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UNITED STATES DISTRICT COURT
WESTERN DISTRICT OF WASHINGTON

AT SEATTLE
ACUSHNET COMPANY, a Delaware )
corporation, )
) Case No. 2:17-cv-1214
Plaintiff, )
) COMPLAINT FOR PATENT
V. ) INFRINGEMENT AND FALSE
)  ADVERTISING
COSTCO WHOLESALE CORPORATION, )
a Washington corporation, ) JURY TRIAL DEMANDED
)
Defendant. )
)

Plaintiff Acushnet Company (“Acushnet Company”), by and through undersigned
counsel, hereby submits this Complaint in this action for patent infringement and false
advertising against Costco Wholesale Corporation (“Costco”), and states and alleges the
following:

THE PARTIES

1. Acushnet Company is a Delaware corporation with its headquarters located at 333
Bridge Street, Fairhaven, Massachusetts 02719.
2. Upon information and belief, Costco is a Washington corporation with its

principal place of business at 999 Lake Drive, Issaquah, Washington 98027.
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JURISDICTION AND VENUE

3. This case arises under the patent laws of the United States, 35 U.S.C. § 101 et seq.
and the Lanham Act, 15 U.S.C. §§ 1051 et seq. Supplemental jurisdiction exists over Acushnet
Company’s state law claims pursuant to 28 U.S.C. § 1367(a).

4. This Court has subject matter jurisdiction over this case pursuant to 28 U.S.C. §§
1331, 1332, 1338, and 1367(a).

5. Upon information and belief, Costco purposefully directs its activities toward this
forum. Costco markets, advertises, offers to sell, sells and distributes infringing products, as
described below, throughout the United States, including the Western District of Washington.
Thus, Costco is subject to personal jurisdiction in this district.

6. Venue is proper in this district pursuant to 28 U.S.C. §§ 1391 and 1400(b). On
information and belief, Costco has a regular and established place of business in this district,
including its principal place of business at 999 Lake Drive, Issaquah, Washington 98027.

BACKGROUND

I. ACUSHNET COMPANY’S INDUSTRY-LEADING TITLEIST® GOLF
BALLS

7. Acushnet Company is the global leader in the design, development, manufacture
and distribution of performance-driven golf products, which are widely recognized for their
quality and excellence. Acushnet Company is driven by its focus on dedicated and discerning
golfers and the golf shops that serve them. Acushnet Company’s mission—to be the performance
and quality leader in every golf product category in which it competes—has remained consistent
since Acushnet Company entered the golf ball business in 1932. Among Acushnet Company’s
many industry-leading products are golf balls sold under the Titleist® brand name, including its

Titleist® Pro V1® and Pro V1x® golf balls.
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8. Acushnet Company has three company-owned golf ball manufacturing facilities
encompassing over 600,000 total square feet. Acushnet Company works hard to ensure that its
golf ball products are manufactured to have the highest quality possible. Acushnet Company
implements rigorous quality control measures to ensure that its golf ball products are
manufactured to meet or exceed high quality standards. For example, there are over 90 quality
checks for the Titleist® Pro V1® and 120 quality checks that go into the Titleist® Pro V1x® to
ensure that every ball is worthy of bearing the Titleist® brand.

0. Acushnet Company devotes significant resources each year on research and
development, including in particular on golf ball research and development. Acushnet Company
has approximately 80 scientists, chemists, engineers and technicians dedicated to golf ball
innovation. This commitment to innovation helps to ensure that Acushnet Company is on the
cutting edge of golf ball technology so that it can consistently deliver the highest quality and best
performing golf ball products.

10. Acushnet Company owns two state-of-the-art testing facilities in Acushnet,
Massachusetts and Oceanside, California to conduct robot testing and player testing. At these
facilities, Acushnet Company tests and gathers data and feedback to validate new products prior
to market launch.

11.  The Titleist® Pro V1® and Pro V1x® golf balls are covered by a large number of
patents owned by Acushnet Company, obtained as a result of Acushnet Company’s research and
development efforts.

12.  The Pro V1® ball’s spherically-tiled dimple design and three-piece construction
provide exceptional distance, superior short game control, and a soft feel. Shortly after

introduction of the Pro V1® in 2000, it became the most-used golf ball on the PGA Tour. The
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Pro V1® features technology covered by numerous patents owned by Acushnet Company.

13. The Pro V1x® ball likewise offers superior performance. It uses a spherically-
tiled dimple design and a four-piece construction. The Pro V1x® also features technology
covered by numerous patents owned by Acushnet Company.

14.  Titleist® Pro V1® and Pro V1x® golf balls are manufactured in the United States.

15. Through Acushnet Company’s experience, care, and service in producing and
providing its golf ball products, including its Titleist® Pro V1® and Pro V1x® golf balls, Acushnet
Company’s golf ball products have become widely known and have acquired a worldwide
reputation for excellence. This reputation for excellence is the result of the high quality of the
golf ball products, the unparalleled performance of the golf ball products, the technological
innovations (including patented innovations) that are embodied by the golf ball products, and the
goodwill Acushnet Company has developed with the purchasers of its golf ball products.

16. Acushnet Company’s golf ball products, including its Titleist® Pro V1® and Pro
V1x® golf balls, are considered the leading golf balls in the United States and worldwide. Indeed,
the packaging and advertising of Titleist® golf balls indicates that they are the “#1 ball in golf.”®
Consumers of golf equipment have come to associate the Titleist® brand with Acushnet
Company’s high standards of quality and performance.

17.  More professional golfers on worldwide professional tours trust their success to
Titleist® golf balls than any other brand golf ball. For example, from January 1, 2017 through
June 29, 2017, Titleist® Pro V1® and Pro V1x® golf balls were used 2,361 times in PGA Tour
tournaments, resulting in over $121M in earnings. The next leading brand was used only 355
times, for less than $23M in earnings. During the same time frame, Titleist® Pro V1® and Pro

V1x® golf balls were used 2,602 times in European Tour tournaments (the next leading brand

gg%%Lﬁ[I)I\\Ifgﬁ(%{{sfﬁ g EIIT INFRINGEMENT AND 1420 FHI;?}T ié’%’%ﬁﬁfm 4200
- P.0. BOX 91302
Case No. 2:17-cv-1214 SEATTLE, WA 98111-9402

206.223.7000 FAX: 206.223.7107
130947.0001/7038566.1




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Case 2:17-cv-01214 Document 1 Filed 08/10/17 Page 5 of 284

was used 311 times), 1,542 times in LPGA Tour tournaments (the next leading brand was used
151 times), 1,392 times in WEB.COM Tour tournaments (the next leading brand was used 217
times), and 751 times in Champions Tour tournaments (the next leading brand was used 102
times).

18.  In 2016, Titleist® Pro V1® and Pro V1x® golf balls were used by 81% of the
players at the U.S. Men’s Amateur Championship, 85% of the players at the U.S. Woman’s
Amateur Championship, 81% of the players at the NCAA Division I Men’s Championship and
91% of the players at the NCAA Division I Woman’s Championship. Amateur golfers are not
allowed to receive compensation for use or endorsement of any brand’s equipment and their
choice of the Titleist® Pro V1® and Pro V1x® golf balls validates the superior performance and
superior quality of these balls.

19. Titleist® golf balls also account for the highest numbers of sales of golf balls in
golf shops both on and off golf courses in the United States. For example, in 2015, Titleist® Pro
V1® and Pro V1x® golf ball sales accounted for over two-thirds of the premium performance
market segment (golf balls that are designed to maximize total performance across all product
attributes, including distance, short game spin and control, feel and durability).

20. By any meaningful measure, as shown above, the Titleist® brand is the leading
national brand of golf balls in the United States. Consumers of golf equipment, professional
golfers and those in the golf equipment industry have all come to recognize the Titleist® brand
as being the leading national brand.

II. COSTCO’S KIRKLAND SIGNATURE GOLF BALL

21. Upon information and belief, Costco does not own or lease a golf ball

manufacturing facility.
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22.  Upon information and belief, Costco does not own or lease a golf ball testing
facility.

23.  Upon information and belief, Costco does not employ any scientists, chemists,
engineers nor technicians dedicated to golf ball innovation.

24.  Upon information and belief, Costco began offering for sale in the United States
a golf ball it calls its “Kirkland Signature Golf Ball” in or around October 2016. The Kirkland

Signature Golf Ball is illustrated in the picture below:

25.  The packaging of the Kirkland Signature Golf Ball indicates that the golf balls are
manufactured in Korea.

26. The packaging of the Kirkland Signature Golf Ball indicates that “[e]very
Kirkland Signature product is guaranteed to meet or exceed the quality standards of the leading
national brands.” Costco refers to this statement as the “Kirkland Signature Guarantee” which
was misquoted as “meet or exceed the quality standards of leading national brands” in Costco’s
Complaint against Acushnet Holdings Corp. discussed below.

27. The Kirkland Signature Guarantee on the packaging of the Kirkland Signature
Golf Ball is likely to communicate to a significant number of consumers a claim that the Kirkland
Signature Golf Ball “meet[s] or exceed the quality standards” of Titleist® Pro V1® and Pro V1x®

golf balls, i.e. the leading national brand of golf balls. Indeed, upon information and belief, the
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Kirkland Signature Guarantee on the packaging of the Kirkland Signature Golf Ball is intended
to indicate such a claim to consumers.

28.  Upon information and belief, Costco introduced the Kirkland Signature Golf Ball
in an effort to draw business away from Acushnet Company, and used its Kirkland Signature
Guarantee to convince purchasers and potential purchasers of golf ball products that they should
purchase the Kirkland Signature Golf Ball instead of the Titleist® Pro V1® and Pro V1x® golf
balls, the leading national brand of golf balls.

29. There are no professional golfers on the PGA Tour, the European Tour, the LGPA
Tour, the WEB.COM tour, or the Champions Tour that used the Kirkland Signature Golf Ball in
any tournament from January 1, 2017 through June 29, 2017.

III. ACUSHNET COMPANY’S EXTENSIVE TESTING ILLUSTRATES THAT

ITS GOLF BALL PRODUCTS ARE SUPERIOR TO THE KIRKILLAND
SIGNATURE GOLF BALL

30. The essence of a good golf ball is one that travels far when hit with a driver or
other club from the tee (i.e., it is “long off the tee”), that has high back spin when hit with irons,
allowing the ball to stop on the green (i.e., it is “’soft around the greens”), and that holds up when
struck with a golf club many times (i.€., it is “durable”). The Titleist® Pro V1® and Pro V1x®
golfballs have all of these characteristics and are demonstrably superior to the Kirkland Signature
Golf Ball, despite Costco’s claim that its ball “meet[s] or exceed[s] the quality standards of the
leading national brands.” Indeed, as discussed in greater detail below, Acushnet Company has
performed testing that conclusively shows that Titleist® Pro V1® and Pro V1x® golf balls are
superior to the Kirkland Signature Golf Ball in performance and durability, and thus that Costco’s

Kirkland Signature Guarantee is false with respect to its golf ball products.

31. Upon information and belief, Costco did not perform any testing to support its
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claim that the Kirkland Signature Golf Ball “meet[s] or exceed[s] the quality standards” of the
Titleist® Pro V1® and Pro V1x® golf balls, the leading national golf balls, prior to offering the
Kirkland Signature Golf Ball to the public.

IV. THE TITLEIST® PRO V1® AND PRO VIX® GOLF BALLS

PERFORM SIGNIFICANTLY BETTER THAN THE KIRKLAND
SIGNATURE GOLF BALL

32. A well-recognized measure of performance of a premium golf ball is whether the
ball is (1) long off the tee when hit with a driver and (2) soft around the greens when hit with
irons, thus increasing scoring opportunities. In the head-to-head robot testing discussed below,
the Kirkland Signature Golf Ball was shorter off the tee and had less back spin than the Titleist®
Pro V1® and Pro V1x® golf balls. Thus, the Kirkland Signature Golf Ball did not perform as
well as the Titleist® Pro V1® and Pro V1x® golf balls.

33. In the Fall of 2016, Acushnet Company tested the performance (i.e., distance and
spin) of the Kirkland Signature Golf Ball and the Titleist® Pro V1® and Pro V1x® golf balls,
using testing robots and protocols Acushnet Company regularly uses in the ordinary course of its
business. The testing was performed by a robot that hit 36 samples of each type of ball with the
following golf clubs: a driver at settings to hit the Pro V1 golf ball at speeds of 130 mph, 140
mph, 150 mph (average speeds of recreational players), and 167 mph (the average speed of a
PGA Tour player); a 5 iron; an 8 iron; a full wedge; and a half wedge. For each hit with the
drivers, the distance the ball traveled through the air (“carry”) and the total distance it traveled
after rolling was measured. For each hit with the irons and wedges, the back spin of the ball was
measured.

34. Distance Performance. The results of the distance tests for the Kirkland

Signature Golf Ball and the Titleist® Pro V1® and Pro V1x® golf balls during Acushnet
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Company’s robot testing demonstrated that the Kirkland Signature Golf Ball travelled a shorter
distance than both the Titleist® Pro V1® and Pro V1x® golf balls for 130 mph drives; that the
Kirkland Signature Golf Ball travelled a shorter distance than both the Titleist® Pro V1® and Pro
V1x® golf balls for 140 mph drives; that the Kirkland Signature Golf Ball travelled a shorter
distance than both the Titleist® Pro V1® and Pro V1x® golf balls for 150 mph drives; and that the
Kirkland Signature Golf Ball travelled a shorter distance than both the Titleist® Pro V1® and Pro
V1x® golf balls for 167 mph drives.

35.  Back Spin Performance. The results of the back spin tests for the Kirkland

Signature Golf Ball and the Titleist® Pro V1® and Pro V1x® golf balls during Acushnet
Company’s robot testing demonstrated that the Kirkland Signature Golf Ball had less back spin
than both the Titleist® Pro V1® and Pro VI1x® golf balls for 5 iron shots; that the Kirkland
Signature Golf Ball had less back spin than both the Titleist® Pro V1® and Pro V1x® golf balls
for 8 iron shots; that the Kirkland Signature Golf Ball had less back spin than both the Titleist®
Pro V1% and Pro V1x® golf balls for full wedge shots; and that the Kirkland Signature Golf Ball
had less back spin than both the Titleist® Pro V1® and Pro V1x® golf balls for half wedge shots.
The performance testing discussed above illustrates that the Titleist® Pro V1® and Pro V1x® golf
balls perform significantly better than the Kirkland Signature Golf Ball. Moreover, the
performance testing discussed above establishes that the Kirkland Signature Golf Ball does not

“meet or exceed the quality standards” of Titleist® Pro V1® and Pro V1x® golf balls, as Costco

claims.
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V. THE TITLEIST® PRO V1® AND PRO Vi1X® GOLF BALLS ARE
SIGNIFICANTLY MORE DURABLE THAN THE KIRKLAND
SIGNATURE GOLF BALL

36. One well-recognized measure of durability of a golf ball is whether it remains
structurally sound when hit with a golf club many times. In the head-to-head testing discussed
below, the Kirkland Signature Golf Ball was far less durable than the Titleist® Pro V1® and Pro
V1x® golf balls. Indeed, over half of the Kirkland Signature Golf Balls tested by Acushnet
Company cracked or became structurally unsound before the testing could even be concluded.

37.  In the Fall of 2016, Acushnet Company tested the durability of the Kirkland
Signature Golf Ball and the Titleist® Pro V1® and Pro V1x® golf balls, using a testing protocol
Acushnet Company regularly uses in the ordinary course of its business. The testing was
performed by a machine that hits each golf ball multiple times and records the coefficient of
restitution for each hit. Thirty-six samples of each type of ball (Kirkland Signature, Pro V1%,
and Pro V1x®) were tested. After each hit, the coefficient of restitution of the ball was measured
in order to detect a failure. If a ball failed, the testing on that ball was concluded and the ball was
inspected to determine the cause of the failure.

38. The testing of the Kirkland Signature Golf Ball samples revealed that 50% of the
samples failed before the testing was three-quarters complete. According to Acushnet
Company’s standard durability testing protocol, the testing machine stops a durability test if half
of the samples fail. Thus, the testing of Kirkland Signature Golf Ball ceased before the testing
was three-quarters complete. Inspection of the failed balls revealed that the first part of the ball
to fail in the first failed ball was the inner cover. Of the 18 Kirkland Signature Golf Ball failures,
14 failures were due to defective inner covers and four failures were due to defective cores.

39.  The results of the testing of the Titleist® Pro V1® and Pro V1x® golf balls are
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drastically different. Only two of the 36 Pro V1® samples failed. The remaining 34 samples did
not fail. None of the Pro V1x® samples failed.

40. The durability testing discussed above illustrates that the Titleist® Pro V1® and
Pro V1x® golf balls are significantly more durable, and thus much more likely to remain intact
during a round of golf, than the Kirkland Signature Golf Ball. Indeed, the results are not even
close; the Kirkland Signature Golf Ball is of substantially lower quality and durability than the
Titleist® Pro V1® and Pro V1x® golf balls. Thus, the durability testing above illustrates that the
Kirkland Signature Golf Ball does not “meet or exceed the quality standards” of Titleist® Pro
V1® and Pro V1x® golf balls, as Costco claims.

VI. ACUSHNET’S LETTER AND COSTCO’S RESPONSE

41. On December 23, 2016, after Costco began offering its Kirkland Signature Golf
Ball for sale in the United States, and after Acushnet Company performed the testing described
above, Acushnet Company through its counsel sent a letter to Costco. The letter explained that
the Kirkland Signature Ball infringes certain patents owned by Acushnet Company, including
the patents asserted in this Complaint below. The letter also provided detailed exemplary claim
charts illustrating that the Kirkland Signature Ball infringes the patents. Furthermore, the letter
explained that Costco was making false advertising statements with respect to its Kirkland
Signature Golf Ball, in particular with respect to the Kirkland Signature Guarantee.

42. Costco replied and asked that Acushnet Company wait until April 6,2017 to allow
Costco to respond. Costco also stated in its reply that it would not sell the Kirkland Signature
Golf Ball during the period of the requested extension. In the interest of seeking to resolve the

dispute without the need for litigation, Acushnet Company complied, and waited for Costco’s

reSpOIlSC.
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43. To Acushnet Company’s surprise, on March 17, 2017, Costco filed a complaint
in this Court seeking a declaratory judgment of non-infringement and invalidity of patent rights
and seeking a declaration of no false advertising. Costco improperly named Acushnet Holdings
Corporation (“Acushnet Holdings”), Acushnet Company’s parent holding corporation, as the
defendant in its complaint. The case was assigned number 2:17-cv-423 (“the ‘423 Action”™).

44. The ‘423 Action is improper because there is no case or controversy between
Costco and Acushnet Holdings, as required for a declaratory judgment action. Acushnet
Company, not Acushnet Holdings, sent the letter to Costco accusing it of patent infringement and
false advertisement. Moreover, Acushnet Company owns the patents discussed in Acushnet
Company’s letter to Costco and asserted in this Complaint, as indicated on the face of the patents
and in the United States Patent & Trademark Office’s assignment records. As such, while
Acushnet Holdings separately responded to Costco’s complaint, Acushnet Company files this
Complaint to resolve the dispute between Costco and Acushnet Company.

45. Shortly after Costco filed the ‘423 Action, it indicated that it would resume sales
of the Kirkland Signature Golf Ball. Upon information and belief, Costco did in fact resume
importation into the United States and sales of the Kirkland Signature Golf Ball.

COUNT I: INFRINGEMENT OF THE ’638 PATENT

46. Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 45 as if fully set forth herein.

47. Acushnet Company is the owner by assignment of United States Patent No.
6,994,638 (“the 638 patent”), entitled “Golf Balls Comprising Highly-Neutralized Acid

Polymers,” which was duly and legally issued by the United States Patent and Trademark Office
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to Murali Rajagopalan and Michael J. Sullivan on February 7, 2006, a copy of which is attached
hereto as Exhibit A.

48. Costco, without authority, has made, used, offered to sell, sold, and/or imported
into the United States its Kirkland Signature Golf Balls (“the Accused Products”).

49.  The Accused Products incorporate or make use of the inventions covered by the
’638 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the ’638 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the *638 patent. Costco will continue to infringe the *638 patent
unless enjoined by this Court.

50.  Each of the Accused Products infringes at least claim 1 of the 638 Patent.
Specifically, the Accused Products include a core comprising a center and an outer core layer, as

shown in the following cross-sectional image:

The center comprises a thermoset polybutadiene rubber composition with a first hardness, and
the outer core layer comprises a polymer comprised of an acid group fully-neutralized by an
organic acid or a salt of the organic acid having a second hardness. The first hardness is from
about 50 Shore A to about 55 Shore D. The Accused Products also include an inner cover layer

made of an ionomer and an outer cover layer made of polyurethane.
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51.  The Accused Products have a first hardness that is less than the second Shore D
hardness by at least about 10 points.

52. Costco has had knowledge of the 638 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the *638
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the ’638 patent. Despite this knowledge, Costco
continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that
the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the 638 patent, Costco is liable for willful infringement and Acushnet Company
is entitled to enhanced damages under 35 U.S.C. § 284.

53.  Asadirect result of Costco’s infringement of the *638 patent, Acushnet Company
has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet
Company is without an adequate remedy at law.

54.  Acushnet Company is entitled to recover from Costco the damages sustained by
Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.

COUNT II: INFRINGEMENT OF THE ’593 PATENT

55. Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs

1 through 54 as if fully set forth herein.
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56.  Acushnet Company is the owner by assignment of United States Patent No.
8,025,593 (“the ’593 patent”), entitled “Multi-Layer-Core Golf Ball Having Highly-Neutralized
Polymer Outer Core Layer,” which was duly and legally issued by the United States Patent and
Trademark Office to Murali Rajagopalan and Michael J. Sullivan on September 27, 2011, a copy
of which is attached hereto as Exhibit B.

57.  The Accused Products incorporate or make use of the inventions covered by the
’593 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the ’593 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the 593 patent. Costco will continue to infringe the *593 patent
unless enjoined by this Court.

58.  Each of the Accused Products infringes at least claim 1 of the ’593 patent.
Specifically, the Accused Products include an inner core layer, an outer core layer, an inner cover

layer, and an outer cover layer, as shown in the following cross-sectional image:

The inner core layer comprises a thermoset rubber composition (for example, a thermoset
polybutadiene rubber) having a first surface hardness, the thermoplastic outer core layer is made
of a fully-neutralized ionomer having a second surface hardness and an inner surface hardness,

the inner cover layer is made of an ionomer, and the outer cover layer is made of polyurethane.
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59.  The Accused Products have a first surface hardness that is less than the second
surface hardness by at least 5 Shore C and less than the inner surface hardness by at least 5 Shore
C.

60. Costco has had knowledge of the 593 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the *593
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the ’593 patent. Despite this knowledge, Costco
continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that
the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the *593 patent, Costco is liable for willful infringement and Acushnet Company
is entitled to enhanced damages under 35 U.S.C. § 284.

61.  Asadirect result of Costco’s infringement of the *593 patent, Acushnet Company
has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet
Company is without an adequate remedy at law.

62.  Acushnet Company is entitled to recover from Costco the damages sustained by

Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.

COMPLAINT FOR PATENT INFRINGEMENT AND g ANEPOWELLRE
FALSE ADVERTISING - 16 ’
Case No. 2:17-cv-1214 SEATTLE. Wa 981119402

206.223.7000 FAX: 206.223.7107
130947.0001/7038566.1




Ne e e e

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Case 2:17-cv-01214 Document 1 Filed 08/10/17 Page 17 of 284

COUNT III: INFRINGEMENT OF THE 632 PATENT

63.  Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 62 as if fully set forth herein.

64.  Acushnet Company is the owner by assignment of United States Patent No.
8,123,632 (“the *632 patent”), entitled “Multi-Layer Golf Ball,” which was duly and legally
issued by the United States Patent and Trademark Office to Michael J. Sullivan, Derek A. Ladd,
William E. Morgan, and Herbert C. Boehm on February 28, 2012, a copy of which is attached
hereto as Exhibit C.

65.  The Accused Products incorporate or make use of the inventions covered by the
’632 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the 632 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the 632 patent. Costco will continue to infringe the 632 patent
unless enjoined by this Court.

66. Each of the Accused Products infringes at least claim 17 of the 632 patent.
Specifically, the Accused Products include an inner core layer, an outer core layer, an inner cover

layer, and an outer cover layer, as shown in the following cross-sectional image:
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The inner core layer is formed from a rubber composition (for example, a thermoset
polybutadiene rubber) and has a diameter between 1.100 and 1.400 inches, a center hardness of
50 Shore C or greater, and an outer surface hardness of 65 Shore C or greater. The inner cover
layer is formed from a thermoplastic composition and has a material hardness between 80 Shore

C and 95 Shore C. The outer cover layer is formed from a polyurethane composition.

67.  The outer core layer of the Accused Products is formed from a highly neutralized
polymer composition and has an outer surface hardness of 75 Shore C or greater.

68. Costco has had knowledge of the 632 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the *632
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the ’632 patent. Despite this knowledge, Costco
continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that
the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the 632 patent, Costco is liable for willful infringement and Acushnet Company
is entitled to enhanced damages under 35 U.S.C. § 284.

69.  Asadirect result of Costco’s infringement of the *632 patent, Acushnet Company
has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet

Company is without an adequate remedy at law.
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70.  Acushnet Company is entitled to recover from Costco the damages sustained by
Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.

COUNT 1V: INFRINGEMENT OF THE 201 PATENT

71.  Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 70 as if fully set forth herein.

72.  Acushnet Company is the owner by assignment of United States Patent No.
8,257,201 (“the *201 patent”), entitled “Multi-Layer-Core Golf Ball Having Highly-Neutralized
Polymer Outer Core Layer,” which was duly and legally issued by the United States Patent and
Trademark Office to Murali Rajagopalan and Michael J. Sullivan on September 4, 2012, a copy
of which is attached hereto as Exhibit D.

73. The Accused Products incorporate or make use of the inventions covered by the
’201 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the ’201 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the 201 patent. Costco will continue to infringe the 201 patent
unless enjoined by this Court.

74. Each of the Accused Products infringes at least claim 1 of the ’201 patent.
Specifically, the Accused Products include an inner core layer, a thermoplastic outer core layer,

an inner cover layer, and an outer cover layer, as shown in the following cross-sectional image:
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The inner core layer comprises a thermoset rubber composition (for example, a thermoset
polybutadiene rubber) and has surface hardness. The thermoplastic outer core layer has a surface
hardness and an inner surface hardness and comprises a fully neutralized copolymer of ethylene

and an of-unsaturated carboxylic acid, an organic acid or salt thereof.

75.  The Accused Products have a surface hardness of the inner core that is less than
the surface hardness of the outer core layer by 3 Shore D or greater and less than the inner surface
hardness of the outer core layer by 3 Shore D or greater.

76. Costco has had knowledge of the 201 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the *201
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the ‘201 patent. Despite this knowledge, Costco
continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that
the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the 201 patent, Costco is liable for willful infringement and Acushnet Company
is entitled to enhanced damages under 35 U.S.C. § 284.

77.  Asadirect result of Costco’s infringement of the *201 patent, Acushnet Company
has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet

Company is without an adequate remedy at law.
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78.  Acushnet Company is entitled to recover from Costco the damages sustained by
Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.

COUNT V: INFRINGEMENT OF THE 507 PATENT

79.  Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 78 as if fully set forth herein.

80.  Acushnet Company is the owner by assignment of United States Patent No.
8,444,507 (“the *507 patent”), entitled “Multi-Layer Golf Ball,” which was duly and legally
issued by the United States Patent and Trademark Office to Michael J. Sullivan, Derek A. Ladd,
William E. Morgan, and Herbert C. Boehm on May 21, 2013, a copy of which is attached hereto
as Exhibit E.

81. The Accused Products incorporate or make use of the inventions covered by the
’507 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the 507 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the 507 patent. Costco will continue to infringe the 507 patent
unless enjoined by this Court.

82. Each of the Accused Products infringes at least claim 17 of the *507 patent.
Specifically, the Accused Products include an inner core layer, an outer core layer, an inner cover

layer, and an outer cover layer, as shown in the following cross-sectional image:
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The inner core layer is formed from a rubber composition (for example, a thermoset
polybutadiene rubber) and has a diameter between 0.75 and 1.4 inches, a center hardness of about
50 Shore C or greater, and an outer surface hardness of about 65 Shore C or greater. The outer
core layer has an outer diameter between 1.4 and about 1.59 inches and is formed from a highly
neutralized polymer composition. The inner cover layer is formed from a thermoplastic
composition and has a material hardness between about 75 Shore C and about 95 Shore C. The

outer cover layer is formed from a polyurethane composition.

83. The Accused Products have an outer core having an outer surface hardness of
about 75 Shore C or greater.

84. Costco has had knowledge of the 507 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the *507
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the ’507 patent. Despite this knowledge, Costco
continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that
the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the *507 patent, Costco is liable for willful infringement and Acushnet Company
is entitled to enhanced damages under 35 U.S.C. § 284.

85.  Asadirect result of Costco’s infringement of the *507 patent, Acushnet Company

has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
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Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet
Company is without an adequate remedy at law.

86.  Acushnet Company is entitled to recover from Costco the damages sustained by
Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.

COUNT VI: INFRINGEMENT OF THE °944 PATENT

87.  Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 86 as if fully set forth herein.

88.  Acushnet Company is the owner by assignment of United States Patent No.
9,320,944 (“the *944 patent”), entitled “Multi-Layer Cover Dual Core Golf Ball Having a High
Acid Casing and Low Gradient Center,” which was duly and legally issued by the United States
Patent and Trademark Office to Michael J. Sullivan, Brian Comeau, Scott Cooper, Douglas E.
Jones, and Derek A. Ladd on April 26, 2016, a copy of which is attached hereto as Exhibit F.

89. The Accused Products incorporate or make use of the inventions covered by the
’944 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the 944 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the 944 patent. Costco will continue to infringe the 944 patent
unless enjoined by this Court.

90. Each of the Accused Products infringes at least claim 1 of the ’944 patent.
Specifically, the Accused Products include an inner core layer, an outer core layer disposed about
the inner core layer to form a dual core, an inner cover layer disposed about the dual core, and
an outer cover layer disposed about the inner cover layer, as shown in the following cross-

sectional image:
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The inner core layer has an outer surface and a geometric center, is formed from a substantially
homogenous rubber composition, and has an inner core surface hardness greater than the
geometric center hardness by about 1 to 10 Shore C to define a shallow positive hardness
gradient. The inner cover layer is a high-acid ionomer blend having an acid content of about
16% or greater and has a material hardness of between about 66 and 75 Shore D. The outer cover
layer is comprised of polyurethane and has a material hardness between about 38 Shore D and

56 Shore D.

91. The Accused Products have a dual core surface hardness that is at least about 85
Shore C.

92. Costco has had knowledge of the 944 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the *944
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the ’944 patent. Despite this knowledge, Costco
continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that

the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
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and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the *944 patent, Costco is liable for willful infringement and Acushnet Company
is entitled to enhanced damages under 35 U.S.C. § 284.

93.  Asadirect result of Costco’s infringement of the 944 patent, Acushnet Company
has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet
Company is without an adequate remedy at law.

94.  Acushnet Company is entitled to recover from Costco the damages sustained by
Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.

COUNT VII: INFRINGEMENT OF THE ’161 PATENT

95. Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 94 as if fully set forth herein.

96. Acushnet Company is the owner by assignment of United States Patent No.
6,358,161 (“the *161 patent™), entitled “Golf Ball Dimple Pattern,” which was duly and legally
issued by the United States Patent and Trademark Office to Steven Aoyama on March 19, 2002,
a copy of which is attached hereto as Exhibit G.

97. The Accused Products incorporate or make use of the inventions covered by the
161 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the 161 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the 161 patent. Costco will continue to infringe the 161 patent
unless enjoined by this Court.

98. Each of the Accused Products infringes at least claim 7 of the 161 patent.

Specifically, the Accused Products include an outside surface with a plurality of round dimples
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having at least three different dimple diameters. The total number of dimples on the outside
surface is between about 350 and about 450. About 80% of the dimples have a diameter of about
0.11 inches or greater. The dimples have spaces between adjacent dimples, and less than 30%
of the spaces are greater than 0.01 inches.

99. The dimples of the Accused Products cover more than 80% of the outer surface.

100. Costco has had knowledge of the *161 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the *161
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the 161 patent. Despite this knowledge, Costco
continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that
the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the *161 patent, Costco is liable for willful infringement and Acushnet Company
is entitled to enhanced damages under 35 U.S.C. § 284.

101.  Asadirect result of Costco’s infringement of the *161 patent, Acushnet Company
has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet
Company is without an adequate remedy at law.

102.  Acushnet Company is entitled to recover from Costco the damages sustained by

Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.
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COUNT VIII: INFRINGEMENT OF THE °472 PATENT

103.  Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 102 as if fully set forth herein.

104.  Acushnet Company is the owner by assignment of United States Patent No.
7,163,472 (“the *472 patent”), entitled “Golf Ball Dimples with a Catenary Curve Profile,” which
was duly and legally issued by the United States Patent and Trademark Office to Jeffrey L. Dalton
and Laurent Bissonnette on January 16, 2007, a copy of which is attached hereto as Exhibit H.

105. The Accused Products incorporate or make use of the inventions covered by the
’472 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the ’472 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the 472 patent. Costco will continue to infringe the *472 patent
unless enjoined by this Court.

106. Each of the Accused Products infringes at least claim 5 of the 472 patent.
Specifically, the Accused Products have a core and a cover, and have a lift coefficient between
0.09 and 0.27 at a Reynolds number of 222,727 and spin ratio of 0.088. As illustrated in the

picture below, the cover has a plurality of recessed dimples on the surface thereof:
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107. At least one dimple on the cover of the Accused Products is defined by the
revolution of a Catenary curve.

108.  Costco has had knowledge of the *472 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the ’472
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the ’472 patent. Despite this knowledge, Costco
continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that
the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the 472 patent, Costco is liable for willful infringement and Acushnet Company

is entitled to enhanced damages under 35 U.S.C. § 284.
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109. Asadirect result of Costco’s infringement of the *472 patent, Acushnet Company
has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet
Company is without an adequate remedy at law.

110.  Acushnet Company is entitled to recover from Costco the damages sustained by
Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.

COUNT IX: INFRINGEMENT OF THE ’439 PATENT

111.  Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 110 as if fully set forth herein.

112. Acushnet Company is the owner by assignment of United States Patent No.
7,887,439 (“the *439 patent”), entitled “Golf Ball Dimples with a Catenary Curve Profile,” which
was duly and legally issued by the United States Patent and Trademark Office to Steven Aoyama,
Nicholas M. Nardacci, Jeffrey L. Dalton, and Laurent Bissonnette on February 15, 2011, a copy
of which is attached hereto as Exhibit I.

113.  Acushnet Company filed a petition to correct the inventorship of the 439 patent,
requesting that the U.S.P.T.O. name Jeffrey L. Dalton and Laurent Bissonnette as inventors. That
petition was granted by the U.S.P.T.O.

114. The Accused Products incorporate or make use of the inventions covered by the
’439 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the ’439 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the 439 patent. Costco will continue to infringe the *439 patent

unless enjoined by this Court.
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115. Each of the Accused Products infringes at least claim 1 of the ’439 patent.
Specifically, as illustrated in the picture below, each of the Accused Products have a plurality of

recessed dimples on the surface thereof:

e

=

g o

o~
e

116. At least a portion of the plurality of the recessed dimples on the Accused Products

have a profile defined by the revolution of a Catenary curve according to the following function:

_ dc(coshsf *x)—1
cosh (sf * -g—) -1

wherein y is the vertical direction coordinate away from the center of the ball with 0 at the center
of the dimple; x is the horizontal (radial) direction coordinate from the dimple apex to the dimple
surface with 0 at the center of the dimple; sf is a shape factor; dc is the chordal depth of the

dimple; and D is the diameter of the dimple.

117.  Costco has had knowledge of the 439 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the ’439
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the °439 patent. Despite this knowledge, Costco

continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
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Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that
the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the *439 patent, Costco is liable for willful infringement and Acushnet Company
is entitled to enhanced damages under 35 U.S.C. § 284.

118.  Asadirect result of Costco’s infringement of the 439 patent, Acushnet Company
has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet
Company is without an adequate remedy at law.

119.  Acushnet Company is entitled to recover from Costco the damages sustained by
Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.

COUNT X: INFRINGEMENT OF THE 572 PATENT

120.  Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 119 as if fully set forth herein.

121.  Acushnet Company is the owner by assignment of United States Patent No.
7,641,572 (“the ’572 patent”), entitled “Golf Ball Dimples with a Catenary Curve Profile,” which
was duly and legally issued by the United States Patent and Trademark Office to Steven Aoyama,
Nicholas M. Nardacci, Jeffrey L. Dalton, and Laurent Bissonnette on January 5, 2010, a copy of
which is attached hereto as Exhibit J.

122.  Acushnet Company filed a petition to correct the inventorship of the 572 patent,
requesting that the U.S.P.T.O. name Jeffrey L. Dalton and Laurent Bissonnette as inventors. That

petition was granted by the U.S.P.T.O.
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123.  The Accused Products incorporate or make use of the inventions covered by the
’572 patent, thereby infringing, literally and/or under the doctrine of equivalents, one or more
claims of the ’572 patent. Hence, Costco has directly infringed, and continues to directly
infringe, one or more claims of the ’572 patent. Costco will continue to infringe the *572 patent
unless enjoined by this Court.

124. Each of the Accused Products infringes at least claim 1 of the ’572 patent.
Specifically, as illustrated in the picture below, each of the Accused Products have a plurality of

recessed dimples on the surface thereof:

125.  Atleast a portion of the plurality of the recessed dimples on the Accused Products

have a profile defined by the revolution of a Catenary curve according to the following function:

_ dc(coshsf *x)—1
cosh (sf * g—) -1

wherein y is the vertical direction coordinate away from the center of the ball with 0 at the center
of the dimple; x is the horizontal (radial) direction coordinate from the dimple apex to the dimple
surface with 0 at the center of the dimple; sf is a shape factor; dc is the chordal depth of the

dimple; and D is the diameter of the dimple. The dimple diameter of the balls is between about
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0.115 inches and about 0.185 inches, the shape factor is between about 5 and about 200, and the

chordal depth is between about 0.002 inches and 0.008 inches.

126.  Costco has had knowledge of the *572 patent at least as of December 23, 2016,
and Costco knew at least by that date that its Kirkland Signature Golf Ball infringed the *572
patent. By virtue of the claim charts Acushnet Company provided, which included specific
measurements where appropriate, Costco also knew by December 23, 2016 exactly how the
Kirkland Signature Golf Ball infringed the ’572 patent. Despite this knowledge, Costco
continued to make, use, offer to sell, sell, and/or import the Kirkland Signature Golf Ball.
Costco’s intentional infringement is egregious, especially when combined with the Kirkland
Signature Guarantee, which appears directed to mislead consumers into incorrectly thinking that
the infringing Kirkland Signature Golf Ball meets or exceeds the quality of the Titleist® Pro V1®
and Pro V1x® products. Because Costco’s infringement has been egregious, and was done with
knowledge of the 572 patent, Costco is liable for willful infringement and Acushnet Company
is entitled to enhanced damages under 35 U.S.C. § 284.

127.  Asadirect result of Costco’s infringement of the *572 patent, Acushnet Company
has been, is being, and will continue to be, seriously damaged and irreparably harmed unless
Costco is enjoined by this Court from the actions complained of herein, and thus Acushnet
Company is without an adequate remedy at law.

128.  Acushnet Company is entitled to recover from Costco the damages sustained by
Acushnet Company as a result of Costco’s wrongful acts in an amount subject to proof at trial.

COUNT XI: FALSE ADVERTISING (VIOLATION OF THE LANHAM ACT)

129.  Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs

1 through 128 as if fully set forth herein.
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130. The packaging of the Kirkland Signature Golf Ball includes the “Kirkland
Signature Guarantee” that claims that “[e]very Kirkland Signature product is guaranteed to meet
or exceed the quality standards of the leading national brands.”

131.  Asshown above, Acushnet Company’s testing demonstrates conclusively that the
Kirkland Signature Guarantee is false because the quality of the Kirkland Signature Golf Ball
does not meet or exceed the quality of Acushnet Company’s leading national brand golf ball
products, including Acushnet Company’s Titleist® Pro V1® and Pro V1x® golf balls. Indeed, the
performance and durability of the Kirkland Signature Golf Ball is significantly lower than that
of Acushnet Company’s Titleist® Pro V1® and Pro V1x® golf balls. Thus, Costco’s Kirkland
Signature Guarantee is false and misleading.

132.  Upon information and belief, Costco has not performed any testing or other
studies comparing the Kirkland Signature Golf Ball to Acushnet Company’s leading national
brand golf ball products, including Acushnet Company’s Titleist® Pro V1® and Pro V1x® golf
balls. Thus, Costco has no reasonable basis to make its Kirkland Signature Guarantee.

133.  Upon information and belief, Costco does not have or know of any robot testing
comparing the Kirkland Signature Golf Ball to Acushnet Company’s leading national brand golf
ball products, including Acushnet Company’s Titleist® Pro V1® and Pro V1x® golf balls, other
than Acushnet Company’s tests discussed above. Thus, Costco has no reasonable basis to make
its Kirkland Signature Guarantee.

134.  Costco’s Kirkland Signature Guarantee is used in commercial advertisements
and/or promotions in interstate commerce. For example, the statement is included on the

packaging of the Kirkland Signature Golf Ball sold by Costco in multiple states within the United

States.
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135.  Costco’s Kirkland Signature Guarantee is likely to mislead, confuse, and/or
deceive a significant number of purchasers and potential purchasers of golf ball products. In
particular, Costco’s Kirkland Signature Guarantee is likely to deceive such people in a material
way, in that it is likely to influence the purchasing decisions of a significant number of purchasers
and potential purchasers of golf ball products. For example, Costco’s Kirkland Signature
Guarantee is likely to deceive a significant number of purchasers and potential purchasers of golf
ball products into believing that the Kirkland Signature Golf Ball “meets or exceeds the quality
standards” of Acushnet Company’s golf ball products, including Acushnet Company’s Titleist®
Pro V1® and Pro V1x® golf balls.

136. Costco’s Kirkland Signature Guarantee is likely to cause competitive or
commercial injury to Acushnet Company. For example, as a result of Costco’s Kirkland
Signature Guarantee, a significant number of purchasers and potential purchasers of golf ball
products will be deceived into believing that the Kirkland Signature Golf Ball is equivalent to
the Titleist® Pro V1® and Pro V1x® golf balls. Thus, as a result of Costco’s Kirkland Signature
Guarantee, Acushnet Company is likely to suffer irreparable damage to its business reputation
and goodwill associated with Acushnet Company’s products. This damage to Acushnet
Company’s business reputation and the goodwill associated with the industry leading quality of
the Titleist® Pro V1® and Pro V1x® golf balls directly flows from Costco’s Kirkland Signature
Guarantee.

137.  Costco’s actions described above constitute false or misleading descriptions of
fact, and/or false or misleading representations of fact in commercial advertising or promotion,
which are likely to cause confusion, mistake and deception, in violation of Section 43(a) of the

Lanham Act, 15 U.S.C. § 1125(a).
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138.  Costco’s actions described above were performed with reckless disregard for the
false and misleading nature of its Kirkland Signature Guarantee and its impact on the public and
Acushnet Company, making this an exceptional case pursuant to 15 U.S.C. § 1117.

139. Costco’s actions described above, unless restrained, will cause, and continue to
cause, great and irreparable injury to Acushnet Company in an amount that cannot presently be
ascertained, leaving Acushnet Company with no adequate remedy at law.

140.  Acushnet Company has standing to bring this claim against Costco because, as
set forth below, Acushnet Company is likely to suffer an injury to a commercial interest in sales
or business reputation proximately caused by Costco’s misrepresentations. See Lexmark Int’l,
Inc. v. Static Control Components, Inc., 134 S. Ct. 1377 (2014).

COUNT XII: VIOLATION OF WASHINGTON STATE
CONSUMER PROTECTION ACT

141.  Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 140 as if fully set forth herein.

142. The state of Washington has an important interest in ensuring that domestic
corporations doing business with Washington residents fully comply with Washington laws.

143.  As described above, Costco’s Kirkland Signature Guarantee is an unfair act or
practice that has the capacity to, and does in fact, deceive purchasers and potential purchasers of
golf ball products into believing that the Kirkland Signature Golf Ball “meets or exceeds the
quality standards” of Acushnet Company’s golf ball products, including Acushnet Company’s
Titleist® Pro V1® and Pro V1x® golf balls.

144.  Costco’s conduct occurred in the conduct of trade or commerce or the sale of
products in the state of Washington.

145.  Costco’s unfair and deceptive acts and practices implicate the public interest
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because they are deceiving or have a tendency or capacity to deceive the consuming public.

146. Costco has engaged and continues to engage in the activities alleged herein
knowingly, willingly, and deliberately.

147.  Acushnet Company has been directly and proximately injured in its business and
property by Costco’s unfair and deceptive acts and practices, in violation of Acushnet Company’s
rights under RCW § 19.86.020.

148. Costco’s actions described above have caused and, unless restrained, will
continue to cause, great and irreparable injury to Acushnet Company in an amount that cannot
presently be ascertained, leaving Acushnet Company with no adequate remedy at law.

149. Pursuant to RCW § 19.86.090, Acushnet Company is entitled to actual damages
sustained as a result of Costco’s actions, treble damages up to the maximum amount permitted
by law, attorneys’ fees, and statutory costs permitted under RCW § 4.84.010.

COUNT XIII: COMMON LAW UNFAIR COMPETITION

150. Acushnet Company repeats and re-alleges the allegations set forth in Paragraphs
1 through 149 as if fully set forth herein.

151.  As described above, Costco has used and continues to use, in advertising and
commerce, false and misleading descriptions of fact, or false and misleading representations of
fact, concerning its Kirkland Signature Golf Ball that are material to the purchasing decisions of
prospective purchasers. These activities constitute false advertising and unfair competition.

152.  Costco has engaged in unfair competition willfully and with a bad faith intent to
injure Acushnet Company.

153.  Acushnet Company has sustained, and will continue to sustain, substantial

injuries, loss, and damage to its business by reason of the unfair competition of Costco.
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154. Costco’s actions described above have caused and, unless restrained, will
continue to cause, great and irreparable injury to Acushnet Company in an amount that cannot
presently be ascertained, leaving Acushnet Company with no adequate remedy at law.

155. Acushnet Company is entitled to exemplary and punitive damages by reason of
Costco’s willful, reckless, deliberate and intentional conduct.

PRAYER FOR RELIEF

WHEREFORE, Acushnet Company prays for judgment and relief as follows:

A. That this Court enter an Order declaring that Costco infringes the *638, 593, 632,
201, °507, 944, 161, °472, *439, and 572 patents;

B. That this Court permanently enjoin Costco, its officers, agents, employees,
representatives, successors and assigns, and any others acting in concert with it, from infringing
the *638, °593, 632, *201, °507, *944, *161, *472, °439, and *572 patents;

C. That this Court award Acushnet Company adequate damages resulting from
Costco’s infringement of the ’638, 593, 632, 201, ’507, *944, *161, *472, *439, and ’572
patents;

D. That this Court award Acushnet Company treble its damages due to Costco’s

willful infringement of the 638, 593, 632, °201, ’°507, °944,°161, *472, °439, and ’572 patents;

E. That this Court declare this to be an exceptional case within the meaning of 35
U.S.C. § 285;
F. That this Court permanently enjoin Costco, its officers, agents, employees,

representatives, successors and assigns, and any others acting in concert with it, from making
false and misleading representations or any other thing calculated or likely to cause confusion or

mistake in the mind of the purchasers or potential purchasers of golf ball products into believing
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that the quality of Costco’s golf ball products meet or exceed the quality standards of Acushnet
Company’s Titleist® Pro V1® and Pro V1x® golf balls;

G. That this Court direct Costco to account to Acushnet Company for its profits and
order that Acushnet Company recover Costco’s illicit profits and damages arising out of the acts
of deception described above, and a sum equal to three times such profits or damages (whichever

is greater), pursuant to 15 U.S.C. § 1117;

H. That this Court award Acushnet Company punitive damages in an amount to be
determined;
L. That this Court award Acushnet Company its costs in this action, together with

reasonable attorneys’ fees and pre-judgment interest; and
J. That this Court grant Acushnet Company such other relief as it deems just and
proper.

JURY DEMAND

Acushnet Company demands a trial by jury on all issues so triable.

Dated: August 10, 2017 Respectfully submitted,

LANE POWEL, P.C.

By: /s/ Brian G. Bodine
Brian G. Bodine WSBA #22414
bodineb@]lanepowell.com

By: /s/ Adriane M. Scola
Adriane M. Scola WSBA #44478
scolaa@lanepowell.com
1420 Fifth Avenue Suite 4100
Seattle, WA 98101
206.223.7000 (T)
206.223.7107 (F)
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GIBSON, DUNN & CRUTCHER

Brian A. Rosenthal, Pro Hac Vice Pending
barosenthal@gibsondunn.com

Howard S. Hogan, Pro Hac Vice Pending
hhogan@gibsondunn.com

Brian K. Andrea, Pro Hac Vice Pending
bandrea@gibsondunn.com

Nathan Fonda, Pro Hac Vice Pending
nfonda@gibsondunn.com

Attorneys for Plaintiff Acushnet Company
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GOLF BALLS COMPRISING
HIGHLY-NEUTRALIZED ACID POLYMERS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. application Ser.
No. 10/360,238, which was filed Feb. 6, 2003 now U.S. Pat.
No. 6,824,477, which is a continuation-in-part of U.S.
application Ser. No. 10/118,719, filed Apr. 9, 2002 now U.S.
Pat. No. 6,756,436, which is a non-provisional application
claiming priority to U.S. Provisional Application No.
60/301,046, filed Jun. 26, 2001.

FIELD OF THE INVENTION

The present invention is directed to golf ball compositions
and, in particular, polymer compositions including highly-
neutralized polymers and blends thereof.

BACKGROUND OF THE INVENTION

Conventional golf balls can be divided into two general
classes: solid and wound. Solid golf balls include one-piece,
two-piece (i.e., solid core and a cover), and multi-layer (i.e.,
solid core of one or more layers and/or a cover of one or
more layers) golf balls. Wound golf balls typically include a
solid, hollow, or fluid-filled center, surrounded by a ten-
sioned elastomeric material, and a cover. It is also possible
to surround a hollow or fluid-filled center with a plurality of
solid layers. Solid balls have traditionally been considered
longer and more durable than wound balls, but many solid
constructions lack the “feel” provided by the wound con-
struction.

More recently, by altering ball construction and compo-
sition, manufacturers have been able to vary a wide range of
playing characteristics, such as compression, velocity,
“feel,” and spin, optimizing each or all be optimized for
various playing abilities. In particular, a variety of core and
cover layer(s) constructions, such as multi-layer balls having
dual cover layers and/or dual core layers, have been inves-
tigated and now allow many non-wound balls to exhibit
characteristics previously maintainable in a solid-construc-
tion golf ball. These golf ball layers are typically constructed
with a number of polymeric compositions and blends,
including polybutadiene rubber, polyurethanes, polyamides,
and ethylene-based ionomers.

Ionomers, and in particular ethylene o,f-ethylenically
unsaturated carboxylic acid copolymers or a melt proces-
sible ionomer thereof, are a preferred polymer for many golf
ball layers. One problem encountered with the use of iono-
mers as stiff layers, however, is the unprocessability of the
material as the percent of neutralization of the acid group
increases. lonomers are stiffened by increasing the amount
of neutralization by a metal cation or a salt thereof. Once the
percent of neutralization is greater than about 60% (depend-
ing on metal cation selected), the melt flow of the ionomer
becomes too low and the ease of processablilty decreases or
disappears altogether. For tri-valent cations, the percent
neutralization at which the polymer becomes unprocessable
can be significantly lower.

There is a need, therefore, for ionomer compositions that
are neutralized at high percentages, but in a manner that still
allows resultant polymer compositions to be processible.
The present invention describes such compositions and there
use in a variety of golf ball core and cover layers.
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2
SUMMARY OF THE INVENTION

The present invention is directed to a golf ball including
a core including a polymer containing an acid group neu-
tralized by an organic acid or a salt thereof, the organic acid
or salt thereof being present in an amount sufficient to
neutralize the polymer by at least about 80%, wherein the
core has a first Shore D hardness, a compression of no
greater than about 80, and a diameter of no less than about
1.53 inches; and a cover including a material having a
second Shore D hardness at least 10 points less than the first
hardness.

Additionally, the present invention is also directed to a
golf ball including a core including a polymer containing an
acid group neutralized by an organic acid or a salt thereof,
the organic acid or salt thereof being present in an amount
sufficient to neutralize the polymer by at least about 80%,
wherein the core has a first Shore D hardness, a compression
of no greater than about 80, and a diameter of no less than
about 1.53 inches; and a cover including a material having
a second Shore D hardness at least 10 points greater than the
first hardness.

In one embodiment of the above, the polymer includes
ionomeric copolymers and terpolymers, ionomer precursors,
thermoplastics, thermoplastic elastomers, polybutadiene
rubber, balata, grafted metallocene-catalyzed polymers,
non-grafted metallocene-catalyzed polymers, single-site
polymers, high-crystalline acid polymers, cationic iono-
mers, and mixtures thereof.

In another embodiment of the above, the organic acid is
selected from the group consisting of aliphatic organic acids,
aromatic organic acids, saturated mono-functional organic
acids, unsaturated mono-functional organic acids, and multi-
unsaturated mono-functional organic acids. Preferably, the
salt of organic acids include the salts of barium, lithium,
sodium, zinc, bismuth, chromium, cobalt, copper, potas-
sium, strontium, titanium, tungsten, magnesium, cesium,
iron, nickel, silver, aluminum, tin, calcium, stearic, bebenic,
erucic, oleic, linoelic, dimerized derivatives, and mixtures
thereof.

In another embodiment of the above, the core further
includes a second polymer component in an amount suffi-
cient to reduce the core compression to less than or equal to
about 70. Further, preferably the second polymer component
has a Shore D hardness of about 40 or greater. It is also
preferred that the second polymer component includes iono-
meric copolymers and terpolymers, ionomer precursors,
thermoplastics, thermoplastic elastomers, polybutadiene
rubber, balata, grafted metallocene-catalyzed polymers,
non-grafted metallocene-catalyzed polymers, single-site
polymers, high-crystalline acid polymers, cationic iono-
mers, and mixtures thereof.

In one embodiment of the above, the organic acid or salt
thereof is present in an amount sufficient to neutralize the
polymer by at least about 90%. In a preferred embodiment,
the organic acid or salt thereof is present in an amount
sufficient to neutralize the polymer by at least about 100%.
Further, at least one of the polymer or second polymer
component is partially neutralized by a metal cation.

In another embodiment, the core has a diameter of about
1.58 inches or greater. The cover may include a castable
reactive liquid material or the cover is cast or reaction
injection molded over the core. Preferably, the cover
includes a polyurethane.

The present invention is also directed to a golf ball
including a core including a center and an outer layer, the
center including a thermoset rubber and the outer layer
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including polymer neutralized with an organic acid or a salt
thereof, the organic acid or salt thereof being present in an
amount greater than about 10 weight percent such that the
polymer is fully neutralized, wherein the outer layer has a
first Shore D hardness and the core has a compression of less
than or equal to about 90 and a diameter of about 1.53 inches
or greater; and a cover including a castable reactive liquid
material having a second Shore D hardness being at least 10
points less than the first hardness.

In one embodiment, the outer layer further includes a
softening copolymer in sufficient weight percentage to
reduce the core compression to less than or equal to about
70. In another embodiment, the core has a diameter of about
1.58 inches or greater. Preferably, the cover includes a
castable reactive liquid material. The cover may also be cast
or reaction injection molded over the core. It is preferred that
the cover includes a cast polyurethane. In another embodi-
ment, the golf ball further includes an intermediate layer
including an ionomer having a Shore D hardness that is at
least 10 greater than the first Shore D hardness.

In an alternative embodiment, the core is surface treated
by plasma treatment, corona discharge, chemical treatment
or mechanically treated.

The present invention is also directed to a golf ball
including a core including a thermoset rubber having a
diameter of about 0.5 to 1.55 inches; a cover disposed over
the core having a shore D hardness of about 55 or less; and
an intermediate layer including a polymer neutralized by an
organic acid or a salt thereof, the an organic acid or a salt
thereof being present in an amount sufficient to neutralize
the polymer by at least about 100%.

Preferably, the cover includes a polyurethane. In one
embodiment, the intermediate layer has a Shore D hardness
of at least about 62. In another embodiment, the cover has
a thickness of about 0.04 or less. In still another embodi-
ment, the core has a compression of about 70 or less and a
diameter of at least 1.4 inches.

The present invention is also directed to a golf ball
including a center including a liquid, the center having a
diameter of about 1.0 inches or less; an intermediate layer
including a polymer neutralized with an organic acid or a
salt thereof, the an organic acid or a salt thereof being
present in an amount greater than about 10 weight percent
such that the polymer is saturated, the intermediate layer
being disposed about the center to form a core; and a cover
disposed over the core.

Preferably, the cover includes a polyurethane. Addition-
ally, the core is further including an outer layer including a
thermoset rubber disposed between the intermediate layer
and the cover. In another embodiment, the outer layer has a
hardness that is at least 5 points less than a hardness of the
intermediate layer.

The present invention is directed to a golf ball including
a core including a polymer containing an acid group fully-
neutralized by an organic acid or a salt, a cation source, or
a suitable base thereof, the core having a first Shore D
hardness, a compression of no greater than about 90, and a
diameter of between about 1.00 inches and about 1.64
inches; and a cover layer including ionomeric copolymers
and terpolymers, ionomer precursors, thermoplastics, ther-
moplastic elastomers, polybutadiene rubber, balata, grafted
metallocene-catalyzed polymers, non-grafted metallocene-
catalyzed polymers, single-site polymers, high-crystalline
acid polymers and their ionomers, or cationic ionomers. The
cation source is selected from a group consisting of metal
cations of lithium, sodium, potassium, magnesium, calcium,
barium, lead, tin, zinc, or aluminum.
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The organic acid is selected from the group consisting of
aliphatic organic acids, aromatic organic acids, saturated
mono-functional organic acids, unsaturated mono-func-
tional organic acids, and multi-unsaturated mono-functional
organic acids. The salt of organic acids include the salts of
barium, lithium, sodium, zinc, bismuth, chromium, cobalt,
copper, potassium, strontium, titanium, tungsten, magne-
sium, cesium, iron, nickel, silver, aluminum, tin, calcium,
stearic, bebenic, erucic, oleic, linoelic, dimerized deriva-
tives, and mixtures thereof. In one embodiment, the cover
layer includes a polymer containing an acid group fully-
neutralized by an organic acid or a salt, a cation source, or
a suitable base thereof. Preferably, the cover layer is formed
from a non-castable material.

The polymer includes ionomeric copolymers and terpoly-
mers, ionomer precursors, thermoplastics, thermoplastic
elastomers, polybutadiene rubber, balata, grafted metal-
locene-catalyzed polymers, non-grafted metallocene-cata-
lyzed polymers, single-site polymers, high-crystalline acid
polymers and their ionomers, cationic ionomers, and mix-
tures thereof.

The core further includes a second polymer component
including ionomeric copolymers and terpolymers, ionomer
precursors, thermoplastics, thermoplastic elastomers, polyb-
utadiene rubber, balata, grafted metallocene-catalyzed poly-
mers, non-grafted metallocene-catalyzed polymers, single-
site polymers, high-crystalline acid polymers, or cationic
ionomers, and wherein the second polymer component has
a Shore D hardness less than the first hardness and is present
in an amount sufficient to reduce the core compression to
less than or equal to about 80.

The core can have a diameter of about 1.53 inches or
greater or include two or more layers. The cover may be
injection molded or compression molded over the core.
Ideally, the cover includes an inner cover layer and an outer
cover layer. The inner cover may include a polyurethane
material, a polyurea material, a polyurethane-urea hybrid
material, or a polyurea-urethane hybrid material. At least
one of the inner cover or outer cover include a polymer
containing an acid group fully-neutralized by an organic
acid or a salt, a cation source, or a suitable base thercof.

In one embodiment, the inner cover layer has material
hardness of at least about 60 Shore D and the outer cover
layer has a material hardness of no greater than about 60
Shore D. In another embodiment, the outer cover layer has
material hardness of at least about 60 Shore D and the inner
cover layer has a material hardness of no greater than about
60 Shore D. The core compression is no greater than about
80. The core may further include an organosulfur or the
metal salt thereof.

The present invention is also directed to a golf ball
including a core including a center and an outer core layer,
at least one of the center or outer core layer including a
polymer containing an acid group fully-neutralized by an
organic acid or a salt, a cation source, or a suitable base
thereof, the core having a first Shore D hardness, a com-
pression of no greater than about 90, and a diameter of
between about 1.00 inches and about 1.64 inches; and a
cover layer including ionomeric copolymers and terpoly-
mers, ionomer precursors, thermoplastics, thermoplastic
elastomers, polybutadiene rubber, balata, grafted metal-
locene-catalyzed polymers, non-grafted metallocene-cata-
lyzed polymers, single-site polymers, high-crystalline acid
polymers and their ionomers, or cationic ionomers fully-
neutralized by an organic acid or a salt, a cation source, or
a suitable base thereof. The cation source is selected from a
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group consisting of metal cations of lithium, sodium, potas-
sium, magnesium, calcium, barium, lead, tin, zinc, or alu-
minum.

The cover layer is an inner cover layer or an outer cover
layer. Preferably, the cover layer includes an inner cover
layer and an outer cover layer, the outer cover layer includ-
ing the polymer and the inner cover layer including a
polyurethane material, a polyurea material, a polyurethane-
urea hybrid material, or a polyurea-urethane hybrid material.

In one embodiment, the inner cover layer has material
hardness of at least about 60 Shore D and the outer cover
layer has a material hardness of no greater than about 60
Shore D. In another embodiment, the outer cover layer has
material hardness of at least about 60 Shore D and the inner
cover layer has a material hardness of no greater than about
60 Shore D. The core compression is no greater than about
80.

The present invention is further directed to a golf ball
including a core including a solid center and an outer core
layer, the core having a first Shore D hardness, a compres-
sion of no greater than about 90, and a diameter of between
about 1.00 inches and about 1.64 inches; and a first cover
layer including a polyurea formed from a polyisocyanate, a
polyamine, and a curing agent; wherein at least one of the
solid center or the outer core layer includes a polymer
containing an acid group fully-neutralized by an organic
acid or a salt, a cation source, or a suitable base thereof; and
the ball has a compression of between about 50 and about
120. Preferably, the golf ball further includes a second cover
layer containing an acid group fully-neutralized by an
organic acid or a salt, a cation source, or a suitable base
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is one embodiment of a golf ball of the present
invention;

FIG. 2 is a second embodiment of a golf ball of the present
invention;

FIG. 3 is a side view of a golf ball according to the present
invention;

FIG. 4 is a cross-sectional view along the line 2—2 of
FIG. 3 of the golf ball according to the present invention;

FIG. 5 is a side view of an inner core of the golf ball
shown in FIG. 4;

FIG. 6 is a plan view along the arrow 4 of FIG. § of the
inner core according to the present invention;

FIGS. 7-12 are cross-sectional views of other embodi-
ments of golf balls according to the present invention;

FIG. 13 is a perspective view of another embodiment of
the inner core according to the present invention;

FIG. 14 is a side view of another embodiment of the inner
core according to the present invention; and

FIG. 15 is a side view of another embodiment of the inner
core according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is directed to highly-neutralized
polymers and blends thereof (“HNP”) for the use in golf
equipment, preferably in ball cores, intermediate layers,
and/or covers. The acid moieties of the HNP’s, typically
ethylene-based ionomers, are preferably neutralized greater
than about 70%, more preferably greater than about 90%,
and most preferably at least about 100%. The HNP’s can be
also be blended with a second polymer component, which,
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if containing an acid group, may be neutralized in a con-
ventional manner, by the organic fatty acids of the present
invention, or both. The second polymer component, which
may be partially or fully neutralized, preferably comprises
ionomeric copolymers and terpolymers, ionomer precursors,
thermoplastics, polyamides, polycarbonates, polyesters,
polyurethanes, polyureas, thermoplastic elastomers, polyb-
utadiene rubber, balata, metallocene-catalyzed polymers
(grafted and non-grafted), single-site polymers, high-crys-
talline acid polymers, cationic ionomers, and the like. HNP
polymers typically have a material hardness of between
about 20 and about 80 Shore D, and a flexural modulus of
between about 3,000 psi and about 200,000 psi.

In one embodiment of the present invention the HNP’s are
ionomers and/or their acid precursors that are preferably
neutralized, either filly or partially, with organic acid
copolymers or the salts thereof. The acid copolymers are
preferably a-olefin, such as ethylene, C; g a,-ethylenically
unsaturated carboxylic acid, such as acrylic and methacrylic
acid, copolymers. They may optionally contain a softening
monomer, such as alkyl acrylate and alkyl methacrylate,
wherein the alkyl groups have from 1 to 8 carbon atoms.

The acid copolymers can be described as E/X/Y copoly-
mers where E is ethylene, X is an a,f-ethylenically unsat-
urated carboxylic acid, and Y is a softening comonomer. In
a preferred embodiment, X is acrylic or methacrylic acid and
Y is a C, ¢ alkyl acrylate or methacrylate ester. X is pref-
erably present in an amount from about 1 to about 35 weight
percent of the polymer, more preferably from about 5 to
about 30 weight percent of the polymer, and most preferably
from about 10 to about 20 weight percent of the polymer. Y
is preferably present in an amount from about 0 to about 50
weight percent of the polymer, more preferably from about
5 to about 25 weight percent of the polymer, and most
preferably from about 10 to about 20 weight percent of the
polymer.

Specific acid-containing ethylene copolymers include, but
are not limited to, ethylene/acrylic acid/n-butyl acrylate,
ethylene/methacrylic acid/n-butyl acrylate, ethylene/meth-
acrylic acid/iso-butyl acrylate, ethylene/acrylic acid/iso-bu-
tyl acrylate, ethylene/methacrylic acid/n-butyl methacrylate,
ethylene/acrylic acid/methyl methacrylate, ethylene/acrylic
acid/methyl acrylate, ethylene/methacrylic acid/methyl
acrylate, ethylene/methacrylic acid/methyl methacrylate,
and ethylene/acrylic acid/n-butyl methacrylate. Preferred
acid-containing ethylene copolymers include, ethylene/
methacrylic acid/n-butyl acrylate, ethylene/acrylic acid/n-
butyl acrylate, ethylene/methacrylic acid/methyl acrylate,
ethylene/acrylic acid/ethyl acrylate, ethylene/methacrylic
acid/ethyl acrylate, and ethylene/acrylic acid/methyl acry-
late copolymers. The most preferred acid-containing ethyl-
ene copolymers are, ethylene/(meth)acrylic acid/n-butyl,
acrylate, ethylene/(meth)acrylic acid/ethyl acrylate, and eth-
ylene/(meth)acrylic acid/methyl acrylate copolymers.

Ionomers are typically neutralized with a metal cation,
such as Li, Na, Mg, or Zn. It has been found that by adding
sufficient organic acid or salt of organic acid, along with a
suitable base, to the acid copolymer or ionomer, however,
the ionomer can be neutralized, without losing processabil-
ity, to a level much greater than for a metal cation. Prefer-
ably, the acid moieties are neutralized greater than about
80%, preferably from 90-100%, most preferably 100%
without losing processability. This accomplished by melt-
blending an ethylene a,3-ethylenically unsaturated carboxy-
lic acid copolymer, for example, with an organic acid or a
salt of organic acid, and adding a sufficient amount of a
cation source to increase the level of neutralization of all the
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acid moieties (including those in the acid copolymer and in
the organic acid) to greater than 90%, (preferably greater
than 100%).

The organic acids of the present invention are aliphatic,
mono-functional (saturated, unsaturated, or multi-unsatur-
ated) organic acids. Salts of these organic acids may also be
employed. The salts of organic acids of the present invention
include the salts of barium, lithium, sodium, zinc, bismuth,
chromium, cobalt, copper, potassium, strontium, titanium,
tungsten, magnesium, cesium, iron, nickel, silver, alumi-
num, tin, or calcium, salts of fatty acids, particularly stearic,
bebenic, erucic, oleic, linoelic or dimerized derivatives
thereof. It is preferred that the organic acids and salts of the
present invention be relatively non-migratory (they do not
bloom to the surface of the polymer under ambient tem-
peratures) and non-volatile (they do not volatilize at tem-
peratures required for melt-blending).

The ionomers of the invention may also be partially
neutralized with metal cations. The acid moiety in the acid
copolymer is neutralized about 1 to about 100%, preferably
at least about 40 to about 100%, and more preferably at least
about 90 to about 100%, to form an ionomer by a cation such
as lithium, sodium, potassium, magnesium, calcium,
barium, lead, tin, zinc, aluminum, or a mixture thereof.

The acid copolymers of the present invention are prepared
from ‘direct’ acid copolymers, copolymers polymerized by
adding all monomers simultaneously, or by grafting of at
least one acid-containing monomer onto an existing poly-
mer.

Thermoplastic polymer components, such as copolyether-
esters, copolyesteresters, copolyetheramides, elastomeric
polyolefins, styrene diene block copolymers and their hydro-
genated derivatives, copolyesteramides, thermoplastic poly-
urethanes, such as copolyetherurethanes, copolyesterure-
thanes, copolyureaurethanes, epoxy-based polyurethanes,
polycaprolactone-based polyurethanes, polyureas, and poly-
carbonate-based polyurethanes fillers, and other ingredients,
if included, can be blended in either before, during, or after
the acid moieties are neutralized, thermoplastic polyure-
thanes.

The copolyetheresters are comprised of a multiplicity of
recurring long chain units and short chain units joined
head-to-tail through ester linkages, the long chain units
being represented by the formula:

where G is a divalent radical remaining after the removal of
terminal hydroxyl groups from a poly (alkylene oxide)
glycol having a molecular weight of about 400-8000 and a
carbon to oxygen ratio of about 2.0-4.3; R is a divalent
radical remaining after removal of hydroxyl groups from a
diol having a molecular weight less than about 250; pro-
vided said short chain ester units amount to about 15-95
percent by weight of said copolyetherester. The preferred
copolyetherester polymers are those where the polyether
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segment is obtained by polymerization of tetrahydrofuran
and the polyester segment is obtained by polymerization of
tetramethylene glycol and phthalic acid. For purposes of the
invention, the molar ether:ester ratio can vary from 90:10 to
10:80; preferably 80:20 to 60:40; and the Shore D hardness
is less than 70; preferably less than about 40.

The copolyetheramides are comprised of a linear and
regular chain of rigid polyamide segments and flexible
polyether segments, as represented by the general formula:

HO C—P—C—O—%—O H
Al
O O

wherein PA is a linear saturated aliphatic polyamide
sequence formed from a lactam or amino acid having a
hydrocarbon chain containing 4 to 14 carbon atoms or from
an aliphatic C,—Cg diamine, in the presence of a chain-
limiting aliphatic carboxylic diacid having 4-20 carbon
atoms; said polyamide having an average molecular weight
between 300 and 15,000; and PB is a polyoxyalkylene
sequence formed from linear or branched aliphatic polyoxy-
alkylene glycols, mixtures thereof or copolyethers derived
therefrom, said polyoxyalkylene glycols having a molecular
weight of less than or equal to 6000; and n indicates a
sufficient number of repeating units so that said polyethera-
mide copolymer has an intrinsic viscosity of from about 0.6
to about 2.05. The preparation of these polyetheramides
comprises the step of reacting a dicarboxylic polyamide, the
COOH groups of which are located at the chain ends, with
a polyoxyalkylene glycol hydroxylated at the chain ends, in
the presence of a catalyst such as a tetra-alkyl ortho titanate
having the general formula Ti(OR), wherein R is a linear
branched aliphatic hydrocarbon radical having 1 to 24
carbon atoms. Again, the more polyether units incorporated
into the copolyetheramide, the softer the polymer. The
ether:amide ratios are as described above for the ether:ester
ratios, as is the Shore D hardness.

The elastomeric polyolefins are polymers composed of
ethylene and higher primary olefins such as propylene,
hexene, octene, and optionally 1,4-hexadiene and or eth-
ylidene norbornene or norbomadiene. The elastomeric poly-
olefins can be optionally functionalized with maleic anhy-
dride, epoxy, hydroxy, amine, carboxylic acid, sulfonic acid,
or thiol groups.

Thermoplastic polyurethanes are linear or slightly chain
branched polymers consisting of hard blocks and soft elas-
tomeric blocks. They are produced by reacting soft hydroxy
terminated elastomeric polyethers or polyesters with diiso-
cyanates, such as methylene diisocyanate (“MDI”), p-phe-
nylene diisocyanate (“PPDI”), or toluene diisocyanate
(“TDI”). These polymers can be chain extended with gly-
cols, secondary diamines, diacids, or amino alcohols. The
reaction products of the isocyanates and the alcohols are
called urethanes and these blocks are relatively hard and
high melting. These hard high melting blocks are respon-
sible for the thermoplastic nature of the polyurethanes.

