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Wettable Polyolefin Fibers and Fabrics

The present invention relates to novel olefin polymer woven or nonwoven fibers that exhibit
durable wettability. The fibers are especially useful in sanitary articles such as diapers, femi-

nine hygiene products and incontinence care products.

Polyolefins, especially polypropylene, are used in large quantities to make woven and non-
woven fabrics. Polyolefin nonwoven fabrics, such as carded webs, spunbond, meltblown or
composites thereof, are preferred as components in sanitary articles such as single use
diapers, feminine hygiene products and incontinence care products. The recognized benefits
of polyolefin based, especially polypropylene, fabrics include the relatively low raw material
cost, ease of manufacturing, desirable strength to basis weight ratio and softness.

Sanitary articles generally contain an absorbent core component of materials capable of
absorbing several times their weight in liquids. Usually the article includes at least one outer
covering or lining which contacts the user’s skin on one side of the core and an exterior layer
contacting the environment on the other side of the core. Softness and liquid permeability
are required of fabrics used for the inner linings. The liquid permeability should take the form
of allowing liquid to pass through the fabric and into the inner absorbent core, while not ac-
tually absorbing fluids in the process. An additional desired feature is for the inner lining, i.e.,
the cover sheet for the absorbent core, to remain fluid permeable even after extended wear
and repeated insults of fluid, such as routinely occurs with infant diapers in situ. Another
highly desired, but difficult to provide, feature of inner lining fabrics is that they resist having
liquids collected in the absorbent core bleed back through to the user’s skin when pressure
s applied, such as an infant sitting in a wet diaper.

Nonwoven fabrics and composites made of cellulosic materials pass and absorb liquids even
after repeated insults, but they do not routinely resist the flow back of the retained fluids
under pressure. Thermoplastic fibers, such as polyesters and polyolefins have already been
described as being preferred for these end uses for economic, aesthetic and strength
reasons. However, polypropylene is, by its nature, hydrophobic. When spun into fibers or
filaments which are used to form a fabric, the resulting fabric is also hydrophobic or non-
wettable. Thus, the fabric must be specially treated or altered in some way to render the
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fabric wettable, that is, able to allow the passage or transfer of fluids, if the fabric is to be

suitable for use as an inner lining fabric for a sanitary article.

For purposes of clarification, it should be noted that absorption indicates that the material ac-
tually swells with added water. In contrast, wettability, as defined herein, denotes a change
In surface tension that permits a layer of water to form on the surf'ace of a solid, such as a
fiber, for the purpose of facilitating the movement of the liquid flow past or through the

wettable material.

It Is known in the industry that certain surfactants, such as TRITON X-100 from Rohm and
Haas, can be applied as an aqueous solution or suspension to the surface of nydrophobic
fibers, filaments or nonwoven fabrics with the resulting effect of rendering the fibers, fila-
ments or fabrics wettable, although not absorbent. These topical treatments can be applied
by any means familiar to one skilled in the art, such as foaming spraying, dip-and squeeze or
gravure roll. In almost every case, some sort of heating step is required to remove residual
water or solvent used to prepare the surfactant solution or suspension. This step adds signi-
ficantly to the manufacturing costs and complexity. Further, thermoplastics are altered by
exposure to heat and careful monitoring of the heating process is required to ensure that
fabric properties are not adversely affected. Further, the surfactants are not strongly chemi-
cally bonded to the fiber or filament surfaces, such topical treatments are not durable. They
tend to wash off during repeated fluid insults or rub off during use.

In an effort to correct this deficiency, corona discharge treatments have been used to alter
the electrochemical potential of the surfaces of fibers or filaments. The effect is to render
surfaces more reactive with the result that hydrophobic surfaces become more wettable. |
However, these electrical potential changes are also not permanent, being particularly sub-
ject to environmental effects, such as storage in moist environments.

An additional advancement is the use of surface chemical treatments where the surfactants
are covalently bonded to the polymer.

Another approach is the incorporation of chemical agents in the thermoplastic polymer be-
fore it is extruded into fibers, filaments or nonwoven fabrics. Agents, such as siloxanes, have

been proposed for this purpose. Here, the object is to impart a durable change in the wetta-
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bility of the fibers or filaments. The performance model theory states that the melt additives
become dispersed in the molten polymer and are bound in the matrix when the polymer
cools during fiber or filament quenching. Over time, due to the effects of further processing,
the additive rises to the surface of the fibers or filaments, a phenomenon called blooming,

imparting durable wettabiity.

Bergbreiter and Srinivas in Macromolecules 25 (1992), 636-643, disclose an “entrapment
functionalization” approach towards” modifying the surface of high-density polyethylene.
Block cooligomers of polyethylene and poly(ethylene glycol) are prepared and intimately
mixed with virgin polyethylene. Analysis of polymer films prepared from this mixture showed
that the poly(ethylene glycol) units ended up primarily at the outermost layers of the film.

U.S. Patent No. 5,464,691 discloses the use of an tri-block amphiphilic resin towards modi-
tying the surface energy of a polyolefin film. The amphiphilic resins are composed of two
hydrocarbon sections and a polar section. The hydrocarbon sections are derived from, for
example, long-chain aliphatic carboxylic acids, aliphatic alcohols, and the like, and the polar
section is derived from a telechelic diol, for example polyethylene glycol.

U.S. Patent Nos. 5,240,985; 5,272,196; 5,281,438: 5,328,951 disclose the use of an amphi-
phile towards increasing the surface energy of polyolefins. The amphiphile consists of a cen-
tral hydrophilic component and two lipophilic components. The hydrophilic component is

derived from, for example, polyglycols and the lipophilic components are derived from, for
example fatty acids or aliphatic alcohols.

U.S. Pat. No. 5,262,233 discloses agricultural films which may have incorporated therein an

anti-fogging agent which may be a poly(ethylene oxide) of a long chain alcohol.

U.S. Pat. No. 3,048,266 discloses polyolefin films with antifog properties which have incorpo-
rated therein esters or ethers of ethylene oxide adducts.

U.S. Pat. No. 5,001,015 discloses polyolefin films with antistatic properties which include as
possible antistatic agents the reaction products of polyalkoxylates with fatty alcohols.
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U.S. Pat. No. 4,304,234 discloses a method of increasing the wettability of polyolefin fila-
ments by treatment with polar compounds such as adducts of propylene oxide and/or ethy-
lene oxide.

U.S. Pat. No. 5,804,625 discloses the preparation of hydrophilic thermoplastic fibers that
have incorporated therein one or more fluoroaliphatic group-containing nonionic surfactants

and one or more nonionic, non-fluorinated, polyoxyethylene group-containing surfactants.

U.S. Pat. No. 6,239,047 discloses wettable polyolefin fibers which have incorporated therein
a polyethylene glycol oleiyl ether additive.

WO-A-00/28143 discloses a method for the hydrophilic finishing of polyolefin or polyester
fibers in which a compound of the class of alkylethoxylates is employed.

EP-A-0 888 786, EP-A-0 800 833 and WO-A-00/22061 each discusses adhesive composi-

tions in nonwoven articles with improved wicking that contain surfactants such as ethoxy-
lated monoalcohols.

WO-A-01/14621 discloses a biodisintegratable nonwoven material comprising an aliphatic
polyester, polyolefin microfibers and a compatibilizer.

There remains a need for fabrics with improved wettability for use in sanitary articles, baby
diapers, and the like. In particular, the need remains for improved wettability for hydrophobic
polyolefin fabrics prepared from woven and nonwoven fibers and which have the required

softness. The specific polyolefin compositions of the present invention have superior wetta-
bility properties.

