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In rubber compositions tor producing pressurized sports articles,

such as hollow core tennis balls or bladders for soccer balls, volleyballs,
basketballs or bicycle innertubes, vulcanizable natural or synthetic butyl
rubbers and combinations thereof are commonly employed. These cured
20  rubber components are fabricated with conventional rubber milling and
molding methods and form products that are sufficient in some properties

but are typically deficient in either air retention or elastic properties.

Bladders, or “cores,” made from natural rubber can suffer from
deficient gas barrier performance, undesirably high rubber aging, and
25 undesirable rubber hysteresis attributes. Natural rubber is known to age
harden over time and suffers from high hysteresis in that the rubber does
not readily recover its pre-stretched elastic properties. Moreover, because
of the deficient gas barrier performance of natural rubber, the pressure

gradient between the pressurized inside and ambient outside, causes air to



gradual ly diffuse fromballs made from natural rubber.
Loss of air ultimately renders these balls unsuitable
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results in loss of good bounce and playability. Hence, it is a common
practice to pack the tennis balls in air-tight pressurized cans in order to

maintain internal pressure in the balls until at least the start of the play.

However, once a tennis ball is removed from its pressurized can, air
25  pressure loss starts and thereby softening of the ball resumes and play
consistency continues to deteriorate. As a result, tennis balls are discarded
frequently after just a few games.

An illustrative example for the difference between natural rubber and
butyl rubber bladders is observed in the state of the art butyl soccer balls
30 and state of the art natural rubber soccer balls. Butyl soccer balls are far



butyl rubber bladders is observed in the state of the
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Another approach is to employ gasses that permeate rubber more
slowly than air. Two such gases are nitrogen and sulfur hexafluoride.
However, each of these is expensive and cumbersome to employ. In the
case of sulfur hexaflouride, internal pressure actually increases with time

25 due to pneumatic pumping of air molecules from the outside the ball into
the inside of the ball driven by the partial pressure gradient and limited by
the relatively slow permeability of the sulfur hexaflouride. (Described in US
4,340,626).

Another approach taken by some investigators to manage air
30 pressure in the tennis balls has been to insert valve into the tennis balls

where the tennis ball is pressurized at the play site, as described in
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20 A further aspect of the present invention provides novel MPU/rubber
formulations which can be used to make barrier articles without requiring

new manufacturing equipment or process lines.

An aspect of the present invention provides a composition of matter
comprising millable polyurethane (MPU) alloyed with rubber. A further
25  aspect provides the MPU is substantially amorphous.

An aspect of the present invention provides a composition of matter
having a permeability to oxygen not greater than about 5.5 cm® cm/cm?
seconds Pascal 10™ at 25°C.

An aspect of the present invention provides an MPU/rubber alloy
30  wherein the millable polyurethane comprises an ether glycol selected from
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Figure 1 is a graph illustrating the dependence of oxygen
20 permeability as a function of percent MPU.

DETAILED DESCRIPTION OF THE INVENTION

To help fully comprehend the scope of the invention, definitions and
25 detailed descriptions are provided herein so that the meaning of each term

will become clear.

Polyurethanes are a class of materials which are prepared typically
by combining three classes of precursor subunits: (1) one or more long
chain polyols; (2) one or more polyisocyanates; and (3) one or more chain

30 extenders, short chain molecules containing two or more active hydrogen-

containing groups capable of reacting with isocyanate groups.



Figure 1 is a graph illustrating the dependence of

oxygen 20 perneability as a function of percent MPU.
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20 Polyurethanes are conventional to the art and may be synthesized
by a number of known procedures whereby compounds of types 1, 2, and 3
are combined under controlled conditions of temperature and mixing.
Polyurethanes may be substantially crystalline, semi-crystalline or
substantially amorphous according to the nature and relative proportion of

25 the three subunit types.

“‘Amorphous” regions, equivalently known as “soft segments,” or “soft
blocks,” are contributed by the long-chain polyol (1). “Crystalline” regions,
equivalently known as “hard segments,” or “hard blocks,” are contributed by
the combination of the polyisocyanates (2) and the chain-extender (3).
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20 The term “millable polyurethane” ( MPU ) comprehends polyurethane
materials can be processed in conventional rubber equipment (often
referred to as “milling”) and MPU may be either amorphous or may have
some crystallinity in the range of about 0 - 5%, as determined by DSC or by
an equivalent technique.

