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(57) ABSTRACT 

A golf ball 2 includes a core 4, an inner cover 8, a mid cover 
10, and an outer cover 12. Nine points are determined by 
dividing a region from a central point of the core 4 to a surface 
of the core 4 at intervals of 12.5% of a radius of the core 4. 
When distances (%) from the central point to the nine points 
and hardnesses at the nine points are plotted in a graph, R of 
a linear approximation curve obtained by a least-square 
method is equal to or greater than 0.95. A hardness Hi of the 
inner cover 8 is greater thana hardness Hs at the surface of the 
core 4. A hardness Ho of the outer cover 12 is greater than the 
hardness Hi. A difference (Hi-Hs) is 1 or greater. A difference 
(Ho-Hi) is 5 or greater but 30 or less. 
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GOLF BALL 

0001. This application claims priority on Patent Applica 
tion No. 2012-119167 filed in JAPAN on May 25, 2012, 
Patent Application No. 2012-119217 filed in JAPAN on May 
25, 2012, Patent Application No. 2012-121710 filed in 
JAPAN on May 29, 2012, and Patent Application No. 2012 
121943 filed in JAPAN on May 29, 2012. The entire contents 
of these Japanese Patent Applications are hereby incorpo 
rated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to golf balls. Specifi 
cally, the present invention relates to golf balls that include a 
Solid core and a cover having a plurality of layers. 
0004 2. Description of the Related Art 
0005 Golf players foremost requirement for golfballs is 
flight performance. In particular, golf players place impor 
tance on flight performance upon shots with a driver and a 
long iron. Flight performance correlates with the resilience 
performance of a golf ball. When a golfball having excellent 
resilience performance is hit, the golfball flies at a high speed, 
thereby achieving a large flight distance. Golf balls that 
include a core having excellent resilience performance are 
disclosed in JP61-37178, JP2008-212681 (US2008/ 
0214324), JP2008-523952 (US2006/0135287 and US2007/ 
0173607), and JP2009-119256 (US2009/0124757). 
0006. The core disclosed in JP61-37178 is obtained from 
a rubber composition that includes a co-crosslinking agent 
and a crosslinking activator. This publication discloses palm 
itic acid, Stearic acid, and myristic acid as the crosslinking 
activator. 
0007. The core disclosed in JP2008-212681 is obtained 
from a rubber composition that includes an organic peroxide, 
a metal salt of an O.B-unsaturated carboxylic acid, and a 
copper salt of a fatty acid. 
0008. The core disclosed in JP2008-523952 is obtained 
from a rubber composition that includes a metal salt of an 
unsaturated monocarboxylic acid, a free radical initiator, and 
a non-conjugated diene monomer. 
0009. The core disclosed in JP2009-119256 is obtained 
from a rubber composition that includes a polybutadiene 
whose vinyl content is equal to or less than 2%, whose cis 
1,4-bond content is equal to or greater than 80%, and which 
has an active end modified with an alkoxysilane compound. 
0010. An appropriate trajectory height is required in order 
to achieve a large flight distance. A trajectory height depends 
on a spin rate and a launchangle. With a golfball that achieves 
a high trajectory by a high spin rate, a flight distance is 
insufficient. With a golfball that achieves a high trajectory by 
a high launch angle, a large flight distance is obtained. Use of 
an outer-hard/inner-soft structure in a golfball can achieve a 
low spin rate and a high launch angle. Modifications regard 
ing a hardness distribution of a core are disclosed in JP6 
154357 (U.S. Pat. No. 5,403,010), JP2008-194471 (U.S. Pat. 
No. 7,344,455, US2008/0194358, US2008/0194359, and 
US2008/0214325), and JP2008-194473 (US2008/0194357 
and US2008/0312008). 
0011. In the core disclosed in JP6-154357, a JIS-C hard 
ness H1 at the central point of the core is 58 to 73, a JIS-C 
hardness H2 in a region that extends over a distance range 
from equal to or greater than 5 mm to equal to or less than 10 
mm from the central point is equal to or greater than 65 but 
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equal to or less than 75, a JIS-C hardness H3 at a point located 
at a distance of 15 mm from the central point is equal to or 
greater than 74 but equal to or less than 82, and a JIS-C 
hardness H4 at the Surface of the core is equal to or greater 
than 76 but equal to or less than 84. The hardness H2 is greater 
than the hardness H1, the hardness H3 is greater than the 
hardness H2, and the hardness H4 is equal to or greater than 
the hardness H3. 
0012. In the core disclosed in JP2008-194471, a Shore D 
hardness at the central point of the core is equal to or greater 
than 30 but equal to or less than 48, a Shore Dhardness at a 
point located at a distance of 4 mm from the central point is 
equal to or greater than 34 but equal to or less than 52, a Shore 
Dhardness at a point located at a distance of 8 mm from the 
central point is equal to or greater than 40 but equal to or less 
than 58, a Shore Dhardness at a point located at a distance of 
12 mm from the central point is equal to or greater than 43 but 
equal to or less than 61, a Shore D hardness in a region that 
extends over a distance range from equal to or greater than 2 
mm to equal to or less than 3 mm from the surface of the core 
is equal to or greater than 36 but equal to or less than 54, and 
a Shore Dhardness at the Surface is equal to or greater than 41 
but equal to or less than 59. 
0013. In the core disclosed in JP2008-194473, a Shore D 
hardness at the central point of the core is equal to or greater 
than 25 but equal to or less than 45, a Shore D hardness in a 
region that extends over a distance range from equal to or 
greater than 5 mm to equal to or less than 10 mm from the 
central point is equal to or greater than 39 but equal to or less 
than 58, a Shore Dhardness at a point located at a distance of 
15 mm from the central point is equal to or greater than 36 but 
equal to or less than 55, and a Shore Dhardness at the surface 
of the core is equal to or greater than 55 but equal to or less 
than 75. 
0014) JP2010-253268 (US2010/0273575) discloses a golf 
ball that includes a core, an envelope layer, a mid layer, and a 
cover. In the core, the hardness gradually increases from the 
central point of the core to the surface of the core. The differ 
ence between a JIS-C hardness at the surface and a JIS-C 
hardness at the central point is equal to or greater than 15. The 
hardness of the cover is greater than the hardness of the mid 
layer, and the hardness of the mid layer is greater than the 
hardness of the envelope layer. 
0015 For a tee shot on a par-three hole and a second shot 
on a par-four hole, a middle iron is frequently used. Golf 
players also desire a large flight distance upon a shot with a 
middle iron. An object of the present invention is to provide a 
golf ball that has excellent flight performance upon a shot 
with a middle iron. Another object of the present invention is 
to provide a golf ball that has excellent flight performance 
upon a shot with a middle iron and has excellent feel at 
impact. 

SUMMARY OF THE INVENTION 

0016. A golf ball according to the present invention 
includes a core, an inner cover positioned outside the core, a 
mid cover positioned outside the inner cover, and an outer 
cover positioned outside the mid cover. When distances (%) 
from a central point of the core to nine points and JIS-C 
hardnesses at the nine points, which nine points are obtained 
by dividing a region from the central point of the core to a 
surface of the core at intervals of 12.5% of a radius of the core, 
are plotted in a graph, R of a linear approximation curve 
obtained by a least-square method is equal to or greater than 
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0.95. AJIS-C hardness Hi of the inner cover is greater than a 
JIS-C hardness Hs at the surface of the core. AJIS-C hardness 
Ho of the outer cover is greater than the hardness Hi. In the 
golf ball according to the present invention, hardness distri 
butions of the core and the inner cover are appropriate. In the 
golf ball, the energy loss is low when the golf ball is hit with 
a middle iron. When the golfball is hit with a middle iron, the 
spin rate is low. The low spin rate achieves a large flight 
distance. 
0017. According to another aspect, a golfball according to 
the present invention includes a core, a first cover positioned 
outside the core, a second cover positioned outside the first 
cover, a third cover positioned outside the second cover, and 
a fourth cover positioned outside the third cover. When dis 
tances (%) from a central point of the core to nine points and 
JIS-C hardnesses at the nine points, which nine points are 
obtained by dividing a region from the central point of the 
core to a surface of the core at intervals of 12.5% of a radius 
of the core, are plotted in agraph, Rofalinear approximation 
curve obtained by a least-square method is equal to or greater 
than 0.95. A JIS-C hardness H1 of the first cover is greater 
than a JIS-C hardness Hs at the surface of the core. A JIS-C 
hardness H4 of the fourth cover is greater than the JIS-C 
hardness H1 of the first cover. In the golfball according to the 
present invention, hardness distributions of the core and the 
first cover are appropriate. In the golfball, the energy loss is 
low when the golfball is hit with a middle iron. When the golf 
ball is hit with a middle iron, the spin rate is low. The low spin 
rate achieves a large flight distance. 
0018. According to still another aspect, a golfball accord 
ing to the present invention includes a core, an inner cover 
positioned outside the core, a mid cover positioned outside 
the inner cover, and an outer cover positioned outside the mid 
cover. When distances (%) from a central point of the core to 
nine points and JIS-C hardnesses at the nine points, which 
nine points are obtained by dividing a region from the central 
point of the core to a surface of the core at intervals of 12.5% 
of a radius of the core, are plotted in a graph, R of a linear 
approximation curve obtained by a least-square method is 
equal to or greater than 0.95. A JIS-C hardness Hs at the 
surface of the core is greater than a JIS-C hardness Hi of the 
inner cover. AJIS-C hardness Ho of the outer cover is greater 
than the JIS-C hardness Hi of the inner cover. In the golfball 
according to the present invention, hardness distributions of 
the core, the inner cover, and the outer cover are appropriate. 
In the golfball, the energy loss is low when the golfball is hit 
with a middle iron. When the golf ball is hit with a middle 
iron, the spin rate is low. The low spin rate achieves a large 
flight distance. Furthermore, the golfball has excellent feel at 
impact. 
0019. According to still another aspect, a golfball accord 
ing to the present invention includes a core, an inner cover 
positioned outside the core, a first mid cover positioned out 
side the inner cover, a second mid cover positioned outside 
the first mid cover, and an outer cover positioned outside the 
second mid cover. When distances (%) from a central point of 
the core to nine points and JIS-C hardnesses at the nine points, 
which nine points are obtained by dividing a region from the 
central point of the core to a surface of the core at intervals of 
12.5% of a radius of the core, are plotted in a graph, R of a 
linear approximation curve obtained by a least-square 
method is equal to or greater than 0.95. AJIS-C hardness Hs 
at the surface of the core is greater thana JIS-C hardness Hi of 
the inner cover. A JIS-C hardness Ho of the outer cover is 
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greater than the JIS-C hardness Hi of the inner cover. In the 
golf ball according to the present invention, hardness distri 
butions of the core, the inner cover, the first mid cover, the 
second mid cover, and the outer cover are appropriate. In the 
golf ball, the energy loss is low when the golf ball is hit with 
a middle iron. When the golfball is hit with a middle iron, the 
spin rate is low. The low spin rate achieves a large flight 
distance. Furthermore, the golf ball has excellent feel at 
impact. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a partially cutaway cross-sectional view of 
a golf ball according to a first embodiment of the present 
invention; 
0021 FIG. 2 is a line graph showing a hardness distribu 
tion of a core of the golf ball in FIG. 1; 
0022 FIG. 3 is a partially cutaway cross-sectional view of 
a golfball according to a second embodiment of the present 
invention; 
0023 FIG. 4 is a line graph showing a hardness distribu 
tion of a core of the golf ball in FIG. 3; 
0024 FIG. 5 is a partially cutaway cross-sectional view of 
a golf ball according to a third embodiment of the present 
invention; 
0025 FIG. 6 is a line graph showing a hardness distribu 
tion of a core of the golf ball in FIG. 5; 
0026 FIG. 7 is a partially cutaway cross-sectional view of 
a golf ball according to a fourth embodiment of the present 
invention; and 
0027 FIG. 8 is a line graph showing a hardness distribu 
tion of a core of the golf ball in FIG. 7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0028. The following will describe in detail the present 
invention, based on preferred embodiments with reference to 
the accompanying drawings. 

First Embodiment 

0029. A golf ball 2 shown in FIG. 1 includes a spherical 
core 4 and a cover 6 covering the core 4. The cover 6 includes 
an inner cover 8, a mid cover 10 positioned outside the inner 
cover 8, and an outer cover 12 positioned outside the mid 
cover 10. On the surface of the outer cover 12, a large number 
of dimples 14 are formed. Of the surface of the golf ball 2, a 
part other than the dimples 14 is a land 16. The golf ball 2 
includes a paint layer and a mark layer on the external side of 
the outer cover 12, but these layers are not shown in the 
drawing. 
0030 The golf ball 2 has a diameter of 40 mm or greater 
but 45 mm or less. From the standpoint of conformity to the 
rules established by the United States Golf Association 
(USGA), the diameter is preferably equal to or greater than 
42.67 mm. In light of Suppression of air resistance, the diam 
eter is preferably equal to or less than 44 mm and more 
preferably equal to or less than 42.80 mm. The golfball 2 has 
a weight of 40 g or greater but 50 g or less. In light of 
attainment of greatinertia, the weight is preferably equal to or 
greater than 44 g and more preferably equal to or greater than 
45.00 g. From the standpoint of conformity to the rules estab 
lished by the USGA, the weight is preferably equal to or less 
than 45.93 g. 
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0031 FIG. 2 is a line graph showing a hardness distribu 
tion of the core 4 of the golf ball 2 in FIG.1. The horizontal 
axis of the graph indicates the ratio (%) of a distance from the 
central point of the core 4 to the radius of the core 4. The 
vertical axis of the graph indicates a JIS-C hardness. Nine 
measuring points obtained by dividing a region from the 
central point of the core 4 to the surface of the core 4 at 
intervals of 12.5% of the radius of the core 4 are plotted in the 
graph. The ratio of the distance from the central point of the 
core 4 to each of these measuring points to the radius of the 
core 4 is as follows. 
0032. First point: 0.0% (central point) 
0033 Second point: 12.5% 
0034. Third point: 25.0% 
0035. Fourth point: 37.5% 
0036 Fifth point: 50.0% 
0037 Sixth point: 62.5% 
0038. Seventh point: 75.0% 
0039 Eighth point: 87.5% 
0040. Ninth point: 100.0% (surface) 
0041 Hardnesses at the first to eighth points are measured 
by pressing a JIS-C type hardness scale against a cut plane of 
the core 4 that has been cut into two halves. A hardness Hs at 
the ninth point is measured by pressing the JIS-C type hard 
ness scale against the Surface of the spherical core 4. For the 
measurement, an automated rubber hardness measurement 
machine (trade name “P1’, manufactured by Kobunshi Keiki 
Co., Ltd.), to which this hardness scale is mounted, is used. In 
the present invention, a JIS-C hardness at a measuring point 
whose distance from the central point of the core 4 is x (%) is 
represented by H(x). The hardness at the central point of the 
core 4 is represented by H(0). 
0042 FIG. 2 also shows a linear approximation curve 
obtained by a least-square method on the basis of the dis 
tances and the hardnesses of the nine measuring points. AS is 
clear from FIG. 2, the broken line does not greatly deviate 
from the linear approximation curve. In other words, the 
broken line has a shape close to the linear approximation 
curve. In the core 4, the hardness linearly increases from its 
central point toward its surface. When the core 4 is hit with a 
middle iron, the energy loss is low. The core 4 has excellent 
resilience performance. When the golf ball 2 is hit with a 
middle iron, the flight distance is large. 
I0043. In the core 4, R of the linear approximation curve 
obtained by the least-square method is equal to or greater than 
0.95. R is an index indicating the linearity of the broken line. 
For the core 4 for which R is equal to or greater than 0.95, the 
shape of the broken line of the hardness distribution is close to 
a straight line. The core 4 for which R is equal to or greater 
than 0.95 has excellent resilience performance. R is more 
preferably equal to or greater than 0.96 and particularly pref 
erably equal to or greater than 0.97. R is calculated by squar 
ing a correlation coefficient R. The correlation coefficient Ris 
calculated by dividing the covariance of the distance (%) from 
the central point and the hardness (JIS-C) by the standard 
deviation of the distance (%) from the central point and the 
standard deviation of the hardness (JIS-C). 
0044) The core 4 is obtained by crosslinking a rubber 
composition. The rubber composition includes: 
0045 (a) a base rubber; 
0046 (b) a co-crosslinking agent; 
0047 (c) a crosslinking initiator; and 
0048 (d) an acid and/or a salt. 
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0049. During heating and forming of the core 4, the base 
rubber (a) is crosslinked by the co-crosslinking agent (b). The 
heat of the crosslinking reaction remains near the central 
point of the core 4. Thus, during heating and forming of the 
core 4, the temperature at the central portion is high. The 
temperature gradually decreases from the central point 
toward the surface. It is inferred that in the rubber composi 
tion, the acid reacts with the metal salt of the co-crosslinking 
agent (b) to bond to cation. It is inferred that in the rubber 
composition, the salt reacts with the metal salt of the co 
crosslinking agent (b) to exchange cation. By the bonding and 
the exchange, metal crosslinks are broken. This breaking is 
likely to occur in the central portion of the core 4 where the 
temperature is high, and is unlikely to occur near the Surface 
of the core 4. As a result, the crosslinking density of the core 
4 increases from its central point toward its Surface. In the 
core 4, an outer-hard/inner-soft structure can be achieved. 
When the golf ball 2 that includes the core 4 is hit with a 
middle iron, the spin rate is low. The golf ball 2 achieves 
excellent flight performance upon a shot with a middle iron. 
0050 Examples of the base rubber (a) of the core 4 include 
polybutadienes, polyisoprenes, styrene-butadiene copoly 
mers, ethylene-propylene-diene copolymers, and natural rub 
bers. In light of resilience performance, polybutadienes are 
preferred. When a polybutadiene and another rubber are used 
in combination, it is preferred that the polybutadiene is 
included as a principal component. Specifically, the propor 
tion of the polybutadiene to the entire base rubber is prefer 
ably equal to or greater than 50% by weight and more pref 
erably equal to or greater than 80% by weight. The proportion 
of cis-1.4 bonds in the polybutadiene is preferably equal to or 
greater than 40% by weight and more preferably equal to or 
greater than 80% by weight. 
0051 A polybutadiene in which the proportion of 1,2- 
vinyl bonds is equal to or less than 2.0% by weight is pre 
ferred. The polybutadiene can contribute to the resilience 
performance of the core 4. In this respect, the proportion of 
1.2-vinyl bonds is preferably equal to or less than 1.7% by 
weight and particularly preferably equal to or less than 1.5% 
by weight. 
0.052 From the standpoint that a polybutadiene having a 
low proportion of 1.2-vinyl bonds and excellent polymeriza 
tion activity is obtained, a rare-earth-element-containing 
catalyst is preferably used for synthesis of a polybutadiene. In 
particular, a polybutadiene synthesized with a catalyst con 
taining neodymium, which is a lanthanum-series rare earth 
element compound, is preferred. 
0053. The polybutadiene has a Mooney viscosity (ML 
(100° C.)) of preferably 30 or greater, more preferably 32 or 
greater, and particularly preferably 35 or greater. The 
Mooney viscosity (ML (100° C.)) is preferably equal to or 
less than 140, more preferably equal to or less than 120, even 
more preferably equal to or less than 100, and particularly 
preferably equal to or less than 80. The Mooney viscosity 
(ML (100°C.)) is measured according to the standards of 
“JIS K6300'. The measurement conditions are as follows. 
0054 Rotor: L rotor 
0055 Preheating time: 1 minute 
0056 Rotating time of rotor: 4 minutes 
0057 Temperature: 100° C. 
0058. In light of workability, the polybutadiene has a 
molecular weight distribution (Mw/Mn) of preferably 2.0 or 
greater, more preferably 2.2 or greater, even more preferably 
2.4 or greater, and particularly preferably 2.6 or greater. In 
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light of resilience performance, the molecular weight distri 
bution (Mw/Mn) is preferably equal to or less than 6.0, more 
preferably equal to or less than 5.0, even more preferably 
equal to or less than 4.0, and particularly preferably equal to 
or less than 3.4. The molecular weight distribution (Mw/Mn) 
is calculated by dividing the weight average molecular weight 
Mw by the number average molecular weight Mn. 
0059. The molecular weight distribution is measured by 
gel permeation chromatography (“HLC-8120GPC manu 
factured by Tosoh Corporation). The measurement condi 
tions are as follows. 

0060 Detector: differential refractometer 
0061 Column: GMHHXL (manufactured by Tosoh Cor 
poration) 
0062 Column temperature: 40° C. 
0063 Mobile phase: tetrahydrofuran 
The molecular weight distribution is calculated as a value 
obtained by conversion using polystyrene standard. 
0064 Preferable co-crosslinking agents (b) are: 
0065 (b1) an O.B-unsaturated carboxylic acid having 3 to 
8 carbon atoms; and 
0066 (b2) a metal salt of an O.B-unsaturated carboxylic 
acid having 3 to 8 carbon atoms. 
0067. The rubber composition may include only the C.B- 
unsaturated carboxylic acid (b1) or only the metal salt (b2) of 
the C.f3-unsaturated carboxylic acid as the co-crosslinking 
agent (b). The rubber composition may include both the O.B- 
unsaturated carboxylic acid (b1) and the metal salt (b2) of the 
C.f3-unsaturated carboxylic acid as the co-crosslinking agent 
(b). 
0068. The metal salt (b2) of the C.B-unsaturated carboxy 

lic acid graft-polymerizes with the molecular chain of the 
base rubber, thereby crosslinking the rubber molecules. 
When the rubber composition includes the C.B-unsaturated 
carboxylic acid (b1), the rubber composition preferably fur 
ther includes a metal compound (f). The metal compound (f) 
reacts with the C.B-unsaturated carboxylic acid (b1) in the 
rubber composition. A salt obtained by this reaction graft 
polymerizes with the molecular chain of the base rubber. 
0069. Examples of the metal compound (f) include metal 
hydroxides Such as magnesium hydroxide, Zinc hydroxide, 
calcium hydroxide, Sodium hydroxide, lithium hydroxide, 
potassium hydroxide, and copper hydroxide; metal oxides 
Such as magnesium oxide, calcium oxide, Zinc oxide, and 
copper oxide; and metal carbonates such as magnesium car 
bonate, Zinc carbonate, calcium carbonate, Sodium carbonate, 
lithium carbonate, and potassium carbonate. A compound 
that includes a bivalent metal is preferred. The compound that 
includes the bivalent metal reacts with the co-crosslinking 
agent (b) to form metal crosslinks. The metal compound (f) is 
particularly preferably a Zinc compound. Two or more metal 
compounds may be used in combination. 
0070. Examples of the C.B-unsaturated carboxylic acids 
include acrylic acid, methacrylic acid, fumaric acid, maleic 
acid, and crotonic acid. Examples of the metal component in 
the metal salt (b2) of the C.B-unsaturated carboxylic acid 
include Sodium ion, potassium ion, lithium ion, magnesium 
ion, calcium ion, Zinc ion, barium ion, cadmium ion, alumi 
num ion, tinion, and Zirconium ion. The metal salt (b2) of the 
C.f3-unsaturated carboxylic acid may include two or more 
types of ions. From the standpoint that metal crosslinks are 
likely to occur between the rubber molecules, bivalent metal 
ions such as magnesium ion, calcium ion, Zinc ion, barium 
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ion, and cadmium ion are preferred. The metal salt (b2) of the 
C.f3-unsaturated carboxylic acid is particularly preferably 
Zinc acrylate. 
0071. In light of resilience performance of the golf ball 2, 
the amount of the co-crosslinking agent (b) is preferably 
equal to or greater than 15 parts by weight and particularly 
preferably equal to or greater than 20 parts by weight, per 100 
parts by weight of the base rubber. In light of feel at impact, 
the amount is preferably equal to or less than 50 parts by 
weight, more preferably equal to or less than 45 parts by 
weight, and particularly preferably equal to or less than 40 
parts by weight, per 100 parts by weight of the base rubber. 
0072 The crosslinking initiator (c) is preferably an 
organic peroxide. The organic peroxide contributes to the 
resilience performance of the golf ball 2. Examples of pref 
erable organic peroxides include dicumyl peroxide, 1,1-bis 
(t-butylperoxy)-3,3,5-trimethylcyclohexane, 2,5-dimethyl-2, 
5-di(t-butylperoxy)hexane, and di-t-butyl peroxide. In light 
of versatility, dicumyl peroxide is preferred. 
0073. In light of resilience performance of the golf ball 2, 
the amount of the crosslinking initiator (c) is preferably equal 
to or greater than 0.2 parts by weight and particularly prefer 
ably equal to or greater than 0.5 parts by weight, per 100 parts 
by weight of the base rubber. In light of feel at impact and 
durability of the golfball 2, the amount is preferably equal to 
or less than 5.0 parts by weight and particularly preferably 
equal to or less than 2.5 parts by weight, per 100 parts by 
weight of the base rubber. 
0074 The co-crosslinking agent (b) is not included in the 
concept of the acid and/or the salt (d). It is inferred that the 
acid and/or the salt (d) breaks the metal crosslinks by the 
co-crosslinking agent (b) in the central portion of the core 4 
during heating and forming of the core 4. Examples of the 
acid and/or the salt (d) include oxoacids such as carboxylic 
acids, Sulfonic acids, and phosphoric acid, and salts thereof. 
and hydroacids such as hydrochloric acid and hydrofluoric 
acid, and salts thereof. Oxo acids and salts thereof are pre 
ferred. A carboxylic acid and/or a salt thereof (d1) is more 
preferred. Carboxylates are particularly preferred. 
0075. The carbon number of the carboxylic acid compo 
nent of the carboxylic acid and/or the salt thereof (d1) is 
preferably equal to or greater than 1 but equal to or less than 
30, more preferably equal to or greater than 3 but equal to or 
less than 30, and even more preferably equal to or greater than 
5 but equal to or less than 28. Examples of the carboxylic acid 
include aliphatic carboxylic acids (fatty acids) and aromatic 
carboxylic acids. Fatty acids and salts thereof are preferred. 
0076. The rubber composition may include a saturated 
fatty acid or a salt thereof, or may include an unsaturated fatty 
acid or a salt thereof. The saturated fatty acid and the salt 
thereof are preferred. 
0077. Examples of fatty acids include butyric acid (C4), 
Valeric acid (C5), caproic acid (C6), enanthic acid (C7), 
caprylic acid (C8), pelargonic acid (C9), capric acid (C10), 
lauric acid (C12), myristic acid (C14), myristoleic acid (C14), 
pentadecylic acid (C15), palmitic acid (C16), palmitoleic 
acid (C16), margaric acid (C17), stearic acid (C18), elaidic 
acid (C18), vaccenic acid (C18), oleic acid (C18), linolic acid 
(C18), linolenic acid (C18), 12-hydroxystearic acid (C18), 
arachidic acid (C20), gadoleic acid (C20), arachidonic acid 
(C20), eicosenoic acid (C20), behenic acid (C22), erucic acid 
(C22), lignoceric acid (C24), nervonic acid (C24), cerotic 
acid (C26), montanic acid (C28), and melissic acid (C30). 
Two or more fatty acid salts may be used in combination. 
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Caprylic acid (octanoic acid), lauric acid, myristic acid, palm 
itic acid, Stearic acid, oleic acid, and behenic acid are pre 
ferred. 

0078. An aromatic carboxylic acid has an aromatic ring 
and a carboxyl group. Examples of aromatic carboxylic acids 
include benzoic acid, phthalic acid, isophthalic acid, tereph 
thalic acid, hemimellitic acid (benzene-1,2,3-tricarboxylic 
acid), trimelitic acid (benzene-1,2,4-tricarboxylic acid), tri 
mesic acid (benzene-1,3,5-tricarboxylic acid), mellophanic 
acid (benzene-1,2,3,4-tetracarboxylic acid), prehnitic acid 
(benzene-1,2,3,5-tetracarboxylic acid), pyromellitic acid 
(benzene-1,2,4,5-tetracarboxylic acid), mellitic acid (ben 
Zene hexacarboxylic acid), diphenic acid (biphenyl-2,2'-di 
carboxylic acid), toluic acid (methylbenzoic acid), xylic acid, 
prehnitylic acid (2,3,4-trimethylbenzoic acid), Y-isodurylic 
acid (2,3,5-trimethylbenzoic acid), durylic acid (2,4,5-trim 
ethylbenzoic acid), B-isodurylic acid (2,4,6-trimethylbenzoic 
acid), C.-isodurylic acid (3,4,5-trimethylbenzoic acid), 
cuminic acid (4-isopropylbenzoic acid), uVitic acid (5-meth 
ylisophthalic acid), C-toluic acid (phenylacetic acid), hydra 
tropic acid (2-phenylpropanoic acid), and hydrocinnamic 
acid (3-phenylpropanoic acid). 
007.9 The rubber composition may include an aromatic 
carboxylic acid Substituted with a hydroxyl group, an alkoxy 
group, or an oxo group, or a salt thereof. Examples of this 
carboxylic acid can include Salicylic acid (2-hydroxybenzoic 
acid), anisic acid (methoxybenzoic acid), cresotinic acid (hy 
droxy(methyl)benzoic acid), o-homosalicylic acid (2-hy 
droxy-3-methylbenzoic acid), m-homosalicylic acid (2-hy 
droxy-4-methylbenzoic acid), p-homosalicylic acid 
(2-hydroxy-5-methylbenzoic acid), o-pyrocatechuic acid 
(2,3-dihydroxybenzoic acid), B-resorcylic acid (2,4-dihy 
droxybenzoic acid), Y-resorcylic acid (2,6-dihydroxybenzoic 
acid), protocatechuic acid (3,4-dihydroxybenzoic acid), C.-re 
sorcylic acid (3,5-dihydroxybenzoic acid), vanillic acid 
(4-hydroxy-3-methoxybenzoic acid), isovanillic acid (3-hy 
droxy-4-methoxybenzoic acid), Veratric acid (3,4- 
dimethoxybenzoic acid), o-veratric acid (2,3-dimethoxyben 
Zoic acid), orSellinic acid (2,4-dihydroxy-6-methylbenzoic 
acid), m-hemipinic acid (4.5-dimethoxyphthalic acid), gallic 
acid (3,4,5-trihydroxybenzoic acid), Syringic acid (4-hy 
droxy-3,5-dimethoxybenzoic acid), asaronic acid (2,4,5-tri 
methoxybenzoic acid), mandelic acid (hydroxy(phenyl)ace 
tic acid), vanillylmandelic acid (hydroxy(4-hydroxy-3- 
methoxyphenyl)acetic acid), homoanisic acid ((4- 
methoxyphenyl)acetic acid), homogentisic acid (2.5- 
dihydroxyphenyl)acetic acid), homoprotocatechuic acid ((3. 
4-dihydroxyphenyl)acetic acid), homoVanillic acid (4- 
hydroxy-3-methoxyphenyl)acetic acid), homoisovanillic 
acid ((3-hydroxy-4-methoxyphenyl)acetic acid), homoVerat 
ric acid ((3,4-dimethoxyphenyl)acetic acid), o-homoVeratric 
acid (2,3-dimethoxyphenyl)acetic acid), homophthalic acid 
(2-(carboxymethyl)benzoic acid), homoisophthalic acid (3- 
(carboxymethyl)benzoic acid), homoterephthalic acid (4- 
(carboxymethyl)benzoic acid), phthalonic acid (2-(carboxy 
carbonyl)benzoic acid), isophthalonic acid (3- 
(carboxycarbonyl)benzoic acid), terephthalonic acid (4- 
(carboxycarbonyl)benzoic acid), benzilic acid 
(hydroxydiphenylacetic acid), atrolactic acid (2-hydroxy-2- 
phenylpropanoic acid), tropic acid (3-hydroxy-2-phenylpro 
panoic acid), melilotic acid (3-(2-hydroxyphenyl)propanoic 
acid), phloretic acid (3-(4-hydroxyphenyl)propanoic acid), 
hydrocaffeic acid (3-(3,4-dihydroxyphenyl)propanoic acid), 
hydroferulic acid (3-(4-hydroxy-3-methoxyphenyl)pro 
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panoic acid), hydroisoferulic acid (3-(3-hydroxy-4-methox 
yphenyl)propanoic acid), p-coumaric acid (3-(4-hydrox 
yphenyl)acrylic acid), umbellic acid (3-(2,4- 
dihydroxyphenyl)acrylic acid), caffeic acid (3-(3,4- 
dihydroxyphenyl)acrylic acid), ferulic acid (3-(4-hydroxy-3- 
methoxyphenyl)acrylic acid), isoferulic acid (3-(3-hydroxy 
4-methoxyphenyl)acrylic acid), and Sinapic acid (3-(4- 
hydroxy-3,5-dimethoxyphenyl)acrylic acid). 
0080. The cationic component of the carboxylate is a 
metal ion or an organic cation. Examples of the metal ion 
include Sodium ion, potassium ion, lithium ion, silver ion, 
magnesium ion, calcium ion, Zinc ion, barium ion, cadmium 
ion, copper ion, cobalt ion, nickel ion, manganese ion, alu 
minum ion, ironion, tinion, Zirconium ion, and titanium ion. 
Two or more types of ions may be used in combination. 
I0081. The organic cation has a carbon chain. Examples of 
the organic cation include organic ammonium ions. 
Examples of organic ammonium ions include primary ammo 
nium ions such as Stearylammonium ion, hexylammonium 
ion, octylammonium ion, and 2-ethylhexylammonium ion; 
secondary ammonium ions such as dodecyl(lauryl)ammo 
nium ion, and octadecyl(stearyl)ammonium ion; tertiary 
ammonium ions such as trioctylammonium ion; and quater 
nary ammonium ions such as dioctyldimethylammonium ion, 
and distearyldimethylammonium ion. Two or more types of 
organic cations may be used in combination. 
I0082 Examples of preferable carboxylates include a 
potassium salt, a magnesium salt, an aluminum salt, a Zinc 
salt, an iron salt, a copper salt, a nickel salt, or a cobalt salt of 
octanoic acid, lauric acid, myristic acid, palmitic acid, Stearic 
acid, oleic acid, or behenic acid. Zinc salts of carboxylic acids 
are particularly preferred. Specific examples of preferable 
carboxylates include Zinc octoate, Zinc laurate, Zincmyristate, 
and Zinc Stearate. 
I0083. In light of linearity of the hardness distribution of 
the core 4, the amount of the acid and/or the salt (d) is 
preferably equal to or greater than 0.5 parts by weight, more 
preferably equal to or greater than 1.0 parts by weight, and 
particularly preferably equal to or greater than 2.0 parts by 
weight, per 100 parts by weight of the base rubber. In light of 
resilience performance, the amount is preferably less than 40 
parts by weight, more preferably equal to or less than 30 parts 
by weight, and particularly preferably equal to or less than 20 
parts by weight, per 100 parts by weight of the base rubber. 
I0084. The weight ratio of the co-crosslinking agent (b) and 
the acid and/or the salt (d) in the rubber composition is pref 
erably equal to or greater than 377 but equal to or less than 9/1, 
and is particularly preferably equal to or greater than 4/6 but 
equal to or less than 8/2. From the rubber composition in 
which this weight ratio is within the above range, the core 4 
whose hardness linearly increases from its central point 
toward its surface can be obtained. 
I0085. As the co-crosslinking agent (b), Zinc acrylate is 
preferably used. Zinc acrylate whose surface is coated with 
Stearic acid or Zinc Stearate for the purpose of improving 
dispersibility to rubber is present. In the present invention, 
when the rubber composition includes this zinc acrylate, this 
coating material is not included in the concept of the acid 
and/or the salt (d). 
I0086. The rubber composition preferably further includes 
an organic Sulfur compound (e). The organic Sulfur com 
pound (e) can contribute to control of the linearity of the 
hardness distribution of the core 4; and the degree of the 
outer-hard/inner-soft structure. An example of the organic 
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Sulfur compound (e) is an organic compound having a thiol 
group or a polysulfide linkage having 2 to 4 Sulfur atoms. A 
metal salt of this organic compound is also included in the 
organic Sulfur compound (e). Examples of the organic Sulfur 
compound (e) include aliphatic compounds such as aliphatic 
thiols, aliphatic thiocarboxylic acids, aliphatic dithiocar 
boxylic acids, and aliphatic polysulfides; heterocyclic com 
pounds; alicyclic compounds Such as alicyclic thiols, alicy 
clic thiocarboxylic acids, alicyclic dithiocarboxylic acids, 
and alicyclic polysulfides; and aromatic compounds. Specific 
examples of the organic Sulfur compound (e) include thiophe 
nols, thionaphthols, polysulfides, thiocarboxylic acids, 
dithiocarboxylic acids, Sulfenamides, thiurams, dithiocar 
bamates, and thiazoles. Preferable organic Sulfur compounds 
(e) are thiophenols, diphenyl disulfides, thionaphthols, thi 
uram disulfides, and metal salts thereof. 
0087 Specific examples of the organic sulfur compound 
(e) are represented by the following chemical formulas (1) to 
(4). 

