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{54) Title: ADDITIVE FUNCTIONALIZED ORGANOPHILIC NANO-SCATLED FILT.ERS

0

by reacting a na caled filler with a ol the [ormula

(Iy: AD-L-RG, wherein AD is an additive selecied from the group of radical scavengers, hydroperoxide decomposers, UV-absorbers,
QO tightstabilizers, flame rorardants or photoinitiators, L is a spacer, RG is a reactive group, and the nano-scaled filler can be of unmod-
3 ified or organophilcally modified character. ‘These products are for example useful as sabilizers and/or compatibilzers in organic

1
materials, or as in pre-p ic or p
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Additive functionalized organophilic nano-scaled fillers

The present invention relates to compositions comprising an organic material subject to oxi-
dative, thermal or light-induced degradation, in particular a synthetic polymer, and at least
one product obtainable by reacting a nanc-scaled filler with an additive that is linked to a
reactive group. The present invention relates also to new products obtainable by reacting a
nano-scaled filler with an additive that is linked to a reactive group, to the use of these pro-
ducts as nonvolatile stabilizers or flame retardants for nanocomposite organic materials
which are subject to oxidative, thermal or light-induced degradation, in particular to synthetic
nanocomposite polymers or coatings, or as photoinitiators for the in-situ polymerization of
pre-polymeric nanocomposites or sols to nanocomposite materials. The present invention
relates also to a process for stabilizing or flame-retarding a nanocomposite organic material,
which is subject to oxidative, thermal or light-induced degradation, in particular a synthetic
nhanocomposite polymer or coating, or to photoinitiating in-situ polymerization of a pre-poly-
meric nanocomposite or sol to a nanocomposite material.

The addition of fillers to organic materials, especially polymers, is known and is described for
example in R. Gachter/H. Miller (eds.), Plastics Additives Handbook, 3rd ed., pages 525-
591, Hanser Publishers, Munich 1990. The use of fillers in polymers has the advantage that
it is possible to bring about improvement in, for exémple, the mechanical properties, espe-
cially the density, hardness, rigidity or impact strength of the polymer.

Using extremely small filler particles (< 200 nm), so-called nano-scaled fillers, mechanical
properties, long term stability or flame retardant property of the polymers can be improved at
a much lower concentration of 5 to 10 % by weight compared to 20 to 50 % by weight with

" the micro-scaled normal filler particles. Polymers containing nano-scaled fillers show im-

proved 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
resistance, gas barrier properties and scratch resistance.

Nano-scaled fillers possess an exiremely large surface with high surface energy. The deac-
tivation of the surface energy and the compatibilization of the nano-scaled fillers with a poly-
meric substrate is therefore even more important than with a common micro-scaled filler in
order to avoid aggregation and to reach an excellent dispersion of the nano-scaled filler in
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the polymer. The nano-scaled fillers like the phyllosilicates are made organophilic by io\n
exchange, for example with alkylammonium salts. Such nane-scaled organophilic phyliosili-
cates are better swellable and easier to disperse (exfoliate) into a pclymér matrix [for
example Nanomer® form Nanocor or Closite® from Southern Clay Products].

In the case of precipitated calcium carbonate, organophilization can be achieved by a treat-
ment with an organophilic carboxylic acid [e.g. Socal® (from Solvay), see M. Avella et al,
Nano Lett., 1 (4), 2001].

Colloidal silica can be suspended in neutral, reactive (crosslinking) or pre-polymetic diluents
resp. monomers or mixtures of all [e.g. Highlink® OG or Klebosol® from Clariant, see C. Vu
et al, RadTech’2000, Baltimore], as so cailed sols.

U.8. 6,020,419 discloses a transparent coating composition containing a binder and 0.5 to
25 weight %, based on resin solids, of a material consisting of nano-scaled particles ob-
tained by jet dispersion of the nano-scaled particles in the coating composition.

WO-A-01/05897 discloses binding agents modified with nano-scaled particles.

Photoinitiators may be covalently coupled to silica gel to initiate the polymetization of for
example acrylates, methacrylates or styrene from the silica gel surface [see for example M.
Koehler; J. Ohngemach, ACS Symp. Ser. 1990, 417 (Radiat. Curing Polym. Mater.), 106 —
24, “coreactive photoinitiators for surface polymerization”]. p-Substituted 2-hydroxy-2-methy-
propiophenane photoinitiators are disclosed, and the photoinitiators are covalently coupled to
silica gel via the p-substituted groups; the anchored photoinitiators were then used to initiate
polymerization from the silica gel surface. The p-substituted groups included triethoxysily,
epoxy, or azido groups. The initiators are used to polymerize either acrylates, methacrylates,
styrene, or N-vinylpyrrolidene. The influences of monomer type, monomer concentration and
initiator type on polymerisation kinetics are examined.

Hybrid type of photoinitiators containing polysiloxane groups have been described to be used
for scratch-resistant radiocurable coatings.
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It has now been found that specifically modified, especially organophilic, nano—sc\aled fillers
which contain an additive selected from the group of radical scavengers, hydroperoxide de-
composers, UV-absorbers or flame retardants are especially useful as stabilizers or flame
retardants for nanocomposite organic materials which are subject to oxidative, thermal or
light-induced degradation. Medified nano-scaled fillers which contain a photoinitiator are
especially useful for the in-situ polymerization of pre-polymeric nanocomposites or sols to
nanocomposite materials.

This invention therefore relates to a composition comprising
a) an organic material subject to oxidative, thermal or light-induced degradation,
. b) at least one product obtainable by reacting a nano-scaled filler with a compound of the
formula {

AD-L-RG 0)

wherein
AD is an additive selected from the group of radical scavengers, hydroperoxide de-
composers, UV-absorbers, light stabilizers, flame retardants or photoinitiators,

o]
1]
L is a direct bond, —R;-0— or —R;-C—0— with the proviso that the oxygen

atom is attached to AD; Cs-Casalkylene, Co-Cosalkylene interrupted by -O-, -S-, -SO-, -

AN I
SO, MN=R; 0 ol —é—y;]— , phenylene or
Ry
Cs-Cgeycloalkylene; or a block-graft copolymer,
R, R
I3 - M . Ry ) ﬁ
RGis —’]‘tRa X —"’tRs X, =8 x, —C-m, . SR,
R, R, Re o]
it f Ru
. y 5 :
—ﬁ'_Rm ) ‘O_T‘Rm ' _—</ }Ru L _< - X
Rg R, N H\
H R|2 R12
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Q Q, \
Ris OSIGHy), Rio
—_ , —N , —-?i—RM , —?l—CH3 , —'|'i—R‘7 or
Ris OSi(CHy), Re
R
_%r_Rzu s
Roy
wherein

Ry is Cs-Cqgalkylene,

R, is a direct bond or C4-Cysalkylene,

Rs is hydrogen or C4-Csalkyl,

R4 is hydrogen or C-Cjalkyl,

Rs, Rs and Ry are each independently of the others hydrogen, C,-Casalkyl, phenyi or
C7-Casphenytatkyl,

Rs, Ry and Ry are each independently of the others hydroxyl, [_0' irMH] or

R23
—O Rx I}li Ras
R25

Ry, is hydrogen or C-Cpsalkyl,

Rz is hydrogen or C-Casalkyl, Co-Casalkyl interrupted by oxygen, sulfur or by
N
/N——R

s OF C2-Cosalkenyl,

Ria, Ris @nd Rys are each independently of the others halogen, amino, C,-Csalkoxy or
C4-Casalkyl, with the proviso that at least one radical of Rq3, Ry and Rys is different
from C4~-Czsalkyl,

Ris, Riz and Ry are sach independently of the others C4-Czalkoxy or Co-Cosalkanoyl-
oxy,

Ris, Rzo and Ry are each independently of the others C,-Cy.alkoxy, Co-Casatkanoyloxy
or benzoyloxy,
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Rz, Rz, Ros and Rys are each independently of the oﬂ;lers hydrogen, G-Casalkyl or
hydroxyl-substituted Co-Cosalkyl,

M is a r-valent metal cation,

X is fluoride, chioride, bromide, iodide, -nitrite, nitrate, hydroxide, acetate, hydrogen
sulfate, sulfate, methyl sulfate or mixtures thereof, and

ris1,2or3.

Of interest are also products obtainable by reacting a nano-scaled filler with a compound of
the formula |, wherein

AD is an additive selected from the group of radical scavengers, hydroperoxide decompo-
sers, UV-absorbers, light stabilizers, flame retardants or photoinitiators,

L is a direct bond, —R;~0— with the proviso that the oxygen atom is attached to AD,

o
1]
—R;C—0— , Ci-Czsalkylene, Co-Casalkylene interrupted by -O-, -S-, -8O-, -80,-,

o] o]

\N— , ﬁ"_ N _”_ — —cl;I:—N— , phenylene or Cs-Cgeycloalkylene;
AR, c C—0 \
Rd
or a maleic anhydride-grafted polypropylene,
) Ti - F|{.5.. - +/R5 - ﬁ ﬁ
Refs —*R, X', —F"R, X', —§_ X, —C-R,, —§FR,
R, R; Rg o)
Q
ﬁ lcl) N /N Ry
THRe . TOPRg </ Ry X, <+ )/< X = !
N
R, Rq e N H’I\{
R12 RlZ
Q,
Ris Tte Rio
—N , .-?i‘Ru o TRy or IRy
R15 R1B RZI
wherein

Ry is C4-Cysalkylene,
R; is a direct bond or C4-Cysalkylene,
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R is hydrogen or C;-Cgalkyl,
R, is hydrogen or C4-Caalkyl,
Rs, Rg and Ry are each independently of the others hydrogen, C,-Cqsalkyl, phenyl or
C7-Casphenylalkyl,

A\

Rs, Re and Ry are each independently of the others hydroxyl, l:_o' -:_MH'] or

)
-0’ Re
R25

Ry1 is hydrogen or C-Czsalkyl,

Rz is hydrogen or C4-Casalkyl, Ca-Cosalkyl interrupted by oxygen, sulfur or by >N—R or

s
GC2-Cosalkenyl,

Rya, Ris and Rys are each independently of the others halogen, amino, C4-Czsalkoxy or
C1-Czsalkyl, with the proviso that at least one radical of Ry3, Ri4 and Rys is different from
C-Cosalkyl,

Ry, Rz and Ry are each independently of the others C4-Calkoxy or Co-Casalkanoyloxy,
Ris, Rz and Ry are each independently of the others C;-Cyalkoxy, C,-Cosalkanoyloxy or
benzoyloxy,

Rz2, Raz, Rz and Rys are each independently of the others hydrogen, C4-Casalkyl or hydroxyl-
substituted C,-Caqalkyl,

M is a r-valent metal cation,

X is fluoride, chloride, bromide, iodide, nitrite, nitrate, hydroxide, acetate, hydrogen sulfate,
sulfate, methyl sulfate or mixtures thereof, and

ris1,2or3.

C1-CasAlkylene is a branched or unbranched radical, for example methylene, ethylene, pro-
pylene, trimethylene, tetramethylene, pentamethylene, hexamethylene, heptamethylene,
octamethylene, decamethylene, dodecamethylene or octadecamethylene. A preferred defi-
nition for L, Ry and R is C+-Cyoalkylene, especially Ci-Cqalkylene, for example Co-Cealky-
lene.
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\
N f i
CrCasalkylene interrupted by -O- -8-,-80-, 80z, N—R, . —&— —do—
_S_N_« , phenylene or Cs-Cycycloalkylene is, for example,
|
RA

~CHz-0-CHz-, ~CHz-8-CHy~, -CHz-N(CHg)-CHp-, ~CHo-O-CH,CHa+, ~CHZCH2-0-CH,CH;-,
“CH2CH,-0-CH,CH5-0O-CH,CH;- , -CH;CHo-(0-CHaCH,+),0-CH,CH,-,
~CH2CH;~(O-CHyCH2-)30-CH,CHa-, ~CH2CGH,-(O-CH,CH,-)40-CH,CH,-

0 o
Il 11
-CHCHp8-CHCHzr,  —GH;CHyC—NH—(CH,);~ , —CHyCHyC—NH—(CH,):—

—CH;CH@CH;CH; or -—-CH;CHTO‘CHZ—CHZ—— .

Alkyl having up to 25 carbon atoms is a branched or unbranched radical, for example methyl,
ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl, n-pentyl, isopentyl,
1-methylpentyl, 1,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl, isoheptyl, 1,1,3,3-tetra-
methyloutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-trimethythexyl,
1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 1,1,3,3,55-
hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecy!, octadecyl, icosyl or
docosyl.

Cr-CePhenylalkyl is, for example; benzyl, a-methylbenzyl, o,a-dimethylbenzyl or 2-phenyl-
ethyl. Preference is given to benzyl and o, a-dimethylbenzyl.

~ .
C4-CasAlkyl interrupted by oxygen, sulfur or by /N—Ra is, for example, CHs-O-CH,CHa-,

CHy-S-CHyCHy-, CHy-N(CHs)-CHoCHa , CH5-0~CH;CHz-O-CH,CH;- |
CHy~(0-CH,CH),0-CH;CHy- , CHs~(0-CHCH2-):0-CH,CH,- or
CHs-(0-CHoCH-)4O-CH,CHo-.
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Alkenyl having 2 to 24 carbon atc\)ms is a branched or unbranched radical such as, for
example, vinyl, propehyl, 2-butenyl, 3-butenyl, isobutenyl, bn-2,4-pentadienyl, 3-methyl-2-
butenyl, n-2-octenyl, n-2-dodecenyl, iso-dodecenyl, oleyl, n-2-octadecenyl or n-4-octadece-
nyl. Preference is given to alkenyl having 3 to 18, especially 3 to 12, for example 3 to 6,
especially 3 to 4 carbon atoms.

Halogen i, for example, chlorine, bromine or iodine. Preference is given to chlorine and bro-
mine.

Alkoxy having up to 25 carbon atoms is a branched or unbranched radical, for example
methoxy, ethoxy, propoxy; isopropoxy, n-butoxy, isobutoxy, pentyloxy, isopentyloxy, hexyl-
oxy, heptyloxy, octyloxy, decyloxy, tetradecyloxy, hexadecyldxy or octadecyloxy. Preference
is given to alkoxy having from 1 to 12, especially from 1 to 8, e.g. from 1 to 6, carbon atoms.

