersed conpounds to the
synthetic polyner, if appropriate w t$#- subsequent slow evaporation of the
sol vent. The present invention also relates to a nanoconposite material in
the formof a masterbatch or concentrate conprising conponent (a) In an
amount of fThepinthetiqpolypwss prepatsd inthis wabhganibe emalayedriba wide gériefywab farss.fas 80% and
conponent  (efidmpidlas¥Barad] ik fibRds, thpddMblldng AmpEiioky/ a¥Biofibd or dsBiRaeMeRt S (b) and
(c) and, iEOQﬁahé%Qm Lg&%p&roa&githyesé can alﬁ@ qE ad%ﬁdaq§fg[eror during
pol ymeri sat’ron” or bEY Sre e P SeerY g Pl%f'.’ %8%31‘%’ %o(eﬁﬁ’ec ’65( ?,'Wth or
wi t hout f urrpiiieefingrietidings avhich case inpleng-leow cendact witil extractya rreediap sush &% fasncapsul at ed
in waxes, Qkdrpld)bippDbMiqRiIiSorigated, i filsrid) bétiehBransl, 1Py, profilediBreamat s (b) and
(c), with or without further additives, can also be sprayed onto the syn-
thetic polynmer. It is able to dilute other additives (for exanple the
convent i ondihe gigtemed (islslayergpolyolefintreqyidipg® havp adayer thigknessrat frerg 1405¢ MEX int hey t oo
can be spr ay@eclidrag@mtiRes0 winf for sxBmpiefraddid 1o0umh. onto the pol ymer. Addition by
sprayi ng on during the deactivation of the polynerization cata-

The compositions according to the invention can be advantageously used for the

preparation of various shaped articles. Examples are:

I-1) Floating devices, marine applications, pontoons, buoys, plastic lumber for decks, piers,
boats, kayaks, oars, and beach reinforcements.

I-2) Automotive applications, in particular bumpers, dashboards, battery, rear and front
linings, moldings parts under the hood, hat shelf, trunk linings, interior linings, air bag
covers, electronic moldings for fittings (lights), panes for dashboards, headlamp glass,
instrument panel, exterior linings, upholstery, automotive lights, head lights, parking lights,
rear lights, stop lights, interior and exterior trims; door panels; gas tank; glazing front side;
rear windows; seat backing, exterior panels, wire insulation, profile extrusion for sealing,
cladding, pillar covers, chassis parts, exhaust systems, fuel filter / filler, fuel pumps, fue!
tank, body side mouldings, convertible tops, exterior mirrors, exterior trim, fasteners / fixings,
front end module, glass, hinges, lock systems, luggage / roof racks, pressed/stamped parts,
seals, side impact protection, sound deadener / insulator and sunroof.

1-3) Road traffic devices, in particular sign postings, posts for road marking, car accessories,
warning triangles, medical cases, helmets, tires.

I-4) Devices for plane, railway, motor car (car, motorbike) including furnishings.

I-5) Devices for space applications, in particular rockets and satellites, e.g. reentry shields.



|l ysts is particularly advantageous, it being possible to carry out spraying
using, for exanple, the steamused for deactivation, in the case of
spherigal rized polyolefins it may, for exanple, be advantageous to
appl yﬁ@rﬂﬂé‘ﬂﬁ%égﬁb) and (c), with or wthout other additiv®ECT/ER2Q#HPi8T.
WD 2004/ 078785 PCT/ EP2004/ 050183 -32 The synthetic polynmers prepared in
this way can be enployed in a wide variety of forns, for exanple as foans,
films, fibres, tapes, noul ding conpositions, as profiles or as binders for
coating materials, especially powler coatings, adhesives, putties or
especially as thick-layer polyolefin nouldings which are in long-term
contact with extractive nedia, such as, for exanple, pipes for |liquids or
gases, filns, fibres, geonenbranes, tapes, profiles or tanks. The preferred
t hi ck-1 ayer polyol efin nmoul dings have a | ayer thickness of from1l to 50 mm
in particular from1l to 30 mm for exanple from2 to 10 nmm The
conpositions according to the invention can be advantageously used for the
preparation of various shaped articles. Exanples are: |-1) Floating devices,
marine applications, pontoons, buoys, plastic |unber for decks, piers,
boats, kayaks, oars, and beach reinforCenents. 1-2) Autonotive applications,
in particular bunpers, dashboards, battery, rear and front |[|inings,
nmol di ngs par, ) the. d . ] . | L0i.0as, . LNLer | | i ni ngs,
air bag CO\}Igf Q%Fgoéta% @%%lgxpen%q%&%laﬁhﬁhl}g f épﬁl%:%r?‘gss L‘ﬂ‘%{%h‘{“?;'%dp%ﬁg’és'f or
dashboar ds, sHeai#fugRp agd shelders. | nstrument panel, exterior linings, upholstery,
autonotive lights, head lights, parking lights, rear lights, stop lights,
interior an ' LB, ; X azipg f si de;

rear i ndova: 1 RaRhES: bt Sphet A 1Ehd A8 Sebilect BT Golide Gihe) ¢
extrusi on fcPMade] feleghonec paiabie rRGoneyiprintely teleyipien-sets,cydiosing ideetdeviceskhaust
systens, f udbwéripblspsateliitel TV do@l, and psntl dpvidies, fuel tank, body side noul di ngs,
convertible tops, exterior mrrors, exterior trim fasteners / fixings,
front end nodul e, glass, hinges, |ock systens, |uggage / roof racks,
pressed/ st arid dagseting for otheramgtasials sughas sieplgeextipsot ect i on, sound deadener /

I nsul ator and sunroof. 1-3) Road traffic devices, in particular sign

POSLI NGS, _Pqh Dl dr 4R s oG54 H LR o plulE c QoD ARG &S

nedi cal cases, ,
plugs, cases for electric and electronic parts, printed boards, and materials for electronic

data storage such as chips, check cards or credit cards.

11-4) Electric appliances, in particular washing machines, tumblers, ovens (microwave oven),
dish-washers, mixers, and irons.

iI-5) Covers for lights (e.g. street-lights, lamp-shades).
11-6) Applications in wire and cable (semi-conductor, insulation and cable-jacketing).

1I-7) Foils for condensers, reirigerators, heating devices, air conditioners, encapsulating of
electronics, semi-conductors, coffee machines, and vacuum cleaners.

1ll-1) Technical articles such as cogwheel (gear), slide fittings, spacers, screws, bolts,
handles, and knobs.

1I-2) Rotor blades, ventilators and windmill vanes, solar devices, swimming pools, swimming
pool covers, pool liners, pond liners, closets, wardrobes, dividing walls, slat walls, folding
walls, roofs, shutters (e.g. roller shutters), fittings, connections between pipes, sleeves, and
conveyor belts.

[1I-3) Sanitary articles, in particular shower cubicles, lavatory seats, covers, and sinks.



