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(57) ABSTRACT 

Golf balls formed with at least one layer incorporating an 
anionic polyurea material formed from an isocyanate, an 
amine-terminated component, and an amine-terminated cur 
ing agent where at least one of the amine-terminated compo 
nent and amine-terminated curing agent includes a R'-R" 
segment with acid functionalization. 
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ANONIC POLYUREA COVER 
COMPOSITIONS FORA MULTI-LAYER 

GOLF BALL 

FIELD OF THE INVENTION 

0001. The present invention relates to golf balls that have 
at least one layer formed from an anionic polyurea material. 
In particular, the compositions of the invention, which 
include a polymer backbone including urea linkages with 
partially or fully neutralized acid groups, may beformed from 
a prepolymer and an amine-terminated curing agent in the 
presence of an acid-functionalized amine-terminated compo 
nent and a neutralizing agent. In another embodiment, the 
compositions of the invention formed by reactive extrusion of 
an isocyanate prepolymer or monomer in the presence of an 
acid-containing amine moiety with a post-polymerization 
reaction by neutralizing agents. The compositions of the 
invention may be used in any outer layer of a golfball, e.g., an 
outer cover layer or inner cover layer, or may be used as a 
coating to be disposed over a structural outer layer of a golf 
ball. 

BACKGROUND OF THE INVENTION 

0002 Golf ball manufacturers have been experimenting 
with various materials and manufacturing methods for golf 
balls over the years in an attempt to improve overall perfor 
mance and durability and to further refine the manufacturing 
process. 
0003 For example, over the past years, golfball manufac 
turers have been using ionomer resins for golf ball cover 
materials because of the durability, rebound, and scuff resis 
tance characteristics of the materials. However, while iono 
mer resins are more durable than other types of golfball layer 
materials, the same properties that result in durability also 
provide a hard “feel' and generally result in a lower spin rate 
and, thus, lower control, due to the hardness of the material. 
0004 Alternatively, polyurethane compositions produce 
“soft' covers and typically allow for greater control because 
of the increased spin. Because conventional polyurethane 
cover materials are typically formed of aromatic components, 
the ultraviolet degradation of the material, which leads to 
yellowing, led to the recent trend toward light stable cover 
materials. Such as aliphatic polyurethane and polyurea mate 
rials. Whether aromatic or aliphatic in nature, however, the 
relative softness of the polyurethane and polyurea materials 
introduces durability issues. 
0005. Further attempts to compensate for the “hard' feel 
of ionomer-covered golf balls and durability and adhesion 
issues with polyurethane-covered and polyurea-covered golf 
balls have resulted in blends of hard ionomer resins, i.e., 
resins with hardness values of about 60 Shore D and above, 
with relatively softer polymeric materials. For example, 
blends of hard ionomers with polyurethanes have been used 
to form intermediate layers and cover layers of golf balls. 
However, such blends generally have processing difficulties 
associated with their use in the production of golfballs due to 
the incompatibility of the components. In addition, golf balls 
produced from these incompatible mixtures will have inferior 
golfball properties such as poor durability, cut resistance, and 
the like. 

0006. As such, a need exists in the golf ball art for mate 
rials that have the performance benefits of polyurethane and/ 
or polyurea, but also have desirable resiliency and compat 
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ibility to decorative layers such as paints and inks. In addition, 
golf balls having layers formed, at least in part, from Such 
compositions would be advantageous. The present invention 
addresses such materials, methods of forming the materials, 
and portions of golf balls formed from these materials. 

SUMMARY OF THE INVENTION 

0007. A golfball including a core and a cover, wherein the 
cover includes a polymer including: a polyurea prepolymer 
including an isocyanate-containing component and an isocy 
anate-reactive component, wherein the isocyanate reactive 
component has at least one of the following general formulas: 

H.N-ER-it-R'l-NH: RE-FR-it-R"i-NHR: and 

H.N-ER-t FR" NHR, 

wherein Xandy are the number of repeat units, R2 includes an 
alkyl, aryl, or aralkyl group, and RandR" may independently 
include a hydrocarbon, a polyether, a polyester, a polycapro 
lactone, a polycarbonate, a polyamide, or a mixture thereof, 
and wherein at least one of R and R" further include at least 
one acid group; and a curative including: an amine-termi 
nated curing agent; and a neutralizing agent; wherein greater 
than about 70 percent of the acid groups in the polymer are 
neutralized. 
0008. In one embodiment, the curative further includes a 
flow modifier. In this aspect of the invention, 100 percent of 
the acid groups in the polymer may be neutralized. 
0009. In another embodiment, greater than about 80 per 
cent of the acid groups in the polymer are neutralized. In still 
another embodiment, R' includes at least one of a carboxylate 
group, a Sulfonate group, a phosphonate group, or a mixture 
thereof. In yet another embodiment, R" includes at least one 
of a carboxylate group, a Sulfonate group, a phosphonate 
group, or a mixture thereof. Both R" and R" may include acid 
groups. For example, R' may include a carboxylate group and 
R" may include a Sulfonate group. 
0010. The isocyanate-reactive component includes 
between about 5 percent to about 30 percent acid groups by 
weight of the isocyanate-reactive component. For example, in 
one embodiment, the isocyanate-reactive component 
includes greater than about 16 weight percent acid groups 
based on the total weight of the isocyanate-reactive compo 
nent. 

0011. In this aspect of the invention, the golf ball may 
further include an intermediate layer disposed between the 
core and the cover. In one embodiment, the intermediate layer 
is formed from a thermoplastic material. For example, the 
intermediate layer may be an ionomeric material. In one 
embodiment, the intermediate layer includes a blend formed 
from a high acidionomerand a grafted metallocene catalyzed 
polymer blend. 
0012. In an alternate embodiment, the cover may include 
an inner cover and an outer cover where the inner cover is 
formed from the polymer and the outer cover is formed from 
a Suitable outer cover material Such as a thermoplastic resin, 
a castable reactive liquid material, and the like. 
0013 The present invention is also directed to a golf ball 
including a core and a cover, wherein the cover includes a 
polymer including: a polyurea prepolymer including the reac 
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tion product of an isocyanate-containing component and an 
isocyanate-reactive component, wherein the isocyanate-reac 
tive component includes at least two terminal amino groups 
and about 5 percent to about 30 percent acid groups by weight 
of the isocyanate-reactive component, and wherein about 20 
percent to about 70 percent of the acid groups are neutralized: 
and an amine-terminated curing agent. 
0014. In one embodiment, the isocyanate-reactive compo 
nent includes greater than about 16 weight percent acid 
groups. In another embodiment, the isocyanate-reactive com 
ponent includes an acid-functionalized amine-terminated 
hydrocarbon, an acid-functionalized amine-terminated poly 
ester, an acid-functionalized amine-terminated polyether, an 
acid-functionalized amine-terminated polycarbonate, an 
acid-functionalized amine-terminated polycaprolactone, an 
acid-functionalized amine-terminated polyamide, or a com 
bination thereof. 

0015. In this aspect of the invention, the golf ball may 
further include an intermediate layer disposed between the 
core and the cover. In one embodiment, the intermediate layer 
is formed from a thermoplastic material. For example, the 
intermediate layer may be an ionomeric material. In one 
embodiment, the intermediate layer includes a blend formed 
from a high acidionomer and a grafted metallocene catalyzed 
polymer blend. 
0016. In an alternate embodiment, the cover may include 
an inner cover and an outer cover where the inner cover is 
formed from the polymer and the outer cover is formed from 
a Suitable outer cover material Such as a thermoplastic resin, 
a castable reactive liquid material, and the like. 
0017. The present invention also relates to a golf ball 
including a core and a cover, wherein the cover includes a 
polymer including the reaction product of a polyurea prepoly 
merformed from the reaction product of a diisocyanate and 
an amine-terminated component; and a curative including: an 
amine-terminated curing agent having at least one of the 
following general formulas: 

wherein Xandy are the number of repeat units, R2 includes an 
alkyl, aryl, or aralkyl group, and RandR" may independently 
include a hydrocarbon, a polyether, a polyester, a polycapro 
lactone, a polycarbonate, a polyamide, or a mixture thereof, 
and wherein at least one of R and R" further include at least 
one acid group; and a neutralizing agent; wherein greater than 
about 70 percent of the acid groups in the polymer are neu 
tralized. 

0.018. In one embodiment. R' includes at least one of a 
carboxylate group, a Sulfonate group, a phosphonate group, 
or a mixture thereof. In another embodiment, R" includes at 
least one of a carboxylate group, a Sulfonate group, a phos 
phonate group, or a mixture thereof. In yet another embodi 
ment, both R" and R" include at least one acid group. In still 
another embodiment, R' includes a carboxylate group, a Sul 
fonate group, a phosphonate group, or a mixture thereof, and 
wherein R" includes a carboxylate group, a Sulfonate group, 
a phosphonate group, or a mixture thereof. 
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0019. In this aspect of the invention, the curative further 
includes a flow modifier. In one embodiment, greater than 
about 80 percent of the acid groups in the polymer are neu 
tralized. For example, 100 percent of the acid groups in the 
polymer may be neutralized. 
0020. In this aspect of the invention, the golf ball may 
further include an intermediate layer disposed between the 
core and the cover. In one embodiment, the intermediate layer 
is formed from a thermoplastic material. For example, the 
intermediate layer may be an ionomeric material. In one 
embodiment, the intermediate layer includes a blend formed 
from a high acidionomerand a grafted metallocene catalyzed 
polymer blend. 
0021. In an alternate embodiment, the cover may include 
an inner cover and an outer cover where the inner cover is 
formed from the polymer and the outer cover is formed from 
a Suitable outer cover material Such as a thermoplastic resin, 
a castable reactive liquid material, and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. Further features and advantages of the invention can 
be ascertained from the following detailed description that is 
provided in connection with the drawing(s) described below: 
0023 FIG. 1 is a cross-sectional view of a two-piece golf 
ball, wherein the cover is formed from a composition of the 
invention; 
0024 FIG. 2 is a cross-sectional view of a multi-compo 
nent golf ball, wherein at least one layer is formed from a 
composition of the invention; 
0025 FIG. 3 is a cross-sectional view of a multi-compo 
nent golfball having a large core, wherein at least one layer is 
formed from a composition of the invention; and 
0026 FIG. 4 is a cross-sectional view of a multi-compo 
nent golfball including a dual core and a dual cover, wherein 
at least one layer is formed from a composition of the inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

0027. The present invention is directed to golf balls 
including at least one layer formed from an anionic polyurea 
composition. In particular, the compositions of the invention 
include a polyurea reaction product that contains neutralized 
acid groups in the backbone of the polymer. 
0028. The compositions of the invention provide an alter 
native for a golf ball manufacturer to use on a traditional 
ionomer-covered ball or urethane-covered ball. In fact, with 
out being bound to any particular theory, golf balls that 
include the compositions of the invention as coverlayers have 
improved resilience, abrasion and impact resistance, and 
compatibility with paints and inks. As such, golfballs of the 
present invention, e.g., golf balls including cover layers 
formed from the compositions of the invention, may replace 
conventional golfballs including a dual cover system with a 
hard inner cover layer and a soft outer cover layer at least 
because the improved properties of the compositions will 
provide the benefits previously achieved with the dual cover 
system. In addition, the compositions of the invention may be 
used in an inner cover layer to achieve a Superior ball as 
compared to a ball formed using conventional ionomers to 
form the inner cover. 
0029. The present invention also explores the methods of 
making Such compositions and other golfball constructions 
that incorporate the compositions of the invention in at least a 
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portion thereof. In fact, the compositions of the invention can 
be used with a variety of golfball constructions. For example, 
the compositions of the invention may be used as a cover layer 
in a two-piece ball with a large core, an outer cover layer in a 
three-piece ball with a relatively thin inner cover layer, an 
intermediate layer in a three-piece ball, oran inner cover layer 
in a golf ball having dual cover layers. The composition 
components, golfball constructions, and layer and ball prop 
erties are discussed in greater detail below. 

