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POLYMER COMPOSITIONS STABILIZED WITH ORGANOPOLYSULFIDES

Cross-Reference to Related Application
This application claims priority to United States Provisional Application No.
62/526,536_, filed June 29, 2017, the entire disclosure of which is incorporated herein by

reference for all purposes.

Field of the Invention
The invention relates to polymer compositions that have been stabilized with
organodisulfides, organotrisulfides and/or organotetrasulfides, optionally in combination with
one or more further additives such as hindered phenol antioxidants, phosph(on)ites, and/or

hindered amine light stabilizers.

Background of the Invention

Although polymers are useful materials for the fabrication of various different types of
finished articles, they are generally susceptible to degradation at elevated temperatures such as
those employed during processing of a polymer or those encountered during normal use of a
polymeric article intended to be exposed to relatively harsh conditions. Moreover, it is important
in many end-use applications that polymeric articles remain functional and attractive in
appearance over an extended service life, even if they are not subjected to extreme
environmental stresses. Decomposition of a polymer can result in undesirable changes in the
appearance and the physical and mechanical properties of the polymeric article. For these
reasons, stabilizers of various types are typically incorporated into polymers in order to enhance
their resistance to degradation. However, polymer stabilization is still an empirical art and
generally it is not possible to predict with reasonable certainty whether a given additive will or
will not be effective as a stabilizer. Moreover, compounds which suitably stabilize one type of
polymer may not exhibit similar effects when incorporated into other types of polymers.

Accordingly, the development of alternative polymer stabilization technologies would be
highly desirable.

Summary of the Invention
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A polymer composition comprised of at least one polymer is stabilized by incorporating
therein an organopolysulfide stabilizer component comprised of at least one organopolysulfide
selected from the group consisting of organodisulfides, organotrisulfides and organotetrasulfides.
Further improvements in stabilization can be achieved through the incorporation of one or more
further additives, such as antioxidants (e.g., hindered phenol antioxidants, phosph(on)ite
stabilizers) and/or light stabilizers (e.g., hindered amine light stabilizers). The resulting
stabilized polymer composition exhibits improved resistance to degradation (in particular, at
elevated temperatures), as compared to a polymer composition which does not contain any
stabilizer. The presence of the organopolysulfide stabilizer component in the polymer results in
an increased stability of the polymer towards typical decompositional stresses such as heat or
light from processing or weathering. Such stabilization effects can be quantified by a lowered
residual monomer content retained in the polymer matrix after processing, a higher temperature
at which a certain level of weight loss is observed as a result of polymer decomposition, or a
higher retention of molecular weight following exposure to heat, light or other environmental

conditions which stress the integrity of the polymer chain.

Brief Description of the Figures
Figs. 1-9 are graphic representations of certain experimental results, as further explained

in the Examples.

Detailed Description of Certain Embodiments of the Invention

Organopolysulfides

The stabilized polymer compositions of the present invention are comprised of at least
one polymer and an organopolysulfide stabilizer component comprised of at least one
organopolysulfide selected from the group consisting of organodisulfides, organotrisulfides and
organotetrasulfides. Such organopolysulfides have been found to be particularly effective in
improving the stability of polymers, especially with respect to their thermal stability (i.e., their
ability to resist degradation when heated). Generally speaking, organomonosulfides (i.e.,
compounds corresponding to the general formula R-S-R, where each R group is an organic
moiety) do not provide the same level of polymer stabilization as the analogous organodisulfide

(R-SS-R), organotrisulfide (R-SSS-R) species, or organotetrasulfide (R-SSSS-R) species. The
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use of higher organopolysulfides (e.g., organopentasulfides R-SSSSS-R and organohexasulfides

R-SSSSSS-R) as stabilizers in polymer compositions has been found to generally not be suitable,
as the presence of such higher organopolysulfides often leads to severe odor issues and problems
with the formation of elemental sulfur when the polymer compositions are heated.

For these reasons, in various advantageous embodiments of the present invention, the
organopolysulfide stabilizer component present in the stabilized polymer composition is
characterized by having a total content of organopolysulfides other than organodisulfides,
organotrisulfides and organotetrasulfides of less than 30%, less than 25%. less than 20%, less
than 15%, less than 10% or less than 5% by weight, based on the total weight of
organopolysulfides present in the stabilized polymer composition. In still other embodiments,
the organopolysulfide stabilizer component present in the stabilized polymer composition is
characterized by having a content of organosulfide compounds other than organodisulfides,
organotrisulfides and organotetrasulfides of less than 30%, less than 25%, less than 20%, less
than 15%, less than 10% or less than 5% by weight, based on the total weight of organosulfide
compounds (i.e., organomonosulfides + organopolysulfides) present in the stabilized polymer
composition.

In the context of the present invention, an organodisulfide is considered to be a
compound containing at least one disulfide linkage (-SS-) interposed between two organic
moieties, wherein the organic moieties may be the same as or different from each other.
Likewise, an organotrisulfide is considered to be a compound containing at least one trisulfide
linkage (-SSS-) interposed between two organic moieties and an organotetrasulfide is considered
to be a compound containing at least one tetrasulfide linkage (-SSSS-) interposed between two
organic moieties, wherein the organic moieties may be the same as or different from each other.
Organodisulfides. organotrisulfides and organotetrasulfides useful in the present invention may
contain two or more —SS-, -SSS- and/or —SSSS- linkages per molecule. For example, the
organopolysulfide stabilizer component may comprise a compound corresponding to the general
structure R-SS-Q-SS-R or R-SSS-Q-SSS-R, wherein each R and Q is an organic moiety.

The organopolysulfide stabilizer component may comprise at least one organodisulfide,
but no organotrisulfide. In another embodiment, the organopolysulfide stabilizer component
may comprise at least one organotrisulfide, but no organodisulfide. In a particularly

advantageous embodiment, the organopolysulfide stabilizer component comprises at least one
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organodisulfide, at least one organotrisulfide, and at least one organotetrasulfide. For example,
the organopolysulfide stabilizer component may comprise, consist essentially of or consist of one
or more organodisulfides, one or more organotrisulfides, and one or more organotetrasulfides in
a weight ratio of organotrisulfide : (organodisulfide + organotetrasulfide) of from about 70 : 30
to about 90 : 10. In certain embodiments of the invention, the organopolysulfide stabilizer
component contains not more than 10% or not more than 5% by weight in total of
organopentasulfide and higher organopolysulfides (i.e., the organopolysulfide stabilizer
component is comprised of 0-10 or 0-5% by weight in total of species containing polysulfide
sequences —S-(S)a-, where n is 4 or higher).

The structures and identities of the organic moieties present in the organodisulfides,
organotrisulfidesand organotetrasulfides are not considered to be particularly critical and may be
varied and selected as may be needed to improve or modify the compatibility of the
organopolysulfide stabilizer component with the polymer matrix in which it is incorporated.
Without wishing to be bound by theory, it is believed that the organic moieties may assist in
dispersing and/or solubilizing the organopolysulfide stabilizer component in the polymer
composition. Accordingly, the organic moieties may be chosen depending upon the polymer to
be stabilized.

Suitable organic moieties include, for example. alkyl groups, aryl groups, and/or aralkyl
groups, including substituted and heteroatom-containing variants thereof as will be explained in
more detail subsequently.

In one aspect of the invention, the organodisulfide, organotrisulfide or organotetrasulfide
corresponds to the general formula (I):

R8-SR (D
wherein R' and R? are organic moieties which are the same as or different from each other and x
is 1 (providing an organodisulfide), 2 (providing an organotrisulfide) or 3 (providing an
organotetrasulfide). Each R group may be saturated or unsaturated. Each R group may
optionally contain one or more ring structures, including alicyclic, aromatic and heteroaromatic
ring structures. Mixtures of different organodisulfides, organotrisulfides and organotetrasulfides
may be utilized.

Each R group may be an organic moiety containing from 1 to 30 carbon atoms and

optionally also containing one or more hydrogen atoms and/or one or more heteroatoms. The
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heteroatoms optionally present in one or both R groups may be, for example, N, O, S, Se, P,
halide or the like or combinations thereof. The group R in formula (I) will be described in further
detail below; the group R will be indicated by the name of a monovalent group to which one
sulfur atom is bonded. In formula (I), each of R! and R? may, for example, represent an aliphatic
hydrocarbon group that optionally has at least one substituent, an alicyclic hydrocarbon group
that optionally has at least one substituent, an aromatic hydrocarbon group that optionally has at
least one substituent, a heterocyclic group that optionally has at least one substituent, or an
oxyalkylene-containing group. The term "aliphatic hydrocarbon group" encompasses an alkyl
group, an alkenyl group and an alkynyl group.

