WO 2004/ 113436 PCT/ EP2004/ 051098 -1 Acrylic dispersing agents In
nanoconposites The present invention relates to a conposition, preferably a

nanoconposite material, conprising (a) a synthetic polyner, especi ally a
pol yol ef i n, vq(ob%o [l er, especially a natural or synt +EpRbisi@psi | 1 cate
or a mxture o 04zlulgzﬁli’phyl |l osilicates, preferably in nangg%r/ﬁ’c S and (c)

as di spersing agent a polyner based on a | ong chain alkyl neth(acrylate)
preferably a statistical, block or conb copol yner having at |east one
hydrophilic and at | east one hydrophobic segnment which is based on a | ong
chain al kyl acrylate. The present invention. relates also to 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) as disper ﬂcgfgcaﬁgé_}_g F@a%gk%m%"&'a’ﬁ%“% a long chain al kyl neth(acryl ate)
and to the us te and exfoliate a filler and
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gl oss, lower tool wear at processing etter ~ conditions for recycling
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flame retar dang rm@afanbéoniposite Mateder ti es and scratch resi stance. Nano-scal ed
fillers possess an extrenely large surface with high surface energy. The
deac- tivation of the surface energy and the conpatibilization of the

nano- scal ed f iTheeddditiom bhfillersptol doyganic 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 (< 200 nm), so-called nano-scaled fillers, mechanical
properties, heat distortion temperature stability or flame retardant property of the polymers
can be improved at a much lower concentration typically of 2 to 10 % by weight compared to
20 to 50 % by weight with the micro-scaled normal filler particles. Polymers containing nano-
scaled fillers combine favourable mechanical properties like strength, modulus and impact,
and show improved surface qualities like gloss, lower tool wear at processing and better
conditions for recycling. Coatings and films comprising nano-scaled fillers show improved
stability, flame retardance, gas barrier properties and scratch resistance.

Nano-scaled fillers possess an extremely large surface with high surface energy. The deac-
tivation of the surface energy and the compatibilization of the nano-scaled fillers with a paly-
meric substrate is, therefore, even more important than with a common micro-scaled filler in
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meric substrate is, therefore, even nore inportant than wwth a common
mcro-scaled filler in WO 2004/ 113436 PCT/ EP2004/ 051098 -2 order to avoid
aggregation during processing or conversion of the filled polyner and to
reach an ex%&ﬂgm gj6sper sion of the nano-scaled filler b&/ﬁpﬁmj/dstf@k
article. There 1s a substantial recent literature on organic-1norganic
nanoconposites based on clays or |layered silicates such as nontnorillonite
and synthetic polymers. Polyol efin nanoconpo- sites have been prepared from
organi c nodified days. The clays used are generally nodified with al kyl or
di al kyl ammoniumions or amnes or in a few.cases other oniumions, Iike
for exanpl e phosphoni um The amoni umion/am ne additives are usually
incorporated into the clay structure by a separate solution intercal ation
step. These ¢ NC £ :
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I S obtai ned wiets e atdyestructorecbytscparetd solutibn intraathtioy stapo- nium salts, is
conpounded wi th pol ypropyl ene in the presence of polyolefin oligoners conta-
I ning polar functionality, for exanple naleic anhydride grafted
pol ypr opyl ene.Thase tanvghtiopalnugeniconddifiedraays have arpurober of tisadyasibgds whenafsed for
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ties, dlSCOlOI'atIOI'I 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
additional compatibilizer has been proposed, most often a maleic anhydride grafted polypro-
pylene, which in working examples is present as major component of the final product.

M. Kawasumi et al., Macromolecules 1997, 30, 6333 — 6338 or 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 a better long term
thermostability, with reduced odor and reduced undesired discoloration, which accurs as a
result of the decomposition of the modification agents, can be prepared by the use of a
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result of the deconposition of the nodification agents, can be prepared by
the use of a WO 2004/113436 PCT/ EP20041051098 -3 polyner that conprises at
| east one segnent which is based on a long chain alkyl nmeth(acrylate). The

present iny i on.therefore provides a conposition conprisi

synt hetic p‘§$§%8}3453e a filler, and c) as dispersing aggﬁ?@%ﬁéﬁéﬂ% based
on a long chain al kyl nmeth(acrylate). Preferably, conponent (c) is a
statistical, block or conb copol ynmer having at | east one seg- nent which is
based on a long chain alkyl nmeth(acrylate). O interest is also a

conposi tion wherein conponent (c) is a stagistical, block or conb copo-

| ymer having at | east one hydrophilic and at | east one hydrophobi c segnment
which is based on a long chain alkyl acrylate. O special interest is a

pol yor  havi niouer e BORARSE bt b sebrabinict n Slaul it M dlOh 07 o)y

nmet h(acry- | ameth(acPiatd)er abl y, conponent. (b) is a filler in nanoparticles
(nano-scaled filler or nanoparticulate filler). O special interest is a
conposition wherein conmponent (b) is a nanoparticulate filler which is not
organi cal | y nbhfi present ingention theraforp glovides & perorasitien eemprisinger cal ati ng and
exfoliating a fid)l efsyRieiciohafrse the filler in a synthetic polymer matrix,
especially a thernmoplastic polymer, to forma nanoconposite rmaterial.
Exanpl es of suctP)sy@flifeddd pol yners are: 1. Polyners of nonool efins and

diolefins, for eyargldspeRingRoen Y eRmer REbY bS8 WAbY-haANBikyl Pibth(hoHiste). 1- ene,
pol y- 4- net hyl pent - 1- ene, pol yvi nyl cycl ohexane, pol yi soprene or

pol ybut adi ene, as well as polyners of cyclool efins, for instance of
cycl opent ene Piefiabiy) @omPpenent'@) BQ0sAdistcel 4Rtk BLIoMPAROKMBOHAYMG at least one seg-

ment which is based on a long chain alkyl meth(acrylate).

Of interest is also a composition wherein component (c) is a statistical, block or comb copo-
lymer having at least one hydrophilic and at least one hydrophobic segment which is based
on a long chain alkyl acrylate.

Of special interest is a composition wherein component (c) is a statistical, block or comb co-
polymer having at least 10-100% (mol%) segments based on a long chain alkyl meth(acry-
late).

Preferably, component (b) is a filler in nanoparticles (nano-scaled filler or nanoparticulate
filler).

Of special interest is a composition wherein component (b) is a nanoparticulate filler which is
not organically modified.

Component (c) is suitable for intercalating and exfoliating a filler and disperse 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-

lybut-1-ene, poly-4-methylpent-1-ene, polyvinylcyclohexane, polyisoprene or polybutadiene,

as well as polymers of cycloolefins, for instance of cyclopentene or norbornene,



-4 pol yethyl ene (which optionally can be crosslinked), for exanple high
density polyethylene (HOPE), high density and hi gh nol ecul ar wei ght
pol yet hyl ene (HDPE—HNMV hi gh density and ul trahi gh nol ecul ar wei ght

pol yet hyl eng, d@% , medium density polyethylene (pERE200dRYGEENSI Y
pol yet hyl ene (L | i near | ow density polyethylene (LLDPE), (VLDPE) and
(ULDPE). Polyolefins, i.e. the polyners of nonool efins exenplified in the
precedi ng paragraph, prefe- rably pol yethyl ene and pol ypropyl ene, can be
prepared by different, and especially by the follow ng, nmethods: a) radical
pol ynmeri sation (normally under high pressude and at el evated tenperature).
b) catalytic polynerisation using a catalyst that normally contai ns one or
nore than one netal of groups |Vb, Vb, Vib or VIII of the Periodic Table.
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hal i des, al cohol ates, ers, an nes and/ aor aryls
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be used by thgWsPPEEshdi(ULDPE). pol yneri sation or furt her activators may be
used, typically nmetal alkyls, netal hydrides, netal alkyl halides, netal
al kyl oxides or nme- tal al kyl oxanes, said netals being el enents of groups
| a, |1 a and/ orPdiydedingfi.et the pE’qmersiaﬁdiooocIeﬂnbexerﬂ'ﬂdiﬁethmtthwaneoe@ngmyagn@rrrpréfe‘-i ed

conveniently t ese
cat al yst syst\gan@pgugéthg ﬁ%ﬁ‘?ggp@gﬁ% ﬁapﬁg‘sﬂ?&a%{ %}daI d“’@l Pﬁqﬁ%ilé Ig'sbyzt];ggl er
(-Natta), TNz foliowingnmpethogdsst aI | ocene or single site catalysts (SSC). 2.

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

pol ypropyl ene with polyisobutyl ene, polypropylene wth polyethylene (for
exanpl e PP/ HDPE,a) ppradigatnolyspatisation kaqimally upderdiightnspssire Q"?@E%‘e‘tﬁ*e%‘@m?@?h‘ﬁ Jene
(for exanple LDPEI HDPE). 3. Oopol ymers of nonool efins and d| olefins with
each other or with other vi '%'l‘if npnoners, for exanpl@ilmeth ene/pro yl ene

copol yners, |inddr ColavicpRYBSrsaiansingd eaialvst thabmesm ins one or mare than

one metal of groups Vb, Vb, VIb or VIl of the Periodic Table. These metals usually
have one or more than one ligand, typically oxides, halides, alcoholates, esters,
ethers, amines, alkyls, alkenyls and/or aryls that may be either - or o-coordinated.
These metal complexes may be in the free form or fixed on substrates, typically on
activated magnesium chloride, titanium(ll) chioride, alumina or silicon oxide. These
catalysts may be soluble or insoluble in the polymerisation medium. The catalysts
can be used by themselves in the polymerisation or further activators may be used,
typically metal alkyls, metal hydrides, metal alkyl halides, metal alkyl oxides or me-
tal alkyloxanes, said metals being elements of groups ia, lla and/or llia of the Pe-
riodic Table. The activators may be modified conveniently with further ester, ether,
amine or silyl ether groups. These catalyst sysiems are usually termed Phillips,
Standard Oil Indiana, Ziegler (-Natta), TNZ (DuPont), metallocene or single site
catalysts (SSC).

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

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



m xtures thereof with | ow density pol yethyl ene (LOPE), propyl ene/but-1-ene
copol yners, WO 2004/ 113436 PCT/ EP2004/ 051098 -5 propyl enefi sobutyl ene
copol ynmers, ethylene/but-I|-ene copolynmers, ethyl ene/ hexene copo- |yners,

et hyl ene/ rre\g,a%dgﬂ%gpe copol yners, ethyl ene/ heptene copgly ;1?;,5504/051098
et hyl ene/ octene copol yners, ethyleneIV|nyIcyC|ohexane copol yners,

et hyl ene/ cycl ool efin copolyners (e.g. ethylene/norbonene |ike COC)

et hyl ene/ 1-ol ef i ns copol yners, where the 1-olefin is gene- rated in-situ;
propyl ene/ but adi ene copol yners, isobutyl enelisoprene copol yners,

et hyl ene/ vi nyi cycl ohexene copol yners, ethy.ene/al kyl acryl ate copol yners,
et hyl ene/ al kyl nethacryl ate copol yners, ethyl ene/vinyl acetate copol yners
or ethylene/acrylic acid copolyners and their salts (iononers) as well as

terpol ymers 3{ A?M;.&Bﬁr%égo QH%Y le%Q/ﬂut-ﬁe mé‘d)}%ny&%&h ?ﬁlen&‘lﬁ h€ %po-

di cycl opent adi or e ene; tures or © such copolyners
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copol yners ene-acrylic acid yNmers

LLDPE/ EAA anoPtmé?ftemorP&m%g hf{q CROh M ens!yiefing |cewm$-wﬂwr%‘ﬁo 9'8@‘ iESPR-y ner s
and m xtures rlagr epfsit tBropQéMutd@ﬁHn&”'eéo‘ﬁol e, emmylana@byraﬁa d@8polyers

Hydr ocar bon resi ns for exa g i.nc “ﬁgl ng hydr ogenat ed m)dl fi cat i ons
thereof (e.cft X‘%ﬂ%’ icysial °X%Wﬁ Sthyfe Pt@n olymarss efens/atky
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styrene, a-ne I'soners uene
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4. Hydrocarbon resins (for example Cs-Cg) including hydrogenated modifications thereof
(e.g. tackifiers) and mixtures of polyalkylenes and starch.

Homopolymers and copolymers from 1.) - 4.) may have any stereostructure including
syndiotactic, isotactic, heterotactic or atactic; where atactic polymers are preferred.
Stereoblock polymers are also included.

5. Polystyrene, poly(p-methyistyrene), poly(a-methylstyrene).

6. Aromatic homopolymers and copolymers derived from vinyl aromatic monomers including
styrene, a-methylstyrene, all isomers of vinyl toluene, especially p-vinyitoluene, all isomers
of ethyl styrene, propyl styrene, vinyl biphenyl, vinyl naphthalene, and vinyl anthracene, and
mixtures thereof. Homopolymers and copolymers may have any stereostructure including
syndiotactic, isotactic, hemi-isotactic or atactic, where atactic polymers are preferred. Ste-
reoblock polymers are also included.

6a. Copolymers including aforementioned vinyl aromatic monomers and comonomers
selected from ethylene, propylene, dienes, nitriles, acids, maleic anhydrides, maleimides,



6a. Copol ynmers including aforenentioned vinyl aromatic nononmers and
conononers selected fromethylene, propylene, dienes, nitriles, acids,
mal ef i ¢ anhydri des, nmal ei m des, WO 2004/ 113436 PCT/ EP2004/ 051098 -6 vi nyl
acet ate and we bk 1fslpdeor i de or acrylic derivatives and m gtpepsolhgssmol . for
exanpl e styrene/butadi ene, styrene/acrylonitrile, styrene/ethylene
(interpolyners), styrene/alkyl nethacrylate, styrene/butadi ene/alkyl

acryl ate, styrene/butadi ene/al kyl nethacrylate, styrenel maleic anhydride,
styrene/acrylonitrile/methyl acrylate; mxtures of high inpact strength of
styrene copol yners and anot her polyner, fog-exanple a polyacrylate, a diene
pol ymer or an et hyl ene/ propyl ene/ di ene terpol yner; and bl ock copol yners of
styrene such as styrene/ butadi ene/styrene, styrene/isoprene/styrene,

styrene/ et hyl f‘\ﬂ%‘ Bedith &g/ \ﬁﬁw 'efiBfide OF a&&lﬁércﬁaﬁ%tﬁ&f%&Hﬁﬂ%@ﬁﬂéré‘d?efo?teiéérﬁﬂé

6b. Hydrogenated aromatic polyners derived from hydrogenation of polyners
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pol yvi nyl cycl ohe ed aromatic pal ymers derived from
hydr ogenat i on We'b*z""?} r&H%‘e;acﬁ(}?a@f'e’@afhyl aRYAtsp SPIHESE SoTa igh impact

copol ymers maystigagte oﬂltsyre‘ilbﬁfoﬁﬂﬁmérs @ind raaothérqidlv*idﬁ Job pasipld & poiyacrylbep aicenet ic,

hem -i sotactic_or atact tic ner erre St ereo ock
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such as styrers styreaelmdﬁyﬂmstyreﬁmEstyréWIsopeemrqqlrm§tsjzyrmeésﬂwlenpmuwlmé/aureaae
styrene on pol ren ol ybut adi eneacry- lonitrile copol ynmers;
styrene and ac(?}fﬁlf) {eﬁﬂfeggltgyorpylﬁgﬁlﬁggﬁ% onitrlle) on polybutadiene; styrene,
acrylonitrile and nmethyl nethacrylate on pol ybutadi ene; styrene and naleic

anhydride on pgy St'é@’ara%é(&: gwegsﬁci lb&{‘hérﬁ'h&&ro@&%ﬂ&?hﬁ%&lﬁn&@%ﬂﬁdr@@ or

mal ei m de on poly uta Iene; s elm adi ene; styrene
and al kyl acrwfﬁﬁéﬁ)cﬁspemlvhwgaﬂwmhewt?ﬂmea@’% pr@sa;ﬁdetwehy&menatmg
acrylonitrile éiébti@bblyétf‘r@ﬁé REEPMFPRA S AL R vin Sfl%)fdi&hh)(di‘ﬁr(ﬁvcﬂ yrene and
acrylonitrile on polyalkyl acrylates or polyal kyl methacrylates, styrene

and acrylonitrile on acryl ate/butadi ene copol yners, as well as m xtures
thereof with gc Hydrogenated aromatic polymers derived from hydrogenation of polymers mentioned.

under 6a.).

Homopolymers and copolymers may have any stereostructure including syndiotactic, isotac-
tic, hemi-isotactic or atactic; where atactic polymers are preferred. Stereoblock polymers are
also included.

7. Graft copolymers of vinyl aromatic monomers such as styrene or o-methylstyrene, for
example styrene on polybutadiene, styrene on polybutadiene-styrene or polybutadiene-acry-
lonitrile copolymers; styrene and acrylonitrilie (or methacrylonitrile) on polybutadiene;
styrene, acrylonitrile and methyl methacrylate on polybutadiene; styrene and maleic
anhydride on polybutadiene; styrene, acrylonitrile 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 polyalkyl acrylates or polyalkyl 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), chiorinated or sulfo-



the copolyners listed 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 oroprene, chlorinated rubbers, chlorinated and brom nated copol yner

of isobutyl gpendsephgne (hal obutyl rubber), chlorinated gy spahdsRsi6a
2004/ 113436 PCT/ EP2004/ 051098 -7 chlorinated pol yet hyl ene, copol yners of

et hyl ene and chl ori nated et hyl ene, epichlorohydrin hono- and copol yners,
especially polynmers of hal ogen-contai ning vinyl conpounds, for exanple

pol yvi nyl chl oride, polyvinylidene chloride, polyvinyl fluoride,

pol yvinylidene fluoride, as well as copolyaers thereof such as vinyl

chl oridel vinylidene chloride, vinyl chloride/vinyl acetate or vinylidene
chloridel vinyl acetate copolyners. 9. Polyners derived from a, p-unsaturated

aci ds and der bmaﬁdavé'hepcﬁ;éﬁ{yﬁﬁé o%aahnaé; o?einmaﬁé ¥rid énﬁarmatea%ymbyéméhi&a{yw.@t es;

pol ymet hyl met hacryl at es yacryl am des”and pol yacryloni"- tril
| npact - nodi f i SAM@ aRd B'EROQM"‘G&% rappegially PPUme@o?fo'l‘WPSPOBtﬁ'“trﬁe‘"%ﬁB’ﬁ‘B‘P‘g‘ds for

menti oned undegarfple V\bélﬁlr@ﬁfbh(oﬂaé"eﬁolw‘nyﬁdéna elidiiie, WWoRRin- ﬂﬂéﬁd@d ;mom yRese for
exanpl e acryl gnl trilel lﬂut adi e&e [of0) olége acr I ani tr yéd(ael ky}1 ylate
copol yners, [98n 8 el 352 FIeeNTrarsk \hereat syg a?%‘”B %l'f:‘?’&"?éﬂ‘i' N¢ ehion I""W lide
copol ymers or calerde/wdyba‘uaatébneﬁnyﬂdéﬁylchlﬁndehmyraﬁetﬁt@édwtyﬂﬂrsene terpol yners. 11.
Pol ymers derived fromunsaturated al cohols and ami nes or the acyl

derivatives or ace- tals thereof, for exanple polyvinyl alcohol, polyvinyl
acetate, pol yei rBdlynsetreaéra«bdz fromad, gcumsawratedbaciasnatdedenpaﬂvyylheyéof sudhesst golyacry-

pol yvi nyl but al ] vl ht hal at wel | .as
their copoly ch %P%#‘%lcﬁg 43' &'ﬁ' Qiﬁr%%%\})é"yaﬂ%"}%mglWH{E?@'O%'
copol ynmers of trﬂgs;lmpac’ehbcﬁﬁesl vﬁthcbhtybacnpméyal kyl ene gl ycols, polyethy- |ene

oxi de, pol ypropyl ene oxi de or copol yners thereof with bi sgl yci dyl ethers.

13. Pol yacetal s such as pol yoxynet hyl ene and t hose pol yoxynet hyl enes whi ch
contai n et hyl1@n&opalymers abthe mooemers mantioned |upder &) witk eadidithared with other unsatu-

t her mopl ast | gk ihehél3BFexa @raeh@anﬂa Putdhers co méDﬁ'éeWIﬁmﬂb/%Rﬂ XS
and sul fides, and m xtures o E ene oxl es W t rene ymers or
pol yani des.  copolymers, acrylonitrile/al xyal vl acrylate or acrylonitrile/vinyl hallde copolymers or acry-

lonitrile/ alkyl methacrylate/butadiene terpolymers.

11. Polymers derived from unsaturated alcohols and amines or the acyl derivatives or ace-
tals thereof, for example polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl
benzoate, polyvinyl maleate, polyvinyl butyral, pelyallyl phthalate or polyallyl melamine; as
well as their copolymers with olefins mentioned in 1) above.

12. Homopoalymers and copolymers of cyclic ethers such as polyalkylene glycols, polyethy-
lene oxide, polypropylene oxide or copolymers thereof with bisglycidyl ethers.

13. Polyacetals such 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.



15. Pol yuret hanes derived from hydroxyl -term nated pol yethers, polyesters or
pol ybut adi - enes on the one hand and aliphatic or aromatic pol yi socyanates
on the other, as vveII as precursors thereof. WO 2004/113436

PCT/ EP2004/‘95% 3438 16. Polyam des and copol yani des dg,@rﬁg%)f‘,ﬁﬂmsdi am nes
and di carboxylic aCI ds and/or from am nocarboxylic adds or

correspondi ng | actans, for exanple polyam de 4, polyam de 6, polyam de 6/6,
6/ 10, 6/9, 6/12, 4/6, 12/12, polyam de 11, polyam de 12, aromatic

pol yam des starting from mxyl ene di am ne and adi pi c acid; polyam des
prepared from hexanet hyl enedi am ne and i-gphthalic or/and terephthalic acid
and with or without an elastoner as nodifier, for exanple
poly-2,4,4,-trimethyl hexanet hyl ene terephthal am de or pol y-m phenyl ene

| sopht hal ani dg, pg @Pé& ahd %G;f%lfaﬂu%%ydéﬁﬁe% L ﬁefsosrfarmé&rwg ac.@aobmm des

wi th polyol efins, In co mers, 1ononmers or chem cal
grafted el asfrqsmn@nocevbow"srﬁ I 9'é1t'7?eP%"eséoﬁ‘?mgvvlaﬁﬁnﬁoIf%Fe?’FWIP@rIQOQF'?@BI

pol ypr opyl ene &Iamau 69 bol mhwe% r@metdiwlmae adsymIz p’bﬁ,awmel 1Al sles or
copol yam des m)dl I ed WI{ DM or ani des condensed duri ng

processing ( R’I”RA“B*dH Wﬁ"&@swf&f&m "‘I’W'B“PZ‘I%’I% | adipig 96idhi Rplyamides prepared
pol yam de-i m ggs hemIeweIneaIamnd%nd ih@bbtﬁ@'b%ﬂérﬁﬂ fésephtham:l ity Sk it mwtaaa an
B or 1 om ngaRORCa BedlEr BT e por- S i RRA Gefbhemidpger | °
exanpl e pol yepdwinqmenyl@feembplhtaélahﬂe, pod \dtaot ploelne:opcblysmerphd)thitieabbrement:oned
ly-1, 4-di | ol t h
(P “and pol STRRTTS, DU ARAGe. FERTbngs oo 3, S/t PR e o
from hydr oxyélastemersnat edhppnlxp@temresg withl p@lysthylpnﬂ mlemslymodyléneedlywlttbr
I b t : I
bol kot ones. - Bnefithyine ycbPs S8F 39 Ak iiaR'ch AR0ERIEE poBRICHA, EPOMES:
Cr ossl i nked pbBS}rmd@oldemide%@bnﬂemﬁw QPMWSIMWM@OWIdQWMd phenol s,

ureas and nelam nes on the other hand, such as phenol/formal dehyde resins,

ureal f or mal dehyde re- sins and nel ani ne/ f or mal dehyde resjns. _
17. Polyureas, polyimides, polyamide-imides, ~ polyetherimids, polyesterimids,

polyhydantoins and polybenzimidazoles.

18. Polyesters derived from dicarboxylic acids and diols and/or from hydroxycarboxylic
acids or the comresponding lactones, for example polyethylene terephthalate, polybutylene
terephthalate, poly-1,4-dimethylolcyclonexane terephthalate, polyalkylene naphthalate
(PAN) and polyhydroxybenzoates, as well as block copolyether esters derived from
hydroxyi-terminated polyethers; and also polyesters maodified with polycarbonates or MBS.
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 phenolfformaldehyde resins, urea/formaldehyde re-

sins and melamine/formaldehyde resins.

23. Drying and non-drying alkyd resins.



23. Drying and non-drying al kyd resins. WO 2004/113436 PCT/ EP2004/ 051098 -9
24. Unsaturated polyester resins derived from copol yesters of saturated and
unsaturated dicarboxylic acids with polyhydric al cohols and vinyl conpounds

as crosslingiowoadsiats, and al so hal ogen-cont ai ni ng nodsdy/Embds@d8foed her eof
of low flammability. 25. Crosslinkable acrylic resins derived from

substituted acrylates, for exanple epoxy acry- |ates, urethane acrylates or
pol yester acrylates. 26. Al kyd resins, polyester resins and acryl ate resins
crosslinked with nelam ne resins, urea resins, isocyanates, isocyanurates,
pol yi socyanates or epoxy resins. 27. Cross®+nked epoxy resins derived from
aliphatic, cycloaliphatic, heterocyclic or aromatic glycidyl conpounds,
e.g. products of diglycidyl ethers of bisphenol A and bisphenol F, which

are crosslinked. \Mn%éluﬁtbﬁtﬁb?ééﬂér Fb@.anQBWe‘a mbop%@egaﬁydrshﬂ@ﬁe@én@msa@&tew th
or wi thout accelerators

ends of the aforenentioned g%
( pol ybl ends), PB'E“’@SQ‘%H?JT‘%W@W‘HBWCW ois a&ﬁ'ﬁ'ﬂﬂP@PﬁN"ﬂ? asprassii EQ?RtS and
PVC/ ABS, PVC MBS halb§éntentairftigihodiidations@hetéehof oW GammabilityVC/ CPE, PVC acryl ates,
POM t her mopl astic PUR, PC/thernoplastic PUR, POM acrylate, POM MBS,

PPO H PS, PPO PA 6.6 and copol yners, PA/HDPE, PA/ PP, PA/ PPO PBT/ PC/ ABS or
PBT/ PET/ PC. Ti26. Sydssiméable agrplicyresinsddrivedfrorp wtiseﬁ::tea(hcsﬁaaeqofwbmrﬁmé ¥poxy acry-

t her nopl asti ¢, pol rs RES! al I efins, polystyrenes, pol yam des,
pol yesters, p('ﬁq?faﬁ&&a ?8%’3’[ %gfp"ﬁ?éép érﬁ?\? "pol on efins, in particular

pol yet hyl ene and pol ypropyl ene or copolyners thereof with nono- and
diolefins. Prgfe t

phyl l'osilicat eg o/{r"wgdrr%g 'b(% LF% é/é ?J geafcng anﬁé?%? 0S| ﬁ Cac%&hn%?__?\f{tﬁerﬁegéﬂal © Sresnengi al
interest are fumaresqmpwan@tysﬁa@cyasnura“t@ap@y@qcn@r@tes@r epaxyyesiiseci al i nt er est

are conpositions conprising as conponent (b) a nontnorillonite, bentonite,
beide- lite, mca, hectorite, saponite, nontronite, sauconite, vermculite,

| edi kite, mag@di CEossKAYaPTE! resingdepuaRTaBaliPhBicK BiFiTRIANEKS, hetpERCYBis Ok Aromatic

illite, kaoli iRyl cém b@a&% tpﬂaduatsbﬁmgw@dyt @theﬁ;%# &s;ﬂfenéllﬁl ArkbigPhendt FIWVARERT €
t hereof . Conponent %‘b nrmﬂl fied or nodi flg a nodifjcati ? ?gent
such as, for @ieaﬁrﬁF ed Wlth customary ardeners such as anhydrides or amines, with or withou

accelerators.

