RUBBER COMPCSI TI ON AND GOLF BALL COVMPRISING IT 1. Field of the Invention
This invention relates to a rubber conposition having inproved nechani cal (’\
properties, particularly an excellent conpressive strength. This invention

also relates to a golf ball which conprises the rubber conpost;hqn;;g,g—\
menti oned above and has excellent durability, bounce inpact el Ferty C 7
(flight characteristiREBBEmdcoeoslitaonN Ae@ cogrupanLhicbMergs b gTi nventi on
further relates to a rubber conposition particularlTy suitable for a cover

| ayer. of golf ball. 2. Description of the Prior Art Rubber conpositions,
unli ke plastics, exhibit viscoelasticity and, by the virture of this
property, have found their utility in a wide variety of fiekds such as

civil engingering, ngghkgg kgg%§££gn el ectrical industry and chem cal
I ndustry. In'recen? years, rubber conpositions have been required to

possess high har ¢RessinbbARighastigtLy. ¢ i Qhréﬁﬁgpgé&hp@g{{%lﬂa\;%@
conpressive strength and excel l ent wear resistance to neet diversitied
needs by thampaBwetokesnahtitabi phopérengséh phasiceFakpg Heaixstevrdpped.
Further, those rubber conposition are in nost cases required to possess at
| east two ofcompressive strength. ‘

A

This invention also relates to a golf ball which comprises
the rubber composition mentioned above and has excellent :
durability, bounce impact elasticity (flight characteristics) and

excellent feeling upon hitting.

(5.

This invention further relates to a rubber composition e:
particularly suitable for a cover léyer of golf ball. |
2. Description of the Prior Art |

Rubber compositions, unlike plastics, exhibit
viscoelasticity and, by the virture of this property, have found
their utility in a wide variety of fields such as civil
engineering, machine industry, electrical industry and chemical
industry. In recent years, rubber compositions have been
required to posse#s high hardness, high elasticity, high
strength, extremely high compressive strength and excellent wear,

o,

resistance to meet diversified needs by the same token that
high-strength élastics had been developed. Further, those rubber
composition are in most cases required to possess at least two of
such highly improved properties simultaneously.

Golf balls, for example, are required to ensure the flight
stability, long flight distance characteristics and the like.

The rubber compositions used in golf balls, therefore, are



suéh hi ghly inproved properties sinultaneously. CGolf balls, for exanple,
are fequired to ensure the flight stability, iong flight distance .

chdr a&¥eristics and the |ike. The rubber conpositions used in golf balls,
therefore, are required to have well controlled properties such as
bounce inpact elasticity, conpressive strength and hardness, and vari ous
rubber . conpositions having i nproved properties have been proposed. 5

For exanple, a goleedmﬁed:%mm Weldl CUMATIIR hApaRitiidyd dRlplassal t
nononers of an [e nDnoeth Ienlcally unsat ur at ed carboxylic aC|dE%as been

proposed. In this®& gt ihastigid o fERRre sty &SFeqath édbn the
mai n chain of the Haziﬂm;ssormmlei&ri’m:s (ﬁunhﬁzyhjﬂx@djsﬁrtﬁ.dn?s tHaeripigesence of

Cher eby. har dness ISy BBt 3o TR SO0 cent dur abi |ty
and bounce inpact el astBat texarple n@ deddh hadtlaicesposiedh oflieh compuisfi thiadr .
The hardness 15 Qoftdifind MdtLP Db GHHIMRIAL G D e gmount of the
monoethylenically unsaturated carboxylic acid has been
proposed. In this type of golf ball, the monomers had
been grafted on the main chain of the rubber component
10 of polybutadiene in the presence of a free radical
initiator to function as a co-cross-linking agent, and
thereby hardness is imparted to the ball. However,
sufficient durability and bounce impact elasticity have
'not been obtained with such a golf ball. The hardness
of a golf ball can be controlled by the amount of the
cross-linking agent; however, an increased amount of
the cross-linking agent would cause a decline of the
bounce impact elasticity.
For the purpose of the improvement of hardness and
20 wear resistance of rubber compositions, wvarious
compositions incorporated with finely divided inorganic
material have also been proposed; however, a decrease
of the elasticity and decrease of the compression
fracture strength are inevitably caused without
25 éxception. The incorporation of long staple fibers has
been proved to be effective for enhancing the strength
of the composition: however, the incorporation of such
fibers impairs the surface smoothness and also fails to
produce any significant impfovement in elasticity and
30 hardness. '

Based on the technical concept of those
conventional methods mentioned above, the use of fine
fibers in a rubber composition was naturally supposed;
however, they exhibit poor wettability to a rubber

35 material to cause slippage'between their surfaces and

L)

the rubber material. Because of the slippage, it is



cross-linking agent; however, an increased anount of the cross-Ilinking
agent woul d cause a decline of t he bounce inpact elasticity. For the | '%
purpose of the inprovenent of hardness and 20 wear resistance of rubber &
conmposi tions, various conpositions incorpqgrated with finely divided

I norganic material have al so been proposed; however, a decrease of the

el asticity and decrease of the conpression fracture strength are inevitably
caused wit hdutff:i&ulexc:epbmlam the deedrpdr prbparefiekong stiapl e fibers has

been proved_{o Qg %ff erﬁagortﬂ% %Rc Lng %hg s%%g?%%hgggféhe conposi tion;

however, the i corpora ‘on ~of ‘sucC ber's: i mpai €e snoot hness
and al so f adiispegsgdotpdEormiysiigniaf gdyen rupbevegeomposmtébasticity and 30

hardness. Bagsgde2drhe ptzwialﬁal aC8QgeRbiaf shh@aeece%s%éar&abfnet hods
menti oned above, the use flne fibers . in a rubber conposition was

naturajl@'sﬁﬁﬁo§é@erﬁoﬂé§ep t@ﬁefe@?HPSPtaﬁoérpﬁepﬁﬁﬂlFPtPeto a rubber 35
material toseawed.s! umoa.@ewmu\/\mawhha:hatsuya@eeyzaadet Bg1kabber material.

Because of tg%p%hn%pa%rb eff%ctlve surface treating agents, but
the compound(s) must be selected to.spit the particular
kind of rubber component used in the composition and
10 the surface treatment with the compound(s) requires
highly advanced skill.
We have already found that a sulfur-containing
silyl compound possesses an excellent affinity to
rubber components. and serves as an excellent agent for : 
15 +the surface treatment mentioned above. Howevef, , s
heretofore such sulfur-containing silyl compounds have
been invariably directed to sulfur vulcanizing systems,
and it has been believed that the sulfur-containing
silyl compound can not be used for non-sulfur
20 wvulcanizing systems since it has been supposed that the
non-sulfur vulcanization would be inhibited with the
sulfur-containing silyl compound judging from its
~vulcanization mechanism. '
An object of the invention is to provide a high-
25 performance rubber composition having high elasticity,
high_strength.and high compression property, and
vulcanizable with a non-sulfur type wvulcanizing agent.
Another object of the invention is to provide a
golf ball which has excellent durability, bounce impact
30 elasticity and hardness and which can give excellent-
feeling upon hitting with a golf club and a long flight
distance. '
Yet another object of the invention is to provide
a rubber composition suitable for molding a cover layer
35 of a golf ball, which has an excellent durability,
bounce impact elasticity and hardness and which can



difficult to obtain the desired properties in such conposite material,
though the fine fibers can be dispersed uniformy in a given rubber
corpasttion. Therefore, providing a suitable surface treatnent of 5 the
fibers has often remai ned as a probkemto be sol ved. is well known that
hydrol yzabl e silyl conpounds are effective surface treatlng agents, but the
conpound(s) nust be selected to suit the particular kind of rubber

conponent used in gmecmmélmnarwbémm@mwfmetm@aéﬁwm Voridy t he

conpound(s) requirgs, é}} héysggw c&ql élﬂ',\ééd W Q‘%‘ﬁ enljéela#iy_ found that a

sul fur-contai ni ng ST oun posSSesSes an ex arfinity to rubber
conponents and serves d%h%nféy%ﬁl¢%Fﬁchg@ﬁtth©rlu!9ntinnsﬂN¢YﬁQﬁ$r%atnent

mentioned above. f@awmﬁgﬂei&a% §i&k§ur v $¢ NbAW Sdtital

conpounds have been invariably directed to sul can|2|ng systens, and
it has been bePi evaRB{PHtSYRENQEIF FompARent| fY. sfige IRARERRIC cRHP@ES. be

used for non-sul f uis Nerglhafter | AGE EN6A 5D FOESd | to MR Sseics Uppestienbat
the with a surface treating agent and a non-sulfur type
vulcanizing agent. The rubber composition may further
comprise a cross-linking monomer. '
10 The second aspect of the invention provides a golf
ball comprising'thé rubber composition mentioned above.
The golf ball of the present invention includes:
a) a solid golf ball made solely of the rubber
_ composition mentioned above,

- 15 b) a two-piece golf ball which comprises a core of
elastic rubber and a cover layer of a hard elastomer,
wherein the core and/or the cover layer are/is composed
of the rubber composition mentioned above,

c) a three-piece golf ball which comprises a core of

20 elastic rubber, an intermediate layer of elastic rubber
and a cover layer of hard elastomer, whergin at least
one of the core, the intermediate layer_and the cover
layer is(are) composed of the rubber composition
mentioned above, and

25 'd) a thread wound golf ball which comprises a
spherical core, an intermediate layer formed by winding

9 an elastic thread on the spherical core with high
tension and a cover layer, wherein the



non-sul fur vul cani zati on woul d be inhibited with the sulfur-containing. °

silyl conpound judging fromits vul cani zati on nechani sm An object of fh
invention is to provide a high- 25 performance rubber conposition haviﬁgg “

hi gh el.asticj | gh { i.gh Lessipn, proper.t and

vul ca%?%%b?gaz\ngfh%gn%%%uﬁ%ﬁr?y%g‘g}\}%l géﬁ‘??.’sﬁé 3ge '?‘.e %"ra\%tf%fer obj ect of
the | pYRBLEPoh Sméfr N5V dbR-eol T ball which has excellent durability,
bounce inpact 30 elasticity and hardness and which can give excell ent

feel i ng upphehthit@gaspédt aoPaHe Glnvenandnapkengaéki ghtusthet ance. Yet :

anot her object of the invention is to provide a rubber conposition suitable
f or nobupogiticovier|ayesveds layem cfolaf glodlfl pbali, chhiels commxicsdd et

durability, bounce inpact elasticity and hardness and which can gi ve an
excelﬂéﬁﬁtfééﬁiﬂgtﬁﬁgﬁ Mo F et iconrgbbeirgremgpsentte) vitndh aidwd.ii n a

golf ball, The first aggect Qf, the invention provides a
metal titanate fibers subjected to a surface treatment with a

surface treating agent.

As the rubber component of the composition of the invention,
any of the various known rubbers can be used. Examples of the
rubber component include natural rubber (NR), isoprene rubber
(IR), styrene-butadiene ruﬁber (SBR), nitrile rubbef (NBR), ;‘)
butadiene rubber (BR), chloroprene rubber (CR), butyl rubber
(IIR), acrylic rubber (AR), urethane rubber (UR), silicone rubber
(SiR), fluorocarbon rubber (FR), ethyiene-prqpylene rubber (EPR),
chlorosulphonated polyethylene (CSM), éfhylene-vinyl acetate
rubber (EVA)}, chlorinated polyethylene (CPE), polyisobutylene
(PIB), alfin rubber (AL), polyester rubber (ESR), epichlorohydrin
rubber (ECR}, chlorinatéd iSobutylene-isopfene rubber (CIR),
nitrile-isobutylene rubber (NIR), ionomer resin,
trans-polyisoprene resin and the like.

The rubber component preferably contains at least 30 % by . N/
weight of polybutadiene of cis-1l,4-configuration, because the
hardness and bounce impact elasticity of the composition
containing such rubber component are particularly improved. S
Though it is not unclear why this improvement is caused, it is
supposed that the reinfocing effect efficiently utilizing the

shape of the fine fibers contained in the composition is obtained



rubber..conposition conprising at |east one natural 5 and/or synthetic
conmponent (s), fine inorganic fibers, as hereinafter defined subjected to a
surface treatnment with a surface treating agent and a non- sulfur type

vul cani zi ng ent The rubber Conp % Jtiogﬁnay further caomrise

cross-|inkin FrordnEte Fﬁ?c ion e BBORYT 2SRRI ¢ PﬁvéHfFBﬁe
provides a 99%%e pr% p%&?bh'ﬂ?gggngog?oéiéllo '?1tf' ?Egaﬁpﬂve TH{E

gol f ball of nve fon~inc a so

sol ely of th@hé&bﬁeis(éuﬁgﬁﬁﬁédp%ynﬁﬁblQH@@ ghaves éééaé&r 1m%erQmBh608f90|f
bal | which conprises a core of elastic rubber and a cover |ayer of a hard

el ast oner, wherdness hend durared ofr mbacmoaseastayﬁty atal i obtpdned ah the
rubber conposition menti oned above, c) a three-piece golf ball which
conpri ses a compositixns akistizinaulshieh, subfiuntecombaiming |sarfiacef toeasing
rubber and a cover |ayer of hard el astomer, wherein at | east one of the
core, the inggembdthae thess utid izdedc gy epnvaybional Fuytaceidesdisg egent

r ubber conpositio nti.one bove
whi ch COanPi gggta:r.]nsr.rt?g no su. ur Comp%rl]lgn% fOl‘ exaamé{le q.kV\OetuYnScJI. (ljllef t?’gll

surface treating agent such as meﬁhYltrimethoxysilane.

methyltriethoxysilane, y-glycidoxypropyltrimethoxysilane and

y-aminopropyltriethoxysilane.

When the rubber composition of the present invention is used

aé é hard elastomer of the surface cover layer in a multi-layer
Lw; golf-ball such as two-piece golf ball, three-piece golf ball,
thread wound golf ball and the like, the rubber component is
préferably ionoﬁer resin'or trans-polyisoprene resin from the.
viewpoint of the high elasticity and wear resistance.

As an example of the ionomer resin, it can be mentioned an
ionié_copolymer which is obtained by reacting a copolymer of an
a-olefin represented by the general formula of R—CH=CH2 yherein R
represents an alkyl group having 1 to 8 carbon atoms and an
o ,B-unsaturated carboxylic acid having 3 t§'8 carbon atoms with a
metal compound.

Ekamples'of the a~-olefin mentioned above include ethylene,
propyEene, butene-1, pentene-1, hexene-1l, heptene-1,
3-methylbutene~1l, 4-methylpentene-l and the like. Though
j a-olefins having iarger'numbers of ‘carbon atoms than those

mentioned above may be used in the present invention, they are

el

unsuitable for the practical use because of their unavailability.

These a-olefins may be used alone or in any combination thereof.



1 4

spherical core, an internediate |ayer formed by w nding an elastic thread
on the spherical core with high tension and a cover |ayer, wherein the; -

3}
P

core and/or the cover |layer are/is conposed of the rubber conpoition >~

' ti hi t . of | ' id be
Conpolt g s SR e uERRRE" 18 o oA 1 ERRSRRRREV RO ot one

nat ur il s N E PmoHH REt ipa rt4BHER -EQNREONELE L 8)8 Rb 13K A ie AR 2het LhaRAL €
fibers subjected to a surface treatnment wth a surface treating agent. As

the rpbdher eOMoseRildebilhieycampophys dBaDf pidiseitRentdforneany of the

vari ous known rubbers can be used. Exanples of the rubber conponent include
nat Uredmpasitsion(.NR), i soprene rubber (IR), styrene-butadi ene rubber (SBR)
nitrile rubber (NBR), butadi ene rubber &BR), chl oroprene rubber (CR), butyl
rubber (1 I5¥2mRdas/ 9% r ubleB-LARR LUGREeRFREPABHEIC @AIRK, baviingoRe teubber

Chl or BT DA BREV-EENFETt P LVRSTH ThA St el HRGRIAC EVA),
chi Orégﬁi Fdliﬁ)é&’ﬂg'ydcq&% (ngi@u: QQLXL SEQM£¥1§”§C,-,¢,,_ monoeste:zs of
dicarboxylic acid such as monomethyl maledte and monoethyl
fumarate; and anhydrideiof dicarboxylic acid such as maleic
anhydride, but it is not limited to those specific examples.
These d,ﬁ—unsaturated ca:quylic'acids may be used alone or in
any combination thereof. The content of a,B-unsaturated
carboxylic acid in the copolymer is preferably in the range of W
0.5 to 25 mole %, particularly in the range of 1 to 10 mole %.
Further, the copolymer may contain any'monomer component other
.than the ¢-olefin and ¢,B-unsaturated carboxylic acid, which is
copolymerizable with the ¢-olefin and @,B-unsaturated carboxylic
acid to replace a part of the ¢-olefin. Examples of sucé?monomer
include styrene, vinyl chloride, vinyl acetate, acrylonitrile
vinyl methyl ether and the like.
The copolymer composed of the t-olefin and the
a,B-unsaturated carboxylic acid is not limited to those obtained
by directly copolymerizing a mixture of the monomers, and it also Q,J
includes those obtained by graft polymerization where the
a,B-unsaturated carboxylic acid monomers are grafted on a base
polymer produced from the a-olefin. .
The ionic copolymer can be obtained by reacting the
copolymer obtained as above with a metal compound generating

metal ions to neutralize the copolymer.



