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As indicated in the Septenber. 1996 issue of "golf Digest', hittilng M&R 2002
balls into the water occurs with a great degree of frequency. As a result,
an enti wmo bgided 'y has devel oped in the recovery of Bolt geatnsysmtiisah are
then resold despite the fact that the ball has spent a fair anount of tine

in the water. Wiile the golf ball cover seens to be fairlyyy i t he
question has becone as to the eff epie®f ri®rioger si on of tlmwmmﬂﬂﬁm a
nunber of days at the bottomof a pond laying in the nud.

appreci ated) golf balls comSOsBALNIMPEREIOR {IFRICATOR t hr ee- pi ece BH#F¥*arid a

t wo- pi ece ball. According to the above article, when such b ted
using a robotic hitting machi ne and_a g#ggga{d | engt h net al mm&mmmllmﬁﬁa
9.53 degree loft and an e . a club head o
mles per hour and a |l aunch angle of 90 degrees and with a spi n*G%¥%2 of
2.000 rpm the result for a three-piece _ball was a difFerence in carry of 6

|
yards after ahs dingifatadyin therS5o5ATPY 1393 85V ai90df PH#®S&E “nonths n 15

yard | oss gfekSlg ?’o& BARENSintFOthel Walr HiceGEs Ralth, a t gy aMBeyteeOfs Carry was 6
yards shorter and after having been i mersed for eight days, and an

addi t i onal £r3ugengsy d&sof 8Ptk PhrYEIRBANNESt oM depedpret i9. theards. Wil e

for two-pi geeed1gl be BEIMGaibs t G NRLCE Enedi Gabbds TRKEStd NGeDabLy harder in
terms of conpression, it also slows down' the coefficient of restitution or

the abilitspabf thneeBa| hag sReBfarn LS, PEATAEINESSEHTG efn i Hhgac®teThe above

factors malgi1d Neneb@bhe bt 1SRBLLLT seehdr @8- Be €681:03! linpbAMRubeen,d ound, to get
softer in ternms of conpression, but they also fly 'shorter according to the

above- mentduepkidnahis diegomepat égertheheffassulf s tae imrerisiperef ovheof a gol f
bal I in au%ggdov]ehhae n%nngla%t:eu,sst €Sl bbhemba! la bond Liaghig c;tf,gﬁhgél tered by

t he i nmer si e problemtherefore becones one of bei hg ab
determ newhén a gol fball has beeni nersed sothat it maybe rejected in favor

of anew gol f ball,. .., Not t. g C ryction isshown in the
fol I owi ngU. S."*p&t tht's: °%‘?’%ﬁg;r%§3; 843{,‘. g’gg‘g%g'%;s g 3925?‘5‘,"&8’(2 '035; 5, 440, 155:
5. 415. 937:tbr&ik4; ¢R7 b5} DIBA28| +&-F06c IS, 00K cR8ALnk, GR0,t881210v@D4, 803:
4,979, 746, . 966: 4, 931, 376 4. 249, 434 4 51; 9,819, 4 863, 167;
2, 8ag, 770" A503% 19ery SEE Bp0r4) el Lifedy TAROCF Roie BTt bimgos g0
4, 483, 537M4cki36, 26;2 SLABIRr9BenytACEE T2 ATIVOERISRT 2 3, F84¢@0%e 3, 572, 722;
3. 7. Gh 2730 SUMMRY o WYENTIRed 1 REHIST ol Abb&WsBLe 415 nghl em of

aeal W t aTaI S d

having to I ch may have been I mersed and recovered, in
t he subj ecer iwuendtidon baugeh fangdp| of FopPenrededanthivdithchampgios mekor or has

some ot herel g AL :6AARIES: of Lhked BIELSbON (1 PUiGALRLDAL the ball
has been i mmersed.
in carry of 6 yards after an eight day immersion, a 12 yard loss

after three months & 15 yard loss after six months.

For a two-piece ball, the amount of carry was 6 yards
shorter and after having been immersed for eight days, and an
additional 3.3 yards after three months, for a total of 9.1
yards. While for two-piece balls being in the water typically
makes the ball harder in terms of compression, it also slows
down' the coefficient of restitution or the ability of the ball
to regain its roundness after impact. The sbove factors make
the ball fly shorter. Three-piece balls have been found to get
softer in terms of compression, but they also £fly shorter
according to the above-mentioned article.

Whatever the results of the immersion of & golf ball in =

pond, the characteristics of the ball in flight are altered by



In the present invention, in one enbodi nent. encapsul ated dyes are utilized
as a means of creating a golf ball which irreversibly changes its] QMR 210
when it is exposed to-water for long periods of tine. The invention is thus
used as wodonogsgat or of balls previously exposed to wat er p&Epsome 780
several days in thee bottomof a |ake, pond, pool or other body-of water.
Such an indicator is used to alert golfers to potential changes in ball
properties due to | ong water exposure tines. In one enbodi nent, the
conposition of the golf _ball is that of traditional t Qr _three piece golf
balls. A b ‘ﬂ‘f“‘é'c’ewgol fT5aPFORIE™ R " 9??? a°€81%°d °Pﬁb%%?bec18? egétlr?d an outer
shel | madg, fdd@r@ideakdles €81 §b13UGH1 AShaaN bb&M BB rde@SisA. thBltr €€ duiyece bal | s
are those consisting of a solid or |ljquid core material) a wound - 2 .o
or nol dedbs FEBeFteduterLaEoF €f ad¥afPiinFbhoner or pol ybut adi ene or poly

trans isopregged Waker gsheldalt ekondtedeti@nassbahdina ihakhe ol 1baiidy cases, in
one enbodi nent) the encapsul ated dye is included in an overcoating of
pol yner rédi-n eskrndshi ng AR e ehSHSsT%UNt 5 P} 178%ed MP°4:43%kal gl oss

coating. Agernativelsy ;4 hg,dye gmyiqbeghl endedyg ot her gligogcidsy or in an
encapsul at'ed form with the gol f ball balata or ionomer shell and a single
gl 0ss coak.i00g. 2y be4a@heddli n bofhidRSées, diITudfon of1MaPeI66:t hr ough t he

gl oss coa}'igggﬁzfegl I oweglg))éagj ffu/ﬁigq&] %ﬁr;ougq'Emaﬁpcapsylagglhﬁgyercoati ng or
in

t he shel I iates STow diffusion 61" a watér soluble dye fromthe
m croencansubat7ed panriis,es1; The ,mas o750l ubl BL4dge3;gr aduaBbasosol ors the

ionomer or pol ybutadiene shell, |eaying a pernmanent!|y stai ball. The
time frarfeS 'r%ai"ffué‘i'?ﬁf'ﬁﬁgﬂ be $4FF o1¥d by"aﬁﬁug?éhg t‘hg%{]ﬁ]gékness oC the
pol ymer f4,bgy coati N@ssaswd t herghype ands &, 282 0f3, hos 2pal ymer
m croencapsul ant, dye and the gl oss coatings used. BRI EF DESCRI PTI ON OF
DRAW NGS These and ot her features of the subject invention will be better
under st ood when taken in co%ﬁ%&w Detail ed Description the

IS a

Drawi ngs of which; Figure 1 lagrammatic illustration of a golfer
hitting a golf ball into a water hazard: figure 2 is a diagranmatic

[ ustrationpfofBe bal by flyiElovhR bBbler dIMBASHONS Nadkl Ghen SNOW NQ 8
vi sual indicator that the bal has been 1mmersed in water for an extended
peri od ofalisrewhifh guaye hgvé dean dimmgraedreandcredovesed.ain dieofudectvo pi ece bal |

whi ch proyidesqa ¥ sual hadi 3l 9roplac! ongal edhaBLer-JgIeLsi gR 1 n whi ch the
ball includes a soli rubber core anc’f a hard nol ded shell of an iononer or
i onoer Isbeqdothrxrh Bwi8iug | yinichr chasgen | Hteappmoprsiat etpolnydiepteesin, with

the ball tggtl. rlglepll;aol\ii gaesd b\cla\n.e;l him?ne;:se%.

In the present invention, in one embodiment, encapsulated
dyes are utilized as a means of creating a golf ball which
irreversibly changes its color when it is exposed to water for
long periods of time. The invention is thus wused as an
indicator of balls previously exposed to water for one to
several days in the bottom of a lake, pond, pool or other body
of water. Such an indicator is used to alert golfers to
potential changes in ball properties due to long water exposure
times.

