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Abstract of the Disclosure

A process for the production of polyolefin hollow articles comprises charging the polyolefin
with a stabilizer combination comprising (a) at least one compound from the group of the
organic phosphites or phosphonites, (b) one or more compounds selected from the group
consisting of i.) hydroxylamine derivatives and ii.) amine oxide derivatives and (c) at least
one compound from the group of the hindered amine stabilizers, filling this mixture into a
mold, heating this mold in an oven to above 280°C, such that the stabilized polyolefin fuses,
rotating the mold around at least 2 axes, the plastic spreading to the walls, and cooling the
mold while still rotating, opening it and taking the resultant hollow article out.
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292°76-831

Stabilizer Combination for the Rotomolding Process

The present invention relates to the production of polyolefin hollow articles by the roto-mol-

ding process, the processing stabilizer combination described hereinbelow being used.

The rotomolding or rotational molding/casting process is used for the production of fairly
large plastic hollow articles which may be reinforced with glass fibres (Encyclopedia of Poly-
mer Science and Engineering, Wiley Interscience, 1988, Vol. 14, pages 659-670). In prin-
ciple, this process is carried out as follows: The plastic material is filled into one half of the
mold which is then closed with the other half and heated in an oven such that the fused plas-
tic material spreads to the walls of the mold when rotated around different axes. The hollow
article is obtained after cooling. In this manner it is possibie to produce, for example, storage
and truck tanks from HD polyethylene. The process normally requires temperatures in the
range above 300°C, sometimes even above 400°C. The requirements placed on the stabili-
zers are therefore different from and more stringent than those, for example, of the extrusion

process where the temperatures are normally not much above 280°C.

The use of stabilizer combinations of phosphites or phosphonites with sterically hindered
phenols and/or sterically hindered amines (HALS) in polyolefins is known [see, inter alia, R.

Gachter, H. Mduiler, "Plastics Additives Handbook", Hanser Publishers, pages 40-71 (1990)].

Hydroxylamine derivatives, such as N,N,-dialkylhydroxylamines and N,N-dibenzylhydroxyil-
amine, are well known as useful stabilizers for a variety of polymeric substrates as is taught
for example in U.S. Patent Nos. 4,590,231, 4,668,721, 4,782,105 and 4,876,300.

U.S. Patent Nos. 4,649,221, 4,691,015 and 4,703,073 teach the use of polyhydroxylamine
compounds, hydroxylamines derived from hindered amines and alkylated N,N-dibenzyl-
hydroxylamine derivatives, respectively, with one or more compounds selected from the
group of phenolic antioxidants, hindered amine light stabilizers, alkylated hydroxybenzoate
light stabilizers, ultraviolet light absorbers, organic phosphorus compounds, alkaline metal

salts of fatty acids and thiosynergists towards stabilizing polyolefins.



CA 02299712 2000-02-28

U.S. Patent No. 4,782,105 discloses the use of long chain N,N-dialkylhydroxylamines for the
stabilization of poly(arylene sulfides) and unsaturated elastomers. Examples are shown
where long chain N,N-dialkylhydroxylamines are used together with phosphite stabilizers in

styrene/butadiene copolymer.

U.S. Patent No. 4,876,300 discloses the use of long chain N,N-dialkylhydroxylamines as

process stabilizers for polyolefin compositions. Exampies are shown where long chain N,N-
dialkylhydroxylamines are used together with phosphite stabilizers and also where they are
used together with hindered amine stabilizers.

U.S. Patent Nos. 4,590,231 and 4,668,721 disclose the use of N,N-dibenzylhydroxylamine or
other hydroxylamine derivatives together with metal salts of fatty acids and phenolic antioxi-
dants for the stabilization of polyolefin compositions. The compositions may also contain or-
ganic phosphorus compounds or hindered amine stabilizers.

U.S. Patent No. 5,013,510 teaches a process for the preparation of long-chain N,N-dialkyl-
hydroxylamines by direct oxidation. it is mentioned that the long-chain N,N-dialkylhydroxyl-
amines are effective towards stabilizing polyolefin compositions.

U.S. Patent No. 5,596,033 discloses the stabilization of polypropylene fiber with a binary sy-
stem of select hindered amines with the N,N-dialkylhydroxylamine produced by the direct
oxidation of N,N-di(hydrogenated tallow)amine.

U.S. Patent No. 5,149,774 discloses the use of hydroxylamine derivatives towards reducing

color formation during the recycling of already discolored polyolefin resins.

U.S. Patent Nos. 5,844,029 and 5,880,191 disclose the use of saturated hydrocarbon amine
oxides towards the stabilization of thermoplastic resins. It is disclosed that the thermoplastic
compositions may further contain a stabilizer or mixture of stabilizers selected from phenolic

antioxidants, hindered amine light stabilizers, ultraviolet light absorbers, organic phosphorus
compounds, alkaline metal salts of fatty acids and thiosynergists. The co-use of amine

oxides with other stabilizers towards stabilizing polyolefins is not exemplified.
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It has now been found that the combination of hydroxylamine derivatives, together with orga-

nic phosphites or phosphonites and hindered amine stabilizers results in excellent stabiliza-

tion in the rotomolding process. The hollow articles prepared according to the present inven-
tion exhibit excellent initial color and gas fading resistance.

Accordingly, this invention relates to a novel process for the production of polyolefin hollow
articles, which comprises charging the polyolefin with a stabilizer combination, comprising

(a) at least one compound from the group of the organic phosphites and phosphonites,

(b) one or more compounds selected from the group consisting of

l.) hydroxylamine derivatives and

ii.) amine oxide derivatives, and

(c) atleast one compound from the group of the hindered amine stabilizers,

filling this mixture into a mold, heating this mold in an oven to above 280°C, such that the

stabilized polyolefin fuses, rotating the mold around at least 2 axes, the plastic material

spreading to the walls, cooling the mold while still rotating, opening it, and taking the resul-
tant hollow article out.