(PIB),.alfin rubber (AL), polyester rubber (ESR), epichlorohydrin rubber
(ECR);_fChlorinated isobutyl ene-isoprene rubber (CIR), nitrile-isobutylene
r ubber (NIR), ionomer resin, trans- pon|soprene resin and the like. The

bb .
ubber COTOnenbRBLELIBLY, CoALEah L510eI0 Y KE SlLoBlarion .

i npact el aghieCliby i6f cBBSl‘}HQPO:?déitEHE cams@ %'anhﬁuﬁ\Qt%H?bgf @Pswrhe@ndare

particularly inproved. Though it is not unclear why this Inprovenent

caused, it crvupupposedthbapetieiiei tiidd ng . ef.feah,ekficiencdy i) IAg) r& t he
shape of the fine fibers contained in the conposition is obt ai ned 5 due
to the readtd.ofacf SrheBsul fur Chrpoheig, @nd kbheyuchacbet usedi alpmgent i t h
pol ybut adi ene of cis-1,4-configuration. This theory is supported by the
fact that &ngr @%#nﬁﬁpp@véhéﬁ%O%f Hative e 4he BBRACEMENt | ahHathows amatadity
can be obtgined in the_¢ ositions utilizin 4% such sul fur-contai ning

sur f ace tré&Pan°§Béﬁf1?H§ “gﬁO%E?LEqYQQﬁQRf sdanFerPedndrringrthe treatlng
agent cont g iid:0% 4! LK SOARONENe1 e S ARy tRbSPYSELE EohY PE: e

above, Na and Zn are partlcularly preferable from the viewpoint

of the melt workability of the copolymer and the phy51cal

properties exhibited in the solid state of the copolymer. The

amount of the ion to be used or the degree of the neutralization

of the copolymer can not be specifically fixed, because they are
o “variable depending on the desired'prqpertiés in the solid state
andtyelting property of the ionic copolymer. In order to
significantly change the properties of the copolymer in the solid
state, the amount of.the ion is preferably enough to neutralize
at least 10 % of the carboxyl groups in the.copolymer, and the
neutralization can be generally effected up to about 90 % of the
carboxyl groups in the copolymer. The_degreé of neutrali;ation
for optimizing the_physieal prﬁperties of the copolymer also can
nothpecifically fixed, because the optimum properties are
variable depending on the use for which the copolymer is intended
and further because the physical propefties of the ionic
copolymer are variable depending on the amount of the carboxylic
group in theICOpolymer,'the molecular weight of the copolymer and
) the like. However,-it is generally preferable to neutralize at

least 50 % of the carboxyl groups in the copolymer.

€

The metal ions mentioned above can be obtained by dissolving

a metal compound generating such ions, for example, an inorganic



surface treating agent such as nethyltrinmet hoxysil ane,

met hyl tri et hoxysil ane, y-glycidoxypropyltrinmethoxysilane and

y-am nopropyl tri et hoxysil ane. -When the rubber conposition of the presem#
i nvention is used as a hard el astoner of the surface cover layer in a

mul ti-layer golf-ball such as two-piece golf ball, thrée-piece gol f ball
thread wound golf ball and the |like, the rubber conponent is preferably

i ononer reshatal Ebﬁb&uﬁ@'%h&ﬁpégngoaﬁﬁhnh§898kiaé ¥h8"BehALmOf the high
el asticity and wear resi_stance. n ex e iononer resin, it can

be nentloneﬁaﬁHopéﬁFcaBQpBPyHﬁgaﬁﬁpcHetE?gEPQPﬂEBdb§uFEa§F|ﬁ&d&u@opolyner
of an a- ol ehiethoapdesesbdduby folrmagenandl sbaianl acetaBeCinCHatelerein R 2 .

represent 80 abUeodbal AEULRe Lbh BocakpgRaghon ond o

[err]-unsatura carpoxyrli arbon atonms with a netal
conpound ExanplEbeometh@d[épr]tbbebrndnemuonned &hevéondcl| ude et hyl ene,

propy! ene, BypBIgmer E%‘ne'%ﬁelafg%éﬁgﬁtlona?p5§8§l%me% dREehRut ene- 1.

4- et hyl pent ene- the |ike hough [err avi ng [arger nunbers
of carbon aPE%Rlt AR dRoetrPRTtdFvdazdyydiRdFeds 888dapK the present

invention, tbaveAteonalumedhod tah bReuBeactbealthdsprbaaaesenel their
unavallablllty The molecular weight of the ionic copolymer can be
10 conveniently expressed with the melt index (MI), which
serves as a criterion of the metal viscosity and is
described in ASTM D 1238. The MI of the ionic
copolymer is advantageously in the range of 0.1 to 100
g/10 minutes (190°C), particularly in the range of 0.5 o
15 to 20 g/10 minutes (190°C). ' The ionic copolymer of et
which MI is approximately in the range of 0.1 to 100 '
g/10 minutes has excellent melt workability and
exhibits high toughness, suitable elasticity and
flexibility in the solid state.
20 The trans-polyisoprene resin which may be used in
the present invention occurs as a main component of
natural resin such as balata and gutta-percha
obtainable from natural plants and it has a molecular
configuration of trans-1,4-polyisoprene. As a typical
25 commercially available product of the reéin, Kuraray
Trans-Polyisoprene TP-301, Kuraray Isoprene Chemical
Co., Ltd. can be mentioned. | g;
The term "fine inorganic fibers" in the present
invention refers to inorganic fibers having an average
30 length of 1 pym to 1 mm, preferably 5 to 300 um, and an
aspect ratio of 5 to 1000, preferably 10 to 300. The
fine inorganic fibers having an average'lehgth and |
aspect ratio in the range defined above

"



These [err]-olefins may be used alone or in any conbination thereof. 6

The content of the [err]-olefins in the copolyner is preferably at |east 50
noltar % particularly at |least 80 nolar -.% fromthe view point of the

nmol dabi lity and physical properties«of the conposition. Exanples of

[ err] - unsatt¥dbted &ar SBSE?E?'E“EC’F?PS“@%EHW Progegtyappdnunit £ i ncl ude
acrylic ac%g, neghgc%éLic acéd ethacrylic acid, itaconic acid, naleic
aci d, funma*EPEESEY* ﬁgés?% PR R0 G 50 REPEUSE AR a4 hHdhet HhANT th
mal eat e ang; f e"rﬁ]{ﬂﬁs hydri des .of dicar | c. acid such as
mal ei c anhslicﬁ% e, Ul%!toni P??gﬁ%o%o ml?{(;l ‘0 tgoégesggglgf ?rgé% %‘?rlb‘?eﬁs&e%es?efa
[err]-unsatuneatprdseakboxvbh€idh| dendryadit WhALKakQN8rel pa Pt BEY1LHONPI nat i on

thereof . The content of [err]-unsaturated carboxylic acid in the copol ynmer
i s preferalfgnefierrielde r 8rgmapbés OoH tloe XSinwlimo¥gapact ELbeAs | ¥nd Tudd eaedig:
of 1 to 10 nole % Further, the copol yner may contain any nononmer conponent
ot her than fifkerser sfilakdti ackAdf{eery, Widanieafdderss buaghesiumishlidateh is
COPOLYTe 8 re Calchum Siiicate fibers, caloium salfate fibers. 8ilicon
carbide fibers, titanium carbide fibers, borqn carbide fibers,
boron nitride fibers, titanium nitride fibers, carbon nitride
fibers, carbon boride fibers, silicon bqfide fibers, titanium
boride fibers, sodium titanate fibers, potassium titanate fibers,
lithium titanate fibers, calcium titanate fibers, magnesium
k-/ titanate fibers, barium titanate fibers and the like. Among
those fine inorganic fibers exemplified above, the potassium
titanate fibers are particularly preferable material, because
' they exhibit an excellent reinforcing effect and heat resistance,
permit the coloratiqn'of a desired hue bwing to the outstanding
whiteness thereof, ensure the easy production of fine fibers of
uniform'length and show uniform dispersibility in the
composite material.

The term “potassium titanate fibers" in the present-
invention refers to single crystal fibers represented by the
formula: Kzo'nTiO2 or by the general formula: Kzo-nTioz-1/2H20

"wherein n is'an integer of 2 to 8; Examples of the potassium
titanate fibers include potassium tetratitanate fibers, potasium
_hexatitanate fibers.and pdtassium'oétatitanate fibers. These
potassium titanate fibers can be used alone or in any combination

thereof. The potassiumftitanéte fibers preferably possess an

average fiber diameter in the range of 0.1 to 2 ym, average fiber

10



CL acid to replace a part of the a-olefin. Exanples of such nononer i ncl ude

styrene, vinyl chloride, vinyl acetate, acrylonitrile vinyl nethyl
and the |like. The copol yner conposed of the [err]-olefin and the

ethQLJ:
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carboxylic acid nononmers are grafte

: Do ase pol yner produced fromthe
[err] 1@hgkhnNardh@et &Bhtndd P} Wi s I3 Penebi-anaed ¥ s&aet £kt e,

copol yner

obt ai ned as above with a netal conmpound generating. metal ions to neutralize

t he copehgnef. a7scankkagpd bsctofon midmeisslopeoanducaiblratixig tites preparati on

of the ionic copolyner include those of the nmetals of Goup | and Goup |1

of thevgerEedPE these valwes of atK ldast @9 fdbersgpeBecadhy ofaat Sr, Ba, Zn,

Cd and ., and they_can be used al one or in any conbination thereof. O ng
g%ﬁl sinentist

to thd® nEi®

ds ok cthgivyiew. The aspect ratio is obtained by

dividing the average fiber length by the average fiber diameter.
As the surface treating agent for the fine inorganic fibers
of the iniention, sulfurécontaining silane compounds such as a
silane compound bearingihercapto group'and a sulfide compound
bearingz;ilyl group can be mentioned. -
Typical examples of the silane compound bearing[mercapto'
group mentioned above are those compounézrep:esented by the

general formula:

2

1 .
(s-" 8-k’ (1)

X4-a-v

wherein each-Rl independently represents a substituted or
unsubstituted divalent hydrocarbon group of 2 to 6 carbon atoms,
each R2 independently represents a substituted or_unsubstituted
monovalent hydrocarbon group, each X independently represents a
hydrolyzable group, a is an integer of from 1 to 3, and b is an
integer of from 0 to .2 with proviso of lg(a+b)<3.

Examples of Rl include_ethylene group, trimethylqu group,
tetramethylene group, pentamethylene group, hexamethylene group
and the like. Among the examples mentioned above, R1 is
preferablyi;thylené group or trimethylene group, particularly 2
trimethylene group.

- 8
Examples of R2 include an alkyl group such aﬁlmethyl group,

ethyl group, propyl group,_butyl group, pentyl group, hexyl
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i ons, cross-linkings are advantageously fornmed during the formation of the
ioni ¢ gopolymer. Anong those netal ions cited above, Na and Zn are
patticularly preferable fromthe viewpoint of the nelt workability of the

copol yner dde Jhysi @%uer,oggeggegrséai baésg%%g %Jg,g, ;gngg ogtﬁghsc% the

copol ymer. The amount” of the i e used or

neutral i zatg.augf dheBAPYrpipr sGan 89t vhey SPeLddp Gald >élf1iy>1egmbs?aa§§1t hey
are vari abl e depending on the desired properties in the solid state and the

nel ting propssdy sofch ks ippleinglcgpolpnend tolyDreisug 0 sdadkyfli gablbysGBRANGE
the properties of the copolyner in the solid state, the anpbunt of the ion

i s pref erabP§P&Ho P UL Bewhealieshyl growp aAmd % -gheriyd praplydx gicogpeupsdi n
t he copol yner, and the neutralization can be generally effected up to about

90 % of t heS¥RFHhiledyFdFOARPPReIEBEB| §HER . asrHrqiajiast bl 9&QuPal i zat i on

f tinizj he physi.cal i f_th | | t b

speci (i cal V- TSERE A S5ERe dptr Rkt b BRET IR ERP LY Groae 28fe dependi ng
th ' h | iS.jot d t

hysi cal - prciiotthiish BebRe VERE hEob SECET £ kil dUREAIRg Sfnthe

anount of tRensagHond rfixl?%‘éQUQoinBoBEﬁtCQH&”Vﬁ@rpufé}%é“’q:loe%ﬁli% ¥ReIBkolhict

t he copol yner and the :I e. However, if is general preferable to
neutralize pé iepaiddl %mie GRBupabBORY! 0Bl &UDSNG eldlim GARGILY Te! suitable
for a rubber cdmponent containing no aromatic ring, R2 of aryl
group or aralkyl group is suitable for a rubber component
containing aromatic rings and Rz of é substituted hydrocarbon
" group is suitable for a rubber component coﬂtaining substituents
such as halogen atoms or nitrile groups.

The symbol X represents a hydrolyzable group bonding to a
silicon atom. Examples of the group X include an alkoxy group
such as methoxy group, ethoxy group, propoxy group and bﬁtoxy
group; alkoxyalkoxy group such as B-methoxyethoxy group,
B-ethoxyethoxy group and 8-butoxyethoxy group; enoxy group such
as isopropenyloxy group; ketoximato group such as dimethyl
ketoximato group and methylethyl ketoximato group; amino group
such as diethylamino group and dibutylamino group; aminooxy group
such as diethylaminooxy group; acyloxy group such as acetoxy
group and ocfanoyloxy group; and amide group such as
N-methylacetamide group. The group X is prefefably selected from
lower-alkoxy groups of 1 to 4 carbon atoms from the view point of
the reactivity with the surface of fine inorgénic fibers, and
methoxy group is most preferable because of its outstanding

reactivity.
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The metal ions nentioned above can be obtained by dissolving a netal
conpound generating such ions, for exanple, an inorganic 8 met al -
-.conpound such as sodi um hydroxi de and sodi um carbonate and an organlc_nésdl_
conpound sugRleagsyse4i U hoxd .5Qd] faQr e angd sodi um acetate in
wat er or an o?ga%‘i%g S v%% sucﬂaq’asl%%tg%a@ngﬁ %‘g&n £ _g°T%e Bt ho r the
productiegd @hahhe LAN:Ge£OPO) W Y GafotRe ahOKRTEYLLOSLd: FARYY WEBT, and the
netal ion is not particularly limTed, and any conventiona met hod dan be
used f preffeeaplydnotimore Titeamdl eimiladfe ragjeght 1af thbevhDié gqipcgm can be
10 conveniently expressed with the nelt index (M), which serves as a
criterﬁéﬁ_aﬂdﬂﬁﬁ farae . vihe owinBenmf ithed bydrioBydabhe AGTOES 1R8Bmefhe M  of
the ionic copolyner is advantageous|ly in the range of 0.1 to 100 g/'10

m nut eS™Rrtr F“BaFP?Eﬁ‘Péer | TR iy @fofthg. Sompoupd 2with 1ther nutes [err]
The ionic_co 9Lyg§£eg£ ¥@|fh M 45 appry X|naaely in the range of 0.1 to 100

inorga owere e value’ of a is unduly small,
the effect of the mercapto group on the rubber component is

e
lowered. Accordingly,L§ilane compound bearing mercapto group is

preferably controlled such that the average value of a is 1 and

that the average value of b is less than 1.
Typical examples of the sulfide compound bearing silyl group

are those compounds represented by the following general formula;
3 i ol 4 .. 3 ' :
c-?l-R ~Si—R ?1_R c (11) \/
Y3-c Y ' :

R

3-c

¢

wherein each R3 independently represents a substituted or
unsubstituted monovalent hydrocarbon greup, each R4-independently
represents a substituted or unsubstituted hydrocarbon group of 2
to 4 carbon atoms, each Y independently represents a hydrolyzable
group, ¢ is an integer of from 0 to.2 and n is an integep of from
1l to 6.

