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Disclosed herein are heterogeneous golf ball compositions
comprising a matrix formed from a thermosetting or thermo-
plastic polymer composition and discrete particles dispersed
within the matrix, and to the use of such heterogeneous com-
positions to form at least one core layer in multi-layer core
golf balls.

ABSTRACT



US 2016/0175659 Al

GOLF BALL COMPOSITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 14/080,896, filed Nov. 15, 2013,
which is a continuation-in-part of U.S. patent application Ser.
No. 13/849,576, filed Mar. 25, 2013, and U.S. patent appli-
cation Ser. No. 13/613,048, filed Sep. 13,2012, now U.S. Pat.
No. 9,072,943, the entire disclosures of which are hereby
incorporated herein by reference.

[0002] This application is also a continuation-in-part of
U.S. patent application Ser. No. 14/533,282, filed Nov. 5,
2014, which is a continuation-in-part of U.S. patent applica-
tion Ser. No. 13/966,394, filed Aug. 14, 2013, now U.S. Pat.
No. 9,248,346, which is a continuation-in-part of U.S. patent
application Ser. No. 13/849,583, filed Mar. 25, 2013, which is
a continuation-in-part of U.S. patent application Ser. No.
13/531,906, filed Jun. 25, 2012, the entire disclosures of
which are hereby incorporated herein by reference.

FIELD OF THE INVENTION

[0003] The present invention is directed to multi-layer core
golf balls, including at least one core layer formed from a
heterogeneous composition comprising discrete particles
formed from a crosslinked rubber or unmelted thermoplastic
polymer composition within a thermosetting or thermoplastic
polymer matrix.

BACKGROUND OF THE INVENTION

[0004] Golf balls having multi-layer cores are well known.
For example, U.S. Pat. No. 7,708,656 and U.S. Pat. No.
8,262,511 disclose multi-layer cores having a thermoset cen-
ter, thermoplastic intermediate core layer, and thermoset
outer core layer.

[0005] Heterogeneous golf ball compositions are also
known. For example, U.S. Pat. No. 5,789,486 to Maruoka et
al. discloses a golfball including a paint layer comprised of a
dispersion of internally-crosslinked polymer gel fine par-
ticles. U.S. Pat. No. 6,186,906 to Sullivan et al. discloses golf
ball compositions comprising discrete particles of gel. U.S.
Patent Application Publication No. 2008/0234070 to Comeau
et al. discloses the use of crosslinked rubber nanoparticles in
golf ball layers. U.S. Pat. No. 6,465,573 to Maruko et al.
discloses a solid golf ball comprising a core, an intermediate
layer, and a cover improved in rebound, distance, and feel
when the intermediate layer is comprised of a thermoplastic
resin in admixture with rubber powder. U.S. Pat. No. 6,361,
453 to Nakamura et al. discloses a solid golf ball having a
solid core and a cover, the solid core is composed of a core-
forming material and particles of a different material. U.S.
Pat. No. 9,095,749 to Bulpett et al. discloses heterogeneous
golf ball compositions comprising a matrix formed from a
first thermoplastic composition and discrete particles of a
second thermoplastic composition dispersed within the
matrix.

[0006] The present invention provides a novel golf ball
construction wherein a multi-layer core comprising at least
one layer formed from a heterogeneous composition contrib-
utes to a golf ball having unique construction and perfor-
mance properties.
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SUMMARY OF THE INVENTION

[0007] Inoneembodiment,the present invention is directed
to a golf comprising a core and a cover, wherein the core
comprises an inner core layer formed from a first thermoset
composition, an intermediate core layer formed from a het-
erogeneous composition, and an outer core layer formed from
a second thermoset composition. The inner core a layer has a
diameter of from 0.50 inches to 1.30 inches. The intermediate
core layer has a thickness of from 0.01 inches to 0.20 inches.
The outer core layer has a thickness of from 0.10 inches to
0.25 inches. In a particular aspect of this embodiment, the
heterogeneous composition of the intermediate core layer
comprises a matrix formed from a first thermoplastic compo-
sition and discrete particles of a second thermoplastic com-
position dispersed within the matrix, the second thermoplas-
tic composition having a melting point above the processing
temperature of the first thermoplastic composition. In another
particular aspect of this embodiment, the heterogeneous com-
position of the intermediate layer comprises a matrix formed
from a thermoplastic composition and discrete particles of
crosslinked rubber dispersed within the matrix, wherein the
crosslinked rubber is selected from the group consisting of
polybutadiene, polyisoprene, ethylene propylene rubber, sty-
rene-butadiene rubber, styrenic block copolymer rubbers,
butyl rubber, halobutyl rubber, polystyrene elastomers, poly-
ethylene elastomers, polyurethane elastomers, polyurea elas-
tomers, copolymers of isobutylene and para-alkylstyrene,
halogenated copolymers of isobutylene and para-alkylsty-
rene, acrylonitrile butadiene rubber, polychloroprene, alkyl
acrylate rubber, chlorinated isoprene rubber, acrylonitrile
chlorinated isoprene rubber, polyalkenamer, and combina-
tions of two or more thereof.

[0008] In another embodiment, the present invention is
directed to a golf ball comprising a core and a cover, wherein
the core comprises an inner core layer formed from a first
thermoset composition, an intermediate core layer formed
from a thermoplastic composition, and an outer core layer
formed from a second thermoset composition, wherein at
least one of the first thermoset composition and the second
thermoset composition is a heterogenous composition. The
inner core a layer has a diameter of from 0.50 inches to 1.30
inches. The intermediate core layer has a thickness of from
0.01 inches to 0.20 inches. The outer core layer has a thick-
ness of from 0.10 inches to 0.25 inches. In a particular aspect
of this embodiment, the heterogeneous composition com-
prises a matrix formed from a thermosetting polymer com-
position and discrete particles of a thermoplastic polymer
composition dispersed within the matrix, the thermoplastic
polymer composition having a melting point above the curing
temperature of the thermosetting polymer composition. In
another particular aspect of this embodiment, the heteroge-
neous composition comprises a matrix formed from a ther-
mosetting polymer composition and discrete particles dis-
persed within the matrix, the discrete particles being formed
from a crosslinked rubber composition having a Shore D
hardness of 65 or greater.

DETAILED DESCRIPTION

[0009] Golf ball compositions of the present invention are
heterogeneous compositions comprising discrete particles
dispersed within a thermosetting or thermoplastic polymer
matrix. The discrete particles are formed from a crosslinked
rubber composition or a thermoplastic polymer composition.
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In embodiments wherein the particles are formed from a
thermoplastic polymer composition, the particle composition
has a melting point above the curing or processing tempera-
ture of the matrix composition such that the particles do not
melt upon formation of the golf ball component formed from
the heterogeneous composition. For purposes of the present
disclosure, the processing temperature of thermoplastic
matrix compositions is defined as any temperature below the
melting point of the particle composition at which the matrix
composition is melt-processible. In embodiments wherein
the particles are formed from a thermoplastic polymer com-
position and the matrix is thermoplastic, the particle compo-
sition and matrix composition may be selected from the same
polymer class, so long as the melting point of the particle
composition is above the processing temperature of the
matrix composition.

[0010] The heterogeneous composition is formed by add-
ing the particles to the matrix composition either prior to or
during the process of forming the golf ball layer.

[0011] Ina particular embodiment, the heterogeneous com-
position has a solid sphere coefficient of restitution, “COR,”
within a range having a lower limit 0£0.450 or 0.500 or 0.550
or0.6000r 0.650 or 0.700 and an upper limit 0of0.710 or 0.730
or 0.750 or 0.770 or 0.800 or 0.820 or 0.850 or 0.870 or 0.900
or 0.910 or 0.930 or 0.950. For purposes of the present dis-
closure, the “solid sphere COR” of a composition refers to the
COR of a molded or cured 1.55 inch diameter sphere of the
composition. COR is determined according to a known pro-
cedure wherein a sphere is fired from an air cannon at two
given velocities and calculated at a velocity of 125 ft/s. Bal-
listic light screens are located between the air cannon and the
steel plate at a fixed distance to measure ball velocity. As the
sphere travels toward the steel plate, it activates each light
screen, and the time at each light screen is measured. This
provides an incoming transit time period inversely propor-
tional to the sphere’s incoming velocity. The sphere impacts
the steel plate and rebounds through the light screens, which
again measures the time period required to transit between the
light screens. This provides an outgoing transit time period
inversely proportional to the sphere’s outgoing velocity. COR
is then calculated as the ratio of the outgoing transit time
period to the incoming transit time period, COR=V_,/
Vo= Lo/ T our

[0012] Ina particularembodiment, the heterogeneous com-
position has a solid sphere compression within a range having
alower limitof =75 or =50 or =20 or O or 10 or 15 and an upper
limit of 20 or 25 or 30 or 35 or 40 or 50. In another particular
embodiment, the heterogeneous composition has a solid
sphere compression within a range having a lower limit of 70
or 75 or 80 or 85 or 90 and an upper limit of 90 or 95 or 100
or 105 or 115 or 120 or 125. In another particular embodi-
ment, the heterogeneous composition has a solid sphere com-
pression within a range having a lower limit of 120 or 130 or
140 or 150 or 155 or 160 and an upper limit of 160 or 165 or
170 or 180 or 190 or 200. In another particular embodiment,
the heterogeneous composition has a solid sphere compres-
sion of 130 or greater, or 140 or greater, or 150 or greater, or
155 or greater, or 160 or greater, or 165 or greater, or 170 or
greater. For purposes of the present disclosure, the “solid
sphere compression” of a composition refers to the compres-
sion of a molded or cured 1.55 inch diameter sphere of the
composition. The compression of the sphere is determined
according to a known procedure, using a digital Atti compres-
sion test device, wherein a piston is used to compress a sphere
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against a spring. Conversion from Atti compression to Riehle
(cores), Riehle (balls), 100 kg deflection, 130-10 kg deflec-
tion or effective modulus can be carried out according to the
formulas given in Jeff Dalton’s Compression by Any Other
Name, Science and Golf IV, Proceedings of the World Scien-
tific Congress of Golf (Eric Thain ed., Routledge, 2002).

[0013] Inaparticular embodiment, the heterogeneous com-
position has a flexural modulus of 5 ksi or greater, 6 ksi or
greater, or 8 ksi or greater, or 10 ksi or greater, or 15 ksi or
greater, or 20 ksi or greater, or 25 ksi or greater, or 30 ksi or
greater, or 35 ksi or greater, or 40 ksi or greater, or 45 ksi or
greater, or 48 ksi or greater, or 50 ksi or greater, or 52 ksi or
greater, or 55 ksi or greater, or 60 ksi or greater, or 63 ksi or
greater, or 65 ksi or greater, or 70 ksi or greater, 100 ksi or
greater, or 120 ksi or greater, or 150 ksi or greater, or 160 ksi
or greater, or 170 ksi or greater, or 180 ksi or greater, or 195
ksi or greater, or a flexural modulus within a range having a
lower limit of Sor 6 or8or 10 or 15 or 20 or 25 or 30 or 35 or
40 or 45 or 48 or 50 or 52 or 55 or 55 or 60 or 63 or 65 or 70
ksi and an upper limit of 75 or 80 or 85 or 90 or 95 or 100 or
105 or 110 or 115 ksi, or a flexural modulus within a range
having a lower limit of 20 or 25 or 30 or 35 or 40 or 45 or 50
or 55 or 60 ksi and an upper limit of 60 or 65 or 70 or 75 or 80
ksi, or a flexural modulus within a range having a lower limit
of'50 0r 60 or 70 or 90 or 120 or 130 and an upper limit of 150
or 170 or 200 or 210. For purposes of the present disclosure,
flex modulus is measured according to the following proce-
dure. Flex bars are prepared by molding the composition
under sufficient temperature and pressure for a sufficient
amount of time to produce void- and defect-free plaques of
appropriate dimensions to produce the required flex bars. The
flex bar dimensions are about 0.125 inches by about 0.5
inches, and of a length sufficient to satisfy the test require-
ments. Flex bars are died out from the compression molded
plaque(s) soon after the blend composition has reached room
temperature. The flex bars are then aged for 14 days at 23° C.
and 50% RH before testing. Flex modulus is then measured
according to ASTM D790 Procedure B, using a load span of
1.0 inches, a support span length of 2.0 inches, a support
span-to-depth ratio o' 16:1 and a crosshead rate of 0.5 inches/
minute. The support and loading noses have a radius of 5 mm.

[0014] Inaparticular embodiment, the particles are present
in the composition in an amount of 1 wt % or greater, or 2 wt
% or greater, or 3 wt % or greater, or 5 wt % or greater, or 10
wt % or greater, or 15 wt % or greater, or 18 wt % or greater,
or 20 wt % or greater, or 25 wt % or greater, or 30 wt % or
greater, or 35 wt % or greater, or 40 wt % or greater, or 45 wt
% or greater, or 50 wt % or greater, or greater than 50 wt %,
or 55 wt % or greater, or 60 wt % or greater, or an amount
within a range having a lower limit of 1 or2 or3 or Sor 10 or
15 or 20 or 25 or 30 or 35 or 40 wt % and an upper limit of 50
or 55 or 60 or 65 or 70 or 75 or 80 or 85 or 90 wt %, based on
the total weight of the composition.

[0015] In another particular embodiment, the composition
comprises at least 500 of the discrete particles.

[0016] In a particular embodiment, the particles have a
maximum particle size of 0.595 mm or 0.707 mm or 0.841
mm or 0.900 mm or 1.00 mmor 1.19 mmor 1.41 mm or 1.68
mm or 2.00 mm or 2.38 mm. In another embodiment, the
crosslinked particles have a particle size within a range hav-
ing a lower limit of 0.001 mm or 0.002 mm or 0.005 mm or
0.007 mm or 0.015 mm or 0.030 mm or 0.037 or mm or 0.074
mm and an upper limit of 0.100 mmor 0.125 mm or 0.177 mm
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or 0.354 mm or 0.420 mm or 0.500 mm or 0.595 mm or 0.707
mmor0.841 mmor1.000mmor1.19mmor1.41 mmor1.68
mm or 2.00 mm or 2.38 mm.

[0017] In a particular embodiment, the difference in the
specific gravity of the matrix composition and the specific
gravity of the particle composition is at least 0.10 g/cm?, or at
least 0.11 g/cm?, or at least 0.12 g/cm?, or at least 0.13 g/cm®,
or at least 0.14 g/cm?, or at least 0.15 g/cm?, or at least 0.16
g/em?, or at least 0.17 g/em?>, or at least 0.18 g/cm?, or at least
0.19 g/em?, or at least 0.20 g/cm’.

[0018] Heterogeneous compositions comprising discrete
unmelted thermoplastic particles dispersed within a thermo-
plastic polymer matrix are further disclosed, for example, in
U.S. Pat. No. 9,095,749, the entire disclosure of which is
hereby incorporated herein by reference.

[0019] Heterogeneous compositions comprising discrete
unmelted thermoplastic particles dispersed within a thermo-
setting polymer matrix are further disclosed, for example, in
U.S. Pat. No. 9,072,943 and U.S. Patent Application Publi-
cation No. 2014/0080635, the entire disclosures of which are
hereby incorporated herein by reference.

[0020] Heterogeneous compositions comprising discrete
particles of crosslinked rubber within a matrix formed from a
thermosetting polymer composition are further disclosed, for
example, in U.S. Patent Application Publication Nos. 2014/
0287851 and 2014/0080635, the entire disclosures of which
are hereby incorporated herein by reference.

[0021] Heterogeneous composition comprising discrete
particles of crosslinked rubber within a thermoplastic poly-
mer matrix are further disclosed, for example, in U.S. Pat. No.
9,248,346 and U.S. Patent Application Nos. 2013/0344992,
2013/0344993, and 2015/0057104, the entire disclosures of
which are hereby incorporated herein by reference.

Particle Composition

[0022] The particles are formed from a composition
selected from the group consisting of crosslinked rubber
compositions and thermoplastic polymer compositions.
[0023] Rubber compositions suitable for forming the par-
ticles include a base rubber selected from natural rubber,
polybutadiene, polyisoprene, ecthylene propylene rubber
(EPR), ethylene-propylene-diene rubber (EPDM), styrene-
butadiene rubber, butyl rubber, halobutyl rubber, polyure-
thane, polyurea, acrylonitrile butadiene rubber, polychloro-
prene, alkyl acrylate rubber, chlorinated isoprene rubber,
acrylonitrile chlorinated isoprene rubber, polyalkenamer,
phenol formaldehyde, melamine formaldehyde, polyep-
oxide, polysiloxane, polyester, alkyd, polyisocyanurate,
polycyanurate, polyacrylate, and combinations of two or
more thereof. Diene rubbers are preferred, particularly polyb-
utadiene, styrene-butadiene, acrylonitrile butadiene, and
mixtures of polybutadiene with other elastomers wherein the
amount of polybutadiene present is at least 40 wt % based on
the total polymeric weight of the mixture.

