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(57) ABSTRACT 

A golfball incorporates nanofiller material in its core, cover, 
or intermediate layers. Also, a method includes a step of 
blending into a composition for a golf ball nanocomposite 
material, nanofiller material or both. The nanocomposite and/ 
or nanofiller materials impart favorable properties to materi 
als used for golfballs, and they provide for greater versatility 
in usage than materials previously used. Particular composi 
tions incorporating nanocomposite material also are 
described as Suited for use in golfball compositions. 
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GOLF BALLS INCORPORATING 
NANOFILLERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a continuation-in-part of U.S. application 
Ser. No. 09/627,591, filed on Jul. 28, 2000, the entire contents 
of which are herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 This invention relates generally to golf ball compo 
sitions and methods for making golfballs from these compo 
sitions. The compositions are formulated to optimize the golf 
balls performance properties. 
0003 Golfballs generally comprise a core and at least one 
cover layer Surrounding the core. Balls can be classified as 
two-piece, multi-layer, or wound balls. Two-piece balls 
include a spherical inner core and an outer cover layer. Multi 
layer balls include a core, a cover layer, and one or more 
intermediate layers. Wound balls include a core, a rubber 
thread wound under tension around the core to a desired 
diameter, and a cover layer, typically of balata material. Gen 
erally, two-piece balls have good ball distance when hit and 
durability, but poor “feel the overall sensation transmitted 
to the golfer while hitting the ball—and low spin rate, which 
results in poor ball control. Woundballs having balata covers 
generally have high spin rate, leading to good control, and 
good feel, but they have short distance and poor durability in 
comparison to two-piece balls. Multi-layer balls generally 
have performance characteristics between those of two-piece 
and woundballs; that is, multi-layer balls exhibit distance and 
durability inferior to two-piece balls but superior to wound 
balata balls, and they exhibit feel and spin rate inferior to 
wound balata balls but superior to two-piece balls. 
0004 Material characteristics of the compositions used in 
the core, cover, and any intermediate layers are among the 
important factors that determine the performance of the 
resulting golfballs. In particular, the composition of the core 
is important in determining the core's coefficient of restitu 
tion (C.O.R.) and compression ratios, which are important 
factors in determining the ball's speed. Further, the compo 
sition of intermediate layers in multi-layer balls is important 
in determining the ball's spin rate and controllability. Finally, 
the composition of the coverlayeris important in determining 
the ball's durability, scuff resistance, speed, shear resistance, 
spin rate, “click” (the sound made by a golf club head when it 
hits the ball), and feel. 
0005 Various materials having different physical proper 

ties are used to make core, cover and intermediate layers to 
create a ball having the most desirable performance possible. 
For example, many modern cover and intermediate golfball 
layers are made using soft or hard ionomeric resins, elasto 
meric resins, or blends of these. Ionomeric resins used gen 
erally are ionic copolymers of an olefin and a metal salt of a 
unsaturated carboxylic acid, or ionomeric terpolymers hav 
ing a co-monomer within its structure. These resins vary in 
resiliency, flexural modulus, and hardness. Examples of these 
resins include those marketed under the name SURLYN 
manufactured by E.I. duPont de Nemours Company of Wilm 
ington, Del., and IOTEK manufactured by ExxonMobil Cor 
poration of Irving, Texas. Elastomeric resins used in golfballs 
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include a variety of thermoplastic or thermoset elastomers 
available. Ball cores generally are made from polybutadiene 
rubbers. 
0006 Each of the materials discussed above has particular 
characteristics that can lead to good golf ball properties. 
However, one material generally cannot optimize all of the 
important properties of a golf ball. Properties such as feel, 
spin rate, resilience, and durability all are of importance, but 
improvement of one of these properties by use of a particular 
material often can lead to worsening of another. For example, 
ideally, a golfball cover should have low hardness, high spin 
rate, and good feel, without sacrificing ball speed, distance, or 
durability. Such a cover would be difficult to make using only 
an ionomer resin having a high flexural modulus, because the 
resulting cover, while having good distance and durability, 
also will have poor feel and low spin rate, leading to reduced 
controllability of the ball. 
0007 To try to improve golf ball properties, some of the 
materials discussed above can be blended to produce golfball 
cores, intermediate layers, or cover layers. As discussed 
above, ideally a golf ball cover should provide a proper spin 
rate and good feel, without sacrificing the ball's distance and 
durability. Therefore, an ionomer having a high flexural 
modulus often is combined in a cover composition with an 
ionomer or elastomer having a low flexural modulus. The 
resulting intermediate-modulus blend will have acceptable 
hardness, spin, and durability. In addition to the above mate 
rials, golfball compositions also can include various fillers, 
fibers, colorants, and processing aids to impart additional 
desirable mechanical or cosmetic properties to the golf ball. 
An example of use of fibers in an intermediate layer of a golf 
ball is described in U.S. Pat. No. 6,012,991 to Kim et al. The 
fiber material described in that patent is added to intermediate 
layer compositions to enhance their hardness. 
0008. However, even with blending of materials to 
improve properties, use of the materials discussed above is 
not completely satisfactory. Improving one characteristic can 
lead to worsening another. For example, blending an ionomer 
having a high flexural modulus with an ionomer having a low 
flexural modulus can lead to reduced resilience and durability 
compared to use of the high-modulus ionomer alone. In gen 
eral, it is difficult to make a material for an intermediate or 
cover layer for a golf ball that has low hardness, good feel, 
high speed, high resilience, and good shear durability. Similar 
difficulties exist in optimizing ball core properties. 
0009. In view of the above, it is apparent that materials are 
needed for use in making golfballs that allow the optimiza 
tion of many ball performance properties without the wors 
ening of other properties. The material also preferably should 
provide little or no added processing difficulties. The present 
invention fulfills this need and other needs, and provides 
further related advantages. 

SUMMARY OF THE INVENTION 

0010. The present invention is embodied in a golf ball 
including a core, an outer cover layer and, optionally, one or 
more intermediate layers between the outer cover and the 
core, and wherein one or more of the core, outer cover layer, 
or intermediate layers, includes a mixture of a thermoplastics 
or thermoset matrix polymer and combinations thereof and 
one or more nanofillers substantially dispersed in the thermo 
plastic or thermoset matrix polymer. 
0011 More particularly, the nanofiller is present in the 
thermoplastic or thermoset polymer in an amount of about 
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0.1% to 20%, preferably from 0.1% to 15%, even more pref 
erably from about 0.1% to 10%, and most preferably from 
about 0.5% to 5% by weight. 
0012 Even more particularly, the nanofiller is dispersed in 
the thermoplastic or thermoset matrix polymer in an interca 
lated or exfoliated manner. 
0013. In a more detailed feature of the invention the nano 

filler comprises particles of inorganic material having a larg 
est dimension that is about one micron or less and that is at 
least an order of magnitude greater than Such particle's Small 
est dimension. 
0014. In a further feature of the invention the thermoplas 

tic matrix polymer, if present, is selected from the group 
consisting of polyamide, ionomer, polycarbonate, thermo 
plastic polyurethane, polystyrene, polyoctenylene, fluo 
ropolymer, polyamide, polyamide elastomer, polyester elas 
tomer, polyester, polyolefin, ethylene copolymers with 
(meth)acrylic acid, ethylene terpolymers with (meth)acrylic 
acid and (meth)acrylate esters, thermoplastic elastomer, ther 
moplastic Vulcanizate, epoxy resin, and mixtures thereof; or 
the thermoset matrix polymer, if present, is selected from the 
group consisting of thermoset polyurethane, epoxy resin, and 
mixtures thereof. 
00.15 More particularly if the thermoplastic elastomer is a 
block copolymer, it includes a first polymer block comprising 
an aromatic vinyl compound; and a second polymer block 
comprising a conjugated diene compound. 
0016. More particularly if the thermoplastic elastomer is 
the hydrogenation product of a block copolymer, it includes a 
first polymer block comprising an aromatic vinyl compound; 
a second polymer block comprising a conjugated diene com 
pound; and a functional group located at a terminal block 
copolymer. 
0017 Even more particularly if the thermoplastic elas 
tomer is the hydrogenation product of a block copolymer, it 
includes polymer end blocks comprising an aromatic vinyl 
compound; a middle polymer block comprising a conjugated 
diene compound; and hydroxyl groups located at a terminal 
block copolymer. 
0018. In another embodiment of the present invention the 
thermoplastic elastomer may be blended with a polymer 
selected from the group consisting of polyamide, polyamide 
elastomer, polyurethane, ionomer, polyolefin, ethylene 
copolymers with (meth)acrylic acid ethylene terpolymers 
with (meth)acrylic acid and (meth)acrylate esters, and com 
binations thereof. 
0019 More particularly the nanofiller includes a clay, and 
even more particularly the clay is selected from the group 
consisting of hydrotalcite, montmorillonite, phyllosilicate, 
saponite, hectorite, beidellite, Stevensite, vermiculite, hal 
loysite, mica, micafluoride; and octosilicate. 
0020. In another embodiment of the present invention the 
golfball core includes an inner core; and an outer core encas 
ing the inner core. 
0021. In another embodiment of the present invention the 
golfball core includes a material in liquid form. 
0022. In another embodiment of the present invention the 
golfball core further includes, a layer of rubber threadlocated 
between the core and a cover layer. 
0023. In another embodiment of the present invention the 
golf ball core is from about 0.8 to about 1.62 inches in diam 
eter, has a specific gravity from about 1.0 to 1.3, or has an Atti 
compression from about 30 to 100, and/or a hardness from 
about 20 to about 80 Shore D. 
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0024. In further embodiments of the present invention, the 
golf ball cover has a thickness of about 0.020 to about 0.10 
inch, and/or a hardness as measured on the ball from about 40 
to about 80 Shore D, and/or a specific gravity from about 0.90 
to about 1.25. 
0025. In another embodiment of the present invention the 
golf ball compression is from about 70 to about 100. 
0026. In another embodiment of the present invention the 
golfball includes a core, at least one intermediate layer over 
the core; and an outer cover layer; and where at least one of 
the core, the at least one intermediate layer, or the outer cover 
layer includes a thermoplastic or thermoset matrix polymer; 
and one or more nanofillers which is Substantially dispersed 
in the matrix polymer. 
0027 More particularly, the golf ball core is from about 
0.8 to about 1.55 inches in diameter, and/or has a specific 
gravity from about 1.0 to 1.3, and/or has an Atticompression 
from about 30 to 100, and/or has a hardness from about 20 to 
about 80 Shore D. 
0028. Also, the golf ball outer cover layer has a thickness 
of from about 0.020 to about 0.10 inch, and/or a hardness as 
measured on the ball of from about 40 to about 80 Shore D, 
and/or a specific gravity from about 0.90 to about 1.25. 
0029. Also, at least one intermediate layer is from about 
0.020 to about 0.30 inch thick, and/or has a material hardness 
from about 35 to about 80 Shore D, and/or has a specific 
gravity of 0.90 to about 1.20. 
0030. In another embodiment, at least one of the outer 
cover layer and the at least one intermediate layer comprises 
ionomer, thermoplastic elastomer, thermoplastic Vulcanizate, 
polyamide, or mixtures thereof. 
0031. In another embodiment, at least one of the outer 
cover layer and the at least one intermediate layer comprises 
an ionomer containing fatty acid or the metal salts thereof. 
0032. In another embodiment, at least one of the outer 
cover layer and the at least one intermediate layer comprises 
a bimodal ionomer. 
0033. In another embodiment, at least one of the outer 
cover layer and the at least one intermediate layer comprises 
thermoplastic or thermoset polyurethane. 
0034. In another embodiment, the core composition com 
prises an unsaturated polymer Such as 1.2-polybutadiene, 
cis-1,4-polybutadiene, trans-1,4-polybutadiene, cis-polyiso 
prene, polyoctenylene, trans-polyisoprene, polychloroprene, 
polybutylene, styrene-butadiene rubber, block copolymer of 
styrene and butadiene, block copolymer of Styrene and iso 
prene, nitrile rubber, silicone rubber, polyurethane, and mix 
tures thereof. 
0035. In another embodiment, the core composition fur 
ther comprises a cross-linking agent. 
0036 Further the core composition includes from about 
0.05 parts to about 5 parts by weight, preferably from about 
0.25 parts to about 2 parts by weight of the cross-linking agent 
per 100 parts by weight of the unsaturated polymer. 
0037. Further, the cross-linking agent comprises organic 
peroxide, inorganic peroxide, or mixtures thereof. 
0038 More particularly, the cross-linking agent com 
prises at least one organic peroxide. 
0039 Even more particularly the cross-linking agent com 
prises at least one organic peroxide with a T at /10 hour less 
than 150 deg C. and at least one organic peroxide with a T2 
at /10 hour greater than 150 deg C. 
0040. In another embodiment, the core composition fur 
ther comprises one or more peptizers. 
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0041 Further, the core composition includes greater than 
about 0.1 parts by weight, preferably greater than about 0.5 
part by weight of the peptizer per 100 parts by weight of the 
unsaturated polymer. 
0042. More particularly, the peptizer is selected from a 
group consisting of pentachlorothiophenol, a metal salt of 
pentachlorothiophenol, a non-metal salt of pentachlo 
rothiophenol, and dibenzamidodiphenyldisulfide. 
0043. Even more particularly the peptizer is selected from 
a group consisting of an amine salt of pentachlorothiophenol, 
an ammonium salt of pentachlorothiophenol, and mixtures 
thereof. 
0044. In another embodiment, the core composition fur 
ther comprises an accelerator. 
0045. Further, the core composition includes from about 
0.1 part to about 10 parts by weight of the accelerator per 100 
parts by weight of the unsaturated polymer, and wherein the 
accelerator is selected from a group consisting of 2-mercap 
tobenzothiazole, a salt of 2-mercaptobenzothiazole and com 
binations thereof. 
0046. In another embodiment, the core composition fur 
ther comprises an ingredient selected from a group consisting 
of UV stabilizers, photo stabilizers, antioxidants, colorants, 
dispersants, mold releasing agents, processing aids, and fill 
CS. 