Examples of R3 include alkyl group such as methyl group,
ethyl group, propyl group, butyl group, pentyl group, hexyl i
group, octyl group, decyl group, dodecyl group and octadecyl \~4
group; alkenyl group such as vinyl group and allyl group; aryl
group such as phenyl group and tolyi group; aralkyl group such as
benzyl group, B8-phenylethyl group and B-phenylpropyl group; and
substituted hydrocarbon group such as B-cyanocethyl group,
Y-chloropropyl group, 3,3,3-trifluoropropyl group and

chlorophenyl group. The group of R3 is selected depending on the

13



g/fb m . nutes has excellent nelt workability and exhi bits high toughness,
suitaple elasticity and flexibility in the solid state. 20 The
trans-pol yi soprene resin which may be used in the present invention occurs
as a main conponent of natural resinssuch as balata and gutta-percha
obt ai nabl e kiod afit thal rpbher scompprien thanda tingl puubase cboomfwigigtattiten pofoduct
trans-1, 4-pol yi soprene. As a typical_ 2% commercially available product of
the resin, R&raPi§0Fens- Poe yISUIR He RiPof0R lRuLaFrhyin sabkehel Cifatitadile
Co., Ltd. can_be nmeptioned. The term.fine inorganic fibers" imt resent
Cnvent| on P& & FEoPRE, SampenTr b A sy 3Y B3Eranic oBiar e, ipb ety
[err] to 1 refenalh i i d &l asp ti ; o 1000,
uB %eyfi %eoxlﬁgoul J;Jtafadll]% Fd23 §8fg>b£§ éc?me[%gangéghtlt

preferably I0 to 300. T organi c ers having an av engt h

and aspect l&:@hitﬁihmnbharaaagfc-dﬂ%gsechrapg?e of 22%0bBiktafe® XSl Féitirbon
reinforcing property and uniformdispersibility, and thereby they can
produce an uwriohpr disssugéngbhe for a rubber component containing substituents
.such as haiogen”atoms or nitrile groups.
Examples of R4 include ethylene group, trimethylene'group,
'tetrémethylene group, pentamethylene group, héxamethylene'group
and the like. Among the examples mentioned above, R4 is
preferably ethylene group or trimethyiene'group, particularly
trimethylene group.

The symbol Y represents a hydrolyzable group bonding to the
'silicon atom. Examples of the group Y include an alkoxy group
such as methoxy group, ethoxy group, propoxy group and butoxy

- group:; alkoxyalkoxy group ;uch as B-methoxyethoxy group,
g-ethoxyethoxy groap and B-butoxyethoxy groué; énoxy group such
as isopropenyloxy group; ketoximato group such as dimethyl
ketoximato grbup and methylethyl ketoximato group; amino group
such as diethylamino group and dibutylamino group; aminooxy group
such as diethylaminooxy group; acyloxy group such as acetoxy
group énd octanoyloxy group; and amide group such as
N-methylacetamide group. The group Y is preferably selected from
lower alkoxy groups of 1 to 4 carbon atoms from the view point of
the reactivity with the surface of fine inorganic fibers, and
proOpoOXy group is particularly preferable because the compound

5 having propoxy groups as the group of Y can be easily synthesized

and haige good stability.

The symbol c denotes an integer of from 0 to 2. The sulfide
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di stribution of the conposition. As the fine inorganic fibers of the
present invention, inorganic whiskers are particularly preferred. Exanples
~of the fine inorganic fibers include alunina fibers, silicic acid fibers# .

titania fibe nesi.um.silicate fibers,, calciuymsjli¥cate_fibers, calcium
sul { SYEPTHRS BT i 1k Br APt FRRreseR 1y R Bt fher s, boron
car bi | | thd g ki b , Ll | Ity f.ihers, carbon
nitrigge%+{5§§? %égéﬁ%#gL%figea%Fbgééf é#%ﬁ%%n_ (nﬁ%?é%%iﬁg?sr titanium

bor i dﬁyéf@_ﬁ%&bﬁ@%ﬂ&ﬂﬁé 233G vhl RE! Ene POLALSLL!BE IthANINGGaRgES, | TThi um
titanate fibers, calciumtitanate fibers, magnesiumtitanate fibgs, barium
titanfiieefs berBheawufdite, |theevalmengft Bose preferdvlyyarise thharga sxenplified
above, the potassiumtitanate fibers are particularly preferable material,
becauaeerags. exTheisyrbelexc denofesr shnintegery of fam dndohdat andsktbeance,
permt the coloration of, a desired_hue owing to the outstandi ng whiteness

t her eBYSTRIR F LU Lo ds 1 HPFEFEFRBAYoR FPnt FYIR N vigwrodnt PEngRA and
di spersi osi t e, mat he term

bot a82PE T TEhEReR T paeinry £? YRS FREPRE At Gty £ si ngl e
?L?ﬁh?ﬁ?ifgfﬁfhéﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁggﬁh%?ﬁfégéguﬁ 63£fgrg.'E;ag%lggeo?e?ﬁ;aLotassium
Those surface treating agents defined above can be used
alone or in any.combination thereof.
In the present invention, the fine inorganic fibers are
treated withlaforementibned surface treating ageng._.The amount
of the surface treating agent is preferably in the range of about W,
0.05 % to 10 % by weight based on the amount of the fibers. So
long as the amount is in this range, the surface treating agent
sufficiently improves the surface property of the fine_inorgahic
fibers, and consequently the physical properties of the rubber
composition are improved without inhibi;ing the sﬁbsequent
vulcanization.
The treatment with the surface treating agent can be
effected according to any of the conventional methods. For
example, the treatment can be carried out by spraying the surface
treating agent or té? dilution of the surface treating agent on - \/
the fine inorganic fibers, or mixing the agent with the fibers
homogeneousiy, or impregnating the fibers with the agent to
deposit the agent on the §urface of the fibers uniformly. Then,
the agent on the fibers aE;’dried by heating or hydrolyzed to be

immobilized on the fibers as a uniform coating.

The surface treating agent used in the invention contains a
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titanate fibers include potassiumtetratitanate fibers, potasium
hexatitanate fibers and potassiumoctatitanate fibers. These potassi um
titandte fibers can be used al one or i n.any conbi nation thereof. The
potassiumtitanate fibers preferably possess an average fiber dianmeter in
the range of 0.1 to 2 [err] average fiber 10 ‘length in the range of 5 to
100 [err] and aspect ratio in the range of 10 to 200. The average fi ber

di ameter and t he 8WdfHFeatiomedn &hgt MOdpeudareskrnetube. nelsghengot heuch

val ues of each fi bempl¥ind@anpa@tiduia®lpy REc8keebheAiALAG0aCL0EFARdatom
cal culating the averagg of .thqQse values of at |east 10 fjibers per each of

at least five fief8s2ofterMéndleliSTFRRTYsFECHP BAVE PeeBLERPHBA By CBPFRdI ng
t he average fiber ihbdptiltibn bife thecvadeshibaetidhaueiziziAg &hpesukiidee

treating agents fog F?evhh%%nEQQB ARLEnk BRGES 1 P fheghav H%Eg@ |
sul fur-contai ni ng gPFane conmpounds Such as a's Pane con§o n %earlng a
mer capt o group angrepegrtiesge ofomubbey .neHoweayes, siktywagr 6opndathss the
mentioned. Typi caky@¥amal @¢editinge agehdNman?¥eeted BR&r s0gracBeLEaRkeng OUP
menti oned above are those conpounds represented by the
_ effect such that the rubber composition has a
sufficient'hardness and compressive"strength with

10 - uniform vulcanization, i.e., without any inhibition of
the wvulcanization. In the rubber composition, the
rubber component adheres to the inorganic fibers
strongly and the slippage at the ihterface between the
fibrous filler and the rubber matrix is suppressed, the

\,) 15 slippage being recognized to cause the deterioration of
the physical properties of the rubber composition as
described above. _ )
| As the crOss-linking mdnomér which may be used in

~ the present invention, unsaturated carboxylic acids,

20 salts thereof and other unsaturated vinyl compounds may
be used. Examples of the unsaturated carboxylic acid
ihclﬁde acrylic acid; methacrylic acid,
2-acetoaminoacrylic acid, B8,p-dimethacrylic acid,
ethacrylic acid, a-chloroacrylic acid, cinnamic acid,

25 acotinic acid, 2-ethyl-3-propylacrylic acid, crotonic
acid, aminocrotonic acid,
acidophoshydroxyethyl(meth) acrylate,
B-acryloxypropionic acid, 2-butene-1,4-dicarboxylic
acid, sorbic acid, acetylgarboxylic acid,

30 N-butylmaleamidic acid, fumaric acid, maleic acid,
chloromaleic'acid; di-n-butylmaleamidic acid, -
N,N-dimethyimaleamidic-acid, N-ethylmaleamidic acid,
N-phenyl-maleamidic acid, dichrolomaleic acid, _
dihydroxymaleic acid, allylarsonic acid, chloroendeic

35 acid, itaconic acid, benzoyl-acrylic acid and the like.

'Examples of the other unsaturated
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. general formula: [err] wherein each [err] independently represents a

substituted or

. atons,

hydrcﬂ%hﬂﬂﬂ EPRoHRd 4nF uds Yh?%be$°%ﬂ°9

unsubstituted dival ent hydrocarbon group of 2 to 6 carbon

2 each R independently represents a substituted or unsubstltuted‘J
nonoval ent hydrocarbon. roup, each X |ang§$dently represents a

fromO to

hexa

Is pre era l'y an et
tri met{ugyans: =10 allﬁ&ambeﬁaef:yisw} { et vpiec A @ Ia\dlaga@favausbeas a

met hyl
11

AR 2nd i iceL o ATR0g L Ne SIAMlan, TRNBIRYE] aDove,

group |'ene group, partrcularly

uch @s3 vigyd Bep§28f.int eger of
W th f d hyl
or oup,"ltr%aﬁ?ﬁl@ﬁ'@%ériﬁ'bgﬁ STl o St VA SeRS: 8R8 or oup,

[err]

group, ethyl group, propyl group, butyl ‘group, pentyl group, hexyl
Qichi@s dadeth ))gicaynondeeilegr ometh packeylamigio undrd yedagdecyl group;
al kenyl group such as vinyl group and allyl group; aryl

{meth)acrylate; and triallylisocyanurate. Among those compoundL
mentioned above, it is particularly preferable to select the
cross-linking monomer from the groupfof acrjlic acid,'methacrylic
acid, cinnamic acid, acotinic acid, crotonio aoid,.itaconic acid
aod benzoylacrylic acid. Those compounds oan be used alone or in
any combination thereof;

The metal salts of the onsaturated_Carboxylic aciquentioned
above can be also used as.the cross-linking monomer of the
present invention. .Examples of the metal for those metal salts
include lithium, sodium, potassium, stronrium, zinc, magnesium,
calcium, barium, cadmium, lead, zirconium,'beryllium, copper,
aluminium, tin, iron, antimony, bismuth, molybdenum, tungsten,
nickel and the like, and they can be used alone or in any
combination thereof. Metal salriof metal ioéZhaving a
valency of at least 2 ;;fpartiehlarly preferable since they
enhance the cross-linkihg efficiency. Calcium, zinc, magnesium
and zirconium -are particularly preferred because of their
availability and low toxicity. Those metals may be incorporated
into the composition either by using the metai salts of the
unsaturated carboxylic acid obtained by the_reaction of the
metallic compound'and the unsaturated carboxylic acid; or by
adding the unsatqrated carboxylic acid and the metallic compound
such as metal oride, metal hydroxidelrmetai carbonate and the

like separately into the rubber component and reacting them in

17
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group such as phenyl group and.tolyl group; aral kyl group such as benzyl
group,_ferr]-phenylethyl group and [err]-phenyl propyl -group; and
sub&tituted hydrocarbon group such as [err] cyanoethyl group,

hi f hi h )
A N AR g S s L R R e
and the purpQsgdkq1whi ghithe 'Pﬂé’déiﬁéudé dfﬁt%d%%szhﬁlgmg Qbn e PTu i d Ong

chain alkyl is suitable for a rubber conponent containing ho aromatic rin

R of aryl grai rabbatakiibodi 0udn i Sf Sthid Presdnd iavenkhen compopent
containing aromatic rings and [err] of a substituted hydrocarbon group is

sui tabl e forpartichilerlyotpoited, contavrer Nditsulsspreferablsucd bcdup e
atons or nitrile groups. The synbol X represents a hydrol yzabl e group
bondi ng to & -di Itioc8A §P§ﬁ§ BX avipl gist ofpatidlqyland yx i tel L8epantsl bwxwe ighdup

a1 Koxyal KoxyP ki SS08R- bk Lrd] °$f§zmé§%dﬁé£r@58@%@?p2§§fééﬂéﬁﬁé ey

o7 oup; ket XA G5 %E%“%é%%fﬂﬁev S Rmre o PR b aRbeRE Had Hagnes

ket oxi mat o g, " @qhgglgﬁgypofugg%fﬁbéﬁégjg&éyn no group and dlbutylan1no

group; am nooXy group such as diethyl am nooxy group; acyloxy group such as

acet oxy group angxampldB8ybeXYha! fek-swikh@NiyiRe GiAdani¥sAga8gent used in
the present invention include metal oxide such as magnesium
oxide, lead oxide and zinc oxide; cross~linking resin such as
phenol resin, melamine formaldehyde resin, urethane resin

— polyester resin, ﬁolyamide-resin and epoxy resin; low molecular
weight compound and modified compound of those resins; and
organic peroxide such as diacetyl peroxide, dibenzoyl peroxide,
dicapryl peroxide, di(p~chlorobenzoyl) peroxide, didecanoyl
peroxide, di(2,4-dichlorobenzoyl) peroxide, diiéobutyl peroxide,
diisononanoyl peroxide, dilauroyl peroxide, dipelargonyl
peroxide, dipropynyl peroxide, di(g-carboxypropinoyl) peroxide,
methyl ethyl ketone peroxide, cyclohexanone pgroxide,
dihydroxy-dimethyl-dioxacyclopentane, t-butyl peroxide, t-butyl-
peroxy(2~-ethylhexanoate),. t-butylperoxyisobutylate,
0,0-t-butyl-O-isopropylmonoperoxycarbonate, t-butylperoxy-
pivalate, dimethyl—di(benzoylperoxy)hexane, t-butylperoxy-
(2-ethylbutylate), di-t-butyl peroxide,-dicumyl peroxide,
dimethyl—bis(t-but&lﬁeroxy)hexane, t-butyl hydroperoxide, cumyl
hydroperoxide; bis(t-butylperoxy)trimethylcyclohexane and
n-butyl-bis(t-butylperoxy)valerate and the like. Among those

non-sulfur type vulcanizing agent mentioned above, dicumyl
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N- net hyl acet ami de group. The group X is preferably selected from | ower

al koxy groups of 1 to 4 carbon atons fromthe view point of the reactim{:y
.wWith the surface of fine inorganic fibers, and nethoxy group i s nost o
preferabl e because of its outstanding reactivity, The synbol a
denotB?raﬁl?ﬁteﬁ%?ybthqEﬂRQFqﬁ}Q? ﬁFQPéV&bP?rPﬁégetrﬁ&P%ﬁ¥¥1 average, and b
denotes_an.i.nte er(gf c&nerox(f%r %Lgrggg pot ,nor e ‘han 1 in average.

If th& vgfugg'o a an e Uk & RUA %ra% the hydrol yzabl e

gr oupg Be@?ﬂemw'é ?Pf’péﬂﬁ{ﬁ% tefl%tr e%ete' }ShH;QBl&Pﬁ{;&{sﬁ%&I‘}% guth the

inorganic Tibers is Tohered. It t e va ue of a Is und the effect
of th@edBuSEPEROYE OVL AR 14 hd Wyt @amog&aateeusmeweﬁ.e&hnm&i ngly, the
si |l ane compound beari ng mercapto gréup is preferably controlled such that
t he aveigdgemigl 48 Phvered Hdy arthk (dediattiion dediwaga vYAbueubfamizing ess than 1
Typi cal exanples of the sul fide conmpound bearing silyl group are those
conpodetperapurecanddtly hakfflolifieown Mipogenopat-shidful typ¢ eryjcanizing

.

agent can be used alone or in any combination therof. The amount

of the vulcanizing agent used in the rubber cdmposition may be

variable depending on ' factors such as the type of rubber, the
purpose of the rubber compositibq} and the like;

however, it is usually preferable to use it in an amount of 0.1
to 15 weight % of the rubber component.

