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POLYURETHANE ELASTdHER AND NON-PNEUMATIC
————TIRE FARBRICATED THEREFROM

BACKGROUND OF THE INVENTION

This invention relates to a polyurethane elastomer
exhibiting superior flex fatigue properties prepared from a
mixture of isocyanate-terminated polyether prepolymers and
alkylthioaromatic amine curative and to a non-pneumatic tire
fabricated from the elastomer.

Urethanes have been used in the manufacture of
solid tires useful for such applications as industrial
tires, off-the-road tires, bicycle tires and the like. They
have not been entirely satisfactory in such applications
because such urethane sclid tires do not have the proper
cushioning and handling characteristics for a soft vehicle
ride on such applications as passenger vehicles. Also such
solid tires suffer from internal heat build-up and
subsequent degradation of the elastomer material in
prolonged high speed service conditions or under rough
terrain situations where the tire is being deformed.

As described in U.S. Patent No. 4,934,425, a non-
pneumatic tire exhibiting improved hysteresis and flex
fatigue properties is fabricated from a resilient polyether
urethane elastomeric material formed of a first isocyanate
end capped low molecular weight polyether polyol having a
molecular weight of between 200 and 1,500 and a second high
molecular weight isodyanate end capped polyether polyol
having a molecular weight between 1,500 and 4,000 cured with
an aromatic diamine curative, e.g., 4,4'-methylene bis(2-
chloroaniline), also referred to as MBOCA, which is
preferred. While the performance of this tire is excellent,
some concern has been expressed with regard to the use of

PCT/US93/03162
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MBOCA as the chain extender, orrcurative, for the
polyurethane elastomer from which the tire body is

[

- manufactured. MBOCA is a suspeeted carcinogen and therefore

it would be desirable to prov1de a polyurethane elastomer,
suitable for’nanufacturing a non-pneunatio,tire, which
exhibits performance characteristics at least as good as
those of the polyurethane elastomer of U.S. Patent No.

4 934,425 but is obtained with a non-carc;nogenic curatlve.

(.2

SUMMARY OF THE INVENTION

"It is an object of the invention to provide a

* polyurethane elastomer exhibiting superior ilex properties

prepared with a non-carcinogenic,curative.' ,

It is a patticular’object of the invention to
provide such a polyurethane elastomer from a mlxture of
1socyanate-term1nated polyether prepolymers and‘at least one
alkylthioaromatic amine curing agent. 7

' It is yet another object of the 1nventlon to
provide a non-pneumatic tire fabrlcated from the
alkylthloaromatlc amine-cured polyurethane,elastomer.

By way of meetlng these and other objects of the
invention, there is provzded a polyurethane elastomer

- obtained by reacting (a) a mixture of 1socyanate-term1nated

polyether prepolymers formed from the reaction of (1) a
first polyether having a molecular welght,of from about 200
to about 1, 500 and terminated with functional groups
conta1n1ng active hydrogen, (ii) ‘a second polyether having a
molecular weight of from above about 1,500 to about 6,500
and term1nated.v1th functaonal groups oontalnlng active
hydrogen and (111) a.multzfunctxonal 1socyanate and (b) .

»
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alkylthioaromatic amine curing agent under polyurethane
elastomer-forming conditions.

Further in accordance with the invention, there is
provided a non-pneumatic tire fabricated from the foregoing
polyurethane elastomer.

The alkylthioaromatic amine curing agent employed
in the preparation of the polyurethane elastomer of this
invention is non-carcinogenic. The polyurethane elastomer
and the non-pneumatic tire manufactured from the elastomer
exhibit performance characteristics comparable to those of
the polyurethane elastomer and non-pneumatic tire of U.S.
Patent No. 4,934,425, the contents of which are incorporated
by reference herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side elevation view of a non-pneumatic
tire and rim assembly in accordance with the invention;

Fig. 2 is an enlarged fragmentary view of a
portion of the tire and rim assembly shown in Fig. 1 showing
the compression deformable, load carrying annular body
thereof in greater detail; and

Fig. 3 is a sectional elevation view taken along
line 3-3 of the tire and rim assembly of Fig. 2.

Referring to Figs. 1, 2 and 3 wherein a preferred
embodiment of the non-pneumatic tire of this invention is
illustrated, a tire 10 is shown mounted on a wheel 12 for
rotation about an axis 15. The tire 10 comprises an annular
body 16 fabricated from the polyurethane elastomer of this
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invention and having'an'onterfcylindrical,member‘18'at'the
outer periphery therecf'on'vhichua,treed.zo_meyjbeimounted.

The annular body 16 is also provided vith.enninner

cylindrical member 22 at its inner periphery which is

~ adhered to or otherwise festenea to an outer'cY1indrica1 '

surface 24 of wheel rim‘member 12. 1Inner cylindrical member
22 is of the seme length as, coaxial to, and coextensive
with, outer cylindrical member -18. : '

: The outer cylindrical member 18 is supported and
cushzoned by'a plurality of circumferentially spaced apart
rib members 26, each which includes a first axial portion 28
(Fig. 3) and a second axial port;on 30, and by a web member

- 32, whlch in the embodiment shown is planarxand is connected

on one of its side faces 32a to the'first pbrtion 28 of rib
members 26 and is connected on its outer side. face 32b to
the second portion 30 of rib members 26. :

’ The planar web member'32 is p051tioned mldway
between the axial ends of the inner and outer cylxndrlcal
members 18 and. 22. ‘It is connected at its inner periphery

- at its outer periphery 32d to the outer cyllndrlcal member
~18. SLmllarly; the var;ous rib members 26 (Flg. 2) are

connected at their radially inner ends to the inner ,
cylindrical'member 22 and atftheirrrediaIIY'outerfends'to

' the outer cylindrical member 18. The ribs 26 are preferably
undercut where their ends connect to the inner and outer

cyllndrlcal members, as shown at 34 to enhance flex1b111ty
of the.connectlon.i'v'
The rib members 26 extend generally axzally along

‘the inner and outer cy11ndr1ca1 members 22 and 18 (Fig. 3)

and, in the preferred4embodlment as shown in Flg. 1 are
inclined at an.angle.A (Flg 1) of 15' to 75°- to rad1a1

pin
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planes R which intersect them at their functions with the
inner cylindrical member 22. In an alternate embodiment
(not shown), the rib members 26 can be extended radially
with no angle A or with a lesser angle of this embodiment
lies in a plane that is perpendicular to the rotational axis
14 of the tire 10. .