In one embodiment, the composition of the golf ball }s that
of traditional two or three piece golf balls. A two p%ece golf
ball is one with a solid rubber core and an outer shell made
from a hard resin such as an ionomer resin. Three piece balls

are those consisting of a solid or liquid core material, a wound
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conformal overcoat pol yner di spersion contai ni ng encapsul ated dye particles
that goes over the sheil or mantle of the ball) and with this ovel oMARt208A
bei ng covered with a final gloss coat containing no dye particles to

mai nt ai V@ 9BiIY44 gl oss fini sh and provide an additional difEyesesmn7bey rier on
the ball to prevent dye release in humd or noist environnents; Figure 9 is
a diagrammatic illustration of a three piece ball which provides a visual

i ndication of elongated water imersion in which the ball includes a solid,
liquid or gel, a wound rubber band or nol ded rubber outer core and a shell
of a gl ossy mdiaber yuurat esitak cuelh am Bal &t donoiberr polypbuddighene bl ends or

| ow store hardness i onorner d i tional .oyercoat .| r . of
pol ymer / eRE Pt 51284 Hﬁf’é’rﬁﬁ%eﬁ”ﬁg ?ﬂfe *§ ?)rsrsedf |¥§a y gb(gell égl‘-*yl(imégj)re 5is a

schemat i cisli a»gmarmd&pa ctirngoﬁk fémﬂamarmf. mtaerenlcnbwltahsi bard when it is
imersed in a_bo te er. o Fi ,S_ a

di agramraf'?‘i:luf"é%r%‘seant 87" cﬁag‘f"g ﬁ(g b"gﬁl 25l 35/?3“53?’?{ ghg; dg?]d, Figure 7
is a di agemdappiiaati | Fabred i9n aofcimotqhess teppeingro pliegeaigoleiybal | .

Referring nowto Fiqure 1. in a. typi tuatlon 2 ball 10 has been hit
by a gol fE¥e £2°i it \Héf'édreahaﬁh‘i%gé "\ﬁﬁ in nca Sjl ?

re8t des i s plucked
out eithefoday WLben galef @ororvdy &amapanyzlduhmeh slehlli enesa gﬂhf;léoal s from
wat er hazards. It will be ag(?rem ated that, H‘?Etrl oned gre such balls
when i met¥Ed FHTEI89 | UG PhePidd of 1t y"}?éhlﬁﬁ%eé t “sm'?I‘i

char act er ti5dougs, tNdgrcRgaicdb ey, Ofoi @t bEi ngrm&abedtwghesm d, will not
regain these characteristics due to the' immersi In order to

provi de a#hGeRE‘@at ofveFrogbine Bal the tsﬁ&fl’ha\/‘étbé‘éeﬁ |sr}ﬂ’ér§b%“i5h°'§/vater tar

SoOme ti Meye andyf&frerdoh h NW¥et @ cbh JUAE micrbbndedBubedeghrdiass gol f ball 10
is provided with "a nottl ed appearance 15, which serves as an indicator

that the B | vAber beehubiemedsed dradupkler . colors the ionomer or

polybutadiene shell, 1leaving a permanently stained ball. The
time frame for diffusion may be tailored by adjusting the
thickness of the polymer film coatings and the type and size of

the polymer microencapsulant, dye and the gloss coatings used.

BRIEE DESCRIPTION OF THE DRAWINGS

These and other features of the subject invention will be
better underslood when taken in conjunction with Lhe Detailed
Description the Drawings of which;

Figure 1 is a diagrammatic illustration nf{ a golfer hitting
a golf ball into a water hazard;

Figure 2 is a diagrammatic illustration of the ball of
Figure 1 after immersion in water, showing a visual indicator
that the ball has been immersed in water for an extended period
of time;

Figure 3 is a diagrammatic illustration of a two piece ball
which provides a visual indicator of elongated water immersion
in which the ball includes a solid rubber core and a hard .molded
shell of an ionomer or ionomer blend such as Surlyn or a similar

appropriate polymer resin, with the ball being provided with a
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It is this or sonme other indicator which is water activated that Erw\kd@% a
conveni ent nethod for the purchaser of a golf ball to ascertai n t¥a h i)
ball is in fact a used ball and one which has been imersed in water for
sone ti nWOMIA844 been subjected to Borne other predeterni REHUSHH8T on. As
wi |l he described, in one enbodinment this distinctive discoloration or
indication is provided through the utilization of water sol uble inks or
dyes which are activated through the infusion of water into encapsul ated
dye particles in one enbodinment. The result of the infusion of water is
that the d articles emt their dyes to mark t.h ol f ball in sone

di stincti ?/%"%ﬁg'ﬁanler‘?ve\fvﬁ%?qhe?ﬂlyf“efsd\’?mg‘ﬁﬁrsé?/'és cgrETn gg\/\/r?ln?:??sélrl%é%at er sol uble
or are redyasedtigles wabkergoeet bvat ithe, shéll i maatbr icl the belwhat type of
indication js.given so |long as the golfer purchasing the golf bhall can
ascert ai na'ldhé't‘g!’t ?F’ss i ﬁefﬁ‘gﬁt oR&"t ﬁg’tm’ha‘:sov éeed?\ ‘?ﬁm'r'e%se "lag ﬂ/g?sé'r or is

ot her Wi Secdaisdbdtabhing @b @y \particlies twtredntdial acihiygh ohded fiwishase
technology is a well-proven, neans_of s{ oWy deliveri a snall_amount of a
conmpound BWerP 8V e t 197 theslo fHEFUEO™ 'éféglafi oMt k}%f‘gZd ®8n a desired
stimul us.pdeRetth@ysUlj186de 1AVIRIMIE 08 @OD{Y @k B¥bnmehesse technol ogy is used as
an approach to the slow color change of a golf ball in water, The subject

i nvention, iR OWe dntddPndhRIraPmIGIcy dd 1uferatden off i AkShETe dSEEewhi ch are

M cro- engaARSWmMERd pdbiibed thi Ni@hYNRE16AALhNG £t CefRgAtad BhdLeRar ticl es
or.beads. These m cro-Capsul es, which may vary in size fromtens of mcrons
to mllirfErersioncim “Waoh nEr patatiegirdrsn 2 sﬁéil‘éi', Hawéeyohoi8tmeP coating
material Juedh ABLEP! ¥Rt RY! nbRAaCiMbe Qulbr "coRe ana PIn¥YI ¥l zacrylate
ester. which can act as a gloss coat for the ball, or the encapsul ant can
be i ncor pdrasedrybbeoy t Meteribbesudy donbwmtacowbbenf poalybybipdiengself. A

M Cr 0eNCARRMAY; 13y 3R HFLanGBRt I MInkiS Sha! 8n CQUA1REEnA LGiddcOr SOl i d
materiai wthin a sm particle. cro encapsultants are generally in the
range of leges 60 helwheedscepsuliatedn8ye nuakdeameadr . tiencapsasl afiineh appr oaches
have beerclmtan,ed for a nunber of applications in which a conpound nust be
slowy but systematically released to an environnent under the desired
condi ti ons. mExamplessiNcclaeaticcdDoapaUdasciing dhibgudeni veraateyi tal i zi ng
nutrients or proteins in tinme release cosnetic¢c products and fertilizers or
pesti ci dé8t¢ oB‘eaﬁraH:uﬂ”’telﬂ‘r af bt otiterEed T Hp&PGhert COHEE g dy tonsi st of a
broad r argre @lerpsisgnti al pol yneric materials and pol yner bl ends. The basis
for most controlled rel ease technology is the slow diffusion of the
encapsul at e grEfcti st Air DIRgR2TIE i ot SpreFeiGat PP fo PP iRPR 258 i nto t he
surroundiapg RRViERASanalhe driving force for diffusion is nmass transfer from
the highly concentrated interior to the dilute exterior regions. the

di f fusi on prid@ess 1 sisofet Ahagarpstdcat diusFrabian PAt aEPYh¢rt FEPepteence of a
sol vent thate g¥pd b3, pr partially solvates the polymer film thus

pl astici zing the pofyrrer filmand increasing the effective diffusivity of
the polynmer matrix. The result is a faster rate of transport of the
encapsul ated material out of the m crocag,sul e. A second route to controlled
rel ease systems is the sl ow"t ' n uncrosslinked or |inear

pol ynmer coating in a good solvent. resulting in the release of the

encapsul ated conpound as the coating walls becone thinner and ultimtely r
di ssol ve cofpf®tery."oMnte Hiiguesde, 14 He WWPLSY GiFeaFirat e 21 ¥ pol yner,
rather thah sdeq ditf ppi 9”g61%le?6i1£ Of¥fbo 1aS whBEr Ntz r8eif Wnlk&istep in the

rel ease of the encapsul ant. -
resides until it is plucked out either by the golfer or by a

company which retrieves golf balls from water hazards. It will
be appreciated that, as mentioned before, such bal{s when
immersed for a long period of time loose their :flight
characteristics, and regardless of their being washed and

resold, will not regain these characteristics due to the.

immersion.
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A third approach to the controlled release of a material is

macr o- encapsul ation. In this case, the naterial is slowy rel easqd L“Q 52%
continuous polymer matrix, which may be nol ded into any nunber of g 'S'g] “bz
obj ect s. wg@ypsdsnary difference between this approach andpihalsesr7s2

m croencapsul ation is that in the latter) the material is enclosed 1n well
defined m crospheres on the order of nagnitude of several mcrons. whereas
i n macroencapsul ation, the material of interest is directly enclosed in an
obj ect of the order of nagnitude of centinmeters and greater. Both of these
approaches involve the slow.diffusi he. mat,er i u f matrix or
t he encapsul ;&r?t SRRy | te F\%rfoé'rl?? n]';gHn%)r\?v(ﬂtcgt?:xlt gﬁrr 2&?}% ibgh%)%e&g%bgéibﬁent of the
subj ect i meent iemwraetonvembionalot weon etdlaebalshd 10efgdriing sew i Ho r ubber core
12 is illystrated having a hard m dggus%ll% ¢ & A% iAOMRE, bl end such as
Surlyn, or &'t 1ar POl yref°Tesin. can be seen) . conformal” overcoat

pol yner dimspelesi @ppdragont as nsweitdapsuies eds dgre jpddcatsiresh2o, the t h t he

di sper si op gloi n? over, the shell or mantle of the ball. This overcoat is
then covePBH WP g i WEF*%] 48s*¥6At 20 containing no dye particles to

mai ntai n a highigl esis beni&te avhepriovicasranhiatdisiwonalr defivaseon barrier
on the ball to prevent dye release in_hum d or noist environnments.

