; ¥%&' (-e3em mBBC<Ej Epl 61 Tlon f - 3 MAR 200 WD 00J62869 PCT/ US00/ 10190 Title
GOLF BALL HAVI NG A POLYURETHANE COVER Technical Field The pras&%girzmﬂ]ti on
relates to a cover for a golf ball. Mre specifically, the 5Yp

i nvention reloaipgmsed 0 a golf ball cover |ayer conposed of acpekdubo®hhane
formed froma blend of diisocyanate prepol yners. Background Art
Conventionally golf balls are nmade by nol ding a cover around a core. The
core may be wound or solid) and there nay be an internedi ate | ayer.
Materials 10 previously used as golf bgyf, covers include balata (natural or
synthetic), gutta-percha, iononeric resins (e.g., DuPont's SURLYN), and

pol yur et hanes. Bal at a iyt =1y respect to sound
(i.e. the sound nade mﬁgﬁi?ﬁéﬂgggpﬁﬁgﬁﬁ?@X§§H§%E§P$ﬁé¥ﬁ@%yand feel (i.e.
the sensation inparted to the golfef ﬁgquhi ting the ball). Natural balata
is derived fromthe Bully Gum tree, SKHYF §?ithetic balata 1 S is derived
froma petrol eum cgnpound.. Bal.ata i s expensjve conpared to other cover
materials, and golcﬁ’etPé‘TsF’g IVSHRINTEIaLES 192 ¢RYPLieRa shbrlk Mersweecifiselly.dbe abi | ity
(i.e. poor_cut and shear resistance). Gutta percha is derived fromthe

Mal aysi an %apasent inventien relatesgo pigolf il cayenleyas dompesad gfia palyyrethatea i s
considered to have a harsh sound and feel as conpared to bal ata covered
gol f balls. 2ormhehipereribtend efdiisecyanste prepglpmed. t o bal ata, are typically |ess
expensive and tend to have good durability. However, golf balls having
iononeric resin covers typically h®agkdrhiRIA®r sound and feel, especially

as conpared to balata covers. - 3 MAR 200a WO 001 62869 PCT/ US00/ 10190 2
gol f bal | wi t h GonpeltishiIBdHENAIERY RladIBPRbRIIA 308 M58 %Bred%gb' lity than
golf ball with a balata cover. The polyuretﬁane covered gol f "bal

esi 1 cover . O o PR ol (R bl BB e el O
Pol yur et hl"l‘)neﬁar&;i&lsly used as golf ball covers include balata (natural or synthetic), gutta-percha,
| ionomeric resins (e.g., DuPont’s SURLYN®), and polyurethanes. Balata is the
benchmark cover material with respect to sound (i.e. the sound made when the ball
is hit by a golf club) and feel (i.e. the sensation imparted to the golfer when hitting
the ball). Natural balata is derived from the Bully Gum tree, while synthetic balata
15 is derived from a petroleum compound. Balata is expensive compared to other cover
materials, and golf balls covered with balata tend to have poor durability (i.e. poor
cut and shear resistance). Gutta percha is derived from the Malaysian sapodilla tree.
A golf ball covered with gutta percha is considered to have a harsh sound and feel
as compared to balata covered golf balls.
20 Ionomeric resins, as compared to balata, are typically less expensive and tend

to have good durability. However, golf balls having ionomeric resin covers typically

have inferior sound and feel, especially as compared to balata covers.
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.5 fornmed by reacting a prepolyner with a polyfunctional curing agent, such
as a polyam ne or a polyol. The pol yurethane prepolyner is 'E_hi ra@fzp@ﬁ.
product of, for exanple, a diisocyanate and a polyol such as M yet her or
a pol yesterwoyaxsess! ' ~"~', patents describe the use of pedyusigitignes in
golf balls. However, golf balls with poRyurethane covers usually do not
have the di stance of other golf balls such as those 10 with covers conposed
of SURLYN materials. Gallagher, U S. Patent Number 3,034,791 discloses a
pol yuret hane gol f AR3\flbalt With'a pelyRREHaRScoVE YRS, KeS Bfdate? BurlbiBUhdn Of

pol y(tetranethyl ene ether) glycol and toluene-2,4-diisocyanates (TDI),

.y ! | et ' t Numb
o 245 435 (¢ R 4B b BAREEbber PIHE A Brouidtidvered Gole it gertafly nE €Nt RLDer

pol yest er ur et e _qgol.f L{.coverfarned troma reaction product of a

pol yester gl yg'%férf%ﬁ%@%ﬁlrm%%%ﬂiﬁbagfmn@(?ﬂ-mfﬁﬁlﬁ?cfegt icﬁﬂeﬁti c diol and an

al i phatic dicarboyxylic. acid ith a para-phenylene dijisocyanate ("PPD ") or
cycl ohexane di i soﬁé&‘r‘fﬁ?’@neﬁ H?“?'\IQAE%%OSSF@W ?nﬁFergéglgﬁgepgyurgﬁ %8 or
crosslinking agents. The 432 patent, teaches against the use of chain

ext enders Pn ?‘ER’F%EYE?GFW&P‘H&ﬁEE‘?I ﬁé\po%@cg@t%;gqrg}gtaggqtaﬁug@s & when snal |
amounts of butanediol-1,4 are mxed wth a polyester ... the addition

resul ts in poP9lyaminganerolytladheipelyisethans peeppliymeriis dhereastion produd obforpr operti es
to provide good golf ball covers. Simlarly, the use of curing or - 3 MA
R 2004 WD 00! 6286k, 3 disasgariatersi agoliolenthsasiapolyetheniarsi pobyster. .SeveralHol | oway,
U.S. Patent Number 4,349,657 ("the '657 patent") discloses a nethod for
preparing pol pasitedestritatthaue of pélilretRiie inpslfitalic tHlovgevar, golff yelBtvith (e. g.
prepared fromaliphatic glycols having 2-8 carbons reacted with aliphatic
di carboxyl i c aeliy@sthRavdoRers dsubfly ERRABR) tho\iibtAncd offBthal gdbfuaas Suchhs bk t o
obtain an isocyanate-term nated pol yester urethane (in liquid form and

stabl e at 1eagkhebveSiRfoMIYr SORL YABImhiag4ls.r eact i ng the pol yester urethane
wi th additional polyester. The 657 patent clains that the benefit of this

new process st hguligflr /8abyfh SR HONT9F ANDBLS L BoiyRIARRS Folf BuPOSSI I €

W thout stability pr

cover prepared from the reaction product of poly(tetramethylene ether) glycol and
toluene-2 4-diisocyanates (TDI), either pure TDI or an isomeric mixture.
Hewitt, et al., U.S. Patent Number 4,248,432 (“the ‘432 patent”) discloses a
15 thermoplastic polyesterurethane golf ball cover formed from a reaction product of a
polyester glycol (molecular weight of 800-1500) (aliphatic diol and an aliphatic
dicarboxylic acid) with a para-phenylene diisocyanate (“PPDI”) or cyclohexane
diisocyanate in the substantial absence of curing or crosslinking agents. The ‘432
patent teaches against the use of chain extenders in making polyurethanes. The ‘432
20  patent states, “when small amounts of butanediol-1,4 are mixed with a polyester ...
the addition results in polyurethanes that do not have the desired balance of

properties to provide good golf ball covers. Similarly, the use of curing or




10 patent further describes a suitable use for the resultant tﬁmlzﬁﬁ} be
golf ball covers. Hebert, et al., U S. Patent Nunber 5, 885, 172J9( 72
patent”) discloses a nultilayer golf ball giving a "progreggaser10190

per f or manc&¥O Y629 different performancg characteristics when struck with
different clubs at different head speedS and | oft angles) and having an
outer cover layer fornmed of a thernpbsetting material with a 15 thickness of
| ess than 0.0S inches and,an inner cgver |layer formed of a high flexural
nodul us nat equ%ﬁsllmS!!P&%ﬁﬂjl‘F‘l%éeﬁbrFéor' art has di sclosed golf ball covers
conposed of many different materials, none of these golf balls have proven
conpl et el y sati sfHalloway, U.Bi Ratent Nymber4,349,65( {rthe eadpagent PéﬁaP?‘Fé i t h
processing and manufacturing the balls, 20 and with the balls' durability
and per f or managhodfoe piepanimy dojyested urbthares pithtPPDJ by reacting 2 pefyestari(®e- materi al s
are not user friendly because certain starting materials may be

unheal t hf ul, SeieRedSord hiigHatieglyadlsihaving B8 MABoRQ0abtedl wittoaliphatides. | n
addition, prior balls using such materials are generally wound balls. Wund

bal | s have 1 of;er BGRS akilHievited- (Tafoots iitiFdnblat S BQUAPPDId LA sROT € ST zEs
es, anc? t

and/ or w ridi ngs™ si erefore, require thicker cover layers to
account for the manufacturing toleranc VY Aability

probl ens, pr i‘B‘?cyﬁ‘Eﬂt?{?FEY’ﬁtﬁﬂBglg%s\?eé ret gﬁ&:}%@&%%@?ﬁ%éﬂé%ﬁ%und bal | s,
tend to | ose conpressjon ,and injitial velocity due.to,t.he windings relaxing
over tine andemgeratugs),iqnd @‘%‘ﬂ)%ﬁ@%@‘ﬁﬁﬂ%ﬁﬁﬁ@“ﬁmIag‘hg?n%np&gfﬂ%al s, as a
eneral rule, tend to have smaller cores that result in shorter flight

fi st ances. Al Thed6§hpatentylaiyed thatshe bevefitnfithignew procsssivthpdaréthabder have been
provi ded by the prior art, these golf balls have failed to capture the
sound and f eefontifuduakeanmensial precess thiodsiblg wathguet stability pralents. {Ihe ‘effr abi l ity of
an iononer. Disclosure of the Invention In one broad formthe present

i nvent i onygr oyd&R furiher dd36riteedYuifibleais@for thelradultantanmerial kalg: goif tdircoyerand a
pol yur et hane cover formed fromreactants conprising a toluene diisocyanate

based pol yur et ha[ﬁefb%ﬁeagi.m.r?at&lt NeRBECs 889, FRQYARalR Mk aRtbaRe

prepol yner and a east one curing agent. I'n another broad formthe present

TR D S B T e i

a pol ybut adi eR8 e core, the boundary |ayer

conprising at |east, one iononer,. . a havin shore D hardne i N the range
of 56 to 70; SWERCETstLS SR éﬂﬁﬁathgﬁ&%ﬁé‘}?gﬁgd@g%&%ﬂ8%%%%‘?.5‘%% t he
boundary | ayer, the thernosetting pol yurethane cover havi neg?ﬁagl;uore D

har dness in’ t ingleshangehayimg 46 opter coxer layey formed of g Higgraosefing mat 8f 0.02 to