The Compositions of the Invention 
0030 The compositions of the invention may beformed in 
several ways. In one embodiment, the composition is formed 
by first reacting an isocyanate-containing component with an 
isocyanate-reactive amine-terminated component to form a 
prepolymer containing urea linkages and then chain extend 
ing the prepolymer with an amine-terminated curative blend 
that includes acid groups and a neutralizing agent. The result 
ing composition will include a polymer backbone that 
includes where at least some of the acid groups in the back 
bone are neutralized. In one aspect of the invention, all of the 
acid groups in the backbone are neutralized. 
0031. In another aspect of the invention, the composition 

is formed by reacting an isocyanate-containing component 
with at least one acid-containing amine-terminated compo 
nent to form an acid-containing polyurea. The acid-contain 
ing polyurea is then subject to a post-polymerization reaction 
with a neutralizing agent in which at least some of the acid 
groups in the backbone are neutralized. The components of 
the composition are discussed below. 
0032) Isocyanate-Containing Component 
0033. The isocyanate-containing component may be in the 
form of a monomer or prepolymer. For example, as used 
herein, the term "isocyanate-containing component may be 
understood to encompass a monomer containing at least one 
terminal isocyanate (NCO) group, as well as a prepolymer 
containing at least one terminal isocyanate group. In one 
embodiment, the isocyanate-containing component includes 
at least two isocyanate groups. 
0034. The isocyanate-containing component may be aro 
matic, aromatic-aliphatic, oraliphatic, which provide varying 
degrees of light stability. As used herein, aromatic aliphatic 
compounds should be understood as those containing an aro 
matic ring, wherein the isocyanate group is not directly 
bonded to the ring. Along a continum, an aromatic composi 
tion is less light stable than an aromatic-aliphatic composi 
tion, which is less light stable than an aliphatic composition. 
For example, an aliphatic composition made according to the 
invention includes only saturated components, i.e., compo 
nents substantially free of unsaturated carbon-carbon bonds 
or aromatic groups, the use of which prevents yellowing over 
time. The term “saturated, as used herein, refers to compo 
sitions having Saturated aliphatic and alicyclic polymer back 
bones, i.e., with no carbon-carbon double bonds. It is impor 
tant to note, however, that aromatic compositions made 
according to the invention may include light stabilizers to 
improve light stability. Thus, light stability may be accom 
plished in a variety of ways for the purposes of this applica 
tion. 
0035) Suitable isocyanate-containing components include 
diisocyanates having the generic structure: O-C=N-R- 
N=C=O, where R is preferably a straight chain or branched 
aliphatic group, a Substituted Straight chain or branched ali 
phatic group, an aromatic group, a Substituted aromatic 
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group, or mixtures thereof. In one embodiment, R is a hydro 
carbon moiety containing from about 1 to 20 carbon atoms. 
The diisocyanate may also contain one or more cyclic groups. 
When multiple cyclic groups are present, linear and/or 
branched hydrocarbons containing from about 1 to 10 carbon 
atoms can be present as spacers between the cyclic groups. In 
Some cases, the cyclic group(s) may be substituted at the 2-, 
3-, and/or 4-positions, respectively. Substituted groups may 
include, but are not limited to, halogens, primary, secondary, 
or tertiary hydrocarbon groups, or a mixture thereof. 
0036) Examples of saturated (aliphatic) diisocyanates that 
can be used include, but are not limited to, ethylene diisocy 
anate; propylene-1,2-diisocyanate; tetramethylene diisocy 
anate; tetramethylene-1,4-diisocyanate; 1.6-hexamethylene 
diisocyanate (HDI): HDIbiuret prepared from HDI: octam 
ethylene diisocyanate; decamethylene diisocyanate; 2.2.4- 
trimethylhexamethylene diisocyanate; 2,4,4-trimethylhex 
amethylene diisocyanate; dodecane-1,12-diisocyanate; 
cyclobutane-1,3-diisocyanate; cyclohexane-1,2-diisocyan 
ate; cyclohexane-1,3-diisocyanate, cyclohexane-1,4-diisocy 
anate; methylcyclohexylene diisocyanate (HTDI); 2.4-meth 
ylcyclohexane diisocyanate; 2.6-methylcyclohexane 
diisocyanate; 4,4'-dicyclohexyl diisocyanate; 2,4'-dicyclo 
hexyl diisocyanate; 1,3,5-cyclohexane triisocyanate; isocy 
anatomethylcyclohexane isocyanate: 1-isocyanato-3,3,5-tri 
methyl-5-isocyanatomethylcyclohexane; 
isocyanatoethylcyclohexane isocyanate; bis(isocyanatom 
ethyl)-cyclohexane diisocyanate; 4,4'-bis(isocyanatomethyl) 
dicyclohexane; 2,4'-bis(isocyanatomethyl)dicyclohexane: 
isophorone diisocyanate (IPDI); triisocyanate of HDI; triiso 
cyanate of 2,2,4-trimethyl-1,6-hexane diisocyanate (TMDI): 
4,4'-dicyclohexylmethane diisocyanate (HMDI); 2.4- 
hexahydrotoluene diisocyanate; 2.6-hexahydrotoluene diiso 
cyanate; aromatic aliphatic isocyanate. Such as 1.2-, 1.3-, and 
1,4-Xylene diisocyanate; meta-tetramethylxylene diisocyan 
ate (m-TMXDI); para-tetramethylxylene diisocyanate 
(p-TMXDI); trimerized isocyanurate of any polyisocyanate, 
Such as isocyanurate of toluene diisocyanate, trimer of diphe 
nylmethane diisocyanate, trimer of tetramethylxylene diiso 
cyanate, isocyanurate of hexamethylene diisocyanate, iso 
cyanurate of isophorone diisocyanate, and mixtures thereof, 
dimerized uretdione of any polyisocyanate, such as uretdione 
of toluene diisocyanate, uretdione of hexamethylene diisocy 
anate, and mixtures thereof modified polyisocyanate derived 
from the above isocyanates and polyisocyanates; and mix 
tures thereof. In one embodiment, the saturated diisocyanates 
include isophoronediisocyanate (IPDI), 4,4'-dicyclohexyl 
methane diisocyanate (HMDI), 1.6-hexamethylene diiso 
cyanate (HDI), or a combination thereof. 
0037. As briefly discussed, aromatic aliphatic isocyanates 
may also be used as the isocyanate-containing component. 
While use of aromatic aliphatic materials does not confer the 
same amount of light stability to the resultant product com 
pared to those including purely aliphatic materials, it does 
provide a greater degree of light stability to the resultant 
product compared to those formed with purely aromatic 
materials. Examples of aromatic aliphatic isocyanates 
include 1.2-, 1.3-, and 1,4-Xylene diisocyanate; meta-tetram 
ethylxylene diisocyanate (m-TMXDI); para-tetramethylxy 
lene diisocyanate (p-TMXDI); trimerized isocyanurate of 
any polyisocyanate. Such as isocyanurate of toluene diisocy 
anate, trimer of diphenylmethane diisocyanate, trimer of tet 
ramethylxylene diisocyanate, isocyanurate of hexamethylene 
diisocyanate, and mixtures thereof, dimerized uretdione of 
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any polyisocyanate, Such as uretdione of toluene diisocyan 
ate, uretdione of hexamethylene diisocyanate, and mixtures 
thereof, a modified polyisocyanate derived from the above 
isocyanates and polyisocyanates; and mixtures thereof. In 
addition, the aromatic aliphatic isocyanates may be mixed 
with any of the saturated isocyanates listed above for the 
purposes of this invention. 
0038. Unsaturated diisocyanates, i.e., aromatic com 
pounds, may also be used as the isocyanate-containing com 
ponent, although the use of unsaturated compounds in the 
precursor is preferably coupled with the use of a light stabi 
lizer or pigment as discussed below. Examples of unsaturated 
diisocyanates include, but are not limited to, Substituted and 
isomeric mixtures including 2.2-, 2,4'-, and 4,4'-diphenyl 
methane diisocyanate (MDI), 3,3'-dimethyl-4,4'-biphenyl 
diisocyanate (TODI), toluene diisocyanate (TDI), polymeric 
MDI (PMDI, a brown liquid composed of approximately 
50% methylene diisocyanate with the remainder comprised 
of oligomers of MDI), carbodiimide-modified liquid 4,4'- 
diphenylmethane diisocyanate, para-phenylene diisocyanate 
(PPDI), meta-phenylene diisocyanate (MPDI), triphenyl 
methane-4,4'-, and triphenylmethane-4,4'-triisocyanate, 
napthylene-15,-diisocyanate, 2,4'-, 4,4'-, and 2,2'-biphenyl 
diisocyanate, polyphenylene polymethylene polyisocyanate 
(PMDI) (also known as polymeric PMDI), and mixtures 
thereof. 

0039 
0040. Whether forming a prepolymer or chain extending 
the prepolymer with an amine-terminated component, the 
isocyanate groups in the isocyanate-containing component 
reacts with the amine groups of the amine-terminated com 
ponent to form a repeating urea linkage, which has the fol 
lowing general structure: 