Li kew se, thef PEoviflese 2pranvenpant mrEhef | fon thiee Ui ¥ERGuPe 4, 99He three

pi ece bal baB0 doS aPESREb e depitt Rna 6013 ds kh Gilicd orugel pbnehacene 32, a
wound rubber band or nol ded rubber miter tore 34 and a shell 36 of gl ossy
rubber mavkighahagybeemsinggraed tybsater pAty RMPEdFARE bPENHES oPe¥bw shor e

har dness L&g@@?éd Dol et Hafe capr AL LhiNAA! capdeELRat | ayer 36 of pplyner/
encapsul ated dye is fornmed underneath the final gloss coat,,~30. Referring

to Figure 5 AAdvabl \id |ddserilessor dredonen ambhdifent c thiaglasyidepivets t he

i {1 Ui ONg Rlc YR R5.020pd V1B dorl s WhER hba {xkol BTERCH e 1B dfody O wat er
for a long period of tine. ter nol ecul es” sl ow y diffuse as
il lustrated wwiteblsalubde t ivdksbalr| dyéw ottglhhgkos sachi@p bt tiBRugl nttgone cases.

dye capsu 4 in_layer SGwll _exist. clase to S .qvercoat and away
fromthe ls'ﬁzlf?o erog i%l%ﬁét rdted &t° gylickgtgerd’(/ﬁ I Fpgtei%hggt e}%t hese capsul es
first endemtiodimedniten mhakeeduanger the ihfukiwe ofowgtagrsuk eshatn théedsteul k of t he

| ayer 5G _The water wil] slo seep into or sol yat e ,m croencapsul ant
al | owi ng TEREFOI e di f'fhtf§iro\r,1\4’yoe1§ a“Waf"8* [‘%bl‘-’é’ngg’%Et 8 ¥ME pol yner

m cr ocapsailseisdidvgl @ssepyvembeate A dsawbtingyelecoveriGoahicOvwate ti nme, water
wil | diffueacrgss the layer into the iononer 50 where .t he iononer

resin wil'T?B&r FRALHE! y°fab’Tt b tHE=8 e“P%%uf'ff%rgs'fhcnli%abié"é'p d51 8F change.
immaterial as to what type of indication is given so long as the
golfer purchasing the golf ball can ascertain that it is in fact
one that has been immersed in water or is otherwise unsuitable
for play.

It is noted that controlled release technology is a
well-proven means of slowly delivering a small amount of a
compound over a given time period or at a specific time based on
a desired stimulus. In the subject invention controlled release
technology is used as an approach to the slow color change of a
golf ball in water. The subject invention, in one embodiment,
involves the use of inks or dyes which are micro- encapsulated
with a thin polymer coating to form small particles or. beads.
These micro-capsules, which may vary in size from tens of
microns to millimeters, can be incorporated into a hard, glassy

polymer coating material such as polymethyl methacrylate or
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A nunber of different polyners and bl ends of polynmers may be used for

m cr oencapsul ati on coating, including polynethyl nethacrylate,

pol ynmet hacrylic acid, polyacrylic acid, polyacrylates, polyacryl én?cféAR 20
pol yacry pol yal kyl cyanoacryl ate, cellul ose acet . 0s
ncetate hﬁ?ﬁ/gtﬁxekj cellulos nitrate, npethyl cellul ose and ?ﬁé@@'@]{#ﬁ ose
derivatives, nylon G 10) nylon G 6, nylon G pol yterephthal am de and ot her
pol yam des, pol ycaprol actones, pol ydi nmet hyl sil oxanes and ot her sil oxanes,

al i phatic and aromatic pol yesters, polyethyl ene oxide) polyethyl ene-vinyl
acet at e) az,q}yglyxicqlsmﬁgl OsceR0! MGt E4n ackda@nd (GORP! WFET Bor RALY(MEL hyI
vinyl ether/ mal efic anhydride), polystyrene, polyvinyl acetate phthalate,
pol yvi nylbadl cotrolthe perappEmiAnsy edil [bedbPrerreridiedadntasttip cFulti¢d Waxes such as
par af fin); n . | ymers used shoul d have a near zero

di ffusi viltoggrg%m?ﬁ’éeﬁcgﬁ ?ﬁgﬁ%ﬁﬁﬁ?pol ymer matrix in the absernce of water.
Upon t he i ntx odiscpengerefilavgt 46 p nPelymesucedtimdi Hgedate i cdnsle t he subsequent
difrusion Qlideber JRLQUaRLING PUNIEL bl fHask NSaliiLis! Vidit,pl the polymer
coating fo the dye no ecures I ncreases, allow ng transport of the dye
across t lkecpoiuppentsf iaken gehleeallgedh Pl yarge S¥stens tbohutdrieds appl i cation are
t hose whi ¢ch have, a # mted _ 8 ,opermeabi Ili Ly, 1o vater anéj t hus

provi de FFtHGer r sHGEe Y i FUST S8R i Me SPREISIE® B EasiHhg PRE wat er

sol ubl e dye.a Busbeek ysmnscaqchd he wiiasshi de@duad ruser bsHlondled bl ends of
a hydrophobic and a rophilic polyner, .segnented or block. copolynmer filns
with a h)‘iﬂfoi)‘fﬁtle["ﬁt‘tﬂlg%g‘k elleﬁiﬁ‘ﬂ/&@r %"\Aﬁf"&‘ﬁmg?eé‘tnﬁ?desrolt %Idgesilﬁe ter, but
have a sweBhdithbhs fi nida@pddd | irichyad omicvat egsulr&iCchin pakygreastiiveey ude nyl ons
such as nylon G 10 or nylon 6, polyacrylonitrile, olsyet hyl ene

t er epht h¥FSR*EZBETPUE PN i Y1 TREBH I de. * MoF& a8t 28 ﬁer‘f%ﬁ‘ﬁf"ec pol yners

whi ch may-hrickkendsd wWeddiibysirgphebi cppalivi®es t@radjdsicdifterslye and water
per neabi | i t%l coefficients of the filminclude cellul ose derivates,

pol yacr yPER®§Ls pol yet hyl ene oxi des, pol ydi met hyl sil oxane and

pol yvi ny! al ol oo Oies LHRLINGe UaRYs BN dy e, agheragbuble and may

vary froma broad range of i1ndusfrial dye materials. Ideally) the dye

shoul d beotemtpat idvllemewichmetrriptd yamdr palsad: fiplentthe Jiel basds famt | e

under neatfy { g, G ERCARSHL ANRRALLDS: < |30 1 ANG: e fMTREL Ofngrat er sol ubl e
dyes wou t“be particul arly corrpa?l BFe W th i onomer nater i afs comonl y used
i n such emgwrkesatede prodddie thregdneie obolyarbosedtadte andragcatboand i ¢ aci d
groups ip th ol yner...Sone dye systens.change, color in the presence of
nore pol g?tosgf’gesn r$OUhind ee’f‘ﬁ‘%%'t‘s'nagl/‘ﬁ%ydrdgé? 1F95Fe AT d%/leflgﬁigc’"very little
col or unis |masposedster Waber theSarighppt edticeat ratyesiharivhi so agel i cati on

m ght inglude nerocyanine d%es an pyriﬁdfi ni.umN-%henoxi.de d es. Exanpl es
may i ncl Udd “Raptiisfehe OFRITGE o CPysPHIT"T Sl e’ O8F"Di dfer 88" Fed and a
nunber odccetiberteaommnadtidacdar imd eyeSprddpase obel ar genvemd eawdtar wei ght may
be desirabl e as higher nol ecul ar wei ght dyes diffuse nore slowy through a
pol ymer "f‘r"aerlif KT BPIOR 1t (YR Se kPSR E™et Hfd 1Rat BISsBIITFE* Y i s encl osed
by a rigind $6lynbrpel yrahaf iddPeaydhgChné SerirBBBIVEEE: 4 fs@v NGNGFUARUS NMEdi UM
with a very lowdriving force and a high resistance to diffusion through
the coatiMgmeag2Ehishn The EREHktein @ Sastergrape of tragspehref ttdhenater for
long tirnghcRedi1Qded MRbefalbhd ol WY Widkdchpsfel. Nt 0 pol ymer [ayer 56 and

t hence, through m crocapsule 60 to dye particle G as shown in Figure 6.
The dif fusidnS#erehéontR tutcwtreidpdr rsb2aF8n shetefdelSedthfsi Yig¥basi ¢ mass
transfergibg¥fueibRt &5 4d et s iledMdi-Chi VG gbi;me%o%tngofint he capsule is
shown in Figure 6 to be related to Rout and n for a c7ye capsul e GO which
encapsuligres salugd - parasiuétings2in Filek' seleiapet of avkhies ennamswlatedsed t o nodel

the di fiSiaMaPraAcesss Blaheatls ol Afont NEnlBAL AN, Merglye from the
. ) h
m cr ocapsu{)e can be node eg §S| ng the gauatl on bel ow: %&qha 3& _K1