0047 More particularly, when the ingredient is a filler it 
selected from Zinc oxide, tungsten, barium sulfate, and mix 
tures thereof. 

0048. In another embodiment, the core composition fur 
ther comprises a co-cross linking agent selected from a group 
consisting of an unsaturated carboxylic acid, a metal salt of 
the unsaturated carboxylic acid, and mixtures thereof. 
0049 Further, the composition includes from about 20 
parts to about 60 parts by weight of the a co-cross linking 
agent per 100 parts by weight of the unsaturated polymer. 
0050. Further, the golf ball has a compression from about 
70 to about 100. 
0051. In another embodiment, the core of the golfballs of 
the present invention include a center and one or more layers 
disposed around the center and wherein the difference 
between a hardness of one layer and the next adjacent layer is 
greater than 2, preferably greater than 5, most preferably 
greater than 10 units of Shore D. 
0052 Further, the hardness may increases or decrease out 
wards form core to outer core layer. 
0053. In another embodiment, the present invention 
includes a method for making a composition for use in golf 
balls, including a step of mixing a nanofiller with a polymer; 
where the nanofiller is present in an amount of about 0.1 part 
to about 10 parts by weight per 100 parts by weight of the 
polymer(s), preferably the nanofiller is present in an amount 
of from about 0.1% to 20% by weight, more preferably 0.1% 
to 15% by weight, even more preferably from about 0.1% to 
10% by weight, and most preferably from about 0.5% to 5% 
by weight, and is substantially dispersed in the polymer. 
0054. In another embodiment of the method of the present 
invention, the nanofiller is intercalated or exfoliated within 
the polymer. 
0055. In another embodiment of the method of the present 
invention, the nanofiller comprises particles of inorganic 
material, wherein each particle has a largest dimension that is 
about one micron or less and that is at least an order of 
magnitude greater than Such particle's Smallest dimension. 
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0056. In another embodiment of the method of the present 
invention, the polymer is selected from the group consisting 
of polyamide, ionomer, polycarbonate, polyurethane, poly 
styrene, fluoropolymer, polyamide elastomer, polyester elas 
tomer, polyester, polyolefin including ethylene copolymers 
with (meth)acrylic acid and (meth)acrylate esters, thermo 
plastic elastomer, thermoplastic Vulcanizate, and epoxy resin, 
and mixtures thereof. 
0057. In another embodiment of the method of the present 
invention, the particles of nanofiller include an inorganic 
material consisting mainly of clay. 
0058. Further the clay is selected from the group consist 
ing of hydrotalcite, montmorillonite, phyllosilicate, Saponite, 
hectorite, beidellite, Stevensite, vermiculite, halloysite, mica, 
micafluoride, and octosilicate. 
0059. In another embodiment of the method of the present 
invention, the nanofiller is added to the polymer using a 
concentrate or nanocomposite. 
0060. Other features and advantages of the present inven 
tion should become apparent from the following detailed 
description of the preferred embodiments. 

DESCRIPTION OF THE FIGURES 

0061 FIG. 1 is a representation of the various dispersion 
levels for nanofiller in polymers. Undispersed, intercalated, 
and exfoliated nanofiller dispersions are represented. 
0062 FIG. 2 is a cross-sectional view of a golf ball 12, 
having a core 18, an intermediate cover layer 28, and an outer 
cover layer 24. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0063 Any numerical values recited herein include all val 
ues from the lower value to the upper value in increments of 
one unit provided that there is a separation of at least 2 units 
between any lower value and any higher value. As an 
example, if it is stated that the amount of a component or a 
value of a process variable is from 1 to 90, preferably from 20 
to 80, more preferably from 30 to 70, it is intended that values 
such as 15 to 85, 22 to 68, 43 to 51, 30 to 32 etc. are expressly 
enumerated in this specification. For values, which have less 
than one unit difference, one unit is considered to be 0.1, 0.01, 
0.001, or 0.0001 as appropriate. Thus all possible combina 
tions of numerical values between the lowest value and the 
highest value enumerated herein are said to be expressly 
stated in this application. 
0064. The term “(meth)acrylic acid is intended to mean 
methacrylic acid and/or acrylic acid. 
0065. The term “(meth)acrylate' is intended to mean an 
ester of methacrylic acid and/or acrylic acid. 
0066. The term “partially neutralized' is intended to mean 
an ionomer with a degree of neutralization of less than 100 
percent. 
0067. The term “hydrocarbyl is intended to mean any 
aliphatic, cycloaliphatic, aromatic, aryl Substituted aliphatic, 
aryl Substituted cycloaliphatic, aliphatic Substituted aro 
matic, or cycloaliphatic Substituted aromatic groups. The ali 
phatic orcycloaliphatic groups are preferably saturated. Like 
wise, the term “hydrocarbyloxy' means a hydrocarbyl group 
having an oxygen linkage between it and the carbon atom to 
which it is attached. 

0068. As used herein, the term “core' is intended to mean 
the elastic center of a golfball. The core may have one or more 
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layers of elastic material, which are usually made of rubbery 
material such as diene rubbers. 

0069. The term “cover layer is intended to mean any 
layer(s) in a golf ball disposed over the core. In a two-piece 
ball the core is covered by one cover layer. In a multi-layer 
ball, there may be several cover layers around the core. In a 
multi-layer ball the layers between the outermost cover layer 
and the core may also be referred to as intermediate or mantle 
layers. 
0070. As used herein, the term “matrix polymer is 
intended to mean a polymer to which a nanofiller is added and 
in which the nanofiller is dispersed. 
(0071. The term “bimodal polymer” refers to a polymer 
comprising two main fractions and more specifically to the 
form of the polymers molecular weight distribution curve, i.e. 
the appearance of the graph of the polymer weight fraction as 
function of its molecular weight. When the molecular weight 
distribution curves from these fractions are Superimposed 
into the molecular weight distribution curve for the total 
resulting polymer product, that curve will show two maxima 
or at least be distinctly broadened in comparison with the 
curves for the individual fractions. Such a polymer product is 
called bimodal. It is to be noted here that also the chemical 
compositions of the two fractions may be different. 
0072 Similarly the term “unimodal polymer refers to a 
polymer comprising one main fraction and more specifically 
to the form of the polymers molecular weight distribution 
curve, i.e. the molecular weight distribution curve for the total 
polymer product shows only a single maximum. 
0073. The present invention is embodied in a golf ball 
incorporating nanofillers and a method of manufacture of 
Such a ball. Nanofillers are nanometer-scale inorganic rein 
forcing particles, generally made of clay, having a high rela 
tive surface area because of their plate-like structure. The 
present invention is embodied in the use of nanofiller blended 
into materials conventionally used in making golf balls. 
0074 Inorganic nanofiller material generally is made of 
clay, Such as hydrotalcite, phyllosilicate, Saponite, hectorite, 
beidellite, Stevensite, Vermiculite, halloysite, mica, montmo 
rillonite, micafluoride, or octosilicate. To facilitate incorpo 
ration of the nanofiller material into the polymer material, 
either in preparing nanocomposite materials or in preparing 
polymer-based golfball compositions, the clay particles gen 
erally are coated or treated by a Suitable compatibilizing 
agent or coupling agent. The compatibilizing or coupling 
agent allows for Superior linkage between the inorganic and 
organic material, and also can account for the hydrophilic 
nature of the inorganic nanofiller material and the possibly 
hydrophobic nature of the polymer. Compatibilizing or cou 
pling agents may exhibit a variety of different structures 
depending upon the nature of both the inorganic nanofiller 
material and the target matrix polymer. Non-limiting 
examples include hydroxy-, thiol-, amino-, epoxy-, carboxy 
lic acid-, ester-, amide-, and siloxy-group containing com 
pounds, oligomers or polymers. The nanofiller materials can 
be incorporated into the polymer either by dispersion into the 
particular monomer or oligomer prior to polymerization, or 
by melt compounding of the particles into the matrix polymer. 
Examples of commercial nanofillers are various Cloisite 
grades including 10A, 15A, 20A, 25A, 30B, and NA+ of 
Southern Clay Products (Gonzales, Tex.) and the Nanomer 
grades including 1.24TL and C.30EVA of Nanocor, Inc. (Ar 
lington Heights, Ill.). 
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0075. As mentioned above, the nanofiller particles have an 
aggregate structure with the aggregates particle sizes in the 
micron range and above. However, these aggregates have a 
stacked plate structure with the individual platelets being 
roughly 1 nanometer (nm) thick and 100 to 1000 nm across. 
As a result, nanofillers have extremely high Surface area, 
resulting in high reinforcement efficiency to the material at 
low loading levels of the particles. The sub-micron-sized 
particles enhance the stiffness of the material, without 
increasing its weight or opacity and without reducing the 
material's low-temperature toughness. 
0076. As shown in FIG. 1, nanofillers when added into a 
matrix polymer can be mixed in three ways. In one type of 
mixing there is dispersion of the aggregate structures within 
the matrix polymer, but on mixing no interaction of the matrix 
polymer with the aggregate platelet structure occurs, and thus 
the Stacked platelet structure is essentially maintained. As 
used herein, this type of mixing is defined as “undispersed'. 
0077. However, if the nanofiller material is selected cor 
rectly, the matrix polymerchains can penetrate into the aggre 
gates and separate the platelets, and thus when viewed by 
transmission electron microscopy or X-ray diffraction, the 
aggregates of platelets are expanded. At this point the nano 
filler is said to be substantially evenly dispersed within and 
reacted into the structure of the matrix polymer. This level of 
expansion can occur to differing degrees. If small amounts of 
the matrix polymer are layered between the individual plate 
lets then, as used herein, this type of mixing is known as 
“intercalation'. 
0078. In some case, further penetration of the matrix poly 
merchains into the aggregate structure separates the platelets, 
and leads to a complete breaking up of the platelet's stacked 
structure in the aggregate and thus when viewed by TEM, the 
individual platelets are thoroughly mixed throughout the 
matrix polymer. As used herein, this type of mixing is known 
as “exfoliated. An exfoliated nanofiller has the platelets fully 
dispersed throughout the polymer matrix; the platelets may 
be dispersed unevenly but preferably are dispersed evenly. 
0079 While not wishing to be limited to any theory, one 
possible explanation of the differing degrees of dispersion of 
such nanofillers within the matrix polymer structure is the 
effect of the compatibilizer surface coating on the interaction 
between the nanofiller platelet structure and the matrix poly 
mer. By careful selection of the nanofiller it is possible to vary 
the penetration of the matrix polymer into the platelet struc 
ture of the nanofiller on mixing. Thus, the degree of interac 
tion and intrusion of the polymer matrix into the nanofiller 
controls the separation and dispersion of the individual plate 
lets of the nanofiller within the polymer matrix. This interac 
tion of the polymer matrix and the platelet structure of the 
nanofiller is defined herein as the nanofiller “reacting into the 
structure of the polymer and the subsequent dispersion of the 
platelets within the polymer matrix is defined herein as the 
nanofiller “being substantially evenly dispersed within the 
structure of the polymer matrix. 
0080. If no compatibilizer is present on the surface of a 

