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(57) ABSTRACT 

The present invention is directed to a novel golf ball cover 
composition comprised of a blend of a neW metal cation 
neutralized high acid ionomer resin and an ionomer resin 
containing an additional comonomer of the acrylate ester 
class. When the neW ionomer resin blend is utilized to 
manufacture a golf ball, the golf ball produced thereby 
exhibits an improved combination of distance, playability, 
and/or durability properties. 



US 2001/0020068 A1 

GOLF BALL COVER COMPOSITIONS 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This is a continuation application of US. applica 
tion Ser. No. 09/318,098 ?led on May 25, 1999, Which is a 
continuation of Ser. No. 08/649,050 ?led on May 16, 1996, 
Which is a divisional of US. application Ser. No. 08/493,089 
?led on Jun. 21, 1995, now US. Pat. No. 5,688,869, Which 
in turn is a continuation of US. application Ser. No. 07/981, 
751 ?led Nov. 25, 1992, Which is in turn a continuation-in 
part of US. application Ser. No. 07/901,660 ?led on Jun. 19, 
1992. 

FIELD OF THE INVENTION 

[0002] The present invention relates to improved golf ball 
cover compositions produced by blending neW metal cation 
neutraliZed high acid ionomer resins With ionomer resins 
containing a comonomer of the acrylate ester class. The 
improved golf ball cover compositions are useful for pro 
ducing golf balls, particularly multi-piece balls, exhibiting 
enhanced overall travel distance and/or playability proper 
ties While maintaining or improving durability characteris 
tics necessary for repetitive play. 

BACKGROUND OF THE INVENTION 

[0003] Ionomeric resins are polymers containing inter 
chain ionic bonding. As a result of their toughness, durabil 
ity, and ?ight characteristics, various ionomeric resins sold 
by E.I. DuPont de Nemours & Company under the trade 
mark “Surlyn®” and more recently, by the Exxon Corpo 
ration (see US. Pat. No. 4,911,451) under the trademarks 
“Escor®” and the tradename “Iotek”, have become the 
materials of choice for the construction of golf ball covers 
over the traditional “balata” (trans polyisoprene, natural or 
synthetic) rubbers. The softer balata covers, although exhib 
iting enhanced playability properties, lack the durability 
properties required for repetitive play. 

[0004] Ionomeric resins are generally ionic copolymers of 
an ole?n having from about 2 to about 8 carbon atoms, such 
as ethylene, and a metal salt of an alpha, beta-ethylenically 
unsaturated mono- or dicarboxylic acid such as acrylic acid, 
methacrylic acid or maleic acid. The pendent ionic groups in 
the ionomeric resins interact to form ion-rich aggregates 
contained in a non-polar polymer matrix. The metal ions, 
such as sodium, Zinc, lithium, etc. are used to neutraliZe 
some portion of the acid groups in the copolymer resulting 
in a thermoplastic elastomer exhibiting enhanced properties, 
ie improved durability, etc. for golf ball construction over 
balata. 

[0005] Generally, the ionic copolymers comprise one or 
more alpha-ole?ns and from about 9 to about 15 Weight 
percent of alpha, beta-ethylenically unsaturated mono- or 
dicarboxylic acid, the basic copolymer neutraliZed With 
metal ions to the extent desired. Usually, at least 20% of the 
carboxylic acid groups of the copolymer are neutraliZed by 
the metal ions (such as sodium, Zinc, lithium, and the like) 
and exist in the ionic state. In some instances, an additional 
softening comonomer can also be included to form a ter 
polymer. 
[0006] Suitable ole?ns for use in preparing the ionomeric 
resins include ethylene, propylene, butene-1, hexene-1, and 
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the like. Unsaturated carboxylic acids include acrylic, meth 
acrylic, ethacrylic, ot-chloroacrylic, crotonic, maleic, 
fumaric, itaconic acids, and the like. The ionomeric resins 
utiliZed in the golf ball industry are generally copolymers of 
ethylene With acrylic (i.e. Escor®) and/or methacrylic (i.e. 
Surlyn®) acid. In addition, tWo or more types of ionomeric 
resins may be blended into the cover compositions in order 
to produce the desired properties of the resulting golf balls. 

[0007] Along this line, the properties of the cover com 
positions and/or the ionomeric resins utiliZed in the golf ball 
industry vary according to the type and amount of the metal 
cation, the molecular Weight, the composition of the base 
resin (i.e. the nature and the relative content of the ole?n, the 
unsaturated carboxylic acid groups, etc.), the amount of 
acid, the degree of neutraliZation and Whether additional 
ingredients such as reinforcement agents or additives are 
utiliZed. Consequently, the properties of the ionomer resins 
can be controlled and varied in order to produce golf balls 
having different playing characteristics, such as differences 
in hardness, playability (i.e. spin, feel, click, etc.), durability 
(i.e. impact and/or cut resistance), and resilience (i.e. coef 
?cient of restitution). 

[0008] HoWever, While there are currently more than ?fty 
commercial grades of ionomers available from DuPont and 
Exxon With a Wide range of properties Which vary according 
to the type and amount of metal cations, molecular Weight, 
composition of the base resin (i.e. relative content of ethyl 
ene and methacrylic and/or acrylic acid groups), the degree 
of neutraliZation and additive ingredients such as reinforce 
ment agents, etc., a great deal of research continues in order 
to develop golf ball cover compositions exhibiting not only 
the playability characteristics previously associated With the 
balata cover, but also the improved impact resistance and 
carrying distance properties produced by the ionomeric 
resins. 

[0009] An object of the present invention is to provide golf 
ball cover compositions Which, When utiliZed in golf ball 
construction, produce balls exhibiting improved overall 
travel distance and/or playability characteristics While main 
taining satisfactory durability properties. 

[0010] Along this line, tWo of the principal properties 
involved in the performance of golf balls are resilience and 
hardness. Resilience (i.e. coef?cient of restitution), along 
With ball siZe, Weight and additional factors such as club 
head speed, angle of trajectory, and ball aerodynamics (i.e., 
dimple pattern), generally determine the distance a ball Will 
travel When hit. Since club head speed and the angle of 
trajectory are not factors easily controllable, particularly by 
golf ball manufacturers, the factors of concern among manu 
facturers are the coef?cient of restitution and the surface 
dimple pattern of the ball. 

[0011] A golf ball’s coef?cient of restitution (C.O.R.) is 
the ratio of the relative velocity of the ball after direct impact 
to that before impact. One Way to measure the coef?cient of 
restitution is to propel a ball at a given speed against a hard 
massive surface, and measure its incoming velocity and 
outgoing velocity. The coefficient of restitution is de?ned as 
the ratio of the outgoing velocity to incoming velocity of a 
rebounding ball and is expressed as a decimal. As a result, 
the coef?cient of restitution can vary from Zero to one, With 
one being equivalent to an elastic collision and Zero being 
equivalent to an inelastic collision. 



US 2001/0020068 A1 

[0012] The coefficient of restitution of a one-piece golf 
ball is a function of the ball’s composition. In a tWo-piece or 
a multi-layered golf ball, the coefficient of restitution is a 
function of the core, the cover and any additional layer. 
While there are no United States Golf Association 
(U.S.G.A.) limitations on the coef?cient of restitution values 
of a golf ball, the U.S.G.A. requires that the golf ball cannot 
exceed an initial velocity of 255 feet/second. As a result, golf 
ball manufacturers generally seek to maximize the coef? 
cient of restitution of a ball Without violating the velocity 
limitation. 

[0013] The hardness of the ball is the second principal 
property involved in the performance of a golf ball. The 
hardness of the ball can affect the playability of the ball on 
striking and the sound or “click” produced. Hardness is 
determined as the deformation (i.e. compression) of the ball 
under various load conditions applied across the ball’s 
diameter (i.e. the loWer the compression value, the harder 
the material). As indicated in US. Pat. No. 4,674,751, 
“softer” covers permit the accomplished golfer to impart 
proper spin. This is because the softer covers deform on 
impact signi?cantly more than balls having “harder” iono 
meric resin covers. As a result, this alloWs the better player 
to impart fade, draW, or backspin to the ball thereby enhanc 
ing playability. Such properties can be determined by vari 
ous “spin rate tests”, such as the “nine-iron” spin rate test set 
forth beloW. 

[0014] In various attempts to produce a high coef?cient of 
restitution golf ball exhibiting the enhanced travel distance 
desired, the gol?ng industry has blended various ionomeric 
resins. HoWever, many of these blends do not exhibit the 
durability and playability characteristics necessary for 
repetitive play and/or the enhanced travel distance desired. 

[0015] The present invention is directed, in part, to the 
preparation of neW cation neutraliZed ionomer resins con 
taining relative high amounts of acid (i.e. greater than 16 
Weight percent acid, preferably from about 17 to about 25 
Weight percent acid, and more preferably from about 18.5 to 
about 21.5 Weight percent acid) and partially neutraliZed 
With sodium, manganese, lithium, potassium, Zinc, magne 
sium, calcium and nickel ions. The neW cation neutraliZed 
high acid ionomers produce, When blended and melt pro 
cessed according to the parameters set forth beloW, cover 
compositions exhibiting enhanced coef?cient of restitution 
values When compared to loW acid ionomers, or blends of 
loW acid ionomer resins containing 16 Weight percent acid 
or less. The neW high acid ionomer cover compositions 
produce golf balls Which exhibit properties of enhanced 
carrying distance (i.e. possess higher coefficient of restitu 
tion values) over knoWn ionomer blends such as those set 
forth in US. Pat. Nos. 4,884,814, 4,911,451 and 5,120,791. 

[0016] Along this line, until relatively recently, all of the 
ionomer resins commercially available contained at most 15 
to 16 Weight percent carboxylic acid. These are noW de?ned 
by the present inventor as being “loW acid” ionomer resins. 
In 1989, the Research and Development Division of DuPont 
formulated one or more ionomer resins containing greater 
than 15 Weight percent acid and indicated that these neW 
ionomers may have some use in previously knoWn ionomer 
resin applications. Speci?cally, DuPont suggested in a brief 
Research Disclosure (E.I. DuPont de Nemours & Co., 
Research Disclosure No. 297,003) that ionomers produced 
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from polymers of ethylene acrylic acid or methacrylic acid 
containing greater than 15 Weight percent acid can be melt 
processed to produce articles (i.e. golf balls, foot Wear, ski 
boots, cosmetic bottle cap closures and so on) With good 
properties (i.e. improved stiffness, hardness and clarity) 
When compared With ionomers With loWer acid levels. 

[0017] HoWever, not only has little information been pro 
vided concerning the acid levels and types of effective 
ionomers, particularly With respect to the art of golf ball 
manufacturing, it has been found that many cover compo 
sitions produced from polymers of ethylene/acrylic acid or 
ethylene/methacrylic acid containing greater than 15 Weight 
percent acid Were unsatisfactory in that these compositions 
exhibit processing problems or Were generally short on 
distance and/or durability and thus, Were not particularly 
commercially viable. Similar poor results Were produced 
With covers composed of blends of high and loW acid 
ethylene/acrylic acid or ethylene/methacrylic acid polymers 
and/or covers produced from single high acid ionomers 
containing greater than 15 Weight percent acid. 

[0018] HoWever, notWithstanding the above dif?culties, it 
has been discovered that improved golf ball covers can be 
produced from speci?c blends of high acid ionomers (i.e. 
ionomer resins containing greater than 16 Weight percent 
acid, preferably from about 17 to about 25 Weight percent 
acid, and more preferably from about 18.5 to about 21.5 
Weight percent acid) Which do not exhibit the processing, 
distance and/or durability limitations demonstrated by the 
prior art. 

[0019] In this regard, it has been found that blends of 
speci?c high acid ionomer resins, particularly blends of 
sodium and Zinc high acid ionomers, as Well as blends of 
sodium and magnesium high acid ionomers, extend, When 
utiliZed in golf ball cover construction, the range of hardness 
beyond that previously obtainable While maintaining the 
bene?cial properties (i.e. durability, click, feel, etc.) of the 
softer loW acid ionomers disclosed in US. Pat. Nos. 4,884, 
814 and 4,911,451. These blends produce harder, stiffer golf 
balls having higher C.O.R. values, and thus longer distance. 
This discovery is the subject matter of US. application Ser. 
No. 776,803, ?led on Oct. 15, 1991, and currently co 
pending hereWith. 

[0020] In addition, a number of neW high acid ionomers, 
particularly neW metal cation neutraliZed acrylic acid based 
high acid ionomer resins have been developed by the present 
inventor, Which exhibit, When utiliZed for golf ball cover 
construction, cover compositions having further improved 
hardness and resilience (C.O.R.) properties. The neW metal 
cation neutraliZed acrylic acid based high acid ionomer 
resins, as Well as speci?c blends of these resins, are par 
ticularly valuable in the ?eld of golf ball production. 

