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FISH & RICHARDSON P.C. ﬂ
12390 El Camino Real sCtE TS e couny
San Diego, California 92130 RICT b muromn
Telephone: (858) 678-5070
Facsimile: (858) 678-5099 IS — Y, o N Y P
Attorneys for Plaintiff
CALLAWAY GOLF COMPANY
UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF ALIFORNIA

CALLAWAY GOLF COMPANY caseNo.’07CV 1 424  JAH AJE

v. | COMPLAINT FOR PATENT

. , . INFRINGEMENT AND DECLARATORY
TAYLOR MADE GOLF COMPANY, INC. - JUDEMENT
DEMAND FOR JURY TRIAL
For its Complaint, Plaintiff alleges:
| PARTIES

1. Plaintiff Callaway Golf Company ("Callaway Golf") is a corporation organized and
existing under the laws of the State of Delaware, having a principal place of business in Carlsbad,
California. ' .

2. Defendant Taylor Made Golf Company, Inc. ("Taylor Made") is a corporation
organized and existing under the laws of the State of Delaware, having a principal place of
business in Carlsbad, California. _

JURISDICTION AND VENUE

3. This Court has subject matter jurisdiction under the patent laws of the United
States, 35 U.S.C. § 1 et seq. and under the Declaratory Judgment Act28 U. S C. § 2201 et seq.

The Court has subject matter jurisdiction under 28 U.S.C. §§ 1331 1338, 2201 and 2202.
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4. This Court has personal jurisdiction over Taylor Made by virtue of, inter alia, its
principal place of business in California.

s Venue is proper under 28 U.S.C. §§ 1391 and 1400.

6. On October 28, 2003, United States Patent No. 6,638,185 ("the '185 Patent"), on an
invention entitled "Multi-layer Golf Ball" was duly and legally issued by the United States Patent
and Trademark Office. A true and correct copy of the '185 Patent is attached as E;(hibit A.of this
Corﬁplaint. _

T On]J aﬁuary 9, 2007, United States Patent No. 7,160,207 ("the '207 Patent"), on an
invention entitled "Multi-layer Golf Ball" was duly and legally issued by the United States Patent
and Trademark Office. A true and correct copy of the 207 Patent is attached as Exhibit B of this
Compléint. | '

8. On information and belief, Defendant Taylor Made is engaged in the business of
manufacturing, using, importing, offering for sale, and/or selling in the district golf balls that
infringe Callaway Golf's intellectual property rights.

9. Defendant Taylor Made asserts that it is the owner of U.S. Patent No. 6,547,678
("the '678 patent"), entitled "Golf Ball Dimple Structures With Vortex. Generators," which issued
on April 15, 2003. A true and correct copy of the '678 Patent is attached as Exhibit C of this
Complaint. | | |

10. Defendant Taylor Made asserts that it is the owner by assignment of U.S. Patent
No. 6,991,558 ("the '558 patent"), entitled "Golf Club Head," which issued on January-31, 2006.
A true and correct copy of the '5S58 Patent is attached as Exhibit D of this Complaint.

11.  Defendant Taylor Made asserts that it is the owner by assignment of U.S. Patent
No. 7,198,575 (the "'575 patent"), entitled "Golf Club Head," which issued on April 3, 2007. A
true and correct copy of the '575 Patént is attached as Exhibit E of this Complaint.

12. Defendant Taylor Made asserts that it is the owner by assignment of U.S. Patent
No. 6,719,644 ("the '644 patent"), entitled "Golf Club Head and Face," which issued on April 13,

2004. A true and correct copy of the '644 Patent is attached as Exhibit F of this Complaint.
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13.  Taylor Made has repeatedly alleged that Callaway Golf's products infringe the '678,
'558, '575, and '644 patents.

14.  Asa resuit of T~aylor Made's allegations, Callaway Golf has an objectively
reasonable apprehension that Taylor Madé will sue Callaway Golf for alleged infringement of the
678, '558, '575, and '644 patents. | |

15.  Therefore, there is an actual and justiciable controversy between Callaway Golf and
Taylor Made concerning the validity, enforceability, and alleged infringement of the '678, 'S58,
'575, and '644 patents. |

COUNT 1
(Infringement of the '185 and '207 Patents)

16.  Callaway Golf inco}poréteg by reference the allegations in paragraphs 1 through 15

above.

17.  Callaway Golf has been engaged in the business of manufacturing and distributing

-golf equipment since 1982. .

18.  Callaway Golf waé assigned all right, title, and interest in and to the '185 Patent and
at all times relevant hereto has been the lawful owner of éll rights, title, and interest in thé "85
patent. Callaway Golf is the sole owner of the '185 patént. o

19.  Callaway Golf was assigned all right, title, and interest ip and to the '207 Patent and
at all times relevant hereto has been the lawful owner of all rights, title, and interest in the 207
Patent. Callaway Golf is the sole owner of the '207 patent.

‘20. Taylor Made markets and sells golf balls in direct competition with Callaway Golf.

21. Taylor Made has used, manufactured, offered for sale, sold and/or caused to be
imported into the United States products which literally and under the doctrine of equivalents
infringe one or more claims of the '185 and 207 Patents in violation of 35 FU.S.C. Section 271.

22.  Taylor Made is actively inducing others to infringe, and/or committing acts of
contributory infringement, of one or more claims of the '185 and '207 Patents through its activities

related to making, usihg, importing, offering for sale, and/or selling their infringing products or
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causing infringing products to be made, used, imported, offered for sale, and/or sold in the United

States, all in violation of 35 U.S.C. § 271.

23.  Taylor Made has been on notice of the '185 and '207 Patents.

24.  Callaway Golf has been damaged and has suffered‘irreparable injury due to acts of
infringement by Taylor Made aﬁd will continue to suffer irrepargble injury unless Taylor Made's
écﬁvities are enjoined. |

25.  Callaway Golf has suffered and will continue to suffer substantial daﬁlages by
reason of Taylor Made's act of patent infringement as alleged above and Callaway Golf is entitled
to brecover from Taylor Made the damages sustained as a result of Taylor Made's acts.

26.  Taylor Made has Willfully and deliberately infringed the '185 and '207 Patents in
disregard of Callaway Golf's rights.

| COUNTII
(Declaratory Judgment that Callaway Golf
Has a License to Practice One or More
Claims of the '575 and/or 'S58 Patents)

27.  Callaway Golf incorporates by reference the allegations in paragraphs 1 through 26
above. |

28. © On January 5, 2005, Callaway Golf and Taylor Made entered into a License
Agreement, pursuant to which Callaway Golf has a license to practice one of more claims of the
'575 and/or '558 patents. |

| 29.  This is an action for declaratory judgmeht that Callaway Golf has a license to
practice one of more claims of the 'S75 and/or '558 patents.

30.  An actual controversy exists between Callaway Golf and Taylor Made concerning
whether CallaWay Golf's accused products directly or indirectly infringe or have infringed any
valid claim of the '575 and '558 patents, and whether Callaway Golf is liable for the purported
infringement of any such claim. An actual controversy also exists between Callaway Golf and
Taylor Made concerning whether the '575 and '558 patents are invalid for failing to meet one or

more of the requirements for patentability set forth in 35 U.S.C. §§ 101, 102, 103, and 112.
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31.  Ajudicial declaration that Callaway Golf has a license to practice one of more
claims of the '575 and/or '558 patents is necessary and appropriate, so that Callaway Golf can
ascertain its rights and duties with réspect to desigﬁing, developing, marketing, and selling its
products. | |

COUNT 11
(Declaratory Judgment That Callaway Golf

Has an Implied License to Practice One or
More Claims of the '575 and/or '558 Patents)

32. Caliaway Golf incorporates by reference the allegations in paragraphs 1 through 31
above. ‘

33.  OnJanuary 5, 2005, Callaway Golf and Taylor Made eﬁtered into a License
Agreement, pursuant to which Callaway Go}f has an implied license to practice one of more
claims of the '575 and/or '558 patents.

34.  This i.s an action for declara'tory judgment that Callaway Golf has an implied
license to practice one of more claims of the '575 aﬁd/or '558 patents.

35.  Anactual controversy exists between Callaway Golf and Taylor Made concerning
whether Callaway Golf's accused products directly or indirectly infringe or have infringed ahy
valid claim of the '575 and/or '558 patents, and whethér Callaway Golf is liable for the purported
infringerhent of any such claim. An actual controversy also exists between Callaway Golf and
Taylor Made concerning whether the '575 and/or '558 patents are invalid for failing to meet one or
rﬁore of the requirements for patentability set forth in 35 U.S.C. §§ 101, 102, 103, and 112.

36. A judicial declarat'ion that Callaway Golf has an implied license to practice one of
more claims of the '575 and/or '558 patents is necessary and appropriate, so that Callaway Golf
can ascertain its rights and duties with respect to designing, developing, markéting, and selling its

products.
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COUNT 1V
(Declaratory Judgment of Estoppel)

37.  Callaway Golf incorporates by reference the allegations in paragraphs 1 through 36
above.

38.  On January 5, 2005, Callaway Golf and Taylor Made entered into a Liqenge
Agreement, pursuant to which Callaway Golf has a license to practice one of more claims of the
'575 and/or '558 patents.

39. If Taylor Made were to enforce one or more claims of the '575 and/or '558 patents
ag'ailnst Callaway Golf, that would derogate from the rights Taylor Made granted Callaway Golf in

the License Agreement. Taylor Made is therefore estopped from enforcing one or more claims of
the '575 and/or '558 patents.

' 40.  This is an action for declaratory judgment that Taylor Made is estopped from
enforcing one of more claims of the '575 and/or '558 patents.

41, An acmal controversy exists between Callaway Golf and Taylor Made concerning
whether Callaway Golf's accused products directly or indfrectly infringe or ha?e infringed any
valid claim of the '575 and/of '558 patents, and whether Callaway Golf is liable for the purported
infringement of any such claim. An actual controversy also exists between Callaway Golf aﬁd
Taylor Made concerning whether the '575 and/or '558 patenté are invalid for failing to meet one or
more of the requirements for patentability set forth in 35 U.S.C. §§ 101, 102, 103, and 112.

42.  Ajudicial declaration that Téylor Made is estopped from enforcing one of more
claims of the '575 and/or '558 patents is necessary and aﬁpropriate, so that Callaway Golf can
ascertain its rights and duties with respect to designing, developing, marketing, and selling its
prqdu‘cts.
. COUNT V

(Declaratory Judgrhent of Noninfringement
of Any Valid Claim of the '678,'S58, 'S75, and '644 patents)
43, | Plaintiff Callaway Golf ‘realleges and incorporates by reference paragraphs 1-42

above.
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44.  This is an action for declaratory judgment of noninfringement of any valid claim of
the '678, '558, '575, and '644 patents.

45.  An actual controversy exists between Callaway Golf and Taylor Made concerning
whether Callaway Golf's accused products directly or indirectly infringe or have infringed any
valid claim of the '678, '558, '575, and '644 patents and whether Callaway Golf is liable for the
purported infringement of any such claim.

46.'_ Callaway Golf's accused products do not infringe any valid claim of the '678, '558,
'575, and '644 patents. |

47.  Ajudicial declaration that Callaway Golf's accused products do not infringe and
have not infringed, either directly or indirectly, ény valid claim of the '678, '558, '575, and '644
p'c;tents is necessary and appropriate, so that Callaway Golf can ascertain its ﬁgﬁts and duties with
respect to designing, developing, marketing, and selling its products. -

- | COUNT VI
(Declaratory Judgment of Invalidity
of the '678, '558, '575, and '644 patents)_ :

48.  Callaway Golf incorporates by reference the allegations in paragraphs 1 through 47
above.

49.  This is an action for declaratory judgment of invalidity of the '678, '558, '575, and
'644 patents.

50.  An actual controversy exists between Callaway Golf and Taylor Made concerning
whether the '678, '558, '575, and '644 patents are invalid for failing to meet one or more of the
requirenients for patentability set forth in 35 U.S.C. §§ 101, 102, 103, and 112.

51. One or more claims of the.'678, '558, '575, and '644 patents are invalid for failing to
meet one or more of the requirements for patentability set forth in 35 U.S.C. §§ 101, 102, 103, and
112, |

52. A judicial declaration that one or more claims of the '678, '558, '575, and '644

patents are invalid under one or more of the statutory provisions identified above is necessary and
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appropriate, so that Callaway Golf can ascertain its rights and duties with respect to designing,

developing, marketing, and selling its products.

WHEREFORE, Callaway Go.lf prays for judgment:

A. That ’faylor Made has infringed the '185 and '207 patents;

B. That Taylor Made has induced infringement and/or contributorily infringed the '185
and 207 patents; ' ‘

C. Enjoining and restraining Taylor Made, its officers, agents, subsidiaries, servants,
partners, employees, attomeys and all others in active concert or participation with defendant
from:

a. Making, using, selling, importing, 6r offering to séll any goods that in any way
infringe, either literally or under the doctrine of equivalents, the '185 and 207
patents; angl |

b. Inducing or confributorily infringing the '185 and '207 patents.

D. - That Taylor Made's infringemerit ‘of the '185 and '207 patents was willful;

E. For an award of damages adequate to compensate Callaway Golf for Taylor Made's
infringement of the Patent-In-Suit, but no less than a reasonable royalty, with interest, including
pre-judgment interest, and a trebling of such damages due té Taylor Made's willful and deliberate
infringement; |

F. That all infringing material be impounded or destroyed;

G. For monetary damages in an amount according to proof;

H. For interest on said damages at the legal rate from and after the date such damages
‘were incurred;

L That this is an exceptional case and for an award for Callaway Golf's attomeys' fees
and costs; and

J. * For such other relief as the Court may deem just and proper.

K. Declaring that Callaway Golf has an express and/or implied license to practice one

or more claims of the '558 and '575 patents;
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1 L. Declaring that Taylor Made is estopped from enforcing thé '575 and '558 patents
2 || against Callaway Golf;
3 M. Declaring that no valid claims of the '678, '558, '575, and '644 patents are infringed
4 || by Callaway Golf; ' | |
h) N. Declaﬁng that one or more claims of the '678, '558, '575, and '644 patents are
-6 || invalid;
7 0. Awarding Callaway Golf its attorneys' fees and costs of this action.
8 P. Declaring this case exceptional under 35 U.S.C. § 285; and
9 Q. Awarding such other relief as this Court deems just and proper.
10 |
11 DEMAND FOR JURY TRIAL
| 12 - Callaway Golf hereby demands a jury trial as to all issues triable to a jury.
13 ' |
14 || Dated: 8’/ 3/ 0t | FISH & RICHARDSON P.C,
‘ 15 o
17 ' J ¢nnifer K. Bu
18 5 - Attorneys for Plaintiff ,
CALLAWAY GOLF COMPANY
19 :
20
21
2
23
24
25
26
27
28
9
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US 6,638,185 B2
*Oct. 28, 2003

(10) Patent No.:
45) Date of Patent:

(54) MULTI-LAYER GOLF BALL

(75) Inventors: Thomus J. Kennedy, ITI, Wilbraham,
) " MA (US); Michael J. Tzlvunis,
Chicopee, MA (US); Viktor Keller,
Bradenton, FL (US); Willlam M.

Risen, Jr., Rumford, RI (US); Mark L. -

Binette, Ludlow, MA (US); John L.
Nealon, Springfield, MA (US)

(73) Assignes: The Top-Flite Golf Company,
Chicopee, MA (US)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

This putent is subject o a lerminal dis-
claimer.

(21) Appl. No.: 09/992,798

(22) Filed: Nov. 5, 2001
(65) Prior Publication Data
US 2003/0013557 Al Jan. 16, 2003

Related U.S, Application Data

(63) Continuntion-in-part of application No. 09/783,484, filed on
*"  Feb, 14, 2001, which is a continuation of application No.
09/040,456, Biled on Mar. 18, 1998, now Pat. No. 6,213,894,
which is & conlinuation-in-parl of application No. 08/631,
613, filed on Apr. 10, 1996, now Pal. No. 5,803,831, which

is a continuation-in-part of spplication No. 08/591,046, filed

on Jan. 25, 1996, now abandoned, and a continuation-in-part

of application No. 08/542,793, filed on Oct, 13, 1995, now
abandoned, which is a continuation-in-part of application

No. 08/070,510, filed on Jun. 1, 1993, now abandoned,
application No, 09/092,798, which is a continvation-in-par

of application No. 09/411,690, filed on Oct. 1, 1999, now

Pal. No, 6,290,614, which is a conlinuution-ing)a[t of appli--

cation No. 09/040,798, filed on Mar. 18, 199

(51) Int.C7 .. A63B 37/12
(52) US. CL ... 473374
(58) Tleld of Searclt v 413/370, 373,

473/374, 367, 368, 378
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Dupont Product Information Sheet for Surlyn 8940.*
' (List continued on next page.)

Primary Examiner~Mark S. Grabam
Assistant Examiner—Raeano Gorden

7 ABSTRACT

Disclosed herein is a multi-layer golf ball having a soft outer
cover, The golf ball has an inner cover layer with a Shore D
hardness of 60 or more, and an outer cover with a Shore D
bardness of 55 or less, and more preferably 50 or less. In &
particularly preferred form of the invention, the outer cover
comprises one or more polyurethane materials. The golf ball
of the invention has exceplionally sofl feel and bigh spin
rates on short shots of 80 yards or less and, particularly, 40
yards or less, while maintaining good distance and average
spin on full shots,

17 Claims, 1 Drawing Sheat
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MULTI-LAYER GOLF BALL

CROSS REFERENCES TO RELATED
" APPLICATIONS

This application is a continuatian-in-part of U.S. appli-
cation Ser. No. 09/783,484 filed on Feb. 14, 2001, which is
a continuation of U.S. application Ser. No. 09/040,456 fled
on Mar. 18, 1998, now U.S. Pat. No. 6,213,894, which is 8
continuation-in-part of U.S. application Ser, No. 08/631,013
filed on Apr, 10, 1996, naw U.S. Pat. No. 5,803,831, which
is & conlinuation-in-part of U.S. npplication Ser. No. 08/591,
046 fled on Jan. 25, 1996, now abandoned, and 2
continuation-in-pert of application Ser. No. 08/542,793 filed
on Oct. 13, 1995, pow abandoncd, which in turn is a
continuation-in-pari of U.S. application Ser. No. 08/070,510
filed Jun. 1, 1993, now abandoned. This application is also
a continuation-in-part of U.S. application Ser. No. 09/411,
690 filed on Oct. 1, 1999 now US. Pat. No. 6,290,614,
which is a continuation-in-part of U.S. application Ser. No.
09/040,798 filed on Mar. 18, 1998. .

FIELD OF THE INVENTION

The present invention relates to golf balls and, more
pacticularly, to improved golf balls comprising multi-layer
covers which have 8 hard inner layer and a relatively soft
ouler layer.

BACKGROUND OF THE INVENTION
Traditional golf ball covers have been comprised of balata

or blends of balata with elastomeric or plastic materials. The .

iroditionu! baluta covers are relatively soft and flexible.
Upon impact, (he soft bulata covers compress against the

. surface of the club producing high spin. Consequently, the

soft and flexible balata covers provide en experionced golfer
with the ability to apply a spin to control the ball in flight in
order to produce a draw or a fade, or a backspin which
causes the ball to “bite” or stop abruptly on contact with the
green, Moreover, the soft balata covers produce a soft “feel”
to the low handicap player. Such playability properties
(workability, feel, eic,) are particularly important in short
iron play with law swing speeds and are exploited signifi-
cantly by relatively skilled players.

Despile all the benefits of balata, balata covered golf balls
ars easily cut and/or damaged if mis-hit. Golf balls produced
with balata or balata-containing cover compositions there-
fore have a relatively shorl life-span.

As a resull of this negalive properly, bulata and ils
synthetic substilutes, (rans-polybuludiene and
transpolyisoprene, have been essenlially replaced as the
cover malerials of choice by new cover malerials comprising
ionomeric resins.

Tonomeric resins are polymers containing interchain jonic
bonding, As a result of their toughness, durability aud Bight
churacleristics, various ivnomeric resins sold by E.I. DuPont
de Nemours & Compagy under (he trademark “Surlyn®”
and more recently, by the Exxon Corporation (sce U.S. Pal.
No. 4,911,451) under the trademarks “Escort®” and the
designation lolek®, have become the materials of choice for
the conslruction of golf ball covers over the (raditional
“balata” (transpolyisoprene, natural or synthetic) rubbers.
As slaled, the sofler balala covers, although exhibiling
enhanced playability properties, lack the durability (cut and
abrasion resistance, faligue endurance, elc.) properties
required for repelitive play.

looorneric resins are generally ijonic copolymers of an
olefin, such as ethylene, and a metal salt of an unsaturaled
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carboxylic acid, such s acrylic acid, methacrylic acid, or
maleic acid, Metal ions, such as sodium or zinc, are used to
neutralize some portion of the acidic group in the copolymer
resulting in & thermoplastic elastomer exhibiling enhanced
propetties, i.e. durability, etc., for golf ball cover construc-
tion over balata. However, some of the advantages gained in
increased durability have been offset to some degree by the
decreases produced in playability. This is because although
the jonomeric resins are very durable, they tend (o be very
hard when utilized for golf ball cover construction, and thus
lack the degree of softness required to impart the spin
necessary o control the ball in flight. Since the ionomeric
rusing are hurder than balats, the jonomeric resin covers do
not compress 5 much against the face of the club upon
impact, thereby producing less spin. In addition, the harder
aod more durable ionomeric resins lack the “feel” charac-
teristic associated with the softer balata related covers.

As & result, while there are currently more than fifty (50)
commercial grades of ionomers available both from DuPont
and Exxon, with a wide range of propertics. which .vary
according to the type and amount of metal cations, molecu-
lar weight, composition of the base resin (i.c., relative
content of cthylenc and mothacrylic and/or acrylic acid
groups) and addilive ingredien(s such as reinforcement
agenls, elc., a great deal of research cootinues in order to
develop a golf ball cover composition exhibiting not only
the improved impact resistance and carrying distance prop-
erlies produced by the “hard” jonomeric resins, bul ulso the
playability (i.e., “spin”, “feel”, etc.) characteristics previ-
ously sssociated with the “soft” balate covers, properties
which are still desired by the more skilled golfer.

Consequently, a number of two-piecs (a solid resilient
center or core with & molded cover) and three-piece (4 liguid
or solid center, elastomeric winding about the center, and &
molded cover) golf balls have been produced to address
(bese needs. The different types of materials utilized lo
formulate the cores, covers, etc. of these balls dramatically
alters the balls’ overall characterislics. In addition, mulli-
layered covers containing one or more ionomer resins have
also been formulated in an attempt to produce a golf ball
having the overall distance, playability and durability char-
acteristics desired.

This was addressed by Spalding Sports Worldwide, Inc.,
the assignee of the present invention, in US. Pat. No.
4,431,193 where a multi-layered golf ball is produced by
initially molding a first cover layer on & spherical core and
then adding a second layer. The first layer is comprised of a
hard, high flexural modulus resinous material such as type
1605 Surlyn® (now designated Surlyn® 8940). Type 1605
Surlyn® (Surlyn® 8940) is a sodium ion based low acid
(less than or equal to 15 weight percent methacrylic acid)
jonomer resin having a flexural modulus of about 51,000 psi.
An ouler Iayer of a comparatively soft, low flexural modulus
resinous material such as {ype 1855 Surlyn® (now desig-

nated Suclyo® 9020) is molded over he inner cover layer. -

Type 1855 Surlyn® (Surlyn® 9020) is u zinc ion bused low
acid (10 weight percent methucrylic acid) ionomer resin
having a flexural modulus of about 14,000 psi.

The 193 palenl teaches that the hard, high flexural
modulus resin which comprises the first layer provides for a
gain in coefficient of restilution’ over the coefficient of
restilution of the core. The increase in the coeflicient of
restitulion provides a ball which scrves (o altain or approach

. the maximum initial velocity limit of 255 feet per sccond as

provided by the United States Golf Association (U.S.G.A)
rules. The relatively soft, low fiexural modulus ouler layer
provides for the advantageous “fecl” and playing character-
istics of a balata covered golf ball.
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In varlous attempls to produce a durable, high spin
jonomer golf ball, the golfing industry has blended the hard
jonomer resins with a number of softer ionomeric resins.
U.S. Put. Nos. 4,884,814 und 5,120,791 ure directed (o cover
compositions conlnining blends of hurd and soft jonomeric
resins, The hard copolymers typically are made from an
olefin and an unsaturated carboxylic acid, The soft copoly-
mers are gencrally made from an olefin, an unsaturatcd
carboxylic acid, and an acrylate cster. It has been found that
golf ball covers formed from hard-soft ionomer blends tend
to become scuffed more readily than covers made of hard

ionomer alone. It would be useful to develop a golf ball -

having a combination of sofiness and durability which is
better than the softness-durability combination of a golf ball
cover made from & hard-soft ionomer blend.

Most professional golfers and good amateur golfers desire
u golf ball that provides distance when hit off a driver,
control and stopping ability on full iron shots, and high spin
on short “touch and feel” shots. Many conventional two-
picce and thread wound performance golf balls bave unde-
sirable high spin rates on full shots. The excessive spin on
full shots is a sacrifice made in order to achieve more spin
which is desired on the shorter touch shots, It would be
beneficial to provide a golf ball which has high spin for
touch shots without generating excessive spin on full shots.

SUMMARY OF THE INVENTION
An object of the invention is to provide a golf ball with a

- goft cover which has good scuff resistance.

Yet another object of the inveation is to provide a golf ball
having & favorable combination of spin rate and durability.

A further object of the inveation is to provide a golf ball
having a sofl cover made from & cover material which is
blended with minimal mixing difficulties.

Another object of (he invention is (o provide a method of
muking a golf bull which has a solt cover wilh good scuff
resistance and cut resistance,
" Another object of the invention is to provide a golf ball
which has & high spin on shots of 250 feet or less and an
average spin on full shols usiog a 9 iron. '

US 6,638,185 B2
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Yet another object of the invention is to provide a method -

of making a durable golf ball with a relatively high spio rate,

A further object of the invention is to provide a multi-
layer golf ball having exceptionally soft feel and high spin
rates on shorl shols while maintaining good distance on full.
shots.

Yet another object of the invention is to provide a multi-
layer golf ball having a high spin rate on short shots and not
having an excessive spin rate on long shols.

Other objects will be in part ohvious and in part pointed
out more in detail hereafier.

In a fArst aspect, the present invention provides a golf ball,
comprising a core, a thermoplastic inner cover layer formed
over the core, the inner cover loyer having a Sbore D
hardness of at least GO as measured on the surfacs thersof,
and an outer cover layer formed over the inner cover lnyer,
the outer cover layer having a Shore D hurdness of no more
thun 55 as measured oo Lhe surfuce thereof, the golf ball
having a PGA compression of 100 or less and a cocfficient
of restitution of at least 0.770.

In another aspect, the preseot iovenlion provides a golf
ball comprising a core, ao inner cover layer formed over the
core, and an ouler cover layer formed 30 over the inner cover
layer. The inner cover layer bas a Shore D bardness of at
least 60 as measured on the curved surface thereof and is
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formed of a composition including at least one material
selecled from the group of consisting of polyphenylene
sther/ionomer bleads, ionomers, polyamides, polyurethanes,
polyester elustomers, polyesier amides, metallocene cuta-
lyzed polyolefins, and blends thereof. The ouler cover layer
has a Shore D hardoess of 0o more than 55 as measured on
the curved surface thereof. The golf ball has a spin factor of
about 5, a PGA compression of 100 or lcss, and a cocfficicnt
of restitution of at Icast 0.770.

In yel another aspect, the present invention provides agolf
ball comprising an inner hall and an ouler cover layer

formed over the inner ball. The inner ball comprises a core
and an inner cover layer disposed about the core. The inoer
ball has a coelicient of restilution of al least 0,780, The ouler

_cover layer has a Shore D hardness of no more than 55 as

measured on the curved surface thereof, The golf ball has &
coefficient of restitution of af least 0.770 und a PGA com-
pression of 100 or less.

In a further aspect, the present invention provides a golf
ball comprising a core, an inner cover layer disposed about
the core, and an outer cover layer disposed about the inner
cover layer. The inner cover layer has a Shore D bardness of
at least 60 as measured on the curved surface thereof and
comprises at least one malerial selected from the group
consisting of polyphenylene ether/ionomer blends,
ionomers, polyumides, polyureLhunes, polyester eluslomers,
polyester amides,. metallocene catalyzed polyolefins, and
blends thereof. The outer cover layer has a Shore D hardness
of-no more than 55 as measured on the curved surface
thereof and comprises at least one material selected from the
group consisting of polyphenylene etherfionomer blends,
ionomers, polyamides, polyurethanes, polyester elastomers,
polyester amides, metallocene catalyzed polyolefins, and
blends thereof, The golf ball has a PGA compression 6f 100
or less and a coefficient of restitution of at least 0.770,

The invention accordingly comprises the several steps and
the relation of one or more of such steps with respect to each
of the others and the arlicles possessing (he' features,
properties, and the relation of elements exemplified in the
following detailed disclosure.

BRIEF DESCRIPTION dF THE DRAWINGS

The following is a brief description of the drawings,
which are presented for the purposes of ilustrating the
invention and not for the purposes of limiting the same,

FIG. 1 is a cross-sectional view of a golf ball embodying
the invention illustrating a core 10 and a cover 12 consisling
of aninner layer 14 and an outer layer 16 having dimples 18;
and

FIG. 2 is a dismelrical cross-sectional view of a golf ball
of the invenlion having a core 10 and a cover 12 made of an
inner layer 14 and an outer layer 16 having dimples 18.

DETAILED: OF THE PREFERRED
EMBODIMENTS

The present invention relales to improved multi-layer golf
balls, particularly 8 golf bull comprising & mulli-layered
cover 12 over a solid core 10, and method for making sume.
The golf balls of the inveation, which can be of & standard
or enlarged size, have a unique combinalion of high coef-
ficient of restitution and a high spin rate on short shots,

The core 10 of the golf ball can be formed of a solid, a
liquid, or any other substance which will result in an inoer
ball, i.e. core and inner cover layer, having the desired COR,
compression and hardness, The multi-layered caver 12 com-




a0(36\&3:38185 ffile://C:ADocuments and Sellings\susa

Case 3:07-cv-0142.L\H -AJB ‘D‘ocum"en‘t 1~ Filed 08/0Gy Page 17 of 75
al- Settings\Temporary Internet Flles\OLKC\006638185.c%

Page 7 of 3:

US 6,638,185 B2

5

prises two layers: a first or inner layer or ply 14 and a second
or outer layer or ply 16. The inner layer 14 cen be ionomer,
jonomer blends, noa-ionomer, von-ionomer blends, or
_blends of ionomer and non-ionomer. The ouler layer 16 is
softer than the inner layer und can be ionomer, ionomer
blends, non-ionomer, non-ionomer blends or blends of iono-
mer and non-ionomer.

In a first preferred embodiment, the inner layer 14 is
comprised of a high acid (i.e. greater than 16 weight percent
acid) ionomer resin or high acid jonomer blend. Preferably,
the inner layer is comprised of a blend of two ar more high
acid (i.e. at leasl 16 weight percent acid) ionomer resins
neutralized to various extents by different melal cations. The
inner cover layer may or may not include u metal sleurate
(e.g., zinc steurute) or other metul fulty ucid sull. The
purpose of the metal stearats or other metal falty acid salt is
1o lower the cost of production without uffecting the overall
performance of the fnished golf ball. In a second
embodiment, the inner layer 14 is corprised of a low acid
(i.e. 16 weight percent acid or less) ionomer blend.
Preferably, the inaer layer is comprised of a blend of two or
more low acid (i.e. 16 weight percent acid or less) jonomer
resins neutralized to various exients by different metal
cations. The inner cover layer may or may not include a
metal stearate (e.g., zinc stearate) or other meta) fatty acid
salt. .

1t hus been found that a hard inner layer provides for 4
substential increase in resilience (i.e., enhanced distance)
over known multi-layer covered balls. The softer outer layer
provides for desirable “fcel” and high spin rate while
maintaining respectable resiliency. The soft outer layer
allows the cover to deform mors during impact and
increases the area of contact between the club face and the

-cover, thereby imparting more spin on the ball. As a result, s

the soft cover provides the ball with a balata-like fee! and
playability characteristics with impraved distance and dura-
bility. Consequently, the overall combination of the inner
and outer cover layers results in a golf ball having enhanced
resilience (improved travel distance) and durability (i.e. cut
resistance, efc.) cheracleristics while maintaining and in
many instances, improving, the pluyabilily properlies of the
ball.

The combination of a hard inaer cover layer with a soft,
relatively low modulus ionomer, ionomer blend or other
non-ionomeric thermoplastic elastomer outer cover layer
provides for excellent overall coefficient of restitution (i.e.,
excellent resilience) because of the improved resiliency
produced by the inner cover layer. While some improvement
in resiliency is also produced by the outer cover layer, the
ouler cover layer generally provides for a more desirable
feel and high spin, particularly at lower swing speeds wilh
highly lofled clubs such as bull wedge shols.

Inner Cover Layer

The inner cover layer is harder than the outer caver Jayer
and geaerally has a thickness in the range of 0.01 o 0.15
inches, preferably 0.01-0.10 inches, more prefetably 0.03 lo
0.07 inches [or & 1.68 inch bull and 0.05 lo 0.10 inches for
a 1.72 inch (or more) ball. The core and inner cover layer
idgether form an inner ball having a coeBcient of restilution
of 0.780 or more and more preferably 0.790 or more, and &
diameter in the range of 1.48~1.66 inches for a 1.68 inch ball
and 1.50-1.70 inches for a 1.72 inch (or more) ball. The
inner cover layer has a Shore D hardness of 60 or more. It
is particularly advantageous if the golf balls of the invention
have an inner layer with a Shore D hardness of 65 or more.

6 .

The above-described characteristics of the inner cover layer
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provide an inner ball having a PGA compression of 100 or
less. It is found that when the inner ball has a PGA
compression of 90 or less, excellenl playubilily resulls.

The inner layer compositions of the cmbodiments
described herein may include the high acid jonomers such as
those developed by E.I. DuPont de Nemours & Company
under the trademark Surlyn® and by Exxon Corporation
under the trademark Bscor® or tradename lotek®, or blends
thereof. Examples of composilions which may be used as the
inner layer herein are sel forth in detail in U.S. Ser. No.
8/174,765, now abandoned, which is a continuation of U.S.
Ser. No.07/776,803 filed Ocl. 15, 1991, now abancloned, and
Ser. No.08/493,089, issued as U.S. Pal. No. 5,688,869,
which is a continualion of Ser. No. 07/981,751, now
abandoned, which in turn is & continuation of Ser. No.
07/901,660 filed Jun. 19, 1992, now abandoned, all of which
are incorporated hercin by reference. Of course, the inoer
layer high acid ionomer compositions are not limited in any
way to those compositions set forth in said copending
applications.

The bigh acid ionomers which may be suitable for use in
formulating the inner laysr compositions of the subject first
and third embodiments of the inveation sre ionic copoly-
mers which are the metal, i.e., sodium, zinc, magnesium,
elc., solls of the reaction product of an clefin having from
about 2 to 8 carbon aloms and an unsaturaled monocarboxy-
lic acid having from about 3 to 8 carbon atoms, Preferably,
the lonomeric resins are copolymers of ethylens and either
acrylic or methacrylic acid. In some circumstances, an
additional comonomer such as an acrylate ester (i.e., iso- or
n-butylacrylate, etc.) can also be included to produce a softer
terpolymer. The carboxylic acid groups of the copolymer are
partially newrralized (i.e., approximately 10-100%, prefer-
ably 30-70%) by the metal ions. Bach of the high acid
jonomer resins which may be included in the inner layer
cover compositions of the invention contains greater than
about 16% by weight of a carboxylic acid, preferably from
about 17% to about 25% by weight of a carboxylic acid,
more preferably from about 18.5% lo sbout 21.5% by
weight of a carboxylic acid.

Altbough the inrer lnyer cover composition preferably
includes a high acid jonomeric resin and the scope of the
petent embraces all known high acid jonomeric resins falling
within the parameters set forth above, only a relatively
limited number of these high acid ionomeric resins have
recently become commercially available.

The high acid ionomeric resins available from Exxon
under (be designation Escor® and or lotek®, are somewhat
similar to the high acid ionomeric resins available under the
Swlyn® trademark. However, since the Escor®/lolck®
jonomeric resins are sodium or zinc salls of paly(ethylene«
acrylic acid) and the Surlyn® resins are zioc, sodlivm,
magoesium, clc. salts of poly(ethylene-methacrylic acid),
distine! differences in properties exist.

Examples of the high acid methacrylic acid based iono-
mers found suitable for use in accordance wilh tbis invention
include Surlyn® 8220 and 8240 (both formerly known as
forms of Surlyn® AD-8422), Surlyn® 9220 (zinc cation),

“Surlyn® SEP-503-1 (zinc cation), and Surlyn® SEP-503-2

(magnesium cation). According to DuPont, all of these
ionomers contain from about 18.5 to about 21.5% by weight
methacrylic acid. .

More particularly, Surlyn® AD-8422 is curtently com-
mercially available from DuPont in a pumber of different
grades (j.e., AD-8422-2, AD-8422-3, AD-8422-5, etc.)
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based upon differences in melt index. According to DuPont, properties when compared lo Surlyn® 8920, the stiffest,
Surlyn® 8422, which is believed recently lo bave been hardest of all on the low acid grades (referred to as “bard”

redesignated as 8220 and 8240 offers the following general  jonomers in U.S. Pal. No. 4,884,814):

TABLE 1

LOW ACID HIGH ACID
(15 wt % Acid) (>20 wt % Acid)

SURLYN® 8920 SURLYN ® 8422-2 SURLYN ® 8422-3

IONOMER_
Callon - Na . Ns Na
Melt Index 12 28 10 -
Sodium, Wi % 2.3 19 24
Base Rasin Ml 60 60 60
MPL G 88 86 85
FPY° C. 47 485 45
COMPRESSION
MOLDING'
Tenaile Breuk (psh 4350 4190 5330
Yield (paf) 2880 : w70 3590

4 ‘ Clongalion (%) 315 263 289
PFlox Modulus (Kpsi) 532 76.4 88.3
Shoro D Hardnoss - 66 67 68

‘DSC uwond heal, 10° C./min heating rats, '
Ided of 150° C, led 24 hours at 60° C, 8422-2, -3 wore

homogenmd at 190° C, befors molding.

In comparing Surlyu® 8920 to Surlyn® 8422-2 and
30 Surlyn® B422.3, it is noted that the bigh acid Surlyn®
8422-2 and 8422-3 jonomers have a higher tensile yield,
lower elongation, slightly higher Shore D hardness and
much higher flexural modulis. Surlyn® 8920 contains 15
weight percent methacrylic acid and is 59% neutralized with

35 sodium.