Block styrene diene copolymers and their hydrogenated
derivatives are composed of polystyrene units and polydiene
units. They may also be functionalized with moieties such as
OH, NH,, epoxy, COOH, and anhydride groups. The poly-
diene units are derived from polybutadiene, polyisoprene
units or copolymers of these two. In the case of the copoly-
mer it is possible to hydrogenate the polyolefin to give a
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saturated rubbery backbone segments. These materials are
usually referred to as SBS, SIS, or SEBS thermoplastic
elastomers and they can also be functionalized with maleic
anhydride.

Grafted metallocene-catalyzed polymers are also useful
for blending with the HNP’s of the present invention. The
grafted metallocene-catalyzed polymers, while convention-
ally neutralized with metal cations, may also be neutralized,
either partially for fully, with organic acids or salts thereof
and an appropriate base. Grafted metallocene-catalyzed
polymers useful, such as those disclosed in U.S. Pat. Nos.
5,703,166; 5,824,746, 5,981,658; and 6,025,442, which are
incorporated herein by reference, in the golf balls of the
invention are available in experimental quantities from
DuPont under the tradenames SURLYN® NMO 525D,
SURLYN® NMO 524D, and SURLYN® NMO 499D, all
formerly known as the FUSABOND® family of polymers,
or may be obtained by subjecting a non-grafted metallocene-
catalyzed polymer to a post-polymerization reaction to pro-
vide a grafted metallocene-catalyzed polymer with the
desired pendant group or groups. Examples of metallocene-
catalyzed polymers to which functional groups may be
grafted for use in the invention include, but are not limited
to, homopolymers of ethylene and copolymers of ethylene
and a second olefin, preferably, propylene, butene, pentene,
hexene, heptene, octene, and norbornene. Generally, the
invention includes golf balls having at least one layer
comprising at least one grafted metallocene-catalyzed poly-
mer or polymer blend, where the grafted metallocene-
catalyzed polymer is produced by grafting a functional
group onto a metallocene-catalyzed polymer having the
formula:

Ri Ry Ry Ry Rs Rg
|1 | ||
cC—cC cC—cC cC—cC
H H H H H H

x y z

wherein R, is hydrogen, branched or straight chain alkyl
such as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl,
and octyl, carbocyclic, or aromatic; R, is hydrogen, lower
alkyl including C,-Cs; carbocyclic, or aromatic; R; is
hydrogen, lower alkyl including C,-Cs, carbocyclic, or
aromatic; R, is selected from the group consisting of H,
C,H,,,., where n=1 to 18, and phenyl, in which from 0 to
5 H within R, can be replaced by substituents COOH, SO;H,
NH,, F, Cl, Br, I, OH, SH, silicone, lower alkyl esters and
lower alkyl ethers, with the proviso that R; and R, can be
combined to form a bicyclic ring; Ry is hydrogen, lower
alkyl including C,—Cs, carbocyclic, or aromatic; Ry is
hydrogen, lower alkyl including C,-Cs, carbocyclic, or
aromatic; and wherein x, y and z are the relative percentages
of each co-monomer. X can range from about 1 to 99 percent
or more preferably from about 10 to about 70 percent and
most preferred, from about 10 to 50 percent. Y can be from
99 to 1 percent, preferably, from 90 to 30 percent, or most
preferably, 90 to 50 percent. Z can range from about O to
about 49 percent. One of ordinary skill in the art would
understand that if an acid moiety is present as a ligand in the
above polymer that it may be neutralized up to 100% with
an organic fatty acid as described above.
Metallocene-catalyzed copolymers or terpolymers can be
random or block and may be isotactic, syndiotactic, or
atactic. The pendant groups creating the isotactic, syndio-
tactic, or atactic polymers are chosen to determine the
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interactions between the different polymer chains making up
the resin to control the final properties of the resins used in
golf ball covers, centers, or intermediate layers. As will be
clear to those skilled in the art, grafted metallocene-cata-
lyzed polymers useful in the invention that are formed from
metallocene-catalyzed random or block copolymers or ter-
polymers will also be random or block copolymers or
terpolymers, and will have the same tacticity of the metal-
locene-catalyzed polymer backbone.

As used herein, the term “phrase branched or straight
chain alkyl” means any substituted or unsubstituted acyclic
carbon-containing compounds. Examples of alkyl groups
include lower alkyl, for example, methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl or t-butyl; upper alkyl, for
example, octyl, nonyl, decyl, and the like; and lower alky-
lene, for example, ethylene, propylene, butylene, pentene,
hexene, octene, norbornene, nonene, decene, and the like.

In addition, such alkyl groups may also contain various
substituents in which one or more hydrogen atoms has been
replaced by a functional group. Functional groups include,
but are not limited to hydroxyl, amino, carboxyl, sulfonic
amide, ester, ether, phosphates, thiol, nitro, silane and halo-
gen (fluorine, chlorine, bromine and iodine), to mention but
a few.

As used herein, the term “substituted and unsubstituted
carbocyclic” means cyclic carbon-containing compounds,
including, but not limited to cyclopentyl, cyclohexyl, cyclo-
heptyl, and the like. Such cyclic groups may also contain
various substituents in which one or more hydrogen atoms
has been replaced by a functional group. Such functional
groups include those described above, and lower alkyl
groups having from 1-28 carbon atoms. The cyclic groups
of the invention may further comprise a heteroatom.

As mentioned above, R; and R, can also represent any
combination of alkyl, carbocyclic or aryl groups, for
example, 1-cyclohexylpropyl, benzyl cyclohexylmethyl,
2-cyclohexylpropyl, 2,2-methylcyclohexylpropyl, 2,2-me-
thylphenylpropyl, and 2,2-methylphenylbutyl.

Non-grafted metallocene-catalyzed polymers useful in the
present invention are commercially available under the trade
name AFFINITY® polyolefin plastomers and ENGAGE®
polyolefin elastomers commercially available from Dow
Chemical Company and DuPont-Dow. Other commercially
available metallocene-catalyzed polymers can be used, such
as EXACT®, commercially available from Exxon and
INSIGHT®, commercially available from Dow. The
EXACT® and INSIGHT® line of polymers also have novel
rheological behavior in addition to their other properties as
a result of using a metallocene catalyst technology. Metal-
locene-catalyzed polymers are also readily available from
Sentinel Products Corporation of Hyannis, Mass., as foamed
sheets for compression molding.

Monomers useful in the present invention include, but are
not limited to, olefinic monomers having, as a functional
group, sulfonic acid, sulfonic acid derivatives, such as
chlorosulfonic acid, vinyl ethers, vinyl esters, primary, sec-
ondary, and tertiary amines, mono-carboxylic acids, dicar-
boxylic acids, partially or fully ester-derivatized mono-
carboxylic and dicarboxylic acids, anhydrides of
dicarboxylic acids, and cyclic imides of dicarboxylic acids.

In addition, metallocene-catalyzed polymers may also be
functionalized by sulfonation, carboxylation, or the addition
of an amine or hydroxy group. Metallocene-catalyzed poly-
mers functionalized by sulfonation, carboxylation, or the
addition of a hydroxy group may be converted to anionic
ionomers by treatment with a base. Similarly, metallocene-
catalyzed polymers functionalized by the addition of an
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amine may be converted to cationic ionomers by treatment
with an alkyl halide, acid, or acid derivative.

The most preferred monomer is maleic anhydride, which,
once attached to the metallocene-catalyzed polymer by the
post-polymerization reaction, may be further subjected to a
reaction to form a grafted metallocene-catalyzed polymer
containing other pendant or functional groups. For example,
reaction with water will convert the anhydride to a dicar-
boxylic acid; reaction with ammonia, alkyl, or aromatic
amine forms an amide; reaction with an alcohol results in the
formation of an ester; and reaction with base results in the
formation of an anionic ionomer.

The HNP’s of the present invention may also be blended
with single-site and metallocene catalysts and polymers
formed therefrom. As used herein, the term “single-site
catalyst,” such as those disclosed in U.S. Pat. No. 6,150,462
which is incorporated herein by reference, refers to a catalyst
that contains an ancillary ligand that influences the stearic
and electronic characteristics of the polymerizing site in a
manner that prevents formation of secondary polymerizing
species. The term “metallocene catalyst” refers to a single-
site catalyst wherein the ancillary ligands are comprising
substituted or unsubstituted cyclopentadienyl groups, and
the term “non-metallocene catalyst” refers to a single-site
catalyst other than a metallocene catalyst.

Non-metallocene single-site catalysts include, but are not
limited to, the Brookhart catalyst, which has the following
structure:

— R R -
R
74 R
N\ | AnB
N
M/
/' \
R’ X X
R

wherein M is nickel or palladium; R and R' are indepen-
dently hydrogen, hydrocarbyl, or substituted hydrocarbyl;
Ar is (CF;),CgHj, and X is alkyl, methyl, hydride, or halide;
the McConville catalyst, which has the structure:

Ar
/

N
\ ..\\\CH3
M
/ VCH3
N

\

Ar

wherein M is titanium or zirconium. Iron (IT) and cobalt (IT)
complexes with 2,6-bis(imino)pyridyl ligands, which have
the structure:

R
HC
@ >_ <
N M
VA C
HC
R
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where M is the metal, and R is hydrogen, alkyl, or hydro-
carbyl. Titanium or zirconium complexes with pyrroles as
ligands also serve as single-site catalysts. These complexes
have the structure:

X X
N4

M

)

&

—R,

&

where M is the metal atom; m and n are independently 1 to
4, and indicate the number of substituent groups attached to
the aromatic rings; R,,, and R,, are independently hydrogen or
alkyl; and X is halide or alkyl. Other examples include
diimide complexes of nickel and palladium, which have the
structure:

Ar

N

\ ‘\\\X
M
/X
N
|

Ar

\

/

QO

where Ar is aromatic, M is the metal, and X is halide or
alkyl. Boratabenzene complexes of the Group IV or V
metals also function as single-site catalysts. These com-
plexes have the structure:

@

5

Mgy,

L

where B is boron and M is the metal atom.

As used herein, the term “single-site catalyzed polymer”
refers to any polymer, copolymer, or terpolymer, and, in
particular, any polyolefin polymerized using a single-site
catalyst. The term “non-metallocene single-site catalyzed
polymer” refers to any polymer, copolymer, or terpolymer,
and, in particular, any polyolefin polymerized using a single-
site catalyst other than a metallocene-catalyst. The catalysts
discussed above are examples of non-metallocene single-
site catalysts. The term “metallocene catalyzed polymer”
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refers to any polymer, copolymer, or terpolymer, and, in
particular, any polyolefin, polymerized using a metallocene
catalyst.

As used herein, the term “single-site catalyzed polymer
blend” refers to any blend of a single-site catalyzed polymer
and any other type of polymer, preferably an ionomer, as
well as any blend of a single-site catalyzed polymer with
another single-site catalyzed polymer, including, but not
limited to, a metallocene-catalyzed polymer.

The terms “grafted single-site catalyzed polymer” and
“grafted single-site catalyzed polymer blend” refer to any
single-site catalyzed polymer or single-site catalyzed poly-
mer blend in which the single-site catalyzed polymer has
been subjected to a post-polymerization reaction to graft at
least one functional group onto the single-site catalyzed
polymer. A “post-polymerization reaction” is any reaction
that occurs after the formation of the polymer by a poly-
merization reaction.

The single-site catalyzed polymer, which may be grafted,
may also be blended with polymers, such as non-grafted
single-site catalyzed polymers, grafted single-site catalyzed
polymers, ionomers, and thermoplastic elastomers. Prefer-
ably, the single-site catalyzed polymer is blended with at
least one ionomer of the preset invention.

Grafted single-site catalyzed polymers useful in the golf
balls of the invention may be obtained by subjecting a
non-grafted single-site catalyzed polymer to a post-polymer-
ization reaction to provide a grafted single-site catalyzed
polymer with the desired pendant group or groups.
Examples of single-site catalyzed polymers to which func-
tional groups may be grafted for use in the invention include,
but are not limited to, homopolymers of ethylene and
propylene and copolymers of ethylene and a second olefin,
preferably, propylene, butene, pentene, hexene, heptene,
octene, and norbornene. Monomers useful in the present
invention include, but are not limited to olefinic monomers
having as a functional group sulfonic acid, sulfonic acid
derivatives, such as chlorosulfonic acid, vinyl ethers, vinyl
esters, primary, secondary, and tertiary amines, epoxies,
isocyanates, mono-carboxylic acids, dicarboxylic acids, par-
tially or fully ester derivatized mono-carboxylic and dicar-
boxylic acids, anhydrides of dicarboxylic acids, and cyclic
imides of dicarboxylic acids. Generally, this embodiment of
the invention includes golf balls having at least one layer
comprising at least one grafted single-site catalyzed polymer
or polymer blend, where the grafted single-site catalyzed
polymer is produced by grafting a functional group onto a
single-site catalyzed polymer having the formula:

Ri Ry Ry Ry Rs Rg
|1 || [
CcC—cC c—cC c—cC
|| [ I O O
H H H H H H

x y z

where R, is hydrogen, branched or straight chain alkyl such
as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, and
octyl, carbocyclic, aromatic or heterocyclic; R,, R5, Ry, and
R, are hydrogen, lower alkyl including C,—C;, carbocyclic,
aromatic or heterocyclic; R, is H, C, H,,,, ;, where n=1to 18,
and phenyl, in which from 0 to 5 H within R, can be replaced
by substituents such as COOH, SO;H, NH,,, F, CI, Br, I, OH,
SH, epoxy, isocyanate, silicone, lower alkyl esters and lower
alkyl ethers; also, R, and R, can be combined to form a
bicyclic ring; and X, y and z are the relative percentages of
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each co-monomer. X can range from about 1 to about 100
percent or more preferably from 1 to 70 percent and most
preferred, from about 1 to about 50 percent. Y can be from
about 99 to about 0 percent, preferably, from about 9 to
about 30 percent, or most preferably, about 9 to about 50
percent. Z can range from about 0 to about 50 percent. One
of ordinary skill in the art would also understand that if an
acid group is selected as a ligand in the above structure that
it too could be neutralized with the organic fatty acids
described above.

The HNP’s of the present invention may also be blended
with high crystalline acid copolymers and their ionomer
derivatives (which may be neutralized with conventional
metal cations or the organic fatty acids and salts thereof) or
a blend of a high crystalline acid copolymer and its ionomer
derivatives and at least one additional material, preferably an
acid copolymer and its ionomer derivatives. As used herein,
the term “high crystalline acid copolymer” is defined as a
“product-by-process” in which an acid copolymer or its
ionomer derivatives formed from a ethylene/carboxylic acid
copolymer comprising about 5 to about 35 percent by weight
acrylic or methacrylic acid, wherein the copolymer is poly-
merized at a temperature of about 130° C. to 200° C., at
pressures greater than about 20,000 psi preferably greater
than about 25,000 psi, more pref. from about 25,000 psi to
about 50,000 psi, wherein up to about 70 percent, preferably
100 percent, of the acid groups are neutralized with a metal
ion, organic fatty acids and salts thereof, or a mixture
thereof. The copolymer can have a melt index (“MI”) of
from about 20 to about 300 g/10 min, preferably about 20 to
about 200 g/10 min, and upon neutralization of the copoly-
mer, the resulting acid copolymer and its ionomer deriva-
tives should have an MI of from about 0.1 to about 30.0 g/10
min.

Suitable high crystalline acid copolymer and its ionomer
derivatives compositions and methods for making them are
disclosed in U.S. Pat. No. 5,580,927, the disclosure of which
is hereby incorporated by reference in its entirety.

The high crystalline acid copolymer or its ionomer deriva-
tives employed in the present invention are preferably
formed from a copolymer containing about 5 to about 35
percent, more preferably from about 9 to about 18, most
preferably about 10 to about 13 percent, by weight of acrylic
acid, wherein up to about 75 percent, most preferably about
60 percent, of the acid groups are neutralized with an organic
fatty acid, salt thereof, or a metal ion, such as sodium,
lithium, magnesium, or zinc ion.

Generally speaking, high crystalline acid copolymer and
its ionomer derivatives are formed by polymerization of
their base copolymers at lower temperatures, but at equiva-
lent pressures to those used for forming a conventional acid
copolymer and its ionomer derivatives. Conventional acid
copolymers are typically polymerized at a polymerization
temperature of from at least about 200° C. to about 270° C.,
preferably about 220° C., and at pressures of from about
23,000 to about 30,000 psi. In comparison, the high crys-
talline acid copolymer and its ionomer derivatives employed
in the present invention are produced from acid copolymers
that are polymerized at a polymerization temperature of less
than 200° C., and preferably from about 130° C. to about
200° C., and at pressures from about 20,000 to about 50,000
psi.

The HNP’s of the present invention may also be blended
with cationic ionomers, such as those disclosed in U.S. Pat.
No. 6,193,619 which is incorporated herein by reference. In
particular, cationic ionomers have a structure according to
the formula:
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R, O
|l
—R— I|\I+—C—O—R4 or the formula:
R o
Rs O

—Rg—Nt—C—N—Ry

R7 Rg

wherein R;—R, are organic moieties of linear or branched
chain alkyl, carbocyclic, or aryl; and Z is the negatively
charged conjugate ion produced following alkylation and/or
quaternization. The cationic polymers may also be quar-
ternized up to 100% by the organic fatty acids described
above.

In addition, such alkyl group may also contain various
substituents in which one or more hydrogen atoms has been
replaced by a functional group. Functional groups include
but are not limited to hydroxyl, amino, carboxyl, amide,
ester, ether, sulfonic, siloxane, siloxyl, silanes, sulfonyl, and
halogen.

As used herein, substituted and unsubstituted carbocyclic
groups of up to about 20 carbon atoms means cyclic carbon-
containing compounds, including but not limited to cyclo-
pentyl, cyclohexyl, cycloheptyl, and the like. Such cyclic
groups may also contain various substituents in which one or
more hydrogen atoms has been replaced by a functional
group. Such functional groups include those described
above, and lower alkyl groups as described above. The
cyclic groups of the invention may further comprise a
heteroatom.

The HNP’s of the present invention may also be blended
with polyurethane and polyurea ionomers which include
anionic moieties or groups, such as those disclosed in U.S.
Pat. No. 6,207,784 which is incorporated herein by refer-
ence. Typically, such groups are incorporated onto the
diisocyanate or diisocyanate component of the polyurethane
or polyurea ionomers. The anionic group can also be
attached to the polyol or amine component of the polyure-
thane or polyurea, respectively. Preferably, the anionic
group is based on a sulfonic, carboxylic or phosphoric acid
group. Also, more than one type of anionic group can be
incorporated into the polyurethane or polyurea. Examples of
anionic polyurethane ionomers with anionic groups attached
to the diisocyanate moiety can have a chemical structure
according to the following formula:

N N o ol _R__K_ _oJ o

JJ" \A/ \C/ \{B/ ‘]\C/ \A/ \C/ \[B/ 17.'"
Il il Il "
O O

(0]

where A=R-Z"M**; R is a straight chain or branched ali-
phatic group, a substituted straight chain or branched ali-
phatic group, or an aromatic or substituted aromatic group;
Z=S0;7, CO,~ or HPO;™; M is a group IA, IB, IIA, IIB,
IIIA, IIIB, IVA, IVB, VA, VB, VIA, VIB, VIIB or VIIIB
metal; x=1 to 5; B is a straight chain or branched aliphatic
group, a substituted straight chain or branched aliphatic
group, or an aromatic or substituted aromatic group; and n=1
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to 100. Preferably, M** is one of the following: Li*, Na*, K*,
Mg*?, Zn*?, Ca*?, Mn*?, Al*>, Ti**, Zr**, W** or HI*.

Exemplary anionic polyurethane ionomers with anionic
groups attached to the polyol component of the polyurethane
are characterized by the above chemical structure where A is
a straight chain or branched aliphatic group, a substituted
straight chain or branched aliphatic group, or an aromatic or
substituted aromatic group, B=R-Z"M™"*; R is a straight
chain or branched aliphatic group, a substituted straight
chain or branched aliphatic group, or an aromatic or substi-
tuted aromatic group; Z=SO;~, CO,~ or HPO;7; M is a
group 1A, IB, IIA, IIB, ITIA, IIIB, IVA, IVB, VA, VB, VIA,
VIB, VIIB or VIIIB metal; x=1 to 5; and n=1 to 100.
Preferably, M** is one of the following: Li*, Na*, K*, Mg*?,
Zn*?, Ca*?, Mn*?, AI*®, Ti*, Zr*, W** or Hf*™.

Examples of suitable anionic polyurea ionomers with
anionic groups attached to the diisocyanate component have
a chemical structure according to the following chemical
structure:

N N NG N R N R N
i \A/ \ﬁ/ TB,]/ \(”:/ \[\A,l/ \ﬁ/ B/
O O O

where A=R-Z"M™; R is a straight chain or branched ali-
phatic group, a substituted straight chain or branched ali-
phatic group, or an aromatic or substituted aromatic group;
Z=S0;7, CO,~ or HPO;7; M is a group IA, IB, IIA, IIB,
1A, 1IIB, IVA, IVB, VA, VB, VIA, VIB, VIIB or VIIIB
metal; x=1 to 5; and B is a straight chain or branched
aliphatic group, a substituted straight chain or branched
aliphatic group, or an aromatic or substituted aromatic
group. Preferably, M™* is one of the following: Li*, Na*, K*,
Mg*?, Zn*?, Ca*™2, Mn*?, Al*3, Ti*~, Zr™, W**, or Hf*".

Suitable anionic polyurea ionomers with anionic groups
attached to the amine component of the polyurea are char-
acterized by the above chemical structure where A is a
straight chain or branched aliphatic group, a substituted
straight chain or branched aliphatic group, or an aromatic or
substituted aromatic group, B=R-Z"M™"*; R is a straight
chain or branched aliphatic group, a substituted straight
chain or branched aliphatic group, or an aromatic or substi-
tuted aromatic group; Z=SO;~, CO,~ or HPO;7; M is a
group 1A, IB, IIA, IIB, ITIA, IIIB, IVA, IVB, VA, VB, VIA,
VIB, VIIB or VIIIB metal; and x=1 to 5. Preferably, M** is
one of the following: Li*, Na*, K*, Mg*?, Zn*?, Ca*™2, Mn*?,
AL, Ti™™, Zr*, W**, or Hf**. The anionic poly polyurea
ionomers may also be neutralized up to 100% by the organic
fatty acids described above.

The anionic polymers useful in the present invention,
such as those disclosed in U.S. Pat. No. 6,221,960 which is
incorporated herein by reference, include any homopolymer,
copolymer or terpolymer having neutralizable hydroxyl and/
or dealkylable ether groups, and in which at least a portion
of the neutralizable or dealkylable groups are neutralized or
dealkylated with a metal ion.

As used herein “neutralizable” or “dealkylable” groups
refer to a hydroxyl or ether group pendent from the polymer
chain and capable of being neutralized or dealkylated by a
metal ion, preferably a metal ion base. These neutralized
polymers have improved properties critical to golf ball
performance, such as resiliency, impact strength and tough-
ness and abrasion resistance. Suitable metal bases are ionic
compounds comprising a metal cation and a basic anion.
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Examples of such bases include hydroxides, carbonates,
acetates, oxides, sulfides, and the like.

The particular base to be used depends upon the nature of
the hydroxyl or ether compound to be neutralized or dealky-
lated, and is readily determined by one skilled in the art.
Preferred anionic bases include hydroxides, carbonates,
oxides and acetates.

The metal ion can be any metal ion which forms an ionic
compound with the anionic base. The metal is not particu-
larly limited, and includes alkali metals, preferably lithium,
sodium or potassium; alkaline earth metals, preferably mag-
nesium or calcium; transition metals, preferably titanium,
zirconium, or zinc; and Group III and IV metals. The metal
ion can have a +1 to +5 charge. Most preferably, the metal
is lithium, sodium, potassium, zinc, magnesium, titanium,
tungsten, or calcium, and the base is hydroxide, carbonate or
acetate.

The anionic polymers useful in the present invention
include those which contain neutralizable hydroxyl and/or
dealkylable ether groups. Exemplary polymers include eth-
ylene vinyl alcohol copolymers, polyvinyl alcohol, polyvi-
nyl acetate, poly(p-hydroxymethylene styrene), and p-meth-
oxy styrene, to name but a few. It will be apparent to one
skilled in the art that many such polymers exist and thus can
be used in the compositions of the invention. In general, the
anionic polymer can be described by the chemical structure:

flh fl{z fl{s fl{s fl{g fl{m
cC—cC cC—cC cC—cC
|| || ||
Ry Ry R7; Rg Ript Ryp

X z

where R, is OH, OC(O)R , O-M*", (CH,),R,, (CHR),R,,
or aryl, wherein n is at least 1, R, is a lower alkyl, M is a
metal ion, V is an integer from 1 to 5, R, is OH, OC(O)R,,
O-M*Y, and R_ is a lower alkyl or aryl, and R,, R; and R,
are each independently hydrogen, straight-chain or
branched-chain lower alkyl. R,, R; and R, may also be
similarly substituted. Preferably n is from 1 to 12, more
preferably 1 to 4.

The term “substituted,” as used herein, means one or more
hydrogen atoms has been replaced by a functional group.
Functional groups include, but are not limited to, hydroxyl,
amino, carboxyl, sulfonic, amide, ether, ether, phosphates,
thiol, nitro, silane, and halogen, as well as many others
which are quite familiar to those of ordinary skill in this art.

The terms “alkyl” or “lower alkyl” as used herein,
includes a group of from about 1 to 30 carbon atoms,
preferably 1 to 10 carbon atoms.

In the anionic polymers useful in the present invention, at
least a portion of the neutralizable or dealkylable groups of
R, are neutralized or dealkylated by an organic fatty acid, a
salt thereof, a metal base, or a mixture thereof to form the
corresponding anionic moiety. The portion of the neutraliz-
able or dealkylable groups which are neutralized or dealky-
lated can be between about 1 to about 100 weight percent,
preferably between about 50 to about 100 weight percent,
more preferably before about 90 to about 100.

Neutralization or dealkylation may be performed by melt-
ing the polymer first, then adding a metal ion in an extruder.
The degree of neutralization or dealkylation is controlled by
varying the amount of metal ion added. Any method of
neutralization or dealkylation available to those of ordinary
skill in the art may also be suitably employed.
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In one embodiment, the anionic polymer is repeating units
any one of the three homopolymer units in the chemical
structure above. In a preferred embodiment, R,, R; and R,
are hydrogen, and R, is hydroxyl, i.e., the anionic polymer
is a polyvinyl alcohol homopolymer in which a portion of
the hydroxyl groups have been neutralized with a metal
base. In another preferred embodiment, R,, R; and R, are
hydrogen, R; is OC(O)R,, and R, is methyl, i.c., the anionic
polymer is a polyvinyl acetate homopolymer in which a
portion of the methyl ether groups have been dealkylated
with a metal ion.

The anionic polymer can also be a copolymer of two
different repeating units having different substituents, or a
terpolymer of three different repeating units described in the
above formula. In this embodiment, the polymer can be a
random copolymer, an alternating copolymer, or a block
copolymer, where the term “copolymer” includes terpoly-
mers.

In another embodiment, the anionic polymer is a copoly-
mer, wherein R, Ry, R, and Ry are each independently
selected from the group defined above for R,. The first unit
of the copolymer can comprise from about 1 to 99 percent
weight percent of the polymer, preferably from about 5 to 50
weight percent, and the second unit of the copolymer can
comprise from about 99 to 1 weight percent, preferably from
about 95 to 50 weight percent. In one preferred embodiment,
the anionic polymer is a random, alternating or block
copolymer of units (Ia) and (Ib) wherein R is hydroxyl, and
each of the remaining R groups is hydrogen, i.e., the
polymer is a copolymer of ethylene and vinyl alcohol. In
another preferred embodiment, the anionic polymer is a
random, alternating or block copolymer of units (Ia) and (Ib)
wherein R is OC(O)R,, where Ry is methyl, and each of the
remaining R groups is hydrogen, i.e., the polymer is a
copolymer of ethylene and vinyl acetate.

In another embodiment, the anionic polymer is an anionic
polymer having neutralizable hydroxyl and/or dealkylable
ether groups of as in the above chemical structure wherein
R, and R, and R, are as defined above; R, ;; are each
independently selected from the group as defined above for
R,; and R,, is OH or OC(O)R 5, where R 5 is a lower alkyl;
wherein X, y and z indicate relative weight percent of the
different units. X can be from about 99 to about 50 weight
percent of the polymer, y can be from about 1 to about 50
weight percent of the polymer, and z ranges from about O to
about 50 weight percent of the polymer. At least a portion of
the neutralizable groups R, are neutralized. When the
amount of z is greater than zero, a portion of the groups R,
can also be fully or partially neutralized, as desired.

In particular, the anionic polymers and blends thereof can
comprise compatible blends of anionic polymers and iono-
mers, such as the ionomers described above, and ethylene
acrylic methacrylic acid ionomers, and their terpolymers,
sold commercially under the trade names SURLYN® and
IOTEK® by DuPont and Exxon respectively. The anionic
polymer blends useful in the golf balls of the invention can
also include other polymers, such as polyvinylalcohol,
copolymers of ethylene and vinyl alcohol, poly(ethylethyl-
ene), poly(heptylethylene), poly(hexyldecylethylene), poly
(isopentylethylene), poly(butyl acrylate), acrylate), poly(2-
ethylbutyl acrylate), poly(heptyl acrylate), poly(2-
methylbutyl acrylate), poly(3-methylbutyl acrylate), poly
(N-octadecylacrylamide), poly(octadecyl methacrylate),
poly(butoxyethylene), poly(methoxyethylene), poly(penty-
loxyethylene), poly(1,1-dichloroethylene), poly(4-[(2-bu-
toxyethoxy)methyl]styrene), poly[oxy(ethoxymethyl)ethyl-
ene], poly(oxyethylethylene), poly(oxytetramethylene),
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poly(oxytrimethylene), poly(silanes) and poly(silazanes),
polyamides, polycarbonates, polyesters, styrene block
copolymers, polyetheramides, polyurethanes, main-chain
heterocyclic polymers and poly(furan tetracarboxylic acid
diimides), as well as the classes of polymers to which they
belong.

The anionic polymer compositions of the present inven-
tion typically have a flexural modulus of from about 500 psi
to about 300,000 psi, preferably from about 2000 to about
200,000 psi. The anionic polymer compositions typically
have a material hardness of at least about 15 Shore A,
preferably between about 30 Shore A and 80 Shore D, more
preferably between about 50 Shore A and 60 Shore D. The
loss tangent, or dissipation factor, is a ratio of the loss
modulus over the dynamic shear storage modulus, and is
typically less than about 1, preferably less than about 0.01,
and more preferably less than about 0.001 for the anionic
polymer compositions measured at about 23° C. The specific
gravity is typically greater than about 0.7, preferably greater
than about 1, for the anionic polymer compositions. The
dynamic shear storage modulus, or storage modulus, of the
anionic polymer compositions at about 23° C. is typically at
least about 10,000 dyn/cm>.

The golf balls of the present invention may comprise a
variety of constructions. Referring to FIG. 1, in one embodi-
ment of the present invention, golf ball 10 includes a core
12, an inner cover layer 14 surrounding the core 12, and an
outer cover layer 16. Preferably, the core 12 is solid.

In a preferred embodiment, the solid core 12 comprises
the HNP’s of the present invention. In an alternative
embodiment, the solid core 12 may include compositions
having a base rubber, a crosslinking agent, a filler, and a
co-crosslinking or initiator agent, and the inner cover layer
14 comprises the HNP’s of the present invention.

The base rubber typically includes natural or synthetic
rubbers. A preferred base rubber is 1,4-polybutadiene having
a cis-structure of at least 40%. More preferably, the base
rubber comprises high-Mooney-viscosity rubber. If desired,
the polybutadiene can also be mixed with other elastomers
known in the art such as natural rubber, polyisoprene rubber
and/or styrene-butadiene rubber in order to modify the
properties of the core.

The crosslinking agent includes a metal salt of an unsat-
urated fatty acid such as a zinc salt or a magnesium salt of
an unsaturated fatty acid having 3 to 8 carbon atoms such as
acrylic or methacrylic acid. Suitable cross linking agents
include metal salt diacrylates, dimethacrylates and
monomethacrylates wherein the metal is magnesium, cal-
cium, zinc, aluminum, sodium, lithium or nickel. The
crosslinking agent is present in an amount from about 15 to
about 30 parts per hundred of the rubber, preferably in an
amount from about 19 to about 25 parts per hundred of the
rubber and most preferably having about 20 to 24 parts
crosslinking agent per hundred of rubber. The core compo-
sitions of the present invention may also include at least one
organic or inorganic cis-trans catalyst to convert a portion of
the cis-isomer of polybutadiene to the trans-isomer, as
desired.

The initiator agent can be any known polymerization
initiator which decomposes during the cure cycle. Suitable
initiators include peroxide compounds such as dicumyl
peroxide, 1,1-di-(t-butylperoxy) 3,3,5-trimethyl cyclohex-
ane, a-a bis-(t-butylperoxy)diisopropylbenzene, 2,5-dim-
ethyl-2,5 di-(t-butylperoxy)hexane or di-t-butyl peroxide
and mixtures thereof.

Fillers, any compound or composition that can be used to
vary the density and other properties of the core, typically
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include materials such as tungsten, zinc oxide, barium
sulfate, silica, calcium carbonate, zinc carbonate, metals,
metal oxides and salts, regrind (recycled core material
typically ground to about 30 mesh particle), high-Mooney-
viscosity rubber regrind, and the like.

The golf ball cores of the present invention may also
comprise a variety of constructions. For example, the core
may comprise a single layer or a plurality of layers. The core
may also comprise a formed of a tensioned elastomeric
material. Referring to FIG. 2, in another embodiment of the
present invention, golf ball 20 comprises a solid center 22
surrounded by at least one additional solid outer core layer
24. The “dual” core 26 is surrounded by a “double” cover 28
comprising an inner cover layer 30 and an outer cover layer
32.

Preferably, the solid center 22 comprises the HNP’s of the
present invention. In another embodiment, the inner cover
layer 28 comprises the highly-neutralized acid copolymers
of the present invention. In an alternative embodiment, the
outer core layer 24 comprises the highly-neutralized acid
copolymers of the present invention.

At least one of the outer core layers is formed of a resilient
rubber-based component comprising a high-Mooney-viscos-
ity rubber, and a crosslinking agent present in an amount
from about 20 to about 40 parts per hundred, from about 30
to about 38 parts per hundred, and most preferably about 37
parts per hundred. It should be understood that the term
“parts per hundred” is with reference to the rubber by
weight.

When the golf ball of the present invention includes an
intermediate layer, such as an outer core layer or an inner
cover layer, any or all of these layer(s) may comprise
thermoplastic and thermosetting material, but preferably the
intermediate layer(s), if present, comprise any suitable mate-
rial, such as ionic copolymers of ethylene and an unsaturated
monocarboxylic acid which are available under the trade-
mark SURLYN® of E.I. DuPont de Nemours & Co., of
Wilmington, Del., or IOTEK® or ESCOR® of Exxon.
These are copolymers or terpolymers of ethylene and meth-
acrylic acid or acrylic acid partially neutralized with salts of
zinc, sodium, lithium, magnesium, potassium, calcium,
manganese, nickel or the like, in which the salts are the
reaction product of an olefin having from 2 to 8 carbon
atoms and an unsaturated monocarboxylic acid having 3 to
8 carbon atoms. The carboxylic acid groups of the copoly-
mer may be totally or partially neutralized and might include
methacrylic, crotonic, maleic, fumaric or itaconic acid.

This golf ball can likewise include one or more
homopolymeric or copolymeric inner cover materials, such
as:

(1) Vinyl resins, such as those formed by the polymer-
ization of vinyl chloride, or by the copolymerization of
vinyl chloride with vinyl acetate, acrylic esters or
vinylidene chloride;

(2) Polyolefins, such as polyethylene, polypropylene,
polybutylene and copolymers such as ethylene methy-
lacrylate, ethylene ethylacrylate, ethylene vinyl acetate,
ethylene methacrylic or ethylene acrylic acid or pro-
pylene acrylic acid and copolymers and homopolymers
produced using a single-site catalyst or a metallocene
catalyst;

(3) Polyurethanes, such as those prepared from polyols
and diisocyanates or polyisocyanates, in particular
PPDI-based thermoplastic polyurethanes, and those
disclosed in U.S. Pat. No. 5,334,673;

(4) Polyureas, such as those disclosed in U.S. Pat. No.
5,484,870,
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(5) Polyamides, such as poly(hexamethylene adipamide)
and others prepared from diamines and dibasic acids, as
well as those from amino acids such as poly(caprolac-
tam), and blends of polyamides with SURLYN®, poly-
ethylene, ethylene copolymers, ethylene-propylene-
non-conjugated diene terpolymer, and the like;

(6) Acrylic resins and blends of these resins with poly
vinyl chloride, elastomers, and the like;

(7) Thermoplastics, such as urethane; olefinic thermoplas-
tic rubbers, such as blends of polyolefins with ethylene-
propylene-non-conjugated diene terpolymer; block
copolymers of styrene and butadiene, isoprene or eth-
ylene-butylene rubber; or copoly(ether-amide), such as
PEBAX®, sold by ELF Atochem of Philadelphia, Pa.;

(8) Polyphenylene oxide resins or blends of polyphe-
nylene oxide with high impact polystyrene as sold
under the trademark NORYL® by General Electric
Company of Pittsfield, Mass.;

(9) Thermoplastic polyesters, such as polyethylene
terephthalate, polybutylene terephthalate, polyethylene
terephthalate/glycol ~ modified,  poly(trimethylene
terepthalate), and elastomers sold under the trademarks
HYTREL® by E.I. DuPont de Nemours & Co. of
Wilmington, Del., and LOMOD® by General Electric
Company of Pittsfield, Mass.;

(10) Blends and alloys, including polycarbonate with
acrylonitrile butadiene styrene, polybutylene terephtha-
late, polyethylene terephthalate, styrene maleic anhy-
dride, polyethylene, elastomers, and the like, and poly-
vinyl chloride with acrylonitrile butadiene styrene or
ethylene vinyl acetate or other elastomers; and

(11) Blends of thermoplastic rubbers with polyethylene,
propylene, polyacetal, nylon, polyesters, cellulose
esters, and the like.

Preferably, the inner cover includes polymers, such as
ethylene, propylene, butene-1 or hexane-1 based homopoly-
mers or copolymers including functional monomers, such as
acrylic and methacrylic acid and fully or partially neutral-
ized ionomer resins and their blends, methyl acrylate,
methyl methacrylate homopolymers and copolymers, imi-
dized, amino group containing polymers, polycarbonate,
reinforced polyamides, polyphenylene oxide, high impact
polystyrene, polyether ketone, polysulfone, poly(phenylene
sulfide), acrylonitrile-butadiene, acrylic-styrene-acryloni-
trile, poly(ethylene terephthalate), poly(butylene terephtha-
late), poly(vinyl alcohol), poly(tetrafluoroethylene) and their
copolymers including functional comonomers, and blends
thereof. Suitable cover compositions also include a poly-
ether or polyester thermoplastic urethane, a thermoset poly-
urethane, a low modulus ionomer, such as acid-containing
ethylene copolymer ionomers, including E/X/Y terpolymers
where E is ethylene, X is an acrylate or methacrylate-based
softening comonomer present in about 0 to 50 weight
percent and Y is acrylic or methacrylic acid present in about
5 to 35 weight percent. More preferably, in a low spin rate
embodiment designed for maximum distance, the acrylic or
methacrylic acid is present in about 16 to 35 weight percent,
making the ionomer a high modulus ionomer. In a higher
spin embodiment, the inner cover layer includes an ionomer
where an acid is present in about 10 to 15 weight percent and
includes a softening comonomer. Additionally, high-density
polyethylene  (“HDPE”), low-density  polyethylene
(“LDPE”), LLDPE, and homo- and co-polymers of poly-
olefin are suitable for a variety of golf ball layers.

In one embodiment, the outer cover preferably includes a
polyurethane composition comprising the reaction product
of at least one polyisocyanate, polyol, and at least one curing
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agent. Any polyisocyanate available to one of ordinary skill
in the art is suitable for use according to the invention.
Exemplary polyisocyanates include, but are not limited to,
4,4'-diphenylmethane diisocyanate (“MDI”); polymeric
MDI; carbodiimide-modified liquid MDI; 4,4'-dicyclohexy-
Imethane diisocyanate (“H;,MDI”); p-phenylene diisocyan-
ate (“PPDI”); m-phenylene diisocyanate (“MPDI”); toluene
diisocyanate (“TDI”); 3,3'-dimethyl-4,4'-biphenylene diiso-
cyanate (“TODI”); isophoronediisocyanate (“IPDI”); hex-
amethylene diisocyanate (“HDI”); naphthalene diisocyanate
(“NDI”); xylene diisocyanate (“XDI”); p-tetramethylxylene
diisocyanate (“p-TMXDI”); m-tetramethylxylene diisocy-
anate (“m-TMXDI”); ethylene diisocyanate; propylene-1,2-
diisocyanate; tetramethylene-1,4-diisocyanate; cyclohexyl
diisocyanate; 1,6-hexamethylene-diisocyanate (“HDI”);
dodecane-1,12-diisocyanate; cyclobutane-1,3-diisocyanate;
cyclohexane-1,3-diisocyanate; cyclohexane-1,4-diisocyan-
ate; 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclo-
hexane; methyl cyclohexylene diisocyanate; triisocyanate of
HDI; triisocyanate of 2,4,4-trimethyl-1,6-hexane diisocyan-
ate (“TMDTI”); tetracene diisocyanate; napthalene diisocy-
anate; anthracene diisocyanate; isocyanurate of toluene
diisocyanate; uretdione of hexamethylene diisocyanate; and
mixtures thereof. Polyisocyanates are known to those of
ordinary skill in the art as having more than one isocyanate
group, e.g., di-isocyanate, tri-isocyanate, and tetra-isocyan-
ate. Preferably, the polyisocyanate includes MDI, PPDI,
TDI, or a mixture thereof, and more preferably, the poly-
isocyanate includes MDI. It should be understood that, as
used herein, the term “MDI” includes 4,4'-diphenylmethane
diisocyanate, polymeric MDI, carbodiimide-modified liquid
MDI, and mixtures thereof and, additionally, that the diiso-
cyanate employed may be “low free monomer,” understood
by one of ordinary skill in the art to have lower levels of
“free” monomer isocyanate groups, typically less than about
0.1% free monomer groups. Examples of “low free mono-
mer” diisocyanates include, but are not limited to Low Free
Monomer MDI, Low Free Monomer TDI, and Low Free
Monomer PPDI.

The at least one polyisocyanate should have less than
about 14% unreacted NCO groups. Preferably, the at least
one polyisocyanate has no greater than about 7.5% NCO,
and more preferably, less than about 7.0%.

Any polyol available to one of ordinary skill in the art is
suitable for use according to the invention. Exemplary
polyols include, but are not limited to, polyether polyols,
hydroxy-terminated polybutadiene (including partially/fully
hydrogenated derivatives), polyester polyols, polycaprolac-
tone polyols, and polycarbonate polyols. In one preferred
embodiment, the polyol includes polyether polyol.
Examples include, but are not limited to, polytetramethylene
ether glycol (“PTMEG”), polyethylene propylene glycol,
polyoxypropylene glycol, and mixtures thereof. The hydro-
carbon chain can have saturated or unsaturated bonds and
substituted or unsubstituted aromatic and cyclic groups.
Preferably, the polyol of the present invention includes
PTMEG.

In another embodiment, polyester polyols are included in
the polyurethane material of the invention. Suitable polyes-
ter polyols include, but are not limited to, polyethylene
adipate glycol; polybutylene adipate glycol; polyethylene
propylene adipate glycol; o-phthalate-1,6-hexanediol; poly
(hexamethylene adipate)glycol; and mixtures thereof. The
hydrocarbon chain can have saturated or unsaturated bonds,
or substituted or unsubstituted aromatic and cyclic groups.

In another embodiment, polycaprolactone polyols are
included in the materials of the invention. Suitable polyca-
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prolactone polyols include, but are not limited to, 1,6-
hexanediol-initiated polycaprolactone, diethylene glycol ini-
tiated polycaprolactone, trimethylol propane initiated
polycaprolactone, neopentyl glycol initiated polycaprolac-
tone, 1,4-butanediol-initiated polycaprolactone, and mix-
tures thereof. The hydrocarbon chain can have saturated or
unsaturated bonds, or substituted or unsubstituted aromatic
and cyclic groups.

In yet another embodiment, the polycarbonate polyols are
included in the polyurethane material of the invention.
Suitable polycarbonates include, but are not limited to,
polyphthalate carbonate and poly(hexamethylene carbonate)
glycol. The hydrocarbon chain can have saturated or unsat-
urated bonds, or substituted or unsubstituted aromatic and
cyclic groups. In one embodiment, the molecular weight of
the polyol is from about 200 to about 4000.

Polyamine curatives are also suitable for use in the
polyurethane composition of the invention and have been
found to improve cut, shear, and impact resistance of the
resultant balls. Preferred polyamine curatives include, but
are not limited to, 3,5-dimethylthio-2,4-toluenediamine and
isomers thereof; 3,5-diethyltoluene-2,4-diamine and iso-
mers thereof, such as 3,5-diethyltoluene-2,6-diamine; 4,4'-
bis-(sec-butylamino)-diphenylmethane; 1,4-bis-(sec-buty-
lamino)-benzene, 4,4'-methylene-bis-(2-chloroaniline); 4,4'-
methylene-bis-(3-chloro-2,6-diethylaniline) (“MCDEA”);
polytetramethyleneoxide-di-p-aminobenzoate; N,N'-dialky-
ldiamino diphenyl methane; p,p'-methylene dianiline
(“MDA”); m-phenylenediamine (“MPDA”); 4,4'-methyl-
ene-bis-(2-chloroaniline) (“MOCA”); 4,4'-methylene-bis-
(2,6-diethylaniline) (“MDEA”); 4,4'-methylene-bis-(2,3-
dichloroaniline) (“MDCA”); 4,4'-diamino-3,3'-diethyl-5,5'-
dimethyl diphenylmethane; 2,2', 3,3'-tetrachloro diamino
diphenylmethane; trimethylene glycol di-p-aminobenzoate;
and mixtures thereof. Preferably, the curing agent of the
present invention includes 3,5-dimethylthio-2,4-toluenedi-
amine and isomers thereof, such as ETHACURE 300,
commercially available from Albermarle Corporation of
Baton Rouge, La. Suitable polyamine curatives, which
include both primary and secondary amines, preferably have
molecular weights ranging from about 64 to about 2000.

At least one of a diol, triol, tetraol, or hydroxy-terminated
curatives may be added to the aforementioned polyurethane
composition. Suitable diol, triol, and tetraol groups include
ethylene glycol; diethylene glycol; polyethylene glycol;
propylene glycol; polypropylene glycol; lower molecular
weight polytetramethylene ether glycol; 1,3-bis(2-hydroxy-
ethoxy)benzene; 1,3-bis-[2-(2-hydroxyethoxy)ethoxy]ben-

zene; 1,3-bis-{2-[2-(2-hydroxyethoxy)ethoxy]
ethoxy}benzene; 1,4-butanediol; 1,5-pentanediol; 1,6-
hexanediol; resorcinol-di-(f-hydroxyethyl)ether;

hydroquinone-di-(f-hydroxyethyl)ether; and  mixtures
thereof. Preferred hydroxy-terminated curatives include 1,3-
bis(2-hydroxyethoxy)benzene;, 1,3-bis-[2-(2-hydroxy-
ethoxy)ethoxy]benzene;  1,3-bis-{2-[2-(2-hydroxyethoxy)
ethoxylethoxy}benzene; 1,4-butanediol, and mixtures
thereof. Preferably, the hydroxy-terminated curatives have
molecular weights ranging from about 48 to 2000. It should
be understood that molecular weight, as used herein, is the
absolute weight average molecular weight and would be
understood as such by one of ordinary skill in the art.
Both the hydroxy-terminated and amine curatives can
include one or more saturated, unsaturated, aromatic, and
cyclic groups. Additionally, the hydroxy-terminated and
amine curatives can include one or more halogen groups.
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The polyurethane composition can be formed with a blend
or mixture of curing agents. If desired, however, the poly-
urethane composition may be formed with a single curing
agent.

In a preferred embodiment of the present invention,
saturated polyurethanes used to form cover layers, prefer-
ably the outer cover layer, and may be selected from among
both castable thermoset and thermoplastic polyurethanes.

In this embodiment, the saturated polyurethanes of the
present invention are substantially free of aromatic groups or
moieties. Saturated polyurethanes suitable for use in the
invention are a product of a reaction between at least one
polyurethane prepolymer and at least one saturated curing
agent. The polyurethane prepolymer is a product formed by
a reaction between at least one saturated polyol and at least
one saturated diisocyanate. As is well known in the art, a
catalyst may be employed to promote the reaction between
the curing agent and the isocyanate and polyol.

Saturated diisocyanates which can be used include, with-
out limitation, ethylene diisocyanate; propylene-1,2-diiso-
cyanate; tetramethylene-1,4-diisocyanate; 1,6-hexamethyl-
ene-diisocyanate (“HDI”); 2,2,4-trimethylhexamethylene
diisocyanate; 2,4,4-trimethylhexamethylene diisocyanate;
dodecane-1,12-diisocyanate; dicyclohexylmethane diisocy-
anate; cyclobutane-1,3-diisocyanate; cyclohexane-1,3-diiso-
cyanate; cyclohexane-1,4-diisocyanate; 1-isocyanato-3,3,5-
trimethyl-5-isocyanatomethylcyclohexane; isophorone
diisocyanate (“IPDI”); methyl cyclohexylene diisocyanate;
triisocyanate of HDI; triisocyanate of 2,2.4-trimethyl-1,6-
hexane diisocyanate (“TMDI”). The most preferred satu-
rated diisocyanates are 4,4'-dicyclohexylmethane diisocyan-
ate (“HMDI”) and isophorone diisocyanate (“IPDI”).

Saturated polyols which are appropriate for use in this
invention include without limitation polyether polyols such
as polytetramethylene ether glycol and poly(oxypropylenc)
glycol. Suitable saturated polyester polyols include polyeth-
ylene adipate glycol, polyethylene propylene adipate glycol,
polybutylene adipate glycol, polycarbonate polyol and eth-
ylene oxide-capped polyoxypropylene diols. Saturated poly-
caprolactone polyols which are useful in the invention
include diethylene glycol-initiated polycaprolactone, 1,4-
butanediol-initiated polycaprolactone, 1,6-hexanediol-initi-
ated polycaprolactone; trimethylol propane-initiated polyca-
prolactone, neopentyl glycol initiated polycaprolactone, and
polytetramethylene ether glycol-initiated polycaprolactone.
The most preferred saturated polyols are polytetramethylene
ether glycol and PTMEG-initiated polycaprolactone.

Suitable saturated curatives include 1,4-butanediol, eth-
ylene glycol, diethylene glycol, polytetramethylene ether
glycol, propylene glycol; trimethanolpropane; tetra-(2-hy-
droxypropyl)-ethylenediamine; isomers and mixtures of iso-
mers of cyclohexyldimethylol, isomers and mixtures of
isomers of cyclohexane bis(methylamine); triisopropanola-
mine; ethylene diamine; diethylene triamine; triethylene
tetramine; tetracthylene pentamine; 4,4'-dicyclohexyl-
methane diamine; 2,2,4-trimethyl-1,6-hexanediamine; 2,4,
4-trimethyl-1,6-hexanediamine; diethyleneglycol di-(ami-

nopropyl)ether; 4,4'-bis-(sec-butylamino)-
dicyclohexylmethane; 1,2-bis-(sec-butylamino)
cyclohexane; 1,4-bis-(sec-butylamino)cyclohexane;

isophorone diamine; hexamethylene diamine; propylene
diamine; 1-methyl-2,4-cyclohexyl diamine; 1-methyl-2,6-
cyclohexyl diamine; 1,3-diaminopropane; dimethylamino
propylamine; diethylamino propylamine; imido-bis-propy-
lamine; isomers and mixtures of isomers of diaminocyclo-
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hexane; monoethanolamine; diethanolamine; triethanola-
mine; monoisopropanolamine; and diisopropanolamine. The
most preferred saturated curatives are 1,4-butanediol, 1,4-
cyclohexyldimethylol and 4,4'-bis-(sec-butylamino)-dicy-
clohexylmethane.

The compositions of the invention may also be polyurea-
based, which are distinctly different from polyurethane
compositions, but also result in desirable acrodynamic and
aesthetic characteristics when used in golf ball components.
The polyurea-based compositions are preferably saturated in
nature.

Without being bound to any particular theory, it is now
believed that substitution of the long chain polyol segment
in the polyurethane prepolymer with a long chain polyamine
oligomer soft segment to form a polyurea prepolymer,
improves shear, cut, and resiliency, as well as adhesion to
other components. Thus, the polyurea compositions of this
invention may be formed from the reaction product of an
isocyanate and polyamine prepolymer crosslinked with a
curing agent. For example, polyurea-based compositions of
the invention may be prepared from at least one isocyanate,
at least one polyether amine, and at least one diol curing
agent or at least one diamine curing agent.

Any polyamine available to one of ordinary skill in the art
is suitable for use in the polyurea prepolymer. Polyether
amines are particularly suitable for use in the prepolymer. As
used herein, “polyether amines™ refer to at least polyoxy-
alkyleneamines containing primary amino groups attached
to the terminus of a polyether backbone. Due to the rapid
reaction of isocyanate and amine, and the insolubility of
many urea products, however, the selection of diamines and
polyether amines is limited to those allowing the successful
formation of the polyurea prepolymers. In one embodiment,
the polyether backbone is based on tetramethylene, propy-
lene, ethylene, trimethylolpropane, glycerin, and mixtures
thereof.

Suitable polyether amines include, but are not limited to,
methyldiethanolamine; polyoxyalkylenediamines such as,
polytetramethylene ether diamines, polyoxypropylenetri-
amine, and polyoxypropylene diamines; poly(ethylene
oxide capped oxypropylenc)ether diamines; propylene
oxide-based triamines; triethyleneglycoldiamines; trimethy-
lolpropane-based triamines; glycerin-based triamines; and
mixtures thereof. In one embodiment, the polyether amine
used to form the prepolymer is JEFFAMINE® D2000
(manufactured by Huntsman Chemical Co. of Austin, Tex.).

The molecular weight of the polyether amine for use in
the polyurea prepolymer may range from about 100 to about
5000. As used herein, the term “about” is used in connection
with one or more numbers or numerical ranges, should be
understood to refer to all such numbers, including all num-
bers in a range. In one embodiment, the polyether amine
molecular weight is about 200 or greater, preferably about
230 or greater. In another embodiment, the molecular weight
of the polyether amine is about 4000 or less. In yet another
embodiment, the molecular weight of the polyether amine is
about 600 or greater. In still another embodiment, the
molecular weight of the polyether amine is about 3000 or
less. In yet another embodiment, the molecular weight of the
polyether amine is between about 1000 and about 3000, and
more preferably is between about 1500 to about 2500.
Because lower molecular weight polyether amines may be
prone to forming solid polyureas, a higher molecular weight
oligomer, such as Jeffamine D2000, is preferred.
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In one embodiment, the polyether amine has the generic
structure:

H,NCHCH,— (OCH,CH),— NH,

CH, CH,

wherein the repeating unit X has a value ranging from about
1 to about 70. Even more preferably, the repeating unit may
be from about 5 to about 50, and even more preferably is
from about 12 to about 35.

In another embodiment, the polyether amine has the
generic structure:

H;NCHCH,——(OCHCH,),— (OR),— (OCH,CH),—NH,

CH; CH; CHj3

wherein the repeating units x and z have combined values
from about 3.6 to about 8 and the repeating unit y has a value
ranging from about 9 to about 50, and wherein R is
—(CH,),—, where “a” may be a repeating unit ranging
from about 1 to about 10.

In yet another embodiment, the polyether amine has the
generic structure:

H,N—(R)—O—(R)—O—(R)—NH,

wherein R is —(CH,),—, and “a” may be a repeating unit
ranging from about 1 to about 10.

As briefly discussed above, some amines may be unsuit-
able for reaction with the isocyanate because of the rapid
reaction between the two components. In particular, shorter
chain amines are fast reacting. In one embodiment, however,
a hindered secondary diamine may be suitable for use in the
prepolymer. Without being bound to any particular theory, it
is believed that an amine with a high level of stearic
hindrance, e.g., a tertiary butyl group on the nitrogen atom,
has a slower reaction rate than an amine with no hindrance
or a low level of hindrance. For example, 4,4'-bis-(sec-
butylamino)-dicyclohexylmethane (CLEARLINK® 1000)
may be suitable for use in combination with an isocyanate to
form the polyurea prepolymer.

Any isocyanate available to one of ordinary skill in the art
is suitable for use in the polyurea prepolymer. Isocyanates
for use with the present invention include aliphatic,
cycloaliphatic, araliphatic, aromatic, any derivatives thereof,
and combinations of these compounds having two or more
isocyanate (NCO) groups per molecule. The isocyanates
may be organic polyisocyanate-terminated prepolymers.
The isocyanate-containing reactable component may also
include any isocyanate-functional monomer, dimer, trimer,
or multimeric adduct thereof, prepolymer, quasi-prepoly-
mer, or mixtures thereof. Isocyanate-functional compounds
may include monoisocyanates or polyisocyanates that
include any isocyanate functionality of two or more.

Suitable isocyanate-containing components include diiso-
cyanates having the generic structure:
O=C=N—R—N=C=0, where R is preferably a cyclic,
aromatic, or linear or branched hydrocarbon moiety con-
taining from about 1 to about 20 carbon atoms. The diiso-
cyanate may also contain one or more cyclic groups or one
or more phenyl groups. When multiple cyclic or aromatic
groups are present, linear and/or branched hydrocarbons
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containing from about 1 to about 10 carbon atoms can be
present as spacers between the cyclic or aromatic groups. In
some cases, the cyclic or aromatic group(s) may be substi-
tuted at the 2-, 3-, and/or 4-positions, or at the ortho-, meta-,
and/or para-positions, respectively. Substituted groups may
include, but are not limited to, halogens, primary, secondary,
or tertiary hydrocarbon groups, or a mixture thereof.
Examples of diisocyanates that can be used with the
present invention include, but are not limited to, substituted
and isomeric mixtures including 2,2'-, 2,4'-, and 4,4'-diphe-
nylmethane diisocyanate (MDI); 3,3'-dimethyl-4,4'-biphe-
nylene diisocyanate (TODI); toluene diisocyanate (TDI);
polymeric MDI; carbodiimide-modified liquid 4,4'-diphe-
nylmethane diisocyanate; para-phenylene diisocyanate
(PPDI); meta-phenylene diisocyanate (MPDI); triphenyl
methane-4,4'- and triphenyl methane-4,4'-triisocyanate;
naphthylene-1,5-diisocyanate; 2,4'-, 4,4'-, and 2,2-biphenyl
diisocyanate; polyphenyl polymethylene polyisocyanate
(PMDI); mixtures of MDI and PMDI; mixtures of PMDI
and TDI; ethylene diisocyanate; propylene-1,2-diisocyan-
ate; tetramethylene-1,2-diisocyanate; tetramethylene-1,3-di-
isocyanate; tetramethylene-1,4-diisocyanate; 1,6-hexameth-
ylene-diisocyanate (HDI); octamethylene diisocyanate;
decamethylene diisocyanate; 2,2,4-trimethylhexamethylene
diisocyanate; 2,4,4-trimethylhexamethylene diisocyanate;
dodecane-1,1 2-diisocyanate; cyclobutane-1,3-diisocyanate;
cyclohexane-1,2-diisocyanate; cyclohexane-1,3-diisocyan-
ate; cyclohexane-1,4-diisocyanate; methyl-cyclohexylene
diisocyanate (HTDI); 2,4-methylcyclohexane diisocyanate;
2,6-methylcyclohexane  diisocyanate; 4,4'-dicyclohexyl
diisocyanate; 2,4'-dicyclohexyl diisocyanate; 1,3,5-cyclo-
hexane triisocyanate; isocyanatomethylcyclohexane isocy-
anate; 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcy-

clohexane; isocyanatoethylcyclohexane isocyanate; bis
(isocyanatomethyl)-cyclohexane  diisocyanate; — 4,4'-bis
(isocyanatomethyl)dicyclohexane; 2,4'-bis

(isocyanatomethyl)dicyclohexane; isophorone diisocyanate
(IPDD); triisocyanate of HDI; triisocyanate of 2,2,4-trim-
ethyl-1,6-hexane diisocyanate (TMDI); 4,4'-dicyclohexyl-
methane diisocyanate (H,,MDI); 2,4-hexahydrotoluene
diisocyanate; 2,6-hexahydrotoluene diisocyanate; 1,2-, 1,3-,
and 1,4-phenylene diisocyanate; aromatic aliphatic isocyan-
ate, such as 1,2-, 1,3-, and 1,4-xylene diisocyanate; meta-
tetramethylxylene diisocyanate (m-TMXDI); para-tetram-
ethylxylene diisocyanate p-TMXDI); trimerized
isocyanurate of any polyisocyanate, such as isocyanurate of
toluene diisocyanate, trimer of diphenylmethane diisocyan-
ate, trimer of tetramethylxylene diisocyanate, isocyanurate
of hexamethylene diisocyanate, isocyanurate of isophorone
diisocyanate, and mixtures thereof; dimerized uredione of
any polyisocyanate, such as uretdione of toluene diisocyan-
ate, uretdione of hexamethylene diisocyanate, and mixtures
thereof; modified polyisocyanate derived from the above
isocyanates and polyisocyanates; and mixtures thereof.
Examples of saturated diisocyanates that can be used with
the present invention include, but are not limited to, ethylene
diisocyanate; propylene-1,2-diisocyanate; tetramethylene
diisocyanate; tetramethylene-1,4-diisocyanate; 1,6-hexam-
ethylene-diisocyanate (HDI); octamethylene diisocyanate;
decamethylene diisocyanate; 2,2,4-trimethylhexamethylene
diisocyanate; 2,4,4-trimethylhexamethylene diisocyanate;
dodecane-1,12-diisocyanate; cyclobutane-1,3-diisocyanate;
cyclohexane-1,2-diisocyanate; cyclohexane-1,3-diisocyan-
ate; cyclohexane-1,4-diisocyanate; methyl-cyclohexylene
diisocyanate (HTDI); 2,4-methylcyclohexane diisocyanate;
2,6-methylcyclohexane  diisocyanate; 4,4'-dicyclohexyl
diisocyanate; 2,4'-dicyclohexyl diisocyanate; 1,3,5-cyclo-
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hexane triisocyanate; isocyanatomethylcyclohexane isocy-
anate; 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcy-

clohexane; isocyanatoethylcyclohexane isocyanate; bis
(isocyanatomethyl)-cyclohexane  diisocyanate; — 4,4'-bis
(isocyanatomethyl)dicyclohexane; 2,4'-bis

(isocyanatomethyl)dicyclohexane; isophorone diisocyanate
(IPDD); triisocyanate of HDI; triisocyanate of 2,2,4-trim-
ethyl-1,6-hexane diisocyanate (TMDI); 4,4'-dicyclohexyl-
methane diisocyanate (H,,MDI); 2,4-hexahydrotoluene
diisocyanate; 2,6-hexahydrotoluene diisocyanate; and mix-
tures thereof. Aromatic aliphatic isocyanates may also be
used to form light stable materials. Examples of such
isocyanates include 1,2-, 1,3-, and 1,4-xylene diisocyanate;
meta-tetramethylxylene diisocyanate (m-TMXDI); para-tet-
ramethylxylene diisocyanate (p-TMXDI); trimerized iso-
cyanurate of any polyisocyanate, such as isocyanurate of
toluene diisocyanate, trimer of diphenylmethane diisocyan-
ate, trimer of tetramethylxylene diisocyanate, isocyanurate
of hexamethylene diisocyanate, isocyanurate of isophorone
diisocyanate, and mixtures thereof, dimerized uredione of
any polyisocyanate, such as uretdione of toluene diisocyan-
ate, uretdione of hexamethylene diisocyanate, and mixtures
thereof, modified polyisocyanate derived from the above
isocyanates and polyisocyanates; and mixtures thereof. In
addition, the aromatic aliphatic isocyanates may be mixed
with any of the saturated isocyanates listed above for the
purposes of this invention.

The number of unreacted NCO groups in the polyurea
prepolymer of isocyanate and polyether amine may be
varied to control such factors as the speed of the reaction, the
resultant hardness of the composition, and the like. For
instance, the number of unreacted NCO groups in the
polyurea prepolymer of isocyanate and polyether amine may
be less than about 14 percent. In one embodiment, the
polyurea prepolymer has from about 5 percent to about 11
percent unreacted NCO groups, and even more preferably
has from about 6 to about 9.5 percent unreacted NCO
groups. In one embodiment, the percentage of unreacted
NCO groups is about 3 percent to about 9 percent. Alterna-
tively, the percentage of unreacted NCO groups in the
polyurea prepolymer may be about 7.5 percent or less, and
more preferably, about 7 percent or less. In another embodi-
ment, the unreacted NCO content is from about 2.5 percent
to about 7.5 percent, and more preferably from about 4
percent to about 6.5 percent.

When formed, polyurea prepolymers may contain about
10 percent to about 20 percent by weight of the prepolymer
of free isocyanate monomer. Thus, in one embodiment, the
polyurea prepolymer may be stripped of the free isocyanate
monomer. For example, after stripping, the prepolymer may
contain about 1 percent or less free isocyanate monomer. In
another embodiment, the prepolymer contains about 0.5
percent by weight or less of free isocyanate monomer.

The polyether amine may be blended with additional
polyols to formulate copolymers that are reacted with excess
isocyanate to form the polyurea prepolymer. In one embodi-
ment, less than about 30 percent polyol by weight of the
copolymer is blended with the saturated polyether amine. In
another embodiment, less than about 20 percent polyol by
weight of the copolymer, preferably less than about 15
percent by weight of the copolymer, is blended with the
polyether amine. The polyols listed above with respect to the
polyurethane prepolymer, e.g., polyether polyols, polyca-
prolactone polyols, polyester polyols, polycarbonate poly-
ols, hydrocarbon polyols, other polyols, and mixtures
thereof, are also suitable for blending with the polyether
amine. The molecular weight of these polymers may be from
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about 200 to about 4000, but also may be from about 1000
to about 3000, and more preferably are from about 1500 to
about 2500.

The polyurea composition can be formed by crosslinking
the polyurea prepolymer with a single curing agent or a
blend of curing agents. The curing agent of the invention is
preferably an amine-terminated curing agent, more prefer-
ably a secondary diamine curing agent so that the compo-
sition contains only urea linkages. In one embodiment, the
amine-terminated curing agent may have a molecular weight
of about 64 or greater. In another embodiment, the molecular
weight of the amine-curing agent is about 2000 or less. As
discussed above, certain amine-terminated curing agents
may be modified with a compatible amine-terminated freez-
ing point depressing agent or mixture of compatible freezing
point depressing agents.

Suitable amine-terminated curing agents include, but are
not limited to, ethylene diamine; hexamethylene diamine;
1-methyl-2,6-cyclohexyl diamine; tetrahydroxypropylene
ethylene diamine; 2,2,4- and 2,4,4-trimethyl-1,6-hexanedi-
amine; 4,4'-bis-(sec-butylamino)-dicyclohexylmethane; 1,4-
bis-(sec-butylamino)-cyclohexane; 1,2-bis-(sec-buty-
lamino)-cyclohexane;  derivatives — of  4,4'-bis-(sec-
butylamino)-dicyclohexylmethane; 4,4'-
dicyclohexylmethane  diamine; 1,4-cyclohexane-bis-
(methylamine); 1,3-cyclohexane-bis-(methylamine);
diethylene glycol di-(aminopropyl)ether; 2-methylpentam-
ethylene-diamine; diaminocyclohexane; diethylene tri-
amine; triethylene tetramine; tetracthylene pentamine; pro-
pylene diamine; 1,3-diaminopropane; dimethylamino
propylamine; diethylamino propylamine; dipropylene tri-
amine; imido-bis-propylamine; monoethanolamine, dietha-
nolamine; triethanolamine; monoisopropanolamine, diiso-
propanolamine; isophoronediamine; 4,4'-methylenebis-(2-
chloroaniline); 3,5;dimethylthio-2,4-toluenediamine; 3,5-
dimethylthio-2,6-toluenediamine; 3,5-diethylthio-2,4-
toluenediamine; 3,5;diethylthio-2,6-toluenediamine; 4,4'-
bis-(sec-butylamino)-diphenylmethane  and  derivatives
thereof; 1,4-bis-(sec-butylamino)-benzene; 1,2-bis-(sec-bu-
tylamino)-benzene;,  N,N'-dialkylamino-diphenylmethane;
N,N,N',N'-tetrakis (2-hydroxypropyl)ethylene diamine; tri-
methyleneglycol-di-p-aminobenzoate; polytetramethyl-
eneoxide-di-p-aminobenzoate; 4,4'-methylenebis-(3-chloro-
2,6-diethyleneaniline); 4,4'-methylenebis-(2,6-
diethylaniline); meta-phenylenediamine;
paraphenylenediamine; and mixtures thereof. In one
embodiment, the amine-terminated curing agent is 4,4'-bis-
(sec-butylamino)-dicyclohexylmethane.

Suitable saturated amine-terminated curing agents
include, but are not limited to, ethylene diamine; hexameth-
ylene diamine; 1-methyl-2,6-cyclohexyl diamine; tetrahy-
droxypropylene ethylene diamine; 2,2,4- and 2,4,4-trim-
ethyl-1,6-hexanediamine; 4,4'-bis-(sec-butylamino)-
dicyclohexylmethane; 1,4-bis-(sec-butylamino)-
cyclohexane; 1,2-bis-(sec-butylamino)-cyclohexane;
derivatives  of  4,4'-bis-(sec-butylamino)-dicyclohexyl-
methane; 4,4'-dicyclohexylmethane diamine; 4,4'-methyl-
enebis-(2,6-diethylaminocyclohexane; 1,4-cyclohexane-bis-
(methylamine); 1,3-cyclohexane-bis-(methylamine);
diethylene glycol di-(aminopropyl)ether; 2-methylpentam-
ethylene-diamine; diaminocyclohexane; diethylene tri-
amine; triethylene tetramine; tetracthylene pentamine; pro-
pylene diamine; 1,3-diaminopropane; dimethylamino
propylamine; diethylamino propylamine; imido-bis-propy-
lamine; monoethanolamine, diethanolamine; triethanola-
mine; monoisopropanolamine, diisopropanolamine; iso-
phoronediamine; triisopropanolamine; and mixtures thereof.
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In addition, any of the polyether amines listed above may be
used as curing agents to react with the polyurea prepoly-
mers.

Suitable catalysts include, but are not limited to bismuth
catalyst, oleic acid, triethylenediamine (DABCO®-33LV),
di-butyltin dilaurate (DABCO®-T12) and acetic acid. The
most preferred catalyst is di-butyltin dilaurate (DABCO®-
T12). DABCO® materials are manufactured by Air Prod-
ucts and Chemicals, Inc.

Thermoplastic materials may be blended with other ther-
moplastic materials, but thermosetting materials are difficult
if not impossible to blend homogeneously after the thermo-
setting materials are formed. Preferably, the saturated poly-
urethane comprises from about 1% to about 100%, more
preferably from about 10% to about 75% of the cover
composition and/or the intermediate layer composition.
About 90% to about 10%, more preferably from about 90%
to about 25% of the cover and/or the intermediate layer
composition is comprised of one or more other polymers
and/or other materials as described below. Such polymers
include, but are not limited to polyurethane/polyurea iono-
mers, polyurethanes or polyureas, epoxy resins, polyethyl-
enes, polyamides and polyesters, polycarbonates and poly-
acrylin. Unless otherwise stated herein, all percentages are
given in percent by weight of the total composition of the
golf ball layer in question.

Polyurethane prepolymers are produced by combining at
least one polyol, such as a polyether, polycaprolactone,
polycarbonate or a polyester, and at least one isocyanate.
Thermosetting polyurethanes are obtained by curing at least
one polyurethane prepolymer with a curing agent selected
from a polyamine, triol or tetraol. Thermoplastic polyure-
thanes are obtained by curing at least one polyurethane
prepolymer with a diol curing agent. The choice of the
curatives is critical because some urethane elastomers that
are cured with a diol and/or blends of diols do not produce
urethane elastomers with the impact resistance required in a
golf ball cover. Blending the polyamine curatives with diol
cured urethane elastomeric formulations leads to the pro-
duction of thermoset urethanes with improved impact and
cut resistance.