[0021] Furthermore, as a result of the development of a 
number of neW acrylic acid based high acid ionomers 
neutraliZed to various extents by several different types of 
metal cations, such as by manganese, lithium, potassium, 
calcium and nickel cations, several neW high acid ionomers 
and/or high acid ionomer blends besides sodium, Zinc and 
magnesium high acid ionomers or ionomer blends are noW 
available for golf ball cover production. It has been found 
that many of these neW cation neutraliZed high acid ionomer 
blends produce cover compositions exhibiting enhanced 
resilience (i.e. longer distance) due to synergies Which occur 
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during processing. Consequently, the neW metal cation neu 
traliZed acrylic acid based high acid ionomer resins may be 
blended to produce substantially harder golf balls having 
higher C.O.R. values than those produced by the loW acid 
ionomer covers presently commercially available. 

[0022] Moreover, it has been further discovered that the 
neW cation neutraliZed high acid ionomers produce, When 
blended With loW acid ionomer resins containing an unsat 
urated comonomer of the acrylate ester class having from 1 
to 21 carbon atoms, and melt processed according to the 
parameters set forth beloW, cover compositions exhibiting 
enhanced playability and durability characteristics. Conse 
quently, the addition of the ionomer resin containing the 
acrylate comonomer to the neW cation neutraliZed high acid 
ionomers are useful in preparing softer ionomer blends that 
have utility in softer cover golf balls such as the Top-Flite® 
Tour and Tour Edition® golf balls produced by Spalding & 
Even?o Companies, Inc., the assignee of the present inven 
tion. 

[0023] These and other objects and features of the inven 
tion Will be apparent from the folloWing description and 
from the claims. 

SUMMARY OF THE INVENTION 

[0024] In one aspect, the present invention is directed to 
improved cover compositions for golf ball construction and 
to the resulting golf balls produced thereby. The novel golf 
ball cover compositions of the invention comprise blends of 
recently developed metal cation neutraliZed high acid iono 
mer resins and ionomer resins containing a comonomer of 
the acrylate ester class. When the cover compositions are 
used to manufacture golf balls, the golf balls produced 
thereby exhibit properties of improved overall distance 
(resilience), playability (i.e. softness and spin) and/or dura 
bility When compared to golf balls produced by blends of 
high acid ionomer resins and/or blends of loW acid ionomer 
resins. The cover compositions of the present invention are 
also useful in preparing softer covers that have utility in soft 
covered balls such as Top-Flite® and Tour Edition® balls 
trademarked and sold by Spalding & Even?o Companies, 
Inc., Without the necessity of using only those ionomer 
resins commercially available from DuPont or Exxon. 

[0025] In another aspect, the instant invention relates to a 
golf ball comprising a core and a cover. The cover is 
comprised of a blend of a copolymer consisting of a recently 
developed metal cation neutraliZed high acid ionomer and a 
ionomer resin containing a softening comonomer of the 
acrylate ester class. The metal cation neutraliZed high acid 
ionomer resin is a copolymer of greater than 16% by Weight 
of an alpha, beta-unsaturated carboxylic acid (preferably 
from about 17% to about 25% by Weight acid, and more 
preferably from about 18.5% to about 21.5% by Weight acid) 
and an alpha-ole?n, of Which 10% to 90% of the carboxyl 
groups of the copolymer are neutraliZed With a metal cation. 
The ionomer resin containing a softening comonomer of the 
acrylate ester class is a metal salt of an acid terpolymer of 
an ole?n having from about 2 to 8 carbon atoms, an alpha, 
beta-unsaturated carboxylic acid, and an unsaturated mono 
mer of the acrylate ester class having from 1 to 21 carbon 
atoms. In addition, the cover may contain one or more 
additional ingredients such as pigments, dyes, U.V. absorb 
ers and optical brighteners. 
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[0026] In still a further aspect, the invention is directed to 
a golf ball comprising a core and a cover, Wherein the cover 
is comprised of a metal cation neutraliZed high acid ionomer 
resin Which is a copolymer of greater than 16% by Weight of 
an alpha, beta-unsaturated carboxylic acid, (preferably from 
about 17% to about 25% by Weight acid, and more prefer 
ably from about 18.5% to about 21.5% by Weight acid) and 
an ole?n, of Which 10% to 90% of the carboxyl groups of the 
copolymer are neutraliZed With one or more metal cations 

selected from the group consisting of sodium, Zinc, magne 
sium, manganese, lithium, potassium, calcium and nickel; 
and, ii) an ionomer resin containing a softening acrylate 
comonomer Which is a terpolymer of an ole?n having from 
about 2 to 8 carbon atoms, an alpha, beta-unsaturated 
carboxylic acid and an unsaturated monomer of the acrylate 
ester class having from 1 to 21 carbon atoms of Which 10% 
to 90% of the carboxyl groups of the terpolymer are neu 
traliZed With one or more metal cations selected from the 

group consisting of sodium, Zinc, magnesium, manganese, 
lithium, potassium, calcium and nickel. Moreover, the cover 
may contain of one or more additional ingredients such as 
pigments, dyes, UV. absorbers and optical brighteners. 

[0027] In a further additional aspect, the invention con 
cerns the preparation of a golf ball cover composition having 
the improved combination of playability, durability and/or 
travel distance properties by the ?rst pre-blending of a high 
acid copolymer With an acid terpolymer containing a soft 
ening comonomer of the acrylate ester class folloWed by 
neutraliZation of the blended mixture With one or more metal 
cations. By the in-situ pre-blending of a high acid copolymer 
With an acid terpolymer containing a softening acrylate 
termonomer, folloWed by neutraliZation of the copolymer/ 
terpolymer mixture With one or more metal cations, 
improvements in the overall combination of characteristics 
such as C.O.R., spin and scuff/abrasion resistance can be 
produced. 

[0028] Further scope of the applicability of the present 
invention Will become apparent from the detailed descrip 
tion given hereinafter. HoWever, it should be understood that 
the detailed description and speci?c examples, While indi 
cating preferred embodiments of the invention, are given by 
Way of illustration only, since various changes and modi? 
cations Within the spirit and scope of the invention Will 
become apparent to those skilled in the art. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] The present invention relates to the development of 
a number of neW metal cation neutraliZed high acid iono 
mers, and to the use of these neW metal cation neutraliZed 
high acid ionomers in combination With ionomer resins 
containing additional softening comonomers of the acrylate 
ester class for the purpose of producing golf ball covers 
exhibiting enhanced overall distance, playability and/or 
durability characteristics. 

[0030] In this regard, several neW metal cation neutraliZed 
high acid ionomer resins have been produced by the present 
inventor by neutraliZing, to various extents, high acid 
copolymers of an alpha-ole?n and an alpha, beta-unsatur 
ated carboxylic acid With a Wide variety of different metal 
cation salts. More particularly, it has been found that numer 
ous neW metal cation neutraliZed high acid ionomer resins 
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can be obtained by reacting a high acid copolymer (ie a 
copolymer containing greater than 16% by Weight acid, 
preferably from about 17 to about 25 Weight percent acid, 
and more preferably about 20 Weight percent acid), With a 
metal cation salt capable of ioniZing or neutraliZing the 
copolymer to the extent desired (i.e. from about 10% to 
90%). 
[0031] The base copolymer is made up of greater than 
16% by Weight of an alpha, beta-unsaturated carboxylic acid 
and an alpha-ole?n. Generally, the alpha-ole?n has from 2 to 
10 carbon atoms and is preferably ethylene, and the unsat 
urated carboxylic acid is a carboxylic acid having from 
about 3 to 8 carbons. Examples of such acids include acrylic 
acid, methacrylic acid, ethacrylic acid, chloroacrylic acid, 
crotonic acid, maleic acid, fumaric acid, and itaconic acid, 
With acrylic acid being preferred. 

[0032] Consequently, examples of a number of copoly 
mers suitable for use in the invention include, but are not 
limited to, high acid embodiments of an ethylene/acrylic 
acid copolymer, an ethylene/methacrylic acid copolymer, an 
ethylene/itaconic acid copolymer, an ethylene/maleic acid 
copolymer, etc. The base copolymer broadly contains 
greater than 16% by Weight unsaturated carboxylic acid, and 
less than 84% by Weight alpha-ole?n. Preferably, the 
copolymer contains about 20% by Weight unsaturated car 
boxylic acid and about 80% by Weight ethylene. Most 
preferably, the copolymer contains about 20% acrylic acid 
With the remainder being ethylene. 

[0033] Along these lines, examples of the preferred high 
acid base copolymers Which ful?ll the criteria set forth 
above, are a series of ethylene-acrylic copolymers Which are 
commercially available from The DoW Chemical Company, 
Midland, Mich., under the “Primacor” designation. These 
high acid base copolymers exhibit the typical properties set 
forth beloW in Table 1. 

TABLE 1 
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hydroxide salts of lithium, calcium, Zinc, sodium, potas 
sium, nickel, magnesium, and manganese. 

[0036] Examples of such lithium ion sources are lithium 
hydroxide monohydrate, lithium hydroxide, lithium oxide 
and lithium acetate. Sources for the calcium ion include 
calcium hydroxide, calcium acetate and calcium oxide. 
Suitable Zinc ion sources are Zinc acetate dihydrate and Zinc 
acetate, a blend of Zinc oxide and acetic acid. Examples of 
sodium ion sources are sodium hydroxide and sodium 
acetate. Sources for the potassium ion include potassium 
hydroxide and potassium acetate. Suitable nickel ion sources 
are nickel acetate, nickel oxide and nickel hydroxide. 
Sources of magnesium include magnesium oxide, magne 
sium hydroxide, magnesium acetate. Sources of manganese 
include manganese acetate and manganese oxide. 

[0037] The neW metal cation neutraliZed high acid iono 
mer resins of the invention are produced by reacting the high 
acid base copolymer With various amounts of the metal 
cation salts above the crystalline melting point of the 
copolymer, such as at a temperature from about 200° F. to 
about 500° F, preferably from about 250° F. to about 350° 
F. under high shear conditions at a pressure of from about 
100 psi to 10,000 psi. Other Well knoWn blending techniques 
may also be used. The amount of metal cation salt utiliZed 
to produce the neW metal cation neutraliZed high acid based 
ionomer resins is the quantity Which provides a sufficient 
amount of the metal cations to neutraliZe the desired per 
centage of the carboxylic acid groups in the high acid 
copolymer. The extent of neutralization is generally from 
about 10% to about 90%. 

[0038] As indicated more speci?cally in Example 1 beloW, 
a number of neW types of metal cation neutraliZed high acid 
ionomers can be obtained from the process of this invention. 
These include neW high acid ionomer resins neutraliZed to 

Typical Properties of Primacor 
Ethylene-Acrylic Acid Copolymers 

MELT TENSILE FLEXURAL VICAT 
DENSITY, INDEX, YD. ST MODULUS SOFT PT SHORE D 

GRADE PERCENT glcc g/10 min (psi) (psi) (° C.) HARDNESS 
ASTM ACID D-792 D-1238 D-638 D-790 D-1525 D-2240 

5980 20.0 0.958 300.0 — 4800 43 50 

5990 20.0 0.955 1300.0 650 2600 40 42 
5990 20.0 0.955 1300.0 650 3200 40 42 
5981 20.0 0.960 300.0 900 3200 46 48 
5981 20.0 0.960 300.0 900 3200 46 48 
5983 20.0 0.958 500.0 850 3100 44 45 
5991 20.0 0.953 2600.0 635 2600 38 40 

1The Melt Index values are obtained according to ASTM D-1238, at 190° C. 

[0034] Due to the high molecular Weight of the Primacor 
5981 grade of the ethylene-acrylic acid copolymer, this 
copolymer is the more preferred grade utiliZed in the inven 
tion. 

[0035] The metal cation salts utiliZed in the invention are 
those salts Which provide the metal cations capable of 
neutraliZing, to various extents, the carboxylic acid groups 
of the high acid copolymer. These include acetate, oxide or 
cium and nickel cations. In addition, When a high acid 

various extents With manganese, lithium, potassium, caleth 
ylene/acrylic acid copolymer is utiliZed as the base copoly 
mer component of the invention and this component is 
subsequently neutraliZed to various extents With the metal 
cation salts producing acrylic acid based high acid ionomer 
resins neutraliZed With cations such as sodium, potassium, 
lithium, Zinc, magnesium, manganese, calcium and nickel, 
several neW cation neutraliZed acrylic acid based high acid 
ionomer resins are produced. 
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[0039] When compared to loW acid versions of similar 
cation neutralized ionomer resins, the neW metal cation 
neutralized high acid ionomer resins exhibit enhanced hard 
ness, modulus and resilience characteristics. These are prop 
erties that are particularly desirable in a number of thermo 
plastic ?elds, including the ?eld golf ball manufacturing. 

[0040] Moreover, as a result of the development of a 
number of neW acrylic acid based high acid ionomer resins 
neutralized to various extents by several different types of 
metal cations, such as manganese, lithium, potassium, cal 
cium and nickel cations, several neW ionomers or ionomer 
blends are noW available for golf ball production. By using 
the high acid ionomer resins of the present invention, harder, 
stiffer golf balls having higher C.O.R.s, and thus longer 
distance, can be obtained. 