In addition, Surlyn® SEP-503-1 (zinc cation) and
Surlyn®) SEP-503-2 (magnesium cation) are high acid zinc
and magnesium versions of the Surlyn® AD 8422 high acid
ionomers. When compared to the Surlyn® AD 8422 high

40 acid ionomers, the Surlyn SEP-503-1 and SEP-503-2 iono-
mers can be defined as follows:

[3
Surlyn ® lenomer Ion Melt Index  Neutralization %

45
AD 84223 Na 10 45
SOP 503-1 Zn 08 38
SEP 503-2 Mg 18 43

50 Furthermore, Surlyn® 8162 is a zinc cation ionomer resin
contuining spproximately 20% by weight (i.e. 18.5-21.5%
weight) methacrylic acid copolymer ha has been 30-70%

neutralized, Surlyn® 8162 is currently commercially avail-

able from DuPonl,

55 Examples of the high acid acrylxc acid based ionomers
suitable for use in the present invention also include the
Bscor® or lotek® high acid ethylens acrylic acid jonomers
produced by Exxon such as Ex 1001, 1002, 959, 960, 989,
990, 1003, 1004, 993, 994. In this regard, Escor® or lotck®

%0 959 is a sodium ion neulralized sthylene-acrylic neulralized

elhylene-nerylic acid copolymer. According lo Exxon,

loleks® 959 and 960 contain from aboul 19.0 to about

21.0% by weight acrylic acid wilh approximaltely 30 to

about 70 pereent of the acid groups ncutralized with sodium

and zine jons, respectively. The physical properties of these
high acid acrylic acid based ionomers are as follows:

65




00E:‘§381 §’5 (fle:/IC\Documents and Settings\susa
4 L

=== Case3:07-cv-014

JAH -AJB Document 1 Filed 08/0gga7

Page 19 of 75

Page 9 of 3

US 6,638,185 B2

9 10
TABLE 2
on High Acld lonomers )
ESCOR® ESCOR ®
(IOTEK) (TOTEK)
Property Ex 1001 [x 1002 959 BEx 1003 Ex 1004 960
Melt index, /10 min. 1.0 16 21 11 2.0 1.8
Cution Nu Nu Na Zn Zn 2n
Mclting Point, °C. 83,7 837 - 82 2.5 79
Vicat Softening 51.5 515 58 56 55 55
Point, ° C.
Tonsile @ Bresk 344 MPa 31.7MPn 34 MPa  24.8 MPa 20.6 MPa 24 MPa
Blongation @ Rrenk, 341 348 280 387 437 430
% .
Herdnoss, Shors D 63 62 65 54 53 57
Floxurl Modulus 365 MPe 380 MPa 480 MPa 147 MPa 130 MPa 170 MPa -
- 4
ably about 20 weight percent acid), with a metal cation salt
TABLE 3 20 capable of ionizing or neutralizing the copolymer to the
extent desired (i.e. from about ,
Addillona) Exocon High Acld lonomors f ( sbout 10% to 90%)
. | The base copolymer is made up of greater than 16% by
Proporty Unit EX989 EX 993 EX994 EX990  yeight of an alpha, beta-unsaturated carboxylic acid and en
- g P xy.
Molt Index /10 min, 130 125 132 124, slpha-olefin. Optiopally, & softening comonomer can be
g":;l‘:'r;w . ppm 48;. 21:[ 99;’( 652:: included in the copolymer. Generally, the alpha-olefio has
M+ conlenl by AAS Wt % 274 087 454 0 from 2 1o 10 carbon sloms and is preferably ethylene, and
Zn contonl by AAS Wt % 0 0 0 3.16 the unsaturated carboxylic acid is a carboxylic acid having -
D:nﬂhv —— kgfm? 959 945 9;8 97;’ 0 from about 3 to 8 cerbons. Examples of such acids include
gr;‘:‘m’;‘l’u:;o';sp’:’h':' . g: fg'i g; 8 449 24: 4 30 acrylic acid, methacrylic acid, ethacrylic acid, chloroacrylic
Melting poiat °C, 826 810 804 810 acid, crotonic acid, maleic acid, fumaric acid, and itaconic
Tensile al yield MPa 238 246 22 165 . gcid, with acrylic acid being preferred.
Tonsile at bresk MPa 323 311 297 238 ]
E:ngation at Su;nk :ZP ggg igg g:g gg; The softening comonomer that can be optionally included
1% seeant modulus n i H - : i :
Flexuml modelue MPa M0 368 303 183 35 Ln the inner ofor\;er layer for the golf'ba‘ll of the invention may
Abrosion resislonce  mg 20,0 92 152 205 e sclgcted m 'the group consisting og viny! esters of
Hurdness Shors D - 6 625 61 56 aliphatic carboxylic acids wherein the acids have 2 to 10
Zwick Rebound % 61 63 59 48 carbon aloms, vinyl ethers wherein the ulkyl groups contains

Furthermore, as a result of the development by the
assignee of this application of a number of new high acid
ionomers neutralized to various exlents by several different
types of melal cations, such as by manganese, lithium,
potassium, calcium and nickel cations, several new high acid
ionomers and/or high acid ionomer blends besides sodium,
zinc and magnesium high acid ionomers or jonomer blends
are now available for golf ball cover production. It has been
found that these new cation neutralized high acid ionomer
blends procuce inner cover layer compositions exhibiting
enbanced bardness and resilisnce due to synergies which
oceur during processing. Consequenlly, the melal cation
neutrnlized bigh acid jonomer resins recently produced cun
be biended to produce substantially higher C.O.R.’s than
those prochiced by the low acid ionomer inner cover com-
positions presently commercinlly available.

More particularly, several new metal cation neutralized
high acid ionomer resins have been produced by the inventor
by neutralizing, to various ex(ents, high acid copolymers of
an alpha-olefin and an nlpha, bela-unsaturated carboxylic
acid with a wide variety of diffsrenl metal calion salts. This
discovery is the subject maiter of U.S. application Ser. No.
08/493,089, now U.S. Pul. No. 5,688,869, incorporated
herein by reference. 1L hus been [ound thul numerous new
metal cation neutralized high acid ionomer resins can be
obtained by reacting a bigh acid copolymer (i.c. a copolymer
containing greater than 16% by weight acid, preferably from
about 17 to about 25 weight percent acid, and more prefer-

40

45

50

55

60

635

1 to 10 carbon atoms, and alkyl acrylates or methacrylates
wherein the alkyl group contains 1 to 10 carbon atoms.
Suitable softening comonomers include vinyl acetats,
methyl acrylate, methyl melbacrylate, ethyl acrylate, ethyl
methacrylate, butyl acrylate, butyl methacrylate, or the like.,

Consequently, examples of a pumber of copolymers suit-
uble for use lo produce the high ucid ionomers included in
(he present invention include, bul are nol limited (o, high
acid embodiments of an ethylene/acrylic acid copolymer, an
ethylene/methacrylic acid copolymer, an ethylene/itaconic
acid copolymer, an cthylenc/malcic acid copolymer, an
cthylene/methacrylic acid/vinyl acetate copolymer, an
ethylene/acrylic acid/vinyl alcohol copolymer, etc. The base
copolymer broadly contains grealer than 16% by weight
unsaturated carboxylic acid, from about 39 (o about 83% by
weight ethylene and from 0 to about 40% by weight of a
soflening comonomer. Preferably, the copolymer cootains
about 20% by weight unsaturated carboxylic acid and about
80% by weight cthylene. Most preferably, the copolymer
conlains about 20% acrylic acic) with the remainder being
sthylene.

Along these lines, examples of the preferred bigh ucid
base copolymers which fulfill the criteria set forth above, are
a series of ethylene-acrylic copolymers which are commer-
cially available from The Dow Chemical Company,
Midland, Michigan, under the Primacor® designation.
These high acid base copolymers cxhibil the typical prop-
erlies set forth below in Table 4.
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Typicsl Propertics of Primacor

. Eihylspe-Acrylic Acid Copolymers

TBNSILE FLEXURAL

PERCENT DENSITY MOLT YD ST G/10 MODULUS

VICAT
SOFT SHORED
PT  HARDNESS

GRADE  ACID G/CC  INDEX MIN (shy  Crsp  (°cy
ASIM D-7v3  D1238*  D-630 D90 D-1525  D-2240
5980 200 0958 300.0 - 4800 43 50
5990 200 0855 13000 650 40 2
5981 200 0.960 300.0 500 3200 46 48
5983 200 0.958 500.0 850 3100 44 45
5991 200 0953 26000 635 2600 38 40
*190° C.

Due to the high molecular weight of the Primacor® 5981

grade of the ethylene-acrylic acid copolymer, this copalymer

is the more preferred grade ulilized in the invention. 20

The metal cation salis utilized in the invention are those
salts which provide fhe melal cations capable of
neutralizing, 10 vurious extents, the curboxylic acid groups
of the high acid copolymer. These include acetate, oxidle or

hydroxide salts of lithium, calcium, zine, sodium, 2§

potassium, nickel, magnesium, and manganese.

Examples of such lithium jon sources are lithium hydrox-
ide monohydrate, lithium hydroxide, lithium oxide and
lithium acetate. Sources for the calcium ion include calcium

hydroxide, calcium acetate and calCium oxide. Suitable zinc 30

ion sources are zinc acetate dihydrate and zinc acetate, a
blend of zinc oxide and acetic acid. Examples of sodium ion
sources are sodium hydroxide and sodium acetate. Sources
for the potassium ion include potassium hydroxide and

potassium acetate. Suitable nickel ion sources are nickel 35

acetate, nickel oxide and nickel hydroxide. Sources of
magnesium include magnesium oxide, magnesium
hydroxide, und magnesium scetale, Sources of manganese
include mangenese acetate and manganese oxide.

The pew metal cation neutralized high acid ionomer 40

tesins are produced by reacting the high acid base copoly-
mer with various amounts of the meta] cation salts above the
crystalline melting point of the copolymer, such as at a -

temperature from about 200° F. to about 500° F, preferably
from about 250° F. to aboul 350° F. under high shear
conditions at a pressure of from about 10 psi to 10,000 psi.
Other well known blending techniques may also be used.
The amount of meial cation salt utilized to produce the new
metal calion neulralized high acid based ionomer resins is
the quanlity which provides a sufficient amount of the melal
calions to neutralizs the desired percentage of the carboxylic -
acid groups in the high acid copolymer. The extent of
neutralization is generally from about 10% to about 90%.

As indicated below in Teble 5 and more specifically in
Example 1 in U.S. application Ser. No. 08/493,089, issued as
U.S. Pat. No. 5,688,869, a number of new types of melal
cation neutralized high acid ionomers can be obtained from
the above indicated process. These include new high acid
jonomer resins neutralized to various extents with
manganese, lithium, potassium, calcium and nickel cations.
In addition, when a high acid e thylene/acrylic acid copoly-
mer is utilized as the base copolymer component of (be
invention and this component is subsequently neulrakized to
various exlents with the melul cation salts producing scrylic
acid based high acid ionomer resins neutralized with cations
such es sodium, potassium, lithium, zine, magnesium,
manganese, calcium and nickel, several new cation neutral-
ized acrylic acid based high acid ionomer resins are pro-
duced.

, TABLE §

. Wi % Shore D

Pormulation No.  Wi-% Catlon Sait  Neutmlizntion Melt Index  C.O.R.  Hnrdness
1 (NaOH) 6.98 67.5 0.9 804 71
2 (NaOH) 5.66 54.0 2.4 .808 3
3 (NaOH) 384 359 122 812 69

4 (NaOL) 291 270 17.5 812 (briltls)
§ (MnAc) 19.6 - na 75 .809 n
6 (MnAc) 231 88.3 35 814 n”

7 (MnAc) 153 530 75 810 72

8 (MnAc) 265 106 0.7 813 (brittle)
9 (LiOH) 4.54 713 0.6 810 74
10 (LioH) 338 52.5 42 818 72
11 (LiOH) 2.34 359 18.6 815 7
’ 12 (KOH) §.30 360 19.3 Broke 70
13 (KOI) 8.26 519 7.18 804 70
14 (KOLI) 102 770 43 801 67
15 (ZnAc) 179 71.5 0.2 806 n
16 (ZnAc) 138 530 09 797 69
17 ZnAc) 9.91 36.1 34 793 67
18 (HgA<) 174 70.7 2.8 814 7%
19 (1gAc) 206 811 1.5 815 7%
20 (HgAc) 138 S8 41 814 74
21 (CuAc) 13.2 69.2 11 813 74
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TABLE 5-continued
Wt % Shore D
Formulation No. W% Cotion Salt  Neutralizatlon Meli Index  CO.R,  Hardness
22 (CaAc) . V) 349 . 101 808 70
Controls:
Hurdness 50/50 Blund of Toleka @ 8000/7030 C.O.R. = 810/65 Shors D
Hurdness DuPant High Acid Surlyn @ 8422 (Nu) CO.R. » 811/70 Shor: D
Hardness Dulont High Acid Surlyn ® 8162 (Zn) C.O.R. = 807/65 Shore D
Hordness Bxxon High'Acid lotek ® BX-960 (Zn) C.O.R, = 796/65 Shore D
23 (HgO) 2.91 53.5 25 813
24 (HgO) 3.85 71.5 28 808
25 (HgO) 4.7 89.3 BB v
" 26 (HgO) 1.96 35.7 15 815
Conirol for formulation 23-26 is 50/50 lotek @ 8000/7030 :
C.O.R. = 814, Formulation 26 C.O.R. was normalized (o thal control nccordingly
27 (NiAc) 13.04. 61.1 02 g 71
28 (NiAc) 10.71 489 . 05 799 72
29 (NiAc) 8.26 36.7 1.8 796 63 .
30 (NiAc) 5.66 24.4 15 .786 64 -

Contro! for Pormulation No, 27-30 is 50/50 lotck 800077030, C.O.R. = .807

‘When compared to low acid versions of similar cation
neutralized jonomer resins, the new metal cation neutralized
high acid jonomer resins exhibit enbanced herdness, modu-
lus and resilience characleristics. These are properties (hat
are particularly desirable in a number of thermoplastic fields,
including the field of golf ball manufacturing.

When utilized in the construction of the inner layer of a
multi-layered golf ball, it has been found that the new acrylic
acid based high acid ionomers extend the range of hardness
beyond that previously obtainable while maintaining the
beneficial properties (i.e. durability, click, feel, etc.) of the
softer low acid ionomer covered balls, such as balls pro-
duced ulilizing the low acid ionomers disclosed in U.S, Pat.
Nos. 4,884,814 and 4,911,451,

Moreover, as a result of the development of & number of
new acrylic acid based high acid jonomer resins neulralized
lo various exlents by several dilferent lypes of metal cations,
such as manganese, lithium, potassium, calcium and nickel
cations, several new ionomers or ionomer blends are now
available for production of an inner cover layer of a multi-
Inyered golf ball. By using Lhese high acid ionomer resins,
harder, stiffer inner cover layers having higher C.O.R.s, and
thus longer dislance, can be obtained.

More preferably, it has been found that when two or more
of the above-indicated high acid ionomers, particularly
blends of sodium und zine high ucid ionomers, ure processed
to praduce the cavers of multi-layered golf balls, (i.e, the
inner cover layer herein) the resulting golf balls will travel
further than previously known multi-layered golf balls pro-
duced with low acid ionomer resin covers due lo the balls’
enhanced coefficient of restitution: values.

The low acid jonomers which may be suitable for use in
formulaling the inncr layor compositions of the subject
invention are ionic copolymers which are the melal, ie,,
sodium, zinc, magnesium, elc., salts of the reaction product
of an olefin having from about 2 to 8 carbon atoms and an
unsaturated monocarboxylic acid having from about 3 to 8
carbon atorns. Preferably, the jonomeric resins are copoly-
mers of ethylene and either acrylic or methacrylic acid. In
some circumslances, an additional comonomer such as an
acrylale ester (i.e., iso- or o-butylacrylate, elc.) can also be
included to produce a softer terpolymer. The carboxylic acid
groups of Lhe copolymer arc partially ncutralized (ie.,
approximately 10-100%, preferably 30~70%) by the metal
ions. Each of the low acid ionomer resins which may be
included in the inner layer cover compositicos of tbe inven-
tion contains 16% by weight or less of a carboxylic acid,

35

40

The inner layer compositions include the low acid iono-

mers such as those developed and sold by E.I. DuPont de

. Nemours & Company under the trademark Surlyn® and by
Exxon Corporstion under the trademark Bscor® or (rade-
mark lotek®, or blends thereof.

The low acid ionomer resins available from Exxon under
the designation Escor® and/or lotek®, arc somewbal similar
1o the low acid ionomeric resins aveilable under the Surlyn®
trademark. However, sincs the Escor®/lotek® ijonomeric
resins are sodium or zinc salts of poly(ethylene-acrylic acid)
and the Surlyn® resins are zinc, sodium, magnesium, ete,
salts of poly(cthylenc-methacrylic acid), distinct differences
in properties exisl. E

“When utilized in the construction of the inner layer of a
multi-layered golf ball, it has been found that the low acid
ionomer blends extend the range of compression and spin
rates beyond that previously obtainable. More preferubly, it
has been fouad that when two or more low acid ionomers,
particularly blends of sodium and zinc ionomers, are pro-
cessed to produce the covers of multi-layered golf balls,
(i.e., the inner cover layer herein)) the resulting golf balls will
travel further and at an enhanced spin rate than previously
known mulli-layered golf balls. Such an improvement is
particularly noticeable in enlarged or aversized golf balls.

As shown in the BExamples, use of an jnaer layer formu-
luted from blends of lower ucid ionomers produces mulli-

* layer golf balls having enhanced compression and spin rates.

60

‘I'hese are the properties desired by the more skilled golfer.

- In one cmbodiment of the inner cover layer, a blend of '

high and low acid jonomer resins is used. These can be the
ionomer resins described above, combined in a weight ratio
which preferably is within the range of 10-90 to 90-10 high
aod low acid ionomer resins.

Another smbodiment of the inner caver layer is primarily
or fully non-ionomeric thermopl astic malerial. Suitable non-
ionomeric materinls include metallocene catalyzed polyole-
fins or polysmides, polyumide/ionomer blends, polyphe-
nylene ether/ionomer blends, ste., which have u Shore D
hardness of at least 60 and a flex modulus of greater than
about 30,000 psi, or other hardness and flex modulus values
which are comparable (o the properties of the ionomers
described above, Other suitable rmalerials include but are not
limited lo thermoplaslic or thermosetting polyurethanes,
thermoplastic block polyesters, ¢.g., a polyester elaslomer
such as thal marketed by DuPont under the trademark
Hylrel®, or thermoplastic block polyamides, e.g., a poly-
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ether amide such as (hat marketed by EIf Atochem S.A.
under the trademark Pebax®, a blend of (wo or more
non-ionomeric thermoplastic elastomers, or a blend of one
or more jonomers and one or mors_non-ionomeric (hermo-
plastic elustomers, These materials cun be blended with the
jonomers described above in order to reduce cost relative to
the use of higher quanlities of jonomer.

Outer Cover Layer

While the core with the hard inner cover layer formed
thereon provides (he multi-layer golf ball wilh power aad
distance, the outer cover layer 16 is comparatively softer
than the inncr cover layer. The softness provides for the feel
and playability characteristics typically associated with
- balata or balata-blend balls. The outer cover layer or ply is

comprised of a relatively soft, low modulus (about 1,000 psi
to about 10,000 psi) and, in one embodiment, low acid (less
than 16 weight percent acid) ionomer, an ionomer blend, a
non-ionomeric thermoplastic or thermosetting material such
as, but not limited to, a metallocene catalyzed polyolefin
such as Bxact® material available from Exxon®, a thermo-
plastic or thermosel polyurethane, thermoplestic block
polyesters, e.g., a polyester elastomer such as that markeled
by DuPont under the trademack Hytrel®, or thermoplastic
block polyamides, such as a polysther amids such as that
marketed by BIf Atochem S.A, under the trademark Pebax®,
a blend of two or more noo-ionomeric thermoplastic or
thermosetting materials, or a blend of one or more ionomers
and one or more non-ionomeric thermoplastic materials. The
outer layer is 0.010 to about 0,15 inches ip thickness,
preferably 0.01-0.10 inches in thickness, more desirably
0.03 to 0.06 inches in thickness for & 1.680 inch ball and 0.04
to 0.07 inches in thickness for a 1.72 inch or more ball), but
thick enough to achieve desired playability clharacteristics
while minimizing expense. Thickness is defined as the
average (hickness of the non-dimpled areas of the oufer
cover luyer. The outer cover luyer 16 has a Shore D hardness
of 55 or less, and more preferably 50 or less.

In one embodiment, the outer cover layer preferably is
formed from an ionomer which conslitutes at least 75 weight
% of an acrylate ester-containing ionic copolymer or blend
of acrylate ester-containing ionic copolymers. This type of
outer cover layer in combinalion with the core and inner
cover layer described above results in golf ball covers
having a favorable combination of durability and spin rate.
The one or more acrylale esler-conlaining ionic copolymers
each conlain an olefin, nn acrylale ester, end an acid, Io a
blend of two or more ucrylate esler-conluining ionic
copolymers, each copolymer may contain the same or a
different olefin, acrylate ester and acid than are contained in
the otber copolymers. Preferably, the acrylate ester-
containing ionic copolymer or.copolymers arc lerpolymers,
but additional monomers can bs combined into the copoly-
mers if the monomers do nol substantially reduce the scuff
resistance or other good playability properties of the cover.

For a given copolymer, the olefin is selected from the
group consisting of olefins baving 2 to 8 carbon aloms,
including, ns non-limiting exumples, cthylene, propylene,
butene-1, bexene-1 and the like. Preferably the olefin is
cthylenc. .

The acrylate csler is an unsaturaled monomer having from
1 10 21 carbon atoms which scrves os a softening comono-
mer. The acrylate esler preferably is methyl, ethyl, n-propyl,

n-butyl, n-oclyl, 2-cthylhexyl, or 2-methoxyethyl 1-acrylate,.

_and most preferably is methyl acrylate or n-buly! acrylate.
Another suilable type of softening comonomer is an alkyl

th

w

16

vinyl ether selected from the group consisting of n-butyl,
n-bexyl, 2-ethylbexyl, and 2-methoxyethyl viny! ethers.

“The acid is a mono- or dicarboxylic acid and preferably is
selected from the group consisting of methacrylic, acrylic,
ethacrylic, a-chloroacrylic, crotonic, malcic, fumaric, and
itaconic acid, or the like, and half esters of malcic, fumaric
and ilaconic acid, or the like. The acid group of the copoly~
mer is 10-100% neutralized with any suitable cation, for
example, zinc, sodium, magnesium, lithium, potassium,
calcium, maogenese, nickel, chromium, tin, aluminum, or
the like. It has heen found that particularly goad resulls are
obtained when the neutralization level is about 50~100%.

The one or mors acrylate ester-conlaining jonic copoly-
mers each has an individual Shore D bardness of about 5-64.
The averall Shore D hardness of the outer cover is 55 or less,
and generally is 40-55. It is preferred Lhat the overall Shore
D hardness of the outer cover is in the range of 40-50 in
order to impart particularly good playability characteristics
to the ball,

The outer cover layer of the invention is formed over a
core (o result jo a golf ball having a coefficient of restitution
of al least 0.770, more preferably at least 0.780, and most
preferably at least 0.790. The coefficient of restitution of the
ball will depend upon the properties of both the core and the
cover. The PGA compression of the golf ball is 100 or less,
and preferably is 90 or less.

The acrylate ester-containing ionic copolymer or copoly-

mers used in the outer cover layer can be obtained by

neutralizing commercially available acrylate ester-
containing acid copolymers such as polyethylene-methyl
acrylate-acrylic acid terpolymers, including Escor® ATX
(Exxon Chemical Company) or poly (ethylens-butyl
acrylale-methacrylic acid) terpolymers, including Nucrel®
(DuPont Chemical Company). Particularly preferred com-
mercially available malerials include ATX 320, ATX 325,
ATX 310, ATX 350, and blends of thesc materials with
Nucrel® 010 and Nucrel® 035. The acid groups of these
malerials and blends are neutralized with one or more of
various cation salts including zine, sodium, magnesium,
lithium, potassium, calcium, manganese, pickel, etc. The
degree of neutralization ranges from 10-100%. Genperally, a
higher degree of neutralization results in a harder and
tougher cover material. The properties of nop-limiting
examples of commercially available un-neutralized acid
lerpolymers which can be used to form the golf ball outer
cover layers of the invention ure provided below in Tuble 6.

TABLE 6
Mol Indox Flux modulus

dg/min Acld No. MPa Hardness

Trade Nome ASTM D1238 % KOH/g (ASTM D790) (Shore D)
ATX 310 6 45 80 44
ATX 320 5 45 50 34
ATX 325 20 a5 9 30
ATX 350 6 15 20 28
Nucrel ® 010 11 60 40 40
* Nucrs] @ 035 35 60 59 40

The ionomer resins used o form the outer cover layers
can be produced by reacting the acrylate ester-containing
acid copolymer with various amounts of thc melal cation -
salls al a lemperalure above the crystalline melling point of
the copolymer, such as a temperature from about 200° F. to
about 500° F,, preferably from about 250° F, to about 350°
F.,, under high shear conditions at a pressure of from abowt
100 psi to 10,000 psi, Other well known blending techniques
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may also be used. The amount of melal cation salt utilized
lo produce the neutralized ionic copolymers is the quantity
which provides a sufficient amount of the metal cations to
neutrnlize ths desired percentage of the carboxylic scid
groups in the high acid copolymer. When Iwo or more
different copolymers are to be used, the copolymers can be
blended before or afler neulralization. Generally, it is pref-
crable 1o blend the copolymers before thoy arc neutralized to
provide for optimal mixing. .

The compatibilily of the acrylate ester-containing copoly
mers with each other in a copalymer blend produces a golf
ball outer cover layer having a surprisingly good scuff
resistance for a given hardoess of the outer cover layer. The
golf bull according o the invention has 4 scull resislance of
no higher than 3.0, It is preferred that the golC ball has a seuff
resistance of no higher than about 2.5 to ensure that the golf
ball is scull resistani when used io conjunction with a variety
of types of clubs, including sharp-grooved irons, which are
particularly inclined to resull in scuffing of golf ball covers.
The best results according to the invention are obtained
when the outer cover layer has a scuff resistance of no more
than about 2.0, The scuff resistance test is described in deteil
below, '

Additional materials may also be added to the inner and
outer cover layer of the present invention as long as they do
nol substan(ially reduce the pluysbility properties of (he ball.
Such materials include dyes (for exemple, Uliramarine
Blue™ sold by Whitaker, Clerk, and Daniels of South
Plainsfield, N.J.) (see U.S. Pat. No. 4,679,795); pigments
such as titanjum dioxide, zinc oxide, barium sulfate and zinc
sulfate; UV absorbers; antioxidants; antistatic agents; and
stabilizers. Moreover, the cover compositions of the present
invention may also coalsin softening agents such as those
disclosed in U.S. Pal. Nos. 5,312,857 and 5,306,760, includ-
ing plasticizers, melal slearates, processing acids, elc., and
reinforcing malerials such as glass fibers and inorganic
fillers, as long as the desired properties produced by the golf
ball covers of {he invention are not impaired.

The outer layer in another embodiment of (he invention

_includes a blend of a soft (low acid) ionomer resin with a
.small amount of a bard (high acid) jonomer resin. A low
modulus ionomer suitable for use in the outer layer blend has
@ flexural modulus measuring from about 1,000 to about
10,000 psi, with a hardness of about 20 to about 40 on the
Shore D scale. A high modulus iondmer herein is one which
measures from about 15,000 to about 70,000 psi as mea-
sured {n accordance with ASTM methad D-790. The hard-
ness may be defined as al least 50 on the Shore D scale s

10
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ionomers such as those indicated above (o produce the inner
and outer cover layers. The combination produces higher
C.0.R.s at equal or sofler hardness, higher melt low (which
corresponds (o improved, more efficient molding, i.¢., fewer
rejects) as well as sigoificant cost savings versus ihe outer
layer of mulli-layer balls produced by other known hard-soft
ionomer blends as a result of the lower overall raw materials
cosls and improved yields.

Test dala collected indicates that lotck® 7520 resins have
Shore D hardnesses of about 32 to 36 (per ASTM D-2240),
melt flow indexes of 3+0.5 g/10 min (al 190° C. per ASTM
D-1288), and a flexural modulns of about 2500-3500 psi
(per ASTM D-790). Furthermare, testing by an independent
lesting laboratory by pyrolysis mass spectrometry indicales
that lotek® 7520 resins are generally zinc salts of a terpoly-
mer of ethylene, acrylic acid, and methyl scrylate,

Furthermore, it has been found that a grade of an acrylic
acid based soft ionomer available from the Exxaon Corpo-
ration under the designation lotek® 7510 is also effective
when combined with the hard ionomers indicated above in
producing golf ball covers exhibiting higher C.O.R. values
at equal or sofier hardoess than those produced by known
hard-soft jonomer blends. In this regard, lolek® 7510 bas lhe
advanlages (i.e. improved flow, higher C.O.R. values a!
equal hardness, increased clarity, etc.) produced by the
lotek® 7520 resin when compared to the methacrylic acid
base soft jononiers known in the art (such as the Surlyn®
8625 and the Surlyn® 8629 combinations disclosed in U.S,
Pat. No. 4,884,814).

In addition, lolek® 7510, when compared to lotek® 7520,
produces slightly higher C.O.R. values at equal softness/
hardness due to the lotek® 7510’s higher hardpess and
neutralization. Similarly, lotek® 7510 produces better
release properties (from the mold cavities) due to its slightly
higher stiffness and lower flow rate than lotek® 7520. This
is important in production where the soft covered balls tend
10 have lower yields caused by sticking in the molds and
subsequent punched pin marks from the knockouts.

According to, Bxxon, lotek® 7510 is of similar chcmical
composilion as Jolek® 7520 (i.e. a zinc salt of a terpolymer
of ethylene, acrylic acid, and methyl acrylate) bul is more
highly neutralized, Based upon FTIR analysis, lotek® 7520
is estimated to be about 30-40 wt.-% neulralized and lotek®
7510 is estimated to be about 40—60 wt.-% neutralized. The
typical properties of lotek® 7510 in comparison of those of
lotek® 7520 in comparison of those of lotek® 7520 are set
forih, below: :

measured in accordance with ASTM meihod D-2240. s TABLE 7

Soli iooomers primarily ure used in [ormulating the _hysical Propertios of oigk 7510 in Comparison (o lolsk ® 7520
hard/soft blends of the cover compositions. 'These ionomers - ‘
includs acrylic acid and melhnacrylic acid based sofl iono-  Fropery Unil Totak @ 7520 lolck ® 7510
mers. They are generally characterized ns COmPriSING Mo udex /10 min. 20 08
sodium, zinc, or other mono- or divalent metal cation sells g5 Density gee 0.96 097
of a terpolymer of an olefin having from about 2 to 8 carbon Melting Polnt R 151 149
aloms, methacrylic acid, acryli¢ acid, or another a, x‘:ﬁ: Soflening 3 108 109
B-unsaturated carboxylic acid', and an unsaturaled MONOMer  puy Modulus pul 2800 5300
of the acrylate ester class having from 1 to 21 carbon atouss. Tenasile Strenglh pai 1450 1750
The soft ionomer is preferably made from an acrylic acid o Elongation % 760 690

Hardness, Shore D — 32 35

base polymer in an unsalurated monomer of the acrylals
ester class,

Cerlain cthylenc-acrylic acid based soft ionomer resins
developed by the Exxon Corporation under the designation
lotek® 7520 (referred lo experimentally by differences in
neutralization and mell indexes as LDX 195, LDX 196,
LDX 218 and LDX 219) may be combined with knawn hard

6

L7y

The bard jonomer resins utilized to produce the outer
cover layer composition hard/soft blends include ionic
copolymers which are the sodium, zinc, magnesium,
lithjum, ele. salls of the reaction product of an olefin having
from 2 to 8 carbon atoms and an unsaturated monacarhoxy-
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lic acid having from 3 to 8 carbon atoms. The carboxylic
acid groups of the copolymer may be (otally or partially (ie.
approximately 15-75 percent) neutralized.

‘The hard ionomeric resins are likely copolymers of eth-
ylene and acrylic and/or methacrylic acid, with copolymers
of ethylene and acrylic acid being the most proferred. Two
or more types of hard ionomeric resins may be bleaded into
the outer cover layer compositions in order (o produce the
desired propertics of the resulling golf balls.

As discussed earlier herein, the hard ionomeric resins
“introduced under the designation Escor® and sold under the
designation Jotek® ore somewhul similar (o the hard iono-
meric resing sold under the Surlyn® trademark. However,
since the lotek® ionomeric resins are sodium or zinc salts of
poly(ethylene-acrylic acid) and the Surlyn® resins are zinc
or sodium salts of poly(cthylenc-methacrylic acid) some

distinct differences in properties exist. As more specifically.

indicated in the data set forth below, the hard lotek® resins

20
for use in the present invention. In addilion, various blends
of lotek® and Surlyn® bard ionomeric resins, as well as
other available ionomeric resins, may be utilized in the
present invention in a similar manner.

Bxamples of commercially available hard ionomeric res-
ins which may be used in the present invention in formu-
lating the outer cover blends include the hard sodium ionic
copolymer sold under the trademark Surlyn® 8940 and the
hard zinc ionic copolymer sold under the trademark Surlyn®
9910. Surlyn® 8940 is a copolymer of ethylene with meth-
acrylic acid and about 15 weight percent acid which is about
29 percenl neutralized with socdium ions. This resin hus an
average melt flow index of about 2.8. Surlyn® 9910 is.a
copalymer of ethylene and methacrylic acid with about 15
weight percent acid which is about §8 percent neutralized
with zinc ions. The average melt flow-index of Surlyn®
9910 is about 0.7. The typical properties of Surlyn® 9910

and 8940, ag well ‘as other Surlyn® resins, are set forth

(i.e., the acrylic acid based hard jonomer resins) are the more
below in Tebles 8 and 9:

preferred hard resins for use in formulating the layer blends

TABLE 8

‘ Typlcal Properties of Commercially Avallable Hard Surlyn ® Resina

Suftablo for Uso in the vention

ASTM D 8940 9910 8920 8528 9970 9730
Cation typs Sodivm  Zinc Sodium Sodium Zine  Zine
Mot Now index, gme/10 min, D-1238 28 0.7 09 13 140 16
Specific gravity, glem’ D-7192 095 097 085 054 095 095
Hardness, Shore D D-2240 85 64 66 60 62 63
Tensile strength, (kpsl) D-638 (48) (36 (54 (42 (32 (4
MPa : 331 248 37.2 2.0 2.1 283
Elongation, % D-638' 470 290 350 450 460 460
Flexural Modulus, (kpsl) D-10 (51) (48) (55) (32) (28) (30)
MPs 350 330 380 220 190 210

D-18228 1020 1020 8GS 1160 760 1240
(85) (485 (410 (s50) (360 (590)
63 62 58 rx 61 73

Tonsile Impact (23° C),
KI/m? (8-1ba/in?)

Vical Temperature, ° C. D-1525

40
TABLE 9
Propogties of Additional Efard Suslyn ® Resins

45 SURLYN® SURLYN® SURLYN®
l[onomer 8920 8140 9120
Calion Na Na Na
Malt [Mow [ndox gma/ 0.9 .6 13

10 min,

50 MP °C. 84 a8 85
e *C 52 49 50
‘Tunsilo Strength kpsi 5.4 5.0 38
Yicld Strenglh kpsl 2.2 8 24
Elongallon % 350 340 280
Flex Modulus kpsi 5§ n G4

5 Shore D Hordnoss 66 70 @

Examples of the.more pertinent acrylic acid based hard
ionomer resin suituble for use in the cover composilions sold
under the lotek® tradepame by the Exxon Corporation
include lotek®, but ars not limited (o, 8000, 8010, 8020,
8030, 7030, 7010, 7020, BX 1001-1009, lotek® 959 and
lotek® 960, as well as the materials lisicd above on Tables
2 and 3. The typical properlics of (ho remainder of these and
other lotek® ionomers suited for use in formulaling the
cover compositions are sel forth below in Tables 10 and 11:

[

o

6.

e
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TABLE 10
plea iex of Totek @ fono
ASTM
Resin Propertiss  Method Units 7010 7020 7030 8000 8020 8030
Cation Lype zine  7inc  %inc  sodium  sodium  eodium
Melt Index D-1238 gno 08 15 25 0.8 1.6 28
min
Denaity D-1505 kg/m3 Y68 966 964 957 956 956
Melting Poinl D-3417 °C. 835 84 85 a3 84 - 87
Crystallization D-3417 °C. 55 56 S8 45 47 49
Point X
Vicat Softening  D-1525 ° C. 60 60 60 54 54.5 55.5
Point
Tunsile strength  D-638 MPa 245 235 226 33 325 32
of breek | ’
Yield Strength D-638 MPa 14 13 1 19 18.5 18
Blongation at D-638 % 440 450 460 kY] 380 410
break
1% Secant D-638 MPa 150 135 125 280 280 280
Modulus
Shors Hardness, D-2240 — 54 53 52 60 60 60
D
Flex Modulus D-790 MPea 190 175 15§ 320 340 355
- (3 mm)
TABLE 11
Additionn) Bxampies of Bxoxon lonomers,
PROPERTY BEx1005 Ex1006 Ex1007  Ex1008 Bx1009 7310
Melt Index, g/10 min, 0.7 1.3 1.0 1.4 08 10
Cation Na .Na Zn Zn Na Zn
Melling Point, ° C. 853 86 85.8 86 913 91
Vicat Softening Point, 54 57 60.5 60 56 69
°C
Tensile @ break, Mo 339 335 241 23.6 32.4 24
Elongslion @ Break, % 403 421 472 a7 473 520
Hardness, Shore D 58 58 51 50 56 52
Flexural Modulus, MPa 289 %0 . 152 141 282 150

It has been determined (hat when hard/soft iomomer
blends are used for the outer cover layer, good results are
achieved when (he relative combination is io a range of
about 325 percent hard jonomer and about 75-97 percent
soft ionomer. .

Moreover, in allernstive embodimeats, either the inner
and/or the outer cover layer muy also comprise up (o 100 wi
9% of o sofl, low modulus, non-jonomeric thermoplastic or
thermoset malerial. Non-ionomeric malerials are suitable so
long as they produce the playability and durabilily charac-
toristics desired without adversely affecting the cnbanced
travel distance characlerislic produced by the high acid
ionomer resin composition. These include but are not limited

to styrene-buladiene-slyrene block copolymers, including ss (:

funclionalized styrene-buladiene-siyrene block copolymers,
slyrenc-cthylene-butadiene-styrens (SEBS) block copoly-
mers such a5 Kralon® materials from Shell Chem. Co., and
functionalized SEBS block copolymers; metallocene cala-
lyzed polyolefins; ionomer/rubber blends such as those in
Spalding U.S. Put. Nos. 4,986,545; 5,098,105 and 5,187,
013; and, Hylrel® polyesier elastomers from DuPont and
Pebax® polyetheramides from EIf Alochem S.A.

A preferred non-ionomeric malerial suilable for the inner
and/or ouler caover layer includes polyurethane. Polyure-
thanes are polymers which are used to form a broad range of
products, They are generally formed by mixing two primary

60

65

ingredients during processing. For the most commonly used
polyurethanes, the two primary ingredients are 8 polyisocy-
anals (for example, diphenylmethane diisocyanate monomer
(“MDI”) and toluene diisocyanate (“TDI") and their
derivatives) and a polyo! (for example, a polyester polyol or
a polyether polyol).
A wide range of combinations of polyisocyanates and
polyols, as well as other ingredicnts, are available.
. Furlhermore, the end-use properties of polyuretbanes can be
conirolled by the type of polyurethane utilized, i.e., whether
the meterial is thermoset (cross linked molecular structure)
or thermoplastic (linear molecular structure).

