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GOLF BALL INTERMEDIATE LAYER 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to golf ball inter 
mediate layers and, more particularly, to golf ball interme 
diate layers made from a composition that optimiZes ball 
performance. 

[0002] Golf balls generally include a core and at least one 
cover layer surrounding the core. Balls can be classi?ed as 
tWo-piece, Wound, or multi-layer balls. TWo-piece balls 
include a spherical inner core and an outer cover layer. 
Wound balls include a core, a rubber thread Wound under 
tension around the core to a desired diameter, and a cover 
layer, typically of balata material. Multi-layer balls include 
a core, a cover layer, and one or more intermediate layers. 
Generally, tWo-piece balls have good durability and ball 
distance When hit, but poor “feel”—the overall sensation 
transmitted to the golfer While hitting the ball—and loW spin 
rate, Which results in poor ball control. Wound balls having 
balata covers generally have high spin rate, leading to good 
control, and good feel, but they have short distance and poor 
durability in comparison to tWo-piece balls. A good Way to 
optimiZe the requirements of good speed, spin, feel, and 
durability is through a multi-layer construction. 

[0003] Multi-layer balls generally have performance char 
acteristics betWeen those of tWo-piece and Wound balls; that 
is, multi-layer balls exhibit distance and durability inferior 
to tWo-piece balls but superior to Wound balata balls, and 
they exhibit feel and spin rate inferior to Wound balata balls 
but superior to tWo-piece balls. In particular, use of an 
intermediate layer to improve spin rate often can lead to 
substantial loss of ball speed, and therefore distance. There 
fore, efforts have focused on designing intermediate layers 
for golf balls on producing layers that provide high spin rate 
Without loss of ball distance or durability. These efforts have 
not met With complete success. 

[0004] Material characteristics of the compositions used in 
any intermediate layer in multi-layer balls are among the 
important factors that determine the performance of the 
resulting golf balls. In particular, the composition of inter 
mediate layers is important in determining the ball’s speed 
and spin rate. Various materials having different physical 
properties are used to make intermediate layers to create a 
ball having the most desirable performance possible. Most 
intermediate layers incorporate soft or hard ionomeric res 
ins. Such ionomeric resins generally are ionic copolymers of 
an ole?n and a metal salt of a unsaturated carboxylic acid, 
or ionomeric terpolymers having a co-monomer Within its 
structure. These resins vary in resiliency, ?exural modulus, 
and hardness. Examples of these resins include those mar 
keted under the name SURLYN manufactured by E. I. 
DuPont de Nemours & Company of Wilmington, Del., and 
IOTEK manufactured by Exxon Mobil Corporation of Irv 
ing, Tex. Many intermediate layers also incorporate elasto 
meric resins along With the ionomeric layers. Elastomeric 
resins used in golf ball covers include a variety of thermo 
plastic or thermoset elastomers available. Examples of these 
elastomers include those marketed under the name PEBAX 
manufactured by Ato?na Chemicals of Philadelphia, Pa. 
Other materials commonly used in intermediate layers 
include polyester elastomer, such as HYTREL, manufac 
tured by E. I. DuPont de Nemours & Company, and ther 
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moplastic urethane, such as ESTANE, manufactured by BF 
Goodrich of Cleveland, Ohio. 

[0005] Each of the materials discussed above has particu 
lar characteristics that can lead to good golf ball properties 
When used in an intermediate layer. HoWever, none of these 
materials optimiZes all of the important properties of a ball 
intermediate layer, and improvement of one of these prop 
erties by use of a particular material often can lead to 
Worsening of another. Therefore, to improve golf ball prop 
erties, some of the materials discussed above are blended to 
produce improved intermediate layers. As discussed above, 
ideally an intermediate layer should provide good spin rate, 
Without sacri?cing the ball’s speed. Therefore, an ionomer 
often is combined in an intermediate layer With an elastomer. 
In fact, most non-Wound intermediate layers incorporate 
ionomer resins. The resulting blend Will provide acceptable 
ball spin and speed. A number of patents disclose preferred 
intermediate layers incorporating elastomers and ionomer 
resins. 

[0006] Aparticular material that has been disclosed for use 
in golf ball compositions is a triblock copolymer having a 
?rst polymer block comprising an aromatic vinyl compound, 
a second polymer block comprising a conjugated diene 
compound, and a hydroxyl group located at a block copoly 
mer, or the hydrogenation product of this triblock copoly 
mer. The hydroxyl group can be at the terminal block 
copolymer or elseWhere in the block copolymer structure. 
The aromatic vinyl compound preferably is selected from 
the group consisting of styrene, methylstyrene, 4-propylsty 
rene, 1,3-dimethylstyrene, vinylnaphthalene, and vinlyan 
thracene. The conjugated diene compound preferably is 
selected from the group consisting of 1,3-butadiene, iso 
prene, 2,3-dimethyl-1,3-butadiene, 1,3-pentadiene, and 1,3 
hexadiene. The triblock copolymer preferably has a number 
average molecular Weight betWeen about 30,000 and about 
1,000,000. An example of this material in Which the triblock 
copolymer having a hydroxyl group is located at the termi 
nal block copolymer is sold under the trade name HG-252 by 
Kuraray Company of Kurashiki, Japan. 

