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core, an intermediate layer enclosing the envelope layer and 
a cover enclosing the intermediate layer is characterized in 
that the core is made from a speci?c rubber composition 
which has been molded and vulcanized, the envelope layer 
is made from a thermoplastic resin, the intermediate layer is 
made from a thermoplastic resin containing at least 30 Wt % 
of an ionorner resin, and the cover is made from a therrno 
plastic resin containing at least 50 Wt % of an ionorner resin. 
The golf ball is also characterized in that the folloWing have 
been optimized: the rebound resilience of the thermoplastic 
resin from Which the envelope layer is made, the thickness 
of the envelope layer, the Shore D hardness of the envelope 
layer, the thickness of the intermediate layer, the Shore D 
hardness of the intermediate layer, the thickness of the cover, 
the Shore D hardness of the cover, the combined thickness 
of the envelope layer, intermediate layer and cover, and the 
Shore D hardness distribution among the center of the core, 
the surface of the core, the envelope layer, the intermediate 
layer and the cover. 
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GOLF BALL 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a golf ball Which 
has a high durability, yet also is endowed With a high 
rebound, a high launch angle, a loW spin and a good feel 
upon impact. 

[0002] Recently, as the gol?ng population has groWn, the 
qualities that golfers desire in a golf ball have become more 
diverse and individualiZed. Various efforts have been made 
to develop balls With constructions that satisfy such desires. 
Compared With thread-Wound golf balls, the many types of 
tWo-piece and other solid golf balls that have hitherto been 
disclosed provide a straight, ?at trajectory, both on shots 
taken With a driver and shots taken With an iron. In addition, 
they have structural characteristics Which make them less 
susceptible to spin, resulting in a good run that increases the 
total distance. 

[0003] Yet, in addition to having a long distance, it is 
essential for a golf ball to also have a soft feel When hit. 
Thread-Wound golf balls have structural characteristics 
Which, compared With solid golf balls, generally make them 
very soft and provide them With a good feel. Softening of the 
ball construction so as to achieve a soft feel at the time of 
impact is generally carried out in tWo-piece solid golf balls 
as Well. Softening of the ball construction also contributes to 
a loWer spin and a higher launch angle, Which can in turn 
lead to an increased distance. 

[0004] HoWever, it is exceedingly dif?cult to obtain golf 
balls having both the carry of a tWo-piece solid golf ball and 
the feel of a thread-Wound golf ball, and so the desires of 
golfers have yet to be fully addressed. Although softening 
the ball’s construction can help to reduce spin and increase 
the launch angle, such a ball undergoes excessive deforma 
tion, particularly When hit by high head speed golfers, Which 
can loWer the initial velocity of the ball. 

[0005] Three-piece solid golf balls in Which an interme 
diate layer is provided betWeen the core and the cover, and 
multi-piece solid golf balls constructed of four or more 
layers have been developed With the aim of achieving in a 
single ball both the carry of a tWo-piece solid golf ball and 
the feel of a thread-Wound golf ball (e.g., US. Pat. No. 
6,135,898,; US. Pat. No. 5,733,205,; US. Pat. No. 6,251, 
031,; US. Pat. No. 6,565,456,). 

[0006] HoWever, even these golf balls leave considerable 
room for further improvement in their rebound, launch 
angle, spin reduction and feel on impact. 

SUMMARY OF THE INVENTION 

[0007] In light of the above circumstances, the object of 
the invention is to provide a golf ball Which has a high 
durability yet is endoWed With a high rebound, a high launch 
angle, a loW spin and a good feel upon impact. 

[0008] The inventors have conducted extensive investiga 
tions in order to achieve the above object. As a result, they 
have discovered that, in a golf ball having a core, an 
envelope layer enclosing the core, an intermediate layer 
enclosing the envelope layer and a cover enclosing the 
intermediate layer, by having the core made from a speci?c 
butadiene rubber, having the intermediate layer and the 
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cover each made from thermoplastic resins containing spe 
ci?c amounts of ionomer resins, and at the same time 
optimiZing the rebound resilience of the envelope layer, the 
thickness of the envelope layer, the Shore D hardness of the 
envelope layer, the thickness of the intermediate layer, the 
Shore D hardness of the intermediate layer, the thickness of 
the cover, the Shore D hardness of the cover, the combined 
thickness of the intermediate layer and the cover, and the 
Shore D hardness distribution in the various layers, there can 
be obtained a golf ball Which has a high durability yet also 
is endoWed With a high rebound, a high launch angle, a loW 
spin and a good feel upon impact. 

[0009] Accordingly, the invention provides the folloWing 
golf balls. 

[0010] [I] A golf ball comprising a core, an envelope layer 
enclosing the core, an intermediate layer enclosing the 
envelope layer, and a cover enclosing the intermediate layer, 
Which golf ball is characteriZed in that the core is obtained 
by molding and vulcaniZing a rubber composition compris 
ing 100 parts by Weight of a base rubber Which includes 60 
to 100 Wt % of a polybutadiene of at least 60% cis-1,4 
structure, has a Mooney viscosity (ML1+4 (100° of at 
least 40 and is synthesiZed using a rare earth catalyst, 10 to 
60 parts by Weight of an unsaturated carboxylic acid and/or 
an unsaturated carboxylic acid metal salt, 0.1 to 5 parts by 
Weight of an organosulfur compound, 5 to 80 parts by Weight 
of an inorganic ?ller and 0.1 to 0.8 part by Weight overall of 
at least tWo different organic peroxides Which have, letting 
the organic peroxide With the shortest half-life at 155° C. be 
(p), the organic peroxide With the longest half-life at 155° C. 
be (q), the half-life of be pt and the half-life of be qt, 
a half-life ratio qt/pt of at least 7 but not more than 20, the 
envelope layer is made from a thermoplastic resin, the 
intermediate layer is made from a thermoplastic resin con 
taining at least 30 Wt % of an ionomer resin, and the cover 
is made from a thermoplastic resin containing at least 50 Wt 
% of an ionomer resin; and in that the golf ball satis?es 
folloWing conditions (1) to (9): 

[0011] (1) the thermoplastic resin from Which the 
envelope layer is made has a rebound resilience, as 
measured in accordance With British Standard 903 
(BS 903), of at least 65, 

[0012] (2) the envelope layer has a thickness of at 
least 0.5 mm but less than 1.5 mm, 

[0013] (3) the envelope layer has a Shore D hardness 
of at least 5 but less than 30, 

[0014] (4) the intermediate layer has a thickness of at 
least 0.5 mm but less than 1.5 mm, 

[0015] (5) the intermediate layer has a Shore D 
hardness of at least 40 but less than 56, 

[0016] (6) the cover has a thickness of at least 0.5 mm 
but less than 1.5 mm, 

[0017] (7) the cover has a Shore D hardness of at least 
56 and but not more than 70, 

[0018] (8) the envelope layer, intermediate layer and 
cover have a combined thickness of at least 1.5 mm 

but less than 4.5 mm, and 

[0019] (9) When the Shore D hardness at the center of 
the core, the Shore D hardness at the surface of the 
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core, the Shore D hardness of the envelope layer, the 
Shore D hardness of the intermediate layer and the 
Shore D hardness of the cover are compared, the 
envelope layer has the loWest Shore D hardness. 

[0020] [II] The golf ball of [I] Which additionally satis?es 
following condition (10): 

[0021] (10) the core has a de?ection When subjected 
to a load of 100 kg of at least 3.0 mm but not more 
than 6.0 mm. 

[0022] [III] The golf ball of [I], Wherein the thermoplastic 
resin making up the envelope layer is an ester thermoplastic 
elastomer. 

[0023] [IV] The golf ball of [I] Which additionally satis?es 
folloWing conditions (11) and (12): 

[0024] (11) 3§(Shore D hardness of cover)—(Shore 
D hardness of intermediate layer)§30, and 

[0025] (12) 10§(Shore D hardness of intermediate 
layer)—(Shore D hardness of envelope layer)=45. 

[0026] [V] The golf ball of [I] Which additionally satis?es 
folloWing condition (13): 

[0027] (13) the intermediate layer and cover layer 
have melt ?oW rates of at least 1.6 dg/min. 

[0028] [VI] The golf ball of [I], Wherein the intermediate 
layer is composed of (a) 100 parts by Weight of an ole?n 
unsaturated carboXylic acid random copolymer and/or an 
ole?n-unsaturated carboXylic acid-unsaturated carboXylic 
acid ester random copolymer, (b) 5 to 80 parts by Weight of 
a fatty acid having a molecular Weight of at least 280 or a 
derivative thereof, and (c) 0.1 to 10 parts by Weight of a 
basic inorganic metal compound capable of neutraliZing acid 
groups on components (a) and 

[0029] [VII] The golf ball of [I], Wherein the intermediate 
layer is composed of (d) 100 parts by Weight of a metal ion 
neutraliZation product of an ole?n-unsaturated carboXylic 
acid random copolymer and/or a metal ion neutraliZation 
product of an ole?n-unsaturated carboXylic acid-unsaturated 
carboXylic acid ester random copolymer, (b) 5 to 80 parts by 
Weight of a fatty acid having a molecular Weight of at least 
280 or a derivative thereof, and (c) 0.1 to 10 parts by Weight 
of a basic inorganic metal compound capable of neutraliZing 
acid groups on components (d) and 

[0030] [VIII] The golf ball of [I], Wherein the intermediate 
layer is composed of 100 parts by Weight of a mixture of (a) 
an ole?n-unsaturated carboXylic acid random copolymer 
and/or an ole?n-unsaturated carboXylic acid-unsaturated 
carboXylic acid ester random copolymer With (d) a metal ion 
neutraliZation product of an ole?n-unsaturated carboXylic 
acid random copolymer and/or a metal ion neutraliZation 
product of an ole?n-unsaturated carboXylic acid-unsaturated 
carboXylic acid ester random copolymer, (b) 5 to 80 parts by 
Weight of a fatty acid having a molecular Weight of at least 
280 or a derivative thereof, and (c) 0.1 to 10 parts by Weight 
of a basic inorganic metal compound capable of neutraliZing 
acid groups on components (a), (d) and 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0031] The invention is described more fully beloW. 

[0032] The golf ball of the invention is a golf ball having 
a core, an envelope layer enclosing the core, an intermediate 
layer enclosing the envelope layer and a cover enclosing the 
intermediate layer, Wherein the core is made from a speci?c 
butadiene rubber, the intermediate layer and the cover are 
each made from thermoplastic resins containing speci?c 
amounts of ionomer resins, and the folloWing are optimiZed: 
the rebound resilience of the envelope layer, the thickness of 
the envelope layer, the Shore D hardness of the envelope 
layer, the thickness of the intermediate layer, the Shore D 
hardness of the intermediate layer, the thickness of the cover, 
the Shore D hardness of the cover, the combined thickness 
of the intermediate layer and the cover, and the Shore D 
hardness distribution in the various layers. 