The rubber composition of the present invention may be ' \;)
incorporated with various known additives, for example,
vulcanization accelerator, vulcanization retarder, antioxidant,
plasticizer, peptizer, tackifier, antitack-AQent, sponging agent,
dispersant, dusting agent, mold release agent, solvent, softening
agent and the like. Additionally, various inorganic fillers for
reinforcing the materlal and any desired pigment and dye for
coloring the com9051t10n ‘may be also incorporated in the rubber
composition. Examples of the inorganic filler include clayish
powders of carbon black, magnesium carbonate, zinc oxide, calcium )
carbonate, barium sulfate, aluminium hydroxide, aluminium oxide, e
silida powder, titanium dioxide; mica, talc, clay, diatomaceous
earth, kaolin and the like. The rubber composition of the
present invention may also contain any ogzggéanic modifiers
conventionally used, and examples of such organic modifier

include cumarone-indene resin, phenol resin, polystyrene resin,

acrylic resin, polyamide resin, epoxy resin, urethane resin,
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wherein each R independently represents a substituted or unsubstituted
monoval ent hydrocarbon group, each [err] independently represents a
substTfuted or unsubstituted hydrocarbon group of 2 to 4 carbon atons, each
Y i ndependently represents a hydrol yzable group, ¢ is an integer of fromO
to 2 and nis an integer of from1l to 6. Exanples of [err] include alkyl
group such as nethyl group, ethyl group, propyl group, butyl group, pentyl
group, hexyl g oo Qriide 4 eb1:fled ﬁfé)lig.’kaﬁ(j.fjgﬁﬁﬂthg&-?u%h ngugggdecy!

group; al kenyl group“such as vinyl group an group;” aryl group such
as phenyl group afPTRASAtiGHL RS e iapergiam mayc i ned uden 2pngy fddker
Le(rjr] - phg“)" et hyl ﬁiﬁt]ﬂbr_&ﬁdud Qfdﬁeﬁlﬂl%"hﬁifzol@ﬂan@l@%pim&@aﬂi@tf:iwz@
ydrocarbon group such as [.err]-cyanoe ro. -chl oropr roup,
3,3,3-trifluoropr osﬁﬂﬁ% ga}soépl%#d & Brop @rﬁﬂ%rb%od@%%hg‘e@ag’u%q‘éel%'i s

sel ect ed dependli ngiuartsheikiers dndcerfanile fiklehs, andp organiandibers

pur pose to which tggﬁi r I #idEed, 4 of f | olgle
chain al kyl is sui tal'f)eé%jolhlaatlﬁs ru ibrEer c'o(rir’plélx-eﬁ% %rg%t%%isﬁi %q'ﬁ{)ését%gngﬁbc ri‘ng,
R3 of aryl aromatic polyamide fibers, polyimide fibers and

aromatic polyether amide fibers.
The rubber composition of the invention can be
10 produced by kneading one or more rubber components with
the fine inorganid fibers of which surfaces are treated
with the surface treating agent, the non-~-sulfur type
vulcanizing agent, and optionally with cross-linking
monomers, various additives and auxiliaries'by a
conventional method. The vulcanization of the rubber
composition according to the present invention can be
also carried out in a conventional manner, and the
vulcanization is preferably carried out at a
temperature of from 80°C to 180°C for 5 to 60 minutes,
20 The mixing ratio of each component is not
"specifically limited and can be varied depending on the
kind of rubber component used in the composition and
the purpose for which the composition is intended to be
used. As concerns the amount of the surface treated
25 fine inorganic fibers, it is preferable to incorporate
2 to 100 parts by weight, particularly 10 to 50 parts
U by weight of the surface treated fine inorganic fibers
into 100 weight parts of the rubber component. When
the content of the fibers is less than the lower limit
30 of the range, it becomes difficult to obtain a
sufficient strength of the composition though it has a
sufficient flexibility, and when the content of the
" fibers exceeds the upper limit of the range, the
composition becomes unsuitable for practical use
35 Dbecause it gets excessive
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group or aralkyl group is suitable for a rubber conponent containing i
aromatic-rings and [err] of a substituted hydrocarbon group is suitablﬁééor
a rubber conponent containing substituents such as hal ogen atons or nity4fl¢
groups. 4 Exanples of R include ethylene group, trinethylene group, :
tetramet hyl ene group, pentanethyl ene group, hexanethyl ene group and the
i ke. Anmong the exanples nentioned above, R4 is preferably ethylene group

or trinEthy|ﬁ&@dﬁé@gpanﬁabébiué@bhﬁg%ibﬂeig¥i6n@h?i&”@heTgﬁréX Rl Y

represents a_hydrol yzabl e group bonding to the silicon atom anpl es of

the group Y 1RceBB@N&RIal koxy group such as nethoxy group, ethoxy group,
propoxy group -and but orjegirobberabbfisgai ksl SE65PAEHENt8Sthe -

-met h th -eth h roup and [err]-butoxyet hox
by oup. | enowybEPBRRY s ARRERLLPE,FRBoER, LER0 b Ter kauE, PHEBDSBRouoEuch as”
di met hyl Sketexample, giodpssndakenbybein}s suchxasaruvbheoupplaerse group
such as dietLybafing goed8 308ndbBUGKLETHAS1A] OHRseBH1IEOXREEOUD Such as

di et hyl am nooxy grolp; yl oxy group such as aceftoxy grolipp and octanoyl oxy
group; and afiPdesSqgrBapmanyharplicatinpsadnt akhes 5#6&85 suehgasup Y is

preferably sghigetednitodetovBr inbllsxyy) edREcomini8atibar 80 iaRONE from
the Vlem/pOIEBdggtry and chemical industry.
10 In the case where the rubber composition is used
in the production of a golf ball, the rubber
composition may include a weight adjusting agent.
The solid golf ball of the present invention is

prepared by molding the rubber composition of the

15 present invention, which has been kneaded and \/
vulcanised as described above, in the shape of a golf
ball.

The two-piece golf ball of the present invention
can be produced by covering a core of an elastic rubber

20 with a layer of hard elastomer and molding the )
resultant composite in the shape of a golf ball having
desired surface characteristics such as dimples,
wherein the core and/or the cover are/is composed of
the rubber composition of the present invention.

25 The three-piece golf ball of the present invention
can be produced by covering a core of an elastic rubber
with an intermediate layer, molding the intermediate
layer, vulcanizing the resultant composite, then
covering the intermediate layer with a cover layer,

30 molding the resultant composite in the shape of a golf
ball and optionally further vulcanizing the molded golf
ball, wherein at least one of the core, the
intermediate layer and cover layer is(are) composed of
the rubber composition of the present invention. The

35 three-piece golf ball of the presenf invention can be

produced by a single molding process, that is, by
covering the core with the intermediate layer and the
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the reactivity with the surface of fine inorganic fibers,” and propoxy group
is particularly preferable because the conpound having propoxy groups as
theé group of Y can be easily synthesized and has good stability. The synbol

c denotes agowvBikegayeof shcomdidany?. .cHad shbiidg dda vufosPOMNL heari ng
silyl group represented by the fornula |11 preféerably contains at |east
one, preferabsyltantofompeshyalr ol yzabl e groups reactive to the surface of
the inorganic fibers. Therefore, the value of c is preferably I ess than 2
average. The synBBp fhaeadtweunt dohifedalloPff tbm presesdt innedtiomcanadpe
value of n is Bref rsblx,z to 4 fromthe viewpoint of the ease of

§ Frvipdt

synthesis, ZFPPHPE RUBHEO NPT FAGEIECY TEBPPRNY iR ameelastic
vl can 22! e gt B SO A R S BSOS Sl e
;he fine i “%Qﬁ”hﬁr{ii Qﬁé&é’rﬂ{: térﬁf‘tn?ociﬂng' t%LOS:SEEB‘.EéR?e&'o {6 ;Enr Y3l N9
gent. The anount of the surface treating agent I's preferably In the range
of about shape of a golf ball having desired surface characteristics such
as dimpies. _Any known elastic thread can be employed for the
preparation, and = examples of elastic thread include a
ihébad p:oduéed by a known process for the preparatiﬁn of |
rubber thread utiliiing a rubber.material such as natural rubber
(NR), polyisoprene rubber (IR) and a blend material of these
o rubber materials. |

When the e;a#tic rubber or the hard elastome; used in the
golf ball of the invention is nqt composed of thg rubber
composition”of the invention, thty may be composed of any of
knoﬁn rubber materials'convehtionally used. Particularly,
ionomer resin and trans-polyisoprene-resin, which are also
described hereinbefore as a rubber component used in the rubber
composition.pf the inventibn, can be'suitably used as the
material for the hard elastomer of the cover layer.

The golf ball according to the present invention may be
treated on its surface with a conventional coating agent.

.The golf ball covér composition of the present invention
can be obtained by mixing the rubber component mentioned
hereinbefore and alkali metal titanate fibers mentioned
hereinbefore as the fine inbrganic fiber.material in a
conventional kneader. By covering a golf ball core with the golf

ball cover composition according to the invention and molding the
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0.05 %to 10 % by wei ght based on the anmount of the fibers. So |ong as the
amount is in this range, the surface treating agent sufficiently inproye
the surface property of the fine inorganic fibers, and consequently the .
physi cal properties of the rubber conposition are inproved w thout

I nhi biting the subsequent vul canization. The treatnment with the surface
treati ng agent can be effected according to any of the conventional.

et hods.' For SRl didd AP Ho L UG ICRT HPhellls e SR 2Y1 N the

surface treating agent or "a di ['ution ng agent on
the fine i nodgdRctimrh@oddisng maghige he g9dift baldh havdng ey s
honbgeneous| yxcl ey ediaided dnigiet idiistiWiy dan deebt=ardeposit the

AgENt on the, SUTTASE o Wl Sl 1 oo Bl HISSUENST LIE
a uni f or n§ coatompgrsiftieors W ate tpresenty iagentiorgd londrer iresin iam
i s SRS AR Sl e 154 0. <1
are particularly preferable since they permit a high
elasticity and good wear resistance of the composition.
Examples
10 Now, the present invention will be described more
specifically with reference to working examples and
comparative experiments hereafter; however, it should
be noted that the present invention is not intended to
be restricted within those specific examples.
15 In the attached tables, *1, *2 and *3 denote
products of Japan Synthetic Rubber Co., Ltd. marketed
under product codes of "BR-11", "STEREON 720" and "IR-
2200", respectively, *4 denotes a product of Seido
Kagaku marketed under the product code "Zinc White No.
20 3" and *5 denotes a product'of Nippon Silica Co., Ltd.
marketed under the trade name "Nipseal VN 3AQ".

The potassium titanate fine fibers (untreated)
were obtained from Otsuka Chemical Co., Ltd. as a
commercially available product under fhe trade name

25 "Tismo D" (The word "Tismo" is a Trade Mark).

The surface treated fibers A were obtained by -
treating Tismo D with 1 % of bis(3- ' \/
triethoxysilylpropyl )tetrasulfide.

The surface treated fibers B were obtained by

30 treating Tismo D with 1 % of y-
mercaptopropyltrimethoxysilane.

The surface treated fibers C were obtained by
treating |



in a termnal nercapto group have been known to cause inhibition of the

vul canj'zation utilizing a peroxide 5 type vulcanizing agent and inpair the

physi cal properties of rubber. However,.it was found that the surface

treati ng agent nanifestﬁq%the surfage treating effect such that the rubber
[

conposi ti oh 743 B ¥tk ti%Mt Haffrese *aRECRYHPF LRty SHhafifgth with 10
I the Tubber copotrirast sl KapRR Bodere ' diftied 1 e stisRoani ¢

In the rubber conpos pber ~conpon

fibers strepghy gngithe Si'!oqipﬁﬂ%(%LtfrliﬁleEﬂBQ?%gfglgpﬂg%%%fdfyiﬁ‘é

filler and the rubber matrix i s suppressed, el ng

recogni zed to CBhéSestffacetifdatiedt iFabeek Eheepbysh €8l ndd aperddeas iglg t he
rubber conposition as described above. As the cross-1inking nononmer which
may be useflismotbewptiesker®t amvrengilyoidouypabdbpyiteinethdrogyilianeaci ds, 20
salts thereof and other unsaturated vinyl conpounds may be used. Exanples
of the unsat ur afe® sarfrne |treatedd fiiheradE wWerg|oktadnef biettreatyiniac acid,

2-acetoam noacrylic,acid, [err]-dinmethacrylic acid, ethacrylic acid,
a-chloroac?}??ﬁyBcVHic ﬁ%éﬁ{5L§gpﬁfcaptogropyl)teframethyfglloxane.

The surface treated fibers G were obtained by treating
Tismo D with 1 § of bis({3-trimethoxysilylpropyl)disulfide.

The surface treated fibers H were obtained by treating
silicon carbide whiskers produced by Tokai Carbon Co.,Ltd. and
marketed under a tradé name of "Tokawhisker® with 1 % of

' y-mercaptopropylethoxysilane. |

The surface treated fibers I were obtained by treating
Tokawhisker with 1 % of bis(3—trimethoxysilylp;opyl)tetrasulfide.

The durability index of a given sample was determined by
cyclically exerting a compression enough to produce a deformation
of 10 mm on the sample and taking count of the number of
compression cycles upto the rupfure of the sample, and reported,
as a relative value based on the durability index of Example 1
taken as 100. The bounce impact elasticity was determined by
allowing a givén.sample to fall from a héight of 120 cm in an
atomosphere kept at 20°C and measuring the-height.to which the
sample bounced according to the specification 6f JIS$ (Japan
Induéfrial Standérd) S 7005. The compression was evaluated as
the strength exhibifed by a_given sémplé,compressed 2T54 mm in

diameter.

Examples 1 to 18 and Comparative Experiments 1 to 7

All of the ingredients, of which formulating ratios are
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25 acotinic acid, 2-ethyl-3-propylacrylic acid, crotonic acid,

am nocrotoni c acid, acidophoshydroxyethyl (nmeth) acryl ate, K
[err]-acryl oxypropionic acid, 2-butene-1,4-dicarboxylic acid, sorbic ac?ft .
acetyl carboxylic acid, 30 N-butylmaleam dic acid, fumaric acid, maleic
acid, chloronmaleic acid, di-n-butylmal eam dic acid, N, Ndinethylnmal eam dic
acid, N-ethylmal eam dic acid, N phenyl-maleamdic acid, dichrolonaleic

acid, dihydr onwﬂf&@t@d agh Oraple Vi ars O £t S0, wes Y 1o Qi @i 1 Soo A,

itaconic acid, berzo ac ac the like. of . t he_ot her
unsat ur at ed do’\-/r?ﬁf?g%% %%n%a‘rﬂﬁ llf:’ﬁ%'%p F it ML é E%’ZV@S%E% iyl
acet at e, V|nyﬂtugcgnmmashalblmgplzaMereaﬁxeslywexmeptimglaoIuene and

divinyl benzepﬂf @A#y%lﬁg gén{?fwé‘féyix‘a&dcg:?xlhée&%@ £3adder 2y ate and

al kyl net hac ate; l+c aci vatives suc

(et hy acr §I orhtrwaql%d foet a@wmmd@ta@@ ¥ yEQQRC, (them)keyl ate; and
triallylisocymaupésnt ARBES &agsaosmoe@d@o%nééwmbmeadﬂxéé

partlcuIarIyv?refergglguicanlthg aggnt to form a rubber composition
of the present invention. The composition was kneaded
and vulcanized in a test mold for 30 minutes at 150 +
10 59C to form a test piece, which was subjected to
measurements of the tensile strength and tear strength.
The same procedure as described above was repeated for
each Example and Comparative Experiment.
The results are also shown in Table 1.
15 Examples 19 to 36 and Comparative ‘Experiments 8 to 14
Rubber compositions were produced by repeating the
procedure of Examples 1 to 18 excepting that the
formulating ratios indicated in'Table 2 were used, and
the properties'bf the obtained compositions were
20 tested.- _
The results are also shown in Table 2.
Examples 37 to 56 and Comparative Experiments 15 to 21
All of the ingredients of which formulating ratios
are indicated in Table 3 excepting the wvulcanizing
25 agent were introduced into a kneader and kneaded for 10
minutes at a temperature of 60°C to 100°C, then cooled
to a temperature of 60°C to 70°C and admixed with the g)
vulcanizing agent. The density of the resultant mass
was adjusted to form a golf ball of 45 g in weight and
30 vulcanized in a conventional golf ball mold for 30
minutes at 150 + 59C to produce a solid golf ball, of
which bounce impact elasticity; durability, compression
and feeling npon hitting were measured and tested. The
same procedure as described above was repeated for each
35 Example and Comparative Experiment.
The results are also shown in Table 3.
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cross-1linking nonomer fromthe group of acrylic acid, nethacrylic acid,
cinnanmyc acid, acotinic acid, crotonic acid, itaconic acid and
ben2391acrylic acid. Those conpounds can be used alone or in any

conbi nation thereof. The netal saltg of the unsaturated carboxylic

aci dLnmenti oned .above - can be al so used as the cross-Iinking nonomer of ‘the
present invention. Exanples of the netal for those netal salts include

lithium sodium ps@ §é§nB7SE606§iHHa &b araﬁﬂassﬁ r£ﬁ¢&£§”12b€6iﬂﬁl
cadmum | ead, zirconi n& nl Bg al um n
anti mony, bi snut h, §B ég ﬁ%gfuﬁﬁ t8n’ ﬁ?cRE?d%ﬁﬁdtﬂ% ??R%@t%ﬂ% TRy can

be used al one or pnoae@urenbfnaxamplehesﬁoto 568fktakcepting othat thenet al

ons having a val goex,Leihol 288108 BRIRALLACHL ALY 1 ETGLAD Sogh nogabheY

enhance the cross
Z|rcon|un1are5parth@uPE@P?rpiéﬁe@feﬁhee@huseneﬂ babls were| bestedy and | ow

toxicity. Those nEta'§h83¥e§ﬁlt§CQEEOéﬁéédshB&H jhergof@ogi tion either by
usi ng the netal salts ofst e unsa&uraéed carboxy i aC|d obtalned by the

reacti on of the

by addi ng the unsaturaSediaagbmxybamlacwdrenﬁrbhﬁc@@tB&Irépéaﬂa@ueﬂesuch as

el 9090, T e B, 5 BRAARA ) 3775581 CakIEp LS SRE"the'Y M0

10 formulating ratios indicated in Table 5 were used, and
properties of the obtained balls were tested.
The results are also shown in Table 5.