The present invention pertains to a wettable polyolefin fiber or filament, comprising a melt
blend which comprises

(a) a polyolefin; and

(b) at least one compound of the formula (1)

R, — (hydrophilic oligomer) (1)
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wherein

R, is a straight or branched chain alkyt of 22 to 40 carbon atoms and the hydrophilic
oligomer is a homo- or co-oligomer consisting of between 2 and 10 monomer units
derived from monomers selected from the group consisting of ethylene oxide, pro-
pylene oxide, ethylene glycol, propylene glycol, epichlorhydrin, acrylic acid, meth-
acrylic acid, ethylene imine, caprolactone, vinyl alcohol and vinyl acetate

The hydrophilic oligomer consists of for example 2, 3, 4, 5, 6, 7, 8, 9 or 10 monomer units.
in compounds of formuta (I) accbrding to the present invention, R; is for example a straight

or branched chain alkyl of 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39 or 40 carbon atoms.

The compound_of formula (I) may be for example where the hydrophilic oligomer is derived
from ethylene oxide, illustrated by a compound of formula (1a):

R1(OCH,CH,),OH (1a)

where x is 2 to 10 and Ry is a straight or branched chain alky! of 22 to 40 carbon atoms. The
term “x" is for example 2, 3, 4, 5,6, 7, 8, 9 or 10.
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According to another aspect of the present

invention, there 1is provided a wettable polyolefin fiber or

filament, comprising a melt blend which comprises

(a) a polyolefin; and

5 (b) at least one compound of the formula (Ia)

R, (OCH»,CH,) OH (Ia)

whereiln

R1 1s a straight or branched chain alkyl
ot 24, 25, 20, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
10 38, 39 or 40 carbon atoms, and

X 1s 2 to 10.
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_5b_

The compound of formula (I) may be described as an AB diblock amphiphilic co-oligomer.
The chain length of the alkyl of Ry and the number of monomer units of the hydrophilic oligo-
mer may be discrete values. Alternatively, for present compounds of formula (l), both the
chain length of the alkyl of R, and the number of monomer units of the hydrophilic oligomer
may be average values.

A specific example of a compound of formula (la) is where it is an ethoxylated aliphatic alco-
hol of formula (Ib) where R, is a straight chain alkyl with an average value of 30 carbon

atoms and x has an average value of 2.5:

CHSCH2(CH2CH2)1GCH20H2(OCHQCH2) 2.5OH (lb)
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The compositions of the present invention may also comprise additive mixtures of two or
more compounds of formula (I). The present compositions may also comprise other known
amphiphilic additives. In particular the additional additives may be ethoxylated aliphatic alco-
hols such as Atmer® 502, a 2 mole ethoxylated stearyl alcohol, CygH3z7,(OCH,CH,),OH, C.A.
Registry No. 9005-00-9. Atmer® is a trademark of Unigema. Atmer® 502 is an example of an
ethoxylated aliphatic alcohol that is not of present formula (1).

The compound (Ib) is available from Baker Petrolite as Unithox® 420, CAS #97953-22-5.

The present compositions are prepared by melt extrusion processes to form fibers or fila-
ments. In accordance with known technology such as continuous filament spinning for yarn
or staple fiber, and nonwoven processes such as spunbond production and meltblown pro-
duction, the fibers or filaments are formed by extrusion of the molten polymer through small
orifices. In general, the fibers or filaments thus formed are then drawn or elongated to induce
molecular orientation and affect crystallinity, resulting in a reduction in diameter and an im-
provement in physical properties. In nonwoven processes such as spunbonding and melt-
blowing, the fibers or filaments are directly deposited onto a foraminous surface, such as a
moving flat conveyor and are at least partially consolidated by any of a variety of means
including, but not limited to, thermal, mechanical or chemical methods of bonding. It is
known to those skilled in the art to combine processes or the fabrics from different proces-
ses to produce composite fabrics which possess certain desirable characteristics. Examples
of this are combining spunbond and meltblown to produce a laminate fabric that is best
known as SMS, meant to represent two outer layers of spunbond fabric and an inner layer of
meltblown fabric. Additionally either or both of these processes may be combined in any
arrangement with a staple fiber carding process or bonded fabrics resulting from a nonwo-
ven staple fiber carding process. [n such described laminate fabrics, the layers are generally

at least partially consolidated by one of the means listed above.

The invention is also applicable to melt extruded bi-component fibers, wherein one of the
components is a polyolefin according to this invention.

Non-woven fabrics of polyolefin may have a carded fiber structure or comprise a mat in
which the fibers or filaments are distributed in a random array. The fabric may be formed by

any one of numerous known processes including hydroentanglement or spun-lace tech-



CA 02429380 2003-05-21
WO 02/42530 PCT/EP01/13132

niques, or by air laying or melt-blowing filaments, batt drawing, stitchbonding, etc., depen-
ding upon the end use of the article to be made from the fabric.

Spunbond filament sizes most useful for wettable fabrics of the anticipated type are from
about 1.0 to about 3.2 denier. Melblown fibers typically have a fiber diameter of less than 15
microns and most typically for the anticipated applications are fiber diameters less than 5
microns, ranging down to the submicron level. Webs in a composite construction may be
processed in a wide variety of basis weights.

As described, thermoplastic polypropylene fibers, which are typically extruded at tempera-
tures In the range of from about 210° to about 240°C, are inherently hydrophobic in that they
are essentially non-porous and consist of continuous molecular chains incapable of attrac-
ting or binding to water molecules. As a result, untreated polypropylene fabrics, even while

having an open pore structure, tend to resist the flow of liquids such as water or urine
through the fabric, or from one surface to the other.

According to the present invention, a specific ethoxylated amphiphile of formula () is incor-
porated Into a thermoplastic polyolefin, such as polypropylene, in the melt, and is extruded
with the polyolefin into the form of fibers and filaments which are then quenched, attenuated

and formed into fabrics, either in a subsequent or concomitant processing step.

The compound of formula (I) may be compounded with the polymer pellets which are to be
melt extruded. To improve processing, the compound may be preformulated or compounded

into a low MFR polypropylene which may also contain a small amount of Inorganic powdet,
such as talc, and other traditional stabilizers.

- The mixing of the compound of formula (1) into the polyolefin is done by mixing it into molten
polymer by commonly used techniques such as roll-milling, mixing in a Banbury type mixer,
or mixing in an extruder barrel and the like. The heat history (time at which held at elevated
temperature) can be shortened by mixing the compound of formula (I) with unheated poly-
mer particles so as to achieve substantially even distribution of the agent in the mass of po-
lymer, thereby reducing the amount of time needed for intensive mixing at molten tempera-

ture.
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Conveniently, the compound of formula (I) can also be added substantially simultaneously or
sequentially with any other additives which may be desired in certain instances. The com-
pound of formula (l) may also be preblended with other additives and the blend then added
to the polymer. It is contemplated that in some instances a compound of formula (1) may
have the additional benefit of aiding the other additives to become more easily or evenly dis-
persed or dissolved in the polyolefin. For easier batch-to-batch control of quality, it may be
preferred to employ concentrated masterbatches of polymer/additive blends which are sub-
sequently blended, as portions, to additional quantities of polymer to achieve the final de-
sired formulation. The masterbatch, or the neat additives, may be injected into freshly pre-
pared polymer while the polymer is still molten and after it leaves the polymerization vessel
or train, and blended therewith before the molten polymer is chilled to a solid or taken to
further processing.

The compounds of component (b), in total, are present in the compositions of this invention
In an amount of 0.1 % to 15 % based on the weight of the polyolefin of component (a). For

many applications, a typical amount of the compound of formula (1) is from 1 % to 7 % based
on the weight of component (a).

The incorporation of a compound of formula (1) into a polyolefin fiber or filament according to
the present invention results in observed improved wettability of these naturally hydrophobic
materials. This modification is also durable, such that the fibers or filaments and fabrics
made therefrom do not lose their wettability upon aging or handling. The improved wettability
Is stable to repeated insults, without a loss of performance, even over extended time
periods.

The present invention is aimed at woven or nonwoven fabrics, for example polypropylene
fabrics. It is also aimed at threads or yarns for weaving or knitting in conventional textile

processes.