Cross linking occurs between (he isocyanate groups
—NCO) and the polyol’s hydroxyl end-groups (—OH).
Additionally, the end-use characleristics of polyurethanes
can also be controlled by different types of reaclive chemi-
cals and processing paramelers, ‘For example, catalysls are
utilized (o control polymerization rates. Depending upon the
processing method, reaction rates can be very quick (as in
the case for some reaction injection molding systems (i.c.,
“RIM") or may be on the order of several haurs or longer (as
in sevéral coating systems). Consequently, a greal variety of
polyurethanes are suilable for different end-uses.

Polyurethanes are typically classified as thermosetiing or
{hermoplastic. A polyurethane becomes imeversibly “set”
when a polyurethane prepolymer is cross linked with a
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polyfunctional curing agent, such as & polyamine or a
polyol. The prepolymer typically is made from polyether or
polyester. Diisocyanate polyethers are preferred because of
their waler resistance.

‘Tho physical propertics of thermoset polyurcthanes are
controlled substantially by the degree of cross linking.
Tightly cross linked polyuretbanes are fairly rigid and
sirong. A lower amount of cross linking resulls in materials
that are flexible and resilient. Thermoplastic polyurcthanes
bave some cross linking, but primarily by physical means.
The crosslinkings bonds can be reversibly broken by
increasing lemperature, as occurs during molding or extru-

according to the present invention. The polyisocyanate is
preferably selected from the group of diisocyanales
including, but not limited, 10 4,4'-diphenylmethane diisocy-
apate (“MDI"); 2,4-toluepe diisocyanate (“TDI");
m-xylylene diisocyanate (“XDI"); methylene- bis-(4-

cyclohexyl isocyanate) (“HMDI"); hexamethylene diisocy- 8

anate (HDI); naphthalene-1,5, -diisocyanate (“NDI"); 3,3
dimethyl-4,4'-biphenyl diisocyanate (“TODI"); 1,4-
diisocyanate benzene (“PPDI"); phenylene-1,4-
diisocyanate; and 2,2,4- or 2,4,4-trimethyl hexamethylene
diisocyanate (“TMDI”).

Other less preferred diisocynnates include, but are not
limited to, isophorone diisocyanate (“IPDI"); 1,4-
cyclohexyl diisocyunate (“*CHDI”); diphenylether-4,4'-
diisocyanate; p,p'-dipheny! diisocyanate; lysine diisocyanate
(“LDI"); 1,3-bis (isocyanato methyl) cyclohexane; and poly-
methylene polyphenyl isocyanate (“PMDI”).

One polyurethane component which can be used in the
present invention incorporates TMXDI (“META”) aliphatic
isocyanate (Cytec Industries, West Paterson, N.1.). Polyure-
thanes based on mela-tetramethylxylylene diisocyanate
(TMXDI) can provide improved gloss retention UV light
stubilily, thermal stubility, and hydrolytic slubility.
Addilionally, TMXD! ("META”) uliphatic isocyanale has
demonstrated favorable toxicological properties.
Furtbermore, because il has u low viscosily, it is usable with
a wider range of diols (io polyurcthane) and diamincs (to
polyureas). If TMXDI is used, it typically, but not
necessarily, is added os a direct replacement for some or all
of the other aliphatic isocyanates in accordance with the
suggeslions of the supplier. Becauss of slow reactivily of
TMXD], it may be useful or necessary to use catalysts lo
have practical demolding times. Hardness, tensile strength
and elongation can be adjusied by adding further materials
in accordance with the supplicr’s instructions.

The polyurethane which is selecled for use as a golf ball
cover prefcrably has a Shore D bardness of from about 1010
about.55, more preforably from about 30 1o about 55, and
most preferably from about 30 to about 53 for a soft cover
layer. The polyurethane which is to be used for a cover layer
preferably has a flex modulus from about 1 to-about 310
Kpsi, more preferably from about § to about 100 Kpsi, and

-
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most preferably from about 5 to about 20 Kpsi for a soft
cover layer and 30 to 70 Kpsi for a hard cover layer.
Accordingly, covers comprising these materials exhibit
similar properlies, :

A non-limiting example of a polyurethane suitable for use
in the outer cover layer inclucles a polyester polyurcthane
such o8 B.F. Goodriclh Companiy’s Estane® polyester poly-
urethane X-4517. The non-iono meric thermoplastic material
muy be blended with a s0fl ionomer. For sxample, polys-
mides blend well wilh sofl ionomer. According to B.F.
Goodrich, Estane® X-4517 has the following properties:

sion. In this regard, thermoplestic polyurethanes can be TABLE 12
injection molded, and extruded us sheel and blow flm. They —
can be used up to aboul 350° F. and are available in a wide 15 ropertien of Estane ® X-4517
range of hardnesses. ‘ Tensile 1430
Polyurethane materials suitable for the present invention %2 2524
are .formed by the reaction qf a polyisocyanate, a polyol, and 300% ) 1193
optionally one or more chain extenders. The polyol compo- Elongation ’ 641 *
nent includes any suifable polyether- or polyesterpolyol. 0 Youngs Modulus . 1826
_ Additionally, in an alternative embodiment, the polyol corn- Hardness A/D d 88/39
is polybutadiene diol. The chain extenders include Bayshors Reboun 5
ponent 15 polyt c ', h » Solubilily in Water Insaluble
but are not limited, lo diols, triols and amine extenders. Any Melt processing lomperature >350°F, (>177° C)
suitable polyisocyanate may be used o form a polyurethane 2 Specific Gravity (I,0 = 1) 11413

Other soft, relatively low modulus non-jonomeric ther-
moplastic or thermoset polyurethanes may also be utilized to
praduce the inner and/for outer cover layers as long as the
non-ionomeri¢ malerials produce the playability and dura-
bility characteristics desired without adversely affecting the
enhanced trave) distance characteristic produced by the high
acid ionomer resin composition . These include, but are not
limited o thermoplastic polyure thanes such as Texin® ther-
moplaslic polyurethunes from Mobay Chemicel Co. and the
Pellethane® thermoplastic polyurethanes from Dow Chemi-
cal Co.; and non-ionomeric therrnoset polyurethanes includ-
ing but not limited to those disclosed in U.S. Pat. No.
5,334,673, :

Other suilable polyuretbane materials for use in the
present invention golf balls include reaction injeclion
molded (“RIM”) polyurethanes. RIM is o process by which
highly reactive liquids are injecte:d into a closed mold, mixed
usually by impingement and/or mechanical mixing in an
in-line device such as a “peanut mixer,” where they poly-
merize primarily in the mold to form a coberent, one-pisce
molded article, The RIM process usually involves a rapid
reaction between one or more reactive componenls such as
polysther—or polyester—polyol, polyamine, or other mate-
rial with an active hydrogen, andl one or more isocyanate—-
canlaining conslituents, often in the presence of a catalyst.
The constituents are stored in separate lanks prior to mold.

- ing nnd may be first mixed in a mix head upstream of a mold

60

aad then injected into the mold. The liquid streams ars
melered in the desired weight to weight ralio and fed inlo an
impingement mix head, with mixing occurring under high
pressure, e.g., 1,500 to 3,000 pst. The liquid streams impinge
upon cach other in (hic mixing chramber of the mix head and
the mixlure is injected inlo the mold. Cne of the liquid
streams typically cootains a catalyst for the reaction. The
constiluents react rapidly after mixing lo gel and form
polyurethane polymers. Polyureas, epoxics, and various

- unsalurated polyesiers also can be molded by RIM.

Non-limiting exemples of suitable RIM systems for use in
the presenl invention are Bayflex® elastomeric polyure-
thane RIM systems, Baydur® GS solid polyurethane RTM
systems, Prism® solid polyureth ane RIM systems, all from
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Bayer Corp. (Pitisburgh, Pa.), Spectrim® reaction moldable
polyurethane and polyurea sysiems from Dow Chemiesl
USA (Midlnad, Mich.), including Spectrim® MM 373-A
(isocyanate) and 373-B (polyol), and Elastolit® SR systems
from BASF (Pursippany, N.J). Preferred RIM systems
include Bayflex® MP-10000 and Bayfex® 110-50, filled
and unfilled. Further preferred examples are polyols,
polyamincs and isocyanates formed by processes for recy-
cling polyurcthanes and polyuross. Additionally, these veri-
ous systems may be modified by incorporating a butadiene
componeat in the diol agent. i

A preferred form of the invention is a golf ball in which
al least one of the inner cover layer and/or the ouler cover
Inyer comprises a fas{-chemical-reaclion-produced compo-
nenl. This componen! comprises ul leust one materiul
selected from the group consisting of polyursthane,
polywrea, polyurelhane ionomer, epoxy, and unsaluraled
polyesters, and preferably comprises polyurethane, A par-
ticularly preferred form of the invention is a golf ball with
a cover comprising polyurcthane.

The method of the invention is particularly useful in
forming golf balls because it can be practiced at relatively
low temperatures and pressures. The preferred temperature
range for the method of the invention is from ebout 90 to
about 180° F. when the component being produced contains
polyurethane, Preferred pressures for practicing Lhe inven-
lion using polyurethane-conlaining malerials are 200 psi or
less and more preferably 100 psi or less. The method of the
present invention offers numerous advantages over cooven-
‘tional slow-reactive process compression molding of golf
ball covers. The method of the present invention results in
molded covers in a demold time of 10 minutes or less,
. preferably 2 minutes or less, and most preferably in 1 minute
or less. The method of the present invention results in the
formation of a reaction product formed by mixing two or
more reactants logether, that exhibits s reaction time of
. about 2 minutes or less, preferably one minute or less, and
most preferably about 30 seconds or less. The term fast-
chemical-reaction-produced component as used hercin
refers 1o such reaction products. An excellent finish can be
produced on (he ball utilizing these components and mold-
ing techniques. o

The polyol component typically contains additives, such

as stabilizers, flow modifiers, catalysts, combustion 4

modifiers, blowing agenots, fillers, pigments, oplical
brighteners, and release agents to modify physical charac-
teristics of the caver. Polyurcthane/polyurea constituent
molecules that were derived fram recycled polyurethane can
be added in the polyol component.

A golf ball inner cover layer according lo the present
invenlion formed from & polyurethane malerial typically

[
o
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contains from about 0 to about 60 weight percenl of filler

material, more preferably from aboul 1 to ubout 30 weight
peceent, und most preferably from about 1 lo sbout 20
weight percent. )

A golf ball ouler cover layer according (o the present
invention formed from a polyurcthane malerial typically
cotains from about O to about 20 weight percent of filler
malerial, more preferably from aboul 1 to about 10 weight
percent, and most preferably from about 1 to about 5 weight
percent. ‘

Core

The cores of the inventive golf balls typically have a
cocflicient of restitution of about 0.750 or more, more
preferably 0.770 or more and a PGA compression of about

6

<
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90 or less, and more preferably 70 or less. Furthermore, in
some applications it may be desirable (o provide a core with
a coefficieat of restitution of about 0.780 10 0.790 or more.
The core used in the golf ball of the invention preferably is
u solid, The term “solid cores” as used herein refers not only
lo one piece cores but also to those cores having a separate

_solid layer beneath the covers and over the ceniral core. The

cores have a weight of 25-40 grams and preferably 30-40
grems. When the golf ball of the invention has a solid core,
this core can be compression molded from a slug of uncured
or lightly cured elastomer composition comprisiog a high cis
content polybutadiene and a metal sall of an a, B, ethyleni-
cally unsaturaied carboxylic acid such as zinc mono- or
diacrylate or methacrylate, To achieve higher coefficients of
restitution and/or 1o increase hardness in the core, the
mamifacturer may include a small amount of a metal oxide
such as zinc oxide. In addilion, larger amounts of metal
oxide Lhan are needed lo uchieve the desired coeflicient may
be included in order lo increase the core weighl so that (he
finished ball more closely approaches the U.S.G.A. upper
weight limit of 1.620 ounces. Non-limiting examples of
other malerials which may be used in the core composition
including compatible rubbers or jonomers, and low molecu-
lar weight falty acids such as stearic acid. Free redical
initiator catalysls such as peroxides are admixed with the
core composition so that on the application of heat and
pressure, a curing or cross-linking reaction lakes place.

A thread wound core may cornprise a liquid, solid, gel or
multi-piece center. The thread wound core is typically
obtained by winding a thread of natural or syntbetic rubber,
or thermoplastic or thermosetting elastomer such as
polywethane, polyester, palyamide, etc. on a solid, liquid,
gel or gas filled center to form a thread rubber layer that is
iben covered with one or more manile or cover layers.
Additionally, prior to applying the cover layers, the thread
wound core may be further treated or coated with an
adhesive layer, protective layer, or any substance that may
improve the integrity of the wound core during application
of the cover layers and ultimately in usage as a golf ball,
Since the core material is not an integral part of the present
invention, further detailed discussion concerning the specific
types of core materials which may be utilized with the caver
compositions of the invention are not specifically set forth
herein. Since the core material is not an integral part of the
present invention, a detailed discussion conceming the spe-
cific types of core malerials which may be utilized with the
cover compositions of the invention are not specifically set
[orth herein.

Method of Making Golf Ball-

In preparing golf balls in accordance with the present
invention, a hard inner cover lnyer is molded (for example,
by injection molding or by compression molding) aboul o
core (preforably n solid core). A. comparalively sofler outer
layer is molded over the inner leyer.

The solid core for the multi-layer ball is about 1.2-1.6
inches in diameter, although it may be possible to use cores
in the rangs of aboul 1.0-2.0 inches. Conventional solid
corés ure typicully compression or injection molded from a
slug or ribbon of uncured or lighily cured elaslomer com-
position comprisiog & high cis content polybuladiene and a
metal salt of an o, B, cthylenically unsaturated carboxylic
acid such as zinc mono or discrylate or methacrylate, To
achieve higher coefficients of restitution in the core, the
manufacturer may include fillers such as srmall amounts of a
metal oxide such as zinc oxide. In addition, larger amounts
of mela] oxide than those that are needed to achisve the
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desirect coefficient are often included in conventional cores
in order to increase the core weight so that the finished bell
more closely approaches the U.S.G.A. upper weight limit of
1.620. ounces. Other malerisls may be used in the core
composition including compatible rubbers or ionomers, and
low molecular weight fatly acids such as stearic acid. Free
radicel iniliatlors such as peroxides are admixed with the
core composition so that on the application of heat and
pressure, 4 complex curing cross-linking reaction {akes
place.

The inner cover layer which is molded over the core is
about 0.01 inches to about 0.10 inches in thickness, prefer-
ably about 0.03-0.07 inches thick. The ioner ball which
includes the core and inner cover layer preferably has a
diameter in the range of 1.25 to 1.60 inches. The auter cover
layer is about 0.01 inches (o sboul 0.10 inches in thickness.
Together, the core, the inner cover layer and the ouler cover
layer combine to form a ball baving a dismeter of 1.680
inches or more, the minimum diamcter permitied by the
rules of the United States Golf Association and weighing no
more than 1.62 ounces.

In & particularly preferred embodiment of the invention,
the golf ball has a dimple pattern which provides coverage
of 65% or more. The golf ball typically is coated with a

" durable, abrasion-resistant, relatively non-yellowing finish

coat if necessary. .

The various cover composition layers of the presenl
invention may be produced according lo conventional mell
blending procedures. Generally, the copolymer resins are
blended in a Banbury® type mixer, two-roll mill, or extruder
prior to peutralization. After blending, neutralization then
occurs in the melt or molten state in the Banbury® mixer.
Mixing problems are minimal because preferably more than
75 wt %, and more preferably at least 80 wt % of the ionic
copolymers in the mixture contain acrylate eslers, and in this
respect, most of the polymer chains in the mixture are
similar to cach other. The blended composition is then
formed into slabs, pellets, eic., and maintained in such a state
until molding is desired. Alternatively, a simple dry blend of
the pelletized or granulated resins which have previously
been neutralized (o u desired extent and colored master baich
may be prepured and [ed direclly into the injection molding
machine where homogenization oceurs in the mixing section
of (he barrel prior lo injection into the mold. If necessary,
further additives such as an inorganic filler, etc., may be
added and uniformly mixed before initiation of the molding
process. A similar process is utilized to formulate the high
acid ionomer resin composilions used Lo produce the inner
cover layer. In one embodiment of the invention, a master
batch of non-acrylate esler-containing ionomer with pig-
menls and other addilives incorporated thersin is mixed with
the acrylate esler-containing copolymers in a ratio of about
1-7 weight % master balch and 93-99 weight % acrylate
esler-containing copolymer,

The golFballs of the present invention can be produced by

molding processes which include but are not limiled to those
which are currenlly well known io the golf ball act. For
sxumple, (he golf bells cun be produced by injeclion mold-
ing or compression molding the dovel cover compositions
around a wound or solid molded core lo produce an inner
ball which typically has & diameter of about 1.50 to 1.67
inches. The outer layer is subsequently molded over tho
inner layer {o produce a golf ball having a diameter of 1.620
inches or more, preferably about 1.680 inches or more.
Although either solid cores or wound cores can be used in
the present invention, as a resull of their lower cost and
superior performance, solid molded cares are preferred over
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wound cores. The standards for both the minimum diameter
and maximum weight of the balls ars established by the
Uniled Stales Golf Association (U.S.Q.A.).

In compression molding, the inner cover cornposition is
formed via injection at about 380° F. to about 450° F, into
smooth surfaced hemispherical shells which aro then posi-
tioned around the core in 2 mold having the desired inner
cover thickness and subjected to compression molding at
2000 to 300° F. for aboul 2 to 10 minutes, followed by
cooling at 50° to 70° R. for about 2 to 7 minules to fuse the
shells together to form a unitary intermediate ball. In
addition, the intermediate balls may be produced by injec-
tion molding wherein the inner cover layer is injected
direcily sround the core placed al (ke center of an inlerme-
dints bull mold for a period of lime in & mold temperature of
from 500 fo about 100° F. Subsequently, the outer cover
layer is molded aboul the core and the inner layer by similar

compression or injection molding fechniques to form a

dimpled golf ball of 2 diameter of 1,680 inches or more.

After molding, the golf balls produced may undergo
various further processing steps such as buffing, painting and
marking as disclosed in U.S. Pat. No, 4,911,451,

The resulting golf ball produced from the hard inner layer
and the relutively sofér, low flexural modulus ouler layer
provide for an improved multi-layer golf ball which pro-
vides for desirable coefficient of restitution and durability
propertics while at the same time offering the feel and spin
characteristics associsted with soft balata and balata-like
covers of the prior art., .

Additionally, golf balls of the present invention that
comprise polyurethane in any of the inner and outer caver
layer may be produced by a reaction injection molding
process (RIM). RIM is a process by which highly reactive
liquids are injected into a closed mold, mixed usually by
impingement and/or mechanical mixing in an in-line device
such a5 a “peanut mixer,” where they polymerize primarily
in the mold to form a coherent, one-picce molded article.
‘The RIM process usually involves a rapid reaction between
one or more reactive components such as polycther—or
polyester—polyol, polyamine, or other material with an
active hydrogen, and one or more isocyanate—containing
constituents, often in the presence of a catalyst. The con-
stituents are stored in separate tanks prior to molding and
may be first mixed in a mix head upstream of a mold and
then injected into the mold. The reaction mixture viscosity
should be sufficiently low lo ensure that the emply space in
ihe mold is completely filled. The reactunt muleriuls gener-
ully ure prebeated to 90° F. to 150° F. before they sre mixed.
In most cases il is necessary o preheat the mold to, e.g., 100
{0 180° P, lo ensure proper injection viscosity. The liquid
strcams arc métered in the desired weight (o weight ratio and
fed into an impingement mix head, wilb mixing occurring
under high pressure, e.g, 1,500 to 3,000 psi. The liquid
sireams impinge upon each otber in the mixing chamber of
the mix head and the mixture is injected inlo the mold.
Injector nozzles impinge the isocyanate and polyal at ultra-
high velocity to provide excellent mixing. Additional mixing
may be conducted using an aftermixer, which lypically is

.conslructed inside the mold between the mix head aad the

mold cavity. One of the liquid strearns typically conleins &
catalyst for the reaction, The constituents react rapidly afier
mixing to gel and form polyurethane polymers. Polyureas,
cpoxics, and various unsalurated polyesters also can be
molded by RIM.

Golf balls and, more specifically, cover layers formed by
RIM are preferably formed by the process described in
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application Ser. No. 09/040,798, filsd Mar. 18, 1998, incor-
porated hersin by reference.

RIM differs from non-reaction injection molding in a

numbor of ways. The main distinction is that in RIM a
chemical reaction takes place in the mold to transform a
monomor or adducts (o polymers and the components arc in
liquid form, Thus, a RIM mold need not be made lo
withstand the pressures which occur in a conventional
injection molding. In contrast, injection molding is con-
ducted aL high molding pressures in the mold cavily by
melting a solid resin and conveying it into a mold, with the
molien resin often being at about 150 to-ahout 350° C. At
this elevated temperature, the viscosity of the molien resin
usually is in the range of about 50,000 (o about 1,000,000
cenlipoise, and is lypically around 200,000 centipoise. In an
injection molding process, the solidification of the resins
occurs after about 10 to about 90 seconds, depending upon
the size of the molded product, the temperature and heat
iransfer conditions, and the hardness of Lhe injection molded
material. Subscquently, the molded product is removed from
the mold. There is no significant chemical reaction taking
place in an injection molding process when the thermoplas-
tic resin is introduced ioto the mold. In contrast, in a RIM
process, the chemical feaction causes the material to set in
less than about 5 minutes, often in less than 2 minutes,
preferably in less than one minute, more preferably in less
than 30 seconds, and in many cases in about 10 seconds or
less.

Catalysts can be added to the RIM polyurethane system
starting materials as long as the catalysts generally do not
react with the coostituent with which they are combined.
Suitable catalysts include those which are known to be
useful with polyuretbanes and polyureas. .

The polyol component typically conteins additives, such
as stabilizers, flow modifiers, catalysts, combustion
modifiers, blowing agents, fillers, pigments, oplical
brighteners, and release agents to modify physical charac-
leristics of the cover. Recycled polyurethane/polyurea also
can be added to the core, Polyurethane/polyurea constituent
molecules that were derived from recycled polyurethane can
be added in the polyol component. :

The mold cavity contains retractable pins and is generally
constructed in the same manner as & mold cavity used to
injection mold a thermaplastic, e.g., ionomeric golf ball
cover. However, two differences when RIM is used are that
tiphter pin tolerances generally are required, and a lower
injection pressure is used. Also, Lhe molds can-be produced
from lower sirength material such ns aluminum.

RIM may provide for improved cover layers. If plastic
products are produced by combining components thal are
preformed (o some extent, subsequent [ailure can occur at a
location on the cover which is along the seam or parting line
of the mold. Failure can occur at this location because this

inlerfacial region is intrinsically different from the remain-

der of the cover layer and can be weaker or more stressed.
Cover Inyers produced via RIM are believed to provide for
improved durubility of a golf ball cover layer by providiog
s uniform or “seamless” cover in which (he properties of the
cover malerial in the region along he parling line are

30

reaction difference in the injected materials. RIM typically
resulls in generally uniform molecular structure, densily and

stress distribution as compared to conventional injection-

roolding processes.

The golf balls formed according to the present invention
can be coated using a conventional two-component spray
coaling or can be couted during the RIM process, i.e., using
an in-mold coaling process. ‘

Unique Spin Characleristics

As indicated above, the golf balls of the invention are
unique in that they provide good distance when hit with a
driver, goad control off of irons, and excellent spin on short
chip shots. This type of golf ball is superior o conventional
soft covered two-picce or wound balls in that it has lower
spin off of a driver and higher spin on short shots.

The spin factor of the.ball of the invention may be
specified in the manner described below.

Step 1. A golf bull testing machine is sel up in order (hal

" it meets the following conditions for hitting a 1995 Top-
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geaerally the same as the propertics of the cover malerial at -

other locations on the cover, including at the poles. The
improvement in durability is believed to be a result of the
facl that the reaction mixture is distributed uniformly into a
closed mold. This uniform distribution of the injecled male-

rials eliminates knit-lines and other molding deficiencies.

which can be caused by temperature difference and/or

Plite® Tour Z-balata 90 ball available from Spalding Spo:ts
Worldwide, Inc.

Spin Rais
9925 & 600

Club Launch Angle
9 iron 215

< Ball Spesd
160.5 » 9.0

The machine is set up such that the above conditions are
met for each test using 10 Z-balata 90 golf balls which are
bit 3 times each at the same machine setting. The thirly
measurements of spin rate are averaged 1o obtain Ny, zy.

Step 2. Ten golf balls of the invention (Ball X) are hit 3
{imes each using the same machine setting as was used for
the Z-balata balls and spin dota is collected. Any clearly
ercatic spin test result is eliminated and replaced by a new
{es| with the same bull. The thirty measuremenls of spin rate
are averaged to obtain Ng, y,

Step 3. The machine is set up in order that it meets the
following conditions for hitting a 1995 Z-balata 90 ball, the
conditions being intended to replicate a 30-yard chip shot:

Spin Rats
4930 2 770

Ball Speed
580 x 4.0

Club Launch Angie
Snnd Wedgs 28 2 435

“I'he machine is set up such thaj the above condilions are met
for each lost using 10 Z-balata 90 golf balls which are hit 3
times each at the samo machine setting. The thirly measure-
ments of spin rate are averaged to oblain Nyw.zs,

Step 4. The 10 golf balls used in Step 2 are hit three limes
each using the same machine setting as was used in Step 3
and spin dale is collecled. Any clearly erratic spin les! result
is eliminated.and replaced by a new (est with the same ball.
The Ihirly measurements of spin rate are averaged to obtain
NSIV\'\"

Step 5. The numerical vatues of Nyy_zu, Noyay Nyw.zn
and Ny are inserted into the following formula to oblain
a spin faclor: :
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Spin fnctor = Now-x _ Now-u x 100
Nocx  No-w

golf ball of the invention has & spin factor of 3.0 or mors,
morc preferably 5.0 or more, and most preferably 8.0 or
more. .

The present invention is further illustrated by the follow-
ing examples in which the parts of the specilic ingredicnts
are by weight, It is to bs understood that the present
inventian is not limited to the examples, and various changes
and modifications may be made in the jnvention withoul
departing from the spiril and scope thereof.

EXAMPLE 1

Ionic Terpolymer-Containing Cover

A set of two-piece golf balls was made with solid cores
and a cover composition of 75 weight % Nucrel® 035,
which is an acrylate ester-containing acid terpolymer, and 25
weight % of a master batch conlainiog 4.5 weight % MgO
in Surlyn® 1605 (“MgO Master batch™). The terpolymer
was reacled with the master bafch at a temperature of sbout
250° F. under high shear conditions at a pressure of boul 0
to 100 psi. The magoesium in the master batch neutralized
acid groups of the terpolymer at o level of about 62%
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Nucrel® 925, a non-acrylate ester-containing acid copoly-
mer was substituted for Nucrel® 035. The resulting golf ball
cover was 100 hard, resulting in four breaks during cold
crack lesting. The results are shown on Tuble 13.

5 COMPARATIVE EXAMPLE 2

lonomer - Non-lonic Terpolymer Blend

The procedure of Exumple 1 wus repeu(ed with the
exceplion that the MgO Master batch was replaced by pure

10 Surlyn® 1605. All of the golf ball covers broke during cold

crack testing. The results are shown on Table 13.
'COMPARATIVE EXAMPLE 3
Tonomer—Non-fonic Copolymer Blend

S The procedure of Comparative Example 1 was repeated

with the exception that the MgQ master batch was replaced
by pure Surlya® 1605. The results are shown on Table 13
‘When subjected o cold crack testing, all of the golf ball
covers broke.

As can be seen from the results of Example 1 and
Comparative Examples 1-3, inferior golf balls are obtained
when a hard, non-acrylate ester-containiog copolymer is
used instead of a softer, scrylate ester-containing
ferpolymer, and when either an acrylale esler-conlaining
acid terpolymer or a non-acrylats esler-containing acid
copolymer is not neutralized with metal ioos.

TABLE 13
Experiment Cover PGA COR Shors C Cold
No. Materlal Weight Comp. (x 1000) Hardness  Crack
11 75% Nucrel ® 035/ 452 104 783 - 8D "No breaks
25% MgO MB in
. Surlyn @ 1605 .
Comp. 1 75% Nucrel ® 925/ 45.1 m 798 90 4 breaks
259 MgO MB in
Surlyn ® 1605 »
Comp. 2 75% Nucrel ® 035/ 45,1 9 174 0 All broks
25% Surlyn ® 1605
Comp. 3 75% Nucrel ® 925/  45.2 106 790 75 All broks
25% Surlyn ® 1605
neutralization.. The molded balls were finished with poly- EXAMPLE 2
urethane primer and top coats. The PGA compression, ,. Tonic Terpolymers

cosfficient of restitution, Shore C hardness, scull resistance,
spin rate and cold crack of the golf balls were determined.
The results are shown on Table 13 below.

To ineasure cold crack, the finished golf balls were slored
at -10° F. for at least 24 hours and were then subjected to 5
blows in a cocflicient machine at 165 ft/sec. The balls were
allowed lo relurn to room (emperature and were then visu-
ally inspecled [or cover crucking, None of the goll balls
experienced cracking. :

Coefficient of restitution (C.O.R.) wus measured by firiog
the resulting golf ball in an air caanon at » velocily of 125
feet per second against a stecl plate which was positioned 12

_feel from the muzzle of the canoon. The rebound velocity

was then measured, The rebound velocity was divided by the
forward velocily Lo give the coellicient of restitution, Shore
hatdness was cletermined in general accordance with ASTM
Tesl 2240, but was measured on a non-dimpled area of the
surface of the golf ball, . ’

COMPARATIVE EXAMPLE 1
lanic Copalymer Cover (Non-Terpolymer)

Aset of 12 two-piece golfballs was made according to the
same pracedure as that of Example I with the exceplion Lhat

w«n

An acrylale esler-containing terpolymer sold as Escor®
ATX 325 (Bxxon Chemical Co.) was 57% ncutralized with
lithium cations. The ionomeric malerial, which slso con-
taincd titanium dioxide, brightener, ctc. frorm a white master

o batch, was placad over a solid golf ball core and the golf ball

was primed and top coaled. The propertics of the resulting
golf ball are shown on Table 14. This procedure was
repeated using different combinations, of terpolymers with
calions and calion blends at the degrees of neutralization
which are sbown on Table 14. In the cation blends, mole

55 otios were aboul 1:1:1, All of the ATX materials shown.on

Table 14 are Bscor®ATX materials available from Exxon

" Chemical Co. The Nucrel® materials are available from
DuPonl Chemical Co. Primucor® 3440 is availuble [rom
Dow Chemical Co.

60 he spin rate of the golf ball was measured by striking the

resulting golf balls with u pitching wedge or 9-iron wherein

the club-head speed is about 80 feet per second and the ball
was lounched at an angle of 26 to 34 degrees with an inilial
velocity of 100-115 feet per sccond. The spin rale was

65 measured by observing the rotation of the ball in flight using

stop action Strobe pholography or via the use of a high speed
video system. :



Case 3:07-cv-0142gaJAH -AJB  Document 1- Filed-08/0
ocumentls and Settings\susanhWiegal Segm@mmp_m_@mw}gs_\gm@gg@g85.c

US 6,638,185 B2

33

The scuff resistance test was conducted in the following
manner: a Top-Flite® tour pitching wedge (1994) with box
grooves was obtained and was mounted in a Miyamae®
driving machine. The club face was oriealed for n square hit.
The forward/backward tee position was adjusted so that the
\ce was four inches behind (he paint in the downswing where
the club was vertical, The height of the tee and the toe-heel
position of the club relative to the lec were adjusted in order
that the center of the impact mark was abaut % of an inch
above the sole and was centered los (o beel across the [uce.
The machine was operaled at a club head speed of 125 feet
per second. A minimum of thres samples of each ball were
lested. Bach ball was hil three times. 4

Alter testing, the balls were rated according (o lhe fol-
lowing table: '

Page 31 of 75 -
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As sbown on Table 14, many of the cover materials
resulted in golf balls baving a scuff resistance of 1.5 or less,
and olhers had a scuff resislance rating of 1.5-2.5.

COMPARATIVE EXAMPLE 4

Hard/Soft lonomer Blend

A polf ball with a cover formed from a blend of a
commercially available bard sodium ionomer and a com-
mercially available soft acrylate cster-containing zinc iono-
mer in which the blend contains less than 60 wi % soft
ionomer was subjected to (he same (esting as the golf balls *
of Example 2., The results are shown oo Table 14,

TABLE 14
Spin Rato

Experiment . 9% PGA COR Shors D Scuff  (#9 ironnt
No. Cover Materlal Cotion  Neutralizslion Comp. (x 1000)  Hardness Resist, 105 B/scc)
Comp. 4 Hord-gof) ionomer  Zn/Na 60 20 787 58 40 9,859

blend 1 (control)
2-1 ATX 325 u 57 86 787 51 10 10,430
22 ATX 325 Lyzn/K 65 86 7 . 50 1.0 10,464
23 ATX 320 L 57 N.T. NT. .56 1.0 10,299
24 ATX 320 LifZn/K 65 87 70 55 15 10,355
2-5 Nucrel 010 L — 89 803 [ 30 7,644
26 Nucrel 010 LWzn/K - 89 802 65 40 . 1,710
27 Nucral 035 Li -_— 87 801 62 3.0 8,931
28 Nucrol 035 LYyZn/K - 87 798 62 30 8,915
29 ATX 310 L 53 88 802 62 25 8,892
2-10 - ATX 310 LifZa/K 60 88 801 63 25 8,244
211 ATX 325 u 57 83 'y 55 15 . -_—
2-12 ATX 325 LYZn/K 65 82 796 53 15 —_—
213 50% ATX 325-L4 LI 28.5 89 m 50 15 —

50% ATX 320-

unncut.
2-14 75% ATX 320- LiZn/K 49 87 776 54 1.5 el

LyZo/K

25% ATX 320-

unneut.
21§ 60% ATX 325 LirZn/K 39 8 - 54 1.5 —_—

40% Primacor

3440-unncut. .
2-16 ATX 320 Unneut, —_ 88 775 45 20 —_
217 ATX 325 Unneut, -_ 88 — 42 1.5 —
218 ATX 325 Li 50 95 795 50 1.0 —_
2-19 ATX 325 L 30 26 ™ 46 15 _—
220 ATX 325 . Li/Zn/K 50 91 791 48 1.0 -_—
221 . ATX 325 Li/Zn/K 30 90 NT 45 1,0 —_
222 ATX 325 LifZn/K 50 91 NT. . 47 1.0 -_—

EXAMPLE 3
Tonic Terpolymers

Rating Type of domnge
1 Little or no damage (groove markings or denis)
2 Smnll cuts nnd/or ripples in cover
3 Moderats umount of material lilted from ball
surface bul stil! nitached to ball
4 Materint removed or barely allached

The halls that were tesled were primed and top coated.

55 The procedure of Example 2 was repeated with the

exception lhat single cations of 1ithium, magnesium, sodium
and potassium were used in the cover malerial. The results
are shown on Table 15.

* As indicated on Table 15, the scuff resistance of the golf
balls was 3.0 or better. The scuff resistance of the balls with
covers made of an acrylic acid terpolymer was 1.0, For a
given terpolymer, the scuff resistance did not change when
different cations were used for neutralization.
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TABLE 15
Bxperiment Cover POA COR Shore D Scuff
No. Mnterial Calion % Neutmliznlion Comp. (x 1000) Hardness Resistance
31 Nucrel® Q35 LI 100 $0 792 62 30
3-2 Nucrol® 035 Mg 100 89 192 62 30
33 ATX 325 K ' 00 a6 790 51 1.0
3-4 ATK 325 Mg 100 8 - M 51 10
3-5 ATX 325 Nu 81 85 790 51 10
3-6 AT'X 325 K .95 85 791 51 10
COMPARATIVE EXAMPLE 5 As will be noted, compositions A, B and C include high

Several intermediate balls (cores plus inner cover layers)
were prepared in accordance wilh conventional molding
procedures described above, The inner cover compositions
were molded around 1.545 inch dismeler cores weighing
36.5 grams with a specific gravity of about 1.17 such that the
inner cover had a wall thickness of about 0.0675 inches and
a specific gravity of about 0.95, with the overall ball
measuring about 1.680 inches in diameter.

The cores utilized in the examples were comprised of the
following ingredients: 100 parts by weight high cis-
polybutadiene, 31 parts by weight zinc diacrylate, about 6
parts by weight zinc oxide, 20 parts by weight zinc stearate,
17-18 parls by weight calcium carbonale, and small quan-
tities of peroxide, coloring agent and a polymeric isocyanate
sold as Papi® 94 (Dow Chemical Co.). The molded cores
exhibited PGA compressions of about 100 and C.O.R.
values of about 0.800,

The inner cover compositions designated herein as cor-

- positions A-E utilized to formulate the intermediate balls are
set forth in Table 16 belaw, The resulting molded interme-
diate balls were tested to determine the individual compres-
sion (Riehle), C.O.R., Shore C hardness, spin rate and cul
resistance properties. These results are also set forth in Table
16 below. .

The data of these examples are the average of twelve
intermecdiate balls produced for each example. The proper-
lies were meussured according (o the following paramelers:

Cul resistance was measured in accordance with the
following procedure: A golf ball was fired at 135 feet per
second against the leading edge of a pitching wedge wherein
the leading edge radius is %2 inch, the lofl angle is 51
degrees, he sole radius is 2.5 inches and the bounce angle
is 7 degrees.

The cut resislance of the balls tesled herein was evaluated
on a scale of 1 (o 5. The number 1 represents a cul that
extends complelely through the cover to the core. A 2
represents a cut thal does not extend completely through the
cover bul that does break the surface. A 3 does not break the

_surface of the caver hul does leave a permanent dent. A 4-
leaves only a slight crease which is permanent but not as
severe as 3, A 5 represents virtually no visible indentation ot
dumage of any sorl,

The spin rale of the golf ball was measured by striling the
resulting golf bulls with u pilching wedge or 9 iron wherein
the club head speed is about 105 feet per second and the ball
is launched at an angle of 26 lo 34 degrees with aa initial
velocily of aboul 110 to 115 feet per second. The spin rate
wis measured by observing the rotation of the ball in fight
using stop action Strobe pholography.

Initial velocily is the velocity of a ball when struck at a
hammer speed of 143.8 feet per second in accordance with
u lest as prescribed by the US.G.A.
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acid ionomeric resins, with composition B further including
zinc stearate, Composition D represents ths inner layer (i.c.
Surlyn® 1605) used in U.S. Pat. No. 4,431,193. Composi-
tion E provides 2 hard, low acid ionomeric resin,

The purpose behind producing and lesting the balls of
Table 16 was to provide a subsequeat comparison in prop-
erties with the multi-layer golf balls of the present invention.

TABLE 16
Molded Intermediate Gglf Balls

A B o] D B
Ingredients of [nner R
Cover Compositions
Totek ® 959 50 50 — _— -
Totek @ 960 50 50 —_ —_— _
Zinc Slearnlo —_ 50 — — —
Surlyn ® 8162 | — _— 15 — -—
Surlyn ® 8422 - — 25 — —
Surlyn ® 1605 -— -— - 200 © -
Totok @ 7030 —_— — -— - 50
Totok ® 8000 — — — — 50
Propertiss of Molded
Intermediats Balls
Compression 58 58 0 63 62
COR. 811 810 807 793 801
Shore C Hardness 98 98 97 96 96
Spin Rate (REM) 7367 6250 7,903 8337 7956
Cut Resistancs 4~5 4-5 4-5 4-5 45

As shown in Table 16 above, the high acid jonomer resin
inner cover layer (molded inlermediate balls A-C) bave
lower spin rales and exhibit substantially higher resiliency:
characteristics than the low acid jonomer resin besed inoer
cover layers of balls D and E.

