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Method of producing low-dust granules From polymer additives

The present invention relates to a method of prodiucing low-dust granules from polymer
additives.

Organic polymers, especially polyolefins, general 1y require the addition of additives in order

. to facilitate processing.and to retain the in-use prooperties for as long a period as possible.
Factors having a damaging effect on organic polywmers, in addition to light and heat, also
include residues of catalysts used during prepara tion. The prior art describes a large number
of classes of substance that can be used as addiftives and stabilisers. On account of compiex
processes (not all of which have been explained #in detail) that result in the degradation of
organic polymers, mixtures of a plurality of additiwes are frequently used.

In general, the additives and additive mixtures ares in powder form, which can be disadvanta-
geous, examples of dlsadvantages lnc!udlng dusE formation, tendency to separate and

- metering problems. There is therefore a need for commercial product forms which are not
associated with those disadvantages. Examples ef known methods include agglomeration
methods, e.g. in aqueous phase, optionally with thhe use of a dispersant, mixing methods with
binders, and compaction using a pellet press.

In many cases the resulting commercial product Fforms have shortcomings. They frequently
contain water or binders, which are disadvantage.ous for incorporation into organic polymers.
There is accordingly a need for granular additive mmixtures having good in-use properties that
comprise little or no binder. In addition, granular aadditive mixtures increasingly need to satisfy
the relevant ecological criteria, for example low dwust formation, savings in material through
the omission of binder, etc..

U.S. Patent Specification 5 240 642 describes a rmethod for producing granulated forms of
additives for neutralising organic and inorganic acids and of tetrakis[3-(3,5-di-tert-butyi-4-
hydroxyphenyl)—propionyloxymethyl]methane. Thaat method is carried out in the presence of
the last-mentioned material in the molten state, trmat material being distributed homogeneous-
ly throughout the pulverulent mass of the acid-newtralising agent, the mass being extruded,
the extruded strands being cooled and granules tlhen being formed. The granules so obtain-
able have disadvantages, however, in that they glive rise to substantial amounts of dust.

European Patent Application No. 719 824 describmes a method of producing low-dust calcium
stearate granules, more specifically by heating camlcium stearate or an additive mixture
comprising calcium stearate and further polymer aadditives, extruding through a plate
provided with nozzles or holes, the diameter of thee nozzles or holes being from 1.0 to
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10.0 mm ., and subsequently forming the granules dir=ectly from the resulting extrudate while it
is still in 2 plastic state (so-called "hot cut’).

That metPhod also has disadvantages, because for e extrusion the viscosity of the product
mass hass to be adjusted to a low value, by supplying or removing heat, such that the product
mass rermnains plastic on passing through the orificess. This is especially critical in the case of
additive rwixtures, which havela tendéﬁcy to harden. On the other hand, a high viscosity is
required - For cutting the product strands during granumle formation in order that the product
mass is porevented from adhering to the cutting devicze. There is therefore a need for an
improvect method which enables granules to be formed in @ subsequent step, separately
from the extrusion.

The pressent invention is based on a method in whiclh only a small number of orifices or only
one orificse is required for the extrusion and the gran ules are formed in a subsequent step.

The princsiple of the method according to the invention lies in providing the extruder with only
a small rmumber of orifices, preferably with only one sorifice (hole or slot). The emerging pre-
shaped plastic mass is then rolled out to the require~d granule thickness using a pair of rollers
(calende rs), deposited on a cooling belt and transpcorted further. In the following step, the
granule ssize is impressed into the resulting paste mat using shaping rollers. The underside of
the belt i=s cooled in order to harden the plastic masss. At the end of the belt, the impressed
hardenecd paste mat is subjected to preliminary bresaking up into coarse pieces which are
then brok<en into individual granules in a sieve granuilator.

The inve -ntion relates to a technically advantageous method of producing low-dust granutes
of polym-er additives or polymer additive mixtures (b lends), wherein the granule-forming
polymer additives are mixed together, the mixture is- converted into a workable mass and
pressed - through an orifice, and the pre-shaped stramd-like extruded mass is cooled and,
while still in a workable state, formed into granules oy rolling, impressing, cooling and
commincating.

The grarules that can be produced in accordance wWith this method are uniformly shaped and
are distirguished by excellent technical properties ira respect of their further processing,
especiallly advantageous bulk material properties, e—g. particle size adjustable from 1.0 to
10.0 mma , loose bulk density of more than 400 g/l, geood flowability, e.g. pouring rates of from
2 to 40 s.ec (in accordance with DIN 53492 by meassurement of tres and tres, measurement of
the pouriing rate using a funnel having a defined out let opening, e.g. 15 and 25 mm), angles
of repose= of the poured material of 30-40° in accordance with 1SO 4324 (DIN 1SO 4324),
considersable resistance to attrition and freedom frorm dust, e.g. very low levels of dust in the
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Heubach test, and also good stor-age stability. They can therefore readily be metered into the
organic polymers to be stabilised..

In the production of granules, a low dust content is an important criterion, which be deter-
mined in accordance with the so- <called Heubach test in an experimental set-up that is sirmailar
to conditions in practice, the test smaterial being kept in motion in order to determine the
tendency to dust formation on the basis of dust emissions caused by attrition. The test
apparatus is manufactured by Hesubach Engineering, Langelsheim (DE). in the test, the te=st
material (sample weight 50 g) is rmoved at 30 rpm (rotations per minute), corresponding tos a
circumferential speed of about 1S cm/sec, for 5 minutes in a dust production system havirmg a
capacity of 2.5 litres, wherein threse baffles are arranged in the direction of rotation atan

angle of 45° to the housing wall, wwhile a current of air of 0.32 litre/sec deposits the fines
component on a filter. The fine particles content determined in this way preferably does not
exceed the value of 0.1 % by wei ght.

In a preferred embodiment of the invention, there are mixed together as granule-forming
polymer additives phenolic polyneer additives of formula:

g1
HO -—Q‘CHZ—(S)"—‘-CHZ, Y
R2 R3
n

wherein, independently of one armother, one of R, and R; is hydrogen, a substituent selected
selected from the group Ci-Cssalixyl, phenyl, (C+-Cqalkyl)ssphenyl, phenyl-C,-Czalkyl,
(C+-Caalkyl)1aphenyl-C+-Caalkyl, C-C2cycloalkyl and (C1-Caalkyl);sCs-Cs2cycloalkyl or a

group of partial formula
/N-
R,-@; N B
N

wherein R, is hydrogen or a subs-tituent selected selected from the group C;-C.alkyl, haloggen
and sulfo;

and the other is a substituent selexcted from the group C4-Cisalkyl, phenyl,
(C1-Caalkyl)ssphenyl, phenyl-C+-Caalkyl, (C1-Caalkyl)s.aphenyl-C4-Csalkyl, Cs-Crcycloalkyl
and (C-Caalkyl)13Cs-CizCycloalkysl or a group of partial formula (A) wherein Rq is as defined;

R3 is hydrogen or methyl;
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m is the number zero or 1; and

n is an integer from 1 to 4; wherein,
when n is the number 1,

m is zero or 1 and Y denotes

a monovalent substituént —O-Y1 or —N (—‘Yi)z, wherein

PCT/EP2005/0501 =40

Y, is Cs-Casalkyl, Cs-Casalkyl interrupted by at least one oxygen atom, Cs-Ciacycloalkyl,

C-Cizalkenyl,
a substituent of partial formula
~CH2-CH(OH)-CH,-0-C(=0)-Ry, (B),
wherein R, is hydrogen, C4-Csalkyl, Cs-Csalkenyl or benzyl,
a substituent of partial formula
-CHz-CH2-O—R, (©),
wherein R, is hydrogen, C1-Casalkyl, Cs—CyzCycloalkyl or phenyl,

a substituent of partial formula

-CH,-CH,-O-CHR @-CHR.-C(=0)-O-R¢ (D),
wherein one of Ry and R, is hydrogen ox methyl and the other is methyl, and Ry is hydroggen
or C4-Cz4alkyl,
a substituent of partial formula
R1
_CHZ—CH;Q—CH;Q—OH ®.
R,
wherein Ry and R; are as defined above=,
or a substituent of partial formula
-CH,-CH,-O-CH-C(=0)-0-Ry ™,

wherein Ry is hydrogen or C+-Caalkyl; a nd
Y3 is hydroxy-C»-Caalkyl; or,
when n is the number 2,

m is zero and Y is a bivalent group of paurtial formula
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—O'CXHZX'O- (G)v
wherein x is an integer from 2 to 20,
-O-(C:Hz-CHz-O)y-CHz-CHz-O- (H),

wherein y is an integer from 1 to 30,

-O—CH,-CH,-S-CHz-CHz-O- (),
-O—CHz-CH=CH-CH,-O- (K) or
“NF-(CHz)~NH- L,

wherein z is zero or an integer from two to ten; or,

when n is the number 3, misze roand Yis a trivalent group of partial formula
—O0—CH,
—O—CHA—Rh M),
-0—CH,

wherein R;, is C1-Casalkyl or phe myl, or

or,

when n is the number 4, m is ze ro and Y is the tetravalent group of partial formula
-0—CH,
-—o-CH;-I—CH,—o—
-0—CH,