Of interest is a novel process wherein component (a) is at least one compound selected
from the formulae (1), (2), (3), (4), (5), (6) and (7)

R, 0\ O\
(3) ><: IP-—O A, D, /P'—* O R, (4)
R¢ O D, “—O
q
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In which the indices are integral and
nis2,3or4;pistor2;qis2or3;ris4to12;yis1,2o0r3;andzis 1to 6;
Ay, ifnis 2, is C,-Cyg alkylene; C,-C,,alkylene interrupted by oxygen, sulfur or -NR,-: a

R 5 B R S
radical of the formula : 40_ B —O— or
R 6 R 6

phenylene;

A,, if nis 3, is a radical of the formula -C H.,,.-;

-
A ifnis 4, is _CH{“?"‘CH{‘ :
CHZ—"

A, is as defined for A, if nis 2;

B is a direct bond, -CH,-, -CHR,-, -CRRs-, sulfur, Cs-C; cycloalkylidene, or cyclohexylidene
which is substituted by from 1 to 4 C,-C, alkyl radicals in position 3, 4 and/or 5:

Dy ifpis1,is Cy-Cqalkyl and, if pis 2, is -CH,OCH.-;

Do, itpis 1, is Ci-Cy4alkyl;

E,ifyis 1, is C;-C,galkyl, -OR; or halogen;
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E,ifyis 2, is -O-A,-O-,

E, if yis 3, is a radical of the formula R4C(CH,0-); or N(CH;CH,0-)3;

Q is the radical of an at least z-valent alcohol or phenol, this radical being attached via the
oxygen atom to the phosphorus atom;

R, Rz and R; independently of one another are C,-C;g alkyl which is unsubstituted or substi-
tuted by halogen, -COOR,, -CN or -CONR4R,; C2-C,galkyl interrupted by oxygen, sulfur or
-NR4-; C;-Cgphenylalkyl; Cs-C4, cycloalkyl, phenyl or naphthyl; naphthyl or phenyl substituted
by halogen, 1 to 3 alkyl radicals or alkoxy radicals having a total of 1 to 18 carbon atoms or

Rg

by C;-Cgphenylalkyl; or a radical of the formula _(CHg)m OH in which mis an
RB

integer from the range 3 to 6;

R4 is hydrogen, C,-Cgalkyl, Cs-C;, cycloalkyl or C;-Cg phenylalkyl,

Rs and R independently of one another are hydrogen, C,-Cgalkyl or Cs-Cg cycloalkyl,

Rz and Rg, if q is 2, independently of one another are C-C, alkyl or together are a 2,3-de-
hydropentamethylene radical; and

R; and Rg, if q is 3, are methyl;

R4 is hydrogen, C;-C, alkyl or cyclohexyl,

Ris is hydrogen or methyl and, if two or more radicals R4 and R;sare present, these radicals
are identical or different,

X and Y are each a direct bond or oxygen,

Z is a direct bond, methylene, -C(Rg)2- or sulfur, and

Rie 1s C1-Cg alkyl.

C2-Cigalkylene is a branched or unbranched radical , for example ethylene, propylene, tri-

methylene, tetramethylene, pentamethylene, hexamethylene, heptamethylene, octamethy-

lene, decamethylene, dodecamethylene or octadecamethylene. Preference is given to
C,-Cqoalkylene, especially C,-Cgalkylene.

C.-Cigalkylene interrupted by oxygen, sulfur or -NRg- is, for example, -CH,-O-CH,-.
-CH3-S-CH,-, -CH,-NH-CH,-, -CH,-N(CHa3)-CH,-, -CH,-O-CH,CH,-O-CH.-,
-CH2-(O-CH;CH;-),0-CH,-, -CH,-(0-CH,CH;-)30-CH;- , -CH,-(O-CH,CH,-),O-CH,- or
-CH,CH,-S-CH,CH,-.
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A C;-C,alkyl-substituted Cs-C;cycloalkylidene ring, which preferably contains 1 to 3, espe-
cially 1 or 2 branched or unbranched alkyl group radicals, is, for example, cyclopentylidene,
methylcyclopentylidene, dimethylcyclopentylidene, cyclohexylidene, methylcyclohexylidene,
dimethylcyclohexylidene, trimethylcyclohexylidene, tert-butylcyclohexylidene or cycloheptyli-

dene. Preference is given to cyclohexylidene and tert-butylcyclohexylidene.

Alkyl having up to 18 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, isoheptyi,
1,1,3,3-tetramethylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-trime-
thylhexyl, 1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl,
1,1,3,3,5,5-hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl or octa-
decyl.

Halogen (halo) is, for example, chlorine, bromine or iodine. Preference is given to chlorine.

C.-Cigalkyl interrupted by oxygen, sulfur or -NR,- is, for example, CH3-O-CH,-, CH3-S-CH.-,
CH3-NH-CHz-, CH3-N(CHj3)-CH;-, CH3-O-CH,CH,-O-CH,-, CH3-(O-CH,CH,-),0-CH,-,
CH3'(O-CHQCH2-)3O'CH2" or CHa'(O'CHchQ')40‘CH2'.

C7-Cophenylalkyl is, for example, benzyl, a-methylbenzyl, a,c-dimethylbenzyl or 2-phenyl-

ethyl. Benzyl and o,a-dimethylbenzyl are preferred.

Unsubstituted or C4-C,alkyl-substituted Cs-C,cycloalkyl! is, for example, cyclopentyl, methyl-
cyclopentyl, dimethylcyclopentyl, cyclohexyl, methylcyclohexyl, dimethylcyclohexyl, trimethyl-
cyclohexyl, tert-butylcyclohexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl, cycloundecy!
or cyclododecyl. Preference is given to cyclohexyl and tert-butylcyclohexy!.