EXAMPLE 4

Multi-layer balls in accordence with the present invention
were then prepared. Specifically, the inner cover composi-
tions uscd lo produce intermediate golf balls from Table 16
were molded over the solid cores fo a thickness of about
0.0375 inches, thus forming the inner layer. The diameter of
the solid core with the inner layer measured nbout 1,620
inches. Allernatively, the intermediate goif balls of Table 16

“were ground dowo using a centerless grinding machine to a

size of 1.620 inches in diameter to produce an inner cover
layer of 0.0375 inches. "

'Iie size of 1.620 inches was determined after aticrpling
to mold the outer cover layer to various sizes (1.600",
1.610", 1.620", 1.630" and 1.640") of intermediate (core
plus inner layer) balls, It was delermined that 1.620" was
about he largest “intermediate™ ball (i.c., core plus inner
layer) which could be easily molded over with the soft outer
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Inyec materials of choics, The goal herein was to use s thin
an outer layer ns necessary to achieve the desired playability
characleristics while minimizing the cost of the more expen-
. sive outer malerials. However, with a larger diameter final
golf ball and/or if the cover is compression molded, & thinner
cover becomes feasible. '

With the above in mind, an-outer cover layer composition
was blended togelher in accordance with conventional
blending (echnigues, The outer Jayer composilion used for
this porlion of the example is a relatively soft cover com-
position such s those listed in U.S. Pat. No. 5,120,791 An
example of such a soft cover composition is a 45% soft/55%

hard low acid ionomer blend designated by the inventor as’

“TE-90", The composition of TE-90 is set forth as follows:

Outer Cover Layer Composition TE-S0

Totek ® B0OD 22.7 weight %
Totek @ 7030 22,7 weight %
Totok ® 7520 45.0 woight %
White MB? 9.6 weight %

'While MB consists of about 23,77 weight percent TiO,; 0.22 weight per-
cent Uvitex ® OB, 0.03 weight percent Saatonox ® R, 0.05 weighl per-
cent Ultramarine Dlue ™ and 75.85 weight percent Totek ® 7030.

The sbove outer layer composition was molded around
each of the 1,620 diamecter intermediate balls comprising a
core plus one of compositions A-D, respectively. In
addition, for comparison purposes, Surlyn® 1855 (new
Surlyn® 9020), the cover composition of the "193 patent,
was molded about the inner layer of composition D (the
intermediate ball representative of the *193 patent). The
outsr layer TE-90 was molded to a thickness of approxi-
mately 1.680 inches in diameter. The resulting balls (a dozen

- for cach example) were tested and the various properties
thereof are set forth in Table 17 as follows:

TABLE 17
Finished Balls
1 2 3 4 5

logredienta:
Toner Cover A B Cc . D D
Composition
Outer Cover TE0 TB-90 TB-90 TE-90 Suryn ® 9020
Compasition
Proparties of
Molded
Finished Dalls:
Compression 63 63 69 70 61
C.OR. 784 178 .780 a1 157
Shore C Hardnosa 88 88 88 88 89
Spin (R.P.H) 8,825 8,854 8814 8990 8846
Cut Russtunce 3-4 34 3~4 34 1-2

As il will be poted in finished balls 1-4, by crealing a
multi-layer cover ulilizing the high acid ionomer resins in
the inner caver layer und (be hard/soft low acid ionomer
resin in the outer cover layer, higher compression and
increased spin rates are poted over the single layer covers of
Tuble 16. In addition, both tbe C.O.R. and the Shore C
hardness are reduced over the respective siogle layer covers
of Table 16. This was once again particulacly true with
respect to the multi-layered balls containing the high acid
jonomer resin in the inper layer (i.¢. finished balls 1-5). In
addition, with the exccption of prior art ball 5 (i.c. the 193
palent), resistance lo culling remains good but is slightly
decreased. :
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Furthermore, it is also notecl {hat the use of the high acid
ionomer resips as the inner cover malerial produces a
substantial increass in the finished balls overall distance
properties. In this regard, the high acid jonomer resin inoer
covers of balls 1-3 produce an increase of approximately 10
points in C.O.R. over the low acid jonomer resin inper
covers of balls 4 and about o 25 point increase over the prior
art balls 5. Since an increase in 3 lo 6 points in C.O.R, results
in an average increase of about 1 yard in distance, such an
improvement is deemed lo be significant,

Several ather outer layer formulations were prepared and
lested by molding (hem around the core and inner cover
lnyer combination to form balls each having a diameter of
about 1.68 inches. First, B.F. Goodrich Estane® X-4517
polyester polyurethane was molded about the core molded
with inner Jayer cover formulation A. DuPont Surlyn® 9020
was molded about the core which was already molded with
inner layer D. Similar properties tests were coaducted on
these golf balls and the results are sel forth in Tuble 18
below:

TABLE 18
Finished Dalls _

[ 7
Ingrodisnis:
Inner Cover Layer A D
Compostion
Quter Cover Layer Bstane ® 4517 Surlyn ® 9020
Compotition
Properties of .
Molded PFlnished Balls:
Compreasion 67 61
C.OR. 174 57
Shore C Hardness 74 89
Spin (R.P.M) 10,061 8,846
Cut Resistance .34 1-2

. The ball comprising inner layer formulation D and Sur-
lyn® 9020 idenlifies (he bull in the Nesbill 4,431,193 palent.
As is noted, the example provides for relatively high soft-
ness and spin rate though it suffers from poor cut resistance

aod Jow C.O.R. This bull is unacceptuble by today’s stan-

dards. ,

As for the Estane® X-4517 polyester polyurethane,-a
sigpificant increase in spin rate over Lhe TE-90 cover is
noted along with an increase in spin rale over the TE-90
cover is noted along with an iocreased compression.
However, the C.O.R. nnd shore C values are reduced, while
the cut resistance remains the same. Futhermore, both the
Estane® X-4517 polyester polyurethane and the Surlyn®
9020 clatively difficult to mold in such thin sections.

EXAMPLE 5§

In order to analyze the change in characterislics produced
by multi-lnyer golf standard size) having ioner cover layers
comprised of jonomer resin blends rent acid levels, a series
of experiments was run. A number of tests were ed, varying
the type of core, inner cover layer and outer cover layer. The
are shown below on Table 19: ‘
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TABLE 19
Somple © Inner Comp/ Outer COMP Sbore
# Cere Loyer  Thickness  COR Cover  Thickness (Rhiel) COR D  Spin
8 1042 Nons - See Bolow  Top 0.055" 61 800 68 7331
Yellow Gmdo
9 1042 Nons — Seo Below 950960 0.055* 56 808 73 6516
Yellow
10 Specinl  959/960  0.050* 65/.805 959960  0.055" 48 83 73 6258
147"
11 1042 None —_ Sce Delow  SD 90 0.055* 62 792 653 8421
Yellow
12 . Special Top 0.050" 66/.799  SD 90 0.055" §5 811 63 8265
1.47" Grnds

13 Speclel  959/960  0.050" 65/.805 SD 90 0.055*

1.47°

14 Special ‘Top 0.050" 661,799 Top 0.055°

1.47" Grads Grde

15 1042 Noue 0.050* Sce Below Z-Balata  0.055"

Yollow

16 Special 959960 0.050" 65/.805  Z-Bolata 0.055¢

147"

17 Special Top 0.050* 66/.799  Z-Balata  0.055"

147* Grade

53 813 63 8254
51 819 68 7380
67 182 55 9479
61 800 55 9m6
60 798 55 9262

1042 Yallow Comp = 72, COR = ,780
Special 1.47° OORE > COMP = 67, COR « 182

In this regard, “Top Grade” or “TG” is a low acid inner
cover ionomer resin blend comprising of 70.6% loiek®
8000, 19.9% lotek® 7010 and 9.6% white master batch.
“959/960” is a 50/50 wt/wt blend of lotek® 959/960. In this
regard, Bscor® or lotek® 959 is & sodium ion neutralized
ethylene-acrylic neutralized ethylenc-acrylic acid copoly-
mer. According lo Exxon, loteks® 959 and 960 contain from
about 19.0 to uboul 21.0% by weight acrylic acid with
approximately 30 to about 70 percent of the acid groups
neutralized with sodium and zinc ions, respectively. The
physical properties of these bigh acid acrylic acid based
ionomers are as follows:

TABLE 20

ESCOR ® ESCOR @
PROPERTY (IOTEK ®) 959  (IOTEK ®) 960
Mell Index g/10 min ' 2.0 1.8
Cation Sodium Zinc
Melting Point, ° F. 172 174
Vical Softening Point, ° F. 130 131
Tensils @ Break, psi 4600 3500
Blongalion @ DBreak, % 325 430
Hardness, Shore D 66 57
Floxurl Modulus, pal 66,000 27,000

Furlhermore, the low acid ionomer formulutions for “SD
90" wad “Z-Balata” nre sel forth below:

TABLE 21
SD Cover 2B Cover

25

30

3s

40

45

50

55

13, Example Nos. 17 vs, 16, etc. use of lower acid leve] inner
cover layers and relatively soft outer cover layers (ic., 50
wl.% or more soft jonomer) produces softer compression
and higher spin rates than the golf balls comprised of high
acid inner cover layers. Consequently, use of blends of low
acid ionomer resins to produce the inner layer of & multi-
layer covered golf ball, produces not only enhanced travel
distance but also enhanced compression and spin properties.

EXAMPLE 6

Mulli-layer oversized golf balls were produced utilizing
different ionomer resin blends as the inner cover layer (i.e.,
core plus inner cover luyer is defined as “mantle™). The “ball
data” of the oversized multi-layer golf balls in comparison
with production samples of “Top-Flite® XL” and “Top-
Flite® Z-Balata” is set forth below.

The results indicate that use of multi-layer covers
eohances C.O.R. nnd travel distunce. Further, the data shows
that use of a blend of low acid ionomer resins (i.c., “Top
Grade) to form the inner cover layer in combination witha
sofl outer cover (“ZB” or “SD™) produces enhanced spin and
compression characteristics, The overall combination results
in a relatively optimal golf ball with respect to characleris-
lics of travel distance, spin and durability.

EXAMPLE 7 .

Golf balls 7-1, 7-2, 7-3 and 7-4 having the formulalionﬁ
shown on Table 22 were formed.

17.2% Surlyn ® 8320 19% lolek ® 8000
7.5% Surlyn ® 8120 19% lotsk © 7030
49% Surlyn ® 9910 52.5% lolek ® 7520 TABLE 22
16.4% Surlyn ® 8940 9.5% whitc MB @ 60 -
9.7% whilc MB ® Chemical Component 7-1 72 7-3 7-4
The data clearly indicates that higher C.O.R. and hence . a 147 ‘1 . L4
increase (ravel distance can be obtained by using multi- St 1 y y y
S oight 3278 2.7g 327g 2.7g
layered covered balls versus balls covered with single layers. 65 pGa Compression 20 60 70 60
However, some sacrifices in compression and spin are also ~ COR .780 770 780 770

nated. Further, as shown in comparing Example Nos. 12 vs.
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The balls of Bxample 7-2 were tested by a number of
TABLE 22-continued professional quality golfers using & driver, 5-iron, 9-iron,
and sand wedge or pilching wedge. Each player used his
i % . 73 74
Chemical Componest ! 2 own clubs and hit both the ball of Example 7-2 and a control
Composition 5 ball, which was tbe 1995 two-piece Top-Flite5 Tour Z-balata
. " :
High Cis polybuladiono 100 100 100 100 90. The Z-belata 90 has & 1.545" core of about 36.8 g with
Zinc oxida ans 31.6 30.5 31.6 2 POA compression of about 80 and 8 COR of about 0.794.
%oro' rluglinld . ;g ig ig }g The cover of the Z-balata 90 is about 0.068 in. thick, and is
Zine discrylnte X 0z % 10 8 blond of loicl® 8000 and lotek® 7510 with or without
Iniliator 0.9 0.9 09 0.9 master batch containing lotek® 7030. The cover has & shore
 Lonor Cover Layer D bardness of about 55. The ball has a PGA compression of
Size i 157" 157 1.57° 157" about 79 and a COR of aboul O.788. Bach playcr hit six of
Welght ) 3804 384g 35'4 8 32-4 8 the bulls of Example'7-2 and six Z-balatu control bulls one
PaA Compressian Bt “as Cam 295 15 time cach, For each shot, messurements were made of the
Thickness 0050*  00s0"  0.050*  0.050° initia) launch conditions of the golf ball, including launch
g"’d"“:ﬂfs""“ c/m) i YW UM UM angle and bsll speed. Furthermore, spin rales at initial
Comperion- . launch, carry distance, and lotal distance were measured.
. 24 .
Totek ® 1002 50% 50% 50% 50% ~ . The players hit full shots with the driver (1W), 5-iron (ST)
g:b::r%:‘(zsu or 5% 5% so% 0% and'9-iron (91). With Lhe sand wedge or pilching wecdge
y . . e
(SW), the players hit about 30 yard chip shots. Data points
~ Hardness (Shore C/D) TINE 7014’455 . 73/04555 . 701{)4555. were removed if determined to be “wild points.” A point was
gﬁk';::m 0055 05 ) ' snid la be wild if it fell outsids 2 standard deviations of (be
25 6-hit average. Initial launch conditions were determined
Tolek @ 7510 6%  928%  42% 4% using & highly accurate high speed stop action video pho-
Totak ® 7520 Q% a% 5 y b Sp P P
Tolek ® 7030 2.2% 12% 7.3% 7.3% tography system. The results are shown oo Tabls 23.
Totek @ 8000 . 8.7% 8.7%
Whitsnor Package
30
Unitane ™ 0-110 23pbr  23phe  23phr 23 phr As shown on Tsble 23, multi-layer ball 7-2 was longer
Easlobrite ® OB1 0.025 phr  0.025 phr  0.025 phr  0.025 phr b he Z-balat 1’ hen hi ¥ ith 8 5+ but gl
Ultra Marine Blus ™ 0.042 phr  0.042 phr  0.042 phr  0.042 phr than the Z-balata control when hit with a 3-iron but ooly
Santonox & 0.004 phr  0.004 phr  0.004 phr  0.004 phr slightly longer than the Z-balata ball using a driver and
Final Boll Data_ , s 9.iron. The multi-layer ball 7-2 and the two-piece control
Sizs 1.68° 1.68" 1.68" 1.68" were generally the same in overall distance using a driver. In
Weight 454g  454p ;5-4 8 33-4 8 each case, the mulli-layer ball 7-2 had a higher spin rate off
g%';“ Compression & 93 73_.,85 5‘793 785 the 30-yard chip shot than the Z-balata. The spin rate of the
ball of Example 7-2 was an average of 11.6% higher than the
spin rate of the Z-balata control: in the 30 yard chip shot.
TABLE 23
2-Plocs Conigel 72
LA, BS. Spin Corry Total LA, BS. Spln Carry Tolal
Player Club (deg) () - (pm) (yds) (yde) (dog) (@)  (pm) (yds) (yd)
1 1w 104 2622 235372725 2889 .10.0 2623 32472716 2922
2 1W 95 2401 3124 2381 253.6 8.9 2383 29352363 2574
3 1W 86 2588 6952541 259.9 6.3 2512 3357 247.6 2608
4 1W 109 2526 26392716 2898 12.5 2514 3066 279.0 2967
5 AW 95 2117 36272372 2552 9.4 2087 34152350 259.8
6  1W 102 2420 31052638 2832 11.0 2439 2003 267.6 2884
7 AW 115 2149 3089 2654 3790, 1.6 2126 3165 2629 2744
g 1W 97 235 31w 26306 288 9.3 2353 2884 257.2 2768
9 1w 117 2112 2939 2314 2558 11.3 2085 20322222 2443
10 1W 102 2440 2797 243.3 2502 9.; ;jgg gg}: :igg :-:;é
1 1w 2474 2638 1. 154 .
Ave, 102 2377 3168 253.5 2608 10.3 2334 3090 251.1 2701
1 Sl 124 2073 5942 198.3 209.8 11.8 2063 zgg'l 196.2 207.:
2 st 1783 1842 4.9 1994 4 182.2 187
3 S 109 1968 6462 1852 3889 115 1970  GOOP 187.4 1934
4 s1 144 2055 6683 207.8 2137 4.7 W83 G601 207.5 2178
5 S 136 1833 6734 182.9 189.4 142 .180.9 6380 1842 1507
6 SI 124 2045 5771 2010 210.5 32.9 2084 5414 2080 2183
7 Sl 141 1843 60131948 1981 131 1827 600D 192.9 2000
8 S 128 1872 6149 1880 2003 13.1 1916 6183 1917 2020
9 s1 132 1765 60001682 1737 13.6 1725 6166 169.7 1743
10 SI 139 1999 T4 1752 1782 149 1991 6237 1690 17032
1 S 142 1795 669 1819 187.8 157 1812 53381840 1907
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TABLE 23-continued

— 2-Pisce Control 22

LA. BS.  SploCury Towl LA, BS.  Spin Cerry Totl
Pinyer  Club (dog) (fps) (rpm) (ydng (yds) (dog) (%)  (pm) (Ydﬁg (yds)

Ava, 132 1925 6364 187.4 1943 137 1934 5003 188.4 195.7
200 1681 9865 152.5 159.5 204 1722 9210 1534 159.6
g1 218 1659 9770 1327 137.0 23.0 1647 8949 132.7 134.6
3 of 199 1543 10764 128.8 1343 199 156.5 1061 129.8 1350
4 of 227 1664 10551 1460 1488 239 1657° 9990 1503 1542
5 9 221 1474 9682 137.1 138.1 22.2 1485 9324 139.3 1417
6 ol 194 1697 8939 153.3 158.0 19.7 1682 8588 1562 163.5
7
8
9

-
=}
-

o1 204 1511 089D 147.5 150.0 21.6 1503 9084 148.6 151.3
9 185 1430 9408 142.0 147.5 183 141.8 9038 141.2 144.8
91 200 1345 9124 1249 1288 20.1 1329 8834 1250 1289
10 ol 232 1561 10603 122.7 1241 232 1556 11017 1162 1163
n 91 215 1494 9729 131.0 1345 23.4 1517 8686 133.3 1368

Ave. 209 1551 9849 1380 1419 21.4 1553 93531387 1424
1 SW 292 564 5647 248 589. 6619
SW 266 574 5446 252 5718 5647
3 SW 258 641 4925 243 635 5550
4 SW 309 609 5837 311 5729 6158
S SW 203 567 4152 190 563 4288
6 SW 343 .51 3798 . 324 615 470
7 SW 305 515 4712 203 523 5374
Ave. 282 617 493 266 583 6485

EXAMPLE 8 conirol and longer than the Titleist® HP-2 Tour (sofi cov-

ered two-piece) and Titleist® Tour Balata 100 ball (Balata

The ball of Exampls 7-2 was compared to & number of  covered wound ball). The other balls that were tesied include

competitive products in distance testing using 8 driving .o the Mexfli® unlop) XS100, Maxfli® (Dunlop) XF100,

machine in which the ball wes struck with a club, The results = apd the GIGA Top-Flite® golf ball sold by Spalding in

are shown on Table 24 below. The dislance test shows that-  Jupan, In Table 24, the ball of Example 7-2 is the longest
Exumple 7-2 is about the same dislance as the Z-balata 90  ball.

’ ' TABLE 24

Distance Report

Tugl Numbsc: 131951 Club Head Speed: 157.35
Club Name: TFT 10.5 DEG MW (Driver)  No. Balls/Type: 10

Average Test Conditions:

Launch Angols (Dog.): 9.6

Ball Spesd (fps): 2179

Spin Rate (pm): 3390

Turl Condition; FIRM

Wind (mph/dic): . 155 135.20

Temp/RH (deg/%®): 0.61 91.59

P-Bar (mbar): 1015

Ball Type Traj PTime Camy CarDIE Cir Dov Roll T Dist TDiff
HPZTOUR 8.7 60 2304 41 3.0 99 2403  -43
ZB90 9.0 63 2318 =27 54° 91 2410 -36
GIGA 8.8 60 2345 00 5.7 102 2446 0.0
Bxample 7-2 8.3 59 2206 ~49 38 111 2407 -39
Tileist Tour Dalata 100 9.2 62 2292 -53 78 .78 2369 -17
Teat Numbsr: 0203963 Club Hend Speed: 126.18

Club Namo: TFT' 5 [RON No. Rulla/Type: 12

Averngs Tust Condllions:
Launch Angels (Deg.): 14
80.1

Ball Speed (fpa): ]

Spin Ralo (rpm): 5424

Turf Condition: FIRM

Wind (mph/dir): 6.23 17138

Temp/RH (dey/9%): 6220 98.16

P-Bar (mbar): 1015 , .
Ball Typs ] Tmj PTime Cary Car DI Clr Dov Roll TDi TDIE
1IP2TOUR 253 60 1560 ~74 -30 1.5 1575 9.5

890 252 60 1571 =-03 =33 2.2 1593 =17

GIGA %50 60 1622 -12 =31 29 1651 -19
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TABLE 24-continued
Distance Report
Example 7-2 235 60 184 00 33 37 1670 0.0
Tileisi Tour Balota 300 239 60 1587 -47 <23 28 1612 -58 -
2B 100 261 60 1556 -18 45 20 1576 94
XS 100 230 60 163 -23 -56 26 1630  -31
XF 100 245 60 1520 -114 -62 16 1537 -133
EXAMPLE 9
. . TABLE 26
A number of golf ball cores having the following formu- -
lation were made: 15 MANTLE-COVIERED CORES
A B c D
Sizo (Pole) {Inches) 1577 1576 1572 1573
PARTS Weight (g) 386 385 38.3 384
- PGA Compression n 74 70 7
High-cls polybutadiens 100 20 COR 7795 7831 7768 7946
Zige oxide 30 Std. Dev. COR 00s1 0026 0016 0012
Core regrind 16 Shore C 92 9% 90 97
Zinc slearnte 16 Shoro D 62 65 61 0
Zinc discrylats 21 .
Paroxids (231 x1) 09
25

The cores had a diameter of 1.470", a weight of 325¢g,a
PGA compression of 57 and & COR of 0.768.

The cores were divided into four sets and each set was
covered with one of the mantle formulations shown below in

Table 25. %0
TABLE 25
MANTLE Fi ()
. 35
Mantle Type A D C D (control)

Surlyn ® 8940 () 656 880 1610 _
Surlyn ® 9910 () 1964 2180 538 -
Surlyn ® 8120 () 300 160 415 -

Surlyn ® 8320 (g) 700 400 1000 —_— 40
Totek ® 7030 (g) . 380 380 380 —
Totek ® 1002 (g) - - — 2000
— — — 2000

Totek @ 1003 (g)

The mantle covered cores had the following physical
properties:

Each set of mantle-covered cores was divided into three
subsets and & cover layer having onc of the cover formula-
tions shown below on Table 27 was formed over the mantled .
cores. The “whitener package” on Table 27 consists of White

MB, the composition of which was previously described
herein.
TABLE 27
COVER FORMULATIONS

Cover Type X Y Z

Totek ® 7520 (g) - 1660 1480 1300

Totek ® 7510 (g) 1660 1480 1300

lotek ® 800D (1) 304 664 1024

Iolck ® 7030 (g) 282 282 282

Whitener package (g) 94 94 94

The balls bad the mantle and cover combinations and
properties shown below on Table 28. )

TABLE 28
Ball Pronenios.
aniple No,

9-1 92 9-3 9-4 9-5 9-6 97 98 . 99 9-10 9-11 9-12
Maalle A A A B B B o] C o D D D
Cover X Y z X Y z X Y Z X Y ¥4
Sizo 1682 1681 1.682 1.682 1682 1.662 1682 1.682 1.681 1.682 1.682 1.681
(inch)
Wuight 45.68 4557 4558 4577 45.62 4558 45.63 45.58 45.48 45.67 4565 4557
(8) .
PGA 735 743 747 714 767 - 763 708 N9 73.3 05 80 82.5
Comp, . :
COR 7639 (7665  .7680 7701 7703 7704 7607 7630 7661 21 77198 7839
Sid, 0043 0027  .0037 0077 0034 0023 0037 0030 .0028 0034 0028 .0020
Dev.
COR . .
Shors C  T1 76 81 7 76 81 70 76 80 " 76 81
Shore D 46 50 53 48 50 53 46 49 52 497 . A 53
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Ball 9-10 was the control,

The results from Table 28 demonstrate that a multi-layer
ball having a mantle hardaess of 60D or greater (Bx. 9-7,
9.8, 9-9), and preferably 63D (Ex. 9-1, 9-2, 9-3) or grealer
give o ball having o COR of al least 0.761 (Ex. 9.7) snd
while a harder mantle (Bx. (94, 9-5, 9-6, 9-10, 9-11, 9-12)
will generally give higher COR, it also contribules (o 8
harder PGA compression. Versus the control ball (Ex. 9-10)
it is demonstraled that sofler compressions can be oblained
wilb slightly softer mantles while maintaining a good COR.
Likewise versus the control, higher COR balls may be
designed (Bx. 9-11, 9-12) that still have a relatively soft
campression for good feel.

EXAMPLE 10

A number of golf balls were made haviog, the core and
cover formulations und the physical properties shown on
Tubles 20 and 30. The balls of Examples 10-1, 10-2 and 10-5

are part of the invention. The balls of Examples 10-3, 10-4 2

and 10-6 arc controls based upon the cover Iayer chemisiry
of comparalive Example 2 of U.S. Pat. No. 5,586,950, The
balls of Example-10-4 are replicas of corparative Example
2 of U.S. Pat. No. 5,586,950.

For all of the balls, the cores were molded and centerless
ground to the appropriate size. The mantles of Examples
10-1 to 10-4 were injection molded in a 1,63" injection
mold. The mantles for the balls of Examples 10-5 and 10-6
also were injection molded, All of lbe outer cover layers
were injeclion molded.
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TABLE 30-continued
K tio: Cgver Formulations
5 Mateslals (phr) A B Maedals(ph) A B
Zinc Slesrato 20 16 Sudyn®1557 — 10
Zinc Dincrylnts 26 20 Suryn®IBSS — 20
Mausier bulch A 035 —= Sulyn®8265 -~— 20
Muster bulch B : - 0.15 Surlyn® 8269 — 50
10 Luperco ® 231 XL poroxids 09 09 1102 -2
DEFINITIONS
15 Cocflicient Of Reslitution

As is apparent from the above discussions, two principal
_properties involved in golf ball performance are resilicace
and PGA compression. The resilience or coeficicnt of
restitution (COR) of a golf ball is the constant “e,” which is
the ratio of the relative velocity of an elastic sphere after
direct impact o that before impact. As a result, the COR
(“e") cen vary from O to 1, with 1 being equivalent to &
pecfectly.or complelely elastic collision and 0 being equiva-
lent to a perfectly or completel'y inelastic collision.

COR, slong with additionel factors such as club head
speed, club head mass, ball weight, ball size and density,
spin rate, angle of trajectory and surface configuration (i.e.,
dimple ‘pattern and area of dirmple coverage) as well as

environmental conditions (e.g. temperafure, moisiure, atmo- -

TABLE 29
Cors Data Bx. 101 Bx.10-2 Ex.10-3 Bx. 104  Bx 10-5 Ex. 10-6
Cors Typea (Suo Thble 2) A A A A B B
Mantle Date 1.50 1.50 150 1.50 147 147
Ingredients phr phr phr phr - plr phr
Totek @ 1002 50 —_- 50 — 50 50
Totek @ 1003 50 - 50 — 50 50
Surlyn ® 9910 —_ 50 —_ 50 - -
Surlyn ® 8940 - 35 - 35 —_ -
Surlyn ® 8920 | | —_— 15 — 15 -_ -
TiO, 2 2 2 2 - -
Diameter (in.) 1.625 1.625 1,625 1,625 157 157
Thickness (in.) 0.063 0.063 0.063 0.063 0.050 0.050
Shore /D Hardocss 97110 96/68 97/70 96/68 97770 97/10
(mensured on ball) :
Cover Dalo
Cover Typs (seo ‘Thble 2) " # n #2 1 ?
Size (in.) 170 1.70 170 170 168 1,68
Thickness (in.) 0.038 0.038 0038 0.038 0.055 0.05§
Shore ©/D Hardness 75/49 5749 84/57 83/57 72048 83/56
(measured on bail)
Compression (Rhiole) 63 66 60 63 83 80
COR 800 95 805 798 279 787
55 spheric pressure, wind, etc.) generally determine the dis-
TABLE 30 tance a ball will travel when hit. Along this line, the distance
- a golf ball will travel under controlied environmental con-
Cors Formulntiona Cover Formulntions ditions is u Function of lhe speed and muss of the club and
) i . size, densily and resilience (COR) of the ball and otber
Malurials {nhe) A D Muerin(h) A D 60 faciors. The initial velocity of e club, the mass of the club
BR 1220 (High cla " m imxosm a5 — 4ad theangloofthe ball's dparture acc essentially provided
polybutadienc) by the golter upon striking, Since club head, club head mass,
Tnklene ® 220 (High cis 27 0 Ilock®7510 41— the angle of trajectory and eovironmental conditions are not
polybuladienc) determinants contraliable by golf ball producers and the ball
Zinc Oxide 223 35 otk ®7520 41— 65 size and weight are sel by the U.S.G.A., these are pot factors
TG Regrind 10 16 Mustorbulch C 9.5 — of concern among golf ball manufacturers. The faclors or

determinants of inlerest with respect to improved distance
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are generally the coefficient of restitution (COR) aod the
surface configuration (dimple pattern, ratio of land area to
dimple area, cte.,) of the ball,
The COR of solid core balls is a function of the compo-

50
the playability of the ball on striking. The degree of com-
pression of a ball against the club face and the softness of the
cover strongly influences the resultant spin rate, Typically, a
sofler cover will produce a higher spin rute than a harder

sition of the core and of the cover. The care andfor cover s cover. Additionally, a harder core will produce a higher spin
may be comprised of one or more layers such as in mulli-  rale than a sofier core. This is because at impact a hard core
layered balls. In balls containing & wound core (i.c., balls  serves to compress the cover of the ball against the face of
comprising a liquid or solid cenler, elastic windings, and & the club to & much greater degree than a soft cors thereby
cover), the coefficient of restitution is & funclion of notonly ~ Tesulting in more “grab” of the bull on the clubface and
the composition of the center and cover, bul also the jo Subsequeat higher spin rates, In effect the cover is squeczed
composilion and tension of the elastomeric windings. As in. betweea the relatively incompressible core and clubhead.
the solid core balls, the cenier and coverof awound coreball ~ When a softer core is used, the cover is under much less
may also consist of ane or more layers. The COR of the golf ~ COmPressive siress than when a harder core is used and
balls of the present invention is a fupction of the composi-  thercfore doos not contact the clubface as intimatcly. This
tion and physical properties of the core and cover layer 1s results in lower spin rates. The term “compression” utilized
materials such as flex modulus, hardness and particulady, 18 the golf ball trade generally defines the overall deflection
their resilience, i.e. ability (o quickly recover from a high  tbat a golf ball undergocs when subjected to a compressive
impact deformation. load. For c?tamplc, PGA compression 1pc!1calcs the amount
The coeflicient of restitution is the ratio of the outgoing of change in golf ball’s shape upon striking.

velocity to the incomiag velocity. In the examples of this 20 0 the past, PGA compression related to a scale of from 0
application, the coefficient of restitution of a golf ball was to 200 given to a golf ball. The lower the PGA compression
measured by propelling a ball horizontally al a speed of value, the softer the feel of the ball upon striking. In practice,
1255 fest per second (fps) and correcled o 125 fps aguinst  foumament quality balls have compression ratings around
a generally vertical, hard, flat stee) plate and measuring the 70-110, preferably around 80 to 100.

ball’s incoming and outgoing velocity clectronically. Speeds 25 In delermining PGA compression using the 0-200 scalc,

were measured with a pair of Ochler Mark 55 ballistic
screens available from Ochler Research, Inc., P.O. Box
9135, Austin, Tex. 78766, which provide a timing pulse
when ap object passes through them. The screens were
separated by 36" and are located 25.25" and 61.25" from the
rebound wall. The ball speed was measured by timing the
pulses from screen 1 to screen 2 on the way inlo the rebound
wall (as the average speed of the ball over 36"), and then the
exit speed was timed from screen 2 to screen 1 over the same
distance.. The rebound wall was tilted 2 degrees from a
verlical plane (o allow the ball (o rebound slightly downward
in order (o miss the edge of the cannon thal fired il. The
rebound wall is solid steel 2.0 inches thick.

As indicated above, the incoming speed should be 125+5
fps but corrected to 125 fps. The correlation between COR
and forward or incoming speed has been studied and a
correction has been made over the =5 fps range so that the
COR is reporled s if the ball had an incoming speed of
exaclly 125.0 fps.

The coefficient of restitution must be carefully controlled
in all commercial golf balls if the ball is fo be within the
specificalions regulated by the United States Golf Associa-
lion (U.S.G.A.). As mentioned lo some clegree above, the
U.S.G.A., slandards indicale that a “regulation” ball cannot

3

a standard force is applied to the external surface of the ball.
Aball which exhibits no deflection (0.0 inches in deflection)
is rated 200 and a ball which deflects %ioth of an inch (0.2
inches) is rated 0. Bvery change of 0.001 of an inch in
deflection represents a 1 point drop in compression,
Consequently, a ball which defiects 0.1 inches (100x0.001
inches) has a PGA compression velue of 100 (i.e., 200~100)
aod & ball which deflects 0.110 inches (110x0.001 inches)
bas a PGA compression of 90 (i.e., 200-110).

In order to assist in the determination of compression,
several devices have been employed by the industry. For
example, PGA compression is determined by an apparatus
fashioned in the form of a small press with an upper and
lower anvil. The upper anvil is at rest agaiost 4 200-pound
die spring, and the lower anvil is mavable through 0.300
inches by meuns of a crank mechanism. In ils open position
the gap between the anvils is 1.780 inches allowing a
clearance of 0.100 inches for insertion of the ball. As the
lower anvil is raised by the crank, it compresses the ball
against the upper anvil, such compression occurring during
the last 0.200 inches of stroke of the lower anvil, the ball
then loading the upper anvil which in turn loads the spring.
The equilibrivm point of the upper anvil is measured by a
dial micrometer if the anvil is deflected by the ball more than

have an initial velocily exceeding 255 fect per second in en 50 0100 inches (less defiection is simply regarded as zero
atmosphere of 75° F. whea lested on & U.S.G.A. machiae. compression) and the readm; on the micrometer dm% is
Since the cocflicient of restitution of a ball is related to the referred to as ‘!’° compression of (he.bnll. !“ practice,
ball’s initial velocily, it is highly desicable to produce a ball ~ tournament qualily balls have compression ralings around
having sufficiently high cocflicient of restilution to closely 80 to 100 which means that the upper anvil wus deflected a
approach the U.S.G.A. limit on inilial velocity, while haviog 55 tota! of 0.120 o 0.100 inches. .
an ample degree of softness (ic., hardness) to produce An example to determine PGA compression can be shown
enhanced playability (i.e., spin, elc.). ' by utilizing a golf ball compression tester produced by Ati
. Engineering Corporalion of Newurk, N.J. The value
PGA Compression obluined by this tester relules (o un arbilrary valus expressed
PGA compression is another important property involved 6o by a number which may range from 0 to 100, although a
in the performance of a golf ball. The compression of the value of 200 can be measured as indicaled by (wo revolu-
ball can affect the playability of the ball on striking and the  tions of the dial indicalor on the apparaius, The value
sound or “click” produced. Similarly, compression can affect  oblained defines the deflection that a golf ball undergoes
the “fee]” of the ball (i.e., hard or soft responsive feel),  when subjected (o compressive loading. The Atli test appa-
. particularly in chipping and putting. 65 ratus consists of a lower movable platform and an upper

Moreover, while compression itsell has liltle bearing on
the distance performance of a ball, compression can affect

movable spring-loaded anvil. The dial indicator is mounted
such thal il measures the upward movement of lhe spring-
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loadled anvil, The golf ball to be tested is placed in the lower
platform, which is then raised a fixed distance. The upper
portion of the golf ball comes in contact with and exerts a
pressure on the springloaded unvil. Depeadiog upon the
distance of the golf bull to bs compressed, the upper vavil is
forced upward against the spring.

Allemative devices have also been employed to determine -

compression, For example, Applicunt also utilizes a modi-
fied Richle Compression Machine originally produced by
Riehle Bros. Testing Machine Company, Phil,, Pa. to evalu-
ate compression of the various components (i.e., cores,
mantle cover balls, finished balls, eic.) of the golf halls. The
Richle compression device determines deformation in thou-
sundths of an inch under a load designed to emulate the 200
pound spring coustant of the Alli or PGA compression
testers. Using such a device, & Riehle compression of 61
corresponds (0 & deflection under Joad of 0.061 inches.
Additionally, an approximate relationship between Rieble
compression and POA compression exists for balls of the
same size. It has been determined by Applicant that Riehle
compression corresponds to PGA compression by the gen-
eral formula PGA compression=160-Rishlp compression.
Consequently, 80 Riehle compression corresponds to 80
PGA compression, 70 Riehle compression corresponds to 90
PGA compression, and G0 Riehls compression corresponds
fo 100 PGA compression. For reporting purposes, Appli-

cant’s compression values are usually meusured as Riehle’

compression and converted to PGA compression.

Furthermore, additional compression devices may also be
utilized to monitor golf ball compression so long as the
correlation to PGA compression is koow. These devices
have been designed, such as a Whitney Tester, to correlate
or correspond to PGA. compression through a set relation-
ship or formula, . .

Shore D Hardness

As used herein, “Shore D hardness” of a cover is mea-
sured generally in accordance with ASTM D-2240, except
the measuremenls are made on the curved surface of a
molded cover, rather than on a plaque. Furthermore, the
Shore D hardness of the cover is measured while the cover
remains over the core. When a hardness measurement is
made on a dimpled cover, Shore D hardness is measured at
a land area of the dimpled cover.

Fillers

In a particularly preferced form of the invention, al least
one layer of the golf ball contains at least 0.01 parts by
weigh! of & filler. Fillers preferably are used lo adjust the
density, flex modulus, mold release, and/or melt flow index
of u layer. More preferubly, al least when the filler is for
adjustment of density or flex modulus of a layer, it is present
in nn amount of af least five paris by weight based upon 100
parts by weight of the layer composition. With some fillers,
up to about 200 parts by weight probably can be uscd.

A density adjusting filler according lo the invention
preferably is a filler which has a specific gravity which is at
Ieast 0.05 and more preferably at least 0.1 higher or lower
than (he specific gravily of the luyer composition. Parlicu-
larly preferred densily adjustiog fillers have specific gravi-
ties which are higher than (he specific gravity of the resin
composition by 0.2 or more, cven more preferably by 2.0 or
more.