dissolve completely. 1In this case, the dissolution rate of the

pelymer, rather than the diffusion rate alone, is the rate

determining step in the release of the encapsulant.
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where dMdt is the taleof transfer of dye with tinme. Dis the diffusivity
of the dye in the polymer layer, Ii is the solubility of the dyef in MARe 2002
layer, Cis the concentration difference of the dye in the mcrocapsule

ver sus woaxgari or capsule, Ro is the outer dianeter an@gcRusesii?8e | nner
di aneter of the capsule. For a mcrocapsule that is 50 mcrons in dianeter,
faith an inner dianmeter of 45 microns, and thus a wall thickness of 5
mcrons. the tinme for diffusion of half of the dye through a polynmer film
such as nylon could range fromten to one hundred hours. depending on the
rel ative sohubhiyat ¥ppfosthetdyaei Forithe] nat rrexeasthedi f farsiros tistes can be
tailored using various polyners or polynmer blends,, as wll as different

mat er i al®CrPrenc@est 1giehe té‘bhr‘:f‘h"heé’aancltﬂﬁl M5 e FEP lust® of 19¥hi n secondary
top coatidigal@y &iroRl a PEER iRAINETR0 1 FRUHE Halkitg, RMIPATEdCIRS moLdy@ control the
distribution of in k mcroparticles to prevent the inmedi ate rel ease of ink
from mi dmépareny chwsbarhE FhYPYFe droCRieet szt The BUMPAEeIEeEtF®al | . The
formatiqp.Qf .W&EQC@;P&UL% SBY R deNR; MSeRGa grulbEiRar 19f thAchnol ogi es.

These technol ogi es i nclude polynmer coacervation/ phase separation using the
agi t at i dmeof lebténi daihesusptardpdnsiaf engipsed inj qefilypdefPdyner and
subsequent. |, SaleALL OBnOlenll GLAPAT b Cluinl flad MNAERANE WRELHD, Pol yam de
and some po ypester and pol yuret hane coatings may be forned using

i nt er f acihakepol ynemszatercapsylissiong stadi Imprerialt f obntareabi liiszed

o oomdiTharsy FRISUSAENS 83,00 VIPT LEPLLAR. GIN N OHER e 2031 1 ST N0
nonaqueous nonsol vent nedi um be used for a nunber of polyners achieved
t hr ough deneematads cahd p@deymeri zabtmnobfthﬂsayhppwlaynm sutvgt:\h-' adepol yacryl at es

or acetates, Qqr _copolyners cessa hi de" the col or of the
dye in A& ni%EERHEApS afibe i f“a‘(‘hgé gol'iluﬁer L(s:oa%ll ng';"altélﬁle?y t%8nsparent. In
this casfcapfhimaahbcdeporati on of white pignent in the polynmer coating wall

can be introduced during the encapsul ati on process. After the.dye

mi cr ocapsul BECAF P MPatediara Re dRsIMegmErLEat i¢f fﬁthf‘t“?ﬁeé’ﬁness t he
particl §5vomyi o€ aSEokRM £ LIHIE! 1R deSdceabeiy ANGiidhi gk dinderypbeyacuum wit h
desiccant at |east 24 hours prior to fornulation with a polynmer filmho
form ancever édats Thiruspowsaterhavied um MorFdt Reldpdersdedl é4ncbesa traditi onal
gl oss cqg ial h paQl yur Mg QL l.yagLy at Di ffusion
limtati ohgrg%f rH\E/}/%?ﬁer tcc? tLL% S%g}}fnl cl(%ésgwgﬁ var?’ %/m‘n'%ﬁ t&e cho?ce of pol ymer
medi um fen ﬂaaotslaettn he ometfocoal oandccg:ltozbslmt dlf-treeﬁeq:rreld pattevingl s may

i ncl ude uret 0 th acr et hl yI et hacryl at e,
pol ybut &8¢ e‘ys“1 va?'rl fg[%g?%?{jﬁy at hté%pglrffe sz %’t"%be YBf ended in the

pol ymer tovedizqatodf hnlamunderthdryalaondl tions with a hum dity o 505 or | ower)
at | oadi ngs, Qof 1 to 30 . The condi t] nsthof dﬂ E rs on nma Eo
terrperatureshlﬁel S TRE f‘FO\W‘? eriPEPAEUr e M FE8pn& ¥ pSiehef coating) or

i N an ovefieGalnpaloy IRE - GRltVEIds b XhdlmeaWh t4h nagsod @Bt £idiah aamnot di ssol ve
the ' mcrosphere pol rrer coating. Alternatives include the use of

crossl i ﬁﬁ%‘ﬂ’dﬁfcfﬁsg é%“alwﬂf"(':ws SRNBRTTAPE Y VFR® oAl &% RATIBPE heat, or the
use of ayéer@yshidkabhuwmibi SUmdidORAVEIonABgY.€pOl yner. The overcoating can be

di p coated or s&ﬁaycoat ed - 11 onto the ball and cured. A second

gl oss coat it aftf fy theeHRLere IR 1nag KRR &S IS FEW 0t he bal|. The
coat | ngtwl@Keeslsﬁ%eotahh@oOi@rp%aide%ndignkOﬁ%ost@ulﬂqamro@XFmat e the

t hi ckness of traditional gloss coatings used on Conventional golf balls.
Exanpl elqdn§th BFRR Ebnfi Jorad i BIYPer heangolor Baldedc apbhss a“'t%"ﬁ}'%ce gol f ball
consi st gNgafd 2 wRiNd Feuhherg 16ty a0shad tdicekiUrduwil 1:QNYIRELLOVEr

contai ning Tl 02 powder and b(i ue as a brightener. Then a translucent coaling
cont ai nF¥RPedy ePPabrtadves Qiandfb@fa}fpf isgdre Pardnessatenegeni | | consist of a

sol ubl e nyhgge rmwe%eradm ordh O$JLQEoplﬁr hbflr CoRt '0@9 1GREEA Wi th 5% of
dye encapsul ant materi al ¢ The encapsul ated form of e dye is colored,
some TI wamyl#@da@d%dﬂ@memwgdbawrtht bhee fisomle ThN st ene’s@ﬂrs preserved.
Finally, Ge0al; n9! & figh e ou er. The layors
i nport ant tRo col lgrg cﬁzﬁgg&l n ?H‘W JbJalJlﬁére %%eg?i\k%gou?e%ﬁ‘og% Cayer s, which
shoul d dergappr dedigns etlye BOfyHionons, warer).50 Amfo ibplt hicckwhessit,

is immersed in a body of water for a long period of time. Water
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inthe first enbodiment, the dye used is a comon water soluble dye) Nile
Blue. This dye is a crystalline material at roomtenperature and 2 AR 202
avai l abl e as a qgranul ar powder containing crystals that are 20 to 40

M cr onsyidoghirgfh: These solid crystals are |ard and non- pecgusesyssnal |

- enough that when dispersed in a matrix at | ow concentrations, -there wl|
be no detected color change. The individual dye particles would be

encapsul ated with a gelatin coating using gelatin coacervation in an

organi c solvent to prevent water solubilization of the dye nol ecul es;
procedures for coacervation are l,1 -l cnoyx d; e epaiysed in drug
encapsumat¢srieandleHrt e EEemets \(,:\{gnzli?\t az‘igér{i ([3}%.” t@:l]r zilng?lnéﬁft ries for many
years. THEo&AC3YsY aleebdiresupule tshesn dmebsolwt exprantesadiednin a | % by
mass concentration - |2 to a olé'/arreri‘(':elglog,?sa&oaauapgﬂsbﬂch as a

pol yur etikaee o ‘ol yesissr cyprisdocblt  IPRE PWO Pprece surlyn coated bal |

woul d be, di pr&Qatede W ffust hixedl @eS seoatwaresi miwhi eérmwotie dtkdsen be dri ed
during a solvent renoval process using heat agdé&rs ajs JabOW4est he overcoat

| ayer sleensutese fbyssr 98¢ ield] Fher0E2%0ORFLT FRs At HI'ER. “A Second | ayer of

gl 0SS CQat |0 LEHC B¢ AS1ePPhpksr 6 Natige GALbE wihens beviadsed dstngra
spray-coating nethod. This second | ayer woul d ﬁ% %‘i‘g&d ibQ & Qi de one

addi t i omalvizar thermicsopnsiagsutantaA ¥ e ntE° Hifevan Gi'6Ss” coating. . The

t hi ckne%sau(!)gc L:{}%b?«lz Ofse COAL 1 0 ahoUdyher apiproxapsmiel ynd 081asscrons t hi ck. _
The resul'ting ball would thus conta n a water-sql ubl e dye engapsul ated in
thin filonebarti €2, pehedpbd obheof OVBEERRE + hrHEFh E™00 AT Tron thick pol yner
filmsu as_ a ur,et.h i a K Odnodef f spéi tsp twhees el ubility of 60
n2/ see- 33‘@‘3& c?gsr?'lé%s/sult?‘tei %Qgeec/i\? ﬁlﬁsi on Half tine for fer .of _approximately
10 t0 13ohowsrs.reFhe watlerrassatertinepbipdbaibe £%° attEIE e "dye particles in
t he sec%nd | ayer c%?ﬁl{éi ning dye encapsulant. The tinme for perneation of