Alkanoyloxy having up to 25 carbon atoms is a branched or unbranched radical, for example
acetoxy, propionyloxy, butanoyloxy, pentanoyloxy, hexanoyloxy, heptanoyloxy, octanoyloxy,
nonanoyloxy, decanoyloxy, undecanoyloxy, dodecanoyloxy, tridecanoyloxy, tetradecanoyl-
oxy, pentadecanoyloxy, hexadecanoyloxy, heptadecanoyloxy, octadecanoyloxy, icosanoyl-
oxy or docosanoyloxy. Preference is given to alkanoyloxy having from 2 to 18, especially
from 2 to 12, e.g. from 2 to 6, carbon atoms.

Hydroxyl-substituted C,-Calkyl is a branched or unbranched radical which contains prefe-
rably 1 to 3, in particutar 1 or 2, hydroxyl groups, such as, for example, hydroxyethyl, 3-hydr-
oxypropyl, 2-hydroxypropyl, 4-hydroxybuty!, 3-hydroxybutyl, 2-hydroxybuty!, 5-hydroxypentyl,
4-hydroxypentyl, 3-hydroxypentyl, 2-hydroxypentyl, 6-hydroxyhexyl, 5-hydroxyhexyl, 4-
hydroxyhexyl, 3-hydroxyhexyl, 2-hydroxyhexyl, 7-hydroxyheptyl, 6-hydroxyheptyl, 5-hydroxy-
heptyl, 4-hydroxyheptyl, 3-hydroxyheptyl, 2-hydroxyheptyl, 8-hydroxyoctyl, 7-hydroxyoctyl, 6-
hydroxyoctyl, 5-hydroxyoctyl, 4-hydroxyoctyl, 3-hydroxyoctyl, 2-hydroxyoctyl, 9-hydroxynonyl,
10-hydroxydecyl, 11-hydroxyundecyl, 12-hydroxydodecyl, 13-hydroxytridecyl, 14-hydroxytet-
radecyl, 15-hydroxypentadecyl, 16-hydroxyhexadecyl, 17-hydroxyheptadecyl, 18-hydroxy-
octadecyl, 20-hydroxyeicosyl or 22-hydroxydocosyl. A preferred definition of Ry, Rps, Ras and
Ras is hydroxyl-substituted Co-Cisalkyl, especially hydroxyl-substituted C4-Caalkyl.
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A mono-, di- or tri-valent metal cation is preferably an alkali metal cation, alkaline earth metal
cation or aluminium cation, for example Na*, K*, Mg"*, Ca™ or A",

Block-graft copolymers are for example maleic anhydride-grafted polypropylene (PP-g-MA),
ithaconic acid-grafted polypropylene , acrylic acid-grafted polypropylene or polysthylene-
oxide-block-polystyrene (PEQ-bI-PS). Preferably, block-graft copolymers have molecutar
weights of M, 1000 to 10000, and for the maleic anhydride modified polypropylene oligomers
(PP-g-MA) the maleic anhydride content is from 1 to 10% [for example Epolene® E43, MA
content 2.9 weight %, Mn 8800 (Eastman); Hostaprime® HC5, MA content 4.2 weight %, Mn
4000].

The nano-scaled filler have a particle size below 200 nm, preferably below 100 nm and more
preferably below 50 nm. .

Nano-scaled fillers of special interest are nano-scaled oxides made by gas-phase or sol-gel
pracesses, for example SiO,, Si0; [e.g. Aerosil® from Degussa; Ludox® from DuPont; Snow-
tex® from Nissan Chemical; Levasil® from Bayer; or Sylysia® from Fuji Silysia Chemical], TiO,
le.g. NanoTek® from Nanophase], ZrO, , SnO,, MgO, ZnO [e.g. Activox® B or Durhan® TZO
from Elementis], CeQ,, Al,Os, INO; or mixed oxides, including colloidal silica [e.g.Klebo-
sol®], or organosals [e.g. Hilink® OG from Clariant}, or pc[yhedrai oligomeric silsesquioxanes
fe.g. POSS® from Hybrid Plastics] with compatibilizing or reactive organic medifications like
hydrocarbon, silane or siloxane chains, with or without functional groups such as hydroxyl,
amino, mercapto, epoxy or ethylenic groups, or natural or modified semi-synthetic or synthe-
tic [e.g. Somasif® from CO-OP Chemicals] phyllosilicates, organophilic precipitated calcium
carbonate [e.g. Socal® from Solvay] or anion exchanging hydrotalcite fe.g. Hycite®713 from
Ciba Specialty Chemicals].

Preferred fillers organophilically modified natural or synthatic phyliosilicates or a mixture of
such phyllosilicates. Especially preferred fillers are organophilically modified montmorillonites
fe.g. Nanomer® from Nanocor or Nanofit® from Suedchemie], bentonites [e.g. Cloisite® from
Southern Clay Products], beidellites, hectorites, saponites, nontronites, sauconites, vermicu-
lites, ledikites, magadiites, kenyaites or stevensites.
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Of special interest are products obtainable by reacting a nano-scaled filler with a compound

" of the formula 1, wherein AD is an additive selected from the group of phenolic antioxidants,

benzofuran-2-ones, sterically hindered amines, aminic antioxidants, 2-(2-hydroxyphenyl)-
benzotriazoles, 2-hydroxybenzophenones, 2-(2-hydroxyphenyl)-1,3,5-triazines, phosphites,
phosphonites, thioethers, benzophenones, «-activated acetophenones,v bisacylphosphin-
oxides (BAPQO), monoacylphosphinoxides (MAPO), alkoxamines, thioxanthones, benzoins,

benzil ketals, benzoin ethers, a-hydroxy-alkylphenones or a-aminoalkylphenones.

Of very special interest are products obtainable by reacting a nano-scaled filler with a

R0 OH
. . RZS
compound of the formula |, wherein AD is R R.
30 31
R31 R:m
CH,
Rg-CH, |  fer
, RN
RZG CH2
3
3
RZ?-CH HO
=N, R
== /N ’
Rze—CH N
3
Ras
R47

¢ OH

@@@ @
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\ R,
/O Ras (I? (l? I}
RaP . c—P—C—
O—R;, Rez Rgy Rg,
R53
o]

)
2
(I):
O—
T
|
i
/‘0—0
;U) \g:u

Q Rn
C—C—0—R,,

R& R7l

wherein
Rgs is hydrogen or methyl,
Rgr Is hydrogen or methyl,
i
Ras is hydrogen or —C—CH=CH, ,
Rgs is C4-Cqalkylene,

(74)

PCT/EP02/06848

Rao @and Ry are each independently of the other hydrogen, Cy-Cysalkyl, C-Cophenytalkyl,

phenyl or Cs-Cgeycloalkyl,

Rsz and Rgs are each independently of the other hydrogen, C;-Cigalkyl, C;-Cephenylalkyl,

phenyl or Cs-Cycycloalkyl,
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B“ and Rgs are each independently of the other hydrogen, halogen, C;-C.alkyl, -CN,
trifluoromethyl or C4-Cjalkoxy,
Ras is a direct bond or -O-,
Ry is hydrogen, -O°, C4-Casalkyl, Co-Caoalkenyl, Co-Capalkinyl, C4-Capalkoxy, Cs-Ciacycioalk-
oxy, C7-Czsaralkoxy, Cs-Cioaryloxy, C7-Cephenylalkyl, Cs-Ciacycloalkyl, pheny), naphthyl,
hydroxyethyl, C,-Casalkanoyl, benzoyl, naphthoyl or C,-Czpalkoxyalkanoyl,
Ras Is hydrogen or an organic radical,
Rae and Ry are each independently of the other hydrogen, C-Cigaliyl, C-Cgphenylalky! or
phenyl,
Ry is hydrogen, halogen or C1-Cysalkyl,
Ry Is hydrogen, C4-Cygalkyl or C;-Cgphenylalkyl,
Rys and Ry4 are each independently of the other hydrogen, C4-Cysalkyl, C4-Cssalkoxy,

/o\
di(C4-Caalkylyamino, hydroxyl or —O0—~CH;-CH—CH, ,

CH,0

—CH;

HO /}:@
[e]

Rys and R,y are each independently of the other hydrogen, hydroxyl, C-Cqsalkyl, phenyl,
C,-Cisalkoxy or C;-Cophenylakyl,
Rys is a direct bond or oxygen,

Rys is hydrogen, C,-Cealkyl, C4-Cysalkoxy or

Rys and Ry, are each independently of the otﬁer C1-Cyaalkyl, C~Cophenylalkyl, cyclohexy!,
phenyl, or phenyl substituted by 1 to 3 alkyl radicals having in total 1 to 18 carbon atoms,
Rs1, Rsz and Rgg are each independently of the others hydrogen, halogen C,-Cialkyl or
Cy-Calkoxy, )

Rsq is C1-Caoalkyl, Cs-Cqcycloalkyl, C-Cophenylalkyl or phenyl,

Res is C-Casalkyl,

Rgs is methylene or ethylene,

Rs7 is methylene or ethylene,

Rez is hydrogen or C;-Cygalkyl,

* Rez and Re, are each independsntly of the other hydrogen, Cy-Cigalkyl, C4-Cisalkoxy,

C4-Cyalkylthio, merpholinyl, C;-Cephenylalkyl of phenyl,
Rgs and Rgs are each independently of the other C-Ciaalkyl,
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Re7 is C,-Cialkylene,

Rags is hydrogen or G1-Cygalkyl,

Reg is C3-Cralkylene,

Rzo @and Ry are each independently of the other C.-Cqalkyl or C;-Cephenylalkyl,

Ry2 and Ry; are each independently of the other C,-Csalkyl or Ry, and Ry are together
~CH;CH,-O-CH.CH,- thus forming with the nitrogen atom to which they are aftached a
morpholinyl ring, ’

Ry, is hydrogen, C-Cygalkyl or C;-Cgphenylatkyl, and

xis1,20r3.

Especially preferred compounds of the formula | are:

HQ  C(CHy),

/N\
2 /N
N 0 ocH, (o1

Il T
CHZ—CHTC*NH—(CHZ)S*?F—OCH

'3

OCH,
(CHy),C.
'3/3 ﬁ ?Ha
Ho CHy CHzC—NH—(CH)NCH,  J° (102) -
CH,
(CHy),C
(CHLG, o HSRN
1l -
HO CHyCHG—NH—(CH)< , | (103)
(CH,),C ) CH,
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CH)G
(CHy)y o \
Il
HO GHz-CH-C—NH=(CH, )4
. N
(CHy)C
(CHYC 0 !
|
HO@CH;CH;C—NH—(CH»;N&
(CHY,C
H,C-__ -CH
(CH),C, o GHe
0
92 0
HO CHy CHyC—0—Ti—0—C—(CH,)z-CH,
0 .
(CH,),C CH
H,C” " TCH,
(CH,).C '
33 ﬁ ?CH!
HO Chy~CHy~C—NH-—(CH,)5-Si-OCH,
OCH,
(CHy,C
(CHYG
373 ﬁ ?CHa
HO ChHyCHI-C—0—(CH,)5-§1-0CH,
QCH,
(€H),C

a7
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(104)

(105)

(106)

(107)

(108)

JP

2004-530786 A 2004.10.7



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 03/002652

{CH,):C
HO

HC

(CH,),C

(CH,,C

(CH,),C,

(CHy),C

(CHQ)SC

(CHS)SC

(CHS)SC

(CH,),C

(CH,),C,

(CHy).C
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ﬁ CH,CH,
CHZ—CHZ—C—NH—(m—lz)z—rlxl“icHZCHa o
CH,CH,

9 QCH,CH,
HO CHy-CHy=C—NH--(CH,)5-$1~OCH,CH,
- OCH,CH,

OCH,
CHy-8—(CH,)r §1-0CH,
OCH,

Q

@CH;N&
QCH,CH,

HO (CHy)s~Si-0CH,CH,
OCH,CH,

i

+ -

CHz ’;’"(CHz)nCHs Br
CH,

(78) JP 2004-530786 A 2004.10.7

PCT/EP02/06848

(109)

(110)

(111)

(112)

(113)

(114)



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(79) JP 2004-530786 A 2004.10.7

WO 03/002652 PCT/EP02/06848
-16-
oH,
HC OCH,CH,
H—N N~—(CH,)5~Si-OCH,CH, (115)
HC CH, OCH,CH, _
CH,  CH,CHCH,
CH,
HC
o i Hoo
o—N O~CHyC—0~CHyCHN"CH,  CI (118)
HC CH,
CH,
CH,
H,C ocH,
H—N N—(CH,)5~S—(CH,)s—Si—OCH, (17
HC CH, OCH,

CH,  CH,CH,CH,

CH,
e | GH,CH,
. A -
o0—N O—C—CHyN-CH,CH, C (118)
H,C CH,CH,
CH,

oH,
H@D OCH,CH,
H—N O—(CH,)5~Si=OCH,CH, (119)
H,C OCH,CH,
CH,
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CH,
H,C OCH,CH,
H,C— O—(CH,)5~Si—OCH,CH, (120
H,C OCH,CH,
CH,
0 Q
CH,CHz;~O—C—CHzy S~—CH;-CH;N 12
0 OCH,
CH,CHz=O—C—CHy8—CH-§i—OCH, (122)
OCH,
0 OH
]
i .
O/ oH, ) (123)
0—(CH,);‘I}I—(CH2),,CH3 Br
CH,
" HQ  C(CHy,

cl N,
=, /N
N Q QCH,CH, (124)

I
CHE=CHE=C—NH—(CH,);~Si—OCH,CH,
OCH,CH,

HO  G(CH),

al
/N\ .
2, N
N 9 QCH,CH, (125)

1l
CHE CHz~C—N—(CH,)5~§i—OCH,CH,
CH, OCH,CH,
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o