Examples of an "alkyl group” include a methyl group, an ethyl group. an n- propyl group,
an i-propyl group, an n-butyl group, an s-butyl group, an i-butyl group, a t-butyl group, an n-
pentyl group, an n-hexyl group, a nonyl group, an i-nonyl group, a decyl group, a lauryl group, a
tridecyl group. a myristyl group, a pentadecyl group, a palmityl group, a heptadecyl group, and a
stearyl group. A Cs-Cas or Cg-Cie alkyl group may be used, for example. Examples of an
"alkenyl group"” include a vinyl group, a 1-propenyl group, a 2-propenyl group, a 1-butenyl
group, a 2-butenyl group, a 3-butenyl group, a 1- methyl-2-propenyl group, a 2-methyl-2-
propenyl group, a 1-pentenyl group, a 2- pentenyl group, a 3-pentenyl group, a 4-pentenyl group,
a 1-methyl-2-butenyl group, a 2-methyl-2-butenyl group. a 1-hexenyl group. a 2-hexenyl group,
a 3-hexenyl group, a 4-hexenyl group, a 5-hexenyl group, a heptenyl group, an octenyl group, a
decenyl group, a pentadecenyl group, an eicosenyl group, and a tricosenyl group. A Ce-Cas
alkenyl group may be used, for example.

Examples of an "alkynyl group" include an ethynyl group, a 1-propynyl group, a 2-
propynyl group, a 1-butynyl group, a 2-butynyl group, a 3-butynyl group, a 1- methyl-2-
propynyl group, a 2-methyl-2-propynyl group, a 1-pentynyl group. a 2- pentynyl group, a 3-
pentynyl group, a 4-pentynyl group, a I-methyl-2-butynyl group, a 2-methyl-2-butynyl group. a
I-hexynyl group, a 2-hexynyl group, a 3-hexynyl group, a 4-hexynyl group, a 5-hexynyl group, a
1-heptynyl group, a 1-octynyl group, a 1-decynyl group, a 1-pentadecynyl group, a 1-eicosynyl
group, and a 1-tricosynyl group. A Ce-Cas alkynyl group may be used, for example. The term
"alicyclic hydrocarbon group” refers to a monocyclic or polycyclic alkyl group, alkenyl group,
and the like, and examples thereof include a cyclopropyl group, a cyclobutyl group, a

cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, a cyclododecyl
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group, a bicyclooctyl group, a bicycloheptyl group, a norbomyl group, an adamantyl group, a 2-
cyclopropenyl group, a 2-cyclopentenyl group, and a 4-cyclohexenyl group. A C3-Cs cycloalkyl
group may be used, for example.

The term "aromatic hydrocarbon group” means a monocyclic or polycyclic aryl group.
Here, in the case of a polycyclic aryl group, the term aromatic hydrocarbon group also
encompasses a partially saturated group in addition to a fully unsaturated group. Examples
thereof include a phenyl group, a naphthyl group, an azulenyl group, an indenyl group, an
indanyl group, and a tetralinyl group. A Ce-C0 aryl group may be used, for example.

The term "heterocyclic group” means a 5- to 7-membered aromatic heterocycle, saturated
heterocycle or unsaturated heterocycle having 1 to 4 nitrogen atoms, oxygen atoms or sulfur
atoms as a hetero atom(s), or a condensed heterocycle in which any of these heterocycles is
condensed with another carbocyclic (e.g., benzene) or heterocyclic ring. Examples thereof
include a furan-2-yl group, a furan-3- yl group, a thiophen-2-yl group, a thiophen-3-yl group, a
pyrrol-1-yl group. a pyrrol- 2-yl group, a pyridin-2-yl group, a pyridin-3-yl group, a pyridin-4-yl
group, a pyrazin- 2-yl group, a pyrazin-3-yl group, a pyrimidin-2-yl group, a pyrimidin-4-yl
group, a pyridazin-3-yl group, a pyridazin-4-yl group, a 1,3-benzodioxol-4-yl group, a 1,3-
benzodioxol-5-yl group, a 1 .4-benzodioxan-5-yl group, a 1.4-benzodioxan-6-yl group, a 3,4-
dihydro-2H-1,5-benzodioxepin-6-yl group, a 3,4-dihydro-2H-1,5- benzodioxepin-7-yl group, a
2,3-dihydrobenzofuran-4-yl group, a 2,3- dihydrobenzofuran-5-yl group, a 2.3-
dihydrobenzofuran-6-yl group, a 2.3- dihydrobenzofuran-7-yl group, a benzofuran-2-yl group, a
benzofuran-3-yl group, a benzothiophen-2-yl group, a benzothiophen-3-yl group, a quinoxalin-2-
yl group. a quinoxalin-5-yl group, an indol-1-yl group, an indol-2-yl group, an isoindol-1-yl
group, an isoindol-2-yl group, an isobenzofuran-I-yl group, an isobenzofuran-4-yl group, a
chromen-2-yl group, a chromen-3-yl group, an imidazol-l-yl group, an imidazol-2-yl group, an
imidazol-4-yl group. a pyrazol-1-yl group. a pyrazol-3-yl group, a thiazol-2-yl group, a thiazol-4-
yl group, an oxazol-2-yl group. an oxazol-4-yl group, an isoxazol-3-yl group, an isoxazol-4-yl
group, a pyrrolidin-2-yl group, a pyrrolidin-3-yl group, a benzoimidazol-1-yl group, a
benzoimidazol-2-yl group, a benzothiazol-2-yl group, a benzothiazol-4-yl group, a benzoxazol-2-
yl group. a benzoxazol-4-yl group, a quinolin-2-yl group, a quinolin-3-yl group, an isoquinolin-
1- yl group, an isoquinolin-3-yl group, a 1,3,4-thiadiazol-2-yl group, a 1,2,3-triazol-l-yl group, a

1,2,3-triazol-4-yl group. a tetrazol-1-yl group, a tetrazol-2-yl group, an indolin-4-yl group, an
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indolin-5-yl group, a morpholin-4-yl group, a piperazin-2-yl group, a piperidin-2-yl group, a
1.2,3.4-tetrahydroquinolin-5-yl group, a 1,2,3,4- tetrahydroquinolin-6-yl group, a 1 ,2,3,4-
tetrahydroisoquinolin-5-yl group, and a 1.2.3.4-tetrahydroisoquinolin-6-yl group. In one
embodiment. R is a 1.3.4-thiadiazole group.

The term "ether-containing group"” means an organic moiety containing one or more ether
linkages, such as. for example, an oxyalkylene-containing group. An oxyalkylene-containing
group may be a group that contains at least one moiety having general structure -O-(CHz)o-
wherein o is an integer of at least 1 (e.g., 1., 2. 3, 4, etc.) and one or more of the hydrogen atoms
in the CH2 moieties may be replaced with a substituent such as an alkyl group (e.g.. methyl or
ethyl), aryl group or heterocyclic moiety.

Particularly advantageous examples of organopolysulfides which can be utilized in the
present invention include, but are not limited to:

Dialkyldisulfides, dialkyltrisulfides and dialkyltetrasulfides, in particular
organopolysulfides having structure R'-S(S),-R?, wherein x is 1,2 or 3, and R' and R? are
independently selected from C1-Csp alkyl groups, in particular Cs-Cie alkyl groups or Co-Cia
alkyl groups (e.g., tert-dodecyl), including combinations thereof (e.g., mixtures of
dialkyldisulfides and dialkyltrisulfides or mixtures of dialkyldisulfides, dialkyltrisulfides and

dialkyltetrasulfides corresponding to the foregoing structure).

Aromatic polysulfides of the following formula:

L\
TN

wherein each R* is independently tert-butyl or tert-amyl, R® is hydroxyl (-OH), o and p are each
independently O or 1, with at least one of o or p being 1, and r is 0 or an integer of 1 or more
(e.g., r = 0-6), with the aromatic rings being optionally substituted in one or more positions with
substituents other than hydrogen (e.g., halogen, alkyl, alkoxy). including combinations of such

aromatic polysulfides. In one embodiment of the invention, none of the aromatic rings are
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substituted at positions ortho to the R’ (hydroxyl) group with substituents other than hydrogen.
Vultac® 2 and Vultac® 3, which are products sold by The Arkema Group, are examples of such
suitable aromatic polysulfides (Vultac® 2: r=1, each R’ = t-amylLo=1,p=1; Vultac® 3: r = 3-
5,eachR’=t-amyl,o=1,p=1).