28. Blends of the aforementioned polymers (polyblends), for example PP/EPDM, Poly-
amide/EPDM or ABS, PVC/EVA, PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS, PC/ASA,
PC/PBT, PVC/CPE, PVClacrylates, POM/thermoplastic PUR, PC/thermoplastic PUR,
POM/acrylate, POM/MBS, PPO/HIPS, PPO/PA 6.6 and copolymers, PA/HDPE, PA/PP,
PA/PPO, PBT/PC/ABS or PBT/PET/PC.

The synthetic polymers to be protected are preferably thermoplastic polymers, especially
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 phyl-
losilicates. Fillers of special interest are for example layered silicate clays. Of very special
interest are compositions comprising as component (b) a montmorillonite, bentonite, beide-
lite, mica, hectorite, saponite, nontronite, sauconite, vermiculite, ledikite, magadite, kenyaite,
stevensite, volkonskoite, hydrotalcite, illite, kaolinite, wollastonite, attapulgite, talc or silica or
a mixture thereof.

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



an anmoni um an am ne, a phosphonium sulfoniumor silane conpound. WO
2004/ 113436 PCTI EP2004/ 051098 -10 Exanpl es of nodification agents for
nano-cl ays are for exanple: 1. Am ne and anmoni um conmpounds, for exanpl e,

di st earyl di was fayd/apaseni um chl ori de, stearyl benzyl di met hypd-enrsaodsmeghl ori de,
stearyl am ne, stearyl di ethoxyam ne or am nododecanoic acid [comrercially
avai |l abl e as Nanofil (RTM from Sudchem e, Gernmany]; dinmethyl ditallow
anmoni um trioctyl methyl amoni um  di pol yoxyet hyl eneal kyl net hyl ammoni um or
pol yoxypr opyl enenet hyl di et hyl amoni um [commercially avail abl e as nodified
Somasif (RTM from CO- OP Chenmical]; octadlyl ani ne,

triethoxysil anyl - propyl am ne [commercially avail able as Nanoner (RTM from
Nanocor], polyal koxyl ated ammoni um conpounds such as for exanpl e octadecyl
bi s(pol yoxyet hyl ene[ 15] ami ne [ Et horreen (RTM from East man] or octadecyl

met hyl  bis(p oxyet hyl ni umc e uad (RTM from

East man] or | "\p% OP%%&EC@E %ﬁi’ﬂﬁg rfr}agg-c ?{8 ore amaﬁosphoni um conpounds,
for exanpl e tetrabutyl phosphoni um or octadecyl triphenyl phosphonium
Ef?ﬁgi;gtl 3;'12\/ Hn@ nd Jrﬁr%ﬂuﬁﬁ nds, sfor &annge Hg{egﬁeﬂﬁ \aalulaﬁm??i%rpn chloride,
Nanocor], ammstéanyipengyldimethylammoniumy r |obloud\a,coatpwlndmeas siearyidethoxyamine exosnpl e
L1 2 011 D4Rl 33 STorp ol @' NaBAR IR Tt Sadprie
such as for exXoerpeeyly- budlylﬁtb‘b/'act o‘f’i llowp - py’t’ﬁ’ﬂ@hi‘-‘ﬂbne trigichroety sul fagymaiim,
diglyne, tet ra@ﬂoﬁéﬂy@ﬁeﬂﬁyﬂn&ﬁﬁ“%ﬂmoﬁiuﬁpwl pol BYidreitthy s Qrﬁlﬁorﬁum

i nterest include those conprising as conponent’ (C)_an acryl Il c co- pol .
Of special i ntleewaercigie @il | @Fod@oqmér etaraeh mydHht frem) €8riRai e'aﬁa'l,

acrylate or ra%tdaasylaﬁhnaé etn@tadméuaaylrwop@tarﬂma%bm&emmdvawegé@uaﬁomér Rwy)si de
chain. Al so of ?\Erest ar

wher t
13 Caoml ko i NP1, PRl PR R, aipfim APyt et o s Ear e
(OSA) OII:] (rjret h asts(polyixget yidPblanihe< \Ethbmeem (RIDER) Weoen Bastmah]338r cmtadecyl aheth | S
ranched or a c
? nmet hyl undecylf Qg%i@o Wenef’l ?:jagg%%ﬂufm < Oﬁéd{@ L‘Fuag @chnadgg'ﬁyéasﬁré n&a"ec’kﬁt the

corresponding free amines.

2. Phosphonium compounds, for example tetrabutylphosphonium or octadecyl triphenyl
- phosphonium [commercially available from Eastman].

3. Others, for example, triethoxyoctylsilane [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 ; biock or graft copolymers such as for example PEQ-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 alcohol.

Compositions which are of interest include those comprising as component (c) an acrylic co-
polymer. Of special interest are compositions wherein component (c) contains an acrylate or
methacrylate comprising at least 8 methylene groups in the side chain. Also of interest are
compositions wherein component (c) contains a C,-Csalkyl meth(acrylate), for example
stearyl or octadecy! acrylate (ODA) or methacrylate (ODMA).

Alkyl having between 8 and 32 carbon atoms is a branched or unbranched radical, for
example octyl, decyl, 1-methylundecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl! or octadecyl.



hept adecyl or octadecyl. WO 2004/113436 PCT/ EP2004/ 051098 -11 Surprisingly,
we have found that honopol yners based on | ong chain (nmeth)acryl ates and
their copolynmers with short chain (nmeth)acrylates are effective as well. An
exanmpl e of {PhefABIEd homopol yner is pol y(octadecyl acrydgh@besodivegxampl e
of a pre- ferred copolyner is poly((octadecyl nethacryl ate)-co-(nethyl
acrylate)). O special interest are conpositions conprising as conponent (c)
pol y(oct adecyl acrylate)- co-(maleic anhydride), poly(octadecyl

acryl ate)-co-(poly(ethyl ene glycol) nethyl ether acry- late), poly(octadecyl
acryl ate)-co-(di ethylene glycol ethyl ethett-acrylate), poly(octadecyl
acrylate)-co-(N-vinyl pyrrolidone), poly(octadecyl

nmet hacryl ate) - co- (N-vi nyl pyrrolidone), poly- (octadecyl

met hacryl at e) gy Pews hasH6dAd ﬂlﬁi horﬁ&ﬂow&efé 54486 \oh 16 oHafH ﬁ&eﬂﬂ@crﬁl&by ahdly|
acry- late), poI y(oc adecy fr{%v at e) - co- di et h(;l am noet acryl ate)

pol y(oct adecylt 95&09?'&?@?‘”“36" PS’/’((E'P ei;ﬂ’?&@‘? ive g% Well- et her acryl at e)
pol y(oct adecyl acryl ate)-co-(diet hyI ene glycol ethyl et her acryl at e)

pol y(oct adecyl, acr ) co-(ne th auryl
acr yl ate) - co- (ﬁ?a?x@f\;‘@%aﬁ %% , Oi)/ \E/fsa%’g’ cﬁadg&? §E%t) %’69’(%“%/% pre=
met hacryl at e) feredwobyijraartiapuy{dctadedyyinathagrylate)-¢ovidtatagrylate))aci d) , The
statistical, block or conb copol ymer having at | east one segnent which is

based on a |ong chain al kyl neth(acrylate) can be prepared by different
met hods. Thesfrapedtia ddteresicdrel dempasitioas) tanapizing fas @emparcint &) pplp{ogtadedyadrylate)- and

Fadi cal - pol ymse B arhdiselpEy EaaRal ATHLLE pBleATE oA IRt £ .
al') Pol yneri zdatelrrolytedadecyb rasaiate)eod diethylkus phied! neshyl mtheraaqnylats)eqmmctﬁdecyl
corpounds; a2)ac§/§h rzssrm,m Ipﬁth&éhe? %& % Ogﬁgnémac@nagéﬁhl(ﬁvawu&nesr;fo?y

radical and ar |n| at or

Pol yneri zat i or(°‘i§?ﬁf§¥' methasrylatg he-@laleiq anhydride)o P viastadagyl, @ﬁwletﬂ)ma(plyc@ﬂ aghyy
RAlFT pol ymer It @by, q;alymtaaébyr 8érPE®)- &&(zad.mhaﬂ.naéthpcacwm) §%I9(b&8§éc§l éw,ruétay:il cal
o] merizatio Si n ransfer a
gdd?/t ion - fré’QMY(eﬁhgﬁ?% Iy@ﬂlg metayl ae{ge‘frgiacrylate) po(l"y(octacflecyl aélrylate)—oo dlePhyFene
glycol ethyl ether acrylate), poly(octadecyl acrylate)-co-(methacrylolyoxyethyl phosphate),
poly(lauryl  acrylate)-co-(maleic  anhydride), poly(octadecyl acrylate)-co-(glycidyl

methacrylate) or poly(octadecyl acrylate)-co~-(methacrylic acid),

The statistical, block or comb copolymer having at least one segment which is based on a
long chain alkyt meth(acrylate) can be prepared by different methods.

These methods include conventional free radical polymerization and controlled or living free
radical polymerization. Such controlled free radical polymerization (CFRP) can preferally
occur by four suitable routes:

a1l) 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

ad) 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.

For example U.S. 4,581,429 or EP-A-0 621 878 discloses the preparation of block copoly-
mers by method a1).



For exanple U.S. 4,581,429 or EP-A-O 621 878 di scl oses the preparation of
bl ock copoly- nmers by nethod al). WO 2004/ 113436 PCT/ EP20041051098 -12 For
exanpl e WO- A-94111412 di scl oses the preparation of block copol yners by

et hod a2) . wohefs1$3436P! € WO- A- 01151534 di scl oses the pr giaymhic@)is@és comb
copolynmers by the ATRP nethod a3). Kam gaito and Sawanoto 1 n Chem cal

Revi ews 2001, 101, 3689-3745 decribe the preparation of block and ot her
pol ymers by the ATRP nethod a3) as well. For exanple WO A-98/01478,

WO A- 99/ 05099 or WO A-99/31144 disclose the preparation of block copol yners
by method a4). The abovenentioned patents1are incorporated herein by
reference. An exanple of the application of Conv (conventional radical

pol ymeri zation) is decribed in Exanple 1, an exanple of the application of
NMP [ ni troxi de nmedi ated pol ynerization, nethod az2) to prepare polyners
suitable for use in the present inventio I s decrjbed in

exanpl es of tFRe %‘EEPP(%@TW’ 1)11‘41?&!5‘?'0’(%56"‘ rationjohplogt; Q°H°‘V'@9'§rb¥ |"19Frl§’dé’3)j| tion

fragnentation chain transfer, nethod a4) are provided in Exanples 2 (random

copolynmer) and 4 a exa e l'icatiogn of
Macroi nit ( conde ﬁ@l?o‘&g"ggf@%qe‘ﬁ%ss& t'ﬁ’é@i B?’th?f’ vgers f’%gﬁe‘g@ﬁ bed
in Exalrrp! e 5. m'ElhﬁdSa;a)]MaBﬁgaao aihd smMﬁmshmtayReme\gammu10am68et;-3m[]deicmb out
in enmul sion, solution or. Sus- sion in gi tch..sem:batc

cont I muous. ol &t AteR g ek a3t Sidts By bRATRE Mt 43 BEPRLS ol ca
polynerizatlon bl ock and multi-block and gradi ent copol ynmers may be pre-

pared by var ykﬂﬂ%ﬁﬂﬁﬁr\ﬁb%\ 8810 TErRONRY-A By 8561% o[v('\)/ﬂ? 20YH Alaa l&}écllég({tl}% ﬁﬂaﬁE@ﬁon

sequence in wh e nononer(s) are a e pol ymeriz

G adi ent copolof/precksopelymers spymiethodpdkepared in a one-step process by nmaking
use of the inherent difference in reactivity of the nononer(s). For

gradi ent bl ock copolyners, it is often desirable to pick conononmers with
di sparate readh¢ ebavpmpntionedspatews atexagepogatechiarein BY EGRAS de with styrene or
(meth)acrylates. Preferably, a clay conpatible segnent is based on one or

nore nmononers whi ch con n ~ ol ar groups such as for exanpl e ether
[-O], anide n el()jamplf of &rﬁ' qﬁgﬁqaagn Pf B@V (anglent%gal racl'JJicaI polymerizatio?m() ig%ecribed in

Example 1, an example of the application of NMP [nitroxide mediated polymerization,
method a2) to prepare polymers suitable for use in the present invention] is decribed in
Example 3, examples of the application of RAFT (polymerization with reversible addition
fragmentation chain transfer, method a4) are provided in Examples 2 (random copolymer)
and 4 (block copolymer)], an example of the application of Macroinit (conventional
polymerization with a macroinitiator) is described in Example 5.

The synthesis of copolymers polymerization can be carried out in emulsion, solution or sus-
pension in either a batch, semi-batch, continuous, or feed mode. In the case of living or con-
trolled radical polymerization block and multi-block and gradient copolymers may be pre-
pared by varying the rate of monomer(s) addition and/or by varying the sequence in which
the monomer(s) are added to the polymerization medium. Gradient copolymers may also be
prepared in a one-step process by making use of the inherent difference in reactivity of the
monomer(s). For gradient block copolymers, it is often desirable to pick comonomers with
disparate reactivity ratios. For example, maleic anhydride with styrene or (meth)acrylates.

Preferably, a clay compatible segment is based on one or more monomers which contain
' R/ I
polar groups such as for example ether [-O-], amide [ -—G-r\ ], thioamide | -—C—N\ ]

nitrile, , hydroxy, amine, pyridine, ammonium and phosphonium in appropriate proximity. It



nitrile, , hydroxy, am ne, pyridine, amonium and phosphoniumin appropriate
proximty. It WO 2004/113436 PCT/ EP20041051098 -13 nay al so be base on
reactive nononers containing groups such as anhydride, epoxy or silane.

Preferred nggshdsMesaspnoners are for exanpl e PEO acryl at @c1/EP2004/051098
1-vinyl-2-pyrrolidinone, N Ndi- nethyl acrylamde, acrylonitrile, malefic
anhydri de, hydroxyethyl acrylate, hydroxypropyl acrylate, tart-butyl

a- hydroxymnet hacryl ate, N, N -di net hyl am noet hyl acrylate, 4-vinyl benzyl di -
hydr oxyet hyl am ne, 4-vinyl pyridine or 4-vinyl benzyltributyl phosphoni um

chl oride. Copolyners of the above pol yner-43wi th ot her nononers may al so be
used. The polar (hydrophilic) or "clayophilic" segnents may al so be derived
froma polar conden- sation or other polyners such as for exanple

pol y( et hyl enenyiaie)be D36 00 reaENE MopomBrs ddRtaining CREUPS! Utk ds RithydRlé, Eporor
initiator for Conv, ATRP, NVP or RAFT derived fromthe conden- sation

pol ynmer. The Fod macroinit provide an exanple of this approach.
Suprisingly the copolyners are little affected whether the polar segnents
are introduce s single units (in a statistical copol [ r.as ,
Sequence (i n BrERTERPRRrE rURDS Sistol e s Adval” By YR bihiingt®, favd
pol yneri zat i ometiyb aarylasideg lattylonitile, emalbic earthydrizlet hyparoxyetyk apnylate, hadrezrlypoopy!
conventi onal ri | on. i e . [ r_.st ral. ..
egularity (BHEBERltE NP R RN Syl rlad AR Bk e
copol yners. Phgdrexyethgleming, 4vingpyridine copiogbenzytributyiphpspheniung chlerideonponent (c¢)
polynmers prepared by controlled or living free radical polynerization.
Pol yners prepared by controlled or living free radical polynerization are
nmor e uni f or m Cap@yngss of the gbove polymars with othes mpaemerp may jalso besipes yer i zat i on al |
chains contain the polar (hydrophilic), "clayophilic" or reactive
functionality. Polyners pr_.es)ar“ed by controlled or living free radical
pol yner i zat i oRheP@lantsydophiiie) poickyertiliFptegmants mayeisprie dared from @i Rofer cppdens
al so possi bl esét%n%YBﬁw&e&ilﬁﬁér&QRﬁ'ax'?@reiarﬁﬂé‘b&};(@!hplﬁné 8186 CTHtsE s@fmhehtshBsbdY
esterification or transesterification of other acrylic copolyners with a
| ong chai n al fNsA@Prated by makingandnitigiey for fony, ATRPe BN or AFJ deryrddtam the copden- e. g.
as di scl osed isatidnfgolmer. 386 mathod mEamirfittprdvidetan@rémplbbbils approaetyb copol yner
havi ng at | east one segnent which is based on a
Suprisingly the copolymers are little affected whether the polar segments are introduced as
single units (in a statistical copolymer) or as a sequence (in a block copolymer). Polymers
prepared by controlied radical polymerization appear slightly more effective than those pre-
pared by conventional polymerization. This may be due to the greater structural regularity

(compositional homogeneity and narrower polydispersity) of these copolymers.

Preference is given to compositions comprising as component (c) polymers prepared by
controlled or living free radical polymerization. Polymers prepared by controlled or living
free radical polymerization are more uniform in composition. It can be ensured that in
copolymerization all chains contain the polar (hydrophilic), “clayophilic” or reactive
functionality. Polymers prepared by controlled or living free radical polymerization are more
uniform in molecular weight distribution.

It is also possible to synthesize copolymers containing long chain acrylates by esterification
or transesterification of other acrylic copolymers with a long chain alcohol, for example, do-
decyl alcohol or octadecyl alcohol e.g. as disclosed in EP-A-0 386 507.

The statistical, block or comb copolymer having at least one segment which is based on a
long chain alkyl acrylate can also be described as polymeric dispersing or solvating agents



| ong chain al kyl acrylate can al so be descri bed as pol yneric di spersing or
sol vati ng agents WD 2004/ 113436 PCT/ EP2004/ 051098 - 14 havi ng anphiphilic
properties. They have pol ar and nonpol ar groups in the sane nol ecule and

they are, fQp8aTRLGE. dispersing or solvating agents b3s§tpfhaRSlovEt hy! ene
gl ycol s (PEG) polyacryl ates, polysiloxanes, polyvinyl acetate or on bl ock

copol yners cont ai ni ng at Ieast one bl ock copol ynmer based on acryl ate,
acrylic acid or nethacrylate. Mst preferred copolynmers for conponent (c)
are statistical or gradient copolyners of ODA wth mal efic anhydri de,

di et hyl am noet hyl acryl ate, or PEO acryl-ase. Preferably, conponent (b) is
present in the conposition in an anount of fromO0.1 to 40 % in particular
0.5to 20 % for exanple from1l to 10 % based on the wei ght of the

The. Comosi ©1 R anh AR BRertpd ey RRR) S i nofiRMER AREIRE if (b saimeBigial |
% for exanpl @4 themare, Joriqxampleydispelsiag °bﬁ°'¥€ﬁ'ég wsﬁrgﬁtbaﬁﬂd e golysthyiene: glycols

pol ymer [conpmm)tp&ﬁbﬂynateeo{wengxdaa@% %bét@t&or Bf PRtk abpatynited Yshtfhirdat

nanoconposi t es, ared w itives in the preferred
amount s posse?gs |°H%B‘89'%‘EPPP'¥W§T li’aéei’rﬁﬁlﬁ?'ﬂg erwpﬁ@ﬂ%?‘eﬁ‘ﬁﬁﬁ'?@ved tensile
strength and at the sane tinme have a SI gnl ficantly i rrproved el ongat I on at
break over systens w no- f i For ex ro en
manoconmos © SOSREIBIeH sepoVger LSRRI o e se i e oy Bt Raties of poAnan
tradi ti onal pealtypaeieahsytede, tinethyamiosstiyeacryate prPED mr)tldl‘teor ganocl ay and

pol ypropyl ene-graft-mal eic anhyfdride additive. In addition to conponents

(a), (b) and (c) the novel conpositions nmay conprise further add i- tives,
such as, for Esefargbly companenbfb) swiresgnt i theAnmpaositiodamas arhodnt opdréay DAttedi0 %, in

nmonophenol s, B%[ %ﬂ%}é%‘?{o%oz A T&'ex%ﬁél%'f}aw ‘K‘o ﬂf %%QXA&&P&%'W&I %Nﬁélsyﬁthgtl

nmet hyl phenol art
2,6-di-tert- bB@'WBTz{GQmPQDQ'}tK@henoI 2, 6 d| “tert- but yl - 4-i sobut yl phenol ,
2, 6-di cycl opentyl - 4- net hyl phenol , 2- (a met hyl cycl ohexyl ) -4, 6-di -

nethylphenol, 2, 6- dloctadecyl-4 neth IPhenoI 2,4, 6- trlcyclohexylphenol
2. 6-di-tert- bﬁ{eﬁrabiy component (c) is present in the composition in an amount of from 0.1 to 20 %, in

particular 0.2 to 15 %, for example from 0.2 to 10 %, based on the weight of the synthetic
polymer [component (a)].

Polymer nanocomposites, especially polyolefin nanocomposites, prepared with the
preferred additives in the preferred amounts possess improved tensile modulus retained or
improved tensile strength and at the same time have a significantly improved elongation at
break over systems with nano-filler alone. For example polypropylene nanocomposites
according to this invention possess greater ductility than traditional polypropylene
nanocomposites prepared with organoclay and polypropylene-graft-maleic anhyfdride
additive.

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-tricyclohexylphenol, 2,6-di-tert-butyl-4-
methoxymethylphenol, linear nonylphenols or nonylphenols branched in the side-chain, e.g.




met hoxynet hyl phenol , |inear nonyl phenols or nonyl phenols branched in the
side-chain, e.g. WO 2004/ 113436 PCT/ EP2004/ 051098 -15
2, 6-di nonyl - 4- net hyl phenol , 2, 4-di net hyl -6-(1' - net hyl undec-1"'-yl)-phenol,

2, 4-di met hyl -6 t hyl hept adec-1' -yl )-phenol ,
2, 4-di net hy#pgfn%ﬁm‘r?'rgfhyl trideFl - 4)-phenol and m xtur eCT/]%PI%OO4/051f098
Al kyl t hi onet hyl phenol s, for exanple

Kk

,4-diocty|thionethyl-6-tart-buty|phenol, 2, 4-dioctyl -

hi onet hyl - 6- net hyl phenol , 2, 4-di octyl t hi onet hyl - 6- et hyl phenol ,

, 6- di dodecyl t hi onet hyl - 4- nonyl phenol . 148. Hydrogui nones and al kyl at ed
ydr ogui nones, for exanple 2,6-di-tert-butyl-4-nmethoxy- phenol,

, 5-di -tart-butyl hydroqui none, 2,5-di-tart-anyl hydroqui none,
6-
5-

2
t
2
h
2
2, 6-di phenyl h , Py
25 di rert - papaoaaak BN E ke R b e G R
3, 5-di - t er t - bmeipyiheptadegrioyy phasaly | 2dtdimethy!:(1 Inetiyvitridecd !’ J/t)@henobuargd mlxtures
hydr oxyphenyl yemdi pate. 1.4. Tocopherols, for exanple a-tocopherol,

(i -tocopherol, y-tocopherol, 6-tocopher oI and m xtures thereof (\ﬁ tamn E).

1.5. Hydroxyl ated thiodi phenyl ethers, for exanple
2, 2" -t hi obi s( 62t RkfithidHiethlyipAertR, fir bRAMaI® b)hdloc@ltlﬂométhylmbﬁbﬂty@ﬁéﬂd Eh&li@dt))l-,

44'-th|ob|s -ta -t hi obi s

2- net hyl phenf) Ivome&hyhs-nleﬁ\ylg gg BEé-ﬁq%ﬂgle%awrepﬂ@flﬂ]ejlol 2(6 dldoéecylgm|on¥ethyl-4-
4, 4' - bi s( 2, 6- doryphénd!.- 4- hydr oxyphenyl) disulfide. 1.6. Al kylidene

bi sphenol s, for exanple 2,2'-nethyl enebis(6-tert-butyl-4-mnethyl phenol),
2,2 - methyl enebi s(6-tert-butyl-4-ethyl phenol),

2, 2' - met hyl eng¢Bi Bjdredqutridn $ abd alylatet hyd hamiee xfpt pxangiie 2@k-di-tert-butyl-4-methoxy-

A e

2,2' -ethyli dedegylogxpinem,cn 6-1datett-bbty[hydroqtpmm()2 $-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-
2,2' - et hyl i depabis disoft T ¥ 5=t L RESHR t 3,5-di-tert-butyl-4-
2, 2" - et hyl eng‘g‘9 éﬁrotx% SOEIJJ g ndﬁ1 ézy -4- koﬁ)@?% O?Tarate bis Hert-buty
2, 2" - et hyl ené!ﬂf@inhE("a') ad'Eﬁt?ret hyl benzyl ) - 4- nonyl phenol ], 4, 4'-nethy-

| enebi s(2,6-di-tert- butylphenol)

4, 4' - et hyl enebi s(6-tert-butyl - 2- met hyl phenol ), 1, 1-bi s(5-

tert-butyl - &mwﬂgq&efqﬁﬁxgﬁ@ﬁﬂ PS‘&R“&F?& B-tocopherol, y-tocopherol, 8-tocopherol and

2, 6-bi s(3- torhﬂ,@ygyﬁqeéom&m,hgg- hydr oxybenzyl ) - 4-net hyl phenol ,
1,1,3-tris(5-tert-butyl -4-hydroxy-2-net hyl phenyl) but ane,

1, 1-bis(5-tart-butyl -
1.5. Hydroxylated thiodiphenyl sthers, for example 2 2'-thlobns(6-tert-butyl-4-methy|phenol)

2,2'-thiobis(4-octylphenal), 4,4'-thiobis(6-tert-butyl-3-methylphenol), 4,4'-thiobis(B-tert-butyl-
2-methylphenol), 4,4'-thiobis(3,6-di-sec-amyiphenol), 4,4'-bis(2,6-dimethyl-4-hydroxyphenyl)
-disulfide.