[0041] Examples of high acid methacrylic acid based 
ionomers include Surlyn® AD-8422 (sodium cation), Sur 
lyn® 8162 (zinc cation), Surlyn® SEP-503-1 (an experi 
mental zinc cation), and Surlyn® SEP-503-2 (an experimen 
tal magnesium cation). According to DuPont, all of these 
ionomers contain from about 18.5% to about 21.5% by 
Weight methacrylic acid. 
[0042] More particularly, Surlyn® AD-8422, is currently 
(as of January, 1992) commercially available from DuPont 
in a number of different grades (i.e. AD-8422-2, AD-8422-3, 
AD-8422-5, etc.) based upon differences in melt index. 
According to DuPont, Surlyn® AD-8422 offers the folloW 
ing general properties When compared to Surlyn® 8920 the 
stiffest, hardest of all of the loW acid grades (referred to as 
“hard” ionomers in US. Pat. No. 4,884,814): 

TABLE 2 

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

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

IONOMER 

Cation Na Na Na 
Melt Index 1.2 2.8 1.0 
Sodium, Wt % 2.3 1.9 2.4 
Base Resin MI 60 60 60 
MP1, ° c. 88 86 85 
FPl, ° c. 47 48.5 45 
COMPRESSION 
MOLDING2 

Tensile Break, psi 4350 4190 5330 
Yield, psi 2880 3670 3590 
Elongation, % 315 263 289 
Flex Mod, K psi 53.2 76.4 88.3 
Shore D hardness 66 67 68 

1DSC second heat, 10° C./min heating rate. 
2Samples compression molded at 150° C. annealed 24 hours at 60° C. 
8422-2, 8422-3 Were homogenized at 190° C. before molding. 

[0043] In comparing Surlyn® 8920 to Surlyn® 8422-2 
and Surlyn® 8422-3, it is noted that the high acid Surlyn® 
8422-2 and 8422-3 ionomers have a higher tensile yield, 
loWer elongation, slightly higher Shore D hardness and 
much higher ?exural modulus. Surlyn® 8920 contains 15 
Weight percent methacrylic acid and is 59% neutralized With 
sodium. 

[0044] In addition, Surlyn® SEP-503-1 (an experimental 
zinc cation neutralized high acid methacrylic acid based 
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ionomer resin) and Surlyn® SEP-503-2 (an experimental 
magnesium cation neutralized high acid methacrylic acid 
based ionomer resin) are high acid zinc and magnesium 
versions of the Surlyn® AD 8422 high acid ionomers. When 
compared to the Surlyn® AD 8422 high acid ionomers, the 
Surlyn® SEP-503-1 and SEP-503-2 ionomers can be 
de?ned as folloWs: 

TABLE 3 

Surlyn ® Ionomer Ion Melt Index Neutralization % 

AD 8422-3 Na 1.0 45 
SEP 503-1 Zn 0.8 38 
SEP 503-2 Mg 1.8 43 

[0045] Furthermore, Surlyn® 8162 is a zinc cation neu 
tralized methacrylic acid based high acid ionomer resin 
containing approximately 20% by Weight (i.e. 18.5-21.5% 
Weight) methacrylic acid copolymer that has been 30-70% 
neutralized. Surlyn® 8162 is currently (as of January, 1992) 
commercially available from DuPont. 

[0046] For comparison purposes, examples of commer 
cially available loW acid methacrylic acid based ionomer 
resins are set forth beloW. These are many of the “hard” 
ionomers utilized in the cover composition disclosed in US. 
Pat. No. 4,884,814. Along this line, the loW acid ionomer 
resin cover compositions disclosed in the ’814 patent are 
generally considered to be among the best prior art meth 
acrylic acid based cover compositions currently available 
from Spalding & Even?o Companies, Inc., the assignee of 
the present application and US. application Ser. No. 776, 
803. 

TABLE 4 

ASTM D 8940 9910 8920 

Cation Type Sodium Zinc Sodium 
Melt ?oW index, D-1238 2.8 0.7 0.9 
gms/10 min 
Speci?c Gravity, D-792 0.95 0.97 0.95 
g/cm3 
Hardness, Shore D D-2240 66 64 66 
Tensile Strength, D-638 (4.8) (3.6) (5.4) 
(kpsi), MPa 33.1 24.8 37.2 
Elongation, % D-638 470 290 350 
Flexural Modulus, D-790 (51) (48) (55) 
(kpsi) MPa 350 330 380 
Tensile Impact (23° C.) D-18225 1020 1020 865 
KJ/m2 (ft.-lbs./in2) (485) (485) (410) 
Vicat Temperature, ° C. D-1525 63 62 58 
% Weight Methacrylic 15 15 15 

acid % of Acid Groups 29 58 59 
Cation Neutralized 

ASTM D 8528 9970 9730 

Cation Type Sodium Zinc Zinc 
Melt ?oW index, D-1238 1.3 14.0 1.6 
gms/10 min 
Speci?c Gravity, D-792 0.94 0.95 0.95 
g/cm3 
Hardness, Shore D D-2240 60 62 63 
Tensile Strength, D-638 (4.2) (3.2) (4.1) 
(kpsi), MPa 29.0 22.0 28.0 
Elongation, % D-638 450 460 460 
Flexural Modulus, D-790 (32) (28) (30) 
(kpsi) MPa 220 190 210 
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TABLE 4-continued 
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TABLE 6-continued 

Tensile Impact (230 C.) D-18225 1160 760 1240 
KJ/m2 (ft.-1bs./in2) (550) (360) (590) 
Vicat Temperature, ° C. D-1525 73 61 73 
% Weight Methacrylic 10 15 12 
acid 
% of Acid Groups 54 22 38 
Cation Neutralized 

BP00[0047] Examples of existing high acid acrylic acid 
based ionomer resins include the Escor® or the Iotek acrylic 
acid based high acid ionomers recently experimentally pro 
duced by Exxon. In this regard, Escor®, or Iotek, 959 is a 
sodium ion neutralized ethylene-acrylic acid copolymer and 
Escor®, or Iotek, 960 is a zinc neutralized ethylene-acrylic 
acid copolymer. According to Exxon, Ioteks 959 and 960 
contain from about 19.0 to about 21.0% by Weight acrylic 
acid With approximately 30 to about 70 percent of the acid 
groups neutralized With sodium and zinc ions respectfully. 
The physical properties of these high acid acrylic acid based 
ionomers are as follows: 

TABLE 5 

ESCOR ® ESCOR ® 
PROPERTY (IOTEK) 959 (IOTEK) 960 

Melt Index, g/10 min 2.0 1.8 
Cation Sodium Zinc 
Melting Point, O F. 172 174 
Vicat Softening Point, ° F. 130 131 
Tensile @ Break, psi 4600 3500 
Elongation @ Break, % 325 430 
Hardness, Shore D 66 57 
Flexural Modulus, psi 66,000 27,000 

BP00[0048] For comparison purposes, examples of 
commercially available loW acid acrylic acid based ionomer 
resins, such as these utilized in US. Pat. No. 4,911,451 are 
set forth beloW. 

TABLE 6 

Typical Properties of LoW Acid Escor ® (Iotek) Ionomers 

Resin ASTM 
Properties Method Units 4000 4010 8000 8020 

Cation type zinc zinc sodium sodium 
Melt index D-1238 g/10 2.5 1.5 0.8 1.6 

min. 
Density D-1505 kg/m3 963 963 954 960 
Melting Point D-3417 ° C. 90 90 90 87.5 
Crystallization Point D-3417 ° C. 62 64 56 53 
Vicat Softening D-1525 ° C. 62 63 61 64 
Point 
% Weight Acrylic 16 — 11 — 

Acid 
% of Acid Groups 30 — 40 — 

Cation Neutralized 

Plaque ASTM 
Properties Method Units 4000 4010 8000 8020 

(3 mm thick, 
compression 
molded) 

Tensile at Break D-638 MPa 24 26 36 31.5 
Yield point D-638 MPa none none 21 21 

Typical Properties of LoW Acid Escor ® (Iotek) Ionomers 

Elongation at break D-638 % 395 420 350 410 
1% Secant modulus D-638 MPa 160 160 300 350 
Shore Hardness D D-2240 — 55 55 61 58 

Resin ASTM 
Properties Method Units 8030 7010 7020 7030 

Cation type sod- zinc zinc zinc 
ium 

Melt index D-1238 g/10 2.8 0.8 1.5 2.5 
min. 

Density D-1505 kg/m3 960 960 960 960 
Melting Point D-3417 ° C. 87.5 90 90 90 
Crystallization D-3417 ° C. 55 — — — 

Point 
Vicat Softening D-1525 ° C. 67 60 63 62.5 
Point 
% Weight Acrylic — — — — 

Acid 
% of Acid Groups — — — — 

Cation Neutralized 

Plaque ASTM 
Properties Method Units 8030 7010 7020 7030 

(3 mm thick, 
compression 
molded) 

Tensile at Break D-638 MPa 28 38 38 38 
Yield point D-638 MPa 23 none none none 
Elongation at break D-638 % 395 500 420 395 
1% Secant modulus D-638 MPa 390 — — — 

Shore Hardness D D-2240 — 59 57 55 55 

BP00[0049] According to the present invention, it has 
been found that When the above indicated neW metal cation 
neutralized acrylic acid based high acid ionomers, are pro 
cessed according to the parameters set forth beloW to 
produce the covers of multi-layered golf balls, the resulting 
golf balls Will travel further than previously knoWn loW acid 
ionomer resin covers and/or covers produced from high acid 
ionomers and/or high acid/loW acid ionomer blends due to 
the balls’ enhanced coefficient of restitution values. This is 
particularly important in that an improvement of 0.001 in 
C.O.R. generally relates to an improvement of about 0.2 to 
0.5 yards in travel distance. 

[0050] When blends of tWo of the above indicated metal 
cation neutralized acrylic acid high acid ionomers are used 
(i.e. “dibends”), the ratio of one type of metal cation 
neutralized acrylic acid high acid ionomer to another is 
generally from about 75% to about 25% and from about 25 % 
to about 75 %. In addition, “triblends” can also be formulated 
utilizing the neW metal cation neutralized acrylic acid based 
high acid ionomers of the present invention. The general 
ratio for such “triblends” is 33.33%/33.33%/33.33% by 
Weight. 
[0051] HoWever, notwithstanding the above indicated 
improvements in hardness and travel distance properties 
produced by the neW metal cation neutralized high acid 
ionomers, it has also been further found that improvements 
in playability (i.e. enhanced Riehle compression, higher spin 
rates, loWer Shore hardness, etc.) and durability (i.e. scuff 
resistance, etc.) characteristics can be obtained by blending 
the neW high acid ionomers With ionomer resins containing 
a softening comonomer of the acrylate ester class. The 
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addition of the ionomer resins containing the softening 
comonomer of the acrylate ester class to the high acid 
ionomer resins produces a signi?cant increase in playability 
characteristics (i.e. spin rates, etc.) With only moderate 
decreases in C.O.R. and hardness values depending upon the 
amount of terpolymer incorporated. 

[0052] Moreover, it Was also observed that the addition of 
the ionomer resins containing the softening comonomer of 
the acrylate ester class generates enhanced cut resistance 
values, particularly in comparison With Spalding’s current 
Tour Edition® balls. This is of some importance since the 
Spalding Tour Edition® balls are considered to be generally 
among the best prior art balls exhibiting enhanced playabil 
ity properties While maintaining reasonable travel distance 
characteristics. 

[0053] Consequently, the blends of the neW metal cation 
neutraliZed high acid ionomer and the ionomer resins (i.e. 
metal cation neutraliZed terpolymers) containing a softening 
comonomer of the acrylate ester class are useful in preparing 
softer ionomer resins that have utility in producing soft 
covered golf balls such as Spalding, Top-Flite® Tour and 
Tour Edition® balls. While these balls could only previously 
be manufactured utiliZing hard/soft blends of commercially 
available loW acid ionomers (i.e. US. Pat. Nos. 4,884,414 
and 5,120,791), the present invention alloWs for the produc 
tion of golf ball covers exhibiting even further enhanced 
properties (i.e. superior cut resistance, durability, etc.) 
through the use of non-commercially available ionomer 
resins, i.e. through the use of the recently formulated high 
acid ionomer resins. 

[0054] In addition, it has also been found that the neW 
cover composition can be produced “in-situ” by ?rst pre 
blending a high acid copolymer, such as a poly(ethylene 
acrylic acid) or poly(ethylene-methacrylic acid), With an 
acid terpolymer containing a softening comonomer (or ter 
monomer) of the acrylate ester class, such as poly(ethylene 
acrylic acid-methyl acrylate), poly(ethylene-methacrylic 
acid-butyl acrylate) etc., folloWed by neutraliZation of the 
blended mixture With one or more metal cations. By the 
in-situ pre-blending of the acid copolymer and the acid 
terpolymer and then the subsequent neutraliZation of the 
copolymer/terpolymer blend With a Wide variety of metal 
cations, or mixtures thereof, further improvements in 
C.O.R., spin and scuff/abrasion resistance can be produced. 