(1) 

0088. In the chemical formula (1), R1 to R5 each represent 
H or a substituent. 

(2) 

R3 S-S R8 

I0089. In the chemical formula (2), R1 to R10 each repre 
sent H or a substituent. 

(3) 
R2 R1 

R3 S-M1 

0090. In the chemical formula (3), R1 to R5 each represent 
H or a substituent, and M1 represents a monovalent metal 
atOm. 
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(4) 

R3 S-M2-S R8 

0091. In the chemical formula (4), R1 to R10 each repre 
sent H or a substituent, and M2 represents a bivalent metal 
atOm. 

0092. In the formulas (1) to (4), each substituent is at least 
one group selected from the group consisting of a halogen 
group (F, Cl, Br, I), an alkyl group, a carboxyl group 
(—COOH), an ester ( COOR) of a carboxyl group, a formyl 
group (-CHO), an acyl group (-COR), a carbonyl halide 
group (-COX), a Sulfo group ( SOH), an ester (—SOR) 
of a sulfo group, a sulfonylhalide group (-SOX), a sulfino 
group (—SOH), an alkylsulfinyl group (—SOR), a carbam 
oyl group (-CONH2), an alkyl halide group, a cyano group 
(—CN), and an alkoxy group (-OR). 
0093 Examples of the organic sulfur compound repre 
sented by the chemical formula (1) include thiophenol; 
thiophenols Substituted with halogen groups, such as 4-fluo 
rothiophenol. 2,5-difluorothiophenol. 2,4,5-trifluorothiophe 
nol. 2,4,5,6-tetrafluorothiophenol, pentafluorothiophenol, 
2-chlorothiophenol, 4-chlorothiophenol, 2,4-dichlo 
rothiophenol, 2,5-dichlorothiophenol, 2,4,5-trichlo 
rothiophenol. 2,4,5,6-tetrachlorothiophenol, pentachlo 
rothiophenol, 4-bromothiophenol. 2,5-dibromothiophenol, 
2,4,5-tribromothiophenol, 2,4,5,6-tetrabromothiophenol, 
pentabromothiophenol, 4-iodothiophenol. 2,5-diiodot 
hiophenol. 2,4,5-triiodothiophenol. 2,4,5,6-tetraiodot 
hiophenol, and pentaiodothiophenol; thiophenols substituted 
with alkyl groups, such as 4-methylthiophenol. 2,4,5-trimeth 
ylthiophenol, pentamethylthiophenol, 4-t-butylthiophenol, 
2,4,5-tri-t-butylthiophenol, and penta-t-butylthiophenol; 
thiophenols Substituted with carboxyl groups, such as 4-car 
boxythiophenol. 2,4,6-tricarboxythiophenol, and pentacar 
boxythiophenol; thiophenols substituted with alkoxycarbo 
nyl groups, such as 4-methoxycarbonylthiophenol. 2.4.6- 
trimethoxycarbonylthiophenol, and 
pentamethoxycarbonylthiophenol; thiophenols substituted 
with formyl groups, such as 4-formylthiophenol. 2,4,6-tri 
formylthiophenol, and pentaformylthiophenol; thiophenols 
Substituted with acyl groups, such as 4-acetylthiophenol. 2.4. 
6-triacetylthiophenol, and pentaacetylthiophenol; thiophe 
nols Substituted with carbonylhalide groups, such as 4-chlo 
rocarbonylthiophenol. 2,4,6-tri(chlorocarbonyl)thiophenol, 
and penta(chlorocarbonyl)thiophenol; thiophenols Substi 
tuted with Sulfo groups, such as 4-sulfothiophenol. 2.4.6- 
trisulfothiophenol, and pentasulfothiophenol; thiophenols 
Substituted with alkoxysulfonyl groups, such as 4-methox 
ysulfonylthiophenol. 2,4,6-trimethoxysulfonylthiophenol, 
and pentamethoxysulfonylthiophenol; thiophenols Substi 
tuted with sulfonylhalide groups, such as 4-chlorosulfonylth 
iophenol. 2,4,6-tri(chlorosulfonyl)thiophenol, and penta 
(chlorosulfonyl)thiophenol; thiophenols substituted with 
Sulfino groups, such as 4-sulfinothiophenol. 2,4,6-trisulfi 
nothiophenol, and pentasulfinothiophenol; thiophenols Sub 
stituted with alkylsulfinyl groups, such as 4-methylsulfinylth 
iophenol. 2,4,6-tri(methylsulfinyl)thiophenol, and penta 
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(methylsulfinyl)thiophenol; thiophenols substituted with 
carbamoyl groups, such as 4-carbamoylthiophenol. 2,4,6-tri 
carbamoylthiophenol, and pentacarbamoylthiophenol; 
thiophenols Substituted with alkyl halide groups, such as 
4-trichloromethylthiophenol, 2,4,6-tri(trichloromethyl) 
thiophenol, and penta(trichloromethyl)thiophenol; thiophe 
nols Substituted with cyano groups, such as 4-cyanothiophe 
nol. 2,4,6-tricyanothiophenol, and pentacyanothiophenol; 
and thiophenols substituted with alkoxy groups, such as 
4-methoxythiophenol. 2,4,6-trimethoxythiophenol, and pen 
tamethoxythiophenol. Each of these thiophenols is substi 
tuted with one type of substituent. 
0094. Another example of the organic sulfur compound 
represented by the chemical formula (1) is a compound Sub 
stituted with at least one type of the above substituents and 
another substituent. Examples of the other substituent include 
a nitro group (-NO), an amino group (-NH), a hydroxyl 
group (-OH), and a phenylthio group (—SPh). Specific 
examples of the compound include 4-chloro-2-nitrothiophe 
nol, 4-chloro-2-aminothiophenol, 4-chloro-2-hydrox 
ythiophenol, 4-chloro-2-phenylthiothiophenol, 4-methyl-2- 
nitrothiophenol, 4-methyl-2-aminothiophenol, 4-methyl-2- 
hydroxythiophenol, 4-methyl-2-phenylthiothiophenol, 
4-carboxy-2-nitrothiophenol, 4-carboxy-2-aminothiophe 
nol, 4-carboxy-2-hydroxythiophenol, 4-carboxy-2-phenylth 
iothiophenol, 4-methoxycarbonyl-2-nitrothiophenol, 
4-methoxycarbonyl-2-aminothiophenol, 4-methoxycarbo 
nyl-2-hydroxythiophenol, 4-methoxycarbonyl-2-phenylth 
iothiophenol, 4-formyl-2-nitrothiophenol, 4-formyl-2-ami 
nothiophenol, 4-formyl-2-hydroxythiophenol, 4-formyl-2- 
phenylthiothiophenol, 4-acetyl-2-nitrothiophenol, 4-acetyl 
2-aminothiophenol, 4-acetyl-2-hydroxythiophenol, 4-acetyl 
2-phenylthiothiophenol, 4-chlorocarbonyl-2- 
nitrothiophenol, 4-chlorocarbonyl-2-aminothiophenol, 
4-chlorocarbonyl-2-hydroxythiophenol, 4-chlorocarbonyl 
2-phenylthiothiophenol, 4-sulfo-2-nitrothiophenol, 4-sulfo 
2-aminothiophenol, 4-sulfo-2-hydroxythiophenol, 4-sulfo 
2-phenylthiothiophenol, 4-methoxysulfonyl-2- 
nitrothiophenol, 4-methoxysulfonyl-2-aminothiophenol, 
4-methoxysulfonyl-2-hydroxythiophenol, 4-methoxysulfo 
nyl-2-phenylthiothiophenol, 4-chlorosulfonyl-2-ni 
trothiophenol, 4-chlorosulfonyl-2-aminothiophenol, 4-chlo 
rosulfonyl-2-hydroxythiophenol, 4-chlorosulfonyl-2- 
phenylthiothiophenol, 4-Sulfino-2-nitrothiophenol, 
4-sulfino-2-aminothiophenol, 4-sulfino-2-hydroxythiophe 
nol, 4-sulfino-2-phenylthiothiophenol, 4-methylsulfinyl-2- 
nitrothiophenol, 4-methylsulfinyl-2-aminothiophenol, 4-me 
thylsulfinyl-2-hydroxythiophenol, 4-methylsulfinyl-2- 
phenylthiothiophenol, 4-carbamoyl-2-nitrothiophenol, 
4-carbamoyl-2-aminothiophenol, 4-carbamoyl-2-hydrox 
ythiophenol, 4-carbamoyl-2-phenylthiothiophenol, 
4-trichloromethyl-2-nitrothiophenol, 4-trichloromethyl-2- 
aminothiophenol, 4-trichloromethyl-2-hydroxythiophenol, 
4-trichloromethyl-2-phenylthiothiophenol, 4-cyano-2-ni 
trothiophenol, 4-cyano-2-aminothiophenol, 4-cyano-2-hy 
droxythiophenol, 4-cyano-2-phenylthiothiophenol, 4-meth 
oxy-2-nitrothiophenol, 4-methoxy-2-aminothiophenol, 
4-methoxy-2-hydroxythiophenol, and 4-methoxy-2-phe 
nylthiothiophenol. 
0095 Still another example of the organic sulfur com 
pound represented by the chemical formula (1) is a compound 
substituted with two or more types of substituents. Specific 
examples of the compound include 4-acetyl-2-chlo 
rothiophenol, 4-acetyl-2-methylthiophenol, 4-acetyl-2-car 
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boxythiophenol, 4-acetyl-2-methoxycarbonylthiophenol, 
4-acetyl-2-formylthiophenol, 4-acetyl-2-chlorocarbonylth 
iophenol, 4-acetyl-2-sulfothiophenol, 4-acetyl-2-methox 
ysulfonylthiophenol, 4-acetyl-2-chlorosulfonylthiophenol, 
4-acetyl-2-sulfinothiophenol, 4-acetyl-2-methylsulfinylth 
iophenol, 4-acetyl-2-carbamoylthiophenol, 4-acetyl-2- 
trichloromethylthiophenol, 4-acetyl-2-cyanothiophenol, and 
4-acetyl-2-methoxythiophenol. 
0096. Examples of the organic sulfur compound repre 
sented by the chemical formula (2) include diphenyl disul 
fide; diphenyl disulfides Substituted with halogen groups, 
such as bis(4-fluorophenyl)disulfide, bis(2,5-difluorophenyl) 
disulfide, bis(2,4,5-trifluorophenyl)disulfide, bis(2,4,5,6-tet 
rafluorophenyl)disulfide, bis(pentafluorophenyl)disulfide, 
bis(4-chlorophenyl)disulfide, bis(2,5-dichlorophenyl)disul 
fide, bis(2,4,5-trichlorophenyl)disulfide, bis(2,4,5,6-tetra 
chlorophenyl)disulfide, bis(pentachlorophenyl)disulfide, bis 
(4-bromophenyl)disulfide, bis(2,5-dibromophenyl)disulfide, 
bis(2,4,5-tribromophenyl)disulfide, bis(2,4,5,6-tetrabro 
mophenyl)disulfide, bis(pentabromophenyl)disulfide, bis(4- 
iodophenyl)disulfide, bis(2,5-diiodophenyl)disulfide, bis(2. 
4,5-triiodophenyl)disulfide, bis(2,4,5,6-tetraiodophenyl) 
disulfide, and bis(pentaiodophenyl)disulfide; diphenyl 
disulfides Substituted with alkyl groups, such as bis(4-meth 
ylphenyl)disulfide, bis(2,4,5-trimethylphenyl)disulfide, bis 
(pentamethylphenyl)disulfide, bis(4-t-butylphenyl)disulfide, 
bis(2,4,5-tri-t-butylphenyl)disulfide, and bis(penta-t-bu 
tylphenyl)disulfide; diphenyl disulfides substituted with car 
boxyl groups, such as bis(4-carboxyphenyl)disulfide, bis(2. 
4,6-tricarboxyphenyl)disulfide, and bis 
(pentacarboxyphenyl)disulfide; diphenyl disulfides 
Substituted with alkoxycarbonyl groups, such as bis(4-meth 
oxycarbonylphenyl)disulfide, bis(2,4,6-trimethoxycarbon 
ylphenyl)disulfide, and bis(pentamethoxycarbonylphenyl) 
disulfide:diphenyl disulfides substituted with formyl groups, 
such as bis(4-formylphenyl)disulfide, bis(2,4,6-tri 
formylphenyl)disulfide, and bis(pentaformylphenyl)disul 
fide; diphenyl disulfides Substituted with acyl groups, such as 
bis(4-acetylphenyl)disulfide, bis(2,4,6-triacetylphenyl)dis 
ulfide, and bis(pentaacetylphenyl)disulfide; diphenyl disul 
fides substituted with carbonylhalide groups, such as bis(4- 
chlorocarbonylphenyl)disulfide, bis(2,4,6-tri 
(chlorocarbonyl)phenyl)disulfide, and bis(penta 
(chlorocarbonyl)phenyl)disulfide; diphenyl disulfides 
Substituted with Sulfo groups, such as bis(4-sulfophenyl)dis 
ulfide, bis(2,4,6-trisulfophenyl)disulfide, and bis(pentasul 
fophenyl)disulfide; diphenyl disulfides substituted with 
alkoxysulfonyl groups, such as bis(4-methoxysulfonylphe 
nyl)disulfide, bis(2,4,6-trimethoxysulfonylphenyl)disulfide, 
and bis(pentamethoxysulfonylphenyl)disulfide; diphenyl 
disulfides substituted with sulfonyl halide groups, such as 
bis(4-chlorosulfonylphenyl)disulfide, bis(2,4,6-tri(chloro 
sulfonyl)phenyl)disulfide, and bis(penta(chlorosulfonyl)phe 
nyl)disulfide; diphenyl disulfides substituted with sulfino 
groups, such as bis(4-sulfinophenyl)disulfide, bis(2.4.6- 
trisulfinophenyl)disulfide, and bis(pentasulfinophenyl)disul 
fide; diphenyl disulfides substituted with alkylsulfinyl 
groups, such as bis(4-methylsulfinylphenyl)disulfide, bis(2. 
4,6-tri(methylsulfinyl)phenyl)disulfide, and bis(penta(meth 
ylsulfinyl)phenyl)disulfide; diphenyl disulfides substituted 
with carbamoyl groups, such as bis(4-carbamoylphenyl)dis 
ulfide, bis(2,4,6-tricarbamoylphenyl)disulfide, and bis(pen 
tacarbamoylphenyl)disulfide; diphenyl disulfides substituted 
with alkyl halide groups, such as bis(4-trichloromethylphe 
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nyl)disulfide, bis(2,4,6-tri(trichloromethyl)phenyl)disulfide, 
and bis(penta(trichloromethyl)phenyl)disulfide; diphenyl 
disulfides Substituted with cyano groups, such as bis(4-cy 
anophenyl)disulfide, bis(2,4,6-tricyanophenyl)disulfide, and 
bis(pentacyanophenyl)disulfide; and diphenyl disulfides sub 
stituted with alkoxy groups, such as bis(4-methoxyphenyl) 
disulfide, bis(2,4,6-trimethoxyphenyl)disulfide, and bis(pen 
tamethoxyphenyl)disulfide. Each of these diphenyl disulfides 
is substituted with one type of substituent. 
0097 Another example of the organic sulfur compound 
represented by the chemical formula (2) is a compound Sub 
stituted with at least one type of the above substituents and 
another substituent. Examples of the other substituent include 
a nitro group (-NO), an amino group (-NH2), a hydroxyl 
group (-OH), and a phenylthio group (—SPh). Specific 
examples of the compound include bis(4-chloro-2-nitrophe 
nyl)disulfide, bis(4-chloro-2-aminophenyl)disulfide, bis(4- 
chloro-2-hydroxyphenyl)disulfide, bis(4-chloro-2-phenylth 
iophenyl)disulfide, bis(4-methyl-2-nitrophenyl)disulfide, bis 
(4-methyl-2-aminophenyl)disulfide, bis(4-methyl-2- 
hydroxyphenyl)disulfide, bis(4-methyl-2-phenylthiophenyl) 
disulfide, bis(4-carboxy-2-nitrophenyl)disulfide, bis(4- 
carboxy-2-aminophenyl)disulfide, bis(4-carboxy-2- 
hydroxyphenyl)disulfide, bis(4-carboxy-2- 
phenylthiophenyl)disulfide, bis(4-methoxycarbonyl-2- 
nitrophenyl)disulfide, bis(4-methoxycarbonyl-2- 
aminophenyl)disulfide, bis(4-methoxycarbonyl-2- 
hydroxyphenyl)disulfide, bis(4-methoxycarbonyl-2- 
phenylthiophenyl)disulfide, bis(4-formyl-2-nitrophenyl) 
disulfide, bis(4-formyl-2-aminophenyl)disulfide, bis(4- 
formyl-2-hydroxyphenyl)disulfide, bis(4-formyl-2- 
phenylthiophenyl)disulfide, bis(4-acetyl-2-nitrophenyl) 
disulfide, bis(4-acetyl-2-aminophenyl)disulfide, bis(4- 
acetyl-2-hydroxyphenyl)disulfide, bis(4-acetyl-2- 
phenylthiophenyl)disulfide, bis(4-chlorocarbonyl-2- 
nitrophenyl)disulfide, bis(4-chlorocarbonyl-2-aminophenyl) 
disulfide, bis(4-chlorocarbonyl-2-hydroxyphenyl)disulfide, 
bis(4-chlorocarbonyl-2-phenylthiophenyl)disulfide, bis(4- 
sulfo-2-nitrophenyl)disulfide, bis(4-sulfo-2-aminophenyl) 
disulfide, bis(4-sulfo-2-hydroxyphenyl)disulfide, bis(4- 
sulfo-2-phenylthiophenyl)disulfide, bis(4-methoxysulfonyl 
2-nitrophenyl)disulfide, bis(4-methoxysulfonyl-2- 
aminophenyl)disulfide, bis(4-methoxysulfonyl-2- 
hydroxyphenyl)disulfide, bis(4-methoxysulfonyl-2- 
phenylthiophenyl)disulfide, bis(4-chlorosulfonyl-2- 
nitrophenyl)disulfide, bis(4-chlorosulfonyl-2-aminophenyl) 
disulfide, bis(4-chlorosulfonyl-2-hydroxyphenyl)disulfide, 
bis(4-chlorosulfonyl-2-phenylthiophenyl)disulfide, bis(4- 
sulfino-2-nitrophenyl)disulfide, bis(4-sulfino-2-aminophe 
nyl)disulfide, bis(4-sulfino-2-hydroxyphenyl)disulfide, bis 
(4-sulfino-2-phenylthiophenyl)disulfide, bis(4- 
methylsulfinyl-2-nitrophenyl)disulfide, bis(4- 
methylsulfinyl-2-aminophenyl)disulfide, bis(4- 
methylsulfinyl-2-hydroxyphenyl)disulfide, bis(4- 
methylsulfinyl-2-phenylthiophenyl)disulfide, bis(4- 
carbamoyl-2-nitrophenyl)disulfide, bis(4-carbamoyl-2- 
aminophenyl)disulfide, bis(4-carbamoyl-2-hydroxyphenyl) 
disulfide, bis(4-carbamoyl-2-phenylthiophenyl)disulfide, bis 
(4-trichloromethyl-2-nitrophenyl)disulfide, bis(4- 
trichloromethyl-2-aminophenyl)disulfide, bis(4- 
trichloromethyl-2-hydroxyphenyl)disulfide, bis(4- 
trichloromethyl-2-phenylthiophenyl)disulfide, bis(4-cyano 
2-nitrophenyl)disulfide, bis(4-cyano-2-aminophenyl) 
disulfide, bis(4-cyano-2-hydroxyphenyl)disulfide, bis(4- 
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cyano-2-phenylthiophenyl)disulfide, bis(4-methoxy-2-nitro 
phenyl)disulfide, bis(4-methoxy-2-aminophenyl)disulfide, 
bis(4-methoxy-2-hydroxyphenyl)disulfide, and bis(4-meth 
oxy-2-phenylthiophenyl)disulfide. 
0098. Still another example of the organic sulfur com 
pound represented by the chemical formula (2) is a compound 
substituted with two or more types of substituents. Specific 
examples of the compound include bis(4-acetyl-2-chlorophe 
nyl)disulfide, bis(4-acetyl-2-methylphenyl)disulfide, bis(4- 
acetyl-2-carboxyphenyl)disulfide, bis(4-acetyl-2-methoxy 
carbonylphenyl)disulfide, bis(4-acetyl-2-formylphenyl) 
disulfide, bis(4-acetyl-2-chlorocarbonylphenyl)disulfide, bis 
(4-acetyl-2-sulfophenyl)disulfide, bis(4-acetyl-2- 
methoxysulfonylphenyl)disulfide, bis(4-acetyl-2- 
chlorosulfonylphenyl)disulfide, bis(4-acetyl-2- 
sulfinophenyl)disulfide, bis(4-acetyl-2- 
methylsulfinylphenyl)disulfide, bis(4-acetyl-2- 
carbamoylphenyl)disulfide, bis(4-acetyl-2- 
trichloromethylphenyl)disulfide, bis(4-acetyl-2- 
cyanophenyl)disulfide, and bis(4-acetyl-2-methoxyphenyl) 
disulfide. 