The alkyl groups of various chain lengths defined in the description of the present inveantion
include linear and, where possitole, branched hydrocarbon radicals, especially C4-Csallkyl,
e.g. methyl, ethyl, isopropyl, n-b utyl, isobutyl, tert-butyl, n-pentyl, neopentyl, isopentyl. n-
hexyl, 2-ethylbutyl, 1-methylpen-tyl, 1,3-dimethylbutyl, n-heptyl, 3-heptyl, 1-methylhexyw|,
isoheptyl, n-octyl, 2-ethylhexyl, -1 ,1,3,3-tetramethylbutyl, 1-methylheptyl, n-nony! or 1,71,3-
trimethylhexyl, also C1o-Cusalkyl,. especially straight-chain C1-C4salkyl, €.0. n-decyl,
n-dodecyl, n-tetradecyl, n-hexacdecyl, n-octadecyl, icosyl, henicosyl, docosyl or triacortyl, or
branched C-Cralkyl, e.g. 1,1,3-trimethylhexyl, 1-methylundecyl, 2-n-butyl-n-octyl, is=o-
tridecyl, 2-n-hexyl-n-decyl or 2-ra-octyl-n-dodecyl, or higher homologues thereof.
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(C+CeAlkyl)saphenyl is e.gm. 2- or 4-tolyl, 2,5- or 2,6-xylyl, mesityl, 2- or 4-gthylpheruyl, 2,4- or
2 6-diethylphenyl, 4-cumeryl, 2-tert-butyl-6-methylphenyl or 2,6-bis-tert-butyl.
Phenyl-C,-Caalkyl is e.g. p henyl bonded to C4-Caalkyl in the 1-, 2- or 3-position, e.33.
2-phenylethyl, especially b-enzyl.

(C+-CaAlkyl)4sphenyl-C-C=alkyl is one of the (C-Caalkyl)saphenyl radicals defined above
bonded to C4-Csalkyl in thes 1-, 2- or 3-position, e.g. 2-tert-butyl-6-methylbenzyl or 2 ,6-bis—tert-
butylphenyl.

Cs-C1.Cycloalkyl is e.g. cy«clopentyl or cyclohexyl.

(C+-C4Alkyl)1.4Cs-Crocycloaalkyl is one of the Cs-Ciocycloalkyl groups defined above substit-
uted by 1-3 C4-Cqalkyl, ©.08. 2- of 4-methylcyclohexyl, 2 6-dimethylcyclohexyl, 2,4,6s-frimethyl-
cyclohexyl or 4-tert-butylcysclohexyl.

- Alkenyl is-e:g. vinyl, allyl, 2-butenyl, methallyl, 2- or 3-hexenyl, or 3- or-5-decenyl. — -

In addition, the partial fornmula (A) defined above includes the following position isomsmer:
N A\
R--@ N @)
, N

R, as halogen is bromine, iodine or, especially, chlorine.

In a compound (1), the indeex m is zero or one. When m is zero, this defines the diresct bond.
in accordance with a furthesr embodiment, the indices m and n are the number 1. Y~ is in that
case the monovalent groupo —O-Y,. Such compounds (1) correspond to formula:

R1

HO CHz—-S—CHz—ﬁ-—OY1 (a).
R2 R3

Y, as Cs-Casalkyl interrupted by at least one —O- hetero atom includes the Cs-Casallkyl groups
mentioned above, especially 2-methoxyethyl, 2- or 3-methoxypropyl, 2-, 3- or 4-me=thoxy-
butyl, 2-sthoxyethyl, 2- or S-ethoxyprapyl, 2-, 3- or 4-ethoxybutyl, 2-n-propoxyethyl. , 2- or
3-n-propoxypropyl, 2-, 3-0 1 4-n-propoxybutyl, 2-isopropoxyethyl, 2- or 3-isopropox=ypropyl,
2-, 3- or 4-isopropoxybutyl.. 2-n-butoxyethyl, 2- or 3-n-butoxypropyl, 2-, 3- or 4-n-bumtoxybuityl,
2-tert-butoxyethyl, 2- or 3-t ert-butoxypropyl, 2-, 3- or 4-tert-butoxybutyl and higher Fiomo-
logues thereof, especially | inear Cs-Craalkyl substituted by methoxy, ethoxy, n-propsoxy,
isopropoxy or by tert-butox.y.
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Ry, in a group of partial €ormula (A) is preferably hydrogen, allyl, methallyl or benzyl.
R, in a group of partial fFormula (C) is preferably hydrogen or C+-Caalkyl.
Y> as hydroxy-C>Caalkylis preferably 2-hydroxyethyi.

An especially preferred group of compounds (1), wherein m is zero and defi nes the direct
bond and n is one, corr~esponds to general formulae:’

R1
HO |12-—cr|2——(1)1-—o‘(1 @b)
Ra and
Rl
(o}
HO Hz—cl-l,—u--NfY2 (i0).
N=/ L Y, .
RZ

In those compounds, o ne of R, and Ry is methyl or tert-butyl and the other of Ryand Rz is
tert-butyl, Y; is straight—chain or branched C1o-Cxalkyl and Y2 is 2-hydroxyethyl.

A further especially presferred group of compounds (1), wherein m is zero ard defines the
direct bond and n is on e, coresponds to the general formula;

o
HO Hz—CH;—“—OY1 (),

wherein R, is hydroger or chlorine and Y1 is straight-chain or branched C1o-Cz2alkyl.

In accordance with a pmreferred further embodiment there are mixed togethesr as granule-
forming polymer additiwves phenolic polymer additives (1) wherein n is the number 2 and m is
zero. Y denotes a bivallent substituent selected from the group

~O-CHax-O- @),
wherein x is an integer from 2 to 20,
-O-(CHa-CH-0)y-CH-CHz-O- (H),
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wherein y is an integer from 1 to 30,
-O-CH2-CH2-S—~CH2-CH,-O- o,
-O-CH-CH=CH-CH=-O- (K); and
-NH-(CH=)-NH- L),

5 wherein zis zekb or an integer from 2 to 10.

Preferred compounds coirespond to thes formulae

R1
OH
(@)
W/O
0
(o]
HO
R1
R,
OH
o/\,O\/\ o/\/o
(o]
HO
R1
R,
HO OH
R O g P
1
(o] O ,
R1
OH
q H
N/\/\/\/N
o
HO
10 R, and
R,
HO OH
HH
N-N
R;
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wherein R is h=ydrogen or tert-butyl.

A further prefer red embodiment relates to the preparation of compeounds (I) wherein n is the
number 3, mis zero and Y is the trivalent group

(9 T N\N(O L.
PRAN

5 Such a compomund corresponds to formula
OH

HO OH

A further prefe=rred embodiment relates to the preparation of com pounds (I) wherein n is the
number 4 and m is zero. Such a compound corresponds to formuila

HO
O—CH{-C
o

10  In a further presferred embodiment of the invention there are mixezd together as granule-
forming polym er additives phenolic polymer additives (I} wherein

one of Ry and R, is methyl, tert-butyl or the group (A) wherein R is hydrogen or chlorine, and
the other of R~ and R; is tert-butyl;

Ra is hydroger;
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-10-

m is ze ro or the number 1; and
nis an integer from 1 to 4; wherein, when

nis thea number 1, m is zero or the number 1 and Y denotes a mono-valent group -O-Y; or
-N(-Y2)= or

5 ' nis the number 2, m is zero and Y denotes a bivalent group of partizal formula (D), (E), (F).
(G) or CH); or

nis thes number 3, m is zero and Y denotes a trivalent group of partizal formula (K) or (L); or
n is the number 4 and m is zero and Y denotes a tetravalent group oof partial formula (M).