[0007] The material is described in detail in US. Pat. No. 
5,693,711 to Akiba et al. (“the Akiba ’711 patent”), herein 
incorporated by reference. The Akiba ’711 patent discloses 
and claims compositions incorporating the speci?ed triblock 
polymer and ionomer, as Well as golf ball cover composi 
tions incorporating both of these, With the Weight ratio of 
ionomer to block polymer ranging from 98:2 to 50:50. The 
disclosed cover composition provides ?exibility and tough 
ness to the ball cover. The Akiba ’711 patent does not, 
hoWever, discuss use of the material in intermediate layers, 
or compositions incorporating the triblock copolymer With 
out also incorporating ionomer. 

[0008] A patent that illustrates the prior understanding of 
use of the speci?ed triblock copolymer in intermediate 
layers for golf balls is U.S. Pat. No. 5,948,862 to Sano et al., 
Which discloses use in intermediate layers of thermoplastic 
elastomer having terminal OH groups, such as the speci?ed 
triblock copolymer, only in combination With ionomer or 
speci?ed block copolymers. Also, U.S. Pat. No. 6,334,820 B 
1 to Sasaki discloses and claims golf ball intermediate layers 
incorporating the speci?ed triblock copolymer and a hard 
ionomer having speci?ed hardness and ?exural modulus. 
The hard ionomer is described as providing the resulting ball 
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With increased resilience. This is consistent With the previ 
ous understanding of use of the triblock copolymer as 
requiring blending With a hard polymer, such as the hard 
ionomers speci?ed in the Sasaki patent, to avoid poor 
resilience in the resulting balls. 

[0009] It has been demonstrated that the speci?ed triblock 
copolymer, like most elastomers, can be used to make 
satisfactory golf ball intermediate layer When blended With 
hard, non-elastomeric materials, such as high acid copoly 
meric ionomers. HoWever, even With blending of materials 
to improve properties, use of the materials discussed above 
is not completely satisfactory. In general, it is dif?cult to 
make an intermediate layer that provides good performance 
Without blending into the layer non-elastomeric materials, 
such as copolymeric ionomers having high acid-content 
copolymers. Also, the need to blend these materials itself 
provides for possible manufacturing dif?culties and the need 
for increased monitoring and quality control during the 
manufacturing process. 

[0010] In vieW of the above discussion, it is apparent that 
golf ball intermediate layers are needed that alloW the 
optimiZation of many ball performance properties Without 
the Worsening of other properties. The ball intermediate 
layers also should provide little or no processing and prepa 
ration dif?culties. The present invention ful?lls this need and 
other needs, and provides further related advantages. 

SUMMARY OF THE INVENTION 

[0011] The present invention is embodied in a golf ball 
intermediate layer consisting essentially of one or more 
speci?ed triblock polymers, hydrogenation products of these 
triblock copolymers, or speci?ed block copolymers, or mix 
tures of these. Each of the triblock copolymers and their 
hydrogenation products incorporate: a ?rst polymer block 
comprising an aromatic vinyl compound; a second polymer 
block comprising a conjugated diene compound; and a 
hydroxyl group located at a block copolymer. Each block 
copolymer is a hydrogenated diene block copolymer having 
a polystyrene-reduced number-average molecular Weight of 
from 50,000 to 600,000. Each hydrogenated diene block 
copolymer is a hydrogenation product of: (a) an A-B block 
copolymer, in Which A is an alkenyl aromatic compound 
polymer block, and B is either a conjugated diene 
homopolymer block, in Which the vinyl content of the 
conjugated diene portion is more than 60%, or an alkenyl 
aromatic compound-conjugated diene random copolymer 
block in Which the vinyl content of the conjugated diene 
portion is from 15% to 60%, or; (b) an A-B-C block 
copolymer, in Which A and B are as de?ned above, and C is 
an alkenyl aromatic compound-conjugated diene copolymer 
tapered block in Which the proportion of the alkenyl aro 
matic compound increases gradually, or; (c) an A-B-A block 
copolymer in Which A and B are as de?ned above. In each 
block copolymer, the Weight proportion of the alkenyl 
aromatic compound to conjugated diene is from 5/95 to 
60/40, and the content of the bound alkenyl aromatic com 
pound in at least one block A is at least 3% by Weight, and 
the total of the bound alkenyl aromatic compound contents 
in the tWo block A’s or the block A and the block C is from 
5% to 25% by Weight based on the total monomers. Also, in 
the hydrogenated diene block copolymer, Which as 
described above is a hydrogenation product, at least 80% of 
the double bond unsaturations of the conjugated diene 
portion is saturated by the hydrogenation. 
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[0012] In each triblock copolymer, the aromatic vinyl 
compound preferably is selected from the group consisting 
of styrene, methylstyrene, 4-propylstyrene, 1,3-dimethylsty 
rene, vinylnaphthalene, and vinlyanthracene, and the con 
jugated diene compound preferably is selected from the 
group consisting of 1,3-butadiene, isoprene, 2,3-dimethyl 
1,3-butadiene, 1,3-pentadiene, and 1,3-hexadiene. Each tri 
block copolymer preferably has a number average molecular 
Weight betWeen about 30,000 and about 1,000,000. Prefer 
ably, the ratio by Weight of triblock copolymer to hydroge 
nated diene block copolymer ranges betWeen 99:1 and 1:99. 