[0033] To achieve a golf ball having a soft feel and a high 
launch angle, the core in the inventive golf ball is made of 
a core material obtained by molding and vulcaniZing a 
rubber composition containing: 

[0034] (A) a base rubber Which includes 60 to 100 Wt 
% of a polybutadiene of at least 60% cis-1,4 struc 
ture, has a Mooney viscosity (ML1+4 (100° of at 
least 40 and is synthesiZed using a rare earth catalyst; 

[0035] (B) an unsaturated carboXylic acid and/or an 
unsaturated carboxylic acid metal salt; 

[0036] (C) an organosulfur compound; 

[0037] (D) an inorganic ?ller; and 

[0038] an organic peroXide. 

[0039] By having the core, Which accounts for a large 
proportion of the golf ball volume, made from such 
a material, the golf ball can be designed so as to have 
a soft feel and a high rebound. 

[0040] The polybutadiene in component A has a cis-1,4 
unit content on the polymer chain of generally at least 60 Wt 
%, preferably at least 80 Wt %, more preferably at least 90 
Wt %, and even more preferably at least 95 Wt %. A 
polybutadiene having too loW a cis-1,4 unit content may 
loWer the resilience. 

[0041] Moreover, the polybutadiene has a 1,2-vinyl unit 
content on the polymer chain of generally not more than 2%, 
preferably not more than 1.7%, and even more preferably 
not more than 1.5%. Too high a 1,2-vinyl unit content may 
loWer the resilience. 

[0042] To obtain a rubber composition having eXcellent 
resilience, or to obtain a rubber composition having a good 
extrusion Workability, the polybutadiene has a Mooney 
viscosity (ML1+4 (100° of generally at least 40, pref 
erably at least 50, more preferably at least 52, and even 
preferably at least 54, but generally not more than 140, 
preferably not more than 120, more preferably not more than 
100, and even more preferably not more than 80. 

[0043] The term “Mooney viscosity” used herein refers to 
an industrial indeX of viscosity (JIS K6300) as measured 
With a Mooney viscometer, Which is a type of rotary 
plastometer. The unit symbol used here is ML1+4 (100° C.), 
Where “M” stands for Mooney viscosity, “L” stands for large 
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rotor (L-type), and “1+4” stands for a pre-heating time of 1 
minute and a rotor rotation time of 4 minutes. The “100° C.” 
indicates that measurement Was carried out at a temperature 
of 100° C. 

[0044] To obtain a molded and vulcanized rubber compo 
sition of good resilience, the polybutadiene used in the 
invention is preferably synthesiZed With a rare-earth catalyst 
or a group VIII metal compound catalyst. Polybutadiene 
synthesiZed With a rare-earth catalyst is especially preferred. 

[0045] Such rare-earth catalysts are not subject to any 
particular limitation. Exemplary rare-earth catalysts include 
those made up of a combination of a lanthanide series 
rare-earth compound With an organoaluminum compound, 
an alumoxane, a halogen-bearing compound and an optional 
LeWis base. 

[0046] Examples of suitable lanthanide series rare-earth 
compounds include halides, carboxylates, alcoholates, thio 
alcoholates and amides of atomic number 57 to 71 metals. 

[0047] Organoaluminum compounds that may be used 
include those of the formula AlR1R2R3 (Wherein R1, R2 and 
R3 are each independently a hydrogen or a hydrocarbon 
group of 1 to 8 carbons). 

[0048] Preferred alumoxanes include compounds of the 
structures shoWn in formulas (I) and (II) beloW. The alu 
moxane association complexes described in Fine Chemical 
23, No. 9, 5 (1994), J. Am. Chem. Soc. 115, 4971 (1993), 
and J.Am. Chem. Soc. 117, 6465 (1995) are also acceptable. 

n+2 

[0049] In the above formulas, R4 is a hydrocarbon group 
having 1 to 20 carbon atoms, and n is 2 or a larger integer. 

[0050] Examples of halogen-bearing compounds that may 
be used include aluminum halides of the formula AlXnR3_n 
(Wherein X is a halogen; R is a hydrocarbon group of 1 to 
20 carbons, such as an alkyl, aryl or aralkyl; and n is 1, 1.5, 
2 or 3); strontium halides such as Me3SrCl, Me2SrCl2, 
MeSrHCl2 and MeSrCl3; and other metal halides such as 
silicon tetrachloride, tin tetrachloride and titanium tetrachlo 
ride. 

[0051] The LeWis base may be any LeWis base that can be 
used to form a complex With the lanthanide series rare-earth 
compound. Illustrative examples include acetylacetone and 
ketone alcohols. 

[0052] In the invention, the use of a neodymium catalyst 
in Which a neodymium compound serves as the lanthanide 
series rare-earth compound is advantageous because it 
enables a polybutadiene rubber having a high cis-1,4 unit 
content and a loW 1,2-vinyl unit content to be obtained at an 
excellent polymeriZation activity. Preferred examples of 
such rare-earth catalysts include those mentioned in JP-A 
11-35633, JP-A 11-164912 and JP-A 2002-293996. 
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[0053] To achieve a polybutadiene having a cis unit con 
tent Within the above range and a polydispersity index 
MW/Mn Within the subsequently described range, it is pref 
erable for the polymeriZation of butadiene in the presence of 
a rare-earth catalyst containing a lanthanide series rare-earth 
compound to be carried out at a butadiene/(lanthanide series 
rare-earth compound) molar ratio of generally 1,000 to 
2,000,000, and especially 5,000 to 1,000,000, and at an 
AlR1R2R3/(lanthanide series rare-earth compound) molar 
ratio of generally 1 to 1,000, and especially 3 to 500. It is 
also preferable for the (halogen compound)/(lanthanide 
series rare-earth compound) molar ratio to be generally 0.1 
to 30, and especially 0.2 to 15, and for the (LeWis base)/ 
(lanthanide series rare-earth compound) molar ratio to be 
generally 0 to 30, and especially 1 to 10. 

[0054] The polymeriZation of butadiene in the presence of 
a rare-earth catalyst may be carried out by bulk polymer 
iZation or vapor phase polymeriZation, either With or Without 
the use of solvent, and at a polymeriZation temperature of 
generally —30 to 150° C., and preferably 10 to 100° C. 

[0055] In the invention, the polybutadiene included in 
component A may instead be one obtained by polymeriZing 
butadiene using the above-described rare-earth catalyst, then 
reacting a terminal modi?er With active end groups on the 
polymer. 
[0056] Such modi?ed polybutadiene rubbers can be 
obtained by polymeriZation as described above, folloWed by 
the use of a terminal modi?er selected from among types to (vii) beloW. 

[0057] Compounds having an alkoxysilyl group to 
be reacted With the polymer at active ends thereof. 
Preferred alkoxysilyl group-bearing compounds are 
alkoxysilane compounds having at least one epoxy 
group or isocyanate group on the molecule. Speci?c 
examples include epoxy group-bearing alkoxysi 
lanes such as 3-glycidyloxypropyltrimethoxysilane, 
3-glycidyloxypropyltriethoxysilane, (3-glycidylox 
ypropyl)methyldimethoxysilane, (3-glycidyloxypro 
pyl)methyldiethoxysilane, [3-(3,4-epoxycyclohexyl 
)trimethoxysilane, [3-(3,4 
epoxycyclohexyl)triethoxysilane, [3-(3,4 
epoxycyclohexyl)methyldimethoxysilane, [3-(3,4 
epoxycyclohexyl)ethyldimethoxysilane, 
condensation products of 3-glycidyloxypropyltri 
methoxysilane and condensation products of (3-gly 
cidyloxypropyl)methyldimethoxysilane; and isocy 
anate group-bearing alkoxysilane compounds such 
as 3-isocyanatopropyltrimethoxysilane, 3-isocy 
anatopropyltriethoxysilane, (3-isocyanatopropyl)m 
ethyldimethoxysilane, (3-isocyanatopropyl)meth 
yldiethoxysilane, condensation products of 
3-isocyanatopropyltrimethoxysilane and condensa 
tion products of (3-isocyanatopropyl)meth 
yldimethoxysilane. 

[0058] A LeWis acid may be added to accelerate the 
reaction When the above alkoxysilyl group-bearing com 
pound is reacted With active end groups on the polymer. The 
LeWis acid acts as a catalyst to promote the coupling 
reaction, thus improving cold ?oW by the modi?ed polymer 
and providing a better shelf stability. Examples of suitable 
LeWis acids include dialkyltin dialkyl malates, dialkyltin 
dicarboxylates and aluminum trialkoxides. 
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[0059] Other types of terminal modi?ers that may be used 
include: 

[0060] (ii) halogenated organometallic compounds, 
halogenated metallic compounds and organometallic 
compounds of the general formulas R5nM‘X4_n, 
M‘X4, M‘X3, R5nM‘(—R6—COOR7)4_n or RsnM‘(— 
R6—COR7)4_n (Wherein R5 and R6 are each indepen 
dently a hydrocarbon group of 1 to 20 carbons; R7 is 
a hydrocarbon group of 1 to 20 carbons Which may 
contain pendant carbonyl or ester groups; M‘ is a tin, 
silicon, germanium or phosphorus atom; X is a 
halogen atom; and n is an integer from 0 to 3); 

[0061] (iii) heterocumulene compounds having on 
the molecule a Y=C=Z linkage (Wherein Y is a 
carbon, oxygen, nitrogen or sulfur atom; and Z is an 
oxygen, nitrogen or sulfur atom); 

[0062] (iv) three-membered heterocyclic compounds 
containing on the molecule the folloWing bonds 

[0063] (Wherein Y is an oxygen, nitrogen or sulfur atom); 

[0064] (v) halogenated isocyano compounds; 
[0065] (vi) carboxylic acids, acid halides, ester com 

pounds, carbonate compounds and acid anhydrides 
of the formula R8—(COOH)m, R9(COX)m, R10— 
(COO—R11)m, R12—OCOO—R13, R14— 
(COOCO—R15)m or 

m 

[0066] (Wherein R8 to R16 are each independently a hydro 
carbon group of 1 to 50 carbons, X is a halogen atom, and 
m is an integer from 1 to 5); and 

[0067] (vii) carboxylic acid metal salts of the formula 
R171M“(MOCOR18)4-1, R191M“(OCO—R2°— 
COOR21)4_1 or 

4-1 

[0068] (Wherein R17 to R23 are each independently a 
hydrocarbon group of 1 to 20 carbons, M“ is a tin, silicon or 
germanium atom, and the letter 1 is an integer from 0 to 3). 
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[0069] Speci?c examples of the above terminal modi?ers 
and methods for their reaction are described in, for example, 
JP-A 11-35633, JP-A 7-268132 and JP-A 2002-293996. 