Thermoplastic polyurethanes may be blended with suit-
able materials to produce a thermoplastic end product.
Examples of such additional materials may include iono-
mers such as the SURLYN®, ESCOR® and IOTEK®
copolymers described above.

Other suitable materials which may be combined with the
saturated polyurethanes in forming the cover and/or inter-
mediate layer(s) of the golf balls of the invention include
ionic or non-ionic polyurethanes and polyureas, epoxy res-
ins, polyethylenes, polyamides and polyesters. For example,
the cover and/or intermediate layer may be formed from a
blend of at least one saturated polyurethane and thermoplas-
tic or thermoset ionic and non-ionic urethanes and polyure-
thanes, cationic urethane ionomers and urethane epoxies,
ionic and non-ionic polyureas and blends thereof. Examples
of suitable urethane ionomers are disclosed in U.S. Pat. No.
5,692,974 entitled “Golf Ball Covers”, the disclosure of
which is hereby incorporated by reference in its entirety.
Other examples of suitable polyurethanes are described in
U.S. Pat. No. 5,334,673. Examples of appropriate polyureas
are discussed in U.S. Pat. No. 5,484,870 and examples of
suitable polyurethanes cured with epoxy group containing
curing agents are disclosed in U.S. Pat. No. 5,908,358, the
disclosures of which are hereby incorporated herein by
reference in their entirety.
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Avariety of conventional components can be added to the
cover compositions of the present invention. These include,
but are not limited to, white pigment such as TiO,, ZnO,
optical brighteners, surfactants, processing aids, foaming
agents, density-controlling fillers, UV stabilizers and light
stabilizers. Saturated polyurethanes are resistant to discol-
oration. However, they are not immune to deterioration in
their mechanical properties upon weathering. Addition of
UV absorbers and light stabilizers therefore helps to main-
tain the tensile strength and elongation of the saturated
polyurethane elastomers. Suitable UV absorbers and light
stabilizers include TINUVIN® 328, TINUVIN® 213,
TINUVIN® 765, TINUVIN® 770 and TINUVIN® 622.
The preferred UV absorber is TINUVIN® 328, and the
preferred light stabilizer is TINUVIN® 765. TINUVIN®
products are available from Ciba-Geigy. Dyes, as well as
optical brighteners and fluorescent pigments may also be
included in the golf ball covers produced with polymers
formed according to the present invention. Such additional
ingredients may be added in any amounts that will achieve
their desired purpose.

Any method known to one of ordinary skill in the art may
be used to polyurethanes of the present invention. One
commonly employed method, known in the art as a one-shot
method, involves concurrent mixing of the polyisocyanate,
polyol, and curing agent. This method results in a mixture
that is inhomogenous (more random) and affords the manu-
facturer less control over the molecular structure of the
resultant composition. A preferred method of mixing is
known as a prepolymer method. In this method, the poly-
isocyanate and the polyol are mixed separately prior to
addition of the curing agent. This method affords a more
homogeneous mixture resulting in a more consistent poly-
mer composition. Other methods suitable for forming the
layers of the present invention include reaction injection
molding (“RIM”), liquid injection molding (“LIM”), and
pre-reacting the components to form an injection moldable
thermoplastic polyurethane and then injection molding, all
of which are known to one of ordinary skill in the art.

Additional components which can be added to the poly-
urethane composition include UV stabilizers and other dyes,
as well as optical brighteners and fluorescent pigments and
dyes. Such additional ingredients may be added in any
amounts that will achieve their desired purpose. It has been
found by the present invention that the use of a castable,
reactive material, which is applied in a fluid form, makes it
possible to obtain very thin outer cover layers on golf balls.
Specifically, it has been found that castable, reactive liquids,
which react to form a urethane elastomer material, provide
desirable very thin outer cover layers.

The castable, reactive liquid employed to form the ure-
thane elastomer material can be applied over the core using
a variety of application techniques such as spraying, dip-
ping, spin coating, or flow coating methods which are well
known in the art. An example of a suitable coating technique
is that which is disclosed in U.S. Pat. No. 5,733,428, the
disclosure of which is hereby incorporated by reference in
its entirety.

The outer cover is preferably formed around the inner
cover by mixing and introducing the material in the mold
halves. It is important that the viscosity be measured over
time, so that the subsequent steps of filling each mold half,
introducing the core into one half and closing the mold can
be properly timed for accomplishing centering of the core
cover halves fusion and achieving overall uniformity. Suit-
able viscosity range of the curing urethane mix for intro-
ducing cores into the mold halves is determined to be
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approximately between about 2,000 cP and about 30,000 cP,
with the preferred range of about 8,000 cP to about 15,000
cP.

To start the cover formation, mixing of the prepolymer
and curative is accomplished in motorized mixer including
mixing head by feeding through lines metered amounts of
curative and prepolymer. Top preheated mold halves are
filled and placed in fixture units using centering pins moving
into holes in each mold. At a later time, a bottom mold half
or a series of bottom mold halves have similar mixture
amounts introduced into the cavity. After the reacting mate-
rials have resided in top mold halves for about 40 to about
80 seconds, a core is lowered at a controlled speed into the
gelling reacting mixture.

Aball cup holds the ball core through reduced pressure (or
partial vacuum). Upon location of the coated core in the
halves of the mold after gelling for about 40 to about 80
seconds, the vacuum is released allowing core to be
released. The mold halves, with core and solidified cover
half thereon, are removed from the centering fixture unit,
inverted and mated with other mold halves which, at an
appropriate time earlier, have had a selected quantity of
reacting polyurethane prepolymer and curing agent intro-
duced therein to commence gelling.

Similarly, U.S. Pat. No. 5,006,297 to Brown et al. and
U.S. Pat. No. 5,334,673 to Wu both also disclose suitable
molding techniques which may be utilized to apply the
castable reactive liquids employed in the present invention.
Further, U.S. Pat. Nos. 6,180,040 and 6,180,722 disclose
methods of preparing dual core golf balls. The disclosures of
these patents are hereby incorporated by reference in their
entirety. However, the method of the invention is not limited
to the use of these techniques.

Depending on the desired properties, balls prepared
according to the invention can exhibit substantially the same
or higher resilience, or coefficient of restitution (“COR”),
with a decrease in compression or modulus, compared to
balls of conventional construction. Additionally, balls pre-
pared according to the invention can also exhibit substan-
tially higher resilience, or COR, without an increase in
compression, compared to balls of conventional construc-
tion. Another measure of this resilience is the “loss tangent,”
or tan , which is obtained when measuring the dynamic
stiffness of an object. Loss tangent and terminology relating
to such dynamic properties is typically described according
to ASTM D4092-90. Thus, a lower loss tangent indicates a
higher resiliency, thereby indicating a higher rebound capac-
ity. Low loss tangent indicates that most of the energy
imparted to a golf ball from the club is converted to dynamic
energy, i.c., launch velocity and resulting longer distance.
The rigidity or compressive stiffness of a golf ball may be
measured, for example, by the dynamic stiffness. A higher
dynamic stiffness indicates a higher compressive stiffness.
To produce golf balls having a desirable compressive stiff-
ness, the dynamic stiffness of the crosslinked reaction prod-
uct material should be less than about 50,000 N/m at -50°
C. Preferably, the dynamic stiffness should be between about
10,000 and 40,000 N/m at -50° C., more preferably, the
dynamic stiffness should be between about 20,000 and
30,000 N/m at =50° C.

The molding process and composition of golf ball por-
tions typically results in a gradient of material properties.
Methods employed in the prior art generally exploit hard-
ness to quantify these gradients. Hardness is a qualitative
measure of static modulus and does not represent the modu-
lus of the material at the deformation rates associated with
golf ball use, i.e., impact by a club. As is well known to one
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skilled in the art of polymer science, the time-temperature
superposition principle may be used to emulate alternative
deformation rates. For golf ball portions including polyb-
utadiene, a 1-Hz oscillation at temperatures between 0° C.
and -50° C. are believed to be qualitatively equivalent to
golf ball impact rates. Therefore, measurement of loss
tangent and dynamic stiffness at 0° C. to -50° C. may be
used to accurately anticipate golf ball performance, prefer-
ably at temperatures between about -20° C. and -50° C.

Referring to FIG. 3, in another embodiment of the present
invention, a golf ball 5 of the present invention is substan-
tially spherical and has a cover 25 with a plurality of dimples
27 formed on the outer surface thereof.

Referring to FIGS. 4-6, the golf ball 5 includes an inner
core 10, an outer core 15 and 20, and the cover 25 (shown
without dimples). The inner core 10 includes a three-
dimensional outer surface 28, a center C, a central portion
30, and a plurality of projections 35. The central portion 30
and projections 35 are integrally formed, so that the inner
core is a single piece.

Referring to FIG. 6, the outer surface 28 of the inner core
is defined by radial distances from the center C. At least two
of the radial distances about the outer surface are different.
The central portion 30 has a radius, designated by the arrow
r,,, that extends from the core center C to the outer surface
of the central portion. The central portion 30 is solid in this
embodiment.

Referring to FIGS. 5 and 6, each of the projections 35
extend radially outwardly from the central portion 30, and
are spaced from one another to define gaps 40 there between.
The projections 35 are shaped so that the inner core 10 is
substantially spherically symmetrical.

Each projection 35 has an enlarged free end 45 and a
substantially conical shape. Each free end 45 includes an
open recess 50. Each projection has a radius, designated by
the arrow r,,, that extends from the core center C to the outer
surface 28 at the free end 45. The projection radii r,, differ
from the central portion radius r,,.

Referring to FIG. 5, each recess 50 is formed by three
integral side walls 55. Each of the side walls 55 is shaped
like a flat quarter circle. The quarter circle includes two
straight edges 60 joined by a curved edge 65. In each
projection 35, each of the side walls 55 is joined at the
straight edges 60. The curved edges 65 of each of the
projections allow the inner core to have a spherical shape.

With reference to a three-dimensional Cartesian Coordi-
nate system, there are perpendicular X, y, and z axes,
respectively that form eight octants. There are eight projec-
tions 35 with one in each octant of the coordinate system, so
that each of the projections 35 forms an octant of the skeletal
sphere. Thus, the inner core is symmetrical. The gaps 40
define three perpendicular concentric rings 70,, 70, and 70..
The subscript for the reference number 70 designates the
central axis of the ring about which the ring circumscribes.

Turning to FIGS. 4 and 6, the outer core includes a first
section 15 and a second section 20. The first section 15 fills
the gaps 40 around the projections 35, and is disposed
between the side walls 55 of adjacent projections 35. It is
preferred that the diameter of the core which includes the
inner core and the outer core is between about 1.00 inches
and about 1.64 inches for a ball having a diameter of 1.68
inches.

The second section 20 fills the recesses 50 of each
projection 35, and is disposed between the side walls 55 of
a single projection 35. The outer core is formed so that the
outer core terminates flush with the free end 45 of each
projection 35. The outer core has a substantially spherical
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outer surface. The cover 25 is formed about the inner core
10 and the outer core sections 15 and 20, so that both the
inner and outer cores abut the cover.

Referring to FIG. 4, the formation of a golf ball starts with
forming the inner core 10. The inner core 10, outer core
sections 15 and 20, and the cover 25 are formed by com-
pression molding, by injection molding, or by casting. These
methods of forming cores and covers of this type are well
known in the art.

The materials used for the inner and outer core, as well as
the cover, are selected so that the desired playing charac-
teristics of the ball are achieved. The inner and outer core
materials have substantially different material properties so
that there is a predetermined relationship between the inner
and outer core materials, to achieve the desired playing
characteristics of the ball.

In one embodiment, the inner core is formed of a first
material having a first Shore D hardness, a first elastic
modulus, a first specific gravity, and a first Bashore resil-
ience. The outer core is formed of a second material having
a second Shore D hardness, a second elastic modulus, a
second specific gravity, and a second Bashore resilience.
Preferably, the material property of the first material equals
at least one selected from the group consisting of the first
Shore D hardness differing from the second Shore D hard-
ness by at least 10 points, the first elastic modulus differing
from the second elastic modulus by at least 10%, the first
specific gravity differing from the second specific gravity by
at least 0.1, or a first Bashore resilience differing from the
second Bashore resilience by at least 10%. It is more
preferred that the first material have all of these material
property relationships.

Moreover, it is preferred that the first material has the first
Shore D hardness between about 30 and about 80, the first
elastic modulus between about 5,000 psi and about 100,000
psi, the first specific gravity between about 0.8 and about
1.6, and the first Bashore resilience greater than 30%.

In another embodiment, the first Shore D hardness is less
than the second Shore D hardness, the first elastic modulus
is less than the second elastic modulus, the first specific
gravity is less than the second specific gravity, and the first
Bashore resilience is less than the second Bashore resilience.
In another embodiment, the first material properties are
greater than the second material properties. The relationship
between the first and second material properties depends on
the desired playability characteristics.

Suitable inner and outer core materials include HNP’s
neutralized with organic fatty acids and salts thereof, metal
cations, or a combination of both, thermosets, such as
rubber, polybutadiene, polyisoprene; thermoplastics, such as
ionomer resins, polyamides or polyesters; or thermoplastic
elastomers. Suitable thermoplastic elastomers include
PEBAX®, HYTREL®, thermoplastic urethane, and KRA-
TON®, which are commercially available from EIf-
Atochem, DuPont, BF Goodrich, and Shell, respectively.
The inner and outer core materials can also be formed from
a castable material. Suitable castable materials include, but
are not limited to, urethane, urea, epoxy, diols, or curatives.

The cover 25 is selected from conventional materials used
as golf ball covers based on the desired performance char-
acteristics. The cover may be comprised of one or more
layers. Cover materials such as ionomer resins, blends of
ionomer resins, thermoplastic or thermoset urethanes, and
balata, can be used as known in the art and discussed above.

Referring to FIG. 7, another embodiment of the golf ball
505 is shown. Similar structures to those discussed above
use the same reference number preceded with the numeral
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“5.” The golf ball 505 includes an outer core with a first
section 515 and a second section 520. The first section 515
and the second section 520 are formed of two materials with
different material properties. In this embodiment, the core
includes three different materials.

Referring to FIG. 8, another embodiment of the golf ball
605 is shown. Similar structures to those discussed above
use the same reference number preceded with the numeral
“6.”) The golf ball 605 includes an intermediate layer 612
disposed between the cover 625 and the inner core 610 and
outer cores 615 and 620. The intermediate layer 612 is
formed of either outer core material, cover material, or a
different material. The first section 615 and the second
section 620 of the outer core are formed of materials with the
same material properties. However, in another embodiment,
sections 615 and 620 can be formed of different materials.
The intermediate layer 612 covers the inner core 610, outer
core 615 and 620, and forms a continuous layer beneath the
cover 625.

Referring to FIG. 9, another embodiment of the golf ball
705 is shown. Similar structures to those discussed above
use the same reference number preceded with the numeral
“7.” The golf ball 705 includes an intermediate layer 712
disposed between the cover 725 and the inner core 710 and
outer cores 715 and 720. The intermediate layer 712 is
formed of either outer core material, cover material or a
different material. The first section 715 and the second
section 720 of the outer core are formed of materials with
different material properties. The intermediate layer 712
covers the inner core 710, outer core 715 and 720, and forms
a continuous layer beneath the cover 725.

Referring to FIG. 10, another embodiment of the golf ball
805 is shown. Similar structures to those discussed above
use the same reference number preceded with the numeral
“8.” The golf ball 805 includes an outer core with a
multi-material first section 8154 and 815b disposed within
the gaps 840. The different portions 815a, 815b of the first
section of the outer core are formed of two materials with
different material properties.

In other embodiments, additional layers may be added to
those mentioned above or the existing layers may be formed
by multiple materials.

Referring to FIG. 11, another embodiment of the golf ball
905 is shown. Similar structures to those discussed above
use the same reference number preceded with the numeral
“9.” The golf ball 905 includes an inner core 910 including
a central portion 930 and a plurality of outwardly radially
extending projections 935. The central portion 930 is hollow
to define a chamber 990 therein. The outer core is formed
from a first section 915 disposed within the gaps 940, and a
second section 920 disposed within the recesses 950. The
first section and the second section are formed of material
with the same material properties. The cover section 925
surrounds the outer core 915 and 920. The hollow central
portion 930 reduces the volume of the inner core 910
material. The central portion may include a fluid.

Referring to FIG. 12, another embodiment of the golf ball
1005 is shown. Similar structures to those discussed above
use the same reference number preceded with the numeral
“10.” The golf ball 1005 includes an inner core 1010 and an
outer core 1015, 1020. The inner core 1010 includes a
central portion 1030 and a plurality of outwardly radially
extending projections 1035. The central portion 1030 is
hollow and surrounds a fluid-filled center 1095. The fluid-
filled center 1095 is formed of an envelope 1096 containing
a fluid 1097. The outer core is formed from a first section
1015 disposed within the gaps 1040, and a second section
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1020 disposed within the recesses 1050. The first section and
the second section are formed of material with the same
material properties. The cover material 1025 surrounds the
inner and outer cores.

Referring to FIG. 12, when the core is formed with a
fluid-filled center 1095, the center is formed first then the
inner core 1020 is molded around the center. Conventional
molding techniques can be used for this operation. Then the
outer core 1015, 1020 and cover 1025 are formed thereon,
as discussed above.

Referring to FIGS. 11 and 12, the fluid within the inner
core can be a wide variety of materials including air, water
solutions, liquids, gels, foams, hot-melts, other fluid mate-
rials and combinations thereof. The fluid is varied to modify
the performance parameters of the ball, such as the moment
of inertia or the spin decay rate.

Examples of suitable liquids include either solutions such
as salt in water, corn syrup, salt in water and corn syrup,
glycol and water or oils. The liquid can further include
pastes, colloidal suspensions, such as clay, barytes, carbon
black in water or other liquid, or salt in water/glycol
mixtures. Examples of suitable gels include water gelatin
gels, hydrogels, water/methyl cellulose gels and gels com-
prised of copolymer rubber based materials such a styrene-
butadiene-styrene rubber and paraffinic and/or naphthenic
oil. Examples of suitable melts include waxes and hot melts.
Hot-melts are materials which at or about normal room
temperatures are solid but at elevated temperatures become
liquid. A high melting temperature is desirable since the
liquid core is heated to high temperatures during the mold-
ing of the inner core, outer core, and the cover. The liquid
can be a reactive liquid system, which combines to form a
solid. Examples of suitable reactive liquids are silicate gels,
agar gels, peroxide cured polyester resins, two part epoxy
resin systems and peroxide cured liquid polybutadiene rub-
ber compositions.

Referring to FIG. 13, another embodiment of an inner
core 2010 is shown. The inner core 2010 includes a spherical
central portion 2030 having an outer surface 2031, and a
plurality of projections 2035 extending radially outwardly
from the central portion 2030. The projections 2035 include
a base 2036 adjacent the outer surface 2031 and a pointed
free end 2038. The projections 2035 are substantially conical
and taper from the base 2036 to the pointed free end 2038.
It is preferred that the bases cover greater than about 15% of
the outer surface. More preferably, the bases should cover
greater than about 50% of the outer surface. Most preferably,
the bases should be circular in shape and cover greater than
about 80% of the outer surface and less than about 85%. As
a result, the projections 2035 are spaced from one another
and the area of the outer surface 2031 between each pro-
jection base 2036 is less than the area of each base. The
projections 2035 are conical and configured so that the free
ends 2038 of the projections form a spheroid. The base can
have other shapes, such as polygons. Examples of polygon
shapes that can be used for the base are triangles, pentagons,
and hexagons. In addition, instead of the projections having
a circular cross-section they can have other cross-sectional
shapes such as square.

The projections further include a base diameter, desig-
nated by the letter d, and a projection height, designated by
the letter h. It is preferred that the base diameter d is greater
than or equal to the projection height h. This allows an
included angle abetween two diametrically opposed sides of
the projection, designated L1 and 1.2, to be about 60° or
more. More preferably the angle o is about 90° or more and
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most preferably the angle o is about 135°. This allows a
simple mold to be used from which the core can be
extracted.

To form a golf ball with inner core 2010 an outer core, as
discussed above, is disposed around the inner core 2010 so
that the outer core material is disposed within the gaps 2040
and the outer surface of the outer core is substantially
spherical. The materials for the inner and outer cores are as
discussed above. Then, the cover is formed thercon. The
outer surface of the inner core has non-uniform radial
distances from the center to various locations on the outer
surface due to the conical projections 2035.

Referring to FIG. 14, another embodiment of an inner
core 3010 is shown. The inner core outer surface 3020
includes a plurality of projections 3035 formed so that gaps
3040 are formed surrounding each projection and between
projections. Each projection includes a maximum length,
which is the longest length of the projection, designated L.
Each projection also includes a maximum width, which is
the widest width of the projection, designated W. The
surface of the projection is curved along the length L and
width W. A substantial number of projections have the
maximum length greater than the maximum width so that
the projections are elongated. To form a golf ball, an outer
core, as discussed above, is disposed around the inner core
3010 so that the outer core material is disposed within the
gaps. The outer core material forms a substantially spherical
surface. The materials for the inner and outer cores are as
discussed above. Then a cover is formed thereon. The outer
surface of the inner core has non-uniform radial distances
from the center due to the projections and the indentations.

In this embodiment, in order to form the outer surface of
this inner core, first, second and third surfaces are formed by
rotation of a wave form about first, second and third axes,
respectively. These axii are the x-, y- and z-axii in a
Cartesian Coordinate System. The wave form used is sine
wave. However, other wave forms can be used including, but
not limited to, cosine or saw-tooth wave forms.

Referring to FIG. 15, an inner core 4010, similar to that
shown in FIG. 14, is illustrated. The inner core outer surface
4020 includes a plurality of projections 4035 formed so that
gaps 4040 are formed surrounding each projection and
between projections. Each projection includes a maximum
length, which is the longest length of the projection, desig-
nated L. Each projection also includes a maximum width,
which is the widest width of the projection, designated W.
The surface of the projection is curved along the length L
and width W. A substantial number of projections have the
maximum length greater than the maximum width so that
the projections are elongated.

In this embodiment, in order to form the outer surface of
this inner core, the first, second, and third surfaces are
formed as discussed above, and a fourth surface that is
formed by rotating the wave form about a fourth axis that is
about 45° from the first and second axii. The surface of the
inner core 4020 is formed by the intersection of the first,
second, third and fourth surfaces. Any number of surfaces
greater than three can be used to create different outer
surface geometries for the inner core. Furthermore, different
axii can also be used.

In all the embodiments, there is a characteristic of the core
that is called the “transition volume,” which will now be
discussed. Referring to FIG. 4, the ball 5 has a radius r,. that
includes only inner core material. The ball further an outer
core and inner core radius r,,- that includes both the inner
core material and the outer core material. A transition radius
is the outer core and inner core radius I, less the inner
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core radius r,-. The transition volume is the volume that is
calculated when the transition radius is used. Thus, the
transition volume is the volume of the golf ball that contains
both inner core and outer core material therein, and it is an
annular sector. The total volume of the core is the volume of
all of the inner core material plus the volume of all of the
outer core material. Favorable cores have been formed when
the transition volume is at least 10% of the total core
volume.

The “effective compression constant,” which is desig-
nated EC, is the ratio of deflection of a 1.50 inch diameter
sphere made of any single material used in the core under a
100 kg load that as represented by the formula EC=F/d,
where, F is a 100 kg load; and d is the deflection in
millimeters.

If the sphere tested is only inner core material, the
effective compression constant for the inner core material
alone is designated EC,.. If the sphere tested is only outer
core material, the effective compression constant for the
outer core material alone is designated EC,. The sum of
the constants for the inner core EC,. and outer core EC,. is
the constant ECg. If the sphere tested is inner and outer core
material, the core effective compression constant is desig-
nated EC..

It is has been determined that very favorable cores are
formed when their core effective compression constant EC_.
is less than the sum of the effective compression constants
of the inner core and outer core ECj. It is recommended that
the core effective compression constant EC. is less than
about 90% of the sum of the effective compression constants
of the inner core and outer core ECg. More preferably, the
core effective compression constant EC. is less than or equal
to about 50% of the sum of the effective compression
constants of the inner core and outer core EC,. The ratios of
the inner core material to outer core material and the
geometry of the inner core to the outer core are selected to
achieve these core effective compression constants.

The resultant golf balls typically have a coefficient of
restitution of greater than about 0.7, preferably greater than
about 0.75, and more preferably greater than about 0.78. The
golf balls also typically have an Atti compression of at least
about 40, preferably from about 50 to 120, and more
preferably from about 60 to 100. The golf ball cured
polybutadiene material typically has a hardness of at least
about 15 Shore A, preferably between about 30 Shore A and
80 Shore D, more preferably between about 50 Shore A and
60 Shore D.

In addition to the HNP’s neutralized with organic fatty
acids and salts thereof, core compositions may comprise at
least one rubber material having a resilience index of at least
about 40. Preferably the resilience index is at least about 50.
Polymers that produce resilient golf balls and, therefore, are
suitable for the present invention, include but are not limited
to CB23, CB22, commercially available from of Bayer
Corp. of Orange, Tex., BR60, commercially available from
Enichem of Italy, and 1207G, commercially available from
Goodyear Corp. of Akron, Ohio.

Additionally, the unvulcanized rubber, such as polybuta-
diene, in golf balls prepared according to the invention
typically has a Mooney viscosity of between about 40 and
about 80, more preferably, between about 45 and about 65,
and most preferably, between about 45 and about 55.
Mooney viscosity is typically measured according to
ASTM-D1646.

When golf balls are prepared according to the invention,
they typically will have dimple coverage greater than about
60 percent, preferably greater than about 65 percent, and
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more preferably greater than about 75 percent. The flexural
modulus of the cover on the golf balls, as measured by
ASTM method D6272-98, Procedure B, is typically greater
than about 500 psi, and is preferably from about 500 psi to
150,000 psi. As discussed herein, the outer cover layer is
preferably formed from a relatively soft polyurethane mate-
rial. In particular, the material of the outer cover layer should
have a material hardness, as measured by ASTM-D2240,
less than about 45 Shore D, preferably less than about 40
Shore D, more preferably between about 25 and about 40
Shore D, and most preferably between about 30 and about
40 Shore D. The casing preferably has a material hardness
of less than about 70 Shore D, more preferably between
about 30 and about 70 Shore D, and most preferably,
between about 50 and about 65 Shore D.

In a preferred embodiment, the intermediate layer mate-
rial hardness is between about 40 and about 70 Shore D and
the outer cover layer material hardness is less than about 40
Shore D. In a more preferred embodiment, a ratio of the
intermediate layer material hardness to the outer cover layer
material hardness is greater than 1.5.

It should be understood, especially to one of ordinary skill
in the art, that there is a fundamental difference between
“material hardness™ and “hardness, as measured directly on
a golf ball.” Material hardness is defined by the procedure
set forth in ASTM-D2240 and generally involves measuring
the hardness of a flat “slab” or “button” formed of the
material of which the hardness is to be measured. Hardness,
when measured directly on a golf ball (or other spherical
surface) is a completely different measurement and, there-
fore, results in a different hardness value. This difference
results from a number of factors including, but not limited
to, ball construction (i.e., core type, number of core and/or
cover layers, etc.), ball (or sphere) diameter, and the material
composition of adjacent layers. It should also be understood
that the two measurement techniques are not linearly related
and, therefore, one hardness value cannot easily be corre-
lated to the other.

In one embodiment, the core of the present invention has
an Atti compression of between about 50 and about 90, more
preferably, between about 60 and about 85, and most pref-
erably, between about 65 and about 85. The overall outer
diameter (“OD”) of the core is less than about 1.590 inches,
preferably, no greater than 1.580 inches, more preferably
between about 1.540 inches and about 1.580 inches, and
most preferably between about 1.525 inches to about 1.570
inches. The OD of the casing of the golf balls of the present
invention is preferably between 1.580 inches and about
1.640 inches, more preferably between about 1.590 inches to
about 1.630 inches, and most preferably between about
1.600 inches to about 1.630 inches.

The present multilayer golf ball can have an overall
diameter of any size. Although the United States Golf
Association (“USGA”) specifications limit the minimum
size of a competition golf ball to 1.680 inches. There is no
specification as to the maximum diameter. Golf balls of any
size, however, can be used for recreational play. The pre-
ferred diameter of the present golf balls is from about 1.680
inches to about 1.800 inches. The more preferred diameter
is from about 1.680 inches to about 1.760 inches. The most
preferred diameter is about 1.680 inches to about 1.740
inches.

The golf balls of the present invention should have a
moment of inertia (“MOI”) of less than about 85 and,
preferably, less than about 83. The MOI is typically mea-
sured on model number MOI-005-104 Moment of Inertia
Instrument manufactured by Inertia Dynamics of Collins-
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ville, Conn. The instrument is plugged into a PC for com-
munication via a COMM port and is driven by MOI Instru-
ment Software version #1.2.

U.S. Pat. Nos. 6,193,619; 6,207,784; and 6,221,960, and
U.S. application Ser. No. 09/594,031, filed Jun. 15, 2000;
Ser. No. 09/677,871, filed Oct. 3, 2000, and Ser. No.
09/447,652, filed Nov. 23, 1999, are incorporated in their
entirety herein by express reference thereto.

The highly-neutralized polymers of the present invention
may also be used in golf equipment, in particular, inserts for
golf clubs, such as putters, irons, and woods, and in golf
shoes and components thereof.

As used herein, the term “about,” used in connection with
one or more numbers or numerical ranges, should be under-
stood to refer to all such numbers, including all numbers in
a range.

The invention described and claimed herein is not to be
limited in scope by the specific embodiments herein dis-
closed, since these embodiments are intended solely as
illustrations of several aspects of the invention. Any equiva-
lent embodiments are intended to be within the scope of this
invention. Indeed, various modifications of the invention in
addition to those shown and described herein will become
apparent to those skilled in the art from the foregoing
description. Such modifications are also intended to fall
within the scope of the appended claims.

What is claimed is:

1. A golf ball comprising:

a core comprising a center and an outer core layer, the
center comprising a thermoset polybutadiene rubber
composition having a first hardness; and the outer core
layer comprising a polymer comprised of an acid group
fully-neutralized by an organic acid or a salt of the
organic acid, and a cation source or a suitable base of
the cation source; and having a second hardness; and

an inner cover layer and an outer cover layer comprising
ionomeric copolymers and terpolymers, ionomer pre-
cursors, thermoplastics, thermoplastic elastomers,
polybutadiene rubber, balata, grafted metallocene-cata-
lyzed polymers, non-grafted metallocene-catalyzed
polymers, single-site polymers, high-crystalline acid
polymers and their ionomers, polyurethnnes, poly-
ureas, polyurethane-ureas; polyurea-urethanes; or cat-
ionic ionomers;

wherein the first hardness is from about 50 Shore A to
about 55 Shore D and first hardness is less than the
second Shore D hardness by at least about 10 points.

2. The golf ball of claim 1, wherein the cation source is
selected from a group consisting of metal cations of lithium,
sodium, potassium, magnesium, calcium, barium, lead, tin,
zine, or aluminum.

3. The golf ball of claim 1, wherein the organic acid is
selected from the group consisting of aliphatic organic acids,
aromatic organic acids, saturated mono-functional organic
acids, unsaturated mono-functional organic acids, and multi-
unsaturated mono-functional organic acids.

4. The golf ball of claim 1, wherein the salt of organic
acids comprise the salts of barium, lithium, sodium, zinc,
bismuth, chromium, cobalt, copper, potassium, strontium,
titanium, tungsten, magnesium, cesium, iron, nickel, silver,
aluminum, tin, calcium, stearic, behenic, erucic, oleic, lino-
elic, dimerized derivatives, and mixtures thereof.

5. The golf ball of claim 1, wherein the center has a first
elastic modulus and the outer core layer has a second elastic
modulus, and the first elastic modulus is less than the second
elastic modulus by at least 10%.
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6. The golf ball of claim 1, wherein the cover layer is
formed from a non-castable material, or is castable, injection
molded, or compression molded over the core.

7. The golf ball of claim 1, wherein the polymer com-
prises jonomeric copolymers and terpolymers, ionomer pre-
cursors, thermoplastics, thermoplastic elastomers, polybuta-
diene rubber, balata, grafted metallocene-catalyzed
polymers, non-grafted metallocene-catalyzed polymers,
single-site polymers, high-crystalline acid polymers and
their ionomers, cationic ionomers, and mixtures thereof.

8. The golf ball of claim 1, wherein the core has a
diameter of about 1.53 inches or greater.

9. The golf ball of claim 8, wherein the core comprises
two or more layers.

10. The golf ball of claim 1, wherein at least one of the
inner cover or outer cover comprises a polyurethane mate-
rial, a polyurea material, a polyurethane-urea hybrid mate-
rial, or a polyurea-urethane hybrid material.

11. The golf ball of claim 1, wherein at least one of the
inner cover or outer cover comprise a polymer comprising
an acid group fully-neutralized by an organic acid or a salt,
a cation source, or a suitable base thereof.

12. The golf ball of claim 1, wherein the inner cover layer
has material hardness of at least about 60 Shore D and the
outer cover layer has a material hardness of no greater than
about 60 Shore D.

13. The golf ball of claim 1, wherein the outer cover layer
has material hardness of at least about 60 Shore D and the
inner cover layer has a material hardness of no greater than
about 60 Shore D.
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14. The golf ball of claim 1, wherein the core compression
is no greater than about 80.

15. The golf ball of claim 1, wherein the core further

comprises an organosulfur or the metal salt thereof.

16. A golf ball comprising:

a core comprising a center and an outer core layer, the
center comprising a thermoset polybutadiene rubber
composition having a first hardness and a first elastic
modulus; and the outer core layer comprising a poly-
mer comprised of an acid group fully-neutralized by an
organic acid or a salt of the oraanic acid, and a cation
source or a suitable base of the cation source; and
having a second hardness and a second elastic modulus;
and

a cover layer comprising an inner cover layer and an outer
cover layer, at least one of the inner or outer cover
layers comprising ionomeric copolymers and terpoly-
mers, ionomer precursors, thermoplastics, thermoplas-
tic elastomers, polybutadiene rubber, balata, grafted
metallocene-catalyzed polymers, non-grafted metal-
locene-catalyzed polymers, single-site polymers, high-
crystalline acid polymers and their ionomers, polyure-
thanes, polyureas, polyurethane-ureas; polyurea-
urethanes; or cationic ionomers;

wherein the first hardness is from about 50 Shore A to
about 55 Shore D and first hardness is less than the
second Shore D hardness by at least about 10 points;
and the first elastic modulus is less than the second
elastic modulus by at least 10%.
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MULTI-LAYER-CORE GOLF BALL HAVING
HIGHLY-NEUTRALIZED POLYMER OUTER
CORE LAYER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application continuation-in-part of co-pending U.S.
patent application Ser. No. 12/208,631, filed Sep. 11, 2008,
which is a continuation of U.S. patent application Ser. No.
11/347,456, filed Feb. 3, 2006, which issued as U.S. Pat. No.
7,652,086, which is a continuation-in-part of U.S. patent
application Ser. No. 10/959,751, filed Oct. 6, 2004, which
issued as U.S. Pat. No. 7,230,045, which is a continuation-
in-part of U.S. patent application Ser. No. 10/360,233, filed
Feb. 6, 2003, which issued as U.S. Pat. No. 6,939,907, which
is a continuation-in-part of U.S. patent application Ser. No.
10/118,719, filed Apr. 9, 2002, which issued as U.S. Pat. No.
6,756,436, which claims priority to U.S. Provisional Patent
Application No. 60/301,046, filed Jun. 26, 2001, now aban-
doned.

FIELD OF THE INVENTION

The present invention is directed to golf ball compositions
and, in particular, polymer compositions including highly-
neutralized polymers and blends thereof.

BACKGROUND OF THE INVENTION

Conventional golf balls can be divided into two general
classes: solid and wound. Solid golf balls include one-piece,
two-piece (i.e., solid core and a cover), and multi-layer (i.e.,
solid core of one or more layers and/or a cover of one or more
layers) golf balls. Wound golf balls typically include a solid,
hollow, or fluid-filled center, surrounded by a tensioned elas-
tomeric material, and a cover. It is also possible to surround a
hollow or fluid-filled center with a plurality of solid layers.
Solid balls have traditionally been considered longer and
more durable than wound balls, but many solid constructions
lack the “feel” provided by the wound construction.

More recently, by altering ball construction and composi-
tion, manufacturers have been able to vary a wide range of
playing characteristics, such as compression, velocity, “feel,”
and spin, optimizing each or all for various playing abilities.
In particular, a variety of core and cover layer(s) construc-
tions, such as multi-layer balls having dual cover layers and/
or dual core layers, have been investigated and now allow
many non-wound balls to exhibit characteristics previously
maintainable in a solid-construction golf ball. These golf'ball
layers are typically constructed with a number of polymeric
compositions and blends, including polybutadiene rubber,
polyurethanes, polyamides, and ethylene-based ionomers.

Ionomers, and in particular ethylene c,f-ethylenically
unsaturated carboxylic acid copolymers or a melt processable
ionomer thereof, are a preferred polymer for many golf ball
layers. One problem encountered with the use of ionomers as
stiff layers, however, is the unprocessability of the material as
the percent of neutralization of the acid group increases.
Ionomers are stiffened by increasing the amount of neutral-
ization by a metal cation or a salt thereof. Once the percent of
neutralization is greater than about 60% (depending on metal
cation selected), the melt flow of the ionomer becomes too
low and the ease of processability decreases or disappears
altogether.

There is a need, therefore, for ionomer compositions that
are neutralized at high percentages, but in a manner that still
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allows resultant polymer compositions to be processable. The
present invention describes such compositions and there use
in a variety of golf ball core and cover layers.

SUMMARY OF THE INVENTION

The present invention is directed to a golf ball comprising
a center comprising a highly-neutralized thermoplastic
copolymer of ethylene and an a,p-unsaturated carboxylic
acid, the acid being 100% neutralized by a salt of an organic
acid, a cation source, or a suitable base of the organic acid; a
cover; and an intermediate layer disposed between the center
and the cover; wherein the golf ball has a first coefficient of
restitution of 0.81 or greater when measured at an incoming
velocity of 125 ft/s; and a sphere resulting from a combination
of'the center and the intermediate layer has a compression of
60 or greater.

The cation source is typically a metal cation of lithium,
sodium, potassium, magnesium, calcium, barium, lead, tin,
zinc, and aluminum. Ideally, the salt of an organic acid
includes an organic acid, such as aliphatic organic acids,
aromatic organic acids, saturated mono- or multi-functional
organic acids, unsaturated mono- or multi-functional organic
acids, and multi-unsaturated mono- or multi-functional
organic acids. The salt of an organic acid may include stearic
acid, behenic acid, erucic acid, oleic acid, linoleic acid or
dimerized derivatives thereof. The salt of an organic acid
includes a cation, such as barium, lithium, sodium, zinc,
bismuth, chromium, cobalt, copper, potassium, strontium,
titanium, tungsten, magnesium, cesium, iron, nickel, silver,
aluminum, tin, and calcium.

The thermoplastic polymer comprises ionomeric copoly-
mers and terpolymers, ionomer precursors, grafted metal-
locene-catalyzed polymers, high-crystalline acid polymers
and their ionomers, or cationic ionomers. Preferably, the
cover is injection molded, cast, reaction injection molded, or
compression molded over the core. In one embodiment, the
cover comprises an inner cover layer and an outer cover layer,
at least one which comprises a polyurethane material, a poly-
urea material, a polyurethane-urea hybrid material, or a poly-
urea-urethane hybrid material.

The center typically has a diameter of 1.50 inches or less
and the intermediate layer has a thickness of 0.090 inches or
greater, preferably between 0.090 inches and 0.180 inches.
The compression can be 80 or greater. Additionally, the golf
ball should concurrently have a second coefficient of restitu-
tion of 0.76 or greater when measured at an incoming velocity
of 160 ft/s.

The present invention is also directed to a golf ball com-
prising an innermost core, a cover, and an intermediate layer
disposed between the innermost core and the cover, wherein
the intermediate layer comprises a highly-neutralized ther-
moplastic copolymer of ethylene and an a.,3-unsaturated car-
boxylic acid, the acid being 100% neutralized by a salt of an
organic acid, a cation source, or a suitable base of the organic
acid, and wherein a sphere resulting from a combination of
the center and the intermediate layer has a compression of 60
or greater.

The intermediate layer should have a flexural modulus of
50,000 psi or greater, preferably from 60,000 psi to 150,000
psi. In one embodiment, the center has a diameter of from
0.801inches to 1.40 inches and a compression of 30 or less, and
the intermediate layer has flexural modulus of 50,000 psi to
70,000 psi and a thickness of 0.110 inches or greater, and the
cover comprises thermoset polymer having a hardness of
from 45 Shore D to 60 Shore D and a thickness from 0.020
inches to 0.040 inches. Additionally, the golf ball should
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concurrently have a coefficient of restitution of 0.76 or greater
when measured at an incoming velocity of 160 ft/s.

Additionally, the present invention is also directed to a golf
ball comprising an innermost core, a cover, and an interme-
diate layer disposed between the innermost core and the
cover, wherein the core comprises a highly-neutralized ther-
moplastic copolymer of ethylene and an a.,3-unsaturated car-
boxylic acid, the acid being 100% neutralized by a salt of an
organic acid, a cation source, or a suitable base of the organic
acid, and wherein a sphere resulting from a combination of
the center and the intermediate layer has a compression of 60
or greater.

Preferably, the compression is 80 or greater. In one
embodiment, the golf ball has a coefficient of restitution of
0.80 or greater when measured at an incoming velocity of 125
ft/s. The core should have a diameter of 1.500 inches or less
and/or an intermediate layer having a thickness of 0.090
inches or greater. Preferably, the intermediate layer thickness
is between 0.090 inches and 0.180 inches. In an alternative
embodiment, the core has a compression of 60 or less. The
intermediate layer should have a flexural modulus of 50,000
psi or greater. Also, the cover can be injection molded, cast,
reaction injection molded, or compression molded over the
core.

The present invention is further directed to a golf ball
including an inner core layer formed from a thermoset rubber
composition and having a first surface hardness; a thermo-
plastic outer core layer having a second surface hardness, an
inner surface hardness, and being formed from a copolymer
of ethylene and an a,p-unsaturated carboxylic acid, an
organic acid or salt thereof, and sufficient cation source to
fully-neutralize the acid groups of the copolymer; an inner
cover layer; and an outer cover layer. The first surface hard-
ness is preferably less than the second surface hardness by at
least 5 Shore C and less than the inner surface hardness by at
least 5 Shore C, more preferably at least 7 Shore C, most
preferably at least 9 Shore C.

The present invention is also directed to a golf ball includ-
ing an inner core layer formed from a first rubber composition
and having a first surface hardness; an intermediate core layer
formed from a second rubber composition; a thermoplastic
outer core layer having a second surface hardness, an inner
surface hardness, and including a copolymer of ethylene and
an o,B-unsaturated carboxylic acid, an organic acid or salt
thereof, and sufficient cation source to fully-neutralize the
acid groups of the copolymer; an inner cover layer; and an
outer cover layer. The first surface hardness is preferably less
than the second surface hardness by at least 5 Shore C and less
than the inner surface hardness by at least 5 Shore C, more
preferably at least 7 Shore C, most preferably at least 9 Shore
C.

In one embodiment, the inner core has a diameter of 0.80
inches to 1.40 inches and a compression of 30 or less, and the
outer core layer has flexural modulus of 50,000 psi to 70,000
psi and a thickness of 0.110 inches or greater, and the outer
cover layer comprises castable thermoset polyurethane or
polyurea having a hardness of from 45 Shore D to 60 Shore D
and a thickness from 0.020 inches to 0.040 inches.

In another embodiment, a core resulting from a combina-
tion of the inner core layer, the intermediate core layer, and
the thermoplastic outer core layer has a compression of 60 or
greater. Preferably the core has a diameter of 1.500 inches or
less and the outer core layer has a thickness of 0.090 inches or
greater. The inner core has a first elastic modulus and the outer
core layer has a second elastic modulus less than the first; the
inner core has a first specific gravity and the outer core layer
has a second specific gravity less than the first; the inner core
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has a first Bashore resilience and the outer core layer has a
second Bashore resilience less than the first; or the first sur-
face hardness is less than the second surface hardness by at
least 7 Shore C and less than the inner surface hardness by at
least 7 Shore C.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to highly-neutralized
polymers and blends thereof (“HNP”) for the use in golf
equipment, preferably in ball cores, intermediate layers, and/
orcovers. The acid moieties of the HNP’s, typically ethylene-
based ionomers, are preferably neutralized greater than about
70%, more preferably greater than about 90%, and most
preferably at least about 100%. The HNP’s can be also be
blended with a second polymer component, which, if con-
taining an acid group, may be neutralized in a conventional
manner, by the organic fatty acids of the present invention, or
both. The second polymer component, which may be par-
tially or fully neutralized, preferably comprises ionomeric
copolymers and terpolymers, ionomer precursors, thermo-
plastics, polyamides, polycarbonates, polyesters, polyure-
thanes, polyureas, thermoplastic elastomers, polybutadiene
rubber, balata, metallocene-catalyzed polymers (grafted and
non-grafted), single-site polymers, high-crystalline acid
polymers, cationic ionomers, and the like. HNP polymers
typically have a material hardness of between about 20 and
about 80 Shore D, and a flexural modulus of between about
3,000 psi and about 200,000 psi.

In one embodiment of the present invention the HNP’s are
ionomers and/or their acid precursors that are preferably neu-
tralized, either fully or partially, with organic acid copoly-
mers or the salts thereof. The acid copolymers are preferably
a-olefin, such as ethylene, C;_; af-ethylenically unsaturated
carboxylic acid, such as acrylic and methacrylic acid, copoly-
mers. They may optionally contain a softening monomer,
such as alkyl acrylate and alkyl methacrylate, wherein the
alkyl groups have from 1 to 8 carbon atoms.

The acid copolymers can be described as E/X/Y copoly-
mers where E is ethylene, X is an a,-ethylenically unsatur-
ated carboxylic acid, and Y is a softening comonomer. In a
preferred embodiment, X is acrylic or methacrylic acid and Y
is a C,_g alkyl acrylate or methacrylate ester. X is preferably
present in an amount from about 1 to about 35 weight percent
of the polymer, more preferably from about 5 to about 30
weight percent of the polymer, and most preferably from
about 10 to about 20 weight percent of the polymer. Y is
preferably present in an amount from about 0 to about 50
weight percent of the polymer, more preferably from about 5
to about 25 weight percent of the polymer, and most prefer-
ably from about 10 to about 20 weight percent of the polymer.

Specific acid-containing ethylene copolymers include, but
are not limited to, ethylene/acrylic acid/n-butyl acrylate, eth-
ylene/methacrylic acid/n-butyl acrylate, ethylene/meth-
acrylic acid/iso-butyl acrylate, ethylene/acrylic acid/iso-bu-
tyl acrylate, ethylene/methacrylic acid/n-butyl methacrylate,
ethylene/acrylic acid/methyl methacrylate, ethylene/acrylic
acid/methyl acrylate, ethylene/methacrylic acid/methyl acry-
late, ethylene/methacrylic acid/methyl methacrylate, and eth-
ylene/acrylic acid/n-butyl methacrylate. Preferred acid-con-
taining ethylene copolymers include, ethylene/methacrylic
acid/n-butyl acrylate, ethylene/acrylic acid/n-butyl acrylate,
ethylene/methacrylic acid/methyl acrylate, ethylene/acrylic
acid/ethyl acrylate, ethylene/methacrylic acid/ethyl acrylate,
and ethylene/acrylic acid/methyl acrylate copolymers. The
most preferred acid-containing ethylene copolymers are, eth-
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ylene/(meth) acrylic acid/n-butyl, acrylate, ethylene/(meth)
acrylic acid/ethyl acrylate, and ethylene/(meth) acrylic acid/
methyl acrylate copolymers.

Ionomers are typically neutralized with a metal cation,
such as Li, Na, Mg, or Zn. It has been found that by adding
sufficient organic acid or salt of organic acid, along with a
suitable base, to the acid copolymer or ionomer, the ionomer
can be neutralized without losing processability to a level
much greater than for a metal cation alone. Preferably, the
acid moieties are neutralized greater than about 80%, prefer-
ably from 90-100%, most preferably 100% without losing
processability. This accomplished by melt-blending an eth-
ylene af-ethylenically unsaturated carboxylic acid copoly-
mer, for example, with an organic acid or a salt of organic
acid, and adding a sufficient amount of a cation source to
increase the level of neutralization of all the acid moieties
(including those in the acid copolymer and in the organic
acid) to greater than 90%, (preferably greater than 100%).

The organic acids of the present invention are aliphatic,
mono- or multi-functional (saturated, unsaturated, or multi-
unsaturated) organic acids. Salts of these organic acids may
also be employed. The salts of organic acids of the present
invention include the salts of barium, lithium, sodium, zinc,
bismuth, chromium, cobalt, copper, potassium, strontium,
titanium, tungsten, magnesium, cesium, iron, nickel, silver,
aluminum, tin, or calcium, salts of fatty acids, particularly
stearic, bebenic, erucic, oleic, linoleic or dimerized deriva-
tives thereof. It is preferred that the organic acids and salts of
the present invention be relatively non-migratory (they do not
bloom to the surface of the polymer under ambient tempera-
tures) and non-volatile (they do not volatilize at temperatures
required for melt-blending).

The ionomers of the invention may also be partially neu-
tralized with metal cations. The acid moiety in the acid
copolymer is neutralized about 1 to about 100%, preferably at
least about 40 to about 100%, and more preferably at least
about 90 to about 100%, to form an ionomer by a cation such
as lithium, sodium, potassium, magnesium, calcium, barium,
lead, tin, zinc, aluminum, or a mixture thereof.

The acid copolymers of the present invention are prepared
from ‘direct’ acid copolymers, copolymers polymerized by
adding all monomers simultaneously, or by grafting of at least
one acid-containing monomer onto an existing polymer.
Other suitable highly-neutralized acid polymer compositions
are disclosed in U.S. Patent Publication Nos. 2003/0114565
and 2005/0267240, and in U.S. patent application Ser. No.
11/270,066, which are incorporated herein, in their entirety,
by reference.

Thermoplastic polymer components, such as copolyether-
esters, copolyesteresters, copolyetheramides, elastomeric
polyolefins, styrene diene block copolymers and their hydro-
genated derivatives, copolyesteramides, thermoplastic poly-
urethanes, such as copolyetherurethanes, copolyesterure-
thanes, copolyureaurethanes, epoxy-based polyurethanes,
polycaprolactone-based polyurethanes, polyureas, and poly-
carbonate-based polyurethanes fillers, and other ingredients,
if included, can be blended in either before, during, or after
the acid moieties are neutralized, thermoplastic polyure-
thanes.

The copolyetheresters are comprised of a multiplicity of
recurring long chain units and short chain units joined head-
to-tail through ester linkages, the long chain units being rep-
resented by the formula:
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O0-G-O—C-R—C—

and the short chain units being represented by the formula:

(€]
I

—0-D-O—C-R—C—

where G is a divalent radical remaining after the removal of
terminal hydroxyl groups from a poly (alkylene oxide) glycol
having a molecular weight of about 400-8000 and a carbon to
oxygen ratio of about 2.0-4.3; R is a divalent radical remain-
ing after removal of hydroxyl groups from a diol having a
molecular weight less than about 250; provided said short
chain ester units amount to about 15-95 percent by weight of
said copolyetherester. The preferred copolyetherester poly-
mers are those where the polyether segment is obtained by
polymerization of tetrahydrofuran and the polyester segment
is obtained by polymerization of tetramethylene glycol and
phthalic acid. For purposes of the invention, the molar ether:
ester ratio can vary from 90:10 to 10:80; preferably 80:20 to
60:40; and the Shore D hardness is less than 70; preferably
less than about 40.

The copolyetheramides are comprised of a linear and regu-
lar chain of rigid polyamide segments and flexible polyether
segments, as represented by the general formula:

HO C—P—C—O—E—O H
A
(6] (6]
n

wherein PA is a linear saturated aliphatic polyamide sequence
formed from a lactam or amino acid having a hydrocarbon
chain containing 4 to 14 carbon atoms or from an aliphatic
C-Cy diamine, in the presence of a chain-limiting aliphatic
carboxylic diacid having 4-20 carbon atoms; said polyamide
having an average molecular weight between 300 and 15,000;
and PB is a polyoxyalkylene sequence formed from linear or
branched aliphatic polyoxyalkylene glycols, mixtures thereof
or copolyethers derived therefrom, said polyoxyalkylene gly-
cols having a molecular weight of less than or equal to 6000;
and n indicates a sufficient number of repeating units so that
said polyetheramide copolymer has an intrinsic viscosity of
from about 0.6 to about 2.05. The preparation of these poly-
etheramides comprises the step of reacting a dicarboxylic
polyamide, the COOH groups of which are located at the
chain ends, with a polyoxyalkylene glycol hydroxylated at
the chain ends, in the presence of a catalyst such as a tetra-
alkyl ortho titanate having the general formula Ti(OR),
wherein R is a linear branched aliphatic hydrocarbon radical
having 1 to 24 carbon atoms. Again, the more polyether units
incorporated into the copolyetheramide, the softer the poly-
mer. The ether:amide ratios are as described above for the
ether:ester ratios, as is the Shore D hardness.

The elastomeric polyolefins are polymers composed of
ethylene and higher primary olefins such as propylene, hex-
ene, octene, and optionally 1,4-hexadiene and or ethylidene
norbornene or norbornadiene. The elastomeric polyolefins
can be optionally functionalized with maleic anhydride,
epoxy, hydroxy, amine, carboxylic acid, sulfonic acid, or thiol
groups.
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Thermoplastic polyurethanes are linear or slightly chain
branched polymers consisting of hard blocks and soft elasto-
meric blocks. They are produced by reacting soft hydroxy
terminated elastomeric polyethers or polyesters with diisocy-
anates, such as methylene diisocyanate (“MDI”), p-phe-
nylene diisocyanate (“PPDI”), or toluene diisocyanate
(“TDI”). These polymers can be chain extended with glycols,
secondary diamines, diacids, or amino alcohols. The reaction
products of the isocyanates and the alcohols are called ure-
thanes and these blocks are relatively hard and high melting.
These hard high melting blocks are responsible for the ther-
moplastic nature of the polyurethanes.

Block styrene diene copolymers and their hydrogenated
derivatives are composed of polystyrene units and polydiene
units. They may also be functionalized with moieties such as
OH, NH,, epoxy, COOH, and anhydride groups. The polydi-
ene units are derived from polybutadiene, polyisoprene units
or copolymers of these two. In the case of the copolymer it is
possible to hydrogenate the polyolefin to give a saturated
rubbery backbone segments. These materials are usually
referred to as SBS, SIS, or SEBS thermoplastic elastomers
and they can also be functionalized with maleic anhydride.

Grafted metallocene-catalyzed polymers are also useful
for blending with the HNP’s of the present invention. The
grafted metallocene-catalyzed polymers, while convention-
ally neutralized with metal cations, may also be neutralized,
either partially for fully, with organic acids or salts thereof
and an appropriate base. Grafted metallocene-catalyzed poly-
mers useful, such as those disclosed in U.S. Pat. Nos. 5,703,
166; 5,824,746, 5,981,658; and 6,025,442, which are incor-
porated herein by reference, in the golf balls of the invention
are available in experimental quantities from DuPont under
the tradenames SURLYN® NMO 525D, SURLYN® NMO
524D, and SURLYN® NMO 499D, all formerly known as the
FUSABOND® family of polymers, or may be obtained by
subjecting a non-grafted metallocene-catalyzed polymer to a
post-polymerization reaction to provide a grafted metal-
locene-catalyzed polymer with the desired pendant group or
groups. Examples of metallocene-catalyzed polymers to
which functional groups may be grafted for use in the inven-
tion include, but are not limited to, homopolymers of ethylene
and copolymers of ethylene and a second olefin, preferably,
propylene, butene, pentene, hexene, heptene, octene, and nor-
bornene. Generally, the invention includes golfballs having at
least one layer comprising at least one grafted metallocene-
catalyzed polymer or polymer blend, where the grafted met-
allocene-catalyzed polymer is produced by grafting a func-
tional group onto a metallocene-catalyzed polymer having
the formula:

Ry R R; Ry Rs R
|| [ ||
CcC—cC CcC—cC CcC—cC
H H H H H H

x 'y z

wherein R, is hydrogen, branched or straight chain alkyl such
as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, and
octyl, carbocyclic, or aromatic; R, is hydrogen, lower alkyl
including C,-Cj; carbocyclic, or aromatic; R; is hydrogen,
lower alkyl including C,-Cj, carbocyclic, or aromatic; R, is
selected from the group consisting of H, C,H,,,, ;, where n=1
to 18, and phenyl, in which from 0 to 5H within R, can be
replaced by substituents COOH, SO,H, NH,, F, Cl, Br, I, OH,
SH, silicone, lower alkyl esters and lower alkyl ethers, with
the proviso that R; and R, can be combined to form a bicyclic
ring; Ry is hydrogen, lower alkyl including C,-Cs, carbocy-
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clic, or aromatic; Ry is hydrogen, lower alkyl including
C,-C,, carbocyclic, or aromatic; and wherein x, y and z are
the relative percentages of each co-monomer. X can range
from about 1 to 99 percent or more preferably from about 10
to about 70 percent and most preferred, from about 10 to 50
percent. Y can be from 99 to 1 percent, preferably, from 90 to
30 percent, or most preferably, 90 to 50 percent. Z can range
from about 0 to about 49 percent. One of ordinary skill in the
art would understand that if an acid moiety is present as a
ligand in the above polymer that it may be neutralized up to
100% with an organic fatty acid as described above.

Metallocene-catalyzed copolymers or terpolymers can be
random or block and may be isotactic, syndiotactic, or atactic.
The pendant groups creating the isotactic, syndiotactic, or
atactic polymers are chosen to determine the interactions
between the different polymer chains making up the resin to
control the final properties of the resins used in golf ball
covers, centers, or intermediate layers. As will be clear to
those skilled in the art, grafted metallocene-catalyzed poly-
mers useful in the invention that are formed from metal-
locene-catalyzed random or block copolymers or terpolymers
will also be random or block copolymers or terpolymers, and
will have the same tacticity of the metallocene-catalyzed
polymer backbone.

Asused herein, the term “phrase branched or straight chain
alky]l” means any substituted or unsubstituted acyclic carbon-
containing compounds. Examples of alkyl groups include
lower alkyl, for example, methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl or t-butyl; upper alkyl, for example, octyl,
nonyl, decyl, and the like; and lower alkylene, for example,
ethylene, propylene, butylene, pentene, hexene, octene, nor-
bornene, nonene, decene, and the like.

In addition, such alkyl groups may also contain various
substituents in which one or more hydrogen atoms has been
replaced by a functional group. Functional groups include,
but are not limited to hydroxyl, amino, carboxyl, sulfonic
amide, ester, ether, phosphates, thiol, nitro, silane and halo-
gen (fluorine, chlorine, bromine and iodine), to mention but a
few.

As used herein, the term “substituted and unsubstituted
carbocyclic” means cyclic carbon-containing compounds,
including, but not limited to cyclopentyl, cyclohexyl, cyclo-
heptyl, and the like. Such cyclic groups may also contain
various substituents in which one or more hydrogen atoms
has been replaced by a functional group. Such functional
groups include those described above, and lower alkyl groups
having from 1-28 carbon atoms. The cyclic groups of the
invention may further comprise a heteroatom.

As mentioned above, R, and R, can also represent any
combination of alkyl, carbocyclic or aryl groups, for
example, 1-cyclohexylpropyl, benzyl cyclohexylmethyl,
2-cyclohexylpropyl, 2,2-methylcyclohexylpropyl, 2,2-meth-
ylphenylpropyl, and 2,2-methylphenylbutyl.

Non-grafted metallocene-catalyzed polymers useful in the
present invention are commercially available under the trade
name AFFINITY® polyolefin plastomers and ENGAGE®
polyolefin elastomers commercially available from Dow
Chemical Company and DuPont-Dow. Other commercially
available metallocene-catalyzed polymers can be used, such
as EXACT®, commercially available from Exxon and
INSIGHT®, commercially available from Dow. The
EXACT® and INSIGHT® line of polymers also have novel
rheological behavior in addition to their other properties as a
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result of using a metallocene catalyst technology. Metal-
locene-catalyzed polymers are also readily available from
Sentinel Products Corporation of Hyannis, Mass., as foamed
sheets for compression molding.

Monomers useful in the present invention include, but are
not limited to, olefinic monomers having, as a functional
group, sulfonic acid, sulfonic acid derivatives, such as chlo-
rosulfonic acid, vinyl ethers, vinyl esters, primary, secondary,
and tertiary amines, mono-carboxylic acids, dicarboxylic
acids, partially or fully ester-derivatized mono-carboxylic
and dicarboxylic acids, anhydrides of dicarboxylic acids, and
cyclic imides of dicarboxylic acids.

In addition, metallocene-catalyzed polymers may also be
functionalized by sulfonation, carboxylation, or the addition
of'an amine or hydroxy group. Metallocene-catalyzed poly-
mers functionalized by sulfonation, carboxylation, or the
addition of a hydroxy group may be converted to anionic
ionomers by treatment with a base. Similarly, metallocene-
catalyzed polymers functionalized by the addition of an
amine may be converted to cationic ionomers by treatment
with an alkyl halide, acid, or acid derivative.

The most preferred monomer is maleic anhydride, which,
once attached to the metallocene-catalyzed polymer by the
post-polymerization reaction, may be further subjected to a
reaction to form a grafted metallocene-catalyzed polymer
containing other pendant or functional groups. For example,
reaction with water will convert the anhydride to a dicarboxy-
lic acid; reaction with ammonia, alkyl, or aromatic amine
forms an amide; reaction with an alcohol results in the for-
mation of an ester; and reaction with base results in the
formation of an anionic ionomer.

The HNP’s of the present invention may also be blended
with single-site and metallocene catalysts and polymers
formed therefrom. As used herein, the term “single-site cata-
lyst,” such as those disclosed in U.S. Pat. No. 6,150,462
which is incorporated herein by reference, refers to a catalyst
that contains an ancillary ligand that influences the stearic and
electronic characteristics of the polymerizing site in a manner
that prevents formation of secondary polymerizing species.
The term “metallocene catalyst” refers to a single-site cata-
lyst wherein the ancillary ligands are comprising substituted
orunsubstituted cyclopentadienyl groups, and the term “non-
metallocene catalyst” refers to a single-site catalyst other than
a metallocene catalyst.

Non-metallocene single-site catalysts include, but are not
limited to, the Brookhart catalyst, which has the following
structure:

_ R .
R
7 R
S _
\M _N AryB
/\
R X X
- R’ -

wherein M is nickel or palladium; R and R' are independently
hydrogen, hydrocarbyl, or substituted hydrocarbyl; Ar is

—_
w
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(CF;),C4H;, and X is alkyl, methyl, hydride, or halide; the
McConville catalyst, which has the structure:

wherein M is titanium or zirconium. Iron (II) and cobalt (II)
complexes with 2,6-bis(imino) pyridyl ligands, which have

the structure:

N

O \\\Cl
N

/ “c1
=N

O

where M is the metal, and R is hydrogen, alkyl, or hydrocar-
byl. Titanium or zirconium complexes with pyrroles as
ligands also serve as single-site catalysts. These complexes
have the structure:

X

P
II\]/\/ \/\N

where M is the metal atom; m and n are independently 1 to
4, and indicate the number of substituent groups attached to
the aromatic rings; R, and R, are independently hydrogen or
alkyl; and X is halide or alkyl. Other examples include diim-
ide complexes of nickel and palladium, which have the struc-
ture:

v
O\
\\X
/s
O~
!

where Ar is aromatic, M is the metal, and X is halide or alkyl.
Boratabenzene complexes of the Group IV or V metals also
function as single-site catalysts. These complexes have the
structure:
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where B is boron and M is the metal atom.

As used herein, the term “single-site catalyzed polymer”
refers to any polymer, copolymer, or terpolymer, and, in
particular, any polyolefin polymerized using a single-site
catalyst. The term “non-metallocene single-site catalyzed
polymer” refers to any polymer, copolymer, or terpolymer,
and, in particular, any polyolefin polymerized using a single-
site catalyst other than a metallocene-catalyst. The catalysts
discussed above are examples of non-metallocene single-site
catalysts. The term “metallocene catalyzed polymer” refers to
any polymer, copolymer, or terpolymer, and, in particular,
any polyolefin, polymerized using a metallocene catalyst.

As used herein, the term “single-site catalyzed polymer
blend” refers to any blend of a single-site catalyzed polymer
and any other type of polymer, preferably an ionomer, as well
as any blend of a single-site catalyzed polymer with another
single-site catalyzed polymer, including, but not limited to, a
metallocene-catalyzed polymer.

The terms “grafted single-site catalyzed polymer” and
“grafted single-site catalyzed polymer blend” refer to any
single-site catalyzed polymer or single-site catalyzed poly-
mer blend in which the single-site catalyzed polymer has
been subjected to a post-polymerization reaction to graft at
least one functional group onto the single-site catalyzed poly-
mer. A “post-polymerization reaction” is any reaction that
occurs after the formation of the polymer by a polymerization
reaction.

The single-site catalyzed polymer, which may be grafted,
may also be blended with polymers, such as non-grafted
single-site catalyzed polymers, grafted single-site catalyzed
polymers, ionomers, and thermoplastic elastomers. Prefer-
ably, the single-site catalyzed polymer is blended with at least
one ionomer of the preset invention.

Grafted single-site catalyzed polymers useful in the golf
balls of the invention may be obtained by subjecting a non-
grafted single-site catalyzed polymer to a post-polymeriza-
tion reaction to provide a grafted single-site catalyzed poly-
mer with the desired pendant group or groups. Examples of
single-site catalyzed polymers to which functional groups
may be grafted for use in the invention include, but are not
limited to, homopolymers of ethylene and propylene and
copolymers of ethylene and a second olefin, preferably, pro-
pylene, butene, pentene, hexene, heptene, octene, and nor-
bornene. Monomers useful in the present invention include,
but are not limited to olefinic monomers having as a func-
tional group sulfonic acid, sulfonic acid derivatives, such as
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chlorosulfonic acid, vinyl ethers, vinyl esters, primary, sec-
ondary, and tertiary amines, epoxies, isocyanates, mono-car-
boxylic acids, dicarboxylic acids, partially or fully ester
derivatized mono-carboxylic and dicarboxylic acids, anhy-
drides of dicarboxylic acids, and cyclic imides of dicarboxy-
lic acids. Generally, this embodiment of the invention
includes golf balls having at least one layer comprising at
least one grafted single-site catalyzed polymer or polymer
blend, where the grafted single-site catalyzed polymer is pro-
duced by grafting a functional group onto a single-site cata-
lyzed polymer having the formula:

A
TC
H

|
H

where R is hydrogen, branched or straight chain alkyl such as
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, and octyl,
carbocyclic, aromatic or heterocyclic; R,, R;, Rs, and R¢ are
hydrogen, lower alkyl including C, -Cj, carbocyclic, aromatic
or heterocyclic; R, is H, C,H,,,,, where n=1 to 18, and
phenyl, in which from 0 to SH within R, can be replaced by
substituents such as COOH, SO,H, NH,, F, Cl, Br, I, OH, SH,
epoxy, isocyanate, silicone, lower alkyl esters and lower alkyl
ethers; also, R; and R, can be combined to form a bicyclic
ring; and x, y and z are the relative percentages of each
co-monomer. X can range from about 1 to about 100 percent
or more preferably from 1 to 70 percent and most preferred,
from about 1 to about 50 percent. Y can be from about 99 to
about 0 percent, preferably, from about 9 to about 30 percent,
or most preferably, about 9 to about 50 percent. Z can range
from about 0 to about 50 percent. One of ordinary skill in the
art would also understand that if an acid group is selected as
a ligand in the above structure that it too could be neutralized
with the organic fatty acids described above.

The HNP’s of the present invention may also be blended
with high crystalline acid copolymers and their ionomer
derivatives (which may be neutralized with conventional
metal cations or the organic fatty acids and salts thereof) or a
blend of a high crystalline acid copolymer and its ionomer
derivatives and at least one additional material, preferably an
acid copolymer and its ionomer derivatives. As used herein,
the term “high crystalline acid copolymer” is defined as a
“product-by-process” in which an acid copolymer or its iono-
mer derivatives formed from a ethylene/carboxylic acid
copolymer comprising about 5 to about 35 percent by weight
acrylic or methacrylic acid, wherein the copolymer is poly-
merized at a temperature of about 130° C. to 200° C., at
pressures greater than about 20,000 psi preferably greater
than about 25,000 psi, more pref. from about 25,000 psi to
about 50,000 psi, wherein up to about 70 percent, preferably
100 percent, of the acid groups are neutralized with a metal
ion, organic fatty acids and salts thereof, or a mixture thereof.
The copolymer can have a melt index (“MI”) of from about 20
to about 300 g/10 min, preferably about 20 to about 200 g/10
min, and upon neutralization of the copolymer, the resulting
acid copolymer and its ionomer derivatives should have an M1
of from about 0.1 to about 30.0 g/10 min.

Suitable high crystalline acid copolymer and its ionomer
derivatives compositions and methods for making them are
disclosed in U.S. Pat. No. 5,580,927, the disclosure of which
is hereby incorporated by reference in its entirety.

The high crystalline acid copolymer or its ionomer deriva-
tives employed in the present invention are preferably formed
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from a copolymer containing about 5 to about 35 percent,
more preferably from about 9 to about 18, most preferably
about 10 to about 13 percent, by weight of acrylic acid,
wherein up to about 75 percent, most preferably about 60
percent, of the acid groups are neutralized with an organic
fatty acid, salt thereof, or ametal ion, such as sodium, lithium,
magnesium, or zinc ion.

Generally speaking, high crystalline acid copolymer and
its ionomer derivatives are formed by polymerization of their
base copolymers at lower temperatures, but at equivalent
pressures to those used for forming a conventional acid
copolymer and its ionomer derivatives. Conventional acid
copolymers are typically polymerized at a polymerization
temperature of from at least about 200° C. to about 270° C.,
preferably about 220° C., and at pressures of from about
23,000 to about 30,000 psi. In comparison, the high crystal-
line acid copolymer and its ionomer derivatives employed in
the present invention are produced from acid copolymers that
are polymerized at a polymerization temperature of less than
200° C., and preferably from about 130° C. to about 200° C.,
and at pressures from about 20,000 to about 50,000 psi.

The HNP’s of the present invention may also be blended
with cationic ionomers, such as those disclosed in U.S. Pat.
No. 6,193,619 which is incorporated herein by reference. In
particular, cationic ionomers have a structure according to the
formula:

Ry
—R—N"—C—O0—R,

R 7

or the formula:

wherein R,-R, are organic moieties of linear or branched
chain alkyl, carbocyclic, or aryl; and Z is the negatively
charged conjugate ion produced following alkylation and/or
quaternization. The cationic polymers may also be quar-
ternized up to 100% by the organic fatty acids described
above.

In addition, such alkyl group may also contain various
substituents in which one or more hydrogen atoms has been
replaced by a functional group. Functional groups include but
are not limited to hydroxyl, amino, carboxyl, amide, ester,
ether, sulfonic, siloxane, siloxyl, silanes, sulfonyl, and halo-
gen.

As used herein, substituted and unsubstituted carbocyclic
groups of up to about 20 carbon atoms means cyclic carbon-
containing compounds, including but not limited to cyclopen-
tyl, cyclohexyl, cycloheptyl, and the like. Such cyclic groups
may also contain various substituents in which one or more
hydrogen atoms has been replaced by a functional group.
Such functional groups include those described above, and
lower alkyl groups as described above. The cyclic groups of
the invention may further comprise a heteroatom.

The HNP’s of the present invention may also be blended
with polyurethane and polyurea ionomers which include
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anionic moieties or groups, such as those disclosed in U.S.
Pat. No. 6,207,784 which is incorporated herein by reference.
Typically, such groups are incorporated onto the diisocyanate
or diisocyanate component of the polyurethane or polyurea
ionomers. The anionic group can also be attached to the
polyol or amine component of the polyurethane or polyurea,
respectively. Preferably, the anionic group is based on a sul-
fonic, carboxylic or phosphoric acid group. Also, more than
one type of anionic group can be incorporated into the poly-
urethane or polyurea. Examples of anionic polyurethane
ionomers with anionic groups attached to the diisocyanate
moiety can have a chemical structure according to the follow-
ing formula:

N N_ o g X o
P N \C/ #B/O‘]\C/N\A/ \C/O+B/ \‘],_‘11
n n
Il I
(@]

g I

o

where A=R—Z7"M™; R is a straight chain or branched ali-
phatic group, a substituted straight chain or branched ali-
phatic group, or an aromatic or substituted aromatic group;
7=S0;~, CO,” or HPO;7; M is a group 1A, IB, IIA, IIB, IIIA,
1B, IVA, IVB, VA, VB, VIIA, VIIB, VIIB or VIIIB metal;
x=1 to 5; B is a straight chain or branched aliphatic group, a
substituted straight chain or branched aliphatic group, or an
aromatic or substituted aromatic group; and n=1 to 100. Pref-
erably, M™ is one of the following: Li*, Na*, K*, Mg*2, Zn*?,
Ca*?, Mn*™?, Al*3, Ti*™, Zr*, W** or Hf*™.