In accordance with an especially preferred embodiment there are m_ixed together as granule-
10 forming polymer additives phenolic polymer additives of formula:
R1

o]
HO ctz,]—u—Y "
R?

wherei n, independently of one another, one of R4 and R; is hydroge=n or C4-Cqalkyl and the
other iss Ca-Casalkyl; x is zero (direct bond) or an integer from one to —three; and Yis
Cs-Caralkoxy or a group of partial formula

—N—(CH)—HCHa) OH (1A,
15 Ry
1I
—o-[—(cuz)z—o+zﬁ~(cxnz,) OH B)
Rz' or
-0-(CH0—HCH)FO—1H(C Hy) o], o

whereiin, independently of one another, one of Ry and R;' is hydroggen or C-Caalkyl and the
other i=s Ca-Caalkyl; x is zero (direct bond) or an integer from one to three; y is an integer from
20 two to ten and z is an integer from two to six.
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-11 -

The following further polymer additives can be mixed together with the above-described
granule-forming phenolic polymer additives to fo rm so-called blends:

1. Antioxidants

1.1 Alkylated monophenols, e.g. 2,6-di-tert-butyi—4-methylphenol, 2-butyl-4,6-dimethylphencl .
2,8-di-tert-butyl-4-ethyiphenol, 2 6-di-tert-butcyl~4-n-butylphenol, 2,6-di-tert-butyl-4-iso-
butyiphenol, 2,6-dicyclopentyl-4—-metl'\ylphencl, 2-(a,a-methylcyclohexyl)-4,6-dimethy|-
phenol, 2,6-dioctadecyl-4-methylphenol, 2,4 _6-tricyclohexylphenol, 2,6-di-tert-butyl-4-
methoxymethylphenol, straight-chain or bramched nonylphenols; e.g. 2,6-dinonyl-
4-methylphenol, 2,4~dimethyl-6-(1-methylundec-‘l'-yl)-phenol, 2. 4-dimethyl-6-(1'-methyl-
heptadec-1-yl)-phenot, 2,4-dimethyl—6-(1'-methyltﬁdeo—1'-yl)-phenol and mixtures thereof™.

1.2 Alkylthiomethylphenols, e.g. 2,4~dioctylthiorr1ethyl-6-tert-6utylphenol. 2,4-dioctylthio-
methyl-6-methylphenol, 2 4-dioctylthiomethyrl-6-ethylphenol, 2,6-didodecyithiomethyl-4-
" nonylphenol. '

1.3 Hydroguinones and alkylated hydroquinoness, e.g. 2,6-di-tert-buty|-4-methoxyphenol, 2,5—
di-tert-butylhydroquinone, 2,5-di-tert-amylhy droquinone, 2,6-diphenyl-4-octadecyloxy-
phenol, 2,6-di-tert-butylhydroquinone, 2,5-di -tert-butyl-4-hydroxyanisole, 3,5-di-tert-butyl—
4-hydroxyanisole, 3,5-di-tert-butyl-4-hydroxysphenylstearate, bis(3,5-di-tert-butyl-4-
hydroxyphenyl)adipate.

1.4 Tocopherols, e.g. a-, B-, 7- or 3-tocopherols and mixtures thereof (vitamin E).

1.5 Hydroxylated thiodiphenyl ethers, ©.9. 2.2'-thhio-bis(6-tert-butyl-4-methylphenol), 2,2'-thic—
bis(4-octylphenol), 4,4'-thio-bis(6-tert-butyl-3-methylphenol), 4 4'-thio-bis(6-tert-butyl-2-
methylphenol), 4 4'-thio-bis(3,6-di-sec-amylohenol), 4 4'-bis(2,6-dimethyl-4-hydroxy-
phenyl) disulfide.

1.6 Alkylidene-bis-phenols, e.g. 2,2-methylene—bis(6-tert-butyl-4-methylphenol), 2,2'-methyl—
ene-bis(6-tert-butyl-4-ethyiphenol), 2,2'-methylene—bis[4-methyl-6-(a—methylcyclohexyl)-
phenol}, 2,2'-methylene—bis(4—methyl-6-cyclohexylphenol), 2,2'-methylene-bis(6-nonyl-4-
methylphenol), 2,2'-methylene-bis(4,6-di-tert-butylphenol), 2,2'-ethylidene-bis(4,6-di-tert—
butyiphenol), 2,2"-ethylidene-bis(6-tert-butyl—4-isobutylphenol), 2,2'-methylene-bis[6-
(a-methylbenzyl)-4-nonylphenol], 2,2'-methy|ene-bis[6—(a,a—dimethylbenzyl)-4—nonyl-
phenal], 4,4'-methylene-bis(2,6-di-tert-butylpohenol), 4,4'-methylene-bis(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-methyl-
phenyl)butane, 1,1-bis(5-tert-butyl-4—hydroxy-z-methylphenyl)-s-n-dodecylmercapto-
butane, ethylene glycol bis[3,3-bis(3'-tert—butyl-4'-hydroxyphenyl)butyrate], bis(3-tert-
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butyl-4-hydroxy-5-methylphenyl)dicyclopentadiene, bis[2-(3-tert-butyl-2'-hydroxy-5'-
methylbenzyl)-6-tert-butyl-4-methylphenyljterephthaiate, 1, 1-bis(3,5-dimethyl-2-hydroxy-
phenyi)butane, 2,2-bis(3,5-di-tert-butyl-4-hydroxyphenyl)preopane, 2,2-bis(5-tert-butyl-4-
hydroxy-2-methylphenyl)-4—n-dodecylmercaptobutane, 1,1, 5,5-tetra(5-tert-butyl-4-hydr-
oxy-2-methyiphenyl)pentane.

1_7 O-, N- énd S-benzyl compounds, e.g. 3,5,3’,5'-tetra-ter(-bu:tyl-4,4'-dihydrbxydibenzyl
ether, octadecy! 4-hydroxy-3,5-dimethylbenzyl mercaptoaczetate, tridecyl 4-hydroxy-3,5~
di-tert-butylbenzyl mercaptoacetate, tris(3,5-di-tert-butyl-4- hydroxybenzyl)amine, bis(4-
tert-butyl-3-hydroxy-2,6-dimethylbenzyl) dithioterephthalates, bis(3,5-di-tert-butyl-4-
hydroxybenzyl) sulfide, isooctyl 3,5-di-tert-butyl-4-hydroxytoenzyl mercaptoacetate.

1.8 Hydroxybenzylated malonates, e.g. dioctadecy! 2,2-bis(3,5-di-tert-butyl- -hydroxybenzyl)
malonate, dioctadecyl 2-(3-tert-buty|-4-hydroxy-5-methylbenzyl) malonate, didodecyl

R mercaptoethyl-2,2-bis(3-,5-di-tert-buty|-4-hydroxybenzy|) m_alonate, di-[4-(1,1,3,3-tetra-

methylbutyl)phenyl]-2.2-bis(3,5—di-tert—buty|-4—hydroxybenzy\) malonate.

1.9 Aromatic hydroxybenzyl compounds, €.g. 1,3,5-tn's(3,5-di—-tert-butyl-4~hydroxybenzy|)-
2,4,6-trimethylbenzens, 1,4—-bis(3,5-di-tert-butyl-4-hydroxyioenzyl)-2,3,5,6-tetramethyl—
benzene, 2,4.6-tris(3,5—di-tert-butyl~4—hydroxybenzyl)pheno!.

1.10 Triazine compounds, 6.g. 2,4-bisoctylmercapto—6—(3,5-dE-tert~butyl—4-hydroxyanilino)-
1,3,5-triazine, 2-octy|mercapto-4,6—bis(3,5-di-tertJouty|-4-hydroxyanilino)-1 ,3,5-triazine, 2-
octylmercapto-4,6-bis(3,5—di-tert-butyl—4-hydroxyphenoxy)—1,3,5—triazine, 2,4,6-1ris(3,5-di-
tert-butyl-4-hydroxyphenoxy)-1,2,3-triazine, 1 ,3,5-tris(3,5-cdi-tert-butyl-4-hydroxybenzyl)
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-tiiazine, 1.,3,5-tris(3,5-di-tert-butyl-4-
hydroxyphenylpropionyl)hexahydro-1,3,5-triazine, 1 ,3,5-tri-s(3, 5-dicyclohexyl-4-hydroxy-
benzyl) isocyanurate.