[0070] The above-mentioned group VIII catalyst is not 
subject to any particular limitation. Exemplary group VIII 
catalysts include the folloWing nickel catalysts and cobalt 
catalysts. 

[0071] Examples of suitable nickel catalysts include 
single-component systems such as nickel-kieselguhr, binary 
systems such as Raney nickel/titanium tetrachloride, and 
ternary systems such as nickel compound/organometallic 
compound/boron tri?uoride etherate. Exemplary nickel 
compounds include reduced nickel on a carrier, Raney 
nickel, nickel oxide, nickel carboxylate and organonickel 
complex salts. Exemplary organometallic compounds 
include trialkylaluminum compounds such as triethylalumi 
num, tri-n-propylaluminum, triisobutylaluminum and tri-n 
hexylaluminum; alkyllithium compounds such as n-butyl 
lithium, sec-butyllithium, tert-butyllithium and 1,4 
dilithiumbutane; and dialkylZinc compounds such as 
diethylZinc and dibutylZinc. 

[0072] Examples of suitable cobalt catalysts include 
cobalt and cobalt compounds such as Raney cobalt, cobalt 
chloride, cobalt bromide, cobalt iodide, cobalt oxide, cobalt 
sulfate, cobalt carbonate, cobalt phosphate, cobalt phthalate, 
cobalt carbonyl, cobalt acetylacetonate, cobalt diethyldithio 
carbamate, cobalt anilinium nitrite and cobalt dinitrosyl 
chloride. It is particularly advantageous to use these com 
pounds in combination With, for example, a dialkylalumi 
num monochloride such as diethylaluminum monochloride 
or diisobutylaluminum monochloride; a trialkylaluminum 
such as triethylaluminum, tri-n-propylaluminum, triisobuty 
laluminum or tri-n-hexylaluminum; an alkylaluminum ses 
quichloride such as ethylaluminum sesquichloride; or alu 
minum chloride. 

[0073] Synthesis of the above-described polybutadiene in 
the invention using the group VIII catalysts described above, 
and particularly a nickel or cobalt catalyst, can be carried out 
by a process in Which the nickel catalyst or cobalt catalyst 
typically is continuously charged into a reactor together With 
a solvent and butadiene monomer, and the reaction condi 
tions are suitably selected, such as a reaction temperature in 
a range of 5 to 60° C. and a reaction pressure in a range of 
atmospheric pressure to 70 plus atmospheres, so as to yield 
a product having the above-indicated Mooney viscosity. 

[0074] The polybutadiene in the invention has a polydis 
persity index MW/Mn (Where MW is the Weight-average 
molecular Weight, and Mn is the number-average molecular 
Weight) of generally at least 2.0, preferably at least 2.2, more 
preferably at least 2.4, and even more preferably at least 2.6, 
but generally not more than 8.0, preferably not more than 
7.5, even more preferably not more than 4.0, and most 
preferably not more than 3.4. A polydispersity MW/Mn 
Which is too small may loWer the Workability, Whereas one 
that is too large may loWer the resilience. 

[0075] Component A in the invention is a base rubber 
containing a polybutadiene like that described above. The 
above-described polybutadiene having a cis-1,4 unit content 
of at least 60% generally accounts for at least 60 Wt %, 
preferably at least 70 Wt %, more preferably at least 80 Wt 
%, and most preferably at least 85 Wt %, of component A. 
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The content of the above polybutadiene in the base rubber 
may be as much as 100 Wt %, although the polybutadiene 
content can be set to 95 Wt % or less, and in some cases to 
90 Wt % or less. A base rubber in Which the content of 
polybutadiene having a cis-1,4 unit content of at least 60% 
is too loW may result in the golf ball having a poor rebound. 

[0076] Rubber components other than the above-described 
polybutadiene may be included in the base rubber, insofar as 
the objects of the invention are attainable. Examples of such 
additional rubber components that may be used include 
polybutadienes other than the above-described polybutadi 
ene, and other diene rubbers, such as styrene-butadiene 
rubbers, natural rubbers, isoprene rubbers and ethylene 
propylene-diene rubbers. 
[0077] Component B is an unsaturated carboxylic acid 
and/or an unsaturated carboxylic acid metal salt. Examples 
of suitable unsaturated carboxylic acids include acrylic acid, 
methacrylic acid, maleic acid and fumaric acid. Acrylic acid 
and methacrylic acid are especially preferred. Examples of 
suitable unsaturated carboxylic acid metal salts include Zinc 
salts and magnesium salts of the above unsaturated carboxy 
lic acids. Of these, Zinc acrylate is especially preferred. 
[0078] The amount of this component B per 100 parts 
(“parts” refers hereinafter to parts by Weight) of above 
described component A is generally at least 10 parts, pref 
erably at least 13 parts, more preferably at least 16 parts, 
even more preferably at least 18 parts, and most preferably 
at least 20 parts, but generally not more than 60 parts, 
preferably not more than 50 parts, more preferably not more 
than 45 parts, even more preferably not more than 40 parts, 
and most preferably not more than 35 parts. Too much 
component B relative to component Amay make the ball too 
hard, giving it an unpleasant feel upon impact. On the other 
hand, too little component B may make the ball too soft, 
loWering its ?ight performance and durability. 
[0079] Component C in the invention is an organosulfur 
compound. Exemplary organosulfur compounds include 
thiophenols, thionaphthols, halogenated thiophenols, and 
metal salts thereof. Speci?c examples include pentachlo 
rothiophenol, penta?uorothiophenol, pentabromothiophe 
nol, p-chlorothiophenol, and the Zinc salts thereof; diphe 
nylpolysul?des, dibenZylpolysul?des, 
dibenZoylpolysul?des, dibenZothiaZoylpolysul?des and 
dithiobenZoylpolysul?des having 2 to 4 sulfurs; alkylphe 
nyldisul?des, furan ring-bearing organosulfur compounds 
and thiophene ring-bearing organosulfur compounds. 
Diphenyldisul?de and the Zinc salt of pentachlorothiophenol 
are especially preferred. These may be used singly or as 
combinations of tWo or more thereof. 

[0080] The amount of component C (When tWo or more 
are used together, the combined amount thereof) per 100 
parts by Weight of above component A is generally at least 
0.1 part, preferably at least 0.2 part, more preferably at least 
0.4 part, even more preferably at least 0.7 part, and most 
preferably at least 0.9 part, but generally not more than 5 
parts, preferably not more than 4 parts, more preferably not 
more than 3 parts, even more preferably not more than 2 
parts, and most preferably not more than 1.5 parts. Too little 
component C may fail to provide a resilience-improving 
effect, Whereas too much may result in an excessively loW 
hardness and thus insuf?cient resilience. 

[0081] Component D in the invention is an inorganic ?ller, 
illustrative examples of Which include Zinc oxide, barium 
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sulfate and calcium carbonate. The amount of component D 
per 100 parts of component A is generally at least 5 parts, 
preferably at least 7 parts, more preferably at least 10 parts, 
and most preferably at least 13 parts, but generally not more 
than 80 parts, preferably not more than 65 parts, more 
preferably not more than 50 parts, and most preferably not 
more than 40 parts. The use of too much or too little 
component D relative to the base rubber serving as compo 
nent Amay make it impossible to achieve a golf ball having 
an appropriate Weight and a desirable rebound. 

[0082] It is preferable for tWo or more organic peroxides 
to be used as component E. If (p) represents the organic 
peroxide having the shortest half-life at 155° C., repre 
sents the organic peroxide having the longest half-life at 
155° C., and the half-lives of and are denoted as pt 
and qt respectively, the half-life ratio qt/pt is generally at 
least 7, preferably at least 8, more preferably at least 9, and 
most preferably at least 10, but generally not more than 20, 
preferably not more than 18, and more preferably not more 
than 16. Even With the use of tWo or more organic peroxides, 
at a half-life ratio outside of the above range, the desired 
levels of ball rebound, compression and durability may not 
be achieved. 

[0083] Organic peroxide has a half-life pt at 155° C. of 
generally at least 5 seconds, preferably at least 10 seconds, 
and more preferably at least 15 seconds, but generally not 
more than 120 seconds, preferably not more than 90 sec 
onds, and more preferably not more than 60 seconds. 
Organic peroxide (q) has a half-life qt at 155 ° C. of generally 
at least 300 seconds, preferably at least 360 seconds, and 
more preferably at least 420 seconds, but generally not more 
than 800 seconds, preferably not more than 700 seconds, and 
more preferably not more than 600 seconds. 

[0084] Speci?c examples of the organic peroxides include 
dicumyl peroxide, 1,1-bis(t-butylperoxy)-3,3,5-trimethyl 
cyclohexane and 0t,oU-bis(t-butylperoxy)diisopropylben 
Zene. These organic peroxides may be commercially avail 
able products, such as Percumyl D (available from NOF 
Corporation), Perhexa 3M (NOF Corporation) and Luperco 
231XL (available from Atochem Co.). The use of 1,1-bis(t 
butylperoxy)-3,3,5-trimethylcyclohexane as above organic 
peroxide and dicumyl peroxide as above organic perox 
ide is preferred. 

[0085] The overall amount of organic peroxide Which 
includes above components (p) and per 100 parts of 
component Ais generally at least 0.1 part, preferably at least 
0.2 part, more preferably at least 0.3 part, and even more 
preferably at least 0.4 part, but generally nor more that 0.8 
part, preferably not more than 0.7 part, more preferably not 
more than 0.6 part, and even more preferably not more than 
0.5 part. Too little organic peroxide may increase the time 
required for crosslinking, substantially loWering productiv 
ity during manufacture of the golf ball and also signi?cantly 
loWering compression. On the other hand, too much organic 
peroxide may loWer the rebound and durability. 

[0086] It is desirable for the amount of organic peroxide 
(p) per 100 parts of componentAto be generally at least 0.05 
part, preferably at least 0.08 part, and more preferably at 
least 0.1 part, but not more than 0.5 part, preferably not more 
than 0.4 part, and more preferably not more than 0.3 part. It 
is desirable for the amount of organic peroxide (q) per 100 
parts of component A to be generally at least 0.05 part, 
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preferably at least 0.15 part, and more preferably at least 0.2 
part, but generally not more than 0.7 part, preferably not 
more than 0.6 part, and more preferably not more than 0.5 
part. 