+

o CH CHNECH,CH,
CH,CH,

OH

" CH, NN
I 7
N
H,C H,C CH,

CH,

|4
o CH CH N ECH,CH,
CH,CH,

OH
N7 SN
| -
N

C
H,C ©/ \©\ g
e CH-CH;—§i-OCH;
CH, OCH,

CH,SO,

=0

QCH,
O  CHyGH~$i-OCH,

seol
8

CH,SO,
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QCH,
GHy 9 CHCH;Si-OCH,

CH OCH,

ch/ '3

S

OCH, OCH,

| ‘
CH,0~S$i—CHyGH, ©  GHy—CH$i—OCH,

CH,0 OCH,
)

QCH,
. CHO—Si—CH, QCHs
CH,0  CH, O  CH;CHySi~OCH,

1
OCH,
e L0
s
Q OH QOH,CH,
@-c—c—(cnz)a—g—omzws
f OCH,CH,
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OCH,
CH,0—Si~0CH,

- Q §CHs (134)
C—%—OCHE

OCH,
CH,O—8i~0CH,

"

CH,
Q QCH, (135)
C—G—H :

OCH,
GH,0—§i~OCH,
o

2
9 OCH,CH, (138)
C—C—H
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QCH,CH,
CH,CH,0~SI~0CH,CH,

"

ocH,

CH,0—Si~0CH,
GH
CH

* 9 ocrcHy,
C—C—H

2

OCH,
GH,0—Si~OCH,

"
CH,
?I) OH
g

OCH,
CH,0—§i-0CH,
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gre

CH,
79—
CH,S C—¢-N 0
CHaL/
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ocH,
CH,0—Si~OCH,
i
H,C—CH
cH,
] Ay
7 CH, CH,
CHLGH, 9 G,
B CH,CHZ—r'«*—cHz—CHz—o\Q—c—$—0H
CH,CH, CH,
CHCH,0 o cn,
CmCH;r—§FCH;CH;O—*(::>——C—?—OH
OCH,CH, CH,
$iCH),
7 R G
HSC—?i——CHZ—CHZ—CHZ—O—QC—C—OH
]
0 CH,
Si(CHy),
FiCHa)s OH
9 f
HC—Si—CHCHy-CHF O C
9
Si(CHy),
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Many of the compounds of the formula | are known in the Iiferaturg Iike. for example the
above mentioned compounds (108} to (148). The new cqmpounds of the formula | may be
prepared in analogy to the preparation of the known compounds (108) to (148).

The preparation of component (b) by the reaction of a compound of the formula | with a
nano-scaled filler, in its unmodified state or after an organophilic modification, is preferably
carried out in a well stirred suspension or solution in a suitable protic or aprotic solvent, such
as water, ethanol or xylene,

The pH is preferably adjusted in the range of pH 11 and pH 3, in particular between pH 9
and 4.

The reaction is preferably carried out at temperatures of from 20 to 150°C, for example, in
particular at from 50 to 150°C, e.g. at from 50 to 100°C.

During the reaction it is preferable that the compound of formula | is used in excess in re-
spect to the calculated amount to be covalently bound, complexingly coordinated or ad-
sorbed to the nano-scaled filler, e.g. in a molar excess to the cationic respectively anionic
exchange capacity in case of phyllosilicates respectively hydrotalcites.

After the reaction the product is preferably isolated, for example, by filiration or centrifugation
and, especially preferred, by additional washing steps to extract the non reacted excess of
the compound of the formula I.

The amount of covalently bound, complexingly coordinated or adsorbed compound of the
formula | is preferably calculated indirectly by subtraction of the extracted amount. In cases
of colloidal suspensions of nano-scaled fillers in neutral, reactive or pre-polymeric diluents

respectively monomers, or mixtures of all, the compounds of the formula 1 are preferably”

directly added and reacted, before further utilization of the such functionalized colloidal sus-
pensions or sois. A specifically preferred molar ratio of the compound of the formula | to the
nano-scaled filler is from 1.05: 1t0 1.5: 1.

JP 2004-530786 A 2004.10.7
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The compound of the formula | can also be reacted with a nqno—scaled filler during the orga-
nophilic modification of the filler [see e.g. P. Reichert, et al, Macromol. Mat. Eng. 275, 8 - 17
(2000)].

When the compound of formula 1 is of the character of a modified block-graft copolymer, like
for example a functionalized maleic acid anhydride modified polypropylene oligomer (for
example Epolene® E43 or Hostaprime® HC5) compatibilizer it can also be added during
(melt)processing of the nanocomposite polymeric material.

The products obtainable by reacting a nano-scaled filler with a compound of the formula |
are suitable for stabilizing or flame-retarding nanocomposite organic materials, which are
subject to oxidative, thermal or light-induced degradation, in particular synthetic nanocompo-
site polymers or coatings, or for photoinitiating in-situ polymerization of pre-polymeric nano-
composites or sols to hanocomposite materials.

Examples of such materials are:

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

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

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

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

JP 2004-530786 A 2004.10.7
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have one or more than one figand, typiqally oxides, halides, alcoholates, esters,
ethers, amines, alkyls, alkenyls and/or aryls that may be either n- or c-coordinated.
These metal complexes may be in the free form or fixed on substrates, typically on
activated magnesium chioride, titanium(1)l) chloride, 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 alky! halides, metal alkyl oxides or metal
alkyloxanes, said metals being elements of groups la, !la and/or llla of the Periodic
Table. The activators may be modified conveniently with further ester, ether, amine
or silyl ether groups. These catalyst systems are usually termed Phillips, Standard
Qil Indiana, Ziegler (-Natta), TNZ (DuPont), metallocene or single site catalysts
(88C).

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

3. Copolymers of monoolefins and diolefins with each other or with other vinyl monomers,
for example ethylene/propylene copolymers, linear low density polyethylene (LLDPE) and
mixtures thereof with low density polyethylene (LDPE), propylene/but-i-ene copolymers,
propylenefisobutylene copolymers, ethylene/out-1-ene copolymers, ethylenefhexene copo-
lymers, ethylene/methylpentene copolymers, ethylenefheptene copolymers, ethylene/octene
copalymers, ethylene/vinylcyclohexane copolymers, ethylene/cycloolefin copolymers (e.g.b

" ethylene/norbornene like COC), ethylene/1-olefins copolymers, where the 1-olefin is gene-

rated in-situ; propylene/butadiene copolymers, isobutylene/isoprene copolymers, ethylenelvi-
nyleyclohexene copolymers, ethylene/alkyl acrylate copolymers, ethylene/alkyl methacrylate
copolymers, ethylene/vinyl acetate copolymers or ethylene/acrylic acid copolymers and their
salts (ionomers) as well as terpolymers of ethylene with propylene and a diene such as
hexadiene, dicyclopentadiene or ethylidene-norbormnene; and mixtures of such copolymers
with one another and with polymers mentioned in 1) above, for example polypropylene/ethy-
lene-propylene copolymers, LDPE/ethylene-vinyl acetate copolymers (EVA), LDPE/ethylene-
acrylic acid copolymers (EAA), LLDPE/EVA, LLDPE/EAA and alternating cr random polyal-
kylene/carbon monoxide copolymers and mixtures thereof with other polymers, for example
polyamides.

JP 2004-530786 A 2004.10.7
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4. Hydrocarbon resins (for example Cs-Co) including hydrogenated modifications thereof

(e.g. tackifiers) and mixtures of polyalkylenes and starch.

Homopolymers and copolymers from 1.} - 4.} may have any stereostructure including syndio-
tactic, isotactic, hemi-isotactic or atactic; where atactic polymers are preferred. Stereoblock
polymers are also included.

5. Polystyrene, poly(p-methylstyrene), poly(c-methylstyrene).

6. Aromatic homopolymers and copolymers derived from viny! aromatic monomers including
styrene, a-methylstyrene, all isomers of vinyl toluene, especially p-vinyltoluene, all isomers of
ethyl styrene, propyl styrene, vinyl biphenyl, vinyl naphthalene, and viny! 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.

8a. Copolymers including aforementioned vinyl aromatic monomers and comonomers selec-
ted from ethylene, propylene, dienes, nitriles, acids, maleic anhydrides, maleimides, vinyl
acetate and viny! chloride or acrylic derivatives and mixtures thereof, for example styrenefbu-
tadiene, styrene/acrylonitrile, styrene/ethylene (interpolymers), styrene/alkyl methacrylate,
styrene/butadiene/alkyl acrylate, styrene/butadienefalkyl methacrylate, styrene/maleic anhy-
dride, styrene/acrylonitrile/methyl acrylate; mixtures of high impact strength of styrene copo-
lymers and another polymer, for example a polyacrylate, a diene polymer or an ethylene/pro-
pylene/diene terpolymer; and block copolymers of styrene such as styrene/butadiene/sty-
rene, styrenefisoprene/styrene, styrene/ethylene/butylene/styrene or styrene/ethylene/propy~
lene/styrene.

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

6¢. Hydrogenated aromatic polymers derived from hydrogenation of polymers mentioned
under 6a.).
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\
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 a-methyistyrene, for
example styrene on polybutadiene, styrene on polybutadiene-styrene or polybutadiene-acry-
lonitrile copolymers; styrene and acrylonitrile (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, chiorinated rubbers, chlorinated
and brominated copolymer of isobutylene-isoprene (halobutyl rubber), chlorinated or sulfo-
chlerinated polyethylene, copolymers of ethylene and chlorinated ethylene, epichlorohydrin
homo- and copblymars, especially polymers of halogen-containing vinyl compounds, for
example polyvinyl chloride, polyvinylidene chloride, polyvinyl flucride, polyvinylidene fluaride,
as well as copolymers thereof such as viny! chloride/vinylidene chloride, vinyl chloridefvinyl
acetate or vinylidene chioride/vinyl acetate copolymers.

9. Polymers derived from o,B-unsaturated acids and derivatives thereof such as polyacry-
lates and polymethacrylates; polymethyl methacrylates, polyacrylamides and polyacryioni-
triles, impact-modified with buty acrylate.

10. Copolymers of the monomers mentioned under 9) with each other or with other unsatu-
rated monomers, for example acrylonitrile/ butadiene copolymers, acrylonitrile/alkyl acrylate
copolymers, acrylonitrile/alkoxyalkyl acrylate or acrylonitrile/vinyl halide copolymers or acry-
lonitrile/ alkyl methacrylate/butadiene terpolymers.
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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, polyallyl phthalate or polyallyl melamine; as
well as their copolymers with olefins mentioned in 1) above.

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

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

17. Polyureas, polyimides, polyamide-imides, polyetherimids, polyesterimids, polyhydantoins
and polybenzimidazoles.
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18. Polyestqrs derived from dicarboxylic acids and diols and/or from hydroxycarboxylic acids
or the corresponding lactones, for example polyethylene terephthalate, polybutylene tereph-
thalate, poly-1,4-dimethylolcyclohexane terephthalate, polyalkylene naphthalate (PAN) and
polyhydroxybenzoates, as well as block copolyether esters derived from hydroxyl-terminated
polyethers; and also polyesters modified with polycarbonates or MBS.

19. Polycarbonates and polyester carbonates.

20. Polyketones.

21. Polysuifones, 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 phenol/formaldehyde resins, ureafformaldehyde re-
sins and melamine/formaldehyde resins.

23. Drying and non-drying alkyd resins.

24, Unsaturated polyester resins derived from copolyesters of saturated and unsaturated
dicarboxylic acids with palyhydric alcohols and vinyl compounds as crosslinking agents, and

also halogen-containing modifications thereof of low flammability.

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

28. Alkyd resins, polyester resins and acrylate resins crosslinked with melamine resins, urea
resins, isocyanates, isocyanurates, polyisocyanates or epoxy resins,

27. Crosslinked epoxy resins derived from aliphatic, cycloaliphatic, heterocyclic or aromatic

glycidyl compounds, e.g. products of diglycidyl ethers of bisphenol A and bisphenol F, which

are crosslinked with customary hardeners such as anhydrides or amines, with or without
accelerators.
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28, Natural polymers such as celiulose, rubber, gelatin and chemically modified hamologous
derivatives thereof, for example cellulose acetates, cellulose propionates and cellulose
butyrates, or the cellulose ethers such as methyl cellulose; as well as rosins and their
derivatives.

29. 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, PCI/ASA,
PC/PBT, PVC/CPE, PVClacrylates, POMithermoplastic PUR, PC/thermopiastic PUR,
POM/acrylate, POM/MBS, PPOMIPS, PPO/PA 6.6 and copolymers, PA/HDPE, PA/PP,
PA/PPO, PBT/PC/ABS or PBT/PET/PC.

30. Naturally occurring and synthetic organic materials which are pure monomeric com-
pounds or mixtures of such compounds, for example mineral oils, animal and vegetable fats,
oil and waxes, or oils, fats and waxes based on synthetic esters (e.g. phthalates, adipates,
phosphates or frimellitates) and also mixtures of synthetic esters with mineral oils in any
weight ratios, typically those used as spinning compositions, as well as aqueous emulsions
of such materials.

31. Aqueous emulsions of natural or synthetic rubber, e.g. natural latex or latices of carbo-
xylated styrene/butadiene copolymers.

32. Pre-polymeric monomers or oligomers of the aforementioned polymers or blends.

33. Sols, especially organosols, as stable liquid suspensions of colloidal nano-particles in a
diluent, a reactive (e.g. crosslinking) diluent or in a polymerizable or crosslinking monomer,
or in a mixture of all.

Preferred organic materials are polymers, for example a pre-polymer for a nanocomposite
material, in particular synthetic polymers, for example thermoplastic polymers. Polyamides
and polyolefins are particularly preferred. Examples of preferred polyolefins are polypropy-
lene or polyethylene. '

Preferably, component (b) is added to the material to be stabilized, compatibilized, flame-
retarded and/or polymerization regulated in an amount from 0.01 to 10%, in particular 0.01 to
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2%, f&r example 0.1 to 2%, relative to the weight of the organic material to be stabilized,
compatibilized, flame-retarded and/or polymerization regulated.