Examples 73 to 82 and Comparative Experiments 30 to 33
Solid golf balls were produced by repeating the

~ 15 procedure of Examples 37 to 56, excepting that the
formulating ratios indicated in Table 6 were used, and
properties of the obtained balls were tested.
The fesults are also shown in Table 6.
Examples 83 to 86 and Comparative Experiments 34 to 39
20 All of the ingredienté of which formulating ratios

are indicated in Table 7 excepting the vulcanizing
agent were introduced into a kneader and kneaded for 10
minutes at a temperature of 60°C to 100°C, then cooled
to a temperature of 60°C to 70°C and admixed with the

25. wvulcanizing agent. The resultant mass was vulcanized
in a metal mold for a golf ball core for 30 minutes at

Y 150 + 5°C to produce a golf ball core. The thus

obtained
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17 the mixture systemto formnetal salts of the unsaturated carboxylic
acid. The anount of the cross-1inking nononmer used in the rubber o
conmposition of the present invention is not particularly limted, homevéf{ .
it is preferable to incorporate 0.1 to 50 parts by weight, particularly 1

t 0 15CPER (W H\CARALAT “Oitht Fe COMPISILLARI PEeRrRErd Waswuiking 100 parts by

wei ght _of the rubber co ent to facilitate the control of hardness and
bounc®¥ mﬂeﬁlré?ss[’i'biat'{aj Pﬁétéoﬂ%oﬁf?ﬁﬁ’m%ﬂﬁ Ut thad {88 sul fur

type ni Zi ' i.n the pr nk ipvention ime.ude netal oxide

such %%i%%%itﬂ%ﬁ%i%g%ﬁégg@g&?%g gﬁgsgén%{;o%'\ cfés; octlr' sl-qjienr{ielﬁa resin

such @s1 @ hadiesid) e BN @t%tsabéehgssfr-ﬁfm Ufped resin pol yester

resin, polyanide resin and epoxy resin; Fow nolecul ar wel ght conmpound and

modi f peslcedips® gl ddsdtined addivies wasNtepe g8l CEPL! Sl ExdiigLeaand acet yl

per oxi de, di benzoyl peroxide, dicapryl peroxide, di(p-chlorobenzoyl)

per ox€oepaxi tisom fxpe mieveondi .de The bduacdi dinpactbehasyigier oxi de, dii sobutyl

per oxi de, diisononanoyl peroxide, dilauroyl peroxide, dipelargonyl
durability, compression and feeling upon hitting of the obtained

golf balls were measured and tested.
The results are also shown in Table 7.

Examples 87 to 90

Two-piece golf balls were produced by repeating the
procedure of Examples 83 to 86, excepting that the formulating
ratios of the cﬁres indicated in Table 8 were used and that a Q,/
hard elastomer obtained by mixing ;Ob parts of ionomer resin and
potassium titanate fibers (surfacé treatgd fibers A) was used as
the cover layer. |

The properties of the obtained balls were tested, and the
results are also shown in Table 8. |

Examples 91 to 96

Two-piece golf balls were produced by repeating the
procedure of Examples 83 to 86, excepting that the formulating
ratios of the cores ihdicated in Table 9 were used, and the
properties of the obtained balls were fested.

The results are also shown in Table 9.

Examples 97 to 100

Two-piece golf balls were produced by repeating the
procedure of Examples 91 to 96, excepting that the formulating
ratios of the cores indicated in Table 10 were used and that a

hard elastomer obtained by mixing 100 parts of ionomer resin and
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peroxide di propynyl peroxide, di ([err]-carboxypropi noyl) peroxide, nethyl
ethykvketone per oxi de, cycl ohexanone per oxi de, '

di hydr oxy- dlnethyl di oxacycl opent ane, t-butyl peroxide, t-butyl-

perOXY(Z GFQ Q@{ﬁﬂoeieénaiebﬁgﬁgfgﬂ(Pﬁgé%%QuHX EEF fibers A) was used as
0, O-t-butyl-0-1sopropyl nnnoperoxycarbonate t- buty per oxy- plvéTate,

di met hyl - dithleeaaorkpeagxy) hexane, t-butyl peroxy- (2-ethyl butylate),

di -t-butyl peroxide, dicunyl peroxide, dinethyl-bis(t-Dbutylperoxy)hexane,
t-butyl hydropefraei de, pnopértiel aperihe dbtained balls were tested, and

bi s(t-butyl peroxy)trinethyl cycl ohexane and

n- but yl - bi $he- pgsilser axg) sbsershavwmridh tTedlle R8. Anong t hose non-sul fur

type vul cani zi ng agent nentioned above, dicunyl 18 per oxi de, cunyl

Bydzfpgr?xFﬁfrga_E#&QE_fﬁLbkide di but yl peroxide, .
i's u ri.ne ane an .

bt yl - b (L - bUPPTBEFER, ST AT HRFOHRAMGES Py SPEPEIPEAtDE IS e

vul cant 2! G, 34° BbesalsPERERST (92 Yt A’ UoRR1UY! EBRBLY1 ELREVEE

the rel ati on between the vultani zi ng tenperature a I fe ose
non- sul f ur o 1%eiadNirak R8s 29L8t sKk&wh Din Ltmeallqneaaa ltﬂea_ayogeﬁmé@tépn
therof. The anount
the obtained balls were tested.
The results are also shown in Table 11.

Examples 117 to 127

Two-piece golf balls were produced by covering golf ball
e cores of which formulating rafios are shown in Table 12 with the
same cover layers as Examples 103, 107 and 104, which were used
for Examples 117 to.119, Examples 120 to 123 and Examples 124 to
'127, respectively.
. The properties of the obtained balls were tested and the
results are also shown in Table 12.

Examples 128 to 136 and Comparative Experiments 40 to 41

Three-piece golf balls were pfoduced by utilizing cores of
which formulating ratios are shown in Table 13, and an
intermediate layer and a cover layer of which formulating ratios
are shown below.

. The properties of the obtained balls were tested, and the

results are also shown in Table 13.
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of the vul cani zing agent used in the rubber conposition may be variable .
dependi ng on factors such as the type of rubber, the purpose of thﬁ)
rubber conposition , . and the like; however, it is -
usual |y preferable to use it in an ampunt of 0.1 to 15 weight % of the

r ubber Inoepondinte Thayexsbber conpositi on ofxalgles esent iQuepairacdveny be

i ncorporated with various known additives, for exanple, \Expeaimeattson

accel erator, vulcani zation retarder, antioxidant, plasticizer, peptizer,
tackifier, B#RYead8Rgent, sponging agent, disd®rsant, dustil®9 agent, nold
rel ease agegt sol vent,, softening agent and thf i ke. Additionally, various
i norganic f *?%H?F? ?%inforcing the material 1and any desired pignment and

dye for col.pyi conposition nay be al so ijpgorporated in.the rubber
conposition£{i§gﬁ%?§§ of the inorganic filler ?gclude cl ayi shi'powder s of

carbon bl acke rdPeNESBNE GANRRRAt €, zinc.oxide, jgal ci um carbongte, barium
sul fate,. al um ni um hydr oxi de, al um ni um oxi de, silica powder, titanium

di oxi de, m picurhyl pexdxfide di at omaceous earth, &aolin and thedike. The
rubber conposition of the present invention may al so contain any of the
organi ¢ nodhhtiesidantventi onal ly used, and exanpl es of such ordganic
nmodi fi er include cumarone-indene resin, phenol resin, polystyrene resin,
acrylic res$heapif afddle resin, epoxy resin, urethane resin,

Surface treated fibers A 20 -
Cover layer:
Ionomer resin _ o : 100 U

Titanium dioxide 10

Examples 137 to 142 and Comparative Experiments 42 to 47

Three-piece golf balls were produced by utilizing cores of
which formulating ratios are shown in Table 14, and an
intermediate layer and a cover layer of which formulating ratios
are shown below. | |

The properties of the obtained balls were tesﬁed; and the

results are also shown in Table 14.
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19 pal yol efin resin and the |ike. Further, the rubber conposition of the
|nven&,pn may include long fiber reinforcing material, for exanple,
indrganic fibers such as glass fibers, carbon fibers, netal fibers,
quartz flbegs and % g f fibers, and organic fibers such as Ion flbers
vinyl on fib&PES*BRPVRET et®¥ers, aromatic pol yERFHRLES ber s, é?

fibers and aromatic polyether amde fibers. The rubber conpositi HSFntﬁe
invention can begdfuepreogRfed by kneading one or mpgg rubber conpepents
with the fine inorganic fibers of which surfaces are treated with the
surface treatingzagendcryierdon-sul fur type vul cani ggng agent, andg .
optionally with cross-linking nononers, various additives and auxiliaries
by a 15 convent gbnalox®déod. The vul cani zati on of10he rubber comsosition
according to the present invention can be also carried out in a
conventional manderosahiizaibe \aildmd zation is prefet@bly carried d® at a

Dicumyl peroxide ' 5 5
Antioxidant : 4 S
Stearic acid ' 2 ' -2

Surface treated fibers A 20 ' -

Cover layer:

W Ionomer resin ' ' | 100
Titanium dioxide 10
Examples 143 to 146
Three-piece g%}f balls were produced by repeating the
procedure of Examples 137 to 142 excéptihg that the formulating
ratios of cores indicated in table 15 were used and that a hard
elastomer prepared by mixing 100 pérts of ibnomer resin with 10
parts of the surface treated fibers A Qas used as the cover .
o/ layer. |

The properties of the obtained balls were tested, and the
results are also shown in Table 15.

Comparafive Experimenté 48 to 51

Three-piece gi}f balls were produced by repeating the
procedure of Comparative Experiments 42 to 47 excepting that the
formulating ratios of cores indicated in'Table 15 were Qsed,.and
the properties of the obtained balls were tested.
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tenperature of fromJ[err] to [err] for 5 to 60 mnutes, 20 The
m xing ratio of each conponent is not specifically limted and can be <~
vari ed depending on the kind of rubber.conponent used in the conpositionj
and the pugpose far. which the ¢ osi.tign.,s jntended to be used. As

e inen @ 185, FR0HRT FRatRu S5l

concerns tH& anbuhtt o th&180r FRE" FBa fine inorganic fibers, it is

B;reI SELBRALLL 1OPHPAH G BmpABaRELL SERYe BN, ST Gy arly 10 1o 50
wei ght parfisr&d-gided WNe veQIROReRE. p%@acé@eb,ﬁ%ﬁgtﬂ{g tpe fibers is

| ess than the lower liffit 30 of the range, it becones difficult to obtain
a sufprecedirstofEpdnpifest Hd 3cawpadist aad Chopgha tivd Expe rSinicdnita agt
flexibility, and when the content of the fibers exceeds the upper limt of
the rt@dgel efrerbinmsihdtorthee formwlatdngt adt&o$ oof premsas daldigsde®5 inbecause
It gets excessive har dness and poor elongation ratio while the strength

i s enhaptelé were used, and the properties 6f the obtained balls were
tested.
The results are also shown in Table 16.

Example 151 to 161

Three-piece golf balls were produced by ﬁtilizing the same
cores and intemediate layer as used in Example 138, and the cover
layers of which formulatiﬁg'ratios are indicated in Table 17.

The properties.of the obtained balls were tested énd the o
results are also shown in Table 17. |

Examples 162 to 172

Three-piece golf balls were prpduced by utilzing cores of

which formulating ratios are indicated in Table 18. The same

cover layers as Examples 153, 157 and 154 were used for Examples

162 to 164, Examples 165 to 168 and Examples 169 to 172,

respectively. The intermediate layers of the compositions A and

B indicated below and the same intermediate layer as Example 128

were used for exaﬁples 162 to. 164, Examples 165 to 167 and _

Examples 168 to 172, respectively. i
The propérties of the obtainéd balls were tested and the

results are also shown in Table 18.

31

&

$



The rubber conposition according to the present invention can be used for
variousypurposes, for 5 exanple, industrial materials such as rubber
rollers,” sporting goods such as golf balls, baseballs, shoe soles and nany
applications in ot | £4:dS Sy .el ectronic device industry,
t el econmuni cati on euﬁ€§§§ﬁ1 Ss?%?egﬁa chem cal industry. 10 In the ®
case where the rubber gamyes (@) is used in the production @pga golf bajdg
t he rubber conposition may include a weight adjusting agent. The solid golf
bal | of the present inweEmd @aerydapeepared by nol di ng the rubber conpositizam
of the 15 present invention, which has been kneaded and vul cani sed as
descri bed above, in th&€adsdpm acrylagsef ball. The two-piece g@pf ball of -
t he present invention can be produced by covering a core of an elastic
rubber 20 with a | ayer?3d¥ R¥ideel ast oner and nol ding the res&Ptant 15
conposite in the shape of_a QP'fb al | ,havi ng desired surface
characteristics such ad g d&2PkfcP&thRhe core and/or the cover arelist3

composed of the rubber £amQSiiLa80e0k: LOg: R SEEM ddVeNtion. 1o -

- 'Dicumyl peroxide : : 5 - 5
Antioxidant 4 - 4
Stearic acid ' 2 2
Surface treated fibers A 30 -
Surféce treated fibers B : -. 30
-
- Examples 173 to 178 and Comparative Experiments 56 to 61
All of the ingredients indicated in Table 19 except for the
vulcanizing agent were introduced into a kneader and kneaded at
the temperature of 60°C to 100°C for 10 minutes. The contents of
the kneader were cooled to 60°C to 70°C, then gggggaéith the.
vulcanizing agent, adjusted in weight and further kneaded. The
resultant mass was vulcanized in a conventional mqld for a goLf
ball'corefat'150°c + 5°C for 30 minutes to produce a spherical
core.f.The core thus obtained was wound with'an elastic ‘thread,
"

which was a.NR-based rubber thFead and also used in the. following
Examples. - The resultant thread wound core was covered with a
composition obtained by blending 100 parts of ionomer with 10
parts of titanium oxide and infection molded to produce a thread
wouhd"golf“bali of 45 g in weight. The same proce%pre was

repeated for each Example and Comparative Experiment.