Alkoxy having up to 18 carbon atoms is a branched or unbranched radical , for example
methoxy, ethoxy, propoxy, isopropoxy, n-butoxy, isobutoxy, pentoxy, iIsopentoxy, hexoxy,
heptoxy, octoxy, decyloxy, tetradecyloxy, hexadecyloxy or octadecyloxy. Preference is given
to alkoxy having 1 to 12, especially 1 to 8, for example 1 to 6 carbon atoms.
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Of particular interest is a novel process wherein component (a) is at least one compound

selected from the formulae (1), (2), (5) and (6), in which

n is the number 2, and y is the number 1, 2 or 3;

A1 is Co-C1g alkylene, p-phenylene or p-biphenylene,

£, ifyis 1, is Cy-Cygalkyl, -OR; or fluorine;

E, ityis 3, is N(CH ,CH,0-)5,

R+, Rz and Rs independently of one another are C;-C,galkyl, C,-Cq phenylalkyl, cyclohexyl,
phenyl, or phenyl substituted by 1 to 3 alkyl radicals having a total of 1 to 18 carbon atoms;
Ri4 Is hydrogen or C4-Cgalkyl,

R1s IS hydrogen or methyt;

X is a direct bond,

Y is oxygen,

Z is a direct bond or -C(Ryg).-, and

Ris I1s C-C4 alkyl,

Likewise of interest is a novel process wherein component (a) is at least one compound
selected from the formulae (1), (2), (5) and (6), in which

n is the number 2 and y is the number 1 or 3:

A4 IS p-biphenylene,

E, ifyis 1, is C 4-Cygalkoxy or fluorine,

E,ifyis 3, is N(CH 2CH,0-)s,

R1, Rz and Rj independently of one another are C4-Cyq alkyl, or pheny! substituted by 2 or 3
alkyl radicals having a total of 2 to 12 carbon atoms:
R14 1s methyl! or tert-buty!;

R1s5 is hydrogen;

X is a direct bond:

Y is oxygen; and

Z i1s a direct bond, methylene or -C(CHs,),-.

Particular preference is given to a process wherein component (a) is at least one compound
selected from the formulae (1), (2) and (8).



CA 02299712 2000-02-28

Special preference is given to a process wherein component (a) is at least one compound of

the formula (1)

Rig O P (I)

in which
R+ and Ryg independently of one another are hydrogen, C;-Cg alkyl, cyclohexyl or phenyl,
and

R1g and Ry independently of one another are hydrogen or C4-C, alkyl.

The following compounds are examples of organic phosphites and phosphonites which are
particularly suitable for use in component (a) in the novel process:

Triphenyl phosphite, diphenyl alkyl phosphites, phenyl dialkyl phosphites, tris(nonylphenyl)
phosphite, trilauryl phosphite, trioctadecyl phosphite, distearyl pentaerythritol diphosphite,
tris(2,4-di-tert-butylphenyl) phosphite (Irgafos®168, Ciba Specialty Chemicals Corp.), diiso-
decyl pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite (for-
mula (D)), bis(2,6-di-tert-butyl-4-methylphenyl) pentaerythritol diphosphite (formula (E)), bis-
sodecyloxy-pentaerythritol diphosphite, bis(2,4-di-tert-butyl-6-methylphenyl) pentaerythritol
diphosphite, bis(2,4,6-tri-tert-butylphenyl) pentaerythritol diphosphite, tristearyl sorbito! tri-
phosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4’-biphenylene-diphosphonite (Irgafos®P-EPQ,
Ciba Specialty Chemicals Corp., formula (H)), 6-isooctyloxy-2,4,8,10-tetra-tert-butyl-diben-
zo[d,f][1,3,2]dioxaphosphepin (formula (C)), 6-fluoro-2,4,8,10-tetra-tert-butyl-12-methyl-di-
benzo(d,g][1,3,2]dioxaphosphocin (formula (A)), bis(2,4-di-tert-butyl-6-methylphenyi) methyl
phosphite, bis(2,4-di-tert-butyl-6-methylphenyl) ethyl phosphite (formula (G)).

With particular preference the following phosphites and phosphonites are used in component
(a) in the novel process:
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Tris(2,4-di-tert-butylphenyl) phosphite (Irgafos® 168, Ciba Specialty Chemicals Corp.), tris-

(nonylphenyl) phosphite,
(CH;)5C C(CH,), (CH,),C C(CH,),
0, ‘ 8
(A) HC—cCH  P—F P—0—CH,CH;——N (B)
O . o
(CH,),C
C (CH,), C(CH,),
(CH,),C 3

C(CH,),

(CH3)3C ‘
= (C)

\
P——0——CH,CH(C,H,)CH,CH,

LI
(CH,),C

C(CH,),
/O O\
(CH,),C o—pP X  P—O C(CH); (D)
O O
C(CHS)S (CHa)gc

C(CH,), (CH,),C

/O > : O\
H,C O'—"'P\ /P_O CH, (E)
O O

C(CH,), (CH,),C
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[
HC—C—CH,
/O O\ O p....
(F) HCeO0—P X P—0—CuH L ()
0 0 HC
' A G,
C \
H, CH, ,
C(CH,), C(CH,),
(H)
(CH,),C O PP O C(CH,),
2 2
C(CH,),
[e (CH,),CH,
(CH,),C 0—FP, }( )
O CH,CH,
C(CH,),
(l:Hs /O O\ (':H3
L 5010
CH, O O CH, (K) and
C(CH.,), (CH,),C
(CH,),C C(CH,),
=
CH, ,P_O*CBHW (L).
O
C (CH,),

