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(54) Tifle: GOLF BALL IMMERSION INDICATOR
(57) Abstract

A golf ball (10) is provided which changes color
or other indicia (15) after significant immersion in water
(50) to indicate that the ball (10) has been recovered
from a water hazard and may not have predictable flight
characteristics which may result in loss of carry and
roll. In one embodiment, a microencapsulated dye layer
(16) is formed immediately below the final gloss coat
(20) with controlled dye release causing a stained look
to the ball after significant immersion in water.




shorter and after having been i mersed for eight days, and an additi onal
3.3 yards after three nonths, for a total of 9.1 yards. Wile for

two- pi ece bWPEBhg in the water typically, rrakes the bal | PaFH878/17782
ternms of "conpression, it also slows down the coefficient of restitution or
the ability of the ball to regain its roundness after inpact. The above
factors nake the ball fly shorter. TEEE§J¥L§¥§EE¥IIS have been found to

get softer in ternms of conpressi t “a*,ﬁ W ' shorter according to
t he above-nentioned article. V\haétag{/gfnﬂt e res the i mersion of a
golf ball in a pond, the characteristics of t he baII in flight are altered
by the i nmmersion. The prolgaerErdDS g s bewereronone of being able to
determ ne when a golf ball has been |rmersed so that it may be rejected in
favor of a new golf ball. Note that golf ball construction is shown in the
following U S. paﬁselﬂiﬁ'catad 5n6ﬂ& 9531';3mbe5 SB@9585ue oF, 5381 Plgest~,

5,49. 6, 035; 5,480, 155; 5,314, 187; 5, 096, 201,

5. 006, 297; 5, OltLiay. golf B“’a’éoi%’l khe WILegCEHFE. With £ gFeat georee of

4, 955, 966; 4, galeq?tllﬁcy. At a93&udB84 an endi |145115Lry hés Wa% in the

4,863, 167; 4,848, 7/70; 4,792,141, 4,715, 607, 4,714, 253,
4, 688, 001:; recovery of golf balls which are then resold desp;te the fact

that the ball has spent 2 fair= amount of time in the water.
While the golf ball cover s.eemsl to be fairly imperviﬁus. the
guestion has become as to the effect ot'. the immersion of the
ball over 3 number of days at the bottom of a pond laying in the
mud.

As will be appreciated, golf balls come in two varieties, 3
three-piece ball and a two-piece ball. According to the above
article, when such balls were tested using a robotic hitting
machine and a standard length metal driver with a 9.53 degree
loft and an extra stiff shafi, with a club head speed 93.7 miles
per hour and a launch angle of 90 degrees and with a spin rate
of 2,800 rpm, the result for a three-piece ball was a difference
in carry of 6 yards after an eight day immersion, a 12 yard loss
after three months a 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 3 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 ahility of the ball
to regain its roundness after impact. The above factors make
the ball f1ly shorter. Three-piece balls have been Eound ,to get
softer in terms of compression, but they also €£ly 'Shorter
according to the above-mentioned article.

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

pond, the characteristics of the ball in f£light are altered by
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SUMMARY OF INVENTION

In order to alleviate the problem of having to deal with
balls which may have been immersed and recovered, in the subject
invention a golf bhall is provided which changes color or has
some other indicia which changes after immersion to indicate
that the ball has been immersed.

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 used 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 éoré maﬁerial, a wound
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or nol ded rubber. outer core, and an in iononer or polybutadi ene or poly
trans isopreg,g,;r?é%ﬁr shell referred to as balata ball. In both cases,

in one enbodi ., the encapsulated dye is included in RETAISIBRTELI ng
of polymer resin containing the dye encapsulant, followed by a final gl oss
coating. Alternatively, the dye may be bl ended, either directly or in an
encapsul ated form with the golf ball balata or iononer shell and a single

gl oss coating nay be added. In both cases, diffusion of water through the
gl oss coati ng°%f BPIRe dUBRPTdPY¥SFs COFE t RPBUYh HPhéoRAMEEpRUIBRAY P P8R At | ng or
the shell, inioki 85 tehMVidbpidasi BibrRE $hatat eérer@baiice adyBaidtambhie,

m croencapsul ated particles. The water sol ubl e dye radual |y . colors
the iononer 8r YfbyuiAsadi edd ©8RelerPodiment nghe aeb"e"’r"r“?ﬁg%"rﬁdl V¥t afithed

bal | . The tiigeirddeanenf on dliekEoltiing SEYpIGmd A JeBl £ dcddit a BklingS thé gagehe

t hi ckness of the l|,ool yner film coatings and the t\ége_ and size of the pol yner
ni cr oencapsul ZAEAPE nd ot heegl BEs? codPt n§ioifs €87 HRr EFM SBESCANPHI-ON OF
THE DRAW NGS TtheseyanshyohbBepidn@ad Urasnef dihectub] acCtin Rhehtogsuthtda be

better understood when taken in conjunction with the Detail ed Description
t he Dr awi ngs J?rﬂhifﬂﬁh the golf ball balata or ionomer shell and a single

gloss coating may be added. 1In both cases, diffusion of water
through the gloss coating, ﬁolfowed by diffusion through the
encapsulant overcoating or tﬁe shell, initiates slow diffusion
of a water soluble dye from the microencapsulated particles,
The water soluble dye gradually colors the 1ionomer or
polybutadiene shell, 1leaving a permanently stained ball. The
time frame for diffusion way 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.

DRIEE DESCRIPTION OF THE DRAWINGS

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

Figure 1 is a diagrammatic illustration of a golfer hitting
‘a golf ball into a water hazard;

Figure 2 is a diagrammatic illustration of the ball of
Figure 1 after immefsion iﬁ water, showing a wvisual indicafor
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 iméersion
in which the ball includes a solid rubber core and a harazmolded
shell of an ionomer or ionomer blend such as Surlyn or a similar

appropriate polymer resin, with the ball being provided with ;

-3 -



Figure 1 is a diagrammatic illustration of a golfer hitting *a golf ball
into a water hazard; Figure 2 is a diagrammatic illustration of the’ball of
Figure 1 aﬁoggmswerm on in water, showing a visual indi catRET/g$9801718%e bal |
has been imersed in water for an extended period of time; Figure-3 is a
diagrammatic illustration of a two piece ball which provides a visual

I ndi cator of elongated water imrersion in - which the ball includes a solid
gubPer core and ? hard nol ded shell of an iononer or iononmer blend such as
urlyn or a simlar appropriate pol sin e baII rovi ded
with a -3- °°“f%’6‘ﬁf10r°r’fﬁF°‘B’\)’erlt9&§Te‘po¥§FrP§|’s 'épzé?'\gaé'ﬁl%gon?al |ngeteﬁgagsul at ed
dye particlgg tpgﬁéicﬁggstﬂé/tergohbeoﬁé}theO&hﬂﬂntolrem@ﬁt]tehe)fbahé ballld with this
overcoat then being covered with a final q:I 0ss_coat, conta nQ dye

particles tamdngibe afbisa FPEFPAS FLE™ f PRIh BRXA™ S} SVitle ® 4 add? ¥9%8nal

di ffusion &%Uécﬁ{taﬂ?{hg hbeayddhkeidies DE&\hﬁﬂhtﬁyﬂarleﬂghaBBaaisnfhwmd or i st
environments; Figure 4 is a diagrammatic |IIustrat|on ttilieee pi ece ball
whi ch proviaids rroyida,ain |?ﬂﬂiéa‘t'}"én Bt LuF Ty R T Ght 8P ba

prevent dye release in humid or moist environments;

Figure 4 |is a diagrammatic illustration of a three piece
ball which provides a visual Jindication of elongated water .
immersion in which the ball includes a solid, liquid or gel, a
wound rubber band or molded rubber outer coxe and a shell of a
glossy rubbery material such as balata rubber, polybutadiene
blends or low shore hardness ionomer and an additional overcoat
layer of polymer/encapsulated dye underneath the gloss final
coat;

Figure 5 is a schematic diagram depicting diffusion of water.
into the ball when it is immersed in a body of water for long
time periods;

Figure 6 is a diagrammatic representation of an encapsulated
dye particle; and,

Figure 7 is a diagrammatic illustration of another type two

piece golf ball.