The additives of the present invention are effective irrespective of other factors that influence
the properties of nonwoven fabrics, for example, basis weight, fiber diameter, degree and
type of bonding of the fibers, and the synergistic effects and influence of composite struc-
tures, such as the already describes SMS structures.
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The present invention is not limited to single-component fibers. Polyolefin bi-component fi-
bers, particularly side-by-side or sheath-core fibers of polypropylene and polyethylene would
be expected to demonstrate the same practical benefits as single component fibers of either
type. It would be particularly efficacious to include the melt additive only in the polyethylene
component as that softer polymer could be expected to promote more efficient blooming of
the present additives of formula (l) to the surface of that component fiber or filament.

The wettable fabrics produced from the fibers or filaments of this invention are particularly
useful, tor example, as the skin contacting inner lining fabric of sanitary articles, particularly
single use diapers, training pants, feminine hygiene products or incontinence care products.
The fabrics also have utility in wet and dry wipes, wound dressings, surgical capes, filter \
medial, battery separators, and the like.

The structure of diapers are described for example in U.S. Patent Nos. 5,961,504; 6,031,147
and 6,110,84S.

In addition, it is often desirable to impart wettability to melt extruded polyolefin films. Such
films, in perforated form, are widely used as cover sheets for sanitary articles.

For coverstock for sanitary articles, improvements in wetback properties can be improved by
the use of two or more layers of fabric bonded together. Examples include two spunbond
layers or an SMS fabric in which the meltblown layer is devoid of the additive of formula (1).

The fabrics of the present invention may be sterilized by exposure to about 0.5 to about 10

megarads of gamma irradiation. Sterilization with gamma irradiation is employed for hospital
garments and the like.

Polyolefin woven and nonwoven fibers and fabrics prepared according to the present inven-
tion also exhibit exceptional printability. As a result of their inherent hydrophobic nature, po-
lyolefin fibers and fabrics may exhibit problems towards printability, that is standard printing

techniques. The compaositions of the present invention overcome these problems as well.

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

Polyolefins, i.e. the polymers of monoolefins exempilified in the preceding paragraph, for
example polyethylene and polypropylene, can be prepared by different, and especially by the

following, methods:

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

i) catalytic polymerization using a catalyst that normally contains one or more than
one metal of groups Vb, Vb, Vib or VIli of the Periodic Table. These metals usually
have one or more than one ligand, typically oxides, halides, alcoholates, esters,
ethers, amines, alkyls, alkenyls and/or aryls that may be either p- or s-coordinated.
These metal complexes may be in the free form or fixed on substrates, typically on
activated magnesium chloride, titanium(lll) chloride, alumina or silicon oxide. These
catalysts may be soluble or insoluble in the polymerization medium. The catalysts
can be used by themselves in the polymerization or further activators may be used,
typically metal alkyls, metal hydrides, metal alkyl halides, metal alkyl oxides or metal
alkyloxanes, said metals being elements of groups la, lla and/or llla of the Periodic
Table. The activators may be modified conveniently with further ester, ether, amine
or silyl ether groups. These catalyst systems are usually termed Phillips, Standard
Oil Indiana, Ziegler (-Natta), TNZ (DuPont), metallocene or single site catalysts
(SSC).

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

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

Polyolefins of the present invention are for example polypropylene homo- and copolymers
and polyethylene homo- and copolymers. For instance, polypropylene, high density poly-

ethylene (HDPE), linear low density polyethylene (LLDPE) and polypropylene random and
impact copolymers.

It Is within the purview of the present invention to employ blends or alloys of olefin polymers.

The present polyolefin fibers, filaments and fabrics may also have incorporated or applied

thereto appropriate additives such as ultraviolet light absorbers, hindered amine light stabi-
lizers, antioxidants, processing aids and other additives.

For example, the compositions of the invention may optionally also contain from about 0.01
to about 10 %, preferably from about 0.025 to about 5 %, and especially from about 0.1 to

about 3 % by weight of various conventional stabilizer coadditives, such as the materials
listed below, or mixtures thereof.

1. Antioxidants
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1.1. Alkylated monophenols, for example 2,6-di-tert-butyl-4-methylphenol, 2-tert-butyl-4,6-di-
methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-bu-
tyl-4-isobutylphenol, 2,6-dicyclopentyl-4-methylphenol, 2-(a-methylcyclohexyl)-4,6-dimethyl-
phenol, 2,6-dioctadecyl-4-methylphenol, 2,4,6-tricyclohexylphenol, 2,6-di-tert-butyl-4-meth-
oxymethyiphenol, nonylphenols which are linear or branched in the side chains, for example
2,6-di-nonyl-4-methylphenol, 2,4-dimethyl-6-(1’-methylundec-1’-yl)phenol, 2,4-dimethyl-6-(1’-
methylheptadec-1’-yl)phenol, 2,4-dimethyl-6-(1’-methyltridec-1’-yl)phenol and mixtures there-

of.

1.2. Alkylthiomethylphenols, for example 2,4-dioctylthiomethyl-6-tert-butylphenol, 2,4-dioctyl-
thiomethyl-6-methylphenol, 2,4-dioctylthiomethyl-6-ethylphenol, 2,6-di-dodecyithiomethyl-4-
nonylphenol.

1.3. Hydroguinones and alkylated hydroquinones, for example 2,6-di-tert-butyl-4-methoxy-
phenol, 2,5-di-tert-butylhydroquinone, 2,5-di-tert-amylhydroquinone, 2,6-diphenyl-4-octade-

cyloxyphenol, 2,6-di-tert-butyinydroquinone, 2,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-bu-
tyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hydroxyphenyl stearate, bis(3,5-di-teri-butyl-4-hydr-
oxyphenyl) adipate.

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

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

1.6. Alkylidenebisphenols, for example 2,2’-methylenebis(6-tert-butyl-4-methylphenol), 2,2’-
methylenebis(6-tert-butyl-4-ethylphenol), 2,2’-methylenebis[4-methyl-6-(a-methylcyclohexyl)-
phenol], 2,2’ -methylenebis(4-methyl-6-cyclohexylphenol), 2,2’-methylenebis(6-nonyl-4-
methylphenol), 2,2’-methylenebis(4,6-di-tert-butylphenol), 2,2'-ethylidenebis(4,6-di-tert-bu-
tylohenol), 2,2’-ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2’-methylenebis[6-(a-methyl-
benzyl)-4-nonyiphenol], 2,2"-methylenebis[6-(o, a-dimethylbenzyl)-4-nonylphenol], 4,4’-
methylenebis(2,6-di-tert-butylphenol), 4,4’-methylenebis(6-tert-butyl-2-methylphenol), 1,1-
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bis(5-tert-butyl-4-hydroxy-2-methylphenyl)butane, 2,6-bis(3-tert-butyl-5-methyl-2-hydroxy-
benzyl)-4-methylphenol, 1,1,3-tris(5-tert-butyl-4-hydroxy-2-methylphenyl)butane, 1,1-bis(5-
tert-butyl-4-hydroxy-2-methylphenyl)-3-n-dodecylmercaptobutane, ethylene glycol bis[3,3-
bis(3’-tert-butyl-4’-hydroxyphenyl)butyrate], bis(3-tert-butyl-4-hydroxy-5-methyl-phenyl)di-
cyclopentadiene, bis[2-(3’-tert-butyl-2’-hydroxy-5’-methylbenzyl)-6-tert-butyl-4-methylphe-
nyllterephthalate, 1,1-bis-(3,5-dimethyl-2-hydroxyphenyl)butane, 2,2-bis(3,5-di-tert-butyl-4-
hydroxyphenyl)propane, 2,2-bis-(5-tert-butyl-4-hydroxy2-methylphenyl)-4-n-dodecyimercap-
tobutane, 1,1,5,5-tetra(5-tert-butyl-4-hydroxy-2-methylphenyl)pentane.