0.05 inches (0.5 to 1.3mm; )
15  thickness of less than 0.05 inches and an inner cover layer formed of a high flexural

P modulus material.
Although the prior art has disclosed golf ball covers composed of many
different materials, none of these golf balls have proven completely satisfactory.
Dissatisfaction, for example, remains with processing and manufacturing the balls,
20  and with the balls’ durability and performance.
Specifically, with respect to processing, prior materials are not user friendly

because certain starting materials may be unhealthful, such as diamines and



wherein the golf ball has a durability of at least 3.5 on a scale of 1 to 5
based on a cover strike plate drop test. In another broad fornlﬁhgﬂhﬁpgﬂﬁk
invention provides in the body of a golf ball conprising: a core;

boundary | ayer enconpassing the core; apd a pol yuret hane cover forned from
reactants conprising a p-phenyl ene dilsgcyanate term nat ed pol yester
prepolyner in an anount up to 90 parts, a p-phenylene 3 MA R 2004 4a
di i socyanate terni nated pol yether prepolymer in an anount up to 90 parts,

10- 40 parfs§cyhides.! Olnusdifiis, h@ﬂﬁ'y@ﬂ@tl& by ﬁ{aﬁ:?ﬁgsog{eeg%e}( Orvpug%ehnﬂt her

broad form t’he present 1nvéntion prow es 1In
conpri si nWOllad dalls (lllaw)tCéer@mvpdhadarofrn(ae gbffgcbhttadloatrel ded e icate, sizdsearsitdri d

core havi net er ran . 45 |n hes 1.60_.i nches
(30- 6y A sBRE B H BO% e it epbiBEs b ot ey ciigee
di sposed wleincehe With tedp@otcﬁdurhlbiﬁtybpmm@ﬁfsypﬂlcﬂr ﬁ&ﬁﬁ%’sﬁﬂ/ef&i IAlls,| IR QRN
mat eri al t%nd havi gg%galﬁrgl ckpess ranging from 02 inch (O Smm) to 0.067

inch ( 1.%fmAre P9 foalpss cAmpresgon aﬂ@rl@ﬁélsgelawtmuq & U5 winskngson
ASTM D- 22&%1@%(3%1&@%& udé. SWeHSEspRYEaD pEH@n@QféQ??JbYCOVXﬁBBbQIEe af® ﬁ?rLeral

conposed of t her noset pol yuret hane materi al avi hg a I Ckness
rangi ng fﬁﬂdﬁn‘[@lm hawe BmollsrSergs thas resudtnisherter(flightclistncesd Adthﬁhgh mahy lgatfdness

rangi ng f flexu ngi ng
From 19, OB arinka ARpARES GReORiLeh e B R T i ARl PR e
wher ei n tfadedtd éaphat thelm@andaiiFeeL off hnlats sihila pedvidiag a golfeballSFith ﬁhedlu@dlﬁlﬁt?

| ess than%‘tl 70 inches (43mm, and a coefficient of restitution of at [east
0.778 at Byt 143 feet per second (43.6nm's). - 3 MAR 200 WO

001 62869 PCT. / US00/ 10190 5 BRI Bbiskles®iR dfth&MhventiohE SEVERAL VI EWS OF THE
DRAWNGS FIG 1 illustrates a perspective view of a golf ball of the
present i nvent i ®nonhEraadi fogmathe (areseibynvsation d’ﬁo‘ﬁ%vmfhgleab‘&)’r ef aggeJballary
| ayer, ang, r. 5FIG 2 illustrates a perspective view of a golf ball
of the present Invention including a cut-away portion core and a cover.
Best Model s) Forca@arandi ng Qut The Invention As illustrated in FIG 1, the

golf ball of t hepryﬁ?e?l%e'c% %Orl%gdlfs oﬁ%g%rta%ts Xomprlsmg a toluene diisocyanate

based polyurethane prepolymer, a second diisocyanate polyurethane prepolymer and at
least one curing agent.

In another broad form the present invention provides in the body of a golf ball
comprising:

a core comprising a polybutadiene;

a boundary layer encompassing the core, the boundary layer comprising at least
one ionomer, and having a shore D hardness in the range of 56 to 70; and

a thermosetting polyurethane cover encompassing the boundary layer, the
thermosetting polyurethane cover having a Shore D hardness in the range of 46 to 54, and
a thickness in the range of 0.02 to 0.05 inches (0.5 to 1.3mm);

wherein the golf ball has a durability of at least 3.5 on a scale of 1 to 5 based on a
cover strike plate drop test.

In another broad form the present invention provides in the body of a golf ball
comprising:

a core,;

a boundary layer encompassing the core; and

a polyurethane cover formed from reactants comprising a p-phenylene

diisocyanate terminated polyester prepolymer in an amount up to 90 parts, a p-phenylene



10 indicated as 10. The golf ball 10 includes a core 12, a boundary I|ayer
14 and a cover 16. Alternatively, as shown in FIG 2, the golf baalmmﬂrlr :
only include a core 12 and a cover 16. The cover 16 is a pol yurét

havi ng a predeterm ned hardness and a 4edet erm ned durability as neasured

on a cover strike plate drop test as fufther 15 described bel ow. The

pol yur et hane cover 16 is conposed of a polyurethane material forned froma
PPDI - based pol yuret hane prepol yner and preferably a blend of dii socyanate
pr epol yne "

TDI - bas ed&%%) C%rﬁﬁﬂﬁgﬂgaﬁ g g%’eﬁ‘% iﬁégél’gﬁxeﬂ @g@% 3’*’5{9 %b hﬂ@? i @o cdygtﬂ—%t go %ased
pol yur et h@h@md@mﬂy@%epolb'nreﬁlapcpfe(ppkymbrenbodl ment, the blend of 20

di i socyanate pr nerns i Iud 3 at | east one PP, I-ba ed | yur et hane

pr epol yner and ]3{) Oi Bﬁ?&nﬁoﬁ’l"ﬁ'ﬂﬂo@tW&N e?)l“b?ﬁﬂ E’/‘%g’rgfu%gp rGdt i ve
enbodi mengsmpravigg:a bl end V\:hl ch includes at |east two different PPDI-based
pol yur et hane prepoLg - 3 MAR 2004 WD 001 62869 PCTNS00/ 10190 6 and at
| east one TDI - bAsSE p‘ZS’F‘;/GP@PH%ﬁ‘?eOf)lae%b’WlenW&atﬁfflﬁ’t ﬂ’@r S(éldbé@nenb&m&% nlay

i ncl ude a t TRhmb d y p @r@m?‘ agtp

VDI -basedalgig%flézrrg?ﬁgl%eggrpegggylr?e@és t’P;lose ZEPI 890}%‘% the per nalélﬁt ar WI |1
r ecogni zecarhpressian renging fiom Satd &hs of diisocyanate prepol yners may be

til d th f th
Mventton The baPSRAG 08 Rurdb Qb e ERASRL Bt s Prasecf any
SEOWI’] I n fehGned ma_f?’naﬁ?héhﬂﬂhg\ﬂfﬂh}bkhé?;@ﬂMﬁQ fion W ﬂﬁﬁ@ﬁtﬁﬁﬁﬁ) ﬁoh(ff()ﬁ?ﬁlﬁ:hlz as
own in e bou er i S £onpo a thernopl astic
Tt ori al Chaimirdse HoprBHORSeHEs ariresel TRG Sodericen §S0 b Bro2e: o |
enconpass the CQ%@vér?dlsﬁﬁﬁdﬂ ovEr GRNMRANEAY lﬁffert he &Wef cgﬁlgbsehoopé thdidegesent

invention will be described below in gréater detail nost 1 nport ant
feature opo yw@ﬂw@s@mrlalmhe rRoVeinhaving néh@hmmrmgnyg fom A2 cioele (0.Smng)otof

ball 10 i t [ f 5 dub

during a PP cRtin) Ghdd SHERR PR p it el JINGTEH s daBTHP Lo

enduring,and a ﬂexural modulus rangmg from 12,000 psi (83 MPa) to 35,000 psi (241 MPa) based
on ASTM D790;

wherein the golf ball has a PGA compression of less than 98, a diameter less than

1.70 inches (43mm), and a coefficient of restitution of at least 0.778 at a speed of 143 feet
per second (43.6m/s).