Referring now to Figure 1, in a typical situation, a ball 10
has been hiE by a ¢golfer 12 into a water hazard 13, where it
resides until it is plucked out either by the golfer or by a
company which retrieves golf balls from water hazards., It wili
be appreciated that, as mentioned before, such ballF when
immersed for. a long period of time loose their .flight
characteristics, and regardless of their being washed and
resold} Will not regain thesé characteristics due to the‘

immersion.
-4 -
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i mrersion 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 rubbery materi al
such as bal ¥NQUBd¢r, pol ybut adi ene bl ends or | ow shore har dREEASPEITaSer
and an additional overcoat |ayer of polyner/encapsul ated dye underneath the
gloss final coat; Figure 5 is a schematic di agram depicting diffusion of
water into the ball when it is imersed in a body of water for long tine
periods; Figure 6 is a diagranmatic representation of an encapsul ated dye
particle; and, Fitguoedér |\® opudviade armeindd cptdusttr @oiténbatlsandidteMa¥ype t wo

pi ece gol f baF. o DHLLED DESERLET! AN RRLE! 430, NaK { QaFladhg dowi Bo2

typi cal situa has been hit byago er 12 into a water
hazard 13, V\IhEi@rle'[ZKGlS:I des bet$den tthpt polfclkedloll o treridnd rH&hgdl fer or

by a conpany h.retrieves golf S QM V&t el hgzakdSor dHatWihé be
appreci at ed %%ttcl 4 ZRPeqRe raﬁ o%’ed Q@Jforgr such nbaI V\,hren |armerged for
a long peéripsil abs Helerrelm:deomla int deienr . fI I ght char act eristics, and

Lﬁg?;g{gffstfis Hgﬁér F%elnﬁes?ﬁiggper%& 1c %glwhidliglwaaﬁlacéﬁﬂﬁha these

that provides a convenient method for the purchaser of a golf
bail to ascertain that the balluis in fact a used ball and one
which has been immersed in water for some time or has been
subjected to some other predetermined condition.

As will be described, in one embodiment this distinctive
discoloration or indication is provided through the utilization
of wakter soluble inks or dyes which are activated through the
infusion of 'water into encapsulated dye particles in one
embodiment. The result of the infusion of water is that the dye
particles emit their dyes to mark the golf ball in some
distinctive manner. Whether it is with dyes or inks which are
water soluble or are released upon water activation, it is
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 Dbeen 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
tacﬁnology 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

-5 =



-4- In order to provide an indicator of golf balls that have been

I mrersed in water for sone tinme, and referring nowto Figure 2,:it can be.
seen that gwd9gmasds 10 is provided with ,a nottled appear ancgci:ﬁ;sgmﬁf
serves as an indicator that the ball has been imersed in water. it is this
or sone other indicator which is water activated that provides a conveni ent
nmet hod for the purchaser of a golf ball to ascertain that the ball is in
fact a used ball and one which has been inmrersed in water for sone time or
has been suh;‘oemiedlt ecxyke otster , priddet eamisnkdaondilesorecafsta [the be. '

descri bed, or, € %dén@n%ulalﬂkscan % Pr%oir¥§r%le§c?|l\&r% Eopu&rgyl le cati-on

i's provi ded htaﬁrough e UthTizati on of wate ub S or es which are
activated t Hoeogdr tbees nf LlSheOhalloﬁtSeMt er into encapsulated dyg

particles in ne, enbodi nent. i sLon ter is that
t he dye part|cl‘gsmiecrﬁ’?m"taﬁé??méy ?op?ire%“f; goatim?f EL(F {:é)neng%r?r%@di?stl nctive
manner. \Whatheid i bri Sonid hmdyeaamr mmkSn Whai chnaalle mtteclesol Wilcgoor are

i ot o’ RoRyaRedS pRgieteHy 1R RN T Bnd Lo"iRhalet 0"
microns in diameter. ' Encapsulaﬁion approaches have been used
for a number of applications in rhich_a_compound must be slowly
but sYStematicallf released Fo an environment under the desired
conditioné. Examples include microcapsules in drug delivery,
vitalizing nutrients or proteins in time release cosmetic
products and Eertilizérs_ or pesticides for agricultural
products.

The polymer coating may consist of a  broad range of
pofential polymeric materials and polymer blends. The basis for
‘most controlled release technology is the slow diffusion of the
encapsulated product through the polymer coating or matrix and
into the surrounding environs. The driving force for diffusion
is mass transfer from the highly concentrated interior to the
dilute eXterio£ regions. The diffusion process 1is often
‘accelerated or activated by the presence of a solvent that
swells or partially solvates the polymer film, thus plasticizing
the polymer f£film and increasing the effective diffusivity of the
polymer matrix. The result is a faster rate of transport of the
encapsulated material out of the microcapsule. '

A second route to controlled release systems is the slow
dissolution of an uncrosslinked or linear polymer coating in a
good solvent, resﬁlting in the release of the encapsulated
compound as the coating walls become thinner and dlgimately
dissolve completely. 1In this case, the dissolution rate:of the
polymer, rather than the diffusion rate alone, is 'tﬁe rate

determining step in the release of the encapsulant.
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t hat contr oMEW¥84ease technology is a well-proven neans of R
delivering a small
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anount of a conpound over a given tine period or "at a

specific tinme based on a desired stinmulus. 1In the subject invention

controll ed rel ease technology is used as an approach to the sl ow col or
change of a golf ball_ in water. The subject invention, in one enb
i nvol ves the usé &hirhiaprpeachy ke the cAntrod 1Af cTH228R YD 2umgEed ki £R
pol ymer coat gk @néysin stidhl. Pant | @li@s @dse, beads. mdhwrsel mier ostapgul es,
which may vary in size fromtens of mcrons to mlljpeters, can he
i ncor por at edTéIRAFed FEAY,® GPALYYORY| PAEMCE 0B Y 5HG b ET JPYsBR nMHEed
pol ynet hyl meLfacsyl ahGnef 665 shapePObYVoBYdct8Cr Vil @remi6f aivhésdncean act
as a gloss coat for the ball, or the encapsul ant -can be i ncorporate
the rubber obetwseonbhis@paroash ewb Yhak| of teicroencarapbatdencipsthesninis a

pol ymer coat kfag %@%&9 ePkd OSfsRel AU fh OLnc180Ld d idTBLRANAl gedinkh
smal | particle. Cro-

microspheres on the order of magnitude of several microns,
whereas in macroencapsulation, che material of interest is
directly enclosed ‘in an objgct of the order of magnitude of
centimeters and greater. Both of these approaches involve the
slow @iffusion of the material out of the matrix or the
encapsulant shell,

Referring now to Figure 3, in one embodiment of the subject
invention a conventional two piece ball 10 with a solid rubber
core 12 is illustrated having a hard molded shell 14 of an
ionomer blend such as Surlyn, or a similar polymer resin. As
can be seen, 2 conformal overcoat polymer dispersion 16 contains
encapsulated dye particles 18, with the dispersion going over
the shell or mantle of the ball.

This overcoat is then covered with a final gloss. coat 20
containing no dye particles to maintain a high gloss finish and
provides an additional diffusion barrier on the ball to prevent
dye release in humid or moist environments.

Likewise, for a three piece ball as illustrated in Figure 4,
the three piece ball 30 is provided with a solid, 1liquid or gel
inner core 32, a wound rubber band or mnlded rubber outer core
34 and a shell 36 of glossy rubber material such as. balata
rubber, polybutadyne blends or low shore hardness ionomer.

Note tﬁat an additional overcoat -layer 36 of. pylymer/
encapsulated dye is formed underneath the final gloss coat-38.