25 Millable amorphous polyurethanes are typically made by process
whereby a millable polyurethane (MPU) gum is formed, subsequently
crosslinked, and filled with carbon, clay, silica or similar fillers known in the
trade. MPU is generally lower in molecular weight than typical
polyurethanes (about 30,000 vs. 60,000 to 100,000 gms/mol). MPU also

30 contains chemical groups which can react with the curatives and

accelerants typically used in conventional rubber processing. Typical MPU
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convEm: minislpohymerized to a molecular weight of about 30,000 gm/mol and

20 s allowed to cool and harden. Suitable, but non-limiting polyols (1) include
polyester ether glycols, polypropylene ether glycols, and any other glycol

that yields millable polyurethane.

The diisocyanate (2) precursor of the MPU of the present invention is
preferably, but not limited to, diphenylmethane diisocyanate and toluene
25 diisocyanate. Suitable diisocyanates include, but are not limited to
hexanediisocyanate, trimethylhexanediisocyanate, isopherone
diisocyanate, cyclohexane diisocyanate, biscyclohexylmethane
diisocyanate, norbornane diisocyanate, tetramethylxylene diisocyanate,
tolylene diisocyanate, phenylene diisocyanate, napthylene diisocyanate, an

30  dxylylene diisocyante.
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20 As used herein, the term rubber further comprehends rubber with
about 50% clay and other additives. A preferred clay is a kaolin, sold as
Suprex®. Other additives include, but are not limited to: barium sulfate as
a densification filler; silicon dioxide, zinc oxide, zinc stearate, sulfur and N-
tert-butyl-2-benzothiazolesulfenamide, as curative agents; phthalate ester

25  process oils; diphenyl guanidine and benzothiazyl disulfide, accelerators;
and Thanecure® ZM, a zinc chloride/MBTS complex as a cure activator.

The alloys of the present invention comprise 90 to 10% by weight of
MPU and 10 to 90% by weight of rubber and preferably 60 to 40% by
weight of MPU and 40 to 60% by weight of rubber. Most preferably, the
30 percentage of MPU should fall in the range depicted in Fig 1 by the steep
line to the left of the inflection paint, specifically, in the range of 10 - 40%
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Oxygen permeability was measured according to ASTM D1434 and
a specification less than 5.0 cm® cm/cm? seconds Pascal x 10°'° was
25 established based on the benchmark established by the measurement of
state of the art tennis ball cores as measured in GP-1, GP-2, and GP-4 in
examples A, C, and E.

Barrier articles such as tennis balls, other air inflatable sports balls,
tubes, and tires, are made by forming the inventive alloy into a desired
30 shape using any of the several techniques suitable for forming rubber
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Pascal x 10"13 was 25 estabhlished based on the
bencH$ast iR (e Hp| P@ﬁ%%ﬁ"ﬂﬂ/"ﬁﬂ@dﬁe%lﬂgéf’é’rﬁ difive packagesof

?dﬂe %Icaﬁyeﬂ%osmk?ﬁé brtGef PakiAg riBR? 4b6ss hrd ddeAbed IR Biends of
Polyurethane Rubbers with Conventional Rubbers”’, Thomas L.
Jablonowski, Rubber Division, American Chemical Society, Paper No. 46,
April 13-19, 1999. The reference describes a set of typical additives
including N330 carbon black, dibutoxyethoxyethyl adipate (DBEEA)

25 plasticizer, zinc stearate accelerator, stearic acid process aid, napthenic
process oil, benzothiazyl isulfide (MBTS) accelerator, MBT 2-
mercaptobenzothiazole accelerator, sulfur and tetramethyl thiuram disulfide
(TMTD ) accelerator.
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d]egglé%l'f 5@&&@y9n8%@dﬂ@93§%ﬂ% P/elsa ts of permealb"flty testing is
presented in the table below. Example alloys were made by milling

20 together the natural rubber formulations with either ACM, ME34, or MM76

formulations. The various alloys were cured and tested for permeability.