[0013] The intermediate layer can further comprise ?llers, 
stabiliZers, colorants, processing aids, antioxidants, or mix 
tures of these. The ?llers used can be heavy ?llers having 
speci?c gravity greater than about 2. The present invention 
also is embodied in a golf ball incorporating a core, a cover, 
and the above-speci?ed intermediate layer situated betWeen 
the core and the cover. In these golf balls, the core can 
include an inner core and one or more outer cores encasing 

the inner core. The core also can include liquid. The golf ball 
can incorporate one or more layers situated betWeen the core 
and the cover, or a layer of rubber thread situated betWeen 
the core and the cover. The ball covers can include copoly 
meric ionomer, terpolymeric ionomer, or mixtures thereof. 
The ball covers also can include elastomeric material. 

[0014] Preferably, the intermediate layer of the present 
invention has a thickness betWeen about 0.005 in. and about 
0.1 in, more preferably betWeen about 0.01 in. and about 
0.05 in., and most preferably betWeen about 0.02 in. and 
about 0.05 in. The intermediate layer can be prepared using 
injection molding, compression molding, or by depositing a 
poWder material over a golf ball portion. 

[0015] The present invention also resides in an interme 
diate layer consisting essentially of the above-speci?ed 
triblock copolymer, in Which the aromatic vinyl comprises 
styrene or a-methylstyrene and the conjugated diene com 
pound comprises isoprene or 1,3-butadiene, preferably hav 
ing a thickness of about 0.1 inches. The present invention 
also resides in an intermediate layer consisting essentially of 
the above-speci?ed block copolymers. 

[0016] Other features and advantages of the present inven 
tion should become apparent from the folloWing detailed 
description of the preferred embodiments. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] The present invention resides in an intermediate 
layer for a golf ball that consists essentially of one or more 
speci?ed triblock polymers, hydrogenation products of these 
triblock copolymers, or speci?ed block copolymers, or mix 
tures of these. Therefore, the intermediate layer is substan 
tially free of non-elastomeric (particularly ionomeric) poly 
mers. The intermediate layer provides for excellent golf ball 
properties Without introducing processing dif?culties. As 
described above, each triblock copolymer incorporates: a 
?rst polymer block comprising an aromatic vinyl com 
pound; a second polymer block comprising a conjugated 
diene compound; and a hydroxyl group located at a block 
copolymer, or a hydrogenation product of the triblock 
copolymer, or mixtures of these. The aromatic vinyl com 
pound preferably is selected from the group consisting of 
styrene, methylstyrene, 4-propylstyrene, 1,3-dimethylsty 
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rene, vinylnaphthalene, and vinlyanthracene, and the con 
jugated diene compound preferably is selected from the 
group consisting of 1,3-butadiene, isoprene, 2,3-dimethyl 
1,3-butadiene, 1,3-pentadiene, and 1,3-hexadiene. Each tri 
block copolymer preferably has a number average molecular 
Weight betWeen about 30,000 and about 1,000,000. 

[0018] In vieW of the prior understanding and disclosures 
discussing use of the speci?ed triblock copolymer in ball 
compositions, it has been surprisingly found that this tri 
block copolymer can be used successfully as essentially the 
entire composition of an intermediate layer. As discussed 
above, prior understanding of ball manufacture has been that 
the speci?ed triblock copolymer are preferred for use in golf 
ball layers only When blended With harder polymers, typi 
cally high acid-content copolymeric ionomers. This blend 
ing has been considered necessary, because the softness of 
the speci?ed triblock polymer has made it apparently unsuit 
able for its exclusive use in intermediate layers. Generally, 
soft elastomeric materials in ball compositions have con 
tributed to improved feel and spin rate of the resulting balls, 
at the expense of ball speed. Addition of ionomers, particu 
larly copolymeric ionomers, to these compositions has been 
believed necessary to produce balls having acceptable speed 
When hit. 

[0019] In vieW of the above, it has been surprisingly 
observed that use of a composition consisting essentially of 
the speci?ed triblock copolymer in an intermediate layer 
unexpectedly provides for superior ball properties. These 
superior properties exist despite the common perception that 
ball layers incorporating only a soft elastomer, such as the 
speci?ed triblock copolymer, Would produce balls having 
unacceptable properties, such as a loW coef?cient of resti 
tution and resulting loW ball speed. This perception is 
re?ected in the patents previously discussed incorporating 
soft elastomers blended With harder components. In contrast 
to these patents, the intermediate layers of the present 
invention are free of harder bulk polymer materials, such as 
high acid-content ionomers. 

[0020] It also has been found that, in addition to the 
above-speci?ed triblock copolymer, an additional type of 
speci?ed block copolymer can be used in ball intermediate 
layers, either alone, or in combination With the speci?ed 
triblock copolymer, to produce intermediate layers having 
improved properties. This speci?ed block copolymer is 
described in US. Pat. Nos. 5,191,024 and 5,306,779, both to 
Shibata et al. (the “Shibata ’024” and “Shibata ’779” pat 
ents, respectively), herein incorporated by reference. 