1.7. O-, N- and S-benzyl compounds, for example 3,5,3',5'-tetra-tert-butyl-4,4’-dinydroxydi-
benzyl ether, octadecyl-4-hydroxy-3,5-dimethylbenzylmercaptoac;etate, tridecyl-4-hydroxy-
3,5-di-tert-butylbenzylmercaptoacetate, tris(3,5-di-tert-butyl-4-hydroxybenzyl)amine, bis(4-
tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithioterephthalate,  bis(3,5-di-tert-butyl-4-hydroxy-
benzyl)sulfide, isooctyl-3,5-di-tert-butyl-4-hydroxybenzylmercaptoacetate.

1.8. Hydroxybenzylated malonates, for example dioctadecyl-2,2-bis(3,5-di-tert-butyl-2-hydr-
oxybenzyl)malonate, di-octadecyl-2-(3-tert-butyl-4-hydroxy-5-methylbenzyl)malonate, di-do-
decylmercaptoethyl-2,2-bis(3,5-di-tert-butyl-4-hydroxybenzyl)malonate, bis[4-(1,1,3,3-tetra-
methylbutyl)phenyl]-2,2-bis(3,5-di-tert-butyl-4-hydroxybenzyl)malonate.

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

thylbenzene, 2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)phenol.

1.10. Triazine compounds, for example 2,4-bis(octylmercapto)-6-(3,5-di-tert-butyl-4-hydroxy-
anilino)-1,3,5-triazine, 2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyanilino)-1,3,5-tri-
azine, 2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,3,5-triazine, 2,4,6-tris-
(3,5-di-tert-butyl-4-hydroxyphenoxy)-1,2,3-triazine,  1,3,5-tris(3,5-di-tert-butyl-4-hydroxyben-
zyl)isocyanurate, 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)isocyanurate, 2,4,6-tris-
(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1,3,5-triazine,  1,3,5-tris(3,5-di-tert-butyl-4-hydroxy-
phenylpropionyl)-hexahydro-1,3,5-tfriazine,  1,3,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl)iso-
cyanurate.
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1.11. Benzylphosphonates, for example dimethyi-2,5-di-tert-butyl-4-hydroxybenzylphospho-
nate, diethyl-3,5-di-tert-butyi-4-hydroxybenzylphosphonate, dioctadecyl-3,5-di-tert-butyl-4-hy-
droxybenzylphosphonate, dioctadecyl-5-tert-butyl-4-hydroxy-3-methylbenzylphosphonate,
the calcium salt of the monoethyl ester of 3,5-di-tert-butyl-4-hydroxybenzylphosphonic acid.

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

1.13. Esters of B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid with mono- or polyhydric
aicohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexanediol, 1,9-
nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethy-
lene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyllisocyanurate, N,N’-bis(hy-
droxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylol-

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

1.14. Esters of 3-(5-tert-butyl-4-hydroxy-3-methylphenyl)propionic acid with mono- or poly-
hydric alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexanedi-
ol, 1,9-nonanediol, ethylene glycol, 1,2-propanediol, neopenty! glycol, thiodiethylene glycol,
diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N’-bis-
(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethyl-
olpropane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane; 3,9-bis[2-{3-(3-tert-
butyl-4-hydroxy-5-methylphenyl)propionyloxy}-1,1-dimethylethyl}-2,4,8,10-tetraoxaspiro[5.5]-

undecane.

1.15. Esters of 3-(3,5-dicyclohexyi-4-hydroxyphenyl)propionic acid with mono- or polyhydric
alcohols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol,
ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol, tri-
ethylene glycol, pentaerythritol, tris(hydroxyethyl)lisocyanurate, N,N’-bis(hydroxyethyl)ox-
amide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpropane, 4-hy-

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

1.16. Esters of 3,5-di-tert-butyl-4-hydroxyphenyl acetic acid with mono- or polyhydric aico-

hols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol,

ethylene glycol, 1,2-propanediol, neopenty! glycol, thiodiethylene glycol, diethylene glycol,
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triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N’-bis(hydroxyethyl)ox-
amide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpropane, 4-hy-
droxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane.

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

1.18. Ascorbic acid (vitamin C)

1.19. Aminic antioxidants, for example N,N’-di-isopropyl-p-phenylenediamine, N,N’-di-sec-
butyl-p-phenylenediamine, N,N’-bis(1,4-dimethylpentyl)-p-phenylenediamine, N,N'-bis(1-
ethyl-3-methylpentyl)-p-phenylenediamine, N,N’-bis(1-methylheptyi)-p-phenylenediamine,
N,N’-dicyclohexyl-p-phenylenediamine, N,N’-diphenyl-p-phenylenediamine,” N,N’-bis(2-naph-
thyl)-p-phenylenediamine, N-isopropyl-N'-phenyl-p-phenylenediamine, N-(1,3-dimethylbutyl)-
N’-phenyl-p-phenylenediamine, N-(1-methylheptyl)-N’-phenyl-p-phenylenediamine, N-
cyclohexyl-N'-phenyl-p-phenylenediamine, 4-(p-toluenesuifamoyl)diphenylamine, N,N’-di-
methyl-N,N’-di-sec-butyl-p-phenylenediamine, diphenylamine, N-allyldiphenylamine, 4-iso-
propoxydiphenylamine, N-phenyl-1-naphthylamine, N-(4-tert-octylphenyl)-1-naphthylamine,
N-phenyl-2-naphthylamine, octylated diphenylamine, for example p,p’-di-tert-octyldiphenyl-
amine, 4-n-butylaminophenol, 4-butyrylaminophenol, 4-nonanoylaminophenol, 4-dodeca-
noylaminophenol, 4-octadecanoylaminophenol, bis(4-methoxyphenyl)amine, 2,6-di-tert-butyl-
4-dimethylaminomethylphenol, 2,4’-diaminodiphenylmethane, 4,4’-diaminodiphenylmethane,
N,N,N’,N’-tetramethyl-4,4’-diaminodiphenylmethane, 1,2-bis[(2-methylphenyl)amino]ethane,
1,2-bis(phenylamino)propane, (o-tolyl)biguanide, bis[4-(1’,3-dimethylbutyl)phenyllamine, tert-
octylated N-phenyl-1-naphthylamine, a mixture of mono- and dialkylated tert-butyl/tert-
octyldiphenylamines, a mixture of mono- and dialkylated nonyldiphenylamines, a mixture of
mono- and dialkylated dodecyldiphenylamines, a mixture of mono- and dialkylated isopro-
pyl/isohexyldiphenylamines, a mixture of mono- and dialkylated tert-butyldiphenylamines,
2,3-dihydro-3,3-dimethyl-4H-1,4-benzothiazine, phenothiazine, a mixture of mono- and di-
alkylated tert-butyl/tert-octylphenothiazines, a mixture of mono- and dialkylated tert-octylphe-

nothiazines, N-allylphenothiazine, N,N,N',N'-tetraphenyl-1,4-diaminobut-2-ene.
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2. UV absorbers and light stabilizers