1-4) Devices for plane, railway, notor car (car, notorbike) including
furnishings. 1-5) Devices for space applications, in particular rockets and
satellites reentry shields. WO 2004/ 078785 PCT/ EP2004/ 050183 -33 1-6)
Devi cW9 ?-(814/(!9718835 tecture and design, mining applications, aOUER004V5EE3zed
systens, street refuges, and shelters. 11-1) Appliances, cases and
coverings In general and electric/electronic devices (personal conputer,

t el ephone, portable phone, printer, television-sets, audio and video
devices), flower pots, satellite TV bow, and panel devices. 11-2)
Jacketing for other materials such as steel or textiles. 11-3) Devices for
the electronic industry, In particular insulation for plugs, especially
conmputer plugs, cases for electric and electronic parts, printed boards,
and materials for electronic data storage such as chips, check cards or
credit cards. 11-4) Electric appliances, in particular washing nachines,
tunbl ers, ovens (m crowave oven), dish-washers, m xers, and irons. 11-5)
Covers for lights (e.g. street-lights, |anp-shades). 11-6) Applications in
wire and cabl e (sem -conductor, insulation and cable jacketing). 11-7) Foils
for condensers, refrigerators, heat|n§4deV|ces air conditioners,

encapsul ating of electronics, sem -conductors, coffee nmachi nes, and vacuum
cleaners. Ill-1) Techni cal articles such as cog mheelﬁé gear), sllde fittings,
spacers, scF'éQ/\EYQ'%BI griicles, ip pARpuias diagery (hahist dul mqontinen t fEmintp Ay giene

venti | at or sarbdid, shbwetpuddins\aashes, n2t] Bbs, chebile talsts, teat brushes, apd bédspans Wi N1 Ng

pool covers, pool liners, pond liners, closets, wardrobes, dividing walls,
slat walls, foldin malls r oof s, shutters (e. . roller shutterg},
fittings, cBrRhBiees W?"B’é?%\%’éﬁt)ﬁ?'ﬁ@?" WasioAl a"%\ﬁ'&?'“'??!?ﬂ?'@%ﬁ"' HER @ 111-3)

Sani tary ardabkel pestection) pjpas for gad, @il asd Sevge, Gulidriag,afown | pipes,t a0 \treisae Sy- covers,
and sinks. A0 2004/078785 PCT/ EP2004/050183 -34 111-4) Hygienic articles,
in particular diapers (babies, adult incontinence), femnine hygiene

111-6) Profiles of any geometry (window panes) and siding.

11l-7) Glass substitutes, in particular extruded plates, glazing for bulldings (monalithic, twin or
multiwall), aircraft, schoals, extruded sheets, window film for architectural glazing, train,
transportation, sanitary articles, and greenhouse.

111-8) Plates (walls, cutting board), extrusion-coating (photographic paper, tetrapack and pipe
coating), silos, wood substitute, plastic lumber, wood composites, wallls, surfaces, furniture,
decorative foil, floor coverings (interior and exterior applications), flooring, duck boards, and
tiles.

111-9) intake and outlet manifolds.

11-10) Cement-, concrete-, compasite-applications and covers, siding and cladding, hand
rails, banisters, kitchen work tops, roofing, roofing sheets, tiles, and tarpaulins.

IV-1) Plates (walls and cutting board), trays, artificial grass, astroturf, artificial covering for
stadium rings (athletics), artificial floor for stadium rings (athletics), and tapes.

IV-2) Woven fabrics continuous and staple, fibers (carpets / hygienic articles / geotextiles /
monofilaments; filters; wipes / curtains (shades) / medical applications), bulk fibers
(applications such as gown / protection clothes), nets, ropes, cables, strings, cords, threads,
safety seat-belts, clothes, underwear, gloves; boots; rubber boots, intimate apparel,
garments, swimwear, sportswear, umbrellas (parasol, sunshade), parachutes, paraglides,
sails, "balloon-silk”, camping articles, tents, airbeds, sun beds, butk bags, and bags.



articles, shower curtains, brushes, mats, tubs, nobile toilets, tooth
brushes, and bed pans. 111-5) Pipes (cross-linked or not) for water, waste
wat er_and ¢ als pi pes for wire and cable protection,

oi | NG @8«&3@7 guttering, down pipes, and drai nage sy- é’?é%?i&fp"é‘}f'%%
Profiles of any geonetry (w ndow panes) and siding. III-7) G ass

substitutes, in particular extruded plates, glazing for buildings
(monolithic, twin or multiwall), aircraft, schools, extruded sheets, w ndow
filmfor architectural glazing, train, transportation, sanitary articles,
and greenhouse. 111-8) Plates (walls, cutting board), extrusion-coating
(phot ogr aphi ¢ paper, tetrapack and pipe coating), silos, wood substitute,

pl astic |unmber, wood conposites, walls, surfaces, furniture, decorative
foil, floor coverings (interior and exterior applications), flooring, duck
boards, and tiles. 111-9) Intake and outlet manifolds. 111-10) Cenent-,
concrete-, conposite-applications and covers, siding and cl addi ng, hand
rails, banisters, kitchen work tops, roofing, roofing sheets, tiles, and
tarpaulins. 1V-1) Plates (walls and cug§ing board), trays, artificial grass,
astroturf, artificial covering for stadiumrings (athletics), artificial
floor for stadiumrings (athletics), and tapes. |V-2) Wven fabrics

cont i nuous aNd) Memprases, nsbaibs, doCas pat Seals fbryigofs,tutheB| tungdse sonds,gxaipext i | es /
nmonof i | ament ' tions),
bul k fibers ﬁa@'%f)dﬁﬁggget%?baérﬁ%ggéorﬁenﬁ’%aglspﬁﬁ “%p’ @g?%%mé.ﬁﬁgiaﬁésh ,Eghleﬁ? ropes,
cabl es, st ri#GHes.cFrepies. WhlParRYsfood §ﬂ‘¥"&9§)ﬁ"§é’ﬁ@ﬂpb'él(ﬂ§“bl%ﬁ'éﬁ FR%'Q mediger wear |

gl oves; boot gickagiab ifexibleo® tsslid),| dibagsRbletyets) r#@th, and) Béddenatts,, caspatsnoedie,

sportswear, %HQ{I hésﬂéoaﬁdo%cﬁﬁtg doonsmm?éi&)nsoléalﬁgqgﬁh%o?§hbp%dﬁ%€ ﬁ%ﬁ%agsai s,

"bal | oon- si | s, and
bags. WO 2odwhmsmﬁeormwrﬁme&ﬁhésmygmsmev SgRts\KPRIPS ARkamn, jsteeiingat | on,
covers and seakeStektids, andadisk trikunnel s, dunps, ponds, dunps, walls roofing
menbr anes, geonenbranes SW nmi ng pools curtains (shades) / sun-shields,

awni ngs, canoples paper, food packing and w apping (flexible and
solid), medi¥dfl msd&?ﬁé%ﬁfﬂgnﬁu'm I'%!R'P%‘P% a&"“s”B‘f’P and haﬂ'?tﬂfargsprgawgw puichs, arm
and head r estusnel, Gilagektbale wrapit swdmming pools, waste bags, wallpaper, stretch film, raffia,

desalination film, batteries, and connectors.
Vi-1) Food packing and wrapping (flexible and solid), bottles.