1.6. Alkylidene bisphenols, for example 2,2'-methylenebis(6-tert-butyl-4-methyiphenol), 2,2'-

methylenebis(6-tert-butyl-4-ethylphenol), 2,2'-methylenebis[4-methyl-68-(a-methylcyciohexyl)-
phenol],  2,2'-methylenebis(4-methyi-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-
phenal), 2,2'-ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2'-methylenebis[6-(o-methylben-
zyl)-4-nonylphencl], 2,2'-methylenebis[6-(a,a-dimethylbenzyl)-4-nonylphenol), 4,4'-methy-
lenebis(2,6-di-tert-butylphenol), 4,4'-methylenebis(6-tert-butyl-2-methylphenol), 1,1-bis(5-
tert-butyl-4-hydroxy-2-methylphenyl)butane, 2,6-bis(3-tert-butyl-5-methyl-2-hydroxybenzyl)-
4-methylphenol, 1,1,3-tris(5-tert-butyl-4-hydroxy-2-methylphenyl)butane, 1,1-bis(5-tert-butyl-
4-hydroxy-2-methylphenyl)-3-n-dodecylmercaptobutane, ethylene giycol bis[3,3-bis(3'-tért-
butyl-4'-hydroxyphenyl)butyrate}, bis(3-tert-butyl-4-hydroxy-5-



4- hydr oxy- 2- met hyl phenyl ) - 3- n- dodecyl ner capt obut ane, et hyl ene gl ycol
bis[3,3-bis(3 -tert- butyl-4'-hydroxyphenyl)butyrate],

bi s(3-tert-butyl-4-hydroxy-5 WO 2004/ 113436 PCT/ EP2004/ 051098 -16

met hyl phenylg ﬂh&ﬁ@iﬁpent adi ene, PCT/EP2004/051098
bis[2-(3 -tert-butyl-2"-hydroxy-5"-nethyl benzyl)-6-tart-butyl -

4- met hyl phenyl ] terephthal ate, 1, 1-bis(3,5-dinethyl-2-hydroxyphenyl)butane,
2,2-bis(3,5-di- tert-butyl-4-hydroxyphenyl) propane,
2,2-bis(5-tert-butyl-4-hydroxy-2-net hyl phenyl ) -4-n- dodecyl mer capt obut ane,
1,1,5,5-tetra(5-tert-butyl -4-hydroxy- 2- netéyl phenyl )pentene. 1.7. 0-. N and
S-benzvl conpounds, for exanple 3,5,3 ,5 -tetra-tert-butyl-4,4"'-di hydr oxy-
di benzyl ether, octadecyl 4- hydr oxy- 3, 5- di met hyl benzyl mer capt oacet at e,

tridecyl - 4- h)hﬂétﬁ% Ibpér@édleﬁéu'[li@[ilﬁi‘l?eﬁlbu%ﬂ Q@%Q@S'ﬂﬁélﬁ)ﬂbenzyl) -6-tert-butyl-

tris(3,5-di-tert t enzy amne
tert-butyl - 3- ﬁyammg@fw Serab iR DSt S T Shistanymbanbutane, 22-bis(35-d
bi s(3, 5-di -t etéﬁt’obh}f-#hydﬂoﬂwlﬁkr@ pdrenzy! )z 2suré(5-teiltenuty|4 hydroxy-2-methylphenyl)-4-n-

:-i\slg(r)g;zlbenzvl 8@’ F%#%Q{'é@df 0" 'rSOXé%%teéy%tygg Emeihy p%eny:bpgntane

2,2-bis(3,5-di-tert-butyl-2- hydroxybenzyl) nal onate di oct adecyl
2-(3-tart-but d - hyl
> (2 o 223 o Yh: o 9&%9 ?)ﬂea 3 53&%@&%&({?@%@%&% y

t et r amet hyl budlbérbzyﬂeﬁwquctaze@l-bﬂhsﬂlrexysfé G-ldmeﬁ'rytbebm mbrcapthgtdntmyrtmnﬂ%f))'dMn at e.
1.9, d b

13 5l o 3, Sog erBUfiERhsf ohRRbaGe, \Rlo SURNRLycromybonzylanine, biss-

1, 4-bi s(3, 5 dectbutyt-3- bﬂw—%ﬁ-ﬁwﬂtﬂw ﬁz?lth)oiezemf@lase t bis3ep-dirtert-buytyldehyseomny,
2,4,6-tris(3, I%néyljélﬁfdh @d&c&&i-sé dﬂ-iéﬂfmw-@ﬂ?&&iybmlgﬂﬁérca&oa"c‘étateﬂ' azi ne

conpounds for exanpl e 2, 4-bisoctyl nercapto-6 di-tart-butyl-4-hydroxy-
anilino)-1,3,5-triazine,

2- oct yl mer capi.8- HyBroRibenZidted i mil6idted) UbY lexdmply ddisetadiaiil 212bis(d,53i-frtibltyt-2-

5 oot yi mer capRraReBrRiongtey; st 31CEtR-AYBRERSTEY e AR e
i g g_ E :: 2( 3(8d&iedy|mbnea;ﬁteftuylylz Uit (B Brddieytrineharydrodybendt) maloagte N edi-[4-(1,1,3,3-
: 3: 5-tris(4- Eg?'f‘eth’ﬁ %’ﬁge%ggﬁzogxafo %Xegb'eb#gi"ﬁ)ﬁy%«gﬁ’zgﬁ%&ﬁ%é{g%t hurate, 2,4,6-
1 s(3,5-di-tert-butyl-4- hydroxyphenylethyl}l 3,5-triazine,
t

1
tr
1,3,5-tris(3, bgdi . _tert-butyl-<4- .
oxypheny! pr opﬁ) H younds foreexample 1,3,5-tris(3,5-di-tert-butyl-4-hydroxy
1, 3,
Ben

5-tris(3, @@ylt%élﬁdweﬁtwbmzawr oxyn).ém;syaf) di-tert-butylebydsoabeneyl}-2,3,5,6-tetra-
zvl phosphopgihGBenzbrs, 2RI 3S-GlteRbiyila-rdroxfbenk@phedit Y1 - 4- hydr oxybenzyl -

1.10. Triazine compounds, for example 2,4-bisoctylmercapto-6-(3,5-di-tert-butyl-4-hydroxy-
anilino)-1,3,5-triazine,  2-octyimercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyanilino)-1,3,5-tri-
azine, 2-octyimercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,3,5-triazine, 2,4,6-tris-
(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,2,3-triazine, 1,3,5-tris(3,5-di-tert-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-hydroxyphenylethyl)-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-butyl-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 sait of 3,5-di-tert-butyl-4-hydroxybenzyl-phosphonic acid monoethyl
ester.



phosphonat e, diethyl 3,5-di-tert-butyl-4-hydroxybenzyl phosphonat e,

di oct adecyl 3,5-di-tert- butyl-4-hydroxybenzyl phosphonate, dioctadecyl
5-tert, butyl -4-hydr oxy- 3- net hyl benzyl - phosphonate, cal ciumsalt of

3, 5-di -t er yPsb¥ifsshydr oxybenzyl - phosphoni ¢ aci d nonoep@ykpro6fidsedos VWO
2004/ 113436 PCTI EP2004/ 051098 -17 1.12. Acvl am noohenols. for exanple

4- hydroxylauric acid anilide, 4-hydroxystearic acid anilide,
N-(3,5-di-tert-butyl -4-hydroxyphenyl)carbam c acid octyl ester. 1.13. Esters
of 5-(3,5-di-tert-butyl-4-hvdroxvphenvl }propionic acid with nono- or

pol y-hydric alcohols, for exanple wth #stthanol, ethanol, n-octanol,

| sooct anol, octadecanol, 1,6- hexanediol, 1,9-nonanediol, ethylene glycol,
1, 2- propanedi ol , neopentyl glycol, thiodiethylene glycol, diethylene
glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)

| socyanurate, N bi s(hydr oxyet hyl )oxali¢c acid diam de, 3-thiaundecanol, 3-
t hi apent adecahg—p‘fﬂéﬂéﬂggﬂ-’iei%[n@@mp 4-hyqrovviangie el lidped-hydroxystearic acid

4- hydr oxymet haghiiné, N3 dhért-bdyi-rydkdighemmchdimlceicd odtyPéstt ane. 1. 14. Esters
of a-(5-tent- butyI 4- hydr oxy- 3- met hvl oheny~t propionic acid with nono- or
poly- hydric al cohols, for exanple W|th met hanol , et hanol, n-octanol,

i sooct anol , opigage@i:m&fl ng;ls_;terb ' hén RARSRIdOkith BEkLY |oﬁﬁ@y-ﬁ§'d|‘|@0|
1, 2- propanedl pent | ene

glycol, tri etar'ﬁ?h%'ﬁ'e %I%éple E’ﬁt"éfem'hﬁoﬂaBP' “¥9‘i"%’l°hy‘ﬁ¥cm gl 10§ R et &b dancl, 1,6-

i socyanur at e, hekaigdiohi ST, Qandnavewel; hydthyienal igycari di, 2lprphisiol, 3- mdmperuylde@mnl , 3-
t hi apent adec

4- hydr oxymet ﬂﬁf’dith%"& @ g&éﬁne%fé&gﬁ hé’{/gé %l‘j‘%l Eéfﬁ%?rﬁﬁ@d tris(hydroxyethyl)

3, 9- bi s[ 2- ( 3-i¢@yarewdte, butN;N-tis(hydioxyethylioxalic  acid  diamide,  3-thiaundecanol,  3-

met hyl phenyl ) y 1 5] und
ecane. 1.15. t%raﬁer S é%n%E %ﬁ%ﬂ%l cycﬁ‘dn%exvrﬁmy%éar@%pﬁh%&%yg‘rgggtsphﬁo%bg%

wi th nono- or2@éirnpexabicclof?.2.2Joctamdl s, for exanple with nethanol, ethanol,

oct anol, octadecanol, 1, 6- hexanediol 1, 9- nonanedi ol , ethylene gl ycol ,
1,2-propanedio|, neopentyl egcoI thlodlethylene egcoI di et hyl ene
glycol , tri ethiA. dsters A prog 2¢id twith [mono- or poly-

| socyanur at e, é\%lcorBlssfoméfgn?dfé/@ﬁliat)\ 'e'tr%né‘lch‘éhflangr bllkdudateoRaol .

3-t hi apent adeca trimet hexane- | trimet r opane,
4- hydr oxynet Higxanedioh osbﬁ’é.‘pﬁa"@d@' t rttylensi gfvaob[ 2. %P'EPB'&"&'?e neopentyl  glycol,
thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)

isocyanurate,  N,N'-bis(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-dimethylethyl]-2,4,8,10-tetraoxaspiro[5.5]lundecane.

1.15. Esters of B-(3,5-dicyclohexyl-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(hydroxyethyl)oxalic acid diamide, 3-thiaundecanol, 3-thiapentadecanol, trimethythexane-
diol, trimethylolpropane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicycio[2.2.2]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 glycol, thiodiethylene glycol,
diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-
bis(hydroxyethyl)oxalic acid diamide, 3-thiaundecanol, 3-thiapentadecanol, trimethyl-



1.16. Esters of 3,5-di-tert-butyl-4-hydroxyphenyl acetic acid with nono- or
poly-hydric alcohols, for exanple with nethanol, ethanol, octanol,

oct adecanol , 1, 6-hexanedi ol, 1,9- nonanediol, ethylene glycol,

1, 2-pr opan% fbs13gRPEN VI gI ycol , thiodiethylene glycoper/rhogidiydegne
egcoI triethylene glycol, pentaerythrltol tris(hydroxyethyl)

I socyanurate, N, N - bis( hydroxyet hyl )oxal i ¢ acid di am de, 3-thiaundecanol,
3-t hi apent adecanol , trinethyl W 2004/ 113436 PCT/ EP2004/ 051098 -18
hexanedi ol , trimethyl ol propane, 4-hydroxynethyl -I-phospha-2, 6, 7-

tri oxabicyclo[2.2.2]octane. 1.17. Am des-t8-
B-(3.5-di-tert-butyl-4-hydroxvohenvl)Drooionic acid. for exanple N/ N -

bi s(3,5-di-tert-butyl -4-hydroxyphenyl propi onyl ) hexanet hyl enedi anl de,

N, N - bl s(3, 5-igixakeid,- but yl 4mh¥tﬂyuagsaé9mnyl pr opi Oﬂ)f.?ﬁrbkynﬁﬁﬁyjﬂﬂpﬁ&s%%éré e,
N, N - bis(3,5-di-tert-but hydr oxyphenyl propi onyl' ) hydr azi dé

N, N - bi s[ 2- ( 3rigxgbisyciel2 ?@}/ﬂdaﬂﬁ*t yl - 4- hydr oxyphenyl ] -

pr opi onyl oxy) et hyl ] oxam de (Naugard(r)XL 1 fromUniroyal). 1.18. Ascorbic
acid (Vitamn : 9 t for exanpl e

N, N - di -i soproth rapionie \acid, 1o, EXIMRIA MMNani ne,
N, N -bis(1,4- Ms(a’eidiltehnﬁtw-mh)/draxyph@nywrwglmmrnahylbhelz! arﬁfde?( 1N,N'-bis(3,5-dktert-

ﬁt Rl.yl bf’s?ﬁt hy uﬁ?ﬂﬁ&ﬂ@fp}wgﬁﬁ&; %h@@?y@mq@me, N,N'-bis(3,5-di-tert-butyl-4-
N, N -di cycl Ohﬁldwxymiepﬂﬁmwa)ﬂ?Hfm@e N, NNANthbisf2€(843,5-ai-tph Sty heidsxgphengl]-

N i Sopr opy! - NSRBIV R CHRRPERHA FoR YoM et ny1

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

N (1- net hyl he,p]i% EE ﬁz\y enyI enedi am ne, N
cycl ohexyl - * ny ened| am ne,

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

di met hyl - N, N' 1 ¢4 -Gy e-%ﬁyénﬂ&l DHYArSeQQIﬂbIQ N%u-ns‘ébi&ﬁfl%ér@ \Shediamine, N.N"di-

N-al | yl di phenyt Curh am ne enyl - nap yI am ne,
N-(4-tart- octgﬁc;buthyerwlana@ammm abﬁ(ﬁé imethyieaniil)-2pheapRredianing, M -bis(1-

octylated di p&lﬁ‘ﬂ- | Adthyisonty)Q-pHaN AR d%nﬁheo ﬁlnlb% Lmeﬁwéptyupb Bﬁtﬁ]?béhé?d?érﬁiﬁe
4-n- but yl am nophenol ,” 4- bm@ﬂ)i(l am nophenol anoyl am

ophe
4- dodecanoy| aNNneipysiohexyl-pzph a@erawew ahhwtsh@wbp phanyienediaing, ' NA'-di(z-

di (4- et hoxypﬂf@nmyl)?rﬂ\a@lenad@mm»e NLigdpkopPItN’ épherﬁd aipﬁmymﬁbaiamenﬂr(hsldml :
2,4" -di am nodj

N T o bR AR DMy e et RSN Bhesh i Shesvipmadiappine, N-

cyclohexyl-N'-phenyl-p-phenylenediamine, 4-(p-toluenesulfonamido)-diphenylamine, N,N'-

e

dimethyl-N,N'-di-sec-butyl-p-phenylenediamine,  diphenylamine,  N-allyldiphenylamine,
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-octyl-
diphenylamine, 4-n-butylaminophenol, 4-butyrylaminophenol, 4-nonanoylaminophenol,
4-dodecanoylaminophenol, 4-octadecanoylaminophenol, di(4-methoxyphenyljamine, 2,6-di-
tert-butyl-4-dimethylaminomethylphenol, 2 4'-diaminodiphenylmethane, 4,4'-diamino-
diphenylmethane, N,N,N',N'-tetramethyl-4,4'-diaminodiphenylmethane, 1,2-di[(2-methyl-
phenyl)amino]ethane, 1,2-di(phenylamino)propane, (o-tolyl)-biguanide, di[4-(1’,3"-dimethy!-
butyl)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-/iisohexyl-diphenylamines, miktures of mono- and di-
alkylated tert-butyldiphenylamines, 2 3-dihydro-3,3-dimethyl-4H-1,4-benzothiazine,
phenothiazine, mixture of mono- and di-alkylated tert-butyl-/tert-octyl-phenothiazines,
mixture of mono- and di-alkylated tert-octylphenothiazines, N-allylphenothiazine or
N,N,N',N'-tetrapheny!-1,4-diaminobut-2-ene.



phenyl ) am no] et hane, 1, 2-di (phenyl am no) propane, (o-tolyl)-biguanide,
di[4-(1',3 -dinethyl- butyl)phenyl]am ne, tart-octyl ated

N- phenyl - 1- napht hyl am ne, m xture of nono- and di- al kyl at ed

tert-butyl Wb%&h%gyl di phenyl am nes, mi xture of nmono- pepdd@biidt ed
nonyl - di phenyl am nes, m xture of nono- and di-al kyl at ed
dodecyl di phenyl am nes, m xture of nono- and di-al kyl at ed

i sopropyl -/i sohexyl -di phenyl am nes, m xtures of nono- and di- al kyl ated
tert-butyl di phenyl am nes, 2, 3-di hydro- 3, 3-di net hyl -4H 1, 4- benzot hi azi ne,
phenot hi azi ne, m xture of nono- and di-al-kR9tat ed :
tent-butyl-/tart-octyl-phenot hiazines, mxture of nono- and di-al kyl at ed
tert-octyl phenot hi azi nes, N-allyl phenothi azi ne or

N, NN N ,N -tetraphenyl -1, 4-di am nobut - 2- ene. WD 2004/ 113436 PCT/ EP2004/ 051098

-19- 2. WV absarbers and |ight stabiljzers
2.1.2-(2'" - wd&éﬁ'&%@&ﬂ%ﬂﬂéﬁ&%&ﬁa es, for exanple

2-(2' - hydroxy-5'-met hyl phenyl ) - benzo- triazole,

2. (5 ert - bubji 2GR phg a8t Kt P25 aSiy. 5 methyiphenyi-benzo-
2- (2' - hydr oxytriazold, 12-13',5'-B-tdricthutyi2etyiayaximhieny }Hneotyazoleh e(biertibatyb? dydrdxyple- 5' -
di -tart-butyl r ,

2 (3 tert- bulfro el 2R thvtions Bl T RERE AR Brenybpermprpants, 2:0.5-

2-(3' -sec-but 9ll-ter5butyleﬂ’-hyd1mypher@|)-5I=|>yll¢rabﬁqutr@ngib) benzﬁ-(ﬁi—tambuwl -2'-hydroxy-5'-
2 (2"~ hydr oxy i RN SHRRRBNIa R OL 1| 228 %cocilys it ol SidroBhdryd. -

hydr oxyphenyl 1'azo
2-(3',5' - bi s( benzoidiazaia,hy| B-é?niquirpxxe‘f -OpfylgpRePHdepIotiazelaz o- 23 rdbted-amyl-2*

2- (3' - tar t- DUy dprdbyBlbAtiBrcls,2- OB REUEAS BRRK B LRERRY ieiyiEBhRbobenz

otriazol e,
2- (3" - t er t - buirippole' 2-(3tegtchuid-Ayhydioxy b da-pRiaxysamgnatngpheny!) Siapterabeyzstiazge) - 5- c

hl or obenzotri Q~433Jt<-§"t-butyl 5'-[2 (2-ethylhe loxy)carbonylethyl]-Z' h){droxyphenyl 5-ch|orobenzotr|azole
2-(3' -tart-butyl - dy nmet h ox carbon g 2 5- chl gnbenzot
riazole, 2- (32 (3" -tert-butyl-2 -hy! roxy-5- -methoxycar nylethyl)phenyl) -G Iorobe zotriazole, 2-(3'-

tert-butyl-2" tdhtdtypayhyrox(-8-[@BidIbLYRIcAABNY hBI ehedidzbeh e N Z20(3rieRbotyR2'-

D e D ARy R VARREYASTZ oI, A GBS ety

2-(3'-tart- bubW)eaEboni(IBtth]ZQdtybuokﬂ&le)-benzotnazole 2-(3'-dodecyl-2"-hydroxy-5'-methyl-

oxy) car bonyl et roxyphgnyl } hen Irl Er :

2-(3' - dodecyl P y%%'b%rr' o%’z Ue e gw ! rp%@ﬁ rr}g xg%t(?Tlsé?ggtylg),(ycarbonylethyl)-phenyl-
2-(3' -tert- bubgﬂzoﬁlazchqdr 02>2-ﬁ9thyléneb$tﬂeﬁt1y3 SieraaetwibytyleHipehotmszelryl-phenol];
benzotri azol e

2,2" -net hyl an%?sgftﬁrit}ciztion grogu%te?frza X tteﬁf IUB, ?ﬁ Sneg]%ycﬁrzbg? eth I)-;I! -h¥dro1<yph?|rgrrlol 1;
o (5 <vert - bubgioBaS i Bhvens g 60y [5-51ShpapaRy ke . wheron R =

2-[3 -tert- bu
benzotri azole with polyethylene glycol 300; [R CH2CH2 COO CH2CH2-j - wherein
R = 3'-tert-butyl-4'-hydroxy-5-2H- benzotnazol-z-yl-phenyl 2-[2'-hydroxy-3'-(a,a-dimethylbenzyl)-

5'(1,1,3,3-tetramethylbutyl)}-phenyi]-benzotriazole; 2-[2'-hydroxy-3-(1,1,3,3-
tetramethylbutyl)-5'-(a, a-dimethylbenzyl)-phenyl]-benzotriazole.

2.2. 2-Hydroxybenzophenones, for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyi-

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, octylphenyl salicylate, dibenzoylresorcinol, bis(4-tert-
butylbenzayl)resorcinol, benzoylresorcinol, 3,5-di-tert-butyl-4-hydroxybenzoic acid 24-di-
tert-butylphenyl ester, 3,5-di-tert-butyl-4-hydroxybenzoic acid hexadecyl ester, 3,5-di-tert-



2 3'-tart-butyl-4'-hydroxy-5'-2H benzotri azol - 2-yl - phenyl ;
2-[2' -hydroxy-3'-(a, a-di net hyl benzyl) -

-(1,1, 3, 3-tetranet hyl butyl) - phenyl ] -benzotri azol e;

2-[ 2" - hydr owy28047103434., 3, 3- PCT/EP2004/051098
tetranet hyl butyl }5' - (a, a-di net hyl benzyl ) - phenyl ] - benzotri azole. 2.2.

2- Hydr oxybenzophenones, for exanple the 4-hydroxy, 4-nethoxy, 4-octyloxy,
4-decyl - oxy, 4-dodecyl oxy, 4-benzyloxy, 4,2',4'-trihydroxy or

2' - hydroxy-4, 4' -di net hoxy derivative. 2.3. Esters of unsubstituted or
substituted benzoic acids, for exanple 4-t20rt-butyl - phenyl salicyl ate,
phenyl salicylate, octyl phenyl salicylate, dibenzoylresorcinol, bis(4-tert-
but yl benzoyl ) resorci nol, benzoyl resorcinol,

3,5-di-tert-bui Mﬂydmdbé}wiaeaa@l&tamwi e%te4 @Mlt@rf-smﬁutmhm&o.@w 2-
3,5-di-tart-but dr ox nzoi c acid hexadecyl ester, 3,5-di-tert WO
2004/ 113436 PG?%EP@@@% é@%e“¥2ﬁﬁ%utyl 4- hydroxyben20|c aC|d octadecyl
ester, 3,5-di-tert-butyl-4-hydroxybenzoic acid 2-

nethyl 4,6-di - tert-puty ester rvlate f or, exa

e eyan- (3. 5. &b Acplestio] Bratele fapvaon Fugtarblaoblic pdd by e 6 hoch pster, o
met hoxycar bo nﬁeﬂ'loﬂfb’éfﬁoﬁyl@iﬁhéim&'&édiw Imetfyt &kter, a-cyano- B-methyl p-methoxycmnamlc acid
a- cyano- $- net hyI - met hox CI nnani ¢ acid . meth ester butyl este

a- met hoxycar b&# ﬁs"‘?Fe‘t’r%' ) e5tA Arnethoxsaibanyiy Fth@@tcwﬂammaep.methyl astor, N-(B-

met hoxycar bonylet{okycardn Mo -20Rdt ddbi@ol 1 ne. 2. 5. Nickel conpounds,
for exanple nlckrt(ao:xycorrp ?x%yg ofnyg -Mm bis[4-(1,1,3,3-tetra-

met hyl butyl ) phenol ], such as the 1:1 or 1:2 conplex, optionally with

ﬁf'd' 5 i ﬁnal | lj' Q?%d&ckeli %h\oo@rﬁisn'f&ubkdnfﬁﬂ m@kentatsdﬁlemémodfanaﬂmm‘s[4 -, 133 tetrlat~ f
cydohexyl di et hanol am ne, ni cke | 0- salts o

SR AR N LU B A e M S

of ht ge met hyl aSL n-leﬁtblhhlrﬁsttgéthan@la@iﬁﬁk wmm}dﬁheﬁjlcfléth&ﬁalmmemﬁcl}eﬁ Witutyd sdithfo-

2- hydr oxy- 4- e e e, hi.c 0 xes of .

by o b Rle” ekl FER o “Eh e e e R BRI GSRord, asid mogasied

2.6. Steri cal legtets, sdar asl obthermeethylfasretiyk astpd, aickel complexes of ketoximes, such as of

bis(2,2,6,6-1g tr{ym Hﬁe@?@%h@; ?é%}l)ké&ﬁﬁecahﬁkel complexes of 1-phenyl-4-lauroyl-5-

bis(2,2,6,6-tet succl nat

bi s(1, 2, 2, 6, 6-hpdraxyRpiarel§. qptionally withadditiong égands.cat e,

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

n-butyl -3, 5-di-tert-but I-4 hydroxtybenzyl mal oni ¢ _aci d

bi s(1,2, 2, 6, 6t opg¥ample bisi?cletE-datranietyiripgid-f-y) sebacate,

bls(2 2,6 6-tetramethylp|per|d-4-yl) succinate, bis(1,2,2,6,6-pentamethylpiperid-4-yl) seba-
cate, bis(1-octyloxy-2,2,6,6-tetramsthyipiperid-4-yl) sebacate, n-butyl-3,5-di-tert-butyl-4-
hydroxybenzylmalonic acid bis(1,2,2,6,6-pentamethylpiperidyl) ester, condensation product

of 1-hydroxyethyl-2,2,8,6-tetramethyi-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-piperidy!)-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-
3,56-di-tert-butylbenzyl) malonate, 3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5]decane-
2.4-dione, bis(1-octyloxy-2,2,6,6-tetramethylipiperidyl) 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-2,6-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-chloro-4,6-di(4-n-
butylamino-1,2,2,6,6-pentamethylpiperidyl)-1,3,5-riazine and 1,2-bis(3-aminopropylamino)-



of 1-hydroxyethyl-2,2,6,6-tetranethyl -4-hydroxypi peridi ne and succinic acid,
| inear or cyclic condensation products of

N, N -bi s(2, 2,6, 6-tetranet hyl -4-pi peridyl) hexanet hyl enedi ami ne and

4-tert-oct Wyadaaixsd- di chl oro-1, 3, 5-s-triazine, PCT/EP2004/051098

tris(2,2,6,6-tetramethyl -4-piperidyl) nitrilo- triacetate,

tetrakis(2,2,6,6-tetranmethyl-4-piperidyl)-1, 2,3, 4-butanetetraoate,
,1'-(1, 2-ethane- diyl)bis(3,3,5,5-tetranethyl pi perazi none),

4- benzoyl - 2, 2, 6, 6-t etranet hyl pi peri di ne, 4-stearyl -

oxy- 2, 2, 6, 6-tetranet hyl pi peri di ne, -21-

bis(1, 2, 2,6, 6-pentanet hyl pi peridyl)-2-n-butyl-2-(2-hydroxy-

3,5-di-tent-butyl benzyl) nal onat e,

3-n-octyl -7, 7 ethafle,! ed-aédtB3Riodedy-3, 7,&:9-@&@#@%1@51{%@]5@&%5@@&41&@:@ 3-

b1 (- o6t o1 oxf oG B b BRI BB RRSRNE: s odpes i 235580 |

condensat i on mmdhm-maalpﬁldmpwroh‘dine-(zzﬂﬂorﬁ Gnl”ictater af 4-hexadecyloxy- and 4-stearyloxy-
met hyl - 4- p| per,