[0021] Each speci?ed block copolymer in the intermediate 
layer of the present invention is a hydrogenated diene block 
copolymer having a polystyrene-reduced number-average 
molecular Weight of 50,000 to 600,000. Each speci?ed block 
copolymer is a hydrogenation product of either: an A-B 
block copolymer, in Which A is an alkenyl aromatic com 
pound polymer block, and B is either (1) a conjugated diene 
homopolymer block, in Which the vinyl content of the 
conjugated diene portion is more than 60%, (described in the 
’024 patent), or (2) an alkenyl aromatic compound-conju 
gated diene random copolymer block having 15% to 60% of 
vinyl content of the conjugated diene portion (described in 
the ’779 patent); or (ii) an A-B-C block copolymer in Which 
A and B are as de?ned above, and C is an alkenyl aromatic 
compound-conjugated diene copolymer tapered block, in 
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Which the proportion of the alkenyl aromatic compound 
increases gradually; or (iii) an A-B-A block copolymer in 
Which A and B are as de?ned above. In the speci?ed block 
copolymer, the Weight proportion of the alkenyl aromatic 
compound to the conjugated diene is from 5/95 to 60/40. 
Also, in the speci?ed block copolymer, the content of the 
bound alkenyl aromatic compound in at least one block Ais 
at least 3% by Weight, and the total of the bound alkenyl 
aromatic compound contents in the tWo block A’s or the 
block A and the block C is 3% to 50% by Weight based on 
the total monomers. In the speci?ed block copolymer, Which 
as stated above is a hydrogenation product, at least 80% of 
the double-bond unsaturations of the conjugated diene por 
tion is saturated by the hydrogenation. 

[0022] An intermediate layer Within the scope of the 
present invention consists essentially of one or more of the 
above-speci?ed triblock copolymer or its hydrogenation 
products, one or more of the above-speci?ed block copoly 
mer, or a mixture of these compounds. Preferred mixtures 
have Weight ratios of the speci?ed triblock copolymer to the 
speci?ed block copolymer ranging betWeen 99:1 and 1:99. 

[0023] Suitability of the speci?ed block copolymer alone 
in an intermediate layer is surprising, because it, like the 
speci?ed triblock copolymer, is an elastomeric material 
considered too soft to be suitable for use in an intermediate 
layer Without incorporation of a harder material, such as a 
copolymeric ionomer. Likewise, layers consisting essen 
tially of only the speci?ed triblock copolymer and/or the 
speci?ed block copolymer are surprisingly found to provide 
good ball properties When used in an intermediate layer. 

[0024] In addition to the speci?ed triblock copolymer 
and/or speci?ed block copolymer, intermediate layers of the 
present invention also can consist of small amounts of 
materials commonly added to ball compositions, such as 
colorants, stabiliZers, antioxidants, processing aids, ?llers, 
or mold release agents. Compositions Within the scope of the 
present invention also can incorporate inorganic ?llers, such 
as titanium dioxide, calcium carbonate, Zinc sul?de or Zinc 
oxide. Additional ?llers can be chosen to impart additional 
density to blends of golf balls and ball compositions Within 
the scope of the present invention, such as Zinc oxide, 
barium sulfate, tungsten or any other metallic poWder hav 
ing density greater than that of base polymeric resin, pref 
erably having a speci?c gravity greater than about 2. Any 
organic or inorganic ?bers, either continuous or non-con 
tinuous, also can be included the compositions. Intermediate 
layers of the present invention can be used in a variety of ball 
designs, including balls having solid, liquid, or multi-layer 
cores, With our Without Wound layers. Any of these ball 
con?gurations can incorporate an intermediate layer con 
sisting essentially of the speci?ed triblock copolymer and/or 
block copolymer. 

[0025] Preferred thicknesses for the intermediate layers of 
the present invention are betWeen about 0.005 in. and about 
0.1 in., more preferably betWeen about 0.01 in. and about 
0.05 in., and most preferably betWeen about 0.02 in. and 
about 0.05 in. Intermediate layers of the present invention 
can be prepared using a variety of methods, including: 1) 
injection molding of the entire layer, 2) injection molding to 
form half cups, Which are compression molded to form the 
entire layer; compression molding from a sheet of the 
material or 3) coating a ball portion With a poWder consisting 
of the material. 
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[0026] Balls incorporating intermediate layers of the 
present invention can have a Wide variety of suitable covers. 
The speci?ed triblock copolymer may be used as part of the 
cover composition, as Well as a variety of ionomeric, non 
ionomeric resins, or combinations of these, knoWn for use in 
ball covers. Nonlimiting examples of suitable ionomeric 
cover materials include copolymeric ionomers and terpoly 
meric ionomers, or mixtures of these. Copolymeric iono 
mers are obtained by neutralizing at least a portion of 
carboxylic groups in a copolymer of an a-ole?n and an 0t, 
[3-unsaturated carboxylic acid having 3 to 8 carbon atoms, 
With a metal ion. Examples of suitable a-ole?ns include 
ethylene, propylene, 1-butene, and 1-hexene. Examples of 
suitable unsaturated carboxylic acids include acrylic, meth 
acrylic, ethacrylic, alphachloroacrylic, crotonic, maleic, 
fumaric, and itaconic acid. Copolymeric ionomers include 
ionomers having varied acid contents and degrees of acid 
neutraliZation, neutraliZed by monovalent or bivalent cat 
ions, such as lithium, sodium, potassium, magnesium, cal 
cium, barium, lead, tin, Zinc, aluminum, or a combination of 
these cations. 