Table 1 below presents the properties of the cured samples. Table 2
presents permeability values and test conditions. Permeability results for
conventional rubber formulations are provided as comparative examples.
25 The data show that the novel alloys have improved gas retention with
acceptably high resilience and strength. These data were taken in the
presence of alloys comprising 50 weight% each of MPU and rubber.
However, the ratio of MPU to rubber may be varied to suit specific

applications.

12



April 13-19, 1999. The reference describes a set of

typi cal additives including N330 carbon bl ack,
waldwngaeyet hoxyet hyl adi pate (DBEEA) 25 pl ast i BCwER2004/008126

zinc stearate accelerator, stearic acid process aid,

napt heni ¢ process oil, benzothiazyl isulfide (MBTS)

accel erator, MBT 2- nercaptobenzot hi azol e accel erat or,

sul fur and tetramnet hyl thiuramdisulfide (TMID ?\/l

accel er at gardness (gsto e ewdoded BrFresgams W@‘B&@E D2240.

EXAVREEife foectstsalsreithadits® i scootddrize BtreAST D2632. Tests

o ¢ Rty Rperien Wy ROeBTY HR ARyl RS PORHS)
pol yé’erréeatb%tszé@stwewemdwaw@l acgprding 19aMSTMNBI3AMVT 6)

(Adi prene 5 and M|l ethane are trademarks of TSE
Industries, Inc.). These polyurethanes are conbined

H hhea ol +he "t ol [ IRV
W t A—rdbpers—to—hake—tne—+Rvenrttve—a GyS. Typ' cat Y

the|natural rubber and MPU asie bl ended in e.qg. Banbury
m xér along with additives and curafi VEFNt |
t horoughly m xed|to achi eye desired | consistengc
des¢ri bed above. | TH&$ ur al Reelipser s| enpisifed @r Strangth
i soprene materialls typically used i n camdgensi onal
sp0'ts [pe%J( $on E arg%l £ 1112 ALI oys wer e gor med b}/PS/.
m XImg ertier Aanpr EIIB\I) v \/—\uvy, Mtattan

1)
E- 345YEOM/GPy M || Z8 hane(r) 376 ( 6)518i t h at 11692
rubaecr/so/ﬂcm/gpmponent $o des gnat@j P2 or 24 in 1620

e IR IR Fld AU MY Sl i PR R
TS IILLAYZ IR A AviY] apuut JU /U U1 (J.y arTa OCIIrct
bbeng20

add| $4/3054E34/A4pr evi 0881y not ed3® GP2 |and @4 ru
| i kexdsalingspided  abput 50% clay and othgr additiygs.
The results of prmeaol Ty testing | |

t he Epy

20 toget her the natural rubber for rrul ations with
either ACM ME34, or MW6 . formrul ati ons. The vari ous
all oys were cured and tested for perneability.

Tensile
as

13



Tabl
sanp

WO esi/0832aTi t i ons.
conventi onal

e |
| es.

conpar ati ve exanpl es.

bel ow presents the properties of the cured
Table 2 presents perneability val ues and
Permeability results for
rubber fornul ations are provided as

25 The data show that the novel
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al | gys—have i nproved gas retenttonwth—acceptabty
high resiljence and strength. Téese data were taken in
the| presence of alloys, gopmarising|50 weight%each of .
MPU|and rupber. HoweVer, tHe ratio of MPU to rubber | Xy?é”
may | B8™¥Farj ed to suit | sTEe f|i BRMppl i caf PEIEe | 17§D | Permeabiliy
2004/ 083297 PCT/ US2004 /118 26 Hurdeyr (nesS| tceaidns | Wekre
conducted | n accordangce with ASTM D2240, Resi l|i ég;g) Ce omvem?
tes{s were| conducted {n accdrdance|with ASTM D265Y
Test-s—forl t Rkl pafls | ds \ier el degrductmel || rpem2day | secPa 107
accordance| sisé AomAIM D412, 5 Pegneabbd ity 4ests were 3.0
conducted according tp ASTM|D1434.| Table_ 1 100%
Tenst té‘ ' a@ﬁ?% ence—TFehstte st i’&‘i’zl%ot AR 2
Des¢ 0 ieP4A_ % psd2 Pqi 350/ 5026ACM @#2 7O 38 510 34
1692 50/ 50, AMiER4 70 35 445 1620| 50/50 ME34/ G2 70
41 4471 1361 50/ 50 MEB47T GP4 68 39 #45 1620 50/ 50
M7 6-cP2—71°"34 3781149 3850/150 3z 6/ 8R4 63502213866 1272 51
13 A0 2004/ &83297 PCT| US2004/ 008126 s7Tabl esc2 174 9.3