filler Such as a clay, or if the coating of the clay is attempted 
after its addition to the polymer matrix, then the penetration 
of the matrix polymer into the nanofiller is much less efficient, 
very little separation and no dispersion of the individual clay 
platelets occurs within the matrix polymer. 
I0081. As used herein, a "nanocomposite' is defined as a 
polymer matrix having nanofiller intercalated or exfoliated 
within the matrix. Physical properties of the polymer will 
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change with the addition of nanofiller and the physical prop 
erties of the polymer are expected to improve even more as the 
nanofiller is dispersed into the polymer matrix to form a 
nanocomposite. 
0082 Materials incorporating nanofiller materials can 
provide these property improvements at much lower densities 
than those incorporating conventional fillers. For example, a 
nylon-6 nanocomposite material manufactured by RTP Cor 
poration of Wichita, Kansas uses a 3% to 5% clay loading and 
has a tensile strength of 11,800 psi and a specific gravity of 
1.14, while a conventional 30% mineral-filled material has a 
tensile strength of 8,000 psi and a specific gravity of 1.36. 
Because use of nanocomposite materials with lower loadings 
of inorganic materials than conventional fillers provides the 
same properties, this use allows products to be lighter than 
those with conventional fillers, while maintaining those same 
properties. 
0083 Nanocomposite materials are materials incorporat 
ing from about 0.1% to about 20%, preferably from about 
0.1% to about 15%, and most preferably from about 0.1% to 
about 10% of nanofiller reacted into and substantially dis 
persed through intercalation or exfoliation into the structure 
of an organic material. Such as a polymer, to provide strength, 
temperature resistance, and other property improvements to 
the resulting composite. Descriptions of particular nanocom 
posite materials and their manufacture can be found in U.S. 
Pat. No. 5,962,553 to Ellsworth, U.S. Pat. No. 5,385,776 to 
Maxfield et al., and U.S. Pat. No. 4,894,411 to Okada et al. 
Examples of nanocomposite materials currently marketed 
include M1030D, manufactured by Unitika Limited, of 
Osaka, Japan, and 1015C2, manufactured by UBEAmerica 
of New York, N.Y. 
0084. When nanocomposites are blended with other poly 
mer systems, the nanocomposite may be considered a type of 
nanofiller concentrate. However, a nanofiller concentrate 
may be more generally a polymer into which nanofiller is 
mixed; a nanofiller concentrate does not require that the nano 
filler has readted and/or dispersed evenly into the carrier 
polymer. 
0085. The organic materials used in the present invention, 
either as the organic component of the nanocomposite mate 
rial, or as the matrix polymer material to which nanofiller is 
added, can be thermoset orthermoplastic resins. Examples of 
Suitable thermoset resins include polybutadiene, polyiso 
prene, silicone rubber, polyurethane, and epoxy. Examples of 
Suitable thermoplastic resins include both non-ionomeric and 
ionomeric resins. 
I0086. Additional examples of suitable thermoplastic res 
ins include polyamide, copolyamide, polyester, copolyester, 
polycarbonate, polyolefin (including polyoctenylene, avail 
able under the tradename Verstenamer(R) from Degussa), eth 
ylene copolymers with (meth)acrylic acid and (meth)acrylate 
esters, polyphenylene oxide, polyphenylene Sulfide, polyim 
ide, polystyrene, polyvinyl chloride, polyurethane, thermo 
plastic elastomer, thermoplastic Vulcanizates and fluoropoly 
mer. Examples of Suitable elastomers include polyester 
thermoplastic urethane, polyether thermoplastic urethane, 
copolyetherester elastomer, copolyesterester elastomer, 
polyamide elastomer, olefinic elastomer, ethylene-vinyl 
acetate copolymers, rubber-based copolymer, cyclic olefin 
copolymer, and olefinic thermoplastic elastomer. Examples 
of olefinic thermoplastic elastomers include metallocene 
catalyzed polyolefins, ethylene-octene copolymer, ethylene 
butene copolymer, and ethylene-propylene copolymers all 
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with or without controlled tacticity as well as blends of poly 
olefins having ethyl-propylene-non-conjugated diene ter 
polymer, rubber-based copolymer, and dynamically Vulca 
nized rubber-based copolymer. Examples of these include 
products sold under the trade names SANTOPRENE, 
DYTRON, VISAFLEX, and VYRAM by Advanced Elasto 
meric Systems of Houston, Tex., and SARLINK by DSM of 
Haarlen, the Netherlands. 
I0087. Examples of rubber-based copolymers include 
multiblock rubber-based copolymers, particularly those in 
which the rubber block component is based on butadiene, 
isoprene, or ethylene/butylene. The non-rubber repeating 
units of the copolymer may be derived from any suitable 
monomers, including methacrylate) esters, such as methyl 
methacrylate and cyclohexylmethacrylate, and vinyl 
arylenes, such as styrene. Examples of styrenic copolymers 
are resins manufactured by Kraton Polymers (formerly of 
Shell Chemicals) under the trade names KRATON D (for 
styrene-butadiene-styrene and styrene-isoprene-styrene 
types) and KRATONG (for styrene-ethylene-butylene-sty 
rene and styrene-ethylene-propylene-styrene types) and 
Kuraray under the trade name SEPTON. Examples of ran 
domly distributed Styrenic polymers include paramethylsty 
rene-isobutylene (isobutene) copolymers developed by Exx 
onMobil Chemical Corporation and styrene-butadiene 
random copolymers developed by Chevron Phillips Chemical 
Co., The Woodlands, Tex. 
I0088. Examples of copolyester elastomers include poly 
etherester block copolymers, polylactone ester block copoly 
mers, and aliphatic and aromatic dicarboxylic acid copoly 
merized polyesters. Polyether ester block copolymers are 
copolymers comprising polyester hard segments polymer 
ized from a dicarboxylic acid and a low molecular weight 
diol, and polyether soft segments polymerized from an alky 
lene glycol having 2 to 10 atoms. Polylactone ester block 
copolymers are copolymers having polylactone chains 
instead of polyether as the Soft segments discussed above for 
polyether ester block copolymers. Aliphatic and aromatic 
dicarboxylic copolymerized polyesters are copolymers of an 
acid component selected from aromatic dicarboxylic acids, 
Such as terephthalic acid and isophthalic acid, and aliphatic 
acids having 2 to 10 carbon atoms with at least one diol 
component, selected from aliphatic and alicyclic diols having 
2 to 10 carbon atoms. Blends of an aromatic polyester and an 
aliphatic polyester also may be used for these. Examples of 
these include products marketed under the trade names 
HYTREL by E.I. du Pont de Nemours and Company, and 
SKYPEL by S.K. Chemicals of Seoul, South Korea. 
I0089. Examples of thermoplastic elastomers suitable for 
use in the present invention include those having functional 
groups, such as carboxylic acid, maleic anhydride, glycidyl, 
norbonene, and hydroxyl functionalities. An example of these 
includes a block polymer having at least one polymer block A 
comprising an aromatic vinyl compound and at least one 
polymer block B comprising a conjugated diene compound, 
and having a hydroxyl group at the terminal block copolymer, 
or its hydrogenated product. An example of this polymer is 
sold under the trade name SEPTON HG-252 by Kuraray 
Company of Kurashiki, Japan. Other examples of these 
include: maleic anhydride functionalized triblock copolymer 
consisting of polystyrene end blocks and poly(ethylene?bu 
tylene), sold under the trade name KRATON FG 1901X by 
Shell Chemical Company; maleic anhydride modified ethyl 
ene-vinyl acetate copolymer, sold under the trade name 
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FUSABOND by E.I. du Pont de Nemours and Company: 
ethylene-isobutyl acrylate-methacrylic acid terpolymer, sold 
under the trade name NUCREL by E.I. du Pont de Nemours 
and Company; ethylene-ethyl acrylate-methacrylic anhy 
dride terpolymer, sold under the trade name BONDINE AX 
8390 and 8060 by Sumitomo Chemical Industries; bromi 
nated Styrene-isobutylene copolymers sold under the trade 
name BROMO XP-50 by Exxon Mobil Corporation; and 
resins having glycidyl or maleic anhydride functional groups 
sold under the trade name LOTADER by Elf Atochem of 
Puteaux, France. 
0090. Examples of polyamide elastomers include poly 
ether amide elastomers. Such as polyether amide block 
copolymer. Examples of these are sold under the trade name 
PEBAX by Elf Atochem. Mixtures of all of the above-men 
tioned resins also can be used in the present invention, as can 
many other known types of polymer. 
0091 Styrenic block copolymers is a copolymer of sty 
rene with either butadiene, isoprene, or a mixture of the two. 
Additional unsaturated monomers may be added to the struc 
ture of the styrenic block copolymer as needed for property 
modification of the resulting SBC/urethane copolymer. The 
styrenic block copolymer can be a diblock or a triblock sty 
renic polymer. Examples of Such styrenic block copolymers 
are described in, for example, U.S. Pat. No. 5,436,295 to 
Nishikawa et al. The styrenic block copolymer can have any 
known molecular weight for Such polymers, and it can pos 
sess a linear, branched, star, dendrimeric or combination 
molecular structure. The styrenic block copolymer can be 
unmodified by functional groups, or it can be modified by 
hydroxyl group, carboxyl group, or other functional groups, 
either in its chain structure or at one or more terminus. The 
styrenic block copolymer can be obtained using any common 
process for manufacture of such polymers. The styrenic block 
copolymers also may be hydrogenated using well-known 
methods to obtain a partially or fully saturated diene mono 
mer block. 