4ot pho | no- 245 BRI PPeiTRE o PHOR Hosiet SON YR GR S siRREtng-pper

2-chl oro-4, 6- cdiybhbxambmylymenmnmna an4-6ydbheetanzine 2 Bydigblope 1,8 $ythigzirk, 8oridlensation

57 1: Eleof‘gd 41 62 ﬁc{d@& 533 HOB AR RIB BB JeRANE and SACAEAbL S, BEBAHE bndh-butyr

but yl ami no- 1, 2mnas2,3.6fetaramelibyigivgsidipe (CAS Rpg. Nog [186504-26-61) corderisation product Of
1, 2-bi s(3-am q@&l?tﬂ%hﬁéﬂaﬂé’hnd/@4%Qﬂé}{loL?~$é%6m%g ﬁﬂwﬁﬂi mlngénc?ﬂﬂ
iNy

8- acet yl - 3-dodéc tramet 8-triazaspi decane- 2 d|on
e, 3- dodecyl 31!1"(022 2,86-tgtrareathviniparkipe (@5\% iR8Y Nay [19#RA8-84- 1) 22661%@5\@81)/'-
3-dodecyl - 1- (Lﬁp&dﬁ) ﬁuamyls@@mﬁﬁ.byl -4- pl peri dyrh)(pxnreqd Mtam@:jp@bmw,n-

m xture of 4-hexad ecglox - teaél % -tetrametha/[o eri di ne,
condensati on [HPERAYEHCHHM e'N2 tmde@‘?é’ %-glra ?tpﬂﬂthﬁﬂe'ﬂaﬁ"b@’ﬂ's ro[4.5]decane,
dyl ) hexanet hylresueieh ani nproaid 4- Cye! ohexybantiiramathyd-2cyablrecyi-1-03a-3;8tdidzaz- ne,

condensati on rodugt_.of 1 2-bis(3am napropyl am no) et han

2,4,6-trichl or°§9s_ﬂ'r§ﬁ§ﬁ ine @d 4- BU&; fBhydin, qﬁgfs(":‘,ﬁéjﬁ-pentﬁme’thw#
am no- 2, 2, 6, 6-pipetidyonytdrhonyl 126 indkthosyhehefRege, No. [ INBBSKig-FcdkylaN,N'-bis(2,2,6,6-
condensat i on

oot 6111 el oreeatpeelondlARDANEIANT Wier 4 -methaometigmampioic e
am no- 2, 2, 6, 6-witt rarﬁﬁ#]?Ismep’@mtﬂwlrﬂeh)(d@mlmgmem I{ME@BEP@W’-?}W-HZ 2,6,6-
N-(2,2,6,6-tetg | V=0 i S

V(715 & L AR b Mcs) ol 85 SRR e o copoymor
2- undecyl 7, 7,294 2:2G66-teinamethy-4-amioepipgidBe o 4,22.66-osntarmgihyl dramimpissdine,

reaction product of 7,7,9,9-tetranethyl -2- cycloundecyl-l-oxa 3, 8-di aza- 4-
oxospi ro[ 4. 5] decane and epi chi or ohydri n, 1-bis(1,2 6, 6- pent anet hyl - 4-
pi peri dyl oxyc&b&ssplic acid diamidas, ﬁg)gyﬁrnglﬁﬂﬁ @pﬁglppg oxanlllde 2,2'-diethoxy oxanilide, 2,2"-

- bi s- f or miiockyid¥y-5t5-8ittert-Butfl Skanilide, 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-buty! oxanilide, mixtures of
o- 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-dimethylphenyl)-1,3,5-triazine, 2-
(2,4-dihydroxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2,4-bis(2-hydroxy-4-propyi-
oxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis{4-
methyiphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-
1,3,6-triazine, 2~(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-dimethyiphenyl)-1,3,5-triazine,
2-[2-hydroxy-4-(2-hydroxy-3-butyloxypropyloxy)phenyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-ri-
azine, 2-[2-hydroxy-4-(2-hydroxy-3-octyloxypropyloxy)phenyl]-4,6-bis(2,4-dimethylphenyl)-
1,3,5-triazine, 2-[4-(dodecyloxy/tridecyloxy-2-hydroxypropoxy)-2-hydroxyphenyl}-4,68-bis(2,4-



t et ramet hyl - 4- pi peri dyl ) hexanet hyl enedi am ne, diester of

4- met hoxynet hyl enemal onic acid wth

1,2, 2,6, 6-pent anet hyl - 4- hydr oxypi peri di ne,

pol y[ met hy lyph eRYh 133360XY- 4- (2, 2, 6, 6- tetranet hyl - 4- pi per pdylEpimi/bsomne,
reaction product of naleic anhydride a-olefin copolynmer and

2,2,6, 6-tetranet hyl - 4-am nopi peri di ne or

1,2, 2,6, 6-pent anet hyl - 4-am nopi peridine. 2.7. Oxalic acid diam des, for
exanpl e 4,4' -dioctyl oxy oxanilide, 2,2'-diethoxy oxanilide, 2,2'-

di octyl oxy-5,5"-di-tert-butyl oxanilide, -22-

2,2'-didodecyl cxy-5,5"-di-tert-butyl oxanilide, 2-ethoxy- 2'-ethyl
oxanilide, N, N -bis(3-dinmethylam nopropyl) oxal am de,
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2,4,6-tris(2-hydroxy-4-oct vyl ox -triazine,

2 (2 nydr oxy- YR RO SN et hyt phondi G BOORPRIMIS e, .
(2, 4- di hydr oxypihexyphenyl);GpHeng(173, ﬂ-trdzmet hyl pherdH{2) hytiroRy-8-[3-(3-etlyi mexyl-1-oxy)-2-

2, 4-bi s(2-hyd
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2- (2- hydr oxy- 4 oct yl oxyphenyl ) - 4, 6- bi s(4- nethylphenyl) 1,3,5-triazi ne,
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bi s(2, 4-di ‘Fﬁ (inyl) 1,3,5-tri azine,
(dodecyl 8‘}!@?’ I oxy- 2- hydr oxypnpoxy) - 2- hydr oxypheny(] -4, 6-bis(2,4
004/ 113436 PCT/ EP2004/ 051098 -22 di net hyi phenyl)-1, 3,5-tri azi ne,
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2, 4- di et
hydr oXy- dnalkﬂxmognlwep.hmwon)dpr@nﬂ)ppmw tilagryb phosphitez i triegtadecyl phosphite,
hydr ox
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2 i oYY dintasbhtsat HEARERT b o diphogpivige . bis(2A-dr

2-{ 2- hydr oxy- &&fur{eay@ Mdﬂ}ﬂ?ﬁﬁbl dlprfaépfﬂte 2b|s(2 6-d|-tert- mﬁn -metr%ylphenyl)pentaerythntol

2-
bi s
2-(
2-(
2,4,

hydr oxypr opyl ox henyl } - 4, 6- I met Met al
deact i vat ors, B%ml QISNquecxeﬁ&pmeWr&%atp g (lebis(2,4-di-ert-butyl-6-

N-sal i cyl al - Nmethglphényl)patitaeritietoiazi aiphosphitd, - bltﬁd(zablu&wn%@mdﬁ)@éma@ythmon

3 sal i cyl oyl afPHEPONS, BRgey oritel AEkERNEn PR o ea e e
diphosphonite, 6-isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-dibenzo[d,g}-1,3,2-dioxaphospho-
cine, bis(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[triethyl-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-ethyl-
2-(2,4,6-fri-tert-butylphenoxy)-1,3,2-dioxaphasphirane.

5. Hydroxylamines, for example 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 fatty amines.



oxani | ide, isophthalic acid dihydrazide, sebacic acid bis-phenyl hydrazide,
N, N -di acetyl adi pic acid di hydrazide, N, N -bis-salicyloyloxalic acid
di hydrazide, N, N -bis-salicyloylthiopropionic acid dihydrazide. 4.
Phosphi t es wgdoaAeaphoni tes, e.g. diphenyl phosphite, dipgharydoabigds
phosphi tes, phenyl- dial kyl phosphites, tris(nonyl phenyl)phosphite,
trilauryl phosphite, trioctadecyl phosphite, distearyl-pentaerythritol
di phosphite, tris(2,4-di-tert-butyl phenyl)phosphite, diisodecyl penta-
erythritol diphosphite, bis(2,4-di-tart-butyl phenyl)pentaerythritol

di phosphite, bis(2,4-di- cunyl phenyl)-pentZderyt hritol diphosphite,
bis(2,6-di-tart-butyl-4-nmethyl phenyl)pentaerythritol diphosphite,

bi s-i sodecyl oxy-pentaerythritol diphosphite, bis(2,4-di-tart-butyl-

met hyl phenyl ) pent aeryt hri tol diphosphite

corbi ol t11 pRolBhReR o bRt NER5HL B bt e NABRe o RER i frn e

di phosphoni t e alpha-heptyinitrone,  N- Iauryl-alpha-undecylmtrone N-tetradecyl-alpha-tridecyinitrone,
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2,2, 2"-nitri Ihygroxyiamings prepares mnghydsogeatectatiew febly emings.y| - 1, 1' - bi phenyl - 2, 2' -
di yl)-phos- phite],

2-ethyl hexyl - (3,3 ,5,5 -tetra-tert-butyl - - bi phenyl - 2 -diyl phosphlte,
5- butyl - 5- et h&l—_mmw 9&9¥?W%@%%‘P@P'3"‘?-Q§Idoﬁ'ﬁyh’béﬁ§ ¥ ro4nigio- 5
Hydr oxyl am nesjiiprdpgiinicachiButgarilebtedli benzyl hydr oxyl am ne,

N, N- di ochyl hydr oxyl am ne, N, di oct yl hydr oxyl am ne,

N, N-di | auryl hydroxyl am ne, N, N-ditetradecyl hydroxyl am ne, N, N-

di hexadecyi hydr %!dx%-db@troﬂﬁdﬁmw%v|d§tdldbléxé(dték€1 &¥e p-thio-dipropionic acid, for
N- hexadecyt - N- oct adec

drox
N Mot ooyt eamite T, Moty P Fgor sgien CrerrapiRiP BT Idarie, e pngidatt of
hydr ogenat ed Qahérﬁdptcflﬁhilwdaﬂdﬂé,eﬂnc Mbutadithbcarbarate, ModiaddeddRdilias; PeABerythadl 6.

Ni trones, for I -al pha- phenyl ni trone,

N-et hyl - al phatﬁﬁgn&'cﬁlﬂd??@ﬂ Rtp)propigpat gal pha- heptyl ni trone,

N- I auryl - al pha- undecyl ni t rone N-t etradecyl - al pha tridecyl nitrone,

N- hexadecyl - al ade i tr N- oct adec tadec l nitr

N hexadecyl - S oRuARSC BRI, b7 Bihmes S50eBh 3alk i o RadeR PG RARH 5T
N- hept adecyl - aphpskMomeporapOLmdsyhmsaltsomealdmmangmhesgzl - aI pha hexadecyl ni trone,
nitrones derived from N, N-di al kyl -

10. Basic_co-stabilisers, for example melamine, polyvinylpyrrolidone, dicyandiamide, triallyl
cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides, polyurethanes,
alkali metal and alkaline earth metal salts 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
salts, 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.



hydr oxyl am nes prepared from hydrogenated tallow fatty am nes. 7.

Thi osynergi sti c conpounds, for exanple thiodipropionic acid dilauryl ester
or thio- dipropionic acid distearyl ester. 8. Peroxide-destroying compounds,
for exanpl ewesheyG3RE R-thio-dipropionic acid, for exargd®edt b5 V! .
stearyl, nyristyl or tridecyl ester, nercaptobenzimdazole, the zinc salt of
2- mer capt obenzi m dazol e, zinc dibutyl dfthi ocarbamate, dioctadecyl disulfide,
pentaerythritol tetrakis((3-dodecyl mercapto)propionate. 9. Polvam de
stabilisers, for exanple copper salts in conbination with iodi des and/or
phosphorus conpounds and salts of dival enR4ranganese. 10. Basic
co-stabilisers, for exanple nelam ne, polyvinylpyrrolidone, dicyandi am de,
triallyl cyanurate urea derivatives, hydrazi ne derivatives, am nes,
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ant i nony pyr oblad:legl-aphm avood pawdess, ayd powders had fitires oflather Natubat atadogts, euyemém for
exanpl e |norgﬁﬂ $ substances, e.g. talc, netal oxides, such as titanium

di oxi de or magnhé€si um oxi de, phosphates carbonates or sulfates of preferably
al kaline earth metals; organic conpounds, such as mono- or poly-carboxylic
aci ds and thei g Chifla Pk;

di phonyl acet i k3, ofhdr hdditiyes, Sior %x&rﬁé{% tp'iéa‘éﬁ%fé.e@ﬂ%ﬂgﬁr]\tge% Z()Igrﬁ%é %gmé‘t% d1"heology
conpounds, foadcbtwawa@lystﬁnﬂw Immeryrmtlcaiat@‘éer(era Bammtasda)nts aeﬁtséa.tmlblowmg
preference is ég £n to 1,3:2,4-bis(3",4" -dinethyl benzylidene)sorbitol,
1,3:2,4- dl(paranethyldlbenzylldene)sorbltol and

1,3:2,4-di (benzylidene)sorbitol. WO 2004/113436 PCT/EP2004/051098 -24 12.

Addi t i onal f | IM eBén@nﬂaﬁdawfamcmaamawtfan ok&Hipl6 X TRIbSLrBEd Gh UNSC af 335IEsBke

silicates, res gl ass ad aol i barium s Ifate
met al oxi des 4%365 d'ég i@r‘?gg a’(?I a&%%a#( le%le 5m%§%63'p09\%6‘r'4s31 4
powders and f Dbrﬁes 3®6 622, h@E A41346 876; prErPdALOI589 BsynbnheEEFP-(A-o $91b102s . orl RB- [4Q2her

additives, for | a | ser, ubr | S

heol ooy addreraRRoReRLo P BBy SeSeRPonssy Buad drfh e BERBy, v

retardants, aQXyleﬁmay)phm\,yl]ﬁdnmrag-Z-one 3,3 bls[5 7-di-tert-butyl-3-(4- [2-hydroxyethoxy]phenyl)
benzofuran-2-one}, 5,7-di-tert-butyl-3-(4-ethoxyphenyl)benzofuran-2-one, 3-(4-acetoxy-3,5-

dimethylphenyl)-5,7-di-tert-butyl-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)-§,7-di-tert-butyl-benzofuran-2-one or 3-(2-acetyl-5-
isooctylphenyi)-3-isooctylbenzofuran-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, thixotropic agents
and/or metal deactivators.

In addition to the nano fillers other fillers may be used as reinforcing agents (item 12 in the
list), for example talc, caicium carbonate, hydrotaicite, 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.



agents. 14. Benzofuranones and indolinones. for exanple as described in U S
4 325 863; U. S. 4 338 244; U. S. 5175 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- acedoeoyeilassxy) phenyl]-5,7-di-tert-butyl - benzof rcaErogosi9s
5,7-dl -tent-butyl-3-[4-(2-stearoyl - oxyethoxy)phenyl ] benzof uran- 2- one,
3,3 -bis[5,7-di-tert-butyl-3-(4-[2-hydroxyet hoxy] phenyl)- benzof uran- 2-one],
5,7-di-tert-butyl -3-(4-ethoxyphenyl)benzof uran-2-one, 3-(4-acetoxy-3, 5-
di met hyl phenyl )-5, 7-di -tert-butyl - benzof ur an- 2- one,
3- (3, 5-di net hyl - 4- pi val oyl oxy- phenyl )- 5-25¢di -tert-butyl -benzof uran- 2- one,
3-(3, 4-di net hyl phenyl )-5, 7-di -tert-butyl - benzof uran-2- one,
3-(2, 3-di met hyl phenyl )-5, 7-di -tert-butyl - benzof uran-2-one or 3-(2-acetyl 5-
} sooctyl plhen GarborBblasloas fidr ié)maf ftg trwisyatheﬁteg/olmls mﬂqsdmbnhtlrdtiaﬁ;, sudwdmsllgz,d@te_d, ]

or exanple, Jn eptrations .o . t r tiye to, the tot wel ght
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phenol i c antioxidants, light-stabilizers, processing stabilizers, solvents,
pi gnents, dye stigciz co tibilizer to eni.n n .
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fillers ot herjuflicioLsly, of ey 0104 tai2&%, based on tifemveial greigheaftte gynthetin oynieans totbe
list), for exggngd't al c, calciumcarbonate, hydrotalcite, mca, kaolin,
met al hydroxi des, espe- cially alum nium hydroxi de or magnesi um hydr oxi de.
These are added to the synthetic poly- ners in concentrations, for exanple,
of fromO0.01 O ; | td ymer s
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fromO.01 to §udstdBrsed on the overall weight of the synthetic polyners to
be stabilized. dass fibers as reinforcing agents are added to the
synthetic polyners in concentrations, judiciously, of from0.01 to 20 %
based on the ayaerednvemong tatilizert Suentinatio &iri Poqessdiygreyrihetio polymedd, 4 diarpid.
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a secondary antioxidant based on an organic phosphite or phosphonite is recommended.

Incorporation of components (b) and (c) and, if desired, further additives into the synthetic
polymers is carried out by known methods, for example before or during moulding or else by
applying the dissolved or dispersed compounds to the synthetic polymer, if appropriate with
subsequent slow evaporation of the solvent.

The present invention also relates to a nanocomposite material in the form of a masterbatch
or concentrate comprising component (a) in an amount of from 5 to 80 %, component (b) in
an amount of from 5 to 80 %, and component (¢) in an amount of from 1 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 without 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-



additives as well, especially alkaline earth netal salts of higher fatty
acids, for exanple cal- ciumstearate. As a conventional stabilizer

conbi nati on for processing synthetic polyners, for exanple polyolefins, to
form correspgrehsissaspul di ngs, the conbination of a phenekirgkezitoagssdant wit h
a secondary anti oxi dant based on an organi c phosphite or phosphonite is
recomended. | ncorporation of conponents (b) and (c) and, if desired,
further additives Into the synthetic polynmers is carried out by known

met hods, for exanple before or during nmoulding or else by applying the

di ssol ved or dispersed conpounds to the sy8thetic polyner, if appropriate
with subsequent sl ow evaporation of the solvent. The present invention also
relates to a nanoconposite material In the formof a masterbatch or
concentrate CRERd sdrtidisHg %Mﬁ%bodsa& béiflg PesBIERY Bérgﬂéut Eprafing udiRg, 36t ekample,
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wi t hout further additives, can also be sprayed onto the syn- thetic polynmner.
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sprayi ng. The synthetic polyners prepared in this way can be enployed in a
w de variety forns as foans, filnms, fibre t gpe nmoul di ng
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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, fuel
tank, body side mouldings, convertible tops, exterior mirrors, exterior trim, fasteners / fixings,
front end module, giass, hinges, lock systems, luggage / roof racks, pressed/stamped parts,
seals, side impact protection, sound deadener / insulator and sunroof.

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



pol yol efin noul di ngs which are in long-termcontact wth extractive nedi a,
such as, for exanple, pipes for liquids or gases, filnms, fibres,

geonenbr anes, tapes, profiles or tanks. The preferred thick-Iayer

pol yol ef i nwipiabslitngs have a | ayer thickness of from 1 tECEHEOP204051098
particular from1l to 30 mm for exanple from2 to 10 nm The conpositions
according to the invention can be advantageously used for the preparation
of various shaped articles. Exanples are: 1-1) Floating devices, marine
appl i cati ons, pontoons, buoys, plastic |lunber for decks, piers, boats,
kayaks, oars, and beach reinforcenments. 4279 Autonotive applications, in
particul ar bunpers, dashboards, battery, rear and front |[|inings, noldings
parts under the hood, hat shelf, trunk linings, interior linings, air bag
covers, electronic noldings for fittings (l'ights), panes for dashboards,
headl anp gl ass i.nstrument pan el . exterior tery, aut onoti ve
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exterior trins; door panels; gas tank; glazing front side; rear W ndows;
seat backi ng, f e
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nodul e, gl ass, h|n l'oc systens uggag roo racks, resse ystaﬁped
parts, seal sstregf gesﬁpa@shqﬁerét ection, sound deadener / insulator and
sunroof. 1-3) Road traffic devices, in particular sign postings, posts for

road marking, car accessories, warning triangles, nedical cases, helnets,
tires. WO 2004 hArphansemcoRseParsh29\95Resd8 general i“d49'eq§@0‘?'%‘%"§“'f’@PV'B?Sa(“P@’sma'

railway, not chom?pﬂfer(t@%bhoriémpeﬂébld(ﬁhorienﬁhrhtdi ReJevigisréaid)i didp. ark Biledauvicssy for

space applications ul ar ts and satellites, e.g. reentry
shi el ds. g’g Wﬁéeﬁt?:e?@teﬁ'%r 5%16["88? @Y § desi gn, mining applications,
acoustic qU| etized systens, street refuges, and shelters. 11-1) Appliances,

cases and cov ri.c/ ct roni ¢ devices (personal
conput er, tellgéh%gietm%@??@g @gtﬁﬁ%%%mhggsﬁfl olr? & evi si on-sets, audi o and
vi deo devi ces), flower pots, satellite TV bow, and panel devi ces.

1I-3) Devices for the electronic industry, in particular insulation for plugs, especially computer

plugs, cases for electric and electronic parts, printed boards, and materials for electronic
data storage such as chips, check cards or credit cards.

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

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

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

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

l1I-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



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 mat eri avg2do@tiz@icectronic data storage such as chi ppergpRSKosisrds 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, heating dedfices, air conditioners,

encapsul ating of electronics, sem -conductors, coffee nmachi nes, and vacuum
cl eaners. 111-1) Technical articles such as cogwheel (gear), slide fittings,
spacers, Scr avifls, rbsfs tshutterkl(fmgi Ir6ifer stittdrsk Maigs, cadrinkciigns Betwaken Iplpasiateeves, and
ventilators and w vanes, sol ar devices, sw nmm ng pools, sw nm ng

pool covers, CB%GI Yoq ﬁ]% pond liners, closets, wardrobes, dividing walls,
slat walls, folding WO 2004/ 113436 PCT/ EP2004/ 051098 - 28 wal | s, roofs,
shutters (e es,

sl eeves, andq“ ggén)évnétg rﬁglé%'t'%a%'wgrfﬁ'é@a?t% %%s?l%g?tﬁ }y's?Qé &F%\)égi@t%égl ar shower
cubicles, lavatory seats, covers, and sinks. 111-4) Hygl enic articles, in
particul ar di ) hiH Vi cl es,
par i oular Ohmaghybriclis, bkl 6 1896 e FEORNBRABNTER nyiohd o o5,
pans.  111- 5)arslgscshoper @4Bing; hivabes.onats $405, mehile jplets; toolidbsushesand bedpans.

chem cals, pipes for wire and cable protection, pipes for gas, oil and
sewage, gutterl n down pi and drai nage sy- stens. 111-6) Profiles of
any geonetry @'ﬁ) B%\/(‘iﬂ‘?ﬁﬁﬁé'ﬁg edgf 108 for yiger, Mitenat@a&@schemt&gisu pipgsstor wirg and
particul ar ewabmobe@teaioat ﬁpes @k 3dd, g dn@rsclatigd, Guitging( amypb&ma?xd drathabeOdy-

mul tiwall), al rcraft, ool s, extruded sheets, window tilmfor

architectural ﬂ“sam ng, tral n, transportation, sanitary articles, and
greenhouse. 111-8) Plates (wal l's, cutting boar d), extrusion-coating

(phot ogr aphi G, BARGkiss bl ARGy RiaBl BShes) and siding.

lil-7) Glass substitutes, in particular extruded plates, glazing for buildings {monaolithic, twin or
multiwall), aircraft, schools, 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, walls, surfaces, furniture,
decorative foil, floor coverings (interior and exterior applications), flooring, duck boards, and
tiles.

111-9) Intake and outlet manifolds.

1l-10) Cement-, concrete-, composite-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,



coating), silos, wood substitute, plastic |unber, wood conposites, walls,
surfaces, furniture, decorative foil, floor coverings (interior and
exterior applications), flooring, duck boards, and tiles. 111-9) Intake and

outl et maniy@hsbsa13ldel- 10) Cenent-, concrete-, conpositepapmpbdoabdioyys 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
stadiumrings (athletics), artificial floor for stadiumrings (athletics),
and tapes. |1V-2) Wwven fabrics continuous2and staple, fibers (carpets /
hygienic articles / geotextiles / nonofilanents; fitters; w pes / curtains
(shades) | nedical applications), bulk fibers (applications such as gown /

protection cl Qe Sdeat-HstsS clofh‘é@eﬁnde?@@reﬁlovéé I hddeS - rub¥r USootd, hinGrasts aﬁﬁ@r
2004/ 113436 PCT/ P2004/ 051098 ' -2g safety seat-beélts, clothes, underwear,

gl oves; boot sarMeRBesViIHYEes SPQW‘i‘!VP?FaP@b@Bi'ﬁa@éfasm gunshadn)sparagiutare garaglides,

sportswear, UsHis ebdiRen-6ilkeicanpihg aities i€ hirbdds! simibedis; dulk Bag dhd B&ss, sai l s,
"bal | oon- Sl|k" canping articles, tents, airbeds, sun beds, bulk bags, and

bags. 1V-3) NEnbranes I nsul ati on, covers and seal s for roofs tunnel s,
dunps, ponds, IVCB)rMé‘mbraml Ingulstoaf bcﬁ\@rsrmrmagmr r@ﬁ?mhb[saﬂ@ﬁps, sw'wsﬁdn@p@ool s,

t had / f Ki
Shd o anps no. ¥R RsITR ERERres e PHEBARE B fie hytie GRREP S SeRES < "
ai r bags/ saf et gwriiagst sanapiesy walfpi!péneeiubd padking ardr wepging diexibies and colid)] eedical
dashb d, , d ' d
dashoar .| CoRRkdy (B3l &R R0k SRAB! DI, Sl b TLRBAC S >
seats, steeri msdg,l dashhoardt, e@qkpltsg dooxmfsrhead eonsple evpdulgndpor triom lheadiinens, interieti | ns

(packagi ng, dﬁﬁﬁ@nq uﬂé‘ﬁc{?"i‘ﬁlﬂr&?epaa% il Far ﬁ;gﬁé&p%&ﬁ 'sgé&téféﬁm %Puﬁ'n'ﬂh

mul ch, tunnel SwW nm ool's, waste Ppa er,
stretch fil m wheslftexiles, anddmnk WExion film batteries, and connect ors VI - 1)
Food packi ng and vvrappl ng (flexible and solid), bottl es. VI-2) Storage

systens such as_boxe crat esi)n | u %a e, chest, househol d boxes, gal | ets,
shel ves, tracK%F'"E%l( Wegu B,al@[gg\ &hcpgg%l;gre and horticulture, greenhouse, muich,

tunnel, silage), bale wrap, swimming 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) Carlridges, 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 / gasoline / diesel; tank liners,
boxes, crates, baitery 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 bottie / clothes hanger), fastening systems such as plugs,
wire and cable clamps, zippers, closures, locks, and snap-closures.