[0087] If necessary, the rubber composition may include 
also an antioxidant in an amount, per 100 parts of compo 
nent A, of at least 0.05 part, preferably at least 0.1 part, and 
more preferably at least 0.2 part, but not more than 3 parts, 
preferably not more than 2 parts, more preferably not more 
than 1 part, and most preferably not more than 0.5 part. The 
antioxidant may be a commercially available product, such 
as Nocrac NS-6, Nocrac NS-30 (both made by Ouchi Shinko 
Chemical Industry Co., Ltd.), and Yoshinox 425 (made by 
Yoshitomi Pharmaceutical Industries, Ltd.). 

[0088] The core of the inventive golf ball can be obtained 
by vulcaniZing and curing the above-described rubber com 
position using a method like that employed With knoWn golf 
ball rubber compositions. For example, vulcaniZation may 
be carried out at a temperature of 100 to 200° C. for a period 
of 10 to 40 minutes. 

[0089] The envelope layer in the golf ball of the invention 
is made from a thermoplastic resin. Examples of thermo 
plastic resins from Which the envelope layer may be formed 
include ionomer resins, ester thermoplastic elastomers, 
amide thermoplastic elastomers, styrene thermoplastic elas 
tomers, urethane thermoplastic elastomers, ole?n thermo 
plastic elastomers and mixtures thereof. The use of ester 
thermoplastic elastomers and urethane thermoplastic elas 
tomers, Which have the desired hardness and a good resil 
ience, is especially preferred. Speci?c examples of commer 
cial products that may be used for this purpose include 
Hytrel (manufactured by DuPont-Toray Co., Ltd.) and Pan 
dex (manufactured by Dainippon Ink & Chemicals, Inc.). 

[0090] Antioxidants, dispersants such as metal soaps, and 
other additives may be included in the envelope layer, 
provided such addition does not compromise the objects of 
the invention. 

[0091] To improve the resistance of the ball to cracking, it 
is advantageous for the intermediate layer and/or cover in 
the inventive golf ball to be made from respective ionomer 
resin-containing thermoplastic resins. By using such mate 
rials, even When a thin, hard cover is employed on the ball, 
adhesion betWeen the intermediate layer and cover can be 
enhanced, making it possible to achieve a better resistance 
to cracking. 

[0092] The material formulation of this type making up 
the intermediate layer is preferably one of the folloWing 
formulations X, Y and Z. 

[0093] Formulation X: 

[0094] (a) 100 parts by Weight of an ole?n-unsaturated 
carboxylic acid random copolymer and/or an ole?n-unsat 
urated carboxylic acid-unsaturated carboxylic acid ester 
random copolymer, (b) 5 to 80 parts by Weight of a fatty acid 
having a molecular Weight of at least 280 or a derivative 
thereof, and (c) 0.1 to 10 parts by Weight of a basic inorganic 
metal compound capable of neutraliZing acid groups on 
components (a) and 

[0095] Formulation Y: 

[0096] (d) 100 parts by Weight of a metal ion neutraliZa 
tion product of an ole?n-unsaturated carboxylic acid random 
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copolymer and/or a metal ion neutraliZation product of an 
ole?n-unsaturated carboxylic acid-unsaturated carboxylic 
acid ester random copolymer, (b) 5 to 80 parts by Weight of 
a fatty acid having a molecular Weight of at least 280 or a 
derivative thereof, and (c) 0.1 to 10 parts by Weight of a 
basic inorganic metal compound capable of neutraliZing acid 
groups on components (d) and 

[0097] Formulation Z: 

[0098] 100 parts by Weight of a mixture of (a) an ole?n 
unsaturated carboxylic acid random copolymer and/or an 
ole?n-unsaturated carboxylic acid-unsaturated carboxylic 
acid ester random copolymer With (d) a metal ion neutral 
iZation product of an ole?n-unsaturated carboxylic acid 
random copolymer and/or a metal ion neutraliZation product 
of an ole?n-unsaturated carboxylic acid-unsaturated car 
boxylic acid ester random copolymer, (b) 5 to 80 parts by 
Weight of a fatty acid having a molecular Weight of at least 
280 or a derivative thereof, and (c) 0.1 to 10 parts by Weight 
of a basic inorganic metal compound capable of neutraliZing 
acid groups on components (a), (d) and 

[0099] Above component (a) is an ole?n-containing 
copolymer. The ole?n in component (a) is exempli?ed by 
ole?ns having at least 2, but not more than 8, and preferably 
not more than 6, carbons. Speci?c examples include ethyl 
ene, propylene, butene, pentene, hexene, heptene and 
octene. Ethylene is especially preferred. 

[0100] The unsaturated carboxylic acid in component (a) 
is exempli?ed by acrylic acid, methacrylic acid, maleic acid 
and fumaric acid. Acrylic acid and methacrylic acid are 
especially preferred. 
[0101] The unsaturated carboxylic acid ester in compo 
nent (a) is exempli?ed by loWer alkyl esters of the foregoing 
unsaturated carboxylic acids. Speci?c examples include 
methyl methacrylate, ethyl methacrylate, propyl methacry 
late, butyl methacrylate, methyl acrylate, ethyl acrylate, 
propyl acrylate and butyl acrylate. Butyl acrylate (n-butyl 
acrylate, i-butyl acrylate) are especially preferred. 

[0102] The unsaturated carboxylic acid content (“acid 
content”) Within the random copolymer serving as compo 
nent (a) is generally at least 2 Wt %, preferably at least 6 Wt 
%, and more preferably at least 8 Wt %, but generally not 
more than 25 Wt %, preferably not more than 20 Wt %, and 
more preferably not more than 15 Wt %. An acid content 
Which is too loW may result in a decreased resilience, and an 
acid content Which is too high may loWer the processability 
of the material. 

[0103] Above component (d) can be obtained by partially 
neutraliZing acid groups on the random copolymer of above 
component (a) With metal ions. 

[0104] Illustrative examples of metal ions for neutraliZing 
the acid groups include Na”, K", Li", Zn2+, Cu2+, Mg2+, 
Ca2+, C02", Ni2+ and Pb2+. Preferred metal ions include Na", 
Li", Zn2+, Mg2+ and Ca2+. The use of Zn2+ is especially 
preferred. 

[0105] The degree of neutraliZation in component (d) (the 
ratio of neutraliZed acid groups as a proportion of all acid 
groups in component (d)), although not subject to any 
particular limitation, is generally at least 5 mol %, preferably 
at least 10 mol %, and more preferably at least 20 mol %, but 
generally not more than 95 mol %, preferably not more than 
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90 mol %, and more preferably not more than 80 mol %. A 
degree of neutralization greater than 95 mol % may result in 
a diminished moldability, Whereas a degree of neutralization 
below 5 mol % necessitates an increase in the amount of 
inorganic metal compound serving as component (c), Which 
may be undesirable in terms of cost. 

[0106] Commercial products can be advantageously used 
as above components (a) and Speci?c examples of 
commercial products that may be used as the random 
copolymer in above component (a) include Nucrel AN 4311, 
Nucrel AN4318 and Nucrel 1560 (all products of DuPont 
Mitsui Polychemicals Co., Ltd.). Commercial products that 
may be used as the neutraliZation product of a random 
copolymer in component (d) include Himilan 1554, Himilan 
1557, Himilan 1601, Himilan 1605, Himilan 1706, Himilan 
1855, Himilan 1856 and Himilan AM7316 (all products of 
DuPont-Mitsui Polychemicals Co., Ltd.); and Surlyn 6320, 
Surlyn 7930 and Surlyn 8120 (all products of E1. DuPont de 
Nemours and Company). Of these, Zinc-neutralized ionomer 
resins (e.g., Himilan AM7316) are preferred. 

[0107] In the invention, above formulation Z is prepared 
by blending together components (a) and The blending 
ratio is not subject to any particular limitation, although the 
Weight ratio of component (a) to component (d) (a:d) is 
generally from 10:90 to 90:10, and preferably from 20:80 to 
80:20. 

[0108] Component (b) is a fatty acid having a molecular 
Weight of at least 280 or a derivative thereof. This compo 
nent, Which has an extremely small molecular Weight com 
pared to above components (a) and/or (d), helps improve the 
How properties of the heated mixture. Given that the fatty 
acid (fatty acid derivative) in component (b) has a molecular 
Weight of at least 280 and a high content of acid groups (or 
derivatives thereof), the loss of resilience due to its addition 
is small. 

[0109] This component (b) may be an unsaturated fatty 
acid (or fatty acid derivative) containing a double bond or 
triple bond on the alkyl moiety, or it may be a saturated fatty 
acid (or derivative thereof) in Which the bonds on the alkyl 
moiety are all single bonds. 

[0110] The number of carbons on the molecule is gener 
ally at least 18, but not more than 80, and preferably not 
more than 40. Too feW carbons may compromise the heat 
resistance and may also make the acid group ratio so high as 
to keep the desired ?oW properties from being achieved on 
account of interactions With acid groups on components (a) 
and/or On the other hand, too many carbons increases 
the molecular Weight, Which may loWer the How properties 
and make the material difficult to use. 

[0111] Speci?c examples of the fatty acid of component 
(b) include stearic acid, 12-hydroxystearic acid, behenic 
acid, oleic acid, linoleic acid, linolenic acid, arachidic acid 
and lignoceric acid. Of these, stearic acid, arachidic acid, 
behenic acid and lignoceric acid are preferred. 

[0112] Speci?c examples of the fatty acid derivatives of 
component (b) include magnesium stearate, calcium stear 
ate, Zinc stearate, magnesium 12-hydroxystearate, calcium 
12-hydroxystearate, Zinc 12-hydroxystearate, magnesium 
arachidate, calcium arachidate, Zinc arachidate, magnesium 
behenate, calcium behenate, Zinc behenate, magnesium 
lignocerate, calcium lignocerate and Zinc lignocerate. Of 
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these, magnesium stearate, calcium stearate, Zinc stearate, 
magnesium arachidate, calcium arachidate, Zinc arachidate, 
magnesium behenate, calcium behenate, Zinc behenate, 
magnesium lignocerate, calcium lignocerate and Zinc ligno 
cerate are preferred. 