In the embodiment shown in Figs. 1 to 3, the first
axial rib member portions 28 and the second axial rib member
portions 30 are each inclined at the same angle to the
radial planes R which intersect them at their radially inner
ends but the angles of the first portions 28 are preferably
oppositely directed with respect to the radial planes R from
the angles of the second portions 30. Thus, as viewed in
Fig. 3, the first rib portion proceeds upwardly from the
section lines to connect with the outer cylindrical member
18, while the second rib portion 30 proceeds downwardly from
the section lines to connect with the inner cylindrical
member 22.

In Figs. 1-3, "r " is the outer radius of the
annular body 16, "A" is the inclination angle that the rib

. members 26 make with the radial planes R, "d;" is the radial

thickness of the inner cylindrical member 22, "d" is the
radial thickness of the outer cylindrical member 18, "L" is
the angularly directed length of the rib members 26, "D" is
the radial distance from the outer surface of the inner
cylindrical member 22 to the inner surface of the outer
cylindrical member 18, "d " is the axial thickness of the
web member 32, "d," is the thickness of the rib member 26
measured perpendicularly to its length L, "t.," is axial
length of the outer cylindrical member 28, and "t," is the
axial length of the outer cylindrical member 28 and "t." is
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the radial dimension of the inner surface of the inner
cylindrical member 22.

In a tire of the type shown in Figs. 1-3, the rib
lembers 26 are constrained to deform primarily in

' compresslon:by the influence of the web member 32, which may
be cast as an inteéral part of the structure. The web

member 32 tends to prevent the rib members 26 from deforming
in bending, and the effect is to greatly increase structural
stiffness. In addition, the rib members 26 tend to prevent

_ the web member 32 from buckling in the axial direction so

the rib members and web member work together synerglstlcally
to carry tire loads.
Another desirable characteristic of a non-

'pneumatic tire or any tire is an overallrsprlng,rate that

changes depending on the type,Of surface against which the

~ tire is loaded. Specifically, it is desirable that the
~ spring rate be lower over a bump or cleat than over a flat

surface. B _ o 7
"Thefannularrbody 16 may be adhered to the surface
24 of the wheel rim 12 by being molded directly thereto in a
liquid injection molding process, with the outer cylindrical
surface 24 of the rim having’been'prepared in accordance
with known processes to ‘adheringly receive the. elastomerlc
mater1a1 of the body 16. Preferably, the wheel rim 12 is -
provxded with radial fianges 36 and 38 which cooperate with
the meold in forming the annular body 16 on the wheel rim
surface 24.

The tire can be convenzently made in a mold having

an inner cavity of complementary shape to the t1re 10 shown

in Figs. 1-3. The mold may have an inner mold rlng
substituted in place of the wheel rim 12. The mold is

‘w4
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filled with a reaction mixture of the preferred components
of the invention.

The polyurethane elastomer-forming reaction
mixture, described in detail below, is added to the mold
under sufficient pressure to insure that all air in the mold
is displaced by liquid reaction mixture. It has been found
that pressure in the area of 450 kPa is a suitable pressure.
Once the mold is filled it is heated for about one hour for
the purpose of curing the liquid reactants. Subsequently,
the mold is opened and the annular body 16 is demolded and
post-cured for a suitable number of hours.

A simple tire tread composed of tough abrasion-
resistant elastomer such as conventional tire treads is
applied to the outer cylindrical member 18. The tread has a
minimal thickness to assure little heat build-up during
flexing. A thickness of about 0.6 cm has been found
suitable. The tread may be adhered by conventional and
well-known adhesives which vary depending on the composition
of the tread. 1If an inner mold ring has been substituted
for the wheel rim 12, the rim 12 must be adhered by suitable
adhesives to the inner surface of the annular body 16. The
resulting assembly can be used to replace a conventional
passenger car tire and wheel assembly. A car with the tire
and wheel assembly can be driven without deleteriously
affecting control of the car without damage to the non-
pneumatic tire of the invention.

e e V.
The polyethers used in preparing the polyurethane
elastomer of this invention are polyethers having a terminal
functional group containing active hydrogen capable of
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- reacting with an isocYanate’grcup;,'rhe.functionalrgroup,is

selected from the group ‘consisting of hydroxyl'group,
mercapto group, amino group and carboxyl group. Suitable
polyethers include the polyether polyols and, in particular,

-poly(oxyalkylene) ether glycols such as the
'poly(oxyethylene) etber glycols, the poly (oxypropylene)
~ether glycole;rtbe,polytetramethylene ether'glycole, and the

like, poly(oxyalkylene) ether triols such as the
poly(oxypropylene) ether triols, and the like,
poly(oxyalkylene) ether dicarboxylic acids, the
poly(oxyalkylene) ether dithiols, the poly(oxyalkylene)
ether diamines and. their pre-extended polymers, -and so
forth. The,preferred.polyethers are the poly(oxyalkylene)
ether glyccls, the more preferred,polyethers being the

vpolytetramethylene ether‘glycols (PTMEGS) .