A flex modulus adjusting filler according to the invention .

is a filler which, when used in an amount of e.g. 1~100 parls

o

“n

§2

by weight based wpon 100 parts by weight of resin
composition, will raise or lower the flex modulus (ASTM
D-790) of the resin composition by at least 1% and prefer-
ubly ul Jeusi 5% us compared (o the flex modulus of the resin
composilion without the inclusion of the flex modulus
adjusting filler,

A mold release adjusting filler is a filler which allows for
the easier removal of a part from a mold, and eliminates or
reduces the need for external release agents which otherwise
could be applied to the mold. A mold release adjusting filler
typically is used in an amount of up to about 2 wt % based
upon (he total weight of the layer. :

A mell flow index adjusting filler is a Gller which
increases or decreases the melt flow, or ease of processing of
the composition.

The layers may contain coupling agents that increase
adhesion of materials within & particular layer ¢.g. to couple
a filler to a resin composition, or between adjacent layers.
Non-limiting examples of coupling agents include titanates,
zirconates and silanes. Coupling; agents typically are used in
amounts of 0.1-2 wt % based upon the 1otal weight of the
composition in which the coupling agent is included.

A density adjusting filler is used to contral the moment of
inertia, and thus the initial spin rate of the ball and spin
decay, The addition in one or mors layers, and particularly
in the outer cover layer of a filler with a lower specific
gravity than the resin composition results in a decrease in
moment of inertia and & higher initial spin rate than would
result if no filler were used. The addition in one or more of
the cover layers, and particularly in the outer cover layer of
g filler with a higher specific gravity than the resin
composition, results in an increase in moment of inertia and
a lower initial spin rate. High specific gravity fillers are
prefecred as less volume is used to achieve the desired inaer
cover total weight. Nonreinforcing fillers are also preferred
as they have minimal effect on COR. Preferably, the filler
does not chemically react with the resin composition to &

* subslantial degree, although somae reaction may oceur when,

for example, zinc oxide is used in a shell lnyer which
contains some ionomer. )

The density-increasing fillers for use in the invention
preferably have a specific gravity in the range of 1.0-20. The
density-reducing fillers for use in the invention preferably
have 8 specific gravily of 0.06~1.4, and more preferably
0.06-0.90. The Hex modulus increasing fillers have u rein-
forcing or stiffening effect due to their morphology, their
intcraction with the resin, or their inberent physical proper-
tics. ‘I'he flex modulus reducing fillers have an opposite
effect due (o their relatively Rexible properties compared to
the matrix resin, The melt flow index increasing fillers have
a flow enhancing effect due to their relatively high melt flow
versus the matrix, The mell flow index decreasing fillers
have an opposite effect due (o their relatively Jow melt flow
jndex versus the matrix. .

Fillers which may be employed in layers other than the
outer cover layer may be or are typically in a finely divided
form, for exumple, in u size generally less than aboul 20
mesh, preferably less than nboul 100 mesh U.S. slandurd
size, except for fibers and flock, which ére generally elon-
gated. Rlock and fiber sizes should be small enough to
facilitate proccssing. Filler particle size will depend upon
desired effect, cost, casc of addition, and dusling consider-
ations, The filler preferably is selected from the group
consisling of precipitated hydrated silica, clay, lalc, asbestos,
glass Gbers, aramid fibers, mica, calcium melasilicate,
barium sulfate, zinc sulfide, lithopone, silicales, silicon

v
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carbide, diatomaceous carlh, polyviny] chloride, carbonales,
metals, metal alloys, tungsten carbide, metal oxides, metal
stearates, parliculate carbonaceous malerials, micro
balloons, and combinalions thereof. Non-limiting examples

54

TABLE 31-continued

Spec. Qrav.  Comments

Filler Typs

of suitable fillers, their densitics, and their preforred uscs are 5 Coupling Agents Adheslon Promwters
as follows: : Titanntos 0.95-1.17
Zirconntes 0.92-1.11
TABLE 31 Silune 0.95-1.2
Tiller Type Spec. Grav.  Comments 10 COMMENTS:
1 Particularly useful for adjusting demity of the cover layer.
Precipilated hydratad silico 20 1,2 2 Porticularly useful for ndjusting flex modulus of lhe cover layer.
Clay 262 1,2 3 Particularly useful for ndjusting mold releaso of Uhs cover layer.
Tole -2.85 1,2 4 Particulnrly useful for incrensing melt flow index of the cover Inyer.
Asbestos 25 1,2
bo: 2. 1,2
21:7&2 s (KEVLAR @) 1.35 1,2 15 Allfillers except for metal siearates would be expected to
Mica . 28 1,2 reduce the melt flow index of the cover layer.
Calcium metasilicate 29 1,2 . . o,
Borium sulfate 46 1,2 The amount of filler employed is primorily a function of
Znc sulfide 41 1,2 weight requirements and distribution.
Lithopone 4.2-43 1,2 20 . ,
Silicates ) 2.1 1,2 The invention has been described with reference to the
Sliicon carbide platolots 3.18 3,2 referred i . i ificati .
Silioon carbids whiskers by 1: 2 pr rred embodiment. Obviously, mpdlﬁcnnons and ult_er
Tungston carbide 156 1 ations will oceur to others upon reading and understanding
Dintomncoous oatth 2.3 . 1,2 the proceeding detailed description. It is intended that the
Palyviny! chloride : 141 1,2 25 iovention be construed as including all such modifications
Carbonntes and alterations insofar as they come within the scope of the
Calclum carbonate 2 1,3 sppended claims or the equivalents thereof.
Magnesium carbonale 220 . 1,2 . What is claimed is:
Metals and Alloys (powders) 1. A golf ball co:nprising:
Tianium . 4.51 1 * 30 @ polybutadiene core;
Tungsten 19.35 1 poy 1o core: .
Aluminum 2.70 1 a thermoplastic inner cover layer disposed about the cors,
Biamuth 9.78 1 the inner cover layer comprising an ionomer resin,
N'?“;ld lg-;" i wherein said inner cover layer has a Shore D hardness_
m’ny onum 786 H 3 of at least about 65 as measured on the curved surface
Stes 7879 3 thereof; and
Ié‘”‘d 1;';‘ 1,2 an outer cover layer disposed on the inner cover layer, the
B! 43-84 i outer cover layer comprising a polyurethane material
DBoron 2,34 1 having a Shore D hardness of from aboul 10 lo about
Boron carbids whiskers 2.52 1,2 40 55; :
Bronzo ’ 8.70-8.74 1 : wherein the golf ball exhibits a coefficient of restitution
Cobalt A b of at least 0.790
Beryllivm 1.84 1 ' ‘s N .
Zinc 714 1 2. The golf ball according to claim 1, wherein the outer
Tin 13 1 cover layer comprises a polyurethane having a Shore D
Metal Oxides 45 hardness of from about 30 to sbout 55.
. 3. The golf ball according to claim 1, wherein the ouler
Zinc oxide 557 1,2 ) N
Tron oxide 51 1,2 caver layer has a thickness of 0.030 to 0.0GO inches.
Aluminum oxide 4.0 4. The golf ball according to claim 3, wherein the outer
Tinnium oxide 3~§‘_'4-1 , 5,2 cover layer has a thickness of about 0.030 inches,
Magaoslun oxids : 33-35 L2z 5. The golf ball according to claim 1, wherein the outer
Zirconium oxide 573 1,2 50 . s
Metal Slcaralcs cover luyer comprises a castable polyurethaae material.
6. The golf ball according to claim 1, wherein the outer
gmc_"lcﬂ"l\“ o ;83 g: : cover luyer comprises o polyurethune having a llex modulus
ciun steami » i
. Burium sisarto 123 34 of from aboul 1,000 to about 310,000 psi. ]
Lithium sicarnts 1.01 34 s I The golf ball according o claim 6, wherein the poly-
Mnguosium alearste 1.03 3,4 urcthane has & flex modulus of from about 5 to about 100
Particulale carbonnceous motsrinls kpsi.
: 8. The golf ball according to claim 7, wherein the poly-
Grmphite 1.5-18 1,2
Carbon black 18 1,2 urethane has a flex modulus of from about 5 (o about 20 kpsi,
Natural bilumen . 12-14. . -1,2 w JThe golfball according to claim 1, wherein the galf ball
g‘*“’" flock : ]11'2':'; 1-2 exhibits a PGA compression of 90 or less.
liulase Rock 251 L 10. The golf ball according (o claim 1, wherein the golf
Leathor fiber . 1.2-14 1,2 " X o e
Micro balloons ball exhibits a coefficient of restitution of at least 0.800.
- 11. A golf ball comprising:
Glnss 0.15-1.1 1,2 3 core;
Ceramic 0.2-0.7 1,2 65 o . .
Fly ush 0.6-08 1,2 an inner cover layer disposed on the core, the inner cover

layer having a Shore D hardness of at least 65 as
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measured on the curved ouler surface thereof, and
including at least one high acid ionomer resin compris-
ing groater than 16% by weight of an alpha, beta-
unsaturated carboxylic acid;

an outer cover layer disposed about the inner cover layer,
the outer cover layer comprising a polyurctbane mate-
rial;

wherein the golf ball exhibits a PGA compression of 90 or
less, and a coefficient of restitution of al leasl 0.780.

12. The gol€ ball according to claim 12, wherein the outer

cover layer has a thickness of about 0.030 to about 0.070

inches.

10

56

13, The golf ball according to claim 12, wherein the outer
cover layer has a thickness of about 0.030 inches to aboul
0.060 inches. o

14, The golf ball nccording lo claim 13, wherein the outer
cover layer has u thickness of about 0.030 inches.

15, The golf ball according to claim 12, wherein the ball
exhibits a PGA compression of 80 or less.

16. The golf ball according lo claim 12, whercin the outer
cover layer comprises a castable polyurothane material.

17. The golf ball sccording Lo claim 12, wherein the golf
ball exhibits a coeflicient of restitution of at least 0.800.

* ¥ & x ®
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MULTI-LAYER GOLF BALL

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a divisional of U.S. application Ser.
No. 09/993,422 filed on Nov. 5, 2001 now U.S. Pat. No.
6,648,777, which a continuation-in-part of U.S. application
Ser. No. 09/783,484 filed on Feb. 14, 2001 now U.S. Pat. No.
6,667,001, which is a continuation of U.S. application Ser.
No. 09/040,456 filed on Mar. 18, 1998, now U.S. Pat. No.

" 6,213,894, which is a continuation-in-part of U.S. applica-
tion Ser. No. 08/631,613 filed on Apr. 10, 1996, now U.S.
Pat. No. 5,803,831, which is a continuation-in-part of U.S.
application Ser. No. 08/591,046 filed on Jan. 25, 1996, now
abandoned, and a continuation-in-part of application Ser.
No. 08/542,793 filed on Oct. 13, 1995, now abandoned,
which in fum is a continuation-in-part of U.S. application
Ser. No. 08/070,510 filed Jun. 1, 1993, now abandoned. U.S.
application Ser. No. 09/993,422 is also a continuation-in-
part of U.S. application Ser. No. 09/411,690 filed on Oct. 1,
1999, now U.S, Pat. No. 6,290,614, which is a continuation-
in-part of U.S. application Ser. No. 09/040,798 filed on Mar.
18, 1998 now U.S. Pat. No. 6,855,073,

FIELD OF THE INVENTION

The present invention relates to golf balls and, more
particularly, to improved golf balls comprising multi-layer
covers which have a hard inner layer and a relatively soft
outer layer.

BACKGROUND OF THE INVENTION

Traditional golf ball covers have been comprised of balata
or blends of balata with elastomeric or plastic materials. The
traditional balata covers are relatively soft and flexible.
Upon impact, the soft balata covers compress against the
surfacé of the club producing high spin. Consequently, the
soft and flexible balata covers provide an experienced golfer
with the ability to apply a spin to control the ball in flight in
order to produce a draw or a fade, or a backspin which
causes the ball to “bite” or stop abruptly on contact with the
green, Moreover, the soft balata covers produce a soft “feel”
to the low handicap player. Such playability properties
(workability, feel, etc.) are particularly important in short
iron play with low swing speeds and are exploited signifi-
cantly by relatively skilled players. -

Despite all the benefits of balata, balata covered golf balls
are easily cut and/or damaged if mis-hit. Golf balls produced
with balata or balata-containing cover compositions there-
fore have a relatively short life-span.

As a result of this negative property, balata and its
synthetic substitutes, trans-polybutadiene and transpolyiso-
prene, have been essentially replaced as the cover materials
of choice by new cover materials comprising ionomeric
resins.

lonomeric resins are polymers containing interchain ionic

. bonding. As a result of their toughness, durability and flight
characteristics, various ionomeric resins sold by L. 1
DuPont de Nemours & Company under the trademark
“Surlyn®” and more recently, by the Exxon Corporation
(se¢ U.S. Pat. No. 4,911,451) under thc trademarks
“Escor®” and the designation lotek®, have become the
materials of choice for the construction of golf ball covers
over the traditional “balata” (transpolyisoprene, natural or
synthetic) rubbers. As stated, the sofier balata covers,
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although exhibiting enhanced playability properties, lack the

*durability (cut and abrasion resistance, fatigue endurance,

etc.) properties required for repetitive play.

lTonomeric resins arc generally ionic copolymers of an
olefin, such as ethylene, and a metal salt of an unsaturated
carboxylic acid, such as acrylic acid, methacrylic acid, or
maleic acid. Metal ions, such as sodium or zinc, are used to
neutralize some portion of the acidic group in the copolymer
resulting in a thermoplastic elastomer exhibiting enhanced
properties, i.e. durability, etc., for golf ball cover construc-
tion over balata. However, some of the advantages gained in
increased durability have been offset to some degree by the
decreases produced in playability. This is because although
the jonomeric resins are very durable, they tend to be very
hard when utilized for golf ball cover construction, and thus
lack the degree of softness required to impart the spin
necessary to control the ball in flight. Since the ionomeric
resins are harder than balata, the ionomeric resin covers do
not compress as much against the face of the club upon
impact, thereby producing less spin. In addition, the harder
and more durable ionomeric resins lack the “feel’’ charac-
teristic associated with the softer balata related covers.

As a result, while there are currently more than fifty (50)
commercial grades of ionomers available both from DuPont
and Exxon, with a wide range of properties which vary
according to the type and amount of metal cations, molecu-
lar weight, composition of the base resin (i.e., relative
content of ethylene and methacrylic and/or acrylic acid
groups) and additive ingredients such as reinforcement
agents, efc., a great deal of research continues in order to
develop a golf ball cover composition exhibiting not only
the improved impact resistance and carrying distance prop-
erties produced by the “hard” ionomeric resins, but also the
playability (i.e., “spin”, “feel”, etc.) characteristics previ-
ously associated with the “soft” balata covers, properties
which are still desired by the more skilled golfer.

Consequently, a number.of two-piece (a solid resilient
center or core with a molded cover) and three-piece (a liquid
or solid center, clastomeric winding about the center, and a
molded cover) golf balls haverbeen produced to address
these needs. The different types of materials utilized to

- formulate the cores, covers, etc. of these balls dramatically
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alters the balls’ overall characteristics. In addition, multi-
layered covers containing ane or more ionomer resins have
also been formulated in an attempt to produce a golf ball
having the overall distance, playability and durability char-
acteristics desired.

This was addressed by Spalding Sports Worldwide, Inc.,
the assignee of the present invention, in U.S. Pat. No.
4,431,193 where a multi-layered golf ball is produced by
initially molding a first cover layer on a spherical core and

then adding a second layer. The first layer is comprised of a

hard, high flexural modulus resinous material such as type
1605 Surlyn® (now designated Surlyn® 8940). Type 1605
Surlyn® (Surlyn® 8940) is a sodium jon bascd low acid
(less than or equal to 15 weight percent methacrylic acid)
ionomer resin having a flexural modulus of about 51,000 psi.
An outer layer of a comparatively soft, low flexural modulus
resinous material such as type 1855 Surlyn® (now desig-
nated Surlyn® 9020) is molded over the inner cover layer.
Type 1855 Surlyn® (Surlyn® 9020) is a zinc ion based low
acid (10 weight percent methacrylic acid) ionomer resin
having a flexural modulus of about 14,000 psi. .
The '193 patent teaches that the hard, high flexural
modulus resin which comprises the first layer provides for a
gain in coefficient of restitution over the coefficient of
restitution of the core. The increase in the coefficient of




Case 3:07-cv-014'2‘AH -AJB Document1 Filed OS/OW Page 49 of 75

US 7,160,207 B2

3

restitution provides a ball which serves to attain or approach
the maximum initial velocity limit of 255 feet per second as
provided by the United States Golf Association (U.S.G.A.)

“rules. The relatively soft, low flexural modulus outer layer
provides for the advantageous “feel™ and playing character-
istics of a balata covered golf ball.

In various attempts to produce a durable, high spin
ionomer golf ball, the golfing industry has blended the hard
ionomer resins with a number of softer ionomeric resins.
U.S. Pat. Nos. 4,884,814 and 5,120,791 are directed to cover
compositions containing blends of hard and soft ionomeric
resins, The hard copolymers typically arc made from an
olefin and an unsaturated carboxylic acid. The soft copoly-
mers are generally made from an olefin, an unsaturated
carboxylic acid, and an acrylate ester. It has been found that
golf ball covers formed from hard-soft ionomer blends tend
to become scuffed more readily than covers made of hard
ionomer alone. It would be useful to develop a golf ball
having a combination of softness and durability which is
better than the softness-durability combination of a golf ball
cover made from a hard-soft ionomer blend.

Most professional golfers and good amateur golfers desire

a golf ball that provides distance when hit off a driver,

control and stopping ability on full iron shots, and high spin
on short “touch and feel” shots. Many conventional two-
- piece and thread wound performance go!f balls have unde-
sirable high spin rates on full shots. The excessive spin on
full shots is a sacrifice made in order to achieve more spin
which is desired on the shorter touch shots. It would be
beneficial to provide a golf ball which has high spin for
touch shots without generating excessive spin on full shots.

SUMMARY OF THE INVENTION

An object of the invention is to provide a golf ball with a
soft cover which has good scuff resistance.

Yet another object of the invention is to provide a golf ball
having-a favorable combination of spin rate and durability.

A further object of the invention is to provide a golf ball
having a soft cover made from a cover material which is
blended with minimal mixing difficulties.

Another object of the invention is to provide a method of
making a golf ball which has a soft cover with goad scuff
resistance and cut resistance. .

Another object of the invention is to provide a golf ball
which has a high spin on shots of 250 feet or less and an
average spin on full shots using a 9 iron.

Yet another object of the invention is to provide a method
of making a durable golf ball with a relatively high spin rate.

A further object of the invention is to provide a multi-
layer golf ball having exceptionally soft feel and high spin
rates on short shots while maintaining good distance on full
shots.

Yet another object of the invention is to provide a multi-
layer golf ball having a high spin rate on short shots and not
having an excessive spin rate on long shots.

Other objects will be in part obvious and in part pointed
out more in detail hereafter. ,

In a first aspect, the present invention provides a golf ball,
comprising a core, a thermoplastic inner cover layer formed
over the core, the inner cover layer having a Shore D
hardness of at least 60 as measured on the surface thereof,
and an outer cover layer formed over the inner cover layer,
the outer cover layer having a Shore D hardness of no more
than 55 as measured on the surface thereof, the golf ball
having a PGA compression of 100 or less and a coefficient
of restitution of at least 0.770.
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In another aspect, the present invention provides a golf
ball comprising a core, an inner cover layer formed over the
core, and an outer cover layer formed over the inner cover
layer. The inner cover layer has a Shore D hardness of at

least 60 as measured on the curved surface thereof and is |

formed of a composition including at least one material
selected from the group of consisting of polyphenylene
ether/ionomer blends, ionomers, polyamides, polyurethanes,
polyester elastomers, polyester amides, metallocene cata-
lyzed polyolefins, and blends thereof. The outer cover layer
has a Shore D hardness of no more than 55 as measured on
the curved surface thercof. The golf ball has a spin factor of
about 5, a PGA compression of 100 or less, and a coefficient
of restitution of at Jeast 0.770.

In yet another aspect, the present invention provides a golf
ball comprising an inner ball and an outer cover layer
formed over the inner ball. The inner ball comprises a core
and.an inner cover layer disposed about the core. The inner
ball has a coefficient of restitution of at least 0.780. The outer
cover layer has a Shore D hardness of no more than 55 as
measured on the curved surface thereof. The golf ball has a
coefficient of restitution of at least 0.770 and a PGA com-
pression of 100 or less.

In a further aspect, the present invention provides a golf
ball comprising a core, an inner cover layer disposed about
the core, and an outer cover layer disposed about the inner
cover layer. The inner caver layer has a Shore D hardness of
at least 60 as measured on the curved surface thereof and
comprises at least one material selected from the group
consisting of polyphenylene ethertionomer blends, iono-
mers, polyamides, polyurethanes, polyester elastomers,
polyester amides, metallocene catalyzed polyolefins, and
blends thereof, The outer cover layer has a Shore D hardness
of no more than 55 as measured on the curved surface
thereof and comprises at least one material selected from the
group consisting of polyphenylene etherlionomer blends,
ionomers, polyamides, polyurethanes, polyester elastomers,
polyester amides, metallocene catalyzed polyolefins, and
blends thereof. The golf ball has a PGA compression of 100
or less and a coefficient of restitution of at least 0.770.

"The invention accordingly comprises the several steps and
the relation of one or more of such steps with respect to each
of the others and the articles possessing the features, prop-
erties, and the relation of elements exemplified in the
following detailed disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The following is a brief description of the drawings,
which are presented for the purposes of illustrating the
invention and not for the purposes of limiting the same.

FIG. 1 is a cross-sectional view of a golf ball embodying
the invention illustrating a core 10 and a cover 12 consisting
of an inner layer 14 and an outer layer 16 having dimples 18;
and

FIG. 2 is a diametrical cross-sectional view of a golf ball
of the invention having a core 10 and a cover 12 made of an
inner layer 14 and an outer layer 16 having dimples 18.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention relates to improved multi-layer golf
balls, particularly a golf ball comprising a multi-layered
‘cover 12 over a solid core 10, and method for making same.
The golf balls of the invention, which can be of a standard
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or enlarged size, have a unique combination of high coef-
ficient of restitution and a high spin rate on short shots.

The core 10 of the golf ball can be formed of a solid, a
liquid, or any other substance which will result in an inner
ball, i.e. core and inner cover layer, having the desired COR,
compression and hardness. The multi-layered cover 12 com-
prises two layers: a first or inner layer or ply 14 and a second
or outer layer or ply 16. The inner layer 14 can be ionomer,
ionomer blends, non-ionomer, non-ionomer blends, or

blends of ionomer and non-ionomer. The outer layer 16 is

softer than the inner layer and can be jonomer, jonomer
blends, non-ionomer, non-ionomer blends or blends of iono-
mer and non-ionomer.

In a first preferred embodiment, the inner layer 14 is
comprised of a high acid (i.e. greater than 16 weight percent
acid) jonomer resin or high acid ionomer blend. Preferably,
the inner layer is comprised of a blend of two or more high
acid (i.e. at least 16 weight percent acid) ionomer resins
neutralized to various extents by different metal cations. The
inner cover layer may or may not include a metal stearate

- (e.g., zinc stearate) or other metal fatty acid salt. The
purpose of the metal stearate or other metal fatty acid salt is
to lower the cost of production without aﬂ'ecting' the overall
performance of the finished golf ball. In a second embodi-
meit, the inner layer 14 is comprised of a low acid (i.e. 16
weight percent acid or less) ionomer blend. Preferably, the
inner layer is comprised of a blend of two or more low acid
(i.e. 16 weight percent acid or less) ionomer resins neutral-
ized to various extents by different metal cations. The inner
cover layer may or may not include a metal stearate (e.g.,
zinc stearate) or other metal fatty acid salt.

1t has been found that a hard inner layer provides for a
substantial increase in resilience (i.e., enhanced distance)
over known multi-layer covered balls. The softer outer layer
provides for desirable “feel” and high spin rate while
maintaining respectable resiliency. The soft outer layer
allows the cover to deform more during impact and
increases the area of contact between the club face and the
cover, thereby imparting more spin on the ball. As a result,
the soft cover provides the ball with a balata-like feel and
playability characteristics with improved distance and dura-
bility. Consequently, the overall combination of the inner
and outer cover layers results in a golf ball having enhanced
resilience (improved travel distance) and durability (i.e. cut
resistance, etc.) characteristics while maintaining and in
many instances, improving, the playability properties of the
ball. .

The combination of a hard inner cover layer with a soft,
relatively low modulus ionomer, ionomer blend or other
non-ionomeric thermoplastic elastomer outer cover layer
provides for excellent overall coefficient of restitution (i.e.,
excellent resilience) because of the improved resiliency
produced by the inner cover layer. While some improvement
in resiliency is also produced by the outer cover layer, the
outer cover layer generally provides for a more desirable
feel and high spin, particularly at lower swing speeds with
highly lofted clubs such as half wedge shots.

Inner Cover Layer
The inner cover.layer is harder than the outer cover layer
and generally has a thickness in the range of 0.01 to 0.15

(]

6
inches, preferably 0.01-0.10 inches, more preferably 0.03 to
0.07 inches for a 1.68 inch ball and 0.05 to 0.10 inches for
a 1.72 inch (or more) ball. The core and inner cover layer
together form an inner ball having a coefficient of restitution
of 0.780 or more and more preferably 0.790 or more, and a
diameter in the range of 1.48-1.66 inches for a 1.68 inch ball
and 1.50-1.70 inches for a 1:72 inch (or more) ball, The
inner cover layer has a Shore D hardness of 60 or more. It
is particularly advantageous if the golf balls of the invention

. have an inner layer with a Shore D hardness of 65 or more.
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The above-described characteristics of the inner cover layer
provide an inner ball having a PGA compression of 100 or
less. It is found that when the inner ball has a PGA
compression of 90 or less, excellent playability results.
The inner layer compositions of the embodiments
described herein may include the high acid ionomers such as
those developed by E.I. DuPont de Nemours & Company
under the trademark Surlyn® and by Exxon Corporation
under the trademark Escor® or tradename lotek®, or blends

" thereof. Examples of compositions which may be used as the

inner layer herein are set forth in detail in U.S. Ser. No.
08/174,765, now abandoned, which is a continuation of U.S.
Ser. No. 07/776,803 filed Oct. 15, 1991, now abandoned,
and Ser. No. 08/493,089, issued as U.S. Pat. No. 5,688,869,
which is a continuation of Ser. No. 07/981,751, now aban-
doned, which in turn is a continuation of Ser. No. 07/901,660
filed Jun. 19, 1992, now abandoned, all of which are
incorporated herein by reference. Of course, the inner layer
high acid ionomer compositions are not limited in any way
to those compositions set forth in said copending applica-
tions.

The high acid ionomers which may be suitable for use in
formulating the inner layer compositions of the subject
invention are ionic copolymers which are the metal, ie.,
sodium, zinc, magnesium, etc., salts of the reaction product
of an olefin having from about 2 to 8 carbon atoms and an
unsaturated monocarboxylic acid having from about 3 to 8
carbon atoms. Preferably, the ionomeric resins are copoly-
mers of ethylene and either acrylic or methacrylic acid. In
some circumstances, an additional comonomer such as an
acrylate ester (i.e., iso- or n-butylacrylate, etc.) can also be
included to produce a softer terpolymer. The carboxylic acid -
groups of the copolymer are partially neutralized (i.e.,
approximately 10-100%, preferably 30-70%) by the metal
ions. Each of the high acid ionomer resins which may be
included in the inner layer cover compositions of the inven-
tion contains greater than about 16% by weight of a car-
boxylic acid, preferably from about 17% to about 25% by
weight of a carboxylic acid, more preferably from about
18.5% to about 21.5% by weight of a carboxylic acid.

Although the inner layer cover composition preferably
includes a high acid jonomeric resin and the scope of the
patent embraces all known high acid ionomeric resins falling
within the parameters set forth above, only a relatively
limited number of these high acid ionomeric resins have
recently become commercially available.

The high acid ionomeric resins available from’ Exxon
under the designation Escor® and or lotek®, are somewhat
similar to the high acid ionomeric resiss available under the
Surlyn® trademark. However, since the Escor®/lotek®
jonomeric resins are sodium or zinc salts of poly(ethylene-
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acrylic acid) and the Surlyn® resins are zinc, sodium,
magnesium, etc. salts of poly(ethylene-methacrylic acid),
distinct differences in propertics cxist.

Examples of the high acid methacrylic acid based iono-
mers found suitable for use in accordance with this invention
include Surlyn® 8220 and 8240 (both formerly known as
forms of Surlyn® AD-8422), Surlyn 9220 (zinc cation),
Surlyn® SEP-503-1 (zinc cation), and Surlyn® SEP-503-2
(magnesium cation). According to DuPont, all of thesc
ionomers contain from about 18.5 to about 21.5% by weight
methacrylic acid.

More particularly, Surlyn® AD-8422 is currently com- -

mercially available from DuPont in a number of different
grades (i.e, AD-8422-2, AD-8422-3, AD-8422-5, efc:)
based upon differences in melt index. According to DuPont,
Surlyn® 8422, which is believed recently to have been
redesignated as 8220 and 8240, offers the following general
properties when compared to Surlyn® 8920, the stiffest,
hardest of all on the low acid grades (referred to as “hard”
ionomers in U.S. Pat. No. 4,884,814):

TABLE 1
LOW ACID
(15 wt % HIGH ACID
Acid) (520 wt % Acid)

'

SURLYN® SURLYN®

8920 8422-2  SURLYN ® 8422-3
IONOMER

Cation Na Na Na
Melt Index 1.2 2.8 1.0
Sodium, Wt % 23 1.9 24
Base Resin MI 60 60 60
MP!, °C. 88 86 85
FP!,°C. 47 48.5 45
COMPRESSION

MOLDING?

Tensile Break (psi) 4350 4190 5330
Yield (psi) 2880 3670 3590
Elongation (%) 315 263 289
"Flex Modulus (Kpsi) 53.2 76.4 88.3
Shore D Hardness 66 67 68

'DSC second heat, 10° C./min heating rate.
2Samples compression molded at 150° C. annealed 24 hours at 60° C..
8422-2, -3 were homogenized at 190° C. before molding,
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In comparing Surlyn® 8920 to Surlyn® 8422-2 and
Surlyn® 8422-3, it is noted that the high acid Surlyn®
8422-2 and 8422-3 ionomers have a higher tensile yield,
lower elongation, slightly higher Shorc D hardness and
much higher flexural modulus. Surlyn® 8920 contains 15
weight percent methacrylic acid and is 59% ncutralized with
sodium.

In addition, Surlyn® SEP-503-1 (zinc cation) and Sur-
lyn® SEP-503-2 (magnesium cation) are high acid zinc and
magnesium versions of the Surlyn® AD 8422 high acid
ionomers. When compared to the Surlyn® AD 8422 high
acid ionomers, the Surlyn SEP-503-1 and SEP-503-2 iono-
mers can be defined as follows:

Surlyn ® Ionomer Ion Melt Index Neutralization %
AD 8422-3 Na 1.0 a5
SEP 503-1 Zn 0.8 38
SEP 503-2 Mg 1.8 43

Furthermore, Surlyn® 8162 is a zinc cation ionomer resin
containing approximately 20% by weight (i.e. 18.5-21.5%
weight) methacrylic acid copolymer that has been 30-70%
neutralized. Surlyn® 8162 is currently commercially avail-
able from DuPont.

Examples of the high acid acrylic acid based ionomers
suitable for usc in the present invention also include the
Escor® or lotek®-high acid ethylene acrylic acid ionomers
produced by Exxon such as Ex 1001, 1002, 959, 960, 989,
990, 1003, 1004, 993, 994. In this regard, Escor® or lotek®
959 is a sodium ion neutralized ethylene-acrylic neutralized
ethylene-acrylic acid copolymer. According to Exxon,
loteks® 959 and 960 contain from about 19.0 to about

. 21.0% by weight acrylic acid with approximately 30 to

45

about 70 percent of the acid groups neutralized with sodium

_and zinc ions, respectively. The physical properties of these

high acid acrylic acid based ionomers are as follows:

TABLE 2

Exxon High Acid lonomers

ESCOR ® ESCOR ®

(IOTEK) (IOTEK)
Property Ex 1001  Ex 1002 959 Ex 1003  Ex 1004 960
Melt index, g/10 min. 1.0 1.6 2.1 1.1 2.0 1.8
Cation Na Na Na Zn Zn Zn
Melting Point, ° C. 83.7 83.7 — 82 82.5 79
Vicat Softening - 51.5 51.5. 58 56 ss ss
Point, ° C.
Tensile @ Break 344 MPa 31.7MPa 34 MPa 24.8MPa 20.6 MPa 24 MPa
Elongation @ Break, % 341 348 280 387 437 430
Hardness, Shore D 63 62 [N 54 53 57
Flexural Modulus 365 MPa 380 MPa 480 MPa 147 MPa _ 130 MPa 170 MPa
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TABLE 3
Additional Exxon High Acid lonomers

Property Unit EX 989 EX 993 EX 994 EX 990
Melt Index g/10 min, 1.30 1.25 1.32 1.24
Moisture ppm 482 214 997 654
Cation Type —_ Na Li K Zn
M+ content by AAS  wt% 2,74 0.87 4.54 0
Zn content by AAS wt % 0 0 0 3.16
Density kg/m? 959 945 976 977
Vicat softening point °C.~ 525 51 50 55.0
Crystallization point  °C. 40.1 39.8 44.9 54.4
Melting point °C. 82.6 81.0 80.4 81.0
Tensile at yield MPa 238 24.6 22 16.5
Tensile at break MPa 323 31.1 29.7 238
Elongation at break % 330 260 340 357
1% secant modulus MPa 389 379 312 205
Flexural modulus MPa 340 368 303 183
Abrasion resistance mg 20.0 9.2 15.2 20.5
Hardness Shore D — 62 62.5 61 56
Zwick Rebound % 63 59 48

61

Furthermore, as a result of the development by the
assignee of this application of a number of new high acid
ionomers neutralized to various extents by several difTerent
types of metal cations, such as by manganese, lithium,
potassium, calcium and nickel cations, several new high acid
ionomers and/or high acid ionomer blends besides sodium,
zinc and magnesium high acid ionomers or ionomer blends
are now available for golf ball cover production. It has been
found that these new cation neutralized high acid ionomer
blends produce inner cover layer compositions exhibiting
enhanced hardness and resilience due to synergies which
occur during processing. Consequently, the metal cation
neutralized high acid ionomer resins recently produced can
be blended to produce substantially higher C.O.R.’s than
those produced by the low acid ionomer inner cover com-
positions presently commercially available.

More particularly, several new metal cation neutralized
high acid ionomer resins have been produced by the inventor
by neutralizing, to various extents, high acid copolymers of
an alpha-olefin and an alpha, beta-unsaturated carboxylic
acid with a wide variety of different metal cation salts. This
discovery is the subject matter of U.S. application Ser. No.
08/493,089, now U.S. Pat. No. 5,688,869, incorporated
herein by reference. It has been found that numerous new
metal cation neutralized high acid ionomer resins can be

US 7,160,207 B2
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ably about 20 weight percent acid), with a metal cation salt
capable of ionizing or neutralizing the copolymer to the
extent desired (i.e. from about 10% to 90%).

The base copolymer is made up of greater than 16% by
weight of an alpha, beta-unsaturated carboxylic acid and an
alpha-olefin. Optionally, a softening comonomer can be
included in the copolymer. Generally, the alpha-olefin has
from 2 to 10 carbon atoms and is preferably ethylene, and
the unsaturated carboxylic acid is a carboxylic acid having
from about 3 to 8 carbons. Examples of such acids include
acrylic acid, methacrylic acid, ethacrylic acid, chloroacrylic
acid, crotonic acid, maleic acid, fumaric acid, and itaconic
acid, with acrylic acid being preferred.

The softening comonomer that can be optionally included
in the inner cover layer for the golf ball of the invention may
be selected from the group consisting of vinyl esters of
aliphatic carboxylic acids wherein the acids have 2 to 10
carbon atoms, viny! ethers wherein the alkyl groups contains
1 to 10 carbon atoms, and alkyl acrylates or methacrylates
wherein the alky! group contains 1 to 10 carbon atoms.
Suitable softening comonomers include vinyl acetate,
methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl
methacrylate, butyl acrylate, butyl methacrylate, or the like.

Consequently, examples of a number of copolymers suit-
able for use to produce the high acid ionomers included in
the present invention include, but are not limited to, high
acid embodiments of an ethylene/acrylic acid copolymer, an
cthylenc/methacrylic acid copolymer, an ethylenc/itaconic
acid copolymer, an ethylene/maleic acid copolymer, an
ethylene/methacrylic acid/vinyl acetate copolymer, an eth-
ylene/acrylic acid/vinyl alcohol copolymer, etc. The base
copolymer broadly contains greater than 16% by weight
unsaturated carboxylic acid, from about 39 to ahout 83% by
weight ethylene and from 0 to about 40% by weight of a
softening comonomer. Preferably, the copolymer contains
about 20% by weight unsaturated carboxylic acid and about
80% by weight ethylene. Most preferably, the copolymer
contains about 20% acrylic acid with the remainder being
cthylene.

Along these lines, examples of the preferred high acid
base copolymers which fulfill the criteria set forth above, are
a series of ethylene-acrylic copolymers which are commer-
cially available from The Dow Chemical Company, Mid-
land, Michigan, under the Primacor® designation. These
high acid base copolymers exhibit the typical properties set
forth below in Table 4.

TABLE 4

Typical Properties of Primacor

Ethylene-Acrylic Acid Copolymers

VICAT
TENSILE FLEXURAL SOFT SHORED
PERCENT DENSITY MELT YDSTG/10 MODULUS PT  HARDNESS
GRADE ACID G/ICC  INDEX MIN (PSD) CPS) . (°C)
ASTM D-792  D-1238* D-630 D-790  D-1525  D-2240
5980 20.0 0.958 3000 — 4800 4 50
5990 200 0.955 1300.0 650 40 42
5981 200 0.960 3000 900 3200 46 48
5983 200 0.958 5000 850 3100 44 45
5991 200 0.953 2600.0 635 2600 38 40
- %190° C.

obtained by reacting a high acid copolymer (i.e. a copolymer 45
containing greater than 16% by weight acid, preferably from
about 17 to about 25 weight percent acid, and more prefer-

Due to the high molecular weight of the Primacor® 5981
grade of the ethylene-acrylic acid copolymer, this copolymer
is the more preferred grade utilized in the invention.
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The metal cation salts utilized in the invention are those
salts which provide the metal cations capable of neutraliz-
ing, to various extents, the carboxylic acid groups of the high
acid copolymer. These include acctate, oxide or hydroxide

salts of lithium, calcium, zinc, sodium, potassium, nickel, s

magnesium, and manganese. -
Examples of such lithium jon sources are lithjum hydrox-

ide monohydrate, lithium hydroxide, lithium oxide and

lithium acetate. Sources for the calcium ion include calcium

hydroxide, calcium acetate and calcium oxide. Suitable zinc 10

ion sources are zinc acetate dihydrate and zinc acetate, a
blend of zinc oxide and acetic acid. Examples of sodium ion
sources are sodium hydroxide and sodium acetate. Sources
for the potassium ion include potassium hydroxide and

potassium acetate. Suitable nickel ion sources are nickel is

acetate, nicke! oxide and nickel hydroxide. Sources of
magnesium include magnesium oxide, magnesium hydrox-
ide, magnesium acetate. Sources of manganese include
manganese acetate and manganese oxide.