Thiuram polysulfides, particularly tetraalkyl thiuram disulfides corresponding to the

following formula:

|

3
@fﬁx _K$\$Eﬁ\, R

R N
I~k

Re $
it

wherein R!, R?, R and R* are alkyl groups which may be the same as or different from each
other, in particular C1-C24 alkyl groups (e.g., methyl, ethyl).

Organopolysulfides useful in the present invention are well known in the art and may be
prepared by any appropriate method. Suitable organopolysulfides are also available from

commercial sources, such as The Arkema Group.

Polymers

The polymer employed in the present invention may be any type of polymer known in the
art and may be, for example, a thermoplastic polymer, a thermoset polymer, an elastomer, a
thermoplastic elastomer, a non-crosslinked polymer, or a crosslinked polymer. Mixtures, blends
or alloys of two or more different types of polymer may also be used.

The invention is particularly useful for the stabilization of thermoplastics such as
polyolefins (also referred to as polyolefin resins, e.g., polyethylene, polypropylene), styrenic
resins (e.g., polystyrenes), acrylic resins (also referred to as polyacrylates, e.g., polymethyl
methacrylates) and polyacetals (e.g., polyoxymethylene resins).

In general, polymers which can be stabilized in accordance with the present invention
include, but are not limited to:

A. Polymers of monoolefins and diolefins, for example polyethylenes (which optionally can be
crosslinked), polypropylenes, polyisobutylene, polybutene-1, polymethyl-pentene-1.
polyisoprene or polybutadiene, as well as polymers of cycloolefins, for instance of cyclopentene

or norbornene.
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B. Mixtures of the polymers mentioned under A), for example mixtures of polypropylene with

polyisobutylene.

C. Copolymers of monoolefins and diolefins with each other or with other vinyl monomers, such
as, for example, ethylene/propylene. propylene/butene-1, propylene/isobutylene,
ethylene/butene-1, propylene/butadiene, isobutylene/isoprene, ethylene/alkyl acrylates,
ethylene/alkyl methacrylates, ethylene/vinyl acetate or ethylene/acrylic acid copolymers and
their salts (ionomers) and terpolymers of ethylene with propylene and a diene, such as hexadiene.

dicyclopentadiene or ethylidene-norbornene.

D. Polystyrene, poly-(p-methylstyrene).

E. Copolymers of styrene or methylstyrene with dienes or acrylic derivatives, such as, for
example, styrene/butadiene, styrene/acrylonitrile, styrene/ethyl methacrylate,
styrene/butadiene/ethyl acrylate, styrene/acrylonitrile/methyl acrylate; mixtures of high impact
strength from styrene copolymers and another polymer, such as, for example, from a
polyacrylate, a diene polymer or an ethylene/propylene/diene terpolymer; and block polymers of
styrene, such as, for example, styrene/butadiene/styrene, styrene/isoprene/styrene,

styrene/ethylene/butylene/styrene or styrene/ethylene/propylene/styrene.

F. Graft copolymers of styrene. such as, for example, styrene on polybutadiene, styrene and
acrylonitrile on polybutadiene, styrene and alkyl acrylates or methacrylates on polybutadiene,
styrene and acrylonitrile on ethylene/propylene/diene terpolymers, styrene and acrylonitrile on
polyacrylates or polymethacrylates, styrene and acrylonitrile on acrylate/butadiene copolymers,
as well as mixtures thereof with the copolymers listed under E), for instance the copolymer

mixtures known as ABS-, MBS-, ASA- or AES-polymers.

G. Halogen-containing polymers, including chloropolymers and fluoropolymers, such as
polychloroprene, chlorinated rubbers, chlorinated or sulfochlorinated polyethylene,

epichlorohydrin homo- and copolymers, polymers from halogen-containing vinyl compounds, as
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for example, polyvinylchloride, polyvinylidene chloride, polyvinyl fluoride, polyvinylidene
fluoride, as well as copolymers thereof, as for example, vinyl chloride/vinylidene chloride, vinyl
chloride/vinyl acetate, vinylidene chloride/vinyl acetate copolymers, or vinyl fluoride/vinyl ether

copolymers.

H. Polymers which are derived from alpha, beta-unsaturated acids and derivatives thereof (e.g..
esters of alpha, beta-unsaturated acids), such as polyacrylates and polymethacrylates,

polyacrylamide and polyacrylonitrile.

I. Copolymers from the monomers mentioned under H) with each other or with other unsaturated
monomers, such as, for instance, acrylonitrile/butadiene, acrylonitrile/alkyl acrylate,
acrylonitrile/alkoxyalkyl acrylate or acrylonitrile/vinyl halogenide copolymers or

acrylonitrile/alkyl methacrylate/butadiene terpolymers.

J. Polymers which are derived from unsaturated alcohols and amines, or acyl derivatives thereof
or acetals thereof, such as polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl

benzoate, polyvinyl maleate, polyvinyl-butyral, polyallyl phthalate or polyallyl-melamine.

K. Homopolymers and copolymers of cyclic ethers, such as polyalkylene glycols, polyethylene

oxide, polypropylene oxide or copolymers thereof with bis-glycidyl ethers.

L. Polyacetals, such as polyoxymethylene and those polyoxymethylenes which contain ethylene

oxide as comonomer.

M. Polyphenylene oxides and sulfides, and mixtures of polyphenylene oxides with polystyrene.
N. Polyurethanes which are derived from polyethers, polyesters or polybutadiens with terminal
hydroxyl groups on the one side and aliphatic or aromatic polyisocyanates on the other side, as

well as precursors thereof (polyisocyanates, polyols or prepolymers).

O. Polyamides and copolyamides which are derived from diamines and dicarboxylic acids and/or

10
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from aminocarboxylic acids or the corresponding lactams, such as polyamide 4, polyamide 6,
polyamide 6/6, polyamide 6/10, polyamide 11, polyamide 12, poly-2.,4,4-
trimethylhexamethylene terephthalamide, poly-p-phenylene terephthalamide or poly-m-
phenylene isophthalamide, as well as copolymers thereof with polyethers. such as for instance

with polyethylene glycol, polypropylene glycol or polytetramethylene glycols.

P. Polyureas, polyimides and polyamide-imides.

Q. Polyesters which are derived from dicarboxylic acids and diols and/or from
hydroxycarboxylic acids or the corresponding lactones, such as polyethylene terephthalate,
polybutylene terephthalate. poly-1.4-dimethylol-cyclohexane terephthalate, poly-[2.2-(4-
hydroxyphenyl)-propane Jterephthalate and polyhydroxybenzoates as well as block-copolyether-
esters derived from polyethers having hydroxyl end groups.

R. Polycarbonates.

S. Polysulfones, polyethersulfones and polyetherketones.

T. Crosslinked polymers which are derived from aldehydes on the one hand and phenols, ureas
and melamines on the other hand, such as phenol/formaldehyde resins, urea/formaldehyde resins
and melamine/formaldehyde resins.

U. Drying and non-drying alkyd resins.

V. Unsaturated polyester resins which are derived from copolyesters of saturated and unsaturated
dicarboxylic acids with polyhydric alcohols and vinyl compounds as crosslinking agents, and

also halogen-containing modifications thereof of low flammability.

W. Thermosetting acrylic resins, derived from substituted acrylic esters, such as epoxy-acrylates,

urethane-acrylates or silicone-acrylates.

1]
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X. Alkyd resins, polyester resins or acrylate resins in admixture with melamine resins, urea

resins, polyisocyanates or epoxide resins as crosslinking agents.

Y. Crosslinked epoxide resins which are derived from polyepoxides, for example from bis-

glycidyl ethers or from cycloaliphatic diepoxides.

Z.. Natural polymers, such as cellulose, rubber, gelatin and derivatives thereof which are
chemically modified in a polymer homologous manner, such as cellulose acetates, cellulose

propionates and cellulose butyrates. or the cellulose ethers, such as methyl cellulose.

AA. Mixtures of polymers as mentioned above, for example PP/EPDM. Polyamide 6/EPDM or
ABS, PVC/EVA, PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS.

BB. Polysiloxanes.

CC. Polymers prepared from radiation curable compositions containing ethylenically unsaturated

monomers and/or oligomers.