The obtained golf balls were tested for bounce impact
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25 The three-piece golf ball of the present invention can be
produced by covering a core of an elastic rubber with an internedi ate
| ayer, nolding the |nterned|ate | ayer,, vulcan|2|ng t he resul tant conpo!’te
t hen Qv ring. th ternedi ate er wth.a ov | a nol di ng the
resuftah lCl%%b fﬁeéhé?ﬁ. d cﬁmﬁg %Flgnggf? baf %ﬁﬁﬁ<ﬁ€%ﬁ%& Sfurt her

vul ¢ z o Bl e a Ieast one of the core, the
|nte?§%dfg§ef%§§er gﬁ%aggﬁgrgigbgr%?s ng %%nposed of the rubber
conpeghihp 08 Digthe ygesent invention. The 35 three-piece golf ball of the
present I nvention can be produced by a single nolding process, that is, by
coveri ng Theeadreowd pdlfe baliler medieapeotiaged apndrégeating @ty | ayer
successi vely, then nolding and vul cani zing the resultant conposite. The

t hr erdogednte gof fExrmples L7de tor é§§ntexcapéh0§ohh@amdjeemrkﬁd{mdolfy wi ndi ng
a core of elastic rubber with an elastic thread in_a conventional manner,

covePPRE ehes tPmeh PRkAIMES e Blierd iRgr 408) BIFEFERE IRRIRATIHRF iMhe

resuk&%gtlsoggggétgklghéfg%rface treated fibers A and cores of which

formulating ratios are indicated in Table 20 were used.
The properties of the obtained balls were tested, and the
results are also shown in Table 20.

Examples 183 to 188 and Comparative Experiments 62 to 67

Thread wound golf balls were produced by repeating the
precedure of Examples 173 to 178 excepting that cores of which g;/
formulating ratios are indicated in Table 21 were used, and the
properties of the obtained balls were tested.

The results are also shown in Table 21.

Example 189 to 192

Thread wound golf balls were produced by repeating the
procedure of Example 183 to 188 excepting that cores of_wpich
formulating ratios are indicated in Table 22.were used and that
cover layers of hard elastomer obtained by blending 100 parts of
ionomer resin with 10 parts of the surface treated fibers A were B
used. ' : , ~/
The properties of the obtained balls were tested and the
results are also shbwn in Table 22.

Examples 193 to 203

Thread wound golf balls were produced by covering the same
thread wound cores as Example 184 with cover layers of which

formulating ratios are shown in Table 23.
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shape_of a golf ball having desired surface characteristics such as
dinpl{ es. Any known el astic thread can be enployed for the preparation, and
exanpl es of el astic thread include a the rad produced by a known

process for the preparation of rubber thread utilizing a _rubber terial
s]thchhas nat glrjal ﬁl?ol?é?p{aﬁ%)l?spBFyFE%p‘?%Eae“}et?oﬁﬁl](sl ﬁ)"%&n&eﬁtﬁgeﬁ%@nﬁ?‘%ri al
of these rubber I aks, the. I4£, rubber or the hard el ast oner
used in tkmf%ﬁﬂﬁfgggﬁ% %%ﬁfhgﬂgﬂeegfig%g?% %ﬁﬁ. conposed of the rubber
conposi ti org,Qfndike AYERb 904 it may be conposed of any of known rubber
materi al s conventronat Iy used. Particularly, iononer resin and

trans-pol yi sopr emna-&=@s woundh gl £ abe1l B Swe £e Sefdifed dyeiuthiel o figasodes ubber
conponent used in the rubber conposition of the invention, can be suitably
used as thewhidtericaimuflart inlge rhaids cbnst imdicatfed him dmbde R4yer Théhsamel f
ball according to the present invention nmay be treated on its surface with
a conventi orrNex daavers agehxamphesgb?P. b9 and &9 vieFesiusiedn for Examples
present invention can be obtai ned bg?nixiggFthe rubber _conponent nment.i oned

her ei nbef or 4P A8 EXaEPaes: 2P2n5Pe2t? e Ewanpiafed et Abdfore as the

fine inorganic fiber material in.a conventional kneader. By covering a golf

ball core wf?????ﬁ?%ﬁﬂ%‘

The properties of the obtained balls were tested and the
results are also shown in Table 24.

Examples 215 to 224

In a knéader; 100 parts of rubber (BR *1), 10 parts of zinc
— acrylate, 15 parts of zinc oxide (*2) and 15 parts of potassium

titanate fibers (untreated) were blended at 60°C to 100°C for 10
minuteg. Then, the contents of the kneader were cooled to 60°C
fO‘C, mixed with 5 parts of dicumyl peroxide, adjusted in weight,
and further kneaded. The resultant mass was vulcanized in a
conventional mold for golf ball at 150°C % 5°C for 30 minutes to
produce a.gdlf.ball core. The resultant core was covered.with a
layer of which formulating ratio is indicated in Table 25 to form
a two-piece golf ball. The same procedure was repeated for each
Example.

The properties of the obtained balls were tested and the
results are also shown in Table 25.

Example 225 to 230

Two-piece golf balls were produced by repeating the
procedufe of Examplés 215 to 224 excepting that cores of which
formulating ratios are indicated in Table 26 were used and that a

hard elastomer obtained by blending 100 parts of ionomer resin
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bal | cover conposition according to the invention and nolding the 22

resul tant conposite, for exanple, by neans of an injection nolding ”HChE’E
.a golf ball having an excell ent bounce.inpact elasticity can be obtaine

As theysithbep 6AERENGE! (AL LBeedd Ty RAlded’PiBlera ACQIROSLLA OLL Oéva]t he
present |nvent|on i onomer resih an rans-pol yi soprene resin Y ch are
descrngqubqggergre particularly preferable since they pern1t a high

el asticity and good wear resistance of the conposition. Exanples 10

Now, the pra@&senpropeeniésnofii the bsbtdeianyd had Lsowerepeastedabhg thd h
referenge to working exanples and conparative experinments hereafter;
howeverpsiul tshagedabsonshewnt hmtTathke Rfsent i nvention i s not int ended to

be restficted within those specific exanples. 15 In the attached
tablesC°mpar35FﬁﬁdExBEHéﬂﬁﬂégpﬁﬁm&&igiof Japan Synthetic Rubber Co., Ltd.
marketed un %%-B&gggcgoigdgglfg wé%g:g%dduclgﬁby re%%gtlggdtth_

procedure of Example 215 to 224 excepting that cover layers of
which formulating ratios are indicated in Table 27 were used.
The properties of the obtained balls were tested and the

results are shown in Table 27.

Examples'231 to 240 and Comparative Experiments 76 to 83

In a kneader, 100 parts of rubber (BR ;1), 10 parts of zinc
acrylate, 15 parts of zinc oxide (*2), 4 parts of an antioxidant, \_J
2 parts of stearic acid and 15 parts of potassium titanqte-fiberé
(untreated) were kneaded at 60°C to 100°C for 10 minutes. Then,
the contents of the kneader were cooled to 60°C to 70°C, mixed
with 5 pafts of dicumyl peroxi@e, adjusted in weight ‘and fur%%r
kneaded. . The resultant mass was #ulcanizedlin a conventional
mold for golf ball core at 150°C % 5°C for 30 minutes to form a
golf ball core. Three-piece golf ba;l was produced by utilizing
the above-obtained core, intermediate layer of the same
composition as the core and cover layer of which formulating
ratio is indicated in Table 28 or Table 29. The same procedure -/
was repeated for'each Example and Comparative_Experiment.

The properties of the obtained balls were tested and the
results are shown in Table 28 and Table 29.

Examples 241 to 250 and Comparative Experiments 84 to 91

In a kneader, 100 parts of rubber (BR *1), 10 parts of zinc

acrylate, 15 parts of zinc oxide (*2), 10 parts of aerosolizable
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2200", respectively, *4 denotes a product of Seido Kagaku marketed under
the product code "Zinc Wiite No. 20 3" and *5. denot es a product of N ppon
Sidi cx Co., Ltd. marketed under the trade name "N pseal VN 3AQ'. The

pot assi um tsitldcat ¢ *Biynendli Her pattstofLaperhssiome tdlitananed fibers (X snkeeated)
Chemi cal Co., Ltd. as a commercially available product under the trade name
25 " Ti sno were kmeagedd atTHENE" tPsléOWaﬁ%rl\kﬂW)mW sull'haee theagentents
fibers A were obtained b treatingeTlsm) Dwith 1 %of bis

triet hoxysiqu ﬁS‘reoﬁS?I r ¥egef Fagtednto $9 TG t7r°e§t'ed"~?‘?8e?”%tﬁ ePrts of

obt ai ned by, 3 | S h, eé

nmer capt oprodpycf r}lng)%hoﬁglxl’aggjgsfﬁ%&sﬁ%f ac rea cf'"?rtlggfrs k&eﬁg?%'ob’f ar ned

by treati ngresud.-@a?ﬁp rd sy 1A slviaehn ¥z 88" £4 P4 AR dildndlinavy 8l kéi‘egoirf'e

surface treated fibers D were obtained by treating Tismo Dwth 1 % of

bi s(3-tri mddiox\sddey lar applert et aguES-d®0 minutes to form.a golf ball core.
The core was wound with the elastic thread, then covered with
cover layér of which fofmuiating ratio is indicated in Table 30

an

or- Table 31 and injection molded by means of 1binjection machine
to produce a thread wound golf ball of 45 g in weight. The same
procedure'was repeated for each Example and Comparative
Experiment.

The properties of the obtained balls were tested and the

results are shown in Table 30 and Table 31.
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The surface treated fibers E were obtained by treating Tismo Dwith 1 % of
Y- gl yci doxypropyl tri net hoxysilane. The surface treated fibers F were '

obtained by treating Tisno Dwith 1 % of

bi s(mer capt opropyl ) tetranet hyl sil oxane. The surface treated fibers G were
obtained by treating Tisno Dwith 1 % of

" bis(3-trimethoxysilyl propyl)dlsulflde The surface treated fibers H were

obt ai ned by treating| g r;b cagbi de whi skers produced pt,)y Tokai Carbon
Co.,Ltd. and nafkétef en a tradqe name of "ToKawhi &kés" [with 1 % of
y- rrercapt opr opyl et ho<ysr | ane. The surface treated fiBers I were obtained by
treating Tokawhiskes|w tH & % Ofi kj s&3-trinet hoxysh! v pgoRyl ) tetrasul fide.
The durability {rlex|{&@ 4 8iven sanple was determme by gyclically
exerting a conpfebsi N enough to produce a deformation of [10 nmon the
sanpl e and taki net cob |g of g he numben of corrpresrsmnhcyccl gs upto the
rupture of the $ | ¢~ and reported as a relative Vafue®bdsed on the
durability index f rr:BIe 1.taken as 100. The bounce |rrract el asticity
was determined by aF @vi gea Qi ver™s@mBe to fall fr@n@ Height of 120 cm
in an atonosphefe® kept™* at [err] and neasuring the herght tjo which the
sanpl e bounced aqg;o;,jlggntg the specifigation of JIISN(Japcn | ndustri al
Standard) S 700%.8 The oerrpressmn was ceval uated as
g |
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the strength exhibited by a given sanple conpressed 2.54 mmin dianeter.
Exanplgs 1 to 18 and Conparative Experinents 1 to 7 Al of the ingredients,
of swhith fornulating ratios are 24 indicated in Table 1 in parts by

wei ght and each col um corresponds to each Exanple or Conparative
Experinment (the sanme shall apply hereafter), excepting a vul cani zi ng agent
were introduced in a kneader and 5 kneaded for 10 mnutes at 60 to [err]
then the resultant ss was cooled to [err] to [err] and adm xed with the

vul cani zi ng ageft te]foren a rublerc conposihti o of the present inwentien.c
The conposition|was neaded and™vul canized in a test nold for 307 nufes” at
150 + 10 [err] |to formg test pigce, whigh wgs  subjgcted, to ngasurengnts
of the tensile gtrerigth nd tear strength. The same procedure Ads descp) ked
above was repeafied for each Exanpl e and Conparative Experinent. The resultg
are also shown iin Tple @ ' ‘& 3 ' @ v gt ot g 8
nj © 1 1 v o I I ow; <+ ~ [~ S T T T N O v
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15 Exanples 19 to 36 and Conparative Experinents 8 to 14 Rubber
conpositions were produced by repeating the procedure of Exanples 1 to;#g
excepting that the fornulating ratios .indicated in Table 2 were used, arffd .
the properties of the obtained conpositions were 20 tested. The results are
al so shown in Table 2. Exanples 37 to 56 and Conparative Experiments 15 to
21 All of the ingredients of which fornmulating ratios are indicated in

Tabl e 3 except|ng {he wWlgard zing, 29 ~agent wepe | ntroduged, i nto a kneader
and kneaded fo[ 10-pPnhutes at a tenperature of™[err] to Pefr] {then cooled
to a tenperatufe of f%rr] to [err] and adm xed with the vul canj zi ng agent.
The density of fchem| esub t @nto nass: was«~adj ust ed :tOsfgrmac\mg@if pal | of 45 ¢
in weight and B@ VuEcdni Zedin a conventional gol f™bal IGndld for 30
mnutes at 150|§ [efr] to produce a solid golf ball, of which pounce inpact
elasticity, dufgif| g, Sc8mReSsitonNami teelind upoR hitfi Py were neasured
and tested. The %ang~procedure as descri bed above was regeated| for each 35
Exanmpl e and Covﬁﬁra i ve Experinent. The results are also _shownjin Table 3.
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&
Exanpl es 57 to 63 and Conparative Experinents 22 to 27 Solid golf balls
wer e produced by repeating the procedure of Exanples 37 to 56, excepting
that Yhe formulating ratios indicated in Table 4 were used, and 5 the
properties of the obtained balls were tested. The results are also shown in
Table 4. Exanples 64 to 72 and Conparative Experinents 28 and 29 Solid gol f
balls were produced by repeated the procedure of Exanples 37 to 56,

excepting that fhe 10 formul atL E:Ir'atlos 5, 1 ndi cated in_Tabl e rgused
. << N
and properties pf t olf ai ned baH s wereiteste The results are so & ®
shown in Table b. Exjanples 73 to 82 and Cbnparatlve Experiments 30 to 33
Solid golf balls weRle p@diced by epeltithg't he 25 Prbtedure bf QEXanpl & R
37 to 56, excepfing that™the formulating ratios indicated in Table 6 weft
used, and pr operti_ega of g he obtai med: be) Is weree hested~ Theur esulit s ar e o
al so shown in Tpble B. é%anples 83 to 86 and Conpar ati ve Experinents 34% 0
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20 Al'l of the ingredients of which fornmulating ratios are indicated
in Table 7 excepting the vul cani zing agent were introduced into a kneader
and kneaded for 10 mnutes at a tenperature of [err] to [err] then cool®&d
to a tenperature of [err] to 700C and adnixed with the 25. vul cani zing
agent. The resultant mass was vulcanized in a netal nold for a golf bal
core for 30 mnutes at 150 + [err] to produce a golf ball core. The thus
obt ai ned core was covered with a conposition prepared by m xing 100

parts of iognomes| besi noand 10 par ks «f (titani umioxi d8 such thas khe| bal
wei ghed 45 [g arfyf Enjecti on nol ded by neans of an inj%®ctidh ¥Wol‘di ng pachi ne
to forma t -plece golf ball. The sane procedure as descri bed above was
W) t ! (=] j
repeated fof SegghSEXangl ¢ ahd Conpardtitve Experitnents Thebgu em npact
el asticity, dur bH|Ity, conpression and feeling upon hitting of the
obt ai ned go £ balIs were neasured and tested The results are also shown i n
Table 7. Exalﬁ)I%SQSﬁtS e 995
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Two- pi ece golf balls were produced by repeating the procedure of Exanples

83 ta_86,

excepting that the formulating ratios of the cores indicated in

Tabl e 8 were used and that a hard el astoner obtained by m xing 100 parts of
iononer resin and potassiumtitanate, fibers (surface treated fibers A) was
used as the cover |ayer. The properties of the obtained balls were tested,
and the results are also shown in Table 8. Exanples 91 to 96 Two-pi ece gol f
balI's were producgd byj repeating the procedure of Exanples 83 to 86,

excepting that thg fagnulgtitng wmpti os wfther cores:indicated i kabpead
were used, and thg properties of the obtained balls were tested® The
results are al so ghovl i ngTabllte 9.t BExamplesxOA~ to 100 Tw-pi ecey goly Dbal
ing the procedure of Exanples 91 to 96, &xceptin
ng Jjatigs 'oft he ecpreseindi cated: ip Tabl e 10 gwes er use
mer ~obt ai ned by mni xi ng

wer e produced by r
that the fornul ati
and that a hard el
27

Table 3 (Cont.)
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potassiumtitanate fibers surface treated fibers A) was used as the cover

| ayer. The properties of the obtained balls were tested, and the 3
results are also shown in Table 10. Exanples 101 to 116 Two-piece golf ~
balls were produced by covering the sane golf "ball cores as Exanple 92 with
t he covering conpositions of which formulating ratios are shown in Table
11, and the properties of the obtained balls were tested. The results are
al so shown in Table 11. Exanples 117 to 127 Two- pi ece gol f bﬁl | s were

