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POLYUREA AND POLYURETHANE 
COMPOSITIONS FOR GOLF EQUIPMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/162,552, ?led Sep. 14, 2005, 
and a continuation-in-part of US. patent application Ser. No. 
11/256,055, ?led Oct. 24, 2005, the entire disclosures of 
Which are hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to golf equipment including 
polyurea compositions. In particular, the present invention is 
directed to golf equipment including compositions formed 
from a polyurea prepolymer, i.e., an amine-terminated com 
pound and an isocyanate, crosslinked With a curing agent, and 
methods for making same. Preferably, the components of the 
composition are saturated, i.e., substantially free of unsatur 
ated carbon-carbon bonds or aromatic groups, to produce a 
light stable composition. Also, the present invention is 
directed to golf ball components formed With Water resistant 
polyurea elastomers. 

BACKGROUND OF THE INVENTION 

[0003] Golf equipment, i.e., clubs and balls, are formed 
from a variety of compositions. For example, golf ball covers 
are formed from a variety of materials, including balata and 
ionomer resins. Balata is a natural or synthetic trans-polyiso 
prene rubber. Balata covered balls are favored by more highly 
skilled golfers because the softness of the cover alloWs the 
player to achieve spin rates su?icient to more precisely con 
trol ball direction and distance, particularly on shorter shots. 
[0004] HoWever, balata covered balls are easily damaged, 
and thus lack the durability required by the average golfer. 
Accordingly, alternative cover compositions have been devel 
oped in an attempt to provide balls With spin rates and a feel 
approaching those of balata covered balls, While also provid 
ing a golf ball With a higher durability and overall distance. 
[0005] Ionomer resins have, to a large extent, replaced 
balata as a cover material. Chemically, ionomer resins are a 

copolymer of an ole?n and an 0t,[3-ethylenically-unsaturated 
carboxylic acid having 10 to 90 percent of the carboxylic acid 
groups neutraliZed by a metal ion, as disclosed in US. Pat. 
No. 3,264,272. Commercially available ionomer resins 
include, for example, copolymers of ethylene and meth 
acrylic or acrylic acid, neutraliZed With metal salts. Examples 
of commercially available ionomer resins include, but are not 
limited to, SURLYN® from DuPont de Nemours and Com 
pany, and ESCOR® and IOTEK® from Exxon Corporation. 
These ionomer resins are distinguished by the type of metal 
ion, the amount of acid, and the degree of neutraliZation. 
[0006] US. Pat. Nos. 3,454,280, 3,819,768, 4,323,247, 
4,526,375, 4,884,814, and 4,911,451 all relate to the use of 
SURLYN®-type compositions in golf ball covers. HoWever, 
While SURLYN® covered golf balls, as described in the 
preceding patents, possess virtually cut-proof covers, the spin 
and feel are inferior compared to balata covered balls. 
[0007] Polyurethanes have also been recogniZed as useful 
materials for golf ball covers since about 1960. US. Pat. No. 
3,147,324 is directed to a method of making a golf ball having 
a polyurethane cover. The resulting golf balls are durable, 
While at the same time maintaining the “feel” of a balata ball. 
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[0008] Various companies have investigated the usefulness 
of polyurethane as a golf ball cover material. US. Pat. No. 
4,123,061 teaches a golf ball made from a polyurethane pre 
polymer formed of polyether With diisocyanate that is cured 
With either a polyol or an amine-type curing agent. US. Pat. 
No. 5,334,673 discloses the use oftWo categories ofpolyure 
thane available on the market, i.e., thermo set and thermoplas 
tic polyurethanes, for forming golf ball covers and, in par 
ticular, thermoset polyurethane covered golf balls made from 
a composition of polyurethane prepolymer and a sloW-react 
ing amine curing agent, and/or a glycol. 
[0009] Unlike SURLYN® covered golf balls, polyurethane 
golf ball covers can be formulated to possess the soft “feel” of 
balata covered golf balls. HoWever, golf ball covers made 
from polyurethane have not, to date, fully matched SUR 
LYN® golf balls With respect to resilience or the rebound of 
the golf ball cover, Which is a function of the initial velocity of 
a golf ball after impact With a golf club. 
[0010] Furthermore, because the polyurethanes used to 
make the covers of such golf balls generally contain an aro 
matic component, e.g., aromatic diisocyanate, polyol, or 
polyamine, they are susceptible to discoloration upon expo 
sure to light, particularly ultraviolet (UV) light. To sloW doWn 
the discoloration, light and UV stabiliZers, e.g., TINUVIN® 
770, 765, and 328, are added to these aromatic polymeric 
materials. HoWever, to further ensure that the covers formed 
from aromatic polyurethanes do not appear discolored, the 
covers are painted With White paint and then covered With a 
clear coat to maintain the White color of the golf ball. The 
application of a uniform White pigmented coat to the dimpled 
surface of the golf ball is a dif?cult process that adds time and 
costs to the manufacture of a golf ball. 
[0011] In addition, While polyurethanes formed from poly 
ether polyols are slightly more stable than polyurethanes 
formed using polyester polyols in terms of moisture resis 
tance, polyurethanes are highly susceptible to changes in their 
physical properties due to absorption of moisture. To avoid 
moisture absorption, manufacturers have attempted to use 
moisture barrier layers, e.g., US. Pat. No. 5,820,488, located 
betWeen the core and the cover. HoWever, there still remains 
a need for materials that are resistant to absorption of mois 
ture suitable for forming a golf ball component. 
[0012] Polyureas have also been proposed as cover materi 
als for golf balls. For instance, US. Pat. No. 5,484,870 dis 
closes a polyurea composition comprising the reaction prod 
uct of an organic isocyanate and an organic amine, each 
having at least tWo functional groups. Once these tWo ingre 
dients are combined, the polyurea is formed, and thus the 
ability to vary the physical properties of the composition is 
limited. Like polyurethanes, polyureas are not completely 
comparable to SURLYN® golf balls With respect to resil 
ience or the rebound or damping behavior of the golf ball 
cover. 

[0013] Therefore, there remains a continuing need for golf 
equipment having soft components that provide improved 
resilience, increased cut, scratch and abrasion resistance, 
moisture resistance, and enhanced adherence Without 
adversely affecting overall performance characteristics of the 
golf balls. In addition, it Would be advantageous to provide a 
composition that combines the cut and scratch resistance With 
improved resistance to discoloration that are suitable for 
forming golf ball components and other golf-related equip 
ment. 

SUMMARY OF THE INVENTION 

[0014] In a particular embodiment, the present invention is 
directed to a golf ball comprising a core having a diameter of 
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1.000 inch or greater and a cover layer disposed about the 
core. The cover layer has a thickness of from 0.005 inches to 
0.100 inches and is formed from a polyurea. The polyurea is 
formed by reacting a polyurea prepolymer With an amine 
curative. The polyurea prepolymer is formed by reacting an 
isocyanate With a polyether polyamine, Wherein the polyether 
polyamine comprises iO(CH2)4i, 4O(CH2)2i, and a 
branched oxyalkylene monomer unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a cross-sectional vieW ofa tWo-piece golf 
ball, Wherein the cover is formed from a composition includ 
ing at least one polyurea; 
[0016] FIG. 2 is a cross-sectional vieW ofa multi-compo 
nent golf ball, Wherein at least the cover is formed from a 
composition including at least one polyurea; 
[0017] FIG. 3 is a cross-sectional vieW ofa multi-compo 
nent golf ball, Wherein the cover is formed from a composi 
tion including at least one polyurea and the intermediate layer 
is formed from a composition including at least one ionomer 
resin; 
[0018] FIG. 4 is a cross-sectional vieW ofa multi-compo 
nent golf ball including a core and a cover, Wherein the core is 
surrounded by a tensioned elastomeric material and the cover 
is formed from a composition including at least one polyurea; 
[0019] FIG. 5 is a cross-sectional vieW of a liquid center 
golf ball Wherein the liquid core is surrounded by a tensioned 
elastomeric material and the cover is formed from a compo 
sition including at least one polyurea; 
[0020] FIG. 6 is a cross-sectional vieW ofa multi-compo 
nent golf ball including a core, a thin inner cover layer, and a 
thin outer cover layer disposed thereon, Wherein the cover is 
formed from a composition including at least one polyurea; 
[0021] FIG. 7 is a cross-sectional vieW ofa multi-compo 
nent golf ball including a core, an outer core layer, a thin inner 
cover layer, and a thin outer cover layer disposed thereon, 
Wherein the cover is formed from a composition including at 
least one polyurea; 
[0022] FIG. 8 is a cross-sectional vieW ofa multi-compo 
nent golf ball including a large core and a thin outer cover 
layer disposed thereon, Wherein the cover is formed from a 
composition including at least one polyurea; 
[0023] FIG. 9 is a graphical representation of the Weight 
changes of golf balls subjected to controlled temperature and 
humidity over a speci?ed amount of time; and 
[0024] FIG. 10 is a graphical representation of the siZe 
changes of golf balls subjected to controlled temperature and 
humidity over a speci?ed amount of time. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] The present invention contemplates improved light 
stable and moisture resistant compositions for use in golf 
equipment, such as golf balls, golf clubs, or the like. In par 
ticular, the compositions of the invention are polyurea-based 
and are included in a variety of golf ball constructions, i.e., 
one-piece, tWo-piece, or multilayer balls, as Well as golf club 
components, e.g., club head inserts. 
[0026] The light stable compositions of the invention, When 
included into various golf equipment components, e. g., cov 
ers, produce golf balls With physical and aerodynamic prop 
erties better than or equal to golf balls incorporating polyurea 
or polyurethane compositions Without light stable blends. 
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[0027] Light stability may be accomplished in a variety of 
Ways for the purposes of this application. For example, the 
compositions of the invention may include only saturated 
components, i.e., components substantially free of unsatur 
ated carbon-carbon bonds or aromatic groups. The term 
“saturated,” as used herein, refers to compositions having 
saturated aliphatic and alicyclic polymer backbones, i.e., With 
no carbon-carbon double bonds. The compositions of the 
invention may also include a light stabiliZer to improve light 
stability When using aromatic components and are preferably 
saturated. The compositions may be either thermoplastic or 
thermoset in nature. 