The compositions according to the invention can contain, in addition to components (a) and
(b), additional additives, for example the ones'listed below:

1. Antioxidants-

1.1 Alkylated monophenois, for example 2,6-di-tert-butyl-4-methylphenol, 2-tert-butyl-4,6-di-
methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-bu-
tyl-4-isobutylphenol, 2,6-dicyclopentyl-4-methylphenol, 2-(c-methyleyclohexyl)-4,8-dimethyl-
phenol, 2,6-dioctadecyl-4-methyiphenol, 2,4,8-ricyclohexylphenol, 2,6-di-tert-butyl-4-meth-
oxymethylphenol, nonylphenols which are linear or branched in the side chains, for example
2,6-di-nonyl-4-methylphenol, 2,4-dimethyl-8-(1-methylundec-1-yl)phenol, 2,4-dimethyl-6-(1'-
methylheptadec-1'-yl)phenol, 2,4-dimethyl-6-(1-methyltridec-1"-yljpheno! and mixtures there-
of.

1.2. Alkyithiomethylphenols, for example 2,4-dioctylthiomethyl-6-tert-butylphenol, 2,4-dioctyl-
thiomethyl-6-methylphenol, 2,4-dioctylthiomethyi-6-ethylphenol, 2,6-di-dodecylthiomethyl-4-
nonylphenol.

1.3. Hydroquinones and alkylated hydroguinones, for example 2,6-di-tert-butyl-4-methoxy-
phenol, 2,5-di-tert-butylhydroquinone, 2,5-di-tert-amylhydroquinone, 2,6-diphenyl-4-octade-
cyloxyphenol, 2,6-di-tert-butylhydroquinone, 2,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-bu-
tyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hydroxyphenyl stearate, bis(3,5-di-tert-butyl-4-hy-
droxyphenyl) adipate. ‘

1.4. Tocopherols, for example a-tocopherol, B-tocopherol, y-tocopherol, S-tocopherol and
mixtures thereof (vitamin E);

1.5. Hydroxylated thiodiphenyl ethers, for example 2,2"-thiobis(6-tert-butyl-4-methylphenol),
2,2'-thiobis(4-octyiphenol), 4,4'-thiobis(8-tert-butyl-3-methylphenol), 4,4'-thicbis(6-tert-butyl-
2-methylphenol), 4,4'-thiobis(3,6-di-sec-amylphenol), 4,4'-bis(2,6-dimethyl-4-hydroxyphenyl)-
disulfide.
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1.6. Alkylidenebisphenols, for example 2,2'-methylenebis(6-tert-butyl-4-methylphenol), 2,2'-
methylenebis(6-tert-butyl-4-ethylphenol), 2,2'-methylenebis[4-methyl-6~(c-methylcyclohexyl)-
phenol],  2,2-methylenebis{4-methyl-6-cyclohexylphenol),  2,2-methylenebis(8-nonyl-4-
methylphenol), 2,2'-methylenebis(4,6-di+teri-butylphenol), 2,2"-ethylidenebis(4,6-di-tert-butyl-
phenol), 2,2-ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2-methylenebis[6-(a-methylben-
zyl)-4-nonylphenol], 2,2'-methylenebis[6-(a, a-dimethylbenzyl)-4-nonylphenol],  4,4'-methy-
lenebis(2,6-di-tert-butylphenal),  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-methylpheny)-3-n-dodecylmercaptobutane, ethylene glycol bis[3,3-bis(3"-tert-
butyl-4'-hydroxyphenyl)butyrate], bis(3-tert-butyl-4-hydroxy-5-methyl-phenyl)dicyclopenta-
diene, bis[2-(3'-tert-hutyl-2-hydroxy-5-methylbenzyl)-6-tert-butyl-4-methylphenyljterephtha-
late, 1,1-bis-(3,5-dimethyl-2-hydroxyphenyl)butane,  2,2-bis(3,5-di-tert-butyl-4-hydroxyphe-
nyl)propane, 2,2-bis~(5-tert-butyl-4-hydroxy2-methylphenyl)-4-n-dodecylmercaptobutane,
1,1,5,5-tetra(5-tert-butyl-4-hydroxy-2-methylphenyl)pentane.

1.7. O-, N- and S-benzyl compounds, for example 3,5,3',5tetra-tert-butyl-4,4'-dihydroxydi-
benzyl ether, octadecyl-4-hydroxy-3,5-dimethylbenzylmercaptoacetate, tridecyl-4-hydroxy-
3,5-di~tert-butylbenzylmercaptoacetate, tris(3,5-di-tert-butyl-4-hydroxybenzyhamine, bis(4-
tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithioterephthalate, bis(3,5-di-tert-butyl-4-hydroxy-
benzylsulfide, isooctyl-3,5-di-tert-butyl-4-hydroxybenzylmercaptoacetate.

1.8. Hydroxybenzylated malonates, for example dioctadecyl-2,2-bis(3,5-di-tert-butyl-2-hy-
droxybenzyi)malonate, di-octadecyl-2-(3-tert-butyl-4-hydroxy-5-methylbenzyl)malonate, di-
dodecylmercaptoethy!-2,2-bis(3,5-di-tert-butyl-4-hydroxybenzyl)malonats,  bis[4-(1,1,3,3-te-
tramethylbutyl)phenyi]-2,2-bis(3,5-di-tert-butyl-4-hydroxybenzyl)malonats.

1.9. Aromatic hydroxybenzyl compounds, for example 1,3,5-tris(3,5-di-tert-butyl-4-hydroxy-
benzyl)-2.4,6-timethylbenzene,  1,4-bis(3,5-di-tert-butyl-4-hydroxybenzyl)-2,3,5,6-tetrame-
thylbenzene, 2,4,6-iris(3,5-di-tert-butyl-4-hydroxybenzyl)phenol.

1.10. Triazine compounds, for example 2,4-bis(octylmercapto)-6-(3,5-di-tert-butyl-4-hydroxy-
anilino)-1 3,5-triazine, 2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyanilino)-1,3,5-tri-
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azine, 2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,3,5-triazine, 2,4,6-tris-
(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,2,3-triazine,  1,3,5-tris(3,5-di-tert-butyl-4-hydroxyben-
zyl)isocyanurate, 1,3,5-tris(4-tert-butyl-3-hydroxy-2,8-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-hydroxy-
phenylpropionyl)-hexahydro-1,3,5-triazine,  1,3,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl)iso-
cyanurate.

1.11. Benzylphosphonates, for example dimethyl-2,5-di-tert-butyl-4-hydroxybenzylphospho-
nate, diethyl-3,5-di-tert-butyl-4-hydroxybenzylphosphonate, dioctadecyi3,5-di-tert-butyl-4-hy-
droxybenzylphosphonate,  dioctadecyl-5-tert-butyl-4-hydroxy-3-methylbenzylphosphonate,
the calcium salt of the monoethy! ester of 3,5-di-tert-butyl-4-hydroxybenzylphosphonic acid.

1.12. Acylaminophenols, for example 4-hydroxylauranilide, 4-hydroxystearanilide, octyl N-
(3,5-di-tett-butyl-d-hydroxyphenyl)carbamate.

1.13. Esters of p-(3.5-di-tert-butyl-4-hydroxyphenvlpropionic acid with mono- or polyhydric
alcohols, e.g. with methanol!, ethanol, n-octanoal, i-octanol, octadecanol, 1,6-hexanediol, 1,9-
nonanediol, ethylene glycol, 1,2-propanediol, neopenty! glycol, thiodiethylene glycol, diethy-
lene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'-bis(hy-
droxyethyf)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylol-
propane, 4-hydroxymethyl-1-phospha-2,8,7-trioxabicyclo[2.2.2]octane.

1.14. Esters of B-(5-tert-butyl-4-hydroxy-3-methylphenyl)oropionic_acid with mono- or' poly-
hydric alcohols, e.g. with methanol, ethanol, n-octanol, i~octanol, octadecanol, 1,6-hexanedi-

ol, 1,9-nonanediol, ethylene giycol, 1,2-propanediof, neopentyl glycol, thiodiethylene glycol,
diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'-bis-
(hydroxyethyl)oxamide, 3-thiaundecanal, 3-thiapentadecanol, trimethylhexanediol, trimethyl-
olpropane, 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]-
undecane.

1.15. Esters of p~(3,5-dicyclohexyl-4-hydroxyphenyl)propionic acid with mono- or polyhydric
alcohols, e.g. with methanal, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol,
ethylene glycol, 1,2-propanediol, neopentyl giycol, thiodiethylene glycol, diethylene glycol, tri-
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ethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'-bis(hydroxyethyl)ox-
amide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpropane, 4-hy-
droxymethyl-1-phospha-2,6,7-trioxabicycio[2.2.2]octane.

1.16. Esters of 3.5-di-tert-buty!-4-hydroxyphenyl acetic acid with mono- or polyhydric alco-
hols, e.g. with methanol, ethanol, octanol, octadecanal, 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(hydroxyethyljox-
amide, 3-thiaundecanol, 3-thiapentadecano, trimethylhexanediol, trimethylolpropane, 4-hy-
droxymethyl-1-phospha-2,8, 7-trioxabicyclo]2.2,2]octane.

1.17. Amides of B-(3.5-di-fert-butyl-4-hydroxyphenyl)propionic acid e.g. N,N“-bis(3,5-di-tert-
butyl-4-hydroxyphenylpropionyl)hexamethylenediamide, N,N'"-bis(3,5-di-tert-butyi-4-hydroxy-
phenylpropionyl)trimethylenediamide, N,N'-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hy-
drazide, ~N,N'“-bis[2-(3-[3,5-di-tert-butyl-4-hydroxyphenyl]propionyloxy)ethyljoxamide (Nau-
gard®XL-1, supplied by Uniroyal).

1.18. Ascorbic acid (vitamin C)

1.19. Aminic antioxidants, for example N,N'-di-isopropyl-p-phenylenediamine, N,N'-di-sec-bu-
tyl-p-phenylenediamine, N,N'-bis(1,4-dimethylpentyl)-p-phenylenediamine, N,N'-bis(1-ethyl-3-
methylpentyl)-p-phenylenediamine, N,N'-bis(1-methylheptyl)-p-phenylenediamine, N,N'-dicy-
clohexyl-p-phenylenediamine, ~N,N"-diphenyl-p-phenylenediamine, N,N"bis(2-naphthyi)-p-
phenylenediamine, N-isopropyl-N'-phenyl-p-phenylenediamine, N-(1,3-dimethylbutyl)-N'-phe-
nyl-p-phenylenediamine, N-(1-methylheptyl)-N'-phenyl-p-phenylenediamine, N-cyclohexyl-N'-
phenyl-p-phenylenediamine,  4-(p-toluenesulfamoyl)diphenylamine, N,N-dimethyl-N,N'-di-
sec-butyl-p-phenylenediamine, diphenylamine, N-allyldiphenylamine, 4-isopropoxydiphenyl-
amine, N-phenyl-1-naphthylamine, N-(4-tert-octylphenyl)-1-naphthylamine, N-phenyl-2-naph-
thylamine, octylated diphenylamine, for example p,p'-di-tert-octyldiphenylamine, 4-n-butyl-
aminophenol, 4-butyrylaminophenol, 4-nonanoylaminophenol, 4-dodecanoylaminophenol, 4-
octadecanoylaminophenol,  bis(4-methoxyphenyl)amine,  2,6-di-tert-butyl-4-dimethylamino-
methylphenol, 2,4'-diaminodiphenylmethane, 4,4'-diaminodiphenylmethane, N,N,N',N'-tetra-
methyl-4,4'-diaminodiphenylmethane, 1,2-bis[(2-methylphenyl)aminojethane, 1,2-bis(phenyl-
amino)propane, (o-tolyl)biguanide, bis[4-(1',3"dimethylbutyl)phenyljamine, tert-octylated N-
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phenyl-1-naphthylamine, a mixture of mono- and dialkylated tert-butylitert-octyldiphenyl-
amines, a mixture of mono~ and dialkylated nonyldiphenylamines, a mixture of mono- and
dialkylated dodecyldiphenylamines, a mixture of mono- and dialkylated isopropylfisohexyl-
diphenylamines, a mixture of mono- and dialkylated tert-butyldiphenylamines, 2,3-dihydro-
3,3-dimethyl-4H-1,4-benzothiazine, phenothiazine, a mixture of mono- and dialkylated tert-
butyl/tert-octylphenothiazines, a mixture of mono- and dialkylated tert-octylphenothiazines,
N-allylphenothiazine, N,N,N',N'-tetraphenyl-1,4-diaminobut-2-ene.

2. UV absorbers and light stabilizers

2.1._2-(2-Hydroxyphenyl)benzotriazoles, for example 2-(2'-hydroxy-5'-methylphenyl)benzo-
triazole, 2-(3',5'-di-tert-butyl-2"-hydroxyphenyl)benzotriazole, 2-(5'-tert-butyl-2'-hydroxyphe-
nyl)benzotriazole, 2-(2'-hydroxy-5'-(1,1,3,3-tetramethylbutyl)phenyl)benzotriazole, 2-(3',5'-di-
tert-butyl-2'-hydroxyphenyl)-5-chlorobenzotriazole,  2~(3'-tert-butyl-2'-hydroxy-5'-methylphe-

nyl)-8-chlorobenzotriazole, 2-(3'-sec-butyl-5'-tert-butyl-2'-hydroxyphenylbenzotriazole, 2-(2'- .

hydroxy-4'-octyloxyphenyl)benzotriazole, 2-(3',5'-di-tert-amy}-2'-hydroxyphenyl)benzotriazole,
2~(3',5"-bis(o,a-dimethylbenzyl)-2'-hydroxyphenyl)benzotriazole, 2-(3-tert-butyl-2'-hydroxy-5'-
{2-octyloxycarbonylsthyl)phenyl)-5-chlorobenzotriazole, 2-(3tert-butyl-5'-[2-(2-ethylhexyi-
oxy)carbonylethyl]-2'-hydroxyphenyl)-5-chiorobenzotriazole, ~2-(3'-tert-butyl-2'-hydroxy-5'-(2-
methoxycarbonylethyl)phenyl)-5-chlorobenzotriazole,  2~(3'-tert-butyl-2-hydroxy-5'-(2-meth-
oxycarbonylethyl)phenyl)benzotriazole, 2-(3'-tert-butyl-2"-hydroxy-5'-(2-octyloxycarbonyl-
ethyl)phenyl)benzotriazole, 2-(3-tert-butyl-5'-[2-(2-ethylhexyloxy)carbonylethyl]-2"-hydroxy-
phenyl)benzotriazole, 2-(3'-dodecyl-2'-hydroxy-5"-methylphenyl)benzotriazole, 2-(3-tert-butyl-
2'-hydroxy-5'-(2-isooctyloxycarbonylethyl)phenylbenzotriazole, 2,2'-methylenebis[d-(1,1,3,3-
tetramethylbutyl)-6-benzotriazole-2-ylphenol]; the transesterification product of 2-[3-tert-bu-
tyl-5"-(2-methoxycarbonylethyl)-2'-hydroxyphenyl]-2H-benzotriazole with polysthylene glycol

300; [R—CHECHZ—COO—CHZCHZ—]; , where R = 3'-tert-butyl-4"-hydroxy-5-2H-benzotri-

azol-2-yiphenyl,  2-[2-hydroxy-3'-(o,a-dimethylbenzyi)-5'-(1,1,3,3-tetramethylbutyl)phenyi]-
benzotriazole; 2-[2'-hydroxy-3'-(1,1,3,3-tetramethylbutyl)-5'-(a,a-dimethylbenzyl)phenyllben-
zotriazole.