In general, the organodisulfides. organotrisulfides and/or organotetrasulfides of the
present invention may be employed in total amounts representing from about 0.001 to about 5%
by weight of the stabilized composition, although this will vary with the particular polymer,
formulation, stabilizer and application. An advantageous range is from about 0.001 to about 2%,
and especially about 0.001 to about 1% by weight in total of organodisulfide + organotrisulfide +
organotetrasulfide.

The organopolysulfide stabilizer component of the instant invention may readily be
incorporated into a polymer by conventional techniques, at any convenient stage prior to the
manufacture of shaped articles therefrom. For example. the organopolysulfide stabilizer
component (optionally, together with one or more further additives, such as one or more
hindered phenol antioxidants, phosph(on)ite stabilizers and/or hindered amine light stabilizers)

may be mixed with the polymer in dry powder form (using, for example, extrusion or

12
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compounding methods), or a suspension or emulsion of the organopolysulfide stabilizer
component may be mixed with a solution, suspension, or emulsion of the polymer.

In general, the organopolysulfide stabilizer component can be added to polymeric
materials before, during or after the polymerization or cross-linking of said materials. The
organopolysulfide stabilizer component can be incorporated into the polymer(s) to be stabilized
in a pure form or encapsulated in waxes, oils or polymers. The organopolysulfide stabilizer
component may be compounded into virgin resins, into post-processed recovered scraps. or into
polymer reclaimed or recycled from post-consumer goods. Where the organopolysulfide
stabilizer component is made up of more than one compound, the compounds may be combined

with the polymer separately or as a pre-mixed blend.

Other Components and Additives
The stabilized polymer compositions of the invention may optionally also contain one or

more various conventional polymer additives, such as the following:

1. Antioxidants, such as alkylated monophenols, including hindered alkylated monophenols;
alkylated hydroquinones; hydroxylated thiodiphenyl ethers; alkylidene-bisphenols, benzyl
compounds: acylaminophenols: esters of beta-(3.5-di-tert-butyl-4-hydroxyphenyl)-propionic acid
with monohydric or polyhydric alcohols; esters of beta-(5-tert-butyl-4-hydroxy-3-methylphenyl)-
propionic acid with monohydric or polyhydric alcohols; and amides of beta-(3.5-di-tert-butyl-4-

hydroxyphenyl)-propionic acid.

2. UV absorbers and light stabilizers, such as 2-(2'-hydroxyphenyl)-benzotriazoles; 2-hydroxy-
benzophenones; esters of optionally substituted benzoic acids; acrylates; nickel compounds;
sterically hindered amines; oxalic acid diamides; and hydroxyphenyl-s-triazines.

3. Metal deactivators.

4. Phosphites and phosphonites (sometimes collectively referred to as “phosph(on)ites™).
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5. Compounds which destroy peroxide.

7. Basic co-stabilizers, for example. melamine, polyvinylpyrrolidone. dicyandiamide, triallyl
cyanurate, urea derivatives, hydrazine derivatives, amines, polyamides, polyurethanes, alkali
metal salts and alkaline earth metal salts of higher fatty acids for example Ca stearate, Zn
stearate, Mg stearate, Na ricinoleate and K palmitate, antimony pyrocatecholate or zinc

pyrocatecholate.

8. Nucleating agents, for example, 4-tert-butyl-benzoic acid, adipic acid, or diphenylacetic acid.

9. Fillers and reinforcing agents, for example, calcium carbonate, silicates, glass fibers, asbestos,

talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, carbon black, and graphite.

10. Other additives, for example, plasticizers, lubricants, emulsifiers, pigments, optical

brighteners, flameproofing agents, fire retardants, anti-static agents, and blowing agents.

In at least certain cases, synergistic improvements in stabilization are obtained by using
an organopolysulfide stabilizer component comprised of at least one organopolysulfide selected
from the group consisting of organodisulfides. organotrisulfides. and organotetrasulfides in
combination with one or more of the above-mentioned types of additives. In particular, the
inventors have discovered that enhanced levels of stabilization in a polymer, such as a
polyolefin, can be achieved by incorporating both an organopolysulfide stabilizer component and
at least one further stabilization additive selected from the group consisting of hindered phenol

antioxidants, phosph(on)ite stabilizers and hindered amine light stabilizers in the polymer.

Hindered phenol antioxidants are well known in the art. Particularly suitable hindered
phenol antioxidants include alkylated hydroquinones and alkylated phenols, in particular
aromatic compounds containing at least one tertiary butyl or amyl group attached to an aromatic
ring carbon adjacent to a ring carbon to which a hydroxyl group is attached. Preferably, these

coempounds contain gt feast one group of the formuia:
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OH

wherein Riis bydrogen, substituted or unsubstitoted alkyl, eycloalkyl, aryl, or araalkyl ov
sebstituted thiccther having up to I8 carbon atoms and Bz s a substituted or unsubstituied alkyl,
cyeloalkyl, aryl, or araalkyl or substituted thioether having up to 18 carbon atoms. The above
phienclic compound may alse be further substituted with additional substituents. According to

certain embodiments, Ry and Ro are independently methyl or tert-butyl,

Suitable hindered phenol antioxidants include, for example, 2.6-di-tert-butyi-4-
methyiphenol, 2-tert-butyl-4.6-dimethyiphenel, 2.6-di-tert-butyl-4-ethyiphenol, 2,6-di-tert-butyl-
4-n-butyiphenol. 2,6-di-tert-butyl-4-i-butyiphenol, 2,6-dicyclopentyl-4-methyiphenol. 2-{a-
methyicvelohexyii-4,6-dimethviphenol, 2.6-dioctadecyl-4-methylphenol. 2.4,6-
tricyclohexyiphenol, 2,6-di-tert-butyl-4-methoxvmethylphenol, 2,6-dinonyi-4-methylphenol, 2.6~
di-tert-butyl-4-methoxyphenol, 2.5-di-tert-butylhydroguinone, 2,5-di-ter{-amyihydroquinone.

2. 6-diphenyi-d-octadecyloxyphenol, 2,2'-thiohis{G-tert-butyi-4-methylphenoly. 2.2 thiobis(4-
octylphenol}, 4.4-thiobis{6-tert-butyl-3-methylphenol). 4.4 "-thiobis{G-tert-butyl-2-
methyiphenol), 2.2-methylenebis{6-tert-butyl-d-methyiphenol). 2.2 -methylenchis(4 ~ethyl-6-
teri-butyiphenoi), 2.2"-methvienebis{ 6-tert-butyl-4-cthylphenol ). 2.2 methylencbis{4-methvl-6-
{a-methyicyclohexylhiphenol], 2.2 -methylenebis{(d-methyl-6-cyclohexylphenol), 2.2~
methyiencbis{6-nonyl-4-methviphenol), 2,2 -methylenebis{(4.6-di-tert-butviphenol}, 2.2'
ethylidenebis(4,6-di-tert-butviphenol), 2,2 -ethylidenebis(6-teri-butyi-4-isobuiyiphenol), 2,2'-
methylenebis|6-{g-methylbenzvl-4-nonyiphenel], 2,2 -methylenebisié-(o-o-dimethylbenzyl}-4-
nonyiphenot], 4,4-methylenebis{2.6-di-tert-butviphenol), 4.4 -methvienebis(6-{ert-butyl-2-
methyiphenoi), 1,1-bis{S-tert-butvi-4-hvdroxy-2-methyiphenyhibutane, 2.6-bis(3-tert-butyi-3-
methyl-2-hvdroxybenzyli-4-methyiphenol, 1.1.3-tris(5-tert-butyl-4-hydroxy-2-
methyiphenyDbutane, [ 1-bis(S-ert-butyl-4-hydroxy-2-methyiphenyl)-3-n-do-