[0113] Alternatively, it is possible to use, as above com 
ponent (a) and/or component (d) and as component (b), a 
knoWn metal soap-modi?ed ionomer resin (including those 
mentioned in US. Pat. No. 5,312,857, US. Pat. No. 5,306, 
760 and International Application WO 98/46671. 

[0114] Component (c) is a basic inorganic metal com 
pound Which can neutraliZe acid groups in component (a) 
and/or component (d), and in component When com 
ponent (a) and/or (d) and component (b) are mixed under 
heating Without the inclusion of component (c), fatty acids 
sometimes form as a result of transesteri?cation. Because 
the fatty acids that form have a loW thermal stability and 
readily vaporiZe during molding, they may cause molding 
defects. Moreover, When these fatty acids adhere to the 
surface of the molded article, they may substantially loWer 
paint ?lm adhesion. Component (c) is preferably incorpo 
rated so as to resolve such problems. 

[0115] Illustrative examples of basic inorganic metal com 
pounds that may be used as component (c) in the invention 
include magnesium oxide, magnesium hydroxide, magne 
sium carbonate, Zinc oxide, sodium hydroxide, sodium 
carbonate, calcium oxide, calcium hydroxide, lithium 
hydroxide and lithium carbonate. Of these, a monoxide or a 
hydroxide is desirable. Magnesium oxide and calcium 
hydroxide, both of Which have a high reactivity With iono 
mer resins, are preferred. Calcium hydroxide is especially 
preferred. 

[0116] Here, component (c) neutraliZes the acid groups on 
above component (a), component (b) or component To 
achieve both a high degree of neutraliZation and good How 
properties, it is advantageous for transition metal ions and 
alkali metal and/or alkaline earth metal ions to be used 

together as the metal ions included in component Because transition metal ions have a Weaker ionic cohesion 

than alkali metal ions and alkaline earth metal ions, in 
addition to neutraliZing some of the acid groups in the heated 
mixture, they can substantially improve the How properties. 

[0117] The ratio of the transition metal ions to the alkali 
metal and/or alkaline earth metal ions, i.e., the molar ratio 
(transition metal ions):(alkali metal and/or alkaline earth 
metal ions), is generally from 10:90 to 90:10, and preferably 
from 20:80 to 80:20. Too loW a molar ratio of transition 
metal ions may fail to provide sufficient improvement in the 
How properties. On the other hand, a molar ratio that is too 
high may loWer the resilience. 

[0118] As described above, the material making up the 
intermediate layer in the invention is preferably a mixture of 
component (a) and/or (d) With components (b) and From 
the standpoint of thermal stability, moldability and resil 
ience, the acid groups in the mixture have a degree of 
neutraliZation (the ratio of neutraliZed acid groups as a 
proportion of all the acid groups in the material obtained by 
mixing component (a) and/or (d) With components (b) and 
(c)) of generally at least 70 mol %, preferably at least 80 mol 
%, and more preferably at least 90 mol %. Such a high 
degree of neutraliZation effectively inhibits the transesteri 
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?cation that undesirably arises When component (a) and/or 
(b) are mixed With a fatty acid (or fatty acid derivative) alone 
and heated, thus making it possible to prevent fatty acid 
formation. As a result, there can be obtained a material 
Which has a dramatically improved thermal stability, good 
moldability, and a much higher resilience than prior-art 
ionomer resins. 

[0119] Various additives may also be optionally included 
in the intermediate layer and/or cover material of the inven 
tive golf ball. Examples of such additives include pigments, 
dispersants, antioxidants, ultraviolet absorbers and light 
stabiliZers. 

[0120] Moreover, to improve the feel of the golf ball at the 
time of impact, various non-ionomeric thermoplastic elas 
tomers may be added to the above essential ingredients. 
Illustrative examples of such non-ionomeric thermoplastic 
elastomers include ole?n thermoplastic elastomers, styrene 
thermoplastic elastomers, ester thermoplastic elastomers, 
urethane thermoplastic elastomers and amide thermoplastic 
elastomers. The use of ole?n thermoplastic elastomers and 
ester thermoplastic elastomers is especially preferred. 

[0121] Examples of commercial products that may be used 
as such non-ionomeric thermoplastic elastomers include 
ole?n thermoplastic elastomers such as Dynaron (manufac 
tured by JSR Corporation) and ester thermoplastic elas 
tomers such as Hytrel (manufactured by DuPont-Toray Co., 
Ltd.). 
[0122] It is advantageous for formulation X to be com 
posed of 100 parts by Weight of component (a); at least 5 
parts by Weight, and preferably at least 8 parts by Weight, but 
not more than 80 parts by Weight, preferably not more than 
40 parts by Weight, and more preferably not more than 20 
parts by Weight, of component (b); and at least 0.1 part by 
Weight, and preferably at least 1 part by Weight, but not more 
than 10 parts by Weight, and preferably not more than 5 parts 
by Weight, of component 

[0123] It is advantageous for formulation Y to be com 
posed of 100 parts by Weight of component (d); at least 5 
parts by Weight, and preferably at least 8 parts by Weight, but 
not more than 80 parts by Weight, preferably not more than 
40 parts by Weight, and more preferably not more than 20 
parts by Weight, of component (b); and at least 0.1 part by 
Weight, and preferably at least 0.5 part by Weight, but not 
more than 10 parts by Weight, and preferably not more than 
5 parts by Weight, of component 

[0124] It is advantageous for formulation Z to be com 
posed of 100 parts by Weight of components (a) and (d); at 
least 5 parts by Weight, and preferably at least 8 parts by 
Weight, but not more than 80 parts by Weight, preferably not 
more than 40 parts by Weight, and more preferably not more 
than 20 parts by Weight, of component (b); and at least 0.1 
part by Weight, and preferably at least 0.7 part by Weight, but 
not more than 10 parts by Weight, and preferably not more 
than 5 parts by Weight, of component 

[0125] In each of the above formulations X to Z, too little 
component (b) may loWer the melt viscosity and reduce 
processability, Whereas too much may loWer the durability. 
Too little component (c) may fail to yield an observable 
improvement in thermal stability and resilience, Whereas too 
much results in an excessive amount of basic inorganic 
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metal compound, Which may actually diminish the heat 
resistance of the heated mixture and make it more trouble 
some to use. 

[0126] The amount of ionomer resin in the thermoplastic 
resin making up the intermediate layer is generally at least 
30 Wt %, preferably at least 40 Wt %, and more preferably 
at least 50 Wt %. The upper limit is generally 100 Wt %, 
preferably not more than 90 Wt %, and more preferably not 
more than 80 Wt %. The amount of ionomer resin in the 
thermoplastic resin making up the cover is generally at least 
50 Wt %, preferably at least 70 Wt %, and more preferably 
at least 80 Wt %. If the ionomer resin content Within the 
thermoplastic resin making up the intermediate layer or 
cover falls outside the above range, the golf ball may have 
a loWer resistance to cracking and a loWer rebound. 

[0127] It is preferable to use above formulation X, Y or Z 
as the thermoplastic resin formulation making up the inter 
mediate layer. By using a highly neutraliZed ionomer resin 
in the intermediate layer, there can be obtained an interme 
diate layer Which is both soft and has a high resilience. 

[0128] It is desirable to include barium sulfate in the 
thermoplastic resin making up the cover. The amount 
included per-100 parts by Weight of the cover material is 
generally at least 5 parts by Weight, preferably at least 10 
parts by Weight, and more preferably at least 15 parts by 
Weight, but generally not more than 35 parts by Weight, 
preferably not more than 30 parts by Weight, and more 
preferably not more than 25 parts by Weight. By including 
such an amount of barium sulfate in the cover material, the 
resistance of the golf ball to cracking can be improved. 

[0129] The intermediate layer material and/or cover mate 
rial may be prepared from above-described formulation X, 
formulation Y or formulation Z by heating and Working 
together the components in accordance With a knoWn 
method using an internal mixer such as a tWin-screW 
extruder, Banbury mixer or kneader, and under suitable 
heating and mixing conditions, such as a temperature of 150 
to 250° C. If any additives are to be included in the material, 
a heating and mixing method may be used in Which such 
additives are added at the same time as the above compo 
nents to be mixed or are added after ?rst mixing together the 
components of the. particular formulation (X, Y or Z) being 
employed. 

[0130] The golf ball of the invention is produced using the 
above-described envelope layer material, intermediate layer 
material and/or cover material. The envelope layer, inter 
mediate layer and cover may each be formed by any suitable 
process, such as injection molding or compression molding. 
When an injection molding process is employed, this may 
involve precisely positioning a prefabricated solid core 
Within a mold, then injecting the above-described material 
into the mold. When a compression molding process is 
employed, this may involve fabricating a pair of half-cups 
from the above material, enclosing the core Within these 
cups, either directly or together With an intervening enve 
lope layer and intermediate layer, then molding under heat 
and pressure in a mold. 

[0131] In the invention, a golf ball having a core, an 
envelope layer enclosing the core, an intermediate layer 
enclosing the envelope layer, and a cover enclosing the 
intermediate layer is formed using each of the above 
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described materials. The golf ball of the invention also 
satis?es following conditions (1) to (9): 

[0132] (1) the thermoplastic resin from Which the 
envelope layer is made has a rebound resilience, as 
measured in accordance With BS 903, of at least 65; 

[0133] (2) the envelope layer has a thickness of at 
least 0.5 mm but less than 1.5 mm; 

[0134] (3) the envelope layer has a Shore D hardness 
of at least 5 but less than 30; 

[0135] (4) the intermediate layer has a thickness of at 
least 0.5 mm but less than 1.5 mm; 

[0136] (5) the intermediate layer has a Shore D 
hardness of at least 40 but less than 56; 

[0137] (6) the cover has a thickness of at least 0.5 mm 
but less than 1.5 mm; 

[0138] (7) the cover has a Shore D hardness of at least 
56 and but not more than 70; 

[0139] (8) the intermediate layer and cover have a 
combined thickness of at least 1.5 mm but less than 
4.5 mm; and 

[0140] (9) When the Shore D hardness at the center of 
the core, the Shore D hardness at the surface of the 
core, the Shore D hardness of the envelope layer, the 
Shore D hardness of the intermediate layer and the 
Shore D hardness of the cover are compared, the 
envelope layer has the loWest Shore D hardness. By 
satisfying the above conditions, there can be 
obtained a golf ball Which has a high durability yet 
also has a high rebound, a high launch angle, a loW 
spin and a good feel upon impact. 