[0028] In addition, the use of the Water resistant elastomers 
of the invention in golf ball components leads to a golf ball 
Which demonstrates improved stability With respect to its 
resistance to the absorption of moisture. Conventional poly 
urethane and polyurea elastomers are more prone to absorp 
tion of moisture than are the elastomers of the invention based 
on hydrophobic backbones. Thus, the improved performance 
characteristics of the golf balls of the present invention dem 
onstrate a distinct bene?t to the golfer by providing a golf ball 
that exhibits consistent behavior over a Wide range of envi 
ronmental conditions. 

Polyurea Compositions 

[0029] The compositions of the invention may be polyurea 
based, Which are distinctly different from polyurethane com 
positions, but result in desirable aerodynamic and aesthetic 
characteristics When used in golf ball components. 
[0030] Conventional aromatic polyurethane/urethane elas 
tomers and polyurethane/urea elastomers are generally pre 
pared by curing a prepolymer of diisocyanate and polyol With 
at least one diol curing agent or at least one diamine curing 
agent, respectively. Without being bound to any particular 
theory, it is noW believed that substitution of the long chain 
polyol segment in the polyurethane prepolymer With a long 
chain amine-terminated compound to form a polyurea pre 
polymer, improves shear, cut, and resiliency, as Well as adhe 
sion to other components. 
[0031] Thus, the polyurea compositions of this invention 
may be formed from the reaction product of an isocyanate and 
amine-terminated compound prepolymer, Which is 
crosslinked With a curing agent. For example, polyurea-based 
compositions of the invention may be prepared from at least 
one isocyanate, at least one amine-terminated compound, and 
at least one diol curing agent or at least one diamine curing 
agent. In one embodiment, the polyurea compositions of the 
invention are prepared from at least one isocyanate, at least 
one amine-terminated compound, and at least one diamine 
curing agent. The curing agent is preferably a secondary 
diamine curing agent. The particular components of the poly 
urea compositions of the invention Will be discussed in 
greater detail beloW. 

Polyamine Component 

[0032] Any amine-terminated compound available to one 
of ordinary skill in the art is suitable for use in the polyurea 
prepolymer. The amine-terminated compound may include 
amine-terminated hydrocarbons, amine-terminated poly 
ethers, amine-terminated polyesters, amine-terminated poly 
carbonates, amine-terminated polycaprolactones, and mix 
tures thereof. The amine-terminated segments may be in the 
form of a primary amine (NH2) or a secondary amine (N HR). 
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[0033] The molecularWeight of the amine-terminated com 
pound for use in the invention may range from about 100 to 
about 10,000. As used herein, the term “about” is used in 
connection With one or more numbers or numerical ranges, 

should be understood to refer to all such numbers, including 
all numbers in a range. In one embodiment, the amine-termi 
nated compound is about 500 or greater, preferably about 
1000 or greater, and even more preferably about 2000 or 
greater. In another embodiment, the amine-terminated com 
pound molecular Weight is about 8000 or less, preferably 
about 4,000 or less, and more preferably about 3,000 or less. 
For example, in one embodiment, the molecular Weight of the 
amine-terminated compound is about 1000 to about 4000. 
Because loWer molecular Weight polyether amines may be 
prone to forming solid polyureas, a higher molecular Weight 
oligomer may be used to avoid solid formation. 

[0034] In one embodiment, the amine-terminated com 
pound includes amine-terminated hydrocarbons having the 
folloWing generic structures: 

Where x is the chain length, i.e., l or greater, n is preferably 
about 1 to about 12, and R is any alkyl group having from 
about 1 to about 20 carbon atoms, preferably about 1 to about 
12 carbon atoms, a phenyl group, a cyclic group, or mixture 
thereof. 

[0035] The amine-terminated compound may also includes 
amine-terminated polyethers having folloWing generic struc 
tures: 

Where x is the chain length, i.e., l or greater, n is preferably 
about 1 to about 12, and R is any alkyl group having from 
about 1 to about 20 carbon atoms, preferably about 1 to about 
12 carbon atoms, a phenyl group, a cyclic group, or mixture 
thereof. One example of an amine-terminated polyether is a 
polyether amine. As used herein, “polyether amine” refers to 
a polyoxyalkyleneamine containing primary amino groups 
attached to the terminus of a polyether backbone. Due to the 
rapid reaction of isocyanate and amine, and the insolubility of 
many urea products, hoWever, the selection of diamines and 
polyether amines is limited to those alloWing the successful 
formation of the polyurea prepolymers. In one embodiment, 
the polyether backbone is based on tetramethylene, propy 
lene, ethylene, trimethylolpropane, glycerin, and mixtures 
thereof. 

[0036] In one embodiment, the polyether amine has the 
generic structure: 
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Wherein the repeating unit x has a value ranging from about 1 
to about 70, R is any alkyl group having from about 1 to about 
20 carbon atoms, preferably about 1 to about 12 carbon 
atoms, a phenyl group, a cyclic group, or mixture thereof, and 
R3 is a hydrogen, methyl group, or a mixture thereof. Even 
more preferably, the repeating unit may be from about 5 to 
about 50, even more preferably is about 12 to about 35. 
[0037] In another embodiment, the polyether amine has the 
generic structure: 

R3 R3 R3 

Wherein the repeating units x and Z have combined values 
from about 3.6 to about 8 and the repeating unit y has a value 
ranging from about 9 to about 50, R is an alkyl group having 
about 1 to about 20 carbons, a phenyl group, a cyclic group, or 
mixtures thereof, R1 is i(CH2)ai, Wherein “a” may be a 
repeating unit ranging from about 1 to about 10, a phenylene 
group, a cyclic group, or mixtures thereof, and R3 is a hydro 
gen, methyl group, or a mixture thereof. 
[0038] In yet another embodiment, the polyether amine has 
the generic structure: 

Wherein R is an alkyl group having about 1 to about 20 
carbons, phenyl groups, cyclic groups, or mixtures thereof, 
and wherein R1 is i(CH2)ai, Wherein “a” may be a repeat 
ing unit ranging from about 1 to about 10, a phenylene group, 
a cyclic group, or mixtures thereof. 
[0039] Suitable polyether amines include, but are not lim 
ited to, methyldiethanolamine; polyoxyalkylenediamines 
such as, polytetramethylene ether diamines, polyoxypropy 
lenetriamine, polyoxyethylene diamines, and polyoxypropy 
lene diamines; poly(ethylene oxide capped oxypropylene) 
ether diamines; propylene oxide-based triamines; triethyl 
eneglycoldiamines; trimethylolpropane-based triamines; 
glycerin-based triamines; and mixtures thereof. In one 
embodiment, the polyether amine used to form the prepoly 
mer is Jeffamine® D2000 (manufactured by Huntsman Cor 
poration of Austin, Tex.). 
[0040] The molecular Weight of the polyether amine foruse 
in the invention may range from about 100 to about 5000. In 
one embodiment, the polyether amine molecular Weight is 
about 200 or greater, preferably about 230 or greater. In 
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another embodiment, the molecular Weight of the polyether 
amine is about 4000 or less. In yet another embodiment, the 
molecular Weight of the polyether amine is about 600 or 
greater. In still another embodiment, the molecular Weight of 
the polyether amine is about 3000 or less. In yet another 
embodiment, the molecular Weight of the polyether amine is 
betWeen about 1000 and about 4000, preferably about 1000 to 
about 4000, and more preferably is betWeen about 1500 to 
about 2500. Because loWer molecular Weight polyether 
amines may be prone to forming solid polyureas during pre 
polymer preparation, a higher molecular Weight oligomer, 
such as Jeffamine® D2000, is preferred. 

[0041] In addition, the amine-terminated compound may 
include amine-terminated polyesters having the generic 
structures: 

Where X is the chain length, i.e., l or greater, preferably about 
1 to about 20, R is any alkyl group having from about 1 to 
about 20 carbon atoms, preferably about 1 to about 12 carbon 
atoms, a phenyl group, a cyclic group, or mixture thereof, and 
R1 and R2 are straight or branched hydrocarbon chains, e.g., 
alkyl or aryl chains. 