C GP4 43 35 25 760 95 5.8

D GP4 43 35 37 760 163 10.0

5 50/50 ME34/GP2 40 35 25 760 81 4.6

6. 50/50 ME34/GP2 40 35 37 760 136 7.8

7. 50/50 ME34/GP4 40 35 25 760 85 4.8

8 50/50 ME34/GP4 40 35 37 760 85 8.2

9 50/50 MM76/GP2 35 35 25 760 31 1.6

10 50/50 MM76/GP2 35 35 37 760 64 3.2

11 50/50 MM76/GP4 31 35 25 760 46 2.0

12 50/50 MM76/GP4 31 35 37 760 90 4.0

14




Nom nal Oxygen Est. Oxygen Exanple Sanple Relative
Pressure Trans. Perneability Thickness Humdity Tenp.

wOx@diognp7 Rat e (219%92) Cc cmlcnR Descri pti on RCT/ES204/008126

deg. C nmmHg cc/n2 day sec Pa 10"73 1. 50/50 ACM GP2

40 35 25 760 52 3.0 2. 5050 ACM 40 35 37 760 95

5.4 3. 50/ 50ACM GP4 42 3%—%@-61—%6—9% 3.4 4,

50/ 50ACM GP4 42 35 37 760 104 6.2 A GP2 38 35 25 760

96 5.1 BAIRR2 S8R5 ad GPN alvaturdl RibbEr Bréurkiod hcRRlint8bout
95 5.8, D GP4 43 35 37 760 163 10.0 5 50/ 50 NE34/ GP2

20 380%:C0r5nd fther Aocifve grle TR yskpa s OIS R rga0

S0 50 N3 P 40 35 50 a0 ae 8 50 neengn bt Emirare and
50/ 50 NE34/. . )

3§ 389"2%93%@31*@ Tf@?er ?gs weFesiy eWﬁﬁé/f@Q Exgmpiessir 12.6pt dested
3.2 adih&dseRa | @4mple B3s 8 ehédbxdfhple Nad Made from GP1.
; 77150/ 50 MW76/ GP4 31 35 37 760 90 4.0 14 WO

2004/ 083297 PCT/ US2004/ 008126 Exanples 13-24 Al l oys

of MPY—ant—EPt—anatural—rubber—fermilati-en—inecludi-ng
about  50% clay and other additirsk#s3 gave i nproved
perpeability relatiyg. tQgontrols GP2 and GP4 andOXygen
showed a strong correl ation of tenperature and 5
per nEEBH9 jty. The pafer PAPS wer®ef? epar ed| &gssirm | Trans. | Est Oxygen
Exanpl es 1-12., but | tiest &fbkness Humidity | Temp. Gradient Rate Permeability
(21% 02) cc cm/em2
Units min mils % deg. C mm Hg ce/m2 day sec Pa 10"
13. 20/80 10 34 35 25 760 106 5.1
ACM/GP1
14. 40/60 10 32 35 25 760 77 35
ACM/GP1
18. 60/40 10 43 35 25 760 40 2.5
ACM/GP1
16. 80/20 15 34 35 25 760 35 1.7
ACM/GP1
17. 80/20 15 27 35 25 760 51 2.0
ACMIGP1
20. 80/20 15 27 35 25 760 92 3.5
ME34/GP1
21. 20/80 10 33 35 25 760 115 5.5
MES34/GP1
22, 40/60 10 34 35 25 760 87 4.2
ME34/GP1
23. 60/40 10 42 35 25 760 64 3.8
ME34/GP1
24. 80/20 15 32 35 25 760 59 2.7
ME34/GP1
E GP1 10 24 35 25 760 256 8.7
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as sheets exanples. Exanple E is a sheet exanple was

made from GP1l. Table 3 290F Nom nal Oxygen Exanpl e
wokdok/os2apl e Rel ati ve Pressure Trans. Est. OXyPERUSZ0H@08126