[0141] To provide golf balls having even better properties, 
it is preferable to additionally satisfy folloWing conditions 
(10) to (13): 

[0142] (10) the core has a de?ection When subjected 
to a load of 100 kg of at least 3.0 mm but not more 
than 6.0 mm; 

[0143] (11) 3§(Shore D hardness of cover)—(Shore 
D hardness of intermediate layer)§30; 

[0144] (12) 10§(Shore D hardness of intermediate 
layer)—(Shore D hardness of envelope layer)§45; 
and 

[0145] (13) the intermediate layer and cover layer 
have melt ?oW rates of at least 1.6 dg/min. 

[0146] Condition (1): 
[0147] In the golf ball of the invention, the thermoplastic 
resin from Which the envelope layer is formed has a rebound 
resilience, as measured in accordance With BS 390, of at 
least 65, preferably at least 68, and more preferably at least 
70. The objects of the invention are not attainable at a 
rebound resilience of less than 65 because the resulting ball 
has a poor rebound and a short carry. 

[0148] Condition (2): 

[0149] In the golf ball of the invention, the envelope layer 
has a thickness of at least 0.5 mm, preferably at least 0.7 
mm, and more preferably at least 0.8 mm, but less than 1.5 
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mm, and preferably less than 1.3 mm. The objects of the 
invention are not attainable at an envelope layer thickness of 
less than 0.5 mm because the desired softness and high 
rebound cannot both be achieved in the resulting ball. Nor 
are the objects of the invention attainable at an envelope 
layer thickness of 1.5 mm or more, oWing to the loW rebound 
of the resulting ball. 

[0150] Condition (3): 

[0151] In the golf ball of the invention, the envelope layer 
has a Shore D hardness of at least 5, preferably at least 7, and 
more preferably at least 10, but less than 30, preferably 20 
or less, and most preferably 15 or less. The objects of the 
invention cannot be attained at an envelope layer Shore D 
hardness of less than 5 because the resulting ball has a loW 
rebound. The objects of the invention are also not attainable 
at a value of 30 or more because the desired softness and 
high rebound cannot both be achieved in the resulting ball. 

[0152] The invention employs a structure composed of a 
core enclosed Within an envelope layer Which, as a golf ball 
material that satis?es above conditions (1) to (3), is very 
soft, has a high resilience and has a thickness Within a 
speci?c range. By additionally enclosing such a special 
envelope layer-enclosed core Within the optimiZed interme 
diate layer and cover that are subsequently described, a 
given amount of deformation is ensured When the ball is hit, 
enabling a loW spin and a high launch angle to be achieved. 
In addition, deformation is concentrated in the envelope 
layer, thereby suppressing unnecessary and excessive defor 
mation by the core Which contributes signi?cantly to 
rebound by the ball, and in turn checking a decrease in initial 
velocity When the golf ball is hit. In other Words, this 
arrangement enables a high rebound, a high launch angle 
and a loW spin to all be achieved to a considerable degree. 

[0153] Condition (4): 
[0154] In the golf ball of the invention, the intermediate 
layer has a thickness of at least 0.5 mm, preferably at least 
0.7 mm, and more preferably at least 0.8 mm, but less than 
1.5 mm, and preferably less than 1.3 mm. The objects of the 
invention cannot be achieved at an intermediate layer thick 
ness of less than 0.5 mm because the resulting ball has a loW 
rebound and a poor cracking resistance. The objects of the 
invention also cannot be achieved at an intermediate layer 
thickness of 1.5 mm or more because the resulting ball has 
a loW rebound and a hard feel. 

[0155] Condition (5): 
[0156] In the golf ball of the invention, the intermediate 
layer has a Shore D hardness of at least 40, and preferably 
at least 42, but less than 56, preferably 52 or less, and more 
preferably 47 or less. The objects of the invention cannot be 
achieved at an intermediate layer Shore D hardness of less 
than 40 because the ball has less rebound and more spin. Nor 
can the objects of the invention be achieved at an interme 
diate layer Shore D hardness of 56 or more, oWing to the 
hard feel of the resulting ball. 

[0157] Condition (6): 

[0158] In the golf ball of the invention, the cover has a 
thickness of at least 0.5 mm, preferably at least 0.7 mm, and 
more preferably at least 0.8 mm, but less than 1.5 mm, and 
preferably less than 1.3 mm. The objects of the invention 
cannot be achieved at a cover thickness of less than 0.5 mm, 
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owing to the loW rebound and loW cracking resistance of the 
resulting ball. Nor can the objects of the invention be 
achieved at a cover thickness of 1.5 mm or more, because 
the resulting ball has too hard a feel. 

[0159] Condition (7): 
[0160] In the golf ball of the invention, the cover has a 
Shore D hardness of at least 56, preferably at least 58, and 
more preferably at least 60, but not more than 70, preferably 
not more than 68, and more preferably not more than 65. The 
objects of the invention cannot be achieved at a cover Shore 
D hardness of less than 56 because the resulting ball has a 
loWer rebound, increased spin, and a shorter distance. Nor 
can the objects be achieved at a cover Shore D hardness of 
more than 70, oWing to the hard feel of the resulting ball. 

[0161] Condition (8): 
[0162] In the golf ball of the invention, the envelope layer, 
intermediate layer and cover have a combined thickness of 
at least 1.5 mm, preferably at least 2.0 mm, and more 
preferably at least 2.4 mm, but less than 4.5 mm, preferably 
4.2 mm or less, and more preferably 3.6 mm or less. The 
objects of the invention cannot be achieved at a combined 
thickness of less than 1.5 mm because the envelope layer, 
intermediate layer and cover in the resulting ball are each too 
thin to exhibit their respective effects. Nor can the objects of 
the invention be achieved at an overall thickness of 4.5 mm 
or more because the resulting ball has a core diameter which 
is too small, giving the ball a loW rebound and a poor feel. 

[0163] Condition (9): 
[0164] In the golf ball of the invention, When the Shore D 
hardness at the center of the core, the Shore D hardness at 
the surface of the core, the Shore D hardness of the envelope 
layer, the Shore D hardness of the intermediate layer and the 
Shore D hardness of the cover are compared, the envelope 
layer has the loWest Shore D hardness. If such a relationship 
is not satis?ed, the objects of the invention cannot be 
achieved because the resulting golf ball Will not have both 
a soft feel and a high rebound. 

[0165] In the invention, an intermediate layer and a cover 
Which satisfy above conditions (4) to (9) surrounds the 
special envelope layer-enclosed core Which satis?es above 
conditions (1) to Although the special envelope layer 
enclosed core can itself contribute to a high rebound, high 
launch angle and loW spin, stress at the time the golf ball is 
hit is readily transmitted in the direction of ball rotation, 
Which tends to increase golf ball spin. Moreover, if there is 
a large difference betWeen the resilience of the envelope 
layer and the resilience of the intermediate layer, distortion 
that arises at the boundary betWeen the envelope layer and 
the intermediate layer may lead to boundary separation 
(loWering the durability of the golf ball). 

[0166] Therefore, in this invention, by using the speci?c 
rnaterials described above to make the intermediate layer 
and the cover and by setting the respective thicknesses and 
hardnesses of the intermediate layer and the cover Within 
speci?c ranges, it is possible to compensate for any draW 
backs that may arise from the use of a special envelope 
layer-enclosed core like that described above. 

[0167] Condition (10): 
[0168] In the golf ball of the invention, the core has a 
de?ection When subjected to a load of 100 kg of at least 3.0 
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mm, preferably at least 3.2 mm, and more preferably at least 
3.5 mm, but generally not more than 6.0 mm, preferably not 
more than 5.0 mm and more preferably not more than 4.5 

mm. At a core de?ection When subjected to a load of 100 kg 
of less than 3.0 mm, the feel may be too hard and the spin 
may increase, shortening the carry of the ball. On the other 
hand, at a core de?ection of more than 6.0 mm, the resulting 
golf ball may have a loWer rebound and a loWer resistance 
to cracking. 

[0169] Condition (11): 

[0170] In the golf ball of the invention, the value (Shore D 
hardness of cover)—(Shore D hardness of intermediate layer) 
is generally at least 3, preferably at least 8, and more 
preferably at least 18, but generally not more than 30, 
preferably not more than 28, and more preferably not more 
than 25. If this value falls outside the above range, the 
resulting golf ball may fail to achieve a good balance 
betWeen a high rebound, a loW spin and a soft feel. 

[0171] Condition (12): 

[0172] In the golf ball of the invention, the value (Shore D 
hardness of intermediate layer)—(Shore D hardness of enve 
lope layer) is generally at least 10, preferably at least 15, and 
more preferably at least 25, but generally not more than 45, 
preferably not more than 40, and more preferably not more 
than 35. If this value falls outside the above range, the 
resulting golf ball may fail to achieve a good balance 
betWeen a high rebound and a soft feel. 

[0173] Condition (13): 

[0174] In the golf ball of the invention, the melt ?oW rates 
(sometimes abbreviated hereinafter as “MFR”) of the inter 
mediate layer and cover layer are generally at least 1.6 
dg/rnin, preferably at least 1.8 dg/rnin, and more preferably 
at least 2.5 dg/rnin. At a melt ?oW rate of less than 1.6, 
rnolding may be dif?cult and the molded ball may have a 
reduced sphericity, Which can increase the variability of 
?ight. “Melt ?oW rate,” as used herein, refers to the value 
measured in general accordance With JIS-K6760 at a test 
temperature of 190° C. and a test load of 21.18 N (2.16 kgf). 

[0175] When such intermediate layer and cover materials 
having good How properties are used, a good rnoldability 
can be achieved even When the layer being rnolded is thin. 

[0176] In the golf ball of the invention, the core diameter 
is generally at least 33.7 mm, preferably at least 34.3 mm, 
and more preferably at least 35.5 mm, but generally not 
more than 39.7 mm, preferably not more than 38.7 mm, and 
more preferably not more than 37.9 mm. The core used in 
the invention is a high-resilience core formulated as 
described above. By making this type of core Which con 
tributes substantially to the ball’s rebound relatively large, 
the golf ball can achieve an even longer carry. 

[0177] The surface of the inventive ball may have nurner 
ous dirnples forrned thereon by a conventional method. No 
particular limitation is imposed on dirnple characteristics 
such as shape and total number. For example, the dirnples 
arranged on a single ball may be all of one type, or may be 
of tWo or more types, and preferably tWo to siX or more 
types, of differing diarneter and/or depth. Regardless of 
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Whether there are differing types of dimples, it is recom 
mended that the dimple diameter be in a range of generally 
2.0 to 5.0 mm, and preferably 2.2 to 4.5 mm. The dimple 
shape can be adjusted so as to give a depth in a range of 
generally 0.1 to 0.3 mm, and preferably 0.11 to 0.25 mm. 
The total number of these dimples can be set at generally 
from 250 to 500, and preferably from 300 to 470. The 
dimples are generally circular in shape, although they may 
have other shapes Which are non-circular, such as elliptical, 
oval or polygonal shapes. The surface of the ball may be 
administered various treatment such as surface preparation, 
stamping and painting. Such operations can be easily carried 
out, particularly When performed on a cover made of the 
above-described heated mixture. 