2.1. 2-(2-Hydroxyphenyl)benzotriazoles, for example 2-(2'-hydroxy-5’-methylphenyl)benzo-
triazole, 2-(3',5’-di-tert-butyl-2-hydroxyphenyl)benzotriazole, 2-(5-tert-butyl-2’-hydroxyphe-
nyl)benzotriazole, 2-(2'-hydroxy-5-(1,1,3,3-tetramethyibutyl)phenyl)benzotriazole, 2-(3’,5'-di-
tert-butyl-2'-hydroxyphenyl)-5-chiorobenzotriazole,  2-(3'-tert-butyl-2’-hydroxy-5’-methylphe-
nyl)-5-chlorobenzotriazole, 2-(3-sec-butyl-5’-tert-butyl-2’-hydroxyphenyl)benzotriazole, 2-(2'-
hydroxy-4'-octyloxyphenyl)benzotriazole, 2-(3',5'-di-tert-amyl-2’-hydroxyphenyl)benzotriazole,
2-(3",5"-bis(a,a-dimethylbenzyl)-2'-hydroxyphenyl)benzotriazole, 2-(3-tert-butyl-2’-hydroxy-5'-
(2-octyloxycarbonylethyl)phenyl)-5-chlorobenzotriazole, 2-(3'-tert-butyl-5'-[2-(2-ethylhexyl-
oxy)carbonylethyl]-2’-hydroxyphenyl)-5-chlorobenzotriazole, 2-(3'-tert-butyl-2’-hydroxy-5’-(2-
methoxycarbonylethyl)phenyl)-5-chiorobenzotriazole, 2-(3-tert-butyl-2’-hydroxy-5’-(2-meth-
oxycarbonylethyl)phenyl)benzotriazole, 2-(3'-tert-butyl-2’-hydroxy-5’-(2-octyloxycarbonyl-
ethyl)phenyl)benzotriazole,  2-(3’-tert-butyl-5’-[2-(2-ethylhexyloxy)carbonylethyl]-2’-hydroxy-
phenyl)benzotriazole, 2-(3’-dodecyl-2-hydroxy-5-methylphenyl)benzotriazole, 2-(3’-tert-butyl-
2'-hydroxy-5'-(2-isooctyloxycarbonylethyl)phenylbenzotriazole, 2,2’-methylenebis[4-(1,1,3,3-
tetramethylbutyl)-6-benzotriazole-2-ylphenol]; the transesterification product of 2-[3-tert-bu-
tyl-5’-(2-methoxycarbonylethyl)-2’-hydroxyphenyl]-2H-benzotriazole with polyethylene glycol

300; [R- CH,CH, - COO - CH,CH, -}; , Wwhere R = 3’-tert-butyl-4’-hydroxy-5’-2H-benzotriazol-

2-yiphenyl, 2-[2’-hydroxy-3'-(o,a-dimethylbenzyl)-5'-(1,1,3,3-tetramethylbutyl)phenyl]benzotri-
azole; 2-[2’-hydroxy-3’-(1,1,3,3-tetramethylbutyl)-5’- (o, c-dimethylbenzyl)phenyllbenzotria-
zole.

2.2. 2-rydroxybenzophenones, for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyl-
oxy, 4-dodecyloxy, 4-benzyloxy, 4,2’,4’-trihydroxy and 2*-hydroxy-4,4’-dimethoxy derivatives.

2.3. Esters of substituted and unsubstituted benzoic acids, for example 4-tert-butylphenyl
salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyl resorcinol, bis(4-tert-butylben-
zoyl)resorcinol, benzoyl resorcinol, 2,4-di-tert-butylpheny! 3,5-di-tert-butyl-4-hydroxybenzo-
ate, hexadecyl 3,5-di-tert-butyl-4-hydroxybenzoate, octadecyl! 3,5-di-tert-butyl-4-hydroxyben-
zoate, 2-methyl-4,6-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate.
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2.4. Acrylates, for example ethyl a-cyano-B,B3-diphenylacrylate, isoocty! a-cyano-,B-diphe-
nylacrylate, methyl a-carbomethoxycinnamate, methyl o-cyano-B-methyl-p-methoxycinna-
mate, butyl o-cyano--methyl-p-methoxycinnamate, methyl a-carbomethoxy-p-methoxycin-

namate and N-(B-carbomethoxy-3-cyanovinyl)-2-methylindoline.

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

2.6. Sterically hindered amines, for example bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate,
bis(2,2,6,6-tetramethyl-4-piperidyl)succinate, bis(1,2,2,6,6-pentamethyl-4-piperidyl)sebacate,
bis(1-octyloxy-2,2,6,6-tetramethyl-4-piperidyl)sebacate, bis(1,2,2,6,6-pentamethyl-4-piperi-
dyt) n-butyl-3,5-di-tert-butyl-4-hydroxybenzylmalonate, the condensate of 1-(2-hydroxyethyl)-
2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, linear or cyclic condensates of
N,N’-bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-tert-octylamino-2,6-di-
chloro-1,3,5-triazine,  tris(2,2,6,6-tetramethyl-4-piperidyl)nitrilotriacetate, tetrakis(2,2,6,6-
tetramethyl-4-piperidyl)-1,2,3,4-butanetetracarboxylate, 1,1-(1,2-ethanediyl)-bis(3,3,5,5-
tetramethylpiperazinone), 4-benzoyl-2,2,6,6-tetramethylpiperidine,  4-stearyloxy-2,2,6,6-
tetramethylpiperidine, bis(1,2,2,6,6-pentamethylpiperidyl)-2-n-butyl-2-(2-hydroxy-3,5-di-tert-
butyibenzyl)malonate, 3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5]decane-2,4-dione,
bis(1-octyloxy-2,2,6,6-tetramethylpiperidyl)sebacate, bis(1-octyloxy-2,2,6,6-tetramethylpipe-
ridyl)succinate, linear or cyclic condensates of N,N’-bis(2,2,6,6-tetramethyl-4-piperidyl)hexa-
methylenediamine and 4-morpholino-2,6-dichloro-1,3,5-triazine, the condensate of 2-chloro-
4,6-bis(4-n-butylamino-2,2,6,6-tetramethylpiperidyl)-1,3,5-triazine and 1,2-bis(3-aminopro-
pylamino)ethane, the condensate of 2-chloro-4,6-di-(4-n-butylamino-1,2,2,6,6-pentamethyl-
piperidyl)-1,3,5-triazine and 1,2-bis(3-aminopropylamino)ethane, 8-acetyl-3-dodecyl-7,7,9,9-
tetramethyi-1,3,8-triazaspiro[4.5]decane-2,4-dione, 3-dodecyl-1-(2,2,6,6-tetramethyl-4-pipe-
ridyl)pyrrolidine-2,5-dione, 3-dodecyl-1-(1,2,2,6,6-pentamethyl-4-piperidyl)pyrrolidine-2,5-
dione, a mixture of 4-hexadecyloxy- and 4-stearyloxy-2,2,6,6-tetramethylpiperidine, a con-
densate of N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-cyclohexyl-
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amino-2,6-dichloro-1,3,5-triazine, a condensate of 1,2-bis(3-aminopropylamino)ethane and
2,4,6-trichloro-1,3,5-triazine as well as 4-butylamino-2,2,6,6-tetramethylpiperidine (CAS Reg.
No. [136504-96-6]); a condensate of 1,6-hexanediamine and 2,4,6-trichloro-1,3,5-triazine as
weli as N,N-dibutylamine and 4-butylamino-2,2,6,6-tetramethylpiperidine (CAS Reg. No.
[192268-64-7]);  N-(2,2,6,6-tetramethyl-4-piperidyl)-n-dodecylsuccinimide,  N-(1,2,2,6,6-
pentamethyl-4-piperidyl)-n-dodecylsuccinimide, 2-undecyl-7,7,9,9-tetramethyl-1-oxa-3,8-di-
aza-4-oxo-spiro[4,5]decane, a reaction product of 7,7,9,9-tetramethyl-2-cycloundecyl-1-oxa-
3,8-diaza-4-oxospiro-[4,5]decane and epichlorohydrin, 1,1-bis(1,2,2,6,6-pentamethyl-4-
piperidyloxycarbonyl)-2-(4-methoxyphenyl)ethene, N,N’-bis-formyl-N,N’-bis(2,2,6,6-tetrame-
thyl-4-piperidyl)hexamethylenediamine, a diester of 4-methoxymethylenemalonic acid with
1,2,2,6,6-pentamethyl-4-hydroxypiperidine, poly[methylpropyl-3-oxy-4-(2,2,6,6-tetramethyl-4-
piperidyl)]siloxane, a reaction product of maleic acid anhydride-o-olefin copolymer with
2,2,6,6-tetramethyl-4-aminopiperidine or 1,2,2,6,6-pentamethyl-4-aminopiperidine.