Referring to Figure 5 and as will be described, a schematic
diagram depicts the diffusion of water 50 into ball 10 when {t

is immersed in a body of water for a long period of time. Water

-7 -
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encapsul tants are generally in the range of tens to hundreds of mcrons in

di aneter. Encapsul ati on approaches have been used for a nurber of

appl i cati onwa99/18dd4ch a conpound must be sl owly but systenat pepiusys/iesrased
to an environnment under the desired conditions. Exanpl es i ncl ude.

m crocapsules in drug delivery, vitalizing nutrients or proteins I n

time release cosnetic products and fertilizers, or pesti ci des
for agricultural products. The polyner coating may consist of -a

broad rangg,, of,100t £{Ui1! aRPAKEENKC sTRAIRebE a0ds POkEererdl ands. The
basis for nost controlled rel ease technology is the slow diffusion of the
encapsul at ethpugtugtosshpvexfeat hg2 polIpneene Fasphy Hie FaPFILesaid idAto the

sur roundi ng; eV NS 1 TNGadET ¥idld 197 6fe Tbsdli Sddieban dnd ERSS drbgnsfer from

the highly concentrated interior to the dilute exterior regions. The

di ffusion peocewdl here ofiluptrated| a¥ abed dletagt Fiklt eRFTBF2ER hNdeSPesence of

a solvent tpale SUE! LS a2l enS PAALBRd N80 PRI 2EIBE o klpsdibES

pl asti ci zi ng He polymer fil'mand increasing the effective diffusivity of

t he pol yner imdthej kulk Fheheekaylef 56 aTlheaseber Madd HOVLY AAREBoIRL0OPIt he

encapsul at e?oﬂaattgr l:l?é nﬁgtoé?-{éa}: am: Cfﬂ%@?%'&htﬁbﬁ@ﬁoﬁlﬁﬁug%ﬁ othaCO_nt rol | ed
rel ease systens is the slow dissolution of an uncrosslinked or Iinear

pol ymer coatvatey isvlablfyoolke goltverit ther golynerngricrorarsite sl eddloss of the.

encapsul ategvercbéﬁ 52, Staining the er;coat; " Over time, water will
aiffuse across the layer iﬁéo the ionomer shell 58 where the
ionomer resin will permanently absorb the dye resulting in a
deep color change.

A number of different polymers and blends of polymers may be
used for microencapsulatiom coating,” including polymethyl
'méthacrylaﬁe{ ' pdlymethaétylic acid, polyacrylic acia,
polyacrylates, polyacrylamide, polyacryldextran, polyalkyl
cyanoacrylate, celiulose acetate, cellulos acelate butyrate.
cellulos  nitrate, methyl cellulose and other cellulose
derivatives, nylon 6,10, nylon 6,6, nylon 6, polyterephthalamide

"and other polyamides, poiycaprolactones, polydimethylsiloxanes
and other siloxanes, aliphatic and aromatic polyesters,
pblyethylene oxide, polyethylene-vinyl acetate, polyglycolic
acid, polylactic acid and copolymers, poly(methyl vinyl ether/
maleic anhydride), polystyrene, polyvinyl acetate phthalate,
polyvihyl élcohol) polyvinylpyrollidone, shellac, starch angd
waxeS such as paraffin, beeswax, carnauba wax. Polymers used
should have a near zero diffusivity of the ink through the
polymer matrix in the absence of water. Upon the introduction
of water in the surrounding matrix and the subsequent diffusion
of water through the polymer £ilm, the diffusivity Bf the
polymer coating for the dye molecules increases, allowing

'transport of the dye across the polymer film. The ideal polymer

systems for this application are those which have a 1limited

e



conpound as the coating vval | s becone thinner and ultinmately di ssol ve

conpletely. In this case, the dissolution rate -of the poly ﬁh}}k?
than the WOMB#n rate alone, is the rate determnind ?rs he
rel ease of the encapsul ant. A third approach to the controlled rel ease
of a material is macro-encapsul ation. In this case, the mterial is
slowy released froma continuous polyner matrix, which my be nolded into
any nunber of shapes or objects. The primary di fference between this
approach and thatrneeﬁnmtzr dencepseal sndonthus t¥ravids PhelonIpht t@pge  ofhe

mat er i al | S difgghg)ns sI Qefo\@gl 'reléL‘%ﬁh&‘e%J“Mt%pQ@f\ﬁﬁe @? t I‘ﬁlchm‘ der
of magnitude erar m crons, whereas In macroencapsul ation, the

material of inpetvests i soelid ebe | pressaivkedd o1 WrEToBF bigvesf blRadsr 8kr Bof

magni t ude of cgn&m (%bgrcs ardnd, grlﬁﬁE%mnc Blohyde ,t NESfmeaPEA ORENESIJRVOI Ve
the slow diffusTOn ol the mateérial out of the matrix or the encapsul ant

shel | . Referri ngpalgmet Eifimnguwigh3a hnduomeibithdapeernt oPLYTRFSsubf@ttare
vent i on a comventgal 4V @l SO Dabe 10 AR B el UL EPTR:12 5

illustrated having a 14 of ‘an i1 onomer bl end such as
Surlyn, or a swatdrar $oihypelymeresingludeiqylons such as nylon 6,10 or nylon

6} polyacrylonitrile, polyetyylene terephthalate (PET),
polyvinyl chloride. More water fermeable polymers which may be
blended with hydrophobic pol&mers to adjust the dye and water
permeability «coefficients of . the film include cellulose
derivates, polyacrylates, polyethylene oxides, polydimethyl
siloxane and polyvinylalcohol.

Dyes that may be used should be water-soluble and may vary
from a broad range of industrial dye materials. Ideally, the
dye should be compatible with the polymer used for the shell or
mantle underneath the dye-encapsulant coating. Tonic and a
number of water soluble dyes would be particularly compatible
with ionomer materials commonly used in such mantles due to the
presence of carboxylate and carboxylic acid groups in the
polymer. Some dye systems change color in the presence of more
polar solvents. This effect may be useful if the dye has very
little color until exposed to water. Some potential dyes for
this application might include  merocyanine dyes  and
pyridinium-N-phenoxide dyes. Examples may include Napthalene
Orange G, Crystal Violet, CI Disperse Red and a number of other
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 f£ilm, which is immersed in a nonaaueous
medium, with a very low driving force and a high resistance to

diffusion through the coating. As shown in Figure 5, on
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can be seen, a conformal overcoat polyner dispersion 16 contains

encapsul ated dye particles 18, with the di spersion going over tthe shell or
mant| e of tMO9sa7844 This overcoat is then covered with a fingbrglsegpmssoat
20 containing no dye particles to maintain a high gloss finish and. provi des
an additional diffusion barrier on the ball to prevent dye release in hum.d
or noi st environnents. Likewise, for a three piece ball as illustrated in
Figure 4, the three piece ball 30 is provided with a solid, liquid or gel

i nner core 32Zexpaswountio r wbber Pandlorg nbirgedraribder waktegr widt esBawland a

shel | 36 of glassy r 2:?3% Ale! h%‘hrs%%haﬂi Qﬁén%a w%gsazmpa{&eggm%y%-

bl ends or | ow shore i ono Note fhat an tional overcoat
| ayer 36 of ped ytmam&eempsué acxechsdwaomrs ifnomiudrmrﬁder Abat ¢ififlheidn ol gl oss
coat.30. Referri

di .agr am depi ct¥ ?ﬁ% o4t f? f-,gerS nd a ?)Aele L%%‘Zméséf&@ﬂ?él Frmrer sed

in a body of waiser fidve, at.h@ngaq@erakodhiﬁh td[yaedlffﬁaéerou—t?of therohpnullees

slowmy diffuse .as illustrated at 51 ilnto t he baII throyag[h gldoss
overcoat 52. 15 Phosfelt Jdgure fyke dpdaresed 59 Rone °

capsule 60 which encapsulates a dye particle 62. Fick's first
law is commonly used to model thg diffusion process. At steady
state, the mass transfer of dye from the microcapsule can be

‘modeled using the equat1on below. ;