decylmercaptobutane, cthvlenc glveol bis]3,3-bis(3-tert-butyl-4-hydrox yphenyl jbutyrate],
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bis{ 3-tert-butyi-4-hvdroxy-5-methylphenylidicyclopentadiene, bisi2-{3 -tert-butyl-2 “hydroxy-5'
methylbensyl-6-tert-butyl-d-methylphenyilicrephthalate, 1.3 5-tr18(3,5-di-fert-butyl-4-
hydroxvbenzyl}-2.4.6-trimethyibenzene, bis(3.5-di-tert-butyl-4-hydroxybenzylsulfide. isococtyl
3.5-di-ert-butvl-d-bydroxybenzylmercaptoacetate, bis(d-tert-butyl-3-hydroxy-2,6-
dimethytbenzyl) dithioterephthalate, 1.3.5-tris(3,5-di-tevt-butyl-4-hydroxybenzyl) isocyanurate,
1.3, 5-tris(d-tert-butyl-3-hydroxy-2.6-dimethylbenzyhisocvanurate. dioctadecyl 3,5-di-tert-butyi-
d-hydroxybeneyiphosphonate and the calciom salt of monoethy! 3.5-di-tert-butvl-4-
hydroxybenzylphosphonate, 2-propencic acid 2-(1.1-dimethylethyl}-6-{{3-(1, 1-dimethyiethyl)-2-
hyvdroxy-S-methylphenyl lmethyl}-4-methylphenylester. benzene propanoic acid 3.5,-bis(1,1-
dimethyl-cthyi}-4-hvdroxy- 1,6, hexanedivlester, benzene propancic acid 3-(1,-dimethylethyli-4-
hydroxy)-S-methyl-1,2, ethanedivibis{oxy-2, L-ethanediyijester, 2,2.-ethylidene-bis-(4,6-ditert-
butyiphenol, 4.4"4".(2,4,6-trimethyl- 1,3,5-benzenetriyiris-(methyione jiris 2.6,-bis{ 1.1~
dimethylethyhphenol, 1,3,5-tris(3,5-tert-butvi-4-hydroxybenzyl}-s-triazine-2.4,6-(1H.3H.5H)-
trione, octadecyl-3-5-di-tert-butyi-d-hydronyhydrocinnamate. 1,3 5-tris(d-tert-butvi-3-hydroxy-
2-6-dimethylbenzyi)-1,3,5-triazine-2 .4 .6-(1H,3H, 5H-trione, 1,3,5-trimethyi-2,4.6-t1s(3.5-di-
tert-butyl-4-hydroxybenzylibenzene, 2,0-di-tert-butyl-n.d-dimethylamino-p-cresol, 2,.2-oxamido
bis-fethyl 3-(3.5-di-tert-butyl-4-hydroxyphenyl) propionate], 4-methyl-2.6-bis{1-phenyiethyl)-
phenol, tiethyleneglyeol-bis-(3-teri-butyl-d-hydroxy-S-methyiphenyi) propionate, NN~
hexamethylene-bis-(3,5-di-tert-butyl-d-hydroxy-hydrocinnamamide), 2,2 -methyiene-bis-6-(1-
methyi-cyciohexyil-para-cresol. benzenepropanoic acid-3,5-bist |1 -dimethylethyl)-4-hydroxy-
Ci3-15-branched and linear alkyl esters, 2.2'-thiodiethyl bis-(3,5-di-tert-butvi-4-hydroxvphenyt)
propionate, tocophero] and the like and combinations thereof.

Phosph(on)ite stabilizers are also well known in the art. Particularly suitable
phosph(on)ite stabilizers include esters of phosphorous acid (P(OH)3) and phosphonous acid
(P(OH)2R), such as alkyl phosphites and aryl phosphites (especially hindered aryl phosphites).
Phosphionjite stabilizers useiul in this invention include, but arc not Himited to, phosphites and
phosphonttes having the formoula (I or ()

P{OR {OR2HORs) (B

P(Ri HOR2KOR ) {H}
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wherein at least one of the R groups is H or an alkyl or aryl substiuent of up to and wclading 20
carbon atoms and the other R groups are the same or different groups having the same definition.
One or more of the R groups may be an aryl {e.g., phenyl) group substituted with one or more -
butyl groups. The phospli{onjite stabilizer may inclade more than one phosphorus atom per
molecule (e.g., diphosph{oniites. triphosph(onlites). Specific examples of suitable phosph(on)ite
stabilizers inciode tris(2 4-di-tert-butylphenyli-phosphite, triphenviphosphite, diphenviphoaphite,
bis{2 4-di-tert-butyviphenyi}-pentacrythritol diphosphonite. bis~(2.4-di~t-
butyiphenylpentacrythritol dipbosphite, bis-(2.6-di-t-butyl-d-methyipbenyDpentaervthritol
diphosphite, tri-{1-hexadecyl)-sorbitol-triphosphite. tri-(I-dodecancthiol}-sorbitol-iriphosphite,
2.4.,8,10-tetraoxa-3,9-diphosphaspiro[ 5.5 ]Jundecane, 3.9-bis(octadecyloxy) and bist2,5-di-t-butyl-
4-hydroxy-benzyl) phosphite,

Any of the hindered amine light stabilizers ("HALS”) known in the art may be utilized in
the present invention. 2,2,6,6-Tetramethyvl piperidines are one type of useful hindered amine
light stabilizer. Wustrative suitable hindered amine light stabilizers include bis (2,2,6,6-
tetramethylpiperidyl)-sebacate; bis-5(1,2,2,6,6-pentamethylpiperidyl)-sebacate; n-butyl-3.,5-di-
tert-butyl-4-hydroxybenzyl malonic acid bis(1,2.2,6,6,-pentamethylpiperidyl)ester; condensation
products of 1-hydroxyethyl-2.2.6.6-tetramethyl-4-hydroxy-piperidine and succinic acid;
condensation products of N.N'-(2,2.,6,6-tetramethylpiperidyl)-hexamethylendiamine and 4-tert-
octylamino-2.6-dichloro-1.3.5-s-triazine; tris-(2.2,6.6-tetramethylpiperidyl)-nitrilotriacetate,
tetrakis-(2,2,6,6-tetramethyl-4-piperidyl)-1,2.3.4-butane-tetra-arbonic acid; and 1,1'(1,2-
ethanediyl)-bis-(3,3,5,5-tetramethylpiperazinone). Additional hindered amine light stabilizers
which may be employed in the present invention are described in United States Patent
Publication No. 2017/0107336. the entire disclosure of which is incorporated herein by reference
for all purposes.

The relative amounts of organopolysulfide stabilizer component and further stabilization
additive(s) may be varied and controlled as may be appropriate depending upon the polymer to
be stabilized, the types of organopolysulfide stabilizer component and further additive(s), and the
degree and type of stabilization desired or needed for a particular application, among other
factors. For example, the weight ratio of organopolysulfide stabilizer component to further

stabilization additives may be 10 : 90 to 90 : 10 or 25 : 75 to 75 : 25. The total additive package
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loading (i.e., the total weight concentration of organopolysulfide stabilizer component + further
stabilization additive(s) in the formulated resin could be 50 ppm to 3 wt%, preferably 0.05 wt%
to 0.5 wt%.

According to certain embodiments, a stabilizer composition is provided which is
comprised of. consists essentially of, or consists of an organopolysulfide stabilizer component
comprised of at least one organopolysulfide selected from the group consisting of
organodisulfides, organotrisulfides, and organotetrasulfides and one or more additional additives,
in particular one or more additional additives selected from the group consisting of hindered
phenol antioxidants, phosph(on)ite stabilizers and hindered amine light stabilizers. Such
stabilizer compositions may be compounded or otherwise combined with a polymer to obtain
stabilized polymer compositions in accordance with the present invention.

Also considered to be within the scope of the present invention are masterbatch
compositions comprising at least one polymer and an organopolysulfide stabilizer component
comprised of at least one organopolysulfide selected from the group consisting of
organodisulfides, organotrisulfides, and organotetrasulfides, optionally further comprising one or
more additional additives such as hindered phenol antioxidants, phosph(on)ite stabilizers and/or
hindered amine light stabilizers, wherein the organopolysulfide stabilizer component is present in
a concentration higher than the concentration desired in a particular end-use application for the
polymer and the masterbatch is combined with a further quantity of the polymer to obtain a
formulated polymer product suitable for such end-use application.

The stabilized polymer compositions of the present invention are useful for any of the
applications in which polymer compositions are conventionally employed, such as the
fabrication of articles such as containers, vehicle parts, electronic components, building
components, appliance components, composites, coatings. pipes. films, sheets and the like. using
techniques such as molding, casting, extrusion, sintering and so forth.