[0055] The ionomer resin containing the softening 
comonomer of the acrylate ester class is a metal salt of an 
acid terpolymer comprising an alpha-ole?n having from 
about 2 to about 8 carbon atoms, an alpha, beta-unsaturated 
carboxylic acid, and an unsaturated monomer of the acrylate 
ester class having from 1 to 21 carbon atoms. The alpha 
ole?n is preferably ethylene. Suitable acids include acrylic 
acid, methacrylic acid, maleic acid, fumaric acid, and ita 
conic acid, With acrylic and methacrylic acid being the 
preferred acids. The softening comonomer is preferably an 
alkyl acrylate With methyl acrylate and butyl acrylate being 
the most preferred. Examples of acid terpolymers suitable 
for use in the invention include poly(ethylene-methacrylic 
acid-butyl acrylate), poly(ethylene-acrylic acid-methyl acry 
late), etc. 

[0056] The acid terpolymer contains from about 40 to 
about 85% by Weight alpha-ole?n, from about 2 to about 
20% by Weight of unsaturated carboxylic acid, and from 
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about 10 to about 40% by Weight of the softening acrylate 
comonomer. Preferably, the terpolymer contains from about 
65 to about 85% by Weight ethylene, from about 5 to about 
20% by Weight unsaturated carboxylic acid, and from about 
10 to about 30% by Weight of the softening acrylate 
comonomer. More preferably, the acid terpolymer contains 
from about 69 to about 84 by Weight ethylene, from about 
6 to about 10% by Weight acrylic acid or methacrylic acid 
and from about 10 to about 21% by Weight methyl acrylate 
or butyl acrylate. 

[0057] Representations of acid terpolymers Which ful?ll 
the criteria set forth above include a series ethylene/meth 
acrylic acid/butyl acrylate terpolymers (i.e. poly [ethylene 
methacrylic acid-butyl acrylate]) produced and sold by 
DuPont under the trade designation “Nucrel® 035” and 
“Nucrel® 010”. The typical properties of these terpolymers 
are set forth beloW: 

Typical Properties of Nucrel ® 035 

Melt Index, dg/min 35 
(ASTM D 1238) 
Density, g/cm3 0.94 
(ASTM D 792) 
Tensile Strength, MPa (kpsi) 
(ASTM D 638“) 
Elongation, % 640 
(ASTM D 638°) 
Flexural Modulus, MPa (kpsi) 
(ASTM D 790) 23° c. (73° c.) 
Hardness, Shore D 40 
(ASTM D 2240) 
Vicat Softening 

17.9 (2.6) 

59 (8.6) 

Temperature, ° C. (O 60 (140) 
(ASTM D 1525, Rate B) 
Notched Izod, J/m (ft-lb/in) 374 (7) 
(ASTM D 256) 
Tensile Impact, kJ/m2 (ft—lb/in2) 
(ASTM D 18225) 

23° c. (73° F.) 1 060 (505) 
-40° c (-40° F) 945 (450) 

[0058] 

Typical Properties of NUCREL ® 010 

Melt Index. dg/min ASTM D 1238 11 
Density, g/cm3 D 792 .934 
Tensile Strength, MPa (kpsi) D 6383 22.1 (3.2) 
Elongation % D 6383 630 
Flexural Modulus, MPa (kpsi) D 790 40.0 (5.8) 
23° c. (73° F.) 
Hardness, Shore D D 2240 40 
Vicat Softening Temperature, D 1525 64 (147) 
° C. (O Rate B 

Notched Izod, J/m (ft-lb/in) D 256 No break 
Tensile Impact, kJ/m2 (ft—lb/in2) D 18225 
23° c. (73° F.) 998 (475) 
-40° c. (-40° F.) 647 (30s) 

[0059] These terpolymers consist essentially of about 80% 
by Weight ethylene, about 10% by Weight acrylic acid and 
about 10% by Weight iso-butyl acrylate. 

[0060] Examples of suitable ethylene/acrylic acid/methyl 
acrylate terpolymers (i.e. poly(ethylene acrylic acid-methyl 
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acrylate)) include those acid terpolymers produced and sold 
by Exxon under the designation “Escor ATX”. 

[0061] The typical properties of these terpolymers are set 
forth below: 

ASTM 
METHOD ATX 340 ATX 320 ATX 325 ATX 350 

Melt Index D 1238(E) 6 5 20 6 
g/10 min 
Acid EXXON 45 45 45 15 
Number1 METHOD 
Density, D 792 0.940 0.943 0.942 0.951 
g/cc 
Tensile D 6382 2350 2150 1200 1400 

Strength, (16) (15) (8) (10) 
psi (MPa) 
Elongation, D 6382 1300 1600 1800 2000 
% 
Flexural D 790 11,700 7100 1300 2700 

Modulus, (80) (50) (9) (20) 
psi (MPa) 
Tensile D 1822(5) 
Impact 
ft-lbs/in2 
(kl/m2) @ 
73° F. 250(525) 315(660) 350035) 340015) 
(23° c.) 
-40° F. 140(295) 225(425) 255(535) 235(495) 
(-40° c.) 
Hardness, D 2240 44 34 21 28 
Shore D 

Dsc Melting D 3417 203(95) 192(89) 149(65) 167(75) 
Point, 
O F.(° C.) 
Vicat Soft- D 1525 189(87) 153(67) 140(67) 146(63) 
ening Point 
O F.(° C.), 
200 g load 

1Milligrams KOH/gm polymer 
2Compression Molded Type IV specimens crosshead speed 2 in/min (5.1) 
cm/min 

[0062] The “Escor ATX” acid terpolymers consist essen 
tially of about 72% to about 77% by Weight ethylene, about 
2% to about 7% by Weight acrylic acid and about 21% by 
Weight methyl acrylate. 
[0063] By reacting the acid terpolymer With a metal cation 
salt capable of ionizing or neutraliZing the carboxylic acid 
groups of the acid terpolymer to the extent desired (i.e. from 
about 10% to about 100%), the ionomer resin containing the 
softening comonomer of the acrylate ester class is produced. 
The processes and metal cation salts utiliZed in the invention 
to neutraliZed the terpolymer are essentially the same as 
those utiliZed to neutraliZe the high acid copolymer set forth 
above. The metal cation neutraliZed terpolymer containing 
the acrylate softening comonomer have a hardness from 
about 20 to about 45 as measured on the Shore D scale and 
a ?exural modulus from about 1,500 to about 15,000 psi as 
measured in accordance With ASTM method D-790. 

[0064] When the metal cation neutraliZed terpolymers 
containing the acrylate softening comonomer are blended 
With the neW metal cation neutraliZed high acid ionomers 
described above, in the combinations more clearly de?ne 
beloW and demonstrated in the Examples, and the blends are 
used to produce a golf ball cover, a more desirable golf ball 
in the terms of overall distance, playability and/or durability 
characteristics can be obtained. Moreover, in addition to the 
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dry blending of the different ionomer resins, the neW cover 
compositions can also be produced “in-situ” by ?rst pre 
blending the high acid copolymer With the acid terpolymer 
containing the softening acrylate ester comonomer prior to 
neutraliZation With one or more metal cations. 

[0065] The enhanced golf balls of the present invention 
containing the improved neW metal cation neutraliZed ter 
polymers containing a comonomer of the acrylate ester class 
can be generally produced from a central core and an outer 
cover Wherein the outer cover is made from a composition 
comprised of a blend of about 90 to about 10% of a metal 
cation neutraliZed high acid ionomer, and of about 10 to 
about 90% of a metal cation neutraliZed terpolymer con 
taining a comonomer of the acrylate ester class. 

[0066] More preferably, it has been found that golf balls 
exhibiting properties of enhanced overall distance (i.e. 
higher C.O.R. values), playability (i.e. higher spin rates, 
etc.) and/or durability characteristics, can be produced from 
a core and a cover, Wherein the cover is made from a 
composition comprised of about 80 to about 20% of a high 
acid ionomer resin and from about 20 to 80% of an ionomer 
resin containing a comonomer of the acrylate ester class, 
depending upon the C.O.R. value and/or the degree of 
softness desired. The optimal ranges of the high acid iono 
mer resin to the ionomer resins containing the softening 
comonomer of the acrylate ester class are from about 60 to 
about 40% high acid ionomer resin and from about 40 to 
about 60% of the ionomer resins containing the softening 
comonomer of the acrylate ester class. 

[0067] Additional compatible additive materials may also 
be added to the compositions of the present invention, such 
as dyes (for example, Ultramarine Blue sold by Whitaker, 
Clark, and Daniels of South Pains?eld, N.J.), and pigments, 
i.e. White pigments such as titanium dioxide (for example 
Unitane 0-110) Zinc oxide, and Zinc sulfate, as Well as 
?uorescent pigments. As indicated in US. Pat. No. 4,884, 
814, the amount of pigment and/or dye used in conjunction 
With the polymeric cover composition depends on the par 
ticular base ionomer mixture utiliZed and the particular 
pigment and/or dye utiliZed. The concentration of the pig 
ment in the polymeric cover composition can be from about 
1% to about 10% as based on the Weight of the base ionomer 
mixture. A more preferred range is from about 1% to about 
5% as based on the Weight of the base ionomer mixture. The 
most preferred range is from about 1% to about 3% as based 
on the Weight of the base ionomer mixture. The most 
preferred pigment for use in accordance With this invention 
is titanium dioxide. 

[0068] Moreover, since these are various hues of White, 
i.e. blue White, yelloW White, etc., trace amounts of blue 
pigment may be added to the cover stock composition to 
impart a blue White appearance thereto. HoWever, if different 
hues of the color White are desired, different pigments can be 
added to the cover composition at the amounts necessary to 
produce the color desired. 

[0069] In addition, it is Within the purvieW of this inven 
tion to add to the cover compositions of this invention 
compatible materials Which do not affect the basic novel 
characteristics of the composition of this invention. Among 
such materials are antioxidants (i.e. Santonox R), antistatic 
agents, stabiliZers and processing aids. The cover composi 
tions of the present invention may also contain softening 
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agents, such as plasticizers, etc., and reinforcing materials 
such as glass ?bers and inorganic ?llers, as long as the 
desired properties produced by the golf ball covers of the 
invention are not impaired. 

[0070] Furthermore, optical brighteners, such as those 
disclosed in US. Pat. No. 4,679,795, may also be included 
in the cover composition of the invention. Examples of 
suitable optical brighteners Which can be used in accordance 
With this invention are Uvitex OB as sold by the Ciba-Geigy 
Chemical Company, Ardaley, N.Y. Uvitex OB is thought to 
be 2,5-Bis(5-tert-butyl-2-benZoxaZoly)thiopene. Examples 
of other optical brighteners suitable for use in accordance 
With this invention are as folloWs: Leucopure EGM as sold 
by SandoZ, East Hanover, NJ. 07936. Leucopure EGM is 
thought to be 7-(2h-naphthol(1,2-d)-triaZol-2yl)-3phenyl 
coumarin. PhorWhite K-20G2 is sold by Mobay Chemical 
Corporation, PO. Box 385, Union Metro Park, Union, N]. 
07083, and is thought to be a pyraZoline derivative, Easto 
brite OB-1 as sold by Eastman Chemical Products, Inc. 
Kingsport, Tenn., is thought to be 4,4-Bis(-benZoxac 
Zoly)stilbene. The above-mentioned Uvitex and Eastobrite 
OB-1 are preferred optical brighteners for use in accordance 
With this invention. 

[0071] Moreover, since many optical brighteners are col 
ored, the percentage of optical brighteners utiliZed must not 
be excessive in order to prevent the optical brightener from 
functioning as a pigment or dye in its oWn right. 

[0072] The percentage of optical brighteners Which can be 
used in accordance With this invention is from about 0.01% 
to about 0.5% as based on the Weight of the polymer used 
as a cover stock. A more preferred range is from about 
0.05% to about 0.25% With the most preferred range from 
about 0.10% to about 0.020% depending on the optical 
properties of the particular optical brightener used and the 
polymeric environment in Which it is a part. 

[0073] Generally, the additives are admixed With a iono 
mer to be used in the cover composition to provide a 
masterbatch (M.B.) of desired concentration and an amount 
of the masterbatch suf?cient to provide the desired amounts 
of additive is then admixed With the copolymer blends. 

[0074] The cover compositions of the present invention 
may be produced according to conventional melt blending 
procedures. In this regard, the above indicated high acid 
ionomeric resins and ionomer resins containing a comono 
mer of the acrylate ester class are blended along With the 
masterbatch containing the desired additives in a Banbury 
type mixer, tWo-roll mill, or extruded prior to molding. If the 
“in-situ” process is utiliZed, the cations are ?rst blended and 
are then added to the acid copolymer/acid terpolymer mix 
ture in the Banbury mixer. The blended composition is then 
formed into slabs or pellets, etc. and maintained in such a 
state until molding is desired. Alternatively a simple dry 
blend of the pelletiZed or granulated resins and color mas 
terbatch may be prepared and fed directly into the injection 
molding machine Where homogeniZation occurs in the mix 
ing section of the barrel prior to injection into the mold. If 
necessary, further additives such as an inorganic ?ller, etc., 
may be added and uniformly mixed before initiation of the 
molding process. 

[0075] Moreover, golf balls of the present invention can be 
produced by molding processes currently Well knoWn in the 
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golf ball art. Speci?cally, the golf balls can be produced by 
injection molding or compression molding the novel cover 
compositions about Wound or solid molded cores to produce 
a golf ball having a diameter of about 1.680 inches or greater 
and Weighing about 1.620 ounces. The standards for both the 
diameter and Weight of the balls are established by the 
United States Golf Association (U.S.G.A.). Although both 
solid core and Wound cores can be utiliZed in the present 

invention, as a result of their loWer cost and superior 
performance, solid molded cores are preferred over Wound 
cores. 