The polyurethane elastomer of this invention is

,prepared from a mixture of two or more different polyethers,

haVing molecular weights which are different from each
other. In general, a first polyether havxng a molecular

Vveight of from about 200 ‘to about 1,500 and a- second

polyether haVing a molecular weight of from above about
1,500 to about 4, 000 are utilized in the preparation of the

_prepolymer. A preferred range for the low'molecular weight

polyether is from about 250 up to about 1, 000 or slightly

. above. - For'the higher molecular weight polyether, the

preferred range is justlbelow 2, 000 up to about 3,000. The

more preferred mixture of polyethers contains a first

o polyether of about 1,000 molecular weight and a second -

30

35

polyether of about z,ooo.molecularrweight,_ The first and

second polyethers can be blended in molar ratios of from

about 95:5 to about 50:50 where the first number in the

(4%



WO 93721247

10

15

20

25

30

35

ratio is always the low molecular weight polyether (or
mixture of such pPolyethers) and the second number is the
higher molecular weight polyether (or mixture of such
Polyethers). A preferred molar ratio range is from about
90:10 to about 60:40, the preferred range being from about
85:15 to about 80:20.

The mixture of polyether prepolymers is formed by
reacting the first and second polyethers with a
multifunctional isocyanate. The polyethers can be reacted
with a multifunctional isocyanate individually and
thereafter combined or they can be preblended and reacted
with the isocyanate, the latter pProcedure generally being
preferred for the sake of simplicity.

Polyfunctional isocyanates used in this invention
are not particularly limited but are pPreferably aromatic and
aliphatic diisocyanates and triisocyanates. The aromatic
diisocyanates include, for example tolylene-2,4-
diisocyanate; tolylene-2,6~diisocyanate; naphthalene-1,5-
diisocyanate; diphenyl-4,4'~diisocyanate; diphenylmethane-
4,4'-diisocyanate; dibenzy1-4,4'-diisocyanate; stilbene-
4,4'~diisocyanate; benzophenone-4,4'-diisocyanate and their
derivatives substituted with alkyl, alkoxy, halogen or nitro
groups, e.g., 3,3'-dimethylphenyl-4,4’ diisocyanate or
3,3'Qdichlorophenylmethane diisocyanate; and, mixtures of
any of the foregoing. - '

Among the aforementioned isocyanates, there may be
preferably used tolylene-2,4~-diisocyanate; tolylene~-2, 6-
diisocyanate; naphthalene-1,5-diisocyanate; diphenylmethane-
4,4'-diisocyanate; 1,6-hexamethylene diisocyanate; 1,3 and
1,4-cyclohexyl diisocyanate; methylene bis(4-cyclohexyl

PCT/US93/03162



WO 93/21247 S o  PCT/US93/03162

10

15

20

25

30

35

. =10-

dllsocyanate), 1,3-and 1, 4—xylene diisocyanate and mixtures
of any of the fore901ng.

The ratio of 1socyanate to polyol is commonly
expressed in the art as NCO:0H ratio. The isocyanate to
hydroxyl ratio herein'canrbe in the range of from about
1.7:1 to about 2.3: :1. A preferred range of ratios is from

about 1.85:1 to about 2.2:1. ' The preferred range,of ratios

is from about 1.95:1 to about 2.15:1. The percentage of
free NCO in the. resulting prepolymer is also in common use
for characterizlng prepolymers.

The foregoing mixture of polyether prepolymers is
cured to provide the polyurethane elastomer of this

‘invention employing at least one'alkyithioaromatic amine,
‘e.g., any of the aromatic amine chain extenders disclosed in

U.S. Patent No. 4,595,742, the contents of .which are

incorporated by reference herein,

The,aromatlc anine chaln extenders of U S. Patent
No. 4,595,742 comprlse, and preferably predomlnantly

,contaln, aromatic amines hav1ng at least two alkylthio

substltuents ‘and at least one amino substltuent on the sanme

'aromatlc r1ng of the amine. Alkylthlo groups contain an

alkyl group bound to the aromatic nucleus through a sulfur

group. The alkyl,group may contain 1 to 50 carbon atoms of

linear, cyclic, or branched’structure,rpreferably l torzo_
carbon atoms and more preferebly_l to 6 carbon atoms. The
aromatic,cmines may have one, two or more aromatic rings so

long as ertotal of atrleast two amino groups are present as

substituents onjthe aromatic rings and so long as one
aromatic ring has at least two alkylthio substituents and at
least one amino substltuent.
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A preferred class of aromatic amine curing agents
has the following structure:

3

wherein R' is the same or different alkyl group, and is
preferably a C, to C, alkyl group and more preferably a ¢,
to C, alkyl group; R is the same or different and is
selected to be hydrogen or any other substituent which does
not adversely affect polyurethane formation such as an
alkyl, aryl, alkaryl, aralkyl, alkenyl, alkoxy or
carboalkoxy group, or nitro, halogen, etc., and is
preferably hydrogen or a C, to C, alk&l group; n is 2 or 3
and is preferably 2; p is 2 or 3 and is preferably 2; and g
is 1 or 2.

The foregoing preferred class of curing agents
includes the substituted (preferably alkyl substituted) and
unsubstituted di(alkylthio) diaminobenzenes, preferably the
di (methylthio)diaminobenzenes.

Among the preferred dialkylthio aromatic diamine
curing agents which can be ‘'used herein, singly or in
combination, are the following:
2,4-di(methylthio)-met;-phenylenediamine;

4,6-di (methylthio)-meta-phenylenediamine;
2,4~di(ethylthio)-meta-phenylenediamine;
4,6-di(ethylthio) -meta-phenylenediamine;
2,4-di(n-but91thio)-meta-phenylenediamine;

2,5-di (methylthio)-meta-phenylenediamine;
2-(methylthio)~4-(ethylthio)-meta-phenylenediamine;

(SR')p,
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3,5-di(methy1thio)-2,4-di§ﬁin6toluene; )

3,5-di (ethylthio)-2,4-diaminotoluene;

3,5-di (methylthio)-2,6-diaminotoluene; -
S-di(propylthio)-z 4-diaminotc1uene,’

3-(methylthio)-5-(ethylthio)-2, 4-d1aminotoluene.'
;3,S-di(nethylthio)-z,4-diamino-ethylbenzane,, '

3,5-di (ethylthio)-2, 6-diamino-ethylbenzene;
3 5-d1(cyc1ohexy1th10)-2 4-dianinctoluene,
3-(methy1thio)-5-(propy1thio)-2 6~diam1no-ethylbenzene,
3 5-d1(methylthio)-2 4-diamino-chlorobenzene.
6-d1(ethylthlo)-2 4-d1am1no-chlorobenzene.
4 4'-methylenebls[2 6-d1(methylthlo)an111ne].