15 nore than pol yurethane covered golf balls of the prior art, _$pi Qﬁ&gcnglt
ot her incorrect hits by golfers. The uni que pol yuret hane formnul ati 0
the cover w8 ofk2skdre present invention provides this enhanpeRiUSIOMBe | ity.
Durability as defined herein is objectisvely neasured through conparative
testing of available golf balls versus the golf ball 10 of the present
invention. The testing nethods and results will be 20 described bel ow. The
pol yur et hane Ut%ﬂE?ﬁﬁEémﬂWﬂ%swmvmmcbli‘?ixﬁrmbAmGlsposed of
blend of a TDI -based prepol yner, a second diisocyanate-based pol yurethane
3 MAR 2004 WD 00/ 62869 PCT/ US00/ 10190 7 prepol yner and a curing agent. The
TDI - based prepolyner is preferably forned from  TDI and a pol yet her polyol.
The second diisogyanat e- based pol yur et hape I r is preferably a

PPDI - based pr epoﬁm&sqsgﬁﬁﬂp?rgﬂ’i wwaﬂag‘ﬁgﬁﬁwe@?e&e“&&ﬁm 00y eferably a
pol ycaprol actone. The prepolyner blend is cured with 5 a curing agent. The
curing agent inclydingarcat-pway, paxign shewingdi aore, g doyndary)layerpandarover: of |,

trimethyl propanol), a mxture of diols (e.g., 1,4 butane diol and ethyl ene
gl ycol, & ot herFiguRtithistretegh paspesiive devnpfia gojfibalbofithe presint tnvemtionf

hydroqui nones, a triol, a '"'"'" mxture of triols, a diamne, a m xture of
di am nes, anin@hdmgHRiut-ewall pofidicordarid'd ke, or a bl end of some or all of
these materials. Preferably, the curing agent is 10 a blend of a diam ne
and a mxture of diols. In an alternative enbodi nent, the blend of

prepol yners includes three diisocyanate-based pol yuret hane prepolyners. In

ghi s enbodi ment, the TDI -Bb@ﬁlﬁdddgi)%ﬁtlmhg Oat Phelheeiony fornmed from TD and
8 pol yether polyol. The second diisocyanate-based pol yuret hane prepol ymer

is preferably a PROIrLRsEHinF 16 PL Bt bhil of Q{ehrﬂ?&gﬁtg%nagpis FRétaly pol yester

pol yol, preferably a polycaprolactone. The thir i i socyanat e- based

I . I j - I d
pol yet he pol Yelet I cPichd tef 0 R B, PR R R N DO R
a mxture o

variations of g“t ghgfaﬁg%lgeﬁg%ggﬁg F ]‘?l:g 3;/&‘1‘3 gg{féﬁ% T@tﬁ{ﬁé %ﬁﬁggﬁg rgic%%% i-TE)alts ggvgo

pol yur et hane prepol yner with ot her non-PPDI - based pol yur et hane prepol yners.
An al t er nat i $#d a¢fysdi@rent has only a PPDI - based pol yuret hane prepol yner

that provides a polyurethane with a higher rebound at a |ower hardness,
greater The cover 16 is a polyurethane cover having a predetermined hardness and a

predetermined durability as measured on a cover strike plate drop test as further
15  described below. The polyurethane cover 16 is composed of a polyurethane
material formed from a PPDI-based polyurethane prepolymer and preferably a blend
r }. of diisocyanate prepolymers. The blend of diisocyanate prepolymers includes at
least one TDI-based polyurethane prepolymer and at least one other diisocyanate-
based polyurethane prepolymer. In a preferred embodiment, the blend of
20  diisocyanate prepolymers includes at least one PPDI-based polyurethane prepolymer

and at least one TDI-based polyurethane prepolymer. Alternative embodiments have

a blend which includes at least two different PPDI-based polyurethane prepolymer



.V\Q/OOI 62869 -- 3 MAR 200g PCTI US00/ 10190 durability and i npr ovedgw&ﬁ ?ﬂﬁlr
freel . \However, although the use of only a PPDI based pol yuret hdn

prepol yner p i greater durability for a pol yurethane
pol yur et hane%gﬁ?/gﬁ%m of the present inv%nti on is prefer abI(i’gf&%Por/r@E%from a

bl end of prepolyners to provide even gredter durability. 5 The bl endi ng of
a TDI - based prepolyner with other diisocyanate-based pol yuret hane
prepol yners | owers, the viirﬁigsity of the m xture, |owers the tenperature of

the exot her mi cand@hlepstope agsd polyurethapspreplymste N6t furthesembodiments may + + -

with the curing agent, and increases the durability. The TDI -based
prepol yner mayinglieget leasbone IPIthgsedpolaweihare prepolymer prul ap lgast dre MDbbaspd| yner
bl end. Preferably, the 10 TDI - based prepol ynmer is 30 percent of the

pol yur et hane ppotypoétiaerprédotymeer. Fhqse skitled mdhelfartideasadwill epodnyzeahati s a TDI
term nat ed pol yet her prepol yner avail able from Uniroyal Chem cal Conpany of

M ddl ebury, Comigiplel vathtiond BEditld@anit prfoRRRrstmdy tel Rilided WitBM abpattity Wi | |

preferably contain a PPDl term nated pol yester prepolynmer and/or a PPD

t erm nat ed 500'%“%%?@%?%%%%?@(}%%&@% ohed PPDI term nated pol yester

prepol yner 1s ava emcal. A preferred PPDI
term nat ed pol yet her epal yner i s.avail abl e from Uniroyal em.cal. The
pol yur et hane pr ep%ﬁ@b"&%é%a°%§??15Qf8n1fﬁss?soaQﬂﬁm Ay %’e’b?‘ﬁlﬁs %Mlgr ni nat ed
pol yet her prepglyner bl ende ith 60 to 90 parts of a PPDI terninated 20
pol yet her . pr epﬁfi ﬁe?r.aaﬂﬂnﬁté‘fcfya& 9%‘[39,?6 Pﬁ%e’ﬁﬂﬁlyﬁﬁsé@%‘él%w&w fF1G12end may
have 10 to 40 El)_gr ts of a TDl term nated polyether prepolymer blended with
608t 0 90 part s Ih¢ beungmpilayee thissampesed of § themeaplastie pwoteyipkthat H@sist her, t he
pol yur et hane prepol yner - 3 MAR 2004 WO 001 62869 PCT/ US00/ 10190 9 bl end
may have 10 t oprédetqrmided hafdness.TDhe bemdary ddyerl] fowillyeatbrapasp thepoteylPeEabk ended
wth 5 to 90 parts of a PPDI term nated pol yet her prepolyner and S to 90
parts of a0 component of the golf ball 10 of the present invention will be described below in

greater detail.

The most important feature of the present invention is the durability of the

cover. A golf ball 10 is subjected to tremendous forces when impacted with a golf

club during a “golf shot.” The golf ball 10 of the present is capable of enduring,
15 more than polyurethane covered golf balls of the prior art, slices or other incorrect

hits by golfers. The unique polyurethane formulation for the cover 16 of the present

invention provides this enhanced durability. Durability as defined herein is

objectively measured through comparative testing of available golf balls versus the

golf ball 10 of the present invention. The testing methods and results will be
20  described below.

The polyurethane utilized in the present invention is preferably composed of

blend of a TDI-based prepolymer, a second diisocyanate-based polyurethane



PPDI .term nated pol yester prepolyner. Mre specific blend fornul ations are
set forth in the Exanpl es bel ow. The PPDI -based pol yuret hane pr Rezmy
‘be 5 pol yetwﬁrﬂwg{wool yester term nated. The cover 16 of t%ng; f

t he present 1on is nost preferably, conposed of a polyurethane forned
froma pol yurethane prepol ymer bl end conposed of a TDI -based pol yur et hane
prepol yner and a PPDI - based pol yur et hane prepol yner, and cured with a

m xture of curing agents such as di_am.ne and bl end 10 of .1, 4, butane
diol and gl ycB‘PB‘% AR AREE et THe ﬁiﬂhaaqm?@?mw? BsErLirRE Gt hor
agents which may be utilized during the curing process include

di net hyl t hi o2fram{TdPlaad epplysthacpolyali Fhe sepondgliisecyrnate-based pplyutsdnavat e

cycl ohexane di net hanol ; hydr oqui none- bi s- hydr oxyet hyl et her;

phenyl di et hanpiepalpmeis preférably a PRBi-bgsed prepolymer formed foiRPDI@hd or i de conpl ex;
and/ or prionene amne. This list of preferred 15 agents (including chain
extenders, Crg8ifestdr BEIFOR B&Malﬁ B Pﬂ?ca%ﬁﬁ&&&a)e. The PRpolFRRIblehdisREre@XRUST i Ve,
as any suitable (preferably polyiunctional) chain” extender, cross-Iinker,

or curing ﬁg.eé‘lnédr@’aggﬁ. ﬁ@%{ﬂ/ﬂé@‘geﬁu&ricﬂﬁtiggmg b!g‘ia)iﬁéir(?.ﬁ.t Pl btuke}@e goyer 16 of

the present inv n may unerous vari ations. a preferréd

enbodi nment, the curing agent.is conppsed of .30 20.to 7 arts of a diol

bl end to 70 t6“’§fg*%%’??@°gfa§"’ﬂi“§r?$§‘§g?ﬁﬁ E’F‘r?&[%fl?/g’l°§/?“dﬁ%@ﬂ%f}e§i¥%?£ °Eonponent
may be a blend, of different diamnes. The ratiQ of the pol yurethane

pr epol ymer b|e}h&rSPBabJﬁsliwaS)a@E}ff{gwqaestaerpm%%afohydm%“mm2 »4\D 00! 62869
PCTNS00110190 10 by the nitrogen-carbon-oxygen group (“NCO') content of the
pol yur et hane pidpeiofiriols, b dismine, Forixtusefdlamingshan qligomesatienined t he