0092. Urethane is the reaction product of a diol or polyol 
and an isocyanate, with or without a chain extender. Isocyan 
ates used for making the urethanes of the present invention 
encompass diisocyanates and polyisocyanates. Examples of 
suitable isocyanates include the following: trimethylene 
diisocyanate, tetramethylene diisocyanate, pentamethylene 
diisocyanate, hexamethylene diisocyanate, ethylene diisocy 
anate, diethylidene diisocyanate, propylene diisocyanate, 
butylene diisocyanate, bitolylene diisocyanate, tolidine iso 
cyanate, isophorone diisocyanate, dimeryl diisocyanate, 
dodecane-1,12-diisocyanate, 1,10-decamethylene diisocyan 
ate, cyclohexylene-1,2-diisocyanate, 1-chlorobenzene-2,4- 
diisocyanate, furfurylidene diisocyanate, 2,4,4-trimethyl 
hexamethylene diisocyanate, 2,2,4-trimethylhexamethylene 
diisocyanate, dodecamethylene diisocyanate, 1.3cyclopen 
tane diisocyanate, 1.3-cyclohexane diisocyanate, 1.3-cy 
clobutane diisocyanate, 1,4-cyclohexane diisocyanate, 4,4'- 
methylenebis(cyclohexyl isocyanate), 4,4'-methylenebis 
(phenyl isocyanate), 1-methyl-2,4-cyclohexane diisocyanate, 
1-methyl-2,6-cyclohexane diisocyanate, 1,3-bis(isocyanato 
methyl)cyclohexane, 1,6-diisocyanato-2,2,4,4-tetra-methyl 
hexane, 1,6-diisocyanato-2,4,4-tetra-trimethylhexane, trans 
cyclohexane-1,4-diisocyanate, 3-isocyanato-methyl-3.5.5- 
trimethylcyclohexyl isocyanate, 1-isocyanato-3,3,5- 
trimethyl-5-isocyanatomethylcyclohexane, cyclohexyl 
isocyanate, dicyclohexylmethane 4,4'-diisocyanate, 1,4-bis 
(isocyanatomethyl)cyclohexane, m-phenylene diisocyanate, 
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m-xylylene diisocyanate, m-tetramethylxylylene diisocyan 
ate, p-phenylene diisocyanate, p.p'-biphenyl diisocyanate, 
3,3'-dimethyl-4,4'-biphenylene diisocyanate, 3,3'- 
dimethoxy-4,4'-biphenylene diisocyanate, 3,3'-diphenyl-4, 
4'-biphenylene diisocyanate, 4,4'-biphenylene diisocyanate, 
3,3'-dichloro-4,4'-biphenylene diisocyanate, 1.5-naphtha 
lene diisocyanate, 4-chloro-1,3-phenylene diisocyanate, 1.5- 
tetrahydronaphthalene diisocyanate, meta-xylene diisocyan 
ate, 2,4-toluene diisocyanate, 2,4'-diphenylmethane 
diisocyanate, 2.4-chlorophenylene diisocyanate, 4,4'-diphe 
nylmethane diisocyanate, p.p'-diphenylmethane diisocyan 
ate, 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, 2.2- 
diphenylpropane-4,4'-diisocyanate, 4,4'-toluidine 
diisocyanate, dianisidine diisocyanate, 4,4'-diphenyl ether 
diisocyanate, 1.3-xylylene diisocyanate, 1.4-naphthylene 
diisocyanate, azobenzene-4,4'-diisocyanate, diphenyl Sul 
fone-4,4'-diisocyanate, triphenylmethane 4,4',4'-triisocyan 
ate, isocyanatoethyl methacrylate, 3-isopropenyl-O.C.-dim 
ethylbenzyl-isocyanate, dichlorohexamethylene 
diisocyanate, ().co'-diisocyanato-1,4-diethylbenzene, polym 
ethylene polyphenylene polyisocyanate, polybutylene diiso 
cyanate, isocyanurate modified compounds, and carbodiim 
ide modified compounds, as well as biuret modified 
compounds of the above polyisocyanates. Each isocyanate 
may be used either alone or in combination with one or more 
other isocyanates. These isocyanate mixtures can include 
triisocyanates, such as biuret of hexamethylene diisocyanate 
and triphenylmethane triisocyanate, and polyisocyanates, 
Such as polymeric diphenylmethane diisocyanate. 
0093 Polyols used for making the polyurethane in the 
copolymer include polyester polyols, polyether polyols, 
polycarbonate polyols and polybutadiene polyols. Polyester 
polyols are prepared by condensation or step-growth poly 
merization utilizing diacids. Primary diacids for polyester 
polyols are adipic acid and isomeric phthalic acids. Adipic 
acid is used for materials requiring added flexibility, whereas 
phthalic anhydride is used for those requiring rigidity. Some 
examples of polyester polyols include poly(ethylene adipate) 
(PEA), poly(diethylene adipate) (PDA), poly(propylene adi 
pate) (PPA), poly(tetramethylene adipate) (PBA), poly(hex 
amethylene adipate) (PHA), poly(neopentylene adipate) 
(PNA), polyols composed of 3-methyl-1,5-pentanediol and 
adipic acid, random copolymer of PEA and PDA, random 
copolymer of PEA and PPA, random copolymer of PEA and 
PBA, random copolymer of PHA and PNA, caprolactone 
polyol obtained by the ring-opening polymerization of e-ca 
prolactone, and polyol obtained by opening the ring off-me 
thyl-6-valerolactone with ethylene glycol can be used either 
alone or in a combination thereof. Additionally, polyester 
polyol may be composed of a copolymer of at least one of the 
following acids and at least one of the following glycols. The 
acids include terephthalic acid, isophthalic acid, phthalic 
anhydride, oxalic acid, malonic acid, Succinic acid, pen 
tanedioic acid, hexanedioic acid, octanedioic acid, 
nonanedioic acid, adipic acid, aZelaic acid, sebacic acid, 
dodecanedioic acid, dimer acid (a mixture), 3-hydroxyben 
Zoate, trimelitic anhydride, e-caprolactone, and B-methyl-6- 
Valerolactone. The glycols includes ethylene glycol, propy 
lene glycol, butylene glycol, pentylene glycol, 1,4- 
butanediol. 1.5-pentanediol. 1,6-hexanediol, neopentylene 
glycol, polyethylene glycol, polytetramethylene glycol, 1,4- 
cyclohexane dimethanol, pentaerythritol, and 3-methyl-1,5- 
pentanediol. 
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0094 Polyether polyols are prepared by the ring-opening 
addition polymerization of an alkylene oxide (e.g. ethylene 
oxide and propylene oxide) with an initiator of a polyhydric 
alcohol (e.g. diethylene glycol), which is an active hydride. 
Specifically, polypropylene glycol (PPG), polyethylene gly 
col (PEG) or propylene oxide-ethylene oxide copolymer can 
be obtained. Polytetramethylene ether glycol (PTMG) is pre 
pared by the ring-opening polymerization of tetrahydrofuran, 
produced by dehydration of 1,4-butanediol or hydrogenation 
of furan. Tetrahydrofuran can form a copolymer with alky 
lene oxide. Specifically, tetrahydrofuran-propylene oxide 
copolymer or tetrahydrofuran-ethylene oxide copolymer can 
beformed. A polyether polyol may be used either alone or in 
a mixture. 
0095 Polycarbonate polyol is obtained by the condensa 
tion of a known polyol (polyhydric alcohol) with phosgene, 
chloroformic acid ester, dialkyl carbonate or diallyl carbon 
ate. Particularly preferred polycarbonate polyol contains a 
polyol component using 1.6-hexanediol. 1,4-butanediol. 1.3- 
butanediol, neopentylglycol or 1.5-pentanediol. A polycar 
bonate polyol can be used either alone or in a mixture. 
0096 Polybutadiene polyol includes liquid diene polymer 
containing hydroxyl groups, and an average of at least 1.7 
functional groups, and may be composed of diene polymer or 
diene copolymer having 4 to 12 carbonatoms, oracopolymer 
of such diene with addition to polymerizable O.-olefin mono 
merhaving 2 to 2.2 carbon atoms. Specific examples include 
butadiene homopolymer, isoprene homopolymer, butadiene 
styrene copolymer, butadiene-isoprene copolymer, butadi 
ene-acrylonitrile copolymer, butadiene-2-ethylhexyl acry 
late copolymer, and butadiene-n-octadecyl acrylate 
copolymer. These liquid diene polymers can be obtained, for 
example, by heating a conjugated diene monomer in the pres 
ence of hydrogen peroxide in a liquid reactant. A polybuta 
diene polyol can be used either alone or in a mixture. 
0097. As stated above, urethane used within the scope of 
the present invention also may incorporate chain extenders. 
Non-limiting examples of these extenders include polyols, 
polyamine compounds, and mixtures of these. Polyol extend 
ers may be primary, secondary, or tertiary polyols. Specific 
examples of monomers of these polyols include: trimethylol 
propane (TMP), ethylene glycol, 1,3-propanediol, 1,4-bu 
tanediol. 1.5-pentanediol, 1.6-hexanediol, propylene glycol, 
dipropylene glycol, 1.2-butanediol. 1,3-butanediol; 2.3-bu 
tanediol. 1.2-pentanediol. 2.3-pentanediol. 2.5-hexanediol. 
2.4-hexanediol, 2-ethyl-1,3-hexanediol, cyclohexanediol. 
and 2-ethyl-2-(hydroxymethyl)-1,3-propanediol. 
0098 Suitable polyamines that may be used as chain 
extenders include primary, secondary and tertiary amines; 
polyamines have two or more amines as functional groups. 
Examples of these include: aliphatic diamines, such as tet 
ramethylenediamine, pentamethylenediamine, hexamethyl 
enediamine; alicyclic diamines, such as 3,3'-dimethyl-4,4'- 
diamino-dicyclohexyl methane; or aromatic diamines. Such 
as 4,4'-methylene bis-2-chloroaniline, 2.2',3,3-tetrachloro-4, 
4'-diaminophenyl methane, p.p'-methylenedianiline, p-phe 
nylenediamine or 4,4'-diaminodiphenyl; and 2,4,6-tris(dim 
ethylaminomethyl)phenol. Aromatic diamines have a 
tendency to provide a stiffer (i.e., having a higher Mooney 
Viscosity) product than aliphatic or cycloaliphatic diamines. 
A chain extender may be used either alone or in a mixture. 
0099. Also included as suitable thermoplastic resins are 
the various ionomeric resins including copolymer-type iono 
mers having varied acid contents and degrees of acid neutral 

Sep. 4, 2008 

ization, neutralized by monovalent, bivalent, or polyvalent 
cations, and also terpolymeric ionomers having a comonomer 
in the structure having varied acid contents and degrees of 
acid neutralization, neutralized by monovalent, bivalent, or 
polyvalent cations. Examples of these include C-olefin/un 
saturated carboxylic acid copolymer-type ionomeric resin 
and terpolymeric resin having a softening comonomer. Such 
as acrylate or methacrylate. The acid moiety is neutralized to 
form an ionomer by a cation Such as lithium, Sodium, potas 
sium, magnesium, calcium, barium, lead, tin, Zinc, alumi 
num, or a combination of these. Examples of these resins 
include those sold under the trade names SURLYN (E.I. du 
Pont de Nemours and Company. Wilmington, Del.) and 
IOTEK (ExxonMobil Corp., Houston, Tex.). 
0100 Preparation of such ionomers is well known, for 
example See U.S. Pat. No. 3,264.272 (the entire contents of 
which are herein incorporated by reference). The ionomer 
resins have been often utilized in golf ball formulations and 
have, to a large extent, have replaced balata as a golfball cover 
stock material. Generally speaking, commercial ionomers 
consist of a polymer of a mono-olefin, e.g., an alkene, with an 
unsaturated mono- or dicarboxylic acid having 3 to 12 carbon 
atoms. An additional monomer in the form of a mono- or 
dicarboxylic acid ester may also be incorporated in the for 
mulation as a so-called “softening comonomer. 
0101 The incorporated carboxylic acid groups are then 
neutralized by a basic metalion salt, to form the ionomer. The 
metalions used for neutralization include Li", Na', K", Zn", 
Co?", Ni, Cu, Pb and Mg", with the Li", Na', Zn, and 
Mg" being preferred. The basic metalion salts include those 
of for example formic acid, acetic acid, nitric acid, carbonic 
acid, hydrogen carbonate salts, oxides, hydroxides, and 
alkoxides. 
0102 The first commercially available ionomer resins 
contained up to 16 weight percent acrylic or methacrylic acid, 
although even at that time, it was also well known that, as a 
general rule, further increasing the acid content of these cover 
materials would also further increase their hardness. Hence, 
in Research Disclosure 29703, published in January 1989, du 
Pont first disclosed ionomers based on ethylene/acrylic acid 
or ethylene/methacrylic acid containing acid contents of 
greater than 15 weight percent. In this same disclosure, du 
Pont also taught that such so called “high acid ionomers' had 
significantly improved stiffness and hardness and thus could 
be advantageously used in golfball construction, when used 
either singly or in a blend with other ionomers. 
0103 More recently, high acid ionomers are typically 
defined as those ionomer resins with acrylic or methacrylic 
acid units present from 16 wt.% to about 35 wt.% in the 
polymer. Generally, such a high acid ionomer will have a 
flexural modulus from about 50,000 psi to about 125,000 psi. 
0104 Ionomer resins can further comprise a softening 
comonomer, which is typically present from about 10 wt.% 
to about 50 wt.% in the polymer. Such ionomers will have a 
flexural modulus from about 2,000 psi to about 10,000 psi, 
and are sometimes referred to as “soft' or “very low modu 
lus' ionomers. Typical softening comonomers include n-bu 
tyl acrylate, iso-butyl acrylate, n-butyl methacrylate, methyl 
acrylate and methyl methacrylate. 
0105 Today, there are a wide variety of commercially 
available ionomer resins based both on copolymers of ethyl 
ene and (meth)acrylic acid or terpolymers of ethylene and 
(meth)acrylic acid and (meth)acrylate, all of which may be 
used as a component of the balls of the present invention. The 
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properties of these ionomer resins can vary widely due to 
variations in acid content, softening comonomer content, the 
degree of neutralization, and the type of metalion used in the 
neutralization. The full range commercially available typi 
cally includes ionomers of polymers of general formula, E/X/ 
Y, where E is ethylene, X is a softening comonomer Such as 
acrylate or methacrylate present in an amount of from 0 wt.% 
to about 50 wt.% of the polymer, and Y is acrylic or meth 
acrylic acid present in an amount from about 5 wt.% to about 
35 wt.% of the polymer, and wherein the acid moiety is 
neutralized from about 1% to about 90% to form an ionomer 
with a cation Such as lithium, Sodium, potassium, magne 
sium, calcium, barium, lead, tin, Zinc or aluminum, or a 
combination of Such cations. 