[0076] Conventional solid cores are typically compression 
molded from a slug of uncured or lightly cured elastomer 
composition comprising a high cis content polybutadiene 
and a metal salt of an 0t, [3, ethylenically unsaturated 
carboxylic acid such as Zinc mono or diacrylate or meth 
acrylate. To achieve higher coef?cients of restitution in the 
core, the manufacturer may include a small amount of a 
metal oxide such as Zinc oxide. In addition, larger amounts 
of metal oxide than those that are needed to achieve the 
desired coef?cient may be included in order to increase the 
core Weight so that the ?nished ball more closely approaches 
the U.S.G.A. upper Weight limit of 1.620 ounces. Other 
materials may be used in the core composition including 
compatible rubbers or ionomers, and loW molecular Weight 
fatty acids such as stearic acid. Free radical initiator catalysts 
such as peroxides are admixed With the core composition so 
that on the application of heat and pressure, a complex 
curing or cross-linking reaction takes place. 

[0077] The term “solid cores” as used herein refers not 
only to one piece cores but also to those cores having a 
separate solid layer beneath the cover and above the core as 
in US. Pat. No. 4,431,193, and other multilayer and/or 
non-Wound cores (such as those described in US. Pat. No. 

4,848,770). 
[0078] Wound cores are generally produced by Winding a 
very large elastic thread around a solid or liquid ?lled 
balloon center. The elastic thread is Wound around the center 
to produce a ?nished core of about 1.4 to 1.6 inches in 
diameter, generally. Since the core material is not an integral 
part of the present invention, a detailed discussion concern 
ing the speci?c types of core materials Which may be utiliZed 
With the cover compositions of the invention are not spe 
ci?cally set forth herein. In this regard, the cover composi 
tions of the invention may be used in conjunction With any 
standard golf ball core. 

[0079] As indicated, the golf balls of the present invention 
may be produced by forming covers consisting of the 
compositions of the invention around cores by conventional 
molding processes. For example, in compression molding, 
the cover composition is formed via injection at about 380° 
F. to about 450° E. into smooth surfaced hemispherical shells 
Which are then positioned around the core in a dimpled golf 
ball mold and subjected to compression molding at 200-300° 
F. for 2-10 minutes, folloWed by cooling at 50-70° F. for 
2-10 minutes, to fuse the shells together to form an unitary 
ball. In addition, the golf balls may be produced by injection 
molding, Wherein the cover composition is injected directly 
around the core placed in the center of a golf ball mold for 
a period of time at a mold temperature of from 50° F. to 
about 100° F. After molding the golf balls produced may 
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undergo various further ?nishing steps such as buf?ng, 
painting, and marking as disclosed in Us. Pat. No. 4,911, 
451. 

[0080] The present invention is further illustrated by the 
folloWing examples in Which the parts of the speci?c ingre 
dients are by Weight (pbW). It is to be understood that the 
present invention is not limited to the examples, and various 
changes and modi?cations may be made in the invention 
Without departing from the spirit and scope thereof. 

EXAMPLES 

[0081] By blending the ingredients set forth in the Tables 
beloW, a series of neW metal cation neutraliZed high acid 
ionomer resins and golf ball cover formulations containing 
these resins Were produced. In addition, the neW high acid 
ionomer resins Were blended (i.e. “in-situ” produced) With 
ionomer resins containing a comonomer of the acrylate ester 
class. The neW cover formulations Were evaluated for the 

purpose of determining changes in playability, travel dis 
tance and durability characteristics. 

[0082] Finished golf balls Were prepared using the cover 
compositions of the present invention, controls and com 
parative cover compositions by positioning a solid pre 
formed cross-linked polybutadiene core in an injection 
molding cavity in such a manner to permit the uniform 
injection of the selected cover composition over each core. 
Along this line, the cover formulations Were injection 
molded at about 400° F. around identical solid type cores 
having a ?nished diameter of 1.545 inches to produce golf 
balls approximately 1.680 inches in diameter having a 
normal cover thickness of 0.0675 inches. All materials Were 

molded under essentially identical conditions. 

[0083] Upon completion of the fabrication process, the 
properties of coef?cient of restitution (C.O.R.) of the molded 
and ?nished balls, Shore D hardness, cold crack resistance, 
spin rates, cut resistance, etc. for the cover compositions 
Were determined. 

[0084] In conducting the comparative testing, Escor® 
4000/7030 and Escor® 900/8000 ionomers Were utiliZed. In 
this regard, blends of Escor® 4000/7030 and Escor® 900/ 
8000 (i.e. the subject of Us. Pat. No. 4,911,451) are 
considered by the inventors to be generally among the best 
cover compositions for producing enhanced distance prop 
erties concerning ethylene-acrylic acid ionomer (loW acid) 
blends. In addition, blends of Escor® 4000/7030, Escor® 
900/8000 and Escor 7520 (i.e. the subject of US. Pat. No. 
5,120,791), Which are representative of the chemical com 
position of Spalding’s Tour Edition® 90 and Top Flite® 
Tour 100 balls and Which are considered to be among the 
best cover compositions for producing enhanced playability 
properties While maintaining reasonable travel distance 
characteristics, Were utiliZed to evaluate the neW blends of 
the metal cation neutraliZed high acid ionomers With the 
ionomer resins containing a comonomer of the acrylate ester 
class. 
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[0085] The data for each example represents the average 
data for one doZen balls produced according to the desired 

manner. The properties Were measured according to the 

folloWing parameters: 

[0086] Coefficient of restitution (C.O.R.) Was measured by 
?ring the resulting golf ball in an air cannon at a velocity of 

125 feet per second against a steel plate Which is positioned 
12 feet from the muZZle of the cannon. The rebound velocity 

Was then measured. The rebound velocity Was divided by the 

forWard velocity to give the coefficient of restitution. 

[0087] Unless indicated differently, Shore hardness Was 
measured in accordance With ASTM Test D-2240. 

[0088] Cold cracking resistance Was measured by ?ring 
balls from an air cannon, 5 bloWs at 165 feet/sec, after the 

balls had been conditioned for 24 hours at —10° F. After 

alloWing the balls to equilibrate to room temperature the 

balls are inspected for cover cracking. 

[0089] The spin rate of the golf ball Was measured by 
striking the resulting golf balls With a pitching Wedge or 
9-iron Wherein the club-head speed is about 80 feet per 
second and the ball is launched at an angle of 26 to 34 

degrees With an initial velocity of about 110-115 feet per 
second. The spin rate Was measured by observing the 
rotation of the ball in ?ight using stop action Strobe pho 
tography. 

[0090] Cut resistance Was measured in accordance With 
the folloWing procedure: A golf ball is ?red at 135 feet per 
second against the leading edge of a pitching Wedge, 
Wherein the leading edge radius is 1/32 inch, the loft angle is 
51 degrees, the sole radius is 2.5 inches, and the bounce 
angle is 7 degrees. 

[0091] The cut resistance of the balls tested herein Was 
evaluated on a scale of 1-5. 1 represents a cut that extends 

completely through the cover to the core, 2 represents a cut 
that does not extend completely through the cover but that 
does break the surface; a 3 does not break the surface of the 
cover but does leave a permanent dent; a 4 leaves only a 
slight indentation Which is permanent but not as severe as 3; 
and 5 represents virtually no visible indentation or damage 
of any sort. 

Example 1 

Preparation of Acrylic Acid Based High Acid 
Ionomers 

[0092] A number of neW cation neutraliZed acrylic acid 
based high acid ionomer resins Were prepared utiliZing as 
the copolymer of an ole?n and an alpha, beta-unsaturated 
carboxylic acid, a 20 Weight percent acrylic acid/ethylene 
copolymer produced by The DoW Chemical Company, Mid 
land, Mich. under the designation “Primacor 5 981.” Accord 
ing to The DoW Chemical Company, Primacor 5981 has a 
melt index (at 190° C., 2150 g) of 300 g/10 min. The 
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carboxylic acid groups present in the 20 Weight percent 
acrylic acid/ethylene copolymer Were neutralized to various 
Weight percentages by a number of different metal cation 
salts resulting in the production of several neW thermoplastic 
elastomers exhibiting enhanced properties for golf ball cover 
production. Due to differences in the nature of the cation 
salts, the amount of cation salts utilized, etc., the neW high 
acid ionomer resins produced differed substantially in the 
extent of neutralization and in melt indices, as Well as in 

resilience (i.e. C.O.R.) and hardness values. 

[0093] For the purpose of determining the Weight percent 
of neutralization of the carboxylic acid groups in the acrylic 
acid/ethylene copolymer after reacting With various cation 
salts, it Was assumed that 1 mole of sodium (Na+), potassium 
(K’'), and lithium (Li+) neutralized one mole of acrylic acid, 
and that one mole of zinc (Zn2+), magnesium (Mg2+), 
manganese (Mn2+), calcium (Ca2+) and nickel (Ni2+) neu 
tralized tWo moles of acrylic acid. The calculations of 
neutralization Were based upon an acrylic acid molecular 

Weight of 79 g/m, giving 0.2778 moles per 100 grams of 
copolymer. 

[0094] As indicated beloW in Table 7, the various cation 
salts Were added in variable amounts to the 20 Weight 
percent acrylic acid/ethylene copolymer in order to deter 
mine the optimal level of neutralization for each of the 
cations. In Table 7, NaOH refers to sodium hydroxide 
(formula Weight of 40). MnAc refers to manganese acetate 
tetrahydrate having a formula Weight of 245. LiOH is 
lithium hydroxide, fWt=24. KOH is potassium hydroxide, 
fWt=56. ZnAc is zinc acetate dihydrate, fWt=219.5. MgAc is 
magnesium acetate tetrahydrate, fWt=214.4. CaAc is cal 
cium acetate, fWt=158. MgO is magnesium oxide, fWt=40.3. 
NiAc is nickel acetate, fWt=176.8. All of these cation salts 
are solids at room temperature. 

[0095] The speci?c cation salts Were added in differing 
amounts With the 20 Weight percent acrylic acid/ethylene 
copolymer (i.e. the Primacor 5981) to an internal mixer 
(Banbury type) for the neutralization reaction. The only 
exception Was calcium acetate, Which, due to problems 
encountered in solid form, Was added as a 30 Wt-% solution 
in Water. 

[0096] In the neutralization reaction, the cation salts solu 
bilized in the Primacor 5981 acrylic acid/ethylene copoly 
mer above the melting point of the copolymer and a vigorous 
reaction took place With a great deal of foaming occurring as 
the cation reacted With the carboxylic acid groups of the 
acrylic acid/ethylene copolymer and the volatile by-products 
of Water (in the case of oxides or hydroxides) or acetic acid 
(When acetates are used) Were evaporated. The reaction Was 
continued until foaming ceased (i.e. about 30-45 minutes at 
250-350° F.), and the batch Was removed from the Banbury 
mixer. Mixing continued of the batch obtained from the 
mixer on a hot tWo-roll mill (175-250° to complete the 
neutralization reaction. The extent of the reaction Was moni 
tored by measuring melt flow index according to ASTM 
D-1238-E. As indicated beloW, the neutralized products 
exhibited drastically different properties depending upon the 
nature and amount of the cation salts utilized. 
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TABLE 7 

Formulation Wt-% Wt—% Melt Shore D 
No. Cation Salt Neutralization Index C.O.R. Hardness 

1(NaOH) 6.98 67.5 0.9 .804 71 
2(NaOH) 5.66 54.0 2.4 .808 73 
3(NaOH) 3.84 35.9 12.2 .812 69 
4(NaOH) 2.91 27.0 17.5 .812 (brittle) 
5(MnAc) 19.6 71.7 7.5 .809 73 
6(MnAc) 23.1 88.3 3.5 .814 77 
7(MnAc) 15.3 53.0 7.5 .810 72 
8(MnAc) 26.5 106 0.7 .813 (brittle) 
9(LiOH) 4.54 71.3 0.6 .810 74 
10(LiOH) 3.38 52.5 4.2 .818 72 
11(LiOH) 2.34 35.9 18.6 .815 72 
12(KOH) 5.30 36.0 19.3 Broke 70 
13(KOH) 8.26 57.9 7.18 .804 70 
14(KOH) 10.7 77.0 4.3 .801 67 
15(ZnAc) 17.9 71.5 0.2 .806 71 
16(ZnAc) 13.9 53.0 0.9 .797 69 
17(ZnAc) 9.91 36.1 3.4 .793 67 
18(MgAc) 17.4 70.7 2.8 .814 74 
19(MgAc) 20.6 87.1 1.5 .815 76 
20(MgAc) 13.8 53.8 4.1 .814 74 
21(CaAc) 13.2 69.2 1.1 .813 74 
22(CaAc) 7.12 34.9 10.1 .808 70 
23(MgO) 2.91 53.5 2.5 .813 
24(MgO) 3.85 71.5 2.8 .808 
25(MgO) 4.76 89.3 1.1 .809 
26(MgO) 1.96 35.7 7.5 .815 
27(NiAc) 13.04 61.1 0.2 .802 71 
28(NiAc) 10.71 48.9 0.5 .799 72 
29(NiAc) 8.26 36.7 1.8 .796 69 
30(NiAc) 5.66 24.4 7.5 .786 64 