14

produced by clovei| ng (gal fo hald S0kes of g/vhi chifar rrulaat:j;_r? watli os are shown
in Table 12 wi ;h™f he san® ¢over®l ayers &5 Exanpl es 037 %07 and 104, which
were used for| Exapples 117 to 119, Exanpl es 120 to 123 apd,BEtanples 124 to
. ;a in =] . i ™ om :
127, respectiV8I § THe 'prdper®i &8s "of Che obtained batls @ere|tested and the
results are a 8O shown in Table 12. Exanples 128 to 136 and (onparative
Experinents 40212 41cltg ee-pigcg gokf bgls were pr@uged By jutilizing
cores of whichafofnulating ratios are shown in Table 13, and]an
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i nternmedi ate | ayer and a cover |ayer of which fornmulating ratios are shown
bel ow_,The properties of the obtained balls were tested, and the results

aré also shown in Table 13. 28  Internediate |ayer:
Exanpl es Conmpar ati ve Experinents Rubber (BR)
100 100 Zinc acrylate 15 Zi nc oxide
10 15 Ad gogol | zable silica 10 30
Di cunyl peroxi de Hcalo o o w w $ o 1 i &< Ant icoxpdant
4 4 StﬁarES' &g~ ™ Mo w 2
Surface treated fibern§ A 20 Cover | ayer: lonomer resijn
100 Titaniumdioxide #8318 ' g g » - « S ' 10 B@nyl ¢ ¥37) to 142
and Conparative ExperSngngs?42 to 47 ' _
NIO 0 1N | W« N 1 1 O < ~ <
~| o — ~ N
L] L]
-l O ® 1 1 1 T N 1 o 1 Mm ™M o
~} © -t [y ] N O O
L] -
OO ©O O unn W T N o { [} O N
~NO N - A oN A o
- —t
MO ©O O N v = N (=] [} 1 o M~ o~
WO M e o~ N A O O '
%] - -t
2
o)) RO 1N © N 1 T (=] ] ] -~ O\ WO [
"~ 7] ié g
MO O O B i < (= B | i < N M g
Q WO N — ™~ = I < A W - ) <
- ~ 4 3
'g. - m
E OIo Nn © N N < N o 1 i m N ~ M iy
O O e~ =~ o~ S Oy 21}
— ~-4
njo © © N <« N o ] [} O o M 4-:
O ~ o~ ™~ o O O =]
. ~i Q
~
. ~
THO =« O N N ¢ N o ] 1 N 0N O Mm o
| o ~ ™~ o o O
—l - »
[
i
> *
Te} + *
* 0 - L
: ¥ 0 x
(o] (] - o]
2 3 5 5
A% e 4 © )
- O K Lol
wu T o o 0 -
— b o Q e o]
x O x O % 2 c
L ~ O T o -~ 0O [=
~ o " P Ao © o O
o 4 o 8 ¢ & O N >~ Q 0 4
M >NT N O @ © & & E A 3
- . H A A Le] g O A @0
v O X A 4 4 0O 0 ~{ n o
H & O O ™ X A O ~“ ¢ o ¢
L) n E O K @ o O R
0 0 0O 0 3 A © W s < 0 ~
O & 28 4 0 ¥ o0 H H 3 E O
3 ot A O A £ & 3T J 0 o0 o
E o0 N < Q< 0w Q m O

44



Three-pi ece golf balls were produced by utilizing cores of which
formulating ratios are shown in Table 14, and an internedi ate | ayer and:a
cover |ayer of which forrmulating ratios are shown bel ow. The properties’
the obtained balls were tested, and the results are al so shown in Table 14.

29 I nternedi ate | ayer: ' Exanpl es ' Conpar ati ve
Experiments Rubber (BR) 100 100 Zinc
acryl ate 15 . .10 Zinc oxide
10 15 Aerosolizable silica 10 40
Di cunyl per oxi da 5 " 5 Anti oxi dant
4 5 Stearic acid 2 : 2
Surface treated fibers A 20 Cover |ayer:. lononer resin
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Ti t ani um di oxi de 10 Exanpl es 143 to 146
Threg-piece golf balls were produced by repeating the procedure of Exanples
137 to 142 excepting that the fornulating ratios of cores indicated in
table 15 were used and that a hard el astoner prepared by m xing 100 parts
of ionomer resin with 10 parts of the surface treated fibers A was used as
the cover layer. The properties of the obtained balls were tested, and the
results are also shown in Table 15. Conparative Experinments 48 to 51
Three-pi ece golf balls were produced by repeating the procedure of
Conparative Experinents 42 to 47 excepting that the fornulating ratios of

cores indicated in Table 15 were used, and the properties of the pbtained
balls were tested. 30 4, ST LeSul?s¥art &l so showh in Jal &19. [Exanpl es
147 to 150 and Conpafdfive~Experinments 52 to 55 Three-piece golf |palls were
produced by repeatin gh o o 1w N | o ~ 4 o~ @
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procedure of Exanples 143 to 146 and Conparative Experinments 48 to 51
excepting that the fornmulating ratios of cores indicated in Table 16 were,
used, and the properties of the obtained balls were tested. The results™fre.
al so shown in Table 16. Exanple 151 to 161 Three-piece golf balls were
produced by utilizing the sane cores and intenediate | ayer as used in
Exanpl e 138, and the coverl%ahmé;&ﬁ which formul ating ratios are indicated
in Table 17. The pr alls were tested and the '
results are als EOERL LS R - o q'.elg‘162 to 172 Three-pi ece golf

bal | s merg_pLQduced_b¥_uLLLzLng_cnLes_ni_mchh_inLnuLaLLng ratios are
indicated in Table 18. The sane cover |ayers axakpagpl es 153, 157 and 154
were used for Exanples 162 to 164, Exanplgs 1 % to 8 d Exanples 169 to
172, respeeP+ve#y———$he—+ﬁ+e+ﬁed+a+e—+aye+e—eg-%he—éeﬁﬁg§+tions A and B

i ndi cat ed BebberahBRi htl sane i nt er redi atl®0l ayO0 ad0BxahPPe 128 were used

for exanplggnénggge 164, Exanples 165 tqgl673and Esanphes '168 to 172,
respectively. Th fégéo ertjes of_ the obtaqud q%llslgerelaested and the

resul ts ar R2EPEQ ei ShYiga & 3.
Dicumyl peroxide 5 S S 5
Antioxidant _ - 4 4 4 4
Stearic acid 2 2 2 2
Surface. treated fibers A 10 15 20 25
Durability index ' 118 131 134 138
Bounce impact elasticity 101 103 103 106 _ -
Compression " 108 111 111 119 W/
Feeling upon hitting*f E E Ei, E

** Py Excellenf
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31 I nternediate | ayers:

(BR) 100 100 Zinc acrylate
20¢ Cal ci um acryl ate 20 -

10 ' 15 Aerosolizable silica. -
Aerosol i zabl e titani um di oxi de 10 Di cunyl peroxide

5 - 5 Anti oxi dant 4
Stearic acid 2

fibers A " 30 - Surface treated fibers B

30 Exanpl és 173 to 178 and Conparative Expggi

ingredients indicated in Table 19 except. for the vulcan|2|ng agent were
2HBRLa 8f [err] to 100C

for 10 m nutes. The contents of the kneader were cooled to [err] to 70C,

i ntroduced into a kneader and k

A

Zi nc oxi de

B Rubber

15
4

2 Surface treated

ts 56 to 61. Al

of the

t hen wi th the vulcanizing agent, adjusted In mel%ggmggd Turther
kneaded. The
91 92 93 94 95 96
Rubber (BR) *1 100 100 100 100 100 100
Zinc acrylate 10 10 10 10 10 8
Zinc oxide  *4 . 15 15 1s 15 10, 10
Aerosolizable silica *5 10 10 10 10 - -
Dicumyl peroxide S 5 5 5 5 -
n-Butyl- bls(t-butylperoxy)- - - - - - 5
valerate
: Antioxidant 4 4 4 4
~ Stearic acid 2 2 2 2

Surface treated fibers
A 10 15 20 25 - -
F - - - - 30 -
. G - - ~ - - 30
Durability index 122 138 142 146 136 133
Bounce impact elasticity 105 106 106 107 105 104
Compression 120 121 123 123 123 121
Feeling upon hitting** E E E E E E

*%* E: Excellent
L
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resul tant mass was vul cani zed in a conventional nold for a golf ball core
at [err] 5C for 30 mnutes to produce a spherical core. The core thus -
obt ai ned was wound with an el astic thread, which was a NR-based rubber

thread and also used in the follow ng Exanples. -The resultant thread wound ~

core was covered with a conposition obtained by bl ending 100 parts of
iononmer with 10 parts of titanium oxide and injection nolded to produce a
thread wound golf ball of 45 g in weight. The sane procedure was repeated
for each Exanpl e and Conparative Experinment. The obtained golf balls were
tested for bounce inpact 32.,,;0€igsticity, durability, conpression and
feeling upon hitting, and tﬁe results are al so shown in Table 19. Exanple
179 to 182 Thr ead Fesmudags i as vie¢¥ cCoreRiuced by repeating the procedure
of Exanples 173 to 178 exceptlng that cover |ayers of hard el astoner
obt ai ned by bl ending I00 parts of rononer resin wtn 10 parts of the
surface treated fibers A and cores of which BX#R#e$ting ratios are

indicated_in Table 20 were used. 97 98 99 100
Rubber (BR) *1 100 100 100 100
Zinc acrylate 10 10 10 10
Zinc oxide *4 15 15 15 15
Aerosolizable silica *5 10 10 10 10
Dicumyl peroxide 5 5 5 5
Antioxidant | 4 4 4 4
Stearic acid ' 2 2 2 2

Surface treated fibers A 10 15 - 20 25 .

- o/
Durability index ’ 127 142 148 151
Bounce impact elasticity 106 108 108 109
Compression 122 123 124 126
Feeling upon hitting** E E E E

** E: Excellent
o’
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The properties of the obtained balls were tested, and the results are al so
shown in Table 20. Exanples 183 to 188 and Conparative Experinents 62 to 67
The eﬁ wound golf balls were produced by repeating the precedure of
Exanples 173 to 178 excepting that cores of which fornulating ratios are
indicated in Table 21 were used,. and the properties of the obtained balls

were tested. The resylts are al so_shown _in 'I"at?l e 21.' 'Ex‘arrlpl|e 11809 to 192
Thread wound gol { ball's weré& produced by repeating the procedurfe ofe &l ¢
183 to 188 excepting|that _cgres of which formylating ratios are indicated
in Table 22 were|usgl andSt Rat cover I ayers of hard el astoner obt aithezl Hy*
b! endi ng 100 parts Q 'iqngrrgr ,'rgsi,an,vw',,tb. 40 (parts of the syface treajed ,
fibers A vvere_@sad.-—d’he pEoPerties of the obtained balls wste test &l Qi
the results arge @l sel shawa én.TabL\e.Z& <Exanplies 193 t o @3. Thread yungd
golf balls werﬁe pro&'yced By “covering the same thread woud cores asi Bxa&hpl e
184 with cover. | ayens 10fc whisch fioenul at kng nati os ar e ghowns in Tabl.e 23, 33
I = = ' 2249
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The propertles of the obtained balls were tested and the results are also
shown in Table 23. Exanples 204 to 214 Thread wound golf balls were .
produced by utilizing cores of which fornulating ratios are indicated i
Tabl e 24. The sanme cover |ayers as Exanples 195, 199 and 196 were used for
Exanpl es 204 to 206, Exanples 207 to 210 and Exanples 211 to 214,
respectively. The properties of the obtained balls were tested and the
results are also shown in Table 24. Exanples 215 to 224 In a kneader, 100
parts of rubber (BR *1), 10 parts of zinc acrylate, 15 parts of zinc oxide
(*2) and 15 parts of potassiumtitanate fibers (untreated) were bl ended at

w

[err] to [drr]~|for:18 mnut.es o Then,n t.he«:ontenis‘ of the Jmeade;. \er e
cooled to [lerrd| [err fixed with 57parts of dicuiyl peroxideS Sadj dsted in
wei ght, and fygjt hey kneaded. ,The ,rgsyl t,ant, n@ss was yu|canjzgd_ i 4
conventiongl myl d ®oP golf balt* aterr] for 30 ™ nutes foSpproduge a gol f
ball core. |The Jresul tant core mas covered with a
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| ayer of which fornmulating ratio is indicated in Table 25 to forma

The sanme procedure was repeated for each Exanple. The
prOpertles of the obtained balls were tested and the results are al so shown
in Tabl e 25. Exanple 225 to 230 Two-piece golf balls were produced by
repeating the procedure of Exanples 215 to 224 excepting that cores of
which fornulating ratios are indicated in Table 26 were used and that a
obtained b

5 !

t wo-.pi_gce gol f ball.

hard el ast oner

10 parts of the surf
properties of the obt;
I n Tabl e 26. Conpara

produced by repeatin mﬁhe
cover |layers of whic Ef%bﬁ

used.

Table 13
Formulating Ratios of Cores

Uh‘l

Examples

129 130 131 132 133 134 135 136

128

eated fibers A was used as the cover
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The properties of the obtained balls were tested and the results are shown
in Table 27. Exanples 231 to 240 and Conparative Experinments 76 to 83 Ina
kneader, 100 parts of rubber (BR *1), 10 parts of zinc acrylate, 15 partSJ
of zinc oxide (*2), 4 parts of an antioxidant, 2 parts of stearic acid and
15 parts of potassiumtitanate fibers (untreated) were kneaded at [err] to
[err] for 10 minutes. Then, the contents of the kneader were cooled to
[err] to [err] mixed with 5 parts of dicunyl peroxide, adjusted in weight
and further kneaded. The resultant mass was vul canized in a conventional
nold for golf,ball core at [err] for 30 mnutes to forma golf ball core.