The sterically hindered amine may also be one of the compounds described in

GB-A-2 301 106 as component I-a), I-b), I-c), I-d), I-e), I-f), I-g), I-h), I-i), I-), I-k) or -1}, in
particular the light stabilizer 1-a-1, 1-a-2, 1-b-1, 1-¢-1, 1-¢c-2, 1-d-1, 1-d-2, 1-d-3, 1-e-1, 1-f-1,
1-g-1, 1-g-2 or 1-k-1 listed on pages 68 to 73 of said GB-A-2 301 106.

The sterically hindered amine may also be one of the compounds described in

EP-A-0 782 994, for example compounds as desctibed in claims 10 or 38 or in Examples 1-
12 or D-1 to D-5 therein.

2.7. Sterically hindered amines substituted on the N-atom by a hydroxy-substituted alkox
group, for example compounds such as 1-(2-hydroxy-2-methylpropoxy)-4-octadecanoyloxy-
2,2,0,6-tetramethylpiperidine, 1-(2-hydroxy-2-methylpropoxy)-4-hexadecanoyloxy-2,2,6,6-
tetramethylpiperidine, the reaction product of 1-oxyl-4-hydroxy-2,2,6,6-tetramethylpiperidine
with a carbon radical from t-amylalcohol, 1-(2-hydroxy-2-methylpropoxy)-4-hydroxy-2,2,6,6-
tetramethylpiperidine, 1-(2-hydroxy-2-methylpropoxy)-4-oxo-2,2,6,6-tetramethylpiperidine,
bis(1-(2-hydroxy-2-methylpropoxy)-2,2,6,6-tetramethylpiperidin-4-yl)  sebacate, bis(1-(2-
hydroxy-2-methylpropoxy)-2,2,6,6-tetramethylpiperidin-4-yl)  adipate, bis(1-(2-hydroxy-2-
methylpropoxy)-2,2,6,6-tetramethylpiperidin-4-yl) succinate, bis(1-(2-hydroxy-2-methylpro-
poxy)-2,2,6,6-tetramethylpiperidin-4-yl) glutarate and 2,4-bis{N-[1-(2-hydroxy-2-methylpro-
poxy)-2,2,6,6-tetramethylpiperidin-4-yl]-N-butylamino}-6-(2-hydroxyethylamino)-s-triazine.
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2.8. Oxamides, for example 4,4’-dioctyloxyoxanilide, 2,2’-diethoxyoxanilide, 2,2'-dioctyloxy-
5,5"-di-tert-butoxanilide, 2,2’-didodecyloxy-5,5"-di-tert-butoxanilide, 2-ethoxy-2'-ethyloxanilide,
N,N’-bis(3-dimethylaminopropyl)oxamide, 2-ethoxy-5-tert-butyl-2’-ethoxanilide and its mixture
with 2-ethoxy-2’-ethyl-5,4’-di-tert-butoxanilide, mixtures of o- and p-methoxy-disubstituted
oxanilides and mixtures of o- and p-ethoxy-disubstituted oxanilides.

2.9. 2-(2-Hydroxyphenyl)-1,3,5-triazines, for example 2,4,6-tris(2-hydroxy-4-octyloxypheny!)-
1,3,5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-
(2,4-dihydroxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2,4-bis(2-hydroxy-4-propyl-
oxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine,  2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-
methylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-
1,3,5-triazine, 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-
[2-hydroxy-4-(2-hydroxy-3-butyloxypropoxy)phenyl}-4,6-bis(2,4-dimethyl)-1,3,5-triazine, 2-[2-
hydroxy-4-(2-hydroxy-3-octyloxypropyloxy)phenyl]-4,6-bis(2,4-dimethyl)-1,3,5-triazine,  2-[4-
(dodecyloxy/tridecyloxy-2-hydroxypropoxy)-2-hydroxyphenyl]-4,6-bis(2,4-dimethylphenyl)-
1,3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-dodecyloxypropoxy)phenyl]-4,6-bis(2,4-dimethyl-
phenyl)-1,3,5-triazine, 2-(2-hydroxy-4-hexyloxy)phenyl-4,6-diphenyl-1,3,5-triazine, 2-(2-hy-
droxy-4-methoxyphenyl)-4,6-diphenyl-1,3,5-triazine,  2,4,6-tris[2-hydroxy-4-(3-butoxy-2-hy-
droxypropoxy)phenyl]-1,3,5-triazine, 2-(2-hydroxyphenyl)-4-(4-methoxyphenyl)-6-phenyl-
1,3,5-trlazine, 2-{2-hydroxy-4-[3-(2-ethylhexyl-1-oxy)-2-hydroxypropyloxy]phenyl}-4,6-bis(2,4-
dimethylphenyl)-1,3,5-triazine.

3. Metal deactivators, for example N,N'-diphenyloxamide, N-salicylal-N'-salicyloy! hydrazine,
N,N'-bis(salicyloyl)hydrazine, N,N-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hydrazine,
3-salicyloylamino-1,2,4-triazole, bis(benzylidene)oxalyl dihydrazide, oxanilide, isophthaloyl
dihydrazide, sebacoyl bisphenylhydrazide, N,N-diacetyladipoyl dihydrazide, N,N’-bis(salicyl-
oyl)oxalyl dihydrazide, N,N’-bis(salicyloyl)thiopropionyl dihydrazide.

4. Phosphites and phosphonites, for example triphenyl phosphite, diphenylalkyl phosphites,
phenyldialkyl phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl phos-

phite, distearylpentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite, diisodecyl
pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite, bis(2,4-di-
cumylphenyl)pentaerythritol diphosphite, bis(2,6-di-tert-butyl-4-methylphenyl)pentaerythritol
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diphosphite, diisodecyloxypentaerythritol diphosphite, bis(2,4-di-tert-butyl-6-methylphenyl)-
pentaerythritol diphosphite, bis(2,4,6-tris(tert-butylphenyl)pentaerythritol diphosphite, tristea-
ryl sorbitol triphosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4’-biphenylene diphosphonite, 6-
Isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-dibenz[d,g]-1,3,2-dioxaphosphocin, bis(2,4-di-tert-
butyl-6-methylphenyl)methyl phosphite, bis(2,4-di-tert-butyl-6-methylphenyl)ethyl phosphite,
6-fluoro-2,4,8,10-tetra-tert-butyl-12-methyl-dibenz[d,g]-1 3,2-dloxaphosphocin, 2,2’,2”-nitrilo-
[triethyltris(3,3',5,5™-tetra-tert-butyl-1,1-biphenyl-2,2’-diyl)phosphite], 2-ethylhexyl(3,3’,5,5-te-
tra-tert-butyl-1,1’-biphenyl-2,2’-diyl)phosphite, 5-butyl-5-ethyl-2-(2,4,6-tri-tert-butylphenoxy)-
1,3,2-dioxaphosphirane.

The following phosphites are especially preferred:

Tris(2,4-di-tert-butylphenyl) phosphite (Irgafos®168, Ciba Specialty Chemicals Inc.), tris(no-
nylphenyl) phosphite,

(CH3)SC C(CH3)3
O
(A)  HsC—CH N (B)
(CH,),C 3

P—0— CH,CH(C,H,)CH,CH, (C)

(I
(CH,),C

C(CH,),

IO O\
(CH,).C o—p X P—0 C(CH
s —Q ‘O O’ ‘Q_ ( 3)3 (D)
C(CH,), (CH,),C
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(F) Hy,Cg—O0—R, >< :P-_O_CwHS'/ O—-P—OCH,CH, (G)
O O HSC\
_C CH,
HC ™ oy,
2

5. Hydroxylamines, for example N,N-dibenzylhydroxylamine, N,N-diethylhydroxylamine, N,N-
dioctylhydroxylamine, N,N-dilaurylhydroxylamine, N,N-ditetradecylhydroxylamine, N,N-di-
hexadecylnhydroxylamine, N,N-dioctadecylhydroxylamine, N-hexadecyl-N-octadecylhydroxyi-
amine, N-heptadecyl-N-octadecylhydroxylamine, N,N-dialkylhydroxylamine derived from

hydrogenated tallow amine.