[0027] Terpolymeric ionomers suitable as cover materials 
are obtained by neutraliZing at least portion of carboxylic 
groups in a terpolymer of an ot-ole?n, and an ot,[3-unsatur 
ated carboxylic acid having 3 to 8 carbon atoms and an 
ot,[3-unsaturated carboxylate having 2 to 22 carbon atoms 
With metal ion. Examples of suitable ot-ole?ns include 
ethylene, propylene, 1-butene, and 1-hexene. Examples of 
suitable unsaturated carboxylic acids include acrylic, meth 
acrylic, ethacrylic, alphachloroacrylic, crotonic, maleic, 
fumaric, and itaconic acid. Terpolymeric ionomers include 
ionomers having varied acid contents and degrees of acid 
neutraliZation, neutraliZed by monovalent or bivalent cat 
ions, such as lithium, sodium, potassium, magnesium, cal 
cium, barium, lead, tin, Zinc, aluminum, or a combination of 
these cations. 

[0028] Nonlimiting examples of suitable non-ionomeric 
polymers for use as cover materials With balls incorporating 
intermediate layers Within the scope of the present invention 
include thermoplastic elastomer, thermoset elastomer, ther 
moplastic rubber, thermoplastic vulcaniZate, polycarbonate, 
polyole?n, polyamide, copolymeric polyamide, polyesters, 
polyurethane, polyarylate, polyacrylate, polyphenyl ether, 
modi?ed-polyphenyl ether, high-impact polystyrene, diallyl 
phthalate polymer, metallocene catalyZed polymers, acry 
lonitrile-styrene-butadiene (ABS), styrene-acrylonitrile 
(SAN) (including ole?n-modi?ed SAN and acrilonitrile 
styrene acrylonitrile), styrene-maleic anhydryde (S/MA) 
polymer, styrenic copolymer, styrenic terpolymer, cellulose 
polymer, liquid crystal polymer (LCP), ehtylene-propylene 
diene-monomer (EPDM), ethylene vinyl acetate (EVA), and 
polysiloxane. Suitable polyamides include resins obtained 
by: 1) polycondensation of a dicarboxylic acid, such as 
oxalic acid, adipic acid, sebacic acid, terephthalic acid, 
isophthalic acid or 1,4 cyclohexylidicarboxylic acid, With a 
diamine, such as ethylenediamine, tetramethylenediamine, 
pentamethylenediamine, hexamethylenediamine or decam 
ethylenediamine, 1,4-cyclohexyldiamine or m-xylylenedi 
amine, 2) a ring-opening polymeriZation of cyclic lactam, 
such as e-caprolactam or uu-laurolactam; polycondensation 
of an aminocarboxylic acid, such as 6-aminocaproic acid, 
9-aminononaoic acid, 11-aminoudecanoic acid or 12-amin 
ododecanoic acid, or 3) copolymeriZation of a cyclic lactam 
With a dicarboxylic acid and a diamine. Speci?c examples of 
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suitable polyamides include Nylon 6; Nylon 4,6; Nylon 6,6; 
Nylon 6,9; Nylon 6,10; Nylon 6,12; Nylon 11; Nylon 12; 
copolymeriZed Nylon; Nylon 6/6, 6; Nylon 6/6, T; Nylon 6, 
6/6, 10; and Nylon MXD6 

[0029] Examples of suitable non-ionomeric polymers for 
use in cover materials With golf balls incorporating inter 
mediate layers Within the scope of the present invention 
include those sold under the trademarks LEXAN, VALOX, 
NORYL, and NORYL GTX, marketed by GE Plastics of 
Pitts?eld, Mass., CRISTAMID and RILSAN marketed by 
ATOFINA Chemicals of Philadelphia, Pa., GRILAMID 
marketed by EMS-CHEMIE of Sumter, SC, ZYTEL mar 
keted by E. I. DuPont de Nemours & Co. of Wilmington, 
Del., TENITE marketed by Eastman Chemical Company of 
Kingsport, Tenn., EXXPOL marketed by Exxon Mobil of 
Houston, Tex., and ESTANE marketed by B F Goodrich of 
Cleveland, Ohio. 

[0030] Balls incorporating intermediate layers Within the 
scope of the present invention also incorporate core com 
positions knoWn for use in golf balls. An example of a 
suitable core formulation comprises a thermoplastic elas 
tomer, such as crosslinked diene elastomer of the polybuta 
diene cis-1,4 type containing a reaction product With Zinc 
oxide and Zinc diacrylate, along With a crosslinking agent, 
such as dicumyl peroxide or sulfur-containing compounds. 

EXAMPLE 

[0031] Multi-layer golf balls Were prepared to test the 
performance of intermediate layers Within the scope of the 
present invention. The balls Were labeled as Types 1 to 4, 
With tWo doZen in each type. Type 1 to 3 balls incorporated 
cores having diameters of 1.48 inches and intermediate 
layers having thicknesses of 0.1 inches, While Type 4 balls 
incorporated cores having diameters of 1.58 inches. All of 
the ball cores had compressions of 75. Type 1 balls incor 
porated intermediate layers Within the scope of the present 
invention, consisting entirely of the triblock copolymer, 
marketed as HG-252, described above. Type 2 and 3 balls 
incorporated intermediate layers Within the scope of the 
prior art. These intermediate layers comprised blends of 
SURLYN 9120, SURLYN 8140, and PEBAX 3533. Type 4 
balls did not incorporate intermediate layers and Were pro 
vided as comparison to represent typical tWo-piece balls. 