TDI -term nated pol yether or TDI-term nated polyester is preferably in the
range of 4. 0%riamirtk, 6£4 bleind dfsotle @r NCET thewo ineatdriatsl Prdferably[he cearing agadhtdsl

pol yether is preferably in the range of 5.0%to 5 8. 0% The NCO content of

t he PPDI -teer ni pigh€6f Paihipstad a hsxtite@faio! Yy in the range of 2.0%to 6. 0%
The NCO content of the pol yurethane prepol ynmer bl end ranges from2%to 8%

of the pol yuret hang aHrfghE}HLM'%hthhiﬁi%ﬂt, th?b?en@%?Efggolg@e{%géélﬂ%&%@é‘t shoul d

correspond to 90%to 0% of the equi val e content of the
pol yur et hane ®r Qi T i ratj > e 10

pr epol yner bl @%ﬁ%é{tﬁé’se@ (rg%emaaggﬁ%éﬁélggprrs'e%irhgsbﬁ%boﬁﬁ%nggﬂér/g%géﬂg about
10: 1 to about

prg’}())(;l):'Lrher is preferably formed from TDI and a polyether polyol. The second
diisocyanate-based polyurethane prepolymer is preferably a PPDI-based prepolymer
15 formed from PPDI and a polyester polyol, preferably a polycaprolactone. The third
-~ diisocyanate-based polyurethane prepolymer is a PPDI-based prepolymer formed
from PPDI and a polyether polyol. Preferably, the curing agent is a blend of a
diamine and a mixture of diols. As mentioned above, alternative embodiments may
have variations of the dual blend or the tri-blend, and may use a TDI-based
20  polyurethane prepolymer with other non-PPDI-based polyurethane prepolymers.
An alternative embodiment has only a PPDI-based polyurethane prepolymer

that provides a polyurethane with a higher rebound at a lower hardness, greater



.}éri ofF to curing, the polyurethane prepol yner blend and curing agept, ar
-preferably stored separately. The polyurethane is forned by first h@ﬁ@ﬂ#

*and m xi ng ‘ﬁéﬁo@%gyuret hane prepol yner blend with the curipeg/usguWiss n a
nold, and t uring 15 the m xture by @pplying heat and pressure for a

predetermned tine period. Additionally, a catalyst (e.g) dibutyl tin
dilaurate, a tertiary amne, etc.} may be added to the m xture to expedite

the castin ocess. The pal ﬁﬁgg 124 PPBI-

pr ef er abl ygdgé‘ﬁg@éﬁ a&ﬁ&“ﬂé?’?%%“ﬁ@ﬁ?‘?s hg%‘giﬁﬁlgg %ﬁ?;ﬁ&;&eﬁfnﬂp}ﬁ or to
rocessing of the cover 16. The 20 processing t r

Bol yur e!t hgne W@%B?lyﬁ\#éﬁhaﬁ RIpRplyraer ‘g‘f"gﬁ’séﬁaber gﬁra?ﬁgﬁﬁc’g% 3 é@g{eﬁéﬂg%ﬁlﬁe 100- 220F,

and nost preferably in the range of about 120-200E. ,Th 0 t e
a0l yrrer | bl e golsiraiiot epbig ST e REsa iAMDY et A

20n4 WO 001 62869 PCTNS00/ 10190 11 container to a m xing chanber in a range
of about 200- $ffi@palymers toproviee evangreatesdursbilifi-e, or as needed for
processing. In addition, the polyurethane prepol yner blend material may be

agitated i the fifgdpiBelish 6Fh TORbREdEpolymertwith otherghisodyamat@b®ed pm t o
maintain a nore even distribution of material and to elimnate

crystallizati Onlggxﬁghmggﬁﬂgwgsw& tHe isR6 8t OF BHeInYixfieq) dss¢ithand warned in a

second hoIdinB0 al h or to processing of the cover 16. The

processi ng tenperature_for the i | Bnahd YrebdlyinB® afede@iedof about
50- 230F, and efaé?rgPEF“&S?‘%‘H?“%({‘?{?%M%?&%%S@f?ﬁo&‘t B A g
agent is preferably f|owable fromthe secand h et~ i I fhal e

mxi ng chambemiibth¢ %l“tgé‘ﬁiﬂé’”&ﬂ‘%@ﬁ?set&%gg%ngﬁyaﬁ%gw Jl.%&%?é é’rlaﬁg]}e pg? m nut e,
or as needed. If a catalyst is used for processi t he e t hen the
catal yst is adatd from tthie 49wercart of herRolyucthans ngé*e@ﬁtﬁf H%P‘g?%ﬁkéac%&’glmner to
forma curative mxture. Suitable cat%{st are descri bed above. The curing
agent and 10at alnistasal epdyhatiedl) pareent ¢a¢1@@et@pnedgmﬂlyrgertb@pn§5é rpm to

mai ntain an even distribution of catalyst in the curative mxture in the

second hol di ng geRdETEbased frepdlydé ips EDE tengithateti ablytther epcdyyestaviilabledded i n
an anount in the range of about 0.25-5% by wei ght of the conbined

pol yur et hane g{ epol R CRLARE Y of PEdAGRAL, CoAtdiititves may be added to
the curative mxture as desired. The pol yurethane prepol yner bl end and
curative mxture Alfe %Eﬁfbﬁ{nﬂ%é’ 1rRAdE  formulations will preferably contain a PPDI
terminated polyester prepolymer and/or a PPDI terminated polyether prepolymer. A
15  preferred PPDI terminated polyester prepolymer is available from Uniroyal
Chemical. A preferred PPDI terminated polyether prepolymer is available from
Uniroyal Chemical.
The polyurethane prepolymer blend may have 10 to 40 parts of a TDI
terminated polyether prepolymer blended with 60 to 90 parts of a PPDI terminated
20 polyether prepolymer. Alternatively, the polyurethane prepolymer blend may have

10 to 40 parts of a TDI terminated polyether prepolymer blended with 60 to 90 parts

of a PPDI terminated polyester prepolymer. Further, the polyurethane prepolymer



to the common m xi ng chanber at a tenperature in the range of abgqu
260- 220F. A 20 colorant material, such as, for exanple, titani mgdmc@ﬂolr
barium sul fate, and/or zinc oxide in a glycol or castor oil carrier, and/or
ot her addiwowesred eri al s) as are well known in the art, payusenathded to the
common m xi ng chanber. The anount of B ~a R 200 WO 00l 62869 PCTNS00/ 10190
12 colorant material added is preferably in the range of about 0-10% by

wei ght of the conbi ned pol yuret hane prepol ynmer blend and curative

materials, aBfndBfag hRVe b a0 plirtd oF al TS térdfhgedolydRRkbrepolPifer iMRIENt I T €
m xture is prefer agl y agitat (lla)d in the mxi ngq)fgh)gnbe?re?%ﬁtl{hre raﬁge of about

1 to 250 r pmyRisak b %aﬂ:@#ﬂ' %I t&rﬂaﬁ%ﬁ%@%ﬁ%&ﬁe&%er%{i 5 £ 8y §z{rts]o§ a0f the

present invention is preter y manu I'n a casting process, the
cover materi al.ternativel e proyided .as er | astic

pol yur et haneﬂ) 8%“ éeﬁipgﬁe"ﬁflp&%ﬂ@"ﬁ? Mo e?&?f@? b%éag%‘gpﬂﬁﬂ‘és Bosfldary | ayer
14 and/or core 12. For a thernoplastic pol yurethane, the PPDI-based

pr epol ymer igorﬁUPﬁ@oé)WpFeéQElPanlrge BRPY; Seczmllﬂnme.mmkympmaybased
prepolymer 10 is then reacted with a chain extender, such as, for exanple,
a di ol ~or3ni Relyethersrr palyester terminatedol or ni xture of triols, a dianine or

m xture of diam nes, etc. The resulting product is nodified using

convent i onal procEbkieossr 16oofftinr golfbatid§iof thel present invphtist ik mostgtreficiably f or

i njection nolding of the cover 16 over the boundary |ayer 16 and/or core
12. 15 The PPhhpdsasefh pudyuteth@ielfomed t@wed polfurétharepeepolyasee Blend Nvent i on

exhi bits good tensile strength, tear properties, and flexural nodul us at

| ower har dneggfiosed 6f #P0I-bdsedipol PR6HME F &df PEO-BBLSHdI A rethsh

PPDI - based, theﬁocover | 6 haspagtﬁan 8‘?’\56{?@3’3@' ower than cﬁnvﬁkﬁoﬁal (e.qg.

PP - based pRIgay SEhanc. Ry § e Bf chidE ol Fubh Ao ARl ETE R ield T oS

PPDI - based p ane cover e pre I nven | ess
h i i ti . t i .e. hyst i
compar edif o PhAB0Refap $helisphr AaiETap R rconR it iyl hat the

relative super. or mec i cal . ang. sjcal properties of the PPDl -based
pol yur et h anggther agents Wme%é]l may be utﬂlzgcr| Xur{ng%le c%ring process ?nclude dimethylthio-

2,4-toluenediamine; trimethyl glycol di-p-aminobenzoate; cyclohexane dimethanol;
hydroquinone-bis-hydroxyethyl ether; phenyldiethanol amine mixture; methylene
dianiline sodium chloride complex; and/or prionene amine. This list of preferred
15 agents (including chain extenders, cross-linkers and curing agents) is not meant to be
exhaustive, as any suitable (preferably polyfunctional) chain extender, cross-linker,
or curing agent may be used.
The curing agent mixture for the cover 16 of the present invention may have
numerous variations. In a preferred embodiment, the curing agent is composed of 30
20  to 70 parts of a diol blend to 70 to 30 parts of a diamine. Alternatively, the diamine
component may be a blend of different diamines.