1.11 Benzyl phosphonates, e.g. dimethy|-2,5-di-tert-butyl-4-h3(droxybenzyl phosphonate,
diethyl-3,5-di-tert-butyl-4-hydroxybenzyl phosphonate, dioactadecyl-3,5-di-tert-butyl-4-
hydroxybenzy! phosphonate, dioctadecyl-5-tert-butyl-4-hyciroxy-3-methylbenzyl phos-
phonate, calcium salt of the monoethyl ester of 3,5-di-tert- -butyl-4-hydroxybenzylphos-
phonic acid.

1.12 Acylaminophenols, e.g. 4-hydroxylauraniiide, 4-hydroxysstearanilide, octyl-N-(3,5-di-tert-
butyl-4-hydroxyphenyl) carbamate.

1.13 Ascorbic acid (vitamin C).
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.14 Aminic antioxidarts, e.g. N,N'-diisopropyl-p-phenylenecliamine, N,N'-di-sec-butyl-p-

phenylenediamine, N,N‘-bis(1,4-dimethyi-penty|)-p-pheny'|enediamine, N,N'-bis(1-ethyl-3-
methyl-pentyl)-p-pihenylenediamine, N,N'-bis(1-methylhep.)tyl)-p-phenylenediamine, N,N'-
dicyclohexyl-p-phe Tylenediamine, N,N'-diphenyl-p-pheny~lenediamine, N,N'-di(2-naph-
thyl)-p-phenylened iamine, N-isopropyl—N'-phenyl-p-phenylenediamine, N-(1,3-dimethyl-
butyl)-N'-phenyl-p-gohenylenediamine, N-(1-methylheptyt) -N'-phenyl-p-phenylenediamine,
N-cyclohexyl-N'-ptmenyl-p-phenylenediamine, 4—(p-toluen-esulfonamido)-diphenylamine,
N,N'-dimethyI-N,N'—-di-sec-butyl-p—phenylenediamine, dipthenylamine, N-allyldiphenyi-
amine, 4-isopropoxxydiphenylamine, N-phenyl-1-naphthyl amine, N-(4-tert-octyiphenyl)-1-
naphthylamine, N-gohenyl-2-naphthylamine, octylated dip henylamine, e.g. p, p'-di-tert-
octyldiphenylamine2, 4-n-butylaminophenol, 4-butyrylamirophenol, 4-nonanoylamino-
phenol, 4-dodecarmoylaminophenol, 4-octadecanoylamineophenol, di(4-methoxyphenyl)-
amine, 2,6-di-tert-butyl-4—dimethylaminomethylphenol, 2, 4-diaminodiphenylmethane,

4 4'-diaminodipheryimethane, N,N,N',N'-tetramethyl-4,4' ~diamino-diphenylmethane, 1,2-
di[(2-methylpheny M )amino]ethane, 1,2-diphenylaminoprogoane, o-tolylbiguanide, di[4-(1',3™
dimethylbutyl)pheryllamine, tert-octylated N-phenyl-1-naaphthylamine, a mixture of mono-
and di-alkylated te rt-butyl-/tert-octyl-diphenylamines, a rixture of mono- and di-alkylated
nonyldiphenylamires, a mixture of mono- and di-alkylatesd dodecyldiphenylamines, a
mixture of mono- &and di-alkylated isopropyl-/isohexyl-dipshenylamines, mixtures of mono-
and di-alkylated te-rt-butyldiphenylamines, 2,3-dihydro-3, 3-dimethyl-4H-1,4-benzo-
thiazines, phenothmiazines, a mixture of mono- and di-alk=ylated tert-butyl-ftert-octy!-pheno-
thiazines, a mixtur=e of mono- and di-alkylated tert-octyl-pohenothiazines, N-allylpheno-
thiazines, N,N,N', ="tetraphenyl-1,4-diaminobut-2-ene, N, N-bis(2,2,6,6-tetramethylpiper-
idin-4-yl)hexametylenediamine, bis(2,2,6,6-tetramethylpoiperidin-4-yl) sebacate, 2,2,6,6-
tetramethylpiperidiin-4-one and 2,2,6,6-tetramethylpipericiin-4-ol.

1.15 Polyphenolic an-tioxidants, e.g. derivatives of p-cresol =and dicyclopentadiene, e.9.

®\WINGSTAY L (G oodyear), CAS-No. 68610-57-5.

2. UV Absorbers and _ light stabilisers
2.1 2-(2-Hydroxypherylibenzotriazoles, e.g. 2-(2‘-hydroxy-5'-methylphenyl)benzotriazole, 2-

(3',5'-di-tert-butyl-.’;.?‘-hydroxyphenyl)benzotriazole, 2-(5'-teert-butyl-2'-hydroxyphenyl)-
benzotriazole, 2-(=2"hydroxy-5'-(1,1 3,3-tetramethylbutyl)e phenyl)benzotriazole, 2-(3',5'-di-
tert-butyl-2'-hydroxyphenyl)-5-ch|orobenzotn'azole, 2-(3'—-tert-butyl-2’-hydroxy-5'-methyl-
phenyl)-5-chiorobeznzotriazole, 2-(3‘-sec—butyl-5'-tert-butyl-2'-hydroxyphenyl)benzo-
triazols, 2-(2‘-hydr'oxy-4‘-octyloxypheny|)benzotriazole, =-(3',5'-di-tert-amyl-2'-hydroxy-
phenyl)benzotriazeole, 2-(3',5'-bis(a, a-dimethylbenzyl)-2'—hydroxyphenyl)benzotriazole, 2-
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(3'-tert-butyl-2'-hydroxy-5‘-(2-octyloxycarbonylethyl)phenyl)-5-ch|orobenzotriazole, 2-(3-
tert-butyl-5'—[2-(2-ethylhexyloxy)carbomyleﬁ'\yl]—2'-hydroxyphenyl)-5-chlorobenzotriazole,
2-(3'-tert-butyl-2'-hydroxy-5'-(2-meth03<ycarbonylethy!)phenyl)-s-chlorobenzotriazole, 2-
(3'-tert-butyl-2'-hydroxy-5'-(2-methoxycarbonylethyl)phenyl)benzotn'azole, 2-(3'-tert-butyl-
2'—hydroxy-5'-(2-octy1oxycarbonylethy|)phenyl)benzotriazole, 2-(3'-tert-butyl-5'-[2-(2-ethyl-
hexyloxy)carbonylethyl}-2'-hydroxyph enyl)benzotriazole, 2-(3'-dodecyl-2'-hydroxy-5'-
methylphenyl)benzotriazole, 2-(3'~terl:-butyl-2'-hydroxy-5'—(2-isooctyloxycarbonylethyl)-
phenylbenzotriazole, 2,2"-methylene- bis[4-(1,1,3, 3-tetramethylbutyl)-8-benzotriazol-2-yl-
phenol]; the transesterification produect of 2-[3'-tert-butyl-5'-(2-methoxycarbonylethyl)—Z'-
hydroxyphenyl]-2H-benzotriazole witkh polyethylene glycol 300;

rR —CH,CH,-C0O0- CH20H2+. whereein R is 3-tert-butyl-4'-hydroxy-5'-2H-benzotriazol-2-

2

yiphenvl, 2-[2-hydroxy-3"-(a,a-dimetylbenzyl)-5'-(1,1 3,3-tetramethylbutyl)phenyllbenzo-
triazole; 2-[2"-hydroxy-3'-(1,1 ,3,3—tetramethylbuty|)-5'-(a,a-dimethylbenzyl) phenyilbenzo-
triazole.

2.2 2-Hydroxybenzophenones, €.9. the 21-hydroxy, 4-methoxy, 4-octyloxy, 4-decyloxy, 4-
dodecyloxy, 4-benzyloxy, 4,2',4"-trihysdroxy or 2'-hydroxy-4,4'-dimethoxy derivatives.

2.3 Benzoic acid esters, e.g. 4-tert-buty Iphenyl salicylate, phenyl salicylate, octylphenyl
salicylate, dibenzoylresorcinol, bis(4—tert-butylbenzoyljresorcinol, benzoylresorcinol, 2,4-
di-tert—butylphenyl—S,5-di-tert-buty|-4—hydroxybenzoate, hexadecyi-3,5-di-tert-butyl-4-
hydroxybenzoate, octadecyl-3,5-di-teert-butyl-4-hydroxybenzoate, 2-methyi-4,6-di-tert-
butylphenyi-3,5-di-tert-butyl-4-hydroxybenzoate.