VII-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.



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
| chem strwd20068634360i | / gasoline / diesel; tank |inerBCT/EF004d51098r at es,
battery cases, troughs, nedical devices such as piston, ophthalmc
applications, diagnostic devices, and packing for pharmaceuticals blister.
VII1-1) Extrusion coating (photo paper, tetrapack, pipe coating), household
articles of any kind (e.g. appliances, thernos bottle / clothes hanger),
fasteni ng systens such as plugs, wre andcable clanps, zippers, closures,
| ocks, and snap-cl osures. VII-2) Support devices, articles for the |leisure
time such as sports and fitness devices, gymastics mats, ski-boots,
inline-skates, skis, big foot, athletic surfaces (e.g. tennis grounds);

screw tops, nd stoppers, for bottles nd c 004/.113436

BT EP20047 0=bOg URTE GieRerRl. ieimediailss oDl iPset ABoreL il Sibroes,
(cushi ons, i nishodiotidss matsegarden dharsystadposegisstables|iceticheb,doyss buildingtkits (bgaiden
chairs, stadl e 0 e building kits (boards /
figures / ball '95‘"% E a‘;ﬂs}ﬁgég&ées %“dgg‘g"agﬁég%q'%? ‘vehicles. VII-4) Mterials
for optical and magnetic data storage. VII-5) Ki tchen ware (eating,

drinking, cooyj aérfa%rfof'&)u I\a{hé ??;ne'ﬁ%&'tﬁs{o ge cassettes and vi deo

tapes; DVD el ectronic arti I ce supplies of any kind (ball-point
pens, stanps and i nk-pads, rmuse shel ves, tracks), bottles of any volune

and cont ent (W@ﬂ&ém:ﬂﬁ&@(&ﬁﬁﬁ %rlnl{ﬁ%SB@JklnPSstérfﬂﬁi udi ng perfunes), and adhesive

tapes. VII- oot wear (shoes / shoe-so I nsol es, spats, adhesives,
structural adheswes food boxes (fruit, vegetabl es, neat, fish), synthetic

paper, | abel syif @)radsteé for €B)'s, 6aYeEHRSanddideb tdpek;abvD blei:tf&n&: a(rt’tsléﬁaai}'ce Sipplds dfg

pl ates (flex h nt ed rcui t. boards, and gi e
it g s LIRS A A I IR A P L I VG i

wol | ast oni t e, vouingaridtcdntentqarinke ddidrgeits, cddnidlics intlGding perfua@e) pad adhesive dmb@m te,
silicates, glass, asbestos). Thus, a further enbodi nent of the present
invention relates to a shaped article, in particular a film pipe, profile,

bottl e, tank -7 ckavtvedanéshpes | Shoe-sos), disales,gspatsc adipeises, istrnctars! aithesivéd) fubd
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 filled polymers (talc, chalk, china clay (kaolin), woilastonite, pigments,
carbon black, TiO,, mica, nanocomposites, dolomite, silicates, glass, 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-molding 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 c) as dispersing agent a polymer which is based on a long chain alkyl meth(acry-
late).



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
particul ar effected by injection, blow, com pression, roto-nolding or

sl ush- nol diggthotd/11826kr USi on. The present invention al SO pEl@E6E/05MIK Pr ocess
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) as dispersing agent a polyner which is based on a | ong chain al kyl

met h(acry- late). WD 2004/ 113436 PCT/ EP2004/ 051098 -31 The nelt m xing can
be carried out in any heatabl e container-®qui pped wwth a stirrer, for
exanple In a closed apparatus such as a kneader, m xer or stirred vessel.
The incorporation is preferably carried out in an extruder or in a kneader.

I't is inmmateryml mah@.txh@rcaaruacc%&fadrw irf %awbﬁc&ntd%e@%qu ﬁ’e!ot wil HRaRdIefop OF
in the presence of oxy The addi ti on of conponents sel “_é and g?é') can
t

be carried of*@mpledd ?c'gﬂ%dt%’ﬁﬁ'ia?sﬁl‘% P FRader mixeror s ‘f INOIPPHEIPN | 5
mel ted and mix ﬁﬂafémﬁmcéri‘mj AR GH &n afiderSetiin alkhéadan otis Mamataria@ whisther\proteasiose

skilled in the ar naptly m xers, kneaders and extruders.
The process j @kes,P i"ﬁcﬁ rg%ltpﬁfs‘gﬁr%ﬂtm hg P éﬁe%?ﬂfﬂ%?'@P Tby introducing the

addi tive duri ng pro- CeSSI ng. Particularly preferred proceSS| ng machi nes are
oL Ser o oo R SRR ), ST AT b Pl R B e
al so possi bl echines unsvghlp‘r the polymeyisrreaiied mps mixed with ¢k additives tSuitetls machisesgme 1 e-
noval conpart %ﬁ:{ [ s and
kneaders are %@éé&rtﬂgygggkmpdﬁﬁe{é;%ﬁp fgrgﬁpeaaﬁ@%l‘th’ er§ E?l‘%lt{? rHc?:’rum on,

Vol . 1, Grundlagen, Editors F. Henson, W Knappe, H Potente, 1989, pp.

3-7, | SSN: 3- 4ife- l__&éc%@@Ts‘]pref@ﬁgly\éahred%ut ﬁ@n@*ﬁhdﬁ?%@%@gﬁéhgl@ig@ddmm"n pro-
3-446- 14329-7. For exarr&ﬂﬂlp he screw | ength iIs - 60 " screw di aneters,

pref erabl y 35cessing Radicuigry peafertad, Rrocepsing F@F'H'B?so?fals"ﬁ?é%‘ﬁe%ﬁmﬁ’érss EPURY-s
preferably 10afirfy aﬁﬁ:ocdraata@twm%cw eﬂ?uﬂbk’éepléﬁdmﬁ-geércé’xtrﬁdeiﬁﬂ'h@ exBuders380cd-pm
The maxi num thr(? ?R I S debx? dent on the screw d %mﬁ : é ef rot ati onal
specd and.  he BRI g isp BESSTI o AERRasIIaIP S 1TES BIBEN i ot EAEHoBR BB I5a! 50
be carried ouhowt cangadtvheht tb aeh atveuuni@anibeapplied. Suitable extruders and kneaders are
described, for example, in Handbuch der Kunststoffextrusion, Vol. 1, Grundlagen, Editors F.
Hensen, W. Knappe, H. Potente, 1989, pp. 3-7, ISBN:3-446-14339-4; and Vol. 2
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 also 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.



t hroughput by varying the paraneters nentioned or enployi ng wei ghing
machi nes delivering dosage anmounts. |If a plurality of conponents are added,
t hese can be prem xed or added individually. Al so of interest is a process

for the pr Wf(,@;,hgg}_mof a synthetic pol yner nanoconposit gctyBbRes/dsi®s, wherein
the melt mXxing of the conponents (synthetic polyner, filler and dispersing
agent prepared by controlled free radical polynerization) occurs between 120
and 290C, preferably between 140 and 250C, for exanple between 170 and
230C. The present invention also relates to synthetic pol yner nanoconposites
obtai ned by the above nentioned process-32¥ 2004/ 113436 PCT/ EP2004/ 051098
-32 The preferred conponents (b) and (c), and optionally further additives,
in the process for the preparation of a synthetic pol yner nanoconposite

material are tH¥EpréBAE] éimgoherte (1) 8Rd (c), kAd optfoﬂéuytfm\ee aammst.h % pr&eeé; féf- %r ed
enbodi nent of theﬁ‘&nesent i nvention is als l‘rJPE @x';’ rg g/ cﬁ) a
| ong chain al K§par r?(ﬁé)"}’h%'?(??'y'f‘ﬁ’ ’?%‘?P@‘QP&F‘S%’B“&’ BF3ag 8 @°?‘? qsé‘?beﬁnd
di sperse the forihb@bmpdsiten. Synt hetic polynmer matrix to forma nanoconposite
material. The preferred dispersing agent, filler and synthetic polyner, and

optionally further additives, for this use are the sane as those descri bed
for the conpoAiptefared emdingint ofidha greseainiplention islalsetthause bha polpwmemittased on a

further. Parts f%éllﬁyg %ﬁfa@#@&%ﬁrﬁa&&g@%@? I&txsatgg lt‘lle?%'ﬁ%%gérgg the filler in a

chr omat ogr aphy on a

mat ogr aph equs$ypthetic palyrier aiatrixdo fammiazianoempasitegnaterial. and a set of four 600 mm
X 7.56 mm co- |umms corrpri sing three PLgel 5 p m xed C colums and one PLgel
3 p mixed E colum (Po- |ymer Laboratories). Tetrahydrofuran (flowrate of
1.0 nl/ min) i Shauprefarred digpaseing agant, fiter agd synfiatic pelymean gndprtiopally fisther additives.h

narr ow pol ydlfapw@sbxérmbmyasemssé&&a%a%tﬁmmwaﬁon Laboratories) and GPC
nol ecul ar wei ghts are given as pol ystyrene equival ents. Exanple 1:

Preparation of acrylic random copol ynmers by conventional radical

pol ymer i zat i Othe foleing exampleBNasA eh: Giveftion Rathgl. Pars adreddntages relate to weight.
acryl ate)-co-(di net hyl am noet hyl acrylate)) (PODA-co-

Gel permeation chromatography (GPC) is performed on a Waters Associates liquid chro-
matograph equipped with differential refractometer and a set of four 600 mm x 7.56 mm co-
lumns comprising three PLgel 5 p mixed C columns and one PLgel 3 p mixed E column (Po-
lymer Laboratories). Tetrahydrofuran (flow rate of 1.0 mL/min) is used as eluent at 22+2 °C.
The columns are calibrated with narrow polydispersity polystyrene standards (Polymer
Laboratories) and GPC molecular weights are given as polystyrene equivalents.

Example 1: Preparation of acrylic random copolymers by conventional radical polymerization
(Conv).

a) Preparation of poly((octadecy! acrylate)-co-(dimethylaminoethyl acrylate)) (PODA-co-
DMAEA).

A solution of 300 g (924.4 mmol) of octadecyl acrylate, 33.3 g (232.8 mmol) of 2-(N,N-di-
methylamino)ethyl acrylate and 10.95 g (66.7 mmol) of AIBN (azaisobutyronitrile) in 400 ml
of dry toluene is degassed by purging argon for 3 hours. Polymerization is carried out at
60°C with stirring under argon for 87.5 hours. The reaction solution is precipitated into vigo-
rously stirred acetone (2.5 L). The polymer is collected by filtration and vacuum-dried for two
days (light yellow solid; *H NMR: conversion 100%:; GPC: M, 22990, M,/M, 3.7).

b) Preparation of poly((octadecyl acrylate)-co-(maleic anhydride)) (PODA-co-MAR).



DVAEA). A solution of 300 g (924.4 mmol ) of octadecyl acrylate, 33.3 g
(232.8 mmmol ) of 2-(N,N-di - methylam no)ethyl acrylate and 10.95 g (66.7
mol ) of AIBN (azai sobutyronitrile) in 400 m of dry toluene is degassed by
pur gi ng arwonoosai34d hours. Pol ynerization is carried owCTaPr2006053098i t h
stirring under argon for 67.5 hours. The reaction solution is precipitated
into vigo- rously stirred acetone (2.5 Q The polyner is collected by
filtration and vacuumdried for two days (light yellow solid; 'H NWR
conversion 100% GPC. Mh 22990, MW M 3.7). b) Preparation of

pol y((oct adecyl acryl ate)-co-(mal eic anmgdri de)) (PODA-co-MAH). WO
20041113436 PCT/ EP20041051098 -33 A solution (A of stearyl acrylate (ODA,
300.0g, 0.924 nol), malefic anhydride (MAH, 45 g, 0.46 nol) and AIBN (2.7
g. 16.5 mml) in 930 nL of dry THE and a solution (B) of stearyl acrylate

(150 g, 0.46 , 3 f.dry E,are
degassed by %}?'ﬁg’g Offs agr rﬁgteggng | %@d&ﬂnﬁ tgkd' uﬁ"%q'emts%’l%m’i% AMAHr égﬁem ed
and stirred @t467f11ﬂ) andnaiBN (aﬁ'ganﬁﬁcmmdl) inc@30 sl oﬂﬂmTHE(dndtai soiutiéh (B) of steasf er r ed

to solution A0 ec(w¢'|0646 rﬁﬁl# &tld Alﬁﬁ R if&' etde%'m?l @?2%&%@ trﬁ:eé}gﬁ%@%@dqd

stirred at sa errpe ‘ature for
solution is [bvewrgmgtultl'eatgomt@mmdm \(aeuu_n) Sohdion Heisr esitedt andt stiped wh#0°C s
col lected by, &

Col i a; - Trvein s sae s naRy dg) Bl f i RENBTRTNT R A bRty M ©

M. 1M 1. 49) addijorpthepnirtuteiisheaied prsl stimed et samectpmpereiuge for 8)otaldime of 24 hours!

E [C\]LI)XI néi)p%grgr qu %&%ér)soﬁf% préti H\M@i 1ntoAao%anH @ berﬁ%e %Eul?atn?;% Oyﬁller %Céo%(ﬁé

’hﬁb‘%’ N-vinyl pyrrolidone ( and
Al BN (1.78 gbyfiratio Ariech inga yagwim, gyrn fon twpe HES)S éwmteaS@a GiNMTR @Byerﬂ?n

stearyl acrylogie fodO0A dnd 0036 7%r MAIH, GPY: M|, 2200, MY/M, @labglone (38.5 g, 0.347 nol)
and AIBN (16.04 g. 97.69 mmol) in dry toluene (600 nm) are degassed by

purging with argon, conbined with vacuum Solution Ais first heated and

stirred at 1@perepardton dlpagioctadiecyt crflateiteIN-vinipyrroliddbned)(POBA(CH-NVP)233, 317 ni
and remai nder of solution) are added by syringe at 40 mnute intervals.
After addition, the mxture is heated and stirred at sane tenperature for
further 40 mi solities (A)Tfi etetiyt adrylgite (9 DAy 5028y, DAR4 trioljeNivinyHpysrolidone ¢NVH,HE28g0| vy ner
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stearyl acrylate (450 g, 1.387 mol), N-vinyl pyrrolidone (38.5 g, 0.347 mol) and AIBN (16.04
g. 97.69 mmol) in dry toluene (600 mL) are degassed by purging with argon, combined with
vacuum. Solution A is first heated and stirred at 100°C under argon for 40 minutes, then
aliquots (171, 233, 317 mL and remainder of solution) are added by syringe at 40 minute
intervals. After addition, the mixture is heated and stirred at same temperature for further 40
minutes. The total polymerization time is 4.5 hours. The polymer solution is precipitated into
acetone (6L) and the resultant polymer is collected by filtration and dried in a vacuum oven
for three days. (white solid; '"H NMR: conversion 99% for ODA and 100% for NVP; GPC: M,
9300, My/M, 1.47).

d) Preparation of poly((octadecyl methacrylate)-co-(N-vinylpyrrolidone)) (FODMA-co-NVP).

A solution of 404 g (1190 mmol) of octadecyl methacrylate, 33.2 g (298 mmol) of N-vinyl
pyrrolidone, 7.9g (87.4 mmol) of 1-butanethiol and 1.44 g (8.74 mmol) of AIBN
(azaisobutyronitrile) in 1000 ml of dry toluene is degassed by purging with argon for 3 hours.
Polymerization is carried out at 60°C with stirring under argon for 63.0 hours. The resultant
solution is precipitated into vigorously stirred acetone (5.0 L). The polymer is collected by



for three days. (white solid; 1H NMR conversion 99% for ODA and 100% f or
NVP; GPC. Mh 9300, M/M1.47). d) Preparation of poly((octadecyl

met hacryl ate)-co- (N-vi nyl pyrrolidone)) (POCDVA-co-NVP). A solution of 404 g
(1190 molywoabosacisggdecyl nethacrylate, 33.2 g (298 nmolerTafp2084/051098!
pyrrolidone, 7.99 (87.4 mmol) of 1-butanethiol and 1.44 g (8.74 mol) of

Al BN (azai sobutyronitrile) in 1000 mM of dry toluene is degassed by purging
with argon for 3 hours. Polynerization is carried out at 60C with stirring
under argon for 63.0 hours. The resultant solution is precipitated into
vigorously stirred acetone (5.0 L). The -@8l-yner is collected by WO

2004/ 113436 PCT/ EP2004/ 051098 -34 filtration and vacuumdried for two days
(white solid, 'H NVR conversion 100% for ODMA and 48% for NVP, GPC. M

6000I lW\; M ﬁltré&)n_- arﬁl)vaaﬁuﬁildl_r e’ﬁtfbpﬂvoodayQNWté(seﬁl\cli,vg?QME: corvetrs_ion 1(20;6, for fC)DMA
acrylate)-co A r | co- sol ution o]

oct adecyl ach‘i’%\%/@%&f; &‘géo g@@mﬁf N-vi nyl pyrrolidone (NVP, 42. Bg,
0.385 nmol) and AIBN (0.87g. 5. 3 mol) in 1000 nL of dry toluene (solution A
and a solutiq A 0 d ol uene are
degassed by SLPEPHENdh o Rouecipbr see el inlmrRiklon PO IR A 1S T Fot
heated and stirred at 110C under argon for 20 mnutes, then, solution Bis
added by syrl 54 Ut J r dition
edied by o3 Wl o5 ey QUi @ o 91 ol RENR) s
further 14 h&wBE moljlaed ARNA(O. 3591 Y drenioh)dn 1GO0 mli ofelry tolugae ESOhImn'S) aﬂlﬂwomlyrrer
solution is ' t t

\ (@i clﬁg(lFN ‘(ﬁtgeqoia@ ntméif i %B%ﬂ&'ﬂht@%né & Je? \Aﬁe%? &fwgy i farl S

filtered and vacuum oven H NVR:

conversi on 1(99%‘106'#7'"%%’1 wEUan GolNfigm: A st healed 2 ﬂwredrawl 19°Caungen argonaler e 1

Pol ymers pre zb%nzﬁeé?the%lhﬁﬁ?\ab i€ é&ﬁé‘dalky %hymrwﬁﬁ bﬁ'ﬂ?:oﬁoét%fnu{% iheRAR ed
by') DP(1)) DP(2)3j %1 .0 7030(4100) -
1b PCDA- co- waww 90"29'959 # %)U’PM@@)"GE‘GQ anﬂe“rm 536‘9 mmt@erfvr .0

1.0 (23000) Suriher 34)nobisDAne Qo \pSigmENAaih (RENs 358/ Rours. 2rHe HohfRk}) sokflios is

precipitated into acetone (6L) and the resultant polymer is filiered and dried in a vacuum
oven for three days. (white solid; '"H NMR: conversion 100% for both ODA and NVP; GPC:
M, 24900, Mw/M, 5.07).

Table 1: Polymers prepared by conventional radical polymerization

Polymer" Prepared by? | DP(1)? | DP(2)® M,? MM, >
1a) PODA-co-MAH Conv 40 1.0 | 7030(4100) -
1b) PODA-co-PEGMEA Conv 147 49 | 7400(6100) 12
1¢) PODA-co-DMAEA Conv 40 1.0 (23000) 3.7
1d) PODA-co-BA-co-DMAEA Conv 2060 | 20 (8800) 10.8
1e) PODA-co-BA-co-MAH Conv 2060 | 20 (4550) 3.1
1) PODA-co-DEGEEA Conv 4.0 1.0 insal. insol.
19) PODA-co-PEGMEA Conv 40 10 (4300) 1.7
- [1h)__ PODA-co-MAH Conv 30 1.0 (6200) 232
1) PODA-co-MAH Conv 5.0 1.0 (6100) 2.70
1j)  PODA-co-MAH Conv1 30 1.0 (4200) 149
1k) _PODA-co-NVP Conv5 40 1.0 NA NA
1) PODA-co-NVP Conv4 40 1.0 (24900) 5.07
1m) PODMA-co-NVP Conv3 4.0 1.0 (6000) 1.48
1n) PODA-co-NVP Conv3 40 1.0 (49800) 3.84
10) PODMA-co-MAH Conv3 3.0 1.0 (5100) 1.55
1p)__ PODA-co-NVP Conv2 4.0 1.0 (9300) 1.47
1q) PODA-co-GA Conv 40 1.0 (48300) 5.08
1r) PODMA-co-NVP Conv3 40 1.0 (18700) 173

1) Abbreviations:
PODA-co-MAH is poly(octadecyl acrylate)-co-(maleic anhydride),



| e) PODA- co-BA-co-MAH Conv 2.0/6.0 2.0 4550 3.1 1 PODA-co- DEGEEA Conv 4.0
1.0 insol. insol. 1 PODA-co-PEGVEA Conv 4.0 1.0 (4300) 1.7 1h POCDA-co- VAH
Conv 3.0 1.0 (5200) 2.32 1i) PODA-co-MAH Conv 5.0 1.0 (6100) 2.70 1
PODA- co- MAHwepmwdi1349 1. 0 (4200) 1.49 1k) PODA- co- NVP Garivbpzéedhsiosd NA NA
11 PODA-co-NVP Conv4 4.0 1.0 (24900) 5.07 1nm PODMA-co-NVP Conv3d 4.0 1.0
(6000) 1.48 1n) PODA-co-NVP Conv3 4.0 1.0 (49800) 3.84 10 PODVA-co- MAH
Conv3 3.0 1.0 (5100) 1.55 1 PODA-co-NVP Conv2 4.0 1.0 (9300) 1.47 1
PODA-co-GA Conv 4.0 1.0 (48300) 5.08 1r PODVA-co-NVP Conv3 4.0 1.0 (18700)
1.73 1) Abbreviations: PODA-co-MAH i s pot§foctadecyl acrylate)-co-(nmaleic
anhydride), WO 2004/ 113436 PCT/ EP2004/ 051098 -35 PODA-co- PEGVEA i s

pol y(oct adecyl acrylate)-co-(poly(ethylene glycol) nethyl ether acrylate),

PODA- co- DVAEA | pasd-yd-PECRER G, 84 -8o- 8rid Bt eareryl ate),
PCDA- co- BA- co- DVAEA e|1ls pol y(oc‘%o:!t ecyl ee%cr?/lggé e) %ﬁ%t yl@ygg?yl a | (

di met hyl am noet ﬁﬂy%'ryl ate), PODA-co-BA-co-MAH i s pol y(oct adecyl
acryl at e) - co- ( biIHQDA-eSDMABAE pONQOdtdmbﬁh&ylaﬁWdrd@%waﬁﬁa&hﬂQcﬂiﬁEA i's

PCDA co- P 15 ISVt SeAseR)EATh pYupRsty Rl ety f T
PODMA- co- NVP i s dodtiyylaineadield gérylate), hacr yl at e) co- (N-V| nyl pyrrolidone),
PCOMA- co- MAH T's syl v € O h 3D G 1 TGl (3B Hee) Ao et Yo (B Bofiaft) 8y Ankigg) -
anhydride),
PODA-co-DEGEEA is poly(octadecyl acrylate)-co-(diethylene glycol ethyl ether acrylate),
PODA-co-NVP is poly(octadecyl acrylate)-co-(N-vinylpyrrolidone),
PODMA-co-NVP is poly(octadecyl methacrylate)-co-(N-vinylpyrrolidone),
PODMA-co-MAH is poly(octadecyl methacrylate)-co-(maleic anhydride),
PODA-co-GA is poly(octadecyl acrylate)-co-(glycidy! acrylate),

2) Method of synthesis:

Conv Conventional radical polymerization with AIBN initiator as disclosed for
example in Example 1a.

Conv1 Conventional radical polymerization with AIBN initiator and portionwise
addition of monomers as disclosed for example in Example 1b.

Conv2 Conventional radical polymerization with AIBN initiator and portionwise
addition of monomers as disclosed for example in Example 1c.

Conv3 Conventional radical polymerization with AIBN initiator and butanethiol
transfer agent as disclosed for example in Example 1d.

Conv4 Conventional radical polymerization with AIBN initiator as disclosed for
example in Example 1e.

Convs Conventional radical polymerization with AIBN initiator as disclosed for

example in Example 1a but with a reaction temperature of 70°C.

3) DP1 and DP2 indicate the overall composition and represent average ratio of the
comonomers in the polymer chain.

4) Molecular weight obtained from 'H NMR integration, the values in parentheses are from
GPC.

5) Polydispersity of polymer obtained from GPC.



1 U e

PODA- co- GA i s pol y(octadecyl acrylate)-co-(glycidyl acrylate), 2) Method of
synt hesis: Conv Conventional radical polynerization with AIBN initiator as
di scl osed for exanple in Exanple la. Convl Conventional radical

pol yneri zat i Qn w IBN initiator and portionw se addiyj oners as
di scl osed f%&z%w&%?ég\ in Exanple 1 b. Conv2 Conventi onaFkFg%f@ngm

pol ynerization with AIBN initiator and portionw se addition of nononers as
di scl osed for exanple in Exanple 1c. Conv3 Conventional radical

pol ynerization with AIBN initiator and butanethiol transfer agent as

di scl osed for exanple in Exanple 1 d. Conwg-Conventional radical

pol ynmerization with AIBN initiator as disclosed for exanple in Exanple la.
Conv5 Conventional radical polynerization with AIBN initiator as disclosed
for exanple in Exanple la but with a reaction tenperature of 700C 3) DPI
and DP2 indicate the overall conposition and represent average ratio of the
cononomer s i n Exampled| Kreparaticnf acrylic)statisticabeppelymensiby IRAFT polymatization (RAFTH NVR
integration, the values in parentheses are from GPC. 5) Pol ydispersity of
pol ymer obtained from GPC. WD 2004/ 113436 PCT/ EP2004/ 051098 -36 Exanple 2:
Preparati on ofTeReFajiPR ef polvieriadecybacrndaipisoydimethyigineatbyl aspiaiateiADAeq-BMAERAFT) .

Preparation of poly((octadecyl acryl ate)-co-(dinethylam noethyl acryl ate)
PODA- co- DMAEA.. A solutio f 200 616 ol oct adec crylate, 22.1 g
(154 i) of As{HEROLORG AR mmaloRestaseny Fosleley 241 8 (Rompbyobin i o
gﬁt y:c é- phenly|aﬁﬁri’by¢th)ll gtrylbieptzw b errd @mel) df bidf 1@?nﬂe4g;4ﬁitmkaon§é laﬁdi R mg 300
o] ry to ne is e pur. gi argon for ours. ol ymerization
is carried oug‘?é‘fm&?&ﬁ@ﬁgsﬁﬁﬁgd@ﬁ%ﬂe&? GRS LY PHOINGFEon 1RAZNAUES, o o
sol ution was [Rolymeflzdtian Bcairiet outvdt GOTCOWItH stirrthg iunder drgonddr@acho(id. The rpactibhe
POl e S O Sk ienitet 8 L api s BT Sl 28 o bl he12 el O
filtration and vacuum-dried for two days (yellow solid; 'H NMR: conversion 95.1%; GPC: M,
5590, Mu/M, 1.1).