VI-2) Storage systems such as boxes (crates), luggage, chest, household boxes, pallets,
shelves, tracks, screw boxes, packs, and cans.

VI-3) Cartridges, syringes, medical applications, containers for any transportation, waste
baskets and waste bins, waste bags, bins, dust bins, bin liners, wheely bins, container in
general, tanks for water / used water / chemistry / gas / oil /7 gasolirie / diesél; tank liners,
boxes, crates, battery cases, troughs, medical devices such as piston, ophthalmic
applications, diagnostic devices, and packing for pharmaceuticals blister.

VII-1) Extrusion coating (photo paper, tetrapack, pipe coating), household articles of any
kind (e.g. appliances, thermos bottle / clothes hanger), fastening systems such as plugs,
wire and cable clamps, zippers, closures, locks, and snap-closures.

VIl-2) Support devices, articles for the leisure time such as sports and fitness devices,
gymnastics mats, ski-boots, inline-skates, skis, big foot, athletic surfaces (e.g. tennis
grounds); screw tops, tops and stoppers for bottles, and cans.

VII-3) Furniture in general, foamed articles {cushions, impact absorbers), foams, sponges,
dish clothes, mats, garden chairs, stadium seats, tables, couches, toys, building kits (boards
1 figures / balls), playhouses, slides, and play vehicles.



consol e, dashboard, cockpits, door, overhead consol e nodul e, door trim
headliners, interior lighting, interior mrrors, parcel shelf, rear |uggage

cover g@b@ geri ng colum, steering wheel, textiles, and trunk trim
Fi l rrvaé 87 > dunmp, laminating, agriculture and horti cuPGI/EP2004/050183

greenhouse, nulch, tunnel, silage), bale wap, sw mm ng pools, waste bags,
wal | paper, stretch film raffia, desalination film batteries, and
connectors. VI-1) Food packing and wapping (flexible and solid), bottles.
VI -2) Storage systens such as boxes (crates), |uggage, chest, househol d
boxes, pallets, shelves, tracks, screw boxes, packs, and cans. VI-3)
Cartridges, syringes, nedical applications, containers for any
transportation, waste baskets and waste bins, waste bags, bins, dust bins,
bin liners, wheely bins, container in general, tanks for water | Used water
/| chemstry / gas | ol f gasoline | diesel; tank liners, boxes, crates,
battery cases, troughs, nedical devices such as piston, ophthalmc
applications, diagnostic devices, and packing for pharnaceuticals blister.
VI1-1) Extrusion coating (photo paperlmiptrapack, pi pe coating), househol d
articles of any kind (e.g. appliances, thernos bottle / clothes hanger),
fastening systens such as plugs, wre and cable cl anps, zippers, closures,
| ocks, and snap-closures. VII-2) Support devices, articles for the leisure
time such as sports and fitness devices, gymastics mats, ski-boots,

i nl i ne- skat &4-4) Mptedals fgj qptiqaband magpetic detp gtomge-f aces (e.g. tennis grounds);
screw tops, tops and stoppers for bottles, and cans. VII-3) Furniture in

general , WK&E\ "%rg%gﬁnﬁu&mgﬁgg?oghg%%g%@gbsorbers), foans, sponges, dish

fo
clothes, mats, “garden C 5, , tables, couches, toys, building
kits (boards / figures / balls), playhouses, slides, and play vehicles. WO
2004/ 078785 VRG] Bktee & ¢h@>EhkSsdtes artibiideb kapéy; DVBteRicirdhiccarfics, diRbisGpliescaid nagneti ¢

data storag a2 ) K e re (eatj i ki ok ring).
VI -6) Boxegan¥ (‘)‘I?Qi &9% g ?‘mc%egg’e{a?ﬂ% ag'g ﬁ‘\%égggm?ugj%’e%;gwﬁga%%élé%@%ﬂn?fiat"grt icles,
of fi ce supplvPiege gnd cogignt (drinky detergents. gesmetics inslyding periimpes). ad@dhesive jpaeks . nouse,
shel ves, tracks), bottles of any

VII-7) Footwear (shoes / shoe-soles), insoles, spats, adhesives, structural adhesives, food

boxes (fruit, vegetables, meat, fish), synthetic paper, labels for bottles, couches, artificial

joints (human), printing plates (flexographic), printed circuit boards, and display

technologies.

VII-8) Devices of filed polymers (talc, chalk, china <iay (kaolin), wollastonite, pigments,
carbon black, TiO,, mica, nanocomposites, dolomite, silicates, giass, asbestos).

Thus, a further embodiment of the present invention relates to a shaped article, in particular
a film, pipe, profile, bottle, tank or container, fiber containing a composition as described
above.

A further embodiment of the present invention relates to a molded article containing a com-
position as described above. The molding is in particular effected by injection, blow, com-
pression, roto-molding or slush-moiding or extrusion.

The present invention also relates to a process for the preparation of a synthetic polymer
nanocomposite material which comprises melt mixing a mixture of a) a synthetic polymer, b)
a filler, and ¢) a dispersing agent prepared by controlled free radical polymerization (CFRP).

The melt mixing can be camried out in any heatable container equipped with a stirrer, for
example in a closed apparatus such as a kneader, mixer or stirred vessel. The incarporation
is preferably carried out in an extruder or in a kneader. It is immaterial whether processing
takes place in an inert atmosphere or in the presence of oxygen.



vol une and content (drinks, detergents, cosnetics Including perfunes), and
adhesi ve tapes. VII-7) Footwear (shoes f shoe-soles), insoles, spats,

adhesi ves, structural adhesives, food boxes (fruit, vegetables, neat,

fi sh)WO2004/0¢878 paper, |abels for bottles, couches, artifPOBEP2)®I/080d83
(human), printing plates (flexographic), printed circuit boards, and displ ay
technologies. VII-B) Devices of filled polyners (talc, chalk, china clay
(kaolin), wollastonite, pignents, carbon black, TI02, mca, nanoconposites,
dolomite, silicates, glass, asbestos). Thus, a further enbodi ment of the
present invention relates to a shaped article, in particular a film pipe,
profile, bottle, tank or container, fiber containing a conposition as

descri bed above. A further enbodi nent of the present invention relates to a
nol ded article containing a com position as described above. The nolding is
in particular effected by injection, blow, com pression, roto-nolding or

sl ush-nol di ng or extrusion. The present invention also relates to a process
for the preparation of a synthetic polymer nanoconposite material which
conprises nelt mxing a mxture of a) a synthetic polyner, b) a filler, and
c) a dispersing agent prepared by cont{ol i ed free radical polynerlzatlon
(CFRP). The nelt m xing can be carried out |n any heat abl e contai ner

equi pped w th ag&wgrrer xanpl e in a closed apparatus such as a

kneader, i X&8f 2 £f ?W&“ex?@s(g)efb) angh(g) W@S%’B?da?‘it ' QLI R carri ed
out in an exhinesdewhioh thepolgmérrieaeied .and mixed witnthe bdditived. Suleblehmaachipescressi ng

t akes pl ace n
2004/ 078785 E@T’ﬂ%ﬁgﬁﬁﬁ"e%{m%q@% p}damh'n Y e, E'%a&%sngﬁ &), (b) and