Controls: 
50/50 Blend of Ioteks 8000/7030 C.O.R. = .810/65 Shore D Hardness 
DuPont High Acid Surlyn ® 8422 (Na) C.O.R. = .811/70 Shore D Hard 
ness 

DuPont High Acid Surlyn ® 8162 (Zn) C.O.R. = .807/65 Shore D Hard 
ness 

Exxon High Acid Iotek EX-960 (Zn) C.O.R. = .796/65 Shore D Hardness 
Control for Formulations 23-26 is 50/50 Iotek 8000/7030, 
C.O.R. = .814, Formulation 26 C.O.R. Was normalized to that control 
accordingly 
Control for Formulation Nos. 27-30 is 50/50 Iotek 8000/7030, C.O.R. = 
.807 

[0097] As indicated in Table 7, a number of the neW cation 
neutralized acrylic acid based high acid ionomer resins 
exhibited C.O.R. and Shore D hardness values greater than 
that exhibited by a 50/50 blend of the Iotek loW acid acrylic 
acid based hard ionomer resins, such as the Iotek 8000/7030 
blend utilized in the cover compositions disclosed in US. 
Pat. No. 4,911,451. Moreover, included in neW acrylic acid 
based high acid ionomer resins Were numerous cation neu 
tralized high acid ionomer resins previously not available, 
such as those acrylic acid based high acid ionomer resins 
neutralized to various degrees by the manganese, lithium, 
potassium, magnesium, calcium and nickel salts. Further 
more, the neW cation neutralized acrylic acid based high acid 
ionomers produced C.O.R. and hardness values greater than 
those shoWn by the methacrylic acid based high acid iono 
mer resins recently produced by DuPont (i.e. Surlyn® 8422 
(Na) and Surlyn® 8162 (Zn)) and the acrylic acid based high 
acid resins experimentally produced by Exxon (i.e. Iotek 
EX-959 and Ex-960 (Zn)), collectively referred to as “the 
controls.” 

[0098] In addition, the results produced by Formulation 
Nos. 1 through 3 directed to the sodium ion neutralized 
ethylene-acrylic acid copolymers and Formulation Nos. 15 
through 17 directed to the zinc ion neutralized ethylene 
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acrylic acid copolymers in comparison to the neW Iotek high 
acid ethylene acrylic acid ionomers Were also of interest. As 
indicated above, Escor® or Iotek Ex-959 is a sodium ion 
neutralized ethylene-acrylic acid copolymer and Escor® or 
Iotek Ex-960 is a Zinc neutraliZed ethylene-acrylic acid 
copolymer. According to Exxon, Ioteks 959 and 960 contain 
from about 19.0 to about 21.0% by Weight acrylic acid With 
approximately 30 to about 70 percent of the acid groups 
neutraliZed With sodium and Zinc ions, respectfully. 

[0099] Formulation No. 2 (i.e. 5.66 Wt-% sodium salt, 54 
Wt-% neutraliZation, 2.4 melt index, 0.808 C.O.R. and 73 
Shore D hardness) is someWhat similar to Iotek 959 and 
Formulation No. 16 (i.e. 13.9 Wt-% Zinc salt, 53 Wt-% 
neutraliZation, 0.9 melt index, 0.797 C.O.R. and 69 Shore D 
hardness) is someWhat similar to Iotek 960. 

[0100] HoWever, not only did the neW cation neutraliZed 
acrylic acid based high acid ionomers of the present inven 
tion exhibit similar or better resilience (C.O.R.) at compa 
rable or better hardness values than those exhibited by the 
sodium or Zinc high acid Iotek ionomers, as a result of the 
neutraliZation of the acrylic acid/ethylene copolymer With 
several different cation salts, to a number of different neu 
traliZation percentages, a Wide variety of neW cation neu 
traliZed acrylic acid based high acid ionomers Were pro 
duced having improved resilience and hardness values. 
These neW cation neutraliZed high acid ionomer resins are 
particularly valuable in the ?eld of golf ball production. 

[0101] More particularly, the development of a number of 
separate different cation neutralized high acid ionomers 
besides the sodium or Zinc high acid ionomers available 
from DuPont or Exxon, such as the neW manganese, lithium, 
potassium, magnesium, calcium and nickel acrylic acid 
based high acid ionomer resins, alloWs for the production of 
a Wide variety of cation neutraliZed high acid ionomer 
blends. Furthermore, since the neW sodium or Zinc neutral 
iZed high acid ionomers produced improved properties over 
those produced by the existing available sodium or Zinc high 
acid ionomers, a number of neW cover compositions can be 
produced having enhanced characteristics. 

[0102] Along this line, several of the cation neutraliZed 
acrylic acid based high acid ionomer resins produced above 
Which exhibited enhanced C.O.R. and Shore D hardness 
values Were blended together and evaluated for the purpose 
of determining Whether any synergistic effects Were pro 
duced particularly With respect to enhanced C.O.R. values. 

[0103] Speci?cally, from each group of the different cation 
neutraliZed high acid ionomer resins set forth in Table 7, the 
best overall ionomer (based upon C.O.R., melt index and 
Shore D hardness) Was utiliZed to produce a number of 
blends (“diblends” and “triblends”) and processed to pro 
duce the cover component of multi-layered golf balls. The 
“diblends” consisted of 50/50 mixtures and the “triblends” 
consisted of a 33.33/33.33/33.33 mixtures. 

[0104] With respect to the blends set forth in Tables 8 and 
9, Na refers to Formulation No. 3, C.O.R. (molded/?nished) 
of 0.812/817; Mn refers to Formulation No. 6, C.O.R. 
(molded/?nished) of 0.814/0.814; Li refers to Formulation 
No. 10, C.O.R. (molded/?nished) of 0.818/0.819; K refers to 
Formulation No. 13, C.O.R. (molded/?nished) of 0.805/ 
0.809; Zn refers to Formulation No. 16, C.O.R. (molded/ 
?nished) of 0.797/0.796; Mg refers to Formulation No. 18, 
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C.O.R. (molded/?nished) of 0.814/0.820; Ca refers to For 
mulation No. 21, C.O.R. (molded/?nished) of 0.813/0.812; 
Ni refers to Formulation No. 28, C.O.R. (molded/?nished) 
of 0799/0817; and 50/50 Iotek 8000/7030 refers to control 
of 50/50 blend of Iotek 8000/7030, C.O.R. (molded/?n 
ished) of 0810/0812. 

[0105] The C.O.R. values of the “diblends” and “tri 
blends” Were then evaluated after molding With a center 
stock having the folloWing composition: 

MATERIAL WEIGHT (phr) 

BR-12201 70.70 
Taktene 2202 29.30 
React Rite ZDA3 31.14 
Zinc Oxide 6.23 
Zinc Stearate 20.15 
Limestone 17.58 
Ground Flash (20-40 mesh) 20.15 
Blue Masterbatch .012 
Luperco 231XL4 .89 
or Trigonox 29/405 
Papi 946 .50 

1BR-1220 is high cis-polybutadiene from Shell Chemical Co., Houston 
Texas. 
2Taktene is high cis-polybutadiene from Polysar Chemical. 
3ZDA is Zinc diacrylate. 
4Luperco 231XL is a peroxide-free radical initiator manufactured and sold 
by Atochem, Buffalo, New York. 
5Trigonox 29/40 is peroxide-free radical initiator manufactured and sold 
by Akzo Chemie America, Chicago, Illinois. 
6Papi 94 is a polymeric diisocyanate available from DoW Chemical Co., 
Midland, Michigan. 

[0106] In addition, the molded balls Were coated and 
?nished according to the procedure mentioned above. The 
C.O.R. values of the ?nished balls Were determined in order 
to evaluate Whether any improvement in resilience Was 
produced. 
[0107] Generally, it is typical to observe a 0.002 to 0.003 
point pick up in C.O.R. values of the ?nished balls in 
comparison to the molded balls. The results are set forth in 
Tables 8A, 8B and 9 beloW. 

TABLE 8A 

Diblends (50/50 Blends) C.O.R. 
Molded/Finished Values 

Formulation No. Blend C.O.R. (Molded/Finished) 

31 Na/Mn 813/818 
32 Na/Li 813/818 
33 Na/K 809/.816 
34 Na/Zn .811/818 
35 Na/Mg 813/819 
36 Na/Ca .811/819 
37 Mn/Li 811/817 
38 Mn/K 811/818 
39 Mn/Zn 807/814 
40 Mn/Mg 809/816 
41 Mn/Ca 809/816 
42 Li/K 810/817 
43 Li/Zn 813/819 
44 Li/Mg 812/820 
45 Li/Ca .811/818 
46 K/Zn 810/.815 
47 K/Mg .811/820 
48 K/Ca 810/817 
49 Zn/Mg 807/814 
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TABLE 8A-continued 

Diblends (50/50 Blends) C.O.R. 
Molded/Finished Values 

Formulation No. Blend C.O.R. (Molded/Finished) 

50 Zn/Ca 808/.814 
51 Mg/Ca 801/818 
52 Na/Ni 809/.815 
53 Mn/Ni 807/814 
54 Li/Ni 809/.816 
55 K/Ni 809/.816 
56 Zn/Ni .799/804 
57 Mg/Ni 805/813 
58 Ca/Ni 807/815 
59 Iotek 959/960 811/818 
60 Control 809/NA 
61 Control .806/NA 

Controls are Formulation No. 59, a 50/50 blend of Iotek 959/960; Formu 
lation No. 60 a 75/25 blend of Surlyn 8162/8422; and Formulation No. 61 
a 50/50 blend of Iotek 8000/7030. 
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[0112] FINAL (COR)calc=coef?cient calculated as 
Weighted average of ?nished COR’s for polymers of 
salts 1 and 2 

[0113] FINAL (COR) exp=experimental ?nished COR 
for blend 

[0114] FINAL (COR) diff=difference between FINAL 
(COR) exp and FINAL (COR) (calc) 

[0115] As noted in Table 8B, positive synergy in resilience 
is observed for nearly all of the ?nished (?nal) blends, With 
substantial synergy being produced in Formulation Nos. 34, 
38, 39, 43, 46, 48, 49, 50. 

[0116] Moreover, the diblends Were also evaluated against 
a control Formulation No. 59 (see Table 8A), a 50/50 blend 
of Iotek 959/960, the best available high acid blends, With 
respect to improved C.O.R. values (i.e. 811/0.818). Similar 
or enhanced C.O.R. values (molded/?nished) Were observed 
in Formulation Nos. 31 (Na/Mn), 32 (Na/Li), 34 (Na/Zn), 35 
(Na/Mg), 36 (Na/Ca), 38 (Mn/K), 43 (Li/Zn), 44 (Li/Mg), 45 

[0108] (Li/Ca), and 47 TABLE 8B 

Synergy Values of the DiBlends 

Formulation COR) (COR) (COR) exp — Final Final Final 
No. Salt 1 Salt 2 calc exp (COR) calc (COR) calc (COR) exp (COR) Diff. 

31 Na Mn 813.0 813.0 0.0 815.5 818.0 2.5 
32 Na Li 815.0 813.0 —2.0 818.0 818.0 0.0 
33 Na K 808.0 809.0 1.0 813.0 816.0 3.0 
34 Na Zn 804.5 811.0 6.5 806.5 818.0 11.5 
35 Na Mg 813.0 813.0 0.0 818.5 819.0 0.5 
36 Na Ca 812.5 811.0 —1.5 814.5 819.0 4.5 
37 Mn Li 816.0 811.0 —5.0 816.5 817.0 0.5 
38 Mn K 809.0 811.0 2.0 811.5 818.0 6.5 
39 Mn Zn 805.5 807.0 1.5 805.0 814.0 9.0 
40 Mn Mg 814.0 809 0 —5.0 817.0 816.0 —1.0 
41 Mn Ca 813.5 809 0 —4.5 813.0 816.0 3.0 
42 Li K 811.0 810.0 —1.0 814.0 817.0 3.0 
43 Li Zn 807.5 813.0 5.5 807.5 819.0 11.5 
44 Li Mg 816.0 812.0 —4.0 819.5 820.0 0.5 
45 Li Ca 815.5 811.0 —4.5 815.5 818.0 2.5 
46 K Zn 800.5 810.0 9.5 802.5 815.0 12.5 
47 K Mg 809.0 811.0 2.0 814.5 820.0 5.5 
48 K Ca 806.0 810.0 4.0 810.5 817.0 6.5 
49 Zn Mg 805.5 807.0 1.5 808.0 814.0 6.0 
50 Zn Ca 805.0 808 0 3.0 804.0 814.0 10.0 
51 Mg Ca 813.5 810.0 —3.5 816.0 818.0 2.0 
52 Na Ni 805.5 809.0 3.5 817.0 815.0 —2.0 
53 Mn Ni 806.5 807.0 0.5 815.5 814.0 —1.5 
54 Li Ni 808.5 809 0 0.5 818.0 816.0 —2.0 
55 K Ni 801.5 809 0 7.5 813.0 816.0 3.0 
56 Zn Ni 798.0 799 0 1.0 806.5 804.0 —2.5 
57 Mg Ni 806.5 805.0 —1.5 818.5 813.0 —5.5 
58 Ca Ni 806.0 807.0 1.0 814.5 815.0 0.5 

[0109] In Table 8B above, the C.O.R. synergy values are [0117] Furthermore, When reviewed for cold cracking, 
based upon the data from Table 7 of the various metal cation 
neutralized high acid acrylic acid based ionomer resins and 
the folloWing calculations: 

[0110] (COR)calc=coef?cient calculated as Weighted 
average of as-molded COR’s for polymers of salts 1 
and 2 

[0111] (COR) exp=experimental as-molded COR for 
blend 

With the exception of Formulation No. 35, all of the diblends 
tested exhibited resistance to breaking. With respect to 
Formulation No. 35, some breakage did occur With 2 out of 
the 12 balls tested exhibiting breakage. 