[0032] Cover layers having thickness of 0.05 inches Were 
placed on all of the balls. Type 1, 2, and 4 balls had covers 
comprising ionomer blends having a Shore D hardness of 
62. Type 3 balls had covers comprising ionomer blends 
having a Shore D hardness of 57. The percentage compo 
sitions of the intermediate layers and hardnesses of the cover 
materials are provided in Table beloW. 

TABLE 1 

Ball Constructions 

Ball Type 1 2 3 4 

Intermediate Layer None 
HG-252 % 100 0 0 
Surlyn 9120 % 0 15 15 
Surlyn 8140 % 0 15 15 
Pebax 3533 % 0 70 70 
Cover Material Hardness 62 62 57 62 
Shore D 
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[0033] Testing 
[0034] In addition to the balls discussed above, several 
golf balls currently available on the market Were tested for 
the same parameters. These balls included the HP Tour 
manufactured by Acushnet Corporation of Fairhaven, Mass., 
the Revolution manufactured by MaxFli Golf of Greenville, 
SC, and the Tour Accuracy, manufactured by Nike Corpo 
ration of Beaverton, Oreg. 

[0035] All of the balls Were tested for spin rate and speed 
When hit With an 8-iron, and speed When hit With a driver. 
The balls also Were tested for ball compression and surface 
hardness on the Shore D scale (as distinguished from the 
cover material hardness shoWn in Table 1). As discussed 
above, high spin rate When hit by a short iron is desirable, 
because it alloWs for improved control of the ball When hit. 
High ball speed is desirable, because it leads to greater ?ying 
distance of the ball. LoW PGA compression provides for 
improved ball feel. In addition to these properties, the balls 
also Were tested for shear-cut resistance by hitting them With 
a pitching Wedge at controlled speed. Three of each type of 
ball Were used for this testing. Each ball Was assigned a 
numerical score from 1 (no visible damage) to 5 (substantial 
material displaced), and these scores Were averaged for each 
ball type to produce the shear-cut resistance numbers beloW. 

[0036] Results 

[0037] Results of the tests are shoW in Table 2 beloW. 

TABLE 2 

Ball Performance 

8 Iron 8 Iron Driver Shear 
Hardness Spin Speed PGA Speed Re 

Ball Type (Shore D) (rpm) (mph) Comp. (mph) sistance 

1 60 8,376 109.5 74 159.6 1.0 
2 62 7,799 109.6 81 159.5 1.8 
3 58 7,907 109.1 79 159.5 2.7 
4 62 7,473 110.3 80 160.6 1.8 

HP Tour 58 7,653 109.3 71 158.6 2.0 
Revolution 54 8,206 109.3 78 159.6 2.6 

Tour 49 8,110 110.5 77 158.1 4.2 
Accuracy 

[0038] Discussion 

[0039] 1 Comparison of Type 1 and 2 Balls 

[0040] As discussed above, Type 1 balls incorporated 
intermediate layers Within the scope of the present inven 
tion. Type 2 balls represents prior art balls identical to Ball 
Type 1, except for incorporation of conventional interme 
diate layers comprising copolymeric ionomer and poly 
etheramide elastomer. 

[0041] It is commonly believed that golf ball speed for a 
multi-layer ball increases With increasing high acid copoly 
meric ionomer content in the ball intermediate layer com 
position. Therefore, it Was expected that Type 1 balls, 
incorporating no ionomeric material in their intermediate 
layers Would shoW loWer ball speed than Type 2 balls, 
incorporating 30% copolymeric ionomer in their mantles. 
HoWever, as the data indicate, Type 1 balls actually shoWed 
comparable driver and 8 Iron speed to Type 2 balls. Despite 
the higher speeds, Type 1 balls also demonstrated substan 
tially higher 8 Iron spin rates. These data indicate that Type 
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1 balls Will travel approximately the same distance as Type 
2 balls When hit With the same force, and also demonstrate 
superior controllability When hit With an 8 Iron. 

[0042] In addition to good ball speed and spin perfor 
mance, Type 1 balls had loWer PGA compressions than Type 
2 balls, indicating better “feel” When hit. Also, Type 1 balls 
shoWed substantially superior shear-cut resistance. In gen 
eral, exclusive use of the triblock copolymer in the inter 
mediate layers provided for superior overall properties in 
golf balls. These results Would not be expected based on the 
previous understanding of soft elastomers such as the tri 
block copolymer and the knoWn performance characteristics 
of intermediate layers. 

[0043] 2. Comparison of Type 1 and 3 Balls 

[0044] Type 3 balls represent prior art balls similar to Type 
2 balls, except for a greater percentage of terpolymeric 
Ionomer in the ball covers. Increasing terpolymeric ionomer 
content in a cover for a multi-layer ball is a knoWn method 
for attempting to loWer cover hardness, improve ball feel, 
and increase spin rate, at the cost of other aspects of ball 
performance, such as ball speed or shear-cut resistance. In 
this case, ball speeds for Type 1 and Type 3 balls are 
essentially identical. HoWever, demonstrated spin rates are 
much loWer for Type 3 balls than for Type 1 balls. Also, 
though Type 3 balls demonstrated loWer PGA compressions 
than Type 2 balls, they demonstrated PGA compressions 
higher than Type 1 balls. Further, shear-cut resistance for 
Type 3 balls Was markedly Worse than for Type 1, and even 
Type 2, balls. These data indicate that use of the intermediate 
layers of the present invention is far superior in improving 
golf ball properties than modi?cation of ball cover compo 
sitions, as is more commonly attempted. 