2.2. 2-Hydroxybenzophenones, for example the 4-hydroxy, 4-methoxy, 4-actyloxy, 4-decyl-
oxy, 4-dodecyloxy, 4-benzyloxy, 4,2'4'-trihydroxy and 2"-hydroxy-4,4'-dimethoxy derivatives.
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2.3. Esters of substituted and unsubstituted benzoic acids, for example 4-tert-butylphenyl
salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyl resorcinol, bis(4-tert-butylben-
zoylyresorcinol, benzoyl resorcinol, 2,4-di-tert-butylpheny! 3,5-di-tert-butyl-4-hydroxybenzo-
ate, hexadecyl 3,5-di-tert-butyl-4-hydroxybenzoate, octadecyl 3,5-di-tert-butyl-4-hydroxyben-
zoate, 2-methyl-4,6-di-tert-butylphenyl 3,5-di~tert-butyl-4-hydroxybenzoate.

24. Acrylates, for example ethyl a-cyano-B,8-diphenylacrylate, iscoctyl a-cyano-B,B-diphe-
nylacrylate, methyl a-carbomethoxycinnamate, methyl o~cyano-p-methyl-p-methoxycinna-
mate, butyl a-cyano-B-methyl-p-methoxycinnamate, methyl a-carbomethoxy-p-methoxycin-
namate and N-(B-carbomethoxy-B-cyanovinyl)-2-methylindoline.

2.5. Nickel compounds, for example nickel complexes of 2,2'-thiobis[4-(1,1,3,3-tetramethyl-
butyl)phenol], such as the 1:1 or 1:2 complex, with or without additional ligands such as n-
butylamine, triethanolamine or N-cyclohexyldiethanolamine, nickel dibutyldithiocarbamate,
nickel salts of the monoalkyl esters, e.g. the methyl or ethyl ester, of 4-hydroxy-3,5—éii-tert-
butylbenzylphosphonic acid, nickel complexes of ketoximes, e.g. of 2-hydroxy-4-methyiphe-
nylundecylketoxime, nickel complexes of 1-phenyl-4-lauroyl-5-hydroxypyrazole, with or with-
out additional ligands.

2.6. Sterically hindered amines, for example bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate,
bis(2,2,6,8-tetramethyl-4-piperidyl)succinate, bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate,
bis(1-octyloxy-2,2,6,6-tetramethyl-4-piperidyl)sebacate, bis(1,2,2,6,8-pentamethyl-4-piperi-
dyl) n-butyl-3,5-di-tert-butyl-4-hydroxybenzyimalonate, the condensate of 1-(2-hydroxyethyl)-
2,2,6,8-tetramethyl-4-hydroxypiperidine and succinic acid, finear or cyclic condensates of
N,N'-bis(z,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-tert-octylamino-2,6-di-
chioro-1,3,5-triazine, tris(2,2,6,6-tetramethyl-4-piperidyhnitrilotriacetate, tetrakis(2,2,6,6-tetra-
methyl-4-piperidyl)-1,2,3,4-butanetetracarboxylate, 1,1'-(1,2-ethanediyl)-bis(3,3,5,5-tetrame-
thylpiperazinone), 4-benzoyl-2,2,6,6-tetramethylpiperidine, 4-stearyloxy-2,2,6,6-tetramethyl-
piperidine, bis(1,2,2,8,6-pentamethylpiperidyl)-2-n-butyl-2~(2-hydroxy-3,5-di-tert-butylbenzyl)-
malonate, 3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5]decane-2,4-dione,  bis(1-octyl-
0xy-2,2,6 6-tetramethylpiperidyl)sebacate,  bis(1-octyloxy-2,2,6,6-tetramethylpiperidyl)succi-
nate, linear or cyclic condensates of N,N'-bis(2,2,8,6-tetramethyl-4-piperidyl)hexamethylene-
diamine and 4-morpholino-2,6-dichloro-1,3,5-triazine, the condensate of 2-chioro-4,6-bis(4-n-
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butylamino-2,2,6,6-tetramethylpiperidyl)-1,3,5-triazine  and  1,2-bis(3-aminopropylamino)-
ethane, the condensate of 2-chloro-4,6-di-(4-n-butylamino-1,2,2,6,6-pentamethylpiperidyl)-
1,3,5-triazine and 1,2-bis(3-aminopropylamino)ethane, 8-acetyl-3-dodecyl-7,7,9,9-tetrame-
thyl-1,3,8-triazaspiro[4.5]decane-2,4-dione, 3-dodecyl-1-(2,2,6,6-teframethyl-4-piperidy)pyr-
rolidine-2,5-dione,  3-dodecyl-1-(1,2,2,6,6-pentamethyl-4-piperidyl)pyrrolidine-2,5-dione, a
mixture of 4-hexadecyloxy- and 4-stearyloxy-2,2,6,6-tetramethylpiperidine, a condensate of
N,N'-bis(2,2,6,8-tetramethyl-4-piperidyl)hexamethylenediamine and 4-cyciohexylamino-2,6-
dichloro-1,3,5-triazine, a condensate of 1,2-bis(3-aminopropylamino)ethane and 2,4,6-tri-
chloro-1,3,5-triazine as weli as 4-butylamino-2,2,6,6-tetramethylpiperidine (CAS Reg. No.
[136504-96-6]); a condensate of 1,6-hexanediamine and 2 ,4,6-trichloro-1,3,5-triazine as well
as N,N-dibutylamine and 4-butylamino-2,2,6,6-tetramethylpiperidine (CAS Reg. No.
[192268-64-7]);  N-(2,2,6,6-tetramethyl-4-piperidyl)-n-dodecylsuccinimide,  N-(1,2,2,6,6-
pentamethyl-4-piperidyl)-n-dodecylsuccinimide, ~ 2-undecyi-7,7,9,9-tetramethyl-1-oxa-3,8-di-
aza-4-oxo-spira[4,5]decane, a reaction product of 7,7,9,9-tetramethyl-2-cycloundecyl-1-oxa-
3,8-diaza4-oxospiro-[4,5]decane and  epichlorohydrin,  1,1-bis(1,2,2,6,6-pentamethyl-4-
piperidyloxycarbonyl)-2-(4-methoxyphenyl)ethene, N,N'-bis-formyl-N,N'-bis(2,2,6,6-tetrame-
thyl-4-piperidyl}hexamethylenediamine, a diester of 4—methoxyh1ethylenemalonic acid with
1,2,2,6,6-pentamethyl-4-hydroxypiperidine, poly{methylpropy!-3-oxy-4-(2,2,6,6-tetramethyl-4-
piperidyl)Jsiloxane, a reaction product of maleic acid anhydride-a-olefin copolymer with
2,2,6,6-tetramethyl-4-aminopiperidine or 1,2,2,6,6-pentamethyl-4-aminopiperidine.

2.7. Oxamides, for example 4,4'-dioctyloxyoxanilide, 2,2'-diethoxyoxanilide, 2,2'-dioctyloxy-
5,5'-di-tert-butoxanilide, 2,2'-didodecyloxy-5,5'-di-tert-butoxanilide, 2-ethoxy-2'-ethyloxanilide,
N, N'-bis(3-dimethylaminopropyl)oxamide, 2-ethoxy-5-tert-butyl-2-ethoxanilide and its mixture
with 2-ethoxy-2'-ethyl-5,4"-di-tert-butoxanilide, mixtures of o- and p-methoxy-disubstituted
oxanilides and mixtures of o- and p-ethoxy-disubstituted oxanilides.

2.8. 2~(2-Hydroxyphenyh-1.3 5-triazines, for example 2,4,6-iris(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-propyl-
oxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine,  2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-
methylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-
1,3,5-triazine, 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-
[2-hydroxy-4-(2-hydroxy-3-butyloxypropoxy)phenyl}-4,6-bis(2, 4-dimethyl)-1,3,5-triazine, 2-2-
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hydroxy-4-(2-hydroxy-3-octyloxypropyloxy)phenyl]-4,8-bis(2,4-dimethyl)-1,3,5-triazine, 2-{4-
(dodecyloxyitridecyloxy-2-hydroxypropoxy)-2-hydroxyphenyl}-4,6-bis(2,4-dimethyiphenyl)-
1,3,5-triazine,  2-[2-hydroxy-4-(2-hydroxy-3-dodecyloxypropoxy)phenyl]-4,6-bis(2,4-dimethyl-
phenyl)-1,3,5-triazine, ~2-(2-hydroxy-4-hexyloxy)phenyl-4,8-diphenyl-1,3,5-triazine, 2-(2-hy-
droxy-4-methoxyphenyl)-4,6-diphenyl-1,3,5-triazine, - 2,4,8-tris[2-hydroxy-4-(3-butoxy-2-hy-
droxypropoxy)phenyl]-1,3,5-triazine, 2-(2-hydroxyphenyl)-4-(4-methoxyphenyl)-8-phenyl-
1,3,5-triazine, 2-{2-hydroxy-4-[3-(2-ethylhexyl-1-oxy)-2-hydroxypropyloxylphenyl}-4,6-bis(2,4-
dimethylphenyi)-1,3,5-triazine.

" 3. Metal deactivators, for example N,N'-diphenyloxamide, N-salicylal-N'-salicyloyl hydrazine,

N,N"-bis(salicyloyhhydrazine, ~N,N'“-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hydrazine,
3-salicyloylamino-1,2,4-triazole, bis(benzylidene)oxalyl dihydrazide, oxanilide, isophthaloyl
dihydrazide, sebacoyl bisphenylhydrazide, N,N'-diacetyladipoy! dihydrazide, N,N'-bis(salicyl-
oyl)oxalyl dihydrazide, N,N'-bis(salicyloyl)thiopropionyl dihydrazide.

4. Phosphites and phosphonites, for example triphenyl phosphite, diphenylalkyl phosphites,
phenyldialky! phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite, trioctadecy! phos-
phite, distearylpentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite, diisodecyl
pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite, bis(2,4-di-
cumylphenyl)pentaerythritol diphosphite, bis(2,6-di-tert-butyl-4-methylphenylpentaerythritol
diphosphite, diisodecyloxypentaerythritol diphosphite, bis(2,4-di-tert-butyl-8-methyiphenyl)-
pentaerythritol diphosphite, bis(2,4,6-tris(tert-butylphenyl)pentaerythritol diphosphite, tristea-
1yl sorbitol triphosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4™-biphenylene diphosphonite, 6-
isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-dibenz[d,g]-1,3,2-dioxaphosphocin,  bis(2,4-di-tert-
butyl-6-methylphenyl)methyl phosphite, bis(2,4-di-tert-butyl-6-methylphenylethyl phosphite,
6-fluoro-2,4,8, 10-tetra-tert-butyl-12-methyl-dibenz[d,g]-1,3,2-dioxaphosphocin, 2,2',2"-nitrilo-
[triethyliris(3,3',5,5-tetra-tert-butyl-1,1"-biphenyl-2,2"-diyl)phosphite], 2-ethylhexyl(3,3',5,5te-
tra-tert-butyl-1,1'-biphenyl-2,2'-diy)phosphite, ~ 5-butyl-5-ethyl-2-(2,4,6-tri-tert-butylphenoxy)-
1,3,2-dioxaphosphirane.

5. Hydroxylamines, for example N,N-dibenzylhydroxylamine, N,N-diethylhydroxylamine, N,N-
dioctylhydroxylamine,  N,N-ditaurylhydroxylamine, ~N,N-ditetradecylhydroxylamine, N,N-
dihexadecythydroxylamine, N,N-dioctadecylhydroxylamine, N-hexadecyl-N-octadecylhydrox-
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ylamine, N-heptadecyl-N-octadecylhydroxylamine, N,N-dialkylhydroxylamine derived from
hydrogenated tallow amine.

6. Nitrones, for example N-benzyl-alpha-phenylnitrone, N-ethyl-alpha-methyinitrone, N-octyl-
alpha-heptylnitrone,  N-lauryl-alpha-undecylnitrone, N-tetradecyl-alpha-tridecylnitrone, N-
hexadecyl-alpha-pentadecylnitrone, N-octadecyl-alpha-heptadecyinitrone, N-hexadecyl-al-
pha-heptadecylnitrone, N-ocatadecyl-alpha-pentadecyinitrone, N-heptadecyl-alpha-hepta-
decylnitrone, N-octadecyl-alpha-hexadecylnitrone, nitrone derived from N,N-dialkylhydroxyl-
amine derived from hydrogenated tallow amine.

Z. Thiosynergists, for example dilauryl thiodipropionate or disteary! thiodipropionate.

8. Peroxide scavengers, for example esters of -thiodipropionic acid, for example the lauryl,
stearyl, myristyl or tridecyl esters, mercaptobenzimidazole or the zinc salt of 2-mercapto-
benzimidazole, zinc dibutyldithiocarbamate, dioctadecy! disulfide, pentaerythritol tetrakis(B-
dodecylmercapto)propicnate.

9. Polyamide stabilisers, for example copper salts in combination with iodides and/or phos-
phorus compounds and salts of divalent manganese.