2.4 Acrylates, e.q. ethyl-a-cyano-B,B-digphenylacrylate or isooctyl-a-cyano-B,p-diphenyl-
acrylate, methyl-a-carbomethoxycin namate, methyl-a-cyano-g-methyl-p-methoxycinna-
mate or butyl-a-cyano-B-methyl-p-maethoxycinnamate, methyl-a-carbomethoxy-p-meth-
oxycinnamate and N-(a-carbomethoxy—&cyanovinyl)-z-methylindoline.

2.5 Nickel compounds, e.g. nickel compplexes of 2,2"-thio-bis[4-(1,1,3, 3-teframethylbutyl)-
phenol], e.g. the 1:1 or 1:2 complex , optionally with further ligands, e.g. n-butylamine,
triethanolamine or N-cyclohexyldietiranolamine, nickel dibutyldithiocarbamate, nickel salts
of monoalky! esters, e.g. methyl or ethyl esters, 4-hydroxy-3,5-di-tert-butylbenzylphos-
phonic acid, nickel complexes of ke=toximines, e.g. 2-hydroxy-4-methyiphenylundecyl-
ketoximes or nickel complexes of 1—phenyl-4-lauroyl-5-hydroxypyrazole, optionally with
further ligands.

2.6 So-called sterically hindered aminess, e.g. bis(2,2,6,6-tetramethyipiperidin-4-yl) sebacate,
bis(2,2,6,6-tetramethylpiperidin-4-yl) succinate, bis(1,2,2,6,6-pentamethylpiperidin-4-yl)
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sebacate, bis(1 -octyloxy-z,2,6,6-tetramethylpipen’din-4—y|) sebacate, bis(1,2,2,6,6-penta—
methylpiperidyl)-n-butyl-S,5-di-tert—butyl-4-hydroxybenzyl malonate, the condensate of 1 -
hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, the linear or

cyclic condensate of N,N'-bis(2,2,6,6-tetramethyl-4—piperidyl)hexamethy|enediamine and
4-tert-octylamino-2,6-dichloro-1 ,3,5-s-triazine, tn's(2.2,6.6-tetramethy|-4-pipeﬁdyl)nitn'lo-
triacetate, tetrakis(2,2,6,6—tetramethyl-4—piperidyl)-1 ,2,3,4-butanetetraoate, 1 ,1-(1,2-
ethanediyl)-bis(s,3,5,5-tetramethylpiperazinone). 4—benzoyl-2,2,6,6-tetramethylpiperidin e,
4-stearyloxy-2,2,6,6-tetramethylpipewidine, bis(1,2,2,6,6-pentamethylpiperidyl)-2-n-buty| -
2—(2-hydroxy-3,5-di-tert-buty|benzy!) malonate, 3—n—octyl-7,7,9,9-tetramethyl-1,3,8-tn‘aza—
spiro[4.5]decane-2,4-dione, bis(1-oc;tyloxy-2,2,6,6-tetramethylpiperidyl) sebacate, bis(1—
octyloxy-2,2,8,6-tetramethylpiperidyk ) succinate, the linear or cyclic condensate of N,N'—
bis(2,2,6.6-tetramethyl-4-pipen‘dyl)hexamethylenediamine and 4-morpholino-2,6-dichlomro-
1,3,5-triazine, the condensate of 2-c:hloro-4,6—di(4-n~butylamino-2,2,6,6-tetramethyl-
piperidyl)-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-pentamethylpiperidy!)-1,3,5-triazine and 1,2-bis(=3-
aminopropylamino)ethane, 8-acetyl—3-dodecyl-7,7,9,9-tetramethyl-1 ,3,8-triazaspiro-
[4.5]decane-2,4-dione, 3-dodecyl-1—(2.2,8 ,6—tetramethy|—4-piperidyl)pyrrolidine-2,5-diorle,
3-dodecyl-1-(1 ,2,2,6,6-pentamethyl—4-pipeﬁdyl)pyrrolidine-z,5-dione, a mixture of 4-hexxa-
decyloxy- and 4-stearyloxy-2,2,6,6-tetramethylpiperidine, the condensate of N,N'-
bis(2,2,6,6—tetramethyl-4—piperidyl)-hexamethylenediamine and 4-cyclohexylamino-2,6—di-
chloro-1,3,5-triazine, the condensat-e of 1,2-bis(3-aminopropylamino)ethane and 2,4,6—
trichloro-1,3,5-triazine and 4-butylarmino-2,2,6,6-tetramethylpiperidine (CAS No. 136504-
96-6); N-(2,2,6,6-tetramethyl-4~piperidyl)-n-dodecylsuccinimide, N-(1,2,2,6,6-penta-
methyl-4-piperidyl)-n-dodecylsuccire imide, 2-undecyl-7,7.9,9-tetramethyl-1 -oxa-3,8-dia=za-
4-oxospiro[4.5]decane, the reaction product of 7,7.9,9-tetramethyl-2-cycloundecyl-1-0>«a-
3,8-diaza-4-oxospiro[4.5]decane arad epichlorohydrin, 1,1-bis(1 ,2,2,6,8-pentamethyl-4—
piperidyloxycarbonyl)-2-(4-methoxy phenyl) ether, N,N'-bis-formyl-N;N'-bis(2,2,6,6-tetraa-
methyl-4-piperidyl)hexamethylened jamine, the diester of 4-methoxymethylenemalonic
acid with 1,2,2,6,6-pentamethyl-4-h ydroxypiperidine, poly[methylpropyl-3-oxy-4-(2,2,6 6~
tetramethyl-4-piperidyl)]siloxane, th e reaction product of maleic anhydride/c-olefin co-
polymer and 2,2,6,6-tetramethyl-4-aminopiperidine or 1,2,2,6,6-pentamethyl-4-amino-
piperidine.

Oxalamides, e.g. 4,4'-dioctyloxyoxaanilide, 2,2'-diethoxyoxanilide, 2,2'-dioctyloxy-5,5'-cdi-
tert-butyloxanilide, 2,2-didodecyloxcy-5,5'-di-tert-butyloxanilide, 2-ethoxy-2'-ethyloxanil ide,
N,N'"-bis(3-dimethylaminopropyl)oxaalamide, 2-ethoxy-5-tert-butyl-2'-ethyloxanilide and the
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mixture with 2-ethoxy—2-ethyl-5,4'-di-tert-butyloxanilide and mixtures of o-armd p-
methoxy- and o- and p-ethoxy-disubstituted oxanilides.

2.8 2-(2-Hydroxyphenyl)—1,3,5-triazines, e.g. 2,4,6-tris(2-hydroxy-4—octyloxyphenyl)-1,3,5-
triazine, 2-(2—hydroxy-4-octyloxyphenyl)-4,6—bis(2,4—dimethy|phenyl)—1,3,5-hiazine, 2-(2,4-
5 dihydroxyphenyl)-4,6-—bis(2,4-dimethylphenyl)—1 ,3,5-triazine, 2,4-bis(2-hydro=xy-4-propyl-
oxyphenyl)-6-(2,4-dinnethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphwenyl)-4,6-
bis(4-methylpheny!)-~1,3,5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis(z,4-di-
methylphenyl)-1,3,5-Eriazine, 2-(2-hydroxy-44n‘decyloxyphenyl)—4,6-bis(2,4-c:|imethyl-
phenyl)-1,3,6-triazine=, 2-[2-hydroxy-4~(2-hydroxy-3-butoxypropyloxy)phenyl]-4,6-bis(2.4-
10 dimethylphenyl)-1,3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-octy|oxypropylo:<y)-phenyl]—
4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-[4—-(dodecyloxy/tridecyloxy-z-hyvdroxyprop-
oxy)-2-hydroxyphenyl]-4,6-bis(2,4wdimethylphenyl)_—1 ,3,5-triazine, 2-[2-hydroxy-4-(2-
) hydroxy-3-dodecylo>cy—propoxy)phenyl]—4,6—bis(2,4~dimethylphenyl)—1,3,5—triazine, 2-(2-
hydroxy-4-hexyloxy)gohenyl-4,6-diphenyl-1 ,3,5-triazine, 2-(2-hydroxy-4-metinoxyphenyl)-
15 4 6-diphenyt-1,3,5-trT azine, 2,4,6-tn's[2-hydroxy-4—(3-butoxy-2-hydroxy-prop oxy)phenyl]-
1,3,5-triazine, 2-(2-hydroxyphenyl)-4-(4wmethoxyphenyl)—6-phenyl-1 ,3,6-triae zine, 2-{2-
hydroxy-4»[3—(2-ethylhexyl-1-oxy)-2-hydroxypropyloxy]phenyl}—4,6-bis(2,4-climethyl-
phenyl)-1,3,5-triazine.