Thi ckness Humi dity Tenp. G adient Rate Perneability

(lembmmsczﬂm Units min mls %deg. C nmmHg cc/n2
sec Pa 10"73 13. 20/80 10 34 35 25 760 106 5.1
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concentration. Permeability was determined at 25°C and 35% relative
humidity. The permeability of the various alloys exhibits a bi-phasic,
asymptotic reduction with increasing MPU concentration. An inflection is

10  observed in the vicinity of 30 to 40 weight percent MPU. The curve to the
left of the inflection represents increasing cost-benefit ratios and lower cost
alloys. The milling time, required to form usable mixtures increased as a
function of MPU concentration. The milling time, in minutes, required to
form a good mixture is designated by the labels “10”, “15” and “25.”

Table 4
Nominal Oxygen

Example Sample Relative Pressure Trans. Est. Oxygen
Thickness Humidity Temp. Gradient Rate Permeability
(21% 02) Cc cm/icm2
Description Mils % deg. C mm Hg c¢/m2 day sec Pa 10

25. 40/60 ACM/GP1 138 35 25 760 0.0633 2.7

26. 40/60 144 35 25 760 0.1194 52

ME34/GP1

15
Examples 27-28
These examples and comparative examples F and G demonstrate

properties of the alloys with natural rubber GP1 in the form of a tennis ball.
The materials were made as in Examples 13-24. The alloys comprised

20  40% ACM or ME34 with 60% GP1. The results of age studies for various
properties of tennis balls are presented in Tables 5-7. Comparative
Example F represents the state of-the-art in the form of a premium branded
commercially available tennis ball designed and marketed for tennis
professionals. Comparative Example G represents a tennis ball made from

25  rubber formulation GP1.
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Exanpl es 27-28 These exanpl es and conparati ve exanpl es
F and G denonstrate

Table 7 Tennis Ball Air Pressure

Air Pressure Change (psi) 14 days 28 days 42 days
F Commercial Tennis Ball -1.2 2.7 3.2
GP1 -1.0 -1.6 o8
27 | 40/60 ME34/GP1 ALLOY 04 -1.3 A7
28 | 40/60 ACM/GP1 ALLOY -0.6 -1.4 2.1

Tennis balls made from the inventive materials in examples 27 and
28 both exhibit good consistency in the balance of rebound, deflection and
air pressure attributes over time. Destructive evaluation of core samples
revealed deficiencies in seem adhesion resulting in compromised air
10 retention. Rebound and deflection were measured in inches. Air pressure
was measured in pounds per square inch (psi) using a standard destructive
method described in US5558325.

Other inflated sporting goods are fabricated of these innovative
alloys. Similar to tennis ball fabrication, basketballs, volleyballs, soccer
15 balls and the like are made by preparing a milled gum which is fashioned
into a pre-form, and then vulcanized in a mold under internal pressure. The

key distinction with these thin walled inflated balls is that an inflation nipple
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properties of the alloys with natural rubber GPl in

the formof a tennis ball. The materials were nade as
WO pooExsazpt es 13-24. The all oys conprised 20 40B6ECR2004/008126