M _ApDRAC  RoRL
T RAS

‘where dM/dt is the rate of transfer of dye with time, D is the
 diffusivity of the'dyé in the polymer layer, K is the solubility
of the dye in the layer; C 1s 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 diameter, 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, c
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 differeﬁt_matériéls. 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 pfevent thé immediate
rgléase of ink from microparticles that may be located at the
surfacé of the ball.
The formation of microcapsules may be done using:a nu.oer of
'technologieé. These technologies include polymer ceacarvation/

phase separatlon using the ag1tation of colloidal suspensxons of

- 10 -




| ayer 56 wll exist close to the gloss overcoat and away fromthe shell
here illustrated at 58. Water will perneate these capsules first and

will then taW@%PAMYer to diffuse to capsules in the bul k of -t RETUS¥IT78L
The water will slowy seep into or solvate the m croencapsul ant all ow ng
controlled diffusion of a water soluble dye out of the polyner

m crocapsule and gl oss overcoat 52, staining the overcoat. Over
time, water wl|l diffuse acrossthela er into _the iononer sheII 58

where the i ohRfferPlSG EOLETRG |3 pRYRPEARSTY 95%%*&% Pheifyer3sdaita dg in a

deep col or Cbang&aqeemnb%dﬁﬁ.dl f Q@R adolspaer somé1d ﬂim@asleezof anal ymers
may be used for m croencapsul ation coati ng I pcl udj |ng cg_LoI ymnet hyl
met hacr yl at ePolYUrpbfiapfet FRRFYN9FC ™aYacibd, EOXPE} yalFiNG ¢ 1ntezErqe

pol yacryl at ego1ymer titYas) vy agisle, st:alﬁq|i¥aﬁsf yl dextr &8em by pd ey |
cyanoacrylate, cellulose acetate,” cellulos acetate butyrate, cel l ul os
Nitrate,  neierpemulsignsyl oPesd amwgrensdeRer Polymerizatise (ESShPEIYeFes, nyl on

6,10, nylon & fin n»elmg ﬁonmLyaser&mbsh@n@mndemnd Ryh e RAkyaFLEes,
pol ycaprol act ones, ydi net hyl si | oxanes and ot her si | oxanes,

aliphatic  Bper aﬁomltmers qﬁbw@s}t dhoougholfyes Wlﬂe?ﬂal PeXyMRFization
pol yet hyl eneg é“ 1 3GR5 s R@Ry%é"?%h%}a&%ﬂte ¥' aglddaedg) dognd
copol ynmers, pol %n‘%t hyl” vinyl et makel ¢ an ‘] ystyrene,
pol yvi nyl ace@mutlemptﬁt hartatmay pelneresydry abc'dﬁdle)‘ trpolcmewfpyh@Idyedone
shel | ac, StarCrkheangxcroencapsulant if the polymer coating 1is very
transparent. In this case, the incorporation of white pigment
in the polymer coating wall can be introduced during the
encapsulation process.
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 for the overcoat can be a
traditional gloss coating material such as a polyurethane or
polyacrylate. Diffusion limitations of water to the particles
will vary with the choice of polymer medium €£for both the
overcoat and gloss coat. Preferred materials may include
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 1oadings_ of 1 to 30%. The
conditions of dispersion may be at temperatures below the f£low
temperature of microsphere polymer coating, or in .an overcoat
polymer~solvent mixture with a solvent that cannot éissogve the
microsphere polymer coating. Alternatives include the 'ﬁse of
crosslinked microspheres, which cannot dissolve or Fflow under
heat, or the use of "a crosslinkable liquid monomer or
prepolymer. The overcoating can be dip coated or spraycoated
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waxes such as paraffin, beeswax, carnauba wax. Pol ymers used shoul d have
a near zero diffusivity of the ink through the polynmer matrix i‘n the*
absence of WQ®¥17844Upon the introduction of water in the surpocwnsos)gr7ent ri x
and the -subsequent diffusion of water through the polymer film the
diffusivity 'of the polyner coating for the dye nolecules

I ncreases, allowing transport of the dye across the polyner film The

i deal polymer systens for this application are those which have a |imted
perneability tgnv@ive BACh tdhdS cipFaVi d8 sedofagelossangetiob ckirftassiran nbi nes
before rel easing the water sol ubl e q§§.i S%ch ol y IS c&ggchwgk
crosslinked oP3FHFIPDSTPY nkda" BPentPRit} 8 h@‘&ro fiobi ¢ “and“°H "
hydrophilic pehydfessessagneiieehvetsoatblanak gtopol shwendf pbemeximate &he

O S el oA 2

polymers 1 nclude nylons such as
nylon 6,10 or gyi®omabis. polyacrylonitrile, pol yet hyl ene :
t erepht hal ate (PET), polyvinyl chloride. More water perneable polyners

whi ch may be bl ended wi th hydrophobic polynmers to adjust the dye and water

perneability coefficients = of = thexamdlel m include cel | ul ose

derivates, pol yacryl ates, = polyethyl ene oxides, pol ydi et hyl

In one configuratioh, the golf ball can be a two piece golf
ball consisting of » wound rubber core and a thick Surlyn
ionomer rover éontaiuing TI02 powder and blue as a brightener.
Then a translucent coating containing dye particles can be
applied. This coaling will consist of a3  soluble nylon,
polyester, PET'dt other barrier coating blended with 5% of dye
encapsulant matérial. If the encapsulated form of the dye is
colored, some TI02 may be added to this layer to ensure
whiteness ‘is pfeserved. Finally, a final gloss coalling will be
added to the odter layer. The layers important to color change
in the ball are the two outermost layers, whicli should be
' approximately 100 microns, or 0.1 mm, in thickness.

" In the fiist embodiment, the dye used is a common water

soluble dye, Nile Blue. This dye is a crystalline material at -

room temperafhte and 1is available as a granular powder
containing crystals that are 20 to 40 microns in size. These
solid crystais are hard and non-porous and small :enough that
when dispersed in a matrix at low concentrations, there will be
‘no detected coior change. The individual dye particles would be
encapsulated with a gelatin coating using gelatin toacervation
in an organic solvent to prevent water solubilizatioh of the dye
molecules; procedures for coacervation are well-known, and have
been used iﬁ'-drug. enéapsulation and in the cobmetics and
agriculgural industries for many years. The encapsulated dye
would then be isolated and added in a 1% by mass cbncentration
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si l oxane and po] yvi nyl al cohol. Dyes that may be used should be

wat er - sol ubl e and may vary froma broad range of industrial dye materials.
| deal |y, t W¥O8%&844oul d be conpatible with the pol ymer used gﬁT’"ﬁﬂ%"’é’??el I
or mantle wunderneath the dye-encapsulant coating. lonic and "a
nunber of water sol uble dyes would be particularly conpatible with iononer
materials conmmonly used in such mantles due to the presence of carboxyl ate

and carboxylig aaC?glﬂ{eQﬂcpsgﬂo.stQﬁt:@% VR as SOFELiyetisanet enociestge col or
in the presence of nore polar solvents. This effe,ccg1 ”ﬁ%l be us}ed‘ ul |f t he
dye has very .93of| e°°<?(5l'or Tt i FroexBOST P87 W8 eF2* %S0 1hot’@Mt9 aP®dyes for

this appl i c@fg-ehateaM@bll thel BEbsKRoat MBEAGY &Ridre woully eBhen dRddried
pyri di ni um N- phenoxi de dyes. Exanpl es may i ncl ude gpt hal erLE‘ Orange
G Crystal Vi®idpg Tsobiafsef ¥OVREPIEAEFSH ‘ﬁa%éreabf aBVRE, 2 Gust ri al

dyes. Dyes of,d.@b0EM 0} %UL?J BE i ghtoxIRYLd19 Gemizoabhirass ingbrr wol ecul ar
wei ght dyes diffuse nore slowy through a polyner matrix. Prior to water

exposure, thesswemérlayek ifl glerfecpatidacFededsbioyvrriiagesetid poryMer il m
whi ch i's |nmmepgad thQi% RORBALEQUSE IR bRodli t il ¥eEdhdl Ryl lshny Heor ce and
0

a high resistance ffusion through the coating. As shown in
Figure 5, opdded. to provide one addlt1ona% baprler 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 £ilm such as a polyurethane with a DK
or diffusivity times solubility of 60 m2/sec~Pa would result in
a diffusion half time 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 assentially overnight, The time for
permeation may be increased by using encapsulants or gloss
barrier coatings with 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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exposure to water for long tinme periods, water will slowy diffuse into.