3. Metal deactivators, e_g. N,N'-diphenyloxalamide, N-salicylal-N'-salicyloylhyd razine, N,N'*-
20 bis(salicyloyl)hydrazire, N,N'-bis(3,5—di-ten-butyl—4-hydroxyphenyl-propionyl)hydrazine, 3-
salicyloylamino-1,2,4—triazole, bis(benzylidene)oxalyl dihydrazide, oxanilide, isophthaloyl-
dihydrazide, sebacoy-Ibisphenyl hydrazide, N,N'-diacetyladipoyl dihydrazide. N,N'-
bis(salicyloyl)oxalyl d ihydrazide, N,N'-bis(salicyloyl)thiopropionyl dihydrazides.

4._Phosphites, phosphiraes and phosphonites, €.9. triphenyl phosphite, diphenyl alkyl-

25 phosphites, phenyl d&alkylphosphites, trisnonylphenyl phosphite, trilauryl ph-osphite,
trioctadecyl phosphites, trimethylphosphine, tri-n-butylphosphine, triphenyiprmosphine,
distearylpentaerythrit-ol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite, dliisodecyl-
pentaerythritol diphossphite, bis(2,4-di-tert-butylphenyl)pentaerythritol diphossphite, bis(2,6-
di-tert-butyl-4-methyigohenyl)pentaerythritol diphosphite, bisisodecyloxypent=aerythritol

30 diphosphite, bis(2,4-c1i-tert-butyl-6—methylphenyl)pentaeryﬂwritol diphosphite-, bis(2,4,6-tri-
tert-butylphenyl)pentazerythritol diphosphite, tristearylsorbitan triphosphite, teetrakis(2,4-di-
tert-butylphenyl)-4,4'—biphenylene diphosphonite, 6-isooctyloxy-2,4,8,10-tetwra-tert-butyl-
12H-dibenzo[d,g]-1,3%,2-dioxaphosphocine, 6-fluoro-2,4,8,10-tetra-tert-butyl—12-methyl-
dibenzold,g]-1.3,2-disoxaphosphocine, bis(2,4-di-tert-butyl-6—methylphenyl)methyl

35 phosphite, bis(2,4-di-—tert-butyl-S-methyIphenyl)ethyl phosphite, 2,2' 2"-nitrilo|triethyl-tris-
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(3,3',5,5"-tetra—tert-butyl-1,1 "-biphenyl-2,2'-diyl)phosphite}, 2-ethylhexyl((3,3',5,5"-tetra-tert-
butyk-1,1"-bipheanyl-2,2'-diyl) phosphite.

The following [2hosphites are especially preferred:
tris(2,4-di-tert-toutylphenyl) phosphite (Irgafos®168, Ciba Specialty Chesmicals), frisnonyl-
phenyl phosph ite and the phosphites having the structural formulae (a) , (b). (c), (d), (e), ()

and (g):

DO O-
o, o—p X P-o0
H,C — CH C),P— F @), o o) (b),

(c) ?

P—0—CH,CH, =~ NH,
o]

(o}
P — 0 — CH,CH(C,HJCH,CH, (d),
(e}

o o
H,C o—P. X P—o CH,
° ° (e),
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cm O-
HyCyg=O—P, >< P—0O-C,Hy 0 f{ — OrCH,CH, @-

o o
®,

CHy

5. Hydroxylamirmes, €.9. N,N-dibenzylhydroxylamine, N,N-diethylhydr-oxylamine, N,N-dioctyl-
hydroxylamin e, N,N-dilaurylhydroxylamine, N,N-ditetradecylhydro>xylamine, N,N-dihexa-
decylhydroxy lamine, N,N-dioctadecylhydroxylamine, N-hexadecyl—N-octadecylhydroxyl-
amine, N-heptadecyl-N-octadecylhydroxylamine, N, N-dialkylhydroxylamine from
hydrogenatec tallow fatty acid amines.

6. Nitrones, e.g— N-benzyl-a-phenylnitrone, N-ethyl-o-methylnitrone, N-octyl-a-heptylnitrone,
N-lauryl-o-urmdecylinitrone, N-tetradecyl-o-tridecylnitrone, N-hexaclecyl-a~-pentadecyl-
nitrone, N-oc—tadecyl-o-heptadecylinitrone, N-hexadecyl-o-heptadezcylnitrone, N-octadecyl-
a-pentadecylinitrone, N-heptadecyl-a-heptadecyinitrone, N-octadexcyl-a-hexadecylnitrone
and nitrones from N,N-dialkylhydroxylamines of hydrogenated talRow fatty acid amines.

7. Thiosynergis ts, e.g. dilauryl- or distearyl-thiodipropionate.

8. Peroxide abssorbers, e.g. esters of B-thiodipropionic acid, e.g. the lauryl, stearyl, myristyl or
tridecyl ester—s, mercaptobenzimidazoles, the zinc salt of 2-merca ptobenzimidazole, zinc
dibuty! dithio~carbamate, dioctadecyl disulfide, pentaerythritol tetraakis(B-dodecylmercapto)-
propionate.

9. Polyamide siabilisers, e.g. the copper salts combined with iodide s and/or phosphorus
compounds aand salts of divalent manganese.

10. Basic costa bilisers, e.g. melamine, polyvinylpyrrolidone, dicyancliamide, triallylcyanurate,
urea derivati-ves, hydrazine derivatives, amines, polyamides, polysurethanes, alkali metal
and alkaline earth metal salts of higher fatty acids, e.g. calcium stearate, zinc stearate,
magnesium “behenate or stearate, sodium ricinoleate, potassium palmitate, antimdny or
zinc pyrocateacholate.

11. Nucleating -2gents, e.g. inorganic fillers, e.g. talcum, metal oxidess, e.g. titanium dioxide or

magnesium oxide, phosphates, carbonates or sulfates, preferabl y of alkaline earth metals,
organic acid s, e.g. mono- or poly-carboxylic acids and their salts , e.g. 4-tert-butylbenzoic
acid, adipic =acid, diphenylacetic acid, sodium succinate or benzoate and also polymeric
compounds,_ e.g. ionic copolymers (jonomers).
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12. Benzofuranones and indolinomes, e.g. according to 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-4 316 611; DE-A-4 316 622;
DE-A-4 316 876; EP-A-0 589 &839 or EP-A-0 591 102, or 3—[4-(2-acetoxyethoxy)phen‘_-y|]-
5,7-di-tert-butylbenzofuran-2-One, 5,7-di-tert-butyl-S-[4-(2-stearoyloxyethoxy)phenyl]-
benzofuran-2-one, 3,3‘-bis[5,7'41i-tert-butyl-3-(4-[2-hydroxyethoxy]phenyl)benzofuran—z-
onej, 5,7-di-tert-butyl-3-(4-eth-oxyphenyl)benzofuran-2-one, 3-(4-acetoxy-3,5—dimethy'|~
phenyl)-5,7-di-tert-butylbenzo*furan-2-one, 3~(3,5—dimethyl-4-piva|oyloxyphenyl)-s,7-<:li-tert-
butylbenzofuran-2-one, 3—(3,4--dimethy|phenyl)-s,7-di-tert-butylbenzofuran-z-one, 3-(23-
dimethylphenyl)-s,7-di-tert-bmty|benzofuran—2-one.

13. Further additives, e.g. plasticsisers, lubricants, emulsifiers, pigments, flow agents,
catalysts, fluorescent whitene=rs, antistatic agents or blowing agents.

The granule-forming additives amnd additive mixtures described above are mixed togeth erina
manner known per se, there beimng suitable, for example, so-called ko-kneaders, co-rotating
and counter-rotating twin-screw  extruders or single-screw extruders, which are suitable= for
the mixing, kneading, incorporatzion, plastification and homogenisation of thermoplastic - and
curable plastics, for the dispersi-on of dyes and for other processes in the viscoelastic [ohase,
e.g. ko-kneaders of the K and M1 types, especially ko-kneaders of the PR type, which aallow
specific outputs of up to 1 kW pser kg of processed mass per hour. Especially suitable
apparatus are ko-kneaders of the PR type from Buss AG, CH-Pratteln, e.g. apparatus types
PR 100, 140, 200 or 300. In accordance with the ko-kneader principle, the mixing and
kneading work is distributed bet-ween a plurality of small elements, e.g. kneading teethm and
helical blades. Operation is con tinuous or discontinuous, according to the batch. For
continuous operation it is impor—tant to have uniform supply of material, which can be e=ffected
by means of metering devices f~or liquids, melts or pulverulent to pasty materials.