Amine-Terminated Prepolymer Component 

O O 

R l R ls NN N1 'NN N 
H H H H/ 

N-- 
urea linkage 

where X is the number of repeat units, i.e., about 1 or greater, 
and R and R independently include Straight chain or 
branched aliphatic groups, Substituted Straight chain or 
branched aliphatic groups, aromatic groups, Substituted aro 
matic groups, or mixtures thereof. 
0041 Any amine-terminated component available to one 
of ordinary skill in the art is suitable for use as the amine 
terminated prepolymer component in the compositions of the 
invention. For example, the amine-terminated prepolymer 
component may include amine-terminated hydrocarbons, 
amine-terminated polyethers, amine-terminated polyesters, 
amine-terminated polycarbonates, amine-terminated polyca 
prolactones, and mixtures thereof. The amine-terminated 
segments may be in the form of a primary amine (NH), a 
secondary amine (NHR), or mixtures thereof. U.S. Pat. No. 
6,958,379, which is incorporated by reference herein, dis 
closes suitable amine-terminated compounds for use with the 
present invention. 
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0042 AS Such, the amine-terminated prepolymer compo 
nent includes the following generic structures: 

where R may be an unsubstituted or substituted straight 
chain or branched aliphatic groups, unsubstituted or Substi 
tuted aromatic groups, or mixtures thereof and R may be an 
alkyl, aryl, or aralkyl group. 
0043. In one embodiment, R is generally —(R), (R") 

where R and R" may independently be a hydrocarbon, a 
polyether, a polyester, a polycaprolactone, a polycarbonate, a 
polyamide, or mixtures thereof. For example, in one embodi 
ment, the amine-terminated prepolymer component includes 
the following generic structures: 

where X and y are the number of repeat units and R is an 
alkyl, aryl, or aralkyl group. R' and R" may independently be 
a hydrocarbon, a polyether, a polyester, a polycaprolactone, a 
polycarbonate, a polyamide, or mixtures thereof. In this 
aspect of the invention, either R' or R" may be acid-function 
alized. For example, in one embodiment, R is not acid-func 
tionalized and R" is acid-functionalized. In another embodi 
ment, R" is not acid-functionalized and R is acid 
functionalized. In yet another embodiment, both RandR" are 
acid-functionalized. 
0044) Without being bound to any particular theory, the 
presence of R' and R" in the backbone of the polymer results 
in a more hydrophobic polymer. For example, unlike poly 
urethane and polyurea ionomers with a single straight or 
branched aliphatic or aromatic group with a pendant acid 
group, the polymers of the present invention include lengthier 
hydrocarbon chains in the backbone based on the R'-R" seg 
ment, regardless of whether one or both of R and R" include 
acid functionality. 
0045. The molecular weight of the amine-terminated pre 
polymer component for use in the invention may range from 
about 100 to about 10,000. In one embodiment, the amine 
terminated prepolymer component is about 500 or greater, 
preferably about 1000 or greater, and even more preferably 
about 2000 or greater. In another embodiment, the amine 
terminated prepolymer component molecular weight is about 
8000 or less, preferably about 4,000 or less, and more pref 
erably about 3,000 or less. For example, in one embodiment, 
the molecular weight of the amine-terminated prepolymer 
component is about 1000 to about 4000. 
0046 When the amine-terminated prepolymer component 

is acid functionalized, the amine-terminated curing agent 
may or may not include acid groups as well. For example, in 
one embodiment, the prepolymer is formed from an isocyan 
ate-containing component and an acid-functionalized amine 
terminated component, which is then chain extended with an 
amine-terminated curing agent that does not include any acid 
groups. Likewise, when the curing agent is acid-functional 
ized, the amine-terminated prepolymer component may or 
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may not include acid groups. For example, a prepolymer 
formed from an isocyanate and an amine-terminated compo 
nent that is not acid functionalized may be chain extended 
with an acid-functionalized amine-terminated curing agent. 
0047. The acid groups may be incorporated onto the 
amine-terminated prepolymer component in any suitable way 
that results in acid functionalization of the amine-terminated 
component. The acid group may be a carboxylate group, a 
Sulfonate group, a phosphonate group, or mixtures thereof. 
For example, in one embodiment, R', R", or both, are R'-Xand 
R"-X, where X is COOH, PO(OH), SOH, or mixtures 
thereof. The acid groups preferably account for about 5 to 
about 35 weight percent of the amine moiety. In one embodi 
ment, the acid groups account for about 10 weight percent to 
about 30 weight percent of the amine moiety. In another 
embodiment, the acid groups are present in an amount of 
about 15 weight percent to about 25 weight percent of the 
amine moiety. In still another embodiment, the acid groups 
are present in an amount of about 16 weight percent or more 
of the amine moiety. 
0048. In fact, the amine-terminated prepolymer compo 
nent of the present invention, when acid functionalized, may 
be considered low acid, i.e., less than about 16 weight percent, 
or high acid, i.e., about 16 weight percent or greater. As such, 
in one embodiment, the amine-terminated prepolymer com 
ponent is high acid and includes about 16 weight percent or 
greater acid groups based on the total weight of the amine 
moiety. In one embodiment, the amine-terminated prepoly 
mer component includes about 20 weight percent to about 35 
weight percent acid groups by weight of the amine moiety. 
0049. Those of ordinary skill in the art would be aware of 
Suitable methods to add at least one acid group to the amine 
terminated prepolymer component including, but not limited 
to, carboxylation, Sulfonation, phosphonation, or mixtures 
thereof. Nonlimiting examples of suitable carboxylation 
agents include, but are not limited to, tartaric acid (mono- or 
di-sodium salt), dicarboxylic acids such as aldaric acid, 
oxalic acid, malonic acid, malic acid, Succinic acid, glutaric 
acid, adipic acid, tricarboxylic acids such as citric acid, isoc 
itric acid, aconitic acid, propane-1,2,3-tricarboxylic acid (tri 
carballylic acid, carballylic acid), alpha hydroxy acids Such 
as lactic acid (2-hydroxypropanoic acid), aromatic carboxy 
lic acids such as benzoic acid and salicylic acid, 2,8-dihy 
droxynaphtholic acid-3, and mixtures thereof. 
0050 Suitable sulfonation agents include, but are not lim 
ited to, sulfonic acids with the general formula R—S(=O) 

OH, where R is usually a hydrocarbon side chain, sulfuric 
acid, and mixtures thereof. In one embodiment, the Sulfona 
tion agent is one of 1,8-dihydroxynaphthalene disulfonic 
acid-2,4,2,4-diaminotoluene Sulfonic acid-5, or mixtures 
thereof. Nonlimiting examples of phosphonation agents 
include phosphoric acid, dialkyl phosphites, and mixtures 
thereof. In one embodiment, the phosphonation agent 
includes bis(B-hydroxyethyl)phosphinic acid. 
0051 Amine-Based Curative 
0052 Like the amine-terminated prepolymer component, 
the curative is amine-terminated so that the resulting polymer 
includes predominantly urea linkages. The prepolymers of 
the invention may be cured with a single amine-terminated 
curing agent or a mixture of amine-terminated curing agents. 
In addition, the amine-based curative may be acid-function 
alized. In one embodiment, an acid-functionalized curing 
agent is present in a curative blend with a neutralizing agent. 
In another embodiment, the amine-based curative includes an 
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amine-terminated curing agent that is not acid-functionalized 
and a neutralizing agent. In another embodiment, the amine 
based curative includes an amine-terminated curing agent 
that is not acid-functionalized, a neutralizing agent, and a 
flow modifier. In still another embodiment, the amine-based 
curative includes an acid-functionalized curing agent, a neu 
tralizing agent, and a flow modifier. 
0053 When the amine-terminated prepolymer component 

is acid-functionalized, the curing agent does not necessarily 
include acid groups. In one embodiment, the amine-termi 
nated curing agent is acid-functionalized and the amine-ter 
minated component used to form the prepolymer is not acid 
functionalized. In another embodiment, both the amine 
terminated component used to form the prepolymer and the 
amine-terminated curing agent are acid-functionalized. 
0054 When the amine-terminated curing agent is acid 
functionalized, the general structures may be similar to that of 
the amine-terminated component for use in the prepolymer: 

where X is the number of repeat units and R is an unsubsti 
tuted or substituted straight chain or branched aliphatic 
groups, unsubstituted or substituted aromatic groups, or mix 
tures thereof. RandR" may independently be a hydrocarbon, 
a polyether, a polyester, a polycaprolactone, a polycarbonate, 
a polyamide, or mixtures thereof. In this aspect of the inven 
tion, either R' or R" may be acid-functionalized. For example, 
in one embodiment, R is not acid-functionalized and R" is 
acid-functionalized. In another embodiment, R" is not acid 
functionalized and R' is acid-functionalized. In yet another 
embodiment both R' and R" are acid-functionalized. 