(CH,),C
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Very particular preference is given to the use of the following compounds in component (a)
in the novel process: Tris(2,4-di-tert-butylphenyl) phosphite (Irgafos®168, Ciba Specialty
Chemicals Corp.), bis(2,4-di-tert-butyl-6-methylphenyl) ethyl phosphite (Irgafos®38, Ciba
Specialty Chemicals Corp., formula (G)), bis(2,4-di-tert-butylphenyl) pentaerythritol diphos-
phite (Ultranox® 626, GE Chemicals, formula (D)), tetrakis(2,4-di-tert-butylphenyl)4,4’-biphe-
nylene-diphosphonite (Irgafos ®P-EPQ, Ciba Specialty Chemicals Corp., formula (H)),
2,2 2"-nitriloftriethyltris(3,3'5,5'-tetra-tert-butyl-1,1-biphenyl-2,2’-diyl)phosphite] (Irgafos® 12,
Ciba Specialty Chemicals Corp., formula (B)). Ultranox®641 (GE Chemicals, formula (J)),
Doverphos® S9228 (Dover Chemicals, formula (K)) or Mark® HP10 (Adeka Argus, formula

(L)

These organic phosphites and phosphonites are known compounds; many of them are com-
mercially available.

The organic phosphites or phosphonites of component (a) are preferably used in amounts of
about 0.01 % to about 10 %, in particular from about 0.05 % to about 5 %, typically from

about 0.1 % to about 3 % by weight, based on the weight of the polyolefin hollow article to
be stabilized.

The hydroxylamine derivatives of component i.) employed in the novel process are of the for-
mula (il)

wherein

T, Is straight or branched chain alkyl of 1 to 36 carbon atoms, cycloalkyl of 5 to 12 carbon
atoms, aralkyl of 7 to 9 carbon atoms, or said aralkyl substituted by one or two alkyl of 1 to
12 carbon atoms or by one or two halogen atoms;

T2 i1s hydrogen, or independently has the same meaning as T;.
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Alkyl having up to 36 carbon atoms is a branched or unbranched radical , for example
methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyi, 2-ethylbutyl, n-pentyl,
isopentyl, 1-methylpentyl, 1,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl, isoheptyl,
1,1,3,3-tetramethylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3-trime-
thylhexyl, 1,1,3,3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl,
1,1,3,3,5,5-hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl or octa-
decyl.

Cs-Ciocycloalkyl is, for example, cyclopentyl, cyciohexyl, cycloheptyl, cyclooctyl, cyclononyi,
cyclodecyl, cycloundecyl or cyclododecyl. Preference is given to cyclohexyil.

C;,-Coaralkyl is, for example, benzyl, a-methylbenzyl, o,c-dimethylbenzyl or 2-phenylethyl.

Benzyl and a,a-dimethylbenzyl are preferred.

Halogen (halo) is, for example, chlorine, bromine or iodine. Preference is given to chlorine.

Preferance is given to a process wherein the compounds of component i.) are N,N-dihydro-
carbylhydroxylamines of formula (Il) wherein T y and T, are independently benzyl, ethyl, oc-

tyl, lauryl, dodecyl, tetradecyl, hexadecyl, heptadecyl or octadecyl, or wherein T { and T, are
each the alkyl mixture found in hydrogenated tallow amine.

Special preferance is given to a process wherein the compounds of component i.) are N,N-
dihydrocarbylhydroxylamines selected from the group consisting of N,N-dibenzylhydroxyi-
amine, N,N-diethylhydroxylamine, N,N-dioctylhydroxylamine, N,N-dilaurylhydroxylamine,
N,N-didodecylhydroxylamine,  N,N-ditetradecylhydroxylamine, = N,N-dihexadecylhydroxy!-
amine, N,N-dioctadecylhydroxylamine, N-hexadecyl-N-tetradecylhydroxylamine, N-hexade-
cyl-N-heptadecylhydroxylamine, N-hexadecyl-N-octadecylhydroxylamine, N-heptadecyl-N-
octadecylhydroxylamine, and N,N-di(hydrogenated tallow)hydroxylamine.

Particular preference is given to a process wherein component i.) is an N,N-di(alkyl)hydroxyi-

amine produced by the direct oxidation of N,N-di(hydrogenated tallow)amine (Irgastab® 042,
Ciba Specialty Chemicals Corp.).




CA 02299712 2000-02-28

- 13 -

The amine oxide derivatives of component ii.) are saturated tertiary amine oxides as repre-

sented by general formula (lil):

wherein

G, and G; are independently a straight or branched chain alkyl of 6 to 36 carbon atoms, aryl
of 6 to 12 carbon atoms, aralkyl of 7 to 36 carbon atoms, alkary! of 7 to 36 carbon atoms,
cycloalkyl of 5 to 36 carbon atoms, alkcycloalkyl of 6 to 36 carbon atoms or cycloalkylaikyl of

6 to 36 carbon atoms;

G; is a straight or branched chain alkyl of 1 to 36 carbon atoms, aryl of 6 to 12 carbon
atoms, aralkyl of 7 to 36 carbon atoms, alkaryl of 7 to 36 carbon atoms, cycloalkyl of 5 to 36
carbon atoms, alkcycloalkyl of 6 to 36 carbon atoms or cycloalkylalkyl of 6 to 36 carbon

atoms; with the proviso that at least one of Gy, G, and G3; contains a B carbon-hydrogen

bond: and

wherein said alkyl, aralkyl, alkaryl, cycloalkyl, alkcycloalkyl and cycloalkylalkyl groups may be
interuppted by one to sixteen -O-, -S-, -SO-, -80,-, -COO-, -OCO-, -CO-, -NG,4-, -CONG,-
and -NG4CO- groups, or wherein said alkyl, aralkyl, alkaryl, cycloalkyl, alkcycloalkyl and
cycloalkylalkyl groups may be substituted by one to sixteen groups selected from -OG,,
-SGy, -CO0G,, -OCOG,, -COG,, -N(Gy)2, -CON(G4)2, -NG,COG, and 5- and 6-membered
rings containing the -C(CH3)(CH2R,)NL(CH;R,)(CH3)C- group or wherein said alkyl, aralkyl,
alkaryl, cycloalkyl, alkcycloalkyl and cycloalkylalkyl groups are both interuppted and substi-

tuted by the groups mentioned above; and

wherein

G, is independently hydrogen or alkyl of 1 to 8 carbon atoms;