[0178] The golf ball of the invention can be manufactured 
in accordance With the Rules of Golf for use in competitive 
play, in Which case the ball may be formed to a diameter of 
not less than 42.67 mm and a Weight of not more than 45.93 
g. The upper limit in the diameter is preferably not more than 
44.0 mm, more preferably not more than 43.5 mm, and most 
preferably not more than 43.0 mm. The loWer limit in the 
Weight is preferably not less than 44.5 g, more preferably not 
less than 45.0 g, even more preferably not less than 45.1 g, 
and most preferably not less than 45.2 g. 

EXAMPLE 

[0179] The folloWing Examples and Comparative 
Examples are provided by Way of illustration and not by Way 
of limitation. 

Examples 1 to 5, and Comparative Examples 1 to 6 

[0180] Rubber compositions having the formulations (in 
parts by Weight) shoWn in Table 1 Were vulcaniZed to form 
the cores of three-piece golf balls. VulcaniZation Was carried 
out at 155° C. for 15 minutes. 

[0181] Envelope layer materials, intermediate layer mate 
rials and cover materials of the formulations shoWn in Tables 
2 and 3 Were injection molded over these cores to form 
four-piece solid golf balls. Table 4 shoWs the results of 
evaluations carried out on the resulting golf balls. 

[0182] The materials mentioned in Table 1 are described 
beloW. 

[0183] BR730: A polybutadiene rubber produced by 
JSR Corporation. 

[0184] Polymerization catalyst, neodymium sys 
tem; cis-1,4 unit content, 96%; Mooney viscosity 
(ML1+4 (100° C.)), 55. 

[0185] BR01: A polybutadiene rubber produced by 
JSR Corporation. 

[0186] Polymerization catalyst, nickel system; cis 
1,4 unit content, 96%; Mooney viscosity (ML1+4 
(100° C.)), 44. 

[0187] BR11: A polybutadiene rubber produced by 
JSR Corporation. 

[0188] PolymeriZation catalyst, nickel system; cis 
1,4 unit content, 96%; Mooney viscosity (ML1+4 
(100° C.)), 44. 

[0189] Perhexa 3M-40: An organic peroxide (40% 
dilution) produced 15 by NOF Corporation. 

[0190] Percumil D: An organic peroxide produced by 
NOF Corporation. 

[0191] Nocrac NS-6: An antioxidant produced by 
Ouchi Shinko Chemical Industry Co., Ltd. 

TABLE 2 

Components Envelope layer/Intermediate layer/Cover formulations 

(pbW) a b c d e f g h 

Hytrel HI‘D274 100 
Hytrel HI‘D237 100 
Hytrel 3078 100 
Hytrel 4001 100 
Hytrel SB754 100 
Hytrel 4701 
Dynaron 6100P 25 
Dynaron 6200 
Dynaron 4630 

30 
10 

TABLE 1 

Components Core formulations 

(pbW) A B C D E F G H I 

Base rubber BR730 100 100 100 100 100 100 

BR01 50 50 50 

BR11 50 50 50 

Metal salt of Zinc acrylate 26.9 25.3 27.8 27.0 19.1 27.0 25.3 27.7 27.2 

unsaturated 

carboxylic acid 
Organosulfur Zinc salt of 1.0 1.0 1.0 1.0 1.0 1.0 

compound pentachlorothiophenol 
Inorganic Zinc oxide 33.6 28.2 24.2 24.2 5.0 5.0 5.0 16.8 22.3 

?llers Barium sulfate 20.1 28.5 38.3 

Organic Perhexa 3M-40 0.3 0.3 0.3 0.3 0.45 0.45 0.6 0.3 0.3 

peroxides Percumil D 0.3 0.3 0.3 0.3 0.45 0.45 0.6 0.3 0.3 

Antioxidant Nocrac NS-6 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 
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TABLE 2-continued TABLE 3-continued 

Components Envelope layer/Intermediate layer/Cover formulations Components Envelope layer/Intermediate layer/Cover formulations 

(pbW) a b c d e f g h (pbW) i k l m n o p 

Nucrel 60 Himilan 1601 50 50 
AN4318 Himilan 1557 50 50 50 
Surlyn 8120 75 Himilan 1706 45 25 25 55 
Surlyn 9945 Himilan 1605 50 50 50 
Surlyn 6320 Behenic acid 
Surlyn 8320 100 Calcium 
Himilan 1601 hydroxide 
Himilan 1557 Titanium 2 2 2 2 2 5.6 2 
Himilan 1706 dioxide 
Himilan 1605 Barium 20 20 28 
Behenic acid 20 20 20 sulfate 300 
Calcium 2.3 3.5 2.6 MFR (dg/min) 3.1 0.8 11.0 4.0 3.2 3.3 2.3 0.8 
hydroxide 
Titanium 2 
dioxide . . . 

Barium [0193] The materials mentioned in Tables 2 and 3 are 
Sulfate 300 described below. In the tables, “MFR” refers to the melt ?oW 
MFR (dg/min) 2-1 2-3 2-0 rate measured in general accordance With JIS-K6760 at a 

test temperature of 190° C. and a test load of 21.18 N (2.16 
kgf). 

[0192] 0194 H trel: Pol ester elastomers roduced b y y P y 
DuPont-Toray Co., Ltd. 

TABLE 3 
[0195] Dynaron: Hydrogenated polymers produced 

Components Envelope layer/Intermediate layer/Cover formulations by JSR Corporation 

(PbW) i j k 1 In H O p [0196] Nucrel: Ionomer resins produced by DuPont 

Hytrel HTD274 Mitsui Polychemicals Co., Ltd. 

132213237 [0197] Surlyn: Ionomer resins produced by El. 
Hytrel 4001 DuPont de Nemours and Company. 
Hytrel SB754 . . _ . 

Hytrel 4701 100 [0198] Himilan. Ionomer resins produced by 
Dynaron 6100p DuPont-Mitsui Polychemicals Co., Ltd. 
Dynaron 6200 . . _ 

Dynaron 4630 [0199] Behenic acid. NAA222-S (beads), produced 
Nucrel by NOF Corporation. 
AN4318 _ _ 

Surlyn 8120 55 45 [0200] Calcium hydroxide: CLS-B, produced by 
Surlyn 9945 25 25 Shiraishi Kogyo Kaisha, Ltd. 
Surlyn 6320 
Surlyn 8320 [0201] Barium sulfate 300: Precipitated barium sul 

fate, produced by Sakai Chemical Industry Co., Ltd. 

TABLE 4 

Components Example Comparative Example 

(pbW) 1 2 3 4 5 1 2 3 4 5 6 

Core Diameter (mm) 35.3 35.3 35.2 36.3 36.3 33.7 33.7 32.7 33.7 36.3 36.3 

Formulation A B C D D E F G F H I 

Hardness 3.8 4.3 3.8 4.0 4.0 5.4 3.4 3.7 3.4 4.0 4.0 

(100 kg load) (mm) 
Center hardness 34 33 34 33.5 33.5 28 35 34 35 33 33.5 

(Shore D) 
Surface hardness 41 39 41 39 39 32 43 41 43 39 39 

(Shore D) 
Envelope Thickness (mm) 1.20 1.20 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.00 1.00 

layer Hardness (Shore D) 12 12 12 22 12 30 40 30 40 12 27 

Formulation a a a b a c d c d a e 

Rebound resilience 70 70 70 70 70 75 68 75 68 70 56 
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TABLE 4-continued 

Components F amnle Comparative F amnle 

(pbw) 1 2 3 4 5 1 2 3 4 5 6 

Sphere Diameter (mm) 37.7 37.7 38.2 38.3 38.3 36.7 36.7 35.7 36.7 38.3 38.3 
formed by 
enclosing 
core with 

envelope 
layer 
Intermediate Thickness (mm) 1.25 1.25 1.00 1.00 1.00 1.50 1.50 1.50 1.50 1.00 1.00 
layer Hardness (Shore D) 51 51 42 43 47 59 53 51 51 47 43 

Formulation f f g g h 1 1 f f k g 
Sphere Diameter (mm) 40.2 40.2 40.2 40.3 40.3 39.7 39.7 38.7 39.7 40.3 40.3 
formed by 
enclosing 
envelope 
layer with 
intermediate 
layer 
Cover Thickness (mm) 1.25 1.25 1.25 1.20 1.20 1.50 1.50 2.00 1.50 1.20 1.20 

Hardness (Shore D) 63 63 65 63 65 62 55 59 53 65 63 
Formulation i m n m n c p i n m 

Ball Diameter (mm) 42.7 42.7 42.7 42.7 42.7 42.7 42.7 42.7 42.7 42.7 42.7 
Combined thickness 3.70 3.70 3.25 3.20 3.20 4.50 4.50 5.00 4.50 3.20 3.20 
of envelope layer, 
intermediate layer 
and cover (mm) 
Weight (g) 45.3 45.3 45.3 45.3 45.3 45.3 45.3 45.3 45.3 45.3 45.3 
Hardness 3.3 3.6 3.5 3.5 3.5 4.0 2.9 3.0 3.1 3.5 3.4 

(100 kg load) (mm) 
Flight Spin (rpm) 2500 2440 2480 2450 2430 2450 2650 2580 2650 2530 2440 

Launch angle (0) 10.7 10.8 10.7 10.8 10.8 10.8 10.4 10.5 10.4 10.6 10.8 
Initial velocity 65.0 64.8 64.9 64.9 64.9 63.5 63.9 64.2 64.2 64.5 64.5 

(m/s) 
Carry (m) 226.0 225.8 226.0 225.5 226.2 219.0 220.1 222.0 221.5 223.2 223.0 

Resistance to cracking good good good good good good good good good NG good 
Feel When hit with a soft soft soft soft soft soft hard ordinary ordinary soft soft 

driver 
When putting soft soft soft soft soft ordinary soft ordinary soft soft soft 

[0202] The properties shown in Table 4 were evaluated as [0211] Intermediate Layer Thickness 
follows. 

[0203] Hardness (100 kg Load) (Core, Ball) 
[0204] De?ection when a load of 100 kg is applied. 