0099 Examples of the organic sulfur compound repre 
sented by the chemical formula (3) include thiophenol 
Sodium salt; thiophenol sodium salts substituted with halogen 
groups, such as 4-fluorothiophenol sodium salt, 2.5-difluo 
rothiophenol sodium salt, 2,4,5-trifluorothiophenol sodium 
salt, 2,4,5,6-tetrafluorothiophenol Sodium salt, pentafluo 
rothiophenol Sodium salt, 4-chlorothiophenol sodium salt, 
2,5-dichlorothiophenol sodium salt, 2,4,5-trichlorothiophe 
nol Sodium salt, 2,4,5,6-tetrachlorothiophenol Sodium salt, 
pentachlorothiophenol sodium salt, 4-bromothiophenol 
sodium salt, 2,5-dibromothiophenol sodium salt, 2,4,5-tri 
bromothiophenol sodium salt, 2,4,5,6-tetrabromothiophenol 
Sodium salt, pentabromothiophenol Sodium salt, 4-iodot 
hiophenol sodium salt, 2.5-diiodothiophenol sodium salt, 2.4. 
5-triiodothiophenol sodium salt, 2,4,5,6-tetraiodothiophenol 
Sodium salt, and pentaiodothiophenol sodium salt; thiophe 
nol Sodium salts Substituted with alkyl groups, such as 4-me 
thylthiophenol sodium salt, 2,4,5-trimethylthiophenol 
Sodium salt, pentamethylthiophenol sodium salt, 4-t-butylth 
iophenol sodium salt, 2,4,5-tri-t-butylthiophenol sodium salt, 
and penta(t-butyl)thiophenol Sodium salt; thiophenol sodium 
salts substituted with carboxyl groups, such as 4-carbox 
ythiophenol Sodium salt, 2,4,6-tricarboxythiophenol sodium 
salt, and pentacarboxythiophenol sodium salt; thiophenol 
Sodium salts Substituted with alkoxycarbonyl groups, such as 
4-methoxycarbonylthiophenol Sodium salt, 2,4,6-tri 
methoxycarbonylthiophenol sodium salt, and pentamethoxy 
carbonylthiophenol sodium salt; thiophenol Sodium salts Sub 
stituted with formyl groups, such as 4-formylthiophenol 
Sodium salt, 2,4,6-triformylthiophenol sodium salt, and pen 
taformylthiophenol Sodium salt; thiophenol sodium salts Sub 
stituted with acyl groups, such as 4-acetylthiophenolsodium 
salt, 2.4.6-triacetylthiophenol sodium salt, and pentaacetylth 
iophenol Sodium salt; thiophenol sodium salts substituted 
with carbonyl halide groups, such as 4-chlorocarbonylth 
iophenol sodium salt, 2,4,6-trichlorocarbonyl)thiophenol 
Sodium salt, and penta(chlorocarbonyl)thiophenol Sodium 
salt; thiophenol sodium salts substituted with Sulfo groups, 
Such as 4-sulfothiophenol sodium salt, 2,4,6-trisulfothiophe 
nol sodium salt, and pentasulfothiophenol Sodium salt; 
thiophenol sodium salts substituted with alkoxysulfonyl 
groups, such as 4-methoxysulfonylthiophenol sodium salt, 
2,4,6-trimethoxysulfonylthiophenol Sodium salt, and pen 
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tamethoxysulfonylthiophenol sodium salt; thiophenol 
Sodium salts Substituted with Sulfonylhalide groups, such as 
4-chlorosulfonylthiophenol sodium salt, 2,4,6-trichlorosul 
fonyl)thiophenol sodium salt, and penta(chlorosulfonyl)th 
iophenol sodium salt; thiophenol Sodium salts substituted 
with Sulfino groups. Such as 4-sulfinothiophenol sodium salt, 
2,4,6-trisulfinothiophenol Sodium salt, and pentasulfi 
nothiophenol Sodium salt; thiophenol sodium salts Substi 
tuted with alkylsulfinyl groups, such as 4-methylsulfinylth 
iophenol sodium salt, 2,4,6-tri(methylsulfinyl)thiophenol 
Sodium salt, and penta(methylsulfinyl)thiophenol sodium 
salt; thiophenol sodium salts substituted with carbamoyl 
groups, such as 4-carbamoylthiophenol Sodium salt, 2.4.6- 
tricarbamoylthiophenol sodium salt, and pentacarbamoylth 
iophenol sodium salt; thiophenol Sodium salts substituted 
with alkyl halide groups, such as 4-trichloromethylthiophe 
nol sodium salt, 2,4,6-tri(trichloromethyl)thiophenol sodium 
salt, and penta(trichloromethyl)thiophenol Sodium salt; 
thiophenol sodium salts substituted with cyano groups, such 
as 4-cyanothiophenol sodium salt, 2.4.6-tricyanothiophenol 
Sodium salt, and pentacyanothiophenol sodium salt; and 
thiophenol Sodium salts Substituted with alkoxy groups. Such 
as 4-methoxythiophenol sodium salt, 2.4.6-trimethox 
ythiophenol sodium salt, and pentamethoxythiophenol 
sodium salt. Each of these thiophenol sodium salts is substi 
tuted with one type of substituent. 
0100 Another example of the organic sulfur compound 
represented by the chemical formula (3) is a compound sub 
stituted with at least one type of the above substituents and 
another substituent. Examples of the other substituent include 
a nitro group (-NO), an amino group (-NH2), a hydroxyl 
group (-OH), and a phenylthio group (—SPh). Specific 
examples of the compound include 4-chloro-2-nitrothiophe 
nol Sodium salt, 4-chloro-2-aminothiophenol sodium salt, 
4-chloro-2-hydroxythiophenol Sodium salt, 4-chloro-2-phe 
nylthiothiophenol sodium salt, 4-methyl-2-nitrothiophenol 
Sodium salt, 4-methyl-2-aminothiophenol sodium salt, 4-me 
thyl-2-hydroxythiophenol sodium salt, 4-methyl-2-phenylth 
iothiophenol sodium salt, 4-carboxy-2-nitrothiophenol 
Sodium salt, 4-carboxy-2-aminothiophenol sodium salt, 
4-carboxy-2-hydroxythiophenol sodium salt, 4-carboxy-2- 
phenylthiothiophenol sodium salt, 4-methoxycarbonyl-2-ni 
trothiophenol Sodium salt, 4-methoxycarbonyl-2-ami 
nothiophenol Sodium salt, 4-methoxycarbonyl-2- 
hydroxythiophenol sodium salt, 4-methoxycarbonyl-2- 
phenylthiothiophenol Sodium salt, 4-formyl-2- 
nitrothiophenol Sodium salt, 4-formyl-2-aminothiophenol 
Sodium salt, 4-formyl-2-hydroxythiophenol sodium salt, 
4-formyl-2-phenylthiothiophenol Sodium salt, 4-acetyl-2-ni 
trothiophenol Sodium salt, 4-acetyl-2-aminothiophenol 
Sodium salt, 4-acetyl-2-hydroxythiophenol sodium salt, 
4-acetyl-2-phenylthiothiophenol Sodium salt, 4-chlorocarbo 
nyl-2-nitrothiophenol Sodium salt, 4-chlorocarbonyl-2-ami 
nothiophenol sodium salt, 4-chlorocarbonyl-2-hydrox 
ythiophenol Sodium salt, 4-chlorocarbonyl-2- 
phenylthiothiophenol sodium salt, 4-sulfo-2-nitrothiophenol 
Sodium salt, 4-sulfo-2-aminothiophenol sodium salt, 4-sulfo 
2-hydroxythiophenol sodium salt, 4-sulfo-2-phenylthio 
thiophenol Sodium salt, 4-methoxysulfonyl-2-nitrothiophe 
nol sodium salt, 4-methoxysulfonyl-2-aminothiophenol 
Sodium salt, 4-methoxysulfonyl-2-hydroxythiophenol 
Sodium salt, 4-methoxysulfonyl-2-phenylthiothiophenol 
Sodium salt, 4-chlorosulfonyl-2-nitrothiophenol Sodium salt, 
4-chlorosulfonyl-2-aminothiophenol sodium salt, 4-chloro 
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sulfonyl-2-hydroxythiophenol sodium salt, 4-chlorosulfo 
nyl-2-phenylthiothiophenol sodium salt, 4-sulfino-2-ni 
trothiophenol sodium salt, 4-sulfino-2-aminothiophenol 
Sodium salt, 4-sulfino-2-hydroxythiophenol sodium salt, 
4-sulfino-2-phenylthiothiophenol sodium salt, 4-methylsulfi 
nyl-2-nitrothiophenol sodium salt. 4-methylsulfinyl-2-ami 
nothiophenol Sodium salt, 4-methylsulfinyl-2-hydrox 
ythiophenol Sodium salt, 4-methylsulfinyl-2- 
phenylthiothiophenol Sodium salt, 4-carbamoyl-2- 
nitrothiophenol Sodium salt, 4-carbamoyl-2- 
aminothiophenol Sodium salt, 4-carbamoyl-2- 
hydroxythiophenol Sodium salt, 4-carbamoyl-2- 
phenylthiothiophenol sodium salt, 4-trichloromethyl-2- 
nitrothiophenol sodium salt, 4-trichloromethyl-2- 
aminothiophenol Sodium salt, 4-trichloromethyl-2- 
hydroxythiophenol sodium salt, 4-trichloromethyl-2- 
phenylthiothiophenol Sodium salt, 4-cyano-2- 
nitrothiophenol Sodium salt, 4-cyano-2-aminothiophenol 
Sodium salt, 4-cyano-2-hydroxythiophenol Sodium salt, 4-cy 
ano-2-phenylthiothiophenol sodium salt, 4-methoxy-2-ni 
trothiophenol sodium salt, 4-methoxy-2-aminothiophenol 
Sodium salt, 4-methoxy-2-hydroxythiophenol sodium salt, 
and 4-methoxy-2-phenylthiothiophenol sodium salt. 
0101 Still another example of the organic sulfur com 
pound represented by the chemical formula (3) is a compound 
substituted with two or more types of substituents. Specific 
examples of the compound include 4-acetyl-2-chlo 
rothiophenol sodium salt, 4-acetyl-2-methylthiophenol 
sodium salt, 4-acetyl-2-carboxythiophenol sodium salt, 
4-acetyl-2-methoxycarbonylthiophenol Sodium salt, 
4-acetyl-2-formylthiophenol Sodium salt, 4-acetyl-2-chloro 
carbonylthiophenol sodium salt, 4-acetyl-2-sulfothiophenol 
Sodium salt, 4-acetyl-2-methoxysulfonylthiophenol sodium 
salt, 4-acetyl-2-chlorosulfonylthiophenol Sodium salt, 
4-acetyl-2-sulfinothiophenol Sodium salt, 4-acetyl-2-methyl 
Sulfinylthiophenol sodium salt, 4-acetyl-2-carbamoylth 
iophenol sodium salt, 4-acetyl-2-trichloromethylthiophenol 
Sodium salt, 4-acetyl-2-cyanothiophenol sodium salt, and 
4-acetyl-2-methoxythiophenol sodium salt. Examples of the 
monovalent metal represented by M1 in the chemical formula 
(3) include sodium, lithium, potassium, copper (I), and silver 
(I). 
0102) Examples of the organic sulfur compound repre 
sented by the chemical formula (4) include thiophenol Zinc 
salt; thiophenol Zinc salts Substituted with halogen groups, 
such as 4-fluorothiophenol Zinc salt, 2,5-difluorothiophenol 
Zinc salt, 2,4,5-trifluorothiophenol Zinc salt, 2,4,5,6-tet 
rafluorothiophenol Zinc salt, pentafluorothiophenol Zinc salt, 
4-chlorothiophenol Zinc salt, 2,5-dichlorothiophenol Zinc 
salt, 2,4,5-trichlorothiophenol Zinc salt, 2,4,5,6-tetrachlo 
rothiophenol Zinc salt, pentachlorothiophenol Zinc salt, 
4-bromothiophenol Zinc salt, 2,5-dibromothiophenol Zinc 
salt, 2,4,5-tribromothiophenol Zinc salt, 2,4,5,6-tetrabro 
mothiophenol Zinc salt, pentabromothiophenol Zinc salt, 
4-iodothiophenol Zinc salt, 2.5-diiodothiophenol Zinc salt, 
2,4,5-triiodothiophenol zinc salt, 2,4,5,6-tetraiodothiophenol 
Zinc salt, and pentaiodothiophenol Zinc salt; thiophenol Zinc 
salts Substituted with alkyl groups, such as 4-methylthiophe 
nol Zinc salt, 2,4,5-trimethylthiophenol Zinc salt, pentameth 
ylthiophenol zinc salt, 4-t-butylthiophenol zinc salt, 2,4,5-tri 
t-butylthiophenol Zinc salt, and penta-t-butylthiophenol Zinc 
salt; thiophenol Zinc salts Substituted with carboxyl groups, 
Such as 4-carboxythiophenol Zinc salt, 2,4,6-tricarbox 
ythiophenol Zinc salt, and pentacarboxythiophenol Zinc salt; 
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thiophenol Zinc salts Substituted with alkoxycarbonyl groups, 
Such as 4-methoxycarbonylthiophenol Zinc salt, 2.4.6-tri 
methoxycarbonylthiophenol Zinc salt, and pentamethoxycar 
bonylthiophenol Zinc salt; thiophenol Zinc salts substituted 
with formyl groups, such as 4-formylthiophenol Zinc salt, 
2,4,6-triformylthiophenol Zinc salt, and pentaformylthiophe 
nol Zinc salt; thiophenol Zinc salts substituted with acyl 
groups, such as 4-acetylthiophenol Zinc salt, 2,4,6-tri 
acetylthiophenol Zinc salt, and pentaacetylthiophenol Zinc 
salt; thiophenol Zinc salts substituted with carbonyl halide 
groups, such as 4-chlorocarbonylthiophenol Zinc salt, 2.4.6- 
tri(chlorocarbonyl)thiophenol Zinc salt, and penta(chlorocar 
bonyl)thiophenol Zinc salt; thiophenol zinc salts substituted 
with Sulfo groups, such as 4-sulfothiophenol Zinc salt, 2.4.6- 
trisulfothiophenol Zinc salt, and pentasulfothiophenol Zinc 
salt; thiophenol zinc salts substituted with alkoxysulfonyl 
groups, such as 4-methoxysulfonylthiophenol Zinc salt, 2.4. 
6-trimethoxysulfonylthiophenol Zinc salt, and pentamethox 
ySulfonylthiophenol Zinc salt; thiophenol Zinc salts Substi 
tuted with Sulfonyl halide groups, such as 
4-chlorosulfonylthiophenol zinc salt, 2,4,6-trichlorosulfo 
nyl)thiophenol Zinc salt, and penta(chlorosulfonyl)thiophe 
nol Zinc salt; thiophenol Zinc salts substituted with sulfino 
groups, such as 4-sulfinothiophenol Zinc salt, 2,4,6-trisulfi 
nothiophenol Zinc salt, and pentasulfinothiophenol Zinc salt; 
thiophenol Zinc salts Substituted with alkylsulfinyl groups, 
Such as 4-methylsulfinylthiophenol Zinc salt, 2.4.6-tri(meth 
ylsulfinyl)thiophenol Zinc salt, and penta(methylsulfinyl)th 
iophenol Zinc salt; thiophenol Zinc salts substituted with car 
bamoyl groups, such as 4-carbamoylthiophenol Zinc salt, 2.4. 
6-tricarbamoylthiophenol Zinc salt, and 
pentacarbamoylthiophenol Zinc salt; thiophenol Zinc salts 
substituted with alkylhalide groups, such as 4-trichlorometh 
ylthiophenol Zinc salt, 2,4,6-tri(trichloromethyl)thiophenol 
Zinc salt, and penta(trichloromethyl)thiophenol Zinc salt; 
thiophenol Zinc salts substituted with cyano groups, such as 
4-cyanothiophenol Zinc salt, 2.4.6-tricyanothiophenol Zinc 
salt, and pentacyanothiophenol Zinc salt; and thiophenol Zinc 
salts Substituted with alkoxy groups, such as 4-methox 
ythiophenol Zinc salt, 2.4.6-trimethoxythiophenol Zinc salt, 
and pentamethoxythiophenol Zinc salt. Each of these thiophe 
nol Zinc salts is substituted with one type of substituent. 
0103) Another example of the organic sulfur compound 
represented by the chemical formula (4) is a compound Sub 
stituted with at least one type of the above substituents and 
another substituent. Examples of the other substituent include 
a nitro group (-NO), an amino group (-NH2), a hydroxyl 
group (-OH), and a phenylthio group (—SPh). Specific 
examples of the compound include 4-chloro-2-nitrothiophe 
nol Zinc salt, 4-chloro-2-aminothiophenol Zinc salt, 4-chloro 
2-hydroxythiophenol Zinc salt, 4-chloro-2-phenylthio 
thiophenol Zinc salt, 4-methyl-2-nitrothiophenol Zinc salt, 
4-methyl-2-aminothiophenol Zinc salt, 4-methyl-2-hydrox 
ythiophenol Zinc salt, 4-methyl-2-phenylthiothiophenol Zinc 
salt, 4-carboxy-2-nitrothiophenol Zinc salt, 4-carboxy-2-ami 
nothiophenol Zinc salt, 4-carboxy-2-hydroxythiophenol Zinc 
salt, 4-carboxy-2-phenylthiothiophenol Zinc salt, 4-methoxy 
carbonyl-2-nitrothiophenol Zinc salt, 4-methoxycarbonyl-2- 
aminothiophenol Zinc salt, 4-methoxycarbonyl-2-hydrox 
ythiophenol Zinc salt, 4-methoxycarbonyl-2- 
phenylthiothiophenol zinc salt, 4-formyl-2-nitrothiophenol 
Zinc salt, 4-formyl-2-aminothiophenol Zinc salt, 4-formyl-2- 
hydroxythiophenol Zinc salt, 4-formyl-2-phenylthiothiophe 
nol Zinc salt, 4-acetyl-2-nitrothiophenol Zinc salt, 4-acetyl-2- 
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aminothiophenol Zinc salt, 4-acetyl-2-hydroxythiophenol 
Zinc salt, 4-acetyl-2-phenylthiothiophenol Zinc salt, 4-chlo 
rocarbonyl-2-nitrothiophenol Zinc salt, 4-chlorocarbonyl-2- 
aminothiophenol Zinc salt, 4-chlorocarbonyl-2-hydrox 
ythiophenol Zinc salt, 4-chlorocarbonyl-2- 
phenylthiothiophenol zinc salt, 4-sulfo-2-nitrothiophenol 
Zinc salt, 4-sulfo-2-aminothiophenol Zinc salt, 4-sulfo-2-hy 
droxythiophenol Zinc salt, 4-sulfo-2-phenylthiothiophenol 
Zinc salt, 4-methoxysulfonyl-2-nitrothiophenol Zinc salt, 
4-methoxysulfonyl-2-aminothiophenol Zinc salt, 4-methox 
ySulfonyl-2-hydroxythiophenol Zinc salt, 4-methoxysulfo 
nyl-2-phenylthiothiophenol Zinc salt, 4-chlorosulfonyl-2-ni 
trothiophenol Zinc salt, 4-chlorosulfonyl-2-aminothiophenol 
Zinc salt, 4-chlorosulfonyl-2-hydroxythiophenol Zinc salt, 
4-chlorosulfonyl-2-phenylthiothiophenol Zinc salt, 
4-sulfino-2-nitrothiophenol Zinc salt, 4-sulfino-2-ami 
nothiophenol Zinc salt, 4-sulfino-2-hydroxythiophenol Zinc 
salt, 4-sulfino-2-phenylthiothiophenol Zinc salt, 4-methyl 
Sulfinyl-2-nitrothiophenol Zinc salt, 4-methylsulfinyl-2-ami 
nothiophenol Zinc salt, 4-methylsulfinyl-2-hydroxythiophe 
nol Zinc salt, 4-methylsulfinyl-2-phenylthiothiophenol Zinc 
salt, 4-carbamoyl-2-nitrothiophenol Zinc salt, 4-carbamoyl 
2-aminothiophenol Zinc salt, 4-carbamoyl-2-hydrox 
ythiophenol Zinc salt, 4-carbamoyl-2-phenylthiothiophenol 
Zinc salt, 4-trichloromethyl-2-nitrothiophenol Zinc salt, 
4-trichloromethyl-2-aminothiophenol Zinc salt, 4-trichlo 
romethyl-2-hydroxythiophenol Zinc salt, 4-trichloromethyl 
2-phenylthiothiophenol Zinc salt, 4-cyano-2-nitrothiophenol 
Zinc salt, 4-cyano-2-aminothiophenol Zinc salt, 4-cyano-2- 
hydroxythiophenol Zinc salt, 4-cyano-2-phenylthiothiophe 
nol Zinc salt, 4-methoxy-2-nitrothiophenol Zinc salt, 4-meth 
oxy-2-aminothiophenol Zinc salt, 4-methoxy-2- 
hydroxythiophenol Zinc salt, and 4-methoxy-2- 
phenylthiothiophenol Zinc salt. 
0104 Still another example of the organic sulfur com 
pound represented by the chemical formula (4) is a compound 
substituted with two or more types of substituents. Specific 
examples of the compound include 4-acetyl-2-chlo 
rothiophenol Zinc salt, 4-acetyl-2-methylthiophenol Zinc salt, 
4-acetyl-2-carboxythiophenol Zinc salt, 4-acetyl-2-methoxy 
carbonylthiophenol zinc salt, 4-acetyl-2-formylthiophenol 
Zinc salt, 4-acetyl-2-chlorocarbonylthiophenol Zinc salt, 
4-acetyl-2-sulfothiophenol Zinc salt, 4-acetyl-2-methoxysul 
fonylthiophenol Zinc salt, 4-acetyl-2-chlorosulfonylthiophe 
nol Zinc salt, 4-acetyl-2-sulfinothiophenol Zinc salt, 4-acetyl 
2-methylsulfinylthiophenol Zinc salt, 4-acetyl-2- 
carbamoylthiophenol Zinc salt, 4-acetyl-2- 
trichloromethylthiophenol Zinc salt, 4-acetyl-2- 
cyanothiophenol Zinc salt, and 4-acetyl-2- 
methoxythiophenol Zinc salt. Examples of the bivalent metal 
represented by M2 in the chemical formula (4) include zinc, 
magnesium, calcium, strontium, barium, titanium (II), man 
ganese (II), iron (II), cobalt (II), nickel (II), Zirconium (II), 
and tin (II). 
0105 Examples of naphthalenethiols include 2-naphtha 
lenethiol, 1-naphthalenethiol, 2-chloro-1-naphthalenethiol, 
2-bromo-1-naphthalenethiol, 2-fluoro-1-naphthalenethiol, 
2-cyano-1-naphthalenethiol, 2-acetyl-1-naphthalenethiol, 
1-chloro-2-naphthalenethiol, 1-bromo-2-naphthalenethiol, 
1-fluoro-2-naphthalenethiol, 1-cyano-2-naphthalenethiol, 
1-acetyl-2-naphthalenethiol, and metal salts thereof. 1-naph 
thalenethiol, 2-naphthalenethiol, and zinc salts thereof are 
preferred. 
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0106 Examples of sulfenamide type organic sulfur com 
pounds include N-cyclohexyl-2-benzothiazole sulfenamide, 
N-oxydiethylene-2-benzothiazole sulfenamide, and N-t-bu 
tyl-2-benzothiazole sulfenamide. Examples of thiuram type 
organic sulfur compounds include tetramethylthiuram mono 
sulfide, tetramethylthiuram disulfide, tetraethylthiuram dis 
ulfide, tetrabutylthiuram disulfide, and dipentamethylenethi 
uram tetrasulfide. Examples of dithiocarbamates include Zinc 
dimethyldithiocarbamate, zinc diethyldithiocarbamate, Zinc 
dibutyldithiocarbamate, zinc ethylphenyldithiocarbamate, 
sodium dimethyldithiocarbamate, sodium diethyldithiocar 
bamate, copper(II) dimethyldithiocarbamate, iron (III) dim 
ethyldithiocarbamate, selenium diethyldithiocarbamate, and 
tellurium diethyldithiocarbamate. Examples of thiazole type 
organic Sulfur compounds include 2-mercaptobenzothiazole 
(MBT): dibenzothiazyl disulfide (MBTS); a sodium salt, a 
Zinc salt, a copper salt, or a cyclohexylamine salt of 2-mer 
captobenzothiazole; 2-(2,4-dinitrophenyl)mercaptoben 
Zothiazole; and 2-(2,6-diethyl-4-morpholinothio)benzothia 
Zole. 
0107 Inlight of resilience performance, the amount of the 
organic Sulfur compound (e) is preferably equal to or greater 
than 0.05 parts by weight and particularly preferably equal to 
or greater than 0.1 parts by weight, per 100 parts by weight of 
the base rubber. In light of resilience performance, the 
amount is preferably equal to or less than 5.0 parts by weight 
and particularly preferably equal to or less than 2.0 parts by 
weight, per 100 parts by weight of the base rubber. 
0108 For the purpose of adjusting specific gravity and the 
like, a filler may be included in the core 4. Examples of 
suitable fillers include zinc oxide, barium sulfate, calcium 
carbonate, and magnesium carbonate. The amount of the 
filler is determined as appropriate so that the intended specific 
gravity of the core 4 is accomplished. A particularly prefer 
able filler is zinc oxide. Zinc oxide serves not only as a 
specific gravity adjuster but also as a crosslinking activator. 
0109 According to need, an anti-aging agent, a coloring 
agent, a plasticizer, a dispersant, Sulfur, a Vulcanization accel 
erator, and the like are added to the rubber composition of the 
core 4. Crosslinked rubber powder or synthetic resin powder 
may also be dispersed in the rubber composition. 
0110. In the core 4, the difference (Hs-H(0)) between the 
surface hardness Hs and the central hardness H(0) is prefer 
ably equal to or greater than 15. The difference is great. In 
other words, the core 4 has an outer-hard/inner-soft structure. 
When the core 4 is hit with a middle iron, the recoil (torsional 
return) is great, and thus spin is suppressed. The core 4 con 
tributes to the flight performance of the golfball 2. In light of 
flight performance, the difference (Hs-H(0)) is more prefer 
ably equal to or greater than 20 and particularly preferably 
equal to or greater than 25. From the standpoint that the core 
4 can easily beformed, the difference (Hs-H(0)) is preferably 
equal to or less than 50. 
0111. The hardness H(0) at the central point of the core 4 

is preferably equal to or greater than 40.0 but equal to or less 
than 70.0. The golf ball 2 having a hardness H(0) of 40.0 or 
greater has excellent resilience performance. In this respect, 
the hardness H(0) is more preferably equal to or greater than 
45.0 and particularly preferably equal to or greater than 50.0. 
The core 4 having a hardness H(0) of 70.0 or less can achieve 
an outer-hard/inner-soft structure. In the golf ball 2 that 
includes the core 4, spin can be suppressed. In this respect, the 
hardness H(0) is more preferably equal to or less than 68.0 
and particularly preferably equal to or less than 66.0. 
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0.112. The hardness Hs at the surface of the core 4 is 
preferably equal to or greater than 76.0 but equal to or less 
than 95.0. In the core 4 having a hardness Hs of 76.0 or 
greater, an outer-hard/inner-soft structure can be achieved. In 
the golfball 2 that includes the core 4, spin can be suppressed. 
In this respect, the hardness Hs is more preferably equal to or 
greater than 78.0 and particularly preferably equal to or 
greater than 80.0. The golfball 2 having a hardness Hs of 95.0 
or less has excellent durability. In this respect, the hardness 
Hs is more preferably equal to or less than 93.0 and particu 
larly preferably equal to or less than 90.0. 
0113. The core 4 preferably has a diameter of 36.0 mm or 
greater but 41.0 mm or less. The core 4 having a diameter of 
36.0 mm or greater can achieve excellent resilience perfor 
mance of the golf ball 2. In this respect, the diameter is more 
preferably equal to or greater than 36.5 mm and particularly 
preferably equal to or greater than 37.0 mm. In the golfball 2 
that includes the core 4 having a diameter of 41.0 mm or less, 
the inner cover 8, the mid cover 10, and the outer cover 12 can 
have sufficient thicknesses. The golf ball 2 that includes the 
inner cover 8, the mid cover 10, and the outer cover 12 which 
have largethicknesses has excellent durability. In this respect, 
the diameter is more preferably equal to or less than 40.0 mm 
and particularly preferably equal to or less than 39.0 mm. The 
core 4 may have a rib on the surface thereof. 
0114. In light offeel at impact, the core 4 has an amount of 
compressive deformation (compn) of preferably 3.0 mm or 
greater and particularly preferably 3.3 mm or greater. In light 
of resilience performance, the amount of compressive defor 
mation is preferably equal to or less than 4.6 mm and particu 
larly preferably equal to or less than 4.3 mm. 
0115 For the inner cover 8, a resin composition is suitably 
used. Examples of the base polymer of the resin composition 
include ionomer resins, styrene block-containing thermo 
plastic elastomers, thermoplastic polyester elastomers, ther 
moplastic polyamide elastomers, and thermoplastic polyole 
fin elastomers. 
0116 Particularly preferable base polymers are ionomer 
resins. The golfball 2 that includes the inner cover 8 including 
an ionomer resin has excellent resilience performance. An 
ionomer resin and another resin may be used in combination 
for the inner cover 8. In this case, the principal component of 
the base polymer is preferably the ionomer resin. Specifically, 
the proportion of the ionomer resin to the entire base polymer 
is preferably equal to or greater than 50% by weight, more 
preferably equal to or greater than 60% by weight, and par 
ticularly preferably equal to or greater than 70% by weight. 
0117 Examples of preferable ionomer resins include 
binary copolymers formed with an O-olefin and an O.f3-un 
saturated carboxylic acid having 3 to 8 carbon atoms. A 
preferable binary copolymer includes 80% by weight or 
greater but 90% by weight or less of an O-olefin, and 10% by 
weight or greater but 20% by weight or less of an O.B-unsat 
urated carboxylic acid. The binary copolymer has excellent 
resilience performance. Examples of other preferable iono 
mer resins include ternary copolymers formed with: an O-ole 
fin; an O.f3-unsaturated carboxylic acid having 3 to 8 carbon 
atoms; and an O.B-unsaturated carboxylate ester having 2 to 
22 carbon atoms. A preferable ternary copolymer includes 
70% by weight or greater but 85% by weight or less of an 
C-olefin, 5% by weight or greater but 30% by weight or less 
of an O.f3-unsaturated carboxylic acid, and 1% by weight or 
greater but 25% by weight or less of an O.B-unsaturated 
carboxylate ester. The ternary copolymer has excellent resil 
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ience performance. For the binary copolymers and the ternary 
copolymers, preferable C-olefins are ethylene and propylene, 
while preferable C.B-unsaturated carboxylic acids are acrylic 
acid and methacrylic acid. A particularly preferable ionomer 
resin is a copolymer formed with ethylene and acrylic acid or 
methacrylic acid. 
0118. In the binary copolymers and the ternary copoly 
mers, Some of the carboxyl groups are neutralized with metal 
ions. Examples of metalions for use in neutralization include 
Sodium ion, potassium ion, lithium ion, Zinc ion, calcium ion, 
magnesium ion, aluminum ion, and neodymium ion. The 
neutralization may be carried out with two or more types of 
metal ions. Particularly suitable metal ions in light of resil 
ience performance and durability of the golfball 2 are sodium 
ion, Zinc ion, lithium ion, and magnesium ion. 
0119) Specific examples of ionomer resins include trade 
names “Himilan 1555”, “Himilan 1557, “Himilan 1605, 
“Himilan 1706, “Himilan 1707, “Himilan 1856”, “Himilan 
1855”, “Himilan AM7311, “Himilan AM7315, “Himilan 
AM7317, “Himilan AM7318, “Himilan AM7329, “Himi 
lan AM7337, “Himilan MK7320, and “Himilan MK7329, 
manufactured by Du Pont-MITSUI POLYCHEMICALS 
Co., Ltd.; trade names “Surlyn 6120”, “Surlyn 6910”, “Sur 
lyn 7930”, “Surlyn 7940”, “Surlyn 8140”, “Surlyn 8150, 
“Surlyn 8940”, “Surlyn 8945”, “Surlyn 9120”, “Surlyn 
9150”, “Surlyn 9910”, “Surlyn 9945”, “Surlyn AD8546, 
“HPF1000, and “HPF2000, manufactured by E.I. du Pont 
de Nemours and Company; and trade names “IOTEK7010, 
“IOTEK7030”, “IOTEK7510”, “IOTEK 7520”, “IOTEK 
8000, and “IOTEK 8030, manufactured by ExxonMobil 
Chemical Company. 
0120) Two or more ionomer resins may be used in combi 
nation for the inner cover 8. An ionomer resin neutralized 
with a monovalent metal ion, and an ionomer resin neutral 
ized with a bivalent metal ion may be used in combination. 
0121 A preferable resin that can be used in combination 
with an ionomer resin is a styrene block-containing thermo 
plastic elastomer. The styrene block-containing thermoplas 
tic elastomer has excellent compatibility with ionomer resins. 
A resin composition including the styrene block-containing 
thermoplastic elastomer has excellent fluidity. 
0122) The styrene block-containing thermoplastic elas 
tomer includes a polystyrene block as a hard segment, and a 
Soft segment. A typical soft segment is a diene block. 
Examples of compounds for the diene block include butadi 
ene, isoprene, 1,3-pentadiene, and 2,3-dimethyl-1,3-butadi 
ene. Butadiene and isoprene are preferred. Two or more com 
pounds may be used in combination. 
0123 Examples of styrene block-containing thermoplas 

tic elastomers include styrene-butadiene-styrene block 
copolymers (SBS), Styrene-isoprene-styrene block copoly 
mers (SIS), styrene-isoprene-butadiene-styrene block 
copolymers (SIBS), hydrogenated SBS, hydrogenated SIS, 
and hydrogenated SIBS. Examples of hydrogenated SBS 
include styrene-ethylene-butylene-styrene block copolymers 
(SEBS). Examples of hydrogenated SIS include styrene-eth 
ylene-propylene-styrene block copolymers (SEPS). 
Examples of hydrogenated SIBS include styrene-ethylene 
ethylene-propylene-styrene block copolymers (SEEPS). 
0.124. In light of resilience performance of the golf ball 2, 
the content of the styrene component in the styrene block 
containing thermoplastic elastomer is preferably equal to or 
greater than 10% by weight, more preferably equal to or 
greater than 12% by weight, and particularly preferably equal 
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to or greater than 15% by weight. In light offeel at impact of 
the golf ball 2, the content is preferably equal to or less than 
50% by weight, more preferably equal to or less than 47% by 
weight, and particularly preferably equal to or less than 45% 
by weight. 
0.125. In the present invention, styrene block-containing 
thermoplastic elastomers include an alloy of an olefinandone 
or more members selected from the group consisting of SBS, 
SIS, SIBS, SEGS, SEPS, and SEEPS. The olefin component 
in the alloy is presumed to contribute to improvement of 
compatibility with ionomer resins. Use of this alloy improves 
the resilience performance of the golfball 2. An olefin having 
2 to 10 carbonatoms is preferably used. Examples of suitable 
olefins include ethylene, propylene, butene, and pentene. Eth 
ylene and propylene are particularly preferred. 
0.126 Specific examples of polymer alloys include trade 
names “Rabalon T3221C, “Rabalon T3339C, “Rabalon 
SJ4400N, “Rabalon SJ5400N, “Rabalon SJ6400N, 
“Rabalon SJ740ON”, “Rabalon SJ8400N, “Rabalon 
SJ9400N, and “Rabalon SR04, manufactured by Mitsub 
ishi Chemical Corporation. Other specific examples of sty 
rene block-containing thermoplastic elastomers include trade 
name “Epofriend A1010” manufactured by Daicel Chemical 
Industries, Ltd., and trade name “Septon HG-252 manufac 
tured by Kuraray Co., Ltd. 
0127. According to need, a coloring agent Such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the resin composition of the 
inner cover 8 in an adequate amount. The inner cover 8 may 
include powder of a metal with a high specific gravity. 
I0128. According to the finding by the inventor of the 
present invention, the inner cover 8 greatly influences the 
deformation behavior of the golfball 2 when the golfball 2 is 
hit with a middle iron. The golf ball 2 that includes the inner 
cover 8 having a great hardness Hi has excellent flight per 
formance when being hit with a middle iron. The inner cover 
8 having a hardness Hi that is not excessively great can 
contribute to the feel at impact of the golf ball 2. 
I0129. In light of flight performance, the hardness Hi of the 
inner cover 8 is preferably equal to or greater than 75, more 
preferably equal to or greater than 80, and particularly pref 
erably equal to or greater than 83. In light offeel at impact of 
the golf ball 2, the hardness Hi is preferably equal to or less 
than 95 and particularly preferably equal to or less than 90. 
The hardness Hi is measured with a JIS-C type hardness scale 
mounted to an automated rubber hardness measurement 
machine (trade name “P1’, manufactured by Kobunshi Keiki 
Co., Ltd.). For the measurement, a slab that is formed by hot 
press and that has a thickness of about 2 mm is used. A slab 
kept at 23°C. for two weeks is used for the measurement. At 
the measurement, three slabs are stacked. A slab formed from 
the same resin composition as the resin composition of the 
inner cover 8 is used. 
0.130. From the standpoint that an outer-hard/inner-soft 
structure is achieved in the sphere consisting of the core 4 and 
the inner cover 8 and spin of the golf ball 2 is suppressed, the 
hardness Hi of the inner cover 8 is preferably greater than the 
surface hardness Hs of the core 4. In light of suppression of 
spin, the difference (Hi-Hs) between the hardness Hi and the 
hardness Hs is preferably equal to or greater than 1 and 
particularly preferably equal to or greater than 2. The differ 
ence (Hi-Hs) is preferably equal to or less than 10. In the 
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sphere in which the difference (Hi-Hs) is equal to or less than 
10, the hardness linearly increases from its central point 
toward its surface. In the sphere whose hardness linearly 
increases, the energy loss is low when the golfball 2 is hit with 
a middle iron. 
0131 The inner cover 8 preferably has a thickness of 0.2 
mm or greater but 1.2 mm or less. The inner cover 8 having a 
thickness of 0.2 mm or greater can easily be formed. In this 
respect, the thickness is more preferably equal to or greater 
than 0.4 mm and particularly preferably equal to or greater 
than 0.6 mm. The golf ball 2 that includes the inner cover 8 
having a thickness of 1.2 mm or less has excellent resilience 
performance. In this respect, the thickness is more preferably 
equal to or less than 1.0 mm and particularly preferably equal 
to or less than 0.9 mm. 
0132) For forming the inner cover 8, known methods such 
as injection molding, compression molding, and the like can 
be used. 
0.133 For the mid cover 10, a resin composition is suitably 
used. A preferable base polymer of the resin composition is an 
ionomer resin. The golf ball 2 that includes the mid cover 10 
including the ionomer resin has excellent resilience perfor 
mance. The ionomer resin described above for the inner cover 
8 can be used for the mid cover 10. 
0134. An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
the base polymer. The proportion of the ionomer resin to the 
entire basepolymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0135 A preferable other resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
moplastic elastomer described above for the inner cover 8 can 
be used for the mid cover 10. 
0136. According to need, a coloring agent such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the mid cover 10 in an 
adequate amount. 
0137 The mid cover 10 preferably has a JIS-C hardness 
Hm of 75 or greater but 96 or less. The golfball 2 that includes 
the mid cover 10 having a hardness Him of 75 or greater has 
excellent flight performance upon a shot with a middle iron. 
In this respect, the hardness Hm is more preferably equal to or 
greater than 80 and particularly preferably equal to or greater 
than 85. The golfball 2 that includes the mid cover 10 having 
a hardness Him of 96 or less has excellent feel at impact. In this 
respect, the hardness Hm is more preferably equal to or less 
than 90 and particularly preferably equal to or less than 88. 
The hardness Hm is measured by the same measurement 
method as that for the hardness Hi. 
0.138. The hardness Hm of the midcover 10 may be greater 
than the hardness Hi of the inner cover 8 or may be less than 
the hardness Hi of the inner cover 8. 
0.139. In the golfball 2 in which the hardness Hm is greater 
than the hardness Hi, an outer-hard/inner-soft structure of the 
sphere consisting of the core 4, the inner cover 8, and the mid 
cover 10 can be achieved. When the golf ball 2 is hit with a 
middle iron, the spin rate is low. The golfball 2 has excellent 
flight performance upon a shot with a middle iron. In light of 
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flight performance, the difference (Hm-Hi) between the 
hardness Him and the hardness Hi is preferably equal to or 
greater than 2. The difference (Hm-Hi) is preferably equal to 
or less than 20. 
0140. In the golf ball 2 in which the hardness Hm is less 
than the hardness Hi, the mid cover 10 absorbs the shock 
when the golfball 2 is hit. The golf ball 2 has excellent feel at 
impact. In light of feel at impact, the difference (Hi-Hm) 
between the hardness Hi and the hardness Hm is preferably 
equal to or greater than 2. The difference (Hi-Hm) is prefer 
ably equal to or less than 20. 
0.141. The mid cover 10 preferably has a thickness of 0.2 
mm or greater but 1.2 mm or less. The mid cover 10 having a 
thickness of 0.2 mm or greater can easily be formed. In this 
respect, the thickness is more preferably equal to or greater 
than 0.4 mm and particularly preferably equal to or greater 
than 0.6 mm. The golf ball 2 that includes the mid cover 10 
having a thickness of 1.2 mm or less has excellent resilience 
performance. In this respect, the thickness is more preferably 
equal to or less than 1.0 mm and particularly preferably equal 
to or less than 0.9 mm. 
0.142 For forming the mid cover 10, known methods such 
as injection molding, compression molding, and the like can 
be used. 
0.143 For the outer cover 12, a resin composition is suit 
ably used. A preferable base polymer of the resin composition 
is an ionomer resin. The golf ball 2 that includes the outer 
cover 12 including the ionomer resin has excellent resilience 
performance. The ionomer resin described above for the inner 
cover 8 can be used for the outer cover 12. 
0144. An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
the base polymer. The proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0145 A preferable resin that can be used in combination 
with an ionomer resin is an ethylene-(meth)acrylic acid 
copolymer. The copolymeris obtained by a copolymerization 
reaction of a monomer composition that contains ethylene 
and (meth)acrylic acid. In the copolymer, some of the car 
boxyl groups are neutralized with metalions. The copolymer 
includes 3% by weight or greater but 25% by weight or less of 
a (meth)acrylic acid component. An ethylene-(meth)acrylic 
acid copolymer having a polar functional group is particu 
larly preferred. A specific example of ethylene-(meth)acrylic 
acid copolymers is trade name “NUCREL manufactured by 
Du Pont-MITSUI POLYCHEMICALS Co., Ltd. 
014.6 Another preferable resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
moplastic elastomer described above for the inner cover 8 can 
be used for the outer cover 12. 
0147 According to need, a coloring agent Such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the outer cover 12 in an 
adequate amount. 
0.148. The outer cover 12 preferably has a JIS-C hardness 
Ho of 83 or greater but 98 or less. The golfball 2 that includes 
the outer cover 12 having a hardness Ho of 83 or greater has 
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excellent resilience performance. The golfball 2 has excellent 
flight performance. In this respect, the hardness Ho is more 
preferably equal to or greater than 86 and particularly pref 
erably equal to or greater than 89. The golfball 2 that includes 
the outer cover 12 having a hardness Ho of 98 or less has 
excellent feel at impact. In this respect, the hardness Ho is 
more preferably equal to or less than 96 and particularly 
preferably equal to or less than 94. The hardness Ho is mea 
sured by the same measurement method as that for the hard 
ness Hi. 
0149. The hardness Ho of the outer cover 12 is preferably 
greater than the hardness Hi of the inner cover 8. In the golf 
ball 2 in which the hardness Ho is greater than the hardness 
Hi, spin can be suppressed. The golfball 2 has excellent flight 
performance upon a shot with a middle iron. 
0150. In light of flight performance, the difference (Ho 
Hi) between the hardness Ho and the hardness Hi is prefer 
ably equal to or greater than 5, more preferably equal to or 
greater than 6, and particularly preferably equal to or greater 
than 7. The difference (Ho-Hi) is preferably equal to or less 
than 30. 
0151. The hardness Ho of the outer cover 12 is preferably 
greater than the hardness Him of the mid cover 10. In the golf 
ball 2 in which the hardness Ho is greater than the hardness 
Hm, an outer-hard/inner-soft structure can beachieved. When 
the golfball 2 is hit with a middle iron, the spin rate is low. The 
golf ball 2 has excellent flight performance upon a shot with 
a middle iron. In light of flight performance, the difference 
(Ho-Hm) between the hardness Ho and the hardness Hm is 
preferably equal to or greater than 2. The difference (Ho-Hm) 
is preferably equal to or less than 20. 
0152 The outer cover 12 preferably has a thickness of 0.2 
mm or greater but 1.2 mm or less. The outer cover 12 having 
a thickness of 0.2 mm or greater can easily be formed. In this 
respect, the thickness is more preferably equal to or greater 
than 0.4 mm and particularly preferably equal to or greater 
than 0.6 mm. The golf ball 2 that includes the outer cover 12 
having a thickness of 1.2 mm or less has excellent resilience 
performance. In this respect, the thickness is more preferably 
equal to or less than 1.0 mm and particularly preferably equal 
to or less than 0.9 mm. 
0153. For forming the outer cover 12, known methods 
Such as injection molding, compression molding, and the like 
can be used. When forming the outer cover 12, the dimples 14 
are formed by pimples formed on the cavity face of a mold. 
0154 The cover 6 has a total thickness of preferably 2.5 
mm or less. The golfball 2 that includes the cover 6 having a 
total thickness of 2.5 mm or less has excellent feel at impact. 
In this respect, the total thickness is particularly preferably 
equal to or less than 2.4 mm. In light of durability of the golf 
ball 2, the total thickness is preferably equal to or greater than 
0.3 mm, more preferably equal to or greater than 0.5 mm, and 
particularly preferably equal to or greater than 0.8 mm. 
0155. In light of feel at impact, the golf ball 2 has an 
amount of compressive deformation (compn) of preferably 
2.8 mm or greater, more preferably 2.9 mm or greater, and 
particularly preferably 3.0 mm or greater. In light of resil 
ience performance, the amount of compressive deformation 
is preferably equal to or less than 3.6 mm, more preferably 
equal to or less than 3.5 mm, and particularly preferably equal 
to or less than 3.4 mm. 
0156 For measurement of the amount of compressive 
deformation (compn), a YAMADA type compression tester 
is used. In the tester, a sphere such as the core 4, the golfball 
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2, or the like is placed on a hard plate made of metal. Next, a 
cylinder made of metal gradually descends toward the sphere. 
The sphere, squeezed between the bottom face of the cylinder 
and the hard plate, becomes deformed. A migration distance 
of the cylinder, starting from the state in which an initial load 
of 98 N is applied to the sphere up to the state in which a final 
load of 1274 N is applied thereto, is measured. 