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

11. Nucleating agents, for example inorganic substances, such as talcum, metal oxides,
such as titanium dioxide or magnesium oxide, phosphates, carbonates or sulfates of,
preferably, alkaline earth metals; organic compounds, such as mono- or polycarboxylic acids
and the salts thereof, e.g. 4-tert-butylbenzoic acid, adipic acid, diphenylacstic acid, sodium
succinate or sodium benzoate; polymeric compounds, such as ionic copolymers (ionomers).
Especially preferred are 1,3:2,4-bis(3",4-dimethylbenzylidene)sorbitol, 1,3:2,4-di(paramethyl-
dibenzylidene)sorbital, and 1,3:2,4-di(benzylidene)sorbitol.
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12. Fillers and reinforcing agents, for example calcium carbonate, silicates, glass fibres\,
glass bulbs, asbestos, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, car-
bon biack, graphite, wood flour and flours or fibers of other natural products, synthetic fibers.

13. Other additives, for example plasticisers, lubricants, emulsifiers, pigments, rheology
additives, . catalysts, flow-control agents, optical brighteners, flameproofing agents, antistatic
agents and blowing agents.

14. Benzofuranones and indolinones, for example those disclosed in U.S. 4,325,863;
U.S. 4,338,244, U.S. 5,175,312; U.S. 5,216,052; U.S. 5,252,643; DE-A-4316611;
DE-A-4316622; DE-A-4316876; EP-A-0589838 or EP-A-0591102 or 3-[4-(2-acetoxyethoxy)-
phenyl}-5,7-di-tert-butylbenzofuran-2-one, 5,7-di-tert-butyl-3-[4-(2-stearoyloxyethoxy)phenyll-
benzofuran-2-one, 3,3"-bis[5,7-di-tert-butyl-3-(4-[2-hydroxyethoxy]phenyl)benzofuran-2-one],
5,7-di-tert-butyl-3-(4-ethoxyphenylbenzofuran-2-one, 3-(4-acetoxy-3,5-dimethylphenyl)-5,7-
di-tert-butylbenzofuran-2-one, 3-(3,5-dimethyl-4-pivaloyloxyphenyl)-5,7-di-tert-butylbenzo-
furan-2-one, 3~(3,4~dimethylphenyl)-5,7-di-tert-butylbenzofuran-2-one, 3-(2,3-dimethylphe-
nyl)-5,7-di-tert-butylbenzofuran-2-one.

The costabilizers are added, for example, ih concentrations of 0.01 to 10%, relative to the
total weight of the material to be stabilized and/or compatibilized.

Incorporation of component (b) and, if desired, further additives into the polymeric, organic
material is carried out by known methods, for example before or during moulding or else by
applying the dissolved or dispersed compounds to the polymeric, organic material, if appro-
priate with subsequent slow evaporation of the solvent. Component (b) can also be added o
the materials to be stabilized in the form of a masterbatch or a colloidal sol or organosol
containing for example 5 to 50 % by weight of component (b).

Component (b) can also be added before or during polymerisation or before crossiinking.

Component (b) can be incorporated into the material to be stabilized and/or compatibitized in
pure form or encapsulated in waxes, oils or polymers.
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Component (b) can also be sprayed onto the material to be stabilized, compatibiliz;d, flame-
retarded and/or polymerized.

The materials thus treated as mentioned above can be used in various forms, for example
as films, fibres, ribbons, moulded materials, profiles, coatings or as binders for paints, adhe-
sives or cement.

The invention also relates to novel products obtainable by reacting a nano-scaled filler with a
compound of the formula 1

AD-L-RG U]

wherein
AD is an additive selected from the group of radical scavengers, hydroperoxide decompo-
sers, UV-absorbers, light stabilizers, flame retardants or photoinitiators,

i
Lis adirect bond, —R-O— or ~—R;-C—0— with the proviso that the oxygen atom is

attached to AD; C4-Casalkylene, C»-Casalkylene interrupted by -O-, -8-, -SO-, -SO;-,
i i i
/N—Ra y —C— 1+ —C—0— —c—riq— , phenylene or Cs-Cscycloalkylene;
R4

or a block-graft copolymer,

R,
|i. - |3. - +/R5 - 1] ?l)
RGis —FI\I—RB X, —‘F}"Rs X, —S_ X + —C—Ry _ISI—RB'
R, R, Rs o}
0
ﬁ ﬁ p) A /N Ry
_‘T_Rm . _O_f_Rm f < Ry X, <+ 5 X, — s
Rq Ry H/ -; H/'\{R
"2 12
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O,
$1:« ?Si(CHa):s Tfs 1?15 !
—N s —?i—R“ . —?i—CH3 s —Ti—Rﬂ or —-%r-Rzu s
Rys OSIi(CH,), R R,
wherein

R1is C4-Cygalkylene,

R» s a direct bond or C,-Cysalkylene,

Rs is hydrogen or C;-Cgalkyl,

Ry is hydrogen or C;-Caalkyl,

Rs, Rs and Ry are each independently of the others hydrogen, C;-Casalkyl, phenyl or
C-Casphenylalkyl,

Rs, R and Ry are each independently of the others hydroxyl, [_O' _: MH—} or

. I?Za
—0 Ry ’l\l = Ray
Res

R is hydrogen or C;-Cgsalkyl,

3

R1z is hydrogen or C1-Casalkyl, Cs-Casalkyl interrupted by oxygen, sulfur or by >N—R ;or

C»-Caalkenyl,

Ria Ri4 and Rys are each independently of the others halogen, amino, C,-Cysalkoxy or
C+-Casalkyl, with the proviso that at least one radical of Rys, Ris and Rys is different from
C-Casalkyl,

R, Ri7 and Rys are each independently of the others C4-Cyaalkoxy or C,-Cpsalkanoyloxy,

Ris, Rz @and Ry are each independently of the others C4~Ciqalkoxy, C,-Casalkanoyloxy or

benzoyloxy,

Rz, Ras, Ras and Rys are each independently of the others hydrogen, C1-Casalkyl or hydroxyl-
substituted C,-Coqalkyl,

M is a r-valent metal cation,

X Is fluoride, chloride, bromide, iodide, nitrite, nitrate, hydroxide, acetate, hydrogen sulfate,
sulfate, methyl sulfate or mixiures thereof, and
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ris1,2o0r3.

Of special interest of novel products obtainable by reacting a nano-scaled filler with a
compound of the formula | are those, wherein

AD is an additive selected from the group of radical scavengers, hydroperoxide decompo-
sers, UV-absorbers, light stabilizers, flame retardants or photoinitiators,

L is a direct bond, —R~0— with the proviso that the oxygen atom is attached to AD,

I )
—R;C—0— , C+~Cxsalkylene, C,-Cysalkylene interrupted by -O-, -S-, -SO-, -SO,-,

N 9 ? 0
/N—RJ , —C— + —C—0— —c—w— , phenylene, Cs-Cqcycloalkylene; or
R4
a maleic anhydride-grafted polypropylene,
Rs Ts R, Q ]
. + - + - + /8 - 1l 1]
REIs —H=Ry X, —P%R, X', —§( X, —C-R,, —FR .
R; R, Re [}
9 ? Ny Ao g
4 - 4 -
PR . TOTR—R, —<N}Rn X, *<N+ 5 X . —N ]
Ry R, N e
R‘Z R12
o]
'1?13 ?15 Ff‘g
—N , —§i~R14 ) T‘ R, or %r Ry
Ris Rig R,
wherein

Ry is Ci-C1galkylene,

Rg is a direct bond or C;-Cysalkylene,

Rs is hydrogen or C;~Cgalkyl,

R4 is hydrogen or C-Caalkyl,

Rs, Rs and Ry are each independently of the others hydrogen, C-Casalky!, phenyi o
C7-Casphenylalkyl, ’
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Rg, Ry and Ryq are each independently of the others hyHroxyl, [_ o ir Mﬁ] or

RZS

. s

—0 RzT'l‘l_Rza
R25

Ri1 Is hydrogen or C;-Czsalkyl,
Ry is hydrogen or C;-Casalkyl, Cs-Cosalkyl interrupted by oxygen, sulfur or by >N—R3 ;or

Cx-Caqalkenyl,

Rz, Rus and Rys are each independently of the others halogen, amino, C,-Cxalkoxy or
Ci-Casalkyl, with the proviso that at least one radical of Ry, Ryy and Rys is different from
Ci-Cosalkyl,

Rss, Ryr and Ry are each independently of the others C-Cysalkoxy or C»-Casalkanoyloxy,

Rio, Rao and Ry are each independently of the others C4-Cialkoxy, Cx-Casalkanayloxy or
benzoyloxy,

Rz, Rz, Res and Rys are each independently of the others hydrogen, C;-Casalkyl or hydroxyl-
substituted C,-Caaalkyl,

M is a r-valent metal cation,

X is fluoride, chloride, bromide, iodide, nitrite, nitrate, hydroxide, acetate, hydrogen sulfate,
sulfate, methyl sulfate or mixtures thereof, and

ris1,2or3.

Preferred groups of the novel products conform to the preferences given above for the com-
positions according to the invention.

The present invention further provides a process for stabilizing, flame-retarding and/or com-
patibilizing an organic material which is subject to oxidative, thermal or light-induced degra-
dation, which comprises incorporating therein, or applying thersto, at least one product obtai-
nable by rear;’iing a nano-scaled fililer with a compound of the formuta i.
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The present invention also provides a process for photoinitiating in-situ polymerization or
hardening of a pre-polymeric nanocomposite or sol to a nanocomposite material, which com-
prises incorporating therein, or applying thereto, at least one product obtainable by reacting
a nano-scaled filler with a compound of the formula I.

A further embodiment of the present invention is the use of a product obtainable by reacting
a nano-scaled filler with a compound of the formula | as stabilizer and/or flame-retarder
and/or compatibilizer for organic materials which are subject to oxidative, thermal or light-
induced degradation.

The present invention also provides the use of a product cbtainable by reacting a nano-
scaled filler with a compound of the formula | as photoinitiator for the in-situ polymerization
or hardening of pre-polymeric nanocomposites or sols to nanocomposite materials.

The preferred products and organic materials for the process and use are the same as those
for the compositions according to the invention.

The following Examples illustrate the invention in more detail. Parts or perceniages are by
weight.

Example 1: Product obtained by reacting a nano-scaled organophilic montmorillonite with a
compound of the formula (101).

a) Preparation of the compound of the formula (101).

HO  C(CH),

/N\
/N
=N (o} (')CH {101)

i s
CHz=CH;~C—NH—(CH,);~Si-OCH,
: OCH,
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HO,  C(CHy),

/N\
= /N o
N T
CHy—CH;~C—OCH,

Tinuvin 1130 (RTM)

35.3 g (0.10 mole) of Tinuvin 1130 (RTM, Ciba Specialty Chemicals Inc.), 21.5 ¢ (0.12 mole)
of 3-aminopropyl-trimethoxysilane and 0.50 g (2.0 mmole) of dibutyltinoxide are mixed and
heated to 130°C. The formed methanol is distilled off during 5 hours. The excess 3-amino-
propyl-trimethoxysilane is distilled off under reduced pressure using a vacuum rotary evapo-
rator. The residue yields 50 g of the compound of the formula (101) as a clear yellow, vis-
cous oil. "H-NMR (300 MHz, CDCls, ppm): 1.48 (s, 9H, tert-butyl); 3.53 (s, 9H, Si(OCH,)s).

b) Product obtained by reacting a nano-scaled organophilic montmorilionite with a compound
of the formula (101).

120 g of a nano-scaled organophilic montmorillonite [Nanomer® 1.42E] is suspended in 2.4 |
of ethanol (95 %) and heated under vigorous stirring to 75°C. Then, a solution of 4.2 g of the
compound of the formula (101), prepared according to Example 1a, in 50 ml of ethanol is
added dropwise during 10 minutes. Then the pH was adjusted with acetic acid (35 ml) to a
pH of 5.3. The reaction mixture is refluxed for 24 hours. The reaction mixture is cooled to
room temperature and the product isolated by filtration. The residue is washed with water
and ethanol and afterwards dried under vacuum to a constant weight. The slightly yellowish
powder (108 g) is homogenized in a mortar. It contains 3.2 % by weight of (2’-hydroxyphe-
nyl)benzotriazol type UV absorber.

Example 2: Product obtained by reacting a nano-scaled organophilic montmorillonite with a
compound of the formula (107).

a) Preparation of the compound of the formula (107).
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CH,),C,
(CH,), \ ; ?CHB
HO CH;CHZ—-C—NH—(CHZ);?i—OCHz (107)
OCH,
(CH,),C
(CHg),C,
I
HO CH;-CH7-C—OCH, Metilox (RTM)
(CHy),C

29.3 g (0.10 mole) of Metilox (RTM, Ciba Specialty Chemicals Inc.), 21.5 g (0.12 mole) of 3-
aminopropyl-trimethoxysilane and 0.5 g (2.0 mbmo[e) of dibutyltinoxide are mixed and heated
to 130°C. The formed methanol is distilled off during 2 hours. The excess 3-aminopropyl-
trimethoxysilane is distilled off under reduced pressure using a vacuum rotary evaporator.
The residue yields 43 g of the compound of the formula (107) as a slightly yellowish, viscous
ail. "H-NMR (400 MHz, CDCl, ppm): 1.43 (s, 18H, tert-butyl); 3.54 (s, 9H, Si(OCHz)s).

b) Product obtained by reacting a nano-scaled organophilic montmorillonite with a compound
of the formula (107).

120 g of a nano-scaled organophilic montmorillonite [Nanomer 1.42E (RTM)] is suspended in
2.4 1 of ethanol (95 %) and heated under vigorous stirring to 75°C. Then, a solution of 4.2 g
of the compound of the formula (107), prepared according to Example 2a, in 50 mi of etha-
nol is added dropwise during 10 minutes. The pH is adjusted to 5.3 with acetic acid (33 ml).
The suspension is then heated at reflux for 24 hours, Then the reaction mixture is cooled to
room temperature, and after standing for 20 minutes the ethano! is decanted. After washing
the precipitated product with ethanol and water it is isolated by filtration and dried in an oven
at 80°C till constant weight. The slightly yellowish powder (106 g) is homogenized in a mortar
and contains 3.1 % by weight of phenolic antioxidant.