wat er threSEugch the gel ‘encapsul ant, assunming an inner radius of 44 mcrons
and an out ex nuatéusCofiGRrailmohgrertopnd eI A FVEETH "8hpsul ant, woul d
be on the order of.. 5 t0 6 rs, r i NY ishéhiR®! Opo aga after

exposur 8589 wet'er "of*° gc?%sulquh%urscgg{rrwgs'seﬁt‘i&al I yQoyngr?:aghjt. The time for
per neat irdBnsEy 106 i ncrreased:hbyryuding enthpsul radvacrligl os€tharrier coatings
with |ower perpeabilities. A nylon bas I g lWdikasult in

di f ussi FFAFIESes HPrOIHRAEY | Of)oelt iargrgygmlcég%dé‘r a\rll\géhtyﬁe }?ol or change
woul d t hgandak91eaCecueloseheaqeent@d 0é11ul0s t @ce-chobtyra¥e .several days.
- 13 A second enbodi nent_invalves the yse d jcle
encapsulogtEgiasn LGt - sdehbY e p‘?ﬁl)]/'l"rg"rsesucaﬁ'gas °§r6?€et %ﬁlgﬁgeééoxi de or poly
acrylic Q¢ieeibys f Q505 R0 Pfnydof &lsUr gy e harmblgyerepathdlepide in a fluid
prepol yner. The prepol yner could be, for exanple. bl e

pol yacr yAngniogBet e 4y *’V\}/‘leﬁ'a ROAKTAR I AHLQ AT | %’tygam?tnh:l’\?% gl'[og?;?%ynd

bi sacryl g dgfd0SdihbkfHesa0ERTsphdbEe M adour @rveatid beodykhddrar opwi se to an

i nconpati bl e organic solvent such as toluene with an ¢ Iséi iiyi ng agent such
as pol ywiodyetiaieeoloxigenh Beivethyignarvigvln 955868 PYeYEHIPsiFied drops are
pol yerizafl, VREIblACTULS! o | opbeRidRd, A0 chbennesudtd rgnboads cont ain
dye particles. This process can be adjusted to produce d peads in varying
si zes. ¥@Qeit cromdiided bealdstywiamed BOLPHoWdcaFetate ¢ RIS ";ﬁb‘f'i cation. The
resultin lh‘(,a{adq sﬂ%gj‘ )nogoggigﬁlpgggﬁ1ggmusgh41hgcheadaiaf nadd on process i s
done in the absence of ‘'water undefr controlled conditions. The resulting
beads anexehesudhs@satredatting bekfudxi ncImpaphe \axght PP Sol§t et hane gl oss

coating fal d by_a 0, by e vOLPSSe CORd | e dikolibh Stwaase, dye

di f fusi osﬁ‘o\‘f\})(g},\ﬁa‘ﬁe %eﬁ%aﬁrge%qosgllery lgn )!t)he t hi ckne‘ss_ of the outer barrier
coat i ng.poDpeer Waterx ridathesatsescelyet pakei cl dpont bie pgatyediciehi de beads
woul d swel |, and dye diffusiagn through the, polyactydnanhdeuleads woul d be
very rapitd eFesdint i‘fg ?“rf‘f’h"e"qr" I'Eaatsfggo "3 Very st!rior?g dye “inthe golf ball
over coatdenguatds desevghbechei nedifiee i £ 8Xm. entiodi deffusi ity R ph“c hrough a
barri er gl oss coat, coul g, rapge {,Lom,10.1 100 Nk sedlepending on the

pol ymer CHEEEh F3“*ffle cCating. “Fol ymers of choice include pol yurethanes
and nyl onenspcl @S tNyldare 66®ssNyheowobyrend €A .on TBe ligieal gojymer

systems for this application are those which have a 1limited
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Cxample 3 In a third enbodinent, a colorless conpound called a CQ| @l; An
former is used. Color formers are converted to strong dyes when t p 5‘13 “'Z)
a devel oper. The developer is a slightly acidic clay or resin which absorbs
or di ssQly6sfslif color former and results in a colored dyg-rnshhh#rs:

technol ogy“1's extrenely well devel oped and has been used for thernal
printing, electrochromc printing. pressure sensitive (carbonless copy
paper) industries. Colors achieved wi.th these dyes include very deep bl ack
and bl ue shades that would be easily recogni zed against a white golf ball.
In this invention, the devel oper wo%‘d be m'3<ed iq tnher gl oss resin al ong
with encapBeA™eeRH i54r tocI'BEeEorffli i tHEVEDY of OrARY . 0% °%i £ f usi on
woul d acti yad@sidie [ave!l ofitke séUdavddErti@ndiader esapete word .d duéd use info
the mcroparticle containing the color forner. Thie Jegyl ti ng dye woul d then
be rel easeBPPFEF t R cPopSFaseiined) Pr nEasEipre RI¥EEnSs ol or forner
known as GipatbphobYt Ol LaCh@@spniii £ h pgDeterf r cvageehal ess tboodd ue in the
presence of the developer, is encapsulated in a nyl.on m ¢r.o agsul e using

i nt er f aci aFoRSOYYRTeri 1o MAED § PHIREPIIRG RIS, AT oROITSER S P & ol or
former) whig&h sbsuleganiverand saonnvat ar sael ulbwe, fisiteonrEpimed Edx an organic

phase with a diacid chloride which is then contacted with a diamne in
aqueous sofleFon WERtBAKTHT AnGRER BELES §HE PESHIPI nYy @ntf é‘?’h"ed dropl ets
. become m gr opbiyhk@fonfiOfilehe CpdilyeBhyISae COPtefeapaialeadustrgrand i s wel |
docunmented. A gloss resin can then be' formulated to coptain a conmercially
avai | abl e ROV YdeFBRIURAE. XOEBNTRE T dBFEIGPRLT ‘i°§y'b?r§pﬁgh°dﬁ "N Rfhich is,
cheap and §@inbéd a8 YnidRoPhddEESFolyheseCONTadiot CenaMdyeh dng aat@ir e ef fective
devel oper and thus requires smaller quantities. but is nore expensive, is

zi nc sal i BATREEPILBEE h YEAPHIRASS catf befM8ddddif o t1fEvBhcaPidPite cont ai ni ng

i nner Coataet}qvms$rr?+<%1yqumtam,es pm;edhglénéngthi@es,- ba1yaimetnyine water
W

di ffusion process i nvol ve the solubilization of the water sol uble

devel oper .sitRgsngaerd peheinykalsobal.a carrier of the devel oper and delivers
it via diffuspan tRad By Col Usbr DRJu1lNnb NG L CLARBIL | HlaCSmy THEyDYeE is then
coverted to a col ored water sol uble dye, which can diffuse out of the

m cropartifobe eobpradduerte ooligdesttial| dy¢-oratiehislsexabfad ly ¢ hehedi f f usi on
rages are pendent. on the.thickness of copnd rrjer. ating of

pol yur et ha g g’?ouﬁgl%en)m%aﬁéhp? gqglﬁ' at es ptoﬂ}('ar%r:f gf)eedeég\?vi H? vsvﬂ(lgc “Wat er reaches
the first reetnyr haTerBéatml Cyhepalyie-edaapswhinth @gaisu.camdnéc adpdisted from 10
to 100 hours, The intensity or effectiveness of, the syste be i nproved
by putting PRE dbverber-atioih FesureriC o A c WIFFY 1 FEvahEABsul at ed

col or for RREhI BifRBMES ratetid@si EdMonCPaiseddin Aldh Qhanthes alneveo ananpl es

i nvol ve the formation of a two | ayer gloss .coating on the golf ball. The
resul ting PFEF¥SEe Gt TRFROTXBHTt HES iPPOPENEr WP $°8YET t 'n ¥e col oration
of the gl @ssymaeat sdmd bihe sysdeid yhaggedebioball txo\eesenbeeotameei bed

i nvention rrg be used for detection of water absorption in two or three

pi ece gol £° %laﬁ ISQLvephE. nT Bt SSAERGE dtegpder Bt edt t Y ond¥Er 8% Ui%Y gol f Dbal I s
are vari ediceRendisg witii hexpgoredl 8t Wi\l . anbodd ot émalal pappereoees of the
bal | desired. This invention involves nodification of the final finishing
process stBhs i APPHE kAR aBtdite ofnalMée golmeregianinerhe 9¥pH| i @8¥i on of the
primer, | gbplaialsh-WDshedbRe GRAL. ar €xsfdC ey PYncluae Rt fAlhen Oof primer
on the golf ball cover 2. Application of conpany |ogo or |abel 3.

di p- coat i AR 8 S¥¥sedalViokath ehddseetrsnRepaand €| eambgnt of ther

common industrial dyes. Dyes of larger molecular weight may be
desirable as higher molecular weight dyes diffuse more slowly
through a polymer matrix.