Second Embodiment 

0157 FIG. 3 shows a golf ball 102 according to a second 
embodiment of the present invention. The golf ball 102 
includes a spherical core 104 and a cover 106 covering the 
core 104. The cover 106 includes a first cover 108, a second 
cover 110 positioned outside the first cover 108, a third cover 
112 positioned outside the second cover 110, and a fourth 
cover 114 positioned outside the third cover 112. On the 
surface of the fourth cover 114, a large number of dimples 116 
are formed. Of the surface of the golf ball 102, a part other 
than the dimples 116 is a land 118. The golfball 102 includes 
a paint layer and a mark layer on the external side of the fourth 
cover 114, but these layers are not shown in the drawing. 
0158. The golfball 102 has a diameter of 40 mm or greater 
but 45 mm or less. From the standpoint of conformity to the 
rules established by the United States Golf Association 
(USGA), the diameter is preferably equal to or greater than 
42.67 mm. In light of Suppression of air resistance, the diam 
eter is preferably equal to or less than 44 mm and more 
preferably equal to or less than 42.80 mm. The golf ball 102 
has a weight of 40 g or greater but 50 g or less. In light of 
attainment of greatinertia, the weight is preferably equal to or 
greater than 44 g and more preferably equal to or greater than 
45.00 g. From the standpoint of conformity to the rules estab 
lished by the USGA, the weight is preferably equal to or less 
than 45.93 g. 
0159 FIG. 4 is a line graph showing a hardness distribu 
tion of the core 104 of the golf ball 102 in FIG. 3. The 
horizontal axis of the graph indicates the ratio (%) of a dis 
tance from the central point of the core 104 to the radius of the 
core 104. The vertical axis of the graph indicates a JIS-C 
hardness. Nine measuring points obtained by dividing a 
region from the central point of the core 104 to the surface of 
the core 104 at intervals of 12.5% of the radius of the core 104 
are plotted in the graph. The ratio of the distance from the 
central point of the core 104 to each of these measuring points 
to the radius of the core 104 is as follows. 
(0160 First point: 0.0% (central point) 
(0161 Second point: 12.5% 
(0162. Third point: 25.0% 
(0163 Fourth point: 37.5% 
(0164. Fifth point: 50.0% 
(0165 Sixth point: 62.5% 
(0166 Seventh point: 75.0% 
(0167. Eighth point: 87.5% 
(0168 Ninth point: 100.0% (surface) 
Hardnesses at the first to eighth points are measured by press 
ing a JIS-C type hardness Scale against a cut plane of the core 
104 that has been cut into two halves. A hardness Hs at the 
ninth point is measured by pressing the JIS-C type hardness 
scale against the surface of the spherical core 104. For the 
measurement, an automated rubber hardness measurement 
machine (trade name “P1’, manufactured by Kobunshi Keiki 
Co., Ltd.), to which this hardness Scale is mounted, is used. In 
the present invention, a JIS-C hardness at a measuring point 
whose distance from the central point of the core 104 is x (%) 



US 2013/031 6850 A1 

is represented by H(x). The hardness at the central point of the 
core 104 is represented by H(0). 
0169. A straight line indicated by a dotted line in FIG. 4 is 
a linear approximation curve obtained by a least-square 
method on the basis of the distances and the hardnesses of the 
nine measuring points. As is clear from FIG.4, the broken line 
does not greatly deviate from the linear approximation curve. 
In other words, the broken line has a shape close to the linear 
approximation curve. In the core 104, the hardness linearly 
increases from its central point toward its surface. When the 
core 104 is hit with a middle iron, the energy loss is low. The 
core 104 has excellent resilience performance. When the golf 
ball 102 is hit with a middle iron, the flight distance is large. 
(0170. In the core 104, R of the linear approximation curve 
obtained by the least-square method is equal to or greater than 
0.95. R is an index indicating the linearity of the broken line. 
For the core 104 for which R is equal to or greater than 0.95, 
the shape of the broken line of the hardness distribution is 
close to a straight line. The core 104 for which R is equal to 
or greater than 0.95 has excellent resilience performance. R 
is more preferably equal to or greater than 0.96 and particu 
larly preferably equal to or greater than 0.97. R is calculated 
by Squaring a correlation coefficient R. The correlation coef 
ficient R is calculated by dividing the covariance of the dis 
tance (mm) from the central point and the hardness (JIS-C) by 
the standard deviation of the distance (mm) from the central 
point and the standard deviation of the hardness (JIS-C). 
0171 The core 104 is obtained by crosslinking a rubber 
composition. The rubber composition includes: 
(0172 (a) a base rubber; 
0173 (b) a co-crosslinking agent; 
0.174 (c) a crosslinking initiator; and 
0175 (d) an acid and/or a salt. 
0176) During heating and forming of the core 104, the base 
rubber (a) is crosslinked by the co-crosslinking agent (b). The 
heat of the crosslinking reaction remains near the central 
point of the core 104. Thus, during heating and forming of the 
core 104, the temperature at the central portion is high. The 
temperature gradually decreases from the central point 
toward the surface. It is inferred that in the rubber composi 
tion, the acid reacts with the metal salt of the co-crosslinking 
agent (b) to bond to cation. It is inferred that in the rubber 
composition, the salt reacts with the metal salt of the co 
crosslinking agent (b) to exchange cation. By the bonding and 
the exchange, metal crosslinks are broken. This breaking is 
likely to occur in the central portion of the core 104 where the 
temperature is high, and is unlikely to occur near the Surface 
of the core 104. As a result, the crosslinking density of the 
core 104 increases from its central point toward its surface. In 
the core 104, an outer-hard/inner-soft structure can be 
achieved. When the golfball 102 that includes the core 104 is 
hit with a middle iron, the spin rate is low. The golf ball 102 
achieves excellent flight performance upon a shot with a 
middle iron. 

0177. The rubber composition of the core 104 can include 
the base rubber (a) described above for the core 4 of the first 
embodiment. 

0.178 The rubber composition of the core 104 can include 
the co-crosslinking agent (b) described above for the core 4 of 
the first embodiment. Preferable co-crosslinking agents (b) 
a. 

0179 (b1) an O.B-unsaturated carboxylic acid having 3 to 
8 carbon atoms; and 
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0180 (b2) a metal salt of an O.B-unsaturated carboxylic 
acid having 3 to 8 carbon atoms. 
When the rubber composition includes the C.B-unsaturated 
carboxylic acid (b1), the rubber composition preferably fur 
ther includes a metal compound (f). The metal compound (f) 
reacts with the C.B-unsaturated carboxylic acid (b1) in the 
rubber composition. A salt obtained by this reaction graft 
polymerizes with the molecular chain of the base rubber. The 
rubber composition of the core 104 can include the metal 
compound (f) described above for the core 4 of the first 
embodiment. 

0181. In light of resilience performance of the golf ball 
102, the amount of the co-crosslinking agent (b) is preferably 
equal to or greater than 15 parts by weight and particularly 
preferably equal to or greater than 20 parts by weight, per 100 
parts by weight of the base rubber. In light of feel at impact, 
the amount is preferably equal to or less than 50 parts by 
weight, more preferably equal to or less than 45 parts by 
weight, and particularly preferably equal to or less than 40 
parts by weight, per 100 parts by weight of the base rubber. 
0182. The rubber composition of the core 104 can include 
the crosslinking initiator (c) described above for the core 4 of 
the first embodiment. In light of resilience performance of the 
golf ball 102, the amount of the crosslinking initiator (c) is 
preferably equal to or greater than 0.2 parts by weight and 
particularly preferably equal to or greater than 0.5 parts by 
weight, per 100 parts by weight of the base rubber. In light of 
feel at impact and durability of the golfball 102, the amount 
is preferably equal to or less than 5.0 parts by weight and 
particularly preferably equal to or less than 2.5 parts by 
weight, per 100 parts by weight of the base rubber. 
0183 The rubber composition of the core 104 can include 
the acid and/or the salt (d) described above for the core 4 of 
the first embodiment. The co-crosslinking agent (b) is not 
included in the concept of the acid and/or the salt (d). It is 
inferred that the acid and/or the salt (d) breaks the metal 
crosslinks by the co-crosslinking agent (b) in the central 
portion of the core 104 during heating and forming of the core 
104. 

0184. In light of linearity of the hardness distribution of 
the core 104, the amount of the acid and/or the salt (d) is 
preferably equal to or greater than 1.0 parts by weight, more 
preferably equal to or greater than 2.0 parts by weight, and 
particularly preferably equal to or greater than 3.0 parts by 
weight, per 100 parts by weight of the base rubber. In light of 
resilience performance, the amount is preferably equal to or 
less than 40 parts by weight, more preferably equal to or less 
than 35 parts by weight, and particularly preferably equal to 
or less than 25 parts by weight, per 100 parts by weight of the 
base rubber. 

0185. The weight ratio of the co-crosslinking agent (b) and 
the acid and/or the salt (d) in the rubber composition is pref 
erably equal to or greater than 377 but equal to or less than 9/1, 
and is particularly preferably equal to or greater than 4/6 but 
equal to or less than 8/2. From the rubber composition in 
which this weight ratio is within the above range, the core 104 
whose hardness linearly increases from its central point 
toward its surface can be obtained. 

0186. As the co-crosslinking agent (b), Zinc acrylate is 
preferably used. Zinc acrylate whose surface is coated with 
Stearic acid or Zinc Stearate for the purpose of improving 
dispersibility to rubber is present. In the present invention, 
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when the rubber composition includes this zinc acrylate, this 
coating material is not included in the concept of the acid 
and/or the salt (d). 
0187. The rubber composition of the core 104 can include 
the organic sulfur compound (e) described above for the core 
4 of the first embodiment. The organic sulfur compound (e) 
can contribute to control of the linearity of the hardness 
distribution of the core 104; and the degree of the outer-hard/ 
inner-soft structure. In light of resilience performance, the 
amount of the organic sulfur compound (e) is preferably equal 
to or greater than 0.05 parts by weight and particularly pref 
erably equal to or greater than 0.1 parts by weight, per 100 
parts by weight of the base rubber. In light of resilience 
performance, the amount is preferably equal to or less than 
5.0 parts by weight and particularly preferably equal to or less 
than 2.0 parts by weight, per 100 parts by weight of the base 
rubber. 

0188 For the purpose of adjusting specific gravity and the 
like, a filler may be included in the core 104. Examples of 
suitable fillers include zinc oxide, barium sulfate, calcium 
carbonate, and magnesium carbonate. The amount of the 
filler is determined as appropriate so that the intended specific 
gravity of the core 104 is accomplished. A particularly pref 
erable filler is zinc oxide. Zinc oxide serves not only as a 
specific gravity adjuster but also as a crosslinking activator. 
0189 According to need, an anti-aging agent, a coloring 
agent, a plasticizer, a dispersant, Sulfur, a Vulcanization accel 
erator, and the like are added to the rubber composition of the 
core 104. Crosslinked rubber powder or synthetic resin pow 
der may also be dispersed in the rubber composition. 
(0190. In the core 104, the difference (Hs-H(0)) between 
the surface hardness Hs and the central hardness H(0) is 
preferably equal to or greater than 15. The difference is great. 
In other words, the core 104 has an outer-hard/inner-soft 
structure. When the core 104 is hit with a middle iron, the 
recoil (torsional return) is great, and thus spin is Suppressed. 
The core 104 contributes to the flight performance of the golf 
ball 102. In light of flight performance, the difference (Hs 
H(O)) is more preferably equal to or greater than 20 and 
particularly preferably equal to or greater than 25. From the 
standpoint that the core 104 can easily be formed, the differ 
ence (Hs-H(0)) is preferably equal to or less than 50. 
0191 The hardness H(0) at the central point of the core 
104 is preferably equal to or greater than 40.0 but equal to or 
less than 70.0. The golf ball 102 having a hardness H(0) of 
40.0 or greater has excellent resilience performance. In this 
respect, the hardness H(0) is more preferably equal to or 
greater than 45.0 and particularly preferably equal to or 
greater than 50.0. In the core 104 having a hardness H(0) of 
70.0 or less, an outer-hard/inner-soft structure can be 
achieved. In the golf ball 102 that includes the core 104, spin 
can be suppressed. In this respect, the hardness H(0) is more 
preferably equal to or less than 68.0 and particularly prefer 
ably equal to or less than 66.0. 
(0192. The hardness Hs at the surface of the core 104 is 
preferably equal to or greater than 76.0 but equal to or less 
than 95.0. In the core 104 having a hardness Hs of 76.0 or 
greater, an outer-hard/inner-soft structure can be achieved. In 
the golf ball 102 that includes the core 104, spin can be 
Suppressed. In this respect, the hardness Hs is more prefer 
ably equal to or greater than 78.0 and particularly preferably 
equal to or greater than 80.0. The golf ball 102 having a 
hardness Hs of 95.0 or less has excellent durability. In this 
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respect, the hardness HS is more preferably equal to or less 
than 93.0 and particularly preferably equal to or less than 
90.O. 
(0193 The core 104 preferably has a diameter of 35.0 mm 
or greater but 40.0 mm or less. The core 104 having a diameter 
of 35.0 mm or greater can achieve excellent resilience per 
formance of the golf ball 102. In this respect, the diameter is 
more preferably equal to or greater than 35.5 mm and par 
ticularly preferably equal to or greater than 36.0 mm. In the 
golf ball 102 that includes the core 104 having a diameter of 
40.0 mm or less, the first cover 108, the second cover 110, the 
third cover 112, and the fourth cover 114 can have sufficient 
thicknesses. The golfball 102 that includes these covers 108, 
110, 112, and 114 having large thicknesses has excellent 
durability. In this respect, the diameter is more preferably 
equal to or less than 39.0 mm and particularly preferably 
equal to or less than 38.0 mm. The core 104 may have a rib on 
the surface thereof. 
0194 In light offeel at impact, the core 104 has an amount 
of compressive deformation (compn) of preferably 3.0 mm 
or greater and particularly preferably 3.3 mm or greater. In 
light of resilience performance, the amount of compressive 
deformation is preferably equal to or less than 4.6 mm and 
particularly preferably equal to or less than 4.3 mm. 
0.195 For the first cover 108, a resin composition is suit 
ably used. Examples of the base polymer of the resin compo 
sition include ionomer resins, styrene block-containing ther 
moplastic elastomers, thermoplastic polyester elastomers, 
thermoplastic polyamide elastomers, and thermoplastic poly 
olefinelastomers. 
0196. Particularly preferable base polymers are ionomer 
resins. The golf ball 102 that includes the first cover 108 
including an ionomer resin has excellent resilience perfor 
mance. An ionomer resin and another resin may be used in 
combination for the first cover 108. In this case, the principal 
component of the base polymer is preferably the ionomer 
resin. Specifically, the proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0197) The first cover 108 can include the ionomer resin 
described above for the golf ball 2 of the first embodiment. 
The first cover 108 can include the styrene block-containing 
thermoplastic elastomer described above for the golfball 2 of 
the first embodiment. 
0198 According to need, a coloring agent Such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the resin composition of the 
first cover 108 in an adequate amount. The first cover 108 may 
include powder of a metal with a high specific gravity. 
0199 According to the finding by the inventor of the 
present invention, the first cover 108 greatly influences the 
deformation behavior of the golf ball 102 when the golf ball 
102 is hit with a middle iron. The golf ball 102 that includes 
the first cover 108 having a great hardness H1 has excellent 
flight performance when being hit with a middle iron. The 
first cover 108 having a hardness H1 that is not excessively 
great can contribute to the feel at impact of the golf ball 102. 
0200. In light of flight performance, the hardness H1 of the 

first cover 108 is preferably equal to or greater than 75, more 
preferably equal to or greater than 80, and particularly pref 
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erably equal to or greater than 83. In light offeel at impact of 
the golfball 102, the hardness H1 is preferably equal to or less 
than 95 and particularly preferably equal to or less than 90. 
The hardness H1 is measured with a JIS-C type hardness scale 
mounted to an automated rubber hardness measurement 
machine (trade name “P1’, manufactured by Kobunshi Keiki 
Co., Ltd.). For the measurement, a slab that is formed by hot 
press and that has a thickness of about 2 mm is used. A slab 
kept at 23°C. for two weeks is used for the measurement. At 
the measurement, three slabs are stacked. A slab formed from 
the same resin composition as the resin composition of the 
first cover 108 is used. 
0201 From the standpoint that an outer-hard/inner-soft 
structure is achieved in the sphere consisting of the core 104 
and the first cover 108 and spin of the golf ball 102 is Sup 
pressed, the hardness H1 of the first cover 108 is preferably 
greater than the surface hardness Hs of the core 104. In light 
of suppression of spin, the difference (H1-Hs) between the 
hardness H1 and the hardness Hs is preferably equal to or 
greater than 1 and particularly preferably equal to or greater 
than 2. The difference (H1-Hs) is preferably equal to or less 
than 10. In the sphere in which the difference (H1-Hs) is 
equal to or less than 10, the hardness linearly increases from 
its central point toward its surface. In the sphere whose hard 
ness linearly increases, the energy loss is low when the golf 
ball 102 is hit with a middle iron. 
(0202) The first cover 108 preferably has a thickness T1 of 
0.2 mm or greater but 1.8 mm or less. The first cover 108 
having a thickness T1 of 0.2 mm or greater can easily be 
formed. In this respect, the thickness T1 is more preferably 
equal to or greater than 0.4 mm and particularly preferably 
equal to or greater than 0.6 mm. The golf ball 102 that 
includes the first cover 108 having a thickness T1 of 1.8 mm 
or less has excellent resilience performance. In this respect, 
the thickness T1 is more preferably equal to or less than 1.4 
mm and particularly preferably equal to or less than 1.2 mm. 
0203 For forming the first cover 108, known methods 
Such as injection molding, compression molding, and the like 
can be used. 
0204 For the second cover 110, a resin composition is 
suitably used. A preferable base polymer of the resin compo 
sition is an ionomer resin. The golfball 102 that includes the 
second cover 110 including the ionomer resin has excellent 
resilience performance. The ionomer resin described above 
for the first cover 108 can be used for the second cover 110. 

0205 An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
the base polymer. The proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0206. A preferable other resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
moplastic elastomer described above for the first cover 108 
can be used for the second cover 110. 
0207 According to need, a coloring agent such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the second cover 110 in an 
adequate amount. 
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(0208. The second cover 110 preferably has a JIS-C hard 
ness H2 of 75 or greater but 96 or less. The golfball 102 that 
includes the second cover 110 having a hardness H2 of 75 or 
greater has excellent flight performance upon a shot with a 
middle iron. In this respect, the hardness H2 is more prefer 
ably equal to or greater than 80 and particularly preferably 
equal to or greater than 85. The golfball 102 that includes the 
second cover 110 having a hardness H2 of 96 or less has 
excellent feel at impact. In this respect, the hardness H2 is 
more preferably equal to or less than 94 and particularly 
preferably equal to or less than 92. The hardness H2 is mea 
sured by the same measurement method as that for the hard 
ness H1. 

(0209. The hardness H2 of the second cover 110 is prefer 
ably greater than the hardness H1 of the first cover 108. In the 
golf ball 102 in which the hardness H2 is greater than the 
hardness H1, an outer-hard/inner-soft structure of the sphere 
consisting of the core 104, the first cover 108, and the second 
cover 110 can be achieved. When the golfball 102 is hit with 
a middle iron, the spin rate is low. The golf ball 102 has 
excellent flight performance upon a shot with a middle iron. 
In light of flight performance, the difference (H2-H1) 
between the hardness H2 and the hardness H1 is preferably 
equal to or greater than 2. The difference (H2-H1) is prefer 
ably equal to or less than 20. 
0210. The hardness H2 of the second cover 110 may be 
less than the hardness H1 of the first cover 108. The second 
cover 110 absorbs the shock when the golfball 102 is hit. The 
golf ball 102 has excellent feel at impact. In light of feel at 
impact, the difference (H1-H2) between the hardness H1 and 
the hardness H2 is preferably equal to or greater than 2. The 
difference (H1-H2) is preferably equal to or less than 20. 
0211. The second cover 110 preferably has a thickness T2 
of 0.2 mm or greater but 1.8 mm or less. The second cover 110 
having a thickness T2 of 0.2 mm or greater can easily be 
formed. In this respect, the thickness T2 is more preferably 
equal to or greater than 0.4 mm and particularly preferably 
equal to or greater than 0.6 mm. The golf ball 102 that 
includes the second cover 110 having a thickness T2 of 1.8 
mm or less has excellent resilience performance. In this 
respect, the thickness T2 is more preferably equal to or less 
than 1.4 mm and particularly preferably equal to or less than 
1.2 mm. 

0212 For forming the second cover 110, known methods 
Such as injection molding, compression molding, and the like 
can be used. 

0213 For the third cover 112, a resin composition is suit 
ably used. A preferable base polymer of the resin composition 
is an ionomer resin. The golf ball 102 that includes the third 
cover 112 including the ionomer resin has excellent resilience 
performance. The ionomer resin described above for the first 
cover 108 can be used for the third cover 112. 

0214. An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
the base polymer. The proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0215. A preferable other resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
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moplastic elastomer described above for the first cover 108 
can be used for the third cover 112. 

0216. According to need, a coloring agent such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the third cover 112 in an 
adequate amount. 
0217. The third cover 112 preferably has a JIS-C hardness 
H3 of 75 or greater but 96 or less. The golf ball 102 that 
includes the third cover 112 having a hardness H3 of 75 or 
greater has excellent flight performance upon a shot with a 
middle iron. In this respect, the hardness H3 is more prefer 
ably equal to or greater than 80 and particularly preferably 
equal to or greater than 85. The golfball 102 that includes the 
third cover 112 having a hardness H3 of 96 or less has excel 
lent feel at impact. In this respect, the hardness H3 is more 
preferably equal to or less than 94 and particularly preferably 
equal to or less than 92. The hardness H3 is measured by the 
same measurement method as that for the hardness H1. 

0218. The hardness H3 of the third cover 112 is preferably 
greater than the hardness H2 of the second cover 110. In the 
golf ball 102 in which the hardness H3 is greater than the 
hardness H2, an outer-hard/inner-soft structure of the sphere 
consisting of the core 104, the first cover 108, the second 
cover 110, and the third cover 112 can beachieved. When the 
golfball 102 is hit with a middle iron, the spin rate is low. The 
golf ball 102 has excellent flight performance upon a shot 
with a middle iron. In light of flight performance, the differ 
ence (H3-H2) between the hardness H3 and the hardness H2 
is preferably equal to or greater than 2. The difference (H3 
H2) is preferably equal to or less than 20. 
0219. The hardness H3 of the third cover 112 may be less 
than the hardness H2 of the first cover 108. The third cover 
112 absorbs the shock when the golf ball 102 is hit. The golf 
ball 102 has excellent feel at impact. In light offeel at impact, 
the difference (H2-H3) between the hardness H2 and the 
hardness H3 is preferably equal to or greater than 2. The 
difference (H2-H3) is preferably equal to or less than 20. 
0220. The third cover 112 preferably has a thickness T3 of 
0.2 mm or greater but 1.8 mm or less. The third cover 112 
having a thickness T3 of 0.2 mm or greater can easily be 
formed. In this respect, the thickness T3 is more preferably 
equal to or greater than 0.4 mm and particularly preferably 
equal to or greater than 0.6 mm. The golf ball 102 that 
includes the third cover 112 having a thickness T3 of 1.8 mm 
or less has excellent resilience performance. In this respect, 
the thickness T3 is more preferably equal to or less than 1.4 
mm and particularly preferably equal to or less than 1.2 mm. 
0221 For forming the third cover 112, known methods 
Such as injection molding, compression molding, and the like 
can be used. 

0222 For the fourth cover 114, a resin composition is 
suitably used. A preferable base polymer of the resin compo 
sition is an ionomer resin. The golfball 102 that includes the 
fourth cover 114 including the ionomer resin has excellent 
resilience performance. The ionomer resin described above 
for the first cover 108 can be used for the fourth cover 114. 

0223) An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
the base polymer. The proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
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by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0224. A preferable resin that can be used in combination 
with an ionomer resin is an ethylene-(meth)acrylic acid 
copolymer. The copolymeris obtained by a copolymerization 
reaction of a monomer composition that contains ethylene 
and (meth)acrylic acid. In the copolymer, some of the car 
boxyl groups are neutralized with metalions. The copolymer 
includes 3% by weight or greater but 25% by weight or less of 
a (meth)acrylic acid component. An ethylene-(meth)acrylic 
acid copolymer having a polar functional group is particu 
larly preferred. A specific example of ethylene-(meth)acrylic 
acid copolymers is trade name “NUCREL manufactured by 
Du Pont-MITSUI POLYCHEMICALS Co., Ltd. 
0225. Another preferable resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
moplastic elastomer described above for the first cover 108 
can be used for the fourth cover 114. 
0226. According to need, a coloring agent Such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the fourth cover 114 in an 
adequate amount. 
0227. The fourth cover 114 preferably has a JIS-C hard 
ness H4 of 83 or greater but 98 or less. The golf ball 102 that 
includes the fourth cover 114 having a hardness H4 of 83 or 
greater has excellent resilience performance. The golf ball 
102 has excellent flight performance. In this respect, the 
hardness H4 is more preferably equal to or greater than 86 and 
particularly preferably equal to or greater than 89. The golf 
ball 102 that includes the fourth cover 114 having a hardness 
H4 of 98 or less has excellent feel at impact. In this respect, 
the hardness H4 is more preferably equal to or less than 96 
and particularly preferably equal to or less than 94. The hard 
ness H4 is measured by the same measurement method as that 
for the hardness H1. 
0228. The hardness H4 of the fourth cover 114 is prefer 
ably greater than the hardness H1 of the first cover 108. In the 
golf ball 102 in which the hardness H4 is greater than the 
hardness H1, spin can be suppressed. The golf ball 102 has 
excellent flight performance upon a shot with a middle iron. 
0229. In light of flight performance, the difference (H4 
H1) between the hardness H4 and the hardness H1 is prefer 
ably equal to or greater than 3, more preferably equal to or 
greater than 5, and particularly preferably equal to or greater 
than 6. The difference (H4-H1) is preferably equal to or less 
than 30. 

0230. The hardness H4 of the fourth cover 114 is prefer 
ably greater than the hardness H3 of the third cover 112. In the 
golf ball 102 in which the hardness H4 is greater than the 
hardness H3, an outer-hard/inner-soft structure can be 
achieved. When the golfball 102 is hit with a middle iron, the 
spin rate is low. The golf ball 102 has excellent flight perfor 
mance upon a shot with a middle iron. In light of flight 
performance, the difference (H4-H3) between the hardness 
H4 and the hardness H3 is preferably equal to or greater than 
2. The difference (H4-H3) is preferably equal to or less than 
2O. 

0231. The fourth cover 114 preferably has a thickness T4 
of 0.2 mm or greater but 1.8 mm or less. The fourth cover 114 
having a thickness T4 of 0.2 mm or greater can easily be 
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formed. In this respect, the thickness T4 is more preferably 
equal to or greater than 0.4 mm and particularly preferably 
equal to or greater than 0.6 mm. The golf ball 102 that 
includes the fourth cover 114 having a thickness T4 of 1.8 mm 
or less has excellent resilience performance. In this respect, 
the thickness T4 is more preferably equal to or less than 1.4 
mm and particularly preferably equal to or less than 1.2 mm. 
0232 For forming the fourth cover 114, known methods 
Such as injection molding, compression molding, and the like 
can be used. When forming the fourth cover 114, the dimples 
116 are formed by pimples formed on the cavity face of a 
mold. 
0233. The cover 106 has a total thickness of preferably 6.0 
mm or less. The golf ball 102 that includes the cover 106 
having a total thickness of 6.0 mm or less has excellent feel at 
impact. In this respect, the total thickness is particularly pref 
erably equal to or less than 4.0 mm. In light ofdurability of the 
golf ball 102, the total thickness is preferably equal to or 
greater than 0.4mm, more preferably equal to or greater than 
0.8 mm, and particularly preferably equal to or greater than 
1.2 mm. 
0234. In light of feel at impact, the golf ball 102 has an 
amount of compressive deformation (compn) of preferably 
2.8 mm or greater, more preferably 2.9 mm or greater, and 
particularly preferably 3.0 mm or greater. In light of resil 
ience performance, the amount of compressive deformation 
is preferably equal to or less than 3.6 mm, more preferably 
equal to or less than 3.5 mm, and particularly preferably equal 
to or less than 3.4 mm. 

Third Embodiment 

0235 FIG. 5 shows a golf ball 202 according to a third 
embodiment of the present invention. The golf ball 202 
includes a spherical core 204 and a cover 206 covering the 
core 204. The cover 206 includes an inner cover 208, a mid 
cover 210 positioned outside the inner cover 208, and an outer 
cover 212 positioned outside the mid cover 210. On the sur 
face of the outer cover 212, a large number of dimples 214 are 
formed. Of the surface of the golf ball 202, a part other than 
the dimples 214 is a land 216. The golf ball 202 includes a 
paint layer and a mark layer on the external side of the outer 
cover 212, but these layers are not shown in the drawing. 
0236. The golfball 202 has a diameter of 40 mm or greater 
but 45 mm or less. From the standpoint of conformity to the 
rules established by the United States Golf Association 
(USGA), the diameter is preferably equal to or greater than 
42.67 mm. In light of suppression of air resistance, the diam 
eter is preferably equal to or less than 44 mm and more 
preferably equal to or less than 42.80 mm. The golf ball 202 
has a weight of 40 g or greater but 50 g or less. In light of 
attainment of greatinertia, the weight is preferably equal to or 
greater than 44 g and more preferably equal to or greater than 
45.00 g. From the standpoint of conformity to the rules estab 
lished by the USGA, the weight is preferably equal to or less 
than 45.93 g. 
0237 FIG. 6 is a line graph showing a hardness distribu 
tion of the core 204 of the golf ball 202 in FIG. 5. The 
horizontal axis of the graph indicates the ratio (%) of a dis 
tance from the central point of the core 204 to the radius of the 
core 204. The vertical axis of the graph indicates a JIS-C 
hardness. Nine measuring points obtained by dividing a 
region from the central point of the core 204 to the surface of 
the core 204 at intervals of 12.5% of the radius of the core 204 
are plotted in the graph. The ratio of the distance from the 
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central point of the core 204 to each of these measuring points 
to the radius of the core 204 is as follows. 
0238 First point: 0.0% (central point) 
0239. Second point: 12.5% 
0240. Third point: 25.0% 
0241 Fourth point: 37.5% 
0242 Fifth point: 50.0% 
0243 Sixth point: 62.5% 
0244. Seventh point: 75.0% 
0245 Eighth point: 87.5% 
0246 Ninth point: 100.0% (surface) 
Hardnesses at the first to eighth points are measured by press 
ing a JIS-C type hardness Scale against a cut plane of the core 
204 that has been cut into two halves. A hardness at the ninth 
point is measured by pressing the JIS-C type hardness scale 
against the surface of the spherical core 204. For the measure 
ment, an automated rubber hardness measurement machine 
(trade name “P1’, manufactured by Kobunshi Keiki Co., 
Ltd.), to which this hardness scale is mounted, is used. In the 
present invention, a JIS-C hardness at a measuring point 
whose distance from the central point of the core 204 is x (%) 
is represented by H (x). The hardness at the central point of 
the core 204 is represented by H(0). It is noted that the 
hardness at the surface of the core 204 is represented by Hs. 
0247 FIG. 6 also shows a linear approximation curve 
obtained by a least-square method on the basis of the dis 
tances and the hardnesses of the nine measuring points. AS is 
clear from FIG. 6, the broken line does not greatly deviate 
from the linear approximation curve. In other words, the 
broken line has a shape close to the linear approximation 
curve. In the core 204, the hardness linearly increases from its 
central point toward its surface. When the core 204 is hit with 
a middle iron, the energy loss is low. The core 204 has excel 
lent resilience performance. When the golfball 202 is hit with 
a middle iron, the flight distance is large. 
0248. In the core 204, R of the linear approximation curve 
obtained by the least-square method is equal to or greater than 
0.95. R is an index indicating the linearity of the broken line. 
For the core 204 for which R is equal to or greater than 0.95, 
the shape of the broken line of the hardness distribution is 
close to a straight line. The core 204 for which R is equal to 
or greater than 0.95 has excellent resilience performance. R 
is more preferably equal to or greater than 0.96 and particu 
larly preferably equal to or greater than 0.97. R is calculated 
by Squaring a correlation coefficient R. The correlation coef 
ficient R is calculated by dividing the covariance of the dis 
tance (%) from the central point and the hardness (JIS-C) by 
the standard deviation of the distance (%) from the central 
point and the standard deviation of the hardness (JIS-C). 
0249. The core 204 is obtained by crosslinking a rubber 
composition. The rubber composition includes: 
(0250 (a) a base rubber; 
0251 (b) a co-crosslinking agent; 
0252 (c) a crosslinking initiator; and 
0253 (d) an acid and/or a salt. 
0254. During heating and forming of the core 204, the base 
rubber (a) is crosslinked by the co-crosslinking agent (b). The 
heat of the crosslinking reaction remains near the central 
point of the core 204. Thus, during heating and forming of the 
core 204, the temperature at the central portion is high. The 
temperature gradually decreases from the central point 
toward the surface. It is inferred that in the rubber composi 
tion, the acid reacts with the metal salt of the co-crosslinking 
agent (b) to bond to cation. It is inferred that in the rubber 
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composition, the salt reacts with the metal salt of the co 
crosslinking agent (b) to exchange cation. By the bonding and 
the exchange, metal crosslinks are broken. This breaking is 
likely to occur in the central portion of the core 204 where the 
temperature is high, and is unlikely to occur near the Surface 
of the core 204. As a result, the crosslinking density of the 
core 204 increases from its central point toward its surface. In 
the core 204, an outer-hard/inner-soft structure can be 
achieved. When the golfball 202 that includes the core 204 is 
hit with a middle iron, the spin rate is low. The golf ball 202 
achieves excellent flight performance upon a shot with a 
middle iron. 
0255. The rubber composition of the core 204 can include 
the base rubber (a) described above for the core 4 of the first 
embodiment. 
0256 The rubber composition of the core 204 can include 
the co-crosslinking agent (b) described above for the core 4 of 
the first embodiment. Preferable co-crosslinking agents (b) 
a. 