The new. metal cation ncutralized high acid ionomer 20

resins are produced by reacting the high acid base copoly-
mer with various amounts of the metal cation salts above the
crystalline melting point of the copolymer, such as at a
temperature from about 200° F. to about 500° F., preferably

US 7,160,207 B2
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from about 250° F. to about 350° F. under high shear
conditions at a pressure of from about 10 psi to 10,000 psi.
Other well known blending techniques may also be used.
The amount of metal cation salt utilized to produce the new
metal cation neutralized high acid based jonomer resins is
the quantity which provides a sufficient amount of the metal
cations to neutralize the desired percentage of the carboxylic
acid groups in the high acid copolymer. The extent of
neutralization is generally from about 10% to about 50%.
As indicated below in Table 5 and more specifically in
Example 1 in U.S. application Ser. No. 08/493,089, issued as
U.S. Pat. No. 5,688,869, a number of new types of metal
cation neutralized high acid ionomers can be obtained from
the above indicated process. These include new high acid
ionomer resins neutralized to various extents with manga-
nese, lithium, potassium, calcium and nickel cations. In

.addition, when a high acid ethylene/acrylic acid copolymer

is utilized as the base copolymer component of the invention
and this component is subsequently neutralized to various
extents with the metal cation salts producing acrylic acid
based high acid ionomer resins neutralized with cations such
as sodium, potassium, lithium, zinc, magnesium, manga-
nese, calcium and nickel, several new cation neutralized
acrylic acid based high acid jonomer resins are produced.

TABLE 5
Wt % Shore D
Fommulation No.  Wt-% Cation Salt Neutralization Melt Index C.O.R. Hardness
1 (NaOH) 6.98 67.5 - 09 804 n
2 (NaOH) 5.66 54.0 24 .808 73
3 (NaOH) 3.84 359 12.2 812 69
4 (NaOH) 291 27.0 17.5 812 (brittle)
5 (MnAc) 19.6 7.7 1.5 .809 73
6 (MnAc) 23.1 . 883 3.5 814 7
7 (MnAc) 153 53.0 15 810 72
8 (MnAc) 26.5 106 0.7 813 (brittle)
9 (LiOH) 4.54 71.3 - 0.6 810 74
10 (LiOH) 3.38 52.5 4.2 818 72
11 (LIOH) 234 35.9 18.6 815 k3
12 (KOH) 5.30 36.0 19.3 Broke 70
13 (KOH) 8.26 57.9 7.18 .804 70
14 (KOH) 10.7 77.0 4.3 .80t 67
15 (ZnAc) 17.9 : 715 0.2 .806 7
16 (ZnAc) 139 53.0 0.9 797 69
17 (ZnAc) 9.91 36.1 34 .793 67
18 {HgAc) 174 70.7 28 814 74
19 (HgAc) 20.6 87.1 1.5 81§ 76
20 (HgAc) 13.8 53.8 4.1 814 74
21 (CaAc) 13.2 69.2 11 813 74
22 (CaAc) 7.12 34.9 10.1 .808 70
Controls: 50/50 Blend of loteks ® B000/7030 C.O.R. = BI0/65 '
) Shore D Hardness
DuPont High Acid Surlyn ® 8422 (Na) C.O.R. = 811/70
Shore D Hardness
DuPont High Acid Surlyn ® 8162 (Zn) C.O.R. = 807/65
Shore D Hardness
Exxon High Acid lotek ® EX-960 (Zn) C.O.R. = 796/65
Shore D Hardness
23 (HgO) 291 53.5 25 813
24 (HgO) 3.85 71.5 28 - 808
25 (HgO) 4.76 89.3 1.1 .809
26 (HgO) - 1.96 35.7 7.5 815
Control for formulation 23-26 is 50/50 Totek ® 8000/7030
C.O.R. = 814, Formulation 26 C.O.R. was normalized
to that control accordingly
27 (NiAc) 13.04 61.1 0.2 .802 7
28 (NiAc) 10.71 48.9 0.5 799 72
29 (NiAc) 8.26 36.7 1.8 .796 63
30 (NiAc) 5.66 24.4 1.5 786 64

Control for Formulation No., 27-30 is 50/50 Iotek 8000/7030, C.O.R. = .807
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When compared to low acid versions of similar cation
neutralized ionomer resins, the new metal cation neutralized
high acid ionomer resins exhibit enhanced hardness, modu-
lus and resilience characteristics. These are properties that
are particularly desirable in a number of thermoplastic fields,
including the field of golf ball manufacturing.

When utilized in the construction of the inner layer of a
multi-layered golf ball, it has been found that the new acrylic
acid based high acid ionomers extend the range of hardness
beyond that previously obtainable while maintaining the
beneficial properties (i.e. durability, click, feel, etc.) of the
softer low acid jonomer covered balls, such as balls pro-

- duced utilizing the low acid ionomers disclosed in U.S. Pat.
Nos. 4,884,814 and 4,911,451,

Moreover, as a result of the development of a number of
new acrylic acid based high acid ionomer resins neutralized
“to various extents by several different types of metal cations,
such as manganese, lithium, potassium, calcium and nickel
cations, several new jonomers or ionomer blends are now
available for production of an inner cover layer of a multi-
layered golf ball. By using these high acid ionomer resins,
harder, stiffer inner cover layers having higher C.O.R.s, and
thus longer distance, can be obtained.

More preferably, it has been found that when two or more
of the above-indicated high acid ionomers, particularly
blends of sodium and zinc high acid ionomers, are processed
to produce the covers of multi-layered golf balls, (i.e., the
inner cover layer herein) the resulting golf balls will travel
further than previously known multi-layered golf balls pro-
duced with low acid ionomer resin covers due to the balls’
enhanced coefficient of restitution values.

The low acid ionomers which may be suitable for use in

" formulating the inner layer compositions of the second and
third embodiments of the subject invention are ionic copoly-
mers which are the metal, i.e., sodium, zinc, magnesium,
etc., salts of the reaction product of an olefin having from
about 2 to 8 carbon atoms and an unsaturated monocarboxy-
lic acid having from about 3 to 8 carbon atoms. Preferably,
the ionomeric resins are copolymers of ethylenc and cither
acrylic or methacrylic acid. In some circumstances, an
additional comonomer such as an acrylate ester (i.e., iso- or

—
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n-butylacrylate, etc.) can also be included to produce a softer

terpolymer. The carboxylic acid groups of the copolymer are
partially neutralized (i.e., approximately 10-100%, prefer-
ably 30-70%) by the metal ions. Each of the low acid
ionomer resins which may be included in the inner layer
cover compositions of the invention contains 16% by weight
or less of a carboxylic acid.

The inner layer compositions include the low acid iono-
mers such as those developed and sold by E.I. DuPont de
Nemours & Company under the trademark Surlyn® and by
Exxon Corporation under the trademark Escor® or trade-
mark lotek®, or blends thereof.

The low acid ionomer resins available from Exxon under
. the designation Escor® and/or lotck®, arc somewhat similar
to the low acid ionomeric resins available under the Surlyn®
trademark. However, since the Escor®/lotek® ionomeric
resins are sodium or zinc salts of poly(ethylene-acrylic acid)
and the Surlyn® resins are zinc, sodium, magnesium, etc.
salts of poly(ethylene-methacrylic acid), distinct differences
in properties exist.

When utilized in the construction of the inner Iayer ofa
multi-layercd golf ball, it has been found that the low acid
ionomer blends- extend the range of compression and spin
rates beyond that previously obtainable. More preferably, it
has been found that when two or more low acid ionomers,
particularly blends of sodium and zinc ionomers, are pro-
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cessed to produce the covers of multi-layered golf balls,
(i.e., the inner cover layer herein) the resulting golf balls will
travel further and at an enhanced spin rate than previously
known multi-layered golf balls. Such an improvement is
particularly noticeable in enlarged or oversized golf balls.

As shown in the Examples, use of an inner layer formu-
lated from blends of lower acid ionomers produces multi-
layer golf balls having enhanced compression and spin rates.
These are the properties desired by the more skilled golfer. -

In one embodiment of the inner cover layer, a blend of
high and low acid ionomer resins is used. These can be the
ionomer resins described above, combined in a weight ratio
which prcfcrably is within the range of 1 0—90 to 90-10 high
and low acid ionomer resins.

Another embodiment of the inner cover layer is primarily
or fully non-ionomeric thermoplastic material. Suitable non-
ionomeric materials include metallocene catalyzed polyole-
fins or polyamides, polyamidefionomer blends, polyphe-
nylene ether/ionomer blends, etc., which have a Shore D
hardness of at least 60 and a flex modulus of greater than
about 30,000 psi, or other hardness and flex modulus values
which are comparable to the propertics of the ionomers
described above. Other suitable materials include but are not
limited to thermoplastic or thermosetting polyurethanes,
thermoplastic block polyesters, e.g., a polyester elastomer
such as that marketed by DuPont under the trademark
Hytrel®, or thermoplastic block polyamides, e.g., a poly-
ether amide such as that marketed by EIf Atochem S.A.
under the trademark Pebax®, a blend of two or more
non-ionomeric thermoplastic clastomers, or a blend of one
or more ionomers and one or more non-ionomeric thermo-
plastic elastomers. These materials can be blended with the
ionomers described above in order to reduce cost relative to
the use of higher quantities of ionomer.

Outer Cover Layer

While the core with the hard inner cover layer formed
thereon provides the multi-layer golf ball with power and
distance, the outer cover layer 16 is comparatively softer
than the inner cover layer. The softness provides for the feel
and playability characteristics typically associated with
balata or balata-blend balls. The outer cover layer or ply is
comprised of a relatively soft, low modulus (about 1,000 psi
to about 10,000 psi) and, in one embodiment, low ac1d (less
than 16 wexght percent acid) jonomer, an ionomer.blend, a
non-ionomeric thermoplastic or thermosetting material such
as, but not limited to, a metallocene catalyzed polyolefin
such as Exact® material available from Exxon®, a thermo-
plastic or thermoset polyurethane, thermoplastic block poly-
esters, e.g., a polyester elastomer such as that marketed by
DuPont under the trademark Hytrel®, or thermoplastic
block polyamides, such as a polyether amide such as that
marketed by EiIf Atochem S.A. under the trademark Pebax®,
a blend of two or morc non-ionomeric thermoplastic or
thermosetting materials, or a blend of one or more jonomers
and one or more non-ionomeric thermoplastic materials. The
outer layer is 0.010 to about 0.15 inches in thickness,
preferably 0.01-0.10 inches in thickness, more desirably
0.03 10 0.06 inches in thickness for a 1.680 inch ball and (.04
to 0.07 inches in thickness for a 1.72 inch or more ball), but
thick enough to achieve desired playability characteristics
while minimizing expense. Thickness is defined as the
average thickness of the non-dimpled areas of the outer

.cover layer. The outer cover layer 16 has a Shore D hardness

of 55 or less, and more preferably 50 or less.
In one embodiment, the outer cover layer preferably is
formed from an ionomer which constitutes at least 75 weight
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% of an acrylate ester-containing ionic copolymer or blend
of acrylate ester-containing ionic copolymers. This type of
outer cover layer in combination with the core and inner
cover layer described above results in golf ball covers
having a favorable combination of durability and spin rate.
The one or more acrylate ester-containing ionic copolymers
each contain an olefin, an acrylate ester, and an acid. In a
blend of two or more acrylate ester-containing ionic copoly-
mers, each copolymer may contain the same or a different
olefin, acrylate ester and acid than are contained in the other
copolymers. Preferably, the acrylate ester-containing ionic
copolymer or copolymers arc terpolymers, but additional
monomers can be combined into the copolymers if the
monomers do not substantially reduce the scuff resistance or
other good playability properties of the cover.

For a given copolymer, the olefin is selected from the
group consisting of olefins having 2 to 8 carbon atoms,
including, as non-limiting examples, ethylene, propylene,
butene-1, hexene-1 and the like. Preferably the olefin is
cthylene.

The acrylate ester is an unsaturated monomer having from
1 to 21 carbon atoms which serves as a softening comono-
mer. The acrylate ester preferably is methyl, ethyl, n-propyl,
n-butyl, n-octyl, 2-ethylhexyl, or 2-methoxyethyl 1-acrylate,
and most preferably is methy! acrylate or n-butyl acrylate.
Another suitable type of softening comonomer is an alky!
vinyl ether selected from the group consisting of n-butyl,
n-hexyl, 2-ethylhexyl, and 2-methoxyethy! vinyl cthers.

The acid is a mono- or dicarboxylic acid and preferably is
selected from the group consisting of methacrylic, acrylic,
ethacrylic, a-chloroacrylic, crotonic, maleic, fumaric, and
itaconic acid, or the like, and half esters of maleic, fumaric
and itaconic acid, or the like. The acid group of the copoly-
mer is 10-100% neutralized with any suitable cation, for
example, zinc, sodium, magnesium, lithium, potassium,
calcium, manganese, nickel, chromium, tin, aluminum, or
the like. It has been found that particularly good results are
obtained when the neutralization level is about 50-100%.

The one or more acrylate ester-containing ionic copoly-
mers each has an individual Shore D hardness of about 5-64.
The overall Shore D hardness of the outer cover is 55 or less,
and generally is 40-55. It is preferred that the overall Shore
D hardness of the outer cover is in the range of 40-50 in
order to impart particularly good playability characteristics
to the ball. .

The outer cover layer of the invention is formed over a
core to result in a golf ball having a coefficient of restitution
of at least 0.770, more preferably at least 0.780, and most
preferably at least 0.790. The coefficient of restitution of the
ball will depend upon the properties of both the core and the
cover. The PGA compression of the golf ball is 100 or less,
and preferably is 90 or less.

The acrylate ester-containing ionic copolymer or copoly-
mers used in the outer cover layer.can be obtained by
neutralizing commercially available acrylate ester-contain-
ing acid copolymers such as polyethylene-methyl acrylate-
acrylic acid terpolymers, including Escor® ATX (Exxon
Chemical Company) or poly (ethylene-buty! acrylate-meth-
acrylic acid) terpolymers, 'including Nucrel® (DuPont
Chemical Company). Particularly preferred commercially
available materials include ATX 320, ATX 325, ATX 310,
ATX 350, and blends of these materials with Nucrel® 010
and Nucrel® 035. The acid groups of these materials and
~ blends are neutralized with one or more of various cation
salts including zinc, sodium, magnesium, lithium, potas-
sium, calcium, manganese, nickel, etc. The degree of neu-
tralization ranges from 10-100%. Generally, a higher degree
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of neutralization results in a harder and tougher cover
material. The properties of non-limiting examples of com-
mercially available un-neutralized acid terpolymers which
can be used to form the golf ball outer cover layers of the
invention are provided below in Table 6.

TABLE 6
Melt Index Flex modulus

dg/min Acid No. MPa Hardness
Trade Name ASTM D1238 % KOH/g (ASTM D790) (Shore D)
ATX 310 6 45 80 44
ATX 320 5 45 50 34
ATX 325 20 45 9 30
ATX 350 6 15 20 28
Nucret ® 010 11 60 40 40
Nucre! ® 035 3s 60 59 40

The ionomer resins used to form the outer cover layers
can be produced by reacting the acrylate ester-containing
acid copolymer with various amounts of the metal cation
salts at a temperature above the crystalline melting point of
the copolymer, such as a temperature from about 200° F. to
about 500° F., preferably from about 250° F. to about 350°
F., under high shear conditions at a pressure of from about
100 psi to 10,000 psi. Other well known blending techniques
may also be used. The amount of metal cation salt utilized
to produce the neutralized ionic copolymers is the quantity
which provides a sufficient amount of the metal cations to
neutralize the desired percentage of the carboxylic acid
groups in the high acid copolymer. When two or more
different copolymers are to be used, the copolymers can be
blended before or after neutralization. Generally, it is pref-
erable to blend the copolymers before they are neutralized to
provide for optimal mixing.

The compatibility of the acrylate ester-containing copoly-
mers with each other in a copolymer blend produces a golf
ball outer cover layer having a surprisingly good scuff
resistance for a given hardness of the outer cover layer. The
golf ball according to the invention has a scuff resistance of
no higher than 3.0. It is preferred that the golf ball has a scuff
resistance of no higher than about 2.5 to ensure that the golf
ball is scuff resistant when used in conjunction with a variety
of types of clubs, including sharp-grooved irons, which are
particularly inclined to result in scuffing of golf ball covers.
The best results according to the invention are obtained
when the outer cover layer has a scuff resistance of no more
than about 2.0. The scuff resistance test is described in detail
below. ‘

Additional materials may also be added to the inner and
outer cover layer of the present invention as long as they do
not substantially reduce the playability properties of the ball.
Such materials include dyes (for example, Ultramarine
Blue™ sold by Whitaker, Clark, and Daniels of South
Plainsfield, N.J.) (see U.S. Pat. No. 4,679,795);. pigments
such as titanium dioxide, zinc oxide, barium sulfate and zinc
sulfate; UV absorbers; antioxidants; antistatic agents; and

-stabilizers. Moreover, the cover compositions of the present

invention may also contain softening agents such as those
disclosed in U.S. Pat. Nos. 5,312,857 and 5,306,760, includ-
ing plasticizers, metal stcarates, processing acids, etc., and

" reinforcing materials such as glass fibers and inorganic

fillers, as long as the desired properties produced by the golf
ball covers of the invention are not impaired.

The outer layer in another embodiment of the invention
includes a blend of a soft (low acid) ionomer resin with a
small amount of a hard (high acid) ionomer resin. A low
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modulus ionomer suitable for use in the outer layer blend has
a flexural modulus measuring from about 1,000 to about
10,000 psi, with a hardness of about 20 to about 40 on the
Shore D scale. A high modulus jonomer herein is one which
measures from about 15,000 to about 70,000 psi as mea-
sured in accordance with ASTM method D-790. The hard-
ness may be defined as at least 50 on the Shore D scale as
measured in accordance with ASTM method D-2240.

Soft ionomers primarily- are used in formulating the
hard/soft blends of the cover compositions. These ionomers
include acrylic acid and methacrylic acid based soft iono-
mers. They arc generally characterized as comprising
sodium, zinc, or other mono- or divalent metal cation salts
of a terpolymer of an olefin having from about 2 to 8 carbon
atoms, methacrylic acid, acrylic acid, or another a, f-un-
saturated carboxylic acid, and an unsaturated monomer of
the acrylate ester class having from 1 to 21 carbon atoms.
The soft ionomer is preferably made from an acrylic acid
base polymer in an unsaturated monomer of the acrylate
ester class.

Certain ethylene-acrylic acid based soft ionomer resins

developed by the Exxon Corporation under the designation

lotek® 7520 (referred to experimentally by differences in
neutralization and melt indexes as LDX 195, LDX 196,
LDX 218 and LDX 219) may be combined with known hard
ionomers such as those indicated above to produce the inner
and outer cover layers. The combination produces higher
C.O.R.s at equal or softer hardness, higher melt flow (which
corresponds to improved, more efficient molding, i.e., fewer
rejects) as well as significant cost savings versus the outer
layer of multi-layer balls produced by other known hard-soft
ionomer blends as a result of the lower overall raw materials
costs and improved yields.

Test data collected indicates that lotek® 7520 resins have
Shore D hardnesses of about 32 to 36 (per ASTM D-2240),

- melt flow indexes of 3£0.5 g/10 min (at 190° C. per ASTM
D-1288), and a flexural modulus of about 2500-3500 psi
(per ASTM D-790). Furthermore, testing by an independent
testing laboratory by pyrolysis mass spcctrometry indicates
that lotek® 7520 resins are generally zinc salts of a terpoly-
mer of ethylene, acrylic acid, and methyl acrylate.

Furthermore, it has been found that a grade of an acrylic
acid based soft ionomer available from the Exxon Corpo-
ration under the designation lotek® 7510 is also effective
when combined with the hard ionomers indicated above in
producing golf ball covers exhibiting higher C.O.R. values
at equal or softer hardness than those produced by known
hard-soft ionomer blends. In this regard, lotek® 7510 has the
advantages (i.e. improved flow, higher C.O.R. values at
equal hardness, increased clarity, etc.) produced by the
lotek® 7520 resin when compared to the methacrylic acid
base soft ionomers known in the art (such as the Surlyn®
8625 and the Surlyn® 8629 combinations disclosed in U.S.
Pat. No. 4,884,814). :

In addition, lotck® 7510, when compared to lotek® 7520,
produces slightly higher C.O.R. values at equal softness/
hardness due to the lotek® 7510's higher hardness and
neutralization. Similarly, lotek® 7510 produces better
release properties (from the mold cavities) due to its slightly
higher stiffness and lower flow rate than lotek® 7520. This
is important in production where the soft covered balls tend
to have lower yields caused by sticking in the molds and
subscquent punched pin marks from the knockouts.

According to Exxon, lotek® 7510 is of similar chemical
composition as lotek® 7520 (i.e. a zinc salt of a terpolymer
of ethylene, acrylic acid, and methy! acrylate) but is more
highly neutralized. Based upon FTIR analysis, lotek® 7520
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is estimated to be about 30-40 wt.-% neutralized and lotek®
7510 is estimated to be about 40-60 wt.-% neutralized. The
typical propertics of lotck® 7510 in comparison of those of
lotck® 7520 in comparison of those of lotek® 7520 are sct
forth below:

TABLE 7

Physical Properties of Iotek ® 7510 in Comparison to fotek ® 7520
Property ‘ Unit Iotek ® 7520 Totek ® 7510
Meit Index #/10 min. 2.0 0.8
Density g/cc 0.96 0.97
Melting Point °F 151 : 149
Vicat Softening °F 108 - 109
Point
Flex Modulus psi 3800 5300
Tensile Strength  * psi 1450 1750
Elongation % . 760 690
Hardness, Shore D — 32 35

The hard jonomer resins utilized to produce the outer
cover layer composition hard/soft blends include ionic
copolymers which are the sodium, zinc, magnesium,

. lithium, etc. salts of the reaction product of an olefin having

from 2 to 8 carbon atoms and an unsaturated monocarboxy-
lic acid having from 3 to 8 carbon atoms. The carboxylic
acid groups of the copolymer may be totally or partially (i.e.
approximately 15-75 percent) neutralized.

The hard ionomeric resins are likely copolymers of eth-
ylene and acrylic and/or methacrylic acid, with copolymers
of ethylene and acrylic acid being the most preferred. Two
or more types of hard ionomeric resins may be blended into
the outer cover layer compositions in order to produce the
desired properties of the resulting golf balls.

As discussed earlier herein, the hard ionomeric resins
introduced under the designation Escor® and sold under the
designation lotck® are somewhat similar to the hard jono-
meric resins sold under the Surlyn® trademark. However,
since the lotek® ionomeric resins are sodium or zinc salts of
poly(ethylene-acrylic acid) and the Surlyn® resins are zinc
or sodium salts of poly(ethylene-methacrylic acid) some
distinct differences in properties exist. As more specifically
indicated in the data set forth below, the hard lotek® resins
(i.e., the acrylic acid based hard ionomer resins) are the more
preferred hard resins for use in formulating the layer blends
for use in the present invention. In addition, various blends
of lotck® and Surlyn® hard ionomeric resins, as well as
other available ionomeric resins, may be utilized in the
present invention in a similar manner.

Examples of commercially available hard ionomeric res-
ins which may be used in the present invention in formu-
lating the outer cover blends include the hard sodium ionic
copolymer sold under the trademark Surlyn® 8940 and the

- hard zinc ionic copolymer sold under the trademark Surlyn®

60

65

9910. Surlyn® 8940 is a copolymer of ethylene with meth-
acrylic acid and about 15 weight percent acid which is about
29 percent neutralized with sodium ions. This resin has an
average melt flow index of about 2.8. Surlyn® 9910 is a
copolymer of ethylene and methacrylic acid with about 15
weight percent acid which is about 58 percent neutralized
with zinc ions. The average melt flow index of Surlyn®
9910 is about 0.7. The typical properties of Surlyn® 9910
and 8940, as well as other Surlyn® resins, are set forth
below in Tables 8 and 9:
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TABLE 8

‘Typical Properties of Commercially Available Hard Surlyn ® Resins
Suitable for Use in the Present Invention

ASTM D 8940 9910 8920 8528 9970 9730

Cation type Sodium Zinc Sodium Sodium Zinc Zinc

Melt flow index, gms/10 min. 1D-1238 28 0.7 0.9 13 140 1.6

Specific gravity, g/om® D-792 095 097 095 094 095 095

Hardness, Shore D D-2240 65 64 66 60 62 63

Tensile strength, (kpsi) D-638 48 (3.6 (549 42 (3.2 (4,1.)

MPa 331 248 372 290 221 283

Elongation, % D-638 470 290 350 450 460 460

Flexural Modulus, (kpsi) D790 (51) (48) (5% (32) (28) (30)

MPa 350 330 380 220 190 210

Tensile Impact (23° C.), D-18228 1020 1020 865 1160 760 1240

KJ/m? (fi-lbs./in?)  (485) (485) (410)  (550) (360) (590)

Vicat Temperature, © C. D-1525 63 | 62 58 73 61 ™

25 )
TABLE 9 TABLE 9-continued

crtics dditiona Surlyn ® Resing
Properties of Additional Hard Surlyn ® Resins

SURLYN® SURLYN® SURLYN®

30 Tonomer 8920 8140 9120
: SURLYN® SURLYN® SURLYN® Elongation % 350 340 280
fonomer . 8920 8140 9120 Flex Modulus kpsi 55 n 64
Shore D Hardness 66 70 69
Cation Na Na Na ~ . , .
" Melt Flow Index gng/ . 09 26 13 ) Examp]e§ of t.he more pertinent acrylic acid b_d.sed hard
: ionomer resin suitable for use in the caver compositions sold
10 min. under the lotek® tradename by the Exxon Corporation
MP °C, 84 88 8s include lotek®, but are not limited to, 8000, 8010, 8020,
- oC. 52 9 50 40 8030, 7030, 7010, 7020, EX 1001-1009, lotek® 959 and
. lotek® 960, as well as the materials listed above on Tables
Tensile Strength  kpsi 5.4 5.0 38

2 and 3. The typical properties of the remainder of these and
Yicld Strength  kpsi 2.2 2.8 24 other lotek® ionomers suited for use in formulating the
cover compositions are set forth below in Tables 10 and 11:

TABLE 10
Typical Properties of lotek ® lonomers
ASTM '
Resin Properties Method Units 7010 7020 7030. 8000 8020 8030
Cation type ’ zinc zinc zinc sodium sodium sodium
Melt Index D-1238 g/10 min 08 15 25 0.8 1.6 2.8
Density D-1505 kg/m3 968 966 964 957 956 . 956
Melting Point D-3417 °C. 835 . 84 85 83 84 87
Crystallization D-3417 °C. 55 56 58 45 47 49
Point .
Vicat Softening D-1528 °C 60 60 60 - 54 54.5 55.5
Point
Tensile strength D-638 MPa 245 235 226 33 25 R
at break .
Yield Strength D-638 MPa 14 13 12 19 185 18
Elongation at D-638 % 440 450 460 370 380 410
break R
1% Secant D-638 MPa 150 135 125 280 280 280
Modulus
Shore Hardness, D D-2240 54 53 52 60 60 60

Flex Modulus  *© D-790 MPa 190 175 155 320 340 355
(3 mum) . '
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TABLE 11

Additiona! Examples of Exxon lonomers

PROPERTY Ex1005 Ex1006 Ex1007 Ex1008 Ex1009 7310
Melt Index, 0.7 L3 1.0 1.4 0.8 1.0
£/10 min.

Cation Na Na Zn Zn Na Zn
Melting Point, 85.3 86 85.8 86 913 91
°C. .
Vicat 54 57 60.5 60 56 69
Softening

Point,

°C. ’

Tensile @ break, 339 338 24.) 23.6 324 24
MPa

Elongation 403 421 472 427 473 520
@

Break, %

Hardness, 58 58 s1 50 56 52
Shore D

Flexural 289 290 152 141 282 150
Modulus,

MPa

It has been determined that when hard/soft ionomer
blends are used for the outer cover layer, good results are
achieved when the relative combination is in a range of
about 3-25 percent hard jonomer and about 75-97 percent
soft jonomer.

Moreover, in altérnative embodiments, either the inner
and/or the outer cover layer may also comprise up to 100 wt
% of a soft, low modulus, non-ionomeric thermoplastic or
thermoset material. Non-ionomeric materials are suitable so
long as they produce the playability and durability charac-
" teristics desired without adversely affecting the enhanced
travel distance characteristic produced by the high acid
ionomer resin composition. These include but are not limited
styrene-butadiene-styrene block copolymers, including

functionalized styrene-butadiene-styrene block copolymers,’

styrene-ethylene-butadiene-styrene (SEBS) block copoly-
mers such as Kraton® materials from Shell Chem. Co., and
functionalized SEBS block copolymers; metallocene cata-
lyzed polyolefins; ionomer/rubber blends such as those in
Spalding U.S. Pat. Nos. 4,986,545; 5,098,105 and 5,187,
013; and, Hytrcl® polyester clastomers from DuPont and
Pebax® polyetheramides from EIf Atochem S.A.

A preferred non-ionomeric material suitable for the inner
and/or outer cover layer includes polyurethane. Polyure-
thanes are polymers which are used to form a broad range of
products. They are generally formed by mixing two primary
ingredients during processing. For the most commonly used
polyurethanes, the two primary ingredients are a polyisocy-
anate (for example, diphenylmethane diisocyanate monomer
(“MDI”) and toluene diisocyanate (“TDI”) and their deriva-
tives) and a polyol (for example, a polyester polyol or a
polyether polyol).

A wide range of combinations of polyisocyanates and
polyols, as well as other ingredients, are available. Further-
more, the end-use properties of polyurethanes can be con-
trolled by the type of polyurethane utilized, i.e., whether the
material is thermoset (cross linked molecular structure) or
thermoplastic (linear molecular structure).

Cross linking occurs between the isocyanate groups
(—NCO) and the polyol's hydroxy! end-groups (—OH).
Additionally, the end-use characteristics of polyurethanes
can also be controlled by different types of reactive chemi-
cals and processing parameters. For example, catalysts are
utilized 1o control polymerization rates. Depending upon the
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processing method, reaction rates can be very quick (as in
the case for some reaction injection molding systems (i.e.,
“RIM™) or may be on the order of several hours or longer (as
in scveral coating systems). Consequently, a great variety of
polyurethanes are suitable for different end-uses.

Polyurethanes are typically classified as thermosetting or
thermoplastic. A polyurethane becomes irreversibly “set”
when a polyurethane prepolymer is cross linked with a
polyfunctional curing agent, such as a polyamine or a
polyol. The prepolymer typically is made from polyether or
polyester. Diisocyanate polyethers are preferred because of
their water resistance.

The physical properties of thermoset polyurcthanes are
controlled substantially by the degree of cross linking.
Tightly cross linked polyurethanes are fairly rigid and
strong. A lower amount of cross linking results in materials
that are flexible and resilient. Thermoplastic polyurethanes
have some cross linking, but primarily by physical means.
The crosslinkings bonds can be reversibly broken by
increasing temperature, as occurs during molding or extru-
sion. In this regard, thermoplastic polyurethanes can be
injection molded, and extruded as sheet and blow film. They
can be used up to about 350° F. and are available in a wide
range of hardnesscs.

Polyurethane materials suitable for the present invention
are formed by the reaction of a polyisocyanate, a polyol, and
optionally one or more chain extenders. The polyol compo-
nent includes any suitable polyether- or polyesterpolyol.

. Additionally, in an alternative embodiment, the polyol com-

ponent is polybutadiene diol. The chain extenders include,
but are not limited, to diols, triols and amine extenders. Any
suitable polyisocyanate may be used to form a polyurethane
according to the present invention. The polyisocyanate is
preferably sclected from the group of diisocyanates includ-
ing, but not limited, to 4,4'-diphenylmethane diisocyanate
(*MDI™); 2,4-toluene diisocyanate (“TDI"); m-xylylene
diisocyanate (“XDI"); methylene bis-(4-cyclohexyl isocy-
anate) (“HMDI"); hexamethylene diisocyanate (HDI); naph-

_thalene-1,5,-diisocyanate (“NDI'); 3,3'-dimethyl-4,4'-bi-

phenyl diisocyanate (“TODI"); 1,4-diisocyanate benzene
(“PPDI"), phenylene-1,4-diisocyanate; and 2,2,4- or 2,4,4-
trimethyl hexamethylenc diisocyanate (“TMDI™).

Other less preferred diisocyanates include, but are not
limited to, isophorone diisocyanate (“IPDI"); 1,4-cyclo-:
hexyl diisocyanate (“CHDI"); diphenylether4,4'-diisocyan-
ate; p,p'-dipheny] diisocyanate; lysine diisocyanate (*LDI");
1,3-bis (isocyanato methy!) cyclohexane; and polymethyl-
ene polyphenyl isocyanate (“PMDI"). -

One polyurethane component which can be used in the
present invention incorporates TMXDI (“META™) aliphatic
isocyanate (Cytec Industries, West Paterson, N.1.). Poiyure-
thanes based on meta-tetramethylxylylene diisocyanate
(TMXDI) can provide improved gloss retention UV light
stability, thermal stability, and hydrolytic stability. Addition-
ally, TMXDI (“META™) aliphatic isocyanate has demon-
strated favorable toxicological properties. Furthermore,
because it has a low viscosity, it is usable with a wider range
of diols (to polyurethane) and diamines (to polyureas). If
TMXDI is used, it typically, but not necessarily, is added as
a direct replacement for some or all of the other aliphatic
isocyanates in accordance with the suggestions of the sup-
plier. Because of slow reactivity of TMXD], it may be uscful
or necessary to use catalysts to have practical demolding
times. Hardness, tensile strength and elongation can be
adjusted by adding further materials in accordance with the
supplier’s instructions.




Case 3:07-cv-0142‘AH -AJB Do‘cume‘nt 1 Filed 08/0W Page 59 of 75

US 7,160,207 B2 -

23

The polyurethane which is selected for use as a golf ball
cover preferably has a Shore D hardness of from about 10 to
about 55, more preferably from about 30 to about 55, and
most preferably from about 30 to about 53 for a soft cover
layer. '

The polyurethane which is to be used for a cover layer
preferably has a flex modulus from about 1 to about 310
Kpsi, more preferably from about § to about 100 Kpsi, and
most preferably from about 5 to about 20 Kpsi for a soft
cover layer and 30 to 70 Kpsi for a hard cover layer.
Accordingly, covers comprising these materials exhibit
similar properties.

A non-limiting example of a polyurethane suitable for use
in the outer cover layer includes a polyester polyurethanc
such as B.F. Goodrich Company’s Estane polyester poly-
urethane X4517. The non-ionomeric thermoplastic material
may be blended with a soft ionomer. For example, polya-
mides blend well with soft ionomer. According to B.F.
Goodrich, Estane® X4517 has the following properties:

TABLE 12

Properties of Estane ® X-4517
Tensile 1430
100% 815
200% 1024
300% 1193
Elongation 641
Youngs Modulus 1826
Hardness A/D 88/39
Bayshore Rebound 59
Solubility in Water ~ Insoluble
Melt processing temperature »350° F. (»177° C.)
Specific Gravity (H,0 = 1) 1.1-1.3

Other soft, relatively low modulus non-ionomeric ther-
moplastic or thermoset polyurethanes may also be utilized to
produce the inner and/or outer cover layers as long as the
non-ionomeric materials produce the playability and dura-
bility characteristics desired without adversely affecting the
enhanced travel distance characteristic produced by the high
acid ionomer resin composition. These include, but are not
limited to thermoplastic polyurethanes such as Texin® ther-
moplastic palyurethanes from Mobay Chemical Co. and the
Pellethane® thermoplastic polyurethanes from Dow Chemi-
cal Co.; and non-jonomeric thermoset polyurethanes includ-
ing but not limited to those disclosed in U.S. Pat. 5,334,673.

Other suitable polyurethane materials for use in the
present invention golf balls include reaction injection
molded (“RIM”) polyurethanes. RIM is a process by which
highly reactive liquids are injected into a closed mold, mixed
usually by impingement and/or mechanical mixing in an
in-line device such as a “peanut mixer,” where they poly-
merize primarily in the mold to form a coherent, one-piece
molded article. The RIM process usually involves a rapid
reaction between one or more reactive components such as
polyether- or polyester-polyol, polyamine, or other material
with an active hydrogen, and one or more isocyanate-
containing constituents, often in the presence of a catalyst.
The constituents are stored in separate tanks prior to mold-
ing and may be first mixed in a mix head upstream of a mold
and then injected into the mold. The liquid streams are
metered in the desired weight to weight ratio and fed into an
impingement mix hcad, with mixing occurring under high
pressure, e.g., 1,500 to 3,000 psi. The liquid streams impinge
upon each other in the mixing chamber of the mix head and
the mixtwre is injected into the mold. One of the liquid
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streams typically contains a catalyst for the reaction. The :

24

constituents react rapidly after mixing to gel and form

polyurethane polymers. Polyureas, epoxies, and various

unsaturated polyesters also can be molded by RIM.
Non-limiting examples of suitable RIM systems for use in

the present invention are Bayflex® elastomeric polyure-

-thane RIM systems, Baydur® GS solid polyurethane RIM

systems, Prism® solid polyurethane RIM systems, all from
Bayer Corp. (Pittsburgh, Pa.), Spectrim® reaction moldable
polyurethane and polyurea systems from Dow Chemical
USA (Midland, Mich.), including Spectrim® MM 373-A
(isocyanate) and 373-B (polyol), and Elastolit® SR systems
from BASF (Parsippany, N.l.). Preferred RIM systems
include Bayflex® MP-10000 and Bayflex® 110-50, filled
and unfilled.. Further preferred examples are polyols,
polyamines and isocyanates formed by processes for recy-
cling polyurethanes and polyureas. Additionally, these vari-
ous systems may be modified by incorporating a butadiene
component in the diol agent. '

A preferred form of the invention is a golf ball in which
at least one of the inner cover layer and/or the outer cover
layer comprises a fast-chemical-reaction-produced compo-
nent. This component comprises at least one material
selected from the group consisting of polyurethane, poly-
urea, polyurethane ionomer, epoxy, and unsaturated polyes-
ters, and preferably comprises polyurethane. A particularly
preferred form of the invention is a golf ball with a cover
comprising polyurethane.

The method of the invention is particularly useful in
forming golf balls because it can be practiced at relatively
low temperatures and pressures. The preferred temperature
range for the method of the invention is from about 90 to
about 180° F. when the component being produced contains
polyurethane. Preferred pressures for practicing the inven-
tion using polyurethane-containing materials are 200 psi or
less and more preferably 100 psi or less. The method of the
present invention offers numerous advantages over conven-
tional slow-reactive process compression molding of golf
ball covers. The method of the present invention results in
molded covers in a demold time of 10 minutes or less,
preferably 2 minutes or less, and most preferably in 1 minute
or less. The method of the present invention results in the
formation of a reaction product formed by mixing two or
more reactants together, that exhibits a reaction time of
about 2 minutes or less, preferably one minute or less, and

.most preferably about 30 seconds or less. The term fast-

chemical-reaction-produced component as used herein
refers to such reaction products. An excellent finish can be
produced on the ball utilizing these components and mold-
ing techniques.

The polyol component typically contains additives, such
as stabilizers, flow modifiers, catalysts, combustion modi-
fiers, blowing agents, fillers, pigments, optical brighteners,
and release agents to modify physical characteristics of the
cover. Polyurethane/polyurea constituent molecules that
were derived from recycled polyurethane can be added in
the polyol component.