0106 Other examples of ionomers for use in the present 
invention are ionomers based on the so-called bimodal iono 
mers as described in U.S. Pat. No. 6,562.906 (the entire 
contents of which are herein incorporated by reference). 
These ionomers are bimodal as they are prepared from blends 
comprising polymers of different molecular weights. Specifi 
cally they include bimodal polymer blend compositions com 
prising: 

0107 a) a high molecular weight component having 
molecular weight of about 80,000 to about 500,000 and 
comprising one or more ethylene/O.B-ethylenically 
unsaturated Cls carboxylic acid copolymers and/or one 
or more ethylene, alkyl (meth)acrylate, (meth)acrylic 
acidterpolymers; the high molecular weight component 
being partially neutralized with metalions selected from 
the group consisting of lithium, sodium, Zinc, calcium, 
magnesium, and a mixture of any these; and 

0.108 b) a low molecular weight component having a 
molecular weight of about from about 2,000 to about 
30,000 and comprising one or more ethylene/O.B-ethyl 
enically unsaturated Cls carboxylic acid copolymers 
and/or one or more ethylene, alkyl(meth)acrylate, 
(meth)acrylic acid terpolymers; the low molecular 
weight component being partially neutralized with 
metalions selected from the group consisting of lithium, 
Sodium, zinc, calcium, magnesium, and a mixture of any 
these. 

0109. One or more so called modified ionomeric poly 
mers, may also be used in the present invention. These so 
called “modified ionomers' are described in U.S. Pat. Nos. 
6,100,321, 6,329,458 and 6,616,552 and US Patent Publica 
tion US 2003/0158312 A1, the entire contents of all of which 
are herein incorporated by reference. 
0110 Specifically, the golf balls of the present invention 
may comprise one or more unimodal modified ionomeric 
polymers prepared by mixing 

0111 a) an ionomeric polymer comprising ethylene, 
from 5 to 25 weight percent (meth)acrylic acid, and from 
0 to 40 weight percent of a (meth)acrylate monomer, the 
ionomeric polymer neutralized with metal ions selected 
from the group consisting of lithium, Sodium, zinc, cal 
cium, magnesium, and a mixture of any of these, and 

0112 b) one or more fatty acids or metal salts of the 
fatty acid, the metal selected from the group consisting 
of calcium, Sodium, Zinc, lithium, barium and magne 
sium and the fatty acid preferably being Stearic acid. 

0113. An example of such a modified ionomer polymer is 
du Pont(R) HPF-1000 available from E.I. duPont de Nemours 
and Company. 
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0114. Other examples of modified ionomeric polymers for 
use in the present invention are those prepared by modifying 
(again with one or more metal salts of a fatty or waxy acid) 
ionomers based on the so-called bimodal ethylene/carboxylic 
acid polymers as described in U.S. Pat. No. 6,562.906 (the 
entire contents of which are herein incorporated by refer 
ence). These polymers are bimodal as they result from blend 
ing two polymers of different molecular weights. 
0115 These modified bimodal ionomeric polymers com 
prise; 

0116 c) a high molecular weight component having 
molecular weight of about 80,000 to about 500,000 and 
comprising one or more ethylene/O.B-ethylenically 
unsaturated Cls carboxylic acid copolymers and/or one 
or more ethylene, alkyl (meth)acrylate, (meth)acrylic 
acid terpolymers; the high molecular weight component 
being partially neutralized with metal ions selected from 
the group consisting of lithium, Sodium, Zinc, calcium, 
magnesium, and a mixture of any of these; and 

0.117 d) a low molecular weight component having a 
molecular weight of about from about 2,000 to about 
30,000 and comprising one or more ethylene/O.B-ethyl 
enically unsaturated Cls carboxylic acid copolymers 
and/or one or more ethylene, alkyl(meth)acrylate, 
(meth)acrylic acid terpolymers; the low molecular 
weight component being partially neutralized with 
metalions selected from the group consisting of lithium, 
Sodium, zinc, calcium, magnesium, and a mixture of any 
these; and 

0118 e) from about 5 to about 40 weight percent (based 
on the total weight of the modified ionomeric polymer) 
of one or more fatty acids or metal salts of the fatty acid, 
the metal selected from the group consisting of calcium, 
Sodium, Zinc, and lithium, barium and magnesium and 
the fatty acid preferably being stearic acid. 

0119 The fatty acids and salts utilized in the modified 
unimodal or modified bimodal ionomeric polymers are com 
posed of a chain of alkyl groups containing from about 4 to 75 
carbon atoms (usually even numbered) and characterized by 
a —COOH terminal group. The generic formula for all fatty 
or waxy acids above acetic acid is CH (CH) COOH, 
wherein the carbon atom count includes the carboxyl group. 
The fatty or waxy acids utilized to produce the fatty or waxy 
acid salts incorporated into the invention may be saturated or 
unsaturated, and they may be present in either Solid, semi 
solid or liquid form. 
I0120 Examples of suitable saturated fatty acids, i.e. fatty 
acids in which the carbon atoms of the alkyl chain are con 
nected by single bonds, include but are not limited to stearic 
acid (Cs, i.e. CH (CH2)COOH), palmitic acid (C, i.e. 
CH, (CH), COOH), pelargonic acid (Cs, i.e. CH, (CH), 
COOH) and lauric acid (C, i.e. CH (CH), OCOOH). 
Examples of Suitable unsaturated fatty acids, i.e. a fatty acid 
in which there are one or more double bonds between the 
carbonatoms in the alkyl chain, include but are not limited to 
oleic acid (C, i.e. CH (CH), CH:CH(CH), COOH). 
I0121 The source of the metal ions used to produce the 
metal salts of the fatty or waxy acid salts also incorporated 
into the invention are generally various metal salts which 
provide the metal ions capable of neutralizing, to various 
extents, the carboxylic acid groups of the fatty acids. These 
include the Sulfate, carbonate, acetate and hydroxylate salts 
of Zinc, barium, calcium and magnesium. 
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0122 Since the fatty or waxy acid salts utilized in the 
invention comprise various combinations of fatty or waxy 
acids neutralized with a large number of different metal ions, 
several different types offatty acid salts may be utilized in the 
invention, including metal Stearates, laureates, oleates, and 
palmitates, with calcium, zinc, Sodium, and magnesium Stear 
ate being preferred, and calcium and sodium Stearate being 
most preferred. 
0123. The fatty or waxy acid or metal salt of the fatty or 
waxy acid in the modified unimodal or bimodal ionomeric 
polymers is present in an amount of from about 5 to about 45. 
preferably from about 7 to about 35, more preferably from 
about 8 to about 20 weight percent (based on the total weight 
of the modified ionomeric polymer). 
0.124. As a result of the addition of the fatty or waxy acids 
or one or more metal salts of a fatty or waxy acid, from about 
40 to 100, preferably from about 50 to 100, more preferably 
from about 70 to 100 percent of the acidic groups in the final 
modified ionomeric polymer composition are neutralized by 
a metal ion. 
0.125. In a preferred embodiment the modified ionomeric 
polymer composition further comprises a Zinc neutralized 
ionomer of a polymer of general formula E/X/Y where E is 
ethylene, X is a softening comonomer Such as acrylate or 
methacrylate and is present in an amount of from 0 to about 
50, preferably 0 to about 25, most preferably 0, and Y is 
acrylic or methacrylic acid and is present in an amount from 
about 5 to about 25, preferably from about 10 to about 25, 
most preferably from about 10 to about 20 wt %. 
0126. Most preferred polymer mixtures include thermo 
plastic elastomer blends with one or more of the group con 
sisting of ionomers, polyolefins including ethylene copoly 
mers with (meth)acrylic acid and ethylene terpolymers with 
(meth)acrylic acid and (meth)acrylate esters, and polya 
mides. 
0127. Referring to now to FIG. 2, there is illustrated a golf 
ball 12 that includes a solid center or core 18, formed as a 
solid, spherical body of the formulation described below. This 
core 18, comprises the following components: 

b) Unsaturated Polymer 
0128. The core 12 of the golfball 10 of the present inven 
tion comprises an unsaturated polymer. Unsaturated poly 
mers suitable for use in the golfballs of the present invention 
include any polymeric material having an unsaturation, either 
hydrocarbon or non-hydrocarbon, capable of participating in 
a cross-linking reaction initiated thermally, chemically, by 
irradiation, or by a combination of these methods. The unsat 
urated polymer can be any rubber commonly used in conven 
tional one-piece golfballs and the cores of multi-layered golf 
balls. Non-limiting examples of Suitable unsaturated poly 
mers include 12-polybutadiene, cis-1,4-polybutadiene, 
trans-1,4-polybutadiene, cis-polyisoprene, trans-polyiso 
prene, polychloroprene, polybutylene, polyoctenylene (avail 
able under the tradename Verstenamer(R) from Degussa), sty 
rene-butadiene rubber, styrene-butadiene-styrene block 
copolymer and partially and fully hydrogenated equivalents, 
styrene-isoprene-styrene block copolymer and partially and 
fully hydrogenated equivalents, nitrile rubber, silicone rub 
ber, and polyurethane, as well as mixtures of these. 
0129 Polybutadiene rubbers, especially 1,4-polybutadi 
ene rubbers containing at least 40 mol%, and more preferably 
80 to 100 mol % of cis-1.4 bonds, are preferred, because of 
their high rebound resilience, moldability, and high strength 
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after Vulcanization. The polybutadiene component may be 
synthesized using rare earth-based catalysts, nickel-based 
catalysts, or cobalt-based catalysts, as conventionally used in 
this field. 
0.130 Polybutadiene obtained using lanthanum rare earth 
based catalysts is usually synthesized by polymerizing buta 
diene in the presence of a catalyst comprising a combination 
of a lanthanum rare earth compound, an organic aluminum 
compound, a Lewis base and, when necessary, a Lewis acid. 
The lanthanum rare earth compound may be a compound 
containing a rare earth atom (atomic number of 57 to 71), but 
particularly preferred is a neodymium compound. 
I0131 Examples of the nickel-based catalysts include one 
component types such as nickel diatomaceous earth, two 
component types such as Raney-nickel/titanium tetrachlo 
ride, and three-component types such as a nickel compound/ 
organic metal/boron trifluoride etherate. Examples of nickel 
compounds include reduced nickel with carrier, Raney 
nickel, nickel oxide, nickel carboxylate, and a complex Salt of 
organic nickel. Examples of the organic metals include a 
trialkyl aluminum Such as triethyl aluminum, tri-n-propyl 
aluminum, tri-isobutyl aluminum, or tri-n-hexyl aluminum; 
an alkyl lithium such as n-butyl lithium, sec-butyl lithium, 
tert-butyl lithium, or 1,4-dibutane lithium; and a dialkyl Zinc 
such as diethyl zinc or dibutyl zinc. 
I0132) Examples of the cobalt-based catalysts include, as 
cobalt and compounds thereof, Raney-cobalt, cobalt chlo 
ride, cobalt bromide, cobalt iodide, cobalt oxide, cobalt sul 
fate, cobalt carbonate, cobalt phosphate, cobalt phthalate, 
cobalt carbonyl, cobalt acetylacetonate, cobalt diethyl dithio 
carbamate, cobalt anilinium nitrite, and cobalt dinitrosyl 
chloride. In particular, each of these compounds is preferably 
combined with a dialkyl aluminum monochloride such as 
diethyl aluminum monochloride or diisobutyl aluminum 
monochloride, a trialkyl aluminum Such as triethyl alumi 
num, tri-n-propyl aluminum, triisobutyl aluminum or tri-n- 
hexyl aluminum, an aluminum alkyl sesquichloride Such as 
ethyl aluminum sesquichloride, or aluminum chloride. 
I0133. The 1,4-polybutadiene rubbers have a molecular 
weight distribution (Mw/Mn) preferably in the range of about 
1.2 to about 4.0, more preferably about 1.7 to about 3.7, even 
more preferably about 2.0 to about 3.5, and most preferably 
from about 2.2 to about 3.2. 
I0134. The polybutadiene rubbers have a Mooney viscosity 
(ML1+4 (100° C.)) in the range of preferably about 20 to 
about 80, more preferably about 30 to about 70, even more 
preferably about 35 to about 60, and most preferably about 35 
to about 50. 
I0135. The term “Mooney viscosity” used herein is 
intended to refer to an industrial index of Viscosity, as mea 
sured by a Mooney viscometer, which is a type of rotary 
plastometer (see JIS K6300). This value is represented by the 
symbol ML1 +4 (100° C.), wherein “M” represents Mooney 
viscosity, “L” represents large rotor (L-type), "1+4' repre 
sents a pre-heating time of 1 minute and a rotor rotation time 
of 4 minutes, and “100° C.’ indicates that measurement was 
carried out at a temperature of 100° C. 
0.136 The 1,4-polybutadiene rubbers may also be blended 
with natural rubber, polyisoprene rubber, styrene-butadiene 
rubber, or the like. At least 80% by weight of 1,4-polybuta 
diene rubber should be present in the base rubber, because 
base rubbers containing less 1,4-polybutadiene rubber often 
fail to take advantage of the rebound resilience of the polyb 
utadiene rubber. 
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0.137 Many different types of 1.2 polybutadienes exist, 
having widely varying physical properties as a result of their 
differing tacticity, crystallinity, and molecular weight. 
Examples of 1.2 polybutadienes having differing tacticity, all 
of which are suitable as unsaturated polymers for use in the 
present invention, are atactic 1.2 polybutadiene, isotactic 1.2 
polybutadiene, and syndiotactic 1.2 polybutadiene. Syndio 
tactic polymers include alternating base units that are enan 
tiomers of each other. These 1.2 polybutadienes are also dif 
ferentiated by their crystallinity, which ranges from 
amorphous 1.2 polybutadienes that essentially lack crystal 
linity to semi crystalline 1.2 polybutadienes of varying crys 
tallinities. The molecular weights of these 1,2-polybuta 
dienes can also vary greatly. The various combinations of 
tacticity, crystallinity, and molecular weight provide formany 
different types of 1.2 polybutadienes having very different 
processability, as well as other chemical, thermal, mechani 
cal, and rheological properties. Syndiotactic 12-polybutadi 
ene having a crystallinity Suitable for use as an unsaturated 
polymer in compositions within the scope of the present 
invention are polymerized from a 1.2 addition of butadiene. 
Golf balls within the scope of the present invention include 
syndiotactic 12-polybutadiene having crystallinity and 
greater than about 70% of 1.2-bonds, more preferably greater 
than about 80% of 1,2-bonds, and most preferably greater 
than about 90% of 1.2-bonds. Also, golfballs within the scope 
of the present invention may include syndiotactic 12-polyb 
utadiene having a crystallinity between about 5% and about 
50%, more preferably between about 10% and about 40%, 
and most preferably between about 1.5% and about 30%. In 
addition, golf balls within the scope of the present invention 
may include syndiotactic 12-polybutadiene having crystal 
linity and a mean molecular weight between about 10,000 and 
about 350,000, more preferably between about 50,000 and 
about 300,000, more preferably between about 80,000 and 
about 200,000, and most preferably between about 10,000 
and about 150,000. Examples of suitable syndiotactic 1.2- 
polybutadienes having crystallinity Suitable for use in golf 
balls within the scope of the present invention are sold under 
the trade names RB810, RB820, and RB830 by JSR Corpo 
ration of Tokyo, Japan. These have more than 90% of 1.2 
bonds, a mean molecular weight of approximately 120,000, 
and a crystallinity between about 15% and about 30%. 
0.138. In one embodiment of the invention, the core 12 may 
comprise a center and one or more core layers disposed 
around the center. These core layers may be made from the 
same rubber as is used in the center portion, or they may be a 
different elastomer. The various core layers (including the 
center) may each exhibit a different hardness. The Shore D 
hardness difference between the center hardness and that of 
the next adjacent layer, as well as the difference in hardness 
between the various core layers preferably is greater than 2, 
more preferably is greater than 5, and most preferably is 
greater than 10 units. 
0.139. In one preferred embodiment, the hardness of the 
center and each sequential layer increases progressively out 
wards from the center to outer core layer. 
0140. In another preferred embodiment, the hardness of 
the center and each sequential layer decreases progressively 
outwards from the center to the outer core layer. 
0141. In one embodiment of the invention, the core 12 may 
comprise a center and one or more core layers disposed 
around the center. These core layers may be made from the 
same rubber as is used in the center portion, or they may be a 
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different elastomer. The various core layers (including the 
center) may each exhibit a different specific gravity. The 
specific gravity difference between the center and that of the 
next adjacent layer, as well as the difference in specific grav 
ity between the various core layers preferably is greater than 
0.1, more preferably is greater than 0.2. 
0142. In one preferred embodiment, the specific gravity of 
the center and each sequential layer increases progressively 
outwards from the center to outer core layer. 
0143. In another preferred embodiment, the specific grav 
ity of the center and each sequential layer decreases progres 
sively outwards from the center to the outer core layer. 