(c) can be JHP PIOERFS GLRTeIPRD Famied Br?aregihﬂﬁ’ﬁ&‘?yd@“%ﬁc'"gcth? Rlitive H”’ PR t he
pol ymer | s mnessingdPaiimilarly peférred plocdsbiey achiries \aessingBuscteabbdrudes; lvontego-ar e known

to those s k'tétin&ﬁnd &:r&té‘rﬁg %ﬁ-scréWSMruéJr@ p%&%labé?%%dd&smﬁg%&ﬁude&%%&@r s and
ext ruders. "‘g[ﬂ e[‘ss lsé)re er ab Sy I n an extru
i nt roduci ng “P?F@ A 5ARESHRI? foritye Broge sﬁ%g‘?i”ﬁﬁ’s P@é‘F’?q Vit 8t g5t %‘P@P%Fer'ed
processi ng nmmedicoegariaest tswiich evesuunecan®x tppliekt Seitable @rttudens and kre@tdengiarand
corotating td\éédﬁb&ﬁfo?&%aﬁ%ieruHi’ﬁﬁc@uch‘He%ﬁIsé{oﬁeﬂﬁéJn P, %ﬂﬁ:&éger{ Ef@rSXt ruders or
cok- neader It 1s alsO possi te to 9use pr ocle%ﬁl -4%6 qa%ghnesdp\r/(l)w ded with
at | east on ea%&n rvg, Knappe H. Potente, 1989, pp. SBN:3 «143 an o

Extrusionsanlagen 1986, ISBN 3-446-14329-7. For example, the screw length is 1 -60

screw diameters, preferably 35 - 48 screw diameters. The rotational speed of the screw is

preferably 10 to 600 rotations per minute (rpm), for example 25 - 300 rpm. The maximum

throughput is dependent on the screw diameter, the rotational speed and the driving force.

The process of the present invention can aiso be carried out at a level lower than maximum

throughput by varying the parameters mentioned or employing weighing machines

delivering dosage amounts. If a plurality of components are added, these can be premixed

or added individually.

Also of interest is a process for the preparation of a synthetic polymer nanocomposite mate-
rial, wherein the melt mixing of the components (synthetic polymer, filler and dispersing
agent prepared by controlled free radical polymerization) occurs between 120 and 290°C,
preferably between 140 and 250°C, for example between 170 and 230°C.

The present invention also relates to synthetic polymer nanocomposites obtained by the
above mentioned process.

The preferred components (b) and (c), and optionally futher additives, in the process for the
preparation of a synthetic polymer nanocomposite material are the same as those described
for the composition.

A preferred embodiment of the present invention is also the use of a dispersing agent pre-
pared by controlled free radical polymerization to intercalate and exfoliate a filler and dis-
perse the filler in a synthetic polymer matrix to form a nanocomposite material.



noval conpartnent to which a vacuum can be applied. Suitable extruders and
kneaders are described, for exanple, in Handbuch der Kunst st offextrusion,

Vbl Editors F. Henson, W Knappe, H Pote
\*’98%03%%2‘%?4339 4; and Vol. 2 Extrusionsanl agen 198?8T/§é’%%84/0?&183

3.446 14329-7. For exanple, the screwlength is | - 60 screw dianmeters,
preferably 35 - 48 screw dianeters. The rotational speed of the screwis
preferably 10 to 600 rotations per mnute (rpm, for exanple 25 - 300 rpm
The maxi mum throughput is dependent on the screw diameter, the rotational
speed and the driving force. The process of the present invention can also
be carried out at a level |ower than maxi mum throughput by varying the
paranmeters nentioned or enpl oyi ng wei ghi ng machi nes delivering dosage
anounts. If a plurality of conponents are added, these can be prem xed or
added individually. Also of interest is a process for the preparation of a
synt heti c pol yner nanoconposite mate- rial, wherein the nelt m xing of the
conponents (synthetic polynmer, filler and di spersing agent prepared by
controlled free radical polynerizationkgoccurs between 120 and 290C,
preferably between 140 and 250C, for exanple between 170 and 230C. The
present invention also relates to synthetic pol ynmer nanoconposites obtained
by the above nentioned process. The preferred conponents (b) and (c), and

optionally f ther add tives he pr ss for t pr ation of a

synt hetic pol Wﬁepgﬁ'f?ﬁ?@rﬁyﬁp&ﬁwy?%@"g8@3@%%8%@"8‘@56r| bed

for the corrp@sthtsmemaremepammmm desrrbati fordingt coppogition. present i nvention is al so
the use of a dispersing agent pre- pared by controlled free radi cal

ol yneri zat nt e exfolia erse the
PP er i nea oot ety Husieflbs Fienies i Pare o pbesiigBe el R ol
2004/ 078785 PCT/ EP2004/ 050183 -38 The preferred di spersing agent, flller
and synt heti ﬁx{ﬂbje\’ A Pepargiitd opda;deemglabéﬁtswrcsﬁereda’déHdhm%pymeﬁze{.ont his use are

t he sane as ose described for the composition he foll owm ng exanpl es
illustrate the invention further. Parts or percentages relate to weight.
Exanpl e 1: PiTegpraeraratiomangfcharacerizativinofblogkon camboppalyrers byl doelbliéd ke radichl cal

pol yneri zat i @élymerization is disclosed for example in C. Auschra et al., Progress in Organic Coatings
45, 83 — 93 (2002). Based on these procedures the following block copolymers are
prepared with the properties disclosed in Table 1.

Table 1:
Dispersing
agent | Block 1 g:;{‘hﬁ, Block 2 F;:g"t';% M2 | MJ/M®
(Example)
1a PBAY 58 PDMAEA® 16" | 7400 1.44
1b PBA® 100 PDMAEA® 30 11200 | 1.55
1c PBMA" 66 PDMAEA® 25 nd® | nd®

1) Average number of monomer units of the first block.

2) Average number of monomer units of the second block.

3) Molecular weight obtained from 'HNMR integration.

4) Polydispersity of polymer obtained from GPC with THF as solvent.
5) PBA is poly(butyl acrylate).

6) PDMAEA is poly(dimethylaminoethyl acrylate).

7) PBMA is poly(butyl methacrylate).

8) n.d. means "not determined".

Example 2: Preparation of polypropylene nanocomposites in a batch mixer based on
unmodified sodium montmorillonite.