0257 (b1) an O.B-unsaturated carboxylic acid having 3 to 
8 carbon atoms; and 
0258 (b2) a metal salt of an O.B-unsaturated carboxylic 
acid having 3 to 8 carbon atoms. 
When the rubber composition includes the C.B-unsaturated 
carboxylic acid (31), the rubber composition preferably fur 
ther includes a metal compound (f). The metal compound (f) 
reacts with the C.B-unsaturated carboxylic acid (b1) in the 
rubber composition. A salt obtained by this reaction graft 
polymerizes with the molecular chain of the base rubber. The 
rubber composition of the core 204 can include the metal 
compound (f) described above for the core 4 of the first 
embodiment. 
0259. In light of resilience performance of the golf ball 
202, the amount of the co-crosslinking agent (b) is preferably 
equal to or greater than 15 parts by weight and particularly 
preferably equal to or greater than 20 parts by weight, per 100 
parts by weight of the base rubber. In light of feel at impact, 
the amount is preferably equal to or less than 50 parts by 
weight, more preferably equal to or less than 45 parts by 
weight, and particularly preferably equal to or less than 40 
parts by weight, per 100 parts by weight of the base rubber. 
0260 The rubber composition of the core 204 can include 
the crosslinking initiator (c) described above for the core 4 of 
the first embodiment. In light of resilience performance of the 
golf ball 202, the amount of the crosslinking initiator (c) is 
preferably equal to or greater than 0.2 parts by weight and 
particularly preferably equal to or greater than 0.5 parts by 
weight, per 100 parts by weight of the base rubber. In light of 
feel at impact and durability of the golf ball 202, the amount 
is preferably equal to or less than 5.0 parts by weight and 
particularly preferably equal to or less than 2.5 parts by 
weight, per 100 parts by weight of the base rubber. 
0261 The rubber composition of the core 204 can include 
the acid and/or the salt (d) described above for the core 4 of 
the first embodiment. The co-crosslinking agent (b) is not 
included in the concept of the acid and/or the salt (d). It is 
inferred that the acid and/or the salt (d) breaks the metal 
crosslinks by the co-crosslinking agent (b) in the central 
portion of the core 204 during heating and forming of the core 
204. 

0262. In light of linearity of the hardness distribution of 
the core 204, the amount of the acid and/or the salt (d) is 
preferably equal to or greater than 0.5 parts by weight, more 
preferably equal to or greater than 1.0 parts by weight, and 

20 
Nov. 28, 2013 

even more preferably equal to or greater than 2.0 parts by 
weight, per 100 parts by weight of the base rubber. In light of 
resilience performance, the amount is preferably equal to or 
less than 40 parts by weight and more preferably equal to or 
less than 30 parts by weight, per 100 parts by weight of the 
base rubber. 
0263. The weight ratio of the co-crosslinking agent (b) and 
the acid and/or the salt (d) in the rubber composition is pref 
erably equal to or greater than 377 but equal to or less than 9/1, 
and is particularly preferably equal to or greater than 4/6 but 
equal to or less than 8/2. From the rubber composition in 
which this weight ratio is within the above range, the core 204 
whose hardness linearly increases from its central point 
toward its surface can be obtained. 
0264. As the co-crosslinking agent (b), Zinc acrylate is 
preferably used. Zinc acrylate whose surface is coated with 
Stearic acid or Zinc Stearate for the purpose of improving 
dispersibility to rubber is present. In the present invention, 
when the rubber composition includes this zinc acrylate, this 
coating material is not included in the concept of the acid 
and/or the salt (d). 
0265. The rubber composition of the core 204 can include 
the organic sulfur compound (e) described above for the core 
4 of the first embodiment. The organic sulfur compound (e) 
can contribute to control of the linearity of the hardness 
distribution of the core 204; and the degree of the outer-hard/ 
inner-soft structure. In light of resilience performance, the 
amount of the organic sulfur compound (e) is preferably equal 
to or greater than 0.05 parts by weight and particularly pref 
erably equal to or greater than 0.1 parts by weight, per 100 
parts by weight of the base rubber. In light of resilience 
performance, the amount is preferably equal to or less than 
5.0 parts by weight and particularly preferably equal to or less 
than 2.0 parts by weight, per 100 parts by weight of the base 
rubber. 
0266 For the purpose of adjusting specific gravity and the 
like, a filler may be included in the core 204. Examples of 
suitable fillers include zinc oxide, barium sulfate, calcium 
carbonate, and magnesium carbonate. The amount of the 
filler is determined as appropriate so that the intended specific 
gravity of the core 204 is accomplished. A particularly pref 
erable filler is zinc oxide. Zinc oxide serves not only as a 
specific gravity adjuster but also as a crosslinking activator. 
0267 According to need, an anti-aging agent, a coloring 
agent, a plasticizer, a dispersant, Sulfur, a Vulcanization accel 
erator, and the like are added to the rubber composition of the 
core 204. Crosslinked rubber powder or synthetic resin pow 
der may also be dispersed in the rubber composition. 
0268. In the core 204, the difference (Hs-H(0)) between 
the surface hardness Hs and the central hardness H(0) is 
preferably equal to or greater than 15. The difference is great. 
In other words, the core 204 has an outer-hard/inner-soft 
structure. When the core 204 is hit with a middle iron, the 
recoil (torsional return) is great, and thus spin is Suppressed. 
The core 204 contributes to the flight performance of the golf 
ball 202. In light of flight performance, the difference (Hs 
H(0)) is more preferably equal to or greater than 20 and 
particularly preferably equal to or greater than 25. From the 
standpoint that the core 204 can easily be formed, the differ 
ence (Hs-H(0)) is preferably equal to or less than 50. 
0269. The hardness H(0) at the central point of the core 
204 is preferably equal to or greater than 40.0 but equal to or 
less than 70.0. The golf ball 202 having a hardness H(0) of 
40.0 or greater has excellent resilience performance. In this 
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respect, the hardness H(0) is more preferably equal to or 
greater than 45.0 and particularly preferably equal to or 
greater than 50.0. The core 204 having a hardness H(0) of 
70.0 or less can achieve an outer-hard/inner-soft structure. In 
the golf ball 202 that includes the core 204, spin can be 
suppressed. In this respect, the hardness H(0) is more prefer 
ably equal to or less than 68.0 and particularly preferably 
equal to or less than 66.0. 
0270. The hardness Hs at the surface of the core 204 is 
preferably equal to or greater than 76.0 but equal to or less 
than 95.0. In the core 204 having a hardness Hs of 76.0 or 
greater, an outer-hard/inner-soft structure can be achieved. In 
the golf ball 202 that includes the core 204, spin can be 
Suppressed. In this respect, the hardness Hs is more prefer 
ably equal to or greater than 78.0 and particularly preferably 
equal to or greater than 80.0. The golf ball 202 having a 
hardness Hs of 95.0 or less has excellent durability. In this 
respect, the hardness HS is more preferably equal to or less 
than 93.0 and particularly preferably equal to or less than 
90.O. 

(0271 The core 204 preferably has a diameter of 36.0 mm 
or greater but 41.0 mm or less. The core 204 having a diameter 
of 36.0 mm or greater can achieve excellent resilience per 
formance of the golf ball 202. In this respect, the diameter is 
more preferably equal to or greater than 36.5 mm and par 
ticularly preferably equal to or greater than 37.0 mm. In the 
golf ball 202 that includes the core 204 having a diameter of 
41.0 mm or less, the inner cover 208, the mid cover 210, and 
the outer cover 212 can have sufficient thicknesses. The golf 
ball 202 that includes the inner cover 208, the mid cover 210, 
and the outer cover 212 which have large thicknesses has 
excellent durability. In this respect, the diameter is more 
preferably equal to or less than 40.0 mm and particularly 
preferably equal to or less than 39.0 mm. The core 204 may 
have a rib on the surface thereof. 

0272. In light offeel at impact, the core 204 has an amount 
of compressive deformation (compn) of preferably 3.0 mm 
or greater and particularly preferably 3.3 mm or greater. In 
light of resilience performance, the amount of compressive 
deformation is preferably equal to or less than 4.6 mm and 
particularly preferably equal to or less than 4.3 mm. 
0273 For the inner cover 208, a resin composition is suit 
ably used. Examples of the base polymer of the resin compo 
sition include ionomer resins, styrene block-containing ther 
moplastic elastomers, thermoplastic polyester elastomers, 
thermoplastic polyamide elastomers, and thermoplastic poly 
olefinelastomers. 

0274 Particularly preferable base polymers are ionomer 
resins. The golf ball 202 that includes the inner cover 208 
including an ionomer resin has excellent resilience perfor 
mance. An ionomer resin and another resin may be used in 
combination for the inner cover 208. In this case, the principal 
component of the base polymer is preferably the ionomer 
resin. Specifically, the proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0275. The inner cover 208 can include the ionomer resin 
described above for the golf ball 2 of the first embodiment. 
The inner cover 208 can include the styrene block-containing 
thermoplastic elastomer described above for the golfball 2 of 
the first embodiment. 
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0276 According to need, a coloring agent Such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the resin composition of the 
inner cover 208 in an adequate amount. The inner cover 208 
may include powder of a metal with a high specific gravity. 
0277 According to the finding by the inventor of the 
present invention, the inner cover 208 greatly influences the 
deformation behavior of the golf ball 202 when the golf ball 
202 is hit with a middle iron. The golf ball 202 that includes 
the inner cover 208 having a great hardness Hi has excellent 
flight performance when being hit with a middle iron. The 
inner cover 208 having a hardness Hi that is not excessively 
great can contribute to the feel at impact of the golf ball 202. 
0278. In light of flight performance, the hardness Hi of the 
inner cover 208 is preferably equal to or greater than 68 and 
more preferably equal to or greater than 71. In light offeel at 
impact of the golfball 202, the hardness Hi is preferably equal 
to or less than 82 and more preferably equal to or less than 79. 
The hardness Hi is measured with a JIS-C type hardness scale 
mounted to an automated rubber hardness measurement 
machine (trade name “P1’, manufactured by Kobunshi Keiki 
Co., Ltd.). For the measurement, a slab that is formed by hot 
press and that has a thickness of about 2 mm is used. A slab 
kept at 23°C. for two weeks is used for the measurement. At 
the measurement, three slabs are stacked. A slab formed from 
the same resin composition as the resin composition of the 
inner cover 208 is used. 
(0279. The inner cover 208 preferably has a thickness of 
0.2 mm or greater but 1.2 mm or less. The inner cover 208 
having a thickness of 0.2 mm or greater can easily be formed. 
In this respect, the thickness is more preferably equal to or 
greater than 0.4 mm and particularly preferably equal to or 
greater than 0.6 mm. The golfball 202 that includes the inner 
cover 208 having a thickness of 1.2 mm or less has excellent 
resilience performance. In this respect, the thickness is more 
preferably equal to or less than 1.0 mm and particularly 
preferably equal to or less than 0.9 mm. 
0280 For forming the inner cover 208, known methods 
Such as injection molding, compression molding, and the like 
can be used. 
0281 For the mid cover 210, a resin composition is suit 
ably used. A preferable base polymer of the resin composition 
is an ionomer resin. The golf ball 202 that includes the mid 
cover 210 including the ionomer resin has excellent resilience 
performance. The ionomer resin described above for the inner 
cover 208 can be used for the mid cover 210. 

0282 An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
the base polymer. The proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0283) A preferable other resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
moplastic elastomer described above for the inner cover 208 
can be used for the mid cover 210. 
0284. According to need, a coloring agent Such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
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light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the mid cover 210 in an 
adequate amount. 
0285. The mid cover 210 preferably has a JIS-C hardness 
Hm of 68 or greater but 89 or less. The golf ball 202 that 
includes the mid cover 210 having a hardness Him of 68 or 
greater has excellent flight performance upon a shot with a 
middle iron. In this respect, the hardness Hm is more prefer 
ably equal to or greater than 71. The golf ball 202 that 
includes the midcover 210 having a hardness Him of 89 or less 
has excellent feel at impact. In this respect, the hardness Hm 
is more preferably equal to or less than 87. The hardness Hm 
is measured by the same measurement method as that for the 
hardness Hi. 
0286 The mid cover 210 preferably has a thickness of 0.2 
mm or greater but 1.2 mm or less. The mid cover 210 having 
a thickness of 0.2 mm or greater can easily be formed. In this 
respect, the thickness is more preferably equal to or greater 
than 0.4 mm and particularly preferably equal to or greater 
than 0.6 mm. The golf ball 202 that includes the mid cover 
210 having a thickness of 1.2 mm or less has excellent resil 
ience performance. In this respect, the thickness is more 
preferably equal to or less than 1.0 mm and particularly 
preferably equal to or less than 0.9 mm. 
0287. For forming the mid cover 210, known methods 
Such as injection molding, compression molding, and the like 
can be used. 
0288 For the outer cover 212, a resin composition is suit 
ably used. A preferable basepolymer of the resin composition 
is an ionomer resin. The golf ball 202 that includes the outer 
cover 212 including the ionomer resin has excellent resilience 
performance. The ionomer resin described above for the inner 
cover 208 can be used for the outer cover 212. 

0289 An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
the base polymer. The proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0290. A preferable resin that can be used in combination 
with an ionomer resin is an ethylene-(meth)acrylic acid 
copolymer. The copolymer is obtained by a copolymerization 
reaction of a monomer composition that contains ethylene 
and (meth)acrylic acid. In the copolymer, some of the car 
boxyl groups are neutralized with metalions. The copolymer 
includes 3% by weight or greater but 25% by weight or less of 
a (meth)acrylic acid component. An ethylene-(meth)acrylic 
acid copolymer having a polar functional group is particu 
larly preferred. A specific example of ethylene-(meth)acrylic 
acid copolymers is trade name “NUCREL manufactured by 
Du Pont-MITSUI POLYCHEMICALS Co., Ltd. 
0291 Another preferable resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
moplastic elastomer described above for the inner cover 208 
can be used for the outer cover 212. 
0292 According to need, a coloring agent such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the outer cover 212 in an 
adequate amount. 
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0293. The outer cover 212 preferably has a JIS.-Chardness 
Ho of 83 or greater but 98 or less. The golf ball 202 that 
includes the outer cover 212 having a hardness Ho of 83 or 
greater has excellent resilience performance. The golf ball 
202 has excellent flight performance. In this respect, the 
hardness Ho is more preferably equal to or greater than 86 and 
particularly preferably equal to or greater than 89. The golf 
ball 202 that includes the outer cover 212 having a hardness 
Ho of 98 or less has excellent feel at impact. In this respect, 
the hardness Ho is more preferably equal to or less than 96 
and particularly preferably equal to or less than 94. The hard 
ness Ho is measured by the same measurement method as that 
for the hardness Hi. 
0294 The outer cover 212 preferably has a thickness of 
0.2 mm or greater but 1.2 mm or less. The outer cover 212 
having a thickness of 0.2 mm or greater can easily be formed. 
In this respect, the thickness is more preferably equal to or 
greater than 0.4 mm and particularly preferably equal to or 
greater than 0.6 mm. The golfball 202 that includes the outer 
cover 212 having a thickness of 1.2 mm or less has excellent 
resilience performance. In this respect, the thickness is more 
preferably equal to or less than 1.0 mm and particularly 
preferably equal to or less than 0.9 mm. 
0295 For forming the outer cover 212, known methods 
Such as injection molding, compression molding, and the like 
can be used. When forming the outer cover 212, the dimples 
214 are formed by pimples formed on the cavity face of a 
mold. 

0296. In the golf ball 202, the hardness Ho of the outer 
cover 212 is greater than the hardness Hi of the inner cover 
208. In the golf ball 202 in which the hardness Ho is greater 
than the hardness Hi, spin can be suppressed. The golf ball 
202 has excellent flight performance upon a shot with a 
middle iron. 
0297. In light of flight performance, the difference (Ho 
Hi) between the hardness Ho and the hardness Hi is prefer 
ably equal to or greater than 5, more preferably equal to or 
greater than 6, and particularly preferably equal to or greater 
than 7. The difference (Ho-H1) is preferably equal to or less 
than 30. 
0298. The hardness Ho of the outer cover 212 is preferably 
greater than the hardness Him of the mid cover 210. In the golf 
ball 202 in which the hardness Ho is greater than the hardness 
Hm, an outer-hard/inner-soft structure can beachieved in the 
cover 206. When the golfball 202 is hit with a middle iron, the 
spin rate is low. The golf ball 202 has excellent flight perfor 
mance upon a shot with a middle iron. In light of flight 
performance, the difference (Ho-Hm) between the hardness 
Ho and the hardness Hm is preferably equal to or greater than 
2. The difference (Ho-Hm) is preferably equal to or less than 
25. 

0299. In the golf ball 202, the hardness Hi of the inner 
cover 208 is less than the surface hardness Hs of the core 204. 
In other words, the surface hardness Hs of the core 204 is 
greater than the hardness Hi of the inner cover 208. When the 
golf ball 202 is hit with a middle iron, the inner cover 208 
absorbs the shock received by the golfball 202. The golfball 
202 has excellent feel at impact. In light offeel at impact, the 
difference (Hs-Hi) between the hardness Hs and the hardness 
Hi is preferably equal to or greater than 1 and particularly 
preferably equal to or greater than 2. The difference (Hs-Hi) 
is preferably equal to or less than 15. In the sphere in which 
the difference (Hs-Hi) is equal to or less than 15, influence of 
the inner cover 208 on the deformation behavior of the golf 
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ball 202 when the golf ball 202 is hit with a middle iron is 
appropriately Suppressed. In the sphere, the energy loss is low 
when the golfball 202 is hit with a middle iron. Furthermore, 
in the golfball 202, the flight distance and the spin rate when 
the golf ball 202 is hit with a middle iron are less varied. 
0300. The hardness Him of the mid cover 210 may be 
greater than the hardness Hi of the inner cover 208. In this 
case, an outer-hard/inner-soft structure can be achieved in the 
cover 206. When the golfball 202 is hit with a middle iron, the 
spin rate is low. The golf ball 202 has excellent flight perfor 
mance upon a shot with a middle iron. 
0301 The hardness Hm of the mid cover 210 may be less 
than the hardness Hi of the inner cover 208. The mid cover 
210 absorbs the shock when the golf ball 202 is hit. The golf 
ball 202 has excellent feel at impact. 
0302) In light of achievement of both desired flight perfor 
mance and desired feel at impact, the difference (Hm-Hi) 
between the hardness Him and the hardness Hi is preferably 
equal to or greater than -5. The difference (Hm-Hi) is pref 
erably equal to or less than 20. 
0303. The cover 206 has a total thickness of preferably 2.5 
mm or less. The golf ball 202 that includes the cover 206 
having a total thickness of 2.5 mm or less has excellent feel at 
impact. In this respect, the total thickness is particularly pref 
erably equal to or less than 2.4 mm. In light ofdurability of the 
golf ball 202, the total thickness is preferably equal to or 
greater than 0.3 mm, more preferably equal to or greater than 
0.5 mm, and particularly preferably equal to or greater than 
0.8 mm. 

0304. In light of feel at impact, the golf ball 202 has an 
amount of compressive deformation (compn) of preferably 
2.8 mm or greater, more preferably 2.9 mm or greater, and 
particularly preferably 3.0 mm or greater. In light of resil 
ience performance, the amount of compressive deformation 
is preferably equal to or less than 3.6 mm, more preferably 
equal to or less than 3.5 mm, and particularly preferably equal 
to or less than 3.4 mm. 

Fourth Embodiment 

0305 FIG. 7 shows a golf ball 302 according to a fourth 
embodiment of the present invention. The golf ball 302 
includes a spherical core 304 and a cover 306 covering the 
core 304. The cover 306 includes an inner cover 308, a first 
mid cover 310 positioned outside the inner cover 308, a 
second mid cover 312 positioned outside the first mid cover 
310, and an outer cover 314 positioned outside the second mid 
cover 312. On the surface of the outer cover 314, a large 
number of dimples 316 are formed. Of the surface of the golf 
ball 302, a part other than the dimples 316 is a land 318. The 
golf ball 302 includes a paint layer and a mark layer on the 
external side of the outer cover 314, but these layers are not 
shown in the drawing. 
0306 The golfball 302 has a diameter of 40 mm or greater 
but 45 mm or less. From the standpoint of conformity to the 
rules established by the United States Golf Association 
(USGA), the diameter is preferably equal to or greater than 
42.67 mm. In light of suppression of air resistance, the diam 
eter is preferably equal to or less than 44 mm and more 
preferably equal to or less than 42.80 mm. The golf ball 302 
has a weight of 40 g or greater but 50 g or less. In light of 
attainment of greatinertia, the weight is preferably equal to or 
greater than 44 g and more preferably equal to or greater than 
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45.00 g. From the standpoint of conformity to the rules estab 
lished by the USGA, the weight is preferably equal to or less 
than 45.93 g. 
0307 FIG. 8 is a line graph showing a hardness distribu 
tion of the core 304 of the golf ball 302 in FIG. 7. The 
horizontal axis of the graph indicates the ratio (%) of a dis 
tance from the central point of the core 304 to the radius of the 
core 304. The vertical axis of the graph indicates a JIS-C 
hardness. Nine measuring points obtained by dividing a 
region from the central point of the core 304 to the surface of 
the core 304 at intervals of 12.5% of the radius of the core 304 
are plotted in the graph. The ratio of the distance from the 
central point of the core 304 to each of these measuring points 
to the radius of the core 304 is as follows. 
(0308 First point: 0.0% (central point) 
(0309 Second point: 12.5% 
0310. Third point: 25.0% 
0311 Fourth point: 37.5% 
0312 Fifth point: 50.0% 
0313 Sixth point: 62.5% 
0314. Seventh point: 75.0% 
0315 Eighth point: 87.5% 
0316 Ninth point: 100.0% (surface) 
Hardnesses at the first to eighth points are measured by press 
ing a JIS-C type hardness Scale against a cut plane of the core 
304 that has been cut into two halves. A hardness Hs at the 
ninth point is measured by pressing the JIS-C type hardness 
scale against the surface of the spherical core 304. For the 
measurement, an automated rubber hardness measurement 
machine (trade name “P1’, manufactured by Kobunshi Keiki 
Co., Ltd.), to which this hardness Scale is mounted, is used. In 
the present invention, a JIS-C hardness at a measuring point 
whose distance from the central point of the core 304 is x (%) 
is represented by H(x). The hardness at the central point of the 
core 304 is represented by H(0). 
0317 FIG. 8 also shows a linear approximation curve 
obtained by a least-square method on the basis of the dis 
tances and the hardnesses of the nine measuring points. AS is 
clear from FIG. 8, the broken line does not greatly deviate 
from the linear approximation curve. In other words, the 
broken line has a shape close to the linear approximation 
curve. In the core 304, the hardness linearly increases from its 
central point toward its surface. When the core 304 is hit with 
a middle iron, the energy loss is low. The core 304 has excel 
lent resilience performance. When the golfball 302 is hit with 
a middle iron, the flight distance is large. 
0318. In the core 304, R of the linear approximation curve 
obtained by the least-square method is equal to or greater than 
0.95. R is an index indicating the linearity of the broken line. 
For the core 304 for which R is equal to or greater than 0.95, 
the shape of the broken line of the hardness distribution is 
close to a straight line. The core 304 for which R is equal to 
or greater than 0.95 has excellent resilience performance. R 
is more preferably equal to or greater than 0.96 and particu 
larly preferably equal to or greater than 0.97. R is calculated 
by Squaring a correlation coefficient R. The correlation coef 
ficient R is calculated by dividing the covariance of the dis 
tance (%) from the central point and the hardness (JIS-C) by 
the standard deviation of the distance (%) from the central 
point and the standard deviation of the hardness (JIS-C). 
0319. The core 304 is obtained by crosslinking a rubber 
composition. The rubber composition includes: 
0320 (a) a base rubber; 
0321 (b) a co-crosslinking agent; 
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0322 (c) a crosslinking initiator; and 
0323 (d) an acid and/or a salt. 
0324. During heating and forming of the core 304, the base 
rubber (a) is crosslinked by the co-crosslinking agent (b). The 
heat of the crosslinking reaction remains near the central 
point of the core 304. Thus, during heating and forming of the 
core 304, the temperature at the central portion is high. The 
temperature gradually decreases from the central point 
toward the surface. It is inferred that in the rubber composi 
tion, the acid reacts with the metal salt of the co-crosslinking 
agent (b) to bond to cation. It is inferred that in the rubber 
composition, the salt reacts with the metal salt of the co 
crosslinking agent (b) to exchange cation. By the bonding and 
the exchange, metal crosslinks are broken. This breaking is 
likely to occur in the central portion of the core 304 where the 
temperature is high, and is unlikely to occur near the Surface 
of the core 304. As a result, the crosslinking density of the 
core 304 increases from its central point toward its surface. In 
the core 304, an outer-hard/inner-soft structure can be 
achieved. When the golfball 302 that includes the core 304 is 
hit with a middle iron, the spin rate is low. The golf ball 302 
achieves excellent flight performance upon a shot with a 
middle iron. 

0325 The rubber composition of the core 304 can include 
the base rubber (a) described above for the core 4 of the first 
embodiment. 

0326. The rubber composition of the core 304 can include 
the co-crosslinking agent (b) described above for the core 4 of 
the first embodiment. Preferable co-crosslinking agents (b) 
a. 

0327 (b1) an O.B-unsaturated carboxylic acid having 3 to 
8 carbon atoms; and 
0328 (b2) a metal salt of an O.B-unsaturated carboxylic 
acid having 3 to 8 carbon atoms. 
When the rubber composition includes the C.B-unsaturated 
carboxylic acid (b1), the rubber composition preferably fur 
ther includes a metal compound (f). The metal compound (f) 
reacts with the C.B-unsaturated carboxylic acid (b1) in the 
rubber composition. A salt obtained by this reaction graft 
polymerizes with the molecular chain of the base rubber. The 
rubber composition of the core 304 can include the metal 
compound (f) described above for the core 4 of the first 
embodiment. 

0329. In light of resilience performance of the golf ball 
302, the amount of the co-crosslinking agent (b) is preferably 
equal to or greater than 15 parts by weight and particularly 
preferably equal to or greater than 20 parts by weight, per 100 
parts by weight of the base rubber. In light of feel at impact, 
the amount is preferably equal to or less than 50 parts by 
weight, more preferably equal to or less than 45 parts by 
weight, and particularly preferably equal to or less than 40 
parts by weight, per 100 parts by weight of the base rubber. 
0330. The rubber composition of the core 304 can include 
the crosslinking initiator (c) described above for the core 4 of 
the first embodiment. In light of resilience performance of the 
golf ball 302, the amount of the crosslinking initiator (c) is 
preferably equal to or greater than 0.2 parts by weight and 
particularly preferably equal to or greater than 0.5 parts by 
weight, per 100 parts by weight of the base rubber. In light of 
feel at impact and durability of the golf ball 302, the amount 
is preferably equal to or less than 5.0 parts by weight and 
particularly preferably equal to or less than 2.5 parts by 
weight, per 100 parts by weight of the base rubber. 
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0331. The rubber composition of the core 304 can include 
the acid and/or the salt (d) described above for the core 4 of 
the first embodiment. In the present invention, the 
co-crosslinking agent (b) is not included in the concept of the 
acid and/or the salt (d). As described above, it is inferred that 
the acid and/or the salt (d) breaks the metal crosslinks by the 
co-crosslinking agent (b) in the central portion of the core 304 
during heating and forming of the core 304. 
0332. In light of linearity of the hardness distribution of 
the core 304, the amount of the acid and/or the salt (d) is 
preferably equal to or greater than 1 parts by weight, more 
preferably equal to or greater than 2 parts by weight, even 
more preferably equal to or greater than 3 parts by weight, and 
particularly preferably equal to or greater than 4 parts by 
weight, per 100 parts by weight of the base rubber. In light of 
resilience performance, the amount is preferably less than 40 
parts by weight, more preferably equal to or less than 30 parts 
by weight, and particularly preferably equal to or less than 20 
parts by weight, per 100 parts by weight of the base rubber. 
0333. The weight ratio of the co-crosslinking agent (b) and 
the acid and/or the salt (d) in the rubber composition is pref 
erably equal to or greater than 377 but equal to or less than 9/1, 
and is particularly preferably equal to or greater than 4/6 but 
equal to or less than 8/2. From the rubber composition in 
which this weight ratio is within the above range, the core 304 
whose hardness linearly increases from its central point 
toward its surface can be obtained. 
0334. As the co-crosslinking agent (b), Zinc acrylate is 
preferably used. Zinc acrylate whose surface is coated with 
Stearic acid or Zinc Stearate for the purpose of improving 
dispersibility to rubber is present. In the present invention, 
when the rubber composition includes this zinc acrylate, this 
coating material is not included in the concept of the acid 
and/or the salt (d). 
0335. The rubber composition of the core 304 can include 
the organic sulfur compound (e) described above for the core 
4 of the first embodiment. The organic sulfur compound (e) 
can contribute to control of the linearity of the hardness 
distribution of the core 304; and the degree of the outer-hard/ 
inner-soft structure. In light of resilience performance, the 
amount of the organic sulfur compound (e) is preferably equal 
to or greater than 0.05 parts by weight and particularly pref 
erably equal to or greater than 0.1 parts by weight, per 100 
parts by weight of the base rubber. In light of resilience 
performance, the amount is preferably equal to or less than 
5.0 parts by weight and particularly preferably equal to or less 
than 2.0 parts by weight, per 100 parts by weight of the base 
rubber. 
0336 For the purpose of adjusting specific gravity and the 
like, a filler may be included in the core 304. Examples of 
suitable fillers include zinc oxide, barium sulfate, calcium 
carbonate, and magnesium carbonate. The amount of the 
filler is determined as appropriate so that the intended specific 
gravity of the core 304 is accomplished. A particularly pref 
erable filler is zinc oxide. Zinc oxide serves not only as a 
specific gravity adjuster but also as a crosslinking activator. 
0337 According to need, an anti-aging agent, a coloring 
agent, a plasticizer, a dispersant, Sulfur, a Vulcanization accel 
erator, and the like are added to the rubber composition of the 
core 304. Crosslinked rubber powder or synthetic resin pow 
der may also be dispersed in the rubber composition. 
0338. In the core 304, the difference (Hs-H(0)) between 
the surface hardness Hs and the central hardness H(0) is 
preferably equal to or greater than 15. The difference is great. 
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In other words, the core 304 has an outer-hard/inner-soft 
structure. When the core 304 is hit with a middle iron, the 
recoil (torsional return) is great, and thus spin is Suppressed. 
The core 304 contributes to the flight performance of the golf 
ball 302. In light of flight performance, the difference (Hs 
H(O)) is more preferably equal to or greater than 20 and 
particularly preferably equal to or greater than 25. From the 
standpoint that the core 304 can easily be formed, the differ 
ence (Hs-H(0)) is preferably equal to or less than 50. 
0339. The hardness H(0) at the central point of the core 
304 is preferably equal to or greater than 40.0 but equal to or 
less than 70.0. The golf ball 302 having a hardness H(0) of 
40.0 or greater has excellent resilience performance. In this 
respect, the hardness H(0) is more preferably equal to or 
greater than 45.0 and particularly preferably equal to or 
greater than 50.0. In the core 304 having a hardness H(0) of 
70.0 or less, an outer-hard/inner-soft structure can be 
achieved. In the golf ball 302 that includes the core 304, spin 
can be suppressed. In this respect, the hardness H(0) is more 
preferably equal to or less than 68.0 and particularly prefer 
ably equal to or less than 66.0. 
0340. The hardness Hs at the surface of the core 304 is 
preferably equal to or greater than 76.0 but equal to or less 
than 95.0. In the core 304 having a hardness Hs of 76.0 or 
greater, an outer-hard/inner-soft structure can be achieved. In 
the golf ball 302 that includes the core 304, spin can be 
Suppressed. In this respect, the hardness Hs is more prefer 
ably equal to or greater than 78.0 and particularly preferably 
equal to or greater than 80.0. The golf ball 302 having a 
hardness Hs of 95.0 or less has excellent durability. In this 
respect, the hardness HS is more preferably equal to or less 
than 93.0 and particularly preferably equal to or less than 
90.O. 

(0341 The core 304 preferably has a diameter of 35.0 mm 
or greater but 41.0 mm or less. The core 304 having a diameter 
of 35.0 mm or greater can achieve excellent resilience per 
formance of the golf ball 302. In this respect, the diameter is 
more preferably equal to or greater than 35.5 mm and par 
ticularly preferably equal to or greater than 36.0 mm. In the 
golf ball 302 that includes the core 304 having a diameter of 
41.0 mm or less, the inner cover 308, the first mid cover 310, 
the second mid cover 312, and the outer cover 314 can have 
sufficient thicknesses. The golf ball 302 that includes the 
inner cover 308, the first mid cover 310, the second mid cover 
312, and the outer cover 314 which have large thicknesses has 
excellent durability. In this respect, the diameter is more 
preferably equal to or less than 40.0 mm and particularly 
preferably equal to or less than 39.0 mm. The core 304 may 
have a rib on the surface thereof. 
0342. In light offeel at impact, the core 304 has an amount 
of compressive deformation (compn) of preferably 3.0 mm 
or greater and particularly preferably 3.3 mm or greater. In 
light of resilience performance, the amount of compressive 
deformation is preferably equal to or less than 4.6 mm and 
particularly preferably equal to or less than 4.3 mm. 
0343 For the inner cover 308, a resin composition is suit 
ably used. Examples of the base polymer of the resin compo 
sition include ionomer resins, styrene block-containing ther 
moplastic elastomers, thermoplastic polyester elastomers, 
thermoplastic polyamide elastomers, and thermoplastic poly 
olefinelastomers. 
0344 Particularly preferable base polymers are ionomer 
resins. The golf ball 302 that includes the inner cover 308 
including an ionomer resin has excellent resilience perfor 

Nov. 28, 2013 

mance. An ionomer resin and another resin may be used in 
combination for the inner cover 308. In this case, the principal 
component of the base polymer is preferably the ionomer 
resin. Specifically, the proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
(0345. The inner cover 308 can include the ionomer resin 
described above for the golf ball 2 of the first embodiment. 
The inner cover 308 can include the styrene block-containing 
thermoplastic elastomer described above for the golfball 2 of 
the first embodiment. 
0346 According to need, a coloring agent Such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the resin composition of the 
inner cover 308 in an adequate amount. The inner cover 308 
may include powder of a metal with a high specific gravity. 
0347 According to the finding by the inventor of the 
present invention, the inner cover 308 greatly influences the 
deformation behavior of the golf ball 302 when the golf ball 
302 is hit with a middle iron. The golf ball 302 that includes 
the inner cover 308 having a great hardness Hi has excellent 
flight performance when being hit with a middle iron. The 
inner cover 308 having a hardness H1 that is not excessively 
great can contribute to the feel at impact of the golf ball 302. 
(0348. In light of flight performance, the hardness Hi of the 
inner cover 308 is preferably equal to or greater than 68 and 
more preferably equal to or greater than 71. In light offeel at 
impact of the golfball 302, the hardness Hi is preferably equal 
to or less than 82 and more preferably equal to or less than 79. 
The hardness Hi is measured with a JIS-C type hardness scale 
mounted to an automated rubber hardness measurement 
machine (trade name “P1’, manufactured by Kobunshi Keiki 
Co., Ltd.). For the measurement, a slab that is formed by hot 
press and that has a thickness of about 2 mm is used. A slab 
kept at 23°C. for two weeks is used for the measurement. At 
the measurement, three slabs are stacked. A slab formed from 
the same resin composition as the resin composition of the 
inner cover 308 is used. 
(0349 The inner cover 308 preferably has a thickness Ti of 
0.2 mm or greater but 1.8 mm or less. The inner cover 308 
having a thickness Ti of 0.2 mm or greater can easily be 
formed. In this respect, the thickness Ti is more preferably 
equal to or greater than 0.4 mm and particularly preferably 
equal to or greater than 0.6 mm. The golf ball 302 that 
includes the inner cover 308 having a thickness Ti of 1.8 mm 
or less has excellent resilience performance. In this respect, 
the thickness Ti is more preferably equal to or less than 1.6 
mm and particularly preferably equal to or less than 1.4 mm. 
0350 For forming the inner cover 308, known methods 
Such as injection molding, compression molding, and the like 
can be used. 
0351. For the first mid cover 310, a resin composition is 
suitably used. A preferable base polymer of the resin compo 
sition is an ionomer resin. The golf ball 302 that includes the 
first mid cover 310 including the ionomer resin has excellent 
resilience performance. The ionomer resin described above 
for the inner cover 308 can be used for the first mid cover 310. 