Rx Is hydrogen or methyl, preferably hydrogen;

L is a Cy.30 straight or branched chain alkyl moiety, a -C(O)R moiety wherein R is a C.a,

straight or branched chain alkyl group, or a -OR moiety wherein R is a C.3, straight or
branched chain alkyl group; and
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wherein said aryl groups may be substituted by one to three halogen, alkyl of 1 10 8 carbon

atoms, alkoxy of 1 to 8 carbon atoms or combinations thereof.
Aryl of 6 to 12 carbon atoms Is for example phenyl, naphthyi, thienyl or pyridyl.

A preferred structure of formula (lll) is where G, and G, are independently benzyl or substi-
tuted benzyl. It is also possible for each of G4, G, and G; to be the same residue. Gy and G,
are aiso preferably alkyl groups of 8 to 26 carbon atoms and most preferably alkyl groups of
10 to 26 carbon atoms and G; is preterably an alkyl group of 1 to 22 carbon atoms and most
preferably methyl or substituted methyl. Also, preferred amine oxides include those wherein
Gy, Gy, and Gz are the same alkyl groups of 6 to 36 carbon atoms. Preferably, all of the
aforementioned residues for Gy, Gz, and Gj3 are saturated hydrocarbon residues or saturated
hydrocarbon residues containing at least one of the aforementioned -O-, -S-, -SO-, -CO.-,
-CO-, or -CON- moieties. Those skilled in the art will be able to envision other useful resi-

dues for each of G4, G, and G without detracting from the pkesent Invention.

Preferred is also a compound of formula (1) according wherein Gy and G, are independently
straight or branched chain alkyl groups of 6 to 22 carbon atoms and G; is a straight or
branched chain alkyl of 1 to 22 carbon atoms. Of special interest is a compound of formula
(1l1) wherein Gy and G; are each independently a straight or branched chain alkyl of 12 to 22
carbon atoms and wherein Gz i1s methyl. Of very special interest is a compound of formula
(1) wherein G4, G, and G3 are each independently a straight or branched chain alkyl of 12 to
22 carbon atoms. An especially preferred component (ii) is selected from the group consis-

ting of didecyl methyl amine oxide, tridecyl amine oxide, tridodecyl amine oxide and trihexa-

decyl amine oxide.

The saturated amine oxides of component ii.) may also include poly(amine oxides). By poly-
(amine oxide) is meant tertiary amine oxides containing at least two tertiary amine oxides per
molecule. lllustrative poly(amine oxides), also called "poly(tertiary amine oxides)", include the
tertiary amine oxide analogues of aliphatic and alicyclic diamines such as, for example, 1,4-
diaminobutane; 1,6-diaminohexane; 1,10-diaminodecane; and 1,4-diaminocyciohexane, and

aromatic based diamines such as, for example, diamino anthraguinones and diaminoani-
soles.
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Also included as component ii.) are tertiary amine oxides derived from oligomers and poly-
mers of the aforementioned diamines. Useful amine oxides also include amine oxides
attached to polymers, tor example, polyolefins, polyacrylates, polyesters, polyamides, poly-
styrenes, and the like. When the amine oxide is attached to a polymer, the average number
of amine oxides per polymer can vary widely as not all polymer chains need to contain an

amine oxide. All of the aforementioned amine oxides may optionally contain at least one -O-,

-S-, -S0O-, -CO,-, -CO-, or -CONG,- moiety. In a preterred embodiment, each tertiary amine

oxide of the polymeric tertiary amine oxide contains a C4 residue.
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The groups G, G, and G; of formula (lll) may be attached to a molecule containing a hin-

dered amine. Hindered amines are known in the art and the amine oxide of the present in-
vention may be attached to the hindered amine in any manner and structural position of the
hindered amine. Useful hindered amines when part of a compound of component ii.) include
those of the general formulas (IV) and (V):

CH CH
R,CH, 3 Ry RXCHz%
(IV) L—N L—N N (V)
R CH R .CH MO
2 CH, 2 CH,

wherein L and R, are as described above. Also included are amine oxides containing more
than one hindered amine and more than one saturated amine oxide per molecule. The

hindered amine may be attached to a poly(tertiary amine oxide) or attached to a polymeric

substrate, as discussed above.

The compounds of component (b) are preferably used in amounts, in total, of about
0.0005 % to about 5 %, in particular from about 0.001 % to about 2 %, typically from about

0.01 % to about 2 % by weight, based on the weight of the polyolefin hollow article to be sta-
bilized.

Component (c) employed in the novel process is at least one compound that contains at
least one group of the formula (VI)

—N (VD)
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in which R, is hydrogen or methyl. Preferably R, is hydrogen. Preferably, compounds of

component (c) are of high molecular weight and may be discrete compounds or oligomeric

mixtures.