The preparation and characterization of block or conb copol ynmers by
controlled free radical polynerization is disclosed for exanple In C

Auschra et al Progress In Organic Coatings 45, 83 - on
t hesWh2WMATE/3% the fol | owi ng bl ock copol yners are pr epaééﬁ&?zpﬂ‘?ﬁ%@%
properties disclosed in Table 1. Table 1: Dispersing Block 1 Block 2 3) 4)
agent Block | length') Block 2 engths Mi MWNM (Exanple) |a PBO 58 PDVAEAJ
16" 7400 1.44 1 b PBAn 100 PDVAEAB) 30 11200 1.55 1c PBMA') 66 PDVAEA) 25
n.d e) n.d.) 1) Average nunber of nononmer units of the first block. 2)
Aver age nunber of nononer units of the second block. 3) Ml ecul ar weight
obtai ned from HNMR i ntegration. 4) Pol ydispersity of polyner obtained from
GPC with THE as solvent. 5) PBA is poly(butyl acrylate). 6) PDVAEA is
pol y(di net hyl am noet hyl acrylate). 7) PBMA is poly(butyl nethacrylate). 8)
n.d. nmeans "not determ ned". Exanple 2: Preparation of polypropyl ene
nanoconposites in a batch m xer based on unnodified sodiumnontnorillonite.
WO 2004/ 078785 PCT/ EP2004/ 050183 -39 50 g of pol ypropyl ene [Basel) KY 6100
(RTM], is blended with 0.25 % of Irgapgox 1010 (RTM (pentaerythritol
tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]) and 0.25 % of
Irgafos 168 (RTM (tris(2,4-di-tert-butylphenyl) phosphite), 5 %of a
Imogt rr?rl I i)em L ?b' py[eﬁlla @asbit Ry 6N (R Ms tftma@d R@do bs ?JbeSFydﬁ&e’fo{%oc? ?y
ndustri es gen repa ree

radi cal pol ﬁ@ﬁ (250 '3% {ot%%sfao@t%#%ﬁ%&t hy‘f"ﬁ%f Egrfl{)‘fr?f’ °6Y¥te§ %up and
t hen added ofiraafobd6& (RTM) Xieis(2.40tedrbityipheayl) pr&sphjieh &Bﬁdof”_EBﬁ@,tmquimtmcm ure is

[Cloisite (Na*) (RTM) obtained from Southern Clay Industries] and 2.5 % of a dispersing

agent prepared by controlled free radical polymerisation (CFRP) according to Table 1 in a

plastic cup and then added to a batch mixer operating at 25 rpm and 180°C, the mixture is

then taken to 50 rpm for 10 minutes. Small scale injection moulding is performed with a

CS-183 MMX Minimax moulder. The mixing chamber is preheated to 230°C and the mould

is oven heated to 120°C for one hour prior to injection moulding. Approximately 5 g of the

material is placed in the mixing chamber and heated for 4 to 5 minutes. A small shot is

taken form the CS-183 MMX Minimax moulder prior to placing the mould in position. Six

tensile bars with the dimensions 18 mm by 5 mm by 0.85 mm are produced for each of the 5

g material.

Tensile testing is performed according to ASTM D 638 with a Rheometrics mini material ten-
sile tester [Minimat 2000 (RTM)] equipped with 2 1000 N load cell (40 mm/min). The results
are summarized in Table 2.



then taken to 50 rpmfor 10 mnutes. Small scale Injection noulding is
performed with a CS-183 MM M ni max noul der. The m xi ng chanber is

preh € C and the mould is oven heated to 120C fo r b Ol
to iS’?@c’gp&& | di ng. Approximately 5 g of the nmaterial ?ﬁﬁg%/qsﬁ%ﬁe
m xi ng chanber and heated for 4 to 5 mnutes. A small shot is taken form
the CS-183 MW M ni max noul der prior to placing the nould in position. Six
tensile bars with the dinedsions 18 mMmmby 5 mm by 0.85 nm are produced for
each of the 5 g material. Tensile testing is performed according to ASTM D
638 with a Rheonetrics mini material ten- sile tester [Mnimat 2000 (RTM]
equi pped with a 1000 N load cell (40 mmmn). The results are sunmarized in
Tabl e 2. WO 2004/ 078785 PCT/ EP2004/ 050183 -40- Table 2: Exanpl e D spersing
agent d-001 in A'1 Nornmalized Elongation Modulus of Elasticityd) at break
(%)l 2a") none (and no filler) - 1.00 1.00 2bal None 10 1.12 0.97 2ch)
Exanple 1la 13 1.32 1.30 2db) Exanple Ib 13 1.04 1.26 2ebl Exanple 1c n.d o
n.d.9 n.d.0 a) Conparative Exanple. b) Exanple according to the invention.
c) Interlayer distance determ ned by Xqpay diffraction. d) Normalized
nodul us of elasticity relative to pol ypropyl ene processed under simlar
conditions (= 1.0). e) Nornalized elongation at break relative to

pol ypr opyl ene processed under simlar condi- tions (= 1.0). f) n.d. neans
"not determ ned".

Table 2:
Normalized .
Example | Dispersing agent | d-001inA? | Modulus %f af L?ggﬁt('.%e)
Elasticity’
23% none (and no filler) - 1.00 1.00
2b° None 10 1.12 0.97
2c? Example 1a 13 1.32 1.30
2d” Example 1b 13 1.04 1.26
2¢” Example 1c nd.” n.d.? nd.?

a) Comparative Example.

b) Example according to the invention.

¢) Interlayer distance determined by X-ray diffraction.

d) Normalized modulus of elasticity relative to polypropylene processed under similar
conditions (= 1.0).

e) Normalized elongation at break relative to polypropylene processed under similar condi-
tions (= 1.0).

f) n.d. means "not determined".

The X-ray diffraction (XRD) spectra show that all copolymers synthesized via CFRP accor-
ding to Table 2 intercalate the used clay in the direct melt blending experiments in the batch
mixer. This is demonstrated by an increase in d-spacing of from 10 A (comparative Example
2b) to 13 A (Examples 2c and 2d according to the invention). The elasticity modulus of
samples is enhanced by 4 — 32 % with respact to polypropylene without dispersing agent
and/or filler. Surprisingly, the elongation at break is also enhanced by 26 — 30 %.

Example 3: Preparation of acrylic block or gradient copolymers by RAFT polymerization.

a) Preparation of poly(butyl acrylate) (PBA).