Exemplary anionic polyurethane ionomers with anionic
groups attached to the polyol component of the polyurethane
are characterized by the above chemical structure where A is
a straight chain or branched aliphatic group, a substituted
straight chain or branched aliphatic group, or an aromatic or
substituted aromatic group; B=R—Z"M*¥; R is a straight
chain or branched aliphatic group, a substituted straight chain
or branched aliphatic group, or an aromatic or substituted
aromatic group; Z=SO;~, CO,~ or HPO,;™; M is a group IA,
1B, ITA, 1IB, IITA, ITIB, IVA, IVB, VA, VB, VIIA, VIIB, VIIB
or VIIIB metal; x=1 to 5; and n=1 to 100. Preferably, M** is
one of the following: Li*, Na*, K*, Mg*?, Zn*?, Ca*?, Mn*?,
ALY, TiY™, Zr™, W+ or Hf™.

Examples of suitable anionic polyurea ionomers with
anionic groups attached to the diisocyanate component have
a chemical structure according to the following chemical
structure:

H H

S T A N A
A AR S S N

o
o
o

where A=R—Z7"M™; R is a straight chain or branched ali-
phatic group, a substituted straight chain or branched ali-
phatic group, or an aromatic or substituted aromatic group;
7=S0;~, CO,” or HPO;7; M is a group 1A, IB, IIA, IIB, IIIA,
1B, IVA, IVB, VA, VB, VIIA, VIIB, VIIB or VIIIB metal;
x=1to 5; and B is a straight chain or branched aliphatic group,
a substituted straight chain or branched aliphatic group, or an
aromatic or substituted aromatic group. Preferably, M™ is
one of the following: Li*, Na*, K*, Mg*2, Zn*?, Ca*2, Mn*?,
ALY, TiY™, Zr™, W+ or Hf™.

Suitable anionic polyurea ionomers with anionic groups
attached to the amine component of the polyurea are charac-
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terized by the above chemical structure where A is a straight
chain or branched aliphatic group, a substituted straight chain
or branched aliphatic group, or an aromatic or substituted
aromatic group; B=R—Z-M™; R is a straight chain or
branched aliphatic group, a substituted straight chain or
branched aliphatic group, or an aromatic or substituted aro-
matic group; Z=SO;~, CO,~ or HPO;™; M is a group 1A, IB,
1IA, TIB, ITIA, TIIB, IVA, IVB, VA, VB, VIIA, VIIB, VIIB or
VIIIB metal; and x=1 to 5. Preferably, M** is one of the
following: Li*, Na*, K*, Mg*?, Zn*?, Ca*™?, Mn*2, Al*>, Ti*™™,
Zr**, W or Hf*". The anionic polyurethane and polyurea
ionomers may also be neutralized up to 100% by the organic
fatty acids described above.

The anionic polymers useful in the present invention, such
as those disclosed in U.S. Pat. No. 6,221,960 which is incor-
porated herein by reference, include any homopolymer,
copolymer or terpolymer having neutralizable hydroxyl and/
or dealkylable ether groups, and in which at least a portion of
the neutralizable or dealkylable groups are neutralized or
dealkylated with a metal ion.

As used herein “neutralizable” or “dealkylable” groups
refer to a hydroxyl or ether group pendent from the polymer
chain and capable of being neutralized or dealkylated by a
metal ion, preferably a metal ion base. These neutralized
polymers have improved properties critical to golf ball per-
formance, such as resiliency, impact strength and toughness
and abrasion resistance. Suitable metal bases are ionic com-
pounds comprising a metal cation and a basic anion.
Examples of such bases include hydroxides, carbonates,
acetates, oxides, sulfides, and the like.

The particular base to be used depends upon the nature of
the hydroxyl or ether compound to be neutralized or dealky-
lated, and is readily determined by one skilled in the art.
Preferred anionic bases include hydroxides, carbonates,
oxides and acetates.

The metal ion can be any metal ion which forms an ionic
compound with the anionic base. The metal is not particularly
limited, and includes alkali metals, preferably lithium,
sodium or potassium; alkaline earth metals, preferably mag-
nesium or calcium; transition metals, preferably titanium,
zirconium, or zinc; and Group III and IV metals. The metal
ion can have a +1 to +5 charge. Most preferably, the metal is
lithium, sodium, potassium, zinc, magnesium, titanium,
tungsten, or calcium, and the base is hydroxide, carbonate or
acetate.

The anionic polymers useful in the present invention
include those which contain neutralizable hydroxyl and/or
dealkylable ether groups. Exemplary polymers include eth-
ylene vinyl alcohol copolymers, polyvinyl alcohol, polyvinyl
acetate, poly(p-hydroxymethylene styrene), and p-methoxy
styrene, to name but a few. It will be apparent to one skilled in
the art that many such polymers exist and thus can be used in
the compositions of the invention. In general, the anionic
polymer can be described by the chemical structure:

AEAVARAYOEA
ERVAVR VALY

where R, is OH, OC(O)R ,, O-M*” (CH,),R,, (CHR ), R,,
oraryl, whereinnis atleast 1, R, is a lower alkyl, M is a metal
ion, V is an integer from 1 to 5, R, is OH, OC(O)R ,, O-M*”,
and R is a lower alkyl or aryl, and R,, R, and R, are each
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independently hydrogen, straight-chain or branched-chain
lower alkyl. R,, R; and R, may also be similarly substituted.
Preferably n is from 1 to 12, more preferably 1 to 4.

The term “substituted,” as used herein, means one or more
hydrogen atoms has been replaced by a functional group.
Functional groups include, but are not limited to, hydroxyl,
amino, carboxyl, sulfonic, amide, ether, ether, phosphates,
thiol, nitro, silane, and halogen, as well as many others which
are quite familiar to those of ordinary skill in this art.

The terms “alkyl” or “lower alkyl,” as used herein, includes
a group of from about 1 to 30 carbon atoms, preferably 1 to 10
carbon atoms.

In the anionic polymers useful in the present invention, at
leasta portion of the neutralizable or dealkylable groups of R
are neutralized or dealkylated by an organic fatty acid, a salt
thereof, a metal base, or a mixture thereof to form the corre-
sponding anionic moiety. The portion of the neutralizable or
dealkylable groups which are neutralized or dealkylated can
be between about 1 to about 100 weight percent, preferably
between about 50 to about 100 weight percent, more prefer-
ably before about 90 to about 100.

Neutralization or dealkylation may be performed by melt-
ing the polymer first, then adding a metal ion in an extruder.
The degree of neutralization or dealkylation is controlled by
varying the amount of metal ion added. Any method of neu-
tralization or dealkylation available to those of ordinary skill
in the art may also be suitably employed.

In one embodiment, the anionic polymer is repeating units
any one of the three homopolymer units in the chemical
structure above. In a preferred embodiment, R,, R; and R, are
hydrogen, and R, is hydroxyl, i.e., the anionic polymer is a
polyvinyl alcohol homopolymer in which a portion of the
hydroxyl groups have been neutralized with a metal base. In
another preferred embodiment, R,, R; and R, are hydrogen,
R, is OC(O)R_, and R, is methyl, i.e., the anionic polymer is
a polyvinyl acetate homopolymer in which a portion of the
methyl ether groups have been dealkylated with a metal ion.

The anionic polymer can also be a copolymer of two dif-
ferent repeating units having different substituents, or a ter-
polymer of three different repeating units described in the
above formula. In this embodiment, the polymer can be a
random copolymer, an alternating copolymer, or a block
copolymer, where the term “copolymer” includes terpoly-
mers.

In another embodiment, the anionic polymer is a copoly-
mer, wherein R, Ry, R, and Ry are each independently
selected from the group defined above for R,. The first unit of
the copolymer can comprise from about 1 to 99 percent
weight percent of the polymer, preferably from about 5 to 50
weight percent, and the second unit of the copolymer can
comprise from about 99 to 1 weight percent, preferably from
about 95 to 50 weight percent. In one preferred embodiment,
the anionic polymer is a random, alternating or block copoly-
mer of units (Ia) and (Ib) wherein R, is hydroxyl, and each of
the remaining R groups is hydrogen, i.e., the polymer is a
copolymer of ethylene and vinyl alcohol. In another preferred
embodiment, the anionic polymer is a random, alternating or
block copolymer of units (Ia) and (Ib) wherein R, is OC(O)
Rs, where R is methyl, and each of the remaining R groups is
hydrogen, i.e., the polymer is a copolymer of ethylene and
vinyl acetate.

In another embodiment, the anionic polymer is an anionic
polymer having neutralizable hydroxyl and/or dealkylable
ether groups of as in the above chemical structure wherein
R, and R, and R, are as defined above; R, ,, are each
independently selected from the group as defined above for
R,; and R, is OH or OC(O)R, 5, where R 5 is a lower alkyl;
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wherein X, y and z indicate relative weight percent of the
different units. X can be from about 99 to about 50 weight
percent of the polymer, y can be from about 1 to about 50
weight percent of the polymer, and z ranges from about 0 to
about 50 weight percent of the polymer. At least a portion of
the neutralizable groups R, are neutralized. When the amount
of'z is greater than zero, a portion of the groups R, can also
be fully or partially neutralized, as desired.

In particular, the anionic polymers and blends thereof can
comprise compatible blends of anionic polymers and iono-
mers, such as the ionomers described above, and ethylene
acrylic methacrylic acid ionomers, and their terpolymers,
sold commercially under the trade names SURLYN® and
IOTEK® by DuPont and Exxon respectively. The anionic
polymer blends useful in the golf balls of the invention can
also include other polymers, such as polyvinylalcohol,
copolymers of ethylene and vinyl alcohol, poly(ethylethyl-
ene), poly(heptylethylene), poly(hexyldecylethylene), poly
(isopentylethylene), poly(butyl acrylate), acrylate), poly(2-
ethylbutyl acrylate), poly(heptyl acrylate), poly(2-
methylbutyl acrylate), poly(3-methylbutyl acrylate), poly(N-
octadecylacrylamide), poly(octadecyl methacrylate), poly
(butoxyethylene), poly(methoxyethylene), poly
(pentyloxyethylene), poly(1,1-dichloroethylene), poly(4-
[(2-butoxyethoxy)methyl]styrene), poly[oxy(ethoxymethyl)
ethylene], poly(oxyethylethylene), poly(oxytetramethylene),
poly(oxytrimethylene), poly(silanes) and poly(silazanes),
polyamides, polycarbonates, polyesters, styrene block
copolymers, polyetheramides, polyurethanes, main-chain
heterocyclic polymers and poly(furan tetracarboxylic acid
diimides), as well as the classes of polymers to which they
belong.

The anionic polymer compositions of the present invention
typically have a flexural modulus of from about 500 psi to
about 300,000 psi, preferably from about 2000 to about 200,
000 psi. The anionic polymer compositions typically have a
material hardness of at least about 15 Shore A, preferably
between about 30 Shore A and 80 Shore D, more preferably
between about 50 Shore A and 60 Shore D. The loss tangent,
or dissipation factor, is a ratio of the loss modulus over the
dynamic shear storage modulus, and is typically less than
about 1, preferably less than about 0.01, and more preferably
less than about 0.001 for the anionic polymer compositions
measured at about 23° C. The specific gravity is typically
greater than about 0.7, preferably greater than about 1, for the
anionic polymer compositions. The dynamic shear storage
modulus, or storage modulus, of the anionic polymer com-
positions at about 23° C. is typically at least about 10,000
dyn/cm?.

The golf balls of the present invention may comprise a
variety of constructions. In one embodiment of the present
invention, golf ball includes a core, an inner cover layer
surrounding the core, and an outer cover layer. Preferably, the
core is solid. More preferably, the core is a solid, single-layer
core. In a preferred embodiment, the solid core comprises the
HNP’s of the present invention. In an alternative embodi-
ment, the solid core may include compositions having a base
rubber, a crosslinking agent, a filler, and a co-crosslinking or
initiator agent, and the inner cover layer comprises the HNP’s
of the present invention.

The base rubber typically includes natural or synthetic
rubbers. A preferred base rubber is 1,4-polybutadiene having
a cis-structure of at least 40%. More preferably, the base
rubber comprises high-Mooney-viscosity rubber. If desired,
the polybutadiene can also be mixed with other elastomers
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known in the art such as natural rubber, polyisoprene rubber
and/or styrene-butadiene rubber in order to modify the prop-
erties of the core.

The crosslinking agent includes a metal salt of an unsatur-
ated fatty acid such as a zinc salt or a magnesium salt of an
unsaturated fatty acid having 3 to 8 carbon atoms such as
acrylic or methacrylic acid. Suitable cross linking agents
include metal salt diacrylates, dimethacrylates and
monomethacrylates wherein the metal is magnesium, cal-
cium, zinc, aluminum, sodium, lithium or nickel. The
crosslinking agent is present in an amount from about 15 to
about 40 parts per hundred of the rubber, preferably in an
amount from about 19 to about 25 parts per hundred of the
rubber and most preferably having about 20 to 24 parts
crosslinking agent per hundred of rubber. The core composi-
tions of the present invention may also include at least one
organic or inorganic cis-trans catalyst to convert a portion of
the cis-isomer of polybutadiene to the trans-isomer, as
desired.

The initiator agent can be any known polymerization ini-
tiator which decomposes during the cure cycle. Suitable ini-
tiators include peroxide compounds such as dicumyl perox-
ide, 1,1-di-(t-butylperoxy) 3,3,5-trimethyl cyclohexane, a-a
bis-(t-butylperoxy)diisopropylbenzene, 2,5-dimethyl-2,5 di-
(t-butylperoxy)hexane or di-t-butyl peroxide and mixtures
thereof.

Fillers, any compound or composition that can be used to
vary the density and other properties of the core, typically
include materials such as tungsten, zinc oxide, barium sulfate,
silica, calcium carbonate, zinc carbonate, metals, metal
oxides and salts, regrind (recycled core material typically
ground to about 30 mesh particle), high-Mooney-viscosity
rubber regrind, and the like.

The HNP compositions of the present invention may also
be moisture resistant. For purposes of the present disclosure,
acomposition is “moisture resistant” if it has a moisture vapor
transmission rate (“MVTR”) of 12.5 gmil/100 in*/day or less.
Preferably, the moisture resistant compositions of the present
invention have an MVTR of 8.0 gmil/100 in*/day or less, or
6.5 gmil/100in*/day or less, or 5.0 gmil/100 in*/day or less, or
4.0 gmil/100in*/day or less, or 2.5 gmil/100in*/day or less, or
2.0 gmil/100 in*/day or less. As used herein, moisture vapor
transmission rate (MVTR) is given in gmil/100 in*/day, and is
measured at 20° C., and according to ASTM F1249-99.

In a particular embodiment, the cation source is selected
from metal ions and compounds of calcium, metal ions and
compounds of zinc, and combinations thereof. In a particular
aspect of this embodiment, the equivalent percentage of cal-
cium and/or zinc salt(s) in the final composition is 50% or
higher, or 60% or higher, or 70% or higher, or 80% or higher,
or 90% or higher, based on the total salts present in the final
composition, wherein the equivalent % is determined by mul-
tiplying the mol % of the cation by the valence of the cation.
In another particular embodiment, the cation source is
selected from metal ions and compounds of lithium, sodium,
potassium, magnesium, calcium, zinc, and combinations
thereof. In another particular embodiment, the cation source
is selected from metal ions and compounds of lithium, metal
ions and compounds of zinc, and combinations thereof. Suit-
able cation sources also include mixtures of lithium and/or
zinc cations with other cations. Other cations suitable for
mixing with lithium and/or zinc cations to produce the HNP
include, but are not limited to, the “less hydrophilic” cations
disclosed in U.S. Patent Application Publication No. 2006/
0106175, conventional HNP cations, such as those disclosed
in U.S. Pat. Nos. 6,756,436 and 6,824,477, and the cations
disclosed in U.S. Patent Application Publication No. 2005/
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0267240. The entire disclosure of each of these references is
hereby incorporated herein by reference. In a particular
aspect of this embodiment, the percentage of lithium and/or
zinc salts in the composition is preferably 50% or higher, or
55% or higher, or 60% or higher, or 65% or higher, or 70% or
higher, or 80% or higher, or 90% or higher, or 95% or higher,
or 100%, based on the total salts present in the composition.
The amount of cation source used is readily determined based
on the desired level of neutralization.

The golf'ball cores of the present invention may also com-
prise a variety of constructions. For example, the core may
comprise a single layer or a plurality of layers. The core may
also comprise a layer of tensioned elastomeric material. In
another embodiment of the present invention, golf ball com-
prises a solid center surrounded by at least one additional
solid outer core layer. The “dual” core is surrounded by a
“double” cover comprising an inner cover layer and an outer
cover layer.

Preferably, the solid center comprises the HNP’s of the
present invention. In another embodiment, the inner cover
layer comprises the highly-neutralized acid copolymers of
the present invention. In an alternative embodiment, the outer
core layer comprises the highly-neutralized acid copolymers
of the present invention.

At least one of the outer core layers is formed of a resilient
rubber-based component comprising a high-Mooney-viscos-
ity rubber, and a crosslinking agent present in an amount from
about 20 to about 40 parts per hundred, from about 30 to about
38 parts per hundred, and most preferably about 37 parts per
hundred. It should be understood that the term “parts per
hundred” is with reference to the rubber by weight.

When the golf ball of the present invention includes an
intermediate layer, such as an outer core layer or an inner
cover layer, any or all of these layer(s) may comprise ther-
moplastic and thermosetting material, but preferably the
intermediate layer(s), if present, comprise any suitable mate-
rial, such as ionic copolymers of ethylene and an unsaturated
monocarboxylic acid which are available under the trademark
SURLYN® of E.I. DuPont de Nemours & Co., of Wilming-
ton, Del., or IOTEK® or ESCOR® of Exxon. These are
copolymers or terpolymers of ethylene and methacrylic acid
or acrylic acid partially neutralized with salts of zinc, sodium,
lithium, magnesium, potassium, calcium, manganese, nickel
or the like, in which the salts are the reaction product of an
olefin having from 2 to 8 carbon atoms and an unsaturated
monocarboxylic acid having 3 to 8 carbon atoms. The car-
boxylic acid groups of the copolymer may be totally or par-
tially neutralized and might include methacrylic, crotonic,
maleic, fumaric or itaconic acid.

This golf ball can likewise include one or more homopoly-
meric or copolymeric inner cover materials, such as:

(1) Vinyl resins, such as those formed by the polymeriza-
tion of vinyl chloride, or by the copolymerization of
vinyl chloride with vinyl acetate, acrylic esters or
vinylidene chloride;

(2) Polyolefins, such as polyethylene, polypropylene,
polybutylene and copolymers such as ethylene methy-
lacrylate, ethylene ethylacrylate, ethylene vinyl acetate,
ethylene methacrylic or ethylene acrylic acid or propy-
lene acrylic acid and copolymers and homopolymers
produced using a single-site catalyst or a metallocene
catalyst;

(3) Polyurethanes, such as those prepared from polyols and
diisocyanates or polyisocyanates, in particular PPDI-
based thermoplastic polyurethanes, and those disclosed
in U.S. Pat. No. 5,334,673,
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(4) Polyureas, such as those disclosed in U.S. Pat. No.
5,484,870;

(5) Polyamides, such as poly(hexamethylene adipamide)
and others prepared from diamines and dibasic acids, as
well as those from amino acids such as poly(caprolac-
tam), and blends of polyamides with SURLYN®), poly-
ethylene, ethylene copolymers, ethylene-propylene-
non-conjugated diene terpolymer, and the like;

(6) Acrylic resins and blends of these resins with poly vinyl
chloride, elastomers, and the like;

(7) Thermoplastics, such as urethane; olefinic thermoplas-
tic rubbers, such as blends of polyolefins with ethylene-
propylene-non-conjugated diene terpolymer; block
copolymers of styrene and butadiene, isoprene or ethyl-
ene-butylene rubber; or copoly(ether-amide), such as
PEBAX®, sold by ELF Atochem of Philadelphia, Pa.;

(8) Polyphenylene oxide resins or blends of polyphenylene
oxide with high impact polystyrene as sold under the
trademark NORYL® by General Electric Company of
Pittsfield, Mass.;

(9) Thermoplastic polyesters, such as polyethylene tereph-
thalate, polybutylene terephthalate, polyethylene
terephthalate/glycol  modified, poly(trimethylene
terepthalate), and elastomers sold under the trademarks
HYTREL® by E.I. DuPont de Nemours & Co. of Wilm-
ington, Del., and LOMOD® by General Electric Com-
pany of Pittsfield, Mass.;

(10) Blends and alloys, including polycarbonate with acry-
lonitrile butadiene styrene, polybutylene terephthalate,
polyethylene terephthalate, styrene maleic anhydride,
polyethylene, elastomers, and the like, and polyvinyl
chloride with acrylonitrile butadiene styrene or ethylene
vinyl acetate or other elastomers; and

(11) Blends of thermoplastic rubbers with polyethylene,
propylene, polyacetal, nylon, polyesters, cellulose
esters, and the like.

Preferably, the inner cover includes polymers, such as eth-
ylene, propylene, butene-1 or hexane-1 based homopolymers
or copolymers including functional monomers, such as
acrylic and methacrylic acid and fully or partially neutralized
ionomer resins and their blends, methyl acrylate, methyl
methacrylate homopolymers and copolymers, imidized,
amino group containing polymers, polycarbonate, reinforced
polyamides, polyphenylene oxide, high impact polystyrene,
polyether ketone, polysulfone, poly(phenylene sulfide), acry-
lonitrile-butadiene, acrylic-styrene-acrylonitrile, poly(ethyl-
ene terephthalate), poly(butylene terephthalate), poly(vinyl
alcohol), poly(tetrafluoroethylene) and their copolymers
including functional comonomers, and blends thereof. Suit-
able cover compositions also include a polyether or polyester
thermoplastic urethane, a thermoset polyurethane, a low
modulus ionomer, such as acid-containing ethylene copoly-
mer ionomers, including E/X/Y terpolymers where E is eth-
ylene, X is an acrylate or methacrylate-based softening
comonomer present in about 0 to 50 weight percent and Y is
acrylic or methacrylic acid present in about 5 to 35 weight
percent. More preferably, in a low spin rate embodiment
designed for maximum distance, the acrylic or methacrylic
acid is present in about 16 to 35 weight percent, making the
ionomer a high modulus ionomer. In a higher spin embodi-
ment, the inner cover layer includes an ionomer where an acid
is present in about 10 to 15 weight percent and includes a
softening comonomer. Additionally, high-density polyethyl-
ene (“HDPE”), low-density polyethylene (“LDPE”),
LLDPE, and homo- and co-polymers of polyolefin are suit-
able for a variety of golf ball layers.
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In one embodiment, the outer cover preferably includes a
polyurethane composition comprising the reaction product of
at least one polyisocyanate, polyol, and at least one curing
agent. Any polyisocyanate available to one of ordinary skill in
the art is suitable for use according to the invention. Exem-
plary polyisocyanates include, but are not limited to, 4,4'-
diphenylmethane diisocyanate (“MDI”); polymeric MDI;
carbodiimide-modified liquid MDI; 4,4'-dicyclohexyl-
methane diisocyanate (“H,,MDI”); p-phenylene diisocyan-
ate (“PPDI”); m-phenylene diisocyanate (“MPDI”); toluene
diisocyanate (“TDI™); 3,3'-dimethyl-4,4'-biphenylene diiso-
cyanate (“TODI”); isophoronediisocyanate (“IPDI”); hex-
amethylene diisocyanate (“HDI”); naphthalene diisocyanate
(“NDI”); xylene diisocyanate (“XDI”); p-tetramethylxylene
diisocyanate (“p-TMXDI”); m-tetramethylxylene diisocyan-
ate (“m-TMXDI”); ethylene diisocyanate; propylene-1,2-di-
isocyanate; tetramethylene-1,4-diisocyanate; cyclohexyl
diisocyanate; 1,6-hexamethylene-diisocyanate (“HDI”);
dodecane-1,12-diisocyanate; cyclobutane-1,3-diisocyanate;
cyclohexane-1,3-diisocyanate; cyclohexane-1,4-diisocyan-
ate; 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclo-
hexane; methyl cyclohexylene diisocyanate; triisocyanate of
HDI; triisocyanate of 2,4,4-trimethyl-1,6-hexane diisocyan-
ate (“TMDI”); tetracene diisocyanate; napthalene diisocyan-
ate; anthracene diisocyanate; isocyanurate of toluene diiso-
cyanate; uretdione of hexamethylene diisocyanate; and
mixtures thereof. Polyisocyanates are known to those of ordi-
nary skill in the art as having more than one isocyanate group,
e.g., di-isocyanate, tri-isocyanate, and tetra-isocyanate. Pref-
erably, the polyisocyanate includes MDI, PPDI, TDI, or a
mixture thereof, and more preferably, the polyisocyanate
includes MDI. It should be understood that, as used herein,
the term “MDI” includes 4,4'-diphenylmethane diisocyanate,
polymeric MDI, carbodiimide-modified liquid MDI, and
mixtures thereof and, additionally, that the diisocyanate
employed may be “low free monomer,” understood by one of
ordinary skill in the art to have lower levels of “free”” mono-
mer isocyanate groups, typically less than about 0.1% free
monomer groups. Examples of “low free monomer” diisocy-
anates include, but are not limited to Low Free Monomer
MDI, Low Free Monomer TDI, and Low Free Monomer
PPDIL

The atleast one polyisocyanate should have less than about
14% unreacted NCO groups. Preferably, the at least one poly-
isocyanate has no greater than about 7.5% NCO, and more
preferably, less than about 7.0%.

Any polyol available to one of ordinary skill in the art is
suitable for use according to the invention. Exemplary poly-
ols include, but are not limited to, polyether polyols, hydroxy-
terminated polybutadiene (including partially/fully hydroge-
nated derivatives), polyester polyols, polycaprolactone
polyols, and polycarbonate polyols. In one preferred embodi-
ment, the polyol includes polyether polyol. Examples
include, but are not limited to, polytetramethylene ether gly-
col (“PTMEG”), polyethylene propylene glycol, polyox-
ypropylene glycol, and mixtures thereof. The hydrocarbon
chain can have saturated or unsaturated bonds and substituted
or unsubstituted aromatic and cyclic groups. Preferably, the
polyol of the present invention includes PTMEG.

In another embodiment, polyester polyols are included in
the polyurethane material of the invention. Suitable polyester
polyols include, but are not limited to, polyethylene adipate
glycol; polybutylene adipate glycol; polyethylene propylene
adipate glycol; o-phthalate-1,6-hexanediol; poly(hexameth-
ylene adipate) glycol; and mixtures thereof. The hydrocarbon
chain can have saturated or unsaturated bonds, or substituted
or unsubstituted aromatic and cyclic groups.
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In another embodiment, polycaprolactone polyols are
included in the materials of the invention. Suitable polyca-
prolactone polyols include, but are not limited to, 1,6-hex-
anediol-initiated polycaprolactone, diethylene glycol initi-
ated polycaprolactone, trimethylol propane initiated
polycaprolactone, neopentyl glycol initiated polycaprolac-
tone, 1,4-butanediol-initiated polycaprolactone, and mix-
tures thereof. The hydrocarbon chain can have saturated or
unsaturated bonds, or substituted or unsubstituted aromatic
and cyclic groups.

In yet another embodiment, the polycarbonate polyols are
included in the polyurethane material of the invention. Suit-
able polycarbonates include, but are not limited to, polyph-
thalate carbonate and poly(hexamethylene carbonate) glycol.
The hydrocarbon chain can have saturated or unsaturated
bonds, or substituted or unsubstituted aromatic and cyclic
groups. In one embodiment, the molecular weight of the
polyol is from about 200 to about 4000.

Polyamine curatives are also suitable for use in the poly-
urethane composition of the invention and have been found to
improve cut, shear, and impact resistance of the resultant
balls. Preferred polyamine curatives include, but are not lim-
ited to, 3,5-dimethylthio-2,4-toluenediamine and isomers
thereof, 3,5-diethyltoluene-2,4-diamine and isomers thereof,
such as 3,5-diethyltoluene-2,6-diamine; 4,4'-bis-(sec-buty-
lamino)-diphenylmethane;  1,4-bis-(sec-butylamino)-ben-
zene, 4,4'-methylene-bis-(2-chloroaniline); 4,4'-methylene-
bis-(3-chloro-2,6-diethylaniline) (“MCDEA™);
polytetramethyleneoxide-di-p-aminobenzoate; N,N'-dialkyl-
diamino diphenyl methane; p,p'-methylene dianiline
(“MDA”); m-phenylenediamine (“MPDA”); 4,4'-methylene-
bis-(2-chloroaniline) (“MOCA”); 4.,4'-methylene-bis-(2,6-
diethylaniline) (“MDEA”); 4,4'-methylene-bis-(2,3-dichlo-
roaniline)  (“MDCA”);  4,4'-diamino-3,3'-diethyl-5,5'-
dimethyl diphenylmethane; 2,2',3,3'-tetrachloro diamino
diphenylmethane; trimethylene glycol di-p-aminobenzoate;
and mixtures thereof. Preferably, the curing agent of the
present invention includes 3,5-dimethylthio-2,4-toluenedi-
amine and isomers thereof, such as ETHACURE 300, com-
mercially available from Albermarle Corporation of Baton
Rouge, La. Suitable polyamine curatives, which include both
primary and secondary amines, preferably have molecular
weights ranging from about 64 to about 2000.

At least one of a diol, triol, tetraol, or hydroxy-terminated
curatives may be added to the aforementioned polyurethane
composition. Suitable diol, triol, and tetraol groups include
ethylene glycol; diethylene glycol; polyethylene glycol; pro-
pylene glycol; polypropylene glycol; lower molecular weight
polytetramethylene ether glycol; 1,3-bis(2-hydroxyethoxy)
benzene; 1,3-bis-[2-(2-hydroxyethoxy )ethoxy|benzene; 1,3-
bis-{2-[2-(2-hydroxyethoxy)ethoxy]ethoxy}benzene; 1,4-
butanediol; 1,5-pentanediol; 1,6-hexanediol; resorcinol-di-
(B-hydroxyethyl)ether; hydroquinone-di-(f-hydroxyethyl)
ether; and mixtures thereof. Preferred hydroxy-terminated
curatives include 1,3-bis(2-hydroxyethoxy)benzene; 1,3-bis-
[2-(2-hydroxyethoxy)ethoxy|benzene; 1,3-bis-{2-[2-(2-hy-
droxyethoxy)ethoxy|ethoxy } benzene; 1,4-butanediol, and
mixtures thereof. Preferably, the hydroxy-terminated cura-
tives have molecular weights ranging from about 48 to 2000.
It should be understood that molecular weight, as used herein,
is the absolute weight average molecular weight and would be
understood as such by one of ordinary skill in the art.

Both the hydroxy-terminated and amine curatives can
include one or more saturated, unsaturated, aromatic, and
cyclic groups. Additionally, the hydroxy-terminated and
amine curatives can include one or more halogen groups. The
polyurethane composition can be formed with a blend or



Case 2:17-cv-01214 Document 1 Filed 08/10/17 Page 86 of 284

US 8,025,593 B2

23

mixture of curing agents. If desired, however, the polyure-
thane composition may be formed with a single curing agent.

In a preferred embodiment of the present invention, satu-
rated polyurethanes used to form cover layers, preferably the
outer cover layer, and may be selected from among both
castable thermoset and thermoplastic polyurethanes.

In this embodiment, the saturated polyurethanes of the
present invention are substantially free of aromatic groups or
moieties. Saturated polyurethanes suitable for use in the
invention are a product of a reaction between at least one
polyurethane prepolymer and at least one saturated curing
agent. The polyurethane prepolymer is a product formed by a
reaction between at least one saturated polyol and at least one
saturated diisocyanate. As is well known in the art, a catalyst
may be employed to promote the reaction between the curing
agent and the isocyanate and polyol.

Saturated diisocyanates which can be used include, with-
out limitation, ethylene diisocyanate; propylene-1,2-diisocy-
anate; tetramethylene-1,4-diisocyanate; 1,6-hexamethylene-
diisocyanate  (“HDI”);  2,2.4-trimethylhexamethylene
diisocyanate; 2.4.4-trimethylhexamethylene diisocyanate;
dodecane-1,12-diisocyanate; dicyclohexylmethane diisocy-
anate; cyclobutane-1,3-diisocyanate; cyclohexane-1,3-diiso-
cyanate; cyclohexane-1,4-diisocyanate; 1-isocyanato-3,3,5-
trimethyl-5-isocyanatomethylcyclohexane; isophorone
diisocyanate (“IPDI”); methyl cyclohexylene diisocyanate;
triisocyanate of HDI; triisocyanate of 2,2,4-trimethyl-1,6-
hexane diisocyanate (“TMDI”). The most preferred saturated
diisocyanates are 4,4'-dicyclohexylmethane diisocyanate
(“HMDI”) and isophorone diisocyanate (“IPDI”).

Saturated polyols which are appropriate for use in this
invention include without limitation polyether polyols such
as polytetramethylene ether glycol and poly(oxypropylene)
glycol. Suitable saturated polyester polyols include polyeth-
ylene adipate glycol, polyethylene propylene adipate glycol,
polybutylene adipate glycol, polycarbonate polyol and ethyl-
ene oxide-capped polyoxypropylene diols. Saturated polyca-
prolactone polyols which are useful in the invention include
diethylene glycol-initiated polycaprolactone, 1,4-butanediol-
initiated polycaprolactone, 1,6-hexanediol-initiated polyca-
prolactone; trimethylol propane-initiated polycaprolactone,
neopentyl glycol initiated polycaprolactone, and polytetram-
ethylene ether glycol-initiated polycaprolactone. The most
preferred saturated polyols are polytetramethylene ether gly-
col and PTMEG-initiated polycaprolactone.

Suitable saturated curatives include 1,4-butanediol, ethyl-
ene glycol, diethylene glycol, polytetramethylene ether gly-
col, propylene glycol; trimethanolpropane; tetra-(2-hydrox-
ypropyl)-ethylenediamine; isomers and mixtures of isomers
of cyclohexyldimethylol, isomers and mixtures of isomers of
cyclohexane bis(methylamine); triisopropanolamine; ethyl-
ene diamine; diethylene triamine; triethylene tetramine; tet-
racthylene pentamine; 4,4'-dicyclohexylmethane diamine;
2,2 4-trimethyl-1,6-hexanediamine; 2.4 4-trimethyl-1,6-
hexanediamine; diethyleneglycol di-(aminopropyl)ether;
4.4'-bis-(sec-butylamino)-dicyclohexylmethane; 1,2-bis-
(sec-butylamino)cyclohexane; 1,4-bis-(sec-butylamino)
cyclohexane; isophorone diamine; hexamethylene diamine;
propylene diamine; 1-methyl-2,4-cyclohexyl diamine; 1-me-
thyl-2,6-cyclohexyl diamine; 1,3-diaminopropane; dimethy-
lamino propylamine; diethylamino propylamine; imido-bis-
propylamine; isomers and mixtures of isomers of
diaminocyclohexane; monoethanolamine; diethanolamine;
triethanolamine; monoisopropanolamine; and diisopropano-
lamine. The most preferred saturated curatives are 1,4-bu-
tanediol, 1,4-cyclohexyldimethylol and 4,4'-bis-(sec-buty-
lamino)-dicyclohexylmethane.
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The compositions of the invention may also be polyurea-
based, which are distinctly different from polyurethane com-
positions, but also result in desirable aerodynamic and aes-
thetic characteristics when used in golf ball components. The
polyurea-based compositions are preferably saturated in
nature.

Without being bound to any particular theory, it is now
believed that substitution of the long chain polyol segment in
the polyurethane prepolymer with a long chain polyamine
oligomer soft segment to form a polyurea prepolymer,
improves shear, cut, and resiliency, as well as adhesion to
other components. Thus, the polyurea compositions of this
invention may be formed from the reaction product of an
isocyanate and polyamine prepolymer crosslinked with a cur-
ing agent. For example, polyurea-based compositions of the
invention may be prepared from at least one isocyanate, at
least one polyether amine, and at least one diol curing agent or
at least one diamine curing agent.

Any polyamine available to one of ordinary skill in the art
is suitable for use in the polyurea prepolymer. Polyether
amines are particularly suitable for use in the prepolymer. As
used herein, “polyether amines” refer to at least polyoxyalky-
leneamines containing primary amino groups attached to the
terminus of a polyether backbone. Due to the rapid reaction of
isocyanate and amine, and the insolubility of many urea prod-
ucts, however, the selection of diamines and polyether amines
is limited to those allowing the successful formation of the
polyurea prepolymers. In one embodiment, the polyether
backbone is based on tetramethylene, propylene, ethylene,
trimethylolpropane, glycerin, and mixtures thereof.

Suitable polyether amines include, but are not limited to,
methyldiethanolamine; polyoxyalkylenediamines such as,
polytetramethylene ether diamines, polyoxypropylenetri-
amine, and polyoxypropylene diamines; poly(ethylene oxide
capped oxypropylene) ether diamines; propylene oxide-
based triamines; triethyleneglycoldiamines; trimethylolpro-
pane-based triamines; glycerin-based triamines; and mix-
tures thereof. In one embodiment, the polyether amine used to
form the prepolymer is JEFFAMINE® D2000 (manufactured
by Huntsman Chemical Co. of Austin, Tex.).

The molecular weight of the polyether amine for use in the
polyurea prepolymer may range from about 100 to about
5000. As used herein, the term “about” is used in connection
with one or more numbers or numerical ranges, should be
understood to refer to all such numbers, including all numbers
in a range. In one embodiment, the polyether amine molecu-
lar weight is about 200 or greater, preferably about 230 or
greater. In another embodiment, the molecular weight of the
polyether amine is about 4000 or less. In yet another embodi-
ment, the molecular weight of the polyether amine is about
600 or greater. In still another embodiment, the molecular
weight of the polyether amine is about 3000 or less. In yet
another embodiment, the molecular weight of the polyether
amine is between about 1000 and about 3000, and more
preferably is between about 1500 to about 2500. Because
lower molecular weight polyether amines may be prone to
forming solid polyureas, a higher molecular weight oligomer,
such as Jeffamine D2000, is preferred.

In one embodiment, the polyether amine has the generic
structure:

H,NCHCH, — (OCH,CH),— NH,

CH; CH;
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wherein the repeating unit x has a value ranging from about 1
to about 70. Even more preferably, the repeating unit may be
from about 5 to about 50, and even more preferably is from
about 12 to about 35.

In another embodiment, the polyether amine has the
generic structure:

H,NCHCH,— (OCHCH,),— (OR),— (OCH,CH),— NH,

CH; CH; CH;

wherein the repeating units x and z have combined values
from about 3.6 to about 8 and the repeating unit y has a value
ranging from about 9 to about 50, and wherein R is
—(CH,),—, where “a” may be a repeating unit ranging from
about 1 to about 10.

In yet another embodiment, the polyether amine has the
generic structure:

H,N—(R)—O—R)—O—(R)—NH,

wherein R is —(CH,),—, and “a” may be a repeating unit
ranging from about 1 to about 10.

As briefly discussed above, some amines may be unsuit-
able for reaction with the isocyanate because of the rapid
reaction between the two components. In particular, shorter
chain amines are fast reacting. In one embodiment, however,
a hindered secondary diamine may be suitable for use in the
prepolymer. Without being bound to any particular theory, it
is believed that an amine with a high level of stearic hin-
drance, e.g., a tertiary butyl group on the nitrogen atom, has a
slower reaction rate than an amine with no hindrance or a low
level of hindrance. For example, 4,4'-bis-(sec-butylamino)-
dicyclohexylmethane (CLEARLINK® 1000) may be suit-
able for use in combination with an isocyanate to form the
polyurea prepolymer.

Any isocyanate available to one of ordinary skill in the art
is suitable for use in the polyurea prepolymer. Isocyanates for
use with the present invention include aliphatic,
cycloaliphatic, araliphatic, aromatic, any derivatives thereof,
and combinations of these compounds having two or more
isocyanate (NCO) groups per molecule. The isocyanates may
be organic polyisocyanate-terminated prepolymers. The iso-
cyanate-containing reactable component may also include
any isocyanate-functional monomer, dimer, trimer, or multi-
meric adduct thereof, prepolymer, quasi-prepolymer, or mix-
tures thereof. Isocyanate-functional compounds may include
monoisocyanates or polyisocyanates that include any isocy-
anate functionality of two or more.

Suitable isocyanate-containing components include diiso-
cyanates having the generic structure: O—C—N—R—
N—C—0, where R is preferably a cyclic, aromatic, or linear
or branched hydrocarbon moiety containing from about 1 to
about 20 carbon atoms. The diisocyanate may also contain
one or more cyclic groups or one or more phenyl groups.
When multiple cyclic or aromatic groups are present, linear
and/or branched hydrocarbons containing from about 1 to
about 10 carbon atoms can be present as spacers between the
cyclic or aromatic groups. In some cases, the cyclic or aro-
matic group(s) may be substituted at the 2-, 3-; and/or 4-po-
sitions, or at the ortho-, meta-, and/or para-positions, respec-
tively. Substituted groups may include, but are not limited to,
halogens, primary, secondary, or tertiary hydrocarbon
groups, or a mixture thereof.

Examples of diisocyanates that can be used with the
present invention include, but are not limited to, substituted
and isomeric mixtures including 2,2'-; 2.4'-, and 4,4'-diphe-
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nylmethane diisocyanate (MDI); 3,3'-dimethyl-4,4'-biphe-
nylene diisocyanate (TODI); toluene diisocyanate (TDI);
polymeric MDI; carbodiimide-modified liquid 4,4'-diphenyl-
methane diisocyanate; para-phenylene diisocyanate (PPDI);
meta-phenylene diisocyanate (MPDI); triphenyl methane-4,
4'- and triphenyl methane-4,4'-triisocyanate; naphthylene-1,
S-diisocyanate; 2,4'-, 4,4'-; and 2,2-biphenyl diisocyanate;
polyphenyl polymethylene polyisocyanate (PMDI); mixtures
of MDI and PMDI; mixtures of PMDI and TDI; ethylene
diisocyanate; propylene-1,2-diisocyanate; tetramethylene-1,
2-diisocyanate; tetramethylene-1,3-diisocyanate; tetrameth-
ylene-1,4-diisocyanate; 1,6-hexamethylene-diisocyanate
(HDI); octamethylene diisocyanate; decamethylene diisocy-
anate; 2,2 4-trimethylhexamethylene diisocyanate; 2,4,4-tri-
methylhexamethylene diisocyanate; dodecane-1,12-diisocy-
anate;  cyclobutane-1,3-diisocyanate;  cyclohexane-1,2-
diisocyanate; cyclohexane-1,3-diisocyanate; cyclohexane-1,
4-diisocyanate; methyl-cyclohexylene diisocyanate (HTDI);
2,4-methylcyclohexane diisocyanate; 2,6-methylcyclohex-
ane diisocyanate; 4,4'-dicyclohexyl diisocyanate; 2,4'-dicy-
clohexyl diisocyanate; 1,3,5-cyclohexane triisocyanate; iso-
cyanatomethylcyclohexane isocyanate; 1-isocyanato-3,3,5-
trimethyl-5-isocyanatomethylcyclohexane;
isocyanatoethylcyclohexane isocyanate; bis(isocyanatom-
ethyl)-cyclohexane diisocyanate; 4,4'-bis(isocyanatomethyl)
dicyclohexane;  2.4'-bis(isocyanatomethyl)dicyclohexane;
isophorone diisocyanate (IPDI); triisocyanate of HDI; triiso-
cyanate of 2,2, 4-trimethyl-1,6-hexane diisocyanate (TMDI);
4.4'-dicyclohexylmethane diisocyanate (H,,MDI); 2.4-
hexahydrotoluene diisocyanate; 2,6-hexahydrotoluene diiso-
cyanate; 1,2-, 1,3-, and 1,4-phenylene diisocyanate; aromatic
aliphatic isocyanate, such as 1,2-, 1,3-, and 1,4-xylene diiso-
cyanate; meta-tetramethylxylene diisocyanate (m-TMXDI);
para-tetramethylxylene diisocyanate (p-TMXDI); trimerized
isocyanurate of any polyisocyanate, such as isocyanurate of
toluene diisocyanate, trimer of diphenylmethane diisocyan-
ate, trimer of tetramethylxylene diisocyanate, isocyanurate of
hexamethylene diisocyanate, isocyanurate of isophorone
diisocyanate, and mixtures thereof; dimerized uredione of
any polyisocyanate, such as uretdione of toluene diisocyan-
ate, uretdione of hexamethylene diisocyanate, and mixtures
thereof; modified polyisocyanate derived from the above iso-
cyanates and polyisocyanates; and mixtures thereof.

Examples of saturated diisocyanates that can be used with
the present invention include, but are not limited to, ethylene
diisocyanate; propylene-1,2-diisocyanate; tetramethylene
diisocyanate; tetramethylene-1,4-diisocyanate; 1,6-hexam-
ethylene-diisocyanate (HDI); octamethylene diisocyanate;
decamethylene diisocyanate; 2,2.4-trimethylhexamethylene
diisocyanate; 2.4.4-trimethylhexamethylene diisocyanate;
dodecane-1,12-diisocyanate; cyclobutane-1,3-diisocyanate;
cyclohexane-1,2-diisocyanate; cyclohexane-1,3-diisocyan-
ate; cyclohexane-1,4-diisocyanate; methyl-cyclohexylene
diisocyanate (HTDI); 2,4-methylcyclohexane diisocyanate;
2,6-methylcyclohexane  diisocyanate; 4,4'-dicyclohexyl
diisocyanate; 2.4'-dicyclohexyl diisocyanate; 1,3,5-cyclo-
hexane triisocyanate; isocyanatomethylcyclohexane isocy-
anate; 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcy-

clohexane; isocyanatoethylcyclohexane isocyanate; bis
(isocyanatomethyl)-cyclohexane  diisocyanate;  4,4'-bis
(isocyanatomethyl)dicyclohexane; 2,4'-bis

(isocyanatomethyl)dicyclohexane; isophorone diisocyanate
(IPDI); triisocyanate of HDI; triisocyanate of 2,2.4-trim-
ethyl-1,6-hexane diisocyanate (TMDI); 4,4'-dicyclohexyl-
methane diisocyanate (H,,MDI); 2.4-hexahydrotoluene
diisocyanate; 2,6-hexahydrotoluene diisocyanate; and mix-
tures thereof. Aromatic aliphatic isocyanates may also be
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used to form light stable materials. Examples of such isocy-
anates include 1,2-, 1,3-, and 1,4-xylene diisocyanate; meta-
tetramethylxylene diisocyanate (m-TMXDI); para-tetram-
ethylxylene  diisocyanate  (p-TMXDI);  trimerized
isocyanurate of any polyisocyanate, such as isocyanurate of
toluene diisocyanate, trimer of diphenylmethane diisocyan-
ate, trimer of tetramethylxylene diisocyanate, isocyanurate of
hexamethylene diisocyanate, isocyanurate of isophorone
diisocyanate, and mixtures thereof; dimerized uredione of
any polyisocyanate, such as uretdione of toluene diisocyan-
ate, uretdione of hexamethylene diisocyanate, and mixtures
thereof; modified polyisocyanate derived from the above iso-
cyanates and polyisocyanates; and mixtures thereof. In addi-
tion, the aromatic aliphatic isocyanates may be mixed with
any of the saturated isocyanates listed above for the purposes
of this invention.

The number of unreacted NCO groups in the polyurea
prepolymer of isocyanate and polyether amine may be varied
to control such factors as the speed of the reaction, the result-
ant hardness ofthe composition, and the like. For instance, the
number of unreacted NCO groups in the polyurea prepolymer
of'isocyanate and polyether amine may be less than about 14
percent. In one embodiment, the polyurea prepolymer has
from about 5 percent to about 11 percent unreacted NCO
groups, and even more preferably has from about 6 to about
9.5 percent unreacted NCO groups. In one embodiment, the
percentage of unreacted NCO groups is about 3 percent to
about 9 percent. Alternatively, the percentage of unreacted
NCO groups in the polyurea prepolymer may be about 7.5
percent or less, and more preferably, about 7 percent or less.
In another embodiment, the unreacted NCO content is from
about 2.5 percent to about 7.5 percent, and more preferably
from about 4 percent to about 6.5 percent.

When formed, polyurea prepolymers may contain about 10
percent to about 20 percent by weight of the prepolymer of
free isocyanate monomer. Thus, in one embodiment, the
polyurea prepolymer may be stripped of the free isocyanate
monomer. For example, after stripping, the prepolymer may
contain about 1 percent or less free isocyanate monomer. In
another embodiment, the prepolymer contains about 0.5 per-
cent by weight or less of free isocyanate monomer.

The polyether amine may be blended with additional poly-
ols to formulate copolymers that are reacted with excess
isocyanate to form the polyurea prepolymer. In one embodi-
ment, less than about 30 percent polyol by weight of the
copolymer is blended with the saturated polyether amine. In
another embodiment, less than about 20 percent polyol by
weight of the copolymer, preferably less than about 15 per-
cent by weight of the copolymer, is blended with the poly-
ether amine. The polyols listed above with respect to the
polyurethane prepolymer, e.g., polyether polyols, polycapro-
lactone polyols, polyester polyols, polycarbonate polyols,
hydrocarbon polyols, other polyols, and mixtures thereof, are
also suitable for blending with the polyether amine. The
molecular weight of these polymers may be from about 200 to
about 4000, but also may be from about 1000 to about 3000,
and more preferably are from about 1500 to about 2500.

The polyurea composition can be formed by crosslinking
the polyurea prepolymer with a single curing agent or a blend
of curing agents. The curing agent of the invention is prefer-
ably an amine-terminated curing agent, more preferably a
secondary diamine curing agent so that the composition con-
tains only urea linkages. In one embodiment, the amine-
terminated curing agent may have a molecular weight of
about 64 or greater. In another embodiment, the molecular
weight of the amine-curing agent is about 2000 or less. As
discussed above, certain amine-terminated curing agents may
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be modified with a compatible amine-terminated freezing
point depressing agent or mixture of compatible freezing
point depressing agents.

Suitable amine-terminated curing agents include, but are
not limited to, ethylene diamine; hexamethylene diamine;
1-methyl-2,6-cyclohexyl diamine; tetrahydroxypropylene
ethylene diamine; 2,2,4- and 2,4,4-trimethyl-1,6-hexanedi-
amine; 4,4'-bis-(sec-butylamino)-dicyclohexylmethane; 1,4-
bis-(sec-butylamino)-cyclohexane; 1,2-bis-(sec-buty-

lamino)-cyclohexane;  derivatives  of  4,4'-bis-(sec-
butylamino)-dicyclohexylmethane; 4.4'-
dicyclohexylmethane diamine; 1,4-cyclohexane-bis-
(methylamine); 1,3-cyclohexane-bis-(methylamine);

diethylene glycol di-(aminopropyl)ether; 2-methylpentam-
ethylene-diamine; diaminocyclohexane; diethylene triamine;
tricthylene tetramine; tetracthylene pentamine; propylene
diamine; 1,3-diaminopropane; dimethylamino propylamine;
diethylamino propylamine; dipropylene triamine; imido-bis-
propylamine; monoethanolamine, diethanolamine; trietha-
nolamine; monoisopropanolamine, diisopropanolamine; iso-
phoronediamine; 4,4'-methylenebis-(2-chloroaniline); 3,5;
dimethylthio-2,4-toluenediamine; 3,5-dimethylthio-2,6-
toluenediamine; 3,5-diethylthio-2,4-toluenediamine; 3,5;
diethylthio-2,6-toluenediamine; 4,4'-bis-(sec-butylamino)-
diphenylmethane and derivatives thereof, 1,4-bis-(sec-
butylamino)-benzene;  1,2-bis-(sec-butylamino)-benzene;
N,N'-dialkylamino-diphenylmethane; N,N,N'.N'-tetrakis(2-
hydroxypropyl)ethylene diamine; trimethyleneglycol-di-p-
aminobenzoate; polytetramethyleneoxide-di-p-aminoben-
zoate;  4,4'-methylenebis-(3-chloro-2,6-diethyleneaniline);
4.4'-methylenebis-(2,6-diethylaniline); meta-phenylenedi-
amine; paraphenylenediamine; and mixtures thereof. In one
embodiment, the amine-terminated curing agent is 4,4'-bis-
(sec-butylamino)-dicyclohexylmethane.

Suitable saturated amine-terminated curing agents include,
but are not limited to, ethylene diamine; hexamethylene
diamine; 1-methyl-2,6-cyclohexyl diamine; tetrahydrox-
ypropylene ethylene diamine; 2,2,4- and 2,4,4-trimethyl-1,6-
hexanediamine; 4.4'-bis-(sec-butylamino)-dicyclohexyl-
methane; 1,4-bis-(sec-butylamino)-cyclohexane; 1,2-bis-
(sec-butylamino)-cyclohexane; derivatives of 4,4'-bis-(sec-
butylamino)-dicyclohexylmethane; 4.4'-

dicyclohexylmethane diamine; 4,4'-methylenebis-(2,6-
diethylaminocyclohexane; 1,4-cyclohexane-bis-
(methylamine); 1,3-cyclohexane-bis-(methylamine);

diethylene glycol di-(aminopropyl)ether; 2-methylpentam-
ethylene-diamine; diaminocyclohexane; diethylene triamine;
tricthylene tetramine; tetracthylene pentamine; propylene
diamine; 1,3-diaminopropane; dimethylamino propylamine;
diethylamino propylamine; imido-bis-propylamine; monoet-
hanolamine, diethanolamine; triethanolamine; monoisopro-
panolamine, diisopropanolamine; isophoronediamine; triiso-
propanolamine; and mixtures thereof. In addition, any of the
polyether amines listed above may be used as curing agents to
react with the polyurea prepolymers.

Suitable catalysts include, but are not limited to bismuth
catalyst, oleic acid, triethylenediamine (DABCO®-33LV),
di-butyltin dilaurate (DABCO®-T12) and acetic acid. The
most preferred catalyst is di-butyltin dilaurate (DABCO®-
T12). DABCO® materials are manufactured by Air Products
and Chemicals, Inc.

Thermoplastic materials may be blended with other ther-
moplastic materials, but thermosetting materials are difficult
if not impossible to blend homogeneously after the thermo-
setting materials are formed. Preferably, the saturated poly-
urethane comprises from about 1% to about 100%, more
preferably from about 10% to about 75% of the cover com-
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position and/or the intermediate layer composition. About
90% to about 10%, more preferably from about 90% to about
25% of'the cover and/or the intermediate layer composition is
comprised of one or more other polymers and/or other mate-
rials as described below. Such polymers include, but are not
limited to polyurethane/polyurea ionomers, polyurethanes or
polyureas, epoxy resins, polyethylenes, polyamides and
polyesters, polycarbonates and polyacrylin. Unless otherwise
stated herein, all percentages are given in percent by weight of
the total composition of the golf ball layer in question.

Polyurethane prepolymers are produced by combining at
least one polyol, such as a polyether, polycaprolactone, poly-
carbonate or a polyester, and at least one isocyanate. Ther-
mosetting polyurethanes are obtained by curing at least one
polyurethane prepolymer with a curing agent selected from a
polyamine, triol or tetraol. Thermoplastic polyurethanes are
obtained by curing at least one polyurethane prepolymer with
a diol curing agent. The choice of the curatives is critical
because some urethane elastomers that are cured with a diol
and/or blends of diols do not produce urethane elastomers
with the impact resistance required in a golfball cover. Blend-
ing the polyamine curatives with diol cured urethane elasto-
meric formulations leads to the production of thermoset ure-
thanes with improved impact and cut resistance.

Thermoplastic polyurethanes may be blended with suit-
able materials to produce a thermoplastic end product.
Examples of such additional materials may include ionomers
such as the SURLYN®, ESCOR® and IOTEK® copolymers
described above.

Other suitable materials which may be combined with the
saturated polyurethanes in forming the cover and/or interme-
diate layer(s) of the golf balls of the invention include ionic or
non-ionic polyurethanes and polyureas, epoxy resins, poly-
ethylenes, polyamides and polyesters. For example, the cover
and/or intermediate layer may be formed from a blend of at
least one saturated polyurethane and thermoplastic or ther-
moset ionic and non-ionic urethanes and polyurethanes, cat-
ionic urethane ionomers and urethane epoxies, ionic and non-
ionic polyureas and blends thereof. Examples of suitable
urethane ionomers are disclosed in U.S. Pat. No. 5,692,974
entitled “Golf Ball Covers”, the disclosure of which is hereby
incorporated by reference in its entirety. Other examples of
suitable polyurethanes are described in U.S. Pat. No. 5,334,
673. Examples of appropriate polyureas are discussed in U.S.
Pat. No. 5,484,870 and examples of suitable polyurethanes
cured with epoxy group containing curing agents are dis-
closed in U.S. Pat. No. 5,908,358, the disclosures of which
are hereby incorporated herein by reference in their entirety.

A variety of conventional components can be added to the
cover compositions of the present invention. These include,
but are not limited to, white pigment such as TiO,, ZnO,
optical brighteners, surfactants, processing aids, foaming
agents, density-controlling fillers, UV stabilizers and light
stabilizers. Saturated polyurethanes are resistant to discolora-
tion. However, they are not immune to deterioration in their
mechanical properties upon weathering. Addition of UV
absorbers and light stabilizers therefore helps to maintain the
tensile strength and elongation of the saturated polyurethane
elastomers. Suitable UV absorbers and light stabilizers
include TINUVIN® 328, TINUVIN® 213, TINUVIN® 765,
TINUVIN® 770 and TINUVIN® 622. The preferred UV
absorber is TINUVIN® 328, and the preferred light stabilizer
is TINUVIN® 765. TINUVIN® products are available from
Ciba-Geigy. Dyes, as well as optical brighteners and fluores-
cent pigments may also be included in the golf ball covers
produced with polymers formed according to the present
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invention. Such additional ingredients may be added in any
amounts that will achieve their desired purpose.

Any method known to one of ordinary skill in the art may
be used to polyurethanes of the present invention. One com-
monly employed method, known in the art as a one-shot
method, involves concurrent mixing of the polyisocyanate,
polyol, and curing agent. This method results in a mixture that
is inhomogenous (more random) and affords the manufac-
turer less control over the molecular structure of the resultant
composition. A preferred method of mixing is known as a
prepolymer method. In this method, the polyisocyanate and
the polyol are mixed separately prior to addition of the curing
agent. This method affords a more homogeneous mixture
resulting in a more consistent polymer composition. Other
methods suitable for forming the layers of the present inven-
tion include reaction injection molding (“RIM”), liquid injec-
tion molding (“LLIM”), and pre-reacting the components to
form an injection moldable thermoplastic polyurethane and
then injection molding, all of which are known to one of
ordinary skill in the art.

Additional components which can be added to the poly-
urethane composition include UV stabilizers and other dyes,
as well as optical brighteners and fluorescent pigments and
dyes. Such additional ingredients may be added in any
amounts that will achieve their desired purpose. It has been
found by the present invention that the use of a castable,
reactive material, which is applied in a fluid form, makes it
possible to obtain very thin outer cover layers on golf balls.
Specifically, it has been found that castable, reactive liquids,
which react to form a urethane elastomer material, provide
desirable very thin outer cover layers.

The castable, reactive liquid employed to form the urethane
elastomer material can be applied over the core using a variety
of application techniques such as spraying, dipping, spin
coating, or flow coating methods which are well known in the
art. An example of a suitable coating technique is that which
is disclosed in U.S. Pat. No. 5,733,428, the disclosure of
which is hereby incorporated by reference in its entirety.

The outer cover is preferably formed around the inner
cover by mixing and introducing the material in the mold
halves. It is important that the viscosity be measured over
time, so that the subsequent steps of filling each mold half,
introducing the core into one half and closing the mold can be
properly timed for accomplishing centering of the core cover
halves fusion and achieving overall uniformity. Suitable vis-
cosity range of the curing urethane mix for introducing cores
into the mold halves is determined to be approximately
between about 2,000 cP and about 30,000 cP, with the pre-
ferred range of about 8,000 cP to about 15,000 cP.

To start the cover formation, mixing of the prepolymer and
curative is accomplished in motorized mixer including mix-
ing head by feeding through lines metered amounts of cura-
tive and prepolymer. Top preheated mold halves are filled and
placed in fixture units using centering pins moving into holes
in each mold. At a later time, a bottom mold half or a series of
bottom mold halves have similar mixture amounts introduced
into the cavity. After the reacting materials have resided in top
mold halves for about 40 to about 80 seconds, a core is
lowered at a controlled speed into the gelling reacting mix-
ture.

A ball cup holds the ball core through reduced pressure (or
partial vacuum). Upon location of the coated core in the
halves of the mold after gelling for about 40 to about 80
seconds, the vacuum is released allowing core to be released.
The mold halves, with core and solidified cover half thereon,
are removed from the centering fixture unit, inverted and
mated with other mold halves which, at an appropriate time
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earlier, have had a selected quantity of reacting polyurethane
prepolymer and curing agent introduced therein to commence
gelling.

Similarly, U.S. Pat. No. 5,006,297 to Brown et al. and U.S.
Pat. No. 5,334,673 to Wu both also disclose suitable molding
techniques which may be utilized to apply the castable reac-
tive liquids employed in the present invention. Further, U.S.
Pat. Nos. 6,180,040 and 6,180,722 disclose methods of pre-
paring dual core golf balls. The disclosures of these patents
are hereby incorporated by reference in their entirety. How-
ever, the method of the invention is not limited to the use of
these techniques.

Depending on the desired properties, balls prepared
according to the invention can exhibit substantially the same
or higher resilience, or coefficient of restitution (“COR”),
with a decrease in compression or modulus, compared to balls
of conventional construction. Additionally, balls prepared
according to the invention can also exhibit substantially
higher resilience, or COR, without an increase in compres-
sion, compared to balls of conventional construction. Another
measure of this resilience is the “loss tangent,” or tan 9, which
is obtained when measuring the dynamic stiffness of an
object. Loss tangent and terminology relating to such
dynamic properties is typically described according to ASTM
D4092-90. Thus, alower loss tangent indicates a higher resil-
iency, thereby indicating a higher rebound capacity. Low loss
tangent indicates that most of the energy imparted to a golf
ball from the club is converted to dynamic energy, i.e., launch
velocity and resulting longer distance. The rigidity or com-
pressive stiffness of a golfball may be measured, for example,
by the dynamic stiffness. A higher dynamic stiffness indicates
ahigher compressive stiffness. To produce golf balls having a
desirable compressive stiffness, the dynamic stiffness of the
crosslinked reaction product material should be less than
about 50,000 N/m at -50° C. Preferably, the dynamic stift-
ness should be between about 10,000 and 40,000 N/m at —-50°
C., more preferably, the dynamic stiffness should be between
about 20,000 and 30,000 N/m at -50° C.

The molding process and composition of golf ball portions
typically results in a gradient of material properties. Methods
employed in the prior art generally exploit hardness to quan-
tify these gradients. Hardness is a qualitative measure of static
modulus and does not represent the modulus of the material at
the deformation rates associated with golf ball use, i.e.,
impact by a club. As is well known to one skilled in the art of
polymer science, the time-temperature superposition prin-
ciple may be used to emulate alternative deformation rates.
For golf ball portions including polybutadiene, a 1-Hz oscil-
lation at temperatures between 0° C. and -50° C. are believed
to be qualitatively equivalent to golf ball impact rates. There-
fore, measurement of loss tangent and dynamic stiffness at 0°
C. to =50° C. may be used to accurately anticipate golf ball
performance, preferably at temperatures between about —20°
C. and -50° C.

In another embodiment of the present invention, a golfball
of the present invention is substantially spherical and has a
cover with a plurality of dimples formed on the outer surface
thereof.

U.S. application Ser. No. 10/230,015, now U.S. Publica-
tionNo. 2003/0114565, and U.S. application Ser. No. 10/108,
793, now U.S. Publication No. 2003/0050373, which are
incorporated by reference herein in their entirety, discuss soft,
high resilient ionomers, which are preferably from neutraliz-
ing the acid copolymer(s) of at least one E/X/Y copolymer,
where E is ethylene, X is the a,f-ethylenically unsaturated
carboxylic acid, and Y is a softening co-monomer. X is pref-
erably present in 2-30 (preferably 4-20, most preferably 5-15)
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wt. % of the polymer, and Y is preferably present in 17-40
(preferably 20-40, and more preferably 24-35) wt. % of the
polymer. Preferably, the melt index (MI) of the base resin is at
least 20, or at least 40, more preferably, at least 75 and most
preferably at least 150. Particular soft, resilient ionomers
included in this invention are partially neutralized ethylene/
(meth) acrylic acid/butyl(meth)acrylate copolymers having
an MI and level of neutralization that results in a melt pro-
cessable polymer that has useful physical properties. The
copolymers are at least partially neutralized. Preferably at
least 40, or, more preferably at least 55, even more preferably
about 70, and most preferably about 80 of the acid moiety of
the acid copolymer is neutralized by one or more alkali metal,
transition metal, or alkaline earth metal cations. Cations use-
ful in making the ionomers of this invention comprise lithium,
sodium, potassium, magnesium, calcium, barium, or zinc, or
a combination of such cations.

The invention also relates to a “modified” soft, resilient
thermoplastic ionomer that comprises a melt blend of (a) the
acid copolymers or the melt processable ionomers made
therefrom as described above and (b) one or more organic
acid(s) or salt(s) thereof, wherein greater than 80%, prefer-
ably greater than 90% of all the acid of (a) and of (b) is
neutralized. Preferably, 100% of all the acid of (a) and (b) is
neutralized by a cation source. Preferably, an amount of cat-
ion source in excess of the amount required to neutralize
100% of'the acid in (a) and (b) is used to neutralize the acid in
(a) and (b). Blends with fatty acids or fatty acid salts are
preferred.

The organic acids or salts thereof are added in an amount
sufficient to enhance the resilience of the copolymer. Prefer-
ably, the organic acids or salts thereof are added in an amount
sufficient to substantially remove remaining ethylene crystal-
linity of the copolymer.

Preferably, the organic acids or salts are added in an
amount of at least about 5% (weight basis) of the total amount
of copolymer and organic acid(s). More preferably, the
organic acids or salts thereof are added in an amount of at least
about 15%, even more preferably at least about 20%. Prefer-
ably, the organic acid(s) are added in an amount up to about
50% (weight basis) based on the total amount of copolymer
and organic acid. More preferably, the organic acids or salts
thereof are added in an amount of up to about 40%, more
preferably, up to about 35%. The non-volatile, non-migratory
organic acids preferably are one or more aliphatic, mono-
functional organic acids or salts thereof as described below,
particularly one or more aliphatic, mono-functional, satu-
rated or unsaturated organic acids having less than 36 carbon
atoms or salts of the organic acids, preferably stearic acid or
oleic acid. Fatty acids or fatty acid salts are most preferred.

Processes for fatty acid (salt) modifications are known in
the art. Particularly, the modified highly-neutralized soft,
resilient acid copolymer ionomers of this invention can be
produced by:

(a) melt-blending (1) ethylene, a,p-ethylenically unsatur-
ated C;_4 carboxylic acid copolymer(s) or melt-processable
ionomer(s) thereof that have their crystallinity disrupted by
addition of a softening monomer or other means with (2)
sufficient non-volatile, non-migratory organic acids to sub-
stantially enhance the resilience and to disrupt (preferably
remove) the remaining ethylene crystallinity, and then con-
currently or subsequently

(b) adding a sufficient amount of a cation source to increase
the level of neutralization of all the acid moieties (including
those in the acid copolymer and in the organic acid if the
non-volatile, non-migratory organic acid is an organic acid)
to the desired level.
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The weight ratio of X to Y in the composition is at least
about 1:20. Preferably, the weight ratio of X to Y is at least
about 1:15, more preferably, at least about 1:10. Furthermore,
the weight ratio of X to Y is up to about 1:1.67, more prefer-
ably up to about 1:2. Most preferably, the weight ratio of X to
Y in the composition is up to about 1:2.2.

The acid copolymers used in the present invention to make
the ionomers are preferably ‘direct’ acid copolymers (con-
taining high levels of softening monomers). As noted above,
the copolymers are at least partially neutralized, preferably at
least about 40% of X in the composition is neutralized. More
preferably, at least about 55% of X is neutralized. Even more
preferably, at least about 70, and most preferably, at least
about 80% of X is neutralized. In the event that the copolymer
is highly neutralized (e.g., to at least 45%, preferably 50%,
55%, 70%, or 80%, of acid moiety), the MI of the acid
copolymer should be sufficiently high so that the resulting
neutralized resin has a measurable MI in accord with ASTM
D-1238, condition E, at 190° C., using a 2160 gram weight.
Preferably this resulting MI will be at least 0.1, preferably at
least 0.5, and more preferably 1.0 or greater. Preferably, for
highly neutralized acid copolymer, the MI of the acid copoly-
mer base resin is at least 20, or at least 40, at least 75, and more
preferably at least 150.

The acid copolymers preferably comprise alpha olefin,
particularly ethylene, C; ¢ a,f-ethylenically unsaturated car-
boxylic acid, particularly acrylic and methacrylic acid, and
softening monomers, selected from alkyl acrylate, and alkyl
methacrylate, wherein the alkyl groups have from 1-8 carbon
atoms, copolymers. By “softening,” it is meant that the crys-
tallinity is disrupted (the polymer is made less crystalline).
While the alpha olefin can be a C,-C,, alpha olefin, ethylene is
most preferred for use in the present invention. Accordingly,
itis described and illustrated herein in terms of ethylene as the
alpha olefin.

The acid copolymers, when the alpha olefin is ethylene,
can be described as E/X/Y copolymers where E is ethylene, X
is the o, -ethylenically unsaturated carboxylic acid, andY is
a softening comonomer; X is preferably present in 2-30 (pref-
erably 4-20, most preferably 5-15) wt. % of the polymer, and
Y is preferably present in 17-40 (preferably 20-40, most
preferably 24-35) wt. % of the polymer.

The ethylene-acid copolymers with high levels of acid (X)
are difficult to prepare in continuous polymerizers because of
monomer-polymer phase separation. This difficulty can be
avoided however by use of “co-solvent technology” as
described in U.S. Pat. No. 5,028,674, or by employing some-
what higher pressures than those which copolymers with
lower acid can be prepared.

Specific acid-copolymers include ethylene/(meth) acrylic
acid/n-butyl(meth)acrylate, ethylene/(meth) acrylic acid/iso-
butyl(meth)acrylate, ethylene/(meth) acrylic acid/methyl
(meth)acrylate, and ethylene/(meth) acrylic acid/ethyl(meth)
acrylate terpolymers.

The organic acids employed are aliphatic, mono-functional
(saturated, unsaturated, or multi-unsaturated) organic acids,
particularly those having fewer than 36 carbon atoms. Also
salts of these organic acids may be employed. Fatty acids or
fatty acid salts are preferred. The salts may be any of a wide
variety, particularly including the barium, lithium, sodium,
zine, bismuth, potassium, strontium, magnesium or calcium
salts of the organic acids. Particular organic acids useful in the
present invention include caproic acid, caprylic acid, capric
acid, lauric acid, stearic acid, behenic acid, erucic acid, oleic
acid, and linoleic acid.

The optional filler component is chosen to impart addi-
tional density to blends of the previously described compo-
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nents, the selection being dependent upon the different parts
(e.g., cover, mantle, core, center, intermediate layers in a
multilayered core or ball) and the type of golf ball desired
(e.g., one-piece, two-piece, three-piece or multiple-piece
ball), as will be more fully detailed below.

Generally, the filler will be inorganic having a density
greater than about 4 g/cm®, preferably greater than 5 g/cm®,
and will be present in amounts between 0 to about 60 wt. %
based on the total weight of the composition. Examples of
usetul fillers include zinc oxide, barium sulfate, lead silicate
and tungsten carbide, as well as the other well-known fillers
used in golf balls. It is preferred that the filler materials be
non-reactive or almost non-reactive and not stiffen or raise the
compression nor reduce the coefficient of restitution signifi-
cantly.

Additional optional additives useful in the practice of the
subject invention include acid copolymer wax (e.g., Allied
wax AC 143 believed to be an ethylene/16-18% acrylic acid
copolymer with a number average molecular weight of
2,040), which assist in preventing reaction between the filler
materials (e.g., ZnO) and the acid moiety in the ethylene
copolymer. Other optional additives include TiO,, which is
used as a whitening agent; optical brighteners; surfactants;
processing aids; etc.