The ratio of the polyurethane prepolymer blend to curing agent is determined



3 MAR 2004 WO 00/ 62869 PCT/ US00/ 10190 13 cover 16 of the present invention
i*'s due to both the rigid rod-like structure of PPDI and the dis.tBiMlﬁ)chﬂ[ﬁ'f
that structure throughout the pol yurethane. The core 12 of the qgolf bal
is the "endY/62868; the gol f ball 10 suw that the inher eRFT’ﬁ’Fﬁg’@H"i es of
the core 12 will strongly determne the'Ynitial velocity and 5 di stance of
the golf ball 10. A higher initial velocity wll usually result in a
greater overall distance for a golf ball. In this regard, the Rules of

Gol f, appr ovey thgnitragencarhancpxggen greuradNCOR sonténs of e polyusdans and The Royal
and Ancient Golf Club of Saint Andrews, limts the initial velocity of a
gol f bal | to peépolyineeblends Fangxamele, the NGl cdntent vHthp FDI-edHnimmedi polyettep| er ance
allows for an initial velocity of 255 per 10 second) and the overall

di stance to 23qDIAériindt@DRNeste} i4preFerably iPRe Fﬁi@& of 208 189, Wfilednd ot al

di stance of 296.8 yards (the six percent tol erance may be 'l owered to four

percent). A ¢@f® ol Q0. l.f ,are avail.l e on the
USGA web page at km}tﬁggg.p%.t nqu)Jste,(f eeﬁliékfsﬁ:lra 8y I"EE: etr§1"g§r? 58\%{°all

di stance of I St t eed.these . limts in order to conformto
“the Rul esgof %ﬁTﬁeﬁéﬁgﬁg@? B“’P?’ff? 'tm@tﬁﬁwteblseg@(a‘alw b&desol f bal |
i's construct eg t o enabl eﬁéhe olf ball 10 to neet, yet not exceed, these
limits. The O5fQ7a'P &% ifae Y& copient oftthe palyyyethaneaireiplisanmbleod danges a bl end of
a base rubber, a cross-linking agent, a free radical initiator, and one or
nmore fill ers fiom Phode 8%xifiile polyiscthaneprepolymres blchds The atnbent of suringmgbytbut adi ene
having a cis-1,4 content 20 above 90% and nore preferably 98% or above.
~-The use of csbadd torrdspmgl tage¥itts 110% af telnfol balival@re of ihs N bodkéi@wn, and
netal acrylate salts are exanples of such cross-1inking agents. Free

radi cal i ni titedglpuréhise prepoBndhBle’@0 YRRt ﬁ&%?m@%x}h}émﬁé 10190 14 used

to pronote cross-linking of the base rubber and the cross-I1nking agent.
Sui tabl eqpre g@ﬁ,lr&@' hatd f.Qr L rne 12 of the
present i nveg’{ ip on | ngehdeé%g%%(q%cfggﬁtslﬁ@ﬁfeg%]}d‘pg}tljegrf%‘gepogr%{&l}tggi,lq%i s-(t-butyl
peroxy) dili sgg&ggé,ll benzene, t-butyl perbenzoate, di-t-butyl peroxide,
2,5-dinmethyl -2,5-di"-5 5 butyl peroxy-hexane, 1,1-di (t-butyl peroxy)
3,3,S-trinethyl ?’%Cl ohexane, F%Ed the like, al] of which are readily
conmerci al |y avaf N¥bPEIIBE fe Rolyuaethane prapelymst blend and| qpringmagentil@ i n t he core

formul ati on. Zi nc oxide
preferably stored separately. The polyurethane is formed by first heating and mixing

the polyurethane prepolymer blend with the curing agent in a mold, and then curing
15 the mixture by applying héat and pressure for a predetermined time period.
Additionally, a catalyst (e.g. dibutyl tin dilaurate, a tertiary amine, etc.) may be
added to the mixture to expedite the casting process.
The polyurethane prepolymer blend material is preferably degassed and
warmed in a first holding container prior to processing of the cover 16. The
20 processing temperature for the polyurethane prepolymer blend is preferably in the
range of about 100-220°F, and most preferably in the range of about 120-200°F.

The polyurethane prepolymer blend is preferably flowable from the first holding



may primarily be used as a weight adjusting filler) and is also believed to
participate in the cross-linking of the other conponents of theZ @W?Zﬂﬂh
as a coagent). 10 Additional processing aids such as di spergﬁ@hﬁggg
acti vat or sSWRHY! 6862 onal |y be included. Jn particular, zint

added as a processing aid (e.g. as an attivator). Any of a nunber of
specific gravity adjusting fillers may be included to obtain a preferred
total weight of the core 12. Exanples of such fillers include tungsten and
bari um sul f acentaingrito gumikingrcbaberiimg rangelof abaut 200+1160 graarseof meatattial per15
commercially available In the present invention, the core conponents are

m xed and cominws,oiranneaded fod protessingo hiv edudition) e pm@mfwiank pepblyiner blesd e
skilled in the art. In a preferred form the finished core 12 has a

di aneter of ahdial hapbe heltatddaH thelfirttholdied \@ntahiR, iR tH3Qhilg ewblzség%mw ng an

outer dianmeter of 1.68 inches. The core weight is preferably mai nt ai ned

in the range ,of,a09 r§%v%nﬁdlﬁﬁﬁ’tﬂfon%9 egy%dgtgélfmgg@c?ﬂﬁ@fz%ﬁg on is

pref erably naintalne e range o nost preferably
about 55 to 80. 00/ GQ?ﬂgjngCTNSOO/ 101 @2 As used
herein, tRe term ?’@i”@cﬂ&ﬁ’?@%gﬁe apmed §1 3 gigan &onpr essi on
value = 180 - Riehl e conpression vaI ue The Ri ehl e conpression value is the
amount of deFeRtARes R3ior & pracegaing obthie coyen 16.nEhrorrogessing tegperare forthsad of 200
pounds, nultiplied by 1000. Accordingly, for a 5 deformation of 0.09S

i nches under curativaid pofferably ipthematge of AlwwuRs &3 EF codtpaes pieferablainutbe i s 95 and
the PGA conpression value is 85. As is described above, the present
invention prednge abhbout 8G-ROGAES Tat chrtipigemicproferubtioflowbiy/esm ik sebuaid
preferably is conposed of a thernoplastic (e.g. thernoplastic or

t her nopl ast i ﬁoﬂir%%ﬁﬁﬁ{e} tothe Aiahe Sithnfber itnhwzﬁgé FabbiRt 3578 -ggamd Bt al

cont ai ni ng, non nmetal containing or both However, the golf ball 10 may

have sevgpal Pﬁ@éﬂ@f@é hnih@¥ s héeath SRAS Qﬁw&arfo@;sﬁsﬁggethg%?@ew?the cover

16. Mpst pre ary ayer IS co east’ one
t her nopl asti ni c. chai n., npl ecu t.al The
met al Ip on m@megzﬁe (fag ysé;gé'@g?@toqg O(&Hn&ﬁ]ag%t anige seconcﬁ?olc?ing cgﬂ%amer to?

a curative mixture. Suitable catalyst are described above. The curing agent and

may be

catalyst are agitated, in the range of about 0 to 250 rpm, to maintain an even

distribution of catalyst in the curative mixture in the second holding container, It is
15 preferred that the catalyst is added in an amount in the range of about 0.25-5% by

weight of the combined polyurethane prepolymer blend and curing agent. Additives

may be added to the curative mixture as desired.

The polyurethane prepolymer blend and curative mixture are preferably added

to the common mixing chamber at a temperature in the range of about 160-220°F. A
20  colorant material, such as, for example, titanium dioxide, barium sulfate, and/or zinc

oxide in a glycol or castor oil carrier, and/or other additive material(s) as are well

known in the art, may be added to the common mixing chamber. The amount of



magnesi um |ithium potassium cesium or any polar nmetal ion that serves
as a 15 reversible cross-linking site and results in high | evel sqof
resilience and inpact resistance. Suitable commercially avail abl %OMAR ZUUII'
t her nopl aswicce/é2s68 | ononer s based on et hyl ene copol yner s perisé@imn ni ng
carboxylic acid groups with netal ions l2uch as descri bed above. The acid

| evel s in such suitable iononmers nay be neutralized to control resiliency,
i npact resistance and other |ike properties. In addition, other 20 fillers

Wi th i onomer celefant MaRriflfddds YesatlPinReiahye diSbsut ODf(ﬁ/f B ﬁv@i'g){t et ease) the
e

specific gravity of the thernoplastic blend to contro nonent of

inertia and @hfBied | ?“rgﬁ,g,&er; | rejal ly avail abl e
t her nopl asti c mat gﬂ)(g S sul téﬁoﬁner&wg%%R%J%Lz%éngﬁNsm 1~19Q 16

for use in a of |f ball. 10 pof the present, i nvention

i nclude, for? %)?éaﬁrr%?%y th% E%IE% 811#)8\% %g%gh’gqeeqnﬂglrglx ﬂ}s(?Fenggga@taé?d Bhe

foll owi ng material s: , HYTREL and/ or HYLENEzoroduct.s from DuPont, W/ m ngton,
Del awar e, PEBRBHIEShepRerin tranee ofgborhbin Z5Brrm aten temekingennsy| vani a,
SURLYNO 5_products from DuPont, and/or ESCOR or | OTEK products from Exxon
Cheni cal , ® Houst oftlthaughdke gotiRallcpard 6 pf tha pepsent énvestionHepisterabliar y | ayer 14
shoul d be about 65 or less. It is preferred that the boundary |ayer 14 have
a har dness omapehciuwed imbeastingProass, Srearogeriiatérial map nitdradtively bephostietent , t he
boundary | ayer 14 has a Shore D hardness 10 in the range of about 57-65.
One reason f eva themiaplastiopolpurbthurrectar ijebRorahol g\ tHa cavePll@bPerlhdrar dness of 65
or lower is to inprove the feel of the resultant golf ball. Exanples Twel ve

.go] f bal | s obodnderyRsyes eNhnd/s\eeR! 120 Foeih DI UTION, a
Titlelist PROOZESgyO\l}%\L, a Tithelist DI- %{"@%ﬁ‘éﬁﬁﬁﬂg@@éi’i’?&g‘%&m. ALl
of the golf o1 ' bhy Uy I 4o determ ne the
durability o?é{)hzmgglg 1?0 TEIEPFZ?%aﬁtglgﬁlaopggj(og%t??gb%hﬁ%eeﬁﬁjlﬁéeddﬁ?pg et y tests
were congaict ¢, A I arat us.as _kngwn ji.n the golf jndustry.
The apparar s adpRySiE s SaRRABRTRAN K SRl el el el on 11 s
bottom nounted,on a frape, ., A g.olf bal | is ?I aced wthin a holder and held
by a set of %ﬁ%f)n’?ﬁé\ngf)ﬁl‘gg,a 1amine or mixture of diamines, etc. The resulting

product is modified using conventional procedures to form a desired thermoplastic

material for injection molding of the cover 16 over the boundary layer 16 and/or
core 12,