The stabilized polymer compositions of the present invention are particularly useful in
coverings, jacketings or coatings applied to the outer surfaces of cables and other elements used
in electric power generation and transmission, and other industrial applications where high
temperatures are encountered. Such coverings, jacketings or coatings provide the coated cables
and other elements with improved durability and/or increased heat emissivity and the stabilized

polymer compositions of the present invention are useful to improve the aging properties of the
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covering, jacketing or coating on the object. Polymers used in such coverings, jacketings or
coatings on cables and other objects can include acrylic copolymers, blends of acrylic
copolymers with fluoropolymers including poly(vinylidene fluoride) (PVDF) homopolymers and
copolymers, other kinds of fluoropolymers such as fluorinated ethylene vinyl ether (FEVE) and
poly(vinyl fluoride) polymers. polyesters, epoxides, polyurethanes, polyolefins, ethylene-vinyl
acetate copolymers, rubber compositions of various kinds, and siloxane-modified polymers of
various kinds.

Various illustrative aspects of the invention may be summarized as follows:

Aspect 1: A stabilized polymer composition comprised of at least one polymer and an
organopolysulfide stabilizer component comprised of at least one organopolysulfide selected
from the group consisting of organodisulfides. organotrisulfides. and organotetrasulfides.

Aspect 2: The stabilized polymer composition of Aspect 1, wherein the at least one
organopolysulfide has structure R'-S(S)x-R?, x is 1-3, and R! and R? arc independently selected
from C-Csp organic groups.

Aspect 3: The stabilized polymer composition of Aspect 2, wherein the C;-C3o organic
groups are selected from the group consisting of alkyl groups, aromatic groups and heterocyclic
groups.

Aspect 4: The stabilized polymer composition of Aspect 2, wherein R' and R? are
independently selected from Cg-Cie alkyl groups.

Aspect 5: The stabilized polymer composition of Aspect 2, wherein each of R! and R? is
tert-dodecyl.

Aspect 6: The stabilized polymer composition of any of Aspects 1 to 5, wherein the
organopolysulfide stabilizer component is comprised of at least one organotrisulfide.

Aspect 7: The stabilized polymer composition of any of Aspects 1 to 6, wherein the
organopolysulfide stabilizer component is comprised of at least one organodisulfide, at least one
organotrisulfide and at least one organotetrasulfide.

Aspect 8: The stabilized polymer composition of Aspect 7, wherein the at least one
organodisulfide has a structure R*-SS-R*, the at least one organotrisulfide has a structure R’-
SSS-R® and the at least one organotetrasulfide has a structure R’-SSSS-R® wherein R?, R*, R?,

R, R’ and R® are independently selected from Cs-Ci6 alkyl groups.
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Aspect 9: The stabilized polymer composition of Aspect 7 or 8, wherein the at least one
organodisulfide, the at least one organotrisulfide, and the at least one organotetrasulfide together
comprise at least 90% by weight of the organopolysulfide stabilizer component.

Aspect 10: The stabilized polymer composition of any of Aspects 7 to 9, wherein the at
least one organodisulfide, the at least one organotrisulfide and the at least one organotetrasulfide
are present in a weight ratio of organotrisulfide : (organodisulfide + organotetrasulfide) of from
70 :30to 90 : 10.

Aspect 11: The stabilized polymer composition of any of Aspects 1 to 10, wherein the
organopolysulfide stabilizer component is comprised of less than 15% by weight of
organopolysulfides other than organodisulfides and organotrisulfides.

Aspect 12: The stabilized polymer composition of claim 1, wherein the
organopolysulfide stabilizer is comprised of at least one aromatic polysulfide corresponding to

formula (I):

wherein each R* is independently tert-butyl or tert-amyl, R? is hydroxyl (-OH), o and p are
each independently O or 1, with at least one of o or p being 1, and r is 0 or an integer of 1 or
more, with the aromatic rings being optionally substituted in one or more positions with
substituents other than hydrogen.

Aspect 13: The stabilized polymer composition of Aspect 12, wherein none of the
aromatic rings are substituted at positions ortho to the R’ (hydroxyl) group with substituents
other than hydrogen.

Aspect 14: The stabilized polymer composition of Aspect 12 or 13, wherein r = 1-20,
each R® = t-amyl or t-butyl, o= 1, and p = 1.

Aspect 15: The stabilized polymer composition of any of Aspects 12 to 14, wherein r =

1-6, each R® = t-amyl or t-butyl, o= 1,and p= 1.
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Aspect 16: The stabilized polymer composition of Aspect 1, wherein the
organopolysulfide stabilizer component is comprised of at least one thiuram polysulfide.

Aspect 17: The stabilized polymer composition of Aspect 16, wherein the at least one
thiuram polysulfide is a tetraalkyl thiuram disulfide.

Aspect 18: The stabilized polymer composition of any of Aspects 1 to 17, wherein the at
least one polymer comprises at least one thermoplastic.

Aspect 19: The stabilized polymer composition of any of Aspects 1 to 17, wherein the at
least one polymer comprises at least one elastomer.

Aspect 20: The stabilized polymer composition of any of Aspects 1 to 17, wherein the at
least one polymer is selected from the group consisting of styrenic resins, polyolefin resins,
acrylic resins and polyoxymethylene resins.

Aspect 21: The stabilized polymer composition of any of Aspects 1 to 17, wherein the at
least one polymer is selected from the group consisting of polystyrenes, polymethyl
methacrylates, polypropylenes and polyethylenes.

Aspect 22: The stabilized polymer composition of any of Aspects 1 to 21, wherein the
stabilized polymer composition is comprised of from 0.001 to 1 % by weight of the
organopolysulfide stabilizer component.

Aspect 23: The stabilized polymer composition of any of Aspects 1 to 22, wherein the
stabilized polymer composition is additionally comprised of at least one stabilizer other than an
organopolysulfide stabilizer.

Aspect 24: The stabilized polymer composition of Aspect 23, wherein the at least one
stabilizer other than an organopolysulfide stabilizer is selected from the group consisting of
antioxidants, antiozonants and UV stabilizers.

Aspect 25: The stabilized polymer composition of Aspect 23 or 24, wherein the at least
one stabilizer other than an organopolysulfide is selected from the group consisting of hindered
phenol antioxidants, phosph(on)ite stabilizers, hindered amine light stabilizers and combinations
thereof.

Aspect 26: A method of stabilizing a polymer, comprising combining the polymer with
an organopolysulfide stabilizer component comprised of at least one organopolysulfide selected

from the group consisting of organodisulfides. organotrisulfides and organotetrasulfides.

21



10

15

20

25

WO 2019/006060 PCT/US2018/039901

Aspect 27: A stabilizer composition comprising i) an organopolysulfide stabilizer
component comprised of at least one organopolysulfide selected from the group consisting of
organodisulfides. organotrisulfides, and organotetrasulfides and ii) one or more additional
additives selected from the group consisting of hindered phenol antioxidants, phosph(on)ite
stabilizers and hindered amine light stabilizers.

Aspect 28. An object which is covered, jacketed, or coated with the stabilizer polymer
composition of any of Aspects 1 to 25.

Aspect 29. An object of Aspect 28 wherein the object is an electric power transmission
cable.

Aspect 30. An object of one of Aspects 28 or 29 wherein the stabilized polymer
composition comprises acrylic polymer, PVDF polymer, or a blend of acrylic and PVDF
polymers.

Within this specification, embodiments have been described in a way which enables a
clear and concise specification to be written, but it is intended and will be appreciated that
embodiments may be variously combined or separated without departing from the invention. For
example, it will be appreciated that all preferred features described herein are applicable to all
aspects of the invention described herein.

In some embodiments, the invention herein can be construed as excluding any elerent
or process step that docs not materially affect the basic and novel characteristics of the
composition or process. Additionally, in some embodiments, the invention can be construed as
excluading any element or process step not specified herein.

Although the invention is illustrated and described herein with reference to specific
embodiments, the invention is not intended to be limited to the details shown. Rather, various
modifications may be made in the details within the scope and range of equivalents of the claims

and without departing from the invention.

Examples

Methodology

Example 1
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Experimental samples for thermal stability testing were prepared using a twin screw
micro DSM. Polymers were compounded with certain sulfide additives at levels of 800 ppm.
Both the polymer and the additive were introduced into the system at 220°C and compounded for

3 minutes at 25 rpm under a nitrogen atmosphere.

The stability of the resulting polymer compositions was measured by isothermal
gravimetric analysis. Samples were weighed into an aluminum weigh boat (usually in an amount
of 1.5 g) and placed in a forced air circulation oven at a given temperature (180-260°C) for a set
period of time (1-6 hours). After the polymer composition was allowed to cool, the final
temperature of the polymer composition was measured and the remaining weight of the polymer
composition was determined. Stability was measured as a function of the amount of weight loss

after heating.
The additives used were as follows:

Additive A: di-tert-dodecyl disulfide (CAS No. 27458-90-8), corresponding to structure
R-SS-R’, wherein R and R’ are the same as or different from each other and are Co-Ci3

branched aliphatic groups (designation in Figures: “polysulfide 1a” or “polysul 1a”).