0352 An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
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the base polymer. The proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0353 A preferable other resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
moplastic elastomer described above for the inner cover 308 
can be used for the first mid cover 310. 
0354 According to need, a coloring agent such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the first mid cover 310 in an 
adequate amount. 
0355 The first mid cover 310 preferably has a JIS-C hard 
ness Hm1 of 68 or greater but 89 or less. The golfball 302 that 
includes the first mid cover 310 having a hardness Hm1 of 68 
or greater has excellent flight performance upon a shot with a 
middle iron. In this respect, the hardness Hm1 is more pref 
erably equal to or greater than 71. The golf ball 302 that 
includes the first mid cover 310 having a hardness Hm1 of 89 
or less has excellent feel at impact. In this respect, the hard 
ness Hm1 is more preferably equal to or less than 87. The 
hardness Hml is measured by the same measurement method 
as that for the hardness Hi. 
0356. The first mid cover 310 preferably has a thickness 
Tm1 of 0.2 mm or greater but 1.8 mm or less. The first mid 
cover 310 having a thickness Tm 1 of 0.2 mm or greater can 
easily be formed. In this respect, the thickness Tm 1 is more 
preferably equal to or greater than 0.4 mm and particularly 
preferably equal to or greater than 0.6 mm. The golf ball 302 
that includes the first mid cover 310 having a thickness Tm 1 
of 1.8 mm or less has excellent resilience performance. In this 
respect, the thickness Tm 1 is more preferably equal to or less 
than 1.6 mm and particularly preferably equal to or less than 
1.4 mm. 
0357 For forming the first midcover 310, known methods 
Such as injection molding, compression molding, and the like 
can be used. 
0358 For the second mid cover 312, a resin composition is 
suitably used. A preferable base polymer of the resin compo 
sition is an ionomer resin. The golfball 302 that includes the 
second mid cover 312 including the ionomer resin has excel 
lent resilience performance. The ionomer resin described 
above for the inner cover 308 can be used for the second mid 
cover 312. 

0359 An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
the base polymer. The proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0360 A preferable other resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
moplastic elastomer described above for the inner cover 308 
can be used for the second mid cover 312. 
0361 According to need, a coloring agent such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
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light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the second mid cover 312 in 
an adequate amount. 
0362. The second mid cover 312 preferably has a JIS-C 
hardness Hm2 of 68 or greater but 89 or less. The golfball 302 
that includes the second mid cover 312 having a hardness 
Hm2 of 68 or greater has excellent flight performance upon a 
shot with a middle iron. In this respect, the hardness Hm2 is 
more preferably equal to or greater than 71. The golfball 302 
that includes the second mid cover 312 having a hardness 
Hm2 of 89 or less has excellent feel at impact. In this respect, 
the hardness Hm2 is more preferably equal to or less than 87. 
The hardness Hm2 is measured by the same measurement 
method as that for the hardness Hi. 

0363 The second mid cover 312 preferably has a thick 
ness Tm2 of 0.2 mm or greater but 1.8 mm or less. The second 
mid cover 312 having a thickness Tm2 of 0.2 mm or greater 
can easily be formed. In this respect, the thickness Tm2 is 
more preferably equal to or greater than 0.4 mm and particu 
larly preferably equal to or greater than 0.6 mm. The golfball 
302 that includes the second mid cover 312 having a thickness 
Tm2 of 1.8 mm or less has excellent resilience performance. 
In this respect, the thickness Tm2 is more preferably equal to 
or less than 1.6 mm and particularly preferably equal to or less 
than 1.4 mm. 

0364 For forming the second midcover 312, known meth 
ods such as injection molding, compression molding, and the 
like can be used. 

0365 For the outer cover 314, a resin composition is suit 
ably used. A preferable base polymer of the resin composition 
is an ionomer resin. The golf ball 302 that includes the outer 
cover 314 including the ionomer resin has excellent resilience 
performance. The ionomer resin described above for the inner 
cover 308 can be used for the outer cover 314. 

0366 An ionomer resin and another resin may be used in 
combination. In this case, in light of resilience performance, 
the ionomer resin is included as the principal component of 
the base polymer. The proportion of the ionomer resin to the 
entire base polymer is preferably equal to or greater than 50% 
by weight, more preferably equal to or greater than 60% by 
weight, and particularly preferably equal to or greater than 
70% by weight. 
0367. A preferable resin that can be used in combination 
with an ionomer resin is an ethylene-(meth)acrylic acid 
copolymer. The copolymeris obtained by a copolymerization 
reaction of a monomer composition that contains ethylene 
and (meth)acrylic acid. In the copolymer, some of the car 
boxyl groups are neutralized with metalions. The copolymer 
includes 3% by weight or greater but 25% by weight or less of 
a (meth)acrylic acid component. An ethylene-(meth)acrylic 
acid copolymer having a polar functional group is particu 
larly preferred. A specific example of ethylene-(meth)acrylic 
acid copolymers is trade name “NUCREL manufactured by 
Du Pont-MITSUI POLYCHEMICALS Co., Ltd. 
0368. Another preferable resin that can be used in combi 
nation with an ionomer resin is a styrene block-containing 
thermoplastic elastomer. The styrene block-containing ther 
moplastic elastomer described above for the inner cover 308 
can be used for the outer cover 314. 

0369 According to need, a coloring agent Such as titanium 
dioxide and a fluorescent pigment, a filler Such as barium 
Sulfate, a dispersant, an antioxidant, an ultraviolet absorber, a 
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light stabilizer, a fluorescent material, a fluorescent bright 
ener, and the like are included in the outer cover 314 in an 
adequate amount. 
0370. The outer cover 314 preferably has a JIS.-Chardness 
Ho of 83 or greater but 98 or less. The golf ball 302 that 
includes the outer cover 314 having a hardness Ho of 83 or 
greater has excellent resilience performance. The golf ball 
302 has excellent flight performance. In this respect, the 
hardness Ho is more preferably equal to or greater than 86 and 
particularly preferably equal to or greater than 89. The golf 
ball 302 that includes the outer cover 314 having a hardness 
Ho of 98 or less has excellent feel at impact. In this respect, 
the hardness Ho is more preferably equal to or less than 96 
and particularly preferably equal to or less than 94. The hard 
ness Ho is measured by the same measurement method as that 
for the hardness Hi. 

0371. The outer cover 314 preferably has a thickness To of 
0.2 mm or greater but 1.8 mm or less. The outer cover 314 
having a thickness To of 0.2 mm or greater can easily be 
formed. In this respect, the thickness To is more preferably 
equal to or greater than 0.4 mm and particularly preferably 
equal to or greater than 0.6 mm. The golf ball 302 that 
includes the outer cover 314 having a thickness To of 1.8 mm 
or less has excellent resilience performance. In this respect, 
the thickness To is more preferably equal to or less than 1.6 
mm and particularly preferably equal to or less than 1.4 mm. 
0372 For forming the outer cover 314, known methods 
Such as injection molding, compression molding, and the like 
can be used. When forming the outer cover 314, the dimples 
316 are formed by pimples formed on the cavity face of a 
mold. 

0373). In the golf ball 302, the hardness Ho of the outer 
cover 314 is greater than the hardness Hi of the inner cover 
308. In the golf ball 302 in which the hardness Ho is greater 
than the hardness Hi, spin can be suppressed. The golf ball 
302 has excellent flight performance upon a shot with a 
middle iron. 

0374. In light of flight performance, the difference (Ho 
Hi) between the hardness Ho and the hardness Hi is prefer 
ably equal to or greater than 5, more preferably equal to or 
greater than 6, and particularly preferably equal to or greater 
than 7. The difference (Ho-Hi) is preferably equal to or less 
than 30. 

0375. The hardness Ho of the outer cover 314 is preferably 
greater than the hardness Hm1 of the first mid cover 310. In 
the golfball 302 in which the hardness Ho is greater than the 
hardness Hm1, an outer-hard/inner-soft structure can be 
achieved in the cover 306. When the golf ball 302 is hit with 
a middle iron, the spin rate is low. The golf ball 302 has 
excellent flight performance upon a shot with a middle iron. 
In light of flight performance, the difference (Ho-Hm1) 
between the hardness Ho and the hardness Hm1 is preferably 
equal to or greater than 2. The difference (Ho-Hm1) is pref 
erably equal to or less than 25. 
0376. The hardness Ho of the outer cover 314 is preferably 
greater than the hardness Hm2 of the second mid cover 312. 
In the golf ball 302 in which the hardness Ho is greater than 
the hardness Hm2, an outer-hard/inner-soft structure can be 
achieved in the cover 306. When the golf ball 302 is hit with 
a middle iron, the spin rate is low. The golf ball 302 has 
excellent flight performance upon a shot with a middle iron. 
In light of flight performance, the difference (Ho-Hm2) 
between the hardness Ho and the hardness Hm2 is preferably 
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equal to or greater than 2. The difference (Ho-Hm2) is pref 
erably equal to or less than 25. 
0377. In the golf ball 302, the hardness Hi of the inner 
cover 308 is less than the surface hardness Hs of the core 304. 
In other words, the surface hardness Hs of the core 304 is 
greater than the hardness Hi of the inner cover 308. When the 
golf ball 302 is hit with a middle iron, the inner cover 308 
absorbs the shock received by the golfball 302. The golfball 
302 has excellent feel at impact. In light offeel at impact, the 
difference (Hs-Hi) between the hardness Hs and the hardness 
Hi is preferably equal to or greater than 1 and particularly 
preferably equal to or greater than 2. The difference (Hs-Hi) 
is preferably equal to or less than 15. In the sphere in which 
the difference (Hs-Hi) is equal to or less than 15, influence of 
the inner cover 308 on the deformation behavior of the golf 
ball 302 when the golf ball 302 is hit with a middle iron is 
appropriately Suppressed. In the sphere, the energy loss is low 
when the golfball 302 is hit with a middle iron. Furthermore, 
in the golf ball 302, the flight distance and the spin rate when 
the golf ball 302 is hit with a middle iron are less varied. 
0378. The hardness Hm1 of the first midcover 310 may be 
greater than the hardness Hi of the inner cover 308. In this 
case, an outer-hard/inner-soft structure can be achieved in the 
cover 306. When the golfball 302 is hit with a middle iron, the 
spin rate is low. The golf ball 302 has excellent flight perfor 
mance upon a shot with a middle iron. 
0379 The hardness Hm1 of the first midcover 310 may be 
less than the hardness Hi of the inner cover 308. The first mid 
cover 310 absorbs the shock when the golfball 302 is hit. The 
golf ball 302 has excellent feel at impact. 
0380. In light of achievement of both desired flight perfor 
mance and desired feel at impact, the difference (Hm1-Hi) 
between the hardness Hm1 and the hardness Hi is preferably 
equal to or greater than -8. The difference (Hm1-Hi) is 
preferably equal to or less than 10. 
(0381. In the golfball 302, the hardness Hm2 of the second 
mid cover 312 may be greater than the hardness Hm1 of the 
first mid cover 310. In this case, an outer-hard/inner-soft 
structure can be achieved in the cover 306. When the golfball 
302 is hit with a middle iron, the spin rate is low. The golfball 
302 has excellent flight performance upon a shot with a 
middle iron. 
0382. The hardness Hm2 of the second mid cover 312 may 
be less than the hardness Hm1 of the first mid cover 310. In 
this case, the second mid cover 312 absorbs the shock when 
the golfball 302 is hit. The golfball 302 has excellent feel at 
impact. 
0383. In light of achievement of both desired flight perfor 
mance and desired feel at impact, the difference (Hm2-Hm1) 
between the hardness Hm2 and the hardness Hm1 is prefer 
ably equal to or greater than-15. The difference (Hm2-Hm1) 
is preferably equal to or less than 15. 
(0384. The cover 306 has a total thickness of preferably 6.0 
mm or less. The golf ball 302 that includes the cover 306 
having a total thickness of 6.0 mm or less has excellent feel at 
impact. In this respect, the total thickness is particularly pref 
erably equal to or less than 5.6 mm. In light ofdurability of the 
golf ball 302, the total thickness is preferably equal to or 
greater than 0.6 mm, more preferably equal to or greater than 
0.8 mm, and particularly preferably equal to or greater than 
1.0 mm. 

0385. In light of feel at impact, the golf ball 302 has an 
amount of compressive deformation (compn) of preferably 
2.8 mm or greater, more preferably 2.9 mm or greater, and 
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particularly preferably 3.0 mm or greater. In light of resil 
ience performance, the amount of compressive deformation 
is preferably equal to or less than 3.6 mm, more preferably 
equal to or less than 3.5 mm, and particularly preferably equal 
to or less than 3.4 mm. 

EXAMPLES 

Experiment 1 

Example I-1 
0386 A rubber composition was obtained by kneading 
100 parts by weight of a high-cis polybutadiene (trade name 
“BR-730, manufactured by JSR Corporation), 27 parts by 
weight of zinc diacrylate (trade name “Sanceler SR', manu 
factured by SANSHIN CHEMICAL INDUSTRY CO., 
LTD.), 5 parts by weight of zinc oxide, an appropriate amount 
of barium sulfate, 0.2 parts by weight of 2-naphthalenethiol, 
10 parts by weight of zinc stearate, and 0.75 parts by weight 
of dicumyl peroxide. This rubber composition was placed 
into a mold including upper and lower mold halves each 
having a hemispherical cavity, and heated at 170° C. for 25 
minutes to obtain a core with a diameter of 37.9 mm. The 
amount of barium Sulfate was adjusted Such that the weight of 
a golfball is 45.4g. 
0387. A resin composition was obtained by kneading 24 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 50 parts by weight of another ionomer 
resin (the aforementioned “Himilan AM7329), 26 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The core was placed into a mold. The resin compo 
sition was injected around the core by injection molding to 
form an inner cover with a thickness of 0.8 mm. 
0388 A resin composition was obtained by kneading 40 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 40 parts by weight of another ionomer 
resin (the aforementioned “Himilan AM7329), 20 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The sphere consisting of the core and the inner cover 
was placed into a mold. The resin composition was injected 
around the sphere by injection molding to form a mid cover 
with a thickness of 0.8 mm. 
0389. A resin composition was obtained by kneading 5 
parts by weight of an ionomer resin (the aforementione 
d'Himilan AM7337), 10 parts by weight of another ionomer 
resin (the aforementioned “Himilan 1555), 55 parts by 
weight of still another ionomer resin (the aforementioned 
“Himilan AM7329), 30 parts by weight of an ethylene 
(meth)acrylic acid copolymer (trade name “NUCREL 
N1050H, manufactured by Du Pont-MITSUI POLY 
CHEMICALS Co., Ltd.), 3 parts by weight of titanium diox 
ide, and 0.2 parts by weight of an ultraviolet absorber (trade 
name “TINUVIN 770, manufactured by Ciba Japan K.K.) 
with a twin-screw kneading extruder. The sphere consisting 
of the core, the inner cover, and the mid cover was placed into 
a final mold having a large number of pimples on its cavity 
face. The resin composition was injected around the sphereby 
injection molding to form an outer cover with a thickness of 
0.8 mm. Dimples having a shape that is the inverted shape of 
the pimples were formed on the outer cover. A clear paint 
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including a two-component curing type polyurethane as a 
base material was applied to the outer cover to obtain a golf 
ball of Example I-1 with a diameter of 42.7 mm. 

Examples I-2 to I-14 and Comparative Examples I-1 
to I-9 

0390 Golfballs of Examples I-2 to I-14 and Comparative 
Examples I-1 to I-9 were obtained in the same manner as 
Example I-1, except the specifications of the core, the inner 
cover, the mid cover, and the outer cover were as shown in 
Tables I-10 to I-14 below. The composition of the core is 
shown in detail in Tables I-1 and I-2 below. The compositions 
of the inner cover, the mid cover, and the outer cover are 
shown in detail in Tables I-3 and I-4 below. A hardness dis 
tribution of the core is shown in Tables I-5 to I-9 below. The 
golfball according to Comparative Example I-7 does not have 
a mid cover. 

0391 Hit with Middle Iron (I#5) 
0392 A 5-iron (trade name “XXIO, manufactured by 
DUNLOPSPORTS CO. LTD., shaft hardness: R, loft angle: 
24°) was attached to a Swing machine manufactured by Golf 
Laboratories, Inc. A golfball was hit under the condition of a 
head speed of 34 m/sec. The spin rate was measured imme 
diately after the hit. Furthermore, the distance from the 
launch point to the stop point was measured. The average 
value of data obtained by 12 measurements is shown in Tables 
I-10 to I-14 below. 

TABLE I-1 

Composition of Core (parts by weight 

A. B C D E F 

BR-730 1OO 100 1OO 100 100 1OO 
Sanceler SR 26.5 27.0 27.5 29.5 31.5 25.5 
Zinc oxide S.O S.O S.O S.O S.O S.O 
Barium sulfate : : : : : : 

2-naphthalene- O.2 O.2 O.2 O.2 O.2 O.2 
thiol 
Zinc octoate 2.5 
Zinc laurate 
Zinc myristate 
Zinc stearate O.S 1O.O 2O.O 3O.O 40.O 
Dicumyl 0.75 0.75 0.75 0.75 0.75 0.75 
peroxide 

* Appropriate amount 

TABLE I-2 

Composition of Core (parts by weight 

G H I J K 

BR-730 100 100 100 100 100 
Sanceler SR 2SO 2S.O 26.0 25.5 27.0 
Zinc oxide S.O S.O S.O S.O S.O 
Barium sulfate : : : : : 

2-naphthalenethiol O.2 O.2 O.2 O.2 O.2 
Zinc octoate S.O 
Zinc laurate 1O.O 
Zinc myristate S.O 1O.O 
Zinc stearate 
Dicumyl peroxide 0.75 0.75 0.75 0.75 0.75 

* Appropriate amount 

0393. The details of the compounds listed in Tables I-1 and 
I-2 are as follows. 
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0394 BR-730: a high-cis polybutadiene manufactured by 
JSR Corporation (cis-1,4-bond content: 96% by weight, 1.2- 
vinyl bond content: 1.3% by weight, Mooney viscosity 
(ML.(100° C.)): 55, molecular weight distribution (Mw/ 
Mn): 3) 
0395 Sanceler SR: zinc diacrylate manufactured by SAN 
SHIN CHEMICAL INDUSTRY CO., LTD. (a product 
coated with 10% by weight of stearic acid) 
0396 Zinc oxide: trade name “Ginrei R' manufactured by 
Toho Zinc Co., Ltd. 
0397 Barium sulfate: trade name “Barium Sulfate BD” 
manufactured by Sakai Chemical Industry Co., Ltd. 
0398 2-naphthalenethiol: a product of Tokyo Chemical 
Industry Co., Ltd. 
0399. Zinc octoate: a product of Mitsuwa Chemicals Co., 
Ltd. 
04.00 Zinc laurate: a product of Mitsuwa Chemicals Co., 
Ltd. 
04.01 Zinc myristate: a product of NOF Corporation 
0402 Zinc stearate: a product of Wako Pure Chemical 
Industries, Ltd. 
0403 Dicumyl peroxide: trade name “Percumyl D' manu 
factured by NOF Corporation 

TABLE I-3 

Composition of Cover (parts by weight 

C1 C2 C3 C4 

Himilan AM7337 51 45 40 24 
Himilan 1555 
Himilan AM7329 40 40 40 50 
NUCRELN1OSOH 
Rabalon T3221C 9 15 2O 26 
Titanium dioxide (A220) 6 6 6 6 
TINUVIN 770 
Hardness (JIS-C) 89 87 85 83 
Hardness (Shore D) 58 56 S4 52 

TABLE I-4 

Composition of Cover (parts by weight 

C5 C6 C7 C8 

Himilan AM7337 30 26 5 53 
Himilan 1555 10 
Himilan AM7329 40 40 55 27 
NUCRELN1OSOH 30 
Rabalon T3221C 30 34 2O 
Titanium dioxide (A220) 6 6 3 3 
TINUVIN 770 O.2 O.2 
Hardness (JIS-C) 79 76 92 81 
Hardness (Shore D) 48 45 61 50 

TABLE I-5 

Hardness Distribution of Core (JIS-C 

Ex. Ex. Ex. Ex. Ex. 
I-1 I-2 I-3 I-4 I-5 

H(0.0) S4.O S4.O S4O S4.O 54.0 
H(12.5) 59.7 59.7 59.7 59.7 59.7 
H(25.0) 62.9 62.9 62.9 62.9 62.9 
H(37.5) 642 642 642 642 642 
H(50.0) 66.6 66.6 66.6 66.6 66.6 
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TABLE I-5-continued 

Hardness Distribution of Core (JIS-C 

Ex. Ex. Ex. Ex. Ex. 
I-1 I-2 I-3 I-4 I-5 

H(62.5) 71.4 71.4 71.4 71.4 71.4 
H(75.0) 75.4 75.4 75.4 75.4 75.4 
H(87.5) 78.7 78.7 78.7 78.7 78.7 
HS 82.1 82.1 82.1 82.1 82.1 
Hs - H(0) 28.1 28.1 28.1 28.1 28.1 
Diameter (mm) 37.9 37.9 37.9 37.9 37.9 
Compn 3.85 3.85 3.85 3.85 3.85 

TABLE I-6 

Hardness Distribution of Core (JIS-C 

Ex. Ex. Ex. Ex. Ex. 
I-6 I-7 I-8 I-9 I-10 

H(0.0) S3.6 51.4 54.2 S4.9 53.3 
H(12.5) 58.2 57.5 S8.1 S8.9 58.3 
H(25.0) 61.6 61.1 62.O 63.5 62.5 
H(37.5) 64.9 63.4 64.1 66.8 65.3 
H(50.0) 67.1 67.5 66.O 68.2 67.2 
H(62.5) 70.6 73.4 70.6 69.7 71.5 
H(75.0) 74.8 77.3 76.1 76.2 76.9 
H(87.5) 79.9 81.2 79.7 79.6 804 
HS 83.6 84.2 82.8 82.6 83.7 
Hs - H(0) 3O.O 32.8 28.6 27.7 3O4 
Diameter (mm) 37.9 37.9 37.9 37.9 37.9 
Comp'n 3.87 3.83 3.85 3.86 3.84 

TABLE I-7 

Hardness Distribution of Core (JIS-C 

Comp. 
Ex. Ex. Ex. Ex. Ex. 
I-11 I-12 I-13 I-14 I-1 

H(0.0) 56.5 59.2 S4.O 57.5 61.9 
H(12.5) 59.6 61.4 59.6 63.4 63.1 
H(25.0) 61.9 63.1 62.8 66.5 642 
H(37.5) 62.5 63.7 64.O 68.5 642 
H(50.0) 66.3 66.5 66.4 69.6 66.8 
H(62.5) 734 70.6 71.2 70.8 70.3 
H(75.0) 75.0 71.8 75.2 74.3 70.4 
H(87.5) 77.8 72.6 78.4 78.1 68.4 
HS 80.9 78.4 81.6 82.2 70.2 
Hs - H(0) 24.4 19.2 27.6 24.7 8.3 
Diameter (mm) 37.9 37.9 37.1 37.9 37.9 
Compn 3.86 3.85 3.85 3.86 3.86 

TABLE I-8 

Hardness Distribution of Core (JIS-C 

Comp. Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. 
I-2 I-3 I-4 I-5 

H(0.0) S4.O S4O S4.O S4O 
H(12.5) 59.7 59.7 59.7 59.7 
H(25.0) 62.9 62.9 62.9 62.9 
H(37.5) 642 642 642 642 
H(50.0) 66.6 66.6 66.6 66.6 
H(62.5) 71.4 71.4 71.4 71.4 
H(75.0) 75.4 75.4 75.4 75.4 
H(87.5) 78.7 78.7 78.7 78.7 





US 2013/031 6850 A1 

Spin (rpm) 
Flight distance (m) 

Core 

Composition 
Acid/salt (PHR) 
R2 
Hs - H(0) 
Diameter (mm) 
Comp'n 
Inner cover 

Composition 

Thickness (mm) 
Hardness Hi (JIS-C) 
Mid cover 

Composition 

Thickness (mm) 
Hardness Him (JIS-C) 
Outer cover 

Composition 

Thickness (mm) 
Hardness Ho (JIS-C) 
Ball 

Hi - His 
Ho-Hi 
Cover thickness (mm) 
Compn 
Spin (rpm) 
Flight distance (m) 

Core 

Composition 
Acid/salt (PHR) 
R2 
Hs - H(0) 
Diameter (mm) 
Compn 
Inner cover 

Composition 
Thickness (mm) 
Hardness Hi (JIS-C) 

TABLE I-12-continued 

Results of Evaluation 

Ex. Ex. Ex. 

I-11 I-12 I-13 

3996 4012 4036 

145.5 145.4 145.1 

TABLE I-13 

Results of Evaluation 

Comp. Comp. 
Ex. Ex. 
I-2 I-3 

B B 
1O.O 1O.O 
O.99 O.99 

28.1 28.1 
37.9 37.9 
3.85 3.85 

C6 C5 
O.8 O.8 

76 79 

C3 C3 
O.8 O.8 
85 85 

C7 C7 
O.8 O.8 

92 92 

-6.1 -3.1 
16 13 
2.4 2.4 
3.25 3.25 

4193 4112 
143.9 1445 

TABLE I-14 

Results of Evaluation 

Comp. Comp. 
Ex. Ex. 
I-6 I-7 

B B 
1O.O 1O.O 
O.99 O.99 

28.1 28.1 
37.9 37.9 
3.85 3.85 

C6 C4 
O.8 1.2 

76 83 

Ex. 

I-14 

4022 

145.2 

Comp. 
Ex. 
I-4 

O.99 
28.1 
37.9 
3.85 

-6.1 
16 
2.4 
3.25 

4121 
1444 

Comp. 
Ex. 
I-8 

O.94 
23.3 
37.9 
3.86 

Comp. 
Ex. 

I-1 

4145 

144.1 

Comp. 
Ex. 
I-5 

O.99 
28.1 
37.9 
3.85 

-3.1 
13 
2.4 
3.31 

1436 

Comp. 
Ex. 
I-9 

28.1 
37.9 
3.85 
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TABLE I-14-continued 

Results of Evaluation 

Comp. Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. 
I-6 I-7 I-8 I-9 

Mid cover 

Composition C5 C3 C3 
Thickness (mm) O.8 O.8 O.8 
Hardness Him (JIS-C) 79 85 85 
Outer cover 

Composition C7 C7 C7 C8 
Thickness (mm) O.8 1.2 O.8 O.8 
Hardness Ho (JIS-C) 92 92 92 81 
Ball 

Hi - His -6 O.9 0.7 O.9 
Ho-Hi 16 9 9 -2 
Cover thickness (mm) 2.4 2.4 2.4 2.4 
Compn 3.31 3.22 3.23 3.26 
Spin (rpm) 426S 4088 406S 4091 
Flight distance (m) 143.3 144.7 1448 144.6 

0404 As shown in Tables I-10 to I-14, the golf balls 
according to Examples have excellent flight performance 
upon a shot with a middle iron. From the results of evaluation, 
advantages of the present invention are clear. 

Experiment 2 
Example II-1 

0405. A rubber composition was obtained by kneading 
100 parts by weight of a high-cis polybutadiene (trade name 
“BR-730, manufactured by JSR Corporation), 27.0 parts by 
weight of zinc diacrylate (trade name “Sanceler SR', manu 
factured by SANSHIN CHEMICAL INDUSTRY CO., 
LTD.). 5.0 parts by weight of zinc oxide, an appropriate 
amount of barium sulfate, 0.2 parts by weight of 2-naphtha 
lenethiol, 10.0 parts by weight of zinc stearate, and 0.75 parts 
by weight of dicumyl peroxide. This rubber composition was 
placed into a mold including upper and lower mold halves 
each having a hemispherical cavity, and heated at 170° C. for 
25 minutes to obtain a core with a diameter of 36.3 mm. The 
amount of barium sulfate was adjusted Such that the weight of 
a golfball is 45.4g. 
0406 A resin composition was obtained by kneading 40 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 40 parts by weight of another ionomer 
resin (the aforementioned “Himilan AM7329), 20 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The core was placed into a mold. The resin compo 
sition was injected around the core by injection molding to 
form a first cover with a thickness of 0.8 mm. 
0407. A resin composition was obtained by kneading 45 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 40 parts by weight of another ionomer 
resin (the aforementioned “Himilan AM7329), 15 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The sphere consisting of the core and the first cover 
was placed into a mold. The resin composition was injected 
around the sphere by injection molding to form a second 
cover with a thickness of 0.8 mm. 
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0408. A resin composition was obtained by kneading 51 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 40 parts by weight of another ionomer 
resin (the aforementioned “Himilan AM7329), 9 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The sphere consisting of the core, the first cover, and 
the second cover was placed into a mold. The resin compo 
sition was injected around the sphere by injection molding to 
form a third cover with a thickness of 0.8 mm. 

04.09. A resin composition was obtained by kneading 5 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 10 parts by weight of another ionomer 
resin (the aforementioned “Himilan 1555), 55 parts by 
weight of still another ionomer resin (the aforementioned 
“Himilan AM7329), 30 parts by weight of an ethylene 
(meth)acrylic acid copolymer (trade name “NUCREL 
N1050H, manufactured by Du Pont-MITSUI POLY 
CHEMICALS Co., Ltd.), 3 parts by weight of titanium diox 
ide, and 0.2 parts by weight of an ultraviolet absorber (trade 
name “TINUVIN 770, manufactured by Ciba Japan K.K.) 
with a twin-screw kneading extruder. The sphere consisting 
of the core, the first cover, the second cover, and the third 
cover was placed into a final mold having a large number of 
pimples on its cavity face. The resin composition was injected 
around the sphereby injection molding to form a fourth cover 
with a thickness of 0.8 mm. Dimples having a shape that is the 
inverted shape of the pimples were formed on the fourth 
cover. A clear paint including a two-component curing type 
polyurethane as a base material was applied to the fourth 
cover to obtain a golfball of Example II-1 with a diameter of 
42.7 mm. 

Examples II-2 to II-14 and Comparative Examples 
II-1 to II-10 

0410 Golf balls of Examples II-2 to II-14 and Compara 
tive Examples II-1 to II-10 were obtained in the same manner 
as Example II-1, except the specifications of the core, the first 
cover, the second cover, the third cover, and the fourth cover 
were as shown in Tables II-9 to II-13 below. The composition 
of the core is shown in detail in Tables II-1 and II-2 below. The 
composition of the cover is shown in detail in Table II-3 
below. A hardness distribution of the core is shown in Tables 
II-4 to II-8 below. The golf ball according to Comparative 
Example II-5 does not have a second cover and a third cover. 
The golf ball according to Comparative Example II-6 does 
not have a third cover. The golfball according to Comparative 
Example II-7 does not have a third cover. 
0411 Hit with Middle Iron (I#5) 
0412. A 5-iron (trade name “XXIO’, manufactured by 
DUNLOPSPORTS CO. LTD., shaft hardness: R, loft angle: 
24) was attached to a Swing machine manufactured by Golf 
Laboratories, Inc. A golfball was hit under the condition of a 
head speed of 34 m/sec. The spin rate was measured imme 
diately after the hit. Furthermore, the distance from the 
launch point to the stop point was measured. The average 
value of data obtained by 12 measurements is shown in Tables 
II-9 to II-13 below. 

32 
Nov. 28, 2013 

TABLE II-1 

Composition of Core (parts by weight 

A. B C D E F 

BR-730 1OO 100 1OO 100 100 1OO 
Sanceler SR 27.0 25.5 2S.O 2SO 26.0 25.5 
Zinc oxide S.O S.O S.O S.O S.O S.O 
Barium sulfate : : : : : : 

2-naphthalene- O.2 O.2 O.2 O.2 O.2 O.2 
thiol 
Zinc octoate 2.5 S.O 
Zinc laurate 1O.O 
Zinc myristate S.O 1O.O 
Zinc stearate 1O.O 
Dicumyl 0.75 0.75 0.75 0.75 0.75 0.75 
peroxide 

* Appropriate amount 

TABLE II-2 

Composition of Core (parts by weight 

G H I J K 

BR-730 100 100 100 100 100 
Sanceler SR 27.5 29.5 27.0 26.5 31.5 
Zinc oxide S.O S.O S.O S.O S.O 
Barium sulfate : : : : : 

2-naphthalenethiol O.2 O.2 O.2 O.2 O.2 
Zinc octoate 
Zinc laurate 
Zinc myristate 
Zinc stearate 2O.O 3O.O O.S 40.O 
Dicumyl peroxide 0.75 0.75 0.75 0.75 0.75 

* Appropriate amount 

0413. The details of the compounds listed in Tables II-1 
and II-2 are as follows. 

0414 BR-730: a high-cis polybutadiene manufactured by 
JSR Corporation (cis-1,4-bond content: 96% by weight, 1.2- 
vinyl bond content: 1.3% by weight, Mooney viscosity 
(ML.(100° C.)) 55, molecular weight distribution (Mw/ 
Mn): 3) 
0415 Sanceler SR: Zinc diacrylate manufactured by SAN 
SHIN CHEMICAL INDUSTRY CO., LTD. (a product 
coated with 10% by weight of stearic acid) 
0416 Zinc oxide: trade name “Ginrei R' manufactured by 
Toho Zinc Co., Ltd. 