Three-pi ece g¢l f Ch& ' ®ag groduced by wtiliging:the aboyescbtpined core,
i nternedi ate Iﬁye “of the sanme conposition as the core amd coler | ayer of
whi ch fornulaimng bahla hSoladnca&ed.hn Tabl 28 or Tahlie,29.{ The sane
procedure was Wep=ated “f or "each Exanpl e and Cbnpar atiVeé® Experj ment. The
properties of ghg gbtabngd <bal s were fested and the results are shown in
Tabl-e 28 and T&bF§329. “Exarnpl es 241 t @ 250 and Cowpawav»wﬁ‘txperinents 84
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silica (*3) and 15 parts of potassiumtitanate fibers (untreated) were
kneaded at 60C to [err] for 10 mnutes. Then, the contents of the kneader
wete cooled to [err] to [err] mxed with 5 parts of dicunyl peroxide
.adjusted.in weight and further kneaded. The resultant nmass was vul cani zed
in a conventional nold for golf ball core at 150C [err] for 30 mnutes to
forma golf ball core. The core was wound with the elastic thread, then
covered with cover layer of which fornulating ratio is indicated i.n Table
30 or-Table 31 and injection nolded by neans of an injection nmachine to
produce a thread wound golf ball of 45 g in weight. The sane procedure was
repeated for each Exanple and Conparative Experinent. The properties of the
obtained balls were tested and the results are shown in Table 30 and Tabl e
31. 36 [err]
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Table 10 Fornul ating Rati os of Cores Exanples 97 98 99 100 Rubber (BR)

*1 100 100 100 100 Zinc acrylate ;10
10 10 10 Zinc oxide *4 . 15 15 15 15
Aerosol izable silica *5 10 10 , 10 10 Di cunyl peroxide
5 5 5 5 Anti oxi dant 4 4 4 4
Stearic acid Table220 2 2 2 Surface treated fibers
A 10 Z&rm\.&%t@ﬁrgalﬁ'alt'.&5¥ bPd&¥res 127 142 148
151 Bounce |npact E|abLILlLy TO8— 108 109 Conpression
122 123 124 1286 Ize_eLLnn upon hi tr‘pr.g** = = E E ** E:
Excel | ent 49 : _ Examples
179 180 181 182 -
Rubber (BR) *1 100 100 100 100
~ Zinc oxide *4 : 15 15 15 15

Aerosolizable silica *5 i0 10 10 10

Dicumyl peroxide 5 5 5

Antioxidant 4 4 4

Stearic acid ' 2 2 2

Surface treated fibers A .10 15 20 25

Durability index . 115 117 119 120

Bounce impact elasticity ) 92 93 93 94

Compression 103 104 104 105 U

Feeling upon hitting** E E E E

** E: Excellent
o/
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[err] 55 [err] 56 [err] 57 [err] 58

Table 22

, Formulating Ratios of Spherical Cores

Examples

189 190 191 192
Rubber (BR) *1 100 100 100 100
Zinc acrylate - 10 10 10 10
Zinc oxide *4 15 15 15 15
Aerosolizable silica *5 10 10 10 10
Dicumyl peroxide 5 S 5 5
Antioxidant 4 4 4 4
Stearic acid 2 2 2 2
Surface treated fibers A 10 15 20 25
Durability index 126 127 129 131
Bounce impact elasticity 101 102 io3 106
Compression 104 106 106 108
Feeling upon hitting** E E E E

** E: Excellent
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L]

1. A rubber conposition conprising at |east one natural and/or synthetic
rubber conponent (s), fine inorganic fibers, as hereinbefore defined,
subyected to 5 a surface treatnment with a surface treating agent and a

non-sul fur type vul cani zi ng agent. 2: A rubber conposition according to
claim1l1, wherein the conposition further conprises a cross- |inking
nmononmer. 10 3. A rubber conposition according to claim1l or 2,
wherein the fine inorganic fibers are alkali nmetal titanate fibers. 4. A
rubber conposition according to any preceding claim wherein the surface
treating agent is 15 a sulfur-containing silane conmpound. 5. A rubber
conposition according to claim4, wherein the surface treating agent is at
| east one conpound slel eetled Eiom1ﬂ9k£apto groug;bgaming di | ane conpounds
~and silyl group-bear] ng “Hul f Sde cOmpounds. 20 >. A rubber
. conposi tion according tojclaimb5, wherein the nercapto grjoup- bearing sil ane
i conpound is represented ;ty't@'foﬂmj‘l aQl: lerrles Py
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25 wherein each [err] independently represents a substituted or
unsubstituted dival ent hydrocarbon group of 2 to 6 carbon atons, each R%f:
i ndependently represents a substituted or unsubstituted nonoval ent L
hydr ocar bon group, each X independently represents a hydrol yzable 30
group, ais an integer of froml to 3, and b is an integer of fromO to 2

with proviso of |I<(a+bh)<3. 7. - A rubber conposition according to claimb5,
wherein the silyl group-bearing sulfide conpound is represented by the
formula Il: [err] Wwherein each R3 independently represents a substituted or

unsubsti tuted nonoval ent hydrocarbon group, each R4 independently
represents a substituted or unsubstituted hydrocarbon group of 2 to 4
carbon atons, each Y independently represents a hydrolyzable group, c is an
5 integer of fromO to 2 and nis an integer of from1l to 6. 8. A rubber
conposi tion according to any
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L)

preceding claim which conprises a cross-1linking nononer which is an
unsa&y;ated carboxylic acid, salt 10 thereof or unsaturated vinyl

cohpolind. 9. A rubber conposition accarding to any preceding claim whose
rubber conponent contains at |east 30% by wei ght of cis-1, 4-pol ybut adi ene.
10. A solid golf ball which is conposed of a 15 rubber conposition as
defined in any one of the preceding clains. 11. A two-piece golf bal
conprising a core of elastic rubber and a cover layer of a hard el astoner,
wherein the core and/or the cover |layer are/is conposed 20 of a rubber
conposition as clainmed in any one of clains 1 to 8. 12. A two-piece golf
ball according to claim 11, whose core is conposed of a said rubber

bonp05|t|on 13. At place oIf bal | according to cIa|n111, 25 whose
cover layer is conpoged P ard 2 uBbér cdnposfy iPnD A two- pi ece gol f
ball according to cl i m'1], I? or 13, wherein the coVer Iayer is formed of
a said rubber conp05|t|on whase.r ybber Lonponent, i § @n, oponer
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30 resin. 15. A two-piece golf ball according to claim11l, 12 or 13, _
wherein the cover layer is formed of a said rubber conposition whose rupber
conponent is a trans- polyisoprene resin. 35 16. A two-piece gol f°
bal |l according to any one of clainms 11,to 15, which conprises a said
rubber conposition whose rubber conponent contains at |east 30% by wei ght
of cis-1,4-polybutadiene. 17. A three-piece golf ball conprising a core of
5 elastic rubber, an internediate | ayer of elastic rubber and a cover |ayer
of hard el astoner,” wherein at |east one of the core, the internedi ate |ayer
and the cover |ayer is(are) conposed of a rubber conposition as clained in
any one of clains 1 to 8. 10 18. A three-piece golf ball -according
to claim17, wherein the core is conposed of a said rubber conposition. 19.
A three-piece golf ball according to claim
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1?,5»herein the internediate | ayer is conposed of a 15 said rubber
conposition. 20. A three-piece golf ball according to claim17, wherein the
cover” |l ayer is conposed of a said rubber composition. 21. A three-piece
golf ball according to any one 20 of clains 17 to 20, wherein the cover

| ayer is formed of a said rubber conposition whose rubber conponent is an
ionomer resin. 22. A three-piece golf ball according to any one of clains
17 to 20, wherein the cover layer is fornmed 25 of a said rubber
conposi ti on whose rubber conponent is a trans-polyisprene resin. 23. A
three-piece golf ball according to any one of clainms 17 to 22, which
conprises a said rubber conposition whose rubber conponent contains at

least 30 30% by weight_pf, ¢is_1,4-golybutadiepe. 24. A fhread wound gol f
iball conprising a spheragal @ore-ofcel astic rubbe?,oan i pternedi ate | ayer
formed.by winding elastifp thread with high tension on the spherical core
and a cover |ayer ol haspelastonery; 3a&b wherelnéhe eor e and/ or the cover
| ayer are/is conpos¢d, ot - o L e
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of a rubber conposition as clainmed in any one of clains 1to8 25 A
thread wound gol f ball according to claim 24, wherein the core is conpo\_p
of a said rubber conposition. 5 26. A thread wound gol f bal
according to claim24, wherein the cover |ayer is conposed of a said rubber
conposition. 27. A thread wound golf ball 'according to claim 24, 25 or 26,
wherein the cover |layer is forned of a 10 said rubber conposition whose
rubber conpopegimss an ionomer resin. 28. A thread wound gol f bal
according to claim 24, 25 or 26, wherein the cover layer is formed of a
sai d rubber conpoditiof FMBYETr GERBPSASAEBNEARPrESAngsat, AR3SEOPPRsOpT ene.
29. A threadn&@ﬁﬂél@éhﬁ/b&|byﬁ%ﬁ@tdbnQubbe@nﬁomﬁanéht@b@l”Elﬁé to 28 which

conprises a said cubber GQUROSLL! g, W3S LUBDEL SRTRONEAL, E0RLY 7 At

5 a surface treatment with a surface treating agent and a
non-sulfur type vulcanizing agent.

2. A rubber composition according to claim 1,
wherein the composition further comprises a cross-
linking monomer.

10 3. A rubber composition according to claim 1 or
2, wherein the fine inorganic fibers are alkali metal
titanate fibers. o | |

4. A rubber composition according to any
preceding claim, wherein the surface treating agent is a

15 a sulfur-containing silane compound. ' -

5. A rubber composition according to claim 4,
wherein the surface treating agent is at least one
compound selected from mercapto group-bearing silane
compounds and silyl group-bearing sulfide compounds.

20 6. A rubber composition according to claim 5,
wherein the mercapto group-bearing silane compound is
represented by the formula I:

(HS-Rl)g——————-?i—sz

X4-a-b (1)

25 wherein each Rl independently represents a substituted
or unsubstituted divalent hydrocarbon group of 2 to 6
carbon atoms, each R? independehtly represents a o’
substituted or unsubstituted monovalent hydrocarbon
group, each X independently represénts a hydrolyzable

30 group, a is an integer of from 1 to 3, and b is an
integer of from 0 to 2 with proviéo of 1<(a+b)<3.

7. A rubber composition according to claim 5,
wherein the silyl group-béaring sulfide compound is
represented by the formula II:

[}

35 R3c——?i-R4 (S)g R4-?i-R3c
¥3-c Y3.¢c (11)
wherein each R3 independently represents’ a substituted or

v Iy



30% by wei ght of cis-1, 4-pol ybut adi ene. 20 30. A golf ball as
claiymed in any one of clainms 10 to 29, wherein the rubber conposition
furt™er conprises a weight adjusting agent. 31. A rubber conposition for a
cover layer of a golf ball, wherein the conposition conprises at |east 25
one natural and/or synthetic rubber conponent(s) and alkali netal titanate
fibers subjected to a surface treatnent with a surface treating agent. 32.

A rubber conposi timsubgtituted§ hohdvalerwt |mydrocdsnli nprdup ! adderl re

Sonpound. | 33. A rierebdSRbLY TraRtie Ee oy Tursl SRR % Hheindtiruren o

claim3l or 32, vipdedearben sgréup cof r2ate nd capbun istans, essth ahe conpound

! oo o SR SNCL o e 1 SO LY, 0% 3,

cover | ayeP ackteger ¢6 EremP U0 322rf mals ierinteger of from 1 to

6. : S :

8. A rubber composition according to any
preceding claim, which compfises a cross-linking
monomer which is an unsaturated carboxylic acid, salt

10 thereof or unsaturated vinyl compound.

9. A rubber composition according to any
preceding claim, whose rubber component contains at
least 30% by weight of cis-1,4-polybutadiehe.

10. A solid golf ball which is composed of a

15 rubber composition as defined in any one of the

preceding claims.

11. A two-piece golf ball comprising a core of -
élastic rubber and a cover layer of a hard elastomer,
wherein the core and/or the cover layer are/is composed

20 of a rubber composition as claimed in any one of claims.

1 to 8. _
- 12. A two-piece golf ball according to claim 11,
whose core is composed of a said rubber composition.

13. A two-piece golf ball according to claim 11,

25  whose cover layer is composed of a said rubber

composition, _ _

\ - 14.- A two-piece golf ball according to claim 11,
12 or 13, wherein the cover layer is formed of a said
rubber composition whose rubber component is an ionomer

30 resin.. _
_ 15. A two-piece golf ball according to claim 11,
12 or 13, wherein the cover layer is formed of a said
rubber composition whose rubber component is a trans-
polyisoprene resin.
35 - 16. A two-piece golf ball according to any one of

_—
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r ubber
a gol f
rubber
rubber
one of

103-116, 153-161, 195-203, 215- 224 and
goFPmPRgitions

conponent is conposed of iononer resin. 35. A rubber conp05|t|on for
cover layer according to claim31, 32 or 33, wherein the 5~ \

1 conponent is conposed. of trans-polyisoprene resin. 36.
conposition as claimed in claim1, ,substantially as described in any -

bal |
75

t he foregoi ng Exanples 1-100, 117-131, 135, 137-150, 162-192,
204-214 5

substanti al | ycagsdasqni ked1is) amicane %rtigﬁsf Qr %a%nguﬁisaa}p' es 87,

one- pi ece

and 229. 37. A rubber conposition as clained in clain131,

31-2 A

descri bed in any o of .l 5, Q59900 JBHARLA] Bt edhd 3'3c3800s

5

10

15

20

25

30

35

elastic rubber, an intermediate layer of elastic
rubber and a cover layer of hard elastomer, wherein at
least one of the core, the intermediate layer and the
cover layer is(are) composed of a rubber composition as

claimed in any one of claims 1 to 8.

18. A three-piece golf ball according to claim
17, wherein the core is composed of a said rubber
composition. - | |

19. A three-piece golf ball according to claim
17, wherein the intermediate layer is composed of a
said rubber composition.

20. A three-piece golf ball according to claim
17, wherein the cover layer is composed of a said
rubber composition.

21, A three-piece golf ball according to any one
of claims 17 to 20, wherein the cover layer is formed
of a said rubber composition whose rubber component is
an ionomer resin.

22. A three-piece golf ball according to any one
of claims 17 to 20, wherein the cover layer is formed
of a said rubber composition whose rubber component is
a trans-polyisprene resin.

23. A three-piece golf ball according to any one
of claims 17 to 22, which comprises a said rubber
composition whose rubber component contains at least
30% by weight of cis-1, 4-polybutadiene.

24. A thread wound golf ball comprising a
spherical core of elastic rubber, an intermediate layer
formed by winding elastic thread with high tension on
the spherical core and a cover layer of hard elastomer,
wherein "the core and/or the cover layer are/is composed
of a rubber composition as claimed in any one of claims

_—
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15 = 40. A three-piece golf ball, substantially as described in any
oneggi the foregoi ng Exanpl es 128-172 and 231-240. 41. A thread-wound golf
bal IX7 substantially as described in any one of the foregoi ng Exanpl es
173-214 20 and 241-250. 25 PATENTS ACT 1977 SPECI FI CATI ON NO. 2206889B The
following corrections were allowed under Section 117 on 4 July 1991 Headi ng
(72) Inventor(s) del ege Syoki Yuki insért Syoji Yuki THE PATENT OFFI CE 19
JULY 1991 PATENE® ACT 1977 SPECI FI CATION NO 2206889B The fol | owi ng

corrections were all 0%" u')\dq{hr%%(a 'v}orﬁnjdléocir} f)a‘llil %c%%%lng to claim
24, wherein the core is composed of a said rubber
composition. _
5 26. A thread wound golf ball according to claim
24, wherein the cover layer is composed of a said
rubber composition.
27. A thread wound golf ball according to claim
24, 25 or 26, wherein the cover layer is formed of a
10 said rubber composition whose rubber component is an
ionomer resin.
28. A thread wound golf ball according to claim
24, 25 or 26, wherein the cover layer is formed of a
said rubber composition whose rubber component is a
— 15 trans-polyisoprene.

29. A thread wound golf ball according to any one
of claims 24 to 28 which comprises a said rubber
composition whose rubber componént contains at least
30% by weight of cis-1,4-polybutadiene.

20 30. A golf ball as claimed in any one of claims
10 to 29, wherein the rubber composition further
comprises a weight adjusting agent.

31. A rubber composition for a cover layer of a
golf ball, wherein the composition comprises at least

25 one natural and/or synthetic rubber component(s) and
alkali metal titanate fibers subjected to a surface
treatment with a surface treating agent.

32. A rubber composition for a golf ball cover
layer according to claim 31, wherein the surface

" 30 treating agent is a sulfur-containing silane compound.

33. A rubber composition for a golf ball cover
layer according to claim 31 or 32, wherein the surface
treating agent is at least one compound selected from
mercapto group-bearing silane compounds and silyl

35 group-bearing sulfide compounds.

34. A rubber composition for a golf ball cover

I ————
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Headi ng (72) Inventor(s) delete Syoki Yuki insert Syoji Yuki THE PATENT _
OFFI CE 19 JULY 1991 - - s

layer, according to claim 31, 32 or 33, wherein the
rubber component is composed of ionomer resin.
35. A rubber composition for a golf ball cover
layer according to claim 31, 32 or 33, wherein the
5 rubber

Pidd

W

15



10

15

20

25

component is composed of trans-polyisoprene resin.

| 36. A rubber composition as claimed in claim 1,
substantially as described in any one of the foregoing
Examples 1-100, 117-131, 135, 137-150, 162-192, 204-214
and 229.

37. A rubber composition as claimed in claim 31,
substantially as described in any one of the foregoing
Examples 87, 103-116, 153-161, 195-203, 215-224 and
231-250.

38. A one-piece golf ball, substantially as
described in any one of the foregoing Examples 37-82.

39.- A two-piece golf ball, substantially as
described in any one of the foregoing Examples 83-127 and
215-230. |

40. A three-piece golf ball, substantially as
described in any one of the foregoing Examples 128-172
and 231-240.

' . 41. A thread-wound golf ball, substantially as
described in any one of the foregoing Examples 173-214
and 241-250.

PATENTS ACT 1977 fEne £ RATA e Ar . ALASL
SPECIFICATION NO. 2206889B

The following corrections were allowed under Section 117
on 4 July 1991

Heading (72) Inventor(s)

delete Syoki Yuki insert Syoji Yuki

THE PATENT OFFICE
19 JULY 1991
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