6. Nitrones, for example N-benzyl-a-phenylnitrone, N-ethyl-a-methylnitrone, N-octyl-o-hep-
tylnitrone, N-lauryl-a-undecylnitrone, N-tetradecyl-a-tridecylnitrone, N-hexadecyl-o-pentade-
cylnitrone, N-octadecyl-a-heptadecylnitrone, N-hexadecyl-a-heptadecylnitrone, N-ocatade-

cyl-o-pentadecylnitrone, N-heptadecyl-o-heptadecylnitrone, N-octadecyl-o-hexadecylnitrone,

nitrone derived from N,N-dialkylhydroxylamine derived from hydrogenated tallow amine.

7. Amine oxides, for example amine oxide derivatives as disclosed in U.S. Patent Nos.
5,844,029 and 5,880,191, didecyl methyl amine oxide, tridecyl amine oxide, tridodecyl amine

oxide and trihexadecyl amine oxide.

8. Benzofuranones and indolinones, for example those disclosed in U.S. 4,325,863;

U.S. 4,338,244; U.S. 5,175,312; U.S. 5,216,052: U.S. 5,252,643; DE-A-4316611;
DE-A-4316622; DE-A-4316876; EP-A-0589839 or EP-A-0591102 or 3-[4-(2-acetoxyethoxy)-
phenyl]-5,7-di-tert-butylbenzofuran-2-one, 5,7-di-tert-butyl-3-[4-(2-stearoyloxyethoxy)phenyl]-
benzofuran-2-one, 3,3-bis[5,7-di-tert-butyl-3-(4-[2-hydroxyethoxy]phenyl)benzofuran-2-one],
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5,7-di-tert-butyl-3-(4-ethoxyphenyl)benzofuran-2-one, 3-(4-acetoxy-3,5-dimethylphenyl)-5,7-
di-tert-butyloenzofuran-2-one,  3-(3,5-dimethyl-4-pivaloyloxyphenyl)-5,7-di-tert-butylbenzo-
furan-2-one, 3-(3,4-dimethylphenyl)-5,7-di-tert-butylbenzofuran-2-one, 3-(2,3-dimethylphe-
nyl)-5,7-di-tert-butylbenzofuran-2-one.

9. Thiosynergists, for example dilauryl thiodipropionate or distearyl thiodipropionate.

10. Peroxide scavengers, for example esters of B-thiodipropionic acid, for example the
lauryl, stearyl, myristyl or tridecyl esters, mercaptobenzimidazole or the zinc salt of 2-mer-
captobenzimidazole, zinc dibutyldithiocarbamate, dioctadecyl disulfide, pentaerythritol tetra-

Kis(B-dodecylmercapto)propionate.

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

12. Basic co-stabilisers, 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 calcium stearate,
zinc stearate, magnesium behenate, magnesium stearate, sodium ricinoleate and potassium

palmitate, antimony pyrocatecholate or zinc pyrocatecholate.

13._Nucleating agents, for example inorganic substances, such as talcum, metal oxides,
such as titanium dioxide or magnesium oxide, phosphates, carbonates or sulfates of, prefe-
rably, alkaline earth metals; organic compounds, such as mono- or polycarboxylic acids and
the salis thereof, e.g. 4-tert-butylbenzoic acid, adipic acid, diphenylacetic acid, sodium
succinate or sodium benzoate; polymeric compounds, such as ionic copolymers (ionomers).
Especially preferred are 1,3:2,4-bis(3’,4’-dimethylbenzylidene)sorbitol, 1,3:2,4-di(paramethyl-
dibenzylidene)sorbitol, and 1,3:2,4-di(benzylidene)sorbitol.

14. Fillers and reinforcing agents, for example calcium carbonate, silicates, glass fibres,
glass bulbs, asbestos, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, car-

bon black, graphite, wood flour and flours or fibers of other natural products, synthetic fibers.

15. Dispersing agents, such as polyethylene oxide waxes or mineral oil.
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16. Other additives, for example plasticisers, lubricants, emulsifiers, pigments, dyes, rheolo-
gy additives, catalysts, flow-control agents, optical brighteners, slip agents, crosslinking
agents, crosslinking boosters, halogen scavengers, smoke inhibitors, flameproofing agents,
antistatic agents, clarifiers such as substituted and unsubstituted bisbenzylidene sorbitols,
benzoxazinone UV absorbers such as 2,2’-p-phenylene-bis(3,1-benzoxazin-4-one), Cya-
sorb” 3638 (CAS# 18600-59-4), and blowing agents.

It is also contemplated that the melt blends of the present invention may be formed into effi-

cient microporous membranes, perforated films, or nets. That is, other wettable polyolefin
articles that are not fibers, filaments or fabrics.

The present invention also relates to a method for imparting permanent wettability to a poly-
olefin fiber, filament or woven or nonwoven fabric made therefrom, comprising melt extruding
a mixture comprising a thermoplastic polyolefin and at least one compound of the formula (l)
into a plurality of fibers and cooling the fibers. Preferably said fibers are drawn into a plurality
of continuous filaments, a web is formed from said filaments and the filaments are at least

partially bonded to form a fabric. Preferably the fibers or filaments are a bi-component fiber
or filament comprising a polyolefin.

A preferred embodiment of the present invention is therefore the use of the compound of the

formula (I) for imparting permanent wettability to a polyolefin fiber, filament or woven or non-
woven fabric.

The following examples are for illustrative purposes only and are not to be construed as limi-
ting the instant invention in any manner whatsoever. Additive levels are reported in weight
percent.

Exampte 1: Polypropylene Nonwoven Fiber.

A dry mixture of 8.5 kg of polypropylene pellets, Exxon Polybond 3155 PP, and 1.5 kg of the

compound of formula (Ib)

CH3CH(CH2CH2)13CH,CHo(OCH,CHy) 2s0H  (Ib)
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is prepared using a TURBULA Mixer Type T10B. The 15 % concentrate mix is melt com-
pounded using a Leistritz MIC 27/GL-32D twin screw extruder. The extruder heat zones are

190-220°C, screw speed 400 RPM and feeder speed 25 RPM. The molten polymer and

additive exit via a two orifice round dye. The molten material is immediately cooled and
solidified in a cold water trough. The solidified strand is fed into a CONAIR/JETRO 304
Pelletizer.

The concentrate pellets are let down with 40 kg of additional Exxon Polybond 3155 PP pel-

lets and are mixed with a Marion SPS 1224 mixer, resulting in an additive concentration of
3 % by weight.

Nonwoven polypropylene fibers are prepared from the 3 % additive pellets prepared as
above using a REICOFIL Il Spunbonder, under the following conditions:

Extruder temperature of 200-215°C,

screen changer temperature of 205°C,

spin pump temperature of 215°C and speed of 18.6 rpm,

4,000 hole spinneret with a temperature gradient of 223-240°C,

bonder pressure of 291 PSI with the lower roll at 138°C and the upper roll at 140° C,

cooling air speed of 3020 rpm and suction air speed of 2510 rpm, and

collection take up speed is adjusted to produce a nonwoven with a weight of 20 g/m®.

The resultant nonwovens are evaluated for permeability and durability by measuring the Ii-
quid strike through time, the time for a known volume of simulated urine (9.0g NaCl /L) to
pass through the nonwoven. The INDA (International Nonwovens & Disposables Associa-
tion) standard test method is # IST 70.3 (98) using a Lenzing Lister model 1997. Results are
below.

The samples are also evaluated for continuous strike through and time delay multi strike
through, again using the Lenzing Lister apparatus. Shorter time periods represent a desired
faster liquid pass through. Results are below.
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Finally, the samples are evaluated for their capacity to absorb simulated urine using INDA
standard test method # IST 10.1 (95) part 8. This method is also used to measure the time

delay absorbance capacity. The absorptive capacity is the ratio of the liquid weight held by

the sample to the weight of the dry sample. Results are found below.