0417 Barium sulfate: trade name “Barium Sulfate BD” 
manufactured by Sakai Chemical Industry Co., Ltd. 
0418 2-naphthalenethiol: a product of Tokyo Chemical 
Industry Co., Ltd. 

0419 Zinc octoate: a product of Mitsuwa Chemicals Co., 
Ltd. 

0420 Zinc laurate: a product of Mitsuwa Chemicals Co., 
Ltd. 

0421 Zinc myristate: a product of NOF Corporation 
0422 Zinc stearate: a product of Wako Pure Chemical 
Industries, Ltd. 
0423 Dicumyl peroxide: trade name “Percumyl D' manu 
factured by NOF Corporation 
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First cover 

Composition 

Thickness T1 (mm) 
Hardness H1 (JIS-C) 
Second cover 

Composition 

Thickness T2 (mm) 
Hardness H2 (JIS-C) 
Third cover 

Composition 

Thickness T3 (mm) 
Hardness H3 (JIS-C) 
Fourth cover 

Composition 

Thickness T4 (mm) 
Hardness H4 (JIS-C) 
H1 - HS 
H4 - H1 
T1-T2 -- T3 - T4 

(mm) 
Ball Compn 
Spin (rpm) 
Flight distance (m) 

Core 

Composition 
Acid salt 
Compn 
R2 
Diameter (mm) 
First cover 

Composition 

Thickness T1 (mm) 
Hardness H1 (JIS-C) 
Second cover 

Composition 

Thickness T2 (mm) 
Hardness H2 (JIS-C) 
Third cover 

Composition 

Thickness T3 (mm) 
Hardness H3 (JIS-C) 
Fourth cover 

Composition 

Thickness T4 (mm) 
Hardness H4 (JIS-C) 
H1 - HS 
H4 - H1 
T1-T2 -- T3 - T4 
(mm) 
Ball Compn 

TABLE II-9-continued 

Results of Evaluation 

Ex. Ex. Ex. 
I-1 II-2 II-3 

C4 C4 C2 
O.8 O.8 O.8 

85 85 89 

C3 C5 C4 
O.8 O.8 O.8 
87 83 85 

C2 C2 C5 
O.8 O.8 O.8 
89 89 83 

C1 C1 C1 
O.8 O.8 O.8 

92 92 92 
3.6 3.6 7.6 
7 7 3 
3.2 3.2 3.2 

3.21 3.22 3.22 
3915 4028 3925 
146.7 145.8 146.6 

TABLE II-10 

Results of Evaluation 

Ex. Ex. Ex. 
II-6 II-7 II-8 

A. B C 
1O.O 2.5 S.O 
3.85 3.87 3.83 
0.97 O.99 O.99 

31.5 36.3 36.3 

C4 C4 C4 
1.4 O.8 O.8 

85 85 85 

C3 C3 C3 
1.4 O.8 O.8 

87 87 87 

C2 C2 C2 
1.4 O.8 O.8 

89 89 89 

C1 C1 C1 
1.4 O.8 O.8 

92 92 92 
8.2 2.6 1.8 
7 7 7 
S.6 3.2 3.2 

3.19 3.23 3.19 

Ex. 
II-4 

92 
7.6 
3 
3.2 

3.22 
3949 
146.4 

Ex. 
II-9 

1O.O 
3.85 
O.99 

36.3 

O.8 
92 
3.1 

3.2 

3.21 

Ex. 
II-S 

C2 
O.8 
89 

92 
3.6 
7 
3.2 

3.23 
4002 
146.0 

Ex. 
II-10 

3.86 
O.99 

36.3 

O.8 
92 
3.3 

3.2 

3.22 

34 

Spin (rpm) 
Flight distance (m) 

Core 

Composition 
Acid salt 
Compn 
R2 
Diameter (mm) 
First cover 

Composition 

Thickness T1 (mm) 
Hardness H1 (JIS-C) 
Second cover 

Composition 

Thickness T2 (mm) 
Hardness H2 (JIS-C) 
Third cover 

Composition 

Thickness T3 (mm) 
Hardness H3 (JIS-C) 
Fourth cover 

Composition 

Thickness T4 (mm) 
Hardness H4 (JIS-C) 
H1 - HS 
H4 - H1 
T1-T2 -- T3 - T4 
(mm) 
Ball Compn 
Spin (rpm) 
Flight distance (m) 

Core 

Composition 
Acid salt 
Compn 
R2 
Diameter (mm) 
First cover 

Composition 
Thickness T1 (mm) 
Hardness H1 (JIS-C) 
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TABLE II-10-continued 

Results of Evaluation 

Ex. Ex. Ex. 
II-6 I-7 I-8 

4O68 3929 3882 

145.6 146.6 146.9 

TABLE II-11 

Results of Evaluation 

Ex. Ex. Ex. 
II-11 I-12 II-13 

F G H 
1O.O 2O.O 3O.O 
3.84 3.86 3.85 
O.99 0.97 0.97 

36.3 36.3 36.3 

C4 C4 C4 
O.8 O.8 O.8 

85 85 85 

C3 C3 C3 
O.8 O.8 O.8 

87 87 87 

C2 C2 C2 
O.8 O.8 O.8 

89 89 89 

C1 C1 C1 
O.8 O.8 O.8 

92 92 92 
2.2 S.1 7.4 
7 7 7 
3.2 3.2 3.2 

3.20 3.22 3.21 
3929 3996 4007 
146.6 146.0 145.9 

TABLE II-12 

Results of Evaluation 

Comp. Comp. Comp. 
Ex. Ex. Ex. 
II-3 II-4 II-S 

A. A. A. 
1O.O 1O.O 1O.O 
3.85 3.85 3.85 
O.99 O.99 O.99 

36.3 36.3 37.9 

C6 C7 C5 
O.8 O.8 1.2 

79 76 83 

Ex. 
II-9 

3973 

146.2 

Comp. 
Ex. 
I-1 

A. 
1O.O 
3.85 
O.99 

36.3 

C1 
O.8 

92 
-5.4 
16 
3.2 

3.23 
42.19 
144.2 

Comp. 
Ex. 
II-6 

1O.O 
3.85 
O.99 

36.3 

C5 
1.O 

83 

Ex. 
II-10 

3986 

146.1 

Comp. 
Ex 
II-2 

A. 
1O.O 
3.85 
O.99 

36.3 

C1 
O.8 
92 
-5.4 
16 
3.2 

3.24 
4341 
143.3 

Comp. 
Ex 
II-7 

3.85 
O.99 

36.3 

83 
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TABLE II-12-continued 

Results of Evaluation 

Comp. Comp. Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. Ex. 
II-3 II-4 II-S II-6 II-7 

Second cover 

Composition C2 C2 C4 C6 
Thickness T2 (mm) O.8 O.8 1.O 1.O 
Hardness H2 (JIS-C) 89 89 85 79 
Third cover 

Composition C7 C6 
Thickness T3 (mm) O.8 O.8 
Hardness H3 (JIS-C) 76 79 
Fourth cover 

Composition C1 C1 C1 C1 C1 
Thickness T4 (mm) O.8 O.8 1.2 1.2 1.2 
Hardness H4 (JIS-C) 92 92 92 92 92 
H1 - HS -2.4 -5.4 O.9 1.6 1.6 
H4 - H1 13 16 9 9 9 
T1-T2 -- T3 - T4 3.2 3.2 2.4 3.2 3.2 

(mm) 
Ball Compn 3.24 3.24 3.22 3.22 3.23 
Spin (rpm) 42O1 4245 4091 4106 4131 
Flight distance (m) 144.4 144.0 145.2 145.2 145.0 

TABLE II-13 

Results of Evaluation 

Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. 
II-8 II-14 II-9 II-10 

Core 

Composition I J K A. 
Acid salt O.O O.S 40.O 1O.O 
Compn 3.86 3.86 3.86 3.85 
R2 O.94 0.97 O.84 O.99 
Diameter (mm) 36.3 36.3 36.3 36.3 
First cover 

Composition C4 C4 C4 C3 

Thickness T1 (mm) O.8 O.8 O.8 O.8 
Hardness H1 (JIS-C) 85 85 85 87 
Second cover 

Composition C3 C3 C3 C2 
Thickness T2 (mm) O.8 O.8 O.8 O.8 
Hardness H2 (JIS-C) 87 87 87 89 
Third cover 

Composition C2 C2 C2 C1 
Thickness T3 (mm) O.8 O.8 O.8 O.8 
Hardness H3 (JIS-C) 89 89 89 92 
Fourth cover 

Composition C1 C1 C1 C4 

Thickness T4 (mm) O.8 O.8 O.8 O.8 
Hardness H4 (JIS-C) 92 92 92 85 
H1 - HS 3.8 3.9 1S.O S.6 
H4 - H1 7 7 7 -2 
T1 +T2 + T3 + T4 (mm) 3.2 3.2 3.2 3.2 
Ball Compn 3.22 3.22 3.22 3.21 
Spin (rpm) 4096 4024 4143 4158 
Flight distance (m) 145.2 145.8 144.9 144.7 

0424. As shown in Tables II-9 to II-13, the golf balls 
according to Examples have excellent flight performance 
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upon a shot with a middle iron. From the results of evaluation, 
advantages of the present invention are clear. 

Experiment 3 

Example III-1 

0425 A rubber composition was obtained by kneading 
100 parts by weight of a high-cis polybutadiene (trade name 
“BR-730, manufactured by JSR Corporation), 27 parts by 
weight of zinc diacrylate (trade name “Sanceler SR', manu 
factured by SANSHIN CHEMICAL INDUSTRY CO., 
LTD.), 5 parts by weight of zinc oxide, an appropriate amount 
of barium sulfate, 0.2 parts by weight of 2-thionaphthol, 10 
parts by weight of zinc stearate, and 0.75 parts by weight of 
dicumyl peroxide. This rubber composition was placed into a 
mold including upper and lower mold halves each having a 
hemispherical cavity, and heated at 170° C. for 25 minutes to 
obtain a core with a diameter of 37.9 mm. The amount of 
barium sulfate was adjusted such that the weight of a golfball 
is 45.4g. 
0426. A resin composition was obtained by kneading 26 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 40 parts by weight of another ionomer 
resin (the aforementioned “Himilan AM7329), 34 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The core was placed into a mold. The resin compo 
sition was injected around the core by injection molding to 
form an inner cover with a thickness of 0.8 mm. 

0427. A resin composition was obtained by kneading 45 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 40 parts by weight of another ionomer 
resin (the aforementioned “Himilan AM7329), 15 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The sphere consisting of the core and the inner cover 
was placed into a mold. The resin composition was injected 
around the sphere by injection molding to form a mid cover 
with a thickness of 0.8 mm. 

0428. A resin composition was obtained by kneading 5 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 10 parts by weight of another ionomer 
resin (the aforementioned “Himilan 1555”), 55 parts by 
weight of still another ionomer resin (the aforementioned 
“Himilan AM7329), 30 parts by weight of an ethylene 
(meth)acrylic acid copolymer (trade name “NUCREL 
N1050H, manufactured by Du Pont-MITSUI POLY 
CHEMICALS Co., Ltd.), 3 parts by weight of titanium diox 
ide, and 0.2 parts by weight of an ultraviolet absorber (trade 
name “TINUVIN 770, manufactured by Ciba Japan K.K.) 
with a twin-screw kneading extruder. The sphere consisting 
of the core, the inner cover, and the mid cover was placed into 
a final mold having a large number of pimples on its cavity 
face. The resin composition was injected around the sphereby 
injection molding to form an outer cover with a thickness of 
0.8 mm. Dimples having a shape that is the inverted shape of 
the pimples were formed on the outer cover. A clear paint 
including a two-component curing type polyurethane as a 
base material was applied to the outer cover to obtain a golf 
ball of Example III-1 with a diameter of 42.7 mm. 
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Examples III-2 to III-15 and Comparative Examples 
III-1 to III-9 

0429 Golfballs of Examples III-2 to III-15 and Compara 
tive Examples III-1 to III-9 were obtained in the same manner 
as Example III-1, except the specifications of the core, the 
inner cover, the mid cover, and the outer cover were as shown 
in Tables III-8 to III-12 below. The composition of the core is 
shown in detail in Tables III-1 to III-3 below. A hardness 
distribution of the core is shown in Tables III-4 and III-5 
below. The compositions of the inner cover, the mid cover, 
and the outer cover are shown in detail in Tables III-6 and III-7 
below. The golfball according to Comparative Example III-7 
does not have a mid cover. 
0430 Hit with Middle Iron (I#5) 
0431. A 5-iron (trade name “XXIO’, manufactured by 
DUNLOP SPORTS CO. LTD., shaft hardness: R) was 
attached to a Swing machine manufactured by Golf Labora 
tories, Inc. A golf ball was hit under the following condition 
1, and the spin rate immediately after the hit and the distance 
from the launch point to the stop point were measured. The 
average value S1 of spin rates and the average value D1 of 
flight distances obtained by 10 measurements were calcu 
lated. Furthermore, a golf ball was hit under the following 
condition 2, and the spin rate immediately after the hit and the 
distance from the launch point to the stop point were mea 
Sured. The average value S2 of spin rates and the average 
value D2 of flight distances obtained by 10 measurements 
were calculated. 
0432 Condition 1 
0433 Head speed: 34 m/sec 
0434) Effective loft angle: 23.5° 
0435 Hitting point: a point lower than the face center by 
5 mm. 

0436 Condition 2 
0437. Head speed: 34 m/sec 
0438) Effective loft angle: 20.5° 
0439 Hitting point: a point higher than the face center 
by 5 mm. 

The spin rate under the condition 1 is higher than the spin rate 
under the condition 2. The flight distance under the condition 
1 is smaller than the flight distance under the condition 2. The 
average value S1 of the spin rates, the average value D1 of the 
flight distances, the average value S2 of the spin rates, the 
average value D2 of the flight distances, the difference (S1 
S2), and the difference (D2-D1) are shown in Tables III-8 to 
III-12 below. 
0440 Feel at Impact 
0441 Ten golf players hit golf balls with middle irons 
(I#5) and represented feel at impact of the golf balls as 
indexes for which 5.0 points are a perfect score. The average 
value of the indexes is shown as an evaluation result in Tables 
III-8 to III-12 below. The higher the numerical value is, the 
better the result is. 

TABLE III-1 

Composition of Core (parts by weight 

A. B C D 

BR-730 1OO 100 1OO 100 
Sanceler SR 27.0 26.5 27.0 27.5 
Zinc oxide 5 5 5 5 
Barium sulfate : : : : 

2-thionaphthol O.2 O.2 O.2 O.2 

36 
Nov. 28, 2013 

TABLE III-1-continued 

Composition of Core (parts by weight 

A. B C D 

Zinc octoate 
Zinc laurate 
Zinc myristate 
Zinc stearate O.S 1O.O 2O.O 
Dicumyl peroxide 0.75 0.75 0.75 0.75 

* Appropriate amount 

TABLE III-2 

Composition of Core (parts by weight 

E F G H 

BR-730 100 1OO 100 1OO 
Sanceler SR 29.5 31.5 25.5 2S.O 
Zinc oxide 5 5 5 5 
Barium sulfate : : : : 

2-thionaphthol O.2 O.2 O.2 O.2 
Zinc octoate 2.5 S.O 
Zinc laurate 
Zinc myristate 
Zinc stearate 3O.O 40.O 
Dicumyl peroxide 0.75 0.75 0.75 0.75 

* Appropriate amount 

TABLE III-3 

Composition of Core (parts by weight 

I J K 

BR-730 100 100 1OO 
Sanceler SR 2S.O 26.0 25.5 
Zinc oxide 5 5 5 
Barium sulfate : : : 

2-thionaphthol O.2 O.2 O.2 
Zinc octoate 
Zinc laurate 1O.O 
Zinc myristate S.O 1O.O 
Zinc stearate 
Dicumyl peroxide 0.75 0.75 0.75 

* Appropriate amount 

0442. The details of the compounds listed in Tables III-1 to 
III-3 are as follows. 
0443 BR-730: a high-cis polybutadiene manufactured by 
JSR Corporation (cis-1,4-bond content: 96% by weight, 1.2- 
vinyl bond content: 1.3% by weight, Mooney viscosity 
(ML (100° C.)): 55, molecular weight distribution (Mw/ 
Mn): 3) 
0444 Sanceler SR: Zinc diacrylate manufactured by SAN 
SHIN CHEMICAL INDUSTRY CO., LTD. (a product 
coated with 10% by weight of stearic acid) 
0445 Zinc oxide: trade name “Ginrei R' manufactured by 
Toho Zinc Co., Ltd. 
0446 Barium sulfate: trade name “Barium Sulfate BD” 
manufactured by Sakai Chemical Industry Co., Ltd. 
0447 2-thionaphthol: a product of Tokyo Chemical Indus 
try Co., Ltd. 
0448 Zinc octoate: a product of Mitsuwa Chemicals Co., 
Ltd. 

0449 Zinc laurate: a product of Mitsuwa Chemicals Co., 
Ltd. 
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0450 
0451 
Industries, Ltd. 
0452 
factured by NOF Corporation 

A. B C D E F 

H(0) 59.0 57.5 S4O 56.5 59.2 61.9 
H(12.5) 64.4 63.4 59.7 59.6 614 63.1 
H(25.0) 67.0 66.5 62.9 61.9 63.1 642 
H(37.5) 67.4 68.5 642 62.5 63.7 642 
H(50.0) 68.3 69.6 66.6 66.3 66.5 66.8 
H(62.5) 70.2 70.8 71.4 73.4 70.6 70.3 
H(75.0) 73.6 74.3 75.4 7S.O 71.8 70.4 
H(87.5) 78.2 78.1 78.7 77.8 72.6 68.4 
HS 82.3 82.2 82.1 80.9 78.4 70.2 
Hs - H(0) 23.3 24.7 28.1 24.4 19.2 8.3 
Diameter (mm) 37.9 37.9 37.9 37.9 37.9 37.9 
Compn 3.86 3.86 3.85 3.86 3.85 3.86 

TABLE III-5 

Hardness Distribution of Core 

G H I J K 

H(0) S3.6 514 54.2 S4.9 53.3 
H(12.5) 58.2 57.5 S8.1 58.9 58.3 
H(25.0) 61.6 61.1 62.O 63.5 62.5 
H(37.5) 64.9 63.4 64.1 66.8 65.3 
H(50.0) 67.1 67.5 66.O 68.2 67.2 
H(62.5) 70.6 734 70.6 69.7 71.5 
H(75.0) 74.8 77.3 76.1 76.2 76.9 
H(87.5) 79.9 81.2 79.7 79.6 804 
HS 83.6 84.2 82.8 82.6 83.7 
Hs - H(0) 3O.O 32.8 28.6 27.7 3O4 
Diameter (mm) 37.9 37.9 37.9 37.9 37.9 
Compn 3.87 3.83 3.85 3.86 3.84 

TABLE III-6 

Composition of Cover (parts by weight 

TABLE III-4 

Hardness Distribution of Core 

Himilan AM7337 
Himilan 1555 
Himilan AM7329 
NUCRELN1OSOH 
Rabalon T3221C 
Titanium dioxi 
(A220) 
TINUVIN 770 
Hardness (JIS 

de 

C) 
Hardness (Shore D) 

Composition of Cover (parts by weight 

Himilan AM7337 
Himilan 1555 
Himilan AM7329 
NUCRELN1OSOH 

C1 

5 
10 
55 
30 

TABLE III-7 

30 

40 

26 

40 

30 

30 

40 

40 

Zinc myristate: a product of NOF Corporation 
Zinc stearate: a product of Wako Pure Chemical 

Dicumyl peroxide: trade name “Percumyl D' manu 

C4 

24 

50 

26 
6 

83 
52 

26 

30 
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TABLE III-7-continued 

Composition of Cover (parts by weight) 

Rabalon T3221C 
Titanium dioxide 

(A220) 
TINUVIN 770 

Hardness (JIS-C) 
Hardness (Shore D) 

Core 

Composition 
Acid and/or salt (PHR) 
R2 
Hs - H(0) 
Diameter (mm) 
Comp'n 
Inner cover 

Composition 

Thickness (mm) 
Hardness Hi (JIS-C) 
Mid cover 

Composition 
Thickness (mm) 
Hardness Him (JIS-C) 
Outer cover 

Composition 
Thickness (mm) 
Hardness Ho (JIS-C) 
Ball 

Ho-Hi 
Hs - Hi 
Cover thickness (mm) 
Compn 
Spin S1 (rpm) 
Flight distance D1 (m) 
Spin S2 (rpm) 
Flight distance D2 (m) 
S1 - S2 (rpm) 
D1 - D2 (m) 
Feel at impact 

Core 

Composition 
Acid and/or salt (PHR) 
R2 
Hs - H(0) 
Diameter (mm) 
Compn 

C5 C6 

30 34 

6 6 

79 76 

48 45 

TABLE III-8 

40 

6 

71 

40 

Results of Evaluation 

Ex. Ex. 
III-1 III-2 

C C 
1O.O 1O.O 
O.99 O.99 

28.1 28.1 
37.9 37.9 
3.85 3.85 

C6 C6 
O.8 O.8 

76.O 76.O 

C2 C4 
O.8 O.8 

87.O 83.0 

C1 C1 
O.8 O.8 

92.0 92.0 

16.0 16.O 
6.1 6.1 
2.4 2.4 
3.25 3.27 

4524 4588 
140.9 140.4 

3518 3649 
149.0 147.9 

1OO6 939 
8.0 7.5 
3.5 3.8 

TABLE III-9 

Ex. 
III-3 

O.99 
28.1 
37.9 
3.85 

C1 
O.8 

92.0 

16.O 
6.1 
2.4 
3.29 

4703 
139.5 

3800 
146.7 
903 

7.2 
4.5 

Results of Evaluation 

Ex. 
III-6 

2.5 

3.87 

Ex. 
III-7 

O.99 
32.8 
37.9 
3.83 

Ex. 
III-8 

I 
1O.O 
O.99 

28.6 
37.9 
3.85 

C8 

44 

6 

68 

37 

Ex. Ex. 
III-4 III-5 

C C 
1O.O 1O.O 
O.99 O.99 

28.1 28.1 
37.9 37.9 
3.85 3.85 

C5 C7 
O.8 O.8 

79.0 71.O 

C4 C6 
O.8 O.8 

83.0 76.O 

C1 C1 
O.8 O.8 

92.0 92.0 

13.0 21.0 
3.1 11.1 
2.4 2.4 
3.25 3.28 

4516 4751 
1410 139.1 

3553 3852 
148.7 146.3 
963 899 

7.7 7.2 
3.6 4.3 

Ex. Ex. 
III-9 III-10 

J K 
S.O 1O.O 
O.98 O.99 

27.7 30.4 
37.9 37.9 
3.86 3.84 
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TABLE III-9-continued TABLE III-10-continued 

Results of Evaluation Results of Evaluation 

Ex. Ex. Ex. Ex. Ex. 
III-6 III-7 III-8 III-9 III-10 Ex. Ex. Ex. Ex. Ex. 

III-11 III-12 III-13 III-14 III-15 
Inner cover 

Composition C6 C6 C6 C6 C6 S1 - S2 (rpm) 978 939 993 98O 917 
Thickness (mm) O.8 O.8 O.8 O.8 O.8 D1 - D2 (m) 7.8 7.5 7.9 7.8 7.3 
Hardness Hi (JIS-C) 76.O 76.0 76.O 76.O 76.0 Feel at impact 3.4 3.4 3.4 3.3 4.7 
Mid cover 

Composition C4 C4 C4 C4 C4 
Thickness (mm) O.8 O.8 O.8 O.8 O.8 
Hardness Him (JIS-C) 83.0 83.0 83.0 83.0 83.0 TABLE III-11 
Outer cover 

Results of Evaluation 
Composition C1 C1 C1 C1 C1 
Thickness (mm) O.8 O.8 O.8 O.8 O.8 Comp. Comp. Comp. Comp. Comp. 
Hardness Ho (JIS-C) 92.0 92.0 92.0 92.O 92.0 Ex. Ex. Ex. Ex. Ex. 
Ball III-1 III-2 III-3 III-4 III-5 

Ho-Hi 16.O. 16.O 16.0 16.O. 16.O Core 

Hs - Hi 7.6 8.2 6.8 6.6 7.7 Composition F C C C C 

Coverthickness (mm) 2.4 2.4 2.4 2.4 2.4 Acid and/or salt (PHR) 40.0 10.0 1O.O 1.O.O. 10.O 
Compn 3.29 3.25 3.27 3.28 3.26 R2 O.84 O.99 O.99 O.99 O.99 
Spin S1 (rpm) 4548 4513 4579 4596 4549 Hs - H(0) 8.3 28.1 28.1 28.1 28.1 
Flight distance D1 (m) 140.7 1410 1405 1403 140.7 Diameter (mm) 37.9 37.9 37.9 37.9 37.9 
Spin S2 (rpm) 3576 3527 3627 3653. 3589 Comp'n 3.86 3.85 3.85 3.85 3.85 
Flight distance D2 (m) 148.5 148.9 148.1 147.9 148.4 Inner cover 
S1 - S2 (rpm) 972 986 952 943 960 
D1 - D2 (m) 7.8 7.9 7.6 7.5 7.7 Composition C6 C2 C2 C4 C3 
Feel at impact 3.8 3.9 3.7 3.5 3.7 Thickness (mm) O.8 O.8 O.8 O.8 O.8 

Hardness Hi (JIS-C) 76.O 87.O 87.O 83.0 8S.O 
Mid cover 

TABLE III-10 Composition C4 C6 C4 C2 C5 
Thickness (mm) O.8 O.8 O.8 O.8 O.8 

Results of Evaluation Hardness Him (JIS-C) 83.0 76.O 83.0 87.O 79.0 
Outer cover 

Ex. Ex. Ex. Ex. Ex. 
III-11 III-12 III-13 III-14 III-15 Composition C1 C1 C1 C1 C1 

hickness (mm) O.8 O.8 O.8 O.8 O.8 
Core Hardness Ho (JIS-C) 92.0 92.0 92.0 92.0 92.0 

Ball 
Composition D E C B C 
Acid and/or salt (PHR) 20.0 30.0 1O.O OS 10.O Ho-Hi 16.0 S.O S.O 9.0 7.0 
R2 O.97 0.96 O.99 O.96 O.99 Hs - Hi -5.8 -4.9 -4.9 -0.9 -2.9 
Hs - H(0) 24.4 19.2 27.6 24.7 28.1 Cover thickness (mm) 2.4 2.4 2.4 2.4 2.4 
Diameter (mm) 37.9 37.9 37.1 37.9 37.9 Compn 3.28 3.25 3.23 3.23 3.25 
Comp'n 3.86 3.85 3.85 3.86 3.85 Spin S1 (rpm) 48.11 446S 4415 4446 4455 
Inner cover Flight distance D1 (m) 138.4 141.4 141.8 141.5 141.5 

Spin S2 (rpm) 3783 3292 3.192 3298 3384 
Composition C6 C6 C5 C6 C6 Flight distance D2 (m) 146.7 1SO.8 151.6 150.7 1SO.O 
Thickness (mm) O.8 O.8 1.O O.8 O.8 S1 - S2 (rpm) 1032 1173 1223 1148 1071 
Hardness Hi (JIS-C) 76.O 76.O 79.0 76.O 76.O D1 - D2 (m) 8.3 9.4 9.8 9.2 8.6 
Mid cover Feel at impact 3.2 2.3 1.7 1.9 2.6 

Composition C4 C4 C4 C4 C8 
Thickness (mm) O.8 O.8 1.O O.8 O.8 
Hardness Him (JIS-C) 83.0 83.0 83.0 83.0 68.0 TABLE III-12 
Outer cover 

Results of Evaluation 
Composition C1 C1 C1 C1 C1 
Thickness (mm) O.8 O.8 O.8 O.8 O.8 Comp. Comp. Comp. Comp. 
Hardness Ho (JIS-C) 92.0 92.0 92.0 92.O 92.0 Ex. Ex. Ex. Ex. 
Ball III-6 III-7 III-8 III-9 

Ho - Hi 16.O 16.0 13.0 16.O 16.0 Core 
Hs - Hi 4.9 2.4 2.6 6.2 6.1 
Cover thickness (mm) 2.4 2.4 2.8 2.4 2.4 Composition C C A. C 
Compn 3.28 3.27 3.25 3.28 3.32 Acid and/or salt (PHR) 1O.O 1O.O 1O.O 1O.O 
Spin S1 (rpm) 4632 4646 4584 4612 4788 R2 O.99 O.99 O.94 O.99 
Flight distance D1 (m) 14O.O 139.9 140.4 1402 138.8 Hs - H(0) 28.1 28.1 23.3 28.1 
Spin S2 (rpm) 3654 3707 3591 3634 3871 Diameter (mm) 37.9 37.9 37.9 37.9 
Flight distance D2 (m) 147.9 1474 1484 148.0 146.1 Compn 3.85 3.85 3.86 3.85 
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TABLE III-12-continued 

Results of Evaluation 

Comp. Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. 
III-6 III-7 III-8 III-9 

Inner cover 

Composition C3 C5 C6 C6 
Thickness (mm) O.8 1.2 O.8 O.8 
Hardness Hi (JIS-C) 8S.O 79.0 76.O 76.O 
Mid cover 

Composition C7 C4 C4 
Thickness (mm) O.8 O.8 O.8 
Hardness Him (JIS-C) 71.O 83.0 83.0 
Outer cover 

Composition C1 C1 C1 C7 
Thickness (mm) O.8 1.2 O.8 O.8 
Hardness Ho (JIS-C) 92.0 92.0 92.0 71.O 
Ball 

Ho-Hi 7.0 13.0 16.0 -50 
Hs - Hi -2.9 3.1 6.3 6.1 
Cover thickness (mm) 2.4 2.4 2.4 2.4 
Compn 3.27 3.24 3.28 3.32 
Spin S1 (rpm) 4516 4.483 4682 4846 
Flight distance D1 (m) 1410 141.2 1396 138.5 
Spin S2 (rpm) 3450 3412 3624 3798 
Flight distance D2 (m) 149.5 149.8 148.1 147.0 
S1 - S2 (rpm) 1066 1071 1058 1048 
D1 - D2 (m) 8.5 8.6 8.5 8.5 
Feel at impact 3.1 2.1 3.1 3.2 

0453 As shown in Tables III-8 to III-12, the golf balls 
according to Examples have excellent feel at impact and 
excellent flight performance upon a shot with a middle iron. 
From the results of evaluation, advantages of the present 
invention are clear. 

Experiment 4 

Example IV-1 

0454. A rubber composition was obtained by kneading 
100 parts by weight of a high-cis polybutadiene (trade name 
“BR-730, manufactured by JSR Corporation), 27 parts by 
weight of zinc diacrylate (trade name “Sanceler SR', manu 
factured by SANSHIN CHEMICAL INDUSTRY CO., 
LTD.), 5 parts by weight of zinc oxide, an appropriate amount 
of barium sulfate, 0.2 parts by weight of 2-thionaphthol, 10 
parts by weight of zinc stearate, and 0.75 parts by weight of 
dicumyl peroxide. This rubber composition was placed into a 
mold including upper and lower mold halves each having a 
hemispherical cavity, and heated at 170° C. for 25 minutes to 
obtain a core with a diameter of 36.3 mm. The amount of 
barium sulfate was adjusted such that the weight of a golfball 
is 45.4g. 
0455 A resin composition was obtained by kneading 26 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 40 parts by weight of another ionomer 
resin (the aforementioned “Himilan AM7329), 34 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The core was placed into a mold. The resin compo 
sition was injected around the core by injection molding to 
form an inner cover with a thickness of 0.8 mm. 
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0456. A resin composition was obtained by kneading 24 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 50 parts by weight of another ionomer 
resin (the aforementioned"Himilan AM7329), 26 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The sphere consisting of the core and the inner cover 
was placed into a mold. The resin composition was injected 
around the sphere by injection molding to form a first mid 
cover with a thickness of 0.8 mm. 
0457. A resin composition was obtained by kneading 45 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 40 parts by weight of another ionomer 
resin (the aforementioned “Himilan AM7329), 15 parts by 
weight of a styrene block-containing thermoplastic elastomer 
(the aforementioned “Rabalon T3221C), and 6 parts by 
weight of titanium dioxide with a twin-screw kneading 
extruder. The sphere consisting of the core, the inner cover, 
and the first mid cover was placed into a mold. The resin 
composition was injected around the sphere by injection 
molding to form a second mid cover with a thickness of 0.8 

. 

0458. A resin composition was obtained by kneading 5 
parts by weight of an ionomer resin (the aforementioned 
“Himilan AM7337), 10 parts by weight of another ionomer 
resin (the aforementioned “Himilan 1555”), 55 parts by 
weight of still another ionomer resin (the aforementioned 
“Himilan AM7329), 30 parts by weight of an ethylene 
(meth)acrylic acid copolymer (trade name “NUCREL 
N1050H, manufactured by Du Pont-MITSUI POLY 
CHEMICALS Co., Ltd.), 3 parts by weight of titanium diox 
ide, and 0.2 parts by weight of an ultraviolet absorber (trade 
name “TINUVIN 770, manufactured by Ciba Japan K.K.) 
with a twin-screw kneading extruder. The sphere consisting 
of the core, the inner cover, the first mid cover, and the second 
mid cover was placed into a final mold having a large number 
of pimples on its cavity face. The resin composition was 
injected around the sphere by injection molding to form an 
outer cover with a thickness of 0.8 mm. Dimples having a 
shape that is the inverted shape of the pimples were formed on 
the outer cover. A clear paint including a two-component 
curing type polyurethane as a base material was applied to the 
outer cover to obtain a golf ball of Example IV-1 with a 
diameter of 42.7 mm. 