[0042] Copolymers of polycaprolactone and polyamines 
may also be used to form the polyurea prepolymers of the 
present invention. These copolymers include, but are not lim 
ited to, bis(2-aminoethyl)ether initiated polycaprolactone, 
2-(2-aminoethylamino) ethanol, 2-2 (aminoethylamino) etha 
nol, polyoXyethylene diamine inititated polycaprolactone, 
propylene diamine initiated polycaprolactone, polyoXypro 
pylene diamine initiated polycaprolactone, l,4-butanedi 
amine initiated polycaprolactone, trimethylolpropane-based 
triamine initiated polycaprolactone, neopentyl diamine initi 
tated polycaprolactone, heXanediamine initiated polycapro 
lactone, polytetramethylene ether diamine initiated polyca 
prolactone, and mixtures thereof. In addition, 
polycaprolactone polyamines having the folloWing structures 
may be useful in forming the polyurea prepolymers of the 
present invention: 

|| 
0 

|| 
0 

Where X is the chain length, i.e., l or greater, preferably about 
1 to about 20, R is one of an alkyl group having from about 1 
to about 20 carbons, preferably about 1 to about 12 carbons, 
a phenyl group, or a cyclic group, and R1 is a straight or 
branched hydrocarbon chain including about 1 to about 20 
carbons. 
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X 

X 

[0043] Where X is the chain length, i.e., l or greater, pref 
erably about 1 to about 20, R is one of an alkyl group having 
from about 1 to about 20 carbons, preferably about 1 to about 
12 carbons, a phenyl group, or a cyclic group, and R1 is a 
straight or branched hydrocarbon chain including about 1 to 
about 20 carbons. 

[0044] In another embodiment, the amine-terminated com 
pound may be an amine-terminated polycarbonate having 
one of the folloWing generic structures: 

0 

Where X is the chain length, Which preferably ranges from 
about 1 to about 20, R is one of an alkyl group having from 
about 1 to about 20 carbons, preferably about 1 to about 12 
carbons, a phenyl group, or a cyclic group, and R1 is a straight 
chain hydrocarbon or predominantly bisphenol A units or 
derivatives thereof. 

[0045] Amine-terminated polyamides may also be reacted 
With the isocyanate component to form the polyurea prepoly 
mer component of the present invention. Suitable amine 
terrninated polyamides include, but are not limited to, those 
having folloWing structures: 

Where X is the chain length, i.e., about 1 or greater, R is one of 
an alkyl group having from about 1 to about 20 carbons, 
preferably about 1 to about 12 carbons, a phenyl group, or a 
cyclic group, R1 is an alkyl group having about 1 to about 12 
carbon atoms, a phenyl group, or a cyclic group, and R2 is an 
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alkyl group having about 1 to about 12 carbon atoms (straight 
or branched), a phenyl group, or a cyclic group. 

[0046] Additional amine-terminated compounds may also 
be useful in forming the polyurea prepolymers of the present 
invention include, but are not limited to, poly(acrylonitrile 
co-butadiene); poly(1,4-butanediol) bis(4-aminobenZoate) in 
liquid or Waxy solid form; linear and branched polyethylen 
imine; loW and high molecular Weight polyethylenimine hav 
ing an average molecular Weight of about 500 to about 
30,000; poly(propylene glycol) bis(2-aminopropyl ether) 
having an average molecular Weight of about 200 to about 
5,000; polytetrahydrofuran bis(3 -aminopropyl) terminated 
having an average molecular Weight of about 200 to about 
2000; and mixtures thereof, all of Which are available from 
Aldrich of Milwaukee, Wis. 
[0047] Thus, in one embodiment, the polyurea composition 
includes a poly(acrylonitrile-co-butadiene) having one of the 
folloWing structures: 

Wherein x and y are chain lengths, i.e., greater than about 1, R 
is any alkyl group having from about 1 to about 20 carbon 
atoms, preferably about 1 to about 12 carbon atoms, a phenyl 
group, a cyclic group, or mixture thereof, R1 is a hydrogen, 
methyl group, cyano group, phenyl group, or a mixture 
thereof, and R2 is a hydrogen, a methyl group, chloride, or a 
mixture thereof. In one embodiment, the y:x ratio is about 
82:18 to about 90:10. In other Words, the poly(acrylonitrile 
co-butadiene) may have from about 10 percent to about 18 
percent acrylonitrile by Weight. 
[0048] In another embodiment, the polyurea composition 
includes a poly(1,4-butanediol) bis(4-aminobenZoate) hav 
ing one of the folloWing structures: 

R2 

Where x and n are chain lengths, i.e., 1 or greater, and n is 
preferably about 1 to about 12, R and R1 are linear or 
branched hydrocarbon chains, an alkyl group having from 
about 1 to about 20 carbons, preferably about 1 to about 12 
carbons, a phenyl group, a cyclic group, or mixtures thereof, 
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and R2 is a hydrogen, a methyl group, or a mixture thereof. In 
one embodiment, R1 is phenyl, R2 is hydrogen, and n is about 
2. 

[0049] In yet another embodiment, the polyurea composi 
tion includes at least one linear or branched polyethylene 
imine having one of the folloWing structures: 

R1 

Wherein x and y are chain lengths, i.e., greater than about 1, R 
is any alkyl group having from about 1 to about 20 carbon 
atoms, preferably about 1 to about 12 carbon atoms, a phenyl 
group, a cyclic group, or mixture thereof, and R1 is a hydro 
gen, methyl group, or a mixture thereof. In one embodiment, 
R1 is hydrogen. In another embodiment, the polyurea com 
position includes a mixture of linear and branched polyeth 
yleneimines. 
[0050] In still another embodiment, the polyurea composi 
tion of the present invention includes a polytetrahydrofuran 
bis(3 -aminopropyl) terminated compound having one of the 
folloWing structures: 

Where m and n are chain lengths, i.e., 1 or greater, n is 
preferably about 1 to about 12 and m is preferably about 1 to 
about 6, R is any one alkyl group having from about 1 to about 
20 carbons, preferably about 1 to about 12 carbons, a phenyl 
group, a cyclic group, or mixtures thereof, and R1 and R2 are 
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hydrogen, methyl groups, or mixtures thereof. In one embodi 
ment, both R 1 and R2 are hydrogen and both In and n are about 
2. 
[0051] In addition, diamines and triamines may be used 
With the isocyanate to form the polyurea prepolymer of the 
present invention. In one embodiment, aromatic diamines 
may be used When an ultraviolet stabilizer or Whitening agent 
is intended to be incorporated during postprocessing. US. 
Pat. No. 5,484,870 provides suitable aromatic diamines suit 
able for use With the present invention, the entire disclosure of 
Which is incorporated by reference herein. For example, use 
ful aromatic polyamines include polymethylene-di-p-ami 
nobenZoates, polyethyleneglycol-bis(4-aminobenZoate), 
polytetramethylene etherglycol-di-p-aminobenZoate, 
polypropyleneglycol-di-p-aminobenZoate, and mixtures 
thereof. In addition, triamines that may be used in forming the 
prepolymer of the invention include N,N,N',N'-tetramethyl 
ethylenediamine, l,4-diaZobicyclo(2,2,2)-octane, N-methyl 
N'-dimethylaminoethylpiperaZine, N,N-dimethylbenZy 
lamine, bis-(N,N-diethylaminoethyl)-adipate, N,N 
diethylbenZylamine, pentamethyldiethylenetriamine, N,N 
dimethylclyclohexylamine, N,N,N' ,N' -tetramethyl -l ,3 - 
butanediamine, N,N-dimethyl-beta-phenylethylamine, 1,2 
dimethylimidaZole, and 2-methylimidaZole. 
[0052] By using amine-terminated moieties based on a 
hydrophobic segment, the polyurea compositions of the 
invention may be more Water resistant than those polyurea 
compositions formed With an amine-terminated hydrophilic 
segment. Thus, in one embodiment, the amine-terminated 
compound includes hydrophobic backbone, e.g., an unsatur 
ated or saturated hydrocarbon-based amine-terminated com 
pound. One example of an amine-terminated hydrocarbon is 
an amine-terminated polybutadiene. 
[0053] The amine-terminated compound may also be 
blended With additional polyols, as discussed beloW With 
respect to the polyurethane compositions of the invention, to 
formulate copolymers that are reacted With excess isocyanate 
to form the polyurea prepolymer. Once a polyol is used, 
hoWever, the excess isocyanate in the polyurea prepolymer 
reacts With the hydroxyl groups in the polyol and forms 
urethane linkages, Which results in a composition that is no 
longer pure polyurea, but instead a polyurea/urethane com 
position. Such as composition is distinct from a polyurea 
composition including only isocyanate, an amine-terminated 
compound, and a curing agent. 

Isocyanate Component 

[0054] Any isocyanate available to one of ordinary skill in 
the art is suitable for use according to the invention. Isocyan 
ates for use With the present invention include aliphatic, 
cycloaliphatic, aromatic aliphatic, aromatic, any derivatives 
thereof, and combinations of these compounds having tWo or 
more isocyanate (NCO) groups per molecule. As used herein, 
aromatic aliphatic compounds should be understood as those 
containing an aromatic ring, Wherein the isocyanate group is 
not directly bonded to the ring. One example of an aromatic 
aliphatic compound is a tetramethylene diisocyanate 
(TMXDI). 
[0055] The isocyanates may be organic polyisocyanate 
terminated prepolymers, loW free isocyanate prepolymer, and 
mixtures thereof. The isocyanate-containing reactable com 
ponent may also include any isocyanate-functional monomer, 
dimer, trimer, or polymeric adduct thereof, prepolymer, 
quasi-prepolymer, or mixtures thereof. Isocyanate-functional 
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compounds may include monoisocyanates or polyisocyan 
ates that include any isocyanate functionality of tWo or more. 