15 The PPDI-based polyurethane cover 16 of the present invention exhibits good
tensile strength, tear properties, and flexural modulus at lower hardnesses. In
addition, because the preferred material is PPDI-based, the cover 16 has a tan §
value lower than conventional (e.g. MDI- and TDI-based) thermoplastics and
thermosetting urethanes. Thus, the PPDI-based polyurethane cover 16 of the present

20 invention loses less energy as heat upon a high distortion or impact event (i.e.
hysteresis) compared to these other polyurethane materials. It is believed that the

relative superior mechanical and physical properties of the PPDI-based polyurethane



20 plate is angled at 54 degrees fromvertical. The strike plate is dropped
from.six inches above the golf ball. The golf balls are neasupe amggver
shear criteria. The scale for each is ...., WD 00/62869 PCTFU X "
~ ~nn r' ~WQgo¥e28M 1 to 5, wth 1 being poor, 2 being bel daTABYWES, 3 bei ng
average, 4 being above average and S bd3ng excellent. The cover shear
criteriais as follows: 1-portion of the cover has been conpletely sheared
of f and di npl es have been greatly reduced or renoved; 2-the cover materi al
has been sheawerl 6 af thdyreent imméntioh & duche bith apeighd rddHikestraauROf PRI Vi Si bl e,
and severe bunching or peeling back of the cover material is evident;

3-there is radeiedistribitidn Fehabirddhge BRMRhoMaLESdIflrethihet Ne extent that
internal portions of the cover are exposed, but” the cover is intact;

4-indentations i W;llfeggrecﬁvo?"the Oﬁﬁnilgﬁff‘%éhet’ grﬂge e@%‘%@ @:Jslgg}mhgtg of the

cover material ; roove narks are score marks

may or my t.be visible d there is no.1Q deforpation of the cover

mat eri al . Tgﬁ? g’?‘ﬁﬁ @8‘36&@6’??}? °8£ﬁfa@‘?’%‘ﬁ“@%}ﬁgﬁ?ﬂ’llﬁ%ﬂm@iwz}é{e&e@f ad gol f
ball's 10 and_ each of the cores 12. The weight of each of the golf balls 10
varies fPomdisanss °gf‘h§rﬂé‘lftbén A8 4highenipitial yelacityapill aspplyseitoma gfeaench of the
golf balls 10 varies from92 to 1 OL. The average di aneter of each of the
gol f bal | s xyetall dissance Sararpolfiball. d84his regérdsthe RleTbEGalfirmpprovediyt the of each of
the cores 12 is 1.489 inches or 1.515 inches. The PGA conpression of each
of the coredUrid\StatéssGolpAtaveiatio5OUSHM Y bndiTlieRayal ahdeadciwvat Geifenangy e gol f
Dballs of the present invention each had a boundary | ayer 14 conposed of an

i ononer bl emiiw&hreavs;mixlﬁmesxﬁtiaa%héw,goffd@ﬁ&u%i@ﬁ&d(7&29i§gexj nches, and a
Shore D hardness varying between 58 and 62. Additionally, golf 20 balls 10,

each having s@c&@‘(@fwc;-ﬁer%ﬂgﬁgﬁgﬁgﬁgle?angé R 6 Ilﬁitﬁgffeiﬁj%c@? ¥ WSgﬁagrane

prepol yner were produce cted to the dura test " t0 neasure
CoVer  Shgar . Ihes OB Fr BB R556h PALYUS S NS, B SR TR R YSr

a total distance of 296.8 yards (the six percent tolerance may be lowered to four

percent). A complete description of the Rules of Golf are available on the USGA

web page at www.usga.org. Thus, the initial velocity and overall distance of a golf

ball must not exceed these limits in order to conform to the Rules of Golf.
15 Therefore, the core 12 for a USGA approved golf ball is constructed to enable the

golf ball 10 to meet, yet not exceed, these limits.

The core 12 of the golf ball 10 is generally composed of a blend of a base
rubber, a cross-linking agent, a free radical initiator, and one or more fillers or
processing aids. A preferred base rubber is a polybutadiene having a cis-1,4 content

20  above 90%, and more preferably 98% or above.

The use of cross-linking agents in a golf ball core is well known, and metal

acrylate salts are examples of such cross-linking agents. Free radical initiators are



18 -- 3 MAR ZOO-r PCTNS00/ 10190 thi ckness from 0, 0265 inch to 0.038 inch,

had g tensile strength range of 6500 to 7900 pounds per square ingh _
specific gravity of 1.142 to 1.220) a Bayshore Rebound range of "536MASR 200’1’

han
percent, a gho har dness of 47 to 53 and a flexural nodul us ater t
10, 000 psi .%@Eéﬁ%ar rating for each o§4these gol f ball st sogﬁ@_gq)_ 10 15

20 25 TABLE . . . . .
ONEBal | Bal | Bal | Aver ageCor eCor eWi ght Conpr essi on. Di anet er Di anet er Conpr essi on

i nt ) (i.nches) (i nches) (point s) 145. 65921. 6841, 48960245, 86981. 6841. 5
(1%;85223( 8(2): 81?%@%&’.°§‘f¥7%%&&“§'§§§%8§#F‘ﬁ’g@'@@ai&%@@ !n!ﬂéilszlaf?n!’.-s965645ggg%;1
6841. 48965745 86961, 6841. 51570845. 841001, 6841, 51575945, 841011. 6841, 5
5.89981. 6841. §&’§2’§1ﬁ%§?‘%§’35&@%‘52@B&ﬂaesifzgw.bsugqrz.lésitbpme‘se@u@emmns MA R

200 WD 00l 62869 19 PCTI ~3SC0 10190 TABLE TWOBal | Pol yur et hane

pr epol yner Thi Hehede pespgides spetkas dicumyl peroxide, bis-(t-butyl peroxy) diisopropyl

No. TDI PPDI - 1PPDI - 2PPDI - 3PPDI - 4( aches) H~. dness130700. 03754723020500. 03005333
0700. 03004743 berzene) BY8AIBER82R0dI0INGA pEEATH) Q,50BmEhyFR6-30800. 03004783020500
. 0300539 10 11 1230 20 30 3070 80 70 700. 0300 0.0300 0.0300 0.030053 47 47

47 Table Tho beylpefory-héxandd, lpdigpianylpasxy)B,3geimetyl tytohepieraniaeer s 16 for
cach o like, all of which are readily commercially available.

Zinc oxide is also preferably included in the core formulation. Zinc oxide
may primarily be used as a weight adjusting filler, and is also believed to participate
in the cross-linking of the other components of the core (e.g. as a coagent).

10 Additional processing aids such as dispersants and activators may optionally be
included. In particular, zinc stearate may be added as a processing aid (e.g. as an
activator). Any of a number of specific gravity adjusting fillers may be included to
obtain a preferred total weight of the core 12, Examples of such fillers include
tungsten and barium sulfate. All such processing aids and fillers are readily

15 commercially available

In the present invention, the core components are mixed and compression
molded in a conventional manner known to those skilled in the art. In a preferred

" form, the finished core 12 has a diameter of about 1.35 to about 1.64 inches for a
golf ball 10 having an outer diameter of 1.68 inches. The core weight is preferably

20  maintained in the range of about 32 to about 40 g. The core PGA compression is

preferably maintained in the range of about 50 to 90, and most preferably about 55

to 80.



the twelve golf balls 10. The nunber of parts of each polyurethane

prepal ymer for each of the cover layers 16 is provided in col u.nﬁsM Rm*gh
6. Columm 2 includes the nunber of parts of the TD -term nated polye

prepol ymer wdeeddgd 3 i ncl udes the nunber of parts of the gdarfissho e

term nat ed pol yet her prepol yner. = 3 18A R 200g WO 00/ 62869 PCTI USO0/ 10190
20 Colum 4 includes the nunber of parts of the first PPD term nated

pol yester (pol ycaprol actone) prepol yner. CoI um 5 includes the nunber of

parts of the secondyRidMerdi€ i Bt 4 Lo, ,, r e difference
bet ween the first ar‘lld sgf:ond PPDI terrﬁ$ Q&B%e%r e‘g)gc])l ymers is the
NCO content and the | Nt, oAf ol er) backbone, with
the first having a N cgﬁﬁéﬁ%’ “lrsg—d%qﬁ?g‘ﬂ‘b% ?ﬁ‘rﬁﬂ'{]gl y 5.4S%to

appr oxi mat el SRQO%; and t.he co d havi n% a NCO, content in the range of
appr oxi mat el fﬂ‘% & CMPESSISY VaHHs 18 e agoanipt deformatipnet agelf balk in inphes nunber  of
parts of the second PPD term nated | yester (polycaprol actone)

pr epol ymer . ?ﬁ‘éﬂrélswlé?'(@ﬁ(?ézmoﬂé@nmﬂlﬁ@h?d bis1008n dca@dinglyofedaPPDI  t er i nat ed
pol yester (polycaprolactone) prepolynmers is the NCO content, with the first

havi ng a ACOdefsrmaion of A.09hinchesngderafloaimf 26 poratis Ithe I&clﬂs%mprempf oxi mat el y
3.85% and the second having a NCO content in the range of approxi mately
4.45% t o appvaixe isetSany the. RGEYcontpredsionfvalub & §501 yur et hane prepol yner bl ends
for exanples 1-9 and 11-12 were cured with a blend of curing 15 agents. The

bl end of curing aQ@Eﬁcﬁsdﬁ%&dW@Qﬁ@ﬁeﬁﬁt inlenRidh pRf2{b1Rindiuass ng agent
and 50 parts of a blend of a 1,4 but anel di ol gn @g]ou Eﬁ%ﬁ%ﬁlblo of the

gol f bal I's 19019{da1é/h§yep'i@§ﬁ refemﬁﬁﬂg E&ﬁ'po\é@(?o ﬁfagtp; );g gﬁ]’ﬁ"@ .70 parts