[0045] 3. Comparison of Type 1 and 4 Balls 

[0046] Type 4 balls have a tWo-piece structure; i.e., having 
no intermediate layer. The cores Were slightly larger than 
those in Type 1 balls; essentially, the portion of the Type 1 
balls that comprised the core and intermediate layer Were the 
core of the Type 4 balls. 

[0047] As discussed above, tWo-piece balls are knoWn to 
provide superior ball speed and durability than comparable 
multi-layer balls, at the cost of reduced spin and inferior 
“feel.” This reduction in spin and feel generally increases 
With use of softer mantles. Therefore, it Would be expected 
that Type 4 balls Would shoW substantially higher ball speed 
than Type 1 balls incorporating soft HG-252 intermediate 
layers. As expected, Type 1 balls incorporating intermediate 
layers Within the scope of the present invention demon 
strated superior 8 Iron spin rates to the tWo-piece Type 4 
balls. HoWever, Type 4 balls demonstrated only slightly 
higher ball speeds than Type 1 balls, and they exhibited 
Worse shear-cut resistance than the Type 1 balls. Type 1 balls 
also exhibited much loWer PGA compressions than Type 4 
balls, indicating that the Type 1 balls have far superior 
“feel.” The data indicate that use of intermediate layers of 
the present invention can overcome the traditional disad 
vantages of multi-layer balls incorporating prior art inter 
mediate layers. 

[0048] 4. Comparison of Type 1 and Marketed Balls 

[0049] The marketed balls represent a Wide range of prior 
art balls, each having tWo-piece, multi-layer, or Wound 
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constructions. Type 1 balls demonstrated higher spin rate, 
comparable ball speeds, and far superior durability than the 
marketed balls. PGA compression for the Type 1 balls Was 
loWer than for all but the HP Tour balls, Which had the 
loWest spin rates. In general, Type 1 balls demonstrate a 
superior combination of performance characteristics than 
the marketed balls. Speci?cally, Ball Type 1 demonstrated 
superior ball speed, spin rate, and shear-cut resistance than 
the HP Tour, a tWo-piece ball. Ball Type 1 demonstrated 
superior ball spin rate and shear-cut resistance than the 
Revolution, a ball having a Wound core and a thermoset 
polyurethane cover. Finally, Ball Type 1 shoWed superior 
spin rate, ball speed, and, remarkably, shear-cut resistance 
than the Tour Accuracy, a ball having a thermoplastic 
polyurethane cover. 

[0050] Generally, it is dif?cult to produce golf balls having 
high spin rate When hit by a short iron, long distance When 
hit, loW PGA compression, soft hit-feel, and good durability. 
Type 1 balls incorporating intermediate layers Within the 
scope of the present invention exhibited all of these. As 
discussed above, these performance results contradict the 
prior understanding of the effect of exclusive use of soft 
elastomers such as the speci?ed triblock copolymer, and 
they demonstrate the utility of the intermediate layers of the 
present invention in maximiZing desirable ball properties. 

[0051] Although the invention has been disclosed in detail 
With reference only to the preferred embodiments, those 
skilled in the art Will appreciate that additional golf ball 
intermediate layers can be made Without departing from the 
scope of the invention. 

We claim: 
1. A golf ball intermediate layer consisting essentially of: 

one or more triblock copolymers; 

one or more hydrogenation products of the triblock 
copolymers; 

one or more hydrogenated diene block copolymers; 

or mixtures thereof; 

Wherein each triblock copolymer has 

(i) a ?rst polymer block comprising an aromatic vinyl 
compound, 

(ii) a second polymer block comprising a conjugated 
diene compound, and 

(iii) a hydroxyl group located at a block copolymer, 

Wherein each hydrogenated diene block copolymer has a 
polystyrene-reduced number-average molecular Weight 
of from 50,000 to 600,000 and is a hydrogenation 
product of 

(i) an A-B block copolymer, in Which A is an alkenyl 
aromatic compound polymer block, and B is either 

(1) a conjugated diene homopolymer block, Wherein 
the vinyl content of the conjugated diene portion 
is more than 60%, or 

(2) an alkenyl aromatic compound-conjugated diene 
random copolymer block Wherein the vinyl con 
tent of the conjugated diene portion is 15-60%, or 
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(ii) an A-B-C block copolymer, in Which A and B are 
as de?ned above and C is an alkenyl aromatic 
compound-conjugated diene copolymer tapered 
block, Wherein the proportion of the alkenyl aro 
matic compound increases gradually, or 

(iii) an A-B-A block copolymer, in Which A and B are 
as de?ned above, 

Wherein in each of the hydrogenated diene block copoly 
mers, 

the Weight proportion of the alkenyl aromatic com 
pound to conjugated diene is from 5/95 to 60/40, 

the content of the bound alkenyl aromatic compound in 
at least one block A is at least 3% by Weight, 

the total of the bound alkenyl aromatic compound 
contents in the tWo block A’s or the block A and the 
block C is 5% to 25% by Weight based on the total 
monomers, and 

at least 80% of the double bond unsaturations of the 
conjugated diene portion is saturated by the hydro 
genation. 