[0024] Non-limiting examples of suitable commercially
available rubbers are Buna CB high-cis neodymium-cata-
lyzed polybutadiene rubbers, such as Buna CB 23, Buna CB
24 and Buna CB high-cis cobalt-catalyzed polybutadiene
rubbers, such as Buna CB 1203, 1220 and 1221, commer-
cially available from Lanxess Corporation; SE BR-1220,
commercially available from The Dow Chemical Company;
Europrene® NEOCIS® BR 40 and BR 60, commercially
available from Polimeri Europa®; UBEPOL-BR® rubbers,
commercially available from UBE Industries, Inc.; BR 01,
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commercially available from Japan Synthetic Rubber Co.,
Ltd.; Neodene high-cis neodymium-catalyzed polybutadiene
rubbers, such as Neodene BR 40, commercially available
from Karbochem; TP-301 transpolyisoprene, commercially
available from Kuraray Co., Ltd.; Vestenamer® polyocte-
namer, commercially available from Evonik Industries; Butyl
065 and Butyl 288 butyl rubbers, commercially available
from ExxonMobil Chemical Company; Butyl 301 and Butyl
101-3, commercially available from Lanxess Corporation;
Bromobutyl 2224 and Chlorobutyl 1066 halobutyl rubbers,
commercially available from ExxonMobil Chemical Com-
pany; Bromobutyl X2 and Chlorobutyl 1240 halobutyl rub-
bers, commercially available from Lanxess Corporation;
BromoButyl 2255 butyl rubber, commercially available from
Japan Synthetic Rubber Co., Ltd.; Vistalon® 404 and Vista-
lon® 706 ethylene propylene rubbers, commercially avail-
able from ExxonMobil Chemical Company; Dutral CO 058
ethylene propylene rubber, commercially available from
Polimeri Europa; Nordel® IP NDR 5565 and Nordel® IP
3670 ethylene-propylene-diene rubbers, commercially avail-
able from The Dow Chemical Company; EPT1045 and
EPT1045 ethylene-propylene-diene rubbers, commercially
available from Mitsui Corporation; Buna SE 1721 TE sty-
rene-butadiene rubbers, commercially available from
Lanxess Corporation; Afpol 1500 and Afpol 552 styrene-
butadiene rubbers, commercially available from Karbochem;
Nipol® DN407 and Nipol® 1041L acrylonitrile butadiene
rubbers, commercially available from Zeon Chemicals, L.P;;
Neoprene GRT and Neoprene AD30 polychloroprene rub-
bers; Vamac® ethylene acrylic elastomers, commercially
available from E. 1. du Pont de Nemours and Company;
Hytemp® AR12 and AR214 alky] acrylate rubbers, commer-
cially available from Zeon Chemicals, L.P.; Hypalon® chlo-
rosulfonated polyethylene rubbers, commercially available
from E. I. du Pont de Nemours and Company; and Goodyear
Budene® 1207 polybutadiene, commercially available from
Goodyear Chemical.

[0025] The rubber is crosslinked using, for example, a per-
oxide or sulfur cure system, C-C initiators, high energy radia-
tion sources capable of generating free radicals, resin cure, or
a combination thereof.

[0026] In a particular embodiment, the rubber is
crosslinked using a peroxide initiator and optionally a coag-
ent. Suitable peroxide initiators include, but are not limited to,
organic peroxides, such as dicumyl peroxide; n-butyl-4,4-di
(t-butylperoxy) valerate; 1,1-di(t-butylperoxy)3,3,5-trimeth-
ylcyclohexane; 2,5-dimethyl-2,5-di(t-butylperoxy) hexane;
di-t-butyl peroxide; di-t-amyl peroxide; t-butyl peroxide;
t-butyl cumyl peroxide; 2,5-dimethyl-2,5-di(t-butylperoxy)
hexyne-3; di(2-t-butyl-peroxyisopropyl)benzene; dilauroyl
peroxide; dibenzoyl peroxide; t-butyl hydroperoxide; lauryl
peroxide; benzoyl peroxide; and combinations thereof.
Examples of suitable commercially available peroxides
include, but are not limited to Perkadox® BC dicumyl per-
oxide, commercially available from Akzo Nobel, and Varox®
peroxides, such as Varox® ANS benzoyl peroxide and
Varox® 231 1,1-di(t-butylperoxy)3,3,5-trimethylcyclohex-
ane, commercially available from RT Vanderbilt Company,
Inc.

[0027] Coagents are commonly used with peroxides to
increase the state of cure. Suitable coagents include, but are
not limited to, metal salts of unsaturated carboxylic acids;
unsaturated vinyl compounds and polyfunctional monomers
(e.g., trimethylolpropane trimethacrylate); maleimides (e.g.,
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phenylene bismaleimide); and combinations thereof. Particu-
lar examples of suitable metal salts of unsaturated carboxylic
acids include, but are not limited to, one or more metal salts of
acrylates, diacrylates, methacrylates, and dimethacrylates,
wherein the metal is selected from magnesium, calcium, zinc,
aluminum, lithium, nickel, and sodium. In a particular
embodiment, the coagent is selected from zinc salts of acry-
lates, diacrylates, methacrylates, dimethacrylates, and mix-
tures thereof. In another particular embodiment, the coagent
is zinc diacrylate.

[0028] The amount of peroxide initiator and coagent can be
varied to achieve the desired hardness of the crosslinked
particle composition. For example, in one embodiment, the
crosslinked particle composition is a coagent-cured rubber
comprising a peroxide initiator and a high level of coagent
(e.g., 35 phr or greater, or greater than 35 phr, or 50 phr or
greater, or greater than 50 phr, or 75 phr or greater, or greater
than 75 phr of coagent, or 100 phr or greater, or 150 hr or
greater, or 200 phr or greater, or 250 phr or greater, or 300 phr
or greater, or 350 phr or greater, or 400 phr or greater). In a
particular aspect of this embodiment, the crosslinked particle
composition has a Shore D hardness of 55 or greater, or
greater than 55, or 60 or greater, or greater than 60, or 65 or
greater, or greater than 65, or 70 or greater, or greater than 70,
or 75 or greater, or greater than 75, or 80 or greater, or greater
than 80, or 85 or greater, or greater than 85, or 90 or greater,
or greater than 90. In another embodiment, the crosslinked
particle composition is a peroxide-cured rubber comprising a
peroxide initiator and is free of coagent, substantially free of
coagent (i.e., <1 phr coagent), or includes a low level of
coagent (e.g., 10 phr or less, or less than 10 phr, or 5 phr or
less, or less than 5 phr, or 1 phr or less, or less than 1 phr). In
a particular aspect of this embodiment, the crosslinked par-
ticle composition has a Shore C hardness of 50 or less, or less
than 50, or 45 or less, or less than 45, or 40 or less, or less than
40, or 35 or less, or less than 35, or 30 or less, or less than 30,
or 25 or less, or less than 25, or 20 or less, or less than 20, or
15 orless, or 12 or less, or 10 or less, or a Shore A hardness of
55 or less, or less than 55, or 50 or less, or less than 50, or 40
or less, or 30 or less. In another embodiment, the crosslinked
particle composition is a peroxide-cured rubber comprising a
peroxide initiator and a coagent, wherein the peroxide initia-
tor is present in an amount of at least 0.05 phr, or an amount
within a range having a lower limit of 0.05 or 0.1 or 0.8 or 1
or 1.25 or 1.5 phr and an upper limit of 2.5 or 3 or Sor 6 or 10
or 15 phr, and wherein the coagent is present in an amount
within a range having a lower limit of 1 or 5 or 10 or 15 or 19
or 20 phr and an upper limit of 24 or 25 or 30 or 35 or 40 or 45
or 50 or 60 phr. In a particular aspect of this embodiment, the
crosslinked particle composition has a Shore C hardness
within a range having a lower limit of 20 or 25 or 30 or 35 or
40 0r 45 or 50 or 55 or 60 or 70 or 80 or 82 or 85 and an upper
limit of 60 or 70 or 75 or 80 or 90 or 92 or 93 or 95, wherein
the upper limit is greater than the lower limit (e.g., when the
lower limit is 70, the upper limit is 75, 80, 90, 92, 93, or 95).

[0029] In another particular embodiment, the rubber is
crosslinked using sulfur and/or an accelerator. Suitable accel-
erators include, but are not limited to, guanidines (e.g., diphe-
nyl guanidine, triphenyl guanidine, and di-ortho-tolyl guani-
dine); thiazoles (e.g., mercaptobenzothiazole,
dibenzothiazyldisulfide, sodium salt of mercaptobenzothiaz-
ole, zinc salt of mercaptobenzothiazole, and 2,4-dinitrophe-
nyl mercaptobenzothiazole); sulfenamides (e.g., N-cyclo-
hexylbenzothiazylsulfenamide,
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N-oxydiethylbenzothiazylsulfenamide, N-t-butylbenzothi-
azylsulfenamide, and N,N'-dicyclohexylbenzothiazyl-
sulfenamide); thiuram sulfides (e.g., tetramethyl thiuram dis-
ulfide, tetraethyl thiuram disulfide, tetrabutylthiuram
disulfide, tetramethyl thiuram monosulfide, dipentamethyl-
ene thiuram tetrasulfate, 4-morpholinyl-2-benzothiazole dis-
ulfide, and dipentamethylenethiuram hexasulfide); dithiocar-
bamates (e.g., piperidine pentamethylene dithiocarbamate,
zinc diethyl dithiocarbamate, sodium diethyl dithiocarbam-
ate, zinc ethyl phenyl dithiocarbamate, and bismuth dimeth-
yldithiocarbamate); thioureas (e.g., ethylene thiourea, N,N'-
diethylthiourea, and N,N'-diphenylthiourea); xanthates (e.g.,
zinc isopropyl xanthate, sodium isopropyl xanthate, and zinc
butyl xanthate); dithiophosphates; and aldehyde amines (e.g.,
hexamethylene tetramine and ethylidene aniline).

[0030] The crosslinking system optionally includes one or
more activators selected from metal oxides (e.g., zinc oxide
and magnesium oxide), and fatty acids and salts of fatty acids
(e.g., stearic acid, zinc stearate, oleic acid, and dibutyl ammo-
nium oleate).

[0031] The rubber particle composition optionally includes
a scorch retarder to prevent scorching of the rubber during
processing before vulcanization. Suitable scorch retarders
include, but are not limited to, salicylic acid, benzoic acid,
acetylsalicylic acid, phthalic anhydride, sodium acetate, and
N-cyclohexylthiophthalimide.

[0032] The rubber particle composition optionally includes
one or more antioxidants to inhibit or prevent the oxidative
degradation of the base rubber. Some antioxidants also act as
free radical scavengers; thus, when antioxidants are included
in the crosslinked particle composition, the amount of initia-
tor agent used may be as high as or higher than the amounts
disclosed herein. Suitable antioxidants include, but are not
limited to, hydroquinoline antioxidants, phenolic antioxi-
dants, and amine antioxidants.

[0033] The rubber particle composition optionally includes
from 0.05 phrto 10.0 phr of a soft and fast agent selected from
organosulfur and metal-containing organosulfur compounds;
organic sulfur compounds, including mono, di, and polysul-
fides, thiol, and mercapto compounds; inorganic sulfide com-
pounds; blends of an organosulfur compound and an inor-
ganic sulfide compound; Group VIA compounds; substituted
and unsubstituted aromatic organic compounds that do not
contain sulfur or metal; aromatic organometallic compounds;
hydroquinones; benzoquinones; quinhydrones; catechols;
resorcinols; and combinations thereof. In a particular
embodiment, the soft and fast agent is selected from zinc
pentachlorothiophenol, pentachlorothiophenol, ditolyl disul-
fide, diphenyl disulfide, dixylyl disulfide, 2-nitroresorcinol,
and combinations thereof.

[0034] The rubber particle composition optionally contains
one or more fillers. Exemplary fillers include precipitated
hydrated silica, clay, talc, asbestos, glass fibers, aramid fibers,
mica, calcium metasilicate, zinc sulfate, barium sulfate, zinc
sulfide, lithopone, silicates, silicon carbide, diatomaceous
earth, carbonates (e.g., calcium carbonate, zinc carbonate,
barium carbonate, and magnesium carbonate), metals (e.g.,
titanium, tungsten, aluminum, bismuth, nickel, molybdenum,
iron, lead, copper, boron, cobalt, beryllium, zinc, and tin),
metal alloys (e.g., steel, brass, bronze, boron carbide whis-
kers, and tungsten carbide whiskers), oxides (e.g., zinc oxide,
tin oxide, iron oxide, calcium oxide, aluminum oxide, tita-
nium dioxide, magnesium oxide, and zirconium oxide), par-
ticulate carbonaceous materials (e.g., graphite, carbon black,
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cotton flock, natural bitumen, cellulose flock, and leather
fiber), microballoons (e.g., glass and ceramic), fly ash, core
material that is ground and recycled, nanofillers and combi-
nations thereof. The amount of particulate material(s) present
in the rubber particle composition is typically within a range
having a lower limit of 5 parts or 10 parts by weight per 100
parts of the base polymer, and an upper limit of 30 parts or 50
parts or 100 parts by weight per 100 parts of the base polymer.
Filler materials may be dual-functional fillers, such as zinc
oxide (which may be used as a filler/acid scavenger) and
titanium dioxide (which may be used as a filler/brightener
material).

[0035] The rubber particle composition may also contain
one or more additives selected from processing aids, such as
transpolyisoprene (e.g., TP-301 transpolyisoprene, commer-
cially available from Kuraray Co., Ltd.), transbutadiene rub-
ber, and polyalkenamer rubber; processing oils; plasticizers;
coloring agents; fluorescent agents; chemical blowing and
foaming agents; defoaming agents; stabilizers; softening
agents; impact modifiers; free radical scavengers; antiozo-
nants (e.g., p-phenylenediames); and the like. The amount of
additive(s) typically present in the crosslinked particle com-
position is typically within a range having a lower limit of 0
parts or 5 parts by weight per 100 parts of the base polymer,
and an upper limit of 10 parts or 20 parts or 50 parts or 100
parts or 150 parts by weight per 100 parts of the base polymer.
[0036] For purposes of the present invention, the rubber
particle composition is crosslinked and ground into particles
prior to being added to the matrix composition.

[0037] Suitable rubber compositions for forming the
crosslinked particles include both conventional golf ball com-
positions and compositions that were not previously known to
be useful for forming golf ball layers. Thus, the crosslinked
particles can be (1) formed from a composition produced
outside of the golf ball manufacturing process, (2) ground up
core, (3) ground up material that overflows from the mold
cavities during the core molding process (i.e., ground up
flash, also referred to as regrind), or (4) any combination of
two or more thereof.

[0038] Optionally, the crosslinked particles are formed
from a rubber composition that is substantially free of reac-
tive metal ingredients including, for example, reactive metal-
containing coagents, reactive metal-containing soft and fast
agents, reactive metal-containing fillers and processing aids,
reactive metal oxides, reactive metal carbonates, reactive
metal carboxylates, and reactive metals and metal alloys (e.g.,
zinc diacrylate, zinc pentachlorothiophenol, zinc stearate,
and the like).

[0039] Suitable types and amounts of rubber, initiator
agent, coagent, filler, and additives are more fully described
in, for example, U.S. Pat. Nos. 6,566,483, 6,695,718, 6,939,
907,7,041,721 and 7,138,460, the entire disclosures of which
are hereby incorporated herein by reference. Particularly suit-
able diene rubber compositions are further disclosed, for
example, in U.S. Patent Application Publication No. 2007/
0093318, the entire disclosure of which is hereby incorpo-
rated herein by reference.

[0040] In a particular embodiment, the crosslinked rubber
particle composition has a Shore D hardness within a range
having alower limit of 20 or 30 or 35 or 45 or 55 and an upper
limit of 55 or 60 or 65 or 70 or 80 or 85 or 90 or 95, or a Shore
D hardness of 55 or greater, or greater than 55, or 60 or
greater, or greater than 60, or 65 or greater, or greater than 65,
or 70 or greater, or greater than 70, or 75 or greater, or greater
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than 75, or 80 or greater, or greater than 80, or 85 or greater,
or greater than 85, or 90 or greater, or greater than 90.
[0041] In another particular embodiment, the crosslinked
rubber particle composition has a Shore C hardness of 50 or
less, or less than 50, or 45 or less, or less than 45, or 40 or less,
or less than 40, or 35 or less, or less than 35, or 30 or less, or
less than 30, or 25 or less, or less than 25, or 20 or less, or less
than 20, or 15 or less, or 12 or less, or 10 or less.

[0042] In another particular embodiment, the crosslinked
rubber particle composition has a Shore A hardness of 55 or
less, or less than 55, or 50 or less, or less than 50, or 40 or less,
or 30 or less.

[0043] In another particular embodiment, the crosslinked
rubber particle composition has a Shore C hardness within a
range having a lower limit of 20 or 25 or 30 or 35 or 40 or 45
or 50 or 55 or 60 or 70 or 80 or 82 or 85 and an upper limit of
60 or 70 or 75 or 80 or 90 or 92 or 93 or 95, wherein the upper
limit is greater than the lower limit (e.g., when the lower limit
is 70, the upper limit is 75, 80, 90, 92, 93, or 95).

[0044] For purposes of the present disclosure, the hardness
of the crosslinked rubber particle composition refers to the
surface hardness of a 0.25 inch plaque of the composition
cured under the same conditions as those used to cure the
particle composition that is added to the matrix composition
to form the heterogeneous composition. Hardness measure-
ments are made pursuant to ASTM D-2240using a calibrated,
digital durometer, capable of reading to 0.1 hardness units
and set to record the maximum hardness reading obtained for
each measurement.

[0045] In another embodiment, the discrete particles are
formed from a thermoplastic polymer composition. For pur-
poses of the present invention, thermoplastics do not include
polymers that degrade before they melt, such as poly-para-
phenylene terephthalamide (e.g., Kevlar® para-aramid
fibers).

[0046] Particular examples of suitable thermoplastic com-
positions for forming the particles include ionomers, non-
ionomeric acid copolymers, polyesters, polyamides, poly-
ether amides, polyester amides, polyimides, polyurethanes,
polyureas, polystyrenes, polyethylenes, polypropylenes, rub-
ber-toughened polyolefins, styrenic copolymers and styrenic
block copolymers, dynamically vulcanized elastomers, eth-
ylene vinyl acetates, ethylene (meth)acrylate based polymers,
ethylene elastomers, propylene elastomers, copolymers of
ethylene and propylene, polyvinyl chlorides, polytetrafluoro-
ethylene (e.g., Teflon® polytetrafiuoroethylene, commer-
cially available from E. I. du Pont de Nemours and Com-
pany), functionalized derivatives thereof, and combinations
of two or more thereof.