[0056] Suitable isocyanate-containing components include 
diisocyanates having the generic structure: O:C:NiRi 
N:C:O, Where R is preferably a cyclic, aromatic, or linear 
or branched hydrocarbon moiety containing from about 1 to 
about 20 carbon atoms. The isocyanate may also contain one 
or more cyclic groups or one or more phenyl groups. When 
multiple cyclic or aromatic groups are present, linear and/or 
branched hydrocarbons containing from about 1 to about 10 
carbon atoms can be present as spacers betWeen the cyclic or 
aromatic groups. In some cases, the cyclic or aromatic group 
(s) may be substituted at the 2-, 3 -, and/ or 4-positions, or at the 
ortho-, meta-, and/or para-positions, respectively. Substituted 
groups may include, but are not limited to, halogens, primary, 
secondary, or tertiary hydrocarbon groups, or a mixture 
thereof. 

[0057] Examples of isocyanates that can be used With the 
present invention include, but are not limited to, substituted 
and isomeric mixtures including 2,2'-, 2,4'-, and 4,4'-diphe 
nylmethane diisocyanate (MDI); 3,3'-dimethyl-4,4'-biphe 
nylene diisocyanate (TODI); toluene diisocyanate (TDI); 
polymeric MDI; carbodiimide-modi?ed liquid 4,4'-diphenyl 
methane diisocyanate; para-phenylene diisocyanate (PPDI); 
meta-phenylene diisocyanate (MPDI); triphenyl methane-4, 
4'- and triphenyl methane-4,4'-triisocyanate; naphthylene-l, 
5-diisocyanate; 2,4'-, 4,4'-, and 2,2-biphenyl diisocyanate; 
polyphenylene polymethylene polyisocyanate (PMDI) (also 
known as polymeric PMDI); mixtures of MDI and PMDI; 
mixtures of PMDI and TDI; ethylene diisocyanate; propy 
lene-1,2-diisocyanate; tetramethylene-l,2-diisocyanate; tet 
ramethylene-l ,3 -diisocyanate; tetramethylene-l ,4 -dii socy 
anate; l ,6 -hexamethylene dii socyanate (HDI); 
octamethylene diisocyanate; decamethylene diisocyanate; 
2,2,4-trimethylhexamethylene diisocyanate; 2,4,4-trimethyl 
hexamethylene diisocyanate; dodecane-l,l2-diisocyanate; 
dicyclohexylmethane diisocyanate; cyclobutane-l ,3 -dii socy 
anate; cyclohexane-l ,2-diisocyanate; cyclohexane- l ,3-diiso 
cyanate; cyclohexane-l,4-diisocyanate; methylcyclohexy 
lene diisocyanate (HTDI); 2,4-methylcyclohexane 
diisocyanate; 2,6-methylcyclohexane diisocyanate; 4,4'-di 
cyclohexyl diisocyanate; 2,4'-dicyclohexyl diisocyanate; 1,3, 
5-cyclohexane triisocyanate; isocyanatomethylcyclohexane 
isocyanate; l -isocyanato-3,3, 5-trimethyl-5 -isocyanatometh 
ylcyclohexane; isocyanatoethylcyclohexane isocyanate; bis 
(isocyanatomethyl)-cyclohexane diisocyanate; 4,4'-bis(iso 
cyanatomethyl) dicyclohexane; 2,4'-bis(isocyanatomethyl) 
dicyclohexane; isophorone diisocyanate (IPDI); triisocyan 
ate of HDI; triisocyanate of 2,2,4-trimethyl-l ,6-hexane diiso 
cyanate (TMDI); 4,4'-dicyclohexylmethane diisocyanate 
(HIZMDI); 2,4-hexahydrotoluene diisocyanate; 2,6-hexahy 
drotoluene diisocyanate; 1,2-, 1,3-, and l,4-phenylene diiso 
cyanate; aromatic aliphatic isocyanate, such as 1,2-, 1,3-, and 
l,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, and 
mixtures thereof, dimeriZed uretdione of any polyisocyanate, 
such as uretdione of toluene diisocyanate, uretdione of hex 
amethylene diisocyanate, and mixtures thereof; modi?ed 
polyisocyanate derived from the above isocyanates and poly 
isocyanates; and mixtures thereof. 
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[0058] When forming a saturated polyurea prepolymer, the 
following saturated isocyanates are preferably used: ethylene 
diisocyanate; propylene-l,2-diisocyanate; tetramethylene 
diisocyanate; tetramethylene-l,4-diisocyanate; 1,6-hexam 
ethylene diisocyanate (HDI); octamethylene diisocyanate; 
decamethylene diisocyanate; 2,2,4-trimethylhexamethylene 
diisocyanate; 2,4,4-trimethylhexamethylene diisocyanate; 
dodecane-l,l2-diisocyanate; dicyclohexylmethane diisocy 
anate; cyclobutane-l ,3-diisocyanate; cyclohexane- l ,2-diiso 
cyanate; cyclohexane- l ,3-diisocyanate; cyclohexane- l ,4-di 
isocyanate; methylcyclohexylene diisocyanate (HTDI); 2,4 
methylcyclohexane diisocyanate; 2,6-methylcyclohexane 
diisocyanate; 4,4'-dicyclohexyl diisocyanate; 2,4'-dicyclo 
hexyl diisocyanate; 1,3,5-cyclohexane triisocyanate; isocy 
anatomethylcyclohexane isocyanate; l-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-l ,6-hexane diisocyanate (TMDI); 
4,4'-dicyclohexylmethane diisocyanate (H12MDI); 2,4 
hexahydrotoluene diisocyanate; 2,6-hexahydrotoluene diiso 
cyanate; and mixtures thereof. Aromatic aliphatic isocyanates 
may also be used to form light stable materials. Examples of 
such isocyanates include l,2-, 1,3-, and l,4-xylene diisocy 
anate; meta-tetramethylxylene diisocyanate (m-TMXDI); 
para-tetramethylxylene diisocyanate (p-TMXDI); trimeriZed 
isocyanurate of any polyisocyanate, such as isocyanurate of 
toluene diisocyanate, trimer of diphenylmethane diisocyan 
ate, trimer of tetramethylxylene diisocyanate, isocyanurate of 
hexamethylene diisocyanate, and mixtures thereof; dimer 
iZed uretdione of any polyisocyanate, such as uretdione of 
toluene diisocyanate, uretdione of hexamethylene diisocyan 
ate, and mixtures thereof, a modi?ed polyisocyanate derived 
from the above isocyanates and polyisocyanates; and mix 
tures thereof. In addition, the aromatic aliphatic isocyanates 
may be mixed With any of the saturated isocyanates listed 
above for the purposes of this invention. 
[0059] The number of unreacted NCO groups in the poly 
urea prepolymer of isocyanate and polyether amine may be 
varied to control such factors as the speed of the reaction, the 
resultant hardness of the composition, and the like. For 
example, as the Weight percent of unreacted isocyanate 
groups increases, the hardness also increases in a someWhat 
linear fashion. Thus, When the NCO content is about 10.5 
Weight percent, the hardness may be less than about 55 Shore 
A, Whereas once the NCO content increases about 15 Weight 
percent, the hardness is greater than about 80 Shore A. 
[0060] In one embodiment, the number of unreacted NCO 
groups in the polyurea prepolymer of isocyanate and poly 
ether amine may be less than about l4 percent. In one embodi 
ment, the polyurea prepolymer has from about 5 percent to 
about 11 percent unreacted NCO groups, and even more 
preferably has from about 6 to about 9.5 percent unreacted 
NCO groups. In one embodiment, the percentage of unre 
acted NCO groups is about 3 percent to about 9 percent. 
Alternatively, the percentage of unreacted NCO groups may 
be about 7.5 percent or less, and more preferably, about 7 
percent or less. In another embodiment, the unreacted NCO 
content is from about 2.5 percent to about 7.5 percent, and 
more preferably from about 4 percent to about 6.5 percent. 