Additive B: di-tert-dodecyl polysulfide blend (CAS No. 68425-15-0), corresponding to
structure R-SSx-R’, wherein R and R’ are the same as or different from each other and are Co-
C4 branched aliphatic groups and x = 1-3 (i.e., disulfide, trisulfide and tetrasulfide species are
present. with trisulfide being the predominant species) (designation in Figures: “polysulfide 1b”

or “polysol 1b”).

Additive C: di-tert-dodecyl polysulfide blend (CAS No. 68425-15-0), corresponding to
structure R-SSx-R’, wherein R and R are the same as or different from each other and are Cjo-
Ci4 branched aliphatic groups and x = 2-5 (i.e., trisulfide, tetrasulfide, pentasulfide and
hexasulfide species are present, with tetrasulfide and pentasulfide being the predominant species)

(designation in Figures: “polysulfide 1¢” or “polysol 1¢”).

Vultac® 2 poly(p-tert-amylphenol disulfide) (CAS No. 68555-98-6), product of The
Arkema Group (designation in Figures: “polysulfide 2a or polysul 2a”") and having the following

structure:
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OH OH OH
SZ SZ
Et Et Et

Vultac® 3 Poly(p-tert-amylphenol disulfide) (CAS No. 68555-98-6), product of The
Arkema Group (designation in Figures: “polysulfide 2b or polysul 2b”) and having the following

structure:
OH OH OH
Sz Sg
Et Et Et

o =35

Vultac® 7 Poly(p-tert-butyphenol disulfide) (CAS No. 60303-68-6), product of The Arkema
Group (designation in Figures: “polysulfide 2¢ or polysul 2¢”) and having the following

structure:

OH OH OH

Irgafos® 168 tris(2.4-di-tert-butylphenyl)phosphite, sold by BASF (designation in
Figures: * AO 1687).

Irganox®1010 pentaerythitol tetrakis(3,5-di-tert-butyl-4-hydroxyhydrocinnamate), sold
by BASF (designation in Figures: “ AO 10107).

Tinuvin® 770 bis(2,2.6,6-tetramethyl-4-piperidyl) sebacate, sold by BASF (designation in
Figures: “ HALS 770").

Tetramethylthiuram disulfide (designation in Figures: “Thiuram”).
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The percent weight loss observed for polystyrene containing either no additive (Control)

or 800 ppm of Additive A, Additive B or Vultac® 3 after 1 and 2 hours at 260°C is shown in Fig.

1.

The percent weight loss observed for polypropylene containing either no additive

(Control) or 800 ppm of various additives or combinations of additives (containing 400 ppm of

each of the stabilizers) after 1 hour at 240°C or 260°C is shown in Fig. 2.

The percent weight loss observed for high density polyethylene (HDPE) containing either

no additive (Control) or 800 ppm of various additives or combinations of additives (containing

400 ppm of each of the additives) after 2 and 6 hours at 260°C is shown in Fig. 3.

Fig. 4 shows the reduction in weight loss as compared to a control (no stabilizer), as

measured in the above-described tests.

Example 2

This example demonstrates the effect of various additives, and combinations of additives,

on the stability of HDPE (high density polyethylene).

Sample preparation and testing: In each case, the component or components of the

sample were compounded in a DSM microcompounder at 25 RPM under nitrogen for 3 minutes.

The resulting material was then extruded and cooled to room temperature. Each extrudate was

massed into an aluminum dish and baked in an air oven at 260°C for 6 hours. The weight loss

was measured at 2 and 6 hours, as reported in Fig. 5. The sample compositions are set forth in

Table 1. The composition of the “polysulfide 1b” component is described in Example 1.

Table 1.
Component Sample 2-A Sample 2-B Sample 2-C Sample 2-D
(control)
HDPE 10 g 10g 10g 10 g
Polysulfide 1b - 100 mg - 50 mg
Irganox® 1010 - - 100 mg 50 mg
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As compared to the control (Sample 2-A) with no additive included, both Polysulfide 1b
(Sample 2-B) and Irganox(® 1010 (Sample 2-C) were effective in reducing the weight loss
observed upon heating at 260°C in air. However, using Zip 2 and Irganox® 1010 in combination
(Sample 2-D) resulted in a synergistic stabilization of the HDPE. Thus, it was concluded that
there is a clear advantage (o using the combination of Polysulfide 1b and Irganox® 1010 as
compared to using any one individual additive. Compared to Irganox® 1010 alone, the thermal
decomposition is reduced by 30% and compared to Polysulfide 1b alone, the thermal
decomposition is reduced by 25%. Overall. the additive combination reduced the amount of

thermal decomposition by 65% as compared to the control sample.

Example 3

This example demonstrates the effect of various additives, and combinations of additives.

on the stability of LDPE (low density polyethylene).

Sample preparation and testing: In each case, the component or components of the
sample were compounded in a DSM microcompounder at 25 RPM under nitrogen for 3 minutes.
The resulting material was then extruded and cooled to room temperature. Each extrudate was
massed into an aluminum dish and baked in an air oven at 260°C for 6 hours. The weight loss
was measured at 2 and 6 hours, as reported in Fig. 6. The sample compositions are set forth in

Table 2.

Table 2.

Component | Sample 3-A | Sample | Sample | Sample | Sample | Sample

(control) 3-B 3-C 3-D 3-E 3-F

LDPE 10 g 10g 10g 10g 10g 10g
Polysulfide - 100 mg - - 50 mg 50 mg

1b
Irgafos® 168 : = 100 mg - 50 mg -

Tinuvin® 770 - - - 100 mg - 50 mg
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As compared to the control (Sample 2-A) with no additive included, Polysulfide 1b alone
(Sample 3-B) was effective in reducing the weight loss observed upon heating at 260°C in air.
However, using Polysulfide 1b and Irganox® 168 in combination (Sample 3-E) or Polysulfide 1b
and Tinuvin® 770 in combination (Sample 3-F) resulted in a synergistic stabilization of the
LDPE. Thus, it was concluded that there is a clear advantage to using the combination of
Polysulfide 1b and Irganox® 168 or the combination of Polysulfide 1b and Tinuvin® 770 as
compared to using any one individual additive.

Further studies were performed using samples having the compositions set forth in Table
3, following the same sample preparation and testing procedure described previously. The

results obtained are illustrated in Fig. 7.

Table 3.
Component | Sample 3-G | Sample 3-H
LDPE 10 g 10g
Polysulfide - 33 mg
1b
Irgafos® 168 50 mg 33 mg
Tinuvin® 770 50 mg 33 mg

These results demonstrate the advantages of including the Polysulfide 1b additive in the
resin formulation. Weight loss due to thermal stress was reduced by over 50% when Polysulfide
1b was present, in accordance with the present invention, as compared to the use of just Irgafos®
160 and Tinuvin® 770 as additives. Moreover, benefits were observed when the Polysulfide 1b

was utilized in combination with the other two additives.

Example 4
This example demonstrates the effect of various additives, and combinations of additives.

on the stability of polypropylene.

Sample preparation and testing: In each case. the component or components of the
sample were compounded in a DSM microcompounder at 25 RPM under nitrogen for 3 minutes.

The resulting material was then extruded and cooled to room temperature. Each extrudate was
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massed into an aluminum dish and baked in an air oven at 160°C for 800 hours. The weight loss

was measured at 800 hours, as reported in Fig. 8. The sample compositions are set forth in Table

4.

Table 4
Component Sample 4-A Sample 4-B Sample 4-C Sample 4-D
(control)
Polypropylene 10¢g 10 g 10g 10g
Polysulfide 1b - 100 mg - 25 mg
Irganox® 1010 - - 100 mg 75 mg

The combination of Polysulfide 1b and Irganox® 1010 (Sample 4-D) prolongs the time
until significant weight loss is observed by more than 200 h, as compared to the control (Sample

4-A).

Example 5
This example demonstrates the effect of various additives. on the stability of a coating

formulation based upon a blend of PVDF and acrylic copolymers.