[0047] Suitable ionomer compositions include partially
neutralized ionomers and highly neutralized ionomers,
including ionomers formed from blends of two or more par-
tially neutralized ionomers, blends of two or more highly
neutralized ionomers, and blends of one or more partially
neutralized ionomers with one or more highly neutralized
ionomers.

[0048] Preferred ionomers are salts of O/X- and O/X/Y-
type acid copolymers, wherein O is an a-olefin, X is a C;-C,
a,p-ethylenically unsaturated carboxylic acid, and Y is a
softening monomer. O is preferably selected from ethylene
and propylene. X is preferably selected from methacrylic
acid, acrylic acid, ethacrylic acid, crotonic acid, and itaconic
acid. Methacrylic acid and acrylic acid are particularly pre-
ferred. As used herein, “(meth) acrylic acid” means meth-
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acrylic acid and/or acrylic acid. Likewise, “(meth) acrylate”
means methacrylate and/or acrylate. Y is preferably selected
from (meth) acrylate and alkyl (meth) acrylates wherein the
alkyl groups have from 1 to 8 carbon atoms, including, but not
limited to, n-butyl (meth) acrylate, isobutyl (meth) acrylate,
methyl (meth) acrylate, and ethyl (meth) acrylate. Particu-
larly preferred O/X/Y-type copolymers are ethylene/(meth)
acrylic acid/n-butyl (meth) acrylate, ethylene/(meth) acrylic
acid/isobutyl (meth) acrylate, ethylene/(meth) acrylic acid/
methyl (meth) acrylate, and ethylene/(meth) acrylic acid/
ethyl (meth) acrylate. The acid is typically present in the acid
copolymer in an amount of 6 wt % or greater, or 9 wt % or
greater, or 10 wt % or greater, or 11 wt % or greater, or 15 wt
% or greater, or 16 wt % or greater, or 19 wt % or greater, or
20 wt % or greater, or in an amount within a range having a
lower limitof 1 or4or6or8or10or 11 or12or 15wt % and
an upper limit of 15 or 16 or 17 or 19 or 20 or 20.5 or 21 or 25
or 30 or 35 or 40 wt %, based on the total weight of the acid
copolymer. The acid copolymer is at least partially neutral-
ized with a cation source, optionally in the presence of a high
molecular weight organic acid, such as those disclosed in
U.S. Pat. No. 6,756,436, the entire disclosure of which is
hereby incorporated herein by reference. In a particular
embodiment, less than 40% of the acid groups present in the
composition are neutralized. In another particular embodi-
ment, from 40% to 60% of the acid groups present in the
composition are neutralized. In another particular embodi-
ment, from 60% to 70% of the acid groups present in the
composition are neutralized. In another particular embodi-
ment, from 60% to 80% of the acid groups present in the
composition are neutralized. In another particular embodi-
ment, from 70% to 80% of the acid groups present in the
composition are neutralized. In another embodiment, from
80% to 100% of the acid groups present in the composition
are neutralized. Suitable cation sources include, but are not
limited to, metal ion sources, such as compounds of alkali
metals, alkaline earth metals, transition metals, and rare earth
elements; ammonium salts and monoamine salts; and com-
binations thereof. Preferred cation sources are compounds of
magnesium, sodium, potassium, cesium, calcium, barium,
manganese, copper, zinc, tin, lithium, and rare earth metals.
Suitable ionomers are further disclosed, for example, in U.S.
Patent Application Publication Nos. 2005/0049367, 2005/
0148725,2005/0020741, 2004/0220343, and 2003/0130434,
and U.S. Pat. Nos. 5,587,430, 5,691,418, 5,866,658, 6,100,
321, 6,562,906, 6,653,382, 6,756,436, 6,777,472, 6,762,246,
6,815,480, 6,894,098, 6,919,393, 6,953,820, 6,994,638,
7,375,151, and 7,652,086, the entire disclosures of which are
hereby incorporated herein by reference.

[0049] Non-limiting examples of suitable commercially
available thermoplastics are Surlyn® ionomers and DuPont®
HPF ESX 367, HPF 1000, HPF 2000, HPF AD1035, HPF
ADI1035 Soft, HPF AD1040, AD1043 and AD1172 iono-
mers, commercially available from E. 1. du Pont de Nemours
and Company; Clarix® ionomers, commercially available
from A. Schulman, Inc.; Iotek® ionomers, commercially
available from ExxonMobil Chemical Company; Amplify®
10 ionomers, commercially available from The Dow Chemi-
cal Company; Amplify® GR functional polymers and
Amplify® TY functional polymers, commercially available
from The Dow Chemical Company; Fusabond® functional-
ized polymers, including ethylene vinyl acetates, polyethyl-
enes, metallocene-catalyzed polyethylenes, ethylene propy-
lene rubbers, and polypropylenes, commercially available
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from E. I. du Pont de Nemours and Company; Exxelor®
maleic anhydride grafted polymers, including high density
polyethylene, polypropylene, semi-crystalline ethylene
copolymer, amorphous ethylene copolymer, commercially
available from ExxonMobil Chemical Company; ExxonMo-
bil® PP series polypropylene impact copolymers, such as
PP7032E3, PP7032KN, PP7033E3, PP7684KN, commer-
cially available from ExxonMobil Chemical Company; Vis-
tamaxx® propylene-based elastomers, commercially avail-
able from ExxonMobil Chemical Company; Vistalon®
EPDM rubbers, commercially available from ExxonMobil
Chemical Company; Exact® plastomers, commercially
available from ExxonMobil Chemical Company; Santo-
prene® thermoplastic vulcanized elastomers, commercially
available from ExxonMobil Chemical Company; Nucrel®
acid copolymers, commercially available from E. I. du Pont
de Nemours and Company; Escor® acid copolymers, com-
mercially available from ExxonMobil Chemical Company;
Primacor® acid copolymers, commercially available from
The Dow Chemical Company; Kraton® styrenic block
copolymers, commercially available from Kraton Perfor-
mance Polymers Inc.; Septon® styrenic block copolymers,
commercially available from Kuraray Co., Ltd.; Lotader®
ethylene acrylate based polymers, commercially available
from Arkema Corporation; Polybond® grafted polyethylenes
and polypropylenes, commercially available from Chemtura
Corporation; Royaltuf® chemically modified EPDM, com-
mercially available from Chemtura Corporation; Vest-
enamer® polyoctenamer, commercially available from
Evonik Industries; Pebax® polyether and polyester amides,
commercially available from Arkema Inc.; polyester-based
thermoplastic elastomers, such as Hytrel® polyester elas-
tomers, commercially available from E. 1. du Pont de Nem-
ours and Company, and Riteflex® polyester elastomers, com-
mercially available from Ticona; Estane® thermoplastic
polyurethanes, commercially available from The Lubrizol
Corporation; Grivory® polyamides and Grilamid® polya-
mides, commercially available from EMS Grivory; Zytel®
polyamide resins and Elvamide® nylon multipolymer resins,
commercially available from E. I. du Pont de Nemours and
Company; and Elvaloy® acrylate copolymer resins, commer-
cially available from E. 1. du Pont de Nemours and Company.

[0050] In a particular embodiment, the particle composi-
tion is formed from a blend of at least two difterent polymers.
In aparticular aspect of this embodiment, at least one polymer
is an ionomer.

[0051] Inanother particular embodiment, the particle com-
position is formed from a blend of at least a first and a second
ionomer.

[0052] Inanother particular embodiment, the particle com-
position is formed from a blend of one or more ionomers and
one or more additional polymers selected from non-iono-
meric polyolefins, polyesters, polyamides, polyurethanes,
polystyrenes, and functionalized derivatives thereof.

[0053] Inanother particular embodiment, the particle com-
position is formed from a blend of at least a functionalized
polyethylene and a functionalized polymer selected from
polyethylenes, including metallocene-catalyzed and non-
metallocene-catalyzed polyethylenes, ethylene vinyl
acetates, ethylene acid copolymers, ethylene (meth) acrylate
copolymers, ethylene elastomers, and polypropylenes. In a
particular aspect of this embodiment, the functionalized poly-
ethylene is a maleic anhydride-grafted polymer selected from
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ethylene homopolymers, ethylene-hexene copolymers, eth-
ylene-octene copolymers, and ethylene-butene copolymers.
[0054] In another particular embodiment, the particle com-
position is formed from a blend of at least an ionomer, a
functionalized polyethylene and a functionalized polymer
selected from polyethylenes, including metallocene-cata-
lyzed and non-metallocene-catalyzed polyethylenes, ethyl-
ene vinyl acetates, ethylene acid copolymers, ethylene (meth)
acrylate  copolymers, ethylene  elastomers, and
polypropylenes. In a particular aspect of this embodiment, the
functionalized polyethylene is a maleic anhydride-grafted
polymer selected from ethylene homopolymers, ethylene-
hexene copolymers, ethylene-octene copolymers, and ethyl-
ene-butene copolymers.

[0055] Inanother particular embodiment, the particle com-
position is formed from a blend of at least an ionomer and a
maleic anhydride-grafted polyethylene. In a particular aspect
of this embodiment, the polyethylene is selected from ethyl-
ene homopolymers, ethylene-hexene copolymers, ethylene-
octene copolymers, and ethylene-butene copolymers.

[0056] Inanother particular embodiment, the particle com-
position is formed from a blend of at least an ionomer and a
functionalized polymer selected from polyethylenes, includ-
ing metallocene-catalyzed and non-metallocene-catalyzed
polyethylenes, ethylene vinyl acetates, ethylene acid copoly-
mers, ethylene elastomers, and polypropylenes. In a particu-
lar aspect of this embodiment, the functionalized polymer is
a polyethylene selected from ethylene homopolymers, ethyl-
ene-hexene copolymers, ethylene-octene copolymers, and
ethylene-butene copolymers.

[0057] Inanother particular embodiment, the particle com-
position is formed from a blend of at least an ionomer and an
acid copolymer.

[0058] In another particular embodiment, the particle com-
position is formed from a blend of at least an ionomer and a
styrenic block copolymer or functionalized derivative
thereof.

[0059] In another particular embodiment, the particle com-
position is formed from a blend of at least an ionomer and an
ethylene (meth) acrylate based polymer or functionalized
derivative thereof.

[0060] Inanother particular embodiment, the particle com-
position is formed from a blend of at least an ionomer and an
EPDM or functionalized derivative thereof.

[0061] Inanother particular embodiment, the particle com-
position is formed from a blend of at least an ionomer and a
polyoctenamer or a functionalized derivative thereof.

[0062] Inanother particular embodiment, the particle com-
position includes at least an ionomer, wherein the ionomer is
a partially- or highly-neutralized very low acid ethylene
copolymer.

[0063] Inanother particular embodiment, the particle com-
position is formed from a blend including at least a function-
alized ethylene homopolymer or copolymer, including, but
not limited to, functionalized ecthylene (meth) acrylate
copolymers, particularly, glycidyl methacrylate-grafted
polyethylenes and glycidyl methacrylate-grafted ethylene/n-
butyl acrylate copolymers.

[0064] Inanother particular embodiment, the particle com-
position is formed from a blend including at least an ionomer
and a thermoplastic polyurethane. In a particular aspect of
this embodiment, the polyurethane is selected from the poly-
urethanes disclosed in U.S. Patent Application Publication
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No. 2005/0256294, the entire disclosure of which is hereby
incorporated herein by reference.

[0065] Inanother particular embodiment, the particle com-
position is formed from a blend including:

[0066] (a)afirstcomponent selected from polyester elas-
tomers (e.g., Hytrel® polyester elastomers, commer-
cially available from E. I. du Pont de Nemours and
Company, and Riteflex® polyester elastomers, commer-
cially available from Ticona); polyether block amides
(e.g., Pebax® polyether and polyester amides); polyes-
ter-ether amides; and polypropylene ether glycol com-
positions, such as those disclosed, e.g., in U.S. Patent
Application Publication No. 2005/0256294, the entire
disclosure of which is hereby incorporated herein by
reference; and combinations of two or more thereof;

[0067] (b) a second component selected from O/X/Y-
type ionomers, including partially and highly-neutral-
ized ionomers, particularly highly neutralized ionomers
comprising fatty acid salts, such as DuPont® HPF 1000
and HPF 2000 highly neutralized ionomers, and VLMI-
type ionomers, such as Surlyn® 9320 ionomer; O/X/Y-
type acid copolymers; and polyamides and polyamide
blends, particularly selected from the polyamides and
polyamide blends disclosed above.

[0068] In a particular aspect of this embodiment, the par-
ticle composition is formed from a blend including at least a
polyester elastomer and a highly neutralized ionomer com-
prising fatty acid salts. Such blend is disclosed, for example,
in U.S. Pat. No. 7,375,151, the entire disclosure of which is
hereby incorporated herein by reference.

[0069] Inanother particular embodiment, the particle com-
position is formed from a blend including at least a polyester,
an ionomer, and a grafted EPDM. Such blends are further
disclosed, for example, in U.S. Pat. No. 4,303,573, the entire
disclosure of which is hereby incorporated herein by refer-
ence.

[0070] Inanother particular embodiment, the particle com-
position is a non-halogenated thermoplastic polymer compo-
sition.

[0071] Inanother particular embodiment, the particle com-
position is a non-chlorinated thermoplastic polymer compo-
sition. In a particular aspect of this embodiment, the particle
composition does not comprise a polyvinyl chloride.

[0072] Inanother particular embodiment, the particle com-
position is selected from polycarbonates, polyamides, and
polyether and polyester amides (e.g., Pebax® thermoplastic
polyether and polyester amides). In another particular
embodiment, the particle composition does not include
polyamide.

[0073] In a particular embodiment, the particle composi-
tion comprises a base polymer, the base polymer having a
specific gravity of 1.40 g/cm® or less, or less than 1.40 g/cm?,
or 1.38 g/cm? or less, or less than 1.38 g/cm?, or 1.35 g/cm® or
less, or less than 1.30 g/cm?, or 1.31 g/cm? or less, or 1.30
g/cm® or less, or 1.25 g/cm? or less, or 1.20 g/cm® or less, or
1.15 g/cm? or less, or 1.10 g/cm? or less. In another particular
embodiment, the particle composition comprises a base poly-
mer, the base polymer having a specific gravity of 1.40 g/cm>
or greater, or greater than 1.40 g/cm®, or 1.41 g/cm® or greater,
or greater than 1.41 g/cm?, or 1.42 g/cm? or greater, or greater
than 1.42 g/em?®, or 1.43 g/cm® or greater, or 1.44 g/cm® or
greater, or 1.45 g/cm? or greater, or greater than 1.45 g/cm>, or
1.46 g/cm® or greater, or 1.47 g/cm® or greater, or 1.50 g/cm®
or greater, or greater than 1.50 g/cm®, or 1.55 g/cm® or greater,
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or 1.60 g/cm® or greater, or greater than 1.60 g/cm’, or 1.70
g/em?® or greater, or 1.75 g/cm® or greater, or 1.80 g/cm® or
greater.

[0074] The thermoplastic particle composition optionally
includes additive(s) and/or filler(s) in an amount of 50 wt % or
less, or 30 wt % or less, or 20 wt % or less, or 15 wt % or less,
based on the total weight of the matrix composition. Suitable
additives and fillers include, but are not limited to, chemical
blowing and foaming agents, optical brighteners, coloring
agents, fluorescent agents, whitening agents, UV absorbers,
light stabilizers, defoaming agents, processing aids, antioxi-
dants, stabilizers, softening agents, fragrance components,
plasticizers, impact modifiers, TiO,, acid copolymer wax,
surfactants, performance additives (e.g., A-C® performance
additives, particularly A-C® low molecular weight ionomers
and copolymers, A-C® oxidized polyethylenes, and A-C®
ethylene vinyl acetate waxes, commercially available from
Honeywell International Inc.), fatty acid amides (e.g., ethyl-
ene bis-stearamide and ethylene bis-oleamide), fatty acids
and salts thereof (e.g., stearic acid, oleic acid, zinc stearate,
magnesium stearate, zinc oleate, and magnesium oleate), and
fillers, such as zinc oxide, tin oxide, barium sulfate, zinc
sulfate, calcium oxide, calcium carbonate, zinc carbonate,
barium carbonate, tungsten, tungsten carbide, silica, lead sili-
cate, clay, mica, talc, nano-fillers, carbon black, glass flake,
milled glass, flock, fibers, and mixtures thereof. Suitable
additives are more fully described in, for example, U.S. Patent
Application Publication No. 2003/0225197, the entire disclo-
sure of which is hereby incorporated herein by reference. In a
particular embodiment, the total amount of additive(s) and
filler(s) present in the thermoplastic particle composition is
20 wt % or less, or 15 wt % or less, or 12 wt % or less, or 10
wt % or less, or 9 wt % or less, or 6 wt % or less, or 5 wt % or
less, or 4 wt % or less, or 3 wt % or less, or within a range
having alower limit of 0 or 2 or 3 or 5 wt %, based on the total
weight of the particle composition, and an upper limit of 9 or
10 or 12 or 15 or 20 wt %, based on the total weight of the
particle composition. In a particular aspect of this embodi-
ment, the thermoplastic particle composition includes filler
(s) selected from carbon black, micro- and nano-scale clays
and organoclays, including (e.g., Cloisite® and Nanofil®
nanoclays, commercially available from Southern Clay Prod-
ucts, Inc.; Nanomax® and Nanomer® nanoclays, commer-
cially available from Nanocor, Inc., and Perkalite® nano-
clays, commercially available from Akzo Nobel Polymer
Chemicals), micro- and nano-scale talcs (e.g., Luzenac
HAR® high aspect ratio talcs, commercially available from
Luzenac America, Inc.), glass (e.g., glass flake, milled glass,
microglass, and glass fibers), micro- and nano-scale mica and
mica-based pigments (e.g., Iriodin® pearl luster pigments,
commercially available from The Merck Group), and combi-
nations thereof. Particularly suitable combinations of fillers
include, but are not limited to, micro-scale filler(s) combined
with nano-scale filler(s), and organic filler(s) with inorganic
filler(s).