ME34 with 60% GP1. The results of age studies for
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mar keted for tenni s r of essi ona tive
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PCT/ US2004/ 008126 Tabl e Tennis Ball Rebound Reboun
Chanfeer(winging #r gageass goviiing. Amothey inflatedosipher aitigle, tubeless
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Cormer AP vERAedBhwif b BB iU ool m 6ol
00 O0esiata®e a2well0/ 60 ME34/ GP1 ALLOY -0.001 -0.003
-0.008 28 40/60 ACM GP1 ALLOY -0.002 -0.002 0.000
Table 7 Tennis Ball Air Pressure Air Pressure Change
(psi) 14 days 28 days 42 days F Comrercial Tennis
Ball -1.2 -2.7 -3.2 GGP1 -1.0 -1.6 -2.8 27 40/60
ME34/ GP1 ALLOY -0.4 -1.3 -1.7 28 40/60 ACM GPI ALLOY
-0.6 -1.4 -2.1
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5 Tennis balls made fromthe inventive materials in
exanpl es 27 and 28 both exhibit good consistency in

wo b@4losd2ance of rebound, deflection and air prPEBESI084/008126
attributes over tine. Destructive evaluation of core
sanpl es reveal ed defici encigsaims seem adhesi on
resulting in conpromised air 10 retention. Rebound and
def| ect i oWhgélscclaiggdisied in i nches. Air pressure was
measured in pounds per square inch (psi) using a
standard destructive nethod described in US5558325.
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1of | adcpiixed Withupao RBblises @yt y during cure. The
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and or a lam nated |eather, synthetic'leather or

rubber carcass. Wth all of these balls, simlar

all oys are enpl oyed. Another inflated rubber article,
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pr oc ; Ve,
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imf | f.8em’ ehien” secandsPascallidl'@ss  bi cycl e tubes are
constructed by nmultiple layer noldings, in which the
novel alloys are expected to provide an enabling

bal ance of low air perneability wth |ow viscous

heat i Wit h beanic%a ef f ect,.on eel s%ﬁten1roéhhg%b

g I
10 r i PRRREPIROR P Mate SRECHEY 0SSy 7, Wherein sa
PCT/ |sRa0dihan8 tamprisastiMBther glycol selected from the group consisting

20 of polytetramethylene ether glycol, polyester ether glycols, and
polypropylene ether glycols.

5. The composition of matter according to Claim 1, wherein said rubber is
25  selected from the group consisting of polyisoprene, polybutadiene, and
blends thereof.

6. The composition of matter according to Claim 5, wherein said rubber is
30 polyisoprene.
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What is clainmed is: 1. A conposition of matter
suitable for form ng gas-perneation barrier 5 articles

W@ owp08rRdNg substantially anorphous m |l abl e PCT/US2004/008126
pol yur et hane alloyed wth rubber. 2. The conposition
of t i i b0 =Sakd ris
10 adi aCGrBRBTeL Aot ok PRORI 5 e 246
conpaxiltisepiend isneeturat omsynthalicng to Claim 1, wherein
said conposition has an oxygen perneability, at 25C,
not greater than about 15 5.5 cnB cm cnR seconds
Pascal 10"19. 4. The conposition of matter according

to aimil, wherein sai ) 1| rethane .
cBrpr s S8 sRBeHEpN g Plale e Rl te PRISHY FbEEMEe

consi smpgitioAGopiprizes yt kasarewbighepercettheailalghb yoblurethane.
pol yester ether glycols, and polypropyl ene ether
glycols. 5. The conposition of nmatter according to
Caim1l, wherein said rubber is 25 selected fromthe
group_consi sting_of polyisoprene, Hglybutadiene,,and

bl endd TheFEEPOSIHON PhBalBGEI4NDIP GlMet WBPeit dF di ng
4@ Q&‘ingﬁo%itiow e 8t RasUAPREIGhEperdEnttRlidbIE PRIBRRhane.
19 WO 2004/ 083297 PCT/ US2004/ 008126 7. The

conposition of matter according to Caimb5, wherein
said polyisoprene is natural or synthetic. 5 8. The
conposition of matter according to Caim1, wherein

sai d 1&ofpesdompositicoapmnatiersacsordirgiot Clapn heiugher parnpiaing

m || ahl Ly .9 NoSiti £ .
ccorsiia CRY Y R PorithiptolE SEAGRTIL. sbsR iy RS rative
¢HNprprtlesatet edtergadeed’d oilezighoxiderotien tsutfun duabtive, n-tert-

o VAR i PR M T R
bar i uihadipbiat etedeaeiduye bide) egnzotiddyt disuifitlexicclgerator, and zinc

curat éhYc?ride/MBTS complex cure activator.