c) Cross-Linking Agents 
0144. Suitable cross-linking agents for use in the golfballs 
of the present invention include peroxides, Sulfur compounds, 
or other known chemical cross-linking agents, as well as 
mixtures of these. Non-limiting examples of Suitable cross 
linking agents include primary, secondary, or tertiary ali 
phatic or aromatic organic peroxides. Peroxides containing 
more than one peroxy group can be used, such as 2.5-dim 
ethyl-2,5-di(tert-butylperoxy)hexane and 1,4-di-(2-tert-butyl 
peroxyisopropyl)benzene. Both symmetrical and asymmetri 
cal peroxides can be used, for example, tert-butyl perbenzoate 
and tert-butyl cumyl peroxide. Peroxides incorporating car 
boxyl groups also are suitable. The decomposition of peroX 
ides used as cross-linking agents in the present invention can 
be brought about by applying thermal energy, shear, irradia 
tion, reaction with other chemicals, or any combination of 
these. Both homolytically and heterolytically decomposed 
peroxide can be used in the present invention. Non-limiting 
examples of Suitable peroxides include: diacetyl peroxide; 
di-tert-butyl peroxide: dibenzoyl peroxide; dicumyl perox 
ide; 2,5-dimethyl-2,5-di(benzoylperoxy)hexane; 1,4-bis-(t- 
butylperoxyisopropyl)benzene: t-butylperoxybenzoate; 2.5- 
dimethyl-2,5-di-(t-butylperoxy)hexyne-3, Such as Trigonox 
145-45B, marketed by Akrochem Corp. of Akron, Ohio; 1,1- 
bis(t-butylperoxy)-3.3.5 tri-methylcyclohexane, such as 
Varox 231-XL, marketed by R.T. Vanderbilt Co., Inc. of Nor 
walk, Conn.; and di-(2,4-dichlorobenzoyl)peroxide. The 
cross-linking agents can be blended in total amounts of about 
0.05 part to about 5 parts, more preferably about 0.2 part to 
about 3 parts, and most preferably about 0.25 parts to about 2 
parts, by weight of the cross-linking agents per 100 parts by 
weight of the unsaturated polymer. 
0145 Each cross-linking agent has a characteristic 
decomposition temperature at which 50% of the cross-linking 
agent has decomposed when Subjected to that temperature for 
a specified time period (T). For example, 1,1-bis-(t-butylp 
eroxy)-3,3,5-tri-methylcyclohexane at T=0.1 hr has a 
decomposition temperature of 138°C. and 2,5-dimethyl-2,5- 
di-(t-butylperoxy)hexyne-3 at T=0.1 hr has a decomposi 
tion temperature of 182°C. Two or more cross-linking agents 
having different characteristic decomposition temperatures at 
the same T, may be blended in the composition. For example, 
where at least one cross-linking agent has a first characteristic 
decomposition temperature less than 150°C., and at least one 
cross-linking agent has a second characteristic decomposi 
tion temperature greater than 150° C., the composition weight 
ratio of the first one cross-linking agent to the second cross 
linking agent preferably is in range from 5:95 to 95:5, and 
more preferably in the range of 10:90 to 50:50. 
0146 Besides the use of chemical cross-linking agents, 
exposure of the composition to radiation also can serve as a 
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cross-linking agent. Radiation can be applied to the unsatur 
ated polymer mixture by any known method, including using 
microwave or gamma radiation, or an electron beam device. 
Additives may also be used to improve radiation curing of the 
diene polymer. 

d) Co-Cross-Linking Agent 

0147 The rubber and cross-linking agent may be blended 
with a co-cross-linking agent, which may be an unsaturated 
carboxylic acid or metal salt of an unsaturated carboxylic 
acid. Examples of Such metal salts include Zinc and magne 
sium salts of unsaturated fatty acids having 3 to 8 carbon 
atoms, such as acrylic acid, methacrylic acid, maleic acid, 
fumaric acid, and palmitic acid, with the Zinc salts of acrylic 
and methacrylic acid being most preferred. The unsaturated 
carboxylic acid metal salt can be blended in a rubber either as 
a preformed metal salt, or by introducing an O.B-unsaturated 
carboxylic acid and a metal oxide or hydroxide into the rubber 
composition, and allowing them to react in the rubber com 
position to form a metal salt. The unsaturated carboxylic acid 
metal salt can be blended in any desired amount, but prefer 
ably in amounts of about 10 parts to about 60 parts by weight 
of the unsaturated carboxylic acid per 100 parts by weight of 
the unsaturated polymer. 

e) Peptizer 

0148. The compositions used to formulate the cores of the 
balls of the present invention may also incorporate one or 
more peptizers. The term "peptizer is intended to mean 
chemicals that inhibit cross-linking during the initial process 
ing of unsaturated polymers, but then participate in the cross 
linking of the unsaturated polymer after cross-linking has 
commenced. 
014.9 The peptizer preferably comprises an organic sulfur 
compound and/or its metal or non-metal salt. Examples of 
Such organic Sulfur compounds include thiophenols, such as 
pentachlorothiophenol, 4-butyl-o-thiocresol, 4 t-butyl-p- 
thiocresol, and 2-benzamidothiophenol; thiocarboxylic 
acids, such as thiobenzoic acid; 4,4'dithio dimorpholine; and, 
sulfides, such as dixylyl disulfide, dibenzoyl disulfide: diben 
Zothiazyl disulfide; di(pentachlorophenyl)disulfide: dibenza 
mido diphenyldisulfide (DBDD), and alkylated phenol sul 
fides, such as VULTAC marketed by Atofina Chemicals, Inc. 
of Philadelphia, Pa. Preferred organic sulfur compounds 
include pentachlorothiophenol and dibenzamido diphenyld 
isulfide. 
0150. Examples of the metal salt of an organic sulfur com 
pound include Sodium, potassium, lithium, magnesium, cal 
cium, barium, cesium, and Zinc salts of the above-mentioned 
thiophenols and thiocarboxylic acids, with the zinc salt of 
pentachlorothiophenol being most preferred. 
0151 Examples of the non-metal salt of an organic sulfur 
compound include ammonium salts of the above-mentioned 
thiophenols and thiocarboxylic acids, wherein the ammo 
nium cation has the general formula NR'R'R'R'', where 
R", R. R. and R is either hydrogen, or a C-Coaliphatic, 
cycloaliphatic or aromatic moiety, or any and all combina 
tions thereof, with the most preferred being the NH'-salt of 
pentachlorothiophenol. 
0152. When the peptizer employed in the cores of the golf 
balls of the present invention is an organic sulfur compound 
or a metal salt of an organic Sulfur compound, or a non-metal 
salt of an organic Sulfur compound, it is employed in an 
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amount greater than or equal to 0.1, preferably greater than or 
equal to 0.5, more preferably from about 0.1 to about 10, even 
more preferably about 0.1 to about 7, and most preferably 
about 0.15 to about 5, parts by weight per 100 parts by weight 
of the unsaturated polymer component. 

f) Accelerators 
0153. The golfball composition can comprise one or more 
accelerators of one or more classes. Accelerators added to an 
unsaturated polymer increase the Vulcanization rate and/or 
decrease the Vulcanization temperature of the unsaturated 
polymers. Accelerators can be of any class known for rubber 
processing including mercapto-, Sulfenamide-, thiuram, 
dithiocarbamate, dithiocarbamylsulfenamide, Xanthate, 
guanidine, amine, thiourea, and dithiophosphate accelera 
tors. Specific commercial accelerators include 2-mercapto 
benzothiazole and its metal or non-metal salts, such as 
Vulkacit Mercapto C, Mercapto MGC, Mercapto ZM-5, and 
ZM marketed by Bayer AG of Leverkusen, Germany, Noc 
celer M, Nocceler MZ, and Nocceler M-60 marketed by 
Ouchisinko Chemical Industrial Company, Ltd. of Tokyo, 
Japan, and MBT and ZMBT marketed by Akrochem Corpo 
ration of Akron, Ohio. A more complete list of commercially 
available accelerators is given in The Vanderbilt Rubber 
Handbook: 13th Edition (1990, R.T. Vanderbilt Co.), pp. 296 
330, in Encyclopedia of Polymer Science and Technology, 
Vol. 12 (1970, John Wiley & Sons), pp. 258-259, and in 
Rubber Technology Handbook (1980, Hanser/Gardner Pub 
lications), pp. 234-236. Preferred accelerators include 2-mer 
captobenzothiazole (MBT) and its salts. 
0154 The ball core composition can further incorporate in 
the range of about 0.1 parts to about 10 parts by weight of the 
accelerator per 100 parts by weight of the unsaturated poly 
mer. More preferably, the ball composition can further incor 
porate about 0.2 part to about 5 parts, and most preferably 
from about 0.5 part to about 1.5 parts, by weight of the 
accelerator per 100 parts by weight of the unsaturated poly 
C 