[0075] The thermoplastic particle composition optionally
includes one or more melt flow modifiers. Suitable melt flow
modifiers include materials which increase the melt flow of
the composition, as measured using ASTM D-1238, condi-
tion E, at 190° C., using a 2160 gram weight. Examples of
suitable melt flow modifiers include, but are not limited to,
fatty acids and fatty acid salts, including, but not limited to,
those disclosed in U.S. Pat. No. 5,306,760, the entire disclo-
sure of which is hereby incorporated herein by reference;
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fatty amides and salts thereof; polyhydric alcohols, including,
but not limited to, those disclosed in U.S. Pat. No. 7,365,128,
and U.S. Patent Application Publication No. 2010/0099514,
the entire disclosures of which are hereby incorporated herein
by reference; polylactic acids, including, but not limited to,
those disclosed in U.S. Pat. No. 7,642,319, the entire disclo-
sure of which is hereby incorporated herein by reference; and
the modifiers disclosed in U.S. Patent Application Publica-
tion No. 2010/0099514 and 2009/0203469, the entire disclo-
sures of which are hereby incorporated herein by reference.
Flow enhancing additives also include, but are not limited to,
montanic acids, esters of montanic acids and salts thereof,
bis-stearoylethylenediamine, mono- and polyalcohol esters
such as pentaerythritol tetrastearate, zwitterionic com-
pounds, and metallocene-catalyzed polyethylene and
polypropylene wax, including maleic anhydride modified
versions thereof, amide waxes and alkylene diamides such as
bistearamides. Particularly suitable fatty amides include, but
are not limited to, saturated fatty acid monoamides (e.g.,
lauramide, palmitamide, arachidamide behenamide, steara-
mide, and 12-hydroxy stearamide); unsaturated fatty acid
monoamides (e.g., oleamide, erucamide, and ricinoleamide);
N-substituted fatty acid amides (e.g., N-stearyl stearamide,
N-behenyl behenamide, N-stearyl behenamide, N-behenyl
stearamide, N-oleyl oleamide, N-oleyl stearamide, N-stearyl
oleamide, N-stearyl erucamide, erucyl erucamide, and erucyl
stearamide, N-oleyl palmitamide, methylol amide (more
preferably, methylol stearamide, methylol behenamide);
saturated fatty acid bis-amides (e.g., methylene bis-steara-
mide, ethylene bis-stearamide, ethylene bis-isostearamide,
ethylene bis-hydroxystearamide, ethylene bis-behenamide,
hexamethylene bis-stearamide, hexamethylene bis-behena-
mide, hexamethylene bis-hydroxystearamide, N,N'-distearyl
adipamide, and N,N'-distearyl sebacamide); unsaturated fatty
acid bis-amides (e.g., ethylene bis-oleamide, hexamethylene
bis-oleamide, N,N'-dioleyl adipamide, N,N'-dioleyl sebaca-
mide); and saturated and unsaturated fatty acid tetra amides,
stearyl erucamide, ethylene bis stearamide and ethylene bis
oleamide. Suitable examples of commercially available fatty
amides include, but are not limited to, Kemamide® fatty
acids, such as Kemamide® B (behenamide/arachidamide),
Kemamide® W40 (N,N'-ethylenebisstearamide), Kema-
mide® P181 (oleyl palmitamide), Kemamide® S (steara-
mide), Kemamide® U (oleamide), Kemamide® E (erucam-
ide), Kemamide® O (oleamide), Kemamide® W45 (N,N'-
ethylenebisstearamide), = Kenamide® W20  (N,N'-
ethylenebisoleamide), = Kemamide®  E180  (stearyl
erucamide), Kemamide® E221 (erucyl erucamide), Kema-
mide® S180 (stearyl stearamide), Kemamide® 5221 (erucyl
stearamide), commercially available from Chemtura Corpo-
ration; and Crodamide® fatty amides, such as Crodamide®
OR (oleamide), Crodamide® ER (erucamide), Crodamide®
SR (stereamide), Crodamide® BR (behenamide), Croda-
mide® 203 (oleyl palmitamide), and Crodamide® 212
(stearyl erucamide), commercially available from Croda Uni-
versal Ltd.

[0076] In a particular embodiment, the thermoplastic par-
ticle composition has a Shore D hardness within a limit hav-
ing a lower limit of 20 or 30 or 35 or 45 and an upper limit of
55 or 60 or 65 or 70 or 75 or 80 or 85 or 90 or 95, or a Shore
D hardness of 65 or greater, or 70 or greater, or 75 or greater,
or 80 or greater, or 90 or greater.
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Matrix Composition

[0077] The matrix is formed from a thermosetting or ther-
moplastic polymer composition.

[0078] Thermosetting compositions suitable for forming
the matrix include natural rubbers, polybutadienes, polyiso-
prenes, ethylene propylene rubbers (EPR), ethylene-propy-
lene-diene rubbers (EPDM), styrene-butadiene rubbers, butyl
rubbers, halobutyl rubbers, polyurethanes, polyureas, acry-
lonitrile butadiene rubbers, polychloroprenes, alkyl acrylate
rubbers, chlorinated isoprene rubbers, acrylonitrile chlori-
nated isoprene rubbers, polyalkenamers, phenol formalde-
hydes, melamine formaldehydes, polyepoxides, polysilox-
anes, polyesters, alkyds, polyisocyanurates, polycyanurates,
polyacrylates, and combinations of two or more thereof.
[0079] Non-limiting examples of suitable commercially
available thermosetting materials are Buna CB high-cis
neodymium-catalyzed polybutadiene rubbers, such as Buna
CB 23, Buna CB 24 and Buna CB high-cis cobalt-catalyzed
polybutadiene rubbers, such as Buna CB 1203, 1220 and
1221, commercially available from Lanxess Corporation; SE
BR-1220, commercially available from The Dow Chemical
Company; Europrene® NEOCIS® BR 40 and BR 60, com-
mercially available from Polimeri Europa®; UBEPOL-BR®
rubbers, commercially available from UBE Industries, Inc.;
BR 01, commercially available from Japan Synthetic Rubber
Co., Ltd.; Neodene high-cis neodymium-catalyzed polybuta-
diene rubbers, such as Neodene BR 40, commercially avail-
able from Karbochem; TP-301 transpolyisoprene, commer-
cially available from Kuraray Co., Ltd.; Vestenamer®
polyoctenamer, commercially available from Evonik Indus-
tries; Butyl 065 and Butyl 288 butyl rubbers, commercially
available from ExxonMobil Chemical Company; Butyl 301
and Butyl 101-3, commercially available from Lanxess Cor-
poration; Bromobutyl 2224 and Chlorobutyl 1066 halobutyl
rubbers, commercially available from ExxonMobil Chemical
Company; Bromobutyl X2 and Chlorobutyl 1240 halobutyl
rubbers, commercially available from [anxess Corporation;
BromoButyl 2255 butyl rubber, commercially available from
Japan Synthetic Rubber Co., Ltd.; Vistalon® 404 and Vista-
lon® 706 ethylene propylene rubbers, commercially avail-
able from ExxonMobil Chemical Company; Dutral CO 058
ethylene propylene rubber, commercially available from
Polimeri Europa; Nordel® IP NDR 5565 and Nordel® IP
3670 ethylene-propylene-diene rubbers, commercially avail-
able from The Dow Chemical Company; EPT1045 and
EPT1045 ethylene-propylene-diene rubbers, commercially
available from Mitsui Corporation; Buna SE 1721 TE sty-
rene-butadiene rubbers, commercially available from
Lanxess Corporation; Afpol 1500 and Afpol 552 styrene-
butadiene rubbers, commercially available from Karbochem;
Nipol® DN407 and Nipol® 10411 acrylonitrile butadiene
rubbers, commercially available from Zeon Chemicals, L.P.;
Neoprene GRT and Neoprene AD30 polychloroprene rub-
bers; Vamac® ethylene acrylic elastomers, commercially
available from E. I. du Pont de Nemours and Company;
Hytemp® AR12 and AR214 alky] acrylate rubbers, commer-
cially available from Zeon Chemicals, L.P.; Hypalon® chlo-
rosulfonated polyethylene rubbers, commercially available
from E. I. du Pont de Nemours and Company; and Goodyear
Budene® 1207 polybutadiene, commercially available from
Goodyear Chemical.

[0080] Thermosetting matrix compositions may contain
one or more fillers. Exemplary fillers include precipitated
hydrated silica, clay, talc, asbestos, glass fibers, aramid fibers,
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mica, calcium metasilicate, zinc sulfate, barium sulfate, zinc
sulfide, lithopone, silicates, silicon carbide, diatomaceous
earth, carbonates (e.g., calcium carbonate, zinc carbonate,
barium carbonate, and magnesium carbonate), metals (e.g.,
titanium, tungsten, aluminum, bismuth, nickel, molybdenum,
iron, lead, copper, boron, cobalt, beryllium, zinc, and tin),
metal alloys (e.g., steel, brass, bronze, boron carbide whis-
kers, and tungsten carbide whiskers), oxides (e.g., zinc oxide,
tin oxide, iron oxide, calcium oxide, aluminum oxide, tita-
nium dioxide, magnesium oxide, and zirconium oxide), par-
ticulate carbonaceous materials (e.g., graphite, carbon black,
cotton flock, natural bitumen, cellulose flock, and leather
fiber), microballoons (e.g., glass and ceramic), fly ash, core
material that is ground and recycled, nanofillers and combi-
nations thereof.

[0081] The matrix composition may also contain one or
more additives selected from processing aids, such as tran-
spolyisoprene (e.g., TP-301 transpolyisoprene, commer-
cially available from Kuraray Co., Ltd.), transbutadiene rub-
ber, and polyalkenamer rubber; processing oils; plasticizers;
coloring agents; fluorescent agents; chemical blowing and
foaming agents; defoaming agents; stabilizers; softening
agents; impact modifiers; free radical scavengers; accelera-
tors; scorch retarders; antiozonants (e.g., p-phenylenedi-
ames); and the like.

[0082] The matrix composition may also contain one or
more antioxidants. Antioxidants are compounds that can
inhibit or prevent the oxidative degradation of the rubber.
Some antioxidants also act as free radical scavengers; thus,
when antioxidants are included in the rubber composition, the
amount of initiator agent used may be as high as or higher
than the amounts disclosed herein. Suitable antioxidants
include, for example, hydroquinoline antioxidants, phenolic
antioxidants, and amine antioxidants.

[0083] Suitable rubbers are more fully described in, for
example, U.S. Pat. Nos. 6,566,483, 6,695,718, 6,939,907,
7,041,721 and 7,138,460, the entire disclosures of which are
hereby incorporated herein by reference. Particularly suitable
diene rubber compositions are further disclosed, for example,
in U.S. Patent Application Publication No. 2007/0093318,
the entire disclosure of which is hereby incorporated herein
by reference.

[0084] Thermoplastic compositions are also suitable for
forming the matrix. In a particular embodiment, the matrix
composition is non-ionomeric, i.e., the matrix composition
does not include an ionomer. In another particular embodi-
ment, the matrix composition includes an ionomer in an
amount of 70 wt % or less, or 65 wt % or less, or 60 wt % or
less, or 55 wt % or less, or 50 wt % or less, or less than 50 wt
%, or 40 wt % or less, or 35 wt % or less, or 30 wt % or less,
or 25 wt % or less, or 20 wt % or less, or 15 wt % or less, or
10wt % or less, or 5 wt % or less, based on the total polymeric
weight of the matrix composition. In another particular
embodiment, the matrix composition includes an ionomer in
an amount of 5 wt % or greater, or 10 wt % or greater, or 20 wt
% or greater, or 25 wt % or greater, or 40 wt % or greater, or
50 wt % or greater, or 55 wt % or greater, or 70 wt % or
greater, or 90 wt % or greater, or 95 wt % or greater, or 99 wt
% or greater, or 100 wt %, based on the total polymeric weight
of the matrix composition.

[0085] Suitable ionomer compositions include partially
neutralized ionomers and highly neutralized ionomers,
including ionomers formed from blends of two or more par-
tially neutralized ionomers, blends of two or more highly
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neutralized ionomers, and blends of one or more partially
neutralized ionomers with one or more highly neutralized
ionomers. Preferred ionomers are salts of O/X- and O/X/Y-
type acid copolymers, wherein O is an at-olefin, X is a C;-C,
a,p-ethylenically unsaturated carboxylic acid, and Y is a
softening monomer. O is preferably selected from ethylene
and propylene. X is preferably selected from methacrylic
acid, acrylic acid, ethacrylic acid, crotonic acid, and itaconic
acid. Methacrylic acid and acrylic acid are particularly pre-
ferred. Y is preferably selected from (meth) acrylate and alkyl
(meth) acrylates wherein the alkyl groups have from 1 to 8
carbon atoms, including, but not limited to, n-butyl (meth)
acrylate, isobutyl (meth) acrylate, methyl (meth) acrylate,
and ethyl (meth) acrylate. Particularly preferred O/X/Y-type
copolymers are ethylene/(meth) acrylic acid/n-butyl (meth)
acrylate, ethylene/(meth) acrylic acid/isobutyl (meth) acry-
late, ethylene/(meth) acrylic acid/methyl (meth) acrylate, and
ethylene/(meth) acrylic acid/ethyl (meth) acrylate.

[0086] The acid is typically present in the acid copolymer
in an amount of 6 wt % or greater, or 9 wt % or greater, or 10
wt % or greater, or 11 wt % or greater, or 15 wt % or greater,
or 16 wt % or greater, or 19 wt % or greater, or 20 wt % or
greater, or in an amount within a range having a lower limit of
lordor6or8orl0orllorl2orl5wt% and an upper limit
of150r160r17or 19 or20or 20.5or 21 or 25 or 30 or 35 or
40 wt %, based on the total weight of the acid copolymer. The
acid copolymer is at least partially neutralized with a cation
source, optionally in the presence of a high molecular weight
organic acid, such as those disclosed in U.S. Pat. No. 6,756,
436, the entire disclosure of which is hereby incorporated
herein by reference. In a particular embodiment, less than
40% of the acid groups present in the composition are neu-
tralized. In another particular embodiment, from 40% to 60%
of'the acid groups present in the composition are neutralized.
In another particular embodiment, from 60% to 70% of the
acid groups present in the composition are neutralized. In
another particular embodiment, from 60% to 80% of the acid
groups present in the composition are neutralized. In another
particular embodiment, from 70% to 80% of the acid groups
present in the composition are neutralized. In another
embodiment, from 80% to 100% of the acid groups present in
the composition are neutralized. Suitable cation sources
include, but are not limited to, metal ion sources, such as
compounds of alkali metals, alkaline earth metals, transition
metals, and rare earth elements; ammonium salts and
monoamine salts; and combinations thereof. Preferred cation
sources are compounds of magnesium, sodium, potassium,
cesium, calcium, barium, manganese, copper, zinc, tin,
lithium, and rare earth metals.

[0087] In a particular embodiment, the ionomer composi-
tion includes a bimodal ionomer, for example, DuPont®
AD1043 ionomers, and the ionomers disclosed in U.S. Patent
Application Publication No. 2004/0220343 and U.S. Pat.
Nos. 6,562,906, 6,762,246 and 7,273,903, the entire disclo-
sures of which are hereby incorporated herein by reference.

[0088] In another particular embodiment, the ionomer
composition comprises an ionomer and potassium ions, such
as those disclosed, for example, in U.S. Pat. No. 7,825,191,
the entire disclosure of which is hereby incorporated herein
by reference.

[0089] Suitable ionomers are further disclosed, for
example, in U.S. Patent Application Publication Nos. 2005/
0049367,2005/0148725, 2005/0020741, 2004/0220343, and
2003/0130434, and U.S. Pat. Nos. 5,587,430, 5,691,418,
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5,866,658, 6,100,321, 6,562,906, 6,653,382, 6,756,436,
6,777,472, 6,762,246, 6,815,480, 6,894,098, 6,919,393,
6,953,820, 6,994,638, 7,375,151, and 7,652,086, the entire
disclosures of which are hereby incorporated herein by ref-
erence.

[0090] Also suitable are polyester ionomers, including, but
not limited to, those disclosed, for example, in U.S. Pat. Nos.
6,476,157 and 7,074,465, the entire disclosures of which are
hereby incorporated herein by reference.

[0091] Also suitable are compositions comprising a sili-
cone ionomer. Suitable thermoplastic silicone ionomer com-
positions include a silicone ionomer optionally blended with
one or more additional polymer components selected from
E/X/Y-type ionomers of ethylene (E), an «,p-unsaturated
carboxylic acid (X), and optionally a softening comonomer
(Y); thermoplastic polyurethanes; polyesters; and polya-
mides. Suitable thermoset silicone ionomer compositions
include a silicone ionomer optionally blended with one or
more additional polymer components selected from thermo-
setting polyurethanes and diene rubbers, particularly polyb-
utadienes.

[0092] Silicone ionomers are further disclosed, for
example, in U.S. Pat. No. 8,329,156 to Horstman et al.; U.S.
Pat. No. 8,835,583 to Saxena et al.; and Batra, Ashish, Claude
Cohen, and T. M. Duncan. “Synthesis and Rheology of Tai-
lored Poly(dimethylsiloxane) Zinc and Sodium Ionomers.”
Macromolecules (2005): 426-38. American Chemical Soci-
ety. Web. 1 Oct. 2014; the entire disclosures of which are
hereby incorporated herein by reference.