A base waterborne paint formulation at 46 wt% solids was prepared using Arkema’s
Kynar Aquatec® FMA-12 hybrid emulsion polymer. The FMA-12 product contains 50% PVDF
copolymer and 50% acrylic copolymer by weight on total polymer solids. The base paint
formulation also contained rutile titanium dioxide pigment (Chemours’ TiPure® R-960), a black
mixed metal oxide pigment (Shepherd Color Company 30C965), and 399 mesh talc filler, giving
a dried paint composition by weight of 37:2:15:23:23 TiO2:black pigment:talc:PVDF
copolymer:acrylic copolymer. To incorporate the polysulfide additives into the base paint
formulation, 10 wt% solutions of the additives in a cosolvent of dipropylene glycol n-butyl ether
(DPnB) were prepared. 1.3 g of the additive solution (or for the control. 1.3 g of neat DPnB)
were added to 100 g of the base waterborne formulation to give a series of paints containing
0.6% additive on total polymer weight. The paints were cast on chromated aluminum panels

using a Bird Applicator and dried over a weekend at 60 C to removing any remaining water and
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cosolvent, giving dried coatings of about 50 microns thickness, with dry coating compositions

set forth in Table 5:

Table 5
Component Sample 5-A Sample 5-B Sample 5-C Sample 5-D
(control)
PVDF 50 parts 50 parts 50 parts 50 parts
copolymer
Acrylic 50 parts 50 parts 50 parts 50 parts
copolymer
Pigments and 117 parts 117 parts 117 parts 117 parts
fillers (inert)
polysulfide 1a - 0.6 parts . -
polysulfide 1b - - 0.6 parts -
polysulfide 2¢ - - - 0.6 parts

The coated panels were cut to a sample size of about 60 mm x 80 mm and baked in an air

oven at 200°C for 7 weeks. The sample mass loss was measured on a weekly basis, as reported

in Fig. 9. (Mass loss is reported as a percentage of the acrylic mass since the other coating

components have a much greater thermal stability). The polysulfide additive 2¢ (Sample 5-D)

greatly reduced the rate of mass loss throughout the 7 week study, compared to the control

(Sample 5-A) and the other polysulfide additives.

The waterborne paint formulation of Sample 5-D was applied at ambient temperature,

using a spray application method, to a 30 mm diameter steel-reinforced aluminum electrical

conductor cable. After drying at ambient temperature, a continuous polymer paint film of the

present invention was obtained, with a dry film thickness of 20-30 microns.
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CLAIMS

1. A stabilized polymer composition comprised of at least one polymer and an
organopolysulfide stabilizer component selected from the group consisting of (i) at least one
organodisulfide, at least one organotrisulfide and at least one organotetrasulfide present in a
weight ratio of organotrisulfide : (organodisulfide + organotetrasulfide) of from 70:30 to 90:10

and (ii) at least one aromatic polysulfide corresponding to formula (I):

R* R R
R’ R / R’ 0

wherein each R* is independently tert-butyl or tert-amyl, R® is hydroxyl (-OH), o and p are each
independently 0 or 1, with at least one of o or p being 1, and r is 0 or an integer of 1 or more,
with the aromatic rings being optionally substituted in one or more positions with substituents
other than hydrogen.

2. The stabilized polymer composition of claim 1, wherein the at least one organodisulfide, at
least one organotrisulfide and at least one organotetrasulfide have the structures R-S(S)x-R?, x is

1-3, and R and R? are independently selected from C1-Cso organic groups.

3. The stabilized polymer composition of claim 2, wherein the C1-Cso organic groups are

selected from the group consisting of alkyl groups, aromatic groups and heterocyclic groups.

4. The stabilized polymer composition of claim 2, wherein R* and R? are independently selected
from Cg-Css alkyl groups.

5. The stabilized polymer composition of claim 2, wherein each of R* and R? is tert-dodecyl.

6. The stabilized polymer composition of claim 1, wherein the at least one organodisulfide has a

structure R3-SS-R*, the at least one organotrisulfide has a structure R5-SSS-R® and the at least
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one organotetrasulfide has a structure R’-SSSS-R® wherein R% R* R® R% R’ and R® are

independently selected from Cs-C16 alkyl groups.

7. The stabilized polymer composition of claim 1, wherein the at least one organodisulfide, at
least one organotrisulfide, and at least one organotetrasulfide comprise at least 90% by weight of

the organopolysulfide stabilizer component.

8. The stabilized polymer composition of claim 1, wherein the organopolysulfide stabilizer
component is comprised of less than 15% by weight of organopolysulfides other than

organodisulfides and organotrisulfides.

9. The stabilized polymer composition of claim 1, wherein none of the aromatic rings of formula
| are substituted at positions ortho to the R® (hydroxyl) group with substituents other than

hydrogen.

10. The stabilized polymer composition of claim 1, wherein for formula I, r = 1-20, each R® = t-

amyl or t-butyl, o=1,and p = 1.

11. The stabilized polymer composition of claim 1, wherein for formula I, r = 1-6, each R®> = t-

amyl or t-butyl, o=1,and p = 1.

12. The stabilized polymer composition of claim 1, wherein the organopolysulfide stabilizer

component is comprised of at least one thiuram polysulfide.

13. The stabilized polymer composition of claim 12, wherein the at least one thiuram
polysulfide is a tetraalkyl thiuram disulfide.

14. The stabilized polymer composition of claim 1, wherein the at least one polymer comprises
at least one thermoplastic.

15. The stabilized polymer composition of claim 1, wherein the at least one polymer comprises

at least one elastomer.

16. The stabilized polymer composition of claim 1, wherein the at least one polymer is selected
from the group consisting of styrenic resins, polyolefin resins, acrylic resins and

polyoxymethylene resins.
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17. The stabilized polymer composition of claim 1, wherein the at least one polymer is selected
from the group consisting of polystyrenes, polymethyl methacrylates, polypropylenes and

polyethylenes.

18. The stabilized polymer composition of claim 1, wherein the stabilized polymer composition

is comprised of from 0.001 to 1 % by weight of the organopolysulfide stabilizer component.

19. The stabilized polymer composition of claim 1, wherein the stabilized polymer composition

is additionally comprised of at least one stabilizer other than an organopolysulfide stabilizer.

20. The stabilized polymer composition of claim 19, wherein the at least one stabilizer other
than an organopolysulfide stabilizer is selected from the group consisting of antioxidants,

antiozonants and UV stabilizers.

21. The stabilized polymer composition of claim 19, wherein the at least one stabilizer other
than an organopolysulfide is selected from the group consisting of hindered phenol antioxidants,

phosph(on)ite stabilizers, hindered amine light stabilizers and combinations thereof.

22. A method of stabilizing a polymer, comprising combining the polymer with an
organopolysulfide stabilizer component selected from the group consisting of (i) at least one
organodisulfide, at least one organotrisulfide and at least one organotetrasulfide present in a
weight ratio of organotrisulfide : (organodisulfide + organotetrasulfide) of from 70:30 to 90:10

and (ii) at least one aromatic polysulfide corresponding to formula (1):

R4 R* R*
@7880%@788}7%@
R’ R / R’ 0

wherein each R* is independently tert-butyl or tert-amyl, R® is hydroxyl (-OH), o and p are each
independently 0 or 1, with at least one of o or p being 1, and r is 0 or an integer of 1 or more,
with the aromatic rings being optionally substituted in one or more positions with substituents

other than hydrogen.
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23. A stabilizer composition comprising i) an organopolysulfide stabilizer component selected
from the group consisting of-(a) at least one organodisulfide, at least one organotrisulfide and at
least one organotetrasulfide present in a weight ratio of organotrisulfide : (organodisulfide +
organotetrasulfide) of from 70:30 to 90:10 and (b) at least one aromatic polysulfide

corresponding to formula (I):

R4 R* R*
@7880%@78%@
R? R / R ()

wherein each R* is independently tert-butyl or tert-amyl, R® is hydroxyl (-OH), o and p are each
independently 0 or 1, with at least one of o or p being 1, and r is 0 or an integer of 1 or more,
with the aromatic rings being optionally substituted in one or more positions with substituents
other than hydrogen and ii) one or more additional additives selected from the group consisting

of hindered phenol antioxidants, phosph(on)ite stabilizers and hindered amine light stabilizers.

24. An object which is covered, jacketed, or coated with the stabilizer polymer composition of

claim 1.
25. An object of claim 24 wherein the object is an electric power transmission cable.

26. An object of claim 24 wherein the stabilized polymer composition comprises acrylic
polymer, PVDF polymer, or a blend of acrylic and PVDF polymers.
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