The X-ray diffraction (XRD) spectra show that all copolynmers synthesized via
CFRP accor- ding to Table 2 Intercalate the used clay in the direct nelt

bl endi ibpents in the batch mxer. This is denonstr
|ncr§‘§330@28ﬁ*§g§ci ng of from10 A (conparative Exanple ZEFQ?%F%@QQSOIST’
(Exanpl es 2c and 2d according to the Invention). The elasticity nodul us of
sanples is enhanced by 4 - 32 %with respect to pol ypropyl ene w t hout

di spersing agent and/or filler. Surprisingly, the elongation at break is

al so enhanced by 26 - 30 % Exanple 3: Preparation of acrylic block or

gradi ent copol yners by RAFT pol ynerization. a) Preparation of poly(butyl
acryl ate) (PBA). WO 2004/078785 PCT/ EP2004/ 050183 -41 A solution 200 g
(1.56 nol) of butyl acrylate, 21.3 g (0.056 nol) of S-dodecyl S'-phenyi ethyl
trithi ocarbonate) and 915 ng (0.0056 nol) of AIBNin 200 m of dry toluene

i s degassed by purging with argon for 3 hours. Polynerization is carried
out at 70 Cwith stirring under argon for 20 hours ('H NMR conversion 95%
GPC. M 3700, Mm Mh 1.16). b) Preparation of poly(butyl

acryl ate) - bl ock- pol y(PEGVEA) (PBA-b- PPEGVEA). A solution of 78.7 g (0.173
nol) of methyl (polyethylene glycol) nonoacrylate (average DP=3.1) and 915
mg (0.0056 nol) of AIBNin 100 mM of dry toluene is degassed by purging

wi th argon fAosolBomh200rgs(1.58 ImoB obtmityliadrydate, i24.3 3001056 rha) df ISedodbxyl/@-pharylsthylon

[ Exanpl e 3alyihigcamdohtBfhd 919 mg (d‘bEOSBH{oSohﬁBﬁEr{ 200 64 ofdry Rilfend'RdBEas8daagn for 22

hours. The solvent _is renove evapora- tion under vacuum (viscous yellow
0i | ; ' H NVR PUNaavith &5andpis? Boprs: Fiolyosrizafisn: is fafriegenh at 7,4 with stiving) undery

Pr epar at i on apdonjiari2g bt (HH NaIRr stnedreign-d5bp GRE: v 3TODRGERAN.16)PBA- b- PDEGEEA). A
solution of 39.2 g (0.208 nol) of di(ethylene glycol) ethyl ether acrylate

and 916 ny 80.0056 mol ) of AIBN in 100 m of d\rI%ostol uene i s degassed by
purgi ng wi t i) Sregeatiansf polyyidgardate mbipcis PAUPEGMEY (RELE-ZHESNEAY t he above

solution [Exanple 3a] by syringe. The m xture is stirred at 60C under argon

for 48 hour sy sclilin PPN (%2 LA SHbul GBUARRRA A HEHELyKAGUEe (VI scous

yellow oil; 'H . conversion - aval I'abl e due to
i nconpl et e SYTGHY #1475 M9 (§:256 mah)of ABN i, 106 i 9k, dny folysae {FdeRRSSE YPUIMISGVEA) .

with argon for 3 hours. This solution is added to the above solution [Example 3a] by syringe.
The mixture is stirred at 60°C under argon for 22 hours. The solvent is removed by evapora-
tion under vacuum. (viscous yellow oil; 'H NMR: total conversion ~100%; GPC: Mn 4400,
Mw/Mn 1.15).

c) Preparation of poly(butyl acrylate)-block-poly(DEGEEA) (PBA-b- PDEGEEA).

A solution of 39.2 g (0.208 mol) of di(ethylene glycol) ethyl ether acrylate and 916 mg
(0.0056 mol) of AIBN in 100 ml of dry toluene is degassed by purging with argon for 3
hours. This solution was added to the above solution [Example 3a] by syringe. The mixture
is stirred at 60°C under argon for 48 hours. The solvent is removed by evaporation under
vacuum. (viscous yellow oil; 'H NMR: fotal conversion ~100%; GPC: not available due fo
incomplete solubility in THF).

d) Preparation of poly(MMA-grad- PEGMEA).

A solution of 240.0 g (2.392 mol) of methyl methacrylate, 60.0 g (0.132 mol) poly(ethylene
glycol) methyl ether acrylate, 229 g (0.060 mol) of S-dodecyl S'-phenylethyl
trithiocarbonate) and 1.47 g (0.0090 mol) of AIBN in 300 m! of dry toluene is degassed by
purging with argon for 3 hours. The mixture is stirred at 70°C under argon for 48 hours. The
polymer is collected by precipitation into methanol. (yellow solid; 'H NMR: total conversion
~100%; GPC: Mn 7100, Mw/Mn 1.47).

e) Preparation of poly(MMA-grad- DEGEEA).



A solution of 240.0 g (2.392 nol) of nethyl nethacrylate, 60.0 g (0.132 nol)
pol yet hyl ene glycol) nethyl ether acrylate, 22.9 g (0.060 nol) of S-dodecyl
S' - phenyi eth trithiocarbonate) and 1.47 g (0.0090 nol) i n
of dr‘y({%ﬂoﬂ@ﬁéﬁss degassed by purging with argon for 3 hoﬁ%ﬁ%bwégg?e
is stirred at 70C under argon for 48 hours. The polyner is collected by
precipitation into nethanol. (yellow solid; "HNMR total conversion -100%
GPC. Mh 7100, MM Mh 1.47). e) Preparation of poly(MVA-grad- DEGEEA). WO
2004/ 078785 PCT/ EP2004/ 050183 -42 A solution of 240.0 g (2.392 nol) of

met hyl nethacrylate, 60.0 g (0.319 nol) di(ethylene glycol) ethyl ether
acrylate, 22.9 g (0.060 nol) of S-dodecyl S -phenylethyl trithiocarbonate)
and 985 ng (0.0060 nol) of AIBNin 300 mM of dry toluene is degassed by
purging with argon for 3 hours. The m xture is stirred at 70C under argon
for 48 hours. The polynmer is <collected by precipitation into nethanol.
(viscous yellowoil; "H NVR total conversion -99% GPC. Wh 5100, Mw~ Wh
1.50). Table 3: Dispersing Block 1 Block 2 3) 41 agent Block | length")
Block 2 length2l MM/M (Exanple) 3b4PBAe 25.2 PPEGVEAI 2.8 4400 1.15 3c
PBAI 28 PDECEEA' 3.1 4600 - 3d PMVA-grad- PEGVEA91 56.6 - 7100 1.47 3e

PVMMA- gr ad- DEGEEAal 42.5 - 5100 1.50 1) Average nunmber of nononmer units of
the first block. 2) Average nunber of nonomer units of the second bl ock. 3)

Mol ecul ar wej . i El\@ I Lan i i of

pol ymer obt a)ix %QB“O? 535%4@% (\%\1?%4][1 agh@gﬁg{gﬁ%t& %&ééiﬂ%ﬂ?)]gﬂ@?ﬁhbil

acryl ate). o69ypbetxmsther acryee 2290 ©06R Ryl efrsdedrot 8Tphemati frithigearbanate ) .
and 285 mg (0.0060 mol) of AIBN in 300 ml of dry toluene is degassed by purging with
argon for 3 hours. The mixture is stirred at 70°C under argon for 48 hours. The polymer is
collected by precipitation into methanol. (viscous yellow oil; 'H NMR: total conversion ~99%;

GPC: Mn 5100, Mw/Mn 1.50).