0055. However, as generally understood by those of ordi 
nary skill in the art, the process of making polyurea compo 
sitions generally includes formation of a prepolymer with a 
relatively long chain (high molecular weight) amine-termi 
nated component to produce a prepolymer containing free 
isocyanate groups that is then chain extended with a short 
chain (low molecular weight) amine-terminated curing agent 
to form a polyurea. The long chain, high molecular weight 
amine-terminated component provides flexibility and elasto 
meric properties to the resin, while the short chain amine 
terminated curing agent provides chain extension or cross 
links and adds toughness and rigidity to the resulting 
elastomeric polymer. As such, the amine-terminated curing 
agent may have a molecular weight of about 64 or greater. In 
one embodiment, the molecular weight of the amine-curing 
agent is about 2000 or less. In addition, any of the amine 
terminated moieties listed above for use as the isocyanate 
reactive amine-terminated component to form the prepoly 
mer may be used as curing agents to react with the 
prepolymers. 
0056. In one embodiment, the amine-terminated curing 
agent is an acid-functionalized form of the one of the follow 
ing: ethylene diamine; hexamethylene diamine: 1-methyl-2, 
6-cyclohexyl diamine; 2.2.4- and 2,4,4-trimethyl-1,6-hex 
anediamine; 4,4'-bis-(sec-butylamino)-dicyclohexylmethane 
and derivatives thereof, 1,4-bis-(sec-butylamino)-cyclohex 
ane; 1.2-bis-(sec-butylamino)-cyclohexane; 4,4'-dicyclo 
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hexylmethane diamine; 1,4-cyclohexane-bis-(methylamine); 
1.3-cyclohexane-bis-(methylamine), isomers, and mixtures 
thereof; diethylene glycol bis-(aminopropyl)ether; 2-methyl 
pentamethylene-diamine; diaminocyclohexane, isomers, and 
mixtures thereof; diethylene triamine; triethylene tetramine; 
tetraethylene pentamine; propylene diamine; 1,3-diamino 
propane; dimethylamino propylamine; diethylamino propy 
lamine; imido-bis-(propylamine); monoethanolamine, 
diethanolamine; triethanolamine; monoisopropanolamine, 
diisopropanolamine; isophoronediamine; 4,4'-methylenebis 
(2-chloroaniline); 3,5-dimethylthio-2,4-toluenediamine; 3.5- 
dimethylthio-2,6-toluenediamine; 3,5-diethylthio-2,4-tolu 
enediamine; 3,5-diethylthio-2,6-toluenediamine; 3.5- 
diethyltoluene-2,4-diamine; 3,5-diethyltoluene-2,6-diamine: 
4,4'-bis-(sec-butylamino)-benzene; and derivatives thereof, 
1,4-bis-(sec-butylamino)-benzene: 1.2-bis-(sec-buty 
lamino)-benzene: N,N'-dialkylamino-diphenylmethane; tri 
methyleneglycol-di-p-aminobenzoate; polytetramethyl 
eneoxide-di-p-aminobenzoate; 4,4'-methylenebis-(3-chloro 
2,6-diethyleneaniline); 4,4'-methylenebis-(2,6- 
diethylaniline); meta-phenylenediamine; 
paraphenylenediamine; N,N'-diisopropyl-isophoronedi 
amine; polyoxypropylene diamine; propylene oxide-based 
triamine; 3,3'-dimethyl-4,4'-ciaminocyclohexylmethane: 
and mixtures thereof. In one embodiment, the amine-termi 
nated curing agent is an acid-functionalized form of 4,4'-bis 
(sec-butylamino)-dicyclohexylmethane. However, it should 
be understood that the curing agent may also be any of the 
above components in a non-acid-functionalized form, espe 
cially when the amine-terminated component used to form 
the prepolymer is acid-functionalized. 
0057 Of the list above, the saturated amine-terminated 
curing agents Suitable for use with the present invention 
include, but are not limited to, ethylene diamine; hexameth 
ylene diamine: 1-methyl-2,6-cyclohexyl diamine; 2.2.4- and 
2,4,4-trimethyl-1,6-hexanediamine; 4,4'-bis-(sec-buty 
lamino)-dicyclohexylmethane; 1,4-bis-(sec-butylamino)-cy 
clohexane, 1.2-bis-(sec-butylamino-cyclohexane; deriva 
tives of 4,4'-bis-(sec-butylamino)-dicyclohexylmethane: 
4,4'-dicyclohexylmethane diamine; 1,4-cyclohexane-bis 
(methylamine); 1.3-cyclohexane-bis-(methylamine); dieth 
ylene glycol bis-(aminopropyl)ether, 2-methylpentamethyl 
ene-diamine; diaminocyclohexane; diethylene triamine; 
triethylene tetramine; tetraethylene pentamine; propylene 
diamine; dipropylene triamine; 1,3-diaminopropane; dim 
ethylamino propylamine; diethylamino propylamine; imido 
bis-(propylamine); monoethanolamine, diethanolamine; tri 
ethanolamine; monoisopropanolamine, diisopropanolamine; 
triisopropanolamine; isophoronediamine; N.N'-diisopropyl 
isophorone diamine and mixtures thereof. 
0058. In one embodiment, the curative used with the pre 
polymer include 3,5-dimethylthio-2,4-toluenediamine.3.5- 
dimethyl-thio-2,6-toluenediamine, 4,4'-bis-(sec-buty 
lamino)-diphenylmethane, N,N'-diisopropyl-isophorone 
diamine; polyoxypropylene diamine; propylene oxide-based 
triamine; 3,3'-dimethyl-4,4'-diaminocyclohexylmethane: 
and mixtures thereof. 
0059 Because unhindered primary diamines result in a 
rapid reaction between the isocyanate groups and the amine 
groups, in certain instances, a hindered secondary diamine 
may be more suitable for use in the prepolymer. Without 
being bound to any particular theory, it is believed that an 
amine with a high level of Stearic hindrance, e.g., a tertiary 
butyl group on the nitrogen atom, has a slower reaction rate 
than an amine with no hindrance or a low level of hindrance. 
For example, 4,4'-bis-(sec-butylamino)-dicyclohexyl 
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methane (Clearlink(R) 1000) may be suitable for use in com 
bination with an isocyanate to form the polyurea prepolymer. 
In addition, N,N'-diisopropyl-isophorone diamine, available 
from Huntsman Corporation under the tradename Jefflink, 
may be used as the secondary diamine curing agent. 
0060. In addition, a trifunctional curing agent can be used 
to help improve cross-linking and, thus, to further improve 
the shear resistance of the resulting polyurea elastomers. In 
one embodiment, a triol Such as trimethylolpropane or a 
tetraol such as N.N.N',N'-tetrakis (2-hydroxylpropyl)ethyl 
enediamine may be added to the formulations. 
0061 The curative may include a neutralizing agent. Suit 
able neutralizing agents include, but are not limited to, inor 
ganic and organic bases like lithium hydroxide, Sodium 
hydroxide, potassium hydroxide, potassium carbonate, 
ammonia, tertiary amines Such as triethylamine, tripropy 
lamine, tributylamine, triethylene diamine, magnesium 
oxide, Zinc oxide, and the like. 
0062. In another embodiment, the curative includes a flow 
modifier. Suitable flow modifiers include, but are not limited 
to, aliphatic, mono- or multi-functional (saturated, unsatur 
ated, or multi-unsaturated) organic acids and salts thereof. In 
one embodiment, the organic acids are preferably Saturated or 
unsaturated fatty acids or fatty acid salts. Suitable fatty acids 
include, but are not limited to, Stearic acid, behenic acid, 
erucic acid, oleic acid, linoelic acid, myristic acid, palmitic 
acid, decanoic acid, or dimerized derivatives. 
0063 For example, saturated fatty acids such as butyric 
acid, caproic acid, caprylic acid, capric acid, lauric acid, 
myristic acid, palmitic acid, Stearic acid, arachidic acid, 
behenic acid, lignoceric acid, and the like are contemplated 
for use as a flow modifier according to the present invention. 
Unsaturated fatty acids suitable for use as the flow modifier of 
the present invention include, but are not limited to, myris 
toleic acid, palmitoleic acid, oleic acid, linoleic acid, O-lino 
lenic acid, arachidonic acid, eicosapentaenoic acid, erucic 
acid, and docosahexacnoic acid. 
0064 Suitable salts of fatty acids for use in accordance 
with the present invention, which may beformed by replacing 
one or more of the hydrogenatoms of the acid with an anion 
or cation, include, but are not limited to, barium salts, lithium 
salts, Sodium salts, Zinc salts, bismuth Salts, chromium salts, 
cobalt salts, copper salts, potassium salts, strontium salts, 
titanium salts such as 2-ethylhexyl titanate, tungsten salts, 
magnesium salts, cesium salts, iron salts, nickel salts, silver 
salts, aluminum salts, tin salts, calcium salts of fatty acids. 
0065 For example, barium, lithium, sodium, zinc, bis 
muth, chromium, cobalt, copper, potassium, strontium, tita 
nium, tungsten, magnesium, cesium, iron, nickel, silver, alu 
minum, tin, or calcium salts of stearic, behenic, erucic, oleic, 
linoelic or dimerized derivatives thereofare contemplated for 
use as the flow modifier in accordance with the present inven 
tion. In one embodiment, the flow modifier includes at least 
one of Zinc Stearate, magnesium Stearate, calcium Stearate, 
magnesium 12-hydroxyStearate, calcium 12-hydroxy Stear 
ate, Zinc 12-hydroxy Stearate, magnesium arachidate, calcium 
arachidate, Zinc arachidate, magnesium behenate, calcium 
behenate, Zinc behenate, magnesium lignocerate, calcium 
lignocerate, Zinc lignocerate, or mixtures thereof. In another 
embodiment, the flow modifier is zinc stearate. 
0.066 Method of Forming the Composition 
0067. As discussed above, there are several methods for 
forming the compositions of the invention. The polyurea 
compositions of the invention may be prepared using the 
one-shot process, i.e., the reactants above are added simulta 
neously under polymerization conditions. In this type of pro 
cess, the isocyanate-containing component and the amine 
terminated prepolymer component and/or curative may be 
combined under polymerization conditions to form the prod 
uct. 
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0068. In addition, the polyurea compositions of the inven 
tion may be formed using a prepolymer method, i.e., a pre 
polymer with excess isocyanate groups is chain extended 
with a curative. While both types of processes are contem 
plated for use with the present invention, the prepolymer 
method affords greater control over the reaction process. For 
example, in one embodiment, an isocyanate-containing com 
ponent and an acid functionalized amine-terminated prepoly 
mer component are reacted to form a polyurea prepolymer 
that is then chain extended with an amine-based curative that 
includes a neutralizing agent and an optional flow modifier. 
0069. When a diisocyanate is reacted with an amine-ter 
minated prepolymer component of the present invention, 
long polymer chains are formed. A general reaction scheme 
between a diisocyanate and an acid-functionalized amine 
terminated prepolymer component having primary amino 
groups according to the invention is as follows: 

H.N-ER-t FR"-i-NH, i. -C1 N1's 

O 
eO 

R née N1 H 

H H 
eN N N--R-E-R"--N 

C R1 X y H. 2 O 
O 

where X and y are the number of repeat units, i.e., about 1 or 
greater, and R. R', and R" are as defined previously. As dis 
cussed above, the R'-R" segment is believed to increase 
hydrophobicity over previous polyurethane and polyurea 
ionomers at least because of the lengthier hydrocarbon. 
0070. In addition, when the amine-terminated prepolymer 
component includes secondary amino groups, the reaction 
scheme is as follows: 

RHN-ER-t ER"i-NHR, i. C1 n1's 

H 

an-N 
O 

O 

ls R 29 2 -N N1 in 2 
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-continued 
O O 

2 l Ra2C N1 H 

R 
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2 -N N-t-R-it-R"-i-N 
2 R 

O R 
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where n is the number of repeat units, i.e., about 1 or greater, 
and R. R. R', and R" are as defined previously. 
0071. Furthermore, when the amine-terminated compo 
nent includes an amine-terminated prepolymer component 
that has both primary and secondary amino groups, the reac 
tion scheme is as follows: 

H.N-ER-t FR"i-NHR, i. -C1 n1's 

O 
2 

O 

R l na rs H 
N H H i it 

2 -N N-t-R-it-R"-i-N 
2 R 

O R 
O 

where n is the number of repeat units, i.e., about 1 or greater, 
and R. R. R', and R" are as defined previously. 
0072. Once the prepolymer is exposed to the amine-based 
curative, which includes a neutralizing agent, the acid groups 
in the polymer backbone are at least partially neutralized Such 
that R', R" or both are generally R"-Z-M', where R is a 
substituted or unsubstituted straight chain or branched ali 
phatic group, a Substituted or unsubstituted aromatic group, 
or a mixture thereof, Zis–COO, -SOH =POO, or a 
mixture thereof, and M is lithium, sodium, potassium, mag 
nesium, Zinc, calcium, manganese, aluminum, tungsten, Zir 
conium, titanium, hafnium, and mixtures thereof. 
0073. In another embodiment, an isocyanate-containing 
component and an amine-terminated prepolymer component 
(not acid-functionalized) are reacted to form a prepolymer, 
which is then chain extended with an amine-based curative 
that includes acid-functionalized amine-terminated compo 
nent, a neutralizing agent, and an optional flow modifier. 

| H.N-ER-it-R'i, NH, H 
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-continued 
O 

H.N.--R-it-R this.----- N 
O O 

where n is the number of repeat units, i.e., about 1 or greater, 
and R. R. R', and R" are as defined previously. 
0.074. In still another embodiment, the amine-terminated 
prepolymer component, the amine-based curative, or both is 
acid functionalized and neutralized prior to polymerization. 
For example, the anionic groups incorporated into the amine 
terminated component, amine-terminated curing agent, or 
both, may be neutralized before, during, or after the prepoly 
mer or polyurea formation to form the corresponding car 
boxylate anion, Sulfonate anion, and phosphate anion. As 
Such, in this aspect of the invention, the acid-functionalized 
component may be neutralized prior to crosslinking to form 
the corresponding metal salt. In one embodiment, the salt 
may then be separated and purified to form a finely divided 
metal salt, which may then be used to react with the isocyan 
ate-containing component to form the prepolymer or to chain 
extend the prepolymer. It will be understood that the method 
used to obtain the metal salt must be such that the finely 
divided metal salt will contain active hydrogens that are reac 
tive to isocyanate groups and is Substantially free of water 
molecules so that the Surface reaction can be carried out. In 
addition, the finely divided metal salt must be pure enough to 
be used in stepwise polymerization and have at least minor 
solubility in the solvent in which the polyureas of the present 
invention will be prepared. 
0075. In yet another embodiment, an isocyanate-contain 
ing component and an amine-terminated component are 
reacted to form a prepolymer that is chain extended with an 
amine-terminated curing agent to form a polyurea, where at 
least one of the amine-terminated prepolymer component and 
amine-based curative is acid-functionalized so that the result 
ing polymer has a backbone including acid groups. The 
resulting polymer is then Subjected to a post-polymerization 
reaction with a neutralizing agent to neutralize at least a 
portion of the acid groups. Any of the neutralizing agents 
discussed above for inclusion in the amine-based curative are 
also Suitable for use in Such post-polymerization reactions. 
0076 Regardless of when the acid neutralization occurs, 

e.g., before, during, or after polymerization, the percent of 
acid groups neutralized may be about 20 percent to about 70 
percent. In one embodiment, the percent of acid groups neu 
tralized is about 30 percent to about 70 percent. In another 
embodiment, about 40 percent to about 70 percent of the acid 
groups are neutralized. 
0077. The percent of acid group neutralization may 
increase with the addition of a flow modifier. As such, the use 
of a flow modifier either in the amine-based curative or in a 
blend with a neutralizing agent if a post-polymerization reac 
tion is used is contemplated by the present invention. Any of 
the flow modifiers listed above for possible inclusion in the 
amine-based curative is suitable for use in this aspect of the 
invention. A skilled artisan would be aware that the flow 
modifier is preferably selected such that the molecular weight 
is much less than the acid-containing component, e.g., about 
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N N-ER-FR'l-NH. 