[0205] Hardness (Core Surface, Core Center, Envelope 
Layer, Intermediate Layer, Cover) 

[0206] The Shore D hardness, as measured with an ASTM 
D2240 type D durometer. The hardness at the surface of the 
core was measured directly. The hardness at the center of the 
core was measured after cutting the core in half. The 
hardnesses of the envelope layer, intermediate layer and 
cover were each measured as the surface hardness of a resin 

sheet in accordance with JIS-K6253, not the hardness at the 
surface of the ball. 

[0207] Ball Diameter 

[0208] The maximum diameter of the golf ball, as mea 
sured in a dimple-free area on the ball’s surface. 

[0209] Envelope Layer Thickness 

[0210] Calculated as the following value: 

[(diameter of sphere formed by enclosing core with 
envelope layer)—(core diameter)]/2 

[0212] Calculated as the following value: 
[(diameter of sphere formed by enclosing envelope 
layer with intermediate layer)—(diameter of sphere 
formed by enclosing core with envelope layer)]/2 

[0213] Cover Thickness 
[0214] Calculated as the following value: 

[(ball diameter)—(diameter of sphere formed by enclos 
ing envelope layer with intermediate layer)]/2 

[0215] Rebound Resilience 
[0216] The rebound resilience of the thermoplastic resin 
which forms the envelope layer, as measured in accordance 
with British Standard 903. 

[0217] Flight 
[0218] The spin, launch angle, initial velocity and carry 
were measured when the ball was hit at a head speed of 45 
m/s with a driver (X-DRIVE TYPE 300 PROSPEC, made 
by Bridgestone Sports Co., Ltd.; loft angle, 9°) mounted on 
a swing robot (Miyamae Co., Ltd.). To measure the spin, 
launch angle and initial velocity, the ball immediately after 
impact was photographed using a high-speed camera. 

[0219] Resistance to Cracking 
[0220] The ball was repeatedly shot against an iron plate 
at a velocity of 43 m/s, and the number of impacts until the 
ball cracked was measured. A commercial ball (PRECEPT 
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Laddie, manufactured by Bridgestone Sports Co., Ltd.) Was 
measured at the same time. The results Were rated according 
to the following criteria. 

[0221] Good: Results Were better than “Ordinary.” 

[0222] Ordinary: Number of impacts until ball 
cracked Was Within 15% that for PRECEPT Laddie 

[0223] Not good (NG): Results Were Worst than 
“Ordinary.” 

[0224] Feel 

[0225] The feel of the ball Was sensory evaluated by ?ve 
skilled amateur golfers having handicaps of less than 10, 
With each golfer assigning the ball a numerical score as 
folloWs. 

[0226] 5 points: Very soft; 

[0227] 4 points: Soft 

[0228] 3 points: Ordinary; that is, neither hard nor 
soft 

[0229] 

[0230] 

2 points: SomeWhat hard 

1 point: Hard 

[0231] The average score for each ball Was calculated, and 
the feel Was rated based on the folloWing criteria. 

[0232] Soft: Average score for ?ve golfers Was 4 or 
higher 

[0233] Ordinary: Average score for ?ve golfers Was 
at least 2, but less than 4 

[0234] Hard: Average score for ?ve golfers Was less 
than 2 

[0235] The golf ball in Comparative Example 1 has a 
someWhat hard envelope layer and intermediate layer, and 
the core is too soft. Also, the envelope layer, intermediate 
layer and cover are someWhat thick, making the core rather 
small. In addition, the core formulation has a poor resilience. 
The result is a golf ball having a small rebound and a short 
carry. This golf ball also has a someWhat hard feel during 
putting. 
[0236] The golf ball in Comparative Example 2 has a soft 
cover, a hard envelope layer and a someWhat hard core. 
Also, the envelope layer, intermediate layer and cover are 
someWhat thick, making the core rather small. In addition, 
the core formulation has a poor resilience. The result is a 
golf ball having a high spin, a small rebound, and thus a 
short carry. This golf ball also has a hard feel on full shots 
such as With a driver. 

[0237] The golf ball in Comparative Example 3 has a thick 
envelope layer, intermediate layer and cover, in addition to 
Which the envelope layer is hard and the core formulation 
has a poor resilience. The result is a golf ball that has a loW 
rebound and a short carry. This golf ball also has a someWhat 
hard feel. 

[0238] The golf ball in Comparative Example 4 has a soft 
cover, a hard envelope layer, and a someWhat hard core. 
Moreover, the envelope layer, intermediate layer and cover 
are someWhat thick, making the core rather small. In addi 

Aug. 4, 2005 

tion, the core formulation has a poor resilience. The result is 
a golf ball having a high spin, a loW rebound, and thus a 
short carry. 

[0239] In the golf ball in Comparative Example 5, the 
intermediate layer is made of polyester and has a poor 
adhesion With the cover, loWering the resistance of the ball 
to cracking. Moreover, the resilience is loWer than that of the 
highly neutraliZed ionomer used in Example 5 of the inven 
tion, increasing the spin and resulting in a short carry. 

[0240] In the golf ball in Comparative Example 6, the 
envelope layer has a loW rebound resilience, giving the ball 
a small rebound and thus resulting in a short carry. 

1. A golf ball comprising a core, an envelope layer 
enclosing the core, an intermediate layer enclosing the 
envelope layer and a cover enclosing the intermediate layer, 
characteriZed in that the core is obtained by molding and 
vulcaniZing a rubber composition comprising 100 parts by 
Weight of a base rubber Which includes 60 to 100 Wt % of 
a polybutadiene of at least 60% cis-1,4 structure, has a 
Mooney viscosity (ML1+4 (100° of at least 40 and is 
synthesiZed using a rare earth catalyst, 10 to 60 parts by 
Weight of an unsaturated carboxylic acid and/or an unsat 
urated carboxylic acid metal salt, 0.1 to 5 parts by Weight of 
an organosulfur compound, 5 to 80 parts by Weight of an 
inorganic ?ller and 0.1 to 0.8 part by Weight overall of at 
least tWo different organic peroxides Which have, letting the 
organic peroxide With the shortest half-life at 155° C. be (p), 
the organic peroxide With the longest half-life at 155° C. be 
(q), the half-life of be pt and the half-life of (q) be qt, a 
half-life ratio qt/pt of at least 7 but not more than 20, the 
envelope layer is made from a thermoplastic resin, the 
intermediate layer is made from a thermoplastic resin con 
taining at least 30 Wt % of an ionomer resin, and the cover 
is made from a thermoplastic resin containing at least 50 Wt 
% of an ionomer resin; 

and in that the golf ball satis?es folloWing conditions (1) 
to (9): 

(1) the thermoplastic resin from Which the envelope layer 
is made has a rebound resilience, as measured in 
accordance With British Standard 903 (BS 903), of at 
least 65, 

(2) the envelope layer has a thickness of at least 0.5 mm 
but less than 1.5 mm, 

(3) the envelope layer has a Shore D hardness of at least 
5 but less than 30, 

(4) the intermediate layer has a thickness of at least 0.5 
mm but less than 1.5 mm, 

(5) the intermediate layer has a Shore D hardness of at 
least 40 but less than 56, 

(6) the cover has a thickness of at least 0.5 mm but less 
than 1.5 mm, 

(7) the cover has a Shore D hardness of at least 56 and but 
not more than 70, 

(8) the envelope layer, intermediate layer and cover have 
a combined thickness of at least 1.5 mm but less than 
4.5 mm, and 

(9) When the Shore D hardness at the center of the core, 
the Shore D hardness at the surface of the core, the 
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Shore D hardness of the envelope layer, the Shore D 
hardness of the intermediate layer and the Shore D 
hardness of the cover are compared, the envelope layer 
has the loWest Shore D hardness. 

2. The golf ball of claim 1 Which additionally satis?es 
following condition (10): 

(10) the core has a de?ection When subjected to a load of 
100 kg of at least 3.0 mm but not more than 6.0 mm. 

3. The golf ball of claim 1, Wherein the thermoplastic 
resin making up the envelope layer is an ester thermoplastic 
elastomer. 

4. The golf ball of claim 1 Which additionally satis?es 
folloWing conditions (11) and (12): 

(11) 3§(Shore D hardness of cover)—(Shore D hardness 
of intermediate layer)§30, and 

(12) 10§(Shore D hardness of intermediate layer)—(Shore 
D hardness of envelope layer)§45. 

5. The golf ball of claim 1 Which additionally satis?es 
folloWing condition (13): 

(13) the intermediate layer and cover layer have melt ?oW 
rates of at least 1.6 dg/min. 

6. The golf ball of claim 1, Wherein the intermediate layer 
is composed of (a) 100 parts by Weight of an ole?n 
unsaturated carboXylic acid random copolymer and/or an 
ole?n-unsaturated carboXylic acid-unsaturated carboXylic 
acid ester random copolymer, (b) 5 to 80 parts by Weight of 
a fatty acid having a molecular Weight of at least 280 or a 
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derivative thereof, and (c) 0.1 to 10 parts by Weight of a 
basic inorganic metal compound capable of neutraliZing acid 
groups on components (a) and 

7. The golf ball of claim 1, Wherein the intermediate layer 
is composed of (d) 100 parts by Weight of a metal ion 
neutraliZation product of an ole?n-unsaturated carboXylic 
acid random copolymer and/or a metal ion neutraliZation 
product of an ole?n-unsaturated carboXylic acid-unsaturated 
carboXylic acid ester random copolymer, (b) 5 to 80 parts by 
Weight of a fatty acid having a molecular Weight of at least 
280 or a derivative thereof, and (c) 0.1 to 10 parts by Weight 
of a basic inorganic metal compound capable of neutraliZing 
acid groups on components (d) and 

8. The golf ball of claim 1, Wherein the intermediate layer 
is composed of 100 parts by Weight of a miXture of (a) an 
ole?n-unsaturated carboXylic acid random copolymer and/or 
an ole?n-unsaturated carboXylic acid-unsaturated carboXy 
lic acid ester random copolymer With (d) a metal ion 
neutraliZation product of an ole?n-unsaturated carboXylic 
acid random copolymer and/or a metal ion neutraliZation 
product of an ole?n-unsaturated carboXylic acid-unsaturated 
carboXylic acid ester random copolymer, (b) 5 to 80 parts by 
Weight of a fatty acid having a molecular Weight of at least 
280 or a derivative thereof, and (c) 0.1 to 10 parts by Weight 
of a basic inorganic metal compound capable of neutraliZing 
acid groups on components (a), (d) and 

* * * * * 