3, 5-d1(methy1thlo)-4-am1nophenyl[3-(methylthlo—4-

amlnophenyl]methane,

4, 4'-ethy11denebls[2 6-d1(ethylthlo)an111ne].
4,4'-lsopropy11denebls[2 G-di(methylthlo)anlllne],

(3, 5-d1(methy1thlo)-4-am1nophenyl][3-5-d1(ethy1thlo)-4-

k aminophenyl]sulfide;

phenyl[3, 5-d1(methylthlo)-2 4-diam1nopheny1]methane.

2,6-diamino-3, 5-d1(n-butylth10-4-bromotoluene. and,

[3, s-dl(methylthlo)-4-am1nophenyl][3 5-d1(ethylth10)-4-'
amlnophenyllether. : :
Ethacure® 300 (Ethyl COrporatlon, Baton Rouge,
LaA), an 80:20 welght ratio mixture of 3, S-dxﬁmethylthzo)-
2,6-diaminotoluene and 3,5-di(methylthio)=2,4~- '
dlamlnotoluene, has been used hereln w1th generally good
results. — C
The.stoichiometry bf’the mixthrevdf'pplyether"

rprépolymers to alkylthidaromatic amine curative is expressed
‘on a molar'equlvalence ba51s, herelnafter referred to as

"equlvalence ratlo", rather than on a welght,b351s. ‘The

(24

@4
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broadest equivalence ratio of polyether prepolymer mixture
to curative is from about 80 to about 125, preferably from
about 100 to about 120 and more preferably from about 110 to
about 115. The equivalence ratio is also commonly referred
to as "percent of theory" or simply "stoichiometry".

As will be appreciated from the following, the
polyurethane elastomer herein is advantageously postcured,
preferably by application of heat. A postcuring temperature
of from about 115°C to about 160°C, preferably from about
120°C to 140°C and most preferably from about 130°C to about
135°C is suitable in most cases.

It has been found through a long process of
experimentation that several dynamic properties of
elastomers must be carefully evaluated together in order to
produce an elastomer suitable for the annular elastomeric
body of the tire of this invention. A measure of dynamic
modulus must reveal that the chosen elastomeric material has
a relatively constant dynamic modulus over a wide
temperature range. The tendency of the elastomer to build
up internal heat due to elastic inefficiency is commonly
called hysteresis in the industry. The hysteresis is
commonly expressed in terms of a value obtained from a
hysteresis-type test referred to as "tangent delta" or, more
commonly, "tan §". The tan § should show a decrease with a
rise in temperature, iﬂdicating little internal heat build-
up is occurring in the elastomeric body of article being
tested.

The flex fatigue test helps measure the ability of
the elastomer to withstand the millions of cycles to which a
non-pneumatic tire may.he subjected. The test which has
been found to correlate favorably with actual test tires is
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the cut growth resistance as run in accordance with ASTM
D-3629~78. Test conditions are: temperature 70° C,
atmosphere is air, rate of rotation is 500 rpm and strain is
23% The flex neasurenent.instrument utilized for this test

" is the TEXUS® Flex tester'available from Testing Machines,

Inc., New York, Model No. 31-11.
Determination of the curative used in polyurethane

‘elastomers can be accomplished,by x-ray'tluoresence by such

instruments as the Panalyzer'ror;sinilar instruments such as
those manufactured by Asoma'Instrument.Co.'Of'Austin, Texas,
Princeton ‘Gammatech, Princeton,,NJ (Model 100), or oxford

‘Analytical, Andover, Mass. -

‘Dynamic ‘measurements to determine a tan § value }
are useful for assuring'that a suitably low hysteresis value
is obtained for the material. Several hysteresis_devzces
are useful including'the.Rheovibran Tester, Hysterometer,
and the Rheometrics Viscoelastic:Tester for Solids, Model

~RVE-S, from Rheometrics, Inc., New Jersey. These

instruments apply a sinusoidal shear strain to the'specinen'

“and analyze the. torque response and phase relation to the

strain. - L
The ultimate test of the suitability'of an

‘elastomer for use in a high speed tire is its ability to
reSist,heat buildrup and degradation at prolonged,high‘speed'

service. The United states Department.of Transportation has
developed a test designated MVSS 109 high speed test B
procedure S5.5 in uhich.the test wheel and tire is run on a
dynamometer at carefully prescribed strain loads,
dynamometer speeds and time periods. This test is deSigned
for a pneumatic tire. The following is a Simplified

"presentation of the test procedure, more specific details of

W
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the procedure can be obtained by review of MVSS 109. Load
(NPS) 92% of maximum rated load in a 40°C elevated
temperature environment. Table I shows the speed intervals
at which the tires described in the examples were run. The
MVSS 109 test calls for test termination after 3-1/2 hours
(top speed 85 mph). However, in order to induce failure in
the test tires, the test was continued as noted in Table I
with incremental speed increased until the tires failed.