200 or greater, about 2000 or less, or somewhere in between. 
The small molecular weight of the flow modifier allows 
proper adjustment of the melt flow index of the resulting 
composition. 
0078. In this aspect of the invention, the flow modifier is 
added in an amount of about 15 parts per hundred (pph) to 
about 75 pph based on a hundred parts of the acid-containing 
component. In one embodiment, the flow modifier is added in 
an amount of about 20 pph to about 70 pph. In another 
embodiment, the flow modifier is present in an amount of 
about 25 pph to about 50 pph. In yet another embodiment, the 
flow modifier is added in an amount of about 25 pph to about 
75 pph. 
0079. With the flow modifier, the acid moieties are neu 
tralized greater than about 70 percent. In one embodiment, 
the neutralization level is about 80 percent or greater. In 
another embodiment, the neutralization level is about 90 per 
cent or higher. In yet another embodiment, the acid moieties 
arefully neutralized, i.e., all of the acid moieties (100 percent) 
are neutralized. 
0080 Without being bound to any particular theory, as the 
amount of acid moieties increase and the percent neutraliza 
tion increases, the resiliency of the resulting polymer also 
increases. As such, in one embodiment, the amine-terminated 
component is high acid and the percent neutralization is 
greater than about 70 percent. 
I0081. In addition to the general reaction chemistry, the 
actual process of forming the composition may differ based 
on the desired final product. For example, the ratio of isocy 
anate groups and amino groups determine whether the final 
product is thermoplastic or thermoset, each of which is con 
templated for use with the present invention. In one embodi 
ment, the ratio of NCO groups on the isocyanate-containing 
component to active hydrogen groups on the amine-termi 
nated prepolymer component and amine-based curative is 
between about 1:0.7 and about 1:1.3. For example, those of 
ordinary skill in the art will be aware that a ratio between 
about 1:0.9 and about 0.9:1, more preferably between about 
1:0.95 and about 0.95:1) will produce athermoset product. In 
contrast, a ratio of about 1:1 NCO groups to active hydrogen 
groups will result in a thermoplastic product. 
0082. Additives 
I0083. The compositions of the invention may include a 
variety of additives. For example, the compositions of the 
invention may be foamed by the addition of the at least one 
physical or chemical blowing or foaming agent. The use of a 
foamed polymer allows the golf ball designer to adjust the 
density or mass distribution of the ball to adjust the angular 
moment of inertia, and, thus, the spin rate and performance of 
the ball. Foamed materials also offer a potential cost savings 
due to the reduced use of polymeric material. 
I0084 Blowing or foaming agents useful include, but are 
not limited to, organic blowing agents, such as azobisforma 
mide; azobisisobutyronitrile; diazoaminobenzene: N,N-dim 
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ethyl-N,N-dinitroso terephthalamide: N,N-dinitrosopentam 
ethylene-tetramine; benzenesulfonyl-hydrazide; benzene-1, 
3-disulfonyl hydrazide; diphenylsulfon-3-3, disulfonyl 
hydrazide; 4,4'-oxybis benzene sulfonyl hydrazide; p-toluene 
sulfonyl semicarbizide: barium azodicarboxylate; buty 
lamine nitrile; nitroureas; trihydrazino triazine; phenyl-me 
thyl-uranthan, p-sulfonhydrazide; peroxides; and inorganic 
blowing agents such as ammonium bicarbonate and sodium 
bicarbonate. A gas, such as air, nitrogen, carbon dioxide, etc., 
can also be injected into the composition during the injection 
molding process. 
0085 Additionally, a foamed composition of the present 
invention may be formed by blending microspheres with the 
composition either during or before the molding process. 
Polymeric, ceramic, metal, and glass microspheres are useful 
in the invention, and may be solid or hollow and filled or 
unfilled. In particular, microspheres up to about 1000 
micrometers in diameter are useful. Furthermore, the use of 
liquid nitrogen for foaming, as disclosed in U.S. Pat. No. 
6,386,992, which is incorporated by reference herein, may 
produce highly uniform foamed compositions for use in the 
present invention. 
I0086 Fillers may also be added to the compositions of the 
invention to affect theological and mixing properties, the 
specific gravity (i.e., density-modifying fillers), the modulus, 
the tear strength, reinforcement, and the like. The fillers are 
generally inorganic, and Suitable fillers include numerous 
metals, metal oxides and salts, such as Zinc oxide and tin 
oxide, as well as barium sulfate, Zinc sulfate, calcium carbon 
ate, Zinc carbonate, barium carbonate, clay, tungsten, tung 
Sten carbide, an array of silicas, regrind (recycled core mate 
rial typically ground to about 30 mesh particle), high 
Mooney-viscosity rubber regrind, and mixtures thereof. 
0087. For example, the compositions of the invention can 
be reinforced by blending with a wide range of density 
adjusting fillers, e.g., ceramics, glass spheres (Solidor hollow, 
and filled or unfilled), and fibers, inorganic particles, and 
metal particles. Such as metal flakes, metallic powders, 
oxides, and derivatives thereof, as is knownto those with skill 
in the art. The selection of such filler(s) is dependent upon the 
type of golf ball desired, i.e., one-piece, two-piece, multi 
component, or wound, as will be more fully detailed below. 
Generally, the filler will be inorganic, having a density of 
greater than 4 g/cc, and will be present in amounts between 
about 5 and about 65 weight percent based on the total weight 
of the polymer components included in the layer(s) in ques 
tion. Examples of useful fillers include zinc oxide, barium 
Sulfate, calcium oxide, calcium carbonate, and silica, as well 
as other known corresponding salts and oxides thereof. 
0088. When the compositions of the invention are used in 
the core layers of the golf ball, fillers may also be used to 
modify the weight of the core to create a specialty ball, e.g., a 
lower weight ball is preferred for a player having a low Swing 
speed. 
0089 Additional materials conventionally included in 
other golf ball compositions may also be included in the 
compositions of the invention. For example, antioxidants, 
stabilizers, softening agents, plasticizers, including internal 
and external plasticizers, reinforcing materials, and compati 
bilizers may also be added to any composition of the inven 
tion. Those of ordinary skill in the art are aware of the purpose 
of these additives and the amounts that should be employed to 
fulfill those purposes. 
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0090 Blends 
0091. The compositions of the present invention may also 
be blended with other polymers. In particular, the composi 
tions of the invention preferably include about 1 percent to 
about 100 percent of the polyurea product. In one embodi 
ment, the compositions contain about 10 percent to about 90 
percent of the polyurea product, preferably from about 10 
percent to about 75 percent of the polyurea product, and about 
90 percent to 10 percent, more preferably from about 90 
percent to about 25 percent of the second polymer component 
and/or other materials as described below. For example, a 
blend in accordance in the present invention may have about 
10 percent to about 40 percent of the polyurea product and 
about 60 percent to about 90 percent of another thermoplastic 
polymer, e.g., a conventional ionomer. In an alternate 
embodiment, a blend in accordance with the invention may 
include about 40 percent to about 80 percent of the polyurea 
product and about 20 percent to about 60 percent of another 
thermoplastic polymer. Unless otherwise stated herein, all 
percentages are given in percent by weight of the total com 
position of the golfball layer in question. 
0092. For example, the compositions of the invention may 
be present in a blend with ionomeric copolymers or terpoly 
mers, ionomeric precursors, thermoplastics, polyamides, 
polycarbonates, polyesters, polyurethanes, polyureas, ther 
moplastic elastomers, polybutadiene rubber, balata, grafted 
and non-grafted metallocene-catalyzed polymers, single-site 
polymers, high-crystalline acid polymers, cationic polymers, 
cationic and anionic urethane ionomers and urethane epoxies, 
polyurethane ionomers, polyurea ionomers, epoxy resins, 
polyethylenes, polyacrylin, siloxanes, and mixtures thereof. 
0093 Examples of suitable urethane ionomers are dis 
closed in U.S. Pat. No. 5,692,974, the disclosure of which is 
hereby incorporated by reference in its entirety. Other 
examples of suitable polyurethanes are described in U.S. Pat. 
No. 5,334,673, the entire disclosure of which is incorporated 
by reference herein. Examples of suitable polyureas used to 
form the polyurea ionomer listed above are discussed in U.S. 
Pat. No. 5,484.870. In particular, the polyureas of U.S. Pat. 
No. 5,484.870 are prepared by reacting a polyisocyanate and 
a polyamine curing agent to yield polyurea, which are distinct 
from the polyureas of the present invention that are formed 
from a polyurea prepolymer and curing agent. Examples of 
Suitable polyurethanes cured with epoxy group containing 
curing agents are disclosed in U.S. Pat. No. 5,908.358. The 
disclosures of the above patents are incorporated herein by 
reference in their entirety. 
0094. One of ordinary skill in the art would be well aware 
of methods to blend these polymeric materials with the 
organically modified silicate of the invention to form a com 
position for use in golfball layers. 
0095 Golf Ball Construction 
0096. As discussed briefly above, the compositions of the 
present invention may be used with any type of ball construc 
tion including, but not limited to, one-piece, two-piece, three 
piece, and four-piece designs, a double core, a double cover, 
an intermediate layer(s), a multilayer core, and/or a multi 
layer cover depending on the type of performance desired of 
the ball. That is, the compositions of the invention may be 
used in a core, an intermediate layer, and/or a cover of a golf 
ball, each of which may have a single layer or multiple layers. 
In one embodiment, the compositions of the invention are 
used as a cover layer in a golf ball. 
0097. As used herein, the term “multilayer” means at least 
two layers. For instance, the core may be a one-piece core or 
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a multilayer core, i.e., a core that has an innermost component 
with an additional core layer or additional core layers dis 
posed thereon. As used herein, the terms “core” and “center 
are generally used interchangeably to reference the innermost 
component of the ball. In some embodiments, however, the 
term “center is used when there are multiple core layers, i.e., 
a center and an outer core layer. 
0098. When the golfball of the present invention includes 
an intermediate layer, which may also include more than one 
layer, this layer may be incorporated with a single or multi 
layer cover, a single or multi-piece core, with both a single 
layer cover and core, or with both a multilayer cover and a 
multilayer core. The intermediate layer may be also be 
referred to as an inner cover layer or outer core layer, or any 
other layer(s) disposed between the inner core and the outer 
cover of a golf ball. 
0099 Referring to FIG. 1, a golf ball 2 of the present 
invention can include a center 4 and a cover 6 surrounding the 
center 4. While dimensions and materials are discussed in 
more detail below, a golf ball of the invention can include a 
large core, e.g., about 1.55 inches to about 1.60 inches, and a 
relatively soft, thin coverformed from the composition of the 
invention. In particular, the cover may have a thickness of 
about 0.02 inches to about 0.07 inches, preferably about 0.02 
inches to about 0.045 inches, and more preferably about 
0.025 inches to about 0.035 inches. 
0100 Referring to FIG. 2, a golf ball 8 of the present 
invention can include a center 10, a cover 14, and at least one 
intermediate layer 12 disposed between the cover and the 
center. In one embodiment, the cover 14 is formed from the 
composition of the invention. In another embodiment, the 
intermediate layer 12 is formed from the composition of the 
invention. Each of the cover and center layers in FIGS. 1 or 2 
may include more than one layer, i.e., the golf ball can be a 
conventional three-piece wound ball, a two-piece ball, a ball 
having a multi-layer core and an intermediate layer or layers, 
etc 