[0118] When the small test sample of the triblends Were 
evaluated (see Table 9 beloW) in comparison to a 50/50 
blend of the loW acid acrylic acid based hard ionomers (i.e. 
Iotek 8000/7030 US. Pat. No. 4,911,451), all of the cation 
neutralized high acid acrylic acid based triblends produced 
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enhanced C.O.R. values upon molding and ?nishing. In 
addition, When subjected to cold cracking, no breakages 
Were observed. 

TABLE 9 

C.O.R. C.O.R. 
Formulation Cation Blend Molded Finished Ball 

62 Zn/Li/K .819 .828 
63 Na/Zn/Li .821 .829 
64 Iotek 8000/7030 .816 .819 
65 Na/Mn/Ca .820 .828 
66 Na/K/Mn .821 .829 
67 Na/K/Mg .821 .829 

[0119] Consequently, not only are a number of neW cation 
neutraliZed acrylic acid based high acid ionomers noW 
available for golf ball cover construction, these neW cation 
neutraliZed acrylic acid based high acid ionomers may be 
blended together in various combinations to produce cover 

compositions exhibiting enhanced resilience (i.e. distance) 
due to the synergies noted above. 

Example 2 

[0120] 
triblends of the neW cation neutraliZed acrylic acid based 
high acid ionomer resins produced different results When dry 
blended (i.e. prepared as simple dry blends of pre-made 
single cation neutraliZed acrylic acid based high acid iono 
mers, such as those set forth in Example 1 above) or When 
produced as “in-situ” cation blends (i.e. the cations Were ?rst 
blended and then added to the acrylic acid/ethylene copoly 
mers in the Banbury mixer), a number of comparison 
reactions Were generated. Speci?cally, in-situ Formulation 
Nos. 68-72 in Table 10 beloW correspond to dry-blended 
Formulation Nos. 31, 32, 43, 44 and 46, respectively, and 
in-situ Formulation Nos. 73 and 74 in Table 10 beloW 

correspond to dry-blended Formulation Nos. 62 and 63, 
respectively. 

In order to determine Whether the diblends or 

TABLE 10 

Form- Shore D 
ulation Cation C.O.R C.O.R. Spin Rate Hard 
No. Blend Molded Finished 9-Iron, RPM ness 

68 Na/Mn .822 .828 5,008 74 
69 Na/Li .820 .828 5,820 70 
70 Li/Zn .820 .825 5,425 71 
71 Li/Mg .821 .828 5,451 73 
72 Zn/K .817 .821 5,934 69 
73 Li/Zn/K .822 .826 5,266 71 
74 Na/Li/Zn .821 .824 5,165 71 
75 Iotek .819 .824 5,926 

959(Na)/ 
960(Zn) 

Tour Edition ® 10,124 
100 

Tour Edition ® 9,821 
90 

Top-Flite ® 6,942 
XL 11 

[0121] The results indicated that little difference in C.O.R. 
Was produced (relative to a control of 50/50 mixture of the 
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high acid Iotek 959/960) Whether a dry blending process or 
an in-situ blending process Was used. Moreover, the data 

further clearly indicated that the cation neutraliZed acrylic 
acid based high acid ionomer blends of the present invention 

generally exhibit higher C.O.R. values and signi?cantly 
loWer spin rates than the best acrylic acid based high acid 

ionomers (i.e. the Ioteks 959(Na)/960(Zn) blend), see For 
mulation Nos. 68, 70, 71, 73 and 74 in comparison to 

Formulation No. 75 (control). The loWer C.O.R. value and 

the substantially similar spin rate produced by the Zn/K 
blend in Formulation 72 Was attributed to the slightly loWer 

hardness of this blend versus the others. As indicated in 

Table 7, the K and Zn acrylic acid based high acid ionomers 

are a little softer than the Na, Mn, Li and Mg acrylic acid 

based high acid ionomers. Similarly, the higher spin rate of 
the Na/Li blend in Formulation 69 Was due to its relative 

softness versus the other blends. In addition, other more 

subtle factors may also be at play, such as differences in 

coef?cient of friction, deformation under load, etc., Which 
have not quanti?ed. 

[0122] 
commercially available balls produced by Spalding & Even 

In addition, When compared With a number of 

?o Companies, Inc., the assignee of the present invention, 
With loW acid ionomer resin covers (i.e. the Tour Edition® 

100, Tour Edition® 90 and Top-Flite® XL II balls), the spin 
rates of the cation neutraliZed acrylic acid high acid ionomer 

blends of the present invention (i.e. Formulations 68-75) 
exhibited much loWer spin rates. Consequently, the cation 

neutraliZed acrylic acid based high acid ionomer blends of 
the present invention produced, When utiliZed to formulate 

the cover of a multi-layered golf ball, a much harder surface 

then those produced by the loW acid ionomer covers pres 

ently available. This may be desirable to a golfer Who 

imparts unmanageable spin (slice/hook) to the ball and 
therefore may bene?t from a “loW spin” ball. 

Example 3 

Acrylic Acid Based High Acid Ionomer Di-Blends 
Containing Varying Ratios of Cation NeutraliZed 

Acrylic Acid Based High Acid Ionomers 

[0123] In addition to the 50/50 blends of various combi 
nations of the neW cation neutraliZed acrylic acid based high 

acid ionomers set forth in Example 1, di-blends varying 
from 25/75 to 75/25 ratios Were produced utiliZing the more 
preferred diblends in the “in-situ” process described in 
Example 2. In this regard, the more preferred diblend 
formulations set forth in Example 1 (i.e. Formulation No. 31 

(Na/Mn), Formulation No. 32 (Na/Li), Formulation 43 (Li/ 
Zn), Formulation No. 44 (Li/Mg), and Formulation No. 46 
(Zn/K)) Were produced in-situ in 50/50, 25/75 and 75/25 
combinations according to the folloWing formulations: 
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TABLE 12 

Formulations 

Ingredients 76 77 78 79 80 81 82 83 84 85 

Acid 100 100 100 100 100 100 100 100 100 100 
Copolymer 
(Primacor 
5981) 
NaOH 2.0 1.0 3.0 2.0 1.0 3.0 — — — — 

Mn Acetate 15.0 22.5 7.5 — — — — — — — 

Lithium — — — 3.1 4.7 1.6 3.1 1.6 4.7 3 1 

Hydroxide 
Monohydrate 
Zinc — — — — — — 8.00 12.0 4.0 — 

Acetate 
Potassium — — — — — — — — — — 

Hydroxide 
Magnesium — — — — — — — — — 10.5 

Acetate 

Formulation No. 

Ingredients 86 87 89 90 

Primacor 5981 100 100 100 100 100 
Lithium Hydroxide 1.6 4.7 — — — 

Magnesium Acetate 15.8 5.3 — — — 

Zinc Acetate — — 12.0 4.0 

Potassium — — 2.25 6.75 

Hydroxide 

[0124] The di-blends produced the following C.O.R. val 
ues: 

TABLE 12 

Formulation No. Cation Blend C.O.R. (Molded) 

76 50/50 Na/Mn .820 
77 25/75 Na/Mn .821 
78 75/25 Na/Mn .825 
79 50/50 Na/Li .822 
80 25/75 Na/Li .822 
81 75/25 Na/Li .823 
82 50/50 Li/Zn .816 
83 25/75 Li/Zn .804 
84 75/25 Li/Zn .825 
85 50/50 Li/Mg .823 
86 25/75 Li/Mg .822 
87 75/25 Li/Mg .821 
88 50/50 Zn/K .820 
89 75/25 Zn/K .798 
90 25/75 Zn/K .821 

Control is a 50/50 Iotek Low Acid Ionomer Blend (8000/7030), C.O.R. 
(molded) .817 

[0125] The results indicated that in general the new cation 
neutralized acrylic acid based high acid ionomer diblends 
produced enhanced C.O.R. values over the known acrylic 
acid based low acid ionomer blends. See Formulation Nos. 
76-81, 84-88 and 90. While Formulation 82 produced a 
lower C.O.R. value than expected, the data suggested that in 
some cases, a 50/50 blend is not optimal (particularly in the 
Zn/K and the Li/Zn blends), while in others (i.e. Li/Mg, 
Na/Li) the blend ratio is not signi?cantly different. 

Example 4 

[0126] Since the data set forth in Examples 1-3 indicated 
the resilience (C.O.R.) and/or hardness properties of the 

cover compositions can be substantially enhanced through 
the use of the new cation neutralized acrylic acid based high 
acid ionomers and/or diblends or triblends of such ionomers, 
the molecular weight property of the acrylic acid/ethylene 
copolymers utilized to produce the ionomers was evaluated. 
Speci?cally, the molecular weight of the acid copolymers 
was assessed for the purpose of determining whether further 
enhanced properties can be produced by varying the molecu 
lar weight of the acid copolymer. 

[0127] In this regard, since the data indicated that there 
was little difference between using the dry blending process 
or the in-situ blending method for processing the cations, the 
in-situ method of producing the cation neutralized high acid 
ionomer blends was used in this analysis. 

[0128] Along this line, the diblend and triblends set forth 
in Formulation Nos. 68, 73 and 74 are essentially the same 
as those set forth below in Formulation Nos. 91, 94 and 97, 
respectively. However, since a different batch of cores was 
utilized than those used in Example 2, the C.O.R.’s are 
slightly lower. While the cores utilized in the present 
Example were of the same composition, the lower C.O.R. 
was due to the age of the cores, i.e. molded cores will lose 
C.O.R. upon aging mainly due to moisture pickup. Formu 
lation Nos. 92-93, 95-96 and 98-99, are similar to those set 
forth in Formulation Nos. 91, 94 and 97, respectively, with 
the exception that the molecular weight of the acrylic 
acid/ethylene copolymer utilized was varied. Speci?cally, 
Primacor 5983 and Primacor 5990 both contain the same 
acid content as Primacor 5981 (i.e. 20 weight percent acrylic 
acid) but have lower viscosities (lower molecular weights) 
and lower densities. Primacor 5981 has a melt index of 300 
g/10 minute (ASTM Method D-1238 at 190° C.) and a 
Brook?eld viscosity of 51,000 cps at 350° F. Primacor 5983 
has a melt index of 500 and a Brook?eld viscosity of 26,000 



US 2001/0020068 A1 Sep. 6, 2001 
16 

cps at 350° F; and Primacor 5990 has a melt index of 1300 
and viscosity of 13,000 cps at 350° F. 

[0129] The resilience (C.O.R.) of the molded balls pro 
duced utilizing the different molecular Weight acrylic acid/ 
ethylene copolymers are set forth beloW in Table 13. 

TABLE 13 

Formulation No. Cations Acid Copolymer C.O.R. (MOLDED) 

91 Na/Mn Primacor 5981 .813 
92 Na/Mn Primacor 5983 .805 
93 Na/Mn Primacor 5990 All Balls crack 
94 Li/Zn/K Primacor 5981 .814 
95 Li/Zn/K Primacor 5983 .809 
96 Li/Zn/K Primacor 5990 All Balls crack 
97 Na/Li/Zn Primacor 5981 .813 
98 Na/Li/Zn Primacor 5983 .808 
99 Na/Li/Zn Primacor 5990 All Balls crack 

[0130] The data indicated that a higher molecular Weight 
acid copolymer is preferred for obtaining high resilience (i.e. 
C.O.R.) and required toughness. 

Example 5 

[0131] The neW metal cation neutraliZed high acid iono 
mer resins Were blended With ionomer resins containing a 
comonomer of the acrylate ester class in order to evaluate 
the improved playability and scuff resistance of the neW 
formulated cover compositions. The compositions Were pro 
duced “in-situ” as indicated above With the exception that 
the acid copolymers, such as a 20 Weight percent acrylic 
acid/ethylene copolymer (i.e. “Primacor 5981”, “Primacor 
5983”, etc.), Were ?rst mixed With the acid terpolymers 
containing a comonomer (or termonomer) of the acrylate 
ester class, such as poly(ethylene-methacrylic acid-butyl 
acrylate) (i.e. “Nucrel® 035 or 010”) or poly(ethylene 
acrylic acid-methyl acrylate), (i.e. “Escor® AT X 310, 320, 
325 or 350”), and then the appropriate cation (i.e. cation salt) 
or cation blend (i.e. blend of cation salts) Was added to 
neutraliZe the carboxylic acid groups of the copolymer/ 
terpolymer mixture. The selection of the type and ratio of 
acid copolymer to acid terpolymer Was based upon the 
desired ?nal hardness of the cover material. The Weight, 
Riehle compression, C.O.R., hardness, spin rate and cut 
resistance of the neW cover compositions in comparison 
With the knoWn formulations Were observed. 