Curatives 

[0061] The polyurea composition can be formed by 
crosslinking the polyurea prepolymer With a single curing 
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agent or a blend of curing agents. The compositions of the 
present invention may be selected from among both castable 
thermoset and thermoplastic materials, Which is determined 
by the prepolymer to curative ratio. For example, castable 
thermoplastic compositions of the invention include linear 
polymers and are typically formed curing the prepolymer 
With a diol or secondary diamine With 1 :l stoichiometry in the 
absence of moisture. Thermoset compositions of the inven 
tion, on the other hand, are cross-linked polymers and are 
typically produced from the reaction of a diisocyanate and a 
polyol cured With a primary diamine or polyfunctional glycol. 
[0062] The curing agent of the invention is preferably an 
amine-terminated curing agent, more preferably a secondary 
diamine curing agent so that the composition contains only 
urea linkages. Suitable amine-terminated curing agents 
include, but are not limited to, ethylene diamine; hexameth 
ylene diamine; l-methyl-2,6-cyclohexyl diamine; 2,2,4- and 
2,4,4-trimethyl-1,6-hexanediamine; 4,4'-bis-(sec -buty 
lamino)-dicyclohexylmethane and derivatives thereof, l,4 
bis-(sec-butylamino)-cyclohexane; l,2-bis-(sec -buty 
lamino)-cyclohexane; 4,4'-dicyclohexylmethane diamine; 
l,4-cyclohexane-bis-(methylamine); 1,3-cyclohexane-bis 
(methylamine); diethylene glycol bis-(aminopropyl)ether; 
2-methylpentamethylene-diamine; diaminocyclohexane; 
diethylene triamine; triethylene tetramine; tetraethylene pen 
tamine; propylene diamine; 1,3-diaminopropane; dimethy 
lamino propylamine; diethylamino propylamine; imido-bis 
(propylamine); monoethanolamine, diethanolamine; 
triethanolamine; monoisopropanolamine, diisopropanola 
mine; isophoronediamine; 4,4'-methylenebis-(2-chloroa 
niline); 3,5-dimethylthio-2,4-toluenediamine; 3,5-dimeth 
ylthio-2,6-toluenediamine; 3,5-diethylthio-2,4 
toluenediamine; 3,5-diethylthio-2,6-toluenediamine; 4,4' 
bis-(sec-butylamino)-diphenylmethane and derivatives 
thereof; l,4-bis-(sec-butylamino)-benZene; l,2-bis-(sec-bu 
tylamino)-benZene; N,N'-dialkylamino-diphenylmethane; 
trimethyleneglycol-di-p-aminobenZoate; polytetramethyl 
eneoxide-di-p-aminobenZoate; 4,4'-methylenebis-(3 -chloro 
2,6-diethyleneaniline); 4,4'-methylenebis-(2,6-diethyla 
niline); meta-phenylenediamine; paraphenylenediamine; 
N,N'-diisopropyl-isophoronediamine; polyoxypropylene 
diamine; propylene oxide-based triamine; 3,3'-dimethyl-4,4' 
diaminocyclohexylmethane; and mixtures thereof. In one 
embodiment, the amine-terminated curing agent is 4,4'-bis 
(sec-butylamino) -dicyclohexylmethane. In one embodiment, 
the amine-terminated curing agent may have a molecular 
Weight of about 64 or greater. In another embodiment, the 
molecular Weight of the amine-curing agent is about 2000 or 
less. In addition, any of the amine-terminated moieties listed 
above may be used as curing agents to react With the polyurea 
prepolymers. 
[0063] 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; l-methyl-2,6-cyclohexyl diamine; 2,2,4- and 
2,4,4-trimethyl-1,6-hexanediamine; 4,4'-bis-(sec -buty 
lamino)-dicyclohexylmethane; l,4-bis-(sec-butylamino)-cy 
clohexane; l,2-bis-(sec-butylamino)-cyclohexane; deriva 
tives of 4,4'-bis-(sec-butylamino)-dicyclohexylmethane; 
4,4'-dicyclohexylmethane diamine; l,4-cyclohexane-bis 
(methylamine); l,3-cyclohexane-bis-(methylamine); dieth 
ylene glycol bis-(aminopropyl)ether; 2-methylpentamethyl 
ene-diamine; diaminocyclohexane; diethylene triamine; 
triethylene tetramine; tetraethylene pentamine; propylene 
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diamine; 1,3-diaminopropane; dimethylamino propylamine; 
diethylamino propylamine; imido-bis-(propylamine); mono 
ethanolamine, diethanolamine; triethanolamine; monoiso 
propanolamine, diisopropanolamine; isophoronediamine; 
and mixtures thereof. 
[0064] As brie?y discussed above, many amines may be 
unsuitable for reaction With the isocyanate because of the 
rapid reaction betWeen the tWo components. In general, 
unhindered primary diamines are fast reacting. In one 
embodiment, hoWever, a hindered secondary diamine may be 
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)-dicyclohexylmethane (Clearlink 1000) 
may be suitable for use in combination With an isocyanate to 
form the polyurea prepolymer. In addition, N,N'-diisopropyl 
isophorone diamine, available from Huntsman Corporation 
under the tradename Jef?ink, may be used as the secondary 
diamine curing agent. 
[0065] In addition, the polyurea prepolymer may be cured 
With a single hydroxy-terminated curing agent or a mixture of 
hydroxy-terminated curing agents. Once a hydroxy-termi 
nated curing agent is used, hoWever, the excess isocyanate in 
the polyurea prepolymer reacts With the hydroxyl groups in 
the curing agent and forms urethane linkages, Which results in 
a composition that is no longer pure polyurea, but instead a 
polyurea/urethane composition. 
[0066] For the purposes of the present invention, a pure 
polyurea composition, i.e., a polyurea/urea, contains only 
urea linkages having the folloWing general structure: 

0 o 

R i R1 i \ / 
\N N 
H H X 

N N 
H H 

Urea linkage 

Where x is the chain length, i.e., about 1 or greater, and R and 
R1 are straight chain or branched hydrocarbon chain having 
about 1 to about 20 carbons. On the other hand, a polyurea/ 
urethane composition contains both urea and urethane link 
ages, Wherein the urethane linkages have the folloWing gen 
eral structure: 

N O 
H 
Urethane 
linkage 

Where x is the chain length, i.e., about 1 or greater, and R and 
R1 are straight chain or branched hydrocarbon chain having 
about 1 to about 20 carbons. 

[0067] Suitable hydroxy-terminated curing agents include, 
but are not limited to, ethylene glycol; diethylene glycol; 
polyethylene glycol; propylene glycol; 2-methyl-1,3-pro 
panediol; 2,-methyl-1,4-butanediol; dipropylene glycol; 
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polypropylene glycol; 1,2-butanediol; 1,3-butanediol; 1,4 
butanediol; 2,3-butanediol; 2,3-dimethyl-2,3-butanediol; tri 
methylolpropane; cyclohexyldimethylol; triisopropanola 
mine; N,N,N'N'-tetra-(2-hydroxypropyl)-ethylene diamine; 
diethylene glycol bis-(aminopropyl)ether; 1,5-pentanediol; 
1,6-hexanediol; 1,3-bis-(2-hydroxyethoxy)cyclohexane; 1,4 
cyclohexyldimethylol; 1 ,3 -bi s- [2 -(2 -hydroxyethoxy) ethoxy] 
cyclohexane; 1 ,3 -bi s- {2- [2 -(2 -hydroxyethoxy)ethoxy] 
ethoxy}cyclohexane; polytetramethylene ether glycol, 
preferably having a molecular Weight ranging from about 250 
to about 3900; resorcinol-di-(beat-hydroxyethyl)ether and its 
derivatives; hydroquinone-di-(beta-hydroxyethyl)ether and 
its derivatives; 1,3-bis-(2-hydroxyethoxy)benZene; 1,3-bis 
[2-(2-hydroxyethoxy)ethoxy]benZene; N,N-bis([3-hydrox 
ypropyl)aniline; 2-propanol-1,1'-phenylaminobis; and mix 
tures thereof. The hydroxy-terminated curing agent may have 
a molecular Weight of at least about 50. In one embodiment, 
the molecular Weight of the hydroxy-terminated curing agent 
is about 2000 or less. 

[0068] The saturated hydroxy-terminated curing agents, 
included in the list above, are preferred When making a light 
stable composition. Those saturated hydroxy-terminated cur 
ing agents include, but are not limited to, ethylene glycol; 
diethylene glycol; polyethylene glycol; propylene glycol; 
2 -methyl -1 ,3 -propanediol; 2 , -methyl -1 ,4 -butanediol; dipro - 
pylene glycol; polypropylene glycol; 1,2-butanediol; 1,3-bu 
tanediol; 1,4-butanediol; 2,3-butanediol; 2,3-dimethyl-2,3 
butanediol; trimethylolpropane; cyclohexyldimethylol; 
triisopropanolamine; N,N,N',N'-tetra-(2-hydroxypropyl) 
ethylene diamine; diethylene glycol bis-(aminopropyl)ether; 
1,5-pentanediol; 1,6-hexanediol; 1,3-bis-(2-hydroxyethoxy) 
cyclohexane; 1,4-cyclohexyldimethylol; 1,3-bis-[2-(2-hy 
droxyethoxy)ethoxy] cyclohexane; 1,3 -bis-{2-[2-(2 -hy 
droxyethoxy)ethoxy]ethoxy}cyclohexane; 
polytetramethylene ether glycol having molecular Weight 
ranging from about 250 to about 3900; and mixtures thereof. 
[0069] Thus, both types of curing agents, i.e., hydroxy 
terrninated and amine curatives, may include one or more 
saturated, unsaturated, aromatic, and cyclic groups.Addition 
ally, the hydroxy-terminated and amine curatives may 
include one or more halogen groups. To further improve the 
shear resistance of the resulting polyurea elastomers, a tri 
functional curing agent can be used to help improve cross 
linking. For instance, hydroxy-terminated curing agents may 
be used. Preferably, 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. 