The conversion of the mixture imto a workable mass is preferably effected in a temperaature-
controlled ko-kneader, co-rotati ng or counter-rotating twin-screw extruder or single-screw
extruder. By virtue of thermal amnd mechanical (shear) energy, the additives are mixed and
processed into a workable masss. The housing and screw of the ko-kneader can be he=ated
individually in a plurality of zone=s, e.g. using double-jacket heating. Temperature rang €s of
from 20°C to 300°C are preferr=ed. The filling zone is preferably cooled. The outlet noz=zle is
specially shaped and has a sm all number of orifices, preferably only one orifice. It maZy be,
for example, in the form of an imnjection head, strip- or slot-shaped nozzle, circular noz_zle or
spiral nozzle. The orifices in the= outlet nozzles are from about 40 mm to about 200 mrmin
length, from about 6 mm to about 20 mm in width or, in the case of circular nozzles, a_re from
about 20 mm to about 150 mim in diameter.
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On leavinga the outlet nozzle, the strand-like extruded mass so pre-shapedisina non-rigid
state, e.g. aplastic or plastic-crystalline state, that is capable of further shaping. The
extruded mass has a viscosity of about from 1000 to 50 000 cPParsec, preferably from 1000
to 10 000 cPassec. The extruded mass is cooled to a temperatture at which it still remains
workable. —The mass can be discharged by means of a slide chaute, which can be provided
with a non—stick coating. :

As an altermative to ko-kneaders there are used screw extrudears which may be provided with
one or twoe screws (single-screw or multi-screw extruders, e.g. twin-screw extruders), it being
possible for the screws to be provided with the same or differe=nt windings (shear elements
and mixing components). The use of ko-kneaders is preferred - Reference is made to the
apparatus described in Handbuch der Kunststoffextrusion, Ed#itors F. Hensen, W. Knappe, H.
Potente, \Wol. 1, 1989, Grundlagen, ISBN: 3-446-14339~4, and Vol. 2, 1986, Extrusions-
anlagen, 1=SBN 3-446-14329-7. Analogous apparatus is obtain=able from the manufacturers
Brabender (DE), Wemer & Pfleiderer (DE) or Buhler (CH). Whuile itis stillina workable state,
the cooled mass is then formed into granules by rolling, impresssing, cooling and comminut-
ing. For ro 1ling there is used a rolling method derived from so-«alled calendering and known
from the pmroduction of plastics films. The conventional calendexring method consists of
forming thearmoplastic masses into endless strips by passing tiem through at least two
rollers, so—called nip or squeeze rollers.

The impresssing process used in the method of the present inv ention differs from calendering
methods ir that, after rolling, the still plastic, pre-shaped mass- is then processed using
linearly enmbossed shaping rollers. The material is thus impres sed with a granular structure,
which is necessary for the provison of predetermined breakings points for comminuting the
hardened #Fragments of the product mat.

During impressing, transport can be effected on a continuous ssteel belt of the Sandvik type,
which is pr-ovided with a controllable drive and is coolable by wwater being sprayed onto its
underside. The steel belt can have a beit width of from about 200 mm to about 1500 mm and
an effectivee cooling length of from about 2 m to about 16 m.

The rolling is effected by passing the pre-shaped, still plastic nnaterial through two or three
squeeze roollers, the spacing between the rollers being adjustable and the smallest spacing
governing “the size of the granules. The plastic material that haas been thus rolled out is then
processed by at least one, preferably two or three, rollers whiczh impart an impressed
structure to the material. In a preferred embodiment, those shaaping rollers have diagonal
grooves ru nning in opposite directions or grooves running longgitudinally and transversely,
which impress rhombic or square structures into the still plastic strip of material.
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There are= at least two possible arrangements of the squeeze rollers (ove=rhead and
undernea-th). When they are arranged overhead, the plastic material eme=rging from the outlet
nozzle is sguided upwards by the transport pelt, it being possible for the t—ansport belt to be
cooled or heated. When they are arranged undemeath, the plastic mater—ial is guided
downwarcls upstream of the first squeeze roller.

The sque eze rollers and shaping rollers can be arranged as in conventiosnal calenders,
which, as necessary, may be heated or, especially, cooled. The rotation=al speed of the
collers ha s to be matched to the flow of paste (in order to avoid blockage=s). Relative to the
cooling beelt located undemeath, the rollers are mounted with their axis a_t an inclination of
<90° in the direction of flow. The rollers can also be provided with a non—stick coating.

The impressed product strip is allowed to harden on a cooling belt and aat the end of the belt
broken down into coarse pieces using a further roller. The resulting fragrments are

. comminu ted to form granules along the impressed lines in a sieve granumlator, e.g. Frewitt,

GLA-ORW/-0215 type (4 mm sieve). The mesh size of the sieve is matchsed to the size of the
granules. The fines or finer fragments are then sieved off and separated from the granules.

As an alternative to a sieve granulator, the fragments formed along the i mpressed lines can
be comnminuted to form granules of the desired size in a roll crusher or a_ rolt mill. A combina-
tion of a roll crusher or roll mill with a sieve granulafor is also possible.

The addittive granules based on single additives or additive mixtures tha—t can be so produced
are suitabole for stabilising organic polymers against thermal, oxidative omr light-induced
degradation. They can be incorporated into polymers, e.g. thermoplasticss, especially
thermosextting plastics, e.g. based on polyolefins, polyesters, polystyrenes, polyacrylates,
polyuretrmanes, polyamides etc., in a manner known per se using known methods. The
granules are also suitable for the preparation of so-called premixes.

The followving Exampies iliustrate the applicability and practicality of the method according to
the preseant invention:

Example= 1

50 parts ©f IRGANOX 1010 (pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4—hydroxyphenyl)-
propionatte]) and 50 parts of IRGANOX 1098 (N,N-hexane-1,6-diyl-bis[3 -(3,5-di-tert-butyl-4-
hydroxyps=henyl)propionamide}) are mixed homogeneously in a batch mix=er. Using a metering
apparatu=s, the mixture is supplied to a Konti kneader (type PR100 7D) wolumetrically ata
throughp it of 50 kg/h. The kneader is temperature-controlled to 100°C Cinlet cooled to 20°C;
shaft 110»°C). The temperature of the mass is 95°C. At a shaft speed of ~45 rpm (100 rpm =
150 kg/h), the product is extruded through a slot-shaped nozzle (dimenssions 40 x 6 mm).
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The strand of material is supplied by way of a cooled chute (20°C) to two cooled (20°C)
squeez=e rollers. The squeeze rollers roil the strand of pro ductin the plastic state (1000 to
10 000 cPas) into a 2 mm thick, approximately 10-15 cm =wide strip which is deposited on a
cooledl metal belt (Sandvik cooling belt; effective width 2550 mm; effective length 4000 mm).
Above- the cooling belt there are mounted two embossing rollers which impress a thombus
structure into the still plastic strip of product. After the impressing, the impressed strip of
producthardens on the cooling beit and at the end of the belt breaks into coarse pieces. The
impresssed fragments are comminuted to form granules a long the impressed lines in a sieve
granullator (Frewitt type: GLA-ORV-0215; 4 mm sieve). T he fines are then sieved off. The
granuBes according to the invention so produced have a Liniform shape and exhibit
advaratageous bulk material properties (Table 1).