5590, MJM 1.1). WO 2004/113436 PCT/ EP2004/ 051098 -37 Table 2: Copol yners
pre red by RAFT polynerization Polynmer Prepared byzZ DP(1)3l DP(2)3l M) wM"
2a) PODA- co- DVAEA RAFT 30.0 7.0 11000(13700) 12 2b) PODA-co- PEGVEA RAFT
26.1 6.6 11%0006dQ8u3d. 2 2c) PODA-co- NVP RAFT 53.1 14. 2 p92620@2810094.. 23  2d)
PCDA- co- DVAEA RAFT 12.3 3.1 47005600 1.08 2e) PODA-co- MAH RAFTS 4.4 13.6
15000 6300 1.29 2f PODA-co- MMA-co- MAH RAFTS 11.0/2.0 2.0 4300(5300) 1.13
2g) PODA- co- DEGEEA RAFT3 12.5 1.4 470 5900 1.06 2h) PODA-co- DVAEA RAFT3
12.5 1.4 460 5800 1.07 21PODAco-coRAFT3 96.7 10.8 33500 34900 1.14 2
PODA- co- MAH RAFT3 38.5 9.0 13800(10400) 1-¥8 2k) PODA-co- MAH RAFT3 50 7.0
17300 7200 1.27 21) PODA-co- MAH RAFT3 45.5 2.3 1540D 8000 1.32 2m

PODA- co- MEP RAFT3 43.6 1.53 14900(8400) 1.41 2n) PLA-co-MAH RAFT3 69.0 21.0
18900 4000 1.62 20) PODA-co- GVA RAFT3 54.8 15.1 20300(15600) 1.29 2p)
PCODA- co- MAA RAFTS 10.0 1.0 (14500) 1.21 2 PODA-co- MAA RAFT3 5.0 1.0 (13900)
1.21 2r) PODA—'EableI\ZACopDIWMS Wﬂ'@d@yBAETﬁolﬂmérizaﬂMQOO) 1.21 2s)

PODA- co- MAH- co Dr evi I on$ 5
PODA- co- DMVAEA A %{ﬁ ani rﬂt o] MMe
acrylate), PC Bb) B@DA iPE EAS pol ) y at;%h‘- 11000 Babmoo)): hv1L2en D
|l ycol ) net hyl h '99‘ PMEAS)  IPODRAF h I\ cf a
gC?/W a% e) - CO}'( N20); RQIDA.(:,QN i done) RAFT 531 ' | 44.2 | 19250(16200) 123
2d) PODA-Co-DMAEA 7T RAFT 12.3 3.1 4700(5600) 1.08
26) PODA-co-MAH RAFT3 A4 13.6 15000(6300) 1.29
2f) PODA-co-MMA-co-MAH RAFT3 11.0/2.0 2.0 4300(5300) 1.13
| 29) PODA-co-DEGEEA RAFT3 12.5 14 4700(5900) 1.06
2h) PODA-co-DMAEA RAFT3 125 1.4 4800(5800) 1.07
2i) PODA-co-DMAEA RAFT3 96.7 10.8 33500(34900) 1.14
2j)) PODA-co-MAH RAFT3 - 385 9.0 13800(10400) 1.28
2k) PODA-co-MAH RAFT3 50 7.0 17300(7200) 127
2l) PODA-co-MAH RAFT3 455 2.3 15400(8000) 1.32
2m) PODA-co-MEP RAFT3 4386 1.53 14900(8400) 1M
2n) PLA-co-MAH RAFT3 69.0 21.0 18900(4000) 1.62
20) PODA-co-GMA RAFT3 548 15.1 20300(15600) 1.29
2p) PODA-co-MAA RAFT3 10.0 1.0 (14500) 1.21
2q) PODA-co-MAA RAFT3 5.0 1.0 (13800) 1.21
2r) PODA-co-MA-co-MAA RAFT3 9.01.0 1.0 (14900) 1.21
2s) PODA-co-MAH-co-AA RAFT3 9.0 1.0/1.0 (12800) 1.18

1) Abbreviations:
PODA-co-DMAEA is poly(octadecyl acrylate)-co-(2-dimethylaminoethy! acrylate),
PODA-co-PEGMEA is poly(octadecyl acrylate)-co-(poly{ethylene glycol) methyl ether
acrylate),
PODA-co-NVP is poly(octadecyl acrylate)-co-(N-vinylpyrrolidone),
PODA-co-MAH is poly(octadecy! acrylate)-co-(maleic anhydride),
PODA-co-MMA-co-MAH is poly{octadecy! acrylate)-co-(methyl methacrylate)-co-(maleic
anhydride),
PODA-co-DEGEEA is poly(octadecyl acrylate)-co-(diethylene glycol ethyl ether acrylate),
PODA-co-MEP is poly(octadecy! acrylate)-co-(methacrylolyoxyethyl phosphate),
PLA-co-MAH is poly(lauryl acrylate)-co-(maleic anhydride),
PODA-co-GMA is poly(octadecyl acrylate)-co-(glycidyl methacrylate),
PODA-co-MAA is poly(octadecyl acrylate)-co-(methacrylic acid),
acid),
PODA-co-PMA-co-MAA is poly(octadecy! acrylate)-co-(methyl acrylate)-co-(methacrylic
acid)
PODA-co-MAH-co-AA is poly{octadecyl acrylate)-co-poly(maleic anhydride)-co-(acrylic
acid)



PCODA- co- MAH i s pol y(octadecyl acrylate)-co-(nmaleic anhydride),

PODA- co- MVA- co- MAH i s pol y(oct adecyl acryl ate)-co- (nethyl

nmet hacryl ate) -co- (mal ei ¢ anhydri de), PODA-co-DEGEEA is pol y(octadecyl

acryl at e) - covo(mbetibsbene gl ycol ethyl ether acrylate), RODEP206HISESS | S

pol y(oct adecyl acryl ate)-co-(nethacryl ol yoxyethyl phosphate), PLA-co-MAH is
poly(lauryl acrylate)-co{nalefic anhydride), PODA-co-GVA |Is pol y(octadecyl
acryl ate)-co-(glycidyl nethacrylate), PODA-co-MAA is poly(octadecyl
acrylate)-co-(nethacrylic acid), acid), PODA-co-PVA-co-MAA is

pol y(oct adecyl acrylate)-co-(nethyl acryl a%8) co- (net hacrylic acid)

PODA- co- MAH- co- AA is pol y(octadecyl acryl ate)-co-poly(naleic
anhydride)-co-(acrylic acid) W 2004/ 113436 PCT/ EP2004/ 051098 -38- 2)

Met hod of synt hesis: RAFT PoI ymerization with reversible addition
fragnentation zilﬂﬁ)'ﬂ i .as dis- closed for exanple In Exanple 2 (random
copol yner) or 0C copo ymer). RAFT3 Pol ynerization with reversible
addi ti on fragnefAkTi on Rohmenizationmith esveesivleciddition thagreniation shainsansfér@as Bisanpl e 4
but with S dodecyl S-( %1&B§f&th%nhwé th ExEr'hblEb ﬁear#e&&ihﬁ]e% B/&ﬁ&n@&ﬁa;me ) DF’l

and DP2 indicate the overa osi tion an &E;ese averdge ratio o
comonomers in t RAFR3| eraly"@ﬁlaatwner%rs@&qﬂddrtw grentaion ghaie Hansfes @s dis- NI\/R

integration, the val uescldsadrzﬁ@%m MEXaMpI8 41UORh SHbdecy)s- | sity of
pol ynmer obtai ned from GPC. Exanp ﬂi@ 3: Prgparatlon of ggrypoéz Yé@@

copol yners by nitroxi dé"%ﬁ?’ﬁ?'@@ quﬂ tion (NWVP). The preparation of
the conmpound of the fornmula NWP-1 O

3) DP1 and DP2 indicate the overall composition and represent average ratio of the

comonomers in the polymer chain.

4) Molecular weight obtained from 'H NMR integration, the values in parentheses are from
GPC.

5) Polydispersity of polymer obtained from GPC.

Example 3: Preparation of acrylic block copolymers by nitroxide mediated polymerization
(NMP). The preparation of the compound of the formula NMP-1

i}
o) CH

CH, (NMP-1)

is disclosed in Example 1 of GB-A-2 361 235.



Ok CH3 CH3 HCH(NW-1) HBC NCH3 OCH3 is disclosed In Exanple 1 of
GB- A-2 361 235. WD 2004/113436 PCT/ EP2004/ 051098 -39 a ) Preparation of
pol y(oct adecyl acrylate) (PODA). A m xture of 103.1 g (317.7 mmol) of

oct adecyl awoybatiessasnd 5.55 g (15.4 nmmol) of the com pAROTEPI405RE or mul a
NMP-1 [preparation disclosed in Exanple 1 of GB-A-2 361 235] is de- gassed
by three freeze-evacuate-thaw cycles. The m xture is heated in an oil bath
with stir- ring at 120C under argon for 48 hours. The polyner is diluted
with 60 m of toluene and precipitated into ethanol (800 nL at 35 O,
filtered, washed with ethanol and dried at3%oom tenperature in a vacuum
oven for 48 hours (white solid; 'HNVR conversion 74.6% M 4800; GPC. M
6310 MWM 1.2). b) Preparation of poly(octadecyl

acryl at e) - bl o@k)-Feegayation pRpaly(otitadecyl peryiaten(HAA)Y| acryl ate) ( PODA- b- PDVAEA) .
A solution of 15 g (3.14 mol ) of poI y(oct adecyl acrylate) [prepared
according to Exa 3a] and ﬂ nmmol ) of 2- (N, N-di net hyl am no) et hyl
acrylate in dlﬁymgglﬁ&fr‘?éa(‘%@ﬂﬂj mMpl)epf Oﬁm%‘wm and 8.5 g ¢4 mmol) f the com-

freeze-thaw ”%Gr%dof the B rrda Nffb- A [FapalRion SisdbsR8 FHE a1 0F EB-ARE6H ﬁsg fbfaC for

42.5 hours. The polyner is precipitated into vigourously stirred nmethanol
(400 nlL). The %%?epd’ylﬂéfe? freezerevgcuairbaw §ydies: Rhempin & hesind inan ahbafh wiik el

vacuum oven Q»ﬁg@nuﬂhc unaby 5!90|$ Jr 146 hours| NM;’pom@éN@aﬁhémwmiLe@% oMouu‘éz&Qnd GPC:
M 7200 MW M 1.2). Table 3: PODA and bl ock copol yners ﬁre par e

N o b maiPEcAee M arE R (A0S ). Hierpd SR ad vy S mpans djedtabraom)

MB) M., /M) t&ﬂﬁer&@@%%ac%@m%ﬁﬁ@& tthQ&:rsl(vﬁme?éamPOﬂMk RYRdidn bR, M2
6100 3c) PCDA- BOJ)DGPC Mnsg/?onﬁ/m?m) 7960 -

b) Preparation of poly(octadecyl acrylate)-block-poly(2-(N,N-dimethylamino)ethyl acrylate)
(PODA-b-PDMAEA).

A solution of 15 g (3.14 mmol) of poly(octadecyl acrylate) [prepared according to Example
3a] and 7 g (48.8 mmol) of 2-(N,N-dimethylamino)ethyl acrylate in dry toluene (25 mL) in a
bulb ampoule is degassed by freeze-thaw method. The sealed ampoule is placed in an ail
bath at 120°C for 42.5 hours. The polymer is precipitated into vigourously stirred methanol
(400 mL). The solid is filtered, washed with methanol and dried at 35°C in a vacuum oven
overnight (white solid; 'H NMR: conversion 41.2%, M, 5700; GPC: M, 7200 M./M, 1.2).

Table 3: PODA and block copolymers prepared by nitroxide mediated polymerization

Polymer” Prepared by? | DP(1)? | DP(2)* M, M/M,?
3a) PODA NMP 12.3 4400(4800) 1.3
3b) PODA-b-PVP NMP 15.6 6.2 6100 -
3c) PODA-b-PEGMEA NMP 15.6 5.6 7960 -
3d) PODA-b-HEA NMP 195 8.3 7700 1.3
3¢) PODA-b-DMAEA NMP 13.6 6.4 5700(7200) 1.2
3f) PODA-b-HEA NMP 19.5 8.3 7700 1.3
3g) PODA-b-AN NMP 17.1 21.0 7700 -
3h) PODA-b-VP NMP 15.6 6.2 6100 -
3i)) PODA-b-DMA NMP 20.0 7.7 7600 -

1) Abbreviations:
PODA is poly{octadecyl acrylate),
PODA-b-VP is poly(octadecyl acrylate)-block-poly(N-vinylpyridine),



3d) PODA- b-HEA NWP 19.5 8.3 7700 1.3 3e PODA- b- DMAEA NWP 13.6 6.4 5700 7200
1.2 3 PODA-b-HEA NWP 19.5 8.3 7700 1.3 3 PODA-b-AN NWP 17.1 21.0 7700 3h)
PODA- b- VP NWP 15.6 6.2 6100 - 3i) PODA-b-DVA NWP 20.0 7.7 7600 - 1)

Abbr evi at | WipW004AEWs | S pol y(oct adecyl acryl ate), PODA- pciAH2604p810y€ OCt adecyl
acryl ate) - bl ock-pol y(N-vi nyl pyridi ne), WO 2004/ 113436 PCT/ EP2004/ 051098 -40
PODA- b- PEGVEA i s pol y(oct adecyl acryl ate)-bl ock-pol y(pol y(ethyl ene glycol)
met hyl ether acrylate), PODA-b-HEA is poly(octadecyl

acryl ate) - bl ock- pol y(2-hydroxyethyl acrylate), PODA-b-DVAEA is

pol y(oct adecyl acryl ate)-bl ock-pol y(2-di-#8t-hyl am noet hyl acrylate),

PODA- b- AN i s pol y(octadecyl acryl ate)-bl ock-poly(acrylonitrile), PODA-b-DVA
i s poly(octadecyl acryl ate)-bl ock-pol y(N, N-di met hyl acryl am de), 2) Met hod
of synthesis: POBAISPEGMEARN sbiy(doksledy) 86ylRe)-MoBd-pohAbdhethpsnediivcel) amai f or
exanple in Exanﬁl e 3I 3) Degree of polynerization of first block. 4) Degree
of pol ymeri zat PO 3V&®eond bl ock. 5) Mol ecul ar wei ght obtai ned from 1H NVR

i ntegration, tRODM-HEA is polyfutaaiptyn acate pileckipoty2-hydrtxyethyl abiglage)i spersity of

Copul yrer's. by ERPISOURER ol aﬁé@f’@eﬁwoﬁéﬁwﬁy%ﬁoﬁhg' Wity A

sol ution of 20B0DA({EAN ispohigctaiecyd atrglate phlbclopiyacaylanitriié). 0 g (44. 4 mmol ) of
5-butyl S -ph I l f Al BN
250 of dry POPLeaRUls dheRERRaRR oA bR R, meéﬁéﬂﬁé@aﬁ‘éﬁi) ’ "

Pol ynmeri zation is carried out at 60 C for 20 hours
2) Method of synthesis:

NMP is nitroxide mediated polymerization as disclosed for example in Example 3.

3) Degree of polymerization of first block.

4) Degree of polymerization of second block.

5) Molecular weight obtained from 'H NMR integration, the values in parentheses are from
GPC.

6) Polydispersity of polymer obtained from GPC.

Example 4: Preparation of acrylic block copolymers by RAFT,
a) Preparation of poly(octadecyl acrylate) (PODA).

A solution of 200 g (616 mmol) of octadecyl acrylate, 12.0 g (44.4 mmol) of S-butyl S'-phe-
nylethyl trithiocarbonate and 729 mg (4.44 mmol) of AIBN in 250 ml of dry toluene is de-
gassed by purging Argon for 3 hours. Polymerization is carried out at 60 °C for 20 hours
with stirring under argon ('HNMR: conversion 94.4%; GPC: Mn 5170, Mw/Mn 1.1).

b) Preparation of poly(octadecyl acrylate)-block-poly(dimethylaminoethyl acrylate) (PODA-b-
DMAEA).

A solution of 22.1 g (154 mmol) of 2-(N,N-dimethylamino)ethyl acrylate and 364 mg (2.22
mmol) of AIBN in 50ml of dry toluene is degassed by purging Argon for 3 hours. This
solution is added to above solution [Example 4a] by syringe. The mixture is stired at 60 °C
under argon for 22 hours. The reaction mixture is precipitated into vigorously stirred acetone
(2.5 L). The polymer is collected by filtration and vacuum-dried for two days. (yellow solid;
'HNMR: total conversion 97.5%; GPC: Mn 5400, Mw/Mn 1.1).



with stirring under argon (' HNVR conversion 94.4% GPC. M 5170, Mwm Mh
1.1). b) Preparation of poly(octadecyl
acryl ate) - bl ock- pol y(di net hyl am noet hyl acryl ate) (PODA-b- DVAEA). A
sol ution of 54 mmol ) of 2-(N, N-di met hyl am no) et and 364
ng (2.22 W%%?&Q?M %BN in 50nml of dry toluene is degasse y&%)ub]‘r;lglgsﬁg Ar gon
for 3 hours. This solution is added to above solution [Exanple 4a] by
syringe. The mxture is stirred at 60 C under argon for 22 hours. The
reactiron mxture is precipitated into vigorously stirred acetone (2.5 1L).
The polyner is collected by filtration andqvacuumdried for two days.
(yellow solid; 1HNVR total conversion 97.5% GPC. Wh 5400, MW vh 1.1). WO
2004/ 113436 PCT/ EP2004/ 051098 -41 Table 4: PODA and block co | mers reared
by RAFT pol ynerisation Pol yner) Preparedby2l DP(1? DP(2)I MS) M/M®6) 4a)
PODA RAFT 14.8 - 5200 - 4b) PODA-b-NVP RAFT2 21.6 2.9 7700 4c) PODA- b- DVAEA
igggoRﬁFglm & aBle 4: POPANA Biobi Bohoiyfiidls or &y@Mﬁ%oﬂﬁ%@atﬁF\FT 41.7 8.5 14800
14
PODA- b- DVAEA |RAFTS 169%mar’0 4200 borspared iy %(j)a’F @RE-| PVAMD. A ms’m
9.0 1.0/1.0 CO-|AA4IAHTS . O 1. U52b00 ( 42500) |1. 28
1) Abbr evi at i{oas):POPABRNIP- NVP 1S JQ)I y RaETadec yd1.6 2.9 7700 |
acryl at e) - bl dcKke)REDANDNAEASORY 1 r of | dRAET,  |PCIRA- - DBAEA | $600(5H80) ot a‘t‘.@cwl
acryl at e) - bl dcR)RODAGPDMAERSNG] am] No&ARY | acrdllZatle) 8.5 HODFBOB(IGEMMY- cla2VAH)

is poly(octad PQQ@I‘W(PMM@&‘-‘-@MMJ'&( poR&FTdet hy6.0MBt hadtPyllat €)(5808) (nnakl4 ¢
anhydri de), HQMEMWMI\MA\ i$ p T30ct Ly 1.0 4200(5900) | 1.08
acryl ate) - bl ¥ ,\'! teRAELS (lop 805 L LOM0 b o) (43500) 1.21
PODA- b- ( PMAH- le SN ARPA ¥é.§¢?w ooy RAEIS, oy B0 ) SO0 (teRe0), o | 126

anhydri de) - co-
1) Abbreviations:

PODA-b-NVP is poly(octadecyl acrylate)-block-poly(N-vinylpyrrolidone),
PODA-b-DMAEA is poly(cctadecyl acrylate)-block-poly(2-dimethylaminoethyl acrylate),
PODA-b-(PMMA-co-MAH) is paly(octadecyl acrylate)-block-poly(methyl methacrylate)-co-
(mmaelic anhydride),

PODA-b-(PMA-~co-MAA) is poly(octadecyl acrylate)-block-poly(methyl acrylate)-co-
(methacrylic acid),

PODA-b-(PMAH-co-AA) is paly(octadecyl acrylate)-block-poly(maleic anhydride)-co-
(acrylic acid), '

2) Method of synthesis:

RAFT Polymerization with reversible addition fragmentation chain transfer as dis-
closed for example in Example 2 (random copolymer) ar 4 (block copolymer).

RAFT2 Polymerization with reversible addition fragmentation chain transfer as dis-
closed for example in Example 4 but with O-pentafluorophenyl S-benzyl xan-
thate as RAFT agent.

RAFT3 Polymerization with reversible addition fragmentation chain transfer as dis-
closed for example in Example 4 but with S-dodecyl S-(1-phenylethyl)
trithiocarbonate as RAFT agent.

3) Degres of polymerization of first block.
4) Degree of polymerization of second block.
5) Molecular weight obtained from *H NMR integration, the values in parentheses are from

GPC.

6) Polydispersity of polymer obtained from GPC.



(acrylic acid), 2) Method of synthesis: RAFT Polynerization with reversible
addition fragnentation chain transfer as dis- closed for exanple in Exanple
2 (random copol yner) or 4 (bl ock copolymer). RAFT2 Polynerization with
reversi bl evadeutiizass f ragment ati on chain transfer as di scetaperdsbnogexanpl e in
Exanple 4 but with O pentafluorophenyl S-benzyl xan- thate as RAFT agent.
RAFTS Pol yneri zation with reversible addition fragnentation chain transfer
as dis- closed for exanple in Exanple 4 but wth S-dodecyl S-(1-phenylethyl)
trithi ocarbonate as RAFT agent. 3) Degree of polynerization of first bl ock.
4) Degree of polynerization of second bré2k. 5) Ml ecul ar wei ght obtai ned
from1lH NVR integration, the values in parentheses are from GPC. 6)

Pol ydi spersity of polyner obtained from GPC. WO 20041113436

PCT/ EP2004/ 05110 88se of 4Atafistichinor gemitenbdopalysieatlockithectido nombeysdrdiicate the oyerdlly mer

Ceprosent averByEer s PUVSERRE o Ffaéhvore® b SFBe BruPraEhif i iec .

Preparati on ofchairylic bl ock copol yners using a nacroinitiator. a)
Preparation of poly((ethylene glycol) methyl ether)-block-poly(octadecyl
acrylate). A solution of 6.29 g (3.78 mmol) of an azo-nmacroinitiator
[ prepar ed ackxample9j Rrepasation obtacaylic dlociveopplymersaling aanaSedinitiator, Makr onol . Chem
1977, 178, 2535 with polyethyl ene gl ycoI nono- net hyl ether MW 750] and
21.14 g (65.1 mml ) of. octadecyl acrylate in 15 m of dry toluene in an
anpoul e i s dedierasafionpf PW(@‘YWESQ’@'%U%Y'PW&WWHP@'S(OG?H@’Y‘S@&I@@I) anpoul e is
pl aced in an oil bath at 120C for 2 hours. The pol yner sol ution |s

nol. The solid is collected b | tration,

A A R T Lo R i
The yi el d of of RentqenlayptSehilis, Makrdmd. CHéM)197AT8 \BE38 M ;polyethylene glycol mono-
methyl ether MW 750] and 21.14 g (65.1 mmol) of octadecyl acrylate in 15 mi of dry toluene
in an ampoule is degassed by three freeze-pump-thaw cycles. The sealed ampoule is
placed in an oil bath at 120°C for 2 hours. The polymer solution is precipitated into 300 ml of
methanol. The solid is collected by filtration, washed twice with methanol (20 ml) and dried
in vacuum oven for two days. The yield of the polymer is 22.4 g (76%). GPC Mn 8900;
Mw/Mn 5.9.

Table 5: Block copolymers prepared using macroinitiator

Polymer” Prepared by? | DP(1)? | DP@2)* M, MW/M,2
5a) PODA-b-PEQ750 macroinit 16.0 26.4 9400(8900) 5.9
5b) PODA-b-PEQ1000 macroinit 22.0 38.2 13500(6500) 1.9
1) Abbreviations:

PODA-b-PEO750 is poly{octadecyl acrylate)-block-poly(ethylene glycol) (PEG MW 750),
PODA-b-PEO1000 is poly(octadecyl acrylate)-block-poly(ethylene glycot) (PEG MW
1000),

2) Method of synthesis:
Macroinit is conventional polymerization with macroinitiator as disclosed for example in
Example 5.

3) Degree of polymerization of first block.

4) Degree of polymerization of second block.

5) Molecular weight obtained from 'H NMR integration, the values in parentheses are from
GPC.

6) Polydispersity of polymer obtained from GPC.



Mv Mh 5.9. Table 5: Block copolyners reared usi macroinitiator Polyner'|
Prepared bye DP(1)3)~ DP(2)4l M) MJIMSI 52PODA- b- PEO750 macroinit 16.0
26.4 9400 8900 5.9 5b) PODA-6-PE01000 nacrolnit 22.0 38.2 13500 6500 1.9
1) Abbrevi A- b- PEO750 is pol y(octadecyl

acryl ate) - g%éggﬁ81{§%;hylene gl ycol ) (PEG MN 750), PODKCngggfgggmls

pol y(oct adecyl acryl at e} bl ock-pol y(ethyl ene glycol) (PEG MN 1000), 2)

Met hod of synthesis: Macroinit is conventional polynmerization with
macroinitiator as disclosed for exanple in Exanple 5. 3) Degree of

pol yneri zation of first block. 4) Degree ofg.pol ynerization of -second bl ock
5) Mol ecul ar wei ght obtained from'H NVR integration, the values in

parent heses are from GPC. 6) Pol ydispersity of polynmer obtained from GPC.
WO 2004/ 113436 PCTI EP2004/ 051098 -43 Exanple 6: Preparation of

pol y(oct adecyl acryl ate)-bl ock-poly(4- vinylbenzyltriethylamoni um chl ori de)
( PODA- b- VBTEA@.)_(._AL_S_OJ_LIéi on Breparagony (3 028 mpoly(ogdpcyh f P(watb}blmply@ﬁd

1.77 g (17.4 rﬁFﬁliblen Itﬂétwla% mm@%rm tr| eqh-n?)é cjoluene is stirred at 90C

for 48 hours. vent an unreacte am ne are renoved under
vacuum The extent of quatem zation fromNWR is 71. 86% "H NVR (CDCI 3) :

64.0 (QOH2 {1 G GifinPR0)g (afa’t,ﬁmmm% Jfrp@@Mbw %rme‘i B of) BF Bt UM

chloride unit). Cop pre ared yreri zafion
and uat er ni zecﬁm'%'ﬂﬂﬁé'ﬂof tOPiﬁé?)!frséﬂe%?*@OﬁF’(OI)‘%PO@P(W qv}vem aynpyypreagtgd triethyl-
PCDA- b- VBTEAC W Gtel@mavdd® uRderQfdBGUm. The extent of quaternization from NMR is 71.86%.

*H NMR (CDCls): 54.0 (OCH, from ODA unit), 3.4 (NCH, from 4-vinylbenzyltristhylammo-
nium chloride unit).