Table 3:
Dispersing
agent Block 1 Egg{‘h?, Block 2 E;:;{‘h% M2 | MM
(Example)
3b PBA? 252 | PPEGMEA?| 28 4400 | 1.15
3c PBA® 28 | PDEGEEA" | 3.1 4600 -
3d PMMA-grad-PEGMEA? | 56.6 - 7100 | 1.47
3e PMMA-grad-DEGEEA® | 425 - 5100 | 1.50

1) Average number of monomer units of the first block.

2) Averagé number of monomer units of the second biock.

3) Molecular weight obtained from 'HNMR integration.

4) Polydispersity of polymer obtained from GPC with THF as solvent.

5) PBA s paly(butyl acrylate).

6) PPEGMEA is poly(poly(ethylene glycol) methyl acrylate).

7) PDEGEEA is poly(diethylene glycol ethyl acrylate).

8) PMMA-grad-DEGEEA is poly(methyl methacrylate-grad-diethylene glycol ethyl acrylate)
gradient copolymer (weight ratio MMA:DEGEEA 4:1)

9) PMMA-grad-PEGMEA is poly(methyl methacrylate-grad-{poly(ethylene glycol) methy!
acrylate)]) gradient copolymer (weight ratio MMA: PEGMEA 4:1)

Example 4: Preparation of polypropylene nanocomposites in a twin screw extruder.

Processing is carried out with a Japan Steel Works 30 mm diameter twin screw extruder of
L/D ratio 42 (JSW TEX 30) that comprises ten temperature controlled barrel sections each



7) PDECEEA is pol y(diethylene glycol ethyl acrylate). 8) PMVA-grad-DEGEEA is
pol y( met hyI nmet hacryl at e- gr ad- di et hyl ene gl ycol ethyl acrylate) gradient
copo 4@; g rati o MVA: DECEEA 4:1) 9) PMVA- grad- PE CTSEPRIM(0FR I8 |
met h 9}93/ éj% d- [ pol y(et hyl ene glycol) nmethyl acrylate)]) gradient

copol ymer (weight ratio MVA: PEGVEA 4:1) Exanple 4: Preparation of

pol ypropyl ene nanoconposites in a twin screw extruder. Processing is
carried out with a Japan Steel Wrks 30 mm di anmeter tw n screw extruder of
LIDratio 42 (JSWTEX 30) that conprises ten tenperature controlled barrel
sections each WO 2004/ 078785 PCT/ EP2004/ 050183 -43 wth UD of 3.5, three
unheated sanpling zones with LID 1.167, and a cooled feed block wth LID
3.5. The screw configuration consists of a conbination of m xing, kneading
and conveying elenents famliar to those skilled in the art Materials are
fed into the extruder via a JSWTTF20 gravinetric feeder (Feed 1) and a
K-Tron KQX gravinetric feeder (Feed 2). The JSWTEX 30 is operated in a co
rotating (interneshing self w ping) nmode with throughput of 10 kg/hr and a
screw speed of 200 rpm Vacuum venting43s applied to the final barrel
section. The extrudate is cooled in a water filled strand bath and

pelletized. In a first step a 10 % clay masterbatch is prepared. Feed 1
conpri ses a vihL/Bobs8, three upksialed sapping enep Bitk &(0 1.H7480\a Crvtad) fpechblecka

?tablt i ze{ hvwlttno_lm I:3$t ¢W&ﬁdodﬂéurﬁlog50%%68Etcoﬁnblﬁﬁﬂﬁ>§f kg, r(nBIcM and Ll
ent aer rrto ra r0|onae
alrcl)d 0. 25ywt Ot id 'In? arGs %%@ar(t&m '? 'n% %%?teraé%{ %ﬁf'ﬁjﬁ 8’%&? phgsphl te).
Feed 2 con® JS¥JT &%r@metreqfeqdee(Feechv aP@Pdﬁ-BPfl KQX megyimetmir NgedesiFegdddd from
SoutT hglr n S alShelJBWlSﬂEki s5ls op’éﬂﬂ’edt i€a Ia@nothtmgi(fmte'iruélshg%tsatlﬂtwwg)trhtﬂer\atﬂ ot def |t Red
In lapbl e e ste e
mast er bat ch tﬁ‘louqth %\S/mg%{ %}1# e (?u?‘pgg&clpm \9"’}0“ P’e"(t'g%'s 2R B(i' t%q%%gl P

bl endi ng t hebaraleetiopdine mxtupzate i %'eMP@Wa?UH'P%W“?)bﬂWMW'@% plus stabilizer
(Feed 1). The first barrel section Is heated at 180C the renuaining barrel

o<t ornea-w T B 1000y [UERISOREBILE A T cblBa 0y B BT

preformed w er I on noul di ng
machi ne conmoiyﬁromdewedﬁﬁset' ERHARONARTME apdhn stabilizepwhighels tcpppased °f 0 S wi% of
Irganox 1010 (RTM) (pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate])

and 0.25 wi% of Irgafos 168 (RTM) (tris(2,4-di-tert-butylphenyl)phosphite). Feed 2
comprises a blend of the clay [Cloisite (Na*) (RTM) obtained from Southern Clay Industries]
and the non-ionic surfactant in the ratio defined in Table 4. All barrel sections are heated to
170°C.

In the second step the masterbatch is let down to the required clay level (see Table 4) by
blending the masterbatch (Feed 2) with further polypropylene plus stabilizer (Feed 1). The
first barrel section is heated at 180°C the remaining barrel sections are heated at 200°C.

Injection moulding of the extruded samples are preformed with a Cincinnati Milacron VS55
28 mm diameter injection moulding machine comprising four temperature controlled sections
of L/D23/1. The machine is operated at a clamp force of 50 tons and at a maximum injection
pressure of 2005 bar.

Tensile testing is performed according to ISO 521 using an Instron 5500R material tensile
tester. Tensile properties (vs polypropylene) for nanocomposite prepared with a ratio of
copolymer : clay of 1:5 are summarized in Tables 4 and 5.



of U023/1. The machine is operated at a clanp force of 50 tons and at a

maxi mum i njection pressure of 2005 bar. Tensile testing is perforned
according to | SO 521 using an Instron 5500R material tensi

Tené’VOe?OBﬁ/Bwsﬁi es (vs pol ypropyl ene) for nanoconposite pyggrépie)g&&vﬂsﬁlg:;
ratio of copolyner : clay of 1:5 are sunmarized in Tables 4 and 5. WO
2004/ 078785 PCT/ EP2004/ 050183 -44- Table 4: Amount of Tensile Mdul us

El ongation at Break Exanple Coisite Copolyner Strength of Elasticity
(MPa)) (MPa)"l () 4aa) none none 26.3 1470 >800 40 5% 1% Exanple 3b 26.9
1560 106 4cbl 5% 1% Exanpl e 3c 26.8 1540 141 4db) 5% 1% Exanpl e 3d 26.3
1530 34 4ebl 5% 1% Exanple 3e 26.5 1590 31 4tbl 5% 1% Exanpl e la 26.8 1520
180 4gb) 5% 1% Exanpl e 1c 26.6 1510 140 Table 5: Amount of Tensile Mdul us
El ongation at Break Exanple Coisite Copolyner Strength of Elasticity a
(MPa)) (MPa) 0 (/a) 5aa) none none 25.5 1470 >800 5bbl 1% 1% Exanpl e 1la
25.5 1826 49 a) Conparative Exanple, b) Exanple according to the invention.
Al'l exanples of Table 4 denobnstrate that the nechanical properties can be

i nproved com pared to pol ypropyl ene-by- usi ng copol yners prepared by
controll ed radi cal polynerization according to the present invention.