A golf ball inner cover layer according to the present
invention formed from a polyurethane material typically
contains from about 0 to about 60 weight percent of filler
material, more preferably from about 1 to about 30 weight
percent, and most preferably from about 1 to about 20
weight percent.

A golf ball outer cover layer according to the present
invention formed from a polyurethane material typically
contains from about 0 to about.20 weight percent of filler
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material, more preferably from about 1 to about 10 weight

percent, and most preferably from about 1 to about 5 weight
. percent.

Core
. The cores of the inventive golf balls typically have a
coeficient of restitution of about 0.750 or more, morc
- preferably 0.770 or more and a PGA compression of about
90 or less, and more preferably 70 or less. Furthermore, in
some applications it may be desirable to provide a core with
a coeflicient of restitution of about 0.780 to 0.790 or more.
The core used in the golf ball of the invention preferably is
a solid. The term “solid cores” as used herein refers not only
to one piece cores but also to those cores having a separate
solid layer beneath the covers and over the central core. The
cores have a weight of 25-40 grams and preferably 30-40
grams. When the golf ball of the invention has a solid core,
this core can be compression molded from a slug of uncured
or lightly cured elastomer composition comprising a high cis
content polybutadiene and a metal salt of an a, §, ethyleni-
cally unsaturated carboxylic acid such as zinc mono- or
diacrylate or methacrylate. To achieve higher coefficients of
restitution and/or to increase hardness in the core, the
manufacturer may include a small amount of a metal oxide
such as zinc oxide. In addition, larger amounts of metal
oxide than are needed to achieve the desired coefficient may
be included in order to increase the core weight so that the
_ finished ball more closely approaches the U.S.G.A. upper
weight limit of 1.620 ounces. Non-limiting examples of
other materials which may be used in the core composition
including compatible rubbers or ionomers, and low molecu-
lar weight fatty acids such as stearic acid. Free radical
initiator catalysts such as peroxides are admixed with the
core composition so that on thc application of heat and
pressure, a curing or cross-linking reaction takes place.

A thread wound core may comprise a liquid, solid, gel or
multi-piece center. The thread wound core is typically
obtained by winding a thread of natural or synthetic rubber,
or thermoplastic or thermosetting elastomer such as poly-
urethane, polyester, polyamide, etc. on a solid, liquid, gel or
gas filled center to form a thread rubber layer that is then
covered with one or more mantle or cover layers. Addition-
ally, prior to applying the cover layers, the thread wound
core may be further treated or coated with an adhesive layer,
protective layer, or any substance that may improve the
integrity of the wound core during application of the cover
layers and ultimately in usage as a golf ball. Since the core
material is not an integral part of the present invention,
further detailed discussion concerning the specific types of
core materials which may be utilized with the cover com-
positions of the invention are not specifically set forth
herein.

Since the core material is not an integral part of the
present invention, a detailed discussion concerning the spe-
cific types of core materials which may be utilized with the
cover compositions of the inverition are not specifically set
forth herein.

Method of Making Golf Ball _

In preparing golf balls in accordance with the present
invention, a hard inner cover layer is molded (for example,
by injection molding or by compression molding) about a
core (preferably a solid core). A comparatively softer outer
layer is molded over the inncr layer.

The solid core for the multi-layer ball is about 1.2-1.6
inches in diameter, although it may be possible to use cores
in the range of about 1.0-2.0 inches. Conventional solid
cores are typically compression or injection molded from a

S
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slug or ribbon of uncured or lightly cured elastomer com-
position comprising a high cis content polybutadiene and a
metal salt of an a, [3, ethylenically unsaturated carboxylic
acid such as zinc mono or diacrylate or methacrylate. To
achieve higher coeflicients of restitution in the core, the
manufacturer may include fillers such as small amounts of a
metal oxide such as zinc oxide. In addition, larger amounts
of metal oxide than those that are needed to achieve the
desired coefficient are often included in conventional cores
in order to increase the core weight so that the finished ball
more closely approaches the U.S.G.A. upper weight limit of
1.620 ounces. Other materials may be used in the core
composition including compatible rubbers or ionomers, and
low molecular weight fatty acids such as stearic acid. Free
radical initiators such as peroxides are admixed with the
core composition so that on the application of heat and
pressure, a complex curing cross-linking reaction takes
place. '

The inner cover layer which is molded over the core is
about 0.01 inches to about 0.10 inches in thickness, prefer-

_ ably about 0.03-0.07 inches thick. The inner ball which

includes the core and inner cover layer preferably has a
diameter in the range of 1.25 to 1.60 inches. The outer cover
layer is about 0.0] inches to about 0.10 inches in thickness.

s Together, the core, the inner cover layer and the outer cover

layer combine to form a ball having a.diameter of 1.680
inches or more, the minimum diameter permitted by the
rules of the United States Golf Association and weighing no
more than 1.62 ounces.

In a particularly preferred embodiment of the invention,
the golf ball has a dimple pattern which provides coverage
of 65% or more. The golf ball typically is coated with a
durable, abrasion-resistant, relatively non-yellowing finish
coat if necessary.

The 'various cover composition layers of the present
invention may be produced according to conventional melt
blending procedures. Generally, the copolymer resins are
blended in a Banbury® type mixer, two-roll mill, or extruder
prior to ncutralization. After blending, neutralization then
occurs in the melt or molten state in the Banbury® mixer.
Mixing problems are minimal because preferably more than
75 wt %, and more preferably at least 80 wt % of the ionic
copolymers in the mixture contain acrylate esters, and in this
respect, most of the polymer chains in the mixture are
similar to each other. The blended composition is then
formed into slabs, pellets, etc., and maintained in such a-state
until molding is desired. Alternatively, a simple dry blend of
the pelletized or granulated resins which have previously
been neutralized to a desired extent and colored master batch
may be prepared and fed directly into the injection molding
machine where homogenization occurs in the mixing section
of the barre] prior to injection into the mold. If necessary,
further additives such as an inorganic filler, etc., may be
added and uniformly mixed before initiation of the molding
process. A similar process is utilized to formulate the high
acid ionomer resin compositions used to produce the inner
cover layer. In one embodiment of the invention, a master
batch of non-acrylate ester-containing ionomer with pig-
ments and other additives incorporated therein is mixed with
the acrylate ester-containing copolymers in a ratio of about
1-7 weight % master batch and 93-99 weight % acrylate
ester-containing copolymer.

The golf balls of the present invention can be produced by
molding processes which include but are not limited to those
which are currently well known in the golf ball art. For
example, the golf balls can be produced by injection mold-
ing or compression molding the novel cover compositions
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around a wound or solid molded core to produce an inner
ball which typically has a diameter of about 1.50 to 1.67
inches. The outer layer is subsequently molded over the
inner layer to produce a golf ball having a diamcter of 1.620

inches or more, preferably about 1.680 inches or more.’

Although either solid cores or wound cores can be used in
the present invention, as a result of their lower cost and
superior performance, solid molded cores are preferred
overwound cores. The standards for both the minimum
diameter and maximum weight of the balls are established
by the United States Golf Association (U.S.G.A.).

In compression molding, the inner cover composition is
formed via injection at about 380° F. to about 450° F. into
smooth surfaced hemispherical shells which are then posi-
tioned around the core in a mold having the desired inner

—_

0

cover thickness and subjected to compression molding at

200° to 300° F. for about 2 to 10 minutes, followed by
cooling at 50° to 70° F. for about 2 to 7 minutes to fuse the
shells together to form a unitary intermediate ball. In addi-
tion, the intermediate balls may be produced by injection
molding wherein the inner cover layer is injected directly
around the core placed at the center of an intermediate ball
mold for a period of time in'a mold temperature of from 50°
to about 100° F. Subsequently, the outer cover layer is
molded about the core and the inner layer by-similar
compression or injection molding techniques to form a
dimpled golf ball of a diameter of 1.680 inches or more.

After molding, the golf balls produced may undergo
various further processing steps such as buffing, painting and
marking as disclosed in U.S. Pat. No. 4,911,451,

The resulting golf ball produced from the hard inner layer
and the relatively softer, low flexural modulus outer layer
provide for an improved multi-layer golf ball which pro-
vides for desirable coefficient of restitution and durability
properties while at the same time offering the feel and spin
characteristics associated with soft balata and balata-like
covers of the prior art.

Additionally, golf balls of the present invention that
comprise polyurethane in any of the inner and outer cover
layer may be produced by a reaction injection molding
process (RIM). RIM is a process by which highly reactive
liquids are injected into a closed mold, mixed usually by
impingement and/or mechanical mixing in an in-line device
such as a “peanut mixer,” where they polymerize primarily
in the mold to form a coherent, one-piece molded article.
The RIM process usually involves a rapid reaction between
one or more reactive components such as polyether- or
polyester-polyol, polyamine, or other material with an active
hydrogen, and one or more isocyanate-containing constitu-
ents, often in the presence of a catalyst. The constituents are
stored in separate tanks prior 10 molding and may be first
mixed in a mix head upstream of a mold and then injected

- into the mold. The reaction mixture viscosity should be

sufficiently low to ensure that the empty space in the mold
is completely filled. The reactant materials generally are
preheated to 90° F. to 150° F. before they are mixed. In most
cases it is necessary to preheat the mold to, e.g., 100 to 180°
F., to ensure proper injection viscosity. The liquid streams
are metered in the desired weight to weight ratio and fed into
an impingement mix head, with mixing occurring under
high pressure, e.g., 1,500 to 3,000 psi. The liquid streams
impinge upon each other in the mixing chamber of the mix
head and the mixture is injected into the mold. Injcctor
nozzles impinge the isocyanate and polyol at ultra-high
velocity to provide excellent mixing. Additional mixing may
be conducted using an aftermixer, which typically is con-
structed inside the mold between the mix head and the mold
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cavity. One of the liquid streams typically contains a catalyst
for the reaction. The constituents react rapidly afier mixing
to gel and form polyurethane polymers. Polyureas, epoxies,
and various unsaturated polyesters also can be molded by
RIM.

Golf balls and, more specifically, cover layers formed by
RIM are preferably formed by the process described in
application Ser. No. 09/040,798, filed Mar. 18, 1998, incor-
porated herein by reference.

RIM differs from non-reaction ‘injection molding in a
number of ways. The main distinction is that in RIM a-
chemical reaction takes place in the mold to transform a
monomer or adducts to polymers and the components are in
liquid form. Thus, a RIM mold need not be made to
withstand the pressures which occur in a conventional
injection molding. In contrast, injection molding is con-
ducted at high molding pressures in the mold cavity by
melting a solid resin and conveying it into a mold, with the
molten resin often being at about 150 to about 350° C. At
this clevated temperature, the viscosity of the molten resin
usually is in the range of about 50,000 to about 1,000,000
centipoise, and is typically around 200,000 centipoise. In an
injection molding process, the solidification of the resins
occurs afier about 10 to about 90 seconds, depending upon
the size of the molded product, the temperature and heat
transfer conditions, and the hardness of the injection molded
material. Subsequently, the molded product is removed from
the mold. There is no significant chemical reaction taking
place in an injection molding process when the thermoplas-
tic resin is introduced into the mold. In contrast, in a RIM
process, the chemical reaction causes the material to set in
less than about 5 minutes, often in less than 2 minutes,
preferably in less than one minute, more preferably in less
than 30 seconds, and in many cases in about 10 seconds or

Catalysts can be added to the RIM polyurethane system
starting materials as long as the catalysts generally do not
react with the constituent with which they are combined.
Suitable catalysts include those which arc known to be
useful with polyurethanes and polyureas.

The polyol component typically contains additives, such
as stabilizers, flow modifiers, catalysts, combustion modi-
fiers, blowing agents, fillers, pigments, optical brighteners,
and release agents to modify physical characteristics of the
cover. Recycled polyurethane/polyurea also can be added to
the core. Polyurethane/polyurea constituent molecules that

- were derived from recycled polyurethane can be added in
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the polyol component.

The mold cavity contains retractable pins and is generally
constructed in the same manner as a mold cavity used to
injection mold a thermoplastic, e.g., ionomeric golf ball
cover. However, two differences when RIM is used are that
tighter pin tolerances generally are required, and a lower
injection pressure is used. Also, the molds can be produced
from lower strength material such as aluminum.

RIM may provide for improved cover layers. If plastic
products are produced by. combining components that are
preformed to some extent, subsequent failure can occur at a
location on the cover which is along the seam or parting line
of'the mold. Failure can occur at this location because this
interfacial region is intrinsically different from the remain-
der of the cover layer and can be weaker or more stressed.
Cover layers produced via RIM are belicved to provide for
improved durability of a golf ball cover layer by providing
a uniform or “seamless” cover in which the properties of the
cover material in the region along the parting line are
generally the same as the properties of the cover material at
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other locations on the cover, including at the poles. The
improvement in durability is believed to be a result of the
fact that the reaction mixture is distributed uniformly into a
closed mold. This uniform distribution of the injected mate-
rials eliminates knit-lines and other molding deficiencies
which can be caused by temperature difference and/or
reaction difference in the injected materials. RIM typically
results in generally uniform molecular structure, density and
stress distribution as compared to conventional injection-
molding processes.

The golf balls formed according to the present invention

can be coated using a conventional two-component spray -

coating or can be coated during the RIM process, i.e., using
an in-mold coating process.

Unique Spin Characteristics

As indicated above, the golf balls of the invention are
unique in that they provide good distance when hit with a
driver, good control off of irons, and excellent spin on short
chip shots. This type of golf ball is superior to conventional
soft covered two-piece or wound balls in that it has lower
spin off of a driver and higher spin on short shots.

The spin factor of the ball of the invention may be
specified in the manner described below.

Step 1. A golf ball testing machine is set up in order that
it meets the following conditions for hitting a 1995 Top-
Flite® Tour Z-balata 90 ball available from Spalding Sports
Worldwide, Inc.

Club Launch Angle Ball Speed Spin Rate

9 iron 21 = 1.5 160.5 = 9.0 9925 = 600

The machine is set up such that the above conditions are met
for each test using 10 Z-balata 90 golf balls which are hit 3
times each at the same machine setting. The thirty measure-
ments of spin rate are averaged to obtain Ny, ;.

Step 2. Ten golf balls of the invention (Ball X) are hit 3
times each using the same machine setting as was used for
the Z-balata balls and spin data is collected. Any clearly
erratic spin test result is eliminated and replaced by a new

test with the same ball. The thirty measurements of spin rate

are averaged to obtain Ny, .

Step 3. The machine is set up in order that it meets the
following conditions for hitting a 1995 Z-balata 90 ball, the
conditions being intended to replicate a 30-yard chip shot:

Club Launch Angle Ball Speed Spin Rate

Sand Wedge 28 £45 58.0 £ 4.0 4930 = 770

The machine is set up such that the above conditions are met
for each test using 10 Z-balata 90 golf balls which are hit 3
times each at the same machine setting. The thirty measure-
ments of spin rate arc averaged to obtain Ny z5.

Step 4. The 10 golf balls used in Step 2 are hit three times
cach using the same machinc setting as was used in Step 3
and spin data is collected. Any clearly erratic spin test result
is eliminated and replaced by a new test with the same ball.
The thirty measurements of spin rate are averaged to obtain
NS WX
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Step 5. The numerical values of Ngj. 25, No; .3 Ngprzz and
Ngw.x are inserted into the following formula to obtain a
spin factor:

Nsw-z3
— x 100
Noi-zz

Msw-
Spin Factor = X
. Noj_x

The golf ball of the invention has a spin factor of 3.0 or
more, more preferably 5,0 or more, and most preferably 8.0
or more. v

The present invention is further illustrated by the follow-
ing examples in which the parts of the specific ingredients
are by weight, It is to be understood that the present
invention is not limited to the examples, and various changes
and modifications may be made in the invention without
departing from the spirit and scope thereof.

EXAMPLE 1
lonic Terpolymer-Containing Cover

A set of two-piece golf balls was made with solid cores
and a cover composition of 75 weight % Nucrel® 035,
which is an acrylate ester-containing acid terpolymer, and 25
weight % of a master batch containing 4.5 weight % MgO
in Surlyn® 1605 (“MgO Master batch™). The terpolymer
was reacted with the master batch at a temperature of about
250° F. under high shear conditions at a pressure of about 0
to 100 psi. The magnesium in the master batch neutralized
acid groups of the terpolymer at a level of ahout 62%
neutralization. The molded balls were finished with poly-
urethane primer and top coats. The PGA compression,
coellicient of restitution, Shore C hardness, scuff resistance,
spin rate and cold crack of the golf balls were determined.
The results are shown on Table 13 below.

To measure cold crack, the finished goif balls were stored
at =10° F. for at least 24 hours and were then subjected to 5
blows in a coefficient machine at 165 ft/sec. The balls were
allowed to return to room-temperature and were then visu- .
ally inspected for cover cracking. None of the golf balls
experienced cracking.

Coefficient of restitution (C.O.R.) was measured by firing
the resulting golf ball in an air cannon at a velocity of 125
feet per second against a steel plate which was positioned 12
feet from the muzzle of the cannon. The rebound velocity
was then measured. The rebound velocity was divided by the
forward velocity to give the coefficient of restitution. Shore
hardness was determined in general accordance with ASTM
Test 2240, but was measured on a non-dimpled area of the
surface of the golf ball.

COMPARATIVE EXAMPLE 1

Tonic Copolymer Cover (Non-Terpolymer)

A set of 12 two-piece golf balls was made according to the
same procedure as that of Example 1 with the exception that
Nucrel® 925, a non-acrylate ester-containing acid copoly-
mer was substituted for Nucrel® 035. The resulting golf ball
cover was too hard, resulting in four breaks during cold
crack testing. The results are shown on Table 13.
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COMPARATIVE EXAMPLE 2

Ionomer—Non-Ionic Terpolymer Blend

The procedure of Example 1 was repeated with the
exception that the MgO Master batch was replaced by pure
Surlyn® 1605. All of the golf ball covers broke during cold
crack testing. The results are shown on Table 13.

COMPARATIVE EXAMPLE 3
Tonomer—Non-Ionic Copolymer Blend

The procedure of Comparative Example 1 was repeated
" with the exception that the MgO master batch was replaced
by pure Surlyn® 1605. The results are shown on Table 13.
When subjected to cold crack testing, all of the golf ball
covers broke.

As can be seen from the results of Example 1 and
Comparative Examples 1-3, inferior golf balls are obtained
when a hard, non-acrylate ester-containing copolymer is
used instead of a softer, acrylate ester-containing terpoly-
mer, and when either an acrylate ester-containing acid
terpolymer or a non-acrylate ester-containing acid copoly-
mer is not neutralized with metal ions.
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Chemical Co. The Nucrel® materials are available from
DuPont Chemical Co. Primacor® 3440 is available from
Dow Chemical Co.

The spin rate of the golf ball was measured by striking the
resulting golf balls with a pitching wedge or 9-iron wherein
the club-head speed is about 80 feet per second and the ball
was launched at an angle of 26 to 34 degrees with an initial
velocity of 100-115 feet per second. The spin rate was
measured by observing the rotation of the ball in flight using
stop action Strobe photography or via the use of a high speed
video system. i

The scuff resistance test was conducted in the following
manner: a Top-Flite® tour pitching wedge (1994) with box
grooves was obtained and was mounted in a Miyamae®
driving machine. The club face was oriented for a square hit.
The forward/backward tee position was adjusted so that the
tee was four inches behind the point in the downswing where
the club was vertical. The height of the tce and the toe-hecl
position of the club relative to the tee were adjusted in order
that the center of the impact mark was about ¥ of an inch
above the sole and was centered toe to heel across the face.
The machine was operated at a club head speed of 125 feet
per second. A minimum of three samples of each ball were
tested. Each ball was hit three times.

TABLE 13
COR
Experiment  Cover PGA (x Shore C Cold
No. Material Weight Comp. 1000) Hardness Crack
1-1 75% Nucre] ® 035/ 45.2 104 783 80  No breaks
25% MgO MB in
Surlyn ® 1605
Comp. | 75% Nucrel ® 925/ 45.1 111 798 90 4 breaks
25% MgO MB in
Surlyn ® 1605
Comp. 2 75% Nucrel ® 035/ 45.1 99 774 70 All broke
25% Surlyn ® 1605
Comp. 3 75% Nucrel ® 925/ 45.2 106 .790- 75 All I?rdke
25% Surlyn ® 1605
EXAMPLE 2 50

lonic Terpolymers

An acrylate ester-containing terpolymer sold as Escor®
ATX 325 (Exxon Chemical Co.) was 57% neutralized with
lithium cations. The ionomeric material, which also con-
tained titanjium dioxide, brightener, etc. from a white master
batch, was placed over a solid golf ball core and the goif ball
was primed and top coated. The properties of the resulting
golf ball are shown on Table 14. This procedure was
repeated using different combinations of terpolymers with
cations and cation blends at the degrees of neutralization
which are shown on Table 14. In the cation blends, mole
ratios were about 1:1:1. All of the ATX materials shown on
Table 14 are Escor® ATX materials available from Exxon

55
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After testing, the balls were rated according to the fol-
lowing table: .

Rating Type of damage
1 Little or no damage (groove markings or dents)
2 Small cuts and/or ripples in cover
3 Moderste amount of material lifted from ball
surface but still attached to ball
4 Material removed or barely attached

The balls that were tested were primed and top coated.

As shown on Table 14, many of the cover materials
resulted in golf balls having a scuff resistance of 1.5 or less,
and others had a scuff resistance rating of 1.5-2.5.
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COMPARATIVE EXAMPLE 4

Hard/Seft lonomer Blend

A golf ball with a cover formed from a blend of a s
commercially available hard sodium ionomer and a com-
mercially available soft acrylate ester-containing zinc iono-
mer in which the blend contains less than 60 wt % soft
ionomer was subjected to the same testing as the golf balls
of Example 2. The results are shown on Table 14.

TABLE 14

COR Spin Rate

Experiment % PGA (x Shore D Scuff (#9 Iron at
No. Cover Material Cation Neutralization Comp. 1000) Hardness Resist. 105 it/sec)
Comp. 4 Hard-soft ionomer  Zn/Na 60. 90 787 58 4.0 9,859

blend 1 (control)
2-1 ATX 325 Li 57 86 787 51 1.0 10,430
2-2 ATX 325 LilZn/K 65 86 787 50 1.0 10,464
2-3 ATX 320 | Li 57 N.T. N.T. 56 1.0 10,299
2-4 ATX 320 Li/ZwK 65 .87 790 55 1.5 10,355
2-5 Nucrel 010 Li — . 89 803 65 3.0 7,644
2-6 Nucrel 010 LifZn/K — 89 802 ©6S 40 7,710
2-7 Nucrel 035 . Li — 87 801 62 3.0 8,931
2-8 Nucrel 035 Li/Zn/K —_ 87 798 62 3.0 8,915
2-9 ATX 310 Li 53 88 802 62 25 . 8,802
2-10 ATX 310 Li/Zn/K 60 88 801 63 2.5 8,244
2-11 ATX 325 Li 57 83 797 55 1.5 _—
2-12 ATX 325 Li/Zn/K 65 82 796 53 1.5 —
2-13 50% ATX 325-Li Li 28.5 89 777 50 1.5 -—

50% ATX 320-

unneut. . .
2-14 75% ATX320- Li/Zn/K 49 87 776 54 1.5 —

Li/Zn/K

25% ATX320- .

unneut,
2-15 60% ATX325 Li/Zn/K 39 88 719 54 . 15 —

40% Primacor :

3440-unncut,
2-16 ATX 320 Unneut. -_— 88 775 45 20 —
2-17 ATX 325 Unneut. —_ 88 —_ 42 - 1.5 —
2-18 ATX 325 Li 50 95 795 50 1.0 —
2-19 ATX 325 Li 30 96 791 46 1.5 —
2-20 ATX 325 Li/Zn/K 50 91 791 48 10 —_
2-21 ATX 325 Li/Za/K 30 90 N.T. 45 10 —
2-22 ATX 325 Li/Zn/K 50 91 N.T. 47 1.0 —

EXAMPLE 3 and potassium were used in the cover material. The results

“ are shown on Table 15.

Tonic Terpolymers As indicated on Table 15, the scull resistance of the golf

balls was 3.0 or better. The scuff resistance of the balls with

. covers made of an acrylic acid terpolymer was 1.0. For a

The procedure of Example 2 was repeated with thc  given terpolymer, the scuff resistance did not change when
exception that single cations of lithium, magnesium, sodium different cations were used for neutralization. ‘

TABLE 15 .
COR

Experiment  Cover _PGA (x Shore D Scuff
No. Materia! Cation % Neutralization Comp. 1000) Hardness Resistance
31 Nucrel ® 035 Li 160 90 792 62 30
3-2 Nucrel ® 035 Mg 100 89 792 62 3.0
33 ATX 325 Li 100 86 790 51 1.0
3-4 ATX 325 Mg 100 85 791 51 1.0
3-5 ATX 325 Na 81 85 790 51 1.0

3-6 ATX 325 K 95 85 91 51 1.0
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COMPARATIVE EXAMPLE 5

Several intermediate balls (cores plus inner cover layers)
were prepared in accordance with conventional molding
procedures described above. The inner cover compositions
were molded around 1.545 inch diameter cores weighing
36.5 grams with a specific gravity of about 1.17 such that the
inner cover had a wall thickness of about 0.0675 inches and
a specific gravity of about 0.95, with the overall ball
measuring about 1.680 inches in diameter.

The cores utilized in the examples were comprised of the
following ingredients: 100 parts by weight high cis-polyb-
utadiene, 31 parts by weight zinc diacrylate, about 6 parts
by-weight zinc oxide, 20 parts by weight zinc stcarate,
17-18 parts by weight calcium carbonate, and small quan-
tities of peroxide, coloring agent and a polymeric isocyanate
sold as Papi® 94 (Dow Chemical Co.). The molded cores
exhibited PGA compressions of about 100 and C.OR.
values of about 0.800.

The inner cover compositions designated herein as com-
positions A-E utilized to formulate the intermediate balls are
set forth in Table 16 below. The resulting molded interme-
diate balls were tested to determine the individual compres-
sion (Riehle), C.O.R., Shore C hardness, spin rate and cut
resistance properties. These results are also set forth in Table
16 below.

The data of these examples arc the average of twelve
intermediate balls produced for each example. The proper-
ties were measured according to the following parameters:

Cut resistance was measured in accordance with the
following procedure: A golf ball was fired at 135 feet per
second against the leading edge of a pitching wedge wherein
the leading edge radius is Y52 inch, the loft angle is 51
degrees, the sole radius is 2.5 inches and the bounce angle
is 7 degrees. ]

The cut resistance of the balls tested herein was evaluated
on a scale of 1 to 5. The number 1 represents a cut that
extends completely through the cover to the core. A 2
represents a cut that does not extend completely through the
cover but that does break the surface. A 3 does not break the
surface of the cover but does leave a permanent dent. A 4
leaves only a slight crease which is permanent but not as
severe as 3. A 5 represents virtually no visible indentation or
- damage of any sort.

The spin rate of the golf ball was measured by striking the
resulting golf balls with a pitching wedge or 9 iron wherein
the club head speed is about 105 feet per second and the ball
is launched at an angle of 26 to 34 degrees with an initial
velocity of about-110 to 115 feet per sccond. The spin rate
was measured by observing the rotation of the ball in ﬂlght
using stop action Strobe photography.

Initial velocity is the velocity of a ball when struck at a
hammer speed of 143.8 feet per second in accordance with
a test as prescribed by the U.S.G.A.

As will be noted, compositions A, B and C include high
acid ionomeric resins, With composition B further including
zinc stearate. Composition D represents the inner layer (i.e.
Surlyn® 1605) used in U.S. Pat. No. 4,431,193, Composi-
tion E provides a hard, Jow acid ionomeric resin.
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The purpose behind producing and testing the balls of 65

Table 16 was to provide a subsequent comparison in prop-
erties with the multi-layer golf balls of the present invention.
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TABLE 16

Molded Intermediate Golf Balls

A B C D E

Ingredients of
Inner Cover Compositions

lotek ® 959

lotek ® 960

Zinc Stearate

Surlyn ® 8162
Surlyn ® 8422
Surlyn ® 1605

Totek ® 7030

Totek ® 8000
Properties of Molded
Intermediatc Balls

838
EEERR
By |

50
50
50

811111

REIRREE.

[ 1

58
811 810
98 98
7,367 6,250
4-5 4-5

60 63
807 793
97 9%
7,903 8,337
45 45

Compression
C.O.R.

Shore C Hardness
Spin Rate (R.P.M.)
Cut Resistance

62
.801
96
7,956
4-5

As shown in Table 16 above, the high acid ionomer resin
inner cover layer (molded intermediate balls A-C) have
lower spin rates and .exhibit substantially higher resiliency
characteristics than the low acid ionomer resin based inner
cover layers of baills D and E.

EXAMPLE 4

Multi-layer balls in accordance with the present invention
were then prepared. Specifically, the inner cover composi-
tions used to produce intermediate golf balls from Table 16
were molded aver the solid cores to a thickness of about
0.0375 inches, thus forming the inner layer. The diameter of

‘the solid core with the inner layer measured about 1.620

inches. Alternatively, the intermediate golf balls of Table 16
were ground down using a centerless grinding machine to a
size of 1,620 inches in diameter to produce an inner cover
layer of 0.0375 inches.

The size of 1.620 inches was determined after attempting
to mold the outer cover layer to various sizes (1.600",
1.610", 1.620", 1.630" and 1.640") of intermediate (core
plus inner layer) balls. It was determined that 1.620" was
about the largest “intermediate” ball (i.e., core plus inner
layer) which could be easily molded over with the soft outer
layer materials of choice. The goal herein was to use as thin
an outer layer as necessary to achieve the desired playability
characteristics while minimizing the cost of the more expen-
sive outer materials. However, with a larger diameter final
golf ball and/or if the cover is compression molded, a thinner
cover becomes feasible.

With the above in mind, an outer cover layer composition
was blended together in accordance with conventional
blending techniques. The outer layer composition used for
this portion of the example is a relatively soft cover com-
position such as those listed in U.S. Pat. No. 5,120,791. An
example of such a soft cover composition is a 45% soft/55%
hard low acid ionomer blend designated by the inventor as
“TE-90". The composition of TE-90 is set forth as follows:

Outer Cover Layer Composition TE-90

Totck ® 8000
Totck ® 7030

22.7 weight %
22.7 weight %
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-continued

Outer Cover Layer Composition TE-90

Totek ® 7520

45.0 weight %
White MB!

9.6 weight %

'White MB consists of about 23.77 weight percent TiO,; 0.22 weight per-
cent Uvitex ® OB, 0.03 weight percent Santonox ® R, 0.05 weight per-
cent Ultramarine Blue ™ and 75.85 weight percent [otek ® 7030,

The above outer layer composition was molded around
each of the 1.620 diameter intermediate balls comprising a

_core plus one of compositions A-D, respectively. In addi-

tion, for comparison purposes, Surlyn® 1855 (new Surlyn®
9020), the cover composition of the *193 patent, was molded
about the inner layer of composition D (the intermediate ball
representative of the ' 193 patent). The outer layer TE-90 was
molded to a thickness of approximately 1.680 inches in
diameter. The resulting balls (a dozen for each example)
were tested and the various properties thereof are set forth in
Table 17 as follows:

TABLE 17

Finished Ballg
Ingredients: B 2 3 4 5

. Inner Cover A B C D D

Composition
Outer Cover TE90 TE-90 TE-90 TE-90 Surlyn® 9020
Composition
Properties of
Molded Finished
Balls:
Compression 63 63 69 70 61
C.OR. 784 I78 780 770 157
Shore' C Hardness 88 88 88 88 89
Spin (R.P.H.) 8,825 8,854 8814 B8990 8,846
Cut Resistance 34 3-4 3-4 34 1-2

As it will be noted in finished balls 1-4, by creating a
multi-fayer cover utilizing the high acid ionomer resins in
the inner cover layer and the hard/soft low acid ionomer
resin in the outer cover layer, higher compression and
increased spin rates are noted over the single layer covers of
Table 16. In addition, both the C.O.R. and the Shore C
hardness are reduced over the respective single layer covers
of Table 16. This was once again particularly true with
respect to the multi-layered balls containing the high acid
ionomer resin in the inner layer (i.e. finished balls 1-5). In
addition, with the exception of prior art ball § (i.e. the '193
patent), resistance to cutting remains good but is slightly
decreased. '

Furthermore, it is also noted that the use of the high acid
ionomer resins as the inner cover material produces a
substantial increase in the finished balls overall distance
properties. In this regard, the high acid ionomer resin inner
covers of balls 1-3 produce an increase of approximately 10
points in C.O.R. over the low acid ionomer resin inner
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- covers of balls 4 and about a 25 point increase over the prior

art balls 5. Since an increase in 3 to 6 points in C.O.R. results
in an average increase of about 1 yard in distance, such an
improvement is deemed to be significant.

Several other outer layer formulations were prepared and
tested by molding them around the core and inner cover
layer combination to form balls each having a diameter of
about 1.68 inches. First, B.F. Goodrich Estane® X-4517
polyester polyurethane was molded about the core molded
with inner layer cover formulation A. DuPont Surlyn® 9020
was molded about the core which was already molded with
inner layer D. Similar properties tests were conducted on
these golf balls and the results are set forth in Table 18
below:

15
TABLE 18
Finished Balls
20 6 17
Inner Cover Layer A D
Composition
Outer Cover Layer Estane ® 4517 Surlyn ® 9020
25 Caomposition :
Properties of .
Molded Finished Balls:
Compression 67 61
C.OR. 174 757
30 Shore C Hardness 74 ' 89
Spin (R.PM.) | 10,061 8,846
Cut Resistance 34 : 1-2
The ball comprising inner layer formulation D and Sur-
35 lyn® 9020 identifies the ball in the Nesbitt U.S. Pat. No.

P

0

4,431,193, As is noted, the example provides for relatively
high sofiness and spin rate though it suffers from poor cut
resistance and low C.O.R. This ball is unacceptable by
today’s standards.

As for the Estane® X-4517 polyester polyurethane, a
significant increase in spin rate over the TE-90 cover is
noted along with an increase in spin rate over the TE-90
cover is noted along with an increased compression. How- .
ever, the C.O.R. and Shore C values are reduced, while the
cut resistance remains the same. Furthermore, both the
Estane® X-4517 polyester polyurethane and the Surlyn®
0020 were relatively difficult to mold in such thin sections.

EXAMPLE §

In order to analyze the change in characteristics produced
by multi-layer golf balls (standard size) having inner cover
layers comprised of ionomer resin blends of different acid
levels, a series of experiments was run. A number of tests
were performed, varying the type of core, inner cover layer
and outer cover layer. The results are shown below on Table
19:

TABLE 19

Inner

Comp/ Outer COMP

Sample # Core  Layer Thickness COR Cover  Thickness (Rhiele) COR Shore D Spin

8 1042 None
Yellow
_9 1042 None

Yellow

— Scc Below  Top 0.055" 61 ,800 68 7331

Grade .
See Below  959/960 0.055" 56 808 73 6516
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TABLE 19-continued
Inner Comp/ Outer COMP
Sample #  Core Layer Thickness COR Cover  Thickness (Rhiele) COR Shore D Spin
10 Special 959960  0.050" 65/.805 959/960 0.055" 4B 830 73 6258
147" .
11 1042 None — See Below 8D 90 0.055" 62 792 653 8421
Yellow
12 Special  Top 0.050" 66/.799 SD 90 0.055" 55 811 63  B26S
1.47*  Grade
13 Special 959/960  0.050" 65/.805 SD 90 0.055" 53 .813 63 8254
147"
14 Special  Top 0.050" 66/.799 Top 0.0558" 51 819 68 7390
1.47" Grade Grade
15 1042 None 0.050"  See Below Z-Balata  0.055" 67 182 55 9479
Yellow
16 Special 959/960  0.050" 65/.805 Z-Balata 0.055" 61 .800 55 9026
1.47"
17 Special  Top 0.050" 66/.799  Z-Balata  0.055" 60 798 55 . 9262
147" Grade
1042 Yellow Comp = 72,
COR = .780
Special 1.47" CORE > COMP = 67,
COR = .782

In this regard, “Top Grade” or “TG” is a low acid inner
cover ionomer resin blend comprising of 70.6% lotek®
8000, 19.9% lotek® 7010 and 9.6% white master batch.
“959/960" is a 50/50 witwt blend of lotek® 959/960. In this
regard, Escor® or lotek® 959 is a sodium ion neutralized
ethylene-acrylic neutralized ethylene-acrylic acid copoly-
mer. According to Exxon, loteks® 959 and 960 contain from
about 19.0 to about 21.0% by weight acrylic acid with
approximately 30 to about 70 percent of the acid groups
neutralized with sodium and zinc ions, respectively. The
physical properties of these high acid acrylic acid based
ionomers are as follows:

TABLE 20

ESCOR ® ESCOR ®
PROPERTY (IOTEK ®) 959 (IOTEK ®) 960
Melt Index g/10 min 20 1.8
Cation Sodium Zinc
Mclting Point, ° F. 172 174
Vicat Softening Point, © F, 130 131
. Tensile @ Break, psi 4600 3500
Elongation @ Break, % 325 430
Hardness, Shore D 66 57
Flexural Modulus, psi 66,000 27,000

) Funhermoré, the low acid ionomer formulations for “SD
90" and “Z-Balata” are set forth below:

TABLE 21

ZB Cover

SD Cover

17.2% Surlyn ® 8320
7.5% Surlyn ® 8120
49% Surlyn ® 9910

16.4% Surlyn ® 8940
9.7% white MB ®

19% lotek ® 8000
19% Totek ® 7030
52.5% lotek ® 7520
9.5% white MB ®

The data clearly indicates that higher C.O.R. and hence
increase travel distance can be obtained by using multi-
layered covered balls versus balls covered with single layers. -
However, some sacrifices in compression and spin are also
noted. Further, as shown in comparing Example Nos. 12 vs.
13, Example Nos. 17 vs. 16, etc. use of lower acid level inner
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cover layers and relatively soft outer cover layers (i.e., 50
wt. % or more soft ionomer) produces softer compression
and higher spin rates than the golf balls comprised of high
acid inner cover layers. Consequently, use of blends of low
acid ionomer resins to produce the inner layer of a multi-
layer covered golf ball, produces not only enhanced travel
distance but also enhanced compression and spin properties.

EXAMPLE 6

Multi-layer oversized golf balls were produced utilizing
different ionomer resin blends as the inner cover layer (i.e.,
core plus inner cover layer is defined as “mantle”). The “ball
data™ of the oversized multi-layer golf balls in comparison
with production samples of “Top-Flite® XL and Top-
Flite® Z-Balata” is set forth below.

The results indicate that use of multi-layer covers
enhances C.O.R. and travel distance. Further, the data shows
that use of a blend of low acid ionomer resins (i.e., “Top
Grade™) to form the inner cover layer in combination with a
soft outer cover (“ZB" or “SD”) produces enhanced spin and
compression characteristics. The overall combination results
in a relatively optimal golf ball with respect to characteris-
tics of travel distance, spin and durability.

EXAMPLE 7

Golf balls 7-1, 7-2, 7-3 and 7-4 having the formulations
shown on Table 22 were formed.