[0070] Skilled artisans are aWare that the various properties 
of the golf ball and golf ball components, e.g., hardness, may 
be controlled by adjusting the ratio of prepolymer to curing 
agent, Which is a function of the NCO content of the prepoly 
mer and molecular Weight of the curing agent. For example, 
the ratio of a polyurea prepolymer With 6 percent unreacted 
NCO groups cured With 1,4-butanediol is 15.6: 1, Whereas the 
ratio of the same prepolymer cured With 4,4'-bis-(sec-buty 
lamino)-dicyclohexylmethane (Clearlink 1000) is 4.36: 1. 
The ratio of prepolymer to curing agent for the purposes of 
this invention is preferably from about 0.5:1 to about 16:1. 
[0071] Because the selection of curing agent determines 
Whether a composition of the invention Will be thermoplastic 
or thermoset, the method of molding the compositions of the 
invention onto the ball also Will vary depending on the type of 
composition. For example, thermoplastic polyurea composi 
tions of the present invention may be used to make thermo 
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plastic pellets that can be molded onto the ball by injection 
molding or compression molding. Thermoset polyurea com 
positions may be cast onto the ball. In addition, both the 
thermoplastic and thermoset polyurea compositions of the 
present invention also may be formed around the core using 
reaction injection molding (RIM) and liquid injection mold 
ing (LIM) techniques. 
[0072] In one embodiment, the curing agent is a modi?ed 
curative blend as disclosed in co-pending US. patent appli 
cation Ser. No. 10/339,603, ?led Jan. 10, 2003, entitled 
“Polyurethane Compositions for Golf Balls,” Which is incor 
porated by reference herein it its entirety. For example, the 
curing agent of the invention may be modi?ed With a freezing 
point depressing agent to create a curative blend With a sloWer 
onset of solidi?cation and With storage stable pigment dis 
persion. A number of amine-terminated curing agents have 
relatively high freeZing points, e.g., hexamethylene diamine 
(105.8o F.), diethanolamine (82.40 F.), triethanol amine (69. 
80 F.), diisopropanolamine (73.40 F.), and triisopropanola 
mine (111.2o F.). Such amine-terminated curing agents may 
be modi?ed With an amine-terminated freeZing point depress 
ing agent or a mixture of amine-terminated freeZing point 
depressing agents. Suitable amine-terminated freeZing point 
depressing agents include, but are not limited to, ethylene 
diamine, l,3-diaminopropane, dimethylamino propylamine, 
tetraethylene pentamine, l,2-propylenediamine, diethylami 
nopropylamine, 2,2,4-trimethyl-l,6-hexanediamine, 2,4,4 
trimethyl- l,6-hexanediamine, and mixtures thereof. 
[0073] The freezing point depressing agent is preferably 
added in an amount su?icient to reduce the freeZing point of 
the curing agent by a suitable amount to prevent loss of 
pigment dispersion, but not affect the physical properties of 
the golf ball. In one embodiment, the freeZing point depress 
ing agent is added to the curing agent in an amount of about 5 
percent or greater by Weight of the curative blend, i.e., curing 
agent(s), freeZing point depressing agent. In another embodi 
ment, the freeZing point depressing agent is present in an 
amount of about 8 percent greater by Weight of the curative 
blend. In still another embodiment, the freeZing point 
depressing agent is present in an amount of about 10 percent 
or greater. In yet another embodiment, the curative blend 
includes the freeZing point depressing agent in an amount of 
about 12 percent or greater by Weight of the curative blend. 
The curative blend may also include a freeZing point depress 
ing agent in an amount of about 14 percent or greater by 
Weight of the curative blend. 
[0074] In addition, after freeZing and subsequent thaWing, 
the modi?ed curative blend of the present invention prefer 
ably has a pigment dispersion of greater than 0 on the Hegman 
scale, preferably about 1 or greater, and more preferably 
about 2 or greater. In one embodiment, the modi?ed curative 
blend after a freeZe/thaW cycle has a pigment dispersion of 
about 3 or greater on the Hegman scale. In another embodi 
ment, the modi?ed curative blend after a freeZe and thaW is 
about 4 or greater on the Hegman scale, preferably about 5 or 
greater. In still another embodiment, the modi?ed curative 
blend after a freeZe and thaW is about 6 or greater on the 
Hegman scale. In yet another embodiment, the modi?ed cura 
tive blend after freeZing and thaWing is about 7 or greater on 
the Hegman scale. 
[0075] There are tWo basic techniques used to process urea 
elastomers: the one-shot technique and the prepolymer tech 
nique. The one-shot technique reacts the isocyanate, the 
amine-terminated compound, and the curing agent in one 
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step, Whereas the prepolymer technique requires a ?rst reac 
tion betWeen the amine-terminated compound and an isocy 
anate to produce a polyurea prepolymer, and a subsequent 
reaction betWeen the prepolymer and a curing agent. Either 
method may be employed to produce the polyurea composi 
tions of the invention, hoWever, the prepolymer technique is 
preferred because it provides better control of chemical reac 
tion and, consequently, results in more uniform properties for 
the elastomers. 

Polyurethane Compositions 

[0076] The compositions of the invention may also be poly 
urethane-based, Which are distinctly different from the poly 
urea compositions described above, but also result in desir 
able aerodynamic and aesthetic characteristics When used in 
golf ball components. Thus, the compositions of the invention 
may be a product of a reaction betWeen at least one polyure 
thane prepolymer and a curing agent, of Which the polyure 
thane prepolymer is a product formed by a reaction betWeen 
at least one polyol and at least one diisocyanate. The poly 
urethane-based compositions of the invention are preferably 
saturated and, therefore, in one embodiment, the composition 
of the invention is the product of a reaction betWeen at least 
one saturated polyurethane prepolymer, formed of at least 
one saturated diisocyanate and at least one saturated polyol, 
and at least one saturated curing agent. 

Isocyanate Component 

[0077] Isocyanates for use With the polyurethane prepoly 
mer include aliphatic, cycloaliphatic, aromatic aliphatic, 
derivatives thereof, and combinations of these compounds 
having tWo or more isocyanate (NCO) groups per molecule. 
The isocyanates may be organic, modi?ed organic, organic 
polyisocyanate-terminated prepolymers, and mixtures 
thereof. The isocyanate-containing reactable component may 
also include any isocyanate-functional monomer, dimer, tri 
mer, or multimeric adduct thereof, prepolymer, quasi-pre 
polymer, or mixtures thereof. Isocyanate-functional com 
pounds may include monoisocyanates or polyisocyanates 
that include any isocyanate functionality of tWo or more. 

[0078] Suitable isocyanate-containing components include 
diisocyanates having the generic structure: O:C:NiRi 
N:C:O, Where R is preferably a cyclic or linear or 
branched hydrocarbon 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. 

[0079] Examples of saturated diisocyanates that can be 
used in the polyurethane prepolymer include, but are not 
limited to, ethylene diisocyanate; propylene-1,2-diisocyan 
ate; tetramethylene diisocyanate; tetramethylene-l,4-diiso 
cyanate; l,6-hexamethylene diisocyanate (HDI); octameth 
ylene diisocyanate; decamethylene diisocyanate; 2,2,4 
trimethylhexamethylene diisocyanate; 2,4,4 
trimethylhexamethylene diisocyanate; dodecane-l,l2 
diisocyanate; cyclobutane-l,3-diisocyanate; cyclohexane-l, 
2-diisocyanate; cyclohexane-l,3-diisocyanate; cyclohexane 
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1 ,4-diisocyanate; methylcyclohexylene diisocyanate 
(HTDI); 2,4-methylcyclohexane diisocyanate; 2,6-methylcy 
clohexane diisocyanate; 4,4'-dicyclohexyl diisocyanate; 2,4‘ 
dicyclohexyl diisocyanate; 1,3,5-cyclohexane triisocyanate; 
isocyanatomethylcyclohexane isocyanate; l-isocyanato-3,3, 
5-trimethyl-5-isocyanatomethylcyclohexane; isocyanatoeth 
ylcyclohexane isocyanate; bis(isocyanatomethyl)-cyclohex 
ane diisocyanate; 4,4'-bis(isocyanatomethyl) dicyclohexane; 
2,4'-bis(isocyanatomethyl) dicyclohexane; isophorone diiso 
cyanate (IPDI); triisocyanate of HDI; triisocyanate of 2,2,4 
trimethyl-l,6-hexane diisocyanate (TMDI); 4,4'-dicyclo 
hexylmethane diisocyanate (HIZMDI); 2,4 
hexahydrotoluene diisocyanate; 2,6-hexahydrotoluene 
diisocyanate; aromatic aliphatic isocyanate, such as 1,2-, 
1,3-, and l,4-xylene diisocyanate; meta-tetramethylxylene 
diisocyanate (m-TMXDI); para-tetramethylxylene diisocy 
anate (p-TMXDI); trimeriZed isocyanurate of any polyisocy 
anate, such as isocyanurate of toluene diisocyanate, trimer of 
diphenylmethane diisocyanate, trimer of tetramethylxylene 
diisocyanate, isocyanurate of hexamethylene diisocyanate, 
isocyanurate of isophorone diisocyanate, and mixtures 
thereof; dimeriZed uretdione of any polyisocyanate, such as 
uretdione of toluene diisocyanate, uretdione of hexamethyl 
ene diisocyanate, and mixtures thereof; modi?ed polyisocy 
anate derived from the above isocyanates and polyisocyan 
ates; and mixtures thereof. In one embodiment, the saturated 
diisocyanates include isophoronediisocyanate (IPDI), 4,4' 
dicyclohexylmethane diisocyanate (HIZMDI), 1,6-hexam 
ethylene diisocyanate (HDI), or a combination thereof. 