pol ymer layer 56 and thence, through microcapsule 60 to dye pafrticle 62 as
shown in Fiwmo®17844 The di ffusi on of the dye out of |ayer S5®CTAIHIHET8ddel ed
using basic mass transfer laws. Note, the rate at which dye diffuses out
of the capsule is shown in Figure 6 to be related to [err] for a dye

capsul e 60 which encapsul ates a dye particle 62. Fick's first lawis
commonly used to nodel thy diffusion process. At steady state, the nass-
transfer of dye fromthe mcrocapaul e can be nodel ed usi ng the equation

bel ow. where dM dt is the rate of tlgans{er of dye with time, Dis the
d|ffu5|V|ty of the dye in the polyrrer Payer Kis the solubility of the dye
in the layer, C is the concentration difference of the dye in the

m or 0capsul & vel sus. 1° SELBMRL SARAVRE: P L. LBE Quig diaRRA and R

i-$ ‘the inner d|’éﬂ§?‘é°|" ofe"' apst a mcrocapsul € that is 50 m crons
in dianeter ,enwaﬁgmaaea nmer adlwaﬁat-ebmﬁle45mnymrorwchand tpledige thy herid

t hi ckness of 5 nmicrons, the tinme for %f us on of haMlefret Qg gy t hrough a
pol yner fil *d@ghor é’é’lyn?‘F’i?ﬁlcc%‘tﬁdd bY abJE S F PO R fef one  hundr ed

hours, i| defRN@kNgcess tie o ehatd ikepolymar! | tiyxeoi:re:haydgﬂe donld hieemat ri x.
The dl flusi Ofrzart Iggi\pi:ean Ee v}a%le!: Ors%?ull:'llsel ngoyyaélé:lrj(r)lua?nl é)l yrrt;[g 3 Q-rrith a
’ R .
témperature activated iniéiapor and bisacrylamide crosslinker
agent. The mixturé would be.added dropwise to an incompatible
organic solvent such as toluene with an emulsifying agent 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 Lhe 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. 1In this case, dye diffusion would
be dependent solely on the thickness of the outer_ barrier
coating. Once  water reaches the dye particles, the
polyacrylamide beads would swell, and dye diffusion through the
polyacrylamide beads 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 choite iqclude
polyurethanes and nylons such as Nylon 6,6, Nylon. 6=and;Nylon

6,10,
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pol ymer blends,, as well as differenthnaterialz. Processing the f
techni ques, _jncluding the use of a thin secondary top coatin ayer o

0 rwéggﬂ-&g}hi gg no particles, can control the distrib T’Hﬁ”’_’&asz i nk
mcropartficies to prevent the immediate release of ink from
mcroparticles that may be located at the surface of the ball. The
formation of m crocapsules may be done using:a nu..zer of technol ogies.
These technol ogi es include polymer coacervation/ phase separation using the
col | oi dal suspensions of - 10 - i nsol ubl e pol yner and
subsequent isolation of mcroparticleeamphes nonaqueous nedium
Pol yam de and sone . polyester and pol yur et hane coatings
f or med using . interfacial polymerization, usi ng stabilizers
form stabi | i zenl. a Mikdrdeemdogims., a cBradessuspensaditalped yarewildat i on -

pure pol yne

agitation of

t echni ques,
nunber of pol

' ' I di b f
BBPS WP e CP RGP oB S JTEEl oy ABF Py B b

may

or
Vi

to

a
nyl

pol yners sucdxpod&a tpOd VR6&)dpak £S ThOI deval6per! @S, a OligGOPOIABIS clay |t MY
to "hide" the color of _the dye in the m croehcapsul ant

be necessary
the polyner

orcd'af:}r}.]dlhicrf sabselgyrsyor dissolves the color former and results
in a colored dye. This technology is extremely well developed
and has been used for thérmal printing; electrochromic printing,
pressure sensitive (carbonleés copy paper) industries. Colors
achieved with these dyes include véry deep black and blue shades
that would be sasily recognized against a white golf ball.

In this invention, the developer would be mixed in the gloss
resin along with encapsulated 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 developei and thus requires smaller quantities, Sut is
more expensive, is zinc salicylate. Both compounds can be added
to the encapsulant containing inner coating in small quantities
-~ 1 to 5 wgt. %.
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transparent. In this case, the incorporation of white pignent in the

pol ymer coating wall can be introduced during the encapsul ation process.
After the.vposssocapsul es are prepared at the desired si zBCEUH§I8/F782m
thickness, the particles may be stored under a desicator, and dried
under a vacuum w th desiccant at |east 24 hours prior to fornulation
with a polyner fiIm 'o form an overcoat The polynmer nedium for
the overcoat can traditi onal %’[I Pg, NI tlegjlalzaé ch as a

pol yur et hane o"?hepBFE/%fcrdsz%{‘[sé“ p’iﬁcffsu & ?"rﬁtgt rons of water o the
particles wel |th‘éar®ét\%t|§old‘hiecmlvéﬁ>p@i' potryérematﬁdlwanf osctlotals tshe over coat
and gloss coat. Preferr

l,nclu 18Y [ efjanes,
pol ynet hyl cREF T oI 4P, ﬂeﬁSfV@t’hW‘f ‘#th He%sry atvéa dlfj[e'bSQ?adlyenet% and
various pQbYyifd¥hsr in ERE miobbieses rrusrhe dye bk embedcwertém ol ymer
overcoat filmunder dry conditions with a huni 0%_ or, |lower, at

| oadi ngs @& cofored, wakse, solyple «Higdi (HRE SP“dflég%‘P& oc'rlléna%; be'®at

t enper at ur 3.p&lQw e bl PdueEPEr @1dEsa Hallll CIFS POEIsE eRaPIERT thzOat | Ng, OF
in *an overcoat polymer-solvent mxture with a solvent that cannot dissolve

the m crosPAEFEsigD| FaBPS cRrst idegendenty o8 i VBECHTSAE| Qle ® tSRE°™Use of

crossl i nkeq ot £ 0HRBLIRS 0 e MPoEHuGRRSY o $70bve wiich| owgurades hwat, or
the wuse of a crosslinkable liquid nononer, or pre olyner The

over coat i ngeesh e pUiisht eU2tAT sFPAASat df°  first coldr former

. microparticles which again can 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 color 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. drying/solvent removal and/or cure of encapsulant
containing gloss coat

5. spray coating of second gloss coat

6.. drying or cure of second gloss coat
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onto the ball and cured. A second gloss coating containing no particles
may then be applied to the ball. The coating thicknesses of the
overcoat aMPIF84 shoul d approxi mate the thickness of tradGHE817§20ss
coatings- used on Conventional golf balls. Exanple 1 In one configuration,
the golf ball can be a two piece golf ball consisting of a wound rubber
core and a thick Surlyn iononer cover containing T102 powder and bl ue
as a brightener. Then a translucent coating containing dye particles can be
appl i ed. This coating wll <consist of a soluble nylon, polyester,

PET or ot her bagdiin@ind @At aRg blewndes wé tiset% ofdrdyehencapsuteatt andit eri al .
| f the encapsulated formof the dye is

[ -0l or ed 0 1Q%a @Y. be
added to tewsure | ayspifory capliife” wiPe eﬁ’é’sc npgs p?ésg‘feve;r. Fi ng‘fl y, a
final -gl oss GQalh NgeWdakr e Rsdededn®ch RO Utcer edsiyer .the Th@pkemdpte i npor t ant
to color change in the ball- are- the two ,o'tége nost |ayers, which
shoul d be aFEPBXiofatideybatFenftesnghangt ¥ 2°W° PN t hi ckness. In the first
enbodi nent, the,dyg)gSeghi Shak CORND bR edesapintal enmdyr, cbhtanBl dee Thi s
dye is a crystalline material at

particles which are activated by the presence of water,

resulting in a color change _marﬁer which effectively destroys

the appearance of the ball, a}erting the consumer to balls which

have been exposed to water fbt 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=thé gloss coat and the golf ball
cover. A different approach would involve the incorporation of
dye into the golf ball cover itself. In this embodiment,
illustrated in Figure 7, dye 60 may be incorporated into the
ionomer ball cover of a two piece golf ball 62 as a solid
particle or as an encapsulated dye. HNere 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 dyé would immediately begin to dissolve, producing a
splotchy, colored appearance in the ball cover. In thiq-case,
the golf ball gloss coating 68 is the primary barrier to_ﬁater,
and.aé water permeates the gioss coating and begins to Eiffuse
into the ball shell or cover 66, color change will accur. The