TABLE 22
Chemical Component 7-1 7-2 7-3 7-4
Core Data
Size 147" 147" 147 147"
Weight 327g 327g 27g 27g
PGA Compression 70 60 70 60
COR .780. 770 .780 770
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The balls of Example 7-2 were tested by a number of
professional quality golfers using a driver, S-iron, 9-iron,
and sand wedge or pitching wedge. Each player used his

Chemical Component  7-1 72 7-3 7-4 i
. - s own clubs and hit both the balt of Example 7-2 and a control
it . . .
EELLLL ball, which was the 1995 two-piece Top-Flite® Tour
High Cis polybutadiene 100 100 100 100 Z-balata 90. The Z-balata 90 has a 1.545" core of about 36.8
Zinc oxide 30.5 31.6 30.5 31.6 : :
Core regrind 16 16 16 16 g with a PGA compression of about 80 and a COR of about
Zinc stearate 16 16 16 16 "0.794. The cover of the Z-balata 90 is about 0.068 in. thick,
Zine dincrylate 22 20 22 20 10 and is a blend of lotek® 8000 and lotek® 7510 with or
Initiator 0.9 0.9 0.9 0.9 . -
Inner Cover Layer_ without master batch containing lotek® 7030. The cover has
i 57 L57 157 57 a shore D hardness of about 55. The ball has a PGA
ize S g g 57 -
Weight Wo4g  IWag I84g  Iag compression of about 79 and a COR of about 0.788. Each
PGA Compression 83 75 83 75 15 player hit six of the balls of Example 7-2 and six Z-balata
COR 801 795 801 795 control balls one time each. For each shot, measurements
Thickness 0.050"  0.050"  0050"  0.050" A : 1 Shoh,
Hardness (Shore C/D) ~ 97/70 97/70 97/70 97/70 were made of the initial launch conditions of the golf ball,
Composition including launch angle and ball speed. Furthermore, spin
Totek ® 1002 50% 50% 50% 50% 2 rates at initial launch, carry distance, and total distance were
g:;ka?:lomL 0% . 30% 50% 50% measured. The players hit full shots with the driver (1W),
Vi ! N . . . .
e S-iron (51) and 9-iron (91). With the sand wedge or pitching
Hardness (Shore C/D)  71/46 71/46 71/46 71/46 wedge (SW), the players hit about 30 yard chip shots. Data
Thickness < 005"  0.0SS" 0055  0.055" L : . . Cem
Comnosition , points were removed if determined to be “wild points.” A
i 25 point was said to be wild if it fell outside 2 standard
lotek ® 7510 92.8% - 928%  42% 2% - : f -
loek ® 7520 - 4% % deviations of‘ the 6'h|t average. Initial laufnch conditions
Totek ® 7030 7.2% 7.2% 7.3% 7.3% were determined using a highly accurate high speed stop
Jotek ® 8000 8.7% 8.7% action video photography system. The results are shown on
Whitener Package . . '
——— 30 Table 23.
Unitane ™ 0-110 23phe 23phr 23phr 23 phr As shown on Table 23, multi-layer ball 7-2 was longer
Eastobrite ® OB1 0.025 phr  0.025 phr  0.025 phr 0,025 phr than the Z-bal | 'when hit with @ S-iron b i
Ultra Marine Blue ™ 0.042 phr  0.042 phr 0,042 phr  0.042 phr an the Z-balata control when hit with a >-iron but only
Santonox ® 0.004 phr  0.004 phr  0.004 phr  0.004 phr slightly longer than the Z-balata ball using a driver and
Final Ball Dats 9-iron. The multi-layer ball 7-2 and the two-piece control
Size 1.68" 1.68" 1.68" 1.68" 35 were generally the same in overall distance using a driver. In
Weight 454  454g  454g  4S4g each case, the multi-layer ball 7-2 had a higher spin rate off
FGA Compression 8 8 8 . the 30-yard chip shot than the Z-balata. The spin rate of the
COR 793 785 793 785 Y p Sh ’ P
ball of Example 7-2 was an average of 11.6% higher than the
spin rate of the Z-balata control in the 30 yard chip shot.
TABLE 23
2-Piece Control 7-2
LA DBS. Spin Camy Tosl LA. BS. Spin Cary Total
Player Club (deg) (fps) (rpm) (yds) (yds) (deg) (fps) (pm) (yds) (yds)
1 IW 104 2622 3537 2725 2889 100 2623 3247 271.6 2922
2 IW 95 2401 3124 2381 253.6 89 2383 2935 2363 2574
3 1W 8.6 2588 3695 2541 2599 63 251.2 3357 247.6 2608
4 1W 109 2526 2639 271.6 289.8 12.5 2514 3066 279.0 296.7
'S IW 95 2117 3627 237.2 2552 94 2087 3415 2350 2598
6 IW 102 2420 3105 263.8 2832 110 2439 2903 267.6 2884
7 IW IL5 2149 3089 2654 2790 1.6 2126 3165 2629 2744
8 IW 97 2395 3129 263.6 288 9.3 2353 2884 257.2 2768
9 1W 117 2112 2939 2314 2558 113 2085 .2032 2222 2443
10 1W 102 2440 2797 2433 2502 97 239.6 3072 2368 2511
1m W, 247.4 2638 138 2158 3916 2454 2688
Ave. 102 2377 3168 253.5 2698 103 2334 3090 2511 270.1
1 SI 124 2073 5942 1983 2098 118 2063 S507 1962 2078
2 st <1783 1842 149 1994 5094 1822 1878
3 SI 109 1968 6462 1852 1889 115 1970 6009 1874 193.4
4 SI 144 2055 6683 207.8 2137 147 2083 6601 207.5 217.8
s SI 13.6 1833 6734 1829 1894 142 1809 6380 1842 1907
6 SI 124 2045 S771 201.0 2105 129 2084 S414 2080 2183
7 SI 141 1843 6013 1948 198.1 131 1827 6000 1929 2000
8 SI 128 187.2 6149 (880 2003 131 1916 6183 1917 2020
9 SI 132 1765 6000 168.2 173.7 13.6 1725 6166 169.7 1743
10 SI 139 1999 7214 1752 1782 149 1991 6237 169.0 170.2
11 51

142 1795 6669 1819 187.8 157 1812 5338 184.0 1907
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TABLE 23-continued
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2-Picce Control 7-2

LA. BS. Spin Camy Total LA. B.S. Spin Carry Total
Player Club (deg) (fps) (rpm) (vds) (yds) (deg) (fps) (rpm) (yds) (yds)
Ave. 132 1925 6364 1874 1941 137 1934 5903 1884 195.7
1 91 200 168.1 9865 1525 159.5 204 1722 9210 1534 159.6
2 91 218 1659 9770 1327 137.0 23.0 1647 8949 132.7 134.6
3 9l 199 1543 10764 1288 1343 199 1565 1061 1298 135.0
4 9l 227 1664 10551 146.0 1488 239 1657 9990 150.3 154.2
S 91 221 1474 9682 137.1 1381 22.2 1485 9324 1393 1417
6 91 194 169.7 8939 1533 1580 19.7 1682 8588 156.2 163.5
7 91 204 1511 9899 1475 150.0 21.6 150.3 9084 148.6 151.3
8 91 185 1430 9408 142.0 1475 183 1418 9038 141.2 1448
9 91 200 1345 9124 1249 1288 201 1329 8834 1250 1289
10 9l 232 1561 10603 122.7 1241 23.2 1556 11017 1162 116.3
11 91 21,5 1494 9729 131.0 1345 234 1517 8686 133.3 1368
Ave, 209 1551 9849 138.0 1419 214 1553 - 9353 138.7 1424
1 SW 292 564 5647 248 SB9 6679
2 ' SW 266 574 5446 252 578 5647
3 SW 258 641 4925 243 635 5550
4 SW 309 609 5837 311 579 6158
5 SW 203 567 4152 190 563 4288
6 SW 343 571 3798 324 615 4700
7 SW 305 515 4712 293 523 5374
Ave. 282 677 4931 26.6 S83 6485

EXAMPLE 8

The ball of Example 7-2 was compared to a number of
competitive products in distance testing using a driving
machine in which the ball was struck with a club. The results
are shown on Table 24 below. The distance test shows that
Example 7-2 about the same distance as the Z-balata 90
control and longer than the Titleist® HP-2 Tour (soft cov-
ered two-piece) and Titleist® Tour Balata 100 ball (Balata
covered wound ball). The other balls that were tested include
the Maxfli® (Dunlop) XS1 00, Maxfli® (Dunlop) XF100,
.and the GIGA Top-Flite® golf ball sold by in Japan. In Table

24, the ball of Example 7-2 is the longest ball.
TABLE 24
‘Distance Report
Test Number: 131951 Club Head Speed:  157.35
Club Name: TFT 10.5 DEG MW No. Balls/Type: 10
(Driver)
Average Test Conditions:
Launch Angles (Deg.): 9.6
Ball Speed (fps): 2179
Spin Rate (rpm): 3390
Turf Condition: FIRM
Wind (mph/dir): 255 135.20
Temp/RH (deg/%): 0.61 91.59
P-Bar (mbar): 1015
Car Ctr T T

Ball Type Traj PTime Carry Diff Dev  Roll Dist Diff

HP2TOUR 8.7 6.0 2304 -41 30 99 2403 -43
ZB%0 90 61 2318 -2.7 54 9.1 2410 =36
GIGA 88. 60 235 00 57 102 2446 00
Example 7.2 8.3 59 2296 -49 38 1Ll 2407 -39
Titleist Tour 9.2 62 2292 -53 1718 7.8 2369 -7.7
Balata 100

Test Number: 0203963  Club Head Speed: 126.18
Club Name: TFT 5§ IRON  No. Balls/Type: 12
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TABLE 24-continued

Distancc Report

Average Test Conditions:

Launch Angles (Deg.): 14

Ball Speed (fps): 180.1

Spin Rate (rpm): 5424

Turf Condition: FIRM

Wind (mph/dir): 6.23 171.38

Temp/RH (deg/%): . 62.20 98.16

P-Bar (mbar): 1015

Car Cir T T
Ball Type Traj PTime Carry Dif Dev  Roll Dist Diff
HP2TOUR 25.3 60 1560 -74 -30 1.5 1575 -95
ZB90 252 60 1571 -63 -33 22 1593 -17
GIGA 250 6.0 1622 =12 -3.1 29 1651 ~-19
Example 7-2  23.5 60 1634 00 -33° 37 1670 00
Titleist Tour ~ 23.9 60 1587 -47 -23 25 16L2 ~58
Balata 100
ZB 100 26.1 60 1556 -78 -45 20 1576 -94
XS 100 239 60 1613 -23 -56 2.6 1639 =31
XF 100 24.5 60 1520 -11.4 -62 1.6 1537 -133
EXAMPLE 9

A number of golf ball cores having the following formu-

lation were made:
Parts

High-cis polybutadiene
Zinc oxide

Core regrind

Zinc stearatc

Zinc diacrylate
Peroxide (231 x1)

100

30
16
16
21

0.9

The cores had a diameter of 1.470"', a weight of 325 g, a
PGA compression of 57 and a COR of 0.768.
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The cores were divided into four sets and each set was
covered with one of the mantle formulations shown below in TABLE 27
Table 25.
‘ _ ' _COVER FORMULATIONS
5
‘TABLE 25 Cover Type X Y Z
MANTLE FORMULATIONS lotek ® 7520 (g) 1660 1480 1300
Mantle Type A B c D (control) Iotek ® 7510 (g) 1660 1480 1300
10 Totek ® 8000 (g) 304 664 1024
Surlyn ® 8940 (g) 656 880 1610 — Totek ® 7030 (g) 282 282 282
Surlyn ® 9910 (g) 1964 2180 535 — Whitener package (g) 94 94 94
Surlyn ® 8120 (g) 300. 160 475 —
Surlyn ® 8320 (g) 700 400 1000 -
lotek ® 7030 (g) 380 380 380 - The balls had the mantlc and cover combinations and
properties shown below on Table 28.
TABLE 28
Ball Properties
Example No.
91 92 93 94 95 96 97 98 99 910 911 912
Mae A A A B B B € € € D D D
Caver X Y Z X Y Z X Y Z X Y Z
Size 1.682 1.681 1.6B2 1.68216.82 1.682 1.682 1.682 1.681 1.682 1.682 1.681
(inch)
Weight ~ 45.68 45.57 45.58 45.77 45.62 45.58 45.63 45.58 45.48 45.67 45.65 45.57
® .
PGA 735 743 747 774 767 763 708 719 733 795 80 . 825
Comp.
COR 7639 .7665 .7680 .7701 .7703 .7704 .7607 .7630 .7661 7771 .7798 7839
std. 0041 0027 .0037 0077 .0034 .0023 .0037 .0030 .0028..0034 .0028 .0020
Dev.
COR )
ShoreC 71 76 8 71 76 8 70 76 8 71 76 8l
ShoreD 48 SO 53 46 SO 53 46 49 52 47 41 S3
Ball 9-10 was the control.
TABLE 25-continued The results from Table 28 demonstrate that a multi-layer
- 40 ball having a mantle hardness of 60 D or greater (Ex.
MANILE TORMILALONS 9.7,9-8, 9-9), and preferably 63 D (Ex. 9-1, 9-2, 9-3) or
Mantle Type A B c D (control) greater give a ball having a COR of at least 0.761 (Ex. 9-7)
and while a harder mantle (Ex. (9-4, 9-5, 9-6, 9-10, 9-11,
{g:"’;: iggg ES) - - - gggg 9-12) will generally give higher COR, it also contributes to
c 8 _ _ 45 a harder PGA compression. Versus the control ball (Ex.

The mantle covered cores had the following ﬁhysica]
properties:

TABLE 26 50
MANTLE-COVERED CORES
A B C D
Size (Pole) (Inches)  1.577 1.576 - 1572 1.573 55
Weight (g) - 38.6 38.5 38.3 384
PGA Compression 7 74 70 76
COR 7795 831 7768 7946
Std. Dev. COR 0051 0026 0016 0012
Shore C 92 94 90 97
Shore D 62 65 61 70
60
Each set of mantle-covered cores was divided into three
subscts and a cover layer having onc of the cover formula-
tions shown below on Table 27 was formed over the mantled
cores. The “whitener package™ on Table 27 consists of White 65

MB, the composition of which was previously described
herein. :

9-10) it is demonstrated that softer compressions can be
obtained with slightly softer mantles while maintaining a
good COR. Likewise versus the control, higher COR balls
may be designed (Ex. 9-11, 9-12) that still have a rclatively
soft compression for good feel. :

EXAMPLE 10

A number of golf balls were made having the core and
cover formulations and the physical properties shown on
Tables 29 and 30. The balls of Examples 10-1, 10-2 and 10-5
are part of the invention. The balls of Examples 10-3, 10-4
and 10-6 are controls based upon the cover layer chemistry
of comparative Example 2 of U.S. Pat. No. 5,586,950. The
balls of Example 10-4 are replicas of comparative Example
2 of U.S. Pat. No. 5,586,950.

For all of the balls, the cores were molded and centerless
ground to the appropriate size. The mantles of Examples
10-1 to 10-4 were injection molded in a 1.63" injection
mold. The mantles for the balls of Examples 10-5 and 10-6
also were injection molded. All of the outer cover layers
were injection molded. ’
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TABLE 29
Corc Data Ex. 10-1  Ex.10-2 Ex.10-3 Ex.10-4 Ex. 10-5 Ex. 10-6
Core Types (See Table 2) A A A A ‘B B
Mantle Data 1.50 1.50 1.50 1.50 147 1.47
Ingredients phr phr phr phr phr phr
lotek ® 1002 50 _ 50 — 50 50
Totek ® 1003 50 —_ 50 — 50 50
Surlyn ® 9910 — 50 — 50 — —
Surlyn ® 8940 — 35 — 35 — -
Surlyn ® 8920 — 15 — 15 — —
TiO, 2 2 2 2 - —
Diameter (in.) 1.625 1.625 1.625 1.625 .1.57 1.57
Thickness (in.) 0.063 0.063 0.063 0.063 0.050 0.050
Shore C/D Handness 97/70 96/68 97/70 96/68 97/70 97/70
(measured on ball) :
‘Cover Data
Caver Type (see Table 2) # #l #2 #2 #1 #2
Size (in.) 1.70 1.70 1.70 1.70 1.68 1.68
Thickness (in.) 0.038 0.038 0.038 0.038 0.055 0.055
Shore C/D Hardness 75/49 75/49 84/57 83/57 72/48 83/56
(measured on ball)
Compression (Rhiele) 63 66 60 63 83 80
COR 800 795 805 798 779 787
the angle of trajectory and environmental conditions are not
TABLE 30 determinants controllable by golf ball producers and the ball
size and weight are set by the U.S.G.A., these are not factors
Core Formulations Cover Formulations 55 of concern among golf ball manufacturers. The factors or
Materials (Bhr) A B Mterials phy)  #1  #2 determinants of interest with respect to improved distance
- are generally the coefficient of restitution (COR) and the
B:} Lﬁ?dgﬂf)h cis 73 70 lotek ® 8000 85 — surface configuration (dimple pattern, ratio of land area to
Takdene ® 220 (High cis 27 30 loek®7s10 41 —  dimplearea, etc) of the ball. .
polybutadiene) : 35 The COR of solid core balls is a function of the compo-
%iélcROxifded fS'S ?; 5 ﬁtek ®b752l?C 4; s = sition of the core and of the cover. The core and/or cover
CRrIN aster batc . — 1 1 1
Zine ngte 0 16 Swiyn®1557  — 10 ;nay be comprised of one or more layers such as in multj-
Zinc Discrylate 26 20 Sulyn®1855 — 20 ayerec} })alls. In l_)alls containing a wound core (i.e., balls
Master batch A 015 — Sulyn®8265 — 20 comprising a liquid or solid center, elastic windings, and a
Master batch B — 015Surlyn®8269 — S0 40 cover), the coefficient of restitution is a function of not only
Luperco ® 231 XL peroxide 0.9 09 TiO2 - 2 the composition of the center and cover, but also the
composition and tension of the elastomeric windings. As in
Definitions the solid core l?alls, the center and cover of a wound core ball
may also consist of one or more layers. The COR of the golf
Coefficient of Restitution 45 balls of the present invention is a function of the composi-
As is apparent from the above discussions, two principal tion and physical properties of the core and cover layer
properties involved in golf ball performance are resilience materials such as flex modulus, hardness and particularly,
and PGA compression. The resilience or coefficient of their resilience, i.e. ability 1o quickly recover from a high
restitution (COR) of a golf ball is the constant *e,” which is impact deformation.
the ratio of the relative velocity of an elastic sphere after s0  The coefficient of restitution is the ratio of the outgoing
direct impact to that before impact. As a result, the COR velocity to the incoming velocity. In the examples of this
(“e™) can vary from 0 to 1, with 1 being equivalent to a application, the coefficient of restitution of a golf ball was
perfectly or completely elastic collision and 0 being equiva- measured by propelling a ball horizontally at a speed of
lent to a perfectly or completely inelastic collision. 12525 feet per second (fps) and corrected to 125 fps against
COR, along with additional factors such as club head 55 a generally vertical, hard, flat stecl plate and measuring the
speed, club head mass, ball weight, ball size and density, ball’s incoming and outgoing velocity electronically. Speeds
spin rate, angle of trajectory and surface configuration (i.e., were measured with a pair of Oehler Mark 55 ballistic
dimple pattern and area of dimple coverage) as well as screens available from Oehler Research, Inc., P.O. Box
environmental conditions (e.g. temperature, moisture, atmo- 9135, Austin, Tex. 78766, which provide a timing pulse
spheric pressure, wind, etc.) generally determine-the dis- 60 .when an object passes through them. The screens were
tance a ball will travel when hit. Along this line, the distance separated by 36" and are located 25.25" and 61.25" from the
a golf ball will travel under controlled environmental con- rebound wall. The ball speed was measured by timing the
ditions is a function of the speed and mass of the club and pulses from screen 1 to screen 2 on the way into the rebound
size, density and resilience (COR) of the ball and other wall (as the average speed of the ball over 36"), and then the
factors. The initial velocity of the club, the mass of the club 65 exit speed was timed from screen 2 to screen 1 over the same

and the angle of the ball's departure are essentially provided
by the golfer upon striking. Since club head, club head mass,

distance. The rebound wall was tilted 2 degrees from a
vertical plane to allow the ball to rebound slightly downward
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in order to miss the edge of the cannon that fired 1t The
rebound wall is solid steel 2.0 inches thick.

As indicated above, the incoming speed should be 1255
fps but corrected to 125 fps. The correlation hetween COR
and forward or incoming speed has been studied and a
correction has been made over the +5 fps range so that the
COR s reported as if the ball had an incoming speed of
exactly 125.0 fps.

The coefficient of restitution must be t.arefully conu'o]]ed
in all commercial golf balls if the ball is to be within the
specifications regulated by the United States Golf Associa-
tion (U.S.G.A.). As mentioned to some degree above, the
U.S.G.A. standards indicatc that a “rcgulation™ ball cannot
have an initial velocity exceeding 255 feet per second in an
atmosphere of 75° . when tested on a U.S.G.A. machine.
Since the coefficient of restitution of a ball is related to the
ball’s initial velocity, it is highly desirable to produce a ball
having sufficiently high coefficient of restitution to closely
approach the U.S.G.A. limit on initial velocity, while having
an ample degree of sofiness (i.e., hardness) to produce
enhanced playability (i.e., spin, etc.).

PGA Compression

PGA compression is another important property involved
in the performance of a golf ball. The compression of the
ball can affect the playability of the ball on striking and the
sound or “click” produced. Similarly, compression can affect
the “feel” of the ball (i.e., hard or soft responsive feel),
particularly in chipping and pultmg

Moreover, while compression itself has little bearing on

. the distance performance of a ball, compression can affect

the playability of the ball on striking. The degree of com-
pression of a ball against the club face and the softness of the
cover strongly influences the resultant spin rate. Typically, a
softer cover will produce a higher spin rate than a harder
cover. Additionally, a harder core will produce a higher spin
rate than a softer core. This is because at impact a hard core
serves to compress the cover of the ball against the face of
the club to a much greater degree than a soft core thercby
resulting in more “grab” of the ball on the clubface and
subsequent higher spin rates. In effect the cover is squeezed
between the relatively incompressible core and clubhead.
When a softer core is used, the cover is under much less
compressive stress than when a harder core is used and
therefore does not contact the clubface as intimately. This
results in lower spin rates. The term “compression” utilized
in the golf ball trade generally defines the overall deflection
that a golf ball undergoes when subjected to a compressive
load. For example, PGA compression indicates the amount
of-change in golf ball’s shape upon striking.

In the past, PGA compression related to a scale of from 0
to 200 given to a golf ball. The lower the PGA compression
valug, the softer the feel of the ball upon striking. In practice,
tournament quality balls have compression ratings around
70-110, preferably around 80 to 100.

In determining PGA compression using the 0-200 scale,
a standard force is applied to the external surface of the ball.
A ball which exhibits no deflection (0.0 inches in deflection)
is rated 200 and a ball which deflects %ioth of an inch (0.2
inches) is rated 0. Every change of 0.001 of an inch in
deflection represents a 1 point drop in compression. Conse-
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example, PGA compression is determined by an apparatus
fashioned in the form of a small press with an upper and
lower anvil. The upper anvil is at rest against a 200-pound
die spring, and the lower anvil is movable through 0.300
inches by means of a crank mechanism. In its open position
the gap between the anvils is 1.780 inches allowing a
clearance of 0.100 inches for insertion of the ball. As the
lower anvil is raised by the crank, it compresses the ball
against the upper anvil, such compression occurring during’
the last 0.200 inches of stroke of the lower anvil, the ball
then loading the upper anvil which in turn loads the spring.
The cquilibrium point of the upper anvil is measurcd by a
dial micrometer if the anvil is deflected by the ball more than

‘0.100 inches (less deflection is simply regarded as zero

compression) and the reading on the micrometer dial is
referred to as the compression of the ball. In practice,
tournament quality balls have compression ratings around
80 to 100 which means that the upper anvil was deflected a
total of 0.120 to 0.100 inches.

An example to determine PGA compression can be shown
by utilizing a golf ball compression tester produced by Atti
Engineering Corporation of Newark, N.J. The value
obtained by this tester relates to an arbitrary value expressed
by a number which may range from 0 to 100, although a
value of 200 can be measured as indicated by two revolu-
tions of the dial indicator on the apparatus. The value
obtained defines the deflection that a golf ball undergoes
when subjected to compressive loading. The Atti test appa-
ratus consists of a lower movable platform and an upper
movable spring-loaded anvil. The dial indicator is mounted
such that it measures the upward movement of the spring-
loaded anvil. The golf ball to be tested is placed in the lower
platform, which is then raised a fixed distance. The upper
portion of the golf ball comes in contact with and exerts a
pressure on the springloaded anvil. Depending upon the
distance of the golf ball to be compressed the upper anvil is
forced upward against the spring.

Alternative devices have also been employed to determme
compression. For example, Applicant also utilizes a modi-
fied Riehle Compression Machine originally produced by
Richle Bros. Testing Machine Company, Phil., PA to cvalu-

" ate compression of the various components (i.e., cores,
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quently, a ball which deflects 0.1 inches (100x0.001 inches) '

has a PGA compression value of 100 (i.e., 200-100) and a
ball which deflects 0.110 inches (110x0.001 inches) has a
PGA compression of 90 (i.e., 200~110).

In order to assist in the determination of compression,
several devices have been employed by the industry. For

65

mantle cover balls, finished balls, etc.) of the golf balls. The
Riehle compression device determines deformation in thou-
sandths of an inch under a load designed to emulate the 200
pound spring constant of the Atti or PGA compression
testers. Using such a device, a Riehle compression of 61
corresponds to a deflection under load of 0.061 inches.

Additionally, an approximate relationship between Riehle
compression and PGA compression exists for balls of the
same size. It has been determined by Applicant that Richlc
compression corresponds to PGA compression by the gen-
eral formula PGA compression=160-Richle compression.
Consequently, 80 Riehle compression corresponds to 80
PGA compression, 70 Riehle compression corresponds to 90
PGA compression, and 60 Riehle compression corresponds
to 100 PGA compression. For reporting purposes, Appli-
cant’s compression values are usually measured as Riehle
compression and converted to PGA compression.

Furthermore, additional compression devices may also be
utilized to monitor golf ball compression so long as the
correlation to PGA compression is know. These devices
have been designed, such as a Whitney Tester, to correlate
or correspond to PGA compression through a set relation-
ship or formula.-
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Shore D Hardness i

~ As used herein, “Shore D hardness™ of a cover is mea-
sured generally in accordance with ASTM D-2240, except
‘the measurements are made on the curved surface of a
molded cover, rather than on a plaque. Furthermore, the
Shore D hardness of the cover is measured while the cover
remains over the corc. When a hardness measurement is
made on a dimpled cover, Shore D hardness is measured at
a land area of the dimpled cover.

Fillers

In a particularly preferred form of the invention, at least
one layer of the golf ball contains at least 0.01 parts by
weight of a filler. Fillers preferably are used to adjust the
density, flex modulus, mold release, and/or melt flow index
of a layer. More preferably, at least when the filler is for
adjustment of density or flex modulus of a layer, it is present
in an amount of at least five parts by weight based upon 100
parts by weight of the layer composition. With some fillers,
up to about 200 parts by weight probably can be used.

A density adjusting filler according to the invention
preferably is a filler which has a specific gravity which is at
least 0.05 and more preferably at least 0.1 higher or lower
than the specific gravity of the layer composition. Particu-
larly preferred density adjusting fillers have specific gravi-
ties which are higher than the specific gravity of the resin
composition by 0.2 or more, even more preferably by 2.0 or
more.

A flex modulus adjusting filler according to the invention
is a filler which, when used in an amount of e.g. 1-100 parts
by weight based upon 100 parts by weight of resin compo-
sition, will raise or lower the flex modulus (ASTM D-790)
of the resin composition by at least 1% .and preferably at
least 5% as compared to the flex modulus of the resin
composition without the inclusion of the flex modulus
adjusting filler.

A mold release adjusting filler is a filler which allows for
the easier removal of a part from a mold, and eliminates or
reduces the need for external release agents which otherwise
could be applied to the mold. A mold release adjusting filler
typically is used in an amount of up to about 2 wt % based
upon the total weight of the layer.

A melt flow index adjusting filler is a filler which
increases or decreases the melt flow, or ease of processing of
the composition.

The layers may contain coupling agents that increasc
adhesion of materials within a particular layer e.g. to couple
a filler to a resin composition, or between adjacent layers.
Non-limiting examples of coupling agents include titanates,
zirconates and silanes. Coupling agents typically are used in
amounts of 0.1-2 wt % based upon the total weight of the
composition in which the coupling agent is included.

A density adjusting filler is used to contro] the moment of
inertia, and thus the initial spin rate of the ball and spin
decay. The addition in one or more layers, and particularly
in the outer cover layer of a filler with a lower specific
- gravity than the resin composition results in a decrease in
moment of inertia and a higher initial spin rate than would
result if no filler were used. The addition in one or more of
the cover layers, and particularly in the outer cover layer of
a filler with a higher specific gravity than the resin compo-
sition, results in an increase in moment of inertia and a lower
initial spin ratc. High specific gravity fillers are preferred as
less volume is used to achieve the desired inner cover total
weight. Nonreinforcing fillers are also preferred as they have
minimal effect on COR. Preferably, the filler does not
chemically react with the resin composition to a substantial
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degree, although some reaction may occur when, for
example, zinc oxide is used in a shell layer which contains
some ionomer. .

The density-increasing fillers for use in the invention
preferably have a specific gravity in the range of 1.0-20. The
density-reducing fillers for use in the invention preferably
have a specific gravity of 0.06-1.4, and more preferably
0.06-0.90. The flex modulus increasing fillers have a rein-
forcing or stiffening effect due to their morphology, their
interaction with the resin, or their inherent physical proper-
ties. The flex modulus reducing fillers have an opposite
effect due to their relatively flexible properties compared to
the matrix resin. The melt flow index increasing fillers have
a flow enhancing effect due to their relatively high melt flow
versus the matrix. The melt flow index decreasing fillers
have an opposite effect due to their relatively low melt flow
index versus the matrix.

Fillers which may be employed in layers other than the
outer cover layer may be or are typically in a finely divided
form, for example, in a size generally less than about 20
mesh, preferably less than about 100 mesh U.S. standard
size, except for fibers and flock, which are generally elon-
gated. Flock and fiber sizes should be small enough to
facilitate processing. Filler particle size will depend upon
desired effect, cost, ease of addition, and dusting consider-
ations. The filler preferably is selected from the group
consisting of precipitated hydrated silica, clay, talc, ashestos,
glass fibers, aramid fibers, mica, calcium metasilicate,
barium sulfate, zinc sulfide, lithopone, silicates, silicon
carbide, diatomaccous carth, polyviny! chloride, carbonates,
metals, metal alloys, tungsten carbide, metal oxides, metal
stearates, particulate carbonaceous materials, micro bal-
loons, and combinations thereof. Non-limiting examples of
suitable fillers, their densities, and their preferred uses are as

follows:
TABLE 31

Filler Type Spec. Grav. Comments
Precipitated hydrated silica 2.0 1,2
Clay 2.62 1,2
Tale 2.85 1,2
Asbestos 2.5 1,2
Glass fibers 2.55 1,2
Aramid fibers (KEVLAR ®) 1.44 1,2
Mica 2.8 1,2
Calcium metasilicate 29 1,2
Barium sulfate 4.6 1,2
Zinc sulfide 4.1 1,2
Lithopone 4.2-43 1,2
Silicates 21 1,2
Silicon carbide platelets 3.18 1,2
Silicon carbide whiskers 3.2 1,2
Tungsten carbide 15.6 1
Diatomaceous earth 2.3 1,2
Polyviny! chloride 1.41 1,2
Carbonates
Calcium carbonate 2N 1,2

. Magnesium carbonate 2.20 )2
Metals and Alloys (powders)
Titanium 4.51 1
Tungsten 19.35 1
Aluminum 2.70 1
Bismuth 9.78 1
Nickel 8.90 1
Molybdenum 10.2 - 1
Iron 7.86 1
Steel 7.8-7.9 1
Lead 114 1,2
Copper 8.94 1
Brass 8.2-8.4 1
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TABLE 31-continued
Filler Type Spec. Grav, Comments
Boron 2,34 1
Roron carbide whiskers 2.52 1,2
Bronze 8.70-8.74 1
Cobalt " 8.92 1
Beryllium 1.84 1
Zinc 7.14 1
Tin 7.31 1
Metal Oxndes
Zinc oxide . 5.57 1,2
[ron oxide s.1 1,2
Aluminum oxide . 4.0
Titanium oxide 39-4.1 1,2
Magnesium oxide 3.3-3.5 1,2
Zirconium oxide 5.73 1.2
Metal Stearates
Zinc stearate 1.09 34
Calcium stearate 1.03 34
Barium stearate 1.23 - 34
Lithium stearate 1.0t 34
Magnesium stearate 1.03 34
Particulate carbonaceous materials
Graphite 1.5-1.8 1,2
Carbon black " 18 1,2
Natural bitumen 1.2-14 1,2
Cotton flock 1.3-14 1,2
Cellulose flock 1.15-1.5 1,2
Leather fiber 1.2-14 1,2
Micro balloons
Glass 0.15-1.1 1,2
Ceramic 0.2-0.7 1,2
Fly ash 0.6-0.8 1.2
Coupling Agents Adhesion Promoters
Titanates 0.95-1.17
Zirconates 1 0.92-1.11
Silane 0.95-1.2
COMMENTS:

1 Particularly useful for adjusting density of the cover layer.

2 Particularly useful for adjusting flex modulus of the cover layer.

3 Particularly useful for adjusting mold release of the cover layer.

4 Particularly useful for increasing melt flow index of the cover layer.

All fillers except for metal stearates would be expected to
reduce the melt flow index of the cover layer.

The amount of filler employed is primarily a function of
weight requirements and distribution.

The invention has been described with reference to the
preferred embodiment. Obviously, modifications and alter-
ations will occur to others upon reading and understanding
the proceeding detailed description. It is intended that the
invention be construed as including all such modifications
and alterations insofar as they come within the scope of the
appended claims or the equivalents thercof,

What is claimed is:

1. A golf ball comprising:

a solid core composed of a polybutadiene mlxture, the
solid core having a coefficient of restitution of 0.770 or
more, a diameter of 1.2 inches to 1.6 inches; and a PGA
compression of 70 or less;

an inner cover layer molded on the solid core, the inner
cover layer having a Shore D hardness of at least 60 as
measured on the curved outer surface thereof, and
including at least onc material sclected from the group
consisting of polyphenylene ether/ionomer blends,
ionomers, polyamides, polyurethanes, polyester elas-
tomers, polyester amides, metallocene catalyzed poly-
olefins, and blends thereof, the solid core and inner
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cover layer forming an inner ball having a coeflicient of
restitution of 0.790 or more, a diameter of 1.48 inches
to 1.66 inches, and a PGA compression of 90 or less;
and

an outer cover layer molded about the inner cover layer,
the outer cover layer having a Shore D hardness of no
more than 55 as measured on the curved surface
thereof, the outer cover layer composed of a thermo-
plastic polyester polyurethane;

wherein the golf ball having a spin factor of at least about
5, a PGA compression of 100 or less and a coefficient
of restitution of at least 0.770.

2. A golf ball comprising:

an inner ball, the inner ball comprising a core and an inner
‘cover layer disposed about the core, the core composed
of a polybutadiene mixture, the core having a coeffi-
cient of restitution of 0.770 or more, a diameter of 1.2
inches to 1.6 inches, and a PGA compression of 70 or
less, the inner cover layer composed of a polyurethane
material, the inner ball having a coefficient of restitu-
tion of at least 0.780; and

an outer cover layer disposed about the i inner ball, the
outer cover layer having a Shore D hardness of no more
than 55 as measured on the curved surface thereof, the
outer cover layer composed of a metallocene catalyzed
polyolefin material;

wherein the golf ball exhibits a coeflicient of restitution of
at least 0.770 and 8 PGA compression of 100 or less.

3. A golf ball comprising:

a core composed of a polybutadiene mixture, the solid
core having a coefficient of restitution of 0.770 or more,
a diameter of 1.2 inches to 1.6 inches, and a PGA
compression of 70 or less;

an inner cover layer disposed on the core, the inner cover
layer having a Shore D hardness of at least 60 as
measured on the curved outer surface thereof, and
comprising at least one material selected from the
group consisting of polyphenylene ether/ionomer
blends, polyamides, polyester elastomers, polyester
amides, metallocene catalyzed polyolefins, and blends
thereof, the core and inner cover layer forming an inner
ball having a coeflicient of restitution of 0.790 or more,
a diameter of 1.48 inches to 1.66 inches, and a PGA
compression of 90 or less; and :

an outer cover layer disposed about the inner cover layer,
the outer cover layer having a Shore D hardness of no
more than 55 as measured on the curved surface thereof
and comprising a material selected from the group
consisting of polyphenylene ether/ionomer blends,
polyamides, polyester elastomers, polyester amides,
metallocene catalyzed polyolefins, and blends thereof;

wherein the golf hall exhibits a PGA compression of 100
or less and a coefficient of restitution of at least 0.770.

4. A golf ball comprising:

a solid core formed from materials comprising at lcast one
polybutadiene, a zinc oxide and a zinc diacrylate, the
solid core having a coefficient of restitution of 0.770 or
more, a mass ranging from 30 grams to 40 grams, and
having a diametér of 1.2 inches to 1.6 inches;

an inner cover layer molded on the solid core, the inner
cover layer having a thickness ranging from 0.03 inch

. to 0.07 inch, the inner cover layer having a Shore D
hardness of at lcast 60 as measured on the curved outer
surface thereof, and comprising a blend of ionomers,
the blend of ionomers having at least one ionomer with
an acid content by weight of 17% to 25%, and 10% to
100% neutralization of the acids by metal ions selected
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from the group consisting of zinc, sodium and magne-
sium, the solid core and inner cover layer forming an
inner ball having a coeflicient of restitution of 0.790 or
more, and a diameter of 1.48 inches to 1.66 inches; and

an outer cover layer molded about the inner ball, the outer
cover layer comprising a polyurethane material, the
outer cover layer having a thickness ranging from 0.03
inch to 0.06 inch;.

wherein the golf ball has a coefficient of restitution of at
least 0.770 and a diameter of 1.680 inches or more.

5. A golf ball comprising:

a solid core composed of a polybutadiene mixture, the
solid core having a coefficient of restitution of 0.770 or
more, a diameter of 1.2 inches to 1.6 inches, and a PGA
compression of 70 or less;

an inner cover layer molded on the solid core, the inner
cover layer having a thickness ranging from 0.03 inch
to 0.07 inch, the inner cover layer having a Shoré D
“hardness of at least 60 as measured on the curved outer
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surface thereof, and comprising a blend of ionomers,
the blend of ionomers having at least one ionomer with
an acid content by weight of 17% to 25%, and 10% to
100% neutralization of the acids by metal ions selected
from the group consisting of zinc, sodium and magne-
sium, the solid core and inner cover layer forming an
inner ball having a coeflicient of restitution of 0.790 or
more, a diameter of 1.48 inches to 1.66 inches; and

an outer cover layer.molded about the inner ball, the outer
cover layer having a thickness ranging from 0.03 inch
to 0.06 inch, the outer cover layer composed of a
polyurethanc material;

~ wherein the golf ball having a diameter of 1.680 inches or

more, a PGA compression of 100 or less and a coeffi-
cient of restitution of at least 0.770.
6. The golf ball according to claim § wherein the inner

cover layer further comprises a metal fatty acid salt.
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