[0093] Suitable non-ionomeric polymers for forming the
matrix include:
[0094] (a) non-ionomeric acid copolymers, particularly

O/X- and O/X/Y-type acid copolymers, wherein O is an
a-olefin preferably selected from ethylene and propylene, X
is aC;-Cq o, B-ethylenically unsaturated carboxylic acid pref-
erably selected from methacrylic acid, acrylic acid, ethacrylic
acid, crotonic acid, and itaconic acid, and Y is a softening
monomer;

[0095] (b) polyesters, and polyesters modified with a com-
patibilizing group such as sulfonate or phosphonate, includ-
ing poly(ethylene terephthalate), poly(butylene terephtha-
late), poly(propylene terephthalate), poly(trimethylene
terephthalate), poly(ethylene naphthenate), and derivates
thereof, including, but not limited to, those disclosed in U.S.
Pat. Nos. 6,353,050, 6,274,298, and 6,001,930, the entire
disclosures of which are hereby incorporated herein by ref-
erence;

[0096] (c) polyamides, polyether amides, and polyester
amides, including, but not limited to, those disclosed in U.S.
Pat. Nos. 6,187,864, 6,001,930, and 5,981,654, the entire
disclosures of which are hereby incorporated herein by ref-
erence;

[0097] (d) polyimides, polyetherketones, and polyamide-
imides;
[0098] (e) polyurethanes, polyureas, and copolymers and

blends thereof, including, but not limited to, those disclosed
inU.S. Pat. Nos. 5,334,673, 5,484,870, 6,506,851, 6,756,436,
6,835,794, 6,867,279, 6,960,630, and 7,105,623, U.S. Patent
Application Publication No. 2007/0117923, and U.S. patent
application Ser. Nos. 60/401,047 and 13/613,095, the entire
disclosures of which are hereby incorporated herein by ref-
erence;
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[0099] () polystyrenes, such as poly(styrene-co-maleic
anhydride), acrylonitrile-butadiene-styrene, poly(styrene
sulfonate), polyethylene styrene;

[0100] (g) polypropylenes, polyethylenes, and copolymers
of propylene and ethylene;

[0101] (h) ethylene elastomers;

[0102] (i) propylene elastomers;

[0103] (j) styrenic copolymers and styrenic block copoly-
mers;

[0104] (k) dynamically vulcanized elastomers;

[0105] (1) ethylene vinyl acetates;

[0106] (m) polyvinyl chlorides;

[0107] (n) engineering thermoplastic vulcanizates, such as

those disclosed, for example, in U.S. Patent Application Pub-
lication No. 2008/0132359, the entire disclosure of which is
hereby incorporated herein by reference;

[0108] (o) functionalized derivatives of the above; and
[0109] (p) combinations of two or more thereof.
[0110] In a particular embodiment, the matrix is formed

from a blend of at least two different polymers. In a particular
aspect of this embodiment, at least one polymer is an ionomer.
[0111] In another particular embodiment, the matrix is
formed from a blend of at least a first and a second ionomer.
[0112] In another particular embodiment, the matrix is
formed from a blend of one or more ionomers and one or more
additional polymers selected from non-ionomeric polyole-
fins, polyesters, polyamides, polyurethanes, polystyrenes,
and functionalized derivatives thereof.

[0113] In another particular embodiment, the matrix is
formed from a blend of at least a functionalized polyethylene
and a functionalized polymer selected from polyethylenes,
including metallocene-catalyzed and non-metallocene-cata-
lyzed polyethylenes, ethylene vinyl acetates, ethylene acid
copolymers, ethylene acrylate copolymers, ethylene elas-
tomers, and polypropylenes. In a particular aspect of this
embodiment, the functionalized polyethylene is a maleic
anhydride-grafted polymer selected from ecthylene
homopolymers, ethylene-hexene copolymers, ethylene-
octene copolymers, and ethylene-butene copolymers.

[0114] In another particular embodiment, the matrix is
formed from a blend of at least an ionomer, a functionalized
polyethylene and a functionalized polymer selected from
polyethylenes, including metallocene-catalyzed and non-
metallocene-catalyzed polyethylenes, ethylene vinyl
acetates, ethylene acid copolymers, ethylene (meth)acrylate
copolymers, ethylene elastomers, and polypropylenes. In a
particular aspect of this embodiment, the functionalized poly-
ethylene is a maleic anhydride-grafted polymer selected from
ethylene homopolymers, ethylene-hexene copolymers, eth-
ylene-octene copolymers, and ethylene-butene copolymers.
[0115] In another particular embodiment, the matrix is
formed from a blend of at least an ionomer and a maleic
anhydride-grafted polyethylene. In a particular aspect of this
embodiment, the polyethylene is selected from ethylene
homopolymers, ethylene-hexene copolymers, ethylene-
octene copolymers, and ethylene-butene copolymers.

[0116] In another particular embodiment, the matrix is
formed from a blend of at least an ionomer and a functional-
ized polymer selected from polyethylenes, including metal-
locene-catalyzed and non-metallocene-catalyzed polyethyl-
enes, ethylene vinyl acetates, ethylene acid copolymers,
ethylene elastomers, and polypropylenes. In a particular
aspect of this embodiment, the functionalized polymer is a
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polyethylene selected from ethylene homopolymers, ethyl-
ene-hexene copolymers, ethylene-octene copolymers, and
ethylene-butene copolymers.

[0117] In another particular embodiment, the matrix is
formed from a blend of at least an ionomer and an acid
copolymer.

[0118] In another particular embodiment, the matrix is
formed from a blend of at least an ionomer and a styrenic
block copolymer or functionalized derivative thereof.

[0119] In another particular embodiment, the matrix is
formed from a blend of at least an ionomer and an ethylene
(meth) acrylate based polymer or functionalized derivative
thereof.

[0120] In another particular embodiment, the matrix is
formed from a blend of at least an ionomer and a polyocte-
namer or a functionalized derivative thereof.

[0121] In another particular embodiment, the matrix is
formed from a blend including at least an ionomer and a
thermoplastic polyurethane. In a particular aspect of this
embodiment, the polyurethane is selected from the polyure-
thanes disclosed in U.S. Patent Application Publication No.
2005/0256294, the entire disclosure of which is hereby incor-
porated herein by reference.

[0122] In another particular embodiment, the matrix is
formed from a blend including:

[0123] (a)afirstcomponent selected from polyester elas-
tomers (e.g., Hytrel® polyester elastomers, commer-
cially available from E. I. du Pont de Nemours and
Company, and Riteflex® polyester elastomers, commer-
cially available from Ticona); polyether block amides
(e.g., Pebax® polyether and polyester amides); polyes-
ter-ether amides; and polypropylene ether glycol com-
positions, such as those disclosed, e.g., in U.S. Patent
Application Publication No. 2005/0256294, the entire
disclosure of which is hereby incorporated herein by
reference; and combinations of two or more thereof;

[0124] (b) a second component selected from O/X/Y-
type and O/X-type ionomers, including partially and
highly-neutralized ionomers, particularly highly neu-
tralized ionomers comprising fatty acid salts, such as
DuPont® HPF 1000 and HPF 2000 highly neutralized
ionomers, and VLMI-type ionomers, such as Surlyn®
9320 ionomer; O/X/Y-type acid copolymers; polya-
mides and polyamide blends, particularly selected from
the polyamides and polyamide blends disclosed above;
and silicone ionomers.

In a particular aspect of this embodiment, the matrix is
formed from a blend including at least a polyester elastomer
and a highly neutralized ionomer comprising fatty acid salts.
Such blend is disclosed, for example, in U.S. Pat. No. 7,375,
151, the entire disclosure of which is hereby incorporated
herein by reference.

[0125] Non-limiting examples of suitable commercially
available thermoplastics for use in forming the matrix are
Surlyn® ionomers, DuPont® HPF ESX 367, HPF 1000, HPF
2000, HPF AD1035, HPF AD1035 Soft, HPF ADI1040,
AD1043 and AD1172 ionomers; Clarix® ionomers, commer-
cially available from A. Schulman, Inc.; Iotek® ionomers,
commercially available from ExxonMobil Chemical Com-
pany; Amplify® IO ionomers, commercially available from
The Dow Chemical Company; AClyn® low molecular
weight ionomers, such as and AClyn® 201, 201 A, 295,295A,
246, 285, and 285A low molecular weight ionomers, com-
mercially available from Honeywell International Inc.;
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Amplify® GR functional polymers and Amplify® TY func-
tional polymers, commercially available from The Dow
Chemical Company; Fusabond® functionalized polymers,
including ethylene vinyl acetates, polyethylenes, metal-
locene-catalyzed polyethylenes, ethylene propylene rubbers,
and polypropylenes, commercially available from E. 1. du
Pont de Nemours and Company; Exxelor® maleic anhydride
grafted polymers, including high density polyethylene,
polypropylene, semi-crystalline ethylene copolymer, amor-
phous ethylene copolymer, commercially available from
ExxonMobil Chemical Company; ExxonMobil® PP series
polypropylene impact copolymers, such as PP7032E3,
PP7032KN, PP7033E3, PP7684KN, commercially available
from ExxonMobil Chemical Company; Vistamaxx® propy-
lene-based elastomers, commercially available from Exxon-
Mobil Chemical Company; Vistalon® EPDM rubbers, com-
mercially available from ExxonMobil Chemical Company;
Exact® plastomers, commercially available from ExxonMo-
bil Chemical Company; Santoprene® thermoplastic vulca-
nized elastomers, commercially available from ExxonMobil
Chemical Company; Nucrel® acid copolymers, commer-
cially available from E. I. du Pont de Nemours and Company;
Escor® acid copolymers, commercially available from Exx-
onMobil Chemical Company; Primacor® acid copolymers,
commercially available from The Dow Chemical Company;
Kraton® styrenic block copolymers, commercially available
from Kraton Performance Polymers Inc.; Septon® styrenic
block copolymers, commercially available from Kuraray Co.,
Ltd.; Lotader® ethylene acrylate based polymers, commer-
cially available from Arkema Corporation; Polybond®
grafted polyethylenes and polypropylenes, commercially
available from Chemtura Corporation; Royaltuf® chemically
modified EPDM, commercially available from Chemtura
Corporation; Vestenamer® polyoctenamer, commercially
available from Evonik Industries; Pebax® polyether and
polyester amides, commercially available from Arkema Inc.;
polyester-based thermoplastic elastomers, such as Hytrel®
polyester elastomers, commercially available from E. 1. du
Pont de Nemours and Company, and Riteflex® polyester
elastomers, commercially available from Ticona; Estane®
thermoplastic polyurethanes, commercially available from
The Lubrizol Corporation; Grivory® polyamides and Grila-
mid® polyamides, commercially available from EMS
Grivory; Zytel® polyamide resins and Flvamide® nylon
multipolymer resins, commercially available from E. 1. du
Pont de Nemours and Company; and Elvaloy® acrylate
copolymer resins, commercially available from E. 1. du Pont
de Nemours and Company.

[0126] Thermoplastic matrix compositions optionally
includes additive(s) and/or filler(s) in an amount of 50 wt % or
less, or 30 wt % or less, or 20 wt % or less, or 15 wt % or less,
based on the total weight of the matrix composition. Suitable
additives and fillers include, but are not limited to, chemical
blowing and foaming agents, optical brighteners, coloring
agents, fluorescent agents, whitening agents, UV absorbers,
light stabilizers, defoaming agents, processing aids, antioxi-
dants, stabilizers, softening agents, fragrance components,
plasticizers, impact modifiers, TiO,, acid copolymer wax,
surfactants, performance additives (e.g., A-C® performance
additives, particularly A-C® low molecular weight ionomers
and copolymers, A-C® oxidized polyethylenes, A-C® ethyl-
ene vinyl acetate waxes, and AClyn® low molecular weight
ionomers, commercially available from Honeywell Interna-
tional Inc.), fatty acid amides (e.g., ethylene bis-stearamide
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and ethylene bis-oleamide), fatty acids and salts thereof (e.g.,
stearic acid, oleic acid, zinc stearate, magnesium stearate,
zinc oleate, and magnesium oleate), oxides (e.g., zinc oxide,
tin oxide, iron oxide, calcium oxide, aluminum oxide, tita-
nium dioxide, magnesium oxide, and zirconium oxide), car-
bonates (e.g., calcium carbonate, zinc carbonate, barium car-
bonate, and magnesium carbonate), barium sulfate, zinc
sulfate, tungsten, tungsten carbide, silica, lead silicate, clay,
mica, talc, nano-fillers, carbon black, glass flake, milled
glass, flock, fibers, and mixtures thereof. Suitable additives
and fillers are more fully described in, for example, U.S.
Patent Application Publication No. 2003/0225197, the entire
disclosure of which is hereby incorporated herein by refer-
ence. In a particular embodiment, the total amount of additive
(s) and filler(s) present in the matrix composition is 20 wt %
or less, or 15 wt % or less, or 12 wt % or less, or 10 wt % or
less, or 9 wt % or less, or 6 wt % or less, or 5 wt % or less, or
4 wt % or less, or 3 wt % or less, or within a range having a
lower limit of 0 or 2 or 3 or 5 wt %, based on the total weight
of the matrix composition, and an upper limit of 9 or 10 or 12
or 15 or 20 wt %, based on the total weight of the matrix
composition. In a particular aspect of this embodiment, the
matrix composition includes filler(s) selected from carbon
black, micro- and nano-scale clays and organoclays, includ-
ing (e.g., Cloisite® and Nanofil® nanoclays, commercially
available from Southern Clay Products, Inc.; Nanomax® and
Nanomer® nanoclays, commercially available from Nano-
cor, Inc., and Perkalite® nanoclays, commercially available
from Akzo Nobel Polymer Chemicals), micro- and nano-
scale talcs (e.g., Luzenac HAR® high aspect ratio talcs, com-
mercially available from Luzenac America, Inc.), glass (e.g.,
glass flake, milled glass, microglass, and glass fibers), micro-
and nano-scale mica and mica-based pigments (e.g., Iriodin®
pearl luster pigments, commercially available from The
Merck Group), and combinations thereof. Particularly suit-
able combinations of fillers include, but are not limited to,
micro-scale filler(s) combined with nano-scale filler(s), and
organic filler(s) with inorganic filler(s).

[0127] The matrix composition optionally includes one or
more melt flow modifiers. Suitable melt flow modifiers
include materials which increase the melt flow of the compo-
sition, as measured using ASTM D-1238, condition E, at 190°
C., using a 2160 gram weight. Examples of suitable melt flow
modifiers include, but are not limited to, fatty acids and fatty
acid salts, including, but not limited to, those disclosed in
U.S. Pat. No. 5,306,760, the entire disclosure of which is
hereby incorporated herein by reference; fatty amides; poly-
hydric alcohols, including, but not limited to, those disclosed
in U.S. Pat. No. 7,365,128, and U.S. Patent Application Pub-
lication No. 2010/0099514, the entire disclosures of which
are hereby incorporated herein by reference; polylactic acids,
including, but not limited to, those disclosed in U.S. Pat. No.
7,642,319, the entire disclosure of which is hereby incorpo-
rated herein by reference; and the modifiers disclosed in U.S.
Patent Application Publication No. 2010/0099514 and 2009/
0203469, the entire disclosures of which are hereby incorpo-
rated herein by reference. Flow enhancing additives also
include, but are not limited to, montanic acids, esters of mon-
tanic acids and salts thereof, bis-stearoylethylenediamine,
mono- and polyalcohol esters such as pentaerythritol tet-
rastearate, zwitterionic compounds, and metallocene-cata-
lyzed polyethylene and polypropylene wax, including maleic
anhydride modified versions thereof, amide waxes and alky-
lene diamides such as bistearamides.
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[0128] Particularly suitable fatty amides include, but are
not limited to, saturated fatty acid monoamides (e.g., laura-
mide, palmitamide, arachidamide behenamide, stearamide,
and 12-hydroxy stearamide); unsaturated fatty acid monoa-
mides (e.g., oleamide, erucamide, and ricinoleamide); N-sub-
stituted fatty acid amides (e.g., N-stearyl stearamide, N-be-
henyl behenamide, N-stearyl behenamide, N-behenyl
stearamide, N-oleyl oleamide, N-oleyl stearamide, N-stearyl
oleamide, N-stearyl erucamide, erucyl erucamide, and erucyl
stearamide, N-oleyl palmitamide, methylol amide (more
preferably, methylol stearamide, methylol behenamide);
saturated fatty acid bis-amides (e.g., methylene bis-steara-
mide, ethylene bis-stearamide, ethylene bis-isostearamide,
ethylene bis-hydroxystearamide, ethylene bis-behenamide,
hexamethylene bis-stearamide, hexamethylene bis-behena-
mide, hexamethylene bis-hydroxystearamide, N,N'-distearyl
adipamide, and N,N'-distearyl sebacamide); unsaturated fatty
acid bis-amides (e.g., ethylene bis-oleamide, hexamethylene
bis-oleamide, N,N'-dioleyl adipamide, N,N'-dioleyl sebaca-
mide); and saturated and unsaturated fatty acid tetra amides,
stearyl erucamide, ethylene bis stearamide and ethylene bis
oleamide. Suitable examples of commercially available fatty
amides include, but are not limited to, Kemamide® fatty
acids, such as Kemamide® B (behenamide/arachidamide),
Kemamide® W40 (N,N-ethylenebisstearamide), Kema-
mide® P181 (oleyl palmitamide), Kemamide® S (steara-
mide), Kemamide® U (oleamide), Kemamide® E (erucam-
ide), Kemamide® 0 (oleamide), Kemamide® W45 (N,N'-
ethylenebisstearamide), Kenamide® W20  (N,N'-
ethylenebisoleamide), Kemamide®  EI180  (stearyl
erucamide), Kemamide® E221 (erucyl erucamide), Kema-
mide® S180 (stearyl stearamide), Kemamide® S221 (erucyl
stearamide), commercially available from Chemtura Corpo-
ration; and Crodamide® fatty amides, such as Crodamide®
OR (oleamide), Crodamide® ER (erucamide), Crodamide®
SR (stereamide), Crodamide® BR (behenamide), Croda-
mide® 203 (oleyl palmitamide), and Crodamide® 212
(stearyl erucamide), commercially available from Croda Uni-
versal Ltd.