0101 Also, FIG. 3 shows a golf ball 16 of the present 
invention including a large core 18, a cover 22, and an inner 
cover layer 20. In one embodiment, the core 18 includes a 
centerand an outer core layer. The cover 22 and/or inner cover 
layer 20 may be formed from the composition of the inven 
tion. In one embodiment, the cover 22 is formed from the 
composition of the invention. 
0102. In another embodiment, as shown in FIG. 4, a golf 
ball 24 of the present invention can include a large core having 
a center 26 and an intermediate layer 28 disposed underneath 
a dual cover having an inner cover layer30 and an outer cover 
layer32. The inner cover layer 30 and/or outer cover layer 32 
is formed from the compositions of the invention. In one 
embodiment, the outer cover layer 32 is formed from the 
compositions of the invention. Further, any of the figures 
detailed herein may include embodiments wherein an 
optional wound layer is disposed between the center and the 
core of the golf ball. 
0103). Other non-limiting examples of suitable types of 
ball constructions that may be used with the present invention 
include those described in U.S. Pat. Nos. 6,056,842, 5,688, 
191, 5,713,801, 5,803,831, 5,885,172, 5,919,100, 5,965,669, 
5,981,654, 5,981,658, and 6,149,535, as well as in Publica 
tion Nos. US2001/0009310 A1, US2002/0025862, and 
US2002/0028885. The entire disclosures of these patents and 
published patent applications are incorporated by reference 
herein. 
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0104 Golf Ball Core Layer(s) 
0105. The cores of the golf balls formed according to the 
invention may be solid, semi-solid, hollow, fluid-filled or 
powder-filled, one-piece or multi-component cores. As used 
herein, the term "fluid includes a liquid, a paste, a gel, a gas, 
or any combination thereof; the term “fluid-filled includes 
hollow centers or cores; and the term "semi-solid’ refers to a 
paste, a gel, or the like. 
0106 The core may have a diameter of about 1.5 inches to 
about 1.62 inches and the cover layer thickness may range 
from about 0.03 inches to about 0.06 inches. The core com 
pression preferably ranges from about 30 to about 120 atti and 
the overall ball compression is about 50 to about 110. 
0107 Any core material known to one of ordinary skill in 
that art is suitable for use in the golf balls of the invention. 
Suitable core materials include thermoset materials, such as 
rubber, styrene butadiene, polybutadiene, isoprene, polyiso 
prene, trans-isoprene, as well as thermoplastics such as iono 
mer resins, polyamides or polyesters, and thermoplastic and 
thermoset polyurethane elastomers. For example, butadiene 
rubber, which, in an uncured State, typically has a Mooney 
viscosity (measured according to ASTM D1646-99) greater 
than about 20, preferably greater than about 30, and more 
preferably greater than about 40, may be used in one or more 
core layers of the golfballs prepared according to the present 
invention. In addition, the compositions of the invention may 
be incorporated the core. 
(0.108 Golf Ball Intermediate Layer(s) 
01.09. When the golfball of the present invention includes 
an intermediate layer, Such as an inner cover layer or outer 
core layer, i.e., any layer(s) disposed between the inner core 
and the outer cover of a golf ball, this layer may be formed 
from the composition of the invention. For example, an inter 
mediate layer or inner cover layer having a thickness of about 
0.015 inches to about 0.06 inches may be disposed about a 
core. In this aspect of the invention, the core, which has a 
diameter ranging from about 1.5 inches to about 1.59 inches, 
may also be formed from a composition of the invention or, in 
the alternative, from a conventional rubber composition. The 
inner ball may be covered by a castable thermoset or injection 
moldable thermoplastic material or any of the other cover 
materials discussed below. In this aspect of the invention, the 
cover may have a thickness of about 0.02 inches to about 
0.045 inches, preferably about 0.025 inches to about 0.04 
inches. The core compression is about 30 to about 10 atti, 
preferably about 50 to about 100 atti, and the overall ball 
compression preferably ranges from about 50 to about 100 
atti 
0110. When not formed from the composition of the 
invention, the intermediate layer may be formed from a num 
ber of thermoplastic and thermosetting materials. For 
example, the intermediate layer(s) may be formed, at least in 
part, from one or more homopolymeric or copolymeric mate 
rials, such as ionomers, primarily or fully non-ionomeric 
thermoplastic materials, vinyl resins, polyolefins, polyure 
thanes, polyureas, such as those disclosed in U.S. Pat. No. 
5,484.870, polyamides, acrylic resins and blends thereof, ole 
finic thermoplastic rubbers, block copolymers of styrene and 
butadiene, isoprene or ethylene-butylene rubber, copoly 
(ether-amide), such as PEBAX, sold by Arkema, Inc. of Phila 
delphia, Pa., polyphenylene oxide resins or blends thereof, 
and thermoplastic polyesters. 
0111 For example, the intermediate layer may be formed 
of low acid ionomers, such as those described in U.S. Pat. 
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Nos. 6,506,130 and 6,503,156, high acid ionomers, highly 
neutralized polymers, such as those disclosed in U.S. Patent 
Publication Nos. 2001/0018375 and 2001/0019971, or mix 
tures thereof. The intermediate layer may also be formed 
from the compositions as disclosed in U.S. Pat. No. 5,688, 
191. The entire disclosures of these patents and publications 
are incorporated herein by express reference thereto. 
0112. In one embodiment, the intermediate layer is 
formed from a blend of high acid ionomer, i.e., an ionomer 
having greater than 16 percent by weight acid groups, pref 
erably between about 17 and 25 weight percent acid groups, 
and a grafted metallocene catalyzed polymer. For example, 
the intermediate layer may be formed from a blend of a high 
acid ionomer and a maleic anhydride grafted metallocene 
catalyzed polymer. 
0113. The intermediate layer may also include a wound 
layer formed from a tensioned thread material. The thread 
may be single-ply or may include two or more plies. Suitable 
thread materials include, but are not limited to, fiber, glass, 
carbon, polyether urea, polyether block copolymers, polyes 
ter urea, polyester block copolymers, syndiotactic- or isotac 
tic-poly(propylene), polyethylene, polyamide, poly(oxym 
ethylene), polyketone, poly(ethylene terephthalate), poly(p- 
phenylene terephthalamide), poly(acrylonitrile), 
diaminodicyclohexylmethane, dodecanedicarboxylic acid, 
natural rubber, polyisoprene rubber, styrene-butadiene 
copolymers, styrene-propylene-diene copolymers, another 
synthetic rubber, or block, graft, random, alternating, brush, 
multi-arm star, branched, or dendritic copolymers, or mix 
tures thereof. Those of ordinary skill in the art are aware of the 
process for producing thread materials for use with the 
present invention. 

Golf Ball Cover Layer(s) 
0114. The cover provides the interface between the ball 
and a club. Properties that are desirable for the cover are good 
moldability, high abrasion resistance, high impact resistance, 
high tear strength, high resilience, and good mold release, 
among others. The cover layer may be formed, at least in part, 
from a composition of the invention. For example, the present 
invention contemplates a golf ball having a large core of 
polybutadiene and a thin cover formed from the composition 
of the invention. 
0115. When the compositions of the invention are incor 
porated into a core or intermediate/inner cover layer, how 
ever, the cover may be formed from one or more homopoly 
meric or copolymeric materials as discussed in the section 
above pertaining to the intermediate layer. The cover may 
also be at least partially formed from a polybutadiene reaction 
product, as discussed above with respect to the core. Golf 
balls according to the invention may also be formed having a 
cover of polyurethane, polyurea, and polybutadiene materials 
discussed in U.S. Pat. No. 6,835,794. 

Layer Formation 

0116. The golf balls of the invention may be formed using 
a variety of application techniques such as compression 
molding, flip molding, injection molding, retractable pin 
injection molding, reaction injection molding (RIM), liquid 
injection molding (LIM), casting, vacuum forming, powder 
coating, flow coating, spin coating, dipping, spraying, and the 
like. Conventionally, compression molding and injection 
molding are applied to thermoplastic materials, whereas 
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RIM, liquid injection molding, and casting are employed on 
thermoset materials. These and other manufacture methods 
are disclosed in U.S. Pat. Nos. 6,207,784 and 5,484,870, the 
disclosures of which are incorporated herein by reference in 
their entirety. 
0117 Cores of the golf balls of the invention may be 
formed by any suitable method known to those of ordinary 
skill in art. When the cores are formed from a thermoset 
material, compression molding is a particularly Suitable 
method of forming the core. In a thermoplastic core embodi 
ment, on the other hand, the cores may be injection molded. 
Furthermore, U.S. Pat. Nos. 6,180,040 and 6,180,722 dis 
close methods of preparing dual core golfballs. The disclo 
sures of these patents are hereby incorporated by reference in 
their entirety. 
0118. The intermediate layer and/or cover layer may also 
be formed using any suitable method known to those of 
ordinary skill in the art. For example, an intermediate layer 
may be formed by blow molding and covered with a dimpled 
cover layer formed by injection molding, compression mold 
ing, casting, vacuum forming, powder coating, and the like. 
0119 For example, when the compositions of the inven 
tion are formed into a cover, the prepolymer and curative 
blend may be mixed and poured into a mold. The temperature 
of the mold preferably ranges from about 100°F. to about 
250 F. In one embodiment, the mold temperature ranges 
from about 120° F. to about 200°F. In another embodiment, 
the temperature of the mold ranges from about 140°F. to 
about 180° F. In still another embodiment, the mold tempera 
ture is about 150°F. to about 170° F. 
0.120. The gel times preferably range from about 10 sec 
onds to about 200 seconds. “Gel time' as used herein repre 
sents the amount of time, from the time the components are 
mixed to the time that the material is polymerized sufficiently 
that, if touched lightly with the edge of a metal spatula, no 
material adheres to the spatula, although the material is rub 
bery enough that an indentation in the material could easily 
and visibly be made. In contrast, “demold time' is the time at 
which the molded article is demolded without damage. In one 
embodiment, the gel time is from about 30 seconds to about 
150 seconds. In another embodiment, the gel time is from 
about 40 seconds to about 130 seconds. In still another 
embodiment, the gel time is from about 45 seconds to about 
120 seconds. Those of ordinary skill in the art are aware that 
the shorter gel times relate to higher NCO content. For 
example, a conventional polyurethane or polyurea composi 
tion with an NCO content of about 9 percent will typically 
result in a faster reaction rate and, thus, gel time of about 45 
seconds. 
I0121 The use of various dimple patterns and profiles pro 
vides a relatively effective way to modify the aerodynamic 
characteristics of a golfball. As such, the manner in which the 
dimples are arranged on the Surface of the ball can be by any 
available method. For instance, the ball may have an icosa 
hedron-based pattern, such as described in U.S. Pat. No. 
4,560,168, or an octahedral-based dimple patterns as 
described in U.S. Pat. No. 4,960,281. Furthermore, the result 
ant golf balls prepared according to the invention typically 
will have dimple coverage greater than about 60 percent, 
preferably greater than about 65 percent, and more preferably 
greater than about 70 percent. 
Golf Ball Post-Processing 
0.122 The golf balls of the present invention may be 
painted, coated, or surface treated for further benefits. For 
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example, golf balls may be coated with urethanes, urethane 
hybrids, ureas, urea hybrids, epoxies, polyesters, acrylics, or 
combinations thereof in order to obtain an extremely smooth, 
tack-free Surface. If desired, more than one coating layer can 
be used. The coating layer(s) may be applied by any Suitable 
method known to those of ordinary skill in the art. In one 
embodiment, the coating layer(s) is applied to the golf ball 
cover by an in-mold coating process. Such as described in 
U.S. Pat. No. 5,849,168, which is incorporated in its entirety 
by reference herein. 
0123. Any of the golfball layers may be surface treated by 
conventional methods including blasting, mechanical abra 
Sion, corona discharge, plasma treatment, and the like, and 
combinations thereof. In fact, because low surface energy, or 
Surface tension, is a key feature of polysiloxanes, layers 
formed from the compositions of the invention may be sur 
face treated according to U.S. Patent Publication No. 2003/ 
0199337, the disclosure of which is incorporated in its 
entirety by reference herein. 