20 11. An inflatable article of manufacture comprising substantially

amorphous millable polyurethane alloyed with rubber.

12. The inflatable article of manufacture according to Claim 11, wherein
25  said rubber is admixed with up to about 50% clay.

13. The inflatable article of manufacture according to Claim 11, wherein
said composition has an oxygen permeability, at 25°C, not greater than
30  about 5.5 cm® cm/cm? seconds Pascal 107,
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15 phthal ate ester process oil, zinc oxide cure,
sul fur curative, n-tert-

whadoglogzenxot hi azol esul f enam de cure ai de, di pP€nyYE2004/008126
guani di ne accl eerator, dibasic zinc stearate cure

ai de, 10engoi ety adiciedf MaefauaelReaidly todf8in? i NGvherein
chl ori de/ MBTS conpl ex cure activator. 2(? 11. An

i nf | s8eithmilladle pely@etrnagAmPEEe PR ekwRBicel seiected from the
bst i ; ' d
subs @gg%g!r)wsit@@_rﬁgwﬁanﬁ@th 18k @tr:é?g}»yg&lgwnggae%ﬂhewe

Wi th inflatable arti nuf acture
accorglyeuis, rad@oiprepylenevgtbereglycol®s5 sai d rubber is

m xed with up to about 50% clay. 13. The infl atable
article of manufacture according to Claim 11, wherein
said conposition has an oxygen perneability, at 25C

pascal® 1004 511a01e o808 MandirRy B BeiloaRaaRt oF wigser
Qo mAL bere e ead L Labl o pol yiy ot hane
corrprqoié@"t%e%%ﬁgp bzéfrﬂ%?&':%r§8€ect eg f¥om the group

¢@nsi sting of polytetranethyl ene ether glycol,

pol yester ether glycols, and pol ypropyl ene ether
glycols. 5 15. The inflatable article of manufacture

accorf. nghé MflctapidBrdidle oriringfdbturs dicBordiHBICIAifh 15, wherein
selected fromthe group consisting of polyisoprene,

pol yRAhBIbEREIS ROMISAreMYs t hereof . 10 16. The

inflatable article of manufacture according to Caim
15, wherein said rubber is polyisoprene. 15 17. The
imflatable article of manufacture according to Caim

15, . . ; : | . _
Lo L TR AL APAEIERSS R i 1. whor
manufsaid pelgisapreoe i nafutab oChwitinetits, wher ei n

20 18. The inflatable article of manufacture according to Claim 15, wherein
said composition comprises at least 10 weight percent millable
polyurethane.

25 19. The inflatable article of manufacture according to Claim 11, wherein
said composition comprises at least 40 weight percent millable

polyurethane.

30 20. The inflatable article of manufacture according to Claim 15, further
comprising kaolin clay extender, barium ulphate density filler, silicon
dioxide curative, phthalate ester process oil, zinc oxide cure, sulfur
curative, n-tert-butyl2benxothiazolesulfenamide cure aide, diphenyl
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sai d conposition conprises at |east 10 wei ght percent
mllable polyurethane. 25 19. The inflatable article

w@boommsazbact ure according to Caimll, wherei NnPCHEBZINNG008126
conposi tion conprises at |east 40 weight percent

m N f@%ﬁ.d.r@oédcweeétaa%asﬁozla&stey&e icOfd é}&@me%zafhtazyi e

manuf act ure accordi ng G aim 15, further
c orrprdl%ilfh’@ aegelergog [agg Z@’i&@'ﬂi@te/ MBA&8iaomnlgxpie gctivator.
density filler, silicon dioxide curative, phthal ate
ester process oiI, zinc oxide cure, sulfur curative,
n-tert-butyl 2benxot hi azol esul fenam de cure ai de,
dé phezgler?e%n%aglgo l(gé%?%’b nﬁﬁyt}rjé%ggéjf:ﬁ@%%ﬁalm 11, wherein
guaniTdi ne acc garat zinc s te cure
ai de,salteantide s selgtted dioputhii gteumcaraigingtad ballginher itwizes, and
chlor|q8 NQTS conpl ex cure activator. 5 21. The
ianéP% ¥ UPticle of manufacture according to Caim
11, wherein said article is selected fromthe group
consi sting of balls, inner tubes, and tubeless tires.
10 22. The inflatable article of manufacture according