“of a diam ne and 30 parts o ut'ane ‘ickness of

|t 2\? e(r:r? :/g:] i S)Srgfliu{: ’r]?%rp i"g{‘%"g%g meri%re %q%?d\%laﬁégn%g‘!‘i%cﬁbﬁ@hs t]ép‘ﬂ’éa‘ frﬂg)rsng‘r‘]‘}:) har dness
e T B! B WD el B 267
layers 14 disposed between the core 12 and the cover 16. Most preferably the
boundary layer 14 is composed of at least one thermoplastic that contains organic
chain molecules and metal ions. The metal ion may be, for example, sodium, zinc,
magnesium, lithium, potassium, cesium, or any polar metal ion that serves as a
15 reversible cross-linking site and results in high levels of resilience and impact
resistance. Suitable commercially available thermoplastics are ionomers based on
ethylene copolymers and containing carboxylic acid groups with metal ions such as
described above. The acid levels in such suitable ionomers may be neutralized to
control resiliency, impact resistance and other like properties. In addition, other
20 fillers with ionomer carriers may be used to modify (e.g. preferably increase) the

specific gravity of the thermoplastic blend to control the moment of inertia and other

like properties. Exemplary commercially available thermoplastic materials suitable
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» THREEBal | Shear 110. nph Driver 90 nph Driver79 RZQQ)I&
nphS-1ron(1-S)CarryTotal CarryTot al Carry(yds) (yds) (yds) (yds) (yds) Revo 5
2S1. S269. 6#660/6388. 6158. 1Pr ecept PCT/US00/10190

EV42S3. 1270. 6196. 2220. 4162. 7Pr of essi onl 4248. 2266. 1190. 3216. 01S8. 4DT
2-pi ecel2S6. 1274. 7197. 1222. 8164. 814. 252S3. 9271. 119S. 7220. 6161. 224. 02SS. S274
. 1196. 7222. 41 63. 234. 02S7. 3272. 2199. 2221. 8162. 044. 02S3. 9269. 7197. 0220. 4160. 4

S4. 02S4. 327 4ol 1528n 8 BakhddrAlyek 64 o5z Hball 46 f the Prosdrt 0veflidilinditde, 232SS. 9271. 41
98.3221. 9161. 683. 7S257. 2273. 2198. 2222. 7163. 693. 7S256. 8273. 6197. 2222. 7163. 81

03. 75256. 7273ampR/ tho i ibwiddrhatdriaiéandrr Bt 5&7&1}%{% 2 9124. S2S7. 3274. 2
196. 8221. 5161. 1%Tabl e Three ?I | ustrat ese t he conp%‘rgl?lg a@riggtl ng between the

twel ve sanpl d, t he four

wel | - knomﬁpa%gﬁmgf‘wwgggﬁ ER{ETé é}gd%gﬁ?&pbﬂ?\{e‘pl negtodbﬁflaﬁ"ﬁel’s in Table
Three were 0, t.he I,0 ear test and rated. The golf
bal | s were ?@ﬁg® %‘%“Pts ‘H’B%{P lﬁcggguas\gf‘ﬂ’dy]f’%‘g% SHRIYN®i | es per
hour ("nph") using a Bl G BERTHA HAVWKEYE driver, at 90 nph using a BIG
BERTHA H,&V\KI?FENCH%I’%P“PWQ@Y FSCOR® qidPFEK® moducibrm-Bxson12 five i ron.

Al t hough the REVOLUTI ON had t he best shear Il 1 WO 00/62869 22 rating, its
carry and t dthemienl.dongton, Texes.only better than the Titlelist - 3 MAR 2004
PCT/ US00/ 10190 PROFESSI ONAL. Exanple 12 of the golf balls 10 of the present
i nvention had a ThaiShbielD) bardiead ofithe mfundarplayenid shouldh Belatwoueed onlessi & yar ds
better than the REVOLUTION at 110 nph using a Bl G BERTHA HAVKEYE dri ver.

The best di g pieffreathal i bburaty lufor Mg have BihardBERbEBetWAMKBYR 50069 ver was
"exanmple 10 of the golf balls 10 of the present invention which had a carry

yar dage of %@rJD)’FH eRAE ansdahﬁém %éﬁ&‘lﬂ&&y }%ch%% SaXRAD H\&&J&fﬁe oT 2

durability of 3.75. e next closest golf |stance was

gol t bait? 148 “#e*?%%‘*f?%@ﬁg B obeRonty Te? e BRSO T B85 e

CC)I\iiIr ﬁ/lsl 1dU/I’A\ |8| :JS ﬁg\f%ﬂes&%&e or. ?\%% 150 t\c/)%agrove e?‘ee?ofc tﬁe resultant gOlP/élllR 200g 23
Examples

Twelve golf balls of the present invention were compared to a Max{li

REVOLUTION, a Titlelist PROFESSIONAL, a Titlelist DT-2, and a Bridgestone

15 PRECEPT. All of the golf balls were subjected to a durability test to determine the
durability of the golf balls in an objective manner. The durability tests were
conducted on a cover shear apparatus as known in the golf industry. The apparatus
includes a ten pound metal block with a strike plate on its bottom, mounted on a
frame. A golf ball is placed within a holder and held by a set of pins. The strike

20  plate is angled at 54 degrees from vertical. The strike plate is dropped from six
inches above the golf ball.

The golf balls are measured on a cover shear criteria. The scale for each is



a core; and a pol yurethane cover fornmed fromreactants conprising a toluene
di i socyanat e based pol yuret hane prepol yner, a second diisocyanate

pol yur et hane prepol yner and at | east one curing agent. 2. The %ga;pﬁﬂbl N
according twoodasem 1 further conprising at | east one bouns@yseb ?n *
di sposed between the core and the pol yuret hane cover. 3. The gol f bal
according to claim1l wherein the second diisocyanate pol yurethane

prepol yner is a p-phenyl ene diisocyanate based pol yurethane prepol yner. 4.
The gol f bal | fr@if $96 8] with | Beifg ﬁdoH‘ZJbem&q;eﬁW'av_Eﬁge,t3QJeH\§rh%erqgé gcb%_&gnat € based
pol yur et hane prepol ynmer conprises toluene diiSocyanate and pol Vet her

polyol. S. T j .m.3_wherei.n t - ghenyl ene

di i socyanat e ggée)éj‘felb%?%(} g?ﬁ%m@"%&é‘%@?@@ﬁ r %hgﬁrpcﬂ??gés ﬁs‘gﬁ%\%ﬂe‘ﬁ’ on

di i socyanat e d one .or. nore | yest er | yol,s, . pol yether polyaqgls or a
mixture ther dBf0C QVerH b"g°8l°f’m8§?e y 53‘8'1‘584 E‘?ﬁ%do digples gi“%ﬁ eR Rty Tedyasd

p- phenyl ene dii socyanate based pol yurethane prepol ynmer conprise p-phenyl ene
di i socyanat e %ﬁﬂnvﬁﬁy%ﬁwem&a@ﬁél Ligs bgeg|sheaped tithe extent thatthe Aapsafitlhti ng t o
claim 1 wherein the polyurethane cover has a hardness of between about

40- 60 Shore [ove arq wisibleatndsovtnd buncling bepeplingbatl pOO c@&r ORRripkis ( 83- 241

MPa), a Bashore resilience of between 50-70, and a tensile strength of

bet ween 5900 evideit)3liwire {s4dodbidteNping oBthe Tover gratetialralthe extenothdi ingeriad cl ai m 3
wherein the pol yurethane cover further conprises a second p-phenyl ene

di i socyanat e pogtivhg otk ¥oweehrd @R%s@, BChy/ E8¥Er is thtackEind&ititioRg | théle&&[]di ng to
any of the previous clains wherein the pol yurethane cover has a thickness

.0f I ess than g8 Q4ien) GhEERert herE)bunélﬁ)nCF JF t&oclof\'e%téria(f,oggwo%g lﬁ,%.rec ore

cdnprising a pol ybutadi ene; a boundary |ayer encohpassi ng e core, the

bound I .Sl : i .and havi . Sh D
nar dnose | n ¢ HEoRL e bt gh bt ot My o BT R e PR B Sl P hane cover
enconpasggngd&ﬁﬁpﬁgﬁg&g&ﬁoyﬁ%ﬁhgmihe t her nosetti ng pol yuret hane cover

havi ng a Shoré ange of 46 to 54, and a thickness in the
range of 0.02 to,0.05 inches (0.5 to 1.3mm); 3 MA R 200g 24 wherein the
golf ball has a d ﬁl?lﬁglnf’ F"tti‘/g’étb(détf‘??ré’é‘é!‘( ofshesfwglye gverall pelf 84“5% Otagd sadhased on a
cover strike Elate drop_test. 11. The golf ball according to claim10
wherei n the ChBesesed?. Rep weiehtof each ahthe gohf ballsi 19 vedesfeam #5.6fremosponent s
conprising a p-phenyl ene diisocyanate term nated pol yet her prepolyner, a

t ol uene dii sdeyageas. t BreAGateupressioyef baeh ofthe golf palisr1 0aadesfroth®2%¢ one ot her
conmponent sel ected fromthe group consisting of a chain extender, a

cross- | i nki ng0hgEt avege dindtiene earhofhodolliRls | MR Iceistentis 1.683gnced.f bal |
according to claim 10 wherein the thernosetting pol yurethane cover is