2. A golf ball intermediate layer as de?ned in claim 1, 
Wherein the aromatic vinyl compound is selected from the 
group consisting of styrene, methylstyrene, 4-propylstyrene, 
1,3-dimethylstyrene, vinylnaphthalene, and vinlyan 
thracene. 

3. A golf ball intermediate layer as de?ned in claim 1, 
Wherein the conjugated diene compound is selected from the 
group consisting of 1,3-butadiene, isoprene, 2,3-dimethyl 
1,3-butadiene, 1,3-pentadiene, and 1,3-hexadiene. 

4. A golf ball intermediate layer as de?ned in claim 1, 
Wherein each of the one or more triblock copolymers has a 
number average molecular Weight betWeen about 30,000 
and about 1,000,000. 

5. A golf ball intermediate layer as de?ned in claim 1, 
Wherein the ratio by Weight of the triblock copolymers to the 
hydrogenated diene block copolymers ranges betWeen 99:1 
and 1:99. 

6. A golf ball intermediate layer as de?ned in claim 1, 
further comprising ?llers, stabiliZers, colorants, processing 
aids, antioxidants, or mixtures thereof. 

7. A golf ball intermediate layer as de?ned in claim 6, 
Wherein the ?llers have speci?c gravity of greater than about 
2. 

8. A golf ball comprising a core, a cover, and an inter 
mediate layer as de?ned in claim 1 situated betWeen the core 
and the cover. 

9. A golf ball as de?ned in claim 8, Wherein the core 
comprises an inner core and one or more outer cores 

encasing the inner core. 
10. A golf ball as de?ned in claim 8, Wherein the core 

comprises liquid. 
11. A golf ball as de?ned in claim 8, further comprising 

one or more layers situated betWeen the core and the cover. 

12. A golf ball as de?ned in claim 8, further comprising 
a layer of rubber thread situated betWeen the core and the 
cover. 

13. A golf ball as de?ned in claim 8, Wherein the cover 
comprises copolymeric ionomer, terpolymeric ionomer, or 
mixtures thereof. 

14. A golf ball as de?ned in claim 8, Wherein the cover 
comprises elastomeric material. 
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15. A golf ball intermediate layer as de?ned in claim 1, 
Wherein the intermediate layer has a thickness betWeen 
about 0.005 in. and about 0.1 in. 

16. A golf ball intermediate layer as de?ned in claim 15, 
Wherein the intermediate layer has a thickness betWeen 
about 0.01 in. and about 0.05 in. 

17. A golf ball intermediate layer as de?ned in claim 16, 
Wherein the intermediate layer has a thickness betWeen 
about 0.02 in. and about 0.05 in. 

18. A golf ball intermediate layer as de?ned in claim 1, 
Wherein the intermediate layer is prepared using injection 
molding. 

19. A golf ball intermediate layer as de?ned in claim 1, 
Wherein the intermediate layer is prepared using compres 
sion molding. 

20. A golf ball intermediate layer as de?ned in claim 1, 
Wherein the intermediate layer is prepared by depositing a 
poWder material over a golf ball portion. 

21. A golf ball intermediate layer consisting essentially of 
a triblock copolymer, the triblock copolymer having 

(a) a ?rst polymer block comprising styrene or ot-meth 
ylstyrene, 

(b) a second polymer block comprising isoprene or 1,3 
butadiene, and 

(c) a hydroXyl group located at a block copolymer, or a 
hydrogenation product of the triblock copolymer, or 
mixtures thereof. 

22. A golf ball intermediate layer as de?ned in claim 21, 
Wherein the intermediate layer has a thickness of about 0.1 
in. 

23. A golf ball intermediate layer consisting essentially of 
one or more hydrogenated diene block copolymers, Wherein 
each hydrogenated diene block copolymer has a polysty 
rene-reduced number-average molecular Weight of from 
50,000 to 600,000 and is a hydrogenation product of 

Dec. 4, 2003 

(i) an A-B block copolymer, in Which A is an alkenyl 
aromatic compound polymer block, and B is either 

(1) a conjugated diene homopolymer block, Wherein 
the vinyl content of the conjugated diene portion is 
more than 60%, or 

(2) an alkenyl aromatic compound-conjugated diene 
random copolymer block Wherein the vinyl content 
of the conjugated diene portion is 15-60%, or 

(ii) an A-B-C block copolymer, in Which A and B are as 
de?ned above and C is an alkenyl aromatic compound 
conjugated diene copolymer tapered block, Wherein the 
proportion of the alkenyl aromatic compound increases 
gradually, or 

(iii) an A-B-A block copolymer, in Which A and B are as 
de?ned above, 

Wherein in each of the hydrogenated diene block 
copolymers, 

the Weight proportion of the alkenyl aromatic compound 
to conjugated diene is from 5/95 to 60/40, 

the content of the bound alkenyl aromatic compound in at 
least one block A is at least 3% by Weight, 

the total of the bound alkenyl aromatic compound con 
tents in the tWo block A’s or the block A and the block 
C is 5% to 25% by Weight based on the total monomers, 
and 

at least 80% of the double bond unsaturations of the 
conjugated diene portion is saturated by the hydroge 
nation. 