Table 4.
Example Aglzlijsrilf:f Copolymer S'rt?g:;; ofhgg::i%?ty Elongatig,z)at Break
(MPa)) | (mPa)?
4a° none none 26.3 1470 >800
4p 5% 1% Example 3b 26.9 1560 106
4c” 5% 1% Example 3¢ 26.8 1540 141
4d” 5% 1% Example 3d 26.3 1530 34
4e" 5% 1% Example 3e 26.5 1590 31
4 5% 1% Example 1a 26.8 1520 180
ag” 5% 1% Example 1¢ 26.6 1510 140
Table 5:
Example Ag; ‘i’sr;::f Copolymer STt?::gI:?h oPﬂ éggiil::?ty Elongatig,t)at Break
(MPa)) | (MPa)® o
5a% none none 255 1470 >800
59 | 1% 1% Example 1a 255 | 1826 49

a) Comparative Example.
b) Example according to the invention.

All examples of Table 4 demonstrate that the mechanical properties can be improved com-
pared to polypropylene by using copolymers prepared by controlled radical polymerization
according to the present invention.



-45- What is clainmed is: 1. A conposition conprising a) a synthetic
polymer, b) a filler in an anount of fromO0.1 to 40 % based on the weight
of conponent (a), and c¢) a dispersing agent prepared by controlled free
radi cal polynerization (CFRP). 2. A conposition according to claim1,
wherei n conponent (a) is a polyolefin. %. A conposition according to claim
1, wherein conponent (b) is a filler i nanoparticles. 4. A conposition
according to claim1l, wherein conponent (b) is a natural or synthetic
phyllosilicate or a m xture of such phyllosilicates. 5. A conposition
according to claim1l1, wherein conponent (b) is a layered silicate clay. 6. A
conposiRN q.acpﬁﬁd'pg to claim1, wherein conponent (b) is a :
nontnnrk+ﬁ%ﬁ$%%ri%%%to- nite, beidelite, mca, hectorite, saponite,
nontronite, sauconite, vermculite, ledikite, nmagadite, kenyaite,
stevensite, vol konskoite, hydrotalcite or a mixture thereof. 7. A

conposi ti FhCABRGTINHPMRESKGai m 1, wherein conponent (c) is a random bl ock,
star or coiyb ;.cYRMeYEBbIyReepared by controlled free radi cal pol ynerization.
8. A conposition according to claim11, wherein conponent (c) is a block or
comb acryl it¢ @dilleplapramoyy epiedd- bie ¢dt: Pasecken thecueighiddf caMPeBEY et iangt i on.
9. A conpositi : J i L : Le) i esent in
an amount of T O e D e et b RS T 0.
conposition according to claim1, conprising in addition, besides conponents

(a), (b) ﬁgéjm;g&s)ltfonféé%éwzg t%%ﬁje%irlhi1V%'ere’irﬁl@éw&&nen’?‘(%ﬁ%ﬁ;@&oieﬁﬁ.dacCor ding to

claim 10, ‘conprising nucl eating agent as a itive. 12. A
conposition according to claim1l, conprising as further additives phenolic

tioxi-, dant l.i ght - st abi | i : ' i.lizers, I t
o ront 3 B Rog kSO S POt b A eSS o
t hi xotropic agents. 13. A conposition according to claim1 in the formof a

mast er batch or concentrate conpri - , , _
4. A composition according to claim 1, wherein component (b) is a natural or synthetic

phyllosilicate or a mixture of such phyllosilicates.

5. A composition according to claim 1, wherein component (b) is a layered silicate clay.

6. A composition according to claim 1, wherein component (b) is a montmorillonite, bento-
nite, beidelite, mica, hectorite, saponite, nontronite, sauconite, vermiculite, ledikite, magadite,

kenyaite, stevensite, volkonskoite, hydrotalcite or a mixture thereof.

7. A composition according to claim 1, wherein component (c) is a random, block, star or

comb copolymer prepared by controlled free radical polymerization.

8. A composition according to claim 1, wherein component (c) is a block or comb acrylic co-

polymer prepared by controlled free radical polymerization.

9. A composition according to claim 1, wherein component (c) is present in an amount of

from 0.1 to 20 %, based on the weight of component (a).

10. A composition according to claim 1, comprising in addition, besides components (a), (b)

and (c), further additives.



sing conponent (a) in an amount of from5 to 90 % conponent (b) in an
anmount of from5 to 80 % and conponent (c) in an anpbunt of fromO0.5 to 50
% by weight. 14. A process for the preparation of a synthetic polyner
nanoconposite material which conprises nelt mxing a mxture of a) a
synthetic polyner, b) a filler, and c) a dispersing agent prepared by
controlled free radi cal polynerization“ﬁtFRP). 15. A process according to
claim 14, wherein the nmelt m xing occurs between 120 and 290C. 16. A

synt heti c pol yner nanoconposite obtained by a process according to claim 14.

17. Use of. & cdinppsitich agcag@yttopdamal @dcddyprizmif @b laesudigdgraminealk a further
pol yrreri%c?,lon to interca- late and exfoliate a filler and di sperse the
filler i MSynt hetic polyner matrix to forma nano- composite material.

12. A composition according to claim 11, comprising as further additives phenolic antioxi-
dants, light-stabilizers, processing stabilizers, solvents, pigments, dyes, plasticizers, compati-

bilizers, toughening agents and/or thixotropic agents.

13. A composition according to claim 1 in the form of a masterbatch or concentrate compri-
sing component (a) in an amount of from 5 to 90 %, component (b) in an amount of from 5 to

80 %, and component (c) in an amount of from 0.5 to 50 % by weight.

14. A process for the preparation of a synthetic polymer nanocomposite material which
comprises melt mixing a mixture of a) a synthetic polymer, b) a filler, and c) a dispersing

agent prepared by controlled free radical polymerization (CFRP).

15. A process according to claim 14, wherein the melt mixing occurs between 120 and
290°C.

16. A synthetic polymer nanocomposite obtained by a process according to claim 14.
17. Use of a dispersing agent prepared by controlled free radical polymerization to interca-

late and exfoliate a filler and disperse the filler in a synthetic polymer matrix to form a nano-

composite material.