Prior to water exposure, the water-soluble dye is enclosed
by a rigid solid polymer (ilm, which is immersed in a nonaqueous
medium, with a very low driving force and a high resistance tq

diffusion through the coating. As shown in Figure 5, on
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4. drying/solvent renoval and/or cure of encapsul ant containing gl oss coat
5. spray coating of second gloss coat 6. drying or cure of secondid ¢&iR 7200
coat - 16 Spinning or air flow nay be used to dry the first coat and
ensure a W}Hﬂ g“{“coati ng. The thickness of the second coat should be fairly
wal | control1€d to ensure the appropriate anmount of time bE@CSMSVHITEY
change is activated. A golf ball has thus been described which contains dye
particles which are activated by the presence of water, resulting in a

col or change marker which effectively destroys the appearance of the ball,
alerting the consuner to balls Lch e Xp t f.or
i nor di nat e 3’fﬁﬁ’ﬁﬁfes”§? P HE, g?\ﬁ\,\?ﬁ'ég pgtﬁﬁent ?ﬁﬁqg?g'r g%tg"? bvgll\lflatsglr;‘flgr nance.
Exanpl e 4 Therrabovinwdepoiynzes lahex i95canpothdncen bhrabghs mintasaasple

i nternedi ate coating between the gloss coat, and the_golf.hall coyer. A
different aphrfad¥evBiidcrave ¥ f%ﬁ’ o Eo e & Tgedélle&l%ﬁ T tq\rée gol f

i ncorpdration o
bal | cover idesalé .ouknNod NapeeBloocd Tt moddledsigiapetasin mMegurxanstestye 60 may
be incorporated into the iononer ball cover of a 't piece golf ball 62 as
a solid parta“sle ¥rteasthy wheapsurai®y el ﬁé‘Fﬁst"\fli\@: B4 Fh%gg"%{u&ore 64 and
a shell 66 wWhiGRACLS BYufe COVES -neDHRTatdal @8 &Xi StanasrsOl at, Lraget al | i ne
dye particles that are 10 to 40 mcrons in di a?T“etter. I n.suqh diyes can be
conpounded SHPEH1E WY i“BashretncapstiatBer at e PIPEIOW the dfENEI £21555i nt, the

dye particlgg, 00t bhoh BRisBa SUS RBAFE e HeN al ARisRON YiRESRL I ia% BEddagut
adversely coloring the ball. Upon absotption of water into the iononer

cover, the shpéenotitel Fasredratafiey BEgidHet H*W L8| PECrI28AMS fif"a PEpl ot chy)

col ored apRRALAESsiLy kHE Akti&P¥eiow:! N this case. the golf ball gloss
coating 60 1s the primary barrier to water, and as water perneates the

gl oss coating and l} gi ng_t P di f.fuserinto the ball shell or cover 66, color
change w | | occur.—éﬁbe'u e of antemepgpsul ated dye coul d be used to obtain
better - 17 ontrol of the discoloration process. The dye encapsul ant
used woul d have to be chosen to withstand the conpoundi ng conditions of the
I onomer balwlh'ere dM/dt is the rate of transfer of dye with time, D is the
diffusivity of the dye in the polymer layer, K is the solubility
of the dye in the layer, C 1is the concentration difference of
the dye in the microcapsule versus the exterior capsule, Ro is
the outer diameter and Ri is the inner diameter of the capsule.
For a microcapsule that is 50 microns in diemeter, with an inner
diameter of 45 microns, and thus a wall thickness of 5 microns,
the time for diffusion of half of the dye through a polymer £ilm
such as nylon could range from ten to one hundred hours,
depending on the relative solubility of the dye in the matrix.
The diffusion times can be tailored using various polymers or
polymer blends, as well as different materials. Processing the
techniques, including the use of a thin secondary top coating
layer of pure polymer containing no particles, can control the
distribution of ink microparticles to prevent the immediate
release of ink from microparticles that may be located at the
surface of the ball.

The formation of microcapsules may be done using:a nu.oer of
technologies. These technologies include polymer coacervation/

phase separation using the agitation of colloidal suspensions of
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" Havi ng now described a few enbodi mrents of the invention, and sone
nodi fications and variations thereto, it should be apparent to tqogeﬂw 7009
skilled in the art that the foregoing is nmerely illustrative and A

i mtingwdsyyi7egs been presented by the way of exanple only $
nodi fications and ot her enbodi nments are within the scope oFrone .of ordinary

shill in the art and are contenplated as Calling within the scope of the
invention as limted only by the appended clains and equival ents thereto. -
18 VWHAT IS CLAIMED 15: 1. A water inmmersion indicating golf ball which

changes ap %%B?QCFMWQP AR Slinde 'EIU&ILS'i‘QQﬁQoh”Qt GRlcRob Ak c AlNgpW S€

i nvisible aracteristics of said golf have béen altered due to said
i mrer si oA, emﬂsnﬁmsng mefittrer i aPelypriis diang s&P@e gotolybatdr wisnd

pr edet erg@lr}gqeg,ﬁa.r LaCt QL 8idsCS Haf plbay | 3G hbi ngsy;ﬁjl gh;nteﬂfth),% spheri cal

symetry) over dlstance initial velocity, and other
char act eptiﬂsrtnbc:i:actewﬁor mllﬁgnq 0 go#lfllbaﬂs chdpact ép¥mst i cstst’alddacl ds; and) a

wat er activate grllfae%fptr uced {‘)n }ngtiJ gy& d,te%&%ggous form

. . m1cro ensio
within or osa| al | Fnof‘ t0|n usi on water into said

bal | duea¢a1nt he imat eunqgeemaMohstyeof: madidmbalrdays bmatueed aker tdhereof which

changes a earance to indi ate that t harac eristics of said
bal | ghav'é "@’Sén%ﬂ RAYBEE U PE %’egaf'dm“ﬂprefg eoﬁa r@%f"‘&f’h attV\ﬁ"%e pl ayabl e

gol d bal és nehyi eypedyierem siaherashaps Byddr¢hitese bdentdetami asohavi ng al tered
performance characteristics due to the i mersion thereof. 2. A golf ball,

conpr i si FRPOIEPRE Sor  hor@Y| BS drPEeH T ot Mgt cfﬂf e a °Fra't"§rf”é? provi ded in

liquid) splitde OficGasepsufAEM PEt WREN, pdImOF |dbadilyg OfisSaivery ayers which
causes a change in aPpearance to said ball upon the presence of water
wi t hout "c"r‘?&ﬁb‘?fﬁgtt helshd\ié B1sesattie bifFerearatipR Holhhs |PigReRy aim 1)

wher ei N §Ai & OYETyneRCl ddesndalalia. o Bhe saetdaab! safid aiwg 1) wherein
said cover includes rubber. 5. The golf ball of claiml, wherein said coves

i ncl udese"§2BSHERNERT ®rAeRSEri al | 19

After the .dye microcapsules are prepared at the desired size
and film thickness, the particles may be stored under a
desicator, and dried under a vacuum with desiccant at least 24
hours prior to formulation with a polymer film *to form an
overcoat. The polymer medium (or the overcoat can be a
traditional gloss coating material such as a polyurethane or
polyacrylate. Diffusion limitations of water to the particles
will wvary with the choice of polymer medium for both the
overcoat and gloss coat. Preferred materials may 1include
polyurethanes, polymethyl methacrylate. polyethlyl methacrylate,
polybutadiene and various polyvinyls. The particles must be
blended in the polymer overcoat £film under dry conditions with a
humidity of 50% or lower, at 1loadings of 1 to 30%. The
conditions of dispersion may be at temperatures below the flow
temperature of microsphere polymer coating, or in -an overcoat
polymer-solvent mixture with a solvent that cannot dissolve the
microsphere polymer coating. Alternatives include the 'ase of
crosslinked microspheres, which cannot dissolve or flow under
heat, or the wuse of a crosslinkable liquid monomer or

prepolymer. The overcoating can be dip coated or spraycoated
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G The golf ball of claim1, wherein said core iucludes a crosslinkable
el astoner. 7. 'The golf ball of claim6, wherein said el astoner is MAR 7009
pol ybut adi ence rubber. 8. The golf ball of claim1, wherein said 'cor&" &

I nal udes g;,p,gu c material 9. The golf ball of claiml) wherein said
water.activeted material includes a dye 10. The gol f bal | F&T/AS98i1F8E

wherein said water-activated material is mcroencapsulated. | 1.”" The golf
ball of claim1,wherein said water-ctivated material includes an ink, 12.
The golf ball of claim1) wherein said water-activated material iucludes

mul ti-part systemthat, upon water infusi on, results chemcal reaction to
produce col @pto 1the pah|Mdpgpred. cofpFtPPAg?iafsc GPREALMET L P HEDIbl e) wat er

per neabl e COYES QYEN m_g;;\i GhER’ 8 AHPPaiéa Waberyol ble Moty | absdhigween said
tort and said coma which changes col or upon the presence of water.
thicknesses of the overcoat and gloss should approximate thF

thickness of traditional gloss coatinygs used on conventional

golf balls.
Example 1

In one configuration, the golf ball can be a two piece golf
ball consisting of a wound rubber core and a thick Surlyn
ionomer cover containing TI02 powder and blue as a brightener,
Then a translucent coating containing dyve particles can be
applied. This coating will consist of a soluble nylon,
polyester, PET or other barrier coating blended with 5% of dye
encapsulant material. IL the encapsulated form of the dye is
colored, some TI02 may be added to this layer to ensure
whiteness is preserved. Finally. a (inal gloss coaliing will be
added to the outer layer. The layers important to color change
in the ball are the two outermost layers, which should be
approximately 100 microns, or 0.1 mm, in thickness.