Ionomers may be blended with conventional ionomeric
copolymers (di-, ter-, etc.), using well-known techniques, to
manipulate product properties as desired. The blends would
still exhibit lower hardness and higher resilience when com-
pared with blends based on conventional ionomers.

Also, ionomers can be blended with non-ionic thermoplas-
tic resins to manipulate product properties. The non-ionic
thermoplastic resins would, by way of non-limiting illustra-
tive examples, include thermoplastic elastomers, such as
polyurethane, poly-ether-ester, poly-amide-cther, polyether-
urea, PEBAX® (a family of block copolymers based on poly-
ether-block-amide, commercially supplied by Atochem), sty-
rene-butadiene-styrene (SBS) block copolymers, styrene
(ethylene-butylene)-styrene block copolymers, etc., poly
amide (oligomeric and polymeric), polyesters, polyolefins
including PE, PP, E/P copolymers, etc., ethylene copolymers
with various comonomers, such as vinyl acetate, (meth)acry-
lates, (meth)acrylic acid, epoxy-functionalized monomer,
CO, etc., functionalized polymers with maleic anhydride
grafting, epoxidization etc., elastomers, such as EPDM, met-
allocene catalyzed PE and copolymer, ground up powders of
the thermoset elastomers, etc. Such thermoplastic blends
comprise about 1% to about 99% by weight of a first thermo-
plastic and about 99% to about 1% by weight of a second
thermoplastic.

Additionally, the compositions of U.S. Pat. Nos. 6,953,820
and 6,653,382, both of which are incorporated herein in their
entirety, discuss compositions having high COR when
formed into solid spheres.

The thermoplastic composition of this invention comprises
a polymer which, when formed into a sphere that is 1.50 to
1.54 inches in diameter, has a coefficient of restitution when
measured by firing the sphere at an initial velocity of 125 ft/s
against a steel plate positioned 3 ft from the point where initial
velocity and rebound velocity are determined and by dividing
the rebound velocity from the plate by the initial velocity and
an Atti compression of no more than 100.

Initial velocity of a golf ball after impact with a golf club is
governed by the United States Golf Association (“USGA”).
The USGA requires that a regulation golf ball can have an
initial velocity of no more than 250 ft/s+2% (effectively 255
ft/s). The USGA initial velocity limit is related to the ultimate
distance that a golf ball may travel (280 yards+6%), and is
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also related to the COR. The COR is the ratio of the a) relative
velocity between two objects after direct impact to the b)
relative velocity before impact. As a result, the COR can vary
from 0 to 1.0, with 1.0 being equivalent to a perfectly or
completely elastic collision and 0 being equivalent to a per-
fectly plastic or completely inelastic collision.

One conventional technique for measuring COR uses a
golfball or sphere, an air cannon, and a stationary steel plate.
The steel plate provides an impact surface weighing about
1001b (45kg). A pair of ballistic light screens, which measure
ball velocity, are spaced apart and located between the air
cannon and the steel plate. The golf ball is fired from the air
cannon toward the steel plate over a range of test velocities
from 50 ft/s to 180 ft/s. As the ball travels toward the steel
plate, it activates each light screen so that the time at each light
screen is measured. This provides an incoming time period
proportional to the ball incoming velocity. The ball impacts
the steel plate and rebounds though the light screens, which
again measure the time period required to transit between the
light screens. This provides an outgoing transit time period
proportional to the ball outgoing velocity. The COR can be
calculated by the ratio of the outgoing transit time period to
the incoming transit time period, COR=T_ /T, .

Another COR measuring method uses a titanium disk. The
titanium disk, intending to simulate a golf club, is circular and
has a diameter of about 4 inches and has a mass of about 200
g. The impact face of the titanium disk may also be flexible
and has its own COR, as discussed further below. The disk is
mounted on an X-Y-Z table so that its position can be adjusted
relative to the launching device prior to testing. A pair of
ballistic light screens are spaced apart and located between
the launching device and the titanium disk. The ball is fired
from the launching device toward the titanium disk at a pre-
determined test velocity. As the ball travels toward the tita-
nium disk, it activates each light screen so that the time period
to transit between the light screens is measured. This provides
an incoming transit time period proportional to the ball
incoming velocity. The ball impacts the titanium disk, and
rebounds through the light screens which measure the time
period to transit between the light screens. This provides an
outgoing transit time period proportional to the ball’s outgo-
ing velocity. Coefficient of restitution can be calculated from
the ratio of the outgoing time period to the incoming time
period along with the mass of the disk and ball: COR=[(T_,,./
T, )(M+M,)+M, /M.

The thermoplastic composition of this invention preferably
comprises (a) aliphatic, mono-functional organic acid(s) hav-
ing fewer than 36 carbon atoms; and (b) ethylene, C; to Cq
a,p-ethylenically unsaturated carboxylic acid copolymer(s)
and ionomer(s) thereof, wherein greater than 90%, preferably
near 100%, and more preferably 100% of all the acid of (a)
and (b) are neutralized.

The thermoplastic composition preferably comprises melt-
processable, highly-neutralized (greater than 90%, prefer-
ably near 100%, and more preferably 100%) polymer of (1)
ethylene, C, to C, a,f-ethylenically unsaturated carboxylic
acid copolymers that have their crystallinity disrupted by
addition of a softening monomer or other means such as high
acid levels, and (2) non-volatile, non-migratory agents such
as organic acids (or salts) selected for their ability to substan-
tially or totally suppress any remaining ethylene crystallinity.
Agents other than organic acids (or salts) may be used.

It has been found that, by modifying an acid copolymer or
ionomer with a sufficient amount of specific organic acids (or
salts thereof); it is possible to highly neutralize the acid
copolymer without losing processability or properties such as
elongation and toughness. The organic acids employed in the
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present invention are aliphatic, mono-functional, saturated or
unsaturated organic acids, particularly those having fewer
than 36 carbon atoms, and particularly those that are non-
volatile and non-migratory and exhibit ionic array plasticiz-
ing and ethylene crystallinity suppression properties.

With the addition of sufficient organic acid, greater than
90%, nearly 100%, and preferably 100% of the acid moieties
in the acid copolymer from which the ionomer is made can be
neutralized without losing the processability and properties
of elongation and toughness.

The melt-processable, highly-neutralized acid copolymer
ionomer can be produced by the following:

(a) melt-blending (1) ethylene «,p-ethylenically unsatur-
ated C;_4 carboxylic acid copolymer(s) or melt-processable
ionomer(s) thereof (ionomers that are not neutralized to the
level that they have become intractable, that is not melt-
processable) with (1) one or more aliphatic, mono-functional,
saturated or unsaturated organic acids having fewer than 36
carbon atoms or salts of the organic acids, and then concur-
rently or subsequently

(b) adding a sufficient amount of a cation source to increase
the level of neutralization all the acid moieties (including
those in the acid copolymer and in the organic acid) to greater
than 90%, preferably near 100%, more preferably to 100%.

Preferably, highly-neutralized thermoplastics of the inven-
tion can be made by:

(a) melt-blending (1) ethylene, a,p-ethylenically unsatur-
ated C;_4 carboxylic acid copolymer(s) or melt-processable
ionomer(s) thereof that have their crystallinity disrupted by
addition of a softening monomer or other means with (2)
sufficient non-volatile, non-migratory agents to substantially
remove the remaining ethylene crystallinity, and then concur-
rently or subsequently

(b) adding a sufficient amount of a cation source to increase
the level of neutralization all the acid moieties (including
those in the acid copolymer and in the organic acid if the
non-volatile, non-migratory agent is an organic acid) to
greater than 90%, preferably near 100%, more preferably to
100%.

The acid copolymers used in the present invention to make
the ionomers are preferably ‘direct’ acid copolymers. They
are preferably alpha olefin, particularly ethylene, C, , a.,p-
ethylenically unsaturated carboxylic acid, particularly acrylic
and methacrylic acid, copolymers. They may optionally con-
tain a third softening monomer. By “softening,” it is meant
that the crystallinity is disrupted (the polymer is made less
crystalline). Suitable “softening” comonomers are monomers
selected from alkyl acrylate, and alkyl methacrylate, wherein
the alkyl groups have from 1-8 carbon atoms.

The acid copolymers, when the alpha olefin is ethylene,
can be described as E/X/Y copolymers where E is ethylene, X
is the o, -ethylenically unsaturated carboxylic acid, andY is
a softening comonomer. X is preferably present in 3-30 (pref-
erably 4-25, most preferably 5-20) wt. % of the polymer, and
Y is preferably present in 0-30 (alternatively 3-25 or 10-23)
wt. % of the polymer.

In one embodiment, golf balls made with the cores of the
invention enjoy high COR at relatively low club speeds. The
COR of these balls is higher than the COR of similar balls
with higher compression cores at relatively low club speeds.
At higher club speeds, however, the COR of golf balls with
low compression cores can be lower than the COR of balls
with higher compression cores. As illustrated herein, a first
golfball with a 1.505-inch diameter core and a core compres-
sion of 48 (hereinafter “Sample-48”) and a second golf ball
with a 1.515-inch diameter core and a core compression of 80
(hereinafter “Sample-80”) were subject to the following dis-
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tance and COR tests. Sample-48 and Sample-80 have essen-
tially the same size core and similar dual-layer cover. The
single most significant difference between these two balls is
the compression of the respective cores.

As used in the ball speed test, the “average driver set-up”
refers to a set of launch conditions, i.e., at a club head speed
to which a mechanical golf club has been adjusted so as to
generate a ball speed of about 140 ft/s. Similarly, the “stan-
dard driver set-up” refers to a similar ball speed at launch
conditions of about 160 ft/s; the “Pro 167 set-up” refers to a
ball speed at launch conditions of about 167 ft/s; and the “Big
Pro 175 set-up” refers to a ball speed at launch conditions of
about 175 ft/s. Also, as used in the COR test, the mass plate is
a 45-kg plate (100 1b) against which the balls strike at the
indicated speed. The 200-g solid plate is a smaller mass that
the balls strike and resembles the mass of a club head. The
199.8-g calibration plate resembles a driver with a flexible
face that has a COR of 0.830.

Theball speed test results show that while Sample-48 holds
a ball speed advantage at club speeds of 140 fi/s to 160 ft/s
launch conditions, Sample-80 decidedly has better ball speed
at 167 ft/s and 175 ft/s launch conditions.

Similarly, the COR test results show that at the higher
collision speed (160 ft/s), the COR generally goes down for
both balls, but the 199.8-g calibration test shows that the COR
of the higher compression Sample-80 is significantly better
than the lower compression Sample-48 at the collision speed
(160 ft/s). Additionally, while the COR generally goes down
for both balls, the rate of decrease is much less for Sample-80
than for Sample-48. Unless specifically noted, COR values
used hereafter are measured by either the mass plate method
or the 200-gram solid plate method, i.e., where the impact
plate is not flexible. Unless otherwise noted, COR values used
hereafter are measured by either the mass plate method or the
200-g solid plate method.

Without being limited to any particular theory, the inven-
tors of the present invention believe that at high impact, the
ball with lower core compression deforms more than the ball
with higher core compression. Such deformation negatively
affects the initial velocity and COR of the ball.

In accordance to the present invention, a golf ball is pro-
vided with a low compression and high COR layer, which is
supported or otherwise reinforced by a low deformation layer.

On the other hand, the low deformation layer in accordance
to the present invention may comprise a durable, low defor-
mation material such as metal, rigid plastics, or polymers
re-enforced with high strength organic or inorganic fillers or
fibers, or blends or composites thereof, as discussed below.
Suitable plastics or polymers include, but not limited to, high
cis- or trans-polybutadiene, one or more of partially or fully
neutralized ionomers including those neutralized by a metal
ion source wherein the metal ion is the salt of an organic acid,
polyolefins including polyethylene, polypropylene, polybu-
tylene and copolymers thereof including polyethylene acrylic
acid or methacrylic acid copolymers, or a terpolymer of eth-
ylene, a softening acrylate class ester such as methyl acrylate,
n-butyl-acrylate or iso-butyl-acrylate, and a carboxylic acid
such as acrylic acid or methacrylic acid (e.g., terpolymers
including polyethylene-methacrylic acid-n or iso-butyl acry-
late and polyethylene-acrylic acid-methyl acrylate, polyeth-
ylene ethyl or methyl acrylate, polyethylene vinyl acetate,
polyethylene glycidyl alkyl acrylates). Suitable polymers
also include metallocene catalyzed polyolefins, polyesters,
polyamides, non-ionomeric thermoplastic elastomers,
copolyether-esters, copolyether-amides, EPR, EPDM, ther-
moplastic or thermosetting polyurethanes, polyureas, poly-
urethane ionomers, epoxies, polycarbonates, polybutadiene,
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polyisoprene, and blends thereof. In the case of metallocenes,
the polymer may be cross-linked with a free radical source,
such as peroxide, or by high radiation.

Spheres were prepared using fully neutralized ionomers A
and B.

TABLE I
Cation (%

Sample Resin Type (%) Acid Type (%) neut*) M.L (g/10 min)
1A A(60) Oleic (40) Mg (100) 1.0

2B A(60) Oleic (40) Mg (105)* 0.9

3C B(60) Oleic (40) Mg (100) 0.9

4D B(60) Oleic (40) Mg (105)* 0.9

5E B(60) Stearic (40) Mg (100) 0.85

A - 76.9% ethylene, 14.8% normal butyl acrylate, 8.3% acrylic acid
B - 75% ethylene, 14.9% normal butyl acrylate, 10.1% acrylic acid

*indicates that cation was sufficient to neutralize 105% of all the acid in the resin and the
organic acid.

These compositions were molded into 1.53-inch spheres

for which data is presented in the following table.
TABLE II
Sample Atti Compression COR @ 125 ft/s
1A 75 0.826
2B 75 0.826
3C 78 0.837
4D 76 0.837
5E 97 0.807

Further testing of commercially available highly neutral-
ized polymers HNP1 and HNP2 had the following properties.

TABLE III
Material Properties
HNP1 HNP2

Specific Gravity (g/cm?) 0.966 0.974

Melt Flow, 190° C., 10-kg load 0.65 1.0

Shore D Flex Bar (40 hr) 47.0 46.0

Shore D Flex Bar (2 week) 51.0 48.0

Flex Modulus, psi (40 hr) 25,800 16,100

Flex Modulus, psi (2 week) 39,900 21,000

DSC Melting Point (° C.) 61.0 61/101

Moisture (ppm) 1500 4500

Weight % Mg 2.65 2.96

TABLE 1V
Solid Sphere Data
Material
HNP1a/HNP2a
HNP1  HNP2 HNP2a HNPla (50:50 blend)

Spec. Grav. 0.954  0.959 1.153 1.146 1.148
(g/em?)
Filler None None  Tungsten Tungsten Tungsten
Compression 107 83 86 62 72
COR 0.827  0.853 0.844 0.806 0.822
Shore D 51 47 49 42 45
Shore C 79 72 75

These materials are exemplary examples of the preferred
center and/or core layer compositions of the present inven-
tion. They may also be used as a cover layer herein.

The golf ball components of the present invention, in par-
ticular the core (center and/or outer core layers) may be
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formed from a co-polymer of ethylene and an a,f-unsatur-
ated carboxylic acid. In another embodiment, they may be
formed from a terpolymer of ethylene, an «,-unsaturated
carboxylic acid, and an n-alkyl acrylate. Preferably, the c,p3-
unsaturated carboxylic acid is acrylic acid or methacrylic
acid. In a preferred embodiment, the n-alkyl acrylate is n-bu-
tyl acrylate. Further, in a preferred form, the co- or ter-poly-
mer comprises a level of fatty acid salt greater than 5 phr of the
base resin. The preferred fatty acid salt is magnesium oleate
or magnesium stearate.

It is highly preferred that the carboxylic acid in the inter-
mediate layer is 100% neutralized with metal ions. The metal
ions used to neutralize the carboxylic acid may be any metal
ion known in the art. Preferably, the metal ions comprise
magnesium ions. If the material used in the intermediate layer
is not 100% neutralized, the resultant resilience properties
such as COR and initial velocity may not be sufficient to
produce the improved initial velocity and distance properties
of the present invention.

The golf ball components can comprise various levels of
the three components of the co- or terpolymer as follows:
from about 60 to about 90% ethylene, from about 8 to about
20% by weight of the o,f-unsaturated carboxylic acid, and
from 0% to about 25% of the n-alkyl acrylate. The co- or
terpolymer may also contain an amount of a fatty acid salt.
The fatty acid salt preferably comprises magnesium oleate.
These materials are commercially available from DuPont,
under the tradename DuPont HPF®.

In one embodiment, the core and/or core layers (or other
intermediate layers) comprises a copolymer of about 81% by
weight ethylene and about 19% by weight acrylic acid,
wherein 100% of the carboxylic acid groups are neutralized
with magnesium ions. The copolymer also contains at least 5
phr of magnesium oleate. Material suitable for use as this
layer is available from DuPont under the tradename DuPont
HPF SEP 1313-4®.

In a second preferred embodiment, the core and/or core
layers (or other intermediate layers) comprise a copolymer of
about 85% by weight ethylene and about 15% by weight
acrylic acid, wherein 100% of the acid groups are neutralized
with magnesium ions. The copolymer also contains at least 5
phr of magnesium oleate. Material suitable for use as this
layer is available from DuPont under the tradename DuPont
HPF SEP 1313-3®.

In a third preferred embodiment, the core and/or core lay-
ers (or other intermediate layers) comprise a copolymer of
about 88% by weight ethylene and about 12% by weight
acrylic acid, wherein 100% of the acid groups are neutralized
with magnesium ions. The copolymer also contains at least 5
phr of magnesium oleate. Material suitable for use as this
layer is available from DuPont under the tradename DuPont
HPF AD1027®.

In a further preferred embodiment, the core and/or core
layers (or other intermediate layers) are adjusted to a target
specific gravity to enable the ball to be balanced. For a 1.68-
inch diameter golf ball having a ball weight of about 1.61 oz,
the target specific gravity is about 1.125. It will be appreciated
by one of ordinary skill in the art that the target specific
gravity will vary based upon the size and weight of the golf
ball. The specific gravity is adjusted to the desired target
through the use of inorganic fillers. Preferred fillers used for
compounding the inner layer to the desired specific gravity
include, but are not limited to, tungsten, zinc oxide, barium
sulfate and titanium dioxide. Other suitable fillers, in particu-
lar nano or hybrid materials, include those described in U.S.
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Pat. No. 6,793,592 and U.S. application Ser. No. 10/037,987,
which are incorporated herein, in their entirety, by reference
thereto.

Some preferred golf ball layers formed from the above
compositions were molded onto a golf ball center using
DuPont HPF RX-85®, Dupont HPF SEP 1313-3®, or
DuPont HPF SEP 1313-4®. 1) DuPont HPF RX-85®, a
copolymer of about 88% ethylene and about 12% acrylic
acid, wherein 100% of the acid groups are neutralized with
magnesium ions. Further, the copolymer contains a fixed
amount of magnesium oleate. This material was compounded
to a specific gravity of about 1.125 using tungsten. The Shore
D hardness of this material (as measured on the curved sur-
face of the inner cover layer) was about 58 to about 60. 2)
DuPont HPF SEP 1313-3®, a copolymer of about 85% eth-
ylene and about 15% acrylic acid, wherein 100% of the acid
groups are neutralized with magnesium ions. Further, the
copolymer contains a fixed amount of magnesium oleate.
This material was compounded to a specific gravity of about
1.125 using tungsten. The Shore D hardness of this material
(as measured on the curved surface of the inner cover layer)
was about 58-60. 3) DuPont HPF SEP 1313-4®, a copolymer
of about 81% ethylene and about 19% acrylic acid, wherein
100% of the acid groups are neutralized with magnesium
ions. Further, the copolymer contains a fixed amount of mag-
nesium oleate. This material was compounded to a specific
gravity of about 1.125 using tungsten. The Shore D hardness
of this material (as measured on the curved surface of the
inner cover layer) was about 58-60.

The centers/cores/layers can also comprise various levels
of the three components of the terpolymer as follows: from
about 60% to 80% ethylene; from about 8% to 20% by weight
of'the a,p-unsaturated carboxylic acid; and from about 0% to
25% of the n-alkyl acrylate, preferably 5% to 25%. The
terpolymer will also contain an amount of a fatty acid salt,
preferably magnesium oleate. These materials are commer-
cially available under the trade name DuPont® HPF™. In a
preferred embodiment, a terpolymer suitable for the inven-
tion will comprise from about 75% to 80% by weight ethyl-
ene, from about 8% to 12% by weight of acrylic acid, and
from about 8% to 17% by weight of n-butyl acrylate, wherein
all of the carboxylic acid is neutralized with magnesium ions,
and comprises at least 5 phr of magnesium oleate.

In another preferred embodiment, the cover layer will com-
prise a terpolymer of about 70% to 75% by weight ethylene,
about 10.5% by weight acrylic acid, and about 15.5% to
16.5% by weight n-butyl acrylate. The acrylic acid groups are
100% neutralized with magnesium ions. The terpolymer will
also contain an amount of magnesium oleate. Materials suit-
able for use as this layer are sold under the trade name
DuPont® HPF™ AD 1027.

In yet another preferred embodiment, the centers/cores/
layers comprise a copolymer comprising about 88% by
weight of ethylene and about 12% by weight acrylic acid,
with 100% ofthe acrylic acid neutralized by magnesium ions.
The centers/cores/layers may also contain magnesium oleate.
Material suitable for this embodiment was produced by
DuPont as experimental product number SEP 1264-3. Pref-
erably the centers/cores/layers are adjusted to a target specific
gravity of 1.125 using inert fillers to adjust the density with
minimal effect on the performance properties of the cover
layer. Preferred fillers used for compounding the centers/
cores/layers to the desired specific gravity include but are not
limited to tungsten, zinc oxide, barium sulfate, and titanium
dioxide.

A first set of intermediate layers were molded onto cores
using DuPont® HPF™ AD1027, which is a terpolymer of



Case 2:17-cv-01214 Document 1 Filed 08/10/17 Page 95 of 284

US 8,025,593 B2

41

about 73% to 74% ethylene, about 10.5% acrylic acid, and
about 15.5% to 16.5% n-butyl acrylate, wherein 100% of the
acid groups are neutralized with magnesium ions. Further, the
terpolymer contains a fixed amount of greater than 5 phr
magnesium oleate. This material is compounded to a specific
gravity of about 1.125 using barium sulfate and titanium
dioxide. The Shore D hardness of this material (as measured
on the curved surface of the inner cover layer) is about 58-60.

A second set of layers were molded onto each of the experi-
mental cores using DuPont experimental HPF™ SEP 1264-3,
which is a copolymer of about 88% ethylene and about 12%
acrylic acid, wherein 100% of the acid groups are neutralized
with magnesium ions. Further, the copolymer contains a fixed
amount of at least 5 phr magnesium oleate. This material is
compounded to a specific gravity of about 1.125 using zinc
oxide. The Shore D hardness of this material (as measured on
the curved surface of the inner cover layer) is about 61-64.

A first set of covers were molded onto each of the core/
layer components using DuPont HPF™ 1000, which is a
terpolymer of about 75% to 76% ethylene, about 8.5% acrylic
acid, and about 15.5% to 16.5% n-butyl acrylate, wherein
100% of the acid groups are neutralized with magnesium
ions. Further, the terpolymer contains a fixed amount of at
least 5 phr of magnesium stearate. This material is com-
pounded to a target specific gravity of about 1.125 using
barium sulfate and titanium dioxide. The Shore D hardness of
this material (as measured on the curved surface of the
molded golf ball) is about 60-62.

In one embodiment, the formation of a golf ball starts with
forming the inner core. The inner core, outer core, and the
cover are formed by compression molding, by injection
molding, or by casting. These methods of forming cores and
covers of this type are well known in the art. The materials
used for the inner and outer core, as well as the cover, are
selected so that the desired playing characteristics of the ball
are achieved. The inner and outer core materials have sub-
stantially different material properties so that there is a pre-
determined relationship between the inner and outer core
materials, to achieve the desired playing characteristics of the
ball.

In one embodiment, the inner core is formed of a first
material having a first Shore D hardness, a first elastic modu-
lus, a first specific gravity, and a first Bashore resilience. The
outer core is formed of a second material having a second
Shore D hardness, a second elastic modulus, a second specific
gravity, and a second Bashore resilience. Preferably, the
material property of the first material equals at least one
selected from the group consisting of the first Shore D hard-
ness differing from the second Shore D hardness by at least 10
points, the first elastic modulus differing from the second
elastic modulus by at least 10%, the first specific gravity
differing from the second specific gravity by atleast 0.1, or a
first Bashore resilience differing from the second Bashore
resilience by at least 10%. It is more preferred that the first
material have all of these material property relationships.

Moreover, it is preferred that the first material has the first
Shore D hardness between about 30 and about 80, the first
elastic modulus between about 5,000 psi and about 100,000
psi, the first specific gravity between about 0.8 and about 1.6,
and the first Bashore resilience greater than 30%.

In another embodiment, the first Shore D hardness is less
than the second Shore D hardness, the first elastic modulus is
less than the second elastic modulus, the first specific gravity
is less than the second specific gravity, and the first Bashore
resilience is less than the second Bashore resilience. In
another embodiment, the first material properties are greater
than the second material properties. The relationship between
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the first and second material properties depends on the
desired playability characteristics.

Suitable inner and outer core materials include HNP’s
neutralized with organic fatty acids and salts thereof, metal
cations, or a combination of both, thermosets, such as rubber,
polybutadiene, polyisoprene; thermoplastics, such as iono-
mer resins, polyamides or polyesters; or thermoplastic elas-
tomers. Suitable thermoplastic elastomers include PEBAX®,
HYTREL®, thermoplastic urethane, and KRATON®, which
are commercially available from Elf-Atochem, DuPont, BF
Goodrich, and Shell, respectively. The inner and outer core
materials can also be formed from a castable material. Suit-
able castable materials include, but are not limited to, ure-
thane, urea, epoxy, diols, or curatives.

The cover is selected from conventional materials used as
golf ball covers based on the desired performance character-
istics. The cover may be comprised of one or more layers.
Cover materials such as ionomer resins, blends of ionomer
resins, thermoplastic or thermoset urethanes, and balata, can
be used as known in the art and discussed above. In other
embodiments, additional layers may be added to those men-
tioned above or the existing layers may be formed by multiple
materials.

When the core is formed with a fluid-filled center, the
center is formed first then the inner core is molded around the
center. Conventional molding techniques can be used for this
operation. Then the outer core and cover are formed thereon,
as discussed above. The fluid within the inner core can be a
wide variety of materials including air, water solutions, lig-
uids, gels, foams, hot-melts, other fluid materials and combi-
nations thereof. The fluid is varied to modify the performance
parameters of the ball, such as the moment of inertia or the
spin decay rate. Examples of suitable liquids include either
solutions such as salt in water, corn syrup, salt in water and
corn syrup, glycol and water or oils. The liquid can further
include pastes, colloidal suspensions, such as clay, barytes,
carbon black in water or other liquid, or salt in water/glycol
mixtures. Examples of suitable gels include water gelatin
gels, hydrogels, water/methyl cellulose gels and gels com-
prised of copolymer rubber based materials such a styrene-
butadiene-styrene rubber and paraffinic and/or naphthenic
oil. Examples of suitable melts include waxes and hot melts.
Hot-melts are materials which at or about normal room tem-
peratures are solid but at elevated temperatures become lig-
uid. A high melting temperature is desirable since the liquid
core is heated to high temperatures during the molding of the
inner core, outer core, and the cover. The liquid can be a
reactive liquid system, which combines to form a solid.
Examples of suitable reactive liquids are silicate gels, agar
gels, peroxide cured polyester resins, two part epoxy resin
systems and peroxide cured liquid polybutadiene rubber
compositions.

The “effective compression constant,” which is designated
EC, is the ratio of deflection of a 1.50 inch diameter sphere
made of any single material used in the core under a 100 kg
load that as represented by the formula EC=F/d, where, Fis a
100 kg load; and d is the deflection in millimeters. If the
sphere tested is only inner core material, the effective com-
pression constant for the inner core material alone is desig-
nated EC,.. Ifthe sphere tested is only outer core material, the
effective compression constant for the outer core material
alone is designated EC . The sum of the constants for the
inner core EC, and outer core EC,. is the constant EC. If
the sphere tested is inner and outer core material, the core
effective compression constant is designated EC_. It is has
been determined that very favorable cores are formed when
their core effective compression constant EC . is less than the
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sum of the effective compression constants of the inner core
and outer core EC;. It is recommended that the core effective
compression constant EC . is less than about 90% of the sum
of the effective compression constants of the inner core and
outer core ECg. More preferably, the core effective compres-
sion constant EC_. is less than or equal to about 50% of the
sum of the effective compression constants of the inner core
and outer core ECg. The ratios of the inner core material to
outer core material and the geometry of the inner core to the
outer core are selected to achieve these core effective com-
pression constants.

The resultant golf balls typically have a coefficient of res-
titution of greater than about 0.7, preferably greater than
about 0.75, and more preferably greater than about 0.78. The
golf balls also typically have an Atti compression of at least
about 40, preferably from about 50 to 120, and more prefer-
ably from about 60 to 100. The golf ball cured polybutadiene
material typically has a hardness of at least about 15 Shore A,
preferably between about 30 Shore A and 80 Shore D, more
preferably between about 50 Shore A and 60 Shore D.

In addition to the HNP’s neutralized with organic fatty
acids and salts thereof, core compositions may comprise at
least one rubber material having a resilience index of at least
about 40. Preferably the resilience index is at least about 50.
Polymers that produce resilient golf balls and, therefore, are
suitable for the present invention, include but are not limited
to CB23, CB22, commercially available from of Bayer Corp.
of Orange, Tex., BR60, commercially available from
Enichem of Italy, and 1207G, commercially available from
Goodyear Corp. of Akron, Ohio.

Additionally, the unvulcanized rubber, such as polybutadi-
ene, in golf balls prepared according to the invention typically
has a Mooney viscosity of between about 40 and about 80,
more preferably, between about 45 and about 65, and most
preferably, between about 45 and about 55. Mooney viscosity
is typically measured according to ASTM-D1646.

When golf balls are prepared according to the invention,
they typically will have dimple coverage greater than about
60 percent, preferably greater than about 65 percent, and
more preferably greater than about 75 percent. The flexural
modulus of the cover on the golf'balls, as measured by ASTM
method D6272-98, Procedure B, is typically greater than
about 500 psi, and is preferably from about 500 psito 150,000
psi. As discussed herein, the outer cover layer is preferably
formed from a relatively soft polyurethane material. In par-
ticular, the material of the outer cover layer should have a
material hardness, as measured by ASTM-D2240, less than
about 45 Shore D, preferably less than about 40 Shore D,
more preferably between about 25 and about 40 Shore D, and
most preferably between about 30 and about 40 Shore D. The
casing preferably has a material hardness of less than about 70
Shore D, more preferably between about 30 and about 70
Shore D, and most preferably, between about 50 and about 65
Shore D.

In a preferred embodiment, the intermediate layer material
hardness is between about 40 and about 70 Shore D and the
outer cover layer material hardness is less than about 40 Shore
D. In a more preferred embodiment, a ratio of the intermedi-
ate layer material hardness to the outer cover layer material
hardness is greater than 1.5.

It should be understood, especially to one of ordinary skill
in the art, that there is a fundamental difference between
“material hardness” and “hardness, as measured directly on a
golf ball.” Material hardness is defined by the procedure set
forth in ASTM-D2240 and generally involves measuring the
hardness of a flat “slab” or “button” formed of the material of
which the hardness is to be measured. Hardness, when mea-
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sured directly on a golf ball (or other spherical surface) is a
completely different measurement and, therefore, results in a
different hardness value. This difference results from a num-
ber of factors including, but not limited to, ball construction
(i.e., core type, number of core and/or cover layers, etc.), ball
(or sphere) diameter, and the material composition of adja-
cent layers. It should also be understood that the two mea-
surement techniques are not linearly related and, therefore,
one hardness value cannot easily be correlated to the other.

Inone embodiment, the core of the present invention has an
Atti compression of between about 50 and about 90, more
preferably, between about 60 and about 85, and most prefer-
ably, between about 65 and about 85. The overall outer diam-
eter (“OD”) of the core is less than about 1.590 inches, pref-
erably, no greater than 1.580 inches, more preferably between
about 1.540 inches and about 1.580 inches, and most prefer-
ably between about 1.525 inches to about 1.570 inches. The
OD of the casing of the golf balls of the present invention is
preferably between 1.580 inches and about 1.640 inches,
more preferably between about 1.590 inches to about 1.630
inches, and most preferably between about 1.600 inches to
about 1.630 inches.

Additionally, the core may be a two- or three-piece core,
wherein the outermost core layer is formed from an HNP
composition. In a two-piece core embodiment, the center or
innermost core layer has a diameter of about 1.00 inches to
about 1.60 inches, preferably about 1.20 inches to about 1.58
inches, more preferably about 1.30 inches to about 1.56
inches, and most preferably about 1.40 inches to about 1.55
inches. The outermost core layer (comprising the HNP com-
position) typically has a thickness of about 0.010 inches to
about 0.250 inches, preferably about 0.020 inches to about
0.150 inches, more preferably about 0.040 inches to about
0.125 inches, and most preferably about 0.050 inches to about
0.095 inches.

In a three-piece core embodiment, the center or innermost
core layer has a diameter of about 0.25 inches to about 1.50
inches, preferably about 0.50 inches to about 1.40 inches,
more preferably about 0.75 inches to about 1.30 inches, and
most preferably about 1.0 inches to about 1.20 inches. The
intermediate core layer (between the innermost core layer (or
center) and the outer core layer) typically has a thickness of
about 0.050 inches to about 0.550 inches, preferably about
0.100 inches to about 0.300 inches, more preferably about
0.125 inches to about 0.290 inches, and most preferably about
0.200 inches to about 0.275 inches. The outermost core layer
(comprising HNP) typically has a thickness of about 0.010
inches to about 0.250 inches, preferably about 0.020 inches to
about 0.150 inches, more preferably about 0.040 inches to
about 0.125 inches, and most preferably about 0.050 inches to
about 0.095 inches.

In a preferred embodiment, the innermost core (center) has
an outer surface hardness that is at least 5 Shore C less than the
hardness of both the inner and outer surfaces of the outer core
layer, preferably at least 7 Shore C less, most preferably at
least 9 Shore C less.

The inner core surface hardness typically ranges from
about 50 Shore C to about 96 Shore C; preferably about 57
Shore C to about 89 Shore C; more preferably about 63 Shore
C to about 82 Shore C; most preferably about 63 Shore C, 67
Shore C, 71 Shore C, 75 Shore C, or 79 Shore C. The outer
core surface hardness typically ranges from about 57 Shore C
to about 100 Shore C; preferably about 63 Shore C to about 96
Shore C; more preferably about 70 Shore C to about 89 Shore
C; and most preferably about 70 Shore C, 74 Shore C, 81
Shore C, 82 Shore C, or 86 Shore C.
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In a preferred embodiment, the innermost core (center) has
an outer surface hardness that is at least 3 Shore D less than
the hardness of both the inner and outer surfaces of the outer
core layer, preferably at least 5 Shore D less, more preferably
at least 7 Shore D less.

The inner core surface hardness typically ranges from
about 30 Shore D to about 65 Shore Dj; preferably about 35
Shore D to about 60 Shore D; more preferably about 40 Shore
D to about 55 Shore D; most preferably about 40 Shore D, 43
Shore D, 46 Shore D, 49 Shore D, or 52 Shore D. The outer
core surface hardness typically ranges from about 35 Shore D
to about 70 Shore D; preferably about 40 Shore D to about 65
Shore D; more preferably about 45 Shore D to about 60 Shore
D; and most preferably about 45 Shore D, 48 Shore D, 51
Shore D, 54 Shore D, or 57 Shore D.

The present multilayer golf ball can have an overall diam-
eter of any size. Although the USGA specifications limit the
minimum size of a competition golf ball to 1.680 inches.
There is no specification as to the maximum diameter. Golf
balls of any size, however, can be used for recreational play.
The preferred diameter of the present golf balls is from about
1.680 inches to about 1.800 inches. The more preferred diam-
eter is from about 1.680 inches to about 1.760 inches. The
most preferred diameter is about 1.680 inches to about 1.740
inches.

The golf balls of the present invention should have a
moment of inertia (“MOI”) of less than about 85 and, prefer-
ably, less than about 83. The MOI is typically measured on
model number MOI-005-104 MOI Instrument manufactured
by Inertia Dynamics of Collinsville, Conn. The instrument is
plugged into a PC for communication via a COMM port and
is driven by MOI Instrument Software version #1.2. U.S. Pat.
Nos. 6,193,619; 6,207,784, 6,221,960, 6,414,082, 6,476,130,
and 6,287,638 are incorporated in their entirety herein by
express reference thereto. The highly-neutralized polymers
of the present invention may also be used in golf equipment,
in particular, inserts for golf clubs, such as putters, irons, and
woods, and in golf shoes and components thereof.

As used herein, the term “about,” used in connection with
one or more numbers or numerical ranges, should be under-
stood to refer to all such numbers, including all numbers in a
range. Other than in the operating examples, or unless other-
wise expressly specified, all of the numerical ranges,
amounts, values and percentages such as those for amounts of
materials, and others in the specification may be read as if
prefaced by the word “about” even though the term “about”
may not expressly appear with the value, amount or range.
Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the specification and attached claims
are approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At
the very least, and not as an attempt to limit the application of
the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of
the number of reported significant digits and by applying
ordinary rounding techniques.

Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approxima-
tions, the numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical value,
however, inherently contain certain errors necessarily result-
ing from the standard deviation found in their respective
testing measurements. Furthermore, when numerical ranges
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of varying scope are set forth herein, it is contemplated that
any combination of these values inclusive of the recited val-
ues may be used. The invention described and claimed herein
is not to be limited in scope by the specific embodiments
herein disclosed, since these embodiments are intended
solely as illustrations of several aspects of the invention. Any
equivalent embodiments are intended to be within the scope
of this invention. Indeed, various modifications of the inven-
tion in addition to those shown and described herein will
become apparent to those skilled in the art from the foregoing
description. Such modifications are also intended to fall
within the scope of the appended claims.

What is claimed is:

1. A golf ball comprising:

an inner core layer comprising a thermoset rubber compo-
sition and having a first surface hardness;

a thermoplastic outer core layer having a second surface
hardness, an inner surface hardness, and comprising a
copolymer of ethylene and an a,f-unsaturated carboxy-
lic acid, an organic acid or salt thereof, and sufficient
cation source to fully-neutralize the acid groups of the
copolymer;

an inner cover layer; and

an outer cover layer;

wherein the first surface hardness is less than the second
surface hardness by at least 5 Shore C and less than the
inner surface hardness by at least 5 Shore C.

2. The golf ball of claim 1, wherein the cation source is
selected from a group consisting of metal cations of lithium,
sodium, potassium, magnesium, calcium, barium, lead, tin,
zinc, and aluminum.

3. The golf ball of claim 1, wherein the organic acid salt
comprises an organic acid selected from the group consisting
of aliphatic organic acids, aromatic organic acids, saturated
mono- or multi-functional organic acids, unsaturated mono-
or multi-functional organic acids, and multi-unsaturated
mono- or multi-functional organic acids.

4. The golf'ball of claim 1, wherein the organic acid com-
prises stearic acid, behenic acid, erucic acid, oleic acid, lino-
elic acid or dimerized derivatives thereof.

5. The golf ball of claim 1, wherein the organic acid salt
comprises a cation selected from the group consisting of
barium, lithium, sodium, zinc, bismuth, chromium, cobalt,
copper, potassium, strontium, titanium, tungsten, magne-
sium, cesium, iron, nickel, silver, aluminum, tin, and calcium.

6. The golf ball of claim 1, wherein the outer cover is a
castable polyurea or polyurethane.

7. The golf ball of claim 1, wherein the inner cover layer
comprises a polyurethane, a polyurea, a polyurethane-urea
hybrid, a polyurea-urethane hybrid, or an ionomer.

8. The golf ball of claim 1, wherein the inner core has a
diameter of 0.8 inches to 1.4 inches.

9. The golfball of claim 1, wherein the thermoplastic outer
core layer has a thickness of 0.040 inches or greater.

10. The golf ball of claim 9, wherein the thermoplastic
outer core layer has a thickness of 0.090 inches to 0.180
inches.

11. The golf ball of claim 1, wherein the first surface
hardness is less than the second surface hardness by at least 7
Shore C and less than the inner surface hardness by at least 7
Shore C.
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MULTI-LAYER GOLF BALL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/233,776, filed Sep. 19, 2008, which is a
continuation-in-part of U.S. patent application Ser. No.
12/048,003, filed Mar. 13, 2008, which is a continuation-in-
part of U.S. patent application Ser. No. 11/767,070, filed Jun.
22,2007, which is a continuation-in-part of U.S. patent appli-
cation Ser. No. 10/773,906, filed Feb. 6, 2004, now U.S. Pat.
No. 7,255,656, which is a continuation-in-part of U.S. patent
application Ser. No. 10/341,574, filed Jan. 13,2003, now U.S.
Pat. No. 6,852,044, which is a continuation-in-part of U.S.
patent application Ser. No. 10/002,641, filed Nov. 28, 2001,
now U.S. Pat. No. 6,547,677. The entire disclosure of each of
these references is hereby incorporated herein by reference.

FIELD OF THE INVENTION

The present invention generally relates to golf balls, and
more particularly to golf balls having dual cores surrounded
by dual covers, wherein the outer surface hardness of the
outer core layer is greater than the material hardness of the
inner cover layer.

BACKGROUND OF THE INVENTION

Numerous golf balls having a multilayer construction
wherein the core hardness and cover hardness have been
variously improved are disclosed in the prior art. For
example, U.S. Pat. No. 6,987,159 to Iwami discloses a solid
golf ball with a solid core and a polyurethane cover, wherein
the difference in Shore D hardness between a center portion
and a surface portion of the solid core is at least 15, the
polyurethane cover has a thickness (t) of not more than 1.0
mm and is formed from a cured urethane composition having
aShore Dhardness (D) of from 35 to 60, and a product of tand
D ranges from 10 to 45.

U.S. Pat. No. 7,175,542 to Watanabe et al. discloses a
multi-piece solid golf ball composed of a multilayer core
having at least an inner core layer and an outer core layer, one
or more cover layers which enclose the core, and numerous
dimples formed on a surface of the cover layer. The golf ball
is characterized in that the following hardness conditions are
satisfied:

(1) (JIS-C hardness of cover)—(JIS-C hardness at center of
core)Z27, (2) 23=(JIS-C hardness at surface of core)-
(JIS-C hardness at center of core)=40, and (3) 0.50=
[(deflection amount of entire core)/(deflection amount of
inner core layer)]=0.75.

U.S. Pat. No. 6,679,791 to Watanabe discloses a multi-
piece golf ball which includes a rubbery elastic core, a cover
having a plurality of dimples on the surface thereof, and at
least one intermediate layer between the core and the cover.
The intermediate layer is composed of a resin material which
is harder than the cover. The elastic core has a hardness which
gradually increases radially outward from the center to the
surface thereof. The center and surface of the elastic core have
a hardness difference of at least 18 JIS-C hardness units.

U.S. Pat. No. 5,782,707 to Yamagishi et al. discloses a
three-piece solid golf ball consisting of a solid core, an inter-
mediate layer, and a cover, wherein the hardness is measured
by a JIS-C scale hardness meter, the core center hardness is up
to 75 degrees, the core surface hardness is up to 85 degrees,
the core surface hardness is higher than the core center hard-
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ness by 8 to 20 degrees, the intermediate layer hardness is
higher than the core surface hardness by at least 5 degrees,
and the cover hardness is lower than the intermediate layer
hardness by at least 5 degrees.

Additional examples can be found, for example, in U.S.
Pat. Nos. 6,686,436 to Iwami, 6,786,836 to Higuchi et al.,
7,086,969 to Higuchi et al., 7,153,224 to Higuchi et al., and
7,226,367 to Higuchi et al.

The present invention provides a novel multilayer golf ball
construction which provides desirable spin and distance
properties.

SUMMARY OF THE INVENTION

In one embodiment, the present invention is directed to a
golfball consisting of an inner core layer, an outer core layer,
an inner cover layer, and an outer cover layer. The inner core
layer is formed from a rubber composition and has a diameter
of from 1.200 inches to 1.300 inches, a center hardness
(H,sz0) 0f 50 Shore C or greater, and an outer surface hard-
ness of 65 Shore C or greater. The outer core layer is formed
from a highly neutralized polymer composition and has an
outer surface hardness (H,,,,., .o,.) 0f 75 Shore C or greater.
The inner cover layer is formed from a thermoplastic compo-
sition and has a material hardness (H,,,,,... cove,) 1€ss than the
outer surface hardness of the outer core layer. The outer cover
layer is formed from a composition selected from the group
consisting of polyurethanes, polyureas, and copolymers and
blends thereof.

In another embodiment, the present invention is directed to
a golf ball comprising a core and a cover. The core consists of
an inner core layer and an outer core layer. The inner core
layer is formed from a rubber composition and has a diameter
of from 1.200 inches to 1.300 inches, a center hardness
(H,eppze) of from 50 Shore C to 70 Shore C, and an outer
surface hardness of from 60 Shore C to 85 Shore C. The outer
core layer is formed from a highly neutralized polymer com-
position and has an outer surface hardness (H,,,,,., .,,..) of from
80 Shore Cto 95 Shore C. The cover consists of an inner cover
layer and an outer cover layer. The inner cover layer is formed
from a thermoplastic composition and has a material hardness
(H, e cover) less than the outer surface hardness of the outer
core layer. The outer cover layer is formed from a composi-
tion selected from the group consisting of polyurethanes,
polyureas, and copolymers and blends thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a golf ball according to
an embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 shows a golf'ball 30 according to an embodiment of
the present invention, including an inner core layer 32, an
outer core layer 34, an inner cover layer 36, and an outer cover
layer 38.

A golf ball having a dual core (i.e., two-layer core) and a
dual cover (i.e., two-layer cover) enclosing the core is dis-
closed. The dual core consists of an inner core layer and an
outer core layer. The inner core layer has a diameter within a
range having a lower limit 0 0.750 or 1.000 or 1.100 or 1.200
inches and an upper limit of 1.300 or 1.350 or 1.400 inches.
The outer core layer encloses the inner core layer such that the
two-layer core has an overall diameter within a range having
a lower limit of 1.400 or 1.500 or 1.510 or 1.520 or 1.525
inches and an upper limit of 1.540 or 1.550 or 1.555 or 1.560
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or 1.590 inches. In a particular embodiment, the inner core
layer has a diameter of 1.250 inches and the outer core layer
encloses the inner core layer such that the two-layer core has
an overall diameter of 1.530 inches or 1.550 inches.

The inner core layer has a center hardness (H._,,,.,) of 45
Shore C or greater, or 50 Shore C or greater, or 55 Shore C or
greater, or 60 Shore C or greater, or a center hardness within
arange having a lower limitof 40 or 45 or 50 or 55 or 60 Shore
C and an upper limit of 65 or 70 or 75 or 80 Shore C. The inner
core layer has an outer surface hardness of 65 Shore C or
greater, or 70 Shore C or greater, or 75 Shore C or greater, or
80 Shore C or greater, or an outer surface hardness within a
range having a lower limit of 55 or 60 or 65 or 70 or 75 Shore
C and an upper limit of 80 or 85 or 90 Shore C. In a particular
embodiment, the Shore C hardness of the inner core layer’s
outer surface is greater than or equal to the center Shore C
hardness. In another particular embodiment, the inner core
layer has a positive hardness gradient wherein the Shore C
hardness of the inner core layer’s outer surface is at least 10
Shore C units greater, or at least 15 Shore C units greater, or
19 Shore C units greater than the center Shore C hardness.

The outer core layer has an outer surface hardness
(H,,.er core) 0 75 Shore C or greater, or 80 Shore C or greater,
or greater than 80 Shore C, or 85 Shore C or greater, or greater
than 85 Shore C, or 87 Shore C or greater, or greater than 87
Shore C, or 89 Shore C or greater, or greater than 89 Shore C,
or 90 Shore C or greater, or greater than 90 Shore C, or an
outer surface hardness within a range having a lower limit of
75 or 80 or 85 or 90 Shore C and an upper limit of 95 Shore C.
In a particular embodiment, the overall dual core has a posi-
tive hardness gradient wherein the Shore C hardness of the
outer core layer’s outer surface is at least 20 Shore C units
greater, or at least 25 Shore C units greater, or at least 30 Shore
C units greater, than the inner core layer’s center Shore C
hardness. In another particular embodiment, the Shore C
hardness of the outer core layer’s outer surface is greater than
the material hardness of the inner cover layer.

For purposes of the present disclosure, the center hardness
of'the inner core layer is obtained according to the following
procedure. The core is gently pressed into a hemispherical
holder having an internal diameter approximately slightly
smaller than the diameter of the core, such that the core is held
in place in the hemispherical portion of the holder while
concurrently leaving the geometric central plane of the core
exposed. The core is secured in the holder by friction, such
that it will not move during the cutting and grinding steps, but
the friction is not so excessive that distortion of the natural
shape of the core would result. The core is secured such that
the parting line of the core is roughly parallel to the top of the
holder. The diameter of the core is measured 90 degrees to this
orientation prior to securing. A measurement is also made
from the bottom of the holder to the top of the core to provide
a reference point for future calculations. A rough cut is made
slightly above the exposed geometric center of the core using
a band saw or other appropriate cutting tool, making sure that
the core does not move in the holder during this step. The
remainder of the core, still in the holder, is secured to the base
plate of a surface grinding machine. The exposed ‘rough’
surface is ground to a smooth, flat surface, revealing the
geometric center of the core, which can be verified by mea-
suring the height from the bottom of the holder to the exposed
surface of the core, making sure that exactly half of the
original height of the core, as measured above, has been
removed to within £0.004 inches. Leaving the core in the
holder, the center of the core is found with a center square and
carefully marked and the hardness is measured at the center
mark according to ASTM D-2240. Additional hardness mea-
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surements at any distance from the center of the core can then
be made by drawing a line radially outward from the center
mark, and measuring the hardness at any given distance along
the line, typically in 2 mm increments from the center. The
hardness at a particular distance from the center should be
measured along at least two, preferably four, radial arms
located 180° apart, or 90° apart, respectively, and then aver-
aged. All hardness measurements performed on a plane pass-
ing through the geometric center are performed while the core
is still in the holder and without having disturbed its orienta-
tion, such that the test surface is constantly parallel to the
bottom of the holder, and thus also parallel to the properly
aligned foot of the durometer.

For purposes of the present disclosure, the outer surface
hardness of a golf ball layer is measured on the actual outer
surface of the layer and is obtained from the average of a
number of measurements taken from opposing hemispheres,
taking care to avoid making measurements on the parting line
of'the core or on surface defects, such as holes or protrusions.
Hardness measurements are made pursuant to ASTM D-2240
“Indentation Hardness of Rubber and Plastic by Means of a
Durometer.” Because of the curved surface, care must be
taken to insure that the golf ball or golf ball subassembly is
centered under the durometer indentor before a surface hard-
ness reading is obtained. A calibrated, digital durometer,
capable of reading to 0.1 hardness units is used for all hard-
ness measurements and is set to take hardness readings at 1
second after the maximum reading is obtained. The digital
durometer must be attached to, and its foot made parallel to,
the base of an automatic stand. The weight on the durometer
and attack rate conform to ASTM D-2240.

For purposes of the present disclosure, a hardness gradient
of'a golfball layer is defined by hardness measurements made
at the outer surface of the layer and the inner surface of the
layer. “Negative” and “positive” refer to the result of subtract-
ing the hardness value at the innermost surface of the golf ball
component from the hardness value at the outermost surface
of'the component. For example, if the outer surface of a solid
core has a lower hardness value than the center (i.e., the
surface is softer than the center), the hardness gradient will be
deemed a “negative” gradient.

Thermoplastic layers of golf balls disclosed herein may be
treated in such a manner as to create a positive or negative
hardness gradient, as disclosed, for example, in U.S. patent
application Ser. Nos. 11/939,632, filed Nov. 14, 2007
11/939,634, filed Nov. 14, 2007; 11/939,635, filed Nov. 14,
2007; and 11/939,637 filed Nov. 14, 2007. The entire disclo-
sure of each of these references is hereby incorporated herein
by reference. In golf ball layers of the present invention
wherein a thermosetting rubber is used, gradient-producing
processes and/or gradient-producing rubber formulations
may be employed, as disclosed, for example, in U.S. patent
application Ser. Nos. 12/048,665, filed Mar. 14, 2008;
11/829,461, filed Jul. 27,2007, 11/772,903, filed Jul. 3, 2007,
11/832,163, filed Aug. 1, 2007; and U.S. Pat. No. 7,410,429.
The entire disclosure of each of these references is hereby
incorporated herein by reference.

The inner core layer is preferably formed from a rubber
composition. Suitable rubber compositions include natural
and synthetic rubbers including, but not limited to, polybuta-
diene, polyisoprene, ethylene propylene rubber (“EPR”), sty-
rene-butadiene rubber, styrenic block copolymer rubbers
(such as SI, SIS, SB, SBS, SIBS, and the like, where “S” is
styrene, “I” is isobutylene, and “B” is butadiene), butyl rub-
ber, halobutyl rubber, polystyrene elastomers, polyethylene
elastomers, polyurethane elastomers, polyurea elastomers,
metallocene-catalyzed elastomers and plastomers, copoly-
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mers of isobutylene and para-alkylstyrene, halogenated
copolymers of isobutylene and para-alkylstyrene, copoly-
mers of butadiene with acrylonitrile, polychloroprene, alkyl
acrylate rubber, chlorinated isoprene rubber, acrylonitrile
chlorinated isoprene rubber, and combinations of two or more
thereof. Diene rubbers are preferred, particularly polybutadi-
ene, styrene-butadiene, and mixtures of polybutadiene with
other elastomers wherein the amount of polybutadiene
present is at least 40 wt % based on the total polymeric weight
of the mixture. Suitable polybutadiene-based and styrene-
butadiene-based rubber core compositions preferably com-
prise the base rubber, an initiator agent, and a coagent. Suit-
able examples of commercially available polybutadienes
include, but are not limited to, Buna CB neodymium cata-
lyzed polybutadiene rubbers, such as Buna CB 23, and Tak-
tene® cobalt catalyzed polybutadiene rubbers, such as Tak-
tene® 220 and 221, commercially available from
LANXESS® Corporation; SE BR-1220, commercially avail-
able from The Dow Chemical Company; Europrene® NEO-
CIS® BR 40 and BR 60, commercially available from
Polimeri Europa®; UBEPOL-BR® rubbers, commercially
available from UBE Industries, Inc.; BR 01, commercially
available from Japan Synthetic Rubber Co., Ltd.; and
Neodene neodymium catalyzed high cis polybutadiene rub-
bers, such as Neodene BR 40, commercially available from
Karbochem.

Suitable initiator agents include organic peroxides, high
energy radiation sources capable of generating free radicals,
and combinations thereof. High energy radiation sources
capable of generating free radicals include, but are not limited
to, electron beams, ultra-violet radiation, gamma radiation,
X-ray radiation, infrared radiation, heat, and combinations
thereof. Suitable organic peroxides include, but are not lim-
ited to, dicumyl peroxide; n-butyl-4,4-di(t-butylperoxy) val-
erate; 1,1-di(t-butylperoxy)3,3,5-trimethylcyclohexane; 2,5-
dimethyl-2,5-di(t-butylperoxy) hexane; di-t-butyl peroxide;
di-t-amyl peroxide; t-butyl peroxide; t-butyl cumyl peroxide;
2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3;  di(2-t-butyl-
peroxyisopropyl)benzene; dilauroyl peroxide; dibenzoyl per-
oxide; t-butyl hydroperoxide; lauryl peroxide; benzoyl per-
oxide; and combinations thereof. In a particular embodiment,
the initiator agent is dicumyl peroxide, including, but not
limited to Perkadox® BC, commercially available from Akzo
Nobel. Peroxide initiator agents are generally present in the
rubber composition in an amount of at least 0.05 parts by
weight per 100 parts of the base rubber, or an amount within
the range having a lower limit of 0.05 parts or 0.1 parts or 1
part or 1.25 parts or 1.5 parts by weight per 100 parts of the
base rubber, and an upper limit of 2.5 parts or 3 parts or 5 parts
or 6 parts or 10 parts or 15 parts by weight per 100 parts of the
base rubber.

Coagents are commonly used with peroxides to increase
the state of cure. Suitable coagents include, but are not limited
to, metal salts of unsaturated carboxylic acids; unsaturated
vinyl compounds and polyfunctional monomers (e.g., trim-
ethylolpropane trimethacrylate); phenylene bismaleimide;
and combinations thereof. Particular examples of suitable
metal salts include, but are not limited to, one or more metal
salts of acrylates, diacrylates, methacrylates, and dimethacry-
lates, wherein the metal is selected from magnesium, cal-
cium, zinc, aluminum, lithium, nickel, and sodium. In a par-
ticular embodiment, the coagent is selected from zinc salts of
acrylates, diacrylates, methacrylates, dimethacrylates, and
mixtures thereof. In another particular embodiment, the coag-
ent is zinc diacrylate. When the coagent is zinc diacrylate
and/or zinc dimethacrylate, the coagent is typically included
in the rubber composition in an amount within the range
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having a lower limit of 1 or 5 or 10 or 15 or 19 or 20 parts by
weight per 100 parts of the base rubber, and an upper limit of
24 0r250r300r35o0r40or45 or 50 or 60 parts by weight per
100 parts of the base rubber. When one or more less active
coagents are used, such as zinc monomethacrylate and vari-
ous liquid acrylates and methacrylates, the amount of less
active coagent used may be the same as or higher than for zinc
diacrylate and zinc dimethacrylate coagents. The desired
compression may be obtained by adjusting the amount of
crosslinking, which can be achieved, for example, by altering
the type and amount of coagent.

The rubber composition optionally includes a curing agent.
Suitable curing agents include, but are not limited to, sulfur;
N-oxydiethylene 2-benzothiazole sulfenamide; N,N-di-
ortho-tolylguanidine; bismuth dimethyldithiocarbamate;
N-cyclohexyl 2-benzothiazole sulfenamide; N,N-diphe-
nylguanidine; 4-morpholinyl-2-benzothiazole disulfide;
dipentamethylenethiuram hexasulfide; thiuram disulfides;
mercaptobenzothiazoles; sulfenamides; dithiocarbamates;
thiuram sulfides; guanidines; thioureas; xanthates; dithio-
phosphates; aldehyde-amines; dibenzothiazyl disulfide; tet-
raethylthiuram disulfide; tetrabutylthiuram disulfide; and
combinations thereof.

The rubber composition optionally contains one or more
antioxidants. Antioxidants are compounds that can inhibit or
prevent the oxidative degradation of the rubber. Some anti-
oxidants also act as free radical scavengers; thus, when anti-
oxidants are included in the rubber composition, the amount
of initiator agent used may be as high or higher than the
amounts disclosed herein. Suitable antioxidants include, for
example, dihydroquinoline antioxidants, amine type antioxi-
dants, and phenolic type antioxidants.

The rubber composition may contain one or more fillers to
adjust the density and/or specific gravity of the core. Exem-
plary fillers include precipitated hydrated silica, clay, talc,
asbestos, glass fibers, aramid fibers, mica, calcium metasili-
cate, zinc sulfate, barium sulfate, zinc sulfide, lithopone, sili-
cates, silicon carbide, diatomaceous earth, polyvinyl chlo-
ride, carbonates (e.g., calcium carbonate, zinc carbonate,
barium carbonate, and magnesium carbonate), metals (e.g.,
titanium, tungsten, aluminum, bismuth, nickel, molybdenum,
iron, lead, copper, boron, cobalt, beryllium, zinc, and tin),
metal alloys (e.g., steel, brass, bronze, boron carbide whis-
kers, and tungsten carbide whiskers), oxides (e.g., zinc oxide,
tin oxide, iron oxide, calcium oxide, aluminum oxide, tita-
nium dioxide, magnesium oxide, and zirconium oxide), par-
ticulate carbonaceous materials (e.g., graphite, carbon black,
cotton flock, natural bitumen, cellulose flock, and leather
fiber), microballoons (e.g., glass and ceramic), fly ash,
regrind (i.e., core material that is ground and recycled), nano-
fillers and combinations thereof. The amount of particulate
material(s) present in the rubber composition is typically
within a range having a lower limit of 5 parts or 10 parts by
weight per 100 parts of the base rubber, and an upper limit of
30 parts or 50 parts or 100 parts by weight per 100 parts of the
base rubber. Filler materials may be dual-functional fillers,
such as zinc oxide (which may be used as a filler/acid scav-
enger) and titanium dioxide (which may be used as a filler/
brightener material).

The rubber composition may also contain one or more
additives selected from processing aids, processing oils, plas-
ticizers, coloring agents, fluorescent agents, chemical blow-
ing and foaming agents, defoaming agents, stabilizers, soft-
ening agents, impact modifiers, free radical scavengers,
accelerators, scorch retarders, and the like. The amount of
additive(s) typically present in the rubber composition is typi-
cally within a range having a lower limit of 0 parts by weight
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per 100 parts of the base rubber, and an upper limit of 20 parts
or 50 parts or 100 parts or 150 parts by weight per 100 parts
of the base rubber.

The rubber composition optionally includes a soft and fast
agent. As used herein, “soft and fast agent” means any com-
pound or a blend thereof that is capable of making a core 1)
softer (have a lower compression) at a constant COR and/or 2)
faster (have a higher COR) at equal compression, when com-
pared to a core equivalently prepared without a soft and fast
agent. Preferably, the rubber composition contains from 0.05
phrto 10.0 phr ofa soft and fast agent. In one embodiment, the
soft and fast agent is present in an amount within a range
having a lower limit of 0.05 or 0.1 or 0.2 or 0.5 phr and an
upper limit of 1.0 or 2.0 or 3.0 or 5.0 phr. In another embodi-
ment, the soft and fast agent is present in an amount of from
2.0 phrto 5.0 phr, or from 2.35 phr to 4.0 phr, or from 2.35 phr
to 3.0 phr. In an alternative high concentration embodiment,
the soft and fast agent is present in an amount of from 5.0 phr
to 10.0 phr, or from 6.0 phr to 9.0 phr, or from 7.0 phr to 8.0
phr. In another embodiment, the soft and fast agent is present
in an amount of 2.6 phr.

Suitable soft and fast agents include, but are not limited to,
organosulfur and metal-containing organosulfur compounds;
organic sulfur compounds, including mono, di, and polysul-
fides, thiol, and mercapto compounds; inorganic sulfide com-
pounds; blends of an organosulfur compound and an inor-
ganic sulfide compound; Group VIA compounds; substituted
and unsubstituted aromatic organic compounds that do not
contain sulfur or metal; aromatic organometallic compounds;
hydroquinones; benzoquinones; quinhydrones; catechols;
resorcinols; and combinations thereof.

As used herein, “organosulfur compound” refers to any
compound containing carbon, hydrogen, and sulfur, where
the sulfur is directly bonded to at least 1 carbon. As used
herein, the term “sulfur compound” means a compound that is
elemental sulfur, polymeric sulfur, or a combination thereof.
It should be further understood that the term “elemental sul-
fur” refers to the ring structure of Sy and that “polymeric
sulfur” is a structure including at least one additional sulfur
relative to elemental sulfur.

Particularly suitable as soft and fast agents are organosul-
fur compounds having the following general formula:

SH

Rs R,

Ry

R;

where R -R; can be C,-C; alkyl groups; halogen groups;
thiol groups (—SH), carboxylated groups; sulfonated groups;
and hydrogen; in any order; and also pentafluorothiophenol;
2-fluorothiophenol; 3-fluorothiophenol; 4-fluorothiophenol;
2,3-fluorothiophenol; 2.4-fluorothiophenol; 3,4-fluo-
rothiophenol; 3,5-fluorothiophenol 2,3,4-fluorothiophenol;
3.,4,5-fluorothiophenol; 2,3.4,5-tetrafluorothiophenol; 2,3.5,
6-tetratluorothiophenol; 4-chlorotetrafluorothiophenol; pen-
tachlorothiophenol; 2-chlorothiophenol; 3-chlorothiophe-
nol;  4-chlorothiophenol;  2,3-chlorothiophenol;  2.4-
chlorothiophenol; 3,4-chlorothiophenol; 3,5-
chlorothiophenol; 2,3 ,4-chlorothiophenol; 3,4,5-
chlorothiophenol; 2,3,4,5-tetrachlorothiophenol; 2,3,5,6-
tetrachlorothiophenol; pentabromothiophenol;
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2-bromothiophenol; 3-bromothiophenol; 4-bromothiophe-
nol; 2,3-bromothiophenol; 2.4-bromothiophenol; 3,4-bro-
mothiophenol; 3,5-bromothiophenol; 2,3,4-bromothiophe-
nol; 3,4,5-bromothiophenol; 2,3,4,5-tetrabromothiophenol;
2,3,5,6-tetrabromothiophenol; pentaiodothiophenol; 2-io-
dothiophenol; 3-iodothiophenol; 4-iodothiophenol; 2,3-io-
dothiophenol; 2,4-iodothiophenol; 3,4-iodothiophenol; 3,5-
iodothiophenol; 2,3,4-iodothiophenol; 3,4,5-iodothiophenol;
2,3,4,5-tetraiodothiophenol; 2,3,5,6-tetraiodothiophenoland;
zinc salts thereof; non-metal salts thereof, for example,
ammonium salt of pentachlorothiophenol; magnesium pen-
tachlorothiophenol; cobalt pentachlorothiophenol; and com-
binations thereof. Preferably, the halogenated thiophenol
compound is pentachlorothiophenol, which is commercially
available in neat form or under the tradename STRUKTOL®,
a clay-based carrier containing the sulfur compound pen-
tachlorothiophenol loaded at 45 percent (correlating to 2.4
parts PCTP). STRUKTOL® is commercially available from
Struktol Company of America of Stow, Ohio. PCTP is com-
mercially available in neat form from eChinachem of San
Francisco, Calif. and in the salt form from eChinachem of San
Francisco, Calif. Most preferably, the halogenated thiophenol
compound is the zinc salt of pentachlorothiophenol, which is
commercially available from eChinachem of San Francisco,
Calif. Suitable organosulfur compounds are further dis-
closed, for example, in U.S. Pat. Nos. 6,635,716, 6,919,393,
7,005,479 and 7,148,279, the entire disclosures of which are
hereby incorporated herein by reference.

Suitable metal-containing organosulfur compounds
include, but are not limited to, cadmium, copper, lead, and
tellurium analogs of diethyldithiocarbamate, diamyldithio-
carbamate, and dimethyldithiocarbamate, and combinations
thereof. Additional examples are disclosed in U.S. Pat. No.
7,005,479, the entire disclosure of which is hereby incorpo-
rated herein by reference.

Suitable disulfides include, but are not limited to, 4,4'-
diphenyl disulfide; 4.4'-ditolyl disulfide; 2,2'-benzamido
dipheny] disulfide; bis(2-aminophenyl) disulfide; bis(4-ami-
nophenyl) disulfide; bis(3-aminophenyl) disulfide; 2,2'-bis
(4-aminonaphthyl) disulfide; 2,2'-bis(3-aminonaphthyl) dis-
ulfide; 2,2'-bis(4-aminonaphthyl) disulfide; 2,2'-bis(5-
aminonaphthyl) disulfide; 2,2'-bis(6-aminonaphthyl)
disulfide; 2,2'-bis(7-aminonaphthyl) disulfide; 2,2'-bis(8-
aminonaphthyl) disulfide; 1,1'-bis(2-aminonaphthyl) disul-
fide; 1,1'-bis(3-aminonaphthyl) disulfide; 1,1'-bis(3-aminon-
aphthyl) disulfide; 1,1'-bis(4-aminonaphthyl) disulfide; 1,1'-
bis(5-aminonaphthyl) disulfide; 1,1'-bis(6-aminonaphthyl)
disulfide; 1,1'-bis(7-aminonaphthyl) disulfide; 1,1'-bis(8-
aminonaphthyl) disulfide; 1,2'-diamino-1,2'-dithiodinaph-
thalene; 2,3'-diamino-1,2'-dithiodinaphthalene; bis(4-chlo-
rophenyl) disulfide; bis(2-chlorophenyl) disulfide; bis(3-
chlorophenyl) disulfide; bis(4-bromophenyl) disulfide; bis(2-
bromophenyl) disulfide; bis(3-bromophenyl) disulfide; bis
(4-fluorophenyl) disulfide; bis(4-iodophenyl) disulfide; bis
(2,5-dichlorophenyl)  disulfide;  bis(3,5-dichlorophenyl)
disulfide; bis (2,4-dichlorophenyl) disulfide; bis(2,6-dichlo-
rophenyl) disulfide; bis(2,5-dibromophenyl) disulfide; bis(3,
5-dibromophenyl) disulfide; bis(2-chloro-5-bromophenyl)
disulfide; bis(2,4,6-trichlorophenyl) disulfide; bis(2,3,4,5,6-
pentachlorophenyl) disulfide; bis(4-cyanophenyl) disulfide;
bis(2-cyanophenyl) disulfide; bis(4-nitrophenyl) disulfide;
bis(2-nitrophenyl) disulfide; 2,2'-dithiobenzoic acid ethyl-
ester; 2,2'-dithiobenzoic acid methylester; 2,2'-dithiobenzoic
acid; 4,4'-dithiobenzoic acid ethylester; bis(4-acetylphenyl)
disulfide; bis(2-acetylphenyl) disulfide; bis(4-formylphenyl)
disulfide; bis(4-carbamoylphenyl) disulfide; 1,1'-dinaphthyl
disulfide; 2,2'-dinaphthyl disulfide; 1,2'-dinaphthyl disulfide;
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2,2'-bis(1-chlorodinaphthyl)  disulfide;  2,2'-bis(1-bro-
monaphthyl) disulfide; 1,1'-bis(2-chloronaphthyl) disulfide;
2,2'-bis(1-cyanonaphthyl) disulfide; 2,2'-bis(1-acetylnaph-
thyl) disulfide; and the like; and combinations thereof.

Suitable inorganic sulfide compounds include, but are not
limited to, titanium sulfide, manganese sulfide, and sulfide
analogs ofiron, calcium, cobalt, molybdenum, tungsten, cop-
per, selenium, yttrium, zinc, tin, and bismuth.

Suitable Group VIA compounds include, but are not lim-
ited to, elemental sulfur and polymeric sulfur, such as those
which are commercially available from Elastochem, Inc. of
Chardon, Ohio; sulfur catalyst compounds which include
PB(RM-S)-80 elemental sulfur and PB(CRST)-65 polymeric
sulfur, each of which is available from Elastochem, Inc; tel-
lurium catalysts, such as TELLOY®, and selenium catalysts,
such as VANDEX®, each of which is commercially available
from RT Vanderbilt.

Suitable substituted and unsubstituted aromatic organic
components that do not include sulfur or a metal include, but
are not limited to, 4,4'-diphenyl acetylene, azobenzene, and
combinations thereof. The aromatic organic group preferably
ranges in size from Cg to C,,, and more preferably from Cg to
Cio.

Suitable substituted and unsubstituted aromatic organome-
tallic compounds include, but are not limited to, those having
the formula (R,),-R5-M-R,-(R,),, wherein R, and R, are
each hydrogen or a substituted or unsubstituted C, ,,, linear,
branched, or cyclic alkyl, alkoxy, or alkylthio group, or a
single, multiple, or fused ring C4 to C,, aromatic group; x and
y are each an integer from 0 to 5; R; and R, are each selected
from a single, multiple, or fused ring C,4 to C,, aromatic
group; and M includes an azo group or a metal component.
Preferably, R; and R, are each selected from a C4 to C
aromatic group, more preferably selected from phenyl, ben-
zyl, naphthyl, benzamido, and benzothiazyl. Preferably R,
and R, are each selected from substituted and unsubstituted
C, 1o linear, branched, and cyclic alkyl, alkoxy, and alkylthio
groups, and C4 to C,, aromatic groups. When R |, R,, R;, and
R, are substituted, the substitution may include one or more
of the following substituent groups: hydroxy and metal salts
thereof; mercapto and metal salts thereof; halogen; amino,
nitro, cyano, and amido; carboxyl including esters, acids, and
metal salts thereof; silyl; acrylates and metal salts thereof;
sulfonyl and sulfonamide; and phosphates and phosphites.
When M is a metal component, it may be any suitable elemen-
tal metal. The metal is generally a transition metal, and is
preferably tellurium or selenium.