Particularly preferred hindered amines of component (c) are:

CH, CH,
H,C (? O CH,
| 1
H,,C,O—N O—-C—(CH,);—C—0O N—OC.H,,
H,C CH,
CH; CH,
(CH,)5C
318 H ﬁ CH3
CH"""' C—0O —CH,
CHa
(CH,),C

CH,
O IO| CH,
—N O- C—(CH:,”,)8 C—0O N—CH,
CH,
CH
CH O O
| 1
N—CH;-CH;/O—C—CH;—CH;—C
CH3

(H1) Tinuvin® 123

(H2) Tinuvin® 144

(H3) Tinuvin® 765

(H4) Tinuvin® 622
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?Hs C|3H3
HN-—C—CH;—C—CH,
SR
N |N
—— (CH.)—/—N .
\N N (CH)g (H5) Chimassorb® 944
H,C CH, H,C CH,
H.C N CH A
3 | 3 H,C i bt
H H
m
I-IJI\I\-—-—CHZCHon
N~ IN
H3C CH3 Hao CH3
H,C T CH, H,C T CH, (o)
H,C
0 CH,
C—0O N—CH,
CH
/ S

H
CH30—QCH:C (H7) Sanduvor® PR-31

H,C
°\ CH,
ﬁ—OQ-C%
O CH,
H,C
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CH, CH,
O
] |
H—N 0—C—(CH,);—C—0 N—H
CH, CH,

) )
R'—NH—(CH,);—N—(CH,);—N—(CH,);—NH—R’

po L
H,C ~

N N
where R'is 1o, Hnel Ly
| N |
H.,.C n-C.H n-C,H
3 CHS 4''g 4" "9
H9?4
H.C. NS N h

Y Y
/N\ NmC.‘HQ
HCo  CHy N N
H H
N
H

(CH,); N—“/ %[——-—N

(H8) Tinuvin®770

(H9) Chimassorb® 119

CH,
CH,

N—CH,

CH,
CH,

1Z

TITZ
o
O

Chimassorb® 2020 (H10)
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N
N
&
O

N
N
.
O

H‘

O “l'l...
= =
Z' Nz Z—0 e I
HIN
y.e Z 0 e
Jeo
H2
Q

- 2 =) m
(s,
H.4
ya O
/
o /le,
== C“
O—22 L
Tr V&
O

(H12) Cyasorb® UV-3346

Z1

N

8

(CH,)

i

N

N

(CH,)

N

(H13) Cyasorb® UV-3529

CH,
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N (H14) Hostavin® N30

H
C—C
0" |
°7 N (CHy) 7.2
| (H15) Uvinul® 5050H
CH,
N
|
H
n

(H16) Uvasil® 299 and

CH,
Q——Si

O
A

H
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N—C,H,

ITZ

where R’ = R" or H J\
R

NI N
H904 CH
N e’ 4''9
N N N
and where R" =
N
: b

(H17) Uvasorb® HA88

In which
m and n are a number from the range from 2 to 200.

The compounds of the sterically hindered amine type, are known and some are commer-

cially available.

Tinuvin® and Chimassorb® are protected trade names of Ciba Specialty Chemicals Corp.
Sanduvor® and Hostavin® are protected trade names of Clariant. Cyasorb® is a protected

trade name of Cytec Corporation. Uvinul® is a protected trade name of BASF. Uvasil® is a

protected trade name of Enichem. Uvasorb® is a protected trade name of 3V Sigma.

The hindered amines of component (c) are preferably used in amounts of about 0.01 % to
about 10 %, in particular from about 0.05 % to about § %, typically from about 0.1 % to
about 3 % by weight, based on the weight of the polyolefin hollow article to be stabilized.

The stabilizer combination comprising components (a), (b) and (c) is suitable for stabilizing
polyolefin hollow articles which are prepared by the rotomolding process.
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Examples for polyolefins are:

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

ethylene (HDPE-UHMW), medium density polyethylene (MDPE), low density polyethylene
(LDPE), linear low density polyethylene (LLDPE), (VLDPE) and (ULDPE).

Polyolefins, i.e. the polymers of monoolefins exemplified in the preceding paragraph, prefe-

rably polyethylene and polypropylene, can be prepared by different, and especially by the
following, methods:

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

i) catalytic polymerisation using a catalyst that normally contains one or more than one
metal of groups |Vb, Vb, VIb or VIII of the Periodic Table. These metals usually have one or
more than one ligand, typically oxides, halides, alcoholates, esters, ethers, amines, alkyls,
alkenyls and/or aryls that may be either p- or s-coordinated. These metal complexes may be
in the free form or fixed on substrates, typically on activated magnesium chloride, titanium
(1If) chiloride, alumina or silicon oxide. These catalysts may be soluble or insoluble in the
polymerisation medium. The catalysts can be used by themselves in the polymerisation or
further activators may be used, typically metal alkyls, metal hydrides, metal alkyl halides,

metal alkyl oxides or metal alkyloxanes, said metals being elements of groups la, lla 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, Stan-
dard Qil Indiana, Ziegler (-Natta), TNZ (DuPont), metallocene or single site catalysts (SSC).

2. Mixtures of the polymers mentioned under 1.), for example mixtures of polypropylene with

polyisobutylene, polypropylene with polyethylene (for example PP/HDPE, PP/LDPE) and
mixtures of different types of polyethylene (for example LDPE/HDPE).
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3. Copolymers of monoolefins and diolefins with each other or with other vinyl monomers,
for example ethylene/propylene copolymers, linear low density polyethylene (LLDPE) and
mixtures thereof with low density polyethylene (LDPE), propylene/but-1-ene copolymers, pro-
pylene/isobutylene copolymers, ethylene/but-1-ene copolymers, ethylene/hexene copoly-
mers, ethylene/methylpentene copolymers, ethylene/heptene copolymers, ethylene/octene
copolymers, propylene/butadiene copolymers, isobutylene/isoprene copolymers, ethylene/-
alkyl acrylate copolymers, ethylene/alkyl methacrylate copolymers, ethylene/vinyl acetate
copolymers and their copolymers with carbon monoxide or ethylene/acrylic acid copolymers
and their salts (ionomers) as well as terpolymers of ethylene with propylene and a diene
such as hexadiene, dicyclopentadiene or ethylidene-norbornene; and mixtures of such co-
polymers with one another and with polymers mentioned in 1) above, for example polypro-
pylene/ethylene-propylene copolymers, LDPE/ethylene-vinyl acetate copolymers (EVA),
LDPE/ethylene-acrylic acid copolymers (EAA), LLDPE/EVA, LLDPE/EAA and alternating or

random polyalkylene/carbon monoxide copolymers and mixtures thereof with other polymers,
for example polyamides.