IABLE I: MVSS 109 TEST METHOD
Speed Internal . Cumulative
(MPH) (Hours) (Hours)
Load (NPS)
0.92 max load 50 2 2
75 iy 2%
80 Y 3
85 y 3+
90 Y 4
95 Y 4
100 X 5
105 Y 5%
110 Y 6
115 ¥ 6%
120 Y 7
125%% ¥ 7%

* MVSS 109 is discontinued after 3% hours € 85 mph.
** 125 mph maintained for any additional time periods.

In order to determine the ultimate capacity of a
tire to withstand highway conditions, the test was run
beyond its normal termination time of 3% hours to bring out
the differences in performance in the materials used in the
manufacture of the tire bodies. Therefore, the life of the
tire in hours may exceed the 3% hour test specified in the
MVSS 109 Test Method.
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_A mixture of isocyanate-terminated polyether

'prepolymers was prepared as in U.S. Patent No. 4,934,425 by
: reacting one mole qf a mixture of polytetramethylene ether

glycols in an 85:15 equivalent ratio of 1000:2000 molecular
veight. 7 . '
A portion of the,resulting mirture.ef'prepolymers
was then reacted with 4,4‘-methy1ene bis 2-chlorcaniline
(MBOCA) at 95 and 105% stoichicmetry at 212°F to provide a
polyurethane elastomer representative of those of U.S.

Patent No. 4,934,425.

Another portion of—the'foregoing mixture of
prepolymers was reacted with Ethacure® 300 ("E300"), the
80:20 weight ratio mixture of 3,5-di(methylthio)-2,6-
dlamlnotoluene and 3 5-d1(methy1th10)-2 4-diaminotoluene
curatives referred to above, to prov1de the polyurethane
elastomer of this 1nvention. : :

As those skllled,ln thzs art are aware, it may be
necessary or des;rable to preheat the.prepolymer’mlxture
and/or curing agent to facilltete handling’ of,the materials.

~If a small sample is being prepared forrphysical testing,

the mixing is done batchwise in appropriate guantities.
o Typically when the foregoing prepolymers are cured
at temperatures higher-than 100°C, crosslinking and/or

thermal oxidative degradatiens take place causing a loss in
' TEXUS flex. It is’ generally agreed that for'tires, greater

than 50,000 flex cycles are desirable.

' In Table II below, TEXUS flex values are glven for
samples of varying stozchlometry uszng either MBOCA or
E-300 as the curatlve at cure temperatures of 100°C and
i30°C.

L4
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TABLE II: TEXUS FLEX DATA

Cured 16 hours at 100°C

Stoichiometry 95% 105% 115%
MBOCA 5000 50000 40000
E-300 1000 2500 30000
Cured 16 hours at 130°C

Stoichiometry 95% 105% 115%
MBOCA 1000 30000 7000
E-300 <1000 5000 75000

Higher curing temperature is expected to degrade the
elastomer and cause a corresponding reduction in the flex
cycles. In Table II, the results of the hotter cure cycle
(130°C) reveal a loss in TEXUS flex for those samples cured
with MBOCA and show that the samples cured éith MBOCA are
weaker than those cured with E-300.

Table II also shows a surprising result in the
improvement in TEXUS flex cycles for those samples cured
with E-300. The very high value for TEXUS flex for E-300 at
115% stoichiometry and a cure temperature of 130°C (75,000)
is more than a ten-fold improvement over the value observed
for the sample cured with MBOCA under the same conditions
(7,000). Furthermore, the sample cured at 130°C with E-300
surprisingly withstood more than twice the TEXUS flex cycles
than did the sample cured at 100°C with E-300 (30,000).

Table III below presents experimental data showing
the comparative effects of added postcure to tires made from
the polyurethane elastomer of the present invention
emplchng E-300 as the curing agents and polyurethane
elastomers prepared with MBOCA as the curing agent in
accordance with U.S. Patent No. 4,934,425. Postcure is the
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curing of an article after tabrication employing turther

‘heat. This technique is intended to inprove the properties

of the material and is widely used in the nanufacture of
reinforced plastics.

Tires made with E-300 (Samples 5-10 of Table III)
were postcured and the complex modulus, tan § and MVSS 109
tests were run on both the added postcured and the sta-
postcured tires.

BlJEE&&ﬂEl._Jékiﬂﬁﬁl_iﬂi_.

Wl gmanive sToIcHIONETRY! s:a’ m :a’ ssn_S’zn_rus_n ':is“
1 moch 105 96 0475 1007 0.185 '
2 moa 1% e oam ,
3 meocA 103 ,9_15'_ o , . 6
& moca 101 887 047 T s
5 e 16 & o2 - g1 oam 2 163
6 e300 15 e 02n 2 071 2 163 4%
7 e300 M s 023 &% 0 2 16
8 e300 w0 - . B& 0168 13 s 5.6
s €300 W e o2t a3 0% 13 we ,
10

E-300 1% %S 0.222 M2 0 0.185 13 146 &3°L

! As determined by Penilyzer‘ x-ray flmrescence

2E* is the complex l::hlus, s lenure of the loed-benrlm ebllity of the uterul as measured by
hysteresis.

3 The value of tan § is prepomornl to the ratic of energy dunpnted per cycle to the saximm
potential energy stored during & cycle, a8 measured by hysteresis.

4 nvss 109 run st stepped mspecd (sus_)

¥ WSS 109 run at stepped uwp Load (SUL).

-$TD Postcure - 100°C ‘16 for heun
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1 According to the data set forth in Table III, the
tan § values decrease an average of 17% indicating little
internal heat build-up in the elastomeric body of the tire.
The complex modulus, expressed as E+ in kg/cm?, is a

5 measurement of the load bearing capability of the material,
or its stiffness. The values of E* increase by about 20%
for those samples tested with and without the high
temperature (146-163°C) postcure indicating an increase in
the load-bearing ability of the tire being tested.

10 The improvements realized from the addition of
high temperature postcure as detailed above are entirely
surprising and unexpected. Elastomeric tire bodies cured
with MBOCA cannot withstand the high temperature postcure
and therefore could not be tested for a direct comparison

15 with the E-300-cured tire bodies.