INDA Liquid Strike Through Time

Test Method # IST 70.3(98), results in seconds

Blank (no additive) 3 % additive of formula (ib)
> 1,000 sec 3.63 secC
> 1,000 3.64

4.21

Results of this test demonstrate that the present compositions provide a nonwoven poly-

propylene with excellent wettability.

Continuous Strike Through

Maximum 30 seconds between passes, results in seconds, tests on three identical nonwo-

ven samples with 3 % additive of formula (Ib).

Pass1 Pass2 Pass3 Pass4 Pass5 Pass®b

-
4.40 4.53 4.26 4.25
2.55 3.42 3.98 4.14 4.43

4.72

ol

4.46

Pass7 Pass8 Pass9
5.50
5.08

Results of the continuous strike through test demonstrate that the compositions of the pre-

sent invention are effective towards passing through repeated liquid insults with short time
periods in between. It is a demonstration of the durability or permanence of the additive of

formula (Ib).
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Time Delay Multi Strike Through

Dry one hour between passes, results in seconds, tests on five identical nonwoven samples
each with 3 % additive of formula (lb).

Ohours 1hours 2hours 3 hours 4 hours 5 hours 6 hours 7 hours
6.99 5.00 3.95 5.28 0.56 3.40 2 59 2 99
7.24 5.81 454 | 4.82 3.68 3.96 3.13

6.00 453 | 253 3.81 3.42 3.98 3.04
9.93 6.50 3.99 4.24 4.71
4.68 4.17 3.57 2,98 2.54

Results of the time delay multi strike through test demonstrate that the compositions of the

present invention are effective towards passing through repeated liquid insults with long time
periods In between. It is a demonstration of the durability or permanence of the additive of
formula (1b).

Absorbance Capacity

INDA standard test # 10.1 (95) part 8, result is the ratio of weight of the simulated urine held
by the sample to the weight of the dry sample.

Blank - no additive: 0.4 3 % additive of formula (Ib): 8.8

These results demonstrate the surprising hydrophilicity of compositions of the present inven-
tion.

Time Delay Absorbance Capacity

INDA standard test # 10.1 (95) part 8, samples are saturated with simulated urine, air-dried
for 24 hours, and saturated again. Result is the percent retained of the original ratio of the

weight of the simulated urine held by the sample to the weight of the dry sample. Tests per-
formed on nonwoven sample with 3 % additive of formula (lb).
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24 hours 48 hours 72 hours 96 hours

These resuits demonstrate that the compositions of the present invention effectively maintain

their hydrophilicity after multiple exposures to simulated urine.

Example 2: Polypropylene Printability.

Polypropylene, and 5 % by weight of the additive of formula (Ib) are melt blended and spun
into filaments and tufted into a carpet. The carpets are printed with a mixture of color index
(C.1.) Acid Yellow 216:1, C.I. Acid Red 266 and C.|. Acid Blue 40 to have a dark brown tri-
chromatic color. The printing paste also contains a thickener such as gaur gum. After prin-
ting, the applied amount of dyestuff is fixed in a steamer. After fixation, the carpet is rinsed
with cold water. Carpets prepared with fibers of the present invention exhibit excellent print-
ability.

Example 3: Polypropylene Nonwoven Fiber.

Example 1 is repeated replacing the compound of formula (Ib) with a 1:1 mixture of the com-
pound of formula (Ib) and Atmer® 502, 2 mole ethoxylated stearyl alcohol. Excellent results
are found for liquid strike through time, continuous strike through, time delay multi strike
through and time delay absorbance capacity tests.

Example 4: Alkaline Battery Separator - Percent KOH Absorption.

Polypropylene nonwovens are prepared as in Example 1. The weight of additives based on
the formulation is as in the table below. The nonwovens are cut into 4 square inch sections.
The nonwovens are submerged in 167 mL of a 40% KOH solution at room temperature. Af-
ter 5 minutes the samples are removed and allowed hang air dry for 1 minute. The samples
are weighed to provide initial % KOH absorption (wet weight - dry weight/dry weight x 100).
The wet samples are again submerged in a fresh 40% KOH solution in covered beakers.
The beakers are placed in a 70°C oven. After 7 days the samples are removed and rinsed
with deionized water. The samples are hang air dried for one day and weighed to provide

%KOH absorption after 7 days at 70°C. Results are below.
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Unithox® 420 Atmer® 502 Initial Percent Percent KOH Absorption
(wt percent) (wt percent) KOH absorption  Absorption after 7 Days at 70°C
618 NA*
1.5 881 900
3.0 777 822
1.5 1.5 824 1011
0.75 0.75 889 987

“The nonwoven polypropylene without additive has excess water beads, not absorption. It is
seen that the hydrophilic nonwovens of the present invention perform well towards absorbing
KOH solution even after annealing at 70°C for 7 days. These results indicate potential of the

present compositions in alkaline battery separator applications. Unithox® 420 is equivalent to
the present compound of formula (Ib).
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CLAIMS:
1. A wettable polyolefin fiber or filament,

comprising a melt blend which comprises

(a) a polyolefin; and

(b) at least one compound of the formula (Ia)

R; (OCH,CH,) xOH (Ia)

whereiln

R; 1s a straight or branched chain alkyl
of 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,

38, 39 or 40 carbon atoms, and

X 18 2 to 10.

2. A fiber or filament according to claim 1 in which

the polyolefin 1s polypropylene or polyethylene.

3. A fiber or filament according to claim 1 or 2,
wherein in the compound of formula (Ia), R; is a straight
chain alkyl with an average value of 30 carbon atoms and x
has an average value of 2.5, which compound is represented

by formula (Ib):

CH3CH, (CH,CHjy) 13CH,CH, (OCH,CHy) 2. 5OH (Ib).

4, A fiber or filament according to claim 1 or 2, in
which the melt blend comprises two different compounds of

formula (Ia) which differ by having different average values

for R; and/or different average values for the number of

monomer units.

5. A fiber or filament according to any one of

claims 1 to 4, in which the melt blend additionally
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1)

comprises an ethoxylated aliphatic alcohol that is not of

formula (Ia).

B

0. A fiber or filament according to any one o:

claims 1 to 4, in which the melt blend additionally

comprises the compound of the formula (Ic)

C18H37 (OCHzCHz) 2OH (IC) .

7. A fiber or filament according to any one of

claims 1 to 6, wherein the compounds of component (b), in

Jr—

total, are present in an amount of 0.1 % to 15 % based on

the weight of component (a).

3 . A bi-component fiber comprising a polyolefin
component, wherein the polyolefin component comprises a melt
blend comprising components (a) and (b) according to any one

of claims 1 to 7.

9. A woven or nonwoven fabric comprising knitted or

ponded polyolefin fibers or filaments according to any one

of claims 1 to 8.

10. A woven or nonwoven fabric comprising knitted or

bonded bi-component fibers according to claim 8.

11. A method for imparting permanent wettability to a
polyolefin fiber, filament or woven or nonwoven fabric made
therefrom, comprising melt extruding a mixture comprising a

g~

thermoplastic polyolefin and at least one compound of the

g

formula (Ia) as defined in claim 1, into a plurality of

fibers and cooling the fibers.

12. A method according to claim 11 wherein said fibers

are drawn 1nto a plurality of continuous filaments, a web is

formed from said filaments and the filaments are at least

partially bonded to form a fabric.
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13. A method according to claim 11 or 12, in which the

fibers or filaments are a bi-component fiber or filament

comprising a polyolefin.

14. An article of manufacture comprising a woven or
nonwoven fabric according to claim 11 selected from
disposable diapers, training pants, feminine napkins,
tampons, incontinence care products, wet and dry wilpes,

wound dressings, surgical capes, filter medial and battery

separators.

15. Use of the compound of the formula (Ia) as defined
in claim 1 for imparting permanent wettability to a

polyolefin fiber, filament or woven or nonwoven fabric.

FETHERSTONHAUGH & CO.

OTTAWA, CANADA

PATENT AGENTS
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