use of an encapsulated dye could be used to obtain better
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room tenperature and is available as a granular powder containing

crystals that are 20 to 40 mcrons in size. These solid crystals are .
hard and noﬁ”@é?’li&é“ and smal | enough that when dispersed in q’dﬁgbif 735 | ow
concentrations, there will be - io detected color change. The 1 ndividual

dye particles woul d be encapsulated with a gelatin coating using gelatin -
boacervation in an organic solvent to prevent water solubilizatioh of the
dye nol ecul es; procedures for coacervation are well-know n, and. have been
used in drug gncapsiy s O o4k soRCp FRZTE! cxs.eaagea&wasybw thsea -
industries for nmany years. . The.encapsul ated dye would en be 1sol ated
and added i nwenltioghisye nkes Pec ighesan tat vopstand the col'tmuadml yerediitdorg oss
coating such,as;3 PQlokbk §fRane or polyester gloss coat. The two piece
Surlyn coated bal woul d ~ be dip-coated with the gloss coat resin which
woul d then be driisethadaey ndesgribads enfey esmbpdimeptsces $hasinvgnhea ed/ or air
flow the-ovgrco 0 LOX y 10 c thlck A
second Iayerg&f %f’%iséxgg)lé’?‘?néhgaggigggpgl#S}{JE?%'? an% g%&\qg F% #%%geadded
using a spraye caabsengswbltlledd in Thhs seconbat ayes Wordodibe Aadded@relyo provi de
one additi Onfq strarf;gegnd ot Qm%figgéfihavgng begn presented by the way

of example only. Numerous modiflcations and other embodiments

are within the scope of one of ordinary skill in the art and are

contemplaLed as falling within the scope of Lthe invention as

limited only by the appended claims and equivalents thereto.
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ensure an even gloss coating. The thickness of the gloss coating

shoul d be approximately 100 m crons thick. The resulting bal S
contain a A2¥dubl e dye encapsulated in thin filmbarri eb’%@&ﬁ%@?i on

of water through a 100 micron thick polyner filmsuch as a pol yurethane
with a DK or diffusivity tinmes. solubility of 60 n2/sec-Pa would result in
a diffusion half time for water of approximately 10 to 12 hours. The water
woul d then be able to access the dye particles in the second | ayer
cont ai ni n¥HAY eI HEAFYEPanNt . The tine for perneation of water through the
gel "encapsul ant, assuming an inner radius of 40 mcrons _and an outer radius
of 50 microns, f.or & E?E)gc‘a?Ugé%aéItiFﬁ eerp siarafisuably sk cahinghethtder of
5 to 6 hours, resulting in a color change after exposure to water of 16 to
18 hour s saidrgoki hadil| has yeepgytmixgied. in WHer-tine for perneation may be
I ncreased by using encapsul ants or gloss barrier coatings wth | ower
permneabilities. A nylon based overcoating would result in difussion
hal f-ti mes approxi mately 100 tines |onger and the col or change woul d then
t ake pl ace over.t hehepadlédbail XF0Claid 60 wherrin ofaiserenns Hayyisvally -
indicating that said golf ball has been immersed in water
includes a water activated material incorporated therein which
upon water activation provides a visual indication of immersion

in water.

3. The golf ball of Claim 2 wherein said visual indication

is a color change to said ball.

4. The golf ball of Claim 2 wherein said visual indication

is a mottled appearance to said ball.

5. The golf ball of Claim 2 wherein said visual indication

is a change of an indicator mark on said ball.

6. The golf ball of Claim 2 wherein said water activated

material includes a dye particle and microencapulation thereof.

7. The golf ball of Claim 2 wherein said ball has a core

and further including a layer over said core containing said

-~

water activated material.

L M s .
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Exanpl e 2 A second enbodi nent involves the use of a dye particle

encapsul ated in a mater-soluble’aggygﬁrfg?f as pol yet hyl ene oxi de ot poly
acryl i c aciw odyrsdeor mati on of a rle! rd dye particl egTusesnfisai d
prepol yner. The prepolymer could be, for exanple, a water soluble

pol yacrylam de resin wth a tenperature activated initiator and

bi sacryl am de crosslinker agent. The m xture woul d be added dropwi se to an
i nconmpat i bl e organi c solvent such as toluene with an emul sifying agent such
as polyvinyl alcohol wth stirring at high speeds. The emul sified

drops are pol %Verimfngggééﬂﬁ”béﬁe FTHIRLRN ! %hggjé%&dsa&%”%w? £§&W5ttieﬁg beads

contain dye particle iI'S process can be adjusted to produce dye beads in

varying si O_my¢cron sized beads would be produced for this
applicat§%§$§ia5%% ?ggﬁ%iing beads shoul d not be col ored because the 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 p Iyu&gégggffgégﬁffﬁp%ﬁigg Eolhgwgglb 3 sggond arrier. gloss

coating. In Chis dy'e ust A" woul” Shendent” o1 8™ ™%n the

t hi ckness tof.lth% outer barrier coating. Once water reaches t he
dye palfirefed * ?ﬂé”gblyacrylanide beads woul d swel |, and dye diffusion
t hrough the polyacrylam de beads would be very rapid, resulting in

t he

10. The golf ball of Claim 2 wherein said golf ball
includes a core and a layer thereover containing said water

activated material.

11. The golf ball of Claim 10 wherein said golf ball
further includes a gloss coat layer over said layer containing
said water activated material. said gloss coat layer having a
predetermined thickness for controlling the rate at which water
will penetrate said gloss coat layer to said layer containing
"said water activated material thus to control the amount of
immersion necessary to provide said visual indication of

immersion.
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rel ease of, a very strong dye in the golf ball overcasting. As described in
the first e i t, diffusion through a barrier gloss coat could range
from10 to gg@ﬂﬁgﬁﬁg dependi ng on the polyner chosen for tWETngﬁﬁﬂTﬁb.
Pol ymers.” of choice include pol yurethanes and nyl ons such as Nyl on 6, 6,
Nylon 6; and: Nylon 6,10. - 14 - Example 3 In a third enbodi mrent, a
col orl ess conpound called a color former is used. Color forners are-
converted to strong dyes when exposed to a devel oper. The devel oper is a
slightly acidic clay or resin which absorbs or dissolves the color fornmer

and results in a colored dye. This technology is extrenely well devel oped
and has been used for thermal printdAd, electrochromic printing, pressure

sensitive (carbonless copy paper) industries. Col ors achieved with
t hese dyes include very deep bl ack and bl ue shades\t hat woul d be easily"’
recogni zed against a white golf ball. In this/inveni\ion, the devel oper

woul d be mxed in the gloss resin along with/encapsulated particles
containing the color former. Water diffusiog activate the devel oper,
and wat er =




and devel oper would diffuse into the mcroparticle containing the color
former. The resulting dye would then be released fromthe mcroparticle.
In this ex{gdoazssd comon col or forner known as Crystal Vi oPET/UBS 7387,

whi ch goes fromcolorless to blue.in the presence of the developer, is
encapsul ated in a nylon mcrocapsule using interfacial polynerization.
In the polynerization process, the color former, which is organic and
non-wat er soluble, is contained in an organic phase with a diacid chloride
whi-ch is then contacted with a-di am ne in agueous solution containing

a weak Dbase. The resulting @i fied droplets becone mcroparticles
for the carbonl ess copy- paper industry and is well docunented. A gl oss
resin can then be fornmulated to contain a commercially available color
devel oper. A common devel oper is bisphenol A which is cheap and fairly
easy to process.- A second choice which is a nore effective devel oper and
thus requires smaller quantities; but is nore expensive, is zinc
salicylate.” Both conmpounds can be added to the encapsul ant containi ng
inner coating in small quantities - 1 to 5 wgt. % The wat er diffusion
process will involve the solubilization

2!