[0129] In a particular embodiment, the matrix composition
is modified with organic fiber micropulp, as disclosed, for
example, in U.S. Pat. No. 7,504,448, the entire disclosure of
which is hereby incorporated herein by reference.

[0130] In another particular embodiment, the matrix com-
position is modified with rosin, particularly when the matrix
composition includes an ionomer, as disclosed, for example,
in U.S. Pat. Nos. 7,429,624 and 7,238,737, the entire disclo-
sures of which are hereby incorporated herein by reference.

[0131] In another particular embodiment, the matrix com-
position comprises at least one nanoclay, preferably wherein
the total amount of nanoclay present is from 3 to 25 wt %
based on the total weight of the composition, and an ionomer.
In a particular aspect of this embodiment, the ionomer is at
least partially neutralized with zinc. In another particular
aspect of this embodiment, the ionomer is at least partially
neutralized with sodium. In another particular aspect of this
embodiment, the ionomer is at least partially neutralized with
a first and a second cation, wherein the first cation is zinc.

Golf Ball Applications

[0132] Golf ball compositions according to the present
invention can be used in a variety of constructions. For
example, the compositions are suitable for use in one-piece,
two-piece (i.e., a core and a cover), multi-layer (i.e., a core of

Jun. 23,2016

one or more layers and a cover of one or more layers), and
wound golf balls, having a variety of core structures, inter-
mediate layers, covers, and coatings.

[0133] In golf balls of the present invention, at least one
layer comprises a heterogeneous composition comprising
discrete particles dispersed within a thermosetting or thermo-
plastic polymer matrix, as described herein. In golf balls
having two or more layers comprising a heterogeneous com-
position, the heterogeneous composition of one layer may be
the same as or a different heterogeneous composition than
another layer. The layer(s) comprising a heterogeneous com-
position can be any one or more of a center, an intermediate
layer, or a cover layer.

[0134] In a particular embodiment, the layer formed from
the heterogeneous composition has a zero hardness gradient,
or a positive or negative hardness gradient, wherein the dif-
ference between the center Shore C hardness or inner surface
Shore C hardness of the layer and the outer surface Shore C
hardness of the layer is 10 or less, or 8 or less, or 5 or less, or
4 or less.

[0135] A hardness gradient of a golf'ball layer is defined by
hardness measurements made at the outer surface of the layer
and the inner surface of the layer. The center hardness of the
inner core layer and the outer surface of the outermost core
layer of a golf ball are readily determined according to the
procedures given herein for measuring the center hardness of
a core and the outer surface hardness of a golf ball layer,
respectively. The outer surface of the inner core layer and the
outer surface of optional intermediate core layer(s) are
readily determined according to the procedures given herein
for measuring the outer surface hardness of a golf ball layer,
if the measurement is made prior to surrounding the layer
with an additional core layer. However, once an inner or
intermediate core layer is surrounded by an additional core
layer, the hardness of the outer surface of the inner or inter-
mediate layer can be difficult to determine. Also, the inner
surface hardness of any core layer other than the inner core
layer can be difficult to determine. Thus, for purposes of the
present invention:

[0136] the center hardness of the inner core layer is mea-
sured according to the procedure below for measuring
the center hardness of a core;

[0137] the hardness of the outer surface of the inner core
layer is measured:

[0138] prior to surrounding the inner core layer with
another core layer, according to the procedure below
for measuring the outer surface hardness of a golfball
layer;

[0139] after surrounding the inner core layer with
another core layer, according to the procedure below
for measuring a point located 1 mm from an interface;

[0140] the hardness of the outer surface of the outermost
core layer is measured according to the procedure below
for measuring the outer surface hardness of a golf ball
layer;

[0141] the hardness of the inner surface of the outermost
core layer is measured according to the procedure below
for measuring a point located 1 mm from an interface;

[0142] the hardness of the outer surface of any optional
intermediate core layer(s) is measured:

[0143] prior to surrounding the intermediate core
layer with another core layer, according to the proce-
dure below for measuring the outer surface hardness
of'a golf ball layer;
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[0144] after surrounding the intermediate core layer
with another core layer, according to the procedure
below for measuring a point located 1 mm from an
interface;

[0145] the hardness of the inner surface of any optional
intermediate core layer(s) is measured according to the
procedure below for measuring a point located 1 mm
from an interface.

[0146] The center hardness of a core is obtained according
to the following procedure. The core is gently pressed into a
hemispherical holder having an internal diameter approxi-
mately slightly smaller than the diameter of the core, such that
the core is held in place in the hemispherical portion of the
holder while concurrently leaving the geometric central plane
of the core exposed. The core is secured in the holder by
friction, such that it will not move during the cutting and
grinding steps, but the friction is not so excessive that distor-
tion of the natural shape of the core would result. The core is
secured such that the parting line of the core is roughly par-
allel to the top of the holder. The diameter of the core is
measured 90 degrees to this orientation prior to securing. A
measurement is also made from the bottom of the holder to
the top of the core to provide a reference point for future
calculations. A rough cut is made slightly above the exposed
geometric center of the core using a band saw or other appro-
priate cutting tool, making sure that the core does not move in
the holder during this step. The remainder of the core, still in
the holder, is secured to the base plate of a surface grinding
machine. The exposed ‘rough’ surface is ground to a smooth,
flat surface, revealing the geometric center of the core, which
can be verified by measuring the height from the bottom of the
holder to the exposed surface of the core, making sure that
exactly half of the original height of the core, as measured
above, has been removed to within +0.004 inches. Leaving
the core in the holder, the center of the core is found with a
center square and carefully marked and the hardness is mea-
sured at the center mark according to ASTM D-2240. Addi-
tional hardness measurements at any distance from the center
of the core can then be made by drawing a line radially
outward from the center mark, and measuring the hardness at
any given distance along the line, typically in 2 mm incre-
ments from the center. The outer and inner surface hardnesses
of thermoset layers. The hardness at a particular distance
from the center should be measured along at least two, pref-
erably four, radial arms located 180° apart, or 90° apart,
respectively, and then averaged. All hardness measurements
performed on a plane passing through the geometric center
are performed while the core is still in the holder and without
having disturbed its orientation, such that the test surface is
constantly parallel to the bottom of the holder, and thus also
parallel to the properly aligned foot of the durometer.

[0147] The outer surface hardness of a golf ball layer is
measured on the actual outer surface of the layer and is
obtained from the average of a number of measurements
taken from opposing hemispheres, taking care to avoid mak-
ing measurements on the parting line of the core or on surface
defects, such as holes or protrusions. Hardness measurements
are made pursuant to ASTM D-2240 using a calibrated, digi-
tal durometer, capable of reading to 0.1 hardness units and set
to record the maximum hardness reading obtained for each
measurement. Because of the curved surface, care must be
taken to insure that the golf ball or golf ball subassembly is
centered under the durometer indentor before a surface hard-
ness reading is obtained.
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[0148] The hardness of a golf ball layer at a point located 1
mm from an interface is obtained according to the following
procedure. First, the geometric center of the core is revealed
by preparing the core according to the above procedure for
measuring the center hardness of a core. Leaving the core in
the holder, a point located 1 mm radially inward or outward
from the interface of two layers is determined and marked,
and the hardness thereof is measured according to ASTM
D-2240. When measuring the outer surface of a layer, the
mark is made at a point located 1 mm radially inward from the
interface at the outermost part of the layer. When measuring
the inner surface of a layer, the mark is made at a point located
1 mm radially outward from the interface at the innermost
part of the layer.

[0149] Hardness points should only be measured once at
any particular geometric location.

[0150] For purposes of the present invention, “negative”
and “positive” refer to the result of subtracting the hardness
value at the innermost surface of the golf ball component
from the hardness value at the outermost surface of the com-
ponent. For example, if the outer surface of a solid core has a
lower hardness value than the center (i.e., the surface is softer
than the center), the hardness gradient will be deemed a
“negative” gradient.

[0151] Hardness gradients are disclosed more fully, for
example, in U.S. patent application Ser. No. 11/832,163, filed
onAug. 1,2007; Ser. No. 11/939,632, filed on Nov. 14,2007,
Ser. No. 11/939,634, filed on Nov. 14, 2007, Ser. No. 11/939,
635, filed on Nov. 14, 2007; and Ser. No. 11/939,637, filed on
Nov. 14, 2007, the entire disclosure of each of these refer-
ences is hereby incorporated herein by reference.

Core Layer(s)

[0152] Cores of the golf balls formed according to the
invention may be solid, semi-solid, hollow, fluid-, powder-, or
gas-filled, and may be one-piece or multi-layered. Multilayer
cores include a center, innermost portion, which may be solid,
semi-solid, hollow, fluid-, powder-, or gas-filled, surrounded
by at least one outer core layer. The outer core layer may be
solid, or it may be a wound layer formed of a tensioned
elastomeric material. For purposes of the present disclosure,
the term “semi-solid” refers to a paste, a gel, or the like.
[0153] In a particular embodiment, the present invention
provides a golf ball having an innermost core layer formed
from a heterogeneous composition of the present invention.
In another particular embodiment, the present invention pro-
vides a golf ball having an outer core layer formed from a
heterogeneous composition of the present invention. In
another particular embodiment, the present invention pro-
vides a golf ball having an intermediate core layer formed
from a heterogeneous composition of the present invention.
[0154] Golfball cores of the present invention may include
one or more layers formed from a suitable material other than
a heterogeneous composition of the present invention. Suit-
able core materials include, but are not limited to, thermoset
materials, such as styrene butadiene rubber, polybutadiene,
synthetic or natural polyisoprene, and trans-polyisoprene;
thermoplastics, such as ionomer resins, polyamides and poly-
esters; and thermoplastic and thermoset polyurethane and
polyureas.

Intermediate Layer(s)

[0155] When the golf ball of the present invention includes
one or more intermediate layers, i.e., layer(s) disposed
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between the core and the cover of a golf ball, each interme-
diate layer can include any materials known to those of ordi-
nary skill in the art including thermoplastic and thermosetting
materials.

[0156] Inoneembodiment, the present invention provides a
golfball having one or more intermediate layers formed from
a heterogeneous composition of the present invention.
[0157] Also suitable for forming intermediate layer(s) are
the compositions disclosed above for forming core layers.
[0158] A moisture vapor barrier layer is optionally
employed between the core and the cover. Moisture vapor
barrier layers are further disclosed, for example, in U.S. Pat.
Nos. 6,632,147, 6,838,028, 6,932,720, 7,004,854, and 7,182,
702, and U.S. Patent Application Publication Nos. 2003/
0069082, 2003/0069085, 2003/0130062, 2004/0147344,
2004/0185963, 2006/0068938, 2006/0128505 and 2007/
0129172, the entire disclosures of which are hereby incorpo-
rated herein by reference.

Cover

[0159] Golf ball covers of the present invention include
single, dual, and multilayer covers. Dual and multilayer cov-
ers have an inner cover layer and an outer cover layer, and
multilayer covers additionally have at least one intermediate
cover layer disposed between the inner cover layer and the
outer cover layer.

[0160] In a particular embodiment, the present invention
provides a golf ball having an outermost cover layer formed
from a heterogeneous composition of the present invention.
In another particular embodiment, the present invention pro-
vides a golf ball having an inner cover layer formed from a
heterogeneous composition of the present invention. In
another particular embodiment, the present invention pro-
vides a golf ball having an intermediate cover layer formed
from a heterogeneous composition of the present invention.
[0161] Golf ball covers of the present invention may
include one or more layers formed from a suitable material
other than a heterogeneous composition of the present inven-
tion. The cover material is preferably a tough, cut-resistant
material, selected based on the desired performance charac-
teristics. Suitable cover materials for the golf balls disclosed
herein include, but are not limited to, polyurethanes, poly-
ureas, and hybrids of polyurethane and polyurea; ionomer
resins and blends thereof (e.g., Surlyn® ionomer resins and
DuPont® HPF 1000 and HPF 2000 highly neutralized iono-
mers, commercially available from E. 1. du Pont de Nemours
and Company; lotek® ionomers, commercially available
from ExxonMobil Chemical Company; Amplity® 10O iono-
mers of ethylene acrylic acid copolymers, commercially
available from The Dow Chemical Company; and Clarix®
ionomer resins, commercially available from A. Schulman
Inc.); polyisoprene; polyoctenamer, such as Vestenamer®
polyoctenamer, commercially available from Evonik Indus-
tries; polyethylene, including, for example, low density poly-
ethylene, linear low density polyethylene, and high density
polyethylene; polypropylene; rubber-toughened olefin poly-
mers; non-ionomeric acid copolymers, e.g., ethylene (meth)
acrylic acid; plastomers; flexomers; styrene/butadiene/sty-
rene block copolymers; polybutadiene; styrene butadiene
rubber; ethylene propylene rubber; ethylene propylene diene
rubber; styrene/ethylene-butylene/styrene block copolymers;
dynamically vulcanized elastomers; ethylene vinyl acetates;
ethylene (meth)acrylates; polyvinyl chloride resins; polya-
mides, amide-ester elastomers, and copolymers of ionomer
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and polyamide, including, for example, Pebax® thermoplas-
tic polyether and polyester amides, commercially available
from Arkema Inc; crosslinked trans-polyisoprene and blends
thereof; polyester-based thermoplastic elastomers, such as
Hytrel® polyester elastomers, commercially available from
E.I. du Pont de Nemours and Company, and Riteflex® poly-
ester elastomers, commercially available from Ticona; poly-
urethane-based thermoplastic elastomers, such as Elastol-
lan®, commercially available from BASF; synthetic or
natural vulcanized rubber; and combinations thereof.

[0162] Polyurethanes, polyureas, and polyurethane-poly-
urea hybrids (i.e., blends and copolymers of polyurethanes
and polyureas) are particularly suitable for forming cover
layers of the present invention. Suitable polyurethanes and
polyureas are further disclosed, for example, in U.S. Pat. Nos.
5,334,673, 5,484,870, 6,506,851, 6,756,436, 6,835,794,
6,867,279, 6,960,630, and 7,105,623; U.S. Patent Applica-
tion Publication No. 2009/0011868; and U.S. Patent Appli-
cation No. 60/401,047, the entire disclosures of which are
hereby incorporated herein by reference. Suitable polyure-
thane-urea cover materials include polyurethane/polyurea
blends and copolymers comprising urethane and urea seg-
ments, as disclosed in U.S. Patent Application Publication
No. 2007/0117923, the entire disclosure of which is hereby
incorporated herein by reference.