j® Ozl "Tﬁ'ehnfl%@le&irﬁcle%ﬂhﬁnumwretald&ﬂding t8 Axiey !, &vherein
i nner tube. 23. A tennis ball conprising substantially

anor (REUENS tHba s @ bicygle iy1ef iWR& hane al | oyed with
rubber. 24. The tennis ball according to C aim 23,
wherein said rubber is adm xed wth up to about 50%
clay. 20 25. The tennis ball according to Caim 23,
wher gjan n'ﬁ?r% k Ik at

25C, %r?ot&?ér@aﬂélpt%an argd;%u&wsw %2@‘?@5 rrl”iée,bcl:(?)nds
’F!iascaidwtmanQB"%d wWitherubb@ini s bal | according to daim
23, wherein said mllable

24. The tennis ball according to Claim 23, wherein said rubber is admixed

with up to about 50% clay.

20
25. The tennis ball according to Claim 23, wherein said alloy has an
oxygen permeability, at 25°C, not greater than about 5.5 cm?® cm/cm?
seconds Pascal 1073,

25

26. The tennis ball according to Claim 23, wherein said millable
polyurethane comprises an ether glycol selected from the group consisting
of polytetramethylene ether glycol, polyester ether glycols, and

30 polypropylene ether glycols.
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pol yur et hane conpri ses an ether glycol selected from
the group consisting of polytetranethylene ether
w@bkyoso8329pol yest er et her glycols, and 30 pol yppPOpysm0€008126

et her glycols 22 MD 2004/ 083297 PCT/ US2004/ 008126

217. I%‘fé'nﬁls I ac@ﬁ @ai@ﬂg?ﬁ%eﬂb# d"ﬁﬁ’)‘b@?@ se%ected

sai d rub se ecte rom the 'group ConsI St

poI y|fmtl@rwpupoby$sﬂmfmwi3@mhdoIpefydatadimeealﬁd bleBdS

'{F% %]ennl s ball according to Caim27, wherein

sal d 5 is polyisoprene. 10 29. The tenm s bal |

according to Claim28, wherein said polyisoprene is

natural or synthetic. 30. The tennis ball according to
aim 23, wherein said alloy conprises at 15 least 10

wei gHis. pEfic@nhismidlllszbbeimeab)yCisiet PANeherdib. saldhibbenisi s

bal | a gording to Caim 23, wherein said alloy

conmpri PAEN€:| east 40 wei ght percent nillable

pol yur et hane. 20 32. The tennis ball according to

G aim 23, further conprising N330 carbon bl ack,

di but oxyet hoxyet hyl adi pate (DBEEA) pl asticizer, zinc

hy earz@t eTh@t%ﬁﬁisqj'aﬂta%@rdﬁ{get@rGl&lm'iQB quﬁHrQi%es%% écblﬁsoprene is

napt heni ¢ process ol |, benzothiazyl 25 disulfide

( MBT®ptureb@ snHedf, 2- mer capt obenzot hi azol e (MBT)

accel erator, sulfur and tetranethyl thiuram

( TMID) di sul fide accel erator. 23

30. The tennis ball according to Claim 23, wherein said alloy comprises at

15 least 10 weight percent millable polyurethane.

31. The tennis ball according to Claim 23, wherein said alloy comprises at
least 40 weight percent millable polyurethane.
20

32. The tennis ball according to Claim 23, further comprising N330 carbon
black, dibutoxyethoxyethyl adipate (DBEEA) plasticizer, zinc stearate
accelerator, stearic acid process aid, napthenic process oil, benzothiazyl

25  disulfide (MBTS) accelerator, 2-mercaptobenzothiazole (MBT) accelerator,
sulfur and tetramethyl thiuram (TMTD)disulfide accelerator.
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