Example 3: Product obtained by reacting a nano-scaled organophilic montmorillonite with a
compound of the formula (102).
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a) Preparation of the compound of the formula (102).

(CHy),G

i gt
HO CHyCHE-C—NH—(CHJN"CH, & (102)
CH,
(CHY,C

118.2 (1.0 mole) of 1,6-diaminohexane are dissolved in 200 mi of toluene. Then a solution of
58.4 g (0.20 mole) of Metilox (RTM, Ciba Specialty Chemicals Inc.) in 100 ml of toluene is
added within § hours while toluene and generated methanol are continuously distilled off at
an inner temperature of approximately 160°C. The reaction mixture is heated for another 14
hours at a bath temperature of 170°C, with methanol and a part of 1,8-diaminohexane
distilling. Then the remaining excess of 1,6-diaminohexane is distilled off under reduced
pressure. The residue is dissolved in 200 ml of toluene and washed with water. The organic
phase Is concentrated at reduced pressure using a vacuum rotary evaporator. 61 g of a
clear, viscous oil is chromatographically purified on silicage! to yield 33 g of a white solid
(vield 44 %) of formula (202) with mp 102 - 104°C (beside 5.1 ¢ of the bisphenolic product
as a white solid with mp 157 - 158°C). Analysis, calculated: C 73.36; H 10.71: N 7.44 %.
Analysis, found: C 73.12; H 10.53; N 7.34 %.

(CH),G ﬂ
HO CHzCH;—C—NH—(CH,)~NH, (202)
(CHy),C

3.8 g (0.010 mole) of the compound of the formula (202) is added to a solution of 7.1 g
(0.020 mole) of sodium carbonate in 14 m! of water. After the addition of 10 g (0.070 mole)
of methyl iodide the reaction mixture is refluxed at 45°C for 6 hours. The reaction mixture is
cooled and the excess methyl iodide distilled off under reduced pressure using a vacuum
rotary evaporator. The residue is dissolved with dichloromethane. The organic phase is
washed with water, filtered and concentrated using a vacuum rotary evaporator. The residue
is suspended in 50 ml of hexane. The product is collected by filtration and dried under
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reduced pressure at 70°C to vyield 4.7 g (85 %) of the compound of the formula (102), m.p.
123 - 130°C.

b) Produict obtained by reacting a nano-scaled organaophilic montmorillonite with a compound
of the formula (102).

To vigorously stirred solution of 3.5 g (0.0064 mole) of the compound of the formula (102) in

1200 mi of ethanol (95 %) is added 120 g of a nano-scaled organophilic montmorillonite

[Nanomer [.42E (RTM)]. The suspension is then heated at refiux for 2 hours. The reaction
mixture is cooled to room temperature and the product is isolated by filtration. The residue is
washed twice with 200 ml of ethanol, twice with 200 mi of water and then dried in an oven at
90°C for 24 hours. The off-white powder (111.5 g) is homogenized in a mortar and contains
2.3 % by weight of phenolic antioxidant.

Example 4: Stabilization of polyamide.

2 kg of unstabilized polyamide 6.6 granules [Zytel 101L (RTM) of Du Pont] is dried under
vacuum at 80°C over night. The nano-scaled fillers are dried at 80°C for 4 hours. 102 g (5%
by weight) of the nano-scaled fillers are then dry blended with the polyamide 6.6 and com-
pounded in a twin-screw extruder (type Berstorff) at a maximum of 300°C and then pelle-
tized. The granules obtained are injection moulded in an injection moulding apparatus at a
maximum of 240°C to 2 mm thick plagues. These plaques are aged in a circulating air oven
at 150°C. The yellowness index (Y1) of these plaques is determined in accordance with
ASTM D 1925-70 as a function of oven ageing time. Low Y! values denote little discoloration,
high Y1 values strong discoloration of the plagues. The less discoloration, the more effective
the additive functionalized nano-scaled filler. The results are compiled in Table 1.
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Table 1:

Yellowness Index after oven

Example Nano-scaled filler ageing at 150°C ( 28 days)
48 100.0 g Nanomer I.4§)E (RTM)? 18.8

2.0 g compound A’

P 40.0 g Nanomer |.42E (RTM)? 156
62.0 g Product of Example 2b :
4 3.0 g Nanomer |.42E (RTM)® 148

100.0 g Product of Example 3b

a) Comparison Example.

b) Example of this invention,

¢) Nanomer 1.42E (RTM) is a nanc-scaled organophilic montmeorillonite.

d) Compound A is an antioxidant which does not possess a RG (reactive group) and there-
fore does not react with the nano-scaled filler.

(CH,)C, 0

HO CH;-CHz~C—NH—CHz CH—(CH,);-CH, @A)
CH,CH

(CH,),C 2

It has to be noted that the amount of antioxidant in Examples 4a, 4b and 4c is identical. In
the comparison Example 4a, 2 g of the compound of formula A which does not possess a
reactive group was added to 100 g of the pure nano-scaled filler [Nanomer 1.42E (RTM)]. In
Examples 4b and 4c the used amount of the product of Examples 2b and 3b is such that that
the antioxidant content corresponds to the amount of antioxidant used in the comparative
Example 3a.

Examples A - D disclose the preparation of further compounds of the formula | which are
useful as starting materials for the preparation of component (b) of the instant invention.
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Example A: Preparation of the compound of the formula (105).

GH,),C, Q

(CH)qf ﬁ

HO CH3-CHz~C—NH—(CH,);~N (105)
(CH),C

a) Preparation of the compound of the formula (203).

Q

HZN—(CHZ);Né (203)

25.8 g (0.3 mol) y-butyrolactone and 105 g (0.9 mol) of 1,6-diaminohexane are diluted with
45 g of tetrahydronaphthalene. The suspension is heated to 200°C. Then the clear and
colorless solution Is stirred at 185 to 200°C for ancther 24 hours at reflux. Then tetrahydro-
naphthalene and excess of 1,6-diaminohexane is distilled off under reduced pressure. 17 g
(31 %) of a clear colorless oil is distifled at 190°C under reduced pressure (ca. 0.05 mbar) to
give the compound of the formula (203).

b) A mixture of 14.6 g (0.05 mol) of Metilox (RTM, Ciba Specialty Chemicals Inc.), 11.0 g
(0.06 mol) of the compound of the formula (203) [prepared according to Example Aa] and
0.25 g dibutyl tin oxide is heated to 130°C and methano! is distilled off continuously. Within 5
hours all the Metilox has reacted. The raw product is a transparent, yellow melt. It is chroma-
tographically purified on silicage! to yield 14 g (63 %) of the compound of the formula (105)
as clear, colorless, highly viscous liquid. Analysis, calculated: C 72.93; H 9.97; N 6.30%.
Analysis, found: C 72.70%; H 9.95; N 6.12%.

Example B: Preparation of the compound of the formula (104).
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(CH)C, o H
I N
HO CHy-CH-C—NH—(CH,)5&, (108)
N
(CHY,C

a) Preparation of the compound of the formula (204).

H
\
N
HAN—(CH 54 ] (204)
N

To a suspension of 33.9 g (0.3 mol) of 6-caprolactame and 20.0 g (0.33 mol) of ethylene
diamine is added ca. 30 g of gaseous HCI within 1.5 hours. Without heating, the temperature
raises from room temperature to 160°C. After heating to 200°C for 15 minutes addition of
HCI is stopped. Then, at 230°C and slightly reduced pressure (ca. 200 mbar) 2.4 g of water
is separated (50 %). Cooling the raw product to 100°C leaves a glassy mass. Addition of 30
ml of hot water leads to a clear solution. After cooling to 10°C 80 g of NaOH (45 % solution)
is added within 10 minutes. The clear solution with some precipitate is concentrated to dry-
ness. The resulting yellow oil with some white solid particles is re-dissolved/suspended and
stirred in 200 mi ethanol, then filtered and reconcentrated to give a highly viscous oil. Distil-
lation of the raw-product (ca. 120°C/0.03 mmbar) yields 15.7 g 34 % of the compound of the
formula (204), white solid, mp 78 - 80°C. Analysis, calculated: C 61.90; H 11.04; N 27.07%.
Analysis, found: C 61.77; H 10.87; N 26.74%.

b) A mixture of 14.6 g (50 mmol) Metilox (RTM, Ciba Specialty Chemicals Inc.), 7.8 g (50
mmol) of the product from example Ba and 0.25 g dibutyl tinoxide is heated to 140°C and
methanol is distilled off continuously. Within 4 hours all the Metilox has reacted. The raw-
product is a very viscous yellow oil. Purification by column chromatography on silicagel
yields as the main product 13.4 g (65 %) of the compound of the formula (104) as highly
viscous yeflowish oil. Analysis, calculated: C 72.07; H 10.16; N 10.09%. Analysis, found: C
70.36; H 9.90; N 9.59% (some methanol present according to 'H-NMR spectra).

Example C: Preparation of the compound of the formula (103).
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(CH,),C o HSC‘(
I N g

HO CHyCHC—NH—(CH{ , | 4 (103)

. N

i

(CHyC Ch,

To a solution of 1.6 g sodium carbonate (15 mmol) in 10 mi water is added 10.6 g {75 mmol)
methyl iodide and 6.2 g (15 mmol) of the compound of the formula (104) [prepared accor-
ding to Example Bb]. The reaction mixture is heated to reflux temperature (45°C) for 6 hours.
Then the excess of methyl iodide is distilled off. The residue is dissolved in 50 mi dichloro-
methane. This solution is washed with some water, filtered and concentrated under reduced
pressure. The highly viscous yellow oil crystallizes from 100 ml hexane over night and vields
7.4 g (86 %) of the compound of the formula (103) as a yellowish solid. Analysis, calculated:
C 56.64; H 8.27; N 7.34; 1 22.16%. Analysis, found: C 56.36; H 8.12; N 6.95;121.35 %.

Example D: Preparation of the compound of the formula (108).

(CHIG O
T 9 3
Ho CHyCH;~C—0—Ti—0—C—(CH,)7CH, (106)
O
(CHp),C _en

HC ~CH,

To a solution of 2.9 g (10 mmol) tetraisopropy! orihotitanate in 5 ml toluene is added 2.8 g
(10 mmol) of ‘Metilox acid’ (the corresponding carboxylic acid of Metilox). The suspension is
hea{ed to 40°C for 30 minutes. Then 2.8 g of stearic acid is added and the clear solution is
heated to 60°C for another hour. The reaction mixture is concentrated in vacuo and dried at
80°C/0.05 mbar to yield 7.0 g (96 %) of the compound of formula (106) as a clear orange

viscous oil. Analysis, calculated: C 67.56; H 10.51: Ti 6.57%. Analysis, found: C 67.45; H
9.96; Ti 7.41%.
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What is claimed is;

1. A composition comprising
a) an organic material subject to oxidative, thermal or light-induced degradation, and
b) at least one product obtainable by reacting a nano-scaled filler with a compound of the
formula |

AD-L-RG )

wherein
AD is an additive selected from the group of radical scavengers, hydroperoxide de-
composers, UV-absorbers, light stabilizers, flame retardants or photoinitiators,

|
Lis adirectbond, —R~0— or —R;-C—0— with the proviso that the oxygen

atom is attached to AD; C4-Cpsalkylene, C,-Casaikylene interrupted by -O-, -S-, -SO-, -

SOz, >N—R3 .o, | P —g——w— , phenylene or
RA
Cs-Cecycloalkylens; or a block-graft copolymer,
R R,
. li - Ii N +/R5 - ﬁ ﬁ
RGis —=Re X, —H%R, X', —s{ X . —C-R,, —F-R, .
R, R, Rg o
o} o} R
I 1 NH "
___</ 4 -
"'T-Rm , _O_?_Rm : N Ry X _<+ X
Ry R, W \F \
R|2 R‘Z
Q O,
Ff1s ?Si(CHg)z Tw
— — . TSRy, —SiCH, —TR; or
Ris OSi(CH,), Ry
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‘Iam
—%I—R
R

20

21

wherein

R is C;-Cygalkylene,

R; is a direct bond or C,-Cyealkylene,

Rs is hydrogen or C,-Cgalkyl,

Ry is hydrogen or C4-Caalkyl,

Rs. Rs and R; are each independently of the others hydrogen, C,-Cagsalkyl, phenyl or
C7-Casphenylalkyl,

Rs, Ry and Ry, are each independently of the others hydroxyl, [__0' JFMF+] or

Ri11 is hydrogen or C1-Casalky!,
Rz is hydrogen or C-Casalkyl, Ca-Casalkyl interrupted by oxygen, sulfur or by

>N—R3 ; or Co-Coqalkenyl,

Ria, Rys and R are each independently of the others halogen, amino, Cy-Casalkoxy or
C1-Cosalkyl, with the proviso that at least one radical of Rys, R4 and Rys is different
from C-Cysalkyl,

Ry, Rz and Rys are each independently of the others C-Cizalkoxy or C,-Casalkanoyl-
oxy,

Ris, Rog and Ry are each independently of the others C4-Cyzalkoxy, Co-Cosalkanayloxy
or benzoyloxy,

Rezz. R, Ras @nd Rys are each independently of the others hydrogen, Ci-Casalkyl or
hydroxyl-substituted Co-Cosalkyl,

M is a r-valent metal cation,

X' Is fluoride, chloride, bromide, iodide, nitrite, nitrate, hydroxide, acetate, hydrogen
sulfate, sulfate, methy! sulfate or mi)ctLires thereof, and
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ris1,2or3.