[0163] Compositions comprising an ionomer or a blend of
two or more ionomers are also particularly suitable for form-
ing cover layers. Preferred ionomeric cover compositions
include:

[0164] (a) a composition comprising a “high acid iono-
mer” (i.e., having an acid content of greater than 16 wt
%), such as Surlyn® 8150;

[0165] (b)acomposition comprising a high acid ionomer
and a maleic anhydride-grafted non-ionomeric polymer
(e.g., Fusabond® functionalized polymers). A particu-
larly preferred blend of high acid ionomer and maleic
anhydride-grafted polymer is a 84 wt %/16 wt % blend
of Surlyn® 8150 and Fusabond®. Blends of high acid
ionomers with maleic anhydride-grafted polymers are
further disclosed, for example, in U.S. Pat. Nos. 6,992,
135 and 6,677,401, the entire disclosures of which are
hereby incorporated herein by reference;

[0166] (c) a composition comprising a 50/45/5 blend of
Surlyn® 8940/Surlyn® 9650/Nucrel® 960, preferably
having a material hardness of from 80 to 85 Shore C;

[0167] (d)acomposition comprising a 50/25/25 blend of
Surlyn® 8940/Surlyn® 9650/Surlyn® 9910, preferably
having a material hardness of about 90 Shore C;

[0168] (e) a composition comprising a 50/50 blend of
Surlyn® 8940/Surlyn® 9650, preferably having a mate-
rial hardness of about 86 Shore C;

[0169] (f) a composition comprising a blend of Surlyn®
7940/Surlyn® 8940, optionally including a melt flow
modifier;

[0170] (g) a composition comprising a blend of a first
high acid ionomer and a second high acid ionomer,
wherein the first high acid ionomer is neutralized with a
different cation than the second high acid ionomer (e.g.,
50/50 blend of Surlyn® 8150 and Surlyn® 9150),
optionally including one or more melt flow modifiers
such as an ionomer, ethylene-acid polymer or ester poly-
mer; and

[0171] (h) a composition comprising a blend of a first
high acid ionomer and a second high acid ionomer,
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wherein the first high acid ionomer is neutralized with a
different cation than the second high acid ionomer, and
from 0 to 10 wt % of an ethylene/acid/ester ionomer
wherein the ethylene/acid/ester ionomer is neutralized
with the same cation as either the first high acid ionomer
orthe second high acid ionomer or a different cation than
the first and second high acid ionomers (e.g., a blend of
40-50 wt % Surlyn® 8150, 40-50 wt % Surlyn® 9120,
and 0-10 wt % Surlyn® 6320).
[0172] Surlyn® 8150 and Surlyn® 8940 are different
grades of E/MAA copolymer in which the acid groups have
been partially neutralized with sodium ions. Surlyn® 9650,
Surlyn® 9910, Surlyn® 9150, and Surlyn® 9120 are differ-
ent grades of E/MAA copolymer in which the acid groups
have been partially neutralized with zinc ions. Surlyn® 7940
is an E/MAA copolymer in which the acid groups have been
partially neutralized with lithium ions. Surlyn® 6320 is a
very low modulus magnesium ionomer with a medium acid
content. Nucrel® 960 is an E/MAA copolymer resin nomi-
nally made with 15 wt % methacrylic acid. Surlyn® iono-
mers, Fusabond® polymers, and Nucrel® copolymers are
commercially available from E. I. du Pont de Nemours and
Company.
[0173] Ionomeric cover compositions can be blended with
non-ionic thermoplastic resins, such as polyurethane, poly-
ether-ester, poly-amide-ether, polyether-urea, thermoplastic
polyether block amides (e.g., Pebax® polyether and polyester
amides, commercially available from Arkema Inc.), styrene-
butadiene-styrene block copolymers, styrene(ethylene-buty-
lene)-styrene block copolymers, polyamides, polyesters,
polyolefins (e.g., polyethylene, polypropylene, ethylene-pro-
pylene copolymers, polyethylene-(meth)acrylate, polyethyl-
ene-(meth)acrylic acid, functionalized polymers with maleic
anhydride grafting, Fusabond® functionalized polymers
commercially available from E. I. du Pont de Nemours and
Company, functionalized polymers with epoxidation, elas-
tomers (e.g., ethylene propylene diene monomer rubber, met-
allocene-catalyzed polyolefin) and ground powders of ther-
moset elastomers.
[0174] Ionomer golfball cover compositions may include a
flow modifier, such as, but not limited to, acid copolymer
resins (e.g., Nucrel® acid copolymer resins, and particularly
Nucrel® 960, commercially available from E. 1. du Pont de
Nemours and Company), performance additives (e.g., A-C®
performance additives, particularly A-C® low molecular
weight ionomers and copolymers, A-C® oxidized polyethyl-
enes, and A-C® ethylene vinyl acetate waxes, commercially
available from Honeywell International Inc.), fatty acid
amides (e.g., ethylene bis-stearamide and ethylene bis-olea-
mide), fatty acids and salts thereof.
[0175] Suitable ionomeric cover materials are further dis-
closed, for example, in U.S. Pat. Nos. 6,653,382, 6,756,436,
6,894,098, 6,919,393, and 6,953,820, the entire disclosures
of which are hereby incorporated by reference.
[0176] Suitable cover materials and constructions also
include, but are not limited to, those disclosed in U.S. Patent
Application Publication No. 2005/0164810, U.S. Pat. Nos.
5,919,100, 6,117,025, 6,767,940, and 6,960,630, and PCT
Publications W0O00/23519 and WO00/29129, the entire dis-
closures of which are hereby incorporated herein by refer-
ence.
[0177] In a particular embodiment, the cover is a single
layer, preferably formed from an ionomeric composition, and
has an outer surface hardness of 60 Shore D or greater, a
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material hardness of 60 Shore D or greater, and a thickness of
0.02 inches or greater or 0.03 inches or greater or 0.04 inches
or greater or a thickness within a range having a lower limit of
0.010 or 0.015 or 0.020 inches and an upper limit of 0.035 or
0.040 or 0.050 inches.

[0178] In another particular embodiment, the cover is a
single layer having a thickness of from 0.010 or 0.020 inches
t0 0.035 or 0.050 inches and formed from an ionomeric com-
position having a material hardness of from 60 or 62 or 65
Shore D to 65 or 70 or 72 Shore D.

[0179] In another particular embodiment, the cover is a
single layer having a thickness of from 0.010 or 0.025 inches
to 0.035 or 0.040 inches and formed from a thermoplastic
composition selected from ionomer-, polyurethane-, and
polyurea-based compositions having a material hardness of
62 Shore D or less, or less than 62 Shore D, or 60 Shore D or
less, orless than 60 Shore D, or 55 Shore D or less, or less than
55 Shore D.

[0180] In another particular embodiment, the cover is a
single layer having a thickness of from 0.010 or 0.025 inches
to 0.035 or 0.040 inches and formed from a thermosetting
polyurethane- or polyurea-based composition having a mate-
rial hardness of 62 Shore D or less, or less than 62 Shore D, or
60 Shore D or less, or less than 60 Shore D, or 55 Shore D or
less, or less than 55 Shore D.

[0181] The inner cover layer composition preferably has a
material hardness of from 60 or 62 or 65 Shore D to 65 or 70
or 72 Shore D. The inner cover layer preferably has a thick-
ness within a range having a lower limit of 0.010 or 0.020 or
0.030 inches and an upper limit of 0.035 or 0.040 or 0.050
inches. The outer cover layer composition preferably has a
material hardness of 62 Shore D or less, or less than 62 Shore
D, or 60 Shore D or less, or less than 60 Shore D, or 55 Shore
D or less, or less than 55 Shore D. The outer cover layer
preferably has a thickness within a range having a lower limit
01'0.010 or 0.020 or 0.025 inches and an upper limit of 0.035
or 0.040 or 0.050 inches.

[0182] In another particular embodiment, the cover com-
prises an inner core layer and an outer core layer, wherein the
inner core layer, preferably formed from a partially or fully
neutralized ionomer composition, has an outer surface hard-
ness of 60 Shore D or greater, or 63 Shore D or greater, or 65
Shore D or greater, and wherein the outer core layer, prefer-
ably formed from a polyurethane, polyurea, or blend or
copolymer of polyurethane and polyurea, has an outer surface
hardness of 60 Shore D or less, or 55 Shore D or less, or 50
Shore D or less. In a particular aspect of this embodiment, the
inner cover layer has a thickness 0f 0.010 or 0.020 or 0.030 or
0.035 or 0.040 or 0.045 or 0.080 or 0.120 inches, or a thick-
ness within a range having a lower limit and an upper limit
selected from these values. In another particular aspect of this
embodiment, the outer cover layer has a thickness 0of 0.010 or
0.015 0r 0.025 or 0.030 or 0.035 or 0.040 or 0.045 or 0.055 or
0.080 inches, or a thickness within a range having a lower
limit and an upper limit selected from these values.

[0183] In another particular embodiment, the cover is a
dual- or multi-layer cover including an inner or intermediate
cover layer formed from an ionomeric composition and an
outer cover layer formed from a polyurethane- or polyurea-
based composition. The ionomeric layer preferably has an
outer surface hardness of 70 Shore D or less, or 65 Shore D or
less, or less than 65 Shore D, or a Shore D hardness of from 50
to 65, or a Shore D hardness of from 57 to 60, or a Shore D
hardness of 58, and a thickness of 0.010 or 0.020 or 0.030 or
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0.045 or 0.080 or 0.120 inches or a thickness within a range
having a lower limit and an upper limit selected from these
values. The outer cover layer is preferably formed from a
castable or reaction injection moldable polyurethane, poly-
urea, or copolymer or hybrid of polyurethane/polyurea. Such
cover material is preferably thermosetting, but may be ther-
moplastic. The outer cover layer composition preferably has
a material hardness of 85 Shore C or less, or 45 Shore D or
less, or 40 Shore D or less, or from 25 Shore D to 40 Shore D,
or from 30 Shore D to 40 Shore D. The outer cover layer
preferably has an outer surface hardness of 20 or 30 or 35 or
400r 52 or 58 or 60 or 65 or 70 or 72 or 75 Shore D, or an outer
surface hardness within a range having a lower limit and an
upper limit selected from these values. The outer cover layer
preferably has a thickness 0of 0.010 or 0.015 or 0.025 or 0.035
or 0.040 or 0.045 or 0.050 0r 0.0550r 0.075 0r 0.080 0r 0.115
inches, or a thickness within a range having a lower limit and
an upper limit selected from these values.

Component Dimensions

[0184] Dimensions of golf ball components, i.e., thickness
and diameter, may vary depending on the desired properties.
For the purposes of the invention, any layer thickness may be
employed.

[0185] The present invention relates to golf balls of any
size. While USGA specifications limit the size of a competi-
tion golf ball to more than 1.68 inches in diameter, golf balls
of any size can be used for leisure golf play. The preferred
diameter of the golf balls is from about 1.68 inches to about
1.8 inches. The more preferred diameter is from about 1.68
inches to about 1.76 inches. A diameter of from about 1.68
inches to about 1.74 inches is most preferred, however diam-
eters anywhere in the range of from 1.7 to about 1.95 inches
can be used.

[0186] Golf ball cores of the present invention include
single, dual, and multilayer cores, and preferably have an
overall diameter within the range having a lower limit of 0.75
inches or 1 inch or 1.25 inches or 1.4 inches and an upper limit
of 1.55 inches or 1.6 inches or 1.62 inches or 1.63 inches. In
a particular embodiment, the golf'ball comprises a core and a
cover, wherein the core is a solid, single layer having a diam-
eter within a range having a lower limit of 0.750 or 1.00 or
1.100r1.150r1.200r 1.250r1.30 or 1.40 or 1.50 or 1.53 or
1.55 inches and an upper limit of 1.55 or 1.60 or 1.62 or 1.63
or 1.65 inches. In another particular embodiment, the golf'ball
comprises a core and a cover, wherein the core comprises an
inner core layer and an outer core layer, the inner core layer
having a diameter within a range having a lower limit 0of 0.500
or 0.750 or 0.900 or 0.950 or 1.000 inches and an upper limit
0f1.1000r 1.200 or 1.250 or 1.400 0r 1.550 or 1.570 or 1.580
inches, and the outer core having a thickness within the range
having a lower limit of 0.020 or 0.025 or 0.032 or 0.050 or
0.100 or 0.200 inches and an upper limit of 0.310 or 0.440 or
0.500 or 0.560 or 0.800 inches.

[0187] When present in a golf ball of the present invention,
each intermediate layer has a thickness within a range having
a lower limit of 0.002 or 0.010 or 0.020 or 0.025 or 0.030
inches and an upper limit of 0.035 or 0.040 or 0.045 or 0.050
or 0.060 or 0.090 or 0.100 or 0.150 or 0.200 inches. The total
thickness of intermediate core layer(s) in golf balls of the
present invention is preferably within the range having a
lower limit of 0.020 or 0.0250 or 0.032 inches and an upper
limit of 0.150 or 0.220 or 0.28 inches.
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[0188] Golf ball covers of the present invention include
single, dual, and multilayer covers, and preferably have an
overall thickness within the range having a lower limit 0 0.01
inches or 0.02 inches or 0.025 inches or 0.03 inches or 0.04
inches or 0.045 inches or 0.05 inches or 0.06 inches and an
upper limit of 0.07 inches or 0.075 inches or 0.08 inches or
0.09 inches or 0.1 inches or 0.15 inches or 0.2 inches or 0.3
inches or 0.5 inches. Dual and multilayer covers have an inner
cover layer and an outer cover layer, and multilayer covers
additionally have at least one intermediate cover layer dis-
posed between the inner cover layer and the outer cover layer.
In a particular embodiment, the cover is a single layer having
a thickness within a range having a lower limit of 0.020 or
0.025 or 0.030 inches and an upper limit of 0.030 or 0.040 or
0.045 0r 0.050 or 0.070 or 0.100 0r 0.120 0r 0.150 or 0.350 or
0.400 or inches. In another particular embodiment, the cover
comprises an inner cover layer and an outer cover layer, the
inner cover having a thickness within a range having a lower
limit of 0.010 or 0.020 or 0.025 or 0.030 inches and an upper
limit 0f 0.035 or 0.040 or 0.050 or 0.150 or 0.200 inches, and
the outer cover having a thickness within a range having a
lower limit 0 0.010 or 0.020 or 0.025 or 0.030 inches and an
upper limit of 0.035 or 0.040 or 0.050 inches.

[0189] The golf balls of the present invention may be
painted, coated, or surface treated for further benefits.

TS/TP/TS Core

[0190] Inoneembodiment,the present invention is directed
to a multi-layer core comprising a thermoset (TS) inner core
layer, a thermoplastic (TP) intermediate core layer, and a
thermoset (TS) outer core layer, such core being referred to
herein as a TS/TP/TS core, wherein one or more of the core
layers is formed from a heterogeneous composition, as dis-
closed herein. Optionally, the TS/TP/TS core additionally
includes one or more thermoset intermediate core layers and/
or one or more additional thermoplastic intermediate core
layers. In a particular aspect of this embodiment, the thermo-
plastic intermediate core layer is formed from a heteroge-
neous composition comprising a thermoplastic polymer
matrix and discrete particles of crosslinked rubber or high
melting thermoplastic dispersed within the matrix. In another
particular aspect of this embodiment, at least one of the ther-
moset inner core layer and the thermoset outer core layer is
formed from a heterogeneous composition comprising a ther-
mosetting polymer matrix and discrete particles of
crosslinked rubber or high melting thermoplastic dispersed
within the matrix.

[0191] TS/TP/TS cores of the present invention have an
overall diameter of 1.000 inches or greater, or 1.100 inches or
greater, or 1.300 inches or greater, or 1.400 inches or greater,
or an overall diameter of 1.000 or 1.100 or 1.150 or 1.200 or
1.250 or 1.300 or 1.350 or 1.400 or 1.450 0r 1.500 or 1.510 or
1.530 0r1.550 0r 1.570 or 1.580 or 1.590 or 1.600 or 1.610 or
1.620 or 1.630 or 1.640 or 1.650 or 1.660 inches, or an overall
diameter within a range having a lower limit and an upper
limit selected from these values.

[0192] The inner core layer of TS/TP/TS cores of the
present invention has a diameter o' 0.100 inches or greater, or
0.125 inches or greater, or 0.150 inches or greater, or 0.200
inches or greater, or 0.250 inches or greater, or 0.500 inches or
greater, or 0.700 inches or greater, or 0.750 inches or greater,
or 1.000 inches or greater, or 1.250 inches or greater, or 1.300
inches or greater, or 1.350 inches or greater, or 1.390 inches or
greater, or 1.400 inches or greater, or 1.425 inches or greater,
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or 1.450 inches or greater, or 1.500 inches or greater, or a
diameter 0£0.1000r 0.125 0r 0.150 0r 0.175 or 0.200 or 0.250
or 0.500 or 0.750 or 0.800 or 0.900 or 0.950 or 1.000 or 1.100
or1.2500r 1.300 or 1.325 0r 1.350 0r 1.390 or 1.400 or 1.440
or1.4500r1.4500r1.4600r1.4750r1.4900r 1.500 0r 1.520
or1.550 or 1.580 or 1.600 inches, or a diameter within a range
having a lower limit and an upper limit selected from these
values.

[0193] The inner core layer optionally has one or more of
the following properties:

[0194] a) a center hardness of 95 Shore C or less, or 90
Shore C or less, or 85 Shore C or less, or 80 Shore C or
less, or 75 Shore C or less, or 70 Shore C or less, or a
center hardness of 20 or 25 or 30 or 35 or 40 or 45 or 50
or55or60or65or68or700r 72 or 75 or 80 or 83 or 85
or 90 or 95 Shore C, or a center hardness within a range
having a lower limit and an upper limit selected from
these values;

[0195] b) an outer surface hardness of 20 Shore C or
greater, or 30 Shore C or greater, or 40 Shore C or
greater, or 50 Shore C or greater, or 55 Shore C or
greater, or 60 Shore C or greater, or 65 Shore C or
greater, or 70 Shore C or greater, or 75 Shore or greater,
or 80 Shore C or greater, or 85 Shore C or greater, or 90
Shore C or greater, or an outer surface hardness of 20 or
250r300r35o0r40or45or50o0r55or60or65or70or
74 or 75 or 78 or 80 or 85 or 90 or 95 Shore C, or an outer
surface hardness within a range having a lower limit and
an upper limit selected from these values;

[0196] c) a negative hardness gradient, a zero hardness
gradient, or a positive hardness gradient of up to 45
Shore C;

[0197] d) anegative hardness gradient wherein the result
of subtracting the center Shore C hardness of the inner
core layer from the outer surface Shore C hardness of the
inner core layeris —1 or -3 or -5 or -7 or -10 or -13 or
-15 or -20 or =25 or =30 or -33 or -35 or is within a
range having a lower limit and an upper limit selected
from these values, such negative hardness gradient cores
being more fully disclosed, for example, in U.S. Pat.
Nos. 7,410,429, 7,537,529, and 7,537,530, the entire
disclosures of which are hereby incorporated herein by
reference;

[0198] e) a positive hardness gradient wherein the result
of subtracting the center Shore C hardness of the inner
core layer from the outer surface Shore C hardness of the
inner core layer is =1 or =3 or =5 or =6 or =8 or =10 or
=13 or =15 ortheresult of subtracting the center Shore C
hardness of the inner core layer from the outer surface
Shore C hardness of the inner core layeris 1 or 3 or 5 or
6or8orl0orl3orl5or20or25or30or3Sor40or
is within a range having a lower limit and an upper limit
selected from these values;

[0199] ) an overall compression of 100 or less, or 90 or
less, or 80 orless, or 70 or less, or 60 or less, or 50 or less,
or 40 or less, or 35 or less, or 30 or less, or less than 30,
or 20 or less, or a compression of 5 or 10 or 20 or 30 or
35 0r40 or 50 or 60 or 70 or 80 or 90 or 100 or 120, or a
compression having a lower limit and an upper limit
selected from these values;

[0200] g) is formed from a zero gradient rubber compo-
sition as disclosed, for example, in U.S. Pat. Nos. 7,537,
530 and 7,537,529, the entire disclosures of which are
hereby incorporated herein by reference; and
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[0201] h) is formed from a heterogeneous composition,
as disclosed herein, and has a zero hardness gradient, or
a positive or negative hardness gradient wherein the
difference between the center Shore C hardness of the
inner core layer and the outer surface Shore C hardness
of the inner core layer is 10 or less, or 8 or less, or 5 or
less, or 4 or less, and, optionally, the discrete particles
are present in the heterogeneous composition of the
inner core layer in an amount of 40 wt % or greater, or 50
wt % or greater, or 60 wt % or greater, based on the total
weight of the heterogeneous composition.