The data in the preceding tables show that
mixtures of tire bodies fabricated from the alkylthio amine-
cured polyurethane elastomers of this invention are more
resistant to road stress and degradation than those cured

20 With MBOCA. 1In addition, the use of an alkylthioaromatic
amine curative does not pose the environmental objections as
does the use of MBOCA.

It will be readily apparent to the skilled
practitioner in the art that many modifications and changes

25 can be made to the embodiments specifically documented
herein. Such modification and changes are a part of the
invention if they fall within the scope of the invention
defined in the appended claims hereto.

30

35
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- 1. A polyurethane elastomer obtained by reacting

- (a) a nixtureuof isocyanate—terminated polyether prepolymers

formed from the reaction of (i) a first polyether having a
molecular weight of from about 200 to about 1500 and
terminated with functional groups containing active

hydrogen, (ii) a second polyether having a molecular weight

of from above about 1,500 to about 6,500 and terninated with
functional groups containing active hydrogen and (iii) a

- multifunctional isocyanate and (b) alkylthioaromatic amine

curing agent.under‘polyurethane elastomer-formlng

conditions.

2. The polyurethane elestomer of Claim 1 wherein
the flrst and second polyethers are polyether polyols.
' 3. The polyurethane,elastomer of Claim 1 wherein

'_the first and second polyethers are polytettamethylene ether

glycols.
4. 'The polyurethane,elastomer of Claim 1 wherein

the first.polyether'has a ﬁolecular weight of from: about 250
to about 1,000 and the second _polyether has -a molecular
weight of from about.z 000 to about 3,000. 7

S. The polyurethane elastomer of Claim 1 wherein
the first polyetherrhaéra'moleculer'weight of about 1,000
and the second polyether has a molecular weight of about
2,000. : .

6. The polyurethane elastomer of Clalm 1 wherein
the molar ratio of first polyether to second polyether is
from about 95:5 to about 50:50.

7. The—polyurethane elastomer of Clazm.l wherein
the nolar ratio of first polyether to second polyether is
from about 90:10 to about 60: 40.,
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8. The polyurethane elastomer of Claim 1 wherein
the molar ratio of first polyether to second polyether is
from about 85:15 to about 80:20.

9. The polyurethane elastomer of Claim 1 wherein
the isocyanate is selected from the group consisting of 2,4
toluene diisocyanate, 2,6 toluene diisocyanate and mixtures
thereof.

10. The polyurethane elastomer of Claim 1 wherein
the first and second polyethers are polyether polyols and
the isocyanate to hydroxyl ratio is from about 1.7:1 to
2.3:1,

11. The polyurethane elastomer of Claim 1 wherein
the first and second polyethers are polyether polyols and
the isocyanate to hydroxyl ratio is from about 1.85:1 to
about 2.1:1.

12. The polyurethane elastomer of Claim 1 wherein

‘the first and second polyethers are polyether polyecls and

the isocyanate to hydroxyl ratio is from about 1.95:1 to
about 2.15:1.

13. The polyurethane elastomer of Claim 1 wherein
the alkylthioaromatic amine curing agent possesses at least
one aromatic group having thereon at least two alkylthio
substituents and at least one amino substituent.
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' 14. The polyurethane elastomer of Claim 1 wherein
the alkylthloaromatic amine curzng'agent possesses the
structure

om),

(R)] '«'S_R'),

- wherein R' is the same or different alkyl group; R is the

same or different and is hydrogen or other substituent which
does not adversely affect polyurethane formation; n is 2 or
3, pis 2 or 3 and g 1s 1l or 2.

15. The polyurethane elastomer of Claim 1 whereln

" the alkylthloaromatlc amxne curlng'agent possesses the

structure

whe:ein R' is a C, to Csralkyl group, n is 2 and p is 2.

g
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1 16. The polyurethane elastomer of Claim 1 wherein
the di-(alkylthio)-aromatic diamine curing agent is at least
one member of the group cohsisting of
2,4-di (methylthio)~-meta-phenylenediamine;

5 4,6-di(methylthio)~-meta-phenylenediamine;
2,4-di(ethylthio)-meta-phenylenediamine;
4,6-di(ethylthio)-meta-phenylenediamine;
2,4-di(n~butylthio)-meta-phenylenediamine;

2,5-di (methylthio) -meta-phenylenediamine;

10 2-(methylthio)-4~(ethylthio)-meta~phenylenediamine;
3,5-di (methylthio)-2,4-diaminotoluene;
3,5-di(ethylthio)~2,4-diaminotoluene;
3,5-di(methylthio)~2,6-diaminotoluene;
3,5-di(propylthio)~2,4-diaminotoluene;

15 3-(methylthio)-5-(ethylthio)=2,4-diaminotoluene;

3,5-di (methylthio)~2,4~-diamino~ethylbenzene;
3,5-di(ethylthio)~2,6-diamino-ethylbenzene;
3,5-di(cyclohexylthio)~2,4-diaminotoluene;
3-(methylthio)-5-(propylthio) -2, 6-diamino-ethylbenzene;

20 3,5-di(methylthio)-2,4-diamino-chlorobenzene;
3,6-di(ethylthio)~-2,4~diamino-chlorobenzene;
4,4'-methylenebis[2,6-di(methylthio)aniline];
[3,5-di(methylthio)-4-aminophenyl[3-(methylthio~4-
aminophenyl jmethane; .

25 4,4'-ethylidenebis[2,6~-di(ethylthioc)aniline];
4,4'-isopropylidenebis[z,G-di(methylthio)aniline]:
[3,S-di(methylthio)-4-aminopheny1][3-5-di(ethy1thio)-4-
aminophenyljsulfide;
phenyl(3,5-di (methylthio)~-2,4~diaminophenyl Jmethane;

30 2,6-diamino-3,5-di(n~butylthio-4-bromotoluene; and,
[3,s-di(methylthio)-4-aminopheny1][3,5-di(ethy;thio)-4-
aminophenyl]ether; and, mixtures thereof.