Golf Ball Properties 

0.124. The properties such as core diameter, intermediate 
layer and cover layer thickness, hardness, and compression 
have been found to effect play characteristics such as spin, 
initial velocity and feel of the present golf balls. 

Component Dimensions 
0.125 Dimensions of golfball components, i.e., thickness 
and diameter, may vary depending on the desired properties. 
For the purposes of the invention, any layer thickness may be 
employed. For example, the present invention relates to golf 
balls of any size, although the golf ball preferably meets 
USGA standards of size and weight. While “The Rules of 
Golf by the USGA dictate specifications that limit the size of 
a competition golfball to more than 1.680 inches in diameter, 
golf balls of any size can be used for leisure golf play. The 
preferred diameter of the golfballs is from about 1.680 inches 
to about 1.800 inches. The more preferred diameter is from 
about 1.680 inches to about 1.760 inches. A diameter of from 
about 1.680 inches (43 mm) to about 1.740 inches (44 mm) is 
most preferred, however diameters anywhere in the range of 
from 1.700 to about 1.950 inches can be used. 

0126 Preferably, the overall diameter of the core and all 
intermediate layers is about 80 percent to about 98 percent of 
the overall diameter of the finished ball. The core may have a 
diameterranging from about 0.09 inches to about 1.65 inches. 
In one embodiment, the diameter of the core of the present 
invention is about 1.2 inches to about 1.630 inches. For 
example, when part of a two-piece ball according to inven 
tion, the core may have a diameter ranging from about 1.5 
inches to about 1.62 inches. In another embodiment, the 
diameter of the core is about 1.3 inches to about 1.6 inches, 
preferably from about 1.39 inches to about 1.6 inches, and 
more preferably from about 1.5 inches to about 1.6 inches. In 
yet another embodiment, the core has a diameter of about 1.55 
inches to about 1.65 inches, preferably about 1.55 inches to 
about 1.60 inches. In one embodiment, the core diameter is 
about 1.59 inches or greater. In another embodiment, the 
diameter of the core is about 1.64 inches or less. 

0127. When the core includes an inner core layer and an 
outer core layer, the inner core layer is preferably about 0.5 
inches or greater and the outer core layer preferably has a 
thickness of about 0.1 inches or greater. For example, when 
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part of a multi-layer ball according to invention, the center 
may have a diameter ranging from about 0.5 inches to about 
1.30 inches and the outer core layer may have a diameter 
ranging from about 0.12 inches to about 0.5 inches. In one 
embodiment, the inner core layer has a diameter from about 
0.09 inches to about 1.2 inches and the outer core layer has a 
thickness from about 0.1 inches to about 0.8 inches. In yet 
another embodiment, the inner core layer diameter is from 
about 0.095 inches to about 1.1 inches and the outer corelayer 
has a thickness of about 0.20 inches to about 0.03 inches. 
I0128. The cover typically has a thickness to provide suf 
ficient strength, good performance characteristics, and dura 
bility. In one embodiment, the cover thickness is from about 
0.02 inches to about 0.12 inches, preferably about 0.1 inches 
or less. For example, when part of a two-piece ball according 
to invention, the cover may have a thickness ranging from 
about 0.03 inches to about 0.09 inches. In another embodi 
ment, the cover thickness is about 0.05 inches or less, prefer 
ably from about 0.02 inches to about 0.05 inches, and more 
preferably about 0.02 inches and about 0.045 inches. 
I0129. The range of thicknesses for an intermediate layer of 
a golfball is large because of the vast possibilities when using 
an intermediate layer, i.e., as an outer core layer, an inner 
cover layer, or a moisture/vapor barrier layer. When used in a 
golf ball of the invention, the intermediate layer, or inner 
cover layer, may have a thickness about 0.3 inches or less. In 
one embodiment, the thickness of the intermediate layer is 
from about 0.002 inches to about 0.1 inches, preferably about 
0.01 inches or greater. For example, when part of a three 
piece ball or multi-layer ball according to invention, the inter 
mediate layer and/or inner cover layer may have a thickness 
ranging from about 0.015 inches to about 0.06 inches. In 
another embodiment, the intermediate layer thickness is 
about 0.05 inches or less, more preferably about 0.01 inches 
to about 0.045 inches. 

Hardness 

0.130. Because the compositions of the invention may be 
used in any layer of a golf ball, the golf ball construction, 
physical properties, and resulting performance may vary 
greatly depending on the layer(s) of the ball that include the 
compositions of the invention. 
I0131 The cores included in golfballs of the present inven 
tion may have varying hardnesses depending on the particular 
golfball construction. In one embodiment, the core hardness 
is at least about 15 Shore A, preferably about 30 Shore A, as 
measured on a formed sphere. In another embodiment, the 
core has a hardness of about 50 Shore A to about 90 Shore D. 
In yet another embodiment, the hardness of the core is about 
80 Shore D or less. Preferably, the core has a hardness about 
30 to about 65 Shore D, and more preferably, the core has a 
hardness about 35 to about 60 Shore D. In yet another 
embodiment, the core has a Shore C hardness of from about 
30 to greater than 90 C, more preferably about 40 to 92 C, and 
most preferably about 50 to 91 C. 
0.132. The intermediate layer(s) of the present invention 
may also vary inhardness depending on the specific construc 
tion of the ball. In one embodiment, the hardness of the 
intermediate layer is about 30 Shore D or greater. In another 
embodiment, the hardness of the intermediate layer is about 
90 Shore D or less, preferably about 80 Shore D or less, and 
more preferably about 70 Shore D or less. For example, when 
an intermediate layer is formed from the composition of the 
invention, the hardness of the intermediate layer may be about 
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65 Shore D or less, preferably ranging from about 35 Shore D 
to about 60 Shore D. In yet another embodiment, the hardness 
of the intermediate layer is about 50 Shore D or greater, 
preferably about 55 Shore D or greater. In one embodiment, 
the intermediate layer hardness is from about 55 Shore D to 
about 65 Shore D. The intermediate layer may also be about 
65 Shore D or greater. For example, a golfball of the invention 
may include an inner cover formed from a rosin-modified 
polymeric composition of the invention having a hardness of 
about 60 Shore D to about 75 Shore D. 
0133. As with the core and intermediate layers, the cover 
hardness may vary depending on the construction and desired 
characteristics of the golfball. The ratio of cover hardness to 
inner ball hardness is a primary variable used to control the 
aerodynamics of a ball and, in particular, the spin of a ball. In 
general, the harder the inner ball, the greater the driver spin 
and the softer the cover, the greater the driver spin. 
0134) For example, when the intermediate layer is 
intended to be the hardest point in the ball, e.g., about 60 
Shore D to about 75 Shore D, the cover material may have a 
hardness of about 20 Shore D or greater, preferably about 25 
Shore D or greater, and more preferably about 30 Shore D or 
greater, as measured on the slab. In another embodiment, the 
cover itself has a hardness of about 30 Shore D or greater. In 
particular, the cover may be from about 30 Shore D to about 
70 Shore D. In one embodiment, the cover has a hardness of 
about 40 Shore D to about 65 Shore D, and in another embodi 
ment, about 40 Shore to about 55 Shore D. In another aspect 
of the invention, the cover has a hardness less than about 45 
Shore D, preferably less than about 40 Shore D, and more 
preferably about 25 Shore D to about 40 Shore D. In one 
embodiment, the cover has a hardness from about 30 Shore D 
to about 40 Shore D. 
0135. In one embodiment, the cover hardness is about 60 
Shore D or greater. In another embodiment, the cover hard 
ness is about 62 Shore D or greater. In still another embodi 
ment, the cover hardness is about 64 Shore D or greater. For 
example, the cover hardness may range from about 55 Shore 
D to about 85 Shore D. In another embodiment, the cover 
hardness is about 60 Shore D to about 80 Shore D. This range 
of hardness may be used in a 2-piece ball, i.e., a ball with a 
core and a cover, as well as a multilayer ball, e.g., a ball with 
one or more intermediate layers disposed between the core 
and the cover. 

Compression 
0.136 Compression is an important factor in golf ball 
design. For example, the compression of the core can affect 
the spin rate of the ball off the driver, as well as the feel of the 
ball when struck with the club. As disclosed in Jeff Dalton's 
Compression by Any Other Name, Science and Golf IV. 
Proceedings of the World Scientific Congress of Golf (Eric 
Thain ed., Routledge, 2002) (“J. Dalton'), several different 
methods can be used to measure compression, including Atti 
compression, Riehle compression, load/deflection measure 
ments at a variety of fixed loads and offsets, and effective 
modulus. For purposes of the present invention, "compres 
sion” refers to Atticompression and is measured according to 
a known procedure, using an Atti compression test device, 
wherein a piston is used to compress a ball against a spring. 
The travel of the piston is fixed and the deflection of the spring 
is measured. The measurement of the deflection of the spring 
does not begin with its contact with the ball; rather, there is an 
offset of approximately the first 1.25 mm (0.05 inches) of the 
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spring's deflection. Very low stiffness cores will not cause the 
spring to deflect by more than 1.25 mm and therefore have a 
Zero compression measurement. The Atti compression tester 
is designed to measure objects having a diameter of 42.7 mm 
(1.68 inches); thus, Smaller objects, such as golf ball cores, 
must be shimmed to a total height of 42.7 mm to obtain an 
accurate reading. Conversion from Atti compression to Rie 
hile (cores), Riehle (balls), 100 kg deflection, 130-10 kg 
deflection or effective modulus can be carried out according 
to the formulas given in J. Dalton. 
0.137 As understood by those of ordinary skill in the art, 
compression values are dependent on the diameter of the 
component being measured. In one embodiment, the Atti 
compression of the core, or portion of the core, of golfballs 
prepared according to the invention may range from about 30 
to about 110 atti, preferably about 50 to about 100 atti. In one 
embodiment, the core compression is less than about 80, 
preferably less than about 75. In another embodiment, the 
core compression is from about 40 to about 80, preferably 
from about 50 to about 70. In yet another embodiment, the 
core compression is preferably below about 50, and more 
preferably below about 25. 
0.138. In an alternative, low compression embodiment, the 
core has a compression less than about 20, more preferably 
less than about 10, and most preferably, 0. As known to those 
of ordinary skill in the art, however, the cores generated 
according to the present invention may be below the measure 
ment of the Atti Compression Gauge. 
0139. In one embodiment, golfballs of the invention pref 
erably have an Atti compression of about 55 or greater, pref 
erably from about 60 to about 120. In another embodiment, 
the Atti compression of the golf balls of the invention is at 
least about 40, preferably from about 50 to 120, and more 
preferably from about 50 to 100. In yet another embodiment, 
the compression of the golf balls of the invention is about 75 
or greater and about 95 or less. For example, a preferred golf 
ball of the invention may have a compression from about 80 
to about 95. 