Table 6: Copolymers prepared by RAFT or NMP polymerization and quaternized

Polymer" Prepared by? | DP(1)® | DR(2)? M,? M/M,2
6a) PODA-b-VBTEAC NMP Q 19.5 10.5 10000 -
6b) PODA-b-VBTBPC NMP Q 19.5 14.6 - :
6c) PODA-b-VBDHEA NMP Q 19.5 84 9800 -
6d) PODA-CO-AETMAI” RAFT3 Q 15.5 3.8 6000(6300) | 1.06
6e) PODA-co-AEBDMAB” RAFT3 Q 13.4 34 5200(6300) | 1.09
6f) PODA-co-AEDMAG” RAFT3 Q 145 36 5600(6500) | 1.13
6g) PODA-b-AEBDMAB RAFT3 Q 12.9 32 5200(5100) | 1.06
6h) PODA-b-AETMAI RAFT3 Q 14.7 22 5800(5100) | 1.06
61) PODA-co-AEBDMAB” RAFT3Q 125 14 (5700) 1.06
6)) PODA-b-AEBDMAB RAFT3 Q 114 1.3 4500(5700) | 1.07
6k) PODA-co-AEBDMAB” | RAFT3 Q 98.5 10.9 | 35500(8700) | 1.37

1) Abbreviations:
PODA-b-VBTEAC is poly(octadecyl acrylate)-block-poly(4-vinylbenzyltristhylammonium
chloride),
PODA-b-VBTBPC is poly(octadecyl acrylate)-block-poly(4-vinylbenzyltributylphosphonium
chioride),
PODA-b-VBDHEA is poly(octadecyl acrylate)-block-poly(4-
vinylbenzydi(hydroxyethyl)ammonium chloride),
PODA-co-AETMAI is poly(octadecyl acrylate)-co-(acryloyloxyethyl trimethyl ammonium
iodide),
PODA-co-AEBDMAB is poly(octadecyl acrylate)-co-(acryloyloxyethy! butyl dimethyl
ammonium bromide),
PODA-co-AEDMAC is poly(octadecyl acrylate)-co-(acryloyloxyethyl dimethyl ammonium
chloride),



6b PODA- b- VBTBPC NWPQ 19.5 14.6 6¢ PODA-b-VBDHEA NWP 0 19.5 8.4 9800 6d)
PCDA- co- AETMAI RAFTS 0 15.5 3.8 6000 6300 1.06 6e PODA-co- AEBDMAB RAFTS Q
13.4 3.4 520 6300 1.09 PODA-co- AEDVAC RAFTS 0 14.5 3.6 5600(6500) 1.13 6

PODA- b- AEBRWB0dRkEe 0 12.9 3.2 5200 5100 1.06 6h PODAda@EiddhbioRAFT3 Q
14.7 2.2 5800 5100 1.06 60 PODA-co- AEBDVAB RAFT3Q 12.5 | A (5700) 1.06 6'

PODA- b- AEBDVAB RAFTS 0 11.4 1.3 4500 5700 1.07 6k) PODA-co- AEBDMAB RAFTS Q
98.5 10.9 35500 8700 1.37 1) Abbreviations: PQODA-b-VBTEAC is pol y(octadecyl
acryl at e) - bl ock- pol y(4-vi nyl benzyl tri et hyl ammoni um chl ori de), PODA-b-VBTBPC
I's pol y(octadecyl acryl ate)-Dbl ock-pol y(4-adi-nyl benzyl tri butyl phosphoni um

chl oride), PODA-b-VBDHEA is pol y(octadecyl acryl ate)-block-poly(4-

vi nyl benzydi (hydr oxyet hyl )ammni um chl ori de), PODA-co- AETMAI is

pol y(oct adecyl _AEBDMAR e),
PDA co- AZBOVRE A '2&; B ok AT o N S i

di met hyl  amoAMNerY 'Big§), PODA- co- AEDMAC i s pol y(oct adecyl

acryl at e) - co- ( RODALOXETMAEE bw(o&admylfa\tiylaedPMk-pay(aermbﬂwyde tridéhyd 004/ 113436
PCT/ EP2004/ 051098 -44 (5 A- b- AEBDVAB i s pol y(oct adecyl

acryl at e} bl ock3FBPPHIIOFRy | oxyet hyl butyl di methyl armmoni um broni de),
PCDA- b- AETVAI2) Methodlof §yméttesidecy| acryl at e) - bl ock- pol y(acryl oyl oxyet hyl
trimethyl a | H%ér(s)(ar'ere arepred by one of the following routes
NMP is nitroxide mediated polymerization as disclosed for example in Example 3.
RAFT3 is polymerization with reversible addition fragmentation chain transfer as
disclosed for example in Example 4 but with S-dodecyl S-(1-phenylethyl) trithiocarbonate
as RAFT agent and then quaternized as disclosed for example in Example 6.
3) Degree of polymerization of first block.
4) Degree of polymerization of second block.
5) Molecular weight obtained from 'H NMR integration, the values in parentheses are from
GPC.
6) Polydispersity of polymer obtained from GPC.
7) In case of statistical or gradient copolymers DP1 and DP2 indicate the overall

composition and represent a\}erage ratio of the comonomers in the polymer chain.

Example 7: Preparation of polypropylene nanocomposites in a batch mixer based on
unmodified sodium montmoriilonite.

50 g of polypropylene [Basell KY 6100 (RTM)], is blended with 0.25 % of Irganox 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-butylphenyt) phosphite), 5 % of a montmorillonite clay
[Cloisite (Na") (RTM) obtained from Southern Clay Industries] and 2.5 % of a dispersing
agent according to Table 7 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 pre-
heated to 230°C and the mould is oven heated to 120°C for one hour prior to injection moul-
ding. Approximately 5 g of the material is placed in the mixing chamber and heated for 4 to
5 minutes. A small shot is taken from 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.
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PODA-b-VP (3b)

T OO0

12

1.24

1.15

PODA-b-PEGMEA (3c)

17

1.18

1.22

PODA-b-HEA (3d)

12

1.23

0.82

Comparative Example.

conditions (= 1.0).

tions (= 1.0).

Interlayer distance determined by X-ray diffraction.

Example according to the invention (number in parentheses).

d 180C,
ection
chanber
hour
pl aced
is taken
posi tion.
pr oduced

Normalized modulus of elasticity relative to polypropylene processed under similar

Normalized elongation at break relative to polypropylene processed under similar condi-

The X-ray diffraction (XRD) spectra show that all acrylic copolymers according to Table 7

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 7a) to 17 A

(Example 7d according to the invention). The elasticity modulus of samples is enhanced by

18 — 24 % with respect to polypropylene without dispersing agent. Surprisingly, the elonga-
tion at break is also enhanced by 12 — 30 % (except PODA-b-PHEA).

Example 8: Preparation of polypropylene nanocomposites in a batch mixer based on

unmaodified sodium montmorillonite.



Tensile testing is performed according to ASTM D 638 with a Rheonetrics mni
material ten- sile tester [Mnimal 2000 (RTM] equipped with a 1000 N | oad
cell (40 mmn). The results are summarized in Table 7. Table 7:

Nor mal i zed i.pn Exanpl e Di spersing agent d-001 Md (A)c)
El asti cIty'y@gO{aglg]%ga%k (/o) 7aal none 10 1.12 0.97 7b b v Hﬁ'o?@@lz 1.20
1.12 7cb) PODA-b-VP (3b) 12 1.24 1.15 7db) PODA-b- PEGVEA (3c) 17 1.18 1.22
7eb) PODA-b-HEA (3d) 12 1.23 0.82 a) Conparative Exanple. b) Exanple
according to the invention (nunber in parentheses). c¢) Interlayer distance
determ ned by X-ray diffraction. d) Normajdzed nmodulus of elasticity
relative to pol ypropyl ene processed under simlar conditions (= 1.0). e)
Normal i zed el ongation at break rel ati ve to pol ypropyl ene processed under
sim | ar condi The X-ray diffraction RD) spectra show t hat
all acrylic cHEd?Vﬁ?rpg'eﬁecEﬂ?oﬂ?'ﬂ%osftﬁf qFSQfeé’aFFd in ﬁ?aéqgé’éﬁg Ef‘@'?"flﬂg "ﬂéé’&? RAVRYP-i n
the direct nepylenelBasell HRA0OM YRTM iRstbd mfrBa’sélle(\bmoohR'nM)(e’he reBhitssare summarized
denonstrat ed ?éﬁ@ i ncrease in d-spacing of from10 A (conparative Exanple
7a) to 17 A Ie 7d according to the invention). The elasticity nodul us
of sanples is enhanced by 18 - 24 %w th respect to pol ypropyl ene w thout
di spersing agent. Surprisingly, the elonga- tion at break is al so enhanced
by 12 - 30 % (except PQD®De®HEA). Exanple 8. Preparation of polypropyl ene

nanoconposites in a batfch m xen based on unnodified m,qgﬁghnbnt norillonite.
WO 20041113436 PCTI EP20 é‘«gﬁﬂgs 8 - 4l§lspersing agent Modulus of
Elasticity?
8a® none 1.20
8b? PODA-b-DMAEA (3e) 1.39
8c? PODA-co-EGMEA (1b) 1.36
8d® PODA-co-MAH (1a) 1.32
8e PODA-co-DMAEA (1c) 1.22
8 PODA-co-DMAEA (2a) 1.33
8g” PODA-co-BA-co-DMAEA (1d) 1.27
8h" PODA-co-BA-co-MAH (1e) 1.26
8 PODA-co-DEGEEA (1f) 1.37
8 PODA-co-EGMEA (1g) 1.33
8K"- PODA-co-EGMEA (2b) 1.47

a) Comparative Example.

b) Example according to the invention (number in parentheses).

d) Normalized modulus of elasticity relative to competitive polypropylene nanocomposite
(8a) processed under similar conditions (= 1.0).

The elasticity modulus of samples is enhanced by 26 to 47% with respect to polypropylene
without dispersing agent.

Example 9: Preparation of polypropylene nanocomposites in a batch mixer based on amine
modified montmorillonite.



The pol ypropyl ene nanoconposites are prepared in analogy to Exanple 7 with
t he pol ypro- pylene Basell HP40ON (RTM Instead of Basell KY 6100 (RTM. The
results are summarized in Table 8. Table 8: Nornalized Exanple D spersing
agent Mdwlomoof1343kl asticity s 8asi none 1.20 8bbi PORAFER2DMAUENE 3e) 1. 39
Bcb) PODA-co-EGVEA (1 b) 1.36 8dbi PODA-co-MAH (la) 1.32 Be,)

PODA- co- DMAEA (1c) 1.22 8fbi PODA-co- DVAEA (2a) 1.33 8gb)

PODA- co- BA- co- DMAEA (1d) 1.27 8hbi PODA-co-BA-co-MAH (1e) 1.26 8ib)

PODA- co- DEGEEA (1f) 1.37 8jb) PODA-co- EGVEA (1g) 1.33 8kbl PODA- co- EGVEA
(2b) 1.47 a) Conparative Exanple. b) Exéhple according to the invention
(nunber in parentheses). d) Nornalized nodulus of elasticity relative to
conpetitive pol ypropyl ene nanoconposite (Be) processed under simlar
conditions (= 1.0). The elasticity nodul us of sanples is enhanced by 26 to

B epar at 1 on- P AoPSRan PeRBSnERTes ispthited hriPdonl ROGRRHA 7 i Beins . e
modi fi ed monhediied! moninoslionit® BAAY 1153 (RIM)PGRAIER Ui (SbA9Bhemid 7inSleed of
g‘r)n! yer opy! eNgoMABABRIP 85y 165t LY FRAM)CGothifed Ao Wbltrlefh B MbfstribsiVThb t e

results are summarized in Table 9.

Table 9:

Example Dispersing agent d-001 in A
9a° none 28.5
9b? PODA-b-AN (3g) 35.3
oc” PODA-b-NVP (4b) 33.3
gd” PODA-b-HEA (3f) 35.3
9e? PODA-b-VP (3h) 38.4
of? PODA-b-PEGMEA (3i) 37.6
og” PODA-b-PEOQ750 (5a) 34.6
oh™ PODA-b-PEO1000 (5b) 34.6
o PODA-b-VBTEAC (6a) 42.0
o PODA-b-VBTBPC (6b) 32.0
ok" PODA-b-VBDHEA (6¢) 35.0

Explanation of footnotes a), b), c) see end of Table 7.

The X-ray diffraction (XRD) spectra show that all acrylic polymers according to Table 4 inter-
calate the used clay in the direct melt blending experiments in the batch mixer. This is
shown by the d-spacing of 32-42 A,

Example 10: Preparation of polypropylene nanocomposites in a batch mixer based on
unmodified sodium montmorillonite.



nodi fied nontnorillonite Nanofil 15 (RTM obtained from Sued Chem e instead
of nontnorillonite day [Cloisite (No') (RTM obtained from Southern d ay

| ndustries]. The results are summari zed in Table 9. Table 9: Exanpl e

Di spersi ng 01 in A) 9aa) none 28.5 9bbl P g 35. 3

9chi  PODA- B "(‘g‘b 33.3 9db) PODA-b- HEA (3f) 35.3 Ogﬁb’)t?"’é% 2P (3h)
38.4 9tbl PODA-b- PEGVEA (3i) 37.6 9gb) PODA-b- PEO750 (5a) 34.6 9hbl

PCODA- b- PEOLOOO (5b) 34.6 9ib) PCDA-b- VBTEAC (6a) 42.0 9jb) PODA-b-VBTBPC
(6b) 32.0 9k b) PCDA-b-VBDHEA (6¢) 35.0 Explanation of footnotes a), b), c¢)
see end of Table 7. The X-ray diffracti ongd XRD) spectra show that all

acrylic polyners according to Table 4 inter- calate the used clay in the
direct melt bl ending experinents in the batch m xer. This is shown by the
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m xi ng chanmbet tog;rmunﬁtgatpegnqlbqhot is taken from the CS-183MMX Minimax moulder prior to placing
the mould in position. Six tensile bars with the dimensions of central section 35 mm by 5§ mm

by 1 mm (overall length 58 mm) are produced for each of the 5 g material.

Tensile testing is performed with a Instron tensile tester equipped with a 5000 N load cell
(1 mm/min) and a 25mm extensometer. The results are summarized in Table 10.

Table 10:

A .Normalized

Example Dispersing agent Modulus of

Elasticity®
10a” none 1.20
10b” PODA-co-DEGEEA (1f) 1.44
10c” | PODA-co-BA-co-DMAEA (1d) 1.34
104" PODA-co-BA-co-MAH (1e) 1.32
106" PODA-co-PEGMEA (1g) 1.40
10f” PODA-co-PEGMEA (2b) 1.55
10g” PODA-co-DMAEA (1c) 1.28
10h? PODA-co-DMAEA (2d) 1.40

Explanation of footnotes a), b) and d) see end of Table 8.

The elasticity modulus of samples is enhanced by 28 to 55% with respect to polypropylene
without dispersing agent.

Exampie 11: Preparation of polypropylene nanocomposites in a twin screw extruder.
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4 to 5 mnutes. A small shot is taken fromthe CS-183MVWX M ni max noul der
prior to placing the nould in position. Six tensile bars with the

di mensions of central section 35 mMmby 5 nm by 1 mm (overaII | engt h 58 mm)
are produced for each of the 5 g material. TenS|Ietest|n ﬁ_ﬂ{)forrred W th
a | nstron WeaeHiiB4est er equi pped with a 5000 N | oad cé’FF %OP“’ ®in) and a

25mm ext ensoneter. The results are summarized in Table 10. Table 10:

Normal i zed Exanple Dispersing agent Mdulus of Elasticityi 10ae) none 1.20
10bi PODA- co- DEGEEA (1f) 1.44 100i PODA-co- BA-co- DMAEA (1d) 1.34 10di
PODA- co- BA-co- MAH (le) 1.32 10ei PODA-co-PEGVEA (1g) 1.40 10f

PCODA- co- PEGVEA (2b) 1.55 10gw PCODA- co- DYREA (1c) 1.28 10hi PODA- co- DVAEA
(2d) 1.40 Explanation of footnotes a), b) and d) see end of Table 8. The

el asticity nodul us of sanples is enhanced by 28 to 55% with respect to

pol ypropyl ene w thout dispersing agent. Exanple 11: Preparation of
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The JSW TEX 30 is operated in a co-rotating (intermeshing self wiping) mode with

throughput of 10 kg/hr and a screw speed of 200 rpm. Vacuum venting is applied to the final

barrel section. The extrudate is cooled in a water filled strand bath and pelletized.

In a first step a 10 wit% clay masterbatch is prepared. Feed 1 comprises a dry blend of poly-
- propylene [Basell HP400N (RTM)] and a stabilizer which is composed of 0.1 wt% of Irganox

1010 (RTM) (pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]) and 0.1

wt% 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 11. 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 160°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/D 23/1 heated at 215-230 °C and a mould temperature of 40 °C. The machine is opera-
ted at a clamp force of 50 tons and at a maximum injection pressure of 2005 bar.

Tensile testing to obtain tensile modulus and tensile strength is performed according to [SO
521 using an Instron 5500R material tensile tester equipped with a 5 kN load cell and a 50
mm extensometer. The strain rate is 1 mm/min. Properties are normalised tensile properties
vs polypropylene = 1.0. Elongation at break is measured with a strain rate of 50 mm/min.



The JSWTEX 30 is operated in a co-rotating (interneshing self w ping) node
with throughput of 10 kg/hr and a screw speed of 200 rpm Vacuumventing is
applied to the final barrel section. The extrudate is cooled in a water
filled strowebaihz@nd pelletized. In a first step a 10 petrYbrboasiomst er bat ch
is prepared. Feed 1 conprises a dry blend of poly- propylene [Basel) HP400N
(RTM] and a stabilizer which is conposed of 0.1 wt% of Irganox 1010 (RTM
(pentaerythritol tetrakis[3-(3,5-di-tent-butyl-4-hydroxyphenyl) propionate])
and 0.1 w%of Irgafos 168 (RTM (tris(2,4-di-tert-butyl phenyl)phosphite).
Feed 2 conprises a blend of the clay [Cldosite (Na) (RTM obtained from
Southern Clay Industries] and the non-ionic surfactant in the ratio defined
in Table 11. Al barrel sections are heated to 170C. In the second step the
masterbatch is et dowmn to the required clay |level (see Table 4) by

bl endi ng the masterbatch (Feed 2) with further polypropylene plus stabilizer
(Feed 1). The firgqtbtbanrel section is heated at 160C t he remai ni ng barr el
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2004/ 113436 PCT/ ER2004/,.0510 -50- . Exangle Additilve (2 5wt %
Tensi | e El ongati on Te|r1§'|')l g FOpALLdIBRABA (12) eak 1xengthzgll eqd) noradflitive
1.17 1.0 1.06 11 lbb—- co-DEGEEACIE} 12 3 1 41 11  11cd) PODA-$0- PEGVEA

(2b) 1.26 1.3 1.11 11db) PODA—CO DI\/AEA(Zd) 1.20 4.2 1.07
a) Comparative Example.

b) Example according to the invention (number in parentheses).

d) Normalized modulus of elasticity relative to competitive polypropylene nanocomposite
(11a) processed under similar conditions (= 1.0).

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

f) Normalized tensile strength relative to polypropylene processed under similar conditions
(=1.0).

Example 12: Polypropylene nanocomposites in a twin screw extruder.

The samples are prepared using process conditions similar to Example 11 with the additive
premixed with clay in (1:5 ratio) at 80 °C. A 10% clay masterbatch is prepared in step 1.



1lleb) PODA-co-DMAEA (1c) 1.22 3.4 1.07 a) Conparative Exanple. b) Exanple
according to the invention (nunber in parentheses). d) Nornalized nodul us of
elasticity relative to conpetitive polypropyl ene nanoconposite (I |a)
processed URgghoggaisudedr conditions (= 1.0). e) Normalizegdcg }ggﬂg%gl@g at
break relative to pol ypropyl ene processed under simlar con trons (=
1.0). f) Nornalized tensile strength relative to pol ypropyl ene processed
under simlar conditions (=1.0). Exanple 12: Pol ypropyl ene nanoconposites
in atwn screw extruder. The sanples are prepared using process conditions
simlar to Exanple 11 with the additive psemxed with clay in (1:5 ratio)
at 80 C. A 10%clay nmasterbatch is prepared in step 1. WO 2004/ 113436

PCTI EP2004/ 051098 -51- Table 12: Exanple Additive (W% Tensile Elong.>
Tensil e Inpact Modulus at breakStrength Strength9l 12ae) no additive 1.26
1.0 1.05 1.1 12bbi | wt% PODA-co-MAH 3:1 (1 h) 1..18 3.6 1.03 1.3 12ch) |
wt % PODA- co- MAlghla:i13: (11) 1.22 1.6 1.04 1.4 12db) 1 wt % PODA-co- MAH (2))

1.27 2.8 1.0 I T IEED) T W Y% PCODA-CO- NV b_zc . T, Z:)Epd O [L.0Z I. dlzr DI}
w' /' o PODA- qomBRaMER (2b) Additide fWté) 0. 98 enqg ) Bong. wk ofeneigaic Jmwpgt 4 2) )
1.18 3.5 0.99 1.1 a)| Conparative Exanpl e. wootng jakbragisol Sirength’d 5‘?‘??\99*“9)
i nvention (nynber—Imnfpar ent nesesj.—ad) Nor aurus pit _erasticri
relative to do r’rﬂ%‘ilt ve poI y’i?r"?ﬁ‘;W%ne nan 2a) pr®essed!-tinddr
simlar condifti eF ngat ifon bf eak_relfati tq
pol ypropyl en ?g %igﬁz\gf"\ﬁﬁ@ iﬁ'ﬁu i 8 3'66t }('Oé ¥§

12¢? 1 wt% PODA-co-MAH 5:1 (1i) 122 16 1.04 14

124" 1 wt% PODA-co-MAH (2)) 1.27 28 1.00 14

12¢” 1 wt% PODA-co-NVP (2c) 1.25 3.0 1.02 1.1

12 1 wi% PODA-co-PEGMEA (2b) 1.24 0.8 0.98 1.0

12g" 2.5 wt% PODA-co-MAH (2)) 1.18 35 0.99 1.1

a) Comparative Example.

b) Example according to the invention (number in parentheses).

d) Normalized modulus of elasticity relative to competitive polypropylene nanocomposite
(12a) processed under similar conditions (= 1.0).

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

f) Normalized tensile strength relative to polypropylene processed under similar conditions
(=1.0).

g) Normalized tensile impact strength relative to polypropylene processed under similar
conditions (= 1.0).

Samples with additives show Improvements in tensile modulus and impact strength over PP
and significant improvement in elongation at break over the clay alone composite.

Example 13: Polypropylene nanocomposites in a twin screw extruder.

" The samples are prepared using process conditions similar to Example 11 with the additive
premixed with clay in (1:5 ratio) at 80°C. A 10% clay masterbatch is prepared in step 1 two



tions (= 1.0). f) Normalized tensile strength relative to pol ypropyl ene
processed under simlar conditions (= 1.0). g) Nornmalized tensile inpact
strength relative to pol ypropyl ene processed under simlar conditions (=
1.0). Sanplwe 20vshiisasddi ti ves show | nprovenents in tensilpeTmpoiokosomnd i npact
strength over PP and significant inprovenent In elongation at break over
the day al one conposite. Exanple 13: Pol ypropyl ene nanoconposites in a twin
screw extruder. The sanples are prepared using process conditions simlar to
Exanple 11 with the additive premxed with clay in (1:5 ratio) at 80C. A
10% cl ay masterbatch is prepared in step-52two WD 2004/ 113436

PCT/ EP20041051098 -52 different clays are used Cloisite (Na) (RTM obtained
from Sout hern Clay Industries and Somasif ME100 (RTM obtained from Co-op

Chemi cal Oorrpameﬂaa@n ara_%@éd? Cibtite @mmﬁolﬂ@lﬂoﬁﬂonﬁ\@u&ér‘h@clé}Idﬂh%lesTﬁﬁs
El ong. el Tensi| [ eak Stfr en 13aal C oi si 5e Na+ No additive

1.17 1.0 1. 0550'1‘9%163(‘5190635?@%"%@ '88%%'06&907?%"& 88N 5 1.00 13ch)
Somasi f ME10O No additive 1.16 1.6 1.04 13db) Sonmasif ME100 PQODA-co-f
2VA-co-MAH 1.12 3.9 1.01 a) Conparative Exanple. b) Exanple according to the
i nvention (nuitbige 13:n parent heses) d) Nor mal i zed rmdul us of el astici ty

relative to Opyetre—Raree erposHter—3g—procepses

simlar condi{tdans (F 1 ) Nprmalj IV& atio

pol ypropyl en pr@?e Eed u%lges si i | ar déglgedﬁ ??

tensil e strefogtirreratr—ve Ltfpm Pt upy—rcllc PTOTTSST b

condi ti ons = 1a}) .| Cloisite Na+ No additive 1.17 1.0 1.05
13p" Cloisite Na+ PODA‘°°"(‘g"f’)'A'°°'MA“ 1.12 6.5 1.00
13c? Somasif ME100 No additive 1.16 1.6 1.04
13d” | Somasif ME100 PODA‘°°"(V£'}")A'°°‘MAH 112 3.9 1.01

a) Comparative Example.

b) Example according to the invention (number in parentheses).

d) Normalized modulus of elasticity relative to competitive polypropylene nanocomposite
(13a) processed under similar conditions (= 1.0).

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

f) Normalized tensile strength relative to polypropylene processed under similar conditions
(=1.0).

Samples with additives show Improvements in tensile strength and modulus over PP and

marked improvement in elongation at break over clay alone composites.
Example 14: Polypropylene nanocomposites in a twin screw extruder.
The samples were prepared using process conditions similar to Example 11 with the

additive premixed with clay in (1:5 ratio) at ambient temperature. A 10% clay masterbatch is
prepared in step 1.



Sanmpl es with additives show I nprovenents in tensile strength and nodul us
over PP and narked inprovenent in elongation at break over clay al one
conposites. Exanple 14: Pol ypropyl ene nanoconposites in a twin screw
extruder. TR BMMMIABE were prepared using process condi tpc@iiEp26d4/i51088 t O
Exanple 11 with the additive premixed with clay in (1:5 ratio) at anbient
tenperature. A 10% day nasterbatch is prepared in step 1. WO 2004/ 113436
PCT/ EP2004/ 051098 -53- Table 14: Examp. 5 % C ay Additive (1 w% Tens
Elong.e Tensile Mod. at break Strength 14ael No clay No additive 1.0 - 1.0
14b) Coisite Nat No additive 1.14 1.0 1.043- 14c) Coisite Nat PODA (4a)
1.14 2.8 0.98 14d b) Coisite Nat PODA-co- PDVAEA (2d) 1.13 5.7 0.98 14ebl
Cloisite Na'- PCDA-b- PDVAEA 5000 (4e) 1.13 3.2 0.96 14f) Coisite Nat

PCDA- co- PDMAEA 15000 (4d) 1.13 3.6 0.96 a) Conparative Exanple. b) Exanple
according to the invention (nunber in parentheses): d) Normalized nodul us of
elasticity rel pdgi/f&4:t 0 conpetitive pol ypropyl ene nanoconposite (14b)
processed undfrsrmft{ar conartprons (- I.0). €) NoT |zea crongayromn. at

break rel ativeekampo| yBrpgmyere progeames(uaggr Si |Tara§,) rflPng. ¢ § ofensile,

1.0). f) Nornhlized fensile stlrength relative to po \At&rRakp | Steagiey
under simlar conq*ht ons (= N 0). Sapples.wih ad SNOW 1 rovemedts
in tensile st} andVMe8UI Us over adgiiye nar ked| | ?rﬁ venent 1.0

Cenatle prope tyfq‘* BB AR "o BOEEIEG oy opl i B nant?a T

twin screw exprygder. | eiisite Nat PODA (4a) 1.14 0.98
14d® | Cloisite Na+ | PODA-coPDMAEA(2d) | 113 | 57 0.98
146" | Cloisite Na+ | PODA-b-PDMAEA5000 (48) | 143 | 32 0.96
14" Cloisite Na+ | PODA-co-PDMAEA 15000 (4d) | 1.13 36 0.96

a) Comparative Example.

b) Example according to the invention (number in parentheses).

d) Normalized modulus of elasticity relative to competitive polypropylene nanocomposite
(14b) processed under similar conditions (= 1.0).