35
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17. The polyurethene;elastomer:of Claim 1 wherein

‘the alkylthiocaromatic amine curing agent is a mixture of

3,5-(methylthio) -2, G-diaminotoluene and 3 S-di(nethylthzo)-

2, 6-diaminotoluene. -

is. The,polyurethanc elastomer of Claim 1 wherein
the stolchlometry of ‘the mixture of prepolyner to curing

~ agent is from about 80 to 125.

19. The,polyurethane elastomer of Claim 1 wherein
the stolchlometry'of the mixture of prepolymer to curlng
agent is from 100 to about 120.

20. The polyurethane.elastomer of‘Clalmll wherein
the stolchzometry’of the.mixture of prepolymer to curlng
agent is from about 110 to 115. : :

.21. - The polyurethane elastomer of Clalm 1 whereln
the first and second polyethers are polytetramethylene
glycols, the 1socyanate is selected from the group
consxstlng of 2,4 toluene diisocyanate, 2, .6 toluene

~ diisocyanate and mixtures thereof and‘the curlng agent is a

mixture of 3 5-d1(methylth10)-2 6-d1am1notoluene and 3,5~
di (methylthio)=~2,6-diaminotoluene.
- 22.. The polyurethane elastomer of c1a1m 1 which
has been postcured. '
23. The‘polyurethane elastomer of Claim 1 which

" has been postcured at a temperature of from about 115° to

about 160°C. = R
24. The polyurethane elastomer,of.Claim_l which
has been postcured at a:teuperature of'frontabout 120°C to

- about 140°C..

25. The polyurethane elastomer of c1aim 21 which
has been postcured.
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26. The polyurethane elasfomer of Claim 21 which
has been postcured at a temperature of from about 115°C to
about 140°C.

27. The polyurethane elastomer of Claim 21 which
has been postcured at a temperature of from about 120°C. to
about 140°C. o )

28. A non-pneumatic tire comprising a
compression-deformable, load-carrying annular body
fabricated from polyurethane elastomer obtained by reacting
(a) a mixture of isocyanate-terminated polyether prepolymers
formed from the reaction of (i) a first polyether having a
molecular weight of from about 200 to about 1500 and
terminated with functional groups containing active
hydrogen, (ii) a second polyether having a molecular weight
of from above about 1,500 to about 6,500 and terminated with
functional groups containing active hydrogen and (iii) a
multifunctional isocyanate and (b) alkylthioaromatic diamine
curing agent under polyurethane elastomer-forming
conditions.

29. The non-pneumatic tire of Claim 28 wherein
the first and second polyethers are polyether polyols.

30. The non-pneumatic tire of Claim 28 wherein
the first and second polyethers are polytetramethylene ether
31. The non-pneumatic tire of Claim 28 wherein
the first polyether has a molecular weight of from about 250
to about 1,000 and the second polyether has a molecular
weight of from about 2,000 to about 3,000.

' 32. The non-pneumatic tire of Claim 28 wherein
the first polyether has a molecular weight of about 1,000
and the second polyether has a molecular weight of about
2,000.



WO 93/21247

10

15

20

25

30

35

~-26--'

33. The non-pneumatic tire of Claim 28 wherein

the molar ratio of first polygther to second polyether is

from about 95:5 to about 50:50. -

34. The non-pneumatic tire of Claim 28 wherein -

the molar ratio of'first'prYgther to second polyether is

from about 90:10 to about 60:40.

35. The non-pneumatic tire of Claim 28 wherein
the molar ratio of’fifst polyether to second polyether is
from about 85:15 to about 80:20. Co '

36. The non—pneumatic tire of c1a1m 28 wherein
the isocyanate is selected from the group cons;stlng of 2,4 -
toluene diisocyanate, 2,6 toluene d1isocyanate and mlxtures
‘thereof. ' ' '

: 37. The non-pneumatic:tire'of CIaim'ZS'wherein
the first and second polyethers are polyether polyols and
the isocyanate to hydroxyl ratio is from about 1.7:1 to
2. 3 1. e _

38. The<noh-pneumatic tire of Claim 28 wherein
the first and second polyethers are polyether polyols and
the isocyanate to hydroxyl ratio is from about 1.85:1 to
about 2.1:1. - , , :

: - 39. The non-pneumatic;tlre of c1a1m 28 wherein
the first and second polyethers are polyether polyols and
the isocyanate to hydrcxyl ratio is from.about 1.95:1 to
about 2.15:1. o . .

40. The non-pneumatic‘tire of Claim 28 wherein

the alkylthioaromatic'aminefcuring agent possesses at least

one aromatic group having thereon at least two alkylthio
substituents and at least one amino substituent.

PCT/US93/03162

-
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41. The non-pneumatic tire of Claim 28 wherein
the alkylthiocaromatic amine curing agent possesses the

structure
R

(R); P (sR'),

wherein R' is the same or different alkyl group; R is the
same or different and is hydrogen or other substituent which
does not adversely affect polyurethane formation; n is 2 or
3, pis 2 or 3 and q is 1 or 2.

42. The non-pneumatic tire of Claim 28 wherein
the alkylthioarcmatic amine curing agent possesses the
structure

(NHz)n

(SR'),

wherein R' is a C, to C, alkyl group, n is 2 and p is 2.
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43. The non-pneumatic tire of CIain 28 wherein
the di-(alkylthio)—aronatic diamine curing agent is at least
one member of the group consisting of ,

2 4-di(nethy1thio)-neta—phenylenediaminei

74,6fdi(nethy1thio)-neta-phcnylcnediamine; '

2,4-di(ethylthioc)-meta-phenylenediamine;

4,6-di (ethylthio) -meta-phenylenediamine;

2 4-di(n-buty1thio)ineta-phenylenediamine,
5-di(methy1thio)-meta-phenylenediamine,, ,

2~ (methylthio)-4-(ethylthio)-neta-phenylenediamine,

-3 S-di(methylthlo)-z 4-diam1notoluene.