0155 Golf balls within the scope of the present invention 
can be prepared by molding the rubber composition as for 
mulated above into a core of desired size and Vulcanizing the 
rubber by heating. The manufacture of these spheres can be in 
accord with conventional methods and conditions of manu 
facture. After the cores have been made, the various inner and 
outer cover layers are then formed over them. 
0156 Nanocomposite and nanofiller materials can be used 
in ball covers, cores and intermediate layers for making two 
piece or multi-layer balls. The materials also can be used in 
cores or cover layers for making wound balls. If a suitable 
nanocomposite material is used in, for example, a golf ball 
cover composition made of a soft and resilient material; it is 
possible to modify the modulus of the cover composition 
without sacrificing its resilience. To achieve the same modu 
lus modification by adding a higher-modulus polymer resin 
into the same base resin, it is necessary to add a much higher 
loading level of the high-modulus resin. This can result in 
losing the benefit of the resilience of the original base resin. If 
a conventional filler material is used, the high filler loading 
levels required to adjust flexural modulus also can adversely 
affect the cosmetic properties of the resulting materials. This 
cosmetic effect can be avoided or reduced by use of nano 
composite or nanofiller materials. 
0157 Similarly, when used in core compositions, nano 
composite materials allow adjustment of the compression 
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ratio and C.O.R. of the resulting core without substantially 
increasing its hardness. Usually, these properties are adjusted 
using a curing agent or a co-agent, which also can lead to 
increased hardness. Use of nanocomposite materials, there 
fore, allows for increased flexibility in adjusting these prop 
erties. 
0158 Nanocomposite and nanofiller materials also can 
have processing advantages over use of conventional filler 
materials. Such as greaterease of melt processing and reduced 
mold wear. For example, addition of nanocomposite or nano 
filler materials can raise the heat deflection temperature of the 
resulting compositions. This allows for a wider window of 
processing temperatures, which provides for flexibility in 
painting or other finishing processes for the resulting golf 
ball. Nanocomposite and nanofiller materials also improve 
the barrier properties of the resulting compositions. This is 
important in golfball compositions, for example, in prevent 
ing moisture from entering a ball, because moisture may 
reduce the C.O.R. of ball cores and has generally adverse 
properties on polymers used in ball compositions. 
0159. When used in the manufacture of golf balls, nano 
composite materials can be blended effectively into ball com 
positions to be from about 1% to 50% of the total composition 
by weight, with a preferred range from about 1% to 40%, and 
an optimal range of from about 5% to 30% of the total com 
position by weight. Nanofiller materials can be blended effec 
tively into ball compositions to be from about 0.1% to 20% of 
the total composition by weight, with a preferred range from 
about 0.1% to 15%, and an optimal range of from about 0.1% 
to 10% of the total composition by weight. The nanocompos 
ite and nanofiller materials can also be used in combination. 
In this case, the materials can be blended effectively into golf 
ball compositions when the total loading of the nanofiller 
materials, i.e., the nanofiller material separately added and 
the nanofiller material incorporated into the nanocomposite 
material, is within the ranges described above for use of 
nanofiller material alone. Use of a greater percentage of the 
nanocomposite or nanofiller materials can make the compo 
sition too rigid or brittle, while use of a lesser percentage can 
make the effect of the nanocomposite or nanofiller material 
on the physical properties of the composition less apparent. 
The remainder of the ball composition can be comprised of 
any of the polymer materials commonly used in golf ball 
compositions, such as ionomeric and elastomeric resins and 
block copolymers. Any colorants, stabilizers, antioxidants, 
processing aids, fillers, or mold release agents commonly 
used in the manufacture of golfballs also can be blended with 
nanocomposite or nanofiller materials. During the manufac 
turing process, the nanocomposite or nanofiller materials can 
be blended into the other components of the golf ball com 
position using known techniques, such as compounding and 
extrusion. 

EXAMPLES 

0160 Unless otherwise stated, the properties of Tensile 
Strength, Tensile Elongation, Flexural Strength, Flexural 
Modulus, PGA compression, C.O.R., Shore D hardness on 
both the materials and the resulting ball were conducted using 
the test methods as defined below. 

0161 Core or ball diameter was determined by using stan 
dard linear calipers or size gauge. 
0162 Core specific gravity was determined by electronic 
densimeter using ASTM D-792, with water as the medium. 
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0163 Compression is measured by applying a spring 
loaded force to the golf ball center, golf ball core, or the golf 
ball to be examined, with a manual instrument (an 'Atti 
gauge') manufactured by the Atti Engineering Company of 
Union City, N.J. This machine, equipped with a Federal Dial 
Gauge, Model D81-C, employs a calibrated spring under a 
known load. The sphere to be tested is forced a distance of 0.2 
inch (5 mm) against this spring. If the spring, in turn, com 
presses 0.2 inch, the compression is rated at 100; if the spring 
compresses 0.1 inch, the compression value is rated as 0. Thus 
more compressible, softer materials will have lower Atti 
gauge values than harder, less compressible materials. Com 
pression measured with this instrument is also referred to as 
PGA compression. The approximate relationship that exists 
between Atti or PGA compression and Riehle compression 
can be expressed as: 

(Atti or PGA compression)=(160-Riehle Compres 
Sion). 

Thus, a Riehle compression of 100 would be the same as an 
Atti compression of 60. 
0164 Coefficient of restitution (C.O.R.) of the cores or 
balls was measured by firing the core or ball using an air 
cannon at a velocity of 125 feet per second inbound velocity 
against a steel plate, which is positioned 81 inches from the 
muzzle of the cannon. The rebound velocity was then mea 
Sured via a timing mechanism using two light gates. The 
rebound velocity was divided by the inbound velocity to give 
the coefficient of restitution. 

0.165 Shore Dhardness was measured in accordance with 
ASTM Test D2240. Hardness of a layer was measured on the 
ball, perpendicular to a land area between the dimples. 
0166 The ball performance was determined using a Robot 
Driver Test, which utilized a commercial swing robot in con 
junction with an optical system to measure ball speed, launch 
angle, and backspinafter a golfball is hit with a given club. As 
an example, in the driver test, a titanium driver is attached to 
a Swing robot and the Swing speed and power profile as well 
as tee location and club lie angle is setup to generate the 
following values using a MaxfliXS Tour golf ball as a refer 
CCC. 

(0167 Headspeed: 112 mph 
(0168 Ballspeed: 160 mph 
0169. Launch Angle: 9 deg 
(0170 Backspin: 3200 rpm 
Then, the test ball was substituted for the reference ball and 
the corresponding values determined 

1) Example 1 

0171 Use of nanocomposite materials was tested in golf 
ball covers. Test golfballs were prepared in which the covers 
comprised either 10% or 20% by weight of nanocomposite 
material. The particular nanocomposite material used was 
M1030D, a polyamide 6-based nanocomposite material 
manufactured by Unitika, Limited. of Tokyo, Japan. This 
nanocomposite material is prepared by dispersion of treated 
nanometer-scale phyllosilicate in the base monomer prior to 
polymerization. This nanocomposite material has low spe 
cific gravity, high modulus and high strength, and therefore it 
is particularly Suitable for use in golfball cover compositions. 
Other comparable nanocomposite materials, such as those 
discussed above, also could be used, depending upon the 
particular properties to be imparted to the resulting golfball. 
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0172. The test balls each had a core having a PGA com 
pression of 70. Over each core was placed a mantle layer 
having a hardness of 37 on the Shore D scale, a flexural 
modulus of 9.7 kpsi, and a tensile elongation of 717%. Over 
each mantle layer was placed a cover layer comprising nano 
composite material and either: PEBAX 3533, a polyether 
amide block copolymer marketed by Elf Atochem; or 
Kuraray’s Septon HG-252hydroxy-terminated styrene/ethyl 
ene-propylene?styrene block copolymer. Use of a polymer in 
the nanocomposite material that is in the same polymeric 
family as the polymer in the remainder of the composition is 
expected to provide good compatibility between the compo 
nents. The cover compositions incorporating the nanocom 
posite material were manufactured using conventional com 
pounding techniques. The particular cover composition 
percentages of the two ball types are provided below in Table 
1. 

TABLE 1. 

Test Ball Cover Compositions 

Cover 
Composition # M1O3OD wt % PEBAX3533 wt % HG-2S2 wt % 

Cover i 1 10 90 O 
Cover #2 2O 8O O 
Cover #3 10 O 90 
Cover ii 4 2O O 8O 

Testing 

0173 The balls were tested for spin rate and speed when 
hit with an 8-iron and with a driver and for surface hardness 
on the Shore D scale. The balls also were tested for shear 
resistance using a robot to simulate real-life impact condi 
tions at 80 mph club head speed. Three of each type of ball 
were used for this testing. Each ball was assigned a numerical 
score from 1 (no visible damage) to 5 (substantial material 
displaced), and these scores were averaged for each ball type 
to produce the shear resistance numbers below. 

TABLE 2 

Performance of Balls 

Cover 8 Iron 8 Iron Driver 
Hardness Spin Speed Speed Shear 

Ball Type (Shore D) (rpm) (mph) (mph) Resistance 

Test if 1 29 9683 110.2 158.5 3.8 
Test it 2 35 92.59 110.2 158.4 3.6 
Test if 3 30 9652 11O.O 159.2 1.7 
Test ii 4. 35 966O 110.4 1594 1.6 
Titleist 58 7685 108.7 1616 3.2 
Professional 
Titleist 48 8989 109.9 Not 4.8 
Tour Balata tested 
Titlest HP 58 7708 109.4 Not 1.5 
Tour tested 
Taylor 56 8140 109.4 1609 1.3 
Made 
InerGel Pro 
Taylor 61 7947 11O.O 161.7 1.3 
Made 
InerGel Pro 
Distance 
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Results 

0.174 Each of the test balls demonstrated lower cover 
hardness and higher 8-iron spin rate than any of the marketed 
balls tested. As discussed above, high spin rate is desirable 
because it allows for improved control of the ball when hit. 
Low ball cover hardness provides for improved ball feel when 
hit. The test balls also demonstrated 8-iron speeds higher than 
or roughly equal to that of the marketed balls, despite the fact 
that low ball hardness generally leads to reduced ball speed. 
High ball speed is desirable because it leads to greater flying 
distance of the ball when hit. Balls of the present invention, 
therefore, overcome design limitations previously known in 
the manufacture of golf balls, i.e., that softer ball covers 
generally provide reduced ball speeds. Balls of the present 
invention provide good spin rate and feel, as well as good 
distance performance. 
0.175. Additionally, the test balls demonstrated shear resis 
tance, and therefore durability, either comparable to or supe 
rior to that of a number of the marketed balls. In particular, 
testballs 1 and 2 demonstrated shear resistance comparable to 
that of the Titleist Professional and Tour Balata balls, even 
though the test balls had a far lower coverhardness. Typically, 
low cover hardness leads to poor shear resistance. Test balls 1 
and 2, however, exhibited a combination of a soft cover and 
durability superior to the Professional and Tour Balata balls. 
Test balls 3 and 4, which incorporated the HG-252 material, 
exhibited even better shear resistance than test balls 1 and 2. 
while maintaining low cover hardness. Test balls 3 and 4 
exhibited shear resistance comparable to the Titleist HP Tour 
and Taylor Made InerGel Pro and Propistance balls, even 
though cover hardnesses for test balls 3 and 4 were far lower. 
Overall, the test results for shear resistance indicate that balls 
of the present invention provide for a combination of low 
cover hardness and high shear resistance in comparison to 
balls currently available. This combination allows balls to be 
made that are exhibit good feel and also are durable. 
0176 Generally, it is difficult to produce golf balls having 
high short iron spin rate, long distance when hit, good feel, 
and good durability. The test balls incorporating nanocom 
posite material exhibited all of these. The performance of the 
test balls demonstrates the Superiority of the nanocomposite 
blends in maximizing ball properties that, using conventional 
methods, tend to relate inversely to each other. 