Suitable hydroquinones include, but are not limited to,
compounds represented by the following formula, and
hydrates thereof:

OH

R; R,

Ry

OH

wherein each R, R,, R;, and R, is independently selected
from the group consisting of hydrogen, a halogen group (F,
Cl, Br, 1), an alkyl group, a carboxyl group (—COOH) and
metal salts thereof (e.g., —COO™") and esters thereof
(—COOR), an acetate group (—CH,COOH) and esters
thereof (—CH,COOR), a formyl group (—CHO), an acyl
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group (—COR), an acetyl group (—COCH;), a halogenated
carbonyl group (—COX), a sulfo group (—SO,H) and esters
thereof (—SO;R), ahalogenated sulfonyl group (—S0,X), a
sulfino group (—SO,H), an alkylsulfinyl group (—SOR), a
carbamoyl group (—CONH,), a halogenated alkyl group, a
cyano group (—CN), an alkoxy group (—OR), a hydroxy
group (—OH) and metal salts thereof (e.g., —O™M"), an
amino group (—NH,), a nitro group (—NO,), an aryl group
(e.g., phenyl, tolyl, etc.), an aryloxy group (e.g., phenoxy,
etc.), an arylalkyl group [e.g., cumyl (—C(CH;),phenyl);
benzyl (—CH, phenyl)], a nitroso group (—NO), an aceta-
mido group (—NHCOCH;), and a vinyl group
(—CH—CH,). Particularly preferred hydroquinones include
compounds represented by the above formula, and hydrates
thereof, wherein each R,, R,, R;, and R, is independently
selected from the group consisting of: a metal salt of a car-
boxyl group (e.g., —COO™M™"), an acetate group
(—CH,COOH) and esters thereof (—CH,COOR), a hydroxy
group (—OH), a metal salt of a hydroxy group (e.g.,
—O~M"), an amino group (—NH,), a nitro group (—NO,),
an aryl group (e.g., phenyl, tolyl, etc.), an aryloxy group (e.g.,
phenoxy, etc.), an arylalkyl group [e.g., cumyl (—C(CH;)
>phenyl); benzyl (—CH,phenyl)], a nitroso group (—NO),
an acetamido group (—NHCOCHS,), and a vinyl group
(—CH=CH,). Examples of particularly suitable hydroquino-
nes include, but are not limited to, hydroquionone; tetrachlo-
rohydroquinone; 2-chlorohydroquionone; 2-bromohydro-
quinone; 2,5-dichlorohydroquinone; 2,5-
dibromohydroquinone; tetrabromohydroquinone;
2-methylhydroquinone; 2-t-butylhydroquinone; 2,5-di-t-
amylhydroquinone; and 2-(2-chlorophenyl) hydroquinone
hydrate. Hydroquinone and tetrachlorohydroquinone are par-
ticularly preferred, and even more particularly preferred is
2-(2-chlorophenyl) hydroquinone hydrate. Suitable hydro-
quinones are further disclosed, for example, in U.S. Patent
Application Publication No. 2007/0213440, the entire disclo-
sure of which is hereby incorporated herein by reference.

Suitable benzoquinones include compounds represented
by the following formula, and hydrates thereof:

R3 Ry

R

e}

wherein each R |, R,, R;, and R, is independently selected
from the group consisting of hydrogen, a halogen group (F,
Cl, Br, I), an alkyl group, a carboxyl group (—COOH) and
metal salts thereof (e.g., —COO™M") and esters thereof
(—COOR), an acetate group (—CH,COOH) and esters
thereof (—CH,COOR), a formyl group (—CHO), an acyl
group (—COR), an acetyl group (—COCH;), a halogenated
carbonyl group (—COX), a sulfo group (—SO,H) and esters
thereof (—SO;R), ahalogenated sulfonyl group (—S0,X), a
sulfino group (—SO,H), an alkylsulfinyl group (—SOR), a
carbamoyl group (—CONH,), a halogenated alkyl group, a
cyano group (—CN), an alkoxy group (—OR), a hydroxy
group (—OH) and metal salts thereof (e.g.,, —O™M™*), an
amino group (—NH,), a nitro group (—NO,), an aryl group
(e.g., phenyl, tolyl, etc.), an aryloxy group (e.g., phenoxy,
etc.), an arylalkyl group [e.g., cumyl (—C(CH;),phenyl);
benzyl (—CH,phenyl)], a nitroso group (—NO), an aceta-
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mido group (—NHCOCH;), and a vinyl group
(—CH—CH,). Particularly preferred benzoquinones include
compounds represented by the above formula, and hydrates
thereof, wherein each R, R,, R;, and R, is independently
selected from the group consisting of: a metal salt of a car-
boxyl group (e.g., —COO™"), an acetate group
(—CH,COOH) and esters thereof (—CH,COOR), a hydroxy
group (—OH), a metal salt of a hydroxy group (e.g.,
—O™M"), an amino group (—NH,), a nitro group (—NO,),
an aryl group (e.g., phenyl, tolyl, etc.), an aryloxy group (e.g.,
phenoxy, etc.), an arylalkyl group [e.g., cumyl (—C(CH,)
>phenyl); benzyl (—CH,phenyl)], a nitroso group (—NO),
an acetamido group (—NHCOCH;), and a vinyl group
(—CH—CH,). Methyl p-benzoquinone and tetrachloro
p-benzoquinone are more particularly preferred. Suitable
benzoquinones are further disclosed, for example, in U.S.
Patent Application Publication No. 2007/0213442, the entire
disclosure of which is hereby incorporated herein by refer-
ence.

Suitable quinhydrones include, but are not limited to, com-
pounds represented by the following formula, and hydrates
thereof:

wherein each R,, R,, R;, R,, Rs, Rg, R, and Ry is inde-
pendently selected from the group consisting of hydrogen, a
halogen group (F, Cl, Br, I), an alkyl group, a carboxyl group
(—COOH) and metal salts thereof (e.g., —COO™M™") and
esters thereof (—COOR), an acetate group (—CH,COOH)
and esters thereof (—CH,COOR), a formyl group (—CHO),
an acyl group (—COR), an acetyl group (—COCH,), a halo-
genated carbonyl group (—COX), a sulfo group (—SO;H)
and esters thereof (—SO,R), a halogenated sulfonyl group
(—S0,X), a sulfino group (—SO,H), an alkylsulfinyl group
(—SOR), a carbamoyl group (—CONH,), a halogenated
alkyl group, a cyano group (—CN), an alkoxy group (—OR),
a hydroxy group (—OH) and metal salts thereof (e.g.,
—O™M*), an amino group (—NH,), a nitro group (—NO,),
an aryl group (e.g., phenyl, tolyl, etc.), an aryloxy group (e.g.,
phenoxy, etc.), an arylalkyl group [e.g., cumyl
(—C(CHj;),phenyl); benzyl (—CH,phenyl)], a nitroso group
(—NO), an acetamido group (—NHCOCHS,;), and a vinyl
group (—CH—CH,). Particularly preferred quinhydrones
include compounds represented by the above formula, and
hydrates thereof, whereineach R, R,, R;, R,, R5, Rg, R, and
Ry is independently selected from the group consisting of: a
metal salt of a carboxyl group (e.g., —COO~M™), an acetate
group (—CH,COOH) and esters thereof (—CH,COOR), a
hydroxy group (—OH), a metal salt of a hydroxy group (e.g.,
—O~M™*), an amino group (—NH,), a nitro group (—NO,),
an aryl group (e.g., phenyl, tolyl, etc.), an aryloxy group (e.g.,
phenoxy, etc.), an arylalkyl group [e.g., cumyl (—C(CH,)
>phenyl); benzyl (—CH,phenyl)], a nitroso group (—NO),
an acetamido group (—NHCOCH;), and a vinyl group
(—CH—CH,). Particularly preferred quinhydrones also
include compounds represented by the above formula
wherein each R, R,, R, R,, Ry, R, R, and Ry is hydrogen.
Suitable quinhydrones are further disclosed, for example, in
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12
U.S. Patent Application Publication No. 2007/0213441, the
entire disclosure of which is hereby incorporated herein by
reference.
Suitable catechols include compounds represented by the
following formula, and hydrates thereof:

HO R

HO R,

Ry Rz

wherein each Ry, R, R;, and R, is independently selected
from the group consisting of hydrogen, a halogen group
(F, Cl, Br, I), an alkyl group, a carboxyl group
(—COOH) and metal salts thereof (e.g., —COO™M™)
and esters thereof (—COOR), an acetate group
(—CH,COOH) and esters thereof (—CH,COOR), a
formyl group (—CHO), an acyl group (—COR), an
acetyl group (—COCH,;), a halogenated carbonyl group
(—COX), a sulfo group (—SO,H) and esters thereof
(—SO;R), a halogenated sulfonyl group (—S0O,X), a
sulfino group (—SO,H), an alkylsulfinyl group
(—SOR), a carbamoyl group (—CONH,), a haloge-
nated alkyl group, a cyano group (—CN), an alkoxy
group (—OR), a hydroxy group (—OH) and metal salts
thereof (e.g.,—O~M"), an amino group (—NH,), anitro
group (—NO,), an aryl group (e.g., phenyl, tolyl, etc.),
an aryloxy group (e.g., phenoxy, etc.), an arylalkyl group
[e.g., cumyl (—C(CHj;),phenyl); benzyl (—CH, phe-
nyl)], a nitroso group (—NO), an acetamido group
(—NHCOCH,), and a vinyl group (—CH—CH,). Suit-
able catechols are further disclosed, for example, in U.S.
Patent Application Publication No. 2007/0213144, the
entire disclosure of which is hereby incorporated herein
by reference.

Suitable resorcinols include compounds represented by the

following formula, and hydrates thereof:

R,

Ry R3

HO OH

R4

wherein each Ry, R, R;, and R, is independently selected
from the group consisting of hydrogen, a halogen group (F,
Cl, Br, I), an alkyl group, a carboxyl group (—COOH) and
metal salts thereof (e.g., —COO™M") and esters thereof
(—COOR), an acetate group (—CH,COOH) and esters
thereof (—CH,COOR), a formyl group (—CHO), an acyl
group (—COR), an acetyl group (—COCH;), a halogenated
carbonyl group (—COX), a sulfo group (—SO,H) and esters
thereof (—SO,R), ahalogenated sulfonyl group (—SO,X), a
sulfino group (—SO,H), an alkylsulfinyl group (—SOR), a
carbamoyl group (—CONH,), a halogenated alkyl group, a
cyano group (—CN), an alkoxy group (—OR), a hydroxy
group (—OH) and metal salts thereof (e.g., —O~M>°), an
amino group (—NH,), a nitro group (—NO,), an aryl group
(e.g., phenyl, tolyl, etc.), an aryloxy group (e.g., phenoxy,
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etc.), an arylalkyl group [e.g., cumyl (—C(CH;),phenyl);
benzyl (—CH,phenyl)], a nitroso group (—NO), an aceta-
mido group (—NHCOCH;), and a vinyl group
(—CH=—CH,). 2-Nitroresorcinol is particularly preferred.
Suitable resorcinols are further disclosed, for example, in
U.S. Patent Application Publication No. 2007/0213144, the
entire disclosure of which is hereby incorporated herein by
reference.

When the rubber composition includes one or more hyd-
roquinones, benzoquinones, quinhydrones, catechols, resor-
cinols, or a combination thereof, the total amount of hydro-
quinone(s), benzoquinone(s), quinhydrone(s), catechol(s),
and/or resorcinol(s) present in the composition is typically at
least 0.1 parts by weight or at least 0.15 parts by weight or at
least 0.2 parts by weight per 100 parts of the base rubber, or an
amount within the range having a lower limit of 0.1 parts or
0.15 parts or 0.25 parts or 0.3 parts or 0.375 parts by weight
per 100 parts ofthe base rubber, and an upper limit of 0.5 parts
or 1 part or 1.5 parts or 2 parts or 3 parts by weight per 100
parts of the base rubber.

In a particular embodiment, the soft and fast agent is
selected from zinc pentachlorothiophenol, pentachlo-
rothiophenol, ditolyl disulfide, diphenyl disulfide, dixylyl
disulfide, 2-nitroresorcinol, and combinations thereof.

Suitable types and amounts of base rubber, initiator agent,
coagent, filler, and additives are more fully described in, for
example, U.S. Pat. Nos. 6,566,483, 6,695,718, and 6,939,
907,7,041,721 and 7,138,460, the entire disclosures of which
are hereby incorporated herein by reference.

The outer core layer is preferably formed from a highly
resilient thermoplastic polymer such as a highly neutralized
polymer (“HNP”) composition. HNP compositions suitable
for use in forming the outer core layer of golf balls of the
present invention preferably have a material hardness of 35
Shore D or greater, and more preferably have a hardness of 45
Shore D or greater or a hardness within a range having a lower
limit of 45 or 50 or 55 or 57 or 58 or 60 or 65 or 70 or 75 Shore
D and an upper limit of 80 or 85 or 90 or 95 Shore D.

Suitable HNP compositions for use in forming the outer
core layer comprise an HNP and optionally melt flow modi-
fier(s), additive(s), and/or filler(s). Suitable HNPs are salts of
acid copolymers. It is understood that the HNP may be a
blend of two or more HNPs. Preferred acid copolymers are
copolymers of an a-olefin and a C;-C; a,p-ethylenically
unsaturated carboxylic acid. The acid is typically present in
the acid copolymer in an amount within a range having a
lower limitof 1 or 10 or 12 or 15 or 20 wt % and an upper limit
of'25 or 30 or 35 or 40 wt %, based on the total weight of the
acid copolymer. The a-olefin is preferably selected from eth-
ylene and propylene. The acid is preferably selected from
(meth) acrylic acid, ethacrylic acid, maleic acid, crotonic
acid, fumaric acid, and itaconic acid. (Meth) acrylic acid is
particularly preferred. Suitable acid copolymers include par-
tially neutralized acid polymers. Examples of suitable par-
tially neutralized acid polymers include, but are not limited
to, Surlyn® ionomers, commercially available from E. 1. du
Pont de Nemours and Company; AClyn® ionomers, commer-
cially available from Honeywell International Inc.; and
Totek® ionomers, commercially available from ExxonMobil
Chemical Company. Also suitable are DuPont® HPF 1000
and DuPont® HPF 2000, ionomeric materials commercially
available from E. 1. du Pont de Nemours and Company. In a
preferred embodiment, the acid polymer of the HNP outer
core layer composition has a modulus within a range having
a lower limit of 25,000 or 27,000 or 30,000 or 40,000 or
45,000 or 50,000 or 55,000 or 60,000 psi and an upper limit of
72,000 or 75,000 or 100,000 or 150,000 psi. As used herein,
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“modulus” refers to flexural modulus as measured using a
standard flex bar according to ASTM D790-B. Additional
suitable acid polymers are more fully described, for example,
in U.S. Pat. Nos. 6,562,906, 6,762,246, and 6,953,820 and
U.S. Patent Application Publication Nos. 2005/0049367,
2005/0020741, and 2004/0220343, the entire disclosures of
which are hereby incorporated herein by reference.

The HNP is formed by reacting the acid copolymer with a
sufficient amount of cation source such that at least 80%,
preferably at least 90%, more preferably at least 95%, and
even more preferably 100%, of all acid groups present are
neutralized. Suitable cation sources include metal ions and
compounds of alkali metals, alkaline earth metals, and tran-
sition metals; metal ions and compounds of rare earth ele-
ments; silicone, silane, and silicate derivatives and complex
ligands; and combinations thereof. Preferred cation sources
are metal ions and compounds of magnesium, sodium, potas-
sium, cesium, calcium, barium, manganese, coppet, zinc, tin,
lithium, and rare earth metals. Metal ions and compounds of
calcium and magnesium are particularly preferred. The acid
copolymer may be at least partially neutralized prior to con-
tacting the acid copolymer with the cation source to form the
HNP. Methods of preparing ionomers, and the acid copoly-
mers on which ionomers are based, are disclosed, for
example, in U.S. Pat. Nos. 3,264,272, and 4,351,931, and
U.S. Patent Application Publication No. 2002/0013413.

HNP outer core layer compositions of the present invention
optionally contain one or more melt flow modifiers. The
amount of melt flow modifier in the composition is readily
determined such that the melt flow index of the composition
is at least 0.1 g/10 min, preferably from 0.5 g/10 min to 10.0
g/10 min, and more preferably from 1.0 g/10 min to 6.0 g/10
min, as measured using ASTM D-1238, condition E, at 190°
C., using a 2160 gram weight.

Suitable melt flow modifiers include, but are not limited to,
high molecular weight organic acids and salts thereof, polya-
mides, polyesters, polyacrylates, polyurethanes, polyethers,
polyureas, polyhydric alcohols, and combinations thereof.
Suitable organic acids are aliphatic organic acids, aromatic
organic acids, saturated mono-functional organic acids,
unsaturated monofunctional organic acids, multi-unsaturated
mono-functional organic acids, and dimerized derivatives
thereof. Particular examples of suitable organic acids include,
but are not limited to, caproic acid, caprylic acid, capric acid,
lauric acid, stearic acid, behenic acid, erucic acid, oleic acid,
linoleic acid, myristic acid, benzoic acid, palmitic acid, phe-
nylacetic acid, naphthalenoic acid, dimerized derivatives
thereof. Suitable organic acids are more fully described, for
example, in U.S. Pat. No. 6,756,436, the entire disclosure of
which is hereby incorporated herein by reference.

Additional melt flow modifiers suitable for use in compo-
sitions of the present invention, include the non-fatty acid
melt flow modifiers described in U.S. Pat. Nos. 7,365,128 and
7,402,629, the entire disclosures of which are hereby incor-
porated herein by reference.

HNP outer core layer compositions of the present invention
optionally include additive(s) and/or filler(s) in an amount
within a range having a lower limit of 0 or 5 or 10 wt %, and
anupper limit of 25 or 30 or 50 wt %, based on the total weight
of'the composition. Suitable additives and fillers include, but
are not limited to, chemical blowing and foaming agents,
optical brighteners, coloring agents, fluorescent agents, whit-
ening agents, UV absorbers, light stabilizers, defoaming
agents, processing aids, mica, talc, nano-fillers, antioxidants,
stabilizers, softening agents, fragrance components, plasti-
cizers, impact modifiers, TiO,, acid copolymer wax, surfac-
tants, and fillers, such as zinc oxide, tin oxide, barium sulfate,
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zinc sulfate, calcium oxide, calcium carbonate, zinc carbon-
ate, barium carbonate, clay, tungsten, tungsten carbide, silica,
lead silicate, regrind (recycled material), and mixtures
thereof. Suitable additives are more fully described in, for
example, U.S. Patent Application Publication No. 2003/
0225197, the entire disclosure of which is hereby incorpo-
rated herein by reference.

In a particular embodiment, the HNP outer core layer com-
position has a moisture vapor transmission rate (“MVTR”) of
8 g-mil/100 in*/day or less (i.e., 3.2 g-mm/m>-day or less), or
5 g-mil/100 in*/day or less (i.e., 2.0 g-mm/m>-day or less), or
3 g-mil/100 in*/day or less (i.e., 1.2 g-mm/m>-day or less), or
2 g-mil/100 in*/day or less (i.e., 0.8 g-mm/m*-day or less), or
1 g-mil/100 in*/day or less (i.e., 0.4 g-mm/m?*-day or less), or
less than 1 g-mil/100 in*/day (i.e., less than 0.4 g-mm/
m?-day). Suitable moisture resistant INP compositions are
disclosed, for example, in U.S. Patent Application Publica-
tion Nos. 2005/0267240, 2006/0106175 and 2006/0293464,
the entire disclosures of which are hereby incorporated herein
by reference.

In another particular embodiment, a sphere formed from
the HNP outer core layer composition has a compression of
70 or greater, or 80 or greater, or a compression within a range
having alower limit of 70 or 80 or 90 or 100 and an upper limit
0f 110 or 130 or 140.

HNP outer core layer compositions of the present invention
are not limited by any particular method or any particular
equipment for making the compositions. In a preferred
embodiment, the composition is prepared by the following
process. The acid polymer(s), preferably an ethylene/(meth)
acrylic acid copolymer, optional melt flow modifier(s), and
optional additive(s)/filler(s) are simultaneously or individu-
ally fed into a melt extruder, such as a single or twin screw
extruder. A suitable amount of cation source is then added
such that at least 80%, preferably at least 90%, more prefer-
ably at least 95%, and even more preferably 100%, of all acid
groups present are neutralized. The acid polymer may be at
least partially neutralized prior to the above process. The
components are intensively mixed prior to being extruded as
a strand from the die-head.

Suitable HNP outer core layer compositions of the present
invention also include blends of HNPs with partially neutral-
ized ionomers as disclosed, for example, in U.S. Patent Appli-
cation Publication No. 2006/0128904, the entire disclosure of
which is hereby incorporated herein by reference, and blends
of HNPs with additional thermoplastic and elastomeric mate-
rials. Examples of thermoplastic materials suitable for blend-
ing include bimodal ionomers (e.g., as disclosed in U.S.
Patent Application Publication No. 2004/0220343 and U.S.
Pat. Nos. 6,562,906, 6,762,246 and 7,273,903, the entire dis-
closures of which are hereby incorporated herein by refer-
ence), ionomers modified with rosins (e.g., as disclosed in
U.S. Patent Application Publication No. 2005/0020741, the
entire disclosure of which is hereby incorporated by refer-
ence), soft and resilient ethylene copolymers (e.g., as dis-
closed U.S. Patent Application Publication No. 2003/
0114565, the entire disclosure of which is hereby
incorporated herein by reference), polyolefins, polyamides,
polyesters, polyethers, polycarbonates, polysulfones, polyac-
etals, polylactones, acrylonitrile-butadiene-styrene resins,
polyphenylene oxide, polyphenylene sulfide, styrene-acry-
lonitrile resins, styrene maleic anhydride, polyimides, aro-
matic polyketones, ionomers and ionomeric precursors, acid
copolymers, conventional HNPs, polyurethanes, grafted and
non-grafted metallocene-catalyzed polymers, single-site
catalyst polymerized polymers, high crystalline acid poly-
mers, cationic ionomers, and combinations thereof. Particu-
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lar polyolefins suitable for blending include one or more,
linear, branched, or cyclic, C,-C,, olefins, particularly poly-
mers comprising ethylene or propylene copolymerized with
one or more C,-C,, olefins, C;-C,, a-olefins, or C;-C,
a-olefins. Particular conventional HNPs suitable for blending
include, but are not limited to, one or more of the HNPs
disclosed in U.S. Pat. Nos. 6,756,436, 6,894,098, and 6,953,
820, the entire disclosures of which are hereby incorporated
herein by reference. Examples of elastomers suitable for
blending include natural and synthetic rubbers, including, but
not limited to, ethylene propylene rubber (“EPR”), ethylene
propylene diene rubber (“EPDM”), styrenic block copolymer
rubbers (such as SI, SIS, SB, SBS, SIBS, and the like, where
“S” is styrene, “I” is isobutylene, and “B” is butadiene), butyl
rubber, halobutyl rubber, copolymers of isobutylene and
para-alkylstyrene, halogenated copolymers of isobutylene
and para-alkylstyrene, natural rubber, polyisoprene, copoly-
mers of butadiene with acrylonitrile, polychloroprene, alkyl
acrylate rubber, chlorinated isoprene rubber, acrylonitrile
chlorinated isoprene rubber, and polybutadiene rubber (cis
and trans). Additional suitable blend polymers include those
described in U.S. Pat. No. 5,981,658, for example at column
14, lines 30 to 56, the entire disclosure of which is hereby
incorporated herein by reference. The blends described
herein may be produced by post-reactor blending, by con-
necting reactors in series to make reactor blends, or by using
more than one catalyst in the same reactor to produce multiple
species of polymer. The polymers may be mixed prior to
being put into an extruder, or they may be mixed in an
extruder.

HNP outer core layer compositions of the present inven-
tion, in the neat (i.e., unfilled) form, preferably have a specific
gravity of from 0.95 g/cc to 0.99 g/cc. Any suitable filler,
flake, fiber, particle, or the like, of an organic or inorganic
material may be added to the HNP composition to increase or
decrease the specific gravity, particularly to adjust the weight
distribution within the golf ball, as further disclosed in U.S.
Pat. Nos. 6,494,795, 6,547,677, 6,743,123, 7,074,137, and
6,688,991, the entire disclosures of which are hereby incor-
porated herein by reference.

Suitable HNP compositions are further disclosed, for
example, in U.S. Pat. Nos. 6,653,382, 6,756,436, 6,777,472,
6,894,098, 6,919,393, and 6,953,820, the entire disclosures
of which are hereby incorporated herein by reference.

Particularly suitable for use in forming outer core layers of
golf balls of the present invention are the “relatively hard
HNP compositions” disclosed in U.S. Patent Application
Publication No. 2007/0207879, the “high modulus HNP
compositions” disclosed in U.S. Pat. No. 7,207,903, and the
highly neutralized acid polymer compositions disclosed in
U.S. Pat. No. 6,994,638, the entire disclosures of which are
hereby incorporated herein by reference.

The outer core layer is alternatively formed from a highly
resilient thermoplastic polymer composition selected from
Hytrel® thermoplastic polyester elastomers, commercially
available from E. I. du Pont de Nemours and Company, and
Pebax® thermoplastic polyether block amides, commercially
available from Arkema Inc.

Additional materials suitable for forming the inner and
outer core layers include the core compositions disclosed in
U.S. Pat. No. 7,300,364, the entire disclosure of which is
hereby incorporated herein by reference. For example, suit-
able core materials include HNPs neutralized with organic
fatty acids and salts thereof, metal cations, or a combination
of both. In addition to HNPs neutralized with organic fatty
acids and salts thereof, core compositions may comprise at
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least one rubber material having a resilience index of at least
about 40. Preferably the resilience index is at least about 50.

The weight distribution ofthe cores disclosed herein can be
varied to achieve certain desired parameters, such as spin rate,
compression, and initial velocity.

The two-layer core is enclosed with a cover comprising an
inner cover layer and an outer cover layer. According to the
present invention, the surface hardness of the outer core lay-
er’s outer surface is greater than the material hardness of the
inner cover layer. In a particular embodiment, the surface
hardness of the outer core layer’s outer surface is greater than
the material hardness of both the inner cover layer and the
outer cover layer.

It should be understood that there is a fundamental differ-
ence between “material hardness” and “hardness as measured
directly on a golf ball.” For purposes of the present disclosure,
material hardness is measured according to ASTM D2240
and generally involves measuring the hardness of a flat “slab”
or “button” formed of the material. Hardness as measured
directly on a golf ball (or other spherical surface) typically
results in a different hardness value. This difference in hard-
ness values is due to several factors including, but not limited
to, ball construction (i.e., core type, number of core and/or
cover layers, etc.), ball (or sphere) diameter, and the material
composition of adjacent layers. It should also be understood
that the two measurement techniques are not linearly related
and, therefore, one hardness value cannot easily be correlated
to the other. Unless otherwise stated, the material hardness
values given herein for cover materials are measured accord-
ing to ASTM D2240, with all values reported following 10
days of aging at 50% relative humidity and 23° C.

The inner cover layer preferably has an outer surface hard-
ness of 95 Shore C or less, or an outer surface hardness within
a range having a lower limit of 80 or 85 or 87 Shore C and an
upper limit of 90 or 91 or 95 Shore C. For purposes of the
present disclosure, the outer surface hardness of the inner
cover layer is measured according to the procedure given
herein for measuring the outer surface hardness of a golf ball
layer.

The inner cover layer preferably has a material hardness
(H,,10r cover) 0F 95 Shore C or less, or less than 95 Shore C, or
92 Shore C or less, or 90 Shore C or less, or has a material
hardness (H,,,,.., cove,) Within a range having a lower limit of
70 or 75 or 80 or 84 or 85 or 87 Shore C and an upper limit of
90 or 91 or 92 or 95 Shore C. The thickness of the inner cover
layer is preferably within a range having a lower limit of
0.0100r0.0150r 0.020 0r 0.025 or 0.030 inches and an upper
limit of 0.035 or 0.045 or 0.050 or 0.080 or 0.120 or 0.150
inches.

The outer cover layer preferably has an outer surface hard-
ness within a range having a lower limit of 20 or 30 or 35 or
40 Shore D and an upper limit of 52 or 58 or 60 or 65 or 70 or
72 or 75 Shore D.

The outer cover layer preferably has a material hardness of
85 Shore C or less. The thickness of the outer cover layer is
preferably within a range having a lower limit of 0.010 or
0.015 or 0.020 or 0.025 inches and an upper limit of 0.035 or
0.040 or 0.050 or 0.055 or 0.080 inches.

Optional intermediate cover layers may be included and
generally have a thickness within a range having a lower limit
01'0.010 or 0.020 or 0.025 inches and an upper limit of 0.050
or 0.150 or 0.200 inches.

The cover preferably has an overall thickness within a
range having a lower limit 0f 0.010 or 0.020 or 0.025 or 0.030
or 0.040 or 0.045 or 0.050 or 0.060 inches and an upper limit
0f0.070 or 0.075 or 0.080 or 0.090 or 0.100 or 0.150 or 0.200
or 0.300 or 0.500 inches.
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Cover materials are preferably cut-resistant materials,
selected based on the desired performance characteristics.
Suitable inner and outer cover layer materials for the golf
balls disclosed herein include, but are not limited to, ionomer
resins and blends thereof (e.g., Surlyn® ionomer resins and
DuPont® HPF 1000 and HPF 2000, commercially available
from E. I. du Pont de Nemours and Company; lotek® iono-
mers, commercially available from ExxonMobil Chemical
Company; Amplify® IO ionomers of ethylene acrylic acid
copolymers, commercially available from The Dow Chemi-
cal Company; and Clarix® ionomer resins, commercially
available from A. Schulman Inc.); polyurethanes; polyureas;
copolymers and hybrids of polyurethane and polyurea; poly-
ethylene, including, for example, low density polyethylene,
linear low density polyethylene, and high density polyethyl-
ene; polypropylene; rubber-toughened olefin polymers; acid
copolymers, e.g., (meth)acrylic acid, which do not become
part of an ionomeric copolymer; plastomers; flexomers; sty-
rene/butadiene/styrene block copolymers; styrene/ethylene/
butylene/styrene block copolymers; dynamically vulcanized
elastomers; ethylene vinyl acetates; ethylene methyl acry-
lates; polyvinyl chloride resins; polyamides, amide-ester
elastomers, and graft copolymers of ionomer and polyamide,
including, for example, Pebax® thermoplastic polyether
block amides, commercially available from Arkema Inc;
crosslinked trans-polyisoprene and blends thereof; polyester-
based thermoplastic elastomers, such as Hytrel®, commer-
cially available from E. I. du Pont de Nemours and Company;
polyurethane-based thermoplastic elastomers, such as Elas-
tollan®, commercially available from BASF; synthetic or
natural vulcanized rubber; and combinations thereof. Suit-
able cover materials and constructions also include, but are
not limited to, those disclosed in U.S. Pat. Nos. 6,117,025,
6,767,940, and 6,960,630, the entire disclosures of which are
hereby incorporated herein by reference.

Compositions comprising an ionomer or a blend of two or
more ionomers are particularly suitable for forming the inner
cover layer in dual-layer covers. Preferred ionomeric compo-
sitions include:

(a) a composition comprising a “high acid ionomer” (i.e.,
having an acid content of greater than 16 wt %), such as
Surlyn 8150®, a copolymer of ethylene and methacrylic
acid, having an acid content of 19 wt %, which is 45%
neutralized with sodium;

(b) a composition comprising a high acid ionomer and a
maleic anhydride-grafted non-ionomeric polymer (e.g.,
Fusabond® maleic anhydride-grafted metallocene-
catalyzed ethylene-butene copolymers). A particularly
preferred blend of high acid ionomer and maleic anhy-
dride-grafted polymer is a blend of 79-85 wt % Surlyn
8150® and 15-21 wt % Fusabond®. Blends of high acid
ionomers with maleic anhydride-grafted polymers are
further disclosed, for example, in U.S. Pat. Nos. 6,992,
135 and 6,677,401, the entire disclosures of which are
hereby incorporated herein by reference;

(c) a composition comprising a 50/45/5 blend of Surlyn®
8940/Surlyn® 9650/Nucrel® 960, preferably having a
material hardness of from 80 to 85 Shore C;

(d) a composition comprising a 50/25/25 blend of Surlyn®
8940/Surlyn® 9650/Surlyn® 9910, preferably having a
material hardness of about 90 Shore C;

(e) a composition comprising a 50/50 blend of Surlyn®
8940/Surlyn® 9650, preferably having a material hard-
ness of about 86 Shore C;

() a composition comprising a blend of Surlyn® 7940/
Surlyn® 8940, optionally including a melt flow modi-
fier;
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(g) a composition comprising a blend of a first high acid
ionomer and a second high acid ionomer, wherein the
first high acid ionomer is neutralized with a different
cation than the second high acid ionomer (e.g., 50/50
blend of Surlyn® 8150 and Surlyn® 9150), optionally
including one or more melt flow modifiers such as an
ionomer, ethylene-acid copolymer or ester terpolymer;
and

(h) a composition comprising a blend of a first high acid
ionomer and a second high acid ionomer, wherein the
first high acid ionomer is neutralized with a different
cation than the second high acid ionomer, and from 0 to
10 wt % of an ethylene/acid/ester ionomer wherein the
ethylene/acid/ester ionomer is neutralized with the same
cation as either the first high acid ionomer or the second
high acid ionomer or a different cation than the first and
second high acid ionomers (e.g., a blend of 40-50 wt %
Surlyn® 8140, 40-50 wt % Surlyn® 9120, and 0-10 wt
%

Surlyn® 6320).

Surlyn 8150®, Surlyn® 8940, and Surlyn® 8140 are dif-
ferent grades of E/MAA copolymer in which the acid groups
have been partially neutralized with sodium ions. Surlyn®
9650, Surlyn® 9910, Surlyn® 9150, and Surlyn® 9120 are
different grades of E/MAA copolymer in which the acid
groups have been partially neutralized with zinc ions. Sur-
lyn® 7940 is an E/MAA copolymer in which the acid groups
have been partially neutralized with lithium ions. Surlyn®
6320 is a very low modulus magnesium ionomer with a
medium acid content. Nucrel® 960 is an E/MAA copolymer
resin nominally made with 15 wt % methacrylic acid. Sur-
lyn® ionomers, Fusabond® copolymers, and Nucrel®
copolymers are commercially available from E. I. du Pont de
Nemours and Company.

Non-limiting examples of particularly preferred ionomeric
cover layer formulations are shown in Table 1 below.

TABLE 1
Cover Layer Surlyn ® 8150, Fusabond ®, Shore C
Material wt % wt % Hardness™
1 89 11 91.2
2 84 16 89.8
3 84 16 90.4
4 84 16 89.6
5 81 19 88.9
6 80 20 89.1
7 78 22 88.1
8 76 24 87.6
9 76 24 87.2
10 73 27 86.6
11 71 29 86.7
12 67 33 84.0

*Flex bars of each blend composition were formed and evaluated for hardness according to
ASTM D2240 following 10 days of aging at 50% relative humidity and 23° C.
Ionomeric cover compositions can be blended with non-
ionic thermoplastic resins, particularly to manipulate product
properties. Examples of suitable non-ionic thermoplastic res-
ins include, but are not limited to, polyurethane, poly-ether-
ester, poly-amide-ether, polyether-urea, thermoplastic poly-
ether block amides (e.g., Pebax® block copolymers,
commercially available from Arkema Inc.), styrene-butadi-
ene-styrene block copolymers, styrene(ethylene-butylene)-
styrene block copolymers, polyamides, polyesters, polyole-
fins (e.g., polyethylene, polypropylene, ethylene-propylene
copolymers, polyethylene-(meth)acrylate, polyethylene-
(meth)acrylic acid, functionalized polymers with maleic
anhydride grafting, Fusabond® functionalized olefins com-
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mercially available from E. I. du Pont de Nemours and Com-
pany, functionalized polymers with epoxidation, elastomers
(e.g., ethylene propylene diene monomer rubber, metal-
locene-catalyzed polyolefin) and ground powders of thermo-
set elastomers.

Suitable ionomeric cover materials are further disclosed,
for example, in U.S. Pat. Nos. 6,653,382, 6,756,436, 6,894,
098, 6,919,393, and 6,953,820, the entire disclosures of
which are hereby incorporated by reference.

Polyurethanes, polyureas, and copolymers and blends
thereof are particularly suitable for forming the outer cover
layer in dual-layer covers. When used as cover layer materi-
als, polyurethanes and polyureas can be thermoset or thermo-
plastic. Thermoset materials can be formed into golf ball
layers by conventional casting or reaction injection molding
techniques. Thermoplastic materials can be formed into golf
ball layers by conventional compression or injection molding
techniques.

Suitable polyurethane cover materials are further disclosed
inU.S. Pat. Nos. 5,334,673, 6,506,851, 6,756,436, and 7,105,
623, the entire disclosures of which are hereby incorporated
herein by reference. Suitable polyurea cover materials are
further disclosed in U.S. Pat. Nos. 5,484,870, 6,835,794 and
7,378,483, and U.S. Patent Application Publication No. 2008/
0064527, the entire disclosures of which are hereby incorpo-
rated herein by reference. Suitable polyurethane-urea cover
materials include polyurethane/polyurea blends and copoly-
mers comprising urethane and urea segments, as disclosed in
U.S. Patent Application Publication No. 2007/0117923, the
entire disclosure of which is hereby incorporated herein by
reference.

Golf ball cover compositions may include a flow modifier,
such as, but not limited to, Nucrel® acid copolymer resins,
and particularly Nucrel® 960. Nucrel® acid copolymer res-
ins are commercially available from E. I. du Pont de Nemours
and Company.

Cover compositions may also include one or more filler(s),
such as the fillers given above for rubber compositions of the
present invention (e.g., titanium dioxide, barium sulfate,
etc.), and/or additive(s), such as coloring agents, fluorescent
agents, whitening agents, antioxidants, dispersants, UV
absorbers, light stabilizers, plasticizers, surfactants, compat-
ibility agents, foaming agents, reinforcing agents, release
agents, and the like.

In a particular embodiment, the cover comprises an inner
cover layer formed from a composition comprising a high
acid ionomer and a maleic anhydride-grafted non-ionomeric
polymer and an outer cover layer formed from a polyure-
thane, polyurea, or copolymer or hybrid of polyurethane/
polyurea. The outer cover layer material may be thermoplas-
tic or thermoset. A particularly preferred inner cover layer
composition is a 84 wt %/16 wt % blend of Surlyn 8150® and
Fusabond 572D®.

Additional suitable cover materials are disclosed, for
example, in U.S. Patent Application Publication No. 2005/
0164810, U.S. Pat. No. 5,919,100, and PCT Publications
W000/23519 and WO00/29129, the entire disclosures of
which are hereby incorporated herein by reference.

Golf balls of the present invention optionally include one
or more intermediate layer(s) disposed between the core and
the cover. When present, the overall thickness of the interme-
diate layer(s) is generally within a range having a lower limit
01'0.010 or 0.050 or 0.100 inches and an upper limit of 0.300
or 0.350 or 0.400 inches. Suitable intermediate layer materi-
als include, but are not limited to, natural rubbers, balata,
gutta-percha, cis-polybutadienes, trans-polybutadienes, syn-
thetic polyisoprene rubbers, polyoctenamers, styrene-propy-
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lene-diene rubbers, metallocene rubbers, styrene-butadiene
rubbers, ethylene-propylene rubbers, chloroprene rubbers,
acrylonitrile rubbers, acrylonitrile-butadiene rubbers, sty-
rene-ethylene block copolymers, maleic anhydride or succi-
nate modified metallocene catalyzed ethylene copolymers,
polypropylene resins, ionomer resins, polyamides, polyes-
ters, polyurethanes, polyureas, chlorinated polyethylenes,
polysulfide rubbers, fluorocarbons, and combinations
thereof.

A moisture vapor barrier layer is optionally employed
between the core and the cover. Moisture vapor barrier layers
are further disclosed, for example, in U.S. Pat. Nos. 6,632,
147, 6,932,720, 7,004,854, and 7,182,702, the entire disclo-
sures of which are hereby incorporated herein by reference.

In addition to the material disclosed above, any of the core
or cover layers may comprise one or more of the following
materials: thermoplastic elastomer, thermoset elastomer, syn-
thetic rubber, thermoplastic vulcanizate, copolymeric iono-
mer, terpolymeric inomer, polycarbonate, polyolefin, polya-
mide, copolymeric polyamide, polyesters, polyester-amides,
polyether-amides, polyvinyl alcohols, acrylonitrile-butadi-
ene-styrene copolymers, polyarylate, polyacrylate, polyphe-
nylene ether, impact-modified polyphenylene ether, high
impact polystyrene, diallyl phthalate polymer, metallocene-
catalyzed polymers, styrene-acrylonitrile (SAN), olefin-
modified SAN, acrylonitrile-styrene-acrylonitrile, styrene-
maleic anhydride (S/MA) polymer, styrenic copolymer,
functionalized styrenic copolymer, functionalized styrenic
terpolymer, styrenic terpolymer, cellulose polymer, liquid
crystal polymer (LCP), ethylene-propylene-diene rubber
(EPDM), ethylene-vinyl acetate copolymer (EVA), ethylene
propylene rubber (EPR), ethylene vinyl acetate, polyurea,
and polysiloxane. Suitable polyamides for use as an addi-
tional material in compositions disclosed herein also include
resins obtained by: (1) polycondensation of (a) a dicarboxylic
acid, such as oxalic acid, adipic acid, sebacic acid, tereph-
thalic acid, isophthalic acid or 1,4-cyclohexanedicarboxylic
acid, with (b) a diamine, such as ethylenediamine, tetrameth-
ylenediamine, pentamethylenediamine, hexamethylenedi-
amine, or decamethylenediamine, 1,4-cyclohexyldiamine or
m-xylylenediamine; (2) a ring-opening polymerization of
cyclic lactam, such as e-caprolactam or w-laurolactam; (3)
polycondensation of an aminocarboxylic acid, such as 6-ami-
nocaproic acid, 9-aminononanoic acid, 11-aminoundecanoic
acid or 12-aminododecanoic acid; or (4) copolymerzation of
a cyclic lactam with a dicarboxylic acid and a diamine. Spe-
cific examples of suitable polyamides include Nylon 6, Nylon
66, Nylon 610, Nylon 11, Nylon 12, copolymerized Nylon,
Nylon MXD6, and Nylon 46.

Other preferred materials suitable for use as an additional
material in golf ball compositions disclosed herein include
Skypel polyester elastomers, commercially available from
SK Chemicals of South Korea; Septon® diblock and triblock
copolymers, commercially available from Kuraray Corpora-
tion of Kurashiki, Japan; and Kraton® diblock and triblock
copolymers, commercially available from Kraton Polymers
LLC of Houston, Tex.

Compositions disclosed herein can be either foamed or
filled with density adjusting materials to provide desirable
golf ball performance characteristics.

The present invention is not limited by any particular pro-
cess for forming the golf'ball layer(s). It should be understood
that the layer(s) can be formed by any suitable technique,
including injection molding, compression molding, casting,
and reaction injection molding.

When injection molding is used, the composition is typi-
cally in a pelletized or granulated form that can be easily fed
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into the throat of an injection molding machine wherein it is
melted and conveyed via a screw in a heated barrel at tem-
peratures of from 150° F. to 600° F., preferably from 200° F.
to 500° F. The molten composition is ultimately injected into
aclosed mold cavity, which may be cooled, at ambient or atan
elevated temperature, but typically the mold is cooled to a
temperature of from 50° F. to 70° F. After residing in the
closed mold for a time of from 1 second to 300 seconds,
preferably from 20 seconds to 120 seconds, the core and/or
core plus one or more additional core or cover layers is
removed from the mold and either allowed to cool at ambient
or reduced temperatures or is placed in a cooling fluid such as
water, ice water, dry ice in a solvent, or the like.

When compression molding is used to form a core, the
composition is first formed into a preform or slug of material,
typically in a cylindrical or roughly spherical shape at a
weight slightly greater than the desired weight of the molded
core. Prior to this step, the composition may be first extruded
or otherwise melted and forced through a die after which it is
cut into a cylindrical preform. The preform is then placed into
a compression mold cavity and compressed at a mold tem-
perature of from 150° F. to 400° F., preferably from 250° F. to
400° F., and more preferably from 300° F. to 400° F. When
compression molding a cover layer, half-shells of the cover
layer material are first formed via injection molding. A core is
then enclosed within two half-shells, which is then placed
into a compression mold cavity and compressed.

Reaction injection molding processes are further dis-
closed, for example, in U.S. Pat. Nos. 6,083,119, 7,208,562,
7,281,997, 7,282,169, 7,338,391, and U.S. Patent Applica-
tion Publication No. 2006/0247073, the entire disclosures of
which are hereby incorporated herein by reference.

Golf balls of the present invention typically have a coeffi-
cient of restitution (“COR”) of 0.700 or greater, preferably
0.750 or greater, more preferably 0.780 or greater, and even
more preferably 0.790 or greater.

COR, as used herein, is determined according to a known
procedure wherein a golf ball or golf ball subassembly (e.g.,
a golf ball core) is fired from an air cannon at two given
velocities and calculated at a velocity of 125 ft/s. Ballistic
light screens are located between the air cannon and the steel
plate at a fixed distance to measure ball velocity. As the ball
travels toward the steel plate, it activates each light screen,
and the time at each light screen is measured. This provides an
incoming transit time period inversely proportional to the
ball’s incoming velocity. The ball impacts the steel plate and
rebounds though the light screens, which again measure the
time period required to transit between the light screens. This
provides an outgoing transit time period inversely propor-
tional to the ball’s outgoing velocity. COR is then calculated
as the ratio of the outgoing transit time period to the incoming
transit time period, COR=V_ /V, =T,./T,...

Golfballs of the present invention typically have an overall
compression of 40 or greater, or a compression within a range
having a lower limit of 40 or 50 or 60 or 65 or 75 or 80 or 90
and an upper limit of 95 or 100 or 105 or 110 or 115 or 120.
Dual cores of the present invention preferably have an overall
compression of 60 or 70 or 75 or 80 and an upper limit of 85
or 90 or 95 or 100. Inner core layers of the present invention
preferably have a compression of 40 or less, or from 20 to 40,
or a compression of about 35.

Compression is an important factor in golf ball design. For
example, the compression of the core can affect the ball’s spin
rate off the driver and the feel. As disclosed in Jeff Dalton’s
Compression by Any Other Name, Science and Golf IV, Pro-
ceedings of the World Scientific Congress of Golf (Eric Thain
ed., Routledge, 2002) (“J. Dalton”), several different methods



Case 2:17-cv-01214 Document 1 Filed 08/10/17 Page 112 of 284

US 8,123,632 B2

23

can be used to measure compression, including Atti compres-
sion, Riehle compression, load/deflection measurements at a
variety of fixed loads and offsets, and effective modulus. For
purposes of the present invention, “compression” refers to
Atti compression and is measured according to a known
procedure, using an Atti compression test device, wherein a
piston is used to compress a ball against a spring. The travel of
the piston is fixed and the deflection of the spring is measured.
The measurement of the deflection of the spring does not
begin with its contact with the ball; rather, there is an offset of
approximately the first 1.25 mm (0.05 inches) of the spring’s
deflection. Very low stiffness cores will not cause the spring to
deflect by more than 1.25 mm and therefore have a zero
compression measurement. The Atti compression tester is
designed to measure objects having a diameter of 42.7 mm
(1.68 inches); thus, smaller objects, such as golf ball cores,
must be shimmed to a total height of 42.7 mm to obtain an
accurate reading. Conversion from Atti compression to Rie-
hle (cores), Riehle (balls), 100 kg deflection, 130-10 kg
deflection or effective modulus can be carried out according
to the formulas given in J. Dalton.

Golf balls of the present invention will typically have
dimple coverage of 60% or greater, preferably 65% or greater,
and more preferably 75% or greater.

The United States Golf Association specifications limit the
minimum size of a competition golf ball to 1.680 inches.
There is no specification as to the maximum diameter, and
golf balls of any size can be used for recreational play. Golf
balls of the present invention can have an overall diameter of
any size. The preferred diameter of the present golf balls is
from 1.680 inches to 1.800 inches. More preferably, the
present golf balls have an overall diameter of from 1.680
inches to 1.760 inches, and even more preferably from 1.680
inches to 1.740 inches.

Golf balls of the present invention preferably have a
moment of inertia (“MOI”) of 70-95 g-cm?, preferably 75-93
g-cm?, and more preferably 76-90 g-cm®. For low MOI
embodiments, the golf ball preferably has an MOI of 85 g-cm?
or less, or 83 g-cm? or less. For high MOI embodiment, the
golf ball preferably has an MOI of 86 g-cm? or greater, or 87
g-cm? or greater. MOl is measured on a model MOI-005-104
Moment of Inertia Instrument manufactured by Inertia
Dynamics of Collinsville, Conn. The instrument is connected
to a PC for communication via a COMM port and is driven by
MOI Instrument Software version #1.2.

When numerical lower limits and numerical upper limits
are set forth herein, it is contemplated that any combination of
these values may be used.

All patents, publications, test procedures, and other refer-
ences cited herein, including priority documents, are fully
incorporated by reference to the extent such disclosure is not
inconsistent with this invention and for all jurisdictions in
which such incorporation is permitted.

While the illustrative embodiments of the invention have
been described with particularity, it will be understood that
various other modifications will be apparent to and can be
readily made by those of ordinary skill in the art without
departing from the spirit and scope of the invention. Accord-
ingly, it is not intended that the scope of the claims appended
hereto be limited to the examples and descriptions set forth
herein, but rather that the claims be construed as encompass-
ing all ofthe features of patentable novelty which reside in the
present invention, including all features which would be
treated as equivalents thereof by those of ordinary skill in the
art to which the invention pertains.
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What is claimed is:

1. A golf ball consisting essentially of:

an inner core layer formed from a rubber composition and
having a diameter of from 1.100 inches to 1.400 inches,
a center hardness (H_,,,,.,.) of 40 Shore C or greater, and
an outer surface hardness of 60 Shore C or greater;

an outer core layer formed from a highly neutralized poly-
mer composition and having an outer surface hardness
H,,0r core) ©f 75 Shore C or greater;

an inner cover layer formed from a thermoplastic compo-
sition and having a material hardness (H,,,,.., cover) 1€58
than the outer surface hardness of the outer core layer;
and

an outer cover layer formed from a composition selected
from the group consisting of polyurethanes, polyureas,
and copolymers and blends thereof.

2. The golf'ball of claim 1, wherein H,,,,.... .p,e=Hponzer =20
Shore C units.

3. The golf'ball of claim 1, wherein H,,,,.... .o,e=Hponzer =30
Shore C units.

4.The golfball of claim 1, whereinH__,,,..is from 40 Shore

C to 80 Shore C.

5. The golf ball of claim 1, wherein the outer surface
hardness of the inner core layer is from 65 Shore C to 90 Shore
C.

6. The golf ball of claim 1, wherein the outer surface
hardness of the inner core layer is from 70 Shore C to 85 Shore
C

7. The golf'ball of claim 1, wherein H_,,,., .., is 90 Shore
C or greater.

8. The golf ball of claim 1, wherein H,_,,,, ... 1S greater
than 80 Shore C, and wherein H,,,,,..,. ..., 18 from 80 Shore C
to 95 Shore C.

9. The golf'ball of claim 1, wherein H_,,,., .., is 85 Shore
Cor greater, and wherein H,,, .. ..,..,.1s from 84 Shore C to 92
Shore C.

10. The golf ball of claim 1, wherein H,_,,,,,. is from 60

Shore C to 70 Shore C, the outer surface hardness of the inner
core layer is from 75 Shore C to 90 Shore C, and H is

outer core

greater than 85 Shore C.

11. The golf'ball of claim 10, wherein H,,,,.... .,,.,-1s from 80
Shore C to 95 Shore C.

12. The golf ball of claim 10, wherein H,,,,.... ...,.. s greater
than 87 Shore C, and wherein H,,,,...,. ..., 18 from 87 Shore C
to 91 Shore C.

13.The golfball of claim 12, whereinH,_,,,.. .., is 90 Shore

C or greater.
14. The golf ball of claim 1, wherein the inner core layer
has a compression of 40 or less.
15. The golf ball of claim 14, wherein the core has an
overall dual core compression of from 75 to 95.
16. The golfball of claim 1, wherein the core has an overall
dual core diameter of from 1.520 inches to 1.590 inches.
17. A golf'ball consisting essentially of:
an inner core layer formed from a rubber composition and
having a diameter of from 1.100 inches to 1.400 inches,
a center hardness (H_,,,,..,.) of 50 Shore C or greater, and
an outer surface hardness of 65 Shore C or greater;
an outer core layer formed from a highly neutralized poly-
mer composition and having an outer surface hardness
H,,0r core) ©f 75 Shore C or greater;
an inner cover layer formed from a thermoplastic compo-
sition and having a material hardness (H,,,.., .over) OF
from 80 Shore C to 95 Shore C; and
an outer cover layer formed from a composition selected
from the group consisting of polyurethanes, polyureas,
and copolymers and blends thereof.



Case 2:17-cv-01214 Document 1 Filed 08/10/17 Page 113 of 284

US 8,123,632 B2

25 26
18. The golf ball of claim 17, wherein H_,,., ...~ a cover consisting of:
H..,.;.,=20 Shore C units. an inner cover layer formed from a thermoplastic com-
19. The golf ball of claim 17, wherein H,, .., cor— position and having a material hardness (IL,,,,..., -over)
H,.,.;.,225 Shore C units. of from 80 Shore C to 95 Shore C; and
20. The golf ball ofclgim 17, wher e;in Hrer core 18 85 Shore 5 an outer cover layer formed from a composition selected
Cor greater, and wherein H,,,, .o, is from 84 Shore C to 92 from the group consisting of polyurethanes, poly-
Shore C. .. ureas, and copolymers and blends thereof.
21. A golf l?al.l comprising: 22. The golf ball of claim 21, wherein H,,,.,. .o~
a core consisting of: - H =20 Shore C units.
an mnner core layfzr formed from a rubb.e ¥ composition cilgiﬂThe golf ball of claim 21, wherein H is from 50
and having a diameter of from 1.100 inches to 1.400 Shore C to 70 Shore C. and wherein H “""Z_’H =95
inches, a center hardness (H,,,,,.,.) of from 50 Shore C Shore C uni ’ outer core = ~center=
to 75 Shore C, and an outer surface hardness of from ore C units. . . .
60 Shore C to 85 Shore C: and 24. The golfball of claim 21, wherein H,,,,,.., oo, 15 from 84

an outer core layer formed from a highly neutralized ~ Shore Cto 92 Shore C.

polymer composition and having an outer surface 15
hardness (H,,,,., .0) Of from 80 Shore C to 95
Shore C; and ® ok % % %
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MULTI-LAYER-CORE GOLF BALL HAVING
HIGHLY-NEUTRALIZED POLYMER OUTER

CORE LAYER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/554,010, filed Sep. 4, 2009, which is a con-
tinuation of U.S. patent application Ser. No. 12/238,511, filed
Sep. 26, 2008 and now U.S. Pat. No. 8,025,593, which is a
continuation-in-part of U.S. patent application Ser. No.
12/208,631, filed Sep. 11, 2008 and now U.S. Pat. No. 8,007,
375, which is a continuation of U.S. patent application Ser.
No. 11/347,456, filed Feb. 3, 2006 and now U.S. Pat. No.
7,652,086, which is a continuation-in-part of U.S. Pat. No.
7,230,045, filed Oct. 6, 2004 as U.S. patent application Ser.
No. 10/959,751, which is a continuation-in-part of U.S. Pat.
No. 6,939,907, filed Feb. 6, 2003 as U.S. patent application
Ser. No. 10/360,233, which is a continuation-in-part of U.S.
Pat. No. 6,756,436, filed Apr. 9, 2002 as U.S. patent applica-
tion Ser. No. 10/118,719, which claims priority to U.S. Pro-
visional Patent Application No. 60/301,046, filed Jun. 26,
2001, now abandoned, all of which are incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention is directed to golf ball compositions
and, in particular, polymer compositions including highly-
neutralized polymers and blends thereof.

BACKGROUND OF THE INVENTION

Conventional golf balls can be divided into two general
classes: solid and wound. Solid golf balls include one-piece,
two-piece (i.e., solid core and a cover), and multi-layer (i.e.,
solid core of one or more layers and/or a cover of one or more
layers) golf balls. Wound golf balls typically include a solid,
hollow, or fluid-filled center, surrounded by a tensioned elas-
tomeric material, and a cover. It is also possible to surround a
hollow or fluid-filled center with a plurality of solid layers.
Solid balls have traditionally been considered longer and
more durable than wound balls, but many solid constructions
lack the “feel” provided by the wound construction.

More recently, by altering ball construction and composi-
tion, manufacturers have been able to vary a wide range of
playing characteristics, such as compression, velocity, “feel,”
and spin, optimizing each or all for various playing abilities.
In particular, a variety of core and cover layer(s) construc-
tions, such as multi-layer balls having dual cover layers and/
or dual core layers, have been investigated and now allow
many non-wound balls to exhibit characteristics previously
maintainable in a solid-construction golf ball. These golf'ball
layers are typically constructed with a number of polymeric
compositions and blends, including polybutadiene rubber,
polyurethanes, polyamides, and ethylene-based ionomers.

Ionomers, and in particular ethylene c,f-ethylenically
unsaturated carboxylic acid copolymers or a melt processible
ionomer thereof, are a preferred polymer for many golf ball
layers. One problem encountered with the use of ionomers as
stiff layers, however, is the unprocessability of the material as
the percent of neutralization of the acid group increases.
Ionomers are stiffened by increasing the amount of neutral-
ization by a metal cation or a salt thereof. Once the percent of
neutralization is greater than about 60% (depending on metal
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cation selected), the melt flow of the ionomer becomes too
low and the ease of processablilty decreases or disappears
altogether.

There is a need, therefore, for ionomer compositions that
are neutralized at high percentages, but in a manner that still
allows resultant polymer compositions to be processible. The
present invention describes such compositions and there use
in a variety of golf ball core and cover layers.

SUMMARY OF THE INVENTION

The present invention is directed to a golf ball comprising
a center comprising a highly-neutralized thermoplastic
copolymer of ethylene and an a,p-unsaturated carboxylic
acid, the acid being 100% neutralized by a salt of an organic
acid, a cation source, or a suitable base of the organic acid; a
cover; and an intermediate layer disposed between the center
and the cover; wherein the golf ball has a first coefficient of
restitution of 0.81 or greater when measured at an incoming
velocity of 125 ft/s; and a sphere resulting from a combination
of'the center and the intermediate layer has a compression of
60 or greater.

The cation source is typically a metal cation of lithium,
sodium, potassium, magnesium, calcium, barium, lead, tin,
zinc, and aluminum. Ideally, the salt of an organic acid
includes an organic acid, such as aliphatic organic acids,
aromatic organic acids, saturated mono- or multi-functional
organic acids, unsaturated mono- or multi-functional organic
acids, and multi-unsaturated mono- or multi-functional
organic acids. The salt of an organic acid may include stearic
acid, behenic acid, erucic acid, oleic acid, linoelic acid or
dimerized derivatives thereof. The salt of an organic acid
includes a cation, such as barium, lithium, sodium, zinc,
bismuth, chromium, cobalt, copper, potassium, strontium,
titanium, tungsten, magnesium, cesium, iron, nickel, silver,
aluminum, tin, and calcium.

The thermoplastic polymer comprises ionomeric copoly-
mers and terpolymers, ionomer precursors, grafted metal-
locene-catalyzed polymers, high-crystalline acid polymers
and their ionomers, or cationic ionomers. Preferably, the
cover is injection molded, cast, reaction injection molded, or
compression molded over the core. In one embodiment, the
cover comprises an inner cover layer and an outer cover layer,
at least one which comprises a polyurethane material, a poly-
urea material, a polyurethane-urea hybrid material, or a poly-
urea-urethane hybrid material.

The center typically has a diameter of 1.50 inches or less
and the intermediate layer has a thickness of 0.090 inches or
greater, preferably between 0.090 inches and 0.180 inches.
The compression can be 80 or greater. Additionally, the golf
ball should concurrently have a second coefficient of restitu-
tion of 0.76 or greater when measured at an incoming velocity
of 160 ft/s.

The present invention is also directed to a golf ball com-
prising an innermost core, a cover, and an intermediate layer
disposed between the innermost core and the cover, wherein
the intermediate layer comprises a highly-neutralized ther-
moplastic copolymer of ethylene and an a.,3-unsaturated car-
boxylic acid, the acid being 100% neutralized by a salt of an
organic acid, a cation source, or a suitable base of the organic
acid, and wherein a sphere resulting from a combination of
the center and the intermediate layer has a compression of 60
or greater.

The intermediate layer should have a flexural modulus of
50,000 psi or greater, preferably from 60,000 psi to 150,000
psi. In one embodiment, the center has a diameter of from
0.801inches to 1.40 inches and a compression of 30 or less, and
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the intermediate layer has flexural modulus of 50,000 psi to
70,000 psi and a thickness of 0.110 inches or greater, and the
cover comprises thermoset polymer having a hardness of
from 45 Shore D to 60 Shore D and a thickness from 0.020
inches to 0.040 inches. Additionally, the golf ball should
concurrently have a coefficient of restitution of 0.76 or greater
when measured at an incoming velocity of 160 ft/s.

Additionally, the present invention is also directed to a golf
ball comprising an innermost core, a cover, and an interme-
diate layer disposed between the innermost core and the
cover, wherein the core comprises a highly-neutralized ther-
moplastic copolymer of ethylene and an a.,3-unsaturated car-
boxylic acid, the acid being 100% neutralized by a salt of an
organic acid, a cation source, or a suitable base of the organic
acid, and wherein a sphere resulting from a combination of
the center and the intermediate layer has a compression of 60
or greater.

Preferably, the compression is 80 or greater. In one
embodiment, the golf ball has a coefficient of restitution of
0.80 or greater when measured at an incoming velocity of 125
ft/s. The core should have a diameter of 1.500 inches or less
and/or an intermediate layer having a thickness of 0.090
inches or greater. Preferably, the intermediate layer thickness
is between 0.090 inches and 0.180 inches. In an alternative
embodiment, the core has a compression of 60 or less. The
intermediate layer should have a flexural modulus of 50,000
psi or greater. Also, the cover can be injection molded, cast,
reaction injection molded, or compression molded over the
core.

The present invention is further directed to a golf ball
including an inner core layer formed from a thermoset rubber
composition and having a first surface hardness; a thermo-
plastic outer core layer having a second surface hardness, an
inner surface hardness, and being formed from a copolymer
of ethylene and an a,p-unsaturated carboxylic acid, an
organic acid or salt thereof, and sufficient cation source to
fully-neutralize the acid groups of the copolymer; an inner
cover layer; and an outer cover layer. The first surface hard-
ness is preferably less than the second surface hardness by at
least 5 Shore C and less than the inner surface hardness by at
least 5 Shore C, more preferably at least 7 Shore C, most
preferably at least 9 Shore C.

The present invention is also directed to a golf ball includ-
ing an inner core layer formed from a first rubber composition
and having a first surface hardness; an intermediate core layer
formed from a second rubber composition; a thermoplastic
outer core layer having a second surface hardness, an inner
surface hardness, and including a copolymer of ethylene and
an o,B-unsaturated carboxylic acid, an organic acid or salt
thereof, and sufficient cation source to fully-neutralize the
acid groups of the copolymer; an inner cover layer; and an
outer cover layer. The first surface hardness is preferably less
than the second surface hardness by at least 5 Shore C and less
than the inner surface hardness by at least 5 Shore C, more
preferably at least 7 Shore C, most preferably at least 9 Shore
C.

In one embodiment, the inner core has a diameter of 0.80
inches to 1.40 inches and a compression of 30 or less, and the
outer core layer has flexural modulus of 50,000 psi to 70,000
psi and a thickness of 0.110 inches or greater, and the outer
cover layer comprises castable thermoset polyurethane or
polyurea having a hardness of from 45 Shore D to 60 Shore D
and a thickness from 0.020 inches to 0.040 inches.

In another embodiment, a core resulting from a combina-
tion of the inner core layer, the intermediate core layer, and
the thermoplastic outer core layer has a compression of 60 or
greater. Preferably the core has a diameter of 1.500 inches or
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less and the outer core layer has a thickness of 0.090 inches or
greater. The inner core has a first elastic modulus and the outer
core layer has a second elastic modulus less than the first; the
inner core has a first specific gravity and the outer core layer
has a second specific gravity less than the first; the inner core
has a first Bashore resilience and the outer core layer has a
second Bashore resilience less than the first; or the first sur-
face hardness is less than the second surface hardness by at
least 7 Shore C and less than the inner surface hardness by at
least 7 Shore C.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to highly-neutralized
polymers and blends thereof (“HNP”) for the use in golf
equipment, preferably in ball cores, intermediate layers, and/
orcovers. The acid moieties of the HNP’s, typically ethylene-
based ionomers, are preferably neutralized greater than about
70%, more preferably greater than about 90%, and most
preferably at least about 100%. The HNP’s can be also be
blended with a second polymer component, which, if con-
taining an acid group, may be neutralized in a conventional
manner, by the organic fatty acids of the present invention, or
both. The second polymer component, which may be par-
tially or fully neutralized, preferably comprises ionomeric
copolymers and terpolymers, ionomer precursors, thermo-
plastics, polyamides, polycarbonates, polyesters, polyure-
thanes, polyureas, thermoplastic elastomers, polybutadiene
rubber, balata, metallocene-catalyzed polymers (grafted and
non-grafted), single-site polymers, high-crystalline acid
polymers, cationic ionomers, and the like. HNP polymers
typically have a material hardness of between about 20 and
about 80 Shore D, and a flexural modulus of between about
3,000 psi and about 200,000 psi.

In one embodiment of the present invention the HNP’s are
ionomers and/or their acid precursors that are preferably neu-
tralized, either fully or partially, with organic acid copoly-
mers or the salts thereof. The acid copolymers are preferably
a-olefin, such as ethylene, C; ¢ a,-ethylenically unsaturated
carboxylic acid, such as acrylic and methacrylic acid, copoly-
mers. They may optionally contain a softening monomer,
such as alkyl acrylate and alkyl methacrylate, wherein the
alkyl groups have from 1 to 8 carbon atoms.

The acid copolymers can be described as E/X/Y copoly-
mers where E is ethylene, X is an a,-ethylenically unsatur-
ated carboxylic acid, and Y is a softening comonomer. In a
preferred embodiment, X is acrylic or methacrylic acid and Y
is a C,_g alkyl acrylate or methacrylate ester. X is preferably
present in an amount from about 1 to about 35 weight percent
of the polymer, more preferably from about 5 to about 30
weight percent of the polymer, and most preferably from
about 10 to about 20 weight percent of the polymer. Y is
preferably present in an amount from about 0 to about 50
weight percent of the polymer, more preferably from about 5
to about 25 weight percent of the polymer, and most prefer-
ably from about 10 to about 20 weight percent of the polymer.

Specific acid-containing ethylene copolymers include, but
are not limited to, ethylene/acrylic acid/n-butyl acrylate, eth-
ylene/methacrylic acid/n-butyl acrylate, ethylene/meth-
acrylic acid/iso-butyl acrylate, ethylene/acrylic acid/iso-bu-
tyl acrylate, ethylene/methacrylic acid/n-butyl methacrylate,
ethylene/acrylic acid/methyl methacrylate, ethylene/acrylic
acid/methyl acrylate, ethylene/methacrylic acid/methyl acry-
late, ethylene/methacrylic acid/methyl methacrylate, and eth-
ylene/acrylic acid/n-butyl methacrylate. Preferred acid-con-
taining ethylene copolymers include, ethylene/methacrylic
acid/n-butyl acrylate, ethylene/acrylic acid/n-butyl acrylate,
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ethylene/methacrylic acid/methyl acrylate, ethylene/acrylic
acid/ethyl acrylate, ethylene/methacrylic acid/ethyl acrylate,
and ethylene/acrylic acid/methyl acrylate copolymers. The
most preferred acid-containing ethylene copolymers are, eth-
ylene/(meth) acrylic acid/n-butyl, acrylate, ethylene/(meth)
acrylic acid/ethyl acrylate, and ethylene/(meth) acrylic acid/
methyl acrylate copolymers.

Ionomers are typically neutralized with a metal cation,
such as Li, Na, Mg, or Zn. It has been found that by adding
sufficient organic acid or salt of organic acid, along with a
suitable base, to the acid copolymer or ionomer, the ionomer
can be neutralized without losing processability to a level
much greater than for a metal cation alone. Preferably, the
acid moieties are neutralized greater than about 80%, prefer-
ably from 90-100%, most preferably 100% without losing
processability. This accomplished by melt-blending an eth-
ylene a,f-ethylenically unsaturated carboxylic acid copoly-
mer, for example, with an organic acid or a salt of organic
acid, and adding a sufficient amount of a cation source to
increase the level of neutralization of all the acid moieties
(including those in the acid copolymer and in the organic
acid) to greater than 90%, (preferably greater than 100%).

The organic acids of the present invention are aliphatic,
mono- or multi-functional (saturated, unsaturated, or multi-
unsaturated) organic acids. Salts of these organic acids may
also be employed. The salts of organic acids of the present
invention include the salts of barium, lithium, sodium, zinc,
bismuth, chromium, cobalt, copper, potassium, strontium,
titanium, tungsten, magnesium, cesium, iron, nickel, silver,
aluminum, tin, or calcium, salts of fatty acids, particularly
stearic, bebenic, erucic, oleic, linoelic or dimerized deriva-
tives thereof. It is preferred that the organic acids and salts of
the present invention be relatively non-migratory (they do not
bloom to the surface of the polymer under ambient tempera-
tures) and non-volatile (they do not volatilize at temperatures
required for melt-blending).

The ionomers of the invention may also be partially neu-
tralized with metal cations. The acid moiety in the acid
copolymer is neutralized about 1 to about 100%, preferably at
least about 40 to about 100%, and more preferably at least
about 90 to about 100%, to form an ionomer by a cation such
as lithium, sodium, potassium, magnesium, calcium, barium,
lead, tin, zinc, aluminum, or a mixture thereof.

The acid copolymers of the present invention are prepared
from ‘direct’ acid copolymers, copolymers polymerized by
adding all monomers simultaneously, or by grafting of at least
one acid-containing monomer onto an existing polymer.
Other suitable highly-neutralized acid polymer compositions
are disclosed in U.S. Patent Publication Nos. 2003/0114565
and 2005/0267240, and in U.S. patent application Ser. No.
11/270,066, which are incorporated herein, in their entirety,
by reference.

Thermoplastic polymer components, such as copolyether-
esters, copolyesteresters, copolyetheramides, elastomeric
polyolefins, styrene diene block copolymers and their hydro-
genated derivatives, copolyesteramides, thermoplastic poly-
urethanes, such as copolyetherurethanes, copolyesterure-
thanes, copolyureaurethanes, epoxy-based polyurethanes,
polycaprolactone-based polyurethanes, polyureas, and poly-
carbonate-based polyurethanes fillers, and other ingredients,
if included, can be blended in either before, during, or after
the acid moieties are neutralized, thermoplastic polyure-
thanes.

The copolyetheresters are comprised of a multiplicity of
recurring long chain units and short chain units joined head-
to-tail through ester linkages, the long chain units being rep-
resented by the formula:
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0—G—O0—C—R—C—

=0

and the short chain units being represented by the formula:

=0

(€]
I

O—D—O—C—R—C

where G is a divalent radical remaining after the removal of
terminal hydroxyl groups from a poly(alkylene oxide)glycol
having a molecular weight of about 400-8000 and a carbon to
oxygen ratio of about 2.0-4.3; R is a divalent radical remain-
ing after removal of hydroxyl groups from a diol having a
molecular weight less than about 250; provided said short
chain ester units amount to about 15-95 percent by weight of
said copolyetherester. The preferred copolyetherester poly-
mers are those where the polyether segment is obtained by
polymerization of tetrahydrofuran and the polyester segment
is obtained by polymerization of tetramethylene glycol and
phthalic acid. For purposes of the invention, the molar ether:
ester ratio can vary from 90:10 to 10:80; preferably 80:20 to
60:40; and the Shore D hardness is less than 70; preferably
less than about 40.

The copolyetheramides are comprised of a linear and regu-
lar chain of rigid polyamide segments and flexible polyether
segments, as represented by the general formula:

HO—C—P—C—0—p—01-H
A
0 0 .

wherein PA is a linear saturated aliphatic polyamide sequence
formed from a lactam or amino acid having a hydrocarbon
chain containing 4 to 14 carbon atoms or from an aliphatic
C-Cy diamine, in the presence of a chain-limiting aliphatic
carboxylic diacid having 4-20 carbon atoms; said polyamide
having an average molecular weight between 300 and 15,000;
and PB is a polyoxyalkylene sequence formed from linear or
branched aliphatic polyoxyalkylene glycols, mixtures thereof
or copolyethers derived therefrom, said polyoxyalkylene gly-
cols having a molecular weight of less than or equal to 6000;
and n indicates a sufficient number of repeating units so that
said polyetheramide copolymer has an intrinsic viscosity of
from about 0.6 to about 2.05. The preparation of these poly-
etheramides comprises the step of reacting a dicarboxylic
polyamide, the COOH groups of which are located at the
chain ends, with a polyoxyalkylene glycol hydroxylated at
the chain ends, in the presence of a catalyst such as a tetra-
alkyl ortho titanate having the general formula Ti(OR),
wherein R is a linear branched aliphatic hydrocarbon radical
having 1 to 24 carbon atoms. Again, the more polyether units
incorporated into the copolyetheramide, the softer the poly-
mer. The ether:amide ratios are as described above for the
ether:ester ratios, as is the Shore D hardness.