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

f) Normalized tensile strength relative to polypropylene processed under similar conditions
(=1.0).

Samples with additives show Improvements in tensile strength and modulus over PP and
marked improvement in elongation at break over clay alone composites. PODA by itself
gives good tensile property improvements.

Example 15: Polypropylene nanocomposites in a twin screw extruder.
The samples are prepared using process conditions similar to Example 11 with the additive

premixed with clay in (1:5 ratio) at ambient temperature. A 10% clay masterbatch is
prepared in step 1.



The sanpl es are prepared using process conditions simlar to Exanple 11 with
the additive premxed with clay in (1:5 ratio) at anbient tenperature. A
10% clay nasterbatch is prepared in step 1. WO 2004/ 113436
PCT/ EP2004/ Qad QRB1133334- Table 15: Exanp. Cay Additive Tpciephoodiddhods- | T
S.n _75-77- No fay No additive 1.0 1.0 15b 5% Cloisite Nat+ No additive
1.24 1.0 1.07 1501 % Coisite Na+ 0.2 w % PODA-co- MAH (2d) 1.11 13.9 1.04
-f5-dbT- 3% Clolsite Na+ .6% PODA-co-MAH 2d 1.24 7.1 1.06 15e 5% Cloisite
Na+ 1% PODA-co-MAH (2d) 1.25 5.2 1.06 15 5% Cloisite Na+ 1.25% PCODA- co- MAH
(2d) 1.24 3.7 1.04 16go) 5% C oisite Na+-845% PODA-co-MAH (2d) 1.23 5.6
1.05 15h 1% Coisite Na+ 0.2% PODA-co-MAH 1h 1.11 15.1 1.02 15i 3%
Cloisite Na+ 0.6% PODA-co-MAH 1 h 1.16 11.7 1.03 15 5% Cloisite Nat 1 %
PODA-co-MAH (1 h) 1.20 4.0 1.03 15k 5% C olsite Na+ 1.25% PODA-co-MAH 1 h
1.18 5.7 1.02 151 5%CIO|5|te Na+ 0.5% PODA co-MAH (1h) 1.23 5.6 1.05 15m
1 % O oi site NatJ8bl -CO:-NVP (2¢) 1 .11 17 7 1 02 150 3% doisite Na+
. 6% PODA- co- NVF .16 &4, 1. 01 150 5%digd si t eNa+ 1:%_&76%&@ NYR; 6 4¢)
1.22 5.6 1.03 sl 1_25% PODA-ca-NVP (2k) 1 47 6 9 N 99 {15
5% Cl oi site Naf cDANaglaywp oh 115 No addifive)] a\ nﬂrﬂar ative Fxhfplle.
b) Exanpl e accqrdbhy 5% GloistaMami| on (niNerdditve, par en} He2ded) 18) NdeGFalli zed
modul us of el aqti @Egy r F SAaisjta Nag M%IEQ%O@‘ wi{2dnl | e natdto A4 fe
(15b) processed _1i8der | <3%Claisite Nemd| t i-6% PODA-co-MAH (2 Nbra2h il7 0810l hidd¥ il on
at break relati ob% Siaigito Name ereBQDAcPOtMﬂ'éfZQJ 1425 donfiR- | 1.06
15 5% Cloisite Na+ 1.25% PODA-co-MAH (2d) 1.24 3.7 1.04
15g® | 5% Cloisite Na+ | 0.5% PODA-co-MAH (2d) 1.23 56 1.05
15h” | 1% Cloisite Na+ | 0.2% PODA-co-MAH (1h) 1.11 15.1 1.02
151"’ 3% Cloisite Na+ | 0.6% PODA-co-MAH (1h) 116 | 117 | 1.03
15" 5% Cloisite Na+ 1% PODA-co-MAH (1h) 1.20 4.0 1.03
15k” | 5% Cloisite Na+ | 1.25% PODA-co-MAH (1h) | 1.18 5.7 1.02
151”7 | 5% Cloisite Na+ | 0.5% PODA-co-MAH (1h) | 1.23 5.6 1.05
15m” | 1% Cloisite Na+ | 0.2 wt% PODA-co-NVP (2¢) | 1.11 17.7_| 1.02
15n” | 3% Cloisite Na+ 6% PODA-co-NVP (2c) 1.16 8.4 1.01
150" | 5% Cloisite Na+ 1% PODA-co-NVP (2¢) 1.22 5.6 1.03
15p” | 5% Cloisite Na+ | 1.25% PODA-co-NVP (2¢) | 1.17 6.9 0.99
15g” | 5% Cloisite Na+ | 0.5% PODA-co-NVP (2¢) | 1.15 7.2 1.01

a) Comparative Example.

b) Example according to the invention (number in parentheses).

d) Normalized modulus of elasticity relative to competitive polypropylene nanocomposite
(15b) processed under similar conditions (= 1.0).

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

f) Normalized tensile strength relative to polypropylene processed under similar conditions
(= 1.0).

Samples with additives show Improvements in tensile strength and modulus over PP and
marked improvement in elongation at break over clay alone composites. Significant
improvements over PP are seen with very low clay additive levels.

Example 16: Polypropylene nanocomposites in a twin screw extruder.
The samples are prepared using process conditions similar to Example 11 with the additive

premixed with clay in (1:5 ratio) at ambient temperature. A 10% clay masterbatch is
prepared in step 1.



tions (= 1.0).

processed under simlar conditions

I nprovenents in tensile strength and nodul us over
in el ongati Qfly YosRfs5RK over clay al one conposites.
PP are seen wt

over

very |ow clay

(= 1.0).

additive |evels.

Pol ypr opyl ene nanoconposites in a twin screw extruder.
prepared using process conditions simlar to Exanple 11 with the additive

prem xed with clay in (1:5 ratio) at anbient tenperature.
prepared in step 1. WD 20Q45113436 PCT/ EP2004/ 051098
Tabl e 16: Exanp. Clay Additive (w% T. M’
No additive 1.0 -
Cloisite Nat 1% Te oner
PODA- co- NVP (1k) 1.20 2.4 1,02

) Tebis 19:

masterbatch | s

3.6 1.02 16fu

[ siteNat+ 194

E. at b.ei

A-co-NVP (In) 1.24

f) Normalized tensile strength relative to pol ypropyl ene
Sanples with additives show
PP and marked i nprovenent

Si gni th@?iowbﬁ&fsove”ﬁ”t S
Exanpl e 16:

The sanples are

T. S
1.0 16b 5% C oisite Na+ No additive 1.22 1.0 1.04 16c 5%
DA1OON 1.23 2.6 1.04 16d 5% Cloisite Na+ 1%
16e 5% Cloisite Na+ 1% PODA-co-NVP 11 1.24

3.2

A 10% cl ay

-55-

n 16a No clay

02 1

3%

Cloisite Na+ O A- CO- 1n1134 6h 1 IS %
PODA- co- NVP ( 1jn) 6 12 6%85 5@%@1{@&& Q 5%1/ -EESE ﬁlvmaqr?o) 1} 18
4.0 1.00 16 5%%"% Site weclay%% ODA- cdNoMagiiitigel 1. 17( 11.0 . 98- 140 1%
Cloisite Na+ 1% - c 3%NUIpisitelNa+ 1.]120 3. Noladdiive 161 S5po1Rdijsi tidNa+4 1.04
19°P0DVA- co- MAH_106cY. 2p  5%CloisitsNa+ 6rh_ 5P Tegrmsr DAVONID 1 0h.2200A- 26 MAH1041) 1
1.24 6.7 1.02 | a)6 avgt CloisiteNainp|je . 1% POBRAsaeN\P (i of di-2Qy |t 0 2tdhe [i hP@n} i on
(nunber in parentéedsels) 5% Cloisite Na+ 1% PODA-co-NVP (11) 1.24 3.6 1.02

167 5% Cloisite Na+ 1% PODA-co-NVP (1n) | 1.24 3.2 1.02

16g” 3% Cloisite Na+ 0.6% PODA-co-NVP (1n) | 1.13 44 1.00

16h 1% Cloisite Na+ 0.2% PODA-co-NVP (1n) | 1.06 126 | 0.99

161 5% Cloisite Na+ 0.5% PODA-co-NVP (1n) | 1.18 40 1.00

16)” 5% Cloisite Na+ 1.25% PODA-co-NVP (1)) | 1.17 11 | 0.98

16K 5% Cloisite Na+ 1% PODMA-co-NVP (1m) | 1.20 3.2 1.02

1617 5% Cloisite Na+ 1% PODMA-co-MAH (10) | 1.22 5.3 1.02

16m° | 5% Somasif ME100 | 1% PODA-co-MAH (1i) 1.24 6.7 1.02

a) Comparative Example.

b) Example according to the invention (number in parentheses).

d) Normalized modulus of elasticity relative to competitive polypropylene nanocomposite
(14b) processed under similar conditions (= 1.0).

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

f) Normalized tensile strength relative to polypropylene processed under similar conditions
(=1.0).

h) RTM product of Goldschmidt.

Samples with additives show Improvements in tensile strength and modulus over PP and
marked improvement in elongation at break over clay alone composites. Significant
improvements over PP are seen with very low clay additive levels.

Example 17: Polypropylene nanocomposites in a twin screw extruder.
The samples are prepared using process conditions similar to Example 11 with the additive

premixed with clay in (1:5 ratio) at ambient temperature. A 10% clay masterbatch is
prepared in step 1.



d) Normalized nodulus of elasticity relative to conpetitive pol ypropyl ene
nanoconposite (14b) processed under simlar conditions (= 1.0). e)

Normal i zed el ongation at break relative to pol ypropyl ene processed under
simlar condigadol/PRgss(= 1-0). f) Nornmalized tensile strepgiipiotdesidose to
pol ypropyl ene processed under simlar conditions (=1.0). h) RTM product of
ol dschm dt. Sanples with additives show | nprovenents in tensile strength
and nodul us over PP and narked inprovenent in elongation at break over day
al one conposites. Significant inprovenents over PP are seen with very | ow
clay additive |evels. Exanple 17: Pol ypropgbene nanoconposites in a twn
screw extruder. The sanples are prepared using process conditions simlar to
Exanple 11 with the additive premxed with clay in (1:5 ratio) at anbient
tenperature. A 10%clay masterbatch is prepared in step 1 . WD 2004/ 113436
PCT/ EP2004/ 051098 _-56-_Table 17: Exanple Clay (5 W% Additive (1 wt% T.
M) E. at b.'~l T, 1able171732) No day No additive 1.0 - 1.0 17bh) daqisite

adog Ghn @1y ¢012 3.2

Na+ No additive 1.|18aho E%iﬁmg Glitied Havd+ [PERA 49
—loQ 2 an 4.2 l7¢ch) alLsllt e Na+

o

0.99 17dbl d oi si 101

PLA-co- MAH (2n) 1.[15(%887 [L. ORo cidyf b] O mbSidigveNa+ [POPA- 15 3.7
1.01 a) Conpar at ipre—Exanble—b)Exdnple-accordi-ngto , nunber
in parentheses). ) NoPna| icssiterregul] us b agditgt i ci Eyi.1eljatinve tp 1 etitive

pol ypropyl ene nanqeenpest{e—(1t+byr—precessed—under-SstrtHar—eon (=
1.0). e) Nornalizdd tidBnghtClasitedNa+b] eBRDAEbBA (1) to Pt ylpr BB/l ehed .98 dcessed
under simlar condt

17d” | Cloisite Na+ | PODA-co-MEP (2m) | 1.14 44 1.01
17e® | Cloisite Na+ | PLA-co-MAH(2n) | 1.15 3.7 1.00

17§ Cloisite Na+ | PODA-co-GMA (2n) | 1.15 3.7 1.01

a) Comparative Example.

b) Example according to the invention (number in parentheses).

d) Normalized modulus of elasticity relative to competitive polypropylene nanocomposite
(17b) processed under similar conditions (= 1.0).

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

f) Normalized tensile strength relative to polypropylene processed under similar conditions
(= 1.0).

Example 18: Polypropylene nanocompasites in a twin screw extruder.

The samples are prepared using procass conditions similar to Example 11 with the additive
premixed with clay in (1:5 ratio) at ambient temperature. A 10% clay masterbatch is
prepared in step 1.



tions (= 1.0). f) Normalized tensile strength relative to pol ypropyl ene
processed under simlar conditions (= 1.0). Exanple 18: Pol ypropyl ene
nanoconposites in a twin screw extruder. The sanples are prepared using
process conqjtli lar to Exanple 11 with the additi W th
clay in (1: é gﬁ:ﬁ%¥1anblent tenperature. A 10%cl ay ng§?g$g§?%ﬂ&g
prepared In step 1 . WD 20041113436 PCT/ EP2004/ 051098 -57- Table 18: Exanpl
Clay (5 % Additive (ww% T. Md E at b. T.S a e 18aa) No dayd No
additive 1.0 - 1.0 18bb) Coisite Natd No additive 1.18 1.0 1.02 18c b)
Cloisite Na+ 1%0DA-co-HAH (2e) 1.28 2.1 1492 7.5%0l ybond 3200 18db)
Cloisite 20Ad no additive 1.20 1.2 1.04 18ebl Coisite 20Ad 7. 5% Pol ybond
3200 1.41 0.6 1.14 a) Conparative Exanple. b) Exanple according to the

i nvention (nunber in parentheses). d) Normalized nodul us of elasticity
relative to conpetitive polypropylene nanoconposi te (18b) processed under

simlar conditiongTgbie 18:0). a) Nornalized el ongation at bgeak relative to
pol ypropyl ene prof p o} ONS 40 JrTr’@fl i zed
tensile strength ‘%ﬁ%ﬁl Eﬁg(p%@p opy?\ene dr )essedTulgl‘derEsal'l%l ar P
conditions (= 1.Q) Exanples according to the | nvent)on sho

a
significant inrpo /eq@éat n I%"éia | ohgat i QY sadifiveP’ €2kl Fganpl e 19:| Thgr nal
stability under alr_and hitrogen of polypropy Cene_nhnocConhosites]

18b” | Cloisite Na+* No additive 1.18 1.0 1,02
b) . o | 1% PODA-co-HAH (2¢)

18c Cloisite Na+ 7.5% Polybond 3200 1.28 21 1.09

18d® | Cloisite 20A° no additive 1.20 12 1.04

18¢” | Cloisite 20A° | 7.5% Polybond 3200 | 1.41 06 1.14

a) Comparative Example.

b) Example according to the invention (number in parentheses).

d) Normalized modulus of elasticity relative to competitive polypropylene nanocomposite
(18b) processed under similar conditions (= 1.0).

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

f) Normalized tensile strength relative to polypropylene processed under similar conditions
(=1.0).

The Examples according to the invention show a significant imrpovement in the elongation
at break.

Example 19: Thermal stability under air and nitrogen of polypropylene nanocomposites.

The following data demonstrate that samples prepared with a copolymer additives according
to the invention have significantly greater thermal stability under air than either
polypropylene or polypropylene plus unmodified clay with the temperature for maximum
weight loss approx 30°C higher.

The samples (~10 mg, cryoground powder) are heated from 50 to 500°C at 10°C/min in a
Mettler thermobalance TEA/SDTAB51 equipped with a T50 801 sample robot under air o



The foll ow ng data denonstrate that sanples prepared with a copol yner
additives according to the invention have significantly greater thernal
stability under air than either polypropylene or polypropyl ene plus

unnodi fied g/ 13ct he tenmperature for maxi num wei ghtpd@esoaaRi@x 30C
hi gher. The sarrp es f 10 ng, cryoground powder) are heated from50 to 500C
at 10 mn in a Mettler thernobal ance T6A/ SDTA851 equi pped with a T50 801
sanpl e robot under air or WD 2004/ 113436 PCT/ EP2004/ 051098 -58 under
nitrogen atnosphere. Onset and end tenperatures are cal cul ated by the

tangent nethod. The results are sumrari zeggin Table 19. Table 19: Data from
t hernogravi netric anal ysis under air of nanoconposites with 5 wt% Cloisite
Na+ Exanple Material Ton,et C Tend C Tm'x C Residual wei ght 19a"

Pol ypr opyl ene
PODA- co- MAH 1

Conpar at i ve Ex@A{ppeé Theyesdliisargsumaadzeddn Feple 18-t he i nventi on.

£ Dtdgel Gpbsfhers! Bhekl a6 BRUKHSerdhiisy 3P safderdy %Xfé&ga"é

Pl at e-and-pl ate oscillatory rheol ogy. The viscosity of the sanples is

simlar to polypropyl ene (see Table 20).

Conventi onal

organi c nodified

clays and deri verhbarse Cataims thedndarvindticinalysis anddr i bNean0eGRsbsNe ST t Y

W th respect to vwi% GipisigNd+ene.

Cl ay al one conposites have a reduced

Exanpl e 20.

viscosity (see ] conparatl e Exanpl'e rn Tablfe 20). [The naﬁoconposmea (?T t he
present inventilon Bempeord readidtyrispr ocesd et far) Lareehti,gral| Residua
nanoconposi t es |based on orjgani c nodified cllays. THe nel t| behavijote8t ¥h

bl ends and neat[ commafientd 1 n Roprdp9ens heall rzgce fanggd |5 sBodijed 0Bgsi np a
dynam ¢ rheonetjer A ( Advancgicdgopmeet ri1 ¢ Exgeandi aggaSypt @g%) .| Meaaur e}
ments are perfdrnmedigeh thd phaRcpptamaHcpnii gee7at ijor2ai th at1gad of62. 5 o
2.0 mm 19d” 1% PODA-co-NVP 1k) | 285 419 413 5.6

a) Comparative Example.

b) Example according to the invention.

Example 20: Plate-and-plate oscillatory rheology.

The viscosity of the samples is similar to polypropylene (see Table 20). Conventional

organic modified clays and derived nanocomposites have significantly increased viscosity

with respect to polypropylene. Clay alone composites have a reduced viscosity (see

comparative Example in Table 20). The nanacompasites of the present invention are more

readily processed than conventional nanocomposites based on organic modified clays.

The melt behavior of the blends and neat components in the low shear rate range is studied

using a dynamic rheometer ARES (Advanced Rheometric Expansion Systems). Measure-
ments are performed in the plate-plate configuration with a gap of 1.5 t0 2.0 mm.

Specimens are disks with diameter of 25 mm cut from the approximately 2 mm thick sheets

prepared by compression molding. Frequency sweep experiments are performed on each of

the materials over a frequency range of 0.1 to 100 rad/s, with data collected at five points

per decade. Temperature of the experiments is set at 200°C, corresponding to the

temperature of the composite preparation. The results are summarized in Table 20.



Speci mens are disks with dianmeter of 25 mmcut fromthe approximately 2 nm
thick sheets prepared by conpression nolding. Frequency sweep experinents
are perforned on each of the materials over a frequency range of 0.1 to 100
rad/s, wtwazwaicasl ected at five points per decade. FERPROMHYB0of t he
experinments is set at 200C, corresponding to the tenperature of the
conposite preparation. The results are sunmarized in Table 20. WO

2004/ 113436 PCTI EP2004/ 051098 -59- Table 20: Conplex Viscosity, Pas Q 200 C
Exanpl e Cl oisite Na+ Copolyner for frequency [rad/sec] 0.1 1.0 10 100 20aa)
none none 3160 2340 1171 395 20ba) 5% nof8-2986 1944 939 312 20c") 5%
PODA- co- MAH (1 h) 3181 2317 1175 403 20d) 5% PODA-co- MAH (11) 3276 2353
1181 403 20e" 5% PODA-co- MAH (2j) 3191 2285 1145 390 a) Conparative

Exanpl e. b) Exanple according to the invention. -60- Wat is claimed is: 1.
A conposi ti onT&?é’rgd.i sing a) a synthetic polyner, b) afiller, and c) as

di spersing agent _an acrvljic copolvner containing an alkyl acrylate or

met hacryl ate|conprisj ng at | egst 8 net hyl ene IESHE i/ i iy, 2. A
conposition fccordi nlg to claim1, wherein conponer}ﬁ):k’%%?isﬁ Pl%ds}é &zﬂ?g(lgl cal,
bl ock or conb exampiel |y CRisitd N4y at chgmterone [aydrophi [l ¢ | easil one
hydrophobi c $egment phich is Jbased on a |ong Ghaip @bﬁl 61 Y| aygp as
defined in Claim 1. 3. A coopdsition according o klaimll, whekein cqgnponent
(a) is a polyolghtn.|  none none 3160 [ 2340 | 1171 | 395

20b? 5% none 2986 | 1944 | 939 312

20c” 5% PODA-co-MAH (1h) | 3181 | 2317 | 1175 403

20d” 5% PODA-co-MAH (1i) | 3276 | 2353 1181 403

20e” 5% PODA-co-MAH (2j) | 3191 | 2285 | 1145 390

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



4. A conposition according to claim 1, wherein conponent (b) is a
nanoparticulate filler. 5. A conposition according to claim1l, wherein
conponent (b) is a nanoparticulate filler which is not organically

nodi fied. 6. A conposition according-60-claim1, wherein conponent (b) is a
natural or synthetic phyllosilicate or a m xture of such phyllosilicates.
7. A conposition according to claim1, wherein conponent (b) is a |layered
silicat embﬂh&wmnposi tion according to claim1, wherein conponent (b)
is anontnorillonite, bento- nite, beidelite, mca, hectorite, saponite,
nontronite, sauconite, vermculite, ledikite, nmagadite, kenyaite,

stevensit eA W@W@H@k@ﬁrﬁ@'s'ﬁ%/drot alcite, illite, kaolinite, wollastonite,

attapul gi t &) tggﬁ,th@{c polyriga or a mixture thereof. 9. A conposition
according to claim 1, wierein the long chain al kyl meth(acryl ate) segnent

in conponerl?) (@fileé@N%ains a C,z-C32al kyl meth(acrylate). 10. A composition
accor di ng t@ﬂCA@&.Q&éY.ngﬂﬁaaéﬁldﬁ CMIENs apmépaomﬁn.nelawaﬂ@r é’&ﬂﬁb@ oracryl ate)-

co-(maleic hydride pol y(octadecyl acrylate)-cCo- (ethylene glycol)
met hyl et her raeihyrataty comppisiidbitieass ynethdend aroups mdge é@étcﬁ?lnene gl ycol
ethyl ether acrylate), poly(octadecyl acrylate)-co-(Nvinylpyrrolidone),
pol y(oct adecyl nethacryl ate)-co-(N-vinyl pyrrolidone), poly- (octadecyl

met hacr y2.afedompesitionlast@ diaghe dleirad) whersin/¢apcegot (o) isaz sigtistioa), bd,@k(cg lcgmbdy |

acry -61- \/ -.C0= (2~

acryl ate opogirrfe)r ha@ﬁ gdé 15 goglr% lk Ci?%h}ﬁacéqbn?j% %tolﬁ?/%tér% %}Hgl ycgl%;??R t\%h‘?h et her
acryl at ehasepalnyd bogadmo;allkyhmrylla’@taas)d&ﬁoe@'m'@alnyllene gI ycol ethyl et her
acrylate), poly(octadecyl acryl ate)-co-(mnmethacryl ol yoxyethyl phosphate),

pol y(l auryl acryl ate)-co-(mal eic anhydride), poly(octadecyl

acryl at e3.- Aaofrglogitipa gtcordmy taciaiy dtve)erein cpmppedi(ade aydolyolefin.
acrylate)-co-(nethacrylic acid). 11. A conposition according to claiml1,
wherein conmponent (b) is present in an amount of fromO0.1 to 40 % based on
t he wei gt Acformpasitioneadordiay to dldim A wisrpiocotmponer@dic)os diragoparticliaterfilldr, wher ei n
conponent (c) is present in an anount of fromO0.1 to 20 % based on the

wei ght of conponent (a). 13. A conposition according to claim1, conprising
in addi t5.0m dagiogitien @oogrdingnoscldim) 1, whereiracamganent {b)rit e haasidiriduias filler

which is not organically modified.

6. A composition according to claim 1, wherein component (b) is a natural or synthetic

phyllosilicate or a mixture of such phyllosilicates.
7. A composition according to claim 1, wherein component (b) is a layered silicate clay.

8. 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, illite, kaolinite, wollastonite, attapulgite, talc

or silica or a mixture thereof.

9. A composition according to claim 1, wherein the long chain alkyl meth(acrylate) segment

in component (c) contains a Cy,-Cgzalkyl meth(acrylate).

10. A composition according to claim 1, wherein component (c) is poly(octadecyl acrylate)-
co-(maleic anhydride), poly(octadecyl acrylate)-co-(poly(ethylene glycol) methyl ether
acrylate), poly(octadecyl acrylate)-co-(diethylene glycol ethyl ether acrylate), poty(octadecy!
acrylate)-co-(N-vinylpyrrolidone), poly(octadecyl methacrylate)-co-(N-vinylpyrrolidone), poly-

(octadecyl methacrylate)-co-(maleic anhydride), poly(octadecyl acrylate)-co-(glycidyl acry-



14. A conposition according to claim 13, conprising as further additives
phenolic antioxi- dants, light-stabilizers, processing stabilizers,

sol vents, pignments, dyes, plasticizers, conpati- bilizers, toughening
agents, thixotropic agents and/or netag1 deactivators. 15. A conposition
according to claim1 in the formof a masterbatch or concentrate conpri -
sing conponent (a) in an anount of from5 to 90 % conponent (b) in an

amount @l f r&;’@, éctfa@ecgﬁgcrﬁaté)% - @R eHgRmikSethyt rhcﬂﬂat@ﬁ%‘} o&Edéd’W@b%ﬂa‘t& 50 %

by wei ght. reparation ecorrp03|t|on of 'Caim1l
whi ch c@nﬁpw@éhmm acRl) ngethy! rﬁt quraéfY&ﬁ‘te)t h@olﬂeﬁtﬁéwht%crxlatf -cotijiethigne c) as
defi ned r r | | t

m xi ng. GRSl STt ool ARFORBBE deite)- B e oA st O

process palyfaudi ng aFEylaé(?)aGQT("lﬂie'C 19. a"lbé!é”dﬁ) a B@'NWG% dedqryiaig) 'G?nﬂ@vc"ékd) in
O al m 1.1 6152} b EBoBN oIt S ddbbficany o sperse e filler 11 a
e 2 nan

syntheti ¢ po x to conposite terial. 20. An article
conprising the conposition according to claim 1.

11. A composition according to claim 1, wherein component (b) is present in an amount of
from 0.1 to 40 %, based on the weight of component (a).

12. 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).

13. A composition according to claim 1, comprising in addition, besides components (a), (b)
and (c), further additives.

14. A composition according to claim 13, comprising as further additives phenolic antioxi-
dants, light-stabilizers, processing stabilizers, solvents, pigments, dyes, plasticizers, compati-
bilizers, toughening agents, thixotropic agents and/or metal deactivators.

15. 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 1 to 50 % by weight.

16. A process for the preparation of the composition of Claim 1 which comprises melt mixing
a mixture of the components (a), (b) and (c) as defined in Claim 1.

17. A process according to claim 16, wherein the melt mixing occurs between 120 and
290°C.

18. The composition obtained by the process according to claim 16.

19. Use of a polymer as defined under (c) in Claim 1 to intercalate and exfoliate a filler and

disperse the filler in a synthetic polymer matrix to form a nanocomposite material.

20. An article comprising the composition according to claim 1.