2) Example 2 

0177. The use of nanofillers in ionomers was tested in golf 
ball covers. The test balls each had a 1.58" diameter core 
having a PGA compression of 70. Over each core was injec 
tion molded a cover layer comprising ionomer filled with 
varying levels of Cloisite NA nanofiller from Southern Clay 
Products (Gonzales, Tex.). The ionomer composition was a 
blend of two high acid copolymer ionomers (8140 and 9120) 
and one terpolymer ionomer (8320) from the commercial 
Surlyn product line of du Pont; Surlyn 8140 and 9120 were 
25% of the ionomer blend each with Surlyn 8320 being. 50%. 
A 50% color concentrate in a high acid copolymer ionomer 
was also used. The ionomeric cover compositions incorpo 
rating the nanofiller were manufactured using conventional 
twin-screw compounding techniques. The particular cover 
compositions tested are provided below in Table 3. 



US 2008/0214326 A1 

TABLE 3 

Material Surlyn Blend Surlyn Color Concentrate 
i (pph) (pph) Cloisite NA (pph) 

1 100 5 O 
2 100 5 1 
3 100 5 4 
4 100 5 7 

Testing 

0178. The materials were molded into flexural test bars 
and 1.480" spheres. The flex bars were tested following 
ASTM D790 for flexural testing. The spheres were tested for 
both Shore D hardness of the surface and for Atti compres 
sion. Shore D hardness was performed following ASTM 
D2240 guidelines except the hardness was measured on the 
curved surface of the sphere. The results of this testing are in 
Table 4. 
0179 The molded balls were tested for surface hardness 
on the Shore D scale and for the launch angle when the ball 
was hit by a driver at 160 mph. Three of each type of ball were 
used for this testing. The results of this testing are in Table 5. 

TABLE 4 

Material Flexural Modulus, Shore D Hardness 
i kpsi (sphere) Atti Compression 

1 27.8 55.9 127 
2 27.9 56.5 127 
3 28.8 58.7 132 
4 30.2 58.8 134 

TABLE 5 

Cover Hardness 
Materialii (Shore D) C.O.R. 

1 54.7 O.814 
2 55.5 O.814 
3 57.3 O.814 
4 56.2 O.813 

Results 

0180. As the nanofiller level in ionomer increases, the 
flexural modulus, Shore D hardness and Atti compression 
increase. When the ionomers are molded onto golfball cores, 
this translates into increased cover hardness while the Coef 
ficient of Restitution (C.O.R.) of the ball is not affected. 
0181. The addition of nanofiller to ionomers increases the 
flexibility for tailoring the surface hardness (and thus the feel) 
of a golf ball while not affecting the C.O.R. and thus the 
distance of a golf ball. 

Example 3 

0182. The use of nanofillers in ionomer/TPE blends was 
tested in golf ball covers. The test balls each had a 1.58" 
diameter core having a PGA compression of 70. Over each 
core was injection molded a coverlayer comprising ionomer/ 
TPE blend filled with varying levels of Cloisite NA nanofiller 
from Southern Clay Products (Gonzales, Tex.). The ionomer 
was a high acid copolymer ionomer (Surlyn 6120) from the 
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commercial Surlyn product line of du Pont and the TPE was 
Kuraray's Septon HG-252 hydroxy-terminated styrene/eth 
ylene-propylene?styrene block copolymer. The ionomer:TPE 
ratio was 60:40. A 50% color concentrate in a high acid 
copolymer ionomer was also used. Additionally, Atofina’s 
Lotader AX8920 and Rohm & Haas Paraloid EXL-2691A 
were added to the blend. The cover compositions incorporat 
ing the nanofiller were manufactured using conventional 
twin-screw compounding techniques. The particular cover 
compositions tested are provided below in Table 6. 

TABLE 6 

Mate- Surlyn TPE Surlyn Color Cloisite Lotader Paraloid 
rial Blend Concentrate NA AX8920 EXL-2691A 
i (pph) (pph) (pph) (pph) (pph) 

1 1OO 5 O 2 2 
2 1OO 5 1 2 2 
3 1OO 5 4 2 2 
4 1OO 5 7 2 2 

Testing 

0183. The materials were molded into flexural test bars 
and 1.480" spheres. The flex bars were tested following 
ASTM D790 for flexural testing. The spheres were tested for 
Shore D hardness of the surface. Shore D hardness was per 
formed following ASTM D2240 guidelines except the hard 
ness was measured on the curved surface of the sphere. The 
molded balls made from each of thematerials were also tested 
for surface hardness on the Shore D scale; three of each type 
ofball were used for this testing. The results of this testing are 
in Table 7. 

TABLE 7 

Material Flexural Modulus, Shore D Hardness Shore D Hardness 
i kpsi (sphere) (ball) 

1 14.1 42.8 44.8 
2 15.8 42.8 44.6 
3 16.0 44.0 45.2 
4 16.0 45.2 46.1 

Results 

0.184 As the nanofiller level in ionomer/TPE blends 
increases, the flexural modulus and the Shore D hardness of 
the material increase. When the ionomers are molded onto 
golf ball cores, this translates into increased cover hardness 
which change the feel of the ball when hit. 
0185. The addition of nanofiller to ionomer/TPE blends 
increases the flexibility for tailoring the surface hardness (and 
thus the feel) of a golfball while not affecting the C.O.R. and 
thus the distance of a golf ball. 

Example 4 
0186 The addition of nanofiller in thermoplastic polyure 
thane (TPU) was tested using ASTM methods for flexural 
modulus and Shore Dhardness. The TPU compositions incor 
porating the nanofiller were manufactured using conventional 
twin-screw compounding techniques. The three TPUs tested 
were commercial polyester polyurethanes available from 
Noveon Corp. (Cleveland, Ohio). When used, the nanofiller 
was loaded at 7 pph of the TPU and was Nanomer 1.24TL 
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from Nanocor, Inc. (Arlington Heights, Ill.). The particular 
compositions tested are provided below in Table 8. 

TABLE 8 

Material Nanomer 1.24 TL Flexural Modulus Shore D 
i TPU (pph) (kpsi) Hardness 

1 100 12.6 48 
2 100 7 16.1 52 
3 100 8.8 43 
4 100 7 11.6 45 
5 100 9.1 48 
6 100 7 13.7 47 

Testing 

0187. The materials were molded into flexural test bars 
using a 50-ton Van Dorn injection molding machine. The flex 
bars were tested following ASTM D 790 for flexural testing. 
Shore D hardness was performed following ASTM D2240 
guidelines with the 0.125" thick flex bars stacked two high. 
The results of this testing are in Table 8. 

Results 

0188 The addition of nanofiller to TPU increases the flex 
ural modulus and the Shore Dhardness of the material. When 
the nanofiller containing TPUs are molded onto golf ball 
cores, this should translate into increased cover hardness 
which changes the feel of the ball when hit. 
(0189 The addition of nanofiller to TPU increases the flex 
ibility for tailoring the surface hardness (and thus the feel) of 
a golf ball. 

Example 5 

0190. The effect of nanofiller in ethylene-acrylic acid 
(EAA)/TPE blends on material properties was tested. The 
material was made in three passes using a conventional twin 
screw extruder. In the first extrusion pass, a mixture of 50% 
Primacor 5980I EAA from Dow Chemical (Midland, Mich.) 
and 50%. Kuraray's Septon HG-252 hydroxy-terminated sty 
rene/ethylene-propylene?styrene block copolymer TPE was 
compounded with 10 pph (as a function of the EAA/TPE 
content) AX3410 ethylene-methyl acrylate-glycidyl meth 
acrylate resin from AtofinaChemical (Puteaux, France) and if 
needed, 1.5 pph Nanomer 1.24TL from Nanocor. In the sec 
ond extrusion pass, enough magnesium hydroxide was added 
to the once compounded extrudate to achieve 70% neutral 
ization and in the third extrusion pass, 5 pph 12-aminodode 
canoic acid was added. 

Testing 

0191 The thrice-compounded and dried materials were 
molded into tensile and flexural test bars and 1.480" spheres. 
The Type IV tensile bars were tested following ASTM D638 
for tensile testing. The flex bars were tested following ASTM 
D 790 for flexural testing and were also used for ASTM 
D2240 Shore Dhardness testing. The spheres were tested for 
Atti compression, C.O.R., and Shore D hardness of the sur 
face. Shore D hardness was performed following ASTM 
D2240 guidelines except the hardness was measured on the 
curved surface of the sphere. Melt flow testing was performed 
according to ASTM D1238 at 230 deg C. and 2.16 kg load. 
The results of this testing are in Table 9. 
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TABLE 9 

Sample 1 2 

Nanofiller present Yes No 
Melt Flow Index (g/10") 2O 26 
Tensile Strength (psi) 1660 1640 
Tensile Elongation (%) 52O 440 
Flexural Modulus (kpsi) 8.3 7.7 
Shore D Hardness 43 44 
Atti Compression 94 90 
C.O.R. O.S89 0.575 
Shore D Hardness 50 50 
(Sphere) 

Results 

(0192 Addition of nanofiller to EAA/TPEblends increases 
the tensile and flexural properties of the material as well as 
increases the compression and C.O.R. of a sphere without 
changing the material hardness. The addition of nanofiller to 
ionomer/TPE blends increases the flexibility for maintaining 
the surface hardness (and thus the feel) of a golf ball while 
increasing the C.O.R. and compression and thus the distance 
of a golf ball. The improved tensile and flexural properties 
may also lead to improved shear cut resistance if the material 
were used for the golf ball cover. 

Example 6 

0193 The use of nanofillers in ionomer/TPE blends was 
tested in golf ball covers. The test balls each had a 1.48" 
diameter core having a PGA compression of 50. Over each 
core was injection molded a 0.05" thick mantle layer of an 
ionomer composition that was a blend of two high acid 
copolymer ionomers (Surlyn 8140 and Surlyn 9120) and one 
terpolymer ionomer (Surlyn 8320) from the commercial Sur 
lyn product line of du Pont; Surlyn 8140 and Surlyn 9120 
were 30% of the ionomer blend each with Surlyn 8320 being 
40%. A 50% color concentrate in a high acid copolymer 
ionomer was also used. Over the mantle layer, the ionomer/ 
TPE blends of Table 10 were molded as covers which were 
then painted and tested for properties. The ionomeric mantle 
and the ionomer/TPE cover compositions incorporating the 
nanofiller were manufactured using conventional twin-screw 
compounding techniques. 

TABLE 10 

Mate- Surlyn EMAA- Cloisite 
rial HG-252 6120 MBS GMA Cloisite 30, EVA** 
i (pph) (pph) (pph) (pph) 30B (pph) (pph) 

1 50 50 2 2 
2 60 40 2 2 
3 50 50 2 2 1.5 
4 50 50 2 2 3 
5 50 50 2 2 3 
6 60 40 2 2 3 

*pph = parts per hundred of base polymer 
**50% masterbatch of Cloisite 30B in EVA 

Testing 

0194 The molded balls were tested for surface hardness 
on the Shore D scale, 30 yard pitching wedge spin and speed 
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and also for shear resistance. Three of each type of ball were 
used for this testing. The results of this testing are shown in 
Table 11. 

TABLE 11 

Cover Cover Hardness 30 Yard PW* 30 Yard PW Shear 
Material (Shore D) Spin (rpm) Speed (mph) Resistance 

# 1 57.5 682O 41.9 2.2 
# 2 55.9 7100 42.1 1.6 
# 3 49.6 7060 445 2.4 
ii. 4 52.9 6960 44.3 2.5 
#5 SO.2 698O 44.4 2.5 
# 6 49.5 7250 44.9 1.7 

*PW = pitching wedge 

Results 

(0195 When nanofiller is added to ionomer/TPE blends, 
the 30 yard pitching wedge spin and speed increases, the 
shear resistance remains constant, and in this instance, the 
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surface hardness is decreased. The addition of nanofiller to 
ionomer/TPE blends increases the flexibility for tailoring the 
properties of a golf ball able to be attained with the blend. 
0196. Although the invention has been disclosed in detail 
with reference only to the preferred embodiments, those 
skilled in the art will appreciate that additional compositions 
for ball covers comprising nanocomposite and/or nanofiller 
materials can be made without departing from the scope of the 
invention. 

1: A golfball comprising: 
1) a core; and 
2) one or more cover layers over the core; 
wherein one or more of saidcore or coverlayers comprises: 

a) a matrix polymer selected from the group consisting 
of thermoplastics, thermosets and combinations 
thereof, and 

b) one or more nanofillers substantially dispersed in said 
matrix polymer. 

2-69. (canceled) 