The elastomeric polyolefins are polymers composed of
ethylene and higher primary olefins such as propylene, hex-
ene, octene, and optionally 1,4-hexadiene and or ethylidene
norbornene or norbornadiene. The elastomeric polyolefins
can be optionally functionalized with maleic anhydride,
epoxy, hydroxy, amine, carboxylic acid, sulfonic acid, or thiol
groups.
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Thermoplastic polyurethanes are linear or slightly chain
branched polymers consisting of hard blocks and soft elasto-
meric blocks. They are produced by reacting soft hydroxy
terminated elastomeric polyethers or polyesters with diisocy-
anates, such as methylene diisocyanate (“MDI”), p-phe-
nylene diisocyanate (“PPDI”), or toluene diisocyanate
(“TDI”). These polymers can be chain extended with glycols,
secondary diamines, diacids, or amino alcohols. The reaction
products of the isocyanates and the alcohols are called ure-
thanes and these blocks are relatively hard and high melting.
These hard high melting blocks are responsible for the ther-
moplastic nature of the polyurethanes.

Block styrene diene copolymers and their hydrogenated
derivatives are composed of polystyrene units and polydiene
units. They may also be functionalized with moieties such as
OH, NH,, epoxy, COOH, and anhydride groups. The polydi-
ene units are derived from polybutadiene, polyisoprene units
or copolymers of these two. In the case of the copolymer it is
possible to hydrogenate the polyolefin to give a saturated
rubbery backbone segments. These materials are usually
referred to as SBS, SIS, or SEBS thermoplastic elastomers
and they can also be functionalized with maleic anhydride.

Grafted metallocene-catalyzed polymers are also useful
for blending with the HNP’s of the present invention. The
grafted metallocene-catalyzed polymers, while convention-
ally neutralized with metal cations, may also be neutralized,
either partially for fully, with organic acids or salts thereof
and an appropriate base. Grafted metallocene-catalyzed poly-
mers useful, such as those disclosed in U.S. Pat. Nos. 5,703,
166; 5,824,746, 5,981,658; and 6,025,442, which are incor-
porated herein by reference, in the golf balls of the invention
are available in experimental quantities from DuPont under
the tradenames SURLYN® NMO 525D, SURLYN® NMO
524D, and SURLYN® NMO 499D, all formerly known as the
FUSABOND® family of polymers, or may be obtained by
subjecting a non-grafted metallocene-catalyzed polymer to a
post-polymerization reaction to provide a grafted metal-
locene-catalyzed polymer with the desired pendant group or
groups. Examples of metallocene-catalyzed polymers to
which functional groups may be grafted for use in the inven-
tion include, but are not limited to, homopolymers of ethylene
and copolymers of ethylene and a second olefin, preferably,
propylene, butene, pentene, hexene, heptene, octene, and nor-
bornene. Generally, the invention includes golfballs having at
least one layer comprising at least one grafted metallocene-
catalyzed polymer or polymer blend, where the grafted met-
allocene-catalyzed polymer is produced by grafting a func-
tional group onto a metallocene-catalyzed polymer having
the formula:

wherein R, is hydrogen, branched or straight chain alkyl such
as methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, and
octyl, carbocyclic, or aromatic; R, is hydrogen, lower alkyl
including C,-Cy; carbocyclic, or aromatic; R, is hydrogen,
lower alkyl including C,-C,, carbocyclic, or aromatic; R, is
selected from the group consisting of H, C H,,,, ;, where n=1
to 18, and phenyl, in which from O to 5 H within R, can be
replaced by substituents COOH, SO,H, NH,, F, Cl, Br, I, OH,
SH, silicone, lower alkyl esters and lower alkyl ethers, with
the proviso that R; and R, can be combined to form a bicyclic
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ring; R is hydrogen, lower alkyl including C,-Cs, carbocy-
clic, or aromatic; Ry is hydrogen, lower alkyl including
C,-Cs, carbocyclic, or aromatic; and wherein x, y and z are
the relative percentages of each co-monomer. X can range
from about 1 to 99 percent or more preferably from about 10
to about 70 percent and most preferred, from about 10 to 50
percent. Y can be from 99 to 1 percent, preferably, from 90 to
30 percent, or most preferably, 90 to 50 percent. Z can range
from about 0 to about 49 percent. One of ordinary skill in the
art would understand that if an acid moiety is present as a
ligand in the above polymer that it may be neutralized up to
100% with an organic fatty acid as described above.

Metallocene-catalyzed copolymers or terpolymers can be
random or block and may be isotactic, syndiotactic, or atactic.
The pendant groups creating the isotactic, syndiotactic, or
atactic polymers are chosen to determine the interactions
between the different polymer chains making up the resin to
control the final properties of the resins used in golf ball
covers, centers, or intermediate layers. As will be clear to
those skilled in the art, grafted metallocene-catalyzed poly-
mers useful in the invention that are formed from metal-
locene-catalyzed random or block copolymers or terpolymers
will also be random or block copolymers or terpolymers, and
will have the same tacticity of the metallocene-catalyzed
polymer backbone.

Asused herein, the term “phrase branched or straight chain
alky]l” means any substituted or unsubstituted acyclic carbon-
containing compounds. Examples of alkyl groups include
lower alkyl, for example, methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl or t-butyl; upper alkyl, for example, octyl,
nonyl, decyl, and the like; and lower alkylene, for example,
ethylene, propylene, butylene, pentene, hexene, octene, nor-
bornene, nonene, decene, and the like.

In addition, such alkyl groups may also contain various
substituents in which one or more hydrogen atoms has been
replaced by a functional group. Functional groups include,
but are not limited to hydroxyl, amino, carboxyl, sulfonic
amide, ester, ether, phosphates, thiol, nitro, silane and halo-
gen (fluorine, chlorine, bromine and iodine), to mention but a
few.

As used herein, the term “substituted and unsubstituted
carbocyclic” means cyclic carbon-containing compounds,
including, but not limited to cyclopentyl, cyclohexyl, cyclo-
heptyl, and the like. Such cyclic groups may also contain
various substituents in which one or more hydrogen atoms
has been replaced by a functional group. Such functional
groups include those described above, and lower alkyl groups
having from 1-28 carbon atoms. The cyclic groups of the
invention may further comprise a heteroatom.

As mentioned above, R, and R, can also represent any
combination of alkyl, carbocyclic or aryl groups, for
example, 1-cyclohexylpropyl, benzyl cyclohexylmethyl,
2-cyclohexylpropyl, 2,2-methylcyclohexylpropyl, 2,2-meth-
ylphenylpropyl, and 2,2-methylphenylbutyl.

Non-grafted metallocene-catalyzed polymers useful in the
present invention are commercially available under the trade
name AFFINITY® polyolefin plastomers and ENGAGE®
polyolefin elastomers commercially available from Dow
Chemical Company and DuPont-Dow. Other commercially
available metallocene-catalyzed polymers can be used, such
as EXACT®, commercially available from Exxon and
INSIGHT®, commercially available from Dow. The
EXACT® and INSIGHT® line of polymers also have novel
rheological behavior in addition to their other properties as a
result of using a metallocene catalyst technology. Metal-
locene-catalyzed polymers are also readily available from
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Sentinel Products Corporation of Hyannis, Mass., as foamed
sheets for compression molding.

Monomers useful in the present invention include, but are
not limited to, olefinic monomers having, as a functional
group, sulfonic acid, sulfonic acid derivatives, such as chlo-
rosulfonic acid, vinyl ethers, vinyl esters, primary, secondary,
and tertiary amines, mono-carboxylic acids, dicarboxylic
acids, partially or fully ester-derivatized mono-carboxylic
and dicarboxylic acids, anhydrides of dicarboxylic acids, and
cyclic imides of dicarboxylic acids.

In addition, metallocene-catalyzed polymers may also be
functionalized by sulfonation, carboxylation, or the addition
of'an amine or hydroxy group. Metallocene-catalyzed poly-
mers functionalized by sulfonation, carboxylation, or the
addition of a hydroxy group may be converted to anionic
ionomers by treatment with a base. Similarly, metallocene-
catalyzed polymers functionalized by the addition of an
amine may be converted to cationic ionomers by treatment
with an alkyl halide, acid, or acid derivative.

The most preferred monomer is maleic anhydride, which,
once attached to the metallocene-catalyzed polymer by the
post-polymerization reaction, may be further subjected to a
reaction to faun a grafted metallocene-catalyzed polymer
containing other pendant or functional groups. For example,
reaction with water will convert the anhydride to a dicarboxy-
lic acid; reaction with ammonia, alkyl, or aromatic amine
forms an amide; reaction with an alcohol results in the for-
mation of an ester; and reaction with base results in the
formation of an anionic ionomer.

The HNP’s of the present invention may also be blended
with single-site and metallocene catalysts and polymers
formed therefrom. As used herein, the teen “single-site cata-
lyst,” such as those disclosed in U.S. Pat. No. 6,150,462
which is incorporated herein by reference, refers to a catalyst
that contains an ancillary ligand that influences the stearic and
electronic characteristics of the polymerizing site in a manner
that prevents formation of secondary polymerizing species.
The term “metallocene catalyst” refers to a single-site cata-
lyst wherein the ancillary ligands are comprising substituted
orunsubstituted cyclopentadienyl groups, and the term “non-
metallocene catalyst” refers to a single-site catalyst other than
a metallocene catalyst.

Non-metallocene single-site catalysts include, but are not
limited to, the Brookhart catalyst, which has the following
structure:

_ . -
R
N/ | R )
\ Ar,B
X7\
R X
R

wherein M is nickel or palladium; R and R' are independently
hydrogen, hydrocarbyl, or substituted hydrocarbyl; Ar is
(CF;),CeH;, and X is alkyl, methyl, hydride, or halide; the
McConville catalyst, which has the structure:

w
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wherein M is titanium or zirconium. Iron (II) and cobalt (II)
complexes with 2,6-bis(imino) pyridyl ligands, which have
the structure:

R
jide
O >_ <
N
A C
jide
R

where M is the metal, and R is hydrogen, alkyl, or hydrocar-
byl. Titanium or zirconium complexes with pyrroles as
ligands also serve as single-site catalysts. These complexes
have the structure:

where M is the metal atom; m and n are independently 1 to 4,
and indicate the number of substituent groups attached to the
aromatic rings; R,, and R, are independently hydrogen or
alkyl; and X is halide or alkyl. Other examples include diim-
ide complexes of nickel and palladium, which have the struc-
ture:

O\
O~

where Ar is aromatic, M is the metal, and X is halide or alkyl.
Boratabenzene complexes of the Group IV or V metals also
function as single-site catalysts. These complexes have the
structure:
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where B is boron and M is the metal atom.

As used herein, the term “single-site catalyzed polymer”
refers to any polymer, copolymer, or terpolymer, and, in
particular, any polyolefin polymerized using a single-site
catalyst. The term “non-metallocene single-site catalyzed
polymer” refers to any polymer, copolymer, or terpolymer,
and, in particular, any polyolefin polymerized using a single-
site catalyst other than a metallocene-catalyst. The catalysts
discussed above are examples of non-metallocene single-site
catalysts. The term “metallocene catalyzed polymer” refers to
any polymer, copolymer, or terpolymer, and, in particular,
any polyolefin, polymerized using a metallocene catalyst.

As used herein, the term “single-site catalyzed polymer
blend” refers to any blend of a single-site catalyzed polymer
and any other type of polymer, preferably an ionomer, as well
as any blend of a single-site catalyzed polymer with another
single-site catalyzed polymer, including, but not limited to, a
metallocene-catalyzed polymer.

The terms “grafted single-site catalyzed polymer” and
“grafted single-site catalyzed polymer blend” refer to any
single-site catalyzed polymer or single-site catalyzed poly-
mer blend in which the single-site catalyzed polymer has
been subjected to a post-polymerization reaction to graft at
least one functional group onto the single-site catalyzed poly-
mer. A “post-polymerization reaction” is any reaction that
occurs after the formation of the polymer by a polymerization
reaction.

The single-site catalyzed polymer, which may be grafted,
may also be blended with polymers, such as non-grafted
single-site catalyzed polymers, grafted single-site catalyzed
polymers, ionomers, and thermoplastic elastomers. Prefer-
ably, the single-site catalyzed polymer is blended with at least
one ionomer of the preset invention.

Grafted single-site catalyzed polymers useful in the golf
balls of the invention may be obtained by subjecting a non-
grafted single-site catalyzed polymer to a post-polymeriza-
tion reaction to provide a grafted single-site catalyzed poly-
mer with the desired pendant group or groups. Examples of
single-site catalyzed polymers to which functional groups
may be grafted for use in the invention include, but are not
limited to, homopolymers of ethylene and propylene and
copolymers of ethylene and a second olefin, preferably, pro-
pylene, butene, pentene, hexene, heptene, octene, and nor-
bornene. Monomers useful in the present invention include,
but are not limited to olefinic monomers having as a func-
tional group sulfonic acid, sulfonic acid derivatives, such as
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chlorosulfonic acid, vinyl ethers, vinyl esters, primary, sec-
ondary, and tertiary amines, epoxies, isocyanates, mono-car-
boxylic acids, dicarboxylic acids, partially or fully ester
derivatized mono-carboxylic and dicarboxylic acids, anhy-
drides of dicarboxylic acids, and cyclic imides of dicarboxy-
lic acids. Generally, this embodiment of the invention
includes golf balls having at least one layer comprising at
least one grafted single-site catalyzed polymer or polymer
blend, where the grafted single-site catalyzed polymer is pro-
duced by grafting a functional group onto a single-site cata-
lyzed polymer having the formula:

i i
Cc—cC c—cC Cc—cC
T T
H H H H H H
X ¥y z

where R is hydrogen, branched or straight chain alkyl such as
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, and octyl,
carbocyclic, aromatic or heterocyclic; R,, R;, Rs, and R¢ are
hydrogen, lower alkyl including C, -Cs, carbocyclic, aromatic
or heterocyclic; R, is H, C,H,,,,, where n=1 to 18, and
phenyl, in which from 0 to 5 H within R, can be replaced by
substituents such as COOH, SO,H, NH,, F, Cl, Br, I, OH, SH,
epoxy, isocyanate, silicone, lower alkyl esters and lower alkyl
ethers; also, R; and R, can be combined to form a bicyclic
ring; and x, y and z are the relative percentages of each
co-monomer. X can range from about 1 to about 100 percent
or more preferably from 1 to 70 percent and most preferred,
from about 1 to about 50 percent. Y can be from about 99 to
about 0 percent, preferably, from about 9 to about 30 percent,
or most preferably, about 9 to about 50 percent. Z can range
from about 0 to about 50 percent. One of ordinary skill in the
art would also understand that if an acid group is selected as
a ligand in the above structure that it too could be neutralized
with the organic fatty acids described above.

The HNP’s of the present invention may also be blended
with high crystalline acid copolymers and their ionomer
derivatives (which may be neutralized with conventional
metal cations or the organic fatty acids and salts thereof) or a
blend of a high crystalline acid copolymer and its ionomer
derivatives and at least one additional material, preferably an
acid copolymer and its ionomer derivatives. As used herein,
the term “high crystalline acid copolymer” is defined as a
“product-by-process” in which an acid copolymer or its iono-
mer derivatives formed from a ethylene/carboxylic acid
copolymer comprising about 5 to about 35 percent by weight
acrylic or methacrylic acid, wherein the copolymer is poly-
merized at a temperature of about 130° C. to 200° C., at
pressures greater than about 20,000 psi preferably greater
than about 25,000 psi, more pref. from about 25,000 psi to
about 50,000 psi, wherein up to about 70 percent, preferably
100 percent, of the acid groups are neutralized with a metal
ion, organic fatty acids and salts thereof, or a mixture thereof.
The copolymer can have a melt index (“MI”) of from about 20
to about 300 g/10 min, preferably about 20 to about 200 g/10
min, and upon neutralization of the copolymer, the resulting
acid copolymer and its ionomer derivatives should have an M1
of from about 0.1 to about 30.0 g/10 min.

Suitable high crystalline acid copolymer and its ionomer
derivatives compositions and methods for making them are
disclosed in U.S. Pat. No. 5,580,927, the disclosure of which
is hereby incorporated by reference in its entirety.
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The high crystalline acid copolymer or its ionomer deriva-
tives employed in the present invention are preferably formed
from a copolymer containing about 5 to about 35 percent,
more preferably from about 9 to about 18, most preferably
about 10 to about 13 percent, by weight of acrylic acid,
wherein up to about 75 percent, most preferably about 60
percent, of the acid groups are neutralized with an organic
fatty acid, salt thereof, or ametal ion, such as sodium, lithium,
magnesium, or zinc ion.

Generally speaking, high crystalline acid copolymer and
its ionomer derivatives are formed by polymerization of their
base copolymers at lower temperatures, but at equivalent
pressures to those used for forming a conventional acid
copolymer and its ionomer derivatives. Conventional acid
copolymers are typically polymerized at a polymerization
temperature of from at least about 200° C. to about 270° C.,
preferably about 220° C., and at pressures of from about
23,000 to about 30,000 psi. In comparison, the high crystal-
line acid copolymer and its ionomer derivatives employed in
the present invention are produced from acid copolymers that
are polymerized at a polymerization temperature of less than
200° C., and preferably from about 130° C. to about 200° C.,
and at pressures from about 20,000 to about 50,000 psi.

The HNP’s of the present invention may also be blended
with cationic ionomers, such as those disclosed in U.S. Pat.
No. 6,193,619 which is incorporated herein by reference. In
particular, cationic ionomers have a structure according to the
formula:

or the formula:

wherein R,-R, are organic moieties of linear or branched
chain alkyl, carbocyclic, or aryl; and Z is the negatively
charged conjugate ion produced following alkylation and/or
quaternization. The cationic polymers may also be quar-
ternized up to 100% by the organic fatty acids described
above.

In addition, such alkyl group may also contain various
substituents in which one or more hydrogen atoms has been
replaced by a functional group. Functional groups include but
are not limited to hydroxyl, amino, carboxyl, amide, ester,
ether, sulfonic, siloxane, siloxyl, silanes, sulfonyl, and halo-
gen.

As used herein, substituted and unsubstituted carbocyclic
groups of up to about 20 carbon atoms means cyclic carbon-
containing compounds, including but not limited to cyclopen-
tyl, cyclohexyl, cycloheptyl, and the like. Such cyclic groups
may also contain various substituents in which one or more
hydrogen atoms has been replaced by a functional group.
Such functional groups include those described above, and
lower alkyl groups as described above. The cyclic groups of
the invention may further comprise a heteroatom.
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The HNP’s of the present invention may also be blended
with polyurethane and polyurea ionomers which include
anionic moieties or groups, such as those disclosed in U.S.
Pat. No. 6,207,784 which is incorporated herein by reference.
Typically, such groups are incorporated onto the diisocyanate
or diisocyanate component of the polyurethane or polyurea
ionomers. The anionic group can also be attached to the
polyol or amine component of the polyurethane or polyurea,
respectively. Preferably, the anionic group is based on a sul-
fonic, carboxylic or phosphoric acid group. Also, more than
one type of anionic group can be incorporated into the poly-
urethane or polyurea. Examples of anionic polyurethane
ionomers with anionic groups attached to the diisocyanate
moiety can have a chemical structure according to the follow-
ing formula:

N N ol _odl N__R__ol o
NN +B/ i\c/ N N +B/ u],;‘.
I I I
o] o] o]

where A=R—Z7"M™; R is a straight chain or branched ali-
phatic group, a substituted straight chain or branched ali-
phatic group, or an aromatic or substituted aromatic group;
7—S80,7,CO,” orHPO; ;M isagroup IA, IB, IIA, IIB, IIIA,
1B, IVA, IVB, VA, VB, VIIA, VIIB, VIIB or VIIIB metal;
x=1 to 5; B is a straight chain or branched aliphatic group, a
substituted straight chain or branched aliphatic group, or an
aromatic or substituted aromatic group; and n=1 to 100. Pref-
erably, M*™ is one of the following: Li*, Na*, K*, Mg*?, Zn*?,
Ca*?, Mn*™?, Al*3, Ti*™, Zr*, W** or Hf*™.

Exemplary anionic polyurethane ionomers with anionic
groups attached to the polyol component of the polyurethane
are characterized by the above chemical structure where A is
a straight chain or branched aliphatic group, a substituted
straight chain or branched aliphatic group, or an aromatic or
substituted aromatic group; B—R—Z7"M**; R is a straight
chain or branched aliphatic group, a substituted straight chain
or branched aliphatic group, or an aromatic or substituted
aromatic group; Z—S0;~, CO,~ or HPO,™; M is a group 1A,
1B, ITA, 1IB, IITA, ITIB, IVA, IVB, VA, VB, VIIA, VIIB, VIIB
or VIIIB metal; x=1 to 5; and n=1 to 100. Preferably, M*™ is
one of the following: Li*, Na*, K*, Mg*2, Zn*?, Ca*2, Mn*?,
ALY, TiY™, Zr™, W+ or Hf™.

Examples of suitable anionic polyurea ionomers with
anionic groups attached to the diisocyanate component have
a chemical structure according to the following chemical
structure:

o N & fo R R R &
;NN \ﬁ/ \[‘B’]/ \ﬁ/ \[\A’]/ \ﬁ/ B~
(@] (@] (@]

where A=R—Z"M™; R is a straight chain or branched ali-
phatic group, a substituted straight chain or branched ali-
phatic group, or an aromatic or substituted aromatic group;
7—S80,7,CO,” orHPO; ;M isagroup IA, IB, IIA, IIB, IIIA,
1B, IVA, IVB, VA, VB, VIIA, VIIB, VIIB or VIIIB metal;
x=1to 5; and B is a straight chain or branched aliphatic group,
a substituted straight chain or branched aliphatic group, or an
aromatic or substituted aromatic group. Preferably, M*” is
one of the following: Li*, Na*, K*, Mg*?, Zn*?, Ca*?, Mn*?,
AP, TP, Zr*™, W™, or Hf™.
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Suitable anionic polyurea ionomers with anionic groups
attached to the amine component of the polyurea are charac-
terized by the above chemical structure where A is a straight
chain or branched aliphatic group, a substituted straight chain
or branched aliphatic group, or an aromatic or substituted
aromatic group; B—=R—Z-M""; R is a straight chain or
branched aliphatic group, a substituted straight chain or
branched aliphatic group, or an aromatic or substituted aro-
matic group; Z—S0;~, CO,~, or HPO;™; M is a group A, IB,
1IA, TIB, ITIA, TIIB, IVA, IVB, VA, VB, VIIA, VIIB, VIIB or
VIIIB metal; and x=1 to 5. Preferably, M** is one of the
following: Li*, Na*, K*, Mg*?, Zn*?, Ca*™?, Mn*2, Al*>, Ti*™™,
Zr*™, W**_ or Hf"*. The anionic polyurethane and polyurea
ionomers may also be neutralized up to 100% by the organic
fatty acids described above.

The anionic polymers useful in the present invention, such
as those disclosed in U.S. Pat. No. 6,221,960 which is incor-
porated herein by reference, include any homopolymer,
copolymer or terpolymer having neutralizable hydroxyl and/
or dealkylable ether groups, and in which at least a portion of
the neutralizable or dealkylable groups are neutralized or
dealkylated with a metal ion.

As used herein “neutralizable” or “dealkylable” groups
refer to a hydroxyl or ether group pendent from the polymer
chain and capable of being neutralized or dealkylated by a
metal ion, preferably a metal ion base. These neutralized
polymers have improved properties critical to golf ball per-
formance, such as resiliency, impact strength and toughness
and abrasion resistance. Suitable metal bases are ionic com-
pounds comprising a metal cation and a basic anion.
Examples of such bases include hydroxides, carbonates,
acetates, oxides, sulfides, and the like.

The particular base to be used depends upon the nature of
the hydroxyl or ether compound to be neutralized or dealky-
lated, and is readily determined by one skilled in the art.
Preferred anionic bases include hydroxides, carbonates,
oxides and acetates.

The metal ion can be any metal ion which forms an ionic
compound with the anionic base. The metal is not particularly
limited, and includes alkali metals, preferably lithium,
sodium or potassium; alkaline earth metals, preferably mag-
nesium or calcium; transition metals, preferably titanium,
zirconium, or zinc; and Group III and IV metals. The metal
ion can have a +1 to +5 charge. Most preferably, the metal is
lithium, sodium, potassium, zinc, magnesium, titanium,
tungsten, or calcium, and the base is hydroxide, carbonate or
acetate.

The anionic polymers useful in the present invention
include those which contain neutralizable hydroxyl and/or
dealkylable ether groups. Exemplary polymers include eth-
ylene vinyl alcohol copolymers, polyvinyl alcohol, polyvinyl
acetate, poly(p-hydroxymethylene styrene), and p-methoxy
styrene, to name but a few. It will be apparent to one skilled in
the art that many such polymers exist and thus can be used in
the compositions of the invention. In general, the anionic
polymer can be described by the chemical structure:

AR AEA
RRVAVRVANRY,

whereR, is OH, OC(O)R_, O-M*”, (CH,),R,, (CHR ), R,, or
aryl, wherein n is at least 1, R, is a lower alkyl, M is a metal
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ion, V is an integer from 1 to 5, R, is OH, OC(O)R ,, O-M*”,
and R, is a lower alkyl or aryl, and R,, R; and R, are each
independently hydrogen, straight-chain or branched-chain
lower alkyl. R,, R; and R, may also be similarly substituted.
Preferably n is from 1 to 12, more preferably 1 to 4.

The “substituted,” as used herein, means one or more
hydrogen atoms has been replaced by a functional group.
Functional groups include, but are not limited to, hydroxyl,
amino, carboxyl, sulfonic, amide, ether, ether, phosphates,
thiol, nitro, silane, and halogen, as well as many others which
are quite familiar to those of ordinary skill in this art.

The terms “alkyl” or “lower alkyl,” as used herein, includes
a group of from about 1 to 30 carbon atoms, preferably 1 to 10
carbon atoms.

In the anionic polymers useful in the present invention, at
leasta portion of the neutralizable or dealkylable groups of R
are neutralized or dealkylated by an organic fatty acid, a salt
thereof, a metal base, or a mixture thereof to form the corre-
sponding anionic moiety. The portion of the neutralizable or
dealkylable groups which are neutralized or dealkylated can
be between about 1 to about 100 weight percent, preferably
between about 50 to about 100 weight percent, more prefer-
ably before about 90 to about 100.

Neutralization or dealkylation may be performed by melt-
ing the polymer first, then adding a metal ion in an extruder.
The degree of neutralization or dealkylation is controlled by
varying the amount of metal ion added. Any method of neu-
tralization or dealkylation available to those of ordinary skill
in the art may also be suitably employed.

In one embodiment, the anionic polymer is repeating units
any one of the three homopolymer units in the chemical
structure above. In a preferred embodiment, R,, R; and R, are
hydrogen, and R, is hydroxyl, i.e., the anionic polymer is a
polyvinyl alcohol homopolymer in which a portion of the
hydroxyl groups have been neutralized with a metal base. In
another preferred embodiment, R,, R; and R, are hydrogen,
R, is OC(O)R,, and R, is methyl, i.e., the anionic polymer is
a polyvinyl acetate homopolymer in which a portion of the
methyl ether groups have been dealkylated with a metal ion.

The anionic polymer can also be a copolymer of two dif-
ferent repeating units having different substituents, or a ter-
polymer of three different repeating units described in the
above formula. In this embodiment, the polymer can be a
random copolymer, an alternating copolymer, or a block
copolymer, where the term “copolymer” includes terpoly-
mers.

In another embodiment, the anionic polymer is a copoly-
mer, wherein R, Ry, R, and Ry are each independently
selected from the group defined above for R,. The first unit of
the copolymer can comprise from about 1 to 99 percent
weight percent of the polymer, preferably from about 5 to 50
weight percent, and the second unit of the copolymer can
comprise from about 99 to 1 weight percent, preferably from
about 95 to 50 weight percent. In one preferred embodiment,
the anionic polymer is a random, alternating or block copoly-
mer of units (Ia) and (Ib) wherein R, is hydroxyl, and each of
the remaining R groups is hydrogen, i.e., the polymer is a
copolymer of ethylene and vinyl alcohol. In another preferred
embodiment, the anionic polymer is a random, alternating or
block copolymer of units (Ia) and (Ib) wherein R, is OC(O)
Rs, where R, is methyl, and each of the remaining R groups is
hydrogen, i.e., the polymer is a copolymer of ethylene and
vinyl acetate.

In another embodiment, the anionic polymer is an anionic
polymer having neutralizable hydroxyl and/or dealkylable
ether groups of as in the above chemical structure wherein
R, and R, and R, are as defined above; R, ,, are each
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independently selected from the group as defined above for
R,;and R,, is OH or OC(O)R, ;, where R, ; is a lower alkyl;
wherein X, y and z indicate relative weight percent of the
different units. X can be from about 99 to about 50 weight
percent of the polymer, y can be from about 1 to about 50
weight percent of the polymer, and z ranges from about 0 to
about 50 weight percent of the polymer. At least a portion of
the neutralizable groups R, are neutralized. When the amount
of z is greater than zero, a portion of the groups R, can also
be fully or partially neutralized, as desired.

In particular, the anionic polymers and blends thereof can
comprise compatible blends of anionic polymers and iono-
mers, such as the ionomers described above, and ethylene
acrylic methacrylic acid ionomers, and their terpolymers,
sold commercially under the trade names SURLYN® and
IOTEK® by DuPont and Exxon respectively. The anionic
polymer blends useful in the golf balls of the invention can
also include other polymers, such as polyvinylalcohol,
copolymers of ethylene and vinyl alcohol, poly(ethylethyl-
ene), poly(heptylethylene), poly(hexyldecylethylene), poly
(isopentylethylene), poly(butyl acrylate), acrylate), poly(2-
ethylbutyl acrylate), poly(heptyl acrylate), poly(2-
methylbutyl acrylate), poly(3-methylbutyl acrylate), poly(N-
octadecylacrylamide), poly(octadecyl methacrylate), poly
(butoxyethylene), poly(methoxyethylene), poly
(pentyloxyethylene), poly(1,1-dichloroethylene), poly(4-
[(2-butoxyethoxy)methyl]styrene), poly[oxy(ethoxymethyl)
ethylene], poly(oxyethylethylene), poly(oxytetramethylene),
poly(oxytrimethylene), poly(silanes) and poly(silazanes),
polyamides, polycarbonates, polyesters, styrene block
copolymers, polyetheramides, polyurethanes, main-chain
heterocyclic polymers and poly(furan tetracarboxylic acid
diimides), as well as the classes of polymers to which they
belong.

The anionic polymer compositions of the present invention
typically have a flexural modulus of from about 500 psi to
about 300,000 psi, preferably from about 2000 to about 200,
000 psi. The anionic polymer compositions typically have a
material hardness of at least about 15 Shore A, preferably
between about 30 Shore A and 80 Shore D, more preferably
between about 50 Shore A and 60 Shore D. The loss tangent,
or dissipation factor, is a ratio of the loss modulus over the
dynamic shear storage modulus, and is typically less than
about 1, preferably less than about 0.01, and more preferably
less than about 0.001 for the anionic polymer compositions
measured at about 23° C. The specific gravity is typically
greater than about 0.7, preferably greater than about 1, for the
anionic polymer compositions. The dynamic shear storage
modulus, or storage modulus, of the anionic polymer com-
positions at about 23° C. is typically at least about 10,000
dyn/cm?.

The golf balls of the present invention may comprise a
variety of constructions. In one embodiment of the present
invention, golf ball includes a core, an inner cover layer
surrounding the core, and an outer cover layer. Preferably, the
core is solid. More preferably, the core is a solid, single-layer
core. In a preferred embodiment, the solid core comprises the
HNP’s of the present invention. In an alternative embodi-
ment, the solid core may include compositions having a base
rubber, a crosslinking agent, a filler, and a co-crosslinking or
initiator agent, and the inner cover layer comprises the HNP’s
of the present invention.

The base rubber typically includes natural or synthetic
rubbers. A preferred base rubber is 1,4-polybutadiene having
a cis-structure of at least 40%. More preferably, the base
rubber comprises high-Mooney-viscosity rubber. If desired,
the polybutadiene can also be mixed with other elastomers
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known in the art such as natural rubber, polyisoprene rubber
and/or styrene-butadiene rubber in order to modify the prop-
erties of the core.

The crosslinking agent includes a metal salt of an unsatur-
ated fatty acid such as a zinc salt or a magnesium salt of an
unsaturated fatty acid having 3 to 8 carbon atoms such as
acrylic or methacrylic acid. Suitable cross linking agents
include metal salt diacrylates, dimethacrylates and
monomethacrylates wherein the metal is magnesium, cal-
cium, zinc, aluminum, sodium, lithium or nickel. The
crosslinking agent is present in an amount from about 15 to
about 40 parts per hundred of the rubber, preferably in an
amount from about 19 to about 25 parts per hundred of the
rubber and most preferably having about 20 to 24 parts
crosslinking agent per hundred of rubber. The core composi-
tions of the present invention may also include at least one
organic or inorganic cis-trans catalyst to convert a portion of
the cis-isomer of polybutadiene to the trans-isomer, as
desired.

The initiator agent can be any known polymerization ini-
tiator which decomposes during the cure cycle. Suitable ini-
tiators include peroxide compounds such as dicumyl perox-
ide, 1,1-di-(t-butylperoxy) 3,3,5-trimethyl cyclohexane, a-a
bis-(t-butylperoxy)diisopropylbenzene, 2,5-dimethyl-2,5 di-
(t-butylperoxy)hexane or di-t-butyl peroxide and mixtures
thereof.

Fillers, any compound or composition that can be used to
vary the density and other properties of the core, typically
include materials such as tungsten, zinc oxide, barium sulfate,
silica, calcium carbonate, zinc carbonate, metals, metal
oxides and salts, regrind (recycled core material typically
ground to about 30 mesh particle), high-Mooney-viscosity
rubber regrind, and the like.

The HNP compositions of the present invention may also
be moisture resistant. For purposes of the present disclosure,
acomposition is “moisture resistant” if it has a moisture vapor
transmission rate (“MVTR”) of 12.5 gmil/100 in*/day or less.
Preferably, the moisture resistant compositions of the present
invention have an MVTR of 8.0 grail/100 in*/day or less, or
6.5 gmil/100in*/day or less, or 5.0 gmil/100 in*/day or less, or
4.0 gmil/100in*/day or less, or 2.5 gmil/100in*/day or less, or
2.0 pail/100 in*/day or less. As used herein, moisture vapor
transmission rate (MVTR) is given in gmil/100 in*/day, and is
measured at 20° C., and according to ASTM F1249-99.

In a particular embodiment, the cation source is selected
from metal ions and compounds of calcium, metal ions and
compounds of zinc, and combinations thereof. In a particular
aspect of this embodiment, the equivalent percentage of cal-
cium and/or zinc salt(s) in the final composition is 50% or
higher, or 60% or higher, or 70% or higher, or 80% or higher,
or 90% or higher, based on the total salts present in the final
composition, wherein the equivalent % is determined by mul-
tiplying the mol % of the cation by the valence of the cation.
In another particular embodiment, the cation source is
selected from metal ions and compounds of lithium, sodium,
potassium, magnesium, calcium, zinc, and combinations
thereof. In another particular embodiment, the cation source
is selected from metal ions and compounds of lithium, metal
ions and compounds of zinc, and combinations thereof. Suit-
able cation sources also include mixtures of lithium and/or
zinc cations with other cations. Other cations suitable for
mixing with lithium and/or zinc cations to produce the HNP
include, but are not limited to, the “less hydrophilic” cations
disclosed in U.S. Patent Application Publication No. 2006/
0106175, conventional HNP cations, such as those disclosed
in U.S. Pat. Nos. 6,756,436 and 6,824,477, and the cations
disclosed in U.S. Patent Application Publication No. 2005/
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0267240. The entire disclosure of each of these references is
hereby incorporated herein by reference. In a particular
aspect of this embodiment, the percentage of lithium and/or
zinc salts in the composition is preferably 50% or higher, or
55% or higher, or 60% or higher, or 65% or higher, or 70% or
higher, or 80% or higher, or 90% or higher, or 95% or higher,
or 100%, based on the total salts present in the composition.
The amount of cation source used is readily determined based
on the desired level of neutralization.

The golf'ball cores of the present invention may also com-
prise a variety of constructions. For example, the core may
comprise a single layer or a plurality of layers. The core may
also comprise a layer of tensioned elastomeric material. In
another embodiment of the present invention, golf ball com-
prises a solid center surrounded by at least one additional
solid outer core layer. The “dual” core is surrounded by a
“double” cover comprising an inner cover layer and an outer
cover layer.

Preferably, the solid center comprises the HNP’s of the
present invention. In another embodiment, the inner cover
layer comprises the highly-neutralized acid copolymers of
the present invention. In an alternative embodiment, the outer
core layer comprises the highly-neutralized acid copolymers
of the present invention.

At least one of the outer core layers is formed of a resilient
rubber-based component comprising a high-Mooney-viscos-
ity rubber, and a crosslinking agent present in an amount from
about 20 to about 40 parts per hundred, from about 30 to about
38 parts per hundred, and most preferably about 37 parts per
hundred. It should be understood that the term “parts per
hundred” is with reference to the rubber by weight.

When the golf ball of the present invention includes an
intermediate layer, such as an outer core layer or an inner
cover layer, any or all of these layer(s) may comprise ther-
moplastic and thermosetting material, but preferably the
intermediate layer(s), if present, comprise any suitable mate-
rial, such as ionic copolymers of ethylene and an unsaturated
monocarboxylic acid which are available under the trademark
SURLYN® of E.I. DuPont de Nemours & Co., of Wilming-
ton, Del., or IOTEK® or ESCOR® of Exxon. These are
copolymers or terpolymers of ethylene and methacrylic acid
or acrylic acid partially neutralized with salts of zinc, sodium,
lithium, magnesium, potassium, calcium, manganese, nickel
or the like, in which the salts are the reaction product of an
olefin having from 2 to 8 carbon atoms and an unsaturated
monocarboxylic acid having 3 to 8 carbon atoms. The car-
boxylic acid groups of the copolymer may be totally or par-
tially neutralized and might include methacrylic, crotonic,
maleic, fumaric or itaconic acid.

This golf ball can likewise include one or more homopoly-
meric or copolymeric inner cover materials, such as:

(1) Vinyl resins, such as those formed by the polymeriza-
tion of vinyl chloride, or by the copolymerization of
vinyl chloride with vinyl acetate, acrylic esters or
vinylidene chloride;

(2) Polyolefins, such as polyethylene, polypropylene,
polybutylene and copolymers such as ethylene methy-
lacrylate, ethylene ethylacrylate, ethylene vinyl acetate,
ethylene methacrylic or ethylene acrylic acid or propy-
lene acrylic acid and copolymers and homopolymers
produced using a single-site catalyst or a metallocene
catalyst;

(3) Polyurethanes, such as those prepared from polyols and
diisocyanates or polyisocyanates, in particular PPDI-
based thermoplastic polyurethanes, and those disclosed
in U.S. Pat. No. 5,334,673,
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(4) Polyureas, such as those disclosed in U.S. Pat. No.
5,484,870;

(5) Polyamides, such as poly(hexamethylene adipamide)
and others prepared from diamines and dibasic acids, as
well as those from amino acids such as poly(caprolac-
tam), and blends of polyamides with SURLYN®), poly-
ethylene, ethylene copolymers, ethylene-propylene-
non-conjugated diene terpolymer, and the like;

(6) Acrylic resins and blends of these resins with poly vinyl
chloride, elastomers, and the like;

(7) Thermoplastics, such as urethane; olefinic thermoplas-
tic rubbers, such as blends of polyolefins with ethylene-
propylene-non-conjugated diene terpolymer; block
copolymers of styrene and butadiene, isoprene or ethyl-
ene-butylene rubber; or copoly(ether-amide), such as
PEBAX®, sold by ELF Atochem of Philadelphia, Pa.;

(8) Polyphenylene oxide resins or blends of polyphenylene
oxide with high impact polystyrene as sold under the
trademark NORYL® by General Electric Company of
Pittsfield, Mass.;

(9) Thermoplastic polyesters, such as polyethylene tereph-
thalate, polybutylene terephthalate, polyethylene
terephthalate/glycol  modified, poly(trimethylene
terepthalate), and elastomers sold under the trademarks
HYTREL® by E.I. DuPont de Nemours & Co. of Wilm-
ington, Del., and LOMOD® by General Electric Com-
pany of Pittsfield, Mass.;

(10) Blends and alloys, including polycarbonate with acry-
lonitrile butadiene styrene, polybutylene terephthalate,
polyethylene terephthalate, styrene maleic anhydride,
polyethylene, elastomers, and the like, and polyvinyl
chloride with acrylonitrile butadiene styrene or ethylene
vinyl acetate or other elastomers; and

(11) Blends of thermoplastic rubbers with polyethylene,
propylene, polyacetal, nylon, polyesters, cellulose
esters, and the like.

Preferably, the inner cover includes polymers, such as eth-
ylene, propylene, butene-1 or hexane-1 based homopolymers
or copolymers including functional monomers, such as
acrylic and methacrylic acid and fully or partially neutralized
ionomer resins and their blends, methyl acrylate, methyl
methacrylate homopolymers and copolymers, imidized,
amino group containing polymers, polycarbonate, reinforced
polyamides, polyphenylene oxide, high impact polystyrene,
polyether ketone, polysulfone, poly(phenylene sulfide), acry-
lonitrile-butadiene, acrylic-styrene-acrylonitrile, poly(ethyl-
ene terephthalate), poly(butylene terephthalate), poly(vinyl
alcohol), poly(tetrafluoroethylene) and their copolymers
including functional comonomers, and blends thereof. Suit-
able cover compositions also include a polyether or polyester
thermoplastic urethane, a thermoset polyurethane, a low
modulus ionomer, such as acid-containing ethylene copoly-
mer ionomers, including E/X/Y terpolymers where E is eth-
ylene, X is an acrylate or methacrylate-based softening
comonomer present in about 0 to 50 weight percent and Y is
acrylic or methacrylic acid present in about 5 to 35 weight
percent. More preferably, in a low spin rate embodiment
designed for maximum distance, the acrylic or methacrylic
acid is present in about 16 to 35 weight percent, making the
ionomer a high modulus ionomer. In a higher spin embodi-
ment, the inner cover layer includes an ionomer where an acid
is present in about 10 to 15 weight percent and includes a
softening comonomer. Additionally, high-density polyethyl-
ene (“HDPE”), low-density polyethylene (“LDPE”),
LLDPE, and homo- and co-polymers of polyolefin are suit-
able for a variety of golf ball layers.
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In one embodiment, the outer cover preferably includes a
polyurethane composition comprising the reaction product of
at least one polyisocyanate, polyol, and at least one curing
agent. Any polyisocyanate available to one of ordinary skill in
the art is suitable for use according to the invention. Exem-
plary polyisocyanates include, but are not limited to, 4,4'-
diphenylmethane diisocyanate (“MDI”); polymeric MDI;
carbodiimide-modified liquid MDI; 4,4'-dicyclohexyl-
methane diisocyanate (“H,,MDI”); p-phenylene diisocyan-
ate (“PPDI”); m-phenylene diisocyanate (“MPDI”); toluene
diisocyanate (“TDI™); 3,3'-dimethyl-4,4'-biphenylene diiso-
cyanate (“TODI”); isophoronediisocyanate (“IPDI”); hex-
amethylene diisocyanate (“HDI”); naphthalene diisocyanate
(“NDI”); xylene diisocyanate (“XDI”); p-tetramethylxylene
diisocyanate (“p-TMXDI”); m-tetramethylxylene diisocyan-
ate (“m-TMXDI”); ethylene diisocyanate; propylene-1,2-di-
isocyanate; tetramethylene-1,4-diisocyanate; cyclohexyl
diisocyanate; 1,6-hexamethylene-diisocyanate (“HDI”);
dodecane-1,12-diisocyanate; cyclobutane-1,3-diisocyanate;
cyclohexane-1,3-diisocyanate; cyclohexane-1,4-diisocyan-
ate; 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclo-
hexane; methyl cyclohexylene diisocyanate; triisocyanate of
HDI; triisocyanate of 2,4,4-trimethyl-1,6-hexane diisocyan-
ate (“TMDI”); tetracene diisocyanate; napthalene diisocyan-
ate; anthracene diisocyanate; isocyanurate of toluene diiso-
cyanate; uretdione of hexamethylene diisocyanate; and
mixtures thereof. Polyisocyanates are known to those of ordi-
nary skill in the art as having more than one isocyanate group,
e.g., di-isocyanate, tri-isocyanate, and tetra-isocyanate. Pref-
erably, the polyisocyanate includes MDI, PPDI, TDI, or a
mixture thereof, and more preferably, the polyisocyanate
includes MDI. It should be understood that, as used herein,
the term “MDI” includes 4,4'-diphenylmethane diisocyanate,
polymeric MDI, carbodiimide-modified liquid MDI, and
mixtures thereof and, additionally, that the diisocyanate
employed may be “low free monomer,” understood by one of
ordinary skill in the art to have lower levels of “free”” mono-
mer isocyanate groups, typically less than about 0.1% free
monomer groups. Examples of “low free monomer” diisocy-
anates include, but are not limited to Low Free Monomer
MDI, Low Free Monomer TDI, and Low Free Monomer
PPDIL

The atleast one polyisocyanate should have less than about
14% unreacted NCO groups. Preferably, the at least one poly-
isocyanate has no greater than about 7.5% NCO, and more
preferably, less than about 7.0%.

Any polyol available to one of ordinary skill in the art is
suitable for use according to the invention. Exemplary poly-
ols include, but are not limited to, polyether polyols, hydroxy-
terminated polybutadiene (including partially/fully hydroge-
nated derivatives), polyester polyols, polycaprolactone
polyols, and polycarbonate polyols. In one preferred embodi-
ment, the polyol includes polyether polyol. Examples
include, but are not limited to, polytetramethylene ether gly-
col (“PTMEG”), polyethylene propylene glycol, polyox-
ypropylene glycol, and mixtures thereof. The hydrocarbon
chain can have saturated or unsaturated bonds and substituted
or unsubstituted aromatic and cyclic groups. Preferably, the
polyol of the present invention includes PTMEG.

In another embodiment, polyester polyols are included in
the polyurethane material of the invention. Suitable polyester
polyols include, but are not limited to, polyethylene adipate
glycol; polybutylene adipate glycol; polyethylene propylene
adipate glycol; o-phthalate-1,6-hexanediol; poly(hexameth-
ylene adipate) glycol; and mixtures thereof. The hydrocarbon
chain can have saturated or unsaturated bonds, or substituted
or unsubstituted aromatic and cyclic groups.
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In another embodiment, polycaprolactone polyols are
included in the materials of the invention. Suitable polyca-
prolactone polyols include, but are not limited to, 1,6-hex-
anediol-initiated polycaprolactone, diethylene glycol initi-
ated polycaprolactone, trimethylol propane initiated
polycaprolactone, neopentyl glycol initiated polycaprolac-
tone, 1,4-butanediol-initiated polycaprolactone, and mix-
tures thereof. The hydrocarbon chain can have saturated or
unsaturated bonds, or substituted or unsubstituted aromatic
and cyclic groups.

In yet another embodiment, the polycarbonate polyols are
included in the polyurethane material of the invention. Suit-
able polycarbonates include, but are not limited to, polyph-
thalate carbonate and poly(hexamethylene carbonate) glycol.
The hydrocarbon chain can have saturated or unsaturated
bonds, or substituted or unsubstituted aromatic and cyclic
groups. In one embodiment, the molecular weight of the
polyol is from about 200 to about 4000.

Polyamine curatives are also suitable for use in the poly-
urethane composition of the invention and have been found to
improve cut, shear, and impact resistance of the resultant
balls. Preferred polyamine curatives include, but are not lim-
ited to, 3,5-dimethylthio-2,4-toluenediamine and isomers
thereof; 3,5-diethyltoluene-2,4-diamine and isomers thereof,
such as 3,5-diethyltoluene-2,6-diamine; 4,4'-bis-(sec-buty-
lamino)-diphenylmethane;  1,4-bis-(sec-butylamino)-ben-
zene, 4,4'-methylene-bis-(2-chloroaniline); 4,4'-methylene-
bis-(3-chloro-2,6-diethylaniline) (“MCDEA™);
polytetramethyleneoxide-di-p-aminobenzoate; N,N'-dialkyl-
diamino diphenyl methane; p,p'-methylene dianiline
(“MDA”); m-phenylenediamine (“MPDA”); 4,4'-methylene-
bis-(2-chloroaniline) (“MOCA”); 4.,4'-methylene-bis-(2,6-
diethylaniline) (“MDEA”); 4,4'-methylene-bis-(2,3-dichlo-
roaniline)  (“MDCA”);  4,4'-diamino-3,3'-diethyl-5,5'-
dimethyl diphenylmethane; 2,2',3,3'-tetrachloro diamino
diphenylmethane; trimethylene glycol di-p-aminobenzoate;
and mixtures thereof. Preferably, the curing agent of the
present invention includes 3,5-dimethylthio-2,4-toluenedi-
amine and isomers thereof, such as ETHACURE 300, com-
mercially available from Albermarle Corporation of Baton
Rouge, La. Suitable polyamine curatives, which include both
primary and secondary amines, preferably have molecular
weights ranging from about 64 to about 2000.

At least one of a diol, triol, tetraol, or hydroxy-terminated
curatives may be added to the aforementioned polyurethane
composition. Suitable diol, triol, and tetraol groups include
ethylene glycol; diethylene glycol; polyethylene glycol; pro-
pylene glycol; polypropylene glycol; lower molecular weight
polytetramethylene ether glycol; 1,3-bis(2-hydroxyethoxy)
benzene; 1,3-bis-[2-(2-hydroxyethoxy )ethoxy|benzene; 1,3-
bis-{2-[2-(2-hydroxyethoxy)ethoxy]ethoxy}benzene; 1,4-
butanediol; 1,5-pentanediol; 1,6-hexanediol; resorcinol-di-
(B-hydroxyethyl)ether; hydroquinone-di-(f-hydroxyethyl)
ether; and mixtures thereof. Preferred hydroxy-terminated
curatives include 1,3-bis(2-hydroxyethoxy)benzene; 1,3-bis-
[2-(2-hydroxyethoxy)ethoxy|benzene; 1,3-bis-{2-[2-(2-hy-
droxyethoxy)ethoxy|ethoxy } benzene; 1,4-butanediol, and
mixtures thereof. Preferably, the hydroxy-terminated cura-
tives have molecular weights ranging from about 48 to 2000.
It should be understood that molecular weight, as used herein,
is the absolute weight average molecular weight and would be
understood as such by one of ordinary skill in the art.

Both the hydroxy-terminated and amine curatives can
include one or more saturated, unsaturated, aromatic, and
cyclic groups. Additionally, the hydroxy-terminated and
amine curatives can include one or more halogen groups. The
polyurethane composition can be formed with a blend or
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mixture of curing agents. If desired, however, the polyure-
thane composition may be formed with a single curing agent.

In a preferred embodiment of the present invention, satu-
rated polyurethanes used to form cover layers, preferably the
outer cover layer, and may be selected from among both
castable thermoset and thermoplastic polyurethanes.

In this embodiment, the saturated polyurethanes of the
present invention are substantially free of aromatic groups or
moieties. Saturated polyurethanes suitable for use in the
invention are a product of a reaction between at least one
polyurethane prepolymer and at least one saturated curing
agent. The polyurethane prepolymer is a product formed by a
reaction between at least one saturated polyol and at least one
saturated diisocyanate. As is well known in the art, a catalyst
may be employed to promote the reaction between the curing
agent and the isocyanate and polyol.

Saturated diisocyanates which can be used include, with-
out limitation, ethylene diisocyanate; propylene-1,2-diisocy-
anate; tetramethylene-1,4-diisocyanate; 1,6-hexamethylene-
diisocyanate  (“HDI”);  2,2.4-trimethylhexamethylene
diisocyanate; 2.4.4-trimethylhexamethylene diisocyanate;
dodecane-1,12-diisocyanate; dicyclohexylmethane diisocy-
anate; cyclobutane-1,3-diisocyanate; cyclohexane-1,3-diiso-
cyanate; cyclohexane-1,4-diisocyanate; 1-isocyanato-3,3,5-
trimethyl-5-isocyanatomethylcyclohexane; isophorone
diisocyanate (“IPDI”); methyl cyclohexylene diisocyanate;
triisocyanate of HDI; triisocyanate of 2,2,4-trimethyl-1,6-
hexane diisocyanate (“TMDI”). The most preferred saturated
diisocyanates are 4,4'-dicyclohexylmethane diisocyanate
(“HMDI”) and isophorone diisocyanate (“IPDI”).

Saturated polyols which are appropriate for use in this
invention include without limitation polyether polyols such
as polytetramethylene ether glycol and poly(oxypropylene)
glycol. Suitable saturated polyester polyols include polyeth-
ylene adipate glycol, polyethylene propylene adipate glycol,
polybutylene adipate glycol, polycarbonate polyol and ethyl-
ene oxide-capped polyoxypropylene diols. Saturated polyca-
prolactone polyols which are useful in the invention include
diethylene glycol-initiated polycaprolactone, 1,4-butanediol-
initiated polycaprolactone, 1,6-hexanediol-initiated polyca-
prolactone; trimethylol propane-initiated polycaprolactone,
neopentyl glycol initiated polycaprolactone, and polytetram-
ethylene ether glycol-initiated polycaprolactone. The most
preferred saturated polyols are polytetramethylene ether gly-
col and PTMEG-initiated polycaprolactone.

Suitable saturated curatives include 1,4-butanediol, ethyl-
ene glycol, diethylene glycol, polytetramethylene ether gly-
col, propylene glycol; trimethanolpropane; tetra-(2-hydrox-
ypropyl)-ethylenediamine; isomers and mixtures of isomers
of cyclohexyldimethylol, isomers and mixtures of isomers of
cyclohexane bis(methylamine); triisopropanolamine; ethyl-
ene diamine; diethylene triamine; triethylene tetramine; tet-
racthylene pentamine; 4,4'-dicyclohexylmethane diamine;
2,2 4-trimethyl-1,6-hexanediamine; 2.4 4-trimethyl-1,6-
hexanediamine; diethyleneglycol di-(aminopropyl)ether;
4.4'-bis-(sec-butylamino)-dicyclohexylmethane; 1,2-bis-
(sec-butylamino)cyclohexane; 1,4-bis-(sec-butylamino)
cyclohexane; isophorone diamine; hexamethylene diamine;
propylene diamine; 1-methyl-2,4-cyclohexyl diamine; 1-me-
thyl-2,6-cyclohexyl diamine; 1,3-diaminopropane; dimethy-
lamino propylamine; diethylamino propylamine; imido-bis-
propylamine; isomers and mixtures of isomers of
diaminocyclohexane; monoethanolamine; diethanolamine;
triethanolamine; monoisopropanolamine; and diisopropano-
lamine. The most preferred saturated curatives are 1,4-bu-
tanediol, 1,4-cyclohexyldimethylol and 4,4'-bis-(sec-buty-
lamino)-dicyclohexylmethane.
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The compositions of the invention may also be polyurea-
based, which are distinctly different from polyurethane com-
positions, but also result in desirable aerodynamic and aes-
thetic characteristics when used in golf ball components. The
polyurea-based compositions are preferably saturated in
nature.

Without being bound to any particular theory, it is now
believed that substitution of the long chain polyol segment in
the polyurethane prepolymer with a long chain polyamine
oligomer soft segment to form a polyurea prepolymer,
improves shear, cut, and resiliency, as well as adhesion to
other components. Thus, the polyurea compositions of this
invention may be formed from the reaction product of an
isocyanate and polyamine prepolymer crosslinked with a cur-
ing agent. For example, polyurea-based compositions of the
invention may be prepared from at least one isocyanate, at
least one polyether amine, and at least one diol curing agent or
at least one diamine curing agent.

Any polyamine available to one of ordinary skill in the art
is suitable for use in the polyurea prepolymer. Polyether
amines are particularly suitable for use in the prepolymer. As
used herein, “polyether amines” refer to at least polyoxyalky-
leneamines containing primary amino groups attached to the
terminus of a polyether backbone. Due to the rapid reaction of
isocyanate and amine, and the insolubility of many urea prod-
ucts, however, the selection of diamines and polyether amines
is limited to those allowing the successful formation of the
polyurea prepolymers. In one embodiment, the polyether
backbone is based on tetramethylene, propylene, ethylene,
trimethylolpropane, glycerin, and mixtures thereof.

Suitable polyether amines include, but are not limited to,
methyldiethanolamine; polyoxyalkylenediamines such as,
polytetramethylene ether diamines, polyoxypropylenetri-
amine, and polyoxypropylene diamines; poly(ethylene oxide
capped oxypropylene)ether diamines; propylene oxide-based
triamines; triethyleneglycoldiamines; trimethylolpropane-
based triamines; glycerin-based triamines; and mixtures
thereof. In one embodiment, the polyether amine used to form
the prepolymer is JEFFAMINE® D2000 (manufactured by
Huntsman Chemical Co. of Austin, Tex.).

The molecular weight of the polyether amine for use in the
polyurea prepolymer may range from about 100 to about
5000. As used herein, the term “about” is used in connection
with one or more numbers or numerical ranges, should be
understood to refer to all such numbers, including all numbers
in a range. In one embodiment, the polyether amine molecu-
lar weight is about 200 or greater, preferably about 230 or
greater. In another embodiment, the molecular weight of the
polyether amine is about 4000 or less. In yet another embodi-
ment, the molecular weight of the polyether amine is about
600 or greater. In still another embodiment, the molecular
weight of the polyether amine is about 3000 or less. In yet
another embodiment, the molecular weight of the polyether
amine is between about 1000 and about 3000, and more
preferably is between about 1500 to about 2500. Because
lower molecular weight polyether amines may be prone to
forming solid polyureas, a higher molecular weight oligomer,
such as Jeffamine D2000, is preferred.

In one embodiment, the polyether amine has the generic
structure:

H,NCHCH,— (OCH,CH),— NH,

CH; CH;
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wherein the repeating unit x has a value ranging from about 1
to about 70. Even more preferably, the repeating unit may be
from about 5 to about 50, and even more preferably is from
about 12 to about 35.

In another embodiment, the polyether amine has the
generic structure:

H,NCHCH,— (OCHCH,),— (OR),— (OCH,CH),— NH,

CH; CH; CH;

wherein the repeating units x and z have combined values
from about 3.6 to about 8 and the repeating unit y has a value
ranging from about 9 to about 50, and wherein R is
—(CH,),—, where “a” may be a repeating unit ranging from
about 1 to about 10.

In yet another embodiment, the polyether amine has the
generic structure:

H,N—(R)—O—R)—O—(R)—NH,

wherein R is —(CH,),—, and “a” may be a repeating unit
ranging from about 1 to about 10.

As briefly discussed above, some amines may be unsuit-
able for reaction with the isocyanate because of the rapid
reaction between the two components. In particular, shorter
chain amines are fast reacting. In one embodiment, however,
a hindered secondary diamine may be suitable for use in the
prepolymer. Without being bound to any particular theory, it
is believed that an amine with a high level of stearic hin-
drance, e.g., a tertiary butyl group on the nitrogen atom, has a
slower reaction rate than an amine with no hindrance or a low
level of hindrance. For example, 4,4'-bis-(sec-butylamino)-
dicyclohexylmethane (CLEARLINK® 1000) may be suit-
able for use in combination with an isocyanate to form the
polyurea prepolymer.

Any isocyanate available to one of ordinary skill in the art
is suitable for use in the polyurea prepolymer. Isocyanates for
use with the present invention include aliphatic,
cycloaliphatic, araliphatic, aromatic, any derivatives thereof,
and combinations of these compounds having two or more
isocyanate (NCO) groups per molecule. The isocyanates may
be organic polyisocyanate-terminated prepolymers. The iso-
cyanate-containing reactable component may also include
any isocyanate-functional monomer, dimer, trimer, or multi-
meric adduct thereof, prepolymer, quasi-prepolymer, or mix-
tures thereof. Isocyanate-functional compounds may include
monoisocyanates or polyisocyanates that include any isocy-
anate functionality of two or more.

Suitable isocyanate-containing components include diiso-
cyanates having the generic structure: O—C—N—R—
N—C—0, where R is preferably a cyclic, aromatic, or linear
or branched hydrocarbon moiety containing from about 1 to
about 20 carbon atoms. The diisocyanate may also contain
one or more cyclic groups or one or more phenyl groups.
When multiple cyclic or aromatic groups are present, linear
and/or branched hydrocarbons containing from about 1 to
about 10 carbon atoms can be present as spacers between the
cyclic or aromatic groups. In some cases, the cyclic or aro-
matic group(s) may be substituted at the 2-, 3-; and/or 4-po-
sitions, or at the ortho-, meta-, and/or para-positions, respec-
tively. Substituted groups may include, but are not limited to,
halogens, primary, secondary, or tertiary hydrocarbon
groups, or a mixture thereof.

Examples of diisocyanates that can be used with the
present invention include, but are not limited to, substituted
and isomeric mixtures including 2,2'-; 2.4'-, and 4,4'-diphe-
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nylmethane diisocyanate (MDI); 3,3'-dimethyl-4,4'-biphe-
nylene diisocyanate (TODI); toluene diisocyanate (TDI);
polymeric MDI; carbodiimide-modified liquid 4,4'-diphenyl-
methane diisocyanate; para-phenylene diisocyanate (PPDI);
meta-phenylene diisocyanate (MPDI); triphenyl methane-4,
4'- and triphenyl methane-4,4'-triisocyanate; naphthylene-1,
S-diisocyanate; 2,4'-, 4,4'-; and 2,2-biphenyl diisocyanate;
polyphenyl polymethylene polyisocyanate (PMDI); mixtures
of MDI and PMDI; mixtures of PMDI and TDI; ethylene
diisocyanate; propylene-1,2-diisocyanate; tetramethylene-1,
2-diisocyanate; tetramethylene-1,3-diisocyanate; tetrameth-
ylene-1,4-diisocyanate; 1,6-hexamethylene-diisocyanate
(HDI); octamethylene diisocyanate; decamethylene diisocy-
anate; 2,2 4-trimethylhexamethylene diisocyanate; 2,4,4-tri-
methylhexamethylene diisocyanate; dodecane-1,12-diisocy-
anate;  cyclobutane-1,3-diisocyanate;  cyclohexane-1,2-
diisocyanate; cyclohexane-1,3-diisocyanate; cyclohexane-1,
4-diisocyanate; methyl-cyclohexylene diisocyanate (HTDI);
2,4-methylcyclohexane diisocyanate; 2,6-methylcyclohex-
ane diisocyanate; 4,4'-dicyclohexyl diisocyanate; 2,4'-dicy-
clohexyl diisocyanate; 1,3,5-cyclohexane triisocyanate; iso-
cyanatomethylcyclohexane isocyanate; 1-isocyanato-3,3,5-
trimethyl-5-isocyanatomethylcyclohexane; isocyanatoethyl-
cyclohexane isocyanate; bis(isocyanatomethyl)-cyclohexane
diisocyanate; 4,4'-bis(isocyanatomethyl)dicyclohexane; 2,4'-
bis(isocyanatomethyl)dicyclohexane; isophorone diisocyan-
ate (IPDI); triisocyanate of HDI; triisocyanate of 2,2,4-trim-
ethyl-1,6-hexane diisocyanate (TMDI); 4.4'-
dicyclohexylmethane  diisocyanate  (H,,MDI); 2,4-
hexahydrotoluene  diisocyanate;  2,6-hexahydrotoluene
diisocyanate; 1,2-, 1,3-, and 1,4-phenylene diisocyanate; aro-
matic aliphatic isocyanate, such as 1,2-; 1,3-, and 1,4-xylene
diisocyanate; meta-tetramethylxylene diisocyanate
(m-TMXDI); para-tetramethylxylene diisocyanate
(p-TMXDI); trimerized isocyanurate of any polyisocyanate,
such as isocyanurate of toluene diisocyanate, trimer of diphe-
nylmethane diisocyanate, trimer of tetramethylxylene diiso-
cyanate, isocyanurate of hexamethylene diisocyanate, iso-
cyanurate of isophorone diisocyanate, and mixtures thereof;
dimerized uredione of any polyisocyanate, such as uretdione
of'toluene diisocyanate, uretdione of hexamethylene diisocy-
anate, and mixtures thereof; modified polyisocyanate derived
from the above isocyanates and polyisocyanates; and mix-
tures thereof.

Examples of saturated diisocyanates that can be used with
the present invention include, but are not limited to, ethylene
diisocyanate; propylene-1,2-diisocyanate; tetramethylene
diisocyanate; tetramethylene-1,4-diisocyanate; 1,6-hexam-
ethylene-diisocyanate (HDI); octamethylene diisocyanate;
decamethylene diisocyanate; 2,2.4-trimethylhexamethylene
diisocyanate; 2.4.4-trimethylhexamethylene diisocyanate;
dodecane-1,12-diisocyanate; cyclobutane-1,3-diisocyanate;
cyclohexane-1,2-diisocyanate; cyclohexane-1,3-diisocyan-
ate; cyclohexane-1,4-diisocyanate; methyl-cyclohexylene
diisocyanate (HTDI); 2,4-methylcyclohexane diisocyanate;
2,6-methylcyclohexane  diisocyanate; 4,4'-dicyclohexyl
diisocyanate; 2.4'-dicyclohexyl diisocyanate; 1,3,5-cyclo-
hexane triisocyanate; isocyanatomethylcyclohexane isocy-
anate; 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcy-

clohexane; isocyanatoethylcyclohexane isocyanate;
bis(isocyanatomethyl)-cyclohexane diisocyanate;
4.4'-bis(isocyanatomethyl)dicyclohexane;  2,4'-bis(isocy-
anatomethyl)dicyclohexane;  isophorone  diisocyanate

(IPDI); triisocyanate of HDI; triisocyanate of 2,2.4-trim-
ethyl-1,6-hexane diisocyanate (TMDI); 4,4'-dicyclohexyl-
methane diisocyanate (H,,MDI); 2.4-hexahydrotoluene
diisocyanate; 2,6-hexahydrotoluene diisocyanate; and mix-
tures thereof. Aromatic aliphatic isocyanates may also be
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used to form light stable materials. Examples of such isocy-
anates include 1,2-, 1,3-, and 1,4-xylene diisocyanate; meta-
tetramethylxylene diisocyanate (m-TMXDI); para-tetram-
ethylxylene  diisocyanate  (p-TMXDI);  trimerized
isocyanurate of any polyisocyanate, such as isocyanurate of
toluene diisocyanate, trimer of diphenylmethane diisocyan-
ate, trimer of tetramethylxylene diisocyanate, isocyanurate of
hexamethylene diisocyanate, isocyanurate of isophorone
diisocyanate, and mixtures thereof; dimerized uredione of
any polyisocyanate, such as uretdione of toluene diisocyan-
ate, uretdione of hexamethylene diisocyanate, and mixtures
thereof; modified polyisocyanate derived from the above iso-
cyanates and polyisocyanates; and mixtures thereof. In addi-
tion, the aromatic aliphatic isocyanates may be mixed with
any of the saturated isocyanates listed above for the purposes
of this invention.

The number of unreacted NCO groups in the polyurea
prepolymer of isocyanate and polyether amine may be varied
to control such factors as the speed of the reaction, the result-
ant hardness ofthe composition, and the like. For instance, the
number of unreacted NCO groups in the polyurea prepolymer
of'isocyanate and polyether amine may be less than about 14
percent. In one embodiment, the polyurea prepolymer has
from about 5 percent to about 11 percent unreacted NCO
groups, and even more preferably has from about 6 to about
9.5 percent unreacted NCO groups. In one embodiment, the
percentage of unreacted NCO groups is about 3 percent to
about 9 percent. Alternatively, the percentage of unreacted
NCO groups in the polyurea prepolymer may be about 7.5
percent or less, and more preferably, about 7 percent or less.
In another embodiment, the unreacted NCO content is from
about 2.5 percent to about 7.5 percent, and more preferably
from about 4 percent to about 6.5 percent.

When formed, polyurea prepolymers may contain about 10
percent to about 20 percent by weight of the prepolymer of
free isocyanate monomer. Thus, in one embodiment, the
polyurea prepolymer may be stripped of the free isocyanate
monomer. For example, after stripping, the prepolymer may
contain about 1 percent or less free isocyanate monomer. In
another embodiment, the prepolymer contains about 0.5 per-
cent by weight or less of free isocyanate monomer.

The polyether amine may be blended with additional poly-
ols to formulate copolymers that are reacted with excess
isocyanate to form the polyurea prepolymer. In one embodi-
ment, less than about 30 percent polyol by weight of the
copolymer is blended with the saturated polyether amine. In
another embodiment, less than about 20 percent polyol by
weight of the copolymer, preferably less than about 15 per-
cent by weight of the copolymer, is blended with the poly-
ether amine. The polyols listed above with respect to the
polyurethane prepolymer, e.g., polyether polyols, polycapro-
lactone polyols, polyester polyols, polycarbonate polyols,
hydrocarbon polyols, other polyols, and mixtures thereof, are
also suitable for blending with the polyether amine. The
molecular weight of these polymers may be from about 200 to
about 4000, but also may be from about 1000 to about 3000,
and more preferably are from about 1500 to about 2500.

The polyurea composition can be formed by crosslinking
the polyurea prepolymer with a single curing agent or a blend
of curing agents. The curing agent of the invention is prefer-
ably an amine-terminated curing agent, more preferably a
secondary diamine curing agent so that the composition con-
tains only urea linkages. In one embodiment, the amine-
terminated curing agent may have a molecular weight of
about 64 or greater. In another embodiment, the molecular
weight of the amine-curing agent is about 2000 or less. As
discussed above, certain amine-terminated curing agents may
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be modified with a compatible amine-terminated freezing
point depressing agent or mixture of compatible freezing
point depressing agents.

Suitable amine-terminated curing agents include, but are
not limited to, ethylene diamine; hexamethylene diamine;
1-methyl-2,6-cyclohexyl diamine; tetrahydroxypropylene
ethylene diamine; 2,2,4- and 2,4,4-trimethyl-1,6-hexanedi-
amine; 4,4'-bis-(sec-butylamino)-dicyclohexylmethane; 1,4-
bis-(sec-butylamino)-cyclohexane; 1,2-bis-(sec-buty-

lamino)-cyclohexane;  derivatives  of  4,4'-bis-(sec-
butylamino)-dicyclohexylmethane; 4.4'-
dicyclohexylmethane diamine; 1,4-cyclohexane-bis-
(methylamine); 1,3-cyclohexane-bis-(methylamine);

diethylene glycol di-(aminopropyl)ether; 2-methylpentam-
ethylene-diamine; diaminocyclohexane; diethylene triamine;
tricthylene tetramine; tetracthylene pentamine; propylene
diamine; 1,3-diaminopropane; dimethylamino propylamine;
diethylamino propylamine; dipropylene triamine; imido-bis-
propylamine; monoethanolamine, diethanolamine; trietha-
nolamine; monoisopropanolamine, diisopropanolamine; iso-
phoronediamine; 4,4'-methylenebis-(2-chloroaniline); 3,5;
dimethylthio-2,4-toluenediamine; 3,5-dimethylthio-2,6-
toluenediamine; 3,5-diethylthio-2,4-toluenediamine; 3,5;
diethylthio-2,6-toluenediamine; 4,4'-bis-(sec-butylamino)-
diphenylmethane and derivatives thereof 1,4-bis-(sec-buty-
lamino)-benzene; 1,2-bis-(sec-butylamino)-benzene; N,N'-
dialkylamino-diphenylmethane; N,N,N',N'-tetrakis(2-
hydroxypropyl)ethylene diamine; trimethyleneglycol-di-p-

aminobenzoate; polytetramethyleneoxide-di-p-
aminobenzoate; 4,4'-methylenebis-(3-chloro-2,6-
diethyleneaniline); 4,4'-methylenebis-(2,6-diethylaniline);

meta-phenylenediamine; paraphenylenediamine; and mix-
tures thereof. In one embodiment, the amine-terminated cur-
ing agent is 4,4'-bis-(sec-butylamino)-dicyclohexylmethane.