Examples IV-2 to IV-14 and Comparative Examples 
IV-1 to IV-11 

0459 Golfballs of Examples IV-2 to IV-14 and Compara 
tive Examples IV-1 to IV-11 were obtained in the same man 
ner as Example IV-1, except the specifications of the core, the 
inner cover, the first mid cover, the second mid cover, and the 
outer cover were as shown in Tables IV-11 to IV-15 below. 
The composition of the core is shown in detail in Tables IV-1 
to IV-3 below. The compositions of the inner cover, the first 
mid cover, the second mid cover, and the outer cover are 
shown in detail in Tables IV-4 and IV-5 below. A hardness 
distribution of the core is shown in Tables IV-6 to IV-10 
below. The golfball according to Comparative Example IV-5 
does not have a first mid cover and a second mid cover. Each 
of the golfballs according to Comparative Examples IV-6 and 
IV-7 does not have a second mid cover. 
0460 Hit with Middle Iron (145) 
0461. A 5-iron (trade name “XXIO’, manufactured by 
DUNLOP SPORTS CO. LTD., shaft hardness: R) was 
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attached to a Swing machine manufactured by Golf Labora 
tories, Inc. A golf ball was hit under the following condition 
1, and the spin rate immediately after the hit and the distance 
from the launch point to the stop point were measured. The 
average value S1 of spin rates and the average value D1 of 
flight distances obtained by 10 measurements were calcu 
lated. In addition, a golf ball was hit under the following 
condition 2, and the spin rate immediately after the hit and the 
distance from the launch point to the stop point were mea 
Sured. The average value S2 of spin rates and the average 
value D2 of flight distances obtained by 10 measurements 
were calculated. Furthermore, a golf ball was hit under the 
following condition 3, and the spin rate immediately after the 
hit and the distance from the launch point to the stop point 
were measured. The average value S3 of spin rates and the 
average value D3 of flight distances obtained by 10 measure 
ments were calculated. The conditions 1 and 2 are conditions 
for confirming variations in spin rate and flight distance. The 
condition 3 is a normal condition for confirming a spin rate 
and a flight distance. 
0462 Condition 1 
0463 Head speed: 34 m/sec 
0464) Effective loft angle: 23.5° 
0465 Hitting point: a point lower than the face center by 
5 mm. 

0466 Condition 2 
0467. Head speed: 34 m/sec 
0468. Effective loft angle: 20.5° 
0469 Hitting point: a point higher than the face center 
by 5 mm. 

0470 Condition 3 
0471 Head speed: 34 m/sec 
0472. Effective loft angle: 23.0° 
0473 Hitting point: the face center 

The spin rate under the condition 1 is higher than the spin rate 
under the condition 2. The flight distance under the condition 
1 is smaller than the flight distance under the condition 2. The 
average value S1 of the spin rates, the average value D1 of the 
flight distances, the average value S2 of the spin rates, the 
average value D2 of the flight distances, the difference (S1 
S2), the difference (D2-D1), the average value S3 of the spin 
rates, and the average value D3 of the flight distances are 
shown in Tables IV-11 to IV-15 below. 

0474 Feel at Impact 
0475 Ten golf players hit golf balls with middle irons 
(I#5) and represented feel at impact of the golf balls as 
indexes for which 5.0 points are a perfect score. The average 
value of the indexes is shown as an evaluation result in Tables 
IV-11 to IV-15 below. The higher the numerical value is, the 
better the result is. 

TABLE IV-1 

Composition of Core (parts by weight 

A. B C D 

BR-730 1OO 100 1OO 100 
Sanceler SR 27.0 25.5 2S.O 2SO 
Zinc oxide 5 5 5 5 
Barium sulfate : : : : 

2-thionaphthol O.2 O.2 O.2 O.2 
Zinc octoate 2.5 S.O 
Zinc laurate 1O.O 
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TABLE IV-1-continued 

Composition of Core (parts by weight 

A. B C D 

Zinc myristate 
Zinc stearate 1O.O 
Dicumyl peroxide 0.75 0.75 0.75 0.75 

* Appropriate amount 

TABLE IV-2 

Composition of Core (parts by weight 

E F G H 

BR-730 100 1OO 100 1OO 
Sanceler SR 26.0 25.5 27.5 29.5 
Zinc oxide 5 5 5 5 
Barium sulfate : : : : 

2-thionaphthol O.2 O.2 O.2 O.2 
Zinc octoate 
Zinc laurate 
Zinc myristate S.O 1O.O 
Zinc stearate 2O.O 3O.O 
Dicumyl peroxide 0.75 0.75 0.75 0.75 

* Appropriate amount 

TABLE IV-3 

Composition of Core (parts by Weight 

I J K 

BR-730 100 100 1OO 
Sanceler SR 27.0 26.5 31.5 
Zinc oxide 5 5 5 
Barium sulfate : : : 

2-thionaphthol O.2 O.2 O.2 
Zinc octoate 
Zinc laurate 
Zinc myristate 
Zinc stearate O.S 40.O 
Dicumyl peroxide 0.75 0.75 0.75 

* Appropriate amount 

0476. The details of the compounds listed in Tables IV-1 to 
IV-3 are as follows. 
0477 BR-730: a high-cis polybutadiene manufactured by 
JSR Corporation (cis-1,4-bond content: 96% by weight, 1.2- 
vinyl bond content: 1.3% by weight, Mooney viscosity 
(ML (100° C.)): 55, molecular weight distribution (Mw/ 
Mn): 3) 
0478 Sanceler SR: Zinc diacrylate manufactured by SAN 
SHIN CHEMICAL INDUSTRY CO., LTD. (a product 
coated with 10% by weight of stearic acid) 
0479. Zinc oxide: trade name “Ginrei R' manufactured by 
Toho Zinc Co., Ltd. 
0480 Barium sulfate: trade name “Barium Sulfate BD” 
manufactured by Sakai Chemical Industry Co., Ltd. 
0481 2-thionaphthol: a product of Tokyo Chemical Indus 
try Co., Ltd. 
0482 Zinc octoate: a product of Mitsuwa Chemicals Co., 
Ltd. 

0483 Zinc laurate: a product of Mitsuwa Chemicals Co., 
Ltd. 

0484 Zinc myristate: a product of NOF Corporation 
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0485 Zinc stearate: a product of Wako Pure Chemical TABLE IV-8 
Industries, Ltd. 

-- . & G 99 Hardness Distribution of Core 0486 Dicumyl peroxide: trade name “Percumyl D' manu 
factured by NOF Corporation Comp. Comp. 

Ex. Ex. Ex. Ex. Ex. 
TABLE IV-4 IV-11 IV-12 IV-13 IV-1 IV-2 

- compositionarcoterialists weigh) - Rs. 3 is a 5% a 
H(25.0) 62.3 618 63.0 62.8 62.8 

C1 C2 C3 C4 H(37.5) 65.1 62.4 63.8 64.1 64.1 

Himilan AM7337 5 45 40 24 H(50.0) 67.1 66.2 66.5 66.1 66.1 
Himilan 1555 10 H(62.5) 70.9 73.1 70.6 70.5 70.5 
Himilan AM7329 55 40 40 50 H(75.0) 76.8 74.4 71.4 74.2 742 
NUCRELN1OSOH 30 H(87.5) 78.8 76.4 72.8 77.2 77.2 
Rabalon T3221C 15 2O 26 HS 82.8 79.9 77.6 81.4 81.4 

Titanium dioxide (A220) 3 6 6 6 
TINUVIN 770 O.2 
Hardness (JIS-C) 92 87 85 83 
Hardness (Shore D) 61 56 S4 52 TABLE IV-9 

Hardness Distribution of Core 

TABLE IV-5 Comp. Comp. Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. Ex. 

Composition of Cover (parts by weight IV-3 IV-4 IV-5 IV-6 IV-7 

C5 C6 C7 H(0) S4.O S4.O S4O S4.O S4O 
H(12.5) 59.6 59.6 59.7 59.6 59.6 

Himilan AM7337 30 26 30 H(25.0) 62.8 62.8 62.9 62.8 62.8 
Himilan 1555 H(37.5) 64.1 64.1 642 64.1 64.1 
Himilan AM7329 40 40 30 H(50.0) 66.1 66.1 66.6 66.1 66.1 
NUCRELN1OSOH H(62.5) 70.5 70.5 71.4 70.5 70.5 
Rabalon T3221C 30 34 40 H(75.0) 74.2 74.2 75.4 74.2 742 
Titanium dioxide (A220) 6 6 6 H(87.5) 77. 77. 78.7 77. 77. 
TINUVIN 770 HS 81.4 81.4 82.1 81.4 81.4 
Hardness (JIS-C) 79 76 71 
Hardness (Shore D) 48 45 40 

TABLE IV-10 

TABLE IV-6 Hardness Distribution of Core 

Hardness Distribution of Core Comp. Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. Ex. 

Ex. Ex. Ex. Ex. Ex. IV-8 IV-14 IV-9 IV-10 IV-11 
IV-1 IV-2 IV-3 IV-4 IV-5 

H(0) 59.0 57.5 61.9 S4.O S4O 
H(0) 54.0 54.O S4.O 54.O S4.O H(12.5) 64.1 63.2 63.1 59.6 59.6 
H(12.5) 59.6 59.6 59.6 59.6 59.6 H(25.0) 66.3 66.1 64.3 62.8 62.8 
H(25.0) 62.8 62.8 62.8 62.8 62.8 H(37.5) 66.9 68.4 64.1 64.1 64.1 
H(37.5) 64.1 64.1 64.1 64.1 64.1 H(50.0) 68.2 69.4 66.9 66.1 66.1 
H(50.0) 66.1 66.1 66.1 66.1 66.1 H(62.5) 704 71.2 70.3 70.5 70.5 
H(62.5) 70.5 70.5 70.5 70.5 70.5 H(75.0) 72.5 74.1 70.4 74.2 742 
H(75.0) 74.2 74.2 74.2 74.2 74.2 H(87.5) 75.3 77.2 68.5 77.2 77.2 
H(87.5) 77.2 77.2 77.2 77.2 77.2 HS 81.2 81.1 70.O 81.4 81.4 
HS 81.4 81.4 81.4 81.4 81.4 

TABLE IV-11 
TABLE IV-7 

Results of Evaluation 
Hardness Distribution of Core 

Ex. Ex. Ex. Ex. Ex. 
Ex. Ex. Ex. Ex. Ex. IV-1 IV-2 IV-3 IV-4 IV-5 
IV-6 IV-7 IV-8 IV-9 IV-10 

Core Composition A. A. A. A. A. 
H(0) 54.0 S3.6 514 54.2 S4.9 Acid and/or salt 1O.O 1O.O 1O.O 1O.O 1O.O 
H(12.5) 58.8 S8.1 57.5 S8.1 S8.9 (PHR) 
H(25.0) 61.4 61.3 60.9 61.9 63.4 R2 O.99 O.99 O.99 O.99 O.99 
H(37.5) 63.8 64.7 63.4 64.1 66.6 Hs - H(0) 27.4 27.4 27.4 27.4 27.4 
H(50.0) 65.1 66.9 67.3 65.9 68.1 Diameter (mm) 36.3 36.3 36.3 36.3 36.3 
H(62.5) 66.9 70.2 72.9 69.8 69.7 Compn 3.85 3.85 3.85 3.85 3.85 
H(75.0) 68.9 73.8 76.5 75.2 74.5 Inner Composition C6 C6 C5 C5 C5 
H(87.5) 72.8 76.9 79.1 78.8 78.4 cover Thickness (mm) O.8 O.8 O.8 O.8 O.8 
HS 76.8 82.4 83.2 81.9 81.7 Hardness Hi 76.O 76.O 79.0 79.0 79.0 

(JIS-C) 





US 2013/031 6850 A1 

TABLE IV-14-continued 

Results of Evaluation 

Comp. Comp. Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. Ex. 
IV-3 IV-4 IV-5 IV-6 IV-7 

1st Composition C3 C2 C3 C7 
mid Thickness (mm) O.8 O.8 1.O 1.O 
cover Hardness Hm1 85.0 87.O 8S.O 71.O 

(JIS-C) 
2nd Composition C2 C3 
mid Thickness (mm) O.8 O.8 
cover Hardness Hm2 87.O 8S.O 

(JIS-C) 
Outer Composition C1 C1 C1 C1 C1 
cover Thickness (mm) O.8 O.8 1.2 1.2 1.2 

Hardness Ho 92.0 92.0 92.0 92.0 92.0 

(JIS-C) 
Ball Ho - Hi 9.0 9.0 13.0 13.0 13.0 

Hs - Hi -1.6 -1.6 3.1 2.4 2.4 
Cover thickness 3.2 3.2 2.4 3.2 3.2 

(mm) 
Compn 3.22 3.22 3.26 3.24 3.27 

Spin S1 (rpm) 4545 4483 4648 4789 4800 
Flight distance D1 (m) 141.5 142.0 140.7 1396 139.5 
Spin S2 (rpm) 3397 3412 3583 3657 3742 
Flight distance D2 (m) 150.7 150.6 1492 148.6 148.0 
S1 - S2 (rpm) 1148 1071 1065 1132 1058 
D1 - D2 (m) 9.2 8.6 8.5 9.1 8.5 
Spin S3 (rpm) 3963 3940 4112 4218 4259 
Flight distance D3 (m) 146.2 146.4 145.0 144.2 1438 
Feel at impact 2.1 1.7 3.1 2.9 3.1 

TABLE IV-15 

Results of Evaluation 

Comp. Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. Ex. 
IV-8 IV-14 IV-9 IV-10 IV-11 

Core Composition I J K A. A. 
Acid and/or salt O.O O.S 40.O 1O.O 1O.O 
(PHR) 
R2 O.94 0.97 O.84 O.99 O.99 
Hs - H(0) 22.2 23.6 8.1 27.4 27.4 
Diameter (mm) 36.3 36.3 36.3 36.3 36.3 
Compn 3.86 3.86 3.86 3.85 3.85 

Inner Composition C6 C6 C6 C3 C5 
cover Thickness (mm) O.8 O.8 O.8 1.O O.8 

Hardness Hi 76.O 76.O 76.O 8S.O 79.0 
(JIS-C) 

1st Composition C4 C4 C4 C4 C4 
mid Thickness (mm) O.8 O.8 O.8 O.8 O.8 
cover Hardness Hm1 83.0 83.0 83.0 83.0 83.0 

(JIS-C) 
2nd Composition C2 C2 C2 C2 C2 
mid Thickness (mm) O.8 O.8 O.8 O.8 O.8 
cover Hardness Hm2 87.O 87.O 87.O 87.O 87.O 

(JIS-C) 
Outer Composition C1 C1 C1 C1 C6 
cover Thickness (mm) O.8 O.8 O.8 O.8 O.8 

Hardness Ho 92.0 92.0 92.0 92.0 76.O 
(JIS-C) 

Ball Ho - Hi 16.O 16.0 16.0 7.0 -3.0 
Hs - Hi 5.2 S.1 -6.0 -3.6 2.4 
Cover thickness 3.2 3.2 3.2 3.2 3.2 
(mm) 
Compn 3.26 3.26 3.26 3.22 3.27 

Spin S1 (rpm) 4846 4812 5009 4554 4659 
Flight distance D1 (m) 139.1 1394 137.8 1415 1403 
Spin S2 (rpm) 3781 3803 3976 3395 3615 
Flight distance D2 (m) 147.7 147.5 146.1 150.7 149.1 

43 
Nov. 28, 2013 

TABLE IV-15-continued 

Results of Evaluation 

Comp. Comp. Comp. Comp. 
Ex. Ex. Ex. Ex. Ex. 
IV-8 IV-14 IV-9 IV-10 IV-11 

S1 - S2 (rpm) 1065 1009 1033 1159 104.4 
D1 - D2 (m) 8.5 8.0 8.3 9.3 8.4 
Spin S3 (rpm) 43O2 4278 442O 3943 4143 
Flight distance D3 (m) 143.5 143.7 142.5 146.4 1444 
Feel at impact 3.0 3.2 2.9 2.1 3.1 

0487. As shown in Tables IV-11 to IV-15, the golf balls 
according to Examples have excellent feel at impact and 
excellent flight performance upon a shot with a middle iron. 
From the results of evaluation, advantages of the present 
invention are clear. 
0488. The golf ball according to the present invention can 
be used for playing golf on golf courses and practicing at 
driving ranges. The above descriptions are merely for illus 
trative examples, and various modifications can be made 
without departing from the principles of the present inven 
tion. 
What is claimed is: 
1. A golfball comprising a core, an inner cover positioned 

outside the core, a mid cover positioned outside the inner 
cover, and an outer cover positioned outside the mid cover, 
wherein 
when distances (%) from a central point of the core to nine 

points and JIS-C hardnesses at the nine points, which 
nine points are obtained by dividing a region from the 
central point of the core to a surface of the core at 
intervals of 12.5% of a radius of the core, are plotted in 
a graph, R of a linear approximation curve obtained by 
a least-square method is equal to or greater than 0.95. 

a JIS-C hardness Hi of the inner cover is greater than a 
JIS-C hardness Hs at the surface of the core, and 

a JIS-C hardness Ho of the outer cover is greater than the 
hardness Hi. 

2. The golf ball according to claim 1, wherein a difference 
(Hi-Hs) between the hardness Hi and the hardness Hs is equal 
to or greater than 1. 

3. The golf ball according to claim 1, wherein a difference 
(Ho-Hi) between the hardness Ho and the hardness Hi is 
equal to or greater than 5 but equal to or less than 30. 

4. The golf ball according to claim 1, wherein a difference 
(Hs-H(0)) between the hardness Hs and a JIS-C hardness 
H(0) at the central point of the core is equal to or greater than 
15. 

5. The golf ball according to claim 1, wherein 
a thickness Ti of the inner cover is equal to or less than 1.2 
mm, 

a thickness Tm of the mid cover is equal to or less than 1.2 
mm, and 

a thickness To of the outer cover is equal to or less than 1.2 
. 

6. The golf ball according to claim 1, wherein a sum (Ti-- 
Tm+To) of a thickness Ti of the inner cover, a thickness Tm of 
the mid cover, and a thickness To of the outer cover is equal to 
or less than 2.5 mm. 

7. The golf ball according to claim 1, wherein 
the hardness Ho is greater than a JIS-C hardness Him of the 

mid cover, and 



US 2013/031 6850 A1 

a difference (Ho-Hm) between the hardness Ho and the 
hardness Hm is equal to or greater than 2. 

8. The golf ball according to claim 1, wherein 
the core is formed by a rubber composition being 

crosslinked, 
the rubber composition includes: 

(a) a base rubber; 
(b) a co-crosslinking agent; 
(c) a crosslinking initiator; and 
(d) an acid and/or a salt, and 

the co-crosslinking agent (b) is: 
(b1) an O.f3-unsaturated carboxylic acid having 3 to 8 

carbon atoms; and/or 
(b2) a metal salt of an O.B-unsaturated carboxylic acid 

having 3 to 8 carbon atoms. 
9. The golfball according to claim 8, wherein an amount of 

the acid and/or the salt (d) is equal to or greater than 0.5 parts 
by weight but equal to or less than 40 parts by weight, per 100 
parts by weight of the base rubber (a). 

10. The golf ball according to claim 8, wherein the acid 
and/or the salt (d) is a carboxylic acid and/or a salt thereof 
(d1). 

11. The golf ball according to claim 10, wherein the car 
boxylic acid and/or the salt thereof (d1) is a fatty acid and/or 
a salt thereof. 

12. The golf ball according to claim 10, wherein a carbon 
number of a carboxylic acid component of the carboxylic acid 
and/or the salt thereof (d1) is equal to or greater than 1 but 
equal to or less than 30. 

13. The golf ball according to claim 10, wherein the car 
boxylic acid and/or the salt thereof (d1) is a zinc salt of a 
carboxylic acid. 

14. The golf ball according to claim 13, wherein the zinc 
salt of the carboxylic acid is one or more members selected 
from the group consisting of Zinc octoate, Zinc laurate, Zinc 
myristate, and Zinc Stearate. 

15. The golf ball according to claim 8, wherein the rubber 
composition includes 15 parts by weight or greater but 50 
parts by weight or less of the co-crosslinking agent (b) per 100 
parts by weight of the base rubber (a). 

16. The golf ball according to claim 8, wherein the rubber 
composition includes 0.2 parts by weight or greater but 5.0 
parts by weight or less of the crosslinking initiator (c) per 100 
parts by weight of the base rubber (a). 

17. The golf ball according to claim 8, wherein the rubber 
composition further includes an organic Sulfur compound (e). 

18. The golf ball according to claim 17, wherein the 
organic Sulfur compound (e) is at least one member selected 
from the group consisting of thiophenols, diphenyl disulfides, 
thionaphthols, thiuram disulfides, and metal salts thereof. 

19. The golfball according to claim 17, wherein the rubber 
composition includes 0.05 parts by weight or greater but 5 
parts by weight or less of the organic Sulfur compound (e) per 
100 parts by weight of the base rubber (a). 

20. The golf ball according to claim 8, wherein 
the rubber composition includes the C.f3-unsaturated car 

boxylic acid (b1), and 
the rubber composition further includes a metal compound 

(f). 
21. A golf ball comprising a core, a first cover positioned 

outside the core, a second cover positioned outside the first 
cover, a third cover positioned outside the second cover, and 
a fourth cover positioned outside the third cover, wherein 
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when distances (%) from a central point of the core to nine 
points and JIS-C hardnesses at the nine points, which 
nine points are obtained by dividing a region from the 
central point of the core to a surface of the core at 
intervals of 12.5% of a radius of the core, are plotted in 
a graph, R of a linear approximation curve obtained by 
a least-square method is equal to or greater than 0.95. 

a JIS-C hardness H1 of the first cover is greater thana JIS-C 
hardness Hs at the surface of the core, and 

a JIS-C hardness H4 of the fourth cover is greater than the 
JIS-C hardness H1 of the first cover. 

22. The golf ball according to claim 21, wherein a differ 
ence (H1-Hs) between the hardness H1 and the hardness Hs 
is equal to or greater than 1.0. 

23. The golf ball according to claim 21, wherein a differ 
ence (H4-H1) between the hardness H4 and the hardness H1 
is equal to or greater than 3 but equal to or less than 30. 

24. The golf ball according to claim 21, wherein a differ 
ence (Hs-H(0)) between the hardness Hs and a JIS-C hard 
ness H(0) at the central point of the core is equal to or greater 
than 15. 

25. The golf ball according to claim 21, wherein 
a thickness T1 of the first cover is equal to or less than 1.8 
mm, 

a thickness T2 of the second cover is equal to or less than 
1.8 mm, 

a thickness T3 of the third cover is equal to or less than 1.8 
mm, and 

a thickness T4 of the fourth cover is equal to or less than 1.8 
. 

26. The golf ball according to claim 21, wherein a sum 
(T1--T2+T3+T4) of a thickness T1 of the first cover, a thick 
ness T2 of the second cover, a thickness T3 of the third cover, 
and a thickness T4 of the fourth cover is equal to or less than 
6.0 mm. 

27. The golf ball according to claim 21, wherein 
the core is formed by a rubber composition being 

crosslinked, 
the rubber composition includes: 

(a) a base rubber; 
(b) a co-crosslinking agent; 
(c) a crosslinking initiator, and 
(d) an acid and/or a salt, and 

the co-crosslinking agent (b) is: 
(b1) an O.f3-unsaturated carboxylic acid having 3 to 8 

carbon atoms; and/or 
(b2) a metal salt of an O.f3-unsaturated carboxylic acid 

having 3 to 8 carbon atoms. 
28. The golfball according to claim 27, wherein an amount 

of the acid and/or the salt (d) is equal to or greater than 0.5 
parts by weight but equal to or less than 40 parts by weight, 
per 100 parts by weight of the base rubber (a). 

29. The golf ball according to claim 27, wherein the acid 
and/or the salt (d) is a carboxylic acid and/or a salt thereof 
(d1). 

30. The golf ball according to claim 29, wherein the car 
boxylic acid and/or the salt thereof (d1) is a fatty acid and/or 
a salt thereof. 

31. The golf ball according to claim 29, wherein a carbon 
number of a carboxylic acid component of the carboxylic acid 
and/or the salt thereof (d1) is equal to or greater than 1 but 
equal to or less than 30. 
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32. The golf ball according to claim 29, wherein the car 
boxylic acid and/or the salt thereof (d1) is a zinc salt of a 
carboxylic acid. 

33. The golf ball according to claim 32, wherein the zinc 
salt of the carboxylic acid is one or more members selected 
from the group consisting of Zinc octoate, Zinc laurate, Zinc 
myristate, and Zinc Stearate. 

34. The golfball according to claim 27, wherein the rubber 
composition includes 15 parts by weight or greater but 50 
parts by weight or less of the co-crosslinking agent (b) per 100 
parts by weight of the base rubber (a). 

35. The golfball according to claim 27, wherein the rubber 
composition includes 0.2 parts by weight or greater but 5.0 
parts by weight or less of the crosslinking initiator (c) per 100 
parts by weight of the base rubber (a). 

36. The golfball according to claim 27, wherein the rubber 
composition further includes an organic Sulfur compound (e). 

37. The golf ball according to claim 36, wherein the 
organic Sulfur compound (e) is at least one member selected 
from the group consisting of thiophenols, diphenyl disulfides, 
thionaphthols, thiuram disulfides, and metal salts thereof. 

38. The golfball according to claim 36, wherein the rubber 
composition includes 0.05 parts by weight or greater but 5 
parts by weight or less of the organic Sulfur compound (e) per 
100 parts by weight of the base rubber (a). 

39. The golf ball according to claim 27, wherein 
the rubber composition includes the C.f3-unsaturated car 

boxylic acid (b1), and 
the rubber composition further includes a metal compound 

(f). 
40. The golf ball according to claim 21, wherein 
a hardness H2 of the second cover is greater than the 

hardness H1, 
a hardness H3 of the third cover is greater than the hardness 

H2, and 
the hardness H4 is greater than the hardness H3. 
41. The golf ball according to claim 40, wherein a differ 

ence (H2-H1) between the hardness H2 and the hardness H1 
is equal to or greater than 2. 

42. The golf ball according to claim 40, wherein a differ 
ence (H3-H2) between the hardness H3 and the hardness H2 
is equal to or greater than 2. 

43. The golf ball according to claim 40, wherein a differ 
ence (H4-H3) between the hardness H4 and the hardness H3 
is equal to or greater than 2. 

44. A golfball comprising a core, an inner cover positioned 
outside the core, a mid cover positioned outside the inner 
cover, and an outer cover positioned outside the mid cover, 
wherein 

when distances (%) from a central point of the core to nine 
points and JIS-C hardnesses at the nine points, which 
nine points are obtained by dividing a region from the 
central point of the core to a surface of the core at 
intervals of 12.5% of a radius of the core, are plotted in 
a graph, R of a linear approximation curve obtained by 
a least-square method is equal to or greater than 0.95. 

a JIS-C hardness Hs at the surface of the core is greater than 
a JIS-C hardness Hi of the inner cover, and 

a JIS-C hardness Ho of the outer cover is greater than the 
JIS-C hardness Hi of the inner cover. 

45. The golf ball according to claim 44, wherein a differ 
ence (Hs-Hi) between the hardness Hs and the hardness Hi is 
equal to or greater than 1. 
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46. The golf ball according to claim 44, wherein a differ 
ence (Ho-Hi) between the hardness Ho and the hardness Hiis 
equal to or greater than 5 but equal to or less than 30. 

47. The golf ball according to claim 44, wherein a differ 
ence (Hs-H(0)) between the hardness Hs and a JIS-C hard 
ness H(0) at the central point of the core is equal to or greater 
than 15. 

48. The golf ball according to claim 44, wherein 
a thickness Ti of the inner cover is equal to or less than 1.2 
mm, 

a thickness Tm of the mid cover is equal to or less than 1.2 
mm, and 

a thickness To of the outer cover is equal to or less than 1.2 
. 

49. The golf ball according to claim 44, wherein a sum 
(Ti-Tm+To) of a thickness Ti of the inner cover, a thickness 
Tm of the mid cover, and a thickness To of the outer cover is 
equal to or less than 2.5 mm. 

50. The golf ball according to claim 44, wherein the JIS-C 
hardness Ho of the outer cover is greater than a JIS-C hard 
ness Him of the mid cover. 

51. The golf ball according to claim 50, wherein a differ 
ence (Ho-Hm) between the hardness Ho and the hardness 
Hm is equal to or greater than 2. 

52. The golf ball according to claim 44, wherein 
the core is formed by a rubber composition being 

crosslinked, 
the rubber composition includes: 

(a) a base rubber; 
(b) a co-crosslinking agent; 
(c) a crosslinking initiator, and 
(d) an acid and/or a salt, and 

the co-crosslinking agent (b) is: 
(b1) an O.f3-unsaturated carboxylic acid having 3 to 8 

carbon atoms; and/or 
(b2) a metal salt of an O.f3-unsaturated carboxylic acid 

having 3 to 8 carbon atoms. 
53. The golfball according to claim 52, wherein an amount 

of the acid and/or the salt (d) is equal to or greater than 0.5 
parts by weight but equal to or less than 40 parts by weight, 
per 100 parts by weight of the base rubber (a). 

54. The golf ball according to claim 52, wherein the acid 
and/or the salt (d) is a carboxylic acid and/or a salt thereof 
(d1). 

55. The golf ball according to claim 54, wherein a carbon 
number of a carboxylic acid component of the carboxylic acid 
and/or the salt thereof (d1) is equal to or greater than 1 but 
equal to or less than 30. 

56. The golf ball according to claim 54, wherein the car 
boxylic acid and/or the salt thereof (d1) is a fatty acid and/or 
a salt thereof. 

57. The golf ball according to claim 52, wherein the rubber 
composition includes 15 parts by weight or greater but 50 
parts by weight or less of the co-crosslinking agent (b) per 100 
parts by weight of the base rubber (a). 

58. The golf ball according to claim 52, wherein the rubber 
composition includes 0.2 parts by weight or greater but 5.0 
parts by weight or less of the crosslinking initiator (c) per 100 
parts by weight of the base rubber (a). 

59. The golf ball according to claim 52, wherein the rubber 
composition further includes an organic Sulfur compound (e). 

60. The golf ball according to claim 59, wherein the 
organic sulfur compound (e) is at least one member selected 
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from the group consisting of thiophenols, diphenyl disulfides, 
thionaphthols, thiuram disulfides, and metal salts thereof. 

61. The golfball according to claim 59, wherein the rubber 
composition includes 0.05 parts by weight or greater but 5 
parts by weight or less of the organic Sulfur compound (e) per 
100 parts by weight of the base rubber (a). 

62. The golf ball according to claim 52, wherein 
the rubber composition includes the C.f3-unsaturated car 

boxylic acid (b1), and 
the rubber composition further includes a metal compound 

(f). 
63. The golf ball according to claim 52, wherein the acid 

and/or the salt (d) is a Zinc salt of a carboxylic acid. 
64. The golf ball according to claim 63, wherein the zinc 

salt of the carboxylic acid is one or more members selected 
from the group consisting of Zinc octoate, Zinc laurate, Zinc 
myristate, and Zinc Stearate. 

65. A golfball comprising a core, an inner cover positioned 
outside the core, a first mid cover positioned outside the inner 
cover, a second mid cover positioned outside the first mid 
cover, and an outer cover positioned outside the second mid 
cover, wherein 
when distances (%) from a central point of the core to nine 

points and JIS-C hardnesses at the nine points, which 
nine points are obtained by dividing a region from the 
central point of the core to a surface of the core at 
intervals of 12.5% of a radius of the core, are plotted in 
a graph, R of a linear approximation curve obtained by 
a least-square method is equal to or greater than 0.95. 

a JIS-C hardness Hs at the surface of the core is greater than 
a JIS-C hardness Hi of the inner cover, and 

a JIS-C hardness Ho of the outer cover is greater than the 
JIS-C hardness Hi of the inner cover. 

66. The golf ball according to claim 65, wherein a differ 
ence (Hs-Hi) between the hardness Hs and the hardness Hi is 
equal to or greater than 1. 

67. The golf ball according to claim 65, wherein a differ 
ence (Ho-Hi) between the hardness Ho and the hardness Hiis 
equal to or greater than 5 but equal to or less than 30. 

68. The golf ball according to claim 65, wherein the hard 
ness Hs is greater than a JIS-C hardness H(0) at the central 
point of the core. 

69. The golf ball according to claim 68, wherein a differ 
ence (Hs-H(0)) between the hardness Hs and the hardness 
H(0) is equal to or greater than 15. 

70. The golf ball according to claim 65, wherein 
a thickness Ti of the inner cover is equal to or less than 1.8 
mm, 

a thickness Tm 1 of the first mid cover is equal to or less 
than 1.8 mm, 

a thickness Tm2 of the second mid cover is equal to or less 
than 1.8 mm, and 

a thickness To of the outer cover is equal to or less than 1.8 
. 

71. The golf ball according to claim 70, wherein a sum 
(Ti-Tm1 +Tm2+To) of the thickness Ti of the inner cover, the 
thickness Tm 1 of the first mid cover, the thickness Tm2 of the 
second mid cover, and the thickness To of the outer cover is 
equal to or less than 6.0 mm. 
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72. The golf ball according to claim 65, wherein 
the core is formed by a rubber composition being 

crosslinked, 
the rubber composition includes: 

(a) a base rubber; 
(b) a co-crosslinking agent; 
(c) a crosslinking initiator, and 
(d) an acid and/or a salt, and 

the co-crosslinking agent (b) is: 
(b1) an O.f3-unsaturated carboxylic acid having 3 to 8 

carbon atoms; and/or 
(b2) a metal salt of an O.f3-unsaturated carboxylic acid 

having 3 to 8 carbon atoms. 
73. The golfball according to claim 72, wherein an amount 

of the acid and/or the salt (d) is equal to or greater than 1 parts 
by weight but less than 40 parts by weight, per 100 parts by 
weight of the base rubber (a). 

74. The golf ball according to claim 72, wherein the acid 
and/or the salt (d) is a carboxylic acid and/or a salt thereof 
(d1). 

75. The golf ball according to claim 74, wherein a carbon 
number of a carboxylic acid component of the carboxylic acid 
and/or the salt thereof (d1) is equal to or greater than 1 but 
equal to or less than 30. 

76. The golf ball according to claim 74, wherein the car 
boxylic acid and/or the salt thereof (d1) is a fatty acid and/or 
a salt thereof. 

77. The golf ball according to claim 72, wherein the rubber 
composition includes 15 parts by weight or greater but 50 
parts by weight or less of the co-crosslinking agent (b) per 100 
parts by weight of the base rubber (a). 

78. The golf ball according to claim 72, wherein the rubber 
composition includes 0.2 parts by weight or greater but 5.0 
parts by weight or less of the crosslinking initiator (c) per 100 
parts by weight of the base rubber (a). 

79. The golf ball according to claim 72, wherein the rubber 
composition further includes an organic Sulfur compound (e). 

80. The golf ball according to claim 79, wherein the 
organic sulfur compound (e) is at least one member selected 
from the group consisting of thiophenols, diphenyl disulfides, 
thionaphthols, thiuram disulfides, and metal salts thereof. 

81. The golf ball according to claim 79, wherein the rubber 
composition includes 0.05 parts by weight or greater but 5 
parts by weight or less of the organic Sulfur compound (e) per 
100 parts by weight of the base rubber (a). 

82. The golf ball according to claim 72, wherein 
the rubber composition includes the C. B-unsaturated car 

boxylic acid (b1), and 
the rubber composition further includes a metal compound 

(f). 
83. The golf ball according to claim 72, wherein the acid 

and/or the salt (d) is a Zinc salt of a carboxylic acid. 
84. The golf ball according to claim 83, wherein the zinc 

salt of the carboxylic acid is one or more members selected 
from the group consisting of Zinc octoate, Zinc laurate, Zinc 
myristate, and Zinc Stearate. 
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