[0202] Each intermediate layer of TS/TP/TS cores of the
present invention has a thickness 0f0.005 or 0.010 or 0.020 or
0.025 0r 0.030 0r 0.035 or 0.040 or 0.045 or 0.050 or 0.060 or
0.070 or 0.080 or 0.090 or 0.100 or 0.150 or 0.200 inches, or
a thickness within a range having a lower limit and an upper
limit selected from these values.

[0203] Each intermediate layer optionally has one or more
of the following properties:

[0204] a) an outer surface hardness of 40 Shore C or
greater, or 60 Shore C or greater, or 70 Shore C or
greater, or 75 Shore C or greater, or 80 Shore C or
greater, or 85 Shore C or greater, or 89 Shore C or
greater, or 90 Shore C or greater, or 95 Shore C or
greater, or an outer surface hardness of 40 or 45 or 50 or
550r60or 65 or 70 or 75 or 80 or 85 or 89 or 90 or 93 or
95 Shore C, or an outer surface hardness within a range
having a lower limit and an upper limit selected from
these values;

[0205] D) an outer surface hardness less than the center
hardness of the inner core layer, and, optionally less than
the outer surface hardness of the inner core layer, and,
optionally less than the outer surface hardness of the
outer core layer;

[0206] c) an outer surface hardness less than the outer
surface hardness of the inner core layer, and, optionally
less than the center hardness of the inner core layer, and,
optionally less than the outer surface hardness of the
outer core layer;

[0207] d) an outer surface hardness greater than the outer
surface hardness of the inner core layer and the outer
surface hardness of the outer core layer, and, optionally,
greater than the center hardness of the inner core layer;

[0208] e)anouter surface hardness greater than the outer
surface hardness of all other layers of the golf ball; and

[0209] 1) an outer surface hardness greater than the cen-
ter hardness of the inner core layer and the outer surface
hardness of the outer core layer.

[0210] In a particular embodiment, a core subassembly
consisting of an inner core layer and an intermediate core
layer has a compression of 70 or less, or 65 or less, or 60 or
less, or 55 or less, or 50 or less, or 40 or less, or 20 or less, or
a compression of 10 or 20 or 30 or 35 or 40 or 50 or 55 or 60
or 65 or 70 or 80 or 90, or a compression within a range having
a lower limit and an upper limit selected from these values.

[0211] The outer core layer of TS/TP/TS cores of the
present invention has a thickness 0f0.005 or 0.010 or 0.020 or
0.025 0r 0.030 0r 0.035 or 0.040 or 0.045 or 0.050 or 0.055 or
0.060 or 0.065 or 0.070 or 0.075 or 0.080 0r 0.100 or 0.150 or
0.170 0r 0.200 0r 0.225 0r 0.250 0r 0.275 or 0.300 or 0.325 or
0.350 inches, or a thickness within a range having a lower
limit and an upper limit selected from these values.
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[0212] The outer core layer optionally has one or more of
the following properties:

[0213] a) an outer surface hardness of 20 Shore C or
greater, or 25 Shore C or greater, or 30 Shore C or
greater, or 40 Shore C or greater, or 45 Shore C or
greater, or 50 Shore C or greater, or 55 Shore C or
greater, or 60 Shore C or greater, or 75 Shore C or
greater, or 80 Shore C or greater, or 85 Shore C or
greater, or 87 Shore C or greater, or 90 Shore C or
greater, or an outer surface hardness of 20 or 25 or 30 or
350r400r45or50or 55 or 60 or 65 or 70 or 75 or 80 or
82 or 85 or 89 or 90 or 92 or 93 or 95 Shore C, or an outer
surface hardness within a range having a lower limit and
an upper limit selected from these values;

[0214] D) an outer surface hardness greater than the outer
surface hardness of the inner core layer;

[0215] c¢) an outer surface hardness less than the outer
surface hardness of the inner core layer;

[0216] d) an outer surface hardness greater than the cen-
ter hardness of the inner core layer; and

[0217] e) is formed from a rubber composition selected
from those disclosed in U.S. Pat. Nos. 7,537,530 and
7,537,529, the entire disclosures of which are hereby
incorporated herein by reference.

[0218] Each ofthe core layers has a specific gravity of 5.00
g/cm® or less, or 1.25 g/cm? or less, or 1.20 g/cm® or less, or
1.18 g/cm® or less, or 1.15 g/cm? or less, or a specific gravity
0f0.500r 0.90 0r 0.950r0.99 0r 1.00 or 1.05 0r 1.09 or 1.10
orl.1lorl.12o0r1.130r1.150r1.170r1.18 or1.19 or 1.25
or 1.30 or 1.40 or 1.50 or 5.00 g/cm?>, or a specific gravity
within a range having a lower limit and an upper limit selected
from these values. In a particular embodiment, the specific
gravity of the outer core layer is within 0.01 g/cm® of the
specific gravity of the intermediate core layer. In another
particular embodiment, the specific gravity of the outer core
layer is within 0.01 g/cm?® of the specific gravity of the inter-
mediate core layer, and is also within 0.01 g/cm® of the spe-
cific gravity of the inner core layer.

[0219] TS/TP/TS cores of the present invention have an
overall hardness gradient wherein the result of subtracting the
center Shore C hardness of the inner core layer from the outer
surface Shore C hardness of the outer core layer is 45 or 40 or
350r300r250r220r200r15or13orl10or8or6orSor3
orlorOor-lor-3or-5o0r-7o0r-100or-13 or -15 or -20
or =25 or is within a range having a lower limit and an upper
limit selected from these values.

[0220] TS/TP/TS cores of the present invention have an
overall coefficient of restitution (“COR”) at 125 {t/s of 0.750
or greater, or 0.775 or greater, or 0.780 or greater, or 0.782 or
greater, or 0.785 or greater, or 0.787 or greater, or 0.790 or
greater, or 0.795 or greater, or 0.798 or greater, or 0.800 or
greater, or 0.810 or greater, or 0.820 or greater, or 0.830 or
greater, or 0.840 or greater, or 0.850 or greater.

[0221] TS/TP/TS cores of the present invention have an
overall compression of less than 45, or less than 40, or less
than 35, or 30 or less, or less than 30, or less than 25, or less
than 20, or 15 or less, or less than 15, or 10 or less, or less than
10, or O or less, or less than 0. In another particular embodi-
ment, the multi-layer core has an overall compression of 40 or
60 or 70 or 80 or 85 or 90 or 100 or 105 or 110 or 115, or an
overall core compression within a range having a lower limit
and an upper limit selected from these values.

Jun. 23,2016

Prophetic Example

[0222] The examples below are for illustrative purposes
only. In no manner is the present invention limited to the
specific disclosures therein.

[0223] Heterogeneous compositions can be made by blend-
ing a matrix composition and a particle composition. The
matrix composition can comprise, for example:

[0224] 91 phr Buna CB 23, commercially available from
Lanxess Corporation;

[0225] 9 phr TP-301 transpolyisoprene, commercially
available from Kuraray Co., Ltd.;

[0226] 34 phr zinc diacrylate;

[0227] 1 phr Varox® 231 1,1-di(t-butylperoxy)3,3,5-tri-
methylcyclohexane, commercially available from RT
Vanderbilt Company, Inc.; and

[0228]

The particle composition can be, for example, ground flash
from production of the outer core of the 2013 model
ProV1x® golf ball.

[0229] Golf ball cores can then be formed by curing 1.57
inch spheres of the heterogenous compositions at 305-350° F.
for 5-15 minutes.

[0230] Center hardness, outer surface hardness, and hard-
ness at various distances from the center of each golf ball
center are then measured and the predicted results are
reported in Table 1 below.

19.6 phr zinc oxide.

TABLE 1
Center diameter (mm) 20 20 20 20
Center Hardness (JIS-C) 76.5 76.5 76.5 76.5
Surface Hardness (JIS-C) 80.5 80.5 80.5 80.5
Hardness at various distances from center (JIS-C)

2 mm from center 76.5 76.0 76.0 75.9

4 mm from center 76.7 76.7 77.4 77.0

6 mm from center 77.1 79.0 77.2 71.5

8 mm from center 71.5 714 76.7 71.6
10 mm from center 77.8 78.1 78.0 78.3
12 mm from center 71.6 714 77.8 71.6
14 mm from center 71.5 77.8 71.5 714
16 mm from center 78.1 78.3 77.1 78.1
18 mm from center 79.5 78.1 79.1 77.8

[0231] When numerical lower limits and numerical upper

limits are set forth herein, it is contemplated that any combi-
nation of these values may be used.

[0232] All patents, publications, test procedures, and other
references cited herein, including priority documents, are
fully incorporated by reference to the extent such disclosure is
not inconsistent with this invention and for all jurisdictions in
which such incorporation is permitted.

[0233] While the illustrative embodiments of the invention
have been described with particularity, it will be understood
that various other modifications will be apparent to and can be
readily made by those of ordinary skill in the art without
departing from the spirit and scope of the invention. Accord-
ingly, it is not intended that the scope of the claims appended
hereto be limited to the examples and descriptions set forth
herein, but rather that the claims be construed as encompass-
ing all ofthe features of patentable novelty which reside in the
present invention, including all features which would be
treated as equivalents thereof by those of ordinary skill in the
art to which the invention pertains.
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What is claimed is:

1. A golf ball comprising a core and a cover, wherein the
core comprises:

an inner core layer formed from a first thermoset compo-

sition and having a diameter of from 0.50 inches to 1.30
inches;

an intermediate core layer formed from a heterogeneous

composition and having a thickness of from 0.01 inches
to 0.20 inches; and
an outer core layer formed from a second thermoset com-
position and having a thickness of from 0.10 inches to
0.25 inches;

wherein the heterogeneous composition of the intermedi-
ate core layer comprises a matrix formed from a first
thermoplastic composition and discrete particles of a
second thermoplastic composition dispersed within the
matrix, the second thermoplastic composition having a
melting point above the processing temperature of the
first thermoplastic composition.

2. The golf ball of claim 1, wherein the discrete particles
have a particle size of 0.037 mm or greater.

3. The golf ball of claim 1, wherein the discrete particles
are present in the heterogeneous composition in an amount of
10 wt % or greater, based on the total weight of the hetero-
geneous composition.

4. The golf ball of claim 1, wherein the second thermoplas-
tic composition has a specific gravity of 1.38 g/cm’ or less.

5. The golf ball of claim 1, wherein the first thermoplastic
composition comprises from 0 wt % to 50 wt %, based on the
total weight of the first thermoplastic composition, of an
ionomer.

6. A golf ball comprising a core and a cover, wherein the
core comprises:

an inner core layer formed from a first thermoset compo-

sition and having a diameter of from 0.50 inches to 1.30
inches;

an intermediate core layer formed from a heterogeneous

composition and having a thickness of from 0.01 inches
to 0.20 inches; and
an outer core layer formed from a second thermoset com-
position and having a thickness of from 0.10 inches to
0.25 inches;

wherein the heterogeneous composition of the intermedi-
ate core layer comprises a matrix formed from a ther-
moplastic composition and discrete particles of
crosslinked rubber dispersed within the matrix, wherein
the crosslinked rubber is selected from the group con-
sisting of polybutadiene, polyisoprene, ethylene propy-
lene rubber, styrene-butadiene rubber, styrenic block
copolymer rubbers, butyl rubber, halobutyl rubber, poly-
styrene elastomers, polyethylene elastomers, polyure-
thane elastomers, polyurea elastomers, copolymers of
isobutylene and para-alkylstyrene, halogenated copoly-
mers of isobutylene and para-alkylstyrene, acrylonitrile
butadiene rubber, polychloroprene, alkyl acrylate rub-
ber, chlorinated isoprene rubber, acrylonitrile chlori-
nated isoprene rubber, polyalkenamer, and combina-
tions of two or more thereof.

7. The golf ball of claim 6, wherein the discrete particles
have a particle size of from 0.074 mm to 2.38 mm.

8. The golf ball of claim 6, wherein the discrete particles
are present in the heterogeneous composition in an amount of
from 10 wt % to 40 wt %, based on the total weight of the
heterogeneous composition.
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9. The golf ball of claim 6, wherein the thermoplastic
composition of the matrix comprises from 0 wt % to 50 wt %,
based on the total weight of the thermoplastic composition, of
an ionomer.

10. The golf ball of claim 6, wherein the thermoplastic
composition of the matrix comprises greater than 50 wt %,
based on the total weight of the thermoplastic composition, of
a non-ionomeric base resin selected from one or more E/X/
Y-type acid copolymers of ethylene, an o.,-unsaturated car-
boxylic acid, and optionally a softening comonomer,

11. A golf ball comprising a core and a cover, wherein the
core comprises:

an inner core layer formed from a first thermoset compo-

sition and having a diameter of from 0.50 inches to 1.30
inches;

an intermediate core layer formed from a thermoplastic

composition and having a thickness of from 0.01 inches
to 0.20 inches; and
an outer core layer formed from a second thermoset com-
position and having a thickness of from 0.10 inches to
0.25 inches;

wherein at least one of the first thermoset composition and
the second thermoset composition is a heterogeneous
composition, the heterogeneous composition compris-
ing a matrix formed from a thermosetting polymer com-
position and discrete particles of a thermoplastic poly-
mer composition dispersed within the matrix, the
thermoplastic polymer composition having a melting
point above the curing temperature of the thermosetting
polymer composition.

12. The golf ball of claim 11, wherein the discrete particles
have a maximum particle size of 0.900 mm.

13. The golf ball of claim 11, wherein the discrete particles
are present in the heterogeneous composition in an amount of
20 wt % or greater, based on the total weight of the hetero-
geneous composition.

14. The golf ball of claim 11, wherein first thermoset com-
position is a heterogeneous composition, and wherein the
discrete particles are present in the heterogeneous composi-
tion in an amount of 40 wt % or greater, based on the total
weight of the heterogeneous composition.

15. The golf ball of claim 14, wherein the inner core layer
has a zero hardness gradient, a positive hardness gradient of 4
Shore C or less, or a negative hardness gradient of 4 Shore C
or less.

16. The golf ball of claim 11, wherein the difference in the
specific gravity of the thermosetting polymer composition
and the specific gravity of the thermoplastic polymer compo-
sition of the discrete particles is at least 0.13 g/cm>.

17. The golf ball of claim 11, wherein the thermoplastic
polymer composition of the discrete particles is selected from
the group consisting of non-ionomeric acid copolymers,
polyether amides, polyester amides, polyimides, polysty-
renes, polyethylenes, polypropylenes, rubber-toughened
polyolefins, styrenic copolymers and styrenic block copoly-
mers, dynamically vulcanized elastomers, ethylene vinyl
acetates, ethylene (meth)acrylate based polymers, ethylene
elastomers, propylene elastomers, ethylene propylene rubber,
ethylene-propylene-diene rubber, polyvinyl chlorides, poly-
tetrafluoroethylene, functionalized derivatives thereof, and
combinations of two or more thereof.

18. A golf ball comprising a core and a cover, wherein the
core comprises:
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an inner core layer formed from a first thermoset compo-
sition and having a diameter of from 0.50 inches to 1.30
inches;

an intermediate core layer formed from a thermoplastic

composition and having a thickness of from 0.01 inches
to 0.20 inches; and
an outer core layer formed from a second thermoset com-
position and having a thickness of from 0.10 inches to
0.25 inches;

wherein at least one of the first thermoset composition and
the second thermoset composition is a heterogeneous
composition, the heterogeneous composition compris-
ing a matrix formed from a thermosetting polymer com-
position and discrete particles dispersed within the
matrix, the discrete particles being formed from a
crosslinked rubber composition having a Shore D hard-
ness of 65 or greater.

19. The golf ball of claim 18, wherein the crosslinked
rubber composition of the discrete particles has a Shore D
hardness of 70 or greater.

20. The golf ball of claim 18, wherein the crosslinked
rubber composition of the discrete particles has a Shore D
hardness of 90 or greater.

21. The golf ball of claim 18, wherein the thermosetting
polymer composition of the matrix is selected from the group
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consisting of ethylene propylene rubbers, ethylene-propy-
lene-diene rubbers, styrene-butadiene rubbers, butyl rubbers,
halobutyl rubbers, acrylonitrile butadiene rubbers, polychlo-
roprenes, alkyl acrylate rubbers, chlorinated isoprene rub-
bers, acrylonitrile chlorinated isoprene rubbers, polyalk-
enamers, phenol formaldehydes, melamine formaldehydes,
polyepoxides, polyimides, polysiloxanes, alkyds, polyiso-
cyanurates, polycyanurates, polyacrylates, and combinations
of two or more thereof.

22. The golf'ball of claim 18, wherein the discrete particles
are present in the heterogeneous composition in an amount of
40 wt % or greater, based on the total weight of the hetero-
geneous composition.

23. The golfball of claim 18, wherein first thermoset com-
position is a heterogeneous composition, and wherein the
discrete particles are present in the heterogeneous composi-
tion in an amount of 40 wt % or greater, based on the total
weight of the heterogeneous composition.

24. The golf ball of claim 23, wherein the inner core layer
has a zero hardness gradient, a positive hardness gradient of 4
Shore C or less, or a negative hardness gradient of 4 Shore C
or less.