In the (irst embodiment, the dye used is a common water
soluble dye, Nile Blue. This dye is 8 crystalline material at
room temperature and is available as a qranular powdar
containing crystals that are 20 to 40 microns in size. These
solid crystals are hard and non-porous and small :enough that
when dispersed in a matrix et low concentrations, there will be
no detected color change. The individual dye particles would be
encapsulated with a gelatin coating using gelatin coacervation
in an organic solvent to prevent water solubilizatioh of the dye
molecules; procedures for coacervation are well-known, and havd
been used in drug encapsulation and in the cosmetics and
agricultural industries for many years. The encapsulated dye

would then be isolated and added in a 1% by mass cbncentrat}on
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20 14, The golf ball of claiml|3, wherein said cover includes an
i ononer resin 15. The golf ball of claim!3, wherein said cover i1nZ:IMm13Q3{?2
bal ata. 16. The golf ball of claim 13, wherein said.cover includes rubber.

17. The @@ bo/Badd of claim 13, wherein said cover includesd gl C
material. 18. The golf ball of claim 13, wherein said core includes a

crosslinkable elastoner. 19. The golf ball o f claim 18) wherein said

el astonmer is pol ybutadi ene rubber. 20. The golf bah of claim 13, wherein
said core includes a synthetic materiel, 21. The golf ball of claim 13,
whar ei n s&pde vwetlerersci ybased cosltiopi #ichi gel udesywreghene 2p voppestysl f bal | of

claim 13, syherepp, Sai dppat efs achbyat &d, it eebileal Spli LT QRREAPHYI ated. 23.
The golf ball of claim 13, wherein said water-activated material is
i ncl udes dhpicgRted with the gloss coat resin which would then be dried

during a solvent removal process using heat and/or air flow; the
overcoat layer should be approximately 100-200 microns thick. A
second layer of gloss coating such as polyurethane could then be
added using a spray-coating method. This second layer would be
added to provide one additiona% barrier to moisture and to
ensure an even gloss coating.: The thickness of the gloss
coating should be approximateiy 100 microns thick,

The resulting ball would thus contain a water-soluble dye
encapsulated in thin film barrier. Permeation of water through
a 100 micron thick polymer f£ilm such as a polyurethane with a DK
or diffusivity times solubility of 60 m2/sec~-Pa would result in
a diffusion half Lime for water of approximately 10 to 12
hours. The water would then be able to access the dye particles
in the second layer containing dye encapsulant. The time for
permeation of water through the gel encapsulant, assuming an
inner radius of 40 microns and an outer radius of 50 microns,
for a typical gelatin encapsulant, would be on the order of 5 to
6 hours, resulting in a color change after exposure to water of
16 to 18 hours, or essentially overniaht. The time for
permeation may be increased by using encapsulants or gloss
barrier coatings wilth lower permeabilities. A nylon based
overcoating would result in difussion half-times approximately
100 times longer and the color change would then take place over

the period of 100 to 160 hours or several days.
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14, The golf ball of claiml|3, wherein said cover includes an iononer resin

15. The golf ball of claim!3, wherein said cover includes bal ail_?. HJ.Q riﬁl?e
golf ball of claim 13, wherein said cover includes rubber. 17. e §Ol ?“‘
bal | of wbabmsks, wherein said cover includes a syntheticpopusys/absz 18. The
golf ball of claim13, wherein said core includes a crosslinkable

el astoner. 19. The golf ball o f claim18) wherein said elastoner is

pol ybut adi ene rubber. 20. The golf bah of claim 13, wherein said core
includes a synthetic materiel, 21. The golf ball of claim 13, wharein said
wat eraetivated materiel includes a dye. 22. The golf ball of claim 13,
wherein said water-activated material is mcroencapsul ated. 23. The golf
ball of claim 13, wherein said wexamrleciivated material is includes an ink.
33. The golf bell of claim25, wherein said water-activated materi al
includes a dye. 34. The golf ball of claim25, wherein said

wat er - act i vatederqrderamapdimenyyi éppeiyeapstiEatuse. ©f @ dye particle

encapsulated in a water-soluble polymer such as polyethylene
oxide or poly acrylic acid, by formation of a mixture of hard
dye particles in a [(luid prepolymer. The prepolymer could be,
for example, a water soluble ,polyacrylamidé resin with a
temperature activated initiator .and bisacrylamide crosslinker
agent. The mixture would be.added dropwise to an incompatible
organic solvent such as toluene with an emulsifying agént such
as polyvinyl alcohol with stirring at high speeds. The
emulsified drops are polymerized when the emulsion is heated,
and the resulting beads contain dye particles. This process can
be adjusted to produce dye beads in varying sizes. 100 micron
sized beads would be produced for this application. The
resulting beads should not be colored because fhe head formation
process is done in the absence of water under controlled
conditions. The resulting beads are then isolated, and added in
1% by weight to a polyurethane gloss coating followed by a
second barrier gloss coating. In this case, dye diffusion would
be dependent solely on the Lhickness of the outer barrier
coating. Once water reaches the dye particles, the
polyacrylamide beads would swell, and dye diffusion through the
polyacrylamide beeds would be very rapid, resulting in the
release of a very strong dye in the golf ball overcoating. As
described in the first embodiment, diffusion through a barrier
gloss coat could range from 10 to 100 hours depending on the
polymer chosen for the coating. Polymers of choice include
polyurethanes and nylons such as Nylon 6,6, Nylon 6 and'Nylon

6,10.
- 14 -



35, 'The golf ball of claim?25, wherein said water-activatad materi al
inclndes an ink. 36. The golf ball of claim25, wherein said wafe #AR Valiled

material includes a multi-part systemthat, upon wgter infusion, results in
a chem f ion to produce color. 37. A golfball corrpﬁ_-f ggmﬁszcore a
wat er insol'uble, wafer perneable cover, and, a water soluble material at
said corn which charges col or upon the presence of water, w 38. The golf
b311 of claim 37 wherein said awes includes as iononer resin 39. The golf
belt of claim 37, wherein said saver includes balata. 40. The golf ball of
claim 37, wherein said cover includes rubber. 41. The golf ball of claim
37) wherein Said cover includes a synthetic material. 4Z. The golf ball of
claim 37, wherein said core inclB&kewle rosslinkable el astomer. a3_ The

golf ball of claim42, wherein said clastomer is polybutadi ence rubber. 44.

The golf ball of claim37, wherein said corn includes a synthetic material .
In a third embodiment, a colorless compound called a color

former is used. Color formers are converted to strong dyes when
exposed to a developer. The developer is a slightly acidic clay
or resin which absorbs or dissolves the color former and results
in a colored dye. This technology is extremely well developed
and has been used for thermal printing, electrochromic printing,
pressure sensitive (carbonleés copy paper) industries. Colors
achieved with these dyes include very deep black and blue shades
that would be easily recognized against a white golf ball.

In this invention, the developer would be mixed in the gloss
resin along with encapsulsted particles containing the color
former. Water diffusion would activate the developer, and water
and developer would diffuse into the microparticle containing
the color former. The resulting dye would then be released from
the microparticle. 1In this example, a common color former known
as Crystal Violet Lactone, which goes from colorless to blue in
the presence of the developer, is encapsulated in a nylon
microcapsule using interfacial polymerization.

In the polymerization process, the color former, which is
organic and non-water soluble, is contained in an organic phase
with a diacid chloride which is then contacted with a diamine in
agqueous solution containing a weak base. The resulting
emulsified droplets become microparticles for the carbonless
copy paper industry and is well documented. A gloss resin can
then be formulated to contain a commercially available color
developer. A common developer is bisphenol A, which is cheap
and fairly easy to process. A second choice which is & more
effective developer and thus requires smaller gquantities, but is
more expensive, is zinc salicylate. Both compounds can be added
to the encapsulant containing inner coating in small quantities
-1 to 5 wgt, %.

- 15 -



f 45, The golf ball of claim37) wherein said water-activated materi al
i ncludes a dye. 46. The golf ball of claim37) wherein said vvatpz-m,qg i0eg ed

material is mcroencapsulated. i 47, The golf ball of claim 37, wherein
sai d wat swaewyrgst cd material includes an ink. 48. The golPCTA¥IB/1EB2cl ai m
37, wherein said water-activated material includes a nmulti-past system
that, upon water infusion, results in a chemcal reaction to produce color.
49. A golf ball conprising; a care, a water insoluble, water perneable
cover, and) a water-activated material on said covet which changes col or
upon presencEofaligt &iffusdon TREOCEST WiHA EP¥I1YE &P FONOWHEREI Y sai d cover
i ncludes @n {RNONRer @Skdble developer. The water then acts as a

carrier of the developer and delivers it via diffusion to th?

colorformer in the microparticles. The dye is then coverted to

a colored water soluble dye, which can diffuse out of the

microparticle to produce a colored ball. For this example, the

diffusion rates are dependent on the thickness of a second,
barrier coating of polyurethane ,or nylon, which regulates the
speed with which water reacﬂes the first <color former
microparticles which again caﬁ be adjusted from 10 to 100 hours.
The intensity or effectiveness of the system may be improved by
putting the developer in this outer coating, while the
encapsulated conlor former remains in the inner coating.

All of the above examples involve the formation of a two
layer gloss coating on the golf ball. The resulting release of
dye from the inner layer will result in the coloration of the
gloss coat and the underlying golf ball cover. The described
invention may be used for detection of water absorption in two
or three piece golf balls.