TABLE 14 

Formulations 

Ingredients 99 100 101 102 103 104 105 106 107 108 109 110 

Nucrel 925 100 60 60 — — — — — 60 60 — — 

Nucrel 035 — 40 — — — — — — 40 — — — 

Nucrel 010 — — 40 — — — — — — 40 — — 

Primacor 5981 — — — 100 60 60 — — — — 60 60 

Escor ATX-310 — — — — 40 — — — — 40 — 

Escor ATX-325 — — — — — 40 — — — — — 40 

Magn. Oxide 3.0 3.0 3.0 4.0 4.0 4.0 — — — — — — 

Iotek 8000 — — — — — — 50 30 — — — — 

Iotek 7030 — — — — — — 50 30 — — — — 

Iotek 7520 — — — — — — 40 — — — — 

Properties 

C.O.R. .795 .794 .793 .809 .800 .796 .811 .795 .773 .773 .771 .775 
Shore C. Hardness 96 94 94 97 95 93 96 88 95 94 97 94 

[0132] 

TABLE 15 

Formulations 

Ingredients 111 112 113 114 115 116 117 118 119 120 

Primacor 5981 100 — 50 50 50 50 25 25 — — 

Nucrel 960 — 100 — — — — 25 25 — — 

Nucrel 035 — — 50 — — — 50 — — — 

Nucrel 010 — — — 50 — — — — — — 

Escor AT-310 — — — — 50 — — 50 — — 

Escor AT-325 — — — — — 50 — — — — 

Zinc Acetate 5.33 4.0 5.33 5.33 5.33 5.33 4.7 4.7 — — 

Potassium Hydroxide 3.0 2.27 3.0 3.0 3.0 3.0 2.6 2.6 — — 

Lithium Hydroxide 2.05 1.5 2.05 2.05 2.05 2.05 1.8 1.8 — — 

Primacor 60758.05 — — _ _ 
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TABLE 15-continued 

Formulations 

Ingredients 111 112 113 114 115 116 117 118 119 120 

Iotek 959 — — — — — — — — 800 400 

Iotek 960 — — — — — — — — 800 400 

Iotek 7520 — — — — — — — — — 800 

Properties 

Riehle Compression 53 56 55 56 57 55 55 54 60 
C.O.R. .827 .818 .811 .811 .810 .803 .810 .810 .819 .798 
Shore C Hardness 98 96 96 96 89 95 95 98 84 

Spin Rate 5,873 7,968 7,528 7,675 8,219 9,376 8,031 8,623 7,782 10,097 
Cut Resistance 4—5 4—5 3-4 4—5 4—5 3—4 4 3—4 4 3 

[0133] 

TABLE 16 

Formulations 

Ingredients 121 122 123 124 125 128 127 128 

Primacor 5981 — — — — 25 25 — — 

Nucrel 980 — — — — — — — — 

Nucrel 035 100 — — — 75 — — — 

Nucrel 010 — 100 — — — — — — 

Escor AT-310 — — 100 — — — — — 

Escor AT-325 — — — 100 — 75 — — 

Zinc Acetate 4.0 4.0 4.0 4.0 4.0 4.0 — — 

Potassium Hydroxide 2.27 2.27 2.27 2.27 2.27 2.27 — — 

Lithium Hydroxide 1.50 1.50 1.50 1.50 1.50 1.50 — — 
Iotek 8000 — — — — — — 50 25 

Iotek 7030 — — — — — — 50 25 

Iotek 7520 — — — — — — — 50 

Properties 

Weight 44.8 44.7 44.7 45.0 45.0 45.0 45.0 45.0 
Riehle Compression 55 55 58 60 55 60 49 58 
C.O.R. .789 .790 .788 .779 .790 .782 .808 .783 
Shore C Hardness 89-90 90 90 80 91 82 96 85 

Spin Rate 9,609 9,456 9,889 10,595 9,079 10,170 7,699 10,007 
Cut Resistance 3—4 3—4 3—4 3 3—4 4 4 3 

[0134] The results set forth in Table 14 indicate that When 
relatively small amounts (i.e. approximately 40% by Weight) 
of the ionomer resin containing a comonomer of the acrylate 
ester class Were added to the neW metal cation neutralized 
high acid ionomer resins, modest decreases in hardness and 
C.O.R. values Were observed. See, for example, the inter 
mediate hardness covers of Formulation Nos. 103 and 104 
in comparison to that of the hard covers produced by the neW 
metal cation neutralized high acid ionomer resins set forth in 
Formulation No. 102 and by the Top Flite® XL II (US. Pat. 
No. 4,911,451) representative formulation set forth in For 
mulation No. 105. This is further demonstrated in compari 
son With the soft cover produced in Formulation No. 106 
Which is representative of the cover formulation of Spald 
ing’s Tour Edition® 90 and Top Flite® Tour 100 balls (i.e. 
US. Pat. No. 5,120,791). Formulation Nos. 107-110 repre 
sented non-neutralized acid copolymer/terpolymer blends, 
and thus, the C.O.R. values Were substantially loWer. 

[0135] The data set forth in Table 15 demonstrates the 
effect of adding higher levels of the acid terpolymers (i.e. 
50% by Weight) to the acid copolymers (i.e. Formulation 
Nos. 113-116 and 117-118). A moderate decrease in hard 

ness and C.O.R. values and a signi?cant increase in spin 
rates (playability) and cut resistance properties Were 
observed. In this regard, the cut resistance properties of 
Formulation Nos. 113-116 and 117-118 Were improved at 
similar or slightly loWer spin rates When compared to the 
representative Tour Edition® and Top Flite® Tour cover 
formulations of Formulation No. 120. Furthermore, in com 
parison With the high acid ionomers of Formulation Nos. 111 
and 119, Formulation Nos. 113-116 and 117-118 demon 
strated substantial improvements in spin rates With moderate 
decreases in C.O.R. values. 

[0136] The data set forth in Table 16 shoWs that cover 
compositions produced from the copolymer/terpolymer 
blends comprised of relatively high amounts of an ionomer 
resin containing a comonomer of the acrylate ester class 
(see, for example, Formulation No. 126 compared With 
Formulation No. 128) Were softer than those previously 
prepared. Consequently, by adjusting the amount of ionomer 
resins containing a comonomer of the acrylate ester class, 
the present invention offers the latitude to tailor properties 
such as C.O.R., spin and scuff/abrasion resistance. 
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[0137] Furthermore, as demonstrated by the above For 
mulations, the addition of the ionomer resins containing a 
comonomer of the acrylate ester class to the high acid 
ionomer resins, enables the production of a golf ball cover 
composition having an improved combination of playability, 
durability and distance properties. Speci?cally, golf balls 
having the unique combination Shore C hardness of about 
80 to about 95, spin rates of about 8,000 to about 10,600, 
Riehle compressions of about 55 to about 65, C.O.R. values 
of about 0.770 to about 0.810, and cut resistance of about 3 
to about 5 can be produced by the present invention. 

[0138] The invention has been described With reference to 
the preferred embodiment. Obviously, modi?cations and 
alterations Will occur to others upon a reading and under 
standing of the preceding detailed description. It is intended 
that the invention be construed as including all such alter 
ations and modi?cations insofar as they come Within the 
scope of the appended claims or the equivalents thereof. 

I claim: 
1. A golf ball having a cover, Wherein the cover comprises 

a blend of 80-50% by Weight of a high stiffness ionomer and 
20-50% by Weight of a very loW modulus ionomer, Wherein 
said high stiffness ionomer is a copolymer of 75-80% of an 
ole?n With 20-25% of an alpha, beta ethylenically unsatur 
ated carboxylic acid having 10-90% of the carboxylic acid 
groups neutraliZed With sodium, lithium, Zinc or magnesium 
ions and has ?exural modulus from about 75,000 to about 
88,000 psi and a Shore D hardness from about 67 to about 
77 and the very loW modulus ionomer is a terpolymer of 
67-70% by Weight ethylene, 20-23% by Weight acrylate and 
10% by Weight unsaturated carboxylic acid, Where 10-90% 
of the acid groups are neutraliZed by sodium, Zinc or lithium 
ions and has a ?exural modulus from about 2,000 to 8,000 
psi and a Shore D hardness from about 20 to about 45. 

2. The golf ball of claim 1 Wherein the unsaturated 
carboxylic acid is selected from the group consisting of 
methacrylic acid, acrylic acid and mixtures of said acids. 

3. The golf ball of claim 1 Wherein the cover comprises 
70% by Weight of the high stiffness ionomer and 30% by 
Weight of the very loW modulus ionomer. 

4. The golf ball of claim 1 Wherein the cover comprises 
50% by Weight of the high stiffness ionomer and 50% by 
Weight of the very loW modulus ionomer. 

5. The golf ball of claim 1 Wherein the cover further 
comprises colorant in amounts up to 5 parts per hundred 
polymer. 

6. A composition suitable for molding a golf ball cover 
comprising 80-50% by Weight of a high stiffness ionomer 
and 20-50% by Weight of a very loW modulus ionomer, 
Wherein said high stiffness ionomer is a copolymer of 
75-80% of an ole?n With 20-25% of an alpha, beta ethyl 
enically unsaturated carboxylic acid having 10-90% of the 
carboxylic acid groups neutraliZed With sodium, lithium, 
Zinc or magnesium ions and has a ?exural modulus from 
about 75,000 to about 88,000 psi and a Shore D hardness of 
from about 67 to about 77 and the very loW modulus 
ionomer is a terpolymer of 67-70% by Weight ethylene, 
20-23% by Weight acrylate and 10% by Weight unsaturated 
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carboxylic acid, Where 10-90% of the acid groups are 
neutraliZed by sodium, Zinc or lithium ions and has a ?exural 
modulus from about 2,000 to 8,000 psi and a Shore D 
hardness of from about 20 to about 45 . 

7. The composition of claim 6 Wherein the unsaturated 
carboxylic acid is selected from the group consisting of 
methacrylic acid, acrylic acid and mixtures of said acids. 

8. The composition of claim 6 comprising 70% by Weight 
of the high stiffness ionomer and 30% by Weight of the very 
loW modulus ionomer. 

9. The composition of claim 6 comprising 50% by Weight 
of the high stiffness ionomer and 50% by Weight of the very 
loW modulus ionomer. 

10. A method of making a golf ball comprising preparing 
a cover of a blend of 80-50% by Weight of a high stiffness 
ionomer and 20-50% by Weight of a very loW modulus 
ionomer, Wherein said high stiffness ionomer is a copolymer 
of 75-80% of an ole?n With 20-25% of an alpha beta 
ethylenically unsaturated carboxylic acid having 10-90% of 
the carboxylic acid groups neutraliZed With sodium, lithium, 
Zinc or magnesium ions and has a ?exural modulus from 
about 75,000 to about 88,000 psi and a Shore D hardness of 
from about 67 to about 77 and the very loW modulus 
ionomer is a terpolymer of 67-70% by Weight ethylene, 
20-23% by Weight acrylate and 10% by Weight carboxylic 
acid, Where 10-90% of the acid groups are neutraliZed by 
sodium, Zinc or lithium ions and has a ?exural modulus from 
about 2,000 to 8,000 psi and a Shore D hardness of from 
about 20 to about 45 . 

11. The method of claim 10 Wherein in the preparation of 
the cover the unsaturated carboxylic acid is selected from 
the group consisting of methacrylic acid, acrylic acid, and 
mixtures of said acids. 

12. The method of claim 10 Wherein in the preparation of 
the cover, the blend comprises 70% by Weight of the high 
stiffness ionomer and 30% by Weight of the very loW 
modulus ionomer. 

13. The method of claim 10 Wherein in the preparation of 
the cover, the blend comprises 50% by Weight of the high 
stiffness ionomer and 50% by Weight of the very loW 
modulus ionomer. 

14. A golf ball having a cover, Wherein the cover com 
prises a blend of 90% -10% by Weight of a high stiffness 
ionomer and 10% to 90% by Weight of a very loW modulus 
ionomer, Wherein said high stiffness ionomer is a copolymer 
of less than 84% of an ole?n With greater than 16% of an 
alpha, beta ethylenically unsaturated carboxylic acid having 
10-90% of the carboxylic acid groups neutraliZed With 
sodium, lithium, Zinc or magnesium ions and has a Shore D 
hardness of 70 or greater and the very loW modulus ionomer 
is a terpolymer of 40-85% by Weight ethylene, 10-40% by 
Weight acrylate and 2-20% by Weight unsaturated carboxylic 
acid Where 10-90% by Weight of the acid groups are 
neutraliZed by sodium, Zinc, or lithium ions and has a 
?exural modulus from about 1,500 to 15,000 psi and a Shore 
D hardness of 20-45. 