[0080] The number of unreacted NCO groups in the poly 
urethane prepolymer may be varied to control such factors as 
the speed of the reaction, the resultant hardness of the com 
position, and the like. For instance, the number of unreacted 
NCO groups in the polyurethane prepolymer of isocyanate 
and polyol may be less than about 14 percent. In one embodi 
ment, the polyurethane prepolymer has from about 5 percent 
to about 11 percent unreacted NCO groups, and even more 
preferably has from about 6 to about 9.5 percent unreacted 
NCO groups. In one embodiment, the percentage of unre 
acted NCO groups is about 3 percent to about 9 percent. 
Alternatively, the percentage of unreacted NCO groups in the 
polyurethane polymer may be about 7.5 percent or less, and 
more preferably, about 7 percent or less. In another embodi 
ment, the unreacted NCO content is from about 2.5 percent to 
about 7.5 percent, and more preferably from about 4 percent 
to about 6.5 percent. 

[0081] Unsaturated diisocyanates, i.e., aromatic com 
pounds, may also be used With the present invention, although 
the use of unsaturated compounds in the prepolymer is pref 
erably coupled With the use of a light stabiliZer or pigment as 
discussed beloW. Examples of unsaturated diisocyanates 
include, but are not limited to, substituted and isomeric mix 
tures including 2,2'-, 2,4'-, and 4,4'-diphenylmethane diiso 
cyanate (MDI), 3,3'-dimethyl-4,4'-biphenyl diisocyanate 
(TODI), toluene diisocyanate (TDI), polymeric MDI, car 
bodimide-modi?ed liquid 4,4'-diphenylmethane diisocyan 
ate, para-phenylene diisocyanate (PPDI), meta-phenylene 
diisocyanate (MPDI), triphenylmethane-4,4'-, and triphenyl 
methane-4,4"-triisocyanate napthylene-l ,5 -diisocyanate, 
2,4'-, 4,4'-, and 2,2'-biphenyl diisocyanate, polyphenylene 
polymethylene polyisocyanate (PMDI) (also knoWn as poly 
meric PMDI), and mixtures thereof. 
[0082] When formed, polyurethane prepolymers may con 
tain about 10 percent to about 20 percent by Weight of the 
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prepolymer of free isocyanate monomer. Thus, in one 
embodiment, the polyurethane prepolymer may be stripped 
of the free isocyanate monomer. For example, after stripping, 
the prepolymer may contain about 1 percent or less free 
isocyanate monomer. In another embodiment, the prepoly 
mer contains about 0.5 percent by Weight or less of free 
isocyanate monomer. 

Polyol Component 

[0083] Any polyol available to one of ordinary skill in the 
art is suitable for use in the polyurethane prepolymer. Exem 
plary polyols include, but are not limited to, polyether poly 
ols, polycaprolactone polyols, polyester polyols, polycarbon 
ate polyols, hydrocarbon polyols, and mixtures-thereof. Both 
saturated and unsaturated polyols are suitable for use With the 
present invention. 
[0084] Suitable polyether polyols for use in the present 
invention include, but are not limited to, polytetramethylene 
ether glycol (PTMEG); copolymer of polytetramethylene 
ether glycol and 2-methyl-l,4-butane diol (PTG-L); poly 
(oxyethylene) glycol; poly(oxypropylene) glycol; 
[0085] ethylene oxide capped (polyoxypropylene) glycol; 

poly (oxypropylene oxyethylene) glycol; and mixtures 
thereof. 

[0086] Suitable polycaprolactone polyols include, but not 
limited to, diethylene glycol initiated polycaprolactone; pro 
pylene glycol initiated polycaprolactone; l,4-butanediol ini 
tiated polycaprolactone; trimethylol propane initiated poly 
caprolactone; neopentyl glycol initiated polycaprolactone; 
1,6-hexanediol initiated polycaprolactone; polytetramethyl 
ene ether glycol (PTMEG) initiated polycaprolactone; ethyl 
ene glycol initiated polycaprolactone; dipropylene glycol ini 
tiated polycaprolactone; and mixtures thereof. 
[0087] Suitable polyester polyols include, but not limited 
to, polyethylene adipate glycol; polyethylene propylene adi 
pate glycol; polybutylene adipate glycol; polyethylene buty 
lene adipate glycol; polyhexamethylene adipate glycol; poly 
hexamethylene butylene adipate glycol; ortho-phthalate-l ,6 
hexanediol polyester polyol; polyethylene terephthalate 
polyester polyols; and mixtures thereof. 
[0088] Examples of polycarbonate polyols that may be 
used With the present invention include, but is not limited to, 
poly(phthalate carbonate) glycol, poly(hexamethylene car 
bonate) glycol, polycarbonate polyols containing bisphenol 
A, and mixtures thereof. 

[0089] Hydrocarbon polyols include, but not limited to, 
hydroxy-terminated liquid isoprene rubber (LIR), hydroxy 
terrninated polybutadiene polyol, hydroxy-terminated poly 
ole?n polyols, hydroxy-terminated hydrocarbon polyols, and 
mixtures thereof. 

[0090] Other polyols that may be used to form the prepoly 
mer of the invention include, but not limited to, glycerols; 
castor oil and its derivatives; Polytail H; Polytail HA; Kraton 
polyols; acrylic polyols; acid functionaliZed polyols based on 
a carboxylic, sulfonic, or phosphoric acid group; dimer alco 
hols converted from the saturated dimeriZed fatty acid; and 
mixtures thereof. 

[0091] By using polyols based on a hydrophobic backbone, 
the polyurethane compositions of the invention may be more 
Water resistant than those polyurethane compositions having 
polyols Without a hydrophobic backbone. Some non-limiting 
examples of polyols based on a hydrophobic backbone 
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include hydrocarbon polyols, hydroxy-terminated polybuta 
diene polyols, polyethers, polycaprolactones, and polyesters. 

Curative 

[0092] The polyurethane prepolymer may be cured With a 
single curing agent or a blend or mixture of curing agents. The 
curing agent of the invention may be modi?ed With a freezing 
point depressing agent as discussed above. 

[0093] Curatives for use With the present invention include, 
but are not limited to, hydroxy terminated curing agents, 
amine-terminated curing agents, and mixtures thereof. 
Depending on the prepolymer to curative ratio, the castable 
polyurethane composition may be thermoplastic or thermo set 
in nature. For example, polyurethanes prepolymers cured 
With a diol or secondary diamine With 1:1 stoichiometry are 
thermoplastic in nature. Thermoset polyurethanes, on the 
other hand, are generally produced from a prepolymer cured 
With a primary diamine or polyfunctional glycol. In an alter 
native embodiment, thermoset polyurethanes may be formed 
When using a secondary diamine When the prepolymer to 
curative ratio is less than about 1. For example, the composi 
tion may be thermo set polyurethane When the prepolymer to 
secondary diamine curing agent is 1:0.95. The curing agents 
may be saturated or unsaturated. 

[0094] In addition, the type of curing agent used determines 
Whether the polyurethane composition is polyurethane/ure 
thane or polyurethane/ urea. For example, a polyurethane pre 
polymer cured With a hydroxy-terminated curing agent is 
polyurethane/ urethane because any excess isocyanate groups 
Will react With the hydroxyl groups of the curing agent to 
create more urethane linkages. In contrast, if an amine-termi 
nated curing agent is used With the polyurethane prepolymer, 
the excess isocyanate groups Will react With the amine groups 
of the amine-terminated curing agent to create urea linkages 
resulting in polyurethane/urea composition. 
[0095] Thus, for the purposes of the invention, a polyure 
thane/urethane contains only urethane linkages as shoWn in 
the folloWing generic structure: 

0 O 

R i R1 i \ / 

N o’ \o N 
H H 
Urethane X 

linkage 

Where x is the chain length, i.e., about 1 or greater, and R and 
R1 are straight chain or branched hydrocarbon chain having 
about 1 to about 20 carbons. On the other hand, a polyure 
thane/urea contains both the urethane linkages shoWn in the 
structure above and the folloWing urea linkages: 

O O 

R i R1 i \ / 
N N \ N N 
H H H H X 

Urea linkage 
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Where x is the chain length, i.e., about 1 or greater, and R and 
R1 are straight chain or branched hydrocarbon chain having 
about 1 to about 20 carbons. 