formed fnem crgReRMBtGVTBAChSE 1M cared 1 PRAMEYSNBeSbr ISAGYAMRS € THe! M nat ed
pol yester prepolymer, a toluene diisocyanate term nated pol yet her

prepol ymer  apdAsdonlp#asibn 81 cRbNBE cAMPARER bebblet GhaHd 75 g&fh{she group

iconsisting of a chain extender, a cross-Iinking agent, curative and

m xt ures t her eof . T}3w rding.to claim,l erein the

t her nosetti ng poIyurefﬁgﬁggﬁ%%gﬁﬁ#gs?gﬁﬁgg$$$8ﬁ$%5ﬁﬁ% e%g§w%8ﬂ§¥¥sing a

p- phenyl ene di | sgcyanat er m nat ol.yet he r epol r, - phenyl ene

di i socyanat egﬁyeerfl% 5?8%3%6&)?%&?’8?&3?@6’8%@#“§S¥ ‘Béﬁg“’oqg%zgé‘%nat e

term nat ed pglg@ther prepol ymer and at | east one other conponent sel ected
from the grotf>Ewsbsssindaghgte ) hardngssvarying hefween 38 ad§2s Additienslly, aglént, a
curative_and m xtures thereof. 14. The golf ball according to claim 10
wher ei n the balsdRpraek having axsveulbermansed 069 single PPPbbased pblyorethmoerponent s
conprising a p-phenyl ene diisocyanate term nated pol yester prepolyner and
at | east oneprspdipmengerp produded aad sbjeetdd ta thandbhbiligrtestpo meassiedoverg of a chain
extender, a cross-linking agent, a curative and m xtures thereof. 15. The
gol f bal | acsheadiThgsetsingts BPRIFsdd poBhugdtiithe dlepbl9mbtcorbiansbrinll hgedatin! €ast one
ot her conponent is a blend of a diam ne curing agent and a diol curing
agent. 16. A golf ball conprising: a core; a boundary |ayer enconpassing
the core; and a pol yurethane cover formed fromreactants conprising a

p- phenyl ene dii socyanate term nated pol yester prepolyner in an anount up to
90 parts, a p-phenylene diisocyanate term nated pol yether prepolynmer in an
anount up to 90 parts, 10-40 parts of a toluene diisocyanate pol yurethane
pr epol yner.




17. The golf ball according to claim 16 pol yuret hane cover forned from
«react.ants conprising 20 parts of a p-phenyl ene diisocyanate ter rMAQjZU[]If
pol yest er - a MA R 200g 25 prepolyner, 50 parts of a p-phenyl ene

dii socyana%obﬁfsgg nat ed pol yether prepolynmer, 30 parts opcpubhibBhe

di i socyanate pol yurethane prepolyner. 18. The golf ball according to claim
16 pol yurethane cover fornmed fromreactants conprising 70 to 80 parts of a
p- phenyl ene diisocyanate term nated pol yet her prepolyner, 20 to 30 parts of
a toluene dij Vi . ) A et f.or producing
2 gol bl | LEGGYRHAF BASMASH ORRE IR bt bl R REDOS 81
conpri si ng: olid,core co sed of. a I i erjal, the solid
core having 29 | BOWRJSRET SIYA;! »ﬁpgwﬁig@gﬁxﬁfgﬁt@d@gﬁg%w °'¢. 60 i nches
(40. 6rm and %PGA conpression ranging from55 to 80; a boundary |ayer

di sposed oveRehayad &a9gs ot 163 percanh @ Sger@ bardness9fdh7 to ddprskaiexyralan” i onomer

mat eri al and having a thickness ranging fromO0.02 inch (O Sm) to 0.067

i nch (1. 7nm) modilus greaterthany10,0)esi. Taw shegr ratihgifod sebof dfeségdlf mll§Svabased on
ASTM D- 2240; and a cover di sposed over the boundary |ayer, the cover
conposed ®f &0t hernoset pol yurethane material, the cover having a thickness
ranging fromO0.02 inch (OSnmm to 0.04 inch (I.Om and a Shore D hardness
ranging from45 to 60 based on ASTM D 2240 and a fl exural nodul us rangi ng
from 12,000 psi (83 MPa) to 35,000 psi (241 MPa) based on ASTM D790;

wher ei n t hefgot —batt—hasa PGA TUOWF i of—tess—than 98—t ter

| ess than 1| 70 i nches (43mm), and a coefficCient of restitution of at | east
0.778 at a SB§ d of | feet p lsecond 43. 6m's) .. 21. The gol f ball
“according, to-tlaim 20@ rein %aé cover RS2 t hi c%ﬁ'éss of gﬁffr oxi mately

0. 030 ing(h 0. 76my) . 2F8%he gorIMBERIOn, MM ng tYAREWT m 20 where[ n the
gol f ball has a StR¥eS@Rability of at least 3.0 on a scale of 1.0[to 5.0.
23. The golf ball accésramply to éplats)n 20 (inhedin t Hinches) f bafpoimiads h PGA
conpressionf of 89. .An. A A9. A(r. AA A A% A;
fO.A . A9% AYL A’ U, . A&( @.6A. Af . AL92AYND. A9%.A84 A . A AMSBIA. A{. A6Ry+1Wg| ; J=4Y" $r

Q 5

2 45.86 98 1.684 1.515 70

3 45.92 101 1.684 1.515 75

4 45.82 94 1.684 1.489 60

5 45.83 99 1.684 1.489 65

20 |6 45.90 99 1.684 1.489 65

7 45.86 96 1.684 1.515 70

8 45.84 100 1.684 1.515 75

9 45.84 101 1.684 1.515 75

10 45.89 98 1.684 1.515 65

- 25 |11 45.83 95 1.682 1.515 65
% 12 45.84 97. 1.681 1.515 69

30
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(polycaprolactone) prepolymer. Column 5 includes the number of parts of the
second PPDI terminated polyether prepolymer. The difference between the first and
second PPDI terminated polyether prepolymers is the NCO content and the
5 molecular weight of the polyol (ether) backbone, with the first having a NCO
content in the range of approximately 5.45% to approximately 5.75%, and the
second having a NCO content in the range of approximately 5.6% to approximately
6.2%. Column 6 includes the number of parts of the second PPDI terminated
polyester (polycaprolactone) prepolymer. The difference between the first and
10 second PPDI terminated polyester (polycaprolactone) prepolymers is the NCO
content, with the first having a NCO content in the range of approximately 3.55% to
approximately 3.85%, and the second having a NCO content in the range of
approximately 4.45% to approximately 5.05%. Each of the polyurethane
prepolymer blends for examples 1-9 and 11-12 were cured with a blend of curing
15 agents. The blend of curing agents was composed of 50 parts of a diamine curing
agent and 50 parts of a blend of a 1,4 butane diol and glycol. Example 10 of the golf
balls 10 of the present invention was cured with a blend of 70 parts of a diamine and
30 parts of a 1,4 butane diol and glycol. The thickness of the cover layer 16 for
each of the twelve golf balls 10 of present invention is either 0.0300 inches or

20 0.0375 inches. The shore D hardness of the cover layer 16 for each of the twelve

golf balls 10 of present invention is either 47 degrees or 53 degrees.
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Table Three illustrates the comparison testing between the twelve sample
golf balls 10 of the present invention, and the four well-known and well-played golf
balls. All of the golf balls in Table Three were subjected to the afore-mentioned
shear test and rated. The golf balls were also subject to a standard robot swing test
at 110 miles per hour (“mph”) using a BIG BERTHA® HAWKEYE ® driver, at 90
mph using a BIG BERTHA® HAWKEYE ® driver, and at 79 mph using a BIG

BERTHA® X-12® five iron. Although the REVOLUTION® had the best shear
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15. The golf ball according to any one of claims 11 to 14 wherein the at
least one other component is a blend of a diamine curing agent and a diol curing agent.

16. A golf ball comprising:

a core;

a boundary layer encompassing the core; and

a polyurethane cover formed from reactants comprising a p-phenylene
diisocyanate terminated polyester prepolymer in an amount up to 90 parts, a p-phenylene
diisocyanate terminated polyether prepolymer in an amount up to 90 parts, 10-40 parts of
a toluene diisocyanate polyurethane prepolymer.
17. The golf ball according to claim 16 polyurethane cover formed from

reactants comprising 20 parts of a p-phenylene diisocyanate terminated polyester
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19. A method for producing a golf ball according to any of the previous
claims.

20. A golf ball comprising:

a solid core composed of a polybutadiene material, the solid core having a
diameter ranging from 1.45 inches (36.8mm) to 1.60 inches (40.6mm) and a PGA
compression ranging from 55 to 80;

a boundary layer disposed over the solid core, the boundary layer composed of
an ionomer material and having a thickness ranging from 0.02 inch (0.5mm) to 0.067 inch
(1.7mm), the boundary layer having a hardness of 52 to 65 based on ASTM D-2240; and

a cover disposed over the boundary layer, the cover composed of a thermoset
polyurethane material, the cover having a thickness ranging from 0.02 inch (0.5mm) to
0.04 inch (1.0mm) and a Shore D hardness ranging from 45 to 60 based on ASTM D-
2240 and a flexural modulus ranging from 12,000 psi (83 MPa) to 35,000 psi (241 MPa)
based on ASTM D790;

wherein the golf ball has a PGA compression of less than 98, a diameter less
than 1.70 inches (43mm), and a coefficient of restitution of at least 0.778 at a speed of
143 feet per second (43.6m/s).

21. The golf ball according to claim 20 wherein the cover has a thickness of
approximately 0.030 inch (0.76mm).

22. The golf ball according to claim 20 wherein the golf ball has a shear
durability of at least 3.0 on a scale of 1.0 to 5.0.

23. The golf ball according to claim 20 wherein the golf ball has a PGA

compression of 89.