Table 1

Particle size, smallest length - 1.0 mm
Partic le size, greatest length 3.0mm
Loose bulk density 514 g
Pourirg rate (tris/tres)® 9sec/2 sec
Angle of repose (nozzle 15 /25 mm)® 41°/34°
Dust emission (5 min)® 0.11%

" according to 1ISO 4324; ? according to DIN 53492; ¥ acscording to Heubach test

Exammple 2

Using a metering apparatus, 100 parts of IRGANOX 101 O are supplied to a Konti kneader
(type PR100 7D) volumetrically at a throughput of 100 kga/h. The kneader is temperature-
controlled to 90°C (inlet cooled to 20°C; shaft 90°C). The temperature of the mass is 70°C. At
a sha-ft speed of 45 rpm, the product is extruded through a circular nozzle (diameter 24 mm).
The strand of material is supplied by way of a cooled chite (20°C) to two cooled (20°C)
squeeaze rollers. The squeeze rollers roll the strand of pr- oduct in the plastic state (1 000 to

5 000 cPas) into a 2 mm thick, approximately 10-15 cm “wide strip which is deposited on a
cooled metal belt (Sandvik cooling belt; effective width 2250 mm; effective length 4000 mm).
Above the cooling belt there are mounted two embossin-g rollers which impress a rhombus
structure into the still plastic strip of product. After the inmpressing, the impressed strip of
produact hardens on the cooling belt and at the end of thea belt breaks into coarse pieces. The
impre=ssed fragments are comminuted to form granules aalong the impressed lines in a sieve
granusfator (Frewitt type: GLA-ORV-0215; 4 mm sieve). The fines are then sieved off. The
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granules accordling to the invention so produced have a uniform shape and exhi bit
advantageous bsulk material properties (Table 2), especially in comparison with #he powder

used.

Table 2

Particle size, smallest length 2.2 mm
Particie size, greeatest length 55 mm
Loose bulk denssity 534 gfl
Pouring rate (tr-1s/tras)? 37 sec/ 3 sec
Angle of reposes (nozzle 15 /25 mm)” 38°/31°
Dust emission (-5 min)? 0.065 %

Y according to 1SS0 4324; 2 according to DIN 53492; according to Heubach tesst

Example 3

5.2 parts of IRGSANOX®1010, 25.8 parts of calcium stearate powder (calcium steearate DW®,
FACI, IT) and 6% parts of TINUVIN®822 (butanedioic acid dimethyl ester, polym er with 4-
hydroxy-2,2,6,6 -tetramethyl-1 -piperidinesthanol) are mixed homogeneously in &n MTI mixer.
Using a meterirmg apparatus, the mixture is supplied to a Konti kneader (type PFRR100 7D)
volumetrically at a throughput of 100 kg/h. The kneader is temperature-controlled to 60°C
(inlet cooled to 220°C; shaft 60°C). The temperature of the mass is 50°C. At a shaft speed of
45 rpm, the procduct is extruded through a circular nozzle (diameter 24 mm). Thee strand of
material is suppelied by way of a cooled chute (20°C) to two cooled (20°C) squeea=ze rollers.
The squeeze ro llers roll the strand of product in the plastic state (1 000 to 5 000D cPas) into a
2 mm thick, apperoximately 10-15 cm wide strip which is deposited on a cooled rmetal belt
(Sandvik coolingg belt; effective width 250 mm:; effective length 4000 mm). Abovee the cooling
beit there are m ounted two embossing rollers which impress a rhombus structumre into the still
plastic strip of p roduct. After the impressing, the impressed strip of product harcdens on the
cooling belt and at the end of the belt breaks into coarse pieces. The impressecd fragments
are comminutecd to form granules along the impressed lines in a sieve granulator (Frewitt
type: GLA-ORV~0215; 4 mm sieve). The fines are then sieved off. The granules- according to
the invention so produced have a uniform shape and exhibit advantageous bulkz material
properties (Tabl-e 3), especially in comparison with the powder used.
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Table 3

Particle size, smallest length 3.3 mm
Particle size, grexatest length 6.6 mm
Loose bulk denssity 537 gh
Pouring rate (tr1s/tres)? 40 sec! 3 sec
Angle of repose (nozzle 15 /25 mm)” 45°/ 33°
Dust emission (5 min)? 0.00 %

 according to IS0 4324; ? according to DIN 53492, 3 according to Heubaxch test
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What is claimed is:

A method of producing low-dust granules of polymer additives or polymer adi ditive
mixtures, wherein the granule-forming polymer additives are mixed together,, the mixture
is converted into a workable mass and pressed through an orifice, and the p re-shaped

.strand-like extruded mass is cooled and, while still in a workable state, formed into

granules by rolling, impressing, cooling and comminuting.

A method according to claim 1, wherein there are mixed together as granule-forming
polymer additives phenolic polymer additives of formula:

R1
HO —Q-CHZ-(S),,—,-CH, y QO
R2 R:S

wherein, independently of one ancther, one of R, and R; is hydrogen, a subbstituent
selected from the gromup C-Cssalkyl, phenyl, (C+-Cqalkyl)rsphenyi, phenyl-C;-Caalkyl,
(C4-Calkyl)1.sphenyl-€C;-Caalkyl, Cs-Ciocycloalkyl and (C4+-Cqalkyl)12Cs-Ci2Cycloalkyl or a

group of partial formula
/N-
R_.@; N—
N

wherein R, is hydro gen or a substituent selected from the group C4+-Caalkzyl, halogen
and sulfo; '

and the other is a swubstituent selected from the group C4-Csalkyl, pheny 1,
(C+-Caalkyl)s.aphenysl, phenyl-C-Csalkyl, (C+-Caalkyl)saphenyl-C4-Caalkyl,
Cs-Cocycloalkyl and (C+-Caalkyl)1-2Cs-Cracycloalkyl or a group of partial Fformula (A)
wherein R, is as dexfined;

Ras is hydrogen or nmethyl;

m is the number zexro or 1; and

n is an integer froma 1 to 4; wherein,
when n is the numboer 1,

m is zero or 1 and ~Y denotes
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a monovalent substituent —O-Y"; or ~N(-Y2)2, wherein

Y, is Cs-Cusalkyl, Ca-Cusalkyl irmterrupted by at least one oxygen atom, Cs-Cqacycloalkyl,
Cz-CuaIkenyl,

a substituent of partial formula
‘CHz-CH(CH)-CHz-O-C(=0)-Ro, ®).

wherein Ry is hydrogen, C4-Ce alkyl, Cs-Csalkenyl or benzyl,
a substituent of partial formula.

-CH,-CH»O-Rc ©),
wherein R, is hydrogen, C-Czaalkyl, Cs-C2cycloalkyl or phenyl,
a substituent of partial formulaa

-CHz-CHz-O-CHR4+CHR-C(=0)-O-R, (D).

wherein one of Ry and R, is hwdrogen or methyl and the other is methyl, and Ry is
hydrogen or C4-Ca4alkyl,

a substituent of partial formula

R1
_CHrCH;O—CH;QOH E)
R,
wherein Ry and R; are as defimed above,
or a substituent of partial form ula
-CHa-CH,-O-CH»-C(=0)-0-Rg F),

wherein Ry is hydrogen or C1- Caalkyl; and
Y, is hydroxy-C.-Caalkyl; or,
when n is the number 2,
m is zero and Y is a bivalent group of partial formula
~0O-CyH2-O- (G),
wherein x is an integer from 2 to 20,
-0O-(C>Hp-CH2-0)y-CH2-CH,-O- (H),

wherein y is an integer from 1 to 30,
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g
_ﬁ—(CHz);,'H (C,Hy) H ('A),
R2' '
——'d—[—(cnz)z-o;]-zﬁ(cxnb)—cgw ('B)
Rz‘ , or
O(CHC—-CH)r0—LCH,) W], o

wherein, independently of one another, one of R4 ' and R, is hydrogen or C+-Caalkyl
and the other is Cx-C.alkyl; x is zero (direct bond>) or an integer from one to three; y is
an integer from two to ten and z is an integer frorm two to six.

4. A rmethod according to claim 1, wherein the mixture of granule-forming polymer additives
is cconverted into a workable mass in a heatable ko-k<neader.

5. A rmethod according to claim 1, wherein the workabl e mass is extruded from the ko-
kne=ader through a circular nozzle or slot-shaped no=zle and the pre-shaped, strand-like
maxss is subjected to further processing.

6. A rnethod according to claim 1, wherein the plastic, pre-shaped mass is processed by
sqmueeze rollers having a smooth and polished surfaece and then shaping rollers provided
wifth embossing lines.

7. A mmethod according to claim 1, wherein the shaping rollers are provided with grooves.

8. A mmethod according to claim 1, wherein the transposrt and the cooling and solidification

are= carried out on a continuous steel beit.

9. A mmethod according to claim 1, wherein the comporents of the granule-forming polymer
adiditives are fed into the ko-kneader in liquid or sol id form or in molten form.

10. A method according to claim 1, wherein the impresssed product mat is comminuted to

graanule size in a sieve granulator.
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