[0096] Suitable curatives include, but are not limited to, 
1,4-butanediol; 1,3-butanediol; 2,3-butanediol; 2,3-dim 
ethyl-2,3-butanediol; propylene glycol, dipropylene glycol; 
polypropylene glycol; ethylene glycol; diethylene glycol; 
polyethylene glycol; resorcinol-di (beta-hydroxyethyl)ether 
and its derivatives; hydroquinone-di(beta-hydroxyethyl) 
ether and its derivatives; 2-propanol-1,1'-phenylaminobis; 
trimethylolpropane; 4,4'-methylenebis(2-chloroaniline); 3,5 
dimethylthio-2,4-toluenediamine; 3,5-dimethylthio-2,6 
toluenediamine; 4,4'-methylenebis(2-ethylaniline); 4,4'-bis 
(sec-butylamino)-diphenylmethane; 1,3-bis-(2 
hydroxyethoxy)benZene; 1 ,3 -bis - [2- (2 -hydroxyethoxy) 
ethoxy]benZene; 1 ,3 -bi s- {2- [2 -(2 -hydroxyethoxy)ethoxy] 
ethoxy}benZene; 1,4-bis-(sec-butylamino)benZene; 1,2-bis 
(sec-butylamino)benZene; 3 ,5 -diethyltoluene-2,4-diamine; 
3 ,5 -diethyltoluene-2, 6-diamine; tetra- (2 -hydroxypropyl) - 
ethylenediamine; N,N'-dialkyldiamino diphenyl methane; 
trimethyleneglycol-di-p-aminobenZoate; polytetramethyl 
eneoxide-di-p -aminobenZoate; 4,4'-methylene bis-(3 -chloro 
2,6-diethylaniline); 1,4-cyclohexyldimethylol; 2-methylpen 
tamethylene diamine; isomers and mixtures of 
diaminocyclohexane; isomers and mixtures of cyclohexane 
bis(methylamine); polytetramethylene ether glycol; isomers 
and mixtures of cyclohexyldimethylol; triisopropanolamine; 
diethylene triamine; triethylene tetramine; tetraethylene pen 
tamine; propylene diamine; 1,3-diaminopropane; dimethy 
lamino propylamine; diethylamino propylamine; imido-bis 
(propylamine); monoethanolamine; diethanolamine; 
triethanolamine; monoisopropanolamine; diisopropanola 
mine; N,N'-diisopropyl-isophoronediamine; polyoxypropy 
lene diamine; propylene oxide-based triamine; and mixtures 
thereof. In one embodiment, the curatives 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. 

[0097] Suitable saturated hydroxy-terminated curing 
agents include, but are not limited to, ethylene glycol; dieth 
ylene glycol; polyethylene glycol; propylene glycol; 2-me 
thyl-1,3-propanediol; 2-methyl-1,4-butanediol; dipropylene 
glycol; polypropylene glycol; 1,2-butanediol; 1,3-butane 
diol; 1,4-butanediol; 2,3-butanediol; 2,3-dimethyl-2,3-bu 
tanediol; trimethylolpropane; triisopropanolamine; diethyl 
ene glycol bis-(aminopropyl)ether; 1,5-pentanediol; 1,6 
hexanediol; glycerol; 1,3-bis-(2 -hydroxyethoxy) 
cyclohexane; 1,4-cyclohexyldimethylol; 1,3-bis- [2-(2 
hydroxyethoxy)ethoxy]cyclohexane; 1 ,3 -bis- {2- [2-(2 
hydroxyethoxy)ethoxy]ethoxy}cyclohexane; N,N,N',N' 
tetra- (2 -hydroxypropyl-ethylene) diamine; 
polytetramethylene ether glycol having molecular Weight 
ranging from about 250 to about 3900; and mixtures thereof. 
In one embodiment, the hydroxy-terminated curing agent has 
a molecular Weight of at least 50. In another embodiment, the 
molecular Weight of the hydroxy-terminated curing agent is 
about 2000 or less. In yet another embodiment, the hydroxy 
terrninated curing agent has a molecular Weight of about 250 
to about 3900. It should be understood that molecular Weight, 
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as used herein, is the absolute Weight average molecular 
Weight and Would be understood as such by one of ordinary 
skill in the art. 
[0098] Suitable saturated amine-terminated curing agents 
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; N,N'-diisopropylisophorone diamine; 
diaminocyclohexane; diethylene triamine; triethylene tetra 
mine; tetraethylene pentamine; propylene diamine; dipropy 
lene triamine; 1,3-diaminopropane; dimethylamino propy 
lamine; diethylamino propylamine; imido-bis 
(propylamine); monoethanolamine, diethanolamine; 
triethanolamine; monoisopropanolamine, diisopropanola 
mine; triisopropanolamine; isophoronediamine; and mix 
tures thereof. In one embodiment, the amine-curing agent has 
a molecular Weight of about 64 or greater. In another embodi 
ment, the molecular Weight of the amine-curing agent is about 
2000 or less. 

Composition Additives 

[0099] Additional materials conventionally included in 
polyurethane and polyurea compositions may be added to the 
polyurethane and polyarea prepolymers, the modi?ed cura 
tive blends, or the composite compositions of the invention. 
These additional materials include, but are not limited to, 
catalysts, Wetting agents, coloring agents, optical brighten 
ers, crosslinking agents, Whitening agents such as TiO2 and 
ZnO, UV absorbers, hindered amine light stabiliZers, 
defoaming agents, processing aids, surfactants, and other 
conventional additives. For example, Wetting additives may 
be added to the modi?ed curative blends of the invention to 
more effectively disperse the pigment(s). Suitable Wetting 
agents are available from Byk-Chemle and Crompton Corpo 
ration, among others. 
[0100] Antioxidants, stabiliZers, softening agents, plasti 
ciZers, including internal and external plasticiZers, impact 
modi?ers, foaming agents, density-adjusting ?llers, reinforc 
ing materials, and compatibiliZers may also be added to any 
composition of the invention. Those of ordinary skill in the art 
are aWare of the purpose of these additives and the amounts 
that should be employed to ful?ll those purposes. 

Catalysts 

[0101] A catalyst may also be employed to promote the 
reaction betWeen the prepolymer and the curing agent for 
both the polyurethane and polyurea compositions. Suitable 
catalysts include, but are not limited to bismuth catalyst; Zinc 
octoate; stannous octoate; tin catalysts such as bis-butyltin 
dilaurate (DABCO® T-12 manufactured by Air Products and 
Chemicals, Inc.), bis-butyltin diacetate (DABCO® T-1); 
stannous octoate (DABCO® T-9); tin (II) chloride, tin (IV) 
chloride, bis-butyltin dimethoxide (FASCAT®-4211), dim 
ethyl-bis[1-oxonedecyl)oxy]stannane (FORMEZ® UL-28), 
di-n-octyltin bis-isooctyl mercaptoacetate (FORMEZ® 
UL-29); amine catalysts such as triethylenediamine 
(DABCO® 33-LV), triethylamine, and tributylamine; 
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organic acids such as oleic acid and acetic acid; delayed 
catalysts such as POLYCATTM SA-1, POLYCATTM SA-2, 
POLYCATTM, and the like; and mixtures thereof. In one 
embodiment, the catalyst is bis-butyltin dilaurate. 
[0102] The catalyst is preferably added in an amount su?i 
cient to catalyZe the reaction of the components in the reactive 
mixture. In one embodiment, the catalyst is present in an 
amount from about 0.001 percent to about 5 percent by 
Weight of the composition. For example, When using a tin 
catalyst, such as bis-butyltin dilaurate, the catalyst is prefer 
ably present in an amount from about 0.005 percent to about 
1 percent. In another embodiment, the catalyst is present in an 
amount of about 0.05 Weight percent or greater. In another 
embodiment, the catalyst is present in an amount of about 0.5 
Weight percent or greater. 
[0103] Use of loW levels of tin catalysts, typically from 
about 0 to about 0.04 Weight percent of the total composition, 
requires high temperatures to achieve a suitable reaction rate, 
Which may result in degradation of the prepolymer. Increas 
ing the amount of catalysts to unconventional high levels 
enables the reduction in process temperatures While retaining 
comparable cure stages. Use of the higher catalyst level also 
alloWs the mixing speeds to be reduced. Thus, in one embodi 
ment, the tin catalyst is present in an amount from about 0.01 
percent to about 0.5 5 percent by Weight of the composition. In 
another embodiment, about 0.05 percent to about 0.4 percent 
of tin catalyst is present in the composition. In yet another 
embodiment, the tin catalyst is present in an amount from 
about 0.1 percent to about 0.25 percent. 

Density-Adjusting Filler(s) 
[0104] Fillers may be added to the polyurethane and poly 
urea compositions of the invention to affect rheological and 
mixing properties, the speci?c gravity (i.e., density-modify 
ing ?llers), the modulus, the tear strength, reinforcement, and 
the like. The ?llers are generally inorganic, and suitable ?llers 
include numerous metals, metal oxides and salts, such as Zinc 
oxide and tin oxide, as Well as barium sulfate, Zinc sulfate, 
calcium carbonate, Zinc carbonate, barium carbonate, clay, 
tungsten, tungsten carbide, an array of silicas, regrind (re 
cycled core material typically ground to about 30 mesh par 
ticle), high-Mooney-viscosity rubber regrind, and mixtures 
thereof. 
[0105] For example, the compositions of the invention can 
be reinforced by blending With a Wide range of density 
adjusting ?llers, e. g., ceramics, glass spheres (solid or holloW, 
and ?lled or un?lled), and ?bers, inorganic particles, and 
metal particles, such as metal ?akes, metallic poWders, 
oxides, and derivatives thereof, as is knoWn to those With skill 
in the art. The selection of such ?ller(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 ?ller 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 ?llers include Zinc oxide, barium 
sulfate, calcium oxide, calcium carbonate, and silica, as Well 
as other knoWn corresponding salts and oxides thereof. 
[0106] Fillers may also be used to modify the Weight of the 
core or at least one additional layer for specialty balls, e. g., a 
loWer Weight ball is preferred for a player having a loW sWing 
speed. 
BloWing or Foaming Agent(s) 
[0107] The compositions of the invention may be foamed 
by the addition of the at least one physical or chemical bloW 
























