Preferred polyolefins are polyethylene or polypropylene and their copolymers with mono- and
diolefins.

In addition to components (a), (b) and (c) the novel process may comprise further costabi-
lizers (additives) such as, for example, the following:

1. Antioxidants

1.1. Alkylated monophenols, for example 2,6-di-tert-butyl-4-methylphenol, 2-tert-butyl-4,6-di-
methyiphenol, 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-(a-methylcyclohexyl)-4,6-dimethyi-
phenol, 2,6-dioctadecyl-4-methylphenol, 2,4,6-tricyclohexylphenol, 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-6-(1’-methylundec-1’-yl)phenol, 2,4-dimethyl-6-(1’-
methylheptadec-1’-yl)phenol, 2,4-dimethyl-6-(1'-methyltridec-1’-yl)phenol and mixtures there-
of.
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1.2. Alkylthiomethylphenols, for example 2,4-dioctyithiomethyl-6-tert-butylphenol, 2,4-dioc-
tylthiomethyl-6-methylphenol, 2,4-dioctylthiomethyl-6-ethylphenol, 2,6-di-dodecylthiomethyl-

4-nonylphenol.

1.3. Hydroquinones and alkylated hydroquinones, 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-hydr-
oxyphenyl) adipate.

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

1.5. Hydroxylated thiodiphenyl ethers, for example 2,2-thiobis(6-tert-butyl-4-methyiphenol),
2,2’-thiobis(4-octylphenol), 4,4’-thiobis(6-tert-butyl-3-methylphenol), 4,4’-thiobis(6-tert-butyl-
2-methylphenol), 4,4’-thiobis-(3,6-di-sec-amylphenol), 4,4’-bis(2,6-dimethyl-4-hydroxyphe-
nyl)disulfide.

1.6. Alkylidenebisphenols, for example 2,2’-methylenebis(6-tert-butyl-4-methylphenol), 2,2'-
methylenebis(6-tert-butyl-4-ethylphenol), 2,2’-methylenebis{4-methyl-6-(a-methylcyclohexyl)-
phenol], 2,2-methylenebis(4-methyl-6-cyclohexylphenol), 2,2-methylenebis(6-nonyl-4-
methylphenol), 2,2"-methylenebis(4,6-di-tert-butylphenol), 2,2’-ethylidenebis(4,6-di-tert-butyl-
phenol), 2,2’-ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2-methylenebis[6-(o-methylben-
zyl)-4-nonylphenol], 2,2’-methylenebis[6-(a,a-dimethylbenzyl)-4-nonylphenol], 4,4’-methy-
lenebis(2,6-di-tert-butylphenol), 4,4 -methylenebis(6-tert-butyl-2-methylphenol), 1,1-bis(5-
tert-butyl-4-hydroxy-2-methylphenyl)butane, 2,6-bis(3-tert-butyl-5-methyl-2-hydroxybenzyl)-4-
methylphenol, 1,1,3-tris(5-tert-butyl-4-hydroxy-2-methylphenyl)butane, 1,1-bis(5-tert-butyl-4-
hydroxy-2-methyl-phenyl)-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-butyl-2’-hydroxy-5'-methylbenzyl)-6-tert-butyl-4-methylphenyijterephtha-
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.
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1.7. O-, N- and S-benzyl compounds, for example 3,5,3’,5-tetra-tert-butyl-4,4’-dihydroxy-
dibenzyl ether, octadecyl-4-hydroxy-3,5-dimethylbenzylmercaptoacetate, tridecyl-4-hydroxy-
3,5-di-tert-butylbenzylmercaptoacetate, tris(3,5-di-tert-butyi-4-hydroxybenzyl)amine, bis(4-
tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithioterephthalate,  bis(3,5-di-tert-butyl-4-hydroxy-
benzyl)sulfide, isooctyl-3,5-di-tert-butyl-4-hydroxybenzylmercaptoacetate.

1.8.  Hydroxybenzylated malonates, for example dioctadecyl-2,2-bis-(3,5-di-tert-butyl-2-
hydroxybenzyl) malonate, di-octadecyl-2-(3-tert-butyl-4-hydroxy-5-methylbenzyl) malonate,
di-dodecylmercaptoethyl-2,2-bis-(3,5-di-tert-butyl-4-hydroxybenzyl) malonate, bis[4-(1,1,3,3-
tetramethylbutyl)phenyl}-2,2-bis(3,5-di-tert-butyl-4-hydroxybenzyl) malonate.

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

1.10. Triazine Compounds, for example 2,4-bis(octylmercapto)-6-(3,5-di-tert-butyl-4-hydr-
oxyanilino)-1,3,5-triazine,  2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyanilino)-1,3,5-
triazine, 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-hydroxy-
benzyl)isocyanurate, 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate, 2,4,6-
tris(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1,3,5-triazine,  1,3,5-tris(3,5-di-tert-butyl-4-hydr-
oxyphenylpropionyl)-hexahydro-1,3,5-triazine,  1,3,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl)-
Isocyanurate.