Suitable saturated amine-terminated curing agents include,
but are not limited to, ethylene diamine; hexamethylene
diamine; 1-methyl-2,6-cyclohexyl diamine; tetrahydrox-
ypropylene ethylene diamine; 2,2,4- and 2,4,4-trimethyl-1,6-
hexanediamine; 4.4'-bis-(sec-butylamino)-dicyclohexyl-
methane; 1,4-bis-(sec-butylamino)-cyclohexane; 1,2-bis-
(sec-butylamino)-cyclohexane; derivatives of 4,4'-bis-(sec-
butylamino)-dicyclohexylmethane; 4.4'-

dicyclohexylmethane diamine; 4,4'-methylenebis-(2,6-
diethylaminocyclohexane; 1,4-cyclohexane-bis-
(methylamine); 1,3-cyclohexane-bis-(methylamine);

diethylene glycol di-(aminopropyl)ether; 2-methylpentam-
ethylene-diamine; diaminocyclohexane; diethylene triamine;
tricthylene tetramine; tetracthylene pentamine; propylene
diamine; 1,3-diaminopropane; dimethylamino propylamine;
diethylamino propylamine; imido-bis-propylamine; monoet-
hanolamine, diethanolamine; triethanolamine; monoisopro-
panolamine, diisopropanolamine; isophoronediamine; triiso-
propanolamine; and mixtures thereof. In addition, any of the
polyether amines listed above may be used as curing agents to
react with the polyurea prepolymers.

Suitable catalysts include, but are not limited to bismuth
catalyst, oleic acid, triethylenediamine (DABCO®-33LV),
di-butyltin dilaurate (DABCO®-T12) and acetic acid. The
most preferred catalyst is di-butyltin dilaurate (DABCO®-
T12). DABCO® materials are manufactured by Air Products
and Chemicals, Inc.

Thermoplastic materials may be blended with other ther-
moplastic materials, but thermosetting materials are difficult
if not impossible to blend homogeneously after the thermo-
setting materials are formed. Preferably, the saturated poly-
urethane comprises from about 1% to about 100%, more
preferably from about 10% to about 75% of the cover com-
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position and/or the intermediate layer composition. About
90% to about 10%, more preferably from about 90% to about
25% of'the cover and/or the intermediate layer composition is
comprised of one or more other polymers and/or other mate-
rials as described below. Such polymers include, but are not
limited to polyurethane/polyurea ionomers, polyurethanes or
polyureas, epoxy resins, polyethylenes, polyamides and
polyesters, polycarbonates and polyacrylin. Unless otherwise
stated herein, all percentages are given in percent by weight of
the total composition of the golf ball layer in question.

Polyurethane prepolymers are produced by combining at
least one polyol, such as a polyether, polycaprolactone, poly-
carbonate or a polyester, and at least one isocyanate. Ther-
mosetting polyurethanes are obtained by curing at least one
polyurethane prepolymer with a curing agent selected from a
polyamine, triol or tetraol. Thermoplastic polyurethanes are
obtained by curing at least one polyurethane prepolymer with
a diol curing agent. The choice of the curatives is critical
because some urethane elastomers that are cured with a diol
and/or blends of diols do not produce urethane elastomers
with the impact resistance required in a golfball cover. Blend-
ing the polyamine curatives with diol cured urethane elasto-
meric formulations leads to the production of thermoset ure-
thanes with improved impact and cut resistance.

Thermoplastic polyurethanes may be blended with suit-
able materials to produce a thermoplastic end product.
Examples of such additional materials may include ionomers
such as the SURLYN®, ESCOR® and IOTEK® copolymers
described above.

Other suitable materials which may be combined with the
saturated polyurethanes in forming the cover and/or interme-
diate layer(s) of the golf balls of the invention include ionic or
non-ionic polyurethanes and polyureas, epoxy resins, poly-
ethylenes, polyamides and polyesters. For example, the cover
and/or intermediate layer may be formed from a blend of at
least one saturated polyurethane and thermoplastic or ther-
moset ionic and non-ionic urethanes and polyurethanes, cat-
ionic urethane ionomers and urethane epoxies, ionic and non-
ionic polyureas and blends thereof. Examples of suitable
urethane ionomers are disclosed in U.S. Pat. No. 5,692,974
entitled “Golf Ball Covers”, the disclosure of which is hereby
incorporated by reference in its entirety. Other examples of
suitable polyurethanes are described in U.S. Pat. No. 5,334,
673. Examples of appropriate polyureas are discussed in U.S.
Pat. No. 5,484,870 and examples of suitable polyurethanes
cured with epoxy group containing curing agents are dis-
closed in U.S. Pat. No. 5,908,358, the disclosures of which
are hereby incorporated herein by reference in their entirety.

A variety of conventional components can be added to the
cover compositions of the present invention. These include,
but are not limited to, white pigment such as TiO,, ZnO,
optical brighteners, surfactants, processing aids, foaming
agents, density-controlling fillers, UV stabilizers and light
stabilizers. Saturated polyurethanes are resistant to discolora-
tion. However, they are not immune to deterioration in their
mechanical properties upon weathering. Addition of UV
absorbers and light stabilizers therefore helps to maintain the
tensile strength and elongation of the saturated polyurethane
elastomers. Suitable UV absorbers and light stabilizers
include TINUVIN® 328, TINUVIN® 213, TINUVIN® 765,
TINUVIN® 770 and TINUVIN® 622. The preferred UV
absorber is TINUVIN® 328, and the preferred light stabilizer
is TINUVIN® 765. TINUVIN® products are available from
Ciba-Geigy. Dyes, as well as optical brighteners and fluores-
cent pigments may also be included in the golf ball covers
produced with polymers formed according to the present
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invention. Such additional ingredients may be added in any
amounts that will achieve their desired purpose.

Any method known to one of ordinary skill in the art may
be used to polyurethanes of the present invention. One com-
monly employed method, known in the art as a one-shot
method, involves concurrent mixing of the polyisocyanate,
polyol, and curing agent. This method results in a mixture that
is inhomogenous (more random) and affords the manufac-
turer less control over the molecular structure of the resultant
composition. A preferred method of mixing is known as a
prepolymer method. In this method, the polyisocyanate and
the polyol are mixed separately prior to addition of the curing
agent. This method affords a more homogeneous mixture
resulting in a more consistent polymer composition. Other
methods suitable for forming the layers of the present inven-
tion include reaction injection molding (“RIM”), liquid injec-
tion molding (“LLIM”), and pre-reacting the components to
form an injection moldable thermoplastic polyurethane and
then injection molding, all of which are known to one of
ordinary skill in the art.

Additional components which can be added to the poly-
urethane composition include UV stabilizers and other dyes,
as well as optical brighteners and fluorescent pigments and
dyes. Such additional ingredients may be added in any
amounts that will achieve their desired purpose. It has been
found by the present invention that the use of a castable,
reactive material, which is applied in a fluid form, makes it
possible to obtain very thin outer cover layers on golf balls.
Specifically, it has been found that castable, reactive liquids,
which react to form a urethane elastomer material, provide
desirable very thin outer cover layers.

The castable, reactive liquid employed to form the urethane
elastomer material can be applied over the core using a variety
of application techniques such as spraying, dipping, spin
coating, or flow coating methods which are well known in the
art. An example of a suitable coating technique is that which
is disclosed in U.S. Pat. No. 5,733,428, the disclosure of
which is hereby incorporated by reference in its entirety.

The outer cover is preferably formed around the inner
cover by mixing and introducing the material in the mold
halves. It is important that the viscosity be measured over
time, so that the subsequent steps of filling each mold half,
introducing the core into one half and closing the mold can be
properly timed for accomplishing centering of the core cover
halves fusion and achieving overall uniformity. Suitable vis-
cosity range of the curing urethane mix for introducing cores
into the mold halves is determined to be approximately
between about 2,000 cP and about 30,000 cP, with the pre-
ferred range of about 8,000 cP to about 15,000 cP.

To start the cover formation, mixing of the prepolymer and
curative is accomplished in motorized mixer including mix-
ing head by feeding through lines metered amounts of cura-
tive and prepolymer. Top preheated mold halves are filled and
placed in fixture units using centering pins moving into holes
in each mold. At a later time, a bottom mold half or a series of
bottom mold halves have similar mixture amounts introduced
into the cavity. After the reacting materials have resided in top
mold halves for about 40 to about 80 seconds, a core is
lowered at a controlled speed into the gelling reacting mix-
ture.

A ball cup holds the ball core through reduced pressure (or
partial vacuum). Upon location of the coated core in the
halves of the mold after gelling for about 40 to about 80
seconds, the vacuum is released allowing core to be released.
The mold halves, with core and solidified cover half thereon,
are removed from the centering fixture unit, inverted and
mated with other mold halves which, at an appropriate time
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earlier, have had a selected quantity of reacting polyurethane
prepolymer and curing agent introduced therein to commence
gelling.

Similarly, U.S. Pat. No. 5,006,297 to Brown et al. and U.S.
Pat. No. 5,334,673 to Wu both also disclose suitable molding
techniques which may be utilized to apply the castable reac-
tive liquids employed in the present invention. Further, U.S.
Pat. Nos. 6,180,040 and 6,180,722 disclose methods of pre-
paring dual core golf balls. The disclosures of these patents
are hereby incorporated by reference in their entirety. How-
ever, the method of the invention is not limited to the use of
these techniques.

Depending on the desired properties, balls prepared
according to the invention can exhibit substantially the same
or higher resilience, or coefficient of restitution (“COR”),
with a decrease in compression or modulus, compared to balls
of conventional construction. Additionally, balls prepared
according to the invention can also exhibit substantially
higher resilience, or COR, without an increase in compres-
sion, compared to balls of conventional construction. Another
measure of this resilience is the “loss tangent,” or tan 9, which
is obtained when measuring the dynamic stiffness of an
object. Loss tangent and terminology relating to such
dynamic properties is typically described according to ASTM
D4092-90. Thus, alower loss tangent indicates a higher resil-
iency, thereby indicating a higher rebound capacity. Low loss
tangent indicates that most of the energy imparted to a golf
ball from the club is converted to dynamic energy, i.e., launch
velocity and resulting longer distance. The rigidity or com-
pressive stiffness of a golfball may be measured, for example,
by the dynamic stiffness. A higher dynamic stiffness indicates
ahigher compressive stiffness. To produce golf balls having a
desirable compressive stiffness, the dynamic stiffness of the
crosslinked reaction product material should be less than
about 50,000 N/m at -50° C. Preferably, the dynamic stift-
ness should be between about 10,000 and 40,000 N/m at —-50°
C., more preferably, the dynamic stiffness should be between
about 20,000 and 30,000 N/m at -50° C.

The molding process and composition of golf ball portions
typically results in a gradient of material properties. Methods
employed in the prior art generally exploit hardness to quan-
tify these gradients. Hardness is a qualitative measure of static
modulus and does not represent the modulus of the material at
the deformation rates associated with golf ball use, i.e.,
impact by a club. As is well known to one skilled in the art of
polymer science, the time-temperature superposition prin-
ciple may be used to emulate alternative deformation rates.
For golf ball portions including polybutadiene, a 1-Hz oscil-
lation at temperatures between 0° C. and -50° C. are believed
to be qualitatively equivalent to golf ball impact rates. There-
fore, measurement of loss tangent and dynamic stiffness at 0°
C. to =50° C. may be used to accurately anticipate golf ball
performance, preferably at temperatures between about —20°
C. and -50° C.

In another embodiment of the present invention, a golfball
of the present invention is substantially spherical and has a
cover with a plurality of dimples formed on the outer surface
thereof.

U.S. application Ser. No. 10/230,015, now U.S. Publica-
tionNo. 2003/0114565, and U.S. application Ser. No. 10/108,
793, now U.S. Publication No. 2003/0050373, which are
incorporated by reference herein in their entirety, discuss soft,
high resilient ionomers, which are preferably from neutraliz-
ing the acid copolymer(s) of at least one E/X/Y copolymer,
where E is ethylene, X is the a,f-ethylenically unsaturated
carboxylic acid, and Y is a softening co-monomer. X is pref-
erably present in 2-30 (preferably 4-20, most preferably 5-15)
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wt. % of the polymer, and Y is preferably present in 17-40
(preferably 20-40, and more preferably 24-35) wt. % of the
polymer. Preferably, the melt index (MI) of the base resin is at
least 20, or at least 40, more preferably, at least 75 and most
preferably at least 150. Particular soft, resilient ionomers
included in this invention are partially neutralized ethylene/
(meth)acrylic acid/butyl(meth)acrylate copolymers having
an MI and level of neutralization that results in a melt pro-
cessible polymer that has useful physical properties. The
copolymers are at least partially neutralized. Preferably at
least 40, or, more preferably at least 55, even more preferably
about 70, and most preferably about 80 of the acid moiety of
the acid copolymer is neutralized by one or more alkali metal,
transition metal, or alkaline earth metal cations. Cations use-
ful in making the ionomers of this invention comprise lithium,
sodium, potassium, magnesium, calcium, barium, or zinc, or
a combination of such cations.

The invention also relates to a “modified” soft, resilient
thermoplastic ionomer that comprises a melt blend of (a) the
acid copolymers or the melt processible ionomers made
therefrom as described above and (b) one or more organic
acid(s) or salt(s) thereof, wherein greater than 80%, prefer-
ably greater than 90% of all the acid of (a) and of (b) is
neutralized. Preferably, 100% of all the acid of (a) and (b) is
neutralized by a cation source. Preferably, an amount of cat-
ion source in excess of the amount required to neutralize
100% of'the acid in (a) and (b) is used to neutralize the acid in
(a) and (b). Blends with fatty acids or fatty acid salts are
preferred.

The organic acids or salts thereof are added in an amount
sufficient to enhance the resilience of the copolymer. Prefer-
ably, the organic acids or salts thereof are added in an amount
sufficient to substantially remove remaining ethylene crystal-
linity of the copolymer.

Preferably, the organic acids or salts are added in an
amount of at least about 5% (weight basis) of the total amount
of copolymer and organic acid(s). More preferably, the
organic acids or salts thereof are added in an amount of at least
about 15%, even more preferably at least about 20%. Prefer-
ably, the organic acid(s) are added in an amount up to about
50% (weight basis) based on the total amount of copolymer
and organic acid. More preferably, the organic acids or salts
thereof are added in an amount of up to about 40%, more
preferably, up to about 35%. The non-volatile, non-migratory
organic acids preferably are one or more aliphatic, mono-
functional organic acids or salts thereof as described below,
particularly one or more aliphatic, mono-functional, satu-
rated or unsaturated organic acids having less than 36 carbon
atoms or salts of the organic acids, preferably stearic acid or
oleic acid. Fatty acids or fatty acid salts are most preferred.

Processes for fatty acid (salt) modifications are known in
the art. Particularly, the modified highly-neutralized soft,
resilient acid copolymer ionomers of this invention can be
produced by:

(a) melt-blending (1) ethylene, a,p-ethylenically unsatur-
ated C, ¢ carboxylic acid copolymer(s) or melt-processible
ionomer(s) thereof that have their crystallinity disrupted by
addition of a softening monomer or other means with (2)
sufficient non-volatile, non-migratory organic acids to sub-
stantially enhance the resilience and to disrupt (preferably
remove) the remaining ethylene crystallinity, and then con-
currently or subsequently.

(b) adding a sufficient amount of a cation source to increase
the level of neutralization of all the acid moieties (including
those in the acid copolymer and in the organic acid if the
non-volatile, non-migratory organic acid is an organic acid)
to the desired level.
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The weight ratio of X to Y in the composition is at least
about 1:20. Preferably, the weight ratio of X to Y is at least
about 1:15, more preferably, at least about 1:10. Furthermore,
the weight ratio of X to Y is up to about 1:1.67, more prefer-
ably up to about 1:2. Most preferably, the weight ratio of X to
Y in the composition is up to about 1:2.2.

The acid copolymers used in the present invention to make
the ionomers are preferably ‘direct’ acid copolymers (con-
taining high levels of softening monomers). As noted above,
the copolymers are at least partially neutralized, preferably at
least about 40% of X in the composition is neutralized. More
preferably, at least about 55% of X is neutralized. Even more
preferably, at least about 70, and most preferably, at least
about 80% of X is neutralized. In the event that the copolymer
is highly neutralized (e.g., to at least 45%, preferably 50%,
55%, 70%, or 80%, of acid moiety), the MI of the acid
copolymer should be sufficiently high so that the resulting
neutralized resin has a measurable MI in accord with ASTM
D-1238, condition E, at 190° C., using a 2160 gram weight.
Preferably this resulting MI will be at least 0.1, preferably at
least 0.5, and more preferably 1.0 or greater. Preferably, for
highly neutralized acid copolymer, the MI of the acid copoly-
mer base resin is at least 20, or at least 40, at least 75, and more
preferably at least 150.

The acid copolymers preferably comprise alpha olefin,
particularly ethylene, C; . a,B-ethylenically unsaturated
carboxylic acid, particularly acrylic and methacrylic acid,
and softening monomers, selected from alkyl acrylate, and
alkyl methacrylate, wherein the alkyl groups have from 1-8
carbon atoms, copolymers. By “softening,” it is meant that the
crystallinity is disrupted (the polymer is made less crystal-
line). While the alpha olefin can be a C,-C, alpha olefin,
ethylene is most preferred for use in the present invention.
Accordingly, it is described and illustrated herein in terms of
ethylene as the alpha olefin.

The acid copolymers, when the alpha olefin is ethylene,
can be described as E/X/Y copolymers where E is ethylene, X
is the o, -ethylenically unsaturated carboxylic acid, andY is
a softening comonomer; X is preferably present in 2-30 (pref-
erably 4-20, most preferably 5-15) wt. % of the polymer, and
Y is preferably present in 17-40 (preferably 20-40, most
preferably 24-35) wt. % of the polymer.

The ethylene-acid copolymers with high levels of acid (X)
are difficult to prepare in continuous polymerizers because of
monomer-polymer phase separation. This difficulty can be
avoided however by use of “co-solvent technology” as
described in U.S. Pat. No. 5,028,674, or by employing some-
what higher pressures than those which copolymers with
lower acid can be prepared.

Specific acid-copolymers include ethylene/(meth)acrylic
acid/n-butyl(meth)acrylate, ethylene/(meth)acrylic acid/iso-
butyl(meth)acrylate, ethylene/(meth)acrylic acid/methyl
(meth)acrylate, and ethylene/(meth)acrylic acid/ethyl(meth)
acrylate terpolymers.

The organic acids employed are aliphatic, mono-functional
(saturated, unsaturated, or is multi-unsaturated) organic
acids, particularly those having fewer than 36 carbon atoms.
Also salts of these organic acids may be employed. Fatty
acids or fatty acid salts are preferred. The salts may be any of
a wide variety, particularly including the barium, lithium,
sodium, zinc, bismuth, potassium, strontium, magnesium or
calcium salts of the organic acids. Particular organic acids
useful in the present invention include caproic acid, caprylic
acid, capric acid, lauric acid, stearic acid, behenic acid, erucic
acid, oleic acid, and linoleic acid.

The optional filler component is chosen to impart addi-
tional density to blends of the previously described compo-
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nents, the selection being dependent upon the different parts
(e.g., cover, mantle, core, center, intermediate layers in a
multilayered core or ball) and the type of golf ball desired
(e.g., one-piece, two-piece, three-piece or multiple-piece
ball), as will be more fully detailed below.

Generally, the filler will be inorganic having a density
greater than about 4 g/cm®, preferably greater than 5 g/cm®,
and will be present in amounts between 0 to about 60 wt. %
based on the total weight of the composition. Examples of
usetul fillers include zinc oxide, barium sulfate, lead silicate
and tungsten carbide, as well as the other well-known fillers
used in golf balls. It is preferred that the filler materials be
non-reactive or almost non-reactive and not stiffen or raise the
compression nor reduce the coefficient of restitution signifi-
cantly.

Additional optional additives useful in the practice of the
subject invention include acid copolymer wax (e.g., Allied
wax AC 143 believed to be an ethylene/16-18% acrylic acid
copolymer with a number average molecular weight of
2,040), which assist in preventing reaction between the filler
materials (e.g., ZnO) and the acid moiety in the ethylene
copolymer. Other optional additives include TiO,, which is
used as a whitening agent; optical brighteners; surfactants;
processing aids; etc.

Ionomers may be blended with conventional ionomeric
copolymers (di-, ter-, etc.), using well-known techniques, to
manipulate product properties as desired. The blends would
still exhibit lower hardness and higher resilience when com-
pared with blends based on conventional ionomers.

Also, ionomers can be blended with non-ionic thermoplas-
tic resins to manipulate product properties. The non-ionic
thermoplastic resins would, by way of non-limiting illustra-
tive examples, include thermoplastic elastomers, such as
polyurethane, poly-ether-ester, poly-amide-cther, polyether-
urea, PEBAX® (a family of block copolymers based on poly-
ether-block-amide, commercially supplied by Atochem), sty-
rene-butadiene-styrene (SBS) block copolymers, styrene
(ethylene-butylene)-styrene block copolymers, etc., poly
amide (oligomeric and polymeric), polyesters, polyolefins
including PE, PP, E/P copolymers, etc., ethylene copolymers
with various comonomers, such as vinyl acetate, (meth)acry-
lates, (meth)acrylic acid, epoxy-functionalized monomer,
CO, etc., functionalized polymers with maleic anhydride
grafting, epoxidization etc., elastomers, such as EPDM, met-
allocene catalyzed PE and copolymer, ground up powders of
the thermoset elastomers, etc. Such thermoplastic blends
comprise about 1% to about 99% by weight of a first thermo-
plastic and about 99% to about 1% by weight of a second
thermoplastic.

Additionally, the compositions of U.S. Pat. Nos. 6,953,820
and 6,653,382, both of which are incorporated herein in their
entirety, discuss compositions having high COR when
formed into solid spheres.

The thermoplastic composition of this invention comprises
a polymer which, when formed into a sphere that is 1.50 to
1.54 inches in diameter, has a coefficient of restitution when
measured by firing the sphere at an initial velocity of 125 ft/s
against a steel plate positioned 3 ft from the point where initial
velocity and rebound velocity are determined and by dividing
the rebound velocity from the plate by the initial velocity and
an Atti compression of no more than 100.

Initial velocity of a golf ball after impact with a golf club is
governed by the United States Golf Association (“USGA”).
The USGA requires that a regulation golf ball can have an
initial velocity of no more than 250 ft/s+2% (effectively 255
ft/s). The USGA initial velocity limit is related to the ultimate
distance that a golf ball may travel (280 yards+6%), and is
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also related to the COR. The COR is the ratio of the a) relative
velocity between two objects after direct impact to the b)
relative velocity before impact. As a result, the COR can vary
from 0 to 1.0, with 1.0 being equivalent to a perfectly or
completely elastic collision and 0 being equivalent to a per-
fectly plastic or completely inelastic collision.

One conventional technique for measuring COR uses a
golfball or sphere, an air cannon, and a stationary steel plate.
The steel plate provides an impact surface weighing about
1001b (45kg). A pair of ballistic light screens, which measure
ball velocity, are spaced apart and located between the air
cannon and the steel plate. The golf ball is fired from the air
cannon toward the steel plate over a range of test velocities
from 50 ft/s to 180 ft/s. As the ball travels toward the steel
plate, it activates each light screen so that the time at each light
screen is measured. This provides an incoming time period
proportional to the ball incoming velocity. The ball impacts
the steel plate and rebounds though the light screens, which
again measure the time period required to transit between the
light screens. This provides an outgoing transit time period
proportional to the ball outgoing velocity. The COR can be
calculated by the ratio of the outgoing transit time period to
the incoming transit time period, COR=T_ /T, .

Another COR measuring method uses a titanium disk. The
titanium disk, intending to simulate a golf club, is circular and
has a diameter of about 4 inches and has a mass of about 200
g. The impact face of the titanium disk may also be flexible
and has its own COR, as discussed further below. The disk is
mounted on an X—Y—7 table so that its position can be
adjusted relative to the launching device prior to testing. A
pair of ballistic light screens are spaced apart and located
between the launching device and the titanium disk. The ball
is fired from the launching device toward the titanium disk at
a predetermined test velocity. As the ball travels toward the
titanium disk, it activates each light screen so that the time
period to transit between the light screens is measured. This
provides an incoming transit time period proportional to the
ball incoming velocity. The ball impacts the titanium disk,
and rebounds through the light screens which measure the
time period to transit between the light screens. This provides
an outgoing transit time period proportional to the ball’s
outgoing velocity. Coefficient of restitution can be calculated
from the ratio of the outgoing time period to the incoming
time period along with the mass of the disk and ball: COR=
(T, T, )(M+MM, M,

The thermoplastic composition of this invention preferably
comprises (a) aliphatic, mono-functional organic acid(s) hav-
ing fewer than 36 carbon atoms; and (b) ethylene, C; to Cq
a,p-ethylenically unsaturated carboxylic acid copolymer(s)
and ionomer(s) thereof, wherein greater than 90%, preferably
near 100%, and more preferably 100% of all the acid of (a)
and (b) are neutralized.

The thermoplastic composition preferably comprises melt-
processible, highly-neutralized (greater than 90%, preferably
near 100%, and more preferably 100%) polymer of (1) eth-
ylene, C, to C a.,f-ethylenically unsaturated carboxylic acid
copolymers that have their crystallinity disrupted by addition
of a softening monomer or other means such as high acid
levels, and (2) non-volatile, non-migratory agents such as
organic acids (or salts) selected for their ability to substan-
tially or totally suppress any remaining ethylene crystallinity.
Agents other than organic acids (or salts) may be used.

It has been found that, by modifying an acid copolymer or
ionomer with a sufficient amount of specific organic acids (or
salts thereof); it is possible to highly neutralize the acid
copolymer without losing processibility or properties such as
elongation and toughness. The organic acids employed in the
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present invention are aliphatic, mono-functional, saturated or
unsaturated organic acids, particularly those having fewer
than 36 carbon atoms, and particularly those that are non-
volatile and non-migratory and exhibit ionic array plasticiz-
ing and ethylene crystallinity suppression properties.

With the addition of sufficient organic acid, greater than
90%, nearly 100%, and preferably 100% of the acid moieties
in the acid copolymer from which the ionomer is made can be
neutralized without losing the processibility and properties of
elongation and toughness.

The melt-processible, highly-neutralized acid copolymer
ionomer can be produced by the following:

(a) melt-blending (1) ethylene «,p-ethylenically unsatur-
ated C, ¢ carboxylic acid copolymer(s) or melt-processible
ionomer(s) thereof (ionomers that are not neutralized to the
level that they have become intractable, that is not melt-
processible) with (1) one or more aliphatic, mono-functional,
saturated or unsaturated organic acids having fewer than 36
carbon atoms or salts of the organic acids, and then concur-
rently or subsequently.

(b) adding a sufficient amount of a cation source to increase
the level of neutralization all the acid moieties (including
those in the acid copolymer and in the organic acid) to greater
than 90%, preferably near 100%, more preferably to 100%.

Preferably, highly-neutralized thermoplastics of the inven-
tion can be made by:

(a) melt-blending (1) ethylene, a,p-ethylenically unsatur-
ated C, ¢ carboxylic acid copolymer(s) or melt-processible
ionomer(s) thereof that have their crystallinity disrupted by
addition of a softening monomer or other means with (2)
sufficient non-volatile, non-migratory agents to substantially
remove the remaining ethylene crystallinity, and then concur-
rently or subsequently.

(b) adding a sufficient amount of a cation source to increase
the level of neutralization all the acid moieties (including
those in the acid copolymer and in the organic acid if the
non-volatile, non-migratory agent is an organic acid) to
greater than 90%, preferably near 100%, more preferably to
100%.

The acid copolymers used in the present invention to make
the ionomers are preferably ‘direct’ acid copolymers. They
are preferably alpha olefin, particularly ethylene, C, , a.,p-
ethylenically unsaturated carboxylic acid, particularly acrylic
and methacrylic acid, copolymers. They may optionally con-
tain a third softening monomer. By “softening,” it is meant
that the crystallinity is disrupted (the polymer is made less
crystalline). Suitable “softening” comonomers are monomers
selected from alkyl acrylate, and alkyl methacrylate, wherein
the alkyl groups have from 1-8 carbon atoms.

The acid copolymers, when the alpha olefin is ethylene,
can be described as E/X/Y copolymers where E is ethylene, X
is the o, -ethylenically unsaturated carboxylic acid, andY is
a softening comonomer. X is preferably present in 3-30 (pref-
erably 4-25, most preferably 5-20) wt. % of the polymer, and
Y is preferably present in 0-30 (alternatively 3-25 or 10-23)
wt. % of the polymer.

In one embodiment, golf balls made with the cores of the
invention enjoy high COR at relatively low club speeds. The
COR of these balls is higher than the COR of similar balls
with higher compression cores at relatively low club speeds.
At higher club speeds, however, the COR of golf balls with
low compression cores can be lower than the COR of balls
with higher compression cores. As illustrated herein, a first
golfball with a 1.505-inch diameter core and a core compres-
sion of 48 (hereinafter “Sample-48”) and a second golf ball
with a 1.515-inch diameter core and a core compression of 80
(hereinafter “Sample-80”) were subject to the following dis-
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tance and COR tests. Sample-48 and Sample-80 have essen-
tially the same size core and similar dual-layer cover. The
single most significant difference between these two balls is
the compression of the respective cores.

As used in the ball speed test, the “average driver set-up”
refers to a set of launch conditions, i.e., at a club head speed
to which a mechanical golf club has been adjusted so as to
generate a ball speed of about 140 ft/s. Similarly, the “stan-
dard driver set-up” refers to a similar ball speed at launch
conditions of about 160 ft/s; the “Pro 167 set-up” refers to a
ball speed at launch conditions of about 167 ft/s; and the “Big
Pro 175 set-up” refers to a ball speed at launch conditions of
about 175 ft/s. Also, as used in the COR test, the mass plate is
a 45-kg plate (100 1b) against which the balls strike at the
indicated speed. The 200-g solid plate is a smaller mass that
the balls strike and resembles the mass of a club head. The
199.8-g calibration plate resembles a driver with a flexible
face that has a COR of 0.830.

Theball speed test results show that while Sample-48 holds
a ball speed advantage at club speeds of 140 fi/s to 160 ft/s
launch conditions, Sample-80 decidedly has better ball speed
at 167 ft/s and 175 ft/s launch conditions.

Similarly, the COR test results show that at the higher
collision speed (160 ft/s), the COR generally goes down for
both balls, but the 199.8-g calibration test shows that the COR
of the higher compression Sample-80 is significantly better
than the lower compression Sample-48 at the collision speed
(160 ft/s). Additionally, while the COR generally goes down
for both balls, the rate of decrease is much less for Sample-80
than for Sample-48. Unless specifically noted, COR values
used hereafter are measured by either the mass plate method
or the 200-gram solid plate method, i.e., where the impact
plate is not flexible. Unless otherwise noted, COR values used
hereafter are measured by either the mass plate method or the
200-g solid plate method.

Without being limited to any particular theory, the inven-
tors of the present invention believe that at high impact, the
ball with lower core compression deforms more than the ball
with higher core compression. Such deformation negatively
affects the initial velocity and COR of the ball.

In accordance to the present invention, a golf ball is pro-
vided with a low compression and high COR layer, which is
supported or otherwise reinforced by a low deformation layer.

On the other hand, the low deformation layer in accordance
to the present invention may comprise a durable, low defor-
mation material such as metal, rigid plastics, or polymers
re-enforced with high strength organic or inorganic fillers or
fibers, or blends or composites thereof, as discussed below.
Suitable plastics or polymers include, but not limited to, high
cis- or trans-polybutadiene, one or more of partially or fully
neutralized ionomers including those neutralized by a metal
ion source wherein the metal ion is the salt of an organic acid,
polyolefins including polyethylene, polypropylene, polybu-
tylene and copolymers thereof including polyethylene acrylic
acid or methacrylic acid copolymers, or a terpolymer of eth-
ylene, a softening acrylate class ester such as methyl acrylate,
n-butyl-acrylate or iso-butyl-acrylate, and a carboxylic acid
such as acrylic acid or methacrylic acid (e.g., terpolymers
including polyethylene-methacrylic acid-n or iso-butyl acry-
late and polyethylene-acrylic acid-methyl acrylate, polyeth-
ylene ethyl or methyl acrylate, polyethylene vinyl acetate,
polyethylene glycidyl alkyl acrylates). Suitable polymers
also include metallocene catalyzed polyolefins, polyesters,
polyamides, non-ionomeric thermoplastic elastomers,
copolyether-esters, copolyether-amides, EPR, EPDM, ther-
moplastic or thermosetting polyurethanes, polyureas, poly-
urethane ionomers, epoxies, polycarbonates, polybutadiene,
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polyisoprene, and blends thereof. In the case of metallocenes,
the polymer may be cross-linked with a free radical source,
such as peroxide, or by high radiation.

Spheres were prepared using fully neutralized ionomers A
and B.

TABLE I
Cation (%
Sample  Resin Type (%) Acid Type (%) neut*) M.L (g/10 min)
1A A (60) Oleic (40) Mg (100) 1.0
2B A (60) Oleic (40) Mg (105)* 0.9
3C B (60) Oleic (40) Mg (100) 0.9
4D B (60) Oleic (40) Mg (105)* 0.9
5E B (60) Stearic (40) Mg (100) 0.85

A - 76.9% ethylene, 14.8% normal butyl acrylate, 8.3% acrylic acid
B - 75% ethylene, 14.9% normal butyl acrylate, 10.1% acrylic acid

*indicates that cation was sufficient to neutralize 105% of all the acid in the resin and the
organic acid.

These compositions were molded into 1.53-inch spheres
for which data is presented in the following table.

TABLE II
Sample Atti Compression COR @ 125 ft/s
1A 75 0.826
2B 75 0.826
3C 78 0.837
4D 76 0.837
5E 97 0.807

Further testing of commercially available highly neutral-
ized polymers HNP1 and HNP2 had the following properties.

TABLE III
Material Properties
HNP1 HNP2

Specific Gravity (g/cm?) 0.966 0.974

Melt Flow, 190° C., 10-kg load 0.65 1.0

Shore D Flex Bar (40 hr) 47.0 46.0

Shore D Flex Bar (2 week) 51.0 48.0

Flex Modulus, psi (40 hr) 25,800 16,100

Flex Modulus, psi (2 week) 39,900 21,000

DSC Melting Point (° C.) 61.0 61/101

Moisture (ppm) 1500 4500

Weight % Mg 2.65 2.96

TABLE 1V
Solid Sphere Data
HNP1a/HNP2a

Material HNP1 HNP2  HNP2a HNPla  (50:50 blend)
Spec. Grav. 0954  0.959 1.153 1.146 1.148
(gfem®)
Filler None None  Tungsten Tungsten Tungsten
Compression 107 83 86 62 72
COR 0.827  0.853 0.844 0.806 0.822
Shore D 51 47 49 42 45
Shore C 79 72 75

These materials are exemplary examples of the preferred
center and/or core layer compositions of the present inven-
tion. They may also be used as a cover layer herein.

The golf ball components of the present invention, in par-
ticular the core (center and/or outer core layers) may be
formed from a co-polymer of ethylene and an a,f-unsatur-
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ated carboxylic acid. In another embodiment, they may be
formed from a terpolymer of ethylene, an «,-unsaturated
carboxylic acid, and an n-alkyl acrylate. Preferably, the c,p3-
unsaturated carboxylic acid is acrylic acid or methacrylic
acid. In a preferred embodiment, the n-alkyl acrylate is n-bu-
tyl acrylate. Further, in a preferred form, the co- or ter-poly-
mer comprises a level of fatty acid salt greater than 5 phr of the
base resin. The preferred fatty acid salt is magnesium oleate
or magnesium stearate.

It is highly preferred that the carboxylic acid in the inter-
mediate layer is 100% neutralized with metal ions. The metal
ions used to neutralize the carboxylic acid may be any metal
ion known in the art. Preferably, the metal ions comprise
magnesium ions. If the material used in the intermediate layer
is not 100% neutralized, the resultant resilience properties
such as COR and initial velocity may not be sufficient to
produce the improved initial velocity and distance properties
of the present invention.

The golf ball components can comprise various levels of
the three components of the co- or terpolymer as follows:
from about 60 to about 90% ethylene, from about 8 to about
20% by weight of the o,f-unsaturated carboxylic acid, and
from 0% to about 25% of the n-alkyl acrylate. The co- or
terpolymer may also contain an amount of a fatty acid salt.
The fatty acid salt preferably comprises magnesium oleate.
These materials are commercially available from DuPont,
under the tradename DuPont HPF®.

In one embodiment, the core and/or core layers (or other
intermediate layers) comprises a copolymer of about 81% by
weight ethylene and about 19% by weight acrylic acid,
wherein 100% of the carboxylic acid groups are neutralized
with magnesium ions. The copolymer also contains at least 5
phr of magnesium oleate. Material suitable for use as this
layer is available from DuPont under the tradename DuPont
HPF SEP 1313-4®.

In a second preferred embodiment, the core and/or core
layers (or other intermediate layers) comprise a copolymer of
about 85% by weight ethylene and about 15% by weight
acrylic acid, wherein 100% of the acid groups are neutralized
with magnesium ions. The copolymer also contains at least 5
phr of magnesium oleate. Material suitable for use as this
layer is available from DuPont under the tradename DuPont
HPF SEP 1313-3®.

In a third preferred embodiment, the core and/or core lay-
ers (or other intermediate layers) comprise a copolymer of
about 88% by weight ethylene and about 12% by weight
acrylic acid, wherein 100% of the acid groups are neutralized
with magnesium ions. The copolymer also contains at least 5
phr of magnesium oleate. Material suitable for use as this
layer is available from DuPont under the tradename DuPont
HPF AD1027®.

In a further preferred embodiment, the core and/or core
layers (or other intermediate layers) are adjusted to a target
specific gravity to enable the ball to be balanced. For a 1.68-
inch diameter golf ball having a ball weight of about 1.61 oz,
the target specific gravity is about 1.125. It will be appreciated
by one of ordinary skill in the art that the target specific
gravity will vary based upon the size and weight of the golf
ball. The specific gravity is adjusted to the desired target
through the use of inorganic fillers. Preferred fillers used for
compounding the inner layer to the desired specific gravity
include, but are not limited to, tungsten, zinc oxide, barium
sulfate and titanium dioxide. Other suitable fillers, in particu-
lar nano or hybrid materials, include those described in U.S.
Pat. No. 6,793,592 and U.S. application Ser. No. 10/037,987,
which are incorporated herein, in their entirety, by reference
thereto.
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Some preferred golf ball layers formed from the above
compositions were molded onto a golf ball center using
DuPont HPF RX-85®, Dupont HPF SEP 1313-3®, or
DuPont HPF SEP 1313-4®. 1) DuPont HPF RX-85®, a
copolymer of about 88% ethylene and about 12% acrylic
acid, wherein 100% of the acid groups are neutralized with
magnesium ions. Further, the copolymer contains a fixed
amount of magnesium oleate. This material was compounded
to a specific gravity of about 1.125 using tungsten. The Shore
D hardness of this material (as measured on the curved sur-
face of the inner cover layer) was about 58 to about 60. 2)
DuPont HPF SEP 1313-3®, a copolymer of about 85% eth-
ylene and about 15% acrylic acid, wherein 100% of the acid
groups are neutralized with magnesium ions. Further, the
copolymer contains a fixed amount of magnesium oleate.
This material was compounded to a specific gravity of about
1.125 using tungsten. The Shore D hardness of this material
(as measured on the curved surface of the inner cover layer)
was about 58-60. 3) DuPont HPF SEP 1313-4®, a copolymer
of about 81% ethylene and about 19% acrylic acid, wherein
100% of the acid groups are neutralized with magnesium
ions. Further, the copolymer contains a fixed amount of mag-
nesium oleate. This material was compounded to a specific
gravity of about 1.125 using tungsten. The Shore D hardness
of this material (as measured on the curved surface of the
inner cover layer) was about 58-60.

The centers/cores/layers can also comprise various levels
of the three components of the terpolymer as follows: from
about 60% to 80% ethylene; from about 8% to 20% by weight
of'the a,p-unsaturated carboxylic acid; and from about 0% to
25% of the n-alkyl acrylate, preferably 5% to 25%. The
terpolymer will also contain an amount of a fatty acid salt,
preferably magnesium oleate. These materials are commer-
cially available under the trade name DuPont® HPF™. In a
preferred embodiment, a terpolymer suitable for the inven-
tion will comprise from about 75% to 80% by weight ethyl-
ene, from about 8% to 12% by weight of acrylic acid, and
from about 8% to 17% by weight of n-butyl acrylate, wherein
all of the carboxylic acid is neutralized with magnesium ions,
and comprises at least 5 phr of magnesium oleate.

In another preferred embodiment, the cover layer will com-
prise a terpolymer of about 70% to 75% by weight ethylene,
about 10.5% by weight acrylic acid, and about 15.5% to
16.5% by weight n-butyl acrylate. The acrylic acid groups are
100% neutralized with magnesium ions. The terpolymer will
also contain an amount of magnesium oleate. Materials suit-
able for use as this layer are sold under the trade name
DuPont® HPF™ AD 1027.

In yet another preferred embodiment, the centers/cores/
layers comprise a copolymer comprising about 88% by
weight of ethylene and about 12% by weight acrylic acid,
with 100% ofthe acrylic acid neutralized by magnesium ions.
The centers/cores/layers may also contain magnesium oleate.
Material suitable for this embodiment was produced by
DuPont as experimental product number SEP 1264-3. Pref-
erably the centers/cores/layers are adjusted to a target specific
gravity of 1.125 using inert fillers to adjust the density with
minimal effect on the performance properties of the cover
layer. Preferred fillers used for compounding the centers/
cores/layers to the desired specific gravity include but are not
limited to tungsten, zinc oxide, barium sulfate, and titanium
dioxide.

A first set of intermediate layers were molded onto cores
using DuPont® HPF™ AD1027, which is a terpolymer of
about 73% to 74% ethylene, about 10.5% acrylic acid, and
about 15.5% to 16.5% n-butyl acrylate, wherein 100% of'the
acid groups are neutralized with magnesium ions. Further, the
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terpolymer contains a fixed amount of greater than 5 phr
magnesium oleate. This material is compounded to a specific
gravity of about 1.125 using barium sulfate and titanium
dioxide. The Shore D hardness of this material (as measured
on the curved surface of the inner cover layer) is about 58-60.

A second set of layers were molded onto each of the experi-
mental cores using DuPont experimental HPF™ SEP 1264-3,
which is a copolymer of about 88% ethylene and about 12%
acrylic acid, wherein 100% of the acid groups are neutralized
with magnesium ions. Further, the copolymer contains a fixed
amount of at least 5 phr magnesium oleate. This material is
compounded to a specific gravity of about 1.125 using zinc
oxide. The Shore D hardness of this material (as measured on
the curved surface of the inner cover layer) is about 61-64.

A first set of covers were molded onto each of the core/
layer components using DuPont HPF™ 1000, which is a
terpolymer of about 75% to 76% ethylene, about 8.5% acrylic
acid, and about 15.5% to 16.5% n-butyl acrylate, wherein
100% of the acid groups are neutralized with magnesium
ions. Further, the terpolymer contains a fixed amount of at
least 5 phr of magnesium stearate. This material is com-
pounded to a target specific gravity of about 1.125 using
barium sulfate and titanium dioxide. The Shore D hardness of
this material (as measured on the curved surface of the
molded golf ball) is about 60-62.

In one embodiment, the formation of a golf ball starts with
forming the inner core. The inner core, outer core, and the
cover are formed by compression molding, by injection
molding, or by casting. These methods of forming cores and
covers of this type are well known in the art. The materials
used for the inner and outer core, as well as the cover, are
selected so that the desired playing characteristics of the ball
are achieved. The inner and outer core materials have sub-
stantially different material properties so that there is a pre-
determined relationship between the inner and outer core
materials, to achieve the desired playing characteristics of the
ball.

In one embodiment, the inner core is formed of a first
material having a first Shore D hardness, a first elastic modu-
lus, a first specific gravity, and a first Bashore resilience. The
outer core is formed of a second material having a second
Shore D hardness, a second elastic modulus, a second specific
gravity, and a second Bashore resilience. Preferably, the
material property of the first material equals at least one
selected from the group consisting of the first Shore D hard-
ness differing from the second Shore D hardness by at least 10
points, the first elastic modulus differing from the second
elastic modulus by at least 10%, the first specific gravity
differing from the second specific gravity by atleast 0.1, or a
first B ashore resilience differing from the second Bashore
resilience by at least 10%. It is more preferred that the first
material have all of these material property relationships.

Moreover, it is preferred that the first material has the first
Shore D hardness between about 30 and about 80, the first
elastic modulus between about 5,000 psi and about 100,000
psi, the first specific gravity between about 0.8 and about 1.6,
and the first Bashore resilience greater than 30%.

In another embodiment, the first Shore D hardness is less
than the second Shore D hardness, the first elastic modulus is
less than the second elastic modulus, the first specific gravity
is less than the second specific gravity, and the first Bashore
resilience is less than the second Bashore resilience. In
another embodiment, the first material properties are greater
than the second material properties. The relationship between
the first and second material properties depends on the
desired playability characteristics.
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Suitable inner and outer core materials include HNP’s
neutralized with organic fatty acids and salts thereof, metal
cations, or a combination of both, thermosets, such as rubber,
polybutadiene, polyisoprene; thermoplastics, such as iono-
mer resins, polyamides or polyesters; or thermoplastic elas-
tomers. Suitable thermoplastic elastomers include PEBAX®,
HYTREL®, thermoplastic urethane, and KRATON®, which
are commercially available from Elf-Atochem, DuPont, BF
Goodrich, and Shell, respectively. The inner and outer core
materials can also be formed from a castable material. Suit-
able castable materials include, but are not limited to, ure-
thane, urea, epoxy, diols, or curatives.

The cover is selected from conventional materials used as
golf ball covers based on the desired performance character-
istics. The cover may be comprised of one or more layers.
Cover materials such as ionomer resins, blends of ionomer
resins, thermoplastic or thermoset urethanes, and balata, can
be used as known in the art and discussed above. In other
embodiments, additional layers may be added to those men-
tioned above or the existing layers may be formed by multiple
materials.

When the core is formed with a fluid-filled center, the
center is formed first then the inner core is molded around the
center. Conventional molding techniques can be used for this
operation. Then the outer core and cover are formed thereon,
as discussed above. The fluid within the inner core can be a
wide variety of materials including air, water solutions, lig-
uids, gels, foams, hot-melts, other fluid materials and combi-
nations thereof. The fluid is varied to modify the performance
parameters of the ball, such as the moment of inertia or the
spin decay rate. Examples of suitable liquids include either
solutions such as salt in water, corn syrup, salt in water and
corn syrup, glycol and water or oils. The liquid can further
include pastes, colloidal suspensions, such as clay, barytes,
carbon black in water or other liquid, or salt in water/glycol
mixtures. Examples of suitable gels include water gelatin
gels, hydrogels, water/methyl cellulose gels and gels com-
prised of copolymer rubber based materials such a styrene-
butadiene-styrene rubber and paraffinic and/or naphthenic
oil. Examples of suitable melts include waxes and hot melts.
Hot-melts are materials which at or about normal room tem-
peratures are solid but at elevated temperatures become lig-
uid. A high melting temperature is desirable since the liquid
core is heated to high temperatures during the molding of the
inner core, outer core, and the cover. The liquid can be a
reactive liquid system, which combines to form a solid.
Examples of suitable reactive liquids are silicate gels, agar
gels, peroxide cured polyester resins, two part epoxy resin
systems and peroxide cured liquid polybutadiene rubber
compositions.

The “effective compression constant,” which is designated
EC, is the ratio of deflection of a 1.50 inch diameter sphere
made of any single material used in the core under a 100 kg
load that as represented by the formula EC=F/d, where, Fis a
100 kg load; and d is the deflection in millimeters. If the
sphere tested is only inner core material, the effective com-
pression constant for the inner core material alone is desig-
nated EC,.. Ifthe sphere tested is only outer core material, the
effective compression constant for the outer core material
alone is designated EC . The sum of the constants for the
inner core EC, and outer core EC,. is the constant EC. If
the sphere tested is inner and outer core material, the core
effective compression constant is designated EC .. It is has
been determined that very favorable cores are formed when
their core effective compression constant EC . is less than the
sum of the effective compression constants of the inner core
and outer core EC;. It is recommended that the core effective
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compression constant EC . is less than about 90% of the sum
of the effective compression constants of the inner core and
outer core ECg. More preferably, the core effective compres-
sion constant EC_. is less than or equal to about 50% of the
sum of the effective compression constants of the inner core
and outer core ECg. The ratios of the inner core material to
outer core material and the geometry of the inner core to the
outer core are selected to achieve these core effective com-
pression constants.

The resultant golf balls typically have a coefficient of res-
titution of greater than about 0.7, preferably greater than
about 0.75, and more preferably greater than about 0.78. The
golf balls also typically have an Atti compression of at least
about 40, preferably from about 50 to 120, and more prefer-
ably from about 60 to 100. The golf ball cured polybutadiene
material typically has a hardness of at least about 15 Shore A,
preferably between about 30 Shore A and 80 Shore D, more
preferably between about 50 Shore A and 60 Shore D.

In addition to the HNP’s neutralized with organic fatty
acids and salts thereof, core compositions may comprise at
least one rubber material having a resilience index of at least
about 40. Preferably the resilience index is at least about 50.
Polymers that produce resilient golf balls and, therefore, are
suitable for the present invention, include but are not limited
to CB23, CB22, commercially available from of Bayer Corp.
of Orange, Tex., BR60, commercially available from
Enichem of Italy, and 1207G, commercially available from
Goodyear Corp. of Akron, Ohio.

Additionally, the unvulcanized rubber, such as polybutadi-
ene, in golf balls prepared according to the invention typically
has a Mooney viscosity of between about 40 and about 80,
more preferably, between about 45 and about 65, and most
preferably, between about 45 and about 55. Mooney viscosity
is typically measured according to ASTM-D1646.

When golf balls are prepared according to the invention,
they typically will have dimple coverage greater than about
60 percent, preferably greater than about 65 percent, and
more preferably greater than about 75 percent. The flexural
modulus of the cover on the golf'balls, as measured by ASTM
method D6272-98, Procedure B, is typically greater than
about 500 psi, and is preferably from about 500 psito 150,000
psi. As discussed herein, the outer cover layer is preferably
formed from a relatively soft polyurethane material. In par-
ticular, the material of the outer cover layer should have a
material hardness, as measured by ASTM-D2240, less than
about 45 Shore D, preferably less than about 40 Shore D,
more preferably between about 25 and about 40 Shore D, and
most preferably between about 30 and about 40 Shore D. The
casing preferably has a material hardness of less than about 70
Shore D, more preferably between about 30 and about 70
Shore D, and most preferably, between about 50 and about 65
Shore D.

In a preferred embodiment, the intermediate layer material
hardness is between about 40 and about 70 Shore D and the
outer cover layer material hardness is less than about 40 Shore
D. In a more preferred embodiment, a ratio of the intermedi-
ate layer material hardness to the outer cover layer material
hardness is greater than 1.5.

It should be understood, especially to one of ordinary skill
in the art, that there is a fundamental difference between
“material hardness” and “hardness, as measured directly on a
golf ball.” Material hardness is defined by the procedure set
forth in ASTM-D2240 and generally involves measuring the
hardness of a flat “slab” or “button” formed of the material of
which the hardness is to be measured. Hardness, when mea-
sured directly on a golf ball (or other spherical surface) is a
completely different measurement and, therefore, results in a
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different hardness value. This difference results from a num-
ber of factors including, but not limited to, ball construction
(i.e., core type, number of core and/or cover layers, etc.), ball
(or sphere) diameter, and the material composition of adja-
cent layers. It should also be understood that the two mea-
surement techniques are not linearly related and, therefore,
one hardness value cannot easily be correlated to the other.

Inone embodiment, the core of the present invention has an
Atti compression of between about 50 and about 90, more
preferably, between about 60 and about 85, and most prefer-
ably, between about 65 and about 85. The overall outer diam-
eter (“OD”) of the core is less than about 1.590 inches, pref-
erably, no greater than 1.580 inches, more preferably between
about 1.540 inches and about 1.580 inches, and most prefer-
ably between about 1.525 inches to about 1.570 inches. The
OD of the casing of the golf balls of the present invention is
preferably between 1.580 inches and about 1.640 inches,
more preferably between about 1.590 inches to about 1.630
inches, and most preferably between about 1.600 inches to
about 1.630 inches.

Additionally, the core may be a two- or three-piece core,
wherein the outermost core layer is formed from an HNP
composition. In a two-piece core embodiment, the center or
innermost core layer has a diameter of about 1.00 inches to
about 1.60 inches, preferably about 1.20 inches to about 1.58
inches, more preferably about 1.30 inches to about 1.56
inches, and most preferably about 1.40 inches to about 1.55
inches. The outermost core layer (comprising the HNP com-
position) typically has a thickness of about 0.010 inches to
about 0.250 inches, preferably about 0.020 inches to about
0.150 inches, more preferably about 0.040 inches to about
0.125 inches, and most preferably about 0.050 inches to about
0.095 inches.

In a three-piece core embodiment, the center or innermost
core layer has a diameter of about 0.25 inches to about 1.50
inches, preferably about 0.50 inches to about 1.40 inches,
more preferably about 0.75 inches to about 1.30 inches, and
most preferably about 1.0 inches to about 1.20 inches. The
intermediate core layer (between the innermost core layer (or
center) and the outer core layer) typically has a thickness of
about 0.050 inches to about 0.550 inches, preferably about
0.100 inches to about 0.300 inches, more preferably about
0.125 inches to about 0.290 inches, and most preferably about
0.200 inches to about 0.275 inches. The outermost core layer
(comprising HNP) typically has a thickness of about 0.010
inches to about 0.250 inches, preferably about 0.020 inches to
about 0.150 inches, more preferably about 0.040 inches to
about 0.125 inches, and most preferably about 0.050 inches to
about 0.095 inches.

In a preferred embodiment, the innermost core (center) has
an outer surface hardness that is at least 5 Shore C less than the
hardness of both the inner and outer surfaces of the outer core
layer, preferably at least 7 Shore C less, most preferably at
least 9 Shore C less.

The inner core surface hardness typically ranges from
about 50 Shore C to about 96 Shore C; preferably about 57
Shore C to about 89 Shore C; more preferably about 63 Shore
C to about 82 Shore C; most preferably about 63 Shore C, 67
Shore C, 71 Shore C, 75 Shore C, or 79 Shore C. The outer
core surface hardness typically ranges from about 57 Shore C
to about 100 Shore C; preferably about 63 Shore C to about 96
Shore C; more preferably about 70 Shore C to about 89 Shore
C; and most preferably about 70 Shore C, 74 Shore C, 81
Shore C, 82 Shore C, or 86 Shore C.

In a preferred embodiment, the innermost core (center) has
an outer surface hardness that is at least 3 Shore D less than
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the hardness of both the inner and outer surfaces of the outer
core layer, preferably at least 5 Shore D less, more preferably
at least 7 Shore D less.

The inner core surface hardness typically ranges from
about 30 Shore D to about 65 Shore Dj; preferably about 35
Shore D to about 60 Shore D; more preferably about 40 Shore
D to about 55 Shore D; most preferably about 40 Shore D, 43
Shore D, 46 Shore D, 49 Shore D, or 52 Shore D. The outer
core surface hardness typically ranges from about 35 Shore D
to about 70 Shore D; preferably about 40 Shore D to about 65
Shore D; more preferably about 45 Shore D to about 60 Shore
D; and most preferably about 45 Shore D, 48 Shore D, 51
Shore D, 54 Shore D, or 57 Shore D.

The present multilayer golf ball can have an overall diam-
eter of any size. Although the USGA specifications limit the
minimum size of a competition golf ball to 1.680 inches.
There is no specification as to the maximum diameter. Golf
balls of any size, however, can be used for recreational play.
The preferred diameter of the present golf balls is from about
1.680 inches to about 1.800 inches. The more preferred diam-
eter is from about 1.680 inches to about 1.760 inches. The
most preferred diameter is about 1.680 inches to about 1.740
inches.

The golf balls of the present invention should have a
moment of inertia (“MOI”) of less than about 85 and, prefer-
ably, less than about 83. The MOI is typically measured on
model number MOI-005-104 MOI Instrument manufactured
by Inertia Dynamics of Collinsville, Conn. The instrument is
plugged into a PC for communication via a COMM port and
is driven by MOI Instrument Software version #1.2. U.S. Pat.
Nos. 6,193,619; 6,207,784, 6,221,960, 6,414,082, 6,476,130,
and 6,287,638 are incorporated in their entirety herein by
express reference thereto. The highly-neutralized polymers
of the present invention may also be used in golf equipment,
in particular, inserts for golf clubs, such as putters, irons, and
woods, and in golf shoes and components thereof.

As used herein, the term “about,” used in connection with
one or more numbers or numerical ranges, should be under-
stood to refer to all such numbers, including all numbers in a
range. Other than in the operating examples, or unless other-
wise expressly specified, all of the numerical ranges,
amounts, values and percentages such as those for amounts of
materials, and others in the specification may be read as if
prefaced by the word “about” even though the “about” may
not expressly appear with the value, amount or range. Accord-
ingly, unless indicated to the contrary, the numerical param-
eters set forth in the specification and attached claims are
approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At
the very least, and not as an attempt to limit the application of
the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of
the number of reported significant digits and by applying
ordinary rounding techniques.

Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approxima-
tions, the numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical value,
however, inherently contain certain errors necessarily result-
ing from the standard deviation found in their respective
testing measurements. Furthermore, when numerical ranges
of varying scope are set forth herein, it is contemplated that
any combination of these values inclusive of the recited val-
ues may be used. The invention described and claimed herein
is not to be limited in scope by the specific embodiments
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herein disclosed, since these embodiments are intended
solely as illustrations of several aspects of the invention. Any
equivalent embodiments are intended to be within the scope
of this invention. Indeed, various modifications of the inven-
tion in addition to those shown and described herein will
become apparent to those skilled in the art from the foregoing
description. Such modifications are also intended to fall
within the scope of the appended claims.

What is claimed is:

1. A golf ball comprising:

an inner core layer comprising a thermoset rubber compo-

sition and having a surface hardness;

athermoplastic outer core layer having a surface hardness,

an inner surface hardness, and comprising a copolymer

of ethylene and an a,f-unsaturated carboxylic acid, an

organic acid or salt thereof, and sufficient cation source

to fully-neutralize the acid groups of the copolymer;
an inner cover layer; and

an outer cover layer;

wherein the surface hardness of the inner core is less than

the surface hardness of the outer core layer by 3 Shore D
or greater and less than the inner surface hardness of the
outer core layer by 3 Shore D or greater.

2. The golf ball of claim 1, wherein the surface hardness of
the inner core is less than the surface hardness of the outer
core layer by 5 Shore D or greater and less than the inner
surface hardness of the outer core layer by 5 Shore D or
greater.

3. The golf ball of claim 2, wherein the surface hardness of
the inner core is less than the surface hardness of the outer
core layer by 7 Shore D or greater and less than the inner
surface hardness of the outer core layer by 7 Shore D or
greater.

4. The golf ball of claim 1, wherein the cation source is
selected from a group consisting of metal cations of lithium,
sodium, potassium, magnesium, calcium, barium, lead, tin,
zinc, and aluminum.

5. The golf ball of claim 1, wherein the organic acid salt
comprises an organic acid selected from the group consisting
of aliphatic organic acids, aromatic organic acids, saturated
mono- or multi-functional organic acids, unsaturated mono-
or multi-functional organic acids, and multi-unsaturated
mono- or multi-functional organic acids.

6. The golf ball of claim 1, wherein the organic acid com-
prises stearic acid, behenic acid, erucic acid, oleic acid, lino-
elic acid or dimerized derivatives thereof.

7. The golf ball of claim 1, wherein the organic acid salt
comprises a cation selected from the group consisting of
barium, lithium, sodium, zinc, bismuth, chromium, cobalt,
copper, potassium, strontium, titanium, tungsten, magne-
sium, cesium, iron, nickel, silver, aluminum, tin, and calcium.

8. The golf ball of claim 1, wherein the outer cover is a
castable polyurea or polyurethane.

9. The golf ball of claim 1, wherein the inner cover layer
comprises a polyurethane, a polyurea, a polyurethane-urea
hybrid, a polyurea-urethane hybrid, or an ionomer.

10. The golf ball of claim 1, wherein the inner core has a
diameter of 0.8 inches to 1.4 inches.

11. The golf ball of claim 1, wherein the thermoplastic
outer core layer has a thickness of 0.040 inches or greater.

12. The golf ball of claim 11, wherein the thermoplastic
outer core layer has a thickness of 0.090 inches to 0.180
inches.
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MULTI-LAYER GOLF BALL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/024,901, filed on Feb. 10,2011, now U.S. Pat.
No. 8,123,632 which is a continuation of U.S. patent appli-
cation Ser. No. 12/233,776, filed Sep. 19, 2008, now U.S. Pat.
No. 7,887,437, which is a continuation-in-part of U.S. patent
application Ser. No. 12/048,003, filed Mar. 13, 2008, now
abandoned which is a continuation-in-part of U.S. patent
application Ser. No. 11/767,070, filed Jun. 22, 2007, now
abandoned which is a continuation-in-part of U.S. patent
application Ser. No. 10/773,906, filed Feb. 6, 2004, now U.S.
Pat. No. 7,255,656, which is a continuation-in-part of U.S.
patent application Ser. No. 10/341,574, filed Jan. 13, 2003,
now U.S. Pat. No. 6,852,044, which is a continuation-in-part
of U.S. patent application Ser. No. 10/002,641, filed Nov. 28,
2001, now U.S. Pat. No. 6,547,677. The entire disclosure of
each of these references is hereby incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention generally relates to golf balls, and
more particularly to golf balls having dual cores surrounded
by dual covers, wherein the outer surface hardness of the
outer core layer is greater than the material hardness of the
inner cover layer.

BACKGROUND OF THE INVENTION

Numerous golf balls having a multilayer construction
wherein the core hardness and cover hardness have been
variously improved are disclosed in the prior art. For
example, U.S. Pat. No. 6,987,159 to Iwami discloses a solid
golf ball with a solid core and a polyurethane cover, wherein
the difference in Shore D hardness between a center portion
and a surface portion of the solid core is at least 15, the
polyurethane cover has a thickness (t) of not more than 1.0
mm and is formed from a cured urethane composition having
aShore Dhardness (D) of from 35 to 60, and a product of tand
D ranges from 10 to 45.

U.S. Pat. No. 7,175,542 to Watanabe et al. discloses a
multi-piece solid golf ball composed of a multilayer core
having at least an inner core layer and an outer core layer, one
or more cover layers which enclose the core, and numerous
dimples formed on a surface of the cover layer. The golf ball
is characterized in that the following hardness conditions are
satisfied: (1) (JIS-C hardness of cover)-(JIS-C hardness at
center of core)Z27, (2) 23=(JIS-C hardness at surface of
core)—(JIS-C hardness at center of core)=40, and (3) 0.50=
[(deflection amount of entire core)/(deflection amount of
inner core layer)]=0.75.

U.S. Pat. No. 6,679,791 to Watanabe discloses a multi-
piece golf ball which includes a rubbery elastic core, a cover
having a plurality of dimples on the surface thereof, and at
least one intermediate layer between the core and the cover.
The intermediate layer is composed of a resin material which
is harder than the cover. The elastic core has a hardness which
gradually increases radially outward from the center to the
surface thereof. The center and surface of the elastic core have
a hardness difference of at least 18 JIS-C hardness units.

U.S. Pat. No. 5,782,707 to Yamagishi et al. discloses a
three-piece solid golf ball consisting of a solid core, an inter-
mediate layer, and a cover, wherein the hardness is measured
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by a JIS-C scale hardness meter, the core center hardness is up
to 75 degrees, the core surface hardness is up to 85 degrees,
the core surface hardness is higher than the core center hard-
ness by 8 to 20 degrees, the intermediate layer hardness is
higher than the core surface hardness by at least 5 degrees,
and the cover hardness is lower than the intermediate layer
hardness by at least 5 degrees.

Additional examples can be found, for example, in U.S.
Pat. No. 6,686,436 to Iwami, U.S. Pat. No. 6,786,836 to
Higuchi et al., U.S. Pat. No. 7,086,969 to Higuchi et al., U.S.
Pat. No, 7,153,224 to Higuchi et al., and U.S. Pat. No. 7,226,
367 to Higuchi et al.

The present invention provides a novel multilayer golf ball
construction which provides desirable spin and distance
properties.

SUMMARY OF THE INVENTION

In one embodiment, the present invention is directed to a
golfball consisting of an inner core layer, an outer core layer,
an inner cover layer, and an outer cover layer. The inner core
layer is formed from a rubber composition and has a diameter
of from 1.200 inches to 1.300 inches, a center hardness
(H..,.0,) of 50 Shore C or greater, and an outer surface hard-
ness of 65 Shore C or greater. The outer core layer is formed
from a highly neutralized polymer composition and has an
outer surface hardness (H,,,,., .o,.) 0f 75 Shore C or greater.
The inner cover layer is formed from a thermoplastic compo-
sition and has a material hardness (H,,,,,., .,,.,) less than the
outer surface hardness of the outer core layer. The outer cover
layer is formed from a composition selected from the group
consisting of polyurethanes, polyureas, and copolymers and
blends thereof.

In another embodiment, the present invention is directed to
a golf ball comprising a core and a cover. The core consists of
an inner core layer and an outer core layer. The inner core
layer is formed from a rubber composition and has a diameter
of from 1.200 inches to 1.300 inches, a center hardness
(H,eppze) of from 50 Shore C to 70 Shore C, and an outer
surface hardness of from 60 Shore C to 85 Shore C. The outer
core layer is formed from a highly neutralized polymer com-
position and has an outer surface hardness (H, ., .,.) of from
80 Shore Cto 95 Shore C. The cover consists of an inner cover
layer and an outer cover layer. The inner cover layer is formed
from a thermoplastic composition and has a material hardness
(H, e cover) less than the outer surface hardness of the outer
core layer. The outer cover layer is formed from a composi-
tion selected from the group consisting of polyurethanes,
polyureas, and copolymers and blends thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a golf ball according to
an embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 shows a golf'ball 30 according to an embodiment of
the present invention, including an inner core layer 32, an
outer core layer 34, an inner cover layer 36, and an outer cover
layer 38.

A golf ball having a dual core (i.e., two-layer core) and a
dual cover (i.e., two-layer cover) enclosing the core is dis-
closed. The dual core consists of an inner core layer and an
outer core layer. The inner core layer has a diameter within a
range having a lower limit 0 0.750 or 1.000 or 1.100 or 1.200
inches and an upper limit of 1.300 or 1.350 or 1.400 inches.
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The outer core layer encloses the inner core layer such that the
two-layer core has an overall diameter within a range having
a lower limit of 1.400 or 1.500 or 1.510 or 1.520 or 1.525
inches and an upper limit of 1.540 or 1.550 or 1.555 or 1.560
or 1.590 inches. In a particular embodiment, the inner core
layer has a diameter of 1.250 inches and the outer core layer
encloses the inner core layer such that the two-layer core has
an overall diameter of 1.530 inches or 1.550 inches.

The inner core layer has a center hardness (H_,,,,,.,) of 45
Shore C or greater, or 50 Shore C or greater, or 55 Shore C or
greater, or 60 Shore C or greater, or a center hardness within
arange having a lower limitof 40 or 45 or 50 or 55 or 60 Shore
C and an upper limit of 65 or 70 or 75 or 80 Shore C. The inner
core layer has an outer surface hardness of 65 Shore C or
greater, or 70 Shore C or greater, or 75 Shore C or greater, or
80 Shore C or greater, or an outer surface hardness within a
range having a lower limit of 55 or 60 or 65 or 70 or 75 Shore
C and an upper limit of 80 or 85 or 90 Shore C. In a particular
embodiment, the Shore C hardness of the inner core layer’s
outer surface is greater than or equal to the center Shore C
hardness. In another particular embodiment, the inner core
layer has a positive hardness gradient wherein the Shore C
hardness of the inner core layer’s outer surface is at least 10
Shore C units greater, or at least 15 Shore C units greater, or
19 Shore C units greater than the center Shore C hardness.

The outer core layer has an outer surface hardness
(H,,,z0 core) ©F 75 Shore C or greater, or 80 Shore C or greater,
or greater than 80 Shore C, or 85 Shore C or greater, or greater
than 85 Shore C, or 87 Shore C or greater, or greater than 87
Shore C, or 89 Shore C or greater, or greater than 89 Shore C,
or 90 Shore C or greater, or greater than 90 Shore C, or an
outer surface hardness within a range having a lower limit of
75 or 80 or 85 or 90 Shore C and an upper limit of 95 Shore C.
In a particular embodiment, the overall dual core has a posi-
tive hardness gradient wherein the Shore C hardness of the
outer core layer’s outer surface is at least 20 Shore C units
greater, or at least 25 Shore C units greater, or at least 30 Shore
C units greater, than the inner core layer’s center Shore C
hardness. In another particular embodiment, the Shore C
hardness of the outer core layer’s outer surface is greater than
the material hardness of the inner cover layer.

For purposes of the present disclosure, the center hardness
of'the inner core layer is obtained according to the following
procedure. The core is gently pressed into a hemispherical
holder having an internal diameter approximately slightly
smaller than the diameter of the core, such that the core is held
in place in the hemispherical portion of the holder while
concurrently leaving the geometric central plane of the core
exposed. The core is secured in the holder by friction, such
that it will not move during the cutting and grinding steps, but
the friction is not so excessive that distortion of the natural
shape of the core would result. The core is secured such that
the parting line of the core is roughly parallel to the top of the
holder. The diameter of the core is measured 90 degrees to this
orientation prior to securing. A measurement is also made
from the bottom of the holder to the top of the core to provide
a reference point for future calculations. A rough cut is made
slightly above the exposed geometric center of the core using
a band saw or other appropriate cutting tool, making sure that
the core does not move in the holder during this step. The
remainder of the core, still in the holder, is secured to the base
plate of a surface grinding machine. The exposed ‘rough’
surface is ground to a smooth, flat surface, revealing the
geometric center of the core, which can be verified by mea-
suring the height from the bottom of the holder to the exposed
surface of the core, making sure that exactly half of the
original height of the core, as measured above, has been
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removed to within £0.004 inches. Leaving the core in the
holder, the center of the core is found with a center square and
carefully marked and the hardness is measured at the center
mark according to ASTM D-2240. Additional hardness mea-
surements at any distance from the center of the core can then
be made by drawing a line radially outward from the center
mark, and measuring the hardness at any given distance along
the line, typically in 2 mm increments from the center. The
hardness at a particular distance from the center should be
measured along at least two, preferably four, radial arms
located 180° apart, or 90° apart, respectively, and then aver-
aged. All hardness measurements performed on a plane pass-
ing through the geometric center are performed while the core
is still in the holder and without having disturbed its orienta-
tion, such that the test surface is constantly parallel to the
bottom of the holder, and thus also parallel to the properly
aligned foot of the durometer.

For purposes of the present disclosure, the outer surface
hardness of a golf ball layer is measured on the actual outer
surface of the layer and is obtained from the average of a
number of measurements taken from opposing hemispheres,
taking care to avoid making measurements on the parting line
of'the core or on surface defects, such as holes or protrusions.
Hardness measurements are made pursuant to ASTM D-2240
“Indentation Hardness of Rubber and Plastic by Means of a
Durometer.” Because of the curved surface, care must be
taken to insure that the golf ball or golf ball subassembly is
centered under the durometer indentor before a surface hard-
ness reading is obtained. A calibrated, digital durometer,
capable of reading to 0.1 hardness units is used for all hard-
ness measurements and is set to take hardness readings at 1
second after the maximum reading is obtained. The digital
durometer must be attached to, and its foot made parallel to,
the base of an automatic stand. The weight on the durometer
and attack rate conform to ASTM D-2240.

For purposes of the present disclosure, a hardness gradient
of'a golfball layer is defined by hardness measurements made
at the outer surface of the layer and the inner surface of the
layer. “Negative” and “positive” refer to the result of subtract-
ing the hardness value at the innermost surface of the golf ball
component from the hardness value at the outermost surface
of'the component. For example, if the outer surface of a solid
core has a lower hardness value than the center (i.e., the
surface is softer than the center), the hardness gradient will be
deemed a “negative” gradient.

Thermoplastic layers of golf balls disclosed herein may be
treated in such a manner as to create a positive or negative
hardness gradient, as disclosed, for example, in U.S. patent
application Ser. No. 11/939,632, filed Nov. 14, 2007; Ser. No.
11/939,634, filed Nov. 14, 2007; Ser. No. 11/939,635, filed
Nov. 14, 2007; and Ser. No. 11/939,637 filed Nov. 14, 2007.
The entire disclosure