The processing steps required to manufacture golf balls are
varied depending on the manufacturer and the final properties of
the ball desired. This invention involves modification of the
final finishing process steps in the manufacture of the golf

ball. The application of the primer, label and the gloss coat

are replaced by:

1. Application of primer on the golf ball cover
2. Application of company logo or label

3. dip-coating of gloss coat with encapsulant particles
onto ball

4. dryings/solvent removal and/or cure of encapsulant
containing gloss coat

[97]

spray coating of second gloss coat

6. drying or cure of second gloss coat

- 16 -



'51. The
gol f bal
bal | of

wat er -acti vated materi al
49, wherein said water-activated materi al

golf ball of claima9, wherein said cover includes balat éﬁ% ol

| of claim49, wherein said cover includes rubber.

cl aim49) wherein said cover includes a synthetic natrtlal 54. The
gol f balwoab/irdsai m 49, wherein said core includes a crosspéfigsFrrs2

el astonmer. 55. The golf ball of claim54, wherein said elastoner. is

pol ybut adi cne rubber. 56. The golf ball of claim49, wherein said core

i ncludes a synthetic material. 57. The golf ball of claim49, wherein said

ot her Wi SgnouRVicsi PinR Bd@IracEAlboirSélishge Offs aatidagald f bal |

A golf ball has thus been described which contains dye
particles which are activated by the presence of water,
resulting in a color change maryer which effectively destroys
the appearance of Lhe ball, alettinq the consumer to balls which
have been exposed Lo water Ibr inordinate amounts of time, and

the potential for poor ball performance.
Example 4

The above describes the incorporation of dyes into an
intermediate coating between the gloss coat and the golf ball
cover. A different approach would involve the incorporation of
dye into the gqolf ball cover itself. In this embodiment,
illustrated in Figure 7, dye 60 may be incorporated into the
ionomer ball cover of a8 two piece golf ball 62 as a solid
particle or as an encapsulated dye. Here the ball has a core 64
and a shell 66 which acts as a cover. Dyes which exist as
solid, crystalline dye particles that are 10 to 40 microns in
diameter. If such dyes can be compounded with the ionomer at
temperatures below the dye melt point, the dye particles should
remain suspended in the polymer matrix without adversely
coloring the ball. Upon absorption of water into the ionomer
cover, the dye would immediately begin to dissolve, producing a
splotchy, colored appearance in the ball cover. 1In thiq case,
the golf ball gloss coating 68 is the primary barrier to water,
and as water permeates the gloss coating and begins to diffuse
into the ball shell or cover 66, color change will occur. The

use of an encapsulated dye could be used to obtain better

-17 -

i ncl udes a dye. . " 58, 'The golf ball of claim
I's mcroencapsul ated. 59. The
| ncl udes an

ed materi al

cating golf

golf ball of claim49) wherein sajd mq%e&aa.;|¥g£qgin§terla

ink. 60. Th&PYBEP b 1°26f F81*4iY 48° Wher 6F n” dai d” wat'ér - &cti va

‘i ncl udeserduidll ti pALforRY Fbetirghat )rhelpolilimteer othf tisd Orgcomdsebels in a
chem cal reaction to produce color1 61.. A wa wat e i S gprkggl

bal | \Ahi?f‘r?“?:%aﬁﬁes“ébgba?’%]r?cec‘lméﬁ 158t ef° |?1'1'Té’r§| on-t S Fhtfi'cate t hat



have been altered due to said immersion, conprising: a care; a water

i nsol ubl e cover ova said core for providing said golf ball with Hr“? ch
predeterm ned characteristics of play including weight) size) s;lh% ical™
symet ry WO 99/t58¢t al | di stance and initial velocity confor W@Uédﬁn%&f baI I
characteristic standards, said cover having a predeterm aed .water
pernmeability; and, a water activated material within said goI fball and
subject to infusion of water into said cover due to the water perneability
t hereof which charges appear ance to indicate that the perfocnance

characteri stl ¢ ocf Lﬁ |1°r Qa[)e b%%gsg ed dueegcc% Saiant TmE nmey si on,
wher eby of Her i s& aya’bﬁ e Qo1 T ODaT 1S F et ri eveay?r haZ4rds can be

i dentifi e.@buas havd nga a:let efie@dnC harwchetast iths chjrtpohmditdqecommnsna)n t her eof .

A ALU, % A9, AY. ASS. A Ae, A@. AE. A
A A@ A, . KASTE *RISESIAPTS AN, AN@Y. A. Ay. Ax. Ax. A % AF+. A9. A@3456' ! $ %& ' Z

Having now described a few embodiments of the invention, and
some modifications and variations thereto, it should be apparent
to those skilled in the art that the foregoing 1is merely
illustrative and not limiting, having been presented by the way
of example only. Numerous modi;ications and other embodiments
are within the scope of one of ordinary skill in the art and are
contemplated as falling within the scope of the invention as

limited only by the appended claims and equivalents thereto.
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whereby otherwise playablc gold balls retrieved from water hazards can be identified as

having altered performance characteristics due to the immersion thereof.

2. A golf ball, comprising:
one or more layers of construction, and a material provided in liquid, solid, or
gaseous form between, on or in any of said layers which causes a change in

appearance to said ball upon the presence of water without changing the shape of
said ball.

3, The golf'ball of claim 1, wherein said cover includes balata,

4. The golf ball of claim |, wherein said cover includes rubber,

5. The golf ball of claim |, wherein said cover includes a synthetic material.
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9. The goif ball of claim 1, wherein said water-ectivated material includes a

dye.

10. The golf ball of claim 1, wherein said watec-activated material is
microencapsulated.

I1. The golf ball of claim 1, wherein ssid water-activated material includes an
ink.

12. The golf ball of claim 1, wherein said water-gctivated material includes a

multi-part system that, upon water infusion, results in a chemical reaction to produce

color.

13. A golf ball, comprising;

A COIE,

s water insolublc, water pcnnulble cover over said core; and,

s water soluble matcrial between said corc and said cover which changes color

upon the presence of water.
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14, The golf ball of claim 13, wherein said cover includes an ionomer resin,
15. The golf ball of claim 13, wherein said cover includes balata.

16. The golf ball of claim 13, wherein said cover includes rubber.

17. The golf ball of claim 13, wherein said cover includes a synthetic material,

I8. The golf ball of claim 13, wherein said core includes a crosslinkable

elastomcr.
19. The golf ball of claim 18, wherein said elastomer is polybutadiens rubber,
20. The golf bal} of claim 13, wherein said core includes a synthetic material,

21. The golf ball of claim 13, wherein said watcr-activated material includes a

dye.

22. The golf ball of clamm 13, whercin said water-activated material is

microencapsulated.

23. The golf ball of claim 13, wherein said water-activated material includes
an ink,
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27. The golf ball of claim 25, wherein said cover includes balata,
28. The golf ball of claim 25, wherein said cover includes rubber.

29. The golf ball of claim 25, wherein said cover includes a synthetic

materisl,

30. The golf ball of claim 25, wherein said core includes a crosslinkable

elastomer.
31, The golf ball of claim 30, wherein said clastomer is polybutadiene rubber,
32. The golf ball of claim 25, wherein said core includes a synthetic material.
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44. The golf ball of claim 37, wherein said core includes a synthetic material.

45, The golf ball of claim 37, wherein said water-activated material includes a

dye.

46. The golf ball of claim 37, wherein said water-activated material is

microencapsulated,

47. The golf bali of claim 37, wherein sald water-activated material includes

an ink.

48. The golf ball of claim 37, wherein said water-activated material includes &

multi-part system that, upon water infusion, results in a chemical reaction to produce

color.
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50. The golf ball of claim 49, wherein sgid cover includes an ionomer resin.

51, The golf ball of claim 49, wherein said cover includes balata.

52. The golf bell of claim 49, wherein said cover includes rubber.

53. The golf ball of claim 49, wherein said cover includes a synthetic material,

S4. The golf ball of claim 49, wherein said corc includes a crosslinkable

elastomet.

§5. The golf ball of claim 54, wherein said elastomer is polybutadicne rubber.

56. The golf ball of claim 49, wherein said core includes a synthetic material.

57. The golf ball of claim 49, wherein said water-activated material includes 2

dye.
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58, The golf ball of claim 49, wherein said water-activated material is

microencapsulated.

59, The golf ball of claim 49, whercin said water-activated material includes

an ink.

60. The golf ball of claim 49, wherein said water-activated material includes a
. multi-part system that, upon water infusion, results in a chemical reaction to produce

color,

61. A water immersion indicating golf ball which changes appearance upon
water immersion to indicate that otherwiso invisible characteristics of said golf ball
have been altered due to said immersion, camprising:

a COTC,

a water insoluble cover over said core for providing said golf ball with
predetermined characteristics of play including weight, size, spherical symmelry,
overall distance and initial velocity conforming to golf ball characteristic standards,
said cover having & predetermined water permeability; and,

a water activated material within said golf ball and subjest to infusion of water
into said cover due to the water permeability thereofl which charges appearance to
indicate that the performance characteristics of said ball have been altered duc to said
immersion, whereby otherwise playable golf balls retrieved from water hazards can be

identified as having altered characteristics due to the immersion thereof,
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