of the water .soluble devel oper. The water then acts as a carrier
of the devel gper ‘é delivers it via diffusion to thp colorforner in the
nicroparti(ﬂ§§§9a”%ﬂ dye is then coverted to a colored water SSTAS¥ITHE
whi ch, can diffuse out of the mcroparticle to produce a colored ball. For
this exanple, the diffusion rates are dependent on the thickness of a
second, barrier coating of polyurethane or nylon, which regul ates the speed
with which water., reaches the first color former mcroparticles
whi ch again can be adjusted from 10,t9,100 hours. The intensity or
effectiveness of the system may be‘?ﬁ%?oved by putting the developer in
this outer coating, while the encapsulgé d color fornmer remains in the
i nner coating. Al of the above exaq involve the formation of a two

| ayer gl oss coating on the 5T resLesul ting rel,gsase of dye from
the inner layer w | |.gtes J';‘f' TFPRA\Qf th glggg coat and the
underlying golf ball cowxe) » 8t knti on nmay be used for

detection of water abso
processi ng steps requi(, "
t he manuf act ur er 7&md AT
i nvention involves nnjﬁ ‘gﬂ
manuf acture of the go 9
t he gl oss coat ”d/{‘

ép f balls. The
vari ed dependi ng on
desired. . This
Jprocess steps in the
e priner, |abel and




are replaced by: 1. Application of prinmer on the golf ball cover 2.
Application of conpany |ogo or label 3. dip-coating of gloss ¢oat wth
encapsul anwaggrt7eed es onto ball 4. drying/solvent renoval ®od/us9smrnse of
encapsul ant containing gloss coat S. spray coating of second gl oss coat 6.
drying or cure of second gl oss coat Spinning or air flow may be used to
dry the first coat and ensure a uniform coating. The thickness of the
second coat should be fairly well controlled to ensure the appropriate
amount of time before color change #/4ctivated. A golf ball has thus
been described which contains dye particles which are activated by the
presence of water, resulting in_a-<Tg

'
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The above describes the incorporation of dyes into an int MJUSe 9&1/. 19778
bet ween the gloss coat and the golf ball cover. A differgmra o[1]
i nvol ve the incorporation of dye into the golf ball M?@%Mﬁ% qggg
In this enbodinent, illustrated in Figure 7, dye 60 may be incorporated
into the iononer ball cover of a two piece golf ball 62 as a solid particle
or as an enyARATIIStCIARMED ISHere 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 dianeter. | f such dyes can be
conpounded wth the (ononer at. tenper.atur bel aw t he dye nelt point, the
dye particles shguﬁdb‘?%ﬁawﬁgﬁ‘gﬁéﬂn@@@'}%g@ﬁ@ago%%Fﬁ?ﬂ%Fia}?p?ﬂr?“?f&ﬂp‘m
adversely coloring the ball. Upon absorption of water into the iononer
cover, the Watervimmensionrieinidicats thab etherwise invisiblgl characterigtiicscofnspidi gelfiballchy
“ col ored appearance in the ball cover. In this' case, the golf ball gloss
coating 68 havelten Rltéred dile B6aid imémioYednsprisid as water perneates the
gl oss coating and begins to diffuse into the ball shell or cover 66, color

change wi | | occugmre]'he use of an encapsul ated dye could be used to obtain
better - 17 - ’

a water insoluble, water permeable cover over said core for providing said golf
ball with predetermined characteristics of play including weight, size, spherical

symmetry, overall distance and initial velocity conforming to golf ball characteristic

standards; and,

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

identified as having altered characteristics due to the immersion thereof.

2. The golf ball of claim 1, wherein said cover includes an ionomer resin.

@)

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

4. The golf ball of claim 1, wherein said cover includes rubber.

5. The golf ball of claim 1, wherein said cover includes a synthetic material.
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control of .the discoloration process. The dye encapsul antc%i \ngﬁj/h]a\l-zs f

to be chosen to wthstand the conpoundi ng conditions of ttB 3bMAY ‘]999
Havi ng now descri bed a few enbodi nents of the invention, and sone
nodi fications and variations thereto, it should be apparent to those
skilled in the6. dhe gdolfidiall bhelaihot coierein sakl oBrecinehides usefoatlinkablend not
limting, having been presented by the way of exanple only. Numer ous

modi fi cati ogfs@pr ot her enbodi nents are within the scope of one of ordinary
skill in the art and are contenplated as falling within the scope of the
invention as limted only by the appended cl ains and equi val ents thereto.
WHAT IS CLAIMED I S: 1. A water imrersion indicating golf ball which
changes appearance upon water imersion to indicate that otherw se

i nvi si bl e char ac?eFhegalEbalbef daimb, gdierein said ehstomenlis polpbiitatliencdt robbari d

i mmersion, conprising: materials providing said golf ball wth

- predeterm ned characteristics of play including weight, size, spherical
symmetry. overall distance, initial velocity, and other flight

ater activated aneredt O ELAR L yifrcin SHREBRIROlRG <otBRE Bl O °

within or onto said golf ball and subject to infusion of water into said
ball due to the water

9. The golf ball of claim 1, wherein said water-activated material includes a

dye.

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

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

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

)

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

color.

13. A golfball, comprising:
a core,

a water insoluble, water permeable cover over said core; and,

a water soluble material between said core and said cover which changes color
» ) O D
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permeability of said ball's materials thereof which chafg‘erluﬁ)eg &le]_t%? 8 ?

i ndi cate that the performance characteristics of said ball have been )
altered due to said i mrersion, whereby otherw se playabl e‘fﬁgbi,‘d Ba@lze AV 19qq
retrieved fromwater hazards can be identified as having altered e o
performance characteristics due to the inmersion thereof 2. A
golf ball, conprising: one or nore |ayers of construction, and a materi al
provided in liquid, solid. or gaseous form hetween, on or .in any of said

| ayers whi ch caudésThe selfhajbof daiapbdb arherein said caygrdngludes apjonpmesdesit-esence

of water w thout. changing the shaDe.of ,said ball. 3. The golf ball of
claim1, wherein said cover includes balata 4. The golf ball of claiml1,
wherein said cover includcs rubber.. 5. The golf ball of claiml, wherein
said cover 1ncludasthe giPbiIPb! QultRls iitkein shill boverihBludesthteld |~ 6. The

golf ball of claiml1, erein sard core Inc ugfes a crosslinkabl e el astoner.

7. The golf ball of claim®6, wherein said el astoner is pol ybutadi ene

rubber. 8. The golf ball of claim1, wherein said core includes a synthetic
~material. 9. The golf ball of claiml, wherein said water-activated

“mat eri al i ncl udesl6aThe golf bal] ofi¢lainy b3, iwhendin saifl coveriingludeswhbhesi n sai d

wat er-activated material is

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

Q 18. The golf ball of claim 13, wherein said core includes a crosslinkable
elastomer.
19. The golf ball of claim 18, wherein said elastomer is polybutadiene rubber.
20. The golf ball of claim 13, wherein said core includes a synthetic material.
\J 21. The golf ball of claim 13, wherein said water-activated material includes a
dye.
22. The golf ball of claim 13, wherein said water-activated material is
microencapsulated.
23. The golf ball of claim 13, wherein said water-activated material includes
an ink.

;{0/ AT
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Fn'cr'oencap's'ul ated. 1 1. The golf ball of claiml, \/\herel n sad \45 P :
wat er-activated material includes an ink. 12. The gol f Q?EAZ m h

wherein said water-activated material includes a nmulti- YQ '[TM Y1999
upon water infusion, results in a chemcal reaction to produce color. 13. A

gol f ball, comprhgipge e g6if ball 8fcl?m’8’?§ Sh r&ﬁ%lki%a‘??r U éH%f‘chﬁxdeXer

over sald core; and, € materia ween sal core and said
cover whi ch changes col or upon the presence of wat 14, The | f bal
of ol ai m 13MUHHERE FYSLTR ChAtc RS WAteR INGRRRP, Aesults il frsherhial Feactios to e f

~ ball of claim13, wherein said cover includes balata. 16. The golf ball of
claim 13, wbeloei n said cover includes rubber. 17. The golf ball of claim

- 13, wherein said cover includes a synthetic material. 18. The golf ball of
claim 13, wherein said core includes a crosslinkable elastonmer. 19. The
golf ball of claim 18, wherein said elastomer is polybutadi ene rubber. 20.