1.11. Benzylphosphonates, for example dimethyl-2,5-di-tert-butyl-4-hydroxybenzylphospho-
nate, diethyl-3,5-di-tert-butyl-4-hydroxybenzylphosphonate, dioctadecyl3,5-di-tert-butyl-4-hy-
droxybenzylphosphonate, dioctadecyl-5-tert-butyl-4-hydroxy-3-methylbenzylphosphonate,
the calcium salt of the monoethyl ester of 3,5-di-tert-butyl-4-hydroxybenzylphosphonic acid.

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

1.13. Esters of b-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid with mono- or polyhydric

alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexanediol, 1,9-
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nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethy-
lene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-bis(hydr-
oxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpro-

pane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane.

1.14. Esters of b-(5-tert-butyl-4-hydroxy-3-methylphenyl)propionic acid with mono- or poly-
hydric alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexane-
diol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol, neopentyi glycol, thiodiethylene glycol,
diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N’-bis-
(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethyl-
olpropane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane.

1.15. Esters of b-(3,5-dicyclohexyl-4-hydroxyphenyl)propionic acid with mono- or polyhydric
alcohols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol.
ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol,
triethylene 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-trioxabicyclo[2.2.2]octane.

1.16. Esters of 3.5-di-tert-butyl-4-hydroxyphenyl acetic acid with mono- or polyhydric alco-

hols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol,
ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol,
triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N’-bis(hydroxyethyl)ox-
amide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpropane, 4-hy-

droxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane.

1.17. Amides of b-(3,5-di-tert-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-butyl-4-hydroxy-
phenylpropionyl)trimethylenediamide,  N,N’-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)-
hydrazide, 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)
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1.19. Aminic antioxidants, for example N,N’-di-isopropyl-p-phenylenediamine, N,N'-di-sec-
butyl-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’-dicyclohexyl-p-phenylenediamine, N,N’-diphenyl-p-phenylenediamine, N,N’-bis(2-naph-
thyl)-p-phenylenediamine, N-isopropyl-N'-phenyl-p-phenylenediamine, N-(1,3-dimethylbutyl)-
N’-phenyl-p-phenylenediamine, N-(1-methylheptyl)-N'-phenyl-p-phenylenediamine, N-cyclo-
hexyl-N’-phenyl-p-phenlenediamine, 4-(p-toluenesulfamoyl)diphenylamine, N,N’-dimethyl-
N,N’-di-sec-butyl-p-phenylenediamine, diphenylamine, N-allyldiphenylamine, 4-isopropoxy-
diphenylamine, N-phenyl-1-naphthylamine, N-(4-tert-octylphenyl)-1-naphthylamine, N-phe-
nyl-2-naphthylamine, octylated diphenylamine, for example p,p’-di-tert-octyldiphenylamine, 4-
n-butylaminophenol, 4-butyrylaminophenol, 4-nonanoylaminophenol, 4-dodecanoylamino-
phenol, 4-octadecanoylaminophenol, bis(4-methoxyphenyl)amine, 2,6-di-tert-butyl-4-dime-
thylaminomethyiphenol, 2,4’-diaminodiphenyimethane, 4.4'-diaminodiphenylmethane,
N,N,N’,N'-tetramethyl-4,4’-diaminodiphenylmethane, 1,2-bis{(2-methylphenyl)aminojethane,
1,2-bis(phenylamino)propane, (o-tolyl)biguanide, bis{4-(1’,3'-dimethylbutyl)phenyilamine, tert-
octylated N-phenyl-1-naphthylamine, a mixture of mono- and dialkylated tert-butyl/tert-octyi-
diphenylamines, a mixture of mono- and dialkylated nonyldiphenylamines, a mixture of mo-
no- and dialkylated dodecyldiphenylamines, a mixture of mono- and dialkylated isopropyl/iso-
hexyldiphenylamines, a mixture of mono- and dialkylated tert-butyldiphenylamines, 2,3-di-
hydro-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-octyl-phenothia-
zines, N-allylphenothiazin, N,N,N’,N'-tetraphenyl-1,4-diaminobut-2-ene, N,N-bis(2,2,6,6-
tetramethyl-piperid-4-yl-hexamethylenediamine, bis(2,2,6,6-tetramethylpiperid-4-yl) seba-
cate, 2,2,6,6-tetramethylpiperidin-4-one, 2,2,6,6-tetramethylpiperidin-4-ol.

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-chloro-benzotriazole, 2-(3'-tert-butyl- 2'-hydroxy-5-methylphe-
nyl)-5-chloro-benzotriazole, 2-(3’-sec-butyl-5'-tert-butyl-2’-hydroxyphenyl)benzotriazole, 2-(2'-
hydroxy-4'-octyloxyphenyl)benzotriazole, 2-(3’,5'-di-tert-amyi-2’-hydroxyphenyl)benzotriazole,
2-(3',5'-bis-(a,a-dimethylbenzyl)-2’-hydroxyphenyl)benzotriazole, 2-(3'-tert-butyl-2’-hydroxy-5'-
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(2-octyloxycarbonylethyl)phenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-5’-[2-(2-
ethylhexyloxy)-carbonylethyl]-2’-hydroxyphenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-2'-
hydroxy-5’-(2-methoxycarbonylethyl)phenyl)-5-chloro-benzotriazole, 2-(3’-tert-butyl-2’-hydr-
oxy-5'-(2-methoxycarbonylethyl)phenyl)benzotriazole, 2-(3'-tert-butyl-2’-hydroxy-5’-(2-octyl-
oxycarbonylethyl)phenyl)benzotriazole, 2-(3'-tert-butyl-5'-[2-(2-ethylhexyloxy)carbonylethyil]-
2’-hydroxyphenyl)benzotriazole, 2-(3-dodecyl-2’-hydroxy-5’-methylphenyl)benzotriazole, 2-
(3'-tert-butyl-2’-hydroxy-5'-(2-isooctyloxycarbonylethyl)phenylbenzotriazole, 2,2’-methylene-
bis[4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>