3,5-di(ethylthio)-2, 4-d1aninotolueng.

3,5-di (methylthio)=-2,6-diaminotoluene;

3, 5-di(propylthio)-2 4-diam1notolu¢ne.’
3- (methylthio)-5-(ethylthio)-2 4-diam1notoluene._
3 S-di(methylthio)-z 4-diamino-ethylbenzene;

3,5-di (ethylthio)-2,6-diamino-ethylbenzene;

5-d1(cyc10hexy1th10)-2 4-diaminotoluene;

' 3-(methy1thio)-5-(propylthio)-2 e-diamino-éthylbenzene,

3 s-di(methylthio)-z 4-d1amino-chlcrobenzene,
s-dl(ethylthio)-z 4-diam1no-chlorobenzene,

4 4'-methylenebis[2'6-di(methylthio)anilinej;

[3, 5-d;(methylthio)-4-am1nophenyl[3 (methylth10-4-

aminophenyl jmethane;

4 (4'-ethylidenebis[2, 6-d1(ethy1thio)an111ne].,

4,4'-isopropylidenebis[2, s-di(methylthio)aniline].

I3, S-di(methylthlo)-4-aminophenyl][3—5-di(ethylthio)-4-

aminophenyl}sulfide;

phenyl{s, S-di(methylthio)-2,4-diaminophenyl]methane,
2,6-diamino-3, 5-di(n-buty1thio-4-bromotoluene. and,

{3, S-di(methylthio)-J-amincphenylj[3 S-di(ethylthio)-d-

7 aminophenyl]ether. and, mixtures thereof.

~
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44. The non-pneumatic tire of Claim 28 wherein
the alkylthiocaromatic amine curing agent is a mixture of
3,5-di (methylthio)~-2,6~diaminotoluene and 3,5~
di (methylthio)-2,6~-diaminotoluene.

45. The non-pneumatic tire of Claim 26 wherein
the stoichiometry of the mixture of prepolymer to curing
agent is from about 80 to 125.

46. The non-pneumatic tire of Claim 26 wherein
the stoichiometry of the mixture of prepolymer to curing
agent is from 100 to about 120.

47. The non-pneumatic tire of Claim 26 wherein
the stoichiometry of the mixture of prepolymer to curing
agent is from about 110 to 115.

48. The non-pneumatic tire of Claim 26 wherein
the first and second polyethers are polytetramethylene
glycols, the isocyanate is selected from the group
consisting of 2,4 toluene diisocyanate, 2,6 toluene
diisocyanate and mixtures thereof and the curing agent is
mixture of 3,5-di(methylthio)-2,6-diaminotoluene and 3,5~
di (methylthio)-2,6-diaminotoluene.

49. The non-pneumatic tire of Claim 28 wherein
the polyurethane elastomer has been postcured.

50. The non-pneumatic tire of Claim 28 wherein
the polyurethane elastomer has been postcured at a
temperature of from about 115°C to about 160°C.

51. The non-pneumatic tire of Claim 28 wherein
the polyurethane elastomer has been postcured at a
temperature of from about 120°C to about 140°C.

PCT/US93/03162
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52. The non-pneumatic tire of Claim 48 wherein
the polyurethane,elastomer has been postcured.

53. The non-pneumatic tire of Claim 48 Hhereln
the polyurethane elastoner has been postcurod at a
tenperature of from about 115°C to about 160°C.

54. The non-pneumatio tire of Claim 48 wherein
the polyurethane elastomer has been postcured at a
temperature of from about 120° c to about 140 c.

[t
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55. The non-pneumatic tire of Claim 28 wherein
the annular body has a generally cylindrical outer member at
the other periphery thereof, a generally cylindrical inner
member spaced radially inward from, and coaxial with, said
outer member, a plurality of axially extending,
circumferentially spaced-apart rib members connected at
their corresponding inner and outer ends to said inner and
outer cylindrical members, said rib members being generally
inclined at an angle of from about 0° to about 75° to radial
planes which intersect the rib members at their inner ends,
and at least one web member having opposite side faces, said
web member having its inner and outer peripheries connected
respectively to said inner and outer cylindrical members,
said web member being connected on at least one of its side
faces to at least one of said rib members to thereby form
with said rib member a load-carrying structure for said
outer cylindrical member, said load-carrying structure being
constructed to permit locally loaded members to buckle.
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' -56. The non—pneumatic tire of c1a1m 55 wherein

.the annular body has a generally cylindrzcal outer member: at
the other periphery thereof, a generally: cylindrical inner

ndﬁher-spaoed radially inward from, and coaxial with, said
outer lember, a plurality of axially extending,
circunforontially‘lpacod-apart rib lembers connectod at
their corresponding inner and outer ends to said inner and
outer cylindrical nombers, said rib members being generally

- inclinod at an angle of from about 0° to about 75° to radial

planesrwhichzintersect the rib members at their inner ends,
and at least one web member having opposite side faces, said
web member having its inner and outer periphorieé connected
respectively'to said inner and outer cylindrical members,
said web member being connected on at least one of its sider
faces to at,loast:one of,said-rib members to thereby form

with said rib member a load-carrying‘structure‘for said
outer cylindrical nember, said load-carrying structure being

constructed to permit locally loaded members to buckle. -
57. The non-pneumatlc tire of c131m 55 wherein
the polyurethane elastomer has been postcured.
'58. The non-pneumatic tire of Claim 56 wherein
the polyurethane elastomer'has been.postcured.'

o

(23
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