The gol f ball of gl gl%m)'lé[? wherei.n said core includes a synthetic material.
21. The golf baI? 0 TIPS ei n sai d water-activated materi al
i ncl udes a

a core,

a water insoluble, water permeable cover; and,

a water soluble material at said cover which changes color upon the presence

of water.
26. The golf ball of claim 25, wherein said cover includes an ionomer resin.
27. The golf ball of claim 25, wherein said cover includes balata.

28. The golf ball of claim 25, wherein said cover includes rubber.

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

material.

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

elastomer.

31. The golf ball of claim 30, wherein said elastomer is polybutadiene rubber.

32. The golf ball of claim 25, wherein said core includes a synthetic material.

7
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dye. '22. Thé golf ball of claim13, wherein said water-ac?mAL% nat&rllll778 |

is mcroencapsul ated. 23. The golf ball of claim13, wher w ’
wat er-activated material includes an ink. 24. The gol fq a g%l MIAlY‘dggg

wherein said water-activated material includes a nulti-part systemthat,
upon water infusion, results in a chemcal reaction to produce color. 25. A
golf ball, conprising: a core, a water insoluble, water perneable cover;

presence of vater SoBe SHEbELofES, ot st tele HEVER nisterhl ibies

i ncl udes an iononmer resin. 27. The golf ball of claim25, wherein said
cover includ€¥-bal ata. 28. The gol f ball of claim25, wherein said cover

i ncl udes rubber. 29. The golf ball of claim25, wherein said cover includes
a synthetic material. 30. The golf ball of claim25, wherein said core

I ncl udes a crosslinkabl e el astoner.

34. The golf ball of claim 25, wherein said water-activated material is

microencapsulated.

35. The golf ball of claim 25, wherein said water-activated material includes

an ink.

36. The golf ball of claim 25, wherein said water-activated material includes a

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

color.

57, A golfball, compriing ) )

a core,

a water insoluble, water permeable cover; and,

a water soluble material at said core which changes color upon the presence of

water.

38. The golf ball of claim 37, wherein said cover includes an ionomer resin.

39. The golf ball of claim 37, wherein said cover includes balata.

40. The golf ball of claim 37, wherein said cover includes rubber.

(5
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31. ‘I"he gol-:1c bal | of claim30, wherein said el astoner is madgx,aJl??B 1‘

rubber.” 32. The golf ball of claim25, wherein said core ingl,uq_equg Mo _ :
synthetic material . 33. The golf ball of claim25, wherein sai A ]999
wat er-activated material includes a dye. 34. The golf ball of claim 25,

wherein said water-activated material is mcroencapsul ated. 35. The golf

ball of claim25, wherein said water-activated material includes an ink.

36. The gol f ball ,pfwcl aj 5., Wherein, said ter-aciivated ferial

i ncl udes a nul ti -%Qr?‘e&@é*ﬁﬁﬁ%f‘ 3§p‘3he’iﬁ)é’ts€\}w(f°i’(% tﬁ’rq?s?é‘érﬁﬂetﬂnac mafedial.
chem cal reaction to produce color. 37. A golf ball, conprising; a core, a
wat er insoluble, water perneable cover; and, a water solubl.e material at
sai d core which changes col or upon the presence of water. 38. The golf ball

of claim 37, wher42.rTiwagolfdallesf chith LB1e Switdteihoatdebre’ Biudes A9croddhnkarlt f
ball of claim 37, wherein said cover includes balata. 40. The golf ball of

claim 37, whghgbfesai d cover includes rubber.

43. The golf ball of claim 42, wherein said elastomer is polybutadiene rubber.

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 ball of claim 37, wherein said water-activated material includes

an ink.

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

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

color.

AT
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41. The golf ball of claim37, wherein said cover incl udgsczlg%t I%aél 778 L

material. 42. The golf ball of claim 37, wherein said ca |
crosslinkabl e el astomer. 43. The golf bal | of claim 42, w@(ﬂAY 1999

el astonmer is pol ybutadi ene rubber. 44. The golf ball of cI a| m 37, wherein
said core includ LG erial. 45. The golf ball of claim 37,
wherei n sai d wat g? @g@l}f@é{l@éﬁﬁgﬁﬁ Tal includes a dye. 46. The golf ball of
claim 37, wherein said water-activated material is mcroencapsul ated. 47.
The golf ball of 2% m 37, wherein said water-activated material includes
an ink. 48. The golf ball of claim37, wherein said water-activated

“mat eri al i ncl udes wateminsolubbg mtates patmeubldwiver; apdn wat er i nfusion, results in
a chem cal reaction to produce col or. 49. A golf ball conprising: a

core, a water ingglatthlarivat@d ﬁ%ﬁﬂﬁf&?@a‘iﬁ Fo&?\ﬁﬁch afa esacom ba Bfdsbncdlgtd

material on said cover which changes co upon pre ence

water.

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

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

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

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

54. The golf ball of claim 49, wherein said core includes a crosslinkable

elastomer.

55. The golf ball of claim 54, wherein said elastomer is polybutadiene 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 a

dye.

OO
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wat 8r. 50.. The golf ball of claim49, wherein said covePrmJ&eggn/ 1 778 ?
I ononmer resin. 51. The golf ball of claim49, wherein sa Eﬁﬂ@ Mysmgg
bal ata. 52. The golf ball of claim49, wherein said cove includes ru

53. The-golf ball of cl ai m 49, wherein said cover includes a synthetic

material. 54. The.gghf II I.m I n. COl.

crosslinkabl e el §§t 0 ngaﬂTﬁﬁ 328{nf 4‘%tﬂl"Y efﬁlg ﬁa%ﬁs ag%,'a%hg%trel‘ﬁ&glg?ld%

el astonmer is pol ybut adl ene rubber. 56. The golf ball of claim49, wherein
sai d core i meictogaeapaulsigdt hetic naterial. 57. The golf ball of claim 49,
wherein said water-activated material includes a dye. 58. The gol f ball
of claim49, wherein said water-activated material is mcroencapsul at ed.
59. The golf ball of claim49, vvherei n said water-activated materi al

i ncludes an ink. &g0- fo |

wat er - act i vat ed mat gpggﬁufb%!:ll ufgﬂsl a mu t%lglgrﬂit% gé@féﬁthﬁ%&t%gnm%des

I nfusion, resuylts in- a chemcal reaction to produce color. 61. A water

i mrersi on i AR | ng gol f ball which changes appearance upon water
~imersion to indicate that otherw se invisible characteristics of said golf
bal |

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 immersic;n indicating golf ball which changes appearance upon
water immersion to indicate that otherwisé invisible characteristics of said golf ball
have been altered due to said immersion, comprising:

a core;

a water insoluble cover over said core for providing said golf ball with
predetermined characteristics of play including weight, size, spherical symmetry,

2 overall distance and initial velocity conforming to golf ball characteristic standards,
said cover having a predetermined water permeability; and,

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

identified as having altered characteristics due to the immersion thereof.

A e
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have been altered due to said i nmersion, conprising: a core; EEP\MGEMENT SHEET
I nsol ubl e cover over said core for providing said golf ball wth
predet erm ned characteristics of play including weight, size, spherical
symretry, overall distance and initial velocity conformng to golf ball
characteristic standards, said cover having a predeterm ned water
pernmeability; and, a water activated material within said golf ball and
subj ect t oWHATIS GRAMMEISr into said cover due to the water perneability
t her eof which charges appearance to indicate that the performance
characteristics of said ball have been altered due to said inmersion,
wher eby ot herw /2 oy r an be .
i denti fi edlilas h&k a JHW@_? er eof .
immersion to indicate that otherwxse mv1sub1e charactenstxcs of said golf have been

altered due to said immersion, comprising:
o materials providing said golf ball with predetermined characteristics of play
including weight, size, spherical symmetry, overall distance, initial velocity, and other
flight characteristics conforming to golf ball characteristic standards; and,

a water activated material introduced in solid, liquid, or gaseous form within or
onto said golf ball and subject to infusion of water into said ball due to the water
permeability of said ball’s materials thereof which changes appearance to indicate that

"
the performance characteristics of said ball have been altered due to said immersion,
whereby otherwise playable 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 shabe of
, said ball.
'\\’i

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

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

5. The golf ball of claim 1, wherein said cover incJudes a synthetic material.
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