2. A composition according to claim 1, wherein

AD is an additive selected from the group of radical scavengers, hydroperoxide decompo-
sers, UV-absorbers, light stabilizers, flame retardants or photoinitiators,

L is a direct bond, —Ry0— with the proviso that the oxygen atom is attached to AD,

(e} . .
1]
—R;C—0— , Cy-Czsalkylene, Co-Cosalkylene interrupted by -O-, -S-, -50-, -S0,-,

[o} o
l
>N—R3 , _L ) _((R;_O_ , —-(l»—y}]— , phenylene or Cs-Csoycloalkylene;
R4
or a maleic anhydride-grafted polypropylene,
R, R
ls i Is R Ry B ﬁ ﬁ
RG is —l;f’-RE X, —l|=+—Re X, —+si X . —C—Ry, ﬁ Ry
R, R, Re o
Q
ﬁ ﬁ N _ /N Ry
_F;_Rm > _O_P'_Rm , </N Ry X, <_,_ 5 x , — B
Ry Ry H/ \ H/l\{
Rl2 R‘\2
o]
l?w lTﬂi l?w
—N Iy —?i_RM s —Ti_Rw or _?_Rzu s
' Ris Rig Ry
wherein

Ry is C;-Cqaalkylene,

R; Is a direct bond or C4-Cysalkylene,

Rs is hydrogen or Cy-Cgalky!,

Ry is hydrogen or C,-C,alkyl,

Rs, Rs and R; are each independently of the others hydrogen, C-Casalkyl, phenyl or
C7-Casphenylalkyl, )
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R, R and Ry are each independently of the others hydroxyl, [—O_ irMN] or

Ry is hydrogen or C4-Casalkyl,
Rz is hydrogen or C;-Casalkyl, Cs-Casalkyl interrupted by oxygen, sulfur or by >N—R3 ;or

C,-Cysalkenyl,

Ria, Rys and Ry5 are each independently of the others halogen, amino, C1-Cysalkoxy or
C1-GCosalkyl, with the proviso that at least one radical of Rys, Ris and Rys is different from
C1'Czsalkyl-

Rie, Ri7 and Ryg are each independently of the others C;-Cy,alkoxy or Ca~Cpsalkanoyloxy,
Rio, Reo @nd Ry are each independently of the others C;-Cqoalkoxy, Co-Cosalkanoyloxy or

benzoyloxy,

Rz, Ros, Ras @and Ry are each independently of the others hydrogen, C4~Casalkyl or hydroxyl-
substituted C»-Caaalkyl,

M is a r-valent metal cation,

X is fluoride, chloride, bromide, iodide, nitrite, nitrate, hydroxide, acetate, hydrogen sulfats,
sulfate, methyl sulfate or mixtures thereof, and

ris1,2or3.

3. A composition according to claim 1, wherein component () is a pre-polymer for a nano-
composite material.

4. A composition according to claim 1, wherein component (a) is a synthetic polymer.
§. A composition according to claim 1, wherein component (a) is a polyamide or a polyolefin.

6. A composition according to claim 1, wherein the filler is an organophilically modified natu-
ral or synthetic phyliosilicate or a mixture of such phyllosilicates.
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7. A composition according to claim 1, wherein the filler is an organophilically modified
montmorillonite, bentonite, beidellite, hectorite, saponite, nontronites, saucorite, vermiculite,
ledikite, magadiite, kenyaite or stevensite.

8. A composition according to claim 1, wherein AD is an additive selected from the group of
phenolic antioxidants, benzofuran-2-ones, sterically hindered amines, aminic antioxidants, 2-
(2-hydroxyphenyl)benzotriazoles, 2-hydroxybenzophenones, 2-(2-hydroxyphenyl)-1,3,5-tri-
azines, phosphites, phosphonites, thioethers, benzophenones, a-activated acetophenones,
bisacylphosphinoxides (BAPO), monoacylphasphinoxides (MAPOQ), alkoxamines, thioxanth-
ones, benzoins, benzil ketals, benzoin ethers, a-hydroxy-alkylphenones or o-aminoalkylphe-
nones.

Ry0 OH
) ey " " . N RZB
8. A composition according to claim 1, wherein AD is ,
RJO Rax
R31 Raa

CH
Rso . Rz-CH, * Ra
RSZ
HO ) . RsN ,
Rg~CH
R, 28 ZCH:,
CH, :
Rsz-CH, Rar E o
—N R =N Riz
w0 Ry R “ N .
RyzCH, N
26 ZCH R4D

3
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wherein

Rzs is hydrogen or methyl,
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Rz is hydrogen or methyl,

Rgs is hydrogen or —(lll‘—(:H:CH2 ,
Rae is C4-Calkylene,
Rso and R are each independently of the other hydrogen, C-Cyaalkyl, C;-Csphenylalkyl,
phenyl or Cs-Cgcycloalkyl,
Rq2 and Ry are each independently of the other hydrogen, C-Cysalkyl, C-Cgphenytalky!,
phenyl or Cs-Cacycloalkyl,
R4 and Rqs are each independently of the other hydrogen, halogen, C+-C.alkyl, -CN,
trifluoromethyl or C;-Cjalkoxy,
Rag is a direct bond or -O-,
R is hydrogen, -0, C1-Cysalkyl, Co-Cxalkenyl, Co-Cxalkinyl, Ci-Caealkoxy, Cs-Cazcycloalk-
oxy, Cr-Csaralkoxy, Ce-Cizaryloxy, C,-Cophenylalkyl, Cs-Crzcycloalkyl, phenyl, nhaphthyl,
hydroxyethyl, C,-Cpsalkanoyl, benzoyl, naphthoyl or Cz-Cppalkoxyalkanoyl,
Ras is hydrogen or an organic radical,
Ras and Ry are each independently of the other hydrogen, Ci-Cygalkyl, C;-Cophenylalkyl or
phenyl,
Ry is hydrogen, halogen or C;-Cizalkyl,
Ry is hydrogen, Cs-Cigalkyt or C-Cophenylalkyl, .
Ry and Ry are each independently of the other hydrogen, Ci-Cqsalkyl, C4-Cysalkoxy

. . /o\
di(C-C,alkylyamino, hydroxyl or ~—0—CH;CH—CH, ,

CH,0

—CH;
o F4
o

R4s and Ry are each independently of the other hydrogen, hydroxyl, C+-Cisalkyl, phenyl,
C4-C1salkoxy or C,~Cgphenylakyl,

Rys is a direct bond or oxygen,

Ry and Rsg are each independently of the other C,-Cygalkyl, C-Cophenylalkyl, cyclohexyl,
phenyl, or phenyl substituted by.1 to 3 alkyl radicals having in total 1 to 18 carbon atoms,
Rs1, Rs2 and Rs3 are each independently of the others hydrogen, halogen C+-Caalkyl or
C4-Caalkoxy,

Rys is hydrogen, Cy-Cygalkyl, C4-Cygalkoxy or
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Rs4 is C1-Caoalkyl, Cs-Cecycloalkyl, C7-Cophenylalkyl or phenyl,

Rss is C4-Casalkyl, .

Rss is methylene or ethylene,

Rs; is methylene or ethylene,

Resz is hydrogen or C;-Cqsalkyl,

Res and Re. are each independently of the other hydrogen, C,-Crsalkyl, C1-Cigalkoxy,
C+-Caalkylthio, morpholinyl, C-Cgphenylalkyl of phenyl,

Res and Rgs are each independently of the other Ci-Cygalkyl,

Re7 is C-Cyalkylene,

Res is hydrogen or C4-Csalkyl,

Reg is Cs-Cralkylene,

Ry and Ry4 are each independently of the other C-Csalkyl or C-Cophenylalkyl,

R72 and Ry are each independently of the other C,-Cgalkyl or Rys and Ry are together
-CH,CH,-0-CH,CH,- thus forming with the nitrogen atom to which they are attached a
morpholiny! ring,

R4 is hydrogen, C,-Cigaikyl or C;-Cgphenylaikyl, and

xis 1,2 or 3.

10. A composition according to claim 1, wherein component (b) is present in an amount
from 0.01 to 10 %, based on the weight of component (a).

11. A composition according to claim 1, wherein additional additives are present besides the
components (a) and (b).

12. A composition according to claim 1, wherein the compound of the formula | is present in
an amount of 5 to 50 % in a colloidal suspension of nano-scaled particles in a neutral, reac-
tive or pre-polymeric organic diluent or monomer, or in a mixture thereof.

13. A product obtainable by reacting a nano-scaled filler with a compound of the formula |

AD-L-RG ®

wherein

JP 2004-530786 A 2004.10.7
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ADisan Fadd‘[tive selected from the group of radical scavengers, hydrop\eroxide decompo-
sers, UV-absorbers, light stabilizers, flame retardants or photoinitiators,

I
L is adirect bond, —R~0— or —R;-C—0— with the proviso that the oxygen atom is

attached to AD; C-Czsalkylene, C,-Casalkylene interrupted by -O-, -S-, <SO-, -SO,-,

[o]
N I
/N——R3 , _('-';__ , _g_o_ ' —C——[\ij— , phenylene or Cs-Ceoycloalkylene;
R4
or a block-graft copolymer,
R R,
. li - |i - +/R5 - lol ﬁ
RGIs —N=R, X', —P=Ry X', —8_ X, —C-R, . —§R, .
R, R, Re o
ﬁ ﬁ N Ry 3
—t-R, . —o-f-r, . —{ F-R, X, —</+E§ x =],
Ry Ry H/ N\+ H/,\e
Rﬂ R12
Q,
’?13 . ?Si(CHS)S IR\G '?19
—n . TSR, —§iCH, —Ti=Ry or —ZrRy |
Ris OSi(CH,), Ry Ry
wherein

R is Ci-Cygalkylene,

R; Is a direct bond or C4-Cyealkylene,

R, is hydrogen or C;-Cgalkyl,

R, is hydrogen or C;-Caalkyl,

Rs, Rs and R; are each independently of the others hydrogen, C-Cyalkyl, phenyl or
G7-Casphenylalkyl,

Rs. Re and Ry are each independently of the others hydroxyl, {_O' lr MN} or

JP 2004-530786 A 2004.10.7
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Ros
—O Ry I}‘L Ras
Ras

Ri1 is hydrogen ar C,-Casalkyl,
Ry is hydrogen or C+-Czsalkyl, Cs-Casalky! interrupted by oxygen, sulfur or by >N—Ra ;or

C-Casalkenyt,

Ri3, Ris and Rys are each independently of the others halogen, amino, C1-Casalkoxy or
C1-Casalkyl, with the proviso that at least one radical of Rys, R4 and Rys is different from
C,-Cosalkyl, . .

R16, Riz and Ryg are each independently of the others C4-Cqzalkoxy or C,-Casalkanoyloxy,
Ris, Rao and Ry are each independently of the others C-Cqalkoxy, Co-Casalkanoyloxy or
benzoyloxy,

Rez, Rzs, Res and Ry are each independently of the others hydrogen, C;-Casalkyl or hydroxyl-
substituted Co-Czsalkyl,

M is a r-valent metal cation,

X is fluoride, chloride, bromide, iodide, nitrite, nitrate, hydroxide, acetate, hydrogen sulfate,
sulfate, methyl sulfate or mixtures thereof, and

ris1,2or3.

14. A product according to claim 13, wherein

AD is an additive selected from the group of radical scavengers, hydroperoxide decompo~
sers, UV-absorbers, light stabilizers, flame retardants or photoinitiators,

L is a direct bond, —R;0— with the proviso that the oxygen atom is attached to AD,

1
—R;C—0— , Cy-Cpsalkylene, C-Cysalkylene interrupted by -O-, -S-, -SO-, -SO;-,
~ Q it
/N—Ra s *é_ ) _E_o_ f —C—-l\ll_ , phenylene, Cs-Cseycloalkyiene; or
R4

a maleic anhydride-grafted polypropylene,

JP 2004-530786 A 2004.10.7
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R Rs v R o Q
. I - Iy IV 1 0
RG is _—lil_Rﬁ X _‘T-Rﬁ X o =S X o —C—Ry . _ﬁ_Rs .
R; R, Re o
o]
it 1 N— R
_?_Rm ' —O""ID_RW s </ Ry X‘x /+ 5 X, — s
Ry Ry e N H/I\{
R1Z R12
0,
Ris s Ris
— s —?i—R“ . -—Tl—R17 or —Z-R, ,
R15 R1S RZ‘]
wherein

Ry is C;-Cqpalkylene,

R; is a direct bond or C;-C,galkylene,

Rs is hydrogen or C;-Cgalkyl,

R4 is hydrogen or C4~Cjalkyl,

Rs, Rs and R; are each independently of the others hydragen, C-Cpsalkyl, phenyt or
C-Casphenyiaikyl,

Rs, Ry and Ry, are each independently of the others hydroxyl, [—O- irMN:I or

—0 RzpN-R

b
N3-
|

24

Ras

" Ry, s hydrogen or C-Gasalkyl,

Ry is hydrogen or C-Casalkyl, Cs-Cosalkyl interrupted by oxygen, sulfur or by >N—R3 ;or

C,-Casalkenyl,

Ri3, Ria and Ry5 are each independently of the others halogen, amino, C;-Cosalkoxy or
G-Casalkyl, with the proviso that at least one radical of R, R4 and Rys is different from
Cr-Castlky,
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Rys, Ri7 and R4z are each independently of t\he others C4-Cyalkoxy or C-Cosalkanoyloxy,

Ris Rao and Ry are each independently of the others Ci-Cyzalkoxy, Co-Cosalkanoyloxy or
benzoyloxy, ‘

Rz, Ras, Rz and Ras are each independently of the others hydrogen, C4-Cpsalkyl or hydroxyi-
substituted C,-Caqalkyl,

Mis a r-valent metal cation, .

X is fluoride, chloride, bromide, iodide, nitrite, nitrate, hydroxide, acetate, hydrogen sulfate,
sulfate, methyl sulfate or mixtures thereof, and

ris1,2or3.

15. A process for stabilizing, flame-retarding and/or compatibilizing an organic material
which is subject to oxidative, thermal or light-induced degradation, which comprises incor-
porating therein, or applying thereto, at least one component (b) according to claim 1.

16. A process for photoinitiating in-situ polymerization or hardening of a pre-polymeric nano-
composite or sol to a nanocomposite material, which comprises incorporating therein, or
applying thereto, at least one component (b) according to claim 1.

17. Use of the component (b) according to claim 1 as stabilizer and/or flame-retarder and/or
compatibilizer for organic materials which are subject to oxidative, thermal or light-induced
degradation.

18. Use of the component (b) according to claim 1 as photoinitiator for the in-situ polymeri-

zation or hardening of pre-polymeric nanocomposites or sols to nanocomposite materials.
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