Coefficient of Restitution 

0140. The present invention contemplates golf balls hav 
ing CORs from about 0.700 to about 0.850 at an inbound 
velocity of about 125 ft/sec. In one embodiment, the COR is 
about 0.750 or greater, preferably about 0.780 or greater. In 
another embodiment, the ball has a COR of about 0.800 or 
greater. In yet another embodiment, the COR of the balls of 
the invention is about 0.800 to about 0.815. 
0141 Alternatively, the maximum COR of the ball is one 
that does not cause the golf ball to exceed initial velocity 
requirements established by regulating entities such as the 
USGA. As used herein, the term “coefficient of restitution' 
(CoR) is calculated by dividing the rebound velocity of the 
golfball by the incoming velocity when a golfball is shot out 
of an air cannon. The COR testing is conducted over a range 
of incoming Velocities and determined at an inbound Velocity 
of 125 ft/s. Another measure of this resilience is the “loss 
tangent, or tan Ö, which is obtained when measuring the 
dynamic stiffness of an object. Loss tangent and terminology 
relating to such dynamic properties is typically described 
according to ASTM D4092-90. Thus, a lower loss tangent 
indicates a higher resiliency, thereby indicating a higher 
rebound capacity. Low loss tangent indicates that most of the 
energy imparted to a golf ball from the club is converted to 
dynamic energy, i.e., launch Velocity and resulting longer 
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distance. The rigidity or compressive stiffness of a golf ball 
may be measured, for example, by the dynamic stiffness. A 
higher dynamic stiffness indicates a higher compressive stiff 
ness. To produce golf balls having a desirable compressive 
stiffness, the dynamic stiffness of the crosslinked material 
should be less than about 50,000 N/m at -50° C. Preferably, 
the dynamic stiffness should be between about 10,000 and 
40,000 N/m at -50° C., more preferably, the dynamic stiff 
ness should be between about 20,000 and 30,000 N/m at -50° 
C. 

Moisture Vapor Transmission 
0142. The moisture vapor transmission of a golf ball por 
tion formed from the compositions of the invention may be 
expressed interms of absorption, e.g., weight gain or size gain 
over a period of time at a specific conditions, and transmis 
Sion, e.g., moisture vapor transmission rate (MVTR) accord 
ing to ASTM E96-00. MVTR refers to the mass of water 
vapor that diffused into a material of a given thickness per unit 
area per unit time at a specific temperature and humidity 
differential. For example, weight changes of a golfball por 
tion monitored over a period of seven weeks in 100 percent 
relative humidity and 72 F. help to demonstrate which balls 
have better water resistance. 
0143. In one embodiment, the golf ball portions of the 
invention have a weight gain of about 15 grams per 100 in per 
day or less at 38° C. and 90 percent relative humidity. In 
another embodiment, the golf balls of the invention have a 
weight gain of about 12.5 grams per 100 in per day or less. In 
still another embodiment, the weight gain of the golfballs of 
the invention is about 7 grams per 100 in per day or less. In 
yet another embodiment, the weight gain is about 5 grams per 
100 in per day or less. The golfballs of the invention pref 
erably have a weight gain of about 3 grams per 100 in per day 
or less. 
0144. Size gain may also be used as an indicator of water 
resistance. That is, the more water a golf ball takes on, the 
larger a golf ball becomes due to the water enclosed beneath 
the outermost layer of the golf ball portion. Thus, the golf 
balls of the invention preferably have no appreciable size 
gain. In one embodiment, the size gain of the golfballs of the 
invention after a seven-week period is about 0.001 inches or 
less. 
0145. Other than in the operating examples, or unless oth 
erwise expressly specified, all of the numerical ranges, 
amounts, values and percentages such as those for amounts of 
materials, times and temperatures of reaction, ratios of 
amounts, values for molecular weight (whether number aver 
age molecular weight (“Mn') or weight average molecular 
weight (“Mw'), and others in the following portion of the 
specification may be read as if prefaced by the word “about 
even though the term “about may not expressly appear with 
the value, amount or range. Accordingly, unless indicated to 
the contrary, the numerical parameters set forth in the follow 
ing specification and attached claims are approximations that 
may vary depending upon the desired properties sought to be 
obtained by the present invention. At the very least, and not as 
an attempt to limit the application of the doctrine of equiva 
lents to the scope of the claims, each numerical parameter 
should at least be construed in light of the number of reported 
significant digits and by applying ordinary rounding tech 
niques. 
0146 Notwithstanding that the numerical ranges and 
parameters setting forth the broad scope of the invention are 
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approximations, the numerical values set forth in the specific 
examples are reported as precisely as possible. Any numerical 
value, however, inherently contain certain errors necessarily 
resulting from the standard deviation found in their respective 
testing measurements. Furthermore, when numerical ranges 
of varying scope are set forth herein, it is contemplated that 
any combination of these values inclusive of the recited val 
ues may be used. 
0147 The invention described and claimed herein is not to 
be limited in scope by the specific embodiments herein dis 
closed, since these embodiments are intended as illustrations 
of several aspects of the invention. Any equivalent embodi 
ments are intended to be within the scope of this invention. 
For example, the compositions of the invention may also be 
used in golf equipment such as putter inserts, golf club heads 
and portions thereof, golf shoe portions, and golf bag por 
tions. Indeed, various modifications of the invention in addi 
tion to those shown and described herein will become appar 
ent to those skilled in the art from the foregoing description. 
Such modifications are also intended to fall within the scope 
of the appended claims. All patents and patent applications 
cited in the foregoing text are expressly incorporate herein by 
reference in their entirety. 

1. A golfball comprising: 
a core; 
a layer disposed about the core; and 
a cover, wherein the cover comprises a polymer compris 

1ng: 
a polyurea prepolymer comprising an isocyanate-con 

taining component and an isocyanate-reactive com 
ponent, wherein the isocyanate reactive component 
has at least one of the following general formulas: 

H.N-ER-t FR" NH; RE-FR-FR"i-NHR; and N 

H.N-ER-t f R'l-NHR, 

wherein X and y are the number of repeat units, R. 
comprises an alkyl, aryl, or aralkyl group, and R' and 
R" may independently comprise a hydrocarbon, a 
polyether, a polyester, a polycaprolactone, a polycar 
bonate, a polyamide, or a mixture thereof, and 
wherein at least one of R' and R" further comprise at 
least one acid group; and 

a curative comprising: 
an amine-terminated curing agent; and 
a neutralizing agent; 
wherein greater than about 70 percent of the acid groups 

in the polymer are neutralized. 
2. The golf ball of claim 1, wherein the curative further 

comprises a flow modifier. 
3 The golf ball of claim 1, wherein greater than about 80 

percent of the acid groups in the polymer are neutralized. 
4. The golfball of claim 1, wherein at least one of RandR" 

comprises at least one of a carboxylate group, a Sulfonate 
group, a phosphonate group, or a mixture thereof. 

5. The golf ball of claim 4, wherein R' comprises a car 
boxylate group and R" comprises a Sulfonate group. 
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6. The golfball of claim 1, wherein the isocyanate-reactive 
component comprises between about 5 percent to about 30 
percent acid groups by weight of the isocyanate-reactive 
component. 

7. The golfball of claim 1, wherein the isocyanate-reactive 
component comprises greater than about 16 weight percent 
acid groups based on the total weight of the isocyanate 
reactive component. 

8. The golfball of claim 2, wherein 100 percent of the acid 
groups in the polymer are neutralized. 

9. The golf ball of claim 1, wherein the layer comprises a 
thermoplastic material. 

10. The golfball of claim 1, wherein the layer comprises a 
blend of high acid ionomer and a grafted metallocene cata 
lyzed polymer. 

11. A golfball comprising a core, a cover, and an interme 
diate layer disposed between the core and the cover, wherein 
the cover comprises a polymer comprising: 

a polyurea prepolymer comprising the reaction product of 
an isocyanate-containing component and an isocyanate 
reactive component, wherein the isocyanate-reactive 
component comprises at least two terminal amino 
groups and about 5 percent to about 30 percent acid 
groups by weight of the isocyanate-reactive component, 
and wherein about 20 percent to about 70 percent of the 
acid groups are neutralized; and 

an amine-terminated curing agent. 
12. The golf ball of claim 11, wherein the isocyanate 

reactive component comprises greater than about 16 weight 
percent acid groups. 

13. The golf ball of claim 11, wherein the isocyanate 
reactive component comprises an acid-functionalized amine 
terminated hydrocarbon, an acid-functionalized amine-ter 
minated polyester, an acid-functionalized amine-terminated 
polyether, an acid-functionalized amine-terminated polycar 
bonate, an acid-functionalized amine-terminated polycapro 
lactone, an acid-functionalized amine-terminated polyamide, 
or a combination thereof. 

14. A golf ball comprising a core, an inner cover layer 
disposed about the core, and an outer cover layer disposed 
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about the inner cover layer, wherein the cover comprises a 
polymer comprising the reaction product of 

a polyurea prepolymerformed from the reaction product of 
a diisocyanate and anamine-terminated component; and 

a curative comprising: 
an amine-terminated curing agent having at least one of 

the following general formulas: 

H.N-ER-t FR" NHR, 

wherein X and y are the number of repeat units, R. 
comprises an alkyl, aryl, or aralkyl group, and R' and 
R" may independently comprise a hydrocarbon, a 
polyether, a polyester, a polycaprolactone, a polycar 
bonate, a polyamide, or a mixture thereof, and 
wherein at least one of R' and R" further comprise at 
least one acid group; and 

a neutralizing agent; 
wherein greater than about 70 percent of the acid groups in 

the polymer are neutralized. 
15. The golfball of claim 14, wherein at least one of R' and 

R" comprise at least one of a carboxylate group, a Sulfonate 
group, a phosphonate group, or a mixture thereof. 

16. The golf ball of claim 14, wherein the curative further 
comprises a flow modifier. 

17. The golfball of claim 14, wherein greater than about 80 
percent of the acid groups in the polymer are neutralized. 

18. The golf ball of claim 14, wherein the inner cover layer 
comprises a thermoplastic material. 

19. The golf ball of claim 18, wherein the inner cover layer 
comprises a high acid ionomer. 

20. The golfball of claim 14, wherein the inner cover layer 
comprises a blend of high acid ionomer and a metallocene 
catalyzed polymer comprising at least one grafted